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Abstract

IMGT, the international ImMunoGeneTics information system® (http://imgt.cines.fr) provides a common access to expertly
annotated data on the genome, proteome, genetics and structure of immunoglobulins (IG), T cell receptors (TR), major
histocompatibility complex (MHC), and related proteins of the immune system (RPI) of human and other vertebrates. The
NUMEROTATION concept of IMGT-ONTOLOGY has allowed to define a unique numbering for the variable domains
(V-DOMAINSs) and for the V-LIKE-DOMAINS. In this paper, this standardized characterization is extended to the constant
domains (C-DOMAINs), and to the C-LIKE-DOMAINSs, leading, for the first time, to their standardized description of
mutations, allelic polymorphisms, two-dimensional (2D) representations and tridimensional (3D) structures. The IMGT unique
numbering is, therefore, highly valuable for the comparative, structural or evolutionary studies of the immunoglobulin
superfamily (IgSF) domains, V-DOMAINs and C-DOMAINs of IG and TR in vertebrates, and V-LIKE-DOMAINs and
C-LIKE-DOMAINSs of proteins other than IG and TR, in any species.
© 2004 Elsevier Ltd. All rights reserved.
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histocompatibility complex (MHC), and related
proteins of the immune system (RPI) of human
and other vertebrates [1-14]. IMGT provides a
common access to expertly annotated data on the
genome, proteome, genetics and structure of the IG,
TR, MHC, and RPI, based on the IMGT Scientific
chart rules and on the IMGT-ONTOLOGY concepts
[15]. More particularly, the IMGT unique number-
ing [16-18], based on the NUMEROTATION
concept of IMGT-ONTOLOGY, has been set up to
provide a standardized description of mutations,
allelic polymorphisms, two-dimensional (2D) and
tridimensional (3D) structure representations of the
IG and TR variable domains (V-DOMAINSs),
whatever the antigen receptor, the chain type or
the species [18]. The IMGT unique numbering for
V-DOMAINS is used in all the IMGT components
[3-8]: databases (IMGT/LIGM-DB [19], IMGT/
PRIMER-DB [20], IMGT/GENE-DB [21], IMGT/
3Dstructure-DB [22]), tools for sequence and
structure analysis (IMGT/V-QUEST [23], IMGT/
JunctionAnalysis [24], IMGT/Allele-Align, IMGT/
PhyloGene [25], IMGT/StructuralQuery [22]), and
Web resources (‘IMGT Protein displays’ [26,27],
‘IMGT Colliers de Perles’ 2D representations [28],
and ‘IMGT Alignments of Alleles’ [29,30]; see
IMGT Repertoire, http://imgt.cines.fr). Interestingly,
the IMGT unique numbering for V-DOMAIN was
fully applicable to the V-LIKE-DOMAINs of
proteins other than IG and TR [18], although their
genomic structure (V-LIKE-DOMAINs are often
encoded by one exon) is different from that of the
IG and TR V-DOMAINs (encoded by the
rearranged V—(D-)J genes).

In this paper, the standardized IMGT unique
numbering is extended to the IG and TR constant
domains (C-DOMAINSs) of the IG and TR of all jawed
vertebrates, and to the C-LIKE-DOMAINS of proteins
other than IG and TR of any species. The IMGT
unique numbering represents therefore a major step
forward for the comparative analysis and for the 2D
and 3D structure and evolution studies of the
immunoglobulin superfamily (IgSF) domains,
V-DOMAINs and C-DOMAINs of IG and TR in
vertebrates, and V-LIKE-DOMAINs and C-LIKE-
DOMAINS of proteins other than IG and TR, in any
species.

2. C-DOMAIN definition and relations
with C-REGION

The C-DOMAIN of an IG or TR chain is a 3D
structural unit comprising about 100 amino acids in
seven antiparallel beta strands, on two sheets
[31-33]. The seven strands of the C-DOMAIN,
designated as A, B, C, D, E, F and G, have a
topology and 3D structure similar to that of a
V-DOMAIN without its C’ and C” strands. Indeed,
the C-DOMAIN beta sandwich fold is built up
from the seven beta strands arranged so that four
strands form one beta sheet, and three strands form
a second sheet [31-33]. Depending from the
topology of the D strand, which can be in one or
the other sheet, the beta sandwich comprises ABE
and GFCD, or ABED and GFC. ABE and GFC are
closely packed against each other and joined
together by a disulfide bridge from strand B in
the first sheet with strand F in the second sheet
[31], conserved in both the C-DOMAINs and
V-DOMAINs. Amino acids with conserved phy-
sico-chemical characteristics form and stabilize the
framework by packing the beta sheets through
hydrophobic interactions giving a hydrophobic core
[31,34].

Whereas the C-DOMALIN is a structural unit of an
1G or TR chain, the C-REGION represents the part of
an IG or TR chain encoded by the C-GENE [29,30].
Depending on the IG or TR chain type, the
C-DOMAIN may correspond to a complete
C-REGION, or to most of the C-REGION, or to
only part of the C-REGION (if the C-REGION
comprises several C-DOMAINs). As respective
examples, (i) the domains C-KAPPA, C-LAMBDA
and C-IOTA correspond to the complete C-REGION
of an IG kappa, lambda, and iota chains, respectively
(if the IG light chain type is not specified, the domain
is designated as CL); (ii) the domains C-ALPHA,
C-BETA, C-GAMMA and C-DELTA correspond to
most (but not to the entirety) of the C-REGION of the
TR alpha, beta, gamma and delta chains, respectively
(indeed, the TR chains are transmembrane proteins
whose C-REGION encoded by the C-GENE
comprises, in addition to the C-DOMAIN, the
CONNECTING-REGION, the TRANSMEMBRANE-
REGION, and the INTRACYTOPLASMIC-REGION)
[29,30]; (iii) the domains CHI1, CH2, CH3 and,
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if present, CH4, correspond to only part of the
C-REGION of the IG heavy chains (e.g. the domains
CHI1, CH2 and CH3 of the human IGHGI represent
98, 110 and 105 amino acids, respectively, on a total
of 399 or 330 amino acids for the complete
C-REGION of a membrane gamma 1 chain or that
of a secreted gamma 1 chain, respectively [29])
(Fig. 1). It is worth to note that these relations between

C-DOMAIN and C-REGION are quite different from
those between V-DOMAIN and V-REGION, since
the V-DOMAIN of an IG or TR chain results from the
junction of two or three different regions: V and J (V-
J-REGION of the IG light chains, and of the TR alpha
and gamma chains), or V, D and J (V-D-J-REGION
of the IG heavy chains, and of the TR beta and delta
chains) [29,30] (Fig. 1).

