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ABSTRACT

Glucokinase could indeed serve as pacemaker of glycolysis & could be
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PSS O PIETTIESY & ID:1V4S) Sensitizer have been identified by molecular modeling
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_ techniques. We have performed docking and ADME predictions of this
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Sensitizer with Hexokinase 4 enzyme. ADME predictions of 6 top

selected compounds were done with Medchem desiner with version 2.0. The results indicate
that Protein-ligand interactions were studied using Glucokinase protein PDB 1D1V4S,
obtained from Protein data bank to evaluate the affinity of various Glucokinase modulating
analogues towards ligand binding site and to study the extent of correlation between
experimental values and computational dock scores, to proposed a new compounds with
Glibenclamide, Glipizide, Glimipiride, Gliclazide as the standard. The information generated
from the present study should be useful in the design of more potent Glucokinase
(Hexokinase 4) (PDB ID:1V4S) Sensitizer as antidiabetic agents.

KEYWORDS: Antidiabetic, Docking, ADME, Diabetes mellitus Type 2.

INTRODUCTION
Diabetes mellitus is one of the major disease currently affecting millions people worldwide
and the number is growing rapidly. Type 2 diabetes poses a major health problem globally,
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especially in many developing countries.™ It is brought about when the cells in the muscles,
liver, and fat tissues fail to utilize insulin effectively. Human body has to maintain the blood
glucose level at a very narrow range, which is done with insulin and glucagon.’ The function
of glucagon is causing the liver to release glucose from its cells into the blood, for the
production of energy.®! Glucokinase is an enzyme that facilitates phosphorylation of
glucose to glucose-6-phosphate. Glucokinase occurs incellsin the liver, pancreas, gut,
and brain of humans and most other vertebrates. In each of these organs it plays an important
role in the regulation of carbohydrate metabolism by acting as a glucose sensor, triggering
shifts in metabolism or cell function in response to rising or falling levels of glucose, such as
occur after a meal or when fasting. Mutations of the gene for this enzyme can cause unusual

forms of diabetes or hypoglycemia.

Glucokinase (GK) is a hexokinase isozyme, related homologously to at least three other
hexokinases.™ All of the hexokinases can mediate phosphorylation of glucose to glucose-6-
phosphate (G6P), which is the first step of both glycogen synthesis and glycolysis. However,
glucokinase is coded by a separate gene and its distinctive kinetic properties allow it to serve
a different set of functions. Glucokinase has a lower affinity for glucose than the other
hexokinases do, and its activity is localized to a few cell types, leaving the other three
hexokinases as more important preparers of glucose for glycolysis and glycogen synthesis for
most tissues and organs. Because of this reduced affinity, the activity of glucokinase, under
usual physiological conditions, varies substantially according to the concentration of
glucose.! The sulfhydryl groups of several cysteines surpmound the glucose binding site. All
except cys 230 are essential for the catalytic process, forming multiple disulfide
bridges during interaction with the substrates and regulators. At least in the beta cells, the
ratio of active to inactive glucokinase molecules is at least partly determined by the balance
of oxidation of sulfhydryl groups or reduction of disulfide bridges. These sulfhydryl groups
are quite sensitive to the oxidation status of the cells, making glucokinase one of the

components most vulnerable to oxidative stress, especially in the beta cells.®

MATERIALS AND METHODS
a) Molecular Modeling Studies
Molecular modeling studies have been carried out using HEX 5.1 & MVD (Grid-based
Ligand Docking with Energetics) software Molegro Virtual Docker version 5.5 workspace

was used for all the steps involved in ligand preparation, protein preparation and docking.
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ACD Chem Sketch is chemical drawing software developed by ACD LAB. The software is
user-friendly, provides all details of drawn structures and helped to calculate chemical

properties, design professional reports and presentations.

b) Ligand Preparation
The ligands used in this study were prepared using ARGUS LAB (Optimized Potential
Liquid Simulations for All Atoms) force fields for energy minimization.

