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INTRODUCTION
Exploring Vaccine designing tools has helped in combating against 
pathogenic or Infectious diseases like Inuenza, smallpox, 
chikungunya, polio, tetanus, and many other deadly diseases. 
Conventional method of vaccine development using live or attenuated 
pathogens is a tedious process and might take 10-15 years of 
development, which includes Selection of strains for vaccine 
production, Growing the organism , Isolating and purication of the 
organism, Inactivation of the vaccine, Formulation of vaccine and 
Quality Control. Although these vaccines could save lives but can be 
unfavorable due to cause of Adverse events and might even lead to 
death.

Immunoinformatic has paved a way to the development of vaccines 
using epitope prediction tools using computational technology which 
can store and organize large amount of biological data generated from 
genetics, molecular biology, and Biotechnology. Immunoinformatics 
is a science that understands the immunological information through 
computational techniques. Immunoinformatic tools deals with huge 
amount of data related to Immune. Shortening of the time required to 
conduct the experiment is another benet of using computational 
methods.

Antigen and antibody interaction are a major event in humoral immune 
response that helps invading pathogen. A specic antibody (Ab) 
recognizes antigen (Ag) at regions known as antigenic determinants or 
B-cell epitopes. B-cell epitopes is a surface accessible clusters of 
amino acids, which are recognized by secreted antibodies or B-cell 
receptors and can elicit cellular or humoral immune response. B-cells 
and T-Cells play a major role in understanding the antigenic 
interactions, and are also implicated in vaccine designs, prevention of 
disease, diagnostics and therapeutically valuable. (Yang and Yu, 
2009).) Identication of a correct epitope impacts the molecular effect 
of antibodies interaction with the antibodies. There are several existing 
methods for identifying an B -cell or T-cell epitope that includes, X-
Ray crystallography, pepscan, phage display, expressed fragments, 
partial proteolysis, mass spectrometry, and mutagenesis analysis (Xu 
et al., 2010). However, these methods are not only expensive but time 
consuming and fail to identify many epitopes (Inbal Sela-Culang, et al, 
2014) and more over these methods just identify the linear stretches as 
epitopes which might be discontinuous. Even while X-ray 
crystallography is maybe the most reliable technique for epitope 
identication (Sun et al., 2011), it is expensive, time consuming, and 
very difcult to apply for many targets.

To overcome all these drawbacks development of bioinformatics tools 
are very essential, advances in recombinant DNA technology (rDNA) 
and the knowledge on the host immune system and the genetic 
information of the pathogen will pave the way to design a new vaccine 
against diseases that currently has few or no measures in controlling 
the disease within a few span of years ie 1 or 2 years using 

computational biology and in silico predictions to dene the target 
(Jack wood, et al.,2008)  The vaccines developed through rDNA  .
technologies are designed to be safer, more efcacious, and or less 
expensive than conventional vaccines. To achieve these aims, a 
thorough understanding of the disease agent, particularly, critical 
epitopes to induce the appropriate immunological reaction is required.

The major step in designing a multi-epitope vaccine involves the 
retrieval of the genome sequence and identifying the protein 
component of the pathogen that could elicit an immune response. The 
strategy of designing the vaccine requires the completed knowledge of 
the sequence of the pathogenic protein. Reverse vaccinology is used to 
elicit an immune response against the pathogen  using the information 
of the codon sequence present in the DNA of the pathogen to obtain a 
complementary cDNA, and further translating it to obtain the sequence 
of the protein of interest. Once the Protein of interest is generated 
inside the Antigen presenting cells (APC) of the host. The T cell 
epitopes are then proteolytically cleaved from the protein, and further 
exposed by the MHC molecules of the APC surface, to interact with the 
receptors of T cells. Therefore, with the knowledge of the primary 
sequence of the protein antigen, the epitopes can be identied by 
cloning the domains or smaller peptides of the protein separately and 
experimentally determining which one is more immunogenic, or 
alternatively, by screening the whole protein sequence using in silico 
predictions programs (Fleri et al.;2017).

These computational techniques help in accurate diagnosis of disease 
and producing cost effective vaccines, developing more effective and 
new drugs and helps in improving the quality and quantity of the 
therapeutic product and also helps in understanding and discovering 
immunological issues.

