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• Bioinformatics has broad applicability to

Immunology à IMMUNOINFORMATICS

• Development of in-silico models of entire

systems – towards a virtual immune system

TODAY we will apply bioinformatic tools for identifying 

antigenic epitopes – our aim will be to predict peptide 

binding to particular MHC molecules



Overview of the lecture

• Introduction to the adaptive immune system – antigen 

recognition by T cells - EPITOPES

• Major histocompatibility complex (MHC)

• Characteristics of peptides bound to MHC class I vs. MHC 

class II

• Computational approaches for predicting peptide binding  

- databases and prediction servers

• Exercise:  Use of bioinformatics tools to search for 

epitopes - to predict peptide MHC-binding





EPITOPE = antigenic determinant



EPITOPE = antigenic determinant

2 types of epitopes













T cell recognition of antigen peptide





The Major Histocompatibility Complex (MHC) constitutes an

important part of the immune system. During infection,

pathogenic proteins are processed into peptide fragments by the

antigen processing machinery.

These peptides bind to MHC molecules and the MHC-peptide 

complex is then transported to the cell membrane from where it 

elicits an immune response via T-cell binding.

The molecular mechanism of this process is of great importance in

determining the aetiology of various diseases and in the design of

effective vaccines.





2 types of MHC molecules

MHC τάξης Ι à CD8 / Tc

peptides in the cytoplasm

endogenous proteins

MHC τάξης ΙΙ à CD4 / TH

peptides in vesicles

  exogenous proteins









The concept of MHC restriction (Nobelprize 1996)

The T cell receptor specifically recognizes both peptide and MHC molecule 



The concept of MHC restriction (Nobelprize 1996, Zinkernagel and Doherty)

The T cell receptor specifically recognizes both peptide and MHC molecule 





• CD8+ Tc cells are MHC class I restricted
– Can only recognize antigen presented by 

MHC class I molecules
– All nucleated cells express MHC class I
– Cells with MHC class I are “target cells” and 

can be killed by cytotoxic T cells

• CD4+ TH cells are MHC class II restricted
– Cells with MHC class II are antigen-

presenting cells (APCs)



MHC class I MHC class II

Antigen Processing (επεξεργασία) and Presentation (παρουσίαση)



Antigen Processing (επεξεργασία) and Presentation (παρουσίαση)



Antigen processing and Peptide

binding to MHC τάξης Ι

Presentation to CD8+ T cells

Endogenous Antigens



Antigen Processing for MHC class I



Antigen processing and Peptide

binding to MHC τάξης ΙI

Presentation to CD4+ T cells

Exogenous Antigens



https://www.youtube.com/watch?v=LwLYGTS_3EI



The two classes of MHC have similar 

three-dimensional structures





Strong selective pressure for pathogens to escape 

presentation by MHC

It is extremely difficult for the pathogens to evade MHC 

molecules and immune surveillance.  Why?

MHC is polygenic.  Several different MHC class I and II 

genes.

MHC is highly polymorphic.  Multiple variants of the gene 

within the population.



MHC highly polymorphic. More than 200 alleles that occur in 
high frequency.

Most individuals heterozygous at MHC locus.

MHC haplotype.

Expression co-dominant.

MHC polymorphism triggers T-cell reactions
that can reject transplanted organs.



Sidney et al. Semin Immunol 2020







Human Leukocyte Antigen (HLA)

In humans, MHC is called human leukocyte antigen (HLA)

In humans:

• There are three MHC class I genes (coding for the a

chain):  HLA-A, HLA-B, και HLA-C 

• There are 3 pairs of MHC class II genes (coding for the a

and b chains): HLA-DR, HLA-DP, και HLA-DQ 



H-2 (mouse)

In mice, MHC is called H-2

In mice:

• There are three MHC class I genes (coding for the a

chain): H-2K, H-2D, and H-2L

• There are 2 pairs of MHC class II genes (coding for 

the a and b chains): H-2A, H-2E





Mice

codominant
expression of
H-2 genes



Humans Codominant expression of HLA genes













Anchor residues 

(προσδετικά κατάλοιπα ή κατάλοιπα αγκυροβόλησης)

are residues in the peptide that bind to specific pockets 

on the MHC I or MHC II resulting in some specificity of

interactions with MHC.



