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Abstract. The aim of this study was to clone the gene encoding
the light chain variable region (V) of the murine myeloma cell
line P3/NS1/1-Ag4-1 (NS-1). Total RNA was prepared from the
NS-1 cell line and its fusion hybridoma cell line 2F9. The V.
gene was amplified using reverse transcription PCR (RT-PCR)
with family-specific primer pairs. The PCR products were
cloned into the pGEMP®-T easy vector, transfected into E. coli
DH5a cells and the positive recombinants were identified and
purified with EcoRI digestion and agarose gel electropho-
resis. The sequence was identified using an automatic DNA
sequencer and analyzed online using the IMGT/V-QUEST
program (version 3.2.21). The PCR product that was ampli-
fied with the P9 and P14 primers was approximately 392 bp
in size. Following digestion with EcoRI, the band of interest
was also detected in positive recombinants using agarose gel
electrophoresis. The sequences from the NS-1 and 2F9 cells
were identical. The whole sequence was 387 bp long, encoding
128 amino acids (AA), including a 60 bp leader sequence. There
was a TAA stop codon at 385-387 bp and only one cysteine was
found, at 112AA/128AA. Analysis using IMGT/V-QUEST
determined the cloned V- and J-segments as murine IG KV3-
12*01 and IG KJ2*01, respectively. Accordingly, the NS-1 V.
gene belongs to the Ig, gene family V3 subgroup. The NS-1
V. gene was successfully cloned and it is a pseudo-Igk chain
gene in NS-1 cells. This study may aid the sequencing of genes
encoding monoclonal antibodies produced by mouse hybrid-
omas raised with NS-1 myeloma.

Introduction

The P3/NS1/1-Ag4-1 (NS-1) cell line, which is derived from
a BALB/c mouse with myeloma, synthesizes the k light chain
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but not the heavy chain and is a non-Ig-secreting subclone of
P3X27 (1,2). It was widely used in hybridoma technology
for the production of monoclonal antibodies (McAbs) due to
its high proliferation and cell-fusion rate (3). The property of
synthesizing the k light chain of Immunoglobulin G (IgG1) with
non-secretion causes certain problems in antibody engineering,
for example the humanization of the murine-derived McAbs.
To the best of our knowledge, there have been no studies
performed concerning the sequence of the variable region gene
of NS-1 cells. In this study, we synthesized 17 primers, 4 pairs
of heavy chain primers and 9 light chain primers, to clone and
sequence the genes encoding the variable region of the NS-1
cells using reverse transcription PCR (RT-PCR).

Materials and methods

Cell line, plasmids and main reagents. The NS-1 cell line
was purchased from CellBank Australia (Wentworthville,
Australia). The mouse hybridoma cell line ZCH-7-2F9 (2F9),
which generated anti-human CD14 McAb, was established by
our laboratory (4). E. coli DH5a, the restriction enzyme EcoRI,
Taq DNA polymerase, M-MLV reverse transcriptase, RNasin®,
RQI RNase-free DNase, pPGEM®-T easy Vector system, X-gal,
IPTG and TRIzol total RNA extract reagent were purchased
from Invitrogen Life Technologies (Carlsbad, CA, USA). T4
DNA ligase, RPMI-1640 medium and fetal bovine serum were
purchased from Gibco-BRL (Carlsbad, CA, USA) and the
DL2000 marker was purchased from Takara Bio, Inc. (Shiga,
Japan). The QIAquick Gel Extraction kit was purchased
from Qiagen (Hilden, Germany). Olig(dT),, s primers were
purchased from Promega (Mannheim, Germany).

Primer synthesis. The primers are cited by Chiang et al (5)
and were synthesized by Sangon Biotech (Shanghai) Co,. Ltd.
(Shanghai, China). The sequences of the primers are listed in
Table I.

Cell culture. The NS-1 mouse myeloma and 2F9 mouse
hybridoma cell lines were maintained in RPMI-1640 medium
supplemented with antibiotics and 10% fetal bovine serum at
37°C, 5% CO, and saturated humidity.

Extraction of total RNA. For the isolation of total RNA from
the NS-1 and 2F9 cells, TRIzol reagent was used according to
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Table I. DNA sequences of the primers used in reverse transcription PCR analysis.

