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Abstract
‘Nomenclature of the Human Immunoglobu-
lin Kappa (IGK) Genes’, the 17th report of the
‘IMGT Locus in Focus’ section, provides the
first complete list of all the human IGK genes.
In the most frequent haplotypes, the human
IGK locus spans 1,820 kb and the IGKV genes
are organized in two clusters separated by
800 kb. In those haplotypes where both the
proximal and distal IGKV clusters are
present, the total number of human IGK
genes per haploid genome is 82 (107 genes if
the orphons are included) of which 37–41 are
functional. If only the proximal IGKV cluster
is present, which is found in a rare haplotype,
the total number of genes per haploid ge-
nome is 46 (71 genes if the orphons are
included) of which 23–25 genes are function-
al. IMGT/HUGO gene names and definitions

of the human IGK genes on chromosome
2p11.2, and IGK orphons on chromosomes 1,
2, 15, and 22 are provided with the gene func-
tionality and the number of alleles according
to the rules of the IMGT Scientific chart, with
the accession numbers of the IMGT refer-
ence sequences, and the accession ID of the
Genome Database GDB and NCBI LocusLink
databases in which all the IMGT human IGK
genes have been entered. The tables are
available at the IMGT Marie-Paule page from
IMGT, the international ImMunoGeneTics
database (http://imgt.cines.fr:8104) creat-
ed by Marie-Paule Lefranc, Université Mont-
pellier II, CNRS, France.

Copyright © 2001 S. Karger AG, Basel

Introduction

‘Nomenclature of the Human Immuno-
globulin Kappa (IGK) Genes’ is the 17th
report of the ‘IMGT Locus in Focus’ section
launched in the April 1998 issue of Experi-
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Fig. 1. Chromosomal localization of the human IGK
locus at 2p11.2. A vertical line indicates the localiza-
tion of the IGK locus at 2p11.2. The arrow indicates
the orientation 5) → 3) of the locus, and the gene group
order in the locus. The arrow is proportional to the size
of the locus, indicated in kilobases . The total number
of genes in the locus is shown between parentheses; the
lower number (46 genes) corresponds to the rare haplo-
type which only comprises the proximal V-CLUSTER
of 40 IGKV genes, whereas the higher number (82
genes) corresponds to the common haplotype which
comprises both the distal and the proximal V-CLUS-
TERs and 76 IGKV genes. The number of functional
genes defines the potential IGK repertoire which com-
prises 37–41 genes (31–35 IGKV, 5 IGKJ, and 1
IGKC) per haploid genome if both the proximal and
distal V-CLUSTER are present. In the rare haplotype
with only the proximal V-CLUSTER, the potential
IGK repertoire comprises 23–25 genes (17–19 IGKV,
5 IGKJ, and 1 IGKC) per haploid genome [18].

mental and Clinical Immunogenetics [1–17].
This report comprises three tables and three
figures entitled, respectively: (1) ‘Complete
list of the human IGK genes on chromosome
2 at 2p11.2’; (2) ‘Human IGK orphons on
chromosomes 1, 2, 15, and 22’; (3) ‘Corre-
spondence between the human IGKV gene
nomenclatures’; (4) ‘Chromosomal localiza-
tion of the human IGK locus at 2p11.2’;
(5) ‘Representation of the human IGK locus
at 2p11.2’, and (6) ‘The CLASSIFICATION
concept of the IMGT-ONTOLOGY exempli-
fied for the IGKV genes’. The tables provide
the first complete list of all the human IGK
genes. In the most frequent haplotypes, the
human IGK locus spans 1,820 kb and the
IGKV genes are organized in two clusters sep-
arated by 800 kb. In those haplotypes where
both the proximal and distal IGKV clusters
are present the total number of human IGK
genes per haploid genome is 82 (107 genes if
the orphons are included) of which 37–41 are
functional. If only the proximal IGKV cluster
is present, which is found in a rare haplotype,
the total number of genes per haploid genome
is 46 (71 genes if the orphons are included) of
which 23–25 genes are functional. IMGT/
HUGO gene names and definitions of the
human IGK genes on chromosome 2p11.2,
and IGK orphons on chromosomes 1, 2, 15,
and 22 are provided with the gene functionali-
ty and the number of alleles, according to the
rules of the IMGT Scientific chart, with the
accession numbers of the IMGT reference
sequences, and the accession ID of the Ge-
nome Database GDB and NCBI LocusLink
databases in which all the IMGT human IGK
genes have been entered. Detailed references
for individual IGKV, IGKJ, and IGKC genes
are available in references 3,7, and 18. These
tables and figures are available at the IMGT
Marie-Paule page from IMGT, the inter-
national ImMunoGeneTics database (http://
imgt.cines.fr:8104) created by Marie-
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Paule Lefranc, Université Montpellier II,
CNRS, Montpellier, France [19–21].

