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Abstract: Tuberculosis (TB) is one of the most dreadful and deadliest diseases, killing millions
annually. Its causative organism is a bacterium called Mycobacterium tuberculosis which primarily
attacks the lungs. Tuberculosis can be classified as latent and active based on the presence/absence of
the clinical manifestations. Also known as active TB, pulmonary TB is characterized by extreme
infection, whereas in latent TB, no infection or symptom is seen. In this in silico study, we focus on the
molecular docking-based virtual screening of 10 FDA-approved drugs which already used to treat
bacterial infections against target methoxy mycolic acid synthase 4 (MMA4) and cyclopropane mycolic
acid synthase (CmaA2). Drug-resistant TB is the most challenging factor for the design and formulation
of anti-tuberculosis drugs. Mycolic acid plays a crucial role in the pathogenesis of TB and, therefore,
can be an extremely valuable target. Based on a study conducted on mice, by rendering the hma genes
(MMA4 and cmaA) inactive, no synthesis of mycolic acid is observed. The binding energy scores of
each ligand docked against the target shows the affinity that happens against the Tuberculosis disease.
Keywords: mycolic acid; tuberculosis; molecular docking; drug resistance.
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1. Introduction
Mycobacterium tuberculosis causes severe bacterial infection tuberculosis remains a
notable death-causing infectious disease all over the world. As per WHO report 2019 in global
population, one-quarter of people are affected by TB. It causes death, majorly person tested
HIV positive. In worldwide, approximately 10 million humans are affected by TB. In 2018 this
count remained constant in recent years. Ailment's difficulty varies noticeably among
countries, from fewer than 5 to greater than 500 newly infected with this disease per 1000000
population [1] (https://www.who.int/tb/global-report-2019). In tuberculosis classification,
latent and pulmonary TB are two different types. Usually, latent TB bacteria may present
inactive form, but it does not show any symptom or serious illness because of strong immune
strength that has the capability to inhibit the multiplication of bacterial growth within a living
system. Latent TB does not spread or infect another person. Pulmonary TB is highly infectious,
causes severe infection, which may also lead to the death known as active TB; this case arises
when the immune system fails to Tht against TB and inhibits the multiplication of bacterial
growth [2] (https://www.cdc.gov/). The infection becomes more complex when TB patients
had co-infection with HIV causes the immune system to weaken, and it is the reason for leading
death cause. In India, nearly 1.8 million cases occurring per year TB co-infected with HIV,
which causes immunosuppression leads to extrapulmonary TB form [3]. This co-infection and
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TB condition arise various challenging factor drug resistance classifies as Multi, extremely,
and drug-resistant. Isoniazid and rifampicin are predominantly used as a first-line drug for a
long-term period as a therapeutic drug to treat TB disease; during medication, infectious
bacteria become resistant, known as drug resistance. The level of the resistance depends on the
stage of the treatment [4].
The most challenging factor and unique characteristic of Mycobacterium tuberculosis
is its lipid content present in the cell envelope, which comprises about 40% of its outer cell
wall [5]. The predominant lipid component present in TB is found as mycolic acid [6]. Bacterial
cell-wall synthesis remains an important target in the development of a new drug to outcome
resistance [4]. Mycolic acids which are prime elements of the mycobacterial cytomembrane,
high molecular weight (C60–C90) of a-alkyl, b-hydroxy fatty acids, with a short, saturated arm
of 20-26 carbon atoms and a long meromycolic acid arm of 50-60 carbon atoms [6]. The latter
arm is comprised of cyclopropyl, a-methyl organic compound, at regular intervals, or a-methyl
methyl ethers teams. The mycolic acid synthesis pathway has 5 distinct stages: synthesis of
C20 to C26 straight-chain saturated fatty acids to supply the a-alkyl branch branched
meromycolic acid chain to produce the carbon backbone, modification of this backbone to
introduce other useful groups, the Claisen-type condensation step, which is finally followed by
reduction and varied mycolyltransferase processes to cellular lipids [7]. Mycolic acid is
strongly bonded with low fluidity arranged in two layers of lipids. hydroxymycolic acids highly
synthesized by hma gene. No formation of mycolates, keto, and mycolates are observed in
mutant inactivated hma gene [8]. The gene cmaA and MMA4 act as intermediate, and it is
required in the synthesis of mycolic acid encoded enzyme transferase-initiated molecule
methylates in α‐mycolic acid also evolves -OH group to methylated carbon that results in the
formation of substrate hydroxymycolic acid to function keto into mycolic acid [9, 34, 35].
1.1. Target 1-MMA4.

Methoxy mycolic acid synthase 4 (MMA4) gene present in Mycobacterium
tuberculosis coded S-adenosylmethionine-dependent methyltransferase act as a precursor
molecule in the synthesis of keto and methoxymycolic acid [12].
1.2. Target 2-CmaA2.

