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ABSTRACT

Molecular docking strategy is of immense importance in the field of pharmaceutical industry to predict the exact binding
conformations of the small molecules into the structures of macromolecular targets. Subsequently, score and/or binding free energy
data (AG) calculated by the algorithms are used to analyze the complex structures. The binding conformations further examined by
means of score and/or binding free energy data (AG) of the complex structures. Most importantly, this algorithm successfully
applied in different disease types such as Influenza, HIV, cancer etc. Nevertheless, the selection of appropriate algorithms and
scoring schemes are remains the significant challenge in this field. In the present investigation, we have summarized the available
online tools and software, key concepts alongside specific applications in the recent years. We sincerely hope that this review
certainly helpful to illustrates the basic underlying concepts in the docking study.
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INTRODUCTION

olecular docking is a computational method

used to predict the preferred orientation of the

ligands (often small molecules) into the binding
pocket of their receptor (macromolecular target).
Knowledge of the preferred orientation or the strength of
association in turn could be examined based on the
suitable scoring functions. In general form, only the
atomic coordinates of the two molecules will be
necessary for the docking study. No additional data are
provided for docking analysis. However, in practice,
knowledge of the binding sites may be given. During the
analysis, a native structure exists for receptor 1 but not
for ligand 1. On the contrary, Ligand 1 was co-crystallized
with receptor 2. In these circumstances, the structure of
ligand 1 could be extracted from the complex with
receptor 2. The use of modeled structures in the docking
analysis is an even more challenging task’.

Flexibility plays a key role in docking analysis. In
particular, the computational procedures inherent to
docking are mainly based on the extent of flexibility that
they attempt to address. These can be classified into
three stages by their degree of approximation: (i) Rigid
docking. Rigid docking is a highly simplistic model that
considers the two proteins as two rigid solid bodies. (ii)
Semi-flexible docking. The semi-flexible model s
asymmetric; one of the molecules, usually the smaller
ligand, is considered flexible, while the receptor is
considered as rigid. (iii) Flexible docking. Both molecules
are considered flexible, although clearly the extent of
flexibility is necessarily limited, or simplifiedz.

Molecular docking study widely used to screen large
libraries of molecules that will modulate the activity of a
biological receptor. It is also used to model the
interaction between a small molecule and a protein at the

atomic level, which help us to characterize the behavior
of small molecules in the binding site of target proteins as
well as to explore fundamental biochemical processes3.
The algorithm has two basic steps: (i) prediction of the
ligand conformation as well as its position and orientation
within these sites (usually referred to as pose) and (ii)
assessment of the binding affinity using the scoring
function. Different types of scoring schemes are available
in practice.

Classical force-field-based scoring functions® estimate the
binding energy by calculating the sum of the non-bonded
interactions such as electrostatics and van der Waals
forces. In some of the algorithms may accounts the
hydrogen bonds, entropy contributions and salvations
parameter also during the binding energy calculation.
Recently, techniques, such as linear interaction energy5
and free-energy perturbation methods (FEP)® can be used
to further refine the force-field-based scoring functions in
docking analysis. The problem associated with the force-
field-based scoring functions is the slow computational
speed.

In empirical scoring functions’, binding energy
decomposes into several energy components, such as
hydrogen bond, ionic interaction, hydrophobic effect etc.
The empirical scoring functions have relatively simple
energy terms to evaluate. However, it is unclear as to
how well they are suited for ligand-protein complexes
beyond the training set. Moreover, each term in the
empirical scoring functions may be treated in a different
manner by different software. Finally, the numbers of the
terms included are also different in different algorithm.

Knowledge-based scoring functions®™%: the score is

calculated by favoring preferred contacts and penalizing
repulsive interactions between each atom in the ligand
and protein within a given cutoff. The advantage of
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knowledge-based functions is the computational
simplicity. Therefore, this kind of scoring scheme
employed mainly to screen large compound databases.
Recently, Consensus scoring:ll scheme is introduced in the
docking analysis that combines several different scores to
assess the docking conformation. The pose of ligand or a
potential binder could be accepted only when it scores
well under a number of different scoring strategies.