A
EXONS
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T —HCH 00—
294 45 330 320 131 a1
B
DOMAINS Y-DOMAIN CHL CHZ CH3
I | a3 || 110 | 105 |
¥ | [ L —~
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[ J-REGION [ [ INTRACYTOPLASMIC-REGION

Fig. 1. Correspondence between exons, domains and regions. (A) Exons of the Homo sapiens IGHG1 gene shown as an example. Length of the
exons are in base pairs. Introns are not at scale (see Ref. [29] for a representation at scale). (B) Domains and regions of a Homo sapiens
membrane and secreted IG gamma 1 heavy chain shown as examples. Lengths of the domains and regions are in number of amino acids. The
CH3 exon (320 nucleotides) encodes 107 amino acids (105 amino acids of the CH3 domain and 2 amino acids of CH-S, only present in the
secreted gamma 1 chain). Exon M1 (131 nucleotides) encodes 44 amino acids (the 18 amino acids of the CONNECTING-REGION and 26 of
the 27 amino acids of the TRANSMEMBRANE-REGION), exon M2 (81 nucleotides) encodes 27 amino acids (the last amino acid of the
TRANSMEMBRANE-REGION and the 26 amino acids of the INTRACYTOPLASMIC-REGION). (Human IGHC ‘Alignments of Alleles’

and Protein displays in IMGT Repertoire, http://imgt.cines.fr and [29]).
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3. IMGT unique numbering for C-DOMAIN

Owing to the high conservation of the structure of
the immunoglobulin fold, the IMGT unique number-
ing for the C-DOMAINs of the IG and TR chains
is derived from the IMGT unique numbering for
V-DOMAIN [16-18], based on the NUMEROTA-
TION concept of IMGT-ONTOLOGY. In the IMGT
unique numbering, the conserved amino acids always
have the same position, for instance Cysteine 23
(1st-CYS), Tryptophan 41 (CONSERVED-TRP),
hydrophobic amino acid 89, Cysteine 104
(2nd-CYS). The hydrophobic amino acids of the
antiparallel beta strands (framework regions) are also
found in conserved positions [29,30].

In order to set up the IMGT unique numbering for
C-DOMAIN, we first identified the amino acid
positions, which correspond to equivalent positions
in the V-DOMAIN. This correspondence was estab-
lished by sequence alignment comparison of anno-
tated IG and TR from the IMGT/LIGM-DB database
[5,8,19] and by structural data analysis of IG and TR
with known 3D structures from IMGT/3Dstructure-
DB, http://imgt.cines.fr [22]. Seventy-two positions
were identified as structurally equivalent between
the C-DOMAIN and the V-DOMAIN, when the
strands A to G were compared. They comprise:
positions 1-15 (strand A), 16-26 (strand B), 3945
(strand C), 77-84 (strand D), 85-96 (strand E),
97-104 (strand F), 118-128 (strand G) (Table 1).
These positions are boxed in Fig. 2 and are indicated
in the header upper line of the IMGT Protein display
(Fig. 3) (Ruiz M., Martinez-Jean C. and Lefranc M.-P.

Table 1

IMGT Repertoire (for IG and TR) > Protein displays,
on-line 27/02/2001, http://imgt.cines.fr).

We then identified the C-DOMAIN characteristic
positions. These positions, shown in the header lower
line of the IMGT Protein display (Fig. 3), comprise
either additional or missing amino acid positions in
the C-DOMAIN compared to the V-DOMAIN.
Thirty-seven additional positions are characteristic
of the C-DOMAIN numbering and are designated by a
number followed by a dot and a number (Table 1):
1.1-1.9 at the N-terminal end of the C-DOMAIN,
15.1-15.3 at the AB turn, 45.1-45.9 which represent
a characteristic transversal strand CD, 84.1-84.7,
85.7-85.1 at the DE loop (these positions correspond
to longer antiparallel D and E strands in the
C-DOMAIN), 96.1 and 96.2 at the EF turn. Interest-
ingly, the additional positions 45.1-45.9 in the
C-DOMAIN, compared to the V-DOMAIN, corre-
spond to structural differences between the V- and
C-DOMAINSs. Indeed, these positions 45.1-45.9
represent a transversal strand between C and D in
the C-DOMAIN whereas, in contrast, C' and C” in the
V-DOMAIN are antiparallel strands. Thirty-three
positions are missing in the C-DOMAIN compared
to the V-DOMAIN. Thirty-one of these missing
positions (46-76) correspond to the last amino acid
of the C strand, to the two C’ and C” strands, and to
the C'C” (or CDR2-IMGT) loop of the V-DOMAIN
[18]. The last two missing positions (37 and 38) are in
the BC loop. The C-DOMAIN BC loop has a
maximum length of 10 amino acids (positions 27—
36) compared to the maximum length of 12 amino
acids for the equivalent V-DOMAIN CDRI1-IMGT.

Rules for gaps and additional positions in C-DOMAIN and C-LIKE-DOMAIN

A-Length of the A strand (positions 1.9-1.1, 1-15) and B strand (positions 16-26), and gaps at the AB turn

Examples A strand 1.9-1.1%, 1-15 B strand 16-26 Number of

Species Gene Domain Number of Gap A strand  Gap B strand ~ £aps at the
additional pos- positions® length positions®  length AB turn
itions at the (16-24)* (8-11)
N-terminus

Homo sapiens IGHG1 CH1, CH3 4 19 11 0

Homo sapiens IGHG1 CH2 21 11 0

Mus musculus CDI1D C-LIKE [D3] 1 15 15 16 10 2

Homo sapiens HLA-B C-LIKE [D3] 1 14 15 14 16 10 3

Homo sapiens ~ TRAC C-ALPHA 5 1013 14 15 16 16 10 4

Homo sapiens TRDC C-DELTA 6 1012131415 16 16 17 18 8 7

(continued on next page)
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B-Length of the AB turn (positions 15.1-15.3)

Examples AB turn 15.1-15.3

Species Gene Domain Additional positions® AB turn length (0-3)°

Homo sapiens IGHG1 CHI, CH3 0

Homo sapiens TRBC2 C-BETA2 15.1 1

Homo sapiens CD4 C-LIKE [D2] 15.1 1

Homo sapiens IGHG1 CH2 15.115.2 2

C-Length of the BC loop (positions 27-36)

