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Abstract: Aims: Medicinal plants like Citrullus colocynthis are a potential choice to produce help-
ful novel antimycobacterial drugs. The existence of a range of natural products in the plants, espe-
cially Ursolic Acid (UA) and cucurbitacin E 2-0-b-d-glucopyranoside (CEG), with promising anti-
bacterial activity against a variety of bacteria, prompted the need to check its actions against Myco-
bacterium tuberculosis (Mtb).

Background: Mycobacterium tuberculosis (Mtb), an obligate human pathogen causes tuberculosis
and is one of the major causes of death worldwide. A few combinations of drugs are currently ac-
cessible for treating TB patients, but these are inadequate to tackle worldwide TB cases.
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Objective: The molecular interactions between ursolic acid and cucurbitacin E with the eight poten-

Received: December 15, 2019 tial Mtb target proteins were investigated with the objective of finding drug-like inhibitors.
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Accepted: April 06, 2020 Method: Avogadro v.1.2.0 and Openbabel v.2.4.1 were used for creating file formats required for
DoI: docking analysis. Molecular docking was performed with eight different proteins essential for Mtb
10.2174/1570180817999200514102730 petabolism and survival. AutoDock v.4.2 and AutoDock vina v.1.1.2 were used for docking and

Gromacs 5.1.4 was used for simulation studies.

Results: Among the two ligands used in this research, cucurbitacin E showed a better docking score
relative to the drugs presently available for all the target proteins. Rifampicin showed the best bind-
ing affinity (among known inhibitors) i.e. -10.8 kcal/mol with C terminal caspase recruitment do-
main. Moreover, ursolic acid and cucurbitacin E showed uniform binding score (above -7.5
kcal/mol) with all the target proteins, acknowledged its availability as a potential multi-target drug.

Conclusions: Ursolic acid can be useful in the creation of novel, multi-targeted and effective anti-
TB medicines since it showed stable structure with FabH.
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1. INTRODUCTION was the main cause of death in the early 20" century and is
presently one of the top ten causes of death worldwide [3].
However, in recent times, antibiotics and various combina-
tions of drugs are being developed to combat tuberculosis
but require longer medication time to cure tuberculosis. In
2017, approximately 10 million people developed TB, and
1.6 million died because of TB. In developing countries, it
possesses more threats because of its co-occurrence with
several other diseases like HIV, malaria, etc [4]. In these
scenarios, it becomes difficult to treat the diseased person.

Tuberculosis (TB) is a contagious infection caused by
Mycobacterium tuberculosis (Mtb), s primarily affects the
lungs. TB is an airborne disease that spreads through small
droplets released into the air through coughs and sneezes
from one individual to another [1]. Not all infected individu-
als acquire TB (latent tuberculosis); individuals infected with
tuberculosis bacteria are 5% to 15% likely to fall ill [2]. It
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Recently, 0.3 million people died because of the lethal com-
bination of TB and HIV (WHO report).

Mtb belongs to the Mycobacteriaceae family, first dis-
covered by Robert Koch in 1882 [5]. Because of the exist-
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ence of a hydrophobic alpha-branched lipid, i.e. mycolic acid
(gives waxy layer), it may appear as gram-positive or gram-
negative [6]. Mtb requires oxygen for its metabolic process-
es. Over the year, different strains of Mtb are discovered; for
example, multi-drug resistant TB (MDR-TB), extensively
drug-resistant TB (XDR-TB) and totally drug-resistant TB
(TDR-TB) [7]. Mtb strains develop resistance against drugs
due to the accumulation of mutations in the antibiotic-
targeted gene or due to the change in drug titration [8]. This
let the emergency to develop new anti-TB drugs. A few
combinations of drugs are currently accessible for treating
TB patients, but these are inadequate to tackle worldwide TB
issues. Despite the availability of these drugs, each year, the
number of TB infected individuals increases along with
drug-resistant strains of Mtb. Therefore, new TB drugs need
to be developed for drug-sensitive and drug-resistant TB
with shorter therapy time, being easier, more efficient (less
toxic) but inexpensive. Development of a single drug with
the efficiency to attack multiple targets, where, each target
protein has some significant contribution to the development
of a specific disease, is required. This will decrease toxicity
and side effects relative to the TB drugs presently available.
Progress in computational modelling and research of molec-
ular interaction has opened the window for pre-laboratory
molecular testing.

