DESCRIPTICN Prlner andlprobe for detectlng V'brlo

TECHNICAL FIELD The present |nvent|on relates to a

met hod for detecting, identifying, or counting Vibrio
vul nificus in food inspection, epidemologica

envi ronnent inspection, and clinical exam nation.
BACKGROUND ART Vi brio vulnificus is a halophilic

gram negati ve bacteriuminhabiting 'seawater and
bracki sh water areas. DH¥RIBHON a healthy human is
rare, but Vibrio vulnificus may infect a patient with
a severe underlying disease such as |iver cirrhosis
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bacterium associated with ¢gages of death. The first
case report of a infectious disease resulting from
this bacterium involved isolation of the bacterium by
Rol and from gangrene in |ower extremties 1in 1970
TECHEW £hdIIELJ) Med., 282, 1306, 1970). This case was

i al hough f
e phetent ﬁwﬁlﬁ?cﬁbr%ar%hﬁogﬁilagmofﬁir%ﬁ“ﬂgg gﬁlmfymga or
| t h i
couli i VENSRABAAR, ih SR ABELEM. RotdBiIBeRal cnvironment

insp8&ishort, hfndl 1S canex dmeaRRAl. e of proliferating in the
presence of 8% NaC . In 1979, the bacterium was naned

Vibrio wvulnijicus by Farmer (Lancet, ii, 903, 1979).
This bacteriumis classified based on its biologica

BAGHGBENINELARTt 0 biotypes 1 to 3 (Appl. Environ.

M I 60- 146
L2192 v%ﬁ%ys“*ﬁhaié Fpptaf e P afeentivdnCrsiedan dubebiting

seavpa!t&eaﬁgs Akfid %‘ Rfcast YBRfeLtiodNth hRSSIR) HuiR&n 3s rare, but

r
C
are naln y 1S0 as pat hogeni ¢ bacteria 1nfecting

Vibrid sBinifient hﬁﬁ)ﬂﬁﬁﬂ;ct tshpagemf wighpe Swes andedlyatgdismse such as
pat hogeni c bacteria causing | mass infection in
hven stmahbswv\,ﬁnéhmofc@ﬁlﬂ%ﬂj sgtiongginfgoBonnddisoses( Laliceas attracted

1424, 2000
attentmn in pu2b ealth as a%l infectious bacterium associated with cases of

death. The first case report of a infectious disease resulting from this bacterium
involved isolation of the bacterium by Roland from gangrene in lower extremities
in 1970 (New Engl. J. Med., 282, 1306, 1970). This case was initially thought to
be a case of parenteral infection with Vibrio parahaemolyticus. It has since been
revealed that this bacterium is capable of degrading lactose more slowly than
Escherichia coli and the like and incapable of proliferating in the presence of 8%
NaCl. 1In 1979, the bacterium was named Vibrio vulnificus by Farmer (Lancet, i1,
903, 1979).

This bacterium is classified based on its biological properties into
biotypes 1 to 3 (Appl. Environ. Microbiol., 63, 1460-1466, 1997, Lancet, 354,
1421-1424, 2000). Those isolated from human infectious diseases are mainly of
type 1, and those of type 2 are mainly isolated as pathogenic bacteria infecting

fish. Furthermore, those of type 3 were isolated as pathogenic bacteria causing
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Infectlon patterns of this bacterlun1|nclude an ora

|nf ectl on is mai nI y caused by eatl ng of raw seaf ood

in sumrer, with a conplication of sepsis after the

developnent of synptons of digestive system di seases

such as onset of fever, abdom nal pain, diarrhea,

and/or vomt within 24 hours after infection, |eading

§ to death within an average of 48 hours. The nortality '
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In selective isolation of the bacterium, a TCBS agar medium has been

principally used, similarly to that used for Vibrio parahaemolyticus. Vibrio
vulnificus forms greenish-blue colonies that are very similar to those formed by
Vibrio parahaemolyticus on a TCBS medium. It is required to confirm various
biochemical - properties for differentiation. The confirmation process is
complicated and involves a danger of misidentification. At the same time,
improved selective isolation media such as SPS agar (SDS-polymixin B sucrose
agar) media (FEMS Microbiol. Lett., 17, 205-209, 1983) or cellobiose-collistin
agar media (Appl. Environment. Microbiol., 64, 1721-1724, 1998) have also been

reported, but they are the same in terms of requiring a procedure to confirm
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bi ochem cal properties. Meanwhile, sone
detecting Vibrio vulnificus have been devel oped,
simlarly to the cases of other food-poisoning
bacteria. "wza" is a gene discovered fromE. coli as
a gene encoding a transporter that is necessary for
transporting CPS (capsul ar polysaccharide) fromthe
periplasmto the outer nmenbrane. In the case of Vibrio
biochemnndaf ipgoperticsnce a strain | acking capsul es does not
present any toxicity against mce agd. a wza- d?eéi ci %th P
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However, the pathogenic factor of Vibrio vulnificus is
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707-711, 1991). This priner has been designed on the
Acc@agsnglp) aom nhanstfoe detbeiyenelibsioavubefiens path fiathegenicities, a
Vibrio vulnificus. However, it has been reported that
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Logy wi he .vvh gen | nf.ect. . | n. . g .
6183%?732_ng09%[\,’| ﬁl@ < (If\?é%.t?l': %ﬁﬁ{h‘fe‘?}“&é&ggﬁ§§§%b’f§9‘_§‘ﬁ”mcus is
not 1 Et%ﬁvt%rCPF,UE&fﬂhﬂ%t%;l]fwfb‘ﬁbevmﬂzﬁ%s bEAEBAMW&ANpdhbRenicities

ese henol ysin genes has not been conducted. Thus,

can allwBarnoticletedai durtlahmapechfprimty tdigstibgenhemolysin gene (vvh:
sufficiently verified. As described above, regarding,
Vibricheulifists hgmobtshodthatos Heveht inglsd be iome @iupaiboigenic factors

using genes, .it cannpt be said t speci fi.ci S
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gene SREFIES MHibrid WaPRMicak] oSO A Y R b@anadpotted that hemolysin

di'versity. The use of a nucl eoti de sequence of 1
genestafalnchbizraé snilnF emimitusosl®w homology with the vvh gene (Infect.
Immun. 58, 2706-2709, 1990; Infect. Immun. 65, 1830-1835, 1997). Moreover,
upon designing the primer, comparison with these hemolysin genes has not been
conducted. Thus, it cannot be said that specificity has been sufficiently verified.

As described above, regarding the existing methods for detecting Vibrio

vulnificus using genes, it cannot be said that specificity is sufficient.

SUMMARY OF THE INVENTION

What is common among conventional genetic screening methods is that
these methods ignore the fact that a bacterial "species” is a population containing

genetic diversity. The use of a nucleotide sequence of 1 strain that is inferred to
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be a nenber of a bacterlal populatlon as a conmon

the populatlon is very dangerous in terns of nDIecuIar
evol uti onal characteristics of genes rapidly

accumul ati ng neutral nutations. Specifically, it is a
concern that such a use could cause m sidentification

such that a strain originally to be detected could

 not be detected because of inhibited anplification
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independently from the phylem cannot be used. Proteins encoded by gyrB gene,
fpoD gene, and recd gene used as targets in the present invention are essential for
survival. Because of this reason, these genes are hardly transmitted horizontally
and have appropriate rates of evolution, so that they are preferably used for
bacterial phylogenetic analysis. We have already developed a convement
method for determining a nucleotide sequence, which involves subjecting the
| gyrB gene and the rpoD gene to the PCR direct sequencing method (JP Patent
Publication (Kokai) Nos. 07-213229 A (1995) and 08-256798 A (1996)).
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4 Further rmre we have already isolated |arge

v%uﬁé’am’l‘ﬁﬁ M”’FM?&"W&A&&. LT M G R O R B B Rl f"t‘ahmm%“wm 2 R S B e it

In the neantlne regardlng a known stock strain of
Vibrio vulnificus and those reported to be related to
this bacteriumaccording to analysis based on a 16S
rRNA sequence, V. navarrensis, V diazotrophicus, V
ordalii, Listonella anguillarum V netschnikovii, V
ci nci nnati ensi s, V. mmcus, and V' chorel ae ' ' T
(I et aom atv e Joanenal e adly !Sybattedréang@ qreaitipies| aft Vidnar yufmﬁcus
M crobi ol ogy 51, 1449-1456 (2001)), we have anal d
from fhe oM eRic] ot thie meeéaue?méeg%@%ea g/ %‘e@f strain of
A genes.of strains |iste h
Vit RO U R E JAGNE RRPLERY bRt pisdatpnrs RacRLl asporcing to
anal#ﬁ?al?zlﬁgggﬁ&eas lgtS FW sedgtRal 1119, 405 rPIML °W%&é&r0§2hicus, V.

e 1I."Strains used V vul nificus
. ordadti! @hﬁ§nﬁfc§@n 1o08Erulm, KT hiets2 A3 viAT &i298hbtieNIGC 18 mimicus,
147 ATCC 33148 - ATCC 33149 ATCC 33814 ATCC 33815 _
and ATCCcB803/846 (IEOQtB8B17 Jopmial 438383ysan@UicBAM@6 Evolutionary

. ATCC BAA-87  ATCC BAA-88 ATCC BAA-89_ ATCC BAA-90
Microbiology 51, 1449-1456 (2001)), we have analyzed the partial nucleotide

sequences of the gyrB, rpoD, and recA genes of strains listed in the following
Table 1 and conducted phylogenetic analysis based on the sequences, thereby

revealing the phylogenetic relationship.




JCI\/I3726 JCI\/I3727 JCI\/I3728 JCI\/I3729 JCI\/I3730 JCI\/I

st ock stral ns48 stral ns of the genus V| br| 0 V

chol erae 29 strainsCinically isolated29 strains
strains VInimcus 4 strains ATCC 33653 T ATCC 33654
ATCC 33655 ATCC 700326 V di azotrophicus ATCC 33466 T
V navarrensis ATCC 51183 T V netschni kovii ~ ATCC
700040 T V cincinnatiensis ATCC 35912 T V ordalii

NCI MB 2167 Li st oneI | dabNCl MBiréimsndedl | arum V hol | i sae

| 4 yticusTl V cgnpbef T
T\ﬁ%ﬁ‘g@? / car Igsfl zle Fﬁq(%%%%é%z\;r har\lgsi | FO
15634 T 6 T 306
ATCC 29307
ATCC 33147
ATCC 33148
ATCC 33149
ATCC 33814
ATCC 33815
ATCC 33816
ATCC 33817
ATCC 43382
ATCC BAA-86
ATCC BAA-87
ATCC BAA-88
ATCC BAA-89
ATCC BAA-90
JCM 3726
JCM 3727
JCM 3728
JCM 3729
JCM 3730
JCM 3731
Strains isolated 10 strains
from environment

Other stock strains | 48 strains
of the genus Vibrio

V. cholerae 29 strains Clinically 1solated 29 strains
strains
V. mimicus 4 strains ATCC 33653 T
i ATCC 33654
| ATCC 33655
ATCC 700326
V. diazotrophicus ATCC 33466 T
V. navarrensis ATCC 51183 T
V. metschnikovii ATCC 700040 T
V. cincinnatiensis ATCC 35912 T
V. ordalii NCIMB 2167
Listonella NCIMB 6
; anguillarum
| V. hollisae ATCC 33564 T
| V. alginolyticus IFO 15630 T
V. campbellii IFO 15631 T
‘ V. carchariae JFO 15632 T
| V. harveyi IFO 15634 T



V nereis I FO 15637 T VIFO 12711 T parahaenol yticus V.

