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Abstract

Computer-aided drug design (CADD) depends on the extent of structure and other information available regarding the target
(enzyme/receptor/protein) and the ligands. The theoretical basis of CADD involves molecular mechanics, quantum mechanics,
molecular dynamics, structure-based drug design (SBDD), ligand-based drug design (LBDD), homology modeling, ligplot
analysis, molecular docking, de novo drug design, pharmacophore modeling and mapping, virtual screening (VS), quantitative
structure-activity relationships (QSARs), In silico ADMET (absorption, distribution, metabolism, excretion and toxicity)
prediction etc. CADD centre was created to foster collaborative research between biologist, biophysicists, structural biologists
and computational scientists. The major goal of the CADD centre is to initiate these collaborations leading to the establishment of
research projects to discover novel chemical entities with the potential to be developed into novel therapeutic agents.
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Introduction

Advances in the field of biochemistry, molecular
biology and cell biology, facilitated by developments
in genomics and proteomics, are producing a large
number of novel biological targets that may be
exploited for therapeutic intervention. To facilitate the
discovery of novel therapeutic agents, rational drug
design methods in combination with structural biology
offer great potential. The latest technological advances
are (QSAR/QSPR, structure-based design and
bioinformatics). Drug discovery and developing a new
medicine is a long, complex, costly and highly risky
process that has few peers in the commercial world.
This is why computer-aided drug design (CADD)
approaches are being widely used in the
pharmaceutical industry to accelerate the process. The
cost benefit of using computational tools in the lead

optimization phase of drug development is substantial.
On an average, it takes 10-15 years and US $500-800
million to introduce a drug into the market, with
synthesis and testing of lead analogues being a large
contributor to that sum. Therefore, it is beneficial to
apply computational tools in hit-to-lead optimization
to cover a wider chemical space while reducing the
number of compounds that must be synthesized and
tested in vitro.

Computational methods of drug design are based on a
postulate that pharmacologically active compounds act
by interaction with their macromolecular targets,
mainly proteins or nucleic acids. Major factors of such
interactions are surfaces of molecules, electrostatic
force, hydrophobic interaction and hydrogen bonds
formation. These factors are mainly considered during
analysis and prediction of interaction of two molecules
(1).
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COMPUTER-AIDED DRUG DESIGN (CADD):

Figure 1: In silico Computer-aided drug design (2,3)

Computer-aided drug design is a computer technology
that designs a product and documents the design's
process. CADD may facilitate the manufacturing
process by transferring detailed diagrams of a products
materials, processes, tolerances and dimensions with
specific conventions for the product in question (2). It
can be used to produce either two-dimensional or
three-dimensional diagrams, which can then when
rotated to be viewed from any angle, even from the
inside looking out. The channel of drug discovery
from idea to market consists of seven basic steps:
disease selection, target selection, lead compound
identification, lead optimization, pre-clinical trial
testing, clinical trial testing and pharmacogenomic
optimization. In practice, the last five steps required to
pass repeatedly. The compounds for testing can be
obtained from natural source (Plants, animals,
microorganisms) and by chemical synthesis. These
compounds can be rejected as perspectives owing to
absence or low activity, existence of toxicity or
carcinogenicity, complexity of synthesis, insufficient
efficiency etc. As a result only one of 100000
investigated compounds may be introduced to the
market and one average cost of development of new

drug rose up to 800 million dollars. The reduction of
time-consuming and cost of the last stages of drug
testing is unlikely due to strict state standard on their
realization. Therefore main efforts to increasing
efficiency of development of drugs are directed to
stages of discovery and optimization of ligands (3).

In silico methods can help in identifying drug targets
via bioinformatics tools. They can also be used to
analyze the target structure for possible binding/active
sites, generate candidate molecules, check for their
likeness, dock these molecules with the target, rank
them according to their binding affinities, further
optimize the molecule to improve binding
characteristic. The uses of computers and
computational methods permeate all aspects of drug
discover today an forms the core of (a) structure-based
drug design and (b) ligand-based drug design (4).

