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A ¢DNA encoding the defensin homologue of a novel
family member was isolated from the ¢cDNA library of
the fivefly, Pyrocoelia rufa. Sequence analysis of the
¢DNA encoding the defensin homologue of P rufa
resulted that the 165 bp ¢cDNA has an open reading
frame of 55 amino acid residues. The deduced amino
acid sequences of the defensin homologue gene from P,
rufa showed identity to known mammalian defensins.
Also 6 cystein residues in the P rufa defensin homo-
logue gene were conserved in the same position as
those of known mammalian defensins. The result sug-
gested that P. rufa defensin homologue is a novel mem-
ber of the insect defensin family, Southern blot
analysis suggests that there may be a single copy num-
ber of the P. rufa defensin homologue gene and their
fat body-specific expression pattern at the transcrip-
tional level was confirmed by Northern blot analysis.
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Introduction

The host defense of insects relies on cellular and humoral
mechanisms. The humoral defense mechanism has been
extensively studied from various insect species, and it is
now clear that it is essentially based on the synthesis of
antibacterial and antifungal peptides. In insects, these anti-
microbial molecules are produced in the fat body and
released into the hemolymph. Today, more than 150 anti-
microbial peptides have been characterized from various
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insect species (Lamberty et al., 1999). The antimicrobial
peptides are often grouped into four families: cecropins,
cysteine-rich peptides, proline-rich peptides, and glycine-
rich peptides (Hoffman and Reichhart, 1997; Hetru et al.,
1998; Hoffman et al., 1996).

Defensins are active against Gram-positive bacteria.
These cystein-rich antibacterial peptides contain members
with 1 to 4 disulfide bridges with molecular masses rang-
ing from 2 to 6 kDa. Their presence has been reported
from many insect orders (Miyanoshita er al., 1996; Lam-
berty et al., 1999) and also from scorpions (Ehret-Sabatier
et al., 1996) and mammals (Tarver et al., 1998). Insect
defensins are widely distributed in insects of the orders,
Coleoptera (Moon et al., 1994; Bulet er al, 1991),
Hymenoptera (Fujiwara et al., 1990), Hemiptera (Cocian-
cich er al., 1994), Diptera (Lambert et al., 1989; Mat-
suyama and Natori, 1988; Yamada and Natori, 1993;
Dimarceq et al., 1994; Hoffman and Hetru, 1992; Lowen-
berger et al., 1995) and Odonata (Bulet ez al., 1992). Hith-
erto, they had not been isolated from Lepidoptera
(Lamberty er al., 1999).

Although insect defensins were originally thought to
have structural similarity to mammalian defensins, three-
dimensional structures and disulfide bond topologies of
the peptides were found to be entirely different (Hoffman
and Hetru, 1992; Hanazawa et al., 1990). Interestingly, all
6 cystein residues and a tyrosine residue next to the N-ter-
minus are completely conserved in 16 insect defensin spe-
cies (Miyanoshita er al., 1996).

Intriguingly, no defensin exhibiting structural similar-
ity with mammalian defensins has been reported so far
from insects, and no antimicrobial peptides have been
recorded from the firefly. We present here the isolation
of a cDNA encoding the defensin homologue of a novel
family member from the firefly, Pyrocoelia rufa, the
structure of which shares similarities with mammalian
defensins.
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Materials and Methods

