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Abstract
Drug designing and molecular dynamic studies were an intense, lengthy and an inter-disciplinary venture. At 

present, a new approach towards the use of computational chemistry and molecular modeling for in-silico drug 
design. Computational in-silico drug design skills are used in bioinformatics, computational biology and molecular 
biology. Drug designing using in-silico methods is cost effective in research and development of drugs. Currently, 
a vast number of software’s used in drug design. In-silico drug designing and molecular dynamic studies can be 
performed by using different methods namely homology modeling, molecular dynamic studies, energy minimization, 
docking and QSAR etc. By using in-silico drug designing we can produce an active lead molecule from the preclinical 
discovery stage to late stage clinical development. The lead molecules which are developed will help us in selection 
of only potent leads to cure particular diseases. Therefore in-silico methods have been of great importance in target 
identification and in prediction of novel drugs.

Keywords: Drug design; Homology modeling; Molecular docking;
QSAR; MD simulation

Introduction
Computational methodologies used for prediction and deep 

understanding of complex scientific facts has accelerated our knowledge 
gain and had tremendous impact in our societal growth. Presently, 
almost there are no discipline of science which is not using applied 
computational methodologies for better understanding and integrated 
studies.

There was a time when all the scientific disciplines were considered 
individually among the experts. Recent development in the application 
science and technology has shown that science is interdisciplinary in 
nature today. More or less each discipline is borrowing one or the other 
application from other to gain a deep and fruitful insight.

Life and medical science been immensely benefitted by the 
application of computational analysis. After the great achievement of 
human genome mapping, implementation of computational techniques 
has risen enormously.

We have observed application of computational techniques in 
molecular sequence analysis, understanding complex interactions of 
genes and non-coding regions [1,2], estimating the protein molecules 
and mapping their important features and performing comparative 
studies [3-5] for understanding complex biological phenomenon and 
in various other aspects of cell and molecular biology.

In this regard, ample investigations and growth has been observed 
in understanding the protein molecules and their interactions with 
other molecules through computational approach during last few 
decades. Development of advanced algorithms and availability of high 
end computation yielded a lot in this issue and allowed us to witness 
one of the greatest technological developments in this century [6]. 

In-silico drug design and development is a very intricate, time 
consuming process. In-silico methods can help in identifying drug 
targets via computational tools. They can also be used to analyze the 
target structures for possible binding active sites, generate candidate 
molecules, check for their drug likeness, dock these molecules with 
the target, rank them according to their binding affinities, further 
optimize the molecules to improve binding characteristics. In in-silico 
drug designing many factors are responsible for the unsuccessful of 
many drugs molecules which are developed by computations methods 

using different bioinformatics software’s. hence, the developed models 
were not tested like in-vivo methods so there are few demerits in in-
silico developed drugs such as lack of effectiveness, side effects, poor 
pharmacokinetics, and marketable reasons. The expenditure of this 
process has risen significantly during the past 34 yrs [7]. 

Drug discovery is most prominent process in current days and that 
begin with target and lead discovery, followed by lead optimization and 
pre-clinical in vitro and in vivo studies to recognize the potent compounds 
for which assure the main criteria for drug development [8]. To develop 
a drug through an in-vivo and in-vitro methods take long time and with 
high expenditure [9,10]. For that reason in-silico drug designing is useful 
to predict the active molecules and we will get an idea about the drug 
discovery process. The drug discovery through pharmaceutical industry, 
will take approximately years to bring a drug from discovery to market 
(12-14 years) and costing up to $1.2-$1.4 billion dollars [11]. The way of 
drug discovery by pharmaceutical industry is a time-consuming multi-
step processes against a battery of in vivo biological validations and 
further investigating the active candidates for their pharmacokinetic 
properties (ADME), metabolism and potential toxicity (efficacy). Today, 
the process of drug discovery has been revolutionized with the advent 
of genomics, proteomics, bioinformatics [12] and efficient technologies 
like, combinatorial chemistry, high throughput screening (HTS), virtual 
screening, de novo design, in vitro, in silico ADMET screening and 
structure-based drug design.

