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ABSTRACT: The computer modelling of structural complexes
generated from two or more interacting molecules are referred to as
molecular docking. It is an indispensable tool in computer-aided drug
design and structural molecular biology. Using this technology, large
libraries of compounds may be digitally screened, and the results can
be graded along with structural assumptions about how the ligands
impact the target's reduction. Recent advances in the synthesis of
anti-infectious medicines prompted by structural insights have
enabled the application of computer-assisted drug design in the quest
for innovative mechanism- or structure-based drugs. Molecular
docking is an important phase in the drug development process
because it determines the best positions for molecules to occupy
when they are coupled together and predicts how effectively two
molecules will bind once they have been docked. The input
structure's design is also critical, and the results are assessed using
sampling methods and scoring systems. The recently developed
docking software Local Move Monte Carlo [LMMC] provides a
strong choice for customizable receptor docking strategies. Docking
is a technique for determining how ligands and proteins interact. It is
structurally sound and compatible with computer-assisted
medication design. Successful docking discovers high-dimensional
spaces and ranks function utilisation, resulting in a candidate docking
rating that is acceptable. It may also be used to screen vast libraries
of molecules and offer structural hypotheses for the process.
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1. Introduction: Docking is a
technique in molecular modelling that
predicts the preferred path of one
molecule to another when they jump
to one another to create a stable
complex.! Because of its capacity to
predict the binding conformation of
small molecule ligands to the
appropriate target binding site,
molecular docking is a key and widely
used tool in structure-based drug
design. Characterization of binding
performance is important in drug
design and in explaining underlying
biochemical processes.? The goal of
docking research is to predict desired
three-dimensional structures.
Docking  produces  appropriate
incentive structures in and of itself.3 A
number of computational docking
approaches are available.*

1.1 Prospective of Molecular
Docking: Molecular docking is
mostly accomplished using two
methods:

1.1.1 Stimulation approach: This method
works by physically separating the ligand
and the target and then allowing the ligand
to attach to the groove of the indented target
after a number of movements in their
conformational space. The movement
involves structural modification of the
ligand, which might be internal or external,
and the total movement restricts the release
of energy. The technique is proven to be
better suited for accepting ligand
flexibility. Furthermore, it facilitates the
molecular identification of ligand and
target. Although a longer period of time is
necessary to estimate a good docked
conformer due to the large quantity of
energy removed from a specific
conformational shift, Currently, rapid
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optimisation techniques and grid-based

methodologies are revolutionising this.®

1.1.2 Shape complementarity: This
method uses ligand and target as structural
surface characteristics to provide molecular
interaction. The target surface was linked to
the solvent accessible surface area, and the
ligand molecular surface should exhibit a
matching illustration with the target surface
area. Shape matching between two surfaces
aids in finding the ligand indentation for
ligand on its intended surface. Protein
hydrophobicity, for example, was
discovered to be analysed by twists
contained in main chain atoms. This
approach is recommended because it is
faster and includes scanning a large number
of ligands in a short period of time to find
the predicted binding characteristics of the
ligand on their intended target of molecular
surface.®
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Figure 1. Schematic diagram of docking

1.2 Types of Molecular Docking:
There are 2 types of docking:

MOLECULAR
DOCKING

LOCK & KEY INDUCED FIT

RIGID OR ’ FLEXIBLE OR
DOCKING DOCKING

Figure 2. Types of Docking
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1.2.1 Rigid: The receptor and ligand
molecules are both fixed in this docking.
Docking is carried out. We are searching
for a 3D space conversion of one of the
molecules that will bring it to the best
match with the other molecules in terms of
a scoring function. The ligand's
conformation may be generated in the
absence of a receptor or in the presence of
receptor binding activity.

1.2.2 Flexible: In this docking the ligand
and the receptor both are movable. It is
conformationally flexible. Each rotation
the energy is calculated. Each
conformation surface cell occupancy is
calculated. After that the most optimum
binding pose is selected.’

" ""a Auother Flow Possibilities

Fig: Rigid and Flexible Docking

Figure 3. Rigid and flexible docking
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Figure 4. Rigid and flexible docking

1.3 Application of Molecular Docking:
1.3.1 Hit identification: Docking in
combination with a scoring function allows
for speedy in silico screening of enormous
databases of potential pharmaceuticals to
locate molecules capable of binding to a
specific target of interest.
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1.3.2 Lead optimization: Docking is a

technique for predicting the location and
relative position of a ligand's interaction
with a protein [also known as the binding
mode or pose]. The aforementioned data
can be used to generate more powerful and
precise mimics.