Examples BC loop 27-36

Species Gene Domain Number of gaps Gap positions® BC loop length
(6-10)°

Homo sapiens IGHGI CH2 0 10

Homo sapiens IGHE CH3 0 10

Mus musculus IGHE CH3 1 32 9

Homo sapiens IGHG1 CH1, CH3 2 31 32 8

Homo sapiens TRAC C-ALPHA 3 313233 7

Mus musculus IGHD CH1 4 30313233 6

D-Length of the C strand (positions 39—45) and CD transversal strand (positions 45.1-45.9)

Examples C strand 39-45 CD transversal strand® 45.1-45.9
Species Gene Domain C strand length (7)*  Additional CD length
positions" (0—9)r
Homo sapiens TRAC C-ALPHA 7 0
Homo sapiens CD4 C-LIKE [D4] 7 0
Homo sapiens TRDC C-DELTA 7 45.1 1
Homo sapiens FCGRI1A C-LIKE [D1] 7 45.1,45.2 2
Homo sapiens FCGRI1A C-LIKE [D2] 7 45.1-45.3 3
Homo sapiens IGHG1 CHI1 7 45.1-45.3 3
Homo sapiens IGHG1 CH2, CH3 7 45.1-45.4 4
Homo sapiens TRBC2 C-BETA2 7 45.1-45.5 5
Homo sapiens TRGC1 C-GAMMAL 7 45.1-45.5 5
Homo sapiens HLA-B C-LIKE [D3] 7 45.1-45.5 5
Homo sapiens IGHA1 CH3 7 45.1-45.6 6
Sus crofa IGHE CH3 7 45.1-45.7 7
Anarhichas minor IGHC1S1 C-IOTA 7 45.1-45.9 9
Seriola quinqueradiata IGIC1S22 C-IOTA 7 45.1-45.9 9
Siniperca chuatsi IGIC1S3 C-IOTA 7 45.1-45.9 9
Siniperca chuatsi IGIC1S5 C-IOTA 7 45.1-45.9 9

E-Length of the D strand (positions 77-84) and E strand (positions 85-96), and gaps at the DE

Examples D strand 77-84" E strand 85-96 Number of

Species Gene Domain Gap positions' ~ Dstrandlength ~ Gap positions ~ E strand length ~ &aps at the
(5-8)" (8-12) DE turn

Homo sapiens IGHGI1 CH2, CH3 8 12 0

Homo sapiens FCGRI1A C-LIKE [D2] 83 84 6 85 86 10 4

Homo sapiens ~ FCGRIA C-LIKE [DI] 82 83 84 5 85 86 10 5

F-Length of the DE turn (positions 84.1-84.7, 85.7-85.1)

Examples DE turn 84.1-84.7, 85.7-85.1

Species Gene Domain Additional positions® DE turn length (6-14)"
Meleagris gallopavo Telokin C-LIKE [D] 84.1 1

Homo sapiens CD4 C-LIKE [D4] 84.1 1

Homo sapiens CD3E C-LIKE [D] 84.1, 84.2, 85.1, 85.2 4

(continued on next page)
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Table 1 (continued)

Examples DE turn 84.1-84.7, 85.7-85.1
Species Gene Domain Additional positions* DE turn length (6-14)F
Homo sapiens ICAM1 C-LIKE [D1] 84.1-84.3, 85.1, 85.2 5
Mus musculus IGHE CH1 84.1-84.3, 85.1-85.3 6
Homo sapiens TRDC C-DELTA 84.1-84.4, 85.1-85.4 8
Homo sapiens TRGCI1 C-GAMMA1 84.1-84.4, 85.1-85.4 8
Homo sapiens IGHG1 CHI1, CH2, CH3 84.1-84.4, 85.1-85.4 8
Mus musculus TRBC1 C-BETAI 84.1-84.5, 85.1-85.4 9
Canis familiaris IGHA CH3 84.1-84.5, 85.1-85.5 10
Homo sapiens IGHA1 CH3 84.1-84.6, 85.1-85.5 11
Homo sapiens IGHM CH2 84.1-84.6, 85.1-85.6 12
Homo sapiens TRBC2 C-BETA2 84.1-84.7, 85.1-85.6 13
Homo sapiens TRAC C-ALPHA 84.1-84.7, 85.1-85.7 14
G-Length of the E strand (positions 85-96) and F strand (positions 97-104), and gaps at the EF turn
Examples E strand 85-96 F strand 97-104 Number of
Species Gene Domain Gap positions  E strand length ~ Gap positions ~ F strand length ~ £3ps at the
(8712)] (4-8)™ EF turn
Homo sapiens IGHG1 CH2, CH3 12 8 0
Homo sapiens FCGR2A C-LIKE [D1] 85 86 96 9 8 1
Homo sapiens IGHG1 CH1 96 11 8 1
Bos taurus IGHG1 CH1 96 11 97 7 2
Homo sapiens TRGC1 C-GAMMA1 96 11 97 7 2
Homo sapiens HLA-B C-LIKE [D3] 9596 10 97 7 3
Rattus norvegicus IGHG2B CHI1 91 92" 10 97 7 3
Homo sapiens TRDC C-DELTA 95 96 10 97 98 6 4
Oryctolagus cuniculus  IGHG CH1 95 96 10 97 98 6 4
Homo sapiens TRAC C-ALPHA 93 94 95 96 8 97 98 99 100 4 8
H-Length of the EF turn (positions 96.1-96.2)
Examples EF turn 96.1-96.2
Species Gene Domain Additional positions® EF turn length (0.2)°
Homo sapiens IGHG1 CHI1, CH2, CH3 0
Homo sapiens TRBC2 C-BETA2 96.1 1
Homo sapiens IGHM CH1 96.1 96.2 2
I-Length of the FG loop (positions 105-117) (except for the C-BETA domains)
Examples FG loop 105-117
Species Gene Domain Number of gaps Gap positions FG loop length (7-13)P
Homo sapiens IGHE CH1 0 13
Mus musculus TRAC C-ALPHA 1 111 12
Homo sapiens IGHG1 CH3 1 111 12
Homo sapiens IGHG1 CH1, CH2 2 111 112 11
Homo sapiens FCGR2A C-LIKE [D2] 3 110 111 112 10
Ovis aries IGHA CH2 4 110 111 112 113 9
Homo sapiens FCGR2A C-LIKE [D1] 6 109 110 111 112 7
113 114
J-Length of the FG loop of the C-BETA domains (positions 105-111.6, 112.6-117)
Examples FG loop 105-111.6, 112.6-117
Species Gene Domain Number of Additional FG loop length (25)1
additional positions positions?
Homo sapiens TRBC2 C-BETA2 12 111.1-111.6, 25
112.1-112.6

