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IMGT® domain: the adaptive immune response

http://imgt.cines.fr

Vertebrates
Immunoglobulin (IG)
~N
‘.L B lymphocyte
peptide
T cell receptor (TR) MHC

Trimolecular complex




M
Bone marrow Blood Lymph nodes, spleen G —

T'ICS system®

http://imgt.cines.fr

/ A W

Cenfroblaste Cenirocyfe @ memﬂe
XLA (humain) .
Xid (souris)
*“” ©_{luu Cellule-mémoire

Cellul= B
<©195 Cellule-mémuire
Inlul

Cellu | Cellule Pro-B Coalluk F:—ﬁ: F'-EHI.IIE B

0 0-0:0|¢

ht?.«"’"

lg&  Ceallule-mémaoirs

@ Plasmocyte
IgE %“,u,"”
IgE  Cellube-mémaoine

HIGM1
V-D-J and V-J rearrangements Hypermutations, selection



Immunoglobulin or antibody
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IgG

VH: V-DOMAIN of the itrono globulin heavy chain

VL: V-DOMAIN of the iteunoglobulin ight chain

CHI, CH2, CH3: C-DOMAIN of the ummunoglobulin heavy chain
CL: C-DOMAIN of the immunoglobulin light chain

- VH cotresponds to the V-D-J-EEGION (i green (V), orange (D)) of the heawy chain,
: VL cotresponds to the V-J-REGION (in green (V) and yellow (T7) of the light chain,

The Immunoglobulin FactsBook, 2001



Structural domains
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IG and TR MHC
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VH VL VH VL
V-D-d junction V-J junction

Side view of the V-DOMAINs View from above the CDRs

Mouse(Mus musculus) E5.2Fv CDR3-IMGT= Complementarity determining region (105-117)
V-J junction (104-118)
V-D-J junction (104-118)



Immunoglobulin (1G) T cell receptor (TR)
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to the antigen binding site
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The Immunoglobulin FactsBook, 2001
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IMGT®, the international ImMunoGeneTics information system®

Created in 1989 at Montpellier, France (University Montpellier 2 and
CNRS)

IMGT® is the international reference in immunogenetics and
Immunoinformatics.

IMGT® comprises:

- 6 databases

- 15 on-line tools

- more than 10,000 HTML pages of Web resources.

IMGT® receives 150.000 requests per month.
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Why and how has IMGT® become a paradigm
towards Systems Biology?

IMGT-ONTOLOGY axioms
and concepts



IMGT-ONTOLOGY seven axioms:
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To share, reuse and represent knowledge
in Immunogenetics and Life Sciences

IDENTIFICATION |— \\‘ OBTENTION

CLASSIFICATION ORIENTATION

DESCRIPTION " LOCALIZATION

NUMEROTATION

Giudicelli and Lefranc, Bioinformatics 1999
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CLASSIFICATION axiom

 The IMGT-ONTOLOGY main concepts of classification
iInclude ‘group’, ‘subgroup’, ‘gene’, ‘allele’.

http://imgt.cines.fr

« They allowed to set up the nomenclature for IG and TR
genes (V, D, J, C genes).

« IMGT gene names were approved by HGNC in 1999 and
entered in GDB, LocusLink and Entrez Gene (NCBI).

« IMGT/GENE-DB is the international reference database for
|G and TR genes (direct links from Entrez Gene NCBI).

« WHO-IUIS/IMGT 2007 report (Dev. Comp. Immunol.,
Immunogenetics).
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An example of V-GENE

>X62106.0|HSVI2|Homo sapiens VI-2 gene for immunoglobulin heavy chain

tgagagctcc gttcctcacc atggactgga cctggaggat cctcttcttg gtggcagcag 60
ccacdggliaa gaggctccct agtcccagtg atgagaaaga gattgagtcc agtccaggga 120
gatctcatcc acttctgtgt tctctccaga ggagcccact cc 180
240
300
360
420
tgaaa acccacatcc 480
agaaacccaa gggaggaggc ag
L-PART1 L-PART2 V-REGION V-RS
s—— o [ e 3
V-HEPTAMER
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DESCRIPTION axiom

http://imgt.cines.fr

The IMGT-ONTOLOGY concepts of description comprise
the standardized IMGT labels and relations.

