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(57) Abstract: 1t is intended to construct a high-performance specific gene amplification primer for detecting, quantifying and

identifying enteritis vibrio which has practically satisfactory amplification efficiency and amplification specificity and shows a low

possibility of judgment ercor. The base sequences of RNA polymerase @70 factor rpoD genes of a standard strain of Vibrio and

enteritis vibrio. stock cultures {a toxin genc-containing struin and a toxin gene-free strain) are determined and the systemic relation-
- ships among them are clarified. Thus, bases characteristic to entéritis vibrio are identified and a highly specific probes having these

bases and a gene amplification primer having high specificity and high amplification efficiency can be designed.

{57 Exfa

CBHEOTMRAEAE< . AORM A B RENEE MRS R e
T3, HHERBACTULORL - FH - FEMSATETRES S
1R—DHEMT B, - o
ARUESI. CTUARBEEBHRRCBEE 7 ) 4 85 5k (5 R
T RATHK I RATH) O RV R U A5 — 0 70 BF rpod 457 Hi K2
S, TORKBRETUSMIC L. BAY T U F o522 = Fl
EL. CNEBUEBREEHTET0—T, REEHRMEH L 7o
'mmﬂ%m@nnﬁﬁ%mmmjafvu%%ﬁja;a&ﬁm&Lto

A

WO 03/014393 A1




At the site of food hygiene control, Vibrio parahaenolyticus is currently

tested based on biochenical phenotypes.” According to th§6h5§ eﬁﬁ%on.
——guidelines for food hygiene, test sanples are inoculated and.cultured an
TCBS agar nedia so as to obtain the thus forned greeni sh blue putatively
positive col oni es which are unable to degrade saccharose, and then various -
tests to identify the biochem cal properties are conducted on the greenish

. blue colonies for determnation. However, there are nany pro:_b,_l ens in .

- conductfing $hent ehventbp | L fyeth i ochend.cal. propertiesat the site of.
food manufacturing géntroﬁfégfé%%ufs(% ﬁ?gécﬁélgt sr?def’!é&ﬁ{‘fﬁ ea’éf’tcc tnghdgbrio
t echni geeshand!yigs esing Qe (1D 5BBreRBENCBAR: R ’ rgget. the
defects of the st’andar(% testslﬁt oji g@%ti fy_tche t%i o}g%e%lylg@lcr%rggg@r%c%f
devel opnment of a test method using genes has been attenpted for the.
pur pos f. ect.i and identifying Vibrio parahaenol yticus accurately,
rapi dl ?egaﬁ%(a?’f’?’?ﬁpﬁgg“ O?ghedd“é@{‘%%%re of Invention The fol |l owing test nethods
‘using.genes for testing Vibrio parahaenol yti cus have been devel oped so far,
but they involve various problens. For exanple, PCR priners have been )
“devel opddicidoof lefimadntiog Vi bri o 26 January 2006 par ahaenol yticus using as a
- target gyr.B gene which encodes DNA gyrase p subunit (Japanese Patent
Appl i cati on '%\‘i/i PHgS@ennywBioa )rehges 08 2627 88:1d App| -idxaitifiyidg * BAdi rtegirpnt al
. M crobiel.ogy .64 2. P.681-687).. However, the prinmers are. prepared-
by assniradaganBins ¥ e BRGTaRRY hing, Boneos it BHICHIAF e S OVE DGO
- par ahgeirakyémelaast F aHe plsintlitSBRHM Fe MR iCaahdhi]! &b I GUS St rain . _
- ATCCL17749 as specific, as-a rle_sul t1 o?cseegufeén%g—hgﬂrlllgﬁyfé%$ra%1§}¥d et"é‘gylﬁ‘ﬁ- the
gyr B (eMetesting déric pagthaenstyriiun thatncaisbe fookb poisoninBeinhi MRASndIaesqipt  been
__preparged bfghed ,ogjdtgehunder standing of the phylogenetic relation of 'the .
" genus SO Wit s, fgldy ob fbe ipaesgyt EVGBHEN dagludat dood prodessingt hebliahgatlotind ¢
'speci fd}ﬁij(gaylgb%rﬁgﬁj ®&fine Al so reported is a detection nmethod which uses a .
PCR nmet hod. using as a target toxR gene that has been found as a gene
controlling a. toxin gene of Vibrio cholera and known to be present also in
Vi brio par haengl yticus - (Journal of Cinical Mcrobiology. 1999 Vol. 37
No. 4, PREEFOMAGAC However, sinilar to the above detection priners using
gyrB gene, RERLPLH ' X r.e repared by .conparing the gene
sequences of each ésrt%?Z?él)J B?Ei\??%r%?‘g"”gfaﬁ’é%é%_ P‘f/fe‘féé’l? i -dS\VBFFBtIE%‘%ﬁ‘@} a,
whi chbaseel peltEbcheahiyald phéminypds! 0 RBEInPtBCIheARPECHIW biideARS FiEPoo
assungng_ as Vi bri o _parahaenol yti cus-specific sequences, sections of c{he
~nucl e8YFI§8S, SelgtremRles armocplateddanid evltmed ot WERS tgve mediasbr i RSobthBNCE,
-t hese IWE St Srhay t -peen prepared based on the understandi ng of
t he phﬂ&{{gggrfg?l C .glg?lé§ﬁobnl{}%§§%§v8]ﬁp P?Pgtwef 6% “beén‘@lc")@@cﬂ%r‘i‘éé'?l_cs‘@ degradet he
r angesathaoee,i dridcihey viagiouh &2 o idil) ShObliRh A0S grr%é]é}ﬁ&.e F{escoanr?:l%g%r

detection method noticing a toxin gene of Vibrio p aenol yticus
(Japafe&e preenish biysprolonies dor detpimipatpen Hesleaey, thitre afe 39 GRdbleks inS | ONg

~known__ that Vibrio-parahaennl yticus.is divided into.a.type having a toxin .
(Ther%%ngtaggP% rglﬁ-gc@?s tﬂaé‘fﬁﬂ“ﬂi the '%E%hewwaéhpm@@qu_ﬁnwgiﬁg bf/ fooding -

.hQ|'_'Q%haﬂﬁfaﬁﬂﬁiq%w,eﬁé&hsé ‘ﬁ‘iie teéts:.réqui}e accomplished ~tedhﬁiq.t_1‘és' and a g_feat ‘
. deal of time and labor. In order to correct the defects of the Staﬂdérd tests fo iciénfif_{r |
the biochemical properties, development. of a test IIlchhVOd uéing genes’ has‘rbeen"
: .a;tcmpted for the purpose of detect_ing and identifying Vibrio parahaemolyticus |
" accurately, rapidly and simply. R

Disclosure of Invéntion o
The following test methods using gcnes for testing Vibrio parahdemolyticus
-+ have been developed so far, but they involve various problems. |
| - 1_?701"-‘ examiplé, PCR :-'pfimérs_ bave been ':dcveib';ied' | t;or': dctectmg Vibr:o
‘ SR S - , : . o



~detecting a 0.76 Kb f ragment

bl ood cells (referred to as Kanagawa phenonenon), and a type having no such

toxin. In.addition to TDH a recently. found toxin is TRBd{ TDH J.el ated

- haemolysin—FRH) whieh—-s very sinmilar to TDH and_causes no. Kanagawa .

- phenonenon but: causes diarrhea .(1988:. Infect Inmun. Vol. 56, 961-965).

