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 backgrbtdFathtbrite st BFA0LsER/ AT oT Mgher st amauhtsichiberinal BGR 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. . . :
ood ‘samitation inspection 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
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[0007] 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 %lg,\cfgitgé)cptgin EJ&[% A/DII;IO,& molar ratio, That is, the above procedure requjres to perform
of total RNX and u

troublesome extraction a LeSTiE Staps SF & se HanRERPABRS eXctibh &nd PCR.
Therefore, tRStEHfquerREFfERBE to HRBaFPCRArGetiHg DRA qgthatificatidn wdiférmance and
quickness. FarthestRMA incontibubusly psaduced ihdivercalls svhereas &NAiderived from dead cells
is decompogeghoyeniime akan eabksipge Hherefare,he techniquglacks 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
microorganisma by, distinguishing them Js rinjur, s (Viable-but-Non rable cells
(VNC cells)) is giscloégedgii:ln%laﬁggnt doc%%nggn(tj?érﬁ%ur%&ﬁoé (%Islacé.jjégogsued&g %@F%%%t% péﬁﬁ%#g% is a
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

ultra high temperature pasteurization (UHT pasteurization), and
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Patent document 2: International Patent Publication W02002/052034 Patent document 3: International
Patent Publication W02007/094077 Patent document 4: International Patent Publication
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.,

BioTechnialigs. 3. pisglosre,of e yanian Problams o be Resalved by e Invention [0014]

By the aforementioned method using a topoisomerase poison an%?qr a DN gyrase poison, or a
cross-linker> & CER o hicrisrgahidh, BLpeRrPive Telis srRmEbstRr adittibacter, Listeria,
Salmonella ¥Eiddatbs so fotkearrbe selétivelydetetted et higinstasitivity. However, a further
improved metbad:aspesially aimethod farhighly sensitivelyprdaghly-aceuraiehy detegting ive cells of
Escherichiaaoréggggﬁpg%lﬁggctoefialFasct%egpn dfieosér%% aher AN gebjea_(t:r;[o%fl’l L@e present iP,ven]t‘ion is to
provide a novel method for more selectively etectihgglkllve (:eﬁs of a mlcrosor%anls% confiined in a

foodstuff or BiBIcYIEar < bIB W BAfe St 8 affFcBIS BRthitred TesSRtethficroorganism, and a kit
for performifigtsuthi armbithod. Meahs of Stlvingthe Probtems [@8dhjent Thednwentors of the present
invention h@\f@ﬁé&@@@xmn%g/%g@%&@fbaﬁeemwﬁ_ﬂ&%m@ﬁ@%93&\6@?&@@ and death of
microorganits@sbwgic%'%s gpggggble to grioggasltgéigZﬁtiogC{Eetho s and is suitable for food sanitation
inspections ofsﬁaigﬁ detection sensﬁﬁ/ﬂ , §nd on & method of défec mlélg%ge%?ﬁé“p]e&%gen in a patient
with an infetBohInHoslsital Gediifical practice. As a result, the inventors have found out that the
distinction ddrbb@élattained with high sensitivity by adding an agent capable of covalently binding to

DA or RNA by irfagiasion witylighthawing.a wavelength of.350,0,10,700 nii 0.2 tes{ sample;
irradiating th tes{tus%qg)@#e ViylthggCht hav,lr%g_a wavelength of 350 nm to 700 rim; adding an agent for
hutiEe R npificadss iffibitory SibstaAfe S mMaghesium salt, and an

suppressing a.naac 6N 0 . i
organic acit shlfELaEDHEIpHONE as¢ saRsantraMPifyivy ackrontegomabDNaast aehibsoorganism
flowing out of:aedlsdey ainucleie acitk amiplficationsreactionhThuse thepreseat nventignhas been

completed.; ¢ 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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Summary [0016] That is the present disclosure provides a method for detecting live cells of a
microorganism in a test sample by ' distinguishing thecells from dead cells or injured cells, 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 ampllflcatlcﬁg inhibitory substance, without extracting nucleic acids from the cells; and d)

analyzing the’

ﬂllfled product. In one aspect, there is provided a method for detecting live cells of a

microorganism in aftest sapfplechy Tsergaishing A5 avkicullsfrom drbldscéls drlimjurgdcells, which
comprises theistepaot celag pdging an agesteapakie 0§ covatanty: Dinding toBINA2xRNA by
irradiation Vﬂé‘%ﬁggéﬁ?ﬁé’ '%9_ al‘ﬁ’?n‘{?é%f“%t&@s?’?@l%fg R %Bﬁoéﬂft@ﬁéﬁ@gﬁls (vRY Irradiating

the test sample to which the agent is added with light h avmgéa wave en%t of 350 nm to 700 nm;