(continued on next page)
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K-Length of the G strand (positions 118-128)

Examples G strand positions 118—128
Species Gene Domain C-terminal G strand length
positions 4-11)

Homo sapiens IGHG1 CH1 121 4
Homo sapiens HLA-A C-LIKE [D3] 121 4
Mus musculus IGHE CH1 122 5
Homo sapiens IGHGI1 CH2, CH3 125 8
Mus musculus IGHE CH2, CH3, CH4 125 8
Mus musculus TRBCl1 C-BETALI 125 8
Homo sapiens IGKC C-KAPPA 126 9
Homo sapiens FCGR2A C-LIKE [D2] 126 9
Homo sapiens IGLC1 C-LAMBDAI1 127 10
Homo sapiens FCGRI1A C-LIKE [D1] 127 10
Homo sapiens FCGR2A C-LIKE[DI] 127 10

Rules are described by comparison to the IMGT unique numbering for V-DOMAIN and V-LIKE-DOMAIN [18]. Gaps and additional positions
were confirmed for proteins with known 3D structures (PDB codes in IMGT Repertoire > Protein displays, http://imgt.cines.fr). Strand, turn and
loop lengths are shown, in number of amino acids between parentheses, in the table headers.

# Up to nine additional positions (numbered 1.1-1.9, starting from position next to 1 towards the N-terminal end) may be found at the
N-terminal end of the A strand. The maximal length of the A strand is 24 amino acids.

® Gap positions are based on 3D structures, and if 3D structures are not known, gaps are equally distributed on strands A and B with, for an odd
number, one more gap on strand A.

¢ C-DOMAIN and C-LIKE-DOMAIN may have additional amino acids (potentially 3) at the AB turn, which define the AB turn length.

d Gap positions start with 32, then 31, 33, 30.

¢ The maximum length of the BC loop is 10 amino acids. If the number of amino acids is odd, there is one more amino acid position on the left.
There are no positions 37 and 38 in C-DOMAINs and C-LIKE-DOMAINs.

 The maximum length of the C strand is seven amino acids. There is no position 46 in C-DOMAINs and C-LIKE-DOMAINS.

€ The CD transversal strand is characteristic of the C-DOMAIN and C-LIKE-DOMAIN. The maximum length of the CD strand is 9 amino
acids, found in Teleostei IGIC (available online in IMGT Repertoire http://imgt.cines.fr): IGIC1S1 (AF137397) gene of Spotted wolffish
(Anarhichas minor), 1GIC1522 (AB062662) gene of Five-ray yellowtail (Seriola quinqueradiata), 1IGIC1S3 (AF454470) and IGIC1S5
(AYO013294) genes of Chinese perch (Siniperca chuatsi). However, since this length is exceptional, usual IMGT Collier de Perles only display
seven positions. Amino acid positions are added from left to right in sequence alignments.

" The maximal length of the D strand is eight amino acids. There are no positions 75 and 76 in C-DOMAINs and C-LIKE-DOMAINS.

! Gap positions are based on 3D structures, and if 3D structures are not known, gaps at the DE turn are equally distributed on strands D and E
with, for an odd number, one more gap on strand D.

¥ The maximum length of the E strand is 12 amino acids. Note that the E strand length also depends from gaps found at the EF turn, which is
reflected by E strand lengths of eight and nine amino acids, as described in Table 1G.

¥ Most of the C-DOMAINs and C-LIKE-DOMAINs have additional amino acids (potentially 14) at the DE turn which extend the D and E
antiparallel beta strands. The number of additional positions defines the DE turn length. The numbering of the additional positions starts from
positions next to 84 and 85, respectively, towards the top of the DE turn. If the number of additional amino acids is odd, there is one more
position on the left.

' The maximal length of the E strand is 12 amino acids. Note that the E strand length also depends from gaps found at the DE turn (gap
positions 85, 86 shown in italics, for the Homo sapiens FCGR2A) as described in Table 1E.

™ The maximal length of the F strand is eight amino acids. Gap positions are based on 3D structures, but if 3D structures are not known, gaps
are based on sequence alignments.

" Gaps were assigned by sequence alignment with the CH1 of the IGHG2A and IGHG2C.

® C-DOMAIN and C-LIKE-DOMAIN may have additional positions (potentially 2) at the EF turn, which define the EF length.

P Except for the C-BETA domains (TRBC sequences) described in Table 1J, the maximal length of the FG loop is 13 amino acids. For an odd
number of gaps, there is one more gap on the left (starting with position 111).

9 C-BETA domains (TRBC sequences) have an insertion of 12 positions between 111 and 112. The length of the FG loop in C-BETA domains
is 25 amino acids. The numbering of the additional positions starts from positions next to 111 and 112, respectively, towards the top of the FG
loop.

" If longer G strands are found, positions will be numbered consecutively.
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Rules for gaps and additional positions in
C-DOMAIN and C-LIKE-DOMAIN are described
in details in IMGT Scientific chart (http://imgt.cines.
fr) and in Table 1. Correspondence between the
C-DOMAIN and V-DOMAIN IMGT unique number-
ing is shown in Fig. 2 with an Homo sapiens IGLV2-
23 - IGLJ2 V-DOMAIN and the Homo sapiens
IGLC1 C-DOMAIN taken as examples.

