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ABSTRACT The four *» light chain constant region (C)
genes have been cloned from BALE/c mouse embryo DHA. The
Cil gene segment was previously analvzed (1,2). Each CA
gefie carries its own J segment approximately 1.3 kilo-
hases to its 5' side which contrasts with both the kappa
{) and heavy (H) chain immunoglebulin gene systems with
a cluster of four functicmal jeining {(J) sequences 5" to
the constant gene segment(s). The four Ch genes cccur in
two clusters: 5'J.C J1C13' and 5'J,C,J,C,3". The J DNA
segments of A,, & gna A, were segueticeéd and compared with
that of & . “Seqience homology (particularly in the non-
coding reglons) was greatest between J. and J, and be-
tween J, and J5 which suggests, along with the similar
Qrganizgticn of JCIC and crosshybridization of C. and C,
and of Cs and C,, that the two clusters are prodicts of ‘a
duplication evefit. A single variable region (V)X gene,
5' of each JCIC cluster, was probably part of this dupli-
cation unlt. We have confirmed that there are only two
V& genes in mouse (VA, and VA,.), and we have also shown
that the vzl gene segment 1s Joined productively to C

in a *, myeloma. VA, has been found associated only with
Ch, or™Ci, and in mcét cases VA, joins with CA, (the
exéeptions allow us to deduce a probable organization of
the total A locus). From these data and from the analv=-
sis of germ line and rearranged V& genes in myelomas, the
two VA genes must be interspersed by a JCIC cluster if
the looping-out and deletion model is generally used for
V-J jeoining. The organization of the A locus is most
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likely: 5'Vo—JgCoJyCp-V1-J3C3J1C3". Thelﬂ_gene is probably
not functiomal since the J; sequence does not contain a walid
splice site and has a 2Z-bp deletion in the signal heptamer
sequence 3" to J4. The signal nonamer sequence 5' to Jq
differs from that of J; in two consecutive base pairs and may
account for the lower lewvel of 33 expression as compared with
A1 in mouse lymphocytes.

INTRODUCTION

The immunoglobulin genes for the light chains, = and 3,
and the heawvy chains occur in three families. In mouse, the
genes for the light chains have been placed on chromosome 6
{3,4), the heavy (H) chains on chromosome 12 (5,6) and the
light chains on chromesome 16 (7). 1t was proposed that the X
germ line wvariable (V) region gene segments are separate from
the constant (C) gene segments for light chains (&) and like-
wise for heavy chains (9, 10). This assumption was demon-
strated to be correct and it was found that formation of a
functional immunoglebulin (Ig) gene requires DNA linkage of V
to the J {(joining) reglon in the case of light chain genes
(11, 1) and V, D, and J in the case of heavy chain genes (12,
13} {the D, diversity, DNA segments encode primarily the third
hypervariable regicn of heavy chains). For the ¢ light chain,
cne of about two hundred V genes (14, 15) can combine with one
of four funetional J segments (16, 17). The exact site of
joining may vary slightly (16, 17). Thus two somatic mechanisms
occur to generate diversity within a light chain: combinatorial
diversity when different combinations of V and J gene segments
assemble and junctional diversity when different amino acids
are generated by slippage in the actual gite of ¥-J joining.
Likewise, increased antibody diversity is generated when one
of the V.. gene segments is joined with one of approximately
twenty I segments (18) and one of four J, segments (13, 12).
Junctional diversity can also occur for heavy chains (13, 19).
Antibody diversity is also generated when different light
chains combine with different heavy chains. The antibody
repertolre is further expanded by somatic mutation of the V
gene segments for both light chains (20, 2, 21, 22) and heavy
chains (13, 23-28).