Strains isolated5 strains fromfood Total 85 strains
Specifically, after the test strains shown in Table 1
above were subjected to enrichnment cul ture using
brain heart infusion nedia supplenented with 2% Nad ,
chronmosomal DNA was extracted using a PUREGENE DNA

of apprOX| mately 900 bp (a re spondijng to
parqhggmdlyiet 331 to 1212 of the|nucl eotide sequence or
V. progedlytions 111 to 404 of the |&RPnB280i B sequence of
V. ndBsetdieri chia |coli strain K-12JF@akStdplifi ed|by PCR

7 sotat+onK Centra—SYSTEMS) 0 ' ”‘6' ng-the-extracted
?’“ﬂﬁﬁ as a tenplate, a gyrB gen%ﬁgfﬁggﬁgﬁt with a length
. n 1

using gyrB universal anplifijSataimn prisoesisd YP- LE  § strains
5' --caggaaacagct at gaccaygsnggmggndasdtyra-3') and AprU

(5~ Tgraaaacgacggccagl genggr [ CylTYTCyTgr Ca- 3 Jiptal 85 strains

I‘UI t Ill:‘l mor e, ST T I dl I y, 4airti [JUU gene T ragnent W T n d
| engt h of apprOX|nater 800 bp (a region correspondi ng
of the nucl e seguence

2
S PR e Bhon it ieote3 7 47atns HEP A g P 0 SO SHE Subjected
to eﬁhcﬁ‘ﬁf‘élﬂ?ré ‘E) '9 us§i al1r‘§ eQF&%&o‘?@ﬁw@ﬁ?lsth%ﬁ%é’%ﬂh 2%

rpov uni ver I cation priners

NaCﬁ 5chro@1ﬂ%ﬁi’eﬁcﬁm @Ia@ia@ﬁ)@dtlm at PUREEPNE BN AaRdlation Kit
70 OR-ML3(5' -t gt aaaacgacggccagt ngcyt cnaccatytcyttytt-3')

(Gentr& 8 YREEMS e, WsirarAhe gereadtedghd as thtempbaegt b ghrB gene
648 bp_%a regi on correspondlng to positions 172 to

fraggegt ovithhe koelte | agp%q@@ﬁ%lé 4A8 brbsﬁat g5 gofrEspogling to

posiglf{)p%i@% %n]_ ?lfcgd[g ncg fe & CcheecrnI~ éos: 10n 0“1 to 404 of the
amniﬂqhé’ﬁrs%alueﬁ‘@bf Ek@@éﬂz%amdlﬂ?{r&ﬂ KCM:) @Hgaﬁl%@@ﬁd by PCR using
(recuU caggaaacagct at gaccat ggaygt ngaracnat and
gyriy ec UR. universal amplification primers UP-1E
(5'-caggaaacagctatgaccaygsnggnggnaarttyra-3') and AprU
(5'-tgtaaaacgacggccagtgenggricyttyteytgrea-3').  Furthermore, similarly, an rpoD
gene fragment with a length of approximately 800 bp (a region corresponding to
positions 334 to 1125 of the nucleotide sequence and positions 112 to 376 of the
amino acid sequence of Escherichia coli strain K-12) was amplified by PCR using
rpoD universal amplification primers 70F-M13
(5'-caggaaacagctatgaccyatgmgngaratgggnacngi-3') and
70R-M13(5'-tgtaaaacgacggccagtngeytenaccatyteyttytt-3').  Furthermore, a recd
gene fragment with a length of 648 bp (a region corresponding to positions 172 to
819 of the nucleotide sequence and positions 58 to 273 of the amino acid
sequence of Escherichia coli strain K-12) was amplified by PCR using recd gene
universal amplification primers recUF and recUR (recUF:
caggaaacagctatgaccatggaygingaracnat and recUR:

tgtaaaacgacggccagttanswrtaccangencc). Amplification reaction was conducted

using thermostable DNA polymerase (AmpliTag Gold: produced by Applied



t gt aaaacgacggccagtt answtaccangencc ) . Anplification
pol ynmerase ( Anpli Taq Gol d: produced by Applied 7
Bi osystens) and a CGENE MATE thermal cycler (I'SC
Bi oExpress). 50 | of a reaction solution was prepared
to contain | pg of DNA, 50 M KCI, 10 nM Tri s-HCl
(pH3.3), 1.5.mM MCl 2, 0.01% gel ati ne, dNTP (0.2 mM
each), 2.5 U of AnpliTaq Gold, and prinmers (1 M-
Biosgsieims) Relhet GENIWAMATEntharted ayeder (IS€oddpEkpresspf 50 pl of a
activation with AnpliTaq Gold (95 C for. 10 m nuteslg
reacon c§Abpiaen gras prenased doosonigietli #8 at LA S0 mihikGl, 10 mM

) Ling (5 0oL, QWr nd.,rpoD; for r.ecA),
Tris HGF BIF o 5 BM PECET SR SPAESe ANT AL S g Higas? 5 U of
-, el at_i.an [ 7 Th -aln P
IALmPg]rTc‘;1 uc(:}tm %sdngugF%d??o&MeI%gP %‘opg{ggg{sl?g ?%SS%%%HCM under
conddifnd 00 aMit Mo BWitH PSS Tad$118 (§%0°aUITOBE nti@htes), 40 cycles of
(SeaPl aque GIG agarose: produced by Bi oWwittaker
1 mikbteofilraactippht &4t TON$)minwadft ereasingi (febd OnitthgyrB and rpoD;
. thidiumbromde for 10 m nutes. Ar[fal&i fied products .
54°Grdpe €641 pRRd2 1Bl s Eprctiidal 1V r audithenoh0 minutes of

exci sed fromthe.gel, d then LEied uysi.ng a .
clonGiSs Foaeiy bhd2Bn parvr PEEPeh KGR, BRptiHodRequbirered to
electPs BRI, (6.RRTRY RUERBOI VY oeMY ahafitE O wSBIUENG Cagarose gel

reaction. Sequence reaction was conduct’ed using as
(SeaPragmer 6 TOVIa3Rr sseq uerndeced Shy GNgFANACRGC T YA S  ApEindhitions),

ML3-21 sequence (5'-TgTAAAACgJACggCCAgT-3"') previously
and Hpredtained Heithnethediza tppprde sforah) mPuteR) SMrEpliingé products

werez—er gggetéigtro %%ﬁﬁ%‘?ﬂﬁg%c A ﬁgﬁgﬁpﬁgﬁglgg@% : Iwﬁ'@el’ and then
pos A 4 Y 4t BORP AR PO P! 9l oy

Prom@@afOtheedbyDpVapading feiilatls fPriseRidceardcBoh. 0SeBuehyereaction
Term nator Ready Reaction Mx. Cycle sequence
was r eaccpofusted condudthgd by deeat i ngriater92C f o¥l13& sequence

(- T A SR E R 983, 52 2 g
TRl 20 B STy P o P s,

ABI BRISKS B3D) e "R niiS8@r (HRAB Sdiho@eeéddy RRAHi¥SIISIt (produced
usi ng the oObtai ned nucl'eoti de sequences, to nore

by AppéiedsBiosystems), and a GENE MATE thermal cycler (ISC BioExpress).

A reaction solution was prepared to have a final volume of 20 pl by mixing 20 ng
of DNA, 3.2 pmol of primers, and 8 ul of BigDye Terminator Ready Reaction Mix.
Cycle sequence reaction was conducted by heating at 92°C for 10 minutes, and
then conducting 25 cycles of reaction (96°C for 10 seconds, 50°C for 5 seconds,
and 60°C for 4 minutes). For nucleotide sequence analysis, ABI PRISM 310
GENETIC ANALYZER (produced by Applied Biosystems) was used. Upon
phylogenetic analysis using the obtained nucleotide sequences, to more precisely
understand closely related species of Vidrio vulnificus, analysis was conducted
after linking partial sequences of gyrB, rpoD), and rec4 genes. Specifically, after

linking the above 3 gene sequences, multiple alignment analysis was conducted
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understand cIoser related speC|es of V'brlo

partlal sequences of gyrB r poD, and recA genes.
Specifically, after ||inking the above 3 gene

sequences, mnmultiple alignment anal ysis was conducted 8
using a Clustal Wconputer program Subsequently,

t hrough the use of a PHYLIP conputer program package,

' a phyl ogenetic tree was produced by the

usmgeagﬁbmtalj oV ncogprttrhpdogienl.. Bubsequepnsly, Wgpught thjouse of a
4, 406-425) based on the genetjc distance calculgted
HY{I<iPngOTRPHiF ab &0 P2 15a P aFkASEs w&élog@yetwree Wgpproduced by the

neig §r8£ BVW%J P}éﬁb%k&oﬁt pégﬁsE‘é%il\}?“gru b v‘hl i ?% 4?5) based on the
gene?t#sjd?s%ﬁ& QlcfBelY kS fg t g§sah. ﬁ\;@%ﬁ@%}dﬁmdewqo Mol. Evol.

I'em anong strains o e genus
(19839%|1f1@ahb32,, ppt 1Ma2(guggest ed that bacterial groups
bel onging to this phylemshould be determ ned to be
Vi ks @ regtiltj fti was shelencidat vl gstiablafshibaiaqyeweificus subjected to
net hod that can detect only Vibrio wvulnjfic
anal gy €ComPase FROWIPERFEY HPRP @ 3l TRongHeR g idde genus Fibrio

(Flgr dea gggiflf%gtyg Clw%ﬁelt?/gégr% h%q c%grigls ]I:]()L{p% belongmg to this

e p03| ions
phyl@&nﬁﬁ)ru\l'@@e Mt i iRell RE Y BBk VMlnF_}*z&ltsC us group bUt
fer fromother bacteria of thé genus Vibrio were
[ de}ménd‘el e eSpehdishi @algeyeticomsdnslishsequencetaft bhey a Vibrie
phylogenetlc group to which Vibrio vulnificus bel ongs
vulnm Hagigraelagroupofpslr ddfanprees inordeaiide §emrew<a=@e among closely

to C3 cluster n Fi 1.determ ned to. be r ? d
relatfiy gociiy e BREibn TR oS IE BRYIHENGH e conserved
Wlthﬂp?%%/?’g ronUH pf\%éss%lé])%{ ucedai(fgal h‘%]}g%gélf 'b%cter a of the genus

Vibr ¥ GRirdl ﬂﬁnh@w'al gsSpetififaldy, bbny@%u§%q\ilehh@toﬂ Iﬂhd Rfhylogenetic
case of gyrB gene, positions 3, 15, 69, 95, 121, 123,

eroup320 wRéch 1B rid 3eyind3dus 42’40ng7ﬁ49we®57f0ued3 ando@om:_ed with

consér%?qsnsqzﬁléngéég Q)]Z%;? 73]3@1,%31% %‘@sq Sgéggl;liesdjz %lbeerﬁ ated to this

120, . 126, 2 3 4, 45
- phylgi,’ bagHy g g’sstﬁg 9re§3)§5 ‘%‘go p%g’ﬁ)%g%%gf 9“@%6%#0 NO thus,
hyl@eeidall-3 R iGASKRIOFmAEEA M8PCwas PRSIduicedS(8egs8D, 3, and 4
PRYII%E 1§35} P D s P e a8  of SEQ )
AccdrBimiCto Bigsi 2 tohé, i egamestoevh ithsat mgﬁharcass pdg)friBegane, mloeltlons 3,

hylemto which Vibrio vulnifi
15, 69,95, 121, 123, 132, 136, 138, 139, 231 424 549, 557, 603, 700, 701, 726,

