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Abstract

Heterologous expression is an efficient alternative to
conventional extraction to produce a specific Buthus martensii
Karsch (BmK) peptide. In this work, BmK1 was successfully
expressed in Escherichia coli after genetic codon optimization,
but BmK1 content was <6% of total cellular protein. To
improve BmK1 expression, a trc promoter library with a wide
relative strength was constructed, and three promoters, PpJF136
(0.55), PpJF325 (1.29), and PpJF288 (2.31), were selected to control
BmK1 expression. A higher BmK1 expression (>13.9% of total
protein) was obtained using a stronger promoter, PpJF325.
Furthermore, a maximum BmK1 content (>21.7% of total
protein) was obtained by combining promoter PpJF325 and

three copies of the BmK1 gene. The yield of the purified BmK1
achieved 196.74 mg L−1 in E. coli BL21(DE3) pJF431, which was
improved 2.09-fold compared with the control. This was the
highest reported production of scorpion peptides in E. coli.
C© 2013 The Authors. Biotechnology and Applied Biochemistry published by
Wiley Periodicals, Inc. on behalf of the International Union of Biochemistry
and Molecular Biology, Inc. Volume 61, Number 4, Pages 466–473, 2014

This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the
use is non-commercial and no modifications or adaptations are made.

Keywords: BmK1, heterologous expression, promoter engineering, copy
number, scorpion venom

1. Introduction
Channelopathies are diseases caused by functional distur-
bances of ion channels subunits or the proteins that regu-
late them. Each channelopathy can play an important role
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in a number of different diseases, for example, the sodium
channelopathies, including paramyotonia congenita, adynamia
episodica hereditaria, and myotonia fluctuans. Multiple drugs
targeting at the specific ion channels have been designed to
treat these diseases [1]. Chinese scorpion Buthus martensii
Karsch (BmK) venom is a source of neurotoxins that bind to
various ion channels with high affinity and specificity. These
neurotoxins are widely used to modulate signal transduction
and channel gating [2]. For example, BmK1, a key chlorotoxin-
like peptide and an alpha-like toxin, is a novel blocker of the
sodium ion channel [3]. As potential therapeutic agents, BmK
peptides have received increasing attention in recent years. In
China, scorpion toxin as a traditional Chinese medicine could
be traced to almost 2,000 years ago. Although BmK is a scor-
pion species that has widespread distribution from the north of
the Yangzi River in China to Mongolia and the Korean penin-
sula, traditional extraction from BmK is still not a simple and
economic method to massively produce a specific BmK peptide
for treating a specific disease. Thus, heterologous expression
is a potential alternative for the production of various BmK
peptides [4–6].
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The common host for heterologous expression of BmK
toxin is Escherichia coli [4], and only a few studies have used
yeast and plant as expression hosts [7,8]. However, all studies
have been carried out on heterologous expression of BmK
peptide toxins at a low level (<10 mg L−1) in microbial hosts
[2, 5, 6], and there also has been no systematic investigation
into improving heterologous expression of BmK peptides. To
improve heterologous small peptide expression, gene dosage
strategy is one of the major methods, and multicopy strains al-
ways significantly improve the expression level of recombinant
proteins. Kim et al. [9] deployed this strategy to achieve the
maximum expression level (∼60 mg L−1) at the four copies of
lactoferricin gene. However, in some cases, it could reduce pro-
tein expression with an increase in gene dosage, for example,
cationic antimicrobial peptide lactoferricin [9], suggesting that
an optimal copy number should be considered because of other
potential bottlenecks of protein expression such as metabolic
burden, product toxicity, and transcriptional stability [10], as
well as protein, translation, and degradation [11].

Promoter engineering has been widely used in the
metabolic engineering area in the past decade [12, 13]. For
example, a characterized library of promoter was used to
assess the effect of phosphoenolpyruvate carboxylase levels on
cell growth and deoxy-xylulose-P synthase levels for lycopene
production in E. coli [13]. The multifaceted characterization of
promoter strength enables the identification of optimal expres-
sion levels of targeted genes to achieve the best desired cellular
performance. Promoter engineering enables precise control of
gene expression in a broad range of activities and identifies
an optimal gene expression level for the desired product. Pro-
moter engineering is thus a valuable toolbox for fine-tuning
gene expression at the transcriptional level, especially in the
case of the peptide expression process to alleviate the severe
metabolic burden on the hosts.

