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W34 wheg] okl Photobacterium F52] lux 23] E - o)A riboflavin A §AJel] Fed3l= FARE(ibl,
1L, 1ML, IV)e] WA} Photobacterium phosphoreum®) lux f-A AL} rib §-AA-2 L5} intergenic 92
ZdAlE DNAZ} P phosphorenm2] mRNAe]| £]3}e] S1 nuclease digestionol|A] £A44Ex] ¢fgkon, riplol] 2]t
$33}= = P. phosphoreum®] riboflavin synthase2] &4 £7} lux-specific8t £AE4] luciferase 2-& fatty acid
reductase 4 =9} 7ro] bioluminescence intensity?] W& 3} §H7 ) 47] Dr|A] Zr131= ulh)e]o} wWjulg-¢]
Eogt =4 AA A ‘autoinduction’ AL BT}, E38} P, leiognathi®) luxB2ZY-E] riplI7}x] X35l DNAS 7}
Y3l lux 2 2 E]9} reporter(chloramphenicol acetyl transferase, CAT) §-8 2} Abo]ol AF4]5}3L A H(conjuga-
tion)2] WP O 2 P leiognathiol| f-3 2} A o|(gene transfer)A|# CAT reporter 3 2}2) WL P leiognathiol A
ZA1EE a), 2 AR U A s & 2}el7) §l9lE Bt ohie) o] FRNA lux T2 REIE A A =| CAT
reporter A 29| W o] A3 JeldA] eigl). o] & AY AHEL lux AR} rib F-AA12] intergenic ¢ o]
lux 3128 HA} $72 F-F(transcriptional terminator)7} £xF3}1x] ¢k ribflavin g4 FAAISo] 2L 7§
o Z2 o] ofatod AAEE Aol ohie o 222 L2 wBlo] o] BUFE vEhiE AOE, o)
Photobacterium FENA lux AR} rib FAAEL FF59) 48 24 AAE 2+ 222 3994,
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A E-34 (bioluminescence)° ]2} $H& AEAAA FAT) o)
M= EE 3}t BF-&-(exergonic chemical reaction)S E3}e]
e e 28 4B, 8), de@]olollxRe Fgol, 27
(algae), =5, oF Tl C|27|71A] Rt Fof FAYEA 7}
HWARTE). °l5 & 4 e E]ol(bioluminescent bacteria)=
g8 ek dle|g]oteln ZA) Vibrio2} Photo-bacterium 49
2 FEEAE8). TF gE ol WE He wheo
FMNH,(reduced flavin mononucleotide)2} ZIA 2] 222
8]=(long chain fatty-aldehyde)’} 424 #2HO0,)00 2Jate] 4ks}
gozi HEA) W A sed(6,14), o] ¥ &
7159 A3} & A(mixed function oxidase)$! bacterial luciferase
o 9sle] Eoi=En] 1 wkg-o] g 7)E (substrate)?) 7] Al&9)
AMAE-LHs s g whE|E]olol] E43 Ay G4
B3 (fatty acid reductase complex)ol] €3} A FTH14).
g dhglgjolell A We e vk Hofsles 84ES U3
skeh= FAAS(ux genesye 3 A (operon)l] ERsl=
H), lux QuE-2 luciferase®] op subunitsS ¢E5EE uxAB
FARS}; Adak-st G4 B8A)9 reductase, transferase,
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synthetase subunits® & 3}8l= IuxCDE F3AEE A ET
(15). Photobacterium phospho-reum®] lux Q¥ EN A= H713
22 Juciferase®] B subunit¥} & o}m|icAl AHEAJO] gl o)
2 2 7)F0] ¥EAA g wF FAAPE dAaEw(13), BE
st &g Begjolll A E FAR FREFGYd G TR
7} EAQdhzT o)A flavin 7189 Ak BAF = flavin
reductaseE P23 A2 dEA o).

