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ABSTRACT

Qikprop software.

Mycobacterium leprae is the causative agent of the disease, leprosy. As M. leprae develops resistance against most of the drugs,
novel drug targets are required in order to design new drugs. The present study is aimed at finding the active site of the protein,
which is used as a strategy in drug design. Enoyl-acyl carrier protein reductase is one of the receptor proteins used in drug discovery
for screening anti-leprosy agents. The crystal structure of the inhibited M. leprae InhA complex PDB ID: 2NTV provide the details of
protein-ligand interactions. Series of compounds having benzophenone moiety were designed. The virtually designed drug
candidates have docked well in the active site region of the protein. The prediction of ADME properties was also performed by
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INTRODUCTION

eprosy was originated long back, over 5000 years

ago, going back to the Neolithic times." The World

Health Organization (WHO) estimated that 2 million
people worldwide were infected with Mycobacterium
Ieprae.2 The effective treatment for the disease appeared
in 1940’s with the introduction of Dapsone. Soon the
bacteria developed resistance for Dapsone. After 1980’s
multi drug therapy (MDT) was introduced in which the
combination of three drugs Dapsone, Clofazimine and
Rifampicin were used and found effective.*® But it was
expensive and its long term treatment led to resistance.
Therefore, there is an urgent need for the development
of novel antileprosy agents.

The drugs Thioamide, Ethionamide (ETH) and
Prothionamide (PTH) are clinically effective in the
treatment of M. leprae, M. Tuberculosis complex
infections.” These are second line drugs for tuberculosis.
The crystal structure of the inhibited M. leprae InhA
complex (PDB ID: 2NTV) provide the details of protein-
ligand interactions. It is reported that Prothionamide
binds with Nicotinamide adenine dinucleotide (NAD") and
this adduct inhibits Mycobacterium leprae (InhA), the
enzyme is the product of InhA gene which plays essential
role in Mycolic acid biosynthesis. This crystal structure’
can be utilized to test new possible inhibitors using drug
design techniques. The availability of three-dimensional
coordinates for target enzyme enables the use of
structure-based drug design techniques. Drug design that
relies on the knowledge of the three-dimensional
structure of the biomolecular target is known
as structure-based drug design. Structure of the biological
target can be obtained through methods such as X-ray
crystallography or NMR  spectroscopy.®  Using  the

structure of the biological target, candidate drugs that are
predicted to bind with high affinity and selectivity to the
target may be designed using interactive graphics and the
intuition of a medicinal chemist. X-ray and NMR methods
can resolve the protein structure to a resolution of a few
angstroms. At this level of resolution, researchers can
accurately examine the interactions between atoms in
protein targets and atoms in potential drug molecules
that bind to the protein. One advantage is, it helps in
reducing research cost and saves environment by
avoiding wastage of huge number and quantity of
chemicals during synthesis of novel compounds in
chemistry Iaboratory.g’10 This makes structure based drug
design one of the potent methods in drug design.**

Target-Enoyl-acyl carrier protein reductase enzyme

The enzymes of the fatty acid biosynthesis pathway (FAS
II) in bacteria, represent interesting targets for
antimicrobial drug design because their mammalian
counterpart FAS | uses a single, multifunctional enzyme
with low sequence similarity.12 This provides an
opportunity to selectively target this essential bacterial
pathway without interfering with mammalian enzymes.
Enoyl-acyl carrier protein reductase is a key enzyme in the
bacterial FAS II. It is a rate-controlling enzyme in the FAS II
pathway, which makes it stand out as an ideal target
among the other FAS Il enzymes. The final and rate—
determining step of chain elongation in the bacterial fatty
acid biosynthesis is the reduction of Enoyl-ACP to an
Acyl-ACP, which is catalyzed by the Enoyl-ACP reductase.
Due to its essential role in metabolism and sequence
conservation across many bacterial species™ it is an
attractive target for antibacterial drug discovery. The
enzyme is a member of the short-chain alcohol
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dehydrogenase/reductase (SDR) superfamily
characterized by a catalytic triad of key tyrosine, lysine,
and serine residues that reduce a double bond in the
enoyl substrate with NAD" or NADP" as an acceptor, a key
step in bacterial production of fatty acids.”* The
systematic name of this enzyme class is acyl-[acyl carrier-
protein]: NADP" oxidoreductase (A-specific).

