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ABSTRACT The K light chain genes from two mutant hybri-
doma cell lines defective in K light chain synthesis were isolated
and compared to the wild-type K light chain gene. In each case,
the mutant K light chain genes-were found to contain repetitive
DNA elements-in their intervening sequences that were not pres-
ent in the intervening sequences of the wild-type K light chain
gene. These elements were found to be related to the genes of in-
tracisternal A particles. These results suggest that the decreased
production of K light chain in the mutant cell lines is due to the
presence of the intracisternal A particle-related genes.

There are now several examples in which rearrangements of
eukaryotic DNA are involved in the regulation of gene expres-
sion. In particular, rearrangements are required for the acti-
vation of immunoglobulin genes (1-5), the variation of try-
panosome surface antigens (6, 7), and the switching of the yeast
mating type (8, 9). The enhanced expression of a cellular gene
due to proviral promoter insertion is also known to occur (10).

Here we describe DNA rearrangements that have occurred
in two mutant hybridoma cell lines and that may be responsible
for the decreased production of the immunoglobulin K light
chain in these lines. In both cases, we have found repetitive
DNA segments at the sites of rearrangement. Analysis of these
repetitive segments indicates that they are related to intracis-
ternal A particle (IAP) genes and suggests that the reduction in
K chain synthesis in these mutants is due to the insertion of IAP
sequences into the intervening sequences ofthe mutant K chain
genes.

MATERIALS AND METHODS
Mouse Strains and Cell Lines. Four-week-old females ofthe

BALB/c strain of Mus musculus were obtained from The Jack-
son Laboratory.

X63-Ag8 is a MOPC 21 myeloma cell line (11). The origin of
the wild-type Sp6 and the mutant hybridoma cell lines igk-1 and
igk-20 has been described (12). Subclones ofthese mutants, igk-
1/2-9-2 and igk-20/10-12, were compared here with a subclone
of the wild-type cell line, Sp603 (12). All cell lines were grown
as described (12).

Bacterial and Phage Strains. Escherichia coli K-803 (rk-
mk-, supE, supF) was obtained from G. Matthyssens for grow-
ing phage. E. coli NS428, obtained from N. Sternberg, was used
as a source of extract for in vitro packaging of phage A DNA.
The cloning vector A Charon 28 was obtained from F. Blattner
(13). The plasmid pL21-5, used to generate a probe of the K
chain constant region (Ca,), was donated by R. Wall (14).
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FIG. 1. Identification of KT genes. BamHI-digestedDNA (20 ,ug)
from X63-Ag8 (lanes a), Sp6 (lanes b), igk-1 (lanes c), and igk-20 (lanes
d) was electrophoresed through a 1% agarose gel at 2 V/cm for 40 hr.
(A) After transfer to nitrocellulose, the blot was hybridized to a 32p
labeled probe containing the 3' half of the CK coding region. This probe
was isolated from the plasmid pL21-5 after digestion with Cfo I and
Hpa 1 (14). The bands corresponding to fragments containing KTNp C,,
gene segments are indicated with arrows. (B) The filter in A was
washed according to Thomas (23) and the blot was rehybridized to a
32P-labeled probe containing the 5' half of the KTNp VK coding region
(Fig. 2). The bands corresponding to fragments containing KTNp V
gene segments are indicated with arrows. Fragment sizes were deter-
mined by comparison with HindEll-digested A phage DNA as size
marker (sizes shown in kb).

DNA Isolation, Nitrocellulose Blotting, and Cloning. Cel-
lular, phage, and plasmid DNAs were isolated by standard tech-
niques as described (15). The arms ofBamHl-digested A Charon
28 DNA were isolated by density gradient centrifugation in 10-
40% sucrose (16). DNA restriction fragments used for 32P-la-
beled probes, cloning, restriction enzyme mapping, and DNA
sequence analysis were isolated by preparative agarose or poly-
acrylamide gel electrophoresis as described (17). Nitrocellulose
blotting was done according to the method of Southern (18) as
described (17). Hybridization was carried out by using 32P-la-
beled probes with a specific activity of 5-10 x 107 cpm/,Lg of
DNA. Packaging of recombinant DNA was done according to
the method of Becker and Gold (19), using NS428 as the source
of packaging extracts. Phage A DNA terminase was obtained
from A. Becker. Recombinant phages were identified by using

