18 April 2006 Specification Method for Detecting and Quantitatively

Det er m ni ng Henol ysi n- produci ng Bacteria by Total |y Detect igpaind006
Quantitatively Determining Thernostable Direct Henolysin-related Gene
(tdh-rel ated toxin gene) of Food Poi soning Bacteria Technical Field The
present invention relates to a nethod for detecting, quantitatively
determning, and typing sinply, rapidly and accurately the genes of
thernostabl e henolysin protein gr8pepHidatlanch refer to TDH (Thernostabl e

di rect Henmplysin), TRH (TDHrel ated henol ysin) and ot her anal ogous

henol ysi Mpthotlefon Detdrtingi arall Qesntitetiwly Ektetntinhy Haﬂoryeilﬁﬁﬂﬂiubm\g Badteria
produced by pathogenic bacteria of the genus Vibrio, suc I brio

par ahaebp| ylatallys, Detecting Vndr i Quattishtivedy, Determiming miThesmesdbM biDifkct

hol l'i sae. Nanely, the present invention relates to the fields of flshery,
food i nHameWn—mlailed@dme(rdhﬂelatcd toxiie gend)atfdremddtojsanésg Bagresind t he | i ke.
Background Art Pat hogenic bacteria of the genus Vibrio including Vibrio

par ahaenol yticus, part of Vibrio cholerae, Vibrio mmcus, 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 the incidence of Vibrio parahaenol yticus food
poi soni nJngmﬁglrpraF@ul arly high, and | s always a highly ranked anong the

: f f h d, h
cour ces of | migc iRty YRGS il 380G0 mithoR oo ReRbbb OGORE e or
Vi bri AL Vi h t t th th
genes. RHRURSE At Hhine Fonbnd B IS adbatbtefl 185 | Ehes e Hmtspet e
TDH) ar}fénidigsﬁﬁ pibichh gnﬁlgggtmclpieff&#&) 753 ?ﬁﬂ&mﬁé%knd@%&t ggo&%wl“ﬁhat ed

henol ysin are-ca I've of food poisoni
(TDH-related hemolysin) and other analogous hemolysin proteins, hereinafter referred

to as TDH-related toxins] produced by pathogenic bacteria of the genus Vibrio, such as
Vibrio parahaemolyticus, part of Vibrio cholerae, Vibrio mimicus and Vibrio hollisae.
- Namely, the present invention relates to the fields of fishery, food industry, public health, -

clinical laboratory testing and the like.

-Background Art

Pathogenic bacteria of the genus Vibrio including Vibrio parahaemolyticus, part

~ of Vibrio cholerae, Vibrio mimicus, Vibrio hollisae are of an important bé.cter_ial species

. group for food hygiene control. -' They cause serious symptoms after oral infection and

can cause death in patients. In .Tapén, the incidence of Vibrio parahaemolyticus food

‘poisoning is particularly high, and is always a highly ranked among the causes of food

| 'poisoni_ng. In this regard, it is necessary to test the main sources of infection, fishes
L and seafoods to Be-consume-d unéodked, for Vibriol parahaemolyticus. Only some

'geﬁhs Vibrio bacteria those with the genes of thermostable . hemolysin protein

.‘(Thern‘iostable direct hemolysin: TDH) and those with the géhes of the ‘analogous' toxin

. protein (TDH-related hemolysin: TRH), are causative of food poisoning. At the food

hygiene site, food hygiene control is performed by setting an upper limit of tdlerance for
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hygi ene site, food hygiene control is perforned by setting an upper linmt
of tolerance for -1 18 April 2006 the total count of Vibri®8 Aprl2006

par ahaenol yti cus existing in food. This is based on the prem se that

t oxi n- produci ng bacteria forma certain proportion or nore of Vibrio

- par ahaenol yticus isolated fromfood (perishable fishes and seaf oods).

Specifically, the nunber of bacteria suspected to be Vibrio

par ahﬁ@f{e{a\ltécﬁﬁi% dfs V&?Mnbﬁﬁhh@@%lﬂicﬂg éx@stmgFﬁpciodswgl EHR is"8RRAt bRNhe
gui-del'1nes f the nunber of bacCteria is equal to or less than. ‘the

ref erpaniseY M Cok P PRiduttgobadiess Jforhhe deprath Bypdifion| demeste (4 ¥iB4nd
noti Ce 1ssued from Standards Division, Department of Food Safety,

Phar g ekkdmalliandstiand Hahdbyd ﬁbﬁrﬁhﬂblel’ﬂshw bid s@ffodi)| t Bpedisibally, tand

Vel fare, Japan). As described above, pathogenic bacteria of Vibrio

par ahaeiberyéf batterdd @usptkied tohbes &ibepahtrahadmgyBeiscisngodiitbt ciccdidihg to
addition, TDH is also present in bacteria of the genus Vibrio other than
Vi br I“ﬁ'obdﬂxygﬁsaﬁnhf;ﬁelcnm guidehnes." f dbtheanupsbra i baecteriapoieqogl tb loatlessgharf ood

poi soni ng prevention, desirable control should use as an index not the
nunbehe méfemmm\@lqraﬂé}ﬂaﬁﬁp oy 1¢sslithe Boed ntay her efencd oty 22id soties Ghyedor the
nunber of _Dbacteria capable of producing TDH or TRH. It has_been reported

t hat foome tSandards Dlhlém@emammnf ef @pnérsgafﬁwmrmapgun%raaﬁa@mn §afetius, . t hat

is, sone strains of \/brlo chor e] on-01, Vibrio hollisae, and Vibrio

-,mmcl,?emeathal‘d@nafnmﬁﬁéémbu Iebogeend Welfars, JaRa®- | mmun., 52, 319-322, 1986, J.

Bacteriol ., 171, 9-6861, 1989, t 84, 249-254,

1 1990). It Hisdessx ﬁ ARBYF PHEPECPEEY F%tleﬁf‘éﬁr ?J@Wnpfﬁﬂéf’@rﬂ’yﬁags & LYy
i nd d tI bact
B SR R e S

t oxi n el ' 3,.0C b mhéﬁ } t n teriol.

173, 3¢l Mot HGH 1 HeRCRRPIc Mia s, | HGRE A Fbona VIS

" point, that is, food poisoning prevention, desirable control should use as an index not the
number of Vibrio parahaemolyticus, but the presence or absence of, or the number of

‘bacteria capable of producing TDH or TRH.

It Has been reported that bacteria of the genus Vibrio other than Vibrio
parahaemolyticus, that is, some strains of Vibrio chorelae non-01, Vibrio hollisae, and
Vibrio mimicus, have TDH-producing gene tdh (Infect. Immun., 52, 319-322, 1986, J.

: . Bacteriol., 171, 6859-6861, 1989, FEMS Microbiol. L ett., 84, 249-254, 1990). It has =
‘been shown that TDH-related toxin protein has evolvéd independently from the phylum
: of actual pathogénic bacteria of the genus Iﬁbn‘o, and the patliogenic bacteria of the |
| _ génus‘ Vibrio have acquired eacﬁ toxin in an independent. process byr ‘horizontal
~ transmission (J. Bacteriol., 173, 5036—5_046, 1991). Therefore, there seems to be a
* possibility that strains other than known toxinfproduding strains have acquired an‘d‘
" retained the gene of TDH-related toxin.  From this point of view, it can be said. that -,
_detectioxi and quantitative determination of actual bacteria capable of 'prdd_ucing
TDH-related toxin protein, doﬁe at the site of food hygiene conﬁol, is idca-l.

" However, there has been no measures with good versatility and reliability for detecting
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possibility that :strains other than known toxin-producing strains have
~acquired and retained the gene of TDHrelated toxin. Froni§Apsip@iont of
view, it can be said that detection and quantitative determ nation of
actual bacteria capable of producing TDHrelated toxin protein, done at
the site of food hygiene control, is ideal. However, there has been. no
nmeasures wth good versatility and reliability for detecting 18 April 2006

~and quﬁ@tqwaﬁﬁﬂamew ARERKim Y mHTiérhtw legkiad sb At deteQidnn A SRS f3gat the

site of food hygiene control has been |rrp033| ble to execute. D sclosure of

| nvenhigenfcobtr &fasteel enpodsitae tdixdcie. | nvention As described above,
detection.and quantitative determ nation.of actual bacteria capable of

producing TDHrel ated toxin protein, done at the site of food hygi ene
control, is ideal. Total detection of a gene encoding TDH-related toxin

pr ot ei antbsqwansﬁ]intvamtiiMﬁ determ nation of the nunber of copies are _
appropriate for this purpose. Detection and quantitative. determ nation of

TDH- 1 el Bitobtentotol be Poluedby themloveptdasi bl e the detection and quantitative
~determnation of bacteria which nay possibly have the same toxins and the
sanme pat hogéaideseribedHbavecdetectivn amsbqurntidati ver ddtkenimatiss of iaatvali budtedia t est i ng
by this nethod are |ar Specifically, there has been no nethod for
~det ectansbleeipmodasias Jsl?lgwrahtpdttgw prptein) Joners theysitsobfoodrygiengsvatrobf -
TDH-r el d toxin pratein groups. Accordin when gene anplification,
| such ’és‘gﬁfﬁ porotab detsetion Pﬁ@ %"PP gafading ADH a%ﬁééttpélﬁ mptsmpen@ anamitativeyr i ner
types st be de ned ldual ly, and a plurality of priners nust be
ureq SRiERRb AL BEher YhFORIG harRr R for Bif RREto DTS HImAT | cal
I'n addi ti descrl be e use ,of conbi nat.i.o currently

L1 ot fui v e RGO S DB - Rlared it BFoelin SERPRORIR We flrogion @itk vg

toxi nq&?lﬁ‘f'a?]ve determination of bacteria which may possibly have the same toxins and the

'same pathogenicity.

However, the technical problems associated with testing by this method are

 large. Specifically, there has been no method for détecting simultaneously and totallj_
all the types of known genes of TDH-related toxin protein groups. Accordingly, when
-gene ampliﬁcati;)n, such as a PCR method using primers, and detection are performed,
primér types must be designed individually, and a plurality of primers must be used

- simultaneously upon testing. As a result, this method is impractical. In addition, as
-l_-j,-,de.scribed later, the ns_c of .combinations of currently existing primers 1s highly likely to

fail to detect all TDH-related toxin genes.

TDH is hemolysm specified as a causative substance of Kanagawa phenomenon
' _a phenomcnon which causes hemolysis of human red blood cells and is assoclated thh o
| the pathogenic factor of Vibrio parahaemolyticus food poisoning. Based on the result
of an animai 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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TDH.is henplysin specified as a causative substance of Kanagawa phenonenon,
a phenomenon whi ch causes henol ysis of human red.bl ood cel 1&Apah2liios
‘associ ated with the pathogenic factor of Vbrio parahaenol yticus food

poi soni ng. Based on the result of an animal experinent in which purifie
TDH showed sim |l ar properties with those observed in a case when '

vi abl e-cell s were adm ni stered, TDH has becone recogni zed as a pathogenic

fact or frdi gafien@t wﬁh_ftaa@qmisﬁmgfﬁ%mgrh& H@%ﬁgﬁ@h@$hkﬂoﬁkﬁ§<ri.nSTﬂﬁr Lsek 18

April 2006 .from patients with Tood poi soning show ng no Kanagawa

-phenomepen: ¢8R By adOahirfds Yelto 1®Vedowitht TRH Nandchdikevabywitiy TRH, and
unlirke TDH, TRH is thernolabile henolysin (Infect. Immun., 56, 961-965,

1988) . thérholabik iemedgiingInfetd. IrsmkinQ\6o, 961-065119835. two types (trhl and trh2)
whi.ch differ fromeach other by about 16% i n nucl eotide sequence (Appl.
Environ. Mcrobiol., 58, 2449-2457, 1992). In addition, from alignnment
conpari son of respective am no acid sequences of TDH type toxin group and
TRH type t oxink gereumcodingi BRHAf dnpent tohatmprizet fwd types (ghdupd Mad)ewhiised
through a long-term evol ution process and each has acquired genetic
di ver sidiffer frorareathyother byabauhbeferiy nanlegtidn sequenne éAppliBuverony phicrobiajyence
is likely to be present. Actually, it has been reported that the tdh gene
of ~sof® 2tH%2A87.0199Dbr i additions Zwm alignyient samparsen pf diesfastizataniinom t he
tdh gene of ot her cteria of the genus Vibrio, such as Yibrio
_par aha8fidi SPAPERFSS (qfﬂbf?iﬂéﬁm toXi R RoNR @f}é’ fféi,H tye. toxin oo, it Fulfersechhas, it
i-s’ sho in this report that out,of .3 existing PCR priner pairs for
ot ect PO BIR ol Beve Bred TNeb R JnE eparyion Bogety il Gttylagene
of tested.Vi,brio holli : Le r,...f has been reported regacrding trh
genes. Eipred By s, SRRENE: tohin MaRaB TR 2 ERRML e it dut r i ns
(Appl . ' . CiloOfM 28, P riatigp in
t he nucs_:_ \(é%l?éégs lsl_le(q _er?glgelsﬁléefse?fhﬂéﬁagg% Eﬁgzsgle)%%g? as n\(l)\@\égéheenycoﬁ%ﬁlcdgfed in
the deshfe s@hin® dfSHbAS HM AR is PRy gbtically different from the tdh gene of other
bacteria of the genus Vibrio, such as Vibrio parahaemolyticus (Microbiol. Immunol;, 40,
- '59-65, 1996). Furthermore, it is shown in this report that 2 out of 3 existing PCR
primer pairs for detection of 7dk genes failed to detect completely every type of tdh gene
~of tested Vibrio hollisae. - Moreover, it has been reported regarding #h genes that
- mucleotide sequences of trhl and trh2 .g',enes vary among strains (Appl. Environ.
Microbiol., 58, 2449-2457, 1992). However, variation in the nucleotide sequences of
V'z‘rhl and trh2 genes has not been considered in the design of existing PCR primers for
. ~.detecting trh genes, so that it is hard to say that such PCR primers for detecting rh 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 using 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-prodticing gene tdh and TRH-producing gene trh
separately (primers for detecting only tdh gene, primers for detecting only rh] gene, .

V,axid primers for detecting #rhl and trh2 genes simultaneously) have already been
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. TRH- YRV6IRRS rg%%@gttpﬁm gaea (tapangse(

detecting trh genes, so that it is hard to say that such PCR priners for
detecting trh are good enough. Actually, in the process ol§fpsl podEsent

invention, a new toxin gene that is analogous to TRH and that is hard to
anplify using standard priners.was found. These -results strongly suggest
the possible presence of TDHrelated toxin genes other t han the existi-ng

gene Now, PCR priners for detecting TDH produci ng gene tdh and
l%*tmiekddf@perdkloe@t—ﬂ%%p Mok dfeligene,
pringrs fo only trhl gene and primers for detecting trhl and
trh?’@@ﬁ%sé‘smﬁﬁuﬂe‘%%m W&v&rﬁpﬂéb@m@k@ha&a rﬁ@gam fa0Rtdyive mesl f or
testin ht OX'& genes l(i\]apanes Pat ent Lai d-Open No. 4-293486, Mdl. Cell.
‘Pro BEMGPHLUS %@yena {theeyreasen o desartbednrabove asnaner eaf)ethiesd or
ticus.. However for t he reason descri bed above,

tud Pi. aenol
ﬁoﬁe% Fﬁ%@b’ ?:‘Eﬁﬁéfm LIpEIits , RTQVigE e 2y éﬁ@@ﬁfls BF ootdHy a detecing fand total |y
Gon T REy aBURR DY e Sl ol 1 din som whas ey Sxantandood. ar fhe

.gen
si t erpk ik o tr | t ane e .of plurallt of detection
systens 1|£s ﬁ%ﬁg]é?érlg%%ggﬁg egcl'alﬁedzgme é{]?d%y ﬁ%odgf‘}’%’&n? &enirel simultaagqpsa
POSSisRidfia YurdR7A B3 def oMb b As a resylt of studies to
'sol ve the I)aflboveﬁprogf ens. %%t I]!?llgvepfqo?lre ’ %‘ﬁat YRR §f KSCULBIegATRe TFRtsons ar e
pr egembinoa pdddibid TRH protei ns. SpeC| fically, we found, by
c‘mubti-alignnent anal ysis on known am no acid sequences of TDH and TRH,
regions in both TDH and TRH show ng hi gh honol ogy. W hereby conpl eted the
present invention. The present invention is characterized in that
‘hemMeagisfogBolying ke Paobletash can  be sinultaneously detected by deS| gnhi ng
m xed priners (degenerate priners) using a
As a result of studies to solve the above problems, we have found that highly
conserved regions are present on TDH and TRH proteins. Speclﬁcally, we found, by
: multi—alig.nment analysis on known amino acid sequences of TDH and TRH, regions in
both TDH and TRH showing high homology. We hereby completed the present

IIlVCﬂthD.