727, 728, 734, 735, 738, and 804 of SEQ ID NO: 1; in the case of rpoD gene,
positions 21, 33, 60, 120, 126, 235, 260, 312, 315, 340, 354, 396, 414, 459, 462,
570, 686, 689, 732, 750, and 756 of SEQ ID NO: 2; and in the case of recd gene,
positions 9, 81, 138, 153, 172, 180, 208, 228, 237, 288, and 540 of SEQ ID NO: 3
in the sequence listing are specific to the phylem to which Vibrio vulnificus
belongs. The use of sequences specific to this phylem containing these
characteristic nucleotides enables the design of probes having high specificity and
gene amplification primers having high specificity and excellent amplification

 efficiency. For example, it becomes possible to design gene amplification

9



beIongs The use of sequences specrflc to th|s phylem

the deS|gn of probes haV|ng hlgh speC|f|C|ty and gene
“anplification priners having high specificity and
excellent anplification efficiency. For exanple, it
becones possible to design gene anplification priners
usi ng 15 or nore continuous nucl eoti des (contai ni ng
"7 nucleotides differing fromthose of closely rel ated

prinsgeaisesz $6 casnte antaywus onichiatiqrssicontmsing iddeondes differing

terms of nucleotides fromthose of the claosely . related

fromg phegecad) closelyuiciaiod ispecies éGL?é;nT@e%l“@fYSt%’@t@WB’Siﬁiwlffel‘lng in
tern%gf;fﬁcﬁ\ﬁg&nesgcgﬁ :@%;sg%yéﬁorpgpﬁe Huléqlg%:? g@é‘mg doﬁonucleotlde
seqﬁ)erncgg\@ﬁ ?fi) ?gyébcgﬁs gl% . po%me'n@yoﬁ g\fﬁ%ll‘_ﬁ@td §€more nucleotides,

sequences gyt and

and SufiHe@l péferably 20ser RESRMBGcROSFR| Md ﬂOdSISlfgﬂreiarrﬁh:@éotldes of
using 15 or nore continuous nucleotides (containing

continwhesohiclestide fsequemgsf ofotha gpsie, giole) asélrycd edeated Similarly,

species so as to almaés contain positions differing
it arlrptl@?cm;nesr prscitdet {eledeTEBMPIARASe WANE t he @rowry continuous

o f
nuclreﬁg es gﬁ%ﬁgg&ﬁg )nb‘g[?é’él%eﬁ%o flgflgllgls@g ggg’ céose?y qgfa‘?éd species
S0 agursleﬁWa}yg%mﬁgdp%{ BH?Plﬂ%ﬁf) rlﬂbtlei/mg%foﬁud"f%ﬁdes from those of

nucl eotrdes an ewer nucl eoti des of conti nuous

the ElégkBOtdlgRdSgHcengas wicledbii@e GegBendepadd thangyrmB oMo, and recd
genes. Furthernore, to produce the priners and the

gengst qbesqrabég%hsrcmmerrm%@otufh@ abol dutthef grrefurably 20 or more
nucl eot e at h fre es, are refer
mcigneasnd: 10 { he TeRes ek ’éice'ﬁyﬁ? BogEielo s Fi Sgfide e sequences of
a 0] 0 |
e G P38 e TR SEOSE IR B0 APS s nd he

probReStddiOns cBARIANG e habod el EEfRENntCRAN13b11H &Y aPRRIH f&ﬁﬁencxes are
700 and 701, and a region containing 2 or nore

prefeadly ivsad, sfclany: of throsatd Oﬁsih@%@fB7Q€Z‘l,e 7a28¢g1(a'ﬁ4conta1nmg 2 or
735, _and 738 in_ the case of the rg % a region
morg gesHithh gt Fosi of @ﬁ§1t20PSah%1 333, 43¢edPbn 1c’§ntaé?1dni1%% a region

con B335 FRRSAE°s 9904287, 3 S0 AR EPAABHARBER DR 701,
a regot céuthBHhO™ ePHh&NhHLRASI 3 ARP of IRRIARGEs 426, 727, 728, 734,

Fegion containing positions 459 and 462, a region

735,cont aBBj hgtheposiet oDrise BBAD arecheC@9%e g canraﬂ'egin(gnpositions 21 and
containing 2 or nore positions of any of positions
33, g 3egionsentaivdng $esitians 130 end bifse vigipecAng@neg positions 312

and égg{ g:;ﬁg?ﬁ%t%ijg%n %E’g%'ftﬁ;“g%(i d%g régrféghoan E:gl%almng positions
396 and 414, a region containing positions 459 and 462, a region containing
positions 686 and 689, and a region containing 2 or more positions of any of
positions 732, 750, and 756; and in the case of rec4 gene, a region containing
positions 138 and 153, a region containing positions 172 and 180, a region
containing 2 or more positions of any of positions 208, 228, and 237, and a region
containing positions 228 and 237.

Strands or complementary strands thereof comprising these regions can be

used as gene amplification primers. In addition, other sequences such as an

10



conta|n|ng 2 or nore p03|t|ons of any of p03|t|ons

228 and 237 Strands or conplenentary strands thereof
conprising these regions can be used as gene
anplification prinmers. In addition, other sequences
such as an 10 adapter sequence or a tag sequence can
be included therein, if necessary. | Tithe case of the
- gyrB, an exanple of a preferred primer is.- a strand
adap{taust¢@iencacrd) tagoepnesingambs égtiaded thérein, if necessary.

S' - tctggcggtctt-3'_ (claim10Q, ),
5' gh ke £88Y it Y6t aYht &0 axantr&r:a%qamre?ergeégnrgnmow a strand

(nucffic add] GIERAN TG orgeener o1 - B dER s Eia T NG, SEQ 1D
NO: 7) 14y - L ga%kgag%%e%mgatct@c 301 Ted a%f“ 145E@EQIbD NQo: 5,

or a tary stran ereo or a strand

5'- tg(c@g@btey@ctaﬁ-bd)s ORI NI BE@IP W0 6)seyparastefctghesst-3' (claim
sequences or a conplenentary strand (nucleic acid)

13, BE€r &0f NO:n7), Hé-tigstgeobtgahegaipob]’ (elnirexkhpbEQofDaNO: 8), or a
preferred prinmer. is: a strand (nuclejc

id) ..
complamentarhFimndetivapel of 2 §'traa‘§1&’§a"da]tcc§&’?d§aﬁ%‘§‘él@ﬂg any one

sequed g omiBee SaBT IS * afiplengntiyy SHARETRHLAREAIH 1Hereor
(clgj me’iqasé%@ thll) ;I}QD 1;ﬁ'exa§15pl@adiggeﬂ1‘%tf@19@93;ﬁfgmgr is: a strand
(claim3 1, cktr aat gaacat ggt ega- 3'

(nuc{eﬁlcaaﬁti$200rﬁiﬁ(ﬂs1ln@ N(leqlﬁ:‘npe of 5' aatcgacatcgctaamcga 3' (claim 28,
5'-gaactgatgetcgatgtgttt-3" (claim33, SEQ
SEQ14)D N 3¢ gﬁcgftt@gztc@g@@mg%cgs? ((Céelua‘i m?%A S@EQIID NO: 10),

tc&e:gcagi)@)attcgggg;gggﬂ% ng%ﬁta&)erﬁ ‘, a%tlggggotagagaag 3
(cla:?lﬁ]ﬁngEq;Hﬁll\%clﬁf Sd)ck‘f%tt%{ y o rg&lg n?%‘iu% 18 N0: 13),

uences or ‘a conpl nuél el
gaaﬁ:ltgﬁt ctcp@ dg&gftt 3t Gelkhe ﬁSSEQf IID heORaa4, samterartcagt@hagyt-3'
erred prinmer is. a strand (nucleic acid)
(clammi‘;ﬁr; IS QdDa NRlighcE-1vgatgbgytvachg apaacet gadgan st tSEQ 1D NO:
16}, gog‘:ag;:ﬁra[nm%gemg%g% [g[r)ﬁg ﬂ_aL]je)of or5 a_stt?z}n%g?r?u%?éltcta{ctié)g%I?t_almng any
C cag Q ] : :
e SRR RO & (I BB ol o

ther&yf. @ conpl enentary strand thereof, or a strand
(nucl eic acid) containing any one sequence of these
In the case of the Recd, an example of a preferred primer is: a strand

(nucleic acid) comprising a sequence of 5'-cctgtgtatgcgaagaarctt-3' (claim 44,
SEQ ID NO: 17), 5'-tatcgaccarttrtiggta-3' (claim 45, SEQ ID NO: 18),
5'-aagmgcatcacagatttccaa-3' (claim 46, SEQ iD NO: 19),
5'-tcaaccgemectgagegagea-3' (claim 47, SEQ ID NO: 20), or a complementary
strand thereof or a strand (nucleic acid) containing any one sequence of these
sequences or a complementary strand (nucleic acid) thereof.

Furthermore, in the case of a primer, the 3'-terminus is preferably a
nucleotide specific to Vibrio vulnificus. The present invention encompasses a kit
for detecting, quantifying, or identifying Vibrio vulnificus using these primers and

probes in combination with other reagents.
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sequences or a conplenentary strand (n- Llclelc aC|d)

Y-tern1nus i's preferably a nucleotlde speC|f|c to
Vibrio wvulnificus. The present invention enconmpasses
a kit for detecting, quantifying, or identifying
Vibrio wvulnifilcus using these priners and probes in
combi nation with other reagents. 11 M A gene
anplification nethod using the priners of the present
i nViegeieoamipsification maihogdusiogtthe pPORersnat thedpreFhet invention is
mers can bhe used in a s eC|f|c anplificati
not ﬂﬂ

I8l tonhste iIRCRagsdhenh th he pREmerLi 4ap die d%%eﬁeﬁ’é @r specific

s BT 0L PHEPLLL TIPS SRS By o
Spem'fﬂ:aﬂyqlr'ﬂﬂ%itﬁﬁ%:a%lhgﬂfﬁﬁﬂoﬁnwFﬁﬂtﬁ@r&ﬂ(ﬁ@ rtﬁécﬁ)kf?ﬂeﬂésbﬁﬂ also be

specific ation prinmers and a ed specif

similRflgb@sed ﬁlOTibl qahtificatibyr bher ampeificatioa peahiborofudig specific
present |nvent|on can al so be used al one. A nethod for

ampluB¢aitpn phmeps obe ai kebaled $peasifiegroloe omecinimitvomg Fhethermore,

sol i d phase or the liquid p The, prinmers _and_ the )
the Pﬁ?%@§ the prafess lséemlmllczléda ebecﬁ%ﬂrd/?f?@eoutm%aﬁhog‘ frz using

the phﬁ% 15 rfo glra a@%@enlterlglﬁépvdgg Lr)ﬁ%ks)glrld Pea?ggr ftl% B%&ch%ha@eg
whirgh fﬁg&‘soﬁn& e bidtrsi &n2PRb IRCutilTR & fePe&I i AbL O Real -time

includes part or all of the contents as disclosed in

PCR tbtng spegidnt Gathan orbedraeemdsr dttettingnesplifetiatduble-stranded
Application No. 2001-306868, which 1is a priority

DN AduogabhmeoPCRHe whiddeRREdpen iheaikois amRIEE DESCRI PTI ON
OF THE DRAWNGS Fig. | shows the result of ‘
phylogenctic anal ysis after linking partial sequences

;'?1 1§cat15@qgcluﬂ@gdf€.zﬁé[) AICHE Phe Ighﬁzn’tsc’ a@ disclosed in the

ctic tree prod e nei ghbor-j oi ni ng

pecmﬁhheﬂ or SHTOWI il bh?dpan\efls@lPlatibntVAIIb}ﬂhcfdtm,tﬁNbdQDOﬁ63306%?8 which
V.v. in the figure) belongs to a nono phylem.

is a peticfritgrdaegnfemd wf tthe peeseht ephBratigact eri a bel onging to
t he genus Vibrio. Furt hernore cl uster other than
t hat of Vibrio wvulnificus are classified into C

BRIFFDESCRP19BRE AT AP bRAwIRE4 K12 strain

Fig. 1 shows the result of phylogenetic analysis after linking partial
sequences of the gyrB, rpoD, and recA genes. This is a phylogenetic tree
produced by the neighbor-joining method, showing that Vibrio vulnificus (denoted
as V.v. in the figure) belongs to a mono phylem differing from those of other
bacteria belonging to the genus Vibrio. Furthefmore, cluster other than that of
Vibrio vulnificus are classified into C1 to C4. As gene data of E. coli K12 strain
and V. cholerae N 16961 strain, accession numbers NC00913 and NC002505 in
the GenBank database are used, respectively. In addition, figures are arranged
from the top to the bottom according to page number.

