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Isolation, cDNA cloning and gene expression of an antibacterial protein
from larvae of the coconut rhinoceros beetleOryctes rhinoceros
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An antibacterial protein, designated rhinocerosin, was purified to homogeneity from larvae of the
coconut rhinoceros beetl®ryctes rhinocerogmmunized withEscherichia coli Based on the amino acid
sequence of the N-terminal region, a degenerate primer was synthesized and reverse-transcriptase PCR
was performed to clone rhinocerosin cDNA. As a result, a 279-bp fragment was obtained. The complete
nucleotide sequence was determined by sequencing the extended rhinocerosin cDNA clomepiy 5
amplification of cDNA ends. The deduced amino acid sequence of the mature portion of rhinocerosin
was composed of 72 amino acids without cystein residues and was shown to be rich in dlycife)(
and proline {1.1%) residues. Comparison of the deduced amino acid sequence of rhinocerosin with those
of other antibacterial proteins indicated that it has 77.8% and 44.6% identity with holotricin 2 and
coleoptrecin, respectively. Rhinocerosin had strong antibacterial activity adairsili, Streptococcus
pyogenes Staphylococcus aureulsut not againstPseudomonas aeruginas&esults of reverse-tran-
scriptase PCR analysis of gene expression in different tissues indicated that the rhinocerosin gene is
strongly expressed in the fat body and the Malpighian tubule, and weakly expressed in hemocytes and
midgut. In addition, gene expression was inducible by bacteria in the fat body, the Malpighian tubule and
hemocyte but constitutive expression was observed in the midgut.

Keywords :antibacterial proteinQryctes rhinocerosinsect immunity; cDNA cloning; gene expression.

Antibacterial proteins are important factors which can elimibacteria (Bullet et al.1991). Holotricin 2 consists of 72 amino
nate infectious bacteria in innate immune systems of animadsid residues without cystein residues and shows antibacterial
(Dunn, 1986, Boman and Hultmark,987; Boman,1991, 1995; activity against Gram-negative bacteria (Lee et 8894). Both
Lehrer et al.,1991; Hoffmann,1995). In insects, a large numbercoleoptericin and holotricin 2 belong to the glycine-rich antibac-
of antibacterial proteins have been purified from six constituergrial proteins and share 39.2% sequence identity. Their N-ter-
orders; the Lepidoptera, the Diptera, the Coleoptera, the Hymeinal regions indicate significant similarity, suggesting that this
noptera, the Hemiptera and the Ephemeroptera (Hultm883; common region is important for antibacterial activity.

Kimbrel, 1991; Bullet et al.,1991). These antibacterial proteins  In our efforts to search further for antibacterial proteins from
are classified in five major groups (Hultmark993); cecropin, larvae of coleopteran insects, we attempted to purify them using
insect-defensin, glycine-rich proteins, proline-rich proteins angle coconut rhinoceros beetl@ryctes rhinocerosin this report,
lysozymes. As far as is known six antibacterial proteins hawge describe the purification, cDNA cloning and gene expression
been isolated from coleopteran insects sashZophobas atra- of an antibacterial protein named rhinocerosin from this insect
tus, Tenebrio moliter Holotrichia diomphalia and Allomyrina and the character of its antibacterial activity.

dichotoma These antibacterial proteins were divided into three

groups, namely defensin-related proteins includaglichotoma

defensin (Miyanoshita et al1996), peptide B and C fror. MATERIALS AND METHODS

et al. 1994), coleoptericin fronZ. atratus(Bullet et al., 1991)  hingceroswas collected in the field of the Ryukyu islands,
and holotricin 2 fromH. diomphalia(Lee et al.,1994). Japan. Third-instar larvae were used to purify the antibacterial

Coleoptericin is a 74-residue glycine-rich protein containing,giein.
no cystein residues, and is bactericidal against Gram-negative |,munization and collection of hemolymph. Third-instar