PCR priners have been devel oped for specifically detecting tdh and trh

genes ené:r%(f'l;i Q}gﬂ% ch taxin-that is thought to cause the pathogenicity of -
3 YT BRI08 (MFap ARiESk BIER faneAlBichcardodas LHYA rgyr@sefl subkiokai ) -

- Vi brio ‘paraha
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deri vedEdviommemnali Miorebidloget Wal.64, PRSSEPHENBHYC Hxdver IBPRE prishdd§ €k he
total cell count of all -2726 January 2006 consfituents of Vibrio _

par ahad¥BP3Fed chiE 4sseming sgctéeansaiofissequancesosdeels ae Hiffdrentg®Bevded Vibrio
consi der i rf.ant at. t ite of food hygi ene control, the inspection

* gui del i ﬁggh‘feg;foqyt%%d“m}@i‘gﬁgér Lﬁﬁﬂ éﬂé) JabTIRgaiginsi irus ot esim AT G L T 4SS as

r egar dlggssfief at e : in. .Accordingly. detection

ot nods T paricy i ASreRiR T GuRlcq ARTPRE GoRlud B 'al WEURBRORARIT Bk GG have

no conpteimbi |Intothed words] tedatideyaiavedivoe Wobs Propafed BAREGnWRe UnACHRIH A

exam n,aEL)i on, so that such detection nmethods are inappropriate as a "
det ect ARG REYIogeRsT redaitanonl Hia BervsaVilirfee besedeonthd gpdB byas eopienoat ol . As
~descri ) ~ethe .practical use aof currently available prinmers for '
_det ect Pﬁg tl&%ga%:ége?r{tspg?ﬁﬁgy WEBAFE- péﬁﬁ‘?\é@?ﬂﬂ i @dg‘:t‘i’célan@#ﬂﬂéﬂéﬁh uses ,
Getect | ng a0 10 K ENA | CagroHR Eonc] e Rer Bih RERH SEPBICEMRNAES 1O
61( 4) : toxin gere Pf Kibrtid cholekaawd kihomat icobs prdsatit hiso SREGhAD ([’p’ﬁrhh’aé?ﬁcﬂ§ﬁfus in.

. Mibrio such as tlIh (Thernbl abile

arahaenpl yticus or. henolytic factors, as tln Dl -
haenol 95}’5“.3 Bg?ﬁmi&%%(&%gﬁl 19899%01.\}Xf| Nogd, id 736b1 77andHowe verpisimiys
M cr obj o tiaD (33395 : : ne.of these. nethaods have
been provsd To barasiiar raimdr ulrd et BURKR pORORIRect AR, Freonde wha
none qirepirerh tpanolnparing i pynaisaghented BE cail Qrain 6V 3uHA | Qthd%w@ﬁFc%Ei bed
above, opy of tge genetic testing nethods considers thafp bacterial =~ -
speci"é@" ‘&‘."adb’ Hh Jtghaegsiaivendiston dram eatl ethsr aynongrphyda,rand deh i de
seque Sprh,ad, N : 0 be a.penber of a certain.bacterjal .
popul git% .ggﬁf“.g? atsjsiggplgsp %%?g%ryﬁglﬁ’hg%ggﬂ%ﬁgg SSHUEAGEE FRions 0% (he auglseide of

t he popgbatcesihdtodre diffe@nt BYWRGR MEItRRY StrainkOVEYSSe, tHERHAMLAL AR alwgi ch is
rapi dl}%’; %ccurml ated by nol ecul ar evolution, particularly neutral nutation,
bei ng TCLRERN PHPGTebbased ongthp swderstanding of rd phylagénetiv aeltion dakat brdhcannot -
al way ec. e nplification. be inhibited if slight. - ‘
‘nut at ?%%ﬁi%%%rsl%hggn#ééﬁgﬁgtdglg r ggggaoatlaiﬁ:ﬁcffg‘géi 15 {lgglggr- a W threpthendiaadyer , it
i s fealied jshatothdiedacton BROBE ndabhist i GBLi t ;
consi deration on di f?e_r’ ences with cl gsel y rngP?%éejgﬁ?gg)??e‘ts]‘ﬁgbg%ﬁ?/&%ﬁ'gneti C
anal yéiapapeisi Batent Appligptionf LayipgiGmon (Hokaiy Nos uf-29%4880t Brgllohp Galovan - -
-speci fici . such, t-hat, an .cl agsel.y rel ated strain that :is not .. originally-a- .
Ctar geﬁa?sﬁ%xé? &t Ehpemplypicus ag, “ﬁf‘é})éﬂtaﬁ GRedRvHIEh e (Shermmstable dgeetf i ¢~
" gene- aggthélvk GRS Ha 1A : tecti-ng, -i.dentifying and .
* quantitat iﬁ\yg_ly'-d]gltq)eﬁ&rﬁlﬁi?r%ﬂ%?#?y ég&ﬁg@%ﬁ‘{‘@?‘&gs@ﬂ h‘agvi%r?ﬂlbéia.'}fﬁo. e’FFr&' C

backgblweddcellsr (refeeeidf focdst Kand gawappls@ioaidniohy, 4Hd &1 ?ﬂa@ﬁﬂ&ih irﬁﬁ&ﬁé?ln.hox‘?ﬁ'd

It
practi_cal ly. sufficient anplification efficiency and specificity has been

requi fp gddition to TDH, a recently found toxin is TRH (TDH related haemolysin: TRH)
| ': ) which is very similar to TDH and causes no Kanagawa pher._lome_,nbn but causes diarrhea |
" (1988: Infect Tmmun. Vol. 56, 961-965). PCR primers have becn developed for
| speciﬁcally detecting tdh aﬁd trh genes encoding.each toxin that is thought to cause the
.'pathogexiici_ty of Vibrio pa-}-ahaemolytic‘us (Japanese Patent Application Laying O;)en '
{Kokai) No. 4-293486). However, notfhll’_éonstituen‘ts of ?i_brib. parahaemolyﬁcus
‘ possess such a toxin gene. = Most cons;itﬁcnts of Vibrio p_'qrahaémolyticus'dcrived fro_m '
. .ghvirohiﬁentLactﬁélly.posrses_s"‘nb _s;uch toxin gene. Sincél:m—e‘ ltc.)ta'-l ‘Vcéll count o'f'%all'l_" S
L . : . :




To establish a method for specifically detecting a, gene of a certain
phyl ogenetic group of bacteria, it is required to collect and conpare as
many as possi bl e nucl.eotide sequences of_an _organism gr ;’f“’t“"ﬁﬁ?@@t ected, |
and of an organi smgroup which is phylogenetically close to the group. In
addition, a gene targeted for specific detection is required to have a
sufficient L% di ffel?’_gn_t nuc| eoti de sequence to enable discrimnation from
the cl GOBYTMUERES fi Kjago pprglacmplyticuseincliuiies siains Khepessensfid tixéntgeyeriapi d
rate o til r...2a gene ich is present. independently from
phyl ogfgcr)ll;ll&,%gl{?g 1‘:@5&%&’%&&% Sléeeﬂpe?%?d W%’FF% Cﬁﬁgﬁﬁégﬁﬂﬁﬂsﬂg% Buidetries fog pr ead
hori zofédl hygadneardlu@b @i SnsYo ;%Bﬂﬁ)émolgﬁcéks?ggar&e'ssa%?.tim@céx%ger?chOded by
rpoD gene that is used as a target in the present™ Invention is a act or
cont r orbsenge geheoxdnpr dssomimgly, Beetdon amethotifiefol agasiinhpéne, PRBRS, nafe S a

protein essential for survival. Therefore the factor is appropriate for
phy| ogtapPEodughion Ahiltypulga have pa comepasibdlityi with stangdeed ynethodmavhich are