Computational drug discovery can help in identifying potent drug 
molecules and targets via bioinformatics tools. They can also be used to 
evaluate the target structures for possible binding/active sites, generate 
active drug molecules, check for their dynamic and kinetic properties, 
the docking studies of these molecules with the target molecules will 
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help us to know the affinity and efficacy of developed molecule and 
we rank them according to their binding affinities [13]. The molecules 
which are showing better activity can be modified and build to get good 
activity towards the target molecules, further optimize the molecules 
to improve binding characteristics. The use in silico methods will help 
us in all aspects of drug discovery today and forms the importance 
of structure-based drug design. There are plenty of programs which 
are helping us to build active drug molecules. Meanwhile, High-
performance computing, data management software and internet are 
helping us to generate high quality data generated complex data and 
also transformation of huge complex biological data into accessible 
knowledge in current trends to discover a novel drug molecules [14]. 
The use of computational science in drug discovery increases the 
opportunity to succeed in many aspects like lead identification and lead 
optimization, developing a promising molecule against diseases. The 
drug discovery process using in silico method were easy to perform and 
lower cost. Major roles of computation in drug discovery are; 

1. Virtual screening and de novo design (Model development)
[15]

2. In silico ADME/T prediction (QSAR)

3. Advanced methods for determining protein-ligand binding
(Docking studies)

There are various methods used in Computational Drug Design 
and Molecular Dynamic Studies, in which some are discussed below.

Homology Modeling
Homology modeling is also known as comparative modeling of 

protein. HM involves the identification of one or more recognized 
protein structures likely to show similarity with the structure of 
the query sequence, and on the making of an alignment that maps 
residues in the query sequence to residues in the template sequence 

structure [16]. The proteins which are similar with evolution have 
similar sequences and naturally occurring homologous proteins have 
similar protein structure is more conserved than expected because of 
the sequence conservation to generate a structural model of the target 
using the sequence alignment and template structure [17,18].

Important steps to do homology modeling:

Selection query sequence

Selection of template

Align the sequences (ClustalW, Discovery Studio-4.0)

Create homology models

Verify the designed model with standard structure

The Modeller is a popular tool in homology modeling, and SWISS-
model repository is a database of protein structures created with 
homology modeling.

SWISS-MODEL is a fully automated protein structure homology-
modeling server, accessible via the ExPASy web server or from the 
program Deep View (Swiss Pdb-Viewer). The purpose of this server is 
to make Protein Modeling accessible to all biochemists and molecular 
biologists worldwide (Tables 1 and 2).

Homology modeling, being recognized as a standard procedure to 
investigate the protein molecules with reasonable amount of accuracy 
is being used in for several disease associated proteins. The gigantic 
amount of literature available so far, suggests that this technique has 
been used for understanding proteins related to malaria [19-23], 
shigellosis [24,25], diabetes [26], tuberculosis [27], influenza [28], HIV 
[29] and several other diseases. All these reports are later on used either 
for further investigation purpose or experimentally gathering more
information on the particular protein molecules. Thus, suggesting the
importance of this technique as a better alternative resource to gather

Discovery Studio Visualization BIOVIA determining the three-dimensional structure and properties of a macromolecule, such as enzymes, antibodies, DNA or 
RNA is a fundamental component to a wide range of research activities.

CADD (Computer-Aided Drug Design) CADD is an emerging tool for research and drug development process as it reduces the time taken for the process of drug 
development and expense.

MOE MOE's well known applications for protein structure prediction. It is powerful homologue identification, alignment technology 
and refinement methodology makes high quality sequence-to-structure predictions routinely possible.

Schrödinger BioLuminate is a comprehensive modeling package for biologics, with advanced simulation methods deployed through an 
intuitive user interface that is specifically designed for biologics

ESyPred3D Template detection, alignment, 3D modeling

Table 1: Commercial software packages for Homology Modeling.

EasyModeller
It is a graphical interface to MODELLER using Perl/Tk, which can be 
used as a standalone tool in windows platform with MODELLER and 

Python preinstalled. 

It helps inexperienced users to perform modeling, assessment, visualization, 
and optimization of protein models in a simple and straightforward way.