* Present addressPharmaceutical Discovery Research Laboratolarvae were cooled on ice and injected with HOEscherichia
ries, Teijin Limited, Hino, Tokyo191-0065, Japan coli K12 (2x10° cells) suspended in physiological saline
Correspondence toM. Yamakawa, Laboratory of Biological (150 mM NaCl, 5 mM KCI). The larvae were kept at 25 for
Defense, Nation_al Institute of Sericultural and Entomological Scienc@4—48 h. Hemolymph was collected into ice-cooled tubes in the
Tsukuba, Ibaraki, Japan 368634 presence of aprotinin (Sigma, 5@/ml) by cutting off a leg. The
Ei);-a ﬁf81afa8k;’\?v:gn?ées affre.co.i hemolymph was centrifuged at 39 00Q for 50 min to remove
e -4afire.go.p hemocytes. The clear supernatant was filtrated through an

Abbreviations.RT-PCR, reverse-transcription polymerase chain rex . . o -
action; RACE, rapid amplification of cDNA ends. 0.8um filter (Millex) and stored at-20°C until use.

Note. The novel nucleotide sequence data reported here have been Assay of antibacterial activity. The plate-growth-inhibition
submitted to the GSDB/DDBJ/EMBL/NCBI nucleotide sequence dat@ssay was according to the methods described by Hultmark et
bases and are available under accession numben &0, al. (1982). Briefly, melted agar (20 ml) containinig< 10° loga-
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rithmic-phase cells of a given bacterial strain was poured into Cloning of cDNA and nucleotide sequencing.mRNAs
sterile Petri dishes (8.4 cm diameter). Wells (2 mm diametenere isolated from fat bodies of third-instar larvé@ h after
were cut into the freshly poured plates after solidification of thenmunization withE. coliK12 (2x10° cells) using a Quick Prep
agar. Each well receivedi fraction. The plates were incubatedmRNA Purification Kit (Pharmacia). The first strand cDNA was
overnight at 37C, and the diameters of the clear zones wergynthesized employing a First Strand cDNA Synthesis Kit
recorded after subtraction of the well diameter. To investiga{@®harmacia). 60 ng first strand DNA were used for reverse-tran-
the effect of the purified rhinocerosin, different doses of the antscription PCR (RT-PCR). RT-PCR was performed with the
bacterial protein were added to bacterial culturef®f Staph- following degenerate primers: '-£C/ACGT/GG/ACGT/GC/
ylococcus aureys Staphylococcus pyogene®neumococcus ACGT/CC/ACGT/AA/CT/TTICTICC-3for forward primer and
aeruginosaandE. coli. Logarithmic-phase cells of these bacte5'-AACTGGAAGAATTCGCGGCCGCAGGA-3 for reverse
ria, which were cultured in Muller and Hinton broth (Difco), primer. The forward primer was based on the amino acid se-
were first suspended in 30 MM sodium phosphate, pH 7.0, caqsence of rhinocerosin (Fig. 3) and the reverse primer was a
taining 60 mM NaCl.10 ul this suspension1(5x10° cells) were modification of the bifunctional primer Not I-d(T) (Phar-
added to 4Qu fresh broth and cultured for 20 h at 32 with macia). 35 cycles of RT-PCR were carried out under the
shaking. The culture was chilled and the bacterial concentratiéwllowing conditions: 94C (30 s), 55C (30 s) and 72C (30 s).
was determined by measuring the absorbance at 550 nm by &97-bp fragment obtained by RT-PCR was subcloned into
spectrophotometer (Beckman, DU-650). pCR21 vector using an Original TA Cloning Kit (Invitrogen).
Purification of antibacterial protein. 15 ml hemolymph The nucleotide sequence of this fragment was determined by a
was applied to a Sep-Pack artridge (Waters Associates),dye-terminator cycle sequencing method using a DNA se-
which was previously equilibrated with 20% acetonitrile/0.05%uencer (ABI 373A). 5rapid amplification of cDNA ends (5
trifluoroacetic acid (solution A). After extensive washing of theRACE) was performed using the rhinocerosin-specific antisense
cartridge with solution A, adsorbed materials were eluted stepligonucleotides: BAGCTGCAGTATTGGGTCCCTGT-3 5-
wise with 30, 40, 50, 60 antl00% acetonitrile/0.05% trifluoro- TTTCAATATTAGAGGTGATAC-3' and B-TGGTAGGTAA-
acetic acid and dried under vacuum. The antibacterial activigTGTGAACCAGG-3. A 343-bp PCR product was subcloned
was recovered by elution with 60% acetonitrile/0.05% trifluoroand nucleotide sequencing was carried out as described above.
acetic acid. The dried materials were dissolved in 0.05% tri- Analysis of gene expression in different tissueRT-PCR
fluoroacetic acid and applied to reverse-phase HPLC withas carried out to examine specific expression of the rhino-