In this work, by means of BmK1 as a model, we combined
promoter engineering and gene dosage strategy to systemat-
ically optimize the expression level of BmK1 in E. coli, and
eventually, the actual yield of purified BmK1 was 196.74 mg
L−1. To our knowledge, this is the first report on improv-
ing expression of BmK peptides in E. coli through promoter
engineering and gene dosage strategy.

2. Materials and Methods
2.1. Strains, expression vectors, and other materials
All primers and plasmids used in this study are listed in Table 1.
E. coli DH10B (Promega, Beijing, China) was used for plasmid
construction, promoter library construction, and character-
ization. E. coli BL21(DE3) was used for peptide expression.
Plasmid pTrcHis2B (Invitrogen, Shanghai, People’s Republic of
China) harboring trc promoter and its mutated promoter library
was constructed and preserved in our laboratory. PrimeStar
DNA polymerase, restriction endonucleases, T4 DNA ligase,
and protein ladder were purchased from Takara Biotechnology
(Dalian, People’s Republic of China). Plasmid DNA isolation
and DNA gel purification were performed using AxyPrep Plas-

mid Miniprep and AxyPrep DNA gel extraction kits (Axygen
Biosciences, Union City, USA). DNA primers, bovine serum
albumin (BSA), and all other regents were provided by Sangon
Biotech (Shanghai, People’s Republic of China). The working
concentration of ampicillin was 100 mg L−1.

2.2. General DNA manipulation of plasmids and
construction of promoter library
General DNA manipulations of plasmids and promoter library
construction, competent cell preparation, and transformation
were performed according to the standard protocols [14]. The
codon-optimized gene of BmK1 was synthesized by Generay
Biotech (Shanghai, People’s Republic of China) and ligated
into the NcoI and HindIII sites of pTrcHis2B to create pJF391
(Table 1). Error-prone PCR amplification of trc promoter and
RBS region in pTrcHis2B was performed using a JBS Error-
Prone Kit PP101 (Jena Science, Jena, Germany) with trc-F and
trc-R primer pair. The backbone of reporter vector pJF07 was
PCR amplified using PrimeStar DNA polymerase with pJF07-F
and pJF07-R primer pair. Both PCR products were gel purified,
ligated together, and transformed into DH10B-competent cells.
The transformants were spread onto a LB agar plate and
cultivated overnight at 37 ◦C for 16 H for further screening.

To fine-tune gene expression of BmK1 peptide, a DNA
fragment of the BmK1 gene from pJF391 was inserted into
the NcoI and HindIII sites of pJF136, pJF325, and pJF288
containing various mutated trc promoters to construct pJF392,
pJF393, and pJF396, respectively. To construct the multicopy
expression cassettes, the gene BmK1 plus RBS region was PCR
amplified from pJF391 using BmK1-F and BmK1-R primer pair.
The purified PCR product was digested by XbaI and HindIII
and inserted into the SpeI and HindIII sites of pJF393 to
construct pJF430. Plasmids pJF431 and pJF432 were created
by additional one and two copies of BmK1 gene insertion into
pJF430. The identity of each construct was confirmed by DNA
sequencing.

2.3. trc promoter library construction and
characterization
For primary screening, transformants were picked into a 48-
deep-well plate and cultivated at 37 ◦C and 250 rpm for 8 H with
each well harboring 0.5 mL LB medium (0.1 mM IPTG). The
OD600 value and green fluorescent signal (excitation/emission
wavelength, 485/535 nm) of 100 µL culture were quantified by
a Thermo Scientific microplate spectrophotometer (Shanghai,
People’s Republic of China ). For the convenience of comparison,
we used the relative strength [15] to represent the strength of
a mutated sequence, which was defined and calculated as

S=

(
F

OD600

)
clone

−
(

F
OD600

)
pTrcHis2B(

F
OD600

)
pJF07

−
(

F
OD600

)
pTrcHis2B

where S is the relative strength of the promoter, F is the
intensity of the fluorescent signal, pTrcHis2B is the control, and
pJF07 represents the wild-type trc promoter.
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TABLE 1
Plasmids and primers used in this study

