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Cloning and Sequence Analysis of the trpB, trpA and 3' rpC(F)

Genes of Vibrio metschnikovii Strain RH530
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The genes, trpB, trpA and 3' rpC(F) of Vibrio metschnikovii strain RH530 were cloned and
sequenced. The &pB and trpA genes had open reading frames of 1,173 bp and 804 bp encoding
391 and 268 amino acids, respectively. The #pB and trp4 genes had conventional ribosome-
binding sequences and overlapped with each other by one nucleotide, suggesting that these two
genes are translationally coupled. 115 nucleotide upstream the trpB start codon, there was an
incomplete open reading frame of the 3'-end of the trpC(F). The amino acid sequences of trpB,
trpA and trpC(F) of V. metschnikovii RH530 had identities of 64.2%, 82.4% and 73.7%,
respectively, for those of V. parahaemolyticus; 58.7%, 72.3% and 54.9%, respectively, for
Salmonella typhimurium; and 42.6 %, 54.1% and 12.5%, respectively, for Brevibacterium
lactofermentum. The genetic organization of these genes, especially in the noncoding region
between pC(F) and npB, was distinct from that of Enterobacteriaceae.
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The biosynthesis of tryptophan has been the
object of intensive genetic and biochemical
investigations in a variety of bacterial species. To
date, genes of np operons of Escherichia coli (21),
Bacillus  subtilis  (8), Pseudomonas putida (9),
Brevibacterium lactofermentum (14), and Vibrio
parahaemolyticus (3) have been cloned, and the
nucleotide sequence showed that their genetic
organization and regulation of the pathway had
considerable diversity. In most bacteria. the genes
for tryptophan synthesis are linked each other,
and thus constituting an operon (1.15). On the
other hand. in P. purida and Acinetobacter, the
operons are scattered along the chromosomal
DNA (1). Tryptophan synthase (TrpBA) (EC 4.2.1.
20). the final enzyme in the tryptophan bio-
synthesis pathway. is composed of 2 a-subunits
which cleave indolglycerol phosphate to indole
and glyceraldehyde-3-phosphate and 2 S-subunits
which synthesize L-tryptophan from indole and
L-serine (16). In most organisms. the genes for
TrpBA are preceded by the irpC(F) gene encoding
indolglycerol phosphate synthase (EC 4.1.1.48). In
the enteric bacteria Brevibacterium and some
filamentous fungi. this gene is fused with mpF.
the gene for N-phosphoribosylanthranilate iso-
merase (5).

In the family Vibrionaceae. no 1rp genes except
those of V. parahaemolyticus (3) have been cloned.
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Therefore, relatively little is known about the zp
genes of the family Vibrionaceae and their
relationship with those of Enterobacteriaceae. In
this paper, the #rpB, trpA and part of rpC(F) genes
of Vibrio metschnikovii strain RHS530 (12) were
cloned in E. coli and sequenced. This information
was used for a comparative evaluation between
the trp genes of V. parahaemolyticus (3), and the
unrelated species S. typhimurium (4).

MATERIALS AND METHODS

Bacterial strains and growth media

Vibrio metschnikovii strain RHS30 isolated and
classified as Vibrio sp. by Kwon et al. (12) was
recently reclassified as V. metschnikovii (Bae, K.S.,
personal communication). Cells were routinely
cultivated on LSC medium (pH 10.5) which
contains 1% bactotrypton, 0.5% yeast extract, 1%
sodium chloride and 50 mM sodium carbonate
buffer.
Screening of the trp genes

