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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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An Introduction to BCR-Antigen Interactions

Structure of BCR/antibody: " Heayy Heavy
| V, Chain  Chain
1. Y-shaped molecule, consists of 2 heavy

chains and light chains Light Chain o
Light

2. Each heavy chain is paired to a light chain C. Chain

3. Heavy chain contains 1 variable domain (V)
and multiple constant domains (C)

4. Light chain contains 1 variable domain (V)
and one constant domain (C,)
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An Introduction to BCR-Antigen Interactions

Antigen

BCR Interactions with Antigen:

Vy V, <3~. —— Epitope
_ _ _ Heavy Heavy
1. Variable domains of heavy and light A s Chain Chain Paratope

chains interact with antigen

Light Chain Cpy

2. BCR epitope: Site on the antigen to

which the BCR binds C, Chain

3. BCR paratope: Site on the antibody
that interacts with antigen
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An Introduction to BCR-Antigen Interactions

Linear and Discontinuous
Epitopes

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

2. Discontinuous or

. . o of
Conformational Epitope: Example of a

discontinuous

Epitope formed by residues epitope
that are close together on the v
3D structure but are non- Exka)tmdple of an
' antibody-antigen
sequential complex

, . PDR ID: 6XC4
More then 90% of B cell epitopes are estlmateg

to be discontinuous *Barlow et al, Nature. 1986.

2022 IEDB User Workshop *VVan Regenmortel, Methods. 1996.
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B Cell Epitope Prediction Tools in the IEDB

IEDB Analysis Resource 1. Goto _ _
http://tools.iedb.org/main/bcell/

| Overview || T Cell Tools || B Cell Tools || Analysis Tools || Tools-API || Usage || Download || Datasets || Contribute Tools || References

B Cell Epitope Prediction Tools 2. Page provides an overview of B
B Cell Epitope Prediction cell epitope prediction methods

Prediction of linear epitopes from protein seguence

A t‘:jollection of methods to predict linear B cell epitopes based on sequence characteristics of the antigen using amino acid scales
and HMMs.

Discotope - Prediction of epitopes from protein structure

This method incorporates solvent-accessible surface area calculations, as well as contact distances into its prediction of B cell
epitope potential along the length of a protein sequence.

ElliPro - Epitope prediction based upon structural protrusion
This method predicts epitopes based upon solvent-accessibility and flexibility.
Methods for modeling and docking of antibody and protein 3D structures
This page provides information on available methods for modeling and docking of antibody and protein 3D structures.

Structure Tools

& LYRA (Lymphocyte Receptor Automated Modelling):

The LYRA server predicts structures for either T-Cell Receptorsd(TCR) or B-Cell Receptors (BCR) using homology modelling.
Framework templates are selected based on BLOSUM score, and complementary determining regions {(CDR) are then selected if
needed based on a canonical structure model and grafted onto the framework templates.

4 SCEptRe: Structural Complexes of Epitope Receptor

SCEptReH:mvides weekly ufpdated, non-redundant, user customized benchmark datasets with information on the immune receptor
features for receptor-specific epitope predictions. This tool extracts weekly updated 3D complexes of antibody-antigen, TCR-pMHC
and MHC-ligand from the Immune Epitope Database (IEDB) and clusters them based on antigens, receptors and epitopes to
generate benchmark datasets. Users can customize structural quality and clustering parameters (e.g. resolution, R free factors,
antigen or epitope sequence identity) to generate these datasets based on their need.

i : Tools under AR Labs which are expenimental and are not quite ready for production yet. They are intended for further research, updafes and testing.
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B Cell Epitope Prediction Tools in the IEDB

You have verified thoroughly that
no information is available In
the IEDB on the antigen of your
Interest

When should | do epitope prediction

You want to know all the
candidate antigenic
determinants in an antigen of
your interest other than epitopes
provided in the IEDB




B Cell Epitope Prediction Tools in the IEDB

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

How do | learn more about an
epitope prediction method ?



B Cell Epitope Prediction Tools in the IEDB

IEDB Analysis Resource

| Home | Help |Examplc H Reference H Download H Contact |

Antibody Epitope Prediction - Tutorial

I. Methods for predicting continuous antibody epitope from protein sequences

General basis: Parameters such as hydrophilicity, flexibility, accessibility, turns, exposed surface, polarity and antigenic

have been correlated with the location of continuous epitopes. This has led to a search for empirical rules that wol
epitopes to be predicted from certain features of the protein sequence. All prediction calculations are based on pri
acids. Each scale consists of 20 values assigned to each of the amino acid residues on the basis of their relative|
described by the scale.

