DESCRIPTION METHOD AND KIT FOR DETECTION OF

MICROORGANISM Technical Field [0001] The present invention

relates to a method and kit for detecting a microorganism contained in a

foodstuff, a biological sample and an environmental sample such as

industrial water and tap water. More precisely, the present invention

relates to amethod and kit fqgi%eéggmgﬁa microorganism that enable

selective detection of live cells of a microorganism contained in a foodstuff

, a biological sample and an environmental sample such as industrial

water andrtaprwater. Backgosungd Ani{0002] or Therplate euitere method

has been conventionally used for measurement of total live bacterial

counts in foodstuffs, biological samples or environmental samples.
TechrHewever @hé plate culture method requires time of about two days to
[0000btain a result. [0003] Because of the improvements of sterilization

techniques and processing technigues for foodstuffs, needs for iy

S ERTG Tvé SRS O hcOBr Gt Fom LA Sate of 0 Setecting
a mianicrogegarisnmsexisting in tesesamples afe” incréasingeven fostherdasesid an
envi MBGIS e cellg.exist in an extremely smalkamouwnt. Inthg fields otfood  yore

sanjtation inspection and clinical test, in particular, as a qulqkfmgthod for
Precifgdting HAtEnalit is Atemptatt foldeterming Preskica st absencesi-ection
of a be;c:tedamm&mﬁif}zﬂwﬁaﬁab&e&m@[ifymg;genes*sgetﬁicﬁodﬁelbat&edalls of
a micRbEOR 10 sych,an amount that the genes-can hepisually.observeds o ang an

. However, if a bacterial DNA is targeted, the background of dead bacteria

envIiIGTiRahcoRtired irtHe test saiplé is afsb détettedHnd-therdforéa:

positive result obtained by FOR does not necessarily suggest the
Back Oorrggggc% 91: live bacte_ri_a. There_fore, the current situation !n the fields of _

Tood sanitation and clinical test is that FOR is not used widely, although it
[0GC4s a highly sensitive and quick technique. [0004] In these days, it is

atteimpteddodeiect and quantibronlydiveseallscefimicieorganism insstestor
meas SAIRIS.Y preparing GONA with reverse franscriploss IOLMANA 28,21 551 21

target and performing FOR with primers specific to various bactefia. -
samp lsgwever i IS TRtRad, BRI se PRaRSIption-oEnTRRASFde4d Eeligethod
requitself is 1194 infFibiedand whe: 104-cfu/sn-ar 04 ciuég @1 more of dead
[0003cells are contained in the test sample, background of the dead cells is

detected, Therefore, thismethod cannot be said to be sufficient as a
mEhBEIer deterbhifingriieciRNand tead stafss: [0GE5]-on Spekificalys and
procsasafmethodfor distinguishinglive state fram deadsstates ot inguishing live

ot microorganisms such as bacteri Quzlr;ghthg FOR method, the methods . .

S -8 HeScribed It Patént document 1587 2 have bedn disciosed? Howaver, the -+7¢
in tefdllowing problems remais imtheseméthods fordistinglishiag liveamdl s exist
in arflead states of BUErOOIganiSms, SU_PH %Q@@%@@&@”&&t%géa%%@%i on
. [0006] As for the technique disclosed in Patent document 1, examples _
NPt entbhed fordisfinctic of deBd @lis tontdined T boil8d F60d8ufse o
detegubjectetitochigh temperatate ong: B e stetiizationat IOOG forck0 o Hosence
of palilles, gacpieioorpisms-contained-pfoodstufls sublectegdo thaneh <he

~ sterilization or formaldehyde sterilization. However, especially the .
bactaragment-of theSlatie Ay FE e re-afendt Toeristiftsatfally Stibjetetper ved
Howevslch pasteurizationstt datments. aMoseaver thereareqnatisuppdsedad bacteria
ori gi%%tf ¢ '08 o%%%ﬁ'%é‘éf ei{:p @B%O{%;EI %’Hﬁég@lﬁgt%q L% tg,g tcé‘g'&eergl,y&%‘ Q:rh erefore

sterilization method in the food industry, Tow temperature long'time
2 PCERASHERriFATON (L TOT paststrizatitny, KighierperafféShoittiniesuggest the
prescpastedrzation (HISJepasteurzationoryltrarhightemperaiirtuation in the
£1.: fogieuization (YT, Pasteurization)., and detection of gl e . ot uaeg

Specificpathogenicbhacteria in ¢ |n|carlspeC|mens of infectious disease

patients administered with antibiotics. Moreover, in the case of a test

sample of a foodstuff or clinical specimen containing dead cell background

at a concentration



of 104 cfu/ml or higher, the amounts of the final PCR amplification

products derived from dead cells exceed the detection limit of the

technique of Patent document 1, and therefore it is impossible to

determine whether a positive response of a test sample obtained by PCR

is derived from live cells or dead cells. [0007] Further, as the

technique of Patent document 2, disclosed is a method of distinguishing
wideliye cellstrorfidedd dallstby bifilidig Fefative Heerédse FRNA/DNAMGAE -
r oo 4atio of dead cells compared with that of live cells. In this method, the total

RNA is extracted, complementary DNA is prepared byusing a reverse 4

rarRCNoR FtTon e BORA DT 16 SalcitD HhE Crvalugny Live
cellshefgof cand teambiar coneehtliicRobRNA Vsotaibed oy Gdidgwl th reverse
« ran SEPARIGN. prepargad calination-cuye: Separatelys aHeoioN 6fr with primers

chromosomal DNA corresponding, to that RNA is amplified by PCR to
SPC i thel O VAItE (HAracT: ARd A HOI conbanhatom ST iad: the reverse
transhropiosomalDNAYS cdlcidated-on theliasis of the watibration Cueve tend when
104 cPRIGIR the RINADNA molap ratio , Fhelis,the abave procedure frequirgs 0: et

perform troublesome extraction of total RNA and uses two steps of .
Samp hgy SRENPESEHP ST EathiSh SR PCR “At&efsie; thisteERRRtR i§1 15 method
canndnfériorstoiusual PERstafgeting: DNAsn queantificationperfarararice andche live
and Q%ngkget%scgyyther, RNA is co_ntinuouslyproduced in live cells, whereas

RNA derived from dead cells is decomposed at an early stage. Therefore,
[0005he technique lacks stability. Furthermore, in a foodstuff or clinical

spesimen contdiping=dead pelts:atiafigh concentsatiem ionly livescalls:ofe from

/19.0f that con ati ect is technique. Jherefare, it ‘

dead X Cﬁ’%%s 2tk GO 898&%%%11%%%3%_98&6 ﬂgedﬁ%ycg%é% SJ% +H§ herefare, I v o,

is difficult to apply thistechnique in t 0 anitation inspection
the mghgedRick test H Fedait&giERTeSEE high serditivity ahd aesurbicyclosed.
HowevRatent gocaament:ti Romesiicl kaid-QpepPublicatina ©f andapaneseor
aisc 1ASalion oRCT Appligaion (KOHYQ) No. 200% 98018 PAIEN! - pocrexsa
o document 2: Trﬁerna ional Patént Publication W02002/052032 Disclbsure
usingofihe IRVENHST PRSblems to be Resolved by the Invention [0008] An
r cooabject of the present invention is to provide a method for selectively
detecting live cells (viable-and-culturable cells) of a microorganis
O TS TSI 8 SISl S M Ebaas B Hea e 67-ameles
are ripjurdareds{injuréd<celis Brdablelbgisich-eatdrabieeels (eNG telis)} bed
f ood Sigrearganise: that iscamguick detedtion-method-aliemativestasthercyliieon ot
- -methad, but succeeding the characteristics of.the culture method as the,
100 B e G TorRinGE e TG RRSBHS O SAG 8 PR cut e
sub] e[0009] to Fiérvehtcrs of 1he présant invertiorrhave nyade extanshigation.
Howevalidies;gn & method-gtdisciminating between life and dealb ofchere are not

food @icggor%anismslwhich isﬂac%pll able to (\é?}zious sterilization methods and is
oSS Nitalle 1671600 SarTtaTion ?&&%n%“ iR ettt SenSitivity AP Bn S -
Mo reocaamethiod: ok detecting & specifie paogeniina patentwithenrinfectionganisms
sub hespital orglinical,practice.; As.adesult.theinventors haveyfound out thate
.. the evaluatlgn can be performed rapidly by a method Of.dIStII’IQUITShIng live
Lndustdily of PiitroBRgEiSH Hrdm itfed £8ffs BF AfiGroorganishtin' & test
pastesample, Wwhich comprisesntreating :etest sample mithra stess:linkerion (HTST
pastfapable gl erossilinking DNA by iradiation, with Jight having:  wavelength,
of 350 rim to 700 run; irradiating the sample with light having a wavelength
pasteyfrasgtirio 768 HAE FERbYRTytheRtassHIkEP HddinG BIRBARRR StfkamEST 12
in c1fat edliuse forimiareosganisn containetl kethedestsomple andincubatrgl with
ant 1o 89t sample fora certain period of ime: treating the sample with the 4 -
cross-inker again; irradiating the sample with Ilgﬁwt aving a Wavei%ng?h 0
or cligEgam IDTOONN; -sdlaéieEam plifying aCsromosbatal DNACSItheat 1on
microorganism by nucleic acid amplification reaction. Thus, the present
invention has been completed. Sumzmary [0009a]



In one aspect, there Is provided a method of detecting a live cell of a
microorganism in a test sample comprising the steps of: a) adding a
cross-linker capable of cross-linking a DNA by irradiation with light having
a wavelength of 350 nm to 700 nm to the test sample; b) irradiating
the test sample to which the cross-linker is added with light having a
wavelength of 350 nm to 700 mm); c) removing the cross-linker

of 1@6m£nmém1|nqhektegl"s®mpléhﬁra@ﬂ@ﬁéawwﬁgl‘ﬁh@ Tigyaddifg sarvetidcat ion

pmdtﬂ:%e E?éff@glpl%éf&m w@é@ the grossslinkenisiemeyedand INCUDANG o the

the test sample; ain the cross-linker capable of

techgigrieiMding ABNA Bg;vmgmagoag iffAfyHt haVg s Wavelehgit BPeseible to
detenalte tmm jodhededubated-testsamplef a tdpirradiatiigtbetesined by PCR

is dg%gg 8 '[%Whl (?Olhe crggh@@f |§igggeg(¥\ﬂ15hght having a wavelength

g) extracting a DNA from the test sample and
{Ooeéfnpllfylng a target region of the extracted DNA by a nucleic acid
amplification nmethpd -andchnih)analyzing theramplifiesbprodiCt.ai sciosed is

a method of dlstlnguwhlng live cells from dead cells by utilizing
relative decrease in RNA/DNA molar ratio of dead cells compared with

that of live cells. In this method, the total RNA is extracted,

complementary DNA ispreparedbyusingareverse transcriptionreaction,
then PCR is performed to calculate the Ct value thereof, and the melar
coﬁcenﬁration of RNA is obtained by using a separately prepared
calibration curve. Separately, a region of chromosomal DNA
corresponding te that RNA is amplified by PCR to obtain the Ct value
thereof,andthenblarconcentratbbnofthechromosomalDNAiscalculatéd
on the basis of the calibration curve to obtain the RNA/DNAmolar ratio.
That is, the above procedure requires to perform troublesome extraction
of total RNA and uses two steps of reverse transcription reaction and
PCR. Therefore, this technique is inferior to usual PCR targeting DNA
in quantification performance and quickness. Further, RNA is
continuocusly producedin live cells, whereas RNAderived fromdeadcells
is decomposed at an early stage. Therefore, the technigue lacks
stability. Furthermore, ina foodstuff orclinical specimen containing
dead cells at a high concentration, only live cells of 1/10 of that
concentration can be detected by this technigue. Therefore, it is
difficult to apply this technique in the fields of food sanitation
inspection andclinical test, which require quickness, highsensitivity

and accuracy.

Patent document 1: Domestic Laid-Open Publication of a Japanese

translation of PCT Application (KOHYO) No. 2003-~530118

Patent document 2: International Patent Publication WO2Z002/052034

Disclosure of the Invention

Problems to be Resolved by the Invention



10010] That is, the present disclosure provides a method of detecting a

live cell of a microorganism in a test sample comprising the steps of:

a) adding a cross-linker capable of cross-linking a DNA by radiation with

light having a wavelength of 350 nm to 700 nm to the test sample; b)

irradiating the test sample to which the cross-linker is added with light

having a wavelength of 350 mu to 700 mu; C) removing the
[Oogg:%odss-linker ((:jontaine(:] in the test slample irr?]di?lter(]j with Iiglht;k d)

adding a medium to the test sample from which the cross-linkeris .

reriBvEd BinGibAARGHAE EE SAmBIa" O dyadding againtha “= % £
sele&foselinkereapableof crossdiaking a/ BN by irsadiation withslight hawings) of a

. __awavelength of 350 rim to 700 nm t i%?f\ﬁ% st.sa II% - Deontrast
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to dewmbinealvavelengtihvelboamle 700mared C§ilésratiing a DNA from

viabﬂ@e}fﬁ%tsr%ﬂ_d p@%@@gﬁi&'iagl%@rqgtw@qigm@fs?hﬁ_ @ﬁ?ﬁ@ﬁc@;}?@(ﬁﬁd am, that
. nucieic acia ampli Ication method; an analyzing the amplifie

S T st i elat et R kackoy WaBntl e SRR
succqmoduot basediamrastandardictsve fwtich 3:¢reatediby sy asstareargre, and

a xirsampleof %gm%%ongggi%@qgc§pows a relationship between an
. :

amount of the micréorganism and the amplified product. Further, in
the method, it is preferable to use a PCR, LAMP, SDA, LCR, or DNA

Meansniefogisay methedastheueheic acid amplification method. [0012] In
[00093 preferred embodiment of the aforementioned method, PCR is
erfolmedby real-time PCR, and PCR and analysis of the amplified )
TitodDEEArS Sataresusty Petformiet Job1af Pave made extensive studies

on a method of discriminating between 1ife and death of microorganisms,
which is applicable to various sterilization methods and is suitable
for food Sanitatioﬁ inspections of high detection sensitivity, and‘ on
& method of detecting a specific pathogen ina patient with an infection

in hospital or clinical practice. Asaresult, the inventors have found

out that the evaluation can be performed rapidly by a method of
dirstinguishing live cells of microorganism from injured cells of
microorganism in a test sample, which comprises: treating a test sample
with a cross~linker capable of cross-linking DNA by irradiation with
light having a wavelength of 350 nm to 700 nm; irradiating the sample
with light having a wavelength of 350 nm to 700 nm; removing the
cross-linker; adding a medium suitable for culture for microorgarism
contained in the test sample and incubating the test sample for a certain
period of time; treating the sample with the cross-linker again;
irradiating the sample with light having a wavelength of 350 nm to 700

nm; and selectively amplifying a chromcsomal DNA of the microorganism

by nucleic acid amplification reaction. Thus, the present invention

has been completed.



Further, in the method, the test sample is preferably a food, a blood
sample, an urine sample, a spinal fluid sample, a synovial fluid sample, a
pleural effusion sample, industrial water, tap water, groundwater, river
water or rainwater. [0014] Further, in the method, it is preferable to
selecta cross-linker from the group consisting of ethidium monoazide,
summa Sthidium diazide, psolaren, 4,5',8-trimethyl psolaren, and B-methoxy
———=gsolaren. [0015] Further, in the method, the target region preferably
[oooeghas a length of 50 to 5,000 bases [0016] Further, in the method, the
TiGoSHIeE is preferably a pathogepig bacteriumdnthis;aspeet itisa 1ive
preterre thaf the target region is a pathogenic gene. [0016a%ﬁ} In
cell ofncthet aspeceherdis providéd a mﬁﬂﬁ%orfcﬂif&ﬁgsﬁfégm% od 4P of:
d%fEne?eaacB%‘éI,g %O%lz%%ggmfééh?wg%gewoa@nt@fossale_r@m@kgr DNA by

capable of cross-linking a DNA by irradiation with light havin

, a
S rraciiayeiength o ISR t6700R A TRBA AN O - priffor ) 67 T tO the

test ammbiying a target region of DNA of a microorganism, which is a detection

target, by, the Q‘i‘%fsi%ﬁéiggg%pgtﬂ%gg?@{B%R%AOCQQJ]:J:OSSEi‘ﬂh}@ér_ctﬁ% added

preselnli disclosare provides a ki detecting a live cell of a

with micfobrgaisitinda W SafTE byaindeRidEcidanifiticdfion method,
cemprisingthe follewingcamponemser cactess:linket gapable obst sample

. 4$rass: inkin alDNﬁ\to irradiation with light having a wavelength of 350

Trradha 6760 hi & medium; and a printer (s) for amplifying a target _
regjionct DN Ao A wicroorganisHE SWHTIER e afdet clioh-arget BytRe ~Linker

is refHGleic acid amplificationgnethod e st Huthelkt, it ispreferablya PCR,
R adni Y LAy Qelrg ase BUABIE Y snking & v

by irradiation with light having a wavelength of 250 nm to 700 nm to

the incubated test sample;
f) irradiating the test sample tc which the cross-linker is added

with light having a wavelength of 350 nm to 700 nm;
g) extracting a DNA from the test sample and amplifying a target

.r@gion of the extracted DNA by a nucleic acid amplification method;
and

h) analyzing the amplified product.

[0010]
That is, the present disclosure provides a method of detecting

a live cell of a microorganism in a test sample comprising the steps

of:

4a



[0018] In the kit, it is preferable to select the cross-linker from the
group consisting of ethidiunimonoazide, ethidiumdiazide, psolaren,

4,51 ,8-trimethyl psolaren, and B-methoxy psolaren. [Brief Description of
the Drawings] [0019] [FIG. 1] An electrophoresis image illustrating
band intensities of final amplified products of hlyA-PCR of Listens (live
cells and inj ured cells) treatedby single-step treatment andmulti-step

treatmenywith,a grossdinker {BMA). Liveslive Listens-elk Injuregk ijuredona by
. Listens cell [FIG. 2] An electrophoresis iTalgE%i Iustéaéigg band int%'u ities co th
T ragd e AnBlifidd broductS St-OMpABLR of ERtarSbacter dikazakii (ve™ -© the
testcellsnand injured cells ) treated by single-step treatment and multi-step

tfeeatm&%%tba@fnf%%'iegg& @M@hé%dhf&lﬁ%@@%@g sakazakii i 5 added

.., cell Injured: injured Enterobacter sakazakii cell [}FIG. 3] An
withepetHdphBresi& ImaghalFtFatg bad imenSifesdf fitdl Bfplified
pratluctseiMS-F§ RafEnterobhaciersakazakiflive cells damd injured eells) sample

: gggtced b¥“§' le-s @R treatment andmulti-step treatment with the
lrmcross(-alﬁlqker I\/EI‘IAl)(5 Live: live Enterobacter sakazakii cell Injured: injured

EnfyciiitacsaeakiBelc theErs UPARRRIBCioPhyresidlimageTross-1inker
is rilstrating handhiptensities;of firalaraplifiednpraducts of invA-PCR of

Salmonella (live cells and injured cells ) tr ingle- reatment

an&r)n u%t(ll-c'%sfépq t?%m%mhﬁi%ﬁég%crgsékﬁgg %%%%Aﬂs)glgfveégﬁi% §afg§|gé” 2 ° PRA
by igéﬁ@%gﬁ&ymnﬁkgaggygﬁﬁugﬁmggg a wavelength of 350 nm to 700 nm to

the incubated test sample;

£) irradiating the test sample to wnich the cress-linker is added

with light having a wavelength <f 250 nm to 700 nm;

| g) extracting a DNA from the test sample and amplifying a target
region of the extracted DNA by a nucleic acid amplification method;
and

h) analyzing the amplified product.

F6011]

In the method, it is preferable to analyze the amplified product
based on 2 standard curve, which is created by using a standard sample
of the microorganism and shows a relationship between an amount of the
microorganism and the amplified preduct.

Further, in the method, it is preferable to use z PCR, LAMP,
SDA, LCR, or DNA microarray method as the nucleic acid amplification
method.

(6012}

In a preferred embodiment of the afcrementicned method, PCR is
performedby real-time PCR, and PCRand analysisof the amplified product
are simultaneously performed.

[0013]
Further, in the method, the test sample is preferabkly a food,

a blood sample, an urine sample, a spinal fluid sample, a synovial fluild
sample, a pleural effusion sample, industrial water, tap water,

groundwater, river water or rainwater.

Ln



[FIG. 5] An electrophoresis image illustrating band intensities of final
amplified products of enterotoxin-PCR of Salmonella ( live cells and
injured cells) treated by single-step treatment and multi-step treatment
with the cross-linker (EMA). Live: live Salmonella cell Injured: injured
Salmonella cell Description of the Preferred Embodiments [0020]
Hereinafter, preferred embodiments of the present invention are described
in detail. However, the present invention is not limited to the following
[OOM:‘preferred embodiments and may be modified within the scope of the
preseitdnyentiarheThe Percenidgésnithefsresertdesciptioh isexprassedinker
£rom tglseag%%ﬁ%mégﬁsbys@éﬁa uplessipthenvise spscliedae, A targetty blazide,
etected by the method 6f the present invent o%anIu es all kinds of
psoia%mé&ids‘%“@%ﬂ?ﬁ%ﬁ%%iﬁ&@lﬁﬁ%eoaﬁék dBublEEFaRdsd BNA -
1p015)single-stranded RNA, and double-stranded RNA, as long as the target
n be amplified. eve - 1] s, preferakl
R R 5 erb doL e Stdnied ONA. ICOTM] S Meinod of 797
of 50 the Hred8At ibwefntion A method of detecting a live cell of
[0016)microorganism in a test sample comprising the steps of: a) adding a
cross-linker capable of crgss-linking,a DN ' jatiqn. with i '
%%fielﬁgthléq‘ ﬁki')erir%r]n 6t 0 ‘7mrf1%”J 1?52 thrgft\(é%)téga%d%%eq;% E{E}) i?g mti%qjly =
pathogtmitestanmpiéun whith theicrosattpker ddddd wills igatsalikpd the target
regionWavelengih 0f390 nm -4QQ nit;  c) removing the cross-linker _
contained in the test sample radiated with light; d) adding a medium
to the test sample from which the cross-linker is removed and incubating
1001 6a{he test sample; e) adding again the cross-linker capable of
cross:linking addNAshy trradiationawvitl light having a waveléngthrohdb0t ing
the meP%Qéoégx%g%Eﬁ%g“%ﬁg%@?$%%ﬁ?¥§¥HBp%ﬁe fofhgﬁ¥H8“98ﬁ98$%§Es:
sample to which the cross-linker is added with light having a wavelength
of 350 naxrtx: 200 hitpker g)exteidting @ DNA from thenéstsample adt by
irfg%HQXthaﬁﬁgﬁt%&@y%0&@¢3§@ngx§%§%*%ﬁa%ﬁnH@eKBGQQ to 700nm;

amplification method; and
a medium; and

& primer (s) for amplifying a target region of DNA of a

microorganism, which is a detection target, by tThe nucleic

acid amplification method.
[C017]

Further, the present disclosure provides a kit for detecting a
live cell of a microorganism in a test sample by a nucleic acid.
amplification method, comprising the following components:

a cross-linker capable of cross-linking a DNA by irradiation
with light having a wavelength of 350 nm to 700 nm; a2 medium; and

a primer(s) for amplifying a target region of a DNA of =&
microorganism, which is a detection target, by the nucleic acid
amplification method.

