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L, V)4 7]°5-& 2A81 ek 43T A o] & A7 THE A2 EAv| =8 AR L o g
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A E-253 (bioluminescence)O |2 $H2- A Aol A EA&7) wll7)
3= 2d 3}8} uhS-(exergonic chemical reaction)S E5te] WS

= A& dFoH(1,12), BH ol ARE FFo|, 27
(algae), =Z, oF oA WE U= AEA7F LAHATHI2).
ol F ¥ ulH|g]o}(bioluminescent bacteriay= TIE-E ultio|
Aaehs S| BrElE o2 =LAl Wibrio®} Photobacterium
genus® TE-ETh 253 HHE| oo A Bl UlE Hhg-2 FMNH,
(reduced flavin mononucleotide)$t IANES]l XAk 3=
(long chain fatty-aldehyde)”} 2FS}g 024 HE o] ulg ulF)
Brh(10,17). o] W2 EFE 7159 4+8} & A (mixed function
oxidase)?} bacterial luciferasedl] 2J3}ed Evjjzm, 7 wkg-<) 3t
718 (substrate)2] 71 AlEe] Aukak-duld) = wag uhe) e]olo)
ER3 A9RAL-SHY A (fatty acid reductase complex)ol] 2]}
A3 5 A TH(17).

g dhglgololl A Wg Y k3ol Bosls A4AES
3HA He FHAE(ux genesy § 5 AARE(ux operon)ol]l &
A H= b b LIRS luciferase?] ¢, B subunitsg F=
A He wxAB #-3Ake} fatty acid reductase complex?
reductase, transferase, synthetase subunitsS FE=3HA He
hxCDE #FAHEE 74501 At(18). 3 Hre|goll
Photobacterium species®] hux Q3|20 133} chromosome Ao
riboflavin (vitamin B,) AFg-Fell AT Aoz A7tw= o
A BAEATH14,15).
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Vitamin B,2 9] ¥¢2]A riboflavine o]AY] HejHozw &
A43lel Hefel FMN (flavin mononucleotide)® FAD (flavin
adenine dinucleotide)’} ZEAZA, TFof BHs= A& 1A
flavo-protein & HARRFG-olA Be BES AX3= 28
- A electron carrier?] £ 2.3 YEE ve QA BF
81a1(25) ob&] 1 A ARV} o}F] bH3| wEAlA] gl 1
A AAZ GHEA 42 dHoln, T AFHOE ribo-
flavine] AFEHAS 49 A, 75, 7UHE, ZAd5d &
FE B F glgo] EaEATH9).

dlg|jofof| Ae] W3-8 AbA: E2}9} fatty-aldehyded] Ak}
¥ 9 ohle} = O 7] (substrate)Z24] FMNH,9 4187} &
AHETH10). o)A 71| o] ¥kE-9] fatty-aldehyde 712l HEF AL
4 T2 BEARESAQ Be Aot AFFHoR oA &
©1}(17,18) flavin 71 &l B8 A= A o] Foix|RA] ke A
Aolt} Riboflavin® FMN (riboflavin 5-phosphate)2} 2T
(precursor)®] 7] WE-9l riboflavin A3l BT Ao 7 A2

=

(5]

© FAAEY ux 82l AT HX oA BA-L v 2o}
WAL flavin 7128] A3} ARHRe] 2| B Fa
g HXE £ Ao et B dTelAE e 2uEd) Q)
A% olE Fx50) TSPl S dudel 7158 459,
fasA0 2 2T
Mz 3 g

