N |[EDB

B Cell Epitope Prediction

tools.iedb.org

Presented by: Eve Richardson, PhD
Postdoctoral Researcher

2023 IEDB User Workshop



Outline of Topics

B cell epitope biology recap
Prediction tools on IEDB

Linear sequence-based epitope prediction methods

s W hoe

Discontinuous 3D structure-based epitope prediction methods

2023 IEDB User Workshop



B Cell Epitopes

B cell receptor  Variable domains
engage the antigen

:= Ao (e Complementarity-
Determining
I Regions
VL| |VH
=f

Epitope 2

‘ I Epitope 3

Epitope |

2023 IEDB User Workshop



Example: Ab Binding HA1l

PDB ID: 1eo8 Antigen
Hemagglutinin HA1 Chain

from Influenza A Virus

Antibody
VH
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Example: Ab Binding HA1l

PDB ID: 1e08
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Example: Ab Binding HA1

PDB ID: 1e08

Paratope
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Linear and Discontinuous Epitopes

Discontinuous Linear

| 1

e Protein antigens usually
contain both linear &
discontinuous epitopes

e “Linear” aka sequential or
continuous

e “Discontinuous” aka non-
sequential or
conformational epitopes

e More than 90% of B cell
epitopes are estimated to
be discontinuous

5wna Barlow et al, Nature. 1986.
Van Regenmortel, Methods. 1996.
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B Cell Epitope Prediction Tools in the IEDB

IEDB Analysis Resource

| 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 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.

#h : Tools under AR L abs which are expenimental and are not guite ready for production yet. They are intended for further research, updafes and testing.
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B Cell Epitope Prediction

When to use epitope prediction methods?

e You have verified thoroughly that no information is
available in the IEDB on the antigen of your interest

e 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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Types of B Cell Epitope Prediction

Sequence-based epitope prediction

3D solved structure or structural model of antigen is
not required

Relies on prediction methods for surface accessibility

Structure-based epitope prediction

3D solved structure or structural model of antigen is
available

Surface accessibility and secondary structure are
known

2023 IEDB User Workshop 10



Sequence-based Epitope Prediction —
Amino Acid Scale Methods

Amino acid scales combined over windows of the sequence

e B-Turns (Chou & Fasman)

* Hydrophilicity (Parker)

o Flexibility (Karplus & Schulz)
e Surface Accessibility (Emini)

e Antigenic propensity: occurrence of residues in epitopes (Kolaskar &
Tongaonkar)

Scale:

D E F G H I K L M NP QR S T V W Y

Example of an amino acid scale: Parker Hydrophilicity Scale, which is averaged over seven residue
windows.

2023 IEDB User Workshop
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Sequence-based Epitope Prediction —
Machine Learning Methods

e Positive and negative training datasets are used
 Combination of one or more amino acid scales are used as an input to one
of the machine learning algorithms
e Random Forest (BepiPred-2.0)
e ANN: Artificial Neural Network (ABCpred)
e SVM: Support Vector Machine (BCpred, FBCpred)

 The model learns to distinguish epitope and non-epitope regions of the
sequence and outputs a score for each region

2023 IEDB User Workshop
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B Cell Prediction Tools on IEDB

IEDB Analysis Resource

| 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 seguence

A t‘:jollection of methods to predict linear B cell epppes 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.

#h : Tools under AR L abs which are expenimental and are not guite ready for production yet. They are intended for further research, updafes and testing.

2023 IEDB User Workshop
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Linear B Cell Prediction

IEDB Analysis Resource

| Home || Help | Example  Reference Download  Contact |

Antibody Epitope Prediction

Specify Input

Enter a Swiss-Prot ID (example: P02185) —

Or enter a protein sequence in plain format (50000 residues maximum): — 1 . I n put p rotei n Seq u e n ce

Entry allowed via Swiss-
Prot ID or plain format

Choos” a method: —
@ Bepipred Linear Epitope Prediction 2.0 Links to he|p tab 1 2. Select prediction
® Bepipred Linear Epitope Prediction
® Chou & Fasman Beta-Turn Prediction methOd
O Emini Surface Accessibility Prediction : - - !
(- Karplus & Sohuiz Flexibiliy Prediction . BepiPred is the default & |
O Kolaskar & Tongaonkar Antigenicity _ i recommen d ed m eth Od i

________________________________________

O Parker Hydrophilicity Prediction |

2023 IEDB User Workshop



Visit Help & Reference Tabs to learn about a

prediction method

IEDB Analysis Resource

| Home | Help |Eumpl¢ 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 i
have been correlated with the location of continuous epitopes. This has led to a search for empirical rules that 1
epitopes to be predicted from certain features of the protein sequence. All prediction calculations are based on [
acids. Each scale consists of 20 values assigned to each of the amino acid residues on the basis of their relati
described by the scale.

General method: When computing the score for a given residue i, the amino acids in an interval of the chosen

IEDB Analysis Resource

| Home | Help | Example H Reference H Download H Contact |

considered. In other words, for a window size n, the / - (n-1)/2 neighboring residues on each side of residue | w)
i. Unless specified, the score for residue i is the average of the scale values for these amino acids (see table 1
details). In general, a window size of 5 to 7 is appropriate for finding regions that may potentially be antigenic.

Interpretation of output graphs and tables: On the graphs, the Y-axes depicts for each residue the correspo
windowy), be it a BepiPred score or a residue score on the Karplus and Schulz flexibility scale; while the X-axes
sequence. The tables provide values of calculated scores for each residue. The larger score for the residues m
might have a higher probability to be part of epitope (those residues are colored in yellow on the graphs). Howe

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 s;
Biol_1978:47-45-148.