Chromosomal DNA of V. metschnikovii RH530
was isolated by the method of Marmur (13). The
mp genes were screened by the colony hybrid-
ization (7). On the basis of the amino acid ho-
mology between TrpB of E. coli and V. par-
ahaemolyticus (3), and the codon usage of V.
metschnikovii strain RH530 (Kwon, Y.T., J.O. Kim,
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S.Y. Moon and HM. Rho, unpublished data),
an oligonucleotide (5-CAHGGMGGMGCGC-
AHAANACMAAT-3', in which equimolar mix-
tures of the following nucleotides were incor-
porated at HL M and N: A and T for H; C and
T for M; and A and G for N) corresponding to
the region containing Lys-87 of V. parahae-
molyticus TrpB which forms the Schiff base
linkage with the coenzyme pyridoxal phosphate
was synthesized. The radioactive probe was
prepared by the 5-end labelling of the 24-mer
probe with T4 kinase and »-*P-ATP (3,000 Ci/
mmole). The transferred colonies were lysed with
1% SDS solution, denatured with 0.5 N NaOH
and renatured with 0.5M Tris-HCI (pH 8.0). The
replica was prehybridized in buffer P (6X SSC,
5X Denhardt's solution, 0.1% SDS, 100 gg/m/
salmon sperm DNA) and hybridized in buffer H
(6X SSC, 1 X Denhardt’s solution, 100 ug/m/ yeast
RNA, 0.05% sodium pyrophosphate) at 43°C for
24 hr and then washed five times in 6X SSC/0.1%
sodium pyrophosphate at 50°C.
Nucleotide sequencing

The 3.4-Kb EcoRI-Hindlll-fragment of pVTI
was inserted into M13mpl8 and MI13mpl9 and
serially deleted by the exonuclease activity of T4
DNA polymerase as described by Dale er al. (6).
The sequencing reaction was done by the dideoxy
chain termination method (20) using Sequenase
and dITP (US Biochemicals). The nucleotide
sequence was analysed using PCGENE (Intelli-
genetics), and homology searches of GenBank
and Swiss Protein. Database was carried through
the EMBL computer network.

RESULTS AND DISCUSSION

The EcoRI-digested chromosomal DNA was
ligated into the corresponding site of pUC19, and
transformed into E. coli HB101. The colony hy-
bridization (7) using the above-mentioned probe
showed a single positive clone, which contained
a recombinant plasmid (pVTI1) with a 6.5 Kb-
EcoRI-fragment (Fig. 1). The subcloning experi-
ments showed that the 3.4 Kb-EcoRI-HindIIl-
fragment of the initial 6.5 Kb fragment reacted
with the above-mentioned probe. The 3.4 Kb-
EcoRI-HindIll-fragment was subcloned into both
of M13mpl8 and M13mpl19, and the nucleotide
sequence was determined using dideoxy-chain
termination method (20) with [a-*S]dATP and
T7 Sequenase.

The nucleotide sequence of the #pB, pA and
3" rpC(F) genes of V. metschnikovii RH530 as well
as the deduced amino acid sequences of the three
gene products are shown in Fig. 2. The #pB and
trpA genes had open reading frames of 1173 bp
and 804 bp encoding 391 amino acids (42 kDa)
and 268 amino acids (29kDa), respectively,
compared with E. coli (397 and 268 amino acids
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Fig. 1. Restriction map and sequencing strategy of the
6.5 Kb-EcoRi-fragment of the plasmid pVTT
and arrangement of trpB, trpA and 3' mpC(F)
of V. metschnikovii RH530.

The solid box represents the trp genes. Clones
used for sequencing were obtained by
deletion with T4 DNA polymerase (6) as
described in Materials and Methods. The
arrows indicate the extent of sequence
obtained from each deletion clone. The
horizontal bar above the solid box represents
the 24-mer oligonucleotide probe. H and R
indicate HindIll and EcoRlI site, respectively.

for rpB and trp4) and V. parahaemolyticus (396
and 268 amino acids for pB and wpA). Both of
the #pB and p4d genes had conventional
ribosome-binding sequences 9 bp ahead of the
ATG start codon. The TAA stop codon of wrpB
overlapped with the wrpd start codon by one
nucleotide, adenosine of the ATG start codon.
This structure suggests that these two genes are
translationally coupled as seen in E. coli irpBA
genes (21). But, in the 3'-flanking region of the
trpA gene, no stable stem-loop structure was found
like a rho-independent terminator.

