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Specific Amplification by PCR of
Rearranged Genomic Variable Regions of
Immunoglobulin Genes from Mouse

Hybridoma Cells

José Berdoz,' Thomas P. Monath,? and Jean-Pierre Kraehenbuhl’

Swiss Institute for Experimental Cancer Research and Institute of Biochemistry, University of Lausanne, Switzerland; 2 OraVax

We have designed a novel strategy
for the isolation of the rearranged
genomic fragments encoding the
L-V,-D-),, and LV, ), . regions of
mouse immunoglobulin genes. This
strategy is based on the PCR amplifi-
cation of genomic DNA from mouse
hybridomas using multiple specific
primers chosen in the 5'-untrans-
lated region and in the intron down-
stream of the rearranged },,/),.,, se-
quences. Variable regions with intact
coding sequences, including full-
length leader peptides (L) can be ob-
tained without previous DNA se-
quencing. Our strategy is based on a
genomic template that produces
fragments that do not need to be
adapted for recombinant antibody
expression, thus facilitating the gen-
eration of chimeric and isotype-
switched immunoglobulins.
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Inc., Cambridge, Massachusetts 02139

The development of mouse hybri-
doma technology has allowed the pro-
duction of antibodies specific to a wide
range of antigens. Mouse monoclonal
antibodies (mAbs) have been used exten-
sively for diagnosis, and some have
proven useful for treatment of human
diseases. Generally, murine antibodies
are cleared rapidly from the circulation
and often do not interact effectively with
the host immune system. Moreover, ad-
ministration of murine antibodies to hu-
mans often induces a human anti-mouse
antibody (HAMA) response after single
or repeated treatments.” Attempts to re-
place murine mAbs have been limited by
the difficulties in generating human hy-
bridomas, which are generally unstable
and secrete low amounts of antibodies
(frequently IgMs). Thus, considerable ef-
forts have been made to render murine
mAbs more similar to those of the
human host. Alternatives to human hy-
bridoma-derived antibodies have been
developed in which most of the rodent-
derived sequences of mouse immuno-
globulins are replaced with sequences
derived from human immunoglobulins.
Two approaches have been used: (1) chi-
meric mAbs, in which the xeno-V re-
gions are combined with human con-
stant domain regions (CDRs);®® and (2)
humanized mAbs, in which only the
xeno-CDRs are linked onto human se-
quences.®> These engineered antibod-
ies retain their target specificity and
show reduced HAMA responses when in-
jected into patients.®” In addition, the
correct effector function of the antibody
as required for certain clinical appli-
cations can be obtained by selecting

the corresponding immunoglobulin iso-
type.

In spite of these advances, cloning of
the variable region sequences has been a
limiting step in the rapid construction of
chimeric and isotype-switched antibody
molecules. Amplification by PCR of the
immunoglobulin heavy- and light-chain
variable regions has facilitated this step
greatly. However, the high degree of
DNA sequence polymorphism in the
leader and variable sequences of both
heavy and light chain genes has required
the preparation of complex sets of de-
generate primers.®~! These primers are
usually within the first framework of the
variable region (FR1), and in a few cases
in the leader peptide sequence (L). The
3’ primers are usually within framework
4 (FR4), which displays a limited poly-
morphism, or in the constant region, in
which conserved, isotype-specific se-
quences can be identified easily. There-
fore, most of the current PCR amplifica-
tion reactions of the immunoglobulin H
and «/\ chain variable regions generate
fragments containing incomplete Vy
and V, sequences, linked or not linked
to part of the constant region. When
cloned into cassette expression vectors,
such fragments generate chimeric im-
munoglobulins directly when PCR prim-
ers are within the FR1 and FR4 regions.
Additional modifications such as the re-
construction of the original splice donor
site of the V region or the mutagenesis of
sites in the V and C regions that create a
common restriction sequence are re-
quired before cloning when the frag-
ments contain C regions.(!213 QOther
disadvantages of the methods currently
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in use arise from the observation that
although complex sets of 5’ and 3’ prim-
ers have been designed, they do not al-
ways match the DNA template com-
pletely.*!3 Native sequences of the
immunoglobulin heavy and light chains
may therefore be altered in the FR1 and/
ot in the FR4 regions during the ampli-
fication process. This can be a problem
because modifications of the amino-ter-
minal structure have been shown to re-
duce drastically the affinity of the immu-
noglobulin for its antigen. This is
particularly true for the light-chain vari-
able region, in which the amino acid at
position 2 is part of the predicted canon-
ical structure for CDR1.1'® Moreover, ex-
pression levels of the recombinant anti-
body may be altered when mutations
occur in the leader peptide.

Other current technologies such as
inverse or anchored PCR circumvent
some of the problems described above.
For example, one can determine the 5’
and 3’ sequences of the variable regions,
and therefore PCR primers that match
the template exactly can be pre-
pared.’”'® Variable regions with unal-
tered amino-terminal sequences can be
generated. However, these procedures
are time-consuining.

If DNA sequences of the Vy and V
genomic regions from the parental hy-
bridoma are known, including the 5'-un-
translated regions and the introns down-
stream of the rearranged ] segments,
PCR-amplified fragments can be inserted
into expression vectors within noncod-
ing sequences.*® This procedure gener-
ates complete, original variable regions
that can be linked without modifications
to any other constant region, provided
that the reading frame of the V region is
maintained.

We have developed a general method
for PCR amplification of the rearranged
genomic fragments encoding full-length
variable regions of mouse immunoglob-
ulin genes. This method does not require
previous DNA sequencing. Amplified
fragments can be characterized readily
using a set of J-specific oligonucleotide
probes that are used also for typing of
the Vy-D-Jy and V,-J; rearrangements
on hybridoma RNA.

