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A cDNA encoding a defensin-like peptide (Protaetia-

mycine) from the larvae of a beetle, Protaetia brevi-

tarsis was cloned. The DNAs encoded the deduced

propeptide of 79 amino acid residues with the pre-

dicted molecular weight of 8.4 kDa and PI of 8.24.

Overall amino acid sequence of this protein has 39%

similarity to that of Rhodnius prolixus defensin, 43%

similarity to that of Acalolepta luxuriosa defensin, and

72% similarity to that of Oryctes rhinoceros defensin,

suggesting that this gene is an insect defensin. In an

attempt to apply the anti-bacterial peptide to the

development of therapeutic agents, a 12-mer peptide

amidated at its C-terminus, ACAAHCLAIGRG-NH2

(Ala55-Lys66-NH2, 12Pbn) was synthesized. This pep-

tide showed some antifungal activity against Candida

albicans. To increase antifungal activity, six 9-mer pep-

tides were synthesized by modifying amino acid

sequences of 12Pbn fragment. Among these peptides,

9Pbm3-9Pbm6 exhibited strong activity compared

with Cecropin B and mellitin.

Key words: Protaetia brevitarsis, Antimicrobial peptide,

Defensin.

Introduction

The field of innate immune in invertebrates, particularly

in insects, has revealed the importance of antimicrobial

peptide in their defense systems. Most of them are pro-

duced upon in the fat body or haemocytes and then

released into the haemolymph of insects (Dimarcq et al.,

1998; Lopez et al., 2003). These peptides are known to

play important roles in humoral defense reaction (Eng-

strom, 1999; Hoffman et al., 1999; Hoffmann, 2003; Hult-

mark, 2003; Lemaitre, 2004). In addition to defense

responses in a circulatory system, antimicrobial peptides

are synthesized as effector molecules in epithelial and

midgut tissues, a critical interface from external environ-

ment (Brey et al., 1993; Lehane et al., 1997; Ferrandon et

al., 1998). So far, more than 200 antibacterial peptides

have been identified in insects. Most of them are divided

into five groups based on their amino acid sequences and

antibacterial activities: cecropin, insect-defensin, glycine-

rich proteins, prolin-rich protein and lysozymes (Hult-

mark, 1993).

Insect defensins are a family of small, cationic peptides

and includes phormicins, sapecins, royalrisin and spodop-

tericin (Volkoff et al., 2003) that are active against Gram-

positive bacteria and filamentous fungi. They appear to

have a wide distribution in phylogenetically recent orders

of insects (Diptera, Coleoptera, Hymenoptera, Hemiptera

and Lepidoptera). They are cationic, often 33-46 residues

long, and are synthesized as precursor propertides. It is

widely believed that the killing mechanism of defensins

on bacteria involves the disruption of the permeability

barrier of the cytoplasmic membrane as a result of inter-

action of these peptide with the latter (Cociancich et al.,

1993) Furthermore, insect defensins contain six or eight

cysteine residues, all or some of which stabilize the

defensin structures by formation of disulfide bridge.

These insect defensin can be classified into three main

categories according to their structural features and

sequence homologies: (i) defensins with an α-helical

International Journal of

Industrial Entomology

*To whom the correspondence addressed

College of Agriculture & Life Sciences, Chonnam National

University, Gwangju 500 - 757, Korea. Tel: +82-62-530-2073;

Fax: +82-62-530-2079; E-mail : ikkim81@chonnam.ac.kr



132 Jae-Sam Hwang et al.

domain and two antiparallel β-strands stabilized by two

disulfide bridges (αββ) or defensins with a short N-ter-

minal β-strand, in addition to an α-helical domain and two

antiparallel β-strand (βαββ) that are stabilized by three or

four disulfide bridges (Dimarcq et al., 1998; Bullet et al.,

2005); (ii) defensin with a triple-stranded antiparallel β-

sheet (Barbault et al., 2003) and (iii) defensins with a hair-

pin-like β-sheet structure (Bullet et al., 2005). In this

study, we have cloned and characterized a new gene of

defensin-like peptide from larvae of a beetle, Protaetia

brevitarsis.