The present invention is characterized in that hemolysin genes tdh and #+h can

'bé simultaneously detected by designing mixed primers (degenerate primers-) using a

. nucleotide sequence which corresponds to the -amino acid séquence showing high
| ‘homology to such two types of hemolysin havinu different sequences; enabling

- -amplification by the PCR’ method of fragments of both genes tdh and trh enc:odmor the 2

~types of hemolysin; and obtaining from both the TDH-producing strain ‘and the

TRH-producing strain the amplified fragments of a sequence flanked by the primers.

Furthermore, the pfesent invention is also -characterized in that the detected toxin 1ypes.

' ~can be identified, and fr.agments‘ of an unkan foxin gene wlﬁch are functionally

-~ analogous to TDH and TRH can be detected.

According to a first aspect of the present invention, there is provided a method for |




nucl eoti de sequence which corresponds to the am no acid sequence show ng
hi gh honol ogy to such two types of henol ysin having diffet&Apris2eences;
enabling anplification by the PCR nmethod of fragments of both genes idh
and trh encoding the 2 types of henolysin; and obtaining fromboth the
TDH producing strain and the TRH producing strain the anplified fragments
of a sequence flanked by the priners. Furthernore, the present invention
is also characterized in that the detected toxin types can be identified,
and Hetagimnisl qharaitativielsn deermtiaitgnpgksienithbaferdy Raviink) @eh@net TYH-AM@tdgous to
TDH and TRH can be detected. According to a first aspect of the present

I NV eRixi® [TDHhEherrh&stAM © direle hemholfRid) OURIO(TDB-rdi8teAtidn ol i 6ardedrgbl and

guantitatively determ ni ng pathogenic bacteria having genes of TDHrel ated

t oXi Rerhdipkin (JroREdTD Sthidh eorﬂbﬁ@@tth@@f? ¥shdng gt séqushtdsebirbals @mRhosi n) and
C

anal ogous henolysin protein], whi conprises the step of using gene

S eqUgRGERSadd SQchEs WRIAF M escAlTbR Fhd GinthoSRHH SRu Rl I MRerRb @B theffblysiie am no
aci d sequences of thernostable henolysin protein groups [TDH (Ther nostabl e

di ' effordif TRbS! (DDH TR BB 1eoliflc? GeliBRIN S TRH eS-RARORRKSARIRY S1

protein, heréeinafter referred to as T ¢l ated toxin] that are w dely

di st : enl.c; i ) . r i dely
and %a?%%ol%s set g%%l?ﬁgﬁag’ngérgﬁgﬁ% It%g%r?e\gle Oyéﬁngf%?&n%wh? {e at ggﬁ}%ygﬂxi n
enes; r.di : : Ll e S

o v e S dofboBaiE RaREAREE kil 11T REEERThidely B by dOERS: U°
oli ke I r -t whol e am no aci d sequence

sel g%@@%ﬁ?ﬁggﬁﬁﬁ%ﬁ%ﬁéﬁ%‘t%ﬁn geeSQUences (1) to (7) that are the
common am no acid sequences of the first aspect: (1) LPS (V or |I) PFP (A or
S) PGSDE (L or |I) LFWR, (2) KRKPY, (3) Y (Mor I) TV (N or S) IN, (4)

YTMAA (V chcolf ing g |z<1’ se c? d gl{slf)%)clz':t-rolzt)" t('neE p(r)é’serﬁ)im\/{eﬁl\{i’on,(’ @ere%%%%gggéd gl7p)rimer for
amplifying TDH-related toxin gene, which contains oligonucleotides encoding part of or the
whole amino acid sequence selected from the following amino acid sequences (1) to (7) that
are the common amino acid seﬁuences of the first aspect:

(1) LPS{(VorI)PFP (A or S) PGSDE (L or I) LFVVR, (2) KRKPY, (3) Y Mor ) TV (N
or S) IN; (4) YTMAA (V or L) SGYK, (5) YLDETP (E or S) YFV, (6) VEAYESG, (7)

VMCISNK.

According to a third aspect of the present invention, there is provided a primer for
amplifying TDH-related toxin gene, which contains 5'-gaygarhtnytnttygtngt-3' encoding DE (L
or ) LFVV among amino acid sequence (1) LPS (V or 1) PFP (A or S) PGSDE (L or I)

LFVVR, and its corresponding complementary strand.

According to a fourth aspect of the present invention, there is provided a primer for

amplifying TDH-related toxin gene, which contains 5'-ccnswytcrtangeytenac-3' which is a
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VMCI SNK. According to a third aspect of the present invention, there is
provided a priner for anplifying TDHrel ated toxin gene, WhiAptil 2@0% ai ns
5'-gaygarhtnytnttygtngt-3" encoding DE (L or 1) LFW anong am no acid
sequence (1) LPS (Vor I) PFP (A or S) PGSDE (L or 1) LFWR, and its
correspondi ng conpl enmentary strand. According to a fourth aspect of the
present invention, there is provided a prinmer for anplifying TDH rel at ed

t oxi n gene, which contains 5 -ccnswtcrtangcytcnac-3" which is a 18 April
2006 compiphenant astyandt refndhof nidietidaclseqichde sm@dingc eantine odtidg sadnence aci d
sequence (6)VEAYESG and its corresponding conplenentary strand. Accordi ng
to a(d)VBAYESGEs iBfcotroghopd@g@oinplemepiiry tandt here is provided a priner for
anplifying TDHrel ated toxin gene, which contains

5' -t ayat gacngt naayat haayg-3' encoding YMIVNIN anong am no acid sequence
(3) Y(Mor I) TV(Nor S) INand its corresponding conplenentary strand.
Accor di ng AlcBordingi et & fﬁﬁpﬁfct%f ﬂh@?r@sfeﬁ;ﬁ BfVentich @Rérk 39 préh@ddea iptinkir ot ded a
prinmer for anplifying TDHrel ated toxin gene, which contains

5' - a%??gﬁ@mggaawtts&imge%, Whichhcdritaifls SC-EhSVrEﬂg%I%'ﬁ{aﬁ&Mha?aB@@m%m@cﬁdi%‘eYL ETP

nucl eo e sequence encodi hg DETPEYFV anpbng amno acid séquence (

(£ OWMBIVIIN afitiie!ahing 6ill SSARAK (37 yCOVIRL ATV AV i SF INARH itd EGRIsHbfIng © 2

seventh aspect of the present 1nvéentlon, ere 1s provided a for

t ot aldpidBleRGl) A8n@nd quantitatively determ ning bacteria producing
TE}+reI%ted toxin, which conprises the step of detecting TDHrel ated toxin
gene using the priners of the present invention. According to an eighth
aspect of the present invention, there is provided a nmethod for typing a

toral 1y’ " SRR P BEECA LR e, Aot S FARREEE AR ShEECal ng

'Comrgxrﬁpﬁﬂ}mngoTﬁﬁ-ldelated toxin gene, which contains S5'-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.

According to a seventh aspect of the present invention, there is provided 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 the present

invention.

According to an eighth aspect of the present invention, there is provided a method for
typing a toxin type encoded by a detected toxin gene, which comprises the steps of totally
amplifying a TDH-related toxin gene using gene sequences 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.
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sequences present on the am no acid sequences of TDH and TRH for a gene
~anplification system and analyzing Tm val ue (specific netd Apgl 2006
tenperature) of the anplified products. 18 April 2006 According to a ninth
aspect of the present invention, there is provided a nethod for typing a
toxin type produced by TDHrel ated toxin protein -producing bacteri a,
wherein the prinmers of the present invention are used. According to a
tenth aspect of the present invention, there is provided a kit for
detecting and quantitatively determ ning a gene of TDHrel ated toxin
protein and bacteria which produce TDHrelated toxin protein, or for
testing fawccordpigng 4 himth aspett df/he, predent hvestidmithde i grovideded mettoll fohe
present invention. Brief Description of Drawings 18 April 2006 .[Figure 1]
Fi 9. tipingl§ toResydd prodhicedbyt TDHRerebdtéd) xR brotéia - podscing bacted) veirdréihithe

TDH. and TRH am no aci d sequences The signal peptide sequences (24 am no
aci dgritnrstdfahé priesdnt hidlchtion dte L. am no acid sequences of 13 types of TDH (8
types of V. parahaenol yticus, one type of V mmcus, one type of Vchol erae
and 3 types of V. hollisae) and 3 types of TRH (V. parahaenolyticus only)
that are present on the Entrez Protein database were deleted, and then
mul tiple alcbBmnb addth ¥spest HaRe HRELP Eﬁ%ﬂioﬂﬂ%ﬁ@?@fsir&ﬁhé@é"h@ or d'e"ceéﬁlx%sequent
to bacterial species nane and toxin type denote Accession Nos. of the

dat a g , by v . _ y

agar ?‘2‘2&‘5&3?‘5%‘?%“2 Qe gelﬁﬁ{c?r"g‘%? %e rélqgr?ﬂ ,%1%8 ﬁgél ?fgg%%%h%dﬁ%% @{uﬁﬁ gfotzdﬁc‘él) FO12711
T (t 3 . - ¢ . , - ( . . Vo9 -
157 ?’%ﬁlﬁ?cg F}oél%ffx%\?%lb O?Ef?%{fgtﬁg d%og' ;thﬁﬂﬁ e 1048 Yype, S0 EHBins t@NFinrrs
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| ane 7, V99 - 177 (tdh); lane 8, V99 - 215 (tdh); lane 9, V99 - 223 (tdh);
| ane 10, Negative control (no DNA) [Figure 3] Fig. 3 Phyl og®Aetii 2006 ees of
.DNA fragnent anplified by PCR Phyl ogenetic trees were constructed by the
nei ghbor - joining method (NJ) after translation of the analyzed

nucl eoti de sequences into amno acid sequences. Data analyzed in the
present invention are denoted with, a synbol *. For data other than those
denot ed [fiiglre*l] sequences present in the Entrez Protein database were used
(inthe figure, nunbers following ':'denote Accession Nos. on the

dat abase). TRig- derkcai Reasults of mwltlybealmm aphlyshy basegamadxstig) YDIGusd (| FO
12711 T) is denoted with f--. [Figure 4 Fig. 4 Analysis of Tm val ue of '
anpl-i fi oNropradisequepgesel ting curve anal ysis PCR product s anplified
‘using the lLight cycler were heated at a_rate of er -6 18 April 2006
secondThe sagliaérmnaimeaupme(% AR 13§15 thﬁcﬁnshénngm thel inimp @oidves of
the anplifi e roducts gnal yzed, Light cycl er software (version 3)
attach%‘tﬁ“@ﬁcqs 13 types 0@3@?@( Weres il H%ﬂhmg@w, weSypaOE & Fdnicgar ryi ng

“Qit the Invent d h t bact f th -
Vichr.i oo UREry ¥ HREIs) Pl SabEhkoly doHibies ol o3t Bkes ol TR (B

of e Bl MR BB ef? B M R e BT AR U Ve s
encode&eﬁmﬁﬁ d Xl?ér}{néﬁf &Qﬁsfsd@aﬁﬁ&?o&%h.t rkeluxlhf:'ers following “:* subsequent to
Bécterial species name 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 (tdh); lane 5, V99 - 157 (ﬁih); lane 6, V99 - 161 (tdh);

_léme 7, V99 - 177 (tdh); lane 8, V99 - 215 (¢tdk); lane 9, V99 - 223 (rdh);

lane 10, Negative control (no bNA) |

{Figure 3]

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

, translation of the analyzed nucleotide sequences into amino acid sequences. Data
i -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. oﬁ the database).
TRH contained in the type strain of Vibrio parahameolytzcus (FO 12711 T) is

. denoted with .

{Figure 4]
Fig. 4 Analysis of Tm valuc of amphfied DNA product by melting curve

analys:s

PCR products amplified using the light cycler were heated at a rate of 0.1°C per
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gene of sone genus Vibrio bacteria. As a result of multiple alignnment

anal ysis using - the Custal Wconputer programon am no aci8lApdahp@eces of

13 types of known thernostable henmolysin TDH and 3 types of TDH-rel ated

- toxin TRH (Fig. 1), we have found the presence of highly conserved am no
aci d sequences in the sequences of both toxins. Next, whether or not both
tdh and trh genes can be anplified by the PCR method was studied using the

same géiopAdiddhl t@ﬂfp‘érﬂﬁﬁ:‘ 208 d1Y65TY 86 95°L! anal &Ehrkﬁetlha%i%ﬁamr@@s dFitfle
sequences into nucleic acid sequences. Exanp es of | y conserved

- ami depked | Aty Aed) LR '
F R PLicaopIuanee Wae! sityel) | LI yclir RTRR (efioh 3 3§}AA€1 L1 ek

(5) Yﬁ@EtT.Ey(ﬂErwasﬁaed\ifaVana(l(ﬁénsVEAYESG and (7) VMCISNK." These sequences
respectively correspond to amno acid positions of SEQIDNO 1 in
Sequence Listing. Specifically, sequence (1) corresponds to amno acid
posi t i oRsstavidde for(@arryiag £hxt4Re Invaptibn 69-75; (4) to 79-88; (5) to 126-135;
(6) to 137-143; and (7) to 149-155. (a or p) neans either amno acid a or

ctands Tor  exPharg elaEGR Pl boBCATINE fd BtmboBBHE, bl ey 7.
PR it e e A 3‘%@?@%%5 bl PERC figpdf iR B
PGSD fubcléic 4didldelfWemRe éfthd Egﬁmr( 3F aYMaithét AR Goth GMi abla TV (N

or S) IN, and (5) DETPEYFV from anong YL P (Eor S) YFV. Mxed priners
encodisq@ehérs hTDI and IRHthatafre tthesdedardspectelyd b ahe 4% géndibd thE BRar ed.
Exanpl es of such m xed priners include a sense priner

5' - gagersr ¢t soptengenngtHidptie Bacterisodi ng DE (L or 1) LFW and an anti sense
primer 5'-ccnswytcrtangcytcnac-3" encodi ng VEAYESG (in the present
specification, n denotes .

As a result of multiple alignment analysis using the Clustal W computer
program on amino acid sequences of 13 types of known thermostable hemolysin TDH
and 3 types of TDH-related toxin TRH (Fig. 1), we have found the presence of highly
conserved amino acid sequences in the sequences of both toxins. Next, whether or not

. both tdh and trh genes can be émpliﬁed by the PCR method was studied using the same
mixed primers aesigned by reverse-transiating these amino acid sequénces into nucleic

acid sequences.

- ‘Examples of a highly conserved amino acid .sequence include (1) LPS (V or I) PFP

(A or 8) PGSDE (L or I) LFVVR, (2) KRKPY, (3) Y (M or I) TV (N or S) IN, (4) .

