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An Introduction to BCR-Antigen Interactions

BCR – present on surface of B cells

Attached to B cells via transmembrane 
domain

Antibodies – secreted forms of BCRs
B-Cell plasma 
membrane

Cytoplasm
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Structure of BCR/antibody:

1. Y-shaped molecule, consists of 2 heavy 
chains and light chains

2. Each heavy chain is paired to a light chain

3. Heavy chain contains 1 variable domain (VH) 
and multiple constant domains (CH)

4. Light chain contains 1 variable domain (VL) 
and one constant domain (CL)

Heavy 
Chain

Light Chain

Heavy 
Chain

Light 
Chain

CH1

CH2

CH3

VH

VL

CL
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BCR Interactions with Antigen:

1. Variable domains of heavy and light 
chains interact with antigen

2. BCR epitope: Site on the antigen to 
which the BCR binds

3. BCR paratope: Site on the antibody 
that interacts with antigen
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Linear and Discontinuous 
Epitopes

1. Linear Epitope: Epitope
formed by a continuous
stretch/sequence of amino
acid residues

2. Discontinuous or
Conformational Epitope:
Epitope formed by residues
that are close together on the
3D structure but are non-
sequential

More then 90% of B cell epitopes are estimated 
to be discontinuous *Barlow et al, Nature. 1986.

*Van Regenmortel, Methods. 1996.

Example of a
discontinuous 

epitope

Example of an 
antibody-antigen 

complex
PDB ID: 6XC4
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B Cell Epitope Prediction Tools in the IEDB

1. Go to 
http://tools.iedb.org/main/bcell/

2. Page provides an overview of B 
cell epitope prediction methods
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When should I do epitope prediction
You have verified thoroughly that
no information is available in
the IEDB on the antigen of your
interest

You want to know all the
candidate antigenic
determinants in an antigen of
your interest other than epitopes
provided in the IEDB
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How do I learn more about an 
epitope prediction method ?

Visit the Help and Reference
tabs to learn about a prediction
method
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epitope prediction method ?

Visit the Help and Reference
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B Cell Epitope Prediction Tools in the IEDB
Linear/Continuous Epitope Prediction Methods

Some amino acid features are correlated with location of continuous epitopes

These methods take advantage of this fact to predict if an amino acid on an antigen is part of a continuous
epitope

Hydrophilicity

Flexibility

Beta Turn

Surface AccessibilityAntigenic Propensity

Amino acid features
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B Cell Epitope Prediction Tools in the IEDB
Linear/Continuous Epitope Prediction Methods

Some amino acid features are correlated with location of continuous epitopes

These methods take advantage of this fact to predict if an amino acid on an antigen is part of a continuous
epitope

Hydrophilicity

Flexibility

Beta Turn

Surface AccessibilityAntigenic Propensity

Parker Hydrophilicity Prediction

Methods based on 
physicochemical 

properties of amino acids 
in protein sequences

Kolaskar and Tongaonkar Antigenicity Scale

Karplus and Schulz Flexibility Scale

Emini Surface Accessibility Scale

Chou and Fasman Beta-Turn Predictor
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Methods based on 
physicochemical properties of 

amino acids in protein 
sequences

AND
machine learning

Bepipred-2.0Bepipred-1.0

Some amino acid features are correlated with location of continuous epitopes

These methods take advantage of this fact to predict if an amino acid on an antigen is part of a continuous
epitope

Uses Hidden 
Markov Models and  
propensity scale to 
predict  location of 

linear B cell epitope

Uses Random 
Forest algorithm 

trained on 
experimentally-
verified epitopes 
and non-epitopes
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1. Go to http://tools.iedb.org/bcell/

2. Enter in an antigen protein sequence using either its
Swiss-Prot ID or manually into the text box provided

Example Sequence:

RBD region from SARS-Cov-2 Spike glycoprotein

Swiss-Prot ID: P0DTC2

3. Select any one of the prediction methods

4. Click “Submit”

RVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFK
CYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNS
NNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQ
PTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNF

Linear/Continuous Epitope Prediction Method – An Example 

Let us now try to predict linear epitopes on an antigen using 
one of the methods

2022 IEDB User Workshop
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http://tools.iedb.org/bcell/

Adjustable threshold value

Average score of a protein chosen as a 
threshold by default

Let us now see what linear epitopes the Bepipred-2.0 
method predicted on RBD of SARS-CoV-2

After submitting the sequence, it returns a graph shown on 
the left

X-axis: Residue numbers of RBD protein sequence

Y-axis: Bepipred-2.0 score for each residue number
Residue numbers having scores above a threshold value
are predicted to be epitope residues
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http://tools.iedb.org/bcell/

Adjustable threshold
value

Average score of a protein chosen as a 
threshold by default

Results: a table of 
residues and their 
predicted scores
“E” = epitope

Results: a table of 
predicted linear 
epitopes, their 
starting and ending 
positions, and length
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Do multiple methods give the same predictions?
Let us check! As an example, we will compare predictions made on the RBD of SARS-CoV-2

It is better to use a consensus of different methods 
rather than relying on a single method
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B Cell Epitope Prediction Tools in the IEDB
Discontinuous/Conformational Epitope Prediction Methods

http://tools.iedb.org/main/bcell/

DiscoTope

ElliPro

2022 IEDB User Workshop
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DiscoTope

Version 1: Takes into account statistics,
spatial location and surface
accessibility of amino acids in protein
structures to predict epitope residues

