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Tools accessible from both T cell & B cell tabs

IEDB Ar lysis jesource

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

Structure Tools

& LYRA (Lymphocyte Receptor Automated Modelling):

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

4 SCEptRe: Structural Complexes of Epitope Receptor

SCEptRetpmvides weekly utpdated, 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.
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SCEptRe: Structural Complexes of Epitope-
Receptor

* Provides automatically updated benchmark datasets
based on curated structural IEDB data

* User defines criteria to select set of quality and
clustering parameters

e Clustering to address redundancy (and overfitting) in
the resulting dataset when used for epitope
predictions.

* Antibody-antigen, TCR-pMHC and MHC-ligand
complexes
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What are BCR and TCR structures?

> TCR

MH(
class i

Figure courtesy KK Munk.
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Why is this important?

 Most current methods for epitope prediction are

BCR/TCR agnostic
 Advances in T and B cell profiling by sequencing T and

B cell receptors (TCR/BCR)

* Limited ability to interpret these data, since we most
often do not know the cognate target of the
differentially profiled TCR/BCRs

 The next major computational challenge is to develop

tools to predict this
 TCR/BCR data sets are however very redundant, with

multiple highly similar sequences
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Why is this important?

 Example from the IEDB. TCRb targeting GLCTLVAML

ASSQSPGGTQY
ASSQSPGGTQYS
ASSQSPGGTQYL

ASSQSPGGTQH
ASSQSPGGTQN
ASSQSPGGTQS

e Likewise do many distinct BCR/TCRs share identical CDR
seguence

and often a TCR binds several very similar peptides
ASSLDQGAQDNEQF YLYDRLLRI
ASSLDQGAQDNEQF YLYDRLLRV

* If one seeks to make extrapolatable predictions/rules (and
not just reproduce the measurements), one needs to deal
with this redundancy
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SCEptRe: TCR-pMHC 3D complexes
A http://tools.iedb.org/sceptre/tcr/

IEDB Analysis Resource - Labs

| Home || TCR || MHC || BCR || Help || Reference || Contact |

Resolution is a measure of the quality

Structural Complexes of Epitope Receptor: of the crystal structures
Dataset of TCR-pMHC 3D complexes

A 4

Resolution <= 3.0 ] .
R-free factor is a measure of the
R free factor <= ti | . . .
o ' »[ quality of the atomic model obtained
Include TCRs with missing COR residues v

Ves from the crystallographic data

Epitepe molecule type Peptidic v

Epitope length >= 10 Decide whether to include complexes
Epitope seuence idently o= 0% v » with missing residues in the CDR
Chstering baced on . regions in the final dataset

Organism All v

MHC Class All v
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SCEptRe: TCR-pMHC 3D complexes
A http://tools.iedb.org/sceptre/tcr/

IEDB Analysis Resource - Labs

Peptidic - clustered based on epitope

sequence, TCR CDR sequences and

Structural Complexes of Epitope Receptor: MHC G-domains
Dataset of TCR-pMHC 3D complexes Non-peptidic - filtered based on

specified structural quality

_ parameters & clustered based on TCR
CDR sequences and MHC G-domains

| Home || TCR || MHC || BCR || Help | | Reference || Contact |

A 4

R free factor <= optional

Include TCRs with missing CDR residues No v

Epitope molecule type | Filter out complexes below the

[ — Eiﬂ‘.';fpm | | specified epitope length threshold
Epitepe sequence identity == 90% v

Clustering based on core epitope ¥ ;— Clustering Parameters

* Specify sequence identity

Organism Al threshold

MHC Class * Choose core-epitopes (peptide

T == residues in direct contact) or

whole epitope sequences
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SCEptRe: TCR-pMHC 3D complexes

http://tools.iedb.org/sceptre/tcr/

IEDB Analysis Resource - Labs

| Home || TCR || MHC || BCR || Help || Reference || Contact | Filter complexes based on:

Structural Complexes of Epitope Receptor: * MHC source organism
Dataset of TCR-pMHC 3D complexes .

All
Select structural quality parameters human (Homo sapiens)

maouse (Mus musculus)
chicken (Gallus gallus)
: cattle (Bos taurus)

R free factor <= Optlonal harse (EqUUS CaballuS}
rat (Rattus norvegicus)

Resolution <= 3.0 [

Include TCRs with missing CDR residues No ¥

A 4

pig (Sus scrofa)
o (Cans ot fams)
il dog (Canis lupus familiaris)
Epitope molecule type Peptidic v duck (Anas platyrhynchos)
Epitope length >= 10 ° M HC Class
Epitope sequence identity == 90% ¥
All
Clustering based on core epitope ¥ MHC |
MHC 1
Select MHC features Non classical
Organism human (Homo sapiens)

MHC Class MHC | v
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SCEptRe: TCR-pMHC 3D complexes -results

http://tools.iedb.org/sceptre/tcr/

Structural Complexes of Epitope Receptor:

TCR - Results ' ClusterID: N.Ax_By.aX(bY)
Resolution <= 3.0
Include TCRs with missing CDR residues | no

Maolecule type peptidic
Link outs to iedb.org details pages Epitope  TCR ~ MHC
Organism human (Homo sapiens)

Download result (€]