(a) STRUCTURE-BASED DRUG DESIGN
(SBDD): Structure-based drug design is the technique
to be used in drug design. Structure-based drug design
helps in the discovery process of new drugs (5).
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Figure 2: Structure-based drug design (5)

(b) LIGAND- BASED DRUG DESIGN (LBDD):

Figure 3: Ligand-based drug design (6)

The ligand-based drug design approach involves the
analysis of ligands known to interact with a target.
These methods use a set of reference structure
collected from compounds known to interact with the
target of interest and analysis their 2D or 3D structure
(7). In some cases, usually in which data pertaining to

the 3D structure of a target protein are not available,
drug design can instead be based on process using the
known ligands of a target protein as the starting point.
This approach is known as "ligand-based drug design"
(8).
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BIOINFORMATICS IN COMPUTER-AIDED DRUG DESIGN:

Figure 4: Bioinformatics in computer-aided drug design (7)

A few years ago, National Institutes of Health (NIH)
created Biomedical Information Sciences and
Technology Initiative (BISTI) to examine the current
state of bioinformatics in the United States. Computer-
aided drug design is a specialized discipline that uses
computational methods to simulate drug-receptor
interactions as there is considerable overlap in CADD
research and bioinformatics (7).

VARIOUS TYPES OF SOFTWARES USED FOR
IN SILICO COMPUTER-AIDED DRUG DESIGN
(8): Auto dock tools, UCSF chimera 1.10, Ligand scout
3.12, Rasmol, Chem draw utra 12, Chem sketch,
Marvin sketch, Padel-descriptor, NCSS 10, Analyse-it.

PARAMETERS: Some important parameters of
computer-aided drug design are described as below.

(a) HOMOLOGY MODELING:

Figure 5: Structure prediction by homology modeling (9)
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In the absence of experimental structures,
computational methods are used to predict the 3D
structure of target proteins. Comparative modeling is
used to predict target structure-based on a template
with a similar sequence, leveraging that protein
structure is better conserved than sequence, i.e.,
proteins with similar sequences have similar
structures. Homology modeling is a specific type of
comparative modeling in which the template and
target proteins share the same evolutionary origin.
Comparative modeling involves the following steps:

(1) Identification of related proteins to serve as
template structures,
(2) Sequence alignment of the target and template
proteins,
(3) Copying coordinates for confidently aligned
regions,
(4) Constructing missing atom coordinates of target
structure,
(5) Model refinement and evaluation.

Several computer programs and web servers exist that
automate the homology modeling process e.g.,
PSIPRED and MODELLER. Major goal of structural

biology involve formation of protein-ligand
complexes; in which the protein molecules act
energetically in the course of binding. Therefore,
perceptive of protein-ligand interaction will be very
important for structure-based drug design. Lack of
knowledge of 3D structures has hindered efforts to
understand the binding specificities of ligands with
protein. With increasing in modeling software and the
growing number of known protein structures,
homology modeling is rapidly becoming the method
of choice for obtaining 3D coordinates of proteins.
Homology modeling is a representation of the
similarity of environmental residues at topologically
corresponding positions in the reference proteins. In
the absence of experimental data, model building on
the basis of a known 3D structure of a homologous
protein is at present the only reliable method to obtain
the structural information. The knowledge of the 3D
structures of proteins provides invaluable insights into
the molecular basis of their functions (9).

(b) LIGPLOT ANALYSIS: Ligplot analysis a
computer program that generates schematic 3D
representations of protein-ligand complexes from
standard ‘protein data bank (PDB)’ file input.

Figure 6: Ligplot analysis [The red circles and ellipses in each plot indicate protein residues that are in equivalent 3D
positions to the residues in the first plot. Hydrogen bonds are shown as green dotted lines, while the arcs represent
residues making non-bonded contacts with the ligand] (10).
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(c) MOLECULER DOCKING:

Figure 7: Molecular docking (11)

Molecular docking is the computational modeling of
the structure of complexes formed by two or more
interacting molecules. The goal of molecular docking
is the prediction of the three dimensional structure.
Docking plays an important role in the rational design
of drugs. The aim of molecular docking is to achieve
an optimized conformation for both the protein and
ligand so and relative orientation between protein and
ligand so that the free energy of the overall system is
minimized. Molecular recognition plays a key role in
promoting fundamental biomolecular events such as
enzyme-substrate, drug-protein and drug-nucleic acid
interaction (11).
 Docking theory: The following docking
theory topics are available (11):