METHODOLOGY
Sequence Retrieval:
The rst step in vaccine designing in the sequence retrieval of the 
protein component of the pathogen. The NCBI is the most highly 
referred biological sequence source. It contains huge records of RNA, 
DNA (including genomic DNA), and protein sequences [5]. A 
comprehensive amount of information about the protein sequences 
and their annotation is provided in the Universal Protein Resource 
(UniProt) at (https://www.uniprot. org/). The UniProt databases 
include UniProt Knowledgebase (UniProtKB), UniProt Archive 
(UniParc), and UniProt Reference Clusters (UniRef) [6]. Protein 
sequences are stored in these databases as records containing various 
cellular, molecular, biological, functional, and structural information 
along with external links for further information .RCSB PDB (Protein 
data bank) is also one of the highly referred databases containing data 
about the 3D structures of proteins, nucleic acids, and their complexes 
[7]. The information obtained from this database helps the researchers 
to get a better grasp about the various aspects of biomedicine and 
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ABSTRACT
Traditional method of vaccine production comprises of live or xed whole pathogen used in vaccine productions or protein antigens which are 
puried for vaccine development or vaccine that comprises of DNA plasmids that measures the expression of sequence of the most important 
pathogen protein antigens in the host. However traditional method of vaccine development are tedious process and Loss of efcacy is noted.
A new evolution in vaccine development replacing the traditional method has been developed using the approaches of Bioinformatics tools known 
as the epitope prediction. Epitopes are short amino acid sequences of a protein that are capable of inducing a more direct and potent immune 
response, than the response induced by the whole cognate protein. Mapping of B cell and T cell epitope is crucial step in developing epitope-based 
vaccine, therapeutic antibody. Several bioinformatic tools are employed to predict the B- cell and T- cell Epitopes based on the sequence or 
structural data. The fundamental objective of epitope prediction is replacing the antigen in immunization. This paper comprises of the experimental 
methods on how to predict an epitope using bioinformatic approaches and in silico resources.
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agriculture [8]. Innate DB (http://www.innatedb.ca) is a database 
dedicated to facilitating systems level investigations of innate immune 
response for the mammalian (human, mouse and bovine).It has been 
developed to bring about more sophisticated perception about the 
innate immune system responses. To date, more than 27,172 curated 
interactions, 5237 reviewed publications, and 9460 curated genes are 
deposited in InnateDB. Cerebral is the newer version of InnateDB [9]. 
The scientic databases and software tools could also be accessed by 
ExPASy which is the SIB Bioinformatics Resource Portal at 
(https://www.expasy.org/). The ExPASy portal gives the scientists the 
convenient access to various data including genomics, 
transcriptomics, proteomics, phylogeny, population genetics, systems 
biology etc. A large amount of sequential and structural data about 
numerous proteins is currently stored owing to rapidly growing 
number of unveiled genomic sequences and high throughput resolving 
of protein structures. These data could effectively be used to extract 
Functional insight for medical and biological purposes. Molecular 
dynamics simulations and bioinformatics predictions are the two main 
computational techniques which could be exploited to reach this goal. 
With the sequence provided, bioinformatics tools can be used to 
employ statistical and structural analyses to understand their function, 
annotate the genome and predict the protein structures. Bioinformatics 
method is one of the most useful technologies used in science which is 
used to study huge amount of data. Also, to invent new insights about 
theories and protein design, using algorithms of sequence and structure 
alignment. [10]

Epitope Prediction
B-Cell Epitope
Designing of B-cell epitope is one of the crucial steps in vaccine 
designing. immunodiagnostic design and immunogen design for 
antibody production efforts. B-cell epitopes are determinant regions of 
the antigen with the ability to bind immunoglobulins and B-cell 
receptors (BCRs). The binding site of BCR is hydrophobic, contains 
six hypervariable loops which are variable regarding their amino acid 
composition and length.  Since conventional methods are time 
consuming and a tedious process, computational methods are 
employed in predicting the B-cell epitope. Since computational 
methods are more reliable and an alternative source for identication 
of putative B-cell epitopes. B-cell epitopes are classied into linear 
(continuous) and conformational (discontinuous).

Linear epitopes are short peptides that are composed of sequential 
amino acids in the antigen. However, most B-cell epitopes are found to 
be discontinuous (90% of B-cell epitopes), where the amino acids of 
epitope may not be contiguous in the primary sequence and spatial 
proximity is attained by protein folding. Mapping of B-Cell epitope is 
the most important aspect in experimental and computational epitope 
prediction. There are both sequence-based and structure-based 
prediction tools are available however only limited number of tools are 
used in discontinuous B-cell epitopes prediction.