Class I MHC

Class II MHC









MHC τάξης Ι     8-11 αα







MHC τάξης ΙΙ     > 13 αα



Examples





Sidney et al. Semin Immunol 2020



Sidney et al. Semin Immunol 2020

















How to search for T cell epitopes?



Understanding the specificity and sensitivity of the 

binding process of peptides to the respective MHC is   

challenging.     

Since there are over 512 billion potential binding 

peptides for each MHC molecule, an empirical approach

is not feasible. 

Computational approaches offer the promise of 

predicting peptide binding, thus dramatically reducing 

the number of peptides proceeding to experimental   

verification. 



Immunology Databases

•Management and analysis of immunological
data

• Improve the efficiency of immunological 
research



MHC binding predictions

• Experimental characterization of peptide–MHC interactions is 
highly cost-intensive

• Prediction methods facilitate selection of potential epitopes 
from a pool of peptides

Peptide IC50(nM)

ASFCGSPY 51.4
LTDFGLSK 739.3
FTSFFYRY 1285.0
KSVFNSLY 1466.0
RDWAHNSL 1804.6
FSSCPVAY 1939.4
RNWAHSSL 2201.7
LSCAASGF 2830.1
LASIDLKY 3464.0

Peptide binding data
HLA-A*01:01

Machine learning algorithms

+



SYFPEITHI
MHCPEP
JenPep
FIMM
MHCBN 
HLALigand/Motif database
HIV Molecular Immunology 
database
EPIMHC

Prediction of MHC binding

BIMAS
SYFPEITHI

PREDEPP
Epipredict

Predict
Propred

MHCPred
NetMHC

MHC-binding peptide databases

DATABASES AND PREDICTION SERVERS



Nielsen M et al. Annu Rev Biomed Data Sci 2020



Peptide binding prediction methods can be categorised into three major 
groups: 
1. motif- and scoring matrix-based methods (sequence-based 

approach) 
2. artificial intelligence-based methods (sequence-based approach)
3. structure-based methods (based on structural features and the 

distribution of energy between the binding peptide and the MHC 
molecule) 

1+2 à are generally based on common sequence motifs in peptides 
known to bind to MHC molecules
3 àthe development of structure-based methods has been relatively 
slow compared to sequence-based methods

Comparisons of various methods showed that the best sequence-
based methods significantly outperform structure-based methods

Like T cell epitope prediction algorithms, there are also B cell epitope
prediction algorithms



B cell epitope prediction algorithms:

• Hopp and Woods –1981
• Welling et al –1985
• Parker & Hodges - 1986 
• Kolaskar & Tongaonkar – 1990
• Kolaskar & Urmila Kulkarni – 1999, 2005 
• Haste et al., 2006

T cell epitope prediction algorithms :
• Margalit, Spouge et al - 1987 
• Rothbard & Taylor – 1988
• Stille et al –1987
• Tepitope -1999
• Rammensee et al. 1999

Sequence based

Structure based



Backert & Kohlbacher. Genome Med 2015



Backert & Kohlbacher. Genome Med 2015



Backert & Kohlbacher. Genome Med 2015



Nielsen M et al. Annu Rev Biomed Data Sci 2020







Zhao W & Sher X. PLOS Comput Biol 2018



Zhao W & Sher X. PLOS Comput Biol 2018
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Zhao W & Sher X. PLOS Comput Biol 2018



Soria-Guerra RE et al. J  Biomed Inf 2015





How these MHC predictions work

• Breaks the sequence into all possible peptides (of chosen 
length).

• Predicts the binding affinity for each peptide based on the 
method.

• Compares the predicted affinity to that of a large set of 
randomly selected peptides.

• Assigns a percentile rank depending on individual predicted 
affinity.

• Consensus picks the median rank of the methods used.