» Description: The rationale for predicting turns to predict antibody epitopes is based on the paper by Pellequg
83-99. Instead of implementing the turn scale of that paper which has some non-standard properties, we dej
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 Q R s v ow

0.66(1.19 146|074 (06| 1.56(0.95(047|1.01(059|06(1.56(152|0.98(095|1.43|096|05|0.96(1.14

P

Emini surface accessibility scale
s 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 wi
was obtained using the formulae Sn = (n+4+i ) (0.37)-6 where Sn is the surface probability, dn is the fractio
from 1 to 6. A hexapeptide sequence with Sn greater than 1.0 indicates an increased probability for being fol

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 Pe;
1985; 72:212-3.

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 Refat Areas Mol Biol
47:45-148.

PMID: 3649841

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 Virof 55:836-839.
-
PMID: 2981600

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

Ir. I

Kol & Tong A
Kolaskar AS, Tongaonkar PC. 1

L)
PMID: 1702393 =

icity:

990. A semi-empirical method for prediction of antigenic determinants on protein antigens. FEBS Left276.172-174.

Parker Hydrophilicity Prediction:
Parker JM, Guo D, Hodges RS. 1986. New hydrophilicity scale derived from high-perfarmance 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.

b
PMID: 28472356 =
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Linear B Cell Prediction — Example

IEDB Analysis Resource

| Home | Help | Example | Reference | Dewnload || Contact |

Antibody Epitope Prediction

Enter a Swiss-Prot ID ' ' (example: P02185)

Or enter a protein sequence in plain format (50000 residues maximum):

RVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFK
CYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNS
NNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQ
PTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNF

Choose a method:

® Bepipred Linear Epitope Prediction 2.0
O Bepipred Linear Epitope Prediction
0O Chou & Fasman Beta-Turn Prediction

O Emini Surface Accessibility Prediction

O Karplus & Schulz Flexibility Prediction

O Kolaskar & Tongaonkar Antigenicity
0O Parker Hydrophilicity Prediction

Submit | Reset

2023 IEDB User Workshop

Example Sequence:

RBD region from SARS-CoV-2 Spike
glycoprotein

Swiss-Prot ID: PODTC2
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Linear B Cell Prediction — Example

Bepipred Linear Epitope Prediction 2.0 Results

Input Sequences

1 RVQPTESIVR FPNITNLCPF GEVFNATRFA SVYAWNRKRI SNCVADYSVL YNSASFSTFK
61 CYGVSPTK LNDLCFTHNVY ADSFVIRGDE VRQIAPGQTG KIADYNYKLP DDFTGCVIAW
121 NS NNLDSK VGGNYNYLYR LFRKSNLKPF ERDISTEIYQ AGSTPCHGVE GFNCYFPLQS
181 YGFQ PTNG VGYQPYRVVV LSFELLHAPA TVCGPKKSTN LVKNKCVNF

Center position: 4| Threshold: 0.500 < Adjustable threshold

0.6

0.5 4

Score

0.4 1

0.3 1

Tt rrrfrrr | e
20 40 60 80 100 120 140 160 180 200 220

Position

Average: 0.511 Minimum: 0.230 Maximum: 0.669

2023 IEDB User Workshop



Linear B Cell Prediction — Example

Bepipred Linear Epitope Prediction 2.0 Results

Input Sequences
. Ll
1 RVQPTESIVR FPNITNLCPF GEVFNATRFA SVYAWNRKRI SNCVADYSVL YNSASFSTEK
61 CYGVSPTK LNDLCFTNVY ADSFVIRGDE VRQLAPGQTG KIADYNYKLP DDF TGCVIAW PrEdlcted pe ptldes
121 NS HNLDSK VGGNYNYLYR LFREKSNLEKPF ERDISTEIYQ AGSTPCNGVE GFNOYFPLOS
Contiguous sequence segments with scores

181 YGFQ PTNG VGYQPYRVVV LSFELLHAPA TVOGPKKSTH LVKNKCVNF

Center position: 4 Thresheld: 0.500 Recalculate a bove the th reShOId
Predicted peptides:
No. Start End Peptide Length

il 1 9 9 v 1

2 11 14 FPNI 4

035 3 26 31 ATRFAS 6
g 4 33 45 YAWNRKRISNCVA 13
@ o4 5 54 60 ASFSTFK 7
6 64 64 v 1
0sl 7 84 109 IRGDEVRQIAPGQTGKIADYNYKLPD 26

' 8 122 149 NLDSKVGGNYNYLYRLFRKSNLKPFERD 28
9 151 188 | STEIYQAGSTPCNGVEGFNCYFPLQOSYGFQPTNGVGYQ 38

o 20 4 6 8 16;0 120 140 160 180 200 220 10 201 219 HAPATVCGPKKSTNLVKNK 19

sition

Average: 0.511 Minimum: 0.230 Maximum: 0.669

2023 IEDB User Workshop



Linear B Cell Prediction — Example

Bepipred Linear Epitope Prediction 2.0 Results
Input Sequences

1 RVQPTESIVR FPNITHLCPF GEVFNATRFA SVYAWNRKRI SNCVADYSVL YNSASFSTFK
61 CYGVSPTE LNDLCFTHNVY ADSFVIRGDE VRQLAPGQTG KIADYNYKLP DOF TGCVIAW
121 NS NNLDSK VGGNYNYLYR LFREKSNLEKPF ERDISTEIYQ AGSTPCNGVE GFNCYFPLOQS

181 YGFQ PTNG VGYQPYRVWY LSFELLHAPA TVLCGPKKSTN LVEKNKCVHF

Center position: 4 Thresheld: 0.500 | Recalculate
0.6
0.5
&
o
]
W
0.4 4
0.3
0 20 40 60 80 100 120 140 160 180 200 220
Position

Average: 0.511 Minimum: 0.230 Maximum: 0.669

Download result ]

Predicted residue scores
Score for each residue in the input sequence

Predicted residue scores:

24| Residue Score Assignment
0 R 0.230
1 v 0.280
2 0 0.339
3 P 0.394
4 o 0.449
5 E 0.475
6 s 0.480
7 I 0.496
8 v 0.507 E E= Epitope
9 R 0.495
10 F 0.505 E
11 o n&e1N =
Download as a CSV file