c) amplifying Jfgr)g)eﬁr‘ég‘?&ﬁ%]fﬁﬁ% SF RAADBFthESRicrd3rganisri o

fgd ifthe'REtdample by a

nucleic acidianfsifigatiotermethod iA the m@@ﬁ@oﬁ&ﬁi&g@%r@tﬁam‘@nﬁ arraetiondfa nucleic
acid amplifieatien dahhitoryisubstanege ashagnasium-salbrand an-erganicracichsalt opai phasphoric

acid salt, withaut exlragting gl aGids rom.the cels:and - omd).analyeiag the

é]flgd product. In

a preferred embodiment of the disclosure, the ampiificafion of the target region is performed in

microbial céif&9fita 5?8%?%6’%rﬁﬁﬁdﬁﬁﬁﬁf‘8?ﬂ‘?e BréieRtibnedhethBd> P &Ghforementioned step
c), the ampéfiedtiori of the target fagidnis phridrmeddn ahe Presereelsboneamemurékindsselected
from a surfagtantia ragenesiyp salh and ansenganieasid sall asasheshhedeacid salt.

[0009]

A method in which ethidium monoazide 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

gquantifying live cells count by a combination of culture of a

microorganism and real-time PCR is disclosed in Non-patent
document 1.
{00103

Morsover, as a method for still more clearly distinguishing

live cells and injured cells of a microorganism, the method

desecribed in Patent document 4 is 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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In a preferred embodiment of the aforementioned method, before the aforementidned step c), the
steps a) and b) are repeatedly performed. In a preferred embodiment of the aforementioned
method, before the aforementioned step a), the following step e) is performed: 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
met_hod, the ;[:esazt ds.%rm_)éen isW any qne 1(1)f aflfzgqoidnstug, 3at3;jg 0 ig%sapgjgedrink{ng %abtermincdoustrial water,
environmental Water; wastewater Bh akd & Svab sampFe. Tha preféerre embodiment of the
aforementiéiiéd et Wetpftrottiahm 1§ BatRmimidradirising the atsetefrdtPétbodiment
of the aforetrentidned thethod,sthel hagterium isdigram:nagativetbactetivina wadaiapgeferred

embodimentofthe afprementiongd methad, dheaoentcapable;of, coyalently,bindingdea DNA or RNA
by irradiation wi Ilglhy]avm}g,%wavelenﬁ;[h oft350 nmto 7 Ot m is §elec%eg f}rj%r}g thidium '
monoazide~&tfidium tiaZid ,lpr%lprii ufn FarGazide ,lpgs%rg en, 4 5 8-trime ylpsora &n’and
8-methoxypsstafas 2cidnarpiaferfnt epmbagiEient ottt Bférethentivhetmbiiéngtidagent for
suppressingmsi actien giwaueteic acid amplification inhibitory substance consists of one or more kinds
selected fr @ﬂ@ymin, dextran, T4 gene 32 protein, acetamide, betaine, dimethyl sulfoxide,

formamide, glycerol, polyethylene glycol, soybean trypsin inhibjtor, a2-macroglobulin,
tetramethylammonitii &htoride, Tyrkgd:z%/rﬁé, BH%%BﬁB‘?/ﬁﬁ)a%e? SFffctate’ d&hfrogEnase. Ina
preferred episddifiadtéihecdforepientioacd dnethdfRhedRyErie asitl silbirrsélected from an acetic
acid salt, a prapiwnie acidsalkarg agitbc acid saliin ecpreferras-enmedimment-ekthe aferementioned

method, th phorie. acid salt i I phori id sal . refer odiment of the
aforementi%ri%%%e&%& t%ge %ﬁ&&%ﬂ%a érggltgr%e%%%?o’f é%: ) 35%%8% nu%JI §§3%e%}p In a

preferred effiFodiffert ofthe’ effiSnéGanetitt, the et Pagior s & argetriioR
correspondiily tba geheiselectad rom&S:rRiNie genks 1685 :RNA geney 238 gRMAWgeriepand tRNA
gene of the INA-of the tegbsample. 3y . In a preferred embodiment of the aforementioned method, the
nucleic acid amplification method is PCR, LAMP, SDA, LCR, TMA. TRC_HC .or the microarray ‘
method. In a phrggf*eef?gg %’mgggfrﬁeﬁtso%%ﬁg g?SFéam%nﬂ?%%%" m%lfthgﬁﬁrf’%gﬁrsl%erltained as real-time
PCR to simifhettisly Cbnfet BERCaRd RaFEis0f (i afhIfictPradid@: in which the

reactions of PCR are performed without extracting the DNA from the
bacterium {Non-patent document 4, Patent document 5). In Patent
document 5, there is disclosed that random PCR is performed in a
bacterium in the DNA fingerprinting method, and phosphates and
dodecylsulfates are mentioned zs components of the buffer

composition for nucleic acid synthesis,

Prior art references

Patent documents

[0012]

