Bioinformatique et ontologies

Marie-Paule Lefranc

Université Montpellier 2
Institut de Génétique Humaine, UPR CNRS 1142

Module proposé par la Maison des Ecoles Doctorales
17-19 mai 2011, Montpellier



Il y a autant de définitions de la « bioinformatique »
et des « ontologies » qu’il y en a pour la notion de
« gene ».

Au-dela de cette diversité, nous définirons les termes
generiques du domaine.

Nous montrerons comment se construit une ontologie
pour le partage des connaissances.

Nous decrirons pourguoi une ontologie est une necessite
en bioinformatique,

en particulier lors de I'évolution de systemes d’information
et lors des modélisations de systemes biologiques.



A partir d’exemples, nous degagerons les axiomes et principaux
concepts qui ont permis a une ontologie, IMGT-ONTOLOGY,
de devenir un paradigme au niveau international.

Nous montrerons que les axiomes d'IMGT-ONTOLOGY

qui permettent d’appréhender les connaissances sous différentes
facettes sont utilisables pour une représentation multi-échelle
(moléculaire, cellulaire, de I'organisme et de population),

et par suite en biologie systémique pour la modélisation de
réseaux de regulations, de processus biologiques, de
communications entre organes et au sein de population.



-La construction d’'une ontologie engendre une dynamique
continuelle en recherche fondamentale et en recherche
appliquée qui intégre les avancées scientifiques et
technologigues du domaine.

-En terme de visibilité internationale et a I'aide d’exemples

en recherche clinique (diagnostic des leucémies) et en
biotechnologie (ingénierie des anticorps, humanisation des
anticorps), nous montrerons comment IMGT-ONTOLOGY permet:
- de gerer efficacement un projet,

- de concilier assurance qualité et créativité,

- et de favoriser une valorisation de la recherche.




Acquis a la fin de la formation:

Cette formation démontrera qu’une approche intégrée des
connaissances

d’'un systeme complexe en bioinformatique

est possible a la condition de reposer sur une solide ontologie.

L’étudiant réalisera de plus gqu’'une ontologie
amene tout naturellement a une assurance qualité
et a une valorisation de la recherche.
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Mardi 17 mai 2011 o

1. IMGT®
Quel est le domaine d’expertise d'IMGT®?

2. Ontologie
Qu’est-ce qu’une ontologie?

3. IMGT-ONTOLOGY axioms et concepts

4. Exemples d’applications



IMGT® domain: the adaptive Immune response

http://www.imgt.org
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Immunoglobulin or antibody

http://www.imgt.org
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+« YH V-DOLIAIN of the imrunoglobulin heavy chain

¢ VL: V.DOMAIN of the inmmunoglobulin light chain

« CHI1,CH2, CH3: C-DOMAIN of the mmunoglobulin heavy chain
¢ CL: C-DOMAIN of the smemunoglobulin ight chain

. VHrcotresponds to the ¥-D-J-REGION (in green (V), orange (D)) of the heavy chain,
: VL cottesponds to the V-J-REGION (in green (V) and yellow (1) of the light chain,

The Immunoglobulin FactsBook, 2001



Structural domains

IGand TR MHC
V-DOMAIN C-DOMAIN G-DOMAINSs




V-DOMAINs: VH and VL

http://www.imgt.org

VH VL VH VL
V-D-J junction V-J junction

Side view of the V-DOMAINSs 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 (IG) T cell receptor (TR)

http://www.imgt.org
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The Immunoglobulin FactsBook, 2001



Immunoglobulin IgG

http://www.imgt.org
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Immunoglobulin (IG) synthesis

. http://www.imgt.or
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IMGT Repertoire, http://www.imgt.org



Immunoglobulin (IG) synthesis

1 5 0 http://www.imgt.org
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IMGT® http://www.imgt.org

http://www.imgt.org

IMGT®, the international ImMunoGeneTics information system®

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

IMGT® is the international reference in iImmunogenetics and
Immunoinformatics.

IMGT® comprises:

- 6 databases

- 16 on-line tools

- more than 15,000 HTML pages of Web resources.