Overall, the docking field begins to flourish only in the
mid-1980s. Though it suffers from well-known liabilities,
it has predicted new ligands for over 50 targets in the last
five years alone. Moreover, the use of docking approach
alongside high-throughput screening (HTS) would
certainly enrich the hit rates by many fold". Here, we
have reviewed the key concepts of some of the best
algorithms in the docking field and its application in the
recent years especially in drug designing strategies.

Docking Algorithms
Freely accessible docking algorithms
Patch Dock

Patch Dock is an automated server for rigid and
symmetric docking. The purpose of Patch Dock method is
to perform structure prediction of protein—protein and
protein—small molecule complexes. Patch Dock®™ is a
geometry-based molecular docking algorithm. The
Molecular docking algorithm is based on the principle of
shape complementarity”’ls, It is mainly aimed at finding
docking transformations that yield good molecular shape
complementarity. The input required for the docking is
two molecules of any type: proteins, DNA, peptides,
drugs, in the form of PDB. The molecules are either being
uploaded to the server or the PDB files can be retrieved
directly from the Protein Data Bank. Also, we can enter
the PDB code to the server as input. The output results
are generated automatically on the webpage that
presents the top 20 solutions. The results contain
geometric score, desolvation energy, interface area size
and the actual rigid transformation of the solution™. The
solutions can also be downloaded in Zip file format from
the server page. Recently, the server was employed in
different areas such as identification of Hepatitis C Virus
inhibitors by virtual screening approach to find out novel
inhibitors for H5N1 Influenza A virus, dapsone resistance
in leprosy and even it is employed for azobenzene
reductase docking and its interactions study”’lg, The
Patch Dock web services are available at
http://bioinfo3d.cs.tau.ac.il/Patch Dock/.

Gramm-X

Gramm-X is a protein docking automated web server. It
significantly develops the utility of the docking
methodologies in the biological community. The main
application of the server is protein-protein docking.
GRAMM-X employs FFT (Fast Fourier Transformation)
GRAMM methodology, for shape complementarity and a
softened Lennard--Jones potential function to model

ISSN 0976 — 044X

conformational changes that take place during protein-
protein bindingzo'zz. The input file format required for the
server is PDB format. GRAMM-X displays their results in
the form of the top scoring models that is mainly based
on soft Lennard-Jones potential, evolutionary
conservation of predicted interface, statistical residue-
residue preference, the volume of the minimum,
empirical binding free energy and atomic contact
energy23'24. In recent times, for the investigations of
mechanism of interactions of scorpion neurotoxins with
the predicted structure of the D1 dopamine receptor
server is employed efficiently. Services are available at
http://vakser.compbio.ku.edu/resources/gramm/grammx
/25.

RosettaDock

RosettaDock is a protein-protein docking server. It has
been progressively used in protein docking and design
approaches in order to predict the structure of protein-
protein interfaces. RosettaDock is a program based on
structure-predictionzs. It searches the rigid-body and side-
chain conformational space of the two interacting
proteins to find a complex structure with minimum free-
energy27. RosettaDock is mainly based on multi-start,
multi-scale Monte Carlo algorithm. Structures for the
docking analysis are uploaded in the standard Protein
Data Bank (PDB) format for respective partners.
RosettaDock server shows an illustrative output page in
the form of result. The output web page displays the 10
best scoring structures with docked images and
coordinates files in order by energy with specific rank. In
recent years the server is being used for docking a small-
molecule ligand into the protein comparative model, for
studying protein-protein interaction. The server s
available at: http://rosettadock.graylab.jhu.edu®.

