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 a method and kit for detection of a microorganism that
enable selective detection of live cells of a microorganism contained in a foodstuff, a biological sample,
a swab sample, and an environmental ample such as industrial water and tap water. Background Art
[0002] The plate culture method has been conventionally used for measurement of total live
bacterial counts in foodstuffs, biological samplasg s¥afgamples, or environmental samples. However,
the plate culture method requires time of about two days to one month to obtain a result. [0003]
Because of the improvements of sterilization techniques and processing techniques for foodstuffs,
needs for distinguishindfiePa i officiodtgBRTSIAE FrdhPde¥aCRatdS BN Airoorganisms existing in
test samples are increasing even for the cases where the dells exist in an extremely small amount. In
the fields of{gad sanitatiop-inspection and clinical test, in particular, as a quick method for detecting
bacteria, it i 0%% mpted to determine presence or absence of bacteria or quantify bacteria by
amplifying gfenes %pecific to the bacteria by PCR to such an amount that the genes can be visually
observed. Howevet/i¢ sPB&étsiial BNANS iargaeh the Backgronieof deddkdellsoriginally contained in
the test samplesistalsy detectedoagariheretarnta pasttivie resulbcabtaired by PLCRAAes not necessarily
suggest the, f live, ' fQr cyrrent situation.in the fields of food sanitation
and clinical t%i%?s%?r%zlt&Pé% ?2%%?5@3%%\%%% a Ecg)uéﬁ%%is_ag Higf%VyS Eéﬁ%ﬁiv‘éagﬁé qatlﬁ(gk technique.
[0004] ‘RPHESEayS T8 &TETHTEd Yo dHBcPEREFGtantiRFERRPRVE BES ST Rfcrdorganism in a
test samplemByipre parih g DNR wite rewrsentrafiseripiasefocmRNA asattamgabpad perfoLming PCR
with primerssspesifie 0 ¥afiaus bacteria. HHewever sinthis methed, the reversedranserptign of mMRNA
of dead cells i ' inhibi d when 104 cfu/m] or 10’ cfu/g or more of dead cells are
contained i%t%%%%ﬂggﬁﬁp:ae, b%lc (g%ﬁ\r%l ofat%%ﬁgéag c'?évflc:;s{bissggi%c &d = ﬁ;e‘?é]fore, this method cannot
be said to (58 EHFRAERTES e TSR R derPmitfistHe: ive Wit dcticste@s ¥Uo05]  Specifically,
as a method for distinguishing live state from dead states of microorganisms such as bacteria using
the PCR methedrthe.methods described in Patent document 1 and 2 have been disclosed. However,
the foIIowing)B@qlems remain in these methods for distinguishing live and dead states of
microorganisms such as bacteria using the PCR method. [0006] As for the technique disclosed in
Patent document LEx&HptSs Grd THERtBREEIEr bistiRarsh epaert-éeis tbntaimed Frboiled foodstuffs
subjected tochkighremepératiirédong time sterhzaticr At AOBE 064 OftecdB rangses, and microorganisms
contained ipifopsistuls subipated togthanalgtedlization grformaldebyde sterilization. However,
especially %g‘gg;me{g let aetlg’;ttt((;lrl b uer,eth][gergharg not foodstuffs actuallg subjected to such
pasteurization treatments. Moreover, there are no sﬁ% o5ed detdiot o gﬂwli\i}é’%f@%rganisms in
foodstuffs $Tbjeted 8 the Currbiity MajoF &triization method in the food industry, low temperature
long time p&&i€ddization (LTLT pasteurization), high temperature short time pasteurization (HTST
pasteurization), orsdtraighiiemperatiyfe pasteurization (URT pastewrization), and _detection of only

live specific pgéggg?mc gagaeﬂrla in clinical gpegimens of infectious disease patleﬂts administered with

antibiotics 1 & Cash of a' &5t SARBIEOr 8 1oBaEH T bR SpatitE R gontaining dead

I\ilo‘reoveﬂ(%n . ‘
cells backgrbthd*aPacoriie it &P BFADLSERI/ AT oF Hgher st amounisiciiberfinal PEGR amplified
products dervedifromideadstelismexcead the detegtan limit ©fdhedechnigque sfRKatgnt document 1, and
therefore itisdmpassiblg to,defermine.whethen 3 Rasitive Jesponse of aest sample ghtained by PCR
is derived fl;om live cells qr dead cells. [0007 . :
ood ‘samitation inspectlon and clinical test, in particular, as a

guick method for detecting bacteria, it is attempted te determine

presence or absence of bacteria or quantify bacteria by amplifying

genes specific to the bacteria by PCR to such an amount that the

genes can be visually observed. However, if a bacterial DNA is

targeted, the background of dead cells originally contained in the

test sample is also detected, and therefore a positive result

1



Further, as the technique of Patent document 2, disclosed is a method of distinguishing 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 is prepared by using a
reverse transcription reaction, then PCR is pertained to calculate the Ct value thereof, and the molar
concentration of RNA is obtained by using a separately prepared calibration curve. Separately, a
region of chromosomal DNA corresponding to that RNA is amplified by PCR to obtain the Ct value
thereof, and the molar concentration of the chromosomal DNA is calculated on the basis of the
calibration Gyrve o é)(ptgin EJ&[% A/DII;IOA rplglcz::\r ratio, ghat is, thetabove procedure requires to perform
troublesome extraction of total RNA and USes Tt Staps SF FvEise tHanEENpaBR% cdctibh&nd PCR.
Therefore, tRStEHfquerREFfERBE to HRBaFPCRArGetiHg DRA qgthatificatidn wdiférmance and
quickness. FarthestRMA incontibubusly psaduced ihdivercalls svhereas &NAiderived from dead cells
is decompogedoyentime akan earlysipgesthersfare, he technigug lacks stability. Furthermore, in a
foodstuff orfdi{gg)c specimen containing dead cells at a high concentration, only live cells of 1/10 of
that concentration can be detected by this technique. Therefore, it is difficult to apply this technique in
the fields of food saritdtisi thspettion Andscliicareistiwkiciiesqaireaguickness i igheseénsitivity and
accuracy. [0088] cel1A methadfooselectively detectng liverpels HiahlerandGyltyrable cells) of a
microorganiare oy, disUnguishinghern fiarm dead gels oniied gels (ahleroutNan. Culrable cells

(VNC cells)) is gisclosed in Patent document 3. The method disclosed in Patent pcﬁ%}ent 3isa
method comprising tHe &P BF treating 8 t8&F $8HHIBAGItR & fopofidifEfise Hoiddi Sind/or a DNA
gyrase poisti: e stépofsitacting DNAdrémttentest siiiple fangainplifyisg Bttargt fegion of the
extracted DA byrROR raad thestepsef analyzingan smplifled frodust, apdasthetoppisomerase
poison or t a i ethidjum monoazide js exemplified. [00Q9] A method in which
ethidium m%%%%é §§§%‘2§ % go d[%sd(#é%eaefr%\lgﬁfggﬁe'n)t% c<):cJQ nent .Qlﬁziﬂ{sm'hrﬁe(t%e(")31 is a detection
method comprisihg &' &F&S bt udiEamiditin monSa2iid 5 a@seearkslesand ifradating the sample
with light, theSfdrbeeiktrctingnBMNidrdmrthécssample afterthe iradiation, assthetstepsof amplifying a
specific regjendy;PCR using the extracted DNA as a template. Moreover, a technique of
semi-quantitatively Hying live cells_count by.a.combination of culture of a microorganism and
real-time PCR is dié%%?s%g#%%\lio%’-pg?eﬁt élgé&:br%énft%f [ b1 Tngul olr%%vlejff’aels%{t?nteethod for still more
clearly disthttlsIFgHVE eERS anl MiGrePEene bF BTt dorgantant erd dnBHew dekeriBal in Patent
document #4g-Hiztlogee Thisrmbthddssaihrethod Eermnprisingthasteplofaddinghawsossdinker
capable of gressrhaking aBINA DY, iraciation With Jight having.a wayelength ef,350 nmto 700 nmto a
test sample step.of irradiating the test sample to which the cross-linker is added with light having a
Wavelengtﬁnce)tpggégnrrf%t% ﬁ%dg%r%rﬁglfﬁés el o?%épr%oa\lll?ﬁiggﬁgdcr%%gllenié:’rfcénﬁt%ﬂ?éﬁQﬁ%@%st sample
irradiated Wittt iight tHe<<epier addng difeliimiethedtest sample from which the cross-linker is
removed ahéd8€lbating the test sample, the step of adding again the cross-linker capable of
f:ross-linging a DNA:fMdHH&Q@tiQ%aMiH%_JJQQt @%ymééﬁayﬁ:mﬁf %é%&@n@ 7.L|90k“m_ to g‘(;? it
incubated test s e, the step of irradjating, the test sample to which the cross-linker is added wit
light havin e:’a{l?vl\t}g\?;epen%)fﬁ ot ?lxrlwfﬁ;’%o %%}%S &step of gxggéﬁnﬁe&ﬁﬂﬁ%ﬁfﬂ?éjtéﬁ sample and
ampnfying?a%%@é% redfief Btithe ExPAe@erBNA byiathiktBieeasitanplificatihnaethod, and the step of
analyzing thecamplified jproduct 1001 | for Meamwbienthere:is, sugdestad-aaessibilits that, in
amplification,of BuElelc 80id bR CR-Abumi ey suppLess.Iiblion.agtity ofa BER inhibitor, or
promote thgorggciigg%g%PCR ]gN?tn-gatent ocument 2). Moreover, it Is also suggested that calcium
inhibits the Teactions of PCK Bt tha %ﬁ’&uﬁ%ﬁ?ﬁ‘@ﬁrnﬁ%&ﬁ%é%% nradé tBEtabi by addition of
magnesiunti§nd #RBRpAtEt-dSERRRNE 3. not Mepsoler fhere isaisclosel atethocbof performing
reactions of iREGRpusinga-hactehal DiNAasatemplatecsvwhjch the ¢eagtions of RgRakg performed
without extgaeting-the IVAJKSN e bagteriu, (o satenhdasimente4. Paigat dogyment S). In Patent
e

document% there is di%(ilose that random PCR is performed in a bacterium R fingerprinting

method, and' Phosphates &nt d6dedylitatés e mBREGREd Es EBfpERENiS B HE Buffet*tomposition
for nucleic &P IYAtHESS L PRigr btifelerehicss Patbhedo W8N f0GLR] Ratert-docrhent 1: Domestic
Laid-Opentfeuiplcation-ef anlapanese tiansiation i G Appheatior(KQk YL Ney 2003-530118
Patent do t 25 lotemnational Icat] 2 034 Patent document 3: International
Patent Pu%kltliicg%%n%l 02007/0940%9%)9%3%& %%%%r%%% I?l?egrér?%%r%%ét%%Jﬁﬂ%lfcfﬁloén
W02009/022558 Patent document 5: International Patent Publication W02004/104196 Non-patent
documents [0013] ‘



Non-patent document Microbiology, 2005, Non-patent document Microbiology, 1996, Non-patent
document Microbiology, 1996, Non-patent document 2001, pp.598-607 1: Rudi, K., et al., Letters in
Applied Vol. 40, pp.301-306 2: Forbes, B. E., et al., Journal of Clinical 34 (9), pp.2125-2128 3:
Bickley, J., et al., Letter in Applied 22, pp.153-158 4: Kimberly, A., et al., BioTechniques, 31,
Disclosure of the Invention Problems to be Resolved by the Invention [0014] By the
aforementioned method using a topoisomerase poison and/or a DNA gyrase poison, or a cross-linker,
live cells of microorganism, especially live cells of Klebsiella, Citrobacter, Listeria, Salmonella bacteria

and so forthycan he; selectively detected with.high sensitivity. However, a further, improyed method,
especially a method for highly sﬁ?ens.itive ygyor ﬁ%%ygaccurgtgy d%t%%tl%ﬁﬁﬁ/elgeﬁ% %Jr%%géherichia or

Salmonella BRtTHE Hadbetta85iaYS " 1567 ¥bBeL 4P THe preBE At FvFRDIH provide a novel
method for mureSealettively Muteoting livercélteof asmicrborganismecontained e a foodstuff or
biolfogical sm@mpaﬁe@wm@@@dss@@@@ér{m%&%@{lﬁx[@f Hi@gmie@%gmgm§ kit for
performing su thod. Means.of.Solving-the Prablems e inventors of the present
invention ha%vee ?n%géﬁ?e%)egﬁé\{%/eggtu]gesco%%%r%e?ﬁoé%#l &géri%n%%a%llﬁauﬁle @’veore}n%?‘ee anldlatgath of
microorganiaris WhicH e apphicdbie-fo dafibtekiErtiFatisAmedds RS EEble for food sanitation
inspectionsdfthigh idetettiohtsensitivity tentronmasmeth ddicidetdotingea specifimpathogen in a patient
\évith an infe@ﬂ@gémmmglwh@&@i%@mi% b%@erdﬁmlt@ thedeventor | \ﬁjci%”? Ol:t tgatdthe
istinction can be attained with high sensitivity by addjn agent capable of covalently binding to
DNA or RNIA@bSp?ﬁgﬁia%f%naV\ﬁﬁ}s |gﬁ€ﬁg@i%gog’%%rlléﬁgenh h%@%g@ o g%% At To & &t sample:
irradiating tﬁ@ltiét sansiewRRtight having a wavelength of 350 nm to 700 rim; adding an agent for
suppressing @0a¢tion of a nucleic acid amplification inhibitory substance, a magnesium salt, and an

organic acid salt orza phespharic agid saltsand.amplining a,chrpmasomalDNA of a pigroorganism

flowing out of cglls %a u%eciic acid ampIEi_catlon,reactlon. Thus, the present invention has been
completed. Sumary ﬁﬁgf _lStIWa%Ui%st & testit distiosutE ProdRrss S5hEthdY for detecting live
cells of a micrbbtgaRBriahad t6st snpiaby ' disBNGdiBHingthetelts from afeatted|lsdrlinjured cells,

compared with that of live cells. In this methed, the total RNA
is extracted, complementary DNA is prepared by using a reverse
transcription reaction, then PCR is performed to calculate the Ct
value thereof, and the molar concentration of RNA is obtained by
using a separately prepared calibration curve. Separately, a
region of chromeosomal DNA corresponding to that RNA is amplified
by PCR to obtain the Ct value thereof, and the molar concentration
of the chromoscmal DNA is calculated on the basis of the
calibration curve to obtain the RNA/DNA molar 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 technigue is inferior to usual PCR targeting
DNA in quantification performance and quickness. Further, RNA is
continuously produced in live cells, whereas RNA derived from dead
cells is decomposed ovér time at an early stage. Therefore, the
technique lacks stability. Furthermore, in a foodstuff or
c¢linical specimen containing dead cells at a high concentration,
only live cells of 1/10 of that concentration can be detected by
this technique. Therefore, it is difficult to apply this
technique in the fields of food sanitation inspection and clinical

test, which require guickness, high sensitivity and accuracy.
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which comprises the steps of: a) adding an agent capable of covalently binding to a DNA or RNA
by irradiation with light having a wavelength of 350 rim to 700 nm to the test sample; b) irradiating
the test sample to which the agent is added with light having a wavelength Of 350 rim to 700 rim;

c) amplifying a target region of the DNA or RNA of the microorganism contained in the test sample by
a nucleic acid amplification method in the presence of an agent for suppressing an action of a nucleic
acid amplification inhibitory substance, without extracting nucleic acids from the cells; and d)
analyzing the amplified product. In one aspect, there is provided a method for detecting live cells of a
microorganism in a test sample by distinguishing the live cells from dead cells or injured cells, which

I[l(g]é%bs of:

comprises t a) adding an agent capable of covalently binding to DNA or RNA by
irradiation with lighBh&eiAea iaveRGRTGIE0 rif $6 700 B 1§ ¢hesese saiipiele—andp) jrradiating
the test samplerigrabich Hhe Bgentisadded ity ighthavingiasvavelengtbref 3h8nnmAe/00 nm;

¢) amplifyinga fargef yegign P&R’é‘é&%gﬂé Ofy/eJTICIQeraanIsTe, FaniAIRad indhe desi,gmple by a

nucleic acid ampllflcatlon method in the presence of an a % t for suppressing an action of a nucleic
d

acid amplific&tiofn |ﬁhfﬁtd?§75§i}t?§3ﬁcén a PaghesTR EaR an BrgARiC Aid5ai S8 Phosphoric
acid salt, withoBeextractingumgeieic atidsfrontties! celispanding tdpambdyzing theearmphfied product. In

a preferred exabodingnt of the diselosuiedthe-agwlificasion ahthetargetnegign-isspegoraed in
microbial CerJ!-? 'Q&Br%f ré%%?&??ﬁ&“%ﬁh%ﬁ&%a{%@mSQEOQ%ﬁ‘&thgﬂd'%ﬁﬁ% eqtioned step

c), the amplification oft e taﬁ%nt region is performed in the presence of one or more klnds selected

from a surféf&ﬁ?i‘?ta‘?ﬁgéﬁ%s tost, ST A6 AN d¥d S5k o PRDHOSHITEAE atid salt. In a
preferred emvbgdinient eithengaforéntentivddenetiiod! befotéehbafoiemenidhtedsigoe) othe steps a)

and b) are gpeatediyperfarmpedson, Wra pieipred.embodiment ofdhgaferementioned method,
before the a[f85%g1]entioned step a), the following step e) is performed:

A method in which ethidium monocazide is used is also
disclosed in Non-patent document 1. This method is a detection
method comprising the step of adding ethidium monoazide to a test
sample and irradiating the sample with light, the step of
extracting DNA from the sample after the irradiation, and the step
of amplifying a specific region by PCR using the extracted DNA as
a template. Moreover, a technique of semi-quantitatively
guantifying live cells count by a combination of culture of a
microorganism and real-time PCR is disclosed in Non-patent
document 1. -

{00103

Moreover, as a method for still more clearly distinguishing
live cells and injured cells of a microorganism, the method
described in Patent document 4 1s disclosed. This method is a
method comprising the step of adding a cross-linker capable of
cross-linking a DNA by irradiation with light having a wavelength
of 350 nm to 700 nm to a test sample, the step of irradiating the
test sample to which the cross-linker is added with light having a
wavelength of 350 nm to 700 nm, the step of removing the cross-
linker contained in the test sample irradiated with light, the
step of adding a medium to the test sample from which the cross-
linker is removed and incubating the test sample, the step of

adding again the cross-linker capable of cross-linking a DNA by
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e) treating the test sample with an enzyme having an activity of decomposing cells other than that of
microorganism, a colloidal particle of a protein, a lipid, or a saccharide existing in the test sample.

In a preferred embodiment of the aforementioned method, the enzyme is selected from a protease, a
lipid-degrading enzyme and a saccharide-degrading enzyme. In a preferred embodiment of the
aforementioned method, the test sample is any one of a foodstuff, a biological sample, drinking water,
industrial water, environmental water, wastewater, soil and a swab sample. In a preferred
embodiment of the aforementioned method, the microorganism is a bacterium or a virus. Ina
preferred embodiment of the afarementioned method, the bacterium.is a gram-pegative bacterium.
Ina preferréa rearéb%allr'?]%n %?%fhoél o%e%%‘ﬁjt%%e% Vr%ae‘i[ﬁg%??%gl fg%rr%ggaﬁi%eoo? §§v§f%n1ii§/ binding to a
DNA or RNRBy iftadRiticitwitshigRERRY Ry &WadérRndgth of 350l 18T 0d-Ant ks Sefddtettfrom
ethidium monoazide, ethidiun diadidekpropidivedsbnoazide i psoralen; #h5a8dametaytpsoralen, and
8-methoxypsorgien oy +dn-foBrelerred,emiadiment.of the-aforereptigned methed. the agent for
suppressing an gctlon(?f a}ﬁnfcllfelc acid ampli |%at|pn jnhlbltg!’ gubst%gce co S%EJT %f one or more kinds
selected from albuniin. déxtran, 14" %e%e %‘aroté‘]ﬁfgja%%té)ml e,ebgfialn%,ca?me?ny stiifdkide,
formamide Tgigéeis, polvbthieid dRriolcsoyseaadry3siA ifhbitdreRXhasegisan the
tetramethylampnoniwa ¢hledide; lysozyme, phosphorylase, and lactate dehydrogenase. Ina
preferred emqignent of the aforementioned method, the organic acid salt is selected from an acetic
acid salt, a propionic acid salt and a citric acid salt. In a preferred embodiment of the aforementioned
method, the phospiiaPie Acitrsdit e pytopROSpRTE iSSP 11K & BPéferrdd embodiment of the
aforementigied Hétidd dthetbrjetiegiondis il tang B i B0t N8 Y0 CUPRIISStides. Ina"
preferred embodimeni-otihe afargnentoned mathied the, tasgep regioreiscadargetsegion
correspondja ip.2 9kBe Seleciad (RILASERA 0908, LG3RIR dene, 23S RAene and (RNA

gene of the DNA of the test sample. Ina preferredeem odiment of the aforémentioned method, the
nucleic acidFBRpfcatioitniethbais P ERE EARP 18P ACREFMALTRES HENGPHETRiGbarray
method. FCR &prefdiredrembodimentdt the aforérheitip etiftdthiod; P @Roisgserainagd: as real-time
PCR to simyéanagusly, constigat 2 Rand analysis of the amplified product. In a preferred
embodiment of theyf'ifore%errltiqcr}l%qlzmethc_)ggié[hfoarée}:lygis of Ep(g—:-dan}plifiedfg%duct is performed by

. e 5 T .
using a standard cu?vreerepresentlngerélatlonsﬁlp Betweezr?eamounot Oﬁﬁg mlcr:(L)Icl)crrganlsm and the

amplified pfGRIEERT créatddRbytidifg BtRATaFFsam PR Gftfe FFERIGHaNISH. 1O ER] Bethe kit of

the present@isclosure, tieféCis provided Zokitd¢dr-ditéotintg tverealisi of atmicroBdgdnismtine test

sample by distingrishingibe e eglls depmndead gellsardpiures-calls Pysa nuclgicacid,amplification

method, whjch comprises the following components: 1)an nt capable of covalently binding to

2 DA or IR By Fonnt Skt I A as Ao 2t S0 it coabb A o °
bacterium in the DNA fingerprinting method, and phosphates and
dodecylsulfates are mentioned zs components of the buffer

composition for nucleic acid synthesis,
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2) an agent for suppressing an action of a nucleic acid amplification inhibitory substance; and 3)a
primer or primers for amplifying a target region of a DNA or RNA of the microorganism to be detected
by a nucleic acid amplification method. In one aspect, there is provided a kit for detecting live cells of
a microorganism in a test sample by distinguishing the live cells from dead cells or injured cells by a
nucleic acid amplification method, which comprises the following components: 1) an agent
capable of covale.ntly binding to DNA or RNA by irradiation with light having a wavelength of 350 nm
to 700 nm; 2) an agent for suppressing an action of a nucleic acid amplification inhibitory
substance, 1S ium n icacidsaltorap i aci .and 3) a primer
or primers fg?ma%gé?f%r%g ﬁ%%%??e%ibﬁﬁg? %’Nﬁ’o'r %%NAggf fhéJ %n%%ér%gn%ﬁg%ae detected by a

nucleic acid&fMtatcRInethBa: 1N préférré®entbodififent of the aforementioned kit, the kit further
comprises oRe-araherg kigsmetdcted Ffompassufactiing, @ magnesimmrsalt, arfd @niofgadic acid salt or
a phosphorigiasigsalt.ogy, 14ba,preferred embadimentofdhe aforementioned kit, the kit further
comprises g, enzyme haying,an, actyity ol decpmposing.cels other foan haj,of migrporganism, a
colloidal partl_(ﬁe of a protein, a lipid, or a saccharide existing in the test sample. n a preferred
embodimenfistaRR gbrMentitifed kit the nkitfeit"4cid amplification method is PCR, RT-PCR, LAMP,
SDA, LCR, NdiApdiRGE HScoméne Micramiayminethdd., et lnla prefeffedremiposimedi of the
aforementiongg kitythe; agegs-gapable of covalently binding to a DNA or RNA by irradiation with light
having a wavelength of 350 nm to 700 nm is selected from ethidium monoazide, ethidium diazide,
propidium monoazide, psoralen, 4,5',8-trimethylpsoralen, and 8-methoxypsoralen. In a preferred
embodimertistthesafsre Meritished ki #éagent for suppressing an action of a nucleic acid
amplificatiopdnhibitorytstiistaReeddanrsistsyot baelormmotredinds selected from albumin, dextran, 14
gene 32 prqt@ﬁ4a_,cetamide, betaine, dimethyl sulfoxide, formamide, glycerol, polyethylene glycol,

soybean trypsin inhibitor, a2-macroglobulin, tetramethylammonium chloride, lysozyme, phosphorylase,
and lactate dehydrgéjeﬁ& e?forelrﬂe%ﬁgpgﬁeﬁeetgﬁé i/’rﬁéﬁ?o? thePSIOTERR c?né’ci\’/ kit-the organic acid
salt is selectad frameabiBeticraciel saits@propioric et 8aliard s ciitacigstt.of  In a preferred

embodimemﬁ@g@m@@nt@m@}, _ﬂye piwpiw@a@ﬁ sgl&j;& Bepyeophasphoricagid salt. Ina
preferred empodinent of e alojementioned K, lne goayme s selegled Ipm.a igase, a

lipid-degra: enzyme and a sacchari nzyme. Briet Description of thé Drawings [0018]

In
[Fig. 1] ElefoproREE ﬁ%t&é%%ﬁ%ﬁ%ﬁmli BrGducts SBEERRH HEECREhod of the present
invention "ed¢hrepreseptsiivelcells, tioesd t rapresemty ifjered tgelisly or highly

accurately detecting live cells of Escherichia or Salmonella

bacteria has been desired.

An object ¢f the present invention is to provide a novel

method for more selectively detecting live cells of a

microorganism contained in a foodstuff or biological sample

compared with dead cells or injured cells of the microorganism,

and a kit for performing such a method.

Means of Sdlving the Problems
{0015}

The inventors of the present invention have made extensive
studies on a method of discriminating between life and death of
microorganisms, which is applicable to various sterilization
methods and is suitable for food sanitation inspections of high
detection sensitivity, and on & method of detecting a specific
pathogen in a patient with an infedtion in hospital or clinical

practice. As a result, the inventors have found cut that the
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[Fig. 2] Electrophoresis photographs showing results of detection of live cells of microorganisms
performed by the method of the present invention [Fig. 3] Electrophoresis photographs showing
results of detection of live cells of microorganisms perfoimed by a conventional method "Live"
represents live cells, "Injured” represents injured cells [Fig. 4] Fluorescence microphotograph and
stereoscopic microphotograph of a not-heated physiological saline suspension of Enterobacter
sakazakii bacterium [Fig. 5] Fluorescence microphotograph and stereoscopic microphotograph of a
supernatant of a not-heated physiological saline suspension of Enterobacter sakazakii bacterium [Fig.
6] Fluorescens mictaphotagraph a0d stewescpicimigrondolagraph.of 2 physiglogicg] saline
suspension of Enterobacter sakazakii bacterium after repetition of thermal cyc esn[giig. 71
Fluorescen&& MicrSpiétitiaph &RastEMustdpie MiFopRolbraih 81 stipethatsusraphysiological
saline suspensipniétERtérager sakuagakiidatefiudbaften repetition:of thermat eyeles [Fig. 8]
Fluoresceneespiteophetegraph: agd-sieraassopiarpiczophetoaraph of, Epterobacier sakazakii

bacterium syspepded in & noi-heated pretreatment agent solution [Fig. 9] Fluorescence
microphotograph anc s?ié%e%ﬂsﬁg%% m?(%%%b%%tgrglrgﬁ'? %E a%gﬁpg}lr?ﬁéﬁf% EROBH PR aRazaki

bacterium stsPeRtRHCirPS HbiEHB AT SrttieamMERt RGBAT EoRARFT fREe 103 Rlasretnte
microphotogeelh aaddstencosgapiccmierdphatagraph of Erierabaster sakazekiidhactagum suspended
in a pretreatmgent ageny, splution-afterrepatiion.ef thermal cycles [Eig. 111 Flugrescence

microphotogr%rih d stereorsécoplc mjcro hotogr,aph of a supérnatant of Enterobacter sakazakii
bacterium suspendgt fh &' treafiertt o‘%@‘hl SiTRIbH R &P RSGeon SFiRermaleyERRSEIS. 12]
Drawings shBWHHG Fesuks DItk cytmbsisedt physiological saline suspensions of the Enterobacter
sakazakii bacterium or supernatants thereof in a non-heated state or after repetition of thermal cycles
[Fig. 13] Dr‘%\Wﬁ@E}’showing results of flow cytometry of the Enterobacter sakazakii bacterium
suspended in a pretreatment agent solution or supernatants thereof in a non-heated state or after
repetition of Wehal cycles [Fig. 14] An electrophoresis photograph of the 165-235 rRNA gene
amplified product,Tohtained im¢heraethad of she presentinvention using-thesEpterobacter sakazakii

bacterium tieated with varQusdixation=salutions. Ctyalues arg igdicated.as.average and SD, and SD
is indicated.,in Qgrentgeses L: OOﬁ%DNA)iﬁdder A: Fixaéion olution A B: Fixation solution B C.
Fixation softition Co5: Rio-H%afioR [Fig. L5 AN 2I&EHBpRoTEs S hStouTaph B3R Sinipregene amplified

nelé
product, obfaikel prmerirsthoehef tHeepresehit invention using the Enterobacter sakazakii bacterium
treated with various fixatieimgohHionse Gt alpesiaredndicateteas ayerage ang 8B, angSD is indicated
in parenthesesAnFitign solufion A &: Eixation,sotion.B L 100:0n.DINA ladder i, 16]
Electrophoresis photographs obtained before and atfter
700 mm to the test sample;
b) irradiating the test sample to which the agent is added
with light having & wavelength ¢f 350 nm to 700 nm;
c) amplifying a target region of the DNA or RNA of the
microorganism contained in the test sample by a nucleic acid
amplification method in the presence of an agent for suppressing
an action of a nucleic acid amplification inhibitory substance,
without extracting nucleic acids from the cells; and

'd) analyzing the amplified product.

In one aspect, there is provided a method for detecting live
cells of a microorganism in a test sample by distinguishing

the live celis from dead celis or injured celis, which comprises the steps of:

a) adding an agent capable of covaiently binding to DNA or RNA by irradiation with iight
having a wavelength of 350 nm to 700 nm to the test sample;



PCR (16S-23S rRNA gene amplification reaction) by using the Enterobacter sakazakii bacterium
Lanes 2 and 3: supernatant of PCR reaction mixture Lanes 5 and 6: DNAs extracted from the pellet
washed twice by the centrifugation after PCR reaction Lanes 7 and 8: DNAs directly extracted from the
cells Lanes 9 ahﬂam@tmmmmmﬁdmwh@wg aps0bibyadsed ithdgbishaviihe ivaedhO& anes 13
and 14, DMAs, ayg@qr;\rom the cells washed after addition of the PCR product L: 100-bp DNA ladder
B: Fixation solution B 'S: No fixation [Fig. 17] Electrophoresis photographs of suspensions of the
Enterobacter sakazakii bacterium subjected to a heat treatment in the presence of physiological saline
or pretreatmeny aghlyingd eagiftgaiopiDiaraaRsItaeidodRRMMAtass \adestfor |
~ Carryin outt e Inve tlon 0 Herel § ferred embo |ments fthe resent |nvention are
R R R S e e e S Rk e
.emboditmtsianiohokeiy @ed‘@egdrﬁmﬂmwbmmtmbsmm megmesem salieanidanThespisrcentage in
the pregept dasGrPHARdS EXRIESEahROMRSICERIAEEHBNMGSE URissTohenisgshegified. A
target to be detected by the method of the present invéntion includes all kinds of nucleic acids,
specifically, single-stranded DNA, double-stranded DNA, single-stranded RNA, and double-stranded -
RNA, as long apdhentargeheanripifRmpiiedeeventually. Of those, the detection target is preferably
DNA, particularly preferably double- stranded DNA [0020] <1> Method of the present invention -
The method of th ent inve t|o IS a Jme for det ctln live cells of a microorganism in a test
sample by %llgn%g%ﬁ({?lﬁg tﬁélllvngbce S ?rom celts or |n urea cetlfée which comprises the steps of:
a) adding &TEYEht Capabie of c%l%@ﬁh&ﬁ@%@% ENRGHERN By iy deisiswith kghthaving a
wavelength of 350Tmmzo-zed«imdd thatedt saniplef the by isadiatitg trestestsarmaple tawhich the

agent is added wih.light-havingf wavelength- At 30AMED-2004iMes s the target region
is performed in the presence of one or more kinds selected from a
surfactant, a magnesium salt, and an orgénic acid salt or a
phosphoric aclid sait.
In a preferred embodiment of the aforementioned method,

" before the aforementioned step c¢), the steps a) and b) are

Ta



c) amplifying a target region of the DNA or RNA of the microorganism contained in the test sample by
a nucleic acid amplification method in the presence of an agent for suppressing an action of a nucleic
acid amplification inhibitory substance, without extracting nucleic acids from the cells; and d) analyzing
the amplified product. [0021] In the specification of the present invention, the term "test sample”
refers tepaadigéty contdinimgekize cells of microorganism to be detected. The test sample is not
partculary imi 25 long.s e Brgsenee.f i misoargapia gan e defeded by amplfication of a

specific region of chromosomal DNA or RNA by a nucleic acid amplification method. Preferred
examtES Hi&r ot AL AT TBEBSHAREBi cidGRaPdampiss, TRhkAigi et aRltridBwater, environmental
water,eastewatet ; soil, swab samples, and so forth. In particular, preferred examples of the

foodstuffs incltge:tqrgggiggcl%ﬁé sgétscgi@gngféb%%@da%fgﬂ%%% c%%%;&e&t} drinks, fruit juice

drinks, and lactobacillus drinks (including concentrates and pow these drinks); ice confectionery
produ@S 'shithtas e BREATEAEEWRenFetl s aRitiaveifite HaaRy Plodtiax 0EaE Frocassed milk,
milk drinks] démented il andtbutterrentena) faods,ghidd diets amilkdenhinfade sporis-drrks;
functiopal fapds,sugh %{,%Qgé_for specified health use and dietary supplements, and so forth. [0022]
Examples of the biological samples include blood samples, urine samples, cerebrospinal fluid
samples, synovial FURF SSRTHIES BRI HItforP Sahiiie & IGHRURTSAmpRES, Tetbedaniiies, nasal
cavity emmosa sampds,dasdhdeabm ecqasaosaanpie s agdsiric daviger-sdition samplesapgssamples,
skin mucusRSMBLANG 83 MR I6S, Okl £aly, mucosa samples, respiratory organ mucus membrane

samples, digestive organ mucus membrane samges, eye conjunctiva samples, placenta samples,

reproductive céft sArpiese paRtrERPeacE mBle ShRoHEPS TRk SARTKIES "eaiRrEsafites, vomits,
conterits®f bedlareied 5o farth. one Earmplescafsthefénvicormmentad ivater netide fap water,
groundiyaigs; Hyeqaler, IaleE: 8nd sodorh. 073l erlD e esent [yention. e test sample
may be any of such foodstuffs, biological samples, drinking water, industrial water, envirdnmental
water, 30dstefRter sSif A ERhBles as mentioned above, etc. themselves or may be any of diluted
or concentratedrp@doicts theredf emanyg ofismbdoctschbtafed-bysnpretreatmentiaiber than the method
of the rgg%’gi'%\mgg. Examples-efthe. pretreatment.include heat treatment, filtration, centrifugation,
24 [

and so forth. [Q Further, foreign substances such as cells other than microorganisms, protein

colloidal partictes, %pﬁﬁ‘?%ﬁ’&ﬁ%i&@g’%ﬂa@ﬁrﬂ?ﬁ% FEPEERRIE TRRF Beerheed BRfeduced by a
treatmeat withamenzyrae dreamgravadtivity fordegnadimg. them or the like. In the case where the test

sample is any gfmilk, gy roducis, 38c00dsrodkiced framymilc o ity piogUls. Sxgmples of the

cells other than micr gr%anisms in the test sample include bovine leukocytes, mammary
fo

epithefiS&tEs aR th. ST HiTe YinthBcase Whefe e &St SiRpiBYs HrkPGEBibIcTical samples
such asiibodisirmplesyirmessarapiebenpgitial dic Samptes; synoviatfluitksamptes; sahd pleural

effusionsamples examplasalthecellsingludeeryihrocytes, ﬁ%@£%(mg§%@?u'ocytes'
neutrophils, hasophils Im%noc tes, %n I mgh cytes), thrombocytes, and so_forth. [0025] The
enzyrrés%rr?' Shrticufarty Ii‘r%%&"%% S EV ES if’ﬁcjﬁﬁ’d 48 TW@%’%@W@E@%‘?&% and does not
damage live celis &f pierbergadisamiecde dendcted, thed exarnplestheéresdnciedecfor example,
lipid-degeading &nzymes.«uetein-degradinggnzymes andisacchardeg-degrading enzymes. Of those,

one enzyme or two or more enzymes may be %sed, but it is preferable to use both the lipid-degrading
enzynmid and protein dagtaamg ersyme Soraltof T IioH-JEdrading Rzt e hr&@in-terading
enzynielano saccharidedsgratingemeyaie IExdmples efthestipidele gratimipenzyhesihglide lipase,
phosphatass: s, SQMM@?DW&@W%%W@Q@@%%@?B% include serine protease,

e

cysteine protease, proteinase K, pronase,.and Eo forth, and examples of the Saccharide-degrading
ey WA SHYASHoE oI ARG fofipcn  Cet et el RIS

lysozyme, phosphorylase, and lactate dehydrogenase.

In a preferred embodiment of the aforementioned method, the
organic acid salt is selected from an acetic acid salt, a
propicnic acid salt and a citric acid salt.