c) Protein Preparation

The X-ray crystal structures retrieved from PDB database as raw could not be suitable for
molecular docking studies. A typical PDB structure consists only of heavy atoms, waters,
Cofactors, metal ions and can be of multimeric. These structures do not have the information
about bond orders, topologies or formal atomic charges. So, the raw PDB structure should be
prepared in a suitable manner for docking. Protein Preparation Wizard of MVD (Grid-based
Ligand Docking with Energetics) software Molegro Virtual Docker version 5.5 workspace
was used to process and prepare the protein. This also follows the Optimized Potential for

Liquid Simulations-All Atoms (OPLS-AA) force fields for energy minimization.
ADMET Study by Medchem desiner 2.0

Lipinski Rule of Five Lipinski rule of 5 helps in distinguishing between drug like and non
drug like molecules™. It predicts high probability of success or failure due to drug likeness
for molecules complying with 3 or more of the following rules

) Molecular mass less than 500 Dalton

(] High lipophilicity (expressed as LogP less than 5)

[J Less than 5 hydrogen bond donors

() Less than 10 hydrogen bond acceptors

[ Molar refractivity should be between 40-130

These filters help in early preclinical development and could help pass up costly late-stage
preclinical and clinical failures. In this study, we also calculated all five parameters for all the

designed compounds.

RESULTS AND DISCUSSION
According to Seifert and Lang, the aim of virtual screening is to “enable the initiation of a

medicinal chemistry program with a reasonable probability for identifying a lead compound”.
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A virtual screening approach should therefore find at least one active molecule which can
then be further used in medicinal chemistry. Following this definition, the presented
screening was successful, leading to the identification of an active molecule, of which the
activity and toxicity can be modified by slight structural changes. This investigation was to
deteMine the comparative efficacy & docking affinity of commonly used Anti-diabetic,
reported molecules & my proposed molecules on targeting 3D model 1V4S structure, using
in silico techniques by different computational drug designing Sources & softwares i.e,
RCSB protein data bank, molinspiration, chem sketch, hex 5.1 , argus lab , mdl mol file,
brookhaven pdb file, etc. was docked with energy minimized marketed anti-diabetic,
reported molecules & proposed molecules by using docking software HEX5.1.The inhibitors
binding efficacy & affinities were deteMined using HEX docking scoring (Etotal negative
value) fitness function. The application on computational science (In silico drug designing) to

phaMaceutical research is a discipline, which is phenomenal.

Docking was used to investigate whether Marketed type Il diabetic drug and Newly
proposed derivatives could bind to one of the same binding sites on the kinase domain of the
insulin receptor or not. While the latter binding site seems to be too small for the compounds,
they should be able to bind to the pocket between the a C helix and the b-sheets of the N-
teMinal lobe of the kinase domain. This binding pocket is large enough in size and contains
several amino acids which could contribute to the binding of the compounds. In this simple &
elegance studies revealed efficacy of 04 marketed anti-diabetic , 25 reported anti-diabetic
molecules & 05 proposed molecules were targeted against GLUCOKINASE(HEXOKINASE
4) (PDB ID:1V4S). After accessing all docking results it can be observed that the proposed
molecule (DPM5) with IUPAC name 6-[3-Isopropoxy-5-(4-methane sulfonyl-phenoxy)-
Nicotinic acid have the better docking affinity, compared to marketed best Anti-Diabetic
agent’s (Glimipiride, Etotal: -327.60 & Glipizide, Etotal: -290.20). While proposed
DPM5(Etotal:-33824.) found appreciable docking score higher than marketed prescribed
Anti-Diabetic Agents, (Glibenclamide) which were usually used in TYPE Il diabetics. So
Present observation strengthened the hypothesis for development of new Anti-diabetic agents
which can sensitize GLUCOKINASE(HEXOKINASE 4) (PDB ID:1V4S) enzyme for its
insulin stimulatory .It proves that the ability of the glucokinase sensitizing enzyme by the
Proposed Anti-Diabetic Molecules.Finally it can be concluded from this reported studies,
molecule like  molecule (DPM5)  6-[3-Isopropoxy-5-(4-methane sulfonyl-phenoxy)-

Nicotinic acid may be a new class of potent anti-diabetic analogue for type Il diabetes.
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Hydrogen Bond Intreaction of proposed Molecules & marketed Drug Against 1V4S