General method: When computing the score for a given residue i, the amino acids in an interval of the chosen Ig
considered. In other words, for a window size n, the / - (n-1)/2 neighboring residues on each side of residue | wer
i. Unless specified, the score for residue i is the average of the scale values for these amino acids (see table 1 fol
details). In general, a window size of 5 to 7 is appropriate for finding regions that may potentially be antigenic.

method

of polypeptides chains

IEDB Analysis Resource

| Home | Help |Eumplu H Reference H Download H Contact ‘

Interpretation of output graphs and tables: On the graphs, the Y-axes depicts for each residue the correspond
windowy), be it a BepiPred score or a residue score on the Karplus and Schulz flexibility scale; while the X-axes d
sequence. The tables provide values of calculated scores for each residue. The larger score for the residues mig|
might have a higher probability to be part of epitope (those residues are colored in yellow on the graphs). Howevel
the epitopes per se, either linear or discontinuous, -- they might only guide the researchers to further explore the
epitopes.

Table 1. Implemented methods

Chou and Fasman beta turn prediction
s Reference: Chou PY, Fasman GD. Prediction of the secondary structure of proteins from their amino acid seq

Biol_1978:47-45-148.

» Description: The rationale for predicting turns to predict antibody epitopes is based on the paper by Pellequer
83-99. Instead of implementing the turn scale of that paper which has some non-standard properties, we deci
which is commonly used to predict beta turns as described in the reference link above.

Scale:

A C D E F G H 1 K L M N P Q@ R s v ow
066(1.19 146|074 (06| 1.56(0.95(047|1.01(059|06|1.56(152|0.98(095|1.43|0.96|05|0.961.14

Emini surface accessibility scale
» Reference: Emini EA Hughes JV. Perlow DS, Boger J. Induction of hepatitis A virus-neutralizing antibody by &

1985 Sep;55(3):836-9.
e Description: The calculation was based on surface accessibility scale on a product instead of an addition with
was obtained using the formulae Sn = (n+4+i ) (0.37)-6 where Sn is the surface probability, dn is the fractional
from 1 to 6. A hexapeptide sequence with Sn greater than 1.0 indicates an increased probability for being four]

Scale:

0.49(0.26|0.81(0.84 (042|048 (0.66)|0.34|097|0.4|0.48|0.78|0.75|0.84|0.95|0.65(0.7|0.36|051|0.78

Karplus and Schulz flexibility scale

* Reference: Karplus PA, Schulz GE. Prediction of Chain Flexibility in Proteins - A tool for the Selection of Pepti
1985; 72:212-3.

2022 IEDB User Workshop

References

Chou & Fasman Beta-Turn Prediction:

Chou PY, Fasman GD. 1978. Prediction of the secondary structure of proteins from their amino acid sequence. Adv Enzymol Relat Areas Mol Biol
47:45-148.
PMID: 364941

Emini Surface Accessibility Prediction:

Emini EA, Hughes JV, Perlow DS, Boger J. 1985. Induction of hepatitis A virus-neutralizing antibody by a virus-specific synthetic peptide. J Virol 55:836-839.

PMID: 2991600

Karplus & Schuiz Flexibility Prediction:
Karplus PA, Schulz GE. 1985. Prediction of chain flexibility in proteins. Natunwissenschaften 72:212-213.
Naturwissenschaften

Kolaskar & Tongaonkar Antigenicity:
Kolaskar AS, Tongaonkar PC. 1990. A semi-empirical method for prediction of antigenic determinants on protein antigens. FEBS Lett276:172-174.
PMID: 1702393

Parker Hydrophilicity Prediction:

Parker JM, Guo D, Hodges RS. 1986. New hydrophilicity scale derived from high-performance liquid chromatography peptide retention data: correlation of
predicted surface residues with antigenicity and X-ray-derived accessible sites. Biochemistry 25:5425-5432.

PMID: 2430611

Bepipred Linear Epitope Prediction:
Larsen JE, Lund O, Nielsen M. 2006. Improved method for predicting linear B-cell epitopes. Immunome Res 2:2.

PMID: 16635264 *

Ponomarenko JV, Bourne PE. 2007. Antibody-protein interactions: benchmark datasets and prediction tools evaluation. BMC Struct Biol 7.64.

PMID: 17910770 "=

Haste Andersen P, Nielsen M, Lund O. 2006. Prediction of residues in discontinuous B-cell epitopes using protein 3D structures. Protein Sci 15:2558-2567.

PMID: 17001032 +

Bepipred Linear Epitope Prediction 2.0:
Jespersen MC, Peters B, Nielsen M, Marcatili P. 2017. BepiPred-2.0: improving sequence-based B-cell epitope prediction using conformational epitopes.
Nucleic Acids Res (Web Server issue). 2:2.

PMID: 28472356 =

Visit the Help and Reference
tabs to learn about a prediction

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

Flexibility

-

Hydrophilicity

N

Amino acid features

~

4

Antigenic Propensity
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Beta Turn

Surface Accessibility
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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

Karplus and Schulz Flexibility Scale

-

Parker Hydrophilicity Prediction

N

Methods based on
physicochemical

properties of amino acids
In protein sequences

~

Beta Turn

Chou and Fasman Beta-Turn Predictor

A

Antigenic Propensity

Kolaskar and Tongaonkar Antigenicity Scale

Surface Accessibility

Emini Surface Accessibility Scale
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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

Bepipred-1.0

Uses Hidden
Markov Models and
propensity scale to
predict location of
linear B cell epitope

2022 IEDB User Workshop

-

.

