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; z{ e3el Nl F6TNGR% - Speci fication Met hod fox Detecti ng and Quantitatively
Det er m ni ng Henol ysi n-produci ng Bacteria by Totally Detecting and
Quantitatively Determ ning Thernostable Direct Henolysin- r@y@l/

(ene
(tdh-rel ated toxin gene) of Food Poi soning Bacteria Techni Iﬁ@ﬁ/’m’/’m]e
present invention relates to a nmethod for detecting, quanti -
determning, and typing sinply, rapidly and accurately the gerf&8sof

t her nost abl e henol ysin protein grmﬁp@c{fmﬁch refer to TDH (Ther nost abl e
di rect hem)l%si rp , TRH (TDHrel ated henol.ysin) and other anal ogous
henol ysi n M¢thedifas Defrstiap padt Quantisativel e datermisimepiemel ysire gradicims Bapteaiduc ed

by pat hqgeni cteria of the genus Viblio, such as Vibrio
par ahaeﬁ%l ytTi%H?g’, E%Fr‘?ﬂlﬂg VERH | Readitanedy \Petersiningi dlkermodtabilor iRirect

7zol li sae. el the, present inyention relates to the fields of fishery,
food in ?PS@,S‘%{?B‘M:%a?éal({fﬁ?;re&f?%%}v eep s dtoed\Paleoning Bagiseiat he 1 ke.
Background Art Pat hogenic bacteria of the genus Yibrio including Yibrio

par ahaenol yticzls, part of Vibrio cholerae, Yibrio nemcus, Vibrio hollisae
are of an inportant bacterial species group for food hygi ene control. They
cause serious synptons after oral infection and can cause death in

patients. T{E&x}l@ﬂqﬂe dthe incidence of Yibrio parahaenolyticus food poisoning
is particularly hi glh, and is always a highly ranked anong t he causes of

food poi soni ngehel Brédahd fn%gﬁig& felatks t'ae%eﬁﬁgﬂh)‘dt ort gg,ec%igg, maﬁtga Wely > of

infection, fishes and seafoods to be consuned uncook

par ahaemeteriifing, 208 Ypiedresi@pny, iapMIPrira hagkatdp thﬁg%e‘é/‘g{)ﬂ _th%‘?@%"f

t her nost abl e henol ysin protein (Ther nost abl e direct

t hose wiliemolysin geotein gfoupsdwand adouto TOH TREM @iAbIE TRy E&%B@irp,efi‘?{'}ysi n:
TRH), are causative of food poisoning. At the food hygiene site, food

hygi ene (EDH-relhted shepaoljsinjredd dolyersaialdgogs dremyipsn proweids, OlerdighRéangeréor
the total count of Vibrio paralzaenolyticus existing in food. This is based
on the e @rildauplated wxins] prodised by nrabegeaniabagern af der genus Kibeposudions or
nor e of g)lg brio g;r aha}er_nol yticus isolated fromfood (perishable fishes and
seaf 0odSyoriageEehqerlyscusy RartRinkiérioothddaiee Ml ia wgpdetseand &ilivéo Viobsae.
porahcrenzol.yticzrs is. counted.accordi o "Eood hygi.ene inspection
Do doi | ARSI, hE e i BPbT S BET B s P 680 Bety B Faustn Rl beateh,
referen £ Lk , the food may be offered (the 22nd
.%ﬁni‘{:gl fﬁ?oga]tgx%ftg#g% %rgd g@ﬁﬁ()e

notice issued from vision, Departnent of Food Safety,
Phar maceuti cal and Food Safety Bureau, Mnistry of Health, Labour and
Vel fare, Japan). '

Background Art

Pathogenic bacteria of the genus Vibrio including Vibrio parahaemolyticus, part
of Vibrio cholerae, Vibrio mimicus, Vibrio hollisae are of an important bacterial species
group for food hygiene control. They cause §erious symptoms after oral infection and
can cause death in patients. In Japan, the inéidence of Vibrio parahaemolyticus food
poisoning is particularly high, and is always a‘highly ranked among the causes of food
poisoning. In this regard, it is necessary to test the main sources of infection, fishes
and seafoods to be consumed uncooked, for Vibrio parahaemolyticus. Only some
genus Vibrio bacteria those with the genés of thermostable hemolysin protein
(Thermostable direct hemolysin: TDH) and thcgse with the genes of the analogous toxin
protein (TDH-related hemolysin: TRH), are ca%usative of food poisoning. At the food

hygiene site, food hygiene control is performed: by setting an upper limit of tolerance for
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As. descri bed above, pathogenic bacteria of Vibrio parahaenolyticus are only
t hose capabl e of producing TDH or TRH. In addition, TDH is also present in
bacteria of the genus Vibrio other than Vibrio parahaenol yticus. Hence,
froma broad view point, that is, food poisoning prevention, desirable
control should use as an index not the nunber of Vibrio parahaenol yticus,
but the presence or absence of, or the nunber of bacteria capabl e of

produci the o9l seurRal Hibripaeargbesmelypiens eistingt inpAeader i Bhisf ist basedeomghe
Vibrio other than Vibrio parahaeniolyticus, that is, sone strains of Vibrio
chor el aB'HBIRE At WPHPIRIORINE shasterkndonn 1 icrtAnNPEARSTHEN eOITDMIpr ofd déhrig

gene tdh (l.nfect. . |mun., 52, 319-322, 86, J. Bacteriol., 171, 6859-6861,
1989, RS Riea LI e fom gopd Giegshible %fb%a}l?d 1ealords) beSneaifisalty, theat
TDHrel ated toxi,n protein ag: ﬁ\éem éﬁ'd i nde end?nt,l y fromthe phyl um of
actual PHPRELE it@cgeé’c?t SHSPECIGE 1P é)l 03 POT Hteqro Wi st BeCHrteb geprdingata eri a

nor i 2ont SO PRt SspBiRpSE MRS, Tof ot Fohet BeBRuioiln ¥ S 1 o feterbaror ¢,
th I} ' t her t k .
Loxi n- pracstr ey RuETI0)Y ST KR! By Benlrt R AR Coties iptdat oa

t oxi n. 145+ RODH AL o L i I et.ectio n

quant ¢ 6T VS R D RaDh, Befmbds SEPoRf s PIBRRERLTE) BH I seer
TDH- 1 el Bugshul MKnfsulf ST Iédlh, @PSuraindt Welfsiel ?alﬁ‘h?if ood hygi ene control, is

i deal . However, thére has been no neasures with good versatility and
reliability fas dstdbid aGove? patlwp@nipubadibiatof Vighyio dsdranabMbhiclPard ohE) at ed
tpxin, so that detection at the site of food hygi ene contro[y has been

i npossi those tapaie ofipeodudirg THELOE TRH. | ninesddithon, PPFDH! ienBsd prédentSal peeebry t he
I nvention As descri bed above, detection and quantitative determ nation of
actual bhthegeaucdpuin ethst than dibiiopdrDkkarelipicd. t dkdéntepfoneianbroddngeat t he
site of food hygiene control, is ideal. Total detection of a gene encoding
TDH- r el BeIBH thakisnfogd Rodsoningpreyentian, dasirakde genteolshoald wse asfant indexunbdre of
copies are apg{_)?grﬂi_ate‘for tpi S 1E)ur ose. Detection and quantitative

