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Outline of topics

B cell epitope biology recap
Prediction tools on IEDB
Linear sequence-based epitope prediction methods

Discontinuous 3D structure-based epitope prediction methods

A S

Computational antibody design
a. Antigen and Antibody structure modelling

b. Antibody-protein docking
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Example: Ab binding HA1 ~ pptigen

PDB ID: 1EOS8 Hemagglutinin HA1 Chain
from Influenza A Virus

Antibody
Light Chain

Antibody — L~Co

Heavy Chain
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Discontinuous epitope Antigen

. Hemagglutinin HA1 Chain
PDB ID: 1EO8 from Influenza A Virus

Antibody
Light Chain

Heavy Chain

2019 IEDB User Workshop



Discontinuous epitope Antigen

. Hemagglutinin HA1 Chain
PDB ID: 1EO8 from Influenza A Virus

Paratope

Antibody
Light Chain

Antibody —— \
Heavy Chain
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Discontinuous epitope
PDB ID: 1EO8

Discontinuous
Epitope
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B cell epitopes

PDB ID: 1VXG Antigen e Protein antigens usually
Sperm whale myoglobin contain both linear &
| discontinuous epitopes

e “Linear” aka sequential or
<«— Epitope continuous

e “Discontinuous” aka non-
sequential or
conformational epitopes

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

*Barlow et al, Nature. 1986.
*Van Regenmortel, Methods. 1996.
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B cell prediction tools on IEDB

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

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 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:rovides weekly ufpdated, non-redundant, user customized benchmark datasets with information on the immune receptor
features for receptor-specific epitope predictions. This tool extracts wenaklifI 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.

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

2019 IEDB User Workshop



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

* 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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Sequence-based epitope prediction

Linear epitope prediction:

 Amino acid physicochemical properties-based methods
* Features which have been correlated with the location of continuous epitopes
e B-Turns (Chou & Fasman)
e Surface Accessibility (Emini)
e Flexibility (Karplus & Schulz)

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

* Hydrophilicity (Parker)

* Only provide information on protein regions which are likely to be
accessible for antibody binding

2019 IEDB User Workshop 10



Linear epitope prediction

Linear epitope prediction methods:

 Machine learning algorithms
e Positive and negative training datasets are used

e 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)

* Prediction accuracy is optimized

2019 IEDB User Workshop
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B cell prediction tools on IEDB

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

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 t‘:jollection of methods to predict linear B cell e pes 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:rovides weekly ufpdated, non-redundant, user customized benchmark datasets with information on the immune receptor
features for receptor-specific epitope predictions. This tool extracts wenaklifI 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.

. : Tools under AR [ abs which are expenimental and are not quite ready for production yet. They are intended for further research, updafes and testing.
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Linear B cell prediction

IEDB Analysis Resource

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

Antibody Epitope Prediction

Specify Input

Enter a Swiss-Prot 1D (example: P0O2185)

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

Choose a method:

® Bepipred Linear Epitope Prediction L| N kS to h e I p ta b
O Bepipred Linear Epitope Prediction 2.0
O Chou & Fasman Beta-Turn Prediction

O Emini Surface Accessibility Prediction
0 Karplus & Schulz Flexibility Prediction

O Kolaskar & Tongaonkar Antigenicity
0O Parker Hydrophilicity Prediction

2019 IEDB User Workshop

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

1. Input protein sequence

Entry allowed via Swiss-
- Prot ID or plain format

...............................................................

2. Select prediction
method

BepiPred is the default &
recommended method

...............................................................
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Visit Help & Reference tabs to learn about a
prEdiCtiOn mEthOd http://tools.iedb.org/bcell/

IEDB Analysis Resource

‘ Home | Help ‘ Example 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 2 IED B AnaIYS|S Resource

have been correlated with the location of continuous epitopes. This has led to a search for empirical rules that
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
considered. In other words, for a window size n, the / - (n-1)/2 neighboring residues on each side of residue i

i. Unless specified, the score for residue /s the average of the scale values for these amino acids (see table 1 References
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 2 BepiPred score or a residue score on the Karplus and Schulz flexibility scale; while the X-axes|  choy & Fasman Beta-Turn Prediction:
sequence. The tables provide values of calculated scores for each residue. The larger score for the residues m N
might have a higher probability to be part of epitope (those residues are colored in yellow on the graphs). Howe

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

Chou PY, Fasman GD. 1978. Prediction of the secondary structure of proteins from their amino acid sequence. Adv Enzymol Relat Areas Mol Biol

the epitopes per se, either linear or discontinuous, - they might only guide the researchers to further explore the 2’11%713%%941
epitopes. e
Table 1. Implemented methods 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 Viro/ 55:836-839.

-
— PMID: 2991600 -
Cheou and Fasman beta turn prediction
s Reference: Chou PY, Fasman GD. Prediction of the secondary structure of proteins from their amino acid s Karplus & Schulz Flexibility Prediction:
Biol. 1978:47:45-148. - - . . ’
« Description: The rationale for predicting tumns to predict antibody epitopes is based on the paper by Pelleque Karplus PA, Schulz GE. 1985. Prediction of chain flexibility in proteins. Naturwissenschaften 72:212-213.
83-99. Instead of implementing the turn scale of that paper which has some non-standard properties, we de Naturwissenschaften
which is commonly used to predict beta turns as described in the reference link above.

