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KEYWORDS ABSTRACT:
Various infectious diseases are found to be prevalent globally, most of which are drug-resistant. Many new
Molecular approaches and advancements are carried out in this scientific community to treat the same by discovering
docking, newer drugs. One such novel method is Molecular Docking. It has emerged as a powerful computational tool
i in drug design, enabling the prediction of binding interfaces between small molecules (ligands) and target
ligand, proteins (receptors). Molecular docking contributes significantly to modern drug discovery, particularly in lead
g optimization, hit identification, and studying DNA-drug interactions. It offers a three-dimensional perspective,
protein, o . :
making it a cost-effective, safe, and user-friendly technology.
dPCklng Additionally, one of its advantages lies in adjusting the flexibility of the system under study. This article
simulations, comprehensively reviews molecular docking techniques, focusing on docking simulations and the crucial
redocking aspect of redocking for validation. Through redocking experiments, researchers can enhance the accuracy and
reliability of docking methodologies, facilitating the discovery and optimization of potential drug candidates.
1. Introduction drug development process, the ability of the protein

receptor to detect, interact with, and connect with
molecular substrates and inhibitors is crucial, so scoring
functions and docking programs are introduced [4]. The

In discovering novel therapeutic agents, molecular
docking has revolutionized the drug design process by

offering insights into ligand-receptor interactions at the : . . .
scoring functions and sample conformations of tiny

molecules at protein binding sites are utilized in the
computational  process to  determine  which
conformations best complement the protein binding sites
[5]. For one of the targets, every docking program could
generate  ligand  conformations  that  matched
crystallographically confirmed protein/ligand composite
structures [6]. Various docking software is available,
including Hammerhead, ICM, MC Dock, GOLD, Gem
Dock, Glide, and Yucca [5]. These docking programs
employ a search algorithm that iteratively evaluates the

atomic level [1]. It is an in-silico analysis, a
computational technique for predicting the binding
interactions between a ligand and receptor [2]. Molecular
docking helps to assess the binding modalities of a ligand
with a known three-dimensional protein structure, which
is the primary goal and helpful in forecasting the signal's
kind and strength, similar to which we can determine the
drug's efficacy [3]. Docking simulations provide a cost-
effective and time-efficient approach to evaluating
potential drug candidates, enabling researchers to
explore vast chemical spaces and identify molecules with
the highest binding affinity for specific targets. In the
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conformation of the ligand until it converges to the
minimum energy state.

2. Basics of Molecular Docking

The docking methods can be categorized as rigid or
flexible based on whether they consider changes in
molecular geometry during docking.

Rigid Docking: Rigid docking refers to a docking
approach where the molecules' bond angles and lengths
remain unchanged throughout the docking process. In
other words, the molecular structures are considered
fixed and do not undergo any internal geometry
adjustments during the docking simulation. Rigid
docking is a straightforward method commonly used
when the assumption of a static molecular structure is
reasonable.

Flexible Docking: Flexible docking, on the other hand,
allows for the simulation of changes in the internal
geometry of the interacting molecules that can occur
when they form a complex molecule. This method is
more computationally demanding because it considers
the molecules' flexibility and potential conformational
changes as they interact. As computational processing
capacity increases, flexible docking becomes a viable
option for more accurate modeling of molecular
interactions [4].

The docking methods can also be classified as
conventional or induced fit based on how they treat the
receptor's binding site.

Conventional Docking: In traditional docking, the
receptor's binding site is considered static, and the ligand
is docked into this fixed site.

Induced Fit Docking: Induced fit docking considers the
binding site's dynamic nature. It allows the receptor's
binding site to endure conformational modifications in
response to the ligand's presence and better
accommodate the ligand. This approach is more realistic
but requires more computational resources [7,8].

