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ABSTRACT

Tuberculosis is a main health hazard throughout the world due to its multidrug resistance. The DevR-DosR belongs to two
component regulatory system and they were reported to be more concerned in dormancy response of Mycobacterium tuberculosis.
In the current study three dimensional structure of transcriptional regulatory protein DevR (Uniprot ID: POWMF8) was predicted
using modeler 9v 11. Few natural antituberculosis compounds from plants and few synthetic compounds which possess potential
activity against multi drug resistant tuberculosis were selected by performing a thorough literature Search. Both Natural and
Synthetic compounds were analyzed for drug likeliness based on the Lipinski’s rule of Five. Finally the compounds which strictly
adhere to Lipinski’s rule were selected and Molecular docking was performed against DevR (POWMF8) using Argus lab. Finally after
the comparison of natural and Synthetic compounds, the natural compounds were predicted to have high binding interaction with

DeVR. This study serves as a potential insight to identify new drugs against Multi drug resistant tuberculosis.
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INTRODUCTION

ycobacterium tuberculosis is a pathogenic

bacterium which is the causative agent of the
deadly disease tuberculosis. On a recent
survey, it was reported that nearly every year the ratio of
death cases was increased from 2 million to 9 million."
Millions of people of all age category died from
tuberculosis every year.2 The disease acquired resistance
to most of the existing antibiotics, and is reported to be
multi-drug resistant (MDR).?> Mycobacterium tuberculosis
is mostly transmitted throughout the respiratory route
and causes active tuberculosis in unhygienic persons. The
host reaction to the organism is a major determinant to
the conclusion of infection, and cell-mediated immunity
plays an essential role in host resistance for this tedious
disease.* Mycobacterium tuberculosis spread during
aerosols and causes pulmonary and extra pulmonary
tuberculosis where it infects human lungs and other body
parts. In infected body parts, bacilli stay dormant for a
longer time and get reactivated in immunosuppressed
conditions.” It is observed that majority of difficulties are
faced during the treatment of MDR tuberculosis, many
tuberculosis patients are likely to be infected with human
immunodeficiency virus (HIV).® Tuberculosis is the most
general opportunistic infection (Ol) among HIV-infected
individuals.”

The two-component regulatory system DevR/DevS
(DosR/DosS) involved in onset of the dormancy response.
This two component systems play an essential role in the
variation of pathogenic bacteria in the atmosphere
prevailing within the host tissues. The gene DevR is
responsible for regulation of encoding.8 The DevR was
recognized among genes differently expressed in the
virulent strain of Mycobacterium tuberculosis. The drug

likeness of compounds can be predicted by the Lipinski’s
rule of five. The molecular docking process predicts ligand
verification and orientation within their targeted binding
site. In silico docking studies of the bioactive compounds
against DevR protein was found to be very useful in
identification of potent inhibitors against tuberculosis.

As millions of drugs are accessible for healing of
Mycobacterium tuberculosis, the clinical development of
these drugs has revealed increased amount of side
effects. This has been the foundation for the
development of anti tuberculosis drug which includes
herbal drugs.9 Ciprofloxacin, Levofloxacin, ofloxacin, and
sparfloxacin are the synthetic drugs which are showing
activity against some multi-resistant bacteria.’’ The
natural drugs like Quercetin, Lignans, Xanthone,
Coumarin, Piperine are phytoconstituents that present in
plant extract and they possess good pharmacological
effect, and act as natural anti-tubercular agents.'* In the
present study, we have analyzed the drug-likeness of
Natural and synthetic compounds, using Lipinski’s rule of
five and investigated the binding mechanism of
compounds with transcriptional regulator protein DevR.

MATERIALS AND METHODS
Target sequence and template identification

The target sequence was retrieved from Uniprot Id:
POWMEF8 and this target sequence was used as an input
in pdbsum for identifying template. For modeling, a
protein template was identified (3c3w).

Homology modeling of protein DevR (POWMF8)

To identify the structural and functional information of
Transcriptional regulatory protein DevR (DosR) the 3D
structure is considered to be an important parameter.
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The experimental structure of Transcriptional regulatory
protein DevR (P9WMF8) is unavailable in structural
databases protein data bank; hence, Transcriptional
regulatory protein DevR structure was predicted using an
homology modeling method using Modeller 9v11 and the
predicted structure is analyzed using Ramachandran plot.
The homology modeling requires a template sequence of
known three dimensional (3D) structures and the
template identified for the particular structure study was
3c3w.