2023 IEDB User Workshop
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Method Comparisons

Input Sequences
Input Sequences i ks

1 RVQPTESIVR FPNIY
1 RVQPTESIVE EFPNITNLCEF GEVENATREA SVYAWNHEKRI SNCVADYSVL YNSASEFSTEK 6l CYGVSPTE LNDLC )
&1 CYGVSPTK LNDLCETNVY ADSEVIRGDE VRQIAPGQTG KIADYNYKLP DDETGCVIAW 121 NS NNLDSK VGGNYNYLYR LFRKSNLKPF ERDISTEIYQ AGSTPCNGVE GEFNCYFPLDS

121 NS NNLDSK VGGNYNYLYR LFHKSNLKPF ERDISTEIY(Q AGSTPCNGVE GFNCYFPLOS 181 YGFQ PTNG VGYQFYRVVY. LSFELLHARA TVCGPKESTN LUKNKCVNE

181 YGFQ PTNG VGYQPYRVVV LSFELLHAPA TVCGPEESTN LVENECVNFE

Center position: 4 Window size: 7 Threshold: (,992 Recalculate
Center position: 4 Window size: 7 Threshold: 1,039 Recalculate |
110
14
134
105
12 4
=
S 100+
11 1 wn
Co
o
vt
10 1 0.95 1
0.9
0.90 -
0.8 - : : T T T T T T T T T
Bepipred Linear Epitope Prediction 2,0 Results 60 80 100 120 140 160 180 200 220
Input Sequences Position
u ? r 4 + + 1 1 RVQPTESIVR FPNITHLCPF GEVFHATRFA SVYAWNRERI SHOVADYSVL YNSASFSTFK
61 CYGUSPTK LNDLCFTHVY ADSFVIRGDE VRQIAPGQTG KIADYNYKLP DOFTGCVIAM
T T T T T T 121 NS NNLDSK VGGHYNYLYR LFRKSHLKPF ERDISTEIVQ AGSTPCHGVE GFNCYFPLQS aum: 1.112
0 20 40 (4] 80 100 181 YGFQ PTHG VGYQPYRVWY LSFELLMAPA TVCGPRESTHN LVENKCUNF

Posi Center position: 4 Threshold: 500 Recalculate

Average: 1.038 Minimum: 0.684 Maximum: 1.387

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

0 20 40 e 80 100 120 140 160 180 200 220
Position

05 4

Score

0.4

2023 IEDB User Workshop Average: 0511 Minimum: 0230 Maximum: 0,669
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B Cell Prediction Tools on IEDB

IEDB Analysis Resource

| 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 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 ea calCulations, as well as contact distances into its prediction of B cell
epitope potential along the length of a protein sequen

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.

#h : Tools under AR L abs which are expenimental and are not guite ready for production yet. They are intended for further research, updafes and testing.

2023 IEDB User Workshop
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3D Structure-based Epitope Prediction

2023 IEDB User Workshop

Structure-based epitope prediction

Antigen structure

Discotope 1.1, Discotope 2.0

For each residue i,
extract neighborhood

4- —> Score for each
residue i

Amino acid log-odds scores
calculated from training data
Surface accessibility
Hydrophilicity

ElliPro
For each residue i,

calculate protrusion index Score for each residue. i
via Thornton's method &

Define residues by threshold

=

Cluster into
discontinous epitopes

23



DiscoTope

* Trained on 75 X-ray structures of antibody-protein complexes
e DiscoTope-2 took into account multiple epitopes in an antigen

e Assigns each residue a score value calculated as a linear
combination of normalized values
e Parker’s hydrophilicity scale
e Log-odds ratio of amino acid in epitope vs. non-epitope

e Number of contacts within 10A (DiscoTope 1) or area of relative solvent
accessibility (Discotope 2)

Protein Sci. 2006 Nov;15(11):2558-67. Epub 2005 Sep 25.

Prediction of residues in discontinuous B-cell epitopes using DiscoTope 2

protein 3D structures. PLoS Comput Biol. 2012:8(12):e1002829. doi: 10.1371fournal.pchi.1002829. Epub 2012 Dec 27.
" 1w . - - - -

Haste Andersen P, Nielsen M, Lund O. Reliable B cell epitope predictions: impacts of method

PMID: 17001032 PMCID: PMC2242418  DOI: 10.1110/ps.062405906 development and improved benchmarking.

DiscoTope 1 Kringelum v Lundegaard C, Lund O, Nielsen M.

PMID: 23300419 PMCID: PMC3531324 DOl 10.1371/journal. pchi. 1002829

2023 IEDB User Workshop 24



DiscoTope

IEDB Analysis Resource

Home

Help

Example

Reference

Download

Contact

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

Browse...

Step 2: Please enter PDB Chain ID

Step 3: Select version

1.1~

DiscoTope: Structure-based Antibody Predictio

(example: 1z40)
No file selected.

T

|dentify
structure

2023 IEDB User Workshop

Specific to the protein chain of interest

Input PDB id

or upload file
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Search in PDB to identify inputs: structures
and now, models

o= E 211,103 Structures from the PDB
b v 3D Structures @ Enter search term(s), Entry I1D(s), or sequence Include CSM @

PROTEIN DATA BANK . 1,068,577 Computed Structure
Models (CSM)

Advanced Search | Browse Annotations Help

T SPDEB 2onuicoce 5 NAKE 1508 @ PDB-Dev

Gyoo
& New: More Computed Structure Models (CSM) available '

Advanced Search sy, ?1 Sequence Similarity Search
Complex boolean queries with values for a wide range |
. of structure attributes

Find similar protein and nucleic acid sequences using

Nelc a
W Welcome - the mmseqgs2 method

Structure Similarity Search
Search protein structures by global shape similarity

Chemical Similarity Search

Find ligands bound to macromolecules by SMILES
String, InChl, or Chemical Formula