The choice of which docking method to use depends on
the specific research question, available computational
resources, and the accuracy required for modeling
molecular interactions [8]. By employing docking,
scientists aim to predict the precise alignment of
therapeutic small-molecule drugs with their target
proteins, which plays a pivotal role in forecasting small-
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molecule affinity and activity [3]. The utilisation of
docking holds immense significance in the rational drug
development process, driving numerous endeavours to
enhance docking prediction algorithms.

At its core, molecular docking involves predicting the
optimal spatial arrangement of one molecule relative to
another when they join to form a stable complex,
accomplished  through mathematical techniques.
Employing a scoring system, the strength of the
interaction or binding affinity between these two
molecules is quantifiable based on their preferred
orientation.

This process is indispensable in signal transduction,
facilitating interactions among diverse biological
molecules such as lipids, proteins, and nucleic acids.
Through docking, scientists can anticipate the nature and
strength of the signals generated in these intricate
physiological interactions, thus contributing

significantly the knowledge of biological processes [9].
3. Mechanism of Docking

Molecular docking is a fundamental molecular modeling
technique employed to elucidate the binding interactions
between enzymes or proteins and small molecules, often
referred to as ligands. This methodology essentially
operates on the principle of a lock and key mechanism.
The primary prerequisite for running a docking screen is
the protein sequence. The structure is identified via NMR
spectroscopy or X-ray crystallography. The protein
function and compound database serve as the docking
tool. The search algorithm and grading procedures are
crucial to docking success [2]. When exploring a
protein's conformational space linked to a ligand, the
search space includes all possible protein orientations
and conformations. It is challenging to comb the space.
So, most docking systems use flexible ligands [4].

Receptor flexibility

Managing stretchy proteins is a significant challenge in
the docking process. A biomolecule or protein's shape
changes based on the ligand it binds to, demonstrating
that a single receptor conformation will result from
docking with a stiff receptor. However, the ligands might
need to attach to the receptor in multiple conformations
when the docking is done using a flexible receptor.
Different conformational states of proteins are typically
the most overlooked component in molecular docking
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research. Protein flexibility is significant because it
increases affinity between a given medication and a
target. Water molecules at the active site are another
component of target flexibility. The water molecules
must be adjusted to prevent artifacts during docking [10].

Ligand chemistry

Since the recognition of any ligand by a biomolecule
depends on both electrostatic interaction and three-
dimensional orientation, the formulation of the ligand
has a significant impact on the docking findings, which
indicates that the ligand's preparation and conformation
are both crucial. Before this, there was still a significant
difference between the approximate pKa values and the
tautomeric and protomeric states of the molecules that
needed to be docked, which was likely because the
structure was optimized by removing or adding
hydrogens. Since molecules are essentially ionized under
physiological conditions, they are preserved in
practically all databases in their neutral forms. For this
reason, ionizing them before docking is required.
However, achieving standard ionization is simple in
other programs. The question of which tautomer to
employ or whether to utilize them all remains concerning
the tautomer [11].

Molecular Modeling

Molecular modeling is a versatile tool that enables the
creation, characterization, and manipulation of
compound configurations and their ensuing properties,
all of which are intricately tied to the three-dimensional
geometries of these molecules. This technique is crucial
in exploring and understanding chemical structures and
their behaviour [3].

Models of Molecular Docking

The lock and key theory: Emil Fischer developed the
lock and fundamental model in 1890 to explain how
biological processes work. Like how a key is inserted
into a lock, a substrate is inserted into the active site of a
macromolecule [3].

The induced fit theory: The induced fit theory was put
forth by Daniel Koshland in 1958. The underlying
principle is that both the ligand and target adapt to one
another throughout character recognition by making
subtle conformational changes until an optimum match
is achieved [3].
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The conformation ensemble model: Proteins have been
found to undergo much higher conformational alterations
compared to minor induced-fit adjustments [3]. A novel
idea proposes that proteins comprise an ensemble of
conformational states that already exist. The protein can
switch between states because of its flexibility [2].
Multiple conformational selection and induced fit events
occur in allosteric propagation [12]. Figure 1 explains the
various types of docking mechanisms, such as the lock
and key method, Induced fit and Conformational
selection methods.