Methods based on \
physicochemical properties of
amino acids in protein

sequences
AND

machine learning J

Bepipred-2.0

Uses Random
Forest algorithm
trained on
experimentally-
verified epitopes
and non-epitopes
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Linear/Continuous Epitope Prediction Method — An Example

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

‘ Home H Help H Example H Reference H Download H Contact ‘

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

Antibody Epitope Prediction

Specify Input

Enter a Swiss-Prot ID (example: P02125) 2. Enter in an antigen protein sequence using either its
Or enter a protein sequence in plain format (50000 residues maximum): SWISS_PrOt ID Or manua”y |nto the text bOX prOV|ded

RVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFK
CYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNS
NNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQ Exam ple Seq uence.:
PTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNF

RBD region from SARS-Cov-2 Spike glycoprotein

Swiss-Prot ID: PODTC2

® Bepipred Linear Epitope Prediction 2.0

O Bepipred Linear Epitope Prediction

® Chou & Fasman Beta-Turn Prediction

3. Select any one of the prediction methods

® Emini Surface Accessibility Prediction

O Karplus & Schulz Flexibility Prediction
O Kolaskar & Tongaonkar Antigenicity . “ .
® Parker Hydrophilicity Prediction 4 . CI IC k S u b m It
Submit §| Reset
.
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Linear/Continuous Epitope Prediction Method — An Example

Let us now see what linear epitopes the Bepipred-2.0

http://tools.iedb.org/bcell/ .
method predicted on RBD of SARS-CoV-2
Bepipred Linear Epitope Prediction 2.0 Results
Input Sequences - .
FI1 RVQ:TESIVR FPNITNLCPF GEVFMATRFA SVYAWNRKRI SNCVADYSVL YMSASFSTFK After Smelttlng the Sequence, It returns a graph ShoWn On
61 CYGVSPTK LNDLCFTNVY ADSFVIRGDE VRQIAPGQTG KIADYNYKLP DDFTGCVIAW
101 YGRQ PTNG VGNQPYRIWY LSPELLHAPA TVCGPKKSTH LVINKEWE the left
Center position: 4 |Thresho|d: 0.500 <= Adjustable th reShO|d Value
0.6 A

Y-axis: Bepipred-2.0 score for each residue number
Residue numbers having scores above a threshold value
are predicted to be epitope residues

0.5

Score

0.4 1

0.3 1

0 20 40 60 80 100 120 140 160 180 200 220

X-axis: Residue numbers of RBD protein sequence

v

Position
Average: 0.511 IMinimum: 0.230 Maximum: 0.669

Average score of a protein chosen as a
threshold by default

2022 IEDB User Workshop

18




Linear/Continuous Epitope Prediction Method — An Example

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

Bepipred Linear Epitope Prediction 2.0 Results

Input Sequences

1 RVQPTESIVR FPNITNLCPF GEVFNATRFA SWYAWNRKRI SHNCVADYSVL YNSASFSTFK

61 CYGVSPTK LNDLCFTNVY ADSFVIRGDE VRQIAPGQTG KIADYNYKLP DDFTGCVI

121 NS NNLDSK VGGNYNYLYR LFRKSNLKPF ERDISTEIYQ AGSTPCNGVE GFNCYFP
181 YGFQ PTNG VGYQPYRVVV LSFELLHAPA TVCGPKKSTN LVKNKCVNF

Recalculate

Center position: 4 |Thresho|d: 0.500

<

0.6 1

Score

0.5 4
0.4 4

0.3 1

Adjustable threshold

value

0 20 40 60 80

Average: 0.511 IMinimum: 0.230 Maximum: 0.669

100 120
Position

140

160

180 200

220

threshold by default

Average score of a protein chosen as a

2022 IEDB User Workshop

@ |~ o o s W N

o

Start
9
11
2
33
54
64
84
122
151
201

Predicted peptides:
No.