Prime Physics-based energy function A powerful and innovative package for accurate protein structure predictions.

MODELLER MODELLER is used for homology or comparative modeling of protein 
three-dimensional structures.

The user provides an alignment of a sequence to be modeled with known 
related structures and MODELLER automatically calculates a model containing 

all non-hydrogen atoms.

Yasara Detection of templates, alignment, modeling incl. ligands and oligomers, 
hybridization of model fragments

YASARA Structure features a complete homology modeling module that 
fully automatically takes all the steps from an amino acid sequence to a 

refined high-resolution model using a CASP (Critical Assessment of Structure 
Prediction) approved protocol

HHpred Template detection, alignment, 3D modeling

HHpred accepts a single query sequence or a multiple alignment as input. 
Within only a few minutes it returns the search results in an easy-to-read 

format similar to that of PSI-BLAST. Search options include local or global 
alignment and scoring secondary structure similarity. It can produce pairwise 

query-template sequence alignments, merged query-template multiple 
alignments as well as 3D structural models calculated by the MODELLER 

software from HHpred alignments.

Table 2: Software’s which are available online free for academics.
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scientific information in lack of experimental data. 

Molecular Docking
Molecular docking is a method in which we can predict the 

preferred orientation of one molecule to a second, when the one 
molecule binds with the second molecule (it may be protein or ligand 
molecule) to form a stable complex structure. Docking indicate ligand 
binding to its receptor or target protein. Molecular docking is mainly 
used to predict the stable drug interactions by inspecting and modeling 
drug molecular interactions between drug molecule and target receptor 
molecules. They are used to develop several ligand conformations and 
orientations and the most suitable ones are selected for further research 
[30] (Tables 3 and 4). 

There are several molecular docking tools available that includes 
AutoDock, FRED, eHITS, and FTDock, etc. 

Docking studies are known for providing deep information on the 
interaction types of a ligand and a macromolecule, especially a protein. 
At present there are novel algorithms which are highly computational 
intensive and allow understanding the microenvironment during an 
interaction with the presence or absence of water molecules. Flexibility 
has been increased along with the increased computation possibilities. 
Apart from small molecule docking [31], protein-protein [32], protein-
DNA [33] or protein-RNA [34] can also be studied considering the 
cellular level complexities associated on a case by case basis. Studying 
a complex interaction using a distributed computation has become 

a regular practice in within the scope of computational chemistry or 
computational biology.

Quantitative Structure Activity Relationship (QSAR)
Quantitative structure-activity relationships methods are used 

to show a relationship of structural and/or property descriptors of 
compounds with their biological activities [35]. These descriptors 
explaining the properties like steric, topologic, electronic, and 
hydrophobic of numerous molecules, have been determined through 
empirical methods, and only more recently by computational methods 
[36,37] (Tables 5 and 6).

A QSAR generally takes the form of a linear equation [38]:

{Biological Activity = Const + (C1 P1) + (C2 P2) + (C3 P3) + ...}

Discovery Studio is a comprehensive life science modeling and 
simulation suite of applications focused on optimizing the drug 
discovery process. Capabilities include, small molecule simulations, 
QM/MM, pharmacophore modeling, QSAR, protein-ligand docking, 
protein homology modeling, sequence analysis, protein-protein 
docking, Comparative Molecular Field Analysis [39], antibody 
modeling, etc.

QSAR studies were initiated with nominal number of descriptors 
and were computed till two dimensional data model only. Presently, 
improvement in the algorithms and the computing facilities and speed 
made it possible to calculate for multiple dimensions along with crucial 

Program Description Web service License

ADAM Prediction of stable binding mode of flexible ligand molecule 
to target macromolecule Not Available Commercial

DockingServer Integrates a number of computational chemistry software Available Commercial

DockVision Based on Monte Carlo, genetic algorithm, and database 
screening docking algorithms Not Available Commercial

eHiTS Exhausted search algorithm Not Available Commercial
FlexX Incremental build based docking program Not Available Commercial
Glide Exhaustive search based docking program Not Available Commercial

GOLD Genetic algorithm based, flexible ligand, partial flexibility for 
protein Not Available Commercial

ICM-Dock Docking program based on pseudo-Brownian sampling and 
local minimization Not Available Commercial

Lead finder Program for molecular docking, virtual screening and 
quantitative evaluation of ligand binding and biological activity Not Available Commercial

LigandFit CHARMm based docking program Not Available Commercial
LIGIN Molecular docking using surface complementarity Not Available Commercial

Surflex-Dock Based on an idealized active site ligand (a protomol) Not Available Commercial

Table 3: Commercial software packages for docking studies.

