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Abstract

Lymphatic filariasis (LF) remains a significant health challenge for populations in developing countries. LF is a parasitic
disease transmitted by mosquitoes, mainly caused by the filarial nematode, Wuchereria bancrofti, prevalent in tropical and
subtropical regions. Since the present drugs develop complications, including adverse side effects, lack of specificity, and
development of drug resistance, the present study focused on developing the potential anti-filariasis drugs targeting crucial
proteins for the nematode life cycle. We have identified the therapeutic compounds by targeting the enzyme thioredoxin
peroxidase 1 (WbTPx1), which facilitates the conversion of hydrogen peroxide into water, an essential mechanism by which
the nematode survives against oxidative stress in the host. This approach might resolve treatment efficacy and activity
difficulties at various stages of filarial parasitic worms. We modeled the structure of WbTPx1 and employed the structure-
based virtual screening approach, focusing on the dimer interface region of the protein. ADMET prediction profiles of the
non-toxic, top-ranked hits with higher docking scores demonstrate higher affinity to the nematode protein than its human
homolog. The molecular dynamic simulation studies show WbTPx1-hit complexes’ stability and the intactness of hits in the
binding site. Further, in vitro validation of identified hits using Setaria digitata, a cattle nematode, showed better ICs, and
higher inhibition than the standard drug ivermectin, indicating the potential to inhibit enzyme activity and the development
of drug candidates for controlling LF.
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Introduction timori, and Wuchereria bancrofti and more than 90% of
cases were reported by W. bancrofti [1, 2]. Early report

Lymphatic filariasis (LF), is a disease transmitted to humans  states that, the number of people affected due to LF stands
by infected mosquitoes. It is also known as elephantiasis,  at around 120 million across 76 countries throughout the
and this disfiguring disease is caused by three different  tropical regions of Africa, Asia, and other sub-tropical
species of parasitic nematodes: Brugia malayi, Brugia  regions [3, 4]. Another insight is that India and Sub-Saharan
parts of Africa are the major regions affected by LF. As
per the 2021 World Health Organization (WHO) statistics,
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especially through the members of the Aedes, Anopheles,
Culex, Mansonia, and Ochlerotatus mosquitoes that serve
as carriers, transmitting them based on the unique biological
characteristics and geographic locations [6]. Eventually, they
grow and affect the lymphatic system, causing permanent
damage to humans and leading to disfiguration and disability
of the limbs. Being a digenetic parasite, W. bancrofti has its
lifecycle in two hosts. The humans support the adult form,
and the mosquitoes support the larval form. During a blood
meal, the mosquito injects infectious filarial larvae into
a healthy human, where they developed in the lymphatic
system into adult worms. Over a period, these adult undergo
sexual reproduction giving rise to larval offspring referred to
as microfilariae. Subsequently, these microfilariae migrate
from lymphatic system into bloodstream and perpetuating
the cycle when mosquito ingest the blood from infected
person [7, 8]. WHO formed GPELF (Global Programme
to Eliminate Lymphatic Filariasis) in 1997, where Mass
Drug Administration (MDA) and morbidity management
activities were initiated to educate people on personal
hygiene management and the health impact of preventing
LF. Ivermectin, albendazole (ALB), and diethylcarbamazine
(DEC) are generally used to treat filarial worms. However,
their mechanism has yet to be deciphered clearly, and
these drugs works well for larval stage of the worms and
not against adult and larval parasites [9, 10]. Currently
the filarial treatment switching from two-drug regimen to
a three-drug regimen with the combination of ivermectin,
diethylcarbamazine, and albendazole (IDA) in addition,
chemotherapy was also given as medication. The major
problem in the current treatment for LF is that the exact
mechanism of the anti-filarial are not known clearly and
development of drug resistance to its molecular targets. Due
to the prolonged use of these drugs, the nematode developed
resistance due to the single nucleotide polymorphisms in its
molecular targets. These drugs have developed resistance
due to SNPs, mutations and lack of specificity with the
filarial targets. Ivermectin exhibit varying therapeutic
efficacy due to the polymorphisms in cytokine genes IL-10,
TGF-p, IFN-vy, IL-4 and IL-5 that hinder the success rate of
the treatment of LF [11]. Because of the existing mutations
in the gene that encodes B-tubulin in the filarial worm,
drug resistance has been developed in albendazole. It was
reported that DEC alters the host arachidonic acid and nitric
oxide metabolic pathways and it showed extreme adverse
side effects and is not recommended for treating LF [12].
Mutations that confer resistance to anthelmintic medications
can emerge on their own or become more prevalent as a
result of pharmacological therapy. There is no conclusive
evidence establishing a clear relationship between these
genes and the development of resistance [13].

Upon W. bancrofti infection, the host’s initial immune
system reaction activates macrophages, neutrophils, and
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eosinophils. This response hits to the production of ROI
“Reactive Oxygen Intermediates” and RNI “Reactive
Nitrogen Intermediates”, which include the superoxide anion
radical (O,"), hydrogen peroxide (H,0,), peroxyl (RO,’) and
hydroxyl radicals (OH™). Collectively, referred to as ROS
(reactive oxygen species) generated by the host to manage
the nematode invasion [14, 15]. Nevertheless, the primary
characteristics of a lymphatic filariasis infection involve the
nematode’s ability to survive within the host for an extended
period (years). Their effective neutralization of ROS
facilitates this resilience through well-adapted antioxidant
enzymes. The crucial survival tactic employed by filarial
nematodes revolves around their antioxidant enzymes, which
include catalase (CAT), glutathione peroxidase (GPx),
glutathione S transferases (GST), peroxiredoxins (Prxs) and
superoxide dismutase (SOD). These enzymes are essential in
neutralizing the ROS activity of the host, thereby securing
the ongoing viability of the nematodes within the host [16,
17]. So, focusing on these antioxidant enzymes might serve
as a viable and effective approach to target the worms at
all phases of their life cycle. Peroxiredoxins (Prxs) display
remarkable efficiency as cysteine-dependent peroxidases
actively participating in antioxidant, regulatory, and
signaling systems with remarkable efficiency. Prxs play a
crucial role in defending against peroxynitrite (ONOO™) and
ROS that arise from both the host and endogenous sources
[18]. A widespread family of peroxidases found in most of
the eukaryotes, Prxs play a critical role in reducing hydrogen
peroxide (H,0,), peroxynitrite, and alkyl hydroperoxides of
various affinities. The active site, catalytic cycle, and fold
of prxs were conserved and they interact with the peroxide
substrate through a conserved cysteine residue known as
the peroxidatic Cys (CP) [19, 20]. Peroxiredoxins may be
categorized into five subfamilies: BCP, Prx1, Prx5, Prx6 and
Tpx based on sequence similarity. Thioredoxin peroxidase-1
(TPx-1) is a member of the thiol-specific antioxidant protein
family that is mostly found in the cytoplasm and they
effectively reduced and detoxified the H,O, using the redox-
active cysteine. Three varieties of TPxs are distinguished
by the location and number of cysteine (Cys) residues:
1-Cys, typical 2-Cys, and atypical 2-Cys type [21, 22].
They follow a uniform reaction mechanism in which the
catalytic cysteine, referred to as the peroxidatic cysteine,
undergoes oxidation by hydroperoxides, resulting in hyper
oxidation and forming sulfenic (-SOH), sulfinic (-SO,H), or
sulfonic acid (—SO;H) states of the cysteine. Subsequently,
the cysteine is regenerated to its reduced form by various
molecules, such as thioredoxin (TRX), glutaredoxin
(GRX) or glutathione [23]. Because the filarial parasite is
susceptible to disruption of its antioxidant system, it is an
ideal potential target for developing new drug candidates
[24].
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In the present work, we used the in silico methods to
modeled and study the dynamic structural stability of
WbTPx1 using homology modeling and simulation studies.
To identify promising hits that could bind with WbTPx1
we performed structure-based virtual screening. Moreover,
the potent hit molecules undergo complex dynamics
using molecular dynamics (MD) simulations to evaluate
their dynamic intactness with the enzymes. The quantum
mechanical method DFT (Density Functional Theory)
examines the reactivity of identified hits. The hit compounds
identified in the present study were further substantiated
through in vitro validation using Setaria digitata. Our
study’s findings and associated observations could pave the
way for designing and developing innovative therapeutic
drug compounds that could effectively target the filarial
worm throughout its whole life cycle, with the ultimate goal
of eradicating LF.

