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Comparative aspects of a luciferase molecule from the Japanese
luminous beetle, Rhagophthalmus ohbai
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Introduction

Bioluminescent beetles produce light by a
common mechanism in which the substrate
luciferin (LH:) is converted to the luciferyl
adenylate in the presence of ATP, Mg?*, and
luciferase (E), and the luciferyl adenylate is
then oxidized by molecular oxygen to yield
light, oxyluciferin, CO; and AMP(McELROY
et al., 1974; 1978).

E+LH,+Mg-ATP—E-LH,—AMP+PPi
E-LH.— AMP+0;—Light + Oxyluciferin+CO. + AMP

The beetle luciferin is a substrate common
to all beetles, including the
Lampyridae(true fireflies), Rhagophthalmidae,
Phengodidae (railroad-worms) and Elateridae
(click beetles). Luciferases are ca. 62 kDa en-
zymes (oxygenase), which catalyze the reac-
tion leading to light emission ranging from
green to red in luminous beetles. The color

luminous
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differences seen in bioluminescent beetles are
due to the structural differences in luciferases
(BIGGLEY et al., 1967; McELROY et al.,
1969; KAJIYAMA and NAKANO, 1991;
OHMIYA et al., 1996). Many genes for bee-
tle luciferases were cloned and analyzed. The
clones of luminous beetles were derived from
the fireflies Luciola  cruciata (Ler)
(MASUDA et al., 1989), Luciola lateralis
(Lla) (TATSUMI et al., 1992) Pyrocoelia
miyako (Pmi) (OHMIYA et al., 1995), and
Hotaria paravula (Hpa) (OHMIYA et al.,
1995) from Japan, Photinus pyralis (Ppy)
(DE WET et al, 1987) and Photuris
pennsylvanica (Ppe) (LI et al., 1997) from
the North America, Luciola mingrelica (Lmi)
(DEVINE et al., 1993), and Lampyris
noctiluca (Lno) from Europe (SALA-NEWBY
et al., 1996), the click beetles Pyrophorus
plagiophthalamus (Ppl) (WOOD et al., 1989)
and  Pyrearinus termitilluminans  (Pte)
(VIVIANI et al, 1999a), and the railroad-
worms Phrixothrix vivianii (Pvi) and P.
hirtus (Phi) (VIVIANI et al., 1999b) from
the South America. These luciferases showed
sequence homologies ranging from ca. 46 to
ca. 98 % each other.
quences did not clarify the origin of color
On the other hand, the light-
emitting colors of firefly luciferases were

However, these se-
differences.

also changed from yellow to red by pH
changes (BIGGLEY et al., 1967; McELROY
et al., 1969). In general, the pH effect on
_color differences was explained by the differ-
ent ionic structure of the excited oxyluciferin;
the first excited monoanion state deproto-

nates to form a dianion which emits yellow
light (DELUCA, 1969; WHITE et al., 1971).
Interestingly, the bioluminescent spectra of
the Elateridae luciferases did not show the
pH-dependent red shift although it is not
clear for the reason of this lack of pH effect.
Two major families of bioluminescent beetles
Japan; Lampyridae and
- Rhagophthalmidae. Only one genus, Rhagoph-
thalmus ohbai(Roh), of the family Rhago-

are found 1in

~ coenzyme-A  and

phthalmidae was discovered .in 1983 in
Iriomote Island, which is a small island in
the sea of East-China(WITTMER und OHBA,
1994). The locations of the family Pheng-

odidae are limited to America, namely
Neotropical region, and Southeast Asia
(VIVIANI and BECHARA, 1997). The genus

Roh could be a key species for the under-
standing of the evolution of the Rhagoph-
thalmidae. Furthermore, there has been very
little information for the characteristic as-
pects of the Rhagophthalmidae luciferases.
This manuscript reports the cloning and char-
acterization of a new luciferase from Roh.

