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Abstract

The Mycobacterium Tuberculosis (MTB) is the cause of tuberculosis, a persistent lung ailment. It is recognized
as one of the worst illnesses, and it poses a serious threat to humankind when it coexists with HIV infection. A
computational modeling method called molecular docking used to build complexes between interacting
molecules. The 2D and 3D potential structures of the derivatives designed using the ChemDraw software.
Pymol software used to transform these drawn structures into the PDB format, which was needed for ADMET
screening and docking investigations. In ADMET study were carried using the web tools AdmetSAR. Protein
data bank (PDB) was used to derive 3D protein structures. This study focuses on investigating the binding
mode; interactions against mycobacterial ATP synthaze using virtual screening conducted with AutoDock 4.2.
Derivative 4¢ exhibited strong binding interaction than 4a, 4g, 5c and 5d with target ATP synthaze. The
ADMET study shown that all derivatives are promising and safe.
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1. Introduction

Molecular docking is an in silico method that determines the correct binding posture of a protein-ligand pair.
It evaluates its efficacy by employing many scoring techniques to ascertain the ideal posture generated by every
molecule [1]. Docking techniques optimize many parameters, including as hydrophobic, steric and electrostatic
interactions, and calculate their binding free energies to fit a ligand into the target protein's binding site [2].
Protein data bank (PDB) was used to derive 3D protein structures [3].

Molecular docking uses computer modeling to construct complexes between interacting molecules. Virtual
screening of large chemical libraries is enabled by molecular docking, which also suggests structural
hypotheses for lead optimization in drug development.

The Mycobacterium Tuberculosis (MTB) is the cause of tuberculosis, a persistent lung ailment. It is recognized
as one of the worst illnesses, and it poses a serious threat to humankind when it coexists with HIV infection.
Two main reasons contribute to the prevalence of tuberculosis (TB) worldwide: MDR-TB (multidrug-resistant
tuberculosis) and the AIDS virus [4]. The bulk of TB cases reported from developing countries, and the
proportion of TB patients who are also HIV-positive is rising. 10.1 million cases (or 4.5%) of tuberculosis were
reported in 2020; by 2021, that number had increased to 10.6 million cases. In the same period, the occurrence
rate of tuberculosis increased by 3.6%, leading to almost 187 thousand deaths among people living with HIV
[5].

Quinoline is commonly found in natural compounds and serves as a precursor for numerous synthetic
derivatives with diverse pharmacological activities, including antimalarial [6-7], antihypertensive [8],
anticancer [9] and antifungal [10] properties. The presence of both non-polar and polar moieties in new N-
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substituted quinoline 3-carbaldehyde hydrazone derivatives makes it suitable for permeation into bacterial cells
[11].

The computational process of locating and properly attaching a ligand to a receptor is the focus of molecular
docking. The binding mechanism and interaction of new N-substituted quinoline 3-carbaldehyde hydrazone
derivatives Table 1 with the mycobacterial ATP synthaze were investigated in this study using virtual
screening with AutoDock4.2. One essential metabolic enzyme needed for the production of ATP is the ATP
synthase. Consequently, ATP synthaze is seems to be a promising target in the ongoing research to discover
anti-tubercular medications. Physicochemical Property, Lipophilicity, ADME and toxicological
characteristics of bioactive molecules was estimated using online web tools admetSAR. Bioactivity scores
for various targets using the Molinspiration software can be predicted.

Table 1: New N-substituted quinoline 3-carbaldehyde hydrazone derivatives

Compound Structure Compound Structure
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2. Material and Method:

2.1 Preparation of Ligands

The 2D and 3D potential structures of the derivatives designed using the ChemDraw software. Pymol software
used to transform these drawn structures into the PDB format, which was needed for ADMET screening and
docking investigations.

2.2 Selection and Preparation of Protein
The ATP synthaze selected for the docking study based on the Swiss Target Prediction Report. The three-
dimensional crystallographic structure of ATP synthaze obtained using the PDB.

2.3 Predictions of Pharmacokinetics (ADME) and Toxicology:

The ADME and toxicological characteristics of bioactive molecules predicted using AdmetSAR software.
Based on the compound's structure, these tools compute pharmacokinetic and toxicological characteristics.
Pharmacokinetic properties of the compounds (Absorption, Distribution, Metabolism and Excretion) can be
predicted using AdmetSAR software. Some of the important components include;
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1. GI Absorption: Predicts whether the compound has high or low gastrointestinal absorption.

2. p-gp Substrate: Predicts if the compound is a substrate for P-glycoprotein, which affects drug transport and
bioavailability.

3. BBB (Blood-Brain Barrier) Permeability: Indicates whether the compound can cross the blood-brain barrier.

AdmetSAR software was employed to estimate the various ADMET characteristics of the most well-known
compound. Toxicity predictions for the compounds can also be done using AdmetSAR software:

1. The AMES toxicity test was utilized to assess the mutagenicity of the compound. The processed ligand
showed a negative AMES toxicity test result for the compound, indicating that it is non-mutagenic.

