
COMPUTATIONAL/ IN SILICO BASICS  

 

Computational or in silico simulations and calculations provides powerful tools to study the 

drug designing aspects via ligand-based and structure-based approaches, small drug molecules 

via Molecular mechanics (MM) empirical and quantum approaches (QM) algorithms and 

chemoinformatics algorithms or target protein associated in biochemical pathways via 

genomics and bioinformatics tools or molecular modeling simulations or QM/MM algorithms. 

In last 20-25 years, the improvements of computational aptitude has facilitated the possibility 

to investigate systems/biomolecules with various protocols including accessibility to 

computational methods.  

 

Molecular Modeling and Computational Chemistry 

 

Molecular modeling allows users/scientists to visualize 3D structures of molecules, to simulate, 

predict and analyse the properties and the behaviour of the molecules by MM/QM methods on 

anatomic level. By molecular modeling, discovery of novel lead compounds is possible by data 

mining and database formatting of many compounds to perform the virtual screening. 

Advances in software and hardware computational power and algorithms has made fast 

expansion of this area for identification of molecular targets, and an increasing database of 

publicly available target protein structures. Hence, the molecular modeling aims to develop 

sufficient accurate model of the system so that physical experiment may not be necessary and 

so saves the time.  

 

Computational Aided Drug Designing (CADD) and Associated Methodologies 

 

An emerging technology, CADD, accelerates the iterative process of drug discovery by 

implementing the existing knowledge about the drugs and diseases pathology in their 

respective biochemical pathways. CADD involves input from the other inter-disciplinary fields 

and extensive use of mathematical models and algorithms to perfume the calculations. Typical 

process of drug designing starting from lead identification through to clinical trials can take 

more than 14 years. The lead identification is cumbersome process faced by the pharmaceutical 

industry before chemical synthesis to know whether the ligand is selective and specific for 

target protein or not and to minimize its side effects due to reactive functional groups or will it 

display the interesting biological profile and activity. In these terms, thanks to computer 



simulations which can handle these problems in combination to experimental to escape out 

from time consuming and expensive process. The widespread availability of high performance 

computers and new computational techniques, drug designing and analysis of their associated 

biochemical pathways can be defined at molecular levels with high accuracy 

 

In general, the drug discovery process involves three steps including: target identification, lead 

discovery and clinical trials. CAAD can play important role in target identification and lead 

discovery so that successful candidate can reach up to pre-clinical and clinical trials (Figure 1). 

Target identification involves the identification of the disease target which shown to have 

importance in the disease mechanism through biological or genetic investigations. This paves 

its way to two major approaches: 1) Structure based drug design (SBDD) and screening 2) 

Ligand based drug design and screening (LBDD). 

 

Figure 1. Schemmatic representation of  CADD including SBDD and LBDD  in drug disocvery process.  
 

CADD methodologies, Structure-Based Drug Designing (SBDD), assists in analysing and 

studying the biological target of interest. The drug binds to the target protein in our bodies and 

altering the activity in a way that is is beneficial for human health. The drug simulates the 

target’s activity as an agonist or block the activity as antagonist. SBDD involves the knowledge 

of biological target protein by physiological mechanisms and by using the bioinformatics tools. 

This preliminary steps of identification of target involves the determination of 3D structure of 

target molecule which can be achieved by X-ray crystallography or nuclear magnetic resonance 

spectroscopy (NMR) deposited in RCSB-Protein Data Bank (PDB). The 3D crystal structure 

is highly important to determine the conformational changes, if present, upon ligand binding 

to protein. These structures available from to the RCSB-PDB portal with a high-resolution 

(<2.5 Å) structure from X-ray crystallography or a suitably well-defined structure out of 

structures ensemble from NMR spectroscopy is used for computational modeling. The RCSB-

PDB website is the repository for the 3D structural data of biomolecules such as proteins and 



nucleic acids. This is freely available database accessed in all over the world and this is most 

important web portal manage by Worldwide Protein Data Bank, wwPDB. The PDB website is 

key resource in the area of molecular modeling and structural biology and thus readily used to 

understand the biochemical pathways at a molecular level. The interplay of science, technology 

and attitudes about data sharing have played a role in the growth of RCSB-PDB in all over the 

world.  

