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ABSTRACT

The first complete sequences of functionally rearranged V, genes
(abbreviations ref.1) of subgroups II and III are reported. The
genes have been cloned from lymphoid cell lines synthesizing KII
or KIII light chains as evidenced from immunochemical analyses
with anti-V, subgroup-specific antisera. These data, together
with the se'&uence of a KIV gene (described in the accompanying
paper) and those of previously published KI genes make possible
a comparison of genes representative of the four known V region
subgroups of human K 1light chains. The V,II gene is

distinguished from the V,I, VKIII, and V, IV gen&(es by a much
longer intron within the 'leader "sequence: 4‘56 bp vs ca. 120-220

bp. Blot hybridization experiments with human DNA digests using
probes from the KII and KIII genes and from the respective
upstream regions help to define subgroup specific probes and
hybridization conditions.

INTRODUCTION

Considerable information has become available over the past
several years on the composition and chromosomal location of the
human immunoglobulin genes (reviewed in refs. 2,3) but the
chromosomal organization of the variable genes is still largely
unknown. In this regard, we have focused our efforts on the
genomic organization of the human K light chain locus (review
ref. 4) with special attention directed towards isolating genes
representative of the four known VK subgroups I, II, III, and
Iv. VK subclones derived from these genes seemed essential as
probes for screening genomic libraries. The human VK genes which
had been found initially by crosshybridization with mouse VK
probes belonged to subgroup I (5,6). Additional clones obtained
with these human VKI genes as probes were all confined to
subgroup I (6-8). To identify for gene cloning studies cells
producing non-KI 1light chains, we examined with a.nti-VK
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subgroup-specific antisera (9), culture fluids from 11 different
human lymphoblastoid cell 1lines. Our serological analyses
resulted in the identification of the 1line GM607 as a KII
producer and the subsequent isolation and sequence analysis of
the rearranged KII gene (10). A subclone derived from the GM607
clone was helpful in 1localizing and identifying a VKII
pseudogene within a cluster of Vg genes of other subgroups (11).
Although some V,II and V

K K
isolated clones by their weak crosshybridization with V

III genes could be 1localized on
KI probes
(11,12, and H.D. Pohlenz, B. Straubinger, E. Lotscher, H.G.
Bauer, unpublished) it seemed desirable to isolate from lymphoid
cell lines complete and functional K genes of all subgroups. In
the course of this work two KI genes (13) and a KIV gene (14)
were cloned and characterized.

Since the above mentioned KII gene clone lacks the leader
sequence (10) and otherwise only germline VKII pseudogene
segments are known (11,15) the KII gene reported in this paper
represents the first complete and functional gene of this sub-
group. The same holds for the KIII gene since the known
sequences stem from a cDNA clone (16), from germline VKIII
gene segments (12), and from an aberrantly rearranged VKIII gene
segment (17). Subclones derived from the new KII and KIII genes
were used to study the multiplicity of the respective germline

genes by blot hybridization.

MATERIALS AND METHODS
Immunodiffusion assays of human K light chains

Lymphoid cells were grown to a final density of 1.5—2.0x106

cells/ml as previously described (13). Cells were harvested by
centrifugation, the culture fluids were 1lyophilized and
resuspended in water at a protein concentration of 200 mg/ml for
immunodiffusion assays. The reconstituted cell supernatants were
tested against specific anti-KI, KII, KIII, and KIV antisera and
against anti-K antisera that are capable of distinguishing sub-
subgroups within KI, KII, KII, and KIV proteins (9). All
antisera were absorbed with fetal calf serum prior to use.
Immunodiffusion assays were carried out in 2% agar-3%
polyethylene glycol 6000 as described (9).
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Cell lines and cell culture