Protein

Name Of Compounds

Protein Residue

RPMo4 CYS-230,ARG-63,VAL-452,SER-411

GLIBENCLAMIDE CYS-230,SER-151,ARG-63,GLU-300, LYS-296, THR-332, LYS-169
GLIMIPERIDE CYS-230,GLU-300,SER-411,VAL-452,L EU-451

GLIPIZIDE CYS-230,GLU-300,TRP-167,GLY-295,THR-332

GLICLAZIDE CYS-230,THR-82,GLY-229,THR-228, LYS-169

Table 1: Structure and physiochemical properties of docked compounds with standard

Glibenclamide, Glipizide, Glimipiride, Gliclazide.

Code Log p Molecular Hydrogen Hyéiorrc])(gjen Lipinski E Total
weight(Daltons) | Bond Donor A Rule
cceptor
M, 3.797 298.384 0 3 Followed | -237.38
M, 3.368 368.389 2 6 Followed | -271.16
M; 3.006 336.39 1 4 Followed | -242.03
My 3.791 278.31 0 3 Followed | -244.78
Ms 0.591 288.215 3 7 Followed | -206.31
Ms 0.82 290.274 5 6 Followed | -227.34
M- -1.689 127.19 4 4 Followed | -187.38
Mg 0.041 127.19 4 3 Followed | -162.78
Mg 4.363 266.342 2 2 Followed | -273.86
M1 3.161 256.26 3 4 Followed | -239.17
M1t 1.631 318.329 5 6 Followed | -224.88
M1 3.22 220.354 1 2 Followed | -204.41
M1z 2.346 286.243 4 6 Followed | -236.49
M14 6.692 346.913 0 3 Followed | -273.16
Mis 3.169 226.233 0 3 Followed | -194.93
Mg 3.808 302.373 4 4 Followed | -249.00
M7 -0.516 128.178 4 4 Followed | -139.84
Mg -2.421 207.228 5 6 Followed | -213.00
Mg 0.382 352.413 0 5 Followed | -251.81
My 2.844 234.297 1 3 Followed | -201.74
My 4.153 336.347 2 5 Followed | -252.39
DPM, 3.71 412.51 2 6 Followed | -338.24
DPM, 2.835 334.396 1 5 Followed | -247.45
DPM3; 4.92 498.492 3 8 Followed | -312.04
DPM, 0.788 434.402 4 10 Followed | -286.24
Serial | Marketed Eiota Of the

number | Molecule Molecule

1 Glibenclamide -309.20

2 Glipizide -290.88

3 Glimepiride -327.60

4 Gliclazide -233.31
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Chemical Moeities Effective Against Type-li Diabetes

M1:- Cryptotanshione!? M2:- Curcumin®
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M9:- Honokiol*! M10:- Isoliquiritigenint®
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M13:-Luteolin®

M14:-Maesanint2d

M16:-Mesopropaol 22
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Fig 1: 1Vv4S (Receptor)
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Figure.7 Binding mode of Compound DPM 5 in the active site of with Glucokinase
(1Vv4S) along with interacting amino cys 230.

CONCLUSION

In conclusion, from the present findings, it is well documented that Out of 30 compounds
DPM1 showed better docking valu compaired to standard marketed molecule ,so DPM1
plays a part in the management of diabetes , it may be useful in the treatment of anti
hyperglycemic in diabetic patients. The potential binding sites of the proposed anti-diabetic
agent’s was found that Cys-230,Glu-300,Lys-296,Ser-340,Ser-411,Arg-63.The binding Site
of the Standard marketed Drugs was found to be Cys-230,Ser-151,Arg-63,Glu-300,Ser-
411,Lys-296.This Proves that the effective binding sites are present in selected proposed anti
diabetic agent’s,when compared with the standard anti-diabetic drug’s. Finally, we propose
these compounds as anti-diabetic agents as hit structures for design more potent and specific
drugs. Moreover, further exploration for detailed mechanism of action of these compounds is
required to be investigated before declaring them as safe as well as potent therapeutic agents.
However, the data reported in this thesis may be a helpful guide for the medicinal chemists

and the researchers who are working in this area.
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