Primer number

Primer sequence (5'-3")

Primers for the variable region of the murine heavy chain
Forward primers complementary to the leading sequence
P1
P2
P3
P4
Reverse primers complementary to the J fragment
P5
P6
P7
P8
Primers for the variable region of the murine light chain
Forward primers complementary to the leading sequence
P9
P10
P11
P12
P13
Reverse primers complementary to the Ck and J fragment
P14
P15
P16
P17

atggaatgcagctgggtcatcetett
atgggatggagctgtgtaatgctctt
atgaacttcgggctgagcttgatttt
atggctgtcttggggctgctcttct

tgaggagacggtgaccatggtcce
tgaggagactgtgagagtggtacc
tgcagagacagtgaccagactcce
tgaggagacggtgactgaggtcce

atggagacagacacactcctgctat
atggattttcaagtgcagattttcag
atggagtcacagactcaggtctttata
atggccccaactcagcetectggt
atgaagttgcctgttaggetgttg

ccgttttatttccaacttggtecc
ccgtttgatttcctgcttggtgee
ccgtttcagctccagettggteee
ggatacagttggtgcagcatcagcccgttt

the manufacturer's instructions. Prior to reverse transcription,
the total RNA was digested with RNase-free DNase and the
quality was determined by agarose gel electrophoresis and
ultraviolet spectrophotometer analysis. The cDNA coding
for the variable chains was synthesized from the total RNA
template using murine leukemia virus reverse transcriptase
and Olig(dT),,. s primers.

Cloning and sequencing. All DNA manipulation and bacte-
rial transformations were based on the methods described by
Sambrook et al (6). The conditions for PCR amplification were
as follows: pre-denaturation at 94°C for 2 min, 30 cycles of
denaturation at 94°C for 30 sec, annealing at 57°C for 30 sec,
extension at 72°C for 30 sec and, following the final cycle, an
additional extension at 72°C for 5 min. The PCR products were
purified according to the QIAquick DNA reagent kit instruc-
tions. The concentration was determined using an ultraviolet
spectrophotometer. At a molar ratio of 3:1, the DNA fragment
of interest and the pGEM®-T easy vector were combined by
T4 ligase in a 16°C water bath overnight. The product (5 ul)
was then transferred to competent DH5a bacteria. Positive
recombinants were selected on a Luria-Bertain (LB) plate with
X-gal, IPTG and 100 pg/ml Amp. The white bacterial colonies
were amplified and plasmids were extracted and purified using
the QIAquick DNA reagent kit. Following further determi-
nation with the EcoRI restriction enzyme and 1% agarose
gel electrophoresis, the DNA of the positive recombinants
was sequenced.

28s
18s

5s

Figure 1. Agarose gel electrophoresis of total RNA from NS-1 and 2F9 cells.
RNA preparations were electrophoresed in 1.5% DEPC-treated agarose gel.
Lane 1, NS-1 total RNA; lane 2, 2F9 total RNA. The gel was stained with
ethylene dibromide. 28S, 18S and 5S are ribosomal RNAs.

The genetic sequencing was performed using the
dideoxynucleotide chain termination method with an
automatic sequencer (ABI PRISM377). The sequence was
determined using BLAST analysis (IMGT, the international
ImMunoGeneTics information system® http://www.imgt.org).
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Table II. Detailed results of the IMGT/V-QUEST analysis of the NS-1 V| sequence.

Segment of NS-1 V. Gene and allele Score® Identity, %" (nt)°
\Y% Musmus IG,V3-12*%01 F 1405 08.28 (286/291)
J Musmus 1G J2*01 F 171 97.22 (35/36)

Result summary: unproductive IGk rearranged sequence (stop codons, out-of-frame junction). “*Calculated by adding 5 for each nucleotide
that is identical to the IMGT reference sequence and subtracting 4 for each mismatched nucleotide. "Percentage of nucleotides identical to the
reference sequence. Vi, light chain variable region. “Nucleotides identical to reference sequence/total number of nucleotides.

500bp=,

500bp=

Figure 2. Electrophoresis of the PCR products and EcoRI-treated recombinant plasmids. (A) M, DL2000 marker; lane 1, template of NS-1; lane 2, template of
2F9. (B) M, DL2000 marker; lanes 1 and 2, recombinant plasmids from NS-1 cells; lanes 3 and 4, recombinant plasmids from 2F9 cells.
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Figure 3. Nucleotide and deduced amino acid sequence of the NS-1 V| . Leader, FR and CDR sequences are indicated by line arrows. The cysteine is shown in

the box. V, light chain variable region; FR, frame region; CDR, complementarity determining region.

The study was approved by the Ethics Committee of The
Children's Hospital of Zhejiang University School of Medicine.

Results

Extraction of total RNA. The total RNA was quantified using
agarose gel electrophoresis. On the gel there were 3 clear bands
of 288, 18S and 5S ribosomal RNAs (Fig. 1). The A260/A280
ratio of the total RNA preparations was between 1.8 and 2.0.
The yields of the total RNA were ~40 and 55 pg/107 cells for
NS-1 and 2F9, respectively.