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

IMGT-ONTOLOGY axioms
and concepts



http://www.imgt.org

IMGT-ONTOLOGY seven axioms:

To share, reuse and represent knowledge
In Immunogenetics and Life Sciences

IDENTIFICATION |~

CLASSIFICATION

DESCRIPTION

\\~ OBTENTION

ORIENTATION

LOCALIZATION

NUMEROTATION

Giudicelli and Lefranc, Bioinformatics 1999



http://www.imgt.org
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CLASSIFICATION axiom

http://www.imgt.org

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

o 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 IG and TR genes
(direct links from Entrez Gene NCBI).

o« WHO-IUIS/IMGT 2007 report (Dev. Comp. Immunol., Imnmunogenetics).



ROTOTYPE for a V-GENE o g

V-GENE
| L-PART1 V-EXON |
1 [ 1
5'UTR | FR1-IMGT.lI;R2-IMGT . FR3-IMGT 3 'UTR
C W c%
[ |
DONOR-SPLICE V-REGION
Label 1 Label 2 Relations entre Labels
V-GENE V-EXON ' | | I
FR3-IMGT CDR3-IMGT ! l |
L-PART1 DONOR-SPLICE I — .
V-REGION FR1-IMGT |

V-REGION CDR3-IMGT I . |
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An example of V-GENE Tics gl ooms
http://imgt.cines.fr
>X62106.0|HSVI2|Homo sapiens VI-2 gene for immunoglobulin heavy chailn
tgagagctcc gttcctcacc atggactgga cctggaggat cctcttcttg gtggcagcag 60
ccacdggfiaa gaggctccct agtcccagtg atgagaaaga gattgagtcc agtccaggga 120
gatctcatcc acttctgtgt tctctccafa ggalgcccact cccaggtgca gctggtgcag 180
tctggggctg aggtgaagaa gcctggggcc tcagtgaagg tctccltgcaa ggcttctgga 240
tacaccttca ccggctacta tatgcactgg gtgcgacagg cccctggaca agggcttgag 300
tggatgggat ggatcaaccc taacagtggt ggcacaaact atgcacagaa gtttcagggc 360
agggtcacca tgaccaggga cacgtccatc agcacagcct acatggagct gagcaggctg 420
agatctgacg acacggccgt gtattaciEglli gcgagaga tgaaa acccacatcc 480
[eEXefe[eldsjt c agaaacccaa gggaggaggc ag
L-PART1 L-PART2 V-REGION V-RS
5'UTR i 3UTR
e j V-INTRON * . 3 — 3
1st-CYS 2nd-cys V-HEPTAMER
DONOR ACCEPTOR 23 104 V-SPACER
-SPLICE -SPLICE V-NONAMER



3 IMGT /LIGM-DE Consultation module ¥3 - Mozilla Firefox

IMGT/LIGM-DB Mg
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File Edit Wew Go Bookmarks Tools  Help hW/WWV\"imgt'org
FH Eey Location/Coualifiers ;I

FH

FT L-V-D-J-C-3EQUENCE =<1..375>

FT Spartial

FT fdb xref="taxon:9606"

FT ..-’cell_tgrpe="B—cEll hvbhridoma ZF7™

FT ..-’II-IGT_nDte="autDmaticallgr annotated with IMGT tools"™

FT Sorganismw="Homo sSapisns'™

FT W—=D—-J-REGION 1..375

FT LERALASGFTFS3YGMHIWROLP

FT NSENTLYLOMMILRAEDTAVYYC

o CLASSIFICATION

FT WV—REGICON 2965

FT allele="IGHVI-33%01,] putative' -
FT gene="IGHV3-33" 153.711 sequences from 270 species
FT JUDE_Iength=nlo.o. 19"

FT ..-’putative_lirnit="3' 2ide'

FT Stranslation="O0VHLVEIGGAVFHPGRILELIRAASGF TFSSVGMHITWROQLR T

FT AR GLEWMY AV IV D GENEY YADRVEGEF TIZRDNAFNTLYLOMMNILRAED TAVYYC

FT AT

FT FR1-IMGT 1..75

FT IAA_IHGT="1 to 26, Ak 10 iz mwissing'™

FT stranslation=rovELvEsceavrarcrsLELsraLsT  [MIGT-ONTOLOGY:

FT CDE1-THMGT Te..99

FT /RA_TMGT="27 to 34" 277 IMGT labels for sequences
FT ftranslation="GFTF33VG"

FT | FR2-THGT 100. . 150 285 IMGT labels for 3D structures
FT IAA_IHGT="39 to 5E5T

FT Stranslation="MHIWVEQLPAEGLEWJAV™

FT CONIERVED-TRFP 10e..108

FT | CDRZ-INGT 151..174 SO (Sequence Qntology):

FT IAA_IHGT="56 to 83

FT /translation="INYDGSNE" 67 IMGT labels

FT LEBRZ_TI:T 175..288

FT IAA_IHGT="EE to 104, Ah V3 iz missing™

FT Stranslation="YYAaDsSVEGRFTIZRDNSENTLYLOMNSLEAED TAWVYYC ™ :ﬂ

Crone o




DESCRIPTION axiom sl =

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

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

* They are particularly useful to describe 1G, TR, and MHC and
their complexes (IG/antigen, TR/pMHC).

