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Designing Inhibitor against Phospholipases A, Enzyme through Inslico-
Molecular Docking Studies
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Abstract

Pyrazole, hydroxyimino, aldehyde and isoxazole derivatives exhibit a broad spectrum of biological activities such as
antimicrobial, anti-inflammatory and antitumor activities. With growing application on their synthesis and bioactivity,
chemists and biologists in recent years have considerable attention on the research of these derivatives. In the view of
potential importance of these derivatives, we have crystallized few of the derivatives and its report has been published.
The present study focuses on docking studies of these derivatives against Phospholipases A, enzyme. This enzymes has
implicated as potential targets for anti-inflammatory drug design. co-crystal structure (PDB ID: 1POE) of PLA, deposited
in Protein Data Bank has been retrieved for docking analysis. Docking studies using Schrodinger’s GLIDE reveals that
these derivatives shows better binding energy and score in the defined active site. These results may provide a guiding

role to design a lead molecule which may reduce inflamation.
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1. Introduction

Phospholipases A, (PLA,s) EC 3.1.1.4 are enzymes
that release fatty acids from the second carbon group of
glycerol. This particular phospholipase specifically rec-
ognizes the sn-2 acyl bond of phospholipids and cata-
lytically hydrolyzes the bond releasing arachidonic acid
and lysophospholipids. Upon downstream modification
by cyclooxygenases, arachidonic acid is modified into
active compounds called eicosanoids. Eicosanoids
include prostaglandins and leukotrienes, which are cat-
egorized as anti-inflammatory and inflammatory medi-
ators!!),

PLA, are commonly found in mammalian tissues as
well as insect and snake venom. Venom from both
snakes and insects is largely composed of melittin,
which is a stimulant of PLA,. Due to the increased pres-
ence and activity of PLA, resulting from a snake or
insect bite, arachidonic acid is released from the phos-
pholipid membrane disproportionately. As a result,
inflammation and pain occur at the sitel®!.

There are also prokaryotic A, phospholipases. Addi-
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tional types of phospholipases include phospholipase
A, phospholipase B, phospholipase C, and phospholi-
pase DI

Phospholipases A, can be classified based on
sequence homology™™. They include several unrelated
protein families with common enzymatic activity. Two
most notable families are secreted and cytosolic phos-
pholipases A,. Other families include Ca®* independent
PLA, (iPLA2) and lipoprotein-associated PLA,s (Ip-
PLA,), also known as platelet activating factor acetyl-
hydrolase (PAF-AH).

The extracellular forms of phospholipases A, or
secreted phospholipases A, (sPLA;) have been isolated
from different venoms (snake, bee and wasp), mamma-
lian tissue (including pancreas and kidney) as well as
from bacteria. They require Ca*" for activity. Pancreatic
sPLA, serves for the initial digestion of phospholipid
compounds in dietary fat. Venom phospholipases help
to immobilize prey by promoting cell lysis. In mice,
group 11T sPLA, are involved in sperm maturation® and
group X are thought to be involved in sperm capacita-
tion!™.,

sPLA, has been shown to promote inflammation in
mammals by catalyzing the first step of the arachidonic
acid pathway by breaking down phospholipids, result-
ing in the formation of fatty acids including arachidonic
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acid. This arachidonic acid is then metabolized to form
several inflammatory and thrombogenic molecules.
Excess levels of sPLA, is thought to contribute to sev-
eral inflammatory diseases, and has been shown to pro-
mote vascular inflammation correlating with coronary
events in coronary artery disease and acute coronary
syndrome!® and possibly leading to acute respiratory
distress syndrome and progression of tonsillitis in chil-
dren. In mice, excess levels of sPLA, have been asso-
ciated with inflammation thought to exacerbate
asthmal® and ocular surface inflammation (dry eye)!'%.
Increased sPLA, activity is observed in the cerebrospi-
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nal fluid of humans with Alzheimer's disease and mul-
tiple sclerosis, and may serve as a marker of increases
in permeability of the blood-cerebrospinal fluid bar-
rier!!],

The intracellular PLA, or cytosolic phospholipases
A, are Ca** dependent with different three dimensional
structures compared to secreted PLA,. They include C2
domain and large catalytic domain. These phospholi-
pases are involved in cell signaling processes, such as
inflammatory response. The produced arachidonic acid
is both a signaling molecule and the precursor for other
signaling molecules termed eicosanoids. These include
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Fig. 1. Schematic representation of the X-ray crystallographically solved structures of all derivatives.
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leukotrienes and prostaglandins. Some eicosanoids are
synthesized from diacylglycerol, released from the lipid
bilayer by phospholipase C. Lipoprotein-associated
phospholipase A, (Lp-PLA,) also known as platelet-
activating factor acetylhydrolase (PAF-AH) is a phos-
pholipase A, enzyme that in humans is encoded by the
PLA,G; gene!'>*l, Lp-PLA, is a 45-kDa protein of 441
amino acids!'¥.

