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ABSTRACT  The joining (J) segments of mouse immunoglob-
ulin A light chain genes, A2, A3, and a presumptive A4, were
cloned, and their sequences were determined and compared with
that of Al. Although all the A J segments share sequence homology,
the J1 and J4 segments and the J2 and J3 segments, respectively,
are more homologous. These sequence data, together with the fact
that present day A genes occur in two clusters, 5, J;C3J,C,; 3’ and
5" J5CoJ4C,3', further substantiates a probable evolutionary du-
plication unit, J;;CJ;C;, with II the precursor of A3 and A2 and
I the precursor of AI and A4. From the J4 sequence, we conclude
that the A4 gene is most likely nonfunctional (i.e., a pseudogene).
The signal nonamer sequence 5’ to J3 differs from that of J1 in
two consecutive base pairs. This difference could account in part
for the lower level of expression of A3 as compared with Al in
mouse serum.

A mammalian immunoglobulin molecule is composed of one of
two types of light chain, k or A, in association with a heavy chain.
The percentage of serum k and A immunoglobulin varies in
different species: human immunoglobulin is =60% k and 40%
A (1) whereas in mouse immunoglobulin is 95% k and 5% A (2,
3). In mouse, three A chain subtypes are known: A1(4-6), A2(7),
and A3(8), which occur in the serum in the approximate ratio
8:1:1 (3, 8). A light chain is encoded by three DNA segments,
variable (V), joining (J), and constant (C), that are separate in
the germ line (9, 10). A subtype is defined by its C region amino
acid sequence. There are only two V region genes, V1 and V2,
for mouse A(9). All Al chains studied to date contain V regions
encoded by V1 (9, 11). Likewise, all known A2 chains contain
V regions encoded by V2 (3, 8, 12). It has recently been shown
that A3 chains also use the V1 gene (13, 14). We also discovered
a fourth CA gene, C4 (13), by virtue of its crosshybridization
with CA1; however, no A chain corresponding to C4 has been
described.

It has been shown that mouse A light chain C genes occur
in two clusters: J;C,J,C, (13, 15) and J,C,J,C, (13). Since the
Al and A2 V and C genes have been mapped to chromosome
16 (16), the A3 and A4 loci must also be located on this chro-
mosome. Previous studies showed that the k light chain ] DNAs
(17, 18), as well as heavy chain ] DNAs (19), are closely linked
and have no C gene segments between the ] DNA segments.
Therefore the organization of the J and C DNA segments in the
mouse A system demonstrates an alternative evolutionary du-
plication unit for immunoglobulin J and C gene segments: in
the case of k and heavy chains, the ] segments duplicated sep-
arately from their corresponding C segments whereas, with A
chains, a J and C segment duplicated as a unit.
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We determined the DNA sequences of the A ] segments of
J2, J3, and J4 for three reasons: to obtain further evidence for
an evolutionary duplication unit in A, to determine whether the
J4C, gene segments could be functional, and to seek a molecular
basis for the differential expression of A subtypes.

MATERIALS AND METHODS

Bacteria and Phages. Phage Charon 4A was obtained from
F. Blattner (Univ. of Wisconsin, Madison, WI) (20). The Agt
WES-AB was obtained from P. Leder (National Institutes of
Health) (21). Escherichia coli 803 (r}, my, SuIll") was originally
from K. and N. E. Murray (University of Edinburgh). Lyso-
gens used for preparation of packaging mixtures, BHB 2688
[N205 recA™ (A immy, b2red3 Eam4 Sam7)/A], and BHB 2690
[N205 recA™ (A immy,, cl,, b2red3 Eam15 Sam7)/A] were ob-
tained from B. Hohn (Friedrich Miescher Institute, Basel)(22).

Preparation of Libraries and Isolation of Clones. Prepara-
tion of the mouse embryo (BALB/c) EcoRI partial library has
been described (23). Clones 1gS8.2, Ig10A1, and Igl6.E5 were
isolated with either the CA1 or the (V + C)A2 probe as described
(13). The preparative agarose gel technique has been described
(24) and DNA was prepared as before (25). The procedure to
prepare nick-translated probes (9) and the screening of the re-
combinant phage carrying mouse DNA (26) have also been de-
scribed. Restriction enzymes were purchased from Boehringer
Mannheim, New England BioLabs, or Bethesda Research
Laboratories.

Nucleotide Sequence Analysis. Sequence analysis was per-
formed according to the method of Maxam and Gilbert (27).
Products of analysis reactions were loaded once onto a 20% and
three times sequentially onto an 8% acrylamide gel (1.5 X 200
X 400 mm) containing 7 M urea/100 mM Tris borate, pH 8.3/
2 mM EDTA.

