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'greenic;ili;i&h%opﬁgﬁxgcggh ' positive colonies which are unable to degrade

- saccharose, and then various tests to identify the biochem cal properties
are.conducted. on the greeni sh blue colonies for determ nation. However,

there ﬁbe ]?Hni{ roblens in conducting the tests' to identify the
~ bi ochen”@&f88 B‘géf‘ti es at the site of food manufacturing control because
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Disclosure of Invention The fol | owi ng test methods using genes for -testing

Vi bri o parahaenpl yticus have been devel oped so far, but ti%%%uait mf/o%ve
- vari ous—proeblens. Fer—exanpl e, PCR priners have \ “for .
~detecting Vibrio 26 January 2006 parahaenol yticus using as a target gyrB

gene whi ch encodes DNA gyrase p subunit (Japanese Patent Application -
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strai nng\a o 17802 an?%{ggﬁgﬁa f hgl(gﬁ%cu% 02{%?‘20-3?%9% Iﬁ%ﬁggéi“fii C,
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henol ysi s g_boring hol.es. on the nmenbranes of red .blood cells (referred
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~cr-VR M ' Left 1990; 55(.3):339-45). However, none of these
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particularly neutral nutation, being taken into consideration, a strain

originally to be detected cannot always be detected because anplification

may be inhibited if slight nutation in priner region dec?Fé‘%}E o6~ S

applicability as a primer. Mreover, it is feared that there may be’

m sidentitication, because the |l ack of consideration on differences with

closely related species by phyl ogenetic analysis inhibits design of a
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evol ut | ‘B RAFEREPOEC R ANSRICANE. s present | ndependent |y from phyl ogeny,
such as a toxin gene of Vibrio parahaenol yticus, that is spread
horizontally at a high frequency, cannot be used. A :a70 factor encoded by
rpoD gene t Hat additiors ¢dl tixspe adeieotignt miethodBetHRE HANE bebR HM N nicths| Rgt O
controJ ling gene expression in bacteria at the logarithm c phase, an is a

pr ot eidFieEdgn 0216 Kb D¢y fragment Ghpple Eavironh Mitebiok 6l&h)alied i At withor
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204, 223, 229, 234, 243, 259, 261, 264, 267/, 270, 384, 390, 501, 594, 597,
633, 712, 735, and 798 in the gene (rpoD) encodi ng RNA pol ynerase a70
factor of SE(;AGDH? ]ngJi n the Sferfﬁuence_ Listing. 4 26 January 2006 In
anot her aspé&Ct BF Y Esit® BRCPOHC tasupe npedhodsspngidgrsathge hacterial
anpl i fipeatdsOls aPpogiRition RRinGRTBEASRS dies ORSiSdek s Qucd B QF O €
consec&t%i ve nuclicsaoljt‘{iﬂdneos],rl contnai nrng any ﬁﬁsté{y’ggg?%e@?dlé&nﬂiddpdseeqtugn?%g @roups
of Vi #riip gsavmhddodleyt meusher aff apositdin dractedas popdlatifn . is ¥82d ad Wcorhthbn 147,
148,192,198, 204, 223, 229, 234, 243, 259, 261, 264, 267, 270, 384, 390,
501, HEHeneyPr pRprespRRtive iquencg abghg popHatige fer depieDingeRERA prignaRiA
- pol:yngpaeceO’ . 4 D Lin.the nce Listing, Qr a
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i bed
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pr obe ' >tk NG o3 hotat i dat er.ni ni or.identifying Vibrio
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par ahaenol ytir%:/us_, of_p%osi t)i{ gnﬂNgs.- 33, g% i 102, 19%%%* gg%quﬁ]ﬁ?haﬁ%‘g 192,
198, spffacient amplipationspeif@ity250¢ch 2ha; @64]0s2B7 relaed, s@8i, tha9d napl, 594,
597, 633 1 12t 735 and 798 in the gene (rpoD) encodi ng RNA pol ynerase a70
f act SFEdp2 FENOIPAH- t he Sequence Listing. . Brief Description of
Drawi ngs Fig. 1. Phylogenetie tree of the genus Vibrio based on rpoD gene
sequence .-Fig. 2 Phyl ogenetie anal ysis of food-derived, Vibrio

par ahaenol yithug {ithel prifara@ 0B Bfsh-PétsGichaie] RRBIFAEPe-amplification primers -
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Phyl ogenetic trees constructed by the neighbor joining nethod (NJ) after

anal ysis of an approximately 800 bp partial sequence of rpaD gene

determ ned by direct sequencing nethod. Strains determ d= &Y H%r i o

par ahaenol yti cus. based on analysis of biochem cal properties (the prinmary

and secopdary identification tests were -4a- 26 January 2006 perforned
n§>rt geierang.nidsatifying gud deuantisatively Aetecininyigj eid)iowpueakiasesivhas as

V. Lyt w T hyl et i that Vibri h lyti
b2 AR B s SR B oD L el perangeolytl cUe
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sequence of E. "coli strai'n ein were

‘accéssi on Nos. AE000388 and AE004138 of the GenBank database. Fig. 3

I nfarmati on on specificities anong the phyla of the nucl eotide sequences of
rpoD gene of "t'he genus Vibrio The-figure shows resul tsafter-determ nati on———-—

f th ' the phyla V, p and C-1 to 3 (shown in Fig.
D), Tol Towed By SHBRBEE Ay bt fer Dobebcafhnflurctng doscie o a poriain@niogenic hat

vibrio BROGhSEBRIY GHE RENARES, Blieet B LOMBAre £3%6n] 3 S ggg@g@?