Materials and Methods

Experimental animals

The larvae of white-spotted flower chafer, P. brevitarsis,

were maintained at 28, 70% relative humidity, and pho-

toperiod of 16 L : 8 D (Kim et al., 2002) and final instar

larvae were used for the experiment.

cDNA library screening, nucleotide sequencing and

data analysis

cDNA library constructed using whole bodies of P. brevi-

tarsis larvae was used in this study. The clones harboring

cDNA inserts were randomly selected and sequenced to

generate the expressed sequence tags (ESTs). The plasmid

DNA was extracted by Wizard mini-purification kit

(Promega Madison, WI) The nucleotide sequence was

determined by using a BigDye Terminator cycle sequenc-

ing kit and automated DNA sequencer (Model 310

Genetic Analyzer; Perkin-Elmer Applied Bio-systems,

Forster City, CA). The sequences were compared using

the DNASIS and BLAST programs provided by the

NCBI (http:/www.ncbi.nlm.nih.gov/BLAST). GenBank,

EMBL and SwissProt databases were searched for

sequence homology using a BLAST algorithm program.

CLUSTAL W program was used to align the amino acid

sequences of P. brevitarsis defensin-like peptide.

Northern blot analysis

Total RNA was extracted from the whole bodies of larvae

after 0, 4, 8, 16 and 24 hrs after injection of E.coli using a

Trizol reagent (Life technologies, Inc., Gaithersburg, MD,

USA) and quantified by ultraviolet spectroscopy. A total

of 10 µg total RNA were fractionated on 1% agarose/

6.7% formaldehyde gels and blotted onto nylon mem-

branes (Schleicher & Schwell BioScience, USA) using

20 X sodium chloride sodium citrate buffer. Membranes

were hybridized with cDNA probe labeled with [α-
32P]dCTP using a random primer labeling kit (Stratagene,

USA). Hybridizations were performed using a hybridiza-

tion oven. Membranes were subsequently exposed to

Kodak BIOMAX film (Eastman Kodak Co., Rochester,

NY, USA) at 70. As an internal marker, 28S rRNA was

visualized by ethidium bromide staining.

Peptide synthesis

The peptides were chemically synthesized at a peptide

synthesis facility, PepTron Inc. (Daejeon, Korea). These

synthetic peptides were purified by the reverse phage

HPLC using a shiseido capcell pak C18 column. Elution

was performed with a water-acetonitrile linear gradient (0

~ 80% of acetonitrile) containing 0.1% (v/v) trifluroacetic

acid (TFA). The correct identify of peptides was con-

firmed by ESI mass spectrometer (Plaform II, Micromass,

Man chester, UK) and MALDI-TOF mass spectrometer

(Voyager-DESTR, Applied Biosystem).

Antifungal assay

The antifungal activity of each synthetic peptides was

examined by the radial diffusion assay described in Lehrer

et al. (1991). Briefly, fungus were grown overnight in

YPD (Yeast extract, Peptone, Dextrose) at 200 rpm and

37oC to stationary phase. The cultures were diluted in

fresh YPD and were incubated at 37oC until the optical

density reached 0.4 at 600 nm. The cultured fungus were

centrifuged at 3000 rpm for 10 min at 4oC, washed two

times in cold Phosphate Buffered Saline (PBS: Sigma)

and resuspended in cold PBS. A volume containing 4×106

CFU bacteria was added to 10 ml of worm (40 to 50oC)

citrate phosphate buffer (9 mM sodium phosphate, 1 mM

sodium citrate, pH 7.4) containing 1% (w/v) low-electro-

endosmosis-type agarose (Sigma) and 0.03% TSB. Three-

millimeter diameter holes were punched in the set agarose

and filled with 5 µl of test peptides. After allowing 3 hrs

for diffusion of the peptides, a 10 ml nutrient-rich overlay

gel containing 6% TSB and 1% (w/v) agarose was over-

laid and was then incubated overnight at 37oC. The diam-

eters of clear zones surrounding each well were measured.

