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Main objectives

1.Provide data and tools for immunoglobulins (IG) and T cell
receptors (TR) sequences

=> data curation and annotation

=> gpecific bioinformatics development (databases, tools)

2.Ensure quality and consistancy with respect to a shared biological
model as a standardize formal background
=> [MGT-ONTOLOGY

3.Reinforce relevance by integrating knowledge from different
approaches

=> genetic,

=> genomic,

=> and more recently structure.

A story started in 1989!
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Adaptative immune response

Proteins which specifically recognize foreign antigens:
*in a native form for IG
as processed as a peptide and presented by MHC for TR

Function of IG and TR is to bind specifically

Immunoglobulin (IG)

Vertebrates

B lymphocyte

peptide

T cell receptor (TR) Major histocompatibility complex(MHC)
| |

Trimolecular complex



T cell receptor diversity synthesis

T cell receptor beta (TRB) T cell receptor alpha (TRA)
functional genes functional genes
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IMGT-ONTOLOGY provides:

- identification (molecule type, configuration type, chain type)
- description (prototypes, labels)

- gene and allele nomeclature by their classification (groups,
subgroups, gene name, allele number, locus)



Human TR potential repertoire

Alleles
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Genes
F ORF P Total

Sequences




TR/peptide/MHC-I complex
TR Peptide MHC- |

1AQ7

We don't have so much structural data!



TR chains and domains

Contribution of the

2 V-DOMAINSs TR-ALPHA_BETA
to the antigen binding site

V-ALPHA
[D1]

V-BETA V-ALPHA
[D1]

C-BETA C-ALPHA
[D2]
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Target cell
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MHC-I chains and domains

With 8/9/10 amino acid peptide in the G-DOMAIN groove
MHC-I-ALPHA B2M

» Peptide

G-ALPHA2 G-ALPHA1 G-ALPHA2 G-ALPHA1
[D2] [D1] [D2]
I-ALPHA C | B2M ILALPHA N~

C-LIKE S S C-LIKE 7
| C-LIKE
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Target cell
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TR/peptide/MHC-I complex

TR Peptide MHC- |
TR-ALPHA V-ALPHA

G-ALPHA2 I-ALPHA

_ — D
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C-LIKE-DOMAIN

C-LIKE-DOMAIN
G-ALPHA1

B2M



TR/peptide/MHC-I complex

TR Peptide MHC- |
TR-ALPHA V-ALPHA
TRAY12:2:02 (100%) Sl I-ALPHA
+TRAJ24%02 (100%)

HLA-A*0201 (100%)

—

TRAC*01 (98.90%)

—
C-ALPHA 7N

e "'hh--,--'
—

1"'\-..-:':_.- Y LY

I

b

.

= iy
r I = e
o - .\_‘_‘“‘-\-

—
/ -

C-LIKE-DOMAIN
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TRAV12-2*02 allele in sequence (M81774)

V-REGION [67..345]
franslation QKEVEQNSGPLSVPEGAIASLNCTYSDRGSQSFFWYRAYSGKSPELIMSIYSNGDKEDGRFTAQLNEASQYVELLIRDSQPSDSATYLCAVYH

aaggaggtggagcagaattetggaccecteagtgttecagagggagecattgectetectcaactgeacttacagtgacegaggttcocagtect tettetggt:

w K E V E @ W & & PF L &8 VP E A TIOASLUHNCTT?Y 3D REGSS Q &8 F F W XY

R R R WS RIULDP SV FQREZPTLPULSTALTWVTEWV?PEP S PF 5§ 3 & 7
E & &&&¢ X EF WTPQCSURGE&SSHCOCL 5 QLB L Q *PF R F F V L L L WV

i~

Caution: translation of partial subregions can be erroneaus.

lgene TRAW12-2
fallele TRAWV12-2*02

CCLTgagagl TTTacTCagig atcCcCgiggC TTCagiTgay CLgggUTTgg

atatact ccaatgg

L-V-J-C-REGION [1..432>
L-Y-J-REGION [1..402]

I-V-REGTON [1..345]

V-J-C-REGION [67..432>

V-J-REGION [67..402]

