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ABSTRACT
Computational approaches are an important part of drug discovery research. Computational methods improve
the ability to identify and evaluate potential drug molecules. DNA gyrase is a type II topoisomerase that can
introduce negative supercoils into DNA at the expense of ATP hydrolysis. It is essential in all bacteria but absent
from higher eukaryotes, making it an attractive target for antibacterials. In this study we carried out docking
experiment to analyse the interaction of M. tuberculosis protein DNA gyrase subunit A with 22 different ligands
obtained by pharmocophore building and screening. The new compound can thus prove out to be a best inhibitor
for DNA gyarase leading to cure of the disease. We have identified 2 novel compounds with minimum binding
energy and their toxicity was predicted.
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1. INTRODUCTION

Tuberculosis (TB) is a disease caused by infection from
the bacteria M. tuberculosis (Gram-positive bacterium).
About 1.5 million people die from tuberculosis each
year [1]. Due to the development of Multi-drug
resistant Mycobacterium tuberculosis strains, the
drugs showed less efficiency on the targets. Most
people who are exposed to TB never develop
symptoms because the bacteria can live in an inactive
form in the body. But if the immune system weakens,
such as in people with HIV or elderly adults, TB
bacteria can become active. Active TB disease can be
fatal if left untreated [2]. The disease has resurfaced in
potent new forms -- multidrug-resistant TB and
extensively drug-resistant TB. Today, these new and
dangerous forms of the disease resistant to some of the
commonly used drug treatments have created a public
health crisis in many large cities worldwide. Drugresistant TB is more difficult to treat than ordinary TB.
The medicines used against it have a greater number of
http://bioinfo.aizeonpublishers.net/content/2016/6/bioinfo891-8.93.pdf

side effects, and have to be taken for at least 18 months
[3]. There are more than twenty drugs that are
currently used for the treatment of TB -First line,
second line & new TB drugs [4]. Different drugs have
different mechanisms of action and different targets
and many of them are used in combinations. Mutations
in the coding genes have been shown as the molecular
basis for drug resistance in an organism [1]. In this
study we are searching for novel potent compounds as
future tuberculosis drugs which targets bacterial DNA
gyrase using pharmacophore based drug designing
approach.

2. MATERIALS AND METHODS

2.1 Inhibitors and KNIME data mining tool
11 DNA gyrase inhibitors (Ciprofloxacin, Enoxacin,
Gatifloxacin, Levofloxacin, Lomefloxacin, Norfloxacin,
Novobiocin, Ofloxacin, Pefloxacin, Sparfloxacin,
Moxifloxacin) were searched from available literature.
Sdf files were downloaded from Drugbank database
891
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and opened in marvin view application. All the
inhibitor molecules were cleaned in 2D and 3D and
saved all as mol2 files (tripos mol2). A complex of all of
them was made in Discovery Studio. This complex file
was used to configure sdf reader node in the KNIME
workflow for similarity check purpose.

The similarity between inhibitors came out to be
0.66%. Pharmacophore was detected for all 11
inhibitor molecules using PharmaGist giving complex
file of molecules in mol2 format as input [5].
ZINCPharmer was used for searching the purchasable
compounds of the ZINC database using the Pharmer
pharmacophore search technology [6]. 220 hits were
obtained. Duplicates were removed using “Split
Molecule” executable jar file. 33 hits were obtained.

Figure 1. Complex of molecules in Discovery Studio.

Figure 2. Similarity check knime workflow.

Figure 5. ZINCPharmer results

Figure 6. Split Molecule executable jar file.

Figure 3. Output of Similarity checking in KNIME data mining
tool

Figure 4. Pharmacophore results

http://bioinfo.aizeonpublishers.net/content/2016/6/bioinfo891-8.93.pdf

PDBsum ligplot was checked for pdb Id 5bs8
(Mycobacterium tuberculosis DNA gyrase PDB Id). 5bs8
PDB file was downloaded from RCSB protein data bank.
Interacting residue was checked from ligplot
(Arg128(A)-NH1 and NH2) and corresponding residue
was searched in cleaned 5bs8 pdb file (hetero atoms,
water molecules and other groups removed) to get x, y,
z coordinates. The average of 4 was taken and final
coordinates were x=32.22575, y=3.28625, z=27.693.
Docking was performed using Autodock4 [7] for all 11
molecules using above mentioned coordinates for 10
runs. Steps were protein preparation, ligand
preparation, grid preparation, docking parameter
preparation. Grid and docking commands were run in
command prompt window and 1st 10 runs in RMSD
Table of dlg file were used in docking analysis. Binding
energy, electrostatic energy, torsional energy, number
of hydrogen bonds formed, interacting residues were
noted in Docking analysis. 5 inhibitors with good
binding energy were selected and a complex was made
in discovery studio. Pharmacophore was detected in
PharmaGist (4 features, SCORE=22.062). ZINCPharmer
was used for searching compounds (M.W<=500). 244
hits were obtained. After removing duplicates using
892
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“Split Molecule” 22 hits were obtained. These 22 novel
compounds were docked using Autodock4 (genetic
algorithm run 35). Results were analysed.

are Gatifloxacin and Moxifloxacin respectively.
Gatifloxacin has the minimum binding energy as
compared to Moxifloxacin.

Figure 10. Ligand 14.

4. CONCLUSION

As the cases of Multi drug resistant tuberculosis is
increasing, it has become important to find new ways
to deal with this problem. The concept of inhibiting
DNA gyrase of Mycobacterium tuberculosis is good.
Many Fourth-generation fluoroquinolones are available
for treatment and Gatifloxacin and Moxifloxacin are
one among them. In this study we came to know that
Gatifloxacin is a better target compared to Moxifloxacin
having good interaction and binding affinity found in
docking experiments. In future, many Gatifloxacin
derivative drugs can be developed for treatment of
multi-drug resistant tuberculosis.

Figure 7. Ligplot
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Figure 9. Ligand 16.

Toxicity of both the ligands was predicted using
admetSAR using their SMILES notation. These ligands
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