They have allowed to describe the 1G, TR and MHC
sequences and 3D structures, whatever the receptor type,
the chain type, or the species.

They are particularly useful to describe IG, TR, and MHC
and their complexes (IG/antigen, TR/pMHC).

It is possible to query the IMGT® databases (IMGT/LIGM-
DB for sequences, IMGT/3Dstructure-DB for 3D structures)
with IMGT labels.

Sequence Ontology (SO) includes IMGT labels.
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IMGT Web resources: 10 000 pages HTML
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Immunogenicity

-omab -Ximab -zumab -umab
muromonab (1986)| abciximab (1994) daclizumab (1997)| adalimumab (2002)
edrecolomab (1995) rituximab (1997) palivizumab (1998)| panitumumab (2006)

ibritumomab tiuxetan (2002)| basiliximab (1998) trastuzumab (1998)
tositumomab (2003) infliximab (1998)| gemtuzumab ozogamicin (2000)
cetuximab (2004) alemtuzumab (2001)

efalizumab (2003)

omalizumab (2003)

bevacizumab (2004)

natalizumab (2004)

nimotuzumab (2004)

ranibizumab (2006)

eculizumab (2007)

certolizumab pegol (2008)
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NUMEROTATION axiom

http://imgt.cines.fr

The IMGT-ONTOLOGY concepts of numerotation include
IMGT unique numbering and IMGT Collier de Perles for V-

DOMAIN (IG and TR).

They have been extended to the C-DOMAIN (IG and TR)
and G-DOMAIN (MHC).

They have allowed to bridge the gap between sequences
and 3D structures in IMGT/3Dstructure-DB.

They are used for mutations, polymorphisms, CDR-IMGT
lengths, contact analysis, potential immunogenicity
evaluation and paratope definition.

WHO-INN programme requires the CDR-IMGT lengths for
antibody.



Examples of IMGT® tools based on the
IMGT-ONTOLOGY concepts

IMG T/JunctionAnalysis
IMGT/V-QUEST
IMGT/3Dstructure-DB
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3'V-REGION N-REGION D-REGION N-REGION
tglgcgaaa ga o) tabe g gtggtgactgetat tcc S) __gat(ta
JUNCTION

CcC AP Y R G D TY DY
tgt gcg cca tac cgg ggt gac act tat gat t




IMGT/JunctionAnalysis: analysis of the 1G and TR junctions

IMGT/JunctionAnalysis Results

Locus IGH
Species Homo sapiens
IMGTrepertoire link Locus representation

Description of the JUNCTIONs

Click on mutated {underscored) nucleotic to see the original ore:

Input ¥ name V-REGION P
#1  Z70256 IGHVZ-Z6+01  tgtgoacg..... LYLLYL
#2 770257 IGHVI-7%02 tgtgc‘ﬁ- ggatgy

#3 770606 IGHV4-31%03  tgtgogagag.

#1  Z70608 IGHV4-39*05  tgtoe. Cagagta

#5  Z70610 IGHV4-34*03  tgtgegagag. tegygag

#5 Z70F11 IGHV4-59701  totgCoaga. .

#7 770613 IGHV4-59*01  tgtgogagad.

#5 770614 IGHV4-59%01  tgtgogaga. . cactatas

#9 770615 IGHV4-53+01  tgtgcgagad. gyCty

#10 70616 IGHV4-34*01  tgtgogagad.