Kolaskar & Tongaonkar Antigenicity:

Kolaskar AS, Tongaonkar PC. 1990. A semi-empirical method for prediction of antigenic determinants on protein antigens. FEBS Left276:172-174.
-

PMID: 1702393

Scale:
A C D E F G H | K L M N P Q@ R S T V wW
0.66(1.19|1.46|0.74|0.6| 156095047 [1.01(0.59|0.6| 156|152 |0.88(0.95(143|0.96(0.5(0.96(1.14

Parker Hydrophilicity Prediction:
Emini surface accessibility scale Parker JM, Guo D, Hodges RS. 1986. New hydrophilicity scale derived from high-performance liquid chromatography peptide retention data: correlation of

« Reference: Emini EA_Hughes JV. Perlow DS, Boger J. Induction of hepatitis A virus-neutralizing antibody by E.rﬁ‘d[l)ctgggso%ﬁce Tesidues with antigenicity and X-ray-derived accessible sites. Biochemistry 25:5425-5432.

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 fractior  Bepipred Linear Epitope Prediction:
from 1 to 6. A hexapeptide sequence with Sn greater than 1.0 indicates an increased probability for being fol | arsen JE, Lund O, Nielsen M. 2006. Improved methad for predicting linear B-cell epitopes. Immunome Res 2:2.

Scale: PMID: 16635264

Ponomarenko JV, Bourne PE. 2007. Antibody-protein interactions: benchmark datasets and prediction tools evaluation. BMC Struct Biol 7:64.
0.49(0.26|0.81|0.84|0.42 | 0.48 | 0.66 [0.24 | 0.97 [ 0.4|0.48 | 0.78 | 0.75 | 0.84 | 0.95 | 0.65 | 0.7 | 0.36 | 0.51| 0.76 PMID: 17910770 &
Karplus and Schulz flexibility scale Haste Andersen P, Nielsen M, Lund O. 2006. Prediction of residues in discontinuous B-cell epitopes using protein 3D structures. Profein Sci 15:2558-2567.

* Reference: Karplus PA, Schulz GE. Prediction of Chain Flexibility in Proteins - A tool for the Selection of Peg  PMID: 17001032 T
- 1985; 72:212-3.

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 rssue) 2:2.

PMID: 28472356 ™
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Linear B cell prediction -example

IEDB Analysis Resource

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

Antibody Epitope Prediction

Specify Input

Enter a Swiss-Prot 1D (example: PO2185)

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

VLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRFKHLKTEAEMKASE
DLKKHGVTVLTALGAILKKKGHHEAELKPLAQSHATKHKIPIKYLEFISEAIIHVLHSRHPGN
FGADAGGAMNKALELFRKDIAAKYKELGYQG

Choose a method:

@® Bepipred Linear Epitope Prediction

O Bepipred Linear Epitope Prediction 2.0

O Chou & Fasman Beta-Turn Prediction
O Emini Surface Accessibility Prediction
O Karplus & Schulz Flexibility Prediction
O Kolaskar & Tongaonkar Antigenicity
O Parker Hydrophilicity Prediction

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

Example Sequence

Sperm Whale Myoglobin
Swiss-Prot ID P02185

2019 IEDB User Workshop
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Predicted peptides:

No. Start End Peptide Length
' |l predicti le | oLl
Linear B cell prediction -example | : . & ..
. 3 37 a1 PETLE 5
http://tools.iedb.org/bcell/ s s | w | eweson | 9
5 80 84 GHHEA 5
. . \ .. 6 a7 &7 K 1
Bepipred Linear Epitope Prediction Results e e R 5 1
Input Sequences E 91 96 QSHATK &
1 VLSEGEWQLY LHVWAXVEAD VAGHGQDILT RLFXSHPETL EKFDRFKHLK TEAEMKASED 9 118 | 131 | HPGNFGADAGGAM | 13
61 LKKHGVTVLT ALGAILKKKG HHEAELKPLA QSHATKHKIP IKVLEFISEA ITHVLHSRHP
121 GNFGADAGGA MNKALELFRK DIAAKYKELG YOG L s LGYQ 4
Center position: 4 | Threshold:0.350 |: AdJUStable th FEShO|d Predicted residue scores:
15 : : | | : : Position Residue Score Assignment
: 1 v 0121
' 2 L 0.476 E
3 5 0.168
4 E 0.198
: . : 5 G -0.180
B E 0255
7 W 0.412
8 0 0631
5 L | a2
p T am
11 L 1784
12 H -1.496
: 13 v 1619
20 i i . . . ; i
0 20 0 &0 B0 100 120 140 160 14 W 1079
Position 15 A 0,829
18 K 0179
Average: -0.105 | Minimum: -0.028 Maximum: 1.390 17 v 0,102
. 18 E 0.131
. 19 A 0.516 E
Average score of a protein chosen as a threshold by 2w o o e
21 v 0.805 E
default 2 | a s E
23 G 1.003 E
2019 IEDB User Workshop 24 H 0705 E
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Method comparisons http://tools.iedb.org/beell/