ProRPC HR50 C; column (5 mm<100 mm, Pharmacia) con- cerosin gene in different tissues. The third-instar larvae were
nected to a FPLC (Pharmacia), which was equilibrated wiilnmunized withE. coli. Fat body, hemocyte, midgut and the
0.05% trifluoroacetic acid. The column was washed with 0.05%alpighian tubules were excised from third-instar larvae
trifluoroacetic acid, then adsorbed materials were eluted faP h after immunization. As a control, the same tissues were
75 min with a linear gradient of -050% acetonitrile/0.05% tri- excised from non-immunized larvae. mMRNA isolation and
fluoroacetic acid. Fractions having antibacterial activity againsDNA synthesis were as described above. 60 ng first strand
both E. coliandS. aureusvere pooled and dried under vacuumDNA were used for RT-PCR. RT-PCR was performed with the
The dried materials were dissolved in solution A and loadddllowing primers: 5>-GATGATGAAGCTTTACATCG-3 (for-
onto the same HPLC column as described above, which wasrd primer) and BACCTGTAAGTTCCACCAATG-3 (re-
equilibrated with solution A. The column was washed with soluverse primer). As an internal marker, the following insect actin
tion A and a linear gradient of 2040% acetonitrile/0.05% tri- primers were synthesized and used (Kasai etl@b8): 8-AG-
fluoroacetic acid was performed for 20 min. The antibacteri@ AGGAGATGGCCACC-3 (forward primer) and 5TCCA-
materials were separately eluted in two acetonitrile fraction€ATCTGCTGGAAGG-3 (reverse primer). Five different RT-
The latter fractions £140ug proteins from10 larvae) were PCR cycles (25, 30, 35, 40 and 45 cycles) were performed under
combined, dissolved in0 mM sodium phosphate, pH 6.0, con-the following conditions: 94C (30s), 50C (30 s) and 72C
taining 130 mM NaCl and heated dD0°C for 5 min. The heat- (30 s). The RT-PCR products were subjected to agarose-gel elec-
treated sample was centrifuged fo®@ min at 3900&g to re- trophoresis (2%) and stained with ethidium bromide1@0-bp
move heat-denatured proteins. The supernatant was mixed w#tlder (Pharmacia Biotech) was used as DNA size markers.
acetonitrile and trifluoroacetic acid (final concentration 30% and
0.05%, respectively). This sample was applied to reverse-phase
HPLC with a puRPC G/C,; column (21 mmx100 mm, Phar- RESULTS
macia) connected to a Smart system (Pharmacia), which was
equilibrated with 30% acetonitrile/0.05% trifluoroacetic acidPurification of rhinocerosin. Rhinocerosin was purified from
(solution B). The column was extensively washed with solutiohemolymph of the third-instar larvae immunized wih coli.
B and adsorbed materials were eluted for 60 min with a onéfter Sep-Pack treatment of the hemolymph, samples were first
step linear gradient of 3040% acetonitrile/0.05% trifluoro- fractionated by reverse-phase HPLC with a linear gradient of
acetic acid. acetonitrile (3-50%). The antibacterial activity of each fraction
Tricine SDS/PAGE. Tricine SDS/PAGE was carried outwas separately monitored usirtg coli and S. aureusIn this
according to the method of Schagger and von Jagt®87). purification step, molecules having antibacterial activity against
The separation slab gel containé@.2% acrylamide. Protein both bacteria were eluted with 261% acetonitrile. The pooled
samples were dissolved in 50 mM Tris/HCI, pH 6.8, containinffactions containing antibacterial activity were further purified
10% 2-mercaptoethanol, 20% SDS,1% bromophenol blue by the same HPLC with a relatively mild gradient of acetonitrile
and10% glycerol, and heated for 5 min &0°C. After electro- (20—40%). In this HPLC, two activity peaks were obtained at
phoresis, the gel was stained with Coomassie brilliant blue. Pr22—24% and 24-27% acetonitrile fractions. The combined
tein quantification was performed according to the method shmples of the latter fractions were subjected to a final reverse-
Lowry et al. (1951). phase HPLC after heat treatment. A sharp protein peak was
Amino acid sequence analysisThe amino acid sequenceeluted with a linear gradient of acetonitrile (3@0%) and the
was determined using an Applied Biosystems model 473A prantibacterial activity of the peak fractions was confirmed using
tein sequencer. S. aureus(Fig. 1). Tricine SDS/PAGE of this protein fraction
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[ ~100 ACAGTTAAGTTTGTATCGTTAAACTGCGAACACATTGGTGAATATCTCATTTGCTGAACC -19