#11 770620 IGHV4-30-4%01 tgtgegagaga

#12 770621 IGHV4-39*01  tgtgogagaca Crargatttatyy

#13 Z70627 IGHV4-39*0f  tgtgogagaga  t 0 tgoccocgotocctgocasaat

£

Terming

goageyeCtyytas

cagotottatgon

tggtaactatad.
cageagotggtac

Maximum number of mutations :
Y-REGION : 2 D-REGION : 4 JREGION 2
Deletion criterium : Using pattems

Best D gene choice for a same score : Less mutations

P J-REGIOH J name

coaaatacc coeACtttgaccactyy IGHI4%02

Im
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D name Vmut Dmut Jmut Hge

IGHDE-13%01

ctactggtacttegatetetgy  IGHIZ#01

IGHDZ-2+#01

atgettttgatgtetgy IGHIZ#01

IGHD4-17#01

cooogggyga Latgottttgatatetgy IGHIZF02

IGHD3-37*01

ca tgatgottttgatatetgy IGHII#0Z2

IGHD3-3#01

tyecgyogry Loartggrtegacceotgy  IGHISSO0Z

IGHD3-9+%01

e ctttgactactgy IGHI4%02

IGHDA-13%01

........ gactactgy IGHI4¥02

IGHD3-16%01

Jtactggracttegateteogy IGHIZ#01

IGHDS-24%01

Leactggttegaccectgy  IGHIS*02

IGHDG-16%01

Jgatgoettttgatatetgy IGHIZ#0Z

IGHD3-16%01

...... ttgactactgy IGHI4*02

IGHD3-16%01

..... tttgactactgy IGHJI4¥03

IGHD3-10%01

2 1 &/15
2 o 9/11
1] 1] it
1] 0 12/17
1] o g9/1z
2 0 8/13
0 0 4/
2 o 14
2 o 713
1] 1] 6/8
4 1] 5/5
1 0 1z/21
1] 0 15/z8
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Yery small G0-90 A, (5 o
. E = | = 3
Aliphatic E % Basic E E
T
L | I | 1 |
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| Monpolar I | Folar l

Pommie et al. J. Mol Recognit. 17, 17-32, 2004
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JUNCTION alignments with translation and IMGT AA classes

Click on mutated {underlined) amino acid to see the ariginal one: |:|

104 105 106 107 108 109 110 111 111.1 111.2 111.3 112.3 112.2 112.1 112 113 114 115 116 117 118

. pEn - I : . B
cac  LEo

#1 AY393054 Tyt agt coc g oot agt gct tat - v - v v tac cac gaa [ cag cay Ty
#I AYIA3085 Lot gty aaa coo aco gat gat gat Jululsd - e - cac o oot Jaa tac Ltz cang tac tog
. B0 - T - - B - - EEECETan
#3 AYIQ3058 Tyt agt coc g oot agc gct tat - e . e e tac cac gaa gac tto cag cay Ty
T T . B - DN
#4 AYIOI0TZ Lot agt coo g oot agt gct tat . e - - tac cac gaa cac Ltz cag cag Loy
#5 AYIQ3I088 tyt gog aga caa aac coo coc gag tat agt agc goa tat cat gat agg tuls] tto gac coc Loy
- BN - - - - - - -
#E AYIO308Y Lot o gqog aga gag atg fad ofad tat ggt tog guy ggt tat tac ooo Ccot gat goa ok ot o gag cte togy
#7 O OAY393091 tyt qoo aga cag aat coo coc gag tat agt agc goa tat cat gat agg o tto gac coc tog
- BN - - - - - - -
#3 AYI03092 fofi o gog aga gag atg fad ofad tat ggt tog ooy ggt tat tac ooo Ccot gat goa ok ot o gag gto tgy
#5 AY3IQ3I0594 tgt gog aga cag aac coo coo gag tat agt ggc goa tat cat gat agg Ty tto gac coc oy

Yousfi Monod et al. Bioinformatics 20, i379-i1385 (2004)
Pommie et al. J. Mol Recognit. 17, 17-32 (2004)



