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Abstract

Docking tools are computer-aided simulation process by which appropriate
ligand molecules (drugs) are screened for receptor molecules such as protein/enzyme.
Molecular docking has become a widely used approach to guide the discovery of
drugs in Pharma industry provided the high-resolution structure of the biological system
is available to model the study. In this article, we have performed the comparative
study of the docking tools Flex-X and AutoDock for screening the ligand/drug as an
antidote for Organophosphorus (OP)-inhibited AChE. We have employed both the
docking tools for tabun-inhibited mAChE with HL3-7 (2JEZ), tabun-inhibited mAChE
with Ortho-7 (2JFO) and sarin-inhibited mAChE with HI-6 (5FPP). Analyzing the docking
results obtained from both docking tools, we have confirmed that Flex-X yields better
results than AutoDock in these cases. Flex-X has given much lower root mean square
deviation (RMSD) values of the docked structures, lower docking scoring and better
pose with the corresponding crystal structures. Flex-X seems to be a superior docking
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tool to screen the antidotes for OP-inhibited AChE.

AChE: Acetyl Cholinesterase; ACh: Acetylcholine; PDB:
Protein Data Bank; LGA: Lamarckian Genetic Algorithm; GA:
Genetic Algorithm; OP: Organophosphorus; RMSD: Root Mean
Square Deviation

Docking study was conceptualized in 1980s to study the
interaction between small ligand/drug molecules with the
macromolecular system like protein/enzyme to predict the
ligand protein interaction at molecular level [1-3]. Computer
aided docking study can predict the preferred conformation of
the ligand/drug molecule inside the protein receptor or enzyme
[4]. Computer aided drug design is very important for most of
the pharmaceutical companies [4-8]. Most of the commercial
drugs available in the market are designed by the computer
aided methods [9]. In 2013, three computational chemists Martin
Karplus, Michael Levitt and Arieh Warshel won the Nobel Prize
for their notable contribution for the development of multiscale
modeling for complex chemical systems [10].

To perform docking studies, there are many docking tools
available, some of which are free and some of the docking tools
can be procured commercially. The most commonly used docking
tools are Flex-X, AutoDock, and Gold and Dock [11-14]. In this
study, we have employed Flex-X and AutoDock to screen the
interaction of ligand with the enzyme. AutoDock is freeware and
Flex-x has been procured. It is to note that docking simulations
have differentalgorithms. Flex-X uses incremental reconstruction
algorithm and AutoDock uses Lamarckian Genetic Algorithm
(LGA) [11-12,15]. AutoDock by using Lamarckian Genetic
Algorithm (LGA) explores the conformational space of the ligand.
The LGA is a hybrid genetic algorithm (GA) with a local search
method [12,16]. In the docking simulation, AutoDock uses two
combined methods, viz. (1) rapid grid-based energy evaluation
and (2) efficient search of torsional freedom [17]. AutoDock
simulation run by mainly four steps: (1) preparation of coordinate
files i.e. PDB file format of receptor and ligand are converted
into PDBQT format, (2) Auto Grid calculations, wherein atomic
affinity potentials of each atom of the ligand molecules are pre-
calculated and the receptor is embedded in three-dimensional
grid, (3) docking is performed using LGA and it is run many times
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to get the several docked conformations and (4) analysis of the
results using AutoDock tools [17]. There are mainly four steps
for docking simulation using Flex-X: (1) receptor definition, (2)
ligand and docking library composition, (3) docking and (4)
analysis [18]. The docking tools in general functions with an aim
at positioning of a flexible ligand/drug molecule inside the rigid
binding site [19]. The selection of docking tools for screening
of ligand/drug molecule with the protein/enzyme is largely
empirical and hence the comparative study is required. There are
reports, where such comparisons have been carried with specific
proteins and ligand molecules.