GACAAGCACCCTTTCAAGATGATGAAGCTTTACATCGTTTTCGGTTTTATCGCGTTTTCT 42
MMKLYIVFGFTIATFS

180 GCTGCTTACGTCGTTCCAGAGGGTTACTACGAGCCCGAGTATTATCCAGCAGACGGATAC 102
AAYVVPEGYYEPEYYPADGY"

0.8 : GAAAGTGAGCGCGTCGCGAGGGCTTCGCCTGCCGAATTGATTTTCGATGAAGACCTCGCC 162
: ESERVARASPAELTIFDETDTLA

GATGAACCCGAAGTAGAGGAGCCGCAATATTATATCCGCACAAGAAGATCTCTCCAGCCA 222
DEPEVEEPQYYTRTRRISIL QP

GGTGCTCCAAATTTTCCGATGCCJGGTTCACAGTTACCTACCAGTATCACCTCTAATATT 282
GAPNFPMPGSQLPTSTITS SNI

GAAAAACAGGGACCCAATACTGCAGCTACCATCAATGCCCAACATAAAACTGATAGGTAT 342
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Fig. 1. Final purification by reverse-phase HPLC of rhinocerosin.  Fig. 4. Nucleotide and deduced amino acid sequences of a cDNA en-
Reverse-phase HPLC was performed with an mRPLCE column coding rhinocerosin. The numbers of nucleotides starting from the me-
connected to a Smart system (Pharmacia). Proteins adsorbed on tfi@nine codon is given at the right side of each line. Deduced amino
column were eluted with a gradient of 3@0% acetonitrile/0.05% tri- acids are expressed by the one-letter code. The amino acid residue of
fluoroacetic acid. Protein content was monitored by measuring the ultfinocerosin N-terminus is boxed. The potential Arg-Thr-Arg-Arg pro-

violet adsorbance at 280 nm. Antibacterial activity was examined in t#€Ssing signal and the putative poly(A) addition signal, AATAAA, are
plate-growth-inhibition assay using. aureus and is expressed as aunderlined. Asterisks indicate the termination codon. Arrows denote the

growth inhibition rate (%) (columns). position of 3-RACE primers.
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Fig. 2. Tricine SDS/PAGE of purified rhinocerosin. Electrophoresis
was carried out with g purified protein under denaturing conditions. 201
The following marker proteins (Pharmacia) were used to estimate the
molecular mass of rhinocerosin: myoglobin | and 1@ kDa), myoglo-
bin | (8.2 kDa), myoglobin Il (6.2 kDa) and myoglobin Il (2.5 kDa).
0 ™
0.1 05 1 5 10
H)N-SerLysGInProGlyAlaProAsnPheProMetProGly Rhinocerosin dose (pg/ml)

Fig.5. Effect of rhinocerosin dosage on the growth of bacteria.
) ) Growth rate of bacteriaR aeruginosaS. pyogensS. aureusandE.
5-CC/ACGT/GG/ACGT/GC/ACGT/CC/ACGT/AACT/TT/CT/CC-3 coli) was determined in the presence of different concentrations of rhi-
Fig. 3. Amino acid sequence of rhinocerosin and degenerate primers. nocerosin (0, 0.51.5 and10 pg/ml). Bacterial growth rate without rhi-
The amino acid sequence of the N-terminal region of rhinocerosin wB§cerosin was expressed #30%. Rhinocerosin doses on the horizontal
determined by the Edman degradation method. Based on the amino a&fip are expressed as logarithm. Experimental conditions are described
sequence, degenerate primers were synthesized for RT-PCR. in detail in Materials and Methods.

