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SUMMARY

We report here the cDNA cloning and variable region nucleic acid sequences of the heavy and the light
chains of four monoclonal IgE and one monoclonal IgG1 antibodies against trichosanthin (TCS), all of
which recognized a similar or related antigenic determinant. Sequence analysis revealed that the VH

regions of the four IgE antibodies use different V gene segments from the 7183, 36–60 and J558
families. The DH genes varied extensively in nucleotide sequence and length, with D segments DSP2,
DFL16 and DQ52 being used with equal frequency. All JH gene segments except JH1 were present in the
e transcripts. In contrast, there appeared to be restricted L-chain utilization. All four L-chain V genes
cloned belonged to the Vk21 family and a bias in the use of Jk1 gene was also observed. The VL

sequences of the anti-TCS monoclonal antibodies showed much less diversity than the VH sequences.
We propose that the L-chain rather than H-chain may play a more significant role in specific binding
with allergenic determinant on TCS.

INTRODUCTION

Trichosanthin (TCS), a plant protein of 27 000 MW, is an active
component of a traditional Chinese medicine used for inducing
abortion.1,2 Recently it has been found that TCS is able to inhibit
tumour growth and human immunodeficiency virus (HIV)
replication.3 Furthermore, it was shown to be a type-1 ribosome-
inactivating protein with N-glycosidase activity.4 The primary
amino acid sequence, nucleotide sequence, and the crystal
structure of this molecule have all been worked out.5,6 However,
TCS occasionally induces anaphylaxis in some patients, which
limits its practical applications. To better understand the
anaphylactic mechanism, we undertook a study of the TCS
allergenic determinants. To do this, we induced TCS-specific IgE
responses in mice, and raised 16 monoclonal antibodies (mAb) to
TCS.7 Five of them were of the IgE class. Through competitive
antibody binding enzyme-linked immunosorbent assays (ELISA),
the 16 mAb could be classified into four groups.8 All five IgE mAb
and two IgG1 mAb were in one group, which suggested that they
might bind to similar or related sites on the TCS molecule. A rat
anti-idiotypic mAb raised against one of the IgE mAb, TE1,
reacted with two additional members of the same group.9,10

Despite extensive research concerning the regulatory
mechanism involved in specific IgE formation, only a few studies
have dealt with the specific V-gene usage in IgE antibodies.11–13

We report here the cDNA cloning and sequence analysis of the
variable region genes of four IgE and one IgG1 antibodies from the
same group. The other IgE antibody, 4G8, was found to share

identical sequences with the IgE antibody TE2 in both VH and VL

genes.
This research provides some information about the V region of

allergic antibodies, and also provides a basis for further study of
the relationship between the antigen combining site of the IgE and
allergenic determinant of TCS.

MATERIALS AND METHODS

Hybridoma cell lines
Four hybridoma cell lines, TE1, TE2, lG4 (TE3), 4C8 (TE4),
secreting TCS-specific IgE, and one hybridoma cell line, 2A1,
secreting TCS-specific IgG1, were all established in our laboratory.
They all containk light chains. The hybridomas were generated by
fusion of spleen cells from TCS/alum-immunized C57BL/6 mice
with mouse NS-1 myeloma cells. A rat anti-idiotypic antibody,
AId6C5, was secreted by a rat–mouse hybridoma that was raised
through fusion of TE1-immunized rat spleen cells with mouse NS-
1 myeloma cells. It reacted significantly with only three of the anti-
TCS mAb, TE1, 4C8 and 2A1. It reacted poorly with other anti-
TCS mAb and there was no reaction against anti-DNP IgE mAb
142 and ADNP (kindly provided by Dr Metzger, NIH, Bethesda,
MD) as well as normal mouse serum immunoglobulin.

Oligonucleotide primer design
Two pairs of degenerate primers common to VH or VL were
synthesized according to the universal primers for murine V genes
designed by Orlandiet al.,14 with some modifications (Table 1).

The JH-FOR primer can be used interchangeably in different
subclasses of heavy chains.14 In order to guarantee that the cloned
VH genes were definitely derived frome heavy chains, a Ce-FOR
primer was designed. It corresponds to the position of nucleotides
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32–53 in the Ce1 region. Ce-FOR: 5'-GAAGCAGTGCCTTTA-
CAGGGCT-3’.

Reverse transcriptase-polymerase chain reaction (RT-PCR)
Total RNA was prepared using guanidine hydrochloride–phenol–
chloroform according to Chomczynski & Sacchi.15 The reverse
transcription reaction was performed using 10mg of the extracted
total RNA as template; the reaction mixtures were denatured at 658

for 5 min, and gradually cooled down to room temperature. One
microlitre (200 U) of Moloney murine leukaemia virus (MMLV)
reverse transcriptase (BRL, Grand Island, NY) was added,
followed by incubation at 378 for 1 hr. The first-strand cDNA
was precipitated with ethanol at –208 for 2 hr; 1/5 of it was then
taken as a template in PCR. The total reaction volume for PCR was
50ml, including 4ml of cDNA template, 5ml of 10� buffer for Taq
DNA polymerase (Promega, Madison, WI), 2ml 5 mM dNTPs,
25 pmole primer FOR, 25 pmole primer BACK, and 36ml of water.
After covering the surface with paraffin oil, the mixture was
subjected to 948 to denature for 5 min, then 1ml (3 U) Taq DNA
polymerase (Promega) was added, followed by 35 cycles of
denaturation for 1 min at 948, annealing for 1.5 min at 508 and
extension for 1.5 min at 728. In the last cycle the extension was
prolonged by 10 min. After completion of the PCR the overlaid
paraffin was extracted with chloroform and the PCR products were
precipitated with ethanol.