Materials and methods

Modeling of thioredoxin peroxidase 1 (TPx1)
of Wuchereria bancrofti (WbTPx1)

Homology modeling techniques have been employed
to predict a reliable 3D structure as target protein since
experimental 3D structure of WbTPx1 is not been reported.
The WbHTPx1 (UniProt ID: BEYNXS5) has a 228 amino
acid protein sequence that was obtained from the UniProt
sequence database. To find the best template, BLASTp was
utilized to search against the Protein Databank (PDB) and
the determination of the optimal template relied on factors
such as E-value, query coverage, percentage identity, and
resolution. The Schrédinger Prime suite [25] was used to
model the 3D coordinates of WboTPx1 using the best template
structure and the structural deviation was calculated for the
selected template and target using PyMol. The PROCHECK
module present in SAVES server was used to examine the
stereochemistry for the modeled structure.

Molecular dynamics simulations of WbTPx1

The GROMACS 5.1.2 suite [26] was utilized to carried
out MD simulation to study the dynamicity of WbTPx1
using GROMOS96 53a6 force field [27] to create the
protein topology. The WhTPx1 system was parameterized
with a 1.2 nm dimension in every direction at the center
of the cubic box. Using an SPC water model, the system
was solvated with about 22,958 water molecules [28].
The system’s total charge was neutralized by introducing
the proper quantity of 0.1 M ionic strength sodium (Na™)
and chloride (CI7) ions. To eliminate the steric conflicts
and poor geometry in the solvated system, the energy

minimization was implemented using steepest descent
method [29] for maximum of 50,000 steps, then the system
was brought to equilibrium for 500 ps under the NVT
ensemble (isothermal-isochoric) with constant particles,
volume and temperature using the Berendsen external bath
[30]. Further, Parrinello-Rahman barostat [31] was used to
equilibrate for 2000 ps with constant particles, pressure and
temperature under NPT ensemble (isothermal-isobaric) at
310 K. LINCS algorithms [32] were implement to constraint
the bond and bond length and the geometry of the solvent
were constraints by implementing the SETTLE algorithm
[33]. Applying the Particle Mesh Ewald (PME) method,
the long-range electrostatic interactions were computed
[34]. Finally, production MD simulation was applied to
the well-equilibrated protein system for 200 ns time scale,
storing structure trajectories every 10 ps. The dynamic
stability profile of the WbTPx1was examined by analyzing
the fluctuations in the RMSF, RMSD, Rg and SASA by
GROMACS utilities and VMD [35] was used to analyze
and visualize the trajectories.

Preparing the WbTPx1 for structure-guided virtual
screening

The Schrodinger suites VSW (Virtual Screening Workflow)
module was utilized to screen for potential inhibitors.
Ligand Preparation, Filtering, and Docking are the three
main process in VSW. First, the Ligprep module was used
to prepare the small molecules dataset [36], which involves
the conversion of 2D into 3D conforms using the OPLS-3e
force field [37] that generates up to 32 conformations for
each molecule. The ligand molecules prepared were allowed
to pass through the filters based on the “Lipinski rule of
five”, ADME properties, and the elimination of compounds
with special reactive groups, such as alkali metals and
halogens. Next, we prepared the WbTPx1 protein using
Schrodinger protein preparation wizard, which refines and
corrects the charges, bond order, bond angle, and side chains
of the atoms in proteins. By utilizing the OPLS-3e force
field, the intra-molecular hydrogen bonds were optimized,
and the modeled structure underwent energy minimization.
Identifying and selecting suitable binding pockets have
become an essential aspect of computational screening. By
utilizing the Schrodinger SiteMap module [38], we predict
the binding site of the WboTPx]1. It calculates the properties
of the residue includes acceptor, donor, and hydrophilic
regions in WbTPx1 and ranks the possible binding pocket
based on the SiteScore function. Finally, the best-ranked
binding site was chosen for docking, the grid box was created
with 15 A from all three sides that cover all the residues.
Glide module of Schrodinger [39], uses the three-stage
docking method to identify the best binding small molecules
which covers HTVS (High Throughput Virtual Screening),
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SP (Standard Precision) and XP (Extra Precision). In each
docking stage, only top 10% of the molecules were allowed
for the subsequent level of virtual screening. Further, Prime
MM-GBSA modules which use the OPLS-AA force field
to perform the AG,;,4 (binding free energies) calculation
for the WbTPx1-ligand bound complexes with default
parameters.

Density functional theory (DFT) studies

Top five identified hits compounds were taken for the
DFT calculation using the Gaussian 09 program [40].
The electronic structure is a fundamental component in
understanding the thermodynamic properties of molecular
interactions and the electronic, chemical, and molecular
dynamics nature of small molecules. To identify the energy
levels of the “Highest Occupied Molecular Orbital” (HOMO)
and “Lowest Unoccupied Molecular Orbital” (LUMO) for
the identified hits using the hybrid function B3LYP-D3
with the basis set 6-311G** + 4+ (2d, 2p). Calculating the
energy gap (HOMO-LUMO) enables the determination of
various electronic properties, including chemical potential,
chemical stability, electron affinity and hardness [41]. This
information is critical in comprehensively assessing the
chemical potential of the hits and helps in understanding
their electronic properties.