Program Description Web service
Score The Score service allows to calculate some different docking scores of ligand-receptor complex Freeware

Q-Dock Low-resolution flexible ligand docking with pocket-specific threading restraints Freeware

HADDOCK
Makes use of biochemical and/or biophysical interaction data such as chemical shift perturbation data resulting from 
NMR titration experiments, mutagenesis data or bioinformatics predictions. Developed for protein-protein docking, 

but can also be applied to protein-ligand docking.
Freeware

GEMDOCK Generic Evolutionary Method for molecular docking Freeware

FTDOCK Based on Katchalski-Katzir algorithm. It discretises the two molecules onto orthogonal grids and performs a global 
scan of translational and rotational space Freeware

Blaster Combines ZINC databases with DOCK to find ligand for target protein Freeware

AutoDock Automated docking of ligand to macromolecule by Lamarckian Genetic Algorithm and Empirical Free Energy 
Scoring Function Freeware

DOCK Based on Geometric Matching Algorithm Freeware for academic 
use

AutoDock Vina New generation of AutoDock Open source

Table 4: Software packages available free for docking studies.
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stochastic modeling and accuracy in prediction ability.

Moreover, there are literature evidences for such successful studies 
for different diseases with number of drug molecules [40]. Studies 
have been conducted on the pollutant molecules and their impact on 
environmental and health issues.

QSAR analyses eventually allowed us to quantify the relationship 
of the important factors involved in contributing towards the 
functional activity for a series of molecules. Thus, providing an initial 
understanding towards the activity of the molecules and focusing on 
particular aspects of the experimentations through reduced number 
of target molecules. Industrially this approach has been tremendously 
helpful in advanced drug designing and accelerated the process of 
drug discovery through reducing the time required for screening the 
molecules experimentally [41].

Molecular Dynamic (MD) Simulation
Molecular dynamics is an effective procedure and depends on the 

molecular motion simulation by solving Newton's equations of motion 
for each atom and increasing the speed and position of each atom by a 
small increase of the time duration [42]. MD simulations characterize 
alternative methods to sample configuration space, based on the above 
mentioned rule. That is shared with temperatures using "reasonable", 
this means that only the local area around the sampled point, and only 
relatively small barriers are overcome. Generation may be different, 

minimum may be accomplished by selecting configuration appropriate 
times during the simulation and thus minimize these structures. 
MD methods utilize the inherent dynamics of the system to search 
deformation modes of low energy and can be used for sampling of the 
conformational space of a large confined system [43].

At present there are few molecular dynamics software programs 
are available for in-silico research and simulations. Every program has 
different features and their own eminence. Here is a brief introduction 
to three of the most popular molecular dynamics packages - Amber, 
CHARMm and Gromacs - which we have been supporting in recent 
years [44] (Table 7).

Molecular dynamics simulations are the state-of-the-art techniques 
aiding in understanding a large molecule functionally as well as 
structurally in a real-time scenario. Experimentally it is not always 
possible capturing the molecular interactions sequentially, capturing 
a particular snapshot of the molecular reaction is comparatively easy. 
Thus, molecular simulation of the events helps in understanding the 
reactions in a sequential manner following the biophysical limits so far 
understood.

Interactions are being studied in an aqueous medium considering 
the type of interactions under study and the requirement or major 
focus of the study on a case by case basis. A large series of molecular 
simulations can be done through these methodologies which are 
described in the following section.