A .-YTMAA (V or L) SGYK, (5) YLDETP (E ot S) YFV, (6) VEAYESG and (7) VMCISNK.
"These sequences respectively correspond to amino acid positions of SEQ ID NO: l'ih
Sequence Li'sting. Specifically, sequence. (1) corresponds to amino é.cid 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 01.' B at the position of the brackets. For

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




a, t, c or g). tdh or trh gene can be detected easily in a single test by
anmplifying a sanple using these priners. In addition, gene#8 afprl Bedcunknown
henol ysi n whi ch are anal ogous to above tdh and trh can be detected by
using these prinmers. 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 fragnents. The use of the priners with known

sequences adgeempRs SSRGS i t.erm nat.,on of the
nucl eot i de sequgnge Wit hou%lgglgﬁfr%&{%hﬁ%? i({a?lgé VERATAG Rt SCapfRee

anal yt intalde ol idbedubrod) DIE 00PN FVAOMRRE Smbfly L& &F 87§ tpppTacnt 1 ON

can al so be evaluated by nelting curve analysis or the [ i me

PCR anet $3PGSH (hout) HEVAILIR;N6)Y/ BAEESTE: (95 v3¢ '
Exanpl es. The psesen)t i nvent imoz enconpgss(gzgﬂgmﬁgoﬁﬁlgéﬁgﬁggwor D

quant | Tt@Vet §) INtetralr(5) DETPBYFV g binonBBDRFPYEYTIY) Yepe which uses a
conbi nation of m xed priners designed on the basis of "'the above am no acid

sequences, aixat prémerseageding. thExdmit @3 a park afheze Anikbia0m f@hyescgpser ved
regions shown in Fig. 1, a sense prinmer 18 April 2006 ,

5' - gayRfaparedyt nt thrgmpigs- 3of erswobli nopiXek) P{rhersr InchRMV &r opeREONGLkRS (V or
1) PFE, (A or S) PGSDE (L or 1) LFWLR and an antisense primer

5' - ccnSRY SRR athgicl 3encodingo dPRg (I 691 IFAKESE werde adesntsede fHimse

pri rre;ss respectively correspond to amino acid positions in TDH of Vibrio
par ahaefEISHY etianecyenaor3’ earpding VESN ESGdin theapresau specifiohiionmtn dasoted t he
former, m xed Qri s. .and 2048 conpi natjons of -the latter mxed prinmer. An
anpl i fal"g]’dé f r%@Efﬂoge%‘éﬁpgﬁgﬁteﬁéﬁd)ﬁﬁl%%aWﬁi@ﬂe%sbyhgmpﬂlfﬂﬂng a

conbi @anb%ﬁﬂgfﬂ%@ef?ﬁh@?sﬁs- However, the obtained DNA fragment can be an

In addition, genes of the unknown hemolysin which are analogous to above tdh

“ and trh 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 ldiréct 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 a_nalysis 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
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unknown henol ysin gene. Therefore, known sequences (sense side: 5 -c
aggaaacagct at gacc-3' and anti sense side: 5'-tgtaaaacgacgget&gipriB2Qooner e
previously added to the 5 term nus of each primer so as to be able to
performdirect sequence reaction using anplified fragnments. The use of the
prinmers with known sequences added as sequence priners enabl es direct
determ nation of the nucleotide sequence wthout cloning the anplified DNA

(1 0TS ayghihuidiey 40013 Aoaify (D BEIDNNIINY Gom i AR2PRS IV G A LT N

of this sequence.” Toxin gene fragments were anp usi

above{ ok DSIrny 1FVY nkik L -3
e(L ot Is?rmmﬂ( 'y LRM@%&%&;B&@W:Q@?\%@?@%&E%% 3 cus

according to a standard nethod from8 strains

i st eghdodingalgb)e VEAWESG wefe ldesighed 0 Wh@stungwreﬁpeEBHelyAB@ﬂrésﬁa%zﬁétdoon

reacti on was perfornmed using thernostable pol ynerase”( Anpl.Taqg Col d:
Appl | adindi gy posivhs amdTH GENBONB Truhesmdlyrieyc 3844 SQ BsRESPr €5hdre A
reaction solution was prepared to have a final volune of 501 froma :

sol utarers 092 rbaibimatipns DR Ofdroer hilndd KfmerdGnd088i GniShali®hd & &) Jatr0 MV
MyCl 2, 0.01%gelatin, dNTP (0.2 nMeach), 2.5 U of AnpliTaq Gold and
pri memixedl primenchin amplifed: DbiA fragment o613 86bm shsthengbtainedchy PER afinpi t h
- AmpliTaqg Gold (95C for 10 min); followed by 5 reaction cycles of 95C for 1
m n, thsCampinaiions o HAdPrERers oraweyes, kel odGrinet DNA fragmeni oan dyeches of
94C for | mn, 46C for 40 sec and 72C for I mn and 30 sec; and then
el ongHmeWT; hemplysimt e90% f dheredomsi n Kngdvipesedienses  (henseessifiei ng'-eCR
products were subj Spte to.1% agarose, gel (Sea Pl aque GIG agarose:
Bi ommgtgﬁa%é‘sctf@a&% | 13090 @BURISE cRider JANBiRraseRcaRS AR Bk t Wersh pravaeusly
(0. 5xTAE, .100V £,qr_30 m n) nd.then stained . wth ethidiymbronde for 10

i, g 3P 488 v depnud ofleacE Pt 8 ¥ efrtor AEorh RS BHaeRs of o
_ I(:{)rn?%%éeﬁ ngﬁiﬁ%@ﬁl?ﬁé& tfragﬁ'féajtif IR LD o?fth prmflerr%gwrr?tﬂt l%no%n 43%(121? nc\é\éas

added as sequence primers enables direct determination of the nucleotide sequence

without cloning the amplified DNA fragment. In addition, the amplified DNA product

is 422bp after addition of this sequence.

Toxin gene fragments were amplified by PCR using the above primers and using as
templates the chromosome DNA extracted aécording to a standard method from 8 strains

of Vibrio parahaemolyticus listed in Table 1. which are known to produce TDH or TRH.

Amplification reaction was performed using thermostable DNA polymerase (AmpliTaq

: Gold: Applied Biosystems) and a GENE MATE thermal cycler (ISC BioExpress). A

. reaction solution was prepared to have a final volume of 501 from a solution containing
DNA 0.1pg, 50mM KCl, 10 mM Tris-HCI (pH 8.3), 2.0 mM MgCly, 0.01% gelatin,

| dNTP (0.2 mM each), 2.5 U of AmpliTaq Gold and primers (1p M each). A reaction
. condition co:i'sisting of activation with AmpliTaq Gold (95°C for 10 min); followed by 5
redaction cycles of 95°C for 1 min, 45°C for 40 sec and 72°C for 1 min and 30 sec; 35
reaction cycles of 94°C for 1 min, 46°C for 40 sec and 72°C for 1 min and 30 sec; and
then elongatio.n reaction at 72°C for 10 min was performed. The re_sultihg PCR

. products were subjected to 1% agarose gel (Sea Plaque GTG agarose: BioWhittaker

-9-




of - all the strains producing TDH or TRH as shown in Fig. 2. After these
anplified fragments were .excised fromgel and purified accig dpfip2006 a
standard net hod, the nucl eoti de sequences were determ ned by a di deoxy

nmet hod using the above-nentioned sequence priners. The nucl eoti de sequence
~was determ ned using ABl PRI SM Bi gDye Terminator Cycle Sequencei ng Ready .
Reaction Kit (Applied Biosystens) and ABI PRI SM 310 GCENETI C ANALYZER

( Appl MetecBilarsipplerationsTelectrophdresin g0.AuTAEN OOV fadiemin) apOFRE RalMed 41- 46)
were translated into amno acid sequences, and confirmed to be genes
encodwith etiDdivm brgwidel for U@smil. s I hehpresence dtamsplified proglants wds ¢onfirined

par ahaenol i_/tticus type strain (I1F012711 T), which had been so far reported

t o hawvdler ulpavjelgbirtadighiRity of Vibrio parahaenol yticus Symposium No. 33,
1999: dinical Mcrobiology, 27, p239, 2000), is a new gene (SEQ | D NG 40)
that differs fromtrh2 in sequence (82% honol ogy at amno acid’'level, and

(Fro 3y, Mo realGmmpiginioe f BRVA foibesats oh5ion oms speiened Geidiaand
e T o R DT hE A AP 2.2, houn Lo e possible by
' gﬁggggggui éﬁ%@gﬁsﬁ%ﬁl}%d %’%Sm@é' W rfs%tx%isga f,ro-n':xL%e ad Bﬁiﬁﬁd é]_cc%lqm N
' a standard method, the nucleotide sequences were determined by a dideoxy method
.using the above-mentioned sequence primers, |
The nucleotide sequeﬁce was determined using ABI PRISM BigDye Terminator
Cycle Sequenceing Ready Reaction Kit (Applied Biosystems) and ABI PRISM 310
GENETIC ANALYZER (Applied Biosyst_ems).
‘The resulting nucleotide sequences (SEQ 1D 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
{IF012711 T), which had bgen so far reported to have trk2 gene (Summary of Vibrio
parahaemolyticus Symposium No. 33, 1999: Clinical Microbiology, 27, p239, 2000), is
a new gene (SEQ ID NO:40) that differs from #h2 in sequencé (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
Bas_ed on amino acid sequences of highly homologous. regions of TDH and TRH

- proteins. |

..](.)._.
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[Ex_ampl.e 2]

A sense primer 5'-tayatga(;ngtnaayathaayg-3' encbding YMTVNIN arﬁong Y(M
or DTV(N or S)IN and an antisense primer 5'-acraartaytenggngtytcric-3' encoding
DETPEYFV among YLDETP(E or S)YFV Wcre designed from highly - homologous
regions shown in Fig. 1. The primers correspond to amino acid positions 100-106 and 7
152-159, respectively in Vz‘brio parahaemolyticus TDH. Both primers are mixed
“primers for w_hiéh there are 512 combinations. An amplified DNA fragment of 186b_p

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 (IFO12711 T)
that was shown by the i)resent invention to produce a novel TRH, and using LightCycler

: System (Roche Diagndsﬁcs Co., Ltd.). LightCycler - DNA Master SYBR Greén 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,] 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

' 'séc); 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 tempcratuie was 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 ﬁagment, trhl gene fragment and a new 1rh

gene fragment all showed different Tm values (specific melting temperature), and they

-12-




Q Y 0 -11 18 April 2006 [Exanple 2] A sense priner .
5' -tayat gacngt naayat haayg-3' . encodi ng YMIVNI N anong Y(M ot8 ApfiVE®06or S)I N
and an antisense primer 5'-acraartaytenggngtytcrtc-3" encoding DETPEYFV
anong YLDETP(E or S)YFV were designed from highly honol ogous regdi ons shown
in Fig. 1. The prinmers correspond to am no acid positions 100-106 and

152- 159, respectively in Vibrio parahaenol yticus TDH Both priners are

m xeé r : e re; 512 conbinations. An anplified DNA
frag?r%%lfg %FS%%%% ((i:ig,ﬁh@gmgg%iﬁ égﬁby PCR usi ng conbi nations of these
prinmers. Detection and identification of a henolysin gene were attenpted by
the real time PCR using as tenplates chronosone DNAs derived froma

TDH- pr oduciifgedififedi Nito 42hbiiRetol coiffiind AOQKEt "\brst¥sthd adRrrhal Wyicker by a

par ahaenol yticus type strain (1FOL2711 T) that was shown by “t he present

| NVegiah@skd Brdveds e anlifdatibRHo aedirophdigsiki 0MoQEskerthSysiienmeRocke

Di agnostics Co., Ltd.). LightCycler - Master SYBR Green | kit (Roche
Di agosiagithe fiesentlihdentiosnenlyseduiss asrshaftt 40ab@al 40 haf forl AGro &6 ti@A
solution was prepared at a final volume of 20 | by addition of 0.1 g of
DNA. afhplifieafion rof aubpehtgene ot msltaupt cutviegihtal @i aid ENAlltasH ]y rinsbBYBR -
~green,| was inactivated by previously reacting with anti-Taq pol ynerase
ant i typdyg of Tewjndypast Anti body : Contech). A reaction condition consisting
of activation of Taq pol ynerase (95C for 90 sec); 5 reaction cycles of 95C
for O sec, 44C for 10 sec, and 72C for 30 sec; and then 35 reaction cycles

of 94C for 0 s%p, _AiSC for 10 sec and 72C for 30 sec was perforned.
Industrial Applicability :

The present invention provides a method for totally testing with a common

procedure a variety of gene groups which encode TDH-related toxin protein groups
having vérioﬁs 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 gene's 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 detectioﬁ of a gene of TDH-related toxin protein
from feces of food poisdning patients and from foods, and rapid typing of the toxin type.
' Moreover, the present invention enables determination of whether a strain isolated from
feces or foods has a gene of TDH—reiatgd toxin protein, and if the strain has the gene,
enables rapid typing of its toxin type. |
Present specification incorporatcs 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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After amplification reaction, the tenperature was raised at a rate of 0.1t
per see from 650C to 95t, and then melting curves of anplig Apdl H0sduct s
wer e anal yzed. Anpllfled products were confirnmed fromall the DNAs by

anal ysis. Further, as ~a result of nmelting curve analysis, tdh gene

- fragment, trht gene fragnent and a new 1rh gene fragnment all showed

different Tin values (specific nelting tenperature), and they -12 18 Apri
2006 zmyml g Ahliclbprieasi iskldinedri mnated (Fig. 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 time 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 t aneously enables typing of toxin types. Industrial Applicability The
present. invention provides a nethod for totally testing with a conmon
-procedure a variety of gene groups which encode TDHrel ated toxin protein
~groups ‘having various am no aci d sequences. This nethod enables rapid.
determ nation of- whether or not bacteria having any gene of TDHrel ated
toxin protein are . present in food (in particular, perishable fishes and
seaf oods to be consunmed fresh). \Wen bacteria having.toxin genes are
present, this nethod further enables rapid evaluation of food safety,

" since the number of the existing bacteria having. toxin genes can be found

~with this nmethod. Therefore, the present invention greatly contributes to
_prevention of food poisoning, and pronotion of efficiency and high
precision for hygi.ene control in the fields of food nanufacturlng and food
di stribution. The present invention also enables detection of a gene of
TDHrel ated toxin protein ‘ :
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fromfeces of food poisoning patients and from foods, and rapid typing of
the toxin type. Moreover, the present invention enabl es deggpsi 086 on of
whether a strain isolated fromfeces or foods has a gene of TDH rel ated
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 drawi ngs of patent application nunber 2001-320403 filed
in thej-gRan Patent Office on Cctober 18, - 13 2001 on which priority is
clainmed. -14 18 April 2006 18 April 2006 Clains 1. A nethod for detecting

and quagt Heﬂ&dd/%ryd&@&ﬂgpaﬂa AR id@te?ﬁﬁﬁﬁ%:p%gt%éhf#@@?ﬁ%ﬁﬁ i:arllgat od

TDH-rel ated toxin [ TDH (Thernbstabl e direct he
henol yegieR)ofargHaRM 0@ @3Sn TFOH YFhérmiispibtd airectMyﬁﬁﬁPfRﬁe(gﬂﬁﬁelﬁ{eﬁp of

usi ng gene sequences encodi ng conmon am no aci d sequénces bei ng present on

the aliérﬂ&yaﬁi)Qndszﬁﬁﬂtﬁglﬁgﬂmeﬁfolyﬂﬁrﬂfﬁﬁdiﬂb|vﬁ1iﬂ€@@xh¥$§hék HeOdtep rbe{sg%gg?mUDH

(Thernostabl e direct henolysin), TRH (TDHrel ated henol ysi n) anal ogous

henol geguen@isoéioding bemeiommbingiio mefdeséqe@nidd Beind Dirededt Arethe @i atihat are

wi del'y distributed anong pathogenic bacteria of the genus Vrbrio, thereby

wi delseqaenkcdsotodil theresteblei hgnmiybin qpattint gtoupel JTHH: ¢ThemhagabIPHIir&dk at ed

toxin genes. 2. A nethod for totally detecting and discrimnating anong.