MATERIALS AND METHODS
Sources of DNA and RNA

Mouse hybridoma cells HNK-20 (IgA, «)

and 3G3 (IgM, \) were obtained from
OraVax, Inc. (Cambridge, MA) and from
American Type Culture Collection
(ATCC, Rockville, MD) no. HB8516, re-
spectively. Genomic DNA was prepared
as described.®” Total RNA was prepared
from frozen cell pellets according to the
guanidine/cesium chloride method.®*%%

Synthesis of Oligonucleotide
Primers and Probes

Oligonucleotides were synthesized by
the B-cyanoethyl phosphoramidite
method and purified by reverse-phase
HPLC (MWG-Biotech, Ebersberg, Ger-
many).

DNA Amplification by PCR

In vitro DNA amplification was per-
formed in 100-ul final volume in a Per-
kin-Elmer 9600 thermal cycler (Norwalk,
CT). Reagents were added to the reaction
to yield the following final composition:
10 mm Tris-HCI (pH 8.3) at 25°C; 50 mm
KCl; 2.5 mm MgCl,; 0.001% gelatin
(Sigma, cat. no. G2500, St. Louis, MO);
200 mm dNTP; 150 nM of each amplifi-
cation primer; 1 pg of genomic DNA;
and 2.5 units of AmpliTaq DNA poly-
merase (Perkin-Elmer, Norwalk, CT).
The cycling profile was as follows: 5 min

a) Sall \->|_1 Vi

5|

by Sall 1 v J J
\_» K1 ‘ K1 K2

at 94°C, 3 cycles of 1 min at 94°C, 1 min
at 50°C, 1 min at 72°C, 27 cycles of 1 min
at 94°C, 1 min at 62°C, 1 min at 72°C,
and one final incubation at 72°C for 10
min.

Northern and Southern Blots

Total RNA (10 pg) was denatured with
glyoxal and subjected to electrophoresis
on an agarose gel.?® The sample was
transferred onto a GeneScreen Plus
membrane (Du Pont, Wilmington, DE)
according to the procedure described by
the manufacturer. Products of PCR am-
plification of genomic DNA prepared
from hybridoma cells were analyzed on
agarose gels and transferred onto a
GeneScreen Plus membrane as de-
scribed.®

Northern and Southern blots were hy-
bridized under identical conditions with
32P-labeled oligonucleotide probes spe-
cific for each of the ]J,, J,, and Jy seg-
ments. Temperatures {melting tempera-
ture (T,)] of prehybridization and
hybridization were at T,,—4°C, and
washings at T,,—2°C. The T,s of the
oligonucleotides were estimated by
the formula: T,=4 (number of
G+C)+2 (number of A+T). The T,s
of the J-specific oligonucleotide probes
are as follows: J,,=58°C; J,,=62°C;

]
c) Sall\:_1 V;\’1 J?ﬂ J)\z J)\A J)‘a
77—~ ¥
Notl

FIGURE 1 Map of the rearranged genes encoding the variable regions of mouse immunoglobulin
heavy (a), k (b), and \ (c) chains showing the location of the PCR primers and probes used for the
amplification of Vy; and V, regions. Pseudogenes are indicated by ¥. Bold, bent arrows indicate
the PCR primers located in the 5'-untranslated regions and in the introns downstream of the J
segments. Sall and Notl restriction sites have been added at the 5’ ends of the PCR primers.
Straight arrows below the ] segments indicate the oligonucleotide probes used in Northern and

Southern blot hybridization.
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Ja3=60°C; Jo4 = 58°C; J,., = 64°C; ], , = 64°C;
J.3=156°C; Ja=64°C; J.s=62°C;
Ju1=68°C; Ju,=64°C; Jy3=64°C; and
Jua=60°C.

Prehybridization was done for 3—4 hr
in 2% SSC, 5§x Denhardt’s solution, 0.1%
SDS, and 5 mMm EDTA. Hybridization was
for 14-18 hr in 5X SSC, 10x Denhardt’s
solution, 20 mM sodium phosphate
buffer (pH 7.0), 7% SDS, 100 png/ml of
denatured herring sperm DNA, and 32P-
labeled oligonucleotide (10° cpm/ml).
The membranes were then washed twice
for 30 min in 3X SSC, 10X Denhardt’s
solution, 5% SDS, 70 mM sodium phos-
phate buffer (pH 7.0); and twice for 30
min in 1X SSC and 1% SDS.

As an internal control for total RNA
loading, Northern blots were hybridized
with a glyceraldehyde-3-phosphate-de-
hydrogenase cDNA probe.*® Prehybrid-
ization was done for 3-5 hr at 42°C in
50% deionized formamide, 5X Den-
hardt’s solution, S5x SSPE [30X
SSPE=4.5 M NaCl, 0.3 M NaH,PO,, 30
mM EDTA (pH 7.7)], 1% SDS, and 200
pg/ml of denatured salmon sperm DNA.
Hybridization was for 14-18 hr at 42°C
in the same mixture with 32P-labeled
cDNA probe (10° cpm/ml). The mem-
branes were then washed twice for S min
in 2X SSPE at room temperature, once
for 15 min in 2x SSPE, and 0.5% SDS at
65°C, and once for 15 min in 0.5X SSPE
at 65°C.