Active site identification of DevR

CASTP - server identified 20 active pockets for the protein
DevR. The identification is based on specific
computational geometry process.12

Procheck

The modeled DevR Protein was validated using procheck.
The quality of DevR protein was checked and analyzed by
using Ramachandran Plot via Rampage server.

Lipinski’s rule of five

The drug likeness values was calculated based on log P,
molecular weight, number of hydrogen donors, number
of hydrogen acceptors and Molar refractivity. Based on
these properties the compounds which adhere to
Lipinski’s rule were selected for the study.

Identification of ligands

Natural antituberculosis compounds used for tuberculosis
treatment were identified and retrieved from Pubmed
Literature. Quercetin, Lignans, Coumarin, xanthone and
Piperine are natural plant compounds used in the
treatment of tuberculosis.** Synthetic compounds which
show potential activity against Multidrug-resistant
tuberculosis are Ciprofloxacin, Rifampicin, levofloxacin,
Ofloxacin, Ethambutol, Isoniazid and Sparfloxacin
drugs.*** Natural and the Synthetic compounds which
possess anti-tuberculosis activity and which passed in
Lipinski’s rule of five was used for further docking study.
They are Ciprofloxacin, levofloxacin, ofloxacin, and
sparfloxacin, Quercetin, Xanthone, Piperine. These
compounds were optimized using Chemsketch software.
Using draw mode of Chemsketch, the ligands were
generated and the 3D optimizations were prepared and
was saved in mol file format. Binding interaction of the
ligands where performed according to the calculation
method by Argus Lab 4.0.1 software.

Docking studies using Argus Lab 4.0.1

Molecular interaction studies were performed using
Argus lab software using bioactive compounds.16 The
interaction of natural compound with target protein is
important in the drug development process. The possible
binding sites of Protein DevR were searched using CASTP.
All the compounds were docked into the active site of
DevR receptor protein. After completion of docking, the
docked protein (protein-ligand complex) was analyzed.
Further the docking poses were saved for each compound
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and they were ranked according to their dock score
function.

RESULTS AND DISCUSSION
Construction of 3-D models

The sequence of Transcriptional regulatory protein DevR
was retrieved from the Uniprot sequence database
(www.uniprot.org) with the accession number POWMFS8.
The 3D structure of Transcriptional regulatory protein
DevR was predicted by homology modeling method, and
the known experimental template protein structure was
selected based on the identity (sequence identity is
100%). The Crystal structure of the Mycobacterium
Tuberculosis hypoxic regulator 3c3w A chain was taken as
a template structure with the resolution of 2.20 A from
PDB database (PDB ID: 3c3w A chain). Sequence
alignment was performed for the Crystal structure of the
Mycobacterium tuberculosis hypoxic regulator protein
with the target protein using ClustalW. (Fig.1) The
selected template and target protein sequences were
aligned perfectly. Based on the alignment, the initial 3D
protein model was predicted using Modeller 9 v11. (Fig.2)

CLUSTAL W (1.83) multiple sequence aligmment

Jedw d MVEVFLYDDHEVYRRGLVDLLGADPELDVVGEAGSVAEANARVP LARPDVAVLOVRLPDG
sp| PAUNFE| DEVR_NYCTO MVEVFLYDDHEVYRRGLVILLGADPELDVVGEAGSVAE ANARVP LARPDVAVLOVRLPDG

Jedw d NGIELCROLLIRMPDLRCLILTITTSDEANLDATLAGASGTVVED IKGHEL ARAVEDVGA
Sp| PAUNFE| DEVR_NYCTO NGIELCRDLLSRMPDLRCLILTSYTSDEAMLDATLAGASGYVVED IKGHEL ARAVEDVGA

Jedw d GRILLDNRAAAALMARLRGAAERODPLIGLTDOERTLLGLLSEGL THKQIADRMFLARKT
sp| PAUNFE| DEVR_NYCTO GRELLDNRAAAALMARLRGAAERODPLSGLTDOERTLLGLLEEGL THKQIADRNFLAEKT

Jedw VENYV3RLLAKLGHERRTQUAVF ATELERSR------
Sp| PAUNFE| DEVR_NYCTO VENYVSRLLAKLGNERRTQAAYF ATELKRSRPPGDGP

Figure 1: Sequence alignment of DevR protein with the
template structure 3c3w depicts the conserved region in
stars (*) and deleted regions with dashes (-)

Figure 2: 3D Model of Transcriptional regulatory protein
DevR (DosR)
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The Secondary structure prediction of Protein DevR
contain 58.06% of alpha helix and 11.08% of beta turn
and 17.05 % of random caoil.