It is one of several PAF acetylhydrolases, in the
blood. It travels mainly with low-density lipoprotein
(LDL). Less than 20% is associated with high-density
lipoprotein HDL. It is an enzyme produced by inflam-
matory cells and hydrolyzes oxidized phospholipids in
LDL. Lp-PLA, is platelet-activating factor (PAF)
acetylhydrolase (EC 3.1.1.47), a secreted enzyme that
catalyzes the degradation of PAF to inactive products by
hydrolysis of the acetyl group at the sn-2 position, pro-
ducing the biologically inactive products LYSO-PAF
and acetate ["entrez gene: PLA,G; phospholipase A,,
group VII].

Targeting the above protein enzymes is necessary to
reduce the increasing inflammation. Hence, high
throughput virtual screening (HTVS) has been carried
out for pyrazole, hydroxyimino, aldehyde and isoxazole
derivatives (Fig. 1) which compound have wide spec-
trum of biological and pharmacological properties,
including antibacterial, antimalarial, anticonvulsant, and
antitumor activities. Hence, we analyzed against secre-
tory PLA, (PDB ID: 1POE) using Glide version 9.0 in
Schrodinger. High ranked compounds have been
selected on the basis of glide energy, docking score and
hydrogen bond interactions from Induced Fit Docking
(IFD) procedures. Comparative analysis have been car-
ried out for the above mentioned complexes with the
co-crystal structure (PDB ID: 1POE) and the results are
discussed.

2. Experimental Section

2.1. Ligand Preparation

The structures of pyrazole, hydroxyimino, aldehyde,
isoxazole, and indole derivatives are taken from crys-
tallographic studies discussed in part 1. The ligands
were prepared for docking using LigPrep module of
Schrodinger suite of tools. First, all the hydrogen atoms
were added to ligand molecules as they had implicit

hydrogen atoms. The bond orders of these ligands were
fixed. The ionization states of the ligands were gener-
ated in the pH range of 5.0 to 9.0 using epic, as the
micro-environment of the binding site can fluctuate
over different pH values. Most probable tautomers and
all possible stereo isomers were generated to study the
activity of individual stereotypes of each ligand. In the
final stage of Ligprep, ligands were minimized with
OPLS-2001 force field.

2.2. Protein Preparation

Three dimensional protein structure of Phospholipase
A, (Pdb id: 1POE) were downloaded from RCSB Pro-
tein databank. Protein preparation plays a very impor-
tant role in the in silico docking studies as the
correctness of protein structure is crucial to get the cor-
rect interactions with the ligands. The protein structure
was prepared by multi-step process through the “Protein
Preparation Wizard” of the Schrodinger suite. Firstly,
the bond orders in the protein structure were assigned,
hydrogen atoms were added and all the crystallographic
water molecules were removed. The substrate Rhodam-
ine-6G was retained for the purpose of grid generation.
The structure was then subjected to single-point energy
calculation using the protein modeling package, prime.
The calculation was carried out using OPLS-2001 force
field incorporating implicit salvation. Then protein-lig-
and complex was subjected to energy minimization
using the Schrodinger implementation of steepest
descent algorithm with OPLS-2005 force field with
implicit salvation. The entire complex was minimized
and minimization terminated when the root mean
square deviation (RMSD) of the heavy atoms in the
minimized structure realative to X-ray structure exceeds
0.3 A.

