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We describe here the ¢cDNA sequence and mRNA
expression of a novel family of the antioxidant protein,
peroxiredoxin, from the firefly, Pyrocoelia rufa. The
555 bp cDNA sequence codes for a 185 amino acid pro-
tein with a calculated molecular mass of approxi-
mately 21 kDa. The deduced protein of P rufa
peroxiredoxin gene contains two conserved cysteine
residues. Alignment of the deduced protein of P, rufa
peroxiredoxin gene showed 71.1% protein sequence
identity to known insect Drosophila melanogaster per-
oxiredoxin. Northern blot analysis revealed that the P
rufa peroxiredoxin is specifically expressed in the fat
body of P. rufa larvae.
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Introduction

Peroxiredoxin (Prx) protein is the antioxidant protein that
reduces H,O, with the use of electrons provided by thiore-
doxin (Chae er al., 1994a). Initially identified in yeast, Prx
has been discovered in prokaryotes and eukaryotes (Chae
et al., 1994b). More than 40 proteins from a wide variety
of species show sequence similarity to Prx. Peroxiredox-
ins are considered to be involved in oxidative stress pro-
tection mechanisms but also in cell differentiation, proli-
feration, immune response, and apoptosis, as well as acti-
vation of viruses, notably HIV, from latency (Holmgren,
1989; Ichimiya ez al., 1997; Kang et al., 1998a; Prosperi
er al., 1993; Rabilloud ez al., 1995; Zhang et al., 1997).
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In insect, Prx have firstly been identified in Drosophila
melanogaster (Rodriguez et al., 2000). Two peroxiredox-
ins (Jafrac 1 and Jafrac 2) of Drosophila contain two con-
served cysteine residues and share homology with other
Prxs that extends over the entire sequence and ranges
between 47% and 76%.

In this study, we report the cDNA sequence and mRNA
expression of a novel family of the antioxidant protein,
Prx, from the firefly, Pyrocoelia rufa. The characterization
for novel family of Prx in Coleoptera is discussed.

Materials and Methods

Insects

The larvae of the firefly, Pyrocoelia rufa, were collected at
Miryang, Kyungnam province in Korea. The live larvae
were directly used in this study.

¢DNA library screening , nucleotide sequencing and
data analysis

A cDNA library (Lee er al., 2000) was constructed from
the whole body of P. rufa larvae. The sequencing of ran-
domly selected clones harboring cDNA inserts was per-
formed to generate the expressed sequence tags (ESTs).
For DNA sequencing, plasmid DNA was extracted by
Wizard mini-preparation kit (Promega). Sequence of each
¢DNA clone was determined 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
NCBIL GenBank, EMBL and SwissProt databases were
searched for sequence homology using a BLAST algo-
rithm program.

MacVector (ver. 6.5) was used to align the amino acid
sequences of Prx gene. Including the eighteen GenBank-
registered amino acid sequences of Prx genes, phyloge-
netic analysis among Prx genes was performed using
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PAUP (Phylogenetic Analysis using Parsimony) version
3.0 (Swofford, 1990). The tree was obtained by bootstrap
analysis with the option of heuristic search (1,000 repli-
cations). Outgroup was chosen as Xerophyta viscosa Prx
gene on the basis of the sequence homology obtained by
pairwise comparison. The accession numbers of the
sequences in the GenBank are as follows: firefly P rufa
(this study), fruit fly D. melanogaster (AY051983), Sino-
rhizobium meliloti (AL591785), Agrobacterium tumefa-
ciens (NC003062), Brucella melitensis (NC003317), Vibrio
cholerae (AEQ04215), Ralstonia solanacearum (AL646072),
rice Oryza sativa (AF203879), Capsicum annuum (AF
442385), Chinese cabbage Brassica rapa pekinensis (AF
133302), Arabidopsis thaliana (NM105269), pig Sus scrofa
(AF110735), Norway rat Rattus norvegicus (NM053610),
house mouse Mus musculus (NM012021), baboon Papio
hamadryas (AF110734), African green monkey Cercop-
ithecus aethiops (AF110736), human Homo sapiens (AF
110731), cow Bos taurus (AF305564), and X. viscosa
(AF484696).

