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ABSTRACT

Background: DprE1, which is a flavoenzyme, is very important for cell wall biosynthesis in
Mycobacterium tuberculosis (Mtb) and for the pathogenesis, virulence, lethality, and stress
resistance of the host. Drug-resistant tuberculosis is a challenging global human health issue,

necessitating the development of novel, more effective treatment regimens without adverse
effects. DprE1 represents a potential therapeutic target. It was explored as a drug target
utilizing benzothiazoles (BTZ), which are enormously potential anti-bacterial agents and are
currently being explored as anti-mycobacterial entities. Materials and Methods: We used
virtual screening of bioactive molecules from PubChem and ZINC databases targeting DprE1,
having bioactive thousands of molecules known for anti-microbial activity. In the present
study, we selected 100 compounds as the most promising candidates to act as potential DprE1
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inhibitors to control this emerging condition of tuberculosis infection. To identify the six top-
ranked compounds, molecular docking was used to calculate the binding affinities (ranging
from -8.3 to 10.0 kcal/mol) between various compounds (C1-C6) and the DprE1 protein.
Results: Based on the results of an ADMET analysis, these six chemicals are safer potential
drug candidates, as neither AMES toxicity nor carcinogenicity is present when toxicological
properties are considered. Out of 6 compounds, the top-ranked compound exhibiting the best
binding affinity against the drug target DprE1 (Pdb-id;4FEH) receptor was further subjected
to molecular dynamic simulation for 100 nanoseconds to check the stability and trajectories
by root-mean-square deviation (RMSD) and root-mean-square fluctuation (RMSF) graphs
and interacting coordinates using Desmond Schrodinger Software. Conclusion: Our in-silico
investigation identified potent inhibitors for the DprE1 protein of Mtb, and these compounds
can be considered and recommended as the lead molecules in the treatment of tuberculosis.
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INTRODUCTION

The causative organism of tuberculosis (TB) infection, extensively drug-resistant TB (XDR-TB), multidrug-resistant TB

Mycobacterium tuberculosis (Mtb), has been a risk to the health
of humans for millennia, and it represents one of the world’s
deadliest infections.! According to the WHO, TB was one of the
leading infectious causes of death worldwide in 2021, killing
more than 1.5 million individuals across the globe.” Escalating
transmission of AIDS-TB co-infections has been exacerbated

due to the evolution of resistant forms of tuberculosis, including
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(MDR-TB), and totally drug-resistant TB (TDR-TB) strains.*?
Mpycobacterium tuberculosis (Mtb) has developed immense
strategies to evade the host immune response leading to its
establishment in the host organism.'®!! The current treatment
strategy for tuberculosis infection uses a combination of
isoniazid, rifampicin, ethambutol, and pyrazinamide regimens,
which takes 6-9 months to achieve a high cure rate for infected
individuals."*'* Due to the prolonged treatment period, the
currently available conventional treatment for tuberculosis has
low compliance, resulting in the development of drug-resistant,
multidrug-resistant, and highly drug-resistant strains of Mtb."2
As a result, there is a pressing need to improve treatment
outcomes by exploring novel chemical entities with significant
anti-tuberculosis activity. To address the drug-resistant forms of
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TB, such as XDR-TB/MDR-TB/TDR-TB, it is critical to identify
various potential and vulnerable drug targets and explore the
most effective drug target inhibitors in Mtb.

Multiple proteins paying their role in the metabolism and
survival of Mtb were investigated as possible therapeutic targets,
and drug development is subsequently progressing. Mycobacteria
have already developed intricate biosynthetic pathways that are
well-organized and sustain their distinctive, thick cell walls,
which help them retain cellular integrity, withstand stress and
dormancy, and avoid detection by the immune system of the
host.!>!1518 Moreover, most of the drug targets are proteins
or enzymes that display a significant role during the various
metabolic processes in Mth, which prominently encompasses
the biosynthesis of fatty acids, the process of translation,
biosynthesis of the cell wall, the process of translation, as well
as other molecular mechanisms essential for the survival of
Mtb."> Decaprenylphosphoryl-B-D-ribose 2-epimerase (DprE1)
is a flavoenzyme playing a role in the biosynthesis of Mtb
cell wall.?” DprEl facilitates the epimerization of decaprenyl-
phospho-arabinose (DPA) to an intermediate decaprenyl-
phopsho-2-keto-D-arabinose (DPX) which is further reduced
to DPA by decaprenyl phosphoryl-p-D-ribose-2-epimerase
(DprE2).">* Therefore, the proteins DprEl and DprE2 are
essential for the functioning and growth of Mtb cells.**!