Stability analysis of protein-ligand complexes

The MD simulations assess the dynamic stability of the
best five non-toxic hits complex with the WoTPx1. The hit
topologies were parameterized using the online PRODRG
server [42]. The WbTPx1-hit complexes system was
constructed similarly implemented in native WbTPxI,
which includes replicating the protein topology, setting up
the system using the periodic boundary condition, solvation,
neutralization and equilibration. The dynamicity of the
complexes was investigated by performing 50 ns production
MD simulation.

Essential dynamics (PCA) for the native and hits
bound WbTPx1

To analyze the conformational changes and atomic
movements of WbTPx1 and hit-bound WbTPx1 complexes,
the PCA (Principal Component Analysis) was employed to
the their respective trajectory structure obtained from MD
simulations [43]. PCA is a popular statistical technique
used to investigate the protein movements that are crucial
to understanding the biological roles [44]. The unsupervised
multivariate statistical method that explains the greatest
variability across the datasets is often used to reduce the
dimensionality of large datasets [45]. The initial step in
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PCA construction is to prepare the trajectory in cartesian
coordinates, that involves eliminating the solvents and
periodicity that establish the necessary initial parameters,
then the next crucial metrics is the construction of a
covariance matrix with dimensions of 3N X 3N, where N
represent the overall number of atoms in trajectory obtained
from simulation studies for the WbTPx1 and hit-bound
systems. The eigenvectors and eigenvalues that describe the
motion and magnitude of the WbTPx1 are obtained through
the diagonalization of the covariance matrix [46]. Most
often, the highest variability in the data can be attributed to
the first three eigenvalues, which correspond to the principal
components PC1, PC2, and PC3. Using the bio3D package
in R software, the PCA analysis was carried out on the
WbTPx1 protein in two distinct states: the unbound-native
and hit-bound WbTPx1 [47].

Anti-filarial activity using in vitro studies

Setaria digitata, a filarial worm that infects cattle and is
homologous to human parasites W. bancrofti, was used
in in vitro tests to evaluate the hit compounds identified
through in silico approaches [48, 49]. S. digitata is a well-
known and extensively studied in vitro model organism
popularly used for testing the macrofilaricidal activity
[50-52]. Adult motile worms are collected from the
peritoneal cavity of a calf that had been newly slaughtered,
and they were subsequently washed multiple times using
normal physiological saline (0.95%). Without delay, the
adult worms were expeditiously transferred into DMEM
(Dulbecco’s modified eagle’s medium), with 0.01% Pen-
Strep antibiotic and 10% heat-inactivated fetal bovine serum
(FBS) and the container was brought to the lab less than
an hour. The chemical compounds were acquired from San
Diego, California’s ChemBridge Corporation. To evaluate
the viability of S. digitata, the MTT (3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide) reduction assay
was performed. The worms were exposed to different
concentrations (0.625, 1.250, 2.500, 5.000, 10.000, 15.000,
and 20.000 uM), for a duration of 24 h [53]. Pen-Strep
(0.01%) and 10% heat-inactivated FBS were added to
DMEM throughout testing [54]. Each worm was exposed
for 24 h before being incubated for 30 min with.

0.25 mg mL~! MTT on phosphate-buffered saline (pH
7.4). After the incubation period was over, each worms
were moved into microplate plate with 400 uL dimethyl
sulphoxide (DMSO) and allowed to gently shake for an
hour at room temperature. Using a multimode plate reader
(Synergy H1, BioTek, USA), the absorbance of formazan
produced by treated—T, control-C (untreated), and negative
control —H (heat-killed worms) was measured at 492 nm.
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(T —H)
(C-H)

Percentage of inhibition = 100 — [ ] x 100

The positive control group consisted of adult worms
that were exposed to media but not treated with hits. The
negative control (H) were heat-killed adult worms for 30 min
at 56 °C and then incubated with MTT. The concentration
of the inhibitor and the percentage of inhibition from the
triplicate tests and controls were used to generate the
inhibition profile [54, 55]. Using GraphPad PRISM 8.0.1,
the IC, values using dose—response are determined and
matched with reference drug, ivermectin.

Results and discussion

Modeling and validation of WbTPx1

The sequence similarity search was carried out against non-
redundant RCSB-PDB using NCBI-BLAST)p that identified
the crystallographic structure of peroxiredoxin-1 (PDB ID:
4FHS) from Ancylostoma ceylanicum (AcePrx-1) as the best
template with the sequence identity of 64.71% along with
the query coverage of 82% and e-value of 1e-*°. Thus, the 3D
structure of WbTPx1 was modeled using the template (PDB
ID: 4FH8) and the structural alignment showed an RMSD
deviation of 0.68 A. The quality of the modeled WbTPx1
3D structure (Fig. 1) is demonstrated by the Ramachandran
plot with respect to @ and  angles, which shows that 75.3%

Fig.1 A Superimposition between target (WbTPx1) and the template
(Ancylostoma ceylanicum, Peroxiredoxin-1 B Cartoon illustration
of a three-dimensional structure of WbTPx1 that characterized with
thioredoxin fold consisting of five o-helices and seven f-strands

B peroxidatic cysteine (C78)

of amino acid residues are present in the most favored
regions, 22.2% are in additional allowed region, 2.5%
are in the generously allowed region, and none (0.0%) of
the amino acids were observed in the disallowed regions,
the detail statistics of the Ramachandran plot is given in
Supplementary Fig. 1. The WbTPx1 possesses an amino acid
of 228 residues that forms a compact and globular structure
featuring the characteristic fold of the Prxs (peroxiredoxins)
family that is organized around a twisted sheet composed
of seven f-strands, encircled by five a-helices, particularly
it forms thioredoxin fold-a unique structural motif consists
of four-stranded B-sheet and three flanking a-helices [56].
The existence of conserved motif ‘‘GGLG’’ (Gly-Gly-Leu-
Gly) and ‘““YF”’ (Tyr-Phe) that are the invariant features of
Prxs family, the sequence of WbTPx1 also found to have
conserved motif as like in other parasites [18]. The amino
acid sequence of WbTPx1 has two peroxidative cysteine
residues (conserved cysteine) at positions 78 and 199 that
are essential for the reduction and detoxification of hydrogen
peroxides as well as aiding in head-to-tail dimer interface
formation composed of residues 166 to 192 as remain
conserved across Prxs family [19].

