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Main objectives

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

=> data curation and annotation
=> specific bioinformatics development (databases, tools)

2.Ensure quality and consistancy with respect to a shared biological 
model as a standardize formal background

=> IMGT-ONTOLOGY

3.Reinforce relevance by integrating knowledge from different 
approaches

=> genetic,
=> genomic,
=> and more recently structure.

A story started in 1989!



  

With EMBL 
import/export 

With PDB import 

With Ensembl export 



  

Immunoglobulin (IG)

B lymphocyte T lymphocyte 

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

peptide

Trimolecular complex

Vertebrates

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

Adaptative immune response



  

T cell receptor diversity synthesis

N-DIVERSITY
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T cell receptor beta (TRB)
functional genes

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)
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TRA chain

T cell receptor alpha (TRA)
functional genes

TRA/D

protein rearranged

gDNA rearranged

RECOMBINATIONS



  

Sequences Genes Alleles
F ORF P Total F ORF P Total

TRA 1511
TRAV 43(+2) 1 8(+2) 54 101 1 10 112
TRAJ 50 8 3 61 57 8 3 68
TRAC 1 1 1 1

Total 116 181

TRB 5454
TRBV 40-42(+6) 6(+1) 12-13(+5) 64-67 114 9 23 146
TRBD 2 2 3 3
TRBJ 12(+1) 1(+1) 14 14 2 16
TRBC 2 2 4 4

Total 82-85 169

Human TR potential repertoire

So potentialy:
2150-2250 TRA chains
960-1248 TRB chains



TR MHC- IPeptide

TR/peptide/MHC-I complex

1AO7

We don't have so much structural data!



TR-BETA TR-ALPHA

V-BETA
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C-BETA
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Target cell

V-ALPHA
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TR-BETA
TR-ALPHA

C-ALPHA
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C-BETA
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V-BETA
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TR chains and domains

TR-ALPHA_BETA
Contribution of the

2 V-DOMAINs
to the antigen binding site



G-ALPHA2

[D2]

G-ALPHA1

[D1]

 I-ALPHA

C-LIKE
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 C-LIKE
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G-ALPHA2
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G-ALPHA1

[D1]
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C-LIKE
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 C-LIKE
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MHC-I chains and domains
With 8/9/10 amino acid peptide in the  G-DOMAIN groove

MHC-I chains and domains

MHC-I-ALPHA_B2M

C

N

Target cell
(infected or tumoral)



TR MHC- I

TR-BETA

C-ALPHA

C-BETA
V-BETA

C-LIKE-DOMAIN

G-ALPHA1

C-LIKE-DOMAIN

Peptide

TR/peptide/MHC-I complex

N

C

TR-ALPHA V-ALPHA
G-ALPHA2  I-ALPHA

B2M



TR MHC- I

TR-BETA

TR-ALPHA

B2M

 I-ALPHA

C-ALPHA

C-BETA

V-ALPHA

V-BETA

C-LIKE-DOMAIN

G-ALPHA2

G-ALPHA1

C-LIKE-DOMAIN

Peptide

TR/peptide/MHC-I complex

N

C

TRAC*01 (98.90%)

TRAV12-2*02 (100%)
+TRAJ24*02 (100%)

B2M (97.89%)
HLA-A*0201 (100%)

HLA-A*0201 (100%)

HLA-A*0201 (100%)

TRBC2*01 (99.22%)
TRBC2*02 (99.22%) TRBV6-5*01 (100%)

+TRBJ2-7*01 (100%)

TRBD?



  

TRAV12-2*02 allele in sequence (M81774)

A new forthcoming IMGT/LIGM-DB view



  

Human TRB locus at 7q34

TRBV6-5 TRBJ2-7 TRBC2

Extracted from 
IMGT/LocusView

TRBD?



  

V-DOMAINs in Human TR αβ (A6)

V-BETA
[D1]

V-ALPHA
[D1]

Complementarity determining regions (CDR) in 
TR-ALPHA (1AO7_D) and TR-BETA-1 (1AO7_E) 



  

TR/peptide/MHC-I available complexes

Human 12
Mouse 7
Human/Mouse 2

Total 21

Human 12
Mouse 7
Human/Mouse 2

Total 21

Human 4
Mouse 2
Human/Mouse 1

Total 7

TR/peptide/MHC-II



  

CDR1-IMGT

V-ALPHA
[6.6.11]

CDR3-IMGT

V-BETA
[5.6.14]

FR and CDR lengths in V-DOMAINs
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 (FR2-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



  

CDR1-IMGT
CDR2-IMGT

CDR3-IMGT

V-ALPHA
[6.6.11]

Based on IMGT unique numbering of V-DOMAIN

IMGT Colliers de Perles for V-DOMAIN

CDR1-IMGT
CDR2-IMGT

CDR3-IMGT

V-BETA
[5.6.14]



  

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

G-ALPHA1
[D1]

G-ALPHA2
[D2]

I-ALPHA (1AO7_A) helix  
and a peptide (1AO7_C)

C

N



  

G-ALPHA1
[D1]

G-ALPHA2
[D2]A

B

C

D

A

B

C

D

HELIX

HELIX

C-LIKE
[D3]

