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Molecular Docking provides an array of valuable tools for drug design and analysis.
Simple visualization of molecules and easy access to structural databases has
become essential components on the desktop of the medicinal chemist. Commercial
software programs continue to expand upon the core user interface. New
algorithms from industry and academia are quickly incorporated into the high end
packages. Public domain packages are becoming more stable and offering
functionality that rivals some of the commercial offerings computers continue to
double in speed every year and a half while graphic displays became more
sophisticated and intuitive. All of these elements make molecular docking an
integral part of drug design. It continues to extend its role in exciting new
techniques such as computational enzymology, genomics, and proteomic search
engines.

© IDAAM Publications All rights reserved

INTRODUCTION

Molecular docking may help to model the
interaction atomic level of a protein with a small
molecule, to recognize the actions of small
molecules at the target protein binding site and

to know fundamental bio-chemical processes [1.
2],

The docking process involves two basic steps:
1. The conformation and the position of the
ligand within these sites.
2. Assessment of the binding affinity.

Target Ligand Complex
+ ‘ docking -
.’? docking
SR, o

Figure 1: Molecular Docking

Sampling Algorithms
MA based sampling algorithms map ligand into
active protein site based on molecular

shape data. MA is centered on the molecular
shape 31,

Table 1: Sampling Algorithms

Algorithms Characteristics

Molecular dynamics Refinement after docking

Monte Carlo Stochastic search
LUDI

Matching algorithms

Fragment-based drug design

Geometry-based and database
enrichment for its high speed

Genetic algorithms Stochastic search

MCSS Fragment-based drug design
Incremental Refinement after docking
construction

Different Types of Interactions
Interaction forces are generally separated into
four classes:
(1) Electrostatic forces - dipole-dipole,
charge-dipole and charge-charge.
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(2) Electrodynamics forces- Van der Waals
interaction.

(3) Steric forces - Caused by entropy.

(4) Solvent-related forces - Hydrogen bond
and hydrophobic interactions [4-8]

Molecular Docking

Molecular docking can be separated into two
sections.

The following are primarily applied method for
docking.

(1) Lock and Key\Rigid Docking- Both the
receptor and ligand is maintained fixed and
docking is executed.

(2) Induced Fit\Flexible Docking- In induced
fit docking both the ligand and the receptor are
conformationally flexible. Every rotation the
surface cell occupancy and energy is calculated;
later the most optimum pose is selected [9. 101,
Major Steps Involved In Mechanics of
Molecular Docking

Molecular Docking is the process in which the
intermolecular interaction between 2 molecules
was studied in in-silico. In this process, the
Macromolecule is the protein receptor. The
micro molecule is the Ligand molecule which can
be acted as an inhibitor. So, the Docking process
involves the following steps:

Step 1 - Preparation of Protein: Three
dimensional structure of the Protein should be
retrieved from Protein data bank (PDB);
afterward the retrieved structure should be pre-
processed. This should admit removal of the
water molecules from the cavity, stabilizing the
charges, filling the missing residues, generation
the side chains etc. according to the parameters
available.

Step Il - Active Site Prediction: After the
preparation of protein, the active site of protein
should be predicted. The receptor might possess
lots of active sites merely the one of the concern
should be picked out. Mostly the water molecules
and hetero atoms are removed if present [11,12],

Step Il - Preparation of Ligand: Ligands can be
retrieved from several databases such as ZINC,
Pub Chem or can be sketched applying Chem
sketch tool. While picking out the ligand, the
LIPINSKY’S RULE of 5 should be utilized. Lipinski
rule of 5 assists in discerning amongst non-drug
like and drug likeness for molecules abiding by
with 2 or more than of the complying rules. For

choice of a ligand allowing to the LIPINSKY’S
RULE:

(1) Less than five hydrogen bond donors

(2) Less than ten hydrogen bond acceptors

(3) Molecular mass less than 500 Da

(4) High lipophilicity (expressed as Log P not
over 5)

(5) Molar refractivity should be between 40-130

Step IV- Docking: Ligand is docked against the
protein and the interactions are analyzed. The
scoring function gives score on the basis of best
docked ligand complex is picked out [131.

