Jour nal of Computational Methodsin Molecular Design, 2016, 6 (3):47-54

\ Meth
R\ )
& %,

7
%] o}
s g ISSN : 2231- 3176
3 S CODEN (USA): JCMMDA
) o

7 N

Scholars Research

Library

Molecular Docking Study of 6-substituted 2-aminobenzothiazole derivatives
as anticonvulsant agents.

Love Kumar Soni” and Bhagat Singh Chouhan

School of Pharmacy, Devi Ahilya Vishwavidyalaya, Takshshila Parisar, Khandwa Road, Indore 452001, India

ABSTRACT

Molecular docking studies were carried out against y-amino butyric acid (GABA) molecular target using Molegro
Virtual Docker v 5.0 to accomplish preliminary confirmation of the observed in-vivo anticonvulsant activity.
Docking studies have shown that the title compound interact and bind efficiently with 1OHY subunits of y-amino
butyric acid (GABA) enzyme which resulted in anticonvulsant activity. The quantitative assessment after docking
procedure was made on the basis of Mol dock scores, re rank scores and hydrogen bond. Compound BSC-05 (6-
methyl-[ 3-(3,4-di hydr oxyphenyl)-prop-2-eneamido] benzothiazole) showed good binding interaction with mol dock
score -84.236, re rank score -54.993 and hydrogen bond -8.414 which was close to the reference drug phenytoin.
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INTRODUCTION

Epilepsy is a common neurological disorder [1], athis characterized by an enduring predispositiogenerate
seizures and by its neurobiological, cognitive, gmjogical, and social consequences [2]. World theal
Organization (WHO) reports 50 million people witpilepsy worldwide, out of which 80% people reside i
developing countries [3]. In India about 10 millipeople are affected with epilepsy (prevalencabafut 1%) [4],
this being higher in the rural (1.9%) as comparét the urban counterpart (0.6%) [5-7]. Main stggtéor epilepsy
treatment is pharmacotherapy with antiepilepticaaticonvulsant drugs [8]. A number of anti-epileptrugs
(AEDs) such as topiramate [9], lamotrigine [10hdabine [11], felbamate [12], vigabatrin [13], ar@hisamide
[14] have been introduced to treat epilepsy diseddewever, 20-30% of patients are failed to cdraeizures by
current medications. Aminobenzothiazole and itsvdéives have been reported as precursors for praoiogical
agents. Their biological activities reported ad-aliergic agents [15], antibacterial [16], p56 lekzyme inhibitor
[17], b-glucuronidase [18] and neuroprotective agé¢h9-20]. The substituted 2-aminobenzothiazolévdtves are
reported as powerful anticonvulsant agents andeshéar clinical evaluation [21]. It has been progdghat the
GABA like pharmacophore on the benzothiazole nuglmight bind sufficiently with the receptors ane tiesultant
molecules will have a synergistic anticonvulsarfe&f due to increased lipophilicity. The presenfeam amide
group as hydrogen bonding domain (HBD) is an ogtimsaticonvulsant pharmacophoric feature in theetitl
compound. The additional features include benzatiyh hydrophobic-domain (A), S atom as electromalo
system (D) with distal phenyl residue (R), whicHhliences the blood brain barrier (BBB) diffusiondan
pharmacokinetic properties of the anticonvulsafig.l) [22]. Docking studies gave valuable insightsessing
lipophilicity and steric hindrance as main moleculi@terminants most likely affecting the newly $yadized 2-
aminobenzothiazole derivatives in their anticonantsactivity. Mol dock score forms the basis oégicting the
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experimental binding affinity of a protein - ligamdmplex while the rerank score in molecular dogkpmovides
estimation of the strength of the interaction.

Fig 1. Titled compound for the present study

H3C

MATERIALSAND METHODS

2.1. Molecular Docking Study

The amino acid primary sequence of 10HY subunif-amino butyric acid was retrieved from the ProtBiata
Bank [23]. The docking studies were carried ouhgghe Molegro Virtual Docker (MVD) [24-26], a pnagn for
predicting the most likely conformation of how gdnd will bind to a macromolecule. The active sitploited in
docking studies was defined through the calculagedty. The interaction modes of each ligand whb LOHY
active site were determined as the highest prdigamd complex energy (mol dock and rerank) scaeduduring
docking.