1. CDOCKER: Uses a random preliminary
ligand placement and full CHARMm forcefield-based
docking.

2. LibDock: Fast docking-based on binding site
features (‘hotspots’).
3. LigandFit: Docking-based on an initial shape
match to the binding site.
4. MCSS: Uses CHARMm to dock fragments by
using a unique computationally efficient Multiple
Copy Simultaneous Search algorithm.
Drug-receptor interactions occur on atomic scales. To
form a deep understanding of how and why drug
compounds bind to protein targets, we must consider
the biochemical and biophysical properties of both the
drug itself and its target at an atomic level. Swiss PDB
(protein data bank) is an excellent tool for doing this.
It can predict key physico-chemical properties, such as
hydrophobicity and polarity that have a profound
influence on how drugs bind to proteins (6).

Figure 8: Methods used for protein-ligand docking (11)
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Applications and importance of molecular docking:
The uses of docking programmes to indicate the nature
of the atoms and functional groups present in the 3D
(three-dimensional) structures also enable to examine
the binding of a drug to its target site (12).

(d) DE NOVO DRUG DESIGN: De novo design
is the uses of docking programmes to design new lead
structures that fit a particular target site.

Figure 9: Different fragments and other linking groups used in de novo drug design methodology (13)

Step 2: Prediction of interaction sites of target receptor through Ligplot

Step 3: Placing the fragments or other linking groups with pharmacophore models at pre-defined
interaction site to provide feasible interactions with the residues in the site of the target receptor

Step 1: Determination of binding pocket on target receptor

Step 4: Structurally modification of the fragments to provide possible interactions with the residues
in the site of the target receptor

Step 5: Joining all fragments together to yield a complete single molecule

Figure 10: Steps of de novo drug design methodology (13)



Int. J. Adv. Res. Biol. Sci. (2017). 4(2): 60-71

67

(e) PHARMACOPHORE-BASED DRUG DESIGN:

Figure 11: Pharmacophore-based drug design (14)

A pharmacophore is an abstract description of
molecular features which are essential for molecular
identification and recognition of a ligand by a
biological macromolecule. Typical pharmacophoric
features include hydrophobic centroids, aromatic
rings, hydrogen bond acceptors, hydrogen bond
donors, positive charge and negative charge.
Pharmacophore approaches have become one of the
major tools in drug discovery after the past century’s
development. Various ligand-based and structure-

based methods have been developed for improved
pharmacophore modeling. A pharmacophore model
can be established either in a ligand-based manner, by
superposing a set of active molecules and extracting
common chemical features that are essential for their
bioactivity, or in a structure-based manner, by
searching possible interaction points between the
macromolecular targets and ligands. Pharmacophore
approaches have been used extensively in virtual
screening (14).

Figure 12: Pharmacophore (16)
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 Colours of Pharmacophoric Features (16):

1. Hydrogen bond acceptor: Orange,
2. Hydrogen bond donor: White,
3. Aromatic ring: Magenta,

4. Hydrophobic centroid: Green.

 Uses: Pharmacophores are frequently used as
a tool for searching databases for compounds with
similar pharmacophores (15).

(f) VIRTUAL SCREENING (VS):

Figure 13: Virtual screening from the pharmacophoric model through Zinc pharmer web server (16)

Virtual screening is a computational method where
large libraries of compounds are assessed for their
potential to bind specific sites on target molecules
such as proteins and well-compounds tested. Virtual
screening is a computational technique used in drug
discovery research. By using computers, it deals with
the quick search of large libraries of chemical structure
in order to identify those structures which are most
likely to bind to a drug target, typically a protein
receptor or enzyme. Virtual screening has become an
integral part of the drug target, typically a protein
receptor or enzyme. Virtual screening has become an
integral part of the drug discovery process. Related to
the more general and long pursued concept of database
searching, the term "virtual screening" is relatively
new. Virtual screening has largely been a numbers
game focusing on questions like how can we filter
down the enormous chemical space of over 1060
conceivable compounds to a manageable number that
can be synthesized, purchased and tested. Although
filtering the entire chemical universe might be a
fascinating question, more practical virtual screening
scenarios focus on designing and optimizing targeted
combinatorial libraries and enriching libraries of
available compounds from in-house compound
repositories or vendor offerings. It is less expensive
than high-throughput screening, faster than

conventional screening, scanning a large number of
potential drugs like molecules in very less time (17).