Lock and Key
< »
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Ligand @ — * D
Ensemble of different protein molecules
Induced Fit
@ >  @i=)
= 4
Ligand ( L > X D)
Receptor
Conformational Selection
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Figure 1: Various Types of Docking Mechanisms
4. Molecular Dynamic Simulations

Molecular  dynamics (MD)  simulations  are
computational techniques that offer insights into the
temporal behaviour of individual atoms within a
molecular system. These simulations rely on a
comprehensive model of the physical principles that
regulate interatomic interactions. In contrast, molecular
docking primarily investigates the interaction between
two biological molecules, often as a static representation
of their binding, without accounting for dynamic
changes. In contrast, MD simulations go beyond this
static interaction view and provide a detailed and time
dependent description of how these interacting
molecules evolve and move over time [13].

Molecular docking simulations (MDS) predict the three-
dimensional structure resulting from the interaction of
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one or more molecules within an intermolecular
complex. When it comes to protein-ligand docking, there
are several dedicated software programs designed for this
purpose. Autodock and Redock are two widely accepted
programs within the MDS community. These tools
utilize MDS techniques to ascertain the optimal spatial
arrangement of two or more molecules, often focusing on
locating the best fit between them [14].

Consequently, MDS delivers a set of predicted ligand
conformations within the binding site of the target
molecule. These poses often encompass various
conformations and positions for the ligand. To refine and
categorize this data and determine the optimal orientation
through MDS, fitness functions, scoring systems, or
energy functions come into play. These functions are
crucial in evaluating binding free energy and
intermolecular binding affinity [15].

The fundamental components of an MDS can be distilled
into two primary stages. Firstly, a search method is
essential to systematically explore the vast space of
potential protein-ligand geometries or poses. Secondly,
these generated poses require thorough analysis and
ranking, achieved by applying scoring or energy
functions. This process helps identify the most
favourable binding orientations and key interaction sites
within the complex [14].

5. Redocking

One of the future perspectives is Redocking. "Re-
docking" is a technique for determining a ligand's
crystallographic location, and it is essentially a procedure
to validate whether the molecular docking algorithm can
recover the crystallographic position using MDS. Since
hydrogen atoms' atomic locations are rarely detected in
X-ray protein crystallography, RMSD calculations are
typically performed for non-hydrogen atoms. High
resolution, better than 1.5, X- ray diffraction data are
required to determine the locations of hydrogen atoms
[14]. Redocking is mainly used to validate the docking
protocol [16].

6. Cross-docking

A method known as "cross-docking" can be utilized in
addition to re-docking to extend the validity of a docking
protocol. Cross-docking is an option when there are
many crystallographic structures for the same protein
target. In this process, several ligands from various
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crystal structures of the same protein are docked to a
single complex protein crystallographic conformation
[17].

7. Docking Scores

Scoring functions serve as mathematical tools within
computational chemistry and molecular modeling. Their
primary role is to estimate the binding affinity between
two molecules after the docking process. Typically, these
two molecules comprise a drug, a compact chemical
compound, and its corresponding biological target, often
a protein receptor [18]. In predicting the strength of
intermolecular interactions, scoring systems have been
developed for interactions between two proteins [2] and
interactions involving a protein and DNA [19]. These
systems aid in gauging the intensity of associations
formed between these biomolecules.

8. Utility of Scoring Function

Scoring functions are pivotal in various applications
within drug discovery and molecular modeling. These
applications encompass the exploration of virtual
databases for screening small molecules with the
potential to bind to specific protein targets, facilitating
the discovery of novel compounds suitable for drug
development [20,21]. Additionally, scoring functions aid
in creating new compounds through de novo design,
enabling them to attach to their intended protein targets
effectively [22]. Furthermore, these functions are
instrumental in optimizing screening hits, primarily
enhancing their selectivity and affinity [23].