2.1.1. Structure drawing and energy minimization:

CS Chem Office 8.0 was used for the sketching oflemdes with the help of drawing tools of Chem Dravine
sketched 2D structures were transformed into 3@ckires using module of the program (Chem3D Ultf).8he
3D structures were then subjected to energy miritiim using molecular mechanics (MM2) and re optadi via
MOPAC (Molecular Orbital Package) until the RMS djent attained a value smaller than 0.0001 kcal/#nol

2.1.2. Docking Procedure:

Protein (PDB code: 10HY) [23] was downloaded frdme Protein Data Bank. Protein model GABA-AT. All
designed ligands and reference ligand, phenytoie weported in the work space area of Molegro \AttDocker
(Ver.5.0), and necessary bonds, bond orders, hHybtidns, hydrogen atoms and charges were assidiretein
ligand docking studies were carried out based enbthsis of crystal structure of protein Pdb 10HY ¢gand
binding.

All solvents molecule, cofactor and co-crystallizegnds were removed from structures. The paransetected in
the docking studies were mol dock optimizer, numdfenruns 10, population size 50, cross over ra®® @nd max
iteration 2000 and cavity selected is user defifhe selection of the ligands from the docking wizesas done on
the basis of the scoring function (Mol Dock scomnd aerank score).

The Mol dock scoring function (Mol Dock Score), Beeis defined by the following energy terms:
Escore = EinteEintra
Where

E intra is the inter energy of the ligand; E intethe ligand —protein interaction energy.

Tablel Mol Dock score, Rerank scoreand H-bond energy of title and reference compound

S.No. Ligand Mol Dock Score  Rerank Score H-Bond
1. Title Comp  -84.236 -54.993 -8.414
2. Phenytoin -75.398 -58.617 -2.813

Docking studies shows that Phe-401, Pro-417, A€p-Ahr-416, lle-444, Ser-403, Lys-442, presenthi@ protein
structure of GABAA are highly conserved and miglihypa major role in substrate binding. Standardgdru
phenytoin is also found to be bind to these amicidsa The interactions of both were compared ardsitore
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tabulated and studied. The docking energies ofigaeds were negative which shows the stable bgditeraction
between the receptor and the ligands.

Table 2 Common types of interactions between protein structur es of GABAA with title compound and phenytoin

S. No. Interaction Residue
1. Hydrogen Bond Interactic  Thr-41€
2. Electrostatic Interaction Phe-401, Pro-417,4838; lle-402, Lys-442, Arg-422, Asp-415

Fig. 2 Hydrophobic interaction of phenytoin with protein (10HY)

Fig. 3 Hydrogen bond interaction of phenytoin with protein (LOHY)
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[Thr 412425 ]

[Fhe 4014]

Fig. 5 Electrostatic interaction of phenytoin with protein (10HY)
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Fig. 6 Hydrophobic interaction of title compound with protein (10HY)

Fig. 7 Hydrogen bond interaction of title compound with protein (LOHY)
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Fig. 8 Hydrogen bond interaction of title compound with protein (LOHY)

Fig. 9 Electrostatic interaction of title compound with protein (10HY)

RESULTSAND DISCUSSION

The docked binding mode is used to establish abetkveen the mol dock scoring function, structpralperties of
the title compound and their biological activitya@mst the 10HY subunits of gamma amino butyric aEichluation
of the docking results was based on protein-ligemmhplementarity considering steric and electrastatdperties.
On the analysis the hydrogen bond formed betweenitle compound and the 10HY active site we obsghat
the title compound and phenytoin exhibited hydrogends with Thr-416. On the analysis the electtastzond
formed between the title compound and the 10OHYvactite we observed that the title compound exibit
electrostatic bonds with Asp-415, Phe-401, lle-4B&-417, Ser-403, Lys-442, Arg-422, Thr-416, S&8,4Asp-
418. Title compound experiences a lower intermdbecanergy in terms of Mol docks score and reragires or
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more stable complex because the distance betwedwtharomatic rings is larger. When the nitrogemais added
close to the sulfur atom, the title compound int&sawith Thr-416 through the hydrogen bond, stainif the
ligand-protein complex.

The neat results of the above interactions arengiveéerms of mol dock score; rerank score and ¢yein binding
energies toward the active site of 10HY subuniGéfBA, as depicted in Table 1. According to these valttes,
title compound presented an estimated affinity he LOHY active site higher than the standard comgou
phenytoin and the most promising reference compound

CONCLUSION

The scoring results reveal the higher negative docok score and rerank score of the title compoantbmparison
to phenytoin. It was also observed that the comialedcug phenytoin and the title compound bindsh® specific
binding sites and shows only one hydrogen bondant®mn i.e. Thr-416. Here docking study providasraportant
insight in designing the structures of the mostepbtcompound and subsequent construction of libeérguch
derivatives.
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