Chemical Sketch Tool

ﬁ Visualize Draw a molecule and use the SMILES or InChl string
' 1 to search for molecules in the CCD

Browse by Annotations

PDB entries in context of annotations by various
ontologies and hierarchical classification schemes

i2f Analyze New Entries
Search entries released since last Tuesday

Unreleased Entries

Search entries that are being processed, on hold
waliting for release, or have been withdrawn

& Download

PDB Statistics
i| Leam PDB data distribution, archive growth, and more

2023 IEDB User Workshop
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Search in PDB to Identify Inputs

R SPDEB 20nuieax 5 NAKB o € PDB-Dev

Foundation

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
+ Full Text @

~ Structure Attributes @
+ Chemical Attributes @

= Seguence Similarity @

Help
LWFFGDSLSDSLGRMFEKTHHILPSY GOQYFGGRFTNGFTWTEFLSSPHFLGKEMLNFAEGGSTSASY SCFNCIGDFVSNTDROVASY TPSHODLAIFLLGANDYMTLHKDNVIMVWEQQIDDIEKIISGGYNNVLYMGI
PDLSLTPYGKHSDEKRKLKDESIAHMALLKTNVEELKEKY PQHKICYYETADAFKVIMEAASNIGYDTENPY THHGYVHVPGAKDPQLDICPQYVFNDLVHPTQEVHHCFAIMLESFIAHHYSTE

P
Entry ID | TMBN Sequence Type Protein ~ @  E-Value Cutoff 0.1 © Identity Cutoff 0 % (Integer only) @ GCount | Clear

¥ ooquente o O

- Structure Similarity @
- Structure Maotif @

-+ Chemical Similarity @

Return | Polymer Entities ~ @ grouped by Mo Grouping v @ Include Gomputed Structure Models (CSM) @ ( Count | Clear  [RSEEEE:T)]
You can also search for
computed model structures
2023 IEDB User Workshop
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Search in PDB to Identify Inputs

LVH: Entity 1

The Structure of Phosphorylated beta-phosphoglucomutase from Lactoccocus
lactis to 2.3 angstrom resolution
Lahir, S.D., Zhang, G., Dunaway-Mariano, D., Allen, K.N.

Downiload File View File Download Alignment

(2002) Biochemistry 41: 8351-8359

Released 2002-08-14

Method X-RAY DIFFRACTION 2.3 A
Chain IDs A B

Organism Lactococcus lactis
Macromolecule beta-phosphoglucomutase

Sequence Match  Sequence Identity: 100%, E-Value: 1.417e-136, Region: 1-221

o8
e
=1

T T T T T T T 1
&0 80 100 120 140 160 180 200 10

&4

Download File Download Alignment

\F_AFQ9FD10F1: Entity 1

Computed structure model of Secreted effector protein SseJ

AlphaFold DB AF-QOFD10-F1

pLDDT (global) 90.2

Chain ID A

Organism Salmenella enterica subsp. enterica serovar Typhimurium str. LT2
Macromolecule Secreted effector protein SseJ

Sequence Match Sequence Identity: 100%, E-Value: 7.39e-278, Region: 1-408

-
-

2023 IEDB User Workshop

An example of a
query with
an
experimentally-
solved structure

An example of a
query with
no solved
structure but an
AlphaFold2
model (CSM)
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Search in PDB to Identify Inputs:
Experimentally-solved Structure

< Biological Assembly 1 ©

® 3D View: Structure | 1D-3D View |
Electron Density | Validation Report |
Ligand Interaction

Global Symmetry: Asymmetric - C1 @
Global Stoichiometry: Monomer - A1 @

Find Similar Assemblies

Biological assembly 1 assigned by authors.

2023 IEDB User Workshop

>

»
o

B8 1LVH

I Display Files ~ @ Download Files ~ |JiE=goEieRald]

FASTA Sequence

PDBx/mmCIF Format

The Structure of Phosphorylated beta-phospha POBY/mmCIF Format Is lactis to
2.3 angstrom resolution mmCiF Format (g2)

PDB DOI: https://doi.org/10.2210/pdb1LVH/pdb PDB Eormat Download PDB file format
Classification: ISOMERASE OB Ttormaton

Organism(s): Lactococcus lactis

Expression System: Escherichia coli BL21(DE3) PDBML/XML Format (g2)

Mutation(s): Yes @

Deposited: 2002-05-28 Released: 2002-08-14 Structurs Factors (CIF)

Deposition Author(s): Lahiri, S.0., Zhang, G., Dunaway-Marial ~ Structure Factors (CIF - gz)

Experimental Data Snapshot wwPDB V| validation Full PDF Eport Full Report
Method: X-RAY DIFFRACTION | validation XML - gz) | Value

Resolution: 2.30 A

R-Value Free: 0.286

R-Value Work: 0.243 Ramachand
R-Value Observed: 0.248 Sidect

R{

This is version 1.3 of the entry. See complete history.

[P (.276
Biological Assembly 1 (CIF - gz) @  [Fi—14
Biological Assembly 2 (CIF - gz) | 1.4%

K+
Biological Assembly 1 (PDB - gz)

[N 10.5%
Biological Assembly 2 (PDB - gz) et

fo-fc Map (DSNS)
2fo-fc Map (DSNE)
Map Goefficients (MTZ format)
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Search in PDB to Identify Inputs

RCSB PDB sit + Search v Visualize ~ Analyze ~ Download ~

Macromolecules

Find similar proteins by: Sequence | Structure

Learn -

Entity ID: 1
Molecule Sequence Length Organism Details
apical membrane antigen 1 336 Plasmodium Mutation(s): 0
precursor falciparum (isolate
3D7)
Find proteins for Q7KQK5 (Plasmodium falciparum (isolate 3D7)) Go to UniProtkB:
Full Protein Feature View for [ a7kaks
Protein Feature View C' [Lokaxs |
E
Q7KOKS
uc [ RRCITE T TR N R T TR
- RO TS WAL N W T TY Y
1ZA0.A i‘ S - S S
1ZA0E i‘ i S - -
+