Boct or Pt o BREhRAOARRLERL 0B\ ol A geeptTucthi b ghporapriatian sy
Summar getoétibiand n¥@itificalion in@R& a8 BRCtObe Ehsd BE%%?%%%&MFNAP ’&esérﬂ?{)de s

provided a fragnent of a gene represented by S that ¢can De used

for dehayi e deaticnl asg@iecuarmkyf acaitabbm priprerseios datecpingbasl idditTling

conprises. an ucl ept.i des,. uni.gue to the groups of Vibrio

paraha%ﬁﬁ'loﬂ ’88%‘?"’%&“885‘?1‘?%‘%%6%‘: 33, 93, 102, 123, 141, 147, 148, 192,
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 SH@ dddififh td thesetdetechionusRtnds) tiehé Mave hed r%}%}kb@“-ﬂaeﬁﬁﬂﬁ fo?
anot he({e&%?ioect of the present invention there is provided a gene

anpl i f ngna 0nfq K8y DN fragmeninfrhprle Enyitony Migrabovls i6d (4)nkp 10£13) owithor e

conse i i - iRl n ny .n eotides, unique tqQ the groups
o Vi BB GnHaLRORS BF s GBIl I RO i (S g Tgismofsiis o hematytlc 147
148, ¥8&ods)8uci2Bdilh PRermdd&hileddmoldsin: RaY, i , ' 66 390,
501, 594, 597, 633, 2?12r 735, and. Aein: £ tﬁé’%’gi‘#é’?‘(ﬁ?%*f[%%éﬁgﬁg?hgém

pol yrn?ﬂés‘é"é?ﬁ fEEMSr Mierogind Lest L9901 $H(3):R89-88hue floavevest howg: off these

] i o h [ f th
CorDL SO M LA RS N 0B oot P ELBTEBB 2, U
quant inbié by elem 681 bé HbAMEUS 4tdROLHE ¥E BeauMid.i 0 par ahaenol yticus, which

uses the priner described herein. In yet another aspect of the present
invention, there is provided a |it conprising the prinmer-asdescribed

herein. In é%td anolgr’u‘l‘jnlerb aspect off t he g(réqesent invention, there is provided a
probe for SStEETING 22QUENRIRCAH the Bgneflt Kt imihests qamsiders Yiah hacerial o

par ahagielest 116 USpopMiiiidh & ok s Of; : e iLve: nucl eotides

contai ni ng any n%cﬂlﬂgoti de@?ﬁgaﬁgeeé%%o?ﬁ% ’ogggs‘lo@%(bt?qeoyequence oF %

par ahstexin| assumed to die pomniticofNosertAR, badrial Populkiiadn is Iddd ad 4/ codddn 192,
198,204, 223, 229, 234, 243, 259, 261, 264, 267, 270, 384, 390, 501, 594,
597, ¥EYONGE ST Epresepiayg seAuencs glthe pepwptior fendiesignRYAPER prisrease a70

. f.a‘?t_ QHOQEvégQg&Q '}Qlta&oﬁ,n wHig %@q}'aeprf&ﬁ/ Iﬁicglgrim?l%ted by molecular evolution,

particularly neutral mutation, being taken into consideration, a strain originally to be

E ,detected cannot always be detected because amplification may be jnhibited if slight
mutation in primer region decreéscdi?applicability as a primer. Moreover, it is feared
) “‘that there may be misidentitication, because the lack of consideration on differences
‘with closely related species by phylogenetic analysis'inhibits design of a primer having
sufﬁcient amplification specificity, such that an closely related strain that is not

originally a target is detected.

Thus, the preparation of high—performancc,‘spcciﬁc gene-amplification primers -
-3- o : '



Brief Description of Drawings Fig. 1. Phylogenetie tree of the genus
Vi bri o based on rpoD gene sequence .-Fig. 2 Phyl ogeneti eé%nal si.s.  of
f.ood-derived, Vibrio parahaenol yticus-1ike colonies bas 5w 5995 gene
Phyl ogenetic trees constructed by the neighbor joining method (NJ) after
anal ysis_of an approximately 800 bp partial sequence of rpoD gene
det ermi nféd ggtegiingcidentisrjne nend gquantitativel Bt detensinites elfibti0€ pabGhdbrs lyfcus

par ahae_rml [tl cus based on anal ysis .of  biochem cal properties (the prinmary
and seconc}gr% 4 BNt 1 aglggqo R tfégthc%%fcgy, oy pessihHiY ly migidentiéedtamyead
accordi [ | i ' f f.ood-hygi ene) were. described as
U par A BB S T o bR ey O, S O A e BT | cus

‘bel ongs to is denoted as V. p, and other phyletic proups of-the genus

Vibrio are classified into 0 to 5 as shown in the figure. The rpoD gene

- sequence of. E coli strain-K12 and-that- of- V.~ cholerae used-herein were -
accessi on 'NosTOAélggagﬁ?i?SS aqg (’116‘500413 of the CGenBank database. Fig. 3
Information on specitt &ty eed ARGl _lb' tecting & grvefd estdin ehylegenndes of
rpoD ge of b&ct : Vibkak 2, b resul fter.,determ pation

of the g?\]gfens us ?gﬁggﬁscfee?hg?d}' ?"%‘Egﬁ@?gﬁﬁéﬁaﬁn‘% %aﬁf tag p:?%flg oRACkeRtES o

1), fol Fesusticesy ofienuirgapismngdonpi to. b ietdepat rand@ase ah oryanibm( fRipP WHidMid hat

Vi brio parahaenol yti cus bel ongs to); the |ower case I's the cofnsensus
sequenc Ypeer P@S@fﬂ thy group. sda pdditian, @i geae sargbiedsionispecifierdmattionl  *
denot esjetRahichd rd _ e.as t he .above sequence. A section

i ndi ca’?l esdﬂaﬁ?/lr anggaJe}gﬁo escntﬁﬁg'#ﬁ:éfcqtsfm&{ef?@gf’ém‘fe@@c 0 &apble diserimingtion
_par ahadimoinythiectlssest laDaIsS Thib.CRkAGeREEROTA ro T T V=
or Cor G'B?RzA or G Y=C or T, K=%%or%${i I\/|=,§\9(Ii)1?‘@05a sélfgc%f:lﬁ%?{aﬁ@Ag%t? dlf a
N=A aqr ®OHHIOP.or C. Best Mbde for Carrying Qut the Invention W have

al ready devel oped a sinple nethod for detéerm ning nucl eotide sequences of
rpoD gene whi ch encodes RNA pol ynerase 070 factor by a PCR direct

~sequenci ng nEubper, a(glARANESEK i A8Rbd Rk b nLKokai ) No.
8-256798). (Table 1) Theref 3{g{£€itir§g%%@%g?h%§ﬁ¥hgg’g%§esu% tBr AR the
nucl eogeBe of défrémpesiraeholypiols, thans spreddriorizonealBt 4t hoﬁeéﬁlﬁl\sge@éﬁoiﬁ brio
‘ (pu‘rchgsed fro&lg&titute for Fernmentation, Osaka (IIH:%) and Vibrio

par aha8fdlS6ti ¢ (hsod dagto encaded hysipal) reene dhataisrised asnal tadgetén thetpresent

-cont ai {vassi 1 i le J .above, .thereby, clarifying the
phyl ogtia%]‘*g?iugﬁ)rﬁe?g%? ﬁon@gﬁg cal 6{}?1%? g)&lnsqapgemsatéﬂ%{ﬂgaﬁﬁhw S¢, i’%@r e

cul t urista pooteingesseitial Gor suraival.neBRdrefdrt Wt BIbSER| Aok r&%’ A
Co., Ltd) _supplenented with 2% NaC at 35C over nai%Sh(%ﬂ F%ﬁg@% ,  Wwas

ext r acREdYHF Ofmbagers bngauseriy i owelylspreadhotibentally tnd dias ahppeopistengte

PURE \. tian Kit (Gent SYST .~ Using the extracted DNAs as
t enpl a% es ana!’?%gfaﬁ% haﬁ%ﬂogn{@ﬁf 5& gg/?s")%?a %r%%yﬂ- Bacteriol. 1999; 49, =
(s70S: #5098 TgACCCYgTACYCATgTAYATgMINGARATgggNACNGT and _ :