¢DNA library screening

A cDNA library was constructed from poly (A") mRNA
isolated from the whole body of Pyrocoelia rufa larvae by
Uni-ZAP XR vector and Gigapack I Gold Packing
Extract (Stratagene, La Jolla, USA) (Lee et al., 2000,
2001). E. coli XL1-Blue MRF strain was infected by the
Uni-ZAP XR library harboring P. rufa ¢cDNA and cultured
on the NZY agar medium. Each plaque was suspended in
SM buffer [5.8 g/l NaCl, 2 g/l MgSO,* 7H,0, 0.05 M Tris-
Cl (pH 7.5) and 0.01% gelatin solution] containing 0.02%
(v/v) chloroform and stored at 4°C for 1 day. The pages
were eluted into SM buffer. The pBluescript phagemids
were in vivo excised from the Uni-ZAP XR vector using
an ExAssist helper phage. E. coli strain, SOLR cell (Strat-
agene), was infected by the excised phagemids and plated
on LB-Amp medium (50 gg/ml ampicillin). Plasmid
DNA from the overnight culture was isolated by Wizard
mini-preparation kit (Promega, Madison, WI). For the
construction of the expressed sequence tags (ESTs) pro-
file, ¢cDNA clones randomly selected from the cDNA
library were sequenced.

DNA sequencing and data analysis

The ¢cDNA was sequenced using an automatic sequencer
(model 310 Genetic Analyzer; Perkin-Elmer Applied Bio-
systems, Foster City, CA). The sequences were compared
using the DNASIS and BLAST programs provided by the
NCBI. GenBank, EMBL and SwissProt databases were
searched for sequence homology using a BLAST algo-
rithm program. The hydropathic index for deduced amino
acid sequence of the P. rufa defensin homologue was ana-
lyzed by the Kyte-Doolittle method (Kyte and Doolittle,
1982).

The sequence data of P rufa defensin homologue gene
obtained from this study have been deposited with the
EMBL/GenBank/DDBJ libraries under the accession
number AY048773.

Genomic DNA isolation and Southern blot analysis

Genomic DNAs were extracted from the larvae of P rufa
using a Wizard™ Genomic DNA Purification Kit, accord-
ing to the manufacturers instructions (Promega). Genomic
DNAs from P, rufa were digested with EcoRI or Xhol, and
electrophoresed through 1.0% agarose gel. The DNA
from the gel was transferred onto a nylon blotting mem-
brane (Schleicher & Schuell, Dassel, Germany) and hybri-
dized at 42°C with a probe in a hybridization buffer con-
taining 5 x $SC, 50% formamide, 0.1% (W/V) N-lauroyl-
sarcosine, 0.02% sodium dodecyl sulphate (SDS) and 2%
blocking agent (Boehringer Mannheim, Mannheim, Ger-

many). The probe used to detect the DNA fragment con-
taining defensin homologue gene was a 168bp P rufa
defensin homologue gene radiolabeled with [o-**P] dCTP
(Amersham, Arlington Heights, IL). After hybridization,
the membrane filter was washed three times for 30 min
each in 0.1% SDS and 0.2 xSSC (1xS8SC is 0.15M
NaCl and 0.015 M sodium citrate) at 65°C, and finally
exposed to X-ray film.

RNA isolation and Northern blot analysis

Total RNAs were isolated from the whole body, fat body,
light organ, gut and head part of the P, rufa larvae by using
the Total RNA Extraction Kit (Promega). Total RINAs (10
pg/lane) from the larvae of P. rufa were denatured by gly-
oxalation (McMaster and Carmichael, 1977), transferred
onto a nylon blotting membrane (Schleicher & Schuell)
and hybridized at 42°C with a probe in a buffer containing
2 x PIPES, 50% formamide, 1% SDS and blocking agent
(Boehringer Mannheim). The probe used to detect the
defensin homologue gene transcripts was a 168 bp P rufa
defensin homologue gene radiolabeled with [o-""P] dCTP
(Amersham). The other procedures for washing the mem-
brane filter and exposing X-ray film were performed as in
the Southern blot analysis described above.