The human lymphoid cell lines GM1500 and GM607 were obtained from
the Human Mutant Cell Repository, Camden, New Jersey; the lines
IARC/BL36, 41 and 61 (ref. 18) and the lines IARC/BL21, 31 and
Ly91 (ref.19) were provided by G.M. Lenoir, Lyon, WI-L2 (20) by
G. Riethmiiller, Minchen, U698M (21) by E. Wecker, Wiirzburg, JI
(22) by G.W. Bornkamm, Freiburg, RPMI 6410 (23) and Walker by H.
Rodt, Minchen, Daudi by H. Wolf, Minchen; for the characteri-
zation of the Walker and Daudi cells and for the conditions of
cell culture see ref. 13. High molecular weight DNA was prepared

from the same placenta (AF) as previously (refs. 10,13).

Blot hybridizations

Gel electrophoresis and transfer of DNA digests (placenta AF)
were as described (13). Hybridizations were carried out in 4xSSC,
1xDenhardt's solution, 50 upug/ml sheared and denatured salmon
sperm DNA at 68°C; the filters were washed with 2xSSC, 0.5% SDS
(non-stringent) or 0.1xSSC, 0.5% SDS (stringent conditions) at
68°C. 1Isolation of DNA fragments from agarose gels and cloning

procedures were as described (13).

DNA sequencing and computer programs

DNA fragments were cloned in the M13 phages mp8-11 (24) or
mpl8,19 (25) and sequenced by the chain termination method (26).
For sequencing a long restriction fragment a 1 m long sequencing
gel (27) was used.

DNA sequences were aligned for maximum homology with the
help of the program DNMAHO (DNa MAximize HOmology). The program
DNPERC (DNa PERCentage) was used to calculate the percentage of
homology within selected sequence sections. The programs which
were written by P.S. Neumaier are described in ref. 11.

RESULTS

Immunochemical investigation of K light chains from human
lymphoid cell lines

Culture fluids of 11 K 1light chain-producing cell 1lines were
examined serologically to determine the VK subgroup of the
excreted protein. Immunodiffusion assays of cell culture fluids
with Vg subgroup-specific antisera (9) led to the assignment to
one of the four human K subgroups as summarized in Table 1.
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Table 1.
K subgroup Cell Line Anti-KI Anti-KII Anti-KIII Anti-KIV|
Daudi ++ 0 [0} 0
Walker ++ (6] [0} 0
I GM1500 ++ 0 (o] 0
IARC/BL36 + 0 0 0
IARC/BL61 ++ 0 0 0
RPMI 6410 0 ++ 0 0
II GM607 0 ++ 0 (o]
Wi-L2 0 + 0 0
U698M 0 ++ 0 (0]
IIT IARC/BL41 0 0 ++ (o]
v JI (o] (o] 0 ++

Immunochemical reactivity of culture fluids from human lymphoid
cell lines with anti-K subgroup specific antisera.
Immunodiffusion data obtained by screening culture fluids of
human lymphoid cell lines with V subgroup specific antisera
are shown (++, +, O; strong, weak, and no precipitin reaction,
respectively). In the culture fluids of the «cell 1lines
IARC/BL21,31 and Ly91l no K 1light chains were detected. This
might be explained, at least for the cell line Ly91, with the
finding that only a low percentage of cells were K positive in
immunofluorescence assays (18). The serologic classification is
in agreement with DNA sequence data for the Daudi and Walker
cell lines (13), the GM607 line (10), and the JI line (14).

Certain of our anti-KI specific antisera were capable of
differentiating KI proteins into three sub-subgroups (data not
shown). The Daudi and Walker KI chains are members of the same
sub-subgroup, which also comprise the KI proteins GAL, MEV, BI,
HBJ4 and CAR (28). Furthermore, one antiserum (R226)
distinguished K chains Walker and Daudi. The proteins BL36 and
BL61 showed a somewhat similar pattern of reactivity as did
protein Walker.

Among the cell lines which synthesize KII proteins, protein
RPMI 6410 could be readily distinguished serologically from
protein GM607 and from proteins TEW, CUM, BATES (28). With
certain KII antisera, the reactivity of protein RPMI 6410 was
more similar to protein CUM than to TEW.