Mtb isocitrate lyase (MtbICL) is responsible for catalyz-
ing the first step in the glyoxylate cycle and thus plays a piv-
otal role in the survival and persistence of Mtb [9]. Moreo-
ver, ICL is not present in humans; therefore, it can be used as
a potential candidate for the design of TB drugs. ICL cata-
lyzes the cleavage of isocitrate to glyoxylate and succinate.
The conformational change triggered by ligand binding to
the active site results in deprotonation of isocitrate and sub-
sequent aldol condensation causes succinate and glyoxylate
release from the active site. Besides ICL, several enzymes
engaged in essential physiological activities in Mtb were
recognized as novel attractive molecular targets for anti-TB
drug development. Decaprenyl phosphoryl- 3 -D-ribose 2
epimerase 1 (DprEl) catalyzes FAD-dependent oxidation of
the C2' hydroxyl of DPR to yield the keto intermediate
decaprenyl-phospho-2'-keto-D-arabinose (DPX) [10]. Myco-
bacterial enzyme beta-ketoacyl-acyl carrier protein synthase
III plays a key role in the synthesis of mycolic acids [11].
Following this, another enzyme, namely dTDP-6-deoxy-D-
xylo-4-hexulose 3, 5-epimerase (RmIC) is crucial for cell
wall biosynthesis in Mtb. Mycobactin synthase (MS) pro-
duces mycobactin, which is vital when it is in an infected
host for the bacterium to access iron [12]. N-
acetylglucosamine-6-phosphate deacetylase (NagA) plays a
part in the generation of vital amino-sugar precursors needed
for Mtb cell wall biosynthesis [13]. ATP-synthase rotor ring,
as the name suggests, is a key metabolic enzyme required for
ATP generation. C-terminal caspase recruitment domain
(CarD) interacts with the B-subunit of RNAP and this inter-
action is vital for Mtb survival during the persistent infection
state [14]. Therefore, in-silico screening of these key en-
zymes against naturally occurring plant secondary metabo-
lites could provide a significant clue about the possibility of
their usage as drug targets and potential inhibitory ligands,
respectively.
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Plants are the natural sources of biologically active sec-
ondary metabolites having an enormous role in therapeutics
[15]. Medicinal plants like Citrullus colocynthis are a poten-
tial choice to produce effective novel antimycobacterial
drugs. Studies have been carried out revealing the chemical
constituents and medicinal use of various compounds pro-
duced by C. colocynthis; a perennial desert plant abundantly
found in the sandy arid regions of Africa, Mediterranean and
Indo-Malaysian regions [16]. The existence of a range of
natural products in the plants, especially ursolic acid (UA)
and cucurbitacin E 2-0-B-d-glucopyranoside (CEG), with
promising antibacterial activity against a variety of bacteria,
prompted the need to check their actions against MTB and
several other human diseases [17]. UA is a secondary plant
metabolite that has been found to possess a wide range of
therapeutic properties ranging from antibacterial, antiviral,
anticancer, antioxidant to antimycotic activity [18]. Moreo-
ver, this phytocompound significantly inhibited the growth
of both sensitive and drug-resistant forms of tubercle bacilli
in vitro, proving strong anti-mycobacterial properties [19].
Anti-mycobacterial properties of ursolic acid have been
demonstrated to activate the intracellular killing cascades of
hosts during mycobacterial infection [20,21]. While , UA
and CEG from C. colocynthis were identified as the main
biomarkers active against Mycobacterium tuberculosis [22].
To treat bacterial infections and respiratory diseases, indige-
nous people use Cucurbitaceae as a natural remedy. Cucur-
bitaceae has many other important metabolites that are used
for various medicinal purposes. Researchers have recently
been searching for natural biologically active substances that
have the ability to be used as drugs [23]. This leads research-
ers to return to the ancient understanding that has been ob-
tained over generations. So far, ursolic acid and cucurbitacin
E 2-0-B-d-glucopyranoside have not been reported in detail
against Mtb. Here we docked these two ligands (using Au-
toDock vina and autodock) against the eight vital enzymes of
mycobacterium to validate their use as a prospective Mtb
drug.