DNA Sequencing

DNA sequences were derived by subclon-
ing the L-V-D-Jy and L-V -], PCR frag-
ments in M13mp18 or in the expression
vector pING,® followed by sequencing
using the dideoxy chain termination
method.®®

RESULTS AND DISCUSSION

Design of Primers for Mouse V,, and
V, Amplification

Because most strategies used to amplify
mouse Vy and V| genes generate frag-
ments that are truncated or that may
contain mutations in their 5’ and/or 3’
ends, we have designed new sets of 5’
and 3’ PCR primers that preserve the en-
tire Fv sequences. These primers were
chosen in the 5’-untranslated region and
in the intron downstream of the rear-
ranged ] segment of the \, k, and heavy-
chain genes (Fig. 1).
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A) PCR primers for VA :

(a) 5'A1 : GATCGTCGACCITGGTTTGTGAATTATG
(a) 5'A2 : GATCGTCGACAGTAGTACCTGCATTATG
3'A1 : GATCGCGGCCGCAAAGGAGGIAGGAGTIAC
32 : ATCAGCGGCCGCAAGAAGCATTAAAGCCAC
323 : ATCAGCGGCCGCAAGAAGCTTTGAAACTAC

B) PCR primers for Vx :

(a) 5'x1 : GATCGTCGACAAATTCAAAG/TACAA/CAATG
() 5'%2 : GATCGTCGACAAGACTCAGCCTGACATG
(a) 53 : GATCGTCGACAAGTTCAAAGACAAAATG
(d) 5'x4 : GATCGTCGACAGACTCAGCCTIGACATG

() 5'%5 : GATCGTCGACAGCAGGGGGAGCAGGATG
(b) 5'%6 : GATCGTCGACAGGGAAAGTTTGAAGATG
(d) 5'7 : GATCGTCGACATACATCAGACCAGCATG
(d) 5'x8 : GATCGTCGACATCTAGC/TTCTCAGAGATG
(f) 59 : GATCGTCGACATGCATCACACCAGCATG

(d) 5'x10: GATCGTCGACCACCAAGTTCTCAGAATG
(h) 5'x11: GATCGTCGACCAGAGCAGCAGGGACATG
(h) 5'x12: GATCGTCGACCAGGGACAAGTGGGAATG
(e) 5'«13: GATCGTCGACCATTCAGAACTCAGCATG
(h) 5'x14: GATCGTCGACGCGAGTCAGACCAGCATG
(b) 5'k15: GATCGTCGACGGACACAGTTTAGATATG
(i) 5'x16: GATCGTCGACGGACTCAGCATGGACATG
(e) 5'k17: GATCGTCGACGGAGACGTTGTAGAAATG
(f) 5'18: GATCGTCGACGGATACACCATCAGCATG
(@) 5'¢19: GATCGTCGACGGCAAA/GGGCATCAAGATG
(i) 5'x20: GATCGTCGACGGCAGG/TGGA/GAGCAAGATG
(8) 5'21: GATCGTCGACGGTCACAGCACAAACATG
(2) 5'%22: GATCGTCGACGGTTGCCTCCTCAAAATG
(b) 5'%23: GATCGTCGACGTTCATTTCCTCAAAATG
(a) 5'24: GATCGTCGACTATCAAGTTCICAGAATG

(c) 5'k25: GATCGTCGACTCTCAAGTTCTCAGAATG
(a) 5'k26: GATCGTCGACTCTTGTGAATTAATCATG

(©) 5'27: GATCGTCGACTGAAAACACACAGACATG
(c) 5'k28: GATCGTCGACTGATAAAGCCAAGGAATG
(e) 5'k29: GATCGTCGACTGATCACACACAGA/TCATG
(8) 5'k30: GATCGTCGACTTCCAGCTCTCAGAGATG
3'k1 : ATCAGCGGCCGCAGAGAG/CTTTGGATTCTAC
3'x2 : ATCAGCGGCCGCAAGAGTTGAGAAGACTAC
3'3 : ATCAGCGGCCGCAGTTGAGCAAAAATGTAC
3'x4 : ATCAGCGGCCGCAAATGAGCAAAAA/GTCTAC
3 %5 : ATCAGCGGCCGCAAGATGAGAAAAGTGTAC

D) JA oligo probes :

JM : GTCAGTTTGGTTCCTCCAC
JA2 : GTGACCTTGGTTCCACCGC
123 : GTGACCTTGGTTCCACTGC
J)4 : GTCAATCTGGTTCCACCTC

F) JH oligo probes :

JH1 : GACCGTGGTCCCTGCGCCC
JH2 : GAGAGTGGTGCCTTGGCCC
JH3 : GACCAGAGTCCCTTGGCCC
JH4 : GACTGAGGTTCCTTGACCC

C) PCR primers for VH :

(j) 5'H1 : GATCGTCGACACACAGACTCACACCATG
(g) SH2 : GATCGTCGACACACAGGACCTCACCATG
(j) SH3 : GATCGTCGACACACAGGATCTCACCATG

(g) 5H4 : GATCGTCGACACACAGGGCATTGCCATG
(b) SHS : GATCGTCGACACACTGACTCAAAACATG
(c) 5H6 : GATCGTCGACACACTGACTCAAACCATG

() SH7 : GATCGTCGACACACTGACTCACACCATG

(§) 5H8 : GATCGTCGACACACTGACTCCAACCATG

(c) SHY : GATCGTCGACACACTGACTCTAACCATG
(k) 5H10: GATCGTCGACACACTGACTCTCACCATG
(c) 5H11: GATCGTCGACACACTGACTTTCACCATG
(b) SH12: GATCGTCGACACATAGACTCTAACCATG
(b) 5'H13: GATCGTCGACACATTGACTCAAACCATG
(2) 5'H14: GATCGTCGACAGCCTCCATCAGAGCATG
(e) 5H15: GATCGTCGACAGCCTCCGTCAGAGCATG
(a) 5H16: GATCGTCGA CATTATAACATTGAACATG
(b) 5H17: GATCGTCGACCAAGTCTTAGACATCATG
(k) SH18: GATCGTCGACCACACATCCCTTACCATG
(h) 5'H19: GATCGTCGACCACAGACACCTCACCATG
(e) 5'H20: GATCGTCGACCACAGACCA/CCTCACCATG
(k) 5H21: GATCGTCGACCACAGACCTGTCAACATG
(h) 5H22: GATCGTCGACCACAGACCTGTCACCATG
(e) 5'H23: GATCGTCGACCACGGAACCCTCACCATG
(f) S’H24: GATCGTCGACCACGGACCCCTCACCATG
(f) 5H25: GATCGTCGACCACGGACCCCTCACGATG
(k) SH26: GATCGTCGACCACTCGACTCTAACCATG
(h) SH27: GATCGTCGACCACTGGTGTGCAGTCATG
(a) SH28: GATCGTCGACCACTTCTTAGACATCATG