2023 IEDB User Workshop

Identify chain
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Search in PDB to Identify Inputs:
CSM

3D View Annotations Sequence Genome
e e
. FASTA Sequence
‘ AF_AFQ9FD10F1

Computed structure model of Secreted effectg

AlphaFold DB:

Released in AlphaFold DB: 2021-12-09 Last Modified in AlphaFold DB: 2022-08-30
Organism(s): Salmonella enterica subsp. enterica serovar Typhimurium str. LT2

UniProtKB:

Model Confidence

ModelCIF €@
Predicted Aligned Error (PAE) €

Model Confidence @
pLDDT (global): 90.2

pLDDT (local): B very high (pLDDT > 90)
Gonfident (90 > pLDDT > 70}

Very High I

Low (70 > pLDDT > 50)
Conficent M very low (pLDDT < 50)
® 3D View: Structure | 1D-3D View Low
Very Low W Computed Structure Models provide per-residue
Global Symmetry: Asymmetric - G1 @ confidence score (pLDDT) between 0 and 100. Some
Global Stoichiometry: Monomer - A1 @ 0 50 160 150 200 2 200 regions below 50 pLDDT may be unstructured in
isolation.

Find Similar Assemblies

The PDB provides a different file format (so that it is
clear that it is a model), ModelCIF.
ModelCIF is not accepted by IEDB currently

2023 IEDB User Workshop 31



Search in PDB to Identify Inputs:
CSM

Structure Summary 3D View Sequence Genome
= AF_AFQ9FD10F1

Computed structure model of Secreted effector protein SseJ

I Display Files ~ Download Files ~ = JVEERY

Present annotations:

» Gene Product Annotation
« InterPro Annotation

Gene Product Annotation Gene Product Annotation
A Secreted effector protein SseJ + hydrolase activity, acting on - « host intracellular membrane-
ester bonds bounded organelle
4 + hydrolase activity + host cellular component
« catalytic activity « host intracellular part
« lipase activity « cellular anatomical entity
+ small GTPase binding » host cell cytoplasm part
« protein binding + host intracellular organelle
« binding « host cell cytoplasm
+ enzyme binding » host cell part
» GTPase binding « host cell
« acyltransferase activity « host cell endosome
» glycerophospholipid + host intracellular region
PDB can be used to check the chain (this is A in monomeric proteins)

2023 IEDB User Workshop 32



Search in PDB to Identify Inputs:

Structure Summary 30 View Annotations

Sequence Genome

( Assembly @ )

® 3D View: Structure | 1D-3D View

Global Symmetry: Asymmetric - C1 @
Global Stoichiometry: Monomer - A1 [N

Find Similar Assemblies

Macromolecule CGontent

- Total Structure Weight: 46.13 kDa @
= Atom Count: 3,249 @

« Modelled Residue Count: 408 @

» Deposited Residue Count: 408 @

+ Unigue protein chains: 1

2023 IEDB User Workshop

AF_AFQ9FD10F1

Computed structure model of Secreted effector protein SseJd

AlphaFold DB: [[\750 i [i0 2]
EteTsed AiptrafoDB™302"1-12-09 Last Modified in AlphaFold DB: 2022-09-30

Organism(s): Salmonella enterida subsp. enterica serovar Typhimurium str. LT2

UniProtKB: |« 70l l]

Model Confidence

Model Confidence @
pLDDT (global): 90.2

pLDDT (local): M very high (pLDDT > 90)
Confident (90 > pLDDT = 70)
Low (70 > pLDDT > 50)

M Very low (pLDDT < 50)

Very High
Confident

Low
Very Low [ Computed Structure Models provide per-residue
confidence score (pLDDT) between 0 and 100. Some
regions below 50 pLDDT may be unstructured in
Isolation.

0 50 100 150 200 250

To retrieve the PDB file for input to the IEDB’s tools,
click through to AlphaFold DB’s link
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Search in PDB to Identify Inputs:

CSM

Secreted effector protein SseJ ' fi

AlphaFold structure prediction

Download PDB file

m Predicted aligned error

Share your feedback on structure with DeepMind | Looks great | Could be improved
Information ~
Protein Secreted effector protein Ssel

Gene

Source organism
UniProt

Experimental structures

Biological function

2023 IEDB User Workshop

ssel

Salmonella typhimurium (strain LT2 / SGSC1412 / ATCC 700720) go to search &
Q9FD10 go to UniProt o

None available in the PDB

Effector proteins function to alter host cell physiology and promote bacterial survival in host tissues. This protein is required for endosomal
tubulation and negatively regulates the formation of Salmonella-induced filaments (Sifs) in epithelial cells. Has both deacylase and esterification
activities in vitro, but esterification is probably the dominant activity in host cells. Significantly contributes to cholesterol esterification, which
reduces cellular cholesterol in cells and abrogates the ability of SifA to ... 4 (showmore] g0 to UniPrat =

Click to download the PDB file
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DiscoTope — Example

IEDB Analysis Resource

Home

Help

Example

Reference

Download Contact

Step 3: Select version

DiscoTope: Structure-based

Step 1- Please enter the 4-letter DB ID 1240 (€Xamplg
Or upload a PDB file

- 1z40)

Browse... | Noffile selected.

Step 2: Please enter PDB Chain 1D A

Reset

Antibody Prediction ~6.0

2023 IEDB User Workshop

DiscoTope-1.1
R e
=-3.1 0.16 0.95
=47 0.24 0.90
0.32 0.85
=69 0.40 0.80
Default <’:=~Tr 0.47 0.75
— —y
DiscoTope-2.0
[score Somstiy Spociity
>1.9 017 0.95
»0.5 0.23 0.90
=-1.0 0.30 0.85
=25 0.39 0.80
Default < >37 | 047 075
H‘
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DiscoTope — Example

IEDB Analysis Resource

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

DiscoTope: Structurgmeased antibody prediction.