Consequently, the catalytic activity of DprEl represents the
possible drug targets in developing tuberculosis treatment
regimens. Recently, (BTZ)
demonstrated increased potency for DprE1 inhibition and more
significant potential when evaluated against various strains of
MDR and XDR mycobacteria.?®** In drug screening, various

benzothiazinone derivatives

chemical scaffolds with various structural differences are
evaluated as DprEl inhibitors. Depending on their interactions
with the catalytic domains of DprEl, these inhibitors are
classified as covalent or non-covalent>** Previous studies
on the advancement of DprEl inhibitors proposed that high
throughput screening, molecular modeling, docking, functional
genomics, and proteomics are all significant in identifying novel
chemical scaffolds as potential TB chemotherapy molecules.?**
Using the PubChem and ZINC databases, we used insilico-
based virtual screening to find potential chemical compounds
that can serve as DprEl inhibitors. In the present study, a library
of 100 molecules with a structural resemblance to bedaquiline
(FDA approved anti-TB drug) was generated to identify novel
and promising agents against the DprEl, a vulnerable drug
target in Mtb.** Bedaquiline and bis-coumarins are both
heterocyclic compounds containing number of substituted
aromatic rings in their structures. Derivatives of both chemical
agents have been found to be quite effective against drug
susceptible as well as drug resistant strains of Mycobacterium
tuberculosis.”*
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Using this information, we examined a compound library
(https://www.otavachemicals.com) containing more than 100
different compounds. The molecular docking and binding affinity
estimation procedures identified six hit-molecules (C1-C6). The
purpose of the molecular docking was to analyze the binding
interactions between these compounds and the active site of the
DprEl enzyme. The top-scored hit-molecule was used in MD
simulations for 100 ns of ligand binding state with the DprEl
protein complex. M D simulation was carried out on the DprEl
complex, and the top hit ligand to determine the molecular
dynamics behaviors, including interaction and structural stability

We also assessed the compound’s carcinogenicity, toxicological
and biological activities, and ADME properties using in silico
predictive tools. The current study found that six chemical
entities, in general, and 3,3’-((3-nitrophenyl) methylene) bis
(2H-chromen-2-one, in particular, may be investigated as
potential lead molecules for the development of promising DprE1
inhibitors in tuberculosis therapy.

MATERIALS AND METHODS
Pre-processing

Virtual screening of prepared library was analyzed on Linux
Operating System (Ubuntu 20.04) with high configuration with
40 cores, 1 TB SSD, and 32 GB RAM inbuilt workstation. It also
had an all-in-built Java environment and internet connectivity for
fast processes.”

Library Preparation

We used the anti-microbial compounds from publicly available
chemical compound databases such as PubChem and ZINC
databases. We also carried out the literature review regarding
library preparation to find out the best ligands (bedaquiline
related) against Mtb pathogen, especially against target receptors.
After sorting compounds based on the repetitive entries, 100
compounds were found unique and used for ligand preparation.*
The structure of most of the compounds was downloaded
from PubChem and ZINC databases, and the structures of
other compounds were drawn using the chem-sketch Marvin
visualization (https://chemaxon.com/products/marvin). All the
compounds for this study were selected based on their respective
mechanism toward the targeted receptors so that we can predict
the best outcome for the particular disease pathway. The complete
library was downloaded, converted into SDF format, and then
analyzed using the standard python script. For the virtual
screening process, all the libraries were subjected to the pdbqt
format of receptor protein.*® Furthermore, all the compounds
were subjected to pharmacological screening, such as ADME and
toxicity, followed by the Lipinski rule of five.

International Journal of Pharmaceutical Investigation, Vol 13, Issue 1, Jan-Mar, 2023



Sheikh, et al.: DprEl protein as a potential inhibitor in MTB.