Gene cloning
The ends of heavy chain cDNA PCR products were blunted with
Klenow DNA polymerase (BRL) at room temperature for 30 min.
After being purified by electrophoresis in a 2% low melting-point
agarose gel, they were ligated into a pBluescript/SK vector, which
was previously digested withSmaI (Sino-American Biotech Co.,
Shanghai, China). The light chain cDNA PCR products were
treated with two restriction enzymes,SacI (12 U/ml; Promega) and
XhoI (12 U/ml; Promega), purified by electrophoresis in 2% low
melting-point agarose gel, then ligated into pBluescript/SK vector,
which was previously digested withSacI and XhoI. The ligation
product was used to transform the competent host bacteria XL1-
Blue, prepared by the CaCl2 method according to Sambrooket al.16

Recombinant clones were selected and the presence of the inserted
sequences was verified by PCR.

Sequence determination
Plasmid DNA was extracted by alkaline method, and the sequence
was determined by the dideoxy (Sanger) sequencing method, using
a TaqTrack Sequencing Kit (Promega). For each gene two to three
independent clones were analysed until consistent sequences were
obtained. The complementary determining region (CDR) and
framework region (FR) in deduced amino acid sequences were
numbered and defined according to Kabatet al.17

RESULTS

V genes of five anti-TCS mAb

The nucleotide sequences and the deduced amino acid sequences
of the VH and VL of the five anti-TCS mAb are listed in Fig. 1 and
Fig. 2. For VL sequences, only four of the five mAb are shown
because the VL gene of 1G4 was not successfully cloned. The
sequences are compared with their germ-line counterparts, and are
numbered and the CDR defined (Figs 1 and 2). TheBLAST search
program was used to find nearly identical sequences in a non-
redundant GenBank (National Center for Biotechnology,
Bethesda, MD)/EMBL (European Bioinformatics Institute, Cam-
bridge, UK)/DDBJ (Center for Information Biology, National
Institute of Genetics, Mishima, Japan)/PDB (Brookhaven National
Laboratory, Upton, NY) database; individual germ-line genes were
identified by comparing with related germ-line V region
sequences. The nucleotide sequence of Vk21D is not available in
any database to the best of our knowledge. Therefore only the
amino acid sequence of this germ-line Vk gene is shown in Fig. 2b.

V gene usage and somatic hypermutation of five mAb

In Table 2, the V gene family of VH and VL and the putative germ-
line genes used by V, D and J gene segments of the heavy and light
chains are listed. Among the five VH sequences, V gene segments
from three families were used: TE1 and TE2 used gene segments of
VH61–1P and VH98–3G from the 7183 family; 4C8 and 2A1 used
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Table 1. Primers for V region genes of heavy and light chains

Primers for VH
VH-BACK: 5'-AGGT(G/C)(A/C)A(A/G)CTGCAG(C/G)AGTC(T/A)GG-3'

PstI
JH-FOR: 5'-TGAGGAGACGGTGACCGTGGTCCCTTGGCCCCAG-3'

BstEII
Primers for VL

Vk-BACK: 5'-GACATTGAGCTCACCCAGTCTCCA-3'
SacI

Jk-FOR: 5'-GTTTGATCTCGAGCTTGGTGCC-3'
XhoI

Figure 2. (Page 319.) Nucleotide sequences and deduced amino acid sequences of the VL of the four anti-TCS mAb and of their germ-line counterparts. (a)
TE2, (b) TE1, 4C8 and 2A1; same legend as Fig. 1. The positions of primers Vk-BACK and Jk-FOR are indicated. Only the amino acid sequence of Vk21D is
shown; nucleic sequences of 4C8 VL and 2A1 VL are compared to that of TE1 VL. Sequences of germ-line genes: Vk21A,24 Vk21D,25 Jk sequences.26



the VH207 gene segment from the 36–60 family; 1G4 used the
VH205.12 segment from the J558 family. Various DH (DSP2,
DFL16 and DQ52) and JH (JH2, JH3 and JH4) genes were used
equally by the five heavy chains, with a high occurrence of
mutations in the D segments. The V gene usage in light chains was
quite different from the diverse usage shown in heavy chains. They
all used the gene segments from one gene family, Vk21, and also
used the same Jk gene segment, Jk1. Although the four light chains
all used V segments from the Vk21 family, they used different
germ-line genes. The light chain of TE2 used Vk21A, while TE1,
4C8 and 2A1 used Vk21D. The frequencies of mutations in these
anti-TCS antibodies were fairly low except for 1G4, which had
nine replacement mutations in its VH region.

