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genus-Vibrio (see Fig. 1). Therefore, it was suggested that constituents
of bacteria belonging to this phylumshoul d-be determ ned as Vibrio.

par ahaenol yti cus. Next, for 64 strains which -had been isolated from food
sanpl es and form Vi bri o parahaenol yticus-1i ke greenish blue col onies on




that should be determined as the above Vibrio parahaeno

par amet ers of . oxi dase, |act ose/ sacchar oSe’ degr 2da¥ B rFPRMPIYS e

- for the type strains, and then phyl ogenetic anal ysis was conducted. Figure

2 shows the results. 11 out of 64 strains anal yzed belo d to_the phylum
%?F&ﬁymﬁ'o verify

~the results of the gene analysis, biochem cal properties were identified

by perform ng;exam nation ording to the primary and secondary
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dehydrasm%&ésbgncﬂﬂgthe{.e% mentation ability for various sugars (aragf)i nose,

~maltose, inosit, xylose, - salicin, nmannite, nmannose, |actose and "

saccharose). In the primary identification test, Vibrio parahaenolyticus

was shown to have the foll ow ng properties; oxidase, positive;
| act ose/ saccHBr @wthegcaspestaef the pigsans) inpention, these dequredded enmethodr tigen

sul fi de, - Pr :t O ration.Hpon ucose .degradati on,. nhone;
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-pr oduct iuses thb phiviey desogbed herein. notility, positive; |ysine decarboxyl ase
activity, positive; Voges-Proskauer test, negative; and -7 26 January 2006
salt-tolerance (0, 3, 7 and 10%Nadl): -, +, + and -. In the secondary
confi rmat i on I yeisanother pypest plthe peasens| ipvintion, thers ispromdeda kibvemptising ol | owi ng
properti rhrﬁ%P e Lve: ornithine decarboxyl ase activity, positive;

ar gi ni nm y ragggsgg’tg‘?%%é% ‘negative; sugar fernentation ability

(arabi nose, positive; naltose, positive; inosit, negative; xylose, _
negative; sal GeNandtBGCIIPEL of R Hrbsont MSRintiol SiheFRRHY %%eHOaS kdpee: | actose,
- negative and saccharose, negative). The above bi ochem cal exam nation

r eveal efondefectiog) quantitattvely detemhinitg bmitlentfyingl dibrie pafahaembhytidugnd bel onged
to the hyl um t hat 3hou| d be determ m?d as Vi briq parahaenol yticus

accor di H%‘ COIRIISES 4905 fROTe SARtegutive BYC ?‘ﬂfﬁ’-s@sg’@ﬂ'@lménﬁdet ernined as Vibrio
par ahaenol yticus. Therefore, it was shown that Vibrio parahaenolyticus
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phyl umd7@afactdr lof ISEQHD N@chih e Seiiched Disginig. t 0 and t he nei ghbor phyla were
conpared, and then positions of nucleotides which are conserved anong

Vi bri o parahaenol yticus constituents but differ fromthose of other

bact er iBrigeDesagiptignto Diawingmus Vibrio were identified. Specifically, a
consensus sequence of phyletic group that Vibrio parahaenol yticus bel ongs
to was determ ned, while the consensus sequence was conpared wth those of

the cl e ; a3, I . ar ey,ot he etic,groups of bacteria :
bel ongiliﬁg' ¥OC¥%%15€%1}%1§ Wﬁ#f‘@“&?’%}éﬂm{‘%@? g‘?n @Qg%gc’begswmﬁeneti cally
close to the phylumthat Vibrio parahaenol yti cus bel ongs to. Thus, .
phyl 6genetically specific information was constructed (Fig. 3). It was
shown .{Higt 2 Riglegenicte apabisis of T08d-dePived 1 02rid Paraideinolyddus-1ik8 coldmes 198,
. 204, 223, 229, 234, 243, 259, 261, 264, 267, 270, 384, 390, 501, 594, 597,
633, 7basedrgeipol) go® of SEQ ID NO 1 in the Sequencelisting are

- - characteri st pgi : In} M) I I Vi cus: el t T 'se
of a specifi cﬁgﬂggﬁ%é;%ea%% t (lgtgap Itﬁt% C I%ﬁl_-ni gmt ﬁgg%?ﬁaﬁgpt gﬁ‘f“gti C
nucl eotaalgsis ef ahlappraximattiy 800 bpfpaptiabssueayd ofirguld hespdeickinthdd/ badirect
primers for gene g@: ification which have high specifici t{ and excel | ent
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- sequence of rpoD gene conprising 15 or nore consecutive nucl eoti des
containing a nucleotide(s) diffecqat fromthat of the closely rel ated
species, preferably, 20 nucleotides or nore, and further preferably, 20
nucl eoti des or nore and 40 nucleotides or less. Simlarly, probes can be
designed to always contain a-position(s) at which a ~nucleotide(s) is .
different: fromthat of closely related species, using the nucleotide




containing 141, 147 and 148; a region_cqntaining_lgz, 198 and 204: a region

? contai ning 223, 229 and 234; and a region ‘containing 594 %nd 5%%@.For :
——priners, the-3-—termnus is preferably a nucleotide spec%%PEmY i brio
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- Fig. 3 Information on specificities among the phyla of the nucleotide sequences of

rpoD gene of the genus Vibrio

The figure shows results after determination of the consensus sequences of the phyla V.
pand C-1to 3 (shown in Fig. 1), followed by homology analysis.