Scoring Functions

The aim of scoring function is to delineate the
correct poses from incorrect poses or binders
from the inactive compounds in reasonable
computational time. As score functions used to
measure binding affinity between protein and
ligand by different assumptions.

Scoring functions can be divided two parts:

Scoring functions ‘

Empirical and knowledge- ‘

Forcefield-based
based scoring functions

Figure 2: Scoring Functions

The molecular docking approach can be used to
model the interaction between a small molecule
and a protein at the atomic level, which allow us
to characterize the behavior of small molecules
in the binding site of target proteins as well as to
elucidate fundamental biochemical processes.
The docking process involves two basic steps:
prediction of the ligand conformation as well as
its position and orientation within these sites
(usually referred to as pose) and assessment of
the binding affinity. These two steps are related
to sampling methods and scoring schemes,
respectively, which will be discussed in the
theory section. The purpose of the scoring
function is to delineate the correct poses from
incorrect poses, or binders from inactive
compounds in a reasonable computation time.
However, scoring functions involve estimating,
rather than calculating the binding affinity
between the protein and ligand and through
these functions, adopting various assumptions
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and simplifications. Scoring functions can be
divided in force-field-based, empirical and
knowledge-based scoring functions. Table 2
shows some examples of scoring function
formulae belonging to those three classes of
scoring functions respectively. Classical force-
field-based scoring functions assess the binding
energy by calculating the sum of the non-bonded
(electrostatics and van der Waals) interactions
(141, The electrostatic terms are calculated by a
Coulombic formulation. Since such point charge
calculations have problems in modeling the
protein’s real environment a distance-dependent
dielectric function is generally used to modulate
the contribution of charge-charge interactions.
The van der Waals terms are described by a
Lennard-Jones potential function. Adopting
different parameter sets for the Lennard-Jones
potential can vary the “hardness” of the potential
which controls how close a contact between
protein and ligand atoms can be acceptable.
Force-field-based scoring functions also have the
problem of slow computational speed. Thus cut-
off distance is used to handle the non-bonded
interactions. This also results in decreasing the
accuracy of long-range effects involved in
binding. Extensions of force-field-based scoring
functions consider the hydrogen bonds,
salvations and entropy contributions. Software
programs, such as DOCK, GOLD and AutoDock,
offer users such functions. They have some
differences in the treatment of hydrogen bonds,
the form of the energy function etc. Furthermore,
the results of docking with force-field-based
functions can be further refined with other
techniques, such as linear interaction energy and
free-energy perturbation methods (FEP) to
improve the accuracy in predicting binding
energies. In empirical scoring functions, binding
energy decomposes into several energy
components, such as hydrogen bond, ionic
interaction, hydrophobic effect and binding
entropy. Each component is multiplied by a
coefficient and then summed up to give a final
score. Coefficients are obtained from regression
analysis fitted to a test set of ligand-protein
complexes with known binding affinities.
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.
Additionally, each term in empirical scoring
functions may be treated in a different manner
by different software, and the numbers of the
terms included are also different. LUDI, PLP,
ChemScore are examples derived from empirical

