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As demand of novel drugs is increasing day by day, the need of efficient, inexpensive techniques 
arises which can help in drug design and discovery. In order to achieve the goal, computational 
techniques like docking, pharmacophore modeling, homology modeling are employed by researchers 
around the globe in search of novel potent drugs. In this review, relevant computational techniques 
are highlighted which will help new generations to carry out hassle free research in an efficient 
manner. 
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INTRODUCTION 
The serendipitous part of drug discovery can 
now be overcome by rational designing of drugs 
with the help of computational techniques like 
molecular modeling, docking, virtual screening 
etc. that can identify promising candidates prior 
to synthesis. The structural aspects of active site 
(drug targets) composition and the orientation 
of different amino acids can be used in drug 
design and discovery. Nowadays, with the help 
of computational techniques, a specific potent 
lead molecule against a particular disease can be 
designed on the basis of nature of interactions 
like enzyme-substrate, drug-protein and drug-
nucleic acid interactions that may provide a 
conceptual framework for designing the desired 
potency and specificity of potential drug leads 
for a given therapeutic target (Nantasenamat et 
al 2009; Aparoy et al 2012). 
The active and time consuming process of drug 
discovery and development via traditional 
approaches like synthesis and evaluation of a 
potent medicinally active compound can be 
replaced by computational methods. The most 

important aspect of computer aided drug design 
is its crucial role in drug discovery that can save 
time and cost involved in drug development 
process. It can now easily be assessed from the 
literature survey that computational methods 
have become an interdisciplinary science with 
the involvement of different scientific fields like 
pharmacology, molecular biology, chemistry etc. 
(Aparoy et al 2012). 
In present review, an attempt was made to 
describe different computational techniques 
with an idea to achieve wide circulation which in 
turn would be beneficial for new researchers 
where they can understand and design their 
research more efficiently. The literature study 
reveals the impact of computational approaches 
in drug designing and a wide number of 
publications are available on docking, mapping, 
homology modeling etc. (Teif, 2005; Todeschini 
and Consonni, 2008; Congreve and Marshall, 
2010; Baron et al 2010; Yang, 2010; Kumar, 
2011; Sharma et al 2011; Alberts et al 2013; 
Figure 1). Table 1 enumerates different terms 
used in computational studies. 
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Fig. 1. Images of molecular docking studies 
 

Table 1. General terms used in computational drug design 

S. No. Computational term Definition 

1 Pharmacophore 
It is a molecular framework that carries (phoros) the essential features 

responsible for a drug’s (pharmacon) biological activity’ 

2 Active site The active site is a small port in an enzyme that where substrate molecules 
bind and undergo a chemical reaction. 

3 Descriptor 

The molecular descriptor is the final result of a logic and mathematical 
procedure which transforms chemical information encoded within a symbolic 

representation of a molecule into a useful number or the result of some 
standardized experiment 

4 Ligand 
A ligand is a substance (usually a small molecule) that forms a complex with a 

biomolecules to serve a biological purpose. 

5 Receptor 
It is a protein molecule usually found embedded within the plasma membrane 

surface of a cell that receives chemical signals from outside the cell. 
6 Affinity The tendency or strength of ligand binding to receptor is known as affinity. 
7 Dataset A set of biologically active molecules. 
8 Training Set The dataset used to develop the 3D-model. 
9 Test Set The dataset used to evaluate the developed 3D model. 

 
Computational techniques 
Drug Design can be classified mainly in two 
different categories viz. a) Structure based drug 
design (SBDD) and b) Ligand based drug design 
(LBDD). 
 
Structure based drug design (SBDD) 
In structure based drug design, an inhibitor for a 
particular target has been developed on the 
basis of structural information of the drug target 
like receptor structure (mostly protein). If the 
structure of receptor is not available, the 
receptor structure can be predicted by homology 
modeling. Homology modeling usually refers to 
as comparative modeling in which on the basis 
of known amino acid sequences of a protein, a 
model of protein can be constructed and the 
structure is comparable with the 3D-structure of 
similar homologous protein (template). 
 