)=

A grE A9} T, DNA ligase™ Pharmacia® B, riboflavin,

ampicillin, rifampicin 5-& Sigma Chemical Company (St.
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Louis, USA)Z HE TYstgi, f7sigdos A9
lumazine (6,7-dimethyl-8-ribityllumazine)> University of St
rathclyde®] H. Wood dl4=25E] Aot

oF U vector

2 dv Agd 249" a3 dhEEel gFEL
Photobacterium leiognathi (ATCC 25521), Photobacterium pho-
sphoreum (NCMB 844), Escherichia coli K38-1, E. coli HB101
and E. coli 43R FoiH ET}AU| S22 pT74, pT7-527), 18
I pKT2302HE =8 pMGM (20) 5°] FE2Y HEZH AL
853t} Riboflavin FE5GFAZ E colid] EQH|FEQ
BSV11 @Bl Tns A= BSVIS (rbASl Tns %) (3)°)
complementation Ao AREEHJTE olE ESJIHOFEL
University of Illinois®] R. Tuveson X4=2] Fo]&2 A& &+ AN
T}, Photobacterium DNA7} 350 Q&= A% ZetiAn=g
A E. coli K38-12 50 ug/mi2] ampicillin®} 50 ug/mi®] kana-
mycing 7}3t Luria-Bertani (LB) ] x| ol A vjkA]Z T} Ribo-
flavin E& 9L E colis ¥FA7)7] Y3l9= kanamycin
(50 ug/mh®} riboflavin (10 ug/my°] F71=2 wjdAe] 7katal
ot & el 293 ux 57312 32 riboflavin FAAE EgH
3= Photobacterium®] DNA A =3 ZEe}AF|=EL(Fig 2)
PIXbapT7-3 (13)5} PpSB.pT7-4 (16)2HE A3 &i= Hds}
o] e ZekAu) =0 subcloningdle] YTt

E. col®IM P phosphoreum species®] rib FHXI2Ie] £
gt w5

E. coliz. HAASE MFE7} ampicillin 2 kanamycin®] F3F
H LB 8ol 660 nmoll A2 optical density”} 0.3 AE7}A]
A & th 42°CollA] B B3 71E38kd T7 polymerase
A27L F=EA sttt 19l AAG rib A1) HES $)
St T7 system Th3-2] FaEHo] 71eEe] lok(le6).

E4 E8ME A

Riboflavin synthase®] 4= &FE4H A (F3010, Hitachi,
Tokyo, Japan)Z lumazine®. & HE HFH 530nm (480 nm
excitation)o| A 5-ol3tAl HZ-E W& riboflaving] YO ZHE A
A=Atk Riboflavin®] A A 9%kS 50 mM phosphate buffer pH
709 rboflavin®] HFF HEFHOZHE HAAHYoH
riboflavin®] FEE 45mmollA oA EF FFAG g,=
12,500 M - em™ 228 A=A}

Lumazine % Riboflavin®| &9l

Cell-free 229 249914 lumazine 7123} riboflavin A A E-&
3%2] 484 NH,CIZ A7WAIZ) silica-gel (Silica Gel IB2, Baker,
Phillisburg, USA) thin layer chromatographyZ4(21) g<18}t}.

Riboflavin B YU E. coliS O| 88 REEH AIY
E. coli EAWC]F(BSV11F} BSVIS)E ODy, dk 0.3 7Hx] =}
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2 & T 2 celle Eo} LB v s FH A o
50 mM CaCLE A 2|3} competent cell THEUTE P pho-
sphoreum 22 P leiognathi DNAS E¥she AXg Zekxn]
=E BSVII & Bsvigd] FAxFAZon, BB A
Z3 pT7 DNAE X33l HEESL2 ampicillin (50 pg/mh)
kanamycin (50 ug/mlyS ¥ LB 1A Hix|AM, A= pMGM
Eelanmng Eiele HAAGH AEEL streptomycin
(25 pg/mh®} kanamycin (50 pg/miyS B2 LB A vix]ol 4} A
)it