100 Ligands
mentioned in the text

= purification and Refinement “Library Preparation

Library preparation
using AutoDock Vina 4.0)

Protein purification
using Biovia Di y
Studio and Visualizer

ADMET and Lipinski Filter
Analysos

Virtual Screening and
Molecular Docking Analysis
= Yoxicity Prediction
Molecular dynamic
Toxicity prediction i ions using
using Molinspiration Desmond Schrodinger
via providing standard Version

parameters

Normal mode analysis
using iMODS to
calculate Eigen values
and Elasticity

Figure 1: Workflow of the study.

Figure 2: Crystal structure of DprE1 protein of Mycobacterium tuberculosis.

Retrieval and Refinement of receptors

The selected receptor, i.e., DprE1 (PDB ID: 4FEH), in PDB
format was obtained from a protein data bank (https://www.rcsb.
org) (Figure 1, 2). The two domains that make up the structure of
DprEl are the FAD-binding domain, composed of a/p folds, and
the substrate-binding domain, which has extended conformation
and antiparallel - -sheets. Initially, receptor preparations were
subjected to Biovia Discovery Studio (https://discover.3ds.com/
discovery-studio-visualizer). This step was followed by removing
all the unwanted water molecules and chains, then adding polar
hydrogen bonds with optimized salt concentrations because
compounds should interact indigenously with the proteins and
interrupt the pathways and enrichment of proteins.”’ Regarding
grid preparation for receptors, 10 A grid boxes were prepared
before subjecting to molecular docking. The center grid
parameters were also set to 43.00, 28.23, and 54.89 for x, y, and z
coordinates.
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Molecular Docking Studies

All the pdbqt files and contig files (which stored all the
information regarding virtual screening) were kept in a directory
for the virtual screening process.*>*
(prepared) was subjected to docking in contrast to the already
prepared compound library using Autodock vina 4.0 (https://
vina.scripps.edu/), and a Perl script was employed for multiple
ligands molecular docking. In each docking experiment, 10
separate runs were carried out, and every pose was selected based
on docking score and binding energies.”” The virtual screening
results were analyzed using Biovia Discovery studio and PyMol
Schrodinger (https://pymol.org/2/).

The target receptor

Lipinski and ADMET Screening

All the ligands were subjected to ADMET and Lipinski analysis
Swiss-ADME  (http://www.swissadme.ch/) and pre-ADMET
web server (https://preadmet.qsarhub.com/) to analyze the
toxicity properties of compounds. Initially, all compounds were
investigated for Lipinski analysis from a molecular docking
perspective.** In terms of Lipinski’s rule, any two properties
violated by ligands were not considered for molecular docking
and further study. The toxicity was predicted using the pre-
ADMET web server in the case of PAINS (Pan Assay interference
compounds) (https://www.molinspiration.com/), also known
as frequent hitters that release the potent outcome in assays
regardless of the target receptor. The most frequent PAINS are
easily distinguished by how they were constructed.***

Boiled-egg analysis

The BOILED EGG model was utilized to predict the blood-
brain barrier permeability and the gastrointestinal absorption of
selected substances. Upon the analysis of the BOILED-Egg plot,
compounds falling in the yellow area of the plot were considered
to exhibit enhanced blood-brain barrier permeability, while
compounds falling in the white zone of the plot were expected
to have enhanced properties for gastrointestinal absorption. The
Swiss-ADME web server was employed for the BOILED-Egg plot
analysis.**?

Molecular dynamic simulation

The best hit compound from selected compounds against the
primary target receptor was subjected to molecular dynamics
simulation to analyze the fluctuation and simulation graph
between ligand and protein residues in nanoseconds. In the
experiment, Desmond Schrodinger (https://www.schrodinger.
com/products/desmond) was performed to investigate the
molecule’s stability and determine the involvement between
homologous and heterologous structures.* For dynamic studies
employing the OPLS force field with the typical parameters,
Desmond Schrodinger V20.2 was utilized. Using Desmond’s
internal servers, the topologies and simulation files were
prepared.”
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Simulation run at 100 nanoseconds