Inthekit, it ispreferablya PCR, LAMP, SDA, LCR, or DNAmicroarray

method as the nucleic acid amplification method.



h) analyzing the amplified produc [0022] In the specification of the
present invention, the term "test sample" refers to an object containing live
cells of microorganism to be detected. The test sample is not particularly
[001dmited as long as the presence of the microorganism can be detected by
amplification of a specific region of chromosomal DNA by a nucleic acid
amplifi gﬁ'oﬁﬁéthbﬁ. ﬁ?ef@r%@ S%&r%’%é%%rég w?c%dét %{c‘)eocﬁ:sr,%%o inker from
the gzamplesnaiiné samples;tSpivdlfiuibsarapled esynobiad fluid $aamdlds,, psolaren,
4, 5+ pleyra] gffusion samples.dpdustral walgr iapaatet (gronngwater, river
. Water, and rainwater. In particular, preferred examples of the foods
[Briqy Hascanais stictP4s 5Bf drifkY. EBonated soft drinks, supplement
[001%rinks, fruit juice drinks, and lactobacillus drinks (including concentrates
- an s,of these drinks): ice eonfectionery pradycts such as i oy
) .cre%?ﬁ%l,yidc? %rﬁ%%@é&%%%%%ce%%ﬁ? pratji)écts‘ sucl‘ﬁ%%%?s prog:l(é%zslét& pettLes
O Limfk, AR HiRksferreAtsd milRaRd BUTsE Rritéral +6dds fiuid Hists, pmkls and
injurfen wdants sporis: darksi and funstiond)feeds suehasfoods for specifietcatment
with réealth use ndlglieta% plements. In the present invention, the test
' sarﬁ%fés ay B gﬁy such’products or biological samples themselves or
Live:maydse dny vediluted®t toncentrated products thereof or any of products
Tnjur@piaingd;by a prefreatment qthenthan the method of the present

invention. Examples of the pretreatment Include heat treatment, filtration, . .
arld Eentriflditisn. =<t IR S forgigiPeghstances SiRh a¥ caiE GthaF ensities
than microorganisms, protein colloidal particles, and lipids in the test
sample may be removed or reduced by enzyme treatment or the like. In
the case where the test sample is any of milk, dairy products, and foods
produced from milk or dairy products, examples of the cells other than
microorganisms in the test sample include bovine leukocytes and
mammary epitheliocytes. Meanwhile, in the case where the test sample is
any of biological samples such as blood samples, urine samples, spinal
fluid samples, synovial fluid samples, andpleuraleffusionsamples,
examples of the cells include erythrocytes, leukocytes (such as
granulocytes, neutrophils,basophils,monocytes,
andlymphocytes),andthrombocytes. The enzyme is not particularly
limited as long as it can degrade the foreign substances and does not
damage live cells of microorganism to be detected, and examples thereof
include lipid-degrading enzymes and protein-degrading enzymes. Of
those, one enzyme or two or more enzymes may be used, but both of the
lipid-degrading enzyme and protein-degrading enzyme are preferably
used. Examples of the lipid-degrading enzymes include lipase and
phosphatase, and examples of the protein-degrading enzymes include
proteinase K and pronase. [00231 The 'microorganism™ is an object to
be detected by the method of the present invention, and is not particularly
limited so long as it can be detected by nucleic acid amplification
methods, and closs-linker act on live cells of the microorganism in a
manner different from that for dead cells and injured cells of the
microorganism. Preferred examples include bacteria, fungi, yeasts, and so
forth. The bacteria include both gram-positive bacteria and gram-negative
bacteria Examples of the gram-positive bacteria include Staphylococcus
bacteria such as Staphylococcus epidermidis, Streptococcus bacteria,
Listeria bacteria such as Listeria monocytogenes, Bacillus bacteria such
as Bacillus cereus, Mycobacterium bacteria, Clostridium bacteria such as
Clostridium botulinum and Clostridium perfringens and so forth. Examples
of the gram-negative bacteria include Escherichia bacteria such as
Escherichia doll, Enterobacter bacteria such as Enterobacter sakazakii,
Citrobacter bacteria such as Citrobacter koseri, and Klebsiella bacteria
such as Klebsiella oxytoca, Salmopella bacteria, Vibrio bacteria,
Pseudomonas bacteria, and so forth. 0024) In the present invention,
the "live cell" refers to a cell in a state that the cell can proliferate, and
exhibits metabolic activities of the microorganism (viable-and-culturable

state) , when it is cultured under generally preferred culture conditions,
and ic a ecall crihetantiallvy free from initiryy of ceall wall Ac the metaholie



a significant level compared with a dead cell. [0027] Detection of
bacteria exhibiting the state of injured cell due to mild heat treatment or
administration of antibiotics is attracting attention, in particular, in the field
of food sanitation inspection and clinical test, and the present invention
provides a method for detecting a microorganism, which enables not only
detection of live cells, but also distinction of live cells from dead cells or
of fiinprechpels [8028]cducThedntrpfrcaeltiumiben isustallyreellsnimbekii (1ive
cen&caerué);{lmﬁ {&re?'c@ﬂ &f&?@!!@ggngdygeﬂ%gg@ dead cells, Fhe, pumber af s - step

live cells’canbe approximatedwith a number of formedcolonies (cfu/m1

trea{REBRY forming GnitAM)j obtaihable BY2ulturing the cells under an

Live Optinummonsition enarsuitable plate medium. A standard sample of

n3u JUred cells of micreorganism.can be prepated by for example.
su%Jectm a Tive ce suspension to a heat treatment, for example, a heat
trebtrentdn BEilmPRatEtPTREFUMbEFdF injuréd Teld fn Bactrasdmpaisities

of £i¢aN kergppidmatedonith sfuimiinsthertive celhguspension beferetheci i (1ive

ce1: featieatment Althouah time of he heat freatment i boling water for ., ..
preparing ihjure celid vares (?epe}ﬁgmg on type 5f microorganism, injured

treatgedisiof the badieria describeduitethe @X&mples, for example, can be

Live Prepatedeby a-heattreatment of about s0:seconds. Further, a standard

. sample of injured cells %!fmicrcgor%a ism can als%epe prepared by a

0D U R R et Wit e BnTPIOIES T SUSH A°C4e" th& Tall number of the injured

cellg'tan bé approximatettbasedion the primbenof formed coloniesitensities

of f£itclu/mpobserved when.thecells arg cutured under-an,eptimum.candition s ang

. ona swtablgvplate medium, that is, a live cell susqunsi_onﬁis treated with .

InJuTGHGSibiStc: then T ditisiSisTermovet? AnSmAtHHER Sf visibi@light 2 trent

with (Wavetength-600kwn) thEdigh the suspension, i.e., turbidity of the

Live Suspension, is measured, and the measured turbidity can be compared
with that of a live cell suspension of a known live cell density to calculate

InJuspd nRBErBFinfifrdd¥efid tredtEd with the antibiotic. [0029] The
m_éthnd.oﬁﬁhﬁrpa@mmmmioasis;_éotzdewcﬁdaﬁmﬁyeMS bofand il_’ltensities
of £ SAcroQrganismy, and gells of the microorganism distinguished rom Ve e o115

cells may be injured cells or dead cells, [0030] In the present

and Jifjentich, theraetdctivhtstdiveicelis™ ciidés Boftr Géteffimatidt of ULt -step
treatpresence of alisence of fiveé tells in afEs) sample and determination of

Live -aMount %E'E‘{y%ﬁ%'ﬁié‘ a test sample. The amount of Iive_cells is not limited
to an absolute amount, and may be a relative amount with respect to that

Injungcy cdRiBreamprImondHeradferithe method of the present invention
will be explained for each step. [0031] (1) Step a) A test sample was

treated Witr% qt%rgsg-liglger ca%al?#%é)é SIoss- 'Qking a DNA by irradiation
0

D r Ler - .
=8 v:i\iﬁﬁjﬁaﬂt Pnavmg a w%veglsenrgﬁh nm to /00 rim. The cross-linker

[CC20th be used in the present invention is one which can intercalate into
chremosearal-DINA B bind saalentinethe chromogomabPNARent ion are
desc[iEgipton yih Voft haing savavelonalh o1 390 VM2 100, 9 NEMEY: o
to the following preferred embodiments and may be modified within the
scope of the present invention. The pesrcentage in the present
description i1s expressed as a percentage by mass unless otherwise
specified.
A target to be detected by the method of the present invention
includes all kinds of nuclelcacids, specifically, single-stranded DNA,

double-stranded DNA, single-stranded RNA, and double-stranded RNA, as



The cross-linker preferably has different actions on live cells of
microorganism compared with injured or dead cells of microorganism and
somatic cells such as bovine leukocytes, leukocytes, or thrombocytes
More specifically, the cross-linker is preferably one which can more easily
pass through cell walls of injured or dead cells of microorganism and
cellmembranes of somatic cells such as bovine leukocytes, leukocytes, or

1Long theotthoeytegcomparedanith cell walls,ehtive: cells of iriengerganisa.qetection
Q033 -Exampl f the crass-linker include ethi(%iumm oazide,
R G bt 4 5 BN pRORTER (oNTA) e - - anded D
{002 8Imethoxy psolaren. One kind of those cross-linkers may be used alone,
or twe ondnerekings thereof may, be used.ip:combination. [0034] The
coRdggpg OJ the treatment with the,cross-linker may be appropriately set.

For eXampls, Eonditiofs forSadily distngaishing livE-CaiRCsRanism in a test

samp nicesorgahismdromalesidegrsinipfed cells of microorganism can be
defgrminged by: adding various concentrafions of:a CLOSSIINKELI9 L. = pua by

uspensions of live cells of microorganism to be detected and dead or

LET SR ReNS O mictBorgEhiSmY all oG 1R Shipehsions W sténd 6 nm to the

test vesigusgeriods of time; separating the cells by centrifugation; and
anglyzing the.cells by,the nudleic acid amplificatioppethod Moreover, . .y q
._._conditions for easily distinguishing live cells of microorganism from various
With celigltanBe titermirad by Adibihdariols BBnééntrationyof a
crass-linkestdsyspensiensoafdive: eallsyof meictedrganisamto he-deteetedsampi e
i rracand somatic,cells h as bovine leukocytes or thrombocytes; allowing the
suspensions to stand for various periods of time; separating the cells and
thélEé}%ﬁ&@eﬂéﬂ@%‘éﬁtﬁmwﬁﬁﬁéﬁdsmwiﬁg%m%w@eqﬁmérclinker
is reacidamplificatiommethot Spesifically: eangditions of a treatment with
ethidi monqazide at a final concentration of 1 to 100 pg/ml for 5 . .
R R b e i StnpliRe = Do
DY 1rgpdirtaes fivaftoheshtrafion 824 fo YeUubRd for Simiiitedto48 Hoursm to
the ialchia10€,; conditionsafs treatment with psolaren at a final concentration
of%x%ﬂQ_,Z%éo 1%1%%’?3%” 5 minutes Io 4&% h urshat %g 1(:;9 37CS:,_ onditions of

i 3 1
a treatmentj\"/ﬁt ?trlr%gﬁﬁ)%ﬁggdlaren ‘g. é?lngl Congé)r?tra |dﬁ1 ?i is added

with Wie751d 205t fory mist@stouB Rolrsat 25 td 87Cuand conditions
of @ tesatment with 8-methoxy:psolares at @Qﬁ@h@oa%ﬂéﬁaﬁ@ﬂgﬁkg@5ﬂ§rget
re iolOg«g/ml}gfoer}?trPingteg t9,48 hours at 2510 37C are exeTOngie .[0035] .
T12) Step B) Nexi“each tést sample Eortaiifing theLrossHifikeris Method:
and jrradiated with light having a wavelength of 350 nm to 700 nm. The
cress-dinker caneasily pass through cellwalls of dead cells and injured
(0022 ells compared with cell walls of live cells of microorganism. Therefore, it
~71s presumed that the cross-linker does not substantially pass through cell
walls ofifivercelis of maiciaorgadisrmhdutpasses throught ceth wallssoftiajureti-es ©
samp1@hdeagdcells of ml%gg@e@{%nea;d_ﬁéggsqme@%%ﬁﬂ';@s provided that 1 o1 o,
treatment is FE\%rform‘e within the above-mentioned periods of time.
[

be deyjpedihile e sEMatielEitsthave GhiyGalimerisrands arfth H6 Settwatas s
the pamtchenceit ishpresumed thatithercross-lirkerepassesthroughcthersomatien of

a spelels.Asaresult, the,crass:linker moves into %@%@%ﬁ?'%%f;? i cation

and injured cells of microorganism, and randomly binds by cova

methogachhfeitb st fiteea &S 6 ThromesERRFBRAS Shbsed e/ e urine
samplergssiinket isliradiategwitsljghinavingawavelangthof 3508me 790 f fusion
to s-li N lecules a uses a large deformation in the .

=3 A B A otR o eer an
ralnwahfdmosomaFRAC UL ar Theliit hasihg aaavelength 6h850%ea 30780k ude :
drink@nunakincude atleastlighthaving d-wavelength f 350:-nMt0- 400 AMy < nks

and the light maybe single-wavelength light ormulti-wavelength light. In

addition, all light components may be in the range of 350 nm to 700 nm, or

the light may include short-wavelength light having a wavelength shorter

than 350 nm and/or long-wavelength light having a wavelength longer

than 700 nm. The peak in an intensity distribution is preferably in the

range of 350 nut to 700 nm. Preferably, the light does not include a

combponeant with a echort wavelanath to ci1ich a dearee that chromoecomal



In a preferred embodiment of the present invention, the cross-linker is

ethidium monoazide, and the method includes the step of irradiating a test

sample to which ethidiummonoazide is added with light having a

wavelength of 350 nm to 700 nut. Ethidiummonoazide (EMA) can easily

pass through cell walls of injured or dead cells compared with cell walls of

live cells of microorganism. Therefore, it is presumed that EMA does not
fruisubsiantially pass thraugh celbwadisof » diverdellssof micrbocjaisoehugnt rates
ana B3sesthrouoh cell walls ot ipjured.ordead celis of myicrgorganismor gell s 5 .

membranes of dead somatic cells. PNote that, In the case where leukocytes
creampgd #ROWDEEHES tn FIDEUSAIRVIVE 26lfS, EMA CaiRidis eRsilysags Processed
milkfhrough eell walls ofdhacelsdn starlizegnuatarora-hypetosic salioods, fiuid

.. Solution. EMA moves. into dead somatic cells and injured and dead cells

dletsahﬂﬁ%r(%geﬁejsr}g%%mﬁ Fn%qhsuc era%r%ﬁm,aarﬁ% gr‘#fl Aifterca eftigds*buyc*rl &5
foodirrbaliationifi fightdraliny zewavalepgii of 350 HMIEGTPO0 Am ign the present
i nve0PRYEIted-pto nitrene ARd:Dbinds qavalently,to BuslearRNAtoLCrossdink ogical

DNA molecules. Then, it is %r:esumedfth%fMA%vhich binds cpvalen&lyoto duct
521D H2R3 S S BedRyriBDsEE Tn Bhir6Mosomal DNACST Many Points causes & ~ o e
the rdarjecdeformatiop i thecthramosomaliDNA arestiting dt disntptiiger than the
net hdfiagmentating) the chromosomal DNA.{0A38] -+ cExen.ifthe.arasslinker1 uge

s other than ethidium monoazide, a cross-linker ma¥ be used in the

heat JEesiiiAvEntion B5T6hg 38 the EroSEiker ¢HIf More easily pass through
celrwalls=af,injufed ®i gead celis compared svitthcelkwalls of lige celtbef than

micr@%ifﬁ%q{gglﬂgm L,%%@lCEQ?’E‘IM‘&QN'%QXQQ@?@@%WH@. thaving fne rest

wavelength of 350 nit to 700 nit (long-wavelength ultraviolet light or visible
samp }ig R0 HierdBiPdigru iR i<tmal DRIK VB0 39] =2 T dndifion8For e 17
the cﬁeatm&&viihé&w&,cmh@apmgmwmemiM@pemam,, and foods
proa Q0GR as enables easy distnelion oLliesels Al MNIOAUIINEDAIR ¢han

dead cells and injured cells can be determined by adding EMA at various
i RRRERNiENENd 6 RuSSeisOHERI five it BricFinfdred BEIfS oF dead eelgmmary
epitiof themiceearganismwasi ar phiect:of-detestonhleaving themsfor vatious is any
of 0iBEHIRL] UDS, then liadiatng sl utif vieble, haht, emeYIng e gels £1uia
y centrifugation or the like as required, and performing analysis by
Samplfm%leﬁyaéfdiéﬁa6I#ib%‘ﬁ§r@ﬁfé¥ﬁ§ds?@éféﬁ%a%ﬁ&ﬁiﬁ%%ﬁtﬁ@ﬁﬁrﬁa'raﬁéﬁmple5

of tref vsible light can-alse perappropaately determined hy perfasminggsuchaantes,

experiment as mentioned aboyve usin i irradiation ti 4 Ifie v
R

irrddiatRrEoeisisiS igh a6t K00 - 250 MEFSF SThiifutes ® 25hetirsFfofirgrade
the ragistance 9fs1010:-50 emdrastihe testsample. The ivadiation ofMsiblerganism
light is preferably performed at a low temperature, for example, with ice
0 bedaiics bFe SAASEATO0ATT O St By e A reRead BLe gy oneimes
and rportaibeddadhedestsanplanesatedby tightRradiafois soved frsmor more
enzyniB8 tegtsample,soq, Thig stepds preferabheperigrmedimpmediatgly&ftefne and
step b). Examples of the method of remo i? a cross-linker include a
pr Ot%@ﬂ%%gﬁf?/gi\}%g “Centiifugitg” trPerFe"S?égé p%e t5'Separate precipitates
coRtainingemicréorganisinsfiomdsperdatapt eomtaiiag thedross-linkegse and
phos - temoving the.supernatant The.methed mayiutheringludg aflek include
removing the cross-linker, a step of washing the microorganisms with a
Prote@ifingiaget. Ri0HF 34) Step d) Subsequently, a medium is added
[00230 the test sample where the cross-linker is removed, and the resultant is

incybated, ... Thg medium is preferably. one suitable farculture ok a. pethoq

microorganism contained in the test sample, and a liquid medium'is
of theaictifaly pieferably ed2Bpeciicxaniplds therdof incldde botilkh +ond 23
it cdnediwmepeptone medium;landbeain heartinfusion (BH) hrethdasubatian
is preferably performed at a temperature suitable for proliferation of a
microorganism to be detected, for example, at an optimum culture
temperature of the microorganism orat a temperature similar to the
optimum culture temperature. The optimum culture temperature of the
microorganism may be determined by: culturing the microorganismat

various temperatures ; and selecting a temperaturewhere the
micrnoraanicem ~an nrolifarate mocet activelyvy Eor eavamnle in the raceac nf



When a test sample containing a microorganism is incubated in a

medium, live cells of microorganism having no cross-linker and having no

disrupted chromosomal DNA can proliferate by culture with incubation in

the medium, which may improve the detection sensitivity in discrimination

between presence and absence of live cells of microorganism in the test

sample and in determination of the amount of the live cells of
closdniciedganismof0042E(53 Stepste)rantl frrocSieps @) and har@er different
from RGIAMed in the same way as in steps.a) and b), ré?%p%ﬁé"%! croottn: sm

expecteo? that Tive cells microorganism in a'test sample are procfi?er%te& )
Prefasrperforaiimg step oy s Rasossible to'itktdasEsrditferepieé betwesan. The
bact éhﬁ@@@ﬁl@é@@%@@?ﬂ@%ﬁt&& Q@)HS: @dm%m%%e@tegﬂ% ;sTgﬁshti&lg)é ofthepacreria.

ather c y performing steps e) and f) after ste . This . .
Eamg e e AR ORa TS Hea b Sehety He e HEAGR TeRiaRRCt =L
such presghueland absenice wifliverinjured,; of deaer celisinuthe tastsanplelamteria
bacté?id{?t%_%'k@aggn19_{é@%?ﬁ@%ﬁ&g‘%&&&%g,m'ﬁmrgfﬂksrﬁayﬂgria such as

. cross-linker added in step e) and the cross-linker added in step a) may be

Bacl B anE B Uiféremt ot thel $6643] Closﬁﬁe‘“%&kﬁ%&&ﬁ%‘erla such as
Clostpreferred laspedtiofithe préséntisventionis [eséquentially perforsu forth.
ExamgAQAINBR dfacrossHinker o vest sample anga laRLiradiation Lpalment. o o

removal of the cross-linker by centrifugation; addition and incubation ofa
such i fiietdd ition of the GrosS ihREr Aha & ight Hsdiation™n terobacter
saka Apgatme miéﬁebﬂlﬁ:aizomm.@m wential t{:eaﬂ:raﬂenm: the;-feliqyyir@qd
K1end¥595S Y besrencated severalumes 10 fynbey Impraye the, Q?f&%c%%’?;teria,

. sensitivity: removal of the cross-linker; addition and incubation of the
Vibrigielfmeand furfiiéadditens %f%Ef‘z’o’é’s@lin@?dan%oa%Ti@ﬁtﬁ’radiation
[002z 4reatment. Specifically, steps c), d), e), andf)mayberepeatedtwice or more

aftgy %%strg%ié‘ﬁgnt%)ménvéﬂ PP eam%sﬁfé;‘r?(%%m’%@%%"'e% below,

a process which includes only steps a) an 1d does not in qae steps
2 statyy &na 1) 18 sbimetifes PéfetrecPinas 'shigiesteptreatiftnmo whifear tivities
of thffacessovhieh ingludessnotenlysteps a) and ) buk also, steps e)rand dhiscured
undersomggrpa lreferre etaorgg’»c;mcu |ti—g£%trg%}lr8e@t£bk08044 rgg) %%e%g e

DNA is éxtracted from each of the test sam[:]ﬂes tredted in stéps a o]f)land
substafarget regiciebfithereltractattDRAYS didplified By AtRlde acic activities
- ment iamplificatioremethod. Exaroples, oktbedticieic acid amplifisation saethes
exempigcl dedPCR method (White, T.J. et al., Trends Genet., 5, 185 (1989)),

AMP method (Loop-Mediated Isothermal Amplification: principal and

[C0Z5application of novel gene amplification method (LAMP method), Tsugunori

Netomi; dory NagatanisBlGINDUYSTRY: Yob 18 Noi2; 15123:2004)1 $BAa e,

. method (Str n(lJ:i\][r)is lacement Amplification: Egn ard.L. Chan, Ken Brandt, _ .
R B TN e B R T PRy LE Lt i3
cultugharacestics optherBacton DickinsortRrclseT ec8ystemefor direts in a state

that ﬂ%%@i%@%é%ﬁ@é@@@?@@ﬂ% §r!££ M@Eﬁ%ﬁ%ﬁ&ﬁ‘?“{ﬂ@‘f‘@@ﬂﬁ fRale i cse1s
and female urine specimens in comparison with the Roche Cobas system.