Results and Discussion

In search of P. brevitarsis ESTs, we identified a cDNA

showing high homology with previously reported

defensin -like peptide. The full length sequence of a P.

brevitarsis defensin -like peptide (protaetiamycine) was

363 bp in length, having a 5’ untranslated region (UTR) of

24 bp, a 3’UTR of 99 bp, and open reading frame (ORF)

of 237 bp encoding a polypeptide of amino acid (Fig. 1).

The DNAs encoded deduced propeptide of 79 amino acid

residues with predicted molecular weight of 8.4 kDa and

PI of 8.24. The six cysteine residues known to form the
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three disulphide bridges are at positions 39, 56, 60, 70, 75,

77. Overall amino acid sequence of this protein has 39%

similarity to that of Rhodnius prolixus defensin, 43% sim-

ilarity to that of Acalolepta luxuriosa defensin, and 72%

similarity to that of Oryctes rhinoceros defensin, suggest-

ing that this gene is an insect defensin (Fig. 2)

Insect defensins are the best-known peptides with a

CSαβ motif and they all have a C···CXXXC···C···CXC

consensus sequence (Dimarcq et al., 1998). The deduced

amino acid sequence of the protaetiamycine peptide

showed that it had a cysteine-stabilized áâ motif with a

C···CXXXC···C···CXC consensus sequence, like insect. A

multiple sequence alignment analysis using CLUSTAL W

indicated that this peptide is distant from insect defensins

and is a novel peptide with a CSαβ motif.

To confirm the inducibility of protaetiamycine by

immune challenge, we performed a northern analysis

using the total RNA extracted from E. coli immunized lar-

vae (Fig. 3). The immunized larvae were collected to iso-

late total RNA 0, 4, 8, 16, and 24 hrs after E.coli injection.

The mRNA expression was up-regulated after 4 hrs and

declined gradually after 8 hrs. Thus, the increase of pro-

taetiamycine expression after E. coli injection in insect

might be involved in immune response.

To test antifungal activity, a 12-mer peptide amidated at

its C-terminus, ACAAHCLAIGRG-NH2 (Ala55-Lys66-

NH2, 12 Pbn) was synthesized. This site (12 Pbn) corre-

sponded to α-helical region of known insect defensin-like

peptide (Saido-Sakanaka et al., 1999). This peptide

showed some antibacterial activity against Candida albi-

cans. To increase antifungal activity, we then synthesized

modified six 9-mer peptides by changing amino acid

Fig. 1. Nucleotide and deduced amino acid sequences of protaetiamycin gene isolated from P. brevitarsis defensin. The predicted

amino acid sequence (single-letter abbreviation) is shown below the nucleotide within the open reading frame. The potential recog-

nition sequence for cleavage site within the constitutive secretory pathway (Arg-Xaa-Lys/Arg-Arg) is single-underlined. The puta-

tive mature peptide was boxed. Asterisk indicates termimation codon. Codons for initiation, polyadenylation and poly(A) tail are in

bold.

Fig. 2. Multiple alignment of the amino acid sequences of P. brevitarsis defensin with known insect defensin. Putative cleavage site

for mature peptide indivated with an arrow. Bars indicate gaps to optimize the sequence alignment. The six conserved Cys(C)

resides involved in disulphide bridge are grey shaded. The GenBank assession numbers for the analysed sequence are: Oryctes rhi-

noceros (BAA36401), Copris tripartitus (ABP97087), Acalolepta luxuriosa (AAK35160), Tribolium castaneum (XP968237),

Anopheles stephensi (ABM92299) and Rhodnius prolixus (AAO74625).
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sequences of 12 Pbn fragment. The amino acid sequences

of the 12 Pbn fragment and its analogues are summarized

in Table 1. We examined their antifungal activity against

C. albicans by the radial diffusion assay described in

Lehrer et al. (1991). Among these peptides, 9Pbm3-

9Pbm6 exhibited had strong activity compared with

Cecropin B and mellitin (Fig. 4). These results suggest

that moderate hydrophilic-hydrophobic balance of the á-

helical antimicrobial peptides is crucial factor in design-

ing of novel peptides having potent antibiotic activity. The

first insect defensin peptides was isolated by Matsuyama

and Natori (1988) from the flesh fly Sarcophaga pere-

grine. Since then, numerous insect defensins have been

isolated from various insects.
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