Chou & Fasman Beta-Turn Prediction Results Karplus & Schulz Flexibility Prediction Results
Input Sequences Input Sequences
1 VLSEGEWQLV LHVWAKVEAD VAGHGQDILI RLFKSHFETL EKFDRFEHLE TEAEMERSED 1 VLSEGEWQLYV LHVWAKVEAD VAGHGQDILI RLFESHPETL EEKFLDRFEHLE TEREMERSED
§1 LKEHGVIVLT ALGAILKKKG HHEAELKPLA QSHATKEKIF IKYLEFISEA IIHVLHSRHF 61 LKKHGVIVLT ALGAILKKKG HHEAFLKPLL (SHATKHKIP IKYLEFISER IIHVLHSRHE
121 GNFGADAGGA MNERLELFRK DIARKYKELG YQG 121 GNFGADAGGA MNKLLELFRE DIARKYKELG YQG
Center position: 4 Window size: 7 Threshold:0.903 Recalculate Center position: 4 Window size:7 Threshold:0.988 Recalculate
L2 T ! T ! ! ; 108 ! !

T
— Threshold

T
— Threshold

104 b ...

: : : : : : 102 |-
: 100 _
° ) ) "
g g 098 ..
0.9
096 L. .-
; . |Bepipred Linear Epitope Prediction Results
: : Input Sequences
G : : 1 VLSEGEWQLV LHVWAKVEAD VAGHGQDILI RLFKSHPETL EKFDRFKHLK TEAEMEASED : : : : : : :
) 20 a0 61 LEHHGVIVLT ALGAILKKKG HHEAELKPLA QSHATKHKIP IKYLEFISEA IIHVLHSRHP 20 a0 60 80 100 120 140 160
121 GNFGADAGGA MNHALELFRE DIAAKYKELG YQG Eesitam
Center position: 4 Threshold:0.350 Recalculate
Average: 0.903 Minimum: 0.626 Max; inimum: 0.901 Maximum: 1.059
13 ! ! ! ! !

T
— Threshald

It is better to use
= consensus of
H s different methods

rather than relying
on a single method

20 a0 0 B0 100 120 140 160
Position

Average: -0.105 Minimum: -0.028 Maximum: 1.350
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Sequence-based epitope prediction

e Evaluation of amino acid scales: no method gave AUC

above 0.60

2019 IEDB User Workshop

J Mol Recognit. 2007 Mar-Apr;20(2).75-82.

Towards a consensus on datasets and evaluation metrics for
developing B-cell epitope prediction tools.

Gresnbaum JA' Andersen PH, Blythe M, Bui HH, Cachau RE, Crowe J, Davies M, Kolaskar A5, Lund O,

Morrison 5, Mumey B, Ofran Y, Pellequer JL, Pinilla C, Ponomarenko JV, Raghava GP, van Regenmortel
MH, Roggen EL, Sette & Schlessinger A, Sollner J, Zand M, Peters B.

FMID: 17205610 DOI- 10.1002/jmr.215
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3D Structures of Ab-Ag complexes

Methods for 3D structure determination:
e X-ray crystallography (provides the most accurate identification of epitopes)
* Nuclear magnetic resonance (NMR)

e Electron microscopy (EM)

Where to get 3D Ab-Ag complexes??
e |[EDB 3D export (1790 3D BCR assays)

—>SCEptRe (for annotation and redundancy removal)

Where to get 3D coordinates of proteins?

e Biomolecular 3D structural data is deposited into PDB (Protein Data Bank)

2019 IEDB User Workshop
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3D Structure-based epitope prediction

Discontinuous epitope prediction

e Structure-based epitope prediction using:

e Geometrical properties combined with amino acid scales (DiscoTope,
ElliPro, CEP)

e Geometrical properties and amino acid scales used as input to machine
learning approaches (EPSVR)

* Protein-protein docking algorithms

e Sequence-based epitope prediction using
 Machine learning approaches (CBTope)

2019 IEDB User Workshop
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B cell prediction tools on IEDB

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

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 t‘:jollection of methods to predict linear B cell e pes 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:rovides weekly ufpdated, non-redundant, user customized benchmark datasets with information on the immune receptor
features for receptor-specific epitope predictions. This tool extracts wenaklifI 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.

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

2019 IEDB User Workshop



DiscoTope

e 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 Amino acid occurrence
« Number of contacts within 10A
* Area of relative solvent accessibility

e AUCO0.71 for DiscoTope 1 and 0.73 for 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):21002829. doi: 10.1371/journal pchi. 1002829, Epub 2012 Dec 27.
" 1 . . .- .

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

PMID: 17001032 FPMCID: PMC2242418 DOl 10.1110/ps.062405906 development and improved benchmarking_

DiscoTope 1 Kringelum JV', Lundegaard C, Lund O, Nielsen M.

FMID: 23300419 PMCID: PMC3531324 DOl 10.1371/journal. pcbi. 1002829

2019 IEDB User Workshop 22



DiscoTope

IEDB Analysis Resource

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

Home

Help

Example

Reference

Download

Contact

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

(example: 1z40)

Step 2: Please enter PDB Chain 1D

Step 3: Select version

a

11|~

No file selected.