computer-aided homology search of the partial amino acid se-
indicated a single band having molecular mass of 7300quence with those of reported proteins clarified that it is nearly
7800 Da (Fig. 2). identical with that of holotricin 2 isolated from the beetld,
diomphalia(Lee et al.,1994).
Analysis of amino acid sequenceAs the homogeneity of the
antibacterial protein was confirmed by Tricine SDS/PAGE, theDNA cloning and nucleotide sequencingTo obtain the com-
amino acid sequence of the N-terminal region was analyzed plete amino acid sequence of the purified antibacterial protein,
the automated Edman degradation method. Amino acid sequenoaecular cloning of the cDNA by RT-PCR was carried out. For
of 13 residues, starting with serine, was determined (Fig. 3). this, a degenerate primer based on the amino acid sequence of
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Fig. 6. Rhinocerosin gene expression in different tissuesnRNA samples were extracted from the fat body, the Malpighian tubules, hemocytes
and midgut of third-star larvae non-immunized and immunized Eitteoli. RT-PCR products after 25, 30, 35, 40 and 45 cycle reactions were
electrophoresed on 2% agarose gel. As an internal marker, actin primers were used for RT-PCR. Details of experimental conditions are describe

in Materials and Methods.

Rhinocerosin SLQPGAPNFPMPGSQLPT-SITSNIEKQGP-NTAATINAQHKTDRYDVGA
Holotricin 2 SLQPGAPSFPMPGSQLPT-SVSGNVEKQGR-NTIATIDAQHKTDRYDVRG
Coleoptericin SLQGGAPNFPQP SQQNGGWQVSPDLGRDDKGNTRGQIEIQNKGKDHDFNA
Rhinocerosin TWSKVIRGPGRSKPNWSIGGTYRW
Holotricin 2 TWTKVVDGPGRSKPNFRIGGSYRW
Coleoptericin GWGKVIRGPNKAKPTWHVGGTYRR

Fig. 7. Comparison of amino acid sequence of rhinocerosin-related antibacterial proteingdmino acid sequences of rhinocerosin, holotricin 2
and coleoptericin were compared. Identical amino acids are indicated by bold letters. Gaps were introduced to maximize the sequence alignment

the N-terminal portion was synthesized (Fig.3). A 297-bMicrococcus luteusnd Corynebacterium diphtherié_ee et al.,
cDNA fragment was obtained by RT-PCR. Based on the nuclet994).

tide sequence of this fragment-BACE was performed with

three synthetic primers to determine the full-length nucleotideene expression of rhinocerosin in different tissuessene ex-
sequence of rhinocerosin cDNA (Fig. 4). The nucleotide s@ression of rhinocerosin was analyzed by RT-PCR. For this,
guence contained non-translation sequences and 3 regions MRNA samples were extracted from different tissues such as the
and a typical poly(A) addition signal was locaté¢8 bases up- fat body, the Malpighian tubules, hemocytes and the midgut of
stream of the poly(A) site. The deduced amino acid sequencelafvae non-immunized and immunized wih coli. RT-PCR was
rhinocerosin revealed that there is an open reading framedr carried out at various cycles. The rhinocerosin gene was, in prin-
amino acid residues before the termination codon, TGA. It w&iple, expressed in all tissues examined, the fat body and the
characteristic that rhinocerosin contains no cysteine residud4alpighian tubules being the main sites of expression (Fig. 6).
Structural analysis of rhinocerosin indicated that it has a recolgthe fat body, Malpighian tubules and hemocytes, rhinocerosin
nition sequence for the cleavage site within the constitutive sgene expression was inducible by bacteria, whereas constitutive
cretory pathway (Arg-Xaa-Lys/Arg-Arg; Hosaka et al992), gene expression was seen in the midgut (Fig. 6).

suggesting that a mature portion (72 amino acid residues) is pro-

duced by cleavage of the signal peptide and propeptide from the

142-amino-acid precursor protein. DISCUSSION

Larvae of the coconut rhinoceros beetl®, rhinocerosfeed

Antibacterial activity of rhinocerosin. To determine the effect on dung of cattles and grow in compost. It was speculated that
of the rhinocerosin dosage on the growth of bacteria, two Grarthie larvae have developed strong immune systems against bacte-
negative bacteriaF. coli and P. aeruginosa and two Gram- rial infection in such an environment. Thus, we tried to isolate
positive bacteria%. aureusandS. pyogenégswere tested. antibacterial proteins from this insect. In the purification steps,

