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The expression of a XI light chain from 
mouse immunoglobulin has been linked 
to a DNA rearrangement; this rear- 
ranged fragment joins the major part of 
the gene for the variable (V) region to a 
short DNA segment called J (1). In the K 
light chain system an analogous event 
takes place, namely one of a few hun- 
dred VK DNA segments joins to one of 
five JK DNA segments to create a com- 
plete V gene (2-4). This DNA rearrange- 
ment has been demonstrated in X- and 
K-producing myelomas. 

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 
(8) or hybridoma technology (9, 10) may 
solve this problem. 

Sensitive immunofluorescent tech- 
niques 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 70Z/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 K 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 expression of light chain immunoglobulins in immature B cells. 

Evidence has been presented from 
studies on cloned immunoglobulin heavy 
chain genes that the rearrangement of 
DNA 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 D segment, which 
encodes the HV3 region (third hyper- 
variable region), and a J segment (5-7). 
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- 

face (11), have been referred to as pre-B 
cells because of accumulating evidence 
that they are the progenitors of B lym- 
phocytes (12). 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 et al. (10). The hybridomas 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 70Z/3, 
which was established in vitro by Paige 
et al. (13). Both of these types of pre-B 
cells have intracellular , chains but no 
light chains. 
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The presence of ut chains in the cyto- 
plasm of the cells suggests that there 
may have been a DNA rearrangement in- 
volving the heavy chain J segment (5-7). 
We and others have cloned the geno- 
mic DNA fragment containing the CgL 
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 5' side, relative to the direction of 
transcription, of the C, gene (Fig. la) 
(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 RI band in the DNA 
of both the Eco RI-digested BALB/c 
mouse embryo and the Eco RI-digested 
C57BL/6 mouse kidney (Fig. lb). The 
DNA isolated from the parent myeloma 
Ag8653 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 (14) for 
the two hybridomas were quite different. 
In Eco RI-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 hybridizable 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 (15). 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, ,t 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. lb. 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- 
dence that the 70Z/3 cell line also contains 
a rearranged heavy chain J segment (16). 

On the basis of previous results (5-7), 
the most likely explanation for the DNA 
rearrangement seen within the 6.4-kbp 
Eco RI fragment containing the heavy 
chain J's is that embryonic V, D, and J 
DNA segments have been joined to 
create a complete V gene. The results 
presented here do not in themselves de- 
scribe a V gene 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- 
low, are consistent with the idea that ex- 
pression is linked to the rearrangement 
of the DNA. 

The light chain immunoglobulins in the 
mouse are either X or K type. The K light 
chains are encoded in a few hundred 
germ-line V DNA segments, five J DNA 
segments, and probably one C DNA seg- 
ment. To look for possible DNA rear- 
rangements of the K genes we prepared a 
chimeric plasmid, containing the CK 
DNA segment on a Hind III fragment in- 
serted into the plasmid vector pBR322 
(15). The plasmid was then used as a 
probe in Southern blot analysis of 
DNA's from Bam HI-digested BALB/c 
mouse embryo, myeloma Ag8653, and 
hybridomas 17-3-5 and 4-9-12-7 or from 
Eco RI-digested 70Z/3 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 DNA 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 
to the embryo band at the same position, 
but the bands at 6.5 and 7.6 kbp are 
unique to Ag8653. Cloning of these two 
rearranged bands from P3 DNA, from 
which Ag8653 was originally derived, re- 
vealed that one of the bands corresponds 
to a legitimate V-J joining, whereas the 
other corresponds to a rearrangement 
that occurred in the 5' flanking region of 
CK, but that did not involve a JK or VK 
DNA segment (17, 18). Each of the 
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Fig. 1. (a) Physical map of a clone containing 
the C, DNA segment in mouse embryo DNA. 
The clone was isolated as described in Maki et 
al. (5), and the position of the four J DNA seg- 
ments as in Sakano et al. (7). Probe for South- 
ern blot hybridization was a 0.8-kbp Xba I- 
Eco RI fragment indicated by the broken line. 
(b) Southern hybridization of Eco RI-digested 
DNA from (band A) Ag8653, (band B) 17-3-5, 
(band C) 4-9-12-7, (band D) BALB/c mouse 
embryo, and (band E) C57BL6 mouse kidney, 
with the 0.8-kbp probe described above. The 
digested DNA (10 ug) was electrophoretically 
separated on a 0.8 percent agarose gel at 1 
mA/cm for about 24 hours. The DNA was 
then transferred to a nitrocellulose filter 
(Schleicher & Schuell, BA85) essentially as 
described (14). Filters were hybridized in the 
presence of a nick-translated probe 1 x 107 
count/min with the procedure of Wahl et al. 
(22). Molecular sizes of the bands are in- 
dicated in kilobase pairs. 
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Fig. 2. (a) Physical map of a cloned insert containing the CK DNA segment isolated from 
mouse embryo DNA. The clone was isolated as described in (17). The position of the five JK 
DNA segments was as described by Sakano et al. (3) and Max et al. (4). The probe used for 
Southern blot hybridization was a 4-kbp Hind III fragment that had been inserted into the plas- 
mid pBR322 (15). (b) Southern blot hybridization of Bam HI-digested DNA from (band A) 
Ag8653, (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 III fragment discussed in (a). Procedures were essentially those de- 