Discontinuous B-cell epitopes comprises of peptides with linear amino 
acid. Identication of B-cell epitopes can invoke strong immune 
responses which plays a vital role in effective vaccine designing.  
Sequence-based methods, machine-learning methods, and amino acid 
propensity scale-based methods are the main methodologies used in 
continuous B-Cell Epitope Prediction [11].

Sequence-based methods generally work on the bases of surface 

accessibility of epitopes for antibody binding [12]. However, one of 
the drawbacks of using this method is that these methods are only 
limited to the prediction of continuous epitopes.

Amino Acid Propensity methods are based on Scale that correlates the 
location of continuous epitopes with analyzing parameters such as 
accessibility, hydrophilicity, exibility, exposed surface, polarity 
turns, and antigenic propensity of polypeptide chains. Thus, the 
prediction of linear B-cell epitopes typically relies on the use of amino 
acid propensity scales [13]. Amino acid scales are applied to compute 
the scores of residues in amino acid scale-based methods. 
Approximately 60-66% of accuracy are obtained in epitope prediction 
using Amino acid-based method. By improving the quality of the 
existing B-Cell epitope datasets a high accuracy of epitope design can 
be obtained. There are several tools that can be used in B-Cell Epitope 
prediction, among which includes the Bcepred tool which predict the 
linear B-Cell epitope using physicochemical properties such as 
hydrophilicity, exibility, polarity, and exposed surface on a non-
redundant dataset. The dataset contains 1029 B-cell epitopes obtained 
from Bcipep database and an equal number of non-epitopes obtained 
randomly from Swiss-Prot database. The prediction accuracy for 
models based on these properties varies from 52.92% to 57.53% [14]. 
The ABCpred server, which is also a widely used tools used to predict 
the B-cell Epitope, which is based on neural networks, has an 
estimatedaccuracy of 65.93% [15]. Another server called BepiPred 
predicts the location of linear B-cell epitopes using a combination of a 
hidden Markov model and a propensity scale method. Another major 
tool used in epitope prediction is Disco Tope which uses the three-
dimensional structure of proteins to determinate the surface 
accessibility and a novel epitope propensity amino acid score.  The 
nal scores are calculated by combining the propensity scores of 
residues in spatial proximity and the contact numbers. This server is 
also used to predicts epitopes in complexes of multiple chains [16]. 
This tool along with BEpro (formerly known as PEPITO) and SEPPA 
(Spatial Epitope Prediction of Protein Antigens) requires a 3-D 
structure as input, specically, in PDB format. Using SEPPA, each 
residue in the query protein will be given a score according to 
information from its neighborhood residues. The higher score 
corresponds to the higher probability of the residue to be involved in an 
epitope. One of the most reliable tools in epitope prediction is the 
ElliPro This server is used to predicts linear and discontinuous 
epitopes based on a protein antigen's 3-D structure. ElliPro associates 
each predicted epitope with a score, dened as a PI (Protrusion Index) 
value. Comparatively with the databases mentioned earlier, in ElliPro 
the input is a protein sequence. A 3-D structure will be predicted for the 
input protein sequence by homology modeling based on user-selected 
structural template. Later linear and discontinuous epitopes will be 
computed based on the predicted protein structure. Also, the prediction 
task is more difcult compared to that of T-cell epitopes. Changes in 
protein folding and 3D structure may lead to changes in the number of 
epitopes. Although signicant breakthroughs have been made in the 
eld of B-cell epitope prediction X-ray crystallography continues to be 
the most accurate way to identify B-cell epitope.Few other 
bioinformatics tools that are used to predict continuous and 
discontinuous B cell epitopes are included in Table 1.

All these integrative tools represent an opportunity for the 
development of new vaccines in special those that aim at the elicitation 
of humoral responses.
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Table 1: A List Of Reliable Tools And Databases For B-cell Epitope Prediction.
Database name Web address Application Ref
ABCpred http://www.imtech.res.in/raghava/abcpred  Prediction of linear B-cell epitopes based on articial 

neural net
[17]

BCIPEP http://www.imtech.res.in/raghava/bcipep B-cell epitope database [18]
Bepipred http://www.cbs.dtu.dk/services/BepiPred Prediction of B-cell epitopes using HMM method [19]
IMGT http://www.imgt.org A high-quality integrated resource of IG, TR, MHC, and 

related proteins
[17]

Bcepred http://www.imtech.res.in/raghava/bcepred/ Prediction of epitopes with 58.7% accuracy [20]
BEPITOPE jlpellequer@cea.fr Prediction of linear epitopes location and pattern [21]
DiscoTope http://www.cbs.dtu.dk/services/DiscoTope/ Prediction of conformational B-cell epitopes based on 3D 

structure
[22]