(f) 5H29: GATCGTCGACCAGAGTCCACTCA/GCCATG
(1) 5H30: GATCGTCGACCCTGTCACTGACTTCATG

(c) 5’H31a:GATCGTCGA CCTCAAGGTCCTTACAATG
(1) 5'H31b:GATCGTCGACCTCCAGGTCCTTACAATG

(i) 5’H32: GATCGTCGACCTCAGTCCTGTCACCATG

(1) 5'H33: GATCGTCGACCTCAGTCCTGTCACTATG

(i) 5H34: GATCGTCGACGCAGAGGACCTCACAATG
(d) S’H35: GATCGTCGACGCCTTTACAGACTTCATG
(f) 5H36: GATCGTCGACGGACCTCACCATGGGATG
(i) 5H37: GATCGTCGACGGGTGTTGCCTAAGGATG
(d) 5'H38: GATCGTCGACGGTGTA/TGCCTAAAAGATG
() 5’H39: GATCGTCGACGGTGTTGCCTAAAGGATG
(a) 5H40: GATCGTCGACGTTGTAGCCTAAAAGATG
(d) 5H41: GATCGTCGACTCAGTCCTTGTCACTATG
3'H1 : ATCAGCGGCCGCAAAGAAAAAAGCCAGCTTAC
3'H2 : ATCAGCGGCCGCGAGGTTT/GTAAGGACTCAC
3'H3a: ATCAGCGGCCGCGGAGAAA/GTTAGGACTCAC
3'H3b: ATCAGCGGCCGCGGAGAAGT/GTAGGACTCAC
3'H4 : ATCAGCGGCCGCTGGAGAGGCCATTCTTAC

E) Jx oligo probes :

Jxl : GTGCCTCCACCGAACGTCC
Jk2 : GTCCCCCCTCCGAACGTGT
Jx3 : GTCCCATCACTGAATGTGA
Jx4 : GTCCCCGAGCCGAACGTGA
Jx5 : GTCCCAGCACCGAACGTGA

FIGURE 2 Nucleotide sequences of the PCR primers and probes used for the amplification of
mouse V,, V,, and Vy regions. Sall and Notl sites are in bold. (I) Inosine. The 5’ primers for the
PCR amplification of the variable regions were grouped according to melting teraperature, and
the groups are designated (a—I) as indicated by the letters preceding each entry.
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DNA sequence comparisons of the 5'-
untranslated region and of the intron
downstream of the ] segments were per-
formed using data from Kabat,®*”’ and
from the GenBank and European Molec-
ular Biology Laboratory (EMBL) libraries.
Sequences were analyzed with the Ge-
netics Computer Group (GCG, Madison,
WI) package programs. Alignment of the
DNA sequences of the 5'-untranslated re-
gion showed that the polymorphism in
this region is globally identical to that of
the leader peptide sequences (data not
shown). However, in the 5’-untranslated
region, a sequence of ~20 nucleotides
located immediately upstream of the
start codon (ATG) was less polymorphic.
Therefore, we designed multiple 5' PCR
primers (18-mers) that terminated with
the ATG sequence. This ensured a perfect
match of the 3’ end of each primer with
the template, which was shown to be
crucial to initiate consistent priming of
the Taq polymerase extension reaction.
A Sall restriction site and four additional
nucleotides were added to the 5’ end of
the primers to facilitate cloning of the
PCR fragments. Complex sets of 5’ prim-
ers were synthesized consisting of two
primers for A, 30 primers for k, and 42
primers for the heavy-chain genes, some
of which contained inosine residues or
were degenerate (Fig. 2).

In contrast with the S'-untranslated
region, alignments of the 5’ end of the
intron sequences downstream of the ]
segments did not reveal significant poly-
morphism.  Moreover, alignments
showed that 3' PCR primers specific for
each of the J,, ], and ] segments could
be designed in this intronic region. For
this reason, a single PCR primer was pre-
pared downstream of each J segment, ex-
cept for the J,; segment, where two
primers were needed because of DNA se-
quence polymorphism. The 3’ PCR
primers were 18-mers, except for the
primer downstream of the J,;; segment
which was a 20-mer, reflecting a high
content of A/T nucleotides. A Notl re-
striction site and 4 additional nucle-
otides were added to the 5’ end of these
oligonucleotides to allow directional
cloning of the PCR fragments into ex-
pression vectors (Fig. 2).

To ensure specificity of the PCR am-
plifications and to characterize better
the Vy-D-Jy and V-], rearrangements,
sets of oligonucleotides (19-mers) spe-
cific for each of the J,, J., and J, seg-
ments, which display a very low level of

polymorphism, were synthesized. These
were used as probes in both Southern
blot analysis of the PCR fragments and
Northern blots of total RNA extracted
from the mouse hybridoma cells.

Northern Blot Analysis of RNA from
Mouse Hybridoma Cells Using )
Segment-specific Oligonucleotide
Probes

The specificity of the oligonucleotides
that hybridize to each of the ] segments
was demonstrated by Southern blot us-
ing a variety of cloned V; and V, PCR
fragments of known sequences (data not

A dy, o dy

288 =2

188 2

288 >

18S = *

JH1 JHz JHa 'JHa

288 =
188 =

shown). The specificity of these probes
was also shown with Northern blots.
RNA from the hybridoma cells 3G3 [IgM
(M)] and HNK-20 [IgA (x)] were hybrid-
ized with the J,, J., and Jy oligonucle-
otides (Fig. 3). Probes J,;, J.», and Jy;
generated signals at the expected size for
3G3 and HNK-20, respectively. The sig-
nal generated by hybridization of HNK-
20 RNA with the J,, probe was much
stronger than with the J,; probe, al-
though these two probes had similar spe-
cific activities and identical calculated
melting temperatures. This observation
suggests that either two or even three
k-chain transcripts hybridized with the