Materials and Methods

Materials

The following reagents were obtained from
commercial sources: Firefly d-luciferin-Na, Is
opropyl- 8 -d-thiogalactopyranoside (IPTG), 5-
bromo-4-chloro-3-indoyl-b-galactopyranoside

(X-Gal), dithiothreitol (DTT), ampicillin
(Wako Pure Osaka, Japan);
adenosine  triphosphate
(ATP) (Oriental Yeast Co, Osaka, Japan);
Isogen reagent, restriction enzymes and Tagq
polymerase (Nippon Gene, Toyama, Japan);
Oligotex-dT30 and DNA ligation kit (Takara
Shuzo, Kyoto, Japan); A ZAP 1 vector,
Gigapack [ gold packaging kit, and -
Escherichia coli(E.coli) strains XL1-blue and
SOLR (Stratagene, La Jolla, CA): cDNA
synthesis kit  (Amersham Pharmacia
Biotech); ABI PRISM Dye terminator Cycle
Seqﬁencing kit (Perkin Elmer, Foster, CA).

Chemicals,

Construction of ¢cDNA library

The total RNA from four bodies of adult
larviform females Roh, which were collected
at Iriomote Island, was prepared by the gua-
nidine isothiocyanate method =~ (CHOMCZ-
YNSKY und SACCHI, 1987). The yield of
total RNA was 155 ug calculated from the
absorbance at 260 nm. Poly(A)+RNA was



Comparative sapects of a luciferase molecule from Phagophthalmus ohbai 33

isolated using oligodT-labeled latex(Oligotex-
dT30) and was employed to synthesize cDNA
using a Pharmacia cDNA synthesis kit.
Ligation of cDNA with AZAP I vector was
carried out overnight at 14°C and was pack-
aged using Gigapack I Gold packaging Kkit.
The packaged DNA was used to infect E.coli.
XL1-blue, yielding 6.2 X 105 plaque—fornﬁng
units (pfu). The ligation mixture was ana-
lyzed by polymerase chain reaction (PCR)
using T3 and T7 primers and a model PC-700
ASTEC (Fukuoka, Japan) temperature con-
troller run for 35 cycles (denaturation, 94C
X1 min; annealing, 55°C X2 min; elongation,
72°C X3 min), which showed that the insert
sizes ranged from 200 to 10,000 bp. The
cDNA library was converted to an expression
library after the excision of the pBluescript
phagemids according to the manufacturer in-
structions. The plasmid library was propa-
gated in E.coli SOLR cells.
Screening and sequence determination of
luciferase cDNA clone

Screening of the plasmid library was per-
formed by photodetection (WOOD et al.,
1987) using a cooled-CCD camera system
(ATTO, Japan), after spraying 1 mM d-
luciferin (0.1 M citrate buffer pH 5.0) onto 1
mM IPTG induced colonies at 20C during 12
h. After screening of 2.5X10° clones, the posi-
tive colony was removed, screened and iso-
lated by the same procedure. The resultant
plasmid, pB-RmL, was digested by BamHI
and EcoRV, yielding three fragments, which
were subcloned into the pUC18 vector. The
nucleotide sequence of the purified plasmid
DNA was determined using a Dye terminator
sequencing kit(Applied Biosystems, USA).
Measurement of bioluminescence emission
spectra

The transformed E.coli XL1-Blue cells with
pB-RmL were grown overnight at 25C in 20
ml of LB medium, containing 1 mM IPTG
and 50 #g/ml ampicillin. After centrifuging

the culture medium at 4000 x g for 10 min at
4C, the bacterial pellet was resuspended in
lysis buffer (100 mM sodium phosphate, pH
8.0; 2 mM EDTA; 1 mg/mL of lysozyme),
incubated on ice for 15 min and then placed
in a freezer at -80°C. The frozen pellet was
thawed at 25°C and centrifuged at 15,000 rpm
for 15 min at 4C, and the supernatant was
used for assays. To 50 L of the luciferase
solution in a quartz cell, 450 # L of sub-
strate mixture consisting of 1 mM luciferin/
100 mM phosphate buffer (pH 6.0 - 8.0), con-
taining 2 mM ATP and 5 mM MgSO, was in-
jected. The  bioluminescence  emission
spectrum was measured with a Hitachi F-4010
Fluorescence Photometer (Tokyo, Japan) with
the excitation lamp turned off after 3 min
the mixing of reagent.