sequence of the phyla O to 3. A section | cate

- denot esSequences of gntdrgassmegoaguenbe detectdlly BAOYE af RAPSKISA. oAV WHIAD is

it is a nucleotide specific to Vibrio

i ndi cat by | ar enot es t hat

par a'h.aé%" 19%?‘&5’&% 3&%6@ $he graugat dp addisianz A gene Gangetet: fortspeaificQlatectitn V=A
or C or;«G, G Y= s K= r T. MeEAor C S=Gor. C. WA or_ T, and
NeA or 18 Teatiré B hive o sbtricRinal: ailferan? mutleotid sSvasis g enabls liggrimigsion

al r eadyframvibleoflestseraiiitse MHLEOA th@et 9858 WlisPinade Q%fﬁ%%kﬁ&rgé@f?ﬁ@%%s of

rrpoD -gene_whi ch encodes RNA pol ynerase 070 tactor by a

sequend&VRYHAM hod. (Japanese Patent Application Layi ng Open (Kokai) No.
8-256798). (Table 1) Therefore, using the nethod,. we have determ ned the
nucl eoti de sequences. of rpoD gene of the type strains of the genus Vibrio

(purchased ¥ rambnSlichhitRss BREERALAAen IR phl Oy S0 VEL | i

par ahaenol yti cus stock strains” (stralns con Se
cont ai 8eng of d5nio peradyemslysinasythatnis kpbdad horsdoavdly AEhRBYfreddicky ERfol he

- phyl oggnet I8& r&l'?%%é %n. Specifically, test strains shown in Tablé 1 were

84S aglor pReadsAryarrol gensithat ivcetied s\ SBiget PHARMAGESEL CAL

cul tur

-Co., Limbent i g i Chy
oxt 1 ack SyISHRh S ERuMIE S Prelo m Tt S e ot rind

PUREGHNE Phteinsessaritlad forburvivaknt TRersi638 M Factol s RBropafat€Xor pRyBTDLS as
tenpl at eg and _rpoD anplification universal priners

( 5(7)% S ?(@;m Qﬂ@%@%&&%@&ﬁ Mmgmmﬂﬁgwigdmds ag aé)p_ropriz\i]te rate
S70R: ‘ _ _ escribed in Japanese
pat ont ARl L 3 S B EiSEE (SR, K3-SA9.08 Fo st dinch g dORG 49,

f ragnmeg-99f. approxi mately 800 bp (positions 334-1125 on rpoD gene sequence

of ."Escherichia coli strain K-12, corresponding to a region of positions - .

112 to 376 of an am no acid sequence) was anplified by a PCR net hod.
Anplifjication reaction was perfornmed using thernostable DNA pol ynerase

( Anpl iSnaynazy|of thedpysntien Bi osystenms) and a GENE MATE thermal cycler (1SC

Bi oExpress). 501 of a reaction solution was prepared to contain 1 fig of
DNA, 50mM KC1, 10mM Tris-HCl (pH 8.3), 1.5 M MyCl 2, 0.01%gelatin, 0.2nM
of each dNIR,oné. &abkofrafl thd 3gesed Hhvafith i s dddi . i on
condition consi st ??109\ of a??? vation (5%%1‘?%#@%8%&#) gﬁ?%“%ﬂ%ﬂ%ﬁﬁéem d, 40
cycl egersesepted i %EQ%@ZII@Of drthat genrbe Wwed fondesigninignspesific z2ae-puplification) , and

t hen at.i e i O (2C for 10.m.n) was perfarmed. Th sul ting PCR
pr odugtﬁks& PS\?\@% ‘:P? gtﬁe{%’j g%‘iégdgqlép%% aa&gr%%céeogg%s, (@é‘&'%Pfoagl?eg@fl@S é’ga?g’glé’:

Bi o\Whpatabdemioliiduscof pasitiohINbd. Gt DONER, @b%Cl410phnr €48 51900 20% T4, 2260V for 30
mn), then stained with ethidiumbronide for 1 min. The presence of

the pReSA4S. 458 26hritts A 2TA0SH4, 30Ds S0 SBACIOT: 638, 02075, end 188 an fheom ¢ he

gel , I ] Sj (.zar gnP r uni ficatd on stem
(o oo o) Bubdde RNAC bt 8 o oo} of R0, AR NG Lol R el 21 e
react Lstingas perfornmed using sequences.for sequence reaction (s70sS
: ACQACTgACCCggTACgCATgTA and s70sR ATAGAAATAACCAgACYTAAQTT described in
Japanese Patent Application Laying Open (Kokai) No. 8-256798) previously
added to the above universal .primers for -~ _‘ T

‘ . L 4 .




 BioExpress). The reaction solution was prepared to have

. rpoD gene as primers, ABl PRI SM Bi gDye Term nator Cycle Sequenci ng Ready
Reaction Kit (Applied-Biosystens) and GENE MATE t.hermal cycler (I SC :
%(}W%éoogol une of
20 111 by mixing 20 ng of DNA, 3.2 pmol of priners and 8 1 of BigDye
Ter m nat or Re%g%/%-l%ﬁacti on ¥ X. The cycle sequence reaction consisting of
heating at 92C! FBYNS0ASRER offha present tivensions thewds providaba gene abPlficationtC

-+ (corr esporiflieRgwhiRBPEshprieab V: Biisk A JACACATGTA and
- s7OsR ATX AggTAACCAgA ﬂfﬁg%‘?ﬁa?‘grcgﬁg%t@g%ﬁg %ggtg rCORSSAINVE, Juclsatides, ed.
For nucl é‘g'tt?l&@gmmb@udmmmne to Al gieRpSM VittioHMihlemo oy Z5Epdsition! | ed

26 J 2606Bi Ml tiple al t Iysi
per T or et T o Rl Dot Ei 1 1B e e 0 1E3 22007, 269 Aopcdo MbGhimens o1

pr ogr am 2¥h 3840390, 5oy 156Y] 633 r/ees7 5 t i ro-
j oi ning met hod (I\/EI. oot B e e .%%N‘g?ggﬁmf%f"%Masgﬂﬁﬁ%%
*genet i ¢ RPEDERE 0L ifectioraelo SEQ Hh NEMYL i tixo Spyutence pistigg, agn a [RofipR@SeneR¢