V-REGION [67..3459 =
FRI-IMGT [163..213]

COMSERVED-TRP [169..171]

t ttggatctgg gacacaattg actgttttac ct
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Human TRB locus at 7q34
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V-DOMAINs in Human TR af3 (A6)

V-ALPHA
[D1]




TR/peptide/MHC-| available complexes

IMGT entry ID IMGT protein name

1ao7
1hd2
1ol
1g6r
1jtr
1kj2
1lpa
1mis
1mwa
1nam
1003
1arn
1gse
1qgsf
Typz
2akd
2ckh

2esv

AR

HLA-A*0201

HLA-A*D201

BT

BM3.3

H2-K1h

c

H2-K1h

H2-K1h

2C

H2-K1h

KB5-C20

HLA-A*0201
22

LC13

HLA-B*0801

H2-K1h

c

BM3.3

H2-K1h

JM22

HLA-A*0201

AR

HLA-A*0201

HLA-A*D201

AR

AB

HLA-A*D201

G8

H2-T22

SB27

HLA-B*3508

H2-K1h

c

KK50.4

HLA-E*0101

1G4 mutant (c459c50)

HLA-A*0201

1G4 [AV-wt)

HLA-A*0201

ELS4

HLA-B*3501

Human
Mouse
Human/Mouse 2

Total

IMGT receptor description Species

TR-ALFHA_BETA-1
MHC-I-ALFHA_B2M
MHC-I-ALPHA_B2M
TR-ALFHA_BETA-1
FV-ALPHA_BETA
MHC-I-ALFHA_B2M
TR-ALPHA_BETA-1
MHC-I-ALPHA_B2M
MHC-I-ALPHA_B2ZM
TR-ALFHA_BETA-1
MHC-I-ALPHA_B2ZM
FV-ALPHA_BETA
MHC-I-ALPHA_B2ZM
TR-ALFHA_BETA-1
TR-ALFHA_BETA-1
MHC-I-ALPHA_B2ZM
MHC-I-ALFHA_B2M
TR-ALFHA_BETA-1
FV-ALPHA_BETA
MHC-I-ALFHA_B2M
TR-ALFHA_BETA-1
MHC-I-ALFHA_B2M
TR-ALFHA_BETA-1
MHC-I-ALFHA_B2M
MHC-I-ALPHA_B2M
TR-ALFHA_BETA-1
TR-ALFHA_BETA-1
MHC-I-ALPHA_B2M
TR-GAMMA-1_DELTA
MHC-I-ALPHA_B2M
TR-ALFHA_BETA-1
MHC-I-ALPHA_B2M
MHC-I-ALFHA_B2M
TR-ALFHA_BETA-1
TR-ALFHA_BETA-1
MHC-I-ALPHA_B2ZM
TR-ALFHA_BETA-1
MHC-I-ALPHA_B2ZM
TR-ALFHA_BETA-1
MHC-I-ALFHA_B2M
TR-ALFHA_BETA-1
MHC-I-ALFHA_B2M

12
7

21

Homo sapigns
Homo sapigns
Mus musculus
Mus musculius
Mus muscuius

Mus musculius

Homo sapiens
Mus musculus

Homo sapiens
Mus muscuius
Mus musculus
Homo sapigns
Homo sapigns
Homo sapigns

Homo sapiens

Mus musculus
Homo sapiens

Homo sapiens
Mus muscuius
Homo sapiens
Homo sapiens
Homo sapians

Homo sapiens

Experimental technique Resolution PDB release date

Ligand(s)

Tax peptide 11-19 (Q82235) [Human T lymphotropic virus type 1] H-ray diffraction 2.6