The K 1light chain produced by the cell 1line BL41 was
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Figure 1. Restriction maps, sequencing strategies, and subclones
of the productively rearranged VK gene regions of the cell lines
RPMI 6410 (A) and IARC/BL41 (B). Gene segments are shown as open
boxes. Extent and direction of sequencing are symbolized by
arrows underneath the restriction maps. Subclones prepared for
blot hybridizations are delineated underneath the restriction
map. The V6410 subclones m6410ul-16, m6410L-13, m6410I-14 and
m6410V-15 contain a 0.51 kb PstI-Sau3A, a 0.17 kb Sau3A, a 0.35
kb HaeIII-BamHI, and a 0.3 kb BamHI-Sphl fragment, respectively.
The V41 subclones m4lul-3, m4l1L-5 and m41lV-7 contain a 1.32 kb
PstI, a 0.3 kb PstI-HpaIlI, and a 0.32 kb HpalII-Sau3A fragment,
respectively. The restriction map of the V gene region from
IARC/BL41 is shown in two parts, the upper one being an 8.2 kb
extension of the 5' flanking region of the V gene.

classified serologically as KIII, and further could be assigned
to sub-subgroup KIIIb (29).

The rearranged V., II gene of the cell line RPMI 6410

The first rearré&ged V.II gene, as it was cloned from the cell

K
line GM607 (10), lacked the intron and leader sequences. In order

to gain insight into the sequence organization of VKII genes and
to be able to compare not only the VK gene segments of the
different subgroups but also their flanking regions we cloned a
rearranged VKII region which extends to the region 5' of the
leader segments. The cell line RPMI 6410 was selected since it
contains only one rearranged K gene. In addition, we wanted to
clarify a discrepancy: on the basis of limited sequence data of
CDR3 (ref.30) the rearranged K gene from RPMI 6410 had been
classified as a member of subgroup I (ref.28), which was in

contrast to our immunochemical analyses.
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CTGCAGTATTCTACAGTTTAATCTCGGTGGAGAATATATGTAAAACTTTATTCGGTTGCACTTTTTAACATTTCTGTCTTTTACTTTIGTGTGTGTTTTAT -911
TTAAATTTTTAAAAAATTGAAAGGGLCAAATCTGAACTCTTTTAAACAAAAATGAACAAAAACATAAGAATTAGTAAATATTTGTGGAAACATGGCCTTA -811
T1AACAABAAGTATAAAATGTGCCTGGGAGAGTACCATGAAACAAGAAATCTGTTAGGGAAGACAGAAGGAAATACTTAARTTTLTCCAACATAGACAGE -711
ATAGATTTTATGCCTATTCGTTTCCCTCCAAACAGAGAAGATATTTAAGTCATTTTGCTCACAAGAGAGGCTCCTACCCACCCCTTGGCTCTTTCCACCC -611
CACI1GCACCCACCAGHTGATITGCATIATTATCCCTTAGTGAAGACTTTCCTTGTGAGTCTGAGRTARAAGOTCAGCTCTACCCTTGCCTTGACTGATCAG -511

]

L L
elArsLeuPruAlaGlnLeuLeuGluLeuLeuHetLeuYrpValrruG: -4
GACYCCYCa671CACC1YCYCﬁCAA?BﬁGGCTCECTGCTCAGCTCCTGGGGCTGCT&AYGCICTGGGTCCE“Q?YAQGGGYﬁGAhEGGhGﬁYGﬁEGﬁGGh -411
GAATGGCATGGAACGGTGAGTTCTGGGGCCCCACTGCCTCTAACAACAGTGATCTCTGGGGGTCTCACTACACTCCTATGTGTGTTCCTTTCCTGTATTG -311
GACATGCACATGTTGTCCTCCAGAGTGGRGCATTGTGATGATCAGATCTGTGAGAGTGAGGAAGATTCAAGCAGAAACTAAGGATCTGTGCTCTGGGGAA -211
GACTGACACAGAANGGGGATGGTGTGGGGTCTTCTGGAGACCCTTTTGAGCCTTGGATCCTTGAGTICCATTTTGARACTGTGTATTTTTGARATATGAA =111