2.3. Semi-Flexible Docking Studies

Docking studies on prepared ligands were carried out
in the active site region of PLA, using docking program
Glide!"*. The shape and properties of the receptor were
represented on a grid by several set of fields that help
progressively in more accurate scoring of ligands poses.
The protein-ligand complexes prepared as described
above were employed to build energy grids using
default values of protein atom scaling (1.0) within a
cubic box of dimensions 20 A* centering the residues
of the active site. In this docking, semi-flexible docking
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protocols were used. The ligands being docked were
kept flexible, in order to explore an arbitrary number of
torsional degrees of freedom in addition to the six spa-
tial degrees of freedom spanned by the translational and
rotational parameters. The ligand poses were generated
through a series of hierarchical filters that evaluated the
ligand interactions with the receptor. The process of vir-
tual screening was carried in two phases, using three
different protocols i.e. standard precision (SP) and extra
precision (XP) docking protocols.

2.4. Induced Fit Docking Studies

Induced fit docking studies were carried out on the
selected ligands from the semi-flexible docking studies,
where in induced fit models have been obtained to fit
ligands in non-cognate structures. In other words the
protein structure was induced to fit the ligands. For the
protein model, initial docking was performed with a
grid (defined using the centroid of the residues of the
site) with default parameters. Twenty poses were chosen

to be saved after initial Glide docking, which was car-
ried out with the van der Waals scaling of 0.4 for both
protein and ligand non-polar atoms. After obtaining ini-
tial docking poses, prime side chain and backbone
refinement together with the minimization of the
docked pose was carried out within a sphere of 5 A
from each pose saved. Glide re-docking was carried out
in Prime refined structures having Prime energy values
within 20 Kcal/mol of the lowest energy value. The
RMSD values of ligand poses having best induced fit
docking score were determined.

3. Results and Discussion

PLA, is involved in the generation of eicosanoids,
which play an important role in pathophysiological
processes such as in ammation, platelet aggregation,
and acute hypersensitivity reactions. Modulation of
PLA, activity is a very important pharmacological goal,
and there is a great interest in developing inhibitors for

Table 1. Docking results of all derivatives with PLA, along with intermolecular hydrogen bond interactions with active

site residues

Compound Docking Glide Glide Glide Intermolecular Distance
Category score evdw ecoul energy H-Bonding (A)
Co.C Llicand (LYS 62) N-H...O 2.8
0-Crystal-ligan i i i ) 3
(PDB ID: 1POE) S.No 7.46 39.26 11.6 50.63 (GLY 31) N-H...O 3.0
(GLY 29) N-H...O 2.9
-5.77 -54.72 2.78 -51.94 (GLY 29) N-H...O 3.0
Pyrazole 2 -3.79 -42.54 0.43 -42.12 (HIS 47) N-H...O 2.9
derivatives (GLY 29) N-H...O 3.4
3 -6.89 -53.72 -0.32 -54.03
O-H...O (TYR 27) 2.7
O-H...O (CYS 44) 2.8
1 -4.31 -27.78 -6.23 -34.01 O-H...O (ASP 48) 2.7
— (GLY 31) N-H..N 3.1
Yaroxylmino O-H...O (ASP 48) 2.6
derivatives
2 -7.21 -32.84 -6.92 -39.76 O-H...N (GLY 31) 3.2
(HIS 47) N-H...O 2.8
3 -5.94 -28.44 -5.91 -34.35 O-H...O (CYS 44) 2.6
(HIS 47) N-H...O 3.0
1 -7.21 -42.60 -3.26 -45.86
Aldehvd (GLY 29) N-H...O 2.6
comee O-H...O (LEU 2) 27
derivatives
2 -8.01 -25.80 -14.99 -40.79 (HIS 47) N-H...O 2.6
O-H...O (ASP 48) 2.6
-5.85 -38.64 -5.20 -43.84 (GLY 29) N-H...O 2.9
Isoxazole
R -6.34 -37.56 -0.39 -37.96 (GLY 29) N-H...O 3.0
derivatives
3 -7.78 -40.46 -5.15 -45.61 (HIS 47) N-H...O 3.1
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this enzyme in order to treat certain chronic in amma-
tory conditions such as rheumatoid arthritis and asthma.
To this end, a clear understanding of the interaction of
PLA, enzymes with their ligands is required. During the
last two decades computer-assisted methods have been
proven to be very powerful and successful in improving
our understanding of structure-activity relationships of
ligands and their receptors, in particular enzyme-inhib-
itor complexes, and using this information to rationally
modify their interaction.