Ki mur a' 5st&ndc&%§8}i‘di{?%ﬂ{&{é&' (J. Ml. Evol, (1980) Vol. 16, No. 2,

- p.111-20). As a fesulT, 1t was shown that all the strains determ ned as

Vi bri o parahaenol yticus containing toxin genes (tdh or trh) and a type
strain (I FO 12711 T) together conpose an i ndependent nono phyletic group,
in the strai 8 dpthgeasgeriuef Yeppiesent (inrentiong thery is Thevidéd remeittodnis

suggest it Lken . bacteria.hel onging to.this  .phylu houl d be
det er ni ﬁ%(tjéc gjzé’vﬁgrl %altl%a agé;tggrr%fl%‘?i éruéde%ﬁgsﬂg,“r‘%h?gé’ﬂ'taﬂﬂ%@%i ﬂ‘%ﬁhad been
-1 sol at edisés thapfimeddssaripédkeraind f orm Vi bri o parahaenol yticus-1i ke greenish
bl ue col onies on TCBS agar nedia (N SSU PHARVACEUTI CAL CO., LTD), the
nucl eoti de sequences of rpoD gene were determ ned, by J)r ocedures simlar to

those used fYehanethey aepest ofihp presentdnvensionpibyteds pravided adnbcomprsings

conduct L Qure .2 . the results. 11 out of 64 strains anal yzed

bel ongeﬁ%ﬁ?%ghy rﬁ’%ﬁ%rgpbshoul d be deternined as the above Vibrio

par ahaenol yticus. To verify the results of the gene analysis, biochem cal
properties whi gel sthér dspeoibyt @R freseht oAl thidkd AprdeRind Bote? the

- primary and secondary identification tests described in the guidelines for
food i hepdetedtiog, qepeitativelntletgrminieg or identifying dibiid pambaemolytictis,Was
perforned.for each ?5 the paraneters qQf oxidase, .| actose/ saccharose

degr adat" i SamTISes 1598 Mpre epnscentive nycleotides GORNIBHAMY | i ty upon gl ucose
degradation, hydrogen sul fide production ability, indole production:

. abi | i t ynughtaties wrignelite the goonps qfyVigviocrerghdeppbises. dfnpestion Yyos. 33, 93,
-confirngg, L bd Voan! YSI d r 'S cldViLy, - S er
Coot artiZedr. P J2nld8 g2, Y58, L0300 Se5 g dhlinglh Y, 7167564

i dent.i fq ' f :

ormi thi e OOEa ey e ety TPk 728 K Ricledle CRD) BRIBTR RN Boifhite

f ermentot0l faotozlof ISBCY IID VOV hijn ciesSapugacsListingbi nose, nal tose, inosit,

xyl ose, - salicin, mannite, mannose, |actose and saccharose). In the
primary identification test, Vibrio parahaenolyticus was shown to have the
f ol | owi BgebPosomipticaof Iamimgse, positive; |actose/ saccharose degradation in
TSI nedia, no degradation; hydrogen sulfide, no production; gas generation
upon gl ucose degradation, none; indole production ability on SIM nedia,

positivg:, {n | Cldproducti.on abilJjt gative. motility, :
pOSi ti @g i’I Sgillﬂggé%\cﬂg%%xwgg &CREE V\']?’R/,gaﬁ%fsﬁl ng g%cg%%;iulgp& kauer test, -
negative; ahd -7 26 January 2006 salt-tolerance (0, 3, 7 and 10% NaCl): -,
'+, #+-and -. In the secondary confirmation test, Vibrio parahaenolyticus
was' shdig. 20 Pleylegenbtic fapkalyaid 0 foodieiiveds VibA poran@iilyiiis-1iksi dodonies
. decarboxyl ase activity, positive; arginine dehydrase activity, negative;
sugar - basadeen mrolbgenehi |ty (arabi nose, positive; maltose, positive; inosit,
© - negative;  xXypi eRRAkeNE; b GhLA, t.1 e NRJ i LV S se,
positive; | ai(;?%lgg; negglfﬁé: ogg%hé;tg@c 'a?ggeﬂ,e\i@%abgdgi gg@%ﬁg&gtggv@mgp
bi ocheanalysis of amiapptaximatel e 6@ bpdpartial seapleycel df pioTaigase dbiccminalibp dfrect
derived from food, and bhel onged tq the ylum t hat shoul d be determ ned as

Vi br i oSYSRPRAAS FaRhed.c uStrains dk&;’ﬁ’éﬁ?‘lb ag| ebrﬁpqm;-gmem@;mgg% basest on ﬁ@ﬂ}gi;p'e
j ] [ ti o A g t hat
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- accurately by analysis of rpoD gene. To establish a genetic screehing
‘met hod capabl e of detecting only Vihri o parahaenol yticus constituents, the
foll ow ng procedures were perfornmed. First, to clarify differences in

nucl eoti de sequences anong the closely related species, the -nucleotide =~
- sequences of 'TpoD gene of the phylumthat Vibrio parahaenolyticus belongs

)




to and the nei ghbor phyla were conpared,” and then positions of nucleotides
which are conserved among Vibrio par ahaem)l yticus constituents_but .differ
——fraomthose of-other Dbacteria belonging to the genus Vi br18d2 ey &00°
s identified. Specifically, a consensus sequence of phyletic group that
Vi brio parahaenolyticus bel ongs to was deternined, while the consensus

1 t 1l.to.C 3,
other ph R DAt 1Y (02 dhalteBof enidinis P4 Fiadth st Wt dterted ok by
Fig. 2 pavahbenghyticgeribid @ﬁ*yleﬁccgﬂﬁ:@ titatt TR r N Yok &1y T | bQLonFs to

par ahareﬁg[)1 t cu$ bel 8 to. Thus, ¥I ogenetically specific informa 5 on
was corf§fP éjtaéd -(FFidge 0%)‘" RWIWSP@HESNH theagenusbibgotare elassisietliions C330 593,

267, 250 5eh ndE nadh: 197 miftherfibundl of £ocel Miast Krocedd oot 11”1

the Seqhielered.iused hgrean everbaceessiam BokC ARDOOBES R APOYA 198 Of the GenBanI]]c
paraha%ngah¥t| cus belongs to. The use of a specific sequence of th IS