S70R: ATAQAAATAACCAgACGTAAGTTNgCYTCNACCATYTCYTTYTT descri bed in

A
nd

Summary of the Invention

In one aspect of the present invention, there is provided a fragment of a gene
represented by SEQ ID NO: 1 that can be used for designing specific gene-amplification
primers ‘or probes, which comprises any nucleotides, unique to the groups of Vibrio
parahaemolyticus, of position Nos. 33, 93, 102, 123, 141, 147, 148, 192, 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 070 factor of SEQ ID NO: 1 in the Sequence
Listing. |




- of Escherichia coli strain K-12, corresponding to a regi

. Japanese Patent Application Laying Open (Kokai) No. 8-256798), an rpoD gene
fragnment of approxinmately 800 bp (positions 334-1125 on rpqD ge sequence
232*‘“ %‘f%’@%r tions
112 to 376 of an "amino acid sequence) was anplified by a PCR nethod.
Amplificati oncljl; Lon was erfor med using thernostabl e DNA pol yner ase
(Anpl i Tag Gol %%‘E}Pr T BHOH ‘efs S tPEFRSRL Inxention thengds wnrddedha rpent amphﬁea:tm@l sc

- Bi-oExpr epgijner,56hichf céin t prepared to C ntal n:
© DNA, 5o KCT. 10 Trllsrg’%gHéil %??)‘Epé%é%‘%%m?% Ry &5 <0 @érua{ep eSo 2mv|

of each SQAMFENing any myeleotidesy udigie tatit gﬂvhps‘ oea'iﬂmopparmﬁemorﬁi@as r

STq5dsition
dit t t t 5C f 10 th Anpl'i Taq Gold 40
Cycles ofrenetrolondae Pl i, ibelos 0a Ao i athath 265,000, 261aded, 26and

t hen eI%?@éBﬂpW&éﬂ@ti%SQ?Z@jqr}zl@gn T ng PCR
products_ _,were su? ected to 1% agarose 39%7?@3%8?%33}%&&%}%&%%@%%@1&
" Bi oW t t B¥RCRES @ éﬂ fagtor ol BEQCH} iNKXis] i ltiaec Sequehor Eisting, (6 &xoMplemdddflYy f or 30
m n), andrahd e gs?gh(%]ﬁgtﬁg}d& et hi di um brom de for 10 min. The presence of
~the product was con under ultraviolet radiation, excised fromthe -
gel, and then purified using Wzard PCR Preps DNA Puri fication System
(Prorrega) ther eby preparl ng a tenplate for sequence reaction. Sequence
reacti on was ?ig qweme@vrrmonséw@ne@meé@t iaomethos 708 S

ACgACT T, S TAA T descyibed in
Japanesgﬁ%ﬂ%t @%Eﬁ-&gglﬁl gér%gmﬂﬁ'z‘g & @?@ﬁ QES‘"%’&%@ ]é(;ﬁﬁ’ {“ggl ously
-added tmswthephmedmnbmm&mprl rrers for rpoD gene as primers, ABI PRI SM
Bi gDye Term nator ‘Cycl e Sequenci ng Ready Reaction Kit (Appli ed Bi osyst emns)
and CGENE MATE t hermal cycl erﬂ%esc Bi oExpress). The reaction solution was
prepared to WaVE anofher aspegirf fhe pessentdnyention, thefexs prpvidedragkib Fompriging 3. 2 pnol
of pri e Term nator Ready Reaction Mx. The cycle
sequenggﬁ‘f%rg@%agr{lie%‘g{r?se?g ing of heating at 92C for 10 nin, and 25 cycles of
96C for 10 sec, 58C or 46C (correspondi ng respecti ver to
S705S: ACGACTRAGECHFRGARATA TSN MehrofchCRRIcATOR MR for 5
- sec, and 60C for 4 min was performed. For nucleotide sequen e anal ysi s,

ABl PRI 8w @@mwmwﬁmmm oeifledfifying Wibsio pakadnobyictgns) was

used. Multiple ali nt anal s was erf rmed fqor the obtained
nucl eot | &é@‘é’rﬁ@w&gg PS5 mgeep 'éqlV‘W COPRAEERGARY and t hen

phyl ogenetic trees were constructed by the nei ghbor - joining method (Ml.
. Biol . Hwsleotidst, unigpp to 4he grapsafsyibhigsearabremnotigenecefl positien 33,93,

odel (5 it P, a7 F4EaRR UBE, R0 903 20 B e 205, BT S6n e 278"

shown tsi%t 501, 59416991 654,78 2098865 '799 il e ¢ypeegoz§%mﬁ% 127@ Er_lr_lilerasc

‘contai ning toxin genes (tdh’or trh) train (I )

t oget hWOCfanmmS@deﬁpenﬁeﬂiemmnwmsﬁtmgc group, in the strains of the
genus Vibrio (see Fig. 1). Therefore, it was suggested that constituents
of bacteria bel ongi ng to this phyl um shoul d be deternmined as Vibrio

par ahacBaeyPesauiptionef Dramingss4 strai ns whi ch  had been isol ated from f ood
sanpl es and form Vi bri o parahaenol yti cus-1ike greenish blue colonies on
TCBS agar nedia (N SSU PHARNACEUTI CAL CO., LTD), the nucleotide sequences

of r po%gei‘e ﬁﬁﬁSggneetu%rtPg &dthg g,etgi ) Eascscf onﬁ xlpaorD tggnct she%su%ngg ed

. -Fig. 2 Phylogenetic analysm of food—dcnved Vibrio parahaemolytzcus—hkc colonies
. based on rpoD gene :
"Phylogenetic tfees eon'stmcte_d by the neighpor ~ joining method (NJ) after

_ a—_nalysis of an approximately 800 bp partial sequence of-'rpoD gene determined by direct

‘sequencing method. Strains deterﬁ}ir_ied as Vibrio jq.émkaemplyriqus based on analysis

- of biochemical propertics (the primary and secondary identification tests ‘were

743—




for the type strains, and then phyl ogenetic anal ysis was conducted. Figure
: 2 shows the 'results. 11 out of 64 strains ‘anal yzed bel onged to_t he .phylum -
——that shoul d .be-—determ ned as the above Vibrio parahaenol ErE20%g veri fy
' the results of the gene .analysis, biochem cal properties were identified
by perform ng exam nation according to the primary and secondary

i denti fhdadrhRR 884y Lis j:n,. t yi del ines for. food ipspection.

Speci fi%al Iy, tarﬁg pri ﬁf@eilgg%tclhpfléﬁ%ﬁwggg i sh%?‘fcgrwa C&égfﬂé%‘l:ﬁs & the
- par anetmmrgheimayiidas e, Theaphokeics goaipaties evied ArbA e M dist Me%ﬁ%QgIOTE

medi a, q%as gener at i 8n abi ity upon glucose de%ad_ati on, hydrogefi sul fide
pr oductdBAEdAS| Y-tRy 2nf o4 Phylsitisaienpo af His genug ibringretMssiigildntd 6dabe

pYyruvi Ggagi - : abi L fir ion f tility, |ysine
Gocar bou oaa B0, Jabe b 8 ROt col i 2o d 145 oy 7
and 10%hEeiy ustchbesen ormtaragcésdiont Nok C AFHOD0388 Hnd BBOPETFObIREL I eagh of
t he pgrggeters of ONPQ ornithine decarboxyl ase activity, arginine

. dehydr 8 Qf%ivity and fernentation ability for various sugars (arabinose,
mal tose, inosit, xylose, - salicin, mannite, mannose, |actose and -
saccharose). In the primary identification test, Vibrio parahaenolyticus
was  sh o] ; 0 A rapertj.es: . oxi e, Sitive,
Iactosgﬁgéicﬁgsﬁgghggé%%Lggﬁgﬁgfﬁa%%ngnggﬁg? ﬁdggglrﬂﬁg?ﬁb - SERIANGER Rf