Docking: 
In this approach, ligands are ‘docked’ against the 
structures of bimolecular targets and a certain 
score (usually referred to as ‘docking score’) has 

been given to each orientation a ligand docked in 
the active site. This score can then be used to 
evaluate the potential of ligand-protein affinity 
which ultimately leads to prediction of biological 
effectiveness of a ligand against the particular 
protein. Docking is employed only when the 
structure of target’s active/binding site is 
available and orientation/conformation of a 
ligand is predicted in the active site of desired 
target. 
 
Process 
There are three types of computational docking 
viz. a) Rigid body docking in which both receptor 
and ligand are rigid; b) Flexible ligand docking in 
which receptor is rigid while ligand is flexible; c) 
Flexible docking in which both receptor and 
ligand are flexible. Most commonly used docking 
type is flexible docking (Mohan et al 2005). 
Different algorithms used in the process of 
docking are Monte Carlo, genetic algorithm, 
fragment-based, molecular dynamics etc and on 
the basis of these algorithms, different programs 
were developed (free and commercial purpose). 
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Ligand Preparation: 
It is the initial step for molecular docking studies 
where geometrical refining of 3D structures 
takes place. In most docking programs, different 
tautomeric and conformations were generated 
by employing search algorithms. All the 
generated conformers were minimized and 
prepared ligands will be used to be docked 
against biomolecular target (Mohan et al 2005). 
 
Protein preparation: 
Structures of protein/biomolecules evaluated by 
X-ray crystallographic technique are available on 
protein data bank and it could easily be 
downloaded in text format from their website 
[http://www.rcsb.org]. The selected chains of 
the biomolecules were edited for missing 
hydrogens and to assign proper bond orders. 
Later on all the H-bonds were optimized and all 
polar hydrogen were displayed. Later on, 
minimization of resulted protein structure was 
carried out (Mohan et al 2005). 
 
Receptor grid generation: 
From the prepared protein/biomolecule, the 
cocrystallized ligand was separated from its 
active site. The active site is generally 
represented as an enclosing box at the centroid 
of workspace ligand. Following this protocol, a 
grid centered on the ligand was generated using 
the default settings of desired software. All 
ligands were docked into this grid structure 
(Kaushik et al 2012). 
 
Docking and scoring: 
On a defined receptor grid, flexible docking was 
performed using appropriate module of desired 
software. The module analyses the protein-
ligand interaction on the basis of different 
interactions between them like vander waals, 
hydrogen bonding and electrostatic interactions. 
Furthermore, the binding free energy of a 
protein-ligand complex by adding up individual 
contributions from different types of 
interactions is predicted by using force field 
scoring functions. However, it is relevant to note 
that due to availability of various docking 
programs, the scoring function of each program 
might be different with respect to another and 
lack of universal scoring function results in non-
uniform results by different docking programs 
(Mohan et al 2005). 
 
Homology modeling: 
Structural  information  of   any  biomolecule  can  

be accessed from Protein Data Bank (PDB), 
(http://www.pdb.org). However, when structure 
of a desired target is not available, in that case 
‘Homology modeling’ can be used to predict 3D 
protein structure in order to provide an insight 
into the functioning of protein (Cavasotto and 
Phatak, 2009).  
This methodology is derived from a general 
observation that ‘proteins with similar 
sequences have similar structures’. The models 
can be generated for a homologous sequence 
(target) that bears template significant sequence 
of more than 30% (Cavasotto and Phatak, 2009). 
 