A Gene cyclopropane mycolic acid synthase (CmaA2) important for Catalysis and
substrate binding trans-cyclopropane synthetase which contain a group of eight amino acid
segment coded by gene CmaA2. [13]
1.3. Drugs used as targets.

Drugs are used against the target MMA4 and cmaA2, which involves the synthesis of
mycolic acid, which is highly seen in the cell wall of the Mycobacterium tuberculosis. These
chosen drug name and primary use are listed in (Table 1) shows effective antibacterial, cell
wall synthesis inhibitor, and Beta-lactamase inhibitor. Beta-lactamase is the enzyme that
develops resistance against antibiotics and which turns into multidrug resistance. Here, few
drugs are stable in the presence of Beta-lactamase, and others are used to treat both grams
positive and negative bacterial infection like acne, urinary tract infection, etc. [14-17].
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2. Materials and Methods
2.1. Software application.
2.1.1. Cygwin.

It is essentially an open software consisting of a collection of tools that allows
applications of UNIX or Linux to be compiled and run on a Windows operating system from
an interface like Linux. This capability can help developers move applications from UNIX or
Linux to Windows-based systems, and thus makes it easier to support their applications running
on the Windows platform [18] (http://www.cygwin.com)
2.1.2. MGL tools.

The Molecular Graphics Laboratory supports the Auto dock 4.2.6 software for the
successful
completion
of
the
docking
procedure.
(http://www.mgltools.scripps.edu/downloads).
2.1.3. Auto dock 4.2.6.

Predominantly used free software tool designed for molecular docking used to predict
protein-ligand
binding
interaction
in
3D
structure
[19,
20].
(http://autodock.scripps.edu/downloads/autodock-4-2-x-installation-on-windows)
2.1.4. Open babel.

Software used to convert the chemical file format. Where we can convert ligand 2D
SDF format into 3D PDB format. (http://openbabel.org/wiki/Get_Open_Babel)
2.1.5. Discovery studio visualizer.

Software tool helps to visualize molecular interaction between protein-ligand. It
supports to visualization of small molecules to large molecules.
(https://www.3dsbiovia.com/products/collaborative-science/biovia-discoverystudio/visualization-download.php).
2.2. Ligand preparation.

FDA approved ligands, namely Cefpodoxime, Avibactam, Lymecycline, Clofazimine,
Meropenem, Clavulanate, 6-Fluoroquinolone, Sulbactam, Cephalosporin and Tazobactam are
retrieved from PubChem (https://pubchem.ncbi.nlm.nih.gov/) in 2D SDF format. The ligand
converted into 3D PDB format using computer software open babel.
2.3. Protein preparation.

The target protein involves in the synthesis of mycolic acid, which is present in the cell
wall of the bacteria encoded by gene Methoxy mycolic acid synthase 4 (MMA4) and
cyclopropane mycolic acid synthase (cmaA2) synthesis by mycobacterium tuberculosis. The
structures are computing from protein data bank (PDB) (https://www.rcsb.org/) in 3D PDB
format.
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2.4. Molecular docking analysis.

In silico analysis, AUTODOCK 4 is used to determine the binding possibility of the
selected ligand with that of the active site of the target molecule [21, 22]. Methoxy mycolic
acid synthase 4 (MMA4) and cyclopropane mycolic acid synthase (cmaA2). The latest version
of autodock, i.e., autodock4 steps, involves the addition of polar /non-polar hydrogen bonds.
Initially, Gasteiger/Kollman charges are added to the target molecule [23]. This is followed by
saving ligand and target protein in pdbqt format with updated features flexibility of side chains
in the target during the process of ligand docking based on Lamarckian Genetic Algorithm. For
MMA4 and cmaA2 targets, the grid x, y and z were designed as 60 × 60 × 60; other remaining
parameters were set as default. The docked protein-ligand complex with lower binding energy
based on linear regression analysis is considered a good inhibitor for the chosen target, and
further studies are carried out [24, 25].
3. Results and Discussion
Primarily rifampicin, pyrazinamide, Isoniazid, and ethambutol are considered the most
effective First-line and second-line anti-tuberculosis therapeutic drugs used to bacterial
infection Mycobacterium tuberculosis [26- 28]. Though this drug inhibits bacterial growth and
performs as a good therapeutic drug on another side, it causes several side effects because of
its toxicity and rapid development of drug resistance [29], computational virtual screening of
FDA approval may help to identify the best existing drug for tuberculosis to overcome drug
resistance and reduce the toxic effect and also in cost and time effective [30, 31].

Figure 1. Visualization of target protein MMA4 interaction with FDA-approved drugs.