116 nucleotide upstream the npB start codon,
there was an incomplete open reading frame
which seems to be the 3'-end of the #pC(F), the
fused form of rpC and wrpF. on the basis of the
comparison of the deduced amino acids with
others (Fig. 3). In most enteric bacteria including
E. coli and Gram-positive B. lactofermentum, trpC
are fused with trpF. and #rpC(F) is separated with
trpBA by 8-14 nucleotides (21, 14). Recently, urpC
(F) of V. parahaemolyticus belonging to the family
Vibrionaceac has been shown to be separated
with trpBA by 45 nucleotides (3). On the basis
of these results. the length of the spacer between
trpC(F) and trpB of the family Vibrionaceae may
be longer and more variable than that of the
family Enterobacteriaceae.” However, since this
noncoding region does not contain a promoter-
like sequence or a transcriptional termination
signal. its function remains unclear. The G+C
contents of the coding regions of V. metschnikovii
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1 CAAGCCTACGTTGACCAATTAAGAATGCAATTAGCCAATGAGATCGAAATCTGGAAAGCCTATGGCGTGAGCGATCGCAAGCCAAAAACTCTGCAGCGOCATATTGATCGTCATCTGTTT
GlnAlaTyrValAspGlnLeuArgMETGInLeuAlaAsnGlulleGiul leTrpLysAlaTyrGlyVal SerAspArgLysProLysThrLeuGl nArghis] | eAspArgHi sLeuPhe

121 GATAGCCAAGTOGGTGCTCAATCAGGTGGCACAGGACAGGCTTTTAACTGGCAACTGCTCGATGAGGTTAATAACGTAATGCTCGOGGGAGGCATTGGCCCAGACAACGCGCAACAAGLG
AspSerGinValGlyAlaGinSerGlyGlyThrGlyGinAlaPheAsnTrpGlnkeuleudspGluval AsnAsnValMETLeuAlaGlyGly 1 1eGlyProAspAsnAlaGlnGinAla

Trpl
241  GCCAGTCTTGGCTGTTTAGGGTTAGATCTGAATTCAGGGGTAGAAAGTCAACCGGGTAAAAAAGATCAACATAAACTGAATTTAGCATTTTCTGOCATTAGGCATTATTAATCAATGACA
AlaSerLeuGlyCysLeuGiyLeuAspleuAsnSerGlyValGluSerGInProGl yLysLysAspGinHisLysleuAsnLeudlaPheSerAlal leArgHisTyr---

= TrpB
361 TGCGCATGACCAATAACCCAAACCACCCATCATTATAGUCGTGGTAAAGTGCTACTGATAAGAGAATCATGCGCAACCAATAACAAGATAAAGGATATCACTCATGGCAAACTTAATGC
METAlaLyslLeuAsnAl:

482  TATTTTGGCGAATACGGTGGTCAATATGTACCACAGATTTTAGTCCCAGCCCTAGATCAGTTAGAACAAGCCTTTATTGATGCGCAGGAAGACOCTGACT TYCGCGCTGAATTTATGTCOC
TyrPheGlyGluTyrGlyGlyGinTyrValProGin] leLeuVal ProAlaleuAspGinLeuGluGinAlaPhel 1eAspAlaGlnG luAspProAspPheArgAlaGluPheMETSer

6§02  TTGTTGCAAGAATATGOCGGGCGCCCAACGGCGCTGACCCTCACTCGTAATCTCACTAAAGGTACCAAAACCAAGCT ATACCTAAAACGGGAGGATTTATTGCACGGAGGCGCGCATAAG
LeuLeuGInGluTyrAl aGl yArgProThrAlaleuThrieuThrArgAsnleuThrLysGlyThrLysThrlysLeuTyrleul ysArgGluAspleuleulli sGlyGl yAl aHisLys

722 ACCAATGAGGTACTGGGTCAGGGACTOGTGGGCAAACGCATGGGTAAAAGCGCGATCATTGCTGAAACGGGCGOOGETCAGCATGGTGTCGGCTCTGCGCTCOCCAGTECOCTGGTOGGC
ThrAsnGlubal LeuGlyGInG! yLeuVal Gl yLysArsMETG] yLysSeralal lel | eAlaGiuThrGlyAl aGlyGloHisGlyValGlySerAlaleuAlaSerAlaleuValGly

842  CTGAAATGOUGTATCATCATGGGGGCAAAAAACCTTGAGOGGCAAAGTCCCAACGTGTTTCGCATGAAACT CATGGCCGAAAGTATCCCGTCATCTGTCACACTAAAAGTGGOOGTTAAT
LeuLysCysArgl1el1eMETGlyAl alysAsnleuGluArgll nSerProAsnVal PheArgMetLysLeuMETAl aGluSer | leProSerSerVal ThrleulysValAlaValAsn