Human IGK Locus at 2p11.2
The human IGK locus is located at band

2p11.2 [22] of the short arm of chromosome 2
[23] (fig. 1). The orientation of the locus has
been determined by the analysis of transloca-
tions, involving the IGK locus, in leukemia
and lymphoma.

The human IGK locus at 2p11.2 spans
1,820 kb (fig. 2). It consists of 76 IGKV genes
[3, 7, 24–29] belonging to 7 subgroups, 5
IGKJ segments [30], and a unique IGKC gene
[31] (table 1). In the most frequent haplo-
types, the 76 IGKV genes are organized in
two clusters separated by 800 kb. The IGKV
distal cluster (in 5) of the locus and in the most
centromeric position) spans 400 kb and com-
prises 36 genes. The IGKV proximal cluster
(in 3) of the locus, closer to IGKC, and in the
most telomeric position) spans 600 kb and
comprises 40 genes. The potential genomic
IGK repertoire comprises 31–35 functional
IGKV genes belonging to 5 subgroups, the 5
IGKJ segments, and the unique IGKC gene.
One rare IGKV haplotype has been described
which contains only the proximal cluster.
This haplotype comprises the 40 proximal
IGKV genes belonging to 7 subgroups, of
which 17–19 are functional and belong to 5
subgroups. If both the proximal and distal
IGKV clusters are present, the total number
of human IGK genes per haploid genome is
82 (107 genes if the orphons are included) of
which 37–41 are functional [18]. If only the
proximal IGKV cluster is present, the total
number of genes per haploid genome is 46 (71
genes if the orphons are included) of which
23–25 genes are functional [18].

Orphons

Twenty-five IGKV orphons have been
identified and sequenced: one on chromo-
some 1, 2 on the short arm of chromosome 2
but outside of the main IGK locus, 12 on the
long arm of chromosome 2, one on chromo-
some 15, 5 on chromosome 22, and 4 outside
of chromosome 2 [3] (table 2).

IGK Gene Nomenclature and IMGT
Scientific Chart

Gene Names
Gene names (tables 1, 2) are according to

the IMGT gene name nomenclature for Ig and
TcR of all vertebrates based on the ‘CLAS-
SIFICATION’ concept of the IMGT-ON-
TOLOGY [32] (Appendix), and according
to the rules of the IMGT Scientific chart
[19, 21] available at http://imgt.cines.fr:8104.
IMGT gene names and IMGT gene defini-
tions for the human Ig [33] and TcR genes
[34] have been approved by the Human
Genome Organization (HUGO) Nomencla-
ture Committee in 1999. Note that, in the
HUGO symbols (http://www.gene.ucl.ac.uk/
nomenclature), slashes and parentheses are
omitted, and capital letters replace the lower-
case letters found in some provisional IMGT
gene names. Otherwise the gene symbols and
all the full names (including slashes and
parentheses) are identical in IMGT and
HUGO nomenclatures.

Functionality
Criteria of functionality (F: Functional, P:

Pseudogene, ORF: Open Reading Frame) (ta-
bles 1, 2) have been described in the IMGT
Scientific chart [1]. The definition of func-
tionality is based on sequence analysis. As
examples, the instances functional (for germ-
line V, D, J, and for C sequences) mean that
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Fig. 2. Representation of the human IGK locus at
2p11.2. The boxes representing the genes are not to
scale. Exons are not shown. The IGKV genes of the
proximal V-CLUSTER are designated by a number for
the subgroup, followed by an hyphen and a number for
the localization from 3) to 5) in the locus. The IGKV