det er m A%PPEN brisprEangeBaiisy =cb‘g‘r € ATRSERER T Fhsenas @f, tarethgarvaeharaf and
gquantitafi L pat i cterj.a which may possi bly have the sane

t oxi ns gérldégr?%ggé%wp toﬁgéggitrﬁﬁ.ref%ver, t he technical problens
associated wth testing by this nethod are |large. Specifically, there has
been no nethod for detecting sinultaneously and totally all the types of
known genes oft Rb¥+Heeh aicpdrtbdXihbt Waliefian oSN BEPFemAC YR, NOhY HAEV;880€
anplification, such as a PCR nmethod using priners, and detection are

per f or nearahpeiabricy phst ¥)sémbetraRsi @EGriondioviiddalonyo1, angrie RJusA, lahy of
primers nust be used sinultaneously upon testing. As a result, this nethod

i s i nprBdriocaimicus, batdi TDdhprodscidegsgamebdd (lafeet: ,Intminen. S2, 819-600pi 9gd,i pns of
current]y exi stinIg riners is highly likely to fail to detect all

TDH- r el Bedariobxih ,&856.8610#%95 | Mégrabioele ietti, et 24 962 o U980).v elt has

subst ance of Kanaga }Ph nonenaon, a phenaonmenon whi ch causes henol ysi s of
huran T BSFRCIAGRE Al  OH-2Rleer 04 SuEIe B65 raKed Hulepsrdragerirems te woy s
Vi bri h Lyti f nod i i ng. ., d th ]t of i mal
R SE e O A e R
b ' 2. L ahl LS } N d, TDH.h b
Fecoqn Sa 2R aAlEC R dthA Endl bRy o IR RAG “Piogrsl HaDoBgaRel
di scov e athnlisish (@l Bacdebl.Y 493 3036150461140 Bat neplerol L lfeoge%n Yiead 19

showi ng no Kanagawa phenonenon. TRH shows about nol'ogy a ffo? aci d

llevel whdskiblIply, tiad Chiraihd Kehed Bhbn KRS tdxHpidd R d SurB@EOh MR Aeduifdiqe

I mun., 56, lggl -965, 1988). trh gene enco‘dlpng TR is'} lElnown toccgl(%{r%c)jr ?Jéde t wo

types (tetdihedatist perte29f WOHcelated toxin.  Froin this point of view, it can be said that
detection and quantitative determination of ‘actual bacteria capable of producing

TDH-related toxin protein, done at the site of food hygiene control, is ideal.

However, there has been no measures with good versatility and reliability for detecting
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differ fromeach other by about 16%in nucl eoti de sequence (Appl. Environ.
M crobiol., 58, 2449-2457, 1992). In addition, from alignnent conparison of
respective am no acid sequences of TDH type toxin group and TRH type toxin
group, it is inferred that both toxin groups have passed through a

| ong-term evol uti on process and each has acquired genetic diversity.
Therefore, toxin having an unknown internedi ate type sequence is likely to
be pres@nf.quastitrively, detﬁrmlalsnﬁjg&i'l-rlelptﬂdtf@dllt,hS@tthtahéetedhogeameh@fs:ts(mfefood
strains of Vibrio hollisae is | ogenetically different fromthe tdh gene
of ot heﬁlysbﬁélﬁélonﬁobhastIPP@HQ@G@QSSI‘QI%H@ieés?ClgGich as Vibrio parahaenol yticus
(Mcrobiol. Inmmunol., 40, 59-65, 1996). Furthernore, it is shown in this
report that 2 out of 3 existing PCR primer pairs for detection of td7~
genes failed.to de ct conpletely every type of tdl 7 gene of tested Vibrio
hol | i sae. bNEﬁJ%W%P BHENHER been reported regarding trh genes that

| tid t,r. hi d trh2 t |
Envi 1 on. f/f‘(ﬁnﬁ%ﬁ??ﬁ B2 SBlyeb A8 Betios o 05) - Hoaever var i atton i v The

| tid h| d trh2 h. b d ~th
LSRR A A DU
t h. Actual
|ﬁ tS ﬁ)e/ tﬁ? cbelég?@(ﬁﬂ?m%r]ggre% Jt?%@ééﬁ%??&t%ﬂgdhégv oXi grnfe ogﬁ‘gﬁglql@%z?lﬁgp gous
to TRH aythehhatTded &eéamtnoofefgéﬂ féﬁguain%ggggﬁ@gﬁgt%%@aﬁgd tqeamﬂa ygrese

results strongly suggest th oSSl oxin enes
ot her t Raferinatdki & the GuERRESS D aP@EialﬂropnﬁfeSfofr%lsctﬁ&ﬁ&sté NP geiici ng
gene tdl 7 and TRH produci ng gene trh separately (prinmers for detecting only
t dh geanaxﬁll[tlafrEé deferhimdebs of ITIH avlayed tolin pRBein nadle PEdsimE shd testedLatd N9
tr7~1 and trh2 genes sinultaneously) have already been -4 devel oped for

t est i ngquantitatige deteripimmpaned daParianwhichingkyOpessitlp hate 2934486 tddihs af@ ke
Probes, 6: 477-487) 1992), and they are on the nmarket as a reagent for
study|ngmv?mﬁﬂ@gEWﬂHMaennlytlcus However, for the reason described above,
none of these comrercially avail able reagents provide a nethod for totally
detecting and quantitatively determning TDHrelated toxin 4r the toxin

whi ch t od. .Th wh h d at th
O e ol foou FioSfeRh B ieffal Iaianty, abee et St Tea By A Bredtmst e 1 on
t i
o oer by (4B R A M £ YA b8 183D BORHYnd SR SEOETR haotalivg of ve
t he aboyg (pg %@e@ 5¥ kndSvnh@hes fo@"lﬁﬁ-l-trgﬁkdmogm ¥r OQQH Bﬁﬁjt {{?&}o‘?&‘ﬁl }per esent

on TDH and TRH proteins.” Specifically, we found

anal ysi ge@daptif¥oatdst, 30cii@l d BERUREEHES u@fngT]QHnéﬁd aTB'd»eté’c@ighoa'?§ p'eﬂ‘ohﬂte@ TDH
and TRH showi ng hi gh honol ogy. We hereby conpl eted the present "i nvention.

