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The expression of a Al light chain from
mouse immunoglobulin has been linked
to a DMNA rearrangement; this rear-
ranged fragment joins the major part of
the gene for the variable (V) region to a
short DN A segment called J (/). In the &
light chain system an analogous event
takes place, namely one of a few hun-
dred Vk DNA segments joins to one of
five Jx DNA segments to create a com-
plete V gene (2-4). This DNA rearrange-
ment has been demonstrated in A- and
k-producing myelomas.,

Susumu Tonegawa

to 12-day-old mouse embryos or sperm.
The stages of cell differentiation that en-
compass the period between these two
extremes have not been easily acces-
sible, although the use of Abelson virus
i#) or hybridoma technology (¥, /() may
solve this problem.

Sensitive  immunofluorescent tech-
nigues have been used to identify a pop-
ulation of immature lymphocytes in the
livers of 12- to 15-day-old fetal mice.
These cells, which contain immunoglob-
ulin in the cytoplasm but not on the sur-

Summary. Two types of immature B cells, namely fetal liver hybridomas and the
leukemic cell line 702Z/3, both of which have cytoplasmic u chains but no light chains,
were examined for DNA rearrangements of their light chain and heavy chain immuno-
globulin genes. In the fetal liver hybridomas, which were constructed from fetal liver
cells and a tumor cell, no light chain gene rearrangement was observed, whereas in
the 70Z/3 cell line a « light chain rearrangement probably occurred. The results sug-
gest that, although the lack of light chain synthesis can be due to a lack of gene
rearrangement, there may also be transcriptional regulation, which may also be im-
portant for the exprassion of light chain immunoglobuling in immature B cells.

Evidence has been presented from
studies on cloned immunoglobulin heavy
chain genes that the rearrangement of
DMNA occurs prior to the expression of a
heavy chain (5-7). Furthermore, DNA
sequencing studies suggest that a com-
plete, heavy chain V gene is composed
of at least three DNA segments, an em-
bryonic ¥V segment, a [} segment, which
encodes the HV3 region (third hyper-
variable region), and a J segment (3-7).
Thus, for the light chain as well as the
heavy chain immunoglobulins of the
mouse, expression appears to be depen-
dent on somatic rearrangement of DNA
Sequences.

The cells that have been used exten-
sively for this type of analysis are from
plasmacytoma tumors. Essentially,
these cells represent the terminally dif-
ferentiated state of an immunoglobulin-
producing cell. The DNA used for com-
parison studies is often isolated from 10-

1366

face (/). have been referred to as pre-B
cells because of accumulating evidence
that they are the progenitors of B lym-
phocytes (/2). Recent evidence suggests
that these cells pass through a stage in
which u chains are synthesized in the ab-
sence of detectable light chains (9, 10).
We now describe two types of pre-B
cells that we have characterized with re-
spect to the possible DNA rearrange-
ments involving immunoglobulin genes.
One type of pre-B cell is found in hybrid-
omas prepared from fetal liver by Bur-
rows ¢t al. (/). The hvbridomas were
prepared from BALB/c (17-3-5) or C57
Black (4-9-12-7) with a nonimmuno-
globulin-producing plasmacytoma Ag8653.
The other type is from a cell line of
murine leukemia referred to as T0Z/3,
which was established in vitro by Paige
et al. (13). Both of these types of pre-B
cells have intracellular i chains but no
light chains.
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The presence of w chains in the cyto-
plasm of the cells suggests that there
may have been a DN A rearrangement in-
volving the heavy chain I segment (3-7).
We and others have cloned the geno-
mic DNA fragment containing the Cp
gene and have shown by heteroduplex
analysis and by DNA sequencing that
there are four J segments located be-
tween 7.6 and 8.7 kilobase pairs (kbp)
to the 3 side, relative to the direction of
transcription, of the Cu gene (Fig. 1a)
(5-7). The four J-coding DNA segments
are themselves located on a 6.4-kbp Eco
RI fragment. A 0.8-kbp DNA fragment
obtained by digestion with Eco RI and
Xba I (see Fig. la) was isolated from the
3 end of the 6.4-kbp Eco RI fragment
and used as a probe to detect possible re-
arrangements in the 6.4-kbp Eco RI frag-
ment in the fetal liver hybridoma cells
which make u chain only, and in the 70Z/
3 cell line. The probe hybridizes only to
the 6.4-kbp Eco Rl band in the DNA
of both the Eco RI-digested BALB/c
mouse embryo and the Eco RI-digested
C57BL/6 mouse kidney (Fig. 1b). The
DNA isolated from the parent myeloma
AgB653 and digested with Eco RI also
has one positive band at 6.4 kbp. This
myeloma has lost the capacity to synthe-
size both heavy chains and light chains.
In contrast, the Southern blots (/4) for
the two hybridomas were quite different.
In Eco Rl-digested DNA from hybrid
oma 4-9-12-7, which is derived from
C57BL/6. there are three bands that hy-
bridize with the probe. One band is at 6.4
kbp and corresponds to the embryo-type
band. This band could arise from either
the fetal liver cell or the myeloma parent.
Two other hybrnidizable bands at 5.0 and
2.7 kbp are present only in the DNA of
this hybridoma and are, therefore, likely
to have arisen from the fetal liver cell.
Presumably one or both of these frag-
ments were generated as a consequence
of rearrangement that led to the creation
of a complete ¥V gene active in the hy-
bridoma. The two rearranged fragments
may originate from two different copies
of chromosome 12, since it is not uncom-
mon to find more than one nonembryo-
type fragment in myeloma cells (/5). Al-
ternatively, the two fragments could be
explained by assuming that the fusion
process actually occurred between three
cells—the myeloma cell and two cyto-
plasmic, p chain fetal liver cells. The
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pattern of hybridizable bands in hybrid-
oma 17-3-5, which is derived from
BALB/c, is also shown in Fig. 1b. One
band appears to be identical to the em-
bryonic 6.4-kbp band, while another band
appears at 5.7 kbp. We have some evi-
ence that the 70Z/3 cell line also contains
a rearranged heavy chain I segment (/6).

