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Drug discovery is a long process
(Computer-aided drug discovery) 



History of Drug Discovery

Plants Serendipity Chemical modifications

Chemical modifications

Chemical analogs (rational drug design)



Biomolecules Based Drugs

Protein        Peptide

Carbohydrate

Herceptin (Antibody)        siRNA 



WHOLE
ORGANISM

Attenuated

Epitopes (Subunit 
Vaccine)

Purified Antigen

T cell epitope

Biomolecules Based Vaccines



Peptide/ 
Proteins

Drug/inhibitor/vaccine/ 
Disease Diagnostics

Peptide Structure, 
docked structure

Peptide-Protein 
Interaction

Adaptive Immunity: B-cell, 
T-cell Epitope

Innate Immunity: Toll-like 
receptors

Anti-(bacterial , microbial, 
cancer, viral) peptides

Mimotopes for diseases 
diagnostics

Structure prediction: 
Natural, non-natural , 
modified bonds

Structure determination: 
Natural, non-natural , 
modified bonds

Synthesis: Phase display, 
SPSS, Codon Suffeling

Natural bioactive peptides 
from metagenomics

Mimotopes for B/T epitopes  Mimicking of Drug Molecules

ADMET: Proteolytic 
enzymes, Half-life

Oral Delivery : Trans. 
& Adjuvant 

Size Optimization 
for function/Str.



Concept of Drug and VaccineConcept 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



Human 
Vaccines 
against 

pathogens

Immunological Bioinformatics, The MIT press.



History of Immunization

• Children protected who recovered from smallpox 

• Immunity induce, a process known as variolation

• Variolation spread to England and America  

• Stopped due to the risk of death 

• Edward Jenner found that protection against smallpox

• Inoculation with material from an individual infected with 
cowpox 

• This process was called vaccination (cowpox is vaccina)

• Inoculum was termed a vaccine

• Protective antibodies was developed 



Vaccination
Vaccination: a substance to a person for preventing a disease

• Traditionally composed of a killed or weakened microorganism

• Enables memory cells to respond to an organism before it can cause 
disease

Importance

• Saves more than 3 million children each year

• More than 2 million lives could be saved if existing vaccines were 
applied on a full-scale worldwide

• Complete eradication of Smallpox

Need of hours
• Vaccines have been made for only 34 of the more than 400 known 

pathogens.  

• Searching of effective vaccines for AIDS, Malaria and TuberculosisSearching of effective vaccines for AIDS, Malaria and Tuberculosis

• Development of low cost vaccines Development of low cost vaccines 



Multiple layers of the immune 
system

 

Phagocyte 

Adaptive 
immune 

response 

Lymphocytes 

Innate 
immune 

response 

Biochemical 
barriers 

Skin 

Pathogens 



Pathogens/Invaders

Disease Causing 
Agents

Innate Immunity Vaccine Delivery

Protective AntigensAdaptive Immunity

Bioinformatics Centre
IMTECH, Chandigarh



Innate Immunity Vaccine Delivery

Protective AntigensAdaptive Immunity

Bioinformatics Centre
IMTECH, Chandigarh

MHCBN: A database of MHC/TAP 
binders and T-cell epitopes

Distributed by EBI, UK 

Bhasin et al. (2003) Bioinformatics 19: 665

Bhasin et al. (2004) NAR (Online)

Reference database in T-cell epitopes
Highly Cited ( ~ 70 citations)
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Innate Immunity Vaccine Delivery

Protective AntigensAdaptive Immunity

Bioinformatics Centre
IMTECH, Chandigarh



Prediction of MHC II Epitopes ( Thelper Epitopes)

• Propred: Promiscuous of binders for 51 MHC Class II binders 
– Virtual matrices
– Singh and Raghava (2001) Bioinformatics 17:1236

• HLADR4pred: Prediction of HLA-DRB1*0401 binding peptides
– Dominating MHC class II allele
– ANN and SVM techniques
– Bhasin and Raghava (2004)  Bioinformatics 12:421.

• MHC2Pred: Prediction of MHC class II binders for 41 alleles
– Human and mouse
– Support vector machine (SVM) technique
– Extension of HLADR4pred

• MMBpred: Prediction pf Mutated MHC Binder 
– Mutations required to increase affinity
– Mutation required for make a binder promiscuous
–  Bhasin and Raghava (2003) Hybrid Hybridomics, 22:229

• MOT : Matrix optimization technique for binding core
• MHCBench: Benchmarting of methods for MHC binders 

Innate Immunity Vaccine Delivery

Protective AntigensAdaptive Immunity

Bioinformatics Centre
IMTECH, Chandigarh



Prediction of CTL Epitopes (Cell-mediated immunity) 

ER

TAP



Prediction of MHC I binders and CTL Epitopes

Propred1: Promiscuous binders for 47 MHC class I alleles    
– Cleavage site at C-terminal
– Singh and Raghava (2003) Bioinformatics 19:1109

nHLApred: Promiscuous binders for 67 alleles using ANN and QM
– Bhasin and Raghava (2007) J. Biosci. 32:31-42