Process 
1) Identification of a template (known 3D 
structure)  
2) Sequence alignment of target and template 
proteins 
3) Building the model  
4) Validation of the generated model 
These steps can be repeated again and again in 
order to build a satisfactory model (Cavasotto 
and Phatak, 2009).  
The first step in this procedure is to get the 
sequence of amino acids for the desired protein. 
Subsequently, by using BLAST (Basic Local 
Alignment Search Tool) algorithm sequence 
alignment is conducted where most similar 
amino acid sequence is identified that resembles 
the query sequence. Quality of a developed 
model can be assessed by the quality of sequence 
alignment and template structure. 
Quality of developed model can be ascertained 
by estimating the local quality of the predicted 
structure on the basis of tests like mean force 
potential, GROMOS empirical force field energy, 
QMEAN etc. Furthermore, stereochemistry of 
developed model and analysis of the 
ramachandran plot is always of great worth. 
 
Ligand based drug design (LBDD) 
This approach is particularly useful when 3D 
structure of the receptor is not available and it 
relies on the knowledge of ligands that bind to 
the desired target. Two most prominent 
techniques used in this approach are a) 3D 
quantitative structure activity relationships (3D 
QSAR); b) Pharmacophore modeling. 
The above techniques are used to develop 
models with predictive ability suitable for lead 
identification and optimization (Acharya et al 
2011). In quantitative structure activity 
relationship (QSAR), a correlation between 
experimentally determined biological activity 
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and calculated properties of molecules is 
derived. These exhibit a particular squared 
predictive correlation coefficient (r2); and model 
with r2 value close to 1 will be designated as best 
model. These QSAR models relationships can 
then be used to predict the activity of new 
analogs. 
 
3D-QSAR: 
Comparative Molecular Field Analysis (CoMFA) 
CoMFA is categorized as 3D QSAR computational 
technique in which experimental activities (log 
units of KI or IC50) and the 3D structures of the 
molecules are incorporated in the study. For 
ease in calculation of electrostatic energy, 
charges should be added to the molecules so that 
electrostatic energy can be determined. A 
common substructure with good alignment is 
considered as an important aspect in CoMFA 
analysis. The common substructure should have 
the same conformation in all molecules overlaid 
in a single binding mode by adjusting their 
internal torsional angles. Molecular fields 
around each conformation calculated and the 
fields, generally electrostatic (sp3-hybridized 
carbon with +1 charge) and steric energy 
(Lennard-Jones potential) are measured at the 
lattice points of a regular Cartesian 3D grid 
(lattice spacing ~ 2 Å). 
 
Pharmacophore modeling 
Pharmacophore modelling is intended for the 
virtual screening of compounds for lead 
discovery (Kaushik et al 2012). Pharmacophore 
modeling proposed to be a powerful technique 
which can easily classify a group of 
molecules/ligands into active or inactive 
compounds.  
The key feature identified by pharmacophore 
modeling will provide new insights in drug 
design and discovery. Currently, various 
automated pharmacophore generators have 
been developed, including commercially 
available softwares (Barnum et al 1996; Li et al 
2000; Martin, 2000; Jones et al 2000; Triopos; 
Dixon et al 2006; Goodsell et al 1996; Cozzini et 
al 2008; Wolber and Langer, 2005; Sakkiah et al 
2009; Bansal et al 2011; Balasubramanian and 
Vijaya Gopal, 2012), as shown in Table 2. 
In general, pharmacophore generation from 
multiple ligands (usually called training set 
compounds) involves two main steps 1) creating 
the  conformational  space for each ligand  in  the 
training set to represent conformational 
flexibility of ligands, and 2) aligning the multiple 

Table 2. Softwares available for drug designing 
 

S. No. 
Name of 
software 

Applications in 
drug design 

1 HipHop QSAR 

2 HypoGen QSAR 

3 DISCO QSAR 

4 GASP QSAR 

5 GALAHAD QSAR 

6 PHASE QSAR 

7 MOE QSAR 

8 LigandScout Pharmacophore 
modeling 

9 Sanjeevani docking 

10 AutoDock docking 

11 SLIDE docking 

12 Surflex docking 

13 ICM docking 

14 GLIDE docking 
 
ligands in the training set and determining the 
essential common chemical features to construct 
pharmacophore models. 
 
