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The gene convergent to luxG in Vibrio fischeri codes for a protein
related in sequence to RibG and deoxycytidylate deaminase '
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The nucleotide sequence of a convergent gene with the same bidirectional transcriptional termmator as the Vibrio fischert lux
operon has been determined This gene codes for a polypeptide of 147 amino acids which s related m sequence to the
polypeptide coded by the first gene (nbG) of the rb operon of Bacilus subtilis as well as deoxycytidylate deaminase of T4
bacteriophage and Saccharomyces cerevisiae These results rase the possibility of a linkage between the regulation of the lux

genes and riboflavin synthests m Vibno fischen

The bioluminescence reaction 1n bacteria involves
the oxidation of reduced riboflavin phosphate
(FMNH,) and long chain fatty aldehyde resulting in
the emussion of blue-green light (1-3] The Vibrio fis-
chert lux regulon contains two operons [4] The right
operon (luxICDABEG) contains the luxI regulatory
gene, luxAB coding for luciferase, luxCDE coding for
proteins mvolved in aldehyde synthesis, and lxG,
whose gene product 1s related in sequence to proteins
involved 1 flavin reduction [5-8] The left operon,
immedtately upstream of lux/, contains one regulatory
gene, luxR, transcribed 1n the opposite direction [2-4]
Recently, genes coding for proteins with sequence ho-
mology to the riboflavin synthesis genes mn Bacilus
subtiis and Eschernichia coli have been found to be
closely linked and transcribed 1n the same direction as
the /ux operons in Photobacterum leiognatiu and Vib-
ro harveyr [9,10] As the transcriptional terminator of
the lux operon after luxG of V fischert 1s unusual m
that 1t also functions as a terminator for a convergent
open reading frame [6], 1t raised the possibility that the
function of 1ts gene product may be related to biolumi-
nescence as expression of this latter gene and the lux
operon may be coregulated as overlapping mRNAs are
generated

In order to identify the convergent gene, an SnaBI-
HindIll DNA fragment downstream of uxG was sub-
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cloned from a recombinant plasmid pBR322 containing
V' fischern DNA [11] mto M13 mp18 and M13 mpl9,
and the sequence determined 1n both directions by the
dideoxy termination method [12] The nucleotide se-
quence and deduced amino acid sequence of the con-
vergent gene 1s given 1 Fig 1 This open reading
frame (ORF) codes for a protein of 147 ammno acids
with a molecular mass of 16 6 kDa The intergenic
sequence between /uxG and the convergent gene 1s
also shown with the location of the bidirectional termi-
nator and the ends of the overlapping mRNAs (Fig 1)

Analyses of the primary structure of the ORF
showed that the gene product has considerable se-
quence identity with the ammo terminal of the gene
product of the first structural gene (rbG) [13] of the
rnb operon of B subtilis A computer search of the
SWISS-PROT and EMBL data libraries also revealed
that the gene product has sequence similanty with
deoxycytidylate deaminases (CD) from Bacteriophage
T4 [14] and yeast Saccharomyces cerevisiae [15] (Fig 2)
Although the function of B subtilis RibG 1s not de-
fined, complementation of B subulis riboflavin aux-
otrophs suggested that this gene 1s mvolved in the
deamination of a pyrimidine ring during riboflavin syn-
thesis [16] Alignment of this sequence with deoxy-
cytidylate deaminases (CD) supports this proposed
function As shown in Fig 2, the gene product of the
V' fischen convergent gene and the amino-terminal

! The sequence data reported in this paper have been deposited to
the EMBL data hbrary under the accession number X70289



338

HindIIX

1 AAGCTTATGAAATAGATAAAATACTTCTGTAAATACAGACACAAAAGGCAACGTT

ORF' ey,
ATG ATT TCT AAA TGG GCA AAG

CGA TTC TTC CAA ATG GCT GAA TTA GTC

1 M I S K W A K R F F Q M A E L v
104 GGT TCT TGG AGT AAA GAT CCG TCA ACT CAA GTT GGT GCA GTA ATC ACT
17 G S w s K D P s T Q \Y% G A \% I T
152 AAG CAT AAC CGT ATT GTT TCT GTT GGA TTT AAT GGC TAC CCG CAT GGT
33 K R N R I v s v G F N G Y P H G
200 GTA TCT GAC AGC GCA GAT ACT GAT GAG CGC GAA ATT AAA TAT TTA AAA
49 v S D S A D T D E R E I K Y L K
248 ACG CTT CAT GCT GAA GAA AAT GCC ATT TTA TTT GCT AAA CGC GAT TTA
65 T L H A E E N A I L F A K R D L
296 GAA GGG TGT GAT ATT TGG GTT ACT CAC TTC CCG TGC CCA AAT TGT GCA
81 E G C D I w v T H F P C P N C A
344 GCA AAA ATC ATC CAA ACA GGA ATT TCA AAA GTA TAT TGC CCT GAA CAG
97 A K I I Q T G I S K v Y C P E Q
392 ACT GAA GAC TTC TTA TCT CGT TGG GGT GAA AAA ATC CAA GTT AGC CAA
113 T E D F L ) R \ G E K I Q v S Q
440 GAT ATG TTT TCT CAG GCG GGA GTT GAA GTC ACT TGG TTA CCC TTG GAC
129 D M F s Q A G v E Vl T w L P L D
488 ATA TTG AAA TAA TAAAAAAGCCGGATTAATAATCTGGCTTTTTATATTCTCTTTA TAC
145 I L K * attttttcggcctaattattagaccgaaaaatataagagaaat atg