(g) QUANTATIVE STRUCTURE-ACTIVITY
RELATIONSHIPS (QSARs):

Quantitative structure-activity relationship (QSAR)
modeling pertains to the construction of predictive
models of biological activities as a function of
structural and molecular information of a compound
library. The concept of QSAR has typically been used
for drug discovery and development and has gained
wide applicability for correlating molecular
information with not only biological activities but also
with other physicochemical properties, which has
therefore been termed quantitative structure-property
relationship (QSPR) (18). Typical molecular parameters
that are used to account for electronic properties,
hydrophobicity, steric effects, and topology can be
determined empirically through experimentation or
theoretically via computational chemistry (19).  A given
set of data sets is then subjected to data pre-processing
and data modeling through the uses of statistical or
machine learning techniques. This review aims to
cover the essential concepts and techniques that are
relevant for performing QSAR/QSPR studies through
the uses of selected examples from our previous work
(20).
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 Regression analysis: Regression analysis is a
group of mathematical methods of QSAR used to
obtain mathematical equations relating different sets
of data that have been obtained from experimental
work or calculated using theoretical study. The data
are fed into a suitable computer program, which, on
execution, produces an equation that represents the
line that is the best fit for those data. Regression
analysis would calculate the values of m and c that
gave the line of best fit to the data (21).

Importance: The value of the r (regression
coefficient) is a measure of how closely the data match
the equation. r (regression coefficient) value greater
than 0.60 are usually regarded as representing an
adequate degree of accuracy. For example, a value of r
> 0.60 or R2 > 0.50 for natural or herbal compounds
indicates that 80% of the results can be suitably
explained by regression analysis by using the
parameters specified (21).

Figure 14: A hypothetical plot of the activity (Log1/C) of a series of compounds against the logarithm of their
partition coefficients parameters (LogP) (21)

(h) IN SILICO ADMET (ABSORPTION,
DISTRIBUTION, METABOLISM, EXCRETION,
TOXICITY) AND DRUG SAFETY
PREDICTION: Lipinski's rule is related to ADMET
(absorption, distribution, metabolism, excretion and
toxicity) which states that, in general, an orally active
drug has no more than one violation of the following
components (22,23,24,25,26,27,28,29):

1. Hydrogen bond donor (the total number of nitrogen-
hydrogen and oxygen-hydrogen bonds) in a molecule
is not more than 5.
2. Hydrogen bond acceptor
(all nitrogen or oxygen atoms) in a molecule is not
more than 10.
3. Molecular weight (MW) of a molecule is less than
500 daltons or 800 gms.
4. Octanol-water partition coefficient (LogP) of a
molecule is not greater than 5.
5. Polar surface area (PSA) of a molecule is not
greater than 190 Å2.
6. The range of molar refractivity (MR) of a molecule
is in between 40 to 130.
7. The range of total number of atoms in a molecule is
in between 20-70.
8. The range of total number of rotatable bonds in a
molecule is not greater than 10.

• Importance: The rule is important to keep in
mind during drug discovery when a pharmacologically
active lead structure is optimized step-wise to increase
the activity and selectivity of the compound as well as
to ensure drug-like physicochemical properties are
maintained.

There are various in silico tools to predict ADMET
(absorption, distribution, metabolism, excretion and
toxicity) like 1) ALOGPS, 2) E-dragon, 3) Padel-
descriptors etc (30).

Conclusion

The drug discovery and development process is a long
and expensive one. It starts from target identification,
after that, validates the targets and identifies the drug
candidates before any newly discovered drug is placed
on the market. It must undergo extreme preclinical and
tests and get the FDA approval. Computer-aided drug
design (CADD) is a natural outgrowth of theoretical
chemistry, the traditional role of which involves the
creation and dissemination of a penetrating conceptual
infrastructure for the bioinformatics, chemical
sciences, particularly at the atomic and molecular
levels.



Int. J. Adv. Res. Biol. Sci. (2017). 4(2): 60-71

70

The main aim to decrease the level of manufacturing
cost level. In particular, the strong mathematical
flavour of CADD links between mathematical and the
chemical sciences, and to the past, present and future
roles of interdisciplinary research at the interface
between these subjects. The issues constitute basis
concerns for the present study. The growing number of
chemical and biological databases; and explosions in
currently available software tools are providing a
much improved basis for the design of ligands and
inhibitor with desired specificity.
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