* Itis 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: 15 000 pages HTML G
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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)

This table is from 2008. Using IMGT/mADb-DB: 1) What are the 2 mAbs withdrawn in 2009-20107?
2) What are the 4 mAbs approved in 2009-20107?
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Mutant 1: S28>F

VH domain
(V-D-J-REGION)

Mutant 2
alemtuzumab
S31>T

ll.
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LTS

00000060000
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NUMEROTATION axiom

http://www.imgt.org

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 (MH).

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 iImmunogenicity
evaluation and paratope definition.

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



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

IMGT/JunctionAnalysis
IMGT/V-QUEST
IMGT/3Dstructure-DB



Immunoglobulin V-D-J generation
of sequence diversity

http://www.imgt.org

3'V-REGION N-REGION D-REGION N-REGION
tgtgcgaaaga @ ta@% tg gtggtgactgctat tcc g’\:gﬁ;@_
JUNCTION

C AP Y R G D T Y DY
tgt gcg cca tac cgg ggt gac act tat gat t
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IMGT/JunctionAnalysis: analysis of the IG and TR junctions Mg

Information
Tics system®

http://www.imgt.org

IMGT/JunctionAnalysis Results

Locus ICH Maximum number of mutations :
Snecies Hommo Saniers V—REGION 2.2; D—REGIQN 4 JREGION: 2
P P Deletion criterium ; Lsing pattems
IMGTrepertoire link Locus representation Best D gene choice for a same score : Less mutations

Description of the JUNCTIONS

Click on mutated {underscored) nucleotid to see the original one: |c

Input ¥V name V-REGIOH P H1 D-REGION H2 P J-REGIOH J name I name Vmut Imut Jmut Hge
#1 770256 IcHVZ-26%01  totgtacg..... EOEEQE i gragrgcctogtac coasatatc ...actttgaccactgy IGHT4*02 IGHDA-13+01 1 2 1 &/15
#2 770257 IGHVI-7T02 tgtgm%. e =X ot = S cagotottatyes coeee ctactgytacttegatetetgy IGHI2*01  IGHDZ-2*01 O 2 0 9/11
#2 Z70B06 IGHV4-31*03  totgogagad. o LORCEACT. e cant c.atgottttgatgtetyy IGHTI*01 IGHD4-17#01 0 0 0 3/5
#1 770608 IGHV4-39+05  togtge. CRFAGEA vaaes ACFALLLLLOYRTTYYLLAtt, .. fulutututn nululoc-Y L.atgottttgatatctgy IGHIZ#0Z  IGHDS-3+01 O 0 0 1z2/17
#5 770610 IGHV4-34*09  totgogagad. EETUTRT eeeeas cgatttttggagtogttatt. .. .. eetete oa tgatgettttgatatetgy IGHI3*02  IGHD3-3*01 O 0 0 9/1z
#6 770617 IGHV4-59+%01  tgtgogaga. . T tggtaactataa, tgeeggegtty ...actoggttegaccectgg IGHTS*#0Z  IGHD3-9#01 O 2 0 9/13
#7  7T0R13 IGHV4-59%01  tgtgoegagad. e CRYCRYT TR CLenet . oe.Chbbgactactgy IGHT4*02  IGHDE-13%01 O 0 0o 4/
#28  770614 IGHV4-59*01  tobtgogaga. . [e1=Tug =t O tiogoyyacttat. .. ..., CEEEER aeeaaas gactactgy IGHI4*02 IGHDI-16%01 O 2 0 7/14
#9 770615 IGHV4-59+%01  tgtgogagag. goety OLAsauagy. .oy tttoggas .tactggtacttegatctetgy IGHTZ#01 IGHDS-24*01 0 2 0 713
#10 770616 IGHV4-34%01  totgogagad. BOT eeerreaaaeens eI e v 1« tteoe L.actggttegacecctyy IGHIST02 IGHD3-16%01 0 0 0 &/8
#11 770620 IcHV4-30-4*01 totgogagaga T gOOYCOYYaRtOUtt. ... o .gatgottttgatatetyy IGHTI*02 IGHD3-16%01 1 4 0 5/5
#12 770621 IGHV4-39%01  tgtgogagaca COACUALLLALOY  vvuirrrrrrnnnn. (AT Tole o= Te ol S LQECCCCE eeaaan ttgactactgy IGHT4#0Z IGHDI-16*01 0 1 0 1z/z21
#12 770R72 IGHV4-39%06  totgogagaga © o COCCCCOotoChOCCaanat e IR=URA=Ne =N e e LA vl 1= DA LALOEEET eeaas tttgactactgy IGHT4+03 IGHDI-10%01 O 0 0 15/z8
£ >