It is worth to note that it is the analysis of structural
data and sequence comparisons that we were carrying
out to apply the IMGT unique numbering for the
description of the IG and TR C-DOMAIN, which
showed us that the standardized numbering of the
FG loop of the C-DOMAIN could be applied to the
CDR3-IMGT of rearranged IG and TR sequences
(Fig. 3 in Ref. [18]). More precisely, the hydrogen
bonds between second-CYS 104 and position 119 in
the C-DOMAIN correspond structurally to the
hydrogen bonds between second-CYS 104 and the
Glycine which follows the J-TRP or J-PHE in
the J-REGION. This Glycine was therefore numbered
as 119, and as a consequence, J-TRP and J-PHE
as 118.
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4. IMGT unique numbering for C-DOMAIN and
sequence data analysis
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The IMGT unique numbering for C-DOMAIN
allows for the first time a standardized comparison of
the nucleotide substitutions and amino acid changes
between different constant domains of a same gene
or chain, or between constant domains of different IG
and TR genes or chains, from either the same
species, or from different species (Fig. 3). The IMGT
unique numbering is also crucial for the standardiz-
ation of the allele description. Indeed, in IMGT,
the polymorphisms are described by comparison to
the sequences from the IMGT reference directory.
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B Eg? E; All the human IG and TR gene names from this
o— Egﬂ 8" IMGT reference directory [29,30], including the

. Sg C-GENEs, were approved by the Human Genome
. §§ Organisation (HUGO) Nomenclature Committee
E_g_ (HGNC) in 1999 [39], and entered in IMGT/

E g GENE-DB [5,21], GDB [40], LocusLink at NCBI

(USA) [41] and GeneCards [42]. This standardized
nomenclature, based on the CLASSIFICATION
concept of IMGT-ONTOLOGY [15], represented

MAIN

position 46 in V-DOMALIN, both positions 45.1 and 46 are shown in this figure. As a V-DOMAIN sequence results from the rearrangement of a V-J- or V-D-J-REGION, the

sequence of the germline V-REGION and that of the germline J-REGION (in green) taken as examples are shown on the same line, to indicate the contribution of each region to the
V-DOMAIN. Note that in a ‘true’ V-J rearrangement, the gaps would be placed at the top of the CDR3-IMGT loop [18], as for the C-DOMAIN FG loop. The lines below the

in both the V-DOMAIN and C-DOMAIN. Amino acids at additional positions in the C-DOMAIN sequence are shown in bold. As position 45.1 of C-DOMALIN is not equivalent to
sequences indicate the V-DOMAIN FR-IMGT and CDR-IMGT and their delimitations.

C-DOMAIN. The IMGT unique numbering is shown on lines 2 and 3 with additional positions found in C-DOMAIN on line 3. Conserved positions 23 (1st-CYS) and 104
(2nd-CYS) are in magenta. Conserved positions 41 (CONSERVED-TRP), 89 (hydrophobic) and 121 (hydrophobic in C-DOMAIN) are in blue. Boxes indicates equivalent positions

V-DOMAIN, are shown with dashed arrows. AB, BC, CD, C'C”, DE, EF and FG correspond to the turns and loops between the sandwich fold beta strands. AB turn, BC loop, DE
and EF turns, and FG loop are found in both V-DOMAIN and C-DOMAIN. C'C” loop is only found in V-DOMAIN, whereas CD transversal strand is characteristic of the

Fig. 2. Correspondence between the C-DOMAIN and V-DOMAIN IMGT unique numbering. Amino acid sequence of an Homo sapiens IGLV2-23 - IGLJ2 V-DOMAIN and of the
H. sapiens IGLC1 C-DOMAIN are shown as examples. The upper line indicates the beta strands A, B, C, C’, C”, D, E, F and G with an horizontal arrow. C’ and C”, only found in the
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a major step in the setting up of the ‘Tables of
alleles’ and ‘Alignments of alleles’ of the IG and TR
genes (http://imgt.cines.fr). V-GENE polymorphisms
in IMGT [29,30] have been described from the start
according to the IMGT unique numbering for
V-REGION set up in 1997 [16-18]. In contrast,
C-GENE polymorphisms were initially described
according to the exon numbering [29,30] and
sequence comparison between exons of different
lengths was not easy. The implementation of the
IMGT unique numbering for the C-DOMAIN
represents therefore a new major step in the setting
up of standardized ‘Alignments of alleles’ whatever
the receptor, the chain, or the species (IMGT
Repertoire, http://imgt.cines.fr) (Fig. 3). Owing to
that standardization, the sequence polymorphisms of
any C-DOMAIN of any IG or TR can very easily be
compared and analysed.

5. IMGT unique numbering for C-DOMAIN and
structural data comparison

Beyond sequence data comparison, the IMGT
unique numbering for C-DOMAIN provides infor-
mation on the strand and loop lengths (Table 2) and
allows standardized IMGT Protein displays (Fig. 3)
and IMGT Colliers de Perles (Fig. 4) for the IG and
TR C-DOMAINS of any chain type from any species.
Practically, structural data comparison of strand or
loop of the same length can be done directly using the
IMGT unique numbering. For example, all codons (or
amino acids) at position 28 can be compared between
domains with a BC loop of a given length. This
standardization allows the structural characterization
of a position inside a domain, and the statistical
analysis of amino acid properties, position per
position, between domains, as this has been demon-
strated for the V-DOMAIN [34]. Fig. 4 shows the
IMGT Colliers de Perles for the Homo sapiens IGHG1
CH1, C-KAPPA, C-LAMBDA1 and Mus musculus
C-BETA1 domains, as examples.

As soon as the first IMGT Collier de Perles was set
up on the Web site in December 1997, the enormous
potential of the IMGT unique numbering as a means
to control data coherence was obvious. For new
sequences, for which no 3D structures are available,
the IMGT Colliers de Perles allow to precisely delimit

the strands and loops and give information on the
topological organization of the domain. The IMGT
unique numbering is also used in more sophisticated
representations of the IMGT Colliers de Perles on two
layers (Fig. 4) which allow, when 3D structures are
available, the visualisation of the hydrogen bonds
between amino acids belonging to beta strands from
the same sheet or from different sheets (IMGT/
3Dstructure-DB, http://imgt.cines.fr) [22].

6. IMGT unique numbering for C-LIKE-
DOMAIN

A C-LIKE-DOMAIN is a domain of similar
structure to a C-DOMAIN, found in chains other
than IG and TR [43-52]. The IMGT unique number-
ing for the C-LIKE-DOMAIN follows exactly the
same rules as those of the C-DOMAIN (Table 1).
Strand and loop lengths of 40 examples of C-LIKE-
DOMAINs are given in Table 2. The IMGT Protein
display of the corresponding C-LIKE-DOMAIN
sequences are shown in Fig. 3. The IMGT Colliers
de Perles of four representative C-LIKE-DOMAINs
(Homo sapiens HLA-B [D3], B2M [D], FCGR2A
[D1], and Meleagris gallopavo telokin [D]) are
represented in Fig. 5. Detailed IMGT Alignment of
alleles of Homo sapiens FCGR3B and IMGT Colliers
de Perles of [D1] and [D2] of the FCGR3B*02 allele
[53] further highlight the importance of the IMGT
unique numbering standardization for the polymorph-
ism and structure analysis and comparison of the
C-LIKE-DOMAINS.