Binding site of PLA, is composed of a “hydrophobic
site” where the fatty acid tails of substrates bind, and
the “catalytic site” for substrate cleavage. The “hydro-
phobic site” in PLA,-ITA consists of aliphatic and aro-
matic residues within or close to the N-terminal helix
(In PLA,-ITA: Leu2, Phe5, 1le9, Alal7, Alal8, Tyr21,
Cys28, Cys44, and Phe98). And catalytic site of PLA,-
ITA contains hydrophilic residues His47 and Asp48,

iso-oxazole-3

Fig. 2. Hydrogen bond interaction of best derivative with co-crystal ligand in PLA, active site.

which together with the catalytic Ca*" are needed for the
enzyme’s cleavage mechanism consisting on the nucle-
ophilic attack of a water molecule at the sn-2 acyl ester
bond of diacylglycerol. Due to the fact that PLA, sub-
strates interact with the catalytic Ca*", this interaction
has been included in the design of inhibitors as a hot
spot for improving affinity. In present study, insilico
molecular docking studies of five types of ligands
(pyrazole, hydroxyimino, aldehyde, isoxazole and
indole derivatives) against human PLA, II (Pdb id:
1POE) has been carried out using Glide module of
Schrodinger 2009. Docking results of best complex of
these compounds with their key active site residues
interaction are tabulated in (Table 1).

Based on docking score, glide energy and key active
site interactions, ligands of pyrazole, aldehyde and iso-
xazole derivatives show better binding affinity com-
pared to cocrystalised inhibitor. Among pyrazole

Pyrazole-1

GLY.31

“1 aldehyde-2
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derivatives, pyrazole (1 and 3) show better glide energy
(-51.94, -54.03) and reasonable docking score (-5.77,
-6.89) compared to cocrystallised inhibitor (-7.46 and
-50.63). Favorable binding of these two compounds is
due to van der Waals interactions (Evdw =-54.72 and
-53.72) compared to cocrystallised inhibitor (Evdw =
-39.26).

The binding mode of compounds are similar to coc-
rystallised inhibitor and exhibit strong hydrogen bond
interactions with catalytic hydrophobic site Gly 29 and
Tyr 27, respectively along with one Ca®" coordination
for inhibition of enzyme’s cleavage mechanism and its
interaction shown in Fig. 2. Among aldehyde deriva-
tives, aldehyde 2 exhibits better docking score (-8.01)
and rescannable glide energy (-40.79) compared with
cocrystallised inhibitor (-7.46, -50.63). Favorable binding
of compound is due to the higher electrostatic (-14.99)
and rescannable van der Waals interaction (-25.80).
Compound having three hydrogen bond interactions
with catalytic residues (His 47, Asp 48 and Leu 2) and
one Ca®" coordination along with similar hydrophobic
interactions exhibited by cocrystallised inhibitor.

Among isoxazole derivatives, isoxazole 3 shows bet-
ter docking score (-7.78) and rescannable glide energy
(-45.61) compared with cocrystalised inhibitor (-7.46,
-50.63). favorable binding of this compound is due to
van der Walls interactions (-40.46) and rescannable
electrostatic interaction (-5.15) compared to co crystal-
lized inhibitor. This compound makes one hydrogen
bonding interaction with catalytic hydrophilic residue
(His 47) and one Ca*>" ion coordination and fully sur-
rounded with hydrophobic amino acid.

Thus, these compounds could be thought of possess-
ing potent activity compared to already cocrystalised
inhibitor from our insilico docking studies. For better
understanding of inhibition, molecular dynamics studies
are needed so that the interactions with key active site
residues and thermodynamic properties, search as free
energy are to be explored.

4. Conclusions

Docking analysis of all the ten derivatives with the
protein targets, Phospholipase A, brought important
interactions operating at the molecular level. Hence tar-
geting the above proteins is necessary for the design of
broad spectrum of anti-inflammation. In order to study
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the binding mode and enzyme-inhibitor interaction with
the active site residues of the target proteins, we have
compared our compound with all ready co-crystallized
ligand. The above established enzyme-inhibitor com-
plex is taken as a model for explaining our interaction
the active sites of the enzyme The docking studies with
the all derivatives showed that our derivatives also
established a similar way of binding with the target pro-
tein which is explained by their comparable binding
energy and interaction with the active site residues of
the enzymes. Among all derivatives, pyrazole com-
pounds 1 and 3 show better glide energy (-51.94, -54.03)
and reasonable docking score (-5.77, -6.89) compared
to cocrystallised inhibitor (-7.46 and -50.63). Thus in-
short this study will be useful for the design of novel
anti- inflammatory agents based on docking methods.
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