Show| 10 4 entri Search:
Epitope_id Receptor_id Antigen i i 4 Chain1 CDRs 4 Chain2 CDRs 4 ChainiVDJ 4 Chain2VDJ - calc_epitope_residues A ep_len
v v v - v k2 v v ¥ genes s v
4.A1_Blat 1005001 [Yiew P0354 2277 > Epitope: GILGFVFTL Resolution: 1.4 Class: | receptor_type: : CDR1: SVFSS CDR1: LNHDA V ene: : C: G1, 12, L3, G4, F5, V6, 9.0
3D Strugdire] Core Epitope: GILGFVFTL R Free: 0.2 Allele: HLA-A"02:01 alphabeta CDR2: WTGGEV CDR2: SQIVND 19‘01 F7,78,L8;
Antigen: Matrix protein 1 (58- Missing residues Organism: human chain1_type: CDR3: CDR3:
66 inCDR: 0 o sapiens) alpha AGAGSQGNL! ASSSRSSYEQY J gene:
Organism: Influenza A virus d\a?mbz_typa: TRBJ2-7°01
eta
4.A1 Blat 1005001 [View 20354 8584 Epitope: GILGFVFTL pdb_id: 10GA Resolution: 1.4 Class: | receptor_type: : CDR1: LNHDA Vgane: : C:G1, 12, L3, G4, F5, V6, 9.0
3D Structure] Core Epitope: GILGFVFTL ter_chain1: D R Free: 0. Allele: HLA-A"02:01 alphabeta CDH2 VVTGGEV CDR2: SQIVND TRBV19°01 F7.78,L8;
Antigen: Matrix protein 1 (58- ter_chain2: E Missing residues Organism: human chain1_type: CDR3: CDR3: D gene: :
mhc_chaint: A in CDR: 0 mo sapiens) alpha AGAGSQGNLI ASSSRSSYEQY J gene: :
Organism: Influenza A virus mhc_chain2: B chain2_type: TRBJ2-7°01
epitop%_ chain: beta
4.A1 Blat 1005001 [View 20354 818 Epitope: GILGFVFTL pdb_id: 10GA Resolution: 1.4 Class: receptor_type: : CDRA1: SVFSS CDR1: LNHDA V gene: V gene: : C: G1, 12, L3, G4, F5, V6, 9.0
3D Structure] Core Epitope: GILGFVFTL ter_chain: D R Free: 0.2 Allele: HLA- A‘02 01 alphabeta CDR2: WTGGEV CDR2: SQIVND TF\AV27‘01 TREV19°01 F7,78,L8;
Antigen: Matrix protein 1 (58- ter_chain2: E Missing residues Organism: human chain1_type: CDR3: CDR3: D gene: :
©8) mhc_chainl: A in CDR: 0 (Homo sapiens) alpha AGAGSQGNL! ASSSRSSYEQY J gene: :
Organism: Influenza A virus mhc_chain2: B chain2_type: TRBJ2-7'01
epilop%_ chain: beta
Z.Mtﬂ 1005014 [View 48237 1819 Epitope: PKYVKQNTLKLAT pdb_id: 1FYT Resolution: 2.6 Class: Il receptor_type: : CDR1: SSVPPY CDR1: MDHEN V gene: : Vgene: : C: P306, K307, Y308, 13.0
3D Structure] Core Epitope: ter_chainl: D R Free: 0.2 Allele: HLA-DRB1°01:01 alphabeta CDR2: YTSAATLV CDR2: SYDVKM TRAVS-4°01 TRBV28°01 V3089, K310, Q311, N312,
PKYVKONTLKLA tcr_chain2: E Missing residues Organism: human chain1_type: CDR3: CDR3: D D gene: : T313, L314, K315, L316,
Antigen: Hemagglutinin mhc_chainl: A in COR: 0 (Homo sapiens) alpha AVSESPFGNEKLT ASSSTGLPYGYT TRBD1*01 A317,T318;
precursor (322-334) mhc_chain2: B chain2_type: J gene: :
Organism: Influenza A virus epitop%_ chain: beta TRBJ1-2°01
2.A2 B2.a2b2 1005016 [View 48237 18522 Epitope: PKYVKQNTLKLAT pdb_id: 1J8H Resolutlon 24 Class: Il receptor_type: : CDR1: SSVPPY CDR1: MDHEN v gone: 5 C: P306, K307, Y308, 13.0
3D Structure! Core Epitope: ter_chaini: D 0 Allele: HLA-DRB1°04:01 alphabeta CDR2: YTSAATLYV CDR2: SYDVKM TRBV28'01 V309, K310, Q311, N312,
PKYVKQNTLKLAT tcr_chain2: E sug janism: human chain1_type: CDR3: CDR3: ; D gene: : T313, L314, K315, L3186,
Antigen: Hel lutinin mhc_chaint: A i 0 sapiens) alpha AVSESPFGNEKLT ASSSTGLPYGYT w 3 J gene: : A317, T318;
precursor (322-334) mhc_chain2: B chain2_type: i 801 TRBJ1-2°01
Organism: Influenza A virus apitopec_ chain: beta
43.A3_B3.a3 1404662 [View 16878 1412 Epitope: FLRGRAYGL pdb_id: 1MIS Resolullon 25 Class: | receptor_type: : CDR1: TISGTDY CDR1: SGHVS V gene: : C: F1, L2, R3, G4, RS, 9.0
3D Structure] Core Epitope: FLRGRAYGL ter_chainl: D Aliele: HLA-B"08:01 alphabeta CDR2: GLTSN CDR2: FANEAQ TREV7-8°0 AB, Y7,G8, L9
Antigen: nuclear antigen ter_chain2: E M»ssmg residues Organism: human chain1_type: CDR3: CDR3: D gen
EBNA-3 (11-19) mhc_chain1: A in CDR: 0 (Homa sapiens) alpha ILPLAGGTSYGKLT ASSLGQAYEQY TRBD1*01
Organism: Human mhe_chain2: B chain2_type: J gene: :
herpesvirus Id (E)pshein Barr epilop% chain: beta TRBJ2-701
virus)
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SCEptRe: TCR-pMHC 3D complexes -results