End
9
14
31
45
80
64
109
149
188
219

Peptide

STEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQ 38

IRGDEVRQIAPGQTGKIADYNYKLPD

NLDSKVGGMNYNYLYRLFRKSNLKPFERD

HAPATVCGPKKSTNLVKNK

v

FPNI

ATRFAS

YAWNRKRISNCVA

ASFSTFK

v

Predicted residue scores:

Position

0

Ol =N 3 g & w| N =

al sl alaal s al s al =
Ol N R W N 2O

Residue

o

m| v o/ r 2 4 A2 vim | < H W m 4 T O <

Score
0.230
0.280
0.339
0.394
0.449
0.475
0.480
0.496
0.507
0.495
0.505
0.510
0514
0.510
0.497
0.495
0.465
0.464
0.471
0.466

Assignment

mim mjm, -

Length

|| Results: a table of

.| predicted linear
epitopes, their

|| starting and ending
» | positions, and length

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

Chou & Fasman Beta-Turn Prediction Results

Input Sequences

1 RVQPTESIVR FENITNLCEF GEVENATRFR SVYAWNHKRL SNCVADYSVL YNSASFSTEE
&1 CYGVSPTK LNDLCETNVY ADSEVIRGDE VREQIAPGQTG KIADYNYKLP DDETGCVIAW
121 N5 NNLDSK VGGNYNYLYR LFRKSNLKPF ERDISTEIYQ AGSTPCNGVE GFNCYFPLOS
1Bl YGFQ PTHG VGYQPYRVVV LSFELLHAPA TVCGPEESTN LVENECVNE
Threshold: 1.039

Center position: 4 Window size: 7 Recalculate |

14 4

13 A

12 A

0.9 1

0.8 1

0.7

0 20 40 60 80 100 120 140
Position

Average: 1.038 Minimum: 0.684 Maximum: 1.387

160

18.0

200

220

Karplus & Schulz Flexibility Prediction Results

Input Sequences

1 RVQPTESIVR FPNITHNLCPF GEVFNATRFA SVYAWNRERI SNCVADYSVL YNSASFSTFE
61 CYGVSPTE LNDLCFTHVY ADSFVIRGDE VRQIAPGQTG KIADYNYELP DDFTGCVIANW
121 NS NNLDSE VGGNYNYLYR LFREKSNLEPF ERDISTEIYQ AGSTPCNGVE GFNCYFPLQS

181 ¥YGFQ PTHNG VGYQPYRVVV LSFELLHAPA TVCGFEKSTN LVERKCVRF

Center position: 4 Window size: 7 Threshold: 0,992 Recalculate

110 4

105 4

Score

100 4

0.95

0.90 4

0 20 4 6 8 100 120 140
Position

ge: 0.952 0.896 1.112

160

180

200

220

Bepipred Linear Epitope Prediction 2.0 Results
Input Sequences

1 RAVQPTESIVR FPHITHLCPF GEVFNATRFA SVYAWNRKAI SHOVADYSVL YNSASFSTFK
61 CYGVSPTE LNDLCFTHVY ADSFYIRGDE VRQLAPGQTG KIADYNYKLP DOFTGCVIAW
121 NS NHLDSK VGGNYNYLYR LFRKSNLKPF ERDISTEIVQ AGSTRCNGVE GFNCYFPLOS
181 YGFQ PTHG VGYQPYRVVY LSFELLHAPA TVCGPKKSTH LVENKCVNF

Center position: 4 Threshold: (500 Recalculate

0.6 1

05 4

Score

0.4

0.3+

(1] 20 40 60 a0 100 120 140 160 180 200 20

Position

Average: 0.511 Minimum: 0.230 Maximum: 0,660

It is better to use a consensus of different methods
rather than relying on a single method

2022 IEDB User Workshop
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B Cell Epitope Prediction Tools in the IEDB

Discontinuous/Conformational Epitope Prediction Methods

IEDB Analysis Resource http://tools.iedb.org/main/bcell/

| Overview || T Cell Tools || B Cell Tools || Analysis Tools || Tools-API || Usage || Download || Datasets || Contribute Tools || References

B Cell Epitope Prediction Tools

B Cell Epitope Prediction

Prediction of linear epitopes from protein sequence -
A t‘:jollection of methods to predict linear B cell epitopes based on sequence characteristics of the antigen using amino acid scales ISCO O pe
and HMMs.

Discotope - Prediction of epitopes from protein structure

This method incorporates solvent-accessible surface area calculations, as well as contact distances into its prediction of B cell
epitope potential along the length of a protein sequence.

ElliPro - Epitope prediction based upon structural protrusion
This method predicts epitopes based upon solvent-accessibility and flexibility.

Methods for modeling and docking of antibody and protein 3D structures E I I I P ro
This page provides information on available methods for modeling and docking of antibody and protein 3D structures.

Structure Tools

4 LYRA (Lymphocyte Receptor Automated Modelling):

The LYRA server predicts structures for either T-Cell ReceptorséTCR) or B-Cell Receptors (BCR) using homology modelling.
Framework templates are selected based on BLOSUM score, and complementary determining regions (CDR) are then selected if
needed based on a canonical structure model and grafted onto the framework templates.

4 SCEptRe: Structural Complexes of Epitope Receptor

SCEptRetprovides weekly updated, non-redundant, user customized benchmark datasets with information on the immune receptor
features for receptor-specific epitope predictions. This tool extracts weekly updated 3D complexes of antibody-antigen, TCR-pMHC
and MHC-ligand from the Immune Epitope Database (IEDB) and clusters them based on antigens, receptors and epitopes to
generate benchmark datasets. Users can customize structural guality and clustering parameters (e.g. resolution, R free factors,
antigen or epitope sequence identity) to generate these datasets based on their need.