In serine  hydrolase, acetylcholinesterase  (AChE,
acetylcholine acetylhydrolase, E C 3.1.1.7) is an essential enzyme
that terminates nerve impulses at cholinergic synapses found at
neuromuscular junctions. Acetylcholine (ACh) is hydrolysed by
the serine residue of acetylcholinesterase (AChE) enzyme and
produce acetic acid and choline. Due to this process ACh transmits
information from one neuron to another neuron [20-24]. The
higher second-order rate constant [>108 (mol/L)-1:s-1] of the
AChE catalytic hydrolysis activity is remarkable for its enzymatic
activity [25-27]. Inhibition of the AChE by Organophosphorus
(OP) compounds has severe effect to the human due to the
formation of covalent conjugate by phosphylation. The formation
of conjugate due to the phosphylation stop the normal activity of
AChE, resulting in accumulation of Ach which may lead to death
[20,26,28-30]. The normal activity of AChE can be restored by
introducing a nucleophilic reactivator such as oxime compounds
to eliminate the OP from the conjugate [29,31]. Till date there is
no universal drug like candidate which can treat OP-inhibited
AChE and therefore this is an active field of research [31-35].

Reports are scarce in the literature on the screening
of antidotes with OPs-inhibited AChE with docking tools.
In this article, we have performed docking study between
Organophosphorus (OP) inhibited AChE as protein and HLo-7,
Ortho-7 and HI-6 as antidotes using two widely used docking
tools Flex-X and AutoDock. The main objective of this study is to
identify the more accurate docking tool for screening the antidote
for the reactivation of the OP inhibited AChE.

For all the docking studies, receptor molecules were taken
as a rigid body with a grid potential to evaluate the scoring
functions. Docking simulations were done using flexible ligands
for the employed docking tools. In the case of AutoDock, both the
receptor and ligand were taken as PDB format. Crystals of tabun-
inhibited mAChE with HL6-7 (2]JEZ), tabun-inhibited mAChE with
Ortho-7 (2JF0) and sarin-inhibited mAChE with HI-6 (5FPP) were
docked with the crystals of HL6-7, Ortho-7and HI-6 respectively
using Flex-X and AutoDock.

We have considered tabun-inhibited mAChE with HL9-7 and
Ortho-7 and sarin-inhibited mAChE with HI-6 for the docking
studies using a grid based AutoDock 4.2 program [36]. To explore
the grid space and to execute energy assessment on the position
of the ligand with respect to the target energy grids Lamarckian
Genetic Algorithm (LGA) is utilized by the AutoDock. The grid box
dimension of 70-70-70 A was kept during the Autogrid simulation
to keep the receptor and ligand in the grid map preparation.
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During docking simulation, all the receptor molecules explore
six spatial degrees of freedom along with the associated torsion.
The interaction energy is calculated at each step of the docking
simulation until the global minimum is energy reached.

For Flex-X (LeadIT 2.0.2) all the receptor molecules viz.
tabun-inhibited mAChE with HL6-7 and Ortho-7and sarin-
inhibited mAChE with HI-6were taken in PDB format for docking
simulation. Ligand molecules were taken in the mol2 format. The
default settings provided in the Flex-X was used for the docking
simulation. After uploading the receptor molecule, 6.54 cut-off
distance was selected from the defined reference ligand. The
crystal structure of the ligand in mol2 format was uploaded and
docking simulations were run.

In this study, we have considered the approach of re-docking
to examine the reliability of two docking programs especially for
OPs-inhibited AChE. Re-docking is the first step in any virtual
screening analysisfor the discovery of ligands, inhibitors and drug
candidates. The total number and percentage of docked pose of
the HL6-7 from Flex-X and AutoDock results are plotted in Figure
(1) with respect to the root mean square deviation (RMSD) values
from the original crystallographic conformation. Flex-X has given
total 199 numbers of docked poses and AutoDock has given
total 100 docked poses. Among the two docking tools, Flex-X
has given lowest RMSD value (1.40) for HL6-7 with respect to
crystallographic conformation. Lowest RMSD value obtained for
HL6-7 using AutoDock is 6.75, which is significantly higher than
the value obtained using Flex-X. There are significant number
(21) of docked poses having RMSD values <2 for Flex-X. This
lower RMSD value with respect to the crystallographic structure
reveals the better accuracy of the docking tool. Since the number
of docked poses is different for Flex-X and AutoDock, we have
drawn the percentage number of docked poses against RMSD
values (Figure 1). Around 10.6% of the total docked poses are <2
RMSD value for HL6-7 in the case of Flex-X.