bact drenaolyain)ngTRBH (BDHtrstated obemodisings , anthi atalagomsr ilsemlysie Hreeimf '

totally anPI i fyi ng@genes of TDHrelated toxins wdely distributed anong
ol e

pat hdtgéeing dp enelgBredated toxind hatngrea widlehyaldistsibofed among

- ol'igonucl eoti des as a_PCR pri melf'/‘ pai r which encode part or the whole of at
| eastPathegenic bacteria of the genus Vibrio, thereby widely and totally detecting and

quantitatively determining TDH-related toxin genes.
2. A method for totally detecting and discriminating among bacteria having TDH-related
toxin genes, which comprises the step of totally amplifying genes of TDH-related toxins
widely distributed among pathogenic bzicteria 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 qommon amino acid sequences of claim 1, a_nd have functions as a practical
~ primer: |
(1) LPS (V or I) PFP (A or S) PGSDE (L or I) LFVVR, (2) KRKPY, (3) Y (M or DTV
(N or S) IN, (4) YTMAA (V or L) SGYK, (§) YLDETP (E or 8} YFV, (6) VEAYESG, (7)
VMCISNK. o | | |
3. A primer for amplifying TDH-related toxin gene, which contains oligonucleotides
-Encoding part of or the whole amino acid sequence selected from the following amino
acid sequences (1) to (7) that are the common amino acid sequences of claim 1:
l-(l) LPS (V or I) PFP (A or S) PGSDE. (L or I) LFVVR, (2) KRKXPY, (3) Y Mor) TV
(N or S) IN, (4) YTMAA (V or L) SGYK, (5) YLDETP (E or S) YFV, (6 ) VEAYESG,
(7) VMCISNK. 7
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)

-15-




am no acid sequences selected fromthe foll ow ng am no acid sequences (1)
to. (7) that are the common am no acid sequences of clai m 1§ Apritl2006ve
functions as a practical priner: (1) LPS (Vor |I) PFP (A or S) PGSDE (L or
1) LFWR, (2) KRKPY, (3) Y (Mor I) TV (Nor S) IN (4) YTMAA (V or L)
SGYK, (5) YLDETP (E or 'S) YFV, (6) VEAYESQ (7) VMCIISNK. 3. A priner for
amplifying TDHrel ated toxin gene, which contains oligonucleotides
encodiR§ R ©Tof) GFR HA Vol RRSIRE adi brs & UaReN Rs chasb it dorispanéng
follow ng amno acid sequences (1) to (7) that are the common ami no acid
sequesemplamentdryistiend. (1) LPS (V or |) PFP (A or S) PGSDE (L or 1) LFWR,

2) KRKPY, 3). Y (M 1 V.. (N I N, 4) YTMAA (V . SGYK, 5

VLT chor PEperito o SprlbiresolNFyoifts Sieina s B o2 1y
r al e oXl N ne 1, G cont al - ga a n - encodl n

De | L Sspisitiiarkedfige-2hMrith BONLEhBRmeriar? SR B Rcr g icatendd " 0 or

1) PFR. (A P it 0di | ement

L) ognedaill ainb Rl dcoubhiod YOXVEATRSAN a5 SBLSRRMIG WS ETET 8

5' -'ccgﬁm crtangcytcnac-3' which is a conplenentary strand of the
nucl edt 1 de sequence encodi ng am no acid sequence (6)VEAYESG and its

cor SBPonA! TR L aREyB SO Sl | S TP, oL
anongsefiiyitashitdaBRUEURRES' (ehtoding (FMIVININ Tihdnl Hhind aill #deddeS(3) Y
correspondi ng conpl enmentary strand.
(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 dctécting 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 toxin gene using gene sequences encoding
- common amino acid sequences present on the amino acid sequences of TDH and TRH
for a gene amplification system; and analyzing Tm value (siseciﬁc 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 claims 3 io 7 are used.
-_11. A kit for detecting and quantitatively determining-a gene of TDH-related toxin -

. protein and bacteria which produce TDH-related 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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7. Aprinmer for anplifying TDH-rel ated toxin gene, which contains

5' -acraartaytcnggngtytcrtc-3'" which is a conplenentary stradpal 2606

. nucl eotide sequence encodi ng  DETPEYFV anpbng am no acid sequence (5) YLDETP

(E or S) YFV and its corresponding conplenentary strand. 8. A nethod for

totally detecting and quantitatively determ ning bacteria producing

.. TDHrelated toxin, which conprises the step of detecting TDHrelated toxin
‘gene WUgkiidet the priners of any one of clainms 3.to 7. 9. A nethod for typing

a toxin type encoded by a detected toxin gene, which conprises the steps

of totally gqplirk¥nRAnfentfit r-ﬁgﬁgﬁgg@fﬁg& %ﬁeg&uﬁ{e;}g d3fedts S‘ﬁ‘%ﬁﬁ{%@gg{knces

.encoding comon amno acid se esent on amno

of TDhtteAHInE fiope e iof 4 i ; W% i Ti,n val ue
(specifi i;}ﬁ#eﬂﬂ P(rilgﬁ'g g?r%eglr g? a?g&;ﬂoérgta%éeﬁgnrr% ?I?il%glctio pro ggﬁé%f%’% .I?Ad]r‘lfg?thod for
- typi NEerfoly@i) TRIP Y TIRFelaed RymdRkh) ' U o 1y B OSkaEd;

bacteri a, y'\f\/mgrei n &e primers of any gc{rffgt g?]eg%ak@%lgt%é@dggé ﬁllség%ﬁg’ll. A
kit fhreiinifieet iefigrahdoquanTDHatelated YioslRispr & NhétthGitsR0eh&holJ R ?quﬁﬁed :
toxin protein and bacteria which produce TDHrel ated toxin”protein, or for
t est i prgdhoed by pathggenibdatexiamftlypgeniuatiibtiocont ai ns the prinmers of any one
of clains 3 to 7. 18 April 2006 Abstract The present invention sinply,
rapi dl y andPrsendrlaventyordptosides, a quedlmid whidhy ehabletetieteniing andahia6ye gENES
of protein groups [which refer to TDH (Thernostabl e direct enol ysin), TRH
( TDH-dederapiagtion of|agiiah) T R relatere toximprasyoing. hactetigsivhighr ateeinsortant in

herei: after_referrefi to as TDHrelated toxins] of thernostable henolysin ,
group‘g’(’dﬂ‘ryglﬁ?&é’t?nff?-pat hogeni ¢ bacteria of the genus Vi brio. Present

| nventi on p[rjovi des .a net hod,whi ch enabl es detection and quantitative
. sing a primer pair which contains gene sequences encoding common amino

‘acid sequences of TDH and TRH, TDH-related toxin genes are comprehensively
detected and determined, thereby TDH-related toxin-producing bacteria themselves are

_detected and quantitative determined.
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-determ nation of actual TDHrel ated toxin-produci ng. bacteria, which are
important in food.hygiene control. Using a prinmer pair whi¢sApoh28itns gene
sequences encodi ng conmon am no acid sequences of TDH and TRH, TDH-rel at ed
toxi n genes are conprehensively detected and determ ned, thereby

TDH-rel at ed toxi n-produci ng bacteria thenselves are detected and

gquantitative determ ned. 18 Apr%'éguﬁﬁé)@ S JENCE LI STI NG <110> NI CHI REI
CORPORATI ON <120> Met hod for cti ng antitatively Determ ning

Hemol ysi n-prod . ucing Bacteria by Totally Detecting and Quantitatively
Determ ning Therm ostable Direct.Henolysin-related Gene (tdh-related toxin

gene). Of1 0SONUCIIRET SORPORATRAEGt eri a <130> PH 1547PCT <140> JP 2001-320403
<141> 2001-10-18 <160> 46 <170> Patentln Ver. 2. 1 <210> 1 <211> 149

<212> PRT <213> Vibrio parahaenol yticus <400> 1 Phe Ju Leu Pro Ser Val
Pro Phe Pro Ala Pro Ay Ser Asp u lle

<120> Method for Detecting and Quantitatively Determining Hemolysin-prod
ucing Bacteria by Totally Detecting and Quantitatively Determining Therm

qstable Direct_Hemolysinmrelath Gene (ta%—related toxin gene) of Food P

oisoning Bacteria
- +X130> PH-1547PCT

<140> JP 2001-320403
<141> 2001-10-18
<1605 46

. 170> PatentIn Ver. 2.1
<2105 1
<211> 149

© <212> PRT

<213> Vibrio parahaemolyticus

<400> 1 .
Phe Glu Leu Pro Ser Val Pro Phe Pro Ala Pro Gly Ser Asp Glu Ile

1 5 | 10 | 15

-._Leu-Phe Val Val Arg Asp Thr Thr Phe Asn Thr Asn Ala Pro Val Asn
20 25 30

1/38




1 5 10 15 Leu Phe Val Val Arg Asp Thr Thr Phe Asn Thr Asn Ala Pro Val Asn
20 1/38 18 April 2006 Val Gu Val Ser Asp Phe Trp Thr Asn 2 dpAb200dal Lys

Arg Lys Pro 35 40 45 Tyr Lys Asp Val Tyr Ay @ n Ser Val Phe Thr Thr Ser
Gy Thr Lys 50 55 60 Trp Leu Thr Ser Tyr Met Thr Val Asn Ile Asn Asp Lys
Asp Tyr Thr .65 70 75 80 Net Ala Ala Val Ser Ay Tyr Lys Hs Gy H's Ser

Ala Va¥alPisduVedl 585 8$p Phelimp Jar Asp AgnAMRlVaE D beﬁr\ﬁWsWﬁo Ser Tyr Asp
Ser Val Ala Asn 100 105 110 Qu Thr Pro A u Tyr ghe al "Asn Val Qu Al a
Tyr Gu Ser A3bh Ser 115 120 1280Gy Asn lle Leu ¥Rl Net Cys lle Ser Asn
Lys Qu Ser Phe Phe Gu 130 135 140 Cys Lys HHs G n @ n 145 <210> 2 <211>

165 <212> PRT o |
- Tyr Lys Asp Val Tyr Gly Gin Ser Val Phe Thr Thr Ser Gly Thr Lys

o0 b5 60

~ Trp Leu Thr Ser Tyr Met Thr Val Asn Ile Asn Asp Lys Asp Tyr Thr
65 I T 5 80

Met Ala Ala Val Ser Gly Tyr Lys His Gly Hi's Ser Ala Val Phe Val
85 50 ' 95

Lys Ser Asp Gln Val Gin Leu Gin His Ser Tvr Asp Ser Val Ala Asn
100 105 110

‘Glu Thr Pro Glu Tyr Phe Val Asn Val Glu Ala Tyr Glu Ser Gly Ser
115 120 125

Gly Asn Ile Leu Val Met Cys Ile Ser Asn Lys Glu Ser Phe Phe Glu
130 185 140

Cys Lys His Gln Gln
145

<210 2
- <211 165
212> PRT
. 213> Vibrio parahaemolyticus

2/38 -




<213> Vi brio parahaenol yticus 2/38 18 April 2006 <400> 2 Phe G u Leu Pro
Ser Val Pro Phe Pro Ala Pro Ay Ser Asp Qu lie 1 5 10 151EéypriPRe0d/al Val
Arg Asp Thr Thr Phe Asn Thr Asn Ala Pro Val Asn 20 25 30 Val -du Val Ser
Asp Phe Trp Thr Asn Arg Asn Val Lys Arg Lys Pro 35 40 45 Tyr Lys Asp Val
Tyr Ay An Ser.Val Phe Thr Thr Ser Gy Thr Lys 50 55 60 Trp Leu Thr Ser
Tyr Met400)» val Asn |le Asn Asp Lys Asp Tyr Thr 65 70 75 80 Met Ala Ala
Val Ser Ay Tyr Lys Hs Ay H's Ser Ala Val Phe Val 85 90 95 Lys Ser Asp
G n ValPhe u_iaucﬂlm Bes Ber PTyrPiesProeAl &/dAroAGhy Fur ASP0GIOF1410 Phe Val
dy Qu Asp Gn Asp Ser Ile Pro Ser Lys Met Tyr Leu Asp 115 120 125 du
Thr  Pro B u Tyr Phe Vap Asn val Gu Al alllyr Gu Ser Ay S 130 135 140
Ay Asn lie Leu Val Met- Cys Ile Ser Asn Lys A u Ser Phe The Gu 145 150 .

155.160 3/38
Leu Phe Val Val Arg Asp Thr Thr Phe Asn Thr Asn Ala Pro Val Asn

20 | 25 30

Val Glu Val Ser Asp Phe Trp Thr Asn Arg Asn Val L&s Arg Lys Pro
35 40 '

Tyr Lys Asp Val Tyr Gly Gln Ser Val Phe Thr Thr Ser Gly Thr Lys
50 55 : 60

Trp Leu Thr Ser Tyr Met Thr Val Asn Ile Asn Asp Lys Asp Tyr Thr
65 .70 75 80

Met Ala Ala Val Ser Gly Tyr Lys His Gly His Ser Ala Val Phe Vai
85 90 95

Lys Ser Asp Gln Val Gln Leu Gln His Ser Tyr Asp Ser Val Ala Ser
100 105 110

Phe Val Gly Glu Asp Gln Asp Ser Ile Pro Ser Lys Met Tyr Leu Asp
115 | 120 125

Glu Thr Pro Glu Tyr Phe Val Asn Val Glu Ala Tyr Glu Ser Gly Ser
o130 135 140

Gly Asn- Ile Leu Val Met Cys Ile Ser Asn Lys Glu Ser Phe Phe Glu

145 150 ' 155 160
' 3/38 : -




18 April 2006 Cys Lys Hs Gn Gn 165 <210> 3 <211> 165 -<212> PRT <213>
Vi bri o parahaenol yti cus <400> 3 Phe Qu Leu Pro Ser Val Prd3Rpel PG Ala Pro
@y Ser Asp Au lle 1 5 10 15 Leu Phe Val Val Arg Asp Thr Thr Phe Asn Thr
Asn Ala Pro Val Asn 20 25 30 Val Asn Val Ser Asp Phe Trp Thr Asn Arg Asn
Val Lys Arg Lys Pro 35 40 45 Tyr Lys Asp Val Tyr Ay G n Ser Val Phe Thr
Thr Ser Ay Thr Lys 50 55 60 Trp Leu Thr Ser Tyr Met Thr Val Asn Ile Asn
Asp Lys Asp Tyr Thr 65 70 75 80 Met Ala Ala Val Ser Ay Tyr Lys Asn Gy

Hi s SebysulersvHis @ Gdn 85 90 95 Lys Ser Asp Gn Val Gn Leu Gn H's Ser
Tyr Asn Ser Val Ala ﬁgu 4/ 38 18 April 2006 100 105 ,

