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This peptide has antibacterial activity against several Gram-positive and Gram-negative 
bacteria. Bombyx mori cecropinB1(BmCecB1) is antimicrobial peptides from Bombyx mori 
and belongs to cecropin family. Antimicrobial peptides are important components of the innate 
immune systems in all living organism. To produce the BmCecB1 antimicrobial peptide, we 
constructed transgenic silkworm that expressed BmCecB1 gene under the control BmA3 
promoter using piggyBac vector. The use of the 3xP3-driven EGFP cDNA as a marker 
allowed us to rapidly distinguish transgenic silkworm. Mixtures of the donor vector and helper 
vector were micro-injected into 600 eggs of bivoltin silkworms, Baegokjam. In total, 49 larvae 
(G0) were hatched and allowed to develop into moths. The resulting G1 generation consisted 
of 22 broods, and we selected 2 broods containing at least 1 EGFP-positive embryo. The 
rate of successful transgenesis for the G1 broods was 9%. We identified 9 EGFP-positive 
G1 moths and these were backcrossed with wild-type moths. With the aim of identifying a 
BmCecB1 as antimicrobial peptide, we investigated the Radical diffusion Assay (RDA) and 
then demonstrated that BmCecB1 possesses high antibacterial activities against Gram-
negative bacteria.
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Introduction

Insec ts  have  powerfu l  inna te  immuni ty  aga ins t 
microorganisms. Their immune system comprises both humoral 
and cellular reactions. The humoral reactions involve soluble 
proteins in the hemolymph, such as phenoloxidase, antimicrobial 
proteins (AMPs), lysozymes, and lectins; whereas hemocytes 
mediate cellular reactions such as phagocytosis, encapsulation, 
and nodule formation (Tanaka et al., 2011). Among these, 
cecropins are antimicrobial peptides and small proteins of 

about 31 - 37 amino acid residues mainly active against Gram-
negative bacteria (Mourgues et al., 1998). Cecropin, originally 
isolated from the giant silkmoth, Hyalophora cecropia, consists 
of about 40 amino acid residues and is heat-stable. Three 
subtypes of cecropin (A, B and D) have been reported from B. 
mori (Morishima et al., 1990). Structure of cecropin consists 
of mainly alpha helixes, determined by solution NMR. Protein 
molecular weight = 4203.4g/M. At low peptide to lipid ratios 
ion channels are formed, at high peptide to lipid ratios pores are 
formed (Christensen et al., 1988).

Recently, a germline transformation method using the 

*Corresponding author.
Kwang Ho Choi
Department of Agricultural Biology, National Academy of Agricultural Science, RDA, Jeonju 565-851, Republic of Korea
Tel: +82-63-238 2905 / FAX: +82-63-238 3832
E-mail: ckh@korea.kr

Production of the BmCecB1 antimicrobial peptide in transgenic silkworm

Seong Wan Kim1, Seong Ryul Kim1, Seung Won Park3, Kwang Ho Choi1* and Tae Won Goo2*
1Department of Agricultural Biology, National Academy of Agricultural Science, RDA, Jeonju 565-851, Republic of Korea
2Department of Biochemistry, School of Medicine, Dongguk University, Gyeongju, 780-714, Republic of Korea
3Department of Biotechnology, Catholic University of Daegu, Daegu 712-702, Republic of Korea

Abstract



86       87

Seong Wan Kim et al. 
Transgenic Expression of BmCecB1

GCTAGCATGCGTGTTTTAATTTTCACG-3’ and reverse 
primer 5’- CTTGGTTCGGCTAAAGCTATACTTAAG-3’) into 
which the Nhe I and Afl II sites were introduced. PCR products 
were subcloned into the pGEM-T easy vector (Promega) 
and sequenced. bPDIsp-BmCecB1 was inserted into the pG-
3xP3-EGFP-BmA3 vector sites digested with Nhe I and Afl II, 
respectively. Transfer vectors pG-3xP3-EGFP-BmA3-bPDIsp-
BmCecB1 was generated.

Transgenesis and screening of silkworms

For egg preparation, male and female moths were allowed 
to mate for at least 4 h at 25°C. The mating moths were 
stored overnight at 4°C. The female moths were placed on a 
plastic sheet and left in dark boxes for 1 h. The laid eggs were 
immersed in HCl (specific gravity 1.0955, 25°C) for 30 min 
at 25°C, rinsed with distilled water, and finally dried. The 
transition vector pG-3xP3-EGFP-BmA3-bPDIsp-BmCecB1 
and the helper vector pHA3PIG were dissolved in 5 mM KCl 
and 0.5 mM phosphate buffer (pH 7.0) at a concentration of 
0.2 µg/µL and mixed at a ratio of 1:1. Approximately 5–10 nL 
of this mixture were injected using an IM300 microinjector 
(Narishige Scientific Instrument Lab., Japan) into pre-
blastoderm embryos at 2–8 h after oviposition (Tamura et al. 
2007). Injected embryos were allowed to develop at 25°C in 
moist chambers. G1 embryo and larvae were screened under 
a fluorescence stereomicroscope equipped with a GFP filter 
(Leica, Wetzlar, Germany ).