2

W33 v 2)o)) P leiognathi®) 735 G TRl v}E 3 7)
9 FRAAEC FAHARE H, 2 3702 FHAASE gene
organization?} amino acid 254 (identity)o| A Bacillus subtilis2)
riboflavin A& S HE (b operon)d] 2, 3, 4 ¥ SHAST}
o] R (14) (Fig. 1), P phosphoreum?] 735 hxG TR
o 4719 fRAIE] EA51= v 222 Al FAAE ool
AT YAEGoH 4 A 32 BVFAE B subtilis2
rib operond] 3 WA {AR} FE=dHA FHe wwAde] vk
FH# amino acid 501 AATHIS) (Fig. D). =S Fibrio
harveyi lux operon?] WFR|ZF F-AXF hxH B B subrilis]
riboflavin operon®] 3 WA F-Zx}le] N-#t Gz} AEAlo] gl
e Ao Hol wH} 2= HE ©ild QA riboflavin
Aol #AE oz HAZIT26) (Fig. 1).

ol& FFAFE ] 9 riboflavin AFHA) Boele 534S A
Z3ke AE HA8H] st AE T APL 4709
riboflavin F-AAE E38} U= P phosphoreum AZEF DNA

[rbA] Ec
Bs

Pp

luxCDABFEG
lJuxCDABEG Vh

Fig. 1. Organization of riboflavin genes. Ec, £. coli; Bs, B. subtilis; P,
P, leiognathi; Pp, P. phosphoreum; ribE, riboflavin synthase; ibB, 3,4-
dihydroxy butanone 4-phosphate (DHBP) synthase; ribA, GTP
cyclohydrolase II; 7ibH, lumazine synthase. The riboflavin synthesis
genes in E. coli are neither clustered in a operon nor regulated in a
coordinated manner (3, 29). The function of the gene product of ribG
and ribD are supposed to be involved in deamination and reduction of
pyrimidine ring (23). Proteins coded by two consecutive open reading
frames (rnusIl and nusIll) were found to have significant identity with
RibG (42%) and RibH (53%), respectively of B. subtilis (28). ribC
codes for a regulatory protein. The downstream of rblIll in P
leiognathi has not been determined.

luxL
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Fig. 2. Physical map of the /ux operon of Photobacterium leiognathi
(A) and Photobacterium phosphoreum (B). Restriction sites are
labeled as follows: B, BamHI; C, Clal; E, EcoRl, G, Bg/ll; H, Hindlll;
Hp, Hpal; K, Kpnl; S, Sacl, V, EcoRV; X, Xbal.

E oA TEAIZ S 0 riboflaving FAFEIE A o
£ #Q18l= Ao]Slt}. Bacteriophage T7 RNA polymerase= L
612] promoterd] Hte] 1% HalHo]7] DB B0l o
= DNAYY "istdr= @A &3, T7 RNA polymerase=
ul-¢ Edtsle] E coli RNA polymerase Rt A=A S22}
5 H) o] wh=7] wjEo| ©] system (T7 RNA polymerase/
promoter)®. & E. coliolA AE FAAE A F oz WA
Z 4 Qe AHo] Ath2y). B Atexe L v ol
Photobacterium species®] uxG ool A% = riboflavin A
g4 #Fd FHAE 9 HE=HETl fel ¥ T7 RNA
polymerase”} E&E helper S0 =(pGP1-2)9} 7 E3HA|
oZHN MY FdxE0] Z=she THA 9 riboflavin A%
Aelxe] gL detrgitt, $2] WEE ]88 riboflavin
AY’JAH-Z Thin Layer Chromatography® &<13l] 2 23}, 4 7]
9] riboflavin F-AAE FH33L e AFF DNA ZTkiav=
(PpSB.pT7-4 in Fig. 2)Z E. coli K38-19] FAHEAA uljdA
71 cell extracts’} lumazine®} riboflavin, £3] riboflavin®] ¥4
Z(lane 3 in Fig. 3)°] XY S0 E(PpSBpT7-4S E3s}
A &L E coli K381 cell extract (lane 2 in Fig. 3)oA] Rt}
X 22 Aoz e olAL P phosphoreum luxG ©}2)
o] DNA Ge] EAJsh= -2l 23} riboflavin®] A-9%
< FINAF< Zlolgt & = g Aot

