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ABSTRACT

Computational techniques are important in the field of drug discovery. These techniques are
generally categorized in two methods namely ‘structure-based’ and ‘ligand-based’ methods. The
present review discusses the theory of the most important methods, recent successful applications,
pharmacophore modeling and quantitative structure-activity relationship (QSAR) studies. A
brief introduction of molecular docking methods and their development and applications in drug
discovery process is also included. Basic theories and fundamental techniques including sampling
algorithms and scoring functions are discussed.

INTRODUCTION

The design and development of a new drug is a challenging
task as timely delivery and managing the expenditures is
extremely difficult [1-5]. Although there is a noticeable
increase in funding for research and development in the
process of drug discovery [6-9], only a small part of the
produced drugs (less than 10 percent drugs) pass the clinical
trials and only a few drugs reach to market [10-12]. This
generates the demand of all pharmaceutical industries and
research fields to find alternative ways to increase the
efficiency and productivity in the process of drug discovery
[13-16]. The computational techniques like docking,
molecular dynamics (MD) simulations, QSAR, virtual
screening, pharmacophore modeling etc. are helpful for
pharmaceutical and biotechnology based companies in
designing some new drug like molecules [17-21]. In this
mini review, we focus on a brief discussion on various
computational techniques to understand their basic details
and usefulness in the process of drug discovery [22-25].
This review also reports the impact of computational
approaches in drug designing and a few available
publications on docking, mapping, homology modeling etc.
[26-29].

STRUCTURE-BASED DRUG DESIGN (SBDD)

The molecular modeling of SBDD is a powerful tool to
study the structure-activity relationships. It is the design
and optimization of a chemical structure with the aim to
identify a suitable compound for chemical testing to find
some new medications [30]. SBDD is based on the
knowledge of 3D structure of the lead molecule. Generally,
shape, size and charge of the lead molecule affects its ability
to interaction with the biological target and understanding
this affect is necessary to for the design and development
of new drugs. Ifthe chemical structure of the receptor is not
available, it can be predicted by homology modeling
techniques [31]. Homology modeling is the modeling of a
protein on the basis of known amino acid sequences of a
protein and the modeled protein is comparable with similar
homologous protein [32].

LIGAND-BASED DRUG DESIGN (LBDD)

The method of LBDD relies on the knowledge of small
molecules that bind to the target of interest. Here, the known
molecular pattern that bind to a target is used to find
molecules with similar patterns [33]. Some popular LBDD
approaches are pharmacophore modeling, molecular
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similarity approaches, quantitative structure—activity
relationship etc. [34]. LBDD is generally used in cases where
chemical structure of the receptor cannot be defined [35].
However, this is very useful technique and various efforts
have been made to strengthen the LBDD process in last
two decades.

QUANTITATIVE
RELATIONSHIP (QSAR)

The relationship between the features of the chemical
structure of ligands and their biological activity is called
QSAR [36-38]. It is among the most practical and widely
used tool in analogue/ligand-based drug design process.
The principal objective of QSAR is to find a relationship
between the biological activity and physiochemical
properties for a set of ligands. Various molecular descriptors
are used in QSAR to understand the representative
molecular properties. 2D descriptors, independent of 3D
orientation or conformation of the molecules, have some
common property to reflect the structure of molecules [39,
40]. Constitutional descriptors are one of the most important
2D descriptors that reveals the molecular composition of a

STRUCTURE-ACTIVITY

compound without using molecular geometry [41].

MOLECULAR DOCKING

Molecular docking is the attempt to find the “best”
matching between the ligand and the receptor to form a
stable complex. It can evaluate different possible
conformations of ligand receptor binding, which makes it
reliable for understanding the mechanism of interaction [42,
43]. Molecular docking is mainly divided into three types:
(1) docking program to identify potential ligands from a
library of chemical compounds, (ii) binding mode of potential
ligands and (iii) prediction of binding poses [44]. In rigid
molecular docking (lock and key model), the internal
geometry of the receptor and ligand is fixed during docking.
On the other hand, receptor is rigid and ligand is flexible in
induced-fit or flexible docking. Docking algorithms can be
used to find ligands, multiple proteins and their binding
conformations that are close to experimentally determined
structures [45]. Different types of algorithms such as
molecular dynamics, monte carlo methods, genetic
algorithms, fragment-based methods, point complementary
methods, distance geometry methods, systematic searches

Fig. 1. Images of molecular docking studies
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are frequently used for docking calculations. Figure 1
depicts the docked poses of an anti-TB drug molecule with
areceptor (PDB-ID 1ZID). The ligand-receptor interaction
diagram, showing the important interactions, are also
included in this figure. Molecular docking consists of
multiple steps as discussed below:

(@) Receptor preparation: The X-ray crystallographic 3D
structure of receptor as available on Protein Data Bank
(PDB) or any other reliable source is modified with
stabilizing charges, filling missing residues, removal
of water molecules from the cavity etc.