RESULTS AND DISCUSSION

Sequence Analysis Strategy for the DNA Segments of A J2,
J3, and J4. The cloned DNA fragments carrying the four mouse
A light chain ] and C gene segments have been described (13,
28). The organization of these gene segments in the germ-line
genome is summarized in Fig. 1. Each C gene segment carries
its own ] segment =1.3 kilobases (kb) upstream (to its 5’ side)
(13). The nucleotide sequence of J1 has been determined (28).

Abbreviations: bp, base pair(s), C, ], and V, constant, joining, and vari-

able regions, respectively; kb, kilobase(s).

* Present address: Center for Cancer Research, Massachusetts Institute
of Technology, Cambridge, MA 02139.
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Fic. 1. Germ-line configuration of mouse A J and C segments and
restriction endonuclease cleavage maps of EcoRI inserts containing J2,
J3, and J4. The J5C4J,C, gene segments are from clone IgS8.2 and the
J5,C2d «C4 segments are from clone Igl0A1 (ref. 13), which contained
DNA from EcoRI partial digests of BALB/c embryo DNA. Distances
are in kb. Large arrows designate EcoRI cleavage sites. The distance
between the two clusters is unknown. Each EcoRI insert was purified
by electrophoresis in acrylamide and elution. Insert DNA was then
digested with one or more enzymes. Horizontal arrows indicate direc-
tion and extent of sequence determination. B, BamHI; Bg, Bg! II; H,
HindlIL; K, Kpn I; P, Pst I; R, EcoRI; S, Sac I; X, Xba L.

To determine the nucleotide sequences of the J2, J3, and J4
segments, we constructed restriction enzyme maps of the EcoRI
inserts carrying these DNA segments (Fig. 1). Since HindIII
cut very close [within 100 base pairs (bp)] to the 3’ side of each
] segment, the appropriately labeled HindIII fragments were
prepared and their sequences were analyzed (Fig. 2).

The J,C;]J,C, and J,C,J,C, Sequences Arose by Duplica-
tion. The DNA sequences of the four presumptive J segments
and their surrounding regions are compared in Fig. 2. In the
case of J1, J2, and ]3, the DNA sequences correspond to the
previously determined amino acid sequences (4, 6, 14, ). These
results confirm the existence of a ] segment to the 5’ side of each
of the three C segments, C1, C2, and C3. For J4, no amino acid
sequence is available; however, a J-like sequence exists =1.3
kb 5’ to the C4 segment. This confirms our previous R-loop
analysis for the presence of the J4 segment (13).

The J1 and J4 sequences and the J2 and J3 sequences, re-
spectively, are clearly more alike, especially in the noncoding
regions. The percent homologies of the four A ] DNAs for the
areas within the protein-encoding regions of the surrounding
regions are compared in Fig. 3. It appears that the most recent
evolutionary duplication involved a precursor J;;CyJ;C; giving
rise to the present day J,C,],C, and J,C,J,C,. The areas outside
the J-encoding regions are similar for the J1-J4 and J3-]2 pairs,

T Azuma, T., Steiner, L. A. & Eisen, H. N. (1980) Fourth International
Congress of Immunology, Paris, 1.1.01 (abstr.).
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74% and 83% homology, respectively. These areas are much less
similar (25-39%) for the other four comparisons. Thus, the du-
plication of J;;CyJ;C; occurred much more recently than that
of a precursor for J;;C;; and J,C;.

Fig. 3 also shows that the areas outside the J segments have
diverged more than the coding regions. This is especially evi-
dent for comparisons of the more evolutionarily distant J seg-
ments (i.e., J1-J2, J1-J3, J4-J3, and J4-J2). This argues for an
evolutionary selection for conservation of the ] region se-
quences. The J amino acid sequence is highly conserved, not
only among the As but also for all k and A light chains (see refs.
1 and 17 and below). The ] region immediately adjoins the third
hypervariable or complementarity-determining region and may
be used to position this region of light and heavy chains to allow
better contact with the antigenic determinant (29).

The A4 Gene is Probably a Pseudogene. In Fig. 2, the J4
sequence is presented to give maximal homology to the other
three A J sequences. It appears that J4 has undergone a 2-bp
deletion in the signal heptamer and a 1-bp insertion (thymine)
immediately after the codon for amino acid position 100. Be-
cause of this insertion, the amino acid sequence encoded by J4
in the same reading frame as the first tripeptide, Trp-Val-Phe,
is very different from those of the other light chain J sequences,
all of which have glycine in positions 101 and 103 (1). In the
second frame, a termination codon (TGA) interrupts coding
while, in the third frame, the amino acid encoded at position
99 (by TGT) is cysteine, which does not appear in any of the J
regions studied to date. Furthermore, in all functional J seg-
ments, a dinucleotide G-T, which is an obligatory part of an
RNA splicing signal (30), occurs at the position corresponding
to amino acid residue 110 (Fig. 3 and ref. 17). In contrast, this
dinucleotide is absent in all reading frames of J4 at this position.
The absence of a proper splice signal was previously observed
in Jx3 (17, 18). In addition, no protein representative of A4 has
been described and all serum, hybridoma, and myeloma A
chains can be accounted for by Al, A2, and A3 (3, 4, 8). We
therefore believe that J4 does not participate in the synthesis
of a functional A chain and thus that A4 may be a pseudogene.