Photobacterium species®] luxG ©}=ll F<j2] DNAoA A5
= AHA FAAE amino acid®] FFAAT A HA FAALS
35h= DNAE PCRY WHOo R SFEAA AZF Fepav=
Azdte 1 Fxke] HEo s YAHE v )5S B
A8 £ Z7} riboflavin S #HAT ©AIS) lumazines

o K r

g wEjEjole] BB Zep) A 175

1 2 3

Fig. 3. Identification of riboflavin products by TLC after enzyme
reaction. Lane 1, a mixture of lumazine and riboflavin; lane 2,
reaction mixture from extract of E. coli K38-1; lane 3, reaction
mixture from extract of E. coli K38-1 transformed with PpSB.pT7-4.
Lum, lumazine; Rf, riboflavin.
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Fig. 4. Comparison of the amino acid sequence of B. subtilis RibH
with P. leiognathi RibIIl, P. phosphoreum Riblll and E. coli nuslll.
Residues that are identical to the corresponding amino acid of RibH of
B. subtilis are given by a horizontal bar. The sequence of P. leiognathi
riblll is incomplete (14). Amino acids missing at the carboxy-terminal
of P, leiognathi RibIll are denoted as dots. Comparison of RibH and
the P. phosphoreum Riblll and P. leiognathi RibI1I indicating that the
lumazine synthase sequence has been strongly conserved.

riboflavin®. & HFHA 7= A (riboflavin synthase)= BF&|5.0.™
(15), Al A F2AF ZESH= AL amino acid®] 4FHL
2 E ] lumazineE T3] W= F(lumazine synthase)Z F=
AEcHFig. 4). ©] A HA 7327} lumazine synthase®: F=
BREAIE ol 7] Y3, £ Aol A= riboflavin synthase -
AR ribl) TS EZEHE DNAZ 9] pT7 #HE o] Fold e A=
3} plasmid (PpEB.pT7-5)8 thdwollA] W&EAIZ! cell extracts®]
lumazine . Z ¥ riboflavin® 29| & =& FH3 &9
A9l lumazine synthase F-3AXY Ao g AZIE= ppllvh
38 AFY Zetan =(PpSBpT7-4)7 2EE A cell
extracts?] riboflavin synthase AT FAHIAHEE H| w3}l
BATHFig. 5). Fig. 5ol BE vle} o] 50°CellA] 30 #3F 3
S o pipl TS EEI= PpEBpT7-58 A
extracts®] “4-$-= riboflavin synthase®] EX%E7) 20% Ax<] Bt
o] FA] dskot 4 79 riboflavin -FRAAKwmAL 10, TI, IV)E X

<~ E. coli cell
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Fig. 5. Comparison of the thermal stability at 50°C of riboflavin
synthase activity in different extracts. Extracts of E. coli containing
PpEB. pT7-5 (O) and PpSB.pT7-4 (@) were incubated at 50°C for
the indicated periods of time and the activities recorded as percentage
of the controls incubated at 0°C.

&= PpSB. pT74E AUE E. coli®] cell extractss 70% 3
5 o] fio] B4Er} HEE gQen, 50 o] g Fox
PpEB. pT7-59] cell extract®] A% 3%9) fiAh BTN U9k
Ot} PpSB.pT7-49] cell extractsoll= 40%%) F4 BAEI} BE
He s 4k

o] 48 BAI= B subtilis?) riboflavin synthase (a)7}
lumazine synthase (B)2} -+ 5013t quatemary structure (08
E 25224 riboflavin®] BAE7} lumazine synthase] &35}
o HPEs7} o] Folhrhe AT A Ao HlZo] B
), 37 BIHAEQ) SRS, I, 283 V) £ 3 &
A7} lumazine synthase® T=Foh= 7H839 2471 € 4
Ao.H, =3 Fig. 4914 Bi= ube} 2ol Photobacterium species
o] mpllZ} =3k Glo] E ol A 2] AAH o] amino
acid sequencing® lumazine synthase®} 50% ©)4F2] amino acid
FEHE 2t ACE Mol yplll7} lumazine synthaseS F=3}
Al FE F2E 5 o