<2103

<211> 165

<212> PRT

<213> Vibrio parahaemolyticus

<400 3

Phe Glu Leu Pro Ser Val Pro Phe Pro Ala Pro Gly Ser Asp Glu Ile

1 9 10 15

" Leu Phe Val Val Arg Asp Thr Thr Phe Asn Thr Asn Ala Pro Val Asn
20 25 30

Val Asn Val Ser Asp Phe Trp Thr Asn Arg Asn Val Lys Arg Lys Pro
35 0 45 -

Tyr Lys Asp Val Tyr 61y Gln Ser Val Phe Thr Thr Sef Giy Thr Lys
50 55 60

Trp Leu Thr Ser Tyr Met Thr Val Asn Ile Asn Asp Lvs Asp Tyr Thr
5 70 5 30 o

Met' Ala Ala Val Ser GIy Tyr Lys Asn Gly His Ser Ala Val Phe Val
' | 85 90 95

'Lvs Ser Asp Gln Val Gln Leu Gln His Ser Tyr Asn Ser Val Ala Asn
A | - 4138



110 Phe Val Ay Qu Asp Qu Asp Ser Ile Pro Ser Lys Met Tyr Leu Asp 115
120 125 Au Thr Pro G n Tyr Phe Val Asn Val Qu Ala Tyr Qd U8 Sgril @36 Ser
130 135 140 Ay Asn Ile Leu Val Met Cys Ile Ser Asn Lys Qu Ser Phe Phe Gu
. 145 150 155 160 Cys Lys Tyr G n Asn 165 <210> 4 <211> 165 <212> PRT <213>
Vi brio parahaenol yticus <400> .4 Phe GQu Leu Pro Ser Val Pro Phe Pro Ala Pro
Ay Ser Asp Gu Ijgg 1 5 10 15 Leujghe Val Val Arg Aspg Thr Thr Phe Asn Thr
Asn Ala Pro Val Asn 20 25 30 Val'Glu Val Ser Asp Phe Trp Thr Asn Arg Asn
Val Lys Arg Lys Pro 35 40 45 5/38 18 April 2006 Tyr Lys Asp Val Tyr dy Gn
Ser Val Phe Thr Thr Ser Gy Thr Lys 50 55 60 o :
‘Phe Val Gly Glu Asp Glu Asp Ser Ile Pro Ser Lys Met Tyr Leu Asp

115 120 125

Glu Thr Pro Glu Tyr Phe Val Asn Val Glu Ala Tyvr Glu Ser Gly Ser
' 130 | 135 . 140

Gly Asn Ile Leu Val Met Cys Ile Ser Asm Lys Glu Ser Phe Phe Glu
145 150 155 160

| - Cys Lys Tyr.Gln Asn
' 165

<210> 4

211> 165

<212> PRT

<213> Vibrio parahaemolyticus

400> 4

; ‘Phe Glu Len Pro Ser Vai Pro Phe Pro Ala Pro Gly Ser Asp Glu Ile
o 5 0 | 15

Leu Phe Val Val Arg Asp Thr Thr Phe Asn Thr Asn Ala Pro Val Asn
20 25 30

Val Glu Val Ser Asp Phe Trp Thr Asn Arg Asn Val Lys Arg Lys Pro
B 40 R

. 5/38




Trp
Met

Lys

110
120
130
145
Vi b.
Pro
Thr

Leu ThrSer Tyr Met Thr Val ‘Asn Ile Asn Asp Lys Asp Tyr Thr. 65 70 75 80
Ala Ala Val Ser Ay Tyr Lys Hs Ay Hs Ser Ala Val Ph&8¥akil 28% 90 95
Ser Asp Gn Val Gn Leu Gn H's Ser Tyr Asp Ser Val Ala Ser 100 105
Phe Val Gy Gn Asp Gn Asp Ser Ile Pro Ser Lys Net -Tyr Leu Asp 115
125 Qu Thr Pro Gu Tyr Phe Val Asn Val Qu Ala Tyr Qu Ser Ay Ser

1 u I I r n s. G n Ser Phe Phe Qu
Loy ddsThlp @2 H}g GITIGHP Se Vo e 35 My 825,615 156"1.557 o0 PRT <213>
ri o pamghaenol yticus 6/3 18 April 2006 < > 5 Phe Qu Len Pro Ser Val
Phe Pro Ala Pro Ay Ser Asp Qu Ile- 1 5 10 15 Leu Phe Val Val Arg Asp

Thr Phe Asn Thr Gn Ala Pro Val Asn 20 25 30

Tip Leﬂ_Thr,Ser.TYr Met Thr Val Asn Ile Asn Asp Lys Asp Tyr Thr |
65 . 70 : 75 80

Met Ala Ala Val Ser Gly Tyr Lys His Gly His Ser Ala Val Phe Val
85 90 | 95

Lys Ser Asp Gln Val Gln Leu Gln His Ser Tyr Asp Ser Val Ala Ser
100 105 110

Phe Val Gly Glu Asp Glu Asp Ser Ile Pro Ser Lys Met Tyr Leu Asp
115 120 125

Glu Thr Pro Glu Tyr Phe Val Asn Val Glu Ala Tyr Glu Ser Gly Ser
- 130 135 140

Gly Asn Ile Leu Val Met Cys Ile Ser Asn Lys Glu Ser Phe Phe Glu
145 150 | 155 160

Cys Lys His GIn Gin
165

2100 §

211> 165

- <212> PRT |
EREIE). Vibrid_parahaemolyticus

6/38




Val Lys Val Ser Asp Phe Trp Thr Asn Arg Asn Val Lys Arg Lys Pro 35 40 45 .
Tyr Qu Asp Val Tyr Ay Gn Ser Val Phe Thr Thr Ser Ay Thi8 Bpsl 2B® 55 60
Trp Len Thr Ser Tyr Met Thr Val Asn Il é& Asn Asp Lys Asp Tyr Thr 65 70 75
80 Met ‘Ala Ala Val Ser Ay Tyr Lys Ser Ay His Ser Ala Val Phe Val 85 90
95 Lys Ser Gy Gn Val Gn Leu Gn Hs Ser Tyr Asn Ser Val Al'a Asn 100 105
110 Ph 4 -5‘Gly Gu Asp u dy Ser Ile Pro Ser Lys Met Tyr Len Asp 115
120 .12 n"Thr Pro Gn Tyr Phe Val Asn Val Qu Ala Tyr Qu Ser Ay Ser

Tan 1o fulhn 499 S VeRre RO R4 PRo YTy 8BR AgHR eRuIEE] 21 Prsy L
15 |

165 <21p> PRT <213> \j bri o parahaenol yfgi cus <400> 6

Leu Phe Val Val Arg Asp Thr Thr Phe Asn Thr Gln Ala Pro Val Asn
S0 25 30

Val Lys Val Ser Asp Phe Trp Thr Asn Arg Asn'le‘Lys Arg Lys Pro
35 40 45 |

Tyr Glu ASp Yal Tyr Gly Gln Ser Val Phe Thr Thr Ser Gly Thr Lys
50 55 60

Trp Léu_Ihr Ser Tyr Met Thr Val Asn Ile Asn Asp Lys Asp Tyr Thr
65 70 B (I 80

Met Ala Ala Val Ser 6ly Tyr Lys Ser Gly His Ser Ala Val Phe Val
85 90 95

‘Lys Ser Gly Gln Val Gln Leu GIn His Ser Tyr Asn Ser Val Ala Asn
100 _ . 105 ' 110

~ Phe Val Gly Glu Asp Glu Gly Ser Ile Pro Ser Lys Met Tyr Leu Asp
115 120 125

Glu Thr Pro Glu Tyr Phe Val Asn Val Glu Ala Tyr Glu Ser Gly Ser
130 135 140

Gly Asn Ile Leu Val Met st Ile Ser Asn Lys Glu Ser Phe Phé.Glu

145 Soo150 155 160
' 7/38



Phe Qu Leu Pro Ser Val Pro Phe Pro Ala Pro Ay Ser Asp Gu he 15 10 15
Leu Phe Val Val Arg Asp Thr Thr Phe Asn Thr G n Ala Pro Vall8Agmil 2806 25 30
Val Lys Val' Ser Asp Phe Trp. . Thr Asn Arg Asn Val Lys Arg Lys. Pro 35 40 45
Tyr Au Asp Val Tyr dy A n Ser Val Phe Thr Thr Ser Ay Thr Lys 50 55 60
Trp Leu Thr Ser Tyr Met Thr Val Asn Ile Asn Asp Lys Asp Tyr Thr 65 70 75
80 Met Ala Ala Val Ser Ay Tyr Lys Ser Gy H's Ser Ala vVal Phe Vval 85 90
95 Lys Ser Asp G n Val Adn Leu Gn Hs Ser Tyr Asn Ser Val Ala Asn 8/38 18
April 28Q6L#OHi308idMnPhe Val Gy Gu Asp Gu Gy Ser Ile Pro Ser Lys Met
Tyr Leu Asp 115 120 125 G u Thr Pro GQu Tyr Phe Val Asn Val du Al a Tyr
Gu Ser Ay Ser 1301%85 140 Ay Asn Ile Leu Val Met Cys Ile Ser Asn Lys
G u Ser Phe Phe Au 145 150 155 160 Cys Lys Hs Gn Gn 165

Q10> 6
<2115 165
<212> PRT
- <213 Vibrio parahaemolvticus

- <400> 6

Phe Glu Leu Pro Ser Val Pro Phe Pro Ala Pro Gly Ser Asp Glu Ile
| 5 10 15

Leu Phe Val Val Arg Asp Thr Thr Phe Asn Thr Gin Ala Pro Val Asn
20 25 30

Val Lys Val Ser Asp Phe Trp Thr Asn Arg Asn Val Lys Arg Lys Pro
35 40 45

- Tyr Glu Asp Vai Tyr Gly Gln Ser Val Phe Thr Thr Ser Gly Thr Lys
50 ' 8 60 -

Irp\Leu Thr Ser Tvr Met Thr Val Asn Ile Asn Asp Lys Asp Tyr Thr

65 : 70 (£] 30

Met Ala Ala Val Ser Gly Tyr Lys Ser Gly His Ser Ala Val Phe Val
| 85 I | 905

Lys Ser Asp Gln Val Gln Leu Gln His Ser Tyr Asn Ser Val Ala Asn
o 8/38 |




<210> 7 <211> 165 <212> PRT <213> Vi bri o parahaenol yti cus <400> 7 Phe G u
Leu Pro Ser.Val Pro Phe Pro Ala Pro Ay Ser Asp GQu Ile 118AprilB05 Leu
Phe Val Val Arg Asp Ala Thr Phe Asn Thr Asn Ala Pro Val Asn 20 25 30 Val
Lys Val Ser Asp Phe Trp Thr Asn Arg Asn Val Lys Arg Lys Pro 35 . 40 45

9/ 38 18 April 2006 Tyr Lys Asp Val Tyr Ay An Ser Val Phe Thr Thr Ser Gy
Thr Lys 50 55 60 ‘ﬁrp Leu Thr Ser T)fp5I\/Et Thr Val Asnl ¢e Asn Asp Lys Asp
“Tyr Thr 65 70 751 QO Met Ala Ala val "Ser @y Tyr Lys g Gy Hs Ser Ala
Val Phe Val 85 90 95 Lys Ser Asp @n Val dn Leu @n H's Ser.Tyr Asn Ser
Val Ala Asn 100 105 110 Phe Val Ay Lys Asp Gu Asp Ser Ile Pro Ser Lys

Met TyPhd-8la1A6Py GLESAIPE14261¥3Ser e 1 Sep IHW MBReTIRLefiSRspyal Gu Ala
Tyr Gu Ser Ay Ser -
- 115 | 120 125 — ‘

. Glu Thr Pro Glu TYr Phe Val Asn Val Glu Ala Tyr Glu Ser Gly Ser
130 135 140 |

| Gly Asn Ile Leu Val Met Cys I1e Ser Asn Lys Glu Ser Phe Phe Glu
145 150 | 155 160

Cys Lys His Gln Gln
165

210> 7

<21 165

<212> PRT

<213> Vibrio parahaemolyticus

00> T

- Phe Glu Leu Pro Ser Val Pro Phe Pro Ala Pro Gly Ser Asp Glu Ile
1 5 10 16

- Leu Phe Val Val Arg Asp Ala Thr Phe Asn Thr Asn Ala Pro Val Asn
| 20 | 5 - 30

Val Lys Val Ser Asp Phe Trp Thr Asn Arg Asn Val Lys Arg Lys Pro
3B 40 .45

9738




130 135 140 Gy Asn Ile Leu Val Met Cys Ile Ser Asn Lys Gu Ser Phe Phe GQu

145 150.155 160 Cys Au H's Gn Lys 165 <210> 8 <211> 1658 Apdll2006PRT

- <213> Vibrio parahaenol yticus 10/38 18 April 2006 <400> 8 Phe G u Leu Pro
Ser Val Pro Phe Pro Ala Pro Ay Ser Asp Qu Ile 1 5 10 15 Leu Phe Vval Val
Arg ASE Ala Thr The Asn Thr Asn Ala Pro Val Asn 20 25 30 Vval Lys Val Ser
Asp PheymiysThsp Aed Py GAynGMalSery¥alrRhe ThrPilor S5 @Dy FhrTyysLys Asp Val
Tyr Ay Gn Ser Val Phe Thr Thr Ser Ay Thr Lys 50 55 60 Trp Leu Thr Ser
Tyr Met ThbOval Asn Ile Asn ¥sp Lys Asp Tyr THi0 65 70 75 80 Met Ala Ala
Val Ser Ay Tyr Lys Arg Ay His Ser Ala Val Phe Val 85 90 95 Lys Ser Asp
Adn Val Gn Leu @n H's Ser Tyr Asn Ser Val Ala Asn

Trp Leu Thr Ser Tyr Met ‘Thr Val Asn Ile Asn Asp Lys Asp Tyr Thr
65 S0 B 80

Met Ala Ala Val Ser Gly Tyr Lys Arg Gly His Ser Ala Val Phe Val
| 85 90 - 95

Lys Ser Asp GIn Val GIn Leu Gln His Ser .Tyr Asn Ser Val Ala Asn
| ' 100 105 | 110

Phe Val Gly Lys Asp Glu Asp Ser Ile Pro Ser Lys Met Tyr Leu Asp
115 120 | 125

- Glu Thr Pro Glu Tyr Phe Val Asn Val Glu Ala Tyr Glu Ser Gly Ser
- 130 135 | 140

Gly Asn Ile Leu Val Met Cys Ile Ser Asm Lys Glu Ser Phe Phe Glu
,145 150 155 . 160

'_Cys Ghu His GIn Lys
' 165

QI8
QD> 165
<212> PRT |
213> Vibrio_parahaemquticns

1088




100
115
130
145
165
Phe
Thr

Thr
Ser
Val

105 110 The Val dy GQu Asp Gu Asp Ser Ile Pro Ser Lys Met Tyr Leu Asp
120 125 G n Thr Pro Au Tyr Phe Val Asn Val. u Ala Tyt8@pul B¥lo Ay Ser
135 140 Gy Asn Ile Leu Val Met Cys Ile Ser Asn Lys G u Ser Phe Phe Gu
150 155 160 11/38 18 April 2006 Cys u H's Gn Lys 165 <210 9 <211>
' <212> PRT <213> Vibrio chol erae <400> 9 Phe Qu Leu Pro Ser Val Pro
Prdq>agPro Ay Ser Asp Gu.lie 1 5 10 15 Leu Phe Val Val Arg Asp Thr
PhﬁhAs'n Thr Asn Ala Pro Val Asn 20 25 30 Val Lys Val Ser Asp Phe Trp
AsPhe\iJ uAbeu Palo Sa1s VA oP r fealy val \Tyr Ay Gn
Val Phe Thr Thr Ser Qdvy i_ﬂrdfh?’hﬁyl;rogﬂglaggrggG@__gekeﬁs;ﬁﬁ;ﬁusﬂe Tyr. Met Thr
Asn 1ie Asn Asp Lys Asp Tyr Thr 10 ' 15

ALeu Phe Val Val Arg Asp Ala Thr Phe Asn Thr Asm Ala Pro Val Asn

20 25 30

Val Lys Val Ser Asp Phe Trp Thr Asn Arg Asn Val Lys Arg Lys Pro
35 40 45

Tyr Lys Asp Val Tyr Gly GIn Ser Val Phe Thr Thr Ser Gly Thr Lfs
50 55 60

~ Trp Leu Thr Ser Tyr Met Thr Val Asn Ile Asn Asp Lys Asp Tyr Thr

65 70 % 30

- Met Ala Ala Val Ser Gly Tvr Lys Arg Gly His Ser Ala Val Phe Val
85 9@ 95.