Process 
Biological activity data: 
A dataset of more than 25 derivatives with a 
particular biological activity can be considered 
for pharmacophore modeling. The IC50 (i.e. 
concentration in µM required for 50% inhibition 
of enzyme activity) of all derivatives was 
converted into pIC50 (–log IC50) which will be 
used as data input for a particular software. The 
dataset was divided randomly into the training 
(A %) and test sets (B %); where A/B represents 
the percentage of dataset. 
Training set was used to generate 
pharmacophore models and prediction of the 
activity of test set was used as a method to 
validate the proposed models. 
 
Ligand preparation: 
This step is similar to the step that is described 
before in molecular docking studies where 
ligands with correct chiralities and with different 
conformations were developed using different 
programs. 
 
Creation of pharmacophoric sites: 
A set of pharmacophore features like hydrogen-
bond acceptor, hydrogen-bond donor, 
hydrophobic group, aromatic ring etc. were used 
to create pharmacophoric sites for developing a 
pharmacophore model. 
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Searching common pharmacophore: 
In this step, a specific module of software 
analyzes the pharmacophores from all 
conformations of the training set molecules and 
assembles together the pharmacophores having 
identical sets of features with very similar 
spatial arrangements. A common pharmaco- 
phore is generated if a given group is found to 
contain at least one pharmacophore from each 
ligand. A tree-based partitioning technique was 
then used to identify common pharmacophores, 
in which similar pharmacophores were grouped 
together according to their intersite distances. 
 
Scoring hypothesis 
In this step, common pharmacophore hypothesis 
were examined using a scoring function to yield 
the best alignment of the active ligands. The 
quality of alignment was measured by survival 
score. 
 
Generation of 3D-QSAR model 
3D-QSAR models were developed for a set of 
ligands by using the method of structure 
alignment. The pharmacophore model partitions 
space into a grid of uniformly sized cubes, and 
each molecule was characterized by a set of 
binary-valued (0 or 1) independent variables 
that encode the occupancy of these cubes by 
various atom classes and pharmacophore 
feature types. 6 N occupancies (N = no. of atom 
classes) of the cubes and atom classes are the 
independent variables used in the QSAR model. 
These binary-valued (0 or 1) independent 
variables are used as parameters to develop 
correlation with biological activity. 
 
Validation of pharmacophore model 
External validation is considered to be a 
conclusive proof for judging predictability of a 

model as validation is a crucial aspect of 
pharmacophore design, particularly when the 
model is built for the purpose of predicting 
activities of compounds in external test series. 
The main target of any QSAR modelling is that 
the developed model should be robust enough to 
be capable of making accurate and reliable 
predictions of biological activities of new 
compounds. In studies, the prediction of the 
activity of test set molecules used as a method to 
validate the developed pharmacophore model.  
 
CONCLUSION 
Regardless of the achievements of computational 
techniques in past decades, there is some room 
of improvement and several key challenges 
needs to be addressed in this field. Some of the 
challenges includes a) Modeling of ligand and 
protein flexibility b) high computing cost c) 
unavailability of a universal methodology; as 
different softwares implies their own 
methodology (like use of different algorithms) 
for pharmacophore modeling. An ideal program 
for processing a particular computational 
technique should bear the following 
characteristics: a) keeping low-energy 
conformations of ligand molecules b) efficient 
generation of all conformations c) less time 
consuming. Another important point which 
normally ignored by researchers is “selection of 
proper training set compounds”. It has been 
established that dataset size, type of ligand and 
their chemical diversity may significantly affect 
quality of generated pharmacophore model. 
Moreover, the supremacy of computation 
techniques in drug design and discovery is well-
recognized by researchers from interdisciplinary 
fields like chemistry, molecular biology etc. and 
success stories in drug discovery is increasing 
day by day. 
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