Software Availability Applicability
ADMET Predictor Commercial Qualitative and quantitative prediction

ACD ToxSuite (ToxBoxes); Commercial ER binding affinity prediction. 
Derek Commercial Classification models (different levels of QSAR)

Leadscope Commercial Classification models for developmental and reproductive toxicity studies.
MolCode Toolbox Commercial Quantitative prediction of rat ER binding affinity and AhR binding affinity.

MultiCASE (MC4PC) Commercial Computational toxicity predictions
PASS Commercial Prediction of Activity Spectra of Substances

TIMES (COREPA) Commercial Classification models for the prediction
TOPKAT (Accelrys) Commercial Classification models for developmental and reproductive toxicity studies.

Table 5: Software for developmental and reproductive toxicity.

Software Availability Applicability

CAESAR Freely available Specifically dedicated for validation of QSAR models: bio-concentration factor, skin 
sensitization, carcinogenicity, mutagenicity, Developmental toxicity

Endocrine Disruptor Knowledge Base (EDKB) Freely available Quantitative models to predict ER binding reported here may be applied to other 
receptors and/or reversible binding mechanisms involved in endocrine disruption

T.E.S.T.: The Toxicity Estimation Software Tool Freely available Developmental toxicity estimation of chemicals using QSAR

OSIRIS property explorer Freely available Predict physico-chemical and toxicological molecular properties, which need to be 
optimized when designing pharmaceutically

Table 6: Software’s used online for QSAR studies.

Software Full Name Availability
AMBER Assisted Model Building with Energy Refinement (Amber Molecular Dynamics Package) Commercial

CHARMM Chemistry at HARvard Macromolecular Mechanics Commercial
GROMACS Groningen Machine for Chemical Simulations (High performance MD) Free version

NAMD NAnoscale Molecular Dynamics program (It is a mlecular graphics program VMD for simulation setup and 
trajectory analysis, but is also file-compatible with AMBER, CHARMM, and X-PLOR) Free version

LAMMPS Large-scale Atomic/Molecular Massively Parallel Simulator Open Source

VMD Visual Molecular Dynamics (Molecular visualization program for displaying, animating, and analyzing large 
bio-molecular systems using 3-D graphics and built-in scripting)

FoldX FoldX is an empirical force field that was developed for the rapid evaluation of the effect of mutations on 
the stability, folding and dynamics of proteins and nucleic acids. Open Source

Table 7: Commercial software’s used in molecular dynamic studies.
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All these simulation tools in general uses some force field 
parameters which contains energy functions, bonded and non-bonded 
interaction specifications, type of water model to be used, biophysical 
and biochemical constraints to be maintained. 

During the simulation different boundary conditions such as 
periodic, spherical, cylindrical is generally taken care of by the 
simulation algorithm. Pressure and temperature is maintained 
throughout the simulation as per the specifications provided depending 
on the requirement of the study.

Various types of simulations can be done through these advanced 
simulations programs including RMSD of the molecule with each time 
step, coarse grain simulation, steered molecular dynamics analysis 
[45], targeted molecular dynamics simulations, free energy based 
calculations etc.

Virtual High-Throughput Screening
Virtual screening is a computational technique where large libraries 

of compounds are evaluated for their potential to bind specific sites on 
target molecules such as proteins, and well-matched compounds tested 
[46,47] (Table 8). The research in the drug discovery process involves 
virtual screening (VS) which is a computational method used for the 
rapid exploration of large libraries of chemical structures in order to 
identify those structures that are most likely to bind to a drug target, 
usually a protein receptor or enzyme (Figure 1).

Virtual high throughput screening will help us to develop prominent 
molecules for drug discovery [48]. By using vHTS we can design drug 
molecules using two types of methods, 

a. Structure based drug design: Structure based drug design also 
known as direct drug designing process. In this the structure of drug 
molecule (3D structure) is known. The 3D structure can build by using 
NMR crystallography or X-ray crystallography. If the crystal structure 
of a protein molecule is not known then we can precede it by building a 
homology modeling to develop drug molecules. 

b. Ligand based drug design: Ligand based drug design also 
known as In-direct drug design. In which the process of drug designing 
depends on the other molecules which binds to the targeted receptor. It 
can be designed by designing pharmacophore models which are having 
the similar structure features of the standard one [49,50]. 

