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Abstract

A gene, rBmK Cta, encoding a chlorotoxin-like peptide from the scorpion, Buthus martensii Karsch, was
synthesized according to the sequence optimized for codon usage in Escherichia coli and was expressed in
E. coli BL21 (DE3) using a pExSecI expression system in which the IgG-binding domain-ZZ of protein A is
fused to the N-terminal of rBmK CTa. The fusion protein, ZZ-rBmK CTa, was expressed in soluble form
(7.8 mg l)1) and was purified to give a single band on SDS-PAGE. The domain-ZZ of fusion protein ZZ-
rBmK CTa was removed by cleavage of an Asn–Gly peptide bond with hydroxylamine. The rBmK CTa
was separated from the IgG-binding moiety by a second passage through the IgG affinity column. Western
blot analysis demonstrated that this protein was rBmK CTa. Acute toxicity assay in mice demonstrated
that the rBmK CTa had an LD50 value of 4.3 mg kg)1.

Introduction

Scorpion venoms are a particularly rich source of
small, mainly neurotoxic proteins or peptides
interacting specifically with various ionic chan-
nels in excitable membranes (Goudet et al. 2002).
Buthus martensii Karsch (BmK) is a representa-
tive species of scorpion in northwestern China,
Mongolia and Korea (Ji et al. 1999). Its neuro-
toxins have been widely studied in recent years,
including investigations into their physiological
and biological functions, pharmaceutical proper-
ties and primary and three-dimensional structures
(Xiong et al. 1997, Feng et al. 1999). According
to their molecular sizes, these neurotoxins can be
divided into long- and short-chain neurotoxins
(Jia et al. 2000). Short-chain toxins are composed
of 30–40 amino acid residues and are mainly
cross-linked by three or four disulfide bridges

and are mostly active on K+ or Cl– channels.
The peptides, which are a potent block of small
conductance Cl– channels in excitable cells, are
called chlorotoxin. The first chlorotoxin-like pep-
tide gene has been cloned and sequenced from
the venom of BmK (Wu et al. 2000). This 35-mer
peptide is cross-linked by four disulfide bridges
and shares 66% of its identity with the sequence
of chlorotoxin, an inhibitor of small-conductance
Cl– channels from the scorpion Leiurus quinque-
striatus, which was purified and characterized by
DeBin et al. (1993). The exact sub-type of Cl–

channels that is affected by BmK CT remains to
be identified (Maertens et al. 2000).

In this study, a nucleotide sequence of this
chlorotoxin-like peptide was synthesized with a
sequence optimized for codon usage in Escheri-
chia coli with the expectation that this would re-
sult in abundant expression. A simple and
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efficient purification protocol was designed to get
a soluble and functional form of rBmK CTa,
which could be used to study the pharmaceutical
function of this neurotoxin. Acute toxicity testing
was performed using a modified LD50 assay
(Meier & Theakston 1986). Using this test, it is
possible to obtain an LD50 using only 8–10
experimental animals, instead of 30 or more.

Materials and methods

Materials

The pExSecI expression system was constructed
by Brünen-Nieweler et al. (1994) and kindly pro-
vided by Prof. K. Heckmann. The plasmid con-
taining BmK CT gene was kindly provided by
Prof. C.W. Chi, Institute of Biochemistry and
Cell biology in the Chinese Academy of Science.
IgG-Sepharose 6 Fast Flow was purchased from
Pharmacia biotech (Sweden).

Synthesis of BmK CT cDNA sequence according
to the partial genetic codes of E. coli

The BmK CT gene has been isolated previously
(Zeng et al. 2000) and its nucleotide sequence has
been submitted to GenBank database with the
accession number AF 135821. In order to get
high-level expression in E. coli, the BmK CT
gene sequence was modified, in which 24 residues
(shown in boxes) were replaced according to the
codon usage of E. coli:

5¢-ATG TGC GGT CCG TGC TTC ACT
ACT GAC GCT AAC ATG GCT AGA AAA
TGC AGA GAA TGC TGT GGT GGT ATC
GGT AAA TGC TTC GGT CCG CAG TGC
CTG TGC AACCGT ATC TGA )3¢