DiscoTope 2.0 prediction for re: 1240 & Chain ID: A
Threshold: 3.7 Change Table View 3D View Save Prediction

DiscoTope Prediction

A 4

A 4

Downloads as csv

[ — Threshold =-3.7 EEm Positive prediction [ Negative predictionl

10

_20 L i L 1 I L L I 1 I L L L 1 I L
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440
Position

2023 IEDB User Workshop

Adjustable threshold
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DiscoTope - Example

DiscoTo Result

DiscoTope 2. diction for structure: 1240 & Chain ID: A

The positive s are displayed in green

Chain ID Residua ID Residues Nama Contact Number Propensity Score Discotope Score
A 108 ASN 7 -4 287 -5.749
A 109 PRO T 3.77 4,141
A 110 TRP 3 -5.522 -1.532
A m THR i 5226 -5 085
A 1z GLU 2 5.1 -4 Td4
A 13 TYR 0 5497 7584
A 114 MET 20 -5.295 -10.526
A 115 ALA 10 -7.532 <T.B16
A 116 LYS 3 -11.888 =13.166
A 17 TYR 33 -11.038 -13,564
A 118 ASP 12 -8.15 -8.478
A 118 ILE 35 10419 «13.248
A 120 GLU 10 5657 «7.0432
A 121 GLU 13 -5.018 -2.937
A 122 WAL 30 -8.676 11.128
A 123 HIS 43 =10.181 -13,938
A 124 GLY 17 =4 BTE 52T
A 125 SER 25 312 -5 620
A 126 GLY a 805 ~10.82
A 127 ILE 345 -12.601 -15.637
A 128 ARG 1) 13272 14 B5
A 129 WAL 25 -9.506 -11.288
A 130 ASP 39 -8.027 -11.589
A e LEU 9 -5.732 -8.408
A 132 GLY 30 -3.241 6318
A 133 GLU 20 -0.565 2.8
A 134 ASP 19 3.255 0,695
A 1315 ALA 28 1.707 -1.709

2023 IEDB User Workshop



DiscoTope — Example

& Imal Viewer

« ¢ @

IEDB Analysis Resource

Home Help | | Example || Reference Download Contact

JSmol-Rendered PDB Structure
Chart View = Table View = Save Prediction

Model Structure

Chain ID.  Residue ID

A 133
A 134
A 135
A 136
A 137
A 138
A 139
A 140
A 141
A 142
A 162
A 167
A 168
A 196
A 197
A 199
A 200
A 201
A 202
A 203
A 204

e Name:

GLU

GLU
FRO
ASP

GLU

Contact Number
20
19
28
9
26
14
6

23

Propensity Score

-0.565
3.255
1.707
38T

2342

2141
3529

4.393

4.008
-0.296
0.275
-0.359
0.325
0.233

0.977

=
e

2394

2272

2544

Discotope Score
-28
0.695
-1.708
239
0.917

0433

0478
2,508
-2 088
3662
-0.262
-0.907
0.548
-2128
-1.356
01471
-1.867
-0.986
1.551

2.136

View
CPK
CPK
CPK
CPK
CPK
CPK
CPK
CPK
CPK
CPK
CPK
CPK

CPK
CPK
CPK
CPK
CPK

CPK
CPK

2023 IEDB User Workshop

Yellow = Predicted epitope
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B Cell Prediction Tools on IEDB

IEDB Analysis Resource

| 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 ttzjollection 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-acce

ity and flexibility.

Methods for modeling and decking 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

4 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:rovides 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.

#h : Tools under AR L abs which are expenimental and are not guite ready for production yet. They are intended for further research, updafes and testing.

2023 IEDB User Workshop

39



ElliPro

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

* Implements three algorithms:

e Approximation of the protein shape as an ellipsoid (Thornton’s method)
e (Calculation of the residue protrusion index (Pl)

e Clustering of neighboring residues based on Pl values

EMBO J. 1986 Feb,5(2):409-13.

Location of 'continuous’ antigenic determinants in the
protruding regions of proteins.

Thornton M, Edwards MS, Taylor WE, Barlow D

PMID: 2423325 PMCID: PMC11667468 BMC Bioinformatics. 2008 Dec 2;9:514. doi: 10.1186/1471-2105-9-514.

ElliPro: a new structure-based tool for the prediction of antibody
epitopes.

Ponomarenko J?, Bui HH, Li W, Fusseder M, Bourne PE, Sette A Peters B.

PMID: 19055730 PMCID: PMC2607291 DOL 10.1185/1471-2105-9-514
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ElliPro

IEDB Analysis Resource

Home

Help

Example

Reference

Download

Contact

Minimum score:

Enter PDB ID(s) or upload PDB file
Browse...

ElliPro: Antibody Epitope Prediction

Specify Sequence(s)

J|

No file selected.

Select Epitope Prediction Parameters

0.5 |~ | (Default is 0.5)

|

A 4

- Identify structure
' Input PDB id or upload file

Select min. Pl value

Maximum distance (Angstrom):

6§ ~ | (Default is 6)

' » Averaged over epitope
. residues

' e Higher scores predict

| Specify max distance for predicting
| (grouping) discontinuous epitopes

2023 IEDB User Workshop

fewer epitopes

____________________________________________

Longer distances predict

: discontinuous epitopes spanning
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ElliPro — Example

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

ElliPro: Antibody Epitope Prediction

Specify Sequence(s)

5LYM
Enter PDB ID(s) or upload PDB file : i
Browse...  No file selected.