Dynamic stability studies of WbTPx1 through MD
simulations

The MD simulation were performed for 200 ns at 310 K in
the SPC water model to examine the dynamicity of WoTPx1.
The processed trajectories (20,000 structures) were used

Psi (degrees)

Phi (degrees)

and the catalytic important residues peroxidatic cysteine (C78) are
represented as red sticks, and C Ramachandran Plot for the WbTPx1
model
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to study the dynamic structural changes in the WbTPx1.
After 20 ns, it was observed that the systems had achieved
a stable equilibrium. The RMSD of WbTPx1 was plotted,
which showed a deviation between 0.38 and 0.49 nm with
the average RMSD and standard deviation of 0.44 nm and
0.015 nm, respectively. A lower deviation in the RMSD
value signifies dynamic stability and equilibrium in the
modeled structure, making it suitable for further studies. The
RMSF was calculated to assess and evaluate the each amino
acid residue flexibility of in WbTPx1, the residue-specific
flexibility along the backbone of the WbHTPx1 exhibits
RMSF between 0.04 and 0.51 nm with average RMSF and
SD of 0.15 nm and 0.09 nm, respectively.

It was noted that the region of the N-terminal loop of
WbTPx1, starting from Metl to Phe42, showed higher
fluctuations. In contrast, the residue Ser23 exhibited the
highest N-terminal fluctuation with the RMSF value of
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0.46 nm. The loop-III which spans from Met57 to Lys63,
which connects the B-sheet III (B-11I) with the a-helix I
(a-I), exhibits a higher backbone fluctuation between
0.08 nm (Met57) and 0.12 nm (Lys61). The longer loop-V
that starts from Thr116 to Pro129 showed fluctuation
between 0.05 (Pro129) and 0.17 nm (Glu120). Similarly,
the loop-VI (143-154 residues) that connect the a-1II with
B-V showed higher residual fluctuation that ranged from
0.10 to 0.23 nm; among them, the residue Glu148 had the
maximum fluctuation. Additionally, the C-terminal region,
ranging from residues 195 to 228 and encompassing
loop-IX and a-V, exhibited higher fluctuations, mainly
because of its inherent flexibility in terminal.

The RMSF analysis revealed that the elevated fluctuations
noted in the amino acid residues align in the loops of C- and
N-terminals of the WbTPx1. The dynamic compactness of
the WbTPx1 was monitored based on changes in the Rg, that
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Fig.2 The data indicate that the WbTPx1 is stable and preserves its structural architecture throughout the simulation: (A) RMSD, (B) RMSF,

(C) Rg and (D) SASA calculated from 200 ns simulations
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fluctuate between 1.78 nm and 1.89 nm, averaging 1.82 nm.
This observation indicates the structural compactness and
stability of the intact architecture of WboTPx1 during the
simulation. Further, the SASA was computed to evaluate
the folding profile and the protein’s interaction to solvent
molecules over time, the SASA value for WbTPx1 was
found between 113 and 130 nm?2, with an average of 120
nm? (Fig. 2). These overall MD simulation results revealed
that the modeled WbhTPx1 is stable with intact structural
architecture during the timescale of 200 ns MD simulation.

Prediction of binding site and structure-guided
virtual screening of WbTPx1 inhibitors

The Schrodinger SiteMap module, we identify the regions
of the binding sites in WbTPx1, we utilized the potentially
energy minimized structure (—968439.19 kJ/mol) obtained
from the 200 ns trajectories structure for binding site
predictions and molecular docking studies, the detailed of all
the predicted sites of WbTPx1 are shown in supplementary
Fig. 2 and the best site is selected based on the site score,
Dscore (druggability score) and volume. The predicted site
revealed a highest site score of 0.929 and a druggability
score of 0.957 with the cavity volume of 315.217 A3 through
diverse descriptors such as enclosure, size, cavity, volume,
solvent exposure degree, interaction tightness, and hydrogen
bond donor and acceptor characteristics. The predicted
binding site comprises the following residues: Ser8, Leu27,
Ala28, I1e30, Pro35, Ile165, Argl66, His167, Serl68,
Leul69, Vall70, Glul81, Arg184, Thr185, Alal88, Phel89,
Vall92, Glu193, Glul97, Val198, Cys199, Pro200, Ala201,
Asn202 and Trp203, respectively. Interestingly, the predicted
binding site lies in the reported region involved in the dimer
interface (166 to 192) [57], and targeting the interface region
was reported to be a successful approach in inhibiting the
activity of proteins and enzymes [58—60]. The grid for
docking was created to cover all the binding site residues
of WbTPx1 using the grid size of X=153.05, Y=47.62,
and Z=47.15 with the inner grid box of 10x10x 10 A?
and the outer grid dimensions of 32.41x32.41x32.41 A3
to perform molecular docking within the specified grid
space boundaries. To screen against WbTPx1, we used
small molecule compounds from the in-house ChemBridge
database, the prefiltering first eliminates molecules with
reactive functional groups and those that violate the five
rules of Lipinski. Approximately 698,709 small compounds
from the ChemBridge database were chosen following
the filtering procedure. The final dataset, which consisted
of 2,086,614 structures, was carefully prepared and then
subjected to a three-phase molecular docking steps (HTVS,
SP, and XP) for screening against WboTPx1, finally a total of
601 molecules in with docking scores ranging from —7.84
to —5.46 kcal/mol were obtained based on XP results

following screening using HTVS and SP docking. The top
25 hit compounds (Supplementary Table 1) were tested for
toxicity profile prediction using the Mclue server, based on
their binding affinity for WoTPx1 [61].

The prediction revealed five non-toxic hit molecules
(ChemBridge ID: 26319496, 58522350, 24425757,
38651207 & 29025530) and ADME calculations indicate
that the molecules are in the acceptable range (Table 1).
The highest drug-likeliness attribute is represented by the
#star descriptor value of zero across the top five non-toxic
hits, signifying a higher probability of drug-like quality. All
the top five hits exhibit favorable aqueous solubility, cell
permeability, absorption, and zero violation in Lipinski’s
rule of five, which clearly depict the identified hits have
higher oral bio-availability. The extra Precision (XP)
docking results (Fig. 3) for the five hits of WbTPx1 are
given in Table 2 where the glide score ranges from —7.41
to — 6.88 kcal/mol and the glide energy lies from —48.73
to —36.22 kcal/mol. The 2D representation interaction map
of the hits with the WbTPx1, are shown in Fig. 4. The first hit,
N-benzyl-N-(2-hydroxyethyl)-3-[5-(1H-indol-3-ylmethyl)-
1,3,4-oxadiazol-2-yl] propenamide (ID-26319496) formed
three hydrogen bonds with residues Ser168, Arg184 and
Pro200 with the Glide score of — 7.41 kcal/mol.

The hit also formed three pi-pi stacking interactions
with the His167 moiety. The second hit, 1-(3-{[(S*)-(cis-3-
hydroxycyclo butyl) (phenyl)methyl]amino }-3-oxopropyl)
piperidine-4-carboxamid (ID: 58522350) forms four
hydrogen bonds with residues Ala28, Ser168, Argl84 and
Trp203 with the Glide score of —7.37 kcal/mol whereas
the thirds hit, 4-[(1-{[3-(4-hydroxyphenyl)-1H-pyrazol-
5-yl]carbonyl }pyrrolidin-3-yl)methyl]benzoic acid (ID:
24425757) exhibit three hydrogen bonds and a salt bridge
with the residues Leu27, His167, Trp203 and Arg184 having
the Glide score of —7.13 kcal/mol.