- Lys Ser Asp Gin Val;Gln'Leu Gin His Ser Tyr Asn Ser Val Ala Asn
100 105 . 110

Phe Val Gly Glu Asp Glu Asp Ser Ile Pro Ser Lys Met Tyr Leu Asp
115 120 125

_-Glu Thr Pro Glu Tyr_Phe Val Asn Val Glu Ala Tyr Glu Ser Gly Ser
130 135 _ - 140

Gly Asn Ile Leu Val Met Cys Ile Ser Asn Lys Glu Ser Phe Phe Glu

- 145 - 150 155 _ 160

'11/38




.65 70 75 .80 Met Ala Ala Val Ser Ay Tyr Lys Asn Ay His Ser Ala Val The Val
85 90 95 Lys Ser Asp G n Val Gn Leu Gn Hi's Ser Tyr Asn St} Apdl 20l6a Asn
12138 18 April 200.6 100 105 110 Phe Val Ay Au Asp Qu Asp Ser lle Pro
Ser Lys Met Tyr Leu Asp 115 120 125 Qu Thr Pro G n Tyr Phe Val Asp Valr
Gu Ala Tyr Gu Ser Ay Ser 130 135 140 Gy Asn Ile Leu Val Met Cys Ille
Ser Asn Lys GQu Ser Phe Phe Qu 145 150 155 160 Cys Lys In @ n Asn 165
<210> 10 <211> 165 <212> PRT <2.13> Vibrio m m cus <400> 10 Phe A u Leu
Pro Sefyyvdjlu Pio GPhelyro Ala Pro Gy Ser Asp Qu Ile 1 5 10 15 . Leu Phe Val
Val Arg Asp Thr Thr Pﬁhe Asn Thr Lys Ala Pro Val Asn

- 165

<2105 9
1D 165
©<212> PRI
<213> Vibrio cholerae

<400 9

Phe Glu Leu Pro Ser Val Pro Phe Pro Ala Pro Gly Ser Asp Glu Ile
. 5 10 15

Leu Phe~Val Val Arg Asp Thr Thr Phe Asn Thr Asn Ala Pro Val Asn
20 | 25 30

Val Lys Val Ser Asp Phe Trp Thr Asn Arg Asn Val Lys Arg Ls?s Pro
35 40 45

Tyr "Lyé Asp Val Tyr Gly Gln Ser Val Phe Thr Thr Ser Gly Thr Lys
S50 5 | 60 '

E ’Irb Leu Thr Ser Tyr Met Thr Val Asn Ile Asn Asp Lys Asp Tyr Thr
. 65 0. (. ' g0

“Met ‘Alla Ala Val Ser Gly Tyr Lys Asn Gly His Ser Ala Val Phe Val
g5 90 | 95

Lys Ser Asp Gln Val GIn Leu GIn His Ser Tyr Asn Ser Val Ala Asn
: 12/38 B




20 25 30 Val Lys Val Ser Asp Phe Trp Thr Asn_ Arg Asp Val. Lys Arg Lys Pro
.35 40 45 18 April 2006 Tyr Gu Asp Val. Tyr Gy G n Ser Val8Ppel 206 Thr Ser
Gy Thr Lys 50 55 60 Trp Leu Thr Ser Tyr Met Thr Val Asn Ile Asn Asp Lys

Asp Tyr Thr 65 70 75 80 Met Ala Ala Val Ser Ay Tyr Lys Ser Ay His Ser :
Ala Val Phe Val 85 90 95 Lys Ser Asp Gn Val dn Leu An H's Ser Tyr Asn -

~Ser Val _ Ala Asnp§00 105 110 Phe Ygb Gy G u Asp GTL p Ser Ile Pro Ser
e

Lys. Met Tyr Leu Asp 115 120 125 G n Thr Pro Gu Tyr Val Asn Val Gu
Ala Tyr Au Ser Gy Ser 130 135 140 Gy Asn Val Leu Val Met Cys Ile Ser
Asn Lys Gn Ser. Phe Phe Gu 145 150 155 160 Cys Qu His An Arg 165
<210> Rlie V421Gty G606 Asp26Pw ART Ser Ile Pro Ser Lys Met Tyr Leu Asp

115 120 S 125

Glu Thr Pro Glu Tyr Phe Val Asp Val Glu Aia Tyr Glu Ser Gly Ser
- 130 - ' - 135 _ 140

- Gly Asn Ile Leu Val Met Cys Ile Ser Asn Lys Glu Ser Phe Phe Giu
145 150 155 160

VCYS Lys Tyr Gln Asn
165

<210> 10
<211> 165
<212> PRT
<213> Vibrio mimicus

400> 10

~ Phe Glu Leu Pro Ser Val Pro Phe Pro Ala Pro Gly Ser Asp Glu Ile
PR 5 10 15

- Leu Phe Val Val Arg Asp Thr Thr Phe Asn Thr Lys Ala Pro Val Asn
| 20 — 25 o

val Lys Val Ser Asp Phe Trp Thr Asn Arg Asp Val Lys Arg Lyé Pro
" 35 ()

13/38.




.<213> Vibrio hollisae 18 April 2006 <400> 11 Phe G u Leu Pro Ser Ile 'Prd

Phe
Thr
Thr
Ser
Val
Tyr
Leu
Gn
Tyr
Leu

18 ApruTlfpzlemlG

Pro Ser Pro Gy Ser Asp Gn lle 15 10 15 Leu Phe Val 1&Apring@06Asp Thr
Phe Asn Thr Lys Qu Pro Val Asn 20 25 30. Val Lys Val Ser Asp Phe Trp
Asn Arg Asn Val Lys Arg Lys Pro 35 40 45 Tyr Lys Asp Val Tyr Ay Gn

-Val Phe Thr Thr Ser @y Ser Lys 50 55 60 Trp Leu Thr Ser Tyr Met Thr

SefTyrl Glirdop Akl lys @by GTr SNV 16Pne OIS THD 8¢ cAariy dy¥al Ser Gy
Lys Asp Ay Phe Ser Ser Val Phe Val 85 90 95 Lys Serr dy Gnlle Gn

G.n Hi sh0Tyr. Tyr Asn Ser5¥al Ala Asp 100 §§5, 110 Phe Val Ay Gy Asp

Asn Ser Ile Pro Ser Lys Thr Tyr Leu Asp 115 120 125 G n Thr Pro Ser

Phe Val Asn Val Qu Ala Tyr Au Ser Ay Ser 130 135 140 Ay Asn lle
Val  Met Qfs Il e Ser Lys Gu Ser Tyr Phe G n 145 150 155 160 15/38
hr Ser Tyr Met Thr Val Asn Ile Asn Asp Lys Asp Tyr Thr

65 70 75 - 80

Met Ala Ala Val Ser Gly Tyr Lys Ser Gly His Ser Ala Val Phe Val
35 90 95

Lys Ser Asp Gin VaL Gln Leu GIn His Ser Tyr Asm Ser Val Ala Asﬁ
100 105 ‘ 110

Phe Val Gly Glu Asp Glu Asp Ser Ile Pro Ser Lys Met Tyr Leu Asp

115 120 125 -

E Glu Thr Pro Glu Tyr Phe Val Asn Val Glu Ala Tyr Glu Ser Gly Ser

- 130 135 ' 140

Gly Asn Val Leu Val Met Cys Ile Ser Asn Lys Glu Ser Phe Phe Glu

145 150 155 160

 Cys Glu His GIn Arg

165

a1

<211> 165

12> PRI
. <213> Vibrio hollisae

-~ 14/38




- Cys G uGQu Gn Gn 165 <210> 12 <211> 165 <212> PRT <213> Vibrio
hol | i.sae <400> 12 Phe G u Leu Pro Ser Ile Pro Phe Pro Ser B8dépdl§0®&er Asp
GQu lle 15 10 15 Leu Phe Val Val Arg Asp Thr Thr Phe Asn Thr Lys GQu Pro
Val Asn 20 25 30 Val Lys Val Ser Asp Phe Trp Thr Asn Arg Asn Val Lys Arg
Lys Pro 35, 40 . 45 Tyr Qu Asp Val Tyr Gy Gn Ser Val Phe Thr Thr Ser
Ay Sey4 1150 55 60 Trp Leu Thr Ser Tyr Met Thr Val -Ser Ile Asn Asn Lys
Asp Tyr Thr 65 70 75 80 Met Ala Ala Val Ser Ay Tyr Lys Asp Ay Phe Ser

Ser V v L in. Hrs Tyr Tyr As
Ser lefhﬂ‘?“A?E“ 150,800 HicLhey Ik Pry S PrbSql §h e AP e Y G R

Ser Ile Pro Ser Lys Thf Tyr Leu Asp 10

- Leu Phe Val Val Arg Asp Thr Thr Phe Asn Thr Lys Glu Pro Val Asn
20 25 30

' _-Val‘LyS Vai Ser Asp_Phe Trp Thr Asn Arg Asn Val Lys Arg Lys Pro
35 ' 40 o 45

Tyr Lys Asp Val Tyr Gly Glp Ser Val Phe'Thr Thr Ser Gly Ser Lys
50 : 55 60

Trp Leu Thr Ser Tyr Met Thr Val Ser Ile Asn Asn Lys Asp Tyr Thr
65 70 75 | 80

‘Met Ala Ala Val Ser Gly Tyr Lys Asp Gly Phe Ser Ser Val Phe Val
85 90 95

_LVS‘Ser Gly Gln Ile GIn Lev Gln His Tyr Tyr Asm Ser Val Ala Asp
| 100 105 . 110

Phe Val5Gly_G1Y Asp Glu Asn Ser Tle Pro Ser Lys Thr Tvr Leu Asp
115 | 120 125

“ Glu Thr Pro Ser Iyr Phe Val Asn Val Clu Ala Tyr Glu Ser Gly Ser
130 - _ 135 140

- Gly Asn Ile Leu Val Met Cys Ile Ser Asn Lys Glu Ser Tyr Phe Glu

145 o 150 ' 155 - - 160
15/38 |




115 120 125 A u-Thr. Pro Ser Tyr Phe Val Asn Val Au Ala Tyr Gu Ser vy

Ser

130 135 140 Ay Asn Ile Leu Val Met Cys Ile Ser Asn LYSA@rl26Hr Tyr

Phe Gu 145 150 155 160 Cys Gu Au Gn A@n 165 <210> 13 <211> 165

<212> PRT <213> Vibrio hoilisae <400> 13 Phe GQu Leu Pro Ser |Ile Pro Phe

Pro
Phe
Asn
Hi s
Tyr

Val

Ser Pro Ay Ser Asp Au lle 1 5 10 15 .Leu Phe Val Val Arg Asp Thr Thr
Asn Thr Lys.du Pro Val Asn 20 25 30 Val Lys Val Ser Asp Phe Trp Thr
Arg Asn Val Lys Arg Lys Pro 35 40 17/38 18 April 2006 Tyr Lys Asp Val
d yve GledluNain Bhg I1le Thr Ser Ay Thr Lys 50 55 60 Trp Leu Thr Ser-
Met Thr Val Ser Ile Asn Asn Lys Asp Tyr Thr 65 70 75 80 Met Ala Al a

Ser Gy Tyr Lys A6p Gy Phe Ser Ser Val Phe Val

Q10> 12
<211> 165
- <212> PRT
<2135 Vibrio hollisae

400> 12
“Phe Glu Leu Pro Ser 1le Pro Phe Pro Ser Pro GIY'Ser Asp Glu Ile
1 5 10 15

Leu Phe Val Val Arg Asp Thr Thr Phe Asn Thr Lys Glu Pro Val Asn
20 25 30

Val Lys Val Ser Asp Phe Trp Thr Asn Arg Asm Val Lys Arg Lys Pro
' 35 40 45

-:;-Tyr Glu Asp Val Tyr Gly Gln Ser Val Phe Thr Thr Ser Gly Ser Lys

50 55 60

Trp Leu Thr Ser Tyr Met Thr Val Ser Ile Asn Asn Lys Asp Tyr Thr
.63 70 15 80

Met Ala Ala Val Ser Gly Tyr Lys Asp Gly Phe Ser Ser Val Phe Val
85 90 95

“Lys Ser Gly Gin Ile Gln Leu Gln His Tyr Tyr Asn_Sef Val Ala Asp
- 16/38 | |




- Ser lLie Pro Phe

.85 90 95 Lys Ser Ay An lle dn Leu An Hs Tyr Tyr Asn Ser Val Ala Asp
100 105 110 Phe Val Gy Ay Asp Gu Asn Ser Ile Pro Ser Ly$8#prldg6 Leu Asp
115 120 125 A u Thr Pro Gu Tyr Phe Val Asn Val Gu Ala Tyr Gu Ser dy Ser
130 135 140 Ay Asn Ile Leu Val Met Cys Ile Ser Asn Lys Qu Ser Tyr The Gu
145 150 155 160 Cys.du Ser Gn G n. 165 <210> 14 <211> 165 <212> PRT

<213> Vi brio par ghgem)l yticus 18/ 3%%‘2 April 2006 -<4P8{g 14 lie Asp Leu Pro
ro Ser Pro Ay Ser p Gnleu 15 15 Leu Phe Val Val

“Arg Asn Thr Thr Ile Lys Thr Gu Ser Pro Val Asn 20 25 30 Ala Ile Val Asn
Asp Tyr Trp Thr An Arg Asn Ile Lys Arg Lys Pro 35 40 45 Tyr Lys Ser Val Hs

Gy GFheS¥allbly Bhe Ay GTorASeSed VISProl88r Lys Thr Tyr Leu Asp
115 120 125

 Glu Thr Pro Ser Tyr Phe Val Asn Val GluAAJa Tyr Glu Ser Gly Ser
130 135 S U

Gly Asn Ile Leu-Yal Met Cys Ile Ser Asm Lys Giu Ser Tyr'Phé Glu
145 ' 150 155 160

Cys Glu Glu Gln Gln
165.