The Modeled 3D structure was validated using
Ramachandran plot. Ramachandran plot shows 99.5%
allowed region. In the predicted model, 99.5% of the
residues were in the most favored region, 0.5% in allowed
region, 0% of the residues lying in the disallowed regions.
The above results clearly indicate the quality of predicted
protein structure is perfect. (Fig.3)
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Figure 3: RAMPAGE: Assessment of the Ramachandran
Plot

By validating the DevR protein model in Ramachandran
plot 99.5% of the residues were present in the most
favored region, 0.5% in allowed region, 0% of the
residues in the disallowed regions.

Active site of the protein

The exposure of ligand-binding sites is frequently the
initial point for protein function detection and drug
discovery. 3D ligand site server predicts the active site of
the protein DevR. The active site of predicted DevR model
comprises of amino acid residues such as MET109,
ALA112,ARG113,VAL115,LYS116,ARG138,LEU147,ASP152,
ARG155,THR156,LEU158,GLY159.

Lipinski’s rule of five

The natural plant compounds Xanthonefrom Canscora
decussate, Quercetin from Myrtuscommunis and Piperine
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from Piper species™® and Synthetic compounds like

Ofloxacin, Ciprofloxacin, Levofloxacin, Sparfloxacin were
passed in Lipinski’s rule which consists of following
parameters a. Molecular mass less than 500 Dalton, b.
logP less than 5, ¢. Hydrogen bond donors Less than 5, d.
Hydrogen bond acceptors Less than 10, e. Molar
refractivity should be between 40-130 (Table.1).

Docking

To know the interactions between the ligands and DevR
protein and to investigate their binding mode, Molecular
docking study was performed using Argus dock accessible
under Argus Lab 4.0.1.%°

Docking scores: Interaction Profiles

The docking result of selected Natural and Synthetic
Compounds with DevR protein in 3 dimensional views are
shown in (Fig.4 & Fig.5). Red color represents binding site
region of residues; violet color represents the ligand;
blue, yellow and green color represents the rest of the
protein. The following docking scores were obtained.
Ofloxacin with docking score of -6.31 Kcal/mol,
Levofloxacin with docking score of -6.30 Kcal/moal,
Sparfloxacin with docking score of -6.77 Kcal/mol
respectively, Natural drug compounds Xanthone with
docking score -7.18kcal/mol, Quercetin with docking
score -6.4215kcal/mol, and the docking score was
maximum for Piperine with —7.54 kcal/mol. The above
natural and synthetic compounds bind to the active site
region of the DevR protein and their hydrogen bond
interaction profiles are shown in (Table.2 and Table.3).

Ciprofloxin with binding energy of -7.1 Kcal/mol, the
amino acid 160LEU binds with atom 1175N with distance
2.5 and amino acid 159GLY binds with atom 1171N with
distance of 2.9 are showed in Fig4(a). Levofloxacin with
binding energy of -6.30 Kcal/mol, the amino acid 155 ARG
binds with atom 1142N with distance 2.3 are showed in
Figd(b). Sparfloxacin with binding energy of -6.77
Kcal/mol, the amino acid 160LEU binds with atom 1175N
with distance of 2.8, amino acid 159GLY binds with atom
1171IN with distance of 2.5 are showed in Fig4(c).
Ofloxacin with binding energy of -6.31 Kcal/mol, the
amino acid 115ARG binds with Atom 114N with the
distance of 2.9, the amino acid 138ARG binds with atom
1016N with the distance of 2.8 and amino acid 138ARG
binds with atom 1019N distance of 2.6 are showed in Fig4
(d). Quercetin with binding energy of -6.42Kcal/mol, the
amino acid 155ARG binds with atom 1145N with distance
of 2.8 are showed in Fig5(e). Piperine with binding energy
of -7.54 Kcal/mol, the amino acid 156THR binds with
atom 1148N with distance of 2.9, amino acid 159GLY
binds with atom 1171N with distance of 2.9 are showed
in Fig5(f). Xanthone with binding energy of -7.18
Kcal/mol, the amino acid 156THR binds with atom 1148N
with distance of 2.9 are showed in Fig5(g).
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(a) Ciprofloxacin binds with DevR (b) Levofloxacin binds with DevR