Ames Mutagenesis: Predicts the likelihood of the compound causing genetic mutations (mutagenicity).
Carcinogenicity: Predicts the potential of the compound to cause cancer.

Acute Oral Toxicity: Indicates the acute toxicity of the compound when administered orally.

. Acute Toxicity LD50: The lethal dose required to kill 50% of a test population, expressed in mol/kg.
These informations collectively provide a comprehensive overview of the drug-likeness, bioactivity,
pharmacokinetics, and toxicity of the compounds, which are crucial for evaluating their potential as therapeutic
agents.

Goa e

2.4 Drug Likeness Score:

Evaluation synthetic compounds for its drug-likeness features is done by using admetSAR Web tool. For drug
design, the concept of drug-likeness is employed. To assess drug-likeness, the Lipinski rule of five is considered
which Provides drug-likeness metrics based on criteria such as Lipinski's rule of five and other pharmaceutical
benchmarks.

2.5 Physicochemical Properties:

Physicochemical Property and Lipophilicity was estimated using online web tools admetSAR for property
calculations. Compounds evaluated based on their physicochemical properties and Lipinski's rule of five, which
is used to predict the drug-likeness of a compound. The properties listed include:

1. Molecular Weight (Mol. Wt.): A measure of the mass of a molecule.

Hydrogen Bond Acceptors (H-accepter): Number of atoms in a molecule that can accept hydrogen bonds.
Hydrogen Bond Donors (H-donor): Number of hydrogen atoms that can be donated in hydrogen bonding.
Rotatable Bonds: Number of bonds in a molecule that can freely rotate, affecting the molecule's flexibility.
Log P: The partition coefficient, which indicates the lipophilicity of a compound.

Total Polar Surface Area (TPSA): The surface area of a molecule that is polar, which impacts drug
absorption and permeability.

SNk LD

2.6 Bioactivity Score:

Bioactivity scores for various targets using the Molinspiration software can be predicted. The scores are
typically presented as negative values, where values closer to zero indicate higher predicted bioactivity.
GPCR Ligand: Compounds acting on G-Protein-Coupled Receptors.

Ion Channel Modulator: Compounds modulating ion channels.

Kinase Inhibitor: Compounds inhibiting kinase enzymes.

Nuclear Receptor Ligand: Compounds interacting with nuclear receptors.

Protease Inhibitor: Compounds inhibiting protease enzymes.

Enzyme Inhibitor: Compounds inhibiting various enzymes.

AN S

2.7 Computational Methodology:

The binding mechanism and interaction of newly discovered N-Substituted Quinoline 3-Carbaldehyde
hydrazone derivatives with the mycobacterial ATP synthaze were studied [12] using virtual screening with
AutoDock4.2. The RCSB database was used to retrieve the crystal structure of ATP synthaze using the source
code 4V1F.pdb. Bedaquiline (BDQ) is a novel adenosine triphosphate (ATP) synthaze inhibitor that is specific
to Mycobacterium. The BDQ material targets the membrane-embedded rotor (c-ring) of the mycobacterial ATP
synthaze. The ATP synthaze is an essential metabolic enzyme required for ATP synthesis. Consequently, ATP
synthaze found to be a promising target in the ongoing research to discover anti-tuberculosis drugs. The
Discovery studio visualizer was used to create the atomic coordinates of new compounds that are N-Substituted
Quinoline 3-Carbaldehyde hydrazone derivatives.
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In this instance, the BDQ binding site is treated as the ATP synthaze active site for virtual screening by the
AutoDock4.2 software. New N-Substituted Quinoline 3-Carbaldehyde hydrazone derivatives were molecularly
docked using a 40 x 40 x 40 grid box with 0.375 grid spacing. The pharmacological component consisted of a
flexible molecule, but the 4VIF receptor protein was maintained rigid for docking. The Lamarckian genetic
algorithm ran with its default settings [13]. Drug output conformations were further classified using an all-
atom RMSD with a cut-off of 4. The binding energy, van der Waals energy, intermolecular energy, and cluster
size of various output conformations compared in accordance with previous studies [14—17].

3. Results and Discussion:

3.1 Physicochemical Properties and Drug Likeness Prediction:

A compound's physicochemical properties are carefully studied when determining how drug-like it is to see if
they meet standards like the Lipinski rule of five.

Various factors are considered, encompassing features like topological polar surface area (TPSA), logP,
hydrogen bond donors (HBD), count of rotatable bonds, molecular mass, molar refractivity, quantity of
rotatable bonds, and hydrogen bond acceptors (HBA). The results, presented in Table 2, provide a summary
indicating that all derivatives strictly adhere to the Lipinski Rule of Five without any breaches.

