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We previously isolated and cloned a cDNA of abaecin

from the Bombus ignitus. In an effort to produce a

large amount of soluble abaecin at low cost, we suc-

cessfully expressed the peptide in Escherichia coli that

are highly sensitive to its mature form. For this, we

fused the peptide encoding 39 amino acids of mature

B. ignitus abaecin to the thioredoxin gene together

with a C-terminal 6xHis tag. An enterokinase cleavage

site was introduced between the 6xHis tag and mature

abaecin to allow final release of the recombinant pep-

tide. A high yield of 9.6 mg soluble fusion protein from

200 ml of bacterial culture was purified by Ni2+-

charged His-Bind resin affinity column, and 1.4 mg of

pure active recombinant abaecin was readily obtained

by enterokinase cleavage, followed by affinity chro-

matograph. The molecular mass of recombinant abae-

cin peptide was determined by Tricin-SDS-PAGE

analysis. The recombinant abaecin exhibited antibac-

terial activity against Gram-negative bacteria.
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Introduction

Abaecin belongs to a family of proline-rich antibacterial

peptide that presents high activity against Gram-negative

bacteria in the hymenopterans, Apis mellifera (Cateels et

al., 1990), Bombus pascuorum (Rees et al., 1997) and B.

ignitus (Choi et al., 2008). They are rapidly produced in

fat body after septic body injury or immune challenge,

and then released into hemolymph to act against micro-

organisms (Cateels et al., 1990; Choi et al., 2008). In

bumblebee, the mature form of abaecin peptide is com-

posed of 39 amino acid residues. In our previous work, the

mature abaecin peptide was chemically synthesized, and

the 37-mer synthetic abaecin was highly effective against

Gram-negative bacteria (Kim et al., 2007). However, as a

potential for medical use, chemical synthesis of the pep-

tide is economically disadvantageous because of high cost

for production. In recent years, several approaches have

been proposed to produce large quantities of active anti-

microbial peptides in bacterial expression system, and a

good few of small antimicrobial peptides were success-

fully produced (Li et al., 2006; Xu et al., 2007; Shlyap-

nikov et al., 2008; Vassilevski et al., 2008). In this paper,

we report successful production of abaecin peptide as sol-

uble fusion protein efficiently in bacterial expression sys-

tem. To increase productivity and solubility, abaecin was

fused with thioredoxin (Trx) and expressed in E. coli cells.

The conditions for culture and induction were also opti-

mized. Finally, the recombinent abaecin was examined for

antibacterial activity.

Materials and Methods

Materials

pGEM-T easy vector (Promega, USA) and pET-32b

(Novagen, Germany) were used to clone and construct

expression vector. The restriction enzymes, T4 DNA

ligase, and Taq DNA polymerase (Takara, Japan) were

used. Reagents for RNA isolation and first-strand cDNA
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synthesis were used (Invitrogen, USA). Low-electroen-

dosmosis type agarose, Tris, acrylamide, TEMED, ammo-

nium persulfate, and other chemicals were purchased

from Sigma. Escherichia coli DH5á (Invitrogen) and E.

coli BL21 (DE3) (Novagen) were used as the host for

maintenance of recombinant plasmid DNA and 6x His-

tagged fusion protein expression, respectively. E. coli

ML-35, Psudomonas aeruginosa, Salmonella typhimu-

rium and Micrococcus luteus were used in the antimicro-

bial activity assay. Luria-Bertani (LB) medium and

Tryptic soy broth (TSB) were from Difco (USA).

RNA isolation and RT-PCR

Total RNA was extracted using Trizol reagent (Invitrogen,

USA) from B. ignitus workers immunized with Lipo-

polysaccharide (LPS) and then treated for 15 min with

DNase I at 37oC to remove any residual genomic DNA.