Sequence analysis of Roh luciferase

Multiple alignment of the amino acid se-
quences of Roh luciferase (RoL) and the
other Japanese firefly luciferases was carried
using a GENETYX-MAC ver 7.3 (Software
Development Co., LTD., Tokyo). A phyloge-
netic tree was calculated based on the
UPGMA method employing genetic distance.

Results and Discussion

Roh 1is the
Rhagophthalmidae in Japan.

species of the
Roh larval and
female’s behavior and luminosity resembles
those of South-American phengodidae.
Adult’s females are larviform whereas
adult males show characteristic beetle mor-
phology with compound eyes and developed
antennal sensillae. Adult male began to fly
when females emitted continuous light from
the 8th abdominal segment lanterns. During
oviposition females emit weak continuous
light and encircle their eggs like in the case
of South-American Phengodidae species. A

only one

description of the lantern location in females
would be useful.
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The total RNA was prepared from 4 whole
bodies (adult female) and the yield was 155
r#g. The mRNA (1.2 xg) was purified by
oligo dT-labeled latex beads and converted to
the ¢cDNA. The ligation of ¢cDNA with A Z
APT vector was packaged using a Gigapack
Il Gold packaging kit and the yield was 6.2
X10° pfu.
to give the pBluescript phagemid library
using the EXASSIST helper phage. Luciferin
solution was sprinkled over the colonies on
LB plate and the photons
luciferase reaction were detected using a
cooled-CCD camera system. One
clone was obtained from 2.5X10° clones of
the ¢cDNA library. The positive clone (pB-
RmL) was isolated repeatedly by the same
procedure. Fig.1 shows the cDNA sequence of

The packaged ¢cDNAs were excised

on luciferin-

positive

RoL and its amino acid sequence, deduced
from a sequence of 1968 nucleotides. An open
1629 bp
polypeptide of 543 amino acid residues. The

reading frame of encoded a

calculated molecular mass was 60,132.
Multiple alignment of the amino acid se-
quences of RoL. with those of Ler, Lla, Hpa,
and Pmi luciferases of Japanese Lampyridae
yield sequence homologies of 52.8%, 50.6%,
49.2%, and 53.2%, respectively (Fig. 2). The
Ler luciferase probe within Japanese fireflies
showed sequence homologies 93.6%, 81.0%,
and 66.9% with Lla, Hpa,
luciferases, respectively. On the other hand,
the RoL probe showed sequence homologies
66.4%, 56.4%, and 51.7% with Pvi, Phi, and
Ppl luciferases of the Phengodidae and
Elateridae (data not shown). The results
suggest the primary structure of luciferases
may reflect the evolutional aspect and/or the
catalytic characteristics. Recently, the in-
variant residues Arg-218, His-245, Phe-247,
Ala-348, and Lys-529 on Ppy luciferase appear
to interact with luciferin in its binding site
in according to the 3rd-structure model of the
crystallized Ppy luciferase (CONTI et al.,