3t Photobacterium E52] lux LHE0] QA3 chromo-
some ‘3| A riboflavin AEAdol| BT Aoz PAEE oy
FRAAEC] ARFe] AF(11,12)00 23l s} 2 FAAE
9] F7IMEFH 2REC| Y G ASY VsEo] P&
Zo= w&AT} Vitamin B,2 9] Y#A riboflaving ©]A
o] Aelzow &AslE FEQl FMN(flavin mononucleotide)S}
FAD(flavin adenine dinucleotide)= ZHEAZEA], T80l B3}
& A2l7bA flavo-protein 5 HPALEOIN B REL A5
= 43 WES-oll A electron carrier®] F&4,19)S A =
= A3, Aejshy FaAdx 78kl oF4 riboflaving
AP BE7} oA &3] BHEIRR] e Aejoltt. sk )
ool A e] whgat-g-2 Xkik-ge] 3= Bigt olug) i T2 7]
A=2A FMNH,9| 4Fk6,14)71 Bl x, o])|71A] o] ukg-o]
AL E = v g 5451 e BAAAEEe B
2 A Ao FE o]Foi#] gko1k14,15) flavin 71 &l T
S ATE A o] FoIRNA] gk Aol
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Riboflavin& FMN(riboflavin  5-phosphate)®] 75 (pre-
cursor)o]‘:’i riboflavin *ﬁ?}“oﬂ 44016}-— 241}—“9] e g
R M 1) AF=
EH*} J*]'zq/] ZAo| *’R‘} Fazgh éiL Z & Ug AeZ A}
259, Phowbacterium =9 Iy FHAEI AT
riboflavin FrAZIE2] WEH U

assay, riboflavin synthase &% 5—_9]
acetyl transferase) assay2] "

S1 nuclease protection
A, CAT(chloramphenicol
FA

Fahsiet.

Wi

A& &4, T4 DNA ligase, ["*C]-chloramphenicol(57 mCy/

mmol) 52 Amersham-Pharmacia biotech(Uppsala, 2=9]3),
riboflavin, ampicillin, rifampicin S+ Sigma Chemical

Company(St. Louis, P]5)Z FE TYHIL, #7140 =
3 E  lumazine(6,7-dimethyl-8-ribityllumazine)- - Univ-
ersity of Strathclyde®] H. Wood 22 HE] Act.

o3 % HH

B a7 dged 297 F83 wEHo} IFE2
Photobacterium  phosphoreum(NCMB ~ 844),
leiognathi(ATCC  25521), Escherichia coli K38-1, E. coli
HBI01, E. coli 43R So| Zek~v|EE+ pT7-4, pT7-5(21),
18]3 pKT2302RE #58 pMGM(16) S°] E24 HEHZE
A AFEQT B A7 2R e AR -2 riboflavin
SRS 861 Photobacterium DNA AZF ShXiv|=F
S(Fig. 1) PIXba.pT7-3(10)% PpSB.pT7-4(13)2 FE AgaA
2 AHosle] A-3 ZgAu| = subcloningdt] AU P
phosphoreuns 20°CS] AE F71FY AEloA 1 liter F 5
g9 Difco yeast extracts, 2 ml®] glycerol, 30 g®| NaCl, 3.7 g
°] NaH,PO, 1 g9 KH,PO, 05 gS(NH),HPO, 0.1 g2l
MgSO, 5 sk B3 uiAlelA widAIz T o] Al H
33} B4 5 Haug e wtohis). si 23 wEeof
o] ujoke 660 nmolA 2] OD(optical density) Zte] 0.0590 4
BE AzHEen, W4 A7 (luminescence intensity)= OD 1
unit B LU(light unity®] Z7H-e 2 Yepdct o] 660 nm
2] OD 1 wnite 1 miol]l oF 5x10909] AEE T3, &
3 1 LUL Hasting® Weber®] ZTEEZA(S) & 9.9x10"
quanta/sec?t 53 g2 2=k

Photobacterium

B4 BYE

HA BARE Aol Azl wet weEelrt widdel
2 223 ko] NZE A3l (ml of culturexODy,=20) 78
39}, Luciferase®} fatty acid reductase i AT 4L
ok 22+0°C AE U]9)e) L5 oA o]Fo]H oM lyciferase B/
222 95l AHXE FEEo| 0.2% bovine serum albumin
< ¥#sla YE 1 mie] 50 mM phosphate(pH 7) 3-89
0.002% dodecanal® H7H7 & 1 mi2] 5x10° M FMNH,&

to
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Fig. 1. Physical map of the lux operon of Photobacterium phospho-
reum and Photobacterium leiognathi. The downstream of ribIll of P.
leiognathi has not been determined. Restriction sites are labeled as fol-
lows: B, BamHI; C, Clal; E, EcoRl, G, Bglll; H, Hindlll; K, Kpnl; S,
Sacl; V, EcoRV; X, Xbal. The downstream of ribIll of P. leiognathi
has not determined. The map were organized based on the sequence
data from the previous reports (10-13).