Patent document 1: Domestic Lald-Open Publication of a Japanese
translation of PCT Application (KOHYO) No. 2003-530118

Patent document Z: International Patent Publication WO2002/052034
Patent document 3: International Patent Publication WO2007/054G77
Patent document 4: International Patent Publication WO2005/022558
Patent document 5: International Patent Publication W02004/104196
Non-patent documents

10013]



In a preferred embodiment of the aforementioned method, the analysis of the amplified product is
performed by using a standard curve representing relationship between amount of the microorganism
and the amplified product and created by using standard samples of the microorganism. [0017] As the
kit of the present disclosure, 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 covalently binding to
a DNA or RNA by irradiation with light having a wavelength of 350 nm to 700 rim; 2) an agent for
suppressin L acti f leic acid lification inhibitor nce; . .2 3) aprimer or
primers for%%qp%%%%gg t%ggg#l é{%gjr'? 'o?gam II%?NA%?)F R%Ng,&%) iﬁelr%geigrg%%isgrlﬁg%lgg detected by a
nucleic acidamisftatioPinethBa: HodneUepd®; terei€%rovided a kit for detecting live cells of a
microorganiérnipattest sampleby distifgdishtingBheBive edllsfromideadcklisioChjureckéells by a
nucleic acidamplificatiogynetbod, wiichgomprsesthefollewing components: 1) an agent
capable of %%\{la_le.r%tg{jginddgggrggngl\% Oéi%yférﬁ?y i{]radiatjconayvith ﬂg]g_tcgavi%g }?FWﬂ/géﬁngth of 350 nm
to 700 nm; B an agent for suppressing an actioh of a nucleic acid ampli cation inhibitory
substance, salt *4fd gr?oréﬁn?éééﬁgalt or a phosphoric acid salt; and 3) a primer
or primers fdo@ampplifying ddangettegiorkofbBiAyxr RNA ofthd micsdorgahishate Hie datected by a
nucleic acidagplifigatioagngihod. In a preferred embodiment of the aforementioned kit, the kit further
comprises one or more kinds selected from a surfactant, a magnesium salt, and an organic acid salt or
a phosphoric acid salt. In a preferred embodiment of the aforementioned kit, the kit further
comprises &f BRRE haRindlah ABHFRF BTlecomposing cells other than that of microorganism, a
colloidal pariicie eins pretein, &dipidverdasacchariderexisting in the test sample. In a preferred
embodimenggfthe aforementioned kit, the nucleic acid amplification method is PCR, RT-PCR, LAMP,
SDA, LCR, TMA, TRC, EC, or the microarray metho%j. . _In a preferred embodiment of the
aforementioned kit,Bt"fllet Seﬁfﬁjéﬁr&%ﬁléc 30?%%?/6{1‘35%?)9 iﬁ%ﬁﬁﬁ%oaa%ﬁ%ﬁ?rﬁﬁﬂsﬁy?r?éﬁ%{fion with light
having a warslépytia obPS5onmREs 7D0LAATIS S&lctted ddn Sthidinm MeRoagide athidium diazide,
propidium rRepeazidepsaiplencdsl Srtrimetidpsetalenoangi@vethoxypsaralenactedn a preferred
embodimeny. of ibe aforementionsd Wi, e Agent far suppressing.anaction gkaudlgic acid
amplification inhibitory substance consists of one or more kinds selected from albumiin, dextran, 14
gene 32 préteff hEaritR, B TR iid iy F ¥ ulfdkiE WoFmamide SGREtBE T 7ethylene glycol,
soybean trypsitrdchibitopsa2 rharreglebithion tétraniethfamaresilivd chlgride, lyspziye, phosphorylase,
and lactate glehyeegepagetecting 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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In a preferred embodiment of the aforementioned kit, 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 kit, the phosphoric acid salt is a pyrophosphoric acid salt. In a preferred
embodiment of the aforementioned kit, the enzyme is selected from a protease, a lipid-degrading
enzyme and a saccharide-degrading enzyme. Brief Description of the Drawings [0018] [Fig. 1]
Electrophoresis photographs of PCR amplified products obtained in the method of the present
invention "Live" represents live cells, "Injured” represents injured cells [Fig. 2] Electrophoresis
photographg showing.r, of detecti li Ik ' rganisms performed by the method of
the presentgiﬁventi%%l&%U(LT%?\’;’»n ,é%c%%%%iﬁp%t?&%%ﬂ%g%gﬁgé %stlﬁ S 8?%%?@&%0% of live cells of
microorganiaiie peffimet by a ESW(%HBH%I PO i0e PHEp RS SRS 198 Cemsa Sraliisd represents
injured cells*fFig. 4fBlioksterzemieroptrtoghapti avfedstercbscopit microphategeaph of a not-heated
physiologicaksaling suspensian o Eiterakastes sakezakiihactegvm JHA.-5] Elugressence,,
microphoto%@%@nﬂﬁtggeg%o%,m'ggghotggr%p%gé a l%pernatgnt of a not-heated physiological
saline suspension of Enterobacter sakazakil bactenum [ngg. 6P ERIcTB&EEIcEMRTEpRBtSGraph and
stereoscopit MRTOBhGLGEFEh B B SHyEibicuicariakié Stk paikicRetEnterdramtes Hakazakii
bacterium aftertrepatitioanobthemial eyciels siiig. 41 FHupheseenes misraphetooraph-and stereoscopic
microphotoganh e asRewalaAL oS- annyiiglogical aalins sushension ol FIgrpAcisy sakazaki
bacterium aétg rgplf(?tition of thermal cycles [Fjégt},eS] Fluorescence mlcr%p otograph and stereoscopic
‘microphotograph of Eriteropactet S HFAcETRIn SushefitiePir a notReatetf pregEaThent agent
solution [FREYHAStedeeh&eptictspi®epdph and stereoscopic microphotograph of a supernatant of
Enterobacter sakazakii bacterium suspended in a not-heated pretreatment agent solution [Fig. 10]
Fluorescen%‘é%%photograph and stereoscopic microphotograph of Enterobacter sakazakii
bacterium suspended in a pretreatment agent solution after repetition of thermal cycles [Fig. 11]
FIuorescen&%ﬁu?@rophotograph and stereoscopic microphotograph of a supernatant of Enterobacter
sakazakii bacteriurhsuspendesd in-a pretrerimeni-agentselutiosaftemepetiiorsef thermal cycles [Fig.
12] Drawings showing resyits-ah flow.cytamstry of physialagical saline suspensiogs.of the Enterobacter