COBEpro http://scratch.proteomics.ics.uci.edu A two-stage system to predict linear B-cell epitopes, 
associated with the SCRATCH database

[23]

CEP http://bioinfo.ernet.in/cep.htm Prediction of B-cell epitopes [24]
AgAbDb http://www.115.111.37.206:8080/agabdb2/home.jsp Antigen-antibody interaction database [25]
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T-Cell Epitope
One of the most important steps to develop an epitope-based vaccine, 
is the selection of T-cell epitopes with strong binding afnity to 
appropriate HLA molecules which are mainly predicted by matrix-
based method [32]. Accurate prediction of interacting molecules is the 
current challenge in immunological prediction of T-cell epitope 
sequences. At present binding afnity predictions for a range of MHC 
molecules is considered to be the most popular epitope prediction 
methods. For recognition of cytotoxic T-cells Molecular binding 
between antigenic peptides and MHC molecules is necessary. 
Therefore, for any T-cell epitopes prediction algorithms need to 
identify MHC-binding peptides.Peptide binding to MHC and the 
interaction of this complex with a specic T-cell receptor are the 
requirements for a functional T-cell response. A Well-dened data is 
required for modeling the peptides that binds to TAP and MHCs. 
Epitope mapping could lead to design of effective peptide vaccines 
[33]. The ability of the peptide immunogens to induce CTL activity can 
be enhanced by inclusion of T-helper epitopic peptides. Among the 
Prediction tools “PADRE (PanDR)” is one of the universal T-cell 
helper epitopes which could be used as a general tool to enhance CTL 
responses of different antigens [35]. Different methodologies are used 
to predict peptides which has the ability to bind MHC molecules these 
includes Hidden Markov model (HMM), Articial neural networks 
(ANNs), Support Vector Machine (SVM), and Quantitative matrices 
[36]. Various databases have been experimentally determined T-cell 
epitopes and different tools have been created for T-cell epitopes 
prediction. Among the numerous servers for T-Cell Prediction is the 
RANKPEP, which predicts peptide binders to MHC-I and MHC-II 
molecules from protein sequences or sequence alignments using 
Position Specic Scoring Matrices (PSSMs). It is also used to predict 
the MHC-I ligands whose C-terminal end is likely to be the result of 
proteasomal cleavage. It is one of the friendly platforms which offers 
the widest allelic coverage to MHC-I and MHC-II alleles (118 and 67 

alleles, respectively) for human and mouse. To search epitopes 
sequences for MHC-I ligands using PSSMs, a dynamic algorithm 
written in Python is used, which scores all protein segments with the 
length of the PSSM width and sorted accordingly. Scoring starts at the 
beginning of each sequence and the PSSM is slid over the sequence 
one residue at a time until reaching the end of the sequence. This 
binding threshold is built into each matrix, delineating the range of 
putative binders among the top scoring peptides. The IEDB Analysis 
Resource database uses NetMHCpan which is used as a prediction 
method since 2011. This method generates a quantitative prediction of 
the afnity of any peptide-MHC class I interaction, covering HLA-A 
and HLA-B. nHLAPred is another comprehensive tool for the 
prediction of MHCI binding peptides for 67 MHC alleles. Articial 
Neural Networks (ANNs) and quantitative matrices (QM is used in the 
prediction of alleles. The predicted MHC binders are ltered to 
potential CTL epitopes by using proteasomal matrices. These servers 
have two options (Compred and ANNPred), the most wide-ranging is 
Compred; based on the hybrid approach of articial neural networks 
and quantitative matrices NetMHC server is used to  predict binding of 
peptides to a number of different HLA alleles using ANNs. ANNs have 
been trained for 78 different human MHC (HLA) alleles representing 
all 12 HLA-A and -B Supertypes. ProPred1 is one of the server that 
predicts MHC Class-II binding regions in an antigen sequence using 
quantitative matrices. The server is employed in Assisting of locating 
promiscuous binding regions that are useful in selecting vaccine 
candidates covering 51 alleles [37]. The SVMHC server enables 
prediction of both MHC class I and MHC class II binding peptides, 
however, it is most widely covered is for MHC-II (51 alleles). The 
graphical output displayed in this software also allows for simple 
identication of promiscuous epitopes. SVMHC uses the matrices 
developed by the TEPITOPE software. A list of reliable tools and 
databases for T-cell epitope prediction is listed below in Table 2.
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MIMOP Request from franck.molina@cpbs.univ-montp1.fr prediction of 3D epitopic region from the mimotope 
peptide sequences