. phyl um i ni ng these characteristic nucleotides enables the design of
probes having high specificity and priners for gene anplification which
have high specificity and excell ent arrpl ification efficiency. -8 26
Januar y 6 n to_alwa contain
poSi ti olg(zg) alf ﬁvﬁ?igﬁﬂgﬁn ?1%& %%Plé%g gwdﬁ ﬁ*lg idEhef ?%ﬁlr??%g‘i S‘B‘i“eé‘FB%é’If y

~rel at etbdpeenesf, thegengs Vitgiducl eoti de sequence of rpoD gene conprising 15

- or nore consecutive nucleotides containing a nucleotide(s) different from

that -.of the closely related species, preferably, 20 nucleotides or nore,

and f | eati des nmore and 40 nucl eotides or | ess.
Simil gﬂ’gﬁrgbl?% e"?%ﬁx i g@esuc H&y a0 o &é’g&% cORRSTseaupRasstafohe Phyka Vahi ch

a nucpend Cde¢sB (ssoveh ff Bigeny, fBﬂ@%&'E?tho%olBg?%ﬂJ%s el ated speci es, using

the nucl eotide sequence of 'poD gene” conpri nore consecutive
nucl eoTwegpfwaﬁmmVng (the ;rhy@maahatdwsao mﬁdmemltyttfcus) oelohgt t6f: thbgowbosel y

rel ate R ref erabl 2 ucl e tides or nore, and further

pref er gﬁ? 5«‘%5 Rt & 8‘@?\{’8? Q%&E ﬁ)bt?lu%l ehtseetéen dndicated. b)FlSmaHﬂer
regi oNng¢ ﬁ&ﬁi]@aaﬁﬁprﬂqrt I r| ners and probe

cont ai nqat aa hi gﬁ f?eéuetnceptt%eégglglovsteeﬂﬁgfé%gg %%é ?8?9 PTIEPERt fa‘rB‘grﬁt’H‘f'at of

cl oselipdicetedthytlargp e aleastes fthat 1emapiuelcoa1db®le@1ﬂrmct@ntrgﬁ@| PWaRaSmoBBitys 264,
141, 147 and 148; a region contalnlng

267 a 7 cont ajinin

192, Eg’éf‘zbq(i% ’% ‘g%a’Fee’& FOrPICS A & F Ry or 3 9r T 36 A vt ©8uS; Rch ar G GY o

cont aigp M & -7 4y *Nr04; cFQL | TBRSA en S referably a

nucl eot i de spef:l tic to Vi gr?gﬁpaﬁr ahaeér‘gf’y%dclﬁs Of%- ’ég'srf’é (g'rrpl i fication
"prinmers of present inventions may be used for detecting, quantitatively
determ ning or identifying Vibrio parahaenol yticus. The present invention
enconpasses a kit for detecting, quantitatively deternining or identifying

Vi brio pasiaiagoRl |ses these prinmers and probes and ot her
reagents in cg%{l(%% ﬁ%%gﬁ% y 2006 F--F-F-F-F-F-f-t- rd ~t~rc}Nct

cm rec q0 OWVee dare ~alppadacteesi mi 20BiNpN @i3tho® Br dEerinfring! huél}:oﬁdé rror
0 N LWQ@Q%OQP W@%ﬁélwhlitlfh Iélﬂlc‘(lideIELI!{lkItholymerase o*’%O 2faczto¥ fby~a -Pclil dlrect U0
~ sequencing method (Japanese Patent Application Laying Open (Kokal) No. 8-256798).
(Table 1)

Therefore, using the method, we have determined the nucleotide seﬁuences of rpoD
gene of the type strains of the génus Vibrio (purchased from Institute for Fermcntatlon

- Osaka (IFO)) and Vibrio parahaemolytzcus stock strains (strains containing and those
' not containing toxin gene) as shown in Table 1 above, thereby clarifying the
phylogenetlc relation.  Specifically, test strains shown in Table 1 were cultured for
growth on brain/heart infusion media- ((NISSUI PHARMACEUTICAL Co., Ltd)

supplementcd with 2% NaCl at 35°C overnight. Chromosome DNA: was extracted from
: : -5 R |
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=C Oi-h~r+ X ititc*iv 00000000 OCOr "rr LfMO tf) LC) NCDr~r NGCs _.y
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I ml of the culture solution using PUREGENE DNA Isolafio‘n Kit (Gentra SYSTEMS).
Using the extracted DNAs as templates and rpoD amplificétion universal primers
(3708:ACgACTgACCngTACgCATgTAYATgMgNgARAnggNACNgT and
STOR:ATAgAAATAACCAgACETAAgTTNgCYTCNACCATYTCYTTYTT described in
Japanese Patent Application Laying Open (Kokai) No. 8-256798), an rpoD gene
fragment of approximately 800 bp (positions 334-1125 on rpoD gene sequence of

Escherichia coli strain K-12, corresponding to a region of positions 112 to 376 of an

-amino acid sequence) was amplified by a PCR' method. Amplification reaction was

performed using thermostable DNA polymerase (AmpliTaq Gold: Applied Biosystems)

and a GENE MATE thermal cycler (ISC BioExpress). 50ul of a reaction solution was

~ prepared to contain 1 pg of DNA, 50mM KCl, 10mM Tris-HCI (pH 8.3), 1.5 mM MgCl,,

0.01% gelatin, 0.2mM of each ANTP, 2.5U AmpliTag Gold and 1M of each primer.

The reaction condition consisting of activation (95°C for 10 min) with AmpliTaq Gold,

| 40 cycles of reaction (94°C for 1 min, 56°C for 1 min and 72°C for 1 min), and then

elongation. reaction (72°C for 10 min) was performed. The resulting PCR products
were subjected to 1% agarose gel (Sea Plaque GTG agarose: BioWhittaker Molecnlar
Applications) electrophoresis (O.SXTAE, 100V for 30 min), and then stained with
ethidium bromide for 10 min. The presence of the product was confirmed under
uitraviolet radiation, excised from the gel, and then purified using Wizard PCR Preps

DNA Purification System (Promega), thereby preparing a template for sequence reaction.