The pr epententmpﬁ]mue‘n be dlesigaedahéividmilyj and apluna iyl yﬁpﬂn@em(ﬁﬁ;stcﬂa aded trl.z
can be sjinultaneously detected by designing mxed primers (degenerate

pri mer sylmrdtarmgoaslmwped@stm sefuamenlinthisimetbed ds poptkstical. t ile aidithm, asi d
sequenc ]g) g h ho g tg such two types of henolysin having

di f f er eAEScEivGHpieRd eé‘ﬁ%lB F‘Pl‘t} wiRErDY PEaRrebLgXistee PORei®ihbighbf likelagaent s

of both d|n the 2 types of henolysin; and obtaining
from bof Fﬁhit?%#ﬂgfﬂ ﬁﬁﬂp ‘ﬁnd the TRH producing strain the
anplified fragnents of a sequence fl anked by the priners. Furthernore, the
present invention is also characterized in that the detected toxin types

can be identif gk [ whi h_are
functional |y alrlﬁfigglous l?&ﬁ‘%gﬁ]ﬁd Q%ﬁHQ%%ﬁ%ng%e%lg%tde}ﬁ ref p%@ﬁ%l?’]f“ﬂﬂr} son of
Dr awi ngg phenombihiBWhithlcahisds! 1%11161?515 Q)f hRﬁl%HllE§ b®o éln&ms' BLE 1sa£§sg&mtw1th
anal ysi s based on existing TDH a am no aci d seqliences

the pathogenic factor of Vibrio parahaemolytzaus food poisoning. Based on the result

of an animal experiment in which purified TDH showed similar properties with those

observed in a case when viable cells were administered, TDH has become recognized as

a pathogenic factor. On the other hand, TRH has been discovered in strains derived
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The signal peptide sequences (24 amno acids in the first half] in the
am no acid sequences of 13 types of TDH (8 types of V. parahaenvol yticus,
one type of Il mmcus one type of V.cholerae and 3 types of Y. hollisae)
and 3 types of TRH (V. parahaenol yticus only) that are present on the
Entrez Protein database were deleted, and then nultiple alignment anal ysis
was perforned. Nunbers followi ng :' subsequent to bacterial species nanme
and t oxi fory paticsénstih fadepeisemngohoveng tnIQeKammeher@cﬁngme 2TRBi ghov
Anal ysis of PCR applification products b arose gel el ectrophoresis |ane
1, 100 b3PAuhdefE Hﬁmkl%:/ Pareanipo pgEd1lere wnluﬂaﬁ ptheurdikevdDH, G855 (isr hl
); | ane 4, V89 - dh | ane 5, V99 - 157 (tdh | ane 6, V99 - 161
(tdh): |‘§ﬁ@nqlab% o 1?1%1{181’?} Immye, 80, Y965, if§gitdh) lane 9, V99 - 223
(tdh); lane 10, Negative control (no DNA) [Figure 3] Fig. 3 Phylogenetic
trees of DNA fragnent anplified by PCR Phyl ogenetic trees were constructed
after translation of the analyzed

nucl eot | de sedUbRERE TiEEn B0 I EPUVE Sh SOMELEE 1D, SPAnATYLdd e
F
denot EE i ok OQ“%&E%?Z%?‘E?J if pY RO ds psowbts GRS, HedfnalBoubid b e
Nos.
Gat abaselt: e ABM arngy ?ﬁi”é“?l&pg"gfrgggme@ CFaPh L PR s Shabidf yming,
(1 FO 127414 que%cé’segptl@@i Wﬁehtoﬁ[rl: BtpCart Tﬁ'}-gtyfépté%ﬂ{ %%d'ﬁjé t{ mf%@% Cfl?f

anplified DNA product by relting curve anal

usi ng t hethitghin @Mi?@%d&@ﬁ@asb&ﬁ&%u%ﬁ a'ildiri?é-%lﬁhf erlqstlgnpﬁxroces@ ?é%ﬁa{'%a@ a
(6]

tenperature range of 65C to 9SC, and then the melting curves

anpl i fi exqpired igenstinediecranpl y Thekefdreghoxiayhddng sof tunRheéwh Vi emdiadd type
attached to the light cycles was used for analysis. Best Mde for Carryl ng

Qut t he sequeneei isnikkdy do dienpresentt héscpxaéb'emtt hanbeat reportedatiiaenha i gele ofenus

Vibrio which may possi blx })roduce henol ysin are detected, and the toxin

type is sogenstraineaf d&rigyhellisng étiphviepenaticaby dlifersne fien e offi penenoBettier on

of a seqt}agnce cotg’rmn to lgoth am no_acid sequences of TDH and TRH that are
gﬂﬁ@cqf B8

encoded Fgs, @%K’é’ WRpre %e’??lﬁ”ﬁ’éh@\’fwo@@héngém >\i0bri o
bact t . of | ti al i t the Clustal W

conput %505l on FarPiaRlts i scuRirEas Br BB0HBa0 26 P kilbuncteNh Eetabl o
h | t f d
the_ by edame beior dheBicn O v “%%kaﬁﬁﬁ& "‘és‘:ﬁaé[?ﬁée(é@@?eﬁef%@P&“ﬁdgﬁé&e of |

o R AT, S BANS RS ya )
rever se-rkchisidat isageiideeSef aMN@naCH2SLESNTAT blbAgNsteaiBE C(AH1d FRRAYaNCesS.
Microbiol., 58, 2449-2457, 1992). However, variation in the nucleotide sequences of
trhl and trh2 genes has not been considered in the design of existing PCR primers for
detecting frh genes, so that it is hard to say that such PCR primers for detecting 7/ are
good enough. Actually, in the process of the present invention, a new toxin gene that is
analogous to TRH and that is hard to amplify uéing standard primers was found. These

results strongly suggest the possible presence of TDH-related toxin genes other than the

existing genes.

Now, PCR primers for detecting TDH-producing gene tdh and TRH-producing gene
separately (primers for detecting only sdh gene, primers for detecting only trh] gene,

and primers for detecting frh/ and 1rh2 genes simultaneously) have already been
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Exanpl es of a highly conserved am no acid sequence include ( 1) LPS (V or
) PFP (A or S) PGSDE (L or |I) LFWR, (2) KRKPY, (3) Y (Mor I) TV (N or S
IN, (4) YTMAA (V or L) SGYK, (5) YLDETP (E or S) YFV, (6) VEAYESG and (7)
VMCI SNK. These sequences respectively correspond to am no acid positions of
SEQID NO 1 in Sequence Listing. Specifically, sequence (1) corresponds to
am no acid positions 3-21; (2) to 45-49; (3) to 69-75; (4) to 79-88; (5) to
126- 135 deyelpped farstpstimptoxim geper) (Japaneag Pasnt Laid-GipewiNg. 489748G@iMbErCahi no
acid a gr (3 at the position of the brackets. For exanple, (5) YLDETP (E or
S) YRV g’ﬂ‘%ﬁﬁs t 8¢ 7818 ndPIA BT PEsEereopn VIEDERARSYRY. 2 repgenEiumpidsng fVibrio
particularly preferred Iﬂ'ghl y cofnserved am no_aci d sequence include am no
aci d se§feHEsg o cudE (Ve URiviler dhpsorordesepbed vabeve,) npRPEOf Athisise S)