2. MATERIALS AND METHODS

2.1. Data Collection

The crystal structure information of eight essential my-
cobacterial enzymes was retrieved from RCSB PDB
(www.rcsb.org) database. Based on the literature survey, the
following target enzymes were selected for the present study:
isocitrate lyase (ICL) (PDBID: 1F8I) [24], decaprenyl phos-
phoryl-B-D-ribose 2 epimerase 1 (DprEl) (PDBID: 6HFV)
[25], beta-ketoacyl-acyl carrier protein synthase III (FabH)
(PDBID: 1HZP) [26], mycobactin synthase (MS) (PDBID:
2G5F) [12], dTDP-6-deoxy-D-xylo-4-hexulose 3,5 epi-
merase (RmIC epimerase) (PDBID: 1UPI) [27], N-acetylgl-
ucosamine-6-phosphate deacetylase (NagA) (PDBID: 6FV3)
[28], ATP synthase rotor ring (ASRR) (PDBID: 4V1H) [29]
and C-terminal caspase recruitment domain (CARD)
(PDBID: 4KBM) [30]. Next, the two ligands structure i.e.
ursolic acid (L1)(ZINC03978827) and cucurbitacin E 2-O--
D-glucopyranoside (L2) (ZINC040978000) was retrieved
from ZINC database (https://zinc.docking.org/).
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Table 1.  List of known inhibitors used with database ID and smiles.
S. No. Ligands Database ID
1 Ursolic acid (L1) PubChem CID:64945; ZINC03978827
2 Cucurbitacin E 2-0-b-d-glucopyranoside (L2) CHEBI:68916; ZINC040978000
3 Isoniazid (KI-1) PubChem CID:3767; ZINC00001590
4 Rifampicin (KI-2) PubChem CID:135398735; ZINC94313219
5 Pyrazinamide (KI-3) PubChem CID:1046; ZINC00002005
6 Streptomycin (KI-4) PubChem CID:19649; ZINC08143632
7 Ethambutol (KI-5) PubChem CID:14052; ZINC19364219
8 Ethionamide (KI-6) PubChem CID:2761171; ZINC03872520
9 Kanamycin (KI-7) PubChem CID:6032; ZINC08101133
10 Cycloserine (KI-8) PubChem CID:6234; ZINC34676244
11 Thioacetazone (KI-9) PubChem CID:9568512; ZINC17970372
12 P-aminosalicyclic (KI-10) PubChem CID:342588352; ZINC00000922
13 Ofloxacin (KI-11) PubChem CID:4583; ZINC00537891
14 Bedaquiline (KI-12) PubChem CID:5388906; ZINC04655029
15 Sprafloxacin (KI-13) ZINCO00538362

2.2. Library Preparation and Toxicity Screening

Library preparation was done based on database and lit-
erature survey. For each of the target proteins, their corre-
sponding known inhibitors data was retrieved from the ZINC
database (https://zinc.docking.org/) and CHEBI database
(https://www.ebi.ac.uk/chebi/). The list of potential inhibi-
tors of Mtb proteins is given in Table 1. Combinatorial li-
braries of about 200 derivatives were generated by adding
the hydroxyl and pharm group to these known inhibitors
(KI). Following this, drug likeliness of the compounds was
assessed by using mobyle@rpbs server (http://mobyle.rpbs.
univ-paris-diderot.fr/cgi-bin/portal.py). ADMET (Absorp-
tion, Distribution, Metabolism, Excretion, and Toxicity)
screening helps in detecting drug likeliness of compounds.
Following this, we wused another tool ie. ProTox-II
(http://tox.charite.de/protox_I1/) to validate the toxicity re-
sults of ligands [31]. All the compounds not passing the tox-
icity screening were discarded and all the drug-likeness
compounds were subjected to docking with the target pro-
teins.

