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Classification of vaccines
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Vaccination Using Extracts or Killed microorganism: 

•sterile immunity cannot be achieved using killed vaccines in any of the infection models used 

Vaccination Using Live, Attenuated microorganism :

•The use of such strains in immune compromised animals or humans should be restricted. 

DNA vaccine:

•attractive due to inducing a wide range of immune responses including easy to produce,

stable, very immunogenic, and possess the potential for long-lasting immunity.

•Unfortunately, It is likely to occur autoimmune complications in the recipient and the gene

vaccine may be incorporated into the host cell genome complex.

Recombinant protein vaccine: 
•Strong Humoral and Cellular responses, long-term memory and specific immunogenic responses and safe
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Epitope-Based Vaccines:

 The concept of epitope vaccines relies heavily on the prediction of B cell and T cell

epitopes that can elicit specific and Epitopes or antigenic determinants are the minimal

immunogenic part of any particular antigen.

 Protective immune responses.

 Immunization with multi-epitope vaccine expressing T-cell or/and B-cell epitopes against

different pathogens showed significant increase in both cellular and humoral immunes

responses, as well as prolonged survival time.

Classification of vaccines
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• As an interdisciplinary science, bioinformatics has been widely used to

predict protein structures, functions, and epitopes.

• Prediction of epitopes plays a significant role in the immunogenicity

design of new vaccines.



Disease Causing Agents



B-cell epitopes recognition

Sequential Conformational

Ab-binding sites



T-cell epitopes recognition



The MHC class I pathway

Antigen Presenting Cell

Proteasome

Antigen

Peptides

ER

MHC I TCD8+

T-cell epitope
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MGSSHHHHHHSSGLVPRGSHMQKSVQLGSFDKVVPSREVVSESLAPSFA

VTETHSSVQSPSKQETQLCAISSEGKPCRNRQNGYFIGASCPKSACCSKTMCGP

GGCGEFCSSNWIFCSSSLIYHPDKSYGGDCSCEKQGHRCDKNAECVENLHTDL

DAGGGVHCKCKDGFVGAEAAAKEAAAKAEDKHEGSWLEQEAAEDVTPLPG

SHTEAQTQSPSAFRRLTRRLRFWRRGVTGGSDAGEEAPQTPRPPLRTRILQYLR

RVGTFFRRDIPAAALRFFRRFRRVRAEAAAKEAAAKATALTEPPTLAYSPNRQI

CPAGTTSSCTSKAVTLSSLIPEAEDSWWTGDSASLDTAGIKLTVPIEKFPVTTQT

FVVGCIKGDDAQSCMVTVTVQARASSVVNNVARCSYGADSTLGPVKLSAEGP

TTMTLVCGKDGVKVPQDNNQYCSGTTL

survey on immunogenicity in BALB /c mice

STEP 1 : In Silico

STEP 2 : Production & PurificationSTEP 3 : Immunization
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In silico

UniProt and NCBI 

(Protein sequence)
Prediction of B-cell and 

T-cell epitopes

Tertiary structure prediction

Optimization of the 
chimeric gene

mRNA structure 
prediction

1
2

3

4

5
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UniProt AND NCBI (Protein sequence)

https://www.uniprot.org/

https://www.ncbi.nlm.nih.gov/

https://www.uniprot.org/
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UniProt (Protein sequence)

Length of Signal 

Peptide

Amino acid length of 

Protein
Code of ProteinName of Protein

1-26336C7E5T3SAG1
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Prediction of B-cell Epitope

The B-cell epitopes of proteins were predicted using IEDB and BCPREDS, 

available at http://tools.iedb.org/bcell/ and 

http://ailab.ist.psu.edu/bcpreds/predict.html, respectively.

http://tools.iedb.org/bcell/
http://ailab.ist.psu.edu/bcpreds/predict.html


Prediction of B-cell Epitope
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Bepipred Linear Epitope Prediction Results Emini Surface Accessibility Prediction Results

Karplus & Schulz Flexibility Prediction Results

Prediction of B-cell epitopes (SAG1)

Kolaskar & Tongaonkar Antigenicity Results



17 Prediction of B-cell epitopes (SAG1)

1

SAG1

180-310
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Prediction of T-cell Epitope