The hit compounds were put through RMSD and RMSF
calculations with protein and non-protein portions to find a
better trajectory scale. With the OPLS force field and Newton’s
equation, the square deviation and fluctuation rate were shown
by the RMSD and RMSF values. The concentration of the salts
was kept at 0.15 M sodium and chloride ions expectedly to mimic
the physiological conditions.***! Desmond was performed in an
NPT ensemble for corresponding time intervals of 70ns to 100ns
at temperature 300k and pressure of 1.70 bar.*

Normal mode analysis

It is a computer-based simulation approach used to analyze
the physical movements of atoms or molecules. It is possible
to identify several key hydrogen bond interactions by M D
simulations.*® Improvements in protein docking or virtual
screening are made possible by MD simulations.* To perform
the dynamic simulations, the iMODS server (http://imods.
chaconlab.org/) was used in the current study. The iMODS server
facilitates the exploration of normal mode analysis and generates
accessible information on pathways involving macromolecules or
homologous structures.*”

RESULTS
Ligands

The structure of most of the ligands was retrieved from
PubChem and ZINC databases and other related sources,
including published research studies. While in the unavailability
of compounds’ structures, the structures (ligands) were drawn
using Chem-Draw and chem sketch. However, after analysis,
six out of 10 hit compounds followed the typical structural
resemblance with known standard anti-TB drugs and were
carried forward for further studies. The (3D) structure of these
six compounds or ligands (C1-C6) exhibits all the required

4 ) D

Figure 3: 3D- structure of all 6 hit compounds. a) 3,3'-((4-Hydroxyphenyl)
methylene) bis (2H-chromen-2-one) (C1) b) 3,3’-((3-nitrophenyl) methylene)
bis (2H-chromen-2-one) (C2) ¢) 3,3-((3-chlorophenyl) methylene) bis
(2H-chromen-2-one (C3) d) 3,3"-methylenebis (4-hydroxy-2H-chromen-2-
one) (C4) e) 3.3'((2-nitrophenyl) methylene) bis (2H-chromen-2-one) (C5) f)
3,3'((2-chlorophenyl) methylene) bis (2H-chromen-2-one) (C6).
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parameters for insilico studies, showing the best docking score
is provided in (Figure 3).

Molecular Docking Analysis

One hundred (100) compounds were screened against the DprE1l
receptor protein to analyze the binding affinities (Supplementary
file). Consequently, all the compounds, including the top hit
compound, were docked with the DprEl protein to calculate
the binding affinity of native ligands. The threshold value for all
ligands was kept at -8.0 KJ/Mol to screen the best hit compounds
for RMSD and stability against the protein of interest. All the
compounds were equal to or greater than -8.0 KJ/Mol binding
affinity from the prepared library. The best six compounds were
identified from the library based on the threshold value and
docking score obtained using Auto dock Vina.

Screening of Hit Compounds

All six selected top score compounds were assessed in
accordance with the Lipinski rule of five. PAINS, gastrointestinal
retention property along with null PAINS alert in the
mechanism. All six selected compounds showed the best activity
against the initial screening of hit compounds, as shown in
(Table 1).

Bioactivity-based screening of hit compounds

All hit compounds were subjected to bioactivity screening using
the Molinspiration web server. This server used input asa SMILES
ID of all the six-hit compounds to determine the receptor-
specific activity in ion channel modulators, GPCR ligands, kinase
inhibitors, protease inhibitors, and nuclear receptor ligands,
followed by enzyme activity inhibitors. We found that the
compound 3.3’-((3-nitrophenyl) methylene) bis (2H-chromen-
2-one) possess an efficiently high degree of selectivity for the
enzyme inhibitor activity due to the enzymatic mechanism of
protein DprE1 (Table 2).

Toxicity based analysis

Toxicity is the final output of the hit compound screening process
using the pre-ADMET web server, which was utilized to test
compounds’ toxicity screening and prediction (Table 3). Now
3.3’-((3-nitrophenyl) methylene) bis (2H-chromen-2-one) (C2)
compound was selected for toxicity prediction and observed
the acceptable toxicity profiles and was selected as the final hit
compound for molecular dynamic simulation using Desmond
Schrodinger suite.*

Hit compound visualization

Biovia Discovery Studio Visualizer 2021 was used to visualize
the docked poses of the hit compound, i.e., 3.3’-((3-nitrophenyl)
methylene) bis (2H-chromen-2-one) (C2) against DprE1 protein.
Both 3-Dimensional and 2-Dimensional images were produced
with the target receptor by using Biovia 2021. The docked
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Table 1: Analysis of binding energies with ADMET properties of selected compounds.