Fig. 2 shows the result of determination of and comparison between

© consensus sequence {upper case) of the gyrB gene of the cluster shown in Fig. 1

to which Vibrio vulnificus belongs and consensus sequence (lower case) of the

12



used respectlvely In addltlon flgures are arranged

fron1the top to the botton1accord|ng to page nunber.

Fig, 2 shows the result of determnation of and

conpari son between consensus sequence (upper case) of

the gyrB gene of the cluster shown in Fig. I to

o which Vibrio vulnificus belongs and consensus A
gyr&@puemfere(llawleclwa@e)(@f 2,hen<123) glyrfngelﬁe dt ip edhmmvend that sites

clusters s shown_ t ha
denoaipflégith o!n@f%auwepﬁldeaﬁﬁeﬁé& T@oFrbaééV%)p%ém c {tgs shown that D

- A B PR IS o5 g T Y S AR oL R 2450 T dik - G or
T,M;nd&<01 (,GSOLG-& dVIW'AAOcSr@ aml N 506br G oMV cor T,

N="Aor Gor T or Fig. 3 shows the result of
det Eigm Naghiodrs e %Gulﬁoﬂpafeltéx@ﬂilnbﬁbmeeﬂ amgbreensdiison between
sequence (upper case) of the rpoD gene of the cluster
consshewns¢quelicy. (umpelt oasghiadhthyi Apoild geut wif fthe uéuﬁer shgwn in Fig. 1
and consens sequence (Iomer case) of the oD gene
to witich abriel weai e F]é\“gs(@ conseRfys §3HHve‘g opyer Pfgse) of the

rpoﬁsfgggllg?o g%{?t% tc?&ste (]'Zflf s <? dlt? 11161f dgl %ﬁ stgl%gvm that sites
den(ﬁ@ﬁ @ﬂﬂ;r ‘:'ﬁ‘% QQEI-EOMEI@@ V&@&@cﬁf)’“ﬂ%%ﬂﬂ%ﬁﬁe% GHHS SEOWM that D

C , and N'= A or Gor
= A Of (}l)r T g = 4A ehm/\sr tl"h‘éer resol C of Gd8terhbndl, iV 6fora’ﬁoK G or
conpari son between consensus sequence (u%per case) of

T, Mifeh ﬂé@ASg‘erQeobﬁ tWe= & UsTernd ot PHOFPYT oF €0 whi ch
(1 dhigr 4 abdyrsofits pasvlcal %2%8533 iPReo il sqtagisea, between
' consgl%us ge u@ﬁg%%lfaﬂbe':dage 3 thd J'ecJAS tﬂel"@ltuvfé ts%%wu in Fig. 1 to

enote nuc eot| des S eCI Ic to

whichUbThrfd ©UBsifibhs belEeWhd badseRsus séqiince @bwer cb’sa‘-) #¥ the recA
or Cor T, V=Aor Cor G R=Aor G Y=Cor T, K
gene=of; the relate cduategs (€1.S2=-a@o? i@ FigAGY.T, It is shown that sites

N=A Tor C. RYI . ‘
denofog/enth %Wgrrlb?légeﬁtes SR REITOr 1 W@'G ﬁ‘é’f cafldp shown thet D
=A9@%°5{?eﬁ“}x89@+hb —%})Sfb&getﬁ e;f Y £ 1€ =G or

'nvention i S not d these’ exanp Exanpl é

T,MHAorC,S~—GorC,W—A0rT,andN AorGorTorC

BEST MODE OF CARRYING OUT THE INVENTION

The present invention will be hereafter described in detail by referring to

examples, but the invention is not limited by these examples.

[Example 1]

An example of using primers for gene amplification (shown in Table 2)
designed and obtained according to the present invention using regions specific to

Vibrio vulnificus is shown.

Table 2. Primers for specifically detecting Vibrio vulnificus
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An exanple of u3| ng pr| rrers for gene anpllflcatlon

t he present |nvent|on usi ng reglons speC|f|c to
Vibrio vulnificus is shown. Table 2. Priners for
specifically detecting Vibrio vulnificus 13

Tar get Pri mer SequencelLengt hPosi ti onsDi recti on gene , VF
15'-gatgcaccgcttgctatcatc 3' 21121 141Sense gyrB

\/DLE! 44 At A4 "
VRO tt Ot €t ual aaggallbb —3-21740F Tt B AIl : :
g:;ge 3 -ga%rd‘f“g%\t gt F ?g? gttt -3'21442- 46 éw %g%ﬁl\%rnm'ﬁ”ecmn
5! 1ttt Attt alit vyt Aaaaan
Y

5 - cEV{ gt at ;Egﬁ%@ggﬁ‘g&tg—c%tﬁﬁffé Sse%?e' CA\YAYthFZSense

gy"”B\/Vrec ' -tcaaccgecnhtct gagcga ca 3 21248 228Ant | s e .
gﬁgt es pdsitBtdgecaiganaad m Abs | 4%238 Antisense

nucl p¥ti2de seﬁUgm&x&ga‘ugem@tgtté@' by SE@I D P@C@:—Af@to Sense
rpoB3. Ip addition, prinmers described infclains|1l, 14,
33, BYrR244, dsdtthtgtfg@ﬁtya&ﬁ@mct—}j VFL ,2VR1,| 7707BQ, | Antisense

VIRZFyvVdrec ke ¢ mg%a adrBtt1BEbl €[ 2 and 4res3-153 | Sense
recd €PTESent ed by S%%Q%D E% SEQ ID NO 8, S$EQ I D NQO

14, BEQ ID NO 16, SEQID NO 17, aphd SEQ IiD NO 20,

r espegiiaghy §.P1%§a\§€8 carr[algcolga%l&l 4s ngzi:hrc MEOABE | Antisense

DNAsl as tenp
Homtest—stratns:

"'l

a): denptdsfpaitiomniroeachd ﬁhte\mnnm)ndum euclgstidg sequences represented
t hernostabl e DNA pol ynerase (Anpli Taq Gol d: produced

by SER Nppg¥Ped 1Beckyst ens) and a GENE MATE thermal cycler
(1 SC Bi oExpress). A reaction solution was.prepared to
have a final volunme of 20 1 and to contain 0.1 .tg of

ngggﬂggfgcgn %B?ana\éc -Breﬂslﬂ'%aléxgm@glgl(:%#i 23]2%535 M4, and 47

cor1é’sl'ﬂ€:|11ki-|:[@qv@@| YR AMdr Ry, | VRS Vﬁwcfﬂjandoﬁéfelﬂ(ﬁhno?a,blséeand are
Tabl e 3). Reaction was

represented by SEQ ID NO: 5, SEQ ID NO: 8, SEQ ID NO: 14, SEQ ID NO: 16,

SEQ ID NO: 17, and SEQ ID NO: 20, respectively.

PCR was carried out using chromosomal DNAs as templates extracted
from test strains. Amplification reaction was conducted using thermostable
DNA polymerase (AmpliTag Gold: produced by Applied Biosystems) and a GENE
MATE thermal cycler (JISC BioExpress). A reaction solution was prepared to
have a final volume of 20 pl and to contain 0.1 g of DNA, 50 mM KCI, 10 mM
Tris-HC! (pH8.3), 1.5 mM MgCl,, 0.01% gelatine, dNTP (0.2 mM each), 2.5 U of
AmpliTag Gold, and primers (for the concentration, see Table 3). Reaction was
conducted under conditions of activation with AmpliTaq Gold (95°C for 10
minutes), 35 cycles of 94°C for 1 minute, 1 minute of annealing (65°C for the

rgyrB gene, 63°C for the rpoD gene, and 65°C for the recd gene), and 72°C for 1
minute, finally followed by 10 minutes of elongation reaction at 72°C.

Primer combinations and the amplification reaction conditions are shown in Table

3. .
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conduct ed under condl t| ons of acti vat| on vv| t h Anpl i Taq

m nute 1 mnute of anneal i ng (65C for the gyrB gene,
63C for the rpoD gene, and 65C for the recA gene),
and 72C for 1 mnute, finally followed by 10 m nutes
of elongation reaction at 72C. Prinmer conbi nati ons and
the anplification reaction conditions are shown in
: Table ‘3. 14 Table 3. PCR conditions for priners for-

Tabls Bed?IO‘R cahdilyicdletfecl}Jlrmgeerbr lspeadﬁllcallfyldﬂllsctB@Vzbrzo vulmfcus

conditions IalgeloenbeoenbeﬁnpllIIBU Aﬂnﬁdllng Normoer

 Primer genepri merpri mer product tenperat cl es
concentration (bp) (O (1- N)é
TargehoDrgmse vr R2SEPY5535@ MPHEE ANEEbYgr e%%msé’dl@er

genes | mimehe rpwotron dovdrdton fOMPewdtELE avpty e atqoggentration
was subjected to el e€bplophoreg?&) (0. 5xTAE and 10@WD)

gyrBfor 3@Fm nut eyR1USi ng 1%Xpar ose gey (agarase S 0.1
rpoIPr oduggd by NYRARON GENE £0@, LTD.)ssnd then 3 aining 0.1
,,ECAV\A th yvoidird uinprogp de. (e presengg or the gapsence ofg )

deIIIIcu geries wdads LUHTIfﬂEO unoer UV |rra0|at|on
DNAs derived fromthe strains shown in Table 1 were
VF1

SCFGSLEecﬁfefﬂgg r{%qt Sﬁg}“?%écfggfg'gﬂﬁéh%%h g‘gognggg\ﬂn@ected to
elec%l{@@s ?(5%33(@['16&9 é]’ﬂp 110R’P QgNn8g @Qute\éyrﬁﬁ% Q'%I agarose gel

nmers targeting the recA gene resul

(aga®se Sh%duééﬂ LN PPOMINEIENE edOpr 0QUEY Sakriien staining with
confirmed for only the DNAs derived from the strains

etlndd‘erherbummedjet 0 Bed opigseceVi dor ithe vabssriciec 98 amféffm games was

, reveali .that _f | nati ons,
configpiyd Gidg oy farafgafe% oD s eriadd it G AnResippsin Table
1 wé)re ECCI’R-BHE %éR'EI usmgpceo%{) nca?lloln¥ 9?“@?&' B8a Wr1 primers

vual nrfreus
targeting the gyrB gene, VrF2 and VrR2 primers targeting the rpoD) gene, and

VVrecF2 and VVrecR2 primers targeting the rec4 gene. The results are shown
in Table 4. Amplified products were confirmed for only the DNAs derived from
the strains determined to belong to Vibrio vulnificus as shown in Fig. 1, revealing

that for all combinations, only Vibrio vulnificus can be detected.
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No CI usterl\larreStral n narreVFl& Vr F2& WrecFZ& VR1