In a preferred embodiment of the aforementioned method, the
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[0026] 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
the agent capable of covalently binding to a DNA or RNA by irradiation with light having a wavelength
of 350 nm to 700 nm 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,
viruses, 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 Streé)tococcus act(iria such as Streglptocgccus pn(—:-%mor}iL e, Listeria bacteria such as
Listeria mc?ﬁ}?ciﬁ aéﬁ%s‘?‘%‘a iifis batterta Eggﬁpasoﬁ%c(ﬁﬁsccé%us 3fid Bacillus anthracis,
Mycobacterium bakteramsirste ssady eobactrrint tabetdglosis WyesbackeimBérsd arfde

Mycobacterirgavivayelostddiim hagieria sychhas €lostridius) bututiisneand ddostridium perfringens

and so forth. Examples of t ram-n : terja:inclu I ' whigh typical examples
are Escherichia br;i(‘:gteﬁap §§(%%§%§s§§%%§%%%ﬁi,%Efﬁé%%bgf?egr_ acﬁgﬁga}l%%#%\éﬂéﬁfe%%%cter
sakazakii, EFEBECEIBB e SuH BEBitFoHHARr ROSETERAIMF kML SiRI1E BHRRENSTRIFEE Klebsiella
oxytoca, andeBakh ol hacterid, SdbndFacieria, PAsuddANbNassacterd, t¥ffogel® batteria, and so
forth. Exanaplesghvisys-neludesvirygsgs,having an envelope such as influenza virus, and viruses not
having envelope but having only a nucleocapsid, s S nQroviruses, rotayiruses and.adenoviruses.
[0027] As for \#rlu%eg,r %%Ié%gﬁm%nv%ﬁ %lrllrg]%rt’ﬁo %p%gﬁzeggﬁﬁ%ean&f{v% |%%/ énr%e?r?géti\%t?on of virus in
water, in WHGH &ishetoiré aev e ifuctaieiasiomeasisdiniée EEM AY R oWt td-a8t oy teStsample, and
then only astivated mirises-ate pregsuiediad RTPCR (http://www.recwet.t.u-

tokyo.ac jp/furumajighlysatsurendi2 Ubigisatautenditnih Develonment ol glyidium songagide

(EMA)-RT-PCR for selective detection of enteric viruses, 15th International Sympaosium on

Health-Reffed SHat e rbioyy, tMEy STHurPos: BHeRRRRTinG s CBRRTENtE CaRtte, Naxos,
Greece)). ®hat iss itsissuggestenthal BEMArdeeseibt penetrate activated viruses, but penetrates only
inactivated virusesrhaying-seueraly physicallynpiured aHeleocansids-anddherpforedactivated viruses
- (live) and inactivated viruses (dead) can be distinguished with EMA. Therefore, it is_ though that the
present in\?er}%c}ﬁségn%ge %a%%liaélapr?olt%rﬁ?/b tglboaézl%gﬁaﬁilgr%zé%%ﬁg ?uifgi gﬁ&%aast%ﬁ?g%oéto viruses.
[0028]  OWiHRe FRESETGAVERHORCHREYRRSEER RIEVE RS LEGINIT alstatd tnat the cell can proliferate,
and exhibitsietabalie bativities ahtheaficrobigdnisradiviablesgnd:eidtisdbleysiatéhgvhen it is cultured
under genegsally preferred qulture-conditions,.andds.a cgll substantially free from injury of cell wall. As
the metabolic activities mentioned above, ATP activity, esterase activity etc. can be exemplified. In the
present mvb%??o% viral particles are also called "cells" for convenience. As for viruses, "live cell" refers
to a virus in a state*thaiit cdrt infedta morarmalidncelh and profiferates [029Ked 2 The "dead cell" is a
cell in a statetthat it carpetprajiferate, aad doesnat exbihit metabeliciactvites tdeastate), even if it
s cultured yodgs &n gplimumcultye sondlion: Motenyerallds i ars@ie ihatallbgyopestyycture of cell

wall is maintained, the cell wall itself is highly injured, and a nuclear stain agent exhibiting weak
permeabilif¥sdci BS Frpiariht i@ﬁﬁ%@ﬁﬁ%ﬁ%ﬂéf&%&enﬁ@é@tﬁ@%ﬁﬁ&ﬁ. AB%or viruses, "dead

cell" refersio’la girlisgn @srateshis it cannot infect a mammalian cell. [0030] The "injured
cell(injured cell oryviable-bytnon-euliwrable celpis acall ip aistatethalevemmhest itigzcultured under

a generally preferred.culture condition, it. hardly proliferates because.it is.injured du artificial stress
or environ)én@%n%aﬁ%?%sas%lgﬁd ﬁléglwgov?% %gtgﬁaoﬁé%ctﬁ/iﬁg‘s’%%n%WeP f‘J v%?@o?nmp%%d‘?\(f}v?thn%’live cell, but
a significant level comparéd$ith Eode &S RNAS Y iR *Mfjurdd 2efPafdfRts 8% dirus in a state
that even itityrifetisamhammaibn cell jt cabsokpraifesate in the cell. In this specification, unless
specially mentioneg) the Slivecells, deadcelt, and dnjureeieelt’ mean-gdive.cell dead cell, and
injured ceIID a mic?gq(%trjgagi%g)é resgective%. OSQHC?J,JO . D,ettectlon of bacteria exhibitin CEhe state of
injured cells dzbeofo it Reartedtment or administration gfear?t‘fﬁ%%c Iis Atfrac |ﬁé%t?é: fon, in
particular, irFipkifidlgestifsodrsahiation inspection and clinical test, and the present invention provides
a method for detecting a microorganism, which enables not only detection of live-cells, but also
distinction oFfiver el RERBAT dedleredls-6r Ryjaredieells. [oR 2o dTHeCHARaf telhinber is usually cell
number (ceﬁ’{)@lﬁ%?%ﬁﬁ%%& I%,ni Fﬁ&eﬁ‘?@%ﬁeﬁgd 5t '§1f$?@ciﬁ@§tidﬁ,vﬁle cell number
i @Y a-Togar] ﬁﬁd 10 "4 Igg;i ln@liéze ean ﬁ}éf) N HESC - a“C’I-i'f*:}e number of live cells
IS represen Ex%;ﬂﬁé’&_mn Iﬂe%qboda} 9(:% %@{ggg s; %8% owlhg compdne rg : .

can be approximated with a number of foimed colonies (cfu/ml (colony ?ormlng nltsflmS) obtainable by
culturing the cells under an optimum condition on a suitable plate medium. A standard sample of
injured cells of microorganism can be prepared by, for example, subjecting a live cell suspension to a
heat treatment, for example, a heat treatment in boiling water. The number of injured cells in such a
sample can be approximated with cfu/ml in the live cell suspension before the heat treatment.
Although time of the heat treatment in boiling



water for preparing injured cells varies depending on type of microorganism, injured cells of the
bacteria described in the examples, for example, can be prepared by a heat treatment of about 50
seconds. Further, a standard sample of injured cells of microorganism can also be prepared by a
treatment with an antibiotic. In such a case, the cell number of the injured cells can be approximated

based on the nmﬁﬁ@%nfcﬁaﬁ@ai%@fm\é@qew/mmmamwmewn@d@mwuwmuﬂaan
optimung W@a@tﬁ@mgglmlﬁ,pl@gmmedlum that is, a live cell suspension is treated with an
antibiotic, then the antibiotic is removed, transmittance of visible light (wavelength: 600 run) through
the suspension, i.e., turbidity of the suspension, is measured, and the measured turbidity can be
compared withzhat egarivercalppussengsionestiankeionvmuting ccatidlemsitiidationl cuédsicttye number of
injured gejls ireated m@aﬁ@eaﬂ%@w%d an diREYipean Yl AheelnagKsdgpipgenied by
plaque-forming unit (pfu or FEU). he method of the present invention'is Tor detection of
live cells of microorganism, and ceIIs of the microorganism distinguished from live cells may be injured

cells or dead celis: P34 or prsrﬂ@rﬂﬂemmmm@vemi@et feg;ael&mﬁmdaﬁ-‘{mﬁ gelise includes both

determlnatlonopf reseﬁgﬁe o&e:%e & %e gfr!{}/ce ?c;eg% meﬁt ?mno d determination of amount of live
cellsin a e? 3 e amoun ive ce s IS nota] 86{0 an a (I‘lute amount, and may be a

relative amount wi éh rej& %tto thaat in.a (éontrolcsaguiL Moreover "tg detect live cells by distinguishing
the live cells from dead"cells or injure means 5‘re°§8’f%ﬁ%%?3@té‘6ﬂrvetéélls compared with
dead cell&bF ifjiFEd EelROTR GRfifio 1t e i SRREt di st sivesdelts #dnt tuadscelts dednjumed cells”
includes distingtien oitiveadel]s &oin bothcead celis andsijured:cellsnlOQ3] Hereafter, the method of
the presegt invention will be explained for each step. As described above, the method of the present
invention may comprise the step of treating the test sample with an enzyme having an activity of
decomposing cells other than those of microorganism, colloidal particles of proteins, lipids, or
saccharides existing in the test sample, before the steps described below. [0036] (1) Step a) An
agent capable of covalently binding to a DNA or RNA by irradiation with light having a wavelength of
350 nm to 700 nm is added to the test sample. That is, microorganisms in the test sample are treated
with the agent. As described later, the agent intercalates into a double-stranded DNA or RNA and
covalently binds to the DNA or RNA by irradiation with light to cross-link the molecules. Further, it is
estimated that the agent covalently binds to a single-stranded DNA or RNA by irradiation. with light to
inhibit reactions of PCR. The agent may henceforth also be simply referred to as "cross-linker" [0037]
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 cell membranes of somatic cells such as
bovine leukocytes, leukocytes, or thrombocytes compared with cell walls of live cells of microorganism.
Examples of the cross-linker include ethidium monoazide, ethidium diazide, psoralen, 4,5,8-
trimethylpsoralen, 8- methoxypsoralen, propidium monoazide, and so forth. One kind of those
cross-linkers may be used alone, or two or more kinds thereof may be used in combination. [0038]

Sa



The conditions of the treatment with the cross-linker may be appropriately set. For example, conditions
for easily distinguishing live cells of microorganism from dead or injured cells of microorganism can be
determined by: adding various concentrations of a cross-linker to suspensions of live cells of

microorganism to be detected and dead or injured cells of microorganism; allowing the suspensions to

stand for varions permncsteftirad; sepathtingithecdelisHay esatrdngattcmrantl analyzirigsthe cells by the
nuclei [ ificati . Mor. congijti Ily. distinguishing live cells of
micrO(S)%rggr%s%m roérr% v%%%%%%%)lg C%Jln ﬁéﬁgrrﬁﬁﬁﬁ%éﬁ%\%@ s%érlor%ic%%r%{?i%%noqf a
cross-fifikéfto$ispendiis bliffe ¢BIE B FRRKSETEARRM $o Beldetdicdd BRYsbai®éels such as
bovinglesteeutessonthramposytes; slloviag thr sespensians 1o stard farMariougqeriods of time;
separaling the gells and the various gels b centrfupation: and analvzing ine. cels by the nuceic acid
amplification method.” Specifically: conditions of a'treatmen with ethidiunt monoazide at a final
concehtalis A ofaAci ] @owRblhl F6-S PRINDEENR5148h JUFB at AoPLBC ; B&WMBItioRR%f &-fBatment with

ethidiumudiazige-at gfinabgonaentrationof 29,1 Qg for 5 minutes to 48 hours at 4 to 10C;
conditions of treatment)?Nith %Opi%ié%? ,monoazir%e ;a;';a final concentratio ?%3}11 to 100 ug/ml for 5
minutes to 48 WBufs At 4 1610 COMAMORS B a Treattient Wit PSatafsh 5ta finkr cSRentration of
1*10-3gen0 ugipdforsS afinatesiens holrs ad 250137 @; EhvAdition818k dotyedtmedtiwition

4,5, 8-{rimgthylpsprajen,ata final,congentation of 1351055 10,10 410/ fare5 minutas.te 48 hours at 25
to 37C; and conditions of a treatment with 8-methqxypsoralen at a final concentration of 1*10-5 to 10
ug/ml PR RS S RBORE 468 5 (B LR Skt d. RTS8 Bp 1922 %Rext, each test
samplpsxmr@éiamg m@Crp&sﬂmﬁ@iranamﬂwﬂh Ii@hﬁhavhu@tamq@emgthmf 350 nm to 7OQ nm.
The cross-linker.can gasiby pass trguah, cellwalls oéﬂsagf%%aﬂgwﬂéad gells copared with cell

walls of live cells of microorganism. Therefore, it is presumed that the cross-linker does not

substatHEiy pacE (RHBUGIEESFRRAIRDIE s RichsianfsAhi (eRed fhrstigireell walls of
injuredi ah.dead cells ofinziceonrganism;ietdead somatisrcellsrprovidad tbatithedsentment is performed
within e- ioned peri fi ' S t.as It, the slinker moves
into de%lc?3 ?(?r%}éﬁcq%:%%%?%%éq%n%%%%rgg ?éﬁé%%ﬁb#o%%%%@rﬁ?én%%&&%%’u eﬁ%&%ﬁgkhydrogen
bondsSiitrf ekfrsifosSamBRASr @K?éﬁ@%heﬁ%@%ﬁﬂ@rﬁ?—ﬁé@%ed%ﬂbﬁ@ﬁt having a
wavelengipafB35thRibi- 60 nin erassdigksiRNAMMOlestieset Bovalently hindswith-R&A and, as a

[ I%QAd% @%%ification of RNA with the cross-linker,

0

result,faéjgze,s a deforrlr%]atlkcl)g ianeechrgﬁn(P?arg%l ation
eventua?ﬁy regﬂll?ihgpm dglgrupjfi%n (?ra’gmenta ion éareavage Re chromosomal DNA, or RNA not

serving as a tefiplatdsra Fiichslc AR AMSTtieafibn FeacAEPLEA0} Lonethé light k&@ing a wavelength
of 350d¥y4a 79 Qmna ey includesal leasidight-bavigg awavelengthof 50-nmdo 700 nm, and the
light may be. single-wavelength light or multi-wavelength light. Jn addition, all light components may be
in the Paiér(]%%lgfr?%% Siihts 7%%{:5% %‘r(l)thae.lfgjha%ﬁé:y %‘gﬁjl%e%saht%lﬁlwavelength light having a wavelength
shorter than 358#n RifRifeTopd - wabe kit ight hatia gaf arseirdgrieAgad thant?80 mm. The peak

in an ipteRsiyshistebytan ispreferably in{heraraenb350 Mty 234 mm. Preferably, the light does
not include a component with a short wavelength to such a degree that chromgsomal DNA of a
Lpdha shotuayeenom b sueh 241

microorganism g cfedle gﬁl§ebyﬁ Crratation” gﬁ%ﬁ?&%‘&sgﬁﬁi DN of injured or
dead cafigymencre preisenddllf distupted thantat of liverslsdsfanisidomamismnea targetaregion of
the chiorpesomal JUNALL the ive; cells;isramplified 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 thgribpfrebasrcdeigetcelis. of  tRarthegviiliars RNA of injured or dead cells is more preferentially
modifieghwth the cross-linker than that of live cells of microorganism, a target region of RNA of the live
cells is amplified by the nucleic acid amplification method, while a target region of RNA of the injured
or dead teffs istthodisd: TeBaRGS A TnRIBRIPIRPARS I8 2GH aﬁﬁBPrﬁﬁtﬁﬁﬁ RIRGORESAs a result, the
live celi®obimerdoiganism vt heddett ctédmore setactiehetiaiothehjuret] aragessbealts: [0042]
Ina prgﬁe&gedcgq@ggimg%g&lé@p%'g@@ggiognﬁrﬂ&g@sgé&rﬁer is ethidium monoazide, and the

method includes the_step of irradiating a test sample'to which ethidiummonoazide is added with light
having ?Wﬁvel%%gﬁ%ﬁfzggﬁmjfﬁsmﬁ) RO ERHRRA T SRGEZHE (ERFAYLEan @EsF pasE tRbugh cell
walls ofinjlitledtordéad cefls chmparegkwithes | peatisafiive estiscabEmterobegarismzHderefore, it is
presumed that EMA does not substantially pass through cell walls of live cells of microorganism but
passes through cell walls of injured or dead cel$ of microorganism or cell membranes of dead somatic
cells. Note that, in the case where leukocytes and thrombocytes in blood are live cells, EMA can
more easily pass through cell walls of the cells in sterilized water or a hypotonic salt solution.
Concerning DNA, in particular, EMA moves into dead somatic cells and injured and dead cells of
microorganism and intercalates randomly into nuclear DNA, and intercalated EMA is converted into
nitrene by irradiation with light having a wavelength of 350 nm to 700 nm and binds covalently to

nuclear DNA to cross-link DNA molecules. Then, it is presumed that EMA which binds covalently to
hacac and denvvribocece in chromocecomal DNA at manyv nointe caricece 3 larae dAefoimatinn in the



[0043] A cross-linker other than ethidium monoazide may also be used so 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 or covalently binds to RNA by irradiation with light having a
wavelength of 350 nm to 700 rim (long-wavelength ultraviolet light or visible light) to thereby disrupt the
chromosomal DNA or modify RNA. [0044] Conditions for the treatment with EMA can be
appropriately determined. For example, conditions that enables easy distinction of live cells of
microorganism from dead cells and injured cells can be determined by adding EMA at various
concentrationst.stspeRsiens,of live cells and injured cells or dead cells of the microorganism to be
detected, Ie?i(in tgﬁnn%ffr \{:ariousgeriods f time, then irradiating them with visible Iigtht, removing the
cells by centii ug”atl b1 BT TiRR%E FEqirBaC AR SES LR AFall SR by htie A& -AMiblification
methods. PffetietEcofiditforis foriteciprmintsnofiigitacaralsy be sppropridtens detefrhired by
performing such«n expesseentas ientengd abave usig vasiorssisradiationtrses-Speagific examples
of the condifipng.foi fhe-traiation of lightingldedragiatan pidiglis A1 409 fo 750 W and the

aforementioned wavelength for 5 minutes to 2 hours from a distance of 10 to 50 cm from the test
sample. ThE ARSI 8F ight R prefer bR FAEAB MR AL AI8WFEmpR iR Te STEPERSE e Ovith ice
cooling of tHe1sanwdler [og45kazakhe dulditien ofthe cross-linker in the aforementioned step a) and
the light irragiaton reatmentetthe.step by spay begiepeatedfor:2 s Mer.e¥cles. In such a case, the
concentrati rQSs:li is_prefer e higher in the step a).of the first time compared with
that in the s%gﬁégcg‘o%%agg}%?%ri%%ﬁgr%ﬁgg ai!hyd %nggg !%%v%%?%t I_elyés'[é(glé})gcl)f: 'Esrhﬂe second time or
thereafter cBIpARPRRREIRAGR (RE dBhH o HefirtAiR&2f0646RCt *HoFexample, if EMA is allowed
to act at a high Tonckntiation siorreample; dhagbmt apihighdr sdltreuglasrmeability for the cell wall or
(Mirobiology an I iology, 2003, Sk o 05775, JounaLof Chreal Mitobiology. 2008, 46
icrobiolo mmunolg 163-775; JouLna linical Microbiology, , 46,
pp.2305-23%¥]3§.lgg%!bﬁ1%tgt eﬁ%&%ﬁé%ﬁ%ﬁ%ﬁeﬁgﬁv@ ttoegctrg a 8\1/:v}”é)8n8é"]vlmrf%ﬁgﬁ? or example, lower
than 10 ug/ﬁﬂ?éﬁﬁough permeation into live cells can be avoided, permeation rate into dead cells also
decreases, Bnditherefdie)dead calls mayaisbdiedetattearby mucteissacigiamplification reactions.
Therefore, ihis-pegieiable-tomsera highconcentration:of the cress-linkes in the stgp a) of the first time,
and make tg,escor}lcserg)tlriat(i)%n Igtggo%os§gpk§£}lo\év ipith steéo bl of segond time %ng ,there%fter. [0047]
Specifically, the Tinal 2oncentration of the troSs-AKer in ags?gplg? SFihe firstRiAe isl,o%roexample, 10
to 100 ug/nifi tHalc48E b 2thidium monoazide, 10 to 100 ug/ml in the case of ethidium diazide, 10 to
100 ug/ml irthe case ot prepicdivacmanoatidnc?octe:h tadd pgankinsthecase of psoralen, 2 x 10-5to
10 ug/ml infhe case.0hg. 2,0, timeihylpsgralen. or.2 ¥.10:0:10 A0a/mlip e casgl & 4 _
methoxypsoraclgg. Fgé@er, thce fm@l cqcnc_entr%tlon ff the cross-linker in the step a) of the second time
and thereafter is, 61 exaﬁﬁ‘ﬁe‘ﬁatomfﬁ pg‘?ﬁﬁ?n tR& ¢ase 0f ethidium monoazide, 1 to 10 pg/ml in the
case of ethibfiifh dizzide “e%6°FT pePniihT #eekasespto pailimtasReazd.cl x 10-5 to 9 pg/ml in the

case of psaralemphxttyfatch9g/midngbercase:of 415 ES+iropHnidpsorlenz o ix 10-5 to 9 pg/mlin

the case ofi; methoxyRsalen.[0048], nomga%&ﬂ@ém%ﬂ%%me SIaRA) g the first time is
preferably gde S 8rter ihan that of the st?gfg of the seBcond time and thereafter.Specifically, the

s St p SRR e O SRARBIE S nThTRES T FPHGur in the case of

treatment ti .e%‘ft e
ethidium ménsagide B aipdie s fo Ahcdpht tHee g ase ofaethidium dizzdtlen Sshpetetetd Lrthaur in the
case of propidiupe a10reAZibge 5 MiBUieS: th 1 Hudrindhescase of psoralen:-& misptes o 1 hour in the

case of 4 S aymatty Insorglenar s iies ack Bkt i e ease pLBmathprypsoralen. The

treatment time of the step a) of the second time and thereafter is, tor example, 6 minutes to 48 hours

in the case St ERIIGHT AiGHGaZite® 5o A8 Mot SHTARAGESE of &Rt diazide, 6 minutes to
48 hours intReteasedf Propriidatnioncazidet Bamimaes wi48thanbihithe eddeof psoralen, 6 minutes
to 48 hoursrigdhe: case of @,5h8ritimedypseralen, or 6 minutes to 48 hours in the case of 8-

n“ﬂhoxyps?gﬂgp'E%94%kawings showing results of flow cytometry of
physiological saline suspensions of the Enterobacter sakazakii
bacterium or supernatants thereof in a non-heated state or after

repetiticon of thermal cycles
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Between the step b) of a previous cycle and the step a) of a following cycle, the step of removing the
unreacted cross-linker may be added. Moreover, between the step b) and the step c) described below,
the srep of removing the cross-linker may be added. The cross-linker that does not react in the step a)
is usually substantially inactivated in the step b). Therefore, as a method for removing the cross-linker,
a method of centrifuging the test sample to separate precipitates containing microorganism and a
supernatant containing the cross-linker, and removing the supernatant is mentioned. In this case, after
the cross-linker is removed, the step of washing the microorganism with a washing agent may
optionally be added. [0050] (3) Step c) Then, a target region of the DNA or RNA of the microorganism
contained ifEhe tes sabijgleiatsr Heligneirradiatioh féatmerit & ARfSIHRd By &icleic acid
amplificatioprnetbod dadheresenceiobantaganifonsippiassingan actan of araucleigacid
amplificatiog infibitary substance, withqut gxiragting pucleis agids dramsthe celis. [G51] _
Specifically, the agent for suppressing an action of a nucleic acid amplification inhibitory substance is
added to a FRFEEAUR ShpliiEafon ré¥chdh solution containing the test sample, and the nucleic acid
amplificatiobfrenctiohl isPperfdrneccid052p1is PRaftherdie ofh Alditidi® ta Ihe EEENIORBUppressing
an action okagiudeiciagichamplification: inkibiery:substance: aosunctate semagnasitn salt, or an
organic ac'%s%'&%ﬁep%g&%h%g acid saltynay, 9 agdadia e apapiieatignieqction solution. These
substances -may be use md?epen ently or as a combjnation of any two or more kinds of these. It is
particularly prafersie 16 4td Gl tHese’ 8hBERRESs. it OFaEF of thé BadiiSn B the agent for
suppressingrah detiba cfralhtieteid deidrmpiifibatien inhibitory substance, the surfactant, the
magnesium, saltoangthenarganigseid salt or the phosphoric acid salt is not limited, and they may be
simultaneogslygalg{g 90%0%5?11111:1 The nucleic acid amplification inhibitory substance is a substance
which inhibits a nucleic acid ampﬁﬁ}cation reaction or a nucleic acid extension reaction, and examples
include poshtivéiyatarge Srmtthita’y Substances adsorbing to template of nucleic acid (DNA or RNA),
negatively ¢haigjeckinhibiten) substarites adsorbing to nucleic acid biosynthesis enzymes (DNA
polymerase:etgy), @nd.so;farth. Examples of the positively charged inhibitory substances include
caicum fon, poaqes, nefie. a1d o ol ExeIples gf e negeiyey dargeg iy
substances’inctudé phenol, pﬁeno pre compounds, ﬁeBarln, gram-ne an%e acte?lum cell wall
having outétteiéifbrames:angdoiforhia ResarAtRE duth SUssSERMce R At & MgciEREacid
amplificatiopreacticrr-are-abekeantly icdatairedun foodstidfs gi clincat testsamplesof0054]

Examples offfi¢:2g801 foEsupRigssing.an acion-eka nikleicacidamplifisalion ahditary substance
mentioned abgve include one or more kinds selected from albumin, dextran, T4 gene 32 protein,
acetamide, BEtaii t,e irﬁé‘tl’@?‘gﬁﬂiéxﬁ ee,sfoLmamide, glycerol, polyethylene glycol, soybean trypsin
inhibitor, aZ::mkre§isbiulipn tefraaiethylammonium chloride, lysozyme, phosphorylase, and lactate
dehydrogemaseikxamplesafitheqolgethylene glycol include polyethylene glycol 400 and polyethylene
glycol 4000, Exgmnles ghiihe hetaipe include trimethylglycine, derivatives thereof, and so forth.
Examples of the phasphorylase and lactate dehydrogenase include rabbit muscular glycogen
phosphorylégé%n&%ict%{’g ﬁ%ﬁwgﬁgﬁégegﬁ%té%ra %%g%%tﬁﬁggé%reﬁggg, <?gi;?f/jcoa“gjl::eélgqe)%hosphorylase
b is preferr68R (16872 Bartdiarigpreferablé tbre abuiRit dattakyTEgERe B%protein, or
lysozyme. [8055 oba A% ansatteeyiia restcertheninhibitory action of the nucleic acid amplification

inhibitory sybstance coptained,ipa iegt-sample ferwhich blogd feces and meat are supposed,
reduction of the inhibitory action b addin%s E§:h substances alli/%lescribed above to a PCR reaction

mixture is eviG5tet tAGu K S\t tﬁu UARTof CifniR&I VRErSBiIBINGY, 48 22634579, 2000).

[0056] centrifugation after PCR reaction
Lanes 7 and 8: DMNAs directly extracted from the cells
Lanes 9 and 10: DNAs extracted from the cells actually used in the
test just before PCR
Lanes 13 and 14: DNAs extracted from the ceils washed after
addition of the PCR product
L: 100~bp DNA ladder

B: ¥ixation scolution B
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There is suggested a possibility that aloumir of which representative example is BSA (bovine serum
albumin) may reduce inhibition of nucleic acid amplification by binding to a nucleic acid amplification
inhibitory substance such as heme (Abu Al-Scud et al., as mentioned above). Moreover, there are
considered two ways of possibility, that is, the T4 gene 32 protein is a single-stranded DNA binding
protein, and it binds to a single-stranded DNA serving as a template in a nucleic acid amplification
process in advance so that degradation of the template by a nuclease is avoided, and the nucleic acid
amplification reaction is not inhibited, but promoted, or it binds to a nucleic acid amplification inhibitory
substance kke BSA;s@ thatthe nucleic acid amplification reaction is not inhibited, but promoted (Abu
Al-Scud et ?]?ias Tg;t'%?{ledtaboge . Furthekmore, there isturther susgr%ested ossibility that BSA, the
T4 gene 32'piotein, 'dnd & protéinase mhiblor biria 16 & proteiiase 1o reducd the Proteolysis activity to
bring out thEPd&ieHS oF P cfeiteaail biospatifasisre rizimes totheomadeiin Bs¢ehnantfate, proteinases
may remainire conésdnitle os blpadsantan exampleiisalse eporied that in Syeh-a case,
decomposigggtqji%gﬂcigﬁidsgggygmgggsenﬁgpggfwas avoided by adding BSA or a proteinase
inhibitor (e.g., sgybean trypsin inhibitor and a2-macroglobulin), and the nucleic acid amplification
reaction fa\%ra]o???'é%‘?/a i dlfﬁﬁﬁﬁl-Scud et al., as mentioned above). Further, dextran is generally a
polysaccharide that is synthesized by lactic acid bacteria using glucose as a raw material, and it is also
reported thatacompiexof aysiilanpolysacchadde:and peptide called mucin adheres to the intestinal
mucosa (Rlﬁ@éilgl?diedo, P., Applied and Environmental Microbiology, 74:1936-1940, 2008).
Therefore, it is possibly estimated that dextran adsorbs to negatively charged inhibitory substances
(adsorbs to nucleid8tid Biogyithe Bz sy 6P pusitively tharfe dhRtsitry S0sSaes (adsorbs
to nucleic axigsFrsadvhnde; andabehibinds e tiease ihkibitorg substamession Monesver, it is
estimated thahlyserpeadsabsi o.nueleis-acid- agplificalioninhibitans shhstarces-gangidered to be
abundantly, contgined 3 sous ik (BBYALFoug el s Meploned howgl [0057] - From the
above, it can be said that such substances as mentioned above represented by albumin, T4 gene 32
protein, deXFARCRRAAGsH2y M aF& SEeimts F6°5upBrSSing A REBPe6Fadit deReAERN &R ification
inhibitory sbbsterice JOD58} otliexarhptespéaildign include bovine serum albumin, ovalbumin,

lactalbumin, human seruga albymia, aed se-foith Amenethess, Beving.serunAlbumin is preferred.
Albumin mal;(npg g,purified P&gducgﬁq(unl SS l#le effect of the(g)rese.nt in\ﬁntig is degraded, it may

contain other cor}nﬁgrﬁeﬁltlsc such as g obulin, Fur élF“jfca'ﬁ%:LLJ{r:ni?‘Frﬁa“o)’/’alss‘?)@k‘}éL g'fractiohation product.

Concentratii ot SIBGRAATR theMBst 8amipte (REERIESLi @ npRfieaden FeagroRrsitony s for
example, usually<-0004rntd=ll MBS %spiefegably @101 tatguass, moraypieferadly 0.2 to 0.6 mass

%. [0059] cveFamples of fextraninclude saxtean 49, dextian 500, AN 39, 9yhpdmong these,

dextran 40 is P{%ﬂm%(jongg%gt&n o&th%gegtrgpain teh ;[)est sample (nucleic acid amplification
reaction soﬁftloﬁ) IS, Tor gxgmp €, usuglly T §°/<§ prefera Inyto 6%, more preferably 1 to 4%. [0060]

Concentrati®t?é% the T4 gene 32 protein (e.g., produced by Roche A.G., also called gp32) in the test
sample (nucleickaaidamptificatopreastianisotatiatnpis usually 0.01 to 1%, preferably 0.01 to 0.1%,

more preferably 0.9110,@.02%. [Q061). ..Examples of lysqzyie jnglude lyspzyme derived from egg

white. Concentration of | sozgrrﬁisn ghfe est ,san§§le (nycleig acid amplification reaction solution) is, for

example, u%ﬁ%ﬁfltf?(? _Bﬁ/mﬁ preferab‘?y BH6" "’?1%‘7%31,5%01% 6re§8§§bl§/&5‘?&ﬁ3b Ag/ml. [0062]
Examples 6f fie-Bgfbetameintifdd fvhicHie Surfacnis3dchedd these BiHen @edistered trademark
of Union Cathide) NaptdeSheld), Iveeen fregistered trademark of ICI) and Brij

a) adding an agent capable of covalently binding to a DNA
or RNA 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 agent is added
with light having a wavelength of 350 mm to 700 nm;

c) amplifying a target region of the DNA or RNA of the
microorganism contained in the test sample by a nucleic acid

amplification method in the presence of an agent for suppressing
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(registered trademark of ICI) series, anionic surfactants such as SDS (sodium dodecylsulfate), and
cationic surfactants such as stearyldimethylbenzylammonium chloride. Examples of the Triton series
surfactant include Triton X-100 etc., examples of the Nonidet series surfactant include Nonidet 2-40
etc., examples of the Tween series surfactant include Tween 20, Tween 40, Tween 60, Tween 80 etc.,
and examples of the Brij series surfactant include Brij 56 etc. Type and concentration of the
surfactant in the nucleic acid amplification reaction solution are not particularly limited, so long as the
penetration of the PCR reagents into cells of the microorganism is promoted, and the nucleic acid

amplification reaction is not substantiall ini@ibite . Specjfically, concentration.of SOS is, for example,
usually 0.0B@Sat%tﬁ.?)ﬁf%?p?e{é?g Fylﬁ.%; 0 ?)mé) 37?,%%% %?e?&a%ﬁ%%él%bﬁg%%%%f still more
preferably G00PH 0500296 Asdor Hie itferstfactiie, fdifeksmpie, ftthe case of Nonidet 2-40, the
concentration is ustallyn@.004: tay 1155, prefarablyy 0c00240t1.2%, more preferably 0.9 to 1.1%. In the
case of Twegp-20Q, the concentration is usually 0.001 to 1.5%, preferably 0.002 to 1.2%, more
preferably 0.9 to 1.1%. In the case, of Brij56, the concentration.is usyally 0.1 1o 1.5%, preferably 0.4 to
1.2%, more prefer&BIyt&% & fcf"i%catl\%\?hgn _atis%&rfgéteasnemg .csbnrﬁg?%el i %ﬁgn}:ﬁr}ﬁ% solution used for
the nucleic ‘Heidtaraphifidafion eEacBoR Ot sHFfREANCATEAEBABEL bFGhIFthéss Rfactant derived from
the enzymensehdlinns-of: 3 uragantet dae samertypeces differapi dype may e furthet adried. [0063]
Examples qf; &Q&?‘%t?ﬁf%%sé}g inglude magpesiym chloride, magnesium sylfate, magnesium

rth.

carbonate, and so fo Concentration of the magnesjum salt in the test sample (nucleic acid -
amplificatictPERsh B8IABM 5! fEté Bmple 2usSaERY 116 T6FHRE &fefgpgtﬁé)of?o mM- more
preferably 210l My [G064Esampleschiathrligarit rid sahpliudBredies veeitritaBeid artaric acid,
propionic agi Rutyricracidaand.sm fertl £k xamplesafdypesatitie:saltdnchicdesodittmrsalt, potassium
salt, and sa forl, Fucther.examaley ol ahasphaie acid saltdnslude salieof gygphosphoric actd
and so forth: These maywbe used independently or as a mixture of two or three or more kinds of them.
Concentratisifot#ie FHAnRCalRFSAL or the phosphoric acid salt in the test sample (nucleic acid
amplification reactibm selutibm) is rformsainpledisudypddste 20tV fprsfetabisl to 10 mM, more
preferably 1 e 5:quM, in-terms gf dhe dotalarmpoupt 0065} arboha tha presentinventjon, extraction of
nucleic acids from the cellsie ot performed, whigh s perfarmed beforg the niclgia agid amplification
reaction in Corventional methods. The extraction of nucleic acids from cells means, for example,
collection of Pisifittith 6PAGEIIE 2efds FEMRAETRrGi5tet 6P f<Ed By ehZ¥matic or physical
means. In thergireseitirventondsuth streatmentdor extastingioeacleiedeids fromdells, for example,
ar:featfqems%%e&e@@w Oﬂm%gh%gﬁélﬁcm by @56&@&%@%%@9 the eells byian enzymaticdor
physical means, is_nat petforme . Atarget region of the.ON NA. whi as existed in
the cells is%a%mrgﬁﬁéﬁ %y%e'{“ %%tl&%dacgggfr%ﬁﬁfiggﬁgﬁ% r(:;letlh%)(;ei i tﬁgt(;ﬂ %lrgséﬁﬁc%% t@é\ﬂ,e?gg%? for
suppressingrEiRBaEtiofRSTA hudlditivid Bmphficaidn IReBRoPy Sutante38ndBther components, if
needed. Assthe-temhplatedeor the niicleiciacitearplifisatiohememicrobiakicelb sispehsion or a microbial
cell suspean@ﬁr]eated with a protein-degrading enzyme, a lipid-degrading enzyme, a
saccharide-degrading enzyme etc. is used, and extraction of nucleic, acids for preparing the template is
not performed. Thgﬁ%fgf’ei saccf(f atr%ﬁli |(::L§§c? %ﬁé’rﬁo’%%%%%%@%&%%k%%%eg%P{éjﬁ oF thermal
denaturatiorréPRUERI® Aeftts BEaShightegerditire FoF Eathipre, VBT I5C Ik raRFds to 95C,
more preferakiy:24 te: 856 ithe ampliicaticpof the sargetaegideds preferabhys  pedeahed in microbial
cells. In the_pe&s Hﬂggggogaﬁgﬁ@glply;m@églhmgpgs%g[%@@inggsi@rqgcrpggb@ells as shown
in the examples, That is, it is presumed thaithe m r,pholog oge&cgg%i%%aifé%inegrbX the high
temperatur8reathten S e RocleiE atfd Bridiifichtion Teaction and in a preferred embodiment,
actions the @feifbre Mierrtion ctFEORRIONETRER $63RAE thE ERFONTOESHH R EMPATE S e B2 SR  the cells, but
pinholes oramids aredobmes imthe celsnerbranasnpt eell vegls ebihemictoerganishesthus primers,
enzymes required far the nycleic Acid amplification.eic. digwjato the, cells. the amplification reaction

occurs in the cells, and then a part of the amplified prlo,duct remains in the, cells or flé)w Qut of the cells
depending SATTRE GenB&HGHh 5t ?He”érf?ﬁ’ﬁ*f%tf%fo&ﬁcﬁﬁovﬁ%@ 125 posZIBitity 1Al an extremely small
part of the cifrdrdsentONA 6PRNA flows out of the cells through the pinholes or voids of the cell
membranes or cellpvaligrasnot benderied; eitisintal dzany casepindlovepfeoteponents required for
the nucleic Q%QImlgéqgtl% @gghﬁscgg[nqggii%g& cells yithoyt,sufstantial disruption or lysis of the
cells, retention in the cells or outflow from the cells of a part of the amplified product, and outflow of the
chromosomal DNA or RNA from the cells are nat 4ncluded in the "extraction of nucleic acids".
Moreover, although existence of a mechanism other than that described above cannot be negated,
even in such a case, the method complies with the definition that "extraction of nucleic acids is not
performed"”, so long as a treatment of collecting or purifying nucleic acids by disrupting or lysing the
cells by, for example, an enzymatic or physical means, is not perfoLmed. In addition, even when
the chromosomal DNA or RNA flown out from the cells serves as a template, and the nucleic acid

amplification reaction occurs out of the cells, if the major amplified product is foimed in the cells, it can
ha caid that the niicleie acid amnlificatinn reaction ic "narformed in microhial calle”" <necificallyy for



Examples of the nucleic acid amplification method include PCR method (White, T.J. et al., Trends
Genet., 5, 185 (1989)), 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, et al., Arch. Pathol. Lab. Med., 124:1649-1652, 2000), LCR method (Ligase Chain Reaction:
Barany, F., Proc. Natl. Acad. Sci. USA, Vol.88, p,189-193, 1991), TMA method
(Transcription-MediatedAmplification: Sarrazin C. et al., J. Clin. Microbiol., vol. 39: pp.2850-2855
(2001)), TRE@% od (Transcription-Reverse Transcription-Concerted method: Nakaguchi Y. et al., J.
din. Microbiol., vol. 42: pp.4248-4292 (2004)), HC method (Hybrid Capture; Nazarenko |., Kobayashi L.
et al., J. Virol. Methots: Vol 1825 hp. 7861 2668), itrb&itay AEhGd ichErd B Sence, et al., J.
Clin. MicroiakhVaboE tNBE S, 53.162011627 s2008ysand s ok, Wetherpréseinsihvention, although
the PCR methad-is pakticuanlypreferably vsagk dhewuteleic asid ampliisatian-methed is not limited
thereto. [00G8. ;o0 Bresent Inverfign, dhe Laigetegian” is,potpaicylady limited so long as a
region of a chromosomal DNA or RNA that can be amplified by PCR using primers used for the
present invERTGARHEMTERAES YtEEti S TF P iCro G aridnPIid Beddtethid i'66Id8ted, and it can be
suitably selpcted depeading Brethapanpose. Fotkxdmglet whenoelistofiatypd different from that of
the microorganiginde ke deteciad are soptained.imthatest-sampledhentarget fegigni preferably
contains a sequence s te}cci;;ilc tot esngi%gg%anism to be detected. Further, depending on the purpose,
the target région may’be oné containing a sequence common to several kinds of microorganisms.
Furthermoré¥#4é& target region may consist of a single region or two or more regions. If a primer set
suitable for a targetregioarspécificitortheumitracrgansmitoase cetésteskbnd apammer set suitable for
chromosomgal DiAsehwide vasiesies; of migraorganisins:are Hged; iys el amount of dbe
microorgané%rg as, th; ggjle(::]‘t oftg]ee ge%egtié)gma g live CE” armougt gf Ctjhe ;\rl\ggﬁc\/&{i?}ie% of
microorganisms can Be smtﬂtaneouﬁy meas red?‘ﬁ%gﬁw o?l{ﬁeefargert region is, of example, usually
50 to 5000 hERAEGIEs OB cnFHespimetEdoBe tsbHtamplificaRgRcsHaARUEISE &&id may be
selected bases anipfinciplesiof aristisshueleic aeid astplificatien hzethogscaneare, natparticularly
limited as longas-the, PUmers.caR spesificaly ampifihe abovesmentioned targetdedion [0070]
Preferred exgmé%les ofltg.]e ta{ et region include various s ecmg genes 1§uch asafbSr IE{A gene, 16S
rRNA gene(,a1 35S TREA g%n(é, RNA g%%e{?%l?ﬁ)ﬁgﬁ%ﬁesﬁ géhne. ny one of %méaseegé%césqua part of any
one of thesBYeREs Afaf PevtatgetEarBRa Yegiti axidRdintcve Piflo Tt HBFEYenes may be targeted.
For examplesas.iot De)ifarmdactesiacanchbactetia ofdbe famiby Entercehacteraceae,@ipatt of the 16S
TRNA geneqeap beamplifiedhy sing heprisaer set soowtin SEQUD: NAS 1 and gufiaer, a region
extending over a part of the 16S rRNA gene, a tRNA geri[e, and a part (%f the 23S rRN gene can be
amplified b U&THG e PHer SHRkGHn T SEOTE ROS! BAATA, {0071 HATRATast where the

microorganidyp ¢rthésdéretisietayetivrapabegekit brerdfam thehtapgepicgivhangisbe a
pathogenic:gane-dpxamplesnfdheinaihogenic geae, inghade vligtesioprsin )0 (RiyAngeng ol Listeria
bacterium; gnterotoxin gene and invasion (invA) gene of a Salmonella bacterium; verotoxin genes of
pathogenic Escherichia coll 0-157, 0-26, 0-111 etc.; outermembrane-protein A (ompA) gene
(Enterobact[é)rogglgazakii) and macromolecular synthesis (MMS) operon (Enterobacter sakazakii) of an
Enterobacter bactetiumentame phiagecinussicn protaihy niipligeane of alkegiorelldtbasterium;
heat-resistaridiamelysia gene and heattesistanthemalsinnike texipgena of \dbriopasghaemolyticus;
Ibba gene WAanAlRsTICAnIaengene) A1 INE gens davasionagpe) L igela ysenteriac and

enteroinvasive Escherichia colil; entérotoxin gene of Staphylococcus aureus; cerelllide gene and

enterotoxinGEHE bt BdcittS c&raha N ado G 1R ge RES e SATRM BbERAMRE SR Lo forth.
Further, examptbs ofgrirdess ol agpathoyenic gehe iHolade, forcerarpte, asetwf primeesshown in

SEO?SI? NQZ:zgaansl ﬁatfgr Béy/a%ﬂ;e gﬁtisienﬁ@%ﬁeﬁamm&e&@fﬁgnﬁﬁﬁhew 'n_m§§Q(I)Eé NQOS:d7 .
an oro of Enterobacter sakazakii; and a. set rimers_shown in IDNOS:9and 1
for MMS orr)&;%f)ct%gg‘{]g téer%%%%efe?gakgggéflﬁoé%%r%&ﬁ%.rt%ﬁégr%ngrb,?ﬁ t \g%a%fsgﬁhe influenza virus
having an ervBiGpESaXaHPIB s e ar§ELrSHBRIRCIRTE e HERRGgRMISIFAHARENS gene and the
neuraminidasgr®di proteimyzgeae, RNA polymerase gene of the Calicivirus family viruses of which
representative examplesiaglusie aproviryses, genelic regionsyerdingnior watious,gapsid proteins, and
so forth. As food poisoning viruses, besides noroviruses, there are also rotavird-ses---- and
adenoviruses, and as the objective gene, RNA pgaélymerase genes and genetic regions coding for
various capsid proteins thereof may be used as the target region as in the case of noroviruses. [0073]
If primers suitable for two or more kinds of microorganisms are used, live cells of two or more kinds of
the microorganisms in a test sample can be detected. Moreover, if a primer(s) specific to a particular
bacterium are used, live cells of the particular bacterium in a test sample can be detected. [0074]



Conditions of nucleic acid amplification reactions are not particularly limited as long as a nucleic acid
can be specifically amplified based on principles of various nucleic acid amplification methods (such as
PCR, LAMP, SDA, LCR, TMA, TRC, HC, microarray method, etc.), and the conditions may be
appropriately set. [0075] (4) Step d) Subsequently, amplified products obtained by the nucleic acid
amplification method are analyzed. The analysis of the amplified products is performed following the
step c), or performed simultaneously with the step c), depending on the nucleic acid amplification
method adopted in the step c). For example, in the case of using real-time PCR, the step d) may be

performed 3%@&&%%%%{ With the $teP:s); exodBeaNAysismelhocdsneipadieugrly limited as long

as the method can detect or quantify the nucleic acid amplified products, and exagg)leséhereof include

i
electrophordd e TeSte It fiF tFE ThdR SFaSRYBCRITehbd i e hactei€ Al ampiitication method,
a real-time FORanethcd Ny VEcst hl., Appl SRARPSAS MiErdbivl. SeetBer DHD0I9sEag6894271; Nogva et

al., Appl. EsvirgreMicrohiak, ¥al66:e200Q,1ppA0R9-4036) santbessed. [0076] The
electrophor?ﬁbsz%wables evaluation of the amounts and sizes of the nucleic acid amplified products. In
addition, real-time FOR enables rapid quantification of FOR amplified products. In the case where

the real-time FOR Bémpioy&a°EAahgee iniGHRstEAE tehRitis SF& Geietally idiSe levels and about
zero if the mernhed of Armplkficaterdy cleyminitre range bf Intg- 102 Thierelerel thé intdiwsities are
rigarded agéa:(leol@@ ?I@nkﬁ @%}a&@ir@ea@@éaali&@d mlam@@tsh.aﬂw s&all@aiama@mﬁpn (SD) of the
changes is calculated, and a value obtaine multiplying t Y’ i ined as a
th res%old vgﬁjjce%elgf% naing Te%l of %%ﬁgcy%ﬁgg?%yﬁvﬁ%hgg Q/%%ueenle'a e]?%gﬁnftﬁ/e%%rgs% %%Iue is
achieved foRtRe st irReiafelred 18 B8 "oy thresHaTd Yaas eETVHile PL Thetefies héY8rger the
initial amoumt of @:DNA templatd irsadZCRheeadtiorpsolifivisnthersmatienthe Civdkmieswhile the smaller
me amountquom?tr?mr%l@é% %‘éf' t@@l'@%ﬂ%%@eiﬁﬁtﬂﬁéﬁﬁ(ﬁﬁﬁtg iaﬁwt%@énamazﬁsecf:gaﬁ@mplate IDNA gre
e same, the higher the proportion o mplate .where a target region of as been cleaved,
the larger tf%%’bl%aﬁﬁﬁ in pﬁg ?e&"aé'ﬁgrfl%l ?%er%aegrLee jion’ [ (W‘?}l et lfl%ﬁér,vﬁrxé%sé%sc'e %?cgbsence of the
amplified pRRIFATEEN aldbdPastarim el By SaIVARY REIREMRT] tkhHaHF EAvITFattern of the
amplified pepductnegatArtheaforarhenticnecpiethods cér alsebeuseéd for optimtization of various
conditions for, the quethod,of the pregent iavention. J00{8Ls st buscells ebmisragraad)ism are

detected by the method of the pEesent inveﬂtion, Eecisg)gs OL ;_[1 1e d%%mi'nlaatieon ﬂ g%% fprgsence or
absence of TV ERIR6H r%[fgrogr%a%rlslr% &n quaasntl icATOR Of the Samme i the analysis o the PCR
amplified plstithaehh Bedhcrtaddd byiisingoa s S SRk Sehthrf FeatiBnnGs idtween the
amount of migraorganisarand thelamplified:praductwhieh isnprepared bitusivg-staridard samples of
the microorgapism in whigh,e.mickpargapism is ddentifigdoAlibouah.a isliminasily prepared standard

curve may be used, it is preferable to use a standﬁz?irg cyrve prepar rformiag I’;tlge steps of the

edb
method of HEFHRREREIVENASH 1Br starffdit sy ples i ré%arhlgrin%%y v‘gl Hest'sEmple Moreover, if
relationshipisetweeramadnEépaticicbrgameniand ZrR6uRtf BINACSTERN AT @eefiféd beforehand,
DNA or RN#nisolpted-fregsthe s1ipiaigaiisineanais @ becispd @s:a istandanth sample> {687 9] <2> Kit

(ﬁther”es%ggﬂgﬁggogﬁe Escherichia bacteria such as Escherichia coli,
Enterobacter bacteria such as Enterobacter sakazakii, Citrobacter
macteria such as Citrobacter koseri, and Klebsiella bacteria such
as Klebsiella oxytoca, and, Salmonella bacteria, Vibrio bacteria,
Pseudomonas bacteria, Legionella bacteria, and so forth. Examples
of virus include viruses having an envelope such as influenza
virus, and viruses not having envelope but having only a
nuclieocapsid, such as noroviruses, rotaviruses and adenoviruses.
[0027]

s for viruses, there is known a method for measuring
activation and inactivation of virus in water, in which a

photoreactive nucleic acid cross—linker (EMA} is allowed to act on
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The kit of the present invention is a kit for detecting live cells of a microorganism in a test sample by a
nucleic acid amplification method by distinguishing the live cells from a dead cells or injured cells and
comprises an agent capable of covalently binding to a DNA or RNA by irradiation with light having a
wavelength of 350 nut to 700 nm, an agent for suppressing an action of a nucleic acid amplification
inhibitory substance, and a primer(s) for amplifying a target region of DNA or RNA of a microorganism
to be detected by the nucleic acid amplification method. The kit of the present invention can be used
for implementing the method of the present invention. In addition, the kit of the present invention
may further.compiisg agy one,armore kinds Selectad fiom 4 sydactant, amagnesiu, sglf and an
organic acid salt or a phosphoric acid salf. Moreover, the kit of the present invention may further
comprise an ehzyiHe RaATY A &ctiGity bf Becomposing cells other than that of microorganism, a
colloidal pattichy of acpigtéimrartipid 2dr/ d Sacchariode/ Eistingl sotheatest Sample. [0080] The
enzyme, theagentsapable ofcovalently hindingite-a M orRNAR and the.agept far suppressing an
action of a %%@Sé&‘%%&? a@wplli,{'cea}iog @hékﬁig%ry S lg%@qc& e%%.\é"@"o%% ih% surfac%ant, c}ge magnesium
salt and the organic acid salt or hosp' oric acid-salt, as requweé, may &R the Torm of a single
compositioh eBhtARHY At tﬁ%g%rc%ﬁB%h?éoﬁﬁméW&Mé%u%ns?&%n%%ﬂ?éﬁ@%ontaining
the comporients éranbitrayncombiiations. [@08dde) ) . Thaucleic ddidiamgplifigatondeaction is
preferably RGR, dAMPLSDA AL R TMATRGHE o1 mistoariay methed, The.crgssylinker and the
medium in the ki% are thg1 same as t?‘ose described for the methgg of the present invention. [0082]

0

Ina preferré‘al Eécf‘n%ga;:n%nY%Wﬁgﬁd 51 tﬁégprseesveen el%ge% |3?ﬁ‘ e e?@é'ﬁp .fbea le of covalently binding
to a DNA oFRNA®S ppefetablypadiddteddismcethiditiiyahefoizidsssthidilivie tiazide, propidium
monoazide ipseralentdd Btimethyipsesal etz ansk8«d aethaxypsosalen. ththaiym monoazide is

particularly preferabhused. [Q088l,.qn Fyrtheilunre examples of e agentfor suppessing an action

of a nucleic acid a Iificagon,inhi,bitor substance include one or more kinds selected from albumin,
dextran, T4 é:”etné) @g pt—TStelﬁ?Ié%JéJfgmigé,lﬁﬁ%ﬂ%é’flﬁirﬁ@ﬂ%ﬂ. KX ForRamiat>YyCerol,
polyethylen&ldl}€6E soybean trypsin inhibitor, of2- macroglobulin, tetramethylammonium chloride,
lysozyme, plugsphiorylase, and lactate dehydrogenase. [0084] Furthermore, examples of the

magnesium salt incjydem Qg%lﬁrp_gmggggiggﬁg%giu@ﬁ}gfaéglgpa%%%ig@ Egrlgog_g&el, and so forth.