zolgm Uehhs Hu) 37 )E luciferase TAEE 474
3}9th. Fatty acid reductase?] ZAHAEE A &40 mM
phosphate, pH 7.0, 0.25 mM dithiothreitol, 10 mM MgSO,,
and 10% Glycerol)(18)°14] luciferase-coupled assay P 2Z
Z2A4s1ath. AlE 3253 4 ug®l P phosphoreum luciferase,
5 uM9] tetradecanoic acid, 0.5 mM ATP, 1¥]il 0.1 mM
NADPHS} EZA)7 &4 B4 8D 1 mio] FMNH,H
2 =% 25x10° M)E FUAIA fatty acid reductase®] &4
=5 2439t Riboflavin synthase®] ¥AJEE Hitachi
F3010 835337 (Tokyo, YE)E AHE3l lumazine® 2 FH
AZE|= Eo)3kA| 530 nm(480 nm excitation)|A HF-E Wl
= riboflavin®] o2 A48t} Riboflavin®] A% 50
mM phosphate pH 7.0 95804 riboflavin®] ¥F EFF
Aoz AAZY LM riboflavin®] F5E 445 nme] oA &
3 A 12,500 M em ' 2RE AL

S1 nuclease protection assay

S1 nuclease protection assayv= 100 pg RNAZE hybridization
o] AL AL AFHE Haoyd Wy whgitt 3.8 kbpe
A7)E Z¥e HindllI2 AWE P phosphoreum ©1FAE DNA
4 (PpHH.pMGM in Fig. 1)E P. phosphoreum mRNAS%} ¥}
A AAANZ F, 2 HAHES hybridization 4F&H(80%
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formamide, 40 mM PIPES, pH 6.6, 0.4 M NaCl, 1 mM
EDTA)S 2 HEAJA, 75°ClA 10 2 B¢ 7}93 o 50°C
7R YZhet 12~ 16 A7+ B9 BEXEITE. 1 hybridization
E3Ed 30 w2l 10xS1 nuclease buffer(0.3 M NaOAc, pH
46, 1 M NaCl, 10 mM Zn(QAc),, 50% Glycerol)2 7}§ &
H,0Z Z8AA HF BIE 03 mE ZAHS S1 nucleaseS
FA7INA 37°CNA 30 B2 vEEAIA T WRE- AA3E-S phenol
27, ethanol FHE A7l F, 10 we] 50 mM NaOH-1
mM EDTA £9 o2 AHEAF|L 2 u®] 6x alkaline load
buffer(300 mM NaOH, 6 mM EDTA, 18% Ficoll(Type 400
Pharmacia), Bromophenol Blue, 0.25%)Z 7}3}Ath.

Southern transfer

1%9] agarose gelS F/N-EH(50 mM NaOH-1 mM EDTA)
o] & &, SI nuclease assay A|ES gelol] F+U3led 25 Vo
A4 A 2t AAAI &, F3HEA( M Tris 7.6-1.5 M
NaClhol|l Al 45 E7F gelS WEIAIZIY F3}AF] AL, ethidium
bromide”} E3%FE TBE £-9¢f] AT} o]AL A4 10x
SSCE 16 A7t 5<% Hybond-Nylon®l| capillary transferd}Si.2
™ Hoj7} Fd membrane® UV cross-linkerS AFE-3le] DNA
& T AYAZT}E. Membrane2 pre-hybridization 58 H(6x
SSC, 5x Denhardt 88, 0.05% sodium pyrocarbonate, 100 pg/ml
salmon spermine DNA, 0.5% SDS)°|4 1 Az} pre-hybridi-
zation A1Z1% [y*?PICTP(0.1 pmol, 1.2x10° cpm/pmo)E F A
H P phosphoreum Sall-BamH1 DNA fragment®} 65 °C ol A
24 A7t 52t hybridization A} Z T

HAL &2 24 (Transcriptional termination assay)

AL ZA] B B4 Miyamoto 5(16)°] AR “in
vivo” 324 W& ] WS o8-8t ZSABIHT). P leiognathi
o] luxB FRAAAMTE ribll 322 3 REAAE g
S 34 kbpel Hindlll DNA ZHHELE wx ZEFE 9
CAT(Chloramphenicol acetyl transferase) -2} Al]ell HindIll
2 dad pMGM E2t2v| = A E ATHPIHpMGM in
Fig. 1). o] =g ZepAn|=E E coli MM2949l] ARG
AR &, FAHA ol BEE E9FE kanamycin A
ColEl replicon?] RK2 HoAA(2)E A HIA SZehrr=
Q! pRK2013%} ¥ H3te WHOZ P leiognahidl] AR}
ol AlA, ampicillin(100 ug/ml), kanamycin(30 pg/mi), 18]l
streptomycin(25 ug/miyo] Z3HE LB 1A v X]oA] pMGM©]
BA5HA Ao)E P leiognathi colonyE AT = iR o (p
leiognathi, Amp"; pMGM, Km'; and/or Sm"; pRK2013; Km")
CAT assay= Had W a6)0l wet =388t

dot 2 oy

3| BHEElo}Q) Photobacterium F2] uxG M oA
riboflavin A0l BAEEE A FAxEo] A=ty At
ofsf WA= I FAxES F7IME] 2R HATHIL,12). P

