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ABSTRACT

Tuberculosis (TB) made resurgence in the mid-1980s and now kills approximately 3 million people a year.
The re-emergence of tuberculosis as a public health threat, the high susceptibility of HIV-infected persons and the
proliferation of multi-drug-resistant strains have created a need to develop new drugs. Shikimate kinase (SK) and
other enzymes in the shikimate pathway are attractive drug targets for development of non-toxic antimicrobial
agents, herbicides and anti-parasitic drugs, because the pathway is essential in these species whereas it is absent
from mammals. The object of our study is shikimate kinase (SK), the fifth enzyme of this pathway. The 3D model of
Shikimate kinase protein was generated via different modelling servers and the one with least RMSD with its
already reported crystal structure was chosen for further computational analysis. Docking of the model with
reported inhibitors was done and docking scores were generated. Our work was focused to study and analyze the
role of this protein for finding the best possible inhibitor that could become a possible drug target.
Keywords: Shikimate Kinase; Mycobacterium Tuberculosis; Comparative Modelling servers; Superimposition
server; Chemsketch software; Docking software (Schrodinger Software).
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INTRODUCTION

Tuberculosis (TB) is the most important cause of human death from a curable infectious
disease. It is estimated that, worldwide, one hundred million people are infected annually and
about ten million develop the disease, with five million of those progressing to an infectious
stage, culminating with approximately three million deaths. According to the World Health
Organization, the overall incidence of TB increases approximately 0.3% per year. Besides, the
high susceptibility of HIV/AIDS infected patients to TB is also a health problem. Therefore, there
is an urgent need for the discovery and development of new and better drugs for the TB
treatment [1].

Enzymes of the shikimate pathway (SP) are promising targets for the development of
antimicrobial agents [2] and herbicides [3], because they are essential to the survival of algae,
higher plants, bacteria, fungi, apicomplexan parasites and absent in mammals [4]. It is a seven-
step biosynthetic route that converts erythrose 4-phosphate to chorismate, a precursor of
aromatic amino acids and many other essential compounds [5].

Shikimate Kinase (SK) is a member of the nucleoside mono phosphate kinases (NMP
kinases) family, which suffer large conformational changes during catalysis [6]. The enzymes of
this family are composed of three domains: the CORE, which contains a highly conserved
phosphate binding loop (P-loop), the LID domain, which undergoes substantial structural
changes upon substrate binding, and the NMP-binding domain which is responsible for the
recognition and binding of a specific substrate [7].

Molecular docking is a simulation method that predicts the conformation of a receptor-
ligand complex, in which the receptor can be either a protein or a nucleic acid, and the ligand is
a small molecule. This computer simulation can generate many possible positions for the ligand
in the receptor-binding pocket. Therefore, a criterion is necessary that will allow comparisons
of all possible positions of the ligand, and then a selection can be made for the best position.

Our goal here is to compare the 3D models of shikimate kinase protein taken from five
different server and select the best model depends on root-mean-square deviation (RMSD) and
Z-Score, we used this model as Mycobacterium tuberculosis Shikimate Kinase (MtSK) structure
[8] as a target for the molecular docking simulations. Docking is frequently used to predict the
binding orientation of small drug candidates to their protein targets in order to in turn predict
the affinity and activity of the small molecule. We describe the results obtained in terms of the
DOCKING scores and modes of interaction in the ligand binding process.

MATERIALS AND METHODOLOGY
DATABASE USED:

NCBI - National Center for Biotechnological Information.
PDB — Protein Data Bank
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TOOLS USED:
Some of the automated servers used are as follows:

e (PS)’server.

e 3D -JIGSAW.

e ESyPred3D Web Server 1.0.

e Multiple Mapping Method Server
e Swiss-Model.

e Dali pairwise comparision

e Schrodinger Software

METHODS:

MTsk sequence was obtained from NCBI and template from BLAST-P. For comparative
modelling servers used were (PS)* server, 3D —JIGSAW, ESyPred3D Web Server 1.0., Multiple
Mapping Method Server and Swiss-Model. To get the best structure from the all five predicted
structures, model was superimposed with the crystal structure of MTsk reported in PDB
database using Dali Pairwise Comparison. To draw the structure of ligands, we used the
“ChemSketch” software. Using SCHRODINGER SOFTWARE, the protein was docked with the
ligands and the docking scores were obtained. At the end of docking, the ligand residue was
highlighted and neighbouring amino acid and/or heme residues within 4 angstroms were
selected. The programme was commanded to hide the unselected the residues so as to
determine amino acids lining the binding cavity. Also, hydrogen bonds bumps were monitored.

RESULTS AND DISCUSSION

The superimposition of all the five predicted models with the crystal structure of
Shikimate kinase protein of Mycobacterium tuberculosis from Dali Pairwise Comparison, PDB
ID: 2IYT, was done to get the best predicted model of Shikimate kinase protein according to
their RMSD value, Z-Score, %id, etc.

Further docking studies were carried out on the predicted model from ESyPred3D
server using Schrodinger Software.

Table No.1: The Tabular form of Obtained Results

S. No. Server Names Z-Score RMSD lali Nres %id
1. | (PS)’ 19.0 3.8 159 175 92
2. 3D-JIGSAW 18.8 2.3 149 161 96
3. ESyPred3D 20.4 2.0 152 166 97
4, MMM Server 20.9 2.1 152 165 100
5. SWISS-MODEL 20.8 2.4 155 166 100

Table No.2: 10 Best Ligand Structures Along With Their Docking Scores
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S.No. Compound Name Compound Structure Docking Score
1. SPB01099 -6.174338
[
2. AG538 T -6.151543
T
3. Control shikimate °*‘T°F -6.138796
HO" :’V/LDH
4. Control 6-S- P -6.089551
fluoroshikimate [_/_'\/]'\
5. ZINC20464408 oo Fim -5.777331
jg "(\"’/\"‘_‘ o
6. asxb1l -5.75549
7. diverl -5.538557
8. ZINC20462780 -5.484212
9. MW 1 -5.354823
10. RH00016 ! -5.231464
e w0
D
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Figure No.1: Docking Scores
CONCLUSION

Predicted model using ESyPred3D server was showing least rmsd value with the already

reported crystal structure which showed that this server is predicting M Tb SK with good
accuracy. Further docking studies were carried out on the predicted model from ESyPred3D
server using Schrodinger Software, in which interaction of 33 known inhibitors were seen with
the rigid protein structure of Shikimate Kinase (M Tb) and the docking score were analysed. The
inhibitor found with best docking score was having Pubchem ID-SPB01099 with a docking Score
of -6.17434 value.
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