Results

The cDNA library was prepared from the whole body of
P rufa larvae (Lee et al., 2000, 2001). The partial
sequencing of randomly selected clones harboring cDNA
inserts was performed to generate the P rufa ESTs
(expressed sequence tags). The P rufa ESTs were aligned
and putatively identified based on known genes. Of these
ESTs, one clone was aligned and identified to mammalian
defensins. The nucleotide sequence of cDNA from the
clone was analyzed and its amino acid was deduced. As
the result of the complete nucleotide and amino acid
sequences in Fig. 1, the 1635 bp defensin homologue gene

1 E@N\I\.CTGTCAGTTTTTGTGCTAGTTGCAGTAATGC'I"I‘G’I"T“I‘TG‘TTGTGTTGTGCGATG
1M KL 5V F VLV AVMILVYVLLGCOCAM

61 CAGACGGEAGECACGTCGTCGTTGTCGTTUCTCTCTGCCAT TTTGUGGCAGCAATGARTET
206 T E A RRBRC RS CV P FCGAENER

121 ATGATATCCACCIGI1CICTGEAGEAGTAGTTTGCTGCCCARGATGATCARAATTCCTA
4 M I 8 T ¢ F 8§ G &GV V C C P R *

181 ATGTTGTTTTATATTTATTAATAAACTTATATTACATACCTATACCTTTTARAAARAARA

Fig. 1. The nucleotide and deduced amino acid sequences of P
rufa defensin homologue gene. The start codon of ATG is
boxed and the termination codon is single underlined with
asterisk. The poly A signal is double underlined. The GenBank
accession number is AY048773.
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Fig. 2. Alignment of the signal peptide (A) and predicted mature peptide (B) of the £ rufa defensin homologue. Closed circles with
number indicated the conserved 6-cystein residues. Shadow boxes indicated the conserved amino acid residues throughout three
defensins. The P rufu defensin homologue is aligned with protein sequences of EBD (Tarver et al., 1998) and TAP (Diamond ez al.,

1991, 1993).

has an open reading frame of 55 amino acid residues.

The amino acid sequences of P rufa defensin homo-
logue gene were aligned to those of known defensin
genes. The P rufa defensin homologue gene was not
matched to the previously identified insect defensins. On
the other hand, the deduced amino acid sequences of the
defensin homologue gene from F. rufa showed identity to
known mammalian defensins, EBD (enteric [-defensin)
and TAP (tracheal antimicrobial peptide). When EBD and
P rufa defensin homologue are aligned, the P rufa
defensin homologue is suggested that the putative signal
peptide is 26 amino acid residues and the predicted mature
peptide is 29 amino acid residues (Fig. 2). The sequence
of the predicted mature peptide of the P rufa defensin
homologue has 40% identity to that of EBD. Also, all 6
cystein residues in the P rufa defensin homologue gene
were conserved in the same position as those of known
mammalian defensins, EBD and TAP (Fig. 2). The P, rufa
defensin homologue is a cystein-rich protein and contains
6 cystein residues.

The hydropathic index for amino acid sequence of the P
rufa defensin homologue was analyzed by the Kyte-
Doolittle method (1982). The signal peptide of the P, rufa
defensin homologue, like EBD and TAP, is hydrophilic.
Except for the signal peptide, three hydrophilic regions in
the predicted mature peptide of the P. rufa defensin homo-
logue were found (Fig. 3). The hydropathy of the P. rufa
defensin homologue was similar to mammalian defensins,
EBD and TAP.

To scrutinize the genomic organization of the defensin
homologue gene in . rufa, genomic DNA was digested

Pyrocoelia rufa Defensin homologue
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Fig. 3. Hydropathic analysis of the deduced protein of P rufa
defensin homologue. The hydropathic index for deduced amino
acid sequences of P rufa defensin homologue (A), EBD (B) and
TAP (C) was analyzed by the Kyte-Doolittle method (1982).

with restriction enzymes without restriction site within
defensin homologue gene and hybridized with the full-
length defensin homologue gene amplified by PCR in this
study as a probe. The Southern blot analysis revealed that
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Fig. 4. Southern blot analysis of F. rufa genomic DNA for the
defensin homologue gene. Genomic DNA was digested with
restriction enzymes, FcoRI (lane 1) and Xhol (lane 2), sepa-
rated by 1.0% agarose gel electrophoresis (A), and hybridized
with the radiolabelled 168 bp defensin homologue gene in this
study (B). Size markers are shown on the left of panel A. The
hybridized bands indicated the arrow with molecular size.