MATERIALS AND METHODS
Preparation of protein

The selected protein Enoyl-ACP reductase crystal
structure was available PDB ID: 2NTV (www.rcsb.org). The
selected 3D structure of enzyme was having natural
inhibitor  2-propyl-isonicotinic-acyl-nicotinamide-adenine
dinucleotide. It is also referred as PTH-NAD" adduct.” The
PDB structure of enzyme Enoyl-ACP reductase [PDB id:
2NTV] was downloaded, refined, and prepared using
Schrodinger protein preparation wizard tool (Glide,
version 5.9, Maestro 9.4, Schrodinger), which performed
the following steps: assigning of bond orders, addition of
hydrogens, optimization of hydrogen bonds, correction of
charges, and minimization of the protein complex. All the
unnecessary water molecules, ligands, and cofactors were
removed (preprocess) from the proteins which were
taken in.mae format. The tool neutralized the side chains
that were not close to the binding cavity and did not
participate in salt bridges. This step was then followed by
restrained minimization of co-crystallized complex, which
reoriented side-chain hydroxyl groups and alleviated
potential steric clashes. The complex obtained was
minimized using OPLS_2005 force field (Kaminski and
Friesner, 2001).

Preparation of ligands

Structure of the Enoyl-ACP reductase inhibitors were
sketched using built panel of Maestro and taken in.mae
format. Ligand Preparation is a utility of Schrodinger
software suit that combines tools for generating 3D
structures from 2D and searching for all possible steric
isomers, tautomers, and perform a geometry
minimization of the ligands. Molecular Mechanics Force
Fields (OPLS_2005) with default settings were used for
the ligand minimization.

All designed structures were initiated from substituted
benzophenones as benzophenones are reported as
biologically active compounds. They exhibit various
biological  activities such as  antibacterial "
antimalarial,*’ anticancer,’® antiHiv'®? etc.
Aminobenzophenones are a new class of biologically
active compounds. These compounds showed various
types of biological activity such as antitumor and
anticonvulsive  activities” and activity against the
hepatitis C RNA virus.”® Recently, it has been shown that
amino benzophenones with an amino group at the ortho
position of the benzophenone ring showed fascinating
biological activity characteristics.”*** So, our present
study is aimed at studying the interaction details between
Enoyl-ACP reductase and benzophenone class of
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compounds, which is the basic structure of lead
compound. Its general structure is depicted in Figure 1.

Rz 8] R

Figure 1:
Docking methodology

The docking studies were carried out using extra precision
mode of Glide using default parameters. The active site
was defined by generation of a grid box such that the co-
crystallized ligand occupied the center of the box. The
grid-based ligand docking with energetics (glide)
algorithm approximated a systematic search of positions,
orientations, and conformations of the ligand in the
enzyme binding pocket via a series of hierarchical filters.
The shape and properties of the receptor were
represented on a grid by several different sets of fields,
which provided progressively more accurate scoring of
the ligand pose. The inhibitor was extracted from the
complex and redocked. The final docked conformation of
the inhibitor was aligned to the original conformation and
root mean square deviation (RMSD) calculated. RMSD
value less than 2 confirmed the accuracy of the docking
program. The ligands of the dataset were docked flexibly
into the receptor using default parameters. No
constraints of similarity scoring were applied. The G-score
value was calculated by taking into consideration factors
as favorable vander Waals, coulombic, lipophilic and
hydrogen-bonding interactions and penalizing for steric
and buried polar clashes.

Benzophenone class of compounds were prepared and
supplied to the docking software. Their G scores are
depicted in Table 1.

QikProp descriptors

These molecules were also subjected to further filter via
Lipinski’'s rule of five to identify compounds with
favorable absorption, distribution, metabolism and
excretion (ADME) properties. They were calculated using
QikProp. In the present study, QikProp was run in normal
processing mode with default options. The molecules
were analyzed for drug-likeness by assessing their
physicochemical properties and by applying Lipinski’s rule
of five.

RESULTS AND DISCUSSION

The ligand fitting into the active site of protein and hence
higher interactions depends on the binding affinity and
possibilities of number of hydrogen bonds between ligand
atoms and amino acids. The hydrogen bond gives stable
conformation to the complex and so generally gives

E=

International Journal of Pharmaceutical Sciences Review and Research
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.

135



Int. J. Pharm. Sci. Rev. Res., 26(1), May - Jun 2014; Article No. 22, Pages: 134-139

better drug-like properties. When the benzophenone
molecules were docked into the active site of the protein,
it was observed that H-bonds which the actives formed
were with Trp222, 1le194, Gly96, Phe4l. The other amino
acids Tyrl158, Lys165, Phel49, lle21, Gly192 were taking
part in making H-bonds with ligand atoms. Most actives
were able to form at least two H-bonds with the receptor.
Ile194 was the most prone amino acid to make H-bond
with most ligand atoms. Table 2 shows the 2D images of
some of the active compounds docked into enzyme.