Cloning and sequencing. Following PCR screening of the
cDNA templates of the NS-1 and 2F9 cells, the light chain

primers P9 and P14 amplified a specific band with a size of
392 bp in the NS-1 and 2F9 cells (Fig. 2A), whereas all the
heavy chain primers were negative in the NS-1 cells. The
positive recombinants contained the band of interest with a
size of ~400 bp according to the results of the EcoRI digestion
and agarose gel electrophoresis (Fig. 2B).

The results of the DNA sequencing revealed that the
amplified light chain variable region (V,) from the NS-1
cells was identical to that of the 2F9 cells. The nucleotide
and deduced amino acid (AA) sequences of the NS-1 V| are
shown in Fig. 3. The sequence was 387 bp long, encoded
128 AA and included a leader sequence of 60 bp. There was
a TAA stop codon at 385-387 bp and only one cysteine was
found, at 112AA/128AA, as shown in the box in Fig. 3. The
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leader sequence, frame regions (FRs) and complementarity
determining regions (CDRs) 1-3 of the V, were positioned as
shown in Fig. 3. The gene segment family of the NS-1 V; was
identified by a search for similarities against the IMGT/V-
QUEST database. The V- and J-segments were identified as
Musmus IG,KV3-12*01 and Musmus 1GKJ2*01, respec-
tively. Accordingly, the NS-1 V, gene belongs to the Ig, gene
family V3 subgroup. The results were analyzed using the
IMGT/V-QUEST program (version 3.2.21) and are summa-
rized in Table II.

Discussion

When Kohler and Milstein first described hybridoma technology
in 1975, it appeared to have the potential to develop treatments
for a variety of human diseases (1). The technique involves
forming hybridomas by fusing a specific antibody-producing
B cell (from a murine spleen) with a murine myeloma cell (for
example NS-1 or SP 2/0) that is selected for its ability to grow
in tissue culture and for an absence of antibody chain secre-
tion (8). The antibodies produced by the hybridoma are of a
high specificity and are therefore McAbs. The fused hybrid-
omas, being cancer cells, multiply rapidly and indefinitely and
produce large amounts of the desired antibodies.

The uses of McAbs are numerous and include the preven-
tion, diagnosis and treatment of disease, vaccine production
and antigenic characterization of pathogens. However, in
hybridoma technology the majority of McAbs are derived
from mice and the clinical application of murine antibodies
has been greatly restricted due to the occurrence of severe
serum disease and the presence of human anti-mouse antibody
(HAMA) in patients during therapy (9). Therefore, it is neces-
sary to reduce the immunogenicity of the mouse antibody
in order to be able to administer large doses of antibody
repeatedly to patients. The most commonly used method is
to humanize the murine-derived McAbs by gene cloning (10).

NS-1 and SP 2/0 are the two most widely used murine
myeloma cell lines. Myeloma lines, including SP2/0 and
X63.6.5.3, do not synthesize the heavy or light chains of immu-
noglobulins; therefore, hybridomas established with these
myeloma lines secrete homogeneous McAbs with heavy and
light chains derived only from spleen cells. However, myeloma
lines such as NS-1 and P3U1 synthesize « light chains, although
they are not secreted, meaning that the NS-1 V| is encoded by
mRNA (11,12). This causes certain problems for the humaniza-
tion of murine McAbs, including interrupting the sequencing
of the McAb variable region genes. In this study, in order to
resolve this problem, we successfully cloned and sequenced the
NS-1 V, gene.

Following screening with 4 pairs of heavy chain primers
by RT-PCR, no heavy chain variable region (V) gene was
observed; with 9 pairs of light chain primers, there was a
387-bp V. gene amplified with the P9 and P14 primers in the
NS-1 and 2F9 cells (Fig. 2A). In order to avoid the influence
of the residual genomic DNA, the total RNA was treated with
RNase-free DNase prior to RT-PCR. Following the purifica-
tion of the amplified NS-1 V, gene, we inserted it into the
pGEMP®-T easy vector using TA cloning and the recombinants
were checked with EcoRI digestion and agarose gel electro-
phoresis. These steps ensured that the gene sequencing was
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reliable and accurate. The resulting sequence was identical in
the NS-1 and 2F9 cells.

According to the analysis from IMGT (Table II and Fig. 3),
the sequence contained 3 CDRs and 4 FRs, a TAA stop codon
at the end of the cDNA and only one cysteine in the AA
sequence. The NS-1 V, gene was a nonproductive IGk rear-
ranged sequence and considered to be a pseudogene due to the
stop codon and out-of-frame junction.

This study successfully cloned and sequenced the V, gene
of the NS-1 cell line and determined that it was a pseudo-
gene. The results of this study may prevent the selection of
the wrong V, gene from the fused partner NS-1 cells during
McAb humanization.
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