The IMGT unique numbering provides, for the first
time, a standardized approach to analyse the
sequences and structures of any domain belonging
to the C-set of the IgSF [32] (the C-set comprises the
IMGT C-DOMAINs and C-LIKE-DOMAINS). Three
features are worth noting: (i) In IMGT, any
C-DOMAIN or C-LIKE-DOMAIN is characterized
by its strand and loop lengths (Table 2). Examples are
shown in Figs. 3-5. This first feature of the IMGT
standardization based on the IMGT unique numbering
shows that the distinction between the C1, C2, I1 and
12 types found in the literature and in the databases to
describe the IgSF C-set domains [32,33,54-56] is
unapplicable when dealing with sequences for which
no structural data are known. Indeed, the four domain
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Fig. 3. IMGT Protein display of examples of C-DOMAINSs (IG and TR) and C-LIKE-DOMAINSs (proteins other than IG and TR). The protein display is according to the IMGT
unique numbering for C-DOMAIN and C-LIKE-DOMAIN, based on the NUMEROTATION concept of IMGT-ONTOLOGY [15]. Sandwich fold beta strands are shown by
horizontal arrows. Dots indicate missing amino acids according to the IMGT unique numbering. Amino acids resulting from a splicing with a preceding exon are shown between
parentheses (for Homo sapiens FCGR3B [D2], the information is from M90745, for H. sapiens HLA-DMA [D2] from NT_007592, for H. sapiens CD3E [D] from NT_033899, for
H. sapiens CD4 [D2] and [D4] from NT_009759, for H. sapiens CEACAMS [D3], [D4] and [D5] from NT_011109, and for Mus musculus H2-Aa [D2] and H2-Ab [D2] from
NT_039649). Putative N-glycosylation sites (N-X-S/T) are underlined. (1) Accession numbers are from IMGT/LIGM-DB (http://imgt.cines.fr) [5,19] for IG and TR and from
EMBL/GenBank/DDBJ [35-37] for proteins other than IG and TR; Telokin identifier is from PDB [38] and IMGT/3Dstructure-DB [22]. (2) Molecule type. c: cDNA; g: genomic
DNA; p: protein. (3) Gene names (symbols) for IG and TR are according to the IMGT Nomenclature committee (IMGT-NC) [29,30] and the HUGO Nomenclature Committee
(HGNC) [39]. Full gene designations are the following: IGHG1: Immunoglobulin heavy constant gamma 1; IGHG4: Immunoglobulin heavy constant gamma 4; TRAC: T cell

y61

£0Z-S81 (S002) 62 &8ojoununuy aanvivduio)) pup pruaudo]aaa / 1o 12 UL "d-"W


http://imgt.cines.fr

receptor alpha constant; TRBC2: T cell receptor beta constant 2; TRGC1: T cell receptor gamma constant 1; TRDC: T cell receptor delta constant; IGLL1: Immunoglobulin lambda-
like polypeptide 1; PTCRA: pre T-cell antigen receptor alpha; HLA-B: Major histocompatibility complex, class I, B; HLA-DMA: MHC class II, DM alpha; HLA-DMB: MHC class
II, DM beta; B2M: Beta-2-microglobulin; CD1A: CD1A antigen, a polypeptide; CD2: CD2 antigen (p50), sheep red blood cell receptor; CD3E: CD3E antigen, epsilon polypeptide
(TiT3 complex); CD4: CD4 antigen (p55); CEACAMS: Carcinoembryonic antigen-related cell adhesion molecule 5; ICAM1: intercellular adhesion molecule 1 (CD54), human
rhinovirus receptor; ICAM2: intercellular adhesion molecule 2; VCAMI: vascular cell adhesion molecule 1; FCGR1A: Fc fragment of IgG, high affinity Ia, receptor for (CD64);
FCGR2A: Fc fragment of IgG, low affinity Ila, receptor for (CD32); FCGR2B: Fc fragment of IgG, low affinity IIb, receptor for (CD32); FCGR3B: Fc fragment of IgG, low affinity
IIIb, receptor for (CD16); FCERIA: Fc fragment of IgE, high affinity I, receptor for; alpha polypeptide; H2-Aa: histocompatibility 2, class II antigen A, alpha; H2-Ab:
histocompatibility 2, class IT antigen A, beta; H2-K: histocompatibility 2, K region; CD1D: CD1D antigen, d polypeptide. (4) Domain name. The C-DOMAINSs are designated with
the IMGT labels (IMGT Scientific chart, http://imgt.cines.fr) The C-LIKE-DOMAINSs are designated by the letter D between brackets with a number, corresponding to the position
of the domain from the N-terminal end of the protein, and relative to the other domains. Membrane proteins quoted in this figure are of type I, that is with the N-terminal end being
extracellular. There is no number if there is a unique C-LIKE domain in the chain. (5) Q at position 6 is according to M64239 (and replace A in PDB and IMGT/3Dstructure-DB
entries ltcr_A). (6) B2M [D] is encoded by EX2 and is preceded at the N-terminal end by SGLEGIQR or TGLYAIQK encoded by the EX1 end in Homo sapiens or Mus musculus,
respectively (EX1 encodes 23 amino acids, including the L-REGION). The splicing site is between the last EX1 codon (encoding R in Homo sapiens, K in Mus musculus) and the
first EX2 codon (encoding T in both species). The proteolytic cleavage site of the L-REGION is not known. (7) [D1] is encoded by EX3 and is preceded at the N-terminal end by
seven amino acids (A)SADSQA encoded by EX2. The proteolytic cleavage site of the L-REGION is not known. (8) The N-terminal and C-terminal ends of Telokin [D] need to be
confirmed by genomic sequence. Amino acid one-letter abbreviation: A (Ala), alanine; C (Cys), cysteine; D (Asp), aspartic acid; E (Glu), glutamic acid; F (Phe), phenylalanine; G
(Gly), glycine; H (His), histidine; I (Ileu), isoleucine; K (Lys), lysine; L (Leu), leucine; M (Met), methionine; N (Asn), asparagine; P (Pro), proline; Q (Gln), glutamine; R (Arg),
arginine; S (Ser), serine; T (Thr), threonine; V (Val), valine; W (Trp), tryptophan; Y (Tyr), tyrosine.
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Table 2