#loF = wle)a]ole] Riboflavin A4 3

leiognathi®] 73-9- 2% FE7A(Fig. 1) €714 E0] 8153
3 7MY fdAEe] dEskele wEe 5 A FHRER F
3% Bacillus subtilis2] riboflavin A4 -FZ AT (rib operon)
9] 2, 3, 4 WA FAREo] ¢53lshs Gds) oln)x=4k A
F730] AR 11), P phosphoreun®] 73-3-oe luxG 3}
4 Mo} FAAEe] &A= (Fig. 1), A A Faxe
B. subtilis®] rib QHES] 2, 3, 4 FHAASH FAUNO 4
HA FHAT FUIEAE B subtilis®] rib L¥E2] 3 WA
A7) tasielA sHe e c-od Jou opu|x4t
FEAde] ART(12).

Vitamin B,24] d&] €23 riboflavin ©]R2] AE)Z, A
slshAel a4 Bl ole} W ulelg]olol M= wsgat-g-o
71221 reduced FMN2] A A (precursor)] 7] W&ol riboflavin
Aol A ZhEst e A Ak ek e LHE
o Q1AHE AXolM LAH riboflavin HFA FHAE] 25
Ifre] ZRREE 23 JREd sty UEEE 2|9 oy,
2L ux 2789 vpAT FAAR] xG thEol AP FETF
Z(transcriptional terminator)’} Ex|8F=A] GHE ZAPSl= A
< w9 9|l doltt mxGet A A riboflavin AT F
22491 ribl Abeloll intergenic sequenceEA P phosphoreum
P, leiognathi®) 73-%- Z}Z} 168 bp, 108 bpZ} EA5HA & H)

P. phosphoreum

SnaBT
1 TAC GTA CCT GTT TTG GAA AAC TTT GAC AAT AAT TGG TAC GGA AAA AAR
Y Vv PV L E N F D N N 1 Y G K K

49 GGC AAT GTT ATT GAT GCA ATA ATA GAG GAC TTT GGT GAT TTA TCA GRA
G N v I D A 1 I E D F G D L S E

97 TTT GAT ATC TAT GTT TGC GGC CCT CAA GGT ATG ACA CGT AGT GTT CGT
D I Y V c G P Q G M T R § V R

145 GAA BAG TTA ACA TCA CTT AAA ARA GCT GAT TCT GAT AAA ATG TTT GCC
E K L T s L K K A D T D K M F A
luxG
193 GAT GCT TTT GCA TAT ATG TGA TACTAATTTAARATTAATTAAAATCTAACTGATACC
A F A Y M *

249 TTABAGTTTATCTGAAGGTATATTGAATTAAATTATTAACTCTATTTTTTGGTTTGTAATCTC
ribl

312 ACCAATAAATAGAGTTATCACCAGACTTTTAATTAACTTTAAACTAAGAGGTTGAAT ATG
M

384 TTT ACC GGA ATT ATT GAG GCT GTT GGT AAT ATAR TCG GCC ATC ACT TCA
F T G I I B AV G N I s A I T S

P, leiognathi

EcoRV
1 GAT ATC TAT GTC TGC GGG CCA TTT GGT ATG AGC CGG ACT GCG AAA GAT
D I Y vV C G P F G M S R T A K D

49 ATT CTG ATC TCA CAG AARA AAG GCG AAT ATA GGA ARA ATG TAT TCT GAT
L I S Q@ K K A N I G K M Y s D

1uxG
97 GCA TTT AGC TAT ACG TAA TTAAAATCATTATTTAACTCTAAATAAAACCGTTATTAA

A F S Y T *
154 TTTTTCGACCTACTTATTCTGGGTACTGATAATTAGTACCCAATAGATAGTTCTATTTATAGG

ribl
217 GATATT ATG TTT ACA GGA ATA ATA GAG TCT ATA GGT AAT ATA GGC GCA
M F T G I I E s I G N I G A

Fig. 2. Intergenic DNA sequence between luxG and ribl from P. phos-
phoreum and P. leiognathi. The number of nucleotide sequence starts
from SnaB1 and EcoRV site, respectively. The DNA sequences were
obtained from GenBank Data Bank with accession number M63594
(11) and L11391 (12).
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(Fig. 2), |5 DNA 971449 ol]a72E 248 27 6 7}
A5 o] Tstretches’} ©]oIX&= GC HlEo| H& £7]-118] 72
(stem-loop structure)® TAEHE ¥ HQ] p-independentdt H
A} T Z(transcriptional terminator) BAAE Wt GrIMEL
e Ao Vet