genes of the distal duplicated V-CLUSTER are desig-
nated by the same numbers as the corresponding genes
in the proximal V-CLUSTER, with the letter D added.
Arrows show the IGKV gene polarity of which is oppo-
site to that of the J-C-CLUSTER.
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the coding regions have an open reading
frame without a stop codon, and that there is
no described defect in the splicing sites, and/
or recombination signals, and/or regulatory
elements. According to the gravity of the iden-
tified defects, functionality can be defined as
ORF, pseudogene or vestigial (for germline V,
D, J, and for C genes) [1]. Complete defini-
tions are available in the IMGT Scientific
chart at the IMGT Marie-Paule page. Infor-
mation on gene rearrangement, DNA tran-
scription into mRNA, and RNA translation
into a polypeptide chain is provided in the
IMGT ‘Germline gene tables’ in the IMGT
Repertoire (columns designated as R, T, and
Pr, respectively), and has been published in a
previous ‘IMGT Locus in Focus’ report [3].
This information is extracted from the litera-
ture and through IMGT/LIGM-DB sequence
database search [20, 21]. The IMGT/V-
QUEST tool, available at the IMGT Home
page at http://imgt.cines.fr:8104, allows the
identification of the germline IGKV, and
IGKJ genes from IGKV-J genomic rearrange-
ments and transcripts, and provides transla-
tion and a two-dimensional representation
(Collier de Perles) of the variable regions [20,
21, 35].

Reference Sequences
For each gene, an IMGT reference se-

quence accession number is given (tables 1,
2). For the functional or ORF genes, the
IMGT reference sequence accession number
is that corresponding to allele*01. Note that
the number *01 does not necessarily mean
that other alleles are already known, but it sig-
nifies that any new polymorphic sequence will
be described by comparison to that allele *01.
Although the IMGT accession numbers are
the same as those from the EMBL/GenBank/
DDBJ general databases, the content of the
IMGT/LIGM-DB flat files differs by the ex-
pert annotations, added by IMGT.
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Alleles
The number of alleles of the human IGKV,

IGKJ and IGKC genes (tables 1, 2) is accord-
ing to Tables of alleles and Alignments of
alleles, in the IMGT Repertoire, at http:/
/imgt.cines.fr:8104. A dash (–) indicates that
allele polymorphism of the pseudogenes has
not been studied. Alignments of all known
germline functional and ORF sequences as-
signed to the different alleles, by comparison
to the allele *01, are displayed in reference
[18]. Human IGK entries in reference 18
include 51 genes and 66 alleles, with a total of
142 sequences.

Genome Database Accession Numbers
All IMGT/HUGO human IGK gene sym-

bols, full names and reference sequence acces-
sion numbers have been entered into Genome
Database GDB, Toronto, Canada (http:/
/www.gdb.org), and into LocusLink at NCBI
(National Center for Biotechnology Informa-
tion), Bethesda, USA (http://www.ncbi.nlm.
nih.gov/LocusLink). Accession ID to these ge-
nome databases are provided in tables 1 and
2. Links to OMIM (Online Mendelian Inheri-
tance in Man, MIM) (http://www.ncbi.nlm.
nih.gov/Omim) are cited when there are en-
tries in OMIM. Links to the individual
IMGT, GDB and LocusLink gene entries are
available from http://imgt.cines.fr:8104 from
IMGT Repertoire 1 List of human Ig and TcR
genes 1 Immunoglobulins.

Correspondences between
Nomenclatures and Numberings

Correspondence between the human
IGKV gene nomenclatures is reported in ta-
ble 3.

In order to easily compare sequences of
immunoglobulins and T cell receptors, a
unique numbering has been defined for the
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Table 3. Correspondence between
the different human IGKV
nomenclatures

Proximal V-CLUSTER
from 3) (top of left column)
to 5) (bottom of left column)

IMGT
IGKV
gene name [3]

Zachau’s
group [25]

Distal V-CLUSTER
from 3) (bottom of right column)
to 5) (top of right column)

IMGT
IGKV
gene name [3]

Zachau’s
group [25]

B3
5-2 B2
7-3 B1
2-4 L13
1-5 L12, L12a
1-6 L11
3-7 L10, L10a 3D-7 L25
1-8 L9 1D-8 L24, L24a

1D-43 L23, L23a
1D-42 L22

1-9 L8
2-10 L7 2D-10 L21
3-11 L6, L6a 3D-11 L20
1-12 L5 1D-12 L19
1-13 L4 1D-13 L18
2-14 L3 2D-14 L17
3-15 L2 3D-15 L16, L16a, L16b, L16c
1-16 L1 1D-16 L15, L15a
1-17 A30 1D-17 L14