Sidney et al. Semin Immunol 2020
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Sidney et al. Semin Immunol 2020



SYFPEITHI

www.syfpeithi.de



www.syfpeithi.de





www.syfpeithi.de











IEDB - AR

www.iedb.org



www.iedb.org



www.iedb.org



Sidney et al. Semin Immunol 2020





Immune Epitope Database (IEDB) hosts a series of Machine
Learning-based tools, each trained on specific dataset of

experimental peptide-MHC binding affinity matrix.

These different tools encompass two common approaches of
machine learning, namely, linear regression (LR) and artificial

neural network (ANN).









NetMHCpan-4.0

www.cbs.dtu.dk/services/NetMHCpan/





BA EL



http://openvax.github.io/mhcflurry/



http://openvax.github.io/mhcflurry/



BA: binding affinity and AP: antigen processing









Seq2Logo



http://www.cbs.dtu.dk/biotools/Seq2Logo/

https://services.healthtech.dtu.d
k/services/Seq2Logo-2.0/







BepiBlast          http://imath.med.ucm.es/bepiblast/



BepiBlast







MHC-I binding prediction - example

>LCMV Armstrong, Protein GP
MGQIVTMFEALPHIIDEVINIVIIVLIVITGIKAVYNFATCGIFALISFLLLAGRSCGM
YGLKGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHYISMGTSGLELTFTNDSII
SHNFCNLTSAFNKKTFDHTLMSIVSSLHLSIRGNSNYKAVSCDFNNGITIQYNLTFSDA
QSAQSQCRTFRGRVLDMFRTAFGGKYMRSGWGWTGSDGKTTWCSQTSYQYLIIQNRTWE
NHCTYAGPFGMSRILLSQEKTKFFTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILAAE
LKCFGNTAVAKCNVNHDAEFCDMLRLIDYNKAALSKFKEDVESALHLFKTTVNSLISDQ
LLMRNHLRDLMGVPYCNYSKFWYLEHAKTGETSVPKCWLVTNGSYLNETHFSDQIEQEA
DNMITEMLRKDYIKRQGSTPLALMDLLMFSTSAYLVSIFLHLVKIPTHRHIKGGSCPKP
HRLTNKGICSCGAFKVPGVKTVWKRR

Epitope 
sequence

(copy or upload)

tools.iedb.org/mhci/



>LCMV Armstrong, Protein GP
MGQIVTMFEALPHIIDEVINIVIIVLIVITGIKAVYNFATCGIFALISFLLLAGRSCGM
YGLKGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHYISMGTSGLELTFTNDSII
SHNFCNLTSAFNKKTFDHTLMSIVSSLHLSIRGNSNYKAVSCDFNNGITIQYNLTFSDA
QSAQSQCRTFRGRVLDMFRTAFGGKYMRSGWGWTGSDGKTTWCSQTSYQYLIIQNRTWE
NHCTYAGPFGMSRILLSQEKTKFFTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILAAE
LKCFGNTAVAKCNVNHDAEFCDMLRLIDYNKAALSKFKEDVESALHLFKTTVNSLISDQ
LLMRNHLRDLMGVPYCNYSKFWYLEHAKTGETSVPKCWLVTNGSYLNETHFSDQIEQEA
DNMITEMLRKDYIKRQGSTPLALMDLLMFSTSAYLVSIFLHLVKIPTHRHIKGGSCPKP
HRLTNKGICSCGAFKVPGVKTVWKRR

MHC-I binding prediction - example

tools.iedb.org/mhci/

Prediction 
method



>LCMV Armstrong, Protein GP
MGQIVTMFEALPHIIDEVINIVIIVLIVITGIKAVYNFATCGIFALISFLLLAGRSCGM
YGLKGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHYISMGTSGLELTFTNDSII
SHNFCNLTSAFNKKTFDHTLMSIVSSLHLSIRGNSNYKAVSCDFNNGITIQYNLTFSDA
QSAQSQCRTFRGRVLDMFRTAFGGKYMRSGWGWTGSDGKTTWCSQTSYQYLIIQNRTWE
NHCTYAGPFGMSRILLSQEKTKFFTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILAAE
LKCFGNTAVAKCNVNHDAEFCDMLRLIDYNKAALSKFKEDVESALHLFKTTVNSLISDQ
LLMRNHLRDLMGVPYCNYSKFWYLEHAKTGETSVPKCWLVTNGSYLNETHFSDQIEQEA
DNMITEMLRKDYIKRQGSTPLALMDLLMFSTSAYLVSIFLHLVKIPTHRHIKGGSCPKP
HRLTNKGICSCGAFKVPGVKTVWKRR