PGSD (L | 1l EVWLR; . VEAYESG, 3) . YMI'VNI f Y (Mor | TV (N
09 T bmmiorly” B, o da e Py o AT MIgteqing | aot s

encodi n e, or _a par f _the amn ci d sequences are prepared.
eanpl oS stiatlay eRn PR AR el eBlot el Bk SBRTmEy &xft PR
5' - gayg % -3 odi (b, or- b)) LFVWW and an antisense

pri ner g*j]Q {:%ts\{/\ﬁye%jc%cg%g%néﬁg& gée%g%tggaislﬁtﬁ QfE%?Eé@' g fﬂ%‘ ol SuBpfaneous
speci fi N1 RN . : _ ne can he detected
chei 1y [o SFEmIBARYE BoicBrioh syfiplt iSteubied, Bl bhch 6 RGER0 sRBHET RSh S
addi ti opgmaianesosefbilifye unknown henol ysin which are anal ogous to above tdh
and t~-1z can be detécted by using these priners. In this case, a known
sequence is previously added to the 5 term nus of each priner so as to be
able to performdirect sequence reaction-using anplified fragments. The use
of the pMdameifer SwlvingktheBnolsleopsences added as sequence priners enabl es
direct determ nation of the nucleotide sequence w thout cloning the

anpl i fi ed DNAASragsulitof sthdieanalsplviecthk abeseilipreblemss e laawel founédhBNAghly
fragments in the present invention can al.so be evaluated by nelting curve
anal ysi somseryeseragions arg nresent onnEDHomda BRI, srofeinst hSpecifisaly,mveifognd, by
nucl eot as shown in Exa The present invention

iggli.sgi%uences, I,gs. ) _
enconpaXWdd-aliepment gpalyds opckneyn amint 14 dsequangesof i mnd T RH, regéens inyi ng
a henol ysin e i uses .a conbination of gy xed priners designed on the
basis of°Th R \gpgﬁr{]%os Rge g@gﬁe Qpelogy Vg‘]? ﬁ el?%afé’é"rﬁslgt.eg ESbEnpresent

[ Exanmpl g,vindioksi Ng highly conserved regions shown in Fig. |, a sense prinmer
g 5' - gaygarhtnytnttygtngt-3" encoding (1) DE(L or 1I)LFW from anong
LPS (Vor I) PFP (A or S) PGSDE (L or 1) LFWLR, and an antisense primer

5' -ccnswytcrtangcytcnac-3' encodi ng (6) VEAYESG were designed. , These

pri mers respedbf pegsgnicBveadonptichasagiaties brthat hemiolysomgenes TibHaref #%i dan- i o
par ahcr naolx ZCZrs, 38-44 ang 16l -167. There are 3072 conbi nations of the
former RY XEH %?’?er?t*?@ . dedpicted Pagdeging R GAPIReshidegstiate PIRSE) pisingra,  An

lified f £ . 386D b t ai ned by, PCR usi t he X
Conbi nal TR SRACRE rpieh PORETERS” TR MenPRr e tuASR IS5 AeHoEaE Bighan

Kk [ h ; 3 J i ide. 5 -c.
AR N L A SR T e Rt e i L

previ oughyligestesh bP tHBCR mE@bAorYm oRfenR2SL RN IAREs 28 &% L9 e?ﬁodﬁmr?hé ?
perform direct sequence reaction using anplified fragnents. e uSe of the
pri mer stypies hofk Mewol weatuane esbtaihges f26mS Bathe fige mHniﬁroau@iﬂgbL@a%ndbﬁf%
determ nation of the nucleotide sequence w thout cloning The anplifi eg DNA
f r agmenTRH-proakidintgi sirain tthe aanpifiedi frdgdAs prfosl yequdnse 42Hed yt @fe pefickds on of
this sequence. Toxin gene fragnments were anplified by PCR using the above
pri mer sFanberowiragthapresnpimtess on hie aksh cbars tmize DINA thatt thacleed tac i typgst 0 a
standard nethod from 8 strains of |~ibuio paa-ahaenplyticus listed in Table
1 . whi cearabe daptiied, canst dupgoentDPf gn TRHOWAMBONifii geatei phicleant iforctivas]ly
performed _using thernostabl e DNA pol ynmerase (Anmpli Taq Gol d: Applied

Bi osyst@??é?g(&ﬁgog[&@ NIFECEnbe defectédel es (1 SC Bi oExpress). A reaction
solution was prepared to have a final volume of 50yl froma solution
containing DNA 0.1 fig, 50mM KC1, 10 mM Tris-HCL (pH 8.3), 2.0 nM Myd z,
0.01 % gekapeboridNIR{(Sratviid each), 2.5 U of AnpliTaq Gold and prinmers ( 1
~ Meach). A reaction condition consisting of activation with Anpli Tag Gold
(95C for 10 mn); followed by 5 reaction cycles of 95C for 1 mn, 45C for
40 sec and 72C for 1 mn and 30 sec; 35 reaction cycles of 94C for 1 mn,
46C for 40 sec and 72C for 1 min and530 sec; and then elongation reaction
at 72C for 10 mn was performed. The resulting PCR products were subjected
to 1 % agarose gel (Sea Plague GIG agarose: BioWittalcer 9



Mol ecul ar Applications) el ectrophoresis (O SxTAL, 100V for 30 mn), and
then stained with ethidiumbromde for 10 mn. The presence of anplified
products was confirmed under ultraviolet irradiation. As a result,
anplification of DNA fragnents of 422bp was confirnmed for DNAs of all the
strains produci ng TDH or TRH as shown in Fig. 2. After these anplified
fragmentsl[l%,e fﬁci sed fromgel and purified according to a standard

met hod g otide sequences were determ ned by a di deoxy nethod using

t he above- nen ed se The nucl eoti de sequence was
det erm ned usi‘t @l@ﬁﬂﬁ?iﬁ’%’%’ﬂ%‘?t E 2ttt exisgnRd Ay and

React i Oghéh éﬁﬁ)gl J ed B| os stens) and ABI PRI SM 310 GENETI C ANALYZER
(Applie 888 %)Seq‘ﬁ’{bc esul ting nucl eotide sequences (SEQ | D NO 41-46)

Qﬁigdiﬁﬁoﬁm Rhfad TeRoBe] $2 SRR “Fias SR ERI oD B 5? figo acid d
| \

P o ERobLele 13 mé‘;rfry?%? SRProSCE Adnartblfll 080 u‘gs)’%sy fal i

1999 CohBi e@fe MreyBbRh-88Yand B t98&91ofzqﬂoﬁ?lhs§e)a a'ﬂ@w3g‘? s.( EEQT&{% 40)

that differs fromtoh2 in sequence (82% ho ogy ‘at am no | eve
91 % homl-amenmly 4G ol ©) tB&i ste lpeaseht on BRAEA-ES Ffoselhrd%@aﬂaﬁe%rgamdt Qaﬁjat e

(Fig. 3 As a result, sinultaneous detection of tdh and trh genes an
det ect i mme;pﬁquurﬁw@wgnfﬁléh’t aedl pdi e vak Petforgeaes l\alhﬁaes@m\fvﬁl be: mgeymn@ oY

the use of mxed priners based on am no acid sequences of h| ghl'y honol ogous
r egi ons baétefiBHspents hiRhbe and toxin type denote Accession Nos. of the database.
[Figure 2]
Fig.2 Analysis of PCR amplification products by agarose gel electrophoresis
lane 1, 100 bp ladder marker; lane 2, IFO12711 T (trh); lane 3, V89 - 655 (trhl);
lane 4, V89 - 656 (1dh); lane 5, V99 - 157 (tdh); lane 6, V99 - 161 (tdh);
lane 7, V99 - 177 (tdh); lane 8, V99 - 215 (tdh); lane 9, V99 - 223 (tdh);

lane 10, Negative control (no DNA)

[Figure 3]

Fig.3 Phylogenetic trees of DNA fragment amplified by PCR
Phylogenetic trees were constructed by the neighbor - joining method (NJ) after

translation of the analyzed nucleotide sequences into amino acid sequences. Data
analyzed in the present invention are denoted with a symbol *. For data other than
those denoted with *, sequences present in the Entrez Protein database were used (in the
figure, numbers following ‘:’ denote Accession Nos. on the database).