Strand and loop lengths of examples of C-DOMAINs and C-LIKE-DOMAINS

Species Gene name PDB code  Domain A AB B BC C CD D DE E EF F FG G Total
1.9-1.1 15.1-153 16-26 27-36 3945 45.1-45.7 77-84 84.1-84.7 85-96 96.1-96.2 97-104  105-117 118-128
1-15 85.7-86.1 111.1-111.6,
112-1-112.6
(6-23) (0-2) (7-11) (4-10) (@) (0-7) (4-8) (0-14) (8-12) (0-2) (4-8) (7-25) (4-10)
C-DOMAINS
Homo IGHG1 lhzh_H CH1 +4 19 11 8 7 3 8 8 11 8 11 4 98
sapiens IGHG1 1hzh_H CH2 +6 21 2 11 10 7 4 8 8 12 8 11 8 110
IGHG4 ladq_A CH3 +4 19 11 8 7 4 8 8 12 8 12 8 105
IGKC 1dfb_L C-KAPPA +4 19 11 8 7 5 8 9 12 8 11 9 107
IGLC1 la8j_L C-LAMBDAI1 +5 20 11 8 7 5 8 8 12 8 9 10 106
TRAC 1qrn_D C-ALPHA +5,—4 16 10 7 7 7 14 8 4 11 7 91
TRBC2 1qm_E C-BETA2 +7 22 1 11 8 7 5 8 13 12 1 8 25 8 129
TRGCl1 1hxm_B C-GAMMA1 +8 23 1 11 8 7 5 7 8 11 7 13 9 110
TRDC Thxm_A C-DELTA +6,—5 16 8 8 7 1 8 8 10 6 12 9 93
Mus mus-  TRAC Iter_A C-ALPHA +5,—4 16 10 7 7 7 14 8 4 12 2 87
culus TRBC1 Iter_B C-BETALI +7 22 1 11 8 7 5 8 9 12 1 8 25 8 125
C-LIKE-DOMAINSs
Homo IGLL1 [D] +5 20 11 8 7 5 8 8 12 8 9 10 106
sapiens PTCRA [D] +5 20 11 9 7 5 8 8 12 8 12 7 107
HLA-B lalm-A [D3] +1,—2 14 10 8 7 5 8 8 10 7 11 4 92
HLA-DMA  lhdm_A [D2] +1,—1 15 11 8 7 4 8 8 10 7 11 4 93
HLA-DMB  lhdm_B [D2] +1,—1 15 11 8 7 5 8 8 10 7 11 4 94
B2M 11ds_A [D] -1 14 11 8 7 4 8 8 10 7 11 4 92
CDIA long_A [D3] +1,—1 15 10 8 7 4 8 8 10 7 12 4 93
CD2 1hnf [D2] +1,—4 12 9 5 7 4 4 9 8 9 9 76
CD3E [D] +3 18 11 4 7 4 8 4 11 8 13 6 94
CD4 1wio_A [D2] -5 10 1 11 6 7 2 6 9 8 11 7 78
CD4 Iwio_A [D4] —5—-4 6 7 8 7 8 1 9 6 10 5 67
Homo CEACAMS [D3] +2 17 11 6 7 6 10 8 13 7 85
sapiens CEACAMS [D4] +2 17 1 11 5 7 5 8 12 8 13 6 93
CEACAMS [D5] +2 17 11 6 7 6 10 8 13 7 85
ICAM1 1d31_A [D1] +3,—-1 17 1 11 6 7 7 5 10 6 9 9 88
ICAM2 1zxq [D1] +5,—1 19 1 11 6 7 7 4 10 6 9 9 89
VCAMI lvsc_A [D1] +2 17 1 11 6 7 4 6 4 11 7 9 9 92
ICAM1 1d3I_A [D2] +2 17 11 7 7 4 8 12 2 8 16 10 102
ICAM2 lzxq [D2] +2 17 11 7 7 4 8 7 12 8 16 10 107
VCAMI1 Ivsc_A [D2] +1 16 11 7 7 4 8 9 12 8 16 9 107
FCGRI1A [D1] +2 17 2 11 7 7 2 5 10 8 7 10 86
FCGR2A Ifcg_A [D1] +2 17 2 11 7 7 2 6 9 8 7 10 86
FCGR2B 2fcb_A [D1] +2 17 2 11 7 7 2 6 9 8 7 10 86
FCGR3B ledk_C [D1] +2 17 2 11 7 7 2 5 10 8 7 10 86
FCER1A 1f6a_A [D1] +3 18 11 7 7 2 5 10 8 7 10 85
FCGRI1A [D2] -1 14 11 7 7 3 6 10 8 9 10 85
FCGR2A Ifcg_A [D2] -1 14 11 7 7 3 6 10 8 10 9 85
FCGR2B 2fcb_A [D2] -1 14 11 7 7 3 6 10 8 10 9 85
FCGR3B ledk_C [D2] -1 14 11 7 7 3 6 10 8 10 10 86
FCERI1A 1féa_A [D2] -1 14 11 7 7 3 6 10 8 10 10 86
KIR2DL2 lefx_D [D1] +2 17 1 11 5 7 5 8 3 12 8 14 9 100
KIR2DL2 lefx_D [D2] +2 17 1 11 5 7 5 8 3 11 7 14 9 98
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The range of lengths observed in the selected examples of C-DOMAINs and C-LIKE-DOMAINSs are shown between parentheses in the header. The total number of amino acids of each domain is indicated in the column ‘Total’.

* The N-terminal and C-terminal ends of telokin [D] need to be confirmed by genomic sequence.

a C-LIKE-DOMAIN being frequently encoded by a
unique exon, as this is the case for the C-DOMAIN
(Fig. 1). This IMGT standardization for the domain
delimitations explains the discrepancies observed
with the generalist Swiss-Prot database which does
not take into account this criteria. (iii) At last, a third
feature is the C-LIKE-DOMAIN IMGT Collier de
Perles, which, in the absence of available 3D
structures, is particularly useful to compare domains
of very diverse families, and to characterize them by
their strand and loop lengths.