& : Tools under AR [ abs which are expenmental and are not quite ready for production yef. They are intended for further research, updafes and testing.

2022 IEDB User Workshop
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B Cell Epitope Prediction Tools in the IEDB

Discontinuous/Conformational Epitope Prediction Methods

Protein Sci. 2006 Nov;15(11):2558-67. Epub 2006 Sep 25.

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

/Logic: Discontinuous gb

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/

Prediction of residues in discontinuous B-cell epitopes using
protein 3D structures.

Haste Andersen P1. MNiglsen M, Lund Q.

FMID: 17001032 PMCID: PMC2242418 DOl 10.1110/ps.062405908

2022 IEDB User Workshop



B Cell Epitope Prediction Tools in the IEDB

Discontinuous/Conformational Epitope Prediction Methods

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

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

2022 IEDB User Workshop

DiscoTope

Protein Sci. 2006 Nov;15(11):2558-67. Epub 2006 Sep 25.

Prediction of residues in discontinuous B-cell epitopes using
protein 3D structures.

Haste Andersen P1. MNiglsen M, Lund Q.

FMID: 17001032 PMCID: PMC2242418 DOl 10.1110/ps.062405908

FLoS Comput Biol. 2012:8(12):e1002829. doi: 10.1371fjournal.pchi. 1002829, Epub 2012 Dec 27.

Reliable B cell epitope predictions: impacts of method
development and improved benchmarking.

Kringelum JV', Lundegaard C, Lund O, Nielsen M.

PMID: 23300419 PMCID: PMC3531324 DOI 10137 1/journal. pcbi. 1002529

Parker’s hydrophilicity scale

Amino acid occurrence

Number of contacts within 10A
Area of relative solvent accessibility

25



B Cell Epitope Prediction Tools in the IEDB

Using DiscoTope to Predict Discontinuous Epitopes

IEDB Analysis Resource

Home Help Example Reference Download Contact

DiscoTope: Structure-based Antibody Prediction

: (example: 1z40) ]
OF apload S PDB fla | eterPRBID |dentify structure

Browse... Mo file selected

Step 2: Please enter PDB Chain ID . Input PDBid |:

1 . or upload file |:
Step 3: Select version 1.1 |~ o .

Specific to the protein chain of interest

2022 IEDB User Workshop

1.Go to http://ltools.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.

26
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How to Search for 3D Structures in the Protein Data Bank?

RCSB PDB Deposit + Search ~ Visualize ~ Analyze ~ Download ~ Learn ~ More ~ Documentation ~ Careers MyPDB « I Contact us

1. Goto
http://www.rcsb.org/

R SPDE  20vDuReore l’[umm (G voweos

PSVARY Sequence Search 2. Click on “Search” on

I Welc Complex boolean queries with values for a wide range | N\ Find similar protein and nucleic acid sequences using .
QLuine of structure attributes H the mmseqs2 method the IEft- h an d S|de
o I
# Deposit 1 Chemical Similarity Search r " Chemical Sketch Tool
Find ligands bound to macromolecules by SMILES 1 Draw a molecule and use the SMILES or InChl string . 13
String, InChl, or Chemical Formula f 1 to search for molecules in the CCD 3 . CI ICk On Seq uence
[ |
”
Browse by Annotations F New Entries SearCh
o e PDB entries in context of annotations by various i Search entries released since last Tuesda
Visualize Y N y
ontologies and hierarchical classification schemes M )
'S e 4
=== Analyze Unreleased Entries r " PDB Statistics
Search entries that are being processed, on hold I PDB data distribution, archive growth, and more
waiting for release, or have been withdrawn
& Download g L]!!-!',,

B Leam

Latest Entries As of Tue Oct 11 2022 Features & Highlights Publications~

ESEEGEN Remembering John Westbrook on s Happv Birthdav. Irvina Geis

27
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How to Search for 3D Structures in the Protein Data Bank?

RCSB PDB Deposit + Search ~ Visualize ~ Analyze ~ Download ~ Learn~ More ~ Documentation ~ Careers | MyPDB ~ Contact us

2 ﬁ 196,779 Structures from the PDB !
o 2 . + 3D Structures @ Enter search term(s), Entry ID(s), or sequence Include CSM @ Q.,
PROTEIN DATA BANK 1,000,361 Computed Structure

Models (CSM) Advanced Search | Browse Annotations Help

Bl SPDE 80vDaReore [J)1]Rgmeen 9 wwpoo

Search Query History Browse Annotations MyPDB

Use the Advanced Search Query Builder tool to create composite boolean queries. See the Help page for more detailed information.