~ Sequence reaction was performed wusing sequences for sequence reaction

(57088 'ACgACTgACCngTAC gCA'I‘gTA and

. Laylng Open (Kokai) No. 8- 256798) prewously added to the above umversal primers for

I"pDD gene as primers, ABI PRISM BigDye Terminator Cycle Sequencing Ready

“Reaction Kit (Applied Biosystems) and GENE MATE thermal cycler (ISC BioExpress).

The reaction solution was prepared to have a final volume of 20 ul by mixing 20 ng of

'DNA, 3.2 pmol of primers and 8 pl of BigDye Terminator.R’eady Reaction Mix. The

(;ycle sequence reaction consisting of heating at 92°C for 10 min, and 25 cycles of 96°C
for 10 sec, 58°C or 46°C (corresponding respectively to
870sS:ACgACTgACCCggTACgCATgTA ' and
rs703R:ATAgAAATAAC_CAgACgTAAgTﬁﬁ) for 5 sec, and 60°C for 4 min was performed.

.For nucleotide sequence analysis, ABI PRISM 310 GENETIC ANALYZER (Apphed

H6_




Cu On0 Cn >U) 26 January 2006 Exanples The present invention will now be
further descri bed by neans of - exanpl es. However; the exanples represent.
enbodi nents of the present invention, and are not _intend@d®8Y %t the
.invention. Specific detection of Vibrio parahaenolyticus was attenpted by a
PCR nethod wusing primers for detecting and identifying Vi bri o]
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Clains 10 to 15 are Fl
DNAs exuckeotidd Sﬁqwem@smgsfﬂiustaﬂ aVnsomparen prdsgrl{a;blaadhheﬁlk{ﬂx\wog@kﬁc 4aed as

tenpl ates. Table 2 det | s about priners used. Anplification
react i S Ry g ﬁ’é’dvf?s bﬂ’ér NOSIAS| el Pérly nBicks Evehnipl 4adyo. @ol d:
Appl | edO@@S)(Sia@é@)onaﬂﬂ émcé%MEd ﬁg t&ﬂ& edcxﬁéhepﬂ(?ﬁ‘ﬁ %1 XRLCSD

av Ankf Baﬁ’f'al n

reaction solution was prépared to |nal une " of

DNA 0. pa¢kagg, andCfimtucals, 210 prvhifictes- fd@kic( H 84&) ,Evolp (1H80D G, 160- R4.2%

gel atin, (0.2 mM each), 2.5 U of AnpliTaq Gold and prinmers (see Table

3 for Bonc ration). A reaction condition consisted of activation with
Ampli Taq Gold (95C for 10 min); 35 to 40 reaction cycles of 94C for 1 m.n,

- annealing for 1 mn (see Table 3 for tenperature), and 72C for 1 mn; and

then el ongat fénar & ﬁ,oht avas7 xfofwar that nalh thes speifsordmermihadl es  Birshows

t dit
Fenct P RBABIE0S o pih e N 7 B0 e R SRR e
(agar omgethier cNhBE’ﬁ\hnCﬁHEp@@ent fabRo )phgi Rt gﬂaﬁg 01][;1%5 §trﬁ&s®f1$€FF%.£\A§lgMb%%r 30

mn), dthen ﬁialned with ethidiumbromd

confir ‘E Fin Bf ¢ NI %ge%géh@eﬁ@ﬁ{lmﬁptsl i lm!ttfrrpmb)elgﬂgmg turtﬂsr
ultra 4 n

ant | scguah Bdlebe 9%““*‘"6'39%* VYRR hasROBTCRL TRER 0 of i of

the tdwd beanaisnkatede frons coask sardpled s, fcmni Vbrtdﬁpa%nﬁe}mgllﬂ& bRchig
i AP S S B M TR W BRBITREAG 6. H5 a 15
N I‘ﬂuﬂaohldbked;ueﬁ):cd of oD kéne WeHd9t0RnALd bl procedures similar to those used
for the type strains, and then phylogenetic analysis was conducted. Figure 2 shows the
results. 11 out of 64 strains analyzed belonged to the phylum that should be
determined as the above Vibrio parahaemolyticus. To verify the results of the gene
analysis, biochemical properties were identified by performing examination according to
- the primary and secondary identification tests described in the guidelines for food
inspection. = Specifically, the primary identification test was performed for each of the
parameters of oxidase, lactose/saccharose degradation ability using TSI media, gas
| generation ability upon glucose degradation, hydrogen sulfide production ability, indole
production ability using SIM media, indole pyruvic acid production ability, confirmation
of motility, lysine decarboxylase activity, Voges-Proskauer test and salt-tolerance (©, 3,
7 and 10% NaCl); the secondary identification test was performed for each of the
parameters of ONPG, ornithine decarboxylase activity, arginine - dehydrase activity and
fermentation ability for various sugars (arabinose, maltose,. inosit, -xylose, - salicin,
| mannite, mannose, lactose and saccharose). In the primary identification test, Vibrio
. parahaemolyticus was shown to have the following properties; oxidase, positive;
lac?ose/saccharose degradation in TSI media, no degradation; hydrogen sulfide, no
,production' gas generation upon glucose degradation, none; indole production ability on
- SIM media, positive; indolepyruvic acid production ability, negative; motility, positive;

‘Iysme decarboxylase activity, positive; Voges-Proskauer test, negative; and
-7- ' '
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| 11 ltest, Wibrid darbhbermofytibus was!| shown to have the following properties: ONPG,
negative; ornithine decarboxylase activity, positive; arginine dehydrase activity,
negative; sugar fermentation ability (arabinose, positive; maltose, positive; inosit,
negative; xylose, negative; salicin, negative; mannite, positive; mannose, positive;
| lactose, negative and saccharose, - negative). The above biochemical examination
revealed that only 11 strains which had been derived from food and belonged to the
phylum that should be determined as Vibrio parahaemolyticus according to the previous
analysis of rpoD gene were determined as Vibrio parahaemolyticus. Therefore, it
was shown that Vibrio parahaemolyticus groups can be distinguished and identified

accurately by analysis of rpoD gene.