2.3. Molecular Docking and Simulation

Avogadro v.1.2.0 and Openbabel v.2.4.1 were used to
convert the file formats required for docking analysis [32,
33]. All the cofactors, waters and ligands were removed
from the target proteins PDB file. We performed docking for
all the ligands against all the receptors. Eight receptor pro-
teins were docked against all the ligands passing the toxicity
screening. We used AutoDock vina v.1.1.2 to dock the lig-
ands against the potential receptors [34]. Furthermore, Au-
toDock v.4.2 [35] was used to compare the results of Auto-

Dock Vina. The three-dimensional grid box was created by
the AutoGrid algorithm to evaluate the binding energies on
the macromolecule coordinates. Auto Dock was used for
calculating the binding free energy of a given ligand con-
formation in the macromolecular structure, while the proba-
ble structure inaccuracies were ignored in the calculations.
Grid box parameters were set in such a way so as to allow
for a suitably-sized cavity space large enough to accommo-
date each compound within the binding site of each protein.
The Lamarckian Genetic Algorithm was used during the
docking process to explore the best conformational space for
each ligand. The MD simulations using default protocols and
parameters of the software GROMACS 4.6.5 [36] have been
applied similar to the protocol followed elsewhere in our
previous study [37].

2.4. Molecular Interactions Visualization

All the ligand and proteins docking results were visual-
ized in python-enhanced molecular graphics tool UCSF
Chimera (https://www.cgl.ucsf.edu/chimera/). Molecular
interactions in the form of hydrogen bonds between target
proteins and ligands were characterized and the distance of
hydrogen bond was also calculated.

3. RESULTS

3.1. Toxicity and Molecular Docking Studies

In the field of structure-based drug designing, molecular
docking plays the central role by screening smaller mole-
cules for their binding potential to target proteins. Accord-
ingly, novel ligands are discovered and it is estimated that
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Table 2.  Descriptors of ligand 1 (L1), ligand 2 (L2) and all known inhibitors (drugs).

Ligands LDS0 (mg/kg) TC |MW (g/ml)| NHA NHD NA NB NR NRB TC MPSC logP
L1 2000 4 456.7 3 3 39 43 5 1 0 57.53 7.09
L2 3000 5 461.92 6 8 31 33 3 9 0 90.52 4.19

KI-1 133 3 137.14 4 14 10 10 1 2 0 68.01 3.00
KI-2 500 4 822.94 15 15 67 71 5 5 0 220.15 -7.742
KI-3 1800 4 123.11 4 15 9 9 1 1 0 69.86 -7.29
KI-4 224 3 581.57 19 6 54 56 3 11 0 333.43 1.20
KI-5 998 4 204.31 4 6 16 15 0 9 0 64.52 2.11
KI-6 1000 4 166.24 2 2 11 11 1 2 0 71 0.62
KI-7 10 2 484.5 15 4 48 50 3 6 0 282.61 7.02
KI-8 2492 5 102.09 4 1 7 7 1 0 0 64.35 1.28
KI-9 450 4 236.29 5 3 16 16 1 5 0 111.6 -0.31
KI-10 4000 5 153.14 4 3 11 11 1 1 0 83.55 0.68
KI-11 1478 4 361.37 6 4 27 30 4 2 0 75.01 -0.29
KI-12 1000 4 555.5 4 4 38 42 5 8 0 45.59 0.36
KI-13 2000 4 392.4 7 4 30 33 4 3 0 100.59 -1.17

*LDS50: Lethal dose 50; TC: Toxicity class; MW: Molecular weight; NHA: No. Of Hydrogen bond acceptor; NHD: No. Of Hydrogen bond donor; NA: No. Of atoms; NB: No. Of
bonds; NRB: No. Of rotable bonds; TC: Total charge; MPSC: Molecular polar surface area.

Table 3. Comparison of docking score of 2 ligands and 13 known inhibitors against the eight potential target proteins.

SI. No. Known Inhibitors FabH RmIC NagA DprE1 ICL ASRR MS CARD
1 L1 9.4 -9.0 -8.4 -9.5 -8.4 -7.5 -9.2 -10.1
2 L2 9.4 9.4 9.3 -9.5 -9.7 -7.8 -10.6 -10.8
3 KI-1 -9.0 -8.6 -9.5 -8.6 -8.8 -7.1 -8.7 -10.8
4 KI-2 -8.3 -8.0 -7.8 -7.3 -7.4 -5.3 -6.8 -8.6
5 KI-3 -7.9 -7.5 -8.3 -8.0 -7.3 -6.1 -8.0 -8.2
6 KI-4 -7.8 -8.5 -8.1 -8.6 -7.2 -6.4 -9.2 -7.6
7 KI-5 -7.7 -8.0 -7.7 -8.4 -6.9 -6.0 9.1 -8.0
8 KI-6 -6.8 -6.1 -6.9 -7.5 -6.0 -5.7 -6.3 -6.0
9 KI-7 -6.7 -6.8 -5.6 -8.2 -7.1 -5.6 -8.6 -7.2
10 KI-8 -5.6 -5.1 -5.2 -5.7 -5.2 -4.9 -5.5 -4.9
11 KI-9 -5.5 -4.9 -5.2 -5.9 -4.7 -4.8 -5.4 -5.4
12 KI-10 -5.2 -5.3 -5.7 -6.2 -6.6 -5.1 -5.4 -6.0
13 KI-11 -4.9 -4.3 -5.3 -5.2 -4.0 -3.8 -4.6 -4.3
14 KI-12 -4.3 -4.5 -5.2 -5.2 -5.8 -4.1 -4.9 -4.6
15 KI-13 -3.7 -4.1 -4.4 -4.7 -5.5 -3.3 -4.9 -4.5