~sul fi depolhgengpobidhe@enonyVilgis gener ati on upon gl ucose degradation, none;

- indole production ability on SIMnedia, positive; indolepyruvic acid

production ability, negative; notility, positive; |ysine decarboxyl ase

activi I 4l e, = Proskauer .test., . negative; and -7 26 January 2006
2ol t- 1 e AR ol o YORP T ASORRRRIGN SF thel SOengitscineness afabs aoidt y
conf i rpaad 081 16 95thowh b . DRITBNIGRERIYHASIOMASAONN Lo have the following
properties: ONPG _ negative; ornithiné decarBoxylase activity, positive;

ar gi ni Hiee vppgfdase és Ncpi(tietghylumebat Vibeio sargdiefelyns 8tiodgs ab); |the Yower
(arabi nose, positive, maltose, EfﬁSi tive; inosit, negative;, xylose,

negat i Ge: ST EPASCIRBY SEFUrEce R RF (RhYIR 63l o \R: Arsberder indioated) e smadlct ose,

negat i s¢quérithl SAAEAGEO IRar 10 G0Fhd | em.cal exam nation
reveal ed that only 11 st i ns V\Ihlg%ﬁ %gc‘g%(e)\égé@% %@g‘éﬁ Pro1iF Bod aitri9d onged
to théndishigum tange e skeoaled that idéd e muchotidasspWtitic © BBFAAHERLY LSS,

accor§ % o.%etggi_eviﬁgs anal yrsi s of rpoD gene were determ ned-as Vibrio
par ahdd| c{ﬁ? QSR BFSr Y, Giar L BsA gs dner (Th M=A/iob G or GaRattaensl;yY +€us

gr ouper GaR % oflirsiaNobs ehgd iwent i fi.e cguratel y. by analysis of rpoD
gene. To establish a genbti(gads?%’e‘gﬁ?n%;?fe%ﬁio% g‘e%a P’é*&‘—y{&et ecting only
"Vibrio parahaenolyticus constituents, the foll ow ng procedures were
performed. First, to clarify differences in nucleotide sequences anong the
closely rel ated species, the nucleotide sequences of rpoD gene of the

phyl um ghatyv¥hibEd - %ﬁl?‘i’ll i.gus belongs to and the nei ghbor phyla were
conpared, and tﬁelﬁ:%%gﬁpl ons %*d"%ﬁ@?%oti des which are conserved anong

Vi brio par alseddrgt sleeasdyc davelopeernt simple dinéthed forodetehoseingf natlestide

bact e i Ongl t he .genus Vibriq were identjfied. Specifically, a.
conse#s gﬂg%ssegﬁl— nce g%Péﬁﬁv t?f'ﬁ“cbeﬁg@g%t B‘é{y"?ﬁrﬁﬁ‘i 87Qdretandiror IGR Wirase| ongs

t 0 wasequeheingimeiod (Jabhhde PAtE ABPHOSESH B8 rgd w,ph those of
the cluster. CG1 to g: ,'vmei ch -.gr%e ot her g@?g? é‘vg?%k% smgfgggg?gﬁa

bel onﬁ bepo the genus Vibrio as shown by Fig. 2 to be phylogenetically
close to the phylumthat Vibrio parahaenol yticus bel ongs to. Thus,
phyl ogenetical ly specific information was constructed (Fig. 3). It was

shovm tFerefore, using the method, we have determined the nucleotide sequences. of rpoD

gene of the type strains of the génus Vibrio (purchased from Institute for Fermcntatién,
- Osaka (IFO)} and Vibrio parahaemolyticus stock strains (strains containing and those
' .not containing toxin gene) as ‘shown in Table 1 above, thereby clarifying the
phylogenetic relation. Specifically, test strains shown in Table 1 were cultured for
growth on brain/heart infusion media. (NISSUI PHARMACEUTICAL Co., Litd)

supplemented with 2% NaCl at 35°C overnight. Chromosome DNA; was extracted from
. : - -5- B |




nucl eoti de positions 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 _or_798 of SEQID_NG 1 in the Sequencelisting are cHArReest %8t i ¢ i n
t he phylum Vi bri o parahaenol yti cus belongs to. The use of a specific
sequence of the this phylum containing these. characteristic nucl eotides

enabl es] fhefdes coRuef ; \plt'f@? ' if 4G L ri Qr.. gene
anplification whi 'C%&hsgi%gﬁfgﬁﬂgpeci ?g yﬁgﬁ Igeélg{el{”l}(éﬁ{]?%w%ﬁ Wéﬁé%)
e}‘fici diriyg the @ErabedYAL0G6 t%i_amﬁama er,polm iaﬁ\iﬁj&ﬁj(ﬁﬁan b@%ﬁs;ﬁsiagrﬁﬂn%&
al ways .al 0 .on t ich a_ nucleotide(s) is different from
t hat of(%ggg&%&%#égggtébﬂgéT&}ﬁw&MéNﬁMmg Chgduence of rapdD
- gene CQPPRISTAOA AATAL ' ' iphpg,a oo

il cot e N RO FER I U B dgribea in
pr ef er dtapesePatens| dpplidation draying edpandKlakai)helo. 856798 Yan Zngowcée‘ﬁQt i des
or nore.. nqméloofngcl eo.triagﬁs 6 Ibm .Simlarly, probes can be desighed to
al ways cont ar - a Post 1 (s?%t eftgns Fdérbdsi ge(wpD gedpfdegnente fof om
thalt " OEseh@Raly chrl BBl ISBECESTespbUAG {o1F 1OMGH A hiioRe LTSS of OD

|

gene conprisingl5 or nore consecutive nucle ntaini ng
nucl eo? PR §Fiddsqauencadt wisy amplifiad Wf at PE€Rcinetrldy rAmplifdati@eetR%ion was

f . et i d furthe f bly, 20 | eoti des
or *mor B 2o S THE Fab G BT Bolim s (8moliibgRorla’ Hppivi Rioststems)

pref erafil ¥ GBIRH MATH @BaAfl dydferRIS CBISERPEEsR]. ODRE, Lo Kol Al
frequency the above nucl eot iyldae(gI di f]fer ntsgirom tlr?g%?h@?lgég >t/10glg*1v%s[ ed

gt b e o
a reg%ﬂf%’oﬁ? ﬁﬁﬂﬂ' ﬁ&m@%fl eaf?f)‘%gﬁg 35K Ad'ﬂglirﬁaq Gigld andohitMi of neclbpdinend 597.
For preyeefsct Hiubher-wl ' : a nucl eoti de specjfic to Vibrio
par ahaenol y'f ?%:ﬂgog’dllﬁgﬁgghngewg%?{ f %‘g{tﬁ%ln@g Fan%’F Lsi (bolfmﬁr jglé mph&%ﬁ%‘ﬁs may

be useld ¢yrlesef esdcting, (949udnt il train, \6&PY et Hdih HnRY BT Fatentishy M’ep_ri 0

parahaeﬁzrml ticus. The present invention enconpasses a kit for detecting,
quant i HgRePyregelien §fhith§otod Oimimit way ipstfornieds | ThpaeatltesPGRI proguehi ch
conpri SEedPld B 0, 0 reagents . j.n combi nation. 26
Januarvjs}&g_osgi? el T %gaﬁ&'% g 8%% A g'?Ec} aéﬁ“%(‘fcbd‘bwjéh“ rMolecular - -
E%pNC@D‘HlW(IQJB). SlgctpphoRsis t(0.LITAK) 100y £dr) 30) miny, dnd thed siaihed PRPOO0OW

ethidium bromide for 10 min. The presence of the product was confirmed under

ultraviolet 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
(s70sS :ACgACTgACCCggTACECATETA and
. Laying Open (Kokai) No. 8-256798) previously added to the above unjversal primers for
rpoD gene as primers, ABI PRISM BigDyc. 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 pl by mixihg 20 ng of
- 'DNA, 3.2 pmol of primers and § ! of BigDye Terminator.R’eady Reaction Mix. The
cycle 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
.rs7OSR:ATAgAAATAAC_CAgACgTAAgij) for 5 sec, and 60°C for 4 min was performed.
For nucleotide sequence ‘analysis, ABI PRISM 310 GENETIC ANALYZER (Applied
-6- '
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Biosystems) was used. Multiple alignment analysis was performed for the obtained
nucleotide sequences using Clustal W computer progrzim, and then phylogenetic trees
were constructed by the neighbor - joining method (Mol. Biol. Evol. Vol4, No. 4,
406-425) based on the genetic distance calculated with PHYLIP computer program
package and Kimura’s 2 - parameter model (J. Mol. Evol, (1980) Vol.16, No.2,

p-111-20).