Photobacterium species ux LHE2) nxG o9 2 9IRS 4
WA RAARE B subtillis®) rib LI BARE FHRet
AAZE 2 B 9k ofakFig. 1), 2 F3A} =3 HE
@A O 377t Adoldte] BAlS B3 ItkFig 6). Fig.
62 B. subiilis?] A WA FHAT} 2= ©w A (DHBP
synthase/cyclohydrolase)™ £. co/i®] DHBP synthase % GTP
cyclohydrolase II, Vibrio harveyi®] LuxH, I8]1l P leiognathiS}
P, phosphoreum®] ripll7} I E5H= Tl g ale} ofnell Bige
HoF51 Qnk. Photwbacterium species] ribll7} FEd= thl
ol NET FRO opuicAt HEBAL oF 44-50%F B oLt
(Table 1, A), Photobacterium species Ribll®] C-Zdr g £
coli®) GTP cyclohydrolase 19} P phosphoreum®) 4 W7 447}
7t Ausks giAzh= 17-28%9) w9 we ol AHEA
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Fig. 6. Alignment of the amino and carboxyl terminal domains of the
B. subtilis bifunctional DHBP synthase/cyclohydrolase with rib pr-
oteins. 1, B. subtilis DHBP synthase/cyclohydrolase; 2, P leiognathi
RiblL; 3, P. phosphoreum Ribll, 4, V. harveyi LuxH, §, 3.4-dihydroxy-
2-butanone 4-phosphate synthase of E. coli (RibB); 6, P. phosphoreum
RibIV; 7, GTP cyclohydrolase II of E. coli (RibA). Horizontal dash
indicates an amino acid identical to B. subtilis DHBP synthase/
cyclohydrolase.

Table 1. Amino acid identities (%) of proteins related in sequence to
the proteins coded by gene I of P phosphoreum and P, leiognathi

PpII PIIl Bs Ec RibB
Vh LuxH 48 44 45 62
Ec RibB 49 50 49 -
Bs 50 49 - 48
Pp Il PIIl Bs Ec RibA
PplV 17 20 49 50
Ec RibA 27 28 54 -
Bs 29 30 - 57

A) The amino-terminal region of proteins coded by P phosphoreum
ribll, P leiognathi ribll and the bifunctional DHBP synthase/
cyclohydrolase gene of the B. subtilis rib operon are compared to ¥
harveyi LuxH and E. coli RibB. B) The carboxyl-terminal regions of
the same proteins are compared to the proteins coded by P
phosphoreum TV and GTP cyclohydrolase IT of E. coli (Ec RibA). Pp,
P. phosphoreum; Pl, P. leiognathi; Bs, B. subtilis; Ec, E. coli; Vh, V.
harveyi.
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Table 2. Complementation of E. coli rib mutants®

Plasmid® BSVII® BSV18°
PpHp.pT7 10 5,000
PpSB.pT7 120 150
PpH5 pMGM 800 ND?
PISX.pT7 4,000 20

“Frequency of transformation of #ib mutants of E. coli using 1 tig of
plasmid DNA containing rib genes. “Locations of the DNA inserts are
given in Fig. 2. °E. coli BSV11 cells are missing DHBP synthase activ-
ity and E. coli BSV18 cells are missing GTP cyclohydrolase II activ-
ity. “ND, not detectable.