Name Information

pTrcHis2B Invitrogen plasmid with wild-type trc promoter

pJF07 pTrcHis2B-derived plasmid with a gfp gene inserted into BamHI and EcoRI

pJF136 pTrcHis2B-derived plasmid with a mutated trc promoter (PpJF136, 0.55) and a gfp gene inserted into BamHI and EcoRI

pJF288 pTrcHis2B-derived plasmid with a mutated trc promoter (PpJF288, 2.31) and a gfp gene inserted into BamHI and EcoRI

pJF325 pTrcHis2B-derived plasmid with a mutated trc promoter (PpJF325, 1.29) and a gfp gene inserted into BamHI and EcoRI

pJF391 pTrcHis2B plasmid with a BmK1 gene inserted into NcoI and HindIII

pJF392 Removed gfp gene from pJF136 and inserted BmK1 gene into NcoI and HindIII

pJF393 Removed gfp gene from pJF325 and inserted BmK1 gene into NcoI and HindIII

pJF396 Removed gfp gene from pJF288 and inserted BmK1 gene into NcoI and HindIII

pJF430 Two copy expression cassette, inserted additional copy of BmK1 gene into pJF393

pJF431 Three copy expression cassette, inserted additional copy of BmK1 gene into pJF430

pJF432 Four copy expression cassette, inserted additional copy of BmK1 gene into pJF431

BmK1-F 5′CTAGTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATATACATATGCACCATCATCATCATCA3′

BmK1-R 5′CCCAAGCTTCTGCAGACTAGTTTAGTCAGAACGACCCGCCGG3′

pJF07-F 5′CGGGATCCAATGCGTAAAGGAGAAGAAC3′

pJF07-R 5′ATAAGAATGCGGCCGCATGATGTCGGCGCAAAAAACATTATC3′

trc-F 5′ATAAGAATGCGGCCGCAACGGTTCTGGCAAATATTCTGAAAT3′

trc-R 5′TCTCCTTTACGCATTGGATCCATGG3′

Restriction sites are underlined and sequence between restriction sites in italics is the RBS region.

Fifteen clones with a wide and scattered strength span
were selected and precisely quantified by flow cytometry
(FACSCalibur flow cytometer; Bection Dickinson, Shanghai,
People’s Republic of China) using a clone containing pTrcHis2B
as control. For flow cytometry assay, 1% of overnight culture
was inoculated into 1 mL LB medium containing 0.1 mM IPTG
and 100 µgmL−1 ampicillin in 15 × 150mm tube, and cultivated
at 37 ◦C for 3 H. For promoter leaky expression quantification,
no IPTG was added during the cultivation. The culture was
diluted to a concentration of 106–107 cells mL−1 with ice-cold
phosphate-buffered saline buffer. Each clone was sampled with
20,000 events, and the geometric mean (Gmean) of fluorescent
signal was calculated by statistics. The relative strength [15] of
promoter was calculated by the following formula:

S= Gmeanclone

GmeanpJF07

2.4. Peptide BmK1 expression
All plasmids containing the BmK1 gene were transformed into
E. coli BL21 (DE3) cells for peptide expression. A single clone

was preinoculated into 2 mL LB medium containing 100 µg
mL−1 ampicillin and grown at 37 ◦C overnight at 220 rpm. One-
hundred microliters of preculture was inoculated into 10 mL
of fresh LB medium containing 100 µg mL−1 ampicillin and the
desired concentration of IPTG for induction. The culture was
incubated at 37 ◦C and 220 rpm, and sampled at 0.5, 1, 1.5, 2.0,
3, 4, 5, and 6 H after induction, respectively. The large-scale
expression process for BmK1 purification was carried out in a
2 L shake flask containing 1 L of LB medium and induced with
0.1 mM IPTG. To avoid the peptide degradation, all samples
were centrifuged and cell pellets were stored at −20 ◦C in a
freezer immediately.