Abbreviations: bp, base pair(s); C region, constant region; IAP, intra-
cisternal A particle; J segment, joining segment; kb, kilobase pair(s);
TNP, 2,4,6-trinitrophenyl; V region, variable region.
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the plaque assay procedure of Benton and Davis (20) as de-
scribed (15).
DNA Sequence Analysis. DNA fragments were labeled at

their recessed 3' termini by using [a-32P]dNTPs and reverse
transcriptase (RNA-dependent DNA nucleotidyltransferase) as
described (15). Reverse transcriptase was obtained from J.
Beard. DNA sequences were obtained by using the partial
chemical degradation technique of Maxam and Gilbert (21) as
described (15).
RNA Isolation and Nitrocellulose Blotting. RNAwas isolated

from membrane-bound polyribosomes as described by Marcu
et aL (22). RNA blotting to nitrocellulose was performed as de-
scribed.by Thomas (23).
Amino Acid Sequence Analysis. Immunoglobulin from Sp6

ascites fluid was purified by ammonium sulfate precipitation.
After partial reduction and alkylation the KTNP chain was sub-
jected to NH2-terminal sequence analysis as described by La-
zure et al. (24).

Biohazard Containment. All recombinant DNA work was
done under level B containment as prescribed by the Medical
Research Council of Canada.

RESULTS

Identification and Cloning of the Wild-Type KTNp Gene.
The region of germ-line DNA bearing the K joining (J,,) and
constant (C,,) gene segments is contained in a 13-kilobase-pair

Sp6
E -Hi Hp

I II

(kb) BamHI fragment (25). Expression ofa Kchain gene requires
a productive rearrangement that joins one ofmany variable (V,,)
gene' segments to one of the active J,, gene segments (3). As a
consequence of V,,-J,, joining, the size of the BamHI restriction
fragment containing the C, gene segment is altered, so that
digestion with this enzyme can be used to identify fragments
bearing rearranged K chain genes. The Sp6 hybridoma, the
wild-type cell line used here, secretes immunoglobulin specific
for the hapten 2,4,6-trinitrophenyl (TN.P) (12). It was derived
by fusing the MOPC 21 myeloma cell line X63-Ag8 with spleen
cells from a BALB/c mouse immunized with TNP, and it pro-
duces the myeloma K chain as-well as the TNP-specific K chain
(KTNP). Therefore, the Sp6 cell line is expected to contain at least
one of the K chain genes of the myeloma parent in addition to
the K chain genes donated by the spleen cell. To identify the
fragment bearing the KTNp gene, BamHI-digested DNA from
X63-Ag8, Sp6, and the mutant cell lines igk-1 and igk-20, which
are defective in the production of the KTNp chain, was hybrid-
ized to a probe containing the 3' half of the C,, coding region
(Fig. lA). 'All lanes were found to contain a 5.4-kb band, which
corresponds to the productively rearranged myeloma K chain
gene (26). The 5.9-kb band present in all lanes and the 6.9-kb
band present in lane a (X63-Ag8) correspond to aberrantly rear-
ranged K chain genes (27). A band unique to each of the hy-
bridoma cell lines. was detected at 9.6 kb in lane b (Sp6), 5.2
kb in lane c (igk-1), and 9.0 kb in lane d (igk-20). These results
suggested that the 9.6-kb -band corresponds to the wild-type