TRH contained in the type strain of Vibrio parahameolyticus (IFO 12711 T) is

denoted with «.

[Figure 4]
Fig. 4 Analysis of Tm value of amplified DNA product by melting curve
analysis

PCR products amplified using the light cycler were heated at a rate of 0.1°C per
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proteins. -10 Table'l Strains of Vibrio parahaenolyticus used in this
study Organi snttrai nSer ot ypeToxi n geneSour ceV. parahaenol yticusl FO 12711
Tfrh +type strainV. parahaenol yti cusV89-65503: K6trh +clinical isolate V.
par ahaenol yticus ~ V89-056 ~ 04:K8 tdh + clinical isolate_ ' 1lI.

par ahaet not yti ct ~sV99- 15701: K56t dh +cli nical isol ateV.

par ahaenol yti cusV99- 16104: K11t dh +clini cal isol ateV.

par ahaef®foydi tu8\iemperares: 1keed hi+e1 ihite A5 °Cs endt dgn the melting curves of the
par ahaenol yti cusV99- 21503: K6t dh +cl i ni cal _isol ateV. _

par ahaeABPyificdurngduacts 2eers: o wasd+c Lightceiiclgrsentavare (Yerdian)eattdchad deribe
primer 5'-tayatgacngtnaayathaayg-3' encoding YMI'VNLIN anong Y(Mor 1)TV(N or
S) I N andgBhc¥sien wandeddor agalyss acraart ayt cnggngt ytcrtc-3" encodi ng
DETPEYFV anong YLDETP(E or S)YFV were designed from hi ghly honol ogous

regi ons sfo in Fi 1.. The pripers_.correspond to am no acid positions
100- 106 a Gﬁ%?gﬁg@?c?r@é‘ﬁggmt\}é? l}l‘a‘ieﬁtl%]bri o parahaenol yti cus TDH. Both
priners are mxed prinmers for which there are 512 conbi nati ons. An
anplified DNAAfccaghmgtto che IBedept daventenobaaienado byhd@Rnus iMvg-ie ombichaibpns
of these prinmers. Detection and identification of a henolysin gene were
at t enpt pessbylytpredvesahemolysinRgR dgtdciryl, asdithenpdeingspe hy oentitied Wdiksa deixed ed
froma TDH producing strain, a type 1 TRH producing strain and Vi bnio
panahaeRYdRift peidsseappicesencading pRGERT PI @ seqiencoeonyhenvio hpth enipp earaht

invention to pro an | TRH, and usjng LightCycler System (Roche

Di agnosﬁqfwgne%. 9fd HER ynd Efi\igfﬂttwcarsren-CO%dAr%agﬁté\fels Rher/dBreepeiand hrdthe

Di agnostics fCo Ltd.)V.p@s used as a reaction solution. The reaction

sol ut | oRRGY! SRS EFRI 74P718 BAFISER- vol ume of 20 p,| by addition of 0.1 pg of

DNA. To performautomatic hot start, Light Cycler DNA master m x SYBR green
| was inactivated by previously reacting with anti-Taq pol ynerase anti body

(Tag Start Aniisb@dysni QORLEEH- aftghifag! hﬁaygﬁngéigg%e%ﬂ%@t wgcog{]plggrc Cor

activation of Taq polynerase (95C Tor 90 seC); action cycles

0 sec, Adfgr@ronl @m$@e acianséqhdiect A 130types iof A wih eerRostaBRCARG ySHCTHH Of
94C for 0 sec, 45C for 10 sec and 72C for 30 sec was perfornmed. "After

anpl i fi et Botypeeaf TiDHrelated foripTREE (Fig. Waswe diasedoaid the plegertfe 6F Aighper
sec from65C to 95C, and then nelting curves of anplified products were
anal yzeeonsanysd dming geid degesceseinehe spquangesiof both wixinst heNBNAwhbthennahysi s.
Further, as a result of nelting curve anal éSi s, tdh gene fragment, trhi

gene f r_h@fﬁ*e’ﬂf? BAdr/neersh @rbegnelifishbnttn Palimsthndewaustnfedarsingrthevsamees
(speci f{n?xerée{)}ihug S Eleesqgger }l/J rree\)eﬁ'seqtr}gnstlaﬁler}/g these amino acid sequences into nucleic

acid sequences.

Examples of a highly conserved amino acid sequence include (1) LPS (V or I) PFP
(A or S) PGSDE (L or I) LFVVR, (2) KRKPY, (3) Y (M or I) TV (N or S) IN, (4)
YTMAA (V or L) SGYK, (5) YLDETP (E or S) YFV, (6) VEAYESG and (7) VMCISNK.
These sequences respectively correspond to amino acid positions of SEQ ID NO: 1 in
Sequence Listing. Specifically, sequence (1) corresponds to amino acid positions 3-21;
(2) to 45-49; (3) to 69-75; (4) to 79-88; (5) to 126-135; (6) to 137-143; and (7) to
149-155. (o or B) means either amino acid o or B at the position of the brackets. For

example, (5) YLDETP (E or S) YFV stands for either YLDETPEYFV or YLDETPSYFV.