- As a result, it was shown that all the strains_ determined as Vibrio
, pamhaem’olyticus containing toxin genes (tdh or trh) and a type strain (IFO 12711 N
together compose an independent mono phyletic group, in the strains of the genus Vibrio
(see Fig. 1). Therefore, it was suggested that constituents of bacteria belonging to this
phylum should be determined as Vibrio parahaemolyticus. Next, for 64 strains which
had been isolated from food samples and form Vibrio parahaemolyticus-like greenish
blue colonies on TCBS agar media (NISSUI PHARMACEUTICAL CO., LTD), the
nucleotide sequences of rpoD gene were détermined by 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, ~hydrbgen 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;
lactose/saccharose degradation in TSI media, no degradation; hydrogen sulfide, no
_ ,pro.duction' 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 -




ENCO_U mOC-F CwOOEd) 0OycCC-Ccucui .-. COCO C0 .1
Cc-. Ut Cu On0O Cn >Uy 26 January 2006 Exanples The present invention

wi Il now be further described by nmeans of exanples. Howevddarn@léxanpl es
represent enbodi ments- of the present invention, and are not intended to
limt the invention. Specific detection of Vibrio parahaenol yticus was
atterrptsggtgpégnclie’@ | rimers for, detgec i den |fy| ng

Vi bri o parahaeno f?gzts.hqlgh%)ém% ngcﬁabpgr 2t ah n ‘a h O%COB AP0l 'éi’é'é‘EPPbed
in O aitess, 2o fddbakddndlysicks? wakSshdwn tHl h@d&dtlﬁzfollé\@ Fdpeslids pRjroSone
DNAs extracted framthe test strains shown - in Table 1&%2% e \}\esreé?ﬁrsed as

t enpl aflE&2UVEp PENITIRG, ofpcaexulass éib‘@mf}',prn%ﬁn@,ug@inchrdphydnasat a@ivity,

‘reacti Wase- P r bIeDNA e (Ampl.iTag Cold :
Appl i egg ¥ osys%)ﬁgﬂ%ﬁﬁh@@m% YR pcoﬁﬁ g\/ %@EB B@BY%S%‘}OS“A
reacti nvgzﬁulwtxﬁma;\asegatl@aarseﬁclhp ﬂh@\iﬁva ﬁ'ﬂa’ﬁﬂiteV%'dﬁRieOfmgrgxdsea %ﬂ%t ain

DNA 0. © 5QmM KO, 10 nM Tris-HC (pH 8.3) ) 1.5 MM MyC12), %

gel ati Ct‘?fﬁTF”e@Btl‘ée Apd gacakprosy, gegadiye)anplher ahogs| blw&hdnmal rmtraml(la;tm Tabl e
3 for £RR5RALMA 08R) 11 /ét[faﬁ%%y%?g&@m%'d&w&i”%é' 311804 HogGhionnd Prate D N

Ampli Tag Gold (95C"for 10 mn react | on y
anneal pgufiothatl shriuld ps deteTatihel & Vibiric panadhaholyBlus afébrding 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 parahéemolyticus 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, 198, 204, 223, 229, 234, 243,
259, 261, 264, 267, 270, 384, 390, 501, 594, 597, 633, 712, 735 or 798 of SEQID NO: 1

- in the Sequence Listing are characteristic -in -the phylum Vibrio parahaemoiyticus'“-
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.




72C for 1 nmin; and then elongation reaction at 72C for 10 nin was
performed. Table 3 shows priner conbinations and anplification- reaction
conditions. 51 of the reaction solution after anplific@fiwr 8t subj ect ed

to 2% agarose gel (agarose S: N PPON GENE CO., LTD.) el ectrophoresis

(0. 5xTAE, 100V for 30 min), and then stained with ethidiumbrom de for 10
m n, followed. by con{li rnmati on of the presence or absence of anplified rpoD

genes under ¥ rEAHSr e PHEAS 87 Bf devigned) tyakways soptain e posi tiomi syeat svhankl 22
YR BRSSPy 3, e SRL0 00l T Sk
bosi L1 v (Tabl 6 & O G0 5 Ny e et e Gleitieds 11
d T toneglertife@Ddifferynt frap, that-afahe tiosefGely @8pates, PrefefabB) 0. nddN@d N
- ~ or more, and further preferably, 20 nucleotides or more and 40 nucleotides or less.
- 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
spcéics, 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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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 dgtecting 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 belongmg to the phylum that should be determined as Vibrio

. parahaemolyticus were positive (Table 4).
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Ind-ﬁstrial Applicability
The rpoD gene primers and probes of the present invention are excellent in
terms of detection. accuracy because they héve been designed based on a thorough
understanding of the phylogenetic relation with Vibrio parahaemolyticus, by which
improvement of the specificity has been studied. Therefore, 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-




O O0,0a‘ i aaOi Ul
6

NNVLN4LIONNN'O0 N ,o,oo?o,LcJ)l,UOUODOi 00.0a

‘MIVialy I vi'd'l ~d~V,d UUf+U 0
LC]~III%ItojLILIUDINICi(OI(O_I( PLL-1 L 1 ot |l I|2Pr'““ﬂ10£’ﬁ0|||||
N R R R R R T R A R A R

CEETTT T T et a2 0o 11112221112122220 i fdi Jitl 111 11
ST~ L IR A A At >1>1>1>1
|>>|>|C>'~'|ayn§~|>|>|>|~ro ILtoO) Oc <t UOONNNO)y

t bL1i 'LV 00O UUUUWWVUU
~|

U IVJI \S/ ?%Ill;;lllj UA‘ljcr f%zn(td?fgl‘) BERS Eﬁprcsented Ey SEQ ID NO: 1 that can be used for

~designing specific gene-amplification primers or probes, which comprises any
nucleotides, unique to the groups of Vibrio parahaemolyticus, of pdsition Nos. 33, 93,
102, 123, 141, 147, 148, 192, 198,.2(5}1, 223, 229, 234, 243, 259, 261, 264, 267, 270, 384,
390, 501, 594, 597, 633, 712, 735 and 798 in the gene (rpoD) encodiﬁg RNA polymerase
¢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.
strand

-]

Claim -5 The gene émpliﬁcation primer of claim 3, which comprises

[y

containing nucleotides of position Nos. 141, 147 and 148 of SEQ ID NO: 1 in the

chuence Listing, or a complementary strand thereto.
strand

o

Claim 6 The gene amplification primer of claim 3, which comprises

- confaining nucleotides of position Nos. 192, 198 and 204 of SEQ ID NO:

oy

in the

Sequence Listing, or a complementary strand thereto.
- strand

=4

Claim 7 The gene amplification primer of élaim 3, which comprises
~containing nucleotides 6f 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. .
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2006 Industrial Applicability . The rpoD gene priners and®pnupe0of the
present invention are excellent in terms of detection. "accuracy because

they have been designed based on a thorough understanding of the
by which inprovenent

hyl ogenet i ¢.r lon.with Vibrio parahaenol yticus, .
gfy. tﬁe %gﬁ?ﬁgﬁvuﬂ&s been studied. Therefore, the BpoD geg_et_prl me\rﬂ.,rs1 and
robes ar rigat a e el r-ect cticon, under, conditions ere
Eacteri a gr:%im%c}f%ai SO }a‘it g%ﬁgrgilnﬁglooafﬁgnﬁ%% edd‘obcéél r Fal ngc&.%@“a&%

t oget her5"-dgaestcgexgact gutSBY UL B eBmpléihérmtary stRRdl darfiepsnding thedé®. Pr i Mer's.