Terming




The eleven IMGT amino acid classes

according to the physicochemical properties

http://www.imgt.org

“olume' classes ‘Hydropathy' classes
in A Hydrophaohic [Meutral Hydrophilic
Yerylarge 189-228 F WY i
Large 162-17 4 I L [yl .. R
fledium 1535-154 ki E L]
=mall 105-117 C F T D Mo
Yery small G0-90 A, (5 o
. = x | = 2
Aliphatic E % Basic E :%
T
L 1 | 1 |
LIncharged Charged LIncharged
Monpolar | Fuolar I

Pommie et al. J. Mol Recognit. 17, 17-32, 2004



IMGT/JunctionAnalysis: analysis of the IG and TR junctions

JUNCTION alignments with translation and IMGT AA classes

CHckunrnMamd(undenmed)anﬂnuacmtuseethenﬁgmalune:[::]

#1

#2

#3

#4

#5

#0

#7

#3

#9

AY393054

AY393055

AY393058

AY393072

AY393088

AY393089

AY39309

AY393092

AY393094

104

tgt

tot

tgt

tot

tgt

tot

tgt

tot

tgt

105

gag

cay

gag

cay

agc

cCcc

tat

cCcc

111.1

gyc

tat

tog

tat

tog

tat

111.2

111.3

112.3

112.2

tac

tac

tac

112.1

¥

tac

[HH

cat

112

cac

gat

P

oot

gat

oot

gat

113

gat
gug

gat
gug

114 115

: =]
cac Tt

Faa c
;0
gaa tac tto
gaa gac tTLC
;I
gaa cac ttC

tLC

gug Ty

goa tht

v [

gy tho

» [

gca tht

v [
tho

Ty

116

a

cag

a

cag

cag

cag

gac

1=}

gac

1=}

gac

IR}IH
Gle

http://www.imgt.org

Information
systemE

117 118
"I
cayg Ty
¥ 0
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"I
cayg Ty
"I
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P00
coc Ty
E
cteo tog
P00
coc Ty
-
gt Ly
P00
coc Ty

Yousfi Monod et al. Bioinformatics 20, i379-1385 (2004)
Pommié et al. J. Mol Recognit. 17, 17-32 (2004)



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

WELCOME ! [m
to the INMGT/V-QUEST Search page Mus6

Geéne .
THE T ) [ni-nrmatmn
INTEEMNATIONAT. 1CS system®
AT OGENETTC S
INFOEMATION Y STERME

http://ungt. cines. fr

Citing IMGT/V-QUEST: Gudicelh, V. et al. INucl Acids Ees. 2004, 32, W4355-440 PMID: 15215425 |

B=7 You are m the new IMGT/V-QUEST, upgraded for multiple sequences and with new functionalities. N

Analyse vour Immunoglobulin nucleotide sequences

¥  Human B Teleostei
B Ilouse - Atlantic cod
- Channel catfish
- Bambow trout
B Chondrichthyes B Sheep

Analvse vour T cell Receptor nucleotide sequences

@  Human @ 1 on-human primates

@ louse




Analyse vour Immunoglobulin sequences

Your selection: Human

Your sequences are compared to the Human 1G set from the IMGTR-QUEST reference directory sets

Im
Mugé

Gee

Tics

http://www.imgt.org

Information
systemE

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 helow :