Hi Hp Bo
I L

Hi
I

E Hp

P HiBqHp P 89 egPXC Hi
11 _ - I I
_VYP N

Av Hd N Bg
1L I

V

Probe

Ba Hp E Hi -Hi Hp Ba
11 __ L

Ba HpHp HpHp E E Hi P By p Hi
I I I I I

CCC XcCC C xc

Ba Hi p HiE Hp BaBa Hi Hp Ba
I I I_ 11 la I L I

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TK 3

B'-1 H P mi-eft P 89 BP Pi EE E Hp \Ba

I I I I I I I
xcc c x cc

I kb

I kb

FIG. 2. Restriction enzyme maps of KTNp genes..The restriction enzyme maps of the cloned KTNp genes, TK1, TK2, and TK3, are shown beneath
the corresponding KTNP genomic restriction maps. Coding sequences are indicated with solid bars. The restriction map of the VTNP gene segment
required to generate the DNA sequence of the VTNP coding region (Fig. 3) is shown beneath theTK1 restriction map. The 250'base-pair (bp) HinfI
fragment used as a VT" region probe is indicated. The foreign sequences in TK2 and TK3 are indicated with-open bars. The distance between the
two internal BamHI sites in the igk-1 KTNP genomicmap is notknown. The restriction maps of the cloned KTNP genes were obtained by using partial
and double digestion analysis as-described by Hozumi et al. (28). The genomic restriction maps were constructed by comparing the sizes of bands
detected in DNA blotting experiments with published maps of the C,, region (29,30) and with the restriction maps of the TK1, TK2, and TKS clones.
Restriction enzyme abbreviations: Ac, AcC I; Av, Ava II; Ba, BantHI; Bg, Bgl H; C, Cfo I; E, EcoRI; Ha, Hae III; Hd, HindII; Hfj Hinfl; Hi, HindIll;
Hp, Hpa I; P, Pst I; X, Xba I.
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KTNp gene and that this gene has undergone subsequent re-
arrangements in the mutant cell lines (see below). A fragment
from Sp6 DNA corresponding to this band was cloned in A
Charon 28. The restriction enzyme map of this fragment, de-
noted TKI, is shown in Fig. 2. To confirm that TK1 corre-
sponded to the KTNp gene, the KTNp chain was isolated from Sp6
ascites fluid and the sequence of the first 23 amino acids was
determined. As illustrated in Fig. 3, the sequence agreed with
that predicted from the translation of the DNA sequence of the
TK1 VK gene segment. From this analysis the KTNp VK region
(VTNp) can be classified as a member of the VK-14 group of K
chains (31). In this case, the VTNp gene segment is joined to the
15 joining segment.

Analysis of KTNP mRNA in Mutant Cell Lines. The mutants
igk-1 and igk-20 were selected because they produce less than
the normal amount of the KTNp chain. For igk-1, KTNp chain
production was found to be about 10% of the wild-type Sp6
level, whereas for igk-20 the KTNP chain was not detected (12).

-20
MetGZyPheLysMetGZuSeriisThr

GATCTGAAATACATCAGACCAGCATGGGCTTCAAGATGGAGTCTCATACT
-10

GZnAZaPheVaiPheAZaPheLeuTrpLeuSer

TATTATAACAACTCAAAAGTAATTTATTTAAATAGCTTTTCCTATAGGAA

GCCAATATTAGGCAGACAATGCCATTAGATAAGACATTTTGGATTCTAAC

ATTTGTGTCATGAAATCTTTGTATATGTAAGTGTATACTCATTATCTATT

-4 1
GZyVaZAspGZyAspIZeVaZMetThrGZnSerGZnLysP

TCTGATTGCAGGTGTTGATGGAGACATTGTGATGACCCAGTCTCAAAAAT

10 20
heMetSerThrSerVaZGZyAspArgVaZSerIZeThrCyisLysAZaSer
TCATGTCCACATCAGTAGGAGACAGGGTCAGCATCACCTGCAAGGCCAGT

30 40
GZnAsnVaZGZyThrAZaVaZAlZSrpTyrGZnGZnLysProGZyGZnSe
CAGAATGTGGGTACTGCTGTAGCCTGGTATCAACAGAAACCAGGACAATC

50
rProLysLeuLeuIZeTyrSe rA ZaSensnArgTyrThrGly VaZProA
TCCTAAACTACTGATTTACTCGGCATCCAATCGGTACACTGGAGTCCCTG

60 70
spArgPheThrGZySerGlySerGZyThrAspPheThrLeuTh rIZeSer
ATCGCTTCACAGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGC

80 90
AsnMetGZnSerGZuAspLeuAZaAspTyrPheCysGZnGZnTyrSerSe
AATATGCAGTCTGAAGACCTGGCAGATTATTTCTGCCAGCAATATAGCAG

100
rTyrProLeuThrPheGZyAZladZyThrLysLeuGZuLeuLysArg
CTATCCTCTCACGTTCGGTGCTGGGACCAAGCTGGAGCTGAAACGTAAGT

ACACTT

FIG. 3. Nucleotide sequence of the VTNP gene segment. Only the
coding strand is shown. The corresponding amino acids are shown
above the nucleotide sequence. Negative numbers refer to the leader
sequence. The segment beginning at amino acid 1 (Asp) and ending
with amino acid 23 (Cys) (underlined) corresponds to the first 23 amino
acids determined by analyzing the mature KTNp chain. The J5 joining
segment is indicated with a broken line. The sequence was determined
by analyzing complementary strands and overlapping fragments. The
sequences of all fragments were determined at least twice.

To test if the mutants igk-1 and igk-20 also contain lower than
normal amounts of KTNp-specific mRNA, RNA was isolated from
membrane-bound polyribosomes and analyzed by RNA blotting
using a V region probe specific for the KTNP gene (Fig. 4). In
agreement with the measurement of KTNp light chain produc-
tion (12), the mutant igk-1 was found to produce a reduced
amount of KTNp-specific mRNA. In contrast, although no KTNp
chain was detected in igk-20 (12), this cell line was found to
produce more KTNp-specific mRNA than did igk-1.