The fourth hit, 1-{[5-(hydroxymethyl)-2-furyl]
methyl }-N-[4-(1,3 -thiazol-4-yl)phenyl]-3-piperidine
carboxamide (ID: 38651207) showed three hydrogen bonds
and two pi-pi stacking with residues Leu27, Argl66, Ser168,
His167, and Phe189 with the Glide score of — 6.93 kcal/
mol whereas the fifth hit, N-[(cis-3-hydroxycyclobutyl)
(2-thienyl)methyl]-2-(2-oxoazepan-1-yl)acetamide (ID:
29025530) two hydrogen bonds and one pi-pi stacking with
the residues Cys199, Trp203 and His167 having the Glide
score of — 6.88 kcal/mol, respectively. The distance of
H-bond occurred between the hit molecule and the protein
is also one factor that decides the stability and strength of
protein-hit complex formation. The H-bond is considered
stronger if the distance is less than 2.5 A, and it is considered
moderate if it is between 2.5 and 3.5 A [55, 62]. All five
hits exhibited a strong H-bond with a distance lesser than
2.5 A. Besides the bonded interactions, the stability and
binding of potential hits are influenced by non-bonded
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Table 1 Assessment of

ADMET Properties in identified
WbTpx1 Hits from ChemBridge ChemBridge ID 26319496 58522350 24425757 38651207 29025530
small molecule collection

ADMET prediction of the top five potent hits of WbTpx1

Molecular weight? 404.468 359.467 391.426 397.491 336.448
QP logPo/w® 3.147 0.157 3.434 3.169 1.123
QP logS* —4.944 —1.181 —5.635 —4.567 —2.091
QP logHERG! -5.691 —3.493 —4.035 —17.402 —1.624
CIQPlogS*® —5.086 —0.841 -5.876 —-3.961 —1.644
QPPCaco' 203.136 13.776 9.129 372.84 301.103
QPlogBB® —1.824 —1.453 —2.326 -0.212 —-0.826
QPlogKhsa" 0.004 —0.756 0.395 0.178 —0.700
PHOA! 86.678 48.25 64.239 91.524 77.882
QPlogKp' —2.128 -5.674 —-4.819 —3.448 —2.740
Rule of three® 0 1 1 0 0

Rule of five' 0 0 0 0 0
#stars™ 0 0 0 0 0
Molecule toxicity prediction Non toxic Non toxic Non toxic Non toxic Non toxic

*Hit molecular weight (130.0 to 725.0)

®Partition coefficient of octanol/water (— 2.0 to 6.5)

¢Aqueous solubility (— 6.5 to 0.5)

9HERG K* channel blockage ICs, value (below — 5)
®Conformation-independent predicted aqueous solubility (—6.5 to—0.5)
fCell permeability of Caco-2. (> 500 great; <25 poor)

EPartition coefficient for brain/blood. (— 3.0 to 1.2)

"Human serum albumin binding. (— 1.5 to—1.5)

{Human oral absorption (> 80% is high; <25% is poor)
jPermeability in skin (- 8.0 to—1.0)

kJ orgensen’s rule of three. (0-3)

'Lipinski’s rule of five (0-4)

TMstars drug likeness (0-5)

Fig.3 A Structural alignment of top five hits which showed higher transparently and integrated with a blue cartoon shows the hits bound
affinity with better satisfied the ADMET profile that bind in the in the WbTPx1 binding site. C Cartoon representation of the WboTPx1
binding site of WHTPx1 were represented in black, red, blue, green, and the sticks represent the binding site residues that are labeled in
and purple (ID: 26319496, 58522350, 24425757, 38651207 & single letter

29025530) sticks, respectively. B Surface representation rendered
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Table 2 XP docking results

s . S.No ChemBridge ID Glide score Glide AG Bind (kcal/mol) WbTpx1
alf)ng with blnd%ng free energies (kcal/mol)  energy '
of the top five hits for WbTpx1 (kcal/mol) Interaction Bond .
Distance (A)

1 26319496 -7.410 —48.739 —47.15 Ser 168 1.90-HB acceptor
Arg 184 2.00-HB donor
Pro 200 1.80-HB acceptor
His 167 pi—pi stacking

2 58522350 -17.372 —45.555 —63.06 Ala 28 1.90-HB acceptor
Ser 168 1.90-HB acceptor
Arg 184 1.80-HB donor
Trp 203 2.00-HB acceptor

3 24425757 —7.134 —43.417 —50.15 Leu 27 1.90-HB acceptor
His 167 2.10-HB acceptor
Trp 203 2.40-HB donor
Arg 184 1.9-SB

4 38,651,207 -6.932 —47.132 -56.78 Leu 27 2.00-HB acceptor
Arg 166 2.10-HB acceptor
Ser 168 1.90-HB donor
His 167 pi—pi stacking
Phe 189 pi—pi stacking

5 29,025,530 —6.887 —36.292 —48.81 Cys 199 2.00-HB donor
Trp 203 2.60-HB acceptor
His 167 pi—pi stacking

contributions, including charged, hydrophobic and polar
groups of WbTPx1. The Prime MMGBSA method uses
the molecular mechanics and continuum solvation models
to calculate the AG Bind (binding free energy) analysis
between the docked complex structure of the selected five hit
molecules of WoTPx1. It showed the AGy;,4 values between
— 47.15 and — 63.06 kcal/mol, which lies in the order of
hit ID: 58522350 > 38651207 > 24425757 > 26319496 > 2
9025530. Further, the cross-docking study was performed
with human TPx1 (PDB ID: SUCX) to evaluate the drug
specificity. Hs and WHTPx1 show an identity of 56.19% with
a structural RMSD value of 0.8 A. Both organism exhibits
similar thioredoxin structural folds, with five a-helices and
seven (-strands which are the invariant features of members
peroxiredoxins family. We have carried out cross-docking
with the top five identified potent hits at the same dimer
interface area of HsTPx1 to confirm the selectivity of the
identified hits towards the WbTPx1. The extra Precision
(XP) docking results showed the Glide score of —3.14, —
3.33,—4.51,—1.75 and — 3.14 kcal/mol for the hits IDs:
26319496, 58522350, 24425757, 38651207, and 29025530,
respectively. Additionally, we observed differences in the
volume of the binding site cavity and the lack of bonded
interaction between the hits and HsTpx1, which may account
for the lower docking scores and affinity, and these results
revealed that hits exhibit higher and strong affinity towards
Wb. Thus, studies were carried out for these selected hit
molecules to analyze binding stability and complex integrity.