VUl ni 1 CUSATCC 29306444 3V. vV, wul i f1CUSATCC 2930745t

4V.vV. vul ni fi cusATCC 33147+++ 5V.vV. wvulni i cusATCC

N TR A Nt
\llllJlni 1 r\lle/\T('Y" QQQ1 R.l. 4 1ﬂ\l \l\l V11 ! n: f| r\usll‘TCv \.luul?-l--l--l-
' 11 vul ni SATCC 12vW&E ) YiF2& | VVreck2&
No k’thsYer L BAA- 6ﬂ-i+€+ 13V. Séglﬁﬁ\%/l ﬁﬁﬁ‘i fli cUBRYCC |BANTR2+++4 VVrecR2
1 14v.\w. vulninfliidussATCOABAG- 862 T 15V. v V. + +
2vill W-¥i dus KTeduBouws 89k ATAG9%86 |vul nt i cUSATCE +
3 BAA-VO++4+ YriudwiXicssul n| IATOS 2E80BT726+++ 18\. vV +vul ni +
4§ cusdeM| 37 27wmdnifit®V. vV ALCABRBI41U3IJCM B7284++ 20V. v -+
Svil N.vi dus¥YOiaz2e+++| 20MCQ931441| ni fieusJEM 3780+++ +
6 22V. My, | vl milniicus J OVASIR3T 83 MRV, vE vulini fi€us +
TNO. M+ |24V wNbifioasl ni | IATGCRASBH++ 25t vV. [vul nkficdsN +
8 0] 604+ V. vulnificus ATCC 33815 + + +
9 V.v V. vulnificus ATCC 33816 + + +
10 V.v V. vulnificus ATCC 33817 + + +
11 V.v V. vulnificus ATCC 43382 + + +
12 V.v V. vulnificus ATCC BAA-86 + + +
13 V.v V. vulnificus ATCC BAA-87 + 4 +
14 V.v V. vulnificus ATCC BAA-88 + + +
15 V.v V. vulnificus ATCC BAA-89 + + +
16 V.v V. vulnificus ATCC BAA-90 + + +
17 V.v V. vulnificus JCM 3726 + + +
18 V.v V. vulnificus JCM 3727 + + +
19 V. V. vulnificus JCM 3728 + + +
20 V.v V. vulnificus JCM 3729 + + +
2] V.v V. vulnificus JCM 3730 + + +
22 V.v V. vulnificus JCM 3731 + + +
23 V.v V. vulnificus No.4 + + +
24 V.v V. vulnificus No.9 + + +
25 V.v V. vulnificus No.60 + + +
26 V.v V. yvulnificus No.74 + + +
27 V.v V. vulnificus No.81 + + +
28 V. V. vulnificus No.130 + + +
29 V.v V. vulnificus No.196 + + +
30 V.v V. vulnificus No.202 + + +
31 V.v V. vulnificus No0.496 + + +
32 V.v V. vulnificus No0.965 + + +
33 C3 V. cholerae DU1 - - -
34 C3 V. cholerae DuU2 - - -
35 C3 V. cholerae DU3 - - -
36 C3 V. cholerae DU6 - - -
37 C3 V. cholerae DU19 - - -
38 C3 V. cholerae DU63 - - -
39 C3 V. cholerae DUS1 - - -
40 C3 V. cholerae DU9% - - -
41 C3 . V. cholerae T2 - - -
42 C3 V. cholerae T6 - - -
43 C3 V. cholerae T97 - - -
44 C3 V. cholerae T98 - - -
45 C3 V. cholerae T116 - - -
46 C3 V. cholerae NM20 - - -
47 C3 V. cholerae NM26 - - -
48 C3 V. cholerae NM48§ - - -
49 C3 V. cholerae NM67 - - -
50 C3 V. cholerae NM8&4 - - -
16




26V vV. vulnlflcusN o 74+++ 27V vV vulnlflcusN

vulnlflcushb‘v196+++ 3OV vV vuIn| |cushb‘ 202+++
31V. vV vul ni fi cusNo- 496+++ 32V.vV. vul ni fi cusNo. 965

+++ 333V chol eraeDUl ---
chol er aeDU3
chol eraeDU 9 ---
chol eraeDU81 ---
chol eraeT2 ---
chol er aeT97- -
16-- -
48C3V. chol eraeNWV48 ---

43V.

36C3V

42C3V.

chol eraeNMRO - - -

chol er aeDU6

38C3V chol eraeDU63 - - -
40C3V chol eraeDW94 - -
chol eraeT6 ---
44C3V chol er aeT98- -

47C3V.

chol er aeNVB4 --- 16 51C3V. chol eraeNMB5 - - -

51 C3 V. cholerae NM85
52 C3 V. cholerae Q37
33 C3 V. cholerae Q57
o4 C3 V. cholerae Q59
55 C3 V. cholerae 066
56 C3 V. cholerae Q70
57 C3 V. cholerae 090
58 C3 V. cholerae K47
39 C3 V. cholerae OPC24

. 60 C3 V. cholerae OPC39

: 61 C3 V. cholerae OPC60

5‘ 62 C3 V. mimicus ATCC 33563 T
63 C3 V. mimicus ATCC 33654
64 C3 V. mimicus ATCC 33655
65 C3 V. mimicus ATCC 7000326
66 C2 | V. digzotrophicus [ ATCC 33466 T
67 Cl V._navarrensis  |ATCC 51183 T
68 C2 V. metschnikovii [ATCC 700040 T
69 C2 | V. cincinnatiensis |ATCC 35912 T
70 C2 V. ordalii NCIMB 2167
71 C2  [stonella anguillarunl NCIMB 6
72 C4 V. alginolyticus IFQ 15630 T
73 C4 V. campbellii IFO 15631 T
74 C4 V. carchariae IFO 15632 T
75 C4 V. harveyi IFO 15634 T
76 C4 V. nereis IFO 15637 T
77 C4 V. parahaemolyticus| IFO 12711 T
78 V. proteolvticus JFO 13287 T

79 | (4 V. tubiashii IFO 15644 T

] 80 C4 Vibrio sp. V1

81 C4 Vibrio sp. V41
82 Shewanella sp. V52
83 C4 Vibrio sp. V65
84 C4 Vibrio sp. V70
85 V. hollisae ATCC 33564 T

17

34C3V chol eraeDU2 - - -

. chol er aeTI
chol er aeNMR6 - - -
49C3V chol er aeNVB7 - - -




chol er ae70- - - 57CSV choI er aeQ90- - - 5803 --V
chol eraeK47--- 59C3V. chol eraeOPC24 -- 60C3V.
chol eraeOPC39 --- 61C3V. chol eraeOPC60 --- 62C3V.
m m cusATCC 33563 T--- 63C3V. nmi m cusATCC 33654- - -
64C3V. m m cusATCC 33655 --- ATCC 33655 65C3V.
"~ m m cusATCC 7000326--- 66C2V. diazotrophi cusATCC 33466
T- -All6 fublicadvas,r grsestATCRdS 1iB8n(T- applB&ERMs  cited herein  are
met schni kovii TCC 700040--- 69C2V.
incogparetadnarcenky sFom sy thelr entirgC2V or dal i i

Industrial Applicability

The gyrB, rpoD, and recA gene primers and probes of the present
invention have been designed based on the understanding of the phylogenetic
relationship with Vibrio vulnificus. Thus, the primers and the probes have been
studied for improving specificity and are excellent in terms of detection accuracy.
Hence, the primers and the probes are advantageous when direct detection is
carried out under circumstances where a bacterium is not isclated from foods,

clinical specimens, or the like and related bacterial species are contaminated.

Sequence Listing Free Text

SEQ ID NOS: 4 to 20 are primers.

18



NCII\/82167--- 71C23tone||a anlllarun NCII\/B6--- N

'FO 15631 T... 7408V, carchariae | FO 15632 T. .-

75C4AV harve i | FO 15634 T--- 7CA4V. nerei sl FO 15637
T--- 77C4pa ticus I FO 12711 T--- 78V. roteol ticus
| FO 13287 T--- 79C4V. tubi ashiil FO 15644 T---

80CAVibrio s p.V 11--- 81C4Vibrio s p.V4l---
82Shei vanel l'a s p.V52--- 83C4AVibrio s p. V65---

CLAIMS

1. A gene fragment fepresented by SEQ ID NO: 1, which contains one or more
nucleotides .at any of positions 3, 15, 69, 95, 121, 123, 132, 136, 138, 139, 231,
424, 549, 557, 603, 700, 701, 726, 727, 728, 734, 735, 738, and 804 in a gene
(gyrB) encoding a DNA gyrase B subunit of SEQ ID NO: 1 in the sequence
listing, said position being unique to Fibrio vulnificus bacterial group, where said
gene fragment can be used for designing a specific gene amplification primer or a
specific probe.

2. A gene amplification primer, which contains a strand or a complementary
strand thereof containing 15 or more continuous nucleotides, where one or more
nucleotides are nucleotides at any of positions 3, 15, 69, 95, 121, 123, 132, 136,
138, 139, 231, 424, 549, 557, 603, 700, 701, 726, 727, 728, 734, 735, 738, and
804 in the gene (gyrB) encoding the DNA gyrase  subunit of SEQ ID NO: 1 in
the sequence listing, said positions being unique to the Vibrio vulnificus bacterial
group.

3. The gene amplification primer of claim 2, wherein a region that contains, at a
high frequency, a position(s) unique to Vibrio vulnificus as specified in claim 2 is
used.

4. The gene amplification primer of claim 3, which contains a strand or a
complementary strand thereof containing nucleotides at positions 3 and 15 of SEQ
ID NO: 1 in the sequence listing.

5. The gene amplification primer of claim 3, which contains a strand or a
complementary strand thereof containing 2 or more nucleotides at any of
positions 121, 123, 132, 136; 138, and 139 of SEQ ID NO: 1 in the sequence
Iisting.

6. The gene amplification primer of claim 3, which contains a strand or a

complementary strand thereof containing nucleotides at positions 549 and 557 of
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84C4\/ br| 0 SP V70-- 85V HO_LI SAEATCC 33564 T--- 17 AI |

hereln are. |ncorporated hereln by reference in their
entirety. Industrial Applicability The gyrB, rpoD, and
recA gene prinmers and probes of the present invention
have been desi gned based on the understandi ng of the
phyl ogenetic relationship with Vibrio vulnificus.
o Thus, the prinmers and the probes have been studied

SEQf Iy NOmpt ov ity sspenict ilsiting. and are excel lent in terns

of detection accuracy. Hence, the priners and th
7. Tplslreoae@,e ABpHB¢aH PR gROmET Wik £ 1A edt VdBFEcWI&SCﬁisa strand or a
cunst.ances .where a bacter

d t
comerggy Z?téaﬁ' dli%ﬂf%aagtm&g. FRelAPaaE Bt RERLSN g, gna 701 of

n gq speci es are contam nat ed.
SEQ égﬁg%cg {?%ﬁeeﬁ f SEQID NOCS: 4 to 20 are

8. Thci BBRS- alﬁﬁhﬁleédlb@ BrimRr 98N eclhindgNEREhieBPEesiaised Byand or a
SEQ'I D NO 1, which contains one or nore nucleotides

complensemyanf spnasndt itheso8, cdBaitiag %orlmqrelmclemﬁesmﬁ any of
138, 139, 231, 424, 549, 557, 603, 700, 701, 72

positions 729g.72734/283834. 788, an 79640f SEL d@wé‘lo(g}y%rg)the sequence

llstlencodlng a DNA gyrase (3 subunit of SEQIDNO 1 in

: The sequence listing, said position being unique to

9. T]}@r gEh@ Wi e ﬁ)lflsglqg&é 1 Ahind 0 WpherbhLNiR $acfmig8Nficleotide is

gnent “can or designing a specific genie
a nuel¥ptidti ad bositivni Mat iounRuespetifrie vpimbeus 2s spegiel in claim
anplification priner, which contains a strand or a
2. conplenentary strand thereof containing 15 or nore
onti nuous nucl eoti des, nor e cl eot

10. Theeeifc Pod! ﬁr%kféélogtplgﬁﬁ Q}Nhgadg} ?nellggc}gcmitgm% ctg%cggtctt 3

oraéé%pl%ﬁ%ﬂtﬂ%ﬁ"ag}%g““?%‘?&dfégg[h‘?gﬁa 7;%4 7239 aﬁg7 804

11. i mpehe #@ee ﬁﬁﬁﬂﬁlcaﬁftﬁpdlmﬁnbhe BNA gpimse 2(3 st t contains
of SEQ 1D NO

5'—gatgcaccgcttgctatcatc 3‘ or a complementary strand corresponding thereto.