scoring functions Knowledge-based scoring
functions use statistical analysis of ligand-
protein complexes crystal structures to obtain
the interatomic contact frequencies and/or
distances between the ligand and protein. They
are based on the assumption that the more
favorable interaction 1is, the greater the
frequency of occurrence will be. These frequency
distributions are further converted into pairwise
atom-type potentials. 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
appeal of knowledge-based functions is
computational simplicity, which can be exploited
to screen large compound databases. They can
also model some uncommon interactions like
sulphur-aromatic or cation-m, which are often
poorly handled in empirical approaches.
However, they are still faced with the problem
that some interactions are underrepresented in
the limited training sets of crystal structures as
well as by the bias inherent in the selection of
proteins for successful structure determination
thus the obtained parameters may not be
suitable for widespread use, especially with
interactions involving metals or halogens. PMF,
DrugScore, SMoG and Bleep are examples of
knowledge-based functions which differ mainly
in the size of training sets, the form of the energy
function, the definition of atom types, distance
cutoff or other parameters [15]. Consensus scoring
is a recent strategy that combines several
different scores to assess the docking
conformation. A pose of ligand or a potential
binder could be accepted when it scores well
under a number of different scoring schemes.
Consensus  scoring usually  substantially
improves enrichments (i.e, the percentage of
strong binder among the highscoring ligands) in
virtual screening, and improves the prediction of
bound conformations and poses. However, the
prediction of binding energies might still be
inaccurate. Also, the usefulness of consensus
scoring diminishes when terms in different
scoring functions are significantly correlated.
CScore is an example of which combines DOCK,
ChemScore, PMF, GOLD, and FlexX scoring
functions. Typical scoring functions face the
problem of affinity prediction partly because of
the limited treatment of solvation effect. One of
the ways to solve this problem is physics-based
scoring, e.g. MM-PB/SA and MM-GB/SA (MM
stands for molecular mechanics, PB and GB for
Poisson-Boltzmann and Generalized Born,
respectively, SA for solvent-accessible surface
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area), which is involved in rescoring or lead
optimization to improve the accuracy of binding
affinity prediction. Promising results were
obtained using MM-PB/SA or MM-GB/SA in some
studies. However, recently Guimardes and
Mathiowetz reported that the GB/SA model
poorly estimated protein desolvation on certain
systems, while incorporating WaterMap into the
MM-GB/SA method instead of GB/SA protein
desolvation gave the best ranking result. Singh
and Warshel compared several methods for
evaluating the affinity of protein-ligand
complexes and suggested that PDLD/S-LRA/f
(protein dipoles Langevin dipoles linear
response approximation) appears to offer an
appealing option for the final stages of massive
VS and in contrast, PB/SA appears to provide
erroneous estimates of the absolute binding
energies because of its incorrect estimation of
entropies and the problematic treatment of
electrostatic energies 161,

Applications of Molecular Docking
Molecular docking interactions may lead in
activation or inhibition of the protein, whereas

ligand binding may lead in agonism or
antagonism.  Molecular = Docking possibly
employed to:

1. Hit Identification (Virtual Screening)

2. Lead Optimization (Drug discovery)

3. Bioremediation

4. Prediction of Ka (Biological activity)

5. Binding site prediction (Blind docking)

6. De-orphaning of protein

7. Protein - Protein/ Nucleic acid interactions
8. Searching for lead structures for protein
targets

9. Studies of Structure - function

10. Mechanisms of Enzymatic reactions

11. Protein engineering [17]

CONCLUSION

Many giant pharmaceutical companies, in
addition to academia, adopt CADDD ford rug lead
discovery. The explosion of structural
informatics, genomics and proteomic plays a
major role in leading the efforts towards modern
era drug discovery and development. Enormous
research from last two decades has been pursued
to study various docking algorithms and
predicting the active site of the molecule. Various
docking programs were developed to visualize
the3D structure of the molecule and docking
score can also be analyzed with the aid of
different computational methods. Molecular
Docking is a structure-based virtual screening

(SBVS) that is used to place the computer-
generated three-dimensional Structures of small
molecules into a target structure in a variety of
positions, conformations and orientations.
Protein-ligand docking is a new concept with a
variety of applications. It acts as a vivacious
explore domain because of its significance to
structure-based drug design (SBDD), Lead
Optimization, Evaluation of Biochemical
pathways, in De Novo drug design. In this Review
whole description on Molecular Docking are
mentioned here. Through Molecular Docking the
Binding mode and affinity of the complex so
formed is estimated and thus helps in the
Molecular Recognition Process docking towards
discovery of new drug leads.
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