Tax peptide 11-19 (QB2235) [HTLW-1] ¥-ray diffraction R
pEM1 peptide Mouse] H-ray diffraction 2.50
Superantagonist peptide SIYR [Chimeric] H-ray diffraction 280
MADH-ubigquinone oxidoreductase MLRQ subunit peptide 61-68 (Q62425) [Mouse]  ¥-ray diffraction 240
GTP-hinding protein 1 peptide 161-168 pKB1 (008582) [Mouse] H-ray diffraction 271
Self peptide P1049 [Human] H-ray diffraction 2.00
EBMNA-3A peptide 193-201 (P12877), 19=L [EBV] ¥-ray diffraction 2.50
MADH-ubigquinone oxidoreductase MLRQ subunit peptide 61-68 (Q62425) [Mouse]  ¥-ray diffraction 2.40
Mucleocapsid protein VEVE peptide 52-58 (P1121 2) [Stomatitis] X-ray diffraction 270

Matrix protein M1 peptide 58-66 (Q66PA1) Influenza A virus] H-ray diffraction 1.4
Tax peptide 11-19 (QB82235), PE=A [HTLV-1] ¥-ray diffraction 2.80
Tax peptide 11-19 (282235), V7=R [HTLV-1] H-ray diffraction 2.80
Tax peptide 11-18 (QB82235), Y8=A [HTLWV-1] H-ray diffraction 280
H-ray diffraction 340
BZLF1 trans-activator protein peptide 52-64 (FO03206) [EBV] H-ray diffraction 250

MADH-ubigquinone oxidoreductase MLRQ subunit peptide 61-68 (Q62425) [Mouse]  ¥-ray diffraction 3.2
PEPTIDE FROM CMV GPLIL40 [Cytomegalovirus] X-ray diffraction 260
MY-ES0-1 tumor-associated antigen ¥-ray diffraction 210
NY-ESO-1 tumor-associated antigen H-ray diffraction 270
EBY PEPTIDE H-ray diffraction 2.70
\

Human
Mouse
TR/peptide/MHC-II H

uman/Mouse

Total

=N

17-SEP-87

19-ALG-98

02-0CT-00

15-NOV-00

15-MAY-02

27-MAR-02

11-NOV-03

04-FEB-03

27-NOV-02

11-MAR-03

11-JUL-03

08-JUN-01

21-DEC-99

21-DEC-89

12-AFR-05

11-0CT-05

09-SEP-98

21-MAR-06

25-APR-06

25-AFR-06

27-FEB-07



FR and CDR lengths in V-DOMAINSs

V-BETA V-ALPHA
A-STRAND 15 14
AB-TURN (FR1-IMGT) 0 0
B-STRAND 11 11
BC-TURN  (CDR1-IMGT) 5 6
C-STRAND 8 8
CC-TURN }(FRZ-IMGT) 0 0
C'-STRAND 9 9
C'C'-TURN  (CDR2-IMGT) 6 6
C"-STRAND 8 4
C"D-TURN 0 0
D-STRAND 9 10
DE-TURN  (FR3-IMGT) 0 0
E-STRAND 11 11
EF-TURN 2 2
F-STRAND 7 7
FG-TURN  (CDR3-IMGT) [14 11
G-STRAND 10 11
Total 115 110




IMGT Colliers de Perles for V-DOMAIN

Based on IMGT unique numbering of V-DOMAIN

CDR1-IMGT

CDR1-IMGT

CDR3-IMGT
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G-DOMAINs in Human MHC-I (HLA-A*0201)




Strand, turn and helix lengths
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IMGT Colliers de Perles for G-DOMAIN
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Based on IMGT unique
numbering of G-DOMAIN



HLA-A*0201 regions in contact with A6
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No contact with CDR1-IMGT
and CDR2-IMGT of V-BETA



HLA-A*0201 contacts with 9 AA peptide

9-amino acid

peptides Peptide

c1 1 1L
a» _ _
Cc3 2 2L
C4 3 3F
c5 4 (4 G)
Cé 5 5Y
C7 - -
C8 6 6P
c9 7 7V
C10 8 8Y

C11 9 9V



HLA-A*0201 contacts with 9 AA peptide

H'\\.