*KI: Known Inhibitor; L: Ligand.
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the docking programs correctly dock 75-85% of ligands.
Based on the literature, some of the known inhibitors (KI)
were used as controls to compare and validate the docking of
our two ligands against the eight potential target proteins
[38-41]. The drug likeliness properties of all the ligands used
in the present study are shown in Table 2. All the known
inhibitors were re-docked to their respective target proteins
using AutoDock and AutoDoct Vina. The docking score of
each known inhibitors with their respective ligands was rec-
orded (Table 3). To measure the efficiency of a ligand to
other potential target proteins, we docked each ligand against
all the eight proteins. Similarly, our L1 and L2 were also
docked against the eight target proteins. Both the ligands (L1
and L2) were found to inhibit the target proteins by showing
a better binding affinity score. Among the KI, rifampicin
showed the best docking with most of the target proteins.
Rifampicin showed the docking score of -8.8 kcal/mol with
ICL; -8.6 kcal/mol with DprEl; -9.0 kcal/mol with FabH; -
8.6 kcal/mol with RmIC; -9.5 kcal/mol with NagA; -7.1
kcal/mol with ASRR; -10.8 kcal/mol with CARD. Out of all
the KI, ofloxacin showed better docking than rifampicin for
the protein MS. The docking score is -9.2 kcal/mol. Next, L1
and L2 were docked with all the proteins and their corre-
sponding docking score was compared with KI. Surprisingly,
except for the protein NagA, all other protein showed the
best docking score with our ligands. When compared with
each other, L2 showed a better score than L1. L1 showed the
best docking with CARD, followed by DprEl, FabH, MS,
RmIC. L1 showed the same docking score i.e. -8.4 kcal/mol
with NagA and ICL. ASRR showed the lowest score with
L1. Moreover, L1 revealed a better score than rifampicin for
FabH, DprE1l, ASRR and MS. Similar to L1, ASRR showed
the lowest score with L2. CARD showed the best docking
score (-10.8 kcal/mol) with L2, followed by MS, DprEl. L2
showed the same docking score i.e. -9.4 kcal/mol with FabH
and RmIC. When compared with best KI i.e. rifampicin, L2
showed the best docking with all the target proteins except
for NagA. NagA showed better docking with rifampicin than
L2and LI1.