'

1 -4
CAAATACATATATAGCCTGAAATAAACAACAAATCAAAATTTATGAAAATTACACATAAACTTTATACATAACCTTGCTCTTCTTTCTATTTATTTCAGG -11
L L lFRl FR1 |CDR1
ySerSerGlyAsrValYalMetIhrGlnSerFroleuSerLeuFroyglThrleuGlyGlnFroAlaSerIleSerCysArgSerSerGinSerLgyval 30
ATCCAGTGGGGATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCGGCCTCCATCTCRTGCAGGTCTAGTCAAAGCCTCGTA 90

CDRll FR2 FR?I CDR2 CDR2| FR3
TurSerAserGlyAsnThrIurLeyAsnIrpFheGlnGlnArdFroGlyGlnSerfroArdArdieylleTyrlvsValSerAsnArdAsrSerBlyvalf 64
THCAGTGATGGAAACACCTACTTGAATTGGTTTCAGCABAGGCCAGGCCAATCTCCAAGGCGCCTAATTTATAAGGTTTCTAACCGGGACTCTGBGGTCC 190

FR3 |cnn:
roAsrArgfheSerGlySerGluySerGluThrAspFheThrieulysIleSerArdValGluAlaGluAsrYalGlyValTyrTurCusHetGInGlyTh 97
CAGACAGATTCAGCGGCAGTGGGTCAGGCACTGATTTCACACTGAAAATCABCAGGGTGGAGGCTGAGGATGTTGGGGTTTATTACTGCATGCAAGGTAC 290
Chk!l FRA
rHisTrerSerTreThrFheGluGlnGlyThriwsValGlulleLwsArg 113
ACACTGGTCCTGGACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGTGAGTAGAATTTARACTTTGCTTCCTCAGTTGTCTGTGTCTTCTGTTCCCTG 390
J1
TGTCTATGAAGTGATCTATAAGGTGACTCTGCAATCAGCCTCTGATATCCTTCAGGGAAAABATAAAGATAAGTCTGTAGTCAAACTCGA 480

Figure 2. Nucleotide sequence of the V gene region of RPMI 6410

V6410 and deduced amino acid sequence. The sequence was
determined using the strategy shown in Fig. 1A. Vertical arrows
designate the putative splice sites. V_,II specific residues (28)
are underlined. The TATA sequence  (32) and the putative
regulatory sequence element dc (33,34) are boxed, a pd (33)
related element is underlined.

HindIII fragments from genomic DNA of RPMI 6410 cells which
were size-selected by agarose gel electrophoresis were ligated
into the phage vector Charon 30 (ref.31) and screened with the
intron probe pI-1 (ref.13). The restriction map of the cloned
rearranged VK gene region is shown in Fig. 1A. Subclones were
prepared in M13 phages and sequenced with the dideoxy chain
termination method. Fig. 2 presents the nucleotide sequence of
the relevant parts of the clone.
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A comparison of the deduced amino acid sequence of the
cloned VK gene with known protein sequences of the four human K
chain subgroups (28) confirmed our immunochemical data. Within
the FR1, CDR1, CDR2 and FR3 of protein RPMI 6410 all KII
invariant amino acid residues (28) are present. Five residues
within the FR2 and CDR3 (pos. 36, 37, 39, 46, and 95) have not as
yet been found among the relatively few human KII proteins
sequenced (28). The homology of the amino acid sequence deduced
from V6410 to that deduced from the VKII gene of GM607 (10) is
79.4%. As expected there is less homology of the KII protein RPMI
6410 to the deduced sequences of the KI protein V1 (ref.6; HK102
in ref.5), the KIII protein BL41 (see below) and the KIV chain JI
(14), i.e. 49.5%, 54.7% and 64.7%, respectively. The
corresponding nucleotide sequence homologies are 85.3%, 62.8%,
66.6% and 66.8% for GM607, HK102, Bl41 and JI, respectively. Thus
the assignment of the expressed V gene of RPMI 6410 to subgroup
II is unambiguous.