sakazakii bacterium oqr supernatants thereaf.in a non-heated state or after répetition of thermal cycles
[Fig, 13] DIARR SPERTSrcetis 57 ol ybriats S1ERE ERterdbaEte SR taGerum
suspendedihiEprevanihent dgentEotgtor B supernatants thereof in a non-heated state or after
repetition of thermal)cyalasnifign 14jAit elegiconioresisprotegranh st e A65t238 rRdA gene
amplfied pradlygl, oBlainegbinythe methed.ohia presentigveniion isig lhe Hhigeabagler sakazaki
bacterium treated with various fixation solutions. Ct values are indicated as average and gD,

700 mm to the test sample;

b) itradiating the test sample to which the agent is added-
with light having a wavelength of 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;



and SD is indicated in parentheses L: 100-bp DNA ladder A: Fixation solution A B: Fixation solution B
C. Fixation solution C S: No fixation [Fig. 15] An electrophoresis photograph of the ompA gene
amplified product, obtained in the method of the present invention using the Enterobacter sakazakii

bacterium tredtpidavidiing fratetikstiowiscrivbieh e rderisneddedivdte doid bedngge waneBmtand SD

is |nd|ce;%q5m1pr@{@@g@er§ﬁs A: Fixation solution A B: Fixation solution B L: 100-bp DNA ladder [Fig. 16] -
Electrophoresis photographs obtained before and after PCR (16S-23S rRNA gene ampllflcatlon
reaction) by using the Enterobacter sakazakii bacterium Lanes 2 and 3: supernatant of PCR reaction

mixture Lane&ﬁa@ﬁ;ﬂi@:r@@é@r@eﬁtmgted drapmer pailataiiehetkotegdnystheoaalntdgatisniaiter PCR
' react|on Lane 7 and xtrac he cells Lanes 9 and O DNAs extracted from

the cell® ac?u;ﬁ u8e %Ectﬁcpqseé? ﬁ%?st F %%%%F{ ngzhésp Fand 12 Taﬁﬁg\%néx Hracted fromaAe cells
washedeiftar @‘cadmmmfemé m@;ﬂfmi@mmtﬂiamw@mqaomm@nsmmﬁoamcﬁﬂ@r&nmo fixation
[Fig. 17} fdectiophos ﬁﬁ‘s?tﬁ’&%%@‘é%ﬁ QfisvsRengioat e HhadiRiebacierRakanakiifacterium

subjected to a heat treatment in the presence of physiological saline or pretreatment agent, and
centrifugation supernatants thereof L: 100-bp DNA ladder Modes for Carrying out the Invention

d) analyzing the amplified product.