6D-41 A14
2-18 A29 2D-18 A13
2-19 A28 2D-19 A12
3-20 A27, A27a 3D-20 A11, A11a
6-21 A26 6D-21 A10
1-22 A25 1D-22 A9
2-23 A24 2D-23 A8
2-24 A23 2D-24 A7
3-25 A22 3D-25 A6
2-26 A21 2D-26 A5
1-27 A20 1D-27 A4, A4a
2-28 A19 2D-28 A3
2-29 A18a, A18b 2D-29 A2a, A2c
2-30 A17 2D-30 A1
3-31 A16, A16a 3D-31 O10
1-32 A15, A15a 1D-32 O9
1-33 O18, O18a 1D-33 O8
3-34 O17 3D-34 O7
1-35 O16 1D-35 O6
2-36 O15 2D-36 O5
1-37 O14 1D-37 O4
2-38 O13 2D-38 O3
1-39 O12, O12a 1D-39 O2
2-40 O11, O11a 2D-40 O1

The IGKV genes of the proxi-
mal V-CLUSTER are designated
by a number for the subgroup, fol-
lowed by an hyphen and a number
for the localization from 3) to 5) in
the locus. The IGKV genes of the
distal duplicated V-CLUSTER are
designated by the same numbers as
the corresponding genes in the prox-
imal V-CLUSTER, with the letter
D added. Homologous genes in the
proximal and distal V-CLUSTER
are on the same line. Boxes are
empty when no homologous gene is
found in the other cluster.
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variable regions [35, 36]. Correspondence be-
tween the IMGT unique numbering and other
numberings for the human IGKV genes is
available from the IMGT Scientific chart and
reference 35. The IMGT unique numbering
relies on the high conservation of the structure
of the variable region. This numbering takes
into account and combines the definition of
the framework (FR) and complementarity de-
termining regions (CDR) [37], structural data
from X-ray diffraction studies [38], and the
characterization of the hypervariable loops
[39]. The unique numbering has allowed the
redefinition of the limits of the FR and CDR
[35]. The FR-IMGT and CDR-IMGT lengths
themselves become crucial information char-
acterizing the variable regions belonging to a
group, a subgroup, and/or a gene. For exam-
ple, for a germline gene of the human IGKV1
subgroup, the lengths of the 3 CDR-IMGT, in
number of amino acids is designated as [6.3.7]
(IMGT Repertoire 1 2D and 3D structures)
[7, 35]. The unique numbering is used as the
output of the IMGT/V-QUEST alignment
tool, and in the Alignments of alleles (IMGT
Repertoire 1 Proteins and alleles) [18].
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Appendix

The ‘CLASSIFICATION’ Concept of the
IMGT-ONTOLOGY
The ‘CLASSIFICATION’ concept of the IMGT-

ONTOLOGY (fig. 3) organizes immunogenetics
knowledge useful to name and classify the immuno-
globulin genes [32].

Locus: A locus is a group of immunoglobulin genes
that are ordered and localized in the same chromosom-
al location in a given species. ‘Locus’ IGK (2p12) is one
of the three main immunoglobulin loci in the human
genome. Immunoglobulin genes have also been identi-
fied in other chromosomal locations outside the main
loci which represent new instances of the locus con-
cept. However, the genes they contain, designated as
orphons, are not functional.

Group: A group is a set of genes which share the
same ‘gene type’ (V, D, J or C) and participate poten-
tially in the synthesis of a polypeptide of the same
‘chain type’. By extension, a group includes the related
pseudogenes and orphons. A 4-letter root designates
the ‘group’: for example, IGKV, IGKJ, and IGKC for
the immunoglobulin kappa genes.

Subgroup: A subgroup is a set of genes which belong
to the same group in a given species and share at least
75% identity at the nucleotide level (in the germline
configuration for V, D, and J). For example, the IGKV
genes belong to 7 subgroups.

Gene: A gene is defined as a DNA sequence that
can be potentially transcribed and/or translated (this
definition includes the regulatory elements in 5) and 3),
and the introns, if present). Instances of the ‘gene’ con-
cept are gene names. By extension, orphons and pseu-

Fig. 3. The ‘CLASSIFICATION’ concept of the
IMGT-ONTOLOGY, exemplified for the IGKV
genes.
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dogenes are also instances of the ‘gene’ concept. For
each gene, IMGT has defined a reference sequence
[19]. For the V, D, and J genes, the reference sequence
corresponds to a germline entity. The rules for the
choice of the reference sequences are described at
http://imgt.cines.fr:8104 in the IMGT Scientific chart.