WA Luxst rib FRAAEC] 3 HAPES] Ol oJste] LHE=
22 gelslr) A3t x FHA} rib 347 Abel9] 168 bp
9] intergenic regionS X33} P phosphoreum DNA(PpHH
in Fig. 1)Z ©]8-3}d S1 nuclease protection assayS T3t
t} 9+ o] intergenic G G0l AA} FAFERIE ESASCHA 2.8
kbp 2 1.0 kbpoll SZHE F 70 bands7} UERE 2O o
A=, Fig. 39) lane 2014 B nkel o] <F 3.8 kbpol] 3
gee @ band’} YEhe 2102 Rol, Gl AFE ribl
AA ZFHE P phosphoreum®] ©Y A& DNAZF Si

1 2

i

Fig. 3. S1 nuclease protection assay of P phosphoreum. The single
stranded DNA containing the intergenic region of luxG and ribl
(PpHH) as well as 5° region of the structural gene from the lux operon
containing luxCDA (PpEE) were tested for RNA protection by S1
nuclease. lane 1, PpEE hybridized with P. phosphoreum mRNA; lane
2, PpHH hybridized with P. phosphoreum mRNA. The position of the
each DNA fragment of AHindlll DNA markers (23.7, 9.5, 6.7, 4.3,
2.3, 2.0, and 0.6 kbp) is shown on the left. The PpEE DNA was used
as a positive control for S1 nuclease mapping assay. The labelled band
of 2.6 kbp in lane 1 was generated owing to the protected single-
stranded DNA by the P. phosphoreum lux mRNA starting from the
front of luxC gene. The difference of the intensities of the labelled
bands between lane 1 and 2 might be due to the amount of mRNA
transcribed by the DNA in /ux operon. Further experimental details for
S1 nuclease mapping are as described in the text.
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nuclease T 2XE] P phosphoreum mRNAYY] o3l B35
B S-S vehfa Sith & o] A% ZAA= P phospho-
reun® lux ARG} rib FAA 168 bp2 intergenic region®ll
A} F4 TRt EABHA FEThs e YERt

kg e glo) wkahikg-o) 2A-oA T & EAFY st
£ autoinduction VAL E P phosphorenm®] 33 M7=
=719 27) 38 ARl F43] Sk e R
th(18). ©]AS autoinducergl A e vt 33t 4l
E23,9)0] gegolrt AEEEA M7 S
autoinducer =7} =713} HA] DNA ZAF waizel o)
receptord} BFHAE dAste] 54 fdA Fe 2w x
g<l DNAC Ao =y g7 FHxEY HES FFA7A
Hch3,14). ol Bud Az AFuel ofFH P
phosphorewn  rib1®] riboflavin synthase, ribI[7} dihydroxy-4-

!
o}
=

1-01!
)
wofo

K

butanone synthase, ribllI7} lumazine synthase, ZL2] 3L ribIVZ}E

A 800
O Bioluminescence(LU/OD) o a
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Fig. 4. Coinduction of riboflavin synthase and /ux-specific enzymes
during the development of bacterial bioluminescence. A) Expression
of luciferase and fatty acid reductae (FAR) activities and luminescence
in vivo during the growth of P. phosphoreum. B) Induction of ribofla-
vin synthase (RS) activity during the development of bioluminescence
of P. phosphoreum.
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GTP cyclohydrolase I1E &33}slAl HE Fd22 5AHFA
o £ AF)AE riboflavin synthase?] BAEE P phos-
phoreum| A AHA o2 AZs| Wi, P phosphoreum® 45
T4 9 3 M)7)e) Madel]l ©E riboflavin synthase®] SAE
& Hlwsle] Bk}