18 D198k TBatior Ll MG 154 161G 185 S006F LER ThethSaR( igakasas +ity
such EhanrReadtiom BadnysFoadProesiNathAacad cScir&iSkavel. 88,9 489119311
1002631991), DNA microarray method (Validation of Virulence and Epidemiology

DNA Microarray for Identification and Characterization of Staphylococcus

auretis 15BIEEE Richard PlSpES dtat! et MicFobiok VEIaeE NG Brable
cell) p.3620d621,;2608) Antheprasentinvenrtionrthe MR methdd:isdearticgtarhrally
presePIElgral ysed. the mudeig acid apliatiog methocis.nat e, o 5 5

thereto. [0045] The method for extracting DNA from the test sample is
injurpgt Fatiealaly irnited 3o PNFAS the ExtractedINACdan Tfcion gl t shows
metabtemplatein POR «and the extragtionecast beperfoimed;aceording e a&c11, but

commonly used method for extracting DNA of a microorganism. [0046]

The DNA extraction method is described in, for example, Maniatis T. and

Fritsch E.F., Sambrook, J., "Moleculdr Cloning: A Laboratory Manual”, 3rd

edn , Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press,

2001.



[0047] In the present invention, the "target region" is not particularly

limited so long as a region of a chromosomal DNA that can be amplified

by FOR using primers used for the present invention and enables

detection of a microorganism to be detected is chosen, and it can be

suitably chosen depending on the purpose. For example, when cells of a

type different from that of the microorganism to be detected are contained
a s1inthe test sample the fargetregion prefetablycontains a sequence

Specifictothemicroorganismas an object of the detection. Further,
wwaZpending on the purpose, the target region may be one containing a

seguenrce commandecseveral &irdis-of mictpatganismss kuftheriooredthe 11 due
ro rndBIORLITIONIAY SOnNsist gl.a sndle 6gion OO AF MOTG. 180I0NS. A v st ing

primer set suitable for a target region specific to the microorganism as an
attepghjstt of therdeteétion ahd a'primer SeedditableforenfemosdarDNAZGIC T2 on
and Mige vadeties of migreorganishs akeusedivercelhamosnt @ the: method for
deteg]t,lcgoorganiscrg aosghgn%@r%?t. ggghcendetggg?.% angolwl:v eoC?” agé%%@tqérﬂeof live

wide Varieties of ml%roorganlsms can be S|mlﬁtaneou§iy¥neasured.
celleryth of the target Fagioreis Cforlexdample usuallgs0iee80p8L1s or injured
cel1ducleotides , preferably 50 to 2000 nucleotides, particularly preferably 50

500 nucleotides. [0048] The primers to be used in amplification of a
cleic acid may be selected based on principles of various nucleic acid

anfplification méthueslandreve nct partictiady lintted asiony asthéls) /ml for
all Jrimegs.can specifically amplifyithe ahovesmentioneddtarget Legigns I004H 1:ive

In the case where the microorganism of the detectjon targetis a _
e LS GOgE ARG e icet PRGTG e B8 DAMHAGErE dera/ ™! (corony
formiExamplesschthe)pathiogeme Yereyinclude: fistegidlysiree (hiy Ay gemesof @ptimum
cona:kistens hacterium; epterotapgeneandinvasion (nvA) genegha or injured

Salmonella bacterium; verotoxin gene of pathogenic Escherichia coli . ,
cellp a5 btstomefibrafieShrotein A ORTTA yéie (EnterShiattersakazakincr+n9
1ive and macrgmalecutarsyathesis {MMSeperonf (Enterabatter sakazakin)afa tment
in b Eptergbacter bacteriymyenteroioxin gene-of SBANYIQCALEUS AUIENSy 1 = can

. cereulide gene and enterotoxin gene of Bacillus cereus; and varigus toxin

be apgaREd B EtssHitiinT botdtzm. Beamplss of plimerd o pathggenic the heat
treat@&netincll@dec;h_aaa@ct_notmmmers re_tp@emedﬂ)yes&@em NOSidi and@ forter for
prepfYRQENe Ol IIYelE) poct A MImerSTeREashted DY BEQID M3 208 m,

o or;;prg gene of Emterobacter sakazakii4 and a sét of primers
injungpresentedBy SEQHY NS SEeE for MMS dpsrdiraFBnfetobatte S ame e,
can sakazeki 0050} o niprimess suitable dar bvoor Moreskindsaaf. Further, a

stan a.icccr‘aogg ar?der%%fi{%ff?gﬁ IE’&?@'%?I%’ :955@%1’ Eigﬁqscgktg_aso e prepared

_ microorganisms in a'test sample can be detected. Moreover, if a primer(s)
by a spEaieRNa pakiculaRbasteriint B usell live cell ofthe parfibflarel ! number
of thbacteriure inastest saunple:caphe detestast [0954% on tGendifionsrobs formed

colonligelc acid amplification “ﬁ%‘%”&?er%g E%aét'%“é%riytﬁ@%g%%ée'%f‘gnac%g%imum
y amplified based on principles of various

(002

nucleic augnhan Be specnﬁicvz‘;rl _ , [ ‘
condifdcsicoaciel atnplification Methads (Guth aPER SLAMPL BDASaAJIERF S 1OD
is traé&@i:g@ gmfliliti%s Hi_?f?%%@@é’ﬂf?pﬁ’ia{@_ly Saﬁibe[%@ilﬂb@&p_g% removed,

. ubsequently, amplified products optaine the nucleic acid_ .
“ansgﬁ‘uﬁﬁ ?%ngrﬁeﬁ%ogd‘gr?eé)agé@%téd.Pwaveﬁheerygr”?glys%s%l r%e?ﬁ‘gd Téh:ﬁf))%l gh the
suspepaticolarly limited aslhong @s the methothe@edeiaet oriquanstifyuhed, and the

measudcleic.acid amplified @f@%%a%%%%@plgﬁélﬂ%%oéi@@:‘#‘é’%ell suspension
electrophoresis. Note that, in the case of using PCP gw{ﬁ%hod for the

of 2 ¥Rididic athf ampliticABioR héthod Careak e PEr mBthot can Bé 8sge cotis
treat@Nbguacet all/dApplicationofS'-nuclease PCR for quantitative detection of
(0029 isteriamonocytogenes in pure cultures, water, skim milk, and
unpasteurized whole milk. Appl. Environ. Microbiol., vol.66, 2000, pp.
4266-4271, Nogva et al./ Application of the 5'-nuclease PCR assay in
evaluation and development of methads for quantitative detection of
campylobacter jejuni. Appl. Environ. Microbiol., vol.66, 2000,
pp.4029-4036). The electrophoresis is employed for evaluation of the
amounts and sizes of the nucleic acid amplifiedproducts . In addition,
raal-time



PCR is employed for rapid quantification of PCR amplified products.

In the case where the real-time PCR is employed, changes in fluorescent
intensities are generally noise levels and about zero if the number of
amplification cycles is in the range of 1 to 10 . Therefore, the intensities
are regarded as sample blanks containing no amplification products. The
standard deviation (SD) of the changes is calculated, and a value

obtaineq, by mutiplying the, 5Dy value by, 10 is defined as.a thyeshold, ., = 13

,value. The number of PCR cycles in which a value larger than the ,
ceL L fhiesHo Vaifeis dctevad foF frie first tihB Feferrad 2 SR eyeI e dnalgt shed
fromvalues(Ctalalue)iaTherefore, the darger the initialamount 0ka
[OOBQJ\IAtempIateina PCR reaction solution, the smaller the Ct value, while the
smaller the amount of the template DNA, the larger the Ct value. Even if
thel@mOGnEs BEf teMpRite RA Bretheamid, the Righe e plaportisrLudes
both efdhe templatecnhereadarget sagionof2CR bas beerceleaved; the drgelzmple
and dBESAMalLe in PGR teactions for the region, [0053] . E%E—Eh%r Pre e Srount
or absence of the amﬁlflcatlon product can also be déterriin éby
of Lizfafzing the preltihgehferatuire FINY patiera ot thés amplification: 2 relative
amouPFOuets re S?me@ @f@r%mfﬂti@ﬂea r&@ﬁh@h gghp%@a?iﬁhw.e used for
optimization of various conditions for the method of the present invention, __
OO e A o e o rTer e S Byt ot =1nes
for gfdhe piEsent invention, precisions of the determination of the presence or
1003 Bbsence of live cells of microorganism and quantification of the same in
the ;ajpalggg of the PCR amplification product can be increased by using a
standard curve representing relationship between the amount of
midrodegenisrandstheramptificatiorncpredadt, whiclrissprépared:by usingle of
crosStandarg-sampigs, of the migroorganism in whieh the MicroarganisMdse ey of
350 !d?Qtlfled. Although a preliminarily prepared standard curve may be used,
I?f“ls.“p% &tabi&%to use a standard curve prepared by performing the steps
of The: method-dfithespreseheimsention fonstandarhsaimplestat theisame: which
can lmewitha.test sample-Moseauer, dhrelgiionshin between.amountof . o 1y

microorganism and amount of DNA |_s determined beforehand, ' B
chr oSN ARtatdtitrothemorgeiisifcanalsobeusetiasastantantariie o 350
nm td0085] nm, Inthe casewhere detedtion:obiife celissof:iieroorganism by

e present invention includes determination of the amount of the live cells

10034

of microorganism, in order to determine the amount of the live cells of

mitrGorgamSi in A s ESamprer ity Aecessary 16 Tongidér fies on Live cells
of miproliferatinhdegreeraithe live:-tells Of micrearganisnm-betause thediveorganism
and sGRlS Of Migroorganism. prolifsraten siep d). This.can e aghieved by, .o oo

Yy

creating a standard curve showing the rélationship between'the amount of
More AR&BorgarismYand HinpRRSt produtts ush§ asstanabrd saRflelsfthecan more
easilmiperosganismgasdescibedabove j00%6] s2iKilotthe presefitcroorganism
=nd cAHERURD. ., TNeiL of the present invention s, aki for detecting ve cells

~ of microorganism'in a tesf sample ytHenuc elcaplgamplﬁ ication imetho

or thEpeeoiprsescaerssdlinkel asmediam;and a prinfer(s)Soriamplifyingeenism.
[0033target region of DNA of a microorganism to be detected by the nucleic

acid amplification method. [0057] . The nuclejc acid amplification . .

ISR Bl S TP, N R THE TSGR aRan it

diazigrdiupsaréfite sarhedds Beseribed vtherraethoozof the'Preseatidvéntion.hoxy
ps01ak058] ondnithe kit Accqrdingtoaprefened aspect ofdheUESENbne, or two

invention, the cross-linker is selected from ethidjummonoazide,

or Moithidiidiazider plolater, 25 & ifinetyIgEdRre Al d8-methoxypsolaren.

[0034Ethidium mqnoazide is particularly preferably u.se(.j. [0059]. The ki_t of
the-preseptinveptian may fluthercomprise a.dijtingsolytion. a reagtion. .., 1.
solution for cross-linker reaction, and an instruction describing the methoéfl

of the present invention.
12



Examples [0060] Hereinafter, the present invention is des cribedmore

specifically with reference to the following examples. However, the

present invention is not limited to the examples. [0061] [Example 1] 1.

Preparation of sample - Preparation of Listens monocytogenes rive cell

and injured cell) suspensions A Gram-positive bacterium, Listeria

monocytogenes (Listens monocytogenes JONI 2873; hereinafter,
apprc?gmg\fi@l%ﬂs@tllismueiﬁaﬁﬂmg Cages)i wasealtwedsinsbraindieat nguishing

. infusion (BHI) broth at 30C, %nd 40 ml of the cultyre eqiqmin;he. .

15 [ GO OIS ab oAUt A 5/000KE Tor Tomintas s ge-santsm
can Hellbwedbyrembval ofthiisugematant; A0 micaiphysiclogisab Salinewas-1inker

to su%%%%ﬁ%ﬂ%e bacterial cells; and-the whole was:vigorously sfitred-88d and dead

._centrifuged in the same way as above. The supernatant was removed, .
or 1rgiid 6 bt BhySicldGiEarSAte WaS dddetitd thétcteHaPEaR: tg= =© stand
for vihetehyprepateddives cell saspensiona Theonuimber<f theliveceelts-mfthgation;

ana dvecellsusnension was defermined jn.a standard agar plate mediwm and, g

ound to be 1.3x108 cfu/ml’[0062] = The live cell suspension (1 ml) was
Moregiiaged FPAYL5IANMICIBLE ahdthe midBfibe Rad immeiSed$r boility
microvates farsk0sesonds-anch immediatelyrcoeletbwithridewatey, tatherebyvarious
repare a injured cell ension, The cells | ension prab ;
con HSCRSBIOMES o SOl T el e pspensen onabin. o
micrdpjped Ealls: Therdfore CiHrCcls RSPl fafef 6 £0) 48 Rilirdt géiék.ocytes
or thfbﬁﬂﬁ%@@@s@f the presentinventiopds originally istended to-detectliveperiods
. . .cells of microorganism, and.cells of microorganism distinguished.from live. . .
oL LIS PR Eae‘iﬁf?ﬁeaiceelfsegfl deddcans fo%rg?ﬁus Ciﬂggf) %gt%%cd% %r?l“;ggtlon'
and avakivsteparédieri (Method bhthe prasert imvartion)o L 1 ‘R gadibae method.
speciBQBaazide (f;!\lfl_éﬁ\é@%@d@qd@ﬁg@%ﬁéﬁfl_ &tﬁsﬂe@ﬂam@ﬂﬁdnigmb@é%e at a
. __.suspension of Listens.prepare ove, at afinal concentration o rl .
< ina  1hG SOpBhaone ol D AWAH e IARRT ahadi ot B Ter =
to 1Bfinutesdthe suspefisipnsgeianplatediomicetand irradigtetfors at a final
concdRitnutes with.a 500 visible fight(FL QQRHRRE: 1Q0 A6 500 W, MASAKL g°C;
,@LECTRIQ CO,, LTD.,waveIen%h: SQO to 700tnm)gt a Eiistan(;e of 20, . 0 of
Condid H5i theBuspensiora s THER the Sudpehsions were centrifuged at - " ©F
1x10715,000%gHfor 10 mMinutesEr4C sandahéSstgarnatantsiere removedepdi tions

ct a %M@W@i@}@wséo'?gm@k%ﬁl SM&UB@@@a%&E concentration

o 1x sugaoensiiowereﬁstjfred and centri u%ﬁgeowgile gﬁgn%%LSCQ%O@cforrl gfj(.)tions
inutEs-at % Folicwed By reffovalof tHE Bdpeinatants. An sfGaVoRiRe

of a tofsbraieheart infiisior (BHEbrsthwasadded fiereto;andtheration of 1x107

to 105{&%%@8@@?:V\éel;giiﬂglgl%%tegoat@%Oggggg hours: [0064h °¢ are exemplified.

[0035]

(2} Step b)

Next, each test sample containing the cross-linker is irradiated
with light having a wavelength of 350 nm to 700 nm.

The cross-linker can easily pass through cell walls of dead cells
andinjuredcellscomparedwithcell wallsof livecellscfmicroorganism.
Therefore, it is presumed that the cross-linker does not substantially
pass throughcellwalls of live cells of microorganismbut passes through
cell walls of injured or dead cells of microorganism, or dead somatic
cells, provided that the treatment is performed within the

above-mentioned periods of time. Meanwhile, live somatic cells have



In the first EMA treatment, EMA was not added again to the live cell and

injured cell suspensions having an EMA concentration of 0, while EMA

was added again at a final EMA concentration of 10 pg/m1 or 25 pg/mi to

the live cell and injured cell suspensions having an EMA concentration of

100 pg/m1 The suspensions were allowed to stand under shading at 4C

for 5 minutes, placed on ice, and irradiated for 5 minutes with a 500-W
oniyVisible light,at a distance gf.20.cm fram {be suspensions. {0063] 85?@)smed that
. Single treatment (Comparative Example 1) _Ethidiummonoazide _
the @Ry Was SiftetPiothe INscaphntifjirelelisdpettiondef Ligteralt, the
crosprepatedinthesedction"héat afinakcaneentiationef 0, 4405 or-2h:pginte 11s of

, pension re allo Q stand under shading at4C far§ =~

B en 10 e e o BBt U7 S ©*
IntefgRl@EHoD PRE 100V5 S0OWIMASAKT FH ECTRIC COeLldmes-linker is
ir raW:&%/E&ﬂ@ﬂﬂﬁDDgﬂ@t?}Q@vﬁ%mb@ atadistanee pfl20360 zfé@l%thg SUsPenNsioNss -1ink

0066] 2-3) Preparation of bacterium suspension to be used in PCR test
ONE IS8 (Aeiag SF of T e G AP fe Coll spaHaiBre ar=1 OV,
resulisiensitfedicod HrthaSeclioagpenyand 202 Calsova weretdentrifuged stmal DNA.

15:000xg; for 1 hainutgs At AG<1Be sunesratants were semayed, and, 1 Mb.1 e
ot lgfélhy iolggi%al saline was added t eretp.q'r%“ée resgltagt suspensionsyyere} -

SHifred vigoroushy Ard SeRtitgsad the same Wiy a8 abovETwaRRihg e tiant
may bgedtniert)\Ore moetvashihg treatment-was pedfognbd. inptive. safiteagay tion,

a11 8sdhe fshireatmentand 10 pl.of Tk bufter (10 mMETrigHEL Buffer, 1 - e
. . mM EDTA%N ) was added to the pellets, followed by vigorous stirring. .
Habodey) -nS FretnBahTgénit geRe (shortDRA SFlisterReai phorter
than Ahplification dbpathogenicgehenbisteria disteriviysin® éhiyAygesesth longer
than P@B MasterMix (tofal !9'u£91eiﬁQérﬁ]i)t\yaéﬂ@E@_%Li%ngi@r_Sge@éggEly in

Mix (G&g SCIENCE CO., LTD., Yokohama, Kanagawa) capable of ]
the &Rty Andabtoriatically perrsihting elition of chréoskifal BRiALncluds
a corfromsabactetium and:RCRareactionshThe Buffer Miecortain$iza chromosomal

DNz §empenent{(syrastant) for inhibiting adsarption %mVQtejegeéW§Qifé%m a
bacterium to a femplate DNA derived from™a bacterium to be used in PCR
wm%actions; and a component (surfactant) for inhibiting adsorption of a

polysaccharidenderived froma basteriumijtora DNApolyrrerase-=ana futthernore
precdiLingredient necessary foryegl-fime PGRyreagtions Refails oE e PER . . -,
Master Mix are as follows. i
target region of the chromosomal DNA of the live cells is amplified
by the nucleic acid amplification method, while a target region of the
injured or dead cells is disrupted (cleaved), resulting in inhibiting
the nucleic acid amplification reactions. As a result, the live cells
of microorganism can be detected more selectively than the injured or
dead cells.
[GC37]

In a preferred embodiment of the present invention, the
cross-linker is ethidium moncazide, and the method includes the step
of irradiating a test sample to which ethidium monocazide is added with
light having a wavelength of 350 nm to 700 nm. Ethidiummonoazide (EMA}
can esasily pass through cell wallé of injured or dead cells compared
with cell walls of live cells of microorganism. Therefore, it is

presumed that EMA does not substantially pass through cell walls of

14



[0066] Direct buffer MIX manufactured by G&g SCIENCE. CO., LTD.: 42
ul (5U/pl) Ex-Taq (manufactured by TAKARA SHUZ0 CO., LTD, catalog
No: RROO1B): 0.5 pi (10 pmoi/ul) SEQ ID NO: 1 (hlyA-F) DNA: 4 n1 (10
pmol/pl) SEQ ID NO: 2 (hlyA-R) DNA: 4 pl [0069] Note that, the total
amount of the above-mentioned reagents is 50.5 pl and in Direct buffer
MIX manufactured by G&g SCIENCE. CO., LTD., required components

1ive foe PCR Master Mixa dotabameintefsQ:.6 phhiavesheesprepared te haveured

the following.final concentrations befc%@and [0070] Ex-Tag Buffer, .
or ae ARA SHUSG GO 11D, Eaiog Ne: HRBOTGY i T Aiirac ce11e-
Note (qRKARNSHIYZC OV catalotrNee RROD 1By c0RaANFeachtS¥BAd are

live Ceeens(mapufaciured,by BMA: catalag Neh50513): Q4% [QQ711183:) the cells
Therﬂ;al calcletprofile of PCR for anéplific%qction of hiyA ge OO?%%Table

0 SUE AR TRl By dte Pofie b PCR tor Bmplitication of hiyA §ere ™ o dead

sornat@',yz;tee}?épemgiSgejgumggéﬁmcmﬁgmdis and intercalates randomly into
nuclear DNA, and only EMA intercalated by irradiation with light having
a wavelength of 350 nm to 700 nm is converted into nitrene and binds
covalently to nuclear DNA to cross-link DNA molecules. Then, it is
presumed that EMA which binds covalently to bases and deoxyriboses in
chromesomal DNA at many points causes a large deformation in the
chromesomal DNA, resulting in disrupting (fragmentating) the
chromocsomal BNA.