Furthermore, exar?les of the organic acid salt include - salts of citric acid, tartaric acid, propionic acid,

butyric acid> and §535fth " BXanpre Sty pesr B saitThEitRre 85I PoREERRASHL, and so
forth. Furthee teeimpies of thdpusproriecacidssalt incbile-salts of pyrophdspissrtecid and so forth.

These mayhetised indepencently anasa guixisre ofiwa-erdhies opmera-Kindshef thems [0085]
Furthermorgy, tha enzyma is ngl pattieylarly firalted %&gﬁgq%&%@igﬁg@ﬁ%ﬁ% Orsgn pdstances

such as cells other than microorganisms, protein colloidal part s and saccharides existing in

S
the test saﬁﬁf%?%%ﬁo@gtﬁgﬁaéﬁ?a&éeﬁ\{fé%ﬁg GG OO BN 155 dete&REE 3$hd examples
thereof incladélipidefradingeisy masmprbidiredegraning e meses anid:seecchandevdegiading
enzymes. QEINOEEL HNeeBZYme OLAWOL! MEES BHTYFAeS Faayha used, butdt isRreferallesto use both
the lipid-degrading Wim d protein-degrading enzyme, or .all, of.the lipid-degrading enzyme,
protein-deg_rzﬁ-i%?ég e?%ﬁrzzlémegg%%réglcg&éari_arej"gfggsralméi e%czei/%eft'hat Jé:xacnél%lelsn%f%ﬁ%e ﬁpid-degrading
enzymes iftiGHE lipaBeCphbspatREe -4 <dtforth, examples of the protein-degrading enzymes
include serifébgfidtease, cysteine protease, proteinase K, pronase, and so forth, and examples of the

saccharide-degrading-engyme include amylase; cellulaseard so.farth {00861 o«
proliferate, and does not exhibit metabolic activities (dead
state}, even 1f it is cultured under an optimum culture condition.
Moreover, 1t is in a state that although structure of cell wall is
maintained, the cell wall itself is highly injured, and a nuclear
stain agent exhibiting weak permeability such as propidium iodide
can penetrate or permeate the cell wall. As for viruses, "dead
cell™ refers to a virus in a state that it cannot infect =2

mammalian cell.
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The kit of the present invention may further comprise a diluting solution, a reaction solution for the
reaction of the agent capable of covalently binding to a DNA or RNA, enzymes and reaction solutions
for nucleic acid amplification, an instruction describing the method of the present invention, and so
forth. Examples [0087] Hereinafter, the present invention is described more specifically with
reference to the following examples. However, the present invention is not limited to the examples.
[00B B] [Example 1] By using Enterobacter sakazakii as a representative bacterium of coliform
bacteria, conditions for definite distinction of live cells and dead cells were examined. [0089] 1. Test
materials and c é re method 1-1) Used strain and culture method The Enterobacter sakazakii
AT0051329 \R/% ultured at 37C for 16 hours by using the Brain Heart Infusion Broth (BHI broth, Eiken
Chemical Co., Ltd. TrekyénJapan) cEheé tulingusieth 8 blvelumié st B mluasPut into a 15-ml falcon
tube (BectonuRickiasar Lebware,SNd),@nd. subjecteddo-refrigerateshcentifugation at 4C and 3,000 x G

for 10 minuies, the syinspnarayt was.temeyed: andthen 5 Lot physinlogioal salipe was,arded to the

pellet to prepare a stock live cell’'suspension_of Enterobacter sakazakii (8.9 50.01 Ioglo cells/ml, n =

2). Further, RRf& Ve £ & periah was tiuted YPnfeewith 6ﬁ§§1§f5d135| &5fiR&S0Prepare a live cell
suspensioncoiVE prsvobaiter sakazakii (N5t oMb isymeteligmilcnaciviDoge] et aFdatier, 1 ml of the
aforementionag steckilive £elksuspensionavas put iBta aal.brai voluae: miekeiubectrppeadort,

Hamburg, Geupanyldhe Wb was imperserinta boiling yiates fot pO-seggads and guenched, and it

was confirmed that the bacterium thereafter did not'form any colony on a standard&‘gaar medium
(Eiken, Tokyb¥ Y8pah) 3o Préparénesicdiendred Cet SIRPERSTON T EHE?Bh &6l sdifazakii. The live
cell count of&Entetolpacter Sakazakiirintthe lveléell suspension was counted on the standard agar

medium, and turbidime&mwas%m@mg%ﬁly eRlTied-oybat s wayelength-eke004Ha by using a
spectrophotpmeter U- 8,00 ch| apan) to figure ou the . latlonsh etween t e live cell count
and the turbpgfty [5(?91 er jt%e sto?clﬁtl Ilngn(?éjlfséspengon was éjlltl'?tecfa 10t tlrges with marketed
pasteurized*€8® Shitke toaﬁféﬁé’rﬁlééﬁ"v‘eq?é#nﬁﬁ( SUEPERSIBFPER EPfer iFiBF Ehk&Z4Kii (7.95 0.01 logn
cells/ml, n 52%311 Furthermore, the stock injured cell suspension was diluted 10 times with marketed

pasteurized cow's milkdorepase aainjured celmilk suspensionofienterobactsi-sakazakii (7.95 0.01

Iogn Ce”Shtghn 2)m1id heat treatment or adminigtration 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 cf live cells, but also distinction of live cells
from dead cells or injured cells.

[0032]

The unit of cell number is usually cell number {(cellis)/ml
for all of live cells, injﬁred cells and dead cells., In this
specification, the cell number is represented by a logarithm, and
"a log cells/ml" means 10% cells/ml.

The number of live cells can be approximated with a number
of formed colonies (cfu/ml (colony forming units/ml)} obtainable
by culturing the ¢ells under an optimum condition on a suitable
plate medium. A standard sample of injured cells cf microorganism
can be prepared by, for example, subjecting a live cell suspension
to a heat treatment, for example, a heat treatment in boiling
water. The number of inijured cells in such a sample can be
approximated with cfu/ml in the live cell suspension before the

heat treatment. Although time of the heat treatment in boiling
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[0092] 1-2) Ethidium monoazide (EMA) treatment and light irradiation treatment Ethidium monoazide
(EMA, Sigma, St. Louis, MO) was dissolved at 1000 pg/ml using sterilized water, and subjected to
filtration sterilization by using 0.20-pm filter (Minisart-plus, Sartorius AG, Gottingen, Germany) to
prepare a stock solution, which was stored at -20C under light shielding. [0093] The EMA solution
(2000 pg/ml) in a volume of 10 pl was added to the live cell and injured cell suspensions (1 ml) of
Enterobacter sakazakii, and the suspensions were left at 4C for 10 minutes under light shielding.
Then, the suspensions were placed at a distance of 20 cm from a visible light source (100V PRE

500W Flood eye, lwasaki Electric Co.. Ltd. , Tokyp, Japan). agd iradiated wi htfor 5 minutes on
ice. Each E‘ﬁ?trea?ed %arﬁple W%S S EJecteé9 to rgfrlgerated cge%ttrlfuga[tgflon atta{ and 15,000 x G for

10 minutes™& SopEthafIt WadTERTovEd Hhett 1%?0??)‘?1%?3189?0%?%%#\%%% &88ed to the pellet for
washing, 1@xpimpf sterilized weatephas addeddortherpracipitates {uells) tossusrerid #ie cells in the

sterilized waier, anch Sl Qfihe, suspension M@%eeggaesia@@wt&e dar POR ammplification£[0094]

The live cell and injured cell milk suspensions f Ent rsa akil were subjected to an
EMA treatrient anéqlgrhjt Srad rgt]tlosr#j 8%m§nt Se fo %{9%%[ %E)d%s l§I’E{#st éach of the I|ve cell and
injured cell ¥ 8i8pEMsions (14N &f EAfEro eP%ét(a‘Q Waé’guﬁ“@ctﬁajtbr rigetate
centrifugatiearat4Caand d:b; 08 0ad GoforelD onintibes pthidsupedtantevassénoved, and then 1 ml of

physiological.sgline was added M&Qteﬁée {derived from Bacilus bacierium, Sigmalin a volume of 3
pl was added to treat the cells WI é ease at 37Cf I 1 hour therlthe sus&ensmn was subjected

to refngeraféd“%ht’r%g%?o% (gfd' a(% 189 mlrlfmtes e subernatant was removed, 1 ml of
physiologicaksafnéivas ra%créttaetﬁdttttémcﬁal BP @ ENIACs ol HHiBR O FPhHAHVES ddded under
|Ight shieldipgmdheimethedsiised thereaftar:were ¢ha sgime as:thdsedescribed forthe aforementioned

“live cell angipjyed cgll Sy@g&%g%%ofE@eroeﬂmmwlt@emhs&%m 3);EOR amplification
An agent comprlsm% trisodium citrate dihy drateé C Kanto Ka aku an((l_!i magﬂegwne chlorlde

hexahydrat® TS UBRaREIGHAEY CORt: Br&s Bk

B 6r More SBiEcted from B0vine Serum
albumin (BSAl&gmﬂues@ma@wmméca@mw leoreoe%lmfemmakerétﬁéeéaéﬁ T4 gene
protein 32 (gp3Z.Nippen-Gene). sediwmilaurylsuifate (6DS, NakasaisTesquey.Brij56 (Sigma), and egg
white lysozyme (WakoBure, Chermical jpdustiies) wes agded 19 5 pLotie, sampie,for FOR

amplification, Each agent added to the sample for PCR amplification and having each composition

may also bé’Jréfﬁtfr’eé‘tE“i%tsnEré’t?éjoitnitglfttla‘ﬁJént> FEbmpositions of the pretreatment agents are shown
below. [0098]} @&mposition 1: 2% BSA: 5 pl
The method of the present invention is for detection of

live cells of micrcorganism, and cells of the microorganism
distinguished from live cells may be injured cells or dead cells.
[0034] '

In the present invention, the "detection of live cells®
includes both determination of presence or absence of live cells
in a test sample and determination of amount of live cells in a
test sample. The amount of live cells is not limited to an
absolute amount, and may be a relative amount with respect to that
in a control sample. Moreover, "to detect live c¢ells by
distinguishing the live cells from dead cells or injured cells™
means to more selectively detect live cells compared with dead
cells or inijured cells. In addition, the "distinction of live
cells from dead cells or injured cells"” includes distinction of
live cells from both dead cells and injured cells.

{00351
Hereafter, the method of the present invention will be
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50 mM TSC: 1 p1 100 mM MgC12: 1.5 pl 0.05% SDS: 1 pl [0097] Composition 2: 2% BSA: 5 pl 50 mM
TSC: 1 pl 100 mM MgC12: 1.5 pl [0098] Composition 3: 20% Dextran: 2.5 pl 50 mM TSC: 1 pl 100 mM
MgC12: 1.5 pl [0099] Composition 4: 0.1% gp32: 5 pl 50 mM TSC: 1 pl 200 mM MgC12: 1.5 p1 [0100]
Compogitign 5. 2% %§ﬁ e%Bﬂ 0N M 183Gk PL1B04MM MaC121d - 2.pL AR BYHSE,22.6 pl [0101]

Composmon 6:2% B
present 1nventlon may comprise the step of treating the test

sample with an enzyme having an activity of decomposing cells
other than those of microorganism, colloidal particles of proteins,
lipidg, or saccharides existing in the test sample, before the
steps described below.

[0038]

(1} Step a)

An agent capable of covalently binding to a DNA or RNA by
irradiation with light having a wavelength of 350 nm to 70C mm is
added to the test sample. That is, microorganisms in the test
sample are treated with the agent.

2s described later, the agent intercalates into a double-
stranded DNA or RNA and covalently binds to the DNA or RNA by
irradiation with light to cross-link the molecules. Further, it is
estimated that the agent covalently bkinds to a single-stranded DNA
or RNA by irradiation with light to inhibit reacticns of PCR. The

agent may henceforth also be simply referred to as "cross-linker"

[0037]

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 microcorganism and cell membranes of
somatic cells such ag bovine leukocytes, leukocytes, or
thrombocytes comparaed with cell walls of live cells of
microorganism.

Examples of the cross-linker include ethidium monoazide,
ethidium diazide, psoralen, 4,5',8-
trimethylpsoralen, 8-
methoxypsoralen, propidium monocazide, and so forth. One kind of
those cross-linkers may be used alone, or two or more kinds
thereof may be used in combination.

[oo38]"
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50 mM TSC: 1 pl 200 mM MgC12: 1.5 pl 500 pg/ml Egg white iysozyme: 1.0 pl [0102] Composition 7:
2% BSA: 5 pl 50 mM TSC: 1 pl 100 mM Mg012: 1.5 pl 0.05% SDS: 1 pl 4% Brij56: 12.6 pl 500 pg/ml
Egg white lysozyme: 1.0 pl [0103] Composition 8: 2% BSA: 5 pl 50 mM TSC: 1 pl 100 mM MgC12: 1.5
pl 4% Brij56: 12.6 pl 500 pg/ml Egg white lysozyme: 1.0 pl [0104] Composition 9: 2% BSA: 5 pl [0105]

Composition Mhe conditions of the treatment with the cross-linker may
be appropriately set. For example, conditions for easily
distinguishing live cells of microorganism from dead or injured
cells of microorganism can be determined by: adding various
concentrations of a cross-linker to suspensions of live cells of
microorganism to be detected and dead or injured cells of
microorganism; allowing the suspensions to stand for various
pericds of time; separating the cells by centrifugation; and
analyzing the cells by the nucleic acid amplification method.
Moreover, conditions for easily distinguishing live cells of
microorganism from various cells can be determined by: adding
various concentrations of a cross-linker to suspensiong of live
cells of microorganism to be detected and somatic cells such as
bovine leukocytes or thrombocytes; allowing the suspensions to
stand for various periods of time; separating the cells and the
various cells by centrifugation; and analyzing the cells by the
nucleic acid amplification method. Specifically: conditions of a
treatment with ethidium monoazide at a final concentration of 1 to
100 ug/ml for 5 minutes to 48 hours at 4 to 10°C; conditions of a
treatment with ethidium diazide at a final concentration of 1 to
100 ug/ml for 5 minutes to 48 hours at 4 to 10°C; conditions of a
treatment with propidium moncazide at a fimal concentration of 1
te 100 ug/ml for 5 minutes to 48 hours at 4 to 10°C; conditions of
a treatment with psoralen at a final concentration of 1*10~° to 10
ug/ml for 5 minutes to 48 hours at 25 to 37°C; conditions of a
treatment with 4,5', 8-trimethylpsoralen at a final concentration
of 1»<10~° to 10 ug/ml for 5 minutes to 48 hours at 25 to 37°C; and
conditions of a treatment with 8-methoxypsoralen at a final
concentration of 1%*10~" to 10 ug/ml for 5 minutes to 48 hours at
25 to 37°C are exemplified. [0039] (2) Step b)

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

The cross-linker can easily pass through cell wallg of dead
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Only the PCR buffer consisting of the component a) to g) mentioned below, not containing the
components of the compositions 1 to 9 [0106] For the FOR amplification, Primer F: forward primer
165 _10F for 165 rRNA gene detection (5-AGTTTGATCCTGGCTC-3, SEQ ID NO: 1), and Primer R:
reverse primer 16S_1500R for 165 rRNA gene detection (5-GGCTACCTTGTTACGA-3', SEQ ID NO:
2) were used as POE primers. [0107] Further, in order to maximize variation (primary differential
peak) of the fluorescent substance amount depending on the temperature to perform high sensitivity
detection in the melt analysis of the amplified products after the real- time FOR, a POE buffer
consisting of the following components %to ) was arec anoljT he R am I|f| tlon as
performed 6§ addifgthi EERDFrer'd HERTTe" gﬁ?ﬁ F&ampia %r R amplpﬁ';e ation aérqld the
pretreatment agentsThésmrgetiottisd afererhientioriet: prmRsl sthas 4 T6n G DNA-@49EBp) comprising
10 to 1500%%0&&9&@@&0@%55;@!&& genre. {0168} ra)Riimermk (4 Oogniolipd. . yed pb by Primer R (10

pmol/pl): 4 '8} 29 @Ual MQSB@rQu%@%&%mamg GEvndueen 20 05 Nonidet P-40,
and 50% g ycero 10 x Ex-Tag Buffer (Takara-Bio): 5 dNTP mlxtu §| ra- BIO 4 plf) 10 x

SYBR Greéi HBMA) T8 pFOgFetEmiized %tg?a%lﬁ?ﬁ@?éﬁu?%ﬁ}t% oBféln volume of 55 ul
including 5uteeﬁtmemampl@@f@@@@rﬁpm@tm@@m@p@éaﬁﬁéﬁt ﬁ@?ém%leé] timeReal-time
PCR was perforgned aseasdingmto-thes following:PER thermad sycle: aeaditionsby irsing a:senl-time FOR
apparatus (GycleriQ, Bip;Rad, HErGes: Gied)AR0" SmInUES (HYEIR, ana
- subsequently form hydrogen bonds with chromosomal DNA or RNA, and
then the cross-linker irradiated with 1ight having a wavelength of
350 nm to 700 nm cross—links DNA molecules or covalently binds
with RNA and, as a result, causes a deformation in the chromosomal
DNA or modification of RNA with the cross-linker, eventually
resulting in disruption (fragmentation/cleavage) of the
chromosomal DNA, or RNA not serving as a template of a nucleic
acid amplification reaction.
[0040]
The light having a wavelength of 350 nm to 7060 nm may
include at least light having a wavelength of 350 nm to 700 nm,
and the light may be single-wavelength light or multi-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 iight
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 nm to 700
mm. Preferably, the light does not include a component with a
short wavelength to such a degree that chromosomal DNA of a
microorganism is cieaved only by light irradiation.
[0041]
When chromosomal DNA of injured or dead cellé is more
preferentially disrupted than that of live cells of microorganism,
a 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.
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2) 94C for 30 seconds (1 cycle) 3) 94C for 20 seconds; 55C for 30 seconds; 72C for 1 minute and 30
seconds (50 cycles) 4) 95C for 3 minutes (1 cycle) [0110] Then, according to the protocol of the
melt analysis of the FOR amplified product (temperature was raised at intervals of 0.1C from 60C,
each temperature was maintained for 8 seconds, and this procedure was repeated 350 times in total
up to the final temperature of 95C), the melting temperature of the PCR amplified product was
measured. [0111] As a positive control, 8 logw cells/ml live cell suspension of Enterobactez
sakazakii was used. Further, as a blank sample, the FOR buffer itself to which nothing was added was

used for FOR: 1122, Resils, The 1£5us 6f4n1eALime, FOR aie, shown i TabledocThe symbols

a) to f) used in Table 1 indicate the fol 0W|%g]s Further, "Lyso" used for the pretreatment agent means

egg white FSOAThEY SHYLiveBelt R uHts &h n?lfre%eégll%% $ of Enterobacter sakazakii: 7.95 0.01
logu cells/m1 (in pliysitlegicarbatin&Endmdkitetpastedhizddwsows milkPasinjured cells were
prepared by aragesing dive,calsiit bading waterfor2Q seconds r o Nantreafiment Wit EMA is meant.

) EMA weatment (10 galyi 10 inyies, 4C, yyder ot fiedingh+yisiic gt iradson (s minutes)

e) Ct value of real-time FOR indicated as mean  SD (n nd means that ampI|f|cat|on of the

objective géfie Wad hbt eidinet By ‘Pﬁéﬂrééﬁlﬁ%lﬁ(fﬁ@fdlfff]af%fé PE

target region of RNA of the injured or dead cells is modified,
resulting in inhibiting the nucleic acid amplification reactions.
Ag a result, the live cells of microorganism can be detected more
selectively than the injured or dead cells.

{0042]

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 ethidium monoazide is
added with light having a wavelength of 350 nm to 700 nm.

Ethidium monoazide {EMA) can easily pass through cell walls of
_injureé'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 live cells of
microorganisme but passes through cell walls of injured or dead
cells of microorganism or cell membranes of dead somatic cells.

Note that, in the case where leukocyies and thrombocytes in
blood are live cells, EMA can more easily pass through cell walls
of the cells in sterilized water or a hypotonic salt solution.

Concerning DNA, in particular, EMA moves into dead somatic
cells and injured and dead cells of microorganism and intercalates
randomly into nuclear DNA, and intercalated EMA is converted intc
nitrene by irradiation with light having a wavelength of 350 nm to
700 nm and binds covalently to nuclear DHA to cross-link DNA
moleculezs. Then, it i1s presumed that EMA which binds covalently
to bases and deoxvriboses in chromosomal DNA at many points causes
a large deformation in the chromosomal DNA, resulting in
disrupting (fragmentating) the chromosomal DNA.

Further, concerning double-stranded RNA (including
partially double-stranded RNA), EMA moves into dead somatic cells
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osit ion Pretreatment agent In physiologicalsal ine In cow's milk Live cell a) Injured cell a)b) Live
cella) Injured cell a)b) BSA flex Gp32 [SC MgCI, SOS 8rij56 Lyso

and injured and dead cells of microorganism and intercalates
randomly into RNA, and then intercalated EMA is converted into
nitrene by irradiation with light having a wavelength of 350 nm to
700 nm and binds covalently to the RNA to cross—link R¥NA molecules.
Then, it is presumed that EMA which binds covalently to bases of

" RNA at many points causes a large deformation in the RNA,
resulting in disrupting {fragmentating) the RNA.

Furthermore, concerning single-stranded DNA or RNA, it is
presumed that EMA moves into dead somatic cells and injured and
dead cells of microorganism, and then converted into nitrene by
irradiation with light having a wavelength of 350 nm to 700 nm,
which binds covalently to the DNA or RNA.
f0043]1

A cross-linker other than ethidium monocazide may also be
used so 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 or covalently binds
to BNA by irradiation with light having a wavelength of 350 mnm to
700 nm {long-wavelength ultraviclet light or visible light) to
thereby disrupt the chromosomal DNA or modify RNA.

[0044]

Conditions for the treatment with EMA can be appropriately
determined. For example, condifions that enables easy distinction
of live cells of microorganism from dead cells and injured celis
can be determined by adding EMA at various concentrations to
suspensions of live cells and injured cells or dead cells of the
microorganism to be detected, leaving them for various periocds of
time, then irradiating them with wvisible light, removing the cells
by centrifugation or the like as reguired, and performing analysis
by nucleic acid amplificatiocn methods. Preferred conditions for
the irradiation of light can also be appropriately determined by
performing such an experiment as mentioned above using various
irradiation times. Specific examples of the conditions for the
irradiation of light include irradiation of lights of 100 to 750 W

and the aforementioned wavelength for 5 minutes to 2 hours from a
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digtance of 10 to 50 cm from the test sample. The irradiaticn of
light.is preferably performed at a low temperature, for example,
with ice cooling of the sampie.

[0045]

The addition of the cross-linker in the aforementioned step
a) and the light irradiation treatment of the step b} may be
repeated for 2 or more cycles. In such a case, the concentration
of the cross-linker is preferably made higher in the step a) of
the first time compared with that in the step a) cf the second
time or thereafter, and made lower in the step a) of the second
time or thereafter compared with that in the step a) of the first
time. |
[C046]

For example, if BEMA is allowed to act at a high
concentration, for example, 10 ug/ml or higher, although
permeability for the cell wall or cell membrane of dead cells
becomes higher, the permeability for live cells also becomes high
{(Microbiology and Immunology, 2007, 51, pp.763-775; Journal of
Clinical Microbiology, 2008, 46, pp.2305-2313). On the other hand,
if BMA is allowed to act at a low concentration, for example, lower
than 10 ug/ml, although permeation into live cells can be avoided,
permeation rate into dead cells also decreases, and therefore,
dead cells may also be detected by nucleic acid ampiification
regctions. Therefore, it ig preferable to use a high concentration
of the cross-linker in the step a) of the first time, and make the
concentration of the cross-linker low in the step b} of second
time and thereafter.

[0047]

Specifically, the final concentration of the cross-linker in
the step a) of the first time is, for example, 10 to 100 ug/ml in
the case of ethidium mcnoazide, 10 to 100 ug/ml in the case of
ethidium diazide, 10 to 100 ug/ml in the casge of propidium
monoazide, 2 x 10~ to 10 pg/ml in the case of psoralen, 2 x 10~ to
10 ug/ml in the case of 4,5',8-
trimethylpscralen, or 2 10~° o 10 ug/ml in the case of 8-

methoxypgoralen. Further, the final

25



rid f) 320.8 350.9. 35*1.1 rid 17;0.6 201.( 201.1 rwl 311.4 341.6

concentration of the crosg-linker in the step a) of the second
time and thereafter is, for example, 1 to 10 pg/ml in the case of
ethidium MOnoazide, 1 to 10 pg/ml in the case of ethidium diazide,
1 to 10 pg/ml in the case of propidium monoazide, 1 x 10~> to 9

pg/ml in the case of psoralen, 1 x 10-~°

to 9 pg/ml in the case of
4,5",8-trimethylpsoralen, or 1 x 10~" £to 9 pg/ml in the case of 8-
methoxypsoralen.

[0048]

Further, the treatment time of the step a) of the first time
is preferably made shorter than that of the step a) of the second
time and thereafter, Specifically, the treatment time of the
step a) of the first time is, for example, 5> minutes to 1 hour in
the case of ethidium moncazide, 5 minutes to 1 hour in the case of
ethidium diazide, 5 minutes to 1 hour in the case of propidium
monoazide, 5 minutes to.i hour in the case of psoralen, 5 minutes
to 1 hour in the case of 4,5',8-trimethylpsoralen, or 5 minutes to
1 hour in the case of 8-methoxypsoralen. The treatment time of
the step a) of the second time and thereafter is, for examplie, 6
minutes to 48 hours in the case of ethidium monoazide, € minutes
£o 48 hours in the case of ethidium diazide, 6 minutes to 48 hours
in the case of propidium moncazide, 6 minutes to 48 hours in the
case of psoralen, 6 minutes to 48 hours in the case of 4,5',8-
trimethylpsoralen, or 6 minutes to 48 hours in the case of 8-
methoxypsoralen.

[0049]

Between the step b) of a previous cycle and the step a) of
a following cycle, the step of removing the unreacted cross-linker
may be added. Morecover, between the step b) and the step c)
described below, the srep of removing the cross-linker may be
added. The cross-linker that does not react in the step a) is
usually substantlally inactivated in the step b). Therefore, as a
method for removing the cross-linker, a method of centrifuging the
test sample to separate precipitates containing microorganism and
a supernatant containing the cross-linker, and removing the

supernatant is mentioned. In this case, after the cross-linker is
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removed, the step of washing the microorganism with a washing
agent may optionally be added.

{0050]

{3} Step c)

Then, a target region cof the DNA or RNA of the
microorganism contained in the test sample after the light
irradiation treatment is amplified by a nucleic acid amplification
method in the presence of an agent for suppressing an action of a
nucleic acid amplification inhibitory substance, without
extracting nucleic acids from the cells.

[0051]

Specifically, the agent for suppressing an action of a
nucleic acid amplification inhibitory substance is added to a
nucleic acid amplification reaction solution containing the test
sample, and the nucleic acid amplification reaction is performed.
[0052]

Furthermore, in addition to the agent for suppressing an
action of a nucleic acid amplification inhibitory substance, a
surfactant, a magnesium salt, or an organic acid salt or a
phosphoric acid salt may be added to the amplification reaction
solution. These substances may be used independently or as a
combination of any two or more kinds of these. It is particularly
preferable to add all of these substances. The order of the
addition of the agent for suppressing an action of a nucleic acid
amplification iphibitory substance, the surfactant, the magnesium
salt, and the organic acid salt or the phosphoric acid salt is not
limited, and they may be simultaneously added.

{0053]

The nucleic acid amplification inhibitory substance is a
substance which inhibits a nucleic acid amplification reaction or
a nucleic acid extension reaction, and examples include positively
charged inhibitory substances adsorbing to template of nucleic
acid (DNA or RNA), negatively charged inhibitory substances
adsorbing to nucleic acid biosynthesis enzymes (DNA polymerase
etc.), and so forth. Examples of the positively charged

27



--+++-- 180.5201.8 201.8 rid 330.6 350.6 351.8 nd

inhibitory substances include calcium ion, polyamines, heme, and
so forth. Examples cof the negatively charged inhibitory
substances include phenol, phencl type compounds, heparin, giam—
negative bacterium cell wall having outer membranes, and so forth.
It is said that such substances that inhibit & nucleic acid
amplification reaction are abundantly contained in foodstuffs or
clinical test samples.

(00547

Examples of the agent for suppressing an action of a
nucleic acid amplification inhibitory substance mentioned above
include one or more kinds selected from albumin, dextran, T4 gene
32 protein, acetamide, betaine, dimethyl sulfoxide, formamide,
glycerol, polyethviene glycol, soybean trypsin inhibitor, oZ-
macroglobulin, tetramethylammonium chloride, lysozynme,
phosphorylase, and lactate dehydrogenase. Examples of the
polyethylene glvcol include polyethylene glycol 400 and
pelyvethylene giycel 4000. Examples of the betaine include
trimethylglycine, derivatives thereof, and so forth. Examples of
the phosphorylase and lactate dehydrogenase include rabbit
muscular gilvcogen phosphorylase and lactate dehydrogenase. As the

-glycogen phosphorylase, glycogen phosphorylase b is preferred.

It is particularly preferable to use albumin, dextran, T4
gene 32 protein, or lysozyme. ..
[00585]

As an attempt to reduce the inhibitory action of the
nucleic acid amplification inhibitory substance contained in a
test sample for which blood, feces, and meat are supposed,
reduction of the inhibitory action by adding such substances as
described above to & PCR reaction mixture is evaluated {(Abu Al-
Soud, W. et al, Journal of Clinical Microbiology, 38:4463-4470,
2000) .

[0054]

There is suggested a possikility that albumin of which

representative example is BSA (bovine serum albumin) may reduce

inhibition of nucleic acid amplification by binding to a nucleic
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acid amplification inhibitory substance such as heme (Abu Al-Soud
et al., as mentioned above). Moreover, there are considered two
ways of possibility, that is, the 74 gene 32 protein is a single-
stranded DNA binding protein, and it binds to 2 single-stranded
DNA serving as a template in a nuclelc acid amplificaticon process
in advance so that degradation of the template by a nuclease is
avoided, and the nucleic acid amplification reaction is not
inhibited, but promoted, or it bimds to a nucleic acid
amplification inhibitory substance like BSA so that the nucleic
acid ampliification reaction is not inhibkited, hul promoted (Abu
Al-Soud et al., as mentioned above}. Furthermore, there is
further suggested a possibility that BSA, the T4 gene 32 protein,
and a proteinase inhibitor bind to a proteinase to reduce the
proteclysis activity to bring out the actions of nucleic acid
bioaynthesis enzymes to the maximum extent. In fact, proteinases
may remain in cow's milk or blood, and an example 1s also reported
that, in such a case, decomposition of nucleic acid bicsynthesis
enzymes was avoided by adding BSA or a proteinase inhibitor {e.qg.,
soybean trypsin inhibitor and o2-macroglebulin), and the nucleic
acid amplification reaction favorably advanced (Abu Al-Soud et al.,
ags mentioned above). PFurther, dextran is generally a
polysaccharide that is synthesized by lactic acld bacteria using
glucose as a raw material, and it is also reported that a complex
of a similar polysaccharide and peptide called mucin adheres to
the intestinal muccsa (Ruas-Madiedo, P., Applied and Environmental
Microbiclogy, 74:1836-1%4G, 2008). Therefore, it is possibly
estimated that dextran adsorbs to negatively charged inhibitory
substances (adsorbs to nucleic acid bicsynthesis enzymes), or
positively charged inhibitory substances (adsorbs to nucleic
acids} in advance, and then binds to these inhibitory substances.
Moreover, it is estimated that lysozyme adsorbs to nuclelc
acid amplification inhibitory substances considered to be
abundantly contained in cow's milk {Bbu Al-Scud et al., as
menticoned above).
[0057]
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From the above, it can be said that such substances as
mentioned above represented by albumin, T4 gene 32 protein,
dextran, and lysozyme are agents for suppressing an action of a
nucleic acid amplification inhibitory substance.

[0058]

Examples of albumin include bovine serum albumin, ovalbumin,
lactalbumin, human serum albumin, and so forth. Armong these,
bovine serum albumin is preferred. Albumin may be a purified
product, and unless the effect of the present invention is
degraded, it may contain other components such as globulin,
Further, albumin may also be a fractionation preduct.
Concentration of albumin in the test sample {nucleic acid
amplification reaction solution} is, for example, usually 0.0001
to 1 mass %, preferably 0.01 to 1 mass %, more preferably 0.2 to
C.6 mass %.

[0059]

Examples of dextran include dextran 40, dextran 500, and so
forth. BEmong these, dextran 40 is preferred. Concentration of
the dextran in the test sample (nucleic acid amplification
reaction scluticn) is, for example, usually 1 to 8%, preferably 1
to 6%, more preferably 1 to 4%.

[0060]

Concentration of the T4 gene 32 protein (e.g., produced by
Roche A.G., also called gp32) in the test sample {nucleic acid
amplification reaction solution} is usually .01 to 1%, preferably
0.01 to 0.1%, more preferably 0.01 to 0.02%.

[GOel]

Examples of lysozymz include lysozyme derived from egqg
white. Concentration of lysozyme in the test sample {nucleic acld
amplification reaction solution) is, for example, usuaily 1 to 20
ng/ml, preferably 6 to 15 pg/ml, more preferably 9 to 13 pg/ml.
[00862]

Examples of the surfactant include nonionic surfactants
such as those of Triton (registered trademark of Union Carbide),

Nonidet (Shell), Tween (registered trademark of ICI} and Brij
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{registéred trademark of ICI} series, anionic surfactants such as
SDS (sodium dodecylsulfate), and caticnic surfactants such as
stearyldimethylbenzylammonivm chloride. Examples of the Triton
series surfactant include Triton X~100 etc., examples of the
Nonidet series surfactant include Nonidet P-40 etc., examples of
the Tween series surfactant include Tween 20, Tween 40, Tween 60,
Tween 80 etc., and examples of the Brij series surfactant include
Brij 56 etc.

Type and concentration of the surfactant in the nucleic
acid amplification reaction solution are not particularly limited,
so long as the penetration of the PCR reagents into cells of the
microorganism is promoted, and the nucleic acid amplification
reaction is not substantially inhibited. Specifically,
concentration of SDS is, for example, usually 0.0005 to 0.01%,
preferably C¢.001 to 0.01%, more preferably 0.001 to 0.003%, stili
more preferably 0.001 to 0.002%. As for the other surfactants,
for example, in the case of Nonidet P-40, the concentration is
usually 0.001 to 1.5%, preferably 0.002 to 1.2%, more preferably
0.9 to 1.1%. In the case of Tween 20, the concentration is
usually 0.001 te 1.5%, preferably 0.002 te 1.2%, more preferably
0.% to 1.1%. In the case of Brii56, the concentration is usually
0.1 to 1.5%, preferably 0.4 to 1.2%, more preferably 0.7 to 1.1%.

When a surfactant is contained in an enzyme solution used
for the nucleic acid amplification reaction, the surfactant may
consist of only the surfactant derived from the enzyme solution,
or a surfactant of the same type or different type may be further
added.

[0063]

Examples of the magnesium salt include magnesium chloride,
magnesium sulfate, magnesium carbonate, and so forth.
Concentration of the magnesium salt in the test sample (nucleic
acid amplification reaction sclution) is, for example, usually 1
toe 10 mM, preferably 2 to 6 mM, more preferably 2 to 5 mM.

[0064]
Examples of the organic acid salt include salts of citric
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acid, tartaric acid, propionic acid, butyric acid, and so forth.
Examples of type of the salt include sodium salt, potassium salt,
and so forth. Further, examples of the phosphoric acid salt
include salts of pyrophosphoric acid and so forth. These may be
used independently or as a mixture of two or three or more kinds
of them. Concentration of the organic acid salt or the phosphoric
acid salt in the test sample (nucleic acid amplification reaction
solution) is, for example, usually 0.1 to 20 mM, preferably 1 to
10 mM, more preferably 1 to 5 mM, in terms of the total amount.
[0065]

In the present invention, extraction of nucleic acids from
.the cells is not performed, which is performed before the nucleic
acid amplification reaction in conventional methods. The
extraction of nucleic acids from cells means, for example,
collection or purification of nucleic acids from cells disrupted
or lysed by an enzymatic or physical means. In the present
invention, such a treatment for extracting nucleic acids from
cells, for example, a treatment of collecting or purifying nucleic
acids by disrupting or lysing the cells by an enzymatic or
physical means, is not performned.
(0066

A target region of the DNA or RNA which has existed in the
cells is amplified by a nucleic acid ampilification method in the
presence of the agent for suppressing an action of a nucleic acid
amplification inhibitory substance, and other components, if
needed. As the template for the nucleic acid amplification, a
microbial cell suspension or a microbial cell suspension treated
with a protein-degrading enzyme, a lipid-degrading enzyme, a
saccharide-degrading enzyme etc. is used, and extraction of
nucleic acids for preparing the template is not performed. The
nucleic acid amplification method prefersbly comprises the step of
thermal denaturation of nucleic acids at a high temperature, for
example, 90 to 95°C, preferabliy 93 to 95°C, more preferably 94 to
95°C.

The amplification of the target region is preferably
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performed in microbial cells. In the present invention, the
amplification is highly possibly attained in microbial cellis as
showsni in the examples. That is, it is presumed that the
morphology of the cells is maintained by the high temperature
treatment in the nucleic acid amplification reaction, and, in a
preferred embodiment, actions the of aforementioned components, so
that the chromoscmal DNA is retained in the cells, but pinholes or
voids are formed in the cell membranes or cell walls of the
microorganism, thus primers, enzymes required for the nucleic acid
amplification etc. flow into the cells, the amplification reaction
oceours in the cells, and then a part of the amplified preduct
remains in the cells or ficow out of the cells depending on the
gene length of the amplified product. However, a possibility that
an extremely‘small part of the chromosomal DNA or RNA flows out of
the cells through the pinholes or voids cf the cell membranes or
cell walls cannot be denied, either.

In any case, inflow of components reguired for the nucleic
acid amplification such as primers into the cells without
substantial disruption or lysis of the cells, retention in the
cells or outflow from the cells of a part of the amplified product,
and outflow of the chromosomal DNA or RNA from the cells ars not
included in the "extraction of nucleic acids". Moreover, alithough
existence of a mechanism other than that described above cannot be
negated, even in such a case, the method complies with the
definition that "extraction of nucleic acids is not performed”, so
long as a treatment of collecting or purifying nucleic acids by
disrupting or lysing the cells by, for example, an enzymatic or
physical means, is not performed.