In a preferred embodiment of the disclosure, the
amplification of the target region is performed in microbial cells.
In a preferred embodiment of the afoiemeﬁtioned method, i
the aforementioned step c), the amplification of the target region
is performed in the presencé 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



[0019] Hereinafter, preferred embodiments of the present invention are described in detail.
However, the present invention is not limited to the following preferred .embodiments and may be
freely modified within the scope of the present invention. The percentage in the present description is
expressed as a percentage by mass unless otherwise specified. A target to be detected by the
methodagthegitgent ifvemtai. includes all kinds of nucleic acids, specifically, single-stranded DNA,

double-siranded DN siRgle-siandsd RN, enskdobiesstianded BNA, a5 avg s the target can be

amplified eventually.”Of those, the detection target is preferably DNA, particula ? preferably
doublREtr8hEe G TN PEEDEPELORAANBHST thé prESEntAVeRIERT StRR: fethBd of the present
inventipaxs armethod for detecting live cells of a microorganism in a test sample by distinguishing the

live cells from d a@fé‘i‘;@i‘?ﬁ”l&ﬁ%d cells, \gggl{gfpl%owggﬁeaﬁh%ﬁ 0k o rin ) gllgding an agent _
capable of covalently bindifig to a DNA or RNA by irradiation wit d}l‘%ht aving a wavelength of 350 rim

to 70038 HHE 18t S5ripIECs ing) GRadiatinbhife (EREBaMpR- (R HFIROZgeRdEdded with light
havingraWaveleAgtirot 360«imfo Z00mimein, &) ampldying:a targetregion ®f the DNARr RNA of the
microojganism eatainedin-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 nucleit AcREHEmTRe &NRCAHI iy Hig tﬁ@%ﬁﬁ‘ﬁﬁ%ﬁkﬁﬂ%é’ﬂ?ﬁé’ﬁﬁr] then the
specifieatignof the grésentivEntion atherterer e st sampie’ drefiersrtacimaobiact pantainiaglive cells of

microqrganigm toshe getscted ntheest.sample is not particularly limited as long as the presence of
the microorganism can be detected by amplification of a specific region of chromosomal DNA or RNA

by a nucleic acid gmBifciGEMSREG B REBHetfedR iHeTtffe Tesidsidits thdlogical
sampléesadrimangleater, mdustried wetes, Eovidenmefialavateswastexlatesnssik swab samples, and

S0 fortey syl payfiedar, Risleized sxemples.of IEEJEE?%‘&HE%QE'%Qstgﬂnk%%&%v%(%éﬁft drinks,
rinks (including

carbonated soft drinks, supplement drinks, fruit juice drinks, and lactobacillus
concefiftatbsit FoRtidrs SAMBLE drinks); ice confectionery products such as ice creams, ice
sherbets, and $hagegied daindpratusis senh astprdee ssedraikermilkti kae fersae ntegemilk, and

butterygnteral foads, dvid diets il for infant, sports drinks; functional foods such as foods for

specified health use and dietary supplements, and so forth. [0022] ~ Examples of the biological
samples include bfodd SAMPIES il SHmpits, CertBophiaNid saRTds T§iAal filid samples,
pleurabeffisionganiges, spramrrsagrilésefebes samples, nasal cavity mucosa samples, laryngeal

mucosa samples, gastricAavage SRt SRMPIES: RYS SAmpIes,skin Musys membrans. samples, oral

cavity mucosa samples, rigs iratorégor an mu%us membrane samples, digestive organ mucus
membFsa safibias &y & tonfitti PERCpiterita B PreS T iBdRtive B SARSEBS, parturient
canal vdpldsianbtirersimilk sawsptes coaliva sedmphas, vontits, tontemts f budlacane o forth.

Examplespfdhe eavirpnmena) yvader belude; tap walsh groundwates; [iver,water, rainwater, and so
forth. %%%gleh, 4,5',8—trimethylpsoralen; and 8-methoxypsoralen.

In a preferred embodiment of the aforementiocned method, the
agent for suppressing an action of a nucleic acid amplification
inhibitory substance consists of one or more kinds selected from
albumin, dextran, T4 gene 32 protein, acetamide, betaine, dimethyl
sulfoxide, formamide, glycercl, polyethylene glycol, soybean
trypsin inhibitor, a2-macroglobulin, tetramethylammonium chloride,
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

8



In the present invention, the test sample may be any of such foodstuffs, biological samples, drinking
water, industrial water, environmental water, wastewater, soil, swab samples as mentioned above, etc.
themselves or may be any of diluted or concentrated products thereof or any of products obtained by a
pretreatment other than the method of the present invention. Examples of the pretreatment include
heat treatment, filtration, centrifugation, and so forth. [0024] Further, foreign substances such as
cells other than microorganisms, protein colloidal particles, lipids, saccharides and so forth in the test
sample may be removed or reduced by a treatment with an enzyme having an activity for degrading

them or the like. In tt]e.cas,e whe{e the test sam I(c—:; isl?on% %f m"kd dsaai%products, and foods produced
from milk é:’rh&’gr%l;‘%?oau%fsl,dexsaamﬁlejssofa tHe'celis other than érﬁ?éroorganisms in the test sample include