Allele: An allele is a polymorphic variant of a gene.
Alleles are described, exhaustively and in a standard-
ized way, for the four ‘core’ coding regions, that

is the germline V-REGIONs, D-REGIONs, and J-
REGIONs, and for the C-REGIONs, from immuno-
globulin genes. These alleles refer to sequence poly-
morphisms, with mutations described at the sequence
level [1]. Their sequences are compared to the refer-
ence sequence designated as *01 (see IMGT Scientific
chart at http://imgt.cines.fr:8104 for IMGT descrip-
tion of mutations, and IMGT allele nomenclature for
sequence polymorphisms).

References

1 Lefranc MP: IMGT (ImMunoGe-
neTics) Locus on Focus. A new sec-
tion of Experimental and Clinical
Immunogenetics. Exp Clin Immu-
nogenet 1998;15:1–7.

2 Pallarès N, Frippiat JP, Giudicelli
V, Lefranc MP: The human immu-
noglobulin lambda variable (IGLV)
genes and joining (IGLJ) segments.
Exp Clin Immunogenet 1998;15:8–
18.

3 Barbié V, Lefranc MP: The human
immunoglobulin kappa variable
(IGKV) genes and joining (IGKJ)
segments. Exp Clin Immunogenet
1998;15:171–183.

4 Martinez C, Lefranc MP: The
mouse (Mus musculus) immuno-
globulin kappa variable (IGKV)
genes and joining (IGKJ) segments.
Exp Clin Immunogenet 1998;15:
184–193.

5 Pallarès N, Lefebvre S, Contet V,
Matsuda F, Lefranc MP: The hu-
man immunoglobulin heavy vari-
able (IGHV) genes. Exp Clin Immu-
nogenet 1999;16:36–60.

6 Ruiz M, Pallarès N, Contet V, Bar-
bié V, Lefranc MP: The human
immunoglobulin heavy diversity
(IGHD) and joining (IGHJ) seg-
ments. Exp Clin Immunogenet
1999;16:173–184.

7 Scaviner D, Barbié V, Ruiz M, Le-
franc MP: Protein displays of the
human immunoglobulin heavy,
kappa and lambda variable and
joining regions. Exp Clin Immuno-
genet 1999;16:234–240.

8 Folch G, Lefranc MP: The human T
cell receptor beta variable (TRBV)
genes. Exp Clin Immunogenet 2000;
17:42–54.

9 Scaviner D, Lefranc MP: The hu-
man T cell receptor alpha variable
(TRAV) genes. Exp Clin Immuno-
genet 2000;17:83–96.

10 Scaviner D, Lefranc MP: The hu-
man T cell receptor alpha joining
(TRAJ) genes. Exp Clin Immuno-
genet 2000;17:97–106.

11 Folch G, Lefranc MP: The human T
cell receptor beta diversity (TRBD)
and beta joining (TRBJ) genes. Exp
Clin Immunogenet 2000;17:107–
114.

12 Artero S, Lefranc MP: The Teleostei
immunoglobulin heavy IGH genes.
Exp Clin Immunogenet, 2000;17:
148–161.

13 Artero S, Lefranc MP: The Teleostei
immunoglobulin light IGL1 and
IGL2 V, J and C genes. Exp Clin
Immunogenet, 2000;17:162–172.

14 Folch G, Scaviner D, Contet V, Le-
franc MP: Protein displays of the
human T cell receptor alpha, beta,
gamma and delta variable and join-
ing regions. Exp Clin Immunogenet
2000;17:205–215.

15 Bosc N, Lefranc MP: The mouse
(Mus musculus) T cell receptor beta
variable (TRBV), diversity (TRBD),
and joining (TRBJ) genes. Exp Clin
Immunogenet 2000;17:216–228.

16 Bosc N, Contet V, Lefranc MP: The
mouse (Mus musculus) T cell recep-
tor delta variable (TRDV), diversity
(TRDD), and joining (TRDJ) genes.
Exp Clin Immunogenet 2001;18:
51–58.