ID LogS Lipinski’s Pains BBB Gl absorption Permeability
violation penetration glycoprotein
substrate

3,3’-((4-Hydroxyphenyl) methylene) bis (2H-chromen-2-one) -10.22 1 0 No Low Yes
3,3’-((3-nitrophenyl) methylene) bis (2H-chromen-2-one) -14.49 0 0 No High Yes
3,3’-((3-chlorophenyl) methylene) bis (2H-chromen-2-one -2.07 1 0 No High No
3,3’ -methylenebis(4-hydroxy-2H-chromen-2-one) -1.09 2 0 Yes Low Yes
3,3’((2-nitrophenyl) methylene) bis (2H-chromen-2-one) -9.01 0 0 Yes High No
3,3’((2-chlorophenyl) methylene) bis (2H-chromen-2-one) -11.09 1 0 No Low No

Table 2: Bioactivity analysis of the initially screened hit compounds.

ID GPCR lon channel Kinase Nuclear Protease Enzyme
ligand modulator inhibitor receptor inhibitor inhibitor
ligand

3.3’-((4-Hydroxyphenyl) methylene) bis (2H-chromen-2-one) 0.61 -0.34 -0.3 -0.51 0.29 0.55
3.3’-((3-nitrophenyl) methylene) bis (2H-chromen-2-one) 0.73 -0.45 -0.1 -0.15 0.02 0.74
3.3’-((3-chlorophenyl) methylene) bis (2H-chromen-2-one 0.47 0.32 -0.28 0.02 0.17 0.14
3.3’-methylenebis(4-hydroxy-2H-chromen-2-one) 0.22 0.43 0.76 0.13 0.19 0.55
3.3’((2-nitrophenyl) methylene) bis (2H-chromen-2-one) 0.03 -0.33 0.01 -0.37 -0.07 0.11
3.3’((2-chlorophenyl) methylene) bis (2H-chromen-2-one) 0.18 -0.52 -0.38 -0.7 0.46 -0.2

Table 3: Toxicity analysis of the final one-hit compounds.

ID 3.3'-((3-nitrophenyl) methylene) bis P
(2H-chromen-2-one) - I
algae_at 0.00461681 : &
Carcino Mouse Negative h
Carcino Rat Negative -
daphnia at 0.00461681 B e =
hERG inhibition Ambiguous (a)
medaka at 5.87E-05
minnow at 0.000367322
TA100 10RLI Negative
TA100 NA Negative

positions of the hit compounds were superimposed on the docked

position of the co-crystallized native ligand of the receptor. As
observed, the amino acids, i.e., ILE 131, LYS 418, and GLN 336
of the receptor, displayed the interaction with the ligand residues

involved in regulating the pathways, including ant-igenicity and
the topology through cross-covariance transformations of the
protein residues. The specific amino acid sequence of DprE1 was
calculated to be 0.435 based on the bond length and ionizability,
and it was determined to be non-antigenic.

: Pi-Cation l:] Pi-Alkyl
-~

© ©

The current study also believes that specific ligand selection

Figure 4a: 3D interactions of ligands with respective amino-acids of
) i ] ) ) DprEl. (a). 3.3'-((4-Hydroxyphenyl) methylene) bis (2H-chromen-2-one)
2-one) (C2) towards specific amino acids will result in accurate  (C1). (b). 3.3((3-nitrophenyl) methylene) bis (2H-chromen-2-one) (C2). (c).
epitope prediction pursued by transmembrane topologies 3.3'~((3-chlorophenyl) methylene) bis (2H-chromen-2-one with (C3).

(Figure 4a-f).

criteriasuchas3.3’-((3-nitrophenyl) methylene) bis (2H-chromen-
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Figure 4b: 3D and 2D interactions of ligands with the respective amino-
acids of DprE1l. (d). 3.3-methylenebis (4-hydroxy-2H-chromen-2-one)
(C4). (e). 3.3'((2-nitrophenyl) methylene) bis (2H-chromen-2-one) (C5). (f).
3.3'((2-chlorophenyl) methylene) bis (2H-chromen-2-one) (C6).