scribed in Fig. 1. Molecular sizes of the bands 
a are indicated in kilobase pairs. (c) Southern 
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Fig. 3. (a) Physical map of a cloned insert con- 
taining the CXI DNA segment isolated from 
mouse embryo (1). (b) Southern blot hybridi- 
zation of Eco RI-digested DNA from (band 
A) Ag8653, (band B) 17-3-5, (band C) 4-9-12-7, 
(band D) BALB/c mouse embryo, (band E) 
C57BL6 mouse kidney, and (band F) H2020, 
with the 0.6-kbp Hha I-Hae III fragment de- 
scribed in the text. Procedures were essenti- 
ally those described in Fig. 1. Molecular sizes 
of the bands are indicated in kilobase pairs. 

DNA's isolated from the two fetal liver 
hybridomas has four hybridizable bands 
(Fig. 2b). Two of the bands, at 6.5 and 
7.6 kbp, can be considered to have arisen 
from the DNA of Ag8653. The other two 
bands correspond to positions of 1.8 and 
13 kbp which are precisely the size of the 
Bam HI fragments in mouse embryo 
DNA. To exclude the possibility that a 
rearranged band from one or both of the 
hybridoma DNA's happens to coincide 
with one of the nonembryonic bands of 
Ag8653 origin, we performed similar gel 
blot analyses with Eco RI-digested DNA 
as well as with Eco RI plus Bam HI 
double-digested DNA (data not shown). 
None of the Southern blots indicated ad- 
ditional rearranged bands in the hybrid- 
oma DNA's that could not be accounted 
for by the DNA of Ag8653 or of mouse 
embryo. On the basis of these observa- 
tions we conclude that no V-J type rear- 
rangement has occurred for the K light 
chain genes in the fetal liver hybridomas. 

In contrast to the fetal liver hybrid- 
omas, results with the 70Z/3 line sug- 
gested that there had been a rearrange- 
ment of the DNA near the CK DNA seg- 
ment. The 70Z/3 line contains one band 
at 15 kbp which appears to be identical to 
that in mouse embryo DNA (Fig. 2c). In 
addition, a band at 17 kbp is present in 
70Z/3, but not in mouse embryo DNA. 
From this result we conclude that it is 
likely that a rearrangement involving the 
JK DNA segments has taken place in 
70Z/3. This conclusion is supported by 
the observation that 70Z/3 can be in- 
duced to synthesize K light chains in the 
presence of lipopolysaccharide (13). 
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Before one can conclude that no light 
chain gene rearrangement has taken 
place in the fetal liver hybridomas, the 
other light chain system in the mouse, 
namely the XI and XII genes, must be in- 
vestigated. Since, for each of XI and XII 
chains, there apparently exists only one 
germ-line V DNA segment and one C 
DNA segment, as well as one J DNA 
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Fig. 4. Southern blot hybridization of Eco-RI- 
digested DNA from (band A) Ag8653, (band 
B) 17-3-5, (band C) 4-9-12-7, (band D) BALB/c 
mouse embryo, (band E) C57BL6 mouse kid- 
ney, and (band F) MOPC315, with a VXII + 
CXII cDNA (19). Procedures were essentially 
those described in Fig. 1. Molecular sizes of 
the bands are indicated in kilobase pairs. 

segment, V-J joining in either of the two 
genes should generate a fragment of a 
size characteristic of that gene. It had 
been previously shown that the Eco RI 
fragment containing the CXI DNA seg- 
ment is 8.6 kbp and that there is a J DNA 
segment of 1.2 kbp on the 5' side of the C 
DNA segment (Fig. 3a), while the rear- 
ranged VXI + CXI Eco RI fragment is 
7.4 kbp (1). A 0.6-kbp Hha I-Hae III 
fragment containing the CXI DNA seg- 
ment was prepared from complementary 
DNA (cDNA) made from the XI-produc- 
ing myeloma H2020 and used for South- 
ern blot analysis of Eco RI-digested 
DNA from mouse embryo, Ag8653, 17-3- 
5, 4-9-12-7, and H2020, a XI producer. 
The results shown in Fig. 3b demon- 
strate the presence of the 8.6-kbp em- 
bryo-type fragment in the two hybrid- 
omas, but there is complete absence of a 
band at 7.4 kbp, which can be seen in the 
XI producer H2020. Several cross-hy- 
bridizable bands observed with the CXI 
probe may represent CXII or CXIII but 
were not characterized further. 