SwissDock

SwissDock is an automated docking server, designed to
predict the molecular interactions that may occur
between a protein and a small molecule/ligand. The
server has wide range applications ranging from protein
engineering to drug design. SwissDock are based on the
docking software EADock DSS*. The algorithm employed
in the server mainly consists of two different steps. In the
first step, a large number of BMs (typically from 5000 to
15000) are generated, either in local docking or blind
docking. At the same time, their CHARMM energies are
estimated on a grid. The binding modes with the most
favorable energies are evaluated with FACTS and
clustered®®®. The most promising clusters can be
visualized online and can be easily downloaded. This
unique combination of features allows accurate docking
in a short time. The input data required for the docking
analysis (protein and ligand) is in PDB or Mol2 format.
The web page of docking results features a Jmol applet
within the web browser for the visualization of the
expected BMs*’. The server is employed for the better
understanding of molecular features associated with
polymerase inhibition and to identify binding sites of
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potential small molecules®. The server is also employed
for high-throughput ligand screening34. Much more
research studies have been performed by employing this
server. Web Service for SwissDock is available at
http://www.swissdock.ch.

Molecular Docking Server

The molecular docking server offers a web-based, easy to
use interface that is useful for all aspects of molecular
docking of protein and ligand system. Molecular docking
methods are commonly used for predicting binding
modes and to calculate the energies of ligands to protein.
It can also be used for the docking analysis of target
proteins with a single ligand as well as for high
throughput docking of ligand libraries. The server uses
AutoDock interface® and semi-emperical method for
accurate docking analysis%. The input for the docking is
required in the form of PDB structures for both ligand and
macromolecule (protein). Also, we can directly download
the ligand and protein molecule from PubChem and
Protein Data Bank respectively. Finally, docking results
are processed automatically in different ways for the
better understanding of the results displayed. The results
displayed consist of docking energies, frequencies and
downloadable PDB coordinates, figures of the docked
complex structures, ligand-protein interactions. Recently,
the molecular docking server was employed to study drug
protein interactions and to predict the effect of highly
deleterious mutation by calculating the free energy in the
docked complex®’. Moreover, it is employed for designing
Potential inhibitors against acetylcholinesterase and
glutathione S-transferase associated with alzheimer's
disease®. The service for the docking server is available
at: http://www.dockingserver.com/web. The homepage
of the respective servers is shown in Figure 1 and 2.

In addition to above described web servers a lot many
other servers are also available for the docking analysis,
such as HADDOCK, ZDOCK, ClusPro, SymmbDock, FireDock
etc. which are freely accessible.

Stand-alone docking tools
ArgusLab

ArgusLab operates with the help of Windows operating
system. It is extensively used in molecular modelling and
drug design. In Arguslab, for flexible ligand docking, the
ligand is described as a torsion tree®. The topology of a
torsion tree is a determining factor affecting the efficient
docking process. The scoring method used in Argus Lab is
AScore. It is an empirical scoring function and based on
various parameters such as the van der Waals interaction
between the ligand and the protein, the hydrophobic
effect, the hydrogen bonds between the ligand and the
protein, the deformation effect and the effects of the
translational and rotational entropy loss in the binding
process4°. For the calculation of binding energies of the
docked complexes, the AScore function with the
parameters read from the AScore.prm file is used.
Recently, ArgusLab employed to predict the free energy
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of binding in drug resistance in the Hepatitis B Virus
Polymerase (M204V), influenza mutations (R292K, H274Y,
N294S) and lung cancer types41'45. ArguslLab can be
downloaded free of cost at http://www.arguslab.com.