1.3.3 Bioremediation: Enzymes and their
modes of activity can be identified through
molecular docking. It is additionally
feasible to identify interactions between
proteins. Using the restoration treatment,
molecules are electronically examined.
Other applications of molecular docking
are shown in figure 5.
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Figure 5. Applications of Molecular
Docking

2. Mechanism of Molecular Docking:
The sequence of the specified protein is
the first criterion for running a docking
screen. A biophysical method, such as X-
ray crystallography or, less commonly,
NMR spectroscopy, is frequently used to
discover the structure. As inputs, a
docking tool employs this protein
function and a database of chemicals.
The success of a docking programme is
dependent on three components: the
search algorithm, the scoring system, and
the docking programme itself. is
typically identified by a biophysical
method like X-ray crystallography or,
less commonly, NMR spectroscopy. As

Kartikay Prakash et al

Page |75



Volume — 14, Issue — 4, October — 2023

IJPPR (2023), Vol. 14, Issue 4
inputs, a docking tool employs this

protein function and a database of
chemicals. The success of a docking
programme is dependent on three
components: the search algorithm, the
scoring system, and the docking
programme itself.®

2.1 Steps Involved in Mechanism:

Step | — Preparation of protein and
ligand: Downloading the 3D-structure of
the Protein from the Research
Collaboratory Structural Bioinformatics
Protein data bank [PDB]. Following that,
the downloaded structure should be pre-
processed. Water molecules' cavities are
removed, charges are stabilised, missing
residues are filled, and hydrogen atom
side chains are generated.

Step Il — Preparation of ligand:
Ligands can be downloaded from
databases like ZINC and Pub Chem, or
they can be drawn. Make use of the
Chemistry Sketch tool. Lipinski's Rule of
five aids should be applied when
identifying the ligand. Lipinski's rule of
five aids in distinguishing between non-
drug-like and drug-like compounds. The
computer-aided drug design and
detection [CADDD] approach It
guarantees a high likelihood of success
or failure owing to drug similarity for
molecules that remain inside two or more
of the conforming rules.

Allow Lipinski's rule for directing the
ligand choice:

e A maximum of five hydrogen bond
donors.

e Fewer than ten hydrogen bond
acceptors.

e A molecular mass below 500 Da.

e High lipophilicity [expressed as a
log not exceeding.
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e The molar refractivity ought to fall
between 40 and 130.°

Step 111-Grid generation: All variables,
such as location, rotatable group,
excluded volumes, and limitations, were
held constant. The amount of genetic
processing done [crossover, migration,
and mutation] is the most important
factor in determining if binding cavity
predictions should be made.

Step IV-Active Site Prediction: The
active site of protein must be anticipated
once it has been prepared. The receptor
strength has several active sites; just the
one of concern should be chosen. Water
molecules and heteroatoms tend to stay
apathetic if present.?0-1!

Step V- Docking: Ligand and protein
interactions are analyzed. Best docking
score should be selected.

3. Molecular Docking Approach:

3.1 Monte Carlo approach: It generates
a ligand's randomised conformation,
translations, and rotation in an active site.
It determines the initial configuration
value. 5 It then creates and scores a new
configuration. Using the Metropolis
criteria, it assesses if the new
configuration should be preserved.'?

3.2 Metropolis criterion: If a new reply
has a higher score than the previous one,
it is instantly approved. A Boltzmann-
based prospect function is beneficial if
the setup is not novel. If the solution
passes the possibility function test, it is
accepted; otherwise, the configuration is
rejected.’®
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3.3 Matching approach: These methods

emphasize complementarity. The ligand
atom is placed in the "best" location in
the site, resulting in a ligand receptor
configuration that may need to be
optimized.

3.4 Ligand fit approach: Ligand sturdy
phrases  present a fast and
dependable approach for docking small
particles of ligand into protein active
sites to investigate shape
complementarity between ligand and
protein active sites.

3.5 Point complimentarily approach:
These approaches are focused on
assessing the form and/or chemical
complementarity of molecules that
interact.

3.6 Fragment-based method:
Fragment-based techniques may be
characterised as dissolving the ligand
into single photons or particles, attaching
the fragments, and finally joining the
fragments.

3.7 Distance geometry: Many different
types of sequence characteristics can be
expressed using intra- or intermolecular
dimensions. The distance geometry
framework allows these distances to be
assembled  and  three-dimensional
structures that are compatible with them
to be calculated.