Residue 98 May Be Encoded by the V Side or the J Side or
Both. The 3’ ends of germ-line VA and the 5’ ends of JA DNA
segments are shown in Fig. 4. For A1, as has been noted (28),
the codon TGG for tryptophan at position 98 can be generated
in one of two ways: the first base (thymine) can be provided by
the V region and the rest by the ] region or all three bases can
be provided by the J region. For the A3 protein, where V1 is
joined with J3, the recombination sites may not be defined so
precisely. Position 98 for A3 is phenylalanine, which may be
generated totally or partially from either the V or the J side (Fig.
4). Misphasing may occur more easily in this area of repeated
thymine: we have noticed an example of a joined V1-J3 in my-
eloma J558 that contains a thymine deletion in the codon for
residue 98 (unpublished). The first two or all three bases of the
phenylalanine codon at position 98 of the A2 chain arise from
VA2.

The J3 Signal Sequence Differs from that of J1. The detailed
mechanism of V-] joining is unknown, but deletion of the germ-
line DNA sequences between the V and ] regions has been
shown (17, 31). The joining most likely involves recognition of
conserved nonamer and heptamer signal sequences 3’ to the
V region and 5’ to the J region by a putative “recombinase” (19,
32). Base pairing between these sequences may enhance the
fidelity of V-J joining (Fig. 4) but by showing these stem struc-
tures we do not wish to imply the mechanism of recombination.

Although Al and A3 can share the same V gene, the level of
expression of A3 is much lower than that of Al. In the serum,
the combined level of A3 and A2 is =20% of the total A chains
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Jl Ig25Xx GATCCTGGGAAGAAGGATCTT-TCA-GTGATGTCA~=~~—~ CCACC----- TTCCAAGAATTACCAGGAGCTGCATACATCACAGATGCAACTTGAGAATA
* * * * * % * * * *kk K *k * * * *
J4 1IglOAl GGAATATT-ACA-GTGATGTCA-=—--- CCACC-——--- ACCTAGGATCACCCCCACCT~-~-ACACA-CACAGATGCAACTGGAAAATA
J3 1Igss8.2 GCTAGTAGTTTGATTCAGTGCAGCTGTGAGAGAACAGGCCCAGG
* * % *
J2 Igloal TACCACCCACTGCTTCTCAAGTGAGGTCATAGCTCCACCCATTGTAGCTAGCTAGTAGTTTGA-TCAGCTCAGCTGTGAGAGAACAGGACCAGG
98 99 102 106 110
TrpValPhe GlyGlyGlyThrLysLeuThrValLeuGly
Jl Ig25) AAATGCATGC-AAGGTTTTTGCATGAGTCTATATCACAGTGCTGGGTGTTC-GGTGGAGGAACCAAACTCACTGTCCTAGGTGAGTGACTCCTTCCTCCT
*%k % * % * * * * % *TrpVaZPhe* * * * * % * *
J4 IglOAl AGGTACATGCAGAGTTTTTTGCATTAGACTATAT--CAGTGTTGGGTGTTCTGGAGGTGGAACCAGATTGACTGTCCTAGATGAGTGACTCCTCCCTCCT
PhelIlePhe GlySerGlyThrLysValThrValLeuGly
J3 1IgS8.2 TGCTTGCCCCACAGGTTTAGGGTTGGGTTTCAGTCACTGTGGTTTATTTTC-GGCAGTGGAACCAAGGTCACTGTCCTAGGTAAGTGGCTTTAATGCTTC
* * *
* * * * * *TyrValPhe GlyGlyGlyThrLysValThrValLeuGly * & ok *
J2 1IglO0Al TGCTGGCCCCATAGGTTTTGGGTTGGGTTTTAGTCATTGTGTTATGTTTTC-GGCGGTGGAACCAAGGTCACTGTCCTAGGTAAGTAGTTTCAAAGC
J1l Ig25\ TTGTTATTGTTCTCTCCAAGACTTGAGGTGCTTTTTGTTGTATACTTTCCCTTTCTGTATTCTGCTTCATACCTA
* *
J4 IglO0Al TTGTTATTATTGTCTCCAAG