We wished to study the organization and molecular basis
for differential expression of the mouse } light chain genes.
The mouse * light chain system is simple when compared with
that of the « and H chains in that there are only two V genes,
V. and V,, (1)} and the X myeloma and serum proteins have heen
wéll defined. The X light chains, which comprise about 5% of
the mouse serum Ig (27-29) occur in three subtypes, 4. (20,
30, 31), lz (32, 33), and AB (34). A subtype is defined by
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its C region amino acid sequence. The three subtypes, Xy, X2
and A, occur in the serum in the approximate ratio 8:1:1 (29,
34) afd in spleen lymphocytes in the approximate ratio 1.0:
0.7: 0.3 (35). The }; chains previously reported all con-
tained V regions encoded by vl (1, 15) and all known *s chains
use V, (29, 34, 36). It was recently shown that )5 chains
also use the Vi gene (37,38). Each of the subtypes is encoded
by its own constant reglon gene. We describe here the V, J,
and C gene segments of the mouse A locus and give their prob-
able organization in the genome. We show the DNA sequences
surrcunding each of the J segments, suggest a mechanism for
contrel of }) and A3 subtype expression, and demonstrate that
Ay is a pseudogene.

RESULTS AND DISCUSSION

Description and Characterization of Four AC Genes. High
molecular weight kidney DNA from several mouse strains was
digested with EcoRI endonuclease and analyzed by the Southern
gel blotting procedure as previously described (37). S5ix
mouse strains gave identical results as those shown for the
BALB/c mouse strain in Figure lA. The hybridization probe was
either Cx, cDNA (600 base pairs complementary to Ch; from an
Hha I/Hae III digest of the Bl plasmid of H2020 cDNA (VHC)A;)
or (V4+C)io cDNA (cDMA prepared from MOPC 315, containing
(U+€)l2, from R. Schwartz and M. Gefter). With the (V+C)2
probe we usually saw four bands, at B.6, 4.8, 3.5, and 3.2
kilobases (kb). The 4.8 kb and 3.5 kb bands are Vig and Vi
respectively (the two V) genes cross hybridize) (1). The B.6
kb and 3.2 kb bands were candidates for the Clos and CA3 genes.
We expected that Ci, and Ch3 would be detected by the (V+C)is
probe since the amino acid sequences of Cly and El3 differ by
only five out of 107 residues (34). With the C}y probe we
saw a band at 8.6 kb, known to contain the Clqy gene (1) and
another band at 2.8 kb which we designated C}; (37). The Ci,
band did not cross hybridize with the (V+C}12 probe and was
not & candidate for the Ciz or Clj gene. Occasionally, we
detected a band at & kb (due to partial digestion, not shown
in Figure 1A) which hybridized with both probes.

The bands at 2.8 kb, 6.0 kb, and 8.6 kb were enriched by
preparative gel electrophoresis and cloned in AWES phage. A
clone of the 8.6 fragment was selected bv hvbridization with
the (V+C)}; probe but was found to hybridize with both probes
and was identical to our previously described clone of Cll,
Ig25 (1)(Figure 1B). When the Ig25 clened DNA is digested
with EgoRI, the 8.6 kb band hybridizes to both the Chy and

(V+C)}o probes (Figure 1B). The region of this EcoRI insert
which hybrides to (V#C)Xy is 5' to that of the CA; genme; vhen
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FIGURE 1A. BALB/c embryo DNA digested with EcoRI
and hybridized with 1) Ci1 or 2} (V+C))7. Fragment sizes (in
kilobases (kb)) were determined by comparison with Hind III-
digested X phage DNA as a size marker.

FIGURE 1B, C(Cloned DNA fragments containing Ciy= oz
(V+C) 3o—hybridizing sequences, Duplicate samples of cloned
DNA were electrophoresed in agar, blotted according to South-
ern and hybridized to either C)y or (V+C}iz. Section 1:
ethidium bromide stain of gel. The top two bands in =ach
sample are phage arms of AWES. Section 2: hybridized to Cxi.
Section 3: hybridized to (V+C)?;. Lane a: clone Ig25 digested
with EcoRI, showing the 8.6 kb frapgment hybridizing with both
Ciy, and (VHC)hs. Lane b: Ig25 digested with Kpnl. Lane c:
10Al digested with EcoRI showing a band at 2.8 kb hybridizing
with CA) and a band at 3.2 kb hybridizing to (V4C}is. The
weak partial band at 6.0 kb in clome 10A1 can be seen to
hybridize with both probes.

Ig25 insert DNA Is digested with KpnI, the 1.5 kb band, st the
5" gide of €xy (2) hybridizes with (V+C)3, but not C), and the
3.8 and 3.4 kb fragments hybridize only w%ch Cn,, a&as Expected.
Similarly, clome 10Al, from the 6 kb fragment, when completely
digested with EcoRI, revealed two fracments: one at 2.8 kb
hybridized only to €x1» and the other at 3.2 kb hybridized
only to (VC)3,. Thus both clomes contained two C) genes.