To establish a genetic screening mcthéd capable of detecting only Vibrio
parahaemolyticus constituents, the following procedures were performed. First, to
clarify differences in nucleotide sequences among the closely related species, the
nucleotide sequences of rpoD gene of the phylum that Vibrio parahaemolyticus belongs -
to and the neighbor phyla were compared, and then positions of nucleotides which are

- conserved among Vibrio parahaemolyticus constituents but differ from those of other
_baéteria belongihg to the genus Vibrio were identified. Specifically, a consensus
sequence of phylctib group that Vibrio parahaemolyticus belongs to was determined,
while the consensus sequence was compared with those of the cluster C-1 to C-3, which
- .are other pyletic groups of bacteria belonging to the genus Vibrio as shown by Fig. 2 to
be phylogenetically close to the phylum that Vibrio parahaemolyticus belongs to. Thus,
phylogenetically specific information was constructed (Fig. 3). It was shown that
nucleotide positions 33, 93,7 102, 123, 141, 147, 148, 192,7198, 204, 223, 229, 234, 243,
259, 261, 264, 267, 270, 384, 390, 501, 594, 597, 633, 712, 735 or 798 of SEQ ID NO: 1
in the Seéuence—rList-ing are characteristic -in -the phylum Vibrio parahaemolyticus -
belongs to. The use of a specific sequence of the this phylum containing these
characteristic nucleotides enables the design of probes having high specificity and

primers for gene amplification which have high specificity and excellent amplification

efficiency.
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sequence of rpoD gene comprising 15 or more consecutive nucleotides containing a
‘nucleotide(s) different from that 6f the closely related species, preferably, 20 nucleotides
or more, and further preferably, 20 nucleotides or more and 40 nucleotides or less.
o Similarly, probes can be designed to always contain a pbsiti-on(s) at which a
nucleotidé(s) is different from that of closely related species, using the nucleotide

- sequence of rpoD gene comprisingl5 or more consecutive nucleotides 'containing a

nucleotide(s) different from that of the closely related species, preferably, 20 nucleotides

" or more, and further preferably, 20 nucleotides or more and 100 nucleotides or less.

Further, regions that can be preferably used to prepare the primers and probes
~contain at a high frequency the above nucleotide(s) different from that of closely related
rspc.cies, for example, a region containing 259, 261, 264, 267 and 270; a region
| containing 141, 147 and 148; a region containing 192, 198 and 204: a region containing

223, 229 and 234; and a region containing 594 and 597. For primers, the 3’ terminus is
preferabiy a nucleotide specific to Vibrio parahaemolyticus.

The gene amplification primers of present inventions may be used for détecting,
‘quant-itativcly determining or identifying Vibrio parahaemolyticus. The present

invention encompasses a kit for detecting, quantitatively determining or identifying

 Vibrio parahaemolyticus which comprises these primers and probes and other reagents

in combination.
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Examples

The present invention will now be further described by means of examples.

However; the examples represent embodiments of the present invention, and are not

intended to limit the invention.

Specific detection of Vibrio parahaemolyticus was attempted by a PCR method
using primers for detecting and identifying Vibrio parahaemolyticus shown in Table 2.
In addition, primers described in Claims 10 to 15 are F1, F2, F5, F6, R1 and R2,

respectively.  Chromosome DNAs extracted from the test strains shown in Table ]

- above were used as templates. Table 2 shows details about primers used.

Amplification reaction was performed using thermostable DNA pblymerase (AmpliTaq
‘Gold : Applied Biosystems) and a GENE MATE thermal cycler (ISC BioExpress). A
reaction solution was prepared to have a final volume of 20 pl and contain DNA 0.1 1 g,
50mM KCl, 10 mM Tris-HCI (pH 8.3), 1.5 mM MgCl,, 0.01% gelatin, dNTP (0.2 mM
each}, 2.5 U of AmpliTaqg Gold and primers (see Table 3 for concentration). A reaction
condition -consisted of activation with AmpllTaq Gold (95°C for 10 min); 35 to 40

reaction cycles of 94°C for 1 min, annealing for 1 min (see Table 3 for temperature), and

~ 72°C for 1 min; and then clongation reaction at 72°C for 10 min was performed. Table

3 shows primer combinations and amplification- reaction conditions. 5 pl of the
reaction solution after amplification was subjccted to 2% agarose gel (agarose S:

NIPPON GENE CO., LTD.) electrophoresis (0.5xTAE, 100V for 30 -min), and then

_ stained with ethidium bromide for 10 min, followed by confirmation of thc-presence or

- absence of amplified rpoD genes under ultraviolet radiation.

Using 4 types of sense primers and 2 types of antlsensc prlmers that is, 8

'combmatlons of primers in total DNAs of the test strams were screened. Thus, only

the DNAs belonging to the phylum that should be determined as Vibrio

. parahaemolyticus were positive (Table 4).
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-18 26 January 2006 specified in Caim2. Caim10 The gene anplification |
primer of claim2, which conprises 5'-agarcttcgtctgactgatt-3', or a

copplenentary strand correspondi ng
prinmer of claim2, which conprises
conpl enentary strand correspondi ng
primer_of claim2, which conprises

thereto. Claim 11 The ¥dwearsa¥bi fi cati on
5' - aagaagacct agaagatgat-3', or a ‘