On the basis of previous results (3-7),
the most likely explanation for the DNA
rearrangement seen within the 6.4-kbp
Eco Rl fragment containing the heavy
chain I's 15 that embryvonic ¥V, D, and J
DMNA segments have been joined to
create a complete ¥V gene. The results
presented here do not in themselves de-
scribe a V ogene at the DNA level, which
can only be done by cloning and DNA
sequencing, but strongly support the
above conclusion. Thus, these results, as
well as the light chain data presented be-
loww, are consistent with the idea that ex-
pression 15 linked to the rearrangement
of the DNA.

The light chain immunoglobulins in the
mouse are either A or & type. The x light
chains are encoded in a few hundred
germ-line ¥V DMNA segments, five ] DNA
segments, and probably one C DNA seg-
ment. To look for possible DNA rear-
rangements of the x genes we prepared a
chimeric plasmid, containing the Ck
DNA segment on a Hind 111 fragment in-
serted into the plasmid vector pBR322
-5). The plasmid was then used as a
probe in Southern blot analysis of
DNA's from Bam HI-digested BALB/c
mouse embryo, myeloma AgB833, and
hyvbridomas 17-3-5 and 4-9-12-7 or from
Eco Rl-digested 70Z3 and BALB/c
mouse embryo, The probe has homology
to two Bam HI fragments of embryonic
origin, a 1.8-kbp fragment and a 13-kbp
fragment, and in the Eco RI digests to
one band of 15 kbp (Fig. 2a). In the Bam
digests, the five J-coding DN A segments
are located on the 13-kbp fragment, and
any DNA rearrangement involving the J
sequences would very likely alter the
size of that fragment. A similar situation
would occur for the 15-kbp Eco RI frag-
ment.

Southern blot analysis of the DNA
from Ag8653 revealed three hybridizable
bands. The band at 1.8 kbp corresponds
{o the embryo band at the same position,
but the bands at 6.5 and 7.6 kbp are
unigue to Agl8653. Cloning of these two
rearranged bands from P3 DNA, from
which AgB6353 was originally derived, re-
vealed that one of the bands corresponds
to a legitimate V-] joining, whereas the
sther corresponds .to a rearrangement
that occurred in the 3' flanking region of
Ck, but that did not involve a Ik or Vi
DNA segment (/7. [/8). Each of the
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Fig. 1. (&) Physical map of a clone containing
the Cpe DN A segment in mouse embryo DNAL
The clone was isolated as described in Maki er
al. (3), and the position of the four ] DNA seg-
ments as in Sakano ef @l. (7). Probe for South-
ern blot hybridization was a 0.8-kbp Xba I-
Eco Rl fragment indicated by the broken line.
{b) Southern hvbridization of Eco RI-digested
DMA from (band A) Ag8653, (band B) 17-3-5,
(band C) 4-9-12-7, (band D) BALB/c mouse
embryo, and (band E) C5TBLS mouse kidney,
with the 0.8-kbp probe described above. The
digested DNA (10 pg) was electrophoretically
separated on a 0.8 percent agarose gel at 1
mAfem for about 24 hours. The DNA was
then transferred to a nitrocellulose filter
(Schleicher & Schuell, BABS) essentially as
described (14). Filters were hybridized in the
presence of a nick-translated probe 1 = 107
count/min with the procedure of Wahl er al.
(221, Molecular sizes of the bands are in-
dicated in kKilobase pairs.
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Fig. 2. {a)} Physical map of a cloned insert containing the Cx DNA segment isolated from
mouse embryo DNA. The clone was isolated as described in (17). The position of the five Jx
DMNA segments was as described by Sakano er af. (7) and Max er al. ). The probe used for
Southern blot hybridization was a 4-kbp Hind 111 fragment that had been inserted into the plas-
mid pBR322 (15). (b) Southern blot hybridization of Bam HI-digested DNA from (band A}
Aghes3, (band B) 17-3-5, (band C) 4-9-12-7, and {band D) BALB/c mouse embryo, with the plas-
mid containing the Hind 11 fragment discussed in {a). Procedures were essentially thoss de-
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scribed in Fig. 1. Molecular sizes of the bands
are indicated in kilobase pairs. (c) Southern
blot hybridization of Eco RI-digested DNA
from {band A) T0Z/3 and (band B} BALB/c
mouse embryvo, with the plasmid discussed in
{a). Molecular sizes of the bands are indicated
in kilobase pairs.
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