Mycolic acid present in the cell wall Mycobacterium tuberculosis remains an important
target in developing anti-tuberculosis therapeutic treatment. Mycolic acid synthase contributes
virulence factor in the infectious disease caused by the bacterial microorganism
Mycobacterium tuberculosis. The biosynthesis of oxygenated mycolic acid synthase required
functional protein Hydroxymycolate synthase and Cyclopropane mycolic acid synthase 2.
MMA4 gene-coded protein Hydroxymycolate synthase act as a precursor in the synthesis
hydroxymycolate. CmaA2 gene acts as catalyzing in the formation of cyclopropanated keto or
methoxymycolate coded protein Cyclopropane mycolic acid synthase 2. A based study
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conducted on mice, by rendering the hma genes (MMA4 and cmaA) inactive, no synthesis of
mycolic acid is observed.

Figure 2. Visualization of target protein cmaA2 interaction with FDA-approved drugs.
Table 1. Drugs are used as Targets and their primary use (https://pubchem.ncbi.nlm.nih.gov/).
S.no
01.

Drug
Cefpodoxime

Molecular formula
C15H17N5O6S2

Property
Antibacterial
Beta-lactamase inhibitor

02.

Avibactam

C7H11N3O6S

Antimicrobial agent

03.

Lymecycline

C29H38N4O10

Antibiotic

04.

Clofazimine

C27H22Cl2N4

05.

Meropenem

C17H25N3O5S

Anti-mycobacterial and
Anti-inflammatory
Antibacterial

06.

Clavulanate

C8H9NO5

Beta-lactamase inhibitor

07.

C9H6FN

Antibiotic

08.

6fluoroquinolone
Sulbactam

C8H11NO5S

semisynthetic Betalactamase inhibitor

09.

Tazobactam

C10H12N4O5S

Beta-lactamase inhibitor

10.

Cephalosporin

C15H21N3O7S

Beta-lactam antibiotic

Action/medical application
Inhibits cell wall synthesis.
Treatment of Sinus infection, acute
otitis media, pharyngitis.
Treatment of urinary tract infection
and intra-abdominal infections.
Treatment of acne and bacterial
infection.
Treatment of multibacillary leprosy
Treatment of skin infection caused by
meningitis and bacteria.
Treatment of pneumonia, ear
infections, bronchitis.
Treatment of respiratory tract,
kidney, skin infection.
Prevent antibiotic resistance caused
by Beta-lactamase. Treatment of skin
and abdomen bacterial infection.
Treatment of Pneumonia, stomach
and skin infection.
Treatment for strep throat and urinary
tract infections

Table 2. Binding Energies of the Drug with Target MMA4 and CMAA2.
Sl.
No.

Drug name

Pub
chem id

A

Cefpodoxime

6335986
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3d structure of the
drugs

Binding
energy with
target
MMA4

-5.65

Rank

9

Binding
energy with
target cmaa2

-9.04

Rank

7
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B

Avibactam

9835049

2

-9.98

4

C

Lymecycline

54707177

1

-15.46

1

D

Clofazimine

2794

-8.46

3

-12.80

2

E

Meropenem

441130

-8.40

4

-9.11

6

F

Clavulanate

5280980

-5.77

8

-6.28

9

G

Fluoroquinoline

196975

-6.70

7

-6.21

10

H

Sulbactam

130313

-7.96

5

-9.42

5

I

cephalosporin

65536

10

-8.01

8

J

Tazobactam

123630

6

-10.48

3
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In this study, we performed In silico analysis using AutoDock4.2.6 software to explore
and identify potential drug, which Strongly acts as an inhibitor against target [32, 33] MMA4
CmaA2 to interrupt the synthesis of oxygenated mycolic acid. Molecular docking is attained
to determine the best potential drug against target MMA4 and CmaA2 through binding
efficiency and interaction of the ligand with the target [34, 35] (Figure 1 and Figure 2).
4. Conclusion
Among selected 10 FDA approved drugs, namely cefpodoxime, avibactam,
lymecycline, clofazimine, meropenem, clavulanate, 6-fluoroquinolone, sulbactam,
cephalosporin, and tazobactam for target MMA4 drugs lymecycline, avibactam, and
clofazimine with binding energy -9.66,-8.60, and -8.46 against target identified as a top
potential drug. For target CmaA2 drugs, lymecycline, clofazimine, and tazobactam with
binding energy -15.46, -12.80, and -10.48 identified as a top potential drug with well binding
interaction (Table 2). Molecular docking analysis revealed lymecycline interacts well with the
target MMA4 and CmaA2 with a low binding energy of -9.66 and -15.46, respectively,
indicating active site strength binds with a ligand. Virtual screening significant that
lymecycline acts as a strong inhibitor and interrupt the function of target gene MMA4 and
CmaA2. Among 10 FDA-approved drugs to identify the best inhibitor against two target
MMA4 and CmaA2, which involves in oxygenated mycolic acid synthesis of Mycobacterium
tuberculosis by performing virtual ligand-based screening results that lymecycline will be
promising and potential drug with lower binding energy value -9.66 and -15.46 against target
MMA4 and CmaA2 respectively.
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