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

Maximum distance (Angstrom). 6 | (Defaultis 6)

Select Epitope Prediction Parameters

NB: for multimeric complexes,
calculations are made for
each monomer independently
—> give each monomer the
same chain ID

| Home || Help || Example || Reference || Downleoad || Contact |

Select chain(s) of interest

A

ElliPro: Antibody Epitope Prediction

Select PDB chain(s) for calculation
Input pdb id: 5LYM
Number of chain(s) found: 2

Select No. Chain Chain type Number of residues

1 A Amino acid 129
] 2 B Amino acid 129
Submit = Reset

2023 IEDB User Workshop
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ElliPro — Example

IEDB Analysis Resource

|_ Home | Help \ Example | Rafamme__\ ‘ Download ‘ Contact |

Input Sequences: 5LYM
Chain: A

KVFGRCELAR AMHRHGLDNY RGYSLGNWVC ARKFESNFNT QATNRNTDGS TDYGILQINS
61 RWWCNDGRTP GSRNLCNIPC SALLSSDITA SVNCAKKIVS DGNGMNAWVA WRMNRCHGIDV
121 QAWIRGCRL

Predicted Linear Epitope(s):

No. Chain Start End Peptide Number of residues Score 3D structure

[Fa A 5 | s ANTDGS 3 078 View
2 . A 12 129 - RNRCKGTDVQAWIRGCRL . 18 0.771 | \ﬁew
3 A 100 103 - SOGN . 4 078 | View °
4 l A l B4 l & l CHNDGRTPGSRNLCNIPCS l 18 ‘ 0.666 ‘ | View B VI ew 3 D St ru Ctu re
5 I A I 1 I T I KVFGRCE I T ‘ 0.597 ‘ View
] A 13 23 - KRHGLDNYRGY . 1 0.574 \,‘]ew
T A 85 28 S5l 4 0.504 ‘ | View

Predicted Discontinuous Epitope(s):

Residues Humber of residues Score 3D structure
1 : A:S100, AD101. A:G102, A:N103, A:N10E | 5 0.727
2 . AT, AVZ, AF3, AGE, ARS, AICE, AET, AIF3E, AN3S, AT40, ATQ41, AtA4Z, AISES, ASEE, ADET, AUBE, AIRNTIZ, ANIIZ, AIRTI4, A:CTIS, AKIE, AGNT, ATTHE, ADIS, A:Q121, AAT2Z, AlN24, ARTZS, AXG126, AIC127, ACR128, ALL1Z9 . 32 ‘ 0.857
3 I AR4S, AN4E, AT4T, A:D48, A:G49, AIS50, AINSY, A:SE0, ARE1, AWE2, AWE3, ACE4, AINES, ADES, A:GET, A:RES, ATTES, APTO, A:GT1, AlST2, ART3S, AINT4, ALLTS, AICTE, ANTT, AclTE, APTY, ASE1 I 28 I 0848
4 I AA10, AKT3, AR14, AGTE, ALLIT, ADTE AIN1S, ATY20, AR21, AG22 ATY23 AS24 I 12 ‘ 0.584

| Click here to view residue scores

| Dovinload pdb file
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ElliPro — Example

2023 IEDB User Workshop

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

10

Chain A (1 - 129)

= Threshold

H
120 140
Position
Data table
1 A 1 Lvs 0.705
2 A 2 WAL 0.705
3 A 3 PHE 0.355
4 A 4 GLY 0.597
5 A 5 ARG 0.527
& A & C¥5S 0.628
T A T GLU 0.625
] A ] LEU 0.155
9 A 9 ALA 0271
10 A 10 ALA 0.527
11 A 11 ALA 0333
12 A 12 MET 0.093
13 A 13 LS 0628
14 A 14 ARG 0775
15 A 15 HIS 0.485
16 A 16 GLY 0.527
AT A AT 1E1 nAdcec
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Summary — B Cell Epitope Predictions

 The IEDB hosts numerous B cell epitope prediction tools

e Our recommended sequence-based epitope prediction
tool is the ML model Bepipred-2

e When a structure or good model for the antigen is
available, we recommend one of our two structure-
based methods, DiscoTope and ElliPro

e The PDB can be used to retrieve structures to input, as
well as computational models when structures haven’t
been solved yet
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Practice Exercise

e Use BepiPred and DiscoTope to predict B cell epitopes of
dengue 2 virus envelope glycoprotein

e Download crystal structure and sequence of dengue 2
virus envelope glycoprotein from PDB (PDB ID: 4UTC)

2023 IEDB User Workshop
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Practice Exercise

Input Sequences

421 LGLDSTRTGH HH

Bepipred Linear Epitope Prediction Results

1 MRCIGISNRD FVEGVSGGSW VDIVLEHGSC VTTMAKNKPT LDFELIKTEA KOPATLRKYC
61 IEAKLTNTTT ESRCPTQGEP SLMEEQDK RFICKHSMVD RGWGNGCGLF GKGGIVTCAK
121 FTCKKNMEGK IVQPENLEYT IVITPHSGEE HAVGNDTGKH GK EIKITP QSSTTEAELT
181 GYGTVTMECS PRTGLDFNEM VLLQMEDKAW LVHROWFLDL PLPWLPGADT QGSNWIQKET
241 LVTF KNPH AKKQDVVVLG SQEGAMHTAL TGATEIQMSS GNLLFTGHLK CRLRMDKLQL
301 KGMSYSMCTG KFKIVKEIAE TQHGTI VI RVQYEGDGSF CKIPFEITDL EKRHVLGRLI
361 TVNPIVTEKD SPVNIEAEPP FGDSYIIVGV EPGOLKLNWL RPLESRGP FEGKPIPNPL

Center position: 4 Window size:7 Threshold:0.35

Recalculate |

20 ™

:' ll‘l .“u

0.0

w

Score

-2.0

—

-+

| B T T T T

i

L L

Average: 0.188 Minimum: -1.776 Maximum: 1.900

Position

i L L L I I I i i i i i i
0 20 40 60 B0 100 120 140 160 180 200 220 240 260

780 300 320 340 360 380

400 420 440

2023 IEDB User Workshop

Too many epitope
candidates?