GAPDH

e s e

Ji GAPDH

GAPDH

FIGURE 3 Northern blots of RNA isolated from hybridoma cells 3G3 and HNK-20 probed with
oligonucleotides homologous to the J,, J,, and J,; segments. (4) Total RNA (10 p.g per lane) from
3G3 [IgM (N)] was hybridized with the oligonucleotides J,, J,,, and J,3. (B) Total RNA (10 ug per
lane) from HNK-20 [IgA (k)] was hybridized with J,.;, J.o, Js, and J,s, o with Jy51, J1az, Juz, and Jp,
(see Fig. 2 for sequences of the oligonucleotide probes). The oligonucleotides specific for the
pseudogenes ], ; and J,, were not used in this experiment. As an internal control for total RNA
loading, Northern blots were stripped and rehybridized with a full-length glyceraldehyde-3-phos-
phate-dehydrogenase (GAPDH) cDNA probe.*® Positions of 18S and 28S rRNAs are indicated.
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J.2 probe. One of these transcripts, cor-
responding to a pseudogene rearranged
with the ], segment, originated from
the immortalizing fusion partner
X63Ag8.653.%282% For this reason, at
least one k pseudogene transcript and
one k functional gene transcript, both of
them rearranged with the J,, segment,
contributed to the strong signal ob-
served. PCR amplification of the V,
genes from HNK-20 genomic DNA sup-
ports the hypothesis that three k-chain
genes were rearranged with the J,, seg-
ment. All three of these rearrangements
were transcribed using reverse tran-
scriptase-PCR (RT-PCR) (data not
shown). Consequently, the signal ob-
served on Northern blots hybridized
with the ], oligonucleotide probe is
composed of three superimposed sig-

nals. In all cases, the Northern blots were
rehybridized with a probe specific for
the housekeeping enzyme gene glyceral-
dehyde-3-phosphate-dehydrogenase®®
to control for the amount of RNA loaded
(Fig. 3).

Strategy for Mouse V,, and V, PCR
Amplification

Several immunoglobulin variable region
genes were amplified by PCR using ge-
nomic DNA prepared from mouse hybri-
doma cells. As an example, we describe
the amplification of V, of the 3G3 hybri-
doma, V,, and V regions of the HNK-20
hybridoma.

From the Northern blot data shown
in Figure 3, it was established that the A
chain gene was rearranged with J, ;, the k

chain genes with J,, and the heavy-
chain gene with J;. Therefore, the 3’
primers required for amplification were
3'A\1, 3'k2, and 3'H3a or 3'H3b, respec-
tively. Because of the high degree of
polymorphism seen in the S’-untrans-
lated region, all 5' primers had to be in-
cluded in the PCR reactions in combina-
tion with these 3’ primers. This would
result in two PCR reactions for \, 30 for
x, and 42 for the heavy-chain genes, if
each PCR reaction contained one §’
primer and one 3’ primer. To reduce the
number of combinations of 5’ and 3’
primers and, consequently, the number
of PCR reactions, the 5’ primers were di-
vided into small groups of 2, 3, or 4
primers based on their melting temper-
ature (Fig. 2). This resulted in 1 group for
\ (group a), 9 for k (groups a—i), and 12

A Group of 5' % primers E SA: 12
. 3%
M1 M1 M1 M
A - G : 591, 5" - -
b oho I = roupa: 541,542 - -
Probe Y11 i
B Groups of 5' k primers = 5'w: 212230161920
abcde fghi 3K 2
1 M1 M1 M1
= — Group g : 5'« 21,5k 22,5 30 = =
J - it o ‘*
Probe Yk2 — - e - -
Groupi : 5'«16,5'k 19,5'c 20
Probe Y2
C Groups of 5' H primers
abcdefghijkli
M1 ghi |
Probe YHs — - -
S5'H: 6 9113130313339
D Groups of 5' H primers G
abecdefghijkl 3H:
M1 4 5 M1 M1
Group c : 5'H6, 5'H9, 5'H11, 5'H31A =
Probe JHs — i  — =
- - Group | : 5'H30, 5'H31b, 5'H33, 5'H39
Probe YHa

FIGURE 4 Southern blot analysis of the amplified 3G3 V,, HNK-20 V,, and V, genomic fragments following a two-step PCR amplification. In the
first step (4-D), PCR amplifications were performed with groups of 5’ primers (see Fig. 2) combined with a single 3’ primer. The 3’ primer for V,
was 3'A1; for V, 3'k2; and for Vy; 3'H3a or 3'H3b. In the second step (E-G), PCR amplifications were performed separately with each of the 5§’ primers
from the positive groups, allowing the 5’ primers that generate the signal in the first reaction to be identified. PCR amplification with 3'H3a was
omitted in the second step, as 3'H3b generates stronger signals. Positions of size markers of 564, 831, and 947 bp are indicated (lane M1).
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for the heavy-chain gene primers
(groups a-1). A first set of PCR reactions
contained one group of S’ primers and
one_3' primer, thereby reducing the
number of PCR reactions to 1 for V,, 9
for V,, and 12 for Vy. Southern blot anal-
yses of these PCR reactions, using the
Ja171 Juom, and J3-specific oligonucleotide
probes, allowed the identification of the
combinations that generated positive
signals: 5'\ group a with 3'A\1; 5’k groups
g and i with 3'k2; and 5’ heavy-chain
groups ¢ and 1 with 3'H3a or 3'H3b (Fig.
4A-D). These combinations were reana-
lyzed in a second set of PCR reactions
that each contained one 5’ and one 3’
primer, to identify the pairs of primers
that generated positive signals. These
PCR reactions were analyzed again by
Southern blot using the J,4, J..», and Jy3
oligonucleotide probes. Results showed
that the positive signals were generated
by the following combinations: 5'Al
with 3'\1 (Fig. 4E); 5'«30, 5’16, or 5’19
with 3'k2 (Fig. 4F); and S'H31A or
5'H31B (which have very closely related
sequences) with 3'H3b (Fig. 4G). These
results indicate that one A-chain gene
was rearranged in 3G3, and three k-chain
genes and one heavy-chain gene were re-
arranged in HNK-20 (Fig. 5).