The intron between the leader segment and the L' region of
V6410 is much larger (426 bp) than the introns of known VKI (~125
bp; refs. 5-8,11), VKIII (186 bp; ref. 12 and this paper) and
VKIV (219 bp; ref. 14) genes. According to the splice rules (32)
the localization of the L segment is unequivocal. The TATA box
and the putative regulatory sequence dc (33,34) appear in the
expected positions. The wunusually 1large intron seems to be
characteristic for VKII genes since it was also found in three
other genes of this subgroup (B. Straubinger, E. Huber, H. Smola
unpublished). The intron within the leader sequence of V6410
contains a number of direct and inverted repeats as well as
sequences with a homology to the so-called enhancer core sequence
of SV40 (review 35). It is not yet known whether some of these
sequences are functionally important.

The V6410 region contains the JKI segment as was previously
shown by Hieter et al. (30). A comparison with their sequence
data which start at codon 86 revealed the following differences:
A instead of C at pos. 300; A instead of G at pos. 318; GTG
instead of GTTG at pos. 401-403; C instead of T at pos 436. The
sequence we found in the latter two positions (which are located
within the JK1 region) was also found in the respective part of
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GLCATAAGTTGGAGCAGAAAGAGAAAAAATGAAACCACAGCCTTCTATTTTRTTTCTAACAGACATGTACCAANCATTLTGTGRCTCAATCTAGGTGATE -515
GIGAGACAAGAGGACACAGGGGT TAAATTCTGTIGGRLANAGGGRATAAGTICTALCETEAGACTRAGCCAACGCCTITICTGRECTGATCACCTGGREAT -a13
G5GTCIGAGAGCAGAAABGGTAGGGCAGATTGTCTCTGCAGCTGCAAGCCCAGCACCCROLCCAGHTGCTTTBCATGTCCCTCCCAGCCREECTRCAGTC =315
P
HetGluThriroAlaGlnleuleuFheleule -10
CHGAGCLCRTATCAATGCCTGGGTCAGARCTCTGGAGAAGAGL TG TCAGTTAGGACCCAGARGAACLATGEAAACCCCAGCGCAGETTICTCTTICCTCCT =215
'
(.

aleuleaTrrleufrofy -4
GCTALTCTGGETTCCAGGTGARGGGAATATGGGATGRTTTIGCATGTCAGTGAAAARLETCTCAAGTCCTGTTRCCTGGCACTCTGCTCAGTCAATACAA -11%
THATTAGAGCTCAATATARAGCATTAATTCTGACTEITCTGGGANGACAATGRGTTTIGATTTAGATIACATGGTTGACTTTTCTGTTTTATTITCCAATCT -15

'

[ L | FR1 FR\IC!'RI

ler ThelhrGiwGlullevalleuIhrGlnSerfroGlulhrleuSerleugerkroGluGluSerAlaThrleuSerCysArgalaSerGlingerva 29
CAGATACCACCGHAGAAATTIGIGTTRACGCAGTCTCCARGCACCCTGICTTTGTCTLCARGGGAAAGCHICACTCTCTCCTGCAGGGCCAGTCAGAGTGT 86