Inverse PCR

Genomic DNA was purified using a QIAamp DNA Mini Kit 
(QIAGEN Gmbh, Germany) from G1 moths. Purified genomic 
DNA was digested with Sau3AI (NEB, Hitchin, Hertfordshire, 
UK) and circularized by overnight ligation at 16°C with T4 
DNA ligase (Promega, USA). PCR was performed on the ligated 
DNA using primer sequences between the restriction site and the 
end sequence of the transition vector. For the 5’ junction, the primer 
pair was 5’-ATCAGTGACACTTACCGCATTGACA-3’ and 5’-TG
ACGAGCTTGTTGGTGAGGATTCT-3’. For the 3’ junction, 
the primer pair was 5’-TACGCATGATTATCTTTAACGTA-3’ 
and 5’-GGGGTCCGTCAAAACAAAACATC-3’ (Tamura et al. 
2000). PCR products were cloned into the pGEM-T-easy vector 
(Promega, USA) and sequenced. Sequencing data were analyzed 

PiggyBac transposon was successfully developed in the 
silkworm B. mori (Tamura et al., 2000). Silkworm transgenesis 
is now a routine procedure leading to satisfactory yield of 
transformed animals and to reliable expression of transgenes 
in multiple successive generations (Tamura et al., 2000; 
Berghammer et al., 1999; Hoffmann et al., 2003). As a result, 
B. mori has received considerable attention as one of the most 
attractive host systems for the mass production of recombinant 
proteins (Wurm et al., 2003). In this study, in order to develop 
silkworm as an alternative to antibiotics for livestock diets, 
we constructed transgenic silkworms that overexpressed the 
BmCecB1 under BmA3 promoter using a PiggyBac-derived 
vector. Injection mixtures containing BmCecB1 vector was 
microinjected into 600 eggs of bivoltine silkworms and screened. 
Using the transgenic silkworms, we investigated the antibacterial 
activity against various pathogenic bacteria.

Materials and Methods

Silkworm strains

The B. mori bivoltine strain Baegokjam (Jam123 × Jam124) 
was obtained from the National Academy of Agricultural Science 
(Jeonju, Korea). The silkworms were reared at 25°C and fed 
mulberry leaves and an artificial diet. DNA-injected eggs were 
maintained at 25°C in moist petri dishes. The hatched larvae 
were fed an artificial diet and reared in groups under standard 
conditions.

Plasmid DNA Construction

We constructed the transition vector pG-3xP3-EGFP-BmA3-
bPDIsp-BmCecB1. The BmA3 promoter was generated by 
PCR amplification with specific primers (forward primer, 5’- 
GGCGCGCCGCGCGTTACCATATATGGTG -3 ’ and reverse 
primer 5’- GCTAGCCTTGAATTAGTCTGCAAGAAA 
-3’). The PCR product was cloned into the pGEM-T-easy 
vector (Promega, Madison, Wi, USA) and named pGEM-
BmA3. BmA3 promoter was excised from pGEM-BmA3 
with AscI and NheI and cloned into a p3×P3 promoter 
fragment from pBac3×P3EGFP to generate pG-3xP3-EGFP-
BmA3. The bPDIsp-BmCecB1 cDNA was generated by 
PCR amplification with specific primers (forward primer, 5’- 
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1). This vector was mixed with the helper plasmid pHA3PIG 
and microinjected into 600 eggs (pre-blastoderm stage) of 
Baegokjam bivoltine silkworms. Hatched larvae (G0) were 
allowed to develop into moths. Moths were mated within the 
same family or backcrossed with the wild-type moths. During 
this process, the 3xP3-EGFP system allowed us to screen a large 
number of G1 broods and to identify transgenic silkworms, 
because EGFP fluorescent signals were easily detected in the 
stemmata and nervous system at early embryonic and larval 
stages. The resulting G1 broods were screened for EGFP 
fluorescence. EGFP fluorescence became visible in the ocelli 
and peripheral nervous system on the seventh day of embryonic 
development (Fig. 2A). Fluorescence in the ocelli was observed 
throughout the larval stages (Fig. 2B). Fluorescence was also 
observed in the compound eyes of the pupa and moth (Fig. 2C, 
2D). The rates of successful transgenesis for G1 broods was 9% 
(Table 1).