(c)Sparfloxacin binds with DevR  (d) Ofloxacin binds with DevR

Figure 4: Docking complex of Transcriptional regulatory protein DevR (DosR) with Synthetic Compounds

(e) Quercetin binds with DevR  (f) Piperine binds with DevR (£) Xanthone binds with DevR
Figure 5: Docking complex of Transcriptional regulatory protein DevR (DosR) with Natural Compounds

Table 1: Lipinski’s properties of the compound

S.No Molecule Mass<500 Log P<5 H-Donar<5 H Acceptor<10 Molar:(e)c_e;rseg;tivity

1 Rifampicin 800.0 0.1 2 13 193.2

2 Isoniazid 137.0 -0.3 3 4 35.8

3 Levofloxacin 192.0 1.9 2 4 56.0

4 Ciprofloxacin 330.0 -0.6 1 5 81.9

5 Ethambutol 714.0 -1.5 1 12 166.8

6 Ofloxacin 356.0 -0.1 1 5 88.8

7 Sparfloxacin 480.0 -1.9 4 1 128.9

8 Piperine 285 3.1 0 4 79.7

9 Quercetin 304 1.8 3 7 745

10 Xanthone 312.0 0.1 4 6 77.1

11 Coumarin 146 0 2 1.6 311

12 Lignans 1362 13 32 7.7 3234
(’;51%:) International qurnal of Pharmaceutical Sciences Rev.ievv and Research 1 2 3

= Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.



Int. J. Pharm. Sci. Rev. Res., 35(1), November — December 2015; Article No. 22, Pages: 120-125

ISSN 0976 — 044X

Table 2: Binding energy of Synthetic Compounds with Transcriptional Regulatory Protein DevR

Synthetic
S. No Compounds Binding Energy
Name
1 Ciprofloxin -7.16kcal/mol
2 Levofloxacin -6.30kcal/mol
3 Sparfloxacin -6.77kcal/mol
4 Ofloxacin -6.31kcal/mol

Hydrogen Bond Interaction
Amino acid - Atom

DISTANCE
2.530369
(160LEU -1175N)
2.999316
(159GLY-1171N)

DISTANCE
2.320199
(155ARG -1142N)

DISTANCE
2.882249
(160LEU -1175N)
2.542258
(159GLY-1171N)

DISTANCE
2.998558
(115ARG -114N)
2.071358
(138ARG-1016N)
2.665687
(138ARG-1019N)

Table 3: Binding energy of Natural Compounds with Transcriptional Regulatory Protein DevR

Natural Compounds

Hydrogen Bond Interaction

S.No Binding Energy

Name

1 Quercetin

2 Piperine

3 Xanthone

CONCLUSION

Tuberculosis remains a leading infectious killer disease
world-wide and hence there is an urgent need for the
development of a new anti tuberculosis drug. In this
work, we performed various approaches like molecular
modeling of Transcriptional regulatory protein DevR,
molecular interaction studies between target and ligand
which helped us to find the suitable anti tuberculosis
inhibitors. Molecular docking continues to embrace great
guarantee in the field of computer based drug design
which screens small bioactive molecules by orienting and
scoring them in the binding site of a protein. Synthetic
compounds like Ciprofloxacin, Levofloxacin, Ofloxacin,
and Sparfloxacin interacted with following active site of

-6.4215kcal/mol

-7.54kcal/mol

-7.18kcal/mol

Amino acid - Atom

DISTANCE
2.823074
(155ARG-1145N)

DISTANCE
2.9147262
(156THR -1148N)
2.998224
(159GLY-1171N)

DISTANCE
2.914762
(156THR-1148NN)

DevR protein with high binding affinity (ARG155, GLY159
and ARG138). Natural Plant compounds Piperine,
Quercetin, Xanthone interacted with active site region
156THR, 159GLY, 155ARG. While Comparing the docking
analysis of both synthetic and natural compounds, both
the compounds bound well in the active site of DevR. But
the natural compounds showed the highest binding
affinity with a value of -7.54kcal/mol. Several studies
reported that plant drugs show fewer side effects than
synthetic compounds. In silico drug designing studies
reduces time and energy to a smaller extent and it is
affordable. The outcome of docking result revealed that
the target protein exhibits the good binding energy
towards the natural compounds and further clinical trials
can be performed for the above natural compounds
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which can act as good inhibitors against Mycobacterium
tuberculosis. Therefore, this approach is important for
drug discovery process and therapy of tuberculosis.
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