and Pmi

{EcoRI/NotI) TATCGAATTCART TCGARGTACCTATARTATAGARTCCARA -1
ATGCC CATTTTAC CARACCTCGAGACCCGTTAGACCTGGGARCT GCAGGARTTCAATTGTATAGGGCT TTGACGAATTTTTCCTTTT TAAGGGARGCCTTGATC 120
M PNEI I L HGAIKPRDTPLUDILGTA AGTIOGQLZY RALTNT FS ST FTULREIA ATILTI 40
GACGCTCACACCGAGGAAGTAGTAT CTTACGCGGACATTTTGGARARCAGC TGTCGAT TAGCARRATGCTACGAAAACTAT GGATTACGCCAARACAGCGTCATAT CGGT GTGCAGCGAA 240
DA HTEEV VY S Y ADTITZLENSZSTCRTILAIKTCYE ENYZ GULHRZGQNSZSU VISV C 5 E 80
AACAGCACGATCTTCTTCTACCCCGTAATTGCCGCTTTGTATAT GGGAGTCATARCAGCAACCGTARAT GATAGT TATACCGAACGGGAATTATT GGRARCCT TAAATATATCAAAACCG 360
N S T I F F Y PV I AALTYMSGVYITATVNDSZYTTERTETLTLTETTLNTISIKP 120
GAATTAGTGT TCTGCTCGARGAAAGCCATTAAARATATGAT GGCAT T GAARAGGAACGTCAATTTTATT ‘AGTACTTTTGGATAGT. A\CATGGGCGAAGCCCAGTGT 480
E LV F CS K KA ATIXKXKNMMALI KT RNUVNF K KV VL LD S KETUDMGEHB BATZQC 160
CTTAGCAACTTTATGGCACGCTATT CGGAACCCAAT TTGGACGTAAGAAAT TTTAARC CACGCGATTTTGATGCTAARGARCAAGTCGCTTTGAT CATGTCCTCATCGGGARCARCCGGG 600
L S NFMARYSEUPNILDVURNTFI KUPRUDTFUDAIEKEU QVAILTIMSSSGTT G 200
CTGCCCARAGGGGTCGTGTTARCCCATCGARAT TTAAGCGTTCGCT TCGTACACT GCARGGATCCCTTATTCGGCACAAGRACTATTCCATCAACTTCGAT TTTATCTAT CGTTCCCTTC 720
L P K GVY VLTHU RNTILS SV RV FV HCIKUDZPLTFGTH®RTTIUZPSTSTIULSTIUVZPTF 240
CATCATGCGT TTGGARTGTTTACAACGTTGTCT TAT TTTATAGTAGGGCTTAGAGT TGTATTACTGAAR. TTCH TTTTTCTTAAGCACCATTGARAARGTACAGARATTCCA 840
HHAFGMTFTTTULS YT FTIVGGLRVYVILLIKTR RTETETETZ KTFTFTLSTTITETZKT YRTITFP 280
ACTATCGTTCTTGCGCCGCCCGTAAT GGTATTCCTAGCTAAGAGCCCCTTAGTTGATCAGTACGATTTGTCCAGTATT, TCGCTACCGGTGGCGCACCTGTTGGAACT GRAGTG 960
T I VLAPPVMYVY FLAKSUPILVDO QYDILSSIZREVATT GG ATPVSGTTEV 320
GCAGTGGCCGTTGCGARACGGT TGARAATTGGCGGAATCLTTCAGGGCTACGGAT TGACCGARACGT GTTGCGCCGTATTAATTACCCCTCATGACGACGT TARRACAGGTTCTACCGGS 1080
A Y AV A KRULIKTIGSGTIULOGOQGY 6L TZETSZ T CAVYVYULTITU®PHDUDV VI KTSG G ST G 260
AGGGTAGCTCCTTACGTCCARGCGARAAT TGTAGAT CTTACCACCT! TCTCTGGGGCCAART TTTGTTTTAAAAGTGAGATCAT A TATTTCRAC 1200
R ¥ A P Y V QA KIVDIULTTGI K SLGPNIZKI RTGETLT CT FZ KT SETITIMTEKTEGT YT FN 400
AATARACRAGCTACGGAAGAAGCCAT CGATARAGAAGGAT GGTTACATTCT GGAGATGTTGGGTAT TATGACGACGATGGT CATTTCT TCGTAGTCGATCGTT TAAAGGAARCTTATCARG 1320
N K Q A TEEAIDIKEGW L HS GDV G Y Y DUDUDGHV FFV VDU RTILIEKTETLTI K 440
TACAAGGGATATCAAGTAGCACCGGCTGAACTGGAGTGGT TGCTTTT GCARCATCCATCTAT TARAGATGCCGGTGT TACT GGCGTTCCCGACGAAGCTGCTGGAGARCTACCAGGTGCT 1440
Y K G Y Q VA PAETLEWTU LIULULOQHZPSTIIKUDAGY TGV PDEA AA AGETLTZPGA 480
TGTATAGTTCTCCAAGAAGGAAAAAGT CTTACT GRACAAGARATTATTGACTATATAGCCGAACGAGTTTCGCCAACTAAACGTATACGTGGTGGAGT GGTCTTCGTTGATGATATTCCT 1560
cC I VL QE 6K S LTESG QETITIDSYTIA AEU RYSUPTI KU RTIU®RGS GV YV F V DUDTI P 520
AARGGGGCGACTGGARRACTGGTCAGARGT GRATTACGAARACT TCTTGCT CAGAAGAAATCGAAACTATARAT TAATGCACTAATGGT CAGTTGCGCCGACARTTGCCGARAATTTARG 1680
K 6 AT G KLV R S ELRIEKILTULHAZQIE KK S K L sStop 543