Design of primers and synthesis of recombinant
BmK CT artifact (rBmK CTa)

According to the mutated cDNA sequence of
BmK CT, four primers was designed to synthe-
size rBmK CTa:

Primer 1: 5¢-ATGTGCGGTCCGTGCTTCACTAC-
TGACGCTAACATGGCTAGA-3¢

Primer 2: 5¢-ATGCTGTGGTGGTATCGGTAA-
ATGCTTCGGTCCGCAGTGC-3¢

Primer 3: 5¢-ACCACAGCATTCTCTGCATTTT-
CTAGCCATGTTAGCGTCA-3¢

Primer 4: 5¢-TCAGATACGGTTGCACAGGCA-
CTGCGGACC-3¢

The rBmK CTa gene was obtained by using a
PCR method. The PCR product was subcloned
into a pGEM-T Easy vector and this cDNA
sequence was determined by TaKaRa Biotech-
nology Company.

Construction of expression vector pExSecI-rBmK
CTa and expression of ZZ-rBmK CTa in E. coli

The gene, rBmK CTa, was subcloned into an
expression vector, pExSecI, using PCR. Corre-
sponding to the coding region of the cDNA
sequence, a pair of primers, rBmK CTa (hydrox-
ylamine-EcoRI): 5¢-AGC GAATTC G AAT

GGG ATG TGC GGT CCG TGC-3¢ and rBmK
CTa (BamHI): 5¢-GGG GAT CCT CAG ATA
CGG TTG CAC AG-3¢ with EcoRI and BamHI
restriction sites were designed. The sequence of
rBmK CTa (hydroxylamine-EcoRI) coding for
Asn–Gly is written in bold letters. The Asn–Gly
motif allows for removal of the domain-ZZ of
the fusion protein ZZ-rBmK CTa by cleavage
with hydroxylamine. The PCR product and plas-
mid pExSecI were digested with EcoRI and Bam-
HI, respectively, and the ligation reactions were
performed for obtaining the expression re-
combinant plasmids pExSecI-rBmK CTa (Fig-
ure 1). The plasmids were then transformed into
E. coli BL21 (DE3) by the heat-shock method.
The induction of expression was carried out at
16 �C for about 10 h with 0.4 mM IPTG.

Purification, cleavage of fusion protein
and Western blot analysis

Cells were harvested by centrifugation at 8000�g
for 10 min and the supernatant, where the fusion
protein was secreted, was retained. As shown in
Figure 1, the IgG binding domain-ZZ of Protein
A is fused to the N-terminal of rBmK CTa. Sub-
sequently, the supernatant was applied to 10 ml
IgG-Sepharose 6 Fast Flow reagent which was
previously equilibrated with Tris/saline/Tween 20
buffer (pH 7.6), it was then blended in the rock-
ing machine at 4 �C for about 1 h to make the
ZZ-rBmK CTa attached to the IgG-Sepharose.
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After washing with 20 ml 5 mM ammonium
acetate buffer (pH 5.0), the IgG-Sepharose was
eluted with 20 ml 0.5 mM acetic acid (pH 3.4).

The solution of 2 M hydroxylamine hydrochlo-
ride and 0.2 M Tris base was titrated to pH 9.0 at
45 �C with NaOH. The protein was dissolved in
this solution to give 5 mg ml)1. After incubation
at 45 �C for 4 h, the reaction was terminated by
lowering the temperature to room temperature
and by acidifying with HCl to 8.0. The buffer was
exchanged by affinity chromatography (Moks et al.
1987). After cleavage, the target protein could be
separated from the IgG-binding moiety by a sec-
ond passage through the IgG affinity column.

The Western blot was probed with rabbit
anti-scorpion neurotoxin polyclonal antibody as
the first antibody as prepared by the Institute

of Zoology in the Chinese Academy of Sci-
ence. The peroxidase-conjugated goat anti-rabbit
IgG (H+L) (ZhongShan Biotechnology Co.,
Ltd., China) was used as the second antibody.
Bound antibodies were detected with the DAB
Kit according to the manufacturer’s instructions
(ZhongShan Biotechnology Co., Ltd., China).