Density functional theory (DFT) analysis of potent
hits WbTPx1

In quantum calculations, the HOMO and LUMO play a
significant influence in reactivity of the hits. HOMO signifies
an inclination to donate electrons, whereas the LUMO
accepts electrons, and its energy aligns with the electron
affinity. The energy gap (E,,,) is utilized to determine the
chemical reactivity of the hits. The calculated energies
of the LUMO orbital for five hits lie between —0.02558
and —0.06691 eV, whereas the HOMO orbital energies lies
between —0.20061 and —0.24194 eV.
Additionally, the five hits energy gaps (E,,,) ranged from
0.12 to 0.29 eV (Table 3). The HOMO and LUMO energy
of the five hits, along with the molecular orbitals diagram,
are shown in Fig. 5. The distribution of energy in the hit
molecules is shown by the colors green and red, which
indicate the positive and negative charged moities. Based on
Eg,dp value, the chemically reactive of the hits lies in the order
of ChemBridge ID: (29025530 (0.20966 eV) > 58522350
(0.20094 eV)> 26,319,496 (0.18668 eV)>38651207
(0.16548 eV)>24425757 (0.15936 eV), respectively.

MD simulation: dynamic stability of hit-bound
WbTpx1 complexes

MD simulations were carried out for all five hits bound
to WbTpx1 individually to monitor the dynamicity of
the complexes. All the five WbTpx1 complex systems
(WbTpx1 + ChemBridge ID: 26319496, 58522350,
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«Fig. 4 The 2D representation illustrating the ligand interaction map
of the five hit molecules in the binding site of WbTPx1 A 26319496,
B 58522350, C 24425757, D 38651207 and E 38651207. The
interaction profile indicates that hydrogen bonds and salt bridge
interactions contribute to the stabilization of the hits with WbTPx1.
Additionally, the hits (26319496, 38651207 and 38651207) showed
Pi—Pi interaction. F Surface representation rendered transparently and
integrated with a blue cartoon shows the hits in the WbTPx1 binding
site

24425757, 38651207 & 29025530) attain equilibrium
after 5 ns. The RMSD deviation of complex 1
(WbTpx1 +ChemBridge ID: 26319496) ranged from 0.30 to
0.44 nm, with average RMSD and SD value of 0.37 nm and
0.02 nm, whereas the complex 2 (WbTpx1 + ChemBridge
ID: 58522350) and complex 3 (WbTpx1 + ChemBridge ID:
24425757) exhibited the RMSD deviation within 0.31 to
0.47 nm and 0.30 to 0.46 nm had the average of 0.38 and
0.39 nm and the standard deviation of 0.02 and 0.01 nm.
Complex 4 (WbTpx1 + ChemBridge ID: 38,651,207) and
5 (WbTpx1+ ChemBridge ID: 29025530) showed similar
trends in the RMSD values, that fluctuated between 0.33
and 0.52 nm and 0.41 to 0.55 nm showed the average of
0.42 and 0.45 nm with the standard deviation of 0.03 and
0.01 nm, respectively. To investigate the level fluctuations of
residues upon hit binding, the backbone RMSF of WbTpx1
was examined. As observed in the native WHoTPx1 all the five
hit bound complexes exhibited higher reside-wise RMSF
fluctuations in both the terminal regions due to the terminal
flexibility. The N-terminal loop that spans from Metl to
Phe42 showed a higher RMSF value and similarly, the C-
C-terminal from His195 to Thr228 has the highest RMSF
value due to terminal flexibility. The loop-V spanning from
the residues Thr116 to Pro129 and loop-VI from Glu143
to Argl54 was observed to exhibit higher RMSF value in
all the five complex systems of WbTPx1. The RMSF of
the complex1 fluctuated between 0.05 and 0.69 nm with
an average of 0.17 nm and the residue Ser119 of loop-V
showed the highest backbone fluctuation of 0.29 nm whereas
in loop-VI the residue His147 exhibit maximum fluctuation
of 0.20 nm. In complexes 2 and 3, the average RMSF
fluctuation was found to be 0.16 and 0.15 nm, exhibiting a
similar range between 0.05 and 0.71 nm. In both complexes,
the loop-V residue Ser119 displays higher fluctuations
of 0.22 and 0.15 nm and the residue Glul48 of loop-VI
shows larger backbone fluctuations of 0.17 and 0.21 nm,
respectively. The average RMSF of complex 4 and 5 were
found to be 0.16 and 0.17 nm with a range from 0.05 to
0.49 nm and 0.06 to 0.80 nm, respectively, where the loop-V
residue Glu120 and Ser119 account for more fluctuation of
0.17 and 0.22 nm while the loop-VI the residue Glu148
was observed to have more fluctuation of 0.22 and 0.17 nm
among other counterparts residues of loop-VI. The Rg

(radius of gyrations) measures the compactness of the hit-
bound state of WbTPx1, the five WbTpx1 complex systems
exhibit intact Rg with the average value of 1.95, 1.93, 1.91,
1.93 and 1.92 nm with the SD of 0.02, 0.01, 0.01, 0.02 and
0.02, respectively. The SASA was also used to evaluate the
complexes surface area that interacts with the nearby water
molecules. The average SASA for WbTPx1-hit complexes
was determined to be 134.65, 135.07, 137.54, 131.70, and
132.69 nm?, with corresponding standard deviations of 2.74,
3.17,2.51,3.16,and 2.78 nmz, as seen in (Fig. 6).

The complex MD simulation based on the profiles of
RMSF, RMSD, SASA and Rg revealed that throughout
the simulation period, all the five hits (ChemBridge ID:
26319496, 58522350, 24425757, 38651207& 29025530)
bind intact inside the binding site of WbTPx1. The simulated
trajectories were analyzed by calculating Coulomb and
L-J energies to examine non-bonded energy contributions
in the interactions between WHTPx1 and hit molecules.
Table 4 signifies that the Lennard—Jones potential energy
was more dominant than coulomb energy that accounts for
the stability of the five complexes. Based on the calculation
of binding energy, it is evident that non-bonded energies
were also crucial in maintaining the intact and stable
binding of hits within the WbTPx1 throughout complex
dynamics. Supplementary Fig. 3 showcases ensembles of
WbTPx1 complexes with hit molecules, captured every 10 ns
throughout the simulation. Its evident from these snapshots
that the hits remained securely bound within WbTPx1
binding site throughout the entire simulation period.