MHC-I binding prediction – example

tools.iedb.org/mhci/

Choose species



MHC-I binding prediction – example

tools.iedb.org/mhci/

Specify allele(s) & 
peptide length
(select or upload)

>LCMV Armstrong, Protein GP
MGQIVTMFEALPHIIDEVINIVIIVLIVITGIKAVYNFATCGIFALISFLLLAGRSCGM
YGLKGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHYISMGTSGLELTFTNDSII
SHNFCNLTSAFNKKTFDHTLMSIVSSLHLSIRGNSNYKAVSCDFNNGITIQYNLTFSDA
QSAQSQCRTFRGRVLDMFRTAFGGKYMRSGWGWTGSDGKTTWCSQTSYQYLIIQNRTWE
NHCTYAGPFGMSRILLSQEKTKFFTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILAAE
LKCFGNTAVAKCNVNHDAEFCDMLRLIDYNKAALSKFKEDVESALHLFKTTVNSLISDQ
LLMRNHLRDLMGVPYCNYSKFWYLEHAKTGETSVPKCWLVTNGSYLNETHFSDQIEQEA
DNMITEMLRKDYIKRQGSTPLALMDLLMFSTSAYLVSIFLHLVKIPTHRHIKGGSCPKP
HRLTNKGICSCGAFKVPGVKTVWKRR

Upload format:
HLA-A*01:01,9
HLA-B*07:02,10

Complete set

Reference alleles



Prediction method dependent allele selection

tools.iedb.org/mhci/
NetMHCpan prediction 
methods allow FASTA 

sequence input

Select “Specify MHC allele sequence”



bpeters@lji.org

MHC-I binding prediction – example

1312020 IEDB User 
Workshop

tools.iedb.org/mhci/

Output

Input

>LCMV Armstrong, Protein GP
MGQIVTMFEALPHIIDEVINIVIIVLIVITGIKAVYNFATCGIFALISFLLLAGRSCGM
YGLKGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHYISMGTSGLELTFTNDSII
SHNFCNLTSAFNKKTFDHTLMSIVSSLHLSIRGNSNYKAVSCDFNNGITIQYNLTFSDA
QSAQSQCRTFRGRVLDMFRTAFGGKYMRSGWGWTGSDGKTTWCSQTSYQYLIIQNRTWE
NHCTYAGPFGMSRILLSQEKTKFFTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILAAE
LKCFGNTAVAKCNVNHDAEFCDMLRLIDYNKAALSKFKEDVESALHLFKTTVNSLISDQ
LLMRNHLRDLMGVPYCNYSKFWYLEHAKTGETSVPKCWLVTNGSYLNETHFSDQIEQEA
DNMITEMLRKDYIKRQGSTPLALMDLLMFSTSAYLVSIFLHLVKIPTHRHIKGGSCPKP
HRLTNKGICSCGAFKVPGVKTVWKRR



How the tool works

• Breaks the sequence into all possible peptides (of chosen 
length).

• Predicts the binding affinity for each peptide based on the 
method.

• Compares the predicted affinity to that of a large set of 
randomly selected peptides.

• Assigns a percentile rank depending on individual predicted 
affinity.

• Consensus picks the median rank of the methods used.



MHC-I binding prediction – example

tools.iedb.org/mhci/

Output
(sorted low-to-high by 

percentile rank)

Input sequence

A percentile rank for a 
peptide is the percentage 
of randomly sampled 
peptides scoring better 
than the peptide.