Approximate LD50 determinations of rBmK CTa
using experimental mice

A method was described for the assessment of le-
thal toxicity of venoms using a modified LD50 as-
say (Meier et al. 1986). Nine 12–14 g male white
mice were used for each test. Survival times after
injection of different doses of rBmK CTa in mice
were recorded to the nearest 5 s.

Fig. 1. Construction of expression plasmid pExSecI-rBmK Cta. The physical and genetic maps of pExSecI are shown in this figure.
Kanamycin resistance gene, T7 regulatory sequences, signal sequence and ZZ sequence of protein A, origin of replication, M13 IR
region and multiple cloning site are represented. The rBmK CTa gene was fused with S-ZZ via the EcoRI/BamHI linker. To omit
the rBmK CTa leader sequence, rBmK CTa was amplified with two primers, one of which contains the codons for Asn–Gly and
an EcoRI site. The Asn–Gly motif allows cleavage of the corresponding fusion protein with hydroxylamine.
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Results and discussion

Construction of pGEM-T Easy-rBmK CTa

rBmK CTa gene was synthesized and cloned into
pGEM-T Easy vector successfully (Figure 2A).
The DNA sequence determination confirmed that
rBmK CTa was synthesized correctly.

Construction of expression plasmid
pExSecI-rBmK CTa

According to the construction of expression
plasmid pExSecI-rBmK CTa (Figure 1), pEx-
SecI-rBmK CTa was digested with EcoRI and
BamHI. The agarose gel-electrophoresis analysis
(Figure 2B) and DNA sequence determination
confirmed the correct fusion of linker and the
target gene in the vector pExSecI.

Expression, purification, cleavage and Western
blot analysis of rBmK CTa

The induction of expression was carried out at
16 �C for about 10 h with 0.4 mM IPTG. SDS-
PAGE analysis showed that the rBmK CTa was
expressed in soluble form. The result of integral

analysis (GeneTools software, U.S.A.) showed
that the quantity of this peptide reached 19.9%
in the total expressed proteins of E. coli BL21
(DE3)/ pExSecI-rBmK CTa (Figure 3A, lanes 1
and 2), while the expression level of the corre-
sponding peptide in the stain containing unmodi-
fied BmK CT gene (E. coli BL21 (DE3)/pExSecI-
BmK CT) only accounted for 9.1% (Figure 3A,
lane 3). The expressed ZZ-rBmK CTa was
harvested and initially purified by the IgG-
Sepharose 6 Fast Flow chromatography. 15%
SDS-PAGE analysis showed a band with the
molecular weight of 18 kDa (Figure 3A, lane 4),
corresponding to the calculated molecular weight
of ZZ-BmK CTa. Following the above purifica-
tion scheme, about 7.8 mg ZZ-rBmKa CT was
obtained from 1-l Luria-Bertani (LB) culture
medium. This fusion protein was cleaved com-
pletely with hydroxylamine at 45 �C for 4 h
(Figure 3B, lane 3). After cleavage, a band of
about 13 kDa (Figure 3B, lane 2) was separated
from ZZ protein by a second passage through
the IgG-Sepharose 6 Fast Flow chromatography.
The yield of affinity-purified protein was
1.4 mg l)1 of culture, estimated by the Bradford
method. Subsequently, Western blot analysis
showed the anti-scorpion neurotoxin polyclonal

Fig. 2. (a) Synthesis of rBmK CTa and cloning into pGEM-T Easy vector. Mr: Gene RulerTM 100bp DNA Ladder plus (MBI
Fementas); lanes 1,2: Synthesis of the former and back half of rBmKCTa, respectively; lane 3: Synthesis of rBmK CTa by using
former and back half of rBmK CTa; lane 4: recombinant plasmid of pGEM-T Easy-rBmK CTa; lane 5: PCR production by pri-
mer 1 and primer 4; lane 6: recombinant plasmid pGEM-T Easy-rBmK CTa digested by EcoRI; lane 7: recombinant plasmid
pGEM-T Easy-raBmK CTa digested by XhoI. (b) Analysis of the recombinant pExSecI-rBmK Cta. Mr1: 1 kb DNA Ladder (MBI
Fementas); lane 1: recombinant plasmid pExSecI-rBmK CTa; lane 2: PCR product ; lane 3: recombinant plasmid pExSecI-rBmK
CTa digested by EcoRI and BamHI; Mr2: Gene RulerTM 100 bp DNA Ladder plus (MBI Fementas).
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antibody reacted specifically with this affinity-
purified protein (Figure 3C). The result suggested
that the band of 13 kDa could be the tetramer of
the recombinant rBmK CTa.