Specific interactions were further explored to understand
the nature of the intermolecular bonds formed between L1
and eight target proteins, in the same way, L2 and eight tar-
get proteins. The binding interaction between the residues of
protein and ligand was visually inspected for each of the
docked structure. Fig. 1(a-c) depicts the molecular docking
as well as intermolecular interaction between FabH and L1.
We observed that L1 showed some key hydrophobic interac-
tions with the key residues, namely, GIn79, GIn80, Ala353;
whereas hydrogen bond formation via GIn80 of ICL. L2
showed key hydrophobic interaction with the residue Leu69,
Asn75, GIn80 and Ala 349,353,390, whereas hydrogen bond
formation with GIn79 residue of ICL. DprEl residue number
Trp230, Asp232, Tyr297, and Pro316 showed hydrophobic
interaction with L1, whereas, Trp230, Tyr297, Pro316,
Phe362, and Leu363 confirmed with L2. L1 showed salt
bridge formation with DprEl via Arg242 residue. MS also
showed crucial intermolecular hydrophobic interaction via
the residue Glu43, Val60, Met63 and Ile74 with L1, similar-
ly via Asp97, Leul00, Pro345 with L2. Glu39 and Ser40
residue of MS showed hydrogen bond formation with L1 and
via Arg349 with L2. RmIC residue Glul43 showed hydro-
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phobic interaction, where, Srel68 showed hydrogen bond
formation with L1. L2 showed hydrophobic interaction with
Leu25, Phe27, Trp29 and Val45-48 residues of RmIC, but
showed hydrogen bond formation via Trp29, Leu30, and
Val77. For NagA, Asn212, Ala213, and I1e301 showed their
involvement in hydrophobic interaction whereas, Ala213 in
hydrogen bond formation with L1. L2 shows both hydro-
phobic (Ala67, Tyr279, Arg280) as well as hydrogen bond
formation (Argl102, GIn103) with NagA. ASRR showed less
intermolecular interactions viz. hydrophobic (Leu53, Phe57
with L1; Val64, Ala67 with L2) and hydrogen bonds (via
Thr60 with L1; Gly24, Gly27, and Asn71 with L2). CARD
protein showed more hydrogen bonds with L2 than L1.
Val50, Asp53, and Trp57 are involved in hydrophobic inter-
action, whereas Asp53 in hydrogen bond formation with L1.
Val64, Ala67 residue is involved in hydrophobic interaction
but Gly24, Gly27, and Asn71 in hydrogen bond formation
with L2.

3.2. Identification of the Interaction Between FabH and
L1

We analyzed the binding pattern between L1 and FabH.
The trajectories were stable during the whole production part
of 10 ns MD simulation run (Fig. 2). The trajectory stability
was monitored and was confirmed by the analysis of the po-
tential energy as a function of time for the Mtb-FabH (Fig.
3). The average short-range Coulmb interaction energy,
short-range Lennard-Jones interaction energy and potential
interaction energy between L1 and FabH were -5.75505, -
142.467 and -2.32127e+06 kJ/mol. As anticipated, L1 stably
docked to the Ligand-Binding Domain (LBD). The binding
mode of L1 in the LBD of FabH provided detailed structural
insight into the interaction between this compound and the
FabH protein. Furthermore, we performed a 10-ns MD pro-
cess using GROMACS 5.1.4 software. The time-averaged
normalized ratio of the gyration radius, the RMSD, hydrogen
bonds and the solvent-accessible surface area were analyzed
to reflect the distribution of L1 molecules surrounding FabH
(Fig. 4). RMSD measures the accuracy that is on average
0.4454 + 0.2231. The RMSD values are stable up to 4 ns
(0.2063741 £ 0.0355 nm) of simulation for Mtb-FabH in Fig.
4(a) and then increases in the following simulation time. A
rise in the value after 4 ns is attributable to the relaxation
motion of the protein or inaccuracy in the force field. The
gyration radius of the ligand L1 and the receptor FabH repre-
sents the compactness of and stability in the protein with an
average value of 1.967179 + 2.097486e-02 nm that trended
toward stability as time progressed (Fig. 4b). Furthermore,
Solvent Accessible Surface area (SASA) (Fig. 4¢) analysis
of protein measures the proportion of the biomolecules’ sur-
face interacting with the water solvent, which also represent-
ed a stable surface area of the protein with an average value
151.5282 + 2.391937 nm. The calculation of SASA can be
used for predicting the extent of the conformational changes
occurring during the course of binding. L1 potentially
formed hydrogen bonds with ARG151 and ASN247. The
interacting H-bond number was found to change in a stable
range (Fig. 4d). A total of 2-4 hydrogen bonds were formed
between the protein-ligand complexes during production
MD, showing the stability of ligand binding. From the whole
MD simulation, it can be ascertained that the ligand showed
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(a)

(C)

Fig. (1). Molecular interaction between FabH and L1 (a) complete protein with L1; (b) surface view; (¢) 2D-interaction plot. (4 higher reso-
lution / colour version of this figure is available in the electronic copy of the article).

colour version of this figure is available in the electronic copy of the article).

Fig. (2). Structure of FabH-L1 complex was analyzed to reflect the distribution of FabH molecules surrounding L1. (4 higher resolution /
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Fig. (4). MD simulation: (a) rmsd trajectory of protein, (b) radius of gyration, (¢) SASA of protein, and (d) H-bond formation stability.
(A4 higher resolution / colour version of this figure is available in the electronic copy of the article).

good binding with protein and was in stable conformation at
the binding site.