In addition, even when the chromosomal DNA or RNA flown out
from the cells serves as a template, and the nucleic acid
amplification reaction occurs out of the cells, 1f the major
amplified product is formed in the cells, it can be said that the
nucleic acid amplification reaction is "performed in microbial
cells”. Specifically, for example, if 80% or more, preferably 90%

or more, more preferably 9%% or more, of the ampiified product is
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As seen from the results for the compositions 1 and 2 shown in Table 1, in this system where FOR
was directly performed in the bacterium, distinction of live state and injured state (distinction of live
cells and injured cells) of Enterobacter sakazakii in physiological saline, and distinction of live state
and injured state of Enterobacter sakazakii in cow's milk were clearly attained, and according to the
evaluation based on the Ct value serving as an index of the reaction rate of the real-time FOR,
significant differences were not observed among the Ct values of Enterobacter sakazakii in
physiological saline and cow's milk (live cells, not treated with EMA), or among those of the live cells

subjected tp the EMA, trgatmants pf:various conditions.Framdbeseaesultss i wasdound that it makes
no difference if the surfactant SOS is contained ar,not contain%ggﬁége.preégleeatment %gggt. The same

phenomen8HEESHRrRfore dBBbYE\FAS 4180 BHSEr2d in comparison of the results obtairied with the
compositions 71and 8. [0115] As seen from comparison of the results obtained with the
compositiong @ Band 4, for all the cases where any of albumin, dextran, and the T4 gene protein 32

was contained in the composition, distinction of live tate, aneipinred, state:pf Enterehaster sakazakii
(in physiological saline and cow's milk) was clearl attafi;(ped and siggific&% dg%e%%es were not
| salihé an

observed GO VECof Entercbactér sakagaRT iv By siclogica Ad'cow's milk (live
cells, not treated mitthBMAY,coratisshig titssd of the e lc Al sibjeabd o thBEMA RReatfiehts of
various congitinns.@nthe-basissef these:datail was taund Heathany oimibuminhdexiran, and the T4
gene protejn 32 may be used. [01.16 n ison 9f the ygsujts obtai with the
compositiorl]:':lsS 235h %l mgﬁﬁéﬂﬁén%ﬁkeh}gt tzga%%'_ w%gge]dﬁ %E??(?%n%%ba{:?ér ggk %tgkr}%ias clearly
attained wifehof#PEdmpcifioRs (i PhySidiagt abLaRna ST RovrEimiti): Bt iPhiadSli§gdsted that
addition of thexnpnianie surfactaint BriEBg@rovidéd asignificalt:déditasebef thd Tt valles of
Enterobactgr sakazakii Jive ceflg; nokireated with EMAvand reateskbwithakt MAR @spedcially that of the

cells in cow's, milk, and. thus sepsitivity f tectign,of live cell ' F imore, in
comparisor‘iJ %%”t’hev (r)aéLs%léé o%tafia%ékév%t/h c;l{"léejg%fmp%%ﬁigﬁé%oasnz%%?%a%{%\ézg%gdé t‘%ljgrjz;l%d@éi)cgtinction of
live state ahdjifégatatswaerati atfairdd #thbéth EdmibodiGRERI physittdgicit saline and
cow's milk)pputtitareswas a tendency tiRat additioh df dtysezyrmetmareliavgnoved the sensitivity for
detection oflive, celis i caw's Jnilk (et tieated with EMAaRd tieatad with EMALI0417]  Onthe

basis of comparison c_gf the rfisulg% 2%%%9 4‘@@2@? c&g&gﬂtﬂq :HL%%EQ 8¢ﬂ§i§@§df°und that

distinction ot iive State 'dnd’?nJUre was clearly attained with all of the compositions (in
physiologicarsiive artpesresksild; butebaxitaics of ik and-edg Titite YEdR e d8arly
improved thes gensgitivitg-or detection oiiliveseelis (noktrbated RitthEMAFandprsated witha2MA) as
ShOWg b>|/ the r%i;i%% q@i@i@&&%éh,th%ﬁqm%ziﬁ%n 8 Fag vihite Jéisﬁliumgcﬁtimqthl{aak@tss@n ttfwe
peptidoglycans of gram-positive bacteria to rolyze.t olysaccharides (8-1.4-linkages o
N-acetylgIu£8§5%‘inezgngwa8éfﬁ/ r%ﬁa%nl}g%%é)o,r}foﬁéggﬁ Hll\{h]aéggasgg %t%?%ane_b%tive bacteria, there
is an outer RfsThbrare ohtsikeife ppYdBERartBEntalfitfy- thésd PodcdhiaideSTon the side where
egg white Iygazyre fynatians)rdnedhetefoes @gg white lysozyme cannot act on. Taking this action
mechanismiiﬁlé%g nsideration, it can be considered that egg white lysozyme in the composition 8 did
not promote lysis (disruption) of the cells of Enterop:%ctqr saka akiié ngcp is a gcr)%m-negative
bacterium, but strongly Rt §RTE WANEOr84d c8fis oF gram-positive bactena existing in cow's milk
in advance 2 5tlogid weliy/miyintte presentce of Btij3636 PhyfcocherEafPERang¥ tHercell wall
surface strugires,gt gram-pesiiveibactesiaswihich areieanyeatienally sedsiderechto be PCR inhibitory
components, and fetfolg e cellyal surface struires,couldngJanger tnign as BER inhibitory

components. In fact, in comparison of the results obtalned‘wnhlthe com osolltlons 51,19 and 8, it can be
seen that tHF&&55iETitr ToP BEREHEH ot ive’celFH ngssu%%bwgssﬁgﬁl ANt RTPROVEH With the
compositiortBebutgrasepositive beautera didot eadtas ebritafiiRants AR55155 the Fio8 cells
suspended i physiolegical salipex gadh any datadndicating:that tbeceorpisiiidr8 especiatly promotes
reactions in PCRlQavghr;aott%q:%g@bég%%eoqu%gg@eggg%%f Enterqhactersakazakii, which dsa

e

gram-negatﬁ/aén}gacferl_um. From above, it can be considered that e glwhite T%sozyme did not
participate iRthE§sIELGEGRERAREGEITE DatERa T tHE préceridis bt BHfBE Bt PhyLidothemically
changed the'catiosalls ththé graet-positiee baete e obitin NP EBhTtding cBinShe R S aPRPRCENd
considered gs ReR-camtaminantstornakedhem natfunation:as R Reinhihifoneeamponents, and
therefore it Markedly improved the sensitivity for detection of live cells of Enterobactersakazakii as the
object, which is a gram-negative bacterium, as a¥®sult. This also agrees with the fact that, in
comparison of the results obtained with the compositions 2 and 8, any significant difference was not
observed in the sensitivity (Ct value) for detecting live cells in physiological saline, but extremely
superior sensitivity for detecting live cells in cow's milk (containing many injured cells and dead cells of
gram-positive bacteria) was obtained with the composition 8. Moreover, it is considered that egg white
lysozyme adsorbs to a nucleic acid amplification inhibitory substance to normally advance the nucleic

acid amplification reaction. On the basis of comparison of the results obtained with the
comnocitinne 1 2 and O it iec eaoncidaerad that if the fiinectinn of a Nniicleie acid amnlificatinn reactinn



[Example 2] Distinctions of live cells and injured cells of coliform bacteria and Enterobacteriaceae
bacteria were performed. [0120] 1. Test materials and test methods 1-1) Used strains and culture
method Bacteria of 16 genera of the conform bacteria and 1 genus of Enterobacteriaceae not
belonging to the conform bacteria, Klebsiella oxytoca JCM1665, Citrobacter koseri JCM1658,
Enterobacter sakazakii ATCC51329, Serratia fonticola JCM1242, Budvicia aquilia JCM3902, Rahnella
aquatilis NBRC13544, Hafnia alvei JCM1666, Leclercia adecarboxylata JCM1667, Yokenella
regensburgei JCM2403, Pantoea agglomerans JCM1236, Buttiawcella agrestis JCM1090, Kluyvera

ascorbata JCM2107, Cedecea davisae JCML68S. ., cali (Escherighia coll) DES &,.and$almonella
enteritidis Ifﬁgéﬁ Wergcuﬁureg at 37C for g(é]jhourggl y using the Brain Heartél%b%smn Broth (BHI broth,

Eiken CherRicdi 96T 138 PRYGISpd)F. IFTPET “HintherBHctEAS 5 $Pecies belonging to 2
genera of thé cotiformmrbaotetia, EwigeHatancrivhria JCVMY1 sehdMadkele/|Aawisconsensis

JCM5894 were culired ahdde fer 46 hourshyusing dreBltrbeaiba {A522] Eachuedliyre broth in a
volume of 5 ml after e culture collected in | falcop tube @&ctgg Rigkinson Labware, NJ),
and subjec ed to retlrlgera?ed cer\ll%nf'he ion at. %s%%ooo X éafor 0 minutes, the supernatant was

ation af
removed, tREF SIS @%lé&%éﬂ%u@%aaae% e Gre cﬁﬁ&ﬁf‘élse(spéﬁfet) and the suspension
was dilutedril@ tisoegavitlrphysiologicat salihestuepreiareng divercsil susperision bftémch strain. [01231

Further, 1 mLof the afgrementioned-liva.cell stispension yas pub iniooa Inbdnkyelsse. microtube
(Eppendorf, [tlgvén urg Gelmany), and the tube was immersed into boiling water for 50 seconds and

guenched. | confirmed that each suspension immersed in boiling water did not form any colony

on the standard agBRenBaiRATEIken PPoRYELI&Pamy s bFépard fjuPdd TN EUEHENE0HS of the coliform
bacteria anfldyntesobacieriacede bacteriaprinciples of various nucleic acid

amplification methods and are not particularly limited as long as
the primers can specifically amplify the above-mentioned target
region.

[00G70]

Preferred examples of the target region include various
specific genes such as a 55 rRNA gene, 168 rRNA gene, 233 rRNA
gene, tRNA gene, and pathogen gens. Any one of these genes or a
part of any one of these genes may be targeted, or a region
extending over two or more genes may be targeted. For example, as
for coliform bacteria and bacteria of the family
Enterobacteriaceae, a part of the 163 rRNA gene can be amplified
by using the primer set shown in SEQ ID NCS: 1 and 2. Further, a
region extending over a part of the 165 rRNA gene, a tRNA gene,
and a part of the 235 rRNA gene can be amplified by using the
primer set shown in SEQ ID NOS: 3 and 4.

[0071]

In the case where the microorganism of the detection target
is a pathogenic bacterium, the target region may be a pathogenic
gene. FExamples of the pathogenic gene include: listeriolysin O
(hlyA) gene of a Listeria bacterium; enterotoxin gene and invasion
(invA} gene of a Salmonella bacterium; verotoxin genes of
pathogenic Escherichia coli 0-157, 0-26, 0-111 etc.; outer-
membrane-protein A (ompA) gene (Enterobacter sakazakii) and

macromolecular synthesis (MMS) operon (Entercbacter sakazakil) of
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[0124] The live cell suspensions and injured cell suspensions prepared as described above were
used as test samples for the following tests. The live cell counts of the coliform bacteria and
Enterobacteriaceae bacteria in the live cell suspensions were counted on the standard agar medium,
and turbidimetry was simultaneously carried out at a wavelength of 600 nm by using a
spectrophotometer U-2800A (Hitachi, Japan) to figure out the relationship between the live cell count
and the turbidity. [0125] 1-2) Ethidium monoazide (EM) treatment and light irradiation treatment
Ethidium monoazide (EMA, Sigma, St. Louis, MO) was dissolved at 1000 pg/ml using sterilized water,

and subjecied jg, flication. slerilzation bisipgcd-40-oge ther (MinjsagieBlus, Sasiopius e Cottingen.
Germany) to prepare a stock solution ( DMArgqutlon W I'é as s red at -20C L{_}sz{ Jight shielding.

The EMA Sofufforr 8266857 d/mai e voiifie 130 privas added 1o each test sa ve cell

est'sam
suspensiorrorinjured definalispirsidEinte¥oiugRef Q%V%ﬂ‘lé’ﬁ%ﬁ%ﬂ%\%’t@@& AC for 10

minutes unggg ||9&Eéh[&@ml@l2£@]asma hem; thertest sampledvas e@tatre distaneeioh20 cm from a

visible light source (100); ERE. SOULFland gy, lasall ElaelisGos LidonTokynidapan),;and
irradiated v?eh VISIb|e ightfor 5 minutes on jce. The EMA-treated and VJ%;QIe |I§ht wrgdlated test

sample wa§%5%]‘é’&%’ﬂlfb P@F?@e‘?gte%té@ﬁffﬁﬁggﬁ% FHERRE (=000 X T S7L6 minutes, the
supernatargmas cémoivedyethenck nilastighysioksgiedEsalie 1was aﬁ%i@dlt&ﬁﬁ@ﬁe%t for washing, and
the suspengionwasftther-subjested taxafrigerated:centrifugaten texcaligicithefprecipitates. Such a

washing trefatment was rep eate sheve{ggﬁg@es af}g.trég{gngg}lgl of sterilized yaﬁgys@ssg@g}gd to the
preC|p|tates celfis)l%o Sé%bﬁ % e cells in the sterilized wafer to ri)are a Sam[?m[el for PC
C

amplificatiol? [FER271 R aﬁﬂﬂllﬁcgt?&n hly AAﬁegﬁeﬁtfcc%spna § B5Vine setum albimin (BSA,

Sigma), trisefliymisitratedibydrate SFSCT K6 Kagakd), i magndsigpRTHdride hexahydrate
(Nakarai-Teggue)n-the-commesitions 1)ded)-mentioned belawvas aededh taeachosample for PCR
amplification, a &g gurfact §of4 com%#5| Jgtsog)%rg é %]y%w%%&@DS Nakarai-Tesque) was

added to S%I of sample or PER amplification. ollowing descriptions, a combination
consisting dithéZdgent having the compositions of 1) to 3) and the surfactant of 4) may also be
referred to as a preftgateentagent.{0128] 43 2%BSths phZ) St TIEs Ihgiving an

envelope, examples of the target region include the hemagglutinin
(i protein) gene and the neuraminidase (N protein) gene, RNA
polymerase gene of the Calicivirus family viruses of which
representative examples include noroviruses, genetic regions
coding for various capsid proteins, and so forth. A&s food
poisoning viruses, besides noroviruses, there are also rotaviruses
and adenoviruses, and as the objective gene, RNA polymerase genes
and genetic regions coding for various capsid proteins thereof may
be used as the target region as in the case of noroviruses.
[0073]

if primers suitable for two or more kinds of microorganisms
are used, live cells of two or more kinds of the microcrganisms in
a test sample can be detected. Moreover, if a primer(s) specific
to a particular bacterium are used, live cells of the particular
bacterium in a test sample can be detected.

[10074]
Conditions of nucleic acid amplification reactions are not

particularly limited as long as a nucleic acid can be specifically
amplified based on principles of various nucleic acid
amplification methods (such as PCR, LAMP, SDA, ILCR, TMA, TRC, HC,
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3) 100 mM MgC12: 1.5 pl 4) 0.05% SDS: 1 pl [0129] For the PCR amplification, Primer F: forward
primer 16S _10F for 163 rRNA gene detection (SEQ ID NO: 1), and Primer R: reverse primer

165 1500R for 165 rRNA gene detection (SEQ ID NO: 2) were used as FOR primers. Further, in order
to maximize variation (primary differential peak) of the fluorescent substance amount depending on the
temperature to perform high sensitivity detection in the melt analysis of the amplified products after the
real-time FOR, a FOR buffer consisting of the following components a) to g) was prepared, and the
FOR amplification was performed by adding this FOR buffer to the mixture of the sample for FOR

amplificationand the pregeaipentagent 10130} ) Riimer 7 (10 nmolpl): 4 gy rimen (10

pmol/pl): 4 pfc{%«"?a ?}fu p ,'“I'zﬁ(ara-Blo - 0.5 pl (containing 0.00&’/0 Tween 20 and 0.005% Nonidet

P-40) d) 103¢Ex-Tag Buffer (Takara-Bio): 5 pl €) dNTP mixture (Takara-Bio): 4 pl f) 10 x SYBR Green

| (BMA): 8 gicg)/ Sterilized water: 16 pl [0131] Real-time FOR was performed according to the

following FOR therpaligycle conditions by using a real-time PCR apparatus (iCycler iQ, Bio-Rad,

Hercules, CA). 1)é&%ggg%ég¥&§?sé%é%§%%£d products obtained by the nucleic
acid amplification method are analyzed. The analysis of the
amplified products is performed following the step ¢), or
performed simultanecusly with the step c¢), depending on the
nucleic acid amplification method adopted in the step ¢). For
example, in the case of using real-time PCR, the step d) may be
perforned simultaneously with the step ¢).

The analysis method is not particularly limited as long as

 the method can detect or guantify the nucleic acid amplified
products, and examples thereof include electrophoresis. Note that,
in the case of using PCR method for the nucleic acid amplification
method, a real~time PCR method {Nogva et a2l., Appl. Environ.
Microbiol., vol.66, 2000, pp.4266-4271; Hogva et al., Appl.
Environ. Microbiol., vol. 66, 2000, pp.4029-4036) can be used.
[0076]

The electrophoresis enables evaluation of the amounts and
sizes of the nucleic acid amplified products. In addition, real-
time PCR enables rapid guantification of PCR amplified products.

In the case where the real-time PCR is employed, changes in
fluorescent intensitles 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 amplified products. The standard deviation (SD} of
the changes is calculated, and a value obtained by multiplying the
SD value by 10 is defined,as a threshold value. The number of PCR
cycles in which a value larger than the threshold value is
achieved for the first time referred to as "c¢yele threshold value
{Ct value)™. Therefore, the larger the initial amount of a DNA
template in a PCR reaction solution, the smaller the Ct value,
while the smaller the amount of the template DNWA, the larger the

Ct value. Fven if the amounts of the template DNA are the same,
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2) 94C for 30 seconds (1 cycle) 3) 94C for 20 seconds; 55C for 30 seconds; 72C for 90 seconds (50
cycles) 4) 95C for 3 minutes (1 cycle) [0132] Then, according to the protocol of the melt analysis
of the FOR amplified product (temperature was raised at intervals of 0.1C from 60C, each temperature
was maintained for 8 seconds, and this procedure was repeated 350 times in total up to the final
temperature of 95C), the melting temperature of the FOR amplified product was measured. As a
positive control, live cell suspension of Enterobacter sakazakii (8 loglo cells/ml) was used to perform
PCR amplification in the same manner. Further, as a blank sample, the PCR buffer itself to which any

test sample was not added was used o perform PCR amplification. [0133] 1-4) Gel electrgphoresis
2% Agarosiéhgeelh(JZ(3 oe§e§l§’eenp éopgrétj“é)fgs%f%ﬁ %Fo Ir1(])£ uectg,}l%%k‘?a%(%ﬁ/fg \fv%%lﬁr% %%%d by using
0.5 x TAE. PCR THe peRanisiiad prédgct- #usappiied fit aiidiiend b R pF 5 tie- 2yarbSe gel, and
electrophoresis wagi performed. The gel was stained with 1 pg/m1 ethidium bromide solution, and
observed aﬂﬁx)glgpsitegraph, and the image thereof was captured and stored by using AE-6905H

Image Saver HR (AFtto Co., Japan).lj;0134 2. Results 11;I'he resylt fééhe rgglll-g{n%éDCR are shown
in Table 2. Further” tHe- P&3uiit& 07 1F8 SleCiroPREFESE Githe finaBCR Amphitied prodidts are shown in

Fig. 1. [0135}sc b¥hdareamingd dhthersyiiiboisiused iRFigladhrensIsR6Wse ENIIY: EMA treatment
(10 pg/ml, 13-mistress4Erandeplight shielding)ct visible light irradiation (5 minutes) EMA-: No EMA

treatment PC: Positive controkin which 8 logio cells/mlLlive cellsuspensiopofEpterobacter sakazakii

was used in a volume of 5 pl NC: Negative control in which sterilized Wat%r as used instead of the
[”“Atenuﬂgﬁglmlzatlon of various conditions for the method of the present

invention.
[(0078]

When live cells of microorganism are detected by the method
of the present invention, precisions of the determination of the
presence or absence of live cells of microorganism and
quantification of the same in the analysis of the PCR amplified
product can be increased by using a standard curve representing
relationship between the amount of microorganism and the amplified
product, which is prepared by using standard samples of the
microorgahism in which the microorganism is identified. Although
a preliminarily prepared standard curve may be used, it is
preferable to use 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, if relatlonship
between amount of microorganism and amount of DNA or RNA is
determined beforehand, DNA or RNA isolated from the microorganism
can alsc be used as a standard sample.

[0079]
<2> Kit of the present invention

The kit of the present invention is a kit for detecting
live cells of a microorganism in a test sample by a nucleic acid
amplification method by distinguishing the live cells from a dead
cells or injured cells and comprises an agent capable of
covalently binding to a DNA or RNA by irradiation with light
having a wavelength of 350 nm to 700 nm, an agent for suppressing

an action of a nucleic acid amplificatien inhibitory substance,
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M: 100 bp DNA ladder Injured cell: Injured cells prepared by immersing the live cell suspension in
boiling water for 50 seconds was used. [0136] The cell counts in the live cell suspensions of each
strain is as follows. E. coil: Escherichia coil DH5a (7.91 0. 2 0 1og30 cells/rnD S. enteritidis:
Salmonella enteritidis HP 604 (8.07+ 0.02 logio cells/ml) K. oxytoca: Klebsiella oxytoca JCM1665

(8.3 10,08 logia celsly) £kosgt GlobaclerkoneiIGNIES] (G020 06 laga0.eligim) E.
sakazakii: Enterobacter sakazakii ATCC51329 (7.95+ 0.01 logic Qe"S/mEla?o% fonticola: Serratia
fonticSlATEIATIARYF A 20 [GREEERImYB “RGuHCBE TR AduRBRIoMAE§E2 $6798 + 1.50 logic

cells/mithatudiiis: Rahnelfa ageatilisoNBRC 13544(4.38 +c@il ddegicseelistint) E. americana:

Ewinggll Péﬁ%ﬁ%%‘]%‘l%@d(%&?o? Otﬁlﬁg}%gggynyﬁ%ﬂ\@hHaﬁlia alvei JCM1666 (8.04 + 0.22
logic cells/ml) L. adécarboxylata:Leclercia adecarboxylata JCM1667 (7.46 + 0.20 logio cells/m1) M

wisconsensis: Mo&ftételta WscomSensis JBMSEG4 P75 10 S5/ [Fyic Bangm) further

comprise any one or more kinds selected from a surfactant, a
magnesium salt and an organic acid salt ox a phosphoric acid salt.

Moreover, the kit of the present invention may further
comprise an enzyme having an activity of decomposing cells other
than that of microorganism, a colloidal particle of a protein, a
lipid, or a saccharide existing in the test sample. [0080]

The enzyme, the agent capable of covalently bihding to a DNA
or RNA, and the agent for suppressing an action of a nucleic acid
amplification inhibitory substance, as well as the surfactant, the
magnesium salt and the ofganic acid salt or phosphoric acid salt,
as required, may be in the form of a single composition containing
all of these components, or two or more solutions or compositions
containing the components in arbitrary combinations. [0081]

The nucleic acid amplification reaction is preferably PCR,
LAMP, S8DA, LCR, TMA, TRC, HC or micrcarray method. The cross-
linker and the medium in the kit are the same as those described
for the method of the present invention. [0082]

In a preferred embodiment of the kit of the present
invention, the agent capable of covalently binding to a DNA or RNA
is preferably selected from ethidium monocazide, ethidium diazide,
propidium monoazide, psoralen, 4,5',8-trimethylpscralen, and 8-
methoxypsoralen. Ethidium monocazide is particularly preferably
used.

[0083]

Furthermore, examples of the agent f£for suppressing an

action of a nucleic acid amplification inhibitory substance

include one oxr more kinds selected from albumin, dextran, T4 gene
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Y. regensburgei: Yokenella regensburgei JCM2403 (8.03 + 0.13 logic cells/ml) P. agglomerans:
Pantoea agglomerans JCM1236 (7.67 + 0.78 logio cells/m1) B. agrestis: Buttiauxella agrestis
JCM1090 (7.76 + 0.00 logic cells/ml) K. ascorbata: Kluyvera ascorbata JCM2107 (7.80 + 0.02 logic
cells/ml) C. davisae: Cedecea davisae JCM1685 (7.56 + 0.10 logio cells/ml). 101371 Table 2 Coliform
bacteria/Enterobacteriaceae bacteria Logic cll Isiml Live cell b? Injured cellb) 07 10di0 10
Klebsiella oxytoca JCM1665

32 protein, acetamide, betaine, dimethyl sul foxide, formamide,
glycerol, polyethylens glyccl, soybean trypsin inhibitor, oZ-
macroglobulin, tetramethylammonium chloride, lysozyme,
chosphorylase, and lactate dehydrogenase.

[G084]

Furthermore, examples of the magnesium salt include
magnesium chloride, magnesium sulfate, magnesium carbonate, and so
forth.

Furthermore, examples of the organic acid salt include
salts of citric acid, tartaric acid, propionic acid, butyric acid,
and so forth. Examples of type of the salt include sodium salt,
potassium salt, and so forth. Further, examples of the phosphoric
acid salt include salts of pyrophosphoric acid and so forth.
These may be used independently or as a mixture of two or three or
more kinds of them. ‘

[0085]

Furthermore, the enzyme ig not particularly limited as long
as it can degrade the foreign substances such as cells other than
microorganisms, protein colloidal particles, lipids and
saccharides existing in the test sample, and does not damage live
cells of microorganism to be detected, and examples thereof
include lipid-degrading enzymes, protein-degrading enzymes and
saccharide~degrading enzymes. Of those, one enzyme or two Or more
enzymes may be used, but it is preferable to use both the lipid-
degrading enzyme and protein-degrading enzyme, or all of the
lipid-degrading enzyme, protein-degrading enzyme and saccharide-
degrading enzyne,

Examples of the lipid-degrading enzymes include lipase,
phosphatase, and so forth, examples of the protein-degrading
enzymes include serine protease, cysteine protease, proteinase K,
pronase, and so forth, and examples of the saccharide~degrading
enzyme include amylase, cellulase, and so forth.

[00B6]
The kit of the present invention may further comprise a

diiuting solution, a reaction solution for the reaction of the
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8.380.08 190.5 20-11.3 20-112 n.d.f) Citrobacter koseriJCM1658 8.020.06 1808 190.7 191.3 n.d.
Escherich a coli DH5 a 7.91020 220.8 a) 230.5 201.3 n.d. Salmonella enteritidis 1P 604 8.470.02
191.4

agent capable of covalently binding to a DNA or RNA, enzymes and
reaction solutions for nucleic acid amplification, an instruction

describing the method of the present invention, and s0 forth.

Examples
(00871

Hereinafter, the present invention is described more
specifically with reference to the following examples. However,
the present invention is not limited to the examples.
fooBe]

{BExample 1}

By usiﬂg‘Enterobacter_sakazakii as a representative
bacterium of coliform bacteria, conditions for definite
distinction of live cells and dead cells were examined.

[0089]
1. Test materials and culture method
1-1} Used strain and culture method

The Enterobacter sakazakii ATCC51329 was cultured at 37°C
for 16 hours by using the Brain Heart Infusion Broth (BHI broth,
Fiken Chemical Co., Ltd., Tokyo, Japanj}. ‘The culture broth in a
volume of 5 ml was put into a 15-ml falcon tube (Becton Dickinson
Labware, NJ}, and subljected to refrigerated‘centrifugation at 4°C
and 3,000 x G for 10 minutes, the supernatant was removed, and
then 5 ml of physiclogical saline was added to the pellet to
prepare a stock live cell suspension of Entercbacter sakazakii
(8.95 + 0.01 logy cells/ml, n = 2}. Further, this live cell
suspension was diluted 10 times with physiological saline %o
prepare a live cell suspension of Enterobacter sakazakii (7.95 %
0.01 logyp cellis/ml, n = 2).
0G0

Further, 1 ml of the aforementioned stock live cell
suspension was put into a 1.5-ml volume microtube (Eppendorf,
Hamburg, Germany), the tube was immersed into boiling water for 50
seconds and guenched, and it was confirmed that the bacterium

thereafter did not form any colony on a standard agar medium
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190.6 180.8 n.d. Enterobacter sakazakil ATCC 51329 7.950.01 170 9 213.2 204.2 n.d. Serratia
fonticola JCM 1242 7.47001 171.6 201.2 181.1 n.d. Budvicia aquilia JCM 3902 6.981.50 163.2 241.7
15E2.0

(Fiken, Tokyo, Japan) to prepare a stock injured cell suspension
of Enterobacter sakazakii. The live cell count cf Enterobacter
sakazakii in the live cell suspension was counted on the standard
agar medium, and turbidimetry was simultaneously carried out at a
wavelength of 600 nm by using a spectrophotometer U-2800A (Hitachi,
Japan) to figure out the relationship between the live cell count
and the turbidity.

[0091]

Further, the stock live cell suspension was diluted 10
times with marketed pasteurized cow's milk to prepare a live cell
milk suspension of Entercbacter sakazakii (7.95 £ 0.01 log
cells/ml, n = 2.

Furthermore, the stock injured cell suspension was diluted
10 times with marketed pasteurized cow's milk to prepare an
injured cell milk suspension of Enterobacter sakazakii (7.95 %
0.01 logge celis/ml, n = 2}.

[0092]
1-2) Eithidium monocazide (EMA) treatment and light irradiation
treatment -

Ethidium moncazide (EMA, Sigma, St. Louis, MO) was
dissolved at 1000 pg/ml using sterilized water, and subjected to
filtration sterilization by using 0.20-pm filter (Minisart-plus,
Sartorius AG, Gottingen, Germany) to prepare a stock solution,
which was stored at -20°C under light shielding.

{0093]

The EMA solution (1000 npg/mi) in a volume of 10 ul was
added to the live cell and injured cell suspensions {1 ml) of
Enterobacter sakazakii, and the suspensions were left at 4°C for
10 minutes under light shielding. Then, the suspensions were
placed at a distance of 20 cm from a visible light source (100V
PRF 500W Flood eye, Iwasaki Electric Co., Ltd., Tokyo, Japan), and
irradiated with light for 5 minutes on ice. Each EMA-treated
sample was subjected to refrigerated centrifugation at 4°C and
15,000 % G for 10 minutes, the supernatant was removed, then 1 mi

of physioclogical saline was added to the pellet for washing, 10 nul
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n.d. Rahnella aquatilis NBRC 13544 7.380.14 200.4 230.0 211.4 n.d. Ewingelia americana JCM 4911
7.470.43 150.2 170.4 170.1 n.d. Hafnia alvei JCM1666 8.04022 170.2 181.6 161.3 n.d. Leclercia

of sterilized water was added to the precipitates (cells) to
suspend the cells in the sterilized water, and 5 pl of the
suspension was used as a sample for FCR amplification.
[0094}
] The live cell and injured cell milk suspensions (1 ml) of
Enterobacter sakazakii were supjected to an EMA treatment and
light irradiation treatment by the following methods. First, each
of the live cell and injured cell milk suspensions (1 ml} Qf
Enterobacter sakazakii was subjected to refrigerated
centrifugation at 4°C and 15,000 x G for 10 minutes, the
supernatant was removed, and then 1 ml of physiclogical saline was
added. A protease {derived from Bacillus bacterium, Sigma) in a
volume of 3 pl was added to treat the cells with the protease at
37°C for 1 hour, then the suspension was subjected te refrigerated
centrifugation (4°C, 15,000 x G, 10 minutes}, the supernatant was
removed, 1 ml of physiological saline was added, and then 10 pl of
the EMA solution {1000 ug/ml) was added under light shielding.
The methods used thereafter were the same as those described Zor
the aforementioned "live cell and injured cell suspensions of
Enterobacter sakazakil (i ml)y".
[G095]
1-3) PCR amplification

An agent comprising trisodium citrate dihydrate (TSC, Kanto
Kagaku) and magnesium chloride hexahydrate (Nakarai-Tesque) and
further containing one or more selected from bovine serum albumin
(BSA, Sigma), dextran (low molecule, M.W.: 50,000 to 70,000,
Nakarai-Tesgue), T4 gene protein 32 (gp32, Nippon Gene), sodium
lauryisulfate (SDS, Nakarai-Tesgue), Brij56 (Sigma), and egg white
lysczyme (Wako Pure Chemical Industries) was added to 5 ul of the
sample for PCR amplification. Each agent added to the sample for
PCR amplification and having each composition may also be referred
to as pretreatment agent. Compositions of the pretreatment agents
are shown below.
(0026}

Composition 1:
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adecarboxs4ata E1667 7.460.20 130.5 161.0 16+1 5 n.d. Moellerella wisconsensts JCM 5894
7.850.34 152.7 195.6 161.3 n.d. Yokenella regensburgei JCM 2403 8.030.13 170.2 160.4 150.4 n.d.
Pantoea agglomeransJCM 1236 7.670.78

2% BSA: 5 pl

50 mM TSC: 1 ut

100 mM MgCly: 1.5 pl
0.05% 3DS: 1 nl
[0097]

Composition 2:

2% BSA: 5 pl

50 mM TSC: I ni

100 mM MgClz: 1.5 ul
[0058]

Composition 3:

20% Dextran: 2.5 gl
50 mM TSC: 1 pl

100 mM MgCls: 1.5 pl
f0092]

Composition 4:

0.1% gp32: 5 pl

50 mM TSC: 1 pl

100 mM MgClp: 1.5 ul
{0100]
Composition b:

2% BSA: 5 ul

50 mM TSC: 1 pl

100 mM MgCls: 1.5 ul
4% Brij56: 12.6 pl
{0101]

Composition 6:

2% BSA: 5 ul

50 mM TSC: 1 pi

100 mM MgClp: 1.5 pl
500 pg/ml Egg white lysozyme: 1.0 pl
[0102]

Composition 7:

2% BSBA: b pl

50 mM TSC: 1 pl
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150.1 161.5 160.2 n.cl Buttiauxella agrestis JCM 1090 7.760.00 131.0 171.1 182.8 n.d. Kluyvera

ascorbata JCM 2107 7.800.02 171.4 180.8 180.4 n.d. Cedecea devisee JCM 1685 7.560.10 211.4
242.1

100 mM MgClz: 1.5 nl

0.05% SD5: 1 pl

4% Brij56: 12.6 nl

500 pg/ml Egg white lysozyme: 1.0 pl
[0103]

Composition 8:

2% BSA: 5 ul
50 mM TSC: 1 nl

100 mM MgCle: 1.5 pl

4% Brij56: 12.6 pl

500 pg/ml BEgg white lysozyme: 1.0 pl
[0104]

Composition 9:

2% BSA: 5 pl

f0105]

Composition 10:

Only the PCR buffer consisting of the component a) to o}
mentioned below, not containing the components of the compositions
1to 8
[0106]

For the PCR amplification, Primer F: forward primer 165_10F
for 16S rRNA gene detection (5'-~-AGTTTGATCCTGGCIC-3', SEQ ID NO: 1},
and Primer R: reverse primer 165 _1500R for 165 rRNA gene detection
(5! -GGCTACCTTGTTACGA-3', SEQ ID NO: 2) were used as PCR primers,
{G107]

Further, in order to maximize variation (primary
differential peak) of the fluorescent substance amount depending
on the temperature to perform high sensitivity detection in the
melt analysis of the amplified products after the real-time PCR, a
PCR buffer consisting of the following components aj to g) was
prepared, and the PCR amplification was performed by adding this
PCR buffer to the mixture of thée sample for PCR amplification and
the pretreatment agent.

The target of the aforementioned primers was a long DHA
{1491 bp) comprising 10 to 1500th nucleotides of 165 rRNA gene.
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221.4 n.d. [0138] The symbols a) to f) used in Table 2 have the following meanings. a) Live cell
counts of the coliform bacterialEnterobacteriaceae bacteria numerical values in the columns mean
Ct values in real-time PCR. b) Injured cells were prepared by immersing the live cell suspension in
boiling water for 50 seconds. c) No treatment with EMA is meant. d) EMA final concentration of 10
lag/m1 is meant. e) Ct value is indicated as mean + SD (n - 2). n.d. means that PCR was performed
twice, but the objective gene did not amplified in both PCRs. [0139] As shown in the results of
Table 2, the Ct values (number of cycles corresponding to rising of real-time PCR curve) of the
EMA-untre?—é cbg;oup of live cells were 13 to 22, and the Ct values of the EMA-treated group of live
cells were 181 4. Further, the Ct values of the EMA-untreated group of injured cells were 15 to 22,
and all the grodpdprovided gooerPGR himplifidation results. However, in the EMA-treated groups of
injured cells pfaikihercalifolondradctéria)and Erterobacteriaceae bacteria, amplification of the target

gene was ngt gliaiped. FURY)eAMORe,as shewwy in te results of the electrophoresis shown in Fig. 1,

any band indicating positive result fort amplified pr coul tcb etected only for the
EMA- treate%FﬁP&Lﬂiélb?%j%réd celfes aﬁtth%?%?m Jb%% eorgl)da%;grfd En e?%ba |aceZl§ bacteria. [0140]
10 % Ex-Tag Buffer {Takara-Biec): 5 pl

e) dNTP mixture {(Takara-Bic): 4 ul

£} 10 x SYBR Green I (BMA): 8 nl

g) Sterilized water: volume required to obtain the total volume of
55 pl including 5 pl of the sample for PCR amplification and the
pretreatment agent

{01691

Reai~time PCR was performed according to the following PCR
thermal cycle conditions by using a real-time PCR apparatus
(icycler 10, Bio-Rad, Hercules, CA).

1) 4°C for 3 minutes (1 cycle)

2} 94°C for 30 seconds (1 cycie)

3) 94°C for 20 seconds; 55°C for 30 seconds; 72°C for 1 minute and
30 seconds (50 cycles)

4) 95°C for 3 minutes (1 cycle)

[0110]

Then, according to the protocol of the melt analysis of the
PCR amplified product (temperature was raised at intervals of
0.1°C from 60°C, each temperature was maintained for 8 seconds,
and this procedure was repeated 350 times in total up to the final
temperature of 85°C), the melting temperature of the PCR amplified
product was measured.

{0111]

As a positive control, 8 logiy cells/ml live cell suspension
of Enterchacter sakazakii was used. Further, as a blank sample,
the PCR buffer itself to which nothing was added was used for‘PCR.
[0112]

2. Results
The results of the real-time PCR are shown in Table 1.
The symbols a) to f) used in Table 1 indicate the
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On the basis of the above results, it became clear that, by carrying out the method of the present
invention, distinction of live cells and injured cells as well as distinction of live cells and dead cells are
enabled for 16 genera of coliform bacteria and 2 genera of the family Enterobacteriaceae. Further,
distinction of live cells and injured cells was also made possible for species of which detection has
conventionally been difficult, for example, Escherichia bacteria and Salmonella bacteria. [0141]
[Example 3] Distinctions of live cells and injured cells of coiiform bacteria and Enterobacteriaceae
bacteria inoculated into a foodstuff, i.e., cow's milk, were performed. 1. Test materials and test
methods 1- sed strains_and culture method Bacteria of 1 genus of the family Enterobacteriaceae
and 15 genBH B itch  Etteria TR el Ao ot SCAB 1D Cibuay Guies Tem1 65,
Citrobacterss et IEnm 1858 2Kiebsiella pneumoniae NRBC3321, Serratia fonticola JCM1242,
Yokenella regensbergei ICAM2403, Rahnellhuaguatibs NBRG13544, HatriacalvetdEM1666, Leclercia

adecarboxylgta, 3GM1667, E@n_msmgq@g;?ré@ﬁ%%&l%% %ﬂ%é@@ tsakazali ATGE51329, E.
coli DH5a, and Salr’gonella enteritidis 110604 vy 7C for 16 hours by using the Brain

mﬁs cultured at

Heart InfustSit BY&H (I?ﬁ?%?gﬁﬁ@ eRChéniicalCo., Ltd., Tokyo, Japan). [0142] Each culture
broth in a velurheloEsdncafté st saltbrs i ol cialipa IBI miifatc 61¢ Hbe {Betdh Digkinson
Labware, N randsubjectedste refsigerated centrifugation at 4C and 3,000 x G for 10 minutes, the

supernatang:W%r%@f%&geégegﬁmImq%siﬁg)agfggql saline was added to the precipitates (pellet), and
e :

the suspension was diluted 10 times with ghysmlogical saline to pregare a live cell suspension of each

strain.  Fhefie EERXTSRnsidls iéPared AsaREE Bed Abo S a2 st SAle for the
following testsrisibIhel v tellvauitsdficthe (Gokliformtbacteria and Enterobacteriaceae bacteria in the

live cell suspensions were,gowated enrbersiandaid agalmesdivak and tuybjdimetry was simultaneously
carried outa a\gavelen jth, of 6Q0 mtby ugin a sgae&.’;ro%tg) tometer %%O%As( ig&chi, Japan) to
figure out the} rglatll%%aérh% %%?\Fve%gﬁpt Jé_ ive c}éi%]coount ar?d th té?@ldﬁygﬁ)l43]al-2 Inoculation of
bacterium SUSFERGENTS b8BT g E6IESTon of precipitates To 22.2 ml of marketed
pasteurized 86w milk (live cells were not detected by the cultivation method), 9 to 25 cells were

inoculated kywising the live cell suspensions of various coliform bacteria and Enterobacteriaceae

bacteria prepared-abeve- TFo-22:-2-ml-of-the T’:s‘ﬁv"s milc-onekind-of-coliform-bacterum-or
DTl . . i np ysmioglgaf sal Ing En co® S szk
EnterObaCt%glgceaQ baéteriewmivvag inoculat EYive cell @ injured cell &) | Live cell 8 iinjured cell 80}
ion | BSA | Dex 16p32] TSC | MgCl, | SPS JBrij56] Lyso | o @ | 10@ o w |oe [1wwd | o i0
1 + - - + + + - - 17+0.9 j21+£3.2|20+4,2 & | nd ©) [320.8{354:0. 9[35==1.1 nd
sl +1-§-1+«1+ |-1- - Ji720.6 {20+1.4] 20=11 nd {314[34:21,6/3521.0] nd
st -ty -f+0 + | -1 - - |17z0.7 {20x08] 20212 | nd [32:£0.734x1 4{F5x1.2} nd
4 -f-1+t+sf + -1 - - | 18+0.5 |20 8| 20:£1.8 | nd |33£0.6[35%0.6{36=1.8] nd
5 1+ d-J-F+}] + | -1 T | 15%0.8 19208 19%0.8 | ad |25&t.2|2720.8|21%1 4]
6 [+~ -1-1+1 + -1 - + | 17211 11900.7] 19406 | nd  j28:£0.9i3100.8{32+0.9{ nd
Tl - - b e |+ | 15mb6 118£1.2) 1808 | nd ]222:0.8]240.5{24£1.5) nd
g« -1-0+1 + =1+ 1 + [16=04|1900.3 W12 | nd {22208]2400 8124%1.2] nd
giay-t-j-1 - 1 -] - 1 - 118208 |2i11] 20213 | nd  |34£0.1]37%1.403821.6] nd
wl-l-1-1- w b ow b= | 25207 [281,1] 28218 | nd nd nd ad nd
[0114]

As seen from the results for the compositions 1 and 2 shown
in Table 1, in this system where PCR was directly performed in the
bacterium, distinction of live state and injured state
(distinction of live cells and injured cells} of Enterobacter
sakazakii in physiological saline, and distinction of live state
and injured state of Enterchacter sakazakii in cow's milk wsre
clearly attained, and according to the evaluation based on the Ct
value serving as an index of the reaction rate of the real-time

PCR, significant differences were not observed among the Ct values
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Further, as a sample blank, 22.2 ml of cow's milk to which any live cell suspension was not added was
prepared (bacterium not inoculated). [0144] The cow's milk to which live cells of conform
bacterium Enterobacteriaceae bacterium was inoculated and the cow's milk to which any bacterium
was not inoculated, as prepared above, were subjected to centrifugation at 37C and 3,000 x G for 5
minutes, and the lipid layer on the surface of the supernatant and the aqueous layer existing as an
interlayer were removed by decantation to collect the precipitates. The collected precipitates
(pellets) of the cow's milk to which live cells of coliform bacterium or Enterobacteriaceae bacterium

was inoculated, and to which any bacterium was not inoculated bath, cont%inced qleag G lls of bacteria
[

originally eSistéd i e ATAetEa GRSk aRd Fiade St B Sttt o (i Feghtive bacteria
or gram-positivesbaeteria, inoiuditteeskidrm bactiia etes logrgelidse oiTR&Rfdig St was judged
that the preginitates prepared framthe gaw's raitlkcie which fiveseels of the eolifeima baetesium or
Enterobacieljageas bagierm 5 naeyled gontained.dead ol aog Jue ol (01461 1.3) Encyme

treatment 1o each of the precipitates (test samg e) prepared from the cow's milk to which live cells

of the colifothT ARG O ERtefolIGEHatedE BECteTRiN BT Bepirdd abdtet 1876t the Brain
Heart Infustare(BHI) Drethekept pleenvae37.C bHeforataivdedhsihdde dyamd e celis siwvrdsuspended

therein. To {fe sughension, 3% Rlif a-dilutad epgyme salutiom prepareaiy=diluting apeaiginase K
solution (equivalent to 1250 U/ml, EC.3.4.21.64, Sigma) 50 times with physiological saline (25 U/m1)

was added 10 perform an enzyme treatment at 37C for 3 hours. The enzyme-treated test sample
was centrifliéd 3t 37C and 3,000 x G for 5 minutes, the supernatant was removed, and the
precipitates were cadlestad:agaim [Odd6] 2i-ddiE thidithre menodzisectERXadeatrhentaad light

irradiation trgatment ; ., Aer 3 mj of physiglogical saline.was agded tafheprecipitaies, after the
enzyme treatment, an%ﬁgegrﬂixture was stirred, 10 gl of an EMA soILét(ijon 1%%93 pg/ml) prepared in the

same maniEras Wat BPEXAIDIE 2 FAS adeRe s the niRture Anahe nixture was left at 4C for 10

minutes ungerrght shidldird stinciiem, Khsibld fight AFadidn-anaseEshfrf feafment were
performed imthe-same-aannsf-as tidt of kxaimplec2 pgndb pkei sterilized watés wes &flded to the

precipitates, to, prapare 3-sanple for POR,amplification, 044 #Ed:5) PCR amplifiation A
pretreatment agent was added to 5 pl of the sample for PCR amplifi atlor](as in Example 2. For
the PCR arBRCARGn ABHRfer Errarvareh Bitc 16 1353t TS TN,

iy glelne*%etectiqn (5'-
physiological saline and cow's milk {(live cells, not treated with

EMA), or among those of the live cells subjected to the EMA
treatments of various conditions. On the basis of these data, it
was found that any of albumin, dextran, and the T4 gene protein 32
may- be used.