- Advanced Search Query Builder @ Help
v Full Text @
= Structure Attributes @

+ Chemical Attributes @

~ Sequence Similarity @ Held

MTTQAPTFTQPLQSVVVLEG. Enter a sequence containing a minimum of 25 residues, OR enter an Entry ID in the text box below and select from the sequence list. The second option is useful for finding
sequences that are simifar to a sequence from a given structure and chain.

Entry ID  TMBN SequenceType Protein v &  E-Value Cutoff 0.1 ©  Identity Cutoff 0 % (Integer only) @ Count = Clear

* Sequence Motif @
v Structure Similarity €
~ Structure Motif @

= Chemical Similarity @

Return Structures v @ grouped by No Grouping v @ Include Computed Structure Models (CSM) @ Count = Clear

2022 IEDB User Workshop

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 AMA1l
protein from
Plasmodium falciparum
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How to Search for 3D Structures in the Protein Data Bank?

RCSB PDB Deposit ~ Search » \Visualize ~ Analyze ~ Download ~ Learn ~ More ~ Documentation ~ Careers

i ':-‘":,;;; B 196,779 Structures from the PDB
- « 3D Structures @ k_'-rlrer search term(s), Entry ID(s), or sequence

] 1,000,361 Computed Structure
Models (CSM) Advanced Search | Browse Annotations

§ PpB-101 - o w1 = B GYLFERR ) e Yo

Structure Summary 3D View Annotations Experiment Sequence Genome Versions

| MyPDB - [ Contact us

Include CSM @ n

Help

| IeENETS R @ Download Files

A 1240

AMA1 from Plasmodium falciparum
PDB DOI: 10.2210/pdb1Z40/pdb

FASTA Sequence

PDB Format

Classification: UNKNOWN FUNCTION
Organism(s): Plasmodium falciparum 3D7
Expression System: Escherichia coli BL21(DE3)
Mutation(s): No @

Deposited: 2005-03-14 Released: 2005-08-16
Deposition Author(s): Bai, T., Becker, M., Gupta, A., Strike, P, Murphy, V.J.,

Experimental Data Snapshot wwPDB Validation @
Method: X-RAY DIFFRACTION Metric
Resolution: 1.90 A Riree
R-Value Free: 0.236 Clashscore
© 3D View: Structure | 1D-3D View | R-Value Work: 0.192 Ramachandran outliers
Electron Density | Validation Report | R-Value Observed: 0.195 Sidechain outliers
Ligand Interaction RSRZ outliers

Worse

PDB Format (gz)

PDBx/mmCIF Format
PDBx'mmCIF Format (gz)

PDBML/XML Format (gz)

Biological Assembly 1

Structure Factors (CIF)
Structure Factors (CIF - gz)

2fo-fc Map (DSMNEB)
fo-fc Map (DSNE)
Map Coefficients (MTZ format)

2022 IEDB User Workshop

6. It will take us to a page containing
details of the structure of the AMAL
protein

PDB ID : 1240

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 AMAl
protein using Discotope

8. Scrolling down this page will give us
information about Chain Ids in the AMA1
protein structure
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How to Search for 3D Structures in the Protein Data Bank?

RCSB PDB Deposit ~ Search = Visualize ~ Analyze = Download + Learn » More ~ Documentation ~ Careers [ MyPDE ~ Contact us |

9. There are two units of the AMAL protein

in the crystal structure, one with chain id

Find similar proteins by: = Sequence ~  (by identity cutoff) | 3D Structure 1A1 and the Oth er Wlth ‘ B/ E"

Entity ID: 1
Molecule Chains@® Sequence Length Organism Details Image H
apical membrane antigen A, 336 Plasmodium falciparum Mutation(s): 0 @ : 1 O ’ We n e e d to S e | e Ct O n Iy O n e C h al n I D
precursor B [auth E] 3aD7 Gene Names: Plasmodiu f»{‘y g‘f
m falciparum, PF3D7 113 2
3400 ,4%{
=—OTeToT

Find proteins for Q7KQKS (Plasmodium falciparum (isolate 3D7)) Explore e Go to UniProtkB: [erieie!

Entity Groups @

Sequence Clusters | 30% Identity [J | | 50% Identity (3 | | 70% tdentity (3 | | 90% Identity (J “ 95% Identity | | 100% Identity [ ]
UniProt Group Q7KaKs (3 |
Protein Feature View Expand

Reference Sequence 12401

30
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B Cell Epitope Prediction Tools in the IEDB

Using DiscoTope to Predict Discontinuous Epitopes in AMA1L Protein

IEDB Analysis Resource

Home Help Example Reference

Download Contact

Step 1: Please enter the 4-letter PDB 1D
Or upload a PDB file

Step 2: Please enter PDB Chain 1D

Step 3: Select version

DiscoTope: Structure-based Antibody Prediction

1740  fexample: 1z40)

Browse...

Mo file selected.