RNA isolation and Northern blot analysis

Ten larvae of P rufa were dissected under the Stereo-
microscope (Zeiss, Jena, germany). Individual samples
such as midgut and fat body were harvested and washed
twice with PBS (140 mM NaCl, 27 mM KCI, 8§ mM
Na,HPO,, 1.5 mM KH,PO,, pH 7.4). Total RNAs were
isolated from the whole body, mid gut, and fat body of the
P. rufa larvae by using the Total RNA Extraction Kit
(Promega, Madison, WI). Total RNAs (10 pg/lane) from
the P. rufa were denatured by glyoxalation (McMaster and
Carmichael, 1977), transferred onto a nylon blotting
membrane (Schleicher & Schuell, Dassel, Germany) and
hybridized at 42°C with a probe in a buffer containing 2 x
PIPES, 50% formamide, 1% sodium dodecyl sulphate
(SDS) and blocking agent (Boehringer Mannheim, Man-
nheim, Germany). The probe used to detect the Prx gene
transcripts was 555 bp Prx gene cloned in this study and
labeled with [a-**P] dCTP (Amersham, Arlington Heights,
IL) using the Prime-It II Random Primer Labeling Kit
(Stratagene, La Jolla, CA). After hybridization, the mem-
brane filter was washed three times for 30 min each in
0.1% SDS and 0.2 X SSC (1 x SSC is 0.15 M NaCl and
0.015 M sodium citrate) at 65°C, and finally exposed to
X-ray film. For rehybridization, the membrane was
washed for 20 min at room temperature in sterile millipore
water. Then the membrane was washed overnight at 65°C
in 50 mM Tris-HC! (pH 8.0), 50% dimethylformamide
and 1% SDS in order to remove the hybridized probe. The
membrane was then rehybridized to [0-*P] dCTP-labeled
16S rRNA probe (Lee et al., 2000). The 16S rRNA gene
was used as an internal loading control.
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Fig. 1. The nucleotide and deduced amino acid sequences of P
rufa Prx gene. The start codon of ATG is boxed and the termi-
nation codon is asterisked. Two cysteine residues are marked
by open triangles.

Results and Discussion

Construction of a ¢cDNA library was prepared from the
whole body of P rufa larvae (Lee et al., 2000). The
sequencing of randomly selected clones harboring cDNA
inserts was performed to generate the P rufa ESTs. Of
these ESTs, one exhibited similarity to the reported Prx
genes. The nucleotide and deduced amino acid sequences
of a full length cDNA encoding the P. rufa Prx is pre-
sented in Fig. 1. The complete Prx cDNA sequence com-
prised of 555 bp with 185 amino acid residues with a
calculated molecular mass of approximately 21 kDa.

A multiple sequence alignment of the deduced protein
sequence of P. rufa Prx gene with other Prx sequences is
shown in Fig. 2. Alignment of the P. rufa Prx sequences
with those for Prx from several other species indicates the
extent of the identity that exists. The Prx active site (Ver-
doucq et al., 1999; Zhou et al., 2000) is conserved in the
surrounding region of the first cystein residue. The Prx
proteins fall largely into the two subfamilies of one cys-
teine Prx and two cysteins Prx proteins (Kang er al.,
1998b). The Prx proteins use the sulfhydryl group of cys-
teine as a strong nucleophile in their attack on hydrogen
peroxide and hydroxyl radicals (Choi et al., 1998). The
deduced protein of P rufa Prx gene has two conserved
cysteine residues over the entire sequence, indicating that
P. rufa Prx is two cysteins Prx protein type. The Droso-
phila Prx also contains two conserved cysteine residues
(Rodriguez et al., 2000).
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Fig. 2. Alignment of deduced amino acid sequences of P. rufa Prx gene with other known Prxs. In solid box are the residues that are
identical to those in P. rufa Prx. The Prx active site in the Prx sequence is lined. Two conserved cysteine residues are marked by
open triangles.