AutoDock

AutoDock is a fast automatic docking tool and considered
as the best docking method to predict the free energy of
binding46. AutoDock 4 is a free software. AutoDock 4
comprises of Autogrid and AutoDock. The main function
of AutoDock to execute the docking process to set of
grids and autogrid recalculates these grids. AutoDock has
been successfully employed in the X-ray crystallography,
structure-based drug design, lead optimization, virtual
screening, protein-protein docking and chemical
mechanism studies. In AutoDock, protein is generally
assigned with Kollman united atom charges and solvation
values, whereas the ligand is assigned with Gasteiger
charges”’. AutoDock handles the Lamarckian genetic
algorithm (LGA) to search for the best conformers.
AutoDock utility has been used in latest research of
cancer research, nalidixic acid resistance mechanism in
Salmonella enterica and paclitaxel resistant in B-tubulin
(R306C, F270V mutation)48'51. In addition to the binding
energy, intermolecular energy, electrostatic energy,
torsional free energy, total internal energy and van der
Waals energy can be calculated. The results are highly
accurate and predictable and up to 40,000 rigid dockings
can be performed in a single day on a single computer.
Recently, AutoDock is being implemented to dock with
nano particles with protein structure®.

AutoDock Vina

AutoDock Vina is an open-source program for doing
molecular docking. It was executed by Dr. Oleg Trott in
the Molecular Graphics Lab at The Scripps Research
Institute. AutoDock Vina calculates grid size automatically
and does not depend upon on choosing atom types™>. It is
specially executed for receptor-ligand studies. There are
three main steps involved in AutoDock Vina. First step is
the preparation of the protein, the second step is defining
the active site and the third one is the preparation of the
ligand. AutoDock Vina is two times faster than AutoDock
4 and files such as the AutoGrid and AutoDock (GPF, DPF)
and grid map files are not required”*. A default protocol
in AutoDock Vina comprises of maximum number of 2.5
x105 energy evaluations, a maximum number of 2.7 x 104
results generations and a mutation rate of 0.02 and a
crossover rate of 0.8 are generally applied. It can be
downloaded from the website
(http://vina.scripps.edu/download.html). AutoDock Vina
has been successfully implemented, especially in virtual
screeni6r1g, flexibility analysis and docking of metal
ions>°,

Hex Server

Hex server is an online protein-protein server and works
. . . 7

on Windows-XP, Linux and Mac operating systems5 . The

protein docking is done in Hex server using polar Fourier
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correlations. In this server, the smaller protein is taken as
a ligand. The Hex Server automatically removes water
molecules and other hetero atoms from the input files in
the server®®. On this server, the protein PDB codes from
the protein data bank are used and its calculation is based
on the each protein rotates on its own coordinate origin
and varies the separation between the two origins>.
Then the score is calculated for each orientation and the
highest score is taken into account. It is a fast server and
the results can be obtained via email. This server is freely
available at http://hexserver.Ioria.fr/eo.

Molegro Virtual Docker

Molegro Virtual Docker offers the simplest and most
precise approach to anticipate how molecules connect
with proteins in a completely integrated environment®". It
anticipates the protein-ligand interactions, determine
molecular similarity and shows how ligand binds to the
protein receptor. It is useful in drug discovery as it
screens the potential lead molecules®. In this docking
tool, changes such as repair, mutate or minimize side
chains can be made before docking and automated
preparation of input structures. It assigns hydrogens,
charges, bond orders, hybridization to the molecules and
extract 3D molecule descriptors based on chemical
propertie563. It works on Windows, Mac, Linux operating
systems. Recently, molegro virtual docker software has
been utilised in virtual screening and QSAR studies®. The
homepage of the respective servers is shown in Figure 3
and 4.

Similarly docking algorithms such as | Gene, ADAM, eHiTS,
ICM-Dock etc are available to study the drug protein
interactions.

Commercial Docking tools

Yet Another Scientific Artificial
(YASARA)

Reality Application

YASARA is molecular-graphics, modeling and simulation
program for Windows, Linux, Mac OS X and Android. It
creates the high level of interaction with the ‘artificial
reality’. The initial stage of YASARA is “YASARA View”
which is free while higher stages are YASARA Model,
YASARA Structure, and YASARA Dynamics. YASARA
Structure provides user-friendly protein-ligand docking®.
In the Docking module, YASARA DOCK predicts the
protein-DNA interactions. Docking is carried out using
three different approaches AUTODOCK, VINA, and Fleksy.
It includes a tuned derivative of the original Autodock.
VINA is tightly related to the original AutoDock, but it is
really needed due to its higher performance. Fleksy is a
program for flexible and induced fit docking using
receptor ensemble to describe protein flexibility. In the
YASARA docking program, energy is calculated under
YAMBER3 force field condition complex with the
difference between the sum of potential and solvation
energies of the separated compounds and the sum of
potential and salvation energies. YASARA Structure
module merges different molecule into a single file or
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structure ensemble. The output of the docking runs is
sorted based on the binding energy. YASARA docking
gives positive binding energy. So, more the positive
energy indicates the higher affinity between the
molecules®™. Recently, YASARA structure module is
utilized for identification of novel inhibitors against
Acetylcholinesterase3, study of Rifampicin resistance in

M. leprae4 and also Crizotinib resistance in NSCLC®"®.

HyperChem

HyperChem is  well-known molecular modeling
software’®. Docking using HyperChem predicts the best
docking mode between protein and ligand molecule, and
can suggest the direction of molecular design in a
structure-based manner. It supports high-level drug
design such as the lead optimizations as well as the ability
to predict the lead compounds. It utilizes novel docking
algorithm which is non-grid algorithm based on the PIEFII
technology. PIEFII technology predicts the binding site
and ligand pharmacophore points. The non-grid algorithm
predicts the precise interaction energy for the entire
system than the approximated interaction energy
predicted using grid based docking simulation programs.
HyperChem docking supports many of the force field
parameters such as MM+, Ambers, OPLS, BIO+83,
CHARMM19 etc. It supports the restart function which
can restart or start the docking simulations from the
desired conformation without loss of the energy
calculation”. The energies arising from all atoms and
molecules in the protein molecule system are calculated
explicitly and accurately. The non-grid algorithm predicts
the conformations and binding energy. Negative binding
energy denotes that lower binding energy higher the
binding affinity. Combining with other simulations,
HyperChem docking program was utilized in the study of
retinoic acid binding with retinoid X receptors8 and in
addition to that, analyzing the binding of Rutin fatty acid
with bioconjugate and cyclodextrin molecules’””>.

Genetic Optimization for Ligand Docking (GOLD)

GOLD is comprehensively validated and widely used
molecular modeling program because of its accuracy and
reliability. GOLD can be used both Windows and Linux
platform. It calculates the docking modes of small
molecules in protein binding sites. GOLD utilize the
genetic algorithm (GA) to explore ligand conformational
flexibility with the partial flexibility of the protein. GA
samples binding modes of the ligand by searching
patterns of hydrogen-bonding motifs and fitness
functions are calculated. Fitness function is evaluated by
the sum of six different energy parameters’®. There are
four different scoring functions ChemPLP, GoldScore,
ChemScore, and the Astex Statistical Potential (ASP). The
GOLDScore performs better than other functions with
regards to the binding energy. GOLDScore success rate is
81% whereas 78% for ChemScore function”. Docking of
protein and ligand is sorted based on the Fitness score
and it also gives the RMS values of the corresponding
molecule. GOLD was utilized in the identification of
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depression inhibitors from benzoxazolinone derivatives
and in the investigation of tubulin binding modes’®”’.
GOLD reliably identifies the correct binding mode of

ligand towards the protein molecule.
Grid-based Ligand Docking with Energetics (GLIDE)

Glide is a docking program for predicting binding modes
of ligand to the protein and ranking ligands via high-
throughput virtual screening. Glide offers the full
spectrum of speed and accuracy from the high-
throughput virtual screening of millions of compounds to
extremely accurate binding mode predictions, providing
consistently high enrichment at every level. Glide able to
dock ligand with both rigid and flexible protein molecule.
Glide utilizes a hierarchical series of filters to search for a
possible position for the ligand in the active-site region of
the receptor. Glide program generates a set of
conformers for input ligand and performs an exhaustive
search for possible positions and orientations of ligand
over the active site of the protein. Conformers of ligand
that pass this initial filtration are undergoing to energy
minimization on precomputed OPLS-AA van der Waals
and electrostatic grids for the receptor. Final scoring is
carried out on the energy-minimized conformers. Glide
utilizes two scoring protocols GlideSP and GlideXP’®. In
addition to the Glide Score, it calculates Emodel, a
composite scoring function. The different conformers of
binding are ranked based on the Glide Score and also
lowest Emodel conformer. The lowest Glide Score is the
best docking conformer of the ligand with the protein”’.
In the evaluation of benzotriazole derivativesl6 and
characterization of the inhibitory effect of PDE4B Glide
docking were utilized. Glide docking program is twice as
reliable as GOLD®.

Discovery Studio

Discovery Studio Standalone is a complete molecular
modeling platform designed for the independent
modeler. Different modules are utilized for docking such
as CDOCKER, DS Flexible docking, and DS Ligand fit.
CDOCKER utilizes molecular dynamics (MD) simulated-
annealing-based algorithm. This docking program is
suitable for large-scale lead optimization problem581. DS
Flexible Docking is a realistic approach performs rational
flexible docking in which the docking of small molecules is
influenced by existing low-energy conformations of side
chains in the active site. It also combines with CHARMm
for accurate receptor samplingsz. DS Ligand fit accurately
docks the ligand to the protein active sites. It
incorporates shape-based searching and Monte Carlo
sampling of ligands. The 3D structure of the protein and
2D or 3D structure of the ligand are given as the input
parameter file. Cavity detection and docking are the two
procedures of the Ligand fit. Cavity detection uses the
flood-filling algorithm to identify the best cavity for the
binding of the ligand. Docking procedure employs
conformational search, selection of binding pose and
grid-based energy calculation. LigScorel, LigScore2, PLP1,
PLP2, JAIN, and PMF are different scoring functions used
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in the DS Ligandfit83. Higher dock score have the binding
higher affinity. Ligand fit was used in the study
biodegradation of phenol and it also utilized in the
identification of kinase 1 inhibitors®*®>. The homepage of
the respective servers is shown in Figure 5.
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Figure 1: Snapshot obtained from (a) Patch Dock, (b)
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Figure 2: Snapshot obtained from (a) SwissDock and (b)
Molecular docking server.
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CONCLUSION

Despite the recent advancement in the field of drug
discovery, many challenges are to be addressed. For
instance, antibiotic resistance is one of the biggest threats
to global health today. It can affect anyone, of any age, in
any country. Most importantly, antibiotic resistance leads
to longer hospital stays, higher medical costs and
increased mortality. This situation could be controlled by
the introduction of key concepts called, Personalized
Medicine or Precision Medicine. However, time and cost
are the two major obstacles needs to be addressed to
make this happen. Indeed, computational docking
approach and the advancement in this field was heavily
influenced to address the acknowledged limitations of
personalized medicine. Despite the docking successes
highlighted in this review, achieving success is not trivial.
The protein and the ligands file preparation, selection of
the docking algorithm, setting and tuning the parameters
and carrying out the post docking analysis requires
profound expertise. It is especially useful in reducing a
collection of large number of compounds down to a
manageable number. The false positive prediction could
be eliminated in the docking approach by employing
multiple docking or re-docking procedures. Subsequently,
the results will be normalized based on the output
obtained from the algorithms. It is recommended, if at all
possible, use docking in parallel with other techniques
(experimental HTS, pharmacophore modeling, etc.) to
select as many compounds as possible for experimental
confirmation. In the light of the progress that has been
made, considering the successful applications in the
different disease types and the ongoing developments, it
is conceivable that the importance of docking will
continue to increase significantly.
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