DiscoTope: Structure-based Antibody Predictio

i)

Tldentify structure

 Input PDBid
- or upload file

....................................

2019 IEDB User Workshop

Specific to the protein chain of interest

23



Search in PDB to identify inputs

http://www.rcsb.org/

RCSB PDB

Deposit + Search ~ Visualize ~ Analyze ~ Download ~ Leam ~ More ~

PROTEIN DATA BANK Researchand Education Advanced Search | Browse by Annotations

oRLD

i PDB-101 Eg,pﬁ.B g&mnﬂu .@[‘Bmmm Proseh o Bank

FRIN BATA DATRBASE Foundatan

- 156954 Biological
s Macromolecular Structures Search by PDB ID, author, macromolecule, sequence, or ligs
- Enabling Breakthroughs in

Search Options
Search by Sequences

Choose Option A or B fo search for protejn and nucleic acid sequences. Read
Tutorial IAdvanced Sequence Searching I

I NOTE Parameters: BLAST method, E-value cutoff: 10.0, Mask Low Complexity: On.

Drill Down by
Categories

A Welcome

Advanced Search

#» Deposit
Sequences

Ligands

Option A” Use PDB Sequence or Option B: Paste Sequence

Drugs & Drug Targets
Enter PDB 1D Enter Sequence
Unreleased & New

Entries

Lal Visualize

Select Associated Chain .

Analyze Browse by Annotation

PDB Statistics

#» Download

Run Sequenc

Bl Leamn

2019 IEDB User Workshop
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Search in PDB to identify inputs

RCSB PDB  Deposit + Search ~

PROTEIN DATA BANK

Visualize ~

156954 Biological

o
cPDB
\i) Enabling Breakthroughs in

Macromolecular Structures

Research and Education

Download ~ Learn ~ More -

Analyze -

Search by PDB ID, author, macromolecule, sequence, or ligz H

Advanced Search | Browse by Annotations

Ellnwlnl . i _|_'| Wiarldwmide
SPDB &Lmﬂm. UJm'" Prssn Dna Bk

3D View Annotations Sequence Sequence Similarity Structure Similarity Experiment

http://www.rcsb.org/

Biological Assembly 1

& 3D View: Structure | Electron Density |
Ligand Interaction

Standalone Viewers
Protein Workshop | Ligand Explorer

Global Symmetry: Asymmeiric - C1

1240

AMA1 from Plasmodium falciparum
DOI: 10.2210/pdb1Z40/pdb

Classification: UNKNOWN FUNCTION

Organism(s): Plasmodium falciparum (isolate 3D7]
Expression System: Escherichia coli BL21(DE3)

Deposited: 2005-03-14 Released: 2005-08-16
Deposition Author(s): Bai, T, Becker, M., Gupta, 4
Batchelor, A.H.

Experimental Data Snapshot wwPDB vVal
Method: X-RAY DIFFRACTION
Resolution: 1.901 A
R-Value Free: 0.236 o
Ramachandran
R-Value Work: 0.192 sidechain
RSRZ

2019 IEDB User Workshop

& Display Files =

FASTA Sequence

PDB Format

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 (DSMNB)
fo-fc Map (DSNE)
Map Coefficients (MTZ format)

@® Download Files ~

25



Search in PDB to identify inputs

http://www.rcsb.org/

(]
RCSB PDB Deposit ~ Search ~ Visualze ~ Analyze ~ Download ~ Leamn ~ More ~
Macromolecules
Find similar proteins by: Sequence | Structure
Entity ID: 1
Molecule Sequence Length QOrganism Details
apical membrane antigen 1 336 Plasmodium Mutation(s): 0
precursor falciparum (isolate
3D7)
Find proteins for Q7TKQKS (Plasmodium falciparum (isolate 3D7)) Go to UniProtkB:
e
Protein Feature View C‘ Full Protein Feature View for | arkaks
g
O7KOKS
ue ) s el s e ol e s e
o e e iRt JHLE MR UL L
1740E * - B =8 =1
+
What if the 3D structure of a protein of your interest is not

available in PDB?
> Homology or comparative modeling methods, servers and databases

2019 IEDB User Workshop
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DiscoTope -example

IEDB Analysis Resource

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

DiscoTope-1.1

Home

Help

Example

Reference

Download Contact

Score Sensitivity Specificity

Step 3: Select version

DiscoTope: Structure-based

Step 1- Please enter the 4-letter PDBID 1240
Or upload a PDB file

(exampld: 1z40)

Browse... | Noffile selected.

Step 2: Please enter PDB Chain D A

Antibody Prediction

Defau

DiscoTope-2.0

Score Sensitivity Specificity

2019 IEDB User Workshop

Default |
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DiscoTope -example http://tools.iedb.org/discotope/

IEDB Analysis Resource

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

DiscoTope: Structurgmeased antibody prediction. 1D load
DiscoTope 2.0 prediction for re: 1240 & Chain ID: A : Oownloaas as Csv
Threshold: -3.7 Change Table View 3D View Save Prediction
DiscoTope Prediction .
T = — 1 Adjustable threshold

10

10} ..