Table 1: Docking results of standard ligand and designed
molecules
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The Lipinski’s rule for drug like molecules states that the
molecule should have molecular weight <500 Daltons, H-
bond donors <5, H-bond acceptors <10 and a logP of <5.
The compound can be considered a probable drug
candidate even if it violates one of the above-mentioned
criteria. For molecules, as given in Table 4 the partition
coefficient (QPlogPo/w) critical for estimating the
absorption of drugs within the body, ranged between
2.752-6.797. Crossing the blood-brain barrier (BBB),
which is a prerequisite for the entry of drugs to CNS, was
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274.118 to 9421.084. Further, the predicted percentage
human oral absorption for all molecules ranged from
88.648 to 100 %. All these pharmacokinetic parameters
were found to be within the acceptable range (Table 4
footnote).

found to be in the acceptable range ((-3)-1.2) indicating
that the compounds may be considered for further
development. Caco-2 cell permeability (QPPCaco), a
model governing gut-blood barrier, ranged from 251.518
to 1991.679. MDCK cell permeability (QPPMDCK), a
model that mimics blood brain barrier, ranges from

Table 2: 2D structures of standard ligand and some benzophenones
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H-bond interactions are indicated with purple lines; pi-pi stacking is indicated with green line; pi-cation is indicated with red line.
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Table 3: Amino acid interactions of standard ligand, designed molecules

Molecule Interacting Residues
No. Val65 Trp222 Gly96 Glyl4 Phe4l Thr196 lle194 Phe149 Tyr158 Gly192 lle21 Lys165
1. Standard v v v v v v
ligand
2 v v v
3 v v v
4 v v v
5 v v v v
6 v v v
7 v v
8 v v v
9 v v v
10 v
11 v v
12 v
13 v v
14 v
15 v v
16 v v
17 v v
Table 4: Physiochemical descriptors and ADME properties of designed molecules
Molecule® QPlogPo/w”  QPlogS* QPlogBB* QPPCaco® QPPMDCK' % Human oral absorption®
2 4.691 -5.501 -0.25 1464.931 2889.555 100
3 3.452 -4.295 -0.548 878.25 1055.803 100
4 2.752 -3.972 -0.676 747.19 976.224 94.488
5 3.2 -5.276 -1.368 251.518 274.118 88.648
6 3.893 -4.914 -0.723 748.729 880.277 100
7 3.733 -5.545 -0.329 1066.52 2338.391 100
8 4.34 -5.425 -0.375 905.578 4359.791 100
9 4.615 -5.891 -0.799 732.365 869.85 100
10 5.067 -6.123 -0.608 940.821 1806.514 96.873
11 4.078 -4.877 -0.521 949.228 1762.475 100
12 5.745 -7.985 -0.533 1658.858 4427.534 100
13 6.797 -7.916 -0.656 1991.679 2544.898 100
14 6.524 -8.947 -0.694 1658.858 2317.022 100
15 4.924 -8.368 -1.728 349.971 431.017 100
16 6.155 -8.598 -0.4 1658.858 9421.084 100
17 5.137 -6.854 -1.09 943.039 734.353 100

# Molecules; ° Predicted octanol/water partition coefficient log p (acceptable range 2.0 to 6.5); ° Predicted aqueous solubility; S in mol/L (acceptable
range (-6.5) to 0.5); ? predicted BBB permeability (acceptable range (-3) to 1.2); ® Predicted Caco-2 cell permeability in nm/s (acceptable range: <25 is
poor and >500 is great); fpredicted apparent MDCK cell permeability in nm/s (acceptable range: <25 is poor and >500 is great); ¢ Percentage of human
oral absorption (acceptable range:<25 % is poor and >80 % is high).

CONCLUSION reflect the possibilities of antileprosy drug-likeness. Also
the drug likeness can be supported by ADME properties
of molecules which are in acceptable range and better
than the standard ligand. It can be concluded that the
designed benzophenone class of molecules are positively

It can be concluded by docking results, that molecules
show good docking values, the docking scores indicate
that some molecules like no. 5, 2, 3, 4, 6, 8, 9 are well
docked molecules and their hydrogen bond interactions
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interacting with Enoyl-ACP reductase protein and hence
can be further processed as anti-leprosy drug canditates.
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