12. The gene amplification primer of claim 2, which contains

5'-tgcggacttyactterct-3' or a complementary strand corresponding thereto.

13. The gene amplification primer of <claim 2, which contains

5'-gtecatgtagetgttcart-3' or a complementary strand corresponding thereto.

14. The gene amplification primer of claim 2, which contains

5'-ttgtctgccatgaaggattce-3' or a complementary strand corresponding thereto.

15. A probe for detecting, quantifying, dr identifying Vibrio vulnificus, which

contains 15 or more continuous nucleotides, where one or more nucleotides are

nucleotides at any of positions 3, 15, 69, 95, 121, 123, 132, 136, 138, 139, 231,

424,549,557,603,700,701,726,727,728,734,735,738,and804inthegeﬁe

(gyrB) encoding the DNA gyrase B subunit of SEQ ID NO: 1 in the sequence

listing, said positions being unique to the Vibrio vulnificus bacterial group.

16. A gene fragment represented by SEQ ID NO: 2, which contains one or more

nucleotides at any of positions 21, 33, 60, 120, 126, 235, 260, 312, 315, 340, 354,
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the sequence Ilstlng, sald p03|t|ons belng unlque to

anpllflcatlon prlner of cIa|n12 mhereln a reglon that
contains, at a high frequency, a position(s) unique
to Vibrio vulnificus as specified in claim2 is wused.
4. The gene anplification prinmer of claim3, which
contains a strand or a conplenentary strand thereof
cont ai ni ng nucl eoti des at positions 3 and 15 of SE

396, 1D 4AN@S59] 462, 578, $8611682e782s75hgas] 7‘$ﬁe1nge§ene (rpo encodmg

rrgllflcatlon primer of claim.3, whi cont ai ns ) .
an RNA andywerase @o?ﬁalfeq?ehpér%E@t HaMiO r?enuéélf‘e SO Hgtipg, said

posifiant Berig, Vsho ane1sgr B Ty e B Nar T he: Sdig gugh eene
fragﬂ\khﬁf 09 p6- usgﬁ]efogecﬂa%légﬂgrg's‘iﬁtcif?@ g‘é"n‘e”ﬁﬁpﬂﬁc‘éh@h?ﬁmer or a

contains a str conplenentary stran
specii€pRftfe. cONt ai ni ng nucl eotides at positions 549 and
557 of 19 SEQID NGO 1 in the sequence listing. 7. The
17. Jepeneamplplfficatdnoprimdrmerhich cortems3a shish ot onhtcgintislegentary
strand or a  conplenmentary strand thereof containin

strandudteaen %@tammsolé. i a%fgermtgﬂwu?dl“%?otlféeéew@fﬂc?lgﬁ or more

e ce.lis e I f
muctd 35 e AFIRRASS S oE Lo 2R A0l o 8, 235, 260,
312, Cﬂ@p'ﬁfé‘e tsar viogt 4and15bengof s60nke5NERY, 23pr751@re1d 756 in the
nucleottdés’ at any of positions 726, 727, '728," 734

gene7@§0D@rBi1063&1g3fheSEQA BolNanedasens te f&&qﬂelﬁ(ﬁQIIDSN(hng in the
. The gene anplification primer of claim?2, where
sequemee Bstins reithipositidrsobride paiqug Hudheokibae sglrgficus bacterial
position that is unique to Vibrio vulnificus as
8r0UBpecified in claim 2. 10. The gene anplification

18. g gg@ge Ok {fﬂ!a[tnoé, prM'e9%fC&Q§q?'1WS wherein a region that contains, at

ggc or a conpl eméntary strand

a highOfrE§S Iar};g;stth@ﬁ(ej incﬁﬂa tol Mg rge nelafphi & epédified in claim 17
prinmer o 'aim 2, whi ont ai ns
is used.

19. The gene amplification primer of claim 18, which contains a strand or a
complementary strand thereof containing nucleotides at positions 21 and 33 of
SEQ ID NO: 2 in the sequence listing.
20. The gene amplification primer of claim 18, which contains a strand or a
complementary strand thereof containing nucleotides at positions 120 and 126 of
SEQ ID NO: 2 in the sequence listing.
21. The gene amplification primer of claim 18, which contains a strand or a
complementary strand thereof containing nucleotides at positions 312 and 315 of
SEQ ID NO: 2 in the sequence listing.
22. The gene amplification primer of claim 18, which contains a strand or a -
complementary strand thereof containing nucleotides at positions 340 and 354 of
SEQ ID NO: 2 in the sequence listing.
23. The gene amplification primer of claim 18, which contains a strand or a

complementary strand thereof containing nucleotides at positions 396 and 414 of
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gatgcaccgcttgctatcatc -3 or a conplenentary strand

prlner of cIa|n12 mhlch contalns
5'-tgeggacttyacttcrct -3 or a conplenentary strand
correspondi ng thereto. 13. The gene anplification
priner of claim2, which contains
-gtccatgtagctgttcart -3 or a conplenmentary strand
correspondlng thereto. 14. The gene anplification
SEQpIrD N Din chaseq@ncelistimgcont ai ns
'-ttgtctgccatgaaggattcc-3' or_ a conplenentary strand
24. &“&apr&@ﬁoﬁm%ﬁw@newm%ofm BITBLES, fb’ﬂll@ibtﬁ@@ﬁlﬁg a strand or a

comTY M b e kot MLALLRLILLL RS 200 8B 462 of
SEQQﬁ)ﬂﬂ5egQH%ﬂ@%%ﬁﬂ%%qugngnucleotldes at any of

position 121, 123, 132, 136, 138, 139,

25. 283, gerd24mpIAtoat @R/ prié®d of Wainf Oflg, kB&h €éAtaihdS strand or a
734, 735, 738, and 804 in the gene (gyrB) encoding

comp]h:mdhlw!rygymaﬂbtmrsubunntaxmmgsmlbﬁhm atlpont:tohne 686 and 689 of
sequence |isting, said positions being unique to the
SEQ\,IIDJNQ) 2 i Hhg sRAvEncpASUEL al group. 16. A gene

26. BhE P o Priats O IRy of® oI GePSEs Hdfrand or o
com@%&rml’xi%a/ %&dzgggeggscoﬁ%&mélg 034910r§5ﬂ8cl?e%t1%%§ at any of

6, 689, "732, 750, and 756 in a

positgene73% r pab)areiNTosl o NGE RIDRNA : poinytiersageende/lid@ng act or
of SEQ IDNO 2 in the sequence listing, said
27. Btssg@mammpﬂ)iéiqagioumr@mer od cffign wah@reiuulhni} iteyginal nucleotide
bac ] rou wher e such .gene Pra an be used
is a pge e&égqa gmg ﬁgp‘g”EBéc'ihPFds ug gl (7 o 1548 sy Segeified in
Clall1§17spe0|f|c probe. 17. A gene anplification priner,
i'th contains a strand or a conplenentary strand

28. tlmeeofgeﬁ@nt RPlifdadidnOr pARR& CHTL | BUHEMS NUC! eQllidesS, contains
where one or nore nucleotides are nucl eoti des at any

5'-aaodgaposigetomsc 23’ @3a c6Mpld@entak? GiraR8Xor&6PpndBi2thereto.
315, 340, 354, 396, 414, 459, 462, 570, 686 689, 732,
29. 7"5“@6 aﬂanvseamﬁhfmtwgen@ﬂ(ﬂﬁfoD)O eﬁhaé’dll nd bheViggh  Contains

Y 40 _factor. of %%

5'-gt C&?u aﬁ sg%gr?g orsaa?%mgleén%l}%a s% I\pcorrﬁ?%%nﬁpg {ﬁreto

30. V‘TBE' 0geNl NihbRESaRBAT ebi‘ﬁ‘xller OI@UPclal® e 99M8ch  contains
anpl |f|cat|on prinmer of claim17, wherein a'region

5'-tcddiriagoomiteddag,-3'adr a complementary strand corresponding thereto.
31. The gene amplification primer of claim 17, which contains
5'-aatggcgetagagaag-3' or a complementary strand corresponding thereto.
32. The gene amplification primer of claim 17, which contains
5'-cktraatgaacatggtcga-3' or a complementary strand corresponding thereto.
33. The gene amplification primer of claim 17, which contains
5'-gaactgatgctcgatgtgttt-3' or a complementary strand corresponding thereto.
34. The gene amplification primer of <claim 17, which contains
5'-aatgtcttettegtgmagyt-3' or a complementary strand corresponding thereto.

35. The gene amplification primer of claim 17, which contains

5'-ttgatgttgytyactgaaage-3' or a complementary strand corresponding ﬂlereto.
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a hlgh frequency, a p03|t|on(s) unlque to V'brlo

gene anpllflcatlon pri mer of cIa|n118 mhlch contalns
a strand or a conplenentary strand thereof containing
nucl eoti des at positions 21 and 33 of SEQ ID NO 2
in the sequence listing. 20- The gene anplification
prinmer of claim 18, which contains a strand or a
~conpl enentary strand thereof containing nucleotides at

36. popidbeofisr U2tk caimg, lRfanallyingEQr 1denNdyik iMibtibevulnificus, which
sequence listing, 21- The gene anplification primer of
containgi M D8, mows chndoweus nuckeotideandwhere anecunplosfeitcaggtides are

ucl5priersss B SBpesISTRAL- 35 A0t he0s bifoohib 10011 g 3155 50, 354,
396, Tﬁh%r gl%@eélggp%‘?él%@édlé%{b p]r3| ”‘%%ooim |7%|6n§]nlt%’er%é?1[ (EFODP encoding

ontarns a“s ﬁplehen ary stra
the IQR@I ?bfyrﬁ‘&agé“a 90t f.dRs &f SBREFIDI RES 2 3ﬂQI1@@q§§ﬂc@ilstmg, said

NO, in the sequence |listing. 23. The gene

pomﬁt’@i béingadniqe pé itheiofo thua’uﬁciltﬁbamﬂmmﬂ] gmmp ains a
strand or a conplenentaré strand thereof containing
37. mgﬁneoﬁraﬂ@gnerem@smttt@ﬁw 58 HAdV@14.0vhizh SEdRIMD NE@ or more

t he sequence. lis 4. Th ene._.a
nuclotdhsy o PAPRVIOTS ahi U [ aond 70 dEPamRbor 2§ 237 bes, and
C Sl re t g2nyc t
540 SOMLEIEL A SR RIEWCRE SO RN QT HEPSLOER R listing.
said |Po%ttﬁcﬁ€k béng Iﬂ@ugezra;eﬂﬁwmmb c@tlhgn:u@rtbmeu@f g8bdh, Mvhere said
8, which contains a strand or a conplenentary strand
genethhagmefit conbaimeddondesigoinglespatifivogénd amplidBatiancbrimer or a

689 of SEQID NO 2 in the sequence listing. 26. The
Pecﬁ@h@“ﬁﬁblification prinmer of claim 18, which contains

38. % %ér{eﬁ%}rg) Ht 21“06& Ir?eq‘envtv i 2(%1{“(%&% the[g,&(l)c{ Oyt %I.y%dnglentary

any bositTons

stran@Nthefo§¥ 9(‘311’(%1&[35'\@ n?oﬂenc&ﬂﬁm%%gl&ﬁmgoﬂlﬂﬁ '\ﬂlgerezgne or more
The gene anplifrication primer of claiml7, wherein the

nuclétidesr aenabcleotidestat dmy bf positiaised] idde 188, al §89sitd, o8B0, 208,
228,937, 253, 2t 345 in%he gene (recd) encoding the SREC LD H0 0. 5 i
the sequence listing, said positions being unique to the Vibrio vulnificus bacterial
group.

39. The gene amplification primer of claim 38, wherein a region that contains, at
a high frequency, a position(s) unique to Vibrio vulnificus as specified in claim 38
is used.

40. The gene amplification primer of claim 39, which contains a strand or a
complementary strand thereof containing nucleotides at positions 138 and 153 of
SEQ ID NO: 3 in the sequence listing.