2022 IEDB User Workshop

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

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

3. Click ‘Submit’
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B Cell Epitope Prediction Tools in the IEDB

Using DiscoTope to Predict Discontinuous Epitopes in AMA1L Protein

IEDB Analysis Resource

‘ Home H Help H Example H Reference H Download H Contact ‘

DiscoTope 2.0 prediction for s ure: 1z40 & Chain ID: A

DiscoTope: Structullsed antibody prediction.

Threshold: |-3.7 Change Table View 3D View Save Prediction

http://tools.iedb.org/discotope/

Let us see what epitopes DiscoTope predicts for
the AMAL protein

DiscoTope Prediction

Downloads as csv

A 4

A 4

[ — Threshold = -3.7 Bl Positive prediction

[ Negative pred:ctionl

10

Position

-20 L i I I L I I L L I I L L
100 120 140 160 1850 200 220 240 260 280 300 320 340 360 380 400 420 440

[
»

Adjustable threshold

1. Results shown as a plot
2. Residue positions colored in green (have
values above a threshold value) predicted to
be epitope residues
3. User has option to save

axis: DiscoTope Score | prediction in CSV format

4. User can also view results in

X-a

vis: Residue Position | form of a table 32




B Cell Epitope Prediction Tools in the IEDB

Using DiscoTope to Predict Discontinuous Epitopes in AMA1L Protein

Dis‘-"”ﬂ; Result http://tools.iedb.org/discotope/
DiscoTope 2. diction for structure: 1240 & Chain ID: A
The positive p s are displayed in green.

Chart View | 3D View | Save Prediction 1. Table view of DiSCOTOpe prediCtionS

Chain ID Residue ID Residue Name Contact Number Propensity Score Discotope Score
A e o 7 o s 2. DiscoTope scores for each residue
A 10 TRP 23 -5.522 -7.532
A 111 THR 4 -5.226 -5.085
A 112 GLU 2 5.1 4. 744 . . . .
A i TvR 2 ssr 7504 3. Residues predicted to be epitope residues
A 114 MET 20 8,285 -10.526 .. . . . . .
A 15 ALA 10 -7.532 -T.B16
A L A L T8 T (positive predictions) highlighted in green
A nv TR 33 -11.038 -13.564
A 118 ASP 12 -8.15 -5.478
A 119 ILE 35 -10.419 -13.246 1 1 I I
x e = = o o 4. User has option to view epitope residues on 3D
A 121 GLU 13 -5.0189 -5.937 T M 1 H ]
% 5 E = s s structure by clicking on ‘3D View
A 123 HIS 43 =10.161 -13.938
M 124 GLY 17 =4 BTG 627
A 125 SER 5 -d,112 =269
A 126 GLY 33 -8.06 -10.82
A 127 ILE L ] 12,801 ~15.637
A 128 ARG 27 =13.272 -14.85
L3 128 VAL 25 -8.506 =11.288
A 130 ASP 39 -B.027 -11.588
A 131 LEU 29 -5.732 -B.408
& 132 GLY 30 -3.241 -5. 318
A 133 GLU 20 0.565 -2.8
A 134 ASP 19 3.255 0.695
A 135 ALA 28 1.707 -1.709




B Cell Epitope Prediction Tools in the IEDB
Discontinuous/Conformational Epitope Prediction Methods

BWMC Biginformatics. 2008 Dec 2,9:514. doi: 10.1186/1471-2105-5-514.
EI I | P o ElliPro: a new structure-based tool for the prediction of antibody
epitopes.

Ponomarenko J?, Bui HH, Li'W Fusseder i, Bourne PE, Sette & Peters B.

Predicts linear and discontinuous antibody epitopes based

the geometrlcal propertles Of prOteln Structure PMID: 12055730  PMCID: PMC2807251  DOL 10.1186/1471-2105-5-514
EMBO J. 1985 Feb;5(2):408-13.
Uses Thornton’s Method Location of 'continuous’ antigenic determinants in the

protruding regions of proteins.
Thornton M, Edwards MS, Taylor WR, Barlow DJ.

Performs the following steps to estimate a score for each
predicted epitope:

PMID: 2423325 PMCID: PMC1166745

I. Protein shape approximated by multiple ellipsoids

li. Residue protrusion index (PI) calculated for each ellipsoid
Pl = 0.8: 80% of protein residues included in the
ellipsoid, 20% outside the ellipsoid

lii. Clustering of neighboring residues based on Pl values
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B Cell Epitope Prediction Tools in the IEDB

Using ElliPro to Predict Discontinuous Epitopes
1. Goto http://tools.iedb.org/ellipro/

IEDB Analysis Resource

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

Home Help Example Reference Download Contact IntereSt

ElliPro: Antibody Epitope Prediction

Specify Sequence(s)

J|

|dentify structure

Enter PDB ID(s) or upload PDB file

Browse..._ No il selected. _| | InputPDB id or upload file
Minimum score: 0.5 |~| (Default is 0.5) SeleCt mln PI Value
— _ ' - Averaged over epitope
Maximum distance (Angstrom): 6 |~ | (Default is &) : .
| residues
- Higher scores predict