TAPpred: Analysis and prediction of TAP binders
– Bhasin and Raghava (2004) Protein  Science 13:596

Pcleavage: Proteasome and Immuno-proteasome cleavage site.
– Trained and test on in vitro and in vivo data
– Bhasin and Raghava (2005) Nucleic Acids Research 33: W202-7

CTLpred: Direct method for Predicting CTL Epitopes
– Bhasin and Raghava (2004) Vaccine 22:3195

Innate Immunity Vaccine Delivery
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Innate Immunity Vaccine Delivery

Protective AntigensAdaptive Immunity

Bioinformatics Centre
IMTECH, Chandigarh

Saha et al.(2005) BMC Genomics 6:79.

Saha et al. (2006) NAR (Online)

BCIPEP: A database of 
B-cell epitopes.  



Prediction of B-Cell Epitopes

• BCEpred: Prediction of Continuous B-cell epitopes
– Benchmarking of existing methods 
– Poor performance slightly better than random
– Combine all properties and achieve accuracy around 58%
– Saha and Raghava (2004) ICARIS 197-204.

• ABCpred: ANN based method for B-cell epitope prediction
– Extract all epitopes from BCIPEP (around 2400)
–  700 non-redundant epitopes used for testing and training
– Recurrent neural network
– Accuracy 66% achieved
– Saha and Raghava (2006) Proteins,65:40-48

• ALGpred: Mapping and Prediction of Allergenic Epitopes
– Allergenic proteins
– IgE epitope and mapping
– Saha and Raghava (2006) Nucleic Acids Research 34:W202-W209

• CBTOPE: Prediction of conformational epitopes

Innate Immunity Vaccine Delivery

Protective AntigensAdaptive Immunity

Bioinformatics Centre
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Innate Immunity Vaccine Delivery

Protective AntigensAdaptive Immunity

Bioinformatics Centre
IMTECH, Chandigarh

PRRDB is a database of pattern 

recognition receptors and their ligands 

~500 Pattern-recognition Receptors 

228 ligands (PAMPs)

77 distinct organisms 

720 entries   
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Innate Immunity Vaccine Delivery

Protective AntigensAdaptive Immunity

Bioinformatics Centre
IMTECH, Chandigarh

Major Challenges in Vaccine Design

• ADMET of peptides and proteins

• Activate innate and adaptive immunity

• Prediction of carrier molecules

• Avoid cross reactivity (autoimmunity)

• Prediction of allergic epitopes 

• Solubility and degradability  

• Absorption and distribution

• Glycocylated epitopes 



Modelling of Immune System for Designing Epitope-based Vaccines 

Adaptive Immunity 
(Cellular Response) : 
 Thelper Epitopes

Adaptive Immunity 
(Cellular Response) : 
CTL Epitopes

Adaptive Immunity 
(Humoral 
Response) :B-cell 
Epitopes

Innate Immunity : 
Pathogen Recognizing 
Receptors and ligands

Signal transduction in 
Immune System

Propred: for promiscuous MHC II binders

MMBpred:for high affinity mutated binders

MHC2pred: SVM based method

MHCBN: A database of MHC/TAP binders 
and non-binders 

Pcleavage: for proteome cleavage sites

TAPpred: for predicting TAP binders

Propred1: for promiscuous MHC I binders

CTLpred: Prediction of CTL epitopes

Cytopred: for classification of Cytokines

BCIpep: A database of B-cell eptioes; 
ABCpred: for predicting B-cell epitopes
ALGpred: for allergens and IgE eptopes

HaptenDB: A datbase of haptens  

PRRDB: A database of PRRs & ligands

Antibp: for anti-bacterial peptides  



Designing of therapeutic peptides against cancer

Anticancer peptides 
Designing of effective 

anticancer peptides

Peptide inhibitors 
Identification of inhibitors 

against cancer targets  

Cell Penetrating Peptides

CPPsite: Database

CellPred: Design
?

Tumor Homing Peptides 
TumorHoPe: Database 
TumorHPD: Design  

Peptides Half-life

HLP: prediction in intestine

Depend on environment

Toxicity of Peptides

Immuno-, cyto-toxicity

Off targets





Peptide Resources/Databases 







Peptide Resources/Databases 

Work in Progress

1. Prediction of CPP 2. Designing CPP 3.  Scanning in proteins









Peptide Web Servers 





Peptide Web Servers 



Designing of antibacterial stable peptides

Scanning of peptides in a protein

Submition of multiple peptides





 Open source Web Services



Chemoinformatics and Pharmacoinformatics



Molecular Interactions



Biological Databases



Genome Annotations



Immunoinformatics or Vaccine Informatics



Functional Annotation of Proteins



Proteins Structure Prediction



Operating System for Drug Discovery



Thankyou
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