-5 k..

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

2019 IEDB User Workshop



DiscoTope -example

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

DiscoTo Result

DiscoTope 2. diction for structure: 1z40 & Chain ID: A

The positive s are displayed in green

Chart View | 3D View | Save Prediction
Chain ID Residue ID Residus Name Contact Number Propensity Scone Discotope Score

A 108 ASN 17 -4 287 -5.749
a 109 PRO 7 -3.77 4141
A 110 ' TRE [ 23 -5.522 7532
A 1 THR 4 5296 -5 0BBS
A 112 GLU 2 5.1 4744
A 13 TYR 20 -5.97 -7.584
A 114 MET 20 -9.205 10,526
A 115 ALA 10 7532 T B8
a 116 LYS b -11,888 -13.166
A 117 TR -11.038 =-13.564
A 118 ' ASP 12 815 478
A 118 ILE 35 -10.419 13,246
A 120 GLU 10 5.B5T 7042
A 121 GLU 13 -5.0189 5837
A 122 VAL 30 -BETE 11129
A 123 His FE 10,181 -13.938
A 124 GLY 17 4 B76 527
A 125 SER 5 -3, 112 -5.629
A 126 ' GLY 3 805 -10.82
A 127 ILE 9 12601 -15.837
A 128 ARG 27 -13.272 -14.85
A 128 WAL 25 8,506 -11.288
A 130 ' ASP 3 8027 11,588
A 13 LEU 9 573z -8.408
A 132 GLY g -3.241 -6.318
A 133 GLU 20 <0.565 -2.8
A 138 | ASP 19 3.255 0.695
A 135 ' ALA 28 1.707 -1.709

2019 IEDB User Workshop
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DiscoTope -example

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

2019 IEDB User Workshop
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Microsoft Game DVR

Jmol Viewer - Mozilla Firefox




B cell prediction tools on IEDB

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

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 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 W§ea 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:rovides weekly ufpdated, non-redundant, user customized benchmark datasets with information on the immune receptor
features for receptor-specific epitope predictions. This tool extracts wenaklifI 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.

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

2019 IEDB User Workshop



ElliPro

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

e Uses Thornton’s Method

* Implements three algorithms:
e Approximation of the protein shape as an ellipsoid
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 0.

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 N, Bourne PE, Sette A Peters B.

PMID: 18055730 PMCID: PMC2607281 DO 10.1186/1471-2105-9-514

2019 IEDB User Workshop
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ElliPro

IEDB Analysis Resource

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

Home Help Example Reference Download Contact

ElliPro: Antibody Epitope Prediction

Specify Sequence(s)

Enter PDB ID(s) or upload PDB file
Browse... | No file selected.

Select Epitope Prediction Parameters

J|

|

— Identify structure
~ Input PDB id or upload file

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

Select min. Pl value
- Averaged over epitope

A 4

(grouping) discontinous epitopes

2019 IEDB User Workshop -

Maximum distance (Angstrom): 6 |~ | (Default is 6) !
S b - residues 5
- Higher scores predict fewer
epitopes ‘
| Specify max distance for predicting |

Longer distances predict
discontinuous epitopes spanning
larger regions



EI I | PrO -exam p|e http://tools.iedb.org/ellipro/

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

ElliPro: Antibody Epitope Prediction

5LYM
Enter PDB ID(s) or upload PDB file

Browse... | No file selected.

Select Epitope Prediction Parameters

Minimum score: 0.5 ~ (Defaultis 0.5)

Maximum distance (Angstromy): 6 |~ (Default is 6)

Home Help Example Reference Download Contact

ElliPro: Antibody Epitope Prediction

Select PDE chain(s) for calculation

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

Se I ECt C h d i N (S) Of inte re St Select No. Chain Chain type Number of residues
1 1| A | Amino acid 129
] 2 B Amino acid 129

# Submit | Reset

2019 IEDB User Workshop




ElliPro -exam

IEDB Analysis Resource

e

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

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

Chain: A

121 QRWIRGCRL

Input Sequences: SLYM

Predicted Linear Epitope(s):

1 EVFGRCELAR AMKRHGLDNY RGYSLGNWVC ARKFESNFNT QATNRNIDGS TDYGILQINS
61 RWWCNDGRTF GSRNLCNIPC SALLSSDITA SVNCAKKIVS DGHNGMNAWVE WRNRCKGIDV

f residues
1 A 45 50 RNTDGS 6 078
2 A 12 128 | RNRCKGTDVQAWIRGCRL 18 077
3 A 100 103 SDGN 4 076
4 A 64 &1 CHDGRTPGSRNLCNIPCS 18 0.666
5 A 1 7 KVFGRCE 7 0.597
6 A 13 23 KRHGLDNYRGY il 0.574
7 A a5 a8 SSDI 4 0.504

Predicted Discontinuous Epitope(s):