FAY3I93I054

o [ oA [ (0 0 o e o o o (e 0= o o Y === TN 6 f o0 A A == R A £ T (6 A (=10 (a0 0 0 (0 E= T U 0 i (o (0 O =T O o o [ o= =-T [l =T {0 Ve
toCCtgagac ot oe L gradC L e LAt tyac e Lt iyt gat tLact L LAt Jago tgUt Lo oo oag ot Coayyyaadguac t g
gtoggtaggtttoattaagagogasact tatgytgyacaacagaatacgocgogtotgtgaaagyoagat toatcat ctogagagato
attocaasagoatogoctatttyoaaatgaacado o tdyasaccdadyacacayicatatat tactytagt ooyt agt o L Lat
taccacgaacactLoCayCaytyygyoc o gygUaccat gyt cac Lo oo o aAgC ot CCaC CaadgC CCat oyt o L LoC oo e T oo
acootootocaagagoac et tydggeacagqeggeeotgddot ooty oaadgactac ttocos

FATIQI0LE
gotgggbtttocttgttgotatttoaaaagytgtocagt gtgagyt goaget gyt goagac t gyayyagyo t tgat coago o T oo oo
toootgagactotootgtgrage ooty toacegtoagtageaac tacat Jago t ooyt oo o cag o t o cagggaadoogc toga

(O Or give the path access to a local file containing your sequence(s) in EASTA format (FASTA format is required):

Farcourir...

[Start] ’ Clear the form

http://www.imgt.org

&) ® Internet

Giudicelli V. et al.



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

THANK YOU
for using IMGT/3Dstructure-DB

THE

INTERMATIONAL
IMMIMNOGENETICS
INFORMATION SYSTEME

Information
system®

bt /fimgt cines . fr

[

IMGT/3Dstructure-DB card for : 1cel

IMGT protein hame

IMGT receptor type IMGT receptor description Ligand(s)

Species

Entry coda I:l

CC Chain ID

CAMPATH-1H, alemtuzumat, B B .
MABCAMPATH® I3 FAB-GAMMA-1_KAPPA Humanized [1cel Hlcel | ]
, CD52 (synthetic .
Peptide neptide) Synthetic [lcel P
Experimental technique  X-ray diffraction Besolution (in angstrom)  1.00 FDE release date  25-JUN-go
Epitope and Chain Contact 30 visualization Fenumberad IMGT numbering References Printable
details analysis ol ar QuickPDE MGTfile = COMmparison and links card

IMGT/ 3Dstructure-DB Domain pair contacts

{overview) of lcel

Atom contact types Atom contact categories

O Mon covalent O Covalent O (BB} Backbone/backbone

Kaas Q. et

_al.



Im

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

Gene

Tics

http://www.imgt.org

MGT Collier de Perles : Homo sapiens (Human) IGHV V-DOMAIN from 2F5 (1u8k_B)

CDR-IMGT lengths [10.7.24]

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

118

COROCEEPEIREEERRRREES

12?

1o



Atomic pair contacts in IMGT/3Dstructure-DB

IMGT Residue@Position card

Residue@Position:

- TRP (W) - VH - 1usk_B

eneral information:

PDE file numbering
IMGT file numbering
Residue full name
Formula

26

41

Tryptophan
C11 H1Z M2 02

IMGT LocalStructure@Position

Secondary struchure
Fhi {in degrees)
Psi {in degrees)

454 (in sguare angstrom)

Extended conformation
-122.64

137,12

0.0

Pair contacts:

Atom contact types

Mon covalent
Palar

Hydrogen bond
Man polar

Atom contact categories

[ ieB) Backbone/hackbone
[ ¢=5) Side chain/side chain
[ ies) Backbone/side chain
[ =B) Side chain/backbone

Covalent
] Disulfide

Check all
Uncheck all

Check, all
Uncheck all

Ir:l Gr: Residue Domain  Chain
&} Gy EOWH 1usk_B
21 LEU L WH 1usk B
22 THR. T %H 1uzk_PB
23 cvs C WH 1ugk_B
29 Vab v WH 1usk_B
43 ARG R WH 1usk B

i) i]
17 17
8 8
10 10
2 2
2 2

= = O O O 09

e Y e Y e [ e [ e Y e |

Atom contacts Non Covalent Polar Hydrogen Bond MNon Polar

i
17
8
10
1
1

Im
Mugé

Gee

Tics

http://www.imgt.org

Information
systemE



Hydrogen bonds (IMGT Collier de Perles on 2 layers)