[0038]

Evaen if the cross-linker is other than ethidium moncazide, a
cross—-linker may be used in the present invention as long as the
cross-linker can more easily pass through cell walls of injured or dead
cells compared with cell walls of live cells of microorganism and can
cross-link DNA by irradiation with light having a wavelength of 35C
nm to 700 nm {long-wavelength ultraviolet light or visible light) to
thereby disrupt chromosomal DNA.

(00397

Conditicns for the treatment with EMA can be appropriately
determined. For example, conditilons that enables easy distinction of
live cells of microorganism from dead cells and injured cells can be
determined by adding EMA at various concentrations to suspensions of
live cells and injured cells or dead cells of the micrcorganism as an
obiject of detection, leaving them for various periods of time, then
irradiating them with wvisible light, remcoving the cells by
centrifugation or the like as reguired, and performing analvsis by
nucleic acid amplification methods. Preferred conditions for the
irradiation of visible light can also be appropriately determined by
performing such an experiment as mentioned above using wvarious
irradiation times. Specific examples of the conditions for the

irradiation of visible light include irradiation of visible lights of

15



Set(C) Temperature rising gradient 1 11 03:004 21100:3094 3501

100 to 750 W for 5 minutes to Z hours from a distance of 10 to 50 cm
from the test sample, The irradiation of visible light is preferably
performed at a low temperature, for example, with ice cooling of the
sample.

[C040]

{3} Step <

An unreacted cross-linker contained in the test sample treated
by light irradiaticn is removed from the test sample.

This step is preferably performed imrediately after step b).
Examples of the wmethod of removing a cross-linker include a method
involving: centrifuging the test sample to separate precipitates
containing micreoorganisms from  supernatant containing  the
crosg-~linker; and removing the supernatant. The method may further
include, after removing the cross-linker, a step of washing the
microcrganisms with a cleaning agent.

(00411

(4) Step )

Subsecguently, a2 medium is added to the test sample where the
cross—linker is removed, and the resultant is incubated.

The medium is preferably one suitable for culture of a
microorganism contained in the test sample, and & liguid medium is
particularly preferably used. Specific examples therecf include
bouiilon medium, peptone medium, and brain heart infusion (BHI) breth.
Incubation is preferably performed at a temperature suitable for
proliferation of a microorganism to be detected, for example, at an
optimum culture temperature of the microorganism or at a temperature
similar to the optimum culture temperature. The cptimum culture
temperature of the microorganism may be determined by: culturing the
microorganismatvarious temperatures; andselectingatemperaturewhere
the microorganism can proliferate most actively. For example, in the
cases of the above-mentioned bacteria, the temperature is usually 20°C
to 43°C, preferably 25°C to 37°C, more preferably 30°C to 37°C. The
incubation time is not particularly limited as long as a microorganism
in a sample can proliferate. Specificalily, the time is, for example,

0.5 to 48 hours, preferably 1 to 24 hours, more preferably 2 to 3 hours.
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00:2095 201:0060 41 103:0095 5350

When a test sample containing a microorganism is incubated in a medium,
live cells of microorganism having no cross-linker and having no
disrupted chromosomal DNA can preliferate by culture with incubation
in the medium, which may improve the detection sensitivity in
discrimination between presence and absence of live cells of
microorganism in the test sample and in determination of the amount
of the live cells of microocrganism.

[0042]

(5) Steps e) and f]

Steps e) and f) are performed in the same way as in steps a)
and b), respectively.

It is expected that live cells of microorganism in a test sample
are proliferated by performing step d), so it is possible to increase
s difference between the detection sensitivity of live cells and the
detection sensitivity of the other cells by performing steps e) and
I) afterstepd). Thiscandrasticallyimprovethedetectionsensitivity
in discrimination between presence and absence of live, injured, or
dead cells in the test sample and in determination of the amount of
live cells of microorganism. The cross-linker added in step e) and
the cross-linker added in step a) may be the same or different from
each other. |

[0043]
The particularly preferred aspect of the present invention is

to sequentially perform: addition of a cross-linker to a test sample
and a light irradiation treatment; removal of the cross-linker by
centrifugation; addition and incubation of a medium; further addition
of the cross—linker and a light irradiation treatment. After the
above-mentioned sequential treatments, the following process may be
repeated several times to further improve the detection sensitivity:
removal of the cross-linker; addition and incubation of the medium;
and further addition of the cross-linker and a light irradiation
treatment. Specifically, stepsc), d}, e), and £) may be repeated twice
or more after steps a) and b).

In Examples and Comparative Examples below, a process which

includes only steps a) and b) and does not include steps e) and f) is



00:08600.16 [0073] 3-3) FOR reaction The test suspensions
prepared in the section 2-3) above (5 ul each) were added to the
KRMasterMix (50.5 pl) prepared in the section 3-1) above. TE buffer (5 pl)
was used as a negative control. [0074] According to the PCR thermal
cycle profile shown in the section 3-2), PCR reactions were
performedusing a real-time PCR device (i Cycler, manufactured by

some-BigdRaddqhoratories, é”cs’imggtsi@é-p[QQ@ AnAGar0$@9€k & process which
, electrophoresis for FOR ampllfiig roduct The PCiamgliP d. .
Inclugs] s oBtaiMedtiitRe setlion3-3] Ah Ve Rt s BiE ctroptotesed Brig e - 111es
refe38%dgarose géinAfter-completionafitka electrophoresis, the agarose gel
[0psNas immersed in an aqueous solution of 1 ug/m1 ethidium bromide for 20
minutes and washed twice with ion-exchange water, and a UP
trahSilluRtifELdY (wavelength: 254 nm) was used to observe the

ampiHicatiorkdegreesdfthechbsicbent amplified products {00764 ted in steps
atof) and a target region of the extracted DNA is amplified by a nucleic
acid amplificationmethod. Examples of the nucleic acid amplification
method include PCR method {White, T.J. et al., Trends Genet., 5, 185
{198%)), LAMP method (Loop-Mediated Isothermal Amplification:
principal and application of novel gene amplification method (LAMP
method), Tsugunori Notomi, Toru Nagatani, BIO INDUSTRY, Vol.18, No.2,
15-23, 2001), SDA method (Strand Displacement Amplification: Edward
L. Chan, Ken Brandt, Karen Olienus, Nick Antonishyn, Greg B. Horsman.,
Performance characteristics of the Becton Dickinson ProbeTec System
fordirect detection of Chlamydia trachomatis andNelsserla gonorrhosae
in male and female urine specimens in comparison with the Roche Cobas
system. Arch. Pathol. Lab. Med., 124:1649-1652, 2000), LCR method
(Ligase Chain Reaction: Barany, F., Proc. Natl. Acad. Sci. USA, Vol.88,
p.186-153, 19%91), DNA microarray method (Validation of Virulence and
Epidemiology DNA Micreoarray for Identification and Characterization
of Staphylococcus aureus Isolates: Richard P. Spence, et al., J. Clin.
Microbicl., Vol.46, No.5, p.1620~-1627, 2008). Inthepresent invention,
the PCR method is particularly preferably used, the nucleic acid
amplification method is not limited thereto.
(00457

The method for extracting DNA from the test sample 1s not
particularly limited so long as the extracted DNA can function as a
template in PCR, and the extraction can be performed according to a
commonly used method for extracting DNA of a microorganism.
[0046]
The DNA extractionmethod is described in, for examnple, Maniatis

T. and Fritsch E.F., Sambroock, J., “Molecular Clening: A Labgratory

Manual”, 3rdedn., Cold Spring Harbor, NY: Cold Spring Harbor Laboratory
Press, 2001.
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5. Test results FIG. 1 shows the results obtained by performing: the

multi-step treatment for the live cells and injured cells of Listeria; FOR for

the hlyA genei and agarose gel electrophoresis (multi-step treatment

lane), while Table 2 shows data obtained by quant2h4 ng band intensities

of the final PCR amplifiedproducts. Meanwhile, FIG. 1 shows the results

obtained by performing: the single-step treatment for the live cells and
roo4tnjured cells of Listeria; PCR for the hlyA gene; and agarose gel

electrophoresis (single-step treatment Jane), and Table 3 shows data. . 1arl

obtHinetF By GEantiying Banthtenfied of tie final EGR ampiftiel = -+carty
1imi produots.cihe danrdistehsities im the tables are valtidstheasored by amplified
by pcGRONNg the colar strength.of each band:-in the. glectiophoresis dieection et ion

~using 05-700 Imaging Densitometermanufacturedby Bio-Rad 1

of 2 HOFaTRAME (derlditoffdter Hgaddrem&ithavéRAgtt 66BThmf suitably
choséd0dEdTebie 2] Jable2 [0078bs<e. Inthe caserwhere EMA wWaslict of a type
g1 £ £ 840ed 'Px%? ‘%E'??%‘iﬁ%@%‘%% s which were gstimated as DIYR, - o neg

gene amplified products were detected in both the live cells and injured
in thellessfListsing, and Rdvas TMpbsERie 40 SPetifidaly detetbbARAIREcafi§uence
specHowever: ifethe casenhaerestMA wasaddet in theHaulibster treatment:rther,
i MA 100 pg/ml-incubation-EMA 25 or 10 . ands were cle o
d@pergjge S&e%qn%%g live &elis. whi eefei\%%g ﬁé brger%%gyve’rrn% e(gi}éacté?é%n Tﬁ%ﬂé{alnmg .
sequiniofed @ENS: THe ye3eiE Suljgasativdt thcrft-step Batmeht 8hlBERCTe, the
targﬁelg@@g@%eﬁt%gi%ﬂfs@z@y Tbﬁhlbl%s@eé@i@ PER. As %‘Ob\éi@t@:fg?@ﬁ@eﬂegions )
ata obtaine antifying the band intensities (shawn in Table 2) ,the .

£ 3 P U SATANE ERAbIEH GBS HSCTMATOR Of 1o IV GBI gy - =nem
as arinjorer-tetl$ inRCR targeling. ahe short gene FEL3HP)L{bo80jor clgpmosomal
pnas the qtheehand; inthescase where EMAWas B0k addeddn the singlesstepamount

_ . treatment, bands estimzﬂt\(fa;}d s,higﬁ en Q"Q@'@@q roductg were .. .
o Thadla&baByPBER Thboth the Tive celldand injured celid of Listetia: &ivd it ameun®
of thwas impuossisie e selecthehpdeteot balsthe lives celist Meamivhile] innthasured.

LengiGase where EMA was added ata-congeniration.of 10.jag/mldndheucieotides,

sg%e-st_e& treatment, bands est%nated as hlyA C%;ep amplified grqdu%t(? 500
prefyriRiyetttted if bothtHE 108 cels and Hjired célfs, it it wasinipostible”
nucl¢ospeeHically detect only the live cells. In the case where EMA was added
[oo4d@fa concentration of 25 iig/m1 in the single-step treatment, bands

estimated as hlyA gene amplified products almost disappeared in both the

live ERIBEtFfured E8IS Y it Wal Tpdssible 18 s pecificdlly détatt 8y ™2
be ssthedivedcblisstisshown e Tabis 3y theasngle stepdieatmenticoatdbdotf ication
methAFNEYR;Cleal %@'eswépmfat@ffNﬁ%@d@é&owgnﬂgﬁg cellsipPOE: rers can

targeting as short gene as hlyA (113 bp) . [0081] 6. Discussion In the
speciakeiRere e télls BRS r&HaN TiRGRgUiSH&d front i uréd Eefig (including

[c04 dead cells) while focusing on a specific pathogenic bacterium, a short

deqe isfloniih a.aize ahED 1 208 bases My b fosled [ deletearge: 1
specifically only the pathogenic bacteriim and to quantify the number of

a Patﬁé&éﬁé%@ﬁﬂ%%é@%rsa?%&lewa%nﬁl%%@rkeﬁﬁﬂn%@éFP.@W%%% gene.

ExampVRere&a satapie isiteatedwithiMAnat aconcentration of fughecthan @) gens

/m1 by the single-step treatment as shown in Comparative E leld, . . .

ot & lﬂ—%ﬁep%}s/dséjsa%rgﬁéﬁn}l’otec?n% %gﬁl%{a gh% injure &elﬁg%uicayfsgl cell V\f/a]ﬁ(s“ ne o

a Salgblivel dellbac ety cleave dotible standsioPerFoiicsemal DA D e a coli

o-1571ive,and injkead cells ab many: pointsdngenendeatly of enzymesdiathesra zakii)

bacterium__ Therefore, it is impgQssible to specifically detect only the live , . .
a0 RS, T O E 360 WhEkE n SEate I RERect A ERA R4 k11) of
an Encenceéntrationlsguat 10 o less thvare 1O poind doyetied stitgleistep treatmedty reus;
ceredEMAIS RN topass throygh.cell walls-ob injured;cellss, and-chromosemal r: ous
DNA is’unlikely to be cleaved frequently. Therefore, in the case where the
PCR target region is short, the target regions of chromosomal DNAs of all
injured cells are not always cleavedand hence, PCR is not completely
inhibited. [0082]



On the other hand, after EMA is added once in the multi-step treatment,

even if part of EMA passes through live cells to reduce the number of live

cells, it is possible to recover the number of live cells to the initial value, to

recover a diffusion pump of the live cells, or to remove unreacted EMA to

the outside of the microorganism cells by incubation in a medium suitable

for culture. Therefore, the concentration of EMA to be added in the first
toxifreatnest may bedgh { farexamaple] 100Ng/NEkkmaned cheomesamaks for a

. A of injured.cells is. cleaved with.a high concentration of EMA a .
P T Tioet Sl e b eg In RS et i SEa 26 wos:
1 andmpéssibid 18 inereaselihelmiimbet ofahectels unlikedive callsr eitderstiély SEQ

D Ndﬂfﬁlﬁ"n%l?ﬁ?%e%cjf:%ﬁ @Qﬂf%@g@ﬁ@z@sgﬁ@&cgaﬁ@m” ”_Eqr}f(&m alset of
. _example, 10 u W passes thro cell walls of live cells
oringy e ERERATRE (0 BXaiie SINMUELE) oA Beos T agh o Caf comceex

sakapaflsiof injured cells to promote further cleavage of chromosomal DNA,
[oos@nd bands of final PCR amplified products may not be detected only in the
case of injured cells. OQSS]éExqmple 2] 1. Preparation of sample -

Preparatioly of EntblobattersakazakiCave sl ardnjared eafcor 9anisms are
used suspensiens s ofAfGrammegativé badte iint, /Entercbactersakbzakiiin a test
samp;&gn@ﬁﬁbﬁem%TCQMﬁe@@agerpﬁit?ﬂ@y#@t?d§§ecific to a

"sakazakii" in some cases), was cultured in brain-heart infusion (BHI .
PATTHGHHE At 37ESHnd™B T Bf 1€ Culttrd médium fif thé fogrthntic GiwtRcterium
in a phase wascentrifugedat @=1@0Mxgifor 15minutes at 4C, followed by
{Oomr?moval of the supernatant. 5ml of physiological saline was added to the

bacterial cells, and the whole was vigorously stirred and diluted 10-fold.

THUS F eS| %p@ﬁﬁ%ﬁ%ﬁasaﬁ afd® THe REUE of BiC e RIS HE noT
partithelivelcell suspensicrswasdeternimedinla standard agan platespediiMcally
ampl 1?;;'_1%{30%%% g@li bgngﬁg%r?éjflfg?lgéosc%ma[grp%%] nucy%‘i gvg C(‘?leg Sali’ns intsi%%tion

was place microtube, and the microtube was immerse
methogshoifitig vater 1or2 mitlites aR& infREditEl, coled With fce watérng nay be
apprdbereeprepare.a injured cell suspension. The cells in the suspension
woszerobably include small numbers of live cells and dead cells but include
mainly injured cells . Therefore, the cells are simply referred to as "injured
cell$). Né&that the method of the present invention is originally intended
togleteetdiveneels, antbmicreerganism.cells distingdisheskfron:live€elsc acig
amp l%@fgabceigléureg %%Ilg orrdeea&gr%elllszécc)p85] 2. Test method 2-1) Multi-step
T treatment (I\Wet%od of the present invention) Ethidiummonoazide
(EMIR) WVest sddednte thefivé Selosuspenision-amelirj red dalsaspénsiori s the
metho@f sakazakii prepargd above atadinal concentrationof 0,40 25,061400s, ang
csam %/mlu}?nd the susc_‘plengioniwege allowed to staqg undethshadin at4C for ~ _
P10 minttes SFha Suspeisions Werd placed on ice and irradiated for 8% ©35¢ ©F
us ingmipites Witk 4 800-1¢ visibleslight (FLLOOD PR EC200 4, 500'Wd WASAKHt ime
2CR nEHECTRIG €0.uLER., wavelength: 00 ta £00:nm) ata distance 0b2QLem per
. from the susrgensmns. Thgn, the suspensions were centrifuged at
O TURHHORG T 10ThiruteS Bt AT - aid The SHPSIHAANE Were TEHOVEC AR 1T es
waterequatvolumel @f physidlogitak sakine-wascaddedtheretol land el . Environ.
MicroSYSRENSIONs viere stired and centiiuges whilg fooling gt 15,000xg for. 10,, -
minutes at 4C, followed by removal of the supernatants. An equal volume
the S GibtaiteR&artinfuSioR I HIY 5Tot Wk Sddaadrierdfo! amtethe of methods for
guant suspersionsswere-inoubated at3dC focizhours. [§086hi. Hpphe fidtviron.
Mi crofEMA _trle_a‘}g@_néGI‘E%\g% aglded gg%i% fo the live cell and injured cell

suspensions having an EMA concentration of 0, while EMA was added

again &tL& finaPedRESHrationSoPT pgkAftc fiie fivé €éft arrfinfured efpmount s
and s i sespensionshaving-arcEMAwgoncentkagion afck0s 25,701 00 paknl,. Ae -t ime

suspensions were allowed to stand under shading at 4C for 10 minutes,

placed on ice, and irradiated for 5 minutes with a 500-W visible light at a

distance of 20 cm from the suspensidns. [0087] 2-2) Single treatment

(Comparative Example 2) Ethidiummonoazide (EMA) was added to

the live cell and injured cell suspensions of sakazakii prepared in the

section "1." at a final concentration of 0, 10, 25 or 100 pg/ml, and the
criecnancinne waere allowed ta etand 1inder chadina at A4 C for 10 mini itac



[0088] 2-3) Preparation of bacterium suspension to be used in PCR test
Microtubes including one of the live cell and injured cell suspensions of
sakazakii treated in the sections 2-1) and 2-2) above were centrifuged at
15,000xg for 10 minutes at 4C. The supernatants were removed, and 1 ml
of physiological saline was added thereto, The resultant suspensions were
stirred vigorously and centrifuged while coolinginthe same way as above

pcr (Washipg freatment), Qpe ingrewashing treatment wag performed.in the, o

same way, and the same amount of sterile water as the initial amount was .
addell o fheSFeifRty Mdiwetbyviotots Sy’ [deBgi P o pcRrhanges in
fluctasgeting: olter=membiranezpeoteim Ar@nly A)gene anddNaceemodeclar zero 1if
the SeS'S (MMD) aperon (short DNA) of sakazakii 1) Amplification of omp
_ © A gene and MMJS gene : CBMasterMix (totaat'l \ro%uorr?;EE%Q% pl)q\{\l?axesr_“forer
the idHA7BA UG Difect BUtfsVINEG &8 SCRERCESCORLETDS, YeRehamaing no
amplKanagawey capable-otsequastially: and autematisaly. performing eltionchanges
. ~0f chromosomal DNA from a bacterium and PCR.reactions, . .
RN ant 8 CEr et (o attast) Fo it &8sdistitn v 10
is dgfalpretein deriersromidbaetetim (67 tniplate DNA Jfétivedcftem 4n which

a vabasterum:te brsed in PQE spactions; and ascompanent (syHagtant);ifes: +ime
inhibjting adsarption of a polysaccharide derived from a bacteriumto a .
STeHN po'l;g/maesrasglf%gn% %Peégr%a%iié]g}]ea et ggegsaa%%r r’eal-flﬁﬁ%“l§ e, the
largraagtionsnDeidils ohthe FOR MasteriMiaretas follows:HO090} - i onEaehution,
the &eMpenentef FOR:MasterMix fordetesting:ompA,genedsas fRlIows. +enp1ate
ONA -ereci buffer MIX manufactured by GE,g SCIENCE. CO., LTD.: 21 pl
 (50F0 1 ERSTag (anufattdied b@gieﬂk%\PA@%&@?,‘ﬁﬁ' B Eatdidg No:© PNA
are RROGUB): 0125 pi 1O Hot ) SEQUDON®G S (ormpreR) DNA Zpir¢l8 target
reqgiBMO¥PHREQ IDNEHA(QmPAR) ONAL 24009 ~+ Each companentof. ; .o

FOR Master Mix for detecting MMS gene’is as follows. -Direct buffer MIX

SOT G FE6HRd by Gag SCIENCE. CO., LTD.: 21 pl
[0053]

Further, presence or absence of the amplification product can
alsc be determined by analyzing the melting temperature (TM) pattern
of the amplification product.