http://tools.iedb.org/sceptre/tcr/

IEDB Analysis Resource - Labs

| Home TCR | |MHC BCR  Help | Reference | Contact |
Structural Complexes of Epitope Receptor:
TCR - Results # Epitope to MHC
ot e [+ Epitope to TCR
nput Parameters -
[#MHC 10 Epitope
Resolution <= 3.0 = TCR to Epitope
Include TCRs with missing CDR residues | no =]
Molecule type peptidic (m]
Length »>= 10 [m]
Identity >= 0.90 =]
Clustering based on core_epitope 2
Organism human (Hemo sapiens) @
MHC Class [ -
=]
Download result [X] =]
=] N,
Show 10 v entries Search:
2 A6_B6.a5 i C:E1, P2,L3, P4 Q5 G6, 10.0
SRR o Q7' L8, T8, A10, Y11;
Anfigen BZLF1 (54-64)
Crganism: Human herpesvirus}
(Epstein Barr virus)
2424 B24a17 il View 3D 32458 116 Epitope: LPEPLPOGOLTAY C L1 P2 E}, P4 L5, PS. 130
%. Core Ep?‘glpe' LPEPLPOGOLTY G7, @B, 0B, 10, 711, A2
Antigen: Trans-activator prote 13
" BZLFI (52-84)
Organiem Human herpesvirug]
(Epetein Barr virus)
5.A36_B3Bal 1 i 2841 7 Epitope: ELAGIGILTV. CIE1, L2 A3, G4, 15, G6, IT, 100
%PD az CUI'EDE o B ElﬁhﬁIG\LTV LB, 79, V10
Organism:
10.437_B39.a1 1930414 [View 30 103041 330 Epitope: ALVGPDPAAA C:Al L2 W3, G4, P5, DS, 10.0
Siucture] Core EFnooe. ALWGPDPAAS P7. a8, A9, A10
Antigen: Insulin precursor (15-
Qrganism: Homo sapiens {hum:
JSmol
Chains: ® MHC-alpha ® MHC-b2m ¥ TCR-Chain 1 ¥ TCR-Chain 2 @
6.A42_Bdda2d 1966214 [View 3D 26804 408 Epitope: KAFSPEVIPME o T . . ) ) € K1, A2 F3 54 P5 E6, 10
e CquEg:;nnDﬁmeSinPﬁ\#g%‘ Calculated contacts: ) Epitope to MHC [ Epitope to TCR [ MEC o Epitope [ V718, P, W10, F1
Organism: Human i
virus 1 TNECans, B TNEme DE TREIT0T TRETT 20T
epitope_chain: bel
+)
2A24_B4AT a17 1 Vigw 3D 32458 452 Epitope: LPEPLPQGQLTAY Resolution: 2.3 Class: | Tecepion fype:: CDR1: TRDTTYY COR1: MNHNS W gene: - W gene: - C L1 F2 EJ, P4 L5, P5. 130
%. Core Ep?‘glpe' LPEPLPQGQLTAY CRFres 02 Allele: HLA-B*35:08 alghabege CDRZ RNSFDEQN COR2 SASEGT A ISa1 TREVE-1D1 Q7, 68, 9_L10, T11. A2,
Antigen; Trans-activator protein r_chainz. E Mlssme Tesidues in O“;amsm numan chaini_type: CDR3 ALSGFYNTDKLI COR3 ASPGETEAF D gane: D gene: ¥13
 BZLF1(52-64) mhi_chainl: A DR 0 {Homo sapiens) 35 ] %xjene: J gene.
Organism. Human herpesyirus 4 mhe_chainz. B chaing_type TRAJ34'01 REJ1-1°D1
(Epstein Barr virus) epildpe_chain: bela
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SCEptRe: TCR-pMHC 3D complexes -results

http://tools.iedb.org/sceptre/tcr/

IEDB Analysis Resource - Labs

| Home TCR | MHC BCR Help | Referencs | Contact |

A
Structural Complexes of Epitope Receptor:
TCR - Results

PDB

156767 Biological
Macremeolecular Structures
Enabling Breakthroughs in

PROTEIN DATA BAN K Researchand Education

FPDE @onoe: )

M or it
|| e s Protein Data Burkc
o el Feuneaon

Search by PDB ID, author, macromolecule, sequence, or ligands

Advanced Search | Browse by Annotations

Input Parameters
Parameter Value

Resolution <= 3.0
Include TCRs with missing CDR residues | no

Molecule type peptidic
Length »>= 10
Identity >= 0.90

Clustering based on core_epitope

Organism human (Hemo sapiens)
MHC Class |

Download result €]

Show 10 v entries

Cluster

4 Epitope_ida Receplor_ids Antigen
v v v

3D View

Annotations

Sequence

Sequence Similarity Structure Similarity Experiment

[ Display Files ~ [CRITIGEY]

Crystal structure of ELS4 TCR bound to HLA-B*3501 presenting EBV peptide EPLPQGQLTAY
at 1.7A

DOI: 10.2210/pdb2NX5/pdb

Classification: IMMUNE SYSTEM
Organism(s): Homo sapiens, Epstein-Barr virus (strain B95-8)
p ion System: Escherichia coli BL21(DE3)

Deposited: 2006-11-16 Released: 2007-02-27
Deposition Author(s): Tynan, F.E., Reid, H.H., Rossjohn, J.