The IEDB online service (http://cvc.dfci.harvard.edu/balbc/) was

employed to predict the affinity of peptides that bind to the major histocompatibility complex

(MHC) class I and class II molecules.

http://cvc.dfci.harvard.edu/balbc/


http://cvc.dfci.harvard.edu/balbc/
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Prediction of T-cell epitopes
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Prediction of T-cell epitopes (SAG1)

Prediction of T-cell epitopes (MIC3)

Prediction of T-cell epitopes (ROP8)

20- 180

105- 225

60- 185

MIC3

ROP8

SAG1
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SAG1

ROP8

30- 180

85- 235

85- 185

M
R
S

MIC3

336

575

3591

1

1

Prediction of B-cell AND T-cell epitopes



Effect of linker length and residues on the structure and stability of a fusion protein with 

vaccine application

Flexible

Rigid

Clevable

biologicalوstabilityبنابراینهستند،rigidنسبتاproline-richلینکرهای activityدرrecombinant fusion

proدارند.
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Fusion peptide design

Three immunodominant peptide domains associated with the B-cell and T-cell

immunity types from proteins SAG1, MIC3, ROP8 and with different segment

arrangements were joined together via a helix-forming linker containing the

motif to produce various constructs.

A(EAAAK)nA]m (n=2–4, m=1 or 2)

n= 2, m= 1
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Sag Mic Rop 
MGSSHHHHHHSSGLVPRGSHMEDKHEGSWLEQEAAEDVTPLPGSHTEAQTQSPSAFRRLTRRLRFWRRG

VTGGSDAGEEAPQTPRPPLRTRILQYLRRVGTFFRRDIPAAALRFFRRFRRVRAEAAAKEAAAKATALTEPPTL

AYSPNRQICPAGTTSSCTSKAVTLSSLIPEAEDSWWTGDSASLDTAGIKLTVPIEKFPVTTQTFVVGCIKGDDAQ

SCMVTVTVQARASSVVNNVARCSYGADSTLGPVKLSAEGPTTMTLVCGKDGVKVPQDNNQYCSGTTLAEAA

AKEAAAKAQKSVQLGSFDKVVPSREVVSESLAPSFAVTETHSSVQSPSKQETQLCAISSEGKPCRNRQLHTDN

GYFIGASCPKSACCSKTMCGPGGCGEFCSSNWIFCSSSLIYHPDKSYGGDCSCEKQGHRCDKNAECVENLDAG

GGVHCKCKDGFVG 

 

MGSSHHHHHHSSGLVPRGSHMEDKHEGSWLEQEAAEDVTPLPGSHTEAQTQSPSAFRRLTRRLRFWRRG

VTGGSDAGEEAPQTPRPPLRTRILQYLRRVGTFFRRDIPAAALRFFRRFRRVRAEAAAKEAAAKAQKSVQLGS

FDKVVPSREVVSESLAPSFAVTETHSSVQSPSKQETQLCAISSEGKPCRNRQLHTDNGYFIGASCPKSACCSKT

MCGPGGCGEFCSSNWIFCSSSLIYHPDKSYGGDCSCEKQGHRCDKNAECVENLDAGGGVHCKCKDGFVGAE

AAAKEAAAKATALTEPPTLAYSPNRQICPAGTTSSCTSKAVTLSSLIPEAEDSWWTGDSASLDTAGIKLTVPIEK

FPVTTQTFVVGCIKGDDAQSCMVTVTVQARASSVVNNVARCSYGADSTLGPVKLSAEGPTTMTLVCGKDGV

KVPQDNNQYCSGTTL 

 