Fig. 4914 ®& w9} o] riboflavin synthased] A EE,
AEUGo) AAsl= A S (luciferase$} fatty acid reductase)©]
WgA 719 28 Hxo wet gl4=r) L] T& AR 70)A
coinduction ¥ A} 22 P& Btk L33 vhol HH 3
22 Bosh= w33 vhggold] Ef3 E4A5Q luciferases}
fatty acid reductase”} luminescence intensity$} 37 2ok
T olde Hi(18)9 ©]E luciferase(LuxAB)$} fatty acid
reductase complex(LuxCDE)9] 7+ subunitS 43.3}314 H+
A LuxCDABE)E©] 3 #H &9 EAgE 13T o
riboflavin®] A EAE2 THo| luciferase?} fatty acid
reductase®} 22 A AAISH ZAES Yl glon, o
= bl 1L 10 IV 823 ux 82 Eo] & AL @9
Qtoll EA3HAl Hthe AS RAFE o Fig. 39 23 A7%=
AA sk FTh. Photobacterium E52) uxG THE-9] A WA
FRA7}F &ogshe ©@Ao| riboflavin synthase s AR
B 88502 0|2 Aokl W 14e wanos
riboflavin synthase®] &AZF8- 71&<Ql 6,7-dimethyl-8-ribityl
lumazine®} A5 Photobacterium S5 HT) L3A 7S
GRFoE o)lFAIe A17NCE LR lumazine proteinT
ol Al AEAo] 918 Bt ol uxlo] fuxC upstream®l]
EAEA FM hux FRAETE B Wk Z WALEY] &
©]tH(C.Y. Lee, unpublished data)(Fig. 1). & A7 AFA p
phosphoreum®] luxGS} riblS E3sH= ©Y Al DNAZ} SI
nucleasedl] 9|8t HANA P phosphoreum®] mRNAC) )3}
E3He A5 A M (Fig. 3), P phosphoreum®] riboflavin
synthase®] =7} luciferase®] BT 9} 37 coinduceds &=
Fol BRHAKFig. 4). 28 lux 2R} rib F-AATL
22 mRNA 52 22 Z2RE ) 93l AAES Bl F&=
Y A=s 77t FHHARAk & Roltk. 53] G
ribl 99 2] DNAY] ¢Jsle] A Aoz HALE polycistronic
mRNAE €& €87 I8 A, P phosphoreums]
RNase minus mutant® VS £ §lI fux probeE o] &3
Northern blot| Al BE fux FHAE°] EFE+E polycistronic
mRNAS 49& 4 U} lux operondl A€ polar mutationS
8= A% P phosphoreum®] FA8A A7) RE3 ©)
o}, o] FHAE A P phosphoreum AFEWZE Ho)AF|E A
o] ojel$] Evls3tl. AR DNAE P phosphoreum®] 2
A= Ao] mif e E8E o|Foxn FAHY 5o F
A=l 98t {-AA Hole AFEH A o AMgo|t)

old Aghde] AFE B AFAME Photobacterium 59
lux TR rib FRA7}; S AAF @Y QR 9] HRE golr
7] 9% g&8 A% WHo= w3 v okl Vibrio
harveyi®] 78 lux TZREES TS DNABgII-Hindlll
in GH in Fig. 5)9} reporter -9 CAT(chloramphenicol

sof 23 wlE)E]ole] Riboflavin A 5

13.3 kbp

Fig. 5. Restriction map of the vector pMGM derived from pKT 230.
Abbreviations: CAT, the gene coding for Chloramphenicol Acetyl
Transferase; Sm, gene conferring resistance to streptomycin; P, Psl;
X, Xhol; C, Clal, Pvl, Pvul; H, Hindlll; B, BamH1; Hcll, Hincll; E,
EcoRI; Hpl, Hpal; Sc, Sacl; U, Pvull. The V. harveyi DNA digested
into Bglll-Hindlll containing strong promoter activities for lux genes
was inserted into BamHI-HindIll sites of pMGM (GH). The 3.4 kbp
HindlIl DNA fragment containing from the end of luxB to the middle
of the ribll gene from P, leiognathi was inserted into the recombinant
plasmid GH (GH-PIH). The pMGM inserting P. leiognathi HindIll
DNA but missing the strong /ux promoter (PIH) was constructed by
taking out with BamH] restriction fragment in Bg/ll-Hindlll DNA
fragment of GH-PIH.

acetyl transferase)E $E3}8lA] H= A2 Abololl Gt
riboflavin F-AAES ¥ 35 DNAPIH.pMGM in Fig. 1)E
AAAA AZY pMGM ZEH2V = (GH-PIH)E THEL o) AL
HH(conjugation)2] WYL oj&sle] HERZE P leiognathidl &
HAF AolAF)E H ATFOZM, CAT F34e] oy Azg
et ko] o9 Ui dHES WE ¢ Jde AAE 7=
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A} Alole] 7¢¥e AZF pMGM S| =(GH-PH in
Fig. 5Y& P leiognathiol AolAA 2}7] T-& A7)0l A
CAT9] specific activityS ZAFSHATH. Fig. 694 B vle} 2+
o] CAT reporter 329 W@ o] MEY A&ol whe}
induce== F3E EHS By olJel P leiognathi luxBAA]
5B ribl7HA] 3= DNAZE AYE %4-9-(GH-PIH) 783
lux ZZFE]S] 2JFt CAT reporter 3212 W& (GH)o) H]3)
oF7F A3 o, o= o2 Sl g whel ol V. harveyi
9} V. fischeriol A lux ¥ E2] HA} -4 -2 (transcriptional
terminator)7} == DNAZE A4® 9ol CAT ¥do] 1%
olatz FAEHA TaEe AFHE(16, 200 HlwE w) p-factor
o FHF HA} FATRI} o] FHel EAFA = the AL
YEna Qo) 31 Fig. 59 A% pMGM Z-akAn]=(GH-