1 MOUSE A LIGHT CHAIN IMMUNOGLOBULIN GENES -

LV

Ig25 M+X2 mRNA
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FIGURE 2. Electron micrographs and line drawings of
clone Ig25 DHA. R-loops of Ig25 double-stranded insert (8.6
kb) DNA with }; and %7 mRNA (top panel) or A and AB mENA
(bottom panel).

We were able to demonstrate that the clone containing
Cx, (Ig25) also carried Ci3 and that Ch, and CA, were closely
linked (in clone 1041)(37). Comparisa%s of the r-leep struc-
tures formed by hybridization of DNA from clome Ig25 with a
mixture of A, and A, mRNA or Ay and X, mRNA showed a larger,
more open lodp structure with A_ mRNA] indicating a greater
degree of homology (Figure 2}. “Similarly, when the 3.2 kb
EcoRI insert of clone 10Al was hybridized with 12 or A3 mBNA
(Figure 3), more homology was seen with A, mENA.” The 2.8 kb
band of clone 10A]l was identiecal to the 2.8 kb band cloned
from embryo DNA by restriction enzyme mapping and DNA hetero-
duplex analysis. Each of the four Cl gene segments was shown
by r-looping to carry its own JA segment approximately 1.3 kb
to the 5" side (also see J sequence data below).
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10A1 A3 mRNA

FIGURE 3. Electron micrographs and line drawings of DHNA
from clone IglOAl. R-loops of the double-stranded 3.2 kb frag-
ment from EcoRI-digested IglQAl DNA with lz mBNA (top panel)

or 13 mENA (bottom panel).

The organization of these two C} gene clusters is shown
in Figure 4. The J4C3J;Cy organization was shown independently
by Miller et al. (39). From the similarity in organization of
the two clusters and from the cross hvbridization between C
and C., and C, and C,, we proposed that the two clusters arose
by duglicatinn and that this duplication unit most likely also
included V at the 53' side of the JCIC cluster (37).

Placement of the Two MV Genes. We showed that VA  has
joined to JA; in the productive rearrangement of a A3 producing
myeloma. (See Figure 5 A and B: CBPC-49, a ), myeloma shows
a rearranged band at 2.8 kb with a V(J)A, probe. This band

was cloned and shown by heteroduplex and r-leep analysis to
contain VAj, Jd3, and the sequence 3' of JES up to the EcoRI




1 MOUSE » LIGHT CHAIN IMMUNOGLOBULIN GENES

4.9 1.3 1.8 1.3 39

- — y p—— e ——— A ——————,

Jz C3 Ji Ci

i T

5.6 8.6

05 13 .8 .2 Ol

B s T et W e

Jz Gz Ja Ca

f_l L I t 'T
3.2 28
FICURE 4. Germ line configuration of mouse & J and C
gene segments. Cloned DNA from EgoRI partial digests of BALB/c
embryo DNA. The J3C3J;C; gene segments are from clome Ig 58.2
(not presented} and J2C J,C,from clone Ig 1041 (37). Dis-
tances are in kilobases and the J and C regions are designated.

Arrows mark the EcoRI cleavage sites. The distance between
the two clusters is unknown.

site between JlS and CA. (37)). Since V., could be shown to be
vsed with €. as”well as™C,, since V, had only been found asso-
ciated with C_., and since the V. and V., zene segments were Very
homologous {&2, 2, we cuncludeé thatzthe probable evolution-
ary duplication unit was V-JCJC (37). DNA sequence evidence
for the J.-J.and J,-J homology is given below and further
supports the above argument.