' fewer epitopes

Specify max distance for predicting | = e

1 (grouping) discontinuous epitopes Longer distances predict |
| discontinuous epitopes spanning -
2022 IEDB User Workshop |arger regions |



http://tools.iedb.org/ellipro/

B Cell Epitope Prediction Tools in the IEDB

Using ElliPro to Predict Discontinuous Epitopes

‘ Home || Help H Example || Reference H Download H Contact ‘ 3- CIICk iSumet)
ElliPro: Antibody Epitope Prediction _ _ _
specity Sequence(s) 4. If there are multiple chains found in the PDB

SLYM structure, user is asked to choose a chain ID
Browse... | No file selected.

5. Click ‘Submit’ again

Minimum score: 0.5 |~ | (Default is 0.5)

Enter PDB ID(s) or upload PDB file

Maximum distance (Angstrom): 6 | (Default is 6)

Home Help Example Reference Download Contact

ElliPro: Antibody Epitope Prediction

Select PDB chain(s) for calculation

Input pdb id: 5LYM
Mumber of chain(s) found: 2

SeleCt Chaln(S) Of |nterest Select No. Chain Chain type Number of residues
1 Ol 1 A | Aminoacid 129
] 2 B Amino acid 129

‘ Submit = Reset
2022 IEDB User Workshop




B Cell Epitope Prediction Tools in the IEDB

Using ElliPro to Predict Discontinuous Epitopes

ElliPro predicts both linear and discontinuous epitopes

For each predicted

Input Sequences: 5LYM
Chain: A

121 QRWIRGCRL

i Home | Help .Enman [ Reference || Dwnimd. Contact |

1 KVFGRCELAR RMERHAGLDNY REYSLGNWVC AAKFESHFNT QATERNTDGS IDYGILQINS
61 RWWCNDGRIP GSRNLCNIPC SALLSSDITA SVNCAKKIVS DGNGMNAWVA WRNRCKGTDV

epitope, ElliPro
provides a score

Predicted Linear Epitope(s):

1 A 45 50 RNTDGS

2 A - "z . 128 . RNRCKGTDVQAWIRGCAL .
3 & 100 103 . SDGN

4 B4 81 l CNDGRTPGSRNLCNIPCS l
5 . A 1 e I KVFGRCE

6 A . 13 . 23 . KRHGLONYRGY

7 A 7 85 B8 S50l

A

Linear Epitopes Predicted

el e | Click to view 3D structure

Predicted Discontinuous Epitope(s):

1 A'S100, AD101, AG102, A:NTO3, AN1OE

| Click here to view residue scores -

Briwioad pb fle

4 AAN0, AKIZ ARI4 AGIE ALIT, ADE ANIS AY20, AR21, AGZZ A'Y23 AS24 12 0.564

o] o \ Discontinuous
—l Epitopes Predicted

2 i re re
5 0727 |
2 AKY ANVZ AFI, AG4, ARS, AICE, AET AFIB ANIO, AT40, AQ41, AA42 AISES, A:SEE, AIDET, ABE, ARNZ ANNMI, ARM4, ACTS AKNE AGIT, ATNE ADNS, AQIZ1, AAIZZ AIZ4, ARTZS, AIGI2E, ACIZ7, AR12E ALLI29 32 0.657 i |

3 | AUR4S ANAE, ATHT, AD4B, A:G40, AS50, ANSO, A:SE0, ARET, AWEZ, AWED, A:CB4, AINGS, ADES, A:GET, ARES, ATED, APTD, AUGT1, AST2, ARTI, AINTS, ALTS, ACTE, ANTT, AMTS, APTD, A:SB1 28 0648

2022 IEDB User Workshop
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B Cell Epitope Prediction Tools in the IEDB

Using ElliPro to Predict Discontinuous Epitopes

ElliPro: 2D Score Chart(s) for 5LYM

10

Chain A (1 - 129)

08

06 |-

Score

04

o2k 41"

0.0
0

Graph View of Per-Residue Scores

Y-axis: ElliPro score

Residues having ElliPro score above a
threshold are predicted to be epitope
residues

—+— | X-axis: Residue Position

2022 IEDB User Workshop

in Residue number Residue name Score

1 A 1 Lvs 0.705
2| & 2 VAL 0.705
3| & 3 PHE 0.388
4| A 4 GLY 0.597
5| & 5 ARG 0.527
6| A 6 cYs 0.628
7 A 7 GLU 0.628
8| A 8 LEU 0.155
9 | A 9 ALA 0.271
10| A 10 ALA 0527
n| A 1 ALA 0333
12| A 12 MET 0.093
13| A 13 VS 0.628
14| A 14 ARG 0.775
15| A 15 HIS 0.465
6| A 16 GLyY 0.527
L d A L d

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.

40
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Thank You!

2022 IEDB User Workshop
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