4. DISCUSSION

In silico drug designing and molecular docking are the
indispensable tools used in drug design studies. They have
got tremendous attention; because of these computational
approaches, the overall cost of novel drug discovery has
been reduced by accelerating the efficiency in the discovery
process. Mtb poses a severe danger to humans; various
strains of Mtb have multiplied the issue. The disease-causing
pathogen shows resistance to several drugs. Several im-
portant pathogenic enzymes play a vital role in the survival
of MTB in the host environment, such as cell wall biogene-
sis, signal transduction, etc. Extensive research on TB in the
last decade has discovered a list of key enzymes; most of
them are absent in humans such as GImS, GImM,
GImU,MurA, MurB, MurC, MurD, MurE and MurF [42].
This enabled scientists to design and create drugs to fight
against TB using these selective and druggable proteins as a
target. However, most of these proteins cannot be targeted
by all standard drugs. Thus, a mixture of drugs is being used
for the therapy of TB these days. This raises the general
amount of toxicity and also takes longer time to heal TB
(average of six months). In this study, we selected two phy-
tochemicals from C. colocynthis ursolic acid (L1) and cucur-
bitacin E 2-0-B-d-glucopyranoside (L2) that have been al-
ready validated to have antimycobacterial activity [22] and

screened against eight potential MTB target proteins. Exist-
ing drugs were used as control to detect the binding affinity
of our ligands against the target proteins.

ICL plays a crucial role in the persistence and virulence
of the Mtb strain and converts isocitrate into succinate and
glyoxylate. L1 showed a greater binding affinity of -8.4
kcal/mol with ICL, lower than L2 and rifampicin. Soon after
the discovery of the rifampicin (1957), it is widely used
against TB. Among the thirteen KI used in the study, rifam-
picin revealed the best binding affinity (-7.4 kcal/mol). A
recent report showed that a high dosage of rifampicin is safe
and well-tolerated for the whole treatment duration [38].
Interestingly, our second ligand i.e. L2, showed greater bind-
ing affinity (-9.7 kcal/mol) than rifampicin. L1 showed inhi-
bition constant value of 7.05 micromolar, whereas, 50.04 by
L2. L1 showed a strong hydrogen bond with ICL (contact
distance 1.96 Angstrom) whereas, L2 showed a hydrogen
bond distance of 2.47 Angstrom. L2 showed more hydro-
phobic interaction with ICL than L1.

DprEl catalyzes epimerization reaction and helps in the
production of arabinans, which is an essential component of
the cell wall. Several studies have used this enzyme as a key
target to design anti-TB drugs [43]. Three known inhibitors
used in the present study i.e. rifampicin, streptomycin and
kanamycin showed binding affinity score above -7.0
kcal/mol. However, both our ligands showed a better score (-
9.5 kcal/mol) than the 3 known inhibitors. L1 showed inhibi-
tion constant value of 2.13 micromolar, whereas, L2 showed
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5.95 micromolar for DprE1. DprEl showed a strong hydrogen
bond via. Phe231, Tyr297, Pro316 with L1 (contact distance
of 2.69, 3.54, 2.42 Angstrom, respectively). As compared to
L1, L2 showed a single H-bond with DprE1 via Tyr297 (dis-
tance: 3.64 Angstrom). Moreover, L1 carboxylate group
showed salt bridge formation with Arg242 of DprE1.

Salt bridge is a strong non-covalent molecular interac-
tion, used to design the strongest interaction in the ligand-
protein complexes [44]. For the production of another im-
portant mycobacterium cell wall component, mycolic acid
FabH enzyme is needed [45]. FabH initiates the synthesis of
mycolic acids. Similar to DprE1, FabH also showed the
same binding affinity with L1 and L2 (-9.4 kcal/mol)
(Fig. 1). L1 showed the inhibition constant value better than
L2, ie. 1.19 and 23.3 micromoles, respectively. L1 showed
better intermolecular interactions (8 residues in hydrophobic
interaction) than L2 (3 residues only). Additionally, L1
formed a salt bridge with FabH via carboxylate group of L1
and Argl51 of protein. The presence of the salt bridge further
confirms the binding affinity between the protein and ligands.