In-Silico Drug Designing Process
The use of bioinformatics tools and computational methods spread 

through all the aspects of drug discovery today and forms the core 
of structure-based drug design [51]. High-performance computing, 
data management software and internet are facilitating the access 
of huge amount of data generated and transforming the massive 
complex biological data into workable knowledge in modern day drug 
discovery process. The process of drug design is an iterative one and 
often proceeds through multiple cycles before an optimized lead goes 
into phase I clinical trials. Using computer algorithms, compounds or 
fragments of compounds from a database are positioned into a selected 
region of the structure. The use of complementary experimental and 
informatics techniques increases the chance of success in many stages 
of the discovery process, from the identification of novel targets and 
elucidation of their functions to the discovery and development of 
lead compounds with desired properties. These compounds are scored 
and ranked based on their steric and electrostatic interactions with 
the target site and the best compounds are tested with biochemical 
assays. In the second cycle, structure determination of the target in 
complex with a promising lead from the first cycle, one with at least 
micro molar inhibition in vitro, reveals sites on the compound that can 
be optimized to increase potency. Additional cycles include synthesis 
of the optimized lead, structure determination of the new target: lead 
complex, and further optimization of the lead compound. After several 
cycles of the drug design process, the optimized compounds usually 
show marked improvement in binding and, often, specificity for the 
target.

The use of complementary experimental and informatics techniques 
increases the chance of success in many stages of the discovery process, 

Chemical Libraries Description

ZINC

It is a curated collection of commercially available 
chemical compounds, with 3D coordinates, provided 

by the Shoichet Laboratory in the Department of 
Pharmaceutical Chemistry at the University of California, 

San Francisco (UCSF).
NCI 250251 open structures ready for searching.

ChEMBL

It is a database of small molecules. Includes interactions 
and functional effects of small molecules binding to their 

macromolecular targets, and series of drug discovery 
databases.

PubChem

Database of chemical compounds maintained by the 
National Center for Biotechnology Information (NCBI), 

along with bioassays results. Allows similar compounds 
search (2D and 3D).

Chemspider

Collection of chemical compunds maintained by the Royal 
Society of Chemistry. Includes the conversion of chemical 
names to chemical structures, the generation of SMILES 

and InChI strings as well as the prediction of many 
physicochemical parameters.

Table 8: Databases used in virtual high throughput screening. Figure 1: Process of virtual high-throughput screening.
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from the identification of novel targets and elucidation of their functions 
to the discovery and development of lead compounds with desired 
properties. Computational tools offer the advantage of delivering 
new drug candidates more quickly and at a lower cost. Major roles of 
computation in drug discovery are; (1) Virtual screening & de novo 
design, (2) in-silico pharmacokinetics properties (ADME/T) prediction 
and (3) Advanced methods for determining protein-ligand binding.

The in-silico drug design is a vast field in which the different sides 
of basic research and practice are combined and inspire each other, 
modern techniques such as QSAR/QSPR, structure-based design, 
combinatorial library design [52], chemoinformatics, bioinformatics 
and the increasing number of biological and chemical databases are 
used in the field. Furthermore, large numbers of the available tools 
provide a much developed basis for the design of ligand and inhibitors 
with preferred specificity. The aim of this review was to discuss the 
process of In-silico drug design.

Conclusion
Drug designing is a process of choosing of novel drug candidates 

many necessary steps are taken to banish such drug molecules that have 
side effects and also represent interaction with other drugs candidates. 
There are vast numbers of software’s which play a crucial role in in-
silico drug designing to develop a novel proteins or drugs in the 
pharmaceutical field. The in-silico drug designing software’s are used to 
inspect molecular modeling of gene, protein sequence analysis and 3D 
structure of proteins [53]. Right now in-silico drug designing methods 
have been of vast significance in target identification and in prediction 
of novel drugs.

In future prospects, our study has addressed a number of issues 
that emerged in homology modeling of proteins and provided new 
insights about the dynamics of the protein under different environment 
conditions using various programs.
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