With another mouse hybridoma cell
(PCG-4), secreting IgG2a with a « chain,
three different rearrangements of the
k-chain genes, and a single rearrange-
ment of the heavy-chain gene were also
observed using the same PCR strategy
(data not shown).

The presence of three V, rearrange-
ments in HNK-20 and PCG-4 is consis-
tent with both a functional V, and an
aberrant V, in all hybridoma cells ob-
tained by fusion with cell lines derived
from the original MOPC-21 tumor.(?829
A third k-chain rearrangement was de-
tected in both HNK-20 and PCG-4 hybri-
domas, although it involved different J,
segments. RT-PCR showed that this
third rearrangement was transcribed in
HNK-20 and silent in PCG-4 (data not
shown). Because the only k-chain gene
that the fusion partner could have con-
tributed is the nonfunctional MOPC-21
k gene,®? this third rearrangement
probably originated from the mouse B
cell that served as a fusion partner. Con-
tamination of the HNK-20 hybridoma
cell by another hybridoma cell is im-
probable because a single heavy-chain
rearrangement was detected in both
Northern and Southern blots.

CAP

Promoter L

4

Intron

51

CAP

Promoter L
!

]

Intron

Intron

5'H 31A
5'H31B/

< 3'A\1

\

VKJKz JKa JKa JKs

14

]

< 3'K 2

3'H3b

FIGURE 5 Map of the rearranged 3G3 V,, and HNK-20 V,, and Vy regions. (4) Rearrangement of
the X\ locus from 3G3; (B) rearrangements of the k and heavy-chain loci from HNK-20. Three
different x-chain gene rearrangements were observed with the J,, segment. For the heavy-chain
genes, 5'H31a and 5'H31b generated the same PCR product; hence, a single rearrangement was
observed for the heavy chain. The maps are not to scale. The pseudogene is indicated by V.

Sequence Analysis of the V,, V,, and
V, PCR Fragments

The PCR-amplified variable regions of
3G3 V,, HNK-20 V (s), and HNK-20 V4
were cloned into the pING expression
vector’® and sequenced using the
dideoxy chain termination tech-
nique.?® Sequences showed that the
3G3 V, (5'A1-3'A1), HNK-20 V, (5'k16-
3'k2), HNK-20 V., (5'k19-3'x2), and
HNK-20 V; (5'H31B-3'H3b) fragments
encode functional variable regions (Fig.
6A-D). The sequence of the HNK-20 V,
(5'k19-3'k2) fragment is not reported
here because its coding sequence was
identical to a published immunoglobu-
lin V,_ ¢cDNA sequence.®? The deduced
amino acid sequences of the functional
V,, V., and Vy fragments correspond to
open reading frames that are highly ho-
mologous to other mouse immunoglob-
ulin variable regions. In these four PCR
amplified fragments, the positions of the
cysteines involved in the intramolecular
disulfide bridge were conserved. The
presence of conserved stretches of
amino acids corresponding to frame-
work sequences allowed the CDRs to be

positioned (Fig. 6). Taken together, these
structural features suggest that the am-
plified and cloned Fv fragments should
be functional. However, it was not pos-
sible to determine by computer model-
ing which of the two « fragments, shown
by sequencing to be functional, is bound
to the HNK-20 V,; (data not shown).
Consequently, the two functional HNK-
20 V,s and the HNK-20 V,; have been
inserted into expression vectors contain-
ing human heavy- and light-chain con-
stant genes and cotransfected into my-
eloma cells. Currently, the secreted
chimeric antibodies are being tested for
their ability to recognize their corre-
sponding antigen.

The cDNA sequence of the HNK-20 V.
nonfunctional rearranged gene has been
reported®®2% and was shown to contain
a tyrosine instead of the invariant cys-
teine in position 23. Moreover, at the site
of VJ recombination, 4 nucleotides ap-
pear to have been deleted, leading to a
frame shift. This results in a premature
termination codon at the 3’ end of the J
segment at position 105. We report here
the genomic sequence of this V,
pseudogene (Fig. 6C) in which the cod-
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GATCATCGACK T

ATTATG GCC TGG ATT TCA CTT ATA CTC TCT CTC
Met Ala Trp Ile Ser Leu Ile Leu Ser Leu

CTG GCT CTC AGC TCA G GTCAGCAGCCTTTCTACACTGCAGTGGGTATGCAACAATGCGCAT
Leu Ala Leu Ser Ser G

CTTGTCTCTGATTTGCTACTGATGACTGGATTTCTCATCTGTTTGCAG GG GCC ATT TCC
ly Ala Ile Ser

CAG
Gln

GCT GTT GTG
Ala val Val

ACT CAG GAA TCT GCA CTC ACC ACA TCA CCT GGT GAA ACA
Thr Gln Glu Ser Ala Leu Thr Thr Ser Pro Gly Glu Thr

GTC
val

ACA CTC
Thr Leu Thr

ACT TGT CGC TCA AGT ACT GGG GCT GTT ACA ACT AGT AAC TAT GCC
Cys aArg Ser Ser Thr Gly Ala Val Thr Thr Sexr Asn Tvr Ala