TCTCGCTTAAGTTATTGATTTTCCTTAGATACGATTGTGT TTTCATGGATATATTCTATACTTAAGCGAGECTTACATTTT TAGGT TACGTCGAGTCGACGGC GGTGCAACGGC CATARA
TTTTTTGATCACCTGARATAATAT TARRAGGTARAGAAGAGT CACATTTTTCTGCGGTAT TTCACTATGTATT TARAATAT TGGACGTAGT TTTARATATATCAAT TAAAGCARRRABAA.

AARRRR (NOtI/ECORI)

Fig. 1
respective luciferase.

1926

Nucleotide sequence of the cDNA clone pB-RmL and deduced amino scid sequence of the
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1996; BRANCHINI et al., 1999). The corre- each other, suggesting these residues may be

sponding residues on Roh were homologous

Roh
Ler
Lla
Hpa
Pmi

Roh
Lcr
Lla
Hpa
Pmi

Roh
Lecr
Lla
Hpa
Pmi

Roh
Ler
Lla
Hpa
Pmi

Roh
Licr
Lla
Hpa
Pmi

Roh
Lcr
Lla
Hpa
Pmi

Roh
Ler
Lla
Hpa
Pmi

Roh
Ler
Lla
Hpa
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Roh
Lcr
Lla
Hpa
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Raoh
Lcr
Lla
Hpa
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Fig. 2 Maultiple alignment of the amino acid sequence of the luciferases of Luciola
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55:ENSCRLAKCYENYGLRQNSVISVCSENSTIFFYPVIAALYMGVITATVNDSYTERELLET
60: EKSCCLGKALQNYGLVVDGRIALCSENCEEFFIPVIAGLFIGVGVAPTNEIYTLRELVHS
60: EKSCCLGEALKNYGLVVDGRIALCSENCEEFFIPVLAGLFIGVGVAPTNEIYTLRELVHS
59:DITCRLAEAMKNYGMKQEGTIALCSENCEEFFIPVLAGLYIGVAVAPTNEIYTLRELNHS
59:EMSCRLAETMKRYGLGLQHHIAVCSETSLQFFMPVCGALFIGVGYAPTNDIYNERELYNS

115:LNISKPELVFCSKKATKNMMALKRNVNFIKKVVLLDSKEDMGEAQCLSNFMARYSEPNLD
120:LGISKPTIVFSSKKGLDKVITVQKTVTTIKTIVILDSKVDYRGYQCLDTFIKRNTPPGFQ
120: LGISKPTIVFSSKKGLDKVITVQKTVTAIKTIVILDSKVDYRGYQSMDNFIKKNTPQGFK
119:LGIAQPTIVFSSRKGLPKVLEVQKTVTCIKTIVILDSKVNFGGHDCMETFIKKHVELGFP
119:LFISQPTIVFCSKRALQKILGVQKKLPVIQKIVILDSREDYMGKQSMYSFIESHLPAGFN

173:VRNFKPRDFDAK-EQVALIMSSSGTTGLPKGVVLTHRNLSVRFVHCKDPLFGTRTIPSTS
180@:ASSFKTVEV-DRKEQVALIMNSSGSTGLPKGVQLTHENTVTRFSHARDPIYGNQVSPGTA
180@: GSSFKTVEV-NRKEQVALIMNSSGSTGLPKGVQLTHENAVTRFSHARDPIYGNQVSPGTA
179:PTSFVPLDVKNRKQHVALLMNSSGSTGLPKGVRITHEGAVTRFSHAKDPIYGNQVSPGTA
179:EYDYIPDSF-DRETATALIMNSSGSTGLPKGVDLTHMNVCVRFSHCRDPVFGNQIIPDTA