Many attempts at the expression of scorpion
neurotoxins in various systems have been re-
ported, including those of E. coli (Zilberberg
et al. 1996, Pang et al. 1992), yeast (Feng et al.
1999, Zilberberg et al. 1996, Martin-Eauclaire
et al. 1994), insect cells and mammalian cells
(Bougis et al. 1989, Carbonell et al. 1998, Dee
et al. 1990). Most of them were not very suc-
cessful because of either the low level of produc-
tion or the production of a nonfunctional
protein. Recently we expressed the gene encod-
ing BmK Mm2 using the pExSecI expression
system and got the fusion product ZZ-BmK
Mm2 at 1.6 mg l)1 (Fu et al. 2004). In this
study, we obtained the soluble form of a chloro-
toxin-like peptide, rBmK CTa, using this pEx-
SecI expression system. Because of the relatively
protein-free property of the LB medium, it is
easier for us to design this simple and efficient
purification protocol as described. The expres-

sion level of the fusion protein ZZ-rBmK CTa
reached to 7.8 mg l)1 by using the sequence
optimized for codon usage in E. coli. After
cleavage with hydroxylamine about 1.4 mg l)1

rBmK CTa was obtained and provided the valu-
able material for further study.

Acute toxicity analysis

The results of observed data, including the calcu-
lated dose versus survival time (D/T), for each
animal is shown in Table 1. According to this
calculation method, the approximate LD50 was
obtained (Table 2). Acute toxicity assay using
nine mice demonstrated that the rBmK CTa had
toxicity against animals with an LD50 value of
4.3 mg kg)1.

The main advantage of the method is that it
permits the use of far fewer experimental ani-
mals. As classical LD50 experiments, owing to
their high level of variability, are far from satis-
factory, a change to the approximate method of
LD50 assays is suggested for scientific, economic
and ethical reasons.

Fig. 3. (a) Expression and purification of the ZZ-rBmK CTa and ZZ-BmK CT protein produced in E.coli BL21 (DE3). Mr: Pro-
tein molecular weight marker (MBI Fementas); lanes 1,2: the total expressed proteins of two different clones of E. coli BL21
(DE3)/pExSecI-rBmK CTa at 4 h. The arrow showed the expression product ZZ-rBmK CTa, The results of integral analysis
(GeneTools software, U.S.A.) showed that the quantity of this peptide reached to 19.9% in the total expressed proteins; lane 3: the
total expressed proteins of E. coli BL21 (DE3) /pExSecI-BmK CT at 4 h, the quantity of this peptide only accounted for 9.1% in
the total expressed proteins; lane 4: the purified fusion protein by IgG-sepharose 6 Fast Flow system. (b) Tricine-SDS-PAGE elec-
trophoresis analysis of the purified and cleavaged fusion protein. Mr: Benchmark pre-stained protein ladder (Gibco BRL, U.S.A.)
lane 1: total cell extracted proteins which were inducted with IPTG for 4 h; lane 3: cleavaged fusion protein by hydroxylamine;
lane 2: purified rBmK CTa by a second passage through the IgG affinity column. (c) Western blot analysis. Lanes 1–4: the same as
in Figure 3(B).
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Conclusions

We have established an efficient system for
expression and purification of a chlorotoxin-like
peptide, rBmK CTa, from BmK. Mice were used
to test the biological activity of the expressed
rBmK CTa. The result of the acute toxicity
showed that the expressed rBmK CTa was active
and the LD50 was 4.3 mg kg)1. The availability
of this chlorotoxin-like peptide should be useful
to study the mechanism of its binding and action
on chloride channel selectively.
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