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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Present specification incorporates by reference contents of specification
including clains and draw ngs of patent application nunber 2001-235806
filed in the Japan Patent O fice on August 3, 2001 on w#ddmugpyil§eity is
clainmed. 26 January 2006 Clains Claim1l A fragnent of a gene represented
by SEQID NO | that can be used for designing specific gene-anplification
prinmers or probes, which conprises any nucleotides, unique to the groups
of Vibrio parahaenol yticus, 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) encodi ng RNA

pol yner askstra@70 factor of SEQID NO 1 in the Sequence Listing. Caim2 A
gene anplifi catl on primer, which conprises a strand consisting of 15 or
more consecut i \PTRPATE digh-edorBamas sicatficasnenamphficatiers primey e deedthn,

0193 st Gy AL RIBGIBN b in el P ARk hasiing 13p possHbty 364
390, 50%f n#f4demiticatibd dnd E%lCZﬁi@@ﬁﬁ:iJrﬁ% Iifhd Iﬁ%ngﬁ"ﬂ&e&éyg?l d aﬁﬂgrﬂg!é@gn RNA

pol ymerase 670 factor of 1lin equence
conpl emepeafigityt r and correspondl ng thereto.. Caim3 The gene anplification

primer of claj ﬁ wgﬁch uses a re i on cont al ning at a high frequency _
posi tions uni 8@9 (202 a‘rh& tide; éweagcswéépwe@ncﬁ egcadlimg 2RNA ai m

cont ai nPogetet s A hE SRl Jilt Botes Vil oS0 PR B imalirioseo

| D NGO patdhabhelyfiefs gitsind- cohtaig th&hﬁ%b?@@ﬂhﬁﬁﬂ % € aim
5 The ggne anpl |y1:a| cation priner n% claim3, which g I?}Flgggentgﬁls%ﬁ&ﬁgteg

cont ai nthegphithegeastir aelgu@an, pash idansifieslosucldotides Mﬁchmie Toh8raoferBEQ ihDVibo 1 i n
t he Se ueneL| | ementary s t her et, o, Cla|m6 The gene
ampl | f i 8?{”%’3’? e by V SRApang P éﬁs’g&ﬂ# Pidbs Foatsining hewnan havige

nucl eotj;@pspedifibRy|

Sequenceng Sti ngi?}g oaélugihc%aﬁrb fgll %ltea%ﬁ gt%r.%nog&% F‘?R A@I gﬂl}"fn%ny]afﬁe% Xéglﬁeé“

anpl i f i amaplifacationiefBeienéy.cl ai m 3, which conprises a strand containing

nucl eoti des of position Nos. 223, 229 and 234 of SEQID NO 1 in the
Sequence Listing, or a conplenentary strand thereto. C aim8 The gene
anplification primer of claim3,. which conprises a strand containing

nucl eoti des of position Nos. 594 and 597 of SEQID NO 1 in the Sequence
Listing, or a conplenentary strand thereto. Claim9 The gene anplification
prinmer of claim2, wherein a nucleotide at the 3 termnus is a Vibrio

par ahaenol yti cus-uni que nucl eotide having a position nunber -18 26 January
2006 specified in Caim2. Claim10 The gene anplification prinmer of claim
2, which conprises 5'-agarcttcgtctgactgatt-3', or a conplenentary strand
correspondi ng thereto. Caim 1l The gene anplification priner of claim2,
whi ch conprises ©5'-aagaagacctagaagatgat-3', or a conplenentary strand

~ corresponding thereto. Claim12 The gene anplification priner of claim 2,
~which conprises o _
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5' -cagcwgcgccaaccgcgact-3', or a conplenentary strand correspondi ng ‘ :
thereto. Claim13 The gene anplification prinmer of claim2, which conprises
5'-ctgarctgtctgaarctcaa-3', or a conpl ementary strand cord¥Bsntfithg
‘thereto. Claim 14 The gene anplification primer of claim2, which conprises
5' - gttaccagt gaat agggca-3', or a conplenentary strand correspondi ng thereto.
Claim 15 The gene anplification prinmer of claim2, which conprises :
5'-attcgttaccagtgaatagg-3', or a conplenmentary strand correspondi ng
thereto. Claim1l6 A nethod for det i antjitatively determ ning or
identifying Vibrio parahaenDIyticggimaﬁ¢%ﬂﬂ%§iEGthe primer of any one of
Clains 2 to 15. Caiml1l7 A kit conprising the priner of any one of Clains 2
to 15. Caim18 A probe for detecting, quantitatively determ ning or
i denti f y4 0. - par, m| yticus, which conprises 15 or nore
41%)@%“}%8?} ggogﬁggﬁﬁg’#'ni ng any nucl eotides, unique to the groups

consecutive nu
of Vibrio parahaenolyticus, 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, 59412697idefigfrickhion IO yoptapdBnb fydilg 0ene (rpoD) encoding RNA
pol ynerase a70 factor of SEQ D%«J"ﬁi%ﬂﬂﬁﬁe Sequence Listing. Abstract

To prepare high-performance specific gene-anplification priners for
detecting, quantitatively determning or identifying Vibrio

par ahaeddB§x iPHu$5462PCHg | ow possibility of mis-identification and
- practically sufficient anplification efficiency and anplification
specificity. W have determ ned the nucl eoti de sequences of rpoD genes
encodi ng RNA polynerase [err] 70 factor of type strains of the genus
Vibrio &h%f stock strains of Vibrio parahaenmolyticus (strains containing
and thoge not containing toxin gene); elucidated the phyl ogenetic
relatio %4%hd identified nucl eotides which are characteristic in Vibrio
par ahaenol yti cus, thereby enabling the design of probes containing them and
having high specificity, and prinmers for gene anplification having high
specif2§§ﬁ§% d excellent anplification efficiency. 26 January 2006
SEQUEN STT NG <110> Ni chirei Corporation <120> ldentification of V.
par ahaenol yti cus <130> PH 1546- PCT <140> <141> <160> 12 <170> Patentln
Ver. 2.1 <210> 1 <211> 807 <212> DNA <213> v. parahaenol yticus

<170> PatentIn Ver. 2.1

<210> 1
<211> 807
<212> DNA

<213> V.parahaemolyticus

<400> 1

~ actcgcraag gcgaaatcga catcgcaaaa cgcattgaag aaggtattaa ccaagttcaa 60 |

tcgtetgtig
caggcagaag
. gatacagcwg
gaggaagacg
. gaagaagatg

acataccaaa

-ctgaatacce
arcttegtet
cgeccaaccge
aagaagacct

taggtattiga

atcticaget

tggcactatt:
gactgattta
gactcacatc
agaagétgat
yccagageir

agcgatcaat

ccttacatec
étptctggct
ggttetgarce
gaagaragcg
gecgettgaga

gagtacggcet

1/5

tagagcaatt ‘tgataargtt

ttgtagatecc

tgtetgaarce

atgacgattc
aattcaacca

acgacagccce

tgacgetgac

tcaattagaa

agatgayter

gctacgeage

gaaagcaacc

"120

180
240

300

360
420



<400> 1 actcgcraag gcgaaatcga catcgcaaaa cgcattgaag aaggtattaa ccaagttcaa
caggfggaag