2 A6_B6.a5 1510671 [View 3D 13701 18523 Epitope: EPLPQGOLTAY Eg_ id: 2MX5
ﬁﬁﬁ[ﬁ CmNEpnanZELPFHF"%mY _\pain Experimental Data Snapshot WwwPDB Validation 3D Report || Full Report
gen. e
R I = Method: X-RAY DIFFRACTION Metric Percentile Ranks Value
evilupec_cham' Resolution: 2.7 A Clashscore EE— 0 —
R-Value Free: 0.327 Ramachandran outliers ] 1 3%
2424 82417 J_W 38459 116 Colr;é’EmpE!e Lpfﬁ'ﬁ%&%&ﬁw & 3D View: Struciure R-Value Work: 0.269 Sidechain outliers ? 0 _M a.8%
Antigen: Trans-activator protein 1
152-64) percentie reeteto ol X 1oy stucires
Organiem Human herpesvirus 4 mhe_chain? B Standalone Viewers Wpercentie reaiveo 1oy strstures of smilar reseluaien
(Epstein Bam vihie) S6liBpe_chan Protein Workshop | Ligand Explorer
. This is version 1.2 of the entry. See complete history.
5.A36_B36.a1 %‘Fjﬂ 12841 Frid EF"'UW ELELGA%IE\"I:W D—‘“ 1 Global Symmetry: Asymmetric - C1 @
h:r cnamz E i - =
Orga'\lsm mnt mﬂ B Global Stoichiometry: Hetero 4-mer - ABCD [:]
Literature
°°"°“° chan Biological assembly 1 assigned by authors _
10.A37_B39.a1 1930414 [View 3D 103041 330 Epitope: ALWGPDPAAA db_id: 3UTT r
Structura] Corg EFnoDe ALWGPDPAAA _ChainT- & - - - -
Antigen: Insulin precursor (15-24) ter_chain E Mlsslné rasiduss in Qrgansm: human chaini_type: CDRI: AMRGDSSYKLI CDR3: gane: D gen
Organism: Homo sapiens {human) mhi_chaini: A DR 0 (Homo sapiens) ASSLWEKLAKNIQY mens:: J gen
hc_chanz: B U’\ﬁlbe type: TRAJZ*01 TR
6.A42_B44.a24 1966214 [View 3D 29804 408 Eptipo’ KAESPEVIPME Resolution: 2.4 Class: | racaptor_type: - COR1 DSSSTY CORY: LNHDA v gane: - v gana: - CK1,A2 F3,S4 P5 E6 10
- _WT - CD(DEDI‘I SPEVIPMF TRFree 03 Allele: HLA-B*57:03 iy R2: IFSNMDM CORZ SQIVND TRAVE 01 TREVIS01 V718, P8 N0, F11
024 l!nteln (17-27) Msslng residues in anism- human mmﬁtwe CDR3: AVSGGYOKVT CDR3: ASTGSYGYT D gene: - D gene: -
Omamsm Human immunodeficiency DR 0 (Homa sapiens) éxlene J&ene"
5 1 EUDE' TRAIN301 TREJ1-2'D1
2.A24_B4AT AT 1437 [View 3D 38453 452 Epitope: LPEPLPQGOLTAY Resolution: 2.3 5. Tece| C: CDR1:T COR1: MNHNG ¥ gene: - ene; : L1 P2 EJ, P4 L5, PA. 130
%. Core ED?‘QI_DE LFEPLPQGOLTAY R 1 . Nlele HLA B‘35EB Igl'h ﬁe‘Fe CORZ: RNSFDEQN CDR2 SASEGT TRXVIB’N 5101 Q7. G8, a9, L1U T ATZ
Antigen ns—actvvawr protein _chain Mlssme residues in amsm human chain twe CDR3; ALSGFYNT COR3 ASPGETEAF D gene: Dgene::
-f4) mhi_chaini: & DR 0 {Homo sapiens) rs %xjene: J gene:
Organism Human nerpesviris 4 mhe_chainz. B chaing_type TRAJ34'01 TREJ1-1°01
(Epsiein Barr virus) epitape_chain: bela
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SCEptRe: MHC-ligand 3D complexes

IEDB Analysis Resource - Labs A

| Home || TCR || MHC || BCR || Help || Reference || Contact |

Structural Complexes of Epitope Receptor:
Dataset of MHC-ligand 3D complexes

Select structural quality parameters

Resolution <= 3.0 &

R free factor <= optional

Select peptide features

Ligand molecule type

http://tools.iedb.org/sceptre/mhc/

IEDB Analysis Resource - Labs A

| Home | | TCR || MHC || BCR | Help || Reference || Contact |

| Peptidic v
8

85% v

Peptide length ==

Peptide sequence identity ==

Clustering based on core peptide v
Organism mouse (Mus musculus) v
MHC Class All v

2021 IEDB User Workshop

v

Structural Complexes of Epitope Receptor:
Dataset of MHC-ligand 3D complexes

Select structural quality parameters

Resolution <= 3.0 B8]

R free factor <= optional

Select peptide features

MNon-peptidic »

Ligand molecule type

Select MHC features
Organism mouse (Mus musculus) v
MHC Class All v

13



SCEptRe: MHC-ligand 3D complexes -results

http://tools.iedb.org/sceptre/mhc/

IEDB Analysis Resource - Labs

[ Home |[ TeR | mHC || BCR || Help || Reference | | contact

Structural Complexes of Epitope Receptor:
MHC - Results

Input Parameters
Parameter Value

Resolution <= 3.0

Molecule type nonpeptidic

Organism mouse (Mus musculus)
MHC Class |

Download result ]

Search:

Show 10 v entries

usts ELE] itope_i ntigen tructure tructure_quali calc_epitope_residues
Cl Assay_id %+ Epitope_i¢ Antig S s S _quali s Ic_epitope_resid
3838883 [View 3D 166894 Epitope pdb_id: BBML Resolution: 2.6 Class: non classical A (QWV)405
Structure] Core Epitope: mhc_chaini: A R Free: 0.2 Allele: mouse CD1d
Antigen: 1-0-[6-0-(3-ﬁhenylpmpanoy\ alpha -D-galactopyranosyl]-N- mhc_chain2- B Organism: mouse (Mus
exacosanoylsphinganine epitope_chain: A musculus)
Organism:
1802187 [View 3D 158632 Epitope pdb_id: 3JVG Resolution: 2.2 Class: non classical Az (UNL)1, (UNL)283;
Structure] Core Epitope: mhec_chain1: A RFres: 0.2 Allele: chicken CD1-1
Antigen: glycolipid mhc_chain2: C Organism: chicken
rganism: epitope_chain: A (%allus gallus)
1848554 [View 3D 153506 Epitope pdb_id: 3Q19 Resolution: 2.3 Class: non classical A: (PI)405;
Structure] Core E nope mhec_chaini: A R Free: 0.2 Allele: mouse CD1d
Antigen: 1-0-(1-O-hexad 10yl-2-0-h d 10yl-sn-glycero-3- mhc_chain2: B Organism: mouse (Mus
osphono)-1D-myo-inosi epitope_chain: musculus
phosph ]1D 'y itol pitope_chain: A lus)
Organism:
1969015 [View 3D 139426 Epltupe pdb_id: 4ELM Resolution: 3.5 Class: non classical A (SGF)305, (PLM)306
Structure] Core Epitope: mhc_chaini: A R Free: 0.2 Allele: mouse CD1d
Antigen: 1-(3-0-sulfo- heta D-galacmsyl)sphlngcsme mhc_chain2: B Organism: mouse (Mus
Organism: epitope_chain: A musculus)
1976430 [View 3D 164047 Epitope pdb_id: 3RUG Resolution: 2.4 Class: non classical A: (DB6)303
Structure] Core Epitope: mhc_chain1: A R Free: 0.2 Allele: mouse CD1d
Antigen: 1-O-(alpha-D- %\u:op{ranosyl )-N-icosa-11,14- mhc_chain2: B Organism: mouse (Mus
dlennylE ytosphingosine epitope_chain: A musculus)
rganism:
1571310 [View 3D 181167 Epitope pdb_id: 3TZV Resolution: 3.1 Class: non classical C: (LSC)303, (HEX)304, (D12)305
Structure] Core Epitope: mhc_chain1: € R Free: 0.2 Allele: human CD1d
Antigen: 1-elaidoyl-sn-glycero-3-phosphocholine mhc chain2: D Organism: human
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SCEptRe: antibody-antigen 3D complexes