TTA
Leu

TTC
Phe

ACT GGT
Thr Gly

AAC TGG
Asn Trp

GTC
val

CAA GAA AAA CCA GAT CAT
Gln Glu Lys Pro

CTA ATA GGT
Ile Gly

36T
Gly

Asp His Leu
ACC AAC AAC CGA GCT CCA GGT GTT CCT

Thr Asn Asn Arg Ala Pro Gly val Pro

GCC
Ala

AGA
Arg

TTC
Phe

TCA
Ser

GGC
Gly

TCC
Ser

CTG
Leu

ATT
Ile

GGA GAC AAG GCT GCC CTC ACC ATC ACA
Gly Asp Lys Ala Ala Leu Thr Ile Thr

GGG
Gly

GCA
Ala

CAG
Gln

ACT
Thr

GAG
Glu

GAT
Asp

GAG
Glu

GCA
Ala

ATA TAT TTC TGT GCT CTA TGG TAC AGC AAC CAT TGG GTG
Ile Tyr Phe Cys Ala Leu Trp Tvr Ser Asn His Tro Val

TTC
Phe

GGT._GCA GGA
Gly Gly Gly

ACC AAA CTG ACT GTC CTA G GTGAGTCACTCCTCCCTCCTTTGCGGCCGCTGAT
Thr Lys Leu Thr val Leu

[o]

GATCAGTCGACTTCCAGCTCTCAGAGATG GAG ACA GAC ACA CTC CTG TTA TGG GTA
Met Glu Thr Asp Thr Leu Leu Leu Trp Val

CTG CTG CTC TGG GTT CCA G GTGAGAGTGCAGAGAAGTGTTGGATGCAACCTCTGTGGCCA
Leu Leu Leu Trp Val Pro G

TTATGATACTCCATGCCTCTCTGTTCTTGATCACTATAATTAGGGCATTTGTCACTGGTTTTAAGTT
TCCCCAGTCCCCTGAATTTTCCATTTCCTCAGAGTGATGTCCAAAATTCTTCTTAAAAATTTAAATC
AAAAGGTCCTCTGCTGTGAAGTCTTTTATACATATATAACAATAATCTTTGTGTTTATCATTCCAG

CTG
Leu

GT TCC ACT GGT GAC ATT GTG
ly Ser Thr Gly Asp Ile Vval

ACA CAG
Thr Gln

TCT CCT GCT TCC TTA GCT
Ala Leu Ala

GTA

Ser Pro Ser Val

GCC
Ala

TCT
Ser

CTG
Leu

GGG
Gly

CAG
Gln

AGG
Arg

ACC
Thr

ATC
Ile

TCA
Ser

TAC
Tyr

AGG
Arg

Gece
Ala

AGC
Ser

AAA
Lys

AGT
Ser

GTC
val

AGT
Ser

TAT
TYyTr

CAC
His

ACA
Thr

TCT
Ser

GGC
Gly

TAT
Tyr

AGT
Ser

ATG
Met

TGG
Trp

AAC CAA

Gln

CAG
Gln

AAA
Lys

CCA
Pro

GGA
Gly

CAG
Gln

CCA

Asn Pro

ccce
Pro

AGA
Arg

CTC
Leu

CTC
Leu

ATC
Ile

TAT
Tyr

CTT
Leu

GTA
val

TCC
Ser

AAC
Asn

CTA
Leu

GAA
Glu

TCT
Ser

GGG
Gly

GTC
val

cCT
Pro

[elels]
Ala

GGG
Gly

AGG GAC

Arg

TTC
Phe

AGT
Ser

GGC
Gly

AGT
Ser

TCT
Ser

GGG
Gly

ACA
Thr

TTC
Phe

ACC
Thr

CTC
Leu

AAC
Asn

ATC
Ile

CAT
His

CCT
Asp Pro
ACC
Thr

GIG
Val

GAG
Glu

GAG GAG
Glu Glu

GAT
Asp

GCT GCA
Ala Ala

TAT
TYIr

TAC TGT

Cys

CAG
Gln

CAC
His

ATT AGG GAG
Ile Arg Glu

ZTT
Leu

AGC
Ser

TGG
Trp

TAA

*kh

AAC GTAAGTAGTCTTCTCAACT

ACA _CGT. TCG GAG GGG GGA CCA

Thr Arg Ser Glu Gly Gly Pro Lys

CTTACGGCCGCTGAT

55
10

116
15

178
20

229
37

280
54

331°

71

382
88

433
105

484
122

537
128

55
10

115
16

182

249

315

365
33

416
50

467
67

518
84

569
101

620
118

675
128

690

GATCGTCGACGGACTCAGCATGGACATG AGG ACC CCT GCT CAG TTT CTT GGA ATC
Met Arg Thr Pro Ala Gln Phe Leu Gly Ile