962  GAAGOGCTACGTGACTGGTCTGCCACTGAAACTACTCACTATTACCTCOGTACCGCAGCAGGCOCOCACCCTTACOOGACCATAGTCCGGGAAT TTCAACGCATCAT TGGTGAAGAAACT
GluAlaLeuArgAspTrpSerAlaThrG luThr TheHisTyrTyrLeuGlyTheAlaAlaGlyProlisProTyrProThrl ieVaiArgGluPheGlnArgl lel 1eGlyGluGhuThr

1082  AAGCTGCAAATTTTGGCTOGTGAAGGACGCTTACCTGATGCCGTATTAGCCTGTATCGGCGGOGGCTCAAACGCCATTGGTATGTTTGCCGATITTATTGATGAAGCTAATGTACGTTTG
LysLeuGInl1eLeuAlaArgGluGlyArgleuProAspAlaValleuAlaCys! 1eGlyGlyGlySerAsnAl al leGIyMETPheAlaAspPhel | eAspGluAl aAsnValArgleu

1202  ATTGGTATTGAGCCAGCAGGGAAAGGCATTGATACCCATCAACATGGUGCGCCACTTAAACATGGTAAAACGGGGATCTTTTTTGGGATGAAAGCGCCATTAATGCAAGACTCTTATGGC
{1eGlyl leGluProAl aGlyLysGly! 1eAspThriisGinHi sGlyAlaProLeulystisGlyLysThrGlyl 1ePhePheGl yMETLysAl aProLeuMETGInAspSer TyrGly

1322 CAAGTCGAAGAGTCCTATTCGGTTTCTGCTGGATTAGACTTTCCATCOGTTGGCLOGCAGCACGCACACCTGAATGCTATTGGCOGCGCGAAT TATGAAAGCATTACCGATGATGAGGCG
GlnValGluGluSerTyrSerValSerAlaGlyLeuAspPheProSerValGlyProGlnHi sAlai sLeuAsnAlal 1eGlyArgAlaAsnTycGluSer [ leThrAspAspGluAla

1442  TTAGAAGOGTTTCAATCCATTGCGOGTAACGAAGGCATCATCGCGGCTTTAGAATCCTCACACGCGCTCGCTT ATG(J}ATCAMATGG(I}CGTATCGATCCAGATMAGAGCAG”ACF G
LeuGluAlaPheGlnSer! leAlaArgAsnGluGlyl lel leAlaAlaleuGluSerSerHisAlaLeuAlaTyrAlal leLysMETAlaArg [ eAspProAsplysGlublnLeuleu

TrpBe— —=TrpA
1562  GTCGTCAATTTATCTGGTCGTGOTGAT AMGACATTTTCACCGTCCATCAATTATTAGAAGAGCGAGGCGCACTATAATGGATCGTTATCAACATT TATTCCAACGTTTGGCTGCGCAC
Ya{ValAsnLeuSerGlyArgGl yAsplysAsp! 1 ePheThrVaiHisGinLeuleuGiuGluAreGlyAlaleu--METAspArgTyrGinii sLeuPheGlnArgleuAlaAlaflis

1681  AATCAAGGCGCTTTTGTTCCGTTTGTTACCATTGGTGACCCTAACCCACAGCAATCGCTGOGCATTATGCAAACCTTGGTCGAAGCAGGAGCGGATGCATTAGAGCTCGGCATACCATTT
AsnGlnGlyAlaPheVal ProPheVal Thrl 1eGl yAspProAsnProGInGInSerLeuArgl |eMETGInThrLeuVal GluAlaGlyAl aAspAlaleuGluLeuGly 1 eProPhe

1801  TCAGATCCATTGGCAGATGGCCCAACGATTCAAGGGGCGATATCGGCATTAGACTCGGGCACCAAACCGATCAGGTGCTTTGAAGCTGATCAGGCACCARTTCGAGCCCAGGATATOOCG
SerAspPraLeutfaAspGlyProThri 1eGinGiyAlal 1eSerAl aLeuAspSerGlyThrLysProl 1eArgCysPheGluAlaAspGinAl aProl leArgAlaGlnAspl lePro

1921 ATTTACCTATTAATGTATGOGAACCTOGTTTACGCTCGTGGTATTGACAATTTCTATCAACGTTGTCAACAGGCCGGTGTTGATTCAGTCCTGATCGCTGATGTCOOCACT AATGAAAGT
11eTyrLeuleuMETTyrAl aAsnLeuVal TyrAl aArgGly1 1 eAspAsnPheTyrGlnArgCysGInGlnAlaGlyVal AspSerValleul {eAlaAspVal ProThrAsnGluSer