[26]

MIMOX http://www.immunet.cn/mimox/ Epitope mapping based on phage display method [27]
Pepitope http://www.pepitope.tau.ac.il/ Epitope mapping based on afnity-selected peptides [28]
3DEX http://www.schreiber-abc.com/3dex/ Conformational epitopes mapping in 3D protein structures [29]
IEDB http://www.immuneepitope.org Epitope prediction database [30]
AntiJen http://www.jenner.ac.uk/antijen/ Quantitative binding data for B-cell epitopes [31]
CED http://immunet.cn/ced Conformational Epitope Database [32]

Database name Web address Application Ref
Allele frequencies http://www.allelefrequencies.net HLA frequencies in worldwide population and 

polymorphism frequencies in immunologically
[38]

MHCPred http://www.ddg-pharmfac.net/mhcpred/MHCPred/ Quantitative prediction of peptide-MHC binding [39]
MMBPred http://www.imtech.res.in/raghava/mmbpred/ Prediction of atypical MHC class I binders as well as

mutations that allow high-afnity binding
[40]

NetCTL http://www.cbs.dtu.dk/services/NetCTL Prediction of CTL/HLA supertype epitopes [41]
NetMHC http://www.cbs.dtu.dk/services/NetMHC Prediction of the MHC binding propensity of peptides [42]
NetChop http://www.cbs.dtu.dk/services/NetChop Prediction of proteasome/immunoproteasome cleavage [43]
TAPPred http://www.imtech.res.in/raghava/tappred/ Prediction of binding afnity of TAP protein [44]
Pcleavage http://www.imtech.res.in/raghava/pcleavage/ Prediction of proteasome/immunoproteasome cleavage [45]
Propred http://www.imtech.res.in/raghava/propred1/ Prediction of class II binding regions in antigenic

protein sequence
[46]

ElliPro http://www.tools.immuneepitope.org/tools/ElliPro Prediction of linear and conformational antibody 
epitopes

[47]

EpiToolKit http://www.epitoolkit.org Prediction of MHC classes I/II ligands using several 
methods

[48]

PREDEPP http://margalit.huji.ac.il/Teppred/mhc-bind/index.html Prediction of MHC-peptide binding based on structure [49]
PDB https://www.rcsb.org/pdb/https://www.rcsb.org/pdb/ MHC/peptide/TCR combinations [50]
TEPITOPE https://www.vaccinome.com Prediction of atypical class II epitopes [51]

Table 2: A List Of Reliable Tools And Databases For T-cell Epitope Prediction

Summary
Immunoinformatics in recent era has played a crucial role in improving 
the immunological studies. The major focus on B- and T-cell epitopes 
prediction methods have become crucial step in immunoinformatics 
studies due to their efciency in applications like epitope-based design 
of personalized cancer immunotherapies and therapeutic/ prophylactic 
vaccines. The high throughput development methods have brought 
about novel immunological knowledge as well as new challenges. 
Predictions for class epitopes have reached a Peak point where only 
little improvements are required to obtain a possible results of HLA 
binding assays with the help of high-throughput approaches. 
Moreover, huge amount of data is obtained and can be easily analyzed 
with the help of Immunoinformatics. Through the study of genomes 

and their variations a huge amount of data is obtained which has 
opened a wide horizon in the eld of rational design of prophylactic 
vaccines .These vaccines can be easily designed using vaccine design 
tool and highly accurate methods of T-cell epitope prediction. Drastic 
Increase in disease count has made it difcult for the production of 
vaccines by conventional method, however these drawbacks could be 
ruled out with the help of Drug designing using computational biology. 
Genomic sequencing of cancer patients would provide novel options 
to design personalized immunotherapies and chemotherapeutic 
remedies.  Although the options to design personalized 
immunotherapies, remain to be experimental, they have garnered a lot 
of interest.  A new evolution in vaccine development replacing the 
traditional method has been developed using the approaches of 
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Bioinformatics tools known as the epitope prediction. Epitopes are 
short amino acid sequences of a protein that are capable of inducing a 
more direct and potent immune response, than the response induced by 
the whole cognate protein. Mapping of B cell and T cell epitope is 

crucial step in developing epitope-based vaccine, therapeutic 
antibody. Several bioinformatic tools are employed to predict the B- 
cell and T- cell Epitopes based on the sequence or structural data.

Figure 1 Graphical Depiction Of The Methodologies Used In Peptide Vaccine Design.
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