2.5. Cell growth assay, BmK1 purification, and
quantification
Cell growth was determined by measuring optical density at
600 nm (OD600). Tricine–SDS-PAGE [16] was used for BmK1
separation because of its low molecular weight of 9.94 kDa.
Cell pellets were resuspended and adjusted to the same
concentration with distilled water. The initial voltage of the
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FIG. 1
Codon optimization and expression cassette
construction. (A) DNA sequence alignment
between original and optimized BmK1 gene.
(B) The entire open reading frame of the
recombinant BmK1 gene.

electrophoresis was 30 V. When the sample completely entered
the stacking gel, the voltage was changed to 90 V until the
bromophenol blue band reached to the bottom of the gel. The
gel was stained with coomassie dye and decolorized using a
destained solution containing 5% acetic acid and 10% ethanol.
The destained gel was imaged by the Tanon 2500R gel-imaging
system (Tanon Science & Technology, Shanghai, People’s Re-
public of China). To rapidly evaluate the BmK1 expression
level in different constructs, the relative content of BmK1 (the
relative ratio of BmK1 to total cellular protein) was quantified
using the integral analysis method with the GIS 1-D software
(Tanon), which was used for the quantification of recombinant
BmK peptides by Fu et al. [17].

To purify BmK1 peptide, 1 L of culture was centrifuged and
cell pellets were resuspended in 50 mL NTA-0 buffer (20 mM
Tris–HCl, pH 7.9, 0.5 M NaCl). The cells were lysed by a high-
pressure homogenizer (ATS Engineering, Shanghai, People’s
Republic of China), and the supernatant was separated by
centrifugation (12,000g, 20 Min) at 4 ◦C. Two milliliters of Ni2+-
NTA agarose resin (Invitrogen) was added into the supernatant,
and the BmK1 peptide was absorbed at 4 ◦C for 30 Min with
slightly shaking. Then, Ni2+-NTA agarose resin was loaded onto
the column (16 × 200 mm) and the column was sequentially
washed with five column volumes of NTA-0 buffer, NTA-20
buffer (NTA-0 buffer with 20 mM imidazole), and NTA-60
buffer (NTA-0 buffer with 60 mM imidazole). BmK1 peptide
was selectively eluted with five column volumes of NTA-250
buffer (NTA-0 buffer with 250 mM imidazole). The Bradford
method was used to directly quantify the purified BmK1 peptide
using BSA as the standard [6].

3. Results
3.1. BmK1 expression in E. coli
A DNA sequence of BmK1 deposited in EMBL database (acces-
sion number: AAD39510) was optimized for E. coli expression
by a Web-based program optimizer [18]. Rare codons of the
BmK1 gene were optimized, including nine codons for glycine

and six codons for arginine (Fig. 1A). Additionally, to simplify
the purification process, the optimized BmK1 gene was fused
upstream with a 6× His tag. To easily remove the His tag
after purification, an enterokinase recognition site DDDDK was
inserted between a 6× His tag and BmK1 peptide. The entire
open reading frame of the recombinant BmK1 gene is shown in
Fig. 1B.

To achieve efficient expression of BmK1, a commercially
available strong promoter trc was initially used to control
the expression of a single-copy BmK1 gene. After 6 H of
induction with 0.1 mM IPTG, BmK1 was successfully expressed,
accounting for 4%–6% of total protein, with varied culture
temperatures of 22, 30, and 37 ◦C, respectively (Fig. 2A). It
is indicated that the temperature does not significantly affect
BmK1 expression, but the biomass of cultivation at 37 ◦C was
much greater than those at the lower temperatures. We further
investigated the effect of IPTG concentration at 37 ◦C. As for

FIG. 2
Expression of BmK1 using commercially available
trc promoter. (A) Effect of temperature on BmK1
expression. Lane C, control strain E. coli BL21
(DE3) pTrcHis2B at 37 ◦C; lanes 1–3, BmK1
expression at 22, 30, and 37 ◦C, respectively.
(B) Effect of IPTG addition on BmK1 expression.
Lane C, control strain; lanes 1–4, expression at 0.1,
0.5, 1.0, and 2.0 mM of IPTG, respectively.
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FIG. 3
Precise characterization of trc promoter library.

BmK1 expression, induction with 0.5 or 0.1 mM IPTG was
obviously better than higher IPTG concentration (Fig. 2B).
Considering that cell growth of 0.1 mM IPTG was slightly better
than 0.5 mM IPTG, the following study for BmK1 expression
was carried out at 37 ◦C with 0.1 mM IPTG. The content of
BmK1 reached 6.12% after 6 H induction using 0.1 mM IPTG
at 37 ◦C; and cell growth slightly lagged behind the control
(BL21[DE3] pTrcHis2B).