Molecular dynamic simulation

3.3’-((3-nitrophenyl) methylene) bis (2H-chromen-2-one) (C2)
was subjected to molecular dynamics simulation using Desmond
Schrodinger v20.2 for 100 nanoseconds against DprEl protein.
The complex was considered for docking pose in binding site
regions of receptors and led to computing the molecules with
time, followed by Newton’s equation for dynamic modulators.
The OPLS force field was applied for 100 nanoseconds for a
constant period concerning complex compounds.

The start of the 100 nanoseconds simulation runs revealed stable
trajectories for the root mean square fluctuations and root mean
square deviations. The RMSD values for the standard docked
compound were displayed on the Y-axis, while the ligand RMSD
was displayed on the X-axis on the right. The fluctuation in
ligand RMSF was observed during the first 30ns of the standard
trajectory. The system was standardized, and no changes in
density, volume, or kinetic energies were detected*® (Figure 5a,
5b, and 5¢).

Normal mode analysis

Through the molecular docking analysis, it was observed that
3.3’-((3-nitrophenyl) methylene) bis (2H-chromen-2-one) were
exhibiting the highest binding affinities with the target protein.
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Figure 5a, 5b: Desmond Schrodinger is used to analyse the protein-ligand
(C2) complex through molecular dynamics simulation (i) Root Mean Square
Deviation is depicted in Image A (ii) The Root Mean Square Fluctuation
is depicted in Image B (iii) Image C shows a protein-ligand interaction and
histogram.
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Figure 5c: Graphical representation depicts the interaction between protein
and ligand.

Hence these were selected for the MD simulation. In the current
study, the molecular dynamic simulation was done on the
iMODS server, and the results were given the ID 0301132717957.
This server analyzed internal coordinates based on the structural
interaction between protein-protein types. iMODS was used
to analyze stability, B factor, molecular mobility, variance, and

eigenvalue calculation (Figure 6a -e).
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Figure 6: a) Covariance map (correlated (red), uncorrelated (white) or anti-
correlated (blue) motions of coupled residues). b) Elastic network (Each dot
denotes one spring within the respective atoms pair. The dots are colored
based on the stiffness where the dark grey dots indicate the stiffer springs and
vice versa). ¢) Variance (individual (red) and cumulative (green) variances). d)
Eigenvalues (The eigenvalue associated with each normal mode represents
the motion stiffness. Its value is directly related to the energy required to
deform the structure. The lower the eigenvalue, the easier the deformation) e)
B-factor or Mobility (The main-chain deformability measures the capability of
a given molecule to deform at each of its residues).

DISCUSSION

Different high-throughput screening (HTS) strategies are
utilized to screen drug-like small molecular chemical libraries
in search of novel and active scaffolds (hit compounds) for lead
generation.”* Over the last century, two screening technologies
have dominated the early-stage drug development process: target-
based approaches and phenotypic screening. The anti-TB drug
discovery field can explore the target-to-drug and drug-to-target
tools.”! The former strategy employs traditional techniques such
as cutting-edge computer screens and biochemical assays. Still, it
has yet to provide any therapeutic candidates for clinical trials,
with a high attrition rate due to a lack of whole-cell activity.”'
The latter approach ensures whole-cell activity by testing
chemical libraries against bacilli or model organisms; however,
target identification is the rate-limiting step in this approach.*
Numerous scientific advances have resulted in combining
elements of both methodologies for the innovation of novel drug
discovery tools that speed up screening new hits and leads with
known targets and whole-cell activity.”