2041 GCTGAATTTGGTCCOGCAGCGAAAAAATACGCCATTCATCCGATTTTTATTGCCCCTCCCACCGCCAGTGATGAAACCTTACAGTOCGTTGCAGAGCTAGGTAGCGGCTATACCTACCTT
AlaGluPheGlyProAlaAlaLysLysTyrAlallelisProl 1ePhel leAlaProProThrAlaSerAspGluThrleuGinSerValAlaGluleuGlySerGl yTyrThrTyrLeu

2161  TTATCTCGCTCTGGGGTAACGGEUGCGGAAACCAAAGCCAAT ATGCOGETOCACGCGTTATTAGAGOGCCTTAACCAAT TTTCAGCGCCTCCACG TCGACT TGO T TTTGGTATTTCOGAG
LeuSerArgSerGlyVal ThrGlyAlaGluThrlysAl aAsnMETProValHisAlaLeul.euGl uArgleuAsnGlnPheSerAl aProProArgArgleuGlyPheGlyl LeSecGlu

2281 CCAGAGCAAGTGAAACAGGCCATTGAGTCTGGOGCTGCTGGGGCAATTTCTGGTTCAGCGGTAGTCAAAATTATTGAGCATCATCTTGCCAAACCCGAGGCCATGCTGGCTGAGCTGAAA
ProGluGlinValLysGinAlalleGluSerGlyAlaAlaGlyAlalleSerGlySerAlaValVallysllel 1eGluHisHisLeuAlaLysProGluAl aMETLeuAlaGluLeulys

TrpA -+——
2401  ACCTTTGTTTCAGCAATGAAAAGCGCCACTAAACACGATAAGT AATCATCCTCTAATGATTTAGCGTTTCACTGAGGOGGCCTTATGETCGCTATI TTTTCGCTTCCTTYTATCTACARA
ThrPheValSerAl aMETLysSerAlaThrLysHisAsplys---

2521 CCCTGTCTATTTTTCTCTCATTTCCTCTTCTGGOGACAAATGTGAACTGACTCCAAGTATTCACTTTTCATACTTCAATTTTCCTCCAATTCGGAAATCCGATTGTTATGCGAGATTTAA
2641 TCGATATAAACGAGATGAATATTTTCACAGTCAACTATATAGGCTCAGATATTGAGTTTTTACTCTGACAACGOCCAAGATCOGTGTTGACTAAGGAATTAAGGTTTCATTGAACCACTA
2761  GGTTGAAACTATOGGCTATAGCAACACTAAAAAATAACAATGGAAGAATGACAATGTATAAAAGGGATTTAAGTATTTTCTCACCAGGGGGATTCCCTGOCCAGTGGGTATCTTTAACCT
2881  GGCCTGOCCTOGGCO0GGCCTT AATTCACTGGCCACTOGCTATOGCTAACTCACCACTACACACTCTT TATCAACAATTTCTAMCTTT TATTTTT TAGGGATCAGTGTCCGTCACTGCA
3001 TCAACGATGGCTTGATGGCCTTATTCTTTTTAATGATCGGTTTAGAAGT AAMACGTGAGT TGATTGAAGGCTCGTTGAATAGCCGCTCAAMGC TATGTTACCAGCGATGGCTGCCCTAG
3121 GTGGCATGCTATTCCCTATTGCTATCTTCTTATTCTTTAATTATCAAGATCCCGTAGCGATCAATGGTTGGGCTGOGOCAGCCGOGACAGATATTGCTTTTGCTTTGGCAATTCTAAGCT
3241 TGCATGCCTGCAGGTCGACTCTAGAG 3266

Fig. 2. Nucleotide sequences and deduced amino acid sequences of trpB trpA and 3" trpQYF) of V. metschnikovit
RH530.
The nucleotide sequence is numbered from 5'-end of the sequenced fragment. Probable Shine-Dalgarno
sequences are underlined. The sequence data in this paper have been submitted to the EMBL Data
Libraries under the accession number of Z19090.
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123

Alignment of amino acid sequences for TrpB, TrpA and the C-terminus of TrpCfF) of V. metschnikovii
(VM), V. parahaemolyticus (VP). S. typhimurium (ST} and B. lactofermentum (BL).
The amino acid sequence of B. lactofermentum TrpC(F) is excluded in the comparison of TrpC(F)
due to its low homology to V. metschnikovii TrpC(F). Standard single-letter abbreviations are used.
To maximize the similarity, a few gaps were introduced. Homologous residues for all given proteins
are indicated as asterisks.
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RHS530 trpB, trpA and 3’ wpC(F) are 49.3%, 49.0%
and 45.9%, respectively, close to those of the genus
Vibrio.