Al]l the aforementioned methods can also be used for optimization
of various conditions for the method of the present invention.
[6054]

When live cells of microorganism are detected by the methed of
the present invention, precisions of the determination of the presence
or absence of live cells of microorganism and guantification of the
same in the analysis of the PCR amplification product can be increased
by using a standard curve representing relationship between the amount
of microorganism and the amplification product, which is prepared by
using standard samples of the microorganism in which the microorganism
is identified. Although a preliminarily prepared standard curve may
be used, it is preferable touse a standard curve prepared by performing
the steps of the method of the present invention for standard samples
at the same time with a test sample. Moreover, 1f relationship between

amount of microorganism and amount of DNA is determined beforehand,
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(5U/pl1) Ex-Tag (manufactured by TAKARA SHUZO CO., LTD, catalog
No: RROO1B): 0.25 pl (10 pmol/ul) SEQ ID NO: 5 (MMS-F) DNA: 2 pl
(10 pmol/pl) SEQ ID NO: 6 (MMS-R) DNA: 2 pl [0092] Note that, the
total amount of the above-mentioned reagents is 25.25 pl and in Direct
buffer MIX manufactured by G&g SCIENCE. CO., LTD., required
components in POE Master Mix of total amount of 25.25  have been

DNEA i¥epared: to-have-the fellewingsfinaliconcentratinha befdreharnd {0098k sample.
. EETaq Buffer (manufactured by TAKARA SHUZO0 CO., LTD, catalog No:
[00°RROO1BY): Ix -dNTP mixture (manufactured by TAKARA SHUZO CO.,

LTDy catatogds: RRO® 186 NP eath-SYB ARG reerP fmah iRty 1 s by
the PYBMA, catalog No; 50513):0:4%440Q94]i nat i 3r2bThedmakeyele profitte Live

of PR for amplification of ompAfjgﬁene angel\{I:MS gegeégogg)]ﬂé %bﬁleo4f] tge live

F T
cellfqple BFHEMErS 8 profile SFPCR for amplification of ompA gene an

cellP'SfeneCyckesRepeatsStep test sample, it is necessary to consider
the proliferation degree of the live cells of microorganism because
the live cells of microorganism proliferate in step d). This can be
achieved by creating a standard curve showing the relationship between
the amount of microcorganism and amplified products using a standard
sample of the microorganism, as described above.
[0056]

<2> Kit of the present invention

The kit of the present invention is a kit for detecting live
cells of microorganismin a test sample by the nucleicacidamplification
method and comprises a cross-linker, a medium, and a primer(s) for
amplifying a target region of DNA of a microorganism to be detected
by the nucleic acid amplification method.
[0057]

The nucleic acid amplification reaction is preferably a PCR,
LAMP, SDA, or LCR. The cross—-linker and medium are the same as described
in the method of the present invention.

[0058]
Inthe kit, accordingtoapreferredaspect of thepresent invention,

the cross-linker is selected fromethidiummonoazide, ethidiumdiazide,
psolaxen,4,5',B—trimethylpsolaren,andB—methoxypsolaren. Ethidium
monoazide is particularly preferably used.
[005¢9]

The kit of the present invention may further comprise a diluting
solution, a reactien sclution for cross-linker reaction, and an

instruction describing the method of the present invention.

Examples

(0060)]
Hereinafter, thepresent inventionisdescribedmorespecifically
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RetentionHold time Set (C)Temperature rising gradient (0c) 123456 11
11 501 2 3 11 2501 03:00 02:00 00:30 00:40 00:45 03:00 00:08

with reference to the following examples. However, the present
invention is not limited to the examples.
[0061]

[Example 1]

1. Preparation of sample — Preparation of Listeria monocytogenes
{(live cell and injured cell) suspensions

A Gram-positive bacterium, Listeria monocytogenes (Listeria
monocytogenes JCM 2873; hereinafter, abbreviated as "Listeria” in some
cases), was cultured in brain-heart infusion (BHI) broth at 30°C, and
40mloftheculturemediuminthe logarithmicgrowthphasewas centrifuged
at8,000ngor15nmnutesat4°C,followedbyremovalofthesupernatanta
40 ml of physiological saline was added to the bacterial cells, and
the whole was vigorously stirred and centrifuged in the same way as
above. The supernatant was removed, and 10 ml of physiological saline
was addedtothebacterial cells, totherebypreparealivecell suspension.
The number of the live cells in the live cell suspension was determined
in a standard agar plate medium and fcund to be 1.3x10° cfu/ml.
{0062}

The live cell suspension (1ml) was placed in a 1.5-ml microtube,
and the microtube was immersed in boilling water for 50 seconds and
immediately cooled with ice water, to thereby prepare a injured cell
suspension. Thecells in the suspension probably include small numbers
of livecells anddeadcellsbhut includemainly injuredcells. Therefore,
the cells are simply referred to as "injured cells". The method of
the present invention is originally intended to detect live cells of
microorganism, andcells of microorganismdistinguished fromlivecells
may be injured cells or dead cells.

(0063}

2. Test methed
2-1) Multi-step treatment (Method of the present invention)

Ethidium moncazide (EMA) was added to the live cell suspension
and injured cell suspension of Listeriz prepared above at a final
concentration of 0 or 100 ug/ml, and the suspensions were allowed to
stand under shading at 4°C for 5 minutes. The suspensions were placed

on ice and irradiated for 5 minutes with a 500-W visible light (FLOOD
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8494 94 60 68 95 700.1 4 [0096] 3-3) PCR reaction The test
suspensions prepared in the section 2-3)above(2 Al each) were added to
the PCR Master Mix(25.25 Al)prepared in the section 3-1) above.Sterile
water (2.5 Al) was used as a negative control. [0097] According to the
PCR theal cycle profile shown in the section 3-2),

PRE: 100 Vv, 500 W, IWASAKI ELECTRIC CO., LTD., wavelength: 500 to 700
nm) at a distance of 20 cm from the suspensions. Then, the suspensions
were centrifugedat 15, 000xg for 10 minutes at 4°C, and the supernatants
wereremoved. Anegual volumeofphysiologicalsalinewasaddedthereto,
and the suspensions were stirred and centrifuged while cooling at
15, 000xg for 10 minutes at 4°C, followed by removal of the supernatants.
An equal volume of brain~heart infusion (BHI) broth was added thereto,
and the suspensions were incubated at 30°C for 2 hours.

{C0e4]

In the first EMA treatment, EMA was not added again to the live
cell and injured cell suspensions having an EMA concentration of O,
wnile EMA was added again at a final EMA concentration of 10 ug/ml or
25 ug/ml to the live cell and injured cell suspensions having an EMA
concentrationof 100 ng/ml. Thesuspensionswereallowedto standunder
shading at 4°C for Sminutes, placed on ice, and irradiated for 5 minutes
with & 500-W visible light at a distance of 20 om from the suspensions.
[0065] ‘

2-2) Single treatment (Comparative Example 1)

Ethidium moncazide (EMA} was added teo the live cell and injured
cell suspensicns of Listeria prepared in the secticn "1." at a final
concentration of 0, 10, or 25 ug/ml, and the suspensions were allowed
to stand under shading at 4°C for 5minutes, placedon ice, and irradiated
for bminuteswith a 500-Wvisibkle 1ight (FLOOD PRF: 100V, 500 W, IWASAKI
FELECTRIC CQ., LTD., wavelength: 500 to 700 nm) at & distance of 20 cm
from the suspensions.

[COB6]

2-3) Preparation of bacterium suspension to be used in PCR test

Micretubes including one of the live cell and injured cel
suspensicns of Listeria treated in the sections 2-1) and 2-2) above
were centrifuged at 15, 000xg for 10 minutes at 4°C. The supernatants
were removed, and 1 ml of physiological saline was added thereto. The
resultant suspensions were stirred vigerously and centrifuged in the
same way as above {(washing treatment). One more washing treatment was
performed in the same way as the first treatment, and 10 ul of TE buffer

(10mM Tris~HCl buffer, 1 mMEDTA-2ZNa) was added to the pellets, followed
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PCR reactions were perfamed using a real-time PCR device (i Cycler,
Bio-Rad Laboratories, Inc., Model: iQ). [0098] 4. Agarose gel
electrophoresis for PCR amplified product The PCR amplified products
obtained in the section 3-3) above were electrophoresed on a 2% agarose
gel.After completion of the electrophoresis, the agarose gel was immersed
in an aqueous solution of 1 Ag/ml ethidium bromide for 20 minutes and
by vi@sheddwice withrdgn-exchange water, and a UV transilluminator _
(O%fwavelength: 254 nm) was used to observe the amplification degrees of
‘ He ompA and MMS gene amplified products. [0099] 5. Test results FIG. 2
shéws the résultseobtained: by peeformingthe Mltstepiireatient fordlie a
liveycells andiinired cells of sakazaki;ROP forthe ampAgane anderiolysin
agarose gel electrophoresis (multi-step treatment lane), while Table 5
O (" 5K&isIFtE obtained by quantifying band intensities
oftRefinaCParmplificdproducts IMeanwhile; RIG. 2shpwsthesdsutsng Direct
pus £OPtained ?& rigrring:the single-step treatmentfor the five el andoanie of
injured cells of sakazakii; FOR for the ompA gene; and agarose gel
Sequgldctrophoraaf’ hGIBaste R treatmEmIAnE) Ahd THRICS SHowd datgsomal DA
f rom abiaimesk-hyguantifying-eand intensities ef Ehef firallPCRampliffet: & component
(sur%%%%@)T@%Pa{m@i?ﬁ%%f @&QSJ@@@&@@MU%&%%regﬁ%ed from a

scanning the color strength of each band in the electrophoresis direction
bact¢EiHYIGS: 700 #HagH ifSFRetsfanfacfurag by -+t to be used in PCR
reacBie:Radkaboeatoties dner(densitometerrmeasurement wavelengths6@®tion of

2 p@?@&{gmﬁ%gal%ﬁ?eé shows. the number of cycles atinitial rising in.eagh 1o -

eal-time P curve in the muTtl-step treatment or smgle-step treatment

an 1SRl nemEs Brshéms thedestits'ef M ektifoptidiesis fifiats oF the
pcr BGRamplified products of the:MMS gene after the multi-step treatment
[Oo&gmulti-step treatment lane), and Table 8 shows data obtained_ by
qhantifying the PCP bands. Meanwhile, FIG. 3 shows the results of the
-Direfactiophorssid Bitenane saiglestep Heathentlsmtid stéPreatment 42 1
- (5U Jane), apdTtable X shows date @btainedroyrauantifyingthe, PCRbapdsa1og No:
RROO i@n\%hip, Table 10 shows the number of cycles at initial rising in each
real-time POP curve in the multi-step treatment or single-step treatment
- (10 (Brvallie}. [0380] [rabié 5] Tabre BFEMA @BEmIEMA 10 pg/ml +

- (10 Ineubation (3765 2 hn)ineubation(BACRR min: 4 p1
[0069]

Note that, the total amount of the above-mentioned reagents is
50.5 ul and in Direct buffer MIX manufactured by G&g SCIENCE. CO., LTD.,
reguired componenits for PCR Master Mix in total amount of 50.5 ul have
been prepared to have the following final concentratiocns beforehand.
[0070}
-Ex-Tag Buffer (TAKARA SHUZO CO., LTD, catalog No: RRO0LB): 1x
—dNTP mixture (TAKARA SHUZO CO., LTD, catalog No: RROCLB): 0.2 mM each
-3YRBA Green (manufactured by BMA, catalog No: 30513): 0.4x
60711

3-2) Thermal cycle profile of PCR for amplification of hlyA gene
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EMA 0 pg/mIEMA 10 pg/ml Live cellinjured cell Live cellinjured cell Band
Intensity 1.5141.681 1.5460.000 [0101] [Table 6] Table 6 Band Intensity
1.5511.556 1.6900.502

100727
[Table 1]
Table 1

Thermal cycle profile of PCR for amplification of hlyA gene

Cycle Repeats Step Retention time Hold Set {°C) Temperature
rising gradient
(°c)
1 1 1 03:00 4
2 1 1 00:30 94
3 50 1 00:20 95
2 01:00 60
4 1 1 03:00 g5
5 350 1 00:08 &0 0.1
& e 4
00737

3-3) PCR reaction

The test suspensions prepared in the section 2-3) above {5 ul
each) were added to the PCR Master Mix (50.5 ul) prepared in the section
3-1) above. TE buffer (5 ul) was used as a negative control.
[0074]

According to the PCR thermal cyvole profile shown in the section
3-2), PCRreactionswereperformedusingareal-time PCRdevice {1 Cycler,
manuifactured by Bio-Rad Laboratories, Inc., Model: iQ).
[0075]

4. Agarose gel electrophoresis for PCR amplified product

The PCR amplified products cohtained in the section 3-3) above
were electrophoresed on a2 2% agarose gel. After completion of the
electrophoresis, the agarose gel was immersed in an agueous solution
of 1 ug/ml ethidium bromide for 20 minutes and washed twice with
lon-exchange water, and a UV ftransilluminator (wavelength: 254 nm) was
used to cbserve the amplification degrees of the hivyA gene amplified
products.
[0076]

5. Test results

FIG. 1 shows the results cobtained by performing: the multi-step
treatment for the live cells and injured cells of Listeria; PCR for

the hlyh gene; and agarose gel elecirophoresis (multi-step treatment
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[0102] [Table 7] Table 7 E. sakazakii (ompA: 469 bp;8.38+0.25 logn
cells/ml) EMA 0 pg/ml Live cellinjured cell EMA 10 gg/m1

lane), while Table 2 shows data obtained by quantifyingband intensities
of the final PCRamplifiedproducts. Meanwhile, FIG. 1 shows the results
obtained by performing: the single-step treatment for the live cells
and injured cells of Listeria; PCR for the hlyA gene; and agarose gel
electrophoresis (single-step treatment lane), and Table 3 shows data
obtained by quantifying band intensities of the final PCR amplified
products. The band intensities in the tables are values measured by
scanning the color strengthofeachbandinthe electrophoresisdirection
using GS-700 Imaging Densitometermanufacturedby Bio-Rad Laboratories,

Inc. {densitometer: measurement wavelength 600 nm).

f0077]
[Table 2]
Table 2
EMA 0 ug/ml EME 100 pg/ml EMA 100 ug/ml
+ + o+
Incubation (30°C, 2 hr) Incubation (30°C, 2 hr) Incubation (30°C, 2 hr)
+ + +
EME 0 ug/ml EMA 10 ug/ml EMA 25 ug/ml
Live cell Lnju??Q Live cell tojured Live cell Injured cell
cell cell
Band 1,637 1.431 1.420 0.094 1.125 0.024
Intensity
[0078]
Table 3]
EMA O ug/ml EMA 10 pg/ml EMA 25 ug/ml
Live cell fnjured Live cell Lnjured Live cell njured
cell cell cell
_ baend 1.695 1.215 1.141 1.530 0,479 0.418
Intensity
TOC79;

In the case where EMA was not added in the multi-step treatmant,
bands whichwere estimated as hlyA gene amplified products were detected

inboththe livecellsandinjuredcellsof Listeria, anditwas impossible
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Live cell Injured cell EMA 25 pg/ml Live cellinjured cell EMA 100 gg/ml
Live celllnjured cell 17.6+0.4a 17.2+0.2 18.8+0.3 36.3, C, d NO20.9+0.6
ND, ND 23.9+0.9 35.0,ND (2/2)b

to specifically detect conly live cells. However, in the case where
EMA was added in the multi-step treatment (EMA 100 pg/ml-incubation-EMA
25 or 10 ug/ml), bands were clearly detected in the live cells, while
few or no bands were detected in the injured cells. The results suggest
that the multi-step treatment enables selective detection of only the
live cells in PCR. As is cobvious from the data obtained by quantifying
thebandintensities (showninTable ), themulti~step treatment enabled
cleardiscriminationofthe livecells frominjuredcells inPCRtargeting
the short gene (113 bp).

[0080]

On the other hand, in the case where EMA was not added in the
single-step treatment, bands estimated as hlvA gene amplified products
were detectedby PCRInboth the live cells and injuredcells of Listeria,
and 1t was impossible to selectively detect only the live cells.
Meanwhile, in the case where EMRE was added at & concentration ¢f 10
ug/ml in the single-step treatment, bands estimated as hlivA gene
amplified products were detected in both the live cells and injured
cells, and it was impossible to specifically detect only the live cells.
In the cass where EMA was added at a concentration of 25 pg/ml in the
single-step treatment, bands estimated as hlyA gene amplified preducts
almest disappeared in both the live cells and injured cells, and it
was impossible to specifically detect only the live cells. As shown
in Table 3, the single-step treatment could not achieve clear

i~

discrimination of the live cells from injured cells in PCR targeting
as short gene as hlvA (113 bp).
[0081]

6. Discussion

Intnecasewhere livecellsarerapidlydistinguished frominijured
cells (including dead cells) while focusing on a specific pathogenic
bacterium, & short gene region with a size of 80 to 200 bases may be
targeted to detect specifically onliy the pathogenic bacterium and to
guantify the number of bacterial cells in a test sample by quantitative
real-time PCR. In tThe case where a2 sample is treated with EMA at a
concentration of higher than 10 ug/ml by the single-step treatment as

shown in Comparative Example 1, EMA passes through not only cell walls
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(2/12) (212) (1/2) (2/2) (0/2) (2/2) (1/2) EMA 0/0 pg/mla EMA 10/10 gg/ml
EMA 25/10 pg/ml EMA 100/10 gg/m1 Live cell Injured Live cell Injured

of injured cells but also cell walls of live cells to directly cleave
double strands of chromosomal DNA of the live and injured cells at many
points independently of enzymes in the bacterium. Therefore, it is
impossible to specifically detect only the live cells. Meanwhile, in
the case where a sample is treated with EMA at a concentration equal
to or less than 10 pg/ml by the single—-step treatment, EMA 1s hard to
pass throughcell walls of injuredcells, and chromosomal DNA 1sunlikely
to be cleaved freguently. Therefore, in the case where the PCR target
region is short, the target regions of chromoscmal DNAs of all injured
cells arenot alwavs cleaved, andhence, PCR isnot completely inhibited.
[oogz]

On the other hand, after EMA i1s added once in the multi-step
treatment, even if part of EMA passes through live cells to reduce the
number of live cells, it is pessible to recover the number of live cells
to the initial value, to recover a diffusion pump of the live cells,
or to remove unreacted EMA to the ocurside of the microorganism cellis
by incubation in & medium suitable for culture. Therefore, the
concentration of EMA to be added in the first treatment may be high
(for example, 100 pg/ml), andchromosomal DNA of injuredcells iscleaved
with a high concentration of EMA at many points. Even if the injured
cells are incubated in the medium, it is impossible to increase the
number of the cells unlike live cells. Under such circumstances, 1f
EMA is added again at a certain concentration (for example, 10 ug/ml)
where little EMA passes through cell walls of live cells in a short
time (for example, 5 minutes), EME passes through only cell walls of
injured cells to promote further cleavage of chromosomal DNA, and bands
of final PCR amplified products may not be detected only in the case
of injured cells.

[0083]

[Example 2]

Preparation of sample - Preparation of Entercbacter sakazakii
(live cell and injured cell) suspensions

AGram-negative bacterium, Entercbacter sakazakili (Enterchacter

sakazakii RTCC 6538P; hereinafter, abbreviated as "sakazakii" in some

cases), was cultured in brain-heart infusion (BHI) broth at 37°C, and
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Injured Injured Live cell Injured cell cell cell cell cell 12.9+0.8 17.4+0.7
15.9+0.4 ND, ND 20.1+1.6 ND, ND

5ml of the culturemediuminthe logarithmicgrowth phase was centrifuged
at §,000xg for 15minutes at £°C, followed by removal of the supernatant.
5 ml of physiclogical saline was added to the bacterial cells, and the
whole was vigorously stirred and diluted 10~fold. Thus, a live cell
suspension was prepared. The number of the live cells in the live cell
suspension was determined in a standard agar plate medium and found
to be B.38+0.25 log:s cfu/ml.
(00847

The 1ive cell suspension (1 ml) was placed ina 1.5-ml microtube,
and the microtube was immersed in boiling water for 2 minutes and
immediately cooled with ice water, to thereby prepare a injured cell
suspension. Thecells in the suspension prebably include small numbers
cf livecells anddeadcellsbut includemainly injuredcells. Therefore
the cells are simply referred to as "injured cells"™. Note that the
method of the present invention i1s originally intended to detect live
cells, and microorganism cells distingulshed from live cells may be
injured cells or dead cells.
[0085]

2. Test method

2-1} Multi-step treatment (Method of the present invention)

Ethidium monocazide (EMA) was added to the live cell suspension
and injured cell suspension of sakazakil prepared above at a final
concentrationof G, 10, 25, or 100 ug/ml, andthe suspensions were allowed
to stand under shading at 4°C for 10 minutes. The suspensions were
placed on ilce and irradiated for 5 minutes with a 500-W visible light
(FLOOD PRE: 100 V, 500 W, IWASAKI ELECTRIC CC., LTD., wavelength: 500
to 700 nm) at a distance of 20 cm from the suspensions. Then, the
suspensions were centrifuged at 15,000xg for 10 minutes at 4°C, and
the supernatants were removed. An eqgual volume of physiological saline
was added thereto, and the suspensions were stirred and centrifuged
wnile cooling at 15,000xg for 10 minutes at £°C, followed by removal
of the supernatants. An eqgual volume of brain-heart infusion (BHI)
broth was added therete, and the suspensions were incubated at 37°C
for Z hours.
rocsol
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23.6+0.4 36.0,ND (2/2) (2/2) (2/2) (0/2) (2/2) (0/2) (2/2) (1/2) a) Ct value
(mean+SD, N=2) b) "(i/2)" represents the number of times of positive

reaction in two PCR assays. c) "ND" means that final PCR amplified

product is negative. d) "36.3, ND" means that the first Ct value is 36.3

and the second Ct value is ND. e) "EMA i/j gg/ml" is the results of the

two-step EMA treatment and means that the first EMA treatment is

perfermed atia-eencentratien ofid pg/mianddbe secondEMALteatment ishe 1ive

cellp%ﬂg"ﬁ%%5§§ QQSﬂﬁgﬁgggg'ngg“hgééﬁé)BQ”EMA concentration of O,
while EMA was added agaln at a final concentration of 10 ug/mi to the
live cell and injured cell suspensions having an EMA concentration of
10, 25, or100ug/ml. Thesuspensionswereallowedtostandunder shading
at 4°C for 10 minutes, placed on ice, and irradiated for 5 minutes with
a 500-W visible light at a distance of 20 cm from the suspensions.
10087]

2-2% Single treatment {Comparative Example 2)

Ethidium moncazide (EMA) was added to the live cell and injured
cell suspensions of sakazekii prepared in the section "1." at a final
concentrationof 0, 10, Zbor 100 pg/ml, and the suspensions were alliowad
tostandundershadingat4°Cforl@nﬁnutes,placedonice,andirradiated
for Bminutes with a 500-W visible Light (FLOCD PRF: 100V, 500 W, TWASAKI
FLECTRIC CC., LTD., wavelength: 500 ©to 700 nm) at a distance of 20 ¢m
from the suspensions.