< HAtKTable 1, B). ¥ WA, vl WA P phosphoreum®]
riboflavin G F-AAE] ZE=3A He Dide VeS¢
obi 7] $isle] F WA, vl WA FHAE FA T2 pEHeR
¥3hg DNA AHS AZF Zeliv|zdd 4Hystd DHBP
synthase (BSV11)2-2 GTP cyclohydrolase II (BSV18) A7}
A¥E 5A0F E colidll FZAHABAIA complementation =
£ A R E YolR = FASH AT7AEE WA

4 W) P phosphoreum FAR(FIIVYE X35 U A=Z
3 DNA (PpSBpT7-4, Fig. 25 F EWolF BSVII#H
BSV18el complementationA| S Ao F EARIFIL
riboflavin®] B7Mglo|= AgkA HeE ACE Hol(Table 2), ©|
3 492] DNAY|E DHBP synthase®} GTP cyclohydrolase 1S
codedt HE F3A7) EEo] USS FEY + AT v
Hol| §-AR} riplof A #Hplll FAAAAES TZ3HA He 25
Zre z7]19] DNA A H(PpH5pMGM, Fig. 2)2 complemen-
tationA )7L 7450l glolMe BSVIL T A2HAl E31 BSVISE
Ae}A) sxet. vlZ=E A riblst ribll RS TESHA =HE P
leiognathi®] AZE plasmid (PISX.pT7-3, Fig. 2)& com-
plementation?| Z-& 7%= BSVI8 Rt} BSVIISES] HAH
3o] 2008 o)Fe) HIER Jehgth olehe iAoz oA
SAR} piplveErS: E83LT Qe AZ2F ZER0| S(PpHp.pT7-4,
Fig. 2)2 79 lolde BSVise 2o FAHFE HxEr}
BSVI1 Bt} 500 ¥ o] velhde FHE HTh(Table 2). ©I
Asfe 2AZ A §37} ribl= DHBP synthaseS T=3H)
23, §4A ribIVE GTP cyclohydrolase 15 Z=31A] =&
Aoz At dnt.

n F

19359 £9] Kuhndll I3} riboflavino] #-02 #7188}
Aoz FAH©) olF, F84 vitamin?] T FTFHFZA YPeIsHH
o7 1 o] m)$ ZF83 riboflavin®] #7131, A,
2o ookstz|el ATt} Bars] Fddso] kO riboboflavin®]
AFY A=r) obF 93] slgE eyt oy L digrzl
ZAzE A 29 v} 20H2) (Fig. 7).
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Fig. 7. Riboflavin synthesis pathway in bacteria. The enzymes and
intermediates involved are, I, GTP cyclohydrolase II; II, deaminase;
I, reductase; IV, DHBP synthase; V, lumazine synthase; VI,
tiboflavin synthase; 1, GTP; 2, 2,5-diamino-6-(5-phosphoribosyl-
amino)-4-pyrimidineone; 3, 5-amino-6-(5'-phosphoribosylamino)-2,4-
pyrimidinedione; 4, ribulose 5'-phosphate; 5, 1-3,4-dihydroxy-2-
butanone 4-phosphate (DHBP); 6, 5-amino-6-(5'-phosphoribityl-
amino)-2,4-pyrimidinedione; 7, 5-amino-6-ribitylamino-2,4-pyrimid-
inedione; 8, 6,7-dimethyl-8-ribityllumazine (Lumazine); 9, riboflavin.
® indicates PO,