thereto. Caim 12 The gene anplification
5' - cagcwgcgccaaccgcgact-3', or a

tirand correspondi ng thereto. C aim 13 The gene anplification

~conpl grmepl gr
primenq ¢#[iqlialim 2, which conprises 5'-ctgarctgtctgaarctcaa-3', or a
conpl ¢nght dry Isfriand corresponding thereto. C aim 14 The gene anplification
primet @ ¢l pijm 2, which conprises 5'-gttaccagtgaatagggca-3', or a
conpl 3rrertl§f|‘ yl13{rfand corresponding thereto. Caim1l5 The gene anplification
primef @ ¢lhpifn 4, which conprises 5'-attcgttaccagtgaatagg-3', or a
conpl g tarly jsgrland. corresponding thereto. Caim16 A nethod for :
detectijmg/ tﬁUahtli tatively determning or identifying Vibrio
parah*ae | ytli ¢us,| which uses the prinmer of any one of Clains 2 to 15. Caim
17 A Ki|&|cbnpligiing the primer of any one of ainms 2 to 15. Cdaim1l8 A -
probe figfl ddt etitliing, quantitatively determining or identifying Vibrio
par alg | vtii €ys{ which conprises 15 or nore consecutive nucl eoti des
cont gPpicpg dny | mucl eoti des, unique to.the groups of Vibrio
par akaeﬂoﬁ;}ti:&é of position Nos. 33, 93, 102, 123, 141, 147, 148, 192,
198, |2¢4l 2 299, 234, 243, 259, 261, 264, 267, 270, 384, 390, 501, 594,
597, [6p8] é 7/B5 and 798 in the gene (rpoD) encodi ng RNA pol ynerase a70
fact.or @' HNO 1 in the Sequence Listing. Abstract To prepare
hi gh{ ppHFerfenée specific gene-anplification primers for detecting,
quant i t§tlﬂ)y | p termning or identifying Vibrio parahaenol yticus having
| ow pogdi Ibi | of ms-identification and practically sufficient
ampl | figatt+pr—efficiency and anplification specificity. W have
det ef 5‘?1! tihe] fucl eoti de sequences of rpoD genes encoding RNA * pol ynerase
[err] | cfjof {of type strains of the genus Vibrio and of stock strains of
Vi bri @ cpa'an% | yticus (strains containing and those not containing toxin
geng) ;| 2l ldi gd the phylogenetic relation, and identified nucleotides
whi ¢h [&F €] dh@rfagteristic in Vibrio parahaenolyticus, thereby enabling the
desijgn spf! gr pbeg cont ai ni ng them and having high specificity, and priners
forajg =|ja' alrrb §iftif cati on havi ng high specificity and excellent anplification
ciéhdy] p6 January 2006 SEQUENCE LI STI NG <110> Ni chi-rei Corporation
K)> Bdgn{ifilchti on of V. par ahaenol yticus <130> PH 1546- PCT <140> <141>
>{@P |<1703 Patentln Ver. 2.1 <210> 1 <211> 807 <212> DNA <213> v.
h rytjrgup <400> 1 actcgcraag gcgaaatcga cat cgcaaaa cgcattgaag
t BEft 3a| clcqapttcaa 60 tcgtctgttg ctgaataccc tggcactatt ccttacatcc
gaorclmaRis|oigbgcagaag arcttcgtct gactgattta atctctgget ttgtagatcc
ab ca%éﬁ%@':%aaccgc gactcacatc ggttctgarc tgtctgaarc gaggaagacg
aaghagdcet| dghagat gat gaagaragcg atgacgattc gaagaagatg taggtattga
ycepgaget-+-geyd)t t gaga aattcaacca acataccaaa atcttcatct agcgatcaat
gagf gcgoft| dcpacagecc ) ' o o '
® | & gl df g al
o & %] 8] & &
£ | eglelygls
HEEEENEER
S S 5 Y D
E .
E L
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3 |3
E
5 |2
B E EEE
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I =
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tgataargtt 120 tgacgct gaé tcaattagaa agatgaytcr gctacgcagc gaaagcaacc
180 240 300 360 420 1/5 gttgctaacg .aaatgatgct gaccacct ag tgaacgaact
at catgaagt_ctgtggttga actggtaacg aatcaagtga ..gct gagaaad®{Erant’yt aa

att gaagaag agacatntct rgacgtattc .tcgyacwgca atacggcaaa tgcatggcta

- cgaagaagag aaacgtacar aaaacagttc 480 agaacgtttg 540 tgccctattc 600
caagccatac 660 gttaaaaatg 720 tcgcatgtct 780 atcggtgaag cgaaagcacg
ccgt gcg Indisdetal A ppAthbtic 07 <212> DNA <213> Artificial Sequence aaagaattcc
atggatcgcg atgccgaaga gacgagatcc atccgtcgtt aacattaaag gtctaacacc

ttcgtactca dhecgobygene prgrat ahdaprobeniof khk afressht dheagRmarc2 28l lef2 43>
Descri pt)tl on of Artificial Sequence:consesus sequence anong Vi biro spp. ot her

t han Viigf % ° ﬁ&&ﬁr?BP?t‘i“i?Héacéf4}€ﬁ3‘-ﬁu§e &kt faya dipen cdignedgbaseticot at gidrgugh

ct gaat §a8& st SARGC acvrc chccr crg gawgaagayg

awgaagacgft st gar agggﬁg @&g&gg[% éelag%ét W@a %éﬂef?i"ly“c”“" by~ which
improvement of the specificity has been studied. Thcrefore, the rpoD gene primers and
probes are of great advantage for direct detection under conditions where bacteria are

not isolated from food, and allied bacterial species exist together.

Free text in Sequence listing

SEQ ID No.s 9-12 are primers.

Present specification incorporates by reference contents of specification including

¢laims and drawings of patent application number 2001-235806 filed in the Japan Patent

Office on August 3, 2001 on which priority is claimed.