17 Lefranc MP: Nomenclature of
the human immunoglobulin heavy
(IGH) genes. Exp Clin Immunoge-
net 2001;18:100–116.

18 Lefranc MP, Lefranc, G: The Immu-
noglobulin Facts Book. New York,
Academic Press, Hartcourt, in
press.

19 Lefranc MP, Giudicelli V, Gines-
toux C, Bodmer J, Müller W,
Bontrop R, Lemaitre M, Malik A,
Barbié V, Chaume D: IMGT, the
international ImMunoGeneTics da-
tabase. Nucleic Acids Res 1999;27:
209–212.

20 Ruiz M, Giudicelli V, Ginestoux C,
Stoehr P, Robinson J, Bödmer J,
Marsh S, Bontrop R, Lemaître M,
Lefranc G, Chaume D, Lefranc MP:
IMGT, the international ImMuno-
GeneTics database. Nucleic Acids
Res 2000;28:219–221.

21 Lefranc MP: IMGT ImMunoGe-
neTics database. Int Bioforum 2000;
4:98–100.

22 Emanuel BS, Selden JR, Chaganti
RS, Jhanwar S, Nowell PC, Croce
CM: The 2p breakpoint of a 2;8
translocation in Burkitt lymphoma
interrupts the V kappa locus. Proc
Natl Acad Sci USA 1984;81:2444–
2446.

23 Malcolm S, Barton P, Murphy C,
Ferguson-Smith MA, Bentley DL,
Rabbitts TH: Localization of human
immunoglobulin kappa light chain
variable region genes to the short
arm of chromosome 2 by in situ
hybridization. Proc Natl Acad Sci
USA 1982;79:4957–4961.

24 Zachau HG: The immunoglobulin
kappa locus – or – what has been
learned from looking closely at one-
tenth of a percent of the human
genome. Gene 1993;135:167–173.



174 Exp Clin Immunogenet 2001;18:161–174 Lefranc

25 Zachau HG: The immunoglobulin
K genes. Immunologist 1996;4:49–
54.

26 Huber C, Huber E, Lautner-Rieske
A, Schable KF, Zachau HG: The hu-
man immunoglobulin kappa locus.
Characterization of the partially du-
plicated L regions. Eur J Immunol
1993;23:2868–2875.

27 Schäble KF, Zachau HG: The vari-
able genes of the human immuno-
globulin kappa locus. Biol Chem
Hoppe-Seyler 1993;374:1001–1022.

28 Cox JP, Tomlinson IM, Winter G: A
directory of human germ-line V kap-
pa segments reveals a strong bias in
their usage. Eur J Immunol 1994;24:
827–836.

29 Schäble KF, Thiebe R, Flugel A,
Meindl A, Zachau HG: The human
immunoglobulin kappa locus: Pseu-
dogenes, unique and repetitive se-
quences. Biol Chem Hoppe-Seyler
1994;375:189–199.

30 Hieter PA, Maizel JV Jr, Leder P:
Evolution of human immunoglobu-
lin kappa J region genes. J Biol
Chem 1982;257:1516–1522.

31 Hieter PA, Max EE, Seidman JG,
Maizel JV Jr, Leder P: Cloned hu-
man and mouse kappa immuno-
globulin constant and J region genes
conserve homology in functional
segments. Cell 1980;22:197–207.

32 Giudicelli V, Lefranc MP: Ontology
for immunogenetics: IMGT-ON-
TOLOGY. Bioinformatics 1999;12:
1047–1054.

33 Lefranc MP: Nomenclature of the
human immunoglobulin genes. Curr
Protocols Immunol 2000;A.1P.1–
A.1P.37.

34 Lefranc MP: Nomenclature of the
human T cell receptor genes. Curr
Protocols Immunol 2000;A-1O.1–
A.1O.23.

35 Lefranc MP: The IMGT unique
numbering for immunoglobulins, T
cell receptors and Ig-like domains.
Immunologist 1999;7:132–136.

36 Lefranc MP: Unique database num-
bering system for immunogenetic
analysis. Immunol Today 1997;8:
509.

37 Kabat EA, et al: Sequences of Pro-
teins of Immunological Interest.
Washington, Public Health Service,
NIH, 1991.

38 Satow Y, Cohen GH, Padlan EA,
Davies DR: Phosphocholine bind-
ing immunoglobulin Fab McPC603.
An X-ray diffraction study at 2.7 A.
J Mol Biol 1986;190:593–604.

39 Chothia C, Lesk AM: Canonical
structures for the hypervariable re-
gions of immunoglobulins. J Mol
Biol 1987;196:901–917.