Fig. 5. Northern blot analysis of the P rufa defensin homo-
logue gene. Total RNAs were isolated from the whole body
(lane 1), fat body (lane 2), head part (lane 3), midgut (lane 4),
and light organ (lane 5). The RNAs were separated by 1.0%
formaldehyde agarose gel electrophoresis (A), transferred on
t0 a nylon membrane, and hybridized with the radiolabelled
168 bp defensin homologue gene (B). Transcripts of the
defensin homologue gene are indicated on the left of panel B
by a solid arrow.

the defensin homologue gene in P rufa genome was
detected as a single band pattern (Fig. 4).

In order to confirm the tissue-specific expression of the
P rufa defensin homologue gene at the transcriptional
level, the Northern blot analysis was carried out using the
full-length P. rufa defensin homologue gene amplified by
PCR in this study as a probe (Fig. 5). The result of the

Northern hybridization showed the expression of the P
rufa defensin homologue gene in the whole body, fat body
and head part, but not detected in the midgut and light
organ.

Discussion

We have cloned a ¢cDNA encoding the defensin homo-
logue in the firefly, P rufa. The complete sequences of
this ¢cDNA comprised a 165 bp encoding the P rufa
defensin homologue of 55 amino acid residues. Above all,
we compared the amino acid sequences of the various
insect defensins isolated from 4 different insect orders
(Miyanoshita et al., 1996). However, the P. rufa defensin
homologue gene was not matched to the previously iden-
tified insect defensins. On the other hand, the deduced
amino acid sequences of the defensin homologue gene
from P rufa showed identity to known mammalian
defensins, EBD and TAP (Diamond et al., 1991, 1993;
Tarver et al., 1998). When mammalian defensins and P
rufa defensin homologue are aligned, the P. rufa defensin
homologue is suggested that the putative signal peptide
and the predicted mature peptide are 26 and 29 amino acid
residues, respectively (Tarver et al., 1998). Although the
sequence of the predicted mature peptide of the P rufa
defensin homologue has 40% identity to that of EBD, all
6 cystein residues in the P. rufa defensin homologue gene
were completely conserved in the same position as those
of known mammalian defensins. The result suggested
that the P rufa defensin homologue has three disulfide
bridges and showed structural similarity to mamimalian
defensins. The previous study indicated that, in the
insect defensin family, defensins from Coleoptera (4 spe-
cies), Hymenop- tera (1 species), Hemiptera (1 species)
and Diptera (10 species) contained 6 cystein residues,
and completely conserved in the same position (Miy-
anoshita ez al., 1996). Interestingly, all 6 cystein residues
of the P. rufa defensin homologue are different for 16
insect defensin species. It is apparent that this P rufa
defensin homologue gene represents a new member of
the insect defensin family.

The genomic organization of the defensin homologue
gene in P rufa was analyzed by Southern blot hybridiza-
tion. By digestion of the restriction enzymes without cut-
ting site within P, rufa defensin homologue gene, only one
band was detected. This banding pattern suggests that the
defensin homologue gene exists as a single copy number
in P rufa.

In general, the antimicrobial molecules in insects are
produced in the fat body and released into the hemolymph
(Lamberty et al., 1999). The tissue-specific expression of
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the P rufa defensin homologue gene was confirmed by
the Northern blot analysis. Interestingly, the result reve-
aled that the P. rufa defensin homologue gene is expressed
in the whole body, fat body and head part, and especially
showed high-expression level in the head part. However,
further investigation is required to fully understand its tis-
sue-specific expression.

In conclusion, we report gene structure of the P rufa
defensin homologue gene for the first time. This gene sug-
gested a novel member of the insect defensin family.
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