Isolated RNA sample (1 ug) was used for cDNA synthesis

with oligo (dt) primer and Superscript III reverse tran-

scriptase (Invitrogen). To obtain a cDNA fragment encod-

ing the mature B. ignitus abaecin, PCR amplification was

performed using the first strand cDNA as a template and

a pair of specific primers (5’-GGTACCGACGACGAC-

GACA

AGTTTGTACCATATAATCCG and 5’-CTCGAGT-

TAATGACCAGGGTTTGGTAA) containing KpnI and

XhoI restriction site (underlined nucleotides), respectively.

Specific primers containing enterokinase cleavage site at

the end of the forward primer were designed based on the

nucleotide sequence of mature B. ignitus abaecin (Gen-

bank Accession No. AAQ90411). PCR product was

inserted into a pGEM-T easy vector (Promega) to con-

struct the cloning vector pGEM-Biabaecin, and then

nuclotide sequence of the B. ignitus mature abaecin was

confirmed by sequencing.

Construction of the expression vector

The mature Biabaecin cDNA containing enterokinase

cleavage site was isolated from pGEM-Biabaecin plas-

mide by digestion with KpnI and XhoI enzymes and

ligated into the KpnI/XhoI-digested pET-32b vector to the

carboxyl-terminus of the fusion partner thioredoxin (Trx).

This constructed plasmid (pTrx-Biabaecin) was trans-

formed into E. coli DH5á competent cells, purified, and

confirmed by restriction endonucleases digestion and

DNA sequence analysis. The resulting plasmid was trans-

formed into E. coli BL21 (DE3) competent cells for

fusion expression.

Expression of fusion protein

A single colony of E. coli BL21 (DE3) cells transformed

with the pTrx-Biabaecin plasmide was cultured in LB

medium containing 50 ul/ml ampicillin for overnight at

37oC. The overnight culture of transformed colony were

inoculated into 200 ml LB medium with the ratio of 5%

(v/v,) and grown at 37oC with vigorous shaking until an

optical density (OD600) reached 0.6 - 0.7. Expression was

then induced by adding IPTG to a concentration of 0.2

mM for 6 hrs at 37oC. The culture was centrifuged at 4000

g for 10 min and resuspended in 20 mM Tris-HCl (pH

7.4), and then lyzed by sonication. After centrifuged at

13000 g for 20 min at 4oC, the supernatant was taken out

as the soluble protein sample. The pellet was resuspended

in 1% SDS solution as the insoluble sample. Proteins were

separated on 12.5% SDS-PAGE gel and visualized with

commassie blue staining.

Purification of recombinant abaecin

The target fusion protein (Trx-Biabaecin) was purified by

Ni2+-charged His-Bind resin affinity column (Novagen).

After sample loading and equilibration, the recombinant

fusion protein was eluted with the elution buffer (20 mM

Na3PO4, 500 mM NaCl, and 200 mM Imidazole, pH 7.4)

at 1 ml/min. The eluted fractions were applied to SDS-

PAGE analysis, while the concentration of eluted Trx-Bia-

baecin protein was determined by Bradford protein assay.

To relase recombinant abaecin from the fusion protein,

enterokinase digestion was performed in a reaction buffer

(50 mM Tris-HCl, pH 7.4, 2 mM CaCl2, and 50 mM

NaCl) at 20oC for 18 hrs. The digested sample was

applied to Ni2+-charged His-Bind resin affinity column

again to remove the Trx and undigested fusion proteins.

Finally, The released recombinant peptide was concen-

trated using the Amicon ultrafilteration (Amicon Ultra-

3 K, Millipore) and determined by Tricin-SDS-PAGE

analysis.

Antibacterial activity assay

Lyophilized recombinant abaecin peptide was dissolved

with 20 mM Tris-HCl (pH 7.4) to a final concentration of

100 ul/ml. The antibacterial activity of recombinant abae-

cin solution (5 ul per well) was examined against several

Gram-negative bacteria by agar well diffusion assay

described in Lehrer et al. (1991) and Kim et al. (2007).