http://tools.iedb.org/sceptre/bcr/

IEDB Analysis Resource - Labs A

| Home || TCR || MHC || BCR | Help || Reference | Contact |

Structural Complexes of Epitope Receptor:
Dataset of antibody-antigen 3D complexes

Select structural quality parameters

Resolution <= 2.0 (2]
R free factor <= optional

Include BCRs with missing COR residues  No v

Select antigen features

Epitope molecule type Peptidic v
Antigen length >= 50
Antigen sequence identity == T0% v
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SCEptRe: antibody-antigen 3D complexes -results

IEDB Analysis Resource - Labs

http://tools.iedb.org/sceptre/bcr/

Home | TCR

MHC || BCR | Help || Reference | contact |

Structural Complexes of Epitope Receptor:
BCR - Results

Input Parameters
Parameter Value

Resolution <= 2.0
Include BCRs with missing CDR residues no
Molecule type peptidic
Length == 50
Identity == 0.70

Download result €]

Show 10 v entries

ClusterID:

N.Hx_Ly

1N\

Antigen BCR Epitope

Search:

2021 IEDB User Workshop

Structure 4 Sh'umre_qudiw Receptor a Chaini CDRs 4 Chain2 CDRs 4 Chain2VDJ 4 calc_epitope_residues ep_len
v v ¥ ¥ genes v & v
33.H23_L22.1 2213 Miew 3D 32890 13 Antigen: Major prion protein precursor pdb_id Resolution: 2.6 r_t CDR1: GYTFTNYG CDR1: QSLLDSDGKTY V gene: : WV gene: : A G127, L128, N156, 18
ructurs] B88-1 1TPX R Free: 0.3 : heavylight CDR2: INTFTGEP CDR2: LVS IGHVI-3- 1GKV1-135°01 ¥158, R159, 1185,
Organism: Ovis arles (domestic sheep) ab_chalni: Missing chaini_type: CDR3: TRGTDY CDR3: WQGSHFPQT 1M D gene: : K188, Q188, T191,
B residues in heavy Dgene: : J e V192, T183, 1
ab_chain: CDR: 0 chainZ_type: « gene: ; IGKJ1°01 T195, T196, K197,
c light IGHJ2*01 G108, E199, N20D
ag_chain:
A
33 H23_122.1 376700 [View 32990 13 Antigen: Major prion protain precursor pdb_id: Resolution: 2.8 raceptor_type: CDR1: GYTFTNYG CDA1: QSLLDSDGKTY V gena: V gane: © A G127, L12B, Y152, 19
30 Structurs] 86-1 1T T Fres: 0.3 : heavylight CDRZ: INTFTGEP CDR2: LVS 1GHVS-3- 1GKVI-13501 N156, Y158, 159,
Organism: Ovis aries (domestic sheep) ab_chalnl Missing chaini_type: CDR3: TRGTDY CDR3: WAQGSHFPQT 1m D gene: : 1185, K188, 189,
B residues in heavy D gene. J aTu: H T191, V182, T193,
ab_chaln2: CDR: 0 chaln2_type: o gene: IGKJ1*01 T194, T195, T196,
c light IGHJ2*01 K197, G198, E199,
ag_chain: N200
A
33.H23 L1221 1376701 [View 32990 13 Antigen: Major prion protein precursor pdb_id: Resolution: 2.5 raceptor_type: CDR1: GYTFTNYG CDRA1: QSLLDSDGKTY V gene: : W gane: A: G127, L128, N156, 18
3D Structure] 1TQB R Free: 0.3 : heavylight COR2: INTFTGEP CDR2: LVS IGHVa-3- IGKV1-135 Y158, R159, 1185,
Organism: Ovis aries (domestic sheep) ab_chalni: Missing chaini_type: CDRA: TRGTDY CDR3: WQGSHFPQT 101 D gene: : K Q189, T181,
B residues in heavy D gene: J aﬁw: : V192, 7193, T194,
ab_chaln: CDR: chain2_type: J gene: ; IGKJ1*01 T195, T196, K197,
C light 1GHJ2°01 G198, E188, N20D
ag_chain:
A
185.H298 L256.1 1929072 [View 58283 247 Antigan: pob_id: Rasolution: 1.9 racaplor_type: COR1: GFTFSTYQ GOR1: SADVGGYNY V gane: : \ gene: : A: E5B, GB2, RES, 19
20 Structurs] Organism; AGJF R Fres: 0.3 : heavylight COR2: MSSGGEST CDR2: DV| IGHV3-23°01 KE8, AGS, Q72, TT3,
ab_chaini Missing chaini_typa: CDR3: AGELLPYYGMDOW CDHA3: WSFAGBYYV D ger A150, H151, 0155,
H residues in hear o ?zne' : JETS, H A158, T163, E166,
ab_chain2: CDR: 0 chain2_type IGHJE"02 IGLJ1"01 WIET; C: M4, W5, 16,
L light \
ag_chain: g
A
185.H299_L256.1 1929073 [View 59283 247 Antigen: pdb_d Resalution: 2.9 raceptor_type: CDR1: GFTFSAYG CDR1: SROVGGYNY V gene: : V gene: : A: D61, AGS5, K66, 21
3D Structure] Organism: 3HAE R Free: 0.3 : heavylight CDR2: IGSSGGEGET CDR2: DVI IGHV3-23"01 IGLV2-11"01 KE8, AGS, Q72, T7T3,
ab_chalni: Missing chaini_type CDR3: AGELLPYYGMDV CDR3: WSFAGEYYV D gere: : D gene: : A75, TAO, A150,
H residues in heavy o ?ﬁne' . ijme: E @185, T163, W1E7;
ab_chaln2: CDR: chain2_type: IGHJE02 IGLJ1"01 61, L2, M4, W5,
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Tools accessible from both T Cell & B Cell tabs