6 Chan Yong Lee

Kor. J. Microbiol

Activity (units/mg)
9 20 65 3 11 41 05 0.5 0.5

T . e - ®
RITITIX

Fig. 6. Fluorography of the '“C-labelled substrates and products in the
CAT assay resolved by thin layer chromatography. CAT activity was
assayed from extracts of P. leiognathi containing GH (at OD=1.2,
2.0, 3.5), GH-PIH (at ODg =12, 2.1, 3.6) and PIH (at ODg=1.1, 2.0,
3.6), respectively. Asssay for CAT activity were performed with an
incubation time of 15 min. One unit of CAT activity in this paper cor-
responds to | nmol of chloramphenicol acetylated per min at 37°C
under optimal assay conditions.

PIH)ONA lux Z2RES F§8}3L Q& DNA AH(BgI-Hindlll
site)e] AAE FZPIH in Fig. 6)°1X% CAT F3d#fe] L&o]
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AFAZA riboflavin A0 Teldh=s FIAEC] lux operon
3 ) 2AHEE, & rboflavin FAAEO] lux FHAET 2
AL D] (transcriptional unit) ¥l £ 739, lux operon H
glgjofe] wkgol Foidhs ZE 7] A (fatty aldehydes} flavin)
o FgAshe a2ER FPHoS W] Foshe A
(luciferase)S-& a3 He FARANER oFoix|= ExS
T-Z(complex operon)= ©)FIX|A | o]}t SHAA lux &
#H2Atol A BHAE riboflavin -AAES] W IS FANG &
A Ayge vl Y=o dhe ool A o] WPut-g-2]
flavin 712 239] ZAd| T3 B} 8k T2 nigE A
Q1 Al F23 HRE A Fsl] FR0|th

LAl o
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Fig. 7. The genes and enzymes involved in bacterial bioluminescence
reaction and the riboflavin synthesis in the lux operon of Photobacte-
rium species. LuxAB, o and 3 subunits of luciferase; LuxC, acyl-CoA
reductase; LuxD, acyl-transferase; LuxE, acyl-protein synthetase;
LuxF, nonfluorescence flavoprotein; LuxG, flavin reductase; LuxL,
lumazine protein; RibA, GTP cyclohydrolase II, RibB, DHBP syn-
thase; RibE, riboflavin synthase; RibH, lumazine synthase; APDO, 5-
amino-6-ribitylamino-2,4-pyrimidinedione; Cyt, Cytochrome; DAPO,
2,5-diamino-6-(5’-phosphoribosylamino)-4-pyrimidineone; DHBP, 3,
4-dihydroxy-2-butanone 4-phosphate; Lumazine, 6,7-dimethyl-8-ribi-
tyllumazine; Ribulose, ribulose 5’-phosphate.

Kl
rak

k]

I

—_

.Andrew, S.C., D. Shipley, JN. Keen, J.B.C. Findlay, PM.
Harrison, and JR. Guest. 1992. The haemoglobin-like protein
(HMP) of Escherischia coli has ferrisiderophore reductase activity
and its C-terminal domain shares homology with ferredoxin
NADP" reductases. FEBS Lett. 302, 247-252.

2. Figurski, D.H. and D.R. Hellinski. 1979. Replication of an origin-

containing derivative of plasmid RK2 dependent on a plasmid

function provided in trans. Proc. Natl. Acad. Sci. USA 76, 1648-

1652.

Fukua, C., S.C. Winans, and E.P. Greenberg. 1996. Census and

concensus in bacterial ecosystem: the luxR-/uxI family of quprum

sensing transcriptional regulators. Anmu. Rev. Microbiol. 50, 727-

751

4. Gilman, A.G. 1990. Water Soluble Vitamin. pp. 1534-1536. In
Gilman, Rall, Nies, and Tayler (ed), The phamacological basis of
therapeutics. 8th ed. Pergamon press, New York.

5. Hastings, J.W. and G. Weber. 1963. Total quantum flux of isotropic
sources. J. Opt. Soc. Am. 53, 1410-1415.

6. Hastings, J.W., C.J. Potrikus, S.C. Gupta, M. Kurfurst, and J.C.
Makemson. 1985. Biochemistry and physiology of bioluminescent
bacteria. Adv. Microbiol. Physiol. 26, 235-291.