7. Conclusion

The IMGT unique numbering allows, for the first
time, to compare any C-DOMAIN of IG and TR and
C-LIKE-DOMAIN of proteins other than IG or TR,
between them, and to any V-DOMAIN and V-LIKE-
DOMAIN [18], that is to compare any domain
belonging to the IgSF C-set or V-set. Sequences and
3D structures can be analysed whatever the domain
(C-DOMAIN, C-LIKE-DOMAIN, V-DOMAIN,
V-LIKE-DOMAIN), the receptor (IG, TR, or more
generally IgSF), the chain type (heavy or light for IG;
alpha, beta, gamma or delta for TR; or more generally
IgSF chain), or the species. The IMGT unique
numbering has many advantages. The strand and
loop lengths (the number of codons or amino acids,
that is the number of occupied positions) become
crucial information, which characterizes the domains
(V-DOMAINs, V-LIKE-DOMAINs, C-DOMAINs
and C-LIKE-DOMAINS). The IMGT unique number-
ing allows standardized representations of nucleotide
and amino acid sequences in IMGT Repertoire (http://
imgt.cines.fr): Tables of strand and loop lengths,
Tables of alleles, Alignments of alleles, Protein
displays, IMGT Colliers de Perles, 3D structures.
The IMGT unique numbering is applied through all
the components (databases, tools and Web resources)
of the IMGT information system® (http://imgt.cines.
fr) [5], for the standardized label annotations [62] and
database queries [19-22]. The IMGT unique number-
ing represents, therefore, a major step forward in the
analysis and comparison of the sequence evolution
and structure of the IgSF domains.
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Fig. 4. IMGT Collier de Perles of C-DOMAINSs. (A) on one layer (B) on two layers. CH1 of Homo sapiens IGHG1 (IMGT/LIGM-DB: J00228);
C-KAPPA of H. sapiens IGKC (IMGT/LIGM-DB: J00241); C-LAMBDAI of H. sapiens IGLC1 (IMGT/LIGM-DB: X51755); C-BETAI of
Mus musculus TRBC1 (IMGT/LIGM-DB: X02384). The first amino acids (A1.4, R1.4, G1.5 and E1.7) are encoded by a codon which results
from the splicing with an IGHJ, IGKJ, IGLJ and TRBJ, respectively [29,30]. Amino acids are shown in the one-letter abbreviation. Positions at
which hydrophobic amino acids (hydropathy index with positive value: I, V, L, F, C, M, A) and Tryptophan (W) are found in more than 50% of
analysed IG and TR sequences are shown in blue. All Proline (P) are shown in yellow. The positions 26, 39, 104 and 118 are shown in squares by
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B CHI1 IGHG1 Homo sapiens C-KAPPA Homo sapiens

Fig. 4 (continued)
<

homology with the corresponding positions in the V-DOMAINSs. Positions 45 and 77 which delimit the characteristic transversal ‘CD’ strand of
the C-DOMAINS are also shown in squares. Hatched circles correspond to missing positions according to the IMGT unique numbering for
C-DOMAINs. Arrows indicate the direction of the beta strands (IMGT Repertoire, http://imgt.cines.fr).
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HLA-B [D3] Homo sapiens B2M [D] Homo sapiens

4
RETPIRTTY 111 112

Fig. 5. IMGT Colliers de Perles of C-LIKE-DOMAINSs. [D3] of Homo sapiens HLA-B (EMBL/GenBank/DDBJ: AB088084; PDB and
IMGT/3Dstructure-DB: lalm_A); [D] of H. sapiens B2M (EMBL/GenBank/DDBJ: M17987; PDB and IMGT/3Dstructure-DB: lalm_B); [D1]
of H. sapiens FCGR2A (EMBL/GenBank/DDBJ: M90723; PDB and IMGT/3Dstructure-DB: 1fcg_A); [D] of Meleagris gallopavo (turkey)
telokin (PDB and IMGT/3Dstructure-DB: 1fhg_A). Amino acids are shown in the one-letter abbreviation. Positions at which hydrophobic
amino acids (hydropathy index with positive value: I, V, L, F, C, M, A) and Tryptophan (W) are found in more than 50% of analysed IG and TR
sequences are shown in blue. All Proline (P) are shown in yellow. The positions 26, 39, 104 and 118 are shown in squares by homology with the
corresponding positions in the V-DOMAINs. Positions 45 and 77 which delimit the characteristic transversal ‘CD’ strand of the C-LIKE-
DOMAINSs are also shown in squares. Hatched circles correspond to missing positions according to the IMGT unique numbering for
C-DOMAINs and C-LIKE-DOMAINSs. Arrows indicate the direction of the beta strands (IMGT Repertoire, http://imgt.cines.fr).
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Fig. 6. Schematic representations of the C-DOMAIN and C-LIKE-DOMAIN, and of the V-DOMAIN and V-LIKE-DOMAIN. A double-headed
arrow shows that the D strand can be localized in sheet 1 (on the back) or sheet 2 (on the front) depending from the length of the CD transversal
strand. The second part of the A strand can be located in sheet 2 and is then designated as A’. This feature, described as ‘strand A switching’ in
the literature, is not shown in IMGT Colliers de Perles, as this can be determined or verified only if 3D structures are available.

Table 3
Correspondence between the IMGT classification of the IgSF domains (C-DOMAIN, C-LIKE-DOMAIN, V-DOMAIN and V-LIKE-
DOMAIN) and the diverse designations found in the literature

IMGT IgSF C-DOMAIN C-LIKE-DOMAIN (for proteins other than IG and TR) V-DOMAIN V-LIKE-
domains (for IG and (for IG and DOMAIN (for
TR) TR) proteins other
than IG and
TR)
Literature C1% [32] C1* [32] C2 [32] or 11 [58] or 12 [58] or V [32] V [32]
H [57] 1[55,61] E [61]
Sheet 1 ABED ABED ABE ABED ABE ABED ABED
Sheet 2 GFC GFC GFCD (or A'GFC A’GFCD (or A'GFCC'C” A'GFCC'C”
GFCC') A'GFCC’)

# In the literature C1 is used for the IG and TR C-DOMAINSs and for the MHC C-like domains. The diverse designations found in the literature
for the C-set domain (C1, C2, Il, 12) are based on strand localisation in sheets 1 and 2. These designations are not used for the assignment of
IMGT C-DOMAIN and C-LIKE-DOMAIN sequences, for the following reasons: (i) they are frequently extrapolated to sequences for which no
3D structures are available, therefore leading to misinterpretation, (ii) the designation ‘strand C” used in the literature for the C2 (or H) and 12
(or E) domain types is not the equivalent of strand C’ of the V-DOMAINs and V-LIKE-DOMAINS, (iii) the distinction made in the literature
between C1 (as found in proteins of the immune adaptative response) and C2 (as found in other proteins) may suffer exceptions, (iv) as more 3D
structures become available, and given the heterogeneity of the loop and strand lengths for C-DOMAINs and C-LIKE-DOMAINs, more
intermediate or variant structures may be described (as shown by the 2C T cell receptor 3D structure IMGT/3Dstructure-DB: ltcr_A).
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