[0116]

As seen from comparison of the results obtained with the
compositions 2 and 5, distinction of live state and injured state
of Enterobacter sakazakii was clearly attained with both
compositions (in physiclogical saline and cow's milk), but it was
suggested that addition of the nonionic surfactant Brijb5é provided
a significant decrease of the Ct values of Enterobacter sakazakii
{live cells, not treated with EMA and treated with EMA),
especially that of the cells in cow's milk, and thus sensitivity
for detection of live cells was improved. Furthermore, in
comparison of the results obtained with the compositions 2 and 6,
it was observed that distinction of live state and injured state
was clearly attained with both compositions (in physiological

saline and cow's milk), but there was a tendency that addition of
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CTACAATGGCGCATACAAAGAGAAG-3', SEQ ID NO: 3), and Primer R: reverse primer 23S 1703R
for 235 rRNA gene detection (5'- CCTTCTCCCGAAGTTACGGCACCAT-3', SEQ ID NO: 4) were used
as PCR primers. Further, in order to maximize variation (primary differential peak) of the
fluorescent substance amount depending on the temperature to perform high sensitivity detection in
the melt analysis of the amplified products after the real-time PCR, a PCR buffer comprising the
following components a) to g) was prepared, and PCR amplification was performed by adding 41.5 pl
of this PCR buffer to the mixture of the sample for PCR amplification and the pretreatment agent.
The PCR prlmers contained the nucleotides of the 1234 to 125 ositions offth 165 rRll\_[A gene, a
tRMA gene-¥78 hjaitPhite HERIES RIS Bt tRe oS hs ! efc t$he 5338 Rﬁ{l gene, and the
target theréof wais'a lorig DNAaboLa24SD ‘bﬁ)%cﬁ%lmﬂé a?§fé@fé@$i regigh EBeut 364 bp). [0148] a)
Primer F (1pmal/pl): 4 pl b) Primer R (10 pmol/pl): 4 pl c) Ex-Tag (5 U/pl, Takara-Bio): 0.5 pl

(containing 0.5% Tween 2 0 | 5 d T,
(Takara-Bio): 5 pl g%ll d?\lﬂl'P%mlx%/re Tal?éﬁr%% |<§(;OriqulE )Qi{(% )%L é%%é%)s ))ﬂng)c—g%ll(%ﬁ @iféﬁ%) Sterilized
t

water: 16 gFpR28] i oReal-tifl@PER wiS ﬁ‘@ﬁoﬁﬁgﬁda(?&% G Jtﬂé:ffoﬁ’owmg heLuLal cycle
conditions byaisingrairéalitimeiPOR epperates ¢CYclep i 2BisRat tHetedlert AR 1) 95C for 3
minutes (1 &ygle)s 2&%@fQEﬁoﬁ@&}mﬁﬁig@%ﬁ%ﬂﬁ@caﬂdSbﬁﬁﬁanﬁﬁminuﬁes (40 cycles) 3) 95C

for 3 minuies 1,cycle) D180« Ehen agcgrag o e iafgoolof s mefanalsisgihne POR

amplified produ emperature s ralsed a Intervals from 60C, each temperature was

maintainedf& 8- Eé¥dhis faRdRICHFICEI e J\Fa‘éeréﬁé&r%d(%’é tﬁﬁ@??ﬁ%fﬁi% &%fhal
temperatureref:@s8) wthishnEMan g denyienatuikey of tlee RERlam pifivei prativctthas imeasured.

composition 8. EBEgg white lysozyme directly acts on the
peptidoglycans of gram-positive bacteria to hydrolyze the
polysaccharides (f-1,4-linkages of N-acetylglucosamine and N-
acetyimuramic acid}, however, in the case of gram-negative
bacteria, there is an outer membrane outside the peptidoglycan
containing these polysaccharides (on the side where egg white
lysozyme functions), and therefore egqg white lysozyme cannot act
on. Taking this action mechanism into consideration, it can be
considered that egg white lysozyme in the composition 8§ did not
promote lysis (disruption) of the cells of Enterobacter sakazakli,
which is a gram-negative bacterium, but strongly acted on cell
walls of dead cells of gram-positive bacteria existing in cow's
milk in advance (2 5 logyy cells/ml) in the presence of Brijbé to
physicochemically change the cell wall surface structures of gram-
positive bacteria, which are conventionally considered to be PCR
inhibitery componentsg, and therefore the cell wall surface
structures could no longer function as PCR inhibitory components.
Tn fact, in comparison of the results obtained with the )
compositicns 5, 6 and 8, it can be seen that the sensitivity for
detection of live cells in cow's milk was significantly improved
with the composition 8, but gram-positive bacteria did not exist
as contaminants among the live cells suspended in physiclogical
saline, and any data indicating that the composition 8 especially
promotes reactions in PCR have not been obtained for live cells of

Enterobacter sakazakii, which is a gram-negative bacterium.
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As a positive control, 8 logio cells/ml live cell suspension of Enterobacter sakazakii was used to
perform PCR amplification in the same manner. Further, as a blank sample, the PCR buffer itself to
which any test sample was not added was used to perform PCR amplification. [0151) 1-6) Gel
electrophoresis 0.8% Agarose gel (Seakem GTG agarose, FCM SioProducts, Rockland, Me) was

prepared by uging 08X TAlve, IE%%R@“@BE%Q@@%&%&V%@ &2f% 40 10 pl was applied to
the agarose gel to_perform electrgphoresis. In a solution prepared by diluting SYBR Gold nucleic

acid gbY SRENTRMVEFOL R (e RGETE, ORdh, 1S A0 000 GniRE WD EXIBAE Yihe agarose gel after
the eleetraphdresis:welsdnpaerseader 45 minuies andutberéiyes staindanthen the getharageobserved as a

densitograph,andihe image thereof was cantured apd staced by psing AF:6900H dmagesSaver HR

(Atto Co., Japan). [0152] 2. Results “The results of the real-timé FOR are shown in Table 3.
Furthéﬁltﬁél?estlﬂ&tofsﬁﬁfépél%cﬂ’aﬁh6Pé§?§%?ﬁ?§fiﬁ§l BER ﬁﬁﬁﬁﬁﬂrﬁ%ﬁﬁc&oa%ﬁo\}éﬁ‘?ﬁ‘ Fig. 2.
[0153hot fhe-meanings pCheisymbolsatsed tmbignerare, as followrs: 14 HKe pheumoniae OK: C.

koseri EC. il. SE: S, enteri 'di% KALK. baja CD;.C. davisae SF; ontical Y.
regenggg%ge?%gk %%gpl iseC EI% . a\%ﬁ_%gc% a%%cai%g%ﬁaé%&g%%é%qr%%?grgsé%: E. sakazakii
Milk: NisieRes isa SRzl 86w ShRillPROEIRBeulEiEtRith BoffoR TR ERHT Pb%Rive: Positive control

(Entergbactersakpzakii b pdafB:. This also agrees with the fact that, in
comparison of the results obtained with the compositions 2 and 8,
any significant difference was not observed in the sensitivity (Ct
value) for detecting live cells in physiocleogical saline, but
extremely superior sensitivity for detecting live cells in cow's
milk (containing many injured cells and dead cellsgs of gram-
positive bacteria) was obtained with the composition 8. Moreover,
it is considered that egg white lysozyme adsorbs to a nucleic acid
amplification inhibitory substance to normally advance the nucleic
acid amplification reaction.

On the basis of comparison of the results obtained with the
compositions 1, 2 and 9, it is considered that if the function of
a nucleic acid amplification reaction inhibitory substance can be
suppressed with BSA, distinction of live cells and injured cells
is possible, even if a magnesium salt or an organic acid salt Is
not contained. In addition, with the composition 9, the Ct values
for the live cells (not treated with EMA and treated with EMA) and
injured cells {not treated with EMA) delayed by about 3, and
therefore the compositions 1 and 2 containing the magnesium salt
or the organic acid salt are more advantageous in view of the
reactivity.

[0118]

Finally, as seen from comparison of the results obtained
with the compositions 2 and 10, although distinction of live state
and injured state of FEnferobacter sakazakii suspended in
physiclogical saline was possible only with the PCR buffer, but

the sensitivity (Ct value) for live cells (not treated with EMA
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logo CFU/ml was used as a template for FOR) Negative: Negative control (5 pl of sterilized water was
used as a FOR template) L: 100 bp DNA ladder. [0154] Table 3 Col i form boater ia/Enterobacter
iaceae baoter in  Electrophoresis/gel staining c) toftial After (mubon or 3 hours flea

and treated with EMA.) was extremely significantly unfavorable, in
addition, in the case of supposing cow's milk as a usual typical
test sample, live cells (not treated with EMA and treated with
EMA) and injured cells not treated with EMA cannot be detected
only with the PCR buffer, and therefore it is considered that it
is preferred that at least an agent that can reduce the influence
of a PCR inhibitory substance, of which representative example is
albumin, and a magnesium salt and an organic acid salt or a o
phosphoric acid salt are contained.

f0119]

{Exampié 2]

Distinctiong of live cells and injured cells of coliform
bacteria and Enferobacteriaceae bacteria were performed.
[0120]

1. Test matexrials and test methods
1-1) Used sgtraing and culture method

Bacteria of 16 genera of the coliform bacteria and 1 genus
of Enterobacteriaceae not belonging to the coliform bacteria,
Klebsiella oxytoca SCM1665, Citrobacter koseri JCM1658,

Enterobacter sakazakii ATCC51329, Serratia fonticols JCM1242,

Budvicia aquilia JCM3902, Rahnella aquatilis NBRC13544, Hafnia

alvei JCM1666, Leclercia adecarboxylata JCM1667, Yokenella regenshurgei
JCM2403, Pantoea agglomerans JCM1236, Buttiauxella

agrestis JCM1090, Kluyvera ascorbata JCM2107, Cedecea davisae

JCM1685, E. coli (Escherichia coli) DHS5a, and Salmonella

enteritidis TID604 were cultured at 37°C for 16 hours by using the
Brain Heart infusion Broth (BHI broth, Eiken Chemical Co., Ltd.,
Tokyo, Japan) .

[0121]

Further, bacteria of 2 species belonging to 2 genera of the
coliform bacteria, FEwingella americana JCM4911 and Moellerella
wisconsensis JCM5894 were cultured at 30°C for 16 hours by using
the BHI broth.

[0122]

Each culture broth in a volume of 5 ml after the culture
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court F5F=10 F=5 F=10 ebsiella pnejmoniaeNBRC 3321 1 4.0.0 2.0 4/44/4 Mania 2/22/2 4/4 2/2 4/4
1/2 2/2 Citrobacter koseiJOM 1658 1.40 .0 3.30,1 9

was collected in a 15-ml falcon tube {Becton Dickinson Labware,
NJ), and subjected to refrigerated centrifugation at 4°C and 3,000
¥ G Ffor 10 minutes, the supernatant was removed, then 5 ml of
physiological saline was added to the precipitates (pellet), and
the suspension was diluted 10 times with physioclogical saline to
prepare a live cell suspension of each strain.

[0123] :

Further, 1 ml of the aforementionad live cell suspension
was put into a 1.5-m! volume microtube (Eppendorf, Hamburg,
Germany}, and the tube was immersed into boiling water for 50
seconds and quenched. It was confirmed that each suspension
immersed in boiling water did noct form any colony on the standard
agar medium (Eiken, Tokyo, Japan) to prepare injured cell
suspensions of the coliform bacteria and Enterobacteriaceae
bacteria.

[0124]

The liwve cell suspensions and injured cell suspensions
prepared as described above were used as test samples ror the
fellowing tests.

The live cell counts of the coliform bacteria and
Entercbacteriaceae bacteria in the live cell suspensions were
counted on the standard agar medium, and turbidimetry was
simultaneously carried out at a wavelength of 600 nm by using a
spectrophotometer U-2800A (Hitachi, Japan) to figure out the
relationship between the live cell count and the turbidity.
{0125}

1-2) Ethidium monoazide (EMA) treatment and light irradiation
treatment _

Ethidium moncazide (EMA, Sigma, St. Louls, MO) was
dissolved at 1000 pg/mi using sterilirzed water, and subjected to
filtration sterilization by using 0.20-pm filter (Minisart-plus,
Sartorius AG, Gottingen, Germany) to prepare a stock solution (EMA
solution), which was stored at -20°C under light shielding.

The EMA solution (1000 pg/ml) in a volume of 10 pl was

added to each test sample {live cell suspension or injured cell
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FUt,yvera ascorbateJCM 2 070 120.0 4.41.1 3.2 Escherichia coliD1150/ 1.10.1 nu 1'2 ran 2/2 2/2
Cedecea deviseeJONI 1685 1.00.1 2.7-04 1.7

suspension) in a volume of 1 ml, and the mixture was left at 4°C
for 10 minutes under light shielding.
[0126]

Then, the test sample was set at a distance of 20 cm from a
visible light source (100V PR¥ S00W Flood eve, Twasaki Electric
Co., Ltd., Tokyo, Japan), and irradiated with visible light for 5
minutes on ice.

The EMA-treated and wvisible light-irradiated test sample
was subjected to refrigerated centrifugation at 4°C and 15,000 % G
for 1{ minutes, the supernatant was removed, then 1 ml of
physiological saline was added to the pellet for washing, and the
suspehsicn was further subjected to refrigerated cehtrifugation to
collect the precipitates. Such a washing treatment was repeated
several times, and then 10 pl of sterilized water was added to the
precipitates {cells} to suspend the cells in the sterilized water
to prepare a sample for PCR ampiification.

(01271
1-3) PCR amplification

An-agent comprising bovine serum albumin (BSA, Sigma),
trisodium citrate dihydrate (TSC, Kanto Kagaku)}, and magnesium
chloride hexahydrate (Nakarai-Tesque} in the compositions 1} to 3)
mentioned below was added to each sample for PCR amplification,
and a surfactant of 4} comprising sodium laurylsuifate (SDS,
Nakaral-Tesque) was added to 5 ul of the sample for PCR
amplification.

In the following descriptions, a combination consisting of
the agent having the compogitions of 1) to 3) and the surfactant
of 4) may alsc be referred to as a pretreatment agent.

{0128} '
1) 2% BSA: 5 pl
2) 50 mM TSC: 1 pl
3) 100 mM MgCls: 1.5 pl
4) 0.05% SDS: 1 ul
(0129}
For the PCR amplification, Primer F: forward primer les 10F
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0/20/2 2/2 2/2 Salmonella enteritidisED 604 1A-1-0.1 3.502 2.1 2/2 2/2 2/2 Serrate fonticoiaJCM 1242
0.90.1 230.1 1A 1/2/ 2/2 1/2 Yokenella regensburgei.lCM 2403 1.09:0.5 3.00.4

for 165 rRNA gene detection {SEQ ID NO: 1), and Primer R: reverse
primer 16S_1500R for 165 rRNA gene detection (SEQ ID NO: 2) were
used as PCR primers.

Iurther, in order to maximize variation (primary
differential peak) of the fluorescent substance amount depending
on the temperature to perform high sensitivity detection in the
melt anaiysis of the amplified-products after the real-time PCR, &
PCR buffer consisting of the following components a) to g} was
prepared, and the PCR amplification was performed by adding this
PCR buffer to the mixture of the sample for PCR amplification and
the pretreatment agent.

[0130]

a) Primer B (10 pmol/ul): 4 pl

b) Primer R {10 pmol/pi}: 4 pl

¢y Bx-Taq {5 U/ful, Takara-Bio): 0.5 ul

{containing 0.005% Tween 20 angd 0.005% Nonidet P-40)
d) 10 x Ex-Tag Buffer (Takara-Bioc): 5 ni

e) dNTP mixture {Takara-Bioj: 4 ul

f) 10 x BYBR Green I {BMA): 8 1l

g} Sterilized water: 16 pnl

[0131]

Regl-fTime PCR was performed‘according to the following PCR
thermal cycle conditions by using a real-time PCR apparaltus
{iCyclier iQ, Bio-Rad, Hercules, CAj.

1} 4°C for 3 minutes {1 cycle)

2) 94°C for 30 seconds {1 cvele)

3} 94°C for 20 seconds; 55°C for 30 seconds; 72°C for 90 seconds
(50 cycles)

4) 95°C for 3 minutes {1 cycle)

[0132]

Then, according to the protocol of the melt analysis of the
PCR amplified product (temperature was raised at intervals of
0.1°C froem 60°C, each temperature was maintained for 8 seconds,
and this procedure was repeated 350 times in total up to the final

temperature of 95°C), the melting temperature of the PCR amplified
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2.0 2/2 2/2 212 MBE 2/2 2/2 Rahnella aquatilis14BRC 13544 1.00.0 2.30.4 13 1/2 2/2 M Hafnia
alveiJCM 1666 1.30.1 3.3r.b0.6 2.0

product was measured.

Az a positive control, live cell suspension of Enterobacter
sakazakii (8 logis cells/ml) was used to perform PCR amplification
in the same manner. ¥Further, as a blank sample, the PCR buffer
itself to which any test sample was not added was used to perform
PCR amplification.

{01333
i~4) Gel electrophoresis

2% Agarose gel (2% Seakem GTG agarose, FCM BioProducts,
Rockland, ME) was prepared by using 0.5 x TAE.

The PCR amplified product was applied in a voluwne of 10 ul
to the agarcse gel, and electrophoresis was performed.

The gel was stained with 1 pg/ml ethidium bromid@'solution,
and observed as a densitograph, and the image thereof was captured
and stored by using AE-6%05H Image Saver HR (Atto Co., Japan).
[0134)]

2. Results

The resuitg of the real-time PCR are shewn in Table 2.
Furthex,‘the results of the electrophoresis of the final PCR
amplified products are shown in Fig. 1.

[0135] '

The meanings of the symbols used in Fig. 1 are as follows.
EMA+: EMA treatment (10 pg/ml, 10 minutes, 4°C under light
shielding} + wvisible light irradiation (5 minutes)
EMA—: No EMA treatment
PC: Positiwve contrel in which 8 logiy cells/ml live cell
suspension of Enterobacter sakazakii was used in a volume of 5 pl
NC: Negative control in which sterilized water was used instead of
the DNA template
M: 100 bp DNA ladder
Injured cell: Injured cells prepared by immersing the live cell
suspension in boiling water for 50 seconds was used.
[0136]

The cell counts in the live cell suspensicns of each strain

is as follows.
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Z# Leclerda adesarboxylataJCM 1667 0.87:0.0 1603 1.8 Pantoea aggiomeransJCM 1236 1.1=0.3
220.4 1.1 0/2 2/2

E. coli: Escherichia coli DH5a (7.91 £0.20 logsy cells/ml)

S, enteritidis:  Salmonella enteritidis TIP 604 (8.07+ 0.02 logio

cells/ml)

K. oxytoca: Klebsielln oxytoca JCM1665 (8.38 + 0.08 logig

cells/ml)

C. koseri: Citrobacter koseri JCM1658 (8.02 + 0.06 logsy cellg/ml)
E. sakazakii: Enterobacter sakazakii ATCC51329 {7.95 + 0.01 logio
cells/ml}

S. fonticola: Serratia fonticola JCM1242 (7.47 +0.01 logio

cells/ml)

B. aquilia: Budvicia aquilia JCM3902 (6.98 + 1.50 logio cells/ml)
R. aquatilis: Rahnella aquatilis NBRC13544 (7.38 + 0.14 logio
cells/ml)

E. americana: Ewingella americana JCM4911 (7. a7 + 0.43 logio
cells/ml)

H. alvei: Hgfnia alvei JCM1666 (8.04 + 0.22 logioc cells/ml)

L. adecarboxylata: Leclercia adecarboxylata JCM1667 {7.46 +
0.20 logy cells/ml)
M. wisconsensis: Moellerella wisconsensis JCM5894 (7.85 + 0.34

logic cellg/ml)

Y. regensburgei: Yokenelln regensburgei JCM2403 (8.03 + 0.13 logio
cells/ml)

P. agglomerans: Pantoea agglomerans JCM1236 (7.67 = 0.78 logio

cells/ml)

B. agrestis: Buttiauxella agrestis JCM1090 (7.76 + 0.00 logio
cells/ml)

K. ascorbata: Kluyvera ascorbata JCM2107 {(7.80 + 0.02 logio
cells/ml)

C. davisae: Cedecea davisae JCM1685 (7.56 + 0.10 logio cells/ml).
[0137]
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Enterobacter sakazakiiATCC 51329 1.20.2 3.10.2 1.8 8/6 8/8 W1 8/8 Average ortatai 1.102 2.90.6
1.30.6.28/34 Thit 32/34 [0155] Meanings of the symbols a) to ¢) used in Table 3 are as follows.

Table 2 ‘
Coliform ' Logso cell isimi Live cefl ¥ injured cell
bacteria/Enterobacteriaceae :
bacteria 07 109 0 1

Klebsielia oxytoca JCM1665 8.38£0.08 19£0.5 20413 2012 ind f)
Citrobacter koseri  JCM1658 ~ 8.02+0.06 “18+08 18407 18£13 1 nd.
Escherichia coli DH5 a 7.9120 20 22x0.8% | 23x05 20513 | nd
Salmonella enteritidis 1IP 604 8.47+0.02 18+1.4 19+0.8 18+0.8 n.d.
Enterobacter sakazakil ATCC 51328 7.95+0.01 170 8 2123.2 20+4.2 n.d.
Serratia fonticola JCM 1242 7.47+D 01 17£1.6 20+1.2 18%1.1 n.g.
Budvicia aquilia JOM 3902 £.9821.50 16+3.2 246317 15+2.0 n.d.
Rahnella aquatilis NBRC 13544 7.38+0.14 20+0.4 23:0.0 21x1.4 ‘n.d.
Ewingelia americana JOM 4911 - 7.47+0.43 15£0.2 17x0.4 17£0.1 nd,
Hafnia alvel JCM1666 8.04£0.22 17£0.2 1821.6 16£1.3 n.d.

- Leclercia 7‘46:1:{}.2_0 13+0.5 16£1.0 16+15 n.d.
adecarboxyiata E1667
Moeilerella wisconsensis JCM 5884 7.85+0.34 1542.7 19+5.6 1621.3 n.g.
Yokenelia regensburgel JOM 2403 8.03£0.13 1740.2 1640.4 15£0.4 n.d.
Pantoea agglomerans JCM 1236 7.67x0.78 15401 164£1.5 16+0.2 n.d.
Buttiauxelia agrestis JCM 1090 7.76+0.00 13£1.0 17+1.1 18+£2.8 n.d.
Kluyvera ascorbata JOM 2107 7.80+0.02 17¢1.4 18+0.8 1820.4 n.d.
Cedesea davisae JCM 1683 7.56+0.10 21xt1.4. 2422 1 22+1.4 n.d.

[0138]
The symbols a) to £) used in Tabkle 2 have the following

meanings. ‘ ”

a) Live cell counts of the coliform bacteria/Enterobacteriaceae
bacteria

numerical values in the columns mean Ct values in real-time
PCR. _
b) Injured cells were prepared by immersing the live cell
suspension in boiling water for 50 seconds.
¢) No treatment with EMA is meant.
d EMA final concentration of 10 pg/ml is meant.
e ¢t value is indicated as mean + SD (n - 2).
# n.d. means that PCR was performed twice, but the objective gene
did not amplified in both PCRs.
[0139]

as shown in the results of Table 2, the Ct values {number

of cycles corresponding to rising of real-time PCR curvef of the
EMA-untreated group of live cells were 13 to 22, and the Ct values

of the EMA-treated group of live cells were 16 to 24. Further,
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a) Live cell counts of the coliform bacteria, the measurement was performed with n =2 to 8. b)
Number of positive results to the total number of the measurement of the amplified product by the melt
analysis (TM pattern) based on real-time PCR c¢) Number of positive results to the total number of the
measurement of the PCR amplified product by the electrophoresis and gel staining (SYBR Gold)
method. [0156] From the results shown in Table 3, in the samples prepared by inoculating 9 to 25
cells of the various contain bacteria (live cells) in 22.2 ml of pasteurized cow's milk, then centrifuging
the milk, and performing a proteinase K treatment in the BHI broth and incubation (proliferation step of

live colifol bacteria), the number of the conform bacteria (live cells):increasedto 9@t 2,800 cells.
Further, asta%egﬁltvcﬁlb’@ﬁo ir%“?’ne an%?;%g%%ﬁ e OF?am Iif%d products and eleﬁrsophoresis of

the FOR amplifiad protiadts, hwaspossibRre dersttIRRIC L GRI tid T "SFhins>h addition, the
PCR amplifisatien.proguctiebtained fremshegowssmilk notincedlatetilsita tatifériisacteria (live cells)

showed a negative resultin hoth the melt analysis.and bscelostiophoresisd01573at i ofirom the above
results, it was revealed that it was made possible to detect live cells of coliform bacteria and

Enterobactfiddead paefdrid Msciiated fio® ¥8045{t such as cow's milk by distinguishing them from
dead cells (detectiBnuohivancetis) by thbavettiad B1thegasent fvémtio PHEFSRIE tbecame
possible toyislely appiy such, distinciendosfendsitfs suohsas tow' senilk antbdetés IR cells with high
sensitivity, even, for various,cells i istincti iMesells and dead gelisthava been difficult
(bacteria, v?ﬁ%%s?%?é?f@%l%égr[ﬁ% %%grr%%:;gﬁ%gtwgi n o%‘sliveece]!@ab)élggnventional method
High concerteatisn of iﬁjﬁ?é‘& IS0 SoIRO A Bad e?iucrﬁ%(zééooﬂlrrl]c ﬁﬁﬁ% Enterobacteriaceae bacteria
cells) weregieteetad: bydhbseibe PR awthod targeting 163 rRNA (long DNA) in which cells were
subjected toan EMA treatment, and then DNA was purified by DNA extraction and used as a

template. [0159] 1 Test materals apdipst melpods L dsed sipsand culiremmeihog  The
method of this tegt was carrieéd out according to the metr%od of é]aipi%nes%fa{?né 1’:\5'_06 n4%3}57797
(Internatiorzs Patene PUlicatR RRITAMD SB02RB ITEH T "BLEhsrichia coil DH5a, Salmonella

enteritidis 112684 cKlabsiefld oyjocad CMLBS5: At EltrabapisrtRosdn FC M 6587 er& tiiitured at 37C
by using the Brain Heart Infusion Broth (Bilideroth sEienrEokyokol i térprédetesminedngblume (10

ml) aliquot was coIIecteg from each culture b gg%gy}iggégg_cey@%@lr&i,n the.lagaitheaic phase, and
subjected t6 rgﬁﬁ’&&%ﬂg c%nefri?ljaéﬂétllgn %J?%e g%d 8,000 x G for 15 minuteg Aftfer the supeLnatant was
removed. 10f live cells and injured cells was also made possible LOr sp

of which detection has conventionally been difficult, for example,
Fscherichia bacteria and Salmonellaz bacteria.

[0141]

[Example 31 7
Distinctions of live cells and injured cells of coliform

bacteria and Enterobacteriaceae bacteria inoculated into a
foodstuff, i.e., cow's milk, were performed.
1. Test materials and test methods
1-1) Used strains and culture method

Bacteria of 1 genus of the family Enterobacteriaceae and 12
genera of the coliform bacteria, Kluyvera ascorbata JCM2107,
Codecea davisae JCM1685, Citrobacter koseri JCM1658, Klebsiella
pneumoniae NRBC3321, Serratia fonticola JCM1242, Yokenella
regensburgei JCM2403, Rahnella aquatilis NBRC13544, Hafnia alvei
JCM1666, Leclercia adecarboxylata JCM1667, Pantoea agglomerans
JCM1236, Enterobacter sakazakil ATCCS5132%, E. coli DH5a, and
salmonella enteritidis I1D604 were cultured at 37°C for 16 hours
by using the Brain Heart Tnfusion Broth (BHI broth, Biken Chemical
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ml of physiological saline was added to the pellet to suspend the cells again, a similar washing
operation was performed, then 10 ml of physiological saline was added to the pellet, and the resulting
suspension was used as a live cell suspension. Live cell count was measured by using an L agar plate
medium. Injured cells were prepared by putting 1 ml of the live cell suspension into a 1.5-m|
microtube, and immersing the microtube in boiling water for 50 seconds (injured cell suspension). The
injured cells obtained by this treatment did not form colonies on a standard agar medium. [0160] 1-2)
EMA treatment and light irradiation treatment of bacteria EMA (Sigma, St. Louis, MO, USA) was
dissolved qf(}wqquQg{rpl T@j;nyg stetilized water, and subjected to filtration sterilization by using 0.20-pm
filter (Minisart-plus, Sartorius AG, Gottingen, Germany). The EMA solution (1000 pg/ml) in a
volume of fé]paébas added to the live cell and injured cell suspensions (1 ml) of E. coil DH5a (7.91
0.20 logn cells/m1famd R atwC ¥6PED i iteBUNIE RGhPsMkIMGEE TPFheR! téESuspensions
were placeg:at adistanceiofi 20cmHram Zuisible lightsdBree ¢h00VRREE500WIFMe5E eye, Iwasaki
Electric Co J.td., Tokyo, Japan), and igadiatedwith lightdor bininutes ar ie€c and=achEMA-treated
sample was sut;%ected to r_efrigerate(%1 centrifugati,cc)n %t %gsarrld II%LO%QQO X Jlorslgingptes, the
supernatarit Was PEmov e i et K sittifar washing Operation was performed with 1 ml of
physiologiget gafinéogicathedivineef saspeAsicaRba e iRt ebi 3uspehtidng oftfe Saimonella
enteritidis k1604 841002 lagricelisknal) 1KlebsiekawixitopadCMIGHE:(8.382 D108 logn cells/ml),

and Citrobagter koseri %ﬂM&Q?e&i&%gte@i% n.gells/ml) were also subjected to the same EMA
treatment % t?%t used for the E. con DH5a. [0161 1-3& Ex&racti%p of DNA frg@ ggli(%% bacteria
Fepare t%% escriped e}

(including Enterobd&BriktEad BatteiP =" e stibematant of each suspension obtained after the
EMA treatnertivas ressovedntien 005 nihef TR IRR-HELfpH 8.0) was added to the precipitates

(cells), 10 pl of a Pyeteinase ksolutignufaorrespendingta #2560 haimle Signm)dvas added to the
mixture, 200,pl.0f 81096 ()0 D3 salulgn was addeg \p.the mixkus, anch hesmixiure was incubated

overnight a %en, DNA extraction was performed by the phenol/chloroform extraction and
8 it

ethanol preefitiitrsh Riethidd EEPTdard SEsiZ&g Water f lime of 150°plWas added to the
extracted anthpurifiec:@NAy art tHedonoentrationyaas esmbted otCthe*Basis §ftHE absorbance at
UV 260 nm{0D260). iintherurity wes estimateshan thedaasistof GDZ60£0D200:1@1621 1-4)
Real-time FOR . By using Primer E: forward primer, 165 1012 for.163,8RMNAgene detection (SEQ
ID NO: 1), é‘ﬁgﬁﬁ%?%&"re%ge%’ge&irﬁ%? 165 1500R for 165- IRNA gene detection (SEQ ID NO: 2), a
FOR buffer iR -

1-2) Inoculation of bacterium suspension to foodstuff and
collection of precipitates

76 22.2 ml of marketed pasteurized cow's milk (live cells
were not detected by the cultivation method), 9 to 25 cells were
inoculated by using the live cell suspensions of various coliform
bacteria and Entercobacteriaceae bacteria prepared above.

To 22.2 ml of the cow's milk, one kind of coliform
bacterium or Enterchacteriaceae bacterium was inoculated.

Further, as a sample blank, 22.2 ml of cow's milk to which
any live cell suspension was not added was prepared (bacterium not
inoculated) .

[0144] _
The cow’s milk to which live cells of celiform bacterium

Frnierobacteriaceae bacterium was inoculated and the cow’s milk to
which any bacterium was not inoculated, as prepared above, were
subjected to centrifugation at 37°C and 3,000 x G for 5 minutes,

and the lipid layer on the surface of the supernatant and the
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the composition shown below was prepared. [0163] a) Ex-Tag (5 U/pl, Takara-Bio): 0.5 p b) 10 x
Ex-Tag Buffer (Takara-Bio): 5 pl ¢c) dNTP mixture (Takara-Bio): 4 pl d) Primer F (10 pmol/pl): 4 pl e)
Primer R (10 pmol/pl): 4 pl f) SYBR Green | (2x) (BMA): 10 pl g) Sterilized water: 22.5 pl [0164] The
template DNA in an amount equivalent to 150 ng was added to 50 pl of the aforementioned FOR
buffer, and real-time FOR was performed according to the following FOR thermal cycle conditions by
using a real-time PCR apparatus (iCycler iQ, Bio-Rad, Hercules, CA). 1) 4C for 3 minutes (1 cycle) 2)
94C for 30 seconds (1 cycle) 3) 94C for 20 seconds; 55C for 30 seconds; 72C for 90 seconds (50

cycles) 4) 9aG.for3 miputes{l aygle) [0163] :n«ckheReacerrdingdadhesprofocol of the melt analysis
of the PCR amglified porodgé:t ét:@g%gt&g was raiseda%te isntervals of 0.1C from 60C, each temperature

was maintained 1578 Bt ordS> is Pibdadtraivas Fepeated 350 times in total up to the final

temperature of 95} 1¢herhétitictemperatirestiahe (PER afipliféd Prsdtier Wadidaditted. [0166]

which live cells of coliform bacterium or Enterobacteriaceae
bacterium was inoculated, and to which any bacterium was not
inoculated both, centained dead cells of bacteria originally
existed in the marketed cow's milk and made extinct by
sterilization {gram-negative bacteria or gram-positive bacteria
including coliform bacteria etc. (2 6 logw cells)).

Therefore, it was judged that the precipitates prepared
from the cow's milk to which live cells of the cceliform bacterium
or Enterobacteriaceae bacterium was inoculated contained dead
cells and live cells.

[0145]
1-3) Enzyme treatment

To each of the precipitates (test sample) prepared from the
cow’ s milk to which live cells of the coliform bacterium or
Enterobacteriaceae bacterium as prepared above, 10 ml of the Brain
Heart Infusion (BHI) broth kept warm at 37°C beforehand was added,
and the cells were suspended therein. To the suspension, 25 pl of
a diluted enzyme solution prepared by diluting a proteinase K
solution (eguivalent to 1250 U/ml, BC.3.4.21.64, Sigma) 50 times
with physiological saline (25 U/ml) was added to perform an enzyme
treatment at 37°C for 3 hours.

The enzyme-treated test sample was centrifuged at 37°C and
3,000 x G for 5 minutes, the supernatant was removed, and the
precipitates were collected again.

[014¢6)
1—-43 Ethidium monoaszide {(EMA) treatment and light irradiation
treatment

ofter 1 ml of physiological saline was added to tThe
precipitates after the enzyme treatment, and the mixture was
stirred, 10 pl of an EMA sclution (1000 png/ml) prepared in the
same manner as that of Example 2 was added to the mixture, and the

mixture was left at 4°C for 10 minutes under light shielding.
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1-5) Gel electrophoresis 2% Agarose gel (2% Seakem GTG agarose, FCM BioProducts,
Rockland, ME) was prepared by using 0.5 x TAE. The PCR amplified product was applied in a
volume of 10 pl to the agarose gel, and electrophoresis was performed. The gel was stained with
1 pg/ml ethidium bromide solution, and observed as a densitograph, and the image thereof was
captured and stored by using AE-6905H Image Saver HR (Atto Co., Japan). [0167] 2. Results Ct
values (number of PCR cycles at which the amplification curve exceeds a limit value) obtained by
performing real-time PCR are shown in Table 4. Further, the results of the electrophoresis are shown
in Fig. 3. [0168]  ThERe meanings of gre symbelsdtses infkig w3 aiems followacKlehsiella bacterium:

. oxytoca JeptEahRd0 8 A OT.0an Sellain) aPACISE DACtRE: £ Kasers IMIgS8 (802 0.00

logn cells/m1) Escherichia bacterlum coli DH5a (7.91 0.20 logn celfs/ml) Salmonella bacterlum S.
enteritidis 1/P&F4- {847 O“BEelﬁgYéﬁeﬂgﬂﬁf) tl?M?&ie Eﬂﬁﬁcﬂgéﬁﬁﬁﬁ?(fﬁ BYITEED MifGERIaC under
light shieldifigy \ESbletight frragliaton (5 minutes) EMA-: No EMA treatment NC: Negative control in
which sterilizedswater was used instead of the DNA template M: 100 bp DNA ladder Injured cell:

Injured cellﬁpg?pgﬁd b&{ m@ecrg%lg)the live cell suspension in boiling water for 50 seconds. (0169]

Table 4 Bearer'i um
A pretreatment agent was added to 5 nl of the sample for

PCR amplification as in Example 2.

For the PCR amplification, Primer F: forward primer
165 1234F for 165 yRNA gene detection {5'-
CTACAATGGCECATACAAMAGRAGARAG-3", SEQ ID NO: 3), and Primer R: reverse
primer 233 1703R for 23S rRNA gene detection (5'-
CCPTCTCCCGRAAGTTACGGCACCAT~3Y, BEQ ID NO: 4) were used as PCR
primers.

Further, in order to maximize variation (primary
differential peak) of the fluocrescent substance amount depending
on the temperature to perform high sensitivity detection in the
melt analysis of the amplified products afier the real-time PCR, a
PCR buffer comprising the following components a) to g) was
prepared, and PCR amplification was performed by adding 41.5 pl of
this PCR buffer to the mixture of the sample for PCR amplification
and the pretreatment agent.

' The PCR gprimers contained the nucleotides of the 1234 to
1258 positions of the 1835 rRNA gene, a tRNA gene (76 bp) and the
nucieotides of the positions 1 to 1703 of the 235 rRNA gene, and
the target thereof was a long DN& {about 2450 bp} containing a
spacer region {about 364 bp).

[0148]

a) Primer F (10 pmol/pl): 4 pl

b) Primer R (10 pmol/piy: 4 pl

c¢) Ex-Tag (5 U/pl, Takara-Bio}: 0.5 nl

{containing 0.5% Tween 20, 0.5% Nonidet P-40, and 50% glycerol)
d} 10 x Ex-Taqg Buffer (Takara-Bio): 5 pl

&) dNTP mixture (Takara~Bio}: 4 pl

£} 10 x BYBR Green I (BMA): 8 ul
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logcel | siml Live col k a) Injured cell1:17 0c) 10 47 0 e) 10 Klebs i el la oxytoca JCI11665 8. 380, 08
21 0.9 221.1 221.0 n. d.0 Citrobacter koser i '011658 8.020. 06 190.7 210. 8 201. 1

g) Sterilized water: 16 pl
(0149}
Real-time PCR was performed accorxding to the following ECR
thermal cycle conditions by using a real-time PCR apparatus
(iCycler iQ, Bio—-Rad, Hercules, CA}.
1) 95°C for 3 minutes (1 cycle)

2) 95°C for 30 seconds; 60°C for 40 seconds; 68°C for 3 minutes
(40 cycles)

3) 25°C for 3 minutes (1 cycle)

10150}

Then, accerding to the protocel of the melt analysis of the
PCR amplified product (temperature was raised at intervals of
0.1°C from 60°C, each temperature was maintained for 8 seconds,
and this procedure was repeated 350 times in total up to the final
temperature of 95°C), the melting temperature of the PCR amplified
product was measured.

As a positive control, B logye cells/ml live cell suspension
of Enterobacter sakazakii was used to perform PCR amplification in
the same manner. Further, as a blank sample, the PCR buftfer
itself to which any test sample was not added was used to perform
PCR amplification.

{0151]
1-6} Gel electrophoresis

0.8% Agarcse gel (Seakem GTG agarcse, FCM BioProducts,
Rockland, Me) was prepared by using 0.5 x TAE.

The PCR amplified product in a volume of 5 to 10 ul was
applied to the agarose gel to perform electrophoresis.

In a solution prepared by diluting SYBR Gold nucleic acid
gel stain (Invitrogen, Eugene, Oregon, USA) 10,000 times with 0.5
x TAE, the agarose gel after the electrophoresis was immersed for
15 minutes and thereby stained, then the gel was observed as a
densitograph, and the image thereof was captured and stored by
using AE-6905H Image Saver HR (Atto Co., Japanj.

[0152]
2. Resultis
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n. d. Esther !Ghia Doh OHS a 7-91=0 20 24 1 2 250. 8 22-1. 4 40t 1.4 Satooner la enteritidi s | IP604
8.470.02211.4210.5200.834ct1.1 [0170] The symbols a) to f) used in Table 4 indicate the
followings. a) Live cell counts of the Klebsiella bacterium, Citrobacter bacterium, Escherichia
bacterium, and Salmonella bacterium  numerical values in the columns mean Ct values obtained in
real-time PCR. b) Injured cells prepared by immersing the live cell suspension in boiling water for 50
seconds.

The results of the real-time PCR are shown in Table 3.
Further, the results of the electrophoresis of the final PCR
amplified products are shown in Fig. 2. '

[0153]
The meanings of the symbols used in Fig. 2 are as follows.

KP: K. pneumoniae
CK: C. koseri

FEC: E, coli.

SE: 5. enteritidis
KA: K. ascocrbata
Ch: €. davisae

SF: 8. fonticola
YR: Y. regenshurgei
RA: R. aguatilis
HA: H. alvei

LA: L. adecarboxyiata
PA: P. agglomerans
ES: E. sakazakii

Milk: Marketed pasteurized cow's milk not inoculated with coliform
bacterium '

Pogitive: Positive control (Enterobacter sakazakii, 5 pl of 8

logye CFU/ml was used as a template for PCR)

Negative: Negative control (5 pl of sterilized water was used.as a
PCR template)

L: 100 bp DNA ladder.