7. Herring, PJ. 1978. Bioluminescence in Action. Herring (ed.),
Academic Press. New York.

8. Herring, P.J. 1987. Systematic distribution of bioluminescence in
living organisms. J. Biolumin. Chemilumin. 1, 147-163.

9. Kaplan, H.B. and E.P. Greenberg. 1985. Diffusion of autoinducer

is involved in regulation of the Vibrio fischeri luminscence system.

J. Bacteriol., 163, 1210-1214.

w



Vol. 36, No. 1

10.

11.

12.

13.

Lee, C.Y., R.B. Szittner, and E.A. Meighen. 1991. The lux genes of
the luminous bacterial symbiont, Photobacterium leiognathi, of
the ponyfish. Eur. J. Biochem. 201, 161-167.

Lee, C.Y. and E.A. Meighen. 1992. The /ux genes in
Photobacterium leiognathi are closely linked with genes
corresponding in sequence to riboflavin synthesis genes. Biochem.
Biophys. Res. Commun. 186, 690-697.

Lee, CY,, D. O’Kane, and E.A. Meighen. 1994. Riboflavin
synthesis genes are linked with the lux operon of Photobacterium
phosphoreum. J. Bacteriol. 176, 2100-2104.

Mancini, J.A., M. Boylan, R.R. Soly, AF. Graham, and E.A.
Meighen. 1988. Cloning and expression of the Phorobacterium
phosphoreum luminescence system demonstrates a unique lux
gene organization. J. Biol. Chem. 263, 14308-14314.

. Meighen, E.A. 1988. Enzymes and genes from the /ux operons of

bioluminescent bacteria. Annu. Rev. Microbiol. 42, 151-176.

. Meighen, E.A. 1991. Molecular biology of bacterial biolumine-

scence. Microbiol. Rev. 55, 123-142.

. Miyamoto, C., E. Meighen, and A. Graham. 1990. Transcriptional

regulation of the lux genes transferred into Vibrio harveyi. J.

19.

20.

21.

s o 23

ule)z]o}e] Riboflavin A&A 7

Bacteriol. 172, 2046-2054.

.O’Kane, D.J., B. Woodward, J. Lee, and D.C. Prasher. 1991.

Borrowed proteins in bacterial bioluminescence. Proc. Natl. Acad.
Sci. USA 88, 1100-1104.

. Riendeau, D. and E. Meighen. 1980. Coinduction of fatty acid

reductase and luciferase during development of bacterial
luminescence. J. Biol. Chem., 254, 7488-7490.

Singleton, P. and P. Sainsbury. 1987. Riboflavin. pp. 765-766. In
Dictonary of microbiology and molecular biology, John Wiley-
Son, 2nd ed. New York.

Swartzman, E., C. Miyamoto, A. Graham, and E. Meighen. 1990.
Delineation of the transcriptional boundaries of the /ux operon of
Vibrio harveyi demonstrates the presence of two new lux genes. J.
Biol. Chem. 265, 3513-3517.

Tabor, S. and C.C. Richardson. 1985. A bacteriophage T7 RNA
polymerase-promoter system for controlled exclusive expression
of specific genes. Proc. Natl. Acad. Sci. USA 82, 1074-1078.

(Received November 25, 1999/Accepted February 21, 2000)

ABSTRACT : Expression of the Genes Involved in the Synthesis of Riboflavin from Photobacterium spe-
cies of Bioluminescent Marine Bacteria

Chan Yong Lee (Department of Premedicine, Eulji Medical College, Taejon 301-112, Korea)

The genes involved in riboflavin synthesis (#ibl, II, III, and IV) were found immediately downstream
of luxG in the [ux operon from Photobacterium species. The single stranded DNA containing the
intergenic region of lux genes and rib genes from Photobacterium phosphoreum was fully protected by
P phosphoreum mRNA from the S1 nuclease mapping assay suggesting that a transcriptional terminator
was not present in the region. In addition, the levels of riboflavin synthase activity in P. phosphoreum
was increased during the development of bacterial bioluminescence in the same fashion as the luciferase
and fatty acid reductase activities. Insertion of the Photobacterium leiognathi DNA extending from [uxB
to ribll, between a strong lux promoter and a reporter gene (chloramphenicol acetyltransferase, CAT)
and transferred by conjugation into P. leiognathi, did not affect expression of reporter gene. Moreover
the CAT gene was not expressed in an analogous construct missing the /Jux promoter indicating that a
promoter was not present in this region. Based on the data here, it can be concluded that the /lux genes
and rib genes in Photobacterium species are under common regulation.