. , http://www.imgt.org
MGT Collier de Perles : Hormo sapiens (Human) IGHV V-DOMAIN from bi2 (1hzh_H)

CDR-IMGT lengths [8.8.20]




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

ComPair
ComPair
ComPair
ComPair
ComPair
CombPair
ComPair
ComPair
CombPair

ComPair

IMGT molecule name IMGT_ . Chain IMGTthm Domain
description D description number
CAMPATH-1H, alembuzumab, FAB-GAMMA- ]
MABCAMPATHE 1_KAPPA feel A VH-CHL [O1]
[02]
fcel | L-KAPPA [01]
[02]
CD52 (synthetic peptide) Peptide lcel P Peptide
Mumber of residues Atom contact types
Unit 1 Unit 2 nescue
LONLECE Total From 1 From 2 Total Polar Hydrogen
Domain  Chain Domain  Chain
WH leel H | CHI leel H 19 17 8 9 125 9 1
VAHAPPA 1cel | 63 45 24 21 532 61 6
(Ligand) 1icel P 25 19 12 7 216 40 9
CH1 leel H WH leel H 19 17 a 2 125 9 1
CHAPPA 1cel | ata 58 28 30 498 40 6
WRAPPA lcel L | WH lcel H 63 45 21 24 532 61 5}
CHAPPA 1cel | 18 18 8 10 137 19 2
(Ligand) 1cel P 16 14 7 7 171 37 5
CHAPPA 1cel L CHI lcel H 68 58 30 28 498 40 5}
WAHAPPA 1cel | 18 18 10 2 137 19 2

IMGT domain
description

WVH

CH1
VAKAPPA
CHAPPA

Im
Mugé

Gee

Tics
http://www.lngt.org

Information
systemE

Kaas O. et al.



Contacts VH-(Ligand)

IMGT
Num

2 | I O ] -
< | O ]
2 | S -

Residue Domain Chain

R@FP 55 PHE F WH lcel H R@pP
REEP 355 FHE F WM lcel H R@P
R@P 55 PHE F WH lcel H R@p

REFP 66 Gl E WA lcel H R@P

2 S S N S e
2 [ GO N S

IMGT
Num

B 0 L N s L O o o e [ N L e I« o o o S R o o S N R o T o0 B A

Residue Domain Chain

THR.
ALA,
ASE
SER
ALA,
ASP
ALA,
ASP
RSP
ALA,
THR
SER
ALA,
GLY
THR.
GLY
THR
SER
GLY
SER
SER
THR
SER
SER
SER

nowomn 4 nmowmonw 4 4 m w4 OO0 0 g +

leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P

Total Polar Hydrogen

4
13
14

5
16

20
11

13

24
21

-y

11

Lok o~ WW

O O N O = b= = N OO 2 N = O NN N O N G W o C O N = O

o o 9o o o = 2O = O O O 2 9O 9 = O = = N O O O N SO O

Kaas Q. et al



Summary:

Residue  MNumber of residues Atom contact types
contacts |
Total From 1 From 2 Total Polar Hydrogen http://www.imgt.org
16 14 7 7 171 37 5

List of the Residue@Position pair contacts:
Click "RuaP!' for IMGT Residue@Position cards

Order Order Atom contacts

IEIE; Residue Domain Chain IEE; Residue Domain Chain Total Polar Hydrogen
R@P | EEEE SER S icel P 1 0 0
el | || | BREEEE PRO P lcelP 21 O 0
rar [SE SN [ RERARRR] el ae s SER 5 icel_p 3 2 0
gl [ || | EeE SER S icelP 20 4 1
el [ | [ | EEEE PRO P icel P 12 2 0
ged [ | [ |  HeE SER S lcel P 14 3 1
el [ || | EHegE PRO P icel_p 12 1 0
gl [ | [ | HeEE SER S icel P 12 3 0
ged | || | REEEG SER S lcel P 1 2 0
ged [ | [ |  Ee SER S lcel P 18 3 1
gedd [ | [ | Eegm ALA A icel_p 2 0
rer [ - ASP D icel P 6 2 0
el | || | R THR T lcel P 1 0
ged [ | [ | HeE SER 5 icel_p 9 4 1
gl [ || | EeEE SER S icelP 20 6 1
ded | | || EC TR et P 7 2 0 Kaas Q. et al



CONCLUSIONS and PERSPECTIVES

http://www.imgt.org

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

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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The IMGT® team, Montpellier, France
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