9. Classes of Scoring Function

A force field is utilized to evaluate the magnitudes of
intermolecular interactions, specifically van der Waals
and electrostatic forces, between every atom within two
molecules as they come together to form a complex [24-
26]. This computation plays a crucial role in determining
their affinities for each other. Furthermore, it is a
common practice to include the intramolecular energies
of the binding partners, known as strain energies, in these
calculations. In some instances, the desolvation energy
of both the protein and the ligand is considered, and this
is achieved using implicit solvation techniques like
GBSA or PBSA, mainly when the binding process takes
place in the presence of water [27].
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Empirical scoring functions are built upon analyzing
diverse interactions between the molecules involved in
binding processes [22]. This analysis can encompass
methods like quantifying the ligand and receptor atoms
in direct contact or calculating changes in solvent-
accessible surface area (SASA) when comparing the
complexed state to the uncomplexed ligand and protein.
Typically, multiple linear regression techniques are
applied to establish the coefficients of the scoring
function [28]. These coefficients encapsulate various
factors, including the impact of unmet hydrogen bonds,
which play a significant role in the enthalpy of binding
[29]. The absence of a single hydrogen bond can
substantially affect binding affinity, often altering it by
one to two orders of magnitude. Other factors, such as
the number of constrained rotatable bonds during
complex formation (which contributes unfavourably to
conformational entropy) and the number of hydrogen
bonds (which contributes favourably to affinity,
especially if shielded from the solvent, and has no
contribution if solvent-exposed), are also considered.

On the other hand, knowledge-based scoring functions
rely on statistical insights drawn from extensive 3D
datasets, such as the Protein Data Bank or the Cambridge
Structural Database. These datasets are employed to
derive statistical "potentials of mean force." This
methodology is grounded in the notion that close
intermolecular interactions between specific atom types
or functional groups, occurring more frequently than
expected by random chance, are likely to confer an
energetic advantage and thus positively impact binding
affinity [30].

10. Docking Programs

Molecular docking software operates by employing a
search process that iteratively assesses the conformation
of the ligand until it reaches a state of minimal energy
[31]. Over the past two decades, many docking tools and
programs have been developed, catering to academic
research and commercial applications. These tools
encompass a diverse range and include well-known
programs like DOCK, AutoDock, Flex, Glide, GOLD,
Surflex, MOE-Dock, LeDock, AutoDock Vina, rDock,
UCSF Dock, among numerous others [32-41]. AutoDock
Vina, GOLD, and MOE-Dock were the three programs
that predicted the top-ranked poses with the highest
scores. LeDock and GOLD were successful in

2420

determining the proper ligand binding positions. Glide
(XP) and GOLD reliably forecast the positions with an
accuracy of 90.0% [42].

Additionally, it was demonstrated that in a virtual
screening trial against Factor Xa, GOLD produced more
enrichment factors than Glide. In contrast, Glide
outperformed GOLD against the same target in a
comparable virtual screening study. A recent paper said
these docking programs could forecast experimental
poses with an average root-mean-squared deviation
(RMSD) of 1.5 to 2 A [43].

11. Application of Molecular Docking

Molecular docking serves multiple vital purposes.
Molecular docking is instrumental in evaluating the
specificity of a proposed drug for a homologous protein.
It allows us to understand how well a drug candidate can
bind to its intended target [44].

The lead Optimization technique

This technique can predict a ligand's most favourable
orientation within its target protein's binding site. It also
offers insights into various binding strategies, aiding in
designing medications that are more effective and highly
selective [9,44].

Hit Identification in Molecular Docking

The process of hit identification, also known as a hit
finding, is employed in drug discovery to pinpoint
compounds that selectively bind to a particular target
protein and regulate its activity according to desired
specifications, facilitating the drug discovery process
[45].