60 tcgtctgttg ctgaataccc tggcactatt ccttacatcc tagagc-aatt
arcttcgtct gactgattta atctctgget ttgtagatcc  gatacagewy CH&REdy ,

gactcacatc ggttctgarc tgtctgaarc gaggaagacg aagaagacct agaagat gat
gaagar agcg atgacgattc gaagaagatg taggtattga yccagagctr gcgcttgaga

t a
Fgat aar gt BTG thatanhet E%aﬁ%ﬁgi t%@éﬁ?i ?ts%%%%agggéggf‘ga%%agé&%m
s Pat, 1E edact SholPAGY B0GTR %% o1t SRGRIE PlandRRELR00

180 240
at cat gaagt ot R : a6 feaRtEGtha
tt t y at ac
29aﬁézgéﬁfgﬂ%ﬁi%f’g{‘%%i%%gaaaag%icﬁé%%t9%%&%@%% t@af%%%%v?gcéézcgefgjggeoo
t t
Candca R lAAtanal Al kARl BUThel RRNL0P EARRNARASr
Agctgagaaaa tcaaacgtaa cgaagaagag atccgtegtt caatckckaa gttaaaaatg 720

attgaagaag agacatmtct aaacgtacar aacattaaag acatcageeg tcgcatgtet 780

atcggtgaag cgaaagcacg ccgtgeg

<2105 2
<211> 807
<212> DNA

<213> Artificial Sequence

<2202

<223> Description of Artificial Sequence{consesus

sequence among Vibiro spp. other than Vibrio

haemolyticus

<400> 2
actcgecgaag
tegtetgttg

caagcwgaag

gayacvrcwg -

- gawgaagayg

gargaagatg
acvtaycaaa
gtwgcwaayg
gaycacytag

.atcatgaark

gcgaaatcga catcgcaaaa cgtattgaag 'aaggtattaa ccaagttcaa 607

ctgaatacce
aaytdcgtct

chceracrge

awgaagacgt.

twggtatyga
aycttcaryt
arwtgatgct
traaygaayt

cwryngttga

wggyacdaty
wacwgacctw

racrcacaty

tgatgamgac:

ycewgarytd
wgcaatcaac
agacgtatty
rcgyachnked

atacggcaaa

ccrtacatyc
atytcwgght
ggttctgérc
gaagawrgyg
gegetwgaga
garyacggyt
mrmgarttyc
atggatcgyg

atgccgaaga

2/5

ttgagcartt

ttgthgayce

tractgaatc-

aygéyrrykm*

aattcaacca
ayravagycc

gfctracrcc

ttcgtacwca'

aatcrttyat

807

tgayaargtw 120
wgaygchgay 180

tcagytagaa 240

wgatgahdew -300

rctacgecagy 360
kaaageracm 420
waaacagttiy 480
agarcgyytg 540

yecrctgtty 600




aaagaattcc atggatcgcg atgccgaaga gacgagatcc atccgtcgtt aacattaaag
gtctaacacc ttcgtactca aatcgttyat tngcatctga caatckckaa acatcagccg

<220> <223> Description of Artificial Sequence:consesus Seftfhce® anong
Vi biro spp.other than Vibrio haenolyticus <400> 2 actcgcgaag gcgaaat cga
tcgtctgttg ctgaataccc caagcwgaag aaytdcgtct gayacvrcwg chccracrgce '

ot vgowaayres APAE BARVag BT 0D R B it Bl P T e ma s e

e L T R T R U R S I

racrcacaty -gg

wgcaat CangG (gJaf #ac gegr%rcytl‘?%gcc qla%gﬁg{%rggd}%% igaig/r %ﬁ&é%@gﬁ ? { ng%l%{tgg%g alfile
807

at cat gaark cwyngttga  atacggcaa
‘tract gaag&ggg%aggggg‘g}nggg )y&%gglghgay 18Q t cagyt agaa 240

<210> 3
<211> 20
<212> DNA

<213> v.parahaemolyticus

-<400> 3

agarcttcgt ctgactgatt | 20

<210> 4
<211> 20
<212> DNA

<213> v.parahaemolyticus

<400> 4

aagaagacct agaagatgat - ' ' 20

<2105 5
<211> 20
L C212> DNA. e

<213> v.parahéemolyticus

<4005 5

. cagewgegee aaccgegact _ o _ 20

3/5




aygayrrykm wgat gahdcw 300 aattcaacca rctacgcagy 360 ayravagycc gtctracrcc

ttcgtacwa aatcrttyat kaaagcracm 420 waaacagtty 480 aaﬁrc % 540
ygcrctgtty 600 26 January 2006 acwggyaayg aat cwashga wgc é@@%%‘%gtgarrtyy

- twkcwt-cwgayaagccat ac660 gct garaar a -t yaaacgtar cgaagaagar atycgycgyt
caatcrctaarctaaaratg720 attgarrahg aracytntct ranmmgtwcar aacatyaaag
acat cagcegiiggyat gt nt 780 at cggt gaag craaagnkcg ycgt gck807 <210> 3 <211> 20
<212> DNA <213> v. parahaenol yticus <400> 3 agarcttcgt ctgactgatt <210> 4
<211> 202193135 DNA <213> v. parahaenol yticus <400> 4 aagaagacct agaagat gat
<210> 5 <211> 20 <212> DNA <213> v. parahaenol yti cus <400> 5 cagcwgcgcc
aaccgcgagt1230pRO 20 3/5 <210> 6 <211> 20 <212> DNA <213> v.

par ahaenol yti cus <400> 6 ctgarctgtc tgaarctcaa <210> 7

- <213> v.parahaemolyticus

<400> 6

-ctgarctgtc tgaarctcaa ' 20

<210> 7
<211> 19
<212> DNA

<213> v.parahaemolyticus

<400> 7

gttaccagtg aatagggca o 19.

<210> 8
<211> 20
<212> DNA

213> v.parahaemolyticus

" <4005 8

attcgttacc agtgaatagg | 20

<2105 9
<211> 44
- <212> DNA

© <213> artificial sequence

455




<211> 19 <212> DNA <213> v. parahaenol yticus <400> 7 gttaccagtg aatagggca
<210> 8 <211> 20 <212> DNA <213> v. parahaenol yticus <%ggﬁﬁgﬁg%gegttacc
4/5 20 26

_agtgaatagg <210>.9. <211> 44 <212> DNA <213> artificial

January 2006 <400> 9 acgactgacc cggtacgcat gtayatgngn garatgggna cngt 44
<210> 10 <211> 23 <212> DNA <213> artificial sequence <400> 10 acgactgacc
cggtacgcga(g;% .23 <210> 11 <211> 44 <212> DNA <213> artificial sequence

<400> 11 atdgaaat aa ccagacgtaa gttngcytcn accatytcyt tytt 44 <210> 12
<211> 23_.< > <213> . artificial sequence <400> 12 atagaaataa
ccagacgt a4 aéct]t%a%g fetadecat btayacgndn gar%%gggng cngt g 44

<210> 10

<211> 23

<212> DNA

<213>lartificial sequence

<400> 10

acgactgacc cggtacgecat gta .23

<210> 11
211> 44
<212> DNA

.<213> artificial sequence -

<400> 11

atagaaataa ccagacgtaa gttngcytcn accatytcyt tytt ' 44

<210> 12
211> 23
212> DNA

- <213> artificial sequence

| <4005 12

atagaaataa ccagacgtaa gtt ' _ 23

515