. bovine leukocytesi manrpagieaprickobpesnant so fénh. Measmaneipre easéstheiéithe test
sample is apygdbielogical samples syeh asshioad sanglessusneosamptas spinakiuid samples,
synovial fluid samples, and pleural. effusion. les, : i rythrocytes,

leukocytes (such a%l g?aﬁ;ﬁieo%/%géne%%%&% ﬁg%g?pﬁ#g%%%%%f%ﬁ% ?yqrﬁ%%%(?(ffegﬁ( ?

thrombocyte< %rd §85fth. 18025F2 T 2Fn & SHAEIE TRttt OfarkPlimiteerss TG @< can degrade
the foreignfsulpstahiceRi@nd eloes héSdaiigyarive cellsSofaRiéropryanismdo Paldetsctedy&ind examples

therer?f n(;cg%pgej@g qg@mg[@,d@%dgfﬁggg\g enzymes, protein-degrading enzymes ankc)i T but it

saccharide-degrading enzymes. Of those,.one enz or two or more enzyme used, but it is

preferable to use céj&hatl?e%g%?agéraeﬁéa%lr%ﬁ%e an erbeﬁotzéxlﬁ-r(%l&%%}r?éi Pé%zr%%gg} %&{/ aﬁ}ﬁ the

lipid-degratiitfy ehgyhie orotein-degrading aAfine dfd Zakchailiedetradidg-Bnzyiffe. ERamples of

the lipid-degrading eneymes daclude lipasecdphosphatase, and so forth, examples of the

protein-degrading gnzymes Jaduds seiineiprieass: yslenenigleRse RLISASR K, Rgpase, and so
t

forth, and examples of the saccharide-degrading enzyme include amylase, cellulase, and so forth.
[0026] ‘PhE@=FTerI5igisias andhett to %% SRR T SR GFtHE BréSEht invention,
and is not pagiquadydifnited sonphgfasit carpdecadstected by nucleic acid amplification methods, and

- the agent capablegf Goyalently-hindiggioa RINA eERNA hyrisradiationomith ligbtheyjngwewavelength
of 350 nm é% aYLQO nm a t Qe"vfm c§l£sfg1; g1e grni%rocqcrggnisrgri a manper giffi%rené frqtrg E}Q-Q} Cfior dead
cells and injuré’"a%Jéﬁs of the micraor ‘anlsnli-}. Preterre eaamp?les include Bacl%rla,sfungl, yeasts,
viruses, artH$FoRRCTHEDASRT ia IEPOI Y rRRT R R Baete R4 aftgram-negative bacteria.
Examples atl the-graarpesitireibabteradpritfieStapbylecoceus baecteradsueh asiStaphylococcus
epidermidigtgggﬁgcgg&%gg@c&ri%ﬁgcgp&ggg@ggggﬁgus pneumoniae, Listeria bacteria such as
Listeria monocytogenes, Bacillus bacteria such as Bacillus cereus and Bacillus anthracis,
Mycobacteh% Uacteria such as Mycobacterium tuberculosis, Mycobacterium bovis and
Mycobacterium avitfm &l ostlididntbacterisesichias Blosteidighebotalinemrardd Thostridium perfringens
and so forthi Exagaplescetthemgramviegative: bacteriairelboentesabanteria efwhishgdypical examples
are Escherichia hadigpa.sudh g charianiacpll Ealsiopadierhacleria.such asanialppacter

sakazakii, Citrobacter bacteria'such as Citrobacter koseri, and Klebsiella bacteria such as Klebsiella
oxytoca, afd, SaltiGhefa Rt riamRAHo BREE A "PEROto TGRSR RETERASE&gidiflla bacteria, and so
forth. Exanfpléscefivipusimgliadentiruses having an envelope such as influenza virus, and viruses not
Foao\/;ng]; envelor;e by h@yi@gﬁ]@@{y g@gﬂg@c&@siio%yfg&@gy%meﬁgst@t@vtﬁmeglan@mdenovfiruses.
7 As for viruses, there.i own a method for measuring activation and inacgivation of virus in
water, in vPACH S RS T B (TS IPKET ENTA 1 aTow et At dobk bample. anc
then only activatedvird8e3ZHemeaSuFEBY R PR R Techigtitieic acid
tokyo.ac.jpHurihéilabtjisotsimbii42 R | sofssrenddmlabivelopment of ethidium monoazide
(EMA)-RT-PCR forselectivefletection.of anterieirises s Bthy nternational Swpnposivg gn
Health-Reﬁ%j Water MIC{OE{L%NO%%,(EAGI BaJ'-Jgpn %5’ 009, Urs%Iirée Conference Centre, Naxos,
Greece)). Tha iSTit |sP§u°gges &d"that EMA H6eE ot pe%e?%‘iggacﬁlv EdirtgeE ?Jb%tapc etrates only
inactivatedaiRisesirabirRs@@ERMdg physically injured nucleocapsids, and therefore, activated viruses
(live) and inactivated viruses (dead) can be distinguished with EMA. Therefore, it is thought that the
present invertiGieahshe Appliededct oflyRbhactesia fifdmerteustirgirand yesst Betako to viruses.
[0028] Ljﬁle Prédént ﬁ@ghﬁ‘a lﬂw@"lf\?egEeﬁ'agﬁ%‘? ?@5’ ScslF P aSEle tatthe céifan proliferate,
and exhibitsZﬁFe@?%ﬁé%piﬁlﬁleesie O@Se ﬁﬁgﬁ&@ﬁgﬁ: ViahleZaid=Clit Vyeréﬁleagtlac%eh when it is cultured
;W g compptents
under generally preferred culture conditions, and is a cell substantlal?y free fcron‘?lnjury of cell wall. As
the metabolic activities mentioned above, ATP activity, esterase activity etc. can be exemplified. In the
present invention, viral particles are also called "cells" for convenience. As for viruses, "live cell" refers
to a virus in a state that it can infect a mammaliag cell and proliferate. [00291