234:ILSIVPFHHAFGMFTTLSYFIVGLRVVLLKRFEEKFFLSTIEKYRIPTIVLAPPVMVFLA
239:VLTVVPFHHGFGMFTTLGYLICGFRVVMLTKFDEETFLKTLQDYKCTSVILVPTLFAILN
239:ILTVVPFHHGFGMFTTLGYLTCGFRIVMLTKFDEETFLKTLQDYKCSSVILVPTLFAILN
239:ILTVVPFHHGFGMFTTLGYFACGYRVVMLTKFDEELFLRTLQDYKCTSVILVPTLFAILN
238:ILTVIPFHHVFQMFTTLGYLTCGFRIVLMYRFEEELFLRSLQDYKIQSALLVPTLFSFFA

294 :KSPLVDQYDLSSIREVATGGAPVGTEVAVAVAKRLKIGGILQGYGLTETCCAVLITPHDD
299 :KSELLNKYDLSNLVEIASGGAPLSKEVGEAVARRFNLPGVRQGYGLTETTSAIIITPEGD
299:RSELLDKYDLSNLVEIASGGAPLSKEIGEAVARRFNLPGVRQGYGLTETTSAIIITPEGD
299 :KSELIDKFDLSNLTETASGGAPLAKEVGEAVARRFNLPGVRQGYGLTETTSAFIITPEGD
298 :KSTLVDKYDLSNLHETASGGAPLAKEVGEAVAKRFKLPGIRQGYGLTETTSAIIITPEGD

354:VKTGSTGRVAPYVQAKIVDLTTGKSLGPNKRGEL CFKSEIIMKGYFNNKQATEEAIDKEG
359:DKPGASGKVVPLFKAKVIDLDTKKSLGPNRRGEVCVKGPMLMKGYVNNPEATKELIDEEG
359: DKPGASGKVVPLFKAKVIDLDTKKTLGPNRRGEVCVKGPMLMKGYVDNPEATREIIDEEG
359: DKPGASGKVVPLFKVKVIDLDTKKTLGYNRRGEICVKGPSLMLGYSNNPEATKETIDEEG
358:DKPGACGKVVPFFTAKIVDLDTGKTL GVNQRGEL CVKGPMIMKGYVNNPEATNALIDKDG

414:WLHSGDVGYYDDDGHFFVVDRLKELIKYKGYQVAPAELEWLLLQHPSIKDAGVTGVPDEA
419:WLHTGDIGYYDEEKHFFIVDRLKSLIKYKGYQVPPAELESVLLQHPSIFDAGVAGVPDPY
419:WLHTGDIGYYDEEKHFFIVDRLKSLIKYKGYQVPPAELESVLLQHPNIFDAGVAGVPDPI
419:WLHTGDIGYYDEDEHFFIVDRLKSLIKYKGYQVPPAELESVLLQHPNIFDAGVAGVPDPQ
418:WLHSGDIAYYDKDGHFFIVDRLKSLIKYKGYQVPPAELESILLQHPFIFDAGVAGIPDPD

474 : AGELPGACIVLQEGKSLTEQEIIDYIAERVSPTKRIRGGVVFVDDIPKGATGKLVRSELR
479:AGELPGAVVVLESGKNMTEKEVMDYVASQVSNAKRLRGGVRFVDEVPKGLTGKIDGRAIR
479: AGELPGAVVVLEKGKSMTEKEVMDYVASQVSNAKRLRGGVRFVDEVPKGLTGKIDGKAIR
479 :AGELPGAVVVMEKGKTMTEKEIVDYVNSQVVNHKRLRGGVRFVDEVPKGLTGKIDAKVIR
478 : AGELPAAVVVLEEGKMMTEQEVMDYVAGQVTASKRLRGGVKFVDEVPKGLTGKIDSRKIR