41. The gene amplification primer of claim 39, which contains a strand or a
complementary strand thereof containing nucleotides at positions 172 and 180 of
SEQ ID NO: 3 in the sequence listing.

42. The gene amplification primer of claim 39, which contains a strand or a

complementary strand thereof containing 2 or more nucleotides at any of
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cIa|m17 28. The gene anpllflcatlon prlrrer of clalm

corrpl errent ary st rand correspondl ng ther eto 29 The
gene anplification prinmer of claim17, which contains
- gt t cgacaaagt acaagcg-3' or a conplenentary strand

correspondi ng thereto. 30. The gene anplification
prinmer of claim17, which contains

' S"-tcaagcagygattcagag -3' or a conplenentary strand

positions 88ppAd8 nend ARY ef SEQID Nk Sgenéhcasepluichee dsiing.

43, grl mer of cl a| m 17, whi ch cont ai ns

he g8p¢gaygdi g@ég@a@m@er& QaiEp 3P srheseily hesi'rtgpminal nucleotide
18 a(é]?l}rc:lr%? cgndléragph?hl {?%t amtglﬁ wglﬁflggtrqs%bang Juflmc ctusoas specified in

claim 3Kt raat gaacat ggtcga-3' or a conplenmentary strand
correspondlng thereto. 33. The gene anplification

44. DVFHEEV gheCl apiicatiii ClhrGREL AIgTS claim 38, which contains

-gaactgatgctcgatgtgttt-3' or a conpl enentary strand

5'- ccctgtgte@pgmagaagcm#ﬁé roe taoc o3l e mEmea gestearahpbirt s patding thereto.
primer of claim17, which contains

45. 5Theat geaet cRrPGltfrtignt Poimer 0 coﬁﬂﬂléherﬁsary“éwlandcomams

5'-ta c?g%%é%ﬁ%?t%é?%ﬁ %%%togﬁﬂlgﬁegéﬂﬁgg % conpespongimg e1eto

46. O'THe! 93kgEL 9Y “Hc&ﬁ%ﬁgcgg’nn&r E!)fco'EPixﬁ{re@@ryvﬁﬁEﬁndcontams
corres ndlng ereto . A probe for détecting,

5'-adpudddaitd adangitt@aal Yemnta dothplgménialyostyandtdiresisondhg ¢Rereto.
contains 15 or nore continuous nucl eoti des, where one

47. olheor genecl ewplidestiane pnwedreotdfdeslaim amB.of which  contains

, ositions 21, 33, 60, 120, 126, 235, 260, 312,
S'-tc B EomsATEAESgaEc 240t ASETIDIEBETETY S5 C%séspwg*fg thereto.

5 n DO )
6. ST SOl SO G SERRASIAD ke B, i
cont!n'n%tlfﬂ@r Hats coﬁ’@ﬁbéd@ﬁﬁcl@@tlﬁls URiheke ohe dihoYe Bivcleotides are
vul ni ficus bacterial group. 37. A gene fragnent
nucleaplasanigd obpo SEQNSD,NQ, 138, 53¢l 72pAB8| A88.0R28,0237, 288, and

nore nucl eoti des at any of posit] ons 9, 81 138 153,
540 qrysthe 1ggne rgg4) sengodpgy thodpecAyf SEQ ID NO: 37in’ the sequence

listing, said positions being unique to the Vibrio vuinificus bacterial group.

49. A method for detecting, quantifying, or identifying Vibrio vulnificus, wherein
the primer of any one of claims 2 to 14, 17 to 35, and 38 to 47 is used.

50. A kit for detecting, quantifying, or identifying Vibrio vulnificus, wherein the

primer of any one of claims 2 to 14, 17 to 35, and 38 to 47 is used.

24



540 in a gene (recA) encoding RecA of SEQID NO 3 in

the Vibrio vulnificus bacterial group, where said

gene fragnent can be used for designing a specific

gene anplification primer or a specific probe. 38, A

gene anplification priner, which contains a strand or

a conplenmentary strand thereof containing 15 or nore

conti nuous nucl eoti des, where one or nore nucl eotides

are nucl eotides at any ABRARACTns 9, 81; 138, 1583,

172, 180, 208, 228, 237, 288, and 540 in the gene

(r edp) pericodi adrighecRbgmeapice SHG difdic NgEne3 admplifi¢agion primer for

sequence listing, sajd positigns being unique to tpe )

detegtig;, odWantHiyiiLusTt btepsiyme Gheigp. vuse/icre hppipe low risk of

mis{BH Pl i FeTitehty. T phsfifn dciency and

ampHH QR ! SpoGiBE]t). VI inhlEUger@inBRACHAHSH hicIebBlE RBuences of
I's used. 40. The gene anplification primer of claim

gyrBOrpold) ahd cool aichss afStibandvoinificus anpl weerlbesly ldt@tdspecies,
t her eof containing nucl eotides at positions 138 and

revepbdl otheiSEQhy D aNoctis irplatimnsbémuetnce thest i mdpntified Thucleotides

ene. anplifjcatio rimer Qf claim 39, ich contains |
char3Ctsristingte, ’%"Og&w@%nt Jﬁwsst% avE Mefoft BetHienihgesian a

u ' a i.f,,0 172 d : : DN . .
protfty L I0BnteA Rl OB 575 E AL PR Choine iy
specRficl®r afd &l R1RhB hmphFieh 69 Né @ dien &, Sh6@N@fOWwhdch contain the

conplenentary strand thereof containing 2 or nore
charaotdresoici edeaideany of 23 positions 208, 228, and 237
of SEQID NO 3 in the sequence listing. 43. The gene
anplification primer of claim39, wherein the 3
termnal nucleotide is a nucleotide at a position
that is unique to Vibrio vulnificus as specified in
claim39. 44. The gene anplification primer of claim
38, which contains 5'-cctgtgtatgcgaagaarctt-3' or a
conpl enentary strand correspondi ng thereto. 45. The
gene anplification primer of claim 38, which contains
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5'-tatcgaccarttrttggta 3

or a conplenentary strand

prlner of claln1é8' mhlch contalns

5' - aagngcat cacagatttecaa -3’
correspondi ng thereto.

primer of claim 38, whi
5' -tcaaccgcntct gagcgagc
correspondi ng thereto.

nt ai ns

or a conplenentary strand
47. The gene anplification

MQEéJ§BH%ienentary strand

48. A probe for detecting,

quantifying, or identifying Vibrio vulnificus, which
t ai.n nmor e conti nuous nucl eoti des, where one
<110§ﬂ%ﬁ%}5eh 8F8%Fﬁﬂ§§ are nucleotides at any of

positions 9, 81, 138, 153, 172, 180, 208, 228, 237,

288,

<1209RLh R MNP end derﬂeEEFo PEAYEDER vhl

bei ng unique to
therédfhr A met hod for detecting,
identifying Vibrio vulnificus,
any one of clains 2 to 14, 17 to 35,
used. 50. A kit for detecting,
<130} dertBsYHPLg Vi brio vulnificus,
any one of clains.2 to 14, 17 to 35,

rio vulni
quanti fyi ng,
wher ei n

or

quanti fyi ng,
wherein the

rra

and 540 in the gene (recA) encoding the RecA of

Pl 38

gr ou

the prinmer of
and 38 to 47 is
or

primer of
and 38 to 47 is

used. 24 ABSTRACT To produce a hi gh-perfornmance
speci fic gene anplification primer for detecting,
<150udneP93i22§126r identifying Vibrio

| ow ri sk of

sequences of
nificus and the closely rel ated speci es,
phyl ogenetic rel ati onshi p,
characteristic to Vibrio vulnificus.

<160 #g

nucleotides

Thus,
<170>h@>§élt99tﬂnl ghy S
pri nmer having |gh

anplification efficiency,
characteristic nucl eotides.

<210)Nijchi rei Corporation

<211> 885
<212> DNA
213>

<400> 1

gtgtctggeg
ctrytkacga
gatgcaccge
ccaagtgcks
.cgtgagctct
'gataagréag

Cgcaacaara

gyr B,

m sidentification
<1515 0P cP%&E™O0 anplification efficiency and

specificity. W have determ ned partia
rpoD, and recA genes of Vibrio

vul ni ficus,

and practlcally
anplification
nucl eoti de

reveal ed

and then identified

we have nade it possible to design a probe

gtcttcacgg
ttcatcgteg
ttgetatcat
aaaccttcas
ctttyctgaa
atcacttcat

cmecceatcca

tgtwggygtt
tggtcatacy
cggygatacy
caacatcgaa
ctckggegtg
gtatgaaggt

tgaaaaagta

q|f|C|ty and a gene anplification
specificity and excel |l ent

both of which contain the

tcggtggtra
cayagccaaa
gaaaaaaccg
tttcattatg
tckatcaaac
ggtattcaag

ttccatttya
1/10

acgcaytgte
cctatcgtca
gtaccacggt
acatcctage
tgtttgatga
cgttygtvac

aykcygageg

25 SEQUENCE LI STI NG <110>

tgaaaaaglr
tggtetegcet
acgtttctgeg
géagcgtyta
gcgegaagaa
tcacttgaac

tgaagacggk

havi ng

r?ﬁ?ﬂst bl%]grobes

120
180
240
300
360
420



<120> Met hod of the detectlon of V'brlo Vu|InIfICUS

e e e S e ,w’ngﬂm&aaum%mw fEER ol S SE R TR DN B BT E

<150>JP 2002- 255126 <151>2002 08 30'<160>20 <170>

Pat ent

In Ver.

2. 1

<210> 1 <211> 885

<212> DNA

<213> <400> 1 gtgtctggcg gtcttcacgg tgtwygygtt

tkac a ttcatc
At bk Bt e R EE iy &
' caacatc
accajgﬁggbr

cncccat.cca

acecgARCl 1EREoaqqian s

aaaa

Sfipand dadge bies
cttt

Efe et P e Lasales
HENe

aa’

Radetly

agc@%%é’a

gatgcac

ctck

il

C
eg ctactgtttt

SR C—

ccaaa

an%a%aaaaccgcg 600

acttcttggfgé &ggt%cg#g% 6%%%?%%%&&\9&%61%9{53&933 agtrccggat

gygaagtraa gtccgecagtg 720

ccaaaattclt caagccaaac yaaagacaaa ctggtitcta

gaatccttca tggcagacaa actgaacgac ttcttrgeyvg

accgtttgtt ctaagattat cgacgcecgea cgtgegegtg

gaaatgacrc geccgtaaagg ggeritagay

<210> 2
<211> 819
<212> DNA
<213>

<400> 2

actcgtgaag
testetgttg
caagcggaag
gaaacggcwg
gatgaagaca
agcagyvgatt
carcttcgta
gctcaaacag
‘ccgaagcagt
caagarcgyt
atygewetet
gayaagcecrt

aagctaagag

gcgaaatcga
ctgaataccce
aacttcgect
ctcecaaccege
avaccgacat
cagaggamga
acagctayca
ctcaagecca
ttgaccattt
tgatcatgaa
tvactggcaa
acgyagaaaa

caattgaaga

catcgctaam

aggaaccatt

mactgatctt
aacacacaty
cgacgatgaa
tgteggeatce
gaatcigcaa
tgaactgatg
ggttaacgaa
rtctgeggta
cgartcwarc
gatyaarctk

agaaacgtcg

cttgectggee

cgaattgaag
ccttafattc
atcagtggtt
ggttcagage
gacgaagayn
gaccctigaaa
cttgecktra
ctcgatgtgt
cttecgeacceg
gaaatcgcesa
gaagaatggt
cacgaagaag

ctttcagtra
2/10

arcacccaag Ccgaagcgaaa

aagcagercg taaagegegt

tteew

atggtatcaa
tkgaacagtt
ttgttgatee
ttgcagaate
nnnangaaga
tggcgctaga
atgaacatgg
ttaaagagtt
cyatggatcg
aratgccraa
tagatmagat
acattecgteg