IMGT/V-QUEST: analysis of IG and TR sequences

WELCOME ! Im*
to the IMGT/V-QUEST Search page Mug6

Gene A
EE ! Information
INTEEMATION AT T] C8 - system®
IMMUNOGENETICS
INFORMATION SYSTEM® http://ungt. cnes. fr

Citmg INGT/V-QUEST: Gudicelh, V. et al. MNucl Acids Bes. 2004, 52, W435-440 PRID: 15215425 |

B You are m the new IMGT/V-QUEST, upgraded for multiple sequences and with new functionalities. N5

Analyse vour Immunoglobulin nucleotide sequences

®  Human B Teleostel
% Nouse - Atlantic cod
- Channel catfish
- Bambow trout
@ Chondrichthyes @ Sheep

Analvse vour T cell Receptor nucleotide sequences

®  Human ® 1 on-human primates

@ 1louse




Analyse vour Immunoglobulin sequences

Your selection: Human

Your sequences are compared to the Homan 1G set from the [MGTA-QUEST reference directory sets

Information
systemE

http://imgt.cines.fr

Nucleotide sequences

Analysis by batches of up to
50 sequences in a single run

Enter your sequence(s) in FASTA format (FASTA format is required):

® Type {(or copy/paste) your sequence(s) into the box below :

=A¥393054

JeLgyyLtLtCC Lyt tyo LAt L LaasayyLytCcaatgLyagyi goayC Oyt gyayt c L yyyyuagye L LYyt acay e o agyye g
tocotgagactoctootgbgragottoctgyat tyacoct ttgytgattact ttat gagotgut tcogoocagye b ooagguaagguac tgga
gryggtagytttoattaagayogaaacttatgytgggacaacagaatacygoogogtot i gaaagyoagat toatcatctogagagat o
SLLCCAARadUatCYUCtaltigrasatgaacayo ol gyaaaccgayyacacaycoatatat tartgtayt ooyt Ayt go L tat
taccacgaacacttocagoagtgygoooogoyoaccat ggbcacogtctoctocagootcocaccaaguyeccatcgytot tooooo b oo
aoCotoctocasagagraccte tgyyyUCacago oo tgygotgoc iyt caagygactacttoooo

=AT393055
gotgguttttocttgttgotatttoaasagotytoccagt ghgagut goage tgyt gyagact graguagye t tgat coago o b ougooo

BCCCEYRYRELOTECTYRYOAgertELyYYLioaccgtcaytayraactacat Jayetyyyteoyooagyct Ceayyyaagyyyetyga)

O oor give the path access to a lecal file containing your sequence{s) in FASTA format (FASTA format is required):

Farcourir...

[Start] [ Clear the form

http://imgt.cines.fr

&) & Internst

Giudicelli V. et al.



MGT/3Dstructure-DB: analysis of the 3D structures

THANK YOU

for using IMGT/3Dstructure-DB

THE

INTERMATIOMNAL
IMMUIMNCOGERETICS
[MFORMATION SYSTEME

[

Information
system®

bt /imgt.cines. fr

IMGT protein name

IMGT/3Dstructure-DB card for : 1cel

Entry code I:l

CAMPATH-1H, alemtuzumab,

IMGT receptor type IMGT receptor description Ligand(s)

Species

CC Chain ID

IG5 FAB-GAMMA-1_KAPPA Humanized lcel Hilcel L
MABCAMPATHE - [ ]
Peptide CDS.Z (synthetic Synthetic [1cel P ]
peptide)
Experimental technique X-ray diffraction Fesolution (in angstrom) 1.0 FDB releaze date 25-JUMN-go
Epitope and Chain Contact 3D visualization Renumbered IMGT numbering References Printable
details analysis Imol ar QuickPDE MGT file = comparison and links card

Atom contact bypes

O Mom covalent O Covalent

IMGT/ 3Dstructure-DBE Domain pair contacts

ioverview) of lcel

Atom contact categories
O (BB} Backbone/backbone

Kaas Q. et

al.