17-




gt wgcwaayg arw gat gct gaycacytag traaygaayt 807 catcgcaaaa cgtattgaag

“aaggt attaa ccaagttcaa 60 wggyacdaty ccrtacatyc wacvvgacctw at. yt C\/\gght

racrcacaty ggttctgarc tgatgangac_gaagawgyd ycc;mga.rytd

wgcaat caac garyacggyt agacgtatty nrngarttyc rcgyacnkcd at ggatcgyg
atcatgaark cwyngttga atacggcaaa atgccgaaga 2/5 ttgagcartt ttgthgaycc
tractgaat ¢ tgayaargtw 120 wgaygchgay 180 tcagytagaa 240 aygayrrykm

wgat gah@'@%‘ﬁ’.oo aat t caacca rctacgcagy 360 ayravagycc0 gt ctracrc;: 540
ttcgtac tcrpttyat ka cracm 420 a 480 arcgyy

yger ct gr@a’@gg B %%g{ﬁ%{{%yoa%afg%neaﬁ?ﬂjﬁﬁ?&é%g&mé@i) g ttie ‘g%?figf@r rtyy
{ wkcut RO CGRERRS SR nICARNIGIRN. YRARGA! ;sgg@eqaa%fcha%&gaf&%xt any

caat crct aar ctaaar at g7 attgdarrahg aracytntc amyt wcar aacat'yaaa

acat cagmc@tomdvattgﬂqﬁemmﬁtmgpgaﬁgfbr@wmwﬂmc l@B%mﬁ%ﬂfméﬂ 33<2)1:,1> 20
<212> DNA <21 haenol yti cus <400> 3 agarcttcgt ctgactgatt <210> 4
<211> 282 @312191 <12‘§83=9% l%aﬁﬁﬁa%}ﬁ)ﬂ@& 33 245085942612 a4 g2Eh 12789384 at gat

- <210> 3gp< 53%03%'5%;3@ 7%3% % gf%l@ptgéagggg E%g%codmé%f& pofye}ggr\ggg gee e

aaccgcgact
- ©70 factor of SEQ ID NO: 1 in the Sequence Listing.

Claim 2 A gene amplification primer, which comprises a strand consisting of 15 or
more consecutive nucleotides containing any nucleotides, unique to the 'groups of Vibrio
parahaemolyticis, of position Nos. 33, 93, 102, 123, 141, 147, 148, 192, 198, 204, 223,
229, 234, 243, 259, 261, 264, 267, 270, 384, 390, 501, 594, 597, 633, 712, 735 and 798
in the gene (rpoD) encoding RNA polymerase 670 factor of SEQ ID NO: 1 in the
Sequence Listing, or a complementary strand corresponding thereto..

Claim 3  The gene amplification primer of claim 2, which uses a region containing
at a high frequency positions unique to Vibrio parahaemolyticus as specified in Claim 2.

Claim 4 The gene amplification primer of claim 3, which comprises a strand
containing nucleotides of position Nos. 259, 261, 264, 267 and 270 of SEQ ID NO: 1 in
the Sequence Listing, or a complementary strand thereto. _

Claim -5 The gene émpliﬁcation primer of claim 3, which comprises a strand
containing nucleotides of position Nos. 141, 147 and 148 of SEQ ID NO: 1 in the
chuence Listing, or a complementary strand thereto. _

Claim 6 The gene amplification primer of claim 3, which comprises a strand
. containing nn'éleotidcs of position Nos. 192, 198 and 204 of SEQ ID NO: 1 in the
Sequence Listing, or a complementary strand thereto.

Claim 7 The gene amplification primer of élaim 3, which comprises a- strand
~containing nucleotides of position Nos. 223, 229 and 234 of SEQ ID NO: 1 in the
| Sequence Listing, or a complémentary strand thereto.

Claim 8 The gene amplification primer-of claim 3, which compnses a strand
contamlng nucleotides of position Nos. 594 and 597 of SEQ ID NO: 1 in the Sequence

. 'Llstmg, or a complementary strand thereto.
* Claim 9 The gene amplification primer of claim 2, wherein a nucleotide at the 3’

terminus is a Vibrio parahaemolyticus-unique nucleotide having a -position number
£ 8. .




X

<213> v. parahaenol yticus <400> 6 ctgarctgtc tgaarctcaa <210> 7 <211> 19
<212> DNA <213> v. parahaenol yticus <400> 7 gttaccagtg aatagggca <210> 8
<211> 20 <212> DNA <213> v. parahaenol yticus <400> 8 at £édreac¥0@agt gaat agg
<210> 9 <211> 44 <212> DNA <213> artificial sequence 475 20 26 January
2006 <400> 9 acgactgacc cggtacgcat gtayatgngn garatgggna cngt 44 <210> 10

<211> 23, <212>. . <213> artificial sequence <400> 10 acgactgacc

cggt acgc%ccﬁgl."%é@%o> 11 <211> 44 <212> DNA <213> art|4f4| Cl2i.|0 siczq.uence
<400> 11 agipaa g a : 1 C at vt cyt. tytt . > _
<211> 23 qg%%g>q%ﬁm @%Sg&g%t ?Pﬁ%&%ﬁﬁé}éq gg@% %dﬁglﬁ ta gh‘:}t agomprises
ccagacgt seaggtdttcatetgactgatt-3', or a complementary strand corresponding thereto.

Claim 11 The gene amplification primer of claim 2, which comprises
5'-aagaagacctagaagatgat-3', or a complementary strand correspending thereto.
Claim 12 The gene amplification primer of claim 2, which comprises
S'-cagcwgcegecaacegegact-3', or a complémentary strand corresponding thereto.
Claim 13- The gene amplification primer of claim 2, which comprises
3'-ctgarctgtctgaarcicaa-3', or a complementary strand corresponding thereto.
Claim 14  The gene amplification primer of claim 2, which comprises
S'-gttaccagtgaatagggea-3', or a complementary strand corresponding thereto.
- Claim 15 The gene amplification primer of claim 2, which comprises
S'-attcgttaccagtgaatagg-3', or a complementary strand corresponding thereto.
Claim 16 A method for detecting, quantitatively determining or identifying Vibrio
parahaemolyticus, which uses the primer of any one of Claims 2 to 15.
Claim 17 A kit comprising the primer of any one of Claims 2 to 15.
Claim 18 A probe for detecting, quantitatively determining or identifying Vibrio
- parahaemolyticus, which comprises 15 or more consecutive nucleotides containing any
nucleotides, unique to the groups of Vibrio parahaemolyticus, of position Nos. 33, 93,
102, 123, 141, 147, 148, 192, 198, 204, 223, 229, 234, 243, 259, 261, 264, 267, 270, 384,
390, 501, 594, 597, 633, 712, 735 énd 798 in the gene (rpoD) encoding RNA polymerase
70 factor of SEQ ID NO: 1 in the S'equcnce Listing. |
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