CrR1 |rn: Fi2 | coka CrR2 |rn3
1€erSerAsnleuAlalrelTurGlablnlysAraGleGlnSerl roAraleuleullrAraAschalaierSerArgnlansnGlullefronsrArdfhe 62
TAGLAGCAACT THGCCTGGIACCAGLABAANCGTRRECAGTCTCECAGHCTCCTCATCERTRATGCATCI AGCAGGGCCAATGGCATCCCAGACAGGTTC 186
rnxl COR3
SerGluScrGluSerGluThrAsrFhelhrieullelleSerArdleulluFroGluAsefheAlaValTurTurCysGlnGlnTyrSerThrSerFroTl 96
AGTGECAGIGHBTCTGGGACAGACT ICACTCTCATCATCAGTAGARTGRAGLETGAAGATTTTGCAGTGTATTACTGTCAGCAGTATAGTACCTCACCGT 286
2

COR3 | FRA
9t ThrFheGleGlnGlyThrivsleuGlullelysArs 108
MZACTT77GGCCAGGGGM‘,CA“GCTGGanleaAnc?GYQAG'H:CTYTTYYCCQETGIXTYCYTCM‘.TG\’YGQTGATGIAGTTTnCTTYG'GIYCCTYTGIGT 386
GGATTTTCATTAGTCGGATGCCAGGGACTCTAACKAACTT 426

Figure 3. Nucleotide and deduced amino acid sequence of the V
region of the cell 1line IARC/BL41 (V41). The sequence was
determined following the strategy shown in Fig. 1B. Vertical
arrows designate the putative splice sites (32). V,III specific
(28) amino acid residues are underlined. The TATA sequence (31)
and the putative regulatory elements dc (33,34) and pd (33) are
boxed.

the V607 gene (10).

The productively rearranged V, III gene of the cell line IARC/BL41
The cell line IARC/BLA41 whicﬁ excretes a KIII protein (Table 1)
contains two rearranged K genes (k¥, K7). Size-selected BglII
fragments were ligated into the phage EMBL3 (ref.36). A recom-
binant DNA clone was then isolated by hybridizing with the CK
probe pC-2 (ref.13). Fig. 1B shows its restriction map. The V

gene segment 1is rearranged to JK2. No additional V gene is
present on the V41 clone according to blot hybridizations with
probes of the four subgroups. The DNA sequence analysis (Fig. 3)
proved that we have cloned the expressed KIII gene, since no stop
codons or indications of an aberrant rearrangement were found.
The assignment of the rearranged gene to subgroup III is
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Figure 4. Blot hybridization of placenta DNA digests with probes
from the V6410 gene region. Two Southern blots prepared from
EcoRI and HindIII digests of placenta DNA were hybridized with
probes from upstream of the leader segment (m6410ulL-16; A), the
leader segment (m6410L-13; B), the intron (m6410I-14; C and E)
and the V, gene (m6410V-15; D and F). Hybridization was under
non-striné%nt (A-D) and stringent conditions (E,F). In each of
the subpanels A-F the left slots contain EcoRI digests, the right
ones HindIII digests. Sizes of marker fragments (digests of
pBR322 and pBR clones) are given in kb.

unambiguous on the basis of the codons for invariant KIII
associated amino acid residues (28). As expected there is a
close homology to the nucleotide sequences of the germline VKIII
genes Vg and Vh (90.9% and 87.8%, respectively; ref. 12), the
cDNA clone derived from the cell line NG9 (92.3%; ref. 16), and
the aberrantly rearranged VKIII gene of the EVJK 11 clone (93 %;
ref. 17).

Blot hybridization of placenta DNA digests with probes from the
ZKII and VKIII gene regions

The availability of hybridization probes from the VKII and VKIII
gene regions allows us to address the question of crosshybridi-
zation between the genes of the various subgroups and, with that,
the problem of the relation between the number of bands in geno-
mic blot hybridization experiments and the number of VK genes in
the human light chain gene repertoire.