TTG TTG CTC TGG TTT CCA G GTAAAATGAACTAAAATGGGAATGTCACTGTGATTAGTGTTG
Leu Leu Leu Trp Phe Pro G

ATTGGCATTTGGGAGATTTTATCTTTTATGATGCTTACCTATGTAGATACTCATTATGTCTCCATTC

TCT CCA TCT TCC ATG TAT
Ser Pro Ser Ser Met Tyr

AAG GTG
val

CTAG GT ATC AAA TGT GAC ATC
ly Ile Lys Cys Asp Ile

ACC CAG
Lys Thr Gln
ACT ATC
Thr Ile

ACT
Thr

TGC
Cys

AAG GCG AGT CAG GAC ATT
Lys Alg Ser Glp Asp Ile

GCA TCT CTA GGA GAG AGA GTC
Ala Ser Leu Gly Glu Arg Val

AAR
Lys

cCa

Pro

GGG AAA TCT CCT AAG
Gly Lys Ser Pro Lys

ACC
Thr

AAT AAC TAT TTA AAC TGG TTC
Asn Asn Tvr Ley Asn Trp Phe

CAG
Gln

CAG
Gln

AGT
Ser

GTC
val

CCA TCA AGG TTC
Ser Arg Phe

ATC TAT CGT GCA AAC AGA TTG CTA GAT GGG
Ile Tyr Arg Ala Asn Arg Leu Leu Asp Gly

CTG

Leu Pro

TAT
Tyr

ATC
Ile

AGC CTG GAG
Ser Leu Glu

AGT GGA TCT GGG
Ser Gly

CAA GAT
Gln Asp

TAT
Tyr

TCT CTC
Ser Leu

ACC
Thr

AGC
Ser

GGC
Gly Ser Gly
GGA ATT
Gly Ile

TAT
Tyr

TAT
Tyr

GAA
Glu

GAT ATG
Asp Met

TGT CTA CAG TTT GAC GAG TTT CCG TAC ACG

Cys Leu Gln Phe Asp Glu Phe Pro Tvr Thr

CTG
Leu

GAA ATA AAA C GTAAGTAGTCTTCTCAACTCTTGCG
Glu

AAG
Lys

TTC CGA GGG GGG ACC

Phe Gly Gly Gly Thr Ile Lys

GCCGCTGAT

D

GATCGTCGACCTCAAGGTCCTTACAATG AAA TGC AGC TGG GTC ATC TTC TTC TG
Met Lys Cys Ser Trp Val Ile Phe Phe Leu

ATG GCA GTG GTT ACA G GTAAGGAGCTCCCAAGTCCCAAACTTGAGGGGCCATACACTCTGT
Met Ala Val Val Thr G

GACAGTGGCAGTCACTTTGCCTTTCTTTCTACAG GG GTC AAT TCA GAG GTT CAG CTG
ly val Asn Ser Glu Val Gln Leu

CAG CAG
Gln Gln

TCT
Ser

GGG
Gly

GCT GAG CTT GTG AGG CCA GGG GCC TTA GTC AAG TTG TCC
Ala Glu Leu Val Arg Pro Gly Ala Leu Val Lys Leu Ser

TGC AAA
Cys Lys

GCC
Ala

TCT
Ser

GGC TTC AAC ATT AAA GAC TAC TAT ATG TAC TGG GTA AAA
Gly Phe Asp Ile Lvs Asp Tvr Tvr Met Tvr Trp Val Lys

CAG AGG
Gln Arg

CCT
Pro

GAA
Glu

CAG
Gln

GGC
Gly

CTG
Leu

GAG
Glu

TGG ATT
Ile

GGA TGG ATT GAT CCT GAA AAT

Trp Gly Ixp Ile Asb Pro Glu Asn

AAG
Lys

GGT AAT ACT GTT TAT
Glv _Asn Thr Val Tyr

GAC
Asp

[se/e)
Pro

TTC
Phe

CAG
Gln

GGC AAG GCC AGT ATA ACA GCA
Gly Lys Ala Ser Ile Thr Ala

GAC ACA TCC
Asp Thr Ser

TCC
Ser

AAC
Asn

ACA
Thr

GCC
Ala

TAC
Tyr

CTG
Leu

CAG
Gln

CTC AGC AGC CTG GCA TCT GAG
Leu Ser Ser Leu Ala Ser 3Glu

GAC ACT GCC
Asp Thr Ala

GTC
val

TAT
Tyr

TAC
Tyr

TGT
Cys

GCT
Ala

TAC
Tyr

TAC GGT ACT AGC TAC TGG TTT CCT
Ivr Gly Thr Ser Tvr Trp pPhe Pro

TAC TGG_GGC
Iyr Trp Gly

CAA GGG
Gln Gly

ACT
Thr

CTG

Leu

GTC
val

ACT
Thr

GTC TCT GCA G GTGAGTCCTACCTTCTC
Val Ser Ala

CGCGGCCGCTGAT

55
10

116
16

183

234
32

285
49

336
66

387
83

438
100

489
117

545
127

554

55
10

116
15

173
23

224
40

326
74

377
91

428
108

479
125

533
137

546

FIGURE 6 Sequences of the PCR-amplified 3G3 V,, HNK-20 V,, and Vy regions. (A) 3G3 V, fragment (5'A1-3'A\1); (B) HNK-20 V, fragment (5'k16-
3'k2); (C) HNK-20 V, (pseudogene) fragment (5'k30-3'k2); (D) HNK-20 Vy fragment (5'H31B-3'H3b). These sequences have been deposited with the
EMBL GenBank under accession numbers X82687 (3G3 V,), X82688 (HNK-20 V,), X82689 (HNK-20 V, pseudogene), and X82690 (HNK-20 V). The
sequence of the PCR primers is shown in boldface type, the CDR regions are underlined, and the stop codon is noted by stars. Regions homologous

to the J,, J., and Jy oligonucleotide probes are double underlined.
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ing sequence is in complete agreement
with the reported cDNA sequences. This
observation showed that the V, pseudo-
gene was not affected by recombination
events, at least in its coding region, dur-
ing the PCR amplification process. Such
PCR artifacts generating hybrid DNA
molecules previously have been shown
to occur when amplifying target se-
quences that are members of a gene fam-
ily.®? If the sequences of the PCR frag-
ment and the corresponding cDNA or
genomic clone, prepared without ampli-
fication techniques, are available, these
artifacts can be ruled out. Consequently,
because these sequences are not avail-
able for the functional V,, V,, and V4
PCR fragments shown in Figure 6, the
possibility that they are hybrid mole-
cules cannot be excluded. However, this
hypothesis will be indirectly evaluated
by comparison of the specificity and af-
finity of the original mouse antibody and
the chimeric mouse—human antibodies.
In conclusion, we have designed a
novel strategy that allows the cloning of
the full-length, rearranged variable re-
gions of mouse immunoglobulin genes.
This strategy requires a small number of
PCR amplifications; however, the large
number of §’ primers and the specificity
of both 5’ and 3’ primers greatly increase
the probability of amplifying the rear-
ranged V,, V,, and Vy region genes. In
addition, the amplified Fv genes can eas-
ily be inserted into expression vectors
containing murine or human light- and
heavy-chain constant genes into intron
sequences. Thus, a serious impediment
for the rapid construction of isotype-
switched and chimerized mouse immu-
noglobulins has been overcome.
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