[0088]

2~3) Preparation of bacterium suspension to be used in PCR test

Microtubes including one of the live cell and injured cell
suspensions of sakazakli treated in the sections 2-1) and 2-2) above
ware centrifuged at 15,000xg for 10 minutes at 4°C. The supernatants
were removed, and 1 ml of phvsiclogical szline was added thereto. The
resultant suspensions were stirred vigorously and centrifuged while
cooling in the same way as above (washing treatment). One more washing
treatment was performed in the same way, and the same amount of sterile
water as the initial amountwas added tothepellets, followedby vigorous
stirring.

[6089]

3. PCR targeting outer-membrane-protein A (omp A) gene and
macromolecular snthesis (MMS) operbn (short DNA) of sakazakili
3-1) Amplification of omp A gene and MMS gene

PCR Master Mix (total volume: 25.25ul) was prepared using Direct
Buffer Mix (G&g SCIENCE CO., LTD., Yokohama, Kanagawa) capable of
sequentially and automatically performing elution of chromosomal DNA

fromabacteriumand PCR reactions. TheBufferMixcontains: acompconent



EMA 10 yg/ml EMA 25 pg/ml EMA 100 pg/m1 Live cell Injured Live cell
Injured Live cell Injured Live cell Injured cell cell cell cell 19.62.0e
24.03.5

(surfactant) for inhibiting adsocorpticn of a protein derived from a
bacterium to a template DNA derived from a bacterium to be used in PCR
reactions; and a component (surfactant) for inhibiting adsorption of
apclysaccharidederivedfromabacteriumtoa DNApolymerase; and further
an ingredient necessary for real-time PCR reactions. Details of the
PCR Master Mix are as follows.
[0090)

Each component of PCR Master Mix fcor detecting omph gene is as
follows.
—Direct buffer MIX manufactured by G&g SCIENCE. CO., LTD.: 21 nl
= (5U/ul} Ex-Tag (manufactured by TAKARA SHUZO CO., LTD, catalog No:
RROCIB): 0.25 i

- (10 pmol/pl) SEQ ID No: 3 {(ompA-F) DNA: 2 pl
~ (10 pmol/pl) SEQ ID No: 4 (ompA-R) DNA: 2 jpl
[0091]
Each component of PCR Master Mix for detecting MMS gene is as
felliows.

-Direct buffer MIX manufactured by G&g SCIENCE. CO., LTD.: 21 pl
- (5U/ul) Ex-Tag (manufactured by TAKARA SHUZO CO., LTD, catalog No:
RROOLBy: 0.25 wul
- (10 pmol/ul) SEQ ID NO: 5 (MMS-F) DNA: 2 ul
- {10 pmel/ul) SEQ ID NO: & (MMS-R) DNA: 2 ul
[0052]

Note that, the total amount of the above~mentioned reagents is
25.25 pl and in Direct buffer MIX manufactured by G&g SCIENCE. CO.,
LTD., reguilred components in PCR Master Mix of total amount of 25.25
pi have been prepared to have the following final concentrations
peforehand.
[0093)
-Ex-Taqg Buffer {(manufactured by TAKARA SHUZO CO., LTD, catalog No:
RROOLB): 1x
-dNTP mixture (manufactured by TAKARA SHUZC CO., LTD, catalog No:
RROQLIBY: 0.2 mM each
~SYBA Green {manufactured by BMA, catalog No: 50513): 0.4x
[0CG4]
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20.80.927.60.1 19.91.327.31.0 22.21.0 25.20.5 (2/2)b (2/2) (2/2)(2/2)
(2/12)(212) (2/2) (2/12) EMA 0/0 yg/mle EMA 10/10 pg/ml EMA 25/10 pg/ml
EMA 100/10 pg/ml Live cell Injured Live cell Injured

3-2) Thermal cycle profile of PCR for amplificaticn of cmpA gene and
MMS gene
[0095]
[Table 4]
Table 4 Thermal cycle profile of PCR for amplification of ompA gene and MMS

gene
Cycle Repealts Step Retention Hold Set (°C) Temperature
time rising gradient
(°C)
1 1 1 03:00 4
2 1 1 02:00 84
3 50 1 C0:30 94
2 00:40 &0
3 00:45 68
4 1 1 03:00 95
5 250 1 06:08 70 0.1
6 8 4
[0096]

3-3) PCR reaction

The test suspensions prepared in the section 2-3) above (2 ul each)
were added to the PCR Master Mix (25.25 ul) prepared in the section 3-1)
above. Sterile water {2.5 pl)} was used as a negative control.
{c0s7]

hAccording to the PCR thermal cycle profile shown in the section 3-2),
PCR reactions were performed using a real-time PCR device (i Cycler, Bio-Rad
Laboratories, Inc., Model: iQ).
[0098]

4. hAgarose gel electrophoresis for PCR amplified product

The PCR amplified products obtained in the section 3-3) above were
electrophoresed on a 2% agarose gel. After completion of the
electrophoresis, the agarose gel was immersed in an agueous solution of 1
pg/ml ethidium bromide for 20 minutes and washed twice with ion-exchange
water, and a UV transilluminator (wavelength: 254 nm) was used to cbserve
the amplification degrees of the ompA and MMS gene amplified products.
[00s9]

5. Test results

FIG. 2 shows the results obtained by performing: the multi-step
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Live cell Injured Live cell Injured cell cell cell cell 18.0+0.123.9+1.5
17.1+1.8 ND, ND18.5+2.5 ND, ND22.9+1.0 27.3, NDd'e
(2/2)(2/2)(2/2)(0/2)(2/2)(0/2)(2/2)(1/2) a) Ct value (mean+SD, N=2) b)
"(i/2)" represents the number of times of positive reaction in two PCB
assays. c)"EMP, i/j pg /m1"is the results of the two-step EM.A treatment
and means that the first EMA treatment is performed at a concentration of
t repgtmh.anddhetsecand-EMA treatment is: perfermesh at-a soneentiation of jpcr for

the L%%Hg '%d ::ypég}? %%E%%tﬂﬂnacl'Pcéi@ac@@“ﬁ%gogé()du&t (IISHQEQQLIV ‘e e)tr@atment
"27.3, means that the ﬁl’Sﬁ% Ctvalue'is 89 ana]the second EL vglue IS

langyp while Table 5 shows data obtained by quantifying band intensities
of the final PCRamplifiedproducts. Meanwhile, FIG. 2 shows the resulis
obtained by performing: the single-step treatment for the live cells
and injured cells of sakazakil; PCR for the ompA gene; and agarose gel
electrophoresis (single-step treatment lane), and Table 6 shows data
obtained by guantifying band intensities of the final PCR amplified
products. The band intensities in the tables are values measured by
scanning the colorstrengthof eachband intheelectrophoresisdirection
using G5-700 ImagingDensitometermanufacturedby Bio~Rad Laboratories,
Inc. (densitometer: measurement wavelength 600 nm). Moreover, Table
7 shows the number of cycles at initial rising in sach real-time PCR
curve in the multi-step treatment or single-step treatment (Ct value).

FIG. 3 shows the results of the electrephoresis for final PCR
amplified products cof the MMS gene after the multi-step treatment
(multi-step treatment lane), and Table 8 shows data obtained by

o o T

gquantifying the PCR bands. Meanwhile, FIG. 3 shows the results of the

b

electrophoresisafierthesingle-steptreatment (single-step treatment
leane), and Table ¢ shows data cbtained by gquantifying the PCR bands.
Meanwhile, Table 10 shows the number of cycles at initial rising in
each real-time PCR curve in the multi-step treatment or single-ste

treatment (Ct value).

[0L00]
[Table &)
Table 5
EME O ug/ml EMZ 10 pg/ml
+ +
Incubation (37°C, 2 hr) Incubation (37°C, 2 hr)
+ +
EMA O ug/ml EMA 10 ng/ml
Live cell Injured cell Live cell Injured cell
Band 1.514 1.681 1.546 0.000
Intensity
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[0106] In the case where EMA was not added in the multi-step
treatment, bands which were estimated as ompA gene amplified products
and MMS gene amplified products were detected in both the live cells and
injured cells of sakazakii, and it was impossible to specifically detect only

fo1o1live cells. However, in the case where EMA was added in the multi-step

[Tabrdrggtment (EMA 10 ug/ml-incubation-EMA 10 pg/ml) , bands were clearly
detected in the live cells, while no band was detected in the injured cells.

Table (fn the case of the injured cells, a band shorter than the target gene
appears and is a primer dimer. ) The results suggest that the multi-step
treatment&hablégSelective detectiéh of otfythe live cells in PCR. As is
obvious from-the data-obtained-by-guantifying-the-band-intensities (shown
in Tables 5 and-8) 1 thE'MtikEsteprireatment erabig&tlear discrimination
of the live cells from iﬁl‘?}rged cells in PCR tarqecﬂfﬂﬁL the relatively and

Bana extremely short gene (469 bp and 78 bp) [0107] According to the Ct
tntendles in Table 7, in the’sihgle-stép trdatment™witt’25 ug/m1 EMA, live
celtsof llliblUUlgalliDlll are-distimgoistred-fromrmored-cetls of

microorganism. However, the Ct value in the live cells of microorganism is
[0182120.90.6, which is larger by about 5.0 than the Ct value of 15.90.4 in live
TablLells treated by the multi-step treatment (EMA 10/10 pg/m1) . That is,

even though whether the cells are dead or live can be evaluated by the
Table s7ingle-step treatment, it is impossible to detect a low concentration of

E. sakazgihblaibecatist the deftftior finivdf ket éelilis)lower by about 2 logio

EMA C pegtis/ml than thdt¥h e roditi-step treBifetit. f0108] 6. DiscuB$ton00 pgltrl
Live ceffje casereiPCRYdEfFgERRY EVEEEShoH geneEe MMSgEe® s b agell Injured
]iﬁ+Comparative Exd E)%e 2. when a sample“&itreated with 10~ &2
re

Wi {(rfi
27620 2 Ty b G2 et e ent e Ansdhs Sthoctiad ibdgh 350 ™
(2/2)" only iaj).g,ed micri\gl% anism&g% to di@?gy cleave.p@}étfle strqgf;%:?; g (1/2)

chromosomal DNA of the injured cells at many points indepen
EMA 0/0 qy_gﬁﬁwes in the Qactesiumy. However, i{he fumber afinjuredicells IR asy g /m1
Live cefiINAgahout 19%@“4&‘1'1@%@&@ MM3.qene regions of chremosomal yy4req

DNAs.91f all injured microorganism cellsiare not always cleaved. Asa 71
12.9:0. §esulty even if thescongentrationuef EMA is.high in the single-stelk+0.4 36.0, n»
(2/2) treatmént, final PR amplifiedproductgbihe injured cells does st (1/2)

a) ct hescomenegakve. Meanwhile, in the case where a sample is treated with

. . EMA at a concentration equal to or less than 10 ug/m1 by the single:ste
) S EE ENTAGS ATt € LGS (Hon ol RS 1o oAt o 208
assaysghromosomal DNA is unlikely to be cleaved frequently. Therefore, in the
o) nrfagewbergdherPCR. targelragionis shos.dhe;targetregigns of
@ » s Shromosomal DNAs of all %uured microqrganism cells are not aIWé%s 1
cldaved, ARdHendE PER iS WSt cStpletely inhibited. 87001 SeEwthet vatue
is ND.other hand, after EMA is added once in the multi-step treatment, even if
e) +mpart of EMApassgsthrough Jive.celis ipLedycethe, npmber-of liye cells,dt neans
is possible to recover the number of live microorganism cells to the initial
$hat PRt E TetGver g HiftiRion DU GFIE e MicrBGTgaaht TRIRE o g9/ ™ 2nd
the sgemdvE@BnreasteeEMA todhBooutside-okthemienvorganismieilsugyml .
incubation in amedium suitable for culture . On the other hand, although
chromosomal DNA of injured microorganism cells is cleaved with EMA at
many points, in the case where a gene to be amplified by PCR is short,
the regions of chromosomal DNAs of all injuredmicroorganism cells are
not always cleaved. Even if the injured cells are incubated in the medium,
it is impossible to increase the number of the cells unlike live cells. Under
such circumstances, if EMA is added again at a certain concentration (for
example, 10 pg/ml), EMA passes through only cell walls of injured cells to
promote further cleavage of chromosomal DNA, and bands of final PCR
amplified products may not be dete%tsed only in the case of injured cells.
[0110] [Example 3] 1. Preparation of sample - Preparation of
Salmonella enteri dis (live cell and injured cell) suspensions A
Gram-negative bacterium, Salmonella enteritidis (Salmonella enteritidis

IIP 604; hereinafter, abbreviated as "Salmonella" in some cases), was
crilttired in brain-heart infiicion (PHI hroth at 2R27C and B ml nf the ciiltiire



2. Test method 2-1) Multi-step treatment (Method of the presentinvention)
Ethidium monoazide (EMA) was added to the live cell suspension and
injured cell suspension of Salmonella prepared above at a final
03Loncentration of 0, 10, 25, or 100 pg/ml, and the suspensions were
[Tablealhjwed to stand under shading at 4C for 10 minutes. The suspensions

ran1e WEre placed on ice and irradiated for 5 minutes with a 500-W visible light
(ELOQD.RRFE:.10 -wavelength:

500 to 7%@@) @/aﬂgrstance of 20 c%o n% penS|ons Then, the
suspensians were centrifuged at 15,000xg for 10 minutes at 4C, and the
supernatapisungrediemoyed. Aneguakyelumneciphysielogicalsaline was
added thereto, and the suspensions were stirred and centrifuged at 15,
000xo for:zMa rnlm.géslat 4C, foIIowedByHeInovanI the supernatants. An
equal vold s
the suspeﬂs\tgng v_yere nIrl:Ubae@d at BnggorC%ﬂoursIEQ:uIBii EMA was
not added again to the I&#-€ell and injured cell suspéfsions having an
nang EMA concentration of O in the first EMA treatment, while EMA was added
mteﬁ%%&ﬁ at alfrﬁ@ﬂ’ EMA coﬁcéﬁ%ratlon of Q@ﬁ@/ml to the liveocell and injured
cell-siispensieons-havina-an-EFMA-coRncentta 02508100 g/m| in
the first EMA treatment The suspensions were aIIowed to stand under
[o104]shading at 4C for 10 minutes, placed on ice, and irradiated for 5Sminutes
(Tabl wgn a 500-Whvisible light at a distance of 20 cm from the suspensions.
e[0114] 2-2) Single treatment (Comparative Example 3)

Table PthidiumTmonoazide (EMA) was added to the live cell and injured cell
suspensions of Salmonella prepared in the section "1." at a final.
concentrdh8n ©f4¥/ 18, 25 or 100 BffmiLakd/the suspensions were
allowed to-stand-under-shading-at-4-C-for-10-minutes;-placed on ice , and
irradiated:fored minutdS TR 500-W.visible light EFEOOD PRE: 100V,
500W, IWASAKI ELEESFRIC CO., LTD., Wave‘F&]téth 500 to 700 nm) at a

rand distance of 20 an from the suspensions. [0115] 2-3) Preparation of
mtenraaet,erlun’r)s%%‘bensror?téa%e usedEinBIﬂé:R testq\/lﬁﬁ%tubes including one of

- ceett-sust C elta-treated in the
sectlons 2- 1) and 2-2) above were centrlfuged at 15,000xg for 10 minutes

[0105]at 4C. The supernatants were removed, and 1 ml of physiological saline

[Tab1V@§; added thereto. The resultant suspensions were stirred vigorously and
centrifuged while cooling in the same way as above (washing treatment).

Table dhe more washing

E. sakazakii (MMS: 79 bp; 8.38+0.25 logy cells/ml )

EMA O ug/ml EMA 10 ug/ml EMA 25 ug/ml EMA 100 upg/ml

Live cell Injured Live cell Injured Live cell Injured Live cell Injured
cell cell cell cell

19.64+2.0°% 24.0x3.5 20.820.9 27.6+0.1 19.9+1.3 27.2+1.0 22.2+1.0 25.240.5

(2/2) ° (2/2) (2/2) (2/2) (2/2) (2/2) {2/2) (2/2)

EMA 0/0 pg/ml © EMAR 10/10 ug/ml EMA 25/10 pg/ml EMA 100/10 ug/ml

Live cell Injured Live cell Injured Live cell Injured Live cell Injured
cell ceall cell cell

18.040.1 23.9+1.5 17.141.8 ND, ND 18.5+2.5 ND, ND 22.9x1.0 27.3, ND & °

(2/2) {2/2) (2/2) (0/2) {2/2) (0/2) (2/2) (1/2)

a) Ct value (mean+SD, N=2)
b) "(i/2)" represents the rumber of times of positive reaction in two PCR

assays.
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treatment was performed in the same way as the first treatment, and the
same amount of sterile water as the initial amount was added to the
pellets, followed by vigorous stirring. [0116] 3. PR targeting invasion
gene (invA) and enterotoxin gene of Salmonella (Both of them are short
DNAs) 3-1) Amplification of invA gene and enterotoxin gene PCR
Master Mix (total volume: 25.25 41) was prepared using Direct Buffer Mix
c) "(@&g SCIENCRICO: sLThe YekohamacKanngawa) capablemh treatment and
_...sequentially and automatically perfotming elution of chromosomal DNA __ .
rea F’o?tn%g ba‘t%rig%nrgﬁd%éfgg‘cﬁg%%gm% Eﬁﬂ%ro fix %o%fa%sgoancerll\%* ation of
1 podempenentiisudactant) fofinhibitirigadsorptiopeotia prstein derived figmaration
of pagierum to a template DNA derived from a bacterium to be used in PCR
Jeactions; and a component (surfactant).for inhibiting adsprption of a
O R ariae dorerT ot S balE L 150 BNA Sy mrabe Sty v
e) "further aibihgredientecessary forrdal Hime PCR reactions. Detallsof theond Ct
JRCR-Master Mix are as follows. [0117] Each component of PCR
Master Mix for detecting invA gene is as follows. -Direct buffer MIX
manufactured by G&g SCIENCE. CO., LTD.: 21yl (5U/yl) Ex-Tag
[01{@janufactured by TAKARA SHUZO CO., LTD, catalog No: RROO1B):
0.25 Y1 (10 pmallyh) IVALEDNA: 2,y)- (10 molpL) invAR-ONA; 2yl ez cment

) invA-F: Primer Set SIN-1 for detecting invA gene of Salmonella gprodug:t

banc Y8501 S EAKERIBBY rRAIR: Bifier S6t SIRR2 o Getediy mva Yene™s gene
ampldfﬁ&ld\@l&ﬂﬂi@t@:d%&@ﬁdﬁﬁ@dﬂ@& akar_a:ijh [m]]:iVEEa@jllS and injured
Cel%@@?oggﬂégggge Iglﬁét%:Wé_%OEIQ'EE%C%TIQ@'[@EO%Q?QS&@% detect only

ollows.
live cells. However, in the case where EMA was added in the multi-ster

vad

treatment {EMA 10 pg/mi-incubation-EMA 10 pg/ml), bands were clearly
detected in the live cells, while no band was detected in the injured
cells. (Inthe caseof the injured cells, a band shorter than the target
gene appears and is a primer dimer.) The results suggest that the
multi-step treatment enables selective detecticonof only the live cells
in PCR. As is obvious from the data cbtained by gquantifying the band
intensities (shown in Tables 5 and 8}, themulti-step treatment enables
cleardiscriminationofthelivecellsfrominjuredcells inPCRtargeting
the relatively and extremely short gene (469 bp and 78 bp).

[G107]

AccordingtotheCivaluesinTable 7, inthesingle~step treatment
with 25 pg/ml EMA, live cells of microorganism are distinguished from
injuredcells of microorganism. However, theCt value inthe livecells
of microorganism is 20.%20.6, which is larger by about 5.0 than the
Ct value of 15.240.4 in live cells treated by the multi-step tLreatment
(EMA 10/10 ug/ml). That is, even though whether the cells are dead
or live can be evaluated by the single-step treatment, 1t is impossible

to detect a low concentration of sakazakii because the detection limit

3

of livecells is lower by about 2 logjpcells/ml than that inthemuliti-step

k

treatment.

[0108]



-Direct buffer MIX manufactured by G&g SCIENCE. CO., LTD.: 21 41

(5Ulyl) Ex-Tag (manufactured by TAKARA SHUZO CO., LTD, catalog

No: RROO1B): 0.25yl (10 pmol1/41) enterotoxin-F DNA: 2 yl (10

pmol/y1l) enterotoxin-R DNA: 2 yl enterotoxin-F: Primer Set STN-1 for

detecting enterotoxin gene of Salmonella (product code:5019; TakaraBio)

enterotoxin-R: Primer Set STN-2 for detecting enterotoxin gene of

Salmonelladpsaduet code:5019; TakaraBio) [0119] Note that, the total

amoynt.alhe.ahove:mentionedeagrpis s 2225 o and inBitectiulier e (7

MIX manufactured by G&g SCIENCE. CO., LTD., required components ‘
o0 ) Ao EPNaster ViR Gt iR dtfeP 25.25 pravethééiptepafed f§ated with
10 pdave thefollowiag final eoncentratiens hefare and o[04 20} 4=xrFagBuffer thouoh

e JARPEUIR DPARE SN 0, LD, B NG BPREIB N s o
COrORREOEB) D2 AiMidech ISYBAGFEER fmahutadtiirée by BMVIK datalogent 1y of
enzyMes50813)0hclM2linm .  3d)skhermalcydle profiledf RER fofured cells is
-2 o3Pl o qusaane snd niren agpe LA abe Lo
DNAsegtbrétbxiriliured microorganism cells are not always cleaved. As
& result, even if the concentration of EMA is high in the single-step
treatment, final PCR amplified product of the injured cells does not
become negative. Meanwhile, in the case where a sample is treated with
EMA at a concentration egual to or less than 10 pg/ml by the single~step
treatment, EMA is hard to pass through cell walls of injured cells,
and chromosomal DNA is unlikely to be cleaved freguently. Therefore,
in the case where the PCR target region is short, the target regions
of chromosomal DNAs of all injured microorganism cells are not always
cleaved, and hence, PCR is not completely inhibited.