 

In some cases, if the 3D crystal structure of the target protein is not available, then it can be 

approximated by some computational methods such as comparative modeling and ab initio 

modeling. The basis behind the comparative modeling is that the desired sequence is much 

more conserved throughout the evolution and higher similarity signifies more confident and 

reliable structure model. Homology modeling predicts the reasonable results of 3D structure of 

given protein (target) based on assumption that by alignment of its sequence on the one or two 

known protein structures (Template) and the tertiary structures of two proteins will be similar 

if their sequences are related. The sequence is generally retrieved from NCBI-PubMed protein 

database which contains the protein sequence records from a variety of sources, including 

GenPept, RefSeq, Swiss-Prot, PIR, PRF, and PDB. If similarity between the target and template 

sequence is good, then structural similarity is being assumed on minimum 30% similarity for 

homology modeling. The homology modeling is the keystone in structural proteomics and led 

to understand function, activity and specificity. Homology modeling involves template 

recognition & initial alignment, alignment correction, backbone generation, loop modeling, 

sidechain modeling, model optimization, model validation. Homology modeling employed in 

thesis work is done by using Prime, Schrödinger Software. Prime employed the homologs 

templates search by using PSI-BLAST from the non-redundant protein database.  Prime 

identifies the percentage of residues that are identical between the sequences, calculates the 

%positives between the sequences according to the similarity matrix. Prime predicts secondary 

structure of the query target by using PSIPRED prediction program and further procedure 

involves alignment. In case of G-protein-coupled receptors (GPCRs) include fingerprint 

matching, a customized GPCR sequence database, and identification of transmembrane helices 

for them. Further the build process of 3D structures involves the coordination of the copying 

of backbone atoms for aligned regions and side chains of conserved residues between query 

and template, building of insertions and closing deletions was performed. The raw 3D structure 

of the target involves side-chain prediction of non-conserved residues, minimization of all 

atoms not derived directly from the template. Hence, prime can predicts the reliable 3D target 



protein structure for implementation into the structure-based designing or studying the active 

set of ligands.  

 

Given the 3D crystal structure of a target molecule (receptor) from RCSB-PDB or homology 

modeling, one needs to identify the location of its binding site for potential ligands. The actual 

binding site can be obtained from the comparison of co-crystalized protein-ligand complexes 

or through the homology comparison to related complexes. Hence, from the well-defined 

binding site, ligands can be designed and screened with high degree of confidence. Whereas in 

case of homology modeled proteins, the binding site are either reported in literature on the site-

direct mutagenesis experiments of proteins or from the computational tools to identify top-

most binding site. Although in some cases, even if the protein structures are available, location 

of binding site is not known hence, computational tools such as SiteMap present in Schrödinger 

Software helps to suggest the likely binding sites. SiteMap involves the determination of one 

or more protein surface called sites which may be suitable for ligand binding. These sites are 

generated from the counter maps including the hydrophobic and hydrophilic maps which 

involves donor, acceptor, and metal-binding regions. This methodology can aid in designing 

of ligands with better activity to be accommodated as per the % of hydrophobic and hydrophilic 

contents for example hydrophobic regions that have room to accommodate a larger 

hydrophobic group. The binding site of ligands has some characteristics such as the size of the 

site, the degrees of enclosure of ligands by the protein and solvent exposure, the site point’s 

interaction with the protein, the hydrophobic and hydrophilic character of the site and the 

degree to which a ligand might donate or accept hydrogen bonds.  

 

Accomplishment on the SBDD attributes including the 3D crystal structure of target protein, 

binding site and ligands of interest, SBDD incorporates several molecular modeling techniques 

two of which are docking (rigid and flexible modes) Molecular Dynamics (MD) simulations.  

 

Molecular docking is a method which predicts the preferred conformations of one molecule 

(ligand) to a second one (protein) when bound to each other and thus gives the stable complex 

with lowest free energy of binding (Figure 2). Docking scoring functions which provides the 

approximate free energy of ligand-receptor complex via fields including van der Waals and 

electrostatic interactions. These lead to generation of various binding poses of ligands with 

complimentary receptor. Docking scoring functions provides the approximate free energy of 



ligand-receptor complex after optimization of steric clashes between ligand and receptors. 

Molecular docking can be seen as the procedure which sought out the correct geometry of” 

key” which will open the ”lock”, which highlights the conformational flexibility of ligands 

only in case of rigid docking and of both ligand plus receptor in case of flexible docking.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Docking outpit three-dimensional view of docked ligand-receptor complex and identyfing the 

important interactions between ligand- receptor 

 