MGSSHHHHHHSSGLVPRGSHMTALTEPPTLAYSPNRQICPAGTTSSCTSKAVTLSSLIPEAEDSWWTGDSA

SLDTAGIKLTVPIEKFPVTTQTFVVGCIKGDDAQSCMVTVTVQARASSVVNNVARCSYGADSTLGPVKLSAEG

PTTMTLVCGKDGVKVPQDNNQYCSGTTLAEAAAKEAAAKAQKSVQLGSFDKVVPSREVVSESLAPSFAVTET

HSSVQSPSKQETQLCAISSEGKPCRNRQLHTDNGYFIGASCPKSACCSKTMCGPGGCGEFCSSNWIFCSSSLIYH

PDKSYGGDCSCEKQGHRCDKNAECVENLDAGGGVHCKCKDGFVGAEAAAKEAAAKAEDKHEGSWLEQEA

AEDVTPLPGSHTEAQTQSPSAFRRLTRRLRFWRRGVTGGSDAGEEAPQTPRPPLRTRILQYLRRVGTFFRRDIP

AAALRFFRRFRRVR 

 
MGSSHHHHHHSSGLVPRGSHMTALTEPPTLAYSPNRQICPAGTTSSCTSKAVTLSSLIPEAEDSWWTGDSA

SLDTAGIKLTVPIEKFPVTTQTFVVGCIKGDDAQSCMVTVTVQARASSVVNNVARCSYGADSTLGPVKLSAEG

PTTMTLVCGKDGVKVPQDNNQYCSGTTLAEAAAKEAAAKAEDKHEGSWLEQEAAEDVTPLPGSHTEAQTQS

PSAFRRLTRRLRFWRRGVTGGSDAGEEAPQTPRPPLRTRILQYLRRVGTFFRRDIPAAALRFFRRFRRVRAEAA

AKEAAAKAQKSVQLGSFDKVVPSREVVSESLAPSFAVTETHSSVQSPSKQETQLCAISSEGKPCRNRQLHTDN

GYFIGASCPKSACCSKTMCGPGGCGEFCSSNWIFCSSSLIYHPDKSYGGDCSCEKQGHRCDKNAECVENLDAG

GGVHCKCKDGFVG 

 

MGSSHHHHHHSSGLVPRGSHMQKSVQLGSFDKVVPSREVVSESLAPSFAVTETHSSVQSPSKQETQLCAIS

SEGKPCRNRQLHTDNGYFIGASCPKSACCSKTMCGPGGCGEFCSSNWIFCSSSLIYHPDKSYGGDCSCEKQGH

RCDKNAECVENLDAGGGVHCKCKDGFVGAEAAAKEAAAKATALTEPPTLAYSPNRQICPAGTTSSCTSKAVT

LSSLIPEAEDSWWTGDSASLDTAGIKLTVPIEKFPVTTQTFVVGCIKGDDAQSCMVTVTVQARASSVVNNVAR

CSYGADSTLGPVKLSAEGPTTMTLVCGKDGVKVPQDNNQYCSGTTLAEAAAKEAAAKAEDKHEGSWLEQE

AAEDVTPLPGSHTEAQTQSPSAFRRLTRRLRFWRRGVTGGSDAGEEAPQTPRPPLRTRILQYLRRVGTFFRRDI

PAAALRFFRRFRRVR 

 

MGSSHHHHHHSSGLVPRGSHMQKSVQLGSFDKVVPSREVVSESLAPSFAVTETHSSVQSPSKQETQLCAIS

SEGKPCRNRQLHTDNGYFIGASCPKSACCSKTMCGPGGCGEFCSSNWIFCSSSLIYHPDKSYGGDCSCEKQGH

RCDKNAECVENLDAGGGVHCKCKDGFVGAEAAAKEAAAKAEDKHEGSWLEQEAAEDVTPLPGSHTEAQTQ

SPSAFRRLTRRLRFWRRGVTGGSDAGEEAPQTPRPPLRTRILQYLRRVGTFFRRDIPAAALRFFRRFRRVRAEA

AAKEAAAKATALTEPPTLAYSPNRQICPAGTTSSCTSKAVTLSSLIPEAEDSWWTGDSASLDTAGIKLTVPIEKF

PVTTQTFVVGCIKGDDAQSCMVTVTVQARASSVVNNVARCSYGADSTLGPVKLSAEGPTTMTLVCGKDGVK

VPQDNNQYCSGTTL 

1

2

3

4

5

6

MIC3, ROP8, SAG1



The several structures were selected
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 Antigenicity analysis of different constructs was conducted using VaxiJen v.2.0,

which is freely available online at http://www.jenner.ac.uk/VaxiJen and can

perform antigenicity prediction solely based on the physicochemical properties

of protective antigens regardless of the sequence length and alignment. Threshold

scores of more than 0.5 were assumed to indicate probable antigens.

 The web server AlgPred (http://www.imtech.res.in/raghava/algpred/) was used to

predict the allergenicity of the sequences.