The "dead cell" is a cell in a state that it cannot proliferate, and does not exhibit metabolic activities
(dead state), even if it is cultured under an optimum culture condition. Moreover, it 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, tt8adeent sereriasiEoTRIeTHY PR PN AN Ry dradintiemeliafighihayiog 30]

The "injareeveadnidniusegseatne fo/fpleraut-non culturable cell) is a cell in a state that even when it is
cultured under a generally preferred culture condition, it hardly proliferates because it is injured due to
artificial stress or environmental stress, and it shows metabolic activities at a lower level compared
with a live cell, Huaraagigmificastietaistungraastionith a nlesel cetid Asoificatise snhibjtorgd cell” refers to a
virus In g el taLeyegitdiniecie amamaian cel Lesonobpalipieidagiay  In this
specification, unless spécially mentioned, the™"live cell’, "dead cell”,"and "injured cell" mean a live cell,
dead cell, and injured cell of a microorganism, respectively. [0031] Detection of bacteria exhibiting

the state of injuspd peHRdoeptTBithhesHRamsentpoadBYtstEA I RIRIdtigsss attracting

attentiorg},]iicrgr D;a}_rtg:r%%, tion tggl ﬁt%%eOfgo%dn%%@;tg%%% igl%pﬁﬁgé)tp r?nde%rliigi al test, and the present
invention provides a metRo for eC{ea(ting a mlcroorgarﬁsm, Which €nables not only detection of live
cells, but also disiirgcﬁionrcgéévreg Ilsr}ﬁg) deea cel sqr injured cells. [0032] ~ ~ The unit of cell
number is usually ceff fimber (cellsjim1 for al ot ive cellg-HireT e ghddtadidsls. In this
specificatftrt: tReCAPRURTIBISSRDresentst By%e dgathnseandted olivretisuintasans: 10a cells/ml.
The numierebiies telis it bezapproximatec vith: asauiier offaimeskeplonias: (gfu/ml (colony
forming ugiséml)) 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
number of formed colonies (cfu/ml) observed when the cells are cultured under an optimum condition
on a suitable plate medium, 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 with that of a
live cell suspension of a known live cell density to calculate the number of injured cells treated with the
antibiotic. As for viruses, unit of cell number is represented by plaque-forming unit (pfu or FEU).
[0033] The method of the present invention is for detection of live cells of microorganism, and cells
of the microorganism distinguished from live cells may be injured cells or dead cells. [00341 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 cells by distinguishing the live cells from dead cells or injured
cells" means to more selectively detect live cells compared with dead cells or injured 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. [0035] Hereafter, the method of the present 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. :

Sa



[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 molecyles feutber, dniscekimeatedthat Hie agenkaeevaleniydincdsttp asigle-stranded
DNA qr.RN irradiaf ith. light to_inhibit.r ' The henceforth also be
simplﬁg ge%%sétg%afsd éc%glgﬂ%gr%ﬁ@mg %?gﬂigﬁ?l%egtp% ett%% )r/%t h[§sg (Xjﬁ erent actions on live

cells FicFoStERRBNT BB PAIRE RiRhTAFEeBIRhEbelB SithibdBigamamtasd SoffatR cells such
as boynreteukocyies. lptkigcyies aosHrenocyte s-Mere specificalls the srosslipkey is preferably one

which can more_easil s thraugh.cell walls of ipjyred or dead cells, of microorganism and cell
membranes pf%%r%agé%%s 5 gﬁ%h %bﬁjéq\ﬁrrqg%uﬁg:;{fgg Igfﬁggﬁgg%ép fherém]%%%gytetsﬁgompared with
cell walkdElve aslislopmérobrganiorn methedamp|dSBf tHETcRISS |idkkéfEncloBR ethitium monoazide,