rcaacatcasa

ccaagtaéag
cgacaaagta
aaatgcagat
tgattteggas
tggcgattca
gaagttyact
tcgagagagt
tcgtetaacd
cgttcgtack
gaartcktty
cctmgyytet
ttcaatcdee

agacatcagc

480
540

660

780
840
885

120
180
240
300
360
420
480
540
600
660
120
780



_ gt accacggt acgtttctgg 180
aykcygagcg tgaagacggk 420 attgckgttg aaat gccgat
gcagt ggaac gatggyttcc aagaaaacat ctactgtttt 480
accaacaaca tcccacagcg tgayggtggt acccacttag
cgggtttccg ygcggcattg 540 acgcgcacay tgaacagcta
Cgtc%faa(gﬁéﬁaﬁﬁaa%‘gﬁg%g%&cgéﬁagf’rta‘é €8 gaaaaccgcg 600
~ - acttctggyg aygatgcgeg tgaaggtttg acygowgtyg
tttcagt haa agtrccggat 660 ccaaaattet caagccaaac
yaaagacaaa ctggtttcta gygaagtraa gtccgcagtg 720
gaat ccgcca tggcagacaa actgaacgac ttcttrgcyg
¢a1p@r£acccaag cgaagcgaaa 780 accgtttgtt ctaagattat
cgacgccgca cgtgcgcgtg aagcagcrcg taaagcgcgt 840
<21194§%tgacrc gccgt aaagg ggcrttagay cttgctggcc
885 <210> 2 <211> 819 <212> DNA <213> <400> 2
<2129GiN@0t gaag gcgaaat cga catcgctaam cgaattgaag
at ggt atcaa ccaagtacag 60 tcstctgttg ctgaataccc
¢213Rmggaaccatt ccttatattc tkgaacagtt cgacaaagta 120
caagcggaag aacttcgcct nmactgatctt atcagtggtt
ttgttgatcc aaatgcagat 180 gaaacggcwg ctccaaccgc
aacacacaty ggttcagagc ttgcagaatc tgatttggaa 240
{400yaét gaagaca ayaccgacat egacgat gaa gacgaagayn nnnnngaaga
tggcgattca 300 agcagygatt cagagganga tgtcggcatc
ccaaigmecct gerasttgycget Ayxsjaacadapdctt 38@teaaant teggatgace 60
acagctayca gaatctgcaa cttgccktra atgaacatgg tcgagagagt
cttgapr@ea gbtardgatay creasigeecagtgaget haitgeett btjargegcygag 120
ttaaagagtt tcgtctaacd 480 ccgaagcagt ttgaccattt
cacgqfdit artfed et e be ttegarteg  cyhisFsEt by LGt eeytGcktEabtesta 180

ot GRS o058 SELARD hSH IR BORLLEEES e ccanak a0

gcggtct%aalgrtg Cmrt%gg %ga@ acagtag%tgttﬂggaémngac%%ttgg Cgrrgggxéé:gtc gggaatygaa

5 B 0 TS B T 8 2

819

ttccw

300

ggtgagatgg
aagytaacgg
atgaagatyg
ttctacgett
gimgtgggta

gaagccaaya

210> 4
<211> 15
<212> DNA

gygaytcgea
gkaacctaaa
gkgtgatgtt
ctgtwegtcet
aygaaacgeg

cycaaattat

catgggtetn caagetegta
rcagtctaac tgtatgtgta
tggtaaycca gaaaccacaa
tgatattcge cgtactggtg
yatcaaaglg gtgaagaata

gtayggccar ggewttaace

<213> Artificial Sequence

<220>

tgctmtctceca
tcttcatyaa
crggliggias
cratcaaaga
agatcgetge

EYygadggy

<223> Description of Artificial Sequence:primer

3/10

agcgatgegt
ccagatycgt
cgewetgaaa
aggygatgag

gcegtttaaa

360
420
480
540
600
648



gayaagccrt acgyagaaaa gatyaarctk cacgaagaag

agaaacgt cg ctttcagtra rcaacat caa agacatcagc 780 _
2/ 10 cgtcgtatgt ctatnggtga agcmaaagct cgccgtgeg <210>
3 <211> 648 <212> DNA <213> 819 <400> 3 ccaat gggcc

gtatcgttga aatttttggt ccagaatctt caggtaaaac cacgttgacc
60 cttggcgtwa tcgctgcergc tcaacgtgaa ggcaaaactt

'<400?t cgtttat cgatgcygag 120 ~cacgcgttrg atcctgtgta

gtgaagaar cttggcgtwa atatcgacca rttrttggta 180
t.ctcage ayachggt ga acaagcrttg gaaatctgtg atgckcttgc

gtgt ﬁ%%%%gééﬁt24o gcggttgayg ttattgttgt cgaytctgtk 15
gcngcattga crccaaaggc agaaatygaa 300 ggtgagatgg
gygaytcgca catgggtctn caagctcgta tgctntctca agcgatgcgt
360 aagytaacgg gkaacctaaa rcagtctaac tgtatgtgta
tcttcatyaa ccagatycgt 420 atgaagatyg gkgtgatgtt

¢210b0ggt aaycca gaaaccacaa crggtggtaa cgcwtgaaa 480
ttctacgctt ctgtwegtct tgatattcgc cgtactggtg cratcaaaga

<211agmygatgag 540 gtngtgggta aygaaacgcg yat caaagtg
gt gaagaat a agatcgctgc gccgtttaaa 600 gaagccaaya
{212pyiNaat t at gtayggccar ggcwtitaacc gygaaggy 648 <210> 4
<211> 15 <212> DNA <213> Artificial Sequence <220>
<213x2233fibeskcSieptérore of Artificial Sequence:prinmer 3/10
<210> 5
220>

223> Description of Artificial Sequence:primer

<400> 5

gatgcaccge ttgetatcat ¢ 21

<210> 6
211> 18
{212> DNA

<213> Artificial Sequence

<2205

{223> Description of Artificial Sequence:primer

<400> 6

tgeggactty actteret _ ' 18

4/10



<211> 21 <212> DNA <213> Artificial Sequence <220>

mwﬁmmmm ,JMW‘&A%*!

MmNy
(ZEERE

X
fRer

R 2242, "--, **...m wj‘wu\mw%mmwmzwmm’%‘%Wﬂmﬁmmfﬂ’“ i
5 gatgcaccgc ttgctatcat ¢ <210> 6 <211> 18 <212>
DNA <213> Artificial Sequence <220> <223> Descri ption
of Artificial Sequence:prinmer <400> 6 15 21
tgcggactty acttcrct 18 4/10 <210> 7 <211> 19 <212>

g tificial Sequence:primer <400> 7 gtccatgtag™
il tiltcart <210> 8 <211> 21 <212> DNA

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:primer

<400> 7

gtecatgtag ctgtteart

<210> 8
211> 21
<212> DNA

<213> Artificial Sequence

220>

223> Description of Artificial Sequence:primer

<400> 8

ttgtetgeca tgaaggatte c
<210> 9

<211> 19

<212> DNA

{213> Artificial Sequence

{220>

223> Description of Artificial Sequence:primer
5/10

210pNA <213> Artifici al Sequence <220> <223> Description

19

21



<213> Artificial Sequence <220> <223> Descrlptlon of

e 22 R 0 ..dﬂ“z'ﬂ‘i f""’iﬁﬂ(ﬂ’”«n’é—”‘ﬁ awmmngmma & 5 4 R B Y BE Rl

‘m%wwmaﬂmmw “‘""‘ ST
tgaaggattc c. <210> 9 <211> 19 <212> DNA <213>
Artificial Sequence <220> 19 21 <223> Descri ption of
Artificial Sequence:prinmer 5/10 m m <400> 9

aat cgacatc gctaantga <210> 10 <211> 19 <212> DNA
<213> Artificial Sequence <220> <223> Description of

m<4oogr%rficial Sequence: priner <400> 10 gttcgacaaa

caagcg <210> 11 <211> 18 <212> DNA

aatcgacatc gctaamcga 19

<210 10

211> 19
<212> DNA

€213> Artificial Sequence

220>

<223> Description of Artificial Sequence: primer

<400> 10

gttcgacaaa gtacaageg 19

<210> 11

211> 18

<212> DNA

<213> Artificial Sequence
<220>

223> Description of Artificial Sequence:primer
400> 11

tcaagcagyg attcagag 18

210> 12 |
6/10




<213> Art|f| CI aI Sequence <220> <223> Descrl pt| on of

attcagag <210> 12 6/ 10 19 19 18 <211> 16 <212> DNA
<213> Artificial Sequence <220> <223> Descri ption of
Artificial Sequence:primer <400> 12 aatggcgcta gagaag
<218> 13 <211> 19 <212> DNA <213> Artifici al

2llgedfience <220> <223> Description of Artificial
”<2 23 ﬁggnce primer <400> 1316 cktraatgaa catggtcga 19"
L 2 <211> 21 <212> DNA

<213> Artificial Sequence

220>

<223> Description of Artificial Sequencefprimer

<400> 12

aatggcgeta gagaag 16

210> 13
<211> 19
<212> DNA

{213> Artificial Sequence

220>

<223> Description of Artificial Sequence:primer

<400> 13 -

cktraatgaa catggtega 19

210> 14
211> 21
<212> DNA

<213> Artificial Sequence

220>
7/10



<213> A«tlflClaI Sequence <220> 7/10 <223> Descrlptlon

) i BB P D BN Wm.ﬁa‘mm\/ﬁ'mw%mw Jm’ﬂﬁif
tcgatgtgtt t <210> 15 <211> 20 <212> DNA <213>
Artificial Sequence <220> <223> Description of
A«tificial Sequence: primer <400> 15 21 aatgtcttct
tgmagyt 20_.<210> 16 _ <211> 21 <212> DNA <213>
<223N fi%ﬂrépéonseau"é&feél@az]o%azw ‘PELRSY ption of
- Artificial Sequence:primer <400> 16 ttgatgttgy”
tyactgaaag ¢ 21 8/10 <210> 17 <211> 21 <212> DNA

<400>2ﬁ§> Artificial Sequence <220>

gaactgatge tegatgtgtt t 21

- <210> 15
<211> 20
{212> DNA

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:primer

<400> 15

aatgtetict tegtgmagyt _ 20

<210> 16
211> 21
<212> DNA

<213> Artificial Sequence

220>

{223> Description of Artificial Sequence:primer

<{400> 16

ttgatgttgy tyactgaaag c | 21

8/10




<223> Descrlptlon of A«tlflClaI Sequence prlner <400>

<212> DNA <213> Awt|f|C|aI Sequence <220> <223>
Description of Artificial Sequence:primer <400> 18
tatcgaccar ttrttggta <210> 19 <211> 21 <212> DNA
<213> Artificial Sequence 19 9/10 <220> <223>
Description of Artificial Sequence:primer <400> 19
catca cagatttcca a 21 <210> 20 <211> 21 <212>

LN <213> Artificial Sequence <220> <223> Description

¢2119foArtificial Sequence:prinmer <400> 20 tcaaccgcnt
ctgagcgagc a 21

<212> DNA

<213> Artificial Sequence

<2207

223> Description of Artificial Sequence:primer

<400> 17

cctgtgtatg cgaagaarct t 21

<2105 18
211> 19
<212> DNA

<213> Artificial Seguence

£220>

{223> Description of Artificial Sequence:primer
<400> 18

tatcgaccar ttrttggta : 18

<210> 19

- <211> 21

<212> DNA

<213> Artificial Sequence

9/10



<220>

<400> 19

aagmgcatca cagatttcca a

<210> 20
211> 21
<212> DNA

<213> Artificial Sequence

$220>

223> Description of Artificial Sequence:primer

<400, 20

tcaaccgeme ctgagegage a

10/10
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