9-amino acid

peptides Peptide
c1 1 1L
c2
2 2L
c4 3 3F
c5 4 (4 G)
o 5 5Y
Cc7
Cc8 6 6P
c9 7 7V
C10 8 8Y
c1 9 9V

Helix and peptide with contacts



One residue contact analysis

IMGT Residue@Position cards
as found in IMGT/3Dstructure-DB

IMGT Residue@Position card
Residue@Position: - ARG (R) - V-BETA - 1lao7_E | CDR3-IMGT
General information: IMGT LocalStructure@Position
FDB file numbering 102 Secondary structure Coil
IMGT file nurmbering 113 Phi (in degrees) -89.71
Residue full name Arginine Psi (in degrees) 111.56
Formula CE H15 N4 O2 1+ ASA (in square angstrom)  73.2
I[[:EJ I?_;— Residue Domain Chain  Atom contacts Polar Hydrogen Bond MNon Polar
&1 ALA A G-ALPHAZ lac7_A 5 2 1 3
148 ALA A G-ALPHAZ lac7_A 24 & ] 18
62 HIS H G-ALPHAZ lac7_A 12 2 ] 10
=]} GLM Q G-ALPHAZ  laoy_A 2 1 ] 1
| S5 TYR Y 1a07_C 1 0 0 1 |
108 FRO P V-BETA lac/_E 15 1 ] 14
111 ALA A V-BETA lac/_E (&) 2 (] <}
112.1 GLyY G WV-BETA lacy_E 24 D (] 19
115 GL) E W-BETA lac7_FE 17 3 o 14

G-ALPHAZ2

Peptide


mailto:Residue@Position

Human cDNA TRAV12-2 available junctions

IMGT/V-QUEST to look at some specificities

(cut has no D)

CDR-IMGT lengths

Sequence V/-GENE and allele Functionality V Score | Videntity J-GENE and allele
M27365M27369Homo sapiens (ol | TRAVI2-2*01 Unproductive (stop codons) 791 80,95% (196/242 nt) | TRAJSZ*D1
560781560781 |Homo sapiens T-c | TRAVI2-2*01, or TRAV1 2-2*02 | Na rearrangement found 636 §9,22% (128129 nt)
582064|582064[V alpha 2.1-J al TRAVI2-2*01 Productive 1075 | 100,00% (216216 nf) | TRAJ3S*D1
582066|S82066(V alpha 2.1-J al TRAVI2-2*01 Productive 955 100,00% (1921192 nt) | TRAJ45*D1
X92783HSXPMS2AH.sapiens mRNA | TRAVT2-2*01 Productive 1142 | 9914% (231/233nf) | TRAJST*01
AF020651|AF020651|Homo sapiens | TRAV12-2*01 Productive 1325 | 99,63% (266/267 nf) | TRAJ29*01
AF327017|AF327017Homo sapiens | TRAV12-2*01 Productive 1000 | 100,00% (2011201 nf) | TRAJ43*01
M17652/HSTCAYNHuman T-cell re | TRAV12-202 Productive 1245 | 100,00% (2501250 nf) | TRAJ15*01
M17653HSTCAYOHuman T-cell re | TRAV12-202 Productive 1245 | 100,00% (2501250 nf) | TRAJ15*01
MB81774{HSIGTCACA/Homo sapiens | TRAV12-2*02 Productive 1330 | 100,00% (267/267 nf) | TRAJ22*D1
U40464{HS404641 [Human Teell r | TRAVI2-2*02, or TRAVI 2-2*03 | Productive 875 100,00% (176176 nt) | TRAJ41*D1
XEBT46[X58T46HUmMan mRNATor T | TRAW12-2"02 Mo rearrangement found 1330 | 100,00% (267/267 nf) | -
#52883[HSPHC46A1|H.sapiens mRN | TRAV12-2*02 Productive 1142 | 9914% (231/233 nf) | TRAJI4*01
AF532854|AF532854Homo sapiens | TRAV12-2'02 Productive 1161 | 99,57% (2341235 nt) | TRAJ32*02
WM13724|HSTCAXH|Human T-cellre | TRAV12-2*03 Rearranged sequence (butno junction found) | 1210 | 100,00% (243/243 nf) | TRAJ16*01
M13725[HSTCAXHuman T-cellre | TRAV12-2*03 Productive 1210 | 100,00% (2431243 nf) | TRAJ18*01
¥04948HSTCRA12/Human mRNA for | TRAV12-2*03 Productive 1210 | 100,00% (2431243 nf) | TRAJ18*01