Rhinocerosin strongly inhibited the growth &. coli, S. at least three separated fractions were found containing antibac-
aureusandS. pyogenebut notP. aeruginosgFig. 5). The two terial activity against. coli and/orS. aureugdata not shown).
Gram-positive bacteria were more sensitive to rhinocerosin tham this study, we have purified an antibacterial protein, desig-
the other two Gram-negative bacteria. In particular, the growtiated rhinocerosin, from a hemolymph fraction of the third-in-
of S. pyogenewas totally suppressed by a low dodeug/ml) star larvae, which were immunized with. coli. Based on the
of rhinocerosin (Fig. 5). This antibacterial specificity of rhino-amino acid sequence deduced from rhinocerosin cDNA, the pl
cerosin was in contrast to that of holotricin 2, which showeudalue of the peptide was determined to1e67, suggesting that
antibacterial activity against Gram-negative bacterial species ihis a basic protein. Rhinocerosin is rich in glycini (1 %) and
cluding E. coli, Shigella flexneriP. aeruginosaandProteus vul- proline (11.1%) residues. Computer-aided search for sequence
garis but not against Gram-positive bacteria suchSasaureus similarity of rhinocerosin to those of other reported proteins re-
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sulted in matches with two antibacterial proteins from coleogullet, P., Cociancich, S., Dimarcq, J.-L., Lambert, J., Reichhart, J.-M.,
teran insects, coleoptericin (Bullet et al991) and holotricin 2 Hoffmann, D., Hetru, C. & Hoffmann, J. A1091) Insect immunity.
(Lee et al.,1994). Holotricin 2 and coleoptericin are also basic Isola_tlon from a coleopteran insect of_a novel |nduc_|ble ar_ltlb_acterlal
proteins and have high contents of glycine@.6% and17.6%, g‘?‘%tr'gezzrgjzfggg’vzﬁezrgbers of the insect defensin fardiliol.
respectively) and proline residues (9.7% antl%, respective- Chowdhu-ry S., Taniai, K. Ha-ra S., Kadono-Okuda, K., Kato, Y., Yama-
ly). The deduced amino acid sequence of the mature portion o M'.’ X'u, 3. C'hoi: S. K Débnath, K. C.,Ch’oi, H K.,’Mi)’/anoi-

of rhinocerosin showed 77.8% and 44.6% identity to those of ghjta, A., Sugiyama, M., Asaoka, A. & Yamakawa, M995), Bio-

holotricin 2 and coleoptrecin, respectively. chem. Biophys. Res. Commun. 2241 —278.
Comparison of amino acid sequences of rhinocerosin, holGhristensen, B. J., Fink, R. B., Merrifield, R. B. & Mauzerall, D988)
tricin 2 and coleoptericin indicated that the N-termindb<{ Channel-forming properties of cecropins and related model com-

amino-acid residues) and the C-terminal regions (24-amino-acid pPounds incorporated into planer lipid membransc. Natl Acad.
residues) of these proteins have high incidences of identical resi- S¢i- USA 855072-5076. _ _

dues to those of rhinocerosin (67% and 46%, respectively), s -”F?- P'EE' (98|6) fslgch%rgécal aspects of insect immunology)nu
gesting that N-terminal and C-terminal regions of these antibaé:é ev. Entomol. 31321 -339,

- . . . . . . bay, J. E.1994) Ubiquit tural antibioti i 264373~
terial proteins play important roles in expression of their antibac- 3‘% 1994) Ubiquitous natural antibioticsicience

terial activity (Fig. 7). Furthermore, the distribution of basiioftmann, J. A. (995) Innate immunity of insect€urr. Opin. Immu-
amino acid residues was clustered within 24-amino-acid residuesng|. 7 4-10.