Antigenicity and Allergenicity evaluation

http://www.jenner.ac.uk/VaxiJen


VaxiJen is the first server for alignment-independent prediction of protective antigens. It 

was developed to allow antigen classification solely based on the physicochemical 

properties of proteins without recourse to sequence alignment. 
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MGSSHHHHHHSSGLVPRGSHMQKSVQLGSFDKVVPSREVVSESLAPSFAVTETHSSVQSPSKQETQLCA

ISSEGKPCRNRQLHTDNGYFIGASCPKSACCSKTMCGPGGCGEFCSSNWIFCSSSLIYHPDKSYGGDCSCEKQGH

RCDKNAECVENLDAGGGVHCKCKDGFVGAEAAAKEAAAKATALTEPPTLAYSPNRQICPAGTTSSCTSKAVTLS

SLIPEAEDSWWTGDSASLDTAGIKLTVPIEKFPVTTQTFVVGCIKGDDAQSCMVTVTVQARASSVVNNVARCSYG

ADSTLGPVKLSAEGPTTMTLVCGKDGVKVPQDNNQYCSGTTLAEAAAKEAAAKAEDKHEGSWLEQEAAEDVT

PLPGSHTEAQTQSPSAFRRLTRRLRFWRRGVTGGSDAGEEAPQTPRPPLRTRILQYLRRVGTFFRRDIPAAALRFF

RRFRRVR

Probable Antigenicity: 0.7962

MGSSHHHHHHSSGLVPRGSHMQKSVQLGSFDKVVPSREVVSESLAPSFAVTETHSSVQSPSKQETQLCA

ISSEGKPCRNRQLHTDNGYFIGASCPKSACCSKTMCGPGGCGEFCSSNWIFCSSSLIYHPDKSYGGDCSCEKQGH

RCDKNAECVENLDAGGGVHCKCKDGFVGAEAAAKEAAAKAEDKHEGSWLEQEAAEDVTPLPGSHTEAQTQS

PSAFRRLTRRLRFWRRGVTGGSDAGEEAPQTPRPPLRTRILQYLRRVGTFFRRDIPAAALRFFRRFRRVRAEAAAK

EAAAKATALTEPPTLAYSPNRQICPAGTTSSCTSKAVTLSSLIPEAEDSWWTGDSASLDTAGIKLTVPIEKFPVTTQT

FVVGCIKGDDAQSCMVTVTVQARASSVVNNVARCSYGADSTLGPVKLSAEGPTTMTLVCGKDGVKVPQDNNQ

YCSGTTL

Probable Antigenicity: 0.7983

1

2
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Tertiary structure prediction

3D structures of the designed sequences were predicted by online service: 

I-TASSER service (https://zhanglab.ccmb.med.umich.edu/I-TASSER (/ . 

I-TASSER was used to determine the confidence score (C-score).

The structural models was analyzed in Molegra Molecular Viewer.
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Tertiary structure prediction

MIC3

ROP8

SAG1

linker
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Optimization of the chimeric gene

The Jcat tool (http://www.prodoric.de/JCat) was employed for reverse translation and

codon optimization to determine the optimized DNA sequence of the recombinant

protein for cloning and expression in Escherichia coli K12.

http://www.prodoric.de/JCat


http://www.jcat.de/

http://www.jcat.de/
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mRNA structure prediction

The RNA secondary structure was predicted with the mfold tool

(http://unafold.rna.albany.edu/?q=mfold) to determine the free energy

associated with the 5′ end in the mRNA of the chimeric gene.

http://unafold.rna.albany.edu/?q=mfold
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mRNA structure prediction



mRNA structure prediction
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pET-28a Plasmid
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• Numerous studies identified potential epitope-based antigens that could

effectively induce high and protective immunity against diverse pathogens.

• The approach has been used to develop and evaluate vaccines to various

infectious agents, such as Influenza Virus, Human Immunodeficiency Virus,

Epstein-Barr Virus, and hepatitis B virus.
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Potential advantages of using this epitope-based Vaccination Strategy

• It has the ability to optimize the epitope structure to increase potency in eliciting strong

immunity;

• It provides the opportunity to focus and generate specific immune responses to known

immunodominant epitopes;

• It shows chemical stability

Bioinformatic tools remain the vital option for analyzing 

immunogenic epitopes with high antigenicity and 

immunogenicity
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