[0154]

Table 3
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¢) No treatment with EMA is meant. d) EMA final concentration of 10 pg/ml is meant. e) Ct value is
indicated as mean SD (n = 2). f) n.d. means that the PCR amplification reaction did not advance, and

the Ct value could not be observed. [0171]

According to the results shown in Table 4, significant

change of the Ct value was not provided in the real-time PCR by performing the EMA treatment for the
live cells of E. coil and S. enteritidis. Further, in the case of the injured cells, the EMAtreated E. coli
cells showed a higher Ct value of about 18, the EMA-treated S. enteritidis cells showed a higher Ct
value of about 14, compared with those of the untreated cells, thus there was observed a tendency
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[0156]

Fram the results shown in Table 3, in the samples prepared

by inoculating 9 to 25 cells of the various coliform bacteria

(live cells) in 22.2 ml of pasteurized cow's milk, then

centrifuging the milk, and performing a proteinase K treatment in

the BHI broth and incubation {proliferation step of live coliform

bacteria),

increased to 90 to 2,900 cells.

the number of the coliform bacteria (live cells)

Ffarther, as a result of performing melt analysis of the ECR

amplified products and electropheresis of the PCR amplified

products, it was possible to detect live cells for all the 13
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[0175] Composition of PCR buffer: a) ompA_F (10 pmol/pl): 2 pl b) ompA_R (10 pmol/pl): 2 pl c)
Ex-Tag (5 U/pl, Takara-Bio): 0.25 pl (containing 0.5% Tween 20, 0.5% Nonidet P-40, and 50%
glycerol) d) 10 x Ex-Tag Buffer (Takara-Bio): 2.5 €) dNTP mixture (Takara-Bio): 2 pl f) 10 x SYBR
Green | (BMA): 4.pl [0176] Then, 247.5 pl of the remainder sample for PCR amplification (the sample
for FOR amplification after the 2.5 nl portion was extracted from the volume of 0.25 ml) was subjected
to refrigerated centrifugation (10,000 x g, 5 minutes, 4C), and 12.25 pl of the pretreatment agent
solution and 12.75 pl of the FOR buffer were added to 2.5 pl of the supernatant to perfoLm PCR
(supernataat ha Then, thnthelpelieboptaine deby the@fdfemention ga-cantrifugatioin €:2 5 minof
physiologi%éaﬁdaf -c_zér %&@%@ﬁ%@&@%@& %l%@%é?@@%ﬁﬂegaiftﬂt%@@ ﬁw%agg%yo preréa{; e
suspensions, and.to 2. of each suspension, 12.25 pl of the pretreatment agent solution an :

pl of the F Sﬁeﬁjﬁﬁeﬁm}%?gag&ggd %8%%%%61 Fgﬁ (stu%é%enﬁ%llgn aﬂ%ﬁ%f"’elrser%%#l&glre of the suspension
was subjectdg b rertiyersied-centrifugation under the same conditions as mentioned above, and to 2.5
pl of the supersatant, 12.25 pl of the pretreatment agent solution mentioned in Table 5 and 12.75 pl of

the PCR buffer wege gadggl tq perfoLut EQR.(superpatant. YLk hareafier, he,same procedure was

repeated until the susegnsion IV and the supernatant |V were obtained, and FOR was performed with

each of thefPST74] *° KEATme PO Wasd patormed 388oPdng o the flowing FOR thermal cycle
conditions By isiegactesiihresP R apparatug (icyciéz Qi Bie-RadoprFEUIES, TAR BPAC for 3
minutes (1 &y&he) 21 9n0fordis secendshbR§ 0120 seannss: J 26 fos 30Reeonds 50 tycles) 3) 95C
f0r3'nhunﬁiéé(%giﬁ%ga%%gkhﬁ method of the present invention. Therefore, it
became possible to widely apply such distinction to foodstuffs
such as cow's milk and detect live cells with high sensitivity,
even for various cells for which distinction of live cells and
dead cells have been difficult (bacteria, viruses, etc.).
(01581 '
{Control Fxample 1] Detection of live cells by conventional method
High concentration of injured cells of celiform bacterium
(also including Entercbacteriaceae bacteria cells} were detected
by the EMA-PCR method targeting 163 rRNA (long DNA) in which cells
were subijected to an EMA treatment, and then DNA was purified by
DNA extraction and used as a template.
[0159] |
1. Test materials and test methods
1-1) Used strains and culture method
The method of this test was carried out according to the
method of Japanesse Patent No. 4217797 (International Patent
Publication No.WO2002/052034}.
Escherichia coli DH5a, Salmonella enteritidis IID&E04,
Klebsiella oxytoca JCM1665, and Citrobacter koseri JCM1858 were
cultured at 37°C by using the Brain Heart Infusion Broth {BHI
broth, Eiken, Tokyo).
4 predetermined volume (10 mil) aligquot was collected from
each culture broth in which the cells were in the logarithmic
phase, and subjected to refrigerated centrifugation at 4°C and

8,000 x G for 15 minutes. After the supernatant was removed, 10
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Then, according to the protocol of the melt analysis of the FOR amplified product (temperature was
raised at intervals of 0.1C from 60C, each temperature was maintained for 8 seconds, and this
procedure was repeated 350 times in total up to the final temperature of 95C), the melting temperature
of the FOR amplified product was measured. [0179] Table 5 Pretreatment agent solution 00 Amount (p
L) Final concentration 500 pg/mL lysozyme 0.5 10 ug/mL 4% Br ij 58 6.25 1% 2% BSA 2.5 0.2% 250
mg TSC 0.1

m). of physiclogical saline was added to the pellet to suspend the
cells again, a similar washing operation was performed, then 10 ml
of physiological saline was added to the pellet, and the resulting
suspension was used as a live cell suspension. Live cell count
was measured by using an L agar plate medium.

Injured cells were prepared by putting 1 ml of the live
cell suspension into a 1.5-ml microtube, and immeréing the
microtube in beoiling water for 50 seconds (iniured cell
suspensidn). The injured cells obtained by this treatment did not
form colonies on a standard agar medium.

(0160}
1-2) EMA treatment and light irradiation treatment of bacteria

EMA (Sigma, St. Louis, MO, USA) was dissolved at 1000 pg/ml
using sterilized water, and subjected to filtration sterilization
by using 0.20-pm filter (Minisart-plus, Sartorius AG, Gottingen,
Germany) .

The EMA solution (1000 pg/ml) in a volume of 10 nl was
added to the live cell and injured cell suspensions (1 ml} of E.
coli DHBx (7.91 % 0.20 logiy cells/ml), and left at 4°C for 10
minutes under light shielding.

Then, the suspensions were placed at a distance of 20 cm
from a visible light source (100V PRE 500W Floed eye, Iwasaki
Electric Co., Ltd., Tokyo, Japan), and irradiated with light for 5
minutes on ice.

Each EMA-treated sample was subjected to refrigerated
centrifugation at 4°C and 15,000 x G for 10 minutes, the
supernatant was removed, and then a similar washing operation was
performed with 1 ml of physiological saline.

The live cell suspensions and the injured cell suspensions
of the Salmonella enteritidis IID604 (8.47 + 0.02 logyy cells/ml),
Klebsiella oxytoca JCM1665 (8.38 = 0.08 logyy cells/ml), and
Citrobacter koseri JCMi658 (8.02 £ 0.06 logy cells/ml) were also
subjected to the same EMA treatment as that used for the E. coli
DHbx.

[0161]
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750 mid Mel 2 0.1 3 mt1 320 X SYBR Green | 0.1 1.28 X Sterilized water 15.45 Total 25 - [0180] 2.
Results The results for the Ct values determined by the real-time FOR amplification are shown in
Table 6. The indication "Not heated" in the table means a group for which the heat treatment according
to the FOR thermal cycle (repeating 50 times a thermal cycle consisting of reactions at 95C, 60C and
72C) was not performed, and "Heated with thermal cycle" means a group for which the heat treatment
according to the PCR thermal cycle was performed 50 times. The live cell count of Enterobacter
sakazakii in the suspension IV indicated with a) was 1076 cells/ml as determined on the standard agar

medium plate, and the live ceII fEnterob cter sa KiLint nt | indicated with b)
ﬁ%/rﬁlxég%%‘glon [ Lﬁgﬁ%} f %e ggé% 'lL:f_ %%@ﬂ%&a

was 105-7 te erminéd he" Sime method. On the basis of the fundamental
charactensfiz;Tﬁf#h@l@’é@?ﬁf@ﬁ@@aﬁ@ﬁéﬁ? ?esu‘lts of live cell counts in the suspension IV and
supernatant | reveated thaidiveatelis werecalsh contpirred at aoiettic néd % fit ehie Hupditatant obtained

by refriger eg %g&ﬁ@%%&ﬁé@séuml@n 9frﬁnt§fo@@ca@ff sakazakiiinphysiotogicad saline. As
for the non- eat group of E. sa kazakii (|n Bhﬁlolog O@ f““F)aWPr&% e}h Clvalues obtained for the
suspensiorPFEPT &t e SUSSRIAATFRelS Sontiare &t valles € suspension group were

lower by abrit8; iand itdswmwsideséatharthls %5H1é1r‘rﬂlbe§éﬁ*§%)th"t§aﬁv€%‘éﬂ§ wére BRnificantly
collected indhecpresipitaiesipeliet). and anexiresisly smalt amouat oiddern wersiaso collected in the

supernatant, T%a is, sych a;phenomenon,means thatbg lixecaligmveradistributed between the
t

prec:lpltates an el?elajrg,e rggiag%%trggtgeggﬂ%gastl performed by the phenol/chloroform

extraction and ethanol precipitation method (EP).

Sterilized water in a volume of 150 pl was added to the
extracted and purified DNA, and the concentration was estimated on
the basis of the absorbance at UV 260 nm {ODzego) . Further, purity
was estiméted on the basis of ODze/OD2s0.

[0162]
1-4}) Real-time PCR

By using Primer F: forward primer 165 10F for 165 rRNA gene
detection (SEQ ID NO: 1), and Primer R: reverse primer 16S_1500R
for 165. rRNA gene detection (SEQ ID NO: 2}, a PCR buffer having
the cbmposition shown below was prepared.

[0163]

a) Ex-Taq (5 U/pl, Takara-Bioj}: 0.5 pl
b) 10 x Ex-Tag Buffer (Takara-Bic): 5 il
¢) dNTP mixture (Takara-~Bio): 4 pl

d) Primer F (10 pmol/pl): 4 pl

e} Primer R {10 pmol/pl): 4 nl

f) SYBR Green I {(2x} (BMA): 10 ul

¢) Sterilized water: 22.5 pl

{0l64]

The template DNA in an amount equivalent to 156 ng was
addedAto 50 pi of the aforementicned PCR buffer, and real~time PCR
was performed according to the following PCR thermal cycle
conditions by using a real-time PCR apparatus (iCycler iQ, Bio—-Rad,
Hercules, CA}.

1) 4°C for 3 minutes (1 cycle)
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[0181] The results for the theLAal cycle heated group of E. sakazakii (in physiological saline)
means the test results obtained by subjecting the suspension of the live cells of Enterobacter sakazakii
in physiological saline to the PCR thermal cycle 50 times, and then performing PCR amplification
reaction with the supernatant and the pellet, and if the bacterial cells were lysed when the PCR
thermal cycle was repeated, and the chromosomal DNA flew mainly out of the cells, it should basically
become impossible to measure the Ct value for the suspensions Il to IV. However, all of the Ct values
were lower than 20, and thus the reactions of PCR were favorably performed. Thus, it was decided to

determine f}é}W dueh degree ggggggcﬁr g@%@éﬁlkii cells were lysed after they were subjected to 50

times of the PCR thermal cycles in physiological saline in the following examples. [0182] Table 6
Washing stéfa Pft Iff FOES k%%%%ﬁsén%n%sig%‘@iégl §5fiTE7 668 e fodo Notthestd Stispension
16.40.4 {30 cycies; .

4) 95°C for 3 minutes (1 cycle)
[0165]

Then, according te the protocol of the melt analysis of the
PCR amplified product {temperature was raised at intervals of
0.1°C from 60°C, each temperature was maintained for 8§ seconds,
and this procedure was repeated 350 times in total up to the final
temperature of 25°C), the melting temperature of the PCR amplified
product was measured.

[Cle6]
1-8} Gel electrophoresis

2% Bgarose gel (2% Seakem GTG agarose, FCM BioProducts,
Rockland, ME) was prepared by using 0.5 x TAE.

The PCR amplified product was applied in a wvelume of 1{ pl
to the agarose gel, and elesctrophoresis was-performed.

The gel was stained with 1 pg/ml ethidium bromide solution,
and cbserved as a densitograph, and the image thereof was captured
and stored by using AE-6%05H Image Saver HR (Afttoc Co., Japan).
[01l67]

2. Results

Ct values (number of PCR cycles at which the amplification
curve exceeds a limit value) obtained by performing real-time PCR
are shown in Table 4. Further, the results of the electrophoresis
are shown ih Fig. 3.

[0l68]

The meanings of the symbols used in Fig. 3 are as follows.
Klebsiella bacterium: K. oxytoca JCM1665 {8.38 4+ 0.08 logg
cells/ml}

Citrobacter bacterium: C. koseri JCM1658 (8.02 + £.06 logg
cells/ml)

Escherichia bacterium: E. coli DH5u (7.91 + 0.20 logy cells/ml)
Salmonella bacterium: 5. enteritidis IIP&04 (8.47 + 0.02 logyg
cells/ml)
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17.00.617.00.816.90.5a) Supernatant21.50.0W 21.20.523.21.023.9 1.2 Heated with
thermal cycle Suspension 14. 30. 5 16. 90. 4 18. 01. 1 19.00.8

EMA+: EMA treatment (10 pg/ml, 10 minutes, 4°C under light
shielding) + visible light irradiation (5 minutes)

EMA—-: No EMA treatment

NC: Negative control in which sterilized water was used instead of
the DNA template

M: 100 bp DNA ladder

Injured cell: Injured cells prepared by immersing the live cell

suspension in boiling water for 50 seconds.

{0165]
Table 4
. Live colt @ Injured celi B
i
Baorer ium log,, cellis/ml o9 0 e ™

Klebsiel la oxytoca JOW665 8,38:20,08 | 21209 | 2411 ] 2410 nd
Gitrobacter koseri JOMiGE8 802008 [ 19207 | 2108 | 2011 nd

Escherichia coli DHS @ | 7.91:£0.20 |24 £1.2| 25:£0.8 | 2021.4 § 40%1.4
Salmonella enteritidis |IPE04} 8.470.02 | 21 =1.4| 21+0.5 | 20=0.8 | S4=11

{0170}

The symbols a) to f} used in Table 4 indicate the
followings.
a) Live cell counts of the Klebsiella bacterium, Citrobacter
bacterium, Escherichia bacterium, and Salmonella bacterium

numerical values in the columns mean Ct values obtained in

real-time PCR.
b} Injured cells prepared by immersing the live cell suspension in
boiling water for 50 seconds.
c) No treatment with EMA 1s meant.
d) BEMA final concentration of 10 pg/mi is meant.
e) Ct value is indicated as mean % 8D (n = 2).
£} n.d. means that the PCR amplification reaction did not advance,
and the Ct value could not be cbserved.
01711

According to the results shown in Table 4, significant
change of the Ct value was not provided in the real-time PCR oy
performing the EMA treatment for the live cells of E. coli and 5.
enteritidis. Further, in the case of the injured cells, the EMA-

treated E. coli cells showed a higher Ct value of about 18, the
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Supernatant 152-0.2 19.60.6 20.60.9 20.81.2 E.sakazaki i (in 08) (103 oells/mL) Not heated
Suspension 15.8.1.4 15.40.7 15.71.2 14.3+0.9 Supernatant 23.92;2.7 271 -1: 0.8

EMA-treated S. enteritidis cells showed a higher Ct value of about
14, compared with those of the untreated cells, thus there was
observed a tendency that the PCR amplification was suppressed, but
PCR showed & positive reaction (Ct value: 40 £ 1.4 and 34 + 1.1).

As seen from the results of distinction of live cells and
injured cells using the final PCR amplified products (Fig. 3}, the
band of the objective ¢ene was obtdined dlso in the sample of EMA-
treated injured cells for E. coli DHBa and S. enteritidis IID604,
and thus distinction of live cells and injured cells could not
sufficiently be confirmed.

[0172]

On the other hand, as for the Klebsiella bacterium and the
Citrobacter bacterium, when the live cells were subjected to the
EMA treatment, any phenomenon concerning significant increase of
the Ct walue was not observed, but when the injured cells were
subjected to the EMA treatment, the PCR amplification reaction was
completely inhibited, thus the Ct value could not be measured, and
therefore distinction of the live cells and injured cells was
possible.

[0173]
[Example 4]

It was examined how much degree the cells of Entercbacter
sakazakii were lysed (lysis) in the presence of a pretreatment
agent after 50 times of PCR thermal cycles.

[0174]
1. Test Methods

Cells of Enterchacter Sakazakii ATCC51329 strain (ES) in an
amount of 10° cells/ml were suspended in physiological saline or
the pretreatment agent solutién mentioned in Table 5 (henceforth
alsc referred to as "DB {direct buffer}”) to prepare suspensions
(0.25 mL). Each suspension was divided into 25 pl portions, and
they were put into 200—pl PCR tubes, respectively, subjected to
PCR thermal cycle repetition step using a cycle of 95°C for 15
seconds, 60°C for 20 seconds, and 72°C 30 seconds {50 times), and

combined into one again (total (.25 ml) as a sample for PCR
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25.55.9 28.01A Heated with thermal cycle Suspension 22A0.5 22.5 m 22.40.4 22.602 Supernatant
30.70.4 30.80.8 30.71.0 30.812 [0183] Further, as for the Enterobacter sakazakii cells "not
heated" in the presence of the pretreatment agent, the ratio of the Enterobacter sakazakii cells flown
into the supernatant by the refrigerated centrifugation was suppressed 10 times compared with that
obtained with physiological saline, i.e., the ratio was 0.1 to 0.2%, and the recovery efficiency as the
pellet was markedly improved. If the Enterobacter sakazakii cells are lysed only by leaving them in the
pretreatment agent solution, the Ct value significantly increases as the process proceeds from the step

for the suspension | to the step for the suspension [V, a %if he comp lysed, the
chromoson?ﬁ%f\l%?sa}:elgg\iergd: i t&%%u%%?ﬁ;?ar#aﬁé? the' kﬁ%%%?e%e%ﬁg%at%n, and thus the

measuremastsiaie of valGelshotad berbrRETAToSEIBIE d96feRr M the! redtit®ShbWn in Table 6 do
not supporisuat estimrationgiiB4o 1ut Yhatshoulchbe espdeialy rotég:for thetdsewhere the
Enterobactey sakazakil celisivers subiectgd 0,50 fines of RER hermal.pyclesda the pretreatment

agent solution includes that ) .
ul of the PCR buffer mentioned below was added to the mixture to

perform PCR (corresponding to the suspension I mentioned in Table
6). Bs the primers, ompA I': forward primer for ompA gene
detection {5'-ggatttaaccgtgaacttttec-3°, SEQ ID NO: 73, and
ompA R: reverse primer for ompA gene detection (51~
cgocagegatgttagaaga-3', SEQ ID NO: 8) were used.

[0175}

Composition of PCR buffer:

a) ompA ¥ (10 pmol/nl}: 2 pi

b) ompA R (10 pmol/pl): 2 ul

c) Bx-Tag (5 U/pl, Takara-Bio): 0.25 pl

{containing 0.5% Tween 20, 0.5% Nonidet P~40, and 50% glycerol)
d) 10 x Ex-Tag Buffer (Takara-Bio): 2.5 nl

e) dNTP mixture (Takara-Bio): 2 pl

£} 10 x SYBR Green I (BMA): 4 ul

£0176]

Then, 247.5 pl of the remainder sample for PCR
amplification (the sample for PCR amplification after the 2.5 ul
portion was extracted from the volume of 0.25 ml} was subjected to
refrigerated centrifugation (10,000 x ¢, 5 minutes, 4°CY, and
12.25 ul of the pretreatment agent solution and 12.75 pl of the
PCR buffer were added to 2.5 pl of the supernatant to perform PCR
{supernatant I). Then, to the pellet obtained by the
aforementioned centrifugation, 0.25 ml of physiclogical saline or
the pretreatment agent solution mentioned in Table 5 was added to
prepare suspensions, and to 2.5 pl of each suspension, 12.25 ul of
the pretreatment agent solution and 12.75 pl of the PCR buffer
were added to perform PCR {suspension II}. The remainder of the
suspensicn was subjected to refrigerated centrifugation under the
same conditions as menticned above, and to 2.5 pl of the

supernatant, 12.25 ul of the pretreatment agent solution mentioned
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the Ct value of the suspension | was smaller than the Ct value of the supernatant | by more than 8,
that the Ct value of the suspension Il is similarly smaller than the CE value of the supernatant | by
more than 8, and that the Ct values of the suspensions Il and IV did not increase in spite of the
increase of the number of washing operation of the pellet. If the Enterobacter sakazakii cells are
completely lysed in the pretreatment agent solution during the repetition of the PCR thermal cycle, and
the chromosomal DNA is completely flown out into the external solution, the Ct values of the
suspension | and the supernatant | should be substantially the same values, and as the number of the
washing of thepgllet increaises thergatterf thihCtRgHURIGT B vespensidedsiioulkksitpificantly increase,

or the measiement theraof shauld begame inpossitige Howeverdbedessltsshawpdatkable 6 do not

support such estimation. On the, cont{%ry, thet%gvsalllue rof tt%e su n%grn | W s%qé%lleral}t}gn the Ct
value of thé Biperiafanti By wiard than 8"t is Bstimated that the ratio of the chromasomal DNA flown

out into theBifpermtant ireafouid'n. £36'.8% Hit¢fost (as for the origin of Ct value of the
supernatant §,1aa extremely small part of the Enterobacter sakazakii cells of which specific gravity

became smaller dyg.tq the repstition.af the.thermal cysle paanbe.eaawereshindliengupernatant), and it
is estimated that 99% or more of the or;ggln of the Ct value ?
u

r fihe su&pgnsion 1is DNAin the cells of
EnterobacttPERRALaRHTRaT Rt WP Suddesied that é7&h arter the Enterobacter sakazakii cells were
subjected tdRBRER Heriabcield 50ierTs #F théPresence of the pretreatment agent, 99% or more
of them weng notdysed. [0i85jutes Hurtherithe Ct values of the suspension | and the supernatant | of
the "Not hegjedsgroup.offs salkazpld’(BDR) shpwiindables, an sigriicanty smaliggthan those of
the "Heated with thermal cycle" group, respectively. Supposing that most of the cells of Enterobacter
sakazakii werd I%&ae@ 50 times of PCR theimal cycles in the presence of the pretreatment agent,
and the chrém@somaf BNA miovateto thie spftition side, the Ct values of the suspension | and the
supernatant § of ghe "Heated with thermal cycle" group should be comparable. Further, in the

suspension Il since, Eptergbagier;sakazski cells eten @ sale gt ey gignathave he

chromosomes, and therefore the ce ould come to the state that the Ct value could not be
measured. Ridvaber ithter RARCNSWATREPEER St Ko sOppoffsdch HetRFafoR. Plirthermore, on the
hypothesis that’thef Ciwaliiés ofehelaforameriones saspeasivreland thersiperiztant! in the "Not
heated" groypsignificanty. smalerthanthose-efithes iHeated with hernalpyele” gieupiwere provided
oy denaturaiion.dug to e, 20dimen ofihe BER thermalsysies, PecarseRrdeinsaeh A.a0g white
lysozyme and bovine Serum alBuiiih were containéd in the pretreatment agent, the experiment shown
in Table 7 W&§ihetpeisidtddetne specific experimental procedure is shown below. [0186]

Ten portionsadf72§ pl of the pretreatment agent solution having the composition shown in Table 5 were
prepared, subjgeted to 50 times of FOR thermal cycles, and combined to prepare 250 pl of the
pretreatment agent solution subjected to The heating with thermal cycle. Then, a pellet of live cells
(washed) of the e #Rcleteak 44 ki ATét:,%,éLSZS strain obtained from 50 pl of a culture broth in
which the ¢ ﬂ,é;ﬁfé’% g%?%&u ureg gvern gﬁ%"f&gméﬁded to physiological saline, a pretreatment agent
solution or geng gptutign subjgcted 1o the heating with thermal cycle, at a density of
106 to 109 each suspension was prepared). Each

+.
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spended therein 58 pl of
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i a¥vetume of

2.5 pbivas ai

dded’t®#12.2

b pl of the pretreatment agent solution mentioned

celisfml, and su
in Table 5

retdetRthat t
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g@%g arcril

RSP ddde

ter was changed to 2.7 pl), and 12.75 pl of the

§tgr‘t”l 1zed water

& 40721
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surement was performed twice). The results are

shown in T4

e 710187

Kazaki-il ive

Pretreatment agent solution sell(eel Is/mL)

Physiological (FIB) "salirie

[G180]
2. Results

ot iéatéd Heated with

The results for the Ct values determined by the real-time

PCR amplification are shown in Table 6.

The indication "Not

heated" in the table means a group for which the heat treatment

according to the PCR thermal cycle (repeating 50 times a thermal
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thermal cycle 108 16. 84t0. 5 15.80.4 16. 8 ctO. 8 108 17. 40.7 16. 20.3 15. 50. 7 107 19.9 0.2 19.91.-
0.5 20.6ii-0. 6 106 22. 71.1 24. 00. 7 24.00.8

cycle consisting of reactions at 95°C, 60°C and 72°C) was not
performed, and "Heated with thermal cycle”™ means a group for which
the heat treatment according to the PCR thermal cycle was
performed 50 times. The live cell count of Entercbacter sakazakii
in the suspension IV indicated with a) was 107% cells/ml as
determined on the standard agar medium plate, and the live cell
count of Enterobacter sakazakii in the supernatant I indicated
with b} was 107 cells/ml as determined by the same method.

On the basis of the fundamental characteristic of this test,
+he measurement results of live cell counts in the suspension IV
and supernatant I revealed that live cells were also contained at
a ratic of 1% in the supernatant obtained by refrigerated
centrifugation of the suspension of Entercbacter sakazakii in
physiological saline. As for the non-heated group of E. sakazakii
(in physiological saline}, when *he Ct values obtained for the
suspension I or II and the supernatant I were compared, the Ct
values for the suspension group were lower by about 5, and it is
considered that this is mainly because the live cells were
significantly collected in the precipitates {(pellet), and an
extremely small amount of them were also collected in the
supernatant. That is, such a phenomenon means that the live cells
were distributed between the precipitates and the supernatant at a
specific ratioc.
[0181]

The results for the thermal cycle heated group of E.
sakazakii {(in physiological saline) means the test results
obtained by subjecting the suspension of the live cells of
Enterchacter sakazakii in physiological saline to the PCR thermal
cycle 50 times, and then performing PCR amplification reaction
with the supernatant and the pellet, and if the bacterial cells
were lysed when the PCR thermal cycle was repeated, and the
chromoscmal DNA flew mainly out of the cells, it should basically
become impossible to measure the Ct value for the suspensions IT
to IV. However, all of the Ct values were lower than 20, and thus

the reactions of PCR were favorably performed. Thus, it was
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[0188] It cannot be considered that the Ct value of the live cells of Enterobacter sakazakii
suspended in the pretreatment agent solution and subjected to the heating with thermal cycle was
significantly larger than the Ct value obtained with physiological saline or the pretreatment agent
solution not subjected to the repetition of the thermal cycle, and thus it was confirmed that it could not
be the cause of at least the increase of both the Ct values of the suspension | and the supernatant | of
the "Heated with thermal cycle" group shown in Table 6. On the basis of these results, it is estimated
that the chromosomal DNA in the cells of Enterobacter sakazakii, which was obtained by subjecting
the Enterobacter, sakazakii cells,to 50 times q{t e PCR etrmakc%%lgs ige} e Dresence ?gthe
pretreatmeﬁ?ﬁb%%‘fl, &?olﬂ% e to 427 tieR retd rlﬁa tRERY 16 TO6M lemperature, and subjecting them
to refrigerattt e hiifedatibreso Heto Neusyer thescihin6Sontal BIES i thé bRIIBtand the supernatant,
was intricatehy: twisted o o depaiures DNADindiny peoteing Aadrdenaturation-engyiraes, and could
not function[g 8%%emplate for PCR at the beginning. Even if the Ct value of the supernatant | -
originated in that less than 1% of the Enterobacter sakazakii cells were lysed by 50 times of the PCR
thermal cyéliég’]iﬁ the presence of the pretreatment agent, it is thought that DNA was not completely
separated |nto single strands |n the PCR thermal cycle trgatment t94|(\‘f at the beginning of PCR for
the aforementioned reason. [QT88IEAmple 5] It was evdluated whether the cells of Enterobacter

sakazakii weretysed }VS'}«%I by 20 frmes ol TOR thermat cydes N e pEsghce of the pretreatment

age_nt, by Usig=seaaipl s.mggga ed-befor 1 %.:é(& Qfé :.ré]t.ggofgp effitionptthe HaR therma}l pycles on the
basis of flupresc¥nce migroscoRY. 0L, SISEICPPIT: IUSTPPGRRY: USTE sipuc]ear staining agent, and
flow cytom af&a jj;c‘h enalleg quantification of cells tTemajning after the repetition of the FOR thermal

cycles. [01PQjeA. HOreseance smiseescOpy2and Stereostopreinierosedpy-i. Experimental methods

In the same manner as tPraeof the m_P_Th d nin(F m%)li 4, OQYSWQIE!Q, n‘\iLniéglp cells of the Enterobacter
Sakazakii A'FQ% .219_555,&% (_ﬁ“ji%% ,b;,fg?;elﬁpdzﬁ‘ﬁ,ézgg%%el spifii;ef the pretreatment agent
solution mentipned. in FageotepreRare SHSRENSONS (Y- 253, Eagiysgspension was divided into 25
pl portions [and put int¢ 2@, pl[FOR TUDES; TESPECTIVElY, amd subjected T0 a FOR thermal cycle
repetition step (95C for &&we¢onds;wOC tor-20 seewds, are#2C 3@ setornds, 50 times), and then the
portions were combingd $#lé dne again (total 0.25 ml). Each-suspension.wals divided into halves, and
supernatants were collected from one of them as it was and the other one subjected to refrigerated
centrifugati®R¥@&®0 x g, 10 minutes, 4C). To 0.125 ml of each of the aforementioned suspensions and
supernatants that undetwent eacliqurocess ES¥E0O8aras addea atlairatie 0 4.5 phtml, the mixture was
maintainediaf.4C for 15 minuies.undet light shielding, and 25 #! afdhe midure was,placed on slide
glass, covered with cover Eg);lass, set on Ig,ﬂuorﬁﬁcenﬁe/sgrgogco%% micr%scrg) e Ag(i%sKgﬁg motplus
(lens: Plan-NEOPL GARPT66%71. 8if 10177 |gﬁt source: Ru%lerco[ﬁ%?eﬁg is01ate , software:
AxioVision Feir 4% B2 fiRr EC e BO3reXpo st e G BALHS fikeBPened 26- s fixed, LEJ
Leistungs elektronik-denadGmibi, Gersiany)yacslobsenvesd td cenfirmhwhetiigothebatterial cells
emitted gregn fugeescenee. ok S30amawithargon: lasey light ol 482 nmas.an excitplignight. [0191] 2.
Results | Fluorescence microscct)[JJJ igaggs of the suipensii(%%s~I of Ent(?[robz%{:ter akgzakii in
physiologicHe&RKEHot ABatet or'd %éj A 50 ARG HPER thefifial cydiss, SRt sipernatants
obtained by feffigesatdteehtriftifatoretherebhaas walras the stisiidhsibhe STEMRRIBBacter sakazakii in
the pretreatimgnt ageat sojutionr: el heated ansubjected to hhtimes:of PER tthermadgyetes, and
supematans, obtained by tefrigerated centrifigation thergol are showsn Eigs. 440kl respectively.

That is, the experiments were performed so that the flugrescence microscopy images should
cormesponcPE P BEERLBIV i e SUBerAAtaNeT Bthe Washing SKS5 T FReNTBned T Table 6. With
these imagespstarebstbpidRtcrédeoprimagesaand stiydrpbSetrimagesafinesiarédscopic
microscopyrisaagesasctflugrescente miclescapy.iagesare alspcsizawbe [0182yeverRegardless of
use or disugg of the, thermal Gyl stap.hacterial cells of Fisrobagter sakazakiiwere also found in the
centrifugation supernatant of the physiological saline suspension of Enterobacter sakazakii, and it also
correlated with®Aé results of PCR shown in Table 6. As shown in Figs. 4 and 6, even if the cells of
Enterobacter saka¥ékitweresubjeetatb e s0atichesoftite POR thermabeyelkstia ghysiological saline,

most of thepy Raiptained:the-hacterial callimorpbelogyu(siereescapicmiaroscapyimage and

fluorescen -fﬁg"i%%%sc ﬁgﬂgg&gg) ,t(;lga{)@@%&@mngﬁgﬁg%%m%@ogb@{@%qaegdébsﬁefore it was

considered that the ce arbored the"’chromosomal DNA in the cells. Since cell wall debris were not
found in the stereoscopic microscopy image shown in Fig. 6, a possibility was suggested that the small
difference of the Ct values of the suspension | and the supernatant | of the thermal cycle heated group
of the physiological saline suspension of Enterobacter sakazakii shown in Table 6 was not mainly due
to flowing out of DNA into the aqueous phase caused by lysis of the cells of Enterobacter sakazakii,
but it was observed because the specific gravity of the Enterobacter sakazakii cells became small




due to 50 times of the FOR thermal cycles, and the ratio of the Enterobacter sakazakii cells recovered
in the supernatant increased (this was also suggested by the results of the quantification by flow
cytometry shown in Fig. 12 explained later). [0193] Further, as shown in Figs. 8 and 10, lysis of
the Enterobacter sakazakii cells themselves was not observed after 50 times of the FOR thermal
cycles in the presence of the pretreatment agent, as in the case of physiological saline suspension,
and it was considered that the Enterobacter sakazakii cells harbored the chromosomal DNA in the
cells. However, as a marked difference from the case of using physiological saline, there was

observed aghenomenpn ihal the Entershacter sakagakilgels coagulated afiel Y des,pf the FOR
thermal cycles were peHormed in the pfesence of the pretreatment agent, but I}@j\s of the bacterial

cells was n6E8bSERRENIEABH] H PRIFR EStéREIn, L. Experitentdl Mdth5dSt “Mhe experimental
methods fosfispeaytometty are showhshélpverkildem thersarhe warmelrss tattdfthe method of

Examp'g ‘(‘jeja%%hﬂ%gﬁlé{ﬂlco&t%l%H§é>féH§nE@t,ef9QéCE%§a{sﬁéé:¢(ﬂ %@&é@lwd@&@in t()ES) were
suspended in physiqlogical saline or the pretreatment agent.solution mentioned. in Table 5 to prepare
suspensions{0°25 i Ei%i&?gerﬁgo%%va%%vﬁec& ﬁgsﬁ &r)lrtf‘%})nlspgn %u%%té Ié%]f)gS%I?OR tubes,
respectivelpfadsubjaied @ofa EFoRHerRaraicetepétitibh stepds5c b 18'8econds, 60C for 20
seconds, amg72£398ecorRd%2Q Aines)1drd the postiphswere tpsebined irite one again (total 0.25

ml). Since syspsnsionand sypernatantthereaf,of gachisample.are usedforthe flow cytometry, three

portions in @ volume of 0.25 ml each were prepared for each sample. Specifically, the first portion
consisted of PRESAMSEPEr sB the %%cgﬁ]aogé;st%%a\}vaém%relpsar%o V%%%gcégavée%%mple to
refrigeratedieéatrifigasshigaoob Rl Ubipinuids 4T) thensembvidiftfd:sopetaatant, aHd adding 0.25
ml of physielegicalpsatine fathe presipitates toususpend she ellsstherain, vanditike third partion

consisted of a_supemajant-obfained by refrigerated cenfrifugation. of the samplersimilar ig.the above.
To each portion, SYTO9 was added at a concentration of ;L.SEPallgllﬁand the mixture v%stored at 4C
€ 1

for 15 minutés UAUEFE 1ight SRfelaHT SRR Uset 85 K ettt TamplERSr fow oAy [0 The
measurememREEpEarstns Was FAC Ss8alibdr PBE@RONPRISKINSO N caift & afgéh laser of 488 rim
was used te-£ecogRrizerbacterial talliplots &y MSE dappard seatiering light imeasuremens) and SSC

(side seatiering ighmegsuremen, f SYTORIntggalatadinte heniacalular shromesamal DNA
green fluorescence ¢buld be detected with an FL1 filter of which, Amax is 530 nm bggg(gltatlon with

that laser, afithierefored LI RBHITG Wis aI<Y pRABTMER AltHodgh dhy RutiBar-Staining agent based
on propidiuthidide {P | asheotbspaciatiyals i’y et fiorexstieidd wad @lsorrsasredtwith an FL3
filter for refgrencer Jiiadetails:of the measurementsonditions=0b the flawseytametnaaresshown in Table

8. (01961 Table 8 Parameter Detection Voltage Amp-Gai e RIRSGE 27log
P3|:L1542|(%1%m%mg§%6FL3%%3?05 %ﬁy R CE’? QMQg B t%% Q&%Qﬁ%%%gfl

sakazakii cells of which specific gravity became smaller due to
the repetition of the thermal cycle may be recovered in the
supernatant), and it is estimated that 9%% or more of the origin
of the Ct value of the suspension I is DNA in the cells of
Enterobacter sakazakii. That is, 1t was suggested that even after
the Enterobacter sakazakii cells were subjected to the PCR thermal
cycle 50 times in the presence of the pretreatment agent, 99% or
more of them were not lysed.

f0185]

Further, the Ct values of Lhe suspension I and the
supernatant I of the "Not heated" group of FE. sakazakii (in DB)
shown in Table € are significantly smaller than those ¢f the
“Heated with thermal cycle" group, respectively. Supposing that
most of the cells of Enterobacter sakazakii were lysed by 50 times

of PCR thermal cycles in the presence of the pretreaztment agent,
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p6FL1 -A1.00lin P7FL1 -61.00lin DIU Param: FL1 (0197] 2. Results The experimental results for
the physiological saline suspension of the Enterobacter sakazakii cells and the supernatant thereof
(not heated or treated with repetition of PCR theLmal cycles) are shown in Fig. 12, and the
experimental results for the bacterium suspended in the pretreatment agent solution (including
re-suspended suspension after washing once) and the supernatant thereof (not heated or treated with
repetition of FOR thermal cycles) are shown in Fig. 13. As for the physiological saline suspension of
the Enterobacter sakazakii cells, if most of the cells were lysed by 50 times of the FOR thermal cycles,
they vve(r]le ?M@e@@tglﬁm%mﬁ@nﬁmngd@eﬁf ﬂ@tm@ugd@%h@m;ﬁ Bf@ﬁ&%filﬂﬁélai@ wﬁgﬂg.@s(thg reg;]on
surrounded hy the polygon is a region where bacteria are,plotte t - art, and nothing
was plottedp % %%QFET)%%TE-J]PI% he t ra%%gi?%ﬁwg ?+ tl?g)gi%ﬁ zzr%%t%fa%%ﬁg%%vﬁtﬁaespect to the
X-axis), whiciFeanSyfaen fRicrescehes sy By rooRkerafer, Do therBin-8Fould markedly
decrease. Howeves,ithe [ESults faethensampibtes of the aysidlogicall $alime saspensiariraf&nterobacter

sakazakii cefls potheatad orsibjected tadheyepstitionf, PGR theupaksyelesshewmig Fig. 12 do not
support such essai' ation. an t@ﬁ cor%tr%g, qgetn g}%n (EJ%e SiT éeggurrjgal[jsgn cg nuggg&[ga& values, it is
estimated that 85% 6f e €IS haifitained Bactsnal morphiology even after the thermar cycles, and
also harboréeliecehrorhessasal DR AP tie iitrifaid Stén dierPaBvEHRIPIST théYesults of two or more

times of flowsgytagietmy: meastramentsds takentptogposiderasion;dhe thwmeticakdifferente is highly
possibly within the rapge of measwementenorand it ¢an he considered that substamtiglly 100% of

the bacterial cells of Enterobacter sakazakii maintained the mt%rgholo y %Iter,%%ti es of the FOR
thermal cy 188 &Hd h%?BB?eéﬁﬁ@lcﬁﬁ%?ﬁ(F Sl ONAT [5168] “°*Simitary “on 3%]%15@ of the results
for EnterobslcearsdkazakicCe s suBpetite st thyatitent ageht 3ol en thotheafdd or treated
with repetitioeiFOR thermak cystes)and-the sysprasionebtaines by washingsardge-suspending the
cells (not hegiagof sublegleclins” OFF hermal-ayclee) gl fhe Fhteropactat sakazakiigels, shown in

Fig. 13, itis to tonsider that the bacterial cells of Enterobacter saka]zaku were lysed in the
presence tR& prEGELRFEAt 3FRt Ot BRER BF RSN PIELof [t fesUPER SRR HEFigs, 12 and 13,
it is easily estiniatetkthat Fiee SOOI MinGEs Semeah atinhilsitart in the presehed of the
pretreatmentagent. Therefore, it is appropriate that the plots for Enterobacter sakazakii suspended in

the pretreatment a%%rr]]t gllygilcghgn%tlh%%t?tog§up'}§&gtsgé&tgg{m§y§£§ﬁdiggg{lstq%geIIs) at an Eli-H
intensity (SYTQ9) of 101 to 103 shown in Fig.13 are regarded as the plots derived from the

EnterobactBf EAREz 5K cEREPEH SRR £PrEMise iLRPOBVId IS BRaEthE B4R iat SRiE B ¥Enterobacter
sakazakii wareribtiysed orf tEbasis ohifle dgtd o1 Emerovationaikar akismsisssdsPended in the
pretreatmept-agent selutinnpatheatedof subjeeteshia:RCR Iheimed cysles, bt assforithe data for
Enterobacter sakazakii cells syspended in the pretreatment agent solution, (obtained by washing and
re-suspend?r‘{llge fﬁngiceﬁg)csgf hgz%él’pf sﬁ%@c?gj ct)og éﬁe_thcee?rﬁgl .c(ycalggfecsit);pgléen%ﬁtation is needed. In
such a casé&’4& 5WRfrpreinfer dindeARe Bntet At SakhFakR <Y FOFsahing fidté were
obtained forthe celsmnoe:washéd andutezsuspérdedin pinesiclogicakisatmre rthelytmest be evaluated
by usinf@l thﬁdﬁleé"ﬁc(ﬁbéﬁ?@%iﬂd@ié@@ C§§§Ii§£gogﬂﬁﬂ@@&ﬁh@ﬁw%@#mbgﬁmﬁmts&@ the TLl-lﬁ(ﬂ
region for the "dispersed cells" and "coagulated.cells’ after the PCR thermal cycles,apparently sti
smaller thaﬁﬁﬁgf%} eéﬁg::e 1o h%?ﬁré%?ﬁ?t |Ssut% %ﬁﬁ%{% %%n%llggpaetflotnlﬂ?atwf)é%ot%&e?#éa'ﬁoaguIated

Enterobact6¥SaRazakii eeflenis E8nsiiet8d o hithlyGosSibRt coR8it BrSRIBAEESEVEER B several tens
of Enterobagier pakazakizbacteriakealis-aswestimatatkired) theesuleshpwmsindgigid G it is inferred that
the numberjisieguaivalens te onhigherthaothat fanthescells ppthrated. and-ithe datgahtained without
washing are s taken intg,congderago%in cgrgbiga‘gi;pé}ééti con derggfh%t substantially 100% of
the bacteridi ¢efis St Enferobacier sakazakir weremot lyse %T%Q? xampllle %] eal-time FOR

measureméassing ATt &f bcteriareens of ErmerobacterdikazakiPand mirifideFcRfFdmosomes in
the same amdlfr ohehramosonnab BNA comtametbimtiesells4@200¢ment was performed

twice). The results are shown in Table 7.
{0187]
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1. Experimental methods From culture broths of Enterobacter sakazakii ATCC29544 and
ATCC51329 strains in which the cells were proliferated overnight, purified DNA free from
contamination of RNA was obtained according to the DNA extraction method described in
W02007/094077, absorbance values thereof were measured at 260 nm and 280 nm (0D250 and
0D280, 0D260 = 1.0 for 50 pg/ml DNA solution, cell length: 1 cm), the DNA concentration was
calculated from 0D260, and purity of the purified DNA was estimated on the basis of 0D260/0D280-
[0201] Furthermore, the cells of the aforementioned culture broths in which the cells- CO,
PZelifeb-atediomernight were washed, and then serially diluted With sterilized water to prepare live cell
suspensmrg—qﬁgme'r@nﬁﬁ(:ter sakazgkilaRpnsiies ofigx 103 to 4 x 106 cells/ml. Then, according to
the methoq efi Example 4ensibighafl each suspension wasadded to 12.25 pl of the pretreatment agent
solution méntioned in T blesgl(ﬁrowdbtihmat h@a@@lﬁﬁhe of sterilized water was changed to 2.7 pl), and
12.75. pl of erfor defection of empat§ok e as further added to the mixture to perform
PCR in the SameRanner ‘??4‘4-'6“1 of-EXaf "15._5%11] PLCR tube contained 101 to 106 cells of
Enterobactersakgzakii S the amptntaf chipmgsomal DNA obtained from 1 cell of Enterobacter
sakazakii dan béjgegardeds2 Tg:1(d x| 18-350g),| the amaeunt of chromosomal DNA contained in each PCR
tube was calculated by using that value, and the same amount of the aforementioned purified DNA
(2.5 pl) wag pusirito each PCR tube, and the pretreatment agent solution and the PCR buffer were
successively added in dje same aBAEL B REIIAA PER. [0207) 2uR st 1 Rurifcation degrees of
DNA are shown,in Tahle 9, and the re ults of real-time PCRhare sh \évnaln Taple 10, As seen from the
results shoﬁ/ﬁvlnnitgﬁl% 5 e va ueaszg ODZB078 were aroun (? ind therétore high purity DNA
with little C(ﬁﬂéﬁﬁhaﬂoﬁlﬁ RNA estfd becpidirareeefo P edeRbfitherisd: sfﬁéfﬁ% dfEnterobacter
sakazakii, respecivebnfurthes asseandframthecrestilis=showaimedable: i Ophpssighificartldifference

was seen in 1R Cf valuegd d{:P@&L%Q%%%ULS 9&&%6&%@%&%@@%@%@%@%%@6 chromosomal
DNA in amounts Qorrespon IE%tot e same n ber oJIth}e ceIIs and thus it was fogtlgd th tlf 100% of

the purified SRAAIsESVES irrte HHFETR c%ﬁ % a8 K ethstate of BERA00% s the cﬁromosomal
DNA of thedsactdriabtelts of Enterubacte¥ sikaZidiralsosfuietishetPash kIhpldatesdr FOR. [0203]
As for the caseweksuspending the-aelisof Enterohaeten sakazaldinio a similanpretieataent agent

solution or physioloaical saline (or sterizedyiatesandhen addingsuch 8 £QR Bifferasshown in
Example 4 to the suspension to perfo OR, itis inferred that there maé/ be a mlsiﬂder%tandlng

according t6%CShveti talﬁo‘?ﬁl@br&aetﬁ%ttélﬁSrt SRHEESTS BPEHterbhadter S5kdZakiTars lysed so that
the chromoBohsdbRA iowsadatzintd thevéxtemalksololibni ap@d SenvaddsFfampldte of PCR to cause
the reactions:ebPER Jriewevers H:this hygothesis isappliesto thisieaseHt thaenassansikat

substanﬂally 1%)/) of tehsee gtero a%'{gr }?9@(@5&&@&? Mg b%mqjqbqﬂm ngplé;s that such a

100% lysis 12)?1enomgnon IS deenled e experimental résults of Examples 4 and 5. That is, as for

Example 4,5H8Re&MpaHeN Bﬂﬁetﬁtjf%q’ﬁeéz%?}fﬁe%%ﬁ’é’ns%ﬁls T‘éﬁﬁ?ﬁt&ﬁ’tﬁ’ 8 gdinatant | of the
Enterobactee$aligeakit edlIsafter Shtiatdsnf tite FORthermaiaycids ictiepresanteldfthe

pretreatment,ageat showarinhable.6, H: 0% :ehthe colls Weredysed: the Glivalie akthegupernatant |
needs to be,significantly,smaller fhan e, % valug of t'&%x%’é&%‘é:{%ﬂ 'E?ﬁ%&@e Glhyalug giithis
t

supernatan%i ouFd'%e equwafentlt% tha suspension |. However results shown in Table 6 do

not support%rﬁégﬁﬁfa‘ﬂbr?ﬁ:ﬁrtﬁ@wp&?ﬁ é% B 5tort e BESISR e rdslAfs df i Guantification
of cell numbersvef.Eaterbbacte s spkanakiibefore angiakéethd repétitiod of thePOR theral cycles

shown in Fig. d 3zyhicharerthe égﬁal}gﬁihee}‘m qyiemetnsmeasHrementdysisofsubstantially 100%
of the cells g%lmROESIble and evetr}lé/ss of 10% of Ihgh cells is also imp rob bI tThflE ﬁhthe hypothesis

that "a part © €l?)aceflerlanceﬁ:s are lysed, PARd chromosomal Bﬁ&?ﬁows outt ere rom to the external

solution to iHeARREPCR 4 ABRIiMG S0 thE GEHErHF SR IehIRPRAGWISUGE GOt DE applidt® at least
FOR in the presercedt thepnetreatent agertsfbitimes) 2ccording te the preséng imfemidn. [0204]

Table 9 Purfied DNAQforementioned reason.
[0189]
[Example 5]

It was evaluated whether the cells of Entercobacter
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E.sakazaki i after RNAse treatment 00260 00280 00260/00280 ATCC29544 0.1108 0.0538 2.0595
ATCC51329 0.1082 0.0540 2.0037 [0205] Table 10 E.sakazaki ilive cell(ce I | s/IPCR tube)

sakazakii were lysed (lysis) by 50 times of PCR thermal cycles in
the presence of the pretreatment agent, by using samples obtained
before and after the répetition of.the PCR thermal cycles on the
basis of fluorescence microscopy and stereoscoplc microscopy using
a nuclear staining agent, and flow cytometry, which enables
quantification of cells remaining after the repetition of the PCR
thermal cycles.
[0190]
A. Fluorescence microscopy and sterecscopic microscopy
1. Experimental methods

Tn the same manner as that of the method of Example 4, 10°
cells/ml of the cells of the Enterobacter Sakazakii ATCC51329
strain (ES) were suspended in physiological-saline or the
pretreatment agent solution mentioned in Table 5 to prepare
suspensions (0.25 mL). Each suspension was divided into 25 ul
portions and put inteo 200 pl PCR tubes, respectively, and
subjected to a PCR thermal cycle repetition step (95°C for 15
seconds, 60°C for 20 seconds, and 72°C 30 seconds, 50 times), and
then the portions were combined into one again {total 0.25 ml}.
Each sugpension was divided inte halves, and supernatants were
collected from one of them as it was and the other one subiected
to refrigerated centrifugation (3000 x g, 10 minutes, 4°C). To
0.125 ml of each of the aforementioned suspensions and
supernatants that underwent each process, SYTOY was added at a
ratio of 1.5 pl/ mi, the mixture was maintained at 4°C for 15
minutes under light shielding, and 2.5 ul of the mixture was
piaced on slide glass, covered with cover glass, set on a
fluorescence/stereoscopic microscope AxicsKopZ motplus {lens:
Plan-NEOFLUAR 100x/1.30 oil =/0.17, light source: KublercoDIX ebg
100 isclated, software: AxioVision Rel. 4.6.3, fiiter: FITC and
DIC3, exposure time: FITC 347 ms figed; DIC3 20 ms fixed, LEJ
TLeistungs elektronik Jena GmbH, Germany), and cbserved to confirm
whether the bacterial cells emitted green fluorescence of 530 nm
with argon laser light of 488 nm as an excitation light.
[0191]
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2. Results

Fluorescence microscopy images of the suspensions of
Enterobacter sakazakii in physioclogical saline not heated or
subjected to 50 times of PCR thermal cycles, and supernatants
obtained by refrigerated centrifugation thereof, as well as the
suspensions of Enterobacter sakazakii in the pretreatment agent
sclution not heated or subjected to 50 times of PCR thermal cycles,
and supernatants obtained by refrigerated centrifugation thereof
are shown in Figs. 4 to 11, respectively. That is, the
experiments were performed so that the fluorescence microscopy
images should correspond to the suspension I to the supernatant I

Aof the washing step I mentioned in Table 6. With these images,
stereoscoplc microscopy images, and superposed images of the
stereoscopic microscopy images and flucrescence microscopy images
are alsc shown.