Drug-DNA interaction

Molecular docking is a major factor in the initial
prediction of a drug's ability to attach to a nucleic acid.
This data demonstrates the relationship between the
cytotoxicity of a medicine and its molecular structure.
Considering this, medicinal chemists continuously work
to clarify the molecular basis of pharmaceuticals' anti-
cancer activity by examining how medications interact
with nucleic acids in the presence of copper [46,47].
Predicting if a substance or medicine interacts with a
protein or DNA is the primary goal of in silico
observations by medicinal chemists. If the docking
program correctly anticipates the mentioned interaction,
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experimental methods are provided to determine the
complex's actual binding mode. New anti-cancer drugs
are developed because of this. Additionally, having this
knowledge would help identify any structural changes in
a medication that would cause it to bind to its target in a
specific sequence or structure [48].

12. Recent Advancement in Molecular Docking
Techniques

Machine learning scoring functions stand apart from
traditional scoring functions by their unique approach to
modeling  the relationship  between  structural
characteristics of protein-ligand complexes and binding
affinity [49]. Unlike conventional scoring functions,
machine learning scoring functions don't rely on
predefined functional forms for this connection; instead,
they derive the functional form directly from the
available data.

It's worth noting that machine learning scoring functions
have repeatedly demonstrated superior performance in
predicting the binding affinities of diverse protein-ligand
complexes compared to conventional scoring systems
[18,50,51]. This advantage holds for target-specific
complexes as well. However, the degree of improvement
varies depending on the specific target and, to a
significant extent, the amount of relevant data available
[52,53].

In structure-based virtual screening, machine learning
scoring functions typically outperform classical scoring
systems, provided that appropriate precautions are taken.
Notably, this performance gap widens further when
target-specific data is incorporated into the modeling
process [54]. It's essential to underscore that selecting
suitable decoys for a specific target is a critical factor in
the training and testing of any scoring function [55,56].

13. Virtual Screening

An in-silico method called VS is employed in the search
for new drugs. Computational techniques routinely
assess large databases of molecular structures during VS.
The application of VS is anticipated to reveal compounds
more likely to bind to the molecular target, which is
usually an enzyme or protein receptor [57]. The
flowchart below serves as a visual representation of the
same process [Figure 2].
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Figure 2: Virtual Screening Procedure
14. Challenges and Limitations

The success of the docking program depends upon the
search algorithms and the scoring function. The search
algorithm is defined by rules and parameters applied to
predict the  conformations. Two
methodological difficulties are needed for sampling
ligand-receptor configurations and adequately assessing
their complementarity. The treatment of ligand
conformations is currently included in docking methods.
However, the therapy of receptor flexibility is the biggest
obstacle [58]. Meng et al. has noted that if receptor
flexibility is introduced to receptor conformation
sampled in high-energy and this is not accounted for in
the docking calculation, then the docking calculation will
be worse. Database docking scoring functions are still a
topic of current research. However, experimental
equipment is still needed to create realistic interactions
between tiny compounds and receptors. Developing
scoring functions with high accuracy and minimal
computing expense may advance docking applications
[59].

continuous

15. Conclusion

Molecular docking is a powerful technique to investigate
the interconnections between small molecules and target
proteins, shedding light on essential biochemical
processes. Combining chemical information from natural
products with virtual screening through docking
promises to play a crucial role in drug discovery in the
post-genomic era as new potential drug targets emerge
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from functional genomic studies. Evaluating the
molecular dynamic algorithm's ability to reproduce the
crystallographic binding locations is supported by
redocking and cross-docking, which represent prospects
in this field. Furthermore, docking-based virtual
screening has demonstrated a higher success rate than
traditional screening methods. In conclusion, molecular
docking stands as a cornerstone in the drug discovery
process, facilitating the exploration of critical molecular
interactions and the identification of potential drug
candidates.
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RMDS - Root mean square deviation
PAM - Pralidoxime

VS - Virtual screening
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