In the case of Ortho-7 and tabun-inhibited mAChE, there are
no docked poses under the RMSD value<2 for the docking tools
Flex-X and AutoDock (Figure 2). For Flex-X total 20 docked poses
and for AutoDock total 101 docked poses have been obtained. For
Ortho-7, the lowest RMSD value 3.70 is observed in the case of
Flex-X, whereas the lowest RMSD value given by the AutoDock
is 5.07. In Flex-X, 10% of the docked poses are having <4 RMSD
value, whereas only 1% docked poses have <6 RMSD value in the
case of AutoDock.

In the case of HI-6 and sarin-inhibited mAChE, observed RMSD
values in AutoDock simulations are higher than that of the values
obtained for HL6-7 and Ortho-7 (Figure 3). The lowest RMSD
value 1.87 is observed in the case of Flex-X and for AutoDock the
lowest value is 5.99. There are total 4, 47 and 55 docked poses
having less than >2, >4 and >6 RMSD values respectively in the
case of Flex-X. There is only one pose having <6 RMSD value in
the case of AutoDock. Most of the docked poses 98.7% (88.2% +
6.6% + 3.9 5%) of AutoDock are having more than 6 RMSD values,
whereas 99.5% (1.8% + 21.5% + 25.1% + 51.1%) of the docked
structure are having < 6 RMSD values in the case of Flex-X.

Scoring function plays a vital role for the screening of
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ligand molecules for interaction with protein/enzyme. Scoring
function estimates the interaction energies of the ligand and
receptor molecules and based on the relative binding affinities
of the ligand, rank the docked structures [37]. The scoring
function is influenced by many parameters such as concerning
input preparation, docking algorithm and the terms of the
scoring functions [37]. The scoring in Flex-X is done by using
Bohm scoring function which consists of entropy loss for ligand
binding, hydrogen bonding, electrostatic interaction, interaction
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between the aromatic groups and hydrophobic interactions [38].
AutoDock uses energy based scoring function which consists
of short-ranged van der Waals and electrostatic interactions,
entropy loss for ligand binding, hydrogen bonding and solvation
energy [38].

The scoring obtained for tabun-inhibited mAChE with HL3-7

(2JEZ), tabun-inhibited mAChE with Ortho-7 (2]JF0) and sarin-
inhibited mAChE with HI-6 (5FPP) with Flex-X and AutoDock
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suggests that the drug molecules bind strongly with the OPS-
inhibited enzyme in the former case compared to the later.

We have also calculated inhibition constant (K)) of reactivator
molecules for docking score i.e. binding free energy of the
reactivator molecule using the Equation-1 [39,40].

AGX1000
f— RCH XTK 1
K =e™ (1

Where 4G is the binding free energy, R, is 1.98179 and TK
is 298 K.

In the Table (1), we have also reported the K, values
correspond to the best docking score [41-42].

Further, we have also examined the snapshots of the docked
ligand based on the best RMSD values with respect to the crystal
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structure of the ligand in the OP-inhibited AChE to examine the
pose deviation.

From the snapshot results (Figure 4) it is observed that
the pose of the best docked structure (based on RMSD vales) is
similar to the crystal pose of the HL9-7 in the case of Flex-X than
that of the AutoDock tools for tabun-inhibited mAChE. Moreover,
the observed distance between the oxygen atom of the oxime
group at the para position of the pyridinium ring of the HL6-7
and phosphorus atom of the active serine (SUN203) is 4.52 A and
9.8 A in the case of Flex-X and AutoDock respectively. In the case
of 2JEZ crystal, this distance is 5.59 A. Therefore, it is observed
that in the case of AutoDock tool there is a larger deviation from
the crystal structure of 2]JEZ.