Chromosome analysis

We isolated one of the G1 broods showing the highest level 
of fluorescence. To analyze the insertion sites in this transgenic 
silkworm, inverse-PCR experiments were performed using 
genomic DNA from the G1 moths. As shown in Table 2, we 
identified one genomic junction sequence. This sequence 
revealed the characteristic TTAA duplication at the PiggyBac 
junction with chromosomal DNA. We searched using 
KAIKOBLAST (http://sgp.dna.affrc.go.jp) and matched this 
sequence with contiguous sequences in the database. Thus, 
inverse PCR analysis of the G1 generations confirmed the stable 
insertion of BmCecB1 into the genome.

Antimicrobial Activity 

The antimicrobial activities of of BmCecB1 was examined 
against various poultry pathogens such as E.coli, S. Enteritidis, 
S. Gallinarum, S. Typhimurium, and S. Pullorum. We performed 
an inhibition zone assay and compared the transgenic silkworms 
and normal silkworms. BmCecB1 antimicrobial peptide showed 
the strongest activity against S. Enteritidis and S. Pullorum. 
They showed moderate activity against E. coli, and weak activity 
against S. Gallinarum and S. Typhimurium. These differences 
may result from differences in the membrane potential of each 
bacterium (Fig. 3).

using the DNASTAR LaserGene program (DNASTAR Inc. 
Madison, WI, USA).

Analysis of antimicrobial activity

Transgenic silkworms were tested for antibacterial activity 
with an inhibition zone assay. In brief, 0.5 g of tissue from 
fifth-instar larvae of B. mori was added to a mixture of 0.3% 
acetic acid solution and 100 mL NaCl solution. This solution 
was stirred for 1 h and centrifuged at 10,000 rpm for 30 min. 
The upper phase was transferred to a new tube and heat-treated 
at 80°C for 30 min, then centrifuged at 10,000 rpm for 30 min. 
After removing the supernatant, the sample was concentrated 
by freeze-drying. The freeze-dried sample was dissolved in the 
0.01% acetic acid solution. Bacterial strains Escherichia coli, 
Salmonella Enteritidis, Salmonella Gallinarum, Salmonella 
Typhimurium, and Salmonella Pullorum were grown overnight 
at 37°C and shaken at 200 rpm in Tryptic Soy Broth (TSB, 
Difco, USA). The culture was then washed twice with 
autoclaved 10 mM sodium phosphate buffer (pH 7.4), and re-
suspended in fresh TSB to a final concentration of 2 x 10

4
 CFU/

mL. The E. coli, S. Enteritidis, S. Gallinarum, S. Typhimurium 
and S. Pullorum were washed once with 10 mM Tris (pH 7.4). 
Next, 4 x 10

6
 bacterial colony-forming units (CFU) were added 

to 10 mL of the underlay agarose gel (1% (v/v) TSB, 1% (w/
v) LE agarose (Lonza, USA), 1% (v/v) 0.1M Citrate buffer, 
and 1% (v/v) 0.1M Sodium phosphate). The underlay was 
poured into an 85 mm petri dish. After agarose solidification, 
4 mm-diameter wells were punched and 10 μL of test sample 
was added to each well. Plates were incubated at 37ºC for 3 h 
to allow diffusion of the peptides. The underlay gel was then 
covered with 10 mL of molten overlay (6% (w/v) TSB, 1% (w/
v) LE agarose, in dH2O). Antimicrobial activity was visible as 
a zone of clearing around each well after 18-24 h of incubation 
at 37°C.

Results

Generation of transgenic silkworm

To express the BmCecB1 gene under the control of B. mori 
cytoplasmic actin 3 promoter (BmA3), we constructed pG-3xP3-
EGFP-BmA3-bPDIsp-BmCecB1 plasmid DNA vectors (Fig. 
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Salmonella Typhimurium, and Salmonella Pullorum (Fig. 3). 
These results suggest that the BmCecB1 antimicrobial peptide 
in transgenic silkworms is overexpressed, and that transgenic 
silkworms overexpressing BmCecB1 peptide may be useful as a 
feed additive in livestock diets to reduce the need for antibiotics.

Conclusion

Our results confirmed that for achieving best antibacterial 
peptide productivity of BmCecB1 in Silkworm. To produce the 
BmCecB1 antimicrobial peptide, we constructed transgenic 
silkworm and selected 2 broods containing at least 1 EGFP-
positive embryo. With the aim of identifying a BmCecB1 as 
antimicrobial peptide, we investigated the radical diffusion assay 
(RDA) and showed antimicrobial activity against Gram-negative 
bacteria. These results suggest that BmCecB1 peptide may be 
useful as a feed additive in livestock diets.
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