Logic: Discontinuous epitopes are
present on protein surface.
Certain amino acids are found more on
the surface.
Residues that are far apart in sequence
may be close to one another in the 3D
structure and could be part of the epitope

2022 IEDB User Workshop
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Version 1: Takes into account statistics,
spatial location and surface
accessibility of amino acids in protein
structures to predict epitope residues

DiscoTope

Version 2: Improved over version 1
Takes into account multiple epitopes on
an antigen

Assigns a score for each residue
Score = linear combination of normalized
values

Parker’s hydrophilicity scale
Amino acid occurrence
Number of contacts within 10Å
Area of relative solvent accessibility2022 IEDB User Workshop
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Using DiscoTope to Predict Discontinuous Epitopes

1.Go to http://tools.iedb.org/discotope/

2. Provide a 3D structure of the antigen
by:

Using its PDB ID
OR

Uploading the PDB file

3. PDB structures have multiple chains.
Choose a chain of interest by specifying
its chain ID.

Identify structure

Input PDB id 
or upload file

Specific to the protein chain of interest

2022 IEDB User Workshop
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How to Search for 3D Structures in the Protein Data Bank?

1. Go to 
http://www.rcsb.org/

2. Click on “Search” on 
the left-hand side

3. Click on “Sequence 
Search”

2022 IEDB User Workshop
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How to Search for 3D Structures in the Protein Data Bank?

4. Paste the sequence
of your protein antigen
for which you want to
predict epitopes and
then click on “Search” in
the bottom right corner
of the page.

5. We will enter in the
sequence of the AMA1
protein from
Plasmodium falciparum
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6. It will take us to a page containing
details of the structure of the AMA1
protein
PDB ID : 1Z40

The structure file can be downloaded in
PDB format by clicking on “Download
Files” and selecting “PDB Format” from
the dropdown menu

7. We will choose this PDB ID to predict
discontinuous epitopes on the AMA1
protein using Discotope

8. Scrolling down this page will give us
information about Chain Ids in the AMA1
protein structure

2022 IEDB User Workshop
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9. There are two units of the AMA1 protein
in the crystal structure, one with chain id
’A’ and the other with ‘B/E”

10. We need to select only one chain ID

2022 IEDB User Workshop
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B Cell Epitope Prediction Tools in the IEDB
Using DiscoTope to Predict Discontinuous Epitopes in AMA1 Protein

1. Enter in the PDB ID of AMA1 protein
(1z40) and the chain ID (‘A’)

2. Select the version of DiscoTope (1.1
or 2.0)

3. Click ‘Submit’

2022 IEDB User Workshop
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Adjustable threshold

Downloads as csv

http://tools.iedb.org/discotope/
Let us see what epitopes DiscoTope predicts for
the AMA1 protein

1. Results shown as a plot
2. Residue positions colored in green (have 

values above a threshold value) predicted to 
be epitope residues 

X-axis: Residue Position

Y-axis: DiscoTope Score
3. User has option to save 
prediction in CSV format

4. User can also view results in 
form of a table 32
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http://tools.iedb.org/discotope/

1. Table view of DiscoTope predictions

2. DiscoTope scores for each residue

3. Residues predicted to be epitope residues 
(positive predictions) highlighted in green

4. User has option to view epitope residues on 3D 
structure by clicking on ‘3D View’
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B Cell Epitope Prediction Tools in the IEDB
Discontinuous/Conformational Epitope Prediction Methods

ElliPro
Predicts linear and discontinuous antibody epitopes based on 
the geometrical properties of protein structure

Uses Thornton’s Method

Performs the following steps to estimate a score for each 
predicted epitope: 
i.  Protein shape approximated by multiple ellipsoids
ii. Residue protrusion index (PI) calculated for each ellipsoid

PI = 0.8: 80% of protein residues included in the 
ellipsoid, 20% outside the ellipsoid

iii. Clustering of neighboring residues based on PI values 
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B Cell Epitope Prediction Tools in the IEDB
Using ElliPro to Predict Discontinuous Epitopes

Longer distances predict 
discontinuous epitopes spanning 
larger regions

1. Go to http://tools.iedb.org/ellipro/

2. Enter the PDB ID or upload PDB file of protein of
interest

Identify structure
Input PDB id or upload file

- Averaged over epitope 
residues
- Higher scores predict 
fewer epitopes

Specify max distance for predicting 
(grouping) discontinuous epitopes

Select min. PI value

2022 IEDB User Workshop
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Select chain(s) of interest

3. Click ‘Submit’

4. If there are multiple chains found in the PDB 
structure, user is asked to choose a chain ID

5. Click ‘Submit’ again

2022 IEDB User Workshop
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Click to view 3D structure

ElliPro predicts both linear and discontinuous epitopes

Linear Epitopes Predicted

Discontinuous 
Epitopes Predicted

For each predicted 
epitope, ElliPro
provides a score
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X-axis: Residue Position

2022 IEDB User Workshop

Y-axis: ElliPro score
Residues having ElliPro score above a 
threshold are predicted to be epitope 
residues

Graph View of Per-Residue Scores

Table View
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B Cell Epitope Prediction Tools in the IEDB
Summary

Linear and discontinuous (conformational) epitopes can be overlapping,
depending on method of discovery

Traditional B cell epitope prediction methods largely predict surface accessibility

If a 3D structure of the antigen is available (or a reliable model thereof),
predictions can be further improved.
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Thank You!
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