Comparative PCA and FEL analysis of native
and hit-bound dynamics

PCA projects the molecular trajectories generated in the MD
simulation onto a 2D plane, with the first three principal
components (PC1 to 3) elucidating the maximum variability
in the data (Table 5). A comparison between the hits bound
and native WbTPx1 revealed that the native WbTPx1 PC1
magnitude was smaller, whereas the magnitude of PC2
of the WbTPx1 native is observed to be higher than the
hits bound WHTPx1. In the native system, the first two
PCs account for 49.9% variability and the hit bound five
systems (WbTpx 1+ ChemBridge ID: 26319496, 58522350,
24425757, 38651207 & 29025530), the first two PCs
contribute 49.61%, 50.02%, 48.47%, 51.93% and 60.85%
as total variability of the systems. Therefore, the initial two
eigenvectors, PC1 and PC2, encompassed the maximum
principal variances in the original distribution of the
conformational space within the simulation systems. This
indicates that PC1 and PC2 predominantly reflect the shifts
in the conformational state. PCA scatter plots comparing
the native and hit-bound states of the WbTpx1 simulation
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Table 3 The chemical reactive qualities of the five potential hits of
WbTpx1 obtained from DTF studies

S.No. ChemBridge HOMO (eV) LUMO (eV) Energy gap
1D (eV)
1. 26319496 —0.21789 —0.03121 0.18668
2. 58522350 —0.22652 —0.02558 0.20094
3. 24425757 —0.22629 —0.06691 0.15936
4. 38651207 0.20061 —0.03513 0.16548
5. 29025530 —0.24194 —0.03228 0.20966
HOMO LUMO
S #
@
@ Y R 4
l: 2, % Energy gap :‘0,.0
A ‘ = ‘. —_— 8 ®
0.18668eV
-0.21789%¢V -0.03121eV
3
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B "g* | SN "] 9
N 799 020094V 2 e¥9
9 () 9
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o
L
-0.20061eV -0.03513eV
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Fig.5 HOMO and LUMO for the five potential hits A 26319496,
B 58522350, C 24425757, D 38651207 and E 38651207 are shown
with orbital contour map. The noticeable difference in energy gap
between the LUMO and HOMO signifies the stability and chemical
reactivity of the hits, revealing their strong binding affinity with
WbTpx1

systems were generated by projecting along the directions
of the first two principal components, PC1 and PC2, where
the red and blue dots indicate the conformationally stable
and unstable, respectively. The scatter plot distribution of
native clearly showed irregular and messy. However, in the

@ Springer

case of five hits complex system the scatter plot was found
to be well organized where the red and blue spots in clusters
were equally spaced parallel to each other on both sides of
the diagonal with respect to PC1, PC2 and PC3. This PCA
clearly showed the intact and stable binding of the hits in the
binding site of the WbTpx1 that remained consistent with the
RMSD, RMSF, Rg and SASA analysis results.

Although the initial two principal components were
adequate to explain the fluctuations in conformational
changes and motion throughout the simulation, we also
considered the variability explained by the PC3, which is
clearly shown in supplementary Figs. 4,5, 6,7, 8, 9.

Further, the correlated motions at the residue level were
also determined by analyzing the cross-correlation map
of residues for the atoms in the backbone of both native
WbTPx1 and hit bound (WbTpx1 + ChemBridge ID:
26319496, 58522350, 24425757, 38651207 & 29025530).
The maximum negative or anticorrelated backbone motion
was represented by the magenta region that range from 0
to — 1, indicating that the residues shift in the opposite
direction and the backbone motion with positive correlation
of WbTPx1 was showed by the cyan regions that range from
0 to 1, implying that the residues move in the same direction.
The stronger the correlation, the darker the displayed color.
The figure demonstrated that overall, the correlated motion
of the two systems displayed a similar motion trend, but
it was clear that these two systems correlated motion had
altered upon binding of the hit molecules with the Wb Tpx1.
Especially in key areas related to binding site regions
(represented as black box in Fig. 7). It was generally
believed that the reduction of negatively correlated motion
would reduce the flexibility of the protein. Therefore, the
five hits binding to the WbTpx1 binding site would hinder
the complex systems correlated motion, making it more
difficult for WbTpx1 to be exposed to forming dimers and
thereby accomplishing the purpose of inhibiting protein
activity. The cross-correlation map revealed that both
native and hits bound WbTPx1 exhibit a similar trend in
the correlated motion among the backbone atoms of the
residues. We observed a minute change in the motion of the
residue’s backbone located in N— C— terminals and in the
dimer interface region where the hits bind with the WboTPx1,
as shown in Fig. 7. The porcupine plotting was generated
for the PC1 which accounts for the greatest variability of
the native and hit-bound states to visualize the direction of
movement of the backbone atoms. Observations indicated
that the WhTPx1 bound to hits exhibits reduced backbone
atom movement compared to the native WbTPx1 (Fig. 8)
that in accordance with the results of PCA and cross-
correlation analysis.

To explore the conformational dynamics of native and
hits bound WbTPx1 the FEL (free energy landscape) was
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Fig.6 The stability profiles: A RMSD, B RMSF, C Rg and D SASA
are calculated from simulations for the WbTpx1—hits complexes:
complex 1-5 (26319496, 58522350, 24425757, 38651207 and

Table 4 Coulomb and L—J energy contributions in interactions between WbTpx1 and non-toxic hits

T T
0 10000 20000

T 1
40000 50000

T T 1
150 200 250

Residue

Complex 1
Complex 2
Complex 3
Complex 4
Complex 5

T T 1
30000 40000 50000
Time (ps)

38651207) are showed in black, red, blue, green and purple,
respectively, these analyses clearly indicate the intact and consistent
bounding of the hits with WbTpx1 throughout complex simulations

Energy ChemBridge ID
58522350 29025530

Coulomb energy (KJ/mol) —-62.30+£5.90 —44.22+8.50 —58.93+£4.40 —37.65+£6.30 —38.31£3.50
L-J Energy (KJ/mol) —136.00+4.10 -98.27+8.10 —146.28+3.0 —119.52+7.30 —95.48+£4.70
Ta.ble'S The initial three Native ChemBridge ID
principle components from PCA WhTpx1
of the hit-bound WhTpx1 and (%) 26319496 (%) 58522350 (%) 24425757 (%) 38651207 (%) 29025530 (%)
the native WbTpx1

25.31 29.05 50.58 43.89

24.78 20.59 11.35 16.96

19.80 16.13 7.88 8.57
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«Fig. 7 Cross-correlation map for A native WbTPx1 and B-F hit
bound WbHTPx1 (WbTPx1- ChemBridge ID-26319496, 58522350,
24425757, 38651207 and 29025530 with positive correlation in cyan
and negative (anticorrelation) in magenta colors, respectively. The
black box highlighted the key areas where the correlated motions
of the native and hit bound systems of WbTPx1 were found to be
significantly different

calculated. This enabled the observation of various states
like local and global minima that are sampled throughout the
entire time scale period of the MD simulation. The Gibbs
free energy ranges from O to 11.50 kJ/mol for the native
WbTPx1 while for the complexes-WbTPx1 + ChemBridge
ID: 26319496, 58522350, 24425757, 38651207 &
29025530, it ranges from 0 to 11.50,11.50,11.60, 13.40, and
11.60 kJ/mol and FEL is represented as contour diagram
is shown in Fig. 9. The dark blue area indicates energetic
minima and conformationally stable states, while the red
and yellow sections show higher energy states.