3.2. trc promoter library construction and
characterization
To achieve an improved expression of BmK1 through promoter
engineering, a promoter library of trc (an IPTG inducible
strong promoter) was constructed and precisely characterized
by detection of the relative strength. Considering that mRNA
transcription and protein translation are two major genetic
processes for gene expression, a fragment of 224 bp DNA
sequence containing −10 and −35 core region of the trc
promoter and RBS region (from 187 to 410 bp on pTrcHis2B)
was subjected to random mutagenesis by error-prone PCR.
Fifteen mutated promoters isolated from >1,000 mutants by
primary screening were further precisely strength quantified at
the induced and uninduced stages, ranging from 0.03 to 2.31 of
relative strength after IPTG induction (Fig. 3). Promoters PpJF136

(0.55), PpJF325 (1.29), and PpJF288 (2.31) with a low level of leaky
expression were selected to fine-tune BmK1 expression in the
following study. The sequences of three selected promoters are
shown in Text S1 in the Supporting Information.

3.3. Effect of promoter strength on BmK1 expression
There was a low level of BmK1 expression when a single
copy of the BmK1 gene was under the control of a wild-type

trc promoter. We thus made an attempt to enhance BmK1
expression through promoter engineering. A single copy of the
BmK1 gene was constructed under the control of four different
promoters with a relative strength of 0.55 (PpJF136), 1.0 (Ptrc),
1.29 (PpJF325), and 2.31 (PpJF288), respectively, to evaluate the
effect of promoter strength on the BmK1 expression (Fig. 4A).
An interesting phenomenon was found that cell growth was
deteriorated accompanied with upregulation of promoter
strength (Fig. 4B). The growth of E. coli BL21 (DE3) pJF396
was almost completely stopped after 1 H of a prompt initiation
of BmK1 expression. As shown in Fig. 4C, BmK1 expression was
initiated immediately after IPTG addition. When only induced
for 0.5 H, BmK1 content can reach 7.37% and 9.11% in E.
coli BL21 (DE3) pJF393 (PpJF325, strong promoter) and pJF396
(PpJF288, strong promoter), which were higher than those of
pJF391 (Ptrc, control) and pJF392 (PpJF136, weak promoter). As
for pJF396 with promoter strength at 2.31, BmK1 content was
significantly lower than that of pJF393; it slightly decreased at
1 H after induction, which might be attributed to the inhibition
of cell growth caused by a higher BmK1 expression/BmK1
toxicity. During the whole process, all cultures reached their
maximum BmK1 production less than 4 H after induction.
A strong promoter can rapidly start BmK1 expression with
a higher rate and relatively decrease peptide degradation,
resulting in a higher BmK1 accumulation in the cell. The
maximum BmK1 content of 13.93% was obtained at 2 H
after induction using pJF393, which was improved 2.27-fold
compared with that of the control (6.12% of BmK1 content in
pJF391).

3.4. Combined promoter strength and gene dosage
to further enhance BmK1 expression
When the best promoter strength was confirmed for BmK1
expression, gene dosage strategy was used to further increase
the expression of BmK1. One, two, three, and four copies of
BmK1 gene expression cassettes were assembled under the
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FIG. 4
Effect of promoter strength on BmK1 expression.
(A) Expression cassette construction using four
different promoters. (B) Effect of promoter
strength on cell growth. (C) Effect of promoter
strength on BmK1 yield.

control of the best promoter (Fig. 5A). The expression level
of BmK1 with two, three, and four copies controlled by the
promoter PpJF325 significantly increased along with a slight
growth inhibition during the whole process (Figs. 5B and
5C). The maximum BmK1 content of pJF430, pJF431, and
pJF432 reached 20.6%, 21.79%, and 20.73%, respectively.
The maximum BmK1 content using the optimal promoter
strength and gene copy number (pJF431) was improved

FIG. 5
Effect of gene dosage on BmK1 expression.
(A) Multicopy expression cassette construction.
(B) Effect of gene dosage on cell growth. (C) Effect
of gene dosage on BmK1 yield.

3.56-fold compared with that of the control (pJF391) using
the trc promoter and a single copy of gene, suggesting that
it is a simple and efficient method to express BmK1 through
promoter engineering and gene dosage strategy.