Access to atomic pair contacts in IMGT/3Dstructure-DB

IMGT Collier de Perles : Homo sapiens (Human) IGHV V-DOMAIN from 2F5 (1ugk_B)

http://imgt.cines.fr

CDR-IMGT lengths [10.7.24]

o2

Click on residue
in IMGT Collier de Perles
(or in amino acid sequence)

118

DEEEREEIELSEEEEREEEE

FT Gl )27



Im

Atomic pair contacts in IMGT/3Dstructure-DB Mug

GUI].E Information
2 Ti.'I:S systemE
IMGT Residue@Position card 1;“ % ¥ A http://imgt.cines. fr
t"?,' ]
! 1
. — i : |
Residue@Position: - TRP (W) - VH - 1u8k_B (
eneral information: IMGT LocalStructure@Position
PDB file numbering 36 Secondary structure Extended conformation
IMGT file numbering 41 Fhi {in degrees) -122.64
Residue full name Tryptophan Psi {in degrees) 137.12
Formula C11 H1Z M2 02 ASA (insguare angstrom) 0.0
Pair contacts:
Atom contact types Atom contact categories
Man covalent Covalent [ (eB) Backbone/ackbone
Palar [ Disulfide [] 1553 Side chain/side chain
Hydrogen bond [] {5y Backbone/side chain
Mon polar [] =B} Side chain/backbone
Check: all Check: all
Uncheck: all Uncheck. all

II,:'L GT Residue Domain Chain Atom contacts Mon Covalent Polar Hydrogen Bond Non Polar
] GLU E  WH 1usk_B i) i) 0 0 i)
21 LEL L %H 1ugk_B 17 17 0 0 17
22 THR T WH 1ugk_B 8 8 0 0 8
23 CYS C WH 1ugk_B 10 10 0 0 10
39 VAL W WH 1usk_B 2 2 1 0 1
43 ARG R OWH 1ugk_B 2 2 1 0 1



Hydrogen bonds (IMGT Collier de Perles on 2 Iaye[s) %jr:

. . http://imgt.cines.fr
MGT Collier de Perles : Hormo sapiens (Human) IGHV V-DOMAIN from b12 (1hzh_H)

CDR-IMGT lengths [8.8.20]

o
o

O0PVLOOVL
D

Gma Al FT ET cl El G’T DT C”l




Contacts VH-(Ligand), V-KAPPA-(Ligand) Mg

Gene

Information

Ti.'I:S systemE
IMGT molecule name IMGT_ _ Chain IMGT_ ch_ain Domain IMGT_ dqmain http://imgt.clnes.fr
description ID description number description
CAMPATH-1H, alemtuzumab, FAB-GANMMA- .
MABCAMPATHE 1_KAPPA feel H VAL (1] vH
2] CH1
leel | L-KAPPA [O1] Wl APPA,
2] C-KAPPA
CD52 (synthetic peptide) Peptide lcel P Peptide
MNumber of residues Atom contact bypes
. . Residue
Uit 1 Uit 2 contacts

Total From 1 From 2 Total Polar Hydrogen
Domain  Chain Domain  Chain

ComPair | vWH leel H | CHL leel H 19 17 (3] 9 125 9 1
ComPair VRKAPPA lcel | B3 4> 24 21 532 61 6
ComPair (Ligand) 1lcel_ P 25 19 1z 7 216 40 9
DomPair  CH1 leel H WH leel H 19 17 e 8 125 9 1
ComPair C-RKAPPA 1cel L o s 28 30 498 40 6
ComPair | V-KAPPA 1cel | | VH leel H 63 45 21 24 532 61 6
DomPair C-KAPPA lecel | 18 18 (3] 10 137 19 2
ComPair (Ligand) 1lcel_ P 16 14 7 7 171 37 5
DomPair  CHKAPPA 1cel | CHI leel H 68 o8 30 28 498 40 6
DomPair V-RKAPPA  leel | 18 18 10 8 137 19 2

b

Kaas Q. et al.