Comparison of the homology of the heavy and light chains of
the antibodies

Competitive binding assays indicated that the five mAb all bound to
similar or related sites on TCS molecule, but only three of them,
TE1, 4C8, 2A1, had cross-reactive idiotypes, because they all could
be recognized by AId6C5. Thus we compared the homology of the
variable region of the five mAb in order to determine their
relationship (Table 3). The results showed that V genes of light
chains were much more conserved than that of the heavy chains.
For three mAb with the cross-reactive idiotype Id6C5, TE1, 4C8,

2A1, the homology among V genes of heavy chains varied
significantly from 64.7% to 95.2%. However, the V genes of light
chains were highly homologous, with variations within 98.2–
99.4%. A comparison of the deduced amino acid sequences of the
VL of the antibodies is shown in Fig. 3. These sequences were of
high homology.

DISCUSSION

This study shows that the V gene usage in heavy chains is quite
diverse, while the light chains of anti-TCS mAb are highly
conserved. The anti-TCS mAb used the same Vk gene family
(Vk21) and the same Jk segment (Jk1). It is postulated that the light
chain not only associates with the heavy chain to form the complete
antibody structure, but also plays a more important role in antigen
binding. Lotscheret al.27 studied the relationship between fine
specificities of anti-phosphocholine antibodies and VJ usage of light
chains. They found that antibodies with different specificities used
different Vk–Jk genes, which suggested that light chains had a strong
influence on specificity. Buenafeet al.28 also indicated that, on
contact with antigens with aromatic structures, a certain light chain
gene family (Vk1) played an important role in determining
specificity. Furthermore, analysis of the relationships between the
homology of the VL genes and the cross-reactive idiotype Id6C5
indicated that the three mAb (TE1, 4C8, 2A1) recognized by AId6C5
displayed higher homology among themselves than observed with
TE2. The heavy chain sequences of the three Id6C5+ mAb (TE1,
2A1, 4C8) showed few common amino acids, while the light chain
sequences shared 19 amino acids that were different from TE2
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Table 2. The characteristics of V region genes of five anti-TCS mAb

Hybridoma cell line

TE1 TE2 4C8 1G4 2A1

Gene usage VH family 7183 7183 36–60 J558 36–60
VH germ-line segment VH61–1P VH98–3G VH207 VH205.12 VH207
D germ-line segment DSP2.6–DSP2.3 DFL16.2 DSP2.9c–DFL16.2c DQ52c DFL16.1e
JH germ-line segment JH4 JH3 JH3 JH2 JH3
VL family Vk21 Vk21 Vk21 — Vk21
VL germ-line segment Vk21D Vk21A Vk21D — Vk21D
JL germ-line segment Jk1 Jk1 Jk1 — Jk1

CDR3 length (amino acids) Heavy chain 14 6 9 8 10
Light chain 10 9 9 — 9

Number of mutations (nt) VH 2 1 2 13 3
VL — 2 — — —

Number of mutations VH 0 1 2 9 3
(amino acids) VL 0 2 2 — 1

nt, nucleotides.

Table 3.Comparison of homology of the V region of heavy and light chains
of the five anti-TCS mAb (%)

VH TE1 TE2 4C8 1G4 2A1
VL

TE1 86.4 64.7 66.1 67.2
TE2 90.7 68.1 73.2 65.8
4C8 98.2 91.0 62.4 95.2
1G4 — — — 64.4
2A1 98.8 91.6 99.4 —

Table 4. The first two predicted determinants

�1 �1 71 �1 Net charge
Determinant 1 172–177 Gly-Lys-Arg-Val-Asp-Lys �2

�1 71 �1 �1
Determinant 2 97–102 Lys-Asp-Ala-Met-Arg-Lys �2



(Fig. 3). Some of these shared amino acids (especially the seven
common amino acids in CDR1) may possibly provide the structural
basis of the cross-reactive idiotype recognized by AId6C5.

Previous competitive antibody-binding ELISA have suggested
that the five mAb might recognize similar or related determinants.
Calculations performed using theANTIGEN program of PC/GENE
(IntelliGenetics Inc., Mountain View, CA) indicated that there are
three possible antigenic determinants on the TCS molecule. The
first two predicted determinants, with 100% and 67% probability,
respectively, are as shown in Table 4.

On the other hand, use ofCHARGPROprogram in PC/GENE to
calculate the charge properties of CDR and the pI value of the V
regions of the four light chains and the four corresponding heavy
chains, indicated that the net charge of three CDR varied from 0 to
–5 in the light chains and 0 to + 3 in the heavy chains. The
calculated pI values showed that the V region of light chains was
strongly acidic, 4.23–5.59, while that of the heavy chains was
strongly basic, 8.91–9.67. TCS is a basic protein with a pI value of
9.4,2 and the two predicted determinants each carries two net
positive charges. This result suggests that the light chains may bind
to TCS through ionic bonds.
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