For tabun-inhibited mAChE with Ortho-7 (2]JF0), snapshot
figure (Figure 5) of the best docked structure based on RMSD
values shows that the pose of the docked Ortho-7 is close to

Table 1: Top Scoring/Binding energy (in kcal/mol) of the docked conformers obtained by using Flex-X and AutoDock for tabun-inhibited mAChE with
Ortho-7 (2JF0), tabun-inhibited mAChE with HL6-7 (2JEZ) and sarin-inhibited mAChE with HI-6 (5FPP).

Docking Tools Tabun-inhibited mAChE with Ortho-7  Tabun-inhibited mAChE with HL6-7 Sarin-inhibited mAChE with HI-6
(2JF0) (2JEZ) (5FPP)
Flex-X -33.4 -15.5 -20.9
*K, (M) 3.19x 10" 4.29x10° 4.70x 101
AutoDock -6.93 -6.61 -7.84
*K, (M) 8.27 14.2 1.77

*calculated using Eq-1.

Abbreviations: AChE: Acetylcholinesterase; ACh: Acetylcholine; PDB: Protein Data Bank; LGA: Lamarckian Genetic Algorithm; GA: Genetic Algorithm;

OP: Organophosphorus; RMSD: Root Mean Square Deviation

Flex-X-l;JEZ

SUN203

AutoDock-2JEZ

Crystal HLO-T

Best docking pose of HL9-7 based on the RMSD values with reference to crystallographic pose in tabun-inhibited mAChE.

Flex-X-2JF0

Crystal Ortho-7

Docked Ortho-7

AutoDock-2JF0

L 7

Docked Orho-7

Crystal Ortho-7

Best docking pose of Ortho-7 based on the RMSD values with reference to crystallographic pose in tabun-inhibited mAChE.
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AutoDock-5FPP

Docked HI-6

Crystal HI-6

SUN203

Best docking pose of HI-6 based on the RMSD values with reference to crystallographic pose in sarin-inhibited mAChE.

the crystal pose of Ortho-7 in the case of Flex-X than that of the
AutoDock tool. The distance between the oxygen atom of the
oxime group near to the active serine (SUN203) and phosphorus
atom of the SUN203 is 3.54 A which is more close to the distance
found in the crystal structure (6.74 A) in the case of Flex-X,
whereas the distance measured from the AutoDock tool is 18.53
A.

From the snapshot (Figure 6) of sarin-inhibited mAChE, it is
observed that the best docked pose is similar with respect to the
crystal structure in the case of Flex-X. The oxime oxygen of the
best docked structure is very close (4.844) to the phosphorus
atom of active serine (SUN203) of the sarin-inhibited mAChE with
respect to the distance observed in the crystal (3.264). There is a
large deviation of the docked pose from the crystal pose of HI-6
for AutoDock. Moreover, the oxime group of the HI-6 is situated
away from the phosphorus atom of the active serine (SUN203) in
the case of AutoDock best docked structure.

In the work, we have examined the screening results of
ligand/small molecules with enzyme using the docking tools
Flex-X and AutoDock. The interaction of antidotes with OP-
inhibited AChE has been evaluated using these two docking
tools. Flex-X showed superior binding affinity of drug molecules
with OP-inhibited AChE. Flex-X takes much less time to give the
screen results compared to the AutoDock for similar systems. In
terms of RMSD values, Flex-X has given lower values i.e., 1.35,
3.26 and 1.87 for tabun-inhibited mAChE with HL6-7 (2JEZ),
tabun-inhibited mAChE with Ortho-7 (2]JF0) and sarin-inhibited
mAChE with HI-6 (5FPP) respectively, whereas AutoDock has
given 6.75, 5.07 and 5.99, respectively for same systems. The
scoring observed with these two docking tools also suggests that
Flex-X yields better binding of the antidotes with OP-inhibited
AChE. Further, the posing of the best docked conformer is much
closer to that of the crystal structure for all the three systems
in the case of Flex-X. This clearly shows that the commercially
available package surpasses the freely available docking program
in all parameter examined. Therefore, this study reveals that in
the discovery of new antidotes for the treatment of OP-inhibited
AChE, Flex-X can perform better than that of AutoDock.
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