Table 1. Pairwise comparisons among amino acid sequences of the P. rufa peroxiredoxin gene and the known peroxiredoxin gene

Species GenBank No. 1 2 3 4 5 6 7 8 9 10
1. P. rufa - 0286 0423 0450 0440 0443 0471 0471 0.467 0.464
2. D. melanogaster AY(051983 84 - 0419 0450 0433 0433 0454 0426 0426 0426
3. V. cholerae AAF94508 123 122 - 0309 0.278 0399 0285 0.292 0309 0.299
4. S. meliloti CAC45487 131 131 90 - 0.110  0.247 0323 0309 0.313 0.351
5. A. tumefaciens NP_353803 128 126 81 32 - 0220 0299 0313 0306 0.337
6. B. melitensis NP_540373 129 126 116 72 64 - 0412 0409 0409 0440
7. R. solanacearum CAD16545 137 132 83 94 87 120 - 0.320 0313 0.320
8. 0. sativa AF203879 137 124 85 90 91 119 93 - 0.141  0.137
9. C. annuum AF442385 136 124 90 91 89 119 91 41 - 0.103
10. B. rapa perkinensis ~ AF133302 135 124 87 102 98 128 93 40 30 -
I1. A. thaliana AF332463 136 128 91 105 102 131 94 43 37 12
12. S. scrofa AF110735 115 106 99 102 96 129 114 99 100 100
13. R. norvegicus AF110732 139 120 148 153 151 151 165 149 150 150
14. M. musclus AF197951 134 115 146 149 147 150 161 144 145 145
15. P. hamadryas AF110734 131 122 154 152 149 149 163 151 150 152
16. C. aethiops AF110736 132 121 153 152 149 149 163 151 150 152
17. H. sapiens AF110731 132 119 152 151 148 149 163 150 149 151
18. B. taurus AF305564 135 124 159 157 153 149 169 156 154 157
19. X. viscosa AF484696 225 213 188 195 192 221 203 193 191 191

Numbers above the diagonal are mean distance values; numbers below the diagonal are absolute distance values.
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Table 1. (Continued)

Species GenBank No. 11 12 13 14 15 16 17 18 19

1. P. rufa 0467 0395 0478 0460 0450 0454 0454 0464 0773
2. D. melanogaster AY051983 0.440 0364 0412 0395 0419 0416 0409 0426 0.732
3. V. cholerae AAF94508 0313 0340 0509 0502 0529 0526 0522 0546 0.646
4. S. meliloti CAC45487 0361 0351 0526 0512 0522 0522 0519 0540  0.670
5. A. tumefaciens NP_353803  0.351 0.33 0519 0505 0512 0512 0509 0526  0.660
6. B. melitensis NP_540373 0450 0443 0519 0515 0512 0512 0512 0512 0.759
7. R. solanacearum CAD16545 0323 0392 0567 0553 0560 0560 0560 0.581  0.698
8. O. sativa AF203879 0.148 0.34 0512 0495 0519 0519 0515 0536 0663
9. C. annuum AF442385 0.127 0344 0515 0498 0515 0515 0512 0.529  0.656
10. B. rapa perkinensis ~ AF133302 0.041 0344 0515 0498 0522 0522 0519 0540 0.656
11. A. thaliana AF332463 - 0354 0526 0509 0536 0536 . 0533 0550  0.660
12.S. scrofa AF110735 103 - 0.237 0213 0241 0241 0230 0265 0.649
13. R. norvegicus AF110732 153 69 - 0076 0172  0.168 0.168 0220 0.818
14. M. musclus AF197951 148 62 22 - 0.175 0172  0.172 0203 0811
15. P. hamadryas AF110734 156 70 50 51 - 0.007 0.045 0210 0.825
16. C. aethiops AF110736 156 70 49 50 2 - 0.045 0206 0.821
17. H. sapiens AF110731 155 67 49 50 13 13 - 0213 0.821
18. B. taurus AF305564 160 77 64 59 61 60 62 - 0.845
19. X. viscosa AF484696 192 189 238 236 240 239 239 246 -