IEDB Ar lysis jesource

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

Structure Tools

& LYRA (Lymphocyte Receptor Automated Modelling):

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

4 SCEptRe: Structural Complexes of Epitope Receptor

SCEptRetpmvides weekly utpdated, 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.

2021 IEDB User Workshop
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Why yet another specialized tool?

* Structure provides detailed information essential to
access function of a protein

* Homology modeling is still the most reliable approach
for accurate protein structure prediction

* Works accurately if similar templates exist
* Low accuracy of variable loops

* The fold of BCR and TCR is highly conserved (similar
templates exits () ), but the function is dictated by the
highly sequence variable CDR loops. 0

* However, the CDR loops share relative low structural
diversity (canonical structures)

2021 IEDB User Workshop
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LYRA: Lymphocyte Receptor Automated Modeling

http://tools.iedb.org/lyra/

IEDB Analysis Resource - Labs A * B-and T-cell receptor
structure modeling

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

Lymphocyte Receptor Automated Modelling (LYRA)

e Canonical structures (CS):

* Hypervariable CDR

A loops only assume a
§ limited number of
ot e conformations (Chothia &
) Lesk, IMB 1987)
Orsalel:tmeoontainhgl:hahs:@)[ChooseFiIe']Noﬁlechosen o Usua”y identified by
specific sequence
features

Mucleic Acids Res. 2015 Jul 1;43(W1):W349-55. doi: 10.1093/nar/gkv535. Epub 2015 May 24.

LYRA, a webserver for lymphocyte receptor structural modeling.

Klausen MS', Anderson MV, Jesparsen MC1: Niglsen Mz: Marcatili P?.

PMID: 26007650 PMCID: PMC4489227 DOl 10.1093/narigkv535

2021 IEDB User Workshop
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LYRA: Lymphocyte Receptor Automated Modeling

http://tools.iedb.org/lyra/

using BLOSUM®62 scores

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

Lymphocyte Receptor Automated Modelling (LYRA)

. * Loop modeling:

If the CS of target and
e template loops do not
match, then the highest
scoring identical

) canonical structure

Or et e ety cht: B Choosa Pl N fle ciosen loops from other

Advanced options »

structures are selected

Mucleic Acids Res. 2015 Jul 1;43(W1):W349-55. doi: 10.1093/nar/gkv535. Epub 2015 May 24.

Second chain sequence:

LYRA, a webserver for lymphocyte receptor structural modeling.

Klausen MS', Anderson MV, Jesparsen MC1: Niglsen Mz: Marcatili P?.

PMID: 26007650 PMCID: PMC4489227 DOl 10.1093/narigkv535

2021 IEDB User Workshop



LYRA — exam ple (BCRS) http://tools.iedb.org/lyra/

IEDB Analysis Resource - Labs

Home || Result || Help | | Example | | Reference || Download || contact |

Lymphocyte Receptor Automated Modelling (LYRA)

Specify Chains
—_—

DIQMTQSPASLSASVGATVTITCRTSENIDSYLAWYQQRQGKSPQLLVYAATNLADGVP

SRFSGSGSGTQYSLKINSLQSEDVARYYCQHYSTTPWTFGGGTQLEIKRADAAPTVSIFP hai
First chain sequence:  pSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMSS —_— Chain sequences
TLTLTKDEYERHNSYTCEATHKTSTSPIVKSFNRNECO (input or upload)
S0 ———————————————
FASTA upload format:

EVQLQQSGPELVKPGASVKISCKASGYSFTGYYMNWVKQSPEKSLEWIGEMSPSTGRT o _
TYNQNFKAKATLTVDQSSSTAYMQLKSLTSEDSAVYYCARSVPLTTLIEDWYFDVWGT . >light chain header
Second chain sequence: - GTTVTVSSAKTTPPSVYPLAPGSAAQTNSMVTLGCLVKGYFPEPVTVTWNSGSLSSGVH | sequence for light chain here...
TFPAVLQSDLYTLSSSVTVPSSTWPSETVTCNVAHPASSTKVDKKIVPR i
' >heavy chain header

sequence for heavy chain here...

Or select file containing chains: @ Choose File |No file chosen

Advanced options »

Submit I Reset I

2021 IEDB User Workshop 21



LYRA — exam ple (BCRS) http://tools.iedb.org/lyra/

_ Side Chain Modeling
IEDB Analysis Resource - Labs Method
J Home || Result || Help || Example || Reference || Download || Contact | > :mmgg + SCWRL :
Lymphocyte Receptor Automated Modelling (LYRA) e HMMER - searches

sequence databases

for sequence
DIQMTQSPASLSASVGATVTITCRTSENIDSYLAWYQQRQGKSPQLLVYAATNLADGV

- PSRFSGSGSGTQYSLKINSLQSEDVARYYCQHYSTTPWTFGGGTQLEIKRADAAPTVSIF homologs & makes
First chain sequence:  ppsSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSM i
SSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSFNRNECO sequence alignments
e
e SCWRL 4.0 models
EVQLQQSGPELVKPGASVKISCKASGYSFTGYYMNWVKQSPEKSLEWIGEMSPSTGRT non conserved
TYNQNFKAKATLTVDQSSSTAYMQLKSLTSEDSAVYYCARSVPLTTLIEDWYFDVWGT )
Second chain sequence’  GTTVTVSSAKTTPPSVYPLAPGSAAQTNSMVTLGCLVKGYFPEPVTVTWNSGSLSSGV residues (uses
HTFPAVLQSDLYTLSSSVTVPSSTWPSETVTCNVAHPASSTKVDKKIVPR . .
) conserved residue side
Cr select file containing chains: @ Mo file chosen Chalns as ConStra I ntS)
Advanced options »