Residues

A

View 3D structure

Number of residues Score 3D structure
1 A:S100, AD101, A:G102, A:N103, A:N106 5 0727
2| AKY ANZ, AF3 AGE ARS, ACS AET, AF3S, ANIG, AT, A1, A:A4Z ASES ASSE, ADET, AIBE ARNMZ AN, ARIM4 ACHE AKINE AGHT, ATIE ADMY, AQ121, AA122 AN24 ARIZS, A:G126, ACIZT, ARIZE, AL129 32 0.857
3 AR5, AN4S, AT4T, AD4B, A:G49, AS50, ANSS, ASBD, ARE1, AWS2Z, AJWE3, A:CB4, AINGS, A DES, AGET, ARGE ATES, APTO, AGT1, AST2, AIRT3, AINT4, ALLTS, ACTE, ANNTT, AITE, APTY, ALSE1 28 0548
4| AATD, AKIS AR AGIE ALIT, ADIS ANIG, AY20, AR21, AG22, AY23, A:S24 12 0.554

| Click here to view residue scores

Download pdb file

2019 IEDB User Workshop
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EI I | PrO -exam p|e http://tools.iedb.org/ellipro/

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

10

Chain A (1 - 129)

T
: — Threshold

Score

120 140
Position
Data table
1 A 1 LYS 0.705
2 A 2 WAL 0.705
3 A 3 PHE 0.388
4 A 4 GLY 0597
5 A 5 ARG 0.527
B A B C¥5 0628
7 A 7 GLU 0.628
8 A 8 LEU 0155
9 A 9 ALA 0271
10 A 10 ALA 0527
1 A 1 ALA 0.333
12 A 12 MET 0093
13 A 13 LS 0.628
14 A 14 ARG 0775
15 A 15 HIS 0.465
16 A 16 GLY 0527

2019 IEDB User Workshop



Summary — B cell epitope predictions

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

e Traditional B cell epitope prediction methods largely
predict surface accessibility

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

2019 IEDB User Workshop
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Practice Exercise

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

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

2019 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 AKKOQDVVVLG SQEGAMHTAL TGATEIQMSS GNLLFTGHLK CRLRMDKLQL
301 KGMSYSMCTG KFKIVKEIAE TQHGTI VI RVQYEGDGSF CKIPFEITDL EKRHVLGRLI
361 TVNPIVTEKD SPVNIEAEPP FGDSYIIVGV EPGQLKLNWL RPLESRGP FEGKPIPNPL

Center position: 4 Window size:7 Threshold: 0,35 Recalculate |

20 ™

:' ll‘l .“u

0.0

w

Score

-2.0

Y T LE LE | B T T T T

i

Average: 0.188 Minimum: -1.776 Maximum: 1.900

i L L L I I I i i i i i i Il ' A i L L
0 20 40 60 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

Position

2019 IEDB User Workshop

Too many epitope
candidates?
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Practice Exercise

Bepipred Linear Epitope Prediction Results

Input Sequences

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

421 LGLDSTRTGH HH

0.0

Score

A 4 e

Center position: 4 Window size:7 Threshold:0.9  Recalculate |
20 yre—
s Wreutiond]
15 : ; h |
10 ‘ ‘ I A ‘ =

il

-2.0

Average: 0.188 Minimum: -1.776 Maximum: 1.900

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 #40
Position

2019 IEDB User Workshop

Score threshold of 0.9
corresponds to 90%
specificity
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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 EEm Positive prediction 1 Negative predrctmn'

-15

2000 %0 60 0 100 120 140 160 180 200 220 240 760 380 300 320 340 360 B0 %00
Position