Identification and Cloning of the Mutant KTNP Genes. To
identify the KTNp genes in igk-1 and igk-20, the DNA blot in Fig.
1A was washed and rehybridized to the probe containing the
VTNP gene segment. Several bands common to all lanes were
seen, presumably reflecting the various members of the VK-14
group (Fig. 1B). In addition to these bands, DNA from igk-20
contained a 9.0-kb band that was not present in the DNA from
the other cell lines (Fig. 1B, lane d). A 9.0-kb band had pre-
viously been detected with the CK probe (Fig. 1A, lane d), sug-
gesting that the corresponding 9.0-kb BamHI fragment con-
tained both the VTNP and the CK gene segments. In the case of
igk-1, an 8.4-kb band was revealed both by a probe containing
the VTNP gene segment (Fig. 1B, lane c) and by a probe con-
taining the germ-lineJK gene segments (data not shown). A band
at this position was not detected with the CK probe, although,
as mentioned above, this probe detected a 5.2-kb band (Fig.
1A; lane c).
We cloned the 9.0-kb BamHI fragment from igk-20 DNA and

the 8.4-kb BamHI fragment from igk-1 DNA with A Charon 28.
These fragments have been designated TK2 and TK3, respec-
tively. TK2 contains the VTNP and C, gene segments. However,
comparison ofthe restriction enzyme map of TK2 to the restric-
tion enzyme map ofTK1 revealed a divergence in the TK2 pat-
tern from the wild-type pattern, beginning approximately 100
bp upstream of the VTNP gene segment and extending in the 5'
direction (Fig. 2). Therefore, TK2 does not contain the se-
quences encoding the KTNP leader sequence or the wild-type
sequences further upstream. Instead, TK2 contains 4 kb of for-
eign DNA. Conversely, TK3 contains the VTNP gene segment
and the wild-type sequences upstream of the VTNP gene seg-
ment, but it does not contain the CK gene segment. Comparison

a b c d

200 - N~

FIG. 4. Measurement of KTNp-specific mRNA. RNA (10 ,ug) from
X63-Ag8 (lane a), Sp6 (lane b), igk-1 (lane c), and igk-20 (lane d) was
denatured with glyoxal, electrophoresed through a horizontal 1% agar-
ose gel in 10 mM sodium phosphate buffer at pH 6.9, transferred to
nitrocellulose as described by Thomas (23), and hybridized to a 32P-la-
beled probe containing the 5' half of the VTNP coding region (Fig. 2).
The size in nucleotides is indicated.
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FIG. 5. Comparison of restriction maps of foreign sequences in
TK2 and TK3 to the restriction map of a cloned LAP gene [A MIA14, from
Kuff etal. (32)]. For comparison, the restriction map of the TK2 foreign
sequence indicated in Fig. 2 has been inverted. The BamHI/EcoRI
fragment from TK3 that was used as a probe in the DNA blotting ex-
periment shown in Fig. 6 is indicated. Restriction enzyme abbrevia-
tions are as in Fig. 2.

of TK3 to TK1 indicated that the restriction enzyme pattern of
TK3 diverged from the wild-type pattern approximately 500 bp
downstream of the VTNP gene segment (Fig. 2). Therefore, TK3
also contains a region of foreign DNA. In this case, it consists
of a 2-kb sequence downstream of the VTNP gene segment.
To confirm that these rearrangements were not cloning ar-

tefacts, we constructed restriction enzyme maps of the KTNp
genes in Sp6, igk-1, and igk-20 from DNA blotting experiments
using genomic DNA and probes containing the VTNp gene seg-
ment, the CK gene segment, or the JK gene segments (summa-
rized in Fig. 2). In each case, the restriction enzyme sites pres-
ent in the cloned KTNp genes were found to correspond to the
restriction enzyme sites predicted by the hybridization patterns
of genomic DNA.

Analysis of the Sequences Present at the Rearrangement
Sites in TK2 and TK3. The restriction enzyme maps of the for-
eign sequences present at the rearrangement sites in TK2 and
TK3 were found to be similar (Fig. 5) and hybridization exper-
iments confirmed that these sequences were homologous (data
not shown). Moreover, both of these restriction enzyme maps
resemble the maps of cloned IAP genes reported by Kuff et al.