216> 13
Q211> 165
<212> PRI
<213> Vibrio hollisae

A0 13 |
- Phe Glu Leu Pro Ser Ile Pro Phe Pro Ser Pro Gly Ser Asp Glu Ile
R 5 10 15

~ Leu Phe Val Val Arg Asp Thr Thr Phe Asn Thr Lys Glu Pro Val Asn-
20 25 30

Val Lys Val Ser Asp Phe Trp Thr Asn Arg Asn Val Lys Arg Lys Pro
' % 40 45

17/38




50 55 60 Trp Leu Ser Ala Tyr Ile Thr Val Asn Ile Asn Gy Asn Asn Tyr Thr
65 70 75 80' Met Ala Ala Leu Ser Ay Tyr Lys Asp Ay Leu Sé8 Apmil 28G4 Phe
Thr 85 90 95 Lys Ser A u Lys Thr Ser Leu Asn A n Asn Tyr Ser Ser Val Ser
Asp 100 105 110 Phe Val Gy GQu Asu AQu Qu Ser Leu Pro Ser Val Thr Tyr
Leu Asp 115 120 125 GQu Thr Pro Qu Tyr Phe Val Asn Val Qu Ala Tyr Qu

Ser . Sen e ety i CRRYO TSl B Ble YL ST GJ30Ere)e e %r an
Asn 165 <29f> 15 <211> 165 55%212> PRT <213> ¥pbri o parahaenol yti cus <400>

15 Ile Asp Leu Pro Ser Ile Pro Phe Pro Ser Pro Ay Ser Asp Gu Leu 1 5 10
15 Leu Phe Val Val Arg Asn Thr Thr Ile Lys Thr Gu Ser Pro Val Asn
- Trp Leu Thr Ser Tyr Met Thr Val Ser Ile Asn Asn Lys Asp Tyr Thr

65 170 75 80

‘Met Ala Ala Val Ser Gly Tyr Lys Asp Gly Phe Ser Ser Val Phe Vai
85 | 90 | 95,

Lys Ser Gly Gln Ile Gln Leu Gln His Tyr Tyr Asn Ser Val Ala Asp
- 100 105 110

Phe Val Gly Gly Asp Glu Asn Ser Ile Pro Sér Lys Thr Tyr Leu Asp
115 ' ' 120 | 125

Glﬁ Thr Pro Glu Tyr Phe Val Asn Val Glu Ala Tyr Glu Ser Gly Ser
130 135 140

| Gly Asn Ile Leu Val Met Cys Ile'Ser Asn Lys Glu Ser Tyr Phe Glu
145 | 150 155 o 160

~ Cys. Glu Ser Glu Gln .
165

10> 14

211> 165

<212> PR

<213> Vibrio parahaemolyticus

18/38




20. 25 30 Ala Ile Val Asp Asp Tyr Trp Thr Asn Arg Asn Ile Lys Arg Lys Pro
35 40 45 Tyr Lys Ser Val Hs Ay Gn Ser Ile Phe Thr Thr Sé8 A@y2@&r Lys
Asn Ile Asn Ay Asn Asn Tyr Thr

50 55 60 Trp Leu Ser Ala Tyr Met Thr Val
65 70 75 80 Met Ala.Ala Leu Ser Ay Tyr Lys Asp Ay Leu Ser Thr Val Phe Thr
85 90 95 Lys Ser Gu Lys Thr Ser Leu Asn G n Asn Tyr Set Ser Val Ser Asp

20/ 38 iyl 2006 100 105 110 Phe Val Ay Gu Asn Gu Gu Ser Leu Pro Ser
Val Thr Tyr Leu Asp 115 120 125 G n Thr Pro du Tyr Phe Val Asn Val Qu

Ala VI Ee Grh 60 11830rd el o Sk phGUYE e g Bl Aanslgge<§$5>

Asn Lys Ser Ser Phe Asp
16 <211 165 <212> F{RT <213> Vi brio pgrahaenol yticus 15

Leu Phe Val'Val Arg Asn Thr Thr Ile Lys-Thr Glu Ser Pro Val Asn
20 : 25 . 30

:Ala Ile Val Asn Asp Tyr Trp Thr Asn Arg Asn Ile Lys Arg Lys Pro
- 35 40 N 45

Tyr Lys'Se; Val His Gly Gla Ser Ile Phe Thr Thr Ser Gly Ser Lys
50 55 60

Trp Leu Ser Ala IYr Ile Thr Val Asn Ile Asn Gly Asn.Asn Tyr Thr
65 | 70- . 3 75 80

Met Ala Ala Lev Ser Glv Tyr Lys Asp Gly Leu Ser Thr Val Phe Tht
85 90 95

Lys Ser Glu Lys Thr Ser Leu Asn Gln Asn Tyr Ser Ser Val Ser Asp
100 105 i

| Phe Val. Gly Glu Asn Glu Glu Ser Leu Pro Ser Val Thr Tyr Leu Asp
115 ' 120 125

Giu Thr Pro Glu Tyr Phe Val Asn Val Glu Ala Tvr Glu Ser Gly Asn
130 135 BT

~ Gly His Met Phe Val Met Cys Ile Ser Asm Lys Ser Ser Phe Asp Glu

45 150 155 160
- 19/38 BT




<40D> 16 1lle Asp.Leu Pro Ser Ile Pro PhePro Ser Pro Ay Ser Asp Gu Leu 1

5 10 15 Leu Phe Val - Val Arg Asn Thr Thr Ile Lys Thr G u S&8 Aprib28 Lys

- 20.25 30 Ala Ile vVal Gu Asp Tyr Trp Thr Asn Arg Thr Ile Lys Arg Lys Pro
35 40 45 21/38. .18 April 2006 Tyr Lys Asp Val Tyr Ay Gn Ser Val Phe Thr

Thr Ala Ay Ser Lys 50 55 60 Trp Leu Ser Ala Tyr Met Thr Val Asn Ile Asn

Ay H's Asn Tyr Thr 65 70 75 80 Met Ala Ala Leu Ser Ay Tyr Lys Hs Ay

Thr Ser Thr Val Phe Thr 85 90 95 Lys Ser G u Lys Thr Ser Leu Asn .G n Asp

Phe TyCySeMe V&8erLlgm &y 100 105 110 Phe Val Asp Asp Ser Gu Gn Ser Ile Pro
Ser Ile Asn Tyr Len Asp 115 120 ' 125 G u Thr Pro Qu Tyr Phe Val Thr Val

~ Gu Ala Tyr GQu Ser Gigg Asn 130 135 140 Ay His Met Phe Val Met Cys lle
~ Ser Asn Lys Leu Ser Phe Ay A u 145 150 155 160 Cys Lys Ser Gn lle

<2105 15
211> 165
© <212> PRI
213> Vibrio parahaemolyticus |

<400> 15
Ile Asp Leu Pro Ser Ile Pro Phe Pro Ser Pro Gly Ser Ash Glu Leu

1 5 10 15

Leu Phe Val Val Arg Asu Thr Thr Ile Lys Thr Glu Ser Pro Val Asn
20 1 | 30

| Ala Ile Val Asp Asp Tyr Trp Thr Asn Arg Asam Ile Lys Arg Lys Pro
35 40 45

Tyr Lys Ser Val His Gly Gln Ser Ile Phe Thr Thr Ser Gly Ser Lys
50 - 55 60

irp Leu Ser Ala Ty_r Met Thr V;_ll Asn Ile Asn Gly Asn Asm fyr Thr
65 70 75 _ 80

Met Ala Ala Leu Ser Gly Tvr Lys Asp Gly Leu Ser Thr Val Phe Thr
| 85 90 95

_ Lvs"Sér Glu Lys Thr Ser Leu Asn Gin Asn Tyr Ser Ser Val Ser As.p '
- 20/38 A




165 <210> 17 <211> 19 <212> PRT <213> Artificial Sequence 22/38 18 Apri
2006 <220> <223> Description of Artificial Sequence: fragh®aAprib200DH or -
TRH <400> 17 Leu Pro Ser Val Pro Phe Pro Ala Pro Gy Ser Asp Gu Leu Leu
Phe 1 5 10 15 Val Val Arg <210> 18 <211> 19 <212> PRT <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence:fragment of TDH
or TRH <400> 18 L Pro Ser Val Pr(fﬂghe Pro Ala Pro ﬁoy Ser Asp Qu lle Leu

Phe 1 5 10 15 Val Val Arg

Phe Val Gly Glu Asn Glu Glu Ser Leu Pro Ser Val Thr Tyr Leu Asp
115 120 125

Glu Thr Pro Glu Tyr Phe Val Asn Val Gly Aia Tvr Glu Ser Gly Asn
130 S s 140 '

Gly His Met Phe Vai Met Cys Ile Ser Asn Lys Ser Ser Phe Asp Glu
145 150 155 160

Cys Met Ser Gln Asn
165

- <210> 16
211> 165
<212> PRY
<213> Vibrio parahaemoclyticus

- <400> 16
Ile Asp Lev Pro Ser Ile Pro Phe:Pro Ser Pro Gly Ser Asp Glu Leu
1 5 | 10 oI5

Leu Phe Val Val Arg Asn Thr Thr Ile Lvs_Thr Glu Ser Pro Val Lys -
20 2% - 30

Ala Iie Val Glu Asp Tyr Trp Thr Asn Arg Thr 1le Lys Arg Lys Pro
35 | 40 : 45

21/38 .




<210> 19 23/38 18 April 2006 <211> 19 <212> PRT <213> Artificial  Sequence
<220> <223> Description of Artificial Sequence:fragnment of8ApHl2e6 TRH
<400> 19 Leu Pro Ser Val Pro Phe Pro Ser Pro Ay Ser Asp Gu Leu Leu The 1
5 10 15 Val Val Arg <210> 20 <211> 19 <212> PRT <213> Artificial Sequence
<220> <223> Description of Artificial Sequence:fragnment of TDH or TRH

5400 VAPTVRYS 8 B VR 6FY QIENSe PYAISPhe TR FhY AT AP tyh! © teu e T
50 55 | 60 | .

-Ttp Leu Ser Ala Tyr Met Thr Val Asn ile Asn Gly His Asn Tyr Thr
65 . 70 75 | 80

iMet_Ala Ala Leu Ser Gly Tyr‘Lys His 61y Thr Ser Thr Val Phe Thr
85 %0 95

~ Lys Ser Glu Lys Thr Ser Leu Asn GIn Asp Phe Tyr Ser Val Lys Ser
100 _ 105 110

Phe Yal Asp Asp Ser Glu Glu Ser Ile Pro Ser Ile Asn Tyr Leu Asp
115 120 - 125

Glu Thr Pro Glu Tyr Phe Val Thr Val Glu Ala Tyr Glu Ser Gly Asn
130 . 135 140

Gly His Met Phe Val Met Cys Ile .Ser Asn Lys Leu Ser Phe Gly Glu
- 145 , 150 155 : 160

Cys Lys Ser Gln Ile
' ' 165

L2100 17
21> 19
QI PRT
BRIty Artificial Sequence
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24/ 38 18 April 2006 <210> 21 <211> 19 <212> PRT <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: fragment ®8ApBH00r TRH

<400> 21 Leu Pro Ser Ile Pro Phe Pro Ala Pro Gy Ser Asp Gu Ile Leu Phe 1
5 10 15 Val Val Arg <210> 22 <211> 19 <212> PRT <213> Artificial Sequence

 <220> <223> Description of Artificial Sequence: fragnent of TDH or TRH
<400> Z22@¢%/38 18 April 2006 Leo Pro Ser lie Pro The Pro Ser Pro C]y Ser
Asp G n Leo Leo Phe 1 5 10 15

<223» Description of Artificial Sequence:fragment of TDH

or TRH

‘<400> 17
~ Leu Pro Ser Val Pro Phe Pro Ala Pro Gly Ser Asp Glu Leu Leu Phe
1 5 10 ‘ 15

- ¥Yal Val Arg

- <210> 18
11> 19
<212> PRT
<213> Artificial Seguence

{ZZO)
<223> Description of Artificial Sequence:fragment of TDH

or TRH
) <400> 18- . .
~ Leu Pro Ser Val Pro Phe Pro Ala Pro Gly Ser Aép Glu Ile Leu Phe

1 5 10 | 15

Val Val Arg

10> 19 |
‘ 23/38




Val Val Arg <210> 23 <211> 20 <212> PRT <213> Artificial Sequence <220>
<223> Description of Artificial Sequence:fragnent of TDH b8 APRHG0600> 23
Leo Pro Ser Ile Pro Phe Pro Ala Pro Ay Ser Asp Gn Leo Ile Leo 1 5'10 15
Phe Val Val Arg 20 <210> 24 <211> 19 <212> PRT <213> Artificial Sequence
<220> 18 April 2006 <223> Description of Artificial Sequence:fragnent of

. TDH or2TRH KH00> 24 Len Pro Ser Ile Pro Phe Pro Ser Pro Ay Ser Asp Au

- 1le Len Phe 1 5 10 15 Vval Val Arg

<212> PRT

'{213> Artificial Sequence

220>
223> Descr:ptlon of Art1f1c1a1 Sequence fragment of TDH
or TRH

<400> 19
Leu Pro Ser Val Pro Phe Pro Ser Pro Gly Ser Asp Glu Leu Leu Phe
1 5 _ 10 15

Val Val Arg

210> 20

211> 19

<212> PRT

213> Artificial Sequence -

<220 _
<223> Description of Artificial Sequence:fragment of TDH
or TRH
<400 20-
Leu Pro Ser Val Pro Phe Pro Ser Pro Gly Ser Asp Glu Ile Leu Phe
P 5 10 15
" Val Val Arg

24/38




<210> 25 <211> 5 <212> PRT <213> Artificial Sequence <220> <223>

Description of Artificial .
Lys Pro Tyr 1 5 <210> 26 <211> 7 '<212> PRT <213> Artificial Sequence

27/ 38 18 April 2006 <220> <223> Description of Artificial
Sequence: fragment of TDH or TRH <400> 26 . Tyr Met Thr Val Asn Ile Asn

5 <210> 27 <211> 7 <212> PRT

<210> 21
- <211 19
<212> PRT
<213> Artificial Sequence

<2205
-<223> Description of Artificial Sequence:fragment of TDH

or TRH

- <400> 21 | — |
~Leu Pro Ser Ile Pro Phe Pro Ala Pro Gly Ser Asp Glu Ile Leu Phe
e 5 10 | 15

Val Val Arg

210> 22

QI 19

<212> PRI
213> Artificial Seduence

<220
; £223> Description of Artificial.Sequence:fragment of TDH
or TRH | | |
<4005 22 |
2588

Sequence: fragnment of TDH or TRHI&A4PGH20® Lys Arg

1




<213> Artificial Sequence <220> <223> Description of Artificial
15

Sequence: fragment of TDH or TRH <400> 27 Tyr Met Thr Val BeAptil 2008sn
Sequence <220> <223>

- <210> 28 -<211> 7 <212> PRT <213> Artificial
Description of Artificial Sequence: fragnent of TDH 28/38 18 April 2006 or
1. 5 <210> 29 <211> 7 <212>

-~ TRH <400> 28 Tyr Ile Thr Val Asn Ile Asn
ce <220> <223> Description of Artificial

PRT -< ifigial, Seque
Sequencﬁzé&?;@g%ﬁtﬁgfhﬁbme Pro Ser” Pro Gly Ser Asp Glu Leu Leu Phe
| 5 0 |

15

1

- Val Val Arg

<210> 23

<211> 20

212> PRT

<213> Artificial Sequence

<220
223 Desgription of Artificial Séquence:fraghenf of TDH
or TRH |

400> 23 |
Leu Pro Ser 1le Pro Phe Pro Ala Pro Gly Ser Asp Glu Leu [le Leg
1 5 10 , 15

Phe Val Val Arg
20

210> 24
QD 1y
ﬁ17<212> PRT
<213> Artificial Sequence

220>
26/38




or TRH <400> 29 Tyr Ile Thr Val Ser Ile Asn 1 5 <210> 30 <211> 10 <212>
PRT <213> Artificial Sequence <220> <223> Description of & Apfil 200l
Sequence: fragment of TDI . or TRH <400> 30 Tyr Thr Met Ala Ala Val Ser Ay
Tyr Lys 1 5 10 <210> 31 <211> 10 <212> PRT <213> Artificial Sequence
<220>  <223> Description of Artificial Sequence:fragment of TDH or TRH:

<400> BbaTyfesthipMidn Aroaftidib et SRqubhde WMagh¥it of TDAC
- or TRH

-(400) 24 . .
Leu Pro Ser Ile Pro Phe Pro Ser Pro Gly Ser Asp Giu Ile Leu Phe
1 5 0 N

- Val Val Arg

210> 25
Q11> 5

212> PRT

213> Artificial Sequence

220>
<223> Description of Artificial Sequence:fragment of TDH
or TRH |

<400 25
Lys Arg Lys Pro Tyr
1 5

<2105 26
R
<2125 BRI
<213 Artificial Sequence
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<210> 32 <211> 10 <212> PRT '<213> Artificial Sequence <220> <223>
Description of Artificial Sequence:fragnment of TDH or TRHI&48H23® Tyr Len
Asp Gu Thr Pro Gu Tyr Phe Val 30/38 18 April 2006 1 5 <210> 33 <211> 10
<212> PRT <213> Artificial Sequence 10 <220> <223> Description of
Artificial Sequence:fragnent of TDH or TRH <400> 33 Tyr Len Asp Gdu Thr