534:KLLAQ-KKSKL
539:EILKK-PVAKM
539:EILKK-PVAKM
539:EILKK-PQAKM
538:EILTMGQKSKL

important for catalytic reaction. However,

54
59
59
58
58

114
119
119
118
118

174
179
179
178
178

233
238
238
238
237

293
298
298
298
297

353
358
358
358
357

413
418
418
418
417

473
478
478
478
477

533
538
538
538
537

543
548
548
548
548

cructata(Ler),

L.lateralis (Lla),Pyrocoelia miyako(Pmi), Hotaria paravula(Hpa), and Rhagophthalmus
ohbai (Roh),. Amino acids are abbreviated using standard single letter codes. A dash indi-
cates the gapsitle and red boxes showed the homologous regions deduced [rom the relative
of the alignment of these regions.
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the region from Asn-400 to Ala-500 in RoL is
the most homologous part with Lampyridae
luciferases, whereas the region from Met-1 to
Gly-200 is less homologous than the other
parts. The most homologous region does not
always correspond to the active site of the
bioluminescent reaction.

The evolutionary tree based on the multiple
alignment of the bioluminescent beetles, in-
cluding the Lampyridae, Elateridae, Rhagoph-
thalmidae, and Phengodidae, was constructed
As expected, Phi and
Pvi luciferases for the South-America were

and shown in Fig. 3.

Elateridae

found to be close related to the RoL, al-
though the habitat of them are separated by
a vast geographic distant. Inspection of the
tree shows that the bioluminescent beetles
may be divided into three groups in accord
with the biological classification. However,
the bioluminescent spectra of the biolumines-
cent beetles will indicate another classifica-
tion based on functional properties. Fig. 4
showed the bioluminescence emission spectrum
of this recombinant luciferase when reacted
with luciferin and ATP at pH 6.0-8.0. The in
vitro bioluminescence spectra showed a peak

Ppl-OR
Ppl-YE
Ppl-YG
Ppl-GR

Pte

Lampyridae

LLAlL

Phengodidae

Roh

Rhagophthalmidae

Fig. 3 Phylogenetic tree of the luciferases of Luciola cruciata(Lcr), L.lateralis(Lla), Pyrocoelia

miyako(Pmi), Hotaria paravula(Hpa), Photinus pyralis(Ppy),

Photinus pennsylvanica

(Ppe), Luciora mingrelica(Lmi), Lampyris noctiluca(Lno), Pyrophorus plagiophthalamus
(Ppl-OR(orange light emission), Ppl-YE(yellow light emission), Ppl-YG(yellow green light

emission), and Ppl-GR(green light

emission)),

Pyrearinus termitilluminans(Pte),

Phrixothrix vivianii(Pvi), P.hirtus(Phi-RE(red light emission)),and Rhagophthalmus ohbai
(Roh), constructed according to the UPGMA method. A qutative root was introduced at the
point where the average branch length to the cluster of the Lampyridae, Phengodidae, and
Rhagophthalmidae was the same as the lenbth to the Elateridae enzymes.
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Fig. 4 Bioluminescence emission spectra of re-
combinant RoL: st pH 6.0, 7.0, and8.0.
To 50 #1 of the luciferase solution, 450
# Lof substrate mixture consisting of
1 mM LUCIFERIN/ 100 mM phosphate
buffer (pH 6.0-8.0),containing 2 mM
ATP and 5 mM MgSO, was injected.
The spectrum was measured with a
Hitachi F-4010 Fluorescence Photometer
and corrected

) for photoresponse of
equipment.

of 554 nm, which did not shift from pH 6.0
- 8.0, although the luminescent activities were
different. In the case of firefly luciferase, it
exhibits the large spectral shift to red biolu-
minescence under the acid pH, whereas the
click beetle and the Phengodidae luciferases
do not show such spectral shift under the
same conditions (WOOD et al., 1989;
DELUCA, 1969; VIVIANI et al., 1993). These
results indicate spectral characteristics of
RoL resemble more closely that of Elateridae
luciferases than those of the Lampyridae.
The functional domain for the pH resistance
in luciferases may be kept between Elateridae
and Phengodidae.
tures could be divided into two groups, one
comprising the families

Then, the luciferase struc-

of true fireflies

(Lampyridae) and another including the
Elateridae, Rhagophthalmidae, and Pheng-
odidae.
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