-12 could all be easily discrimnated (rig. 4). It requires 3 to 4 hours
to confirma target gene using a thermal cycler by a standard process from
anplification to el ectrophoresis. However, the real tine PCR using the
present invention only requires as short as about 40 mn for a process from
anplification of a target gene to nelting curve analysis, and

si mul taneously enables typing of toxin types. Industrial Applicability The
present i nventixampleowi depariowbrhogrélorredobighly corstrived) aniihb @cid oswgoence.
procedure a variety of gene gr OUBS whi ch encode TDH-related toxin protein
groups hadidg aman@ @@nﬁ samlmeaéi)d Ee(diu@nk)dsFV’Vhfxemmanm@L@sam es Iy RFPHE (A

det erm nati on_of not bacteria havin gene of TDH rel ated
toxi n prodtRi rﬁﬁpe(Lp@fe]s)eIﬂEVVhRf déHV(EAlyﬁﬁﬁt (Bl Ni habimofig Shee ank
seaf oodsr\% nsu d fresh)g bacteria haV| ng toxin genes are

pr esent ?N N@& G 1 REIPENED] g’@m %PH%@J&PEEPK%W&) ¥bBd safety, since

t he nunber of_Phhe exi sti n% cte i a_havin thiE genes can be found with
this nethod xed pamers e 80%%5‘: SVH 5 8hei RAA § QWFWTHBQ@FI%ER%HP% are

preventi_on aOfd f ood %m sgnl ng and. pronotjon of efficienpcy and high
or eci si BRREF hygi EAETRES r 8 iR hef¥ sP‘B’FelFooH]C f &ct §F15§g BHEF 00d

di stribut to nt | f. f
Tore r el a8 iR BB AR | UM BT SO pBFER i bt ieBHieS<Enameom

f oods, fas t t
eﬁgbfesggg%mﬂtﬁé%’?’g%k%g’ e VEAYESS Q@ B e ier BlsBDo, n dBUEE: 1o
a gene qQf ¢ TOiyrgl atgsl of 0¥ Bel 5:8HB. de@ék(!ed feaélﬁ]fn?tarﬁh st Bgean%g!)}?m&r 34 os

enables rapid typing of itsS toxin type. Present speC| icatio
by ref esempr waimd eieks pnespeci fication and drawi ngs of patent application
nunber 2001-320403 filed in the Japan Patent O fice on COctober 18, -13
2001 on which priority is clainmed. -14 d ai ns
In addition, genes of the unknown hemolysin which are analogous to above tdh
and #rh can be detected by using these primers. In this case, a known sequence is
previously added to the 5’terminus of each primer so as to be able to perform direct
sequence reaction using amplified fragments. The use of the primers with known

sequences added as sequence primers enables direct determination of the nucleotide

sequence without cloning the amplified DNA fragment.

The analytical results of the amplified DNA fragments in the present invention
can also be evaluated by melting curve analysis or the like in real time PCR analysis
without determining nucleotide sequences, as shown in Examples.

The present invention encompasses a kit for detecting, quantitatively
determining or identifying a hemolysin gene which uses a combination of mixed primers

designed on the basis of the above amino acid sequences, and other reagents.

Examples
[Example 1]

Using highly conserved regions shown in Fig. 1, a sense primer

-8.



1.. A nethod for detecting and quantitatively determ ning pat hogenic
bacteria having genes of TDHrelated toxin [ TDH (Thennost abl e direct
henol ysin), TRH (TDHrel ated henol ysin) and anal ogous henol ysin protein,
whit ch conprises the step of using gene sequences encodi hg comon am no acid
sequences being present on the am no acid sequences of thernostable
hermol ysi n protein groups [TDH (Thennostable direct henmolysin), TRH
(TDH T e|5ag®cgam@wtr3§4gﬁ)gte§n@n@nﬁang)@thEIﬁb 81 ysF ¥ VpfrometmongdPS (éfor éy PFP
referred to as_TDH-rel at ed toxhgg that are widely distributed anong

pat hogefA bRk @ PE @5 ox heL HENELE, Angranoantigeape pyimar déicpnswiricriat gdytgnac-3'
detecting anpd quantitatively determ ning TDHrelated toxin genes. 2. A
met hod £B§OGIBE gﬁI YWHAYEST niErartestansdr | %lilwa@ i M BFOFR§PBRLEEdY | correspomdy to

TDH rel at ed t oxi . which. canpri the step of totall i fyi
genes. ofmrEs el redeprioin FOH Lt ataastiodt ato sy Haenegisl (o baclns o
f th Vi brio_usi lurality of .ol Leotid PCR pri
pai 1 whi b L BHBe BA TR BRdoURei mOe Biimpiactd eUEY shmberaitond ofdilavees.
| : the fallowing am ' 1 7), ,th th
comon GBS (2 Sb0GSPNR PolAerTRSTET ot he unbtar P oR-Einea

primer: N Of¢ k). R Ao I ) KRKPY, (3)
7 (W or 19 *40RPEr 8 s Py iR §or e ballag Dpel Yk e B g
YEV, (61nMeAWVESGemodysiy! K. . [ r REdd N r ted_toxic
gene, vx/rﬁlch con?léci]nsglsgl :Vg%%cl e@ﬁlgfeogé’eggg%\mg I?)éa?ralteh% > o?se}%: vﬁ%{j}e grﬁE no
aci d segpeaagedtpadced hr@nifthendo! i@ Bt AR A0 RSl ) ebi (7)
that ar eg%ﬁﬁe %%:%n am no acid I;equsences o%% cl a%ér?I%Jg.: C%%wlfigg Vg)})egw%gshlgFP
(A or ShaddR@EStEtHd 50terminks yVRacH PHmERKYas (S)beYakIMt0r pdrforky difdeOEeqentd\,
(4) YTMAA (V or L) SGYK, (5) YLDETP (E or S) YFV, (6I)) VEAYESG, (7

VMCI SNKreagtiof\ ysingrempilidredafrpgineytsng ThBHisee bhitteel prioxérs giztheknoai Ghqweaetai ns
5' -gaygar ht nytnttygtngt-3' encoding DE (L or 1) LFW anobng anmino acid
sequencadder) as ssquencpprinersy epgbles-pdirent detegmirgtgmEof thernycjedtideVviuenerd it s

correspondi ng conpl enentary s ndg. 5. A priner for anplifying TDH rel ated
t oxi n g&hgou IOBII}ch taé‘i’ﬂéﬁ/@ b@%}?‘\%’t”@?f-an@c%d&ﬁ%-t@e a'mﬂlbf%/?di gNe{\ product

I ..of the | eotid di i id
ceanencE tErbeHer &g o i B4RUERRL pond o conpl ement ary ot and. 6. A
: f TES _ : D e Ay o |
B Fayat gacioih bl e bt Ryt ), BORGL SN ME R R apc ssipectice
(7 3) Y (Mn%laﬂfe); Ve Kbk ok DWA%&qlai:Iea a%@&rd?&é)w‘g"sﬂﬂgﬁagﬂkﬂgﬁrﬁﬁﬁ% S and.