Table 2: Physiochemical properties and drug likeness

Physicochemical Properties Drug Likeness
Total
. : polar s e .
Comp. Mol. zlcce te fllono Rotatabl Lo surfac 5;(?113“;(])(:1 Bioavailability Synthetic
Wt. v P N e bond 8P ¢ area Score Accessibility
(TPSA
)
w33 2 s 7 51510 01 0.55 3.63
€ 397 s 2 s ;0 s1st o 0.55 3.89
4g ‘3‘47'5 4 2 6 3.0 66.74 00 0.55 3.96
se 003 2 s 3 os1st o m 0.17 3.78
5d ;‘65'9 3 2 5 ‘7"3 57.51 01 0.55 3.85

3.2 Bioactivity Score:

Molinspiration software was employed to forecast the bioactivity of compounds. By evaluating bioactivity
scores, a comparison was made between the isolated compounds and established drugs across protease
inhibitors (PI), kinase inhibitors (KI), ion channel modulators (ICM), GPCR ligands (GPCRL), nuclear
receptor ligands (NRL) and enzyme inhibitors (EI). Table 3 presents the findings of the bioactivity assessment.

Table 3: Molinspiration bioactivity score

Comp GPCR i(l)ll:mnel Kinase :Ielizl;z)rr Protease Enzyme

) ligand Inhibitor . inhibitor inhibitor
modulator ligand

4a -0.15 -0.25 -0.23 -0.23 -0.34 -0.15

4c -0.18 -0.30 -0.26 -0.24 -0.37 -0.18

4g -0.13 -0.23 -0.15 -0.18 -0.32 -0.12

Sc -0.27 -0.38 -0.28 -0.35 -0.47 -0.24

5d -0.18 -0.29 -0.25 -0.24 -0.36 -0.18

3.3 In Silico Pharmacokinetic and Toxicity Prediction:
Pharmacokinetics prediction study like GI absorption, Caco absorption, p-gp, CYP2C19 Inhibitor, CYP2D6
Inhibitor mentioned in Table 4 was done on admetSAR.
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Table 4: Pharmacokinetic prediction using AdmetSAR.

. Caco
Compound GI Absorption absorption pP-g2p
4a High No No
4c Low No No
4g High No No
5c Low No No
5d High No No

Toxicity prediction study like ames mutagenesis, carcinogenicity, acute oral toxicity and acute toxicity LD 50
mentioned in Table 5 was done on AdmetSAR software.

Table 5: Toxicity prediction using AdmetSAR software.

Compound Ames Carcinogenicity Acute Oral Acute Toxicity LD50
Mutagenesis Toxicity mol/Kg

4a +0.6607 -0.5797 0.5021 2.235

4c +0.6857 -0.5414 111 0.5241 2.205

4g +0.5000 -0.5138 111 0.6001 2.3472

5c +0.6844 -0.5208 111 0.5319 2.239

5d +0.6964 -0.5159 111 0.5434 2.227

3.4 Molecular Docking Results:

The docking study data suggests that the compound 4c forms stable interactions with the target protein,
primarily through n-n stacking, n-o, and n-alkyl interactions, with a significant binding affinity indicated by a
binding energy of -8.7 kcal/mol Figure 1. These interactions are likely critical for the compound’s binding to
the target protein, with the listed residues playing a crucial role in this binding.>
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Figure 1: Binding mode of ATP synthase with 4c.

Here (A) shows the binding pocket of 4c and (B) shows the interaction network of 4c with ATP synthase
residues using Discovery studio Visualizer.

To investigate the binding affinity and interaction of potentialnew N-substituted quinoline 3-carbaldehyde
hydrazone derivatives, virtual screening was performed using Auto Dock Vina software. The docking analysis
showed that the compound 4c among all having higher affinity with the ATP synthaze Table 6. These least
binding energy new N-substituted quinoline 3-carbaldehyde hydrazone derivatives were further analyzed for
binding mode and 2D interaction analysis using PyMoland Discovery studio Visualizer, respectively. [18-21].

Table 6: Hydrogen bonding interaction of /N-substituted quinoline 3-carbaldehyde hydrazone
derivatives with ATP synthaze using molecular docking.

Comp. Binding Atoms involved in the Distance Angle Interactions
energy in bonding Type
Kcal.mol
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A:ILE59:CG2 - :UNKO 3.90061 Pi-Sigma
B:PHES54 - :UNKO 4.51677 Pi-Pi Stacked
B:PHES54 - :UNKO 4.0595 Pi-Pi Stacked
B:PHES54 - :UNKO 4.65235 Pi-Pi Stacked
4c -8.7 B:PHES5S - :UNKO0:CL12 4.14736 Pi-Alkyl
:UNKO - A:ILE59 4.41697 Pi-Alkyl
:UNKO - A:LEU63 4.92239 Pi-Alkyl
:UNKO - A:PRO56 5.16757 Pi-Alkyl
:UNKO - A:ILE59 4.772 Pi-Alkyl

4. Conclusion:

Above ADMET study suggest that all the drugs are safe and are not carcinogenic in nature. The utilization of
molecular docking offers a cost-effective, safe, and user-friendly approach for exploring, interpreting,
explaining, and uncovering molecular characteristics within three-dimensional structures. Docking is a method
employed to predict the structural interactions between new N-Substituted Quinoline 3-Carbaldehyde
hydrazone derivatives and ATP synthaze. Compounds 4d, Sa, 5Sb, 7b and 7d shown that they have good binding
interaction with target ATP synthaze. These derivatives may turned out to be potential anti-tubercular drugs.
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