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Brief History of Group  
1986: Simple computer services

 Joined as computer scientist (1986)
 Developed databases (COBOL, Dbase)
 DIC/BIC under BTISNET of DBT (1987)
 Setup communication via NICNET 
 EMAIL facility via ERNET

1992: Initiating research activities

 First paper on customize curve fitting 
 General software for biological methods 
 Ph.D. (1996) Protein structure prediction

1996: International presence

 1996-8: PDF at Oxford University, UK 
 Sequence/Structure alignment algorithm
 Successfully compete in CASP
 Web-based service & mirror sites

2000: Target prediction for Drug/vaccine

 Research group started (Ph.D. students)
 2002-7: CSIR-Mega project (45 core)
 Identification of drug & vaccine targets 
 Setup BIC at UAMS, Little Rock, USA 
 Visiting prof. at POSTECH, South Korea

2008: Open source drug discovery

 CRDD: Comp. resources for drug 
discovery

 Freeware in Chemo/pharma informatics
 Assembling & annotation of NGS data
2012-: In silico models for healthcare

 2012: GENESIS project (50 crore)
 Exp. validation of therapeutic peptides
 Customize OS for drug discovery
 Genome-based personalize medicine 



Concept of Drug and Vaccine

 Concept of Drug
• Kill invaders of foreign pathogens
• Inhibit the growth of pathogens

 Concept of Vaccine
• Generate memory cells
• Trained immune system to face various existing 

disease agents



Propred: Promiscuous MHC-II binders

MHCBN: Database of MHC

IL4Pred: Prediction of interleukin-4

--------------------------------------------

Propred1: for promiscuous MHC I binders

Pcleavage: Proteome cleavage sites

TAPpred: for predicting TAP binders

CTLpred: Prediction of CTL epitopes 

BCIpep: Database of B-cell eptioes; 

Lbtope: Prediction of B-cell epitopes

ALGpred: Allergens and IgE eptopes

IgPred: Antibody-specific epitopes 

PRRDB: A database of PRRs & ligands

VaccineDA: DNA-based adjuvants

imRNA: Immunomulatory RNAs

VaccinePAD: Peptide-based adjuvants

PolysacDB: Polysaccharide antigens

Web servers for designing epitope-based vaccine  

T-Cell 
Epitopes

B-Cell 
Epitopes

Vaccine 
Adjuvants





Genome Annotation
FTGpred: Prediction of Prokaryotic genes
EGpred: Prediction of eukaryotic genes
GeneBench: Benchmarking of gene finders
SRF: Spectral Repeat finder

Comparative genomics 
 GWFASTA: Genome-Wide FASTA Search 
 GWBLAST: Genome wide BLAST search
 COPID: Composition based similarity search
 LGEpred: Gene from protein sequence

Subcellular Localization Methods
PSLpred: localization of prokaryotic proteins
ESLpred: localization of Eukaryotic proteins
HSLpred: localization of Human proteins
MITpred: Prediction of Mitochndrial 
proteins
TBpred: Localization of mycobacterial 
proteins

Prediction of drugable proteins
NRpred: Classification of nuclear receptors
GPCRpred: Prediction of G-protein-coupled receptors
GPCRsclass: Amine type of GPCR 
VGIchan: Voltage gated ion channel
Pprint: RNA interacting residues in proteins

Protein Structure Prediction
APSSP2:  protein secondary structure prediction
Betatpred: Consensus method for -turns prediction 
BetaTurns: Prediction of -turn types in proteins  
Turn Predictions: Prediction of / / -turns in proteins

BhairPred: Prediction of Beta Hairpins

TBBpred: Prediction of trans membrane beta barrel proteins
SARpred: Prediction of surface accessibility (real accessibility)

PepStr: Prediction of tertiary structure of Bioactive peptides

Web servers for drug targets

http://www.imtech.res.in/raghava/ftgpred/
http://www.imtech.res.in/raghava/gwblast/