A primer for anplifying TDHrel ated toxin gene, contal ns
S' - acr aaf VaylCpgengendritas Bstedt Tible RhicBRE @ABRH a6 Yr&duca bR for triray.
nucl eoti de sequence encodi ng DETPEYFV anong ami no acid sequence (5) YLDETP
(E or S) YFV and its correspondi ng conplenentary strand. 8. A nethod for
total ly detecting and quantitatively determ ning bacteria producing
TDH- r el Atwlificssion reafiicshwas ppifpeed vsiagshepestable N A| pojyMeksse dAatmiTagoxi n
gene usi.ng. the p%ijgers of Sny one of clajns 3 to 7. 9. A nethod for typing
a t oxXi nGP&beABPIIé PRytegsyepd d SENRDNATGethermpheyrdlerc G Biekxnrpss)st ps of
totally anplifying a TDHrel afed toxi.n gene usi ne sequences encodi ng
cormon’ 1ineh St dpicheetedtEhuies BReE R Camtaio bl fiive 3 abRCoc oD and
TRH for Lo [ m Aanghyzing val.ue cific
mel ti ngDi\T e‘/grrp%gfra”agt63 lr?ﬁi é‘;‘Mog%tlhgaalﬁ%fffﬁllg]e%égggﬁu%é 35{: b-?ol?‘wfﬁﬁbﬁoﬁ o %e;}?}i”hg a
toxin t = T I 0% ..z Ci bacteri.a
whor o1 iR RE 0Py HAR SagpY 2o R B AE TP Sl B Ehibys R S W), Rl Py,

det ect i gghBfGh BbRItiHASf Acgiviti SIE LWEIMTA RN a8 RAG9 S T |
protein a]nd bélct erli ag\?\%i ch prloduce] T rglaat ed??oxq gﬂ%ﬁglﬁh?aé&r‘g%ﬂogy >

t lesf[ [ nggdca@ﬁmg}épélﬂ?:gﬁ’@@%%f N thiDes5°Bhoe 3 0cRatad R Thidr P iiiBT8d afo &y 39ne of
cl ai s to 7. -

. AR A. . Alacihbn Blclés AF 9ASC A Mnig, AbSAlforMAYeAehBI)uT kbl YMincaldcad sal qay] cal ¢
a] ca] caV] ca] ca] caV] ca] caV] ca] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca]
ca] ca] ctehcelop@ation reaction at 72°C for 10 min was performed. The resulting PCR

products were subjected to 1% agarose gel (Sea Plaque GTG agarose: BioWhittaker
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6J b W s z

6/ 3yt ni cA XS] caV] ca] caV] ca] caV] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] ca]caV]ca]c
a] caV] ca] caV] ca] caV] ca] ca] c<a] ca] ca] caV]ca] ca

3BZ"Zbr [ 1$+- z39=Cl 26Nzt 0j d_YT] ] caV] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca
] caU] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] cal]caV]ca]JcaV]jca e ? C

A L
c ?\ng* ; 3]h ’c?’é* E: ;Elcg *ch%fgéf% g(%r;:}(_i/]]}f’é'] ciﬁﬁ %]‘V%:Jﬁ]] %%1 ! 8%%@21\3?2&? g‘]a(}té é(‘((:ﬂ;cffgéiélg];@ 2a

cal caV] ng%{é‘{}frggjoz%{:\ﬁ%gﬁagg\ﬁ Jcaijlca\/] ca] ca\/] ca{ cg] ca][ cja] cga ]c!a} ca]\/] c;q ca]\/] c;q
/C?J/v} 7?)408?]:&?\42;23/27/2\1 2Q2[ 23333X466¢c8T9X9[ 9 99{vqgl fa[V]]]]caV]ca] caV] ca] ca]

cal cal cal caVl oal LAXhRALARE SEN P EBNA RRERYhEA AT SALGH G AL T 5] )

cajcaV]calca 9::::;

S====>>BBH FAFFER HIYH & R wAdhlsg] £aV] cal cal cal ca] cal cal cal ¢

a] ca] ca] ca] ca] ca] ca] ca] caJca] caV] ca] caV| ca] ca] cd] ca] ca] ca] caV] ca] caV] ca] ca!

J1 J2JMJ JJJKa KK kdsK bl fledLpddrhésth Mere excised from gel and purified according to
MVRMGMLMOME M-y snhc] X~yt o] e_ZU] ] c] caV] ca] caV] ca] ca%/] ca] caV] ca] caV] cafcaV] ca

| c&a] cOa\itaxftiard Ga¢thad c dec ahcladidd/seqiena®d cadre adtavliaad apVhcaileam aaid@VVVIVM
IVNNF N9 N>NQN Ns Nx NNOOPT QQS1UUUUUUUL wr | ga\ V~yt oj e_ZU] ] V] ca] caV] ca]caV] ca] ca] c

a] caV] cajiogjthashoalmapiteanddchoandeqajmealy] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV]
ca] caV] caU, V4V VWWAX[\\ 7] ?]1 b]j ] q] (rﬁ]&}_& aaeehfl | {|wl ga\V~ytoje ZU]V]ca]ca
Peav cgla

V] ca] caV] ca] caheapelgptdg sedusa alieedVising A3 CBRE3Y cRiginjecEdranjatad ca] ¢
ajcal ca ca& ca] ca] ca] caO A9S- 10% &Ilé') -s910% & ()-!!s&10%& ()-F
1 00 s&1 e&Seguqncglggol%:gly( )R_epctlon it (Applied Biosystems) and ABI PRISM 310

10% & ()5 %8 & (). 9%, 0% & ()<3(g#10% & () -9&
109 & ( PERAD AROYL B Sromatany
The resulting nucleotide sequences (SEQ ID NO: 41-46) were translated into

amino acid sequences, and confirmed to be genes encoding TDH or TRH.

It was also shown that a toxin gene of Vibrio parahaemolyticus type strain
(IFO12711 T), which had been so far reported to have trh2 gene (Summary of Vibrio
parahaemolyticus Symposium No. 33, 1999: Clinical Microbiology, 27, p239, 2000), is
a new gene (SEQ 1D NO:40) that differs from #rh2 in sequence (82% homology at amino
acid level, and 91% homology at nucleic acid level), and differs from those known to
date (Fig. 3).

As a result, simultaneous detection of tdh and frh genes and detection of
unknown TDH-related toxin genes are shown to be possible by the use of mixed primers
based on amino acid sequences of highly Homologous regions of TDH and TRH

proteins.
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AT X'\ "]"aB7@ 1
10H<10%H& () - S9O@10%& () - 7@10%&' () - 5@10%& ()-1#10%4& ()-h"!d
#10%HIHE' ()-]"~" _"$$+%&r &ML@ 1 10H [ 9! z#10% & () - Gs#10% & () - @

10% & ()-10% & ()-#10% & ()-E 10H 10H &) 1)M N OP)\))bC 1 10HL@ 10% & () -
10% & ()- 10" 10" 10°<10% & ()-810% & ()-f &#10% & ()-)) ++, ,-bChC 1 10Hs-
10% & (% ss- 10% & ()-s&10% & ()- $ #10% U & ()- #10% & ()-

#10% K&UE¥amp;2]; / U/ /1 zX9bC 1 5 10% & ()-! YIMLOY&' ()-M Hy&*#10%& ()-Z

A sense primer 5' -tayatgacngtnaayathaayg-3‘ encoding YMTVNIN among Y(M
or DTV(N or S)IN and an antisense primer 5'-acraartaytcnggngtytcrtc-3' encoding
DETPEYFV among YLDETP(E or S)YFV were designed from highly homologous
regions shown in Fig. 1. The primers correspond to amino acid positions 100-106 and
152-159, respectively in Vibrio parahaemolyticus TDH. Both primers are mixed
primers for which there are 512 combinations. An amplified DNA fragment of 180bp

can be obtained by PCR using combinations of these primers.