G-ALPHA1 G-ALPHA2

A-STRAND 14 14
AB-TURN 3 3
B-STRAND 11 11
BC-TURN 2 2
C-STRAND 8 8
CD-TURN 3 1
D-STRAND 8 8
HELIX 41 45

Total 90 92

Strand, turn and helix lengths

61A

72A

91-92

40-41



  

IMGT Colliers de Perles for G-DOMAIN

G-ALPHA1
[D1]

G-ALPHA2
[D2]A

B

C

D

A

B

C

D

HELIX

HELIX

C-LIKE
[D3]

Based on IMGT unique 
numbering of G-DOMAIN



  

G-ALPHA1
[D1]

G-ALPHA2
[D2]A

B

C

D

A

B

C

D

HELIX

HELIX

C-LIKE
[D3]

7

HLA-A*0201 regions in contact with A6

CDR1-IMGT

CDR2-IMGT
CDR3-IMGT

V-ALPHA

CDR1-IMGT

V-BETA

CDR2-IMGT

CDR3-IMGT

No contact with CDR1-IMGT 
and CDR2-IMGT of V-BETA



  

9 V 9

8 Y8

7 V7

6 P6

---

5 Y5

(4 G)4

3 F3

2 L2

---

1 L1

Peptide
9-amino acid 

peptides

HLA-A*0201 contacts with 9 AA peptide

G-ALPHA1
[D1]

G-ALPHA2
[D2]

C-LIKE
[D3]



  

9 V 9

8 Y8

7 V7

6 P6

---

5 Y5

(4 G)4

3 F3

2 L2

---

1 L1

Peptide
9-amino acid 

peptides

HLA-A*0201 contacts with 9 AA peptide

Helix and peptide with contacts

G-ALPHA2
[D2]

G-ALPHA1
[D1]



  

CDR3-IMGT

G-ALPHA2

Peptide

One residue contact analysis
IMGT Residue@Position cards

as found in IMGT/3Dstructure-DB

V-BETA

mailto:Residue@Position


  

Human cDNA TRAV12-2 available junctions

IMGT/V-QUEST to look at some specificities

(cut has no D)



  

1ao7_D|TR-ALPHA .KEVEQNSGPLSVPEGAIASLNCTYS DRGSQS...... FFWYRQYSGKSPELIMS IYSNG..... DKEDG.......RFTAQLNKASQYVSLLIRDSQPSDSATYLC AVTTDSWGKLQFGAGTQVVVTP

but:
1. no protein only sequence input
2. no match with the other JUNCTIONs

V-REGIONs versus V-ALPHA alignment



  

● bridge the gaps between sequences and structures,
● are used whatever the MHC and whatever the species,

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

H2-DMA,-DOA
H2-DMB,-DOB

H2-AA,-EA
H2-AB,-EB 

H2-M,-Q,-TH2-D,-K,-L

HLA-DMA,             
-DOA
HLA-DMB,             
-DOB

HLA-DPA,-DQA, 
- DRA
HLA-DPB,-DQB, 
-DRB

HLA-E,-F,-GHLA-A,-B,-C

MHC-IIbMHC-IIaMHC-IbMHC-Ia

Why are IMGT Collier de Perles so useful?

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



  

CH3

CH2

CL

VL

CH1

VH

CH3

CH2

CH1

CL

VL
VH

CH3

CH2

CL

VL

CH1

VH

CH3

CH2

CH1

CL

VL
VH

Chimeric
(-ximab)

Humanized
(-zumab)

Go towards antibody engineering
Standardize.

A more clear view? 



  

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



  

IMGT® team thanks you!



  



  

CAMPATH-
1H

VH domain
(V-D-J-REGION)

[8.10.12]

human
rat

Humanized CAMPATH-1H mutant 1
Mutant 1: S28>F
Mutant 2: S31>T 
(alemtuzumab)

X
X



  

Human MHC locus at 6p21.3

HLA-A
(Xbp)



  

Human TRA-TRD locus at 14q11.2

TRAC
(Xbp)

TRAJ24
(Xbp)

TRAV12-2
(Xbp)



  

MHC-I 8

MHC-I 9

MHC-I 10

MHC-II

Pathologie spécifique
1000ers peptides et 100es de TR

Caractérisation des récepteurs
Détermination des épitopes

TR/peptide/MHC
21 3D-structures

3D-structure modelling

Structural variability analysis



  

TR and MHC docking

Loop reconstruction

TR/peptide/MHC interaction energy evaluation

Model energy evaluation

TR/peptide/MHC interaction model protocol

TR, peptide and MHC sequences

Corresponding
3D-structure

selection

Loop construction



  

IG synthesis: a rich diversity

2 x 1012

DIFFERENT ANTIBODIES

5 ' 5 '3 ' 3 '
x1000 

 

6300

POTENTIAL RECOMBINATIONS POTENTIAL RECOMBINATIONS
N-DIVERSITY  

SOMATIC MUTATIONS

 
 

ABOUT 3.5 x 105 POSSIBILITIESABOUT 6.3 x 106 POSSIBILITIES

185 + 165

150
FUNCTIONAL IG GENES

5 ' 3 '

V D J C

38-46 x 23 x 6

5 ' 3 '

V J C

HEAVY CHAIN LIGHT CHAIN

30-35 x 5 (Kappa)
29-33 x 4-5 (Lambda)

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.

What can be wrong with a structure complex?
May be due to 'bad' alleles or synthesis?



  

Chiffres :

Combien de TR et de MHC pour l'homme ?

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