Mycobactin searches for non-heme iron for Mtb. MS
synthesizes mycobactin needed for Mtb survival. L2 showed
binding affinity above -10.6 kcal/mol for MS, whereas, L1
showed -9.2 kcal/mol. Inhibition constants were 5.83 and
6.71 micromolar for the L1 and L2, respectively. MS with
L1 and MS with L2 showed moderate intermolecular interac-
tions (L1>L2).

RmlIC plays a role in cell wall biosynthesis in Mtb. RmIC
is not present in humans, thereby, it is considered as a selec-
tive target for drug discovery. Several attempts have been
made to target this enzyme to produce TB treatment. Five KI
namely rifampicin, streptomycin, kanamycin, ofloxacin and
sparfloxacin showed binding affinity score above -7.5
kcal/mol. L1 and L2 showed lower binding affinity score
than KIs i.e. -9.0 kcal/mol and -9.4 kcal/mol, respectively.
Here again L1 showed salt bridge formation with the target
protein RmIC.

NagA is involved in the first step of amino-sugar-
nucleotide biosynthesis. For NagA, rifampicin showed the
best binding affinity i.e. -9.5 kcal/mol better than L1 and L2.

ASRR showed binding affinity higher than -8.0kcal/mol.
The inhibition constant values werel5.14 and 321.46 mi-
cromol for L1 and L2, respectively.

Amongst all the ligands used as an iOnhibitor docked
against all the proteins, CARD showed the best binding af-
finity score of -10.8 kcal/mol for L2. Rifampicin and L1
showed -10.8 kcal/mol and -10.1 kcal/mol, respectively for
CARD. L2 showed a number of hydrogen bonds formation
with CARD, revealing stronger ligand-protein complex. L1
illustrated lesser inhibition constant value ie. 4.44 mi-
cromole as compared to L2 (22.76 micromole).

Analysis of intermolecular interaction enables to opti-
mize ligand-target contacts. From the outcomes of intermo-
lecular interaction, it becomes apparent that hydrophobic
interactions play an important part in complex structural sta-
bility in all the docked structures of L1 and L2 with the tar-
get proteins. It is very interesting to note that none of the
Mtb's KI has a better docking score and inhibition constant
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than L2. To compare L2 bonding pattern with KIs, a phar-
macophore was created using LigandScout 3.0 for each lig-
and and compared to L2. Moreover a massive pharmaco-
phore combining all pharmacophores of KI was also devel-
oped and pharmacophore of L2 was superimposed on it to
see if L2 has the same amino acid residue bonding with that
of KI. It was observed that there were some common resi-
dues that were hit by both L2 and the KI. Moreover, L2 also
hit some amino acid residues that were not hit by the KI but
these are the active site residues of the target as per the rec-
ord of Q-site portal [46]. This demonstrates that L2 can be
similar in terms of the effectiveness of eight KI aggregates.

The current study showed that Beta-Ketoacyl-Acyl Car-
rier Protein Synthase III (FabH) acts as a potential drug tar-
get against M. tuberculosis and all 15 natural compounds
investigated may act as potential inhibitors for crucial target
Beta-Ketoacyl-Acyl Carrier Protein Synthase III, which in
turn assessed the survival of M. tuberculosis. Among 15 nat-
ural compounds investigated in this study, Ursolic acid (L1),
which is also known for variety of biological effects such as
anti-inflammation, hepatoprotection, antihyperglycemia, and
antitumor promotion showed minimum binding energy with
the formation of 2-4 H-bonds and also showed a fair stability
within the complex in molecular dynamics studies also.
Thus, ursolic acid may act as a potential lead for the addi-
tional in vivo studies.

CONCLUSION

Molecular docking is used to approximate a ligand’s
chance of binding to a protein target. In the present study, we
selected two ligands ursolic acid (L1) and cucurbitacin E 2-
0-B-d-glucopyranoside (L2); their docking assessment was
carried out against eight target proteins. Cucurbitacin E 2-0-
B-d-glucopyranoside exhibited better docking energy as
compared with other known anti-TB drugs. Therefore, this
research can be useful in the creation of new, multi-targeted
and effective anti-TB drugs. In order to confirm their real
therapeutic efficacy and drug capacity towards TB, addition-
al in-vivo studies are required.
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