3.8 Blind docking: It was developed to
discover potential peptide ligand binding
sites and modes by scanning the full
surface of protein targets.

3.9 Inverse docking: Considering all of
these goals, when juxtaposed with a
particular pharmacokinetics
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characteristic, may be helpful to identify
a drug candidate's possibility of toxicity
and side effects. For docking
investigations on an individual ligand, an
unique technique is implemented.

4. Theory of Molecular Docking: The
goal of molecular docking is to anticipate
the ligand-receptor complex structure
using computer approaches. Docking is
accomplished through two
interconnected processes.*

4.1 Sampling algorithm: There is a
profusion of different binding modes
between two molecules with six degrees
of translational and rotational flexibility,
as well as the conformational degrees of
freedom of both the ligand and protein.
Unfortunately, computationally
generating all potential conformations
would be prohibitively costly. In terms of
shape attributes and chemistry facts,
Matching Algorithms [MA] employing
molecular shape can map a ligand onto a
binding site of a protein. °17

DOCK 8 FLOG *°, Lib-Dock %, and
SANDOCK 2! all provide ligand docking
matching algorithms. Using incremental
construction [IC] methodologies, the
ligand is embedded in an active site in a
scattered and innovative way. DOCK 4.0
22 and Flex-X % and Hammerhead 2* and
SLIDE % and eHiTS 262 have employed
the incremental building approach.
Through bond rotation, rigid-body
translation, or rotation, Monte Carlo
[MC] techniques create ligand positions.
This transformation's conformation is
evaluated using an energy-based
selection criterion. 2%-%

Monte Carlo algorithms were used in an
early version of Auto-Dock %, ICM %,
QXP 3, and Affinity 3*. Another well-
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known family of stochastic approaches is

genetic algorithms [GA], *3. Auto
Dock employs five genetic algorithms.
GOLD 2, DIVALI *°, and DARWIN
is the top five.

4.2 Scoring function: The scoring
function's purpose is to discriminate
between correct poses from inaccurate
movements or binders from inactive
compounds in an adequate amount of
time. However, scoring functions
suggest rather than predict the binding
affinity between the protein and ligand,
and they use numerous presumptions and
simplifications. Scoring functions can be
categorised as force-field-based,
theoretical, or knowledge-based. +*

5. Model of Molecular Docking:
5.1 Lock and key theory:

Emil Fischer developed the "lock-and-
key model" in 1890 to demonstrate how
biological  processes function. A
substrate 5 placed into a
macromolecule's active site in the same
way a key is inserted into a lock.
Biological locks, as seen in the picture
below, have specific stereochemical
attributes that are critical to their

functioning.
!Substrate
Active site

o (==

Key (substrate) ~ Lock (enzyme)

|
o $

Lock-Key Complex Enzyme-Substrate
Complex

— @

Figure 6. Lock and key theory
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5.2 Induced fit theory: The "Induced fit
theory” was presented by Daniel
Koshland in 1958. The basic principle is
that during character recognition, both
the ligand and the target adapt to one
another through minor conformational

changes until an optimal match is found.
42-45

Enzyme changes shape Products |
Substiate  sjightly as substrate binds ‘ .

Active site

Substrate entering  Enzymelsubstrate  Enzymefproducts Products leaving
active site of enzyme complex complex active site of enzyme

Figure 7. Induced fit theory

5.3 Confirmation ensemble model:
Proteins have been found to suffer
substantially bigger structural alterations
than small induced-fit adjustments.
Proteins, according to a new theory, are
made up of a pre-existing ensemble of
conformational states. The protein's
flexibility allows it to change states. 46-4

6. Software Available for Molecular

Docking:
e Gold
e Autodock
e Flex-X
e Dock
e FRED
e Glide

e Ligand fit 483

7. Conclusion: Molecular Docking
provides a variety of methods for drug
design and discovery. The medicinal
chemist may easily visualise molecular
structure databases. It accurately predicts
ligand binding within receptors. It is both
time and money saving. It is utilised in
the creation of new drugs. Complications
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of the molecular docking approach

include lead molecule optimisation,
biological pathway assessment, and de
Novo drug creation. Include all
information on molecular docking in this
review. Malaria, heart failure, cancer,
and other infectious illnesses have
become public health issues in most
nations as a result of the evolution of
drug resistance strains, necessitating the
development of more  effective
treatments.
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