of the C-terminal region (56%, 45% and 54 % for rhinocerosirHosaka, M., Nagahama, M., Kim, W. S., Watanabe, T., Hatsuzawa, K.,
holotricin 2 and coleoptrecin, respectively, Fig. 7). In general, it Ikemizu, J., Murakami, K. & Nakayama, K1992) Arg-X-Lys/Arg-

is assumed that the charges of basic amino acid residues playArg motif as a signal for precursor cleavage catalyzed by furin within
essential roles in the interaction of antibacterial protein with bac- the constitutive secretory pathway, Biol. Chem. 26612127—
teria (Christensen et al1988; Gabay,1994). Thus, the results 12130 o _ ,

suggest that the positive charge at the C-terminal region of thdd@tmark, D. (1993) Immune reactions ibrosophilaand other insects:
antibacterial proteins contributes to adherence to the surfacel_ijIa model for innate immunityfrends Genet. 9178 ~183.

bacteri hich h fi h R Its of t id dtmark, D., Engstdom, A., Bennich, H., Kapur, R. & Boman, H. G.
acteria, which has a negative charge. Results of computer-aide (1982) Insect immunity: isolation and strucure of cecropin D and

phylogenetic analysis of rhinocerosin, holotricin 2 and coleop-  four minor antibacterial components from cecropia puger, J.

tericin revealed that these antibacterial proteins have strong Biochem. 127207—-217.

structural relationship, suggesting that they have been deriviegsai, S., Shono, T. & Yamakawa, M1998) Molecular cloning and

from a common ancestral gene (data not shown). nucleotide sequence of a chromosome P450 cDNA from a pyre-
In order to analyze rhinocerosin gene expression, we em- throid-resistant mosquitdCulex quinquefasciatuSay, Insect. Mol.

ployed a highly sensitive RT-PCR method. Various RT-PCR Biol. 7, 1—6. o _

cycles were examined to avoid misjudgement of the results ofato, Y., Taniai, K., Hirochika, H. & Yamakawa, M1993) Expression

tained under saturated conditions of amplified gene transcripts, &1d characterization of cDNAs for cecropin B, an antibacterial pro-

Gene expression of rhinocerosin was confirmed to be inducible tzeég_(’;;%e silkwormBombyx motiinsect Biochem. Molec. Biol. 23

by bacte_rla in the fat body, the Malpighian tubules ar_1d hem dmbrell, D. A. (1991) Insect antibacterial proteins: not just for insects

cytes (Fig. 6). Results of RT-PCR, however, clearly indicated 5,y against bacteri@ioessays 13657—663.

that the rhinocerosin gene is constitutively expressed in the midse, s. v, Moon, H. J., Kurata, S., Kurama, T., Natori, S. & Lee, B. L.

gut (Fig. 6). One possible explanation is that the rhinocerosin (1994) Purification and molecular cloning of cDNA for an inducible

gene is constitutively expressed in the midgut at a low level, as antibacterial protein of larvae of a coleopteran insétbjotrichia

is the case with lysozymes &f. cecropiaand B. mori, regard- diomphalig J. Biochem. 11582—86.

less of the bacterial infection type (Sun et 4B91; Morishima Lehrer, R. |, Ganz, T. & Selsted, M. E1991) Defensins: Endogenous

et al., 1995). Another possibility is that midguts of the larvae antibiotic peptides of animal celi€ell 64, 229-230.
are constantly infected by bacteria, because of their living ciFoWn: O- H., Rosebrough, N. J., Farr, A. L. & Randall, R. 39%1)
Protein measurement with the folin phenol reagdntBiol. Chem.

cumstances (as explained above). Sterile rearing conditions forlga 265-275.

this insect need to be developed to investigate gene expressf\i;fhr)anoshita A., Hara, S., Sugiyama, M., Asaoka, A., Taniai, K., Yuku-

of rhinocerosin in the midguts. Strong expression of the rhinoC-"pr, 'F & yamakawa, M. (996) Isolation and characterization of a
erosin gene in the Malpighian tubules is also unique as com- new member of insect defensin family from a beefdipmyrina
pared with expression patterns in different tissues of other insect gichotoma Biochem. Biophys. Res. Commun. 2296—531.
antibacterial proteins (Kato et all993; Sugiyama et al1995; Moon, H. J., Lee, S. Y., Kurata, S., Natori, S. & Lee, B. 11994)
Chowdhury et al.,1995). The biological significance of gene Purification and molecular cloning of cDNA for an inducible anti-
expression of rhinocerosin in the Malpighian tubules remains as bacterial protein from larvae of the coleopterdanebrio molitoy J.

a question for the future. Biochem. 11653-58. _ o
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