(32), in that the order ofthe restriction enzyme sites is the same
and the distances between sites are comparable (Fig. 5). Fur-
ther evidence that these foreign sequences resemble IAP genes
comes from experiments in which the foreign sequence from
TK3 was used to probe BALB/c mouse genomic DNA that had
been digested with various combinations ofrestriction enzymes
(Fig. 6). The pattern obtained for each of the digestions was
virtually identical to the pattern obtained by Lueders and Kuff
after hybridization of similarly digested BALB/c DNA to IAP
35S RNA (figure 1A of ref. 33). More recently, the presence of
IAP-related sequences has been confirmed by analysis of het-
eroduplexes between the foreign sequences in Ti2 and TK3 and
a cloned IAP gene (E. Kuff and K. Lueders, personal com-
munication).

DISCUSSION

We have isolated and characterized the KTNp gene from Sp6,
a hybridoma that produces TNP-specific immunoglobulin. We
have also isolated portions of the KTNp genes from the mutants
igk-1 and igk-20, which are defective in KTNp chain synthe-
sis. Both mutant genes have undergone rearrangements within
intervening sequences.
The fact that igk-1 produces the KTNp chain indicates that the

VTNp and CK gene segments are still closely linked in the igk-
1 genome. We attribute the 5.2-kb band detected by the CK

FIG. 6. Sequences present in BALB/c mouse DNA homologous to
TK3 foreign sequence. BALB/c kidney DNA (14 ,ug) was digested with
various restriction enzymes and electrophoresed through a 1% agarose
gel at 2 V/cm for 15 hr. After transfer to nitrocellulose, the blot was
hybridized to a 32P-labeled probe containing a portion of the foreign
sequence in TK3 (Fig. 5). The restriction enzyme digestions were as
follows: lane a, EcoRI; lane b, EcoRI/Hindfll; lane c, HindI; lane d,
HindlI/Xba I; lane e,Xba I; lane f,Xba I/Pst I; lane g,PstI. Fragment
sizes (shown in kb) were determined as described for Fig. 1.

probe in BamHI-digested igk-1 DNA to the KTNp C,, gene frag-
ment (Fig. 1A, lane c). The results summarized in Fig. 2 suggest
the possibility ofcloning an overlapping fragment containing the
KNp C,, gene segment.

In the case of igk-20, the KTNp chain has not been detected
(12). However, the RNA blot analysis indicates that KTNp-spe-
cific mRNA is produced by this cell line. The reason for the
inability of this KTNp-specific mRNA to be translated into the
KTNp chain is not known. In this respect, it will be of interest
to determine whether this KTNp-specific mRNA contains se-

quences corresponding to the leader sequence of the KTNp
gene. DNA blot analysis with a probe corresponding to the
leader sequence of the KTNp V,, gene segment has revealed a
band that was present only in BamHl-digested igk-20 DNA
(data not shown). We interpret this as evidence that the re-

mainder of the KTNp gene is still present in the igk-20 genome.
It remains to be determined if the KTNp leader and variable re-

gion gene segments are closely linked in igk-20 genomic DNA.
The DNA segments present in TK2 and TK3 at the sites of

rearrangement appear to be portions of IAP genes. IAP genes
are retrovirus-like elements that are present in about 1,000 cop-
ies in the genome ofMus musculus (32-35). They are expressed
in early embryos (36-38) and in several different cell types, both
normal and neoplastic (39). In particular, IAPs are present in
all mouse plasmacytomas (40). Recently, Shen-Ong and Cole
have reported that IAP genes are amplified in plasmacytoma
DNA and that the amplified genes are colinear with the pre-
dominant IAP RNA from the IAPs (41). The predominant spe-
cies of IAP RNA present in IAPs in Sp6 is not known, but the
fact that the restriction patterns are different for the two foreign
DNA segments present in TK2 and TK3 would imply activation
of at least two different genes. Moreover, it is interesting that
the IAP-like sequences have not only inserted into different
intervening sequences in the KTNp gene in each of the mutant
cell lines but also are in opposite orientations. This difference
in orientation could be related to the difference in expression
of the KTNp gene in these cell lines in that IAP transcription
would be in the same direction as KTNp gene transcription in
igk-1 and in the opposite direction to KTNp gene transcription
in igk-20 (42).

Several groups have observed analogous alterations in gene
expression due to the insertion of viral sequences into a host
genome (10, 43, 44). Furthermore, sequences homologous to
IAP genes have been found flanking a transposed mouse pseu-

0.49-
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dogene (45). However, the role of these sequences in the cre-
ation of the pseudogene is not clear. The data presented here,
on the other hand, suggest that LAP-like sequences are respon-
sible for the defect in KTNp light chain synthesis in the mutant
hybridoma cell lines igk-1 and igk-20. Further studies should
allow elucidation of the mechanisms responsible for the inser-
tion of these sequences into the intervening sequences of the
mutant KTNP genes and define their role in the alteration of KTNP
gene expression in the mutant cell lines.
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