The amino acid sequences of TrpB, TrpA and
the C-terminus of wpC(F) of V. metschnikovii RH
530 deduced from the nucleotide sequences were
aligned with those of V. parahaemolyticus (3), S.
typhimurium (4,19, 10), and B. lactofermentum (14)
(Fig.3). The deduced amino acid sequences of
trpB, trpA and 3’ rpC(F) of V. metschnikovii RH530
had similarities of 84.1%, 73.1% and 61.4%,
respectively, for those of V. parahaemolyticus; 75.2
%, 623% and 483%, respectively, for S. typhi-
murium; and 52.2%, 41.8% and 26.7%, respec-
tively, for B. lactofermentum. This result shows
that TrpB is more conservative than TrpA and
that TrpC(F) is more variable than the other two
polypeptides, agreeing with the previous report (2).

The amino acid residues important for catalysis
have been assigned from the results of site-
directed mutagenesis. (17, 18,22) and the three-
dimensional structure (11) of the S. ryphimurium
tryptophan synthase. For the B8 subunit, Lys-87
(numbers for the S. yphimurium subunit) forms
a Schiff base with a coenzyme, pyridoxal phos-
phate. Other conserved regions, including a
Gly-Gly-Gly-Ser-Asn-Ala stretch at 232 to 237,
form a pocket for the phosphate group of the
coenzyme. Ser-377 and Gly-378 bind other parts
of the coenzyme molecule. Glu-109 and His-115
are involved in binding the L-serine substrate. All
the residues mentioned above are conserved in
V. metschnikovii RH530. For the ¢ subunit, Glu-
49 and Asp-60 are essential for enzymatic activity.
Phe-22, Leu-100, Tyr-102, Leu-127 and Ala-129,
and lle-153, Tyr-175, Gly-211, Phe-212, Gly-213,
Gly-234 and Ser-235 are important in substrate
binding. All the residues mentioned above are
also conserved in V. metschnikovii RH530.
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X R: Vibrio metschnikovii 3% RH5302| rpB, trpA 22i2 3 wpC(F) RTXIS B2 U
oM WH
ggﬂ‘l }Q’SE cRYEE - kWM (M Fgn A B ES 3 AE2Es
bl Al )

Vibrio metschnikovii &5 RH5302] rpB, rpA % 3’ wpC(F) FAAE diAFo] 243l
g71Mde AAREA) mpB W rpd FAAE 22k 391 Y 268 ofuliAbg coding® F e
1,173 bp % 804 bp2] open reading frame 7}&c} rpB 2 trp4 A A= AubA 2 ribosome-
binding sequence® 7FE o™ 1789 nucleotide™HF 8= o] gldlr} oy o5 F HHAAL
translation 2A) A AA=E o] 98- ul¥c) wpB FHAY AAFZEANA 115 nucleotide
el rpCF)St rpFe] §A1Q rpCF)2) 3-2bekR-9le] B 24x§ open reading frameo) F i
3tgcl. V. meschnikovii RH5302] TrpB, TrpA ¥ TrpC(F)] olv|x4t M9 V. parahaemo-
bticus®] 2RAEF 77t 64.2% 824%, 73.7%: S. tphimurium3}t 58.7%, 72.3%, 54.9%; B.
lactofermentum3} 42.6%, 54.1%, 12.5%2] #AHd-& B} ¢l TrpBrst TrpARt) Ade] &
3 & 9&% vehiy TrpCF)e tE ¥ polypeptideol vlaiiA B} Ade] el &
eldck olE FHAEY FE B3 np(F)sk wpB Aelel noncoding H91+ Entero-
bacteriaceae ¥l%3¥F & A= O E EAE ok