2019 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

% d #

MNucleotide alignment

4UTC
AUTC
AUTC
4UTC
AUTC
4UTC
AUTC
4UTC
AUTC
4UTC
AUTC
4UTC
AUTC
4UTC
4UTC
4uTC
4UTC

4UTC

seqres

atomse

seqres
atomse
seqres
atomse
seqres
atomse
seqres

atomse

seqres

atomse

seqres

atomse

seqres

atomse

seqres

atomse

51
31
181

181

199
251
249
EL:NY
297
351
347

481

MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEA

IIIIIIIIIIIIIIIIIIIIII LEPLEREERL R R nrentrl
GISNRDFVEGVSGGSWYDIVLEHGSCVTTMAKNKPTLDFELIKTEA

KOPATLREYCIEAKLTNTTTESRCPTOGEPSLNEEQDKRF ICKHSMVDRG

CERLETET R e e e et ettt
KOPATLREYCIEAKLTNTTTESRCPTQGEPSLNEEQDKRFICKHSMVDRG

WGNGCGLFGKGGINTCAKFTCKKNMEGKIVOPENLEYTIVITPHSGEEHA

EEELETRLRLETE e et e ettt
WGNGCGLFGKGGIVTCAKFTCKKNMEGKIVOPENLEYTIVITPHSGEEHA

VGNDTGKHGKEIKITPOSSTTEAELTGYGTVTMECSPRTGLDFNEMYLLO

R
VGNDTGKHGKEIKITPOSSTTEAELTGYGTVTMECSPRT - - DFNEMVLLD

MEDKAWLVHROWFLDLPLPWLPGADTOGSNWIQKETLVTFKNPHAKKQDY

FERLETR R LR R e e e e i e el
MEDKAWLVHROWFLDLPLPWLPGADTQGSNWIQKETLVTFKNPHAKKQDV

VVLGSOQEGAMHTALTGATEIQMSSGNLLFTGHLKCRLRMDKLQLKGMSYS

FOERLTRERLELEr et et P el
VVLGSQEGAMHTALTGATEIQMSSGNLLF - - HLKCRLRMDKLOLKGMSYS

MCTGKFKIVKEIAETQHGTIVIRVOYEGDGSPCKIPFEITOLEKRHVLGR
FELLETRTREET e e i e e it
MCTGKFKIVKEIAETOHGTIVIRVOYEGDGSPCKIPFEITOLEKRHVLGR
LITVNPIVTEKDSPVNIEAEPPFGDSYIIVGVEPGOLKLNWLRPLESRGP
FEELETE R e el
LITVNPIVTEKDSPYNIEAEPPFGDSYIIVGVEPGQLKLNWLRPL - - - - -
FEGKPIPNPLLGLDSTRTGHHH 422

---------------------- 391

Web services ‘ Help & Documentation

50
58
108
log
158

258
248
308
296
350
346
488
391

2019 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 DiscoTlope
4UTC_A BepiPred
4UTIC_A Discolope
4UTC A BepiPred
4UTC_RA DiscoTope
4UTC_A BepiPred
4UTC_A Discolope
4UIC A BepiPred
4UTC_A DiscoTlope
4UTC_A BepiPred
4UTC_A DiscoTope
4UTC_A BepiPred
4UIC A Di=scoTope
4UTC_A BepiPred
4UIC A DiscoTlope

4UTC_A_BepiPred

1

51

sl

101

101

151

151

201

199

251

249

301

297

351

347

401

MRCIGISNRDEVEGVSGGSWVDIVLERGSCVITMAKNKPTLDFELIKTER

R NN R RN R R R RN RN NN
MRCIGISNRDEVEGVSGGSWVDIVLERGSCVITMAKNKPTLDFELIKIEA

KOPATLRKYCIEAKLINTTTESRCPTOGEPSLNEEQDKRFICKHSMVDRG

AR NN RN RN N R RN RNE NN R R
KOPATLRKYCIEAKLINIITESRCPTQGEPSLNEEQDKRFICKHSMVIDRG

WENGCELFGHGGIVICAKFI CKKNMEGKIVOPENLEYTIVITPHSGEEHA
PRLEERR et e e e e b et it
WENGCELEGRGGIVI CAKF I CKKNMEGKIVQPENLEYTIVITPHSGEEHA

VENDIGKHGKE IKI TPOSSTTEAELTGYGIVIMECSPRIGLDFNEMVLLO
PRLEERR et e e e e e i el herennitnl
VGENDTGKHGHREIKITPQSSTIERELTGYGIVIMECSPRT—-DFNEMVLLO

MEDHKAWLVHROWFLDLPLPWLPGADTQGSNWIQKETLVIFENPHAKKODV
RN N R N R R NN NN
MEDHAWLVHERQWELDLPLPWLEPGADTOGSNWICKETLVT FEPHAKKODY

VVLGSQEGAMHTALTGATEIQMSSEGNLLFIGHLECRLEMDKLOLKGMSYS
PEREEnn et nntn et e nnbennnlbnenpitnniill
VVLGSQEGAMATALTGATETIQMSSGNLLF--HLKCRLRMDELOLEGMSYS

MCTGKFKIVKEIRETQHGTIVTHVQYIGDGSPCKIPFEITDLEKRHVLGR
PERTERn et et e e i vinnniennntnniinl
MCTGKFKIVEEIAETOBRGT IVIRVOYEGDGSPCKIFFEITDLEKRAVLGR

LITVNPIVIERESEVHIEREPPFGDSY I IVGVE PFGOLKLNWLRPLESRGP
AR AN R R E RN A
LITVNPIVIEEES FVNIEAEPPFGDSY I IVGVEPGOLKLNWLRPL-—-~~

FEGHPIPNPLLGLDSTRIGHHH 422

50

a0

100

100

150

150

200

198

250

300

296

350

348

400

2019 IEDB User Workshop

Predicted
I Correctly predicted

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

43



Practice
Exercise

B owertad

o bk . hdad A A bk

Lipperboand

I3 7 433

AGF
Positien in Reference Antigen (Genome palyproteln)

6

ekl 95

4UTC_A_BepiPred
4UIC_A DiscoTope
4UTC_A_BepiPred
4UTC_& DiscoTope
4UTC_A BepiPred
4UTC_A DiscoTope
4UTC_A BepiPred
4UTIC_A DiscoTlope
4UTC_A BepiPred
4UTC_A DiscoTope
4UTC_A_BepiPred
4UTC_A DiscoTope
4UTC_A BepiPred
4UTC_A DiscoTope
4UTC_A BepiPred
4UTC_A DiscoTope
4UTC_A BepiPred

4UTC_A DiscoTope

1

51

51

10l

101

151

151

201

189

251

248

30l

287

351

347

401

MRCIGISHNRDEVEGVSGGESWVDIVLEHGSCVITMAKNKPTLDFELIKIER
Terrneennnreepren e nrrrrengrannntli
MECIGISMRDEVEGVIGESWVDIVLERGSCVITMAKNKFTLDFELIKIEAR