48



Practice Exercise

Bepipred Linear Epitope Prediction Results

Input Sequences

1 MRCIGISNRD FVEGVSGGSW VDIVLEHGSC VTTMAKNKPT LDFELIKTEA KOQPATLRKYC
61 IEAKLTNTTT ESRCPTQGEP SLNEEQDK RFICKHSMVD RGWGNGCGLF GKGGIVTCAK
121 FTCKKNMEGK IVQPENLEYT IVITPHSGEE HAVGNOTGKH GK EIKITP QSSTTEAELT
181 GYGTVTMECS PRTGLDFNEM VLLOMEDKAW LVHROWFLDL PLPWLPGADT QGSNWIQKET
241 LVTF KNPH AKKQDVVVLG SQEGAMHTAL TGATELIQMSS GNLLFTGHLK CRLRMDKLQL
301 KGMSYSMCTG KFKIVKEIAE TQHGTI VI RVOYEGDGSP CKIPFEITDL EKRHVLGRLI
361 TVNPIVTEKD SPVNIEAEPP FGDSYIIVGV EPGOLKLNWL RPLESRGP FEGKPIPNPL

421 LGLDSTRTGH HH

Score threshold of
0.9 corresponds to
90% specificity

Center position: 4 Window size:7 Threshold:0.9 Recalculate |

il

20

10

05

0.0

Score

'S | A . A i i it ke ke A A - ' .
0 20 4 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440
Position

Average: 0.188 Minimum: -1.776 Maximum: 1.900

2023 IEDB User Workshop



Practice Exercise

DiscoTope: Structure based antibody prediction.

DiscoTope 2.0 prediction for structure: 4utc & Chain ID: A
Threshold: -3.7 Change  Table View 3D View @ Save Prediction

DiscoTope Prediction

[ — Threshold = -3.7 E Positive prediction 1 Negative pn:dlctmn‘

Score

=15

20535 % &0 ® 100 120 140 160 180 200 220 240 360 280 300 320 40 30 310 300
Position

2023 IEDB User Workshop

Did you notice the
length difference
between BepiPred
(length 422) and
DiscoTope (length
391) outputs?
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Practice Exercise

Protein alignment

&

&

4UTC A
qUTC_A
4UTC A
qUTC_A
4UTC_A
4UTC_A
4UTC_A
4uTC
4UTC

4UTC

A
A
A
4UTC_A
4UTC_A
4UTC_A
4UTC_A
4UTC A
4UTC_A
AUTC A
A

4uTC

seqres
atomse
seqres
atomse
seqres
atomse
seqres
atomse
seqres
atomse
seqres
atomse
seqres
atomse
seqres
atomse
seqres

atomse

1

1
51
3l
191
lel
151
151
201
199
251
249
301
297
351
347

401

Mucleotide alignment ‘ Web services ‘ Help & Documentalion

Fessssscra s S eSS EE SRS SRR

MACIGISNRDFVEGYSGGSWYDIVLEHGSCVT TMAKNKPTLOFELIKTEA

NNy
MACIGISNRDFVEGVSGGSWYDIVLEHGSCVT TMAKNKPTLDFELIKTEA

KOPATLRKYCIEAKLTNTTTESRCPTOGEPSLNEEQDKRF ICKHSMVDRG

PRI R R e gl
KOPATLRKYCIEAKLTNT TTESRCPTOGEPSLNEEQDKRF ICKHSMVDRG

WGNGCGLFGRGGIVTCAKFTCKKNMEGKIVOPENLEYTIVITPHSGEEHA

LERRRR R R iR i i inineninilnnl
WGNGCGLFGRGOIVTCAKFTCKKNMEGKIVOPENLEYTIVITPHSGEEHA

VGNDTGKHGKE IKITPOSSTTEAELTGYGTVTMECSPRTGLODFNEMVLLG
LRI RRRR T RR R R n g nnannngy sepeinill
VGNDTGKHGKE IKITPOSSTTEAELTGYGTVTMECSPRT - - DFNEMVLLO

MEDKAWLVHROWFLDLPLPWLPGADTOGSNWIOKETLVTFENPHARKQDY

CERORR R Rt e n e eneniinnl
MEDKAWLVHROWF LDLPLPWLPGADTOGSNWI QKETLVTFKNPHAKKQDV

VVLGSOEGAMHTALTGATEIQMSSCGNLLFTGHLEKCRLRMDELOLKGHMSYS

R R
VVLGSOEGAMHTALTGATEIQMSSGNLLF - -HLKCRLRMDKLOLKGMSYS

MCTOKFKIVKEIAETOHGTIVIRVOYEGDGSPCKIPFEITDLEKRHVLGR
RN ARy
MCTGKFKIVKEIAETOHGTIVIRVOYEGDGSPCKIPFEITOLEKRHVLGR
LITVNPIVTEKDSPYNTIEAEPPFGDSY I IVGVEPGOLKLNWLRPLESRGP
RN
LITVNPIVTEKDSPYNIEAEPPFGDSYIIVGVEPGOLKLNWLRPL- - - - -
FEGKPIPNPLLGLDSTRTGHHH 422

...................... 391

50

568
186
160
158
158
208
198
258
248
Lt
296
3se
346
460
391

2023 IEDB User Workshop

There might be missing
residues in PDB
coordinate file
compared to the
sequence file provided
by PDB
These missing residues
are not resolved
properly in the
structure

e e.g. flexible loops
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Practice Exercise

4UTC_A BepiPred
4UTC A Discolope
4UTC_RA BepiPred
4UTC_A Discolope
4UTC A BepiPred
4UTC_A DiscoIope
4UTC A BepiPred
4UTC_A Discolope
4UIC_A BepiPred
4UTC_R DiscoIope
4UTC_A BepiPred
4U0TC_A Discolope
4UIC_A BepiPred
4UTC A DiscoTope
4UTC_A BepiPred
4UIC A Discolope

4UTC_A_BepiPred

1

51

2l

101

101

151

151

201

199

251

249

301
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Epitope residues from 3D
B cell assay 3319631 (PDB
ID: 2R69) were mapped
on Dengue envelope
glycoprotein
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IEDB in Dengue envelope
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