An overview of the workflow of in silico drug designing 
process



Important Points

1. Source of Molecules (databases or repositories)
2. Molecular Editors (editing & viewing existing molecules) 
3. Analog Generators (software used to generate analogs) 
4. Structure Optimization (Energy/geometry of molecules)
5. Calculation of Molecular Descriptors 
6. Chemical Similarity Search 
7. Development of QSAR/QSPR Models  
8. Classification and Clustering of Small Molecules 
9. Docking Small Molecules in Macromolecules 
10. Pharmacophore Tools/Search 
11. Software for ADMET Techniques 
12.  Designing of Inhibitors  
13. Major Initiatives towards affordable drugs 



Databases and resources managing and hosting 
chemical compounds

Database Brief Description with URL

PubChem A comprehensive database of bioassays, compounds and
substances (http://pubchem.ncbi.nlm.nih.gov/)

ChEMBL Database of drug like molecules
(https://www.ebi.ac.uk/chembldb)

Zinc Maintain commercially-available compounds for virtual
screening (http://zinc.docking.org/)

ChemDB Collection of small-molecules (http://cdb.ics.uci.edu/)
ChemSpider A chemical database (http://www.chemspider.com/)

MMsINC
Commercial compounds
(http://mms.dsfarm.unipd.it/MMsINC/)

KEGG
Maintain comprehensive information
(http://www.genome.jp/kegg/)

SMPDB Small molecule Pathway database (http://www.smpdb.ca)
HMDB Human Metabolites (http://www.hmdb.ca/)

PDBeChem Dictionary of chemical components refered in PDB entries
(http://www.ebi.ac.uk/pdbe-srv/pdbechem/)

PDB-Bind
Binding affinity information for PDB Ligands
(http://sw16.im.med.umich.edu/databases/pdbbind/index.jsp)

BindingDB Binding affinity of PDB Ligands (http://www.bindingdb.org/)

NCI
Small molecules related to cancer
(http://cactus.nci.nih.gov/ncidb2.1/)



List of major molecular editors, 
frequently used for drawing and 
editing molecules

Editors Brief description

BKchem Python based free 2D molecule editor
(http://bkchem.zirael.org/)

PubChem
Sketcher
[117]

A web-based tool for sketching, integrated in
PubChem
(http://pubchem.ncbi.nlm.nih.gov/edit2/index.html)

ChemSke
tch

ACD/ChemSketch Freeware is a free software for
drawing chemicals
(http://www.acdlabs.com/resources/freeware/chemsket
ch/ )

JChemPa
int

Editor for 2D chemical structures
(http://jchempaint.github.com/)

Accelrys
Draw

Draw and edit complex molecules, no fee for
academic community
(http://accelrys.com/products/informatics/cheminfo
rmatics/draw/index.html)

XDrawC
hem

Molecule drawing program
(http://xdrawchem.sourceforge.net/)

MedChe
m
Designer

Drawing molecules and integration with ADMET
property.
(http://simplus-downloads.com/)

JME JME Molecular Editor
(http://www.molinspiration.com/jme/)



Analogs generation softwares
Software Brief description

SmiLib [118]

Enumerates combinatorial libraries with very high
rate
(http://gecco.org.chemie.uni-frankfurt.de/smilib/)

GLARE
[119]

Generate combinatorial library
(http://glare.sourceforge.net/)

Library
synthesizer

Virtual chemical enumeration
(http://tripod.nih.gov/?p=370)

CLEVER
[120]

Chemical Library Editing, Visualization and
Enumerating Resource
 (http://datam.i2r.a-star.edu.sg/clever/)

Newlead
[121]

Generate of combinatorial library from bioactive
conformations
(http://www.ccl.net/cca/software/MAC/index.shtml)





























What is the Fourth Paradigm of 
Science

FIRST SECOND THIRD FOURTH

1000 years ago Last few 100 years Last few decades Today

• Discovery 
through 
Observation of 
Nature

• Development 
of generalized 
principles and 
formulation of  
Models

• Modelling and 
Simulation of 
complex natural 
and engineering 
processes

• Unifies theory, experiment and 
simulation

• Data from observations and/or 
high fidelity simulations 

• Analysis of database using data 
management and statistics

Empirical

Theoretical

Computational

Data Intensive 
Scientific 
Discovery

Experimental 

Science

Newton’s Laws, 

Maxwell’s E
quations

Simulations

New Algorithms



Scientific and Technological ProgressScientific and Technological Progress

Pure Theory Experiment
Technology 
& Practical 
Applications

A traditional, “Platonistic” view:

A more modern and realistic view:

This synergy is stronger than ever and growing; 
it is greatly enhanced by the IT/computation

Theory (analytical + numerical)

Experiment + Data Mining
Science

Technology



Biological Data is Growing with Exponential Rate
(Mining this data is a challenge)

 

gbank

WGS

PDB

Limitations of traditional tools 
o Trained on small & obsolete data 
o Unable to utilize modern datamining techniques
o Not suitable for scaling/parallelization
o Lack of precision & speed  

BIG 
DATA 

Of 
Genes 

Volume
Gene databases are growing 

with exponential rates

Variety
Type of data from sequence 
to expression to CNV to SNP 

etc.

Velocity
Automatic NGS machines are 
producing data at high rate 

What is Challenge?
Algorithms for dynamic 

mining for handling data in 
real life 



Organ, Tissue

Protein (20 chemicals: 
A, C, D ..)
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World of 
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Http://webs.iiitd.edu.in/raghava/
cancerdr/

 

http://webs.iiitd.edu.in/raghava/cancerdr/
http://webs.iiitd.edu.in/raghava/cancerdr/




















https://webs.iiitd.edu.in/raghava/thpdb/
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Drug Delivery  
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Cell-Penetrating Peptide for Drug Delivery

CPPs Collection and Compilation
CPPsite1 (Database (Oxford). 2012; 2012:bas015)

CPPsite2 (Nucleic Acids Res. 2016; 44(D1):D1098-103)

CPP Prediction tool: CellPPD
         (J Transl Med. 2013 Mar 22;11:74) 

Delivery in Cancer Cells 

Eur J Pharm Biopharm. 2015;89:93-106

Topical Delivery in Mouse Skin

Scientific Reports 2016  

Overcome drug resistance  in
MRSA (combination therapy)

Appl Microbiol Biotechnol. 2016;(9):4073-83

DATABASES

In silico prediction

Experimental Validation

Virtual Screening

IMT-P8 (Patented*)

*Cell Penetrating Peptide for Biomolecule Delivery. (APPL NO. 3380DEL2013)

Experimental testing

Overall Approach



Role of Bioinformatics in Designing Theraputic Peptides



OSDDLin
ux

OSDDLinux : A Platform 
for Open Source Drug 

Discovery

OSDD-Linux  integrates  open 
source  softwares,  libraries , 
workflows and webservices for 
creating environment for drug 
discovery. First attempt made to 
customize linux to provide services 
to community of  drug discovery. 
OSDD-Linux  may bring down cost 
as well as increase speed of drug 
discovery.

Introduction

Webserver
sA separate 

apache runs all 
web-servers as 
local host in the 
OSDD-Linux CD.

Command line 
tools have been 
integrated for 
analysing large 
scale data.

Standalone

All softwares are 
integrated in 
galaxy servers 
for making the 
workflows.

Galaxy
Open source 
softwares used in 
bioinformatics and 
cheminformatics  
have been 
integrated.

Third party softwares

Features
User can 
customize 
according to 
need.
Easy to 
install and 
free of cost.
It can be 
launched 
using 
LiveCD, Liive 
server, USB 
and 
virttualldesk
top like 
virtualbox.
Provides 
source codes 
for various 
tools.

Features
A single platform 
for bioinformatics 
and 
cheminformatics.

Tools available in 
three formats e.g. 
webservers, 
standalone and galaxy.

Future 
directions

More webservices, modules, 
debian packages will be 
updated on regular basis.

System Requirements

The user may use OSDDLinux from 
portable devices like CD/DVD, USB 
drive etc or install on local 
machine or virtual machine 
depending upon requirement.

GPSR packages , 
webservers, 
standalone, galaxy 
versions of tools 
developed in 
Dr.Rahghava’s lab 
along with third party 
softwares like rasmol, 
pymol are integrated 

Softwares 



http://osddlinux.osdd.net/
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http://webs.iiitd.edu.in/raghava/pfeature/




https://webs.iiitd.edu.in/gpsrdocker/  

https://webs.iiitd.edu.in/gpsrdocker/


Thank You
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