The upper case is V. p (the phylum that Vibrio parahaemolyticus belongs to); the lower
case is the consensus sequence of the phy‘la-Cl to 3. A section indicated by small
sequential * denotes that it is the same sequénce as the above sequence. A section
indicated by large denotes that it is a nucleotide specific to Vibrio parahaemolyticus.
Symbols indicated are D=A or G or T; H=A or C or T; V=A or Cor G; R=A or G; Y=C
or T, K=G or T, M=A or C, S=G or C, W=A or T, and N=A or G or Tor C.

Best Mode for Carrying Out the Invention
We have already devéloped a simple method for determining. nucleotide

scqu_enceé of 1poD gene which encodes RNA polymerase 70 factor by a PCR direct
sequencing method (Japanese Patent Application Laying Open (Kokai) No. 8-256798).
{Table 1)

Therefore, 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
phyl-ogenetic relation.  Specifically, test strains shown in Table 1 were cultured for
growth on brain/heart infusion media. (NISSUI PHARMACEUTICAL Co., Litd)

Supplementcd with 2% NaCl at 35°C overnight. Chromosome DNA was extracted from
-5- ' :
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will now be further described by neaps.—of exanples. Howe &AW h 08y anpl es
represent enbodi nents of the present invention, and are not intended to
limt the invention. Specific detection of Vibrio parahaenolyticus was

at t enptiegh1 ¥ the j ' Ny did £ vi

Vi bri o _par ahatenglgﬁlzggéggg g)ﬁoﬁhgg)t%%ggﬁ\? b%'Anqgé}gﬁ{”ﬂ gﬁt ?‘?%SS} @@ggbed

i n O ailising Othe oextBaceade TV As R, tdibplaf3, afil @t RBplifiQ&BRChhNE 4! frihoposone

DNAs ext f t frains shown in Table 1 above were used as

t enpl a?%i&c%g%l%é’%%ﬁgkgﬁéb§ﬁ@ ATV ENEAR AEzee NAGN( f i cati on and

- reacti @pOREST ' | Ta Gold :
oDl | e B e e A AR YT AR PR 8T Dol R

react i drpangsaitRasentnapphicatier daying Mapen aKiokadl Nl 82569682024 00 g@%ai n

DNA 0. £ %}Kﬁ O(f50n1\/l KA, 10 Tris- HCl (pH’%é}, 1.5 mM'MyCl2, 0.0L %

gel ati n2BHGTP YoBPrifpmalelyn§00 Dps Rsitong3rrHFSGen rpakY gshe niegseieeef Tabl e

3 for EekenHiAlbBBrai\K-€ACE] ndi 4 0ns| . of i vation with .

Anpl i Taq Gol d (95C for 10 mi %%@Egﬁ?@%% 9?‘8%‘?&%‘?15‘%3% s TE e 3 i,

anneal AT afid]sqguanged cwasTapplifisd flgr at BERemathade) , AmpHfici2éh redctibnMvl; and

then e [ On.:heact | for 10 mn,was. perfornmed. Table 3 shows
or' mor PEARmE B e iRl A 2Blicrare LATIRG ook PaiRbicdsBlospticnmh
(303 ose. & N PRON GENE 00 T PR A o reB A S By ¥ 50
min), EeBAteHdn contil hed ofi PN AeBRIN UEChIOmMeTd o HCLGpHi §13). 105 knaviedt <by

P )’ geds,

confir L,on .of. t resenc rapsence of anplified rpoD genes under
ul t ravi’ i %t g?lgép,aﬁﬁgﬁfl 952?%5 &?@p%é%ﬁ@@h@%‘l Sroldrand b of eygiepriofer.

ti T & | i 0, riners in total, of .
The. oo Sy arr condiigR cohacd of JRRvARK RIS o G RE BB Ak e Cokd,

phyl ur0t bytles hbubadiibe (G1@foi NadingSEVCIor O rRATARIEY Wi £WSinyeify RRgi ti ve

(Tabl e 412. s AHUWyuU Ua) Ny ) C UGCKkKkf-j&/)U 9- A9-
clodgation 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
(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 ul by mixing 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 -
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| 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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For example, primers can be designed to always contain a position(s) at which a
~ nucleotide(s) is different from that of closely related species, using the nucleotide
sequence of rpoD genc-comprisin,g 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 position(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 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 nin), and then
) sfajned 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).