AA JUNCTION JUNCTION frame
[1210.14] CAVKPAGGTSYGKLTF | in frame
{12xx
{2102 CAVNAGNAGNNLTF | inframe
{21010 CAVNEGADGLTF in frame
{21015 CAVNIVGTQGGSEKLVF | in frame
12102 CSVMSNSGNTPLVF | inframe
{2000 CAVDAADNNDNMRF | inframe
(21003 CAVNIPNQAGTALIF | inframe
{21010 CAPKPGGTALIF in frame
{21012 CAVYHSGSARQLTF | inframe
121013 CALKGRSNSGYALNF | in frame
(1210
[1210.11] CAVPFYNTDKLIF in frame
(121010 CADGGATNKLIF in frame
(210
{21014 CAVNYPRGTTLGRLYF | in frame
(21014 CAVNYPRGTTLGRLYF | in frame




V-REGIONSs versus V-ALPHA alignment

6. V-REGION protein display (mutations displayed)

FR1-IMGT CDR1-IMGT FRZ-IMGET CORZ-IMET FR3I-IMET
(1-24) {27-38) {39-55) {56-65) (66-104)
1 10 20 kil 40 50 a0 70 80 EBC a0 100
......... e e I
AEQ00659 TRAV1Z-2+01 QKEVEQNSGPLSVPEGATASLNCTYS DRGSQS...... FFWYRQYSEKSPELIME TYSNG..... DKEDG. ...... RFTAQLNKASQYVSLLIRDSQPSDSATYLC AVN
M13724 | BSTCAXH|Human T-cell £ ........——————mmmmmmmmmm —— N — S -~ LRDGQKLLFARGTMLEVDL
M13725|HSTCAXT |Human T-cell £ ........-——=====—m—mmm-—mmm —- T § mmmmm i mmmmm a4 mmmmm e s YPRETTLERLYFGRETOLTVWE
M17652 | HSTCAYN |Human T-cell £ ... ...-—---m—m—mmmmmmmmmmm —mmmmm,,,, —mmmmmmmmmmmmee R IPNQAGTALIFGKGTTLEVRS
M17653 | BSTCAYO|Human T-cell T ....,.-=======—======mmmmm —mmmee || —mmmmmmmm e B mmmmm s i T -PKPGGTALIFGKGTTLSVSS
M27369|M27369 |Homo sapiens (€ ......... TPQCSR-SHCLSQLHLY *PS--=...,.. ——mmmmmmmmmmmmmmm —mmmm | mmmmm ... memmmmmmmmmmmmmmmmmmmmmmmmme o KPAGGTSY¥GKLTFGQGTILTVAD
M81774 | HSTGTCACA |HOMO SAPAENS —=-==========mm=mmmmmmmmm —mmmoe | mmmmmmeee e § mmmmm s e is T YHSGSARQLTFGSGTOLTVLE
5607811560781 |Homo sapiens T- -———-——--——-———-———mmom e —— Vemm iy mmmmmmmm e
582064 |S82064 |V alpha 2.1-0 8 «evreerunnrssnsssmmmmmmmmm mmmmmm L, mmmmmmmmmmmmmmm o | mmmme L e AGNAGNMLTFGEGTRLMVER
582066 | 582066V alpha 2.1-0 8 .uuurirrnniriernnsiaannns e e e e ————————— e s EGADGLTFEKGTHLITOR
U40464 |HS404641 Human T 2mll o outeeisineunnerriierssies senns e S - LKGRSNSGYALNFGKGTSLLVTP
X04946 | BSTCRALZ |Human mBHA £6 .......,-=--——====—==—mmmm —= Yomm i iss mmmmmmmmmm e § mmmmm i mmmmm a4 mmmmm e s YPRETTLERLYFGRETLTVIE
¥58746|X58746 [Human mRNA for ————-——————mm e e T m e O e T T e -
X92783 | HSXPMSZA|H.5apiens TRN ............ ==——======= = mmmmmmaiiia. mmmmmmmmmmmmmmmme —em | mmmmm L ammm e Mmmmmmmmmmmmmm - IVGTQGESEKLVEGKGTELTVNE
X92883 |HSPHCAGAL |H.sapiens mB ............<<—<———mmmmmmm mmmmm ... —mmmmmm T S PEYNTDKLIFGTGTRLOVER
AFQ20651 |AF020651 |HOMD SApLiEn —=—======m==mmmmmmmmmmm mmeoo | e SR e 5-MSNSGNTPLVEGKGTRLSVIX
AFA2T017 |AFA27017 [HOMD SAPIGH . ..vsrsrssessssnnsssssmmmm mmmmmm, L., ===m=mmmmmmeemmmm mmmee L, mmmmm ., ==emmmmmeemmmmmmm— e - DAADNNDMRFGAGTRLTVER
AF532854 |AF532854 |Homn SApien ...........————— S S ~DGGATNKLIFGTGTLLAVOE