Side Chain Modeling Method: @ HMMER + SCWRL r

Blacklisted PDBs (optional): @

<
<«

Prevents use as
framework or loop

template for both chains

2021 IEDB User Workshop 22



LYRA — exam ple (BCRS) http://tools.iedb.org/lyra/

Home || Result ~Help Example Reference Downioad Contact |

Lyra results

Contents [hide]

1lnput sequences
2 Summary of modelled BCR
3 Alignment
2.1 Heavy_chain alignment
3.2 Kappa Light chain alignment
4 Structure 3D View
PDB fil

Input Sequences

First chain | DIQMTQSPASLSASVGATVTITCRTSENIDSY LAWY QQRQGKSPQLLVYAATNLADGVPSRFSGSG
sequence: | SGTQYSLKINSLQSEDVARYYCQHYSTTPWTFGGGTQLEIKRADAAPTVSIFPPSSEQLTSGGASY
VCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMSSTLTLTKDEYERHNSYTCEAT

HKTSTSPIVKSFNRNEC

Second EVQLQQASGPELVKPGASVKISCKASGY SFTGYYMNWVKQSPEKSLEWIGEMSPSTGRTTYNQNF

chain KAKATLTVDQSSSTAYMQLKSLTSEDSAVYY CARSVPLTTLIEDWYFDVWGTGTTVTVSSAKTTPP

sequence: | SVYPLAPGSAAQTNSMVTLGCLVKGYFPEPVTVTWNSGSLSSGVHTFPAVLQSDLYTLSSSVTVP
S5TWPSETVTCNVAHPASSTRKVDKKIVPR

2021 IEDB User Workshop
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LYRA — example (BCRs)

http://tools.iedb.org/lyra/

Summary of modelled BCR
p Pred d ? D Pred d ?
Framework | 11QW 1WEJ
Loop 1 1w 1 1 1WEJ 2
Loop 2 1w 3 3 1WEJ 1
Loop 3 300R 3 <y 1WEJ 1
Packing 1VEB
Alignment:
Heavy chain alignment:
1 10 20 30 33 43 55 65 75 92 110
| | | | ABCDEFG | | ABCDEFGH | | | ABC | ABCDEFGHIJKLMNOPQRSTUV |
Template: QVQLQQPGAELVKPGASVKLSCKASOGYTFTS------- YO WMQWVKQRPGQGLEWIGEIDCOP------- SDSOYTNYNQKFKGKATLTVDTSSSTAYMQLSSLTSEDSAVYYCARNC SLDGYYVKNWCF - - - - - - - == - - - - - DOVWG
CEVEEE TEEEEEEEEr eeerat 1l i O N Y =l o b BeE T Feeerer teeeeee e Fereereeeernn o || 1ol
Input: EVQLQQSGPELVKPGASVKISCKASOGYSFTG------- YO YMNWVKQSPEKSLEWIGEMSOP------- STGORTTYNQNFKAKATLTVDQSSSTAYMQLKSLTSEDSAVYYCARSCVPLTTLIEDWYF--------------- DOVWG
ob—— H1 — ob—H2 —Io ol H3 Io
1 3
Kappa Light chain alignment:
1 18 20 30 49 58 52 62 74 84 94 96 186 .
| | | | ABCDEFGHIJ | | ABCDEFGH | | ABCDEFGH | | | ABCDEFGH| |A
Template: DIQMTQSPASLSASVGETVTITCRADSGNIH---------- NY Z LAWYQQKQGKSPQLLVYON-------- AKOTLADGVPSRFSGSGSG-------- TQYSLKINSLQPEDFGSYYCQHOFWSTP-------- WITFGGGTKLEIKRAD
FEEREEEEETTERTEE TEErerr o 1 (2L TEreerre [ o LEREEREEErer FEECEERREEE or 1 | (ST TEEETE
Input: DIQMTQSPASLSASYGATVTITCRTOSENID---------- SYZLAWYQQRQGKSPQLLVYOA-------- ATONLADGVPSRFSGSGSG-------- TQYSLKINSLQSEDVARYYCQHOYSTTP-------- WITFGGGTQLEIKRAD
ob—x1 ——1z e cb—uwx3 —I2
a4 »

2021 IEDB User Workshop
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LYRA — exam ple (BCRS) http://tools.iedb.org/lyra/

Structure 3D View

Chains: (g Heavy chain & Kappa Light chain
Loops: JH1¢H2¢H3J ,K2,K3

Download PDB model file:

Download

2021 IEDB User Workshop
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Benchmark evaluation

BCR

800

600

400

200

RMSD <5
RMSD <10
RMSD >10

2021 IEDB User Workshop

0.99A 0.62A 1.21A 1.13A 1.16A 1.15A 3.43A. 0.88A

TCR

100/1.332 1.34R 2.75A 2.19A 0.78A 1.16A 2.52A 1.03A

80}

60}

40

20
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Application: Modeling TCR - peptide:MHC
interactions

>MHC
GPHSLRYFVTAVSRPGLGEPRYMEVGYVDDT
EFVRFDSDAENPRYEPRARWMEQEGPEYWER
ETQKAKGNEQSFRVDLRTLLGYYNQSKGGSH
TIQVISGCEVGSDGRLLRGYQQYAYDGCDYT
ALNEDLKTWTAADMAAL ITKHKWEQAGEAER
LRAYLEGTCVEWLRRYL

>Peptide

SIYRYYGL

>TCR_alpha ﬁ
QSVTQPDARVTVSEGASLQLRCKYSYSATPY
LFWYVQYPRQGLQLLLKYYSGDPYVQGVNGF )
EAEFSKSNSSFHLRKASVHWSDSAVYFCAVS Modelling
GFASALTFGSGTKVIVLP

>TCR_beta

VTQSPRNKVAVTGGKVTLSCNQTNNHNNMYW
YRQDTGHGLRLIHYSYGAGSTEKGDIPDGYK
ASRPSQENFSLILELATPSQTSVYFCASGGG

GTLYFGAGTRLSVL

Assembling

Input sequence

! SciRep. 2019 Oct 10,9(1):14530. doi- 10.1038/541598-019-50932-4.