Probes from the regions upstream of the leader segment (ulL),

the leader (L) and the VK gene segments (V) of V6410 and V41
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Figure 5. Blot hybridization of placenta DNA digests with probes
from the V41 gene region. Two Southern blots prepared from EcoRI
and BglII digests of placenta DNA were hybridized with probes
from upstream of the leader segment (m41lul-3; A and D), the
leader segment (m41L-5; B and E) and the V, gene (m41V-7; C and
F). The filters were washed under non-stringent (A-C) and
stringent conditions (B-F). In each of the subpanels A-F the left
slots contain BglI digests, the right ones EcoRI digests. Sizes
of marker fragments (digests of pBR322 and pBR clones) are given
in kb.

(Fig. 1) as well as Southern blots of placenta DNA digested with
a number of restriction nucleases were prepared. The filters were
hybridized with the probes under relaxed and stringent
conditions.

The autoradiogram of an experiment carried out with the
probes from the V6410 region is shown in Fig. 4. 1In addition to
the probes described above a probe from the intron region
(m6410I-14; Fig.1l) was included into the studies. The restriction
nucleases EcoRI and HindIII were chosen because they do not cut
within the region spanned by the probes in V6410 and other known
VKII germline genes and pseudogenes (11,15 and H.D. Pohlenz, B.
Straubinger, E. Huber, H. Smola, unpublished). This may be true
for all or most VKII genes since the band patterns obtained with
the probes from upstream of the leader segment, the 1leader
segment, and the VK gene itself are indistinguishable under non-
stringent hybridization conditions (Fig. 4A,B.D). The intron
probe detects fewer bands (Fig. 4C). Apparently only in a few
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VKII gene regions the intron sequences are sufficiently similar
to allow hybridization with our probe. The hybridization of the
probes from the V6410 region appears to be VKII specific even
under non-stringent conditions because the same band pattern is
detected under stringent hybridization conditions (Fig. 4E,F).
Also with another VKII gene probe (V607, ref. 10) which shares
85.3% homology with the V6410 probe the same patterns were found
(data not shown).

The autoradiogram of an analogous experiment carried out
with the probes from the V41 gene region is shown in Fig. 5. The
VKIII gene itself (m41V-7) hybridizes with a large number of
fragments under relaxed conditions (Fig. 5C). The number of bands
hybridizing with the leader probe (m41L-5; Fig. 5B) is roughly
one third of those hybridizing with the VKIII probe. Using the
probe from upstream of the leader segment (m4lulL-3) only one
prominent band is left in an EcoRI digest (Fig. 5A) together with
some faint bands, which correspond to bands seen also with the
other two probes from the V,IIT region. Under stringent

K
conditions the number of bands seen with the V_,III probe is

reduced dramatically (Fig. 5F); seven and five banﬁs are left in
the BglII and EcoRI digests, respectively. The same set of bands,
although with different signal intensities shows up in the auto-
radiogram using the leader probe (Fig SE). The probe from up-
stream of the leader segment detects only one band in an EcoRI
digest and two bands in a BglII digest (Fig. 5D).

While the hybridization patterns obtained with three probes
from the VKII gene region are very similar to each other, even
under non-stringent conditions, the patterns with the VKIII
region probes differ drastically. Possible reasons for that will
be discussed below.

DISCUSSION

The four human VK subgroups defined initially on the basis of
protein sequence and serological data (reviewed in refs. 9,28,
37) can now be studied on the gene level. Up to now all known
gene sequences (with one possible exception; ref. 17) fit into
the subgroups. Our approach has been to define the conditions
under which certain probes hybridize in a subgroup-specific

6509



Nucleic Acids Research

manner. It should be pointed out, that all hybridization data
discussed in this paper, refer to hybridization between a probe
and genomic DNA digests; hybridization between isolated gene

fragments shows slightly different characteristics. We wanted to
clarify whether more stringent hybridization conditions would
help to overcome problems arising from crosshybridization between

members of different V, subgroups and whether probes from the

leader regions or fromKregions upstream of the leader segment
would yield subgroup specific hybridization signals in Southern
blots of genomic DNA.