(b) Ligand preparation: Different conformations of
ligands are generated and minimized stepwise for
increased activity and selectivity, as well as drug-like
properties and used for docking against target
biomolecules.

(¢) Receptor grid generation: Setting position constraint
of the grids used for grid-based scoring in docking.

(d) Docking and scoring: Here ligand is docked with the
receptor and the defined grid of receptor interactions
are checked. The scoring function generates scores
depending on the selected ligand with best fit.

PHARMACOPHORE MODELING

Pharmacophore modeling, as explained by Ehrlich, is
a technique that analyzes the important structural features
(chemical groups) responsible for the biological activity of
a drug molecule. There is a considerable expansion of the
concept and application range of a pharmacophore model.
According to IUPAC [46], pharmacophore model defines
the ensemble of steric and electronic features that are needed
to ensure the optimal supramolecular interactions with a
specific biological target and trigger the biological response.
A pharmacophore model can be either ligand-based or
structure-based manner. In ligand-based manner, a set of
active molecules are superposed and extract the common
chemical features that are responsible for the biological
activity [47]. In structure-based manner, the possible
interacting points between the biological target and the

Some important terminology:

ligands are summarized. The various steps of
pharmacophore modeling are:

(@) Select a training set of ligands: Selection of a set of
structurally different molecules having both active
and inactive compounds.

(b) Conformational analysis: Production of a set of low
energy conformations to contain the bioactive
conformation of the selected molecules.

(c) Molecular superimposition: Superimposition of all
suitable combinations of low-energy conformations
ofthe molecules.

(d) Abstraction: Transformation of the superimposed
molecules into an abstract representation.

(e) Validation: Validation of the model to account the
differences in biological activity for a range of
molecules.

MOLECULAR DYNAMICS (MD) SIMULATION

Understanding of molecular motions is undoubtedly
essential in any successful drug discovery process. MD
simulation calculates the accurate binding affinities of
ligand-receptor complex, analyzes the binding position and
the stability with respect to time [48]. Recently Cavalli and
coworkers summarized the role of molecular dynamics and
related methods in drug discovery process [49]. This topic
is of interest for various researchers in the field of drug
discovery [50-53].

QUANTUM MECHANICSMOLECULAR MECHANICS
QMMM)

QM/MM is used to study the structural changes and
the binding strength upon the formation of ligand-receptor
complex. It is an advanced computational technique to
perform the geometry optimization, single point energy
calculation, Hessian and gradient calculations. It is useful
in treating atomic complex system and has the potential to
be used as an essential part in drug discovery for the
identification of the lead and understand of the ligand
receptor interaction in detail [54-59].

S. No. Term Explanation
1 Ligand Ligand is an organic substance that forms complex with biomolecule to serve biological
purpose. Ligand usually produces a signal for binding to a site on the target biomolecule.
2 Receptor Target biomolecules act as receptors that bind to signaling ligand and initiate a physiological

response. Cell membrane receptors permit signaling ligands to effect the cell function without

entering the cell.
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S. No. Term Explanation

3 Descriptor Molecular descriptors are set of numerical or binary values representing various molecular
properties of a compound. They are classified into two types i.e. 2D and 3D.

4 Active site Active site s the specific region of an enzyme where a substrate bindand proceed to chemical
reaction.

5 Pharmacophore A pharmacophore modeling refers to the geometrical description of the chemical
functionalities of a ligand to interact with the receptor.

6 Affinity Activity is the relationship between the structure of a ligand and the receptor which suggests
the strength of their binding.

7 Dataset It is the set of biologically active molecules with ascending or descending order of activity
values.

8 Training set It is a set of data to assess the potentially predictive relationships.

9 Test set Test set is the data set used to evaluate the strength and efficacy of a predictive relationship.
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