The native WbTPx1 exhibits a single global lowest energy
conformation with a steep, narrow valley single basin.
The FEL analysis of complexes 1 and 2 exhibit a similar
trend in energy state with a broad basin that converges into
numerous energy states from multiple local minimum states
and confined to a single global energy state. The Complexes
3, 4, and 5 adopted a similar energy spread that of native,
containing multiple local energy states but confined into a
single sharp global minima energy state. Thus, FEL analysis
offers atomic-level resolution of a protein-ligand bound
system, identifies potential binding transition states and
metastable states, and can be useful for designing inhibitors.
The results of the essential dynamics, cross-correlation
profile, porcupine and FEL analyses provide precise insights
into the changes in the molecular conformational that
occurred during MD simulation period as hits bound to the
dimer interface site of WboTPx1.

Viability evaluation of filarial worms
through MTT-formazan colorimetric assay

The MTT assay was performed at concentrations
spanning from 0.625 to 20 uM over a 24-h duration. At
the maximum dosage of 20 mM concentration, three hits
exhibited inhibition efficacy higher than 92% (94.50 + 1.56,
93.83+0.96 and 92.78 +0.91).

In contrast, at lower concentrations (0.625 pM), it
showed the inhibition percentages of 32.70+0.74%,
38.79+0.85% and 34.60 + 1.27%, respectively, for
the hits- ChemBridge ID: 58522350, 24425757 and
26319496. Interestingly, all three hits had greater inhibition
percentages at concentrations between 0.625 and 20 pM,
that is found be to higher than the standard anti-filarial
drug Ivermectin, as shown in Table 6. The IC, values
were calculated by the Michalis Menten equation and were
matched with the standard drug ivermectin, ICy, value of
hits of WbTPx1 58522350, 24425757 and 26319496 lies
between the range of 1.069+0.204 uM, 1.373+0.259 uM
and 1.429 +0.246 pM. Interestingly, we noted that the ICs,
value of two hits (24425757 & 26319496) was lesser than
the ICs, value of Ivermectin with 1.374 +0.152 uM, shown
in Fig. 10. The hits found using the in silico technique have
the ability to eliminate adult worms, as revealed by the
MTT reduction assay which showed better ICs, and higher
inhibition than Ivermectin. Further, we employed molecular
docking in the same binding site of WbTPx1 to examine the
interacting profile of Ivermectin. Interestingly, Ivermectin
showed a glide score of —3.352 kcal/mol, suggesting
a lower binding affinity than the identified potent hits of
WbTPx1, which ranged from —7.410 to — 6.887 kcal/mol,
the interaction profile of the Ivermectin with the WbTPx1
is shown in Fig. 10. We observed two moderate hydrogen
bonds with the distance of 2.9 A and 3.0 A between His
167 and Glu 181 of WbTPx1 with Ivermectin. In the case of
the identified five hit compounds, we observed the complex
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Fig. 8 Porcupine plot
illustrating the backbone atom
movement for A native WbTPx1
and B-F hit bound WHTPx1
(WbTPx1- ChemBridge
1D-26319496, 58522350,
24425757, 38651207 and
29025530 from the trajectories.
The directional arrows in the
projection depict the movement
of the WbTPx1 backbone atoms
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Fig.9 The FEL comparison: A native WHTPx1 and with five based on first two principal components (PC1 & PC2) along the x, y
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Table 6 In vitro anti-filarial activity for hits of WbTpx1 and comparison of inhibition profile with Ivermectin using adult S. digitata

S. No Concentration of ~ Percentage of inhibition Percentage of inhibition Percentage of inhibition Percentage of inhibition
inhibitor (uM) 58522350 24425757 26319496 ivermectin

1 20.000 94.50+1.56 93.83+0.96 92.78 £0.91 83.08 +68

2 15.000 87.70+£0.95 83.72+1.04 84.64+0.74 77.82+£0.97

3 10.000 77.73+£2.10 75.37+0.80 77.20+£1.19 71.94+£1.07

4 5.000 66.07 £2.29 70.75+£0.90 66.24 +0.74 62.52+2.01

5 2.500 59.76 £1.44 60.75+1.20 54.33+£0.85 53.25+2.18

6 1.250 4538+1.26 47.32+1.27 46.16+1.46 42.96+2.31

7 0.625 32.70+0.74 38.79+0.85 34.60+1.27 27.40+3.13

Fig. 10 A In vitro validation
using the adult S. digitata 100-
worms, for top three hits

of WbTpx1 along with the

>

standard drug Ivermectin . 40

(ChemBridge ID-58522350, 2

24425757and 26319496) at g 607

different concentrations 0.625 =

to 20 uM, B two dimensional 2 40
c

interaction profile of ivermectin ~ 58522350, ICs= 1.429 * 0.246 uM, r’= 0.979
interactions with the binding 204 [ = 24425757, 1C5=1.069 0.204 pM, r’= 0.975
- 26319496, I1C5=1.373 £ 0.259 pM, r’= 0.975

site residues of WbTpx1, where :
— Ivermectin, IC5y= 1.374 £ 0.152 pM, r?= 0.991
H-bonds were represented by 0 T .

solid arrows and C transparent 0 5 1|0 1I5 20
surface representation
embedded with blue cartoon
representation clearly showing
the ivermectin bind in the
binding site of WbTpx1

Concentration (uM)

is stabilized by the hydrogen bonds, salt bridge, Pi—Pi Conclusion

interaction and hydrophobic interactions that accounts for

higher binding affinity and these interaction profiles were Our current research is primarily on employing structure-

found to be less prevalent in Ivermectin- WhTPx1 complex.  guided drug design to identify potent inhibitors targeting
the dimer interface region of WbTPx1. The WbTPxl1
exhibited higher binding affinity with the five best non-
toxic hits obtained from ChemBridge database (ChemBridge

@ Springer
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ID-26319496, 58522350, 24425757, 38651207 &
29025530). The reactive of the hits were found using the
DFT analysis, which also revealed important information for
further hit enrichment and enhanced activity. Furthermore,
the MD simulation studies of these WbTPx1-hit complexes
demonstrated that all five hits were found to be intact and
bound inside the WbTPx1 binding region. Its interesting to
note that these five hits showed more binding selectivity
for Wb than for Hs. The in vitro validation suggested that,
in comparison to the standard medicine Ivermectin, the
two discovered hits (ID: 24425757 & 26319496) showed
a better percentage of inhibition and an improved ICs. In
future these identified hit molecules are the starting point
for improvement of innovative small molecular chemical
scaffolds and fragments that can be enriched using in vitro
and in vivo models that likely could delivered strong drug-
like characteristics features which might helpful towards
addressing LF infections.
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