[0192]

Regardless of use or disuse of the thermal cycle step,
bacterial cells of Entercbacter sakazakii were also found in the
centrifugation supernatant of the physiological saline suspension
of Enterobacter sakazakii, and it also correlated with the results
of PCR shown in Table 6. As shown in Figs. 4 and &, even if the
cells of Enterobacter sakazaklii were subjected to 50 times of the
PCR thermal cycles in physioclogical saline, most of them
maintained the bacterial cell morphology (stereocscopic microscopy
image and fluorescence microscopy image), clear SYTOY staining
images were obtained, and therefore it was considered that the
cells harbored the chromoscmal DNA in the cells. Since cell wall
debris were not found in the stersoscopic microscopy image shown
in Fig. &, a possibility was suggested that the small difference
of the Ct values of the suspension I and the supernatant I of the
thermal cycle heated group of the physicleogical saline suspensicon
of Entercbacter sakazakii shown in Table 6 was not mainly due to
flowing out of DNA into the aqguecus phase caused by lysis of the
cells of Enterobacter sakazakii, but it was observed because the

specific gravity of the Enterchbacter sakazakii cells became small
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31.20.934.21.641.35.4 Cell 20. 70.2 23. 90. 1 27. 70.1 31. 00. 1 34. 30.4 38. 3.0. 8 ATCC51329
DNA 19. 10.

due to 50 times of the PCR thermal cycles, and the ratio of the
Enterobacter sakazakii cells recovered in the supernatant
increased (this was alsoc suggested by the results of the
gquantification by flow cytometry shown in Fig. 12 explained later).
[0153]

Further, as shown in Figs. 8 and 10, lysis of the
Entercobacter sakazakil cells themselves was not observed after 50
times of the PCR thermal cycles in the presence of the
pretreatment agent, as in the case of physiclogical saline
suspension, and it was considered that the Enterobacter sakazakii
cells harbored the chromosomal DNA in the cells. However, as a
marked difference from the case of using physiological saline,
there was chserved a phenomenon that theé Entercbacter sakazakii
cells coagulated after 50 times of the PCR thermal cycles were
performed in the presence cf the pretreatment agenl, but lysis of
the bacterial cells was not observed.

[0154]
B. Flow cytometry
1. Experimental methods

The experimental methods for flow cytometry are shown below.
First, in the same manner as that of the method of Example 4, 10°
cells/ml of the cells of the Entercbacter Sakazakii ATCC51328%
strain (ES} were suspended in physiological saline or the
pretreatment agent sclution mentioned in Table 5 teo prepare
suspensions (0.25 mL). Each suspension was divided 25 nl portions
'énd put into 200 11 PCR tubes, respectively, and subiected to a
PCR thermal cycle repetition step (95°C for 15 seconds, 60°C for
20 seconds, and 72°C 30 seconds, 50 times), and the portions were
combined into one again (total 0.25 ml). Since suspension and
supernatant thereof of each sample are used for the flow cytometry,
three portions in a volume of 0.25 ml each were prepared for each
sample. Specifically, the first portion consisted of the sample
per se, the second portion was prepared by subjecting the sample
to refrigerated centrifugation (3000 x g, 10 minutes, 4°C), then
removing the supernatant, and adding 0.25 ml of physiological
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saline to the precipitates to suspend the cells therein, and the
third portion consisted of a supernatant obtained by refrigerated
centrifugation of the sample similar to the above. To each
portion, SYT09 was added at a concentration of 1.5 pl/ml, and the
mixture was stcered at 4°C for 15 minutes under light shielding,
and used as a test sample for flow cybometry.

[0195] ]

The measurement apparatus was FACS Calibur ({BECTON
DICKINSON), and an argon laser of 488 nm was used to recognize
bacterial cell plots by FSC (forward scattering light measurement)
and SSC {side scattering light measurement). If SYTOS
intercalated into the intracellular chromosomal DNA, green
filuorescence could be detected with an rLl filter of which Amax is
530 nm by excitation with that laser, and therefore FL1 plotting
was also performed. Although any nuclear staining agent based on
propidium iodide (PI} was not especially used, red fluorescence

- was also measured with an FL3 filter for reference. The details
of the measurement conditions of the flow cytometry are shown in
Table 8.

[01926]
Table 8

Parameter Deitection Voltzge Amp-Gain Mode

pl F8C = log
p2 S8C 427 iog
p3 FLE 542 log
pd FL2 a47 fog
ph FL3 633 log
pb FL1-& 1,00 lin
pi FLi-¥ 1.00 lin

DOM Param: FLI

[0197)

2. Results

The experimental results for the physiological saline
suspension of the Enterobacter sakazakii cells and the supernatant
thereof (not heated or treated with repetition of PCR thermal

cycles) are shown in Fig. 12, and the experimental results for the
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32.10. 8 37. 12. 0 [0206] [Example 7] From the results of Examples 4 to 6, it was found that most
of the Enterobacter sakazakii cells were not lysed even after the reactions of PCR (50 times) with the
PCR buffer in the presence of the pretreatment agent, and the cells harbored the chromosomal DNA in
the cells. On the other hand, in the TM pattern analysis of the FOR amplified products after the
real-time FOR (melting temperature measurement), a theimal peak estimated to be that of the ompA
gene product was obtained, and it had judged to be positive for the real-time FOR. However, to be
precise, it was not certain whether the FOR amplified product existed in the bacterial cells, in the
reaction sqlytion for,RGRsgEibe Bathfrom a-eeanensengemoins Diview, itisconsidered that the
PCR amplified product is, mainly dissolved.in the sqlution C IS, efinitely
clarified, and "fc%% tie P iﬁ‘%ﬁgéﬁ]rsels%nnc%gg? t ew%?%lt%gg{tn%gggag%%?ggg%?r@ %%r%igesent invention,

it was still [ea8%gaffidaCMh FRe B6rethehiBREE e XEMDIE o TE ShygRstdd Thit S BER in the presence
of the pretreatiment agentsnigit be cargedicut imthebactéralrbalis;Jwdihcik flblWiAg examples, a
possibility that the RCR amnplified:-predugienains.alse p the-bacterialcalisswilbbedamonstrated.
[0207] 1. Ii;xgg imental methods Five ﬁ)ort(i} n%?efh pkggg cl}yrg}pé%gpf{@%Fr‘]}g@baeter

.. =1e) 5 1MaS .
sakazakii AT 1 ST (9.3 x 1OO§Fce s/ml) in' which the cells were proliferated overnight were
prepared, &hd sebfedtetiosrTlg ePaidd BB AifARIBRIS IR x T-EONiutBs 4€), the supernatant was
removed, and-then 2005at ©f segommorhixatian solution Aufordshéterish@ %ogazdolL htaldehyde), or a
fixation solytign B, (ethangliacetic a¢ids 311 fixationsalutionse (Mitdiorar L0NsA0% formalin,

Neutral Buffer Solution Deqdorized, Wako P ical. Industries, Qsaka fixation,selution D
(Mildform 1B\ -160%835rRafk - Ributal ﬁﬁé?ievlgt%%?bﬁ s%h?f%% Boa g@e#’ %é%%gur(ﬁ Ehemical

Industries, Gspika) Wasddddals thepalieti ARdTRERRBRURS WS ifcaiFdttld oVeATiGhTERAT, so that the
chromosomalRNArinthe bastedaboeliyand eslbwallfrateinsrwereterosstinked tetfbutite chromosomal

DNA in thecalle heiprahand, &= a ganlioL. sampledaabichdtie fixatiods il parfathed was prepared

by using 500 pl of physiological saline instead of the fixation %Qluyon. K E en, thel%glls were

washed thré@%ihe %ﬁﬁ@o@ﬁ%b‘?i@é?&%ﬁ?@a%aﬂ%e? Anginany Stspended in 250 pl of physiological

saline. Sincetetewarcratio cbbacteral asa pelleraRef dshinglofeFatidi I géneraty Eonsidered

80%, and thgsantrifugation vasiperformaghddimesuthe estimatetbeell tensity afdsnterobacter

sakazakil in f1e fiE%&Qr%ggragg%]@wsczm%ﬁ%ﬁe&mmmglsm%egipnﬂe physiological saline in a
ther dilu

volume of fg’(?r@ was fur ted 10 times. The estimated ‘gell density gfﬁ%te{l%ti%cter sakazakii in

this dilutiorBi 8P 658 167°¢el I TS QilGRoA TN RVBIIME Bt 2 B5MAS USEd Rea $&ple for PCR
amplificatioay amddtdedtios] 2125 phaf the prstreatide At ageht Sotiton FeniBREBIATEble 5 (provided
that the volgme of sterifized wvatarwas changeeitaig:3 phi andrd2. #5.p| ofshe RCRebutfer for detection

of gram-negative bacteria meptioned below was further. added to the mixture ; Pogtions in a volume of
27.5 pl were'prepared in a number of 20 for each sample fixed \%i,th fiach fixatio squICng. As the

primers, thE PORIARE AR 16551 PSR AbE TRNA GBAE détebtidh (SED I NS: %) -8R the reverse
primer 235 t1203Rrfpe 285 rRANAIgemngetaction. (SEQ 1 NOn4yeentishéatndEkadiple 3 were used.

[0208] Compesitionof AGR hufier:a) 166 L234R £10 proelph: 2eplipk23brke@3R (10 pmol/pl): 2 pl
sakazakii maintained the morphology after 50 times of the PCR
thermal cycles, and harbored the chromosomal DNA,

[0198]

Similarly, on the basis of the results for Enterobacter
sakazakii cells suspended in the pretreatment agent solution (not
heated or treated with repetition of PCR thermal cycles) and the
suspension obtained by washing and re-suspending the cells (not
heated or subjected to PCR thermal cycles) of the Enterobacter
sakazakii cells, shown in Fig. 13, it is hard to consider that the
bacterial cells of Enterobacter sakazakii were lysed in the

presence the pretreatment agent. On the basis of comparison of
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c) Ex-Taq (5 U/pl, Takara-Bio): 0.25 pl (containing 0.5% Tween 20, 0.5% Nonidet P-40, and 50%
glycerol) d) 10 x Ex-Tag Buffer (Takara-Bio): 2.5 pl €) dNTP mixture (Takara-Bio): 2 pl f) 10 x SYBR
Green | (BMA): 4 pl [0209] Real-time PCR was performed according to the following PCR theimal
cycle conditions by using a real-time PCR apparatus (iCycler iQ, Bio-Rad, Hercules, CA). 1) 4C for 3
minutes (1 cycle) 2) 95C for 15 seconds; 60C for 20 seconds; 72C for 3 minutes (30 cycles) 3) 95C for
3 minutes (1 cycle) [0210] Then, according to the protocol of the melt analysis of the PCR
amplified product (temperature was raised at intervals of 0.1C from 60C, each temperature was

maintained for 8 seconds, and this procedu Syrepgeat 0 ndotal LR 1o the final
temperaturetnof §§&‘)ﬁ e me ﬁﬁgltgmgggratu[r%oq%heelg% gzgm:i;;él %%S% t?t(%%vas rg %sured [0211]
xati

After complétfort STPTRE & SFpbiticie B ire PERTREGOM BolttoPTSPEAER fiXation solution were
combined ipte tine; amchsubjpatied torefrigirated tentrifugpborP(3008 xtgatommurestaC). The

supernatant yageollecied.ina \olume ef b B{@-ﬂgd&aﬂ im03% agatese geieieaiepkoresis (SYBR
Gold stalnlng eI stalr]mngas %eg0ém$sd ﬁ}r{ec\ﬁﬁ Ol%hc‘%?l#ﬁ gg%ﬁg thedgéliggxgggcgases) and the
ed. To et,

remaining § acfant was discar € pe 00 pl of physiol glcal saline was added to
suspend th@eéélﬁs) “Fife @atiFded BAERIIGLIESTACH Eﬁtét‘bbéete]r saEQ%Ru " the Luspension was
1.5 x 107 celisbénk S¥TQRunsadded tolthessdspensidniaa doncehttatiohofde’ pi/ml, and the

mixture was gl AAG facipamingles uader light-shielding aadassadia parfarm flow cytometry under
the same conditions as those of Exam le 5. As a control the same 5_)[ rocedure was Rerformed provided

that PCR W h&HoPmetrford Rbcld 1idt oé)(f? SVele, 10 Raii 4 dShtrol sample. Furthermore, for the
samples obtairied adth-tire HRA80M VoI FREAS HARHE, PTR H&L h&Lm et By TSR the ompli_F
primer (SE@hD NQt Fxand-the egph_Bopuimer(SEQ IReMGd8pdesaripectirdERanisld 4 instead of

16512345 806, 23511038, thePCR thermalcudle.conditionsalexampledhyand fhe method of
Example 7exce t or e foreg 0|n%kagfndltlons electrophoreglss\ést ri)erfogrkdtow of the
0

supernatan?%b]tﬁlr%tﬁaﬁ@fj%ﬁn ISR ERAR eSS TNt Was performed % dsing SYTOO for
a physiologiealsaline:sdspensictreftiapelies obtdihed By tehfS\ifig B mﬁﬁﬁﬂt &fter PCR. [0212)
2. Results The resultsof thelestrophesesisat theiteactiomeeded. In such a case, as

a major premise, since the Enterobacter sakazakii SYTOS staining
plots were obtained for the cells once washed and re-suspended in
physiological saline, they must be evaluated by using the FL1-H
{(+) region. In this case, although the total of the numbers of
plots in the FL1-H(+) region for the "dispersed cells™ and
"coagulated cells" after the PCR thermal cycles apparently still
smaller than that for the cells not heated, if it is taken into
consideration that 1 plot of the "“coagulated Enterobacter
sakazakii cells™ is considered to highly possibly consist of at
least several to several tens of Entercbacter sakazakii bacterial
cells as estimated from the result shown in Fig. 10, it is
inferred that the number is eguivalent to or higher than that for
the cells not heated, and if the data obtained without washing are
also taken into consideration in combination, it is considered
that substantially 100% of the bacterial cells of Enterobacter
sakazakil were noi lysed.

[0199]

[Example 6]

Real-time PCR measurement using number of bacterial cells of

Enterobacter sakazakii and purified chromosomes in the same amount.
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supernatants after each of the aforementioned fixation solution treatments and PCR (16S-23S rRNA,
2450 bp) are shown in Fig. 14, and the Ct values of the corresponding reaction solutions determined in
the real-time PCR are shown immediately below them. The results of the flow cytometry measurement
performed by using SYTO09 for suspensions obtained by removing the supernatants of the samples
after PCR, and suspending the pellets in physiological saline are shown in Table 11. The
electrophoresis images of the supernatants after PCR targeting the ompA (469 bp) gene are similarly
shown in Fig. 15. The results of the flow cytometry measurement perfoimed by using SYTO9 for

suspensiongjpbé p%l er p%iﬂ thetsu erpatants of the samples after PCR, and suspending the
i Ig I [ﬁ%e are gﬁ%%vrﬁn %gbl[g 15.%5%%]‘5% from the results shown in Fig. 14, the

pellets in pr;e/sm ogical sa
amount of t 821%}\3:-238 gene (2450 bp) product in the PCR mixture supernatant obtained with the
fixation solutiorEBpwassignificantitlagger than those obtained with the other fixation solutions, and the

band strength was eguivalgnt to that-abtaingd withaut fixation (seldnthe draminsy s PiNce,:as a

standard fixation od.of hacteria, use of the fixation solution A is common, and the fixation
solutions C%%’Bq?#g T Sortbatnion %e E%ﬁavgf?hglfd ion Solu |o(r>1v§,rﬁjigh%(

(™ .
So have a composition similar 1o IXation so considered that

the chromo8Bial SN AT ther 8811 S P E iterBRb et SaiakiFiAd e CHIPRENSSGIERRIAER firmly
crosslinkedtOrttire busisef the tésultashown defigibédit is appropriate totonsider that the fixation

solution B mayhave.ealy.a fupstion.aquiyalgntiong fixatign.(3)s byt since.the fixatign gpjution B firmly
qros_slmks mamm lian c&l chr?or?o omes 5|d ceIIIn el %rag rgtelns, it somewh t:e hibits the
fixation function a%f’)“fn atteria. [0 1gcjrl'£blepff EIXE %yci'gts §ytog %%fa EV n&Els SEOSHGated
Events 7843 QuBYEVEREIGate Py, Fotal 43L08 100G 80P 2160 . G2 E L2gZT Y2058 he
LRr754096 1245 084 ixBr0wycles Sytadckbiah BEvents 50000 Gated Fuepis 3761 Quad Events
%Gated %T[@t@éHLO0.000.00 UR10.030.00
Furthermore, the cells of the aforementioned culture broths

in which the cells were: proliferated overnight were washed, and

‘then serialiy.diiutedTWith sterilized water to préparé iive cell

suspensions of Enterobacter sakazakii at densities of 4 x 10° to 4

x 10% cells/ml. Then, according to the method of Example 4, 2.5

pl of each suspension was added to 12.25 pl of the pretreatment

agent solution mentioned in Table 5 (provided that the volume of

sterilized water was changed to 2.7 pl), and 12.75 ul of the PCR

buffer for detection of ompA gene was further added to the mixture

to perform PCR in the same manner as that of Example 4. BEach PCR

tube contained 10 to 10° cells of Enterobacter sakazakii. Since

the amcunt of chromoscmal DNA obtained from 1 cell of Enterobacter

sakazakii can be regarded 3 fg (5 x 1¢7%° g}, the amount of

chromosomal DNA contained in each PCR tube was calculated by using

that wvalue, and the same amount of the aforementioned purified DNA

{2.5 ply was put into each PCR tube, and the pretreatment agent

solution and the PCR buffer were successively added in the same

- manner to perform PCR.
[0202]
2. Results
Purification degrees of DNA are shown in Table %, and the
results of real-time PCR are shown in Table 10. As seen from the

results shown in Table 9, the values of ODug/ODy were around 2.0,
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LL2967.870.59 LR r 3 46 492.106.93 FixA 30 cycles Quad Events %Gated %Total Fix13 30
cycles Quad Events %Gated %Total Syto9 ULO 0.00 0.00 Syto9 ULO

and therefore high purity DNA with little contamination of RNA
could be prepared from each of the two strains of Enterobacter
sakazakii, respectively, Further, as seen from the results shown
in Table 10, no significant difference was seen in the Ct values
for bacterial cells of Enterchacter sakazakii bacterium and the
chromosomal DNA in amounis corresponding to the same number of the
cells, and thus it was found that if 100% of the purified DNA
dissolved in the tube functioned as a template of PCR, 100% of the
chromosomal DNA of the bacterial cells of Enterobacter sakazakii
also functioned as a template for PCR.

[0203]

As for the case of suspending the cells of Entercobacter
sakazakii in a similar pretreatment agent socliution or
physiological saline (or sterilized water) and then adding such a
PCR buffer as shown in Example 4 to the suspension te perform PCR,
it is 1nferr@d that there may be a misunderstanding accordlng to
conventaonal knowledge that a part of the cells of Ent@xobacﬁer
sakazakii are lysed so that the chromosomal DNA flows out into the
external solution, and serves as a template of PCR to cause the
reactions of PCR. However, if this hypothesis is applied to this
case, it is necessary that substantially 100% of the Entercbacter
sakazakii cells should be lysed, but it is obvious that such a
100% lysis phenomenon is denied by the experimental results of
Examples 4 and 5, That is, as for Exampie 4, in the compariscn of
the Ct values of the suspensions I and II and the supernatant I of
the Enterchbacter sakazakii cells after 50 times of the PCR thermal
cycles in the presence of the pretreatment agent shown in Table 6,
if 100% of the cells were lysed, the Ct value of the supernatant I
needs to be significantly smaller than the Ct value of the
suspension II, and the Ct value of this supernatant should be
equivalent to that of the suspension I. However, the results
shown in Table 6 do not support such estimation. Further, as for
Example 5, on the basis of the results of the guantification of
cell numbers of Enterobacter sakazakii before and after the

repetition of the PCR thermal cycles shown in Fig. 13, which are
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0.00 0.00 Total Events 50000 URO 0.00 0.00 Total Events 50000 URO 0.00 0.00 Gated Events 7816
LL1054 13.49 2.11 Gated Events 7905 LL1930 24.41 3.86 LR T6762

the results of the flow cytometry measurement, lysis of
substantially 100% of the cells is Impossible, and even lysis of
10% of the cells is also improbable., That is, the hypothesis that
"a part of bacterial cells are lysed, and chromosomal DNA flows
out therefrom to the external solution to induce PCR" according to
the general scientific knowledge cannct be applied to at least PCR
in the presence of the pretreatment agent (50 times) according to

the present invention.

10204]
Table 2
Purified DNA-of
E. sakarakii 0D ogg 0agn 0D2g5/GDog0
atter RNAse treatment
ATCC28544 0.1108 0. 0538 2.0585
ATCCS1328 0. 1082 0. 0540 2. 0037
[0205]
Table 10
E. sakazakii live . ' R
cell (cells/PCR 108 108 w0t 1 108 102 16t
tube} ;
. B 240409 127.1x0.8181.2:0.9|34 21.6]41. 35,
ATCC2G544 DA 21.2%0.6 4 1+ 3.2x0 34, 241 41.345.4
Cell 20, 74+0.2 23,840.7 127.7=0.1131.0%=0.1!34.3+0.438.3£0.8
ATCOS1329 DA 16.7£0.8 22.1+0.9 125.321.0129.5+1.1{32.5x1.4}37. 3421
Cell 17.2x=0.58 20.6+£0.4 124.9=0.3128.6=0.1132.1£0.8137.1£2.0
[0206]

[Example 7]

From the results of Examples 4 to 6, it was found that most
of the Enterobacter sakazakii cells were not lysed even after the
reactions of PCR (50 times) with the PCR buffer in the presence of
the pretreatment agent, and the cells harbored the chromcscmal DNA
in the cells. On the other hand, in the TM pattern analysis of
the PCR amplified products after the real-time PCR (melting
temperature measurement)}, a thermal peak estimated to be that of
the ompA gene product was cbtained, and it had judged to be
positive for the real-time PCR. However, to be precise, it was

not certain whether the PCR amplified product existed in the
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86.51 13.52 LA r 5975 75.59 11.95 FixC 0 cycles Quad Events %Gated %Total FixD O cycles
Quad Events %Gated %Total Syto9 ULO

bacterial cells, in the reaction selution for PCR, or in fbke both.
From a commonsense point of view, it is considered that the PCR
amplified product is mainly dissolved in the solution for PCR, but
even this is not definitely clarified, and for the PCR in the
presence of the pretreatment agent according to the present '
invention, it was still less clarified. In the aforementioned
example, it is$ suggésted that the PCR in the presence of the
pretreatment égent might be carried out in the bacterial cells,
but in the following examples, a possibility that the PCR
amplified product remains also in the bacterial cells will be
demonstrated.

(02071

1. Experimental methods

Five portions of 500 pl of culture broth of the
Entercbacter sakazakii ATCCH51329 strain (9.3 x 16° cells/ml) in
which the cells were proliferated overnight were prepared, and
subjected to refrigerated centrifugation (3000 =% g, 10 minutes,
4°C), the supernatant wag removed, and then 500 pl of a common
Fixation solution A for bacteriz (4% paraformaldehyde}, or a
fixation solution B {methanol/acetic acid = 3/1), fixation
solution C {Mildform 10N, 10% formalin, Neutral Buffer Sclution
Deodorized, Wako Pure Chemical Industries, Osaka), or fixation
solution D {Mildform 108M, 10% formalin, MNeutral Buffer-Methanol
Solution Deodorized, Wako Pure Chemical Industries, Usaka) was
added to the pellet, and the mixture was incubated overnight at
4°C, so that the chromosomal DNA in the bacteriéi cells and cell
wall proteins were crosslinked to fix the chromosomal DNA in the
cells beforehand. As a control, a sample in which the fixation is
not performed was prepared by using 500 pl of physiclogical saline
‘instead of the fixation sclution.

Then, the cells were washed three times with 500 pl of
physioclogical saline, and finally suspended in 250 pl of
physiological saline. Since recovery ratio of bacteria as a
pellet after washing operation is generally considered 80%, and

the centrifugation was performed 4 times, the estimated cell
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0.00 0.00 Syto9 ULO 0.00 0.00 Total Events 50000 UP1 0.01 0.00 Total Events 50000 URO 0.00 0.00
Gated Events 6873 LL284 4.13 0.57 Gated Events 5785 LL163

density of Enterobacter sakazakii in the final preparation was 7.6
x 10% cells/ml. Such a suspension in physiological saline in a
volume of 250 ul was further diluted 10 times. The estimated cell
density of Enterobacter sakazakii in this dilution was 7.6 x 107
cells/mi. This dilution in a volume of 2.5 pl was used asg a
sample for PCR amplification, and added to 12.25 pl of the
pretreatment agent solution menticned in Table 5 (provided that
the volume of sterilized water was changed to 2.7 ul), and 12.75
nl of the PCR buffer for detection of gram-negative bacteria
mentioned below was further added to the mixture. Portions in a
volume of 27.5 pl were prepared in a number of 20 for each sample
fixed with each fixation solution. As the primers, the forward
primer 16S_1234F for 165 rRNA gene detection (SEQ ID NO: 3), and
the reverse primer 23S 1703R for 235 rRNA gene detection (SEQ ID
NO: 4) mentioned in Example 3 were used.

{0208]

Composition of PCR buffer:

a) 16S_1234F {10 pmol/ul): 2 pl

b} 238 1703R (10 pmol/pl): 2 pl

cy Ex-Tag (5 U/pl, Takara-Bic): 0.25 pl

(containing 0.5% Tween 20, 0.5% Nonidet P-40, and 50% glycerol)
d) 10 x Ex-Taqg Buffer (Takara-Bio): 2.5 pl

e} dNTP mixture (Takara-Bio): 2 pl

£y 10 x SYBR Green I (BMA): 4 ul

[0209]

Real-time PCR was performed according to the fellowing PCR
thermal cycle conditions by using a real-time PCR apparatus
{iCycler iQ, Biov-Rad, Hercules, CA).

1} 4°C for 3 minutes (1 cycle)
2) 95°C for 15 seconds; 60°C for 20 seconds; 72°C for 3 minutes
(30 cycles)
3} 95°C for 3 minutes (1 cycle)
(0210}
Then, according to the protocol of the melt analysis of the

PCR amplified product (temperature was raised at intervals of
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2.82 0.33 LA 6588 95.85 13.18 LA '5622 97.18 1124 [0214] Table 12

0.1°C from 60°C, ecach temperature was maintained for B seconds,
and this procedure was repeated 350 times in total up to the final
temperature of 95°C), the melting temperature bf the PCR amplified
product was measured.

[0211]

After completion of PCR, the 20 portions of the PCR
reaction solution for each fixation soluticn were combined into
cne, and subjected to refrigerated centrifugation (3000 x g, 10
minutes, 4°C). The supernatant was collected in a volume of 5 upl
and used in 0.8% agarcse gel electrophoresis (SYBR Gold staining,
gel staining was performed by SYBR Gold staining for all the
following cases), and the remaining supernatant was discarded. To
the peliet, 200 pl of physiological saline was added to suspend
the cells. The estimated bacterial cell count of Entercobacter
sakazakii in the suspension was 1.5 x 107 cells/ml. SYT09 was
added to the suspension at a concentration c¢f 1.5 nl/ml, and the
mixture was left at 4°C for 15 minutes under light shielding, and
used to perform flow cytometry under the same conditions as those
of Examwple 5. As a control, the same procedure was performed
provided that PCR was performed for 0 cycle, not 30 cycle, to
obtain a control sample.

Furthermore, for the samples obtained with the fixation
solutions A and B, PCR was performed by using the ompA F primer
{SEQ ID NO: 7) and the ompA R primer (SEQ ID NO: 8) described in
Example 4 instead of 16S 1234F and 235 _1703R, the PCR thermal
cycle conditions of Example 4, and the method of Exampie 7 except
for the foregoing conditions, electrophoresis was performed for 5
il of the supernatant obtained after PCR, and flow cytometry
measurement was performed by using SYTG? for a physiological
saline suspension of the pellet obtained by removing the
supernatant after PCR.

[0212}
2. Results
The results of the electrophoresis of the reaction

supernztants after each of the aforementioned fixation solution

89



A 0 cycles Syto9 Total Events 50000 Gated Events 19549 Quad Events %Gated %Total UL00.000.00
UR10_010.00 LL5662.901.13 LR1898297.1037.96 B 0 cycles Syto9 Total Events 50000 Gated Events
16148 Quad Events Elated %Total UL00.000.00 UR20.010.00 LL514231.841028 LR1100268.1322.00

treatments and PCR (165-23S rRNA, 2450 bp) are shown in Fig. 14,
and the Ct values of the corresponding reaction golutions
determined in the real-time PCR are shown immediately below them.
The results of the flow cytometry measurement performed by using
SYTO9 for suspensions obtained by removing the supernatants of the
samples after PCR, and suspending the pellets in physiological
saline are shown in Table 11. The electrophoresis images of the
supernatants éfter PCR targeting the ompA {469 bp) gsne are
similarly shown in Fig. 15. The results of the flow cytometry
measurement performed by using SYT09 for suspensions obtained by
removing the suvpernatants of the samples after PCR, and suspending
the pellets in physiological saline are shown in Table 12. As
seen from the results shown in Fig. 14, the amount of the 165-238
gene (2450 bp) product in the PCR mixture supernatant obtained
with the fixation solution B was significantly larger than those
obtained with the other fixation solutions, and the band strength
was equivalent to that obtained without fixation ("S" in the
drawing). Since, as a standard fixation method of bacteria, use
of the fixation solution A is common, and the fixation sclutions C
and D alsc have a composition similar to that of the fixation
solution A, it is considered that the chromosomal DNA in the cells
of Enterobacter sakazakii and the cell wall proteins were firmly
crosslinked. On the basis of the results shown in Fig. 14, it is
appropriate to consider that the fixation solution B may have oniy
a function equivalent to no fization (S}, but since_the fixaticon
solution B firmly crosslinks mammélian cell chromosomes and cell
membrane proteins, it somewhat exhibits the fixation function also
in bacteria.

[0213]-

Table 11
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A 15 cycles Quad Events Elated %Total B 15 cycles Quad Events %Gated %Total Syto9 UL 0 0.00

0.00 Syto9

FixA O cycles

Sytod L. g .60 000
Total Events 50600 UR 12 015 002
Geted Events 7844 (1. 292 372 058

lQuad‘ Events %Gated %Total] |

FixB 0 cycles Quad- Events %Gated %Total

|sytos UL 0 000 000
Total Events 50000 UR t 003 000
|Gated Events 3761 LL 296 787 059

LR 7540 9612 1508

LR "3464 9210 693

FixA 30 cyéle’s

Sytod uL 0 0.00 060
Total Events 50006 UR 0 0.00 000
Gated Events 7816 LL 1054 1348 241 |

Qurad Events %Gated &Total]

FixB 30 cycles Quad Events %Gated %Total

_1Syto9 uL 0 040 0.9
{Total Events 50000 UR 0 0.00 Q.00 |
Gated Events 7905 LL 1930 2441 386

_LR "6762 8651 1352

LR "5975 7559 11.95

FixC 0 cycles

Sytod UL v 000 GO0 |
Total Events 50000 UR 1 001 000
Gated Events 8873 1L 284 413 057

Quad Events %Gated %Total|

FixD G cyoles  Quad Events %Gated %Total

ISytol UL 1] 000 GO0 |
Total Events 50000 UR 1] 000 000
|Gated Events 5785 1L 163 282 033
_97.18

_LR 6588 9585 13.18

LR 5622 1124

]

FxC 30 oycles  Quad Events %Gated WTotal

[FixD 30 oyoles  Quad Events %Gated %Total|

Syto® UL 0 0080 0.00] |Sytod UL 0 000 000

Total Events 50000 UR 0 0.00 0.00 | [Total Events 50008 UR o 000 000 |

Gated Events 7175 LL 733 1022 147 | |GatedEvents 8726 LL 1845 21.14 3.69
LR 6442 8978 12.88 LR 8881 7886 13.761

5 0 cycles Quad Events %Gated %Total

Sytod UL G 000 006 | ¢ P

Total Events 50000 UR i 003 000 ]

Gated FEvents 3081 LI 1331 4320 266

_LR "1749 5677 3.50

8 30 cycies
Syto9 UL
Total Events. 50000 UR Z 0.04
Gated Evenis 5114 LL 680 1348

0 0.00  0.00
0.00

i.38

§.84

Guad Events %Gated %Tolal .

LR 4422 86.47

[0214]
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UL 0 0.00 0.00 Total Events 50000 UR 1 0.01 0.00 Total Events 50000 UR 2 0.01 0.00 Gated Events
15919 LL 59 0.37 0.12 Gated Events 16803

Table 12
A 0 cycles Quad Events %Gated %Total] |B 0 cycles Quad Events %Gated %Total
Sytcd UL 0 0060 000} [Sytod Uk, 0 0.00  0.00

Total Events 50000 UR 1 4001 000 | |Total Events 50000 UR 2 0.0t 0.00
Gated Events 19548 L 566 280 1.13 | |[Gated Events 16148 LL 5142 3184 1028

LR 18882 97.10 37.96 LR 11002 68.13 2200
A 15 cycles Quad Events %Gated %Totall |B 15 cyeles Quad Events %Gat&d-%TotaE_
Syto8 UL o (.00 000 | |[Syto8 UL o 0.00 000

Total Events 50000 UR i 0.01 009 | [Total Events 50000 UR 2 001 000
Geted Fvents 15819 L1 59 037 0.2 | [Gated Events 16803 LL 3730 22.20 7.48

LR 15859 0962 31.72 LR 13071 77798 2814
A 30 cycles Quad Events %Gated %Total] |B 30 cycles Quad Events %Gated %Total
Sytel UL tH 000 00C | |Sytod UL. 0 .00 0.00 |

Total Events 50000 UR 5 0.03 001 | |Total Events 50000 UR 5 co3 00
Gated Events 15707 LL 1563 995 313 |Gated Evenis 14533 LL 1437 985 2886
LR 14139 9002 28.28 LR 13087 9012 26.19

[0215] .

The results of the flow cytometry (Quadrant: LR among the 4
gquadrants, i.e., comparison of the numbers of bacterial cells of
Enterobacter sakazakii before and after PCR using the number of
SYTOS+ of the bacterium as the index) shown in Table 11 {also
Table 12) suggest that even when the bacterial cells were fixed by
using each fixation solution or without fixation (8) beforehand,
namely, the bacterial chromosomal DNA was fixed in the cells, and
then PCR thermal cycle was repeated for 30 times in the presence
of the pretreatment agent, most of the bacterial cells were not
-lysed, but maintained the merphology, and the chromosomes were
retained in the cells. PFurther, although presence of the targetl
gene amplified product also in the PCR reaction mixture '
supernatant was suggested by the electrophoresis images (Fig. 14},
the Ct values determined in the real-time PCR indicated under the
gel images in Fig. 14 were observed for only the samples obtained
with the fixation sciution B and without fixation (8), and Ct
value was not observed in real-time PCR with the other fixation
solutions.

It may be considered that this is because, in the cases of
the fixation sclutions A, C and D, the fixation degree between the
chromosome and the cell wall was high, therefore the thermal
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LL 3730 22.20 7.46 LR 15859 99.62 31.72_ LR 13071 77.79 26.14

denaturation in PCR (95°C) was not favorably attained, thus the
chromosomal DNA could not become single strands, and therefore
adhesion of primers to the chromosome became poor, but if the
results of the similar experiment (30 cycles) targeting the ompA
gene (469 bp) shown in Fig. 15 are taken into consideration, the
Ct values determined in the real—-time PCR and band intensities
obtained with the fixation solutions A and B did not show
significant difference, and therefore the above hypothesis is
denied.

That is, it is considered that the small amounts of the
target gene amplified products in the PCR reaction mixture
supernatants obtained with the fixation solution A, C and D shown
in Fig. 14 were provided because although the PCR reaction itself
favorably advanced by using the chromosome harbored by the
bacterial cells as a template, the gene products were 5 times
longer than that of Fig. 15 (2450 bpj, and as a result, flowing
out of the gene products amplified in the cells into the external
solution was suppressed. If this hypothesis is correct, the gene
amplified product of 2450 bp should be detected also in the
bacterial cells of Fnterobacter sakazakii after BCR. This was
verified in Example 8. .As discussed above, it can be concluded
that even if a treatment for fixing the bacterial chromoscme in
the cells to inhibit flowing out of the chromoscme into the
external solution was performed beforehand, substantially 100% of
the bacterial cells maintained the bacterial morpholegy, and the
chromosome was maintained in the cells even after repeating a PCR
thermal cycle 50 times, so long as it was performed in the
presence of the pretreatment agent, but in spite of that, the
reactions of PCR advanced, and the PCR amplified product existed
also in the external solution, and therefore the reactions of PCR
occurred mainly in the bacterial cells. Further, as shown in
Example 8 mentioned below, a part of the PCR product existed alsc
in the cells under the aforementioned conditions.
f02l1e]

[Example 8]
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A 30 cycles Quad Events Elated %Total B 30 cycles Quad Events Elated %Total Syto9 UL 0 0.00 0.00
Syto9 UL 0 0.00 0.00 Total Events 50000 UR 5

In Examples 4 to 7, it was suggested that the PCR in the
presence of the pretreatment agent possibly occurred in the
bacterial cells, i.e., in situ PCR possibly occurred. In situ PCR
{for example, Gerard J. et al., American Journzl of Pathology,
139:; 847-854, 1991) is a technique for detecting and quantifving a
gene such as the HPV gene incorporated into a chromosomal DNA in
human cells, in which before the detection and quantificatien,
human immunocytes are fixed with such a fixation sclution as.
menticned in Example 7 to crosslink the chromosomal DNA and human
cell membrane proteing, and the cells are treated with a protease
for a short period of time, or cell membranes of the human
immunocytes are treated by microwave irradiation.

This techniqué is a technique of placing a solution for PCR
on fixed human immonocytes to induce PCR amplification reactions
within the human immunocytes, with which even a PCR product of
about 500 bp does not flow out of the cells. Since the PCR
product does not fiow out of the cells, if the reactions of BECR
are suspended in an early stage ¢f less than 5 to 10 cycles, it
can be a technigue enabling not only detection of a gene in cells,
but also estimation of the number of incorporated gene.