[0109]

Cn the other hand, after EMA is added once in the multi-step
treatment, even 1f part of EMA passes through live cells to reduce the
number of live cells, it is possible to recover the number of live
microorganism cells to the initial value, to recover a diffusion pump
of the livemicrocrganismcells, or to remove unreacted EMA to the outside
of themicroorganismecellsbyincubation inamediumsuitable forculture.
On the other hand, zlthough chromosomal DNA of injured microocrganism
cells is cleaved with EMA at many polints, in the case where a gene to
be amplified by PCR is short, the regions of chromosomal DNAs of all
injuredmicroocrganismcells arenot always cleaved. Evenif the injured
cells are incubated in the medium, it is impossikle to increase the
number cf the cells unlike live cells. Under such circumstances, if
EMA is added again at a certain concentration (for example, 10 ug/ml),
EMA passes through only cell walls of injured cells to promote further
cleavage of chromosomal DNA, and bands of final PCR amplified products

may nct be detected cnly in the case of injured cells.
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gene Cycle Repeats Step Retention time Hold Set(C) Temperature
rising gradient (C) 111

(0110]

[Example 3]

1. Preparation of sample ~ Preparation of Salmonella enteritidis
{live cell and injured cell} suspsansions

A Gram-negative bacterium, Salmonells enteritidis {(Salmonella
enteritidis IIF 604; hereinafter, abbreviated as "Salmonella™ in some
cases), was cultured in brain-heart infusion (BHI) broth at 37°C, and
Smlof theculturemediumin the logarithmic growth phase was centrifuged
at 8,000xg for 15 minutes at 4°C, followed by removal of the supernatant.
5 ml of physiclogical saline was added to the bacterial cells, and the
whole was vigorously stirred and centrifuged while cooling in the sams
way as above. The supernatant was reamoved, and 5 ml of physiclogical
saline was added to the bacterial cells and diluted 10~£fold, to thereby
prepare a live cell suspension. The number of the live cells in the
live cell suspension was determined in a2 standard azgar plate medium
and found to be 8.06%0.02 logy cfu/mi.

[0111]

The live cell suspensicn {1 ml} was placed ina 1.5-ml microtube,
and the micretube was immersed in boiling water for 2 minutes and
immediately ccoled with ice water, to thereby prepare a injured cell
suspensicn. Thecells in the suspension probably include small numbers
of livecellsanddeadcellsbut includemainly injuredcells. Therefore
the cells are simply referred to as "injured cells™. The method of
the present invention is criginally intended to detect live cells, and
microcrganism cells distinguished from live cells may be injured cells
or dead cells.
r0112]

s
Z-1} Multi-step treatment (Method of the present invention)
Ethidium monoazide (EMA) was added to the live cell suspension
and injured cell suspension of Salmonella prepared above at a final
concentrationof 0, 10, 25, or 100 ng/ml, and the suspensions were allowed
to stand under shading at 4°C for 10 minutes. The suspensions were
placed on ice and irradiated for 5 minutes with a 500-W visible light

(FLOCD PRF: 10C V, 500 W, IWASAKI ELECTRIC CO., LTD., wavelength: 500
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to 700 nm}) at a distance of 20 cm from the suspensions. Then, the
suspensions were centrifuged at 15,000xg for 10 minutes at £°C, and
the supernatants were removed. An egual volume of physioclogical saline
was added theretc, and the suspensions were stirred and centrifuged
at 15, 000xg for 10minutesat 4°C, followedbyremoval of the supernatants.
An egual volume of brain~heart infusion (BHI) broth was added thereto,
and the suspensions were incubated at 37°C for 2 hours.
(01131

EMA was not added again to the live cell and injured cell
suspensions having an EMA concentration ¢f 0 in the first EMA treatment,
while EMA was added again at a final EMA concentration of 10 pg/ml to
the live cell and injured cell suspensions having an EMA concentration
of 10, 25, or 100 pg/ml in the first EMA trsatment. The suspensions
were allowed to stand under shading at 4°C for 10 minutes, placed on
ice, and lrradiated for bminuteswitha 500~-Wvisibkle Light at adistance
of 20 cm from the suspensions.
{01147

2-2) Single treatment {(Comparative Exampie 3)

Ethidium monoazide (EMA) was added to the live cell and injured

iy

cell suspensions of Salmonella prepared in the section "1." at a £ina

[

concentrationof 0, 10, 250r 100 ug/ml, and the suspensions were allowed
to standunder shadingat 4°C for 10minutes, placedon ice, and irradiated
for Yminuteswitha 500-Wvisible light (FLOOD PRF: 100V, 200 W, IWASAKI
ELECTRIC CC., LTD., wavelength: 500 to 700 nm) at a distance of 20 cm
from the suspensions.
(01157

2-3) Preparation of bacterium suspension To be used in PCR test

Microtubes including ene of the live cell and injured cell
suspensions of Salmeonella treated in the sections 2-1) and 2-2) above
were centrifuged at 15,000xg for 10 minutes at 4°C. The supernatants
were removed, and 1 ml of physiological saline was added thereto. The
resultant suspensions were stirred vigorously and centrifuged while
cooling in the same way as above {washing treatment). OCne more washing
treatment was performed in the same way as the first treatment, and

the same amount of sterile water as The initiazl amount was added to
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the pellets, followed by vigorous stirring.
[0116]

3. PR targeting dnvasion gene (invA) and entercotoxin gene of
Salmonella (Both of them are short DNAs)

3-1) Amplification of invA gene and enterotoxin gene

PCR Master Mix (total volume: 25.25 ul) was prepared using Direct
Buffer Mix (G&g SCIENCE CO., LID., vVYokchama, Kanagawa) capable of
sequentially and automastically performing elution of chromcsomal DNA from a
bacterium and PCR reactions. The Buffer Mix cantains: a component
(surfactant) for inhibiting adsorption of a protein derived from a bacterium
to a template DNA derived from a bacterium to be used in PCR reactions; and
a component (surfactant) for inhibiting adsorption of a polysaccharide
derived from a bacterium to a DNA polymerase; and further an ingredient
necessary for real-time PCR reactions. Details of the PCR Master Mix are as
follows.
[0117]

Ezch component of PCR Master Mix for detecting invA gene is as
folliows.
-Direct buffer MIX manufactured by G&g SCIENCE. CO., LID.: 21 pul
-(5U/pl) Ex-Tag (manufactured by TAKARA SHUZO CO., LTD, catalog No: RROOLB):
0.25 pl
- (10 pmol/ul) invA-F DNA: 2 ul
- (10 pmol/pl) inva-R DNA: 2 ul
invA-F: Primer Set SIN-1 for detecting invA gene of Salmonella (product
code:5018; TakaraBio)
invA-R: Primer Set SIN-2 for detecting invd gene of Salmonella (product
code : S018; TakaraBioc)
{01181}

Each component of PCR Master Mix for detecting enterotoxin gene is as
follows.
~Direct buffer MIX mamufactured by G&g SCIENCE. CO., LID.: 21 ul
-(5U/pl) Ex-Tag {(manufactursd by TAKBRA SHUZO CO., LID, catalog No: RROOLIB):
0.25 ul
-{10 pmol/ul) enterotoxin-F DNA: 2 ul

- {10 pmol/pl) enterotoxin-R DNA: 2 pl
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enterctoxin-F: Primer Set STN-1 for detecting entercotoxin gene of
Salmonella {(product code:3501%; TakaraBio)

enterotoxin~R: Primer Set S3TN-Z for detecting enterctoxin gene of
Salmonella (product code:5019; TakaraBio)

[0119]

Note that, the zotal amount of the above-mentioned reagents is

o

.25 ul and in Direct buffer MIX manufactured by G&g SCIENCE. CO.,
TD.,

= o

L]

equired components for PCR Master Mix in total amount of Z5.25
Bl have been prepared to have the following final concentirations
beforehand. |
01207
~Ex~Tag Buffer {(manufactured by TAKARA SHUZO CO., LTD, catalog No:
RRCOLIB) : 1x
—dNTP mixture {(manufactured by TAKARA SHUZO CO., LTD, catalog No:
RROCIBY: 0.2 mM each
-SYBA Green (menufactured by BMA, catalog No: 50513): 0.4x
[0121)

3-2) Thermal cyvcle profile of PCR for amplification of invA gene
and enterotoxin gene
[0122]
[Table 11]
Table 11 Thermal cycle profile of PCR for amplification of invA gene

and enterotoxin gene

Cycle Repsats Step Retention Hold Set (°C) Temperature
Time rising gradient

(°cy
1 1 1 03:00 4
z i 1 02:00 94
3 50 1 01:00 94
2 01:060 55
3 01:00 68
4 1 1 03:00 g5

5 250 1 00:08 70 0.1
6 © 4

[0123]

2-3) PCR reaction
The test suspensions prepared in the section 2-3} above (2 ul

each) were added to the PCRMaster Mix (25.20 ul) prepared in the section
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[0123] 3-3) PCR reaction The test suspensions prepared in the section

2-3) above (2 pl each) were added to the POP Master Mix (25.25 pl)

prepared in the section 3- 1% above. TE buffer (2.5 yl) was used as a
3-1) aheyative CoRtbfSfp1 24P #1) AGRDIIRTG Bhe PERYhEFaPETRle profile
[01243shown in the section 3-2), PCR reactions were performed using a

ealline b CR dadced Cupler, BioRad Lanoralories, inc Modelu Q) on 5-2),

[0125] 4. g\garose el electrophoresis for PCR amp product
PCR re3eR BAphfiEd gaa%eawfaﬁaj%tﬁ@sééﬂ@n%ﬂ%)%é% wérgycler Bm-Rad
Laborslecirapharesedrerial 296cagarose gel. After completion of the
mlzmelectrophoresis, the agarose gel was immersed in an aqueous solution of

1 jig/ml ethidium bromide for 20 minutes and washed twice with

ibn-8%eharR CiateteaRtPRNONe s dituniiFaterpwalisengthd2s4 nm) was

used tewbsepve thesamplification-degrees of theivAgeneang- 3 above were

nterotoxi xin gene amplglﬁd products [01%6] 5. Te% results

electr ore the

shiows the results Gbtained b per?ormﬁtg ‘the multi- stfep trera“?men]tofdr the

electypphertigiand ifiredsssits of SalwishelimePeR! fomtheninydveeire,; smigition of 1
ug/ml agarose.gekelectrapheresis (rmytti@tap sreatmentdane); whilgtablesl2ehange

ho S data obtame%ﬁy uantlfyl % d mtlgnsmes of the final PCR
amfiplified Prodiicts “MeARwhilg, FIG™ 2 SREWS thé Testts dBaingdthy o observe
the apErdfmigothedsinglesstep trbatment faetne Iw@ceﬂsmqnpmedecellﬁmpl ified
producealmonella; PCR for the invA gene; and agarose gel electrophoresis
(single-step treatment lane), and Table 13 shows data obtained by
qguantifying band intensities of the final PCR amplified products. The band
intefisikies#vthédables are values measured by scanning the color

strength otgaeh band '949&1@@%89%@&'5% CRUOBIRNG GSeAD0 1t s -step

Imaging Densitometer manufactured by Bio-Rad Laboratories, Inc.

Creatin dittmbBtEr: tdasiferertitavaieitth 660 Ty MITeavEs L RinI8 s for the
invA shows thelnupersef oyelessforaaisitigpeactsreaktime-ERpurvesiriketr  lane),

wnile MLH-Step trgatment.at single-step {reafment (Ctvalug), 5 1Eé&s§éttogfv%f the

the results of the electrophoresis for final PCR amplified products of the

final é’ﬁt“era@%ﬁ?g%ﬁe%ﬁ%ﬁa muffEtEhiteatieit (ﬁtﬁttPgﬁeﬁ}tFea’ﬁﬁéﬁttaﬁé’FamEd
by peafthiakie 1&shmﬂzsgiataa@ameebbmﬂmanttﬁymgﬂ@eﬂﬁa kanus. and injured

cells M@M%ﬁefjg %é@%é%“ﬂ%er eﬂfv&? tQ e tr%% s%s e%fteitg%ro horesis

single-step treatment (single-step trea ment fa ane), an tle 16
(singlgs et Bhtaimed Birghantififl the PR BanEs. N/ﬁaarﬁﬁﬁ‘ﬂé T%’fﬂé 1?’]@%W§d by
quant ithe nyirbet of oyelesakinitdl rsmorimeachorealdime PCRedtie i’ theThe band

:Lntensn'lé‘1 g 19 tcrﬁ t@a_eoqte%ngrgntgaE etse pmteraesat}rme%ngggctst\:/g,rl}%g%g [Qt‘]ig 7Aolor strength

of each band in the electrophoresis direction using G$-700 Imaging

water,

[0126]

Densitometer manufactured by Bio-Rad Laboratories, Inc. (densitometer:
measurement wavelength 600 nm). Moreover, Table 14 shows the number of
cycles for raising each real-~time PCR curve in the multi-step treatment or
single-step treatment (Ct value).

FIG. 5 shows the results cof the electrophoresis for £inal PCR
amplified products of the enterotoxin gene after the multi-step treatment
(multi-step treatment lane), and Table 15 shows data obtained by quantifying
the PCR bands. Meanwhile, FIG. 5 shows the results of
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[Table 12] Table 12 [0129] [Table 14] Table 14 S. enterandis (invA: 378
bp; 8.07+0.00 logio cells/ml) EMA 0 pg/mIEMA 10 pg/mIEMA 25
pg/m1EMA 100 pg/ml Live cellLive cellLive cellLive cell
Injuredinjuredinjuredinjured cellcellcellcell 17.73.2a 16.42.316.20.4
31.64.7 18.20.3 ND, ND'27.73.6ND, ND
(2/2)b(2/2)(2/2)(2/2)(2/2)(0/2)(2/2)(0/2) EMA 0/0 pg/mlaEMA 10/10 pg/mi

the Liveceltidwe celddnjuredingiredcellcel 13.62-61 252 716=035ND, NDngle-step
treatment lane) . and Table 16 shows data obtalined by guantifying the
PCR bands. Meanwhilile, Table 17 shows the number of cycles at initial

rising in each real-time PCR curve in the multi-step treatment and

single~-step treatment {(Ct value).
[0127]
[Table 12}
Table 12
EME O pg/ml EMA 10 pg/ml
+ +
Incubation (37°C, 2 hry Incubation (37°C, 2 hr)
+ +
EMA 0 pg/ml EMA 10 pg/ml
Live cell Injured Live cell injured
cell cell
| Benc 0.777 1.081 0.742 0.000
intensity
[01Z28]
[Table 13]
Table 13
EMA O pg/ml EMA 10 pg/ml
Live cell [TIULES 4ol cerp IRJured
cell cell
mand 0.519 0.508 2.856 1.218

intensity
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(2/12)(2/2)(2/2)(0/2) EMA 25/10 pg/ml Live cell Injured cell 18.9+2.2 ND,
ND (2/2)(0/2) EMA 100/10 pg/ml Live cell Injured cell 27.9+3.0 ND, ND
(2/2)(0/2) a) Ct value (meanSD, N=2) b) 11(1/2)" represents the number
012915f times of positive reaction in two PR assays. c) "ND" means that final
'TabldP R amplified product is negative. d) "ND, ND" means that final PCR
Table amplified product is negatlve in both the first and second PCR assays. e)

_ " is-the results of the two-step EMA treatment and means
s enffﬁléf?ﬁ%lg{nap SHERAR t?’ggtr%Bht% %7Fﬁoﬁﬂe]o°%t° ConEéltration of | pg/ml and

HMA O the/Sdcond EMA@P’%’aﬁrﬁe’r‘ﬁ/@perfamIed%‘f}*a?c%rﬁ‘@'él‘ﬁratlon of@@ﬁpo pg/ml
Ve 16130q) [Table 15} ENFAG b/l LEMA 10°pgfnFett Ve cell

Injured Injured

cell cell cell cell
17.7+3.2% 16.4+2.3 16.2+0.4 31.644.7 18.2+0.3 ND, ND® 9 27.7+3.6 ND, ND
(2/2)"° (2/2) (2/2) (2/2) (2/2) (0/2) (2/2) (0/2)
EMA 0/0C pg/ml® EMA 10/10 pg/ml EMA 25/10 pg/ml EMA 100/10 pg/ml
Live cell Live cell Live cell Live cell

Injured Injured Injured Injured

cell cell cell cell
13.6+2.6 17.5+2.7 16.0+3.5 ND, ND 18.9+2.2 ND, ND 27.943.0 ND, ND
(2/2) (2/2) (2/2) (0/2) (2/2) (0/2) (2/2) (0/2}

ay Ct value (meanstSD, N=2)

b} v{i/2)" represents the number of times of positive reaction in two PCR
assays,

¢) "ND" means that final PCR amplified product is negative.

d) "ND, ND" means that final PCR amplified product is negative in both the
first and second PCR assays.

e) "BEMA 1i/7 pg/ml* is the results of the two-step EMA treatment and means
that the first EMA treatment is performed at a concentration of i ug/ml and

the second EMA treatment is performed at a concentration of Jj ug/ml.

[0130]
[Table 15]

%MA 0 ug/ml EMA 1¢ pg/ml

. o + :
Efumtlon 37°C, 2 ppewsation (37°C, 2 hr)
+
+
EMA O ug/ml 10 pg/ml
, Injured . .
Live cell Live cell Injured cell
cell

Eand , 1.816 1.380 1.053 0.000
intensity
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Incubation (37C, 2 Incubation (37C, 2 hr) hr) EMA 10 pg/ml EMA 0 pg/m1
Injured Live cell cell Live cell Injured cell Band
]intensityl.8161.3801.0530.000 EMA 0 pg/ml EMA 10 jig/ml

[0131
[Table 16]
Table 16

EMA 0 pg/ml EMA 10 ug/ml

Live cell Injured Live cell injured

cell cell
Band . 0.853 1.532 0.616 0.585
intensity
[0132]
[Table 17]
Table 17
S, enteritidis (enterotoxin: 264 Dp; 8.06+0.02 logy, cells/ml)
EMA 0 ug/ml EMA 10 pg/ml EMA 25 ug/ml EMA 100 upg/ml
Live cell Injured  Live cell Injured ILive cell Injured Live cell Injured
cell cell cell cell

26.6+3.0" 17.241.5 20.425.8 ND, 35.1%21.6+44.4 27.8, ND 24.5+1.8 ND, ND
@

(2/2)° (2/2) {2/2) {1/2) (2/2) (1/2) {2/2} (0/2)
EMA C/0 ug/ml® EMA 1G/10 pg/ml EMA 25/10 pg/ml EMA 100/10 ug/ml
Live cell Injured Live cell Injured Live cell Injured Live cell Injured
cell cell cell cell
12.1+0.8 17.2+1.0 13.41£0.4 ND, ND 17.2+£0.5 ND, ND 26.7x1..1 ND, ND
(2/2} (2/2) (2/2) (0/2) (2/2} (0/2) (2/2) (0/2)

a) Ct value (meaniSD, N=2)

b) "{i/2)" represents the number of times of positive reaction in two PCR
assays,

¢) "NDY means that final PCR amplified product is negative.

d} "ND, 25.1" weans that the first Ct value is ND and the second Ct value is
35.1.

e) "EMA i/j pg/ml" is the results of the two-step IMA treatment and means
that the first EMA treatment is performed at a concentration of i ug/mi and

the second EMA treatment is performed at a concentration of j ug/mi.

[C133]
In the case where EMA was not added in the multi-step treatment, bands
which were estimated as invA gene amplified products and enterotoxin gene

amplified producte were detected in both the live cells
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Injured Live cell cell Live cell Injured cell a) Ct value (meanSD, N=2) b)
"(i/2)" represents the number of times of positive reaction in two PCR
assays. c) "ND" means that final PCR amplified product is negative. d)
"ND, 35.1" means that the first Ct value is ND and the second Ct value is
35.1. e) "EMA i/j jig/ml" is the results of the two-step EMA treatment and
means that the first EMA treatment is perfouied at a concentration of i
and pyimkaddthelsecondEMAedatmentis performechat ascioncentratiorof fically

dete@@/rﬁlmigﬂ-gi%]ve «inthe Caﬁ@v&’@z@?ﬁ%% @%ts%dgi%%%tmw(}iéstgded in

treatment, bands which were estimated as invA gene amplified products
S et rStExin GRNEAhplfidd prodadiswars Hemeted it bt thedial ) , bands

werecellsarly detected in the live cells, while no band was detected
inthe injuredcells. The results suggest that themulti~step treatment
enables selective detectionof only the livecells in PCE. As is obvicus
from the data obtained by quantifying the band intensities {(shown in
Tables12andl15}, themulti~step treatment enablescleardiscrimination
of the live cells from injured cells in PCR targeting the relatively
short gene (378 bp and 264 bp).