VKI genes, which seem to comprise the major part of the
human VK gene repertoire, appear to crosshybridize with VK
of subgroups III and IV. This was deduced from the fact that the

respective proteins are fairly homologous (7). With respect to

genes

subgroup III the contention was supported by blot hybridization
experiments (16), and with respect to both, subgroups III and IV,
by DNA sequence data which reveal a homology of 69-74% between
V,I genes and the VKIII gene V41 and of 70-74% between V

K
and the single V

KI genes

KIV gene (14). Further work is required to
develop if possible probes and conditions which define the VKI
genes or groups of VKI genes more precisely with respect to their
crosshybridization to VKIII and VKIV genes. Considering the low
homology between V,I and V,II genes ( 64%) and the quite

different hybridiz;iion pat:;rns (10) we conclude that no
detectable crosshybridization occurs between these VK subgroups
even under non-stringent hybridization conditions.

The VKII genes seem to be closely related to each other
since the number of hybridizing bands is practically identical
under stringent and non-stringent hybridization conditions.
Furthermore, the probes from upstream of the leader segment and
the leader probe detect the same bands as the VKII gene probe
itself. With the intron probe a subset of the V

A crosshybridization of the V

KII genes is seen.

KII gene probe with subgroup III and
IV genes is very unlikely, since the homologies of the V6410 gene
to the known members of these subgroups are below 67%. The VKII
leader region probe apparently does not crosshybridize with
leader regions of other genes since the homology for instance to
the corresponding region of a subgroup I gene (V1) is restricted

to the leader sequence itself (85%). The data demonstrate that
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blot hybridization with VKII gene probes is subgroup specific
even under non-stringent conditions and that these probes
probably recognize most or all members of the VKII subgroup.

With a VKIII gene probe a large number of bands is seen
under non-stringent hybridization conditions, most of the bands
being also present in experiments with a VKI gene probe
(7,10,16); but additional bands are present which are not
detected by a VKI gene probe. The crosshybridization can be
avoided by using stringent conditions which reduce the number of
bands to seven or 1less depending on the restriction nuclease
digest studied. It seems unlikely that these bands represent all
the VKIII genes of the VK locus considering the high proportion
of sequenced VKIII proteins in relation to all sequenced VK
chains (28). More 1likely only a subset of the VIII genes is
detected. A relation between this subset and the immunochemically
defined sub-subgroups (9,29) cannot be established at present.
The observation that the 5' flanking regions of VK genes (5-
8,11-15) are well conserved within the subgroups but differ
significantly between the subgroups offers the opportunity to
use, under relaxed conditions, fragments from the 5' regions of
the genes as subgroup specific probes. This approach seems to be
successful: the VKIII leader region probe (m41L-5) detects only
about one third of the bands found with the VKIII gene probe and
those bands possibly represent most or all VKIII genes.

In the case of VKIV, only one germline gene has been
detected using the subgroup specific probes. Specific
hybridization conditions are described in the accompanying paper
(14).

The present work is part of a continuing effort of our
laboratory to establish the number and organization of the human
VK genes. Our studies have 1indicated the essentiality of
performing (in parallel to the cloning and sequencing work, e.g.
refs.11,15) hybridization experiments, such as reported here, and
to correlate the results of the various methods employed in gene
analysis. The VKII and VKIV gene containing fragments can be
unequivocally identified in blot hybridization experiments
(10,14). We have now achieved similar results with the V_III

K
gene-containing fragments. However, our data indicate the

6511



Nucleic Acids Research

complexity of the VKIII genes within the V

structural work on distantly related V

K locus; additional

KIII genes is necessary.

Similarly, the large group of VKI genes requires further
structural work and hybridization studies before the known
patterns (7,10) can be interpreted in a reliable way with respect
to crosshybridization between more or 1less distantly related
genes. The results on the VKII and VKIII genes reported in this
paper and on the VKIV gene described in the accompanying paper
(14) contribute to our knowledge of the properties of the VK

multigene family.
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