Light chain genes of XII were exam- 
ined with the use of complementary 
DNA prepared from the XII-producing 
myeloma MOPC315 and inserted into the 
plasmid vector pBR322 (19). On the 
basis of previous results obtained by gel 
blot analysis as well as by cloning and 
DNA sequence analysis, we could iden- 
tify the 4.8-kbp Eco RI band in mouse 
embryo as being the VXII DNA segment, 
while the 3.5-kbp band represents the 
VXI DNA segment resulting from hy- 
bridization between the two V DNA seg- 
ments (1). There are three additional 
bands in mouse embryo at 8.6, 6.4, and 
5.4 kbp that we have not unambiguously 
identified (Fig. 4). It is likely, on the 
basis of recent amino acid sequencing 
studies, which indicate a high degree of 
homology between the XII and XIII genes 
(20), that some of these additional bands 
may represent the VXIII DNA segment 
and the CXIII DNA segment. The pat- 
tern from MOPC315 DNA, which is a XII 
producer, reveals an additional band at 7 
kbp which is probably the rearranged 
VXII + CXII gene. Comparison of the 
Southern blots of the DNA's for the two 
hybridomas as well as for Ag8653 with 
the pattern observed for mouse embryo 
and MOPC315 DNA's shows clearly that 
the hybridomas contain only those bands 
seen in embryo DNA and, in particular, 
do not contain the rearranged band 
found in MOPC315. The lack of the 6- 
kbp band in the hybridoma 17-3-5 is 
somewhat curious, since this band is 
present in DNA from both mouse em- 
bryo and Ag8653. Possibly the chromo- 
some carrying this gene was lost during 
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fusion or subsequent propagation of 
cells. The results of the XII analysis 
strongly suggest that no DNA rearrange- 
ment that could be considered as a rear- 
rangement to activate the synthesis of 
XII light chains has occurred in the two 
fetal liver hybridomas. 

We have shown by Southern blot anal- 
ysis that there has been a DNA rear- 
rangement on the 5' side of the Cpt gene 
in both of the fetal liver hybridomas as 
well as in the 70Z/3 line. This rearrange- 
ment most likely involves the heavy 
chain J segments. As a result of previous 
observations it seems reasonable to infer 
that this rearrangement is linked to the 
expression of the / chain in these cells 
(5-7). The fetal liver hybridoma cells ap- 
pear not to have any light chain gene re- 
arrangement. Since no light chains have 
been identified in these cells, we would 
conclude that these cells cannot synthe- 
size light chains because they lack a 
functional rearrangement for the light 
chain V and C DNA segments. If cell fu- 
sion and subsequent growth of the fused 
cells do not alter the organization of im- 
munoglobulin genes, the above con- 
clusion can be extended to the cyto- 
plasmic /u chain pre-B cells that are pres- 
ent in the fetal livers. 

Although rearrangement of the light 
chain gene apparently is required for ex- 
pression, in itself it may not be the only 
requirement, as suggested by experi- 
ments with the 70Z/3 line in which light 
chain gene rearrangement is present, yet 
no light chains are synthesized unless 
lipopolysaccharide is present. The result 
suggests that in the cells with , chains 
only there may be at least two levels of 
control for the synthesis of light chains. 
The first level is the rearrangement of a 
V DNA segment and a J DNA segment 
to create a complete gene, without which 

a complete light chain is not synthesized. 
The second level of control, which can 
only become operative after DNA rear- 
rangement has taken place, is a tran- 
scriptional regulation like that in the 70Z/ 
3 line. If the second form of control is 
present to a significant degree in fetal 
liver cells, then one might predict the 
finding of some fetal liver hybridomas 
that have cytoplasmic A chains and no 
light chains, but still have rearranged 
genes for light chains. 

Why do immunoglobulin t cells exist? 
Although the accumulated evidence is still 
somewhat limited for an adequate expla- 
nation of the asynchronous onset of im- 
munoglobulin synthesis, three broad cate- 
gories may be considered. (i) This find- 
ing simply represents an ontogenic event 
in the differentiation of B lymphocytes. 
(ii) The onset of it synthesis serves as a 
proliferative, antigen-independent stimu- 
lus that allows for the expansion of 
clones of cells expressing a particular 
heavy chain variable region (8). (iii) 
These free , chains are capable of inter- 
acting with the external environment via 
their V regions at a time prior to their 
ability to synthesize complete antibody 
molecules, thus moderating possible 
deteriorative reactions while allowing for 
tolerance induction and network forma- 
tion. Evidence to support the third possi- 
bility has been found by Levitt and Coo- 
per (9) who recently reported that pre-B 
cells are capable of secreting /z chains 
before the synthesis of light chains. Fur- 
thermore, the 70Z/3 pre-B cell line can 
be induced to express the A chain on the 
cell surface in the absence of light chains 
(21). The analysis of additional hybrid- 
omas as well as other cell types with sim- 
ilar characteristics or origins (or both) 
should be helpful in determining which 
of these possibilities is correct. 
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