* v
SnaBI G ] UXG
536 GTA TGC AAA AGC ATC GGC AAA CAT CTG TTC TGA CTT
cat agc ttt tcg tag ccg ttt gta gac aag act gaa
Y A F A D A F M Q S E K

Fig 1 The complementary nucleotide sequence and corresponding translated amino acid sequences of the DNA downstream of luxG The
nucleotides are numbered from the first nucleotide at the HindIIl site The converging arrows represent the stem and loop structure The
vertical arrow indicates where the mRNAs for the lux G and convergent gene terminate according to 3’ S1 nuclease mapping

region of RibG can be aligned with the deoxycytidylate
deaminase of Bacteriophage T4 and the carboxy-termi-
nal half of the yeast deoxycytidylate deaminase Al-
though there are some gaps, the deaminases share
35-45% sequence identity with the region extending
between amino acids 28 and 138 of the V' fischenn open

reading frame A highly conserved region correspond-
mg to a pynnmidine binding site found i a variety of
dTTP-binding proteins [15] 1s indicated by asterisks As
the T4 bacteriophage deaminase function 1s encoded 1n
a protein of 192 amino acids, 1t 1s likely that both yeast
deaminase and RibG may have other functional do-

VEf ORF MISKWAKRFFQMAELVGSWSKDPSTQVGAVITKHNRIVSVGFNGYPHGVSD 51
Bs RibG ~EEYYM-LALDL-KQGEGQTESNPL ----VV-DGQ--GM- 40
T4 CD MK-STVLQI-Y~-SQE~--CC~WK-——~~ E-NG--I-T-Y--S-A-GVN 48
Sc CD MRPS-DSY~-MKL~T~AA~R-NCMKRR--C~-VREC-VIAT-Y--T-RHLTN 209
*hkk  kk  k K*

VE ORF SADTDEREIKYLKTLHAEENAILFAKRDL EGCDIWVTHFP 91
Bs RibG AHLKYGEA---VH-~HM-GAHA ~=A~~Y--LE- 73
T4 CD CCD.....EHRSAHS~-WSSKNE]---L—=~——=. A-NGSSI--ATMY--LS- 130
Sc CD CFNGGCPRCN~-G-S~NLHTCLC--~-----L-E-G~-RVGQN ATLYCDTC- 259
VE ORF o] PNCAAKIIQTGISK VYCPEQTEDFLSRWGEKIQVSQDMFSQAG 135
Bs RibG -SHYGKT-P--EL-~NS-- -R-FVARDPNPLVAGR- IS-MKE-- 118
T4 CD - -D--KA-A-S--K-L---E -Y-KNKPGW D~ILRN-- 167
Sc CD - LT-SV==V-—==- EV--SQSYRM-EE- FKVLKN-- 295
VEf ORF VEVTWLPLDILK* 147

Bs RibG I~-REGI-ADQAERLNEKFLLHFMRT . .. 361

T4 CD I--FNV~KKN-NKLNWENINEFCGE* 192

Sc CD IT-RQFSFTEEPRIVMI* 312

Fig 2 Amno acid sequence comparison of the proteins encoded by the ORF of I/ fischert with those of RibG and dCMP deaminase From top
to bottom, the sequences are given n the following order ORF of V' fischer:, RibG of B subnilis [13], dCMP deamnase of T4 bacteriophage [14],
and dCMP deaminase of S cerevisige [15] Hornzontal dash indicates an amino acid identical to the V' fischen ORF 39 acids of T4 dCMP

deaminase were deleted (

) in order to improve the alignments A putative pyrimidine binding site 1s shown by asterisks



mains, while the V' fischert ORF would encode only a
147 amino acid protein with a single function

Synthesis of riboflavin 1s of importance in biolumi-
nescent bacteria as reduced riboflavin monophosphate
(FMNH,) 1s the substrate for the luminescence reac-
tion Recently, riboflavin-related genes have been
shown to linked to the lux genes from other species of
luminescent bacteria The JuxL gene coding for a
lumazine-binding protein has been found just upstream
of P phosphoreum luxC transcribed 1n the opposite
direction {17] This gene product has sequence identity
with the & subumt of riboflavin synthetase [17] The
luxH gene product which 1s present downstream of
luxG 1n V' harveyt has significant homology with the
3,4-dihydroxy-2-butanone 4-phosphate synthetase re-
quired for riboflavin synthesis in £ colt [10] In addi-
tion, three open reading frames immediately down-
stream and transcribed in the same direction as uxG
in P leiognatht were shown to share 1dentity with the
gene products coded by the second, third and fourth
genes of the riboflavin synthesis operon of B subtilis
[9]

In the current work, 1t was unexpected to find a
convergent gene whose mRNA overlaps the V' fischen
lux mRNA and which yet corresponds 1n sequence to a
rib gene product that had not previously been linked to
the lux operons in luminescent bacteria Its sequence
similarity with RibG of B subtilis and deaminases from
yeast and bacteriophage may implicate this gene 1n a
pyrimidine deamination step 1n riboflavin synthesis
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