The bioactivity of recombinant peptide was further mea-

sured by inhibitory zone.

Results

Cloning and expression vector construction

The complete enconding sequence of mature abaecin pep-

tide containing enterokinase cleavage site was amplified

by RT-PCR. After cloning and sequence verification, the
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abacein cDNA fragment with enterokinase cleavage site

sequence was inserted into down-stream of thioredoxin

gene of pET-32b to construct the expression plasmid

pTrx-Biabaecin (Fig. 1). The correct orientation was con-

firmed by digestion with restriction endonucleases and

automated cDNA sequencing (data not shown).

Expression of recombinant Trx-Biabaecin fusion protein

The correct recombinant plasmid pTrx-Biabaecin to

express a recombinant fusion protein was transformed

into the expression bacterial strain BL21 (DE3) cells.

Upon IPTG induction, the target protein (Trx-Biabaecin)

was predominantly expressed as soluble protein of about

22 kDa, with a high solubility (Fig. 2). The recombinant

protein was not detectable before IPTG induction. In order

to optimize the conditions for expression, we employed

several one-factor experiments (data not shown). The

optimum conditions to obtain high yield of soluble fusion

protein in the culture was 0.6 - 0.7 at OD600, with 0.2 mM

of IPTG at 37oC for 6 hrs. The recombinant fusion protein

was easily purified by Ni2+-charged His-Bind resin affin-

ity column, and was applied to SDS-PAGE analysis (Fig.

2). The result revealed that the purified 22 kDa fusion pro-

tein to have the puriy of more than 90%. A high yield of

9.6 mg soluble fusion protein was purified from 200 ml

bacterial culture (Table 1).

Purification of recombinant abaecin peptide

To generate mature B. ignitus abaecin peptide, the purified

fusion protein was subjected to a three-step process

Fig. 1. Construction of recombinant plasmid pTrx-Biabaecin. The cDNA fragment encoding B. ignitus muture abaecin with an

enterokinase cleavage site at the amino-terminus of abaecin was cloned into pET-32b to the carboxyl-terminus of the fusion partner

thioredoxin (Trx). The enterokinase recognition sequence is boxed and proline residues are shown as gray circles.

Fig. 2. Analysis of expressed and purified fusion protein by

SDS-polyacrylamide gel electrophoresis. The recombinant

Trx-Biabaecin was expressed in E. coli BL21. Lane 1, induced

cell extract; lane 2, non-induced cell extract; lane 3, soluble

fraction of cell extract; lane 4, insoluble fraction of cell extract;

and lane 5, purified fusion protein (Trx-Biabaecin). M indicate

protein molecular weight marker. 

Fig. 3. Analysis of purified recombinant B. ignitus abaecin by

Tricine-SDS-PAGE. Purified rAbaecin (0.1 ug, lane 1) was

analyzed on 16.5% SDS-PAGE in Tricine buffer and visual-

ized by Coomassie brilliant blue. M indicate polypeptide

molecular weight standards.
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including enterokinase digestion, desalting, and affinity

chromatography. After effectively cleave with enteroki-

nase, the recombinant abaecin peptide was relased from

fusion protein by Ni2+ fusion protein -charged His-Bind

resin affinity column. Analysis of purified recombinant

peptide on Tricin-SDS-PAGE revealed that the molecular

mass of recombinant abaecin was about 4.4 kDa (Fig. 3).

To prevent the negative salt effect on the antibacterial

activity, the purified recombinant abaecin was desalted by

ultrafilteration (Amicon Ultra-3 K, Millipore) and then

freeze-dried. The final yield of pure recombinent abaecin

was about 1.4 mg per 200 ml bacterial culture (Table 1).

Antibacterial activity assay

Antibacterial activity of recombinant abaecin was exam-

ined against E. coli ML- 35 by agar well diffusion assay.