Contacts VH-(Ligand)

IMGT Residue Domain Chain IMGT
NUIm NuIm

Residue Domain Chain Total Polar Hydrogen

g | || | e THR T icel P 4 0 0
el [ [ | | EeEE ALA A icel P 13 1 0
ged | || | G el P 14 2 2
RGP 55 PHE F WH fcel HR@P 6  SER S lcel P 5 0o 0
RGP 55 PHE F WH icel H RGP 7  ALA A icel P 16 0O 0
RGP 55 PHE F WH el HR@P 8  ASP D lcel P i 0 0
rap (5700 [AREH [RY VA it rap 7 ALA A icel P 9 3 2
rar [5700 ARG R WA il rar s ASP D icelP 20 6 1
rap (610 (VST [ VA e rar s ASP D icel P 1 2 1
REGP 66 GU E VH lcel H R@P 7  ALA A icel P i 0 0
e | || | EEE THR T icel P 13 2 1
ror [ EENEEE ] e ¢+ = s icel P 2 0
gedl o || [0 | e ALA A icel P 0 0
e | | | | [He:IUENCRANe 1e1 P 1 0 i
gedl | | [ | e THR T icel P 2 0
gesl - [0 [ | e LY G icelP 24 4 0
ror (G EE A e 2 TR T fcelP 21 5 0
e | || | HEEE SER S icel P g 2 1
rar O R ] o ¢ Y G icel P 11 0
rar O R ] - s SER S icel P 1 4 1
gesl - [ [ | | EEEE SER S icel P Bl 0
ged | | [ | e THR T icel P 3 0 0
gesl [ [ | e SER S5 icel P 7 2 0
rar [ R o - SER S icel P 4 0 0
rar [ BN B ] - - SER S icel_p 5 0 0 Kaas Q. et al




Im

Summary: M
GRg
Recidue  MNumber of resicues Atom contact bypes e
tacts i :
“OME Total From 1 From 2 Total Polar Hydrogen http://imgt.cines.fr
16 14 7 7 171 37 5

List of the Residue@Position pair contacts:
Click 'RiaP' for IMGT Residued@Position cards

Order Order Atom contacts

IMGT IMGT

Residue Domain Chain Residue Domain Chain Total Polar Hydrogen

Num Num
RE@P ] | REEE SER S icel P 1 0 0
ged | | | | ROl icelP 21 O 0
rar [SE ESA N PARARRR e rae 3 RS icel P 3 2 0
e [ | [ | e SER S icelP 20 4 1
rer [ - S PRO P icel P 12 2 0
ged | | | | EEEEECEEC icel P 14 3 1
gedl [ [ [ | [T fcelP 12 1 0
el [ | [ | e SER S icel_p 12 3 0
ged [ | [ | [HEEES SER S icel P 1 2 0
el | | | | REEEECEC icel P 18 3 1
gedl [ [ [ | [ icel P 2 0
el [ | [ | e ASP D icel_p 6 2 0
gl [ [ [ | e THR T icel P 1 0
ror [ -« = S icel P 9 4 1
gedl [ | [ | [N icelP 20 6 1
gedl [ | [ | [ lcel P 7 2 0 Kaas Q. et al



CONCLUSIONS and PERSPECTIVES

http://imgt.cines.fr

1. The IMGT-ONTOLOGY axioms and concepis: CLASSIFICATION
(nomenclature), DESCRIPTION (labels), NUMEROTATION (IMGT
unique numbering, IMGT Colliers de Perles)...are acknowledged
as the international standards in immunogenetics and
iImmunoinformatics.

2. The WHO-INN programme requires the CDR-IMGT lengths.

3. American and European companies (Centocor Johnson and
Johnson USA, Merck USA,..) have adopted the IMGT® tools for
antibody engineering and antibody humanization.

4. The IMGT-ONTOLOGY axioms are used for a multiscale and
systemic approach (system immunobiology). Concepts are
currently described at the cell level (EU ImmunoGrid IST projet).
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Many thanks to the IMGT® team at Montpellier, France