[0134)]

According to the Ct wvalues in Table 14, in the single-step
treatmentswith25ug/mland100ng/mLlEMR, livecellscanbedistinguished
frominjuredcells. Howsver, theCtvalue inthe livecellsis 18.2340.23
and 27.74+3.8, respectively, which is larger by about 2.2 and 1.7,
respectively, than the Ct value of 16.0+3.5 in live cells treated by
themulti-steptreatment (EMA10/10ug/mi). Thatis, eventhoughwhether
the cells are dead or live can be evaluated by the single-step treatment,

t is impossible to detect a low concentration of sakazakii because

}.‘J_

the detection limit of live cells is lower by about 1 log;y cells/ml
or 4 log;e cells/ml compared with that in the multi-step treatment.
[C135]

. Discussion

In the case of PCR targeting a short gene, invA and enterotoxin
genes (378 bp and 284 bp), as shown in Comparative Example 3, when a
sampie 1s treated with 10 pg/ml EMA by the single~step treatment, EMA
directly cleave double strands of chromosomal DNA of the injured cells
at many points independently of enzymes in the bacterium. However,
a higher concentration of EMA causes an increase in the Cf value in
live cells, resulting in lowering the detection limit of the live cells.
[0136]

On the other hand, after EMA is added once in the multi-step
treatment, even if part of EMA passes through live cells to reduce the
number of live cells, 1t is possible to recover the number of live cells

to the initial value, to recover a diffusion pump of the live cells,
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and injured cells of Salmonella, and it was impossible to specifically detect
only live cells. However, in the case where EMA was added in the
multi-step treatment (EMA 10 pg/ml-incubation-EMA 10 pg/ml) , bands
were clearly detected in the live cells, while no band was detected in the
injured cells. The results suggest that the multi-step treatment enables
selective detection of only the live cells in FOR. As is obvious from the
or tdata:pbtained byquandifying the basddntenstiesoBhaven i Fablesgkand cells
L15),.t Iti-step treatment enab le iscrimination of thelive cell
oy A e n O it T rereialy Shad Genola 8 bprand = 22
althoggpphjorsgcnal A fding tothecCt ValliestinaTalsie ¢4 ikctie cleaved with
EMA SHONesSteoints, in the case where a gene to be amplified by PCR
i fEBmentswithzbpg/miand] 00pg/miEMA ecslscanhedstingished o oo o
- rom injL‘uredL calts OWEVer, {he Ctvalue in the Tive cells is T8 236'3aRd ™ ¢="
cellp7a23:8)péspertnelyC Wit (s lar§er Byiaboae2in anderi7; séspedthielyncubated
in tthanthe;Ghvalue ofs16.03:2 in live-cells treatad:by themultisteptreatment co11s
.eventhoughwhether the cells are dead or liv

] 1,iEMebxlollcgrpgaL/rW1). Thaéisv 1ethe : ive | ,
U1 268N b evald e%l‘by[fﬁle %lngﬁg%feﬁ Jtr%%‘t‘rrﬁsehﬁri‘f: i%slmp”o“"ssTb e todetecta “94+"
at z|lowoncentration of SakazakiibecaliSe Hee detectiordimit oflive callslisvalls of

inqulowerby about 1 logiocelis/ml or-4-logio eglisiml-comparegd withihat iha bands
the multl-ste%treatment. \[79135 6. Discussion In the case of FOR

of fidifeting &Rbr gehe! iIMVA And enterstoXin gefies (378 B and J84 BF),c2°¢ ©F
injuasshown n Comparative, BExample 3; avhén@rsamaple is treatedawitvl O n Tables
14 zRg/MHEMA by the singlezstep treatment. EMA dirgctly cleave double: s on 1imit

strands of chromosomal DNAofthe injured cells at many points | ,
Lintfe pendenty SF ez ntein the badtafiunt Hoiwéver 2ehighep ©F fncubation
in acorcEntragtion ohEMA cauwsesamincreasemcttresCt valseiniwetgelldetect only
s 1otesulting inlowering the detection limit of the live cells. [0136] On the

_other hand, after EMA is added once in the multi-step treatment, even if
wldaért of EMA passes through live cells to reduce the number of live cells, it
s passiblestorrgcever theraumber of live icells e dse initialvalie, toaecoverormed
sor & diffusionpump.of the live cells,. of 1o remave unreacted EMASIO the =50 pases

_ _outside of the mlcrogrganism cells by incubation in a medium siyitable for
oI Craftiures Ty tYE otRer Rand, sithoGgR CArdMbstTiaIBNALOT juréd monella) and
a Gramcroorganisa cedlsts cleavedwitit EMA at manyrpoints; inthexdasene present
lnvewggg%a(%%Q%EQQ@MP@%QI@&&?E 'fi%oirFP@ig g‘?&!??%ﬂ@d oroducts of 10°

. chromosomal DNAs of all injured microorganism cells are not always L
1nlvéRaved  EveniftheirfiredEEts ddlindubitetisnthe medkmySeis while final
PCR dmpossibleitpinerease te nurbes f the-cellsiankke dve cellseUnderisucheveal
~circumsta [ i inata go tration_ of 10.wg/ml, . . .
e S ATB Eong ool ale of Terod Solh 0 promote Tughes " =71
a megEEvEge bf throffosbalfBNA dnd Bands orfikal FOR &nfplifledead cells of
var ipregucts are; ot detected only. in therease:of injureshesils. Moreoverias is, even
if M éear It;ré)mwmﬂecgativsagweg Sehnq“wn inﬁ-ria**bie*s“' }4 agrq %7?thzea@1ullti53tgg snot always
featment can improve the Hetdction Timit of fve calls basause the - ey
diregeatment incligdes thesstBpatinctbation i AShediGne With alresathagsetment
enapbecomes-possihle:to-detect oply feloveconsentrgtionefdivercells:. {037 rgeting
. As described @boveé in all the Qsar?es vghere POE vyasr%:‘rformed fora totﬂ cabl
2 =Dt hvéLhort ge‘rﬁzég Wit 581285 of about 86 16 500 bases o é?gml-ﬁe%%%vé ap-e
not padteria¢Enterbbacter sakazakirand Balmenelia) agitka Gramwpositive such as
put rbacterive (bistera); by themethed.of the presentdnvertion(multi-step e widely
treatment), final POE amplified products of 108 injurged cells(gg]%gludin ,
2PPLYE&d cefls) Wete notteteGed il HHaT PCR Amplified products of five Ve and
Granegiissweler detasted.cEhe resultsireveal thatthemethbeicamedtegt Listeria,
specifically live cells in milk containing a maximum of 105 to 107 cells/mi
of injured cells and dead cells of various pathogenic bacteria. Moreover,
as shown in Example 2, even if MMSqﬁene, which is present specifically in
sakazakii but is not always directly involved in pathogenicity, is used, the
multi-step treatment enables discrimination of live cells from injured cells

by FOR targeting a short gene. This suggests that the present invention is
annlicahle not onhvy 10 nathooenic hactaria hiit alen anenaral hactaria cirich

N
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collected, The residue contains bacteria, mammary epithelial cells, and
somatic cells such as bovine leukocytes. If centrifugation is performed at
10,000xg or more, the residue further contains a product obtained by
incompletely degrading a micellar protein with proteinase
(incompletely-degraded micellar casein product). The
incompletely-degraded casein micelle product is considered as a
Entesubmicele of g Beasein withyhighhydrephakigity. 0144 -h v I The fesiduenreus,
sac¥a%susheden 138 eaualyolyme ot physigloolsal saing (9 I I0i8alo s i ;.
volume, and the suspension was centrifuged at 100xg for 5 minutes at C?
[0158howed by removal of the supernatant containing microorganisms and
the likecl142] {Reference Example:2kPiepaiation.of teshrsample-fioRkcteremia
d 12 An volumeofphysiological saline was added.to. . . . . ,
e b0 e bolE s Se oo &t 2000y for ot Lo niuzed
bactBhinites at 4€. Thesliseratamanas Ferhoved {6 Colleet agésiduer There) . and
in sﬁeﬁmw@maﬁgﬁeb@@?ﬂa @ellﬁhwg%r@a@%%v@m M@@@g%&s@é] @S detect
monocvtes and lymphocytes, granulocytes, and erythraocytes. [014 ~
Olﬁ"y[ ejfgreer%%t%Q %%f‘e%%g?gga*%%ncoef ésat"sar[\r%(gf’)T;ler?ért](%‘"rchT)L I’oo:bn(f)]}1e CRRS where
the ggifs Yolumeofphysivlogicalsalinedwas atldédtshaparihized: bleodnand for a
tubdhewhelevascentifugedwhiles¢aaling-at 1Q0xg-for Sminutes at 4G 102+ 5 on i
A ningrsaég the blood into plasma and blood cells (mononuclear. cells such
*Tad monocytes Andiymphocytes. ahd grarioSites and 8titocytes): i samples
of Tfgllowedins tollpetioreofthecpashta thatdinmgtmicrborganisimeells.ve cells of
cubdPd44l{Reference Example 4LRreparation of test sample from bloed-@3) «arp1es
+ﬁn e%galr_yolum,e O%Q\%inOAQ%Sal saline was added to heoarinized plood._ ‘
“RSRTiliZEd tEsttube Was et with B &qlial VBfumeSt Ficalkpayte? -0 injurad
cel JAmershaen Bleseiences Ka K Ficeh406::5.7rg/ 100, soditice L1s/g . Under
sucrdiainizoate: 8.042Q0 ml, speciic gravity, 1.077;gdml] andihe. perc1e pacilii
- ﬁvdou1ple-d|lut?ed_bﬂep_airlnlzed blood was layeredslowlywhile the test tube was e
-l “SubBeqtiéftly; theXMsIE Wascantifuget & 100k g 61§ ulture method,

and according to the present invention, it becomes possible to apply

th

O

PCR to diagnesis in the therapeutic process of a tuberculosis patient.
[0138)

[Reference Example 1] Preparation of test sample from food

On the assumption that a microorganism contaminates milk {(which
is a food used as a test sample of the present invention), a method
oI preparing the test sample is described below.
[01403

An EDTA sclution and Tween 30 weres added te milk at a final
concentrationof 1 to 5 mM, especially 2 mM and at a final concentration
of 0.1 to 0.5%, especially 0.1%, respectively, and the whole was
centrifuged at 10,000xg for 10 minutes at 4°C. The preparation method
preferably includes: adding lipase (Sigma, E.C.3.1.1.3) at a final
concentration of 10 to 20 U/ml; treating the mixture at 30 to 37°C for
30 minutes to 1 hour; adding proteinase K (Sigma, E.C.3.4.21.64) at
a final concentration of 20 U/ml; and allowing the mixture to stand
for 30 minutes to 1 hour. The fat layer on the liguid surface and the

agqueous layer in the middle layer were removed, and the residue was



minutes at 4C, and the supernatant containing microorganism was

collected. Before layering the double-diluted heparinized blood on

Ficoll-Paque, the preparation method preferably includes: adding a

solution of lipase (Sigma, E.C.3.1.1,3) at a final concentration of 10 to 20

0/m1; adding a solution of deoxyribonuclease | (Sigma, EC 3.1.21.1) ata

final concentration of 10 to 50 0/m1; treating the mixture at 30 to 37C for
collig@minute§ite Irkouriadding proteinase Ke(Sigmandn@=3.4.2b 8@t kel cells,

and nal.gonceptration of 10 t9.2Q.4/m1. and, treating the mixture.at-39 #0,34C  on 15

f

for 30 minutes to 1 hour. [0145] [Reference EXample 5] Preparation of test .
per fozipe HormblB6E 18) © MAibhopdisnt fmErsham BibScientes IR P owuct
obt amidure of hicollahddMdetrizeatez Specific gtavityl 1115 gimihwdshdded:einase

K tPi%ééﬁ{ékgge%;fgl&@&%%Qa'fs‘fgi'%@?l%f%he hepaginized blood, and the .

heparin d was layered slowly while the test tube was tilted. hen,

incofelwhele’was Sentifftgsd 86 100Xy -fof SAfinteS Ar4E, afd fHensidered as a
subnSYReMatant eontaining:baeteriannas collected -nshustriat Applicability
(01 4[101146] According to the present invention, live cells can be easily and

rapidly distinguished from injured and dead cells in foods, biological =~
safiples; andthe efvircriment'stich a8 irdustiabwaler oF tap wabdisy. tHeoical

salinudcleic agid amplificatioromethodathe rmethodand kit of the presentr i fuged at
o0 UECIOD o5 Al 5 oLan NoBECIOns B % ST IR0
contgNIVER SITyrep2@sMethadairt Kitdor Défecting Microorganism <130>
10149P-C7308 <150> JP2007-212366 <151> 2007-08-16 <160> 6 <210> 1
<2 :%Q?e gr<eznjbze> x’\alfra\nple 21 Preparation of test sample from blood (1)

An equal volume of physiclogical saline was added to heparinized
blood, and the whole was centrifuged at 10,000xg for 5 minutes at 4°C.
The supernatant was removed to collect a residue. The residue contains
bacterial cells, thrombocvies, mononuclear cells such as monocytes and
lymphocytes, granulocytes, and erythrocytes.
[0143]

[Reference Example 3] Preparation of test sample from blood (2)

An equal volume of physiclogical saline was added to heparinized
blocd, and the whole was centrifugedwhile cocling at 100xg for S minutes
at 4°C to separate the blood into plasma and blocd cells (mononuclear
cells such as monocytes and lymphocytes, and granulocytes and
erythrocytes), followed by collection of the plasma containing
microorganism cells.
[0144]

[Reference Example 4] Preparation of test sample from blood (3)

An equal volume of physiological saline was added to heparinized
blood. A sterilized test tube was filled with an egual volume of
Ficoll-Paque [Amersham Biosciences K. K.; Ficoll 400: 5.7 g/100 ml,
sodium diatrizoate: 9 g/100 ml, specific gravity: 1.077 g/ml}, and the
double-diluted heparinizedblood was layered slowly while the test tube

was tilted. Subseguently, the whole was centrifuged at 100xg for 5
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<213> Artificial sequence <220> <223> primer hlyA-F <400> 1 tgcaagtcct
aagacgccal9 <210> 2 <211> 24 <212> DNA <213> Artificial sequence
<220> <223> primer hlyA-R <400> 2 cactgcatct ccgtggtata ctaa24 <210>
3 <211> 22 <212> DNA <213> Artificial sequence

minutes at 4°C, and the supernatant containing micrcorganism was
collected. Before layering the double-diluted heparinized blood on
Ficoll-Pague, the preparation method preferably includes: adding a
solution of lipase (Sigma, E.C.3.1.1.3) at a final concentraltion of
10 te 20 U/ml; adding a solution of deoxyribonuclease I (Sigma, EC
3.1.21.1) at a final concentration of 10 to 50 U/ml; treating the mixture
at 30 to 37°C for 30 minutes to 1 hour; adding proteinase K (Sigma,
E.C.3.4.21.64) at a final concentration of 10 to 20 U/ml; and treating
the mixture at 30 to 37°C for 30 minutes to 1 hour.
(01451

[Reference Example 5] Preparation of test sample from blocd (4)

MonopolyTM [Amersham Bicsciences K. K.; a mizture of Ficoll
and Metrizoate, specificgravity: 1.115 g/ml] was added to a sterilized
test tube in a half volume of the heparinized blood, and the heparinized
blood was layered slowly while the test tube was tilted. Then, the
whole was centrifuged at 100xg for Sminutes at 4°C, and the supernatant

containing bacteria was collected.

Industrial Applicability
[0l4e6]

According to the present invention, live cells can be easily
and rapildly distinguished from injured and dead cells in foods,
biclegical samples, and the envircenment such as industrial water or
tap water by the nucleic acid amplification method. The method and
kit of the present invention are applicable to voluntary inspections

and are excellent from an economicel standpoint.



<220> <223> primer ompA-F <400> 3 ggatttaacc gtgaactttt cc <210> 4
<211> 19 <212> DNA <213> Artificial sequence <220> <223> primer
ompA-R <400> 4 cgccagcgat gttagaagal9 <210> 5 <211> 22 <212> DNA
<213> Artificial sequence <220> <223> primer MMS-F

<110>

<120>

<130>

<3150>»
<1h1>

<160>

<210>

<211>

<212>

<213>

<220>
<223>

<400>

SEQUENCE LISTING

KYUSHU UNIVERSITY

Method and Kit for Detecting Microorganism

OP-C7308

JpP2007-212366
2007-08-1¢6

Artificial seguence

primer hlyA-F

1

tgcaagtcct aagacgceca 18

<z210>
<Z21l1l>
<Z1lZ>

<Z13>

<220>
<223>

z
24
DNZA

Artificial sequence

primer hlyA-R
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<400> 5 gggatattgt cccctgaaac ag22 <210> 6 <211> 19 <212> DNA
<213> Atrtificial sequence <220> <223> primer MMS-R <400> 6
cgagaataag ccgcgcattl9 CLAIMS 1. A method of detecting a live cell
of a microorganism in a test sample comprising the steps of: a)
adding a cross-linker capable of cross-linking a DNA by irradiation with
light having a wavelength of 350 nm to 700 nm to the test sample; b)
<4 0(rradiating the test sample to which the cross-linker is added with light
' a f m to 700 nm; c) removing the ,
Cac{%égg%iﬁk\gf \é?)érgtglgrgekc% in%t%?ié%est sample irradiated with light; d) 24
adding a medium to the test sample from which the cross-linker is
removed and incubating the test sample;

<210> 3
<211> 22
<212> DNA

<213> Artificial seguence

<220z
<223>» primer ompA-F

<400> 3

ggatttaacc grtgaactitt cc

B8]
B

<210> 4
<211> 168
<Z212> DNA

<213» Artificial seguence

<220>
<Z223> primer ompA~R

<4A00> 4

—
W0

cgccagegat gttagaaga

<2i0> 5
<211> 22
<212> DHNA

<213> Artificial sequence

<220>
<Z23> primer MMS-F

[84]
[#%]



e) adding again the cross-linker capable of cross-linking a DNA by
irradiation with light having a wavelength of 350 nm to 700 nm to the
incubated test sample; f) irradiating the test sample to which the
cross-linker is added with light having a wavelength of 350 rim to 700 nm;
g) extracting a DNA from the test sample and amplifying a target region of
the extracted DNA by a nucleic acid amplification method; and h)
analyzing the amplified product. 2. The method according to Claim 1,
<4 pgi¥hetein the amplified product is analyzed based on a standard curve
which is created by using a standard sample of the microorganism and
9998dows a refdtforShitbetifeen an amount of the microorganism and the 22

amplified product. 3. The method according to Claim 1 or 2, wherein
the nucleic acid amplification method is a POR, LAMP, SDA, LCR, or DNA
microarray method. 4. The method according to Claim 3, wherein the

<21UBCR method is performed by a real-time PCR method to simultaneously
<211perfoepm PCP and an analysis of an amplified product. 5. The method
<71 ,8CCO! ing to any one of Claims 1 to 4, wherein the test sample is a food, a
blood sample, an urine sample, a spinal fluid sample, a synovial fluid
<21 3gamplé, & pleviral effasiensample, industrial water, tap water,
groundwater, river water or rainwater. 6. The method according to any
ne of Claims 1 to 5, wherein the cross-linker is selected from the group
consisting of edithidium monoazide,ethidium diazide, psolaren,4,5'8-
<ZZ3gimethyrpsoldiénFand 8-methoxy psolaren. 7. The method according to
any one of Claims 1 to 6, wherein the length of the target region is SO to
<400§,0060 bases. 8. The method according to any one of Claims 1 to 7,
wherein the microorganism is a pathogenic bacterium. 9. The method
cgaggedardihgtoday-enhe of Claims 1 to 8, wherein the target regionisa 19
pathogenic gene. 10. A kit for conducting the method according to any
one of Claims 1 to 9 comprising the following components:  a cross
linker capable of cross-linking a DNA by radiation with light having a
wavelength of 350nn to 700nm; a medium; and a primer (s) for
amplifying a target region of DNA of a microorganism, which is a detection
target, by the nucleic acid amplification method.
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ABSTRACT A live cell of microorganism in a test sample is detected

by the following steps of : a) adding a cross-linker capable of cross-linking

a DNA by irradiation with light having a wavelength of 350 nm to 700 nm

to the test sample; b) irradiating the test sample to which the cross-linker

is added with light having a wavelength of 350 nm to 700 nm; c) removing

the cross-linker contained in the test sample irradiated with light; d) adding

a medium to the test sample fremarigh the cross-linker is removed and
incubating the test sample; e) adding again the cross-linker capable of
cross-linking a DNA by irradiation with light having a wavelength of 350

rimito Z0@uanhtaithefindebated testsample; f)diradiating thedestsgmplesto in a

oot WOUGH the eross:linker is addedwith light having a wavelength of 350 nm

to 700 nm; g) extracting a DNA from the test sample and amplifying a
tar§et ragion 8f the SxXtratied Di§Aby-aRfIclSic GCidHRpRficatiohmigingd;PN2 by
irraandd)@analyzing thenamplifiedgproducte length of 350 nm to 700 nm to the

Lest sample;

b) irradiating the test sample to which the cross-linker is added
with light having a wavelength of 350 nm te 700 nm;

c) removing the cross-linker contained in the test sample
irradiated with light;

d) adding a medium to the test sample from which the cross-linker
is removed and incubating the test sample; ﬁ.

e} adding again the cross-linker capable of cross-linking a DNA
by irradiation with light having a wavelength of 330 nm te 700 nm to
the incubated test sample;

f) irradiating the test sample to which the cross-1linker is added
with light having a wavelength of 350 nm to 700 nm;

g) extracting a DNA from the test sample and amplifying a target
region of the extracted DNA by a nucleic acid amplification method;
and

n) analvyzing the amplified product.

Z2. Themethod according to Claiml, wherein the amplified product
isanzlyzedbasedona standard curvewhich is createdby using a standard
sample of the microorganism and shows a relationship between an amount

of the microorganism and the amplified product.

3. The method according to Claim 1 or 2, wherein the nucleic
acid amplification method is a PCR, LAME, SDA, LCR, or DNA microarray

method.

4. The method according to Claim 3, wherein the PCR method is
performed by a real-time PCR method to simultaneously perform PCR and

an analysis of an amplified product.
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5. The method according to any one of Claims 1 tce 4, wherein
the test sample is a food, a blood sample, an urine sample, a
spinal fluid sample, a synovial fluid sample, a pleural
effusion sample, industrial water, fap water, groundwater,

river water or rainwater.

6. The method according to any one of Claims 1 to 5, wherein
the cross-iinker 1is selected from the group consisting of
edithidium moencazide, ethidium diazide, psolaren, 4,58~

trimethyl psolaren, and B-methoxy psolaren.

7. The method according to any one of Claims 1 to 6, wherein

the length of the target region is 50 to 5,000 bases.

8. The method according te any one of Claims 1 to 7, wherein

the microorganism is a pathogenic bacterium.

9. The method according te any one of Claims 1 to 8, wherein

the target region is a pathogenic gene.

10. & kit for conducting the methcd according to any one of
Claims 1 to 9 comprising the following components:

a cross linker <capable o¢f <cross-lirnking a DNA by
irradiaticn with light having a wavelength of 350nm to 700nm;
a medium; and

a primer ({(s) for amplifying a target region of DNA of a
microorganism, which is a detection target, by the nucleic

acid amplification method.
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