As shown in Fig. 4, the fusion partner thioredoxin (Trx)

and fusion protein (Trx-Biabaecin) with a high concen-

tration (1 mg/ml) did not exhibit inhibition zones, while

the purified recombinent abaecin (100 ug/ml) obviously

inhibited the growth of E. coli. Moreover, antibaterial

activity of recombinent abaecin against various bacterial

strains was examined (Table 2). As we exprected, the

recombinent abaecin was highly effective against Gram-

negative bacteria E. coli, Psudomonas aeruginosa and

Salminella typhimurium, but had a low inhibitory activity

toward Gram-positive bacteria Micrococcus luteus.

Discussion

A number of approaches for the production of recombi-

nant antibiotic peptide in E. coli cells has been proposed

(Shlyapnikov et al., 2008; Vassilevski et al., 2008). These

include fusion with a partner protein or with anionic prop-

erties to prevent the intrinsic antibacterial activity to the

host cells and proteolytic degradation. Although a number

of partner proteins suggested (Zhang et al., 1998; Hwang

et al., 2001; Skosyrev et al., 2003), thioredoxin (Trx, 12

kDa) has been utilized as a useful partner for high soluble

expression and probe antibiotic peptide production (Li et

al., 2006; Xu et al., 2007). For that reason, we applied a

similar expression system to product soluble abaecin pep-

tide in E. coli cells. In the present study, we cloned the

synthetic mature abaecin gene from B. ignitus into pET-

32b, which is the vector that was commercially designed

for Trx-fused protein and peptide production. We purified

9.6 mg fusion protein with a high solubility from 200 ml

of bacterial cell culture, and obtained 1.4 mg recombinant

abaecin peptide by enterokinase digestion. The present

study clearly shows that thioredoxin (Trx) serves a perfect

fusion partner for high-level production of soluble abaecin

in E. coli cells, without any toxic effects on the host cul-

ture. In this work, soluble fusion protein (Trx-Biabaecin)

did not show any antibacterial activity against E. coli,

while the released recombinant abaecin was fully effec-

tive. More importantly, the recombinant abaecin displayed

high antibacterial activity against Gram-negative bacteria,

and the aspect is simiar to the activity of synthetic abaecin

Table 1. Purification of recombinant abaecin peptide*

Purification steps Volume (ml) Total protein (mg) Yield (%)

Cell lysate 50 64.2 100.0

Soluble protein fraction 46 59.3 92.4

Affinity purification of Trx-Biabaecin 10 9.6 15.0

Purification after cleavage of Trx 02 1.4 2.1

 *About 200 ml of bacteria culture corresponds to about 0.8 g (wet weight) of cell pellet.

Fig. 4. Antibacterial activity of rAbaecin by agar well diffu-

sion assay against E. coli. The analyzed samples were 1 mg/ml

thioredoxin (Trx, 1), 1 mg/ml recombinant fusion protein

(rTrx-Biabaecin, 2) and 0.1 mg/ml purified recombinant abae-

cin (rAbaecin, 3). Bacteria were grown overnight at 37oC.

Table 2. Antibacterial specificity of recombinant abaecin

peptide by agar well diffusion assay

Bacteria Inhibition zone size (mm)

Escherichia coli 14.6

Psudomonas aeruginosa 7.8

Salmonella typhimurium 8.4

Micrococcus luteus 5.6

Peptide was applied in 3 mm well, 0.1 mg/ml
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(Kim et al., 2007).

In conclusion, we have described the successful bacte-

rial production of a potent abaecin peptide form B. ignites

for the first time. A method using thioredoxin fusion

expression system in E. coli led to production of soluble

Trx-Biabaecin fusion protein, which has non-toxic effect

to the host. We also were able to obtain considerable yield

of purified pure active recombinant abaecin. The avail-

ability of high purity abaecin peptide with low costs of

production at a large scale allows us to apply it for a

diverse purpose in the future, and provides the ground for

further in-depth structural and functional investigations. 
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