Developing a new drug is a lengthy and complex process that
requires an extensive range of stages and strategies. Drug
development research encompasses a set of extended steps and
complicated strategies. Modern developments in computational
modeling methods, pharmaco-kinetic profile (ADMET),
molecular docking, high-throughput virtual screening, and

International Journal of Pharmaceutical Investigation, Vol 13, Issue 1, Jan-Mar, 2023

bioavailability evaluations of molecules are considered as highly
sophisticated techniques for speeding up the drug development
processes.”’ Moreover, combining MD simulation with free-
binding energy estimation improves spatial fitting accuracy,
interaction stability, and ligand binding affinity at the active site
of proteins.* In the present study,100 compounds were examined
and screened for their ability to inhibit the DprE1 protein (PDB
ID: 4FEH) of Mtb, as this enzyme is an oxidoreductase that is
involved in the biosynthesis of cell wall.”> The Rv3790 gene product
DprEl has been shown to be the target for two different classes of
anti-tubercular drugs, namely benzo-thiazinones (BTZ) and the
dinitro-benzamide derivatives (DNB); this enzyme is not present
in humans, and represents a useful tool for the identification of
new potent anti-tubercular inhibitors.* To screen the compounds
with higher binding affinities, molecular docking was used in
addition to toxicity testing and ADMET screening.”

Our study selected the top six compounds with a maximum
binding affinity with the receptor protein, DprEl, with a binding
score ranging from -8.5 to -10.5 cal/mol. Later, we assessed
pharmacokinetic characteristics because compound optimization
is essential for substances to pass the standard clinical trial and
emerge as potential drug candidates.” All six compounds fit
the criteria for being considered as potential drug candidates,
according to our prediction of ADMET properties on docked
compounds. A toxic substance is capable of causing harm to
an organism.’®” The results indicate that toxicity is responsible
for the failure of late-stage drug development. In silico toxicity
analysis is highly effective because it overcomes all the drawbacks
of conventional methods, such as the need for animals, expense,
and length of time required for in vivo testing.®

Consequently, we also analyzed the toxicity profiles of the top
six substances using an in-silico method. The data obtained from
the toxicology server indicated that none of the compounds are
carcinogenic. The ability of the compounds to cause reverse
mutation was evaluated using the AMES test through a compu-
tational approach, and it was revealed that all of the compounds
tested negative.” The compounds were found to be weak hERG
inhibitors by the toxicity prediction test. The result analysis of all
these parameters prompted us to perform the M D simulation
analysis of the top-scored compound along with the receptor protein.

As MD simulation analyses the physical movements of atoms,
it has become an indispensable tool for CADD.** Using MD
simulation, the stability of drug candidates towards the target
protein of interest is determined. Our six selected compounds
were validated using RMSD, RMSE, and Rg values and calculated
hydrogen bonds using MD simulation. Upon observation, amino
acids including LYS 37, GLN 30, and HIS 85 were found to
possess ligand residues.® Lysine acetylation plays a regulatory
role in the pathogenesis of Mtb, including cell cycle regulation
and apoptosis, while histidine is vital for the growth of Mtb.
Molecular Dynamic Simulations corroborate the conformational
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stability of the proposed novel drug molecules.®® However,
additional in vivo experiments are required as it may take years to
undergo many clinical trials to prove themselves as potent drugs
and be available for humankind.

CONCLUSION

In conclusion, we explored the structural-based virtual screening
to identify promising chemical entities as the inhibitors of DprEl
from various databases, including PubChem and ZINC databases,
and obtained compounds from other published sources. One
hundred (100) compounds were chosen for their anti-microbial
activity after the initial sorting of the compounds. The multiple
steps, including ADMET screening, molecular docking, and
toxicity analysis, led to selecting six bioactive (6 molecules) hit
molecules. The detailed analysis of pharmacokinetics and drug-
like properties using ADMET toxicity implied that six chemical
entities (C1-C6) might be investigated as potential candidates for
the lead optimization against the DprE1 protein of Mtb. Multiple
M D simulations of the complex of DprEl with lead molecules
were performed to ascertain the conformational stability of hit-
molecules at the active site of the DprEl receptor in an aqueous
environment. From the findings of the current studies, it can be
stated that 3,3’-((3-nitrophenyl) methylene) bis (2H-chromen-2-
one) can be developed as a novel anti-TB drug candidate as it
is effective against DprEl by performing the inhibition of the
DprEl activity which subsequently prevents the biosynthesis
of the cell wall in Mtb. Therefore, our computational studies
suggested that the chosen compounds (C1-C6) in general and
3,3’-((3-nitrophenyl) methylene) bis (2H-chromen-2-one) (C2)
in particular could be investigated further as novel lead molecules
for the rational drug designing of DprE1- inhibitors in the therapy
of tuberculosis.
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