[0217]

If PCR in the presence of the pretreatment agent according
to the present invention is in situ PCR, a part of the amplified
product may remain also in the bacterial cells, and in this
example, an experiment was performed in order to verify it. In
Example 7, in particular, although the chromosomal DNA of
Enterobacter sakazakil was probably crosslinked with cell wall
proteins with the fixation solution B, there was observed a
tendency that the amplified product of PCR in the presence to Lhe
pretreatment agent more flew out into the external sclution as
compared with the case of using the other fixation scoluticns, and
a phenomenon similar to that observed with the technigue of the
present invention not using any fixation sclution (technique using
no fixation (8)).

Therefore, the researches were focussd on the fixation
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0.03 0.01 Total Events 50000 UR 5 0.03 0.01 Gated Events 15707 LL 1563 9.95 3.13 Gated Events
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solution B and no fixation (S) mentioned in Example 7, and it was
examined whether the PCR amplified product would partially remain
in the bacterial cells even when a large amcunt of the PCR
amplified product flew out into the external solution.
[0218]
1. Experimental methods

Two portions of 500 pl of a culture broth of the
Enterobacter sakazakii RTCC51329 strain (4.3 x 10° cells/ml) in
which the cells were proliferated overnight were prepared, and
subjected to refzigerated.centrifugation (3000 = g, 10 minutes,
4°C), the supernatants were removed, then 500 ul of the fixation
sclution B (methanol/acetic acid = 3/1} was added to each pellet,
the mixture was incubated overnight at 4°C to crosslink the
chromosomal DNA in the bacterial cells and the cell wall proteins,
and thereby INA was fixed in the cells beforehand. As a control,
a sample for which the fixation was not performed was prepared by
using 500 pl of physiclogical saline instead of the fixation
solution B. The same methods as those of Exampls 7 were used
therealfter, and the sample was finally diluted 10 times to obtain
250 pl of a suspension of Enterobacter sakazakii in physiological
saline. The estimated cell density of Entercvbacter sakazakii in
the suspension was about 3.5 x 107 cells/ml. This suspension was
used in a volume of 2.5 ﬁl as a sample for PCR amplification, and
added to 12.25 pi of the pretreatment agent solution mentioned in
Table 5 (provided that the volume of sterilized water was changed
to 2.7 ul), and 1Z2.7% pl of the PCR buffer for detection of gram-—
negative bacteria méntioned below was added to the mixture to
perform PCR under the following conditions. At the time of PCR,
portions in a wvolume of 27.5 pl were prepared in a number of 20
for each of the sample cbtained with the fixation solution and the
control sample. As the primers, the forward primer 165 1234F for
168 rRNA gene detection (SEQ ID NO: 3), and the reverse primer
238_1703R for 235 rRNA gene detection (SEQ ID NO: 4) mentioned in
Example 3 were used.
f0219]
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90.02 28.28 LR 13097 90.12 26.19 [0215] The results of the flow cytometry (Quadrant: LR
among the 4 quadrants, i.e., comparison of the numbers of bacterial cells of Enterobacter sakazakii
before and after PCR using the number of SYT09+ of the bacterium as the index) shown in Table 11
(also Table 12) suggest that even when the bacterial cells were fixed by using each fixation solution or
without fixation (S) beforehand, namely, the bacterial chromosomal DNA was fixed in the cells, and
then PCR thermal cycle was repeated for 30 times in the presence of the pretreatment agent, most of
the bacterial cells were not lysed, but maintained the morphology, and the chromosomes were

retained in.the cellgfggéthgg?%tggy% Rre e %gw%éaligﬁt&% afgrfpl{fjféj p@@\duct also in the PCR
reaction mixture supernatant was suggested by the electrophoresis ima egéFlgalAif),ttge Ct values

determined-itrtHe! fBalseme PeR SRdicatsd Uit theysinges INFig. T4 Were observed for only the
samples ohiained:withsthe fixationtsolutién Banebadthoen fixfiora g prantP i Vafug was not observed
in fea'-timﬁﬁgﬁwth HI"%PFhefﬁQ@é@%e%QJHEQH@- was Kdnaydheeopsideredithas this i h;ecagsE, in tlflle
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chromosomea begapng padicbltdl thesresuits ehthedSimitasegperinndsd 3B/cy6IE=y targeting the ompA
gene (469 hp). shawn.ins6ig 115 g tekeriato consideration, the Ct values detetmined in the real-time
PCR and band Intensities obtained with the fixation solutions A and B did not show significant
difference, ARdahkrefore the above hypothesis is denied. That is, it is considered tﬂat the small
amounts of the targetrgenseamplitied probuetls W%@@R%a%ﬁ%?ﬁﬁxﬁ?@?ﬂpﬁn‘é%ﬁ obtained with
the fixation selution s Geanrd Brshoverinckig. dvewetgtprovidéd beiuse AlthGubh #REPCR reaction
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Enterobactes,sakazakik aftes kOB his sas vesifiedsindaxample 8eAs tisvussediaBovalie can be
concluded that even if a treafmeny for. fixing the. bagterial chy e the celis tadnhibiflowing out
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a protease for a short periqd of fime.ar call membrangs afthechumar: iremunaeytes are treated by
microwave irradiation. . This technique is a technigue,of placing a sqlytiop for FOR on fixed human
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ceils) of a physiological saline suspension of Enterobacter
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If PCR in the presence of the pretreatment agent according to the present invention is in situ FOR, a
part of the amplified product may remain also in the bacterial cells, and in this example, an experiment
was performed in order to verify it. In Example 7, in particular, although the chromosomal DNA of
Enterobacter sakazakii was probably crosslinked with cell wall proteins with the fixation solution B,
there was observed a tendency that the amplified product of FOR in the presence to the pretreatment
agent more flew out into the external solution as compared with the case of using the other fixation
solutions, and a phenomenon similar to that observed with the technique of the present invention not
using any fixatien:saltition. teehniue &siRg o) fixatien Bk hherefors dhesesaarchesiwere focused
on the fatign, solution B and pafbtion () menioned i1.Fxamale. £,a0d ibuas gxagmined whether

the PCR amplified product would partially remain in the bacterial cells even when a large amount of
the PCR afipffiéd probttflewobfiitd t%% ERERTRATTEERIGON [0218) 45 Bk petimeiftaPHethods

Two portiorsscbf800ipiof a culture broth of the Enterobacter sakazakii ATCC51329 strain (4.3 x 108
cells/ml) in yigh the cells were proliferated overnight were prepared, and subjected to refrigerated
centrifugation (300 ' ) the su tants,were removed,.then 500 pl of the fixation
solution B methan%%%%%g’%%gf S%i‘é)lcv%v)[é% a?ggézieifg%a%lc%%éﬁétetgth r%?%ﬁ?eﬁggﬁé%bated overnight
at 4C to crosSTihkK e G TRBSOFRADRE N the-BacRateiRtang the &l RAEsSteff€and thereby
DNA was fixeddrahéicélis beforetaneeAs accantrelkansarmplerior whick thedi@tion was not perfotuted
washprgparglqpbh ) E§i¥%€ é@@ajlahc%f eaygi@&%s;ﬁl %E?t %i@%t%@ﬁoé Hl%ﬁlxaﬁogs?%#se% _IEnT;i Osa_me
methods as.those xample 7 were ysed thereafter the sample was fin ilute times to
obtain 250 D157 & S snaon ol oA By pIBE i T estmated col
density of EftetBacRISale K intthe'dysPenBibRNAS HBERE3 BR 4 (R eeSinErFHis ‘Stigpension was
used in a vohsdeaf 2.5 plas axsampld fapPGR amplifitaticasant agddedth#o A2:-26:1ql0f the

pretreatmept.agepl sitign menationed iy Table > (royided that the velymephsterilized water was
changed to 2. | of the buff detection o abacgerla mentioned

7 dlz and 12.75 PC r for f gram-negati
betow was SR B AR b BeAa PER LRI/ A Tooniiy CORfonst KEAREiRe of POR.
portions in Bholfifie oF 2795 presaranprépatadl irfa hurAbar bf 2rforaassiof the sample obtained with
the fixation gotatign and the control sample. As the primers, the forward primer 165_1234F for 163

'RNA gene detectign (SEQ IR NO3L,and the fevetse pimes:235 1703R{0n23S ERNA gene detection
(SEQ ID NO: 4 mentioned in Example 3 were u,sed.éO%%Q%g % After compléetion of FOR, the 20
‘sofuticn

portions of th&'PCRIEER o Soltinbr o BaéH fixdfo efCombiRed%nt&Bhe, and subjected
to refrigeraf@tPeBhtrift gaRitPETTE X NP0 PoRtRdS.C)IT Re Supdiatant Wwds petiééiedin a volume of
5 ul and useddn @856 agarospagelelecypphorasisyarchtie emaiaing supemnaaptyvasgiscarded. The

pellet was washed twige with 500.pl of ghysiological saling, and. DNA was extracted byusing
QuickGene SP kit DNA tissue. [0220 eéparately, two 500-pl portions_of culture broth in"'which the
I

1 .S . .
cells were BrStifSRRBASTEIght (43 P16 E&IISM 1) Werk prEdars, Und uBjdtte it reifigerated
centrifugatieas(3TVOERGRELD WiblitesACh ihdsupavidganth:werendiidead, thaws00epbof.the fixation
solutionhB cmémartgi@c@iifﬁzaﬁi@b:&&m&ad@ea toupReh @@H@t&ﬂﬂiihédnm?ée w@sdirmubated
overnight Thecells 8 ti it 0 siologi aline, DNA was
extracted %g%gri%eg %éy %ﬁ% gl%% %genﬁ'e %LIS;E%DPRI gf%é%ue{%l)%%fem%%%%h%nlé@éo %?d.). As a control,
a sample if VAT THE fxativfRadkddt pémertad Wahhreparé 5y t8ihgBOBRaF fhsiological saline
instead of thétfixatforf svkitiomB. Actordfigto the abevesdeserptian tthe:bellrsogunidndhe case of
applyinhg omxw@a@n@)img@@de&%@m a@@r%h@ fig@fw‘lk;@ad,vggea.@h?ﬁ:%@{i%%@%%ﬂ%we %eget X\(/)a;,
since the sgn as subje to_centrifugatiqn 4 times. in.tot 3 X x 0. 41 =0.9x :
cells, but tk?zeg%pg?é%ia ac%u&r%%%g& ?§§ E%?Ié{%\jfa%sg ca c%%t%ﬁoeggégbgﬁt 35 §ﬁ%?%éﬁ§/ml x25plx20=
1.8 x 106 cEf8 A tEHAR OrBstimAtdd Eelldeisifl: Mt it is @kerPint6dHsidEfAtion that the sample
was furtherssylsjected 1 cemrifugatigre3 trhesdhereatter itisiestimaded tode :9 BNEO6 cells.
Since the hagtedakaumber used for the DNA extraction st in the sample before PCR was 100 times
larger than Eeg&hﬂ the sample after PCR for each case, in order to use them in the same cell number,
20 portions each 1n a volume of 2.5 pl (= 1.8 x 106 cells) of a physiological saline suspension of
EnterobacteP™&4e34aiGR(®5 X ¢80 7¢dfFi) were prepared (fixation solution B and control S),
combined iato b6& Withéit pedfamihgiEOR,2heh washed 3 times in total by centrifugation, and used
for the DNA extraction. [0221] Further, even if the long FOR amplified product of about 2450 bp
was confirmed within the bacterial cells of Enterdbacter sakazakii by the aforementioned examination,
since the FOR amplified product existed in the external solution as shown in Figs. 14 or 15 when POP
was perfolmed in the presence of the pretreatment agent, it may be misunderstood that the FOR
amplified product in the external solution might adsorb on the bacterial . cell walls of Enterobacter
sakazakii, as if the FOR amplified product apparently existed in the inside of the cells. Therefore, the
following experiment was additionally performed.



[0222] Samples were prepared in a number of 20 by adding 2.5 pl of a DNA agueous solution
containing 0.44 ng of DNA (440 pg, the amount of chromosomal DNA contained in 8.8 x 104 cells)
purified from the Enterobacter sakazakii ATCC51329 strain to each POP tube, adding a pretreatment
agent solution as in the aforementioned case, and then adding a FOR buffer to a total volume of 27.5
pl, and FOR was performed with each of them under the conditions shown below. Then, the contents
of the 20 FOR tubes were combined into one, 50 pl of a 3.5 x 107 cells/m1 physiological saline
suspension of Enterobacter sakazakii (treated with the fixation solution B or with no fixation, and
washed 3 times aecording o themathed of Exgmple 7) was added to the combined reaction solution,
the mixture w s_LgQC|ep§IyUr}n§e’:n,Id%nghd subﬁ?_ct)e:d g) E%frl rated centrifugation (3000 x g, 10 minutes,

4C) to remove the supernatant aerﬁé et was washeéd twice and used for DNA extraction. [0223]

CompositioFF6PEBR Hiffdl: 3§ 1%659234% (10 Pindmpn e thIPbf 2330403 (2d yraskp)): 2 pl c) Ex-Tag
(5 0/1.11, kakara-Bidx 02y ph¢cantainimge:5%Elweern26, 015% Nonidet P-40, and 50% glycerol) d)

10 x Ex-Tag)Bufter(Takata-BiqkA.2.0 &)« dNTP,mixture (Takara-Bio): 2 pl f) 10 x SYBR Green |
(BMA): 4 pl [)OZEDA']X Syg%eza-time PCR was pgrfo med according to the following PCR theal cycle

conditions By using & feal-time BCR Apparatus tiCycler iQ, Bio-Rad, Hercules, CA). 1) 4C for 3
minutes (I dytdé¥ 12) 95C for 15 seconds; 60C for 20 seconds; 72C for 3 minutes (30 cycles) 3) 95C
for 3 minutes (1 cyrte)l[022hd PCRThes, secosdingitathe protogal ©f the meltianalysisofkthe PCR

amplified pgedugttemparatise, was;ised at nteryals oL0:1¢ fromBaC, each temperature was

maintained fo&f%;ecoa]%f, and this procedure was repeated 350 times intotal up to the final
temperaturé SPSoE, ther neting 18mperatiredt tiéPCR amplified product was measured.

1} 4°C for 3 minutes (1 cycle)
2} 95°C for 15 seconds; 60°C for 20 seconds; 72°C for 3 minutes
{30 cycles)
3) 95°C for 3 minutes (1 cycle)
[0225]

Then, according to the protecol of the melt analysis of the
PCR amplified preoduct (temperature was raised at intervals of
0,1°C from 80°C, each temperature was maintained for 8 seconds,
and this procedure was repeated 350 times in total up to the final
temperature of 95°C), the melting temperature of the PCR amplified
product was measured.
[0226]
2. Results

The results are shown in Fig. 16. The results of
electrophoresis of supernatants of reaction mixtures obtained in
PCR performed in the presence of the pretreatment agent (16S-235:
2450 bp) with cells of Enterobacter sakazakii fixed with the
fixation soluticn B or not fixed are shown in‘the lanes 2 and 3,
the results of electrophoresis of DNA obtained by DNA extraction
from the pellet obtained after the PCR mentioned above and washed
twice are shown in the lanes 5 and 6, the results of
electrophoresis of DNA directly extracted from the fixed or not
fizxed Entercbacter sakazakii cells, which were the test materials
of this experiment, are shown in the lanes 7 and 8, the results of

electrophoresis of DNA extracted from the fixed or not fixed
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[0226] 2. Results The results are shown in Fig. 16. The results of electrophoresis of supernatants
of reaction mixtures obtained in PCR performed in the presence of the pretreatment agent (16S-23S:
2450 bp) with cells of Enterobacter sakazakii fixed with the fixation solution B or not fixed are shown in
the lanes 2 and 3, the results of electrophoresis of DNA obtained by DNA extraction from the pellet
obtained after the PCR mentioned above and washed twice are shown inthe lanes 5 and 6, the results
of electrophoresis of DNA directly extracted from the fixed or not fixed Enterobacter sakazakii cells,
which were the test materials of this experiment, are shown in the lanes 7 and 8, the results of
electrophorgsis of DNA extracted from the fixed Qr not fi r e kii cells before they
were used gr%ﬁ‘té?%atccﬁ%ﬂssg%ﬁ lélrecéeﬁg\?vﬁbﬁ%ﬁ?egla%%%%ga%% 1%R%a%n fﬁ%%lts of electrophoresis
of DNA extFEQEHFBM ffe EffeAdiactiPeaky dkitc i fashedil8 aftEralbRicTor it PCR
amplified pradudtsprepared-eeforehanthiérezshoact rdthe: tames &3 =itk t4h3espectively. [0227] As
?thg\(l)nbb); t%@iﬁ%&l}é§9fé@§ﬂ§%§s¥%@%;éﬁ .i_ta;)&%ﬂ%l?@ﬂnﬁﬂéiﬁ%fh@h@veoﬁf H?@nfﬁaefgpne Eroduct

p) adsorbed to Enterobacter sakazakii bacterial ce outer tc. from the
external soﬁﬁ%%“‘é}ae“ﬁﬁ*éﬁfé %%n%rgﬁ)adjugctaggulé 56 Irler:ﬁr(l)zl\%lde fr%?ﬁl%h@e?ac%%ﬁ‘nﬁby washing twice
for both therfik@§ v fidk-fixed cells. Therefore, the possibility of incorrect interpretation that the PCR
gene produpthat might adsorb on the cell wall outer surfaces was regarded as the FOR gene product
remained in the cells wasglimipated. Fudhersby taking inteconsideration that:a feagment estimated to
be the FOR reaction %roguc was detecI%dtiQ th&%@nes 5 angO in ic%}ig%trbe ses%gsofr%elaNA extracted
from the celS BRI tﬁ &0 asSWashed twice a erglglaﬁ,pan hat the ragr%en was not the FOR
gene produee thataiigheadserts katekditdiaetorthelc st wvalVad seer-RETFHHETEEERs B the lanes 13
and 14, thefr@R genepredustiofdbedanas biatw 6tsdighty pessibhrthiEORogédeproduct remained

in the cells ang.en exfracted. %g@@s&%}aﬁwf ihesrongentrations of he-EOR geng.produet in the

external solution_and in the cells became the 'same, beCause the cells were bacterial cells of which cell
walls were THjlirdd*&fd Tt Ihe Eﬁf%%?@pr&&ﬁc?@%%%%%ﬁe% at it &8l freely pass through the
cell walls, the\eatnmresof tive exberhal o | Gidn Ivas aberiudl Ghate gk raRanthevolthte of the cells,
and the amgant afthe FQR-gepeymashictinshesidemal splutine sitrlgealsodieabeaut 101 times

arger than Jaatin.tie eglie lhats, /AL of fhe ameunt in e axiermal,saultion should be distributed in

the cells. However, on the iE}ass of comparison of the band intensities of the lanes 2, 3, 5 and 6, it
cannot be CSHEIHEREG tHA S & Ut GARTE G HrBALRE reh&inetdfh the'cBfi& Wasthe 1/1018
amount. ThatdsiuitwassuggestethartherPCORsteUrredith thd nedtrdlof théprésent irfvention might
possibly bedn;sitP G As-seen fram thedesyltssobhedanas park8, ihe chiemosamatBNA was
detected from, bot fix op:fix terob r li-hacterl ] d e test
materials, balrﬁtaeﬁyhgglﬁd 35 %ﬁ%&%ﬁoﬁ%ﬁ%ﬁ%ﬁﬁ%ﬁeﬁ t (ge%ﬁ%ség%% 9?#?10. This
difference WASBroB3BRF BroidEdh P ie tiffeRdn ¢ Bt B Lellidmber ¥tihe ERT robacter sakazakii
bacterial cefisauded forfthe:BDNAredrdctiomdspdeifichily AR asihaumiseiist 095 xt1E6 Ealissvas highly
possibly insyuffigient fok the VA exdraction, whereas igdhe laresii-anddhianthe testynaterials, the cell
number was 9 fact g5 Nigh 2.0, x 108 cells, 0728 [Cxample: Oy, Thecgels of Fnlergbacter
sakazakii were subjecte fo aeb0|ﬁng treatment in physiological saline or in the presence of the
pretreatmerif'&g8hE &7 \Bé@%ésﬂ@at“éﬁh%?ﬁﬁiﬁhﬁé’%ﬁé%bf&gr BDakiTHdmosomal DNA
was flown dutdate eclich superndtantdepericingohithevtreatinerit dime 1[0229]s1 cExpbiipfental methods
Cells in a cultyre hrath.of the.Enterohacter sakazakii AECEEL 329, strgidl d: X090 cells/ml) in which
the cells were proliferated overnight were washed, and diluted 10 times with_physiological saline, and
the suspen&%%t\‘/:’vag?lé%bj%tecc? ?ggri;é%eeer%}feg%sé%tﬁ Grgozﬂ I}h 300 ?(qg? fg%ntgsn’uté%% i)tvt(%ﬁ}:%ollect a
pellet once o&n BudixiataRe (S50 B L6rphogiciegieal s8lind dFecprétfe&imEhtagERE solution having
the compositiomshown ihd aldé bswasradded tertherpeltet, and theRcgis:wearecsiyfficiently-sespended.
Then, the sugpepsion was heatedwitn Bollingwiater.fon ta Sminies, andfter the healing,
immediately cooled. Eilirsl sutskg)etns:iLon iq\{r’gﬁq]iaterjy&ffger théa h%agiggé a vo uerg(?a(lf 5pland a

r

a, tha E) un e ex
supernatanf'ob%alne%eby réfrlgerate(f’cen Ifugation 0 each suspension in a volume of 5 pl were

subjected tGeleEtkepheResId SoRD. 896 bEEraEaYd rddiSe Rty - [0ZSPF I Reltsthe

basis of comparison of the band intensities of the lanes 2, 3, 5
and 6, it cannot be considered that the amount of the PCR product
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In Fig. 17, there are shown degrees of flowing out into the supernatant of the chromosomes of
Enterobacter sakazakii subjected to the heat treatment in physiological saline or in the presence of the
pretreatment agent using boiling water. First, as for the results of the lanes 2 and 9, although the cells
were not heated, the presence of a trace amount of the chromosomal DNA was already suggested,
but it is considered that this was because the cells in the culture broth in which the cells were
proliferated overnight , reached the resting stage, therefore a part of dead cells were lysed, and the
chromosomal DNA thereof flew out into the external solution. Therefore, such a trace amount of the
chromosomaila N was igiayeskimtheavaluadiony Althoughiitwastestimased that, NA flew out in
physiologicg); salige Jrom.the bagterial cells of Enterohagler, sakazakii duys 19, e higating, any band of

the chromosomal DNA was not detected for the suspension and the supernatant in the presence of the

pretreatment3Geht @VeR gk BOfifg for 5 ititds “RowWever ARhaR2V Aol FaES7atE on the basis
of observatigh vfithédanels of aind |8ned 1O ahdaR seivahd WA swelssenied:irethe wall irctie case of the

suspensiong it ARy hanciwiasHat ebse wedklardhersupetatank and d-was revealed that the
chromosomgl gNA, did not dow put of 1o basteral cells I ihe preggnce of heprstragiment agent, but
remained in the cells. On the other Rand, bands werd also observed in the \_/veﬁsé}or the supernatants
of physiologital %%ﬁn%b&éﬁé‘?%,@aﬁﬁ‘?)?%?ﬁsit‘?‘s cOnstdéredl tht ey fuetd deRrdd frdfi™ part of
dead cells pf:Etérobactey SakaZakii dolledtied ém¢hesuptriatantaftenaebrifughtions of which specific
gravity decraasad sikierto-the: belling: iThe sesuits shown in Table f.or fig- baRlsesupportihis

estimation. From £k ove results,,it was suggested that, alihou gtheqco ditions differed from those
of the repeﬁﬁgr%éqﬁaeﬁgéﬁ ﬁ&ﬁ&ﬁéyéié‘&%ege %?e%?sge,:ﬁ izg{grnocr@ég"L iTficuIt f%lrlB%EX to flow out of the
bacterial celRSHHIe pIESHdd BFERE prtrdAfneNfaBBRT _RTBHANheWPESESI 4 AréRRIDIEERY to a heat
treatment. [hdustriél Applicadilityd0284ter ialecordiagdeithenmeathodvafsthinpriesentanvention, live
cells of a migrgorganism ¢an e detqcted with high sensitivity by distinguishing them from dead cells or
injured cellg. ;9? present invention enables simple and quick distinction of live cells, injured cells and
dead cells Pa microorganism in foodstuffs, biological samples, swab samples and environments such
as industridl&¥af&t L entironmental water and wastewater, based on the nucleic acid amplification
method. The methodeand kit=oicth erpresestdpventienicate ke 1sed fosvbhntandinvestigation, and are
advantagequs aisg in AleceReMIGALRAYID! Of Yiew-{0232) ne SHCOOrdiRg t9,a prefarred-embodiment of
the presengC nventlotn, it can a}clso be 1zg‘lpplleg totsanltatl,on ms\;),egtlé)n ol[varlous foodstuffs containing 5
logio cells/ml Drihors ot iRred CoTls or 3880 Cellst ELLRENERM €8IS ditinodi8%f child bacteriemia
in which Edehetictadatircitédates i bibeemoras]l DNEUyeerf heedrainy toapredeired embodiment
of the presenpurrention, ekrlydive; eells:of enkfairebasteria tickeding Enterobacteriaceae bacteria can
be detecteq{j@g]foodstuffs with high sensitivity (1 CFU/2.22 ml of milk), and more quickly (7 hours
and 30 min]L'Jtes compared with the regulated method (Food Sanitation Law/Ministerial Ordinance
concerningthe &g?éﬁf?&té\{r\;ﬁ?%ﬁ&% r Milk and Dairy Products), therefore use thereof is expected for
determination befdrelfagtony shipméntssaftariarmifachereinteidas feod faktords fepresented by milk
manufacturngdactuies;tand it igiassumedta:-beighty: incusiraby useduke1 1 sRasthermore, the
present Iveptieenablep guickdstaction and auanificalien;eh gpbulive migiaarganigme at a low

concentration, for mlcr'oothq)anlsms Including not onIy colifocm bacteria and Enterobacteriaceae

lud \
bacteria, bif ¥t vaAoHE asﬁéﬁ}aﬁncﬁf&ﬁlnglbeatﬁ%@ﬁ?ﬂ)%té‘?ﬁ, VPSES A 'SR forth, and therefore it
can be apphietirteovarioas swtatiofinspestions) efinical tests, provess cohtfdl, andess fexth. CLAIMS
1. A methog fes defectingdiveseelis;0f @ Rigrarsganim;in o testsanple by distingdishiagdhe live cells
from dead ce inj ells ich comprises the steps of; a),adding an agent capable of
covalently ém%r%%%%ﬁ%%r%ﬁ%éqbﬁ ﬁ%ggg?%ﬁﬁ\?vltm? ht ea\ﬁﬁmpéj svjécvleﬁgngfﬁg of 350 nm to 700 nm to

the test samiffe® > YBY ifdaRRinPtHd fedt S fibre ﬁ%%/kﬁ’é’r? thE-HgeritaEadtdd WehghY having a

Wavelengtl’sgfs@@mﬁam. toTinnthe suspension was heated with boiling water for
0 to 5 minutes, and after the heating, ilmmediately cooled. Each

suspension immediately after the heating in a volume of 5 ul and a
supernatant obtained by refrigerated centrifugation of each

suspension in a velume of 5 pl were subijected Lo electrophoresis
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c) amplifying a target region of DNA or RNA of the microorganism contained in the test sample by a
nucleic acid amplification method in the presence of an agent for suppressing an action of a nucleic
acid amplification inhibitory substance, a magnesium salt, and an organic acid salt or a phosphoric
acid salt, without extracting nucleic acids from the cells; and d) analyzing the amplified product.
2. The method according to claim 1, wherein the amplification of the target region is performed in
microbial cells. 3. The method according to claim 1 or 2, wherein, in the step c), the amplification
of the target region is performed in the presence of surfactant. 4. The method according to any
one of claims 1 tg 3, wherein, before the st e steps a) and b) are repeatedly performed. 5.
The metho%na(%:}égr%iﬁg?g%sn%/ 8ﬁé’of§gprﬁge%géﬁ?v§/herein, before the step a), the following step e) is
performed:£0230¢) treating the test sample with an enzyme having an activity of decomposing cells
other than thatrekniicroorganism, a colloidal particle of a protein, a lipid or a saccharide existing in the
test sample. £, Thegymethod.-aceerding taiciaim dsgvieerein thelenzymedistselected firom a

protein-degrading engyme a Ipid-dearading eneyene and. 5 saocheride degrading eneyme 7. The

method acégpcﬁﬁgato any Oneof claims , wherein the test sample is any one of a foodstuff, a
biological semple drirking watereTiddstrBPWEeCghvFInffehaPwater Walfe RATH L and a swab
sample. s£8rRbepnethed areording:te:anyione b ldings ¥aoeF, wHtredt the mitrsof§anism is a
bacterium QL.a Wius..¢ +f Themethod-acaprding e .claim g whareindbedaciermisd,

gram-negative bacterium. 10. The method according tp any one of Bﬁﬁm 1 199, wherein the
agent capabié TSRt birfding {oDNK B Rl% é%{?rrggfacﬁonsi}vx% light having a v?/avglength of 350

nm to 700 mrviEEsEREted HortethfdiGATFiGeEZ denEthidiith YRSiGE Brotidiulh Mohtazide, psoralen,
4,5' 8-trimethy pseraler-apdd-mathoxypsoralen. ce11ilvdhe methdfearserding toragrbne-of claims 1

to 10, Whefgéz%%a%@gs{g for suppressing.an action-afta niclgic.acid amplifisation inkibitory substance
is one or more kinds selected from albumb:],Ddextg?‘n, T4 gene 32 O%%ote}lngoag%gnéi}g@éggtgine, dimethyl
sulfoxide, foMAGHidRI & of BORRENIEhe Gy col S0y bean tHypain inhibror, ca—macrogalobulin,
tetramethylsmimicivom chierigéoysozgnid: phospisenaasenihPihcife GeRJErsg8RasEM® 12, The
method acGprging4e a5y enewfclaims dato 34, whereinube drganie asid sadttisselestedffom an acetic

acid salt, a propionic acid salt citric acid salt. £l 3nEhEmethed according to any one of claims
1to 12, Whgrfgiﬁ t%%%pﬁgsé?gﬁ%gagc%%%%t isa pyrophggghori'c acéild sagta “ ? 66%4 The method according

to any one B ERARRERES3, SRRBFET he AT gbP ré§ i tAetTaYidh o 1625000 nucleotides.
15. The methodracsardintd:claim 1atwirtreit ase farydtire g rEathrgetRsyibifcorresponding to a
gene selec%@%%@lﬁﬁ genep te3dmNAgenae2334 RivAigene antbtRN#vgenefoEDNA of the test
e R i TSRl g ane hAsUs LIRS el e st

basis of observation of the wells of the lanes 10 an , A pand

was observed in the well in the case of the suspension, but any

band was not observed for the supernatant, and it was revealed

that the chromosomal DNA did not flow out of the bacterial cells

in the presence of the pretreatment agent, but remained in the

cells. On the other hand, bands were also observed in the wells

for the supernatants of physiological saline (lanes 5, 6 and 7},

and it is considered that they were derived from a part of dead

cells of Enterobacter sakazakii collected in the supernatant after

centrifugation, of which specific gravity decreased due to the

boiling. The results shown in Table 6 or Fig. 12 also support

this estimation. From the above results, it was suggested that,

although the conditions differed from those of the repetition of

the PCR thermal cycle to be precise, it is more difficult for DNA

te flow out of the bacterial cells in the presence of the

ic1



17. The method according to claim 16, wherein PCR is performed as real-time PCR to simultaneously
conduct PCR and analysis of the amplified product 18. The method according to any one of claims
1 to 17, wherein the analysis of the amplified product is performed by using a standard curve
representing relationship between amount of the microorganism and the amplified product, which is
created by using standard samples of the microorganism. 19. A kit for detecting live cells of a
microorganism in a test sample by distinguishing the live cells from dead cells or injured cells by a
nucleic acid amplification method, which comprises the following components: 1) an agent

capable of soyalently g oD or BNA tiredialon it ghbauing veyalength of 50 m to
an

700 nm; agent for’suppressing an action of a nucleic acid amplification inhibitory substance,
a magnesiﬁfﬁﬁ%&l‘f} an organic acid salt or a phosphoric acid salt; and 3) a primer or primers
for amplifyifigch tanget Yefinn of BNAIGIYRNA of the microorganism to be detected by a nucleic acid
amplificatiopppethod. 20. The kit according to claim 19, which further comprises a surfactant.

21, The kit accordigg fo,cla 19,0520, whihJurihercompses. 8 nzyme-having an activiy o
decomposing cells other than that o microorganism, a CO||Oi§;%!b%[agi'C|%O£ a protein, a Iigid ora
|

saccharide %&stinG in ThBIELPLEATNESM S35D bPLEYAEEEEEY oA ofte - claims 19%0 21,

wherein thelhsicieiguacith arpplificatidr enethetlissPCR, RT-PCRrEAMP! SDA, TTERPIMAITRC, HC or

DNA microagaynethodnan1 23 sThe kit aseoreling toanryt onecabalaimsii9 o 22 weherein the agent

capable of covalently bnging tg DINA or RNA by, eadiain wiigh havieg auayelength of 350 nm to
Zl e, pro

700 nm is s%qégfe from ethidiam monoa e, ethidium diazi p%rgidium monoazide, psoraien,

4,5' 8-trimethyipeBiaRh SABB-ATethd¥%sPsOrAIBHSS 294 B RERCCOPdHY TS &Ry one of claims 19 to
23, whereini thimageht fowsuppressingramaetivalofa rec|eiccavidsampiificttiondARibitsrydgostance is
one or morg,kinds selegted:from atburpin dexa@edl4 gepend2 rateindagetanide;ketaine, dimethyl
sulfoxide, forrnamide, glycerol, polyethylene glycal, sovhe psin.inhibitor,.a2-m lpbulin,
tetramethy@ﬁ?r%%%?urﬁgé{}e%%rfb%? I?ggz%%e?sp os%)%%r;‘;%is)‘i}énaa%g%a%&%@c?gﬁéﬁ%%%naiggg&g%. The kit
according tokiRRbABSIEafhE1 9 o 24, SHWB the dtgamic Atid s8ttis selected from an acetic acid
salt, a propi@ssZcid salt and a citric acid salt. 26. The kit according to any one of claims 19 to 25,

wherein the phospharic acid saltis.a pyrerhospharis acidsalt.of 127 pFagditaccording to any one of
claims 21 tg 26, wherein the enzyme isbselecte .frar}]ﬁg prot%jtrgge&gag_in gn%xror}]e,oaflipid-degrading
enzyme and™® SRECRAFidEIEGENG erizymBer ABSTRATT " Live cells of microorganism in a test
sample arevetbeted BycdistinghisIfag theTvetclld from gebtPdBils oF ifFad YelkBy H7E following
steps of:  ced):addingean agantscapahie afcoustantlydinding ta DA RNA bytikdadliation with light

having a W%%%@QQE@QI;’%%nQ}AE%KOQMi%i?%éﬁan%culates in blood.
f0233]

Further, according to a preferred embodiment of the present
invention, only live cells of coliform bacteria inciuding
Enterobacteriaceae bacteria can be detected from foodstuffs with
high sensitivity (1 CFU/2.22 ml of milk), and more quickiy (7
hours and 30 minutes} compared with the regulated method (Food
Sanitation Law/Ministerial Ordinance concerning the Ingredient
Standards for Milk and Dairy Products), therefore use therecf is
expected for determination before factory shipments after
manufacture in various food factories represented by milk
marnufacturing factories, and it is assumed to be highly

industrially useful.
furthermore, zhe present invention enables guick detection

and quantification of only live microorganisms at a low

concentration, for microorganisms including not only coliform
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b) irradiating the test sample to which the cross-linking agent is added with light having a wavelength
of 350 nm to 700 mu; c) amplifying a target region of DNA or RNA of the microorganism
contained in the test sample by a nucleic acid amplification method in the presence of an agent for
suppressing an action of a nucleic acid amplification inhibitory substance, without extracting nucleic
acids from the cells; and d) analyzing the amplified product. SEQUENCE LISTING <110>
Morinaga Milk Industry Co., Ltd. <120> Method and Kit for Detection of Microorganism <130>
FP204-C9290 <150> JP2009-173566 <151> 2009-07-24 <160> 10 <170> Patentln version 3.5 <210>
1 <211> 16 242> DNA 52127 Arfical sequence, 220 5223, Prfieh 103108, <400> 1 agtigatee
tggctclo < _

bactexla including pathogenic bacteria, viruses, and so forth, and

therefore it can be applied to various sanitation inspections,

clinical tests, process control, and so forth.

103,



<211> 16 <212> DNA <213> Artificial sequence <220> <223> primer 163_1500R <400> 2 ggctaccttg
ttacgal6 <210> 3 <211> 25 <212> DNA <213> Artificial sequence <220> <223> primer 16S_1234F
<400> 3 ctacaatggc gcatacaaag agaag25 <210> 4 <211> 25 <212> DNA <213> Artificial sequence

CLAIMS

1. A method for deiecting live cells of a microorganism in a test sample by distinguishing

the live cells from dead cells or injured cells, which comprises the steps of:

a) adding an agent capable of covalently binding to DNA or RNA by irradiation with iight
having a waveiength of 350 nm to 700 nm to the test sample;

b} irradiating the test sample o which the agent is added with light having a wavelength
of 350 nm to 700 nm; -

¢) amplifying a target region of DNA or RNA of the microorganism contained in the test
- sample by a nucleic acid amplification method in the presence of an agent for suppressing an
action of a nucieic acid amplification inhibitory substance, a magnesium salf, and an organic

acid salt or a phosphoric acid salt, without extracting nucleic acids from the cells; and
d) analyzing the amplified product.

_ 2, The method according to claim 1, wherein the ampiification of the target region is
- performed in microbial cells. ‘

3. The method according to claim 1 or 2, wherein, in the step ¢, the amplification of the
target region is performed in the presence of surfactant.

4. The method according to any one of claims 1 to 3, wherein, before the step c), the
steps a) and b) are repeatedly performedn.

8. The method according fo any one of claims 1 to 4, wherein, before the step a), the
following step e) is pen‘ofmed:

e) freating the test sample with an enzyme having an activity of decomposing cells other
than that of microorganism, a colloidal particle of 2 protein, a lipid or a saccharide existing in the
fest sample. '

104



<220><223> prime'r 23S 1703R <400> 4 ccttctcceg aagttacggce accat25 <210> 5 <211> 19 <212>
DNA <213> Artificial sequence <220> <223> primer hlyA-F <400> 5 tgcaagtcct aagacgccal9 <210> 6
<211> 24 <212> DNA <213> Atrtificial sequence <220> <223> primer hlyA-R <400> 6

6. The method according fo claim 5, wherein the enzyme is selected from a protein-

degrading enzyme, a lipid-degrading enzyme and a saccharide-degrading enzyme. -

7. The method according fo any one of claims 1 to 6, wherein the {est sample is any one
of a foodstuff, a biological sample, drinking water, industrial water, environmental water,

wastewater, soil and a swab sample.

8. The method according to any one of claims 1 fo 7, wherein the microorganism is a
bacterium or a virus. '

9. The method according fo claim 8, wherein the bacterium is a gram-negative
bacterium.

10. The method according to any one of claims 1 to 8, wherein the agent capable of
covalently binding to BNA or RNA by irradiaﬁon with light having a wavelength of 350 nm to 700
nm is selected from ethidium monoazide, ethidium diazide, propidium monoazide, psoralen,
4,5' 8-trimethylpsoraien and 8-methoxypsoralen. |

11. The method according to any one of claims 1 to 10, wherein the agent for
suppressing an action of a nucleic acid amplification inhibitory substance is one or more kinds
selected from albumin, dextran, T4 gene 32 protein, acetamide, betaine, dimethyl sulfoxide,
formamide, glycerol, polyethyiene glycol, soybean irypsin inhibitor, a2-macroglobuiin,

tetramathylammonium chloride, lysozyme, phosphorylase and lactate dehydrogenase.

12. The method according {o any one of claims 1 o 11, wherein the organic acid salt is
selected from an acetic acid salt, a propionic acid salt and a ciiric acid salt.

13. The method according to any one of claims 1 to 12, wherein the phosphoric acid salt
is a pyrophosphoric acid salt.

14. The method according to any one of claims 1 to 13, wherein the farget region is a
target region of 50 to 5,000 nucleotides.
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cactgcatct ccgtggtata ctaa24 <210> 7 <211> 22 <212> DNA <213> Atrtificial sequence <220> <223>
primer ompA-F <400> 7 ggatttaacc gtgaactttt cc22 <210> 8 <211> 19 <212> DNA <213> Artificial
sequence <220> <223> primer ompA -R <400> 8 cgccagcgat gttagaagal9 <210> 9 <211> 22

15. The method according to claim 14, wherein the targst region is a target region
corresponding to a gene selected from 58 rRNA gene, 16S rRNA gene, 23S rRNA gene and
iRNA gene of DNA of the test sample.

18. The method according to any one of claims 1 o 15, wherein the nucleic acid
amplification method is PCR, RT-PCR, LAMP, SDA, LCR, TMA, TRC, HC or microarray
methad. -

17. The method according to. claim 16, wherein PCR is performed as real-time PCR to

simultaneously conduct PCR and analysis of the amplified product .

18. The method according to any one of claims 1 to 17, wherein the analysis of the
ampliﬁéd product is pérformed by using a standard curve representing relationship between
amount of the microorganiéfn and the amplified product, which is created by using standard
samples of the nﬁicroorganism.

19. A kit for detecting live cells of 2 microorganism in a test sampie by distinguishing the
live cells from dead cells or injured cells by a nucleic acid amplification method, which
comprises the foliowing components:

1) an agent capable of covalently binding to DNA or RNA by irradiation with light having
a waveiength of 350 nm to 700 nm; |

2} an agent for suppressing an action of a nucieic acid amplification inhibitory
substance, a mag_nesium salt, and an organic acid salt or a phosphoric acid salt; and

3) a primer or primers for amplifying a target region of DNA or RNA of the
microorganism o be defecied by a nudieic acid ampilification method.
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<212> DNA <213> Artificial sequence <220> <223> primer MMS-F <400> 9 gggatattgt cccctgaaac
ag22 <210> 10 <211> 19 <212> DNA <213> Artificial sequence <220> <223> primer MMS-R <400>
10 cgagaataag ccgcgcattl9

20. The kit according to claim 19, which further comprises a surfactant.

21. The kit according to claim 1© or 20, which further comprises an enzyme having an
activity of decomposing cells other than that of microorganism, a colloidal particle of a protein, a

lipid or a saccharide existing in the test sample.

-22. The kit according to any one of claims 19 o 21, wherein the nucleic acid
ampiification method is PCR, RT-PCR, LAMP, SDA, LCR, TMA, TRC, HC or DNA microarray
method.

23. The kit according to any one of claims 19 to 22, wherein the agent capabie of
covalently binding to DNA or RNA by irradiation with light having a wavelength of 350 nm to 700
nm is selected from ethidium monoazide, ethidium diazide, propidium monoazide, psoraien,
4,5' 8-trimethyipsoralen and 8-methoxypsoraien.

24, The kit according 1o any one of claims 19 {o 23, wherein the agent for suppressing
an action of a nucleic acid ampiification inhibitory substance is one or more kinds selected from
albumin, dextran, T4 gene 32 protein, aceiamide, betaine, dimethyl sulfoxide, formamide,
glycerol, polyethylene glycol, soybean trypsin inhibitor, a2-macroglobulin,’

tetramethylammonium chioride, lysozyme, phosphorylase and lactate dehydrogenase.

25, The kit according to any one of claims 19 to 24, wherein the organic acid sali is

selected from an acetic acid sall, a propionic acid salt and a ciiric acid sali.
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26. The kit according to any one of claims 18 to 25, wherein the phosphoric acid salt is a

pyrophosphoric acid salt.
27. The kit according fo any one of claims 21 to 26, wherein the enzyme is selected

from a protein-degrading enzyme, a lipid-degrading enzyme and a saccharide-degrading

enzyme.
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