BN LRKYCIEAKLTNT TTESRCPTOGE PSLNEEQDKRF ICKHSMVDRG
PECELERRE LR R R R it
KPATLRKYCIEAKLINTTTESRCPTQGEPSLNE EQDKRF ICKHSHNNRG

WGNGCGLEGHGGIVICAKFTCKKNMEGKTVOPENLEYT IVI T EHSEEERR
PECEUERRE LR R R R g
FEHEEEL FCKEG TV CAKFTCKINMEGKTVOPENLE YT IVI TPHSGEEHA

WSEREERES+E IK1 TPQSSTTEAELTGYGTVIMECSPRTGLDENEMVLLY
T R R N AN R AT AT
VGNDTGKHGKE IKI TPQSSTTEAELTGYGTVIMECSPRT-~DENEMVLLQ

MEDKAWLVHRQWELDL PLPW L BSREBEGE W I CHE TLVT FKNPHAKKODV
POLEREEE R R R LR g
MEDKAWLVHRQWFLDL PLEWLEGHG SHW I QKE TLVT FKNPHAKKQDV

VVLGSOEGAMHTALTGATEIOMS SGNLLFTGHLKCRLRMDELOLEGHMS TS

TRERRRRRR ey prprnrerennrennntl
VWLGSQEGAMATALTGATEI OMSSGNLLF--HLKCRLRMDKLOLKGMSYS

MCTGHFKIVKE IAETQRGTTVIRVO YIRS K 1 FFE I TDLEKRAVLGR
PECCERERERER R R e et
MCTGKFKIVKE IRETQHGT IVIRVOYEGGSPCKIPFE ITDLEHEHVLGR

LITVNEIVEERDS RN EENEEEEEr S Y 1 IVGVEPGOLKLNWLRFLESRGE

TRLRRRRRE e enrrrennnni
LITVNPIVIEESFVNIEAEFPFGDSYITVGVE PGOLKLNWLREL-——~~
FEGKPIPNFLLGLDSTRIGHHH 422

391

50

50

100

100

150

150

200

188

250

248

300

298

350

348

400

391

Epitope residues from the
IEDB in Dengue envelope
glycoprotein

Predicted
I Correctly predicted

2019 IEDB User Workshop
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3D Structure-based epitope prediction

http://www.ofranlab.org/PEASE

SERVICES PUBLICATIONS CONTACT

HOME LAB MEMBERS

PEASE: Predicting Epitopes using Antibody Seguence
This automated tool predicts the epitope for a given antigen strecture and an antibody sequence.

Upload the structure of the antigen in a PDB format, or choose an existing PDB flle:

®  Antigen Structure: Ircimth Mo file chosen
Antlgen Structure 10:

If the antigen structure Is a computational model, pl pload In addition the antig
In order to identify residues with no coordinates:
Noteé: The antigen sequence should be in & fasta format, and the titke ne should be the chain [D

{e.g. "=C" for antigen chaln C).
Antigen sequence: | Choose File | Ma file chosen

2019 IEDB User Workshop

e Theoretically, the whole
exposed surface of an
antigen can be targeted by
different antibodies

e Antibody sequence based B
cell epitope prediction
method called PEASE was
developed

e Users must provide antigen
structure and antibody
sequence

_________________________________________________________

: Bioinformatics. 2015 Apr 15;31(8):1313-5. doi: 10.1093/biinformatics/btu790. Epub 2014 Nov 27.

i PEASE: predicting B-cell epitopes utilizing antibody sequence. |




Benchmark on 42 X-ray structures of Ab-
prOtEin Complexes (Ponomarenko & Bourne, 2008)

Average AUC values

= 0.73
0.65
0.63
0.60

0.59
0.58

2019 IEDB User Workshop

ElliPro (Ponomarenko et al., 2008)
Epitopia (Rubinstein et al., 2008)
PEPITO (Sweredoski & Baldi, 2008)
DiscoTope 1 (Andersen et al, 2006)

DOT (15t model, bound Ab-protein docking)
PatchDock (1st model, bound Ab-protein docking)

46



Benchmark on 52 X-ray structures of Ab-
prOtEin Complexes (Kringelum et al., 2012, PLoS Comp. Biol.)

Average AUC values
( * means p-value < 0.05 in comparison with DiscoTope 2)

= 0.73 DiscoTope 2 (Kringelum et al., 2012)

= 0.73 PEPITO (Sweredoski & Baldi, 2008)
= 0.73 Epitopia (Rubinstein et al., 2008)

= 0.72 SEPPA (Sun et al., 2009)

= 0.71 DiscoTope 1 (Andersen et al, 2006)

= 0.69* ElliPro (Ponomarenko et al., 2008)
= 0.65* EPCES (Liang et al., 2009)

0.59* EPSVR (Liang et al., 2010)
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3D Structure-based epitope prediction

 The reason for the relatively poor performance is in the
guality of the benchmark datasets

e Structural information on the entire “biological unit’ is often not
available

e Existence of well characterized epitopes from very few antigens

2019 IEDB User Workshop 48
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