group®] 7 & (opening)*|©] pyrimidine intermediate”} s
o]A o] deamination® reduction L AA S-amino-6-ribit-
ylamino-2,4-pyrimidinedione © £ HZHATt. o] pyrimidinedione
A9} 3 4-dihydroxy-2-butanone-4-phosphate®] ZFHHg-ol 2J8t
& fumazine©] TIE T, riboflavin®] lumazine®] dismutation
Aol 231} THE0)A)A ). Brown guoupSl Al riboflavin ¥
Aol A FAL GTPAA formate® W& &4 GTP
cyclohydrolase IIE E. coliolA H2] FAIYI(8) FHA TAS
pyrimidine compound®lA] 2% ¥A:9] deamination™ ribosyl
amino groupS ribityl amino groupS 2 FAAZ RAoE AYZ}H
= deaminase$} reductaseS -2l HAEFETHT). Riboflavin &
9] wpAlet @Al lumazine AT lumanzine® 2 F-E
riboflavin® £ HEA)7) = Bofdhs 452 3,4-dihydroxy-2-
butanone-4-phosphate (DHBP) synthase$} heavy riboflavin syn-
thase (a,f, )%= Bacher Groupdl ©J3le & AA7} o] I
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9 #7] e g ES e ol B =88
ZA58) Shvh22,24). T3 Bacillius, Saccharomyces$t E. colio) Al
riboflavin A thAtgo] Aod d&e) ETWo|FEo] B
Aote] FAGAES &3l BARI3,5.6), AZZ B. subtilis
A riboflavin Aol BASh= FAAEC] 2 b LHE
o] cloning %3, sequencing FATH19). 1} 152 clone &
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Bl w3
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Abs] 7] Wl Eo]THC.Y. Lee, unpublished data) (Fig. 1).
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YERSTY. Photobacterium species®] Ribll (40 kDaYe B. subtilis
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Z2] amino acid 35 J(Fig. 4) 223 riboflavin synthase?]
thermostability® F7MA171E HLZ Ko} lumazine synthaseZ
Foshs AR SAEY ) WA 4132 rbIVE b2 C-
terminal o] “4A3E GTP cyclohydrolase II 715-& zte &
NAE F- SIA A 5|3t gene organizationS HFTh
ribIVE gene duplication®l] 7[%13t A FAAE 2,
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e 2o g, Al | §HAIHribBA) F7HAY 7158
e dAS F=FE B osubtlis®), riboflavin &A=}
chromosome ‘gl HE]5o] 151 DHBP synthase®t GTP
cyclohydrolase 15 237} F=3h= 24X WAE EA51= E
coli®te= T2 7 @A) riboflavin®] gene organization 4|2
ZrEE ¢ S ISl

Riboflavine BHe|g]ofofl A e} w33 7122 reduced FMNS]
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ABSTRACT : The Functions of the Riboflavin Genes in the /ux Operon from Photobacterium Species
Chan Yong Lee, and Jong Ho Im' (Dept. of Natural Sciences, 'Dept. of Pharmacology, Eulji
University School of Medicine, Daejeon 301-832, Korea)

The functions of riboflavin synthesis genes ( rb], I, IIl and IV) found immediately downstream of /uxG in the
[ux operon from Photobacterium species were identified using the biochemical and genetical analysis. The ribI-
I gene codes for protein corresponding to that coded by the second (riboflavin synthase), third (3,4-dihydroxy
2-butanone 4-phosphate synthase/GTP cyclohydrolase IT) and fourth (lumazine synthase) gene, respectively, of
Bacillus subtilis rib operon with the respective gene procuct sharing 41-50% amino acid sequence identity.
Unexpectedly, the sequence of the #ibIV product of Photobacterium phosphoreum does not correspond in
sequence to the protein encoded by the fifth rib gene of Bacillus subtilis. Instead the gene (ribIV) codes for a
polypeptide similar in sequence to GTP cyclohydrolase Il of Escherichia coli and the carboxy terminal domain
of the third #ib gene from Bacillus subtilis. Complementation of Escherichia coli riboflavin auxotrophs showed
that the function of the gene products of #ibll and ribIV are DHBP synthase and GTP cyclohydrotase I1, respec-
tively. In addition the experiment, showing that increase in thermal stability of riboflavin synthase coded by ribl
on coexpression with #blll, provided indirect evidence that the latter gene codes for lumazine synthase.