MHC-I binding prediction – example

tools.iedb.org/mhci/ Individual scores for different methods



Downloaded prediction results



Selection of “binders”

• Pick peptides below percentile rank 1.0

• Pick peptides below predicted binding affinity of 500 nM
• IC50 < 50 nM - high affinity
• IC50 < 500 nM - intermediate affinity
• IC50 < 5000 nM - low affinity

• Pick top 1% of peptides for each allele/length combination to 
cover most of immune responses



TepiTool
• New interface to prediction of class I and class II epitope candidates

• Motivation: 
• Make tools more user friendly
• Provide recommendations as default
• Provide a set of top peptides as concise results

• In the form of a step-by-step wizard (6 steps)

• Provides recommendations as default values

• Input parameters can be adjusted as desired

• New methods incorporated

tools.iedb.org/tepitool/







Prediction of T cell epitopes

Use of bioinformatics tools to predict peptide binding of 
selected proteins to MHC class I

Exercise:
1. Identification of MHC class I binding motif and identify 
potential epitopes of a selected protein
Search the SYFPEITHI, IEDB & NetMHCpan4.0  database to 
characterize the binding motif for different MHC alleles – use 
the protein sequence from selected antigens to identify 
potential epitopes

2. Visualize the binding motif using sequence logos



ΠΙΝΑΚΑΣ ΕΡΓΑΣΙΑΣ
ΑΣΚΗΣΕΙΣ:
•Να γράψετε τα 3-5 πεπτίδια με το μεγαλύτερο σκορ.
•Να προτείνετε ποιον επίτοπο θα διαλέγατε για την πραγματοποίηση 
πειράματος (π.χ. σχεδιασμός εμβολίου). Να δικαιολογήσετε την απάντησή 
σας.
•Να συγκρίνετε τα αποτελέσματα που προκύπτουν από τις τρεις βάσεις 
δεδομένων (SYFPEITHI, IEDB, NETMHCpan4.0) για τις ίδιες πρωτεΐνες.

EpCAM, epithelial cell adhesion molecule, survivin or BIRC5, baculoviral IAP repeat
containing 5, MTA1, metastasis associated antigen 1, NPTN, neuroplastin.

cDNA Species MHC type Group

EPCAM HUMAN HLA-A*01 A

BIRC5 HUMAN HLA-B*08 Β

MTA1 MOUSE H2-Db C

NPTN MOUSE H2-Kd D

SPIKE SARS-CoV-2 HLA-A22 E



2.   IEDB: ImmunoEpitope Database and Analysis Motifs

•Κάντε «Αντιγραφή» της αλληλουχίας FASTA

•Στο δεύτερο παράθυρο ανοίξτε την βάση δεδομένων IEDB

 www.iedb.org

àT-cell epitope prediction

à Peptide binding to MHC class I molecules

à Enter the protein sequence in fasta format …..

Results: low percentile rank = good binders

1.   SYFPEITHI: MHC Ligands and peptide motifs

•Κάντε «Αντιγραφή» της αλληλουχίας FASTA

•Στο δεύτερο παράθυρο ανοίξτε την βάση δεδομένων SYFPEITHI

www.syfpeithi.de

http://www.iedb.org
http://www.syfpeithi.de/


3.   NetMHCpan-4.0: Prediction of peptide MHC class I binding

using artificial neural networks (ANN)

•Κάντε «Αντιγραφή» της αλληλουχίας FASTA

•Kαι προχωρήστε επιλέγοντας αλληλόμορφο, μήκος πεπτιδίου κλπ.

 http://www.cbs.dtu.dk/services/NetMHCpan/



https://www.uniprot.org

Αναζήτηση της πρωτεϊνικής αλληλουχίας στο Uniprot







FASTA format

Copy the sequence in FASTA format and insert it in 
the database (SYFPEITHI, IEDB, netMHCpan-4.0)



www.syfpeithi.de







Aποτελέσματα



www.iedb.org







Aποτελέσματα



NetMHCpan-4.0

www.cbs.dtu.dk/services/NetMHCpan/





Aποτελέσματα