Detection and identification of a hemolysin gene were attempted by the real
time PCR using as templates chromosome DNAs derived from a TDH-producing strain,
a type 1 TRH-producing strain and Vibrio parahaemolyticus type strain (JFO12711 T)
that was shown by the present invention to produce a novel TRH, and using LightCycler

System (Roche Diagnostics Co., Ltd.). LightCycler - DNA Master SYBR Green I kit
(Roche Diagnostics Co., Ltd.) was used as a reaction solution. The reaction solution
was prepared at a final volume of 20 pl by addition of 0.1 pg of DNA. To perform
automatic hot start, Light Cycler DNA master mix SYBR green I was inactivated by

- previously reacting with anti-Taq polymerase antibody (Taq Start Antibody : Clontech).

A reaction condition consisting of activation of Taq polymerase (95°C for 90
sec); 5 reaction cycles of 95°C for 0 sec, 44°C for 10 sec, and 72°C for 30 sec; and then
35 reaction cycles of 94°C for 0 sec, 45°C for 10 sec and 72°C for 30 sec was performed.
After amplification reaction, the temperature V\;as raised at a rate of 0.1°C per sec from

65°C to 95°C, and then melting curves of amplified products were analyzed.

Amplified products were confirmed from all the DNAs by analysis. Further, as
a result of melting curve analysis, tdh gene fragment, rrh] gene fragment and a new 1%

gene fragment all showed different Tm values (specific melting temperature), and they
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I LOy&#10% : & ()-Z '[y&#10%m® ()-Z $10% & ()-///////00bC 1
1098’ () - #1090& ()- 10: 10: 10:ss<10% & ()- 9
10% & ()-37&10% & () - 0[ 2X4666668z0dY7 1! n#10% : & ()- 10M 10M
10Ms<109vB' () -1 1) #109M&' () - | S&#109VME' () - | | #109WME () - z8c89; j <S=i =zX7dY7 1
5T#10% : & ()-![(z#10% : & ()-Y ! [(z#10%: & ()-Y !s#10%: & () -
#10% & ()-y!i #10%&' ()-i =======AB~ = 1 | #109%M& ()- #10%& ()- 10: 10:
could all be easily discriminated (Fig. 4).

It requires 3 to 4 hours to confirm a target gene using a thermal cycler by a
standard process from amplification to electrophoresis. However, the real time PCR
using the present invention only requires as short as about 40 min for a process from
amplification of a target gene to melting curve analysis, and simultaneously enables

typing of toxin types.

Industrial Applicability

The present invention provides a méthod for totally testing with a common
procedure a variety of gene groups which encode TDH-related toxin protein groups
having various amino acid sequences. This method enables rapid determination of
whether or not bacteria having any gene of TDH-related toxin protein are present in food
(in particular, perishable fishes and seafoods to be consumed fresh). When bacteria
having toxin genes are present, this method further enables rapid evaluation of food
safety, since the number of the existing bacteria having toxin genes can be found with
this method. Therefore, the present invention greatly contributes to prevention of food
poisoning, and promotion of efficiency and high precision for hygiene control in the

fields of food manufacturing and food distribution.

The present invention also enables detection -of a gene of TDH-related toxin protein
from feces of food poisoning patients and from'foods, and rapid typing of the toxin type.
Moreover, the present invention enables deternéaination of whether a strain isolated from
feces or foods has a gene of TDH-related toxin protein, and if the strain has the gene,

enables rapid typing of its toxin type.

Present specification incorporates by reference contents of specification and drawings of

patent application number 2001-320403 filed in the Japan Patent Office on October 18,
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quantitatively determining TDH-related toxin genes.

2. A method for totally detecting and discrimixiating among bacteria having TDH-related

toxin genes, which comprises the step of totally amplifying genes of TDH-related toxins

widely distributed among pathogenic bacteria: of the genus Vibrio using a plurality of

oligonucleotides as a PCR primer pair which encode part or the whole of at least two

amino acid sequences selected from the following amino acid sequences (1) to (7) that

are the common amino acid sequences of claim 1, and have functions as a practical

primer: _

(1) LPS (V or I) PFP (A or S) PGSDE (L or Ij LFVVR, (2) KRKPY, 3) Y M or I) TV

(N or §) IN, (4) YTMAA (V or L) SGYK, (5) YLDETP (E or S) YFV, (6) VEAYESG, (7)

VMCISNK.

3. A primer for amplifying TDH-related toxin gene, which contains oligonucleotides

encoding part of or the whole amino acid seqiience selected from the following amino

acid sequences (1) to (7) that are the common amino acid sequences of claim 1:

(1) LPS (V or I) PFP (A or S) PGSDE (L or I) LFVVR, (2) KRKPY, (3) Y (M or I) TV

(N or S) IN, (4) YTMAA (V or L) SGYK, (S)IYLDETP (E or S) YFV, (6 ) VEAYESG,

(7) VMCISNK. '

4. A primer for amplifying TDH-related  toxin gene, which contains

5'-gaygarhtnytnttygingt-3' encoding DE (L or I) LFVV among amino acid sequence (1)
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1] "' r &) - $UBPEBERIKEISURREND MMVNQNNLUWE] j ] chf | | RSTUWKYZ[\ ] ~_" abcdef ghi j kI mop
grstuv6eTi nes New RonmapAri al C? rier New'h Root EntryWrdDocunment N .

" #SYR %.) *_,4_ . pomsBas®ygoamplitying TDH-related toxin® gene, which contains

<=>7?@\BCDEFGH JKL MNOPCRST [\]

MK cdef gahi j Kl
-ccnswytcertangeytenac-3' which

aAcr;rr?}lojlemen Iy stran %EI?{IC }nlilgl\g%(%l{de sequence
encoding amino acid sequence (6)VEAYESG, and its corresponding complementary
strand.
6. A primer for amplifying TDH-related toxin gene, which contains
5'-tayatgacngtnaayathaayg-3' encoding YMTVNIN among amino acid sequence (3) Y
(M or I) TV (N or S) IN and its corresponding complementary strand.
7. A primer for amplifying TDH-related  toxin gene, which contains
5'-acraartaytcnggngtytertc-3' which is a complementary strand of the nucleotide
sequence encoding DETPEYFV among amino acid sequence (5) YLDETP (E or S) YFV
and its corresponding complementary strand.
8. A method for totally detecting and quantitatively determining bacteria producing
TDH-related toxin, which comprises the step of detecting TDH-related toxin gene using

~ the primers of any one of claims 3 to 7.
9. A method for typing a toxin type encoded by a detected toxin gene, which comprises
the steps of totally amplifying a TDH-related t¢xin gene using gene sequehces encoding
common amino acid sequences present on the amino acid sequences of TDH and TRH
for a gene amplification system; and analyzing Tm value (specific melting temperature)
of the amplified products.
10. A method for typing a toxin type produced by TDH-related toxin protein -producing
bacteria, wherein the primers of any one of claiins 3 to 7 are used.
11. A kit for detecting and quantitatively determining a gene of TDH-related toxin
protein and bacteria which produce TDH-relatéd toxin protein, or for testing for typing

the toxin type, which contains the primers of any one of claims 3 to 7.
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