To eventually determine the actual yield of BmK1, the
BmK1 peptide for pJF391, pJF393, and pJF431 was purified
and quantified by Bradford method [6]. The purification result
is shown in Fig. 6A with little impurities. The maximum yield
of BmK1 was 196.74 mg L−1 in E. coli BL21 (DE3) pJF431
(Fig. 6B), which was 2.09-fold improved as compared with the
control E. coli BL21 (DE3) pJF391 (94.13 mg L−1). This was the
highest reported production of scorpion peptides in a microbial
cell factory.
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FIG. 6
Quantification of soluble BmK1 peptide in culture.
(A) SDS-PAGE analysis of the purified BmK1
peptide. (B) The yield of the purified BmK1 peptide.

4. Discussion
Compared with direct isolation from natural resources and
chemical synthesis, heterologous expression is an efficient and
economical alternative for the large-scale production of small
peptides [10]. Although heterologous expression systems such
as yeast, insect cells, and mammalian cells have been well
developed in recent years, a prokaryotic host E. coli remains
the first choice for protein production, especially for small
peptides [19, 20]. For prokaryotic expression of eukaryotic
proteins, codon usage bias is one of the most important factors
for the efficient expression [21]. The elimination of rare codons
and putative stable secondary structures of the target mRNA
can significantly increase peptide expression. In this work, 15
rare codons for arginine and glycine were optimized (Fig. 1A),
and the optimal BmK1 gene was successfully expressed in E.
coli BL21 (DE3) pJF391. The peptide content reached 4%–6%
of total protein. The purified BmK1 from E. coli BL21 (DE3)
pJF391 was examined for the electrophysiological effect by the
voltage clamp method [22]. The result indicated that BmK1
can bind to the sodium channel and block its inactivation (data
not shown), suggesting that the recombinant BmK1 has similar
bioactivity to the native BmK1.

With the rapid advance in synthetic biology, promoter
engineering becomes a powerful tool to regulate the expression
of key genes in a complicated metabolic network [13]. Strong
expression of a target gene always causes metabolic burden or
accumulates toxic intermediates, and thus leads to cell growth
inhibition. Therefore, choosing a suitable promoter is also an
important alternative to efficiently express a target protein.
Although many commercially available promoters (e.g., lac,

tac, trc, and T7) were well developed and used for small peptide
expression [23], many problems should still be considered, such
as host inhibition caused by accumulation of toxic peptides and
peptide properties affected by the expression rate including
structure conformations, solubility, and stability. All these
problems determine the ultimate yield of small peptides.
Therefore, we constructed and characterized a trc promoter
library to improve BmK1 expression based on the construct
of pJF351 (Fig. 3). As expected, when using a moderate
strong and more tightly controlled promoter PpJF325, BmK1
peptide achieved the best expression, and peptide content was
improved more than twofold compared with that of the trc
promoter. But using a strongest promoter PpJF288, cell growth
was inhibited and BmK1 yield was lower than that of PpJF325

(Fig. 4), suggesting that fine-tuning expression of small peptide
BmK1 is an effective approach that can be applied for other
toxic peptide expression.

Currently, the production of most small peptides was still
<100 mg L−1 [10]. The yield of heterologous expression of BmK
peptide toxins in microbial hosts was also very low [5,6,14]. For
example, Shao et al. [6] have obtained 4.2 mg L−1 recombinant
BmK AS peptide in E. coli. More importantly, all these studies
have no systematic investigation. We thus have attempted
to use the combined codon optimization strategy, promoter
engineering, and multicopy strategy to further improve the
production of the BmK peptide in E. coli. Ultimately, BmK1
content of pJF431 containing a stronger mutated promoter
PpJF325 and three copy of the BmK1 gene achieved the maximum
yield (21.79% of total protein, 196.74 mg L−1) after 4 H of
induction. The yield of BmK1 was significantly improved,
which was improved 2.09-fold as compared with its original
expression (94.13 mg L−1 in pJF391). This is the first report
on combining promoter engineering and multicopy strategy to
improve the production of BmK toxins. BmK1 yield was also
the highest yield reported so far.
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5. Conclusion
In addition to the increase in gene dosage by construction of
multicopy expression cassettes, the regulation of promoter
strength is also an important option to increase heterologous
expression of BmK peptide toxins. This work demonstrated
that co-optimization of the promoter strength and gene dosage
can effectively increase the yield of BmK peptide toxin. This
strategy can also be used for other toxic peptide expression
and further industrial production.
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