ethidiumudiaziges pseralesr4.6: tHmethypsarilens 8nsethoxypsoralen, propidium monoazide, and
so forth. One I&[ d of thosfe crosg-link%%.maé be q%_sec.lﬁalong, or two or moren&ggds thereof may be used
in combination- 0038} S-S T cSHATIONED th treatment Witk e crossdinkeF may'Be appropriately
set. Fagexampkyzohditivh s-foy ekl distrguishia g tivesc il¥Pofomidtsardanismfadiedéad or injured
cells q&f_&@%gﬁei%@@ﬂ@?&d%@meﬁg@ar addingvapiousconeentrations.gha cresg-linker to
suspensions of live cells of microgrganism,to be detected and dead or injured cells of microorganism;
allowird BTt ETEFEHMBN TG R For FaroTs- HerifdE bt Hive RegarStHG tTEORRAE HCentrifugation:
a_nd_ am&lvz_im@&_he cells bwmwewa@dmﬂmtm&neﬂmmtﬂdﬁggm@r_admditions for eas!ly
distinguishing Hye gells o micrograapisin ffom varoys,celly can he detarmiped by: agding various

concentrations of a cross-linker to suspensjons of live cells of microorganism to be detected and
somatREEHs Sth S5BBY RSk oR RS fomboRy B Aftd iy the eiBefsicasi®Btand for
variousjiefistiscaftineeisaparatingdhe cetls antl theavasiousceell khyeensilgatiend andanalyzing the
cells byjiaeueleigadd.anplijealion meingd. spacficaliy: candilions.afa fieatmepb il ethidum
monoazide at a'final concentration of 1to 00 ug/mf for 5 minutes'to 4 Tiouré af 410 1 ; conditions
of a tré3tHiERE it efFREAT 8R&idg B MRl copReHBRIYR D7 G100 Lg/FPIgPERInutes to 48 hours
at 4 totk9fpisdendifion® Ot axireatmentwih wppidivn meteazkichgt asftheh concentratagof 1 to 100
ug/mi E)rSSOr,Pinutes 488 qurs, at, 4 to 10§;l(§)cr1cdit1i;oens of a é@gtmengt with psoralen at a final
concentraton of 1*£0-5 1o f&w\{lg?m?fora‘glminutesa’[o 4§1 Rotrs a??gafoeﬂc; conditions of a treatment
with 4,5' 8-triméthyapssialai sea MiledHeentrafbn Bra Raersnenioiagsal fok 5.mifies to 48 hours
at 25 tgxpiziandeeadiéians of & keakneatwithSnmethexmsoralerat adingl cancentration of 1*10-5
to 10 ;#{lml _{%{" @i%uéeﬁt%g§pour%a32g{% 37((:3 are .eﬁem:#:{:ied. [0039] (2) Step b) Next, each
test s f)DIB con%alningjt e Cross-finker Ts iFradiated With ig% aving a wavelength of 350 nm to 700
nm. The crossFinkér BAR Eesigdaysapesngi ceth vt fafsarssit iamgthjineld, céllsecompared with
cell wallseidivercallsefmicsagrganis. JheseforadhisRresyaied thatdhe cross-linker does not
substantially pass through cell walls of live cells of microorganism but passes through cell walls of
injured or dead Celfs gﬁ%?‘c?%? arﬁ@%?%%%%%% sod:‘mg%llg c%%aél’,%?ﬁﬂ:eh"ﬂ%? the treatfient is performed
within thezaibevé-snesticuitpefivds of timetieEspresunmdep iidhtiagra s, ¢heyressitidker moves
into deggl-samaticieelisedead and injyreshsells of microorganism, and subsequently form hydrogen
bonds with chromosomal DNA or RNA, and then the cross-linker irradiated with light having a
wavelength of 350 nm to 700 nm cross-links DNA molecules or covalently binds with RNA and, as a
result, Balisés Redefoimpation ivfhéhromosomzd DNA or modification of RNA with the cross-linker,
eventuglyrgsulting 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 AT 760 nihSRaY TROTTIE ST REATGIHFRRAT) S WEE Mgt HE 486 MhG¥dEPnm, and the
light malytsei singlewatbke i tight of nmuig-wansslengthilightniniadditibhyalt lighpeeryonents may be

in the range Qjé’i@psr’lm..tﬂ%%gam, .greg@elggggaxm%%sggg}l\gavelength light having a wavelength

shorter than 350 mm and/or long-wavelength light having a wavelength longer than 700 mm. The peak
in an intérSty dibriRohEeRTerSGabR MRESERERY %ﬁ“ﬂﬁ% THOhRT YeféabRr thetight does
not inckfi el d e mpdrient afitma ctost-ganeleng th 4o Suchesdegregithatