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ABSTRACT
Molecular docking shows a very important role in the rational design of drugs. Method of molecular docking calculates the preferred orientation of one
molecule with the second molecule when bound to each other to form a stable complex. Knowledge of the preferred orientation in turn may be used to
predict the strength of association or binding affinity between two molecules. Docking is normally used to predict the binding orientation of small
molecule drug candidates to their protein targets in order to predict the affinity and activity of the small molecule. Given the biological and
pharmaceutical importance of molecular docking, considerable efforts have been directed towards improving the methods used to calculate docking.
The docking process simulates the ligand-protein pairwise interaction and the energies are calculated. There are three types of Docking: Protein-Protein
Docking, Protein-Ligand Docking and Protein-Protein and Protein-Ligand docking. Molecular docking software includes Auto dock, Flex-X, Glide,
Gold, ZDOCK, RDOCK, LeDOCK, Dock, Auto dock Vina, Mdock etc. The present review accumulates the characteristics and applications of the
different software used and the basic challenges faced in molecular docking studies.
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INTRODUCTION

molecular modelling (CAMM), computer-aided molecular design
(CAMD), computational drug design, rational drug design,
computer-aided rational drug design, in silico drug design.
CADD involves drug discovery and development using
computational methods which includes2:

The discovery and development of drug involves the skills and
proper knowledge of both an artist and the scientist.1 The
discovery of a single drug molecule requires investment of huge
amount of resources by biotechnology and pharmaceutical
companies. The process of drug discovery is very exclusive. As I.
claimed by many such companies, the drug development process
costs approximately between $800 million - $900 million with a
time interval of around 12-15 years. In modern drug discovery,
computer plays a vital role by saving both time and money, as the II.
process is follows in-silico chemico biological approach.2 The
process of new drug development is a multi-step process which
includes pre-clinical development and clinical trials.3
Chemicals available can be studied by in vitro high-through put
screening (HTS) to know their ability in binding, inhibiting or
activating the biomolecular targets4,5. Due to the large cost,
researchers are putting their efforts towards improvement of III.
computational tools for performing virtual screening (VS) before
HTS.6,7
The aim of pre-clinical development is the identification and
optimization of a lead compound for a targeted action in which
the pharmacokinetic and pharmacodynamic investigation of the
drug is involved and generally begins with in silico examinations
which further leads to in vitro and ultimately in vivo studies.8 IV.
After obtaining reasonable biological actions and safety and on
defining a proper galenic formulation for the lead compound, the
phases of clinical trial starts consecutively.9
Computational techniques are being used in the process of drug
discovery and development.10 Terms used in this field, includes
computer-assisted drug design (CADD), computer-aided

Utilizing the biological and chemical evidence about targets
and/or ligands for identification and optimization of the new
drugs.
Elimination of compounds with undesirable properties (poor
activity and/or poor Absorption, Distribution, Metabolism,
Excretion and Toxicity, (ADMET)) by using design of insilico filters and choice of the most promising candidates.
Fast development in this area has been made possible by
improvements in software and hardware computational
power and sophistication.
CADD is used for identification of active drug candidates
(hits), selection of most likely candidates for further
evaluation (leads), and for optimization of leads i.e.
transformation of compounds with biologically activity into
appropriate drugs by refining their ADMET/PK
(pharmacokinetic),
pharmaceutical,
physicochemical
properties.
Virtual screening is employed for discovering new drug
candidates by searching private 3-D chemical structure,
public, or commercial databases. This aims for amplification
molecular asset with desirable properties (active, drug-like,
lead-like) and eliminate compounds with properties that are
not desired (reactive, inactive, poor pharmacokinetic profile,
toxic).
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Virtual screening is growing very rapidly and the increased
number of citations with keywords “virtual screening” from 4 to
302 in 1997 and in 2004 respectively is an evidence for this.11 All
these techniques are becoming very important part of drug
discovery and development process and it is expected that the
computational method can help in improving the efficiency for
the industry by decreasing the requirement of resources.12
Molecular docking may be defined as an optimization process,
which would describe the "best-fit" orientation of a ligand that
binds to a particular protein of interest. However since both the
ligand and the protein are flexible, a "hand-in-glove" analogy is
more suitable than "lock-and-key". During the course of the
process, the ligand and the protein adjust their conformation to
achieve an overall "best-fit" and this kind of conformational
modifications resulting in the overall binding is referred to as
"induced-fit". The focus of molecular docking is to
computationally stimulate the molecular recognition process. The
purpose of molecular docking is to achieve an optimized
conformation for both the protein and ligand and relative
orientation between protein and ligand such that the free energy
of the overall system is minimized.13,14 Molecular modelling
includes all the methods either theoretical or computational used
for modelling or mimicking the molecule's behaviour. The
techniques are employed in computational biology, drug design,
materials science and computational chemistry for the study of
molecular organisations which ranges from small chemical
systems to large biological molecules and associations of
material. Manual method can be used for simple calculations, but
for carrying out the molecular modelling of larger sized system
computers are needed.10
Three stages mainly involved in molecular modelling are2:
a) Selection of a model for describing the intra-molecular and
inter- molecular interactions in the system. Quantum
mechanics and molecular mechanics are the two most
common models that are used in molecular modelling. These
models facilitate the energy of any arrangement of the atoms
and molecules in the system to be calculated and permit the
modeler to determine how the energy of the system differs as
the positions of the atoms and molecules change.
b) Calculations, like a conformational search, Monte Carlo
simulation or a molecular dynamics, or an energy
minimization.

identifying the molecules that can bind to selected protein target
(Virtual Screening).14
Lead Optimization
Docking helps in, relative orientation of a ligand binding to the
target protein in predicting (both site and type of orientation)
which help in designing the analogs with more potency and
selectivity.2
Bioremediation
Protein ligand docking is also used to predict contaminants that
can be degraded by enzymes. It also helps in estimating the
binding affinity.16
Searching for lead structures
Searching for lead structures for protein targets
Molecular Docking Software
Flexible-rigid docking has been extensively used. Since flexible
docking is usually more accurate, the relevant investigates have
become the most studying spot in recent years. Following is the
broadly used molecular docking software and its algorithms,
evaluation methods, features and application areas.
Molecular docking databases
The most prevalent protein structure database is the public
database Protein Data Bank (PDB).17 Also, the public databases
such as Pub Chem Compound Database18 and ZINC19 are free to
use. Besides, there are many important commercial databases,
such as Compound Database (AcD)20, Cambridge Structural
Database (CSD).21
Software for molecular docking
Flex X
Fragmentation algorithm, Semi-empirical calculation on free
energy; it is fast flexible-rigid docking. It can be used for virtual
screening of small molecule databases by using incremental
construction strategy22
Gold

c) Analysis of calculation is done, for calculating the properties
as well as for scrutiny that whether the method has been
performed appropriately or not.
Docking plays a vital role in the rational drug design. The method
of molecular docking allow the searching in an automatic and
more objectives way to assess the match between two
molecules.15 The estimation of available docking programs is a
useful task, which helps in deciding the most appropriate docking
algorithm for any distinct study.2
Binding of a small molecule ligand with an enzyme protein may
either stimulate or inhibit the enzyme. In case when the protein is
a receptor, this binding may either cause antagonism or agonism.2
Docking may be applied to:
Hit Identification
In combination with scoring function, docking can be used for
quick screening of large databases of desirable drugs in-silico, for

GA (genetic algorithm) Semi-empirical calculation on free
energy; it is fast flexible docking. It is a GA-based docking
program. The accuracy and reliability of this software have been
highly evaluated23
Glide
Exhaustive systematic search for semi-empirical calculation on
free energy Medium Flexible docking; this software uses domain
knowledge to narrow the searching range and has XP (extra
precision), SP (standard precision) and high throughout virtual
screen modes
Auto Dock
GA (genetic algorithm) LGA (Lamarckian genetic algorithm)
Semi-empirical calculation on free energy Medium Flexible-rigid
docking; this software is always used with Auto dock-tools and it
is free for academic use25
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ZDOCK
Geometric complement-arity and molecular dynamics Molecular
force field Medium Rigid docking. Chen et al.26 propose a new
scoring function which26 combines pair wise shape
complementarily (PSC) with desolation and electrostatic and
develop the ZDOCK server27
RDOCK

complexes. Also, Pyzerknapp et al.39 proposed the virtual high
through put screening
Prediction of potential targets
It is noted that the above-mentioned methods are all general
docking methods which use the different ligands in the database
to dock with the same receptor. However, current commonly used
reverse docking technique is different from them.

GA (genetic algorithm) MC (monte carlo) MIN (Simplex
minimization)28 Molecular force field Medium Rigid docking.
The CHARMm-based procedure for refinement and scoring.
Besides predicting the binding mode, it is especially designed for
high throughput virtual screening (HTVS) campaigns

Basic challenges in molecular docking

LeDOCK

The ligand preparation has noticeable effect on the docking
results because the ligand identification by any bio molecule
depends on 3-dimensional orientation and electrostatic
interaction. This assures that the conformation of both the ligand
as well as ligand preparation is important. Earlier, keeping
estimated pKa values, the structure being most likely optimized
by eliminating or adding hydrogens but the tautomeric and
protomeric states of the molecules which are to be docked, still
continued a major discrepancy. Since almost all data bases keep
molecules in their neutral forms but under physiological
conditions they are actually ionized. Hence it is compulsory to
ionize them prior to docking. But in different programs, the
standard ionization is easy to achieve; regarding the issue of
tautomers, the question still remains there, that which tautomer
one should use or to use all possible tautomers.44

Simulated annealing (SA) Genetic algorithm (GA); molecular
force field Fast Flexible docking; LeDock is a new molecular
docking program. From the results of the present study41, since it
is fast and exhibits a high accuracy, it is recommended for the
virtual screen task40
Dock
Fragmentation algorithm Molecular force field Fast Flexible
docking; it is widely applicable and is always used in docking
between flexible proteins and flexible ligands42
Auto dock Vina
GA (genetic algorithm) Semi-empirical calculation on free
energy; it is Fast Flexible-rigid docking. Auto Dock Vina
employs an iterated local search global optimizer and it is faster
than the Auto Dock 46
Docking technique identifies the novel targets by assigning a
single small-molecule ligand as the investigation to dock with
multiple receptors to discover potential binding cavities. In this
way, the potential targets of drug can be predicted. For example,
Grinter et al.29 explored the potential target oxidized squalene
cyclase (OSC) of PRIMA-1 by using the reverse docking
software package Mdock. Also, Chen et al.30 applied reverse
docking technique to discover targeted proteins of marine
compounds with anti-tumour activity. Furthermore, Chen et al30
also indicated that reverse docking can be complementary with in
vitro assays as an operative method of target fishing. Finally, we
reflected that exploring relevant mechanism of action or side
effect profile by structural biology analysis31 such as the pocket
analysis32; could significantly benefit the novel drug design.
Applications of molecular docking
Virtual screening to discover the lead compound and hit
compound
Virtual screening33 is to discover the lead compound and hit
compound from the molecular databases according to the scoring
function, which has greatly improved the screening competence
compared with the traditional screen method. The applications of
virtual screening are commonly used. Notably, given the
exponential growth of high through put34, high-performance
computing35, machine learning36 and deep learning37 techniques,
the integrated method flourishes quickly. For example, Pereira et
al.38 applied deep learning approach in virtual screening, which
extracts relevant features from molecular docking data to create
the distributed vector representations for protein-ligand

Certain basic challenges include:
Ligand chemistry

Receptor flexibility
This is a major challenge in docking i.e., treating flexible protein.
A bio molecule/protein adopts different conformations depending
upon the ligand to which it binds. This confirms that docking done
with a rigid receptor will give a single conformation of receptor.
But, when the docking is done with flexible receptor, the ligands
may require many receptor conformations to get attached. In
molecular docking studies, usually the most ignored aspect is
different conformational states of proteins. Since the protein
flexibility is significant as it accounts for better affinity to be
achieved between a given a drug and target. Another aspect of
target flexibility is active site water molecules. Water molecules
must be rectified to avoid using artefact waters in the docking
process.45
Scoring function
Another challenge in docking is deficiency in scoring function.
Just like search algorithm is having potential to give optimum
conformation, scoring function should also be able to distinguish
true binding modes from all the other parallel modes. A potential
scoring function would be computationally much economical,
unfavourable for analysing several binding modes. When there is
accuracy, scoring functions make number of proposals to evaluate
ligand affinity. The physical phenomenon i.e., entropy and
electrostatic interactions are disregarded in scoring schemes.
Therefore the deficiency of suitable scoring function, in terms of
accuracy and speed, is the main concern in molecular docking
programming.46 It is also necessary to take thermodynamic
features into observation47, or use retrospective verification to
estimate the reliability of the prediction of affinity.48
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CONCLUSION
The methodology of drug design is very useful in providing
valuable information for identification and validation of the
target, small-molecular screening and optimization and selection
of the lead molecule. Molecular docking method screens large
databases of compounds at a lower cost than experimental
techniques like high through put screening is principally notable.
New approaches are required to ease, accelerate and streamline
the process of drug discovery and development with advantage of
saving resources, money and time. But it is necessary to take
thermodynamic features into account and use retrospective
verification to evaluate the reliability of the prediction of affinity.
In the distant future, we are improving the conformational search
algorithm by taking more flexible bonds, solvent states and
integrating recent biological data mining algorithms in
consideration. In general, we trust that molecular docking
technique will become such a reliable drug-design tool that
assimilates the big biological data by optimizing the scoring
function and upgrading the appropriate search algorithms. The
potential docking technique is done after thoroughly screening
the target, ligands and docking method performance. The ligand
flexibility however is almost resolved and does not create much
problem however protein flexibility needs to be improved. Water
molecules should be included to consider the hydrogen bonding
with non-aqueous residues. In this short review, we have focused
on types, approaches, applications and challenges of molecular
docking in brief but accounting for flexibility and successful
scoring remain significant challenges.
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