The P. rufa Prx showed 71.1% protein sequence identity mammals. This result was similar to Drosophila Prx that
to the D. melanogaster Prx (Table 1). Furthermore, P. rufa shares homology with other Prxs that extends over the
Prx shows sequence similarity to other known Prxs from a entire sequence and ranges between 47% and 76% (Rod-
wide variety of species, ranging from prokaryotes to riguez er al., 2000).
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Fig. 3. The hydropathy profile of P. rufa Prx and known insect Drosophila Prx. Hydropathic analysis was done as described by Kyte
and Doolittle (1982).
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Species
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Fig. 4. A phylogenetic tree for aligned amino acid sequences
of the P rufa Prx and the known Prxs. The sequences were
extracted from; P. rufa (this study), D. melanogaster (Staple-
ton et al., 2001), S. meliloti (Capela et al., 2001), A. tumefa-
ciens (Goodner et al., 2001), B. melitensis (DelVecchio et al.,
2002), V. cholerae (Heidelberg et al., 2000), R. solanacearum
(Salanoubat et al., 2001), O. sativa (Alegre et al., 2000), C.
annuum (Hwang and Do, 2002), B. rapa pekinensis (Choi et
al., 1999), A. thaliana (Town et al., 2002), S. scrofa (Knoops et
al., 1999), R. norvegicus (Knoops et al., 1999), M. musculus
(Yamashita er al., 1999), P hamadryas (Knoops et al., 1999),
C. aethiops (Knoops et al., 1999), H. sapiens (Knoops et al.,
1999), B. taurus (Leyens et al., 2001), and X. viscosa (Mowla
et al., 2002). The tree was obtained by bootstrap analysis with
the option of heuristic search and the numbers on the branches
represent bootstrap values for 1,000 replicates. Outgroup was
chosen as X. viscosa on the basis of the sequence homology by
pairwise comparison.

The hydropathy plot of P. rufa Prx was analyzed by the
Kyte and Doolittle method (Kyte and Doolittle, 1982), and
compared with known insect Drosophila Prx showing a
high homology. As shown in Fig. 3, hydropathy analysis
suggests the profile of P rufa Prx is similar to insect
Drosophila Prx, indicating that P. rufa Prx is hydrophilic.
A phylogenetic tree was constructed using the protein

4 EtBr staining

(A)

(B) = Prx

4= RNA

(©)

Fig. 5. Northern blot analysis of the P. rufa Prx gene. Total
RNAs were isolated from the whole body (lane 1), fat body
(lane 2) and mid gut (lane 3), respectively. The RNAs were
separated by 1.0% formaldehyde agarose gel electrophoresis
(A), transferred on to a nylon membrane, and hybridized with
the radiolabelled P, rufa Prx gene (B). The 16S rRNA gene was
used as an internal loading control (C). Transcripts of the P,
rufa Prx gene are indicated on the right of panel by arrow.

sequences of known Prx genes (Fig. 4). The phylogenetic
analysis revealed that the deduced protein sequence of P,
rufa Prx gene formed a subgroup with an insect Droso-
phila Prx.

To confirm the expression of the P. rufa Prx gene at the
transcriptional level, the Northern blot analysis was car-
ried out using the mRNA prepared from the mid gut and
fat body, respectively (Fig. 5). A hybridization signal was
detected as a single band in mRNA from the whole body
as a positive control and fat body. The Northern hybrid-
ization revealed that P. rufa Prx is specifically expressed
in the fat body of P. rufa larvae.

In conclusion, we report the ¢cDNA sequence and
mRNA expression of Prx in the firefly, P rufa. In this
study, molecular characterization of P rufa Prx will
expand our understanding on the insect Prxs.
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