Why are IMGT Collier de Perles so useful?

* Dbridge the gaps between sequences and structures,
e are used whatever the MHC and whatever the species,

MHC-la MHC-lb MHC-lla MHC-lIb
HLA-DPA,-DQA, HLA-DMA,
A HLA-A,-B,-C HLA-E,-F,-G - DRA -DOA
e HLA-DPB,-DQB, HLA-DMB,
o 9 -DRB -DOB
H2-D,-K,-L H2-M,-Q,-T H2-AA,-EA H2-DMA,-DOA
H2-AB,-EB H2-DMB,-DOB

* have been extended to the MHC-I-like proteins (CD1, FCRN, RAET,
HFE, MICA, AZGP1,...)

Interestingly, only one additional position 54A in G-ALPHA1-LIKE
was needed to extend the IMGT unique numbering for G-DOMAIN
to the G-LIKE-DOMAIN



Go towards antibody engineering

Standardize.
A more clear view?

Chimeric Humanized
(-ximab) (-zumab)



Some perspectives

* Improve consistency and quality by considering structural
approache and may be others

* Increase by the 3 approaches the data and tools to handle
MHC and RPI sequences

« Extend consequently IMGT-ONTOLOGY

« Develop better interoperability between components
inside the platform with IMGT-Choreography
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Humanized CAMPATH-1H mutant 1
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Human TRA-TRD locus at 14g11.2
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Structural variability analysis

TR/peptide/MHC
21 3D-structures

Pathologie spécifique
1000ers peptides et 100es de TR

Caractérisation des récepteurs
Détermination des épitopes
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TR/peptide/MHC interaction model protocol

TR, peptide and MHC sequences
L]

Corresponding
3D-structure
selection

'

Loop construction

!

Model energy evaluation

l

TR and MHC docking

'

Loop reconstruction

'

TR/peptide/MHC interaction energy evaluation




|G synthesis: a rich diversity

150
FUNCTIONAL IG GENES
HEAVY CHAIN LIGHT CHAIN
\% D J C \% J C
ORCHHIHE -+ - — OO
38-46 x 23 x 6 30-35x5  (Kappa)
29-33x4-5 (Lambda)
POTENTIAL RECOMBINATIONS POTENTIAL RECOMBINATIONS
6300 N-DIVERSITY 185 + 165
SOMATIC MUTATIONS

x1000

ABOUT 6.3 XxJ0°POSSIBILITIES ABOUT 3.5 x10°POSSIBILITIES
2 x 1012

DIFFERENT ANTIBODIES

IG and TR not dealt in generalist
databases owing to their particular
structure




Different ways to consider:

- synthesis, we know the allele components and try to imagine the possible resulting
structure(s)

- analytic, we try to solve the protein history as we know the structure (also in terms of
AA sequence) and try to see what may be the possible origin alleles.

But we have to consider model for both to frame the search. IMGT-ONTOLOGY is a
way to have a formal construction (in the sens of formal language) "describing"” such
we can talk about sequence in different approaches () in term of combination of
components to see how it fit.

a structure complex?
leles or synthesis?

oW



Chiffres :

Combien de TR et de MHC pour 'homme ?

Quand utilise-t-on la structure exacte vs. les reconstructions ?