J3 1IgS8.2 TTCCTAATAAGTCTAGGCCTTGTTATCTTGCAAGGGTCATTTATCTCTCTCTGGAAAG

Fig. 2. Comparison of nucleotide sequences of germ-line A J segments and surrounding regions. *, Nonidentical base pairs in comparisons of
the J1-J4 and J3-J2 sequences. Signal nonamer and heptamer sequences 5’ to the J regions are underlined. Amino acids encoded by the nucleotide
sequences are shown in italics. The J1 DNA sequence is taken from ref. 28. The J2 fragment for sequence analysis was prepared from phage DNA
from clone Igl0A1. The DNA was digested with HindIII and the 3’ ends were labeled with [a-32PINTPs using the Klenow fragment of Escherichia
coli DNA polymerase I as described (17). After further cleavage with EcoRI, the 500-bp fragment was isolated on and eluted from 5% acrylamide
(procedure 9 of ref. 27). The J3 fragment was prepared in a similar fashion except that 2 ug of the purified 5.5-kb EcoRI insert from clone IgS8.2
was digested with HindIIl, end labeled, and then digested with Xba I. The 1100-bp fragment was eluted from acrylamide and its sequence was
analyzed. The J4 fragment was prepared similarly: Ig10A1 phage DNA or insert DNA (2.8 kb) was digested with HindIII and end labeled. The 270-
bp fragment was isolated on acrylamide and strand separated (procedure 8 of ref. 27) and its sequence was analyzed. The AAG triplet at the 3’ end
of each of these sequences is most likely part of the HindIII site (A-A-G-C-T-T).

in immunoglobulin. From the ratio of A3 to A2 hybridomas (R.
Zaugg, V. Igras, and H. N. Eisen, personal communication),
we assume that approximately half of this A3/A2 is A3 and there-
fore, in the serum, A3 is probably <10-15% of the A1 level. In
addition, it has recently been found that the biosynthesis of A

T7%
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J3 Ji
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(83%)

J2
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(35%)

Fic. 3. Percent homologies of DNA sequences of the A J segments.
Values for the protein-encoding regions (39 or 40 bp for each J segment)
are given for each pair compared. Homologies for the areas outside the
J segments (parentheses; in bp) for the total comparable sequences are
J1-J4,115/155;J3-J2,84/101;J1-J3,49/163;J1-J2,59/152;J4-J3,31/
124; J4-J2, 50/144.

chain by spleen cells also favors A1 over A3 with the level of A3
about one third that of A1 (E. B. Reilly, A. R. Frackelton, Jr.,
and H. N. Eisen, personal communication). There are two con-
secutive base pairs changed within the nonamer signal sequence
of ]3 as compared with J1 (Figs. 2 and 4), which may produce
less efficient V1-J3 joining and hence a lower level of A3 expres-
sion. We cannot rule out the possibility that amino acid differ-
ences in the ] regions may contribute to differential antigen
binding and hence antigen selection, but we feel that the dif-
ferential antigen selection would be minimal because the same
V1 is used for both light chains. Therefore, the level of expres-
sion of A1 and A3 may reflect the efficiency of V-] joining.

This proposed V-] joining regulation mechanism may not
apply to the differential expression of A1 and A2. Although the
level of A2 is lower in the serum, the cytoplasmic Al and A2 are
approximately equal (E. B. Reilly, A. R. Frackelton, Jr., and
H. N. Eisen, personal communication). Here the effect of an-
tigenic selection may be more pronounced: Al and A2 use dif-
ferent V regions. Alternatively, A1 may be amplified by a cel-
lular mechanism involving subtype recognition. The signal
sequences of A2 do not differ greatly from those of A1 or the
other consensus sequences and V-] joining may be of similar
efficiency for Al and A2.

There are no direct data to indicate how changes in these
signal sequences might influence expression of a given immu-
noglobulin light or heavy chain, but some preferential DNA
joinings have been noted in diversity-] joining (D-]) in the im-
munoglobulin heavy chain. JH, may be preferred and JH; is
rarely used (unpublished results). The JH, sequence has the
consensus nonamer sequence and JH; differs in three of the
nine bases (19).
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FiG. 4. ‘Inverted repeat stem structures formed between the 3’ noncoding regions of embryonic VA1 and VA2 DNAs and 5'-flanking regions
of their corresponding J DNAs. (@) VA1 andJA1. (b)) VA1 and JA3. (c) VA2 and J A2. The sequences for the antisense strand were omitted. The conserved
nonamer and heptamer sequences are boxed. Oblique lines indicate possible recombination sites. *, Bases different from the JA1 sequence.
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