TCRpMHCmodels: Structural modelling of TCR-pMHC class | |

Mol Immuneol. 2018 Feb;94:91-97. doi: 10.1018).molimm.2017.12.019. Epub 2017 Dec 27.

Identification of the cognate peptide-MHC target of T cell

1
| 1
| 1
| 1
| 1
| 1
- - - - 1
complexes. ' receptors using molecular modeling and force field scoring. .
1
| 1
| 1
| 1
| 1
| 1

=1 02 NG 3
| Mahajan S° Peters 857, Nielsen M!5, Marcatili P Lanzarotti E", Marcatili P, Nielsen M~
1

! FMID: 31601838 PMCID: PMCE787230 DOI- 10.1038/541598-019-50932-4 PMID: 20288899 PMCID: PMC5800865 DOl 10.1016/.molimm.2017.12.019
b e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m 2
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Modeling TCR - peptide:MHC interactions

Optimized force field terms

Entropy_mainc
Energy SolvH
Electro

Energy vdwclash

energy torsion

BackHbond

w
E Entropy sidec | : 40.0
|_
Energy Vdw
- 1-0.4
backbone vdwclash
kn electrostatic -0.8
Energy SolvP 15
SideHbond
-1.6

helix dipole

ClusterlD

2021 IEDB User Workshop

TPR

1.0

0.8

0.6

0.4

0.2

Lanzarotti E', Marcatili P2, Niglsen M®.

PyRosetta+FoldX: 0.72
PyRosetta: 0.62
FoldX: 0.68

0.6 0.8 1.0

Mol Immuneol. 2018 Feb;94:91-97. doi: 10.1018).molimm.2017.12.019. Epub 2017 Dec 27.

Identification of the cognate peptide-MHC target of T cell
receptors using molecular modeling and force field scoring.

PMID: 29288899 PMCID: PMC5800965 DOI: 10.1016/.molimm.2017.12.019

___________________________________________________________



Modeling TCR - peptide:MHC interactions

Identification of the cognate peptide-MHC target of T cell
. receptors using molecular modeling and force field scoring. i

Lanzarotti E', Marcatili P2, Nielsen M.

___________________________________________________________
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Modeling TCR - peptide:MHC interactions

1.0 T T T T
o Binomial test (Excluding Ties): 8.8e-0
L 1 0.9+
. Class I,
L] x x
] xx ¥
0.4 L . .x g.: . X . x 1
'U x
S e, - Caxirex mEy gl L os MHC binding]
x x
O 02l « Ex k. e 2% x o<, " 2 g
© ¥ x LS R 5§ . . x . — |
E x§§ . x X ox X% LD aone
o * % x X x . .
0.0 = " x x % x ox X % 1 > 0.7
o N T . . 4
. ] ) : . < TCR binding
02 ¥§ x I
—0.21 o 1
§ , 5 alone
S0occcoooc0ooocooMNMNNMNNNNiAoocoCSS0S o
SS9956985950898 RN EEENNNANND S S
== cif =N eini=icioiolaioiofioioig . 2. c o2 o 2
O N8 2> ELC R 0XOCERLE O0OXXO 955> NS BT
NgmaXxo~Poloowaso NENTordBSmnde R
ngr\%—rﬂ-ggrﬂg&rﬁEHm""ggg&&g‘gﬂgﬁggn“{%g” 0.5 | L I I
'Entry 0.0 0.2 0.4 0.6 0.8 1.0

: Mol Immunol. 2018 Feb;94:91-97. doi: 10.1016).molimm.2017.12.019. Epub 2017 Dec 27.

1

I - g - -

' Identification of the cognate peptide-MHC target of T cell

. receptors using molecular modeling and force field scoring.
1

: Lanzarotti E', Marcatili P2, Nielsen M.

1

1

1

PMID: 292382899 PMCID: PMC5800965 DOI: 10.1016/].molimm.2017.12.019
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Application of LYRA in Computational
Epitope discovery

LYRA
RosettaAntibody

2021 IEDB User Workshop

Antibody sequence

l

Antibody modeling

Antigen sequence PDB

PMP
I-TASSER

Antigen modeling

[}
\A / ClusPro

Antibody-antigen docking [€— SnugDock

v

PocketMatch

Computational designs

Y

Experimental validations

A 4

Protein Eng Des Sel. 2012 Oct25(10):507-21. Epulb 2012 Jun 2.

Lead antibodies

Computer-aided antibody design.

(High afﬁnity, SpeCiﬁCity and Stabi“ty) Kuroda D1: Shirai H, Jacobson MP, Nakamura H.

PMID: 22661385 PMCID: PMC3449398 DOI: 10.1093/protein/gzs024
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Summary

- SCEptRE
- Provides easy access to all BCR and TCR structures available
from the IEDB
- The tools allows customized clustering of the data based on
CDR and epitope information
. Next, step will be to develop a similar tool for BCR/TCR
sequence data

- LYRA

- A tool for accurate modeling of BCR and TCR structures

- CDR loops are modeled based on canonical structures

- Accuracy high with the exception of CDR3b for BCR and CBR3a
and b for TCR

- For these loops, further development of ab-initio modeling is
needed
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