Pro Sekzyﬁﬁ Phe Val 15 10 <210> 34 <211> 7

<223 Description of Artificial Sequence:fragment of TDH
or TRH

- <400>-26
Tyr Met Thr Val Asn Ile Asn
1 o 9

<2100 27

QI 1

<212> PRY

<213> Artificial Sequence

220> .
<223> Description of Artificial Sequence:f{ragment of TDH
or TRH |

<400> 27
- Tyr Met Thr Val Ser Ile Asn
1 - 5

<210> 28
<UD T
<212> PRT
. <213> Artificial Sequence

<20

<223> Descrlptlon of Art1f1c1al Sequence: Iragment of TDH
2&88




| <212> PRT <213> Artificial Sequence <220> <223> Description of Artificial

Sequence: fragment of TDH or TRH <400> 34-Val Qu Ala Tyr B3ApBeR0@ Yy 1 5
31/38 18 April 2006 <210> 35. <211> 7 <212> PRT <213> Artificial Sequence
~ <220> <223> Description of Artificial Sequence:fragnent of TDH or TRH
- <400> 35 Val Met Cys Ile Ser Asn Lys 1 5 <210>:36 <211>.20 <212> DNA

- <213> Artifigfgl ghySequence <220>

<400> 28
Tyr Ile Thr Val Asn Ile Asn
S 5

<210> 29
QU T
<2125 PRI
-<213> Artificial Sequence

<2207
<223> Description of Artificial Sequence:fragment of TDH
or TRH '

<400> 29
Tyr Ile Thr Val Ser Ile Asn
i | 5

<210> 30

Q11> 10

<212> PRT

<213> Artificial Sequence

Q>
<223> Description of Artificial Sequence:fragment of TDH

or TRH
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<223> Description of Artificial Sequence:Priner for gene coding TDH, TRH,
or similar haenolysin <220> <221> <222> 9, 12, 18 <223> b8 Appi28ints a,
g, ¢ or t <400> 36 18 April 2006 32138 gaygarhtny tnttygtngt <210> 37
<211> 20  <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence:Primer for gene coding TDH, TRH, or simlar haenolysin
<220> 56@9?0 <222> 3, 12, 18 <223> n represents.a, g, c or t <400> 37

: :

_ccnswytc angcytcnac <210> 38 <211> 23
~ Tyr Thr Met Ala Ala Val Ser Gly Tyr Lys
Al 5 10
(2105 31
<211> 10
<212> PRT

213> Artificial Sequence

<2200
<223> Description of Artificial Sequence:fragment of TDH

or TRH

<400> 31 | ,
Tyr Thr Met Ala Ala Leu Ser Gly Tyr Lys
i 5 10

-<210> 32
D 10
- <212> PRT
Q13> Artificial Sequence

- <220>
<223> Description of Artificial Sequence:fragment of TDH

or TRH

. <400> 32

Tyr Leu Asp Glu Thr Pro Glu Tyr Phe Vél
30/38




<212> DNA <213> Artificial Sequence <220> <223> Description of Artjficial
Sequence: Prinmer for gene coding TDH,' TRH, -or simlar haenbd fpiih2®® 38 18
April 2006 20 <220> <221> <222> 12, 15 <223> n represents a, g, Cc or t
<400> 38 acraartayt cnggngtytc rtc <210> 39 <211> 22 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:Prinmner
for gene,coding TDH, TRH, or simlar hgﬁpnlysin <220> <221> <222> 9, 12
<223> n }epresents a, gH cort ,

- <210> 33
L1y 10
QI PRI |
<213 Aftificial Sequence

<20 |
'<223)> Description of Artificial Sequence:fragment of TDH
or TRH

<400 33
Tyr Leu Asp Glu Thr Pro Ser Tyr Phe Val
1 | 5 10

{210> 34
QI 1
212> PRT
o <213>'Aftificial Sequence

220>
<223> Description of Artificial Sequenmce:fragment of TDH _
or TRH |

- <400> 34 |
‘Val Glu Ala Tyr Glu Ser Gly
1 5
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<400> 39 tayatgacng tnaayathaa yg <210> 40 <211> 353 <212> DNA 34/38 18

April 2006 23 22 18 April 2006 <213> Vi brio parahaenolyti cu8 ApED2@611 T

<400> 40 gttagaaata caacaatcaa acaaaccgaa acataaaaag acagcaggtt -

caaagtggtt acgatggcag ctctttctgg aaaacaagcc taaagcaaga tcaataccaa

gt gt aactta aactgaatcc ccagttaacg caattgtgga aaaaccatac aaagat gt at

. acggtcaatc aagcgcctat atgacagtaa acatcaatgg ttataaagat ggtatttcta
cggtcttcac ctattcctcg gtaaaatatt ttgttgatga tttagatgaa acatcagaat -

actttg%ﬁ?ﬁ>qﬂactattgg 60
L2017
<212 PRT
{213 Artificial Sequence

{2207 .
223> Description.of Artificial Sequence:fragment of TDH

or TRH

400> 35
- VYal Met Cys Ile Ser Asn Lys
1 : 5

<210> 36

211> 20

<212> DNA

<213> Artificial Sequence

Q20>
223> Description of Artificial Sequence:Primer for gene

.coding TDH, TRH,.or similar haemolysin

o0
221>
<222 9,12, 18

<223> n represents a, g.¢ or t

400> 36
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ggttttcaca 120 tcataactat 180 aaaatcagag 240 caacgaagaa 300 tgt 353
<210> 41 <211> 353 <212> DNA <213> Vi brio parahaenol yti cu8 Ayg8id2@Eb <400>
41 gttagaaata caacaataaa aactgaatca ccagttaacg caatcgttaa tgactactgg 60
acaaaccgaa acataaaacg aaaaccatat aaaagcgttc acggtcaatc tattttcacg 120
acttcaggct caaaatggtt aagcgcctat ataacggtaa atattaatgg aaataactac 180

acaat ggct ctttgtgg, ctataaagat ggcctttcaa cggtcttcac aagatcagaa 240
'aaaacagﬁgguﬁig%tbgdg't%ﬁ%ltcttct gttagtgatt tcgttggtga aagﬁgaagaa~300
tcattgccaa gtgtaacgta tttggatgaa acgccagaat atttcgtcaa tgt 353 <210> 42
<211> 353 <212> DNA <213> Vi brio parahaenol yticus V89 656 35/38 18 Apri

2006 <400> 42 gttcgagata caacttttaa tacccaagct acaaaccgta atgtaaaaag
aaaaccgt ac

210> 37
. <211> 20
QI A
<UD Artifiéial Sequence

220> |
<2237 Description of Artificial Sequence:Primer for gene

coding TDH, TRH, or similar haemolysin

220>
221>
222> 3,12, 18

<223> n represents a, g c or t .

- <400> 37

‘ccnswytcrt angcytcnac ‘ | 20

- <210 38
- <211> 23
<212> DNA
<213> Artificial Sequence

<2207
<223 Description of Artificial Sequence:Primer for gene

coding TDH, TRH, or similar haemolysin
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- acgtcaggta ctaaatggct gacatcctac acaatggcag cggtgtctgg ctataagagc
caagtacagc ttcaacattc ctatgattct tctattccaa gtaaaatgta tti Qo
ccggtcaatg taaaggtctc aaagatgtttatggtcaatc -atgactgtga acattaatga
gogtcattctg ctgtgttcgt gtagctaact ttgttggtga actccagaat attttgttaa <210>
43 <211> 353 <212> DNA <213> Vi bri o parahaennl yticus V99 157 <400> 43
gttcgaqggg>caacttttaa tacccaagct acaaaccgta atgtaaaaag aaaaccgtac
acgtcaggta ctaaatggtt gacatcctac acaatggcag cggtgtctgg ctataagaac
caagt agagpy ttcaacattc ctatgattct tctattccaa gtaaaatgta tttggatgaa
tgacttttgg 60 agtattcaca 120 taaagactat 180 aaaatcagat 240

222> 12,15
<223> n represents a,8¢ or t

<400> 38 |
_.acraartayt cnggngtyic ric - , 23

<210> 39

<21 22

<212> DNA

213> Artificial Sequence

- <220
<223> Description of Artificial Sequence:Primer for gene

coding TDH, TRH, or similar haemolysin

<220>
Q2D
<222 9,12
<223> n represents a, g, ¢ or

<400> 39 |
tayatgacng tnaayathaa vg 22

Q10> 40
211> 353
- <212> DNA
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agatgaaggt 300 tgt 353 ccggtcaatg taaaggtctc tgacttttgg 60 aaagat ttt _
atggtcaatc agtattcaca 120 atgactgtga acattaatga taaagactaﬁszﬁwg1 @Egcattctg

ctgtgttcgt aaaatcagat 240 gtagctaact ttgttggtga agat gaaggt 300 actccagaat
attttgttaa tgt 363 <210> 44 <211> 353 <212> DNA <213> Vibrio

par ahaenol yticus V99 161 36/38 18 April 2006 <400> 44 gttcgagata
acaaaccgta acgtcaggta acaatggcag caagtacagc tctattccaa caacttttaa
tacccaégl‘,ﬁl) ddggiecaarghiemdydicic I%@d&’(iltng 60 atgtaaaaag aaaaccgtac
aaagatgttt atggtcaatc agtattcaca 120 ctaaatggct gacatcctac atgactgtga
acattaatga taaagactat 180 cggtgtctgg ctataagcgc ggtcattctg ctgtgttcgt

X

gttagaaata caacaatcaa aactgaatcc ccggitaageg caattgtgga ggactattgg 60
- acaaaccgaa acataaaaag aaaaccatac aaagaigtat acggtcaétc gettitcaca 120
acagcaggtt caaagtgett aagcgcétat atgacagtaa acatcaatgg tcataactat 180
acgatggcag cictitctigg ttataaagat ggtatttcta cggtcttéac aaaatcagag 240
- aaaacaagce taaagcaaga étattcctcg gtaaaatatt tigttgatga caaégaagaa 300

‘tcaataccaa gtgtaactta tttagatgaa acatcagaat actttgttac tgt - 353

Q10> 41
Q1L 353
~ <212> DNA
<213, Vibrio parahaemolyticus V89 655

<400> 41
gttagaaata caacaataaa aactgaalca ccagitaacg caafcgitaa tgactactgg 60

acaaaccgaa acataaaacg aaaaccatat aaaagegtic acégtcaatc tattttcacg 120
acttcaggci caaaatggtt aagcgcctat ataacggtaa atattaatgg aaataactac 180
~acaatggcig ciclitctgg ctataaagat gecctttcaa cegtcttcac aaaatcagaa 240
_ aaaacaagcc'téaatcagaa cfattcttct gitagtgatt tcettegtga aaatgaagaa 300

fcattgccaa gtgtaacgla titggatgaa acgecagaat atticgicaa tgt 383

210> 42
21> 353
- <212> DNA

<213> Vibrio parahaemolyticus V89 656
: ' - 35/38




ttcaacattc ctatgattct gtagctaact ttgttggtga agatgaaggt 300 gtaaaatgta
tttggat gaa actccagaat attttgttaa tgt 353 <210> 45 <211> 368Apab3306 DNA

<213>'Vibrio parahaenol yticus V99 177 <400> 45 gttcgagata caacttttaa
tacccaagct ccggtcaatg taaaggtctc acaaaccgta atgtaaaaag aaaaccgtac
aaagatgttt atggtcaatc acgtcaggta ctaaatggct gacatcctac atgactgtga
acattaatga acaatggcag cggtgtctgg ctataagagc ggtcattctg ctgtgttcgt
‘caagtacagc ttcaacattc ctatgattct gtagctaact ttgttggtga tctattccaa
gtaaaatgta tttggatgaa actccagaat attttgttaa <210> 46 <211> 353 <212> DNA
<213> ¥} d2par ahaenol yticus V99 223 <400> 46 tgacttttgg 60 agtattcaca
- 120 taaagactat. 180 aaaatcagat 240 agatgaaggt 300 tgt 353 37/38
gttcgagata caactittaa tacccaaget ccggtcaatg faaaggteic tgacttitigeg 60
| acaaaccgta atgtaaaaag aaaaccgtac aaagatgttt atggtcaatc agtattcaca 120
- acgtcaggta ctaaatgget gacatcctac atgactgiga acattaatga taaagactat 180
~acaatggcag cggigtcigg ctataagege gsteatictg ctgtgiicgt aaaatcagat 240
- caagfacagc ttcaacatfc ctatgattct gtagctaact tigttggtga agatgaaggt 300

tctattccaa gtaaaatgta tttggatgaa actccagaat attitgitaa tgt 353

210> 43
211> 353

<212> DNA

<213 Vibrio parahaemolyticus V99 157

<400> 43
gttcgagata caacttttaa tacccaagct ccggtcaatg taaaggictc tgactttige 60

'acaaabcgta atgtaaaaag aaaaccgtac aaagatgtit atggtcaatc agtattcaca 120
-acgtcaggta ctaaatggtt gacatcctac atgactgtga acattaatga taaagactatVIBO
acaatggcag cggigtetgg ctataagaac ggicattictg ctgtgttcgt aééatcagat 240

~ caagtacage ttéaacattc ctatgattct gtagctaact ttgitggiga agatgaaggt 300
" tctattccaa gtaaaatgta ftlggatgaa actccagaat aftttgftaa tgt 353

210> 44
<211> 353

<212> DNA

<213> Vibrio parahaemolyticus V99 161
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gttcgagata caacttttaa tacccaagct acaaaccgta atgtaaaaag aaaaccgtac

acgt caggta ctaaat ggct gacatcctac acaatggcag cggtgtctgg ct b8 Aagtgelo
caagtacagc ttcaacattc ctgtgattct tctattccaa gtaaaatgta tttggatgaa
‘ccggtcaatg taaaggtctc ~aaagatgttt atggtcaatc atgactgtga acattaatga
ggtcattctg ctgtgttcgt gtagctaact ttgttggtga actccagaat attttgttaa 38/ 38 _
- 18 April 2006 tgacttttgg 60 agtattcaca 120 taaagactat 180 aaaatcagat 240

‘agat gadf> 800 tgt 353
. gltcgagata caactittiaa tacccaégct ccggtcaatg taaaggicic tgacttttgg 60

Aacaaaccgta atgtaﬁaaag aaagccgtac aaagatgttt atggtcaatc agtattcaca 120
acgtcaggta ctaaatgget gacatcctac atgactgtga acattaatga taaagactat 180
~ acaatggcag cggtgtctgg ctataagege ggtcattctg ctgtgticgt aaaatcagai 240
caagtacagc ttcaacattc ctatgattct gtagctaact ttgtigetga agatgaaget 300
tctattccaa gtaaaatgta'tttégatgaa actccégaat atttigttaa tgt “4 353

<210 45
211> 353
<212> DNA
.-<213> Vibrio parahaemolyticus V99 177

- <400> 45
'gttcgagata caacttttaa tacccaagct ccggtcaatg taaaggtctc fgactitteg 60

-acaaaccgta atglaaaaag aaaaccgiac aaagatgttt atggicaalc agtattcaca 120
acgtcaggta ctaaatgget gacatcctac atgactgtga acattaatga taaagactat 180
.ataatggcaﬁ cggtgtetgg ctataagage gétcattctg ctgtgttcgt aaaatcagat 240
‘caagtacagc ttcaacattc ctatgatict gtagclaact ttgttggtga agatgaaget 300
:tctattccaa gtaaaatgta titggaigaa actccagaat atttigltaa tgt 353

<210> 46
<211> 353
<212> DNA
- <213> Vibrio parahaemolyticus V99 223

400> 46 |
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18 April 2006

gttcgagata caactittaa tacccaaget ccggtcaatg taaaggictc teactttteg 60

acaaaccgta atgtaaaaag aaaaccgtac aaagatgttt atggtcéatc agtattcaca 126
~acgtcaggta ctaaatgget gacatectac atgactgtga acattaatga taaagactat 180
‘acaatggcag cggigictgg ctataagege ggtcattety ctgigitest aaaatcagat 240
caagtacage ttcaacattc ctatgattct gtagctaact ttgttggiga agatgaaggt 300
-+ tetattccaa glaaaatgta ttiggatgaa actccagaat attttgtiaa tat 393
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