-11- -
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under st andi ng of the

because t hey have%been desi gned based on a thorough
phylogen tic riel attioh with Vibrio parahaenol yticus, by which inprovenen
peci fli cigy pas been studied. Therefore, the rpoD gene primers ajd

dvantage for direct detection under conditions wher
speci es eX|st

bact eRi ajare notﬂls'latqd fromfood, and thLed bacterlgh
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rpoD genes

t he phyl ogenetic

70 factor of type strains of the genus
el uci dat ed

thereby enabling the design of probes containing them and

W have determ ned the nucl eoti de sequences of

pol ynerase [err]
and identified nucleotides which are characteristic in Vibrio

Vibrio and of stock strains of Vibrio parahaenolyticus (s¥FaM#%2®6nt ai ni ng

and t hose not containing toxin gene);

encodi ng RNA

specificity.
rel ation,
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par ahaenvol yti cus,




aaagaattcc atggatcgcg atgccgaaga gacgagatcc atccgtcgtt aacattaaag
gtctaacacc ttcgtactca aatcgttyat tngcatctga caatckckaa acatcagccg
<220>. <223> Description of Artificial Sequence:consesus ¥dguené¥éanong
Vibiro spp.other than Vibrio haennlytlcus <400> 2 actcgcgaag gcgaaatcga
tcgtctgttg ctgaataccc caagcwgaag aaytdcgtct gayacvrcwg chccracrgce

‘gawgaagayd. amgaagacgt gargaagatg twggtatyga acvtaycaaa aycttcaryt
gaycacytag traaygaayt 807 catcgcaaaa cgtattgaag

gt wgcvai a af gct
aaggt 4t ¢,aa tfcaa 60 wggyacdaty ccrtacatyc wacwgacctw atytcwgght
racrcacpfly |gptlt ¢tigarc tgatgangac gaagaw gyg yccwgarytd gcgctwgaga

wgcaafl cggc jgparlyaciggyt agacgtatty nrngarttyc rcgyacnkcd atggatcgyg -

at cat gapslK jtwrlypgt t ga at acggcaaa atgccgaaga 2/5 ttgagcartt ttgthgaycc
tract gﬁic tgdypargtw 120 wgaygchgay 180 tcagytagaa 240 aygayrrykm

wgat g hﬁEMl3 Q {gattcaacca rctacgcagy 360 ayravagycc gtctracrcc

ttcgt agw all[datpritt yat kaaagcracm 420 waaacagtty 480 agarcgyytg 540
ygcrct gedyl 00 2§ January 2006 acwggyaayg aat cwashga wgcwt ggytr gatgarrtyy
t wkewt qaay dagcicat ac660 gct garaara tyaaacgtar cgaagaagar atycgycgyt
caat gr qt*abylqd abjdfat g720 attgarrahg aracytntct rammgtwcar aacatyaaag

acat d& gyat gt nt 780 at cggt gaag craaagnkcg ycgtgck807 <210> 3 <211> 20
<2123% <L% 3 y. parahaenol yticus <400> 3 agarcttcgt ctgactgatt <210> 4

gawa phenomenon | F1 & R1 | F2 &RI{FS&RI|FE &
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<211> 20 <212> DNA <213> v. parahaenol yti cus <400> 4 aagaagacct agaagat gat
<210> 5 <211> 20 <212> DNA <213> v.-.parahaenol yti cus <40(J)>_5 2coza((s:;cwg;;cgcc
aaccgcgact 20 20 20 3/5 <210> 6 <211> 20 -<212> DNA <2136 Jaguary

par ahaenol 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 yti cus <400> 8 attegttacc agtgaatagg <210> 9
<211> 44ncuws2AdApMRabRR$> artificial sequence 4/5 20 26 January 2006 <400>
9 acgactgacc cggtacgcat gtayatgngn garatgggna cngt 44 <210> 10 <211> 23
<212> DNA <21Bs rpoDi gend afinpesguedgqeobdO0F the RegRE lifAGRidRIg2685Hn0tR - 23
<210> 11 <211> 44 <212> DNA <213> artifici al sequence <400> 11 at agaaat aa
ccagacé? e aggar?&&%’ﬂna%fé@é‘b’ylﬁwwq yiey havebegs depignedihased3on <2 fidro A

i fiCi taa gtt 23
<2_13> ﬁﬁhérfslaﬁhﬁllg af thE r[:ﬁﬁdofg%ggt?c %%Ia%to%g\%?t%t %br?oc ?U%?glgaemol)gticus, 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.
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