Further data from which we may deduce the most likely
arrangement of the mouse » locus are given in Figures 34 and
5K. Figure 5A shows a Southern blot of the myeloma AgB.653
with the V{J)}A, probe where VA, has undergone two rearrange-
ments (the embEfyonic VA, band &t 4.8 kb is absent). The two
rearranged bands are at“6.5 kb (V,C,) and 9.0 kb (9.0 kb is
the size predicted for a V Clrearrangement: the distance from
the 5 EcoRI site to the ‘Jﬁz gene segment (im clone Igl3, ref.,
52 is 3.3 kb, the complete ™V gene is about 0.5 kb, and the

distance of Jll to the 3" EcgoRT site (in clone Ig25, ref. 1,
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FIGURE 5 A and B. BALB/c embryc, myeloma and hybridoma
DNA fragments from EcoRI digestion hybridized to V(J)3g
sequences. The probe contains only the V and J regions of 11
cDNA, A, DNA from(l) Ag8.653, myeloma fusion parent for
hybridoma productiom, (2) BALB/c embrvo, (3) MOPC-315 (3.a). a
myeloma producing V C2 light chains {(rearranged band a% 6.5 kb)
and which has also Tefrranged FIC (7.4 kb) (See ref. 40 and
373, (%) J558 {113} has productively rearranged vlcl and also
aberrantly reartranged V Cﬂ (2.8 kb),(3) CBPC-49, a ). producing
myeloma (V Cj at 2.8 kbJ, and{ﬁ] P543.6, anti-NP l-p%ﬂducing
hvbridoma }rom T. Imanishi-Kari, possibly V Cl (9.0 kb) as
well as TlC (7.4 kKb). B. DNA from(l) S5P=2, myeloma fusion
parent fofr é—E hyhriduma,fE} BALB/c emhryc,[B} 6-2, hybridoma
(from H.N. Eisen) with 4.4 kb rearranged band, HEJS,(ﬁ} MOPC-
315, and(5) CBPC-49. Fragment sizes are in kb.

see also Figure 4 this paper) is 5.2 kb, producing a rearranged
fragment of 9.0 kb). The presence of an embryonic Vi, band in
Ag8.653 (in the absence of any V), band) rules out thé possi-
bility that Vi, lies 3' to ET,‘J.E wi%hott an intervening JCJC
cluster, i.e. %he V genes are not clustered (V,V.). By a

similar argument, the J358 DNA pattern in Figufe 5A eliminates
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another possibility that Vi, lies 3' to VA, without an inter-
vening JCJC cluster (the crganization is not V vzj. In J558
two VA, gene segments have rearranged, ons pro&uctively to JA
(at ?.& kb} and the other to JA, (at 2.8 kb); no embryonic

VA, band ( at 3.5 kb) can be segn, and yet an embryonic VA
bafid (at 4.8 kb) is present. The two cell tvpes, Ag8.653 and
J558, are both dipleid (as demonstrated by the absence of the
embryonic V, or V. bands,respectively). Therefore, provided
that loopin% out and deletion is the predominant mechanism
for V-J joining (16), the two V genes cannot exist without
interspersion by a JCJC cluster, i.e. the orpanization is
V-JCJIC~-V-JCJC.

We suggested above that unusual X rearrangements may
occur {as V CI in AgB.653, Figure 54). This V,C. rearrange-
ment may &lso have cccured in a A hybridoma (P543.6, from T.
Imanishi-Kari, Figure 5A) which appears to produce a protein
which shares characteristics of V, and C. both serologically
and biochemically { Reilly, E., B. Blombérg, T. Imanishi-Kari,
and H.N. Eisen, in preparation). Another rare A rearrangement,
in the hybridoma 6-2, is shown in Figure 58. G5P-2 is the
myeloma which was fused with BALB/c¢ spleen cells for the 6-=2
hybridoma production. The rearranged band (the only non-embryo
or new band) in 6-2, at 4.4 kb, is consistent only with a
rearrangement of Vi, to Ji, (3.3 + 0.5 + 0.6 (the distance of
Ji, to the 3' EcoRI"site)), Recently, the amino acid sequence
of "the 6-2 protein was shown to contain the seguence of V.,
Jh.s and CAH {Ellioct, B., H.NW. Eilsen, and L. Steiner, submIt-
teaj. Thes2 rare recombinations (V.,C, and V.C., but mot V. C. )
in the approximately 40 3 myelomas %né hybrigo%as studied "t5
date suggest the organization seen in Figure 6.

1

DNA Sequences of the Four J Regions. Although ¥V, is
capable of joining with both J3 and J,, the ratio of A :12: )
is B:1:1 in the serum and 1.0:70.7: 0.3 in spleen 1ympﬁocytes
(35). In order to determine a possible explanation for the
lower expression of A, as compared with that of % _, to obtain
further evidence for Zn evolutionary duplicatien iumit of JCJC,
and to establish whether the J,C, gene segments might be
functional, we determined the ﬁﬂﬁ sequences of the AJ segments
of JE’ JS’ and Jﬁ (Figure 7).

The %, gene is probably a pseudogene. There has been a
2 base pair (bp) deletion within the heptamer recognition
sequence (underlined) 5' of J, and the donmor RNA splice site
is missing at the 3' side of &ﬁ. The dinucleotide GT, present
at amine acid pesition 110 in all functiomal J regioms and an

obligatory part of all EMA splicing signals (44) is absent in
all reading frames of J& in this position (43,45). Imn
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Orgonization of Mouse A Light Chain Genes
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FIGURE 6. Mouse } light chainm locus. The most probable
arrangement of the gene segments known to date in the X light
chain locus. Distances between V and its C gene cluster and
between each C cluster (shown as -//- and ...) have not been
determined.

addition, mo protein representative of ), has been described

and all serum, hybridoma, and myeloma 3 chains can be account-
ed for by 11. 12 and 13 (20, 29, 34).

The J3C3J1Cy and J5CpJ4C, Sequences Arose by Duplication.
The J., and J, sequences and the J, and J_  sequences are more
alike, especilally in the noncoding regions (43). The DNA
sequences of Jy and J, are 92% hemologous in the coding region,
83% (B4/101 bp) in the noncoding regioms; J, and J, are B2Z
homelogous in the coding regiom, 74% (11511%5 bpl in the non-
coding region. The sequences of Jy and J, are only 77% homo-
logous in the coding region and 30% {&9#1&3 bp) in the non-
coding regions; J2 and J, are 75% homologous in the coding
region and 35% (50/144 bp) in the noncoding regions. Figure
7 also confirms that each C) gene carries its own J sequence
to its 5' side: in the case of J_, T and J_, the DNA
sequences correspond to the previcusly determined amino acid
sequences (20, 38, 34). For J&, no amino acid sequence is
available, but a J-like sequence exists approximately 1.3 kb
5" to the C& segment.

Differences Within the Nonamer Sequence 5' of J, and J
May Account for the Differential Expression of 3, an 11 Igs.
The Al and A, genes share the same V!, gene and %et the level
of expressin% of A, is much lower thaa that of A,. The ratio
of 11: 12:l is abgut 8:1:1 in the serum and 1.0% 0.7: 0.3 in
the Zpleén %ymphncytes (35). Consensus nonamer and heptamer
sequences 3" of all V gene segments, 5" of all J gene segments
and flanking the D gene segments have been proposed as possible

recognition sites for a "recombinase" involved in V-J or V-D-J
gene assembly (16, 17, 12, 13). These consensus sequences are
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TrpValPheGlyGlyGlyThriysleuThrVal LeuGly

AMTCCATGC-AAGCTTT TTGCATGAGT CTATAT CACAGTCCTGGGTGTTCOGTGOAGGAACCAMETCACTGTCCTAGGTGACTGACTCCTTCCTCCT
* % * k ok *

ek & LI * K ik *TrpVal PheClyGLlyGlyThrdrgLenThrVal Leudsp *
AGCTACATGCAGAGT TT T T TGCATTAGACTATAT--CAGTGT TCGO TG T TCOGAGGT GOAACCAGAT TOACTGTCCTAGAT GAGTCACTCCTCCCTCCT

PhelleFheGlySerGlyThelysValTheVal LeuGly

TGCTTGCCCCACAGGTITAGGGTTGGETTTCAGTCACTGTGGTTTATTTTCGGCAGTGGAACCAAGGTCACTGTCCTAGCTAAGTCGCTTTAATCGCTTC
* & &

* & * * * *Tyrlal PheGlyGlyGlyTheLysVal ThrVal LeuGly ® & K &
TOCTGGCCCCATAGGTTTTGGETTGGETTTTAGTCATTGTGTTATGT T TTCCCCOCT COAACCAAGGTCACTCTCCTAGGTAAGT AGTTTCAAAGT

FIGURE 7. Comparison of nucleotide sequences of germ line X
sepments and surrounding repions. Extensions of these sequences
and sequence strategy are given in ref. 43. *, nonidentical base
pairs in comparisons of the J1-J4 and J3-J7 sequences. Signal
nonamer and heptamer sequences 5' to the J regions are underlined.
Amino acids encoded by nucleotide sequences are shown in italices.

The JI sequence was reported previously by Bernard et al., (2).
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GGETTTITTGT and CACTGTG, There are twe consecutive base pairs
changed within the nonamer signal sequence of J, as compared
with J, (Figure 7) (43,45)., This difference ma¥ cause less
efficiént joining of V., to J, and account for a level of
expression of 3, which iz loWer than that of ll as seen in
serum and in lvmphocytes.

CONCLUDTNG REMARKS

We hawve described the organizatien of all of the gene
segments known to date for the mouse A light chain Iimmunoglob-
ulin locus. This locus is unusual and simple in that there
are only two V gene segments and four C gene segments, each
with its own J segment approximately 1.2 kb to 1its 5' side.
The most likely organization of this locus Iz shown in Figure
6. These gene segments would account for all the expressed
% light chains, in fact it appears that the A, gene is a
pseudogene and not expressed at the protein leével. We cloned a
crosshybridizing gene segment but it was not further anzalyzed
(37): it is possible that other C gene segments exist in
mouse and are not expressed. Recently, wild mice gave 5-7
DHA fragments hybridizing to a CA, probe, suggesting the
presence of additional CA.-like génes (46). Perhaps the weak-
1y hybridizing bands seen in Filgure 1A with the C), prohbe are
analogous to those seen in the wild mice. The humén ) light
chain locus has also been found to contain multiple (at least
six) copies of closely linked € gene segments (47) but the J
zene segments have not vet been located.

The organization of the mouse % locus (Figure 6) is de-
rived, initially, from the data for physical linkage of
J3C3J1Cy and JpCoJ4C, within each cluster (37, 39). The
placement of the V gene segments in relation to the two clus-
ters, and the placement of one V-JCJC cluster in relation to
the other was deduced from analvses of germ line and rearranged
V genes (Figure 5, & and B and ref. 27) and from the fact that
V1-J1,Vy-J3 and V,-J; associations occur preferentially in the
production of hl’ﬂz and A, light chains. The latter preference
may simply refléct the prgximity of & given V gene segment to
its JCJC cluster.

Within a given cluster, eg. vl-J3G3J1C1, the level of ex-
pression of a particular subtype, eg. 13 or ll‘ may reflect the
efficiency of the V-J joining. The nondmer séquence, 5" of J
is different from that of J, in two consecutive base pairs
(Figure 7). This difference from the consensus sequence may
result in less efficient joining of V;-J3 as compared with V-
J) and hence a lower level of expression of 13 in lymphocytes
and serum.
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Recently, we cloned the V, J and C gene segments for 2
from SJL, a mouse strain with a genetic defect resulting in'a
low level of A serum Ig and X,-bearing lymphocytes (28).
Geckeler et al. (28) proposed that this defect resided in "one
of the DNA level recognition sites inwvolved in the transloca-
tion event which places the VA, and CA. structural genes In a
transeriptional unit"., This wis a reaSonable proposal since
it appeared that the expression of the » locus, but not the
A structural locus itself, was affected; the defect behaved as
a single gene, and the derfect was cis-dominant (normal
by *-low mice gave one-half the normal level of &
serum Ig). We have seguenced the SJL J and Ci, gene segments
and surrcunding regions. The nonamer ané heptamér recognition
gsequences are identical to those of BALE/c (the S5JL nonamer
sequence is like that of Mill et al. (45) and different from
that of Bernard et al. (2). The sequences for the donor splice
site, at the 3' side of J, and the acceptor splice site, at
the 5" side of C are intact and identical to those of BALRB/c.
The poly & addition site is identical to that reported for
BALB/c CA, (40). Within the Ck, coding region there were
changes ifi two bp which give two amino acid differences in the
C region. Therefore from the DNA sequence data S5JL does not
appear defective in the potential for V-J joining or A
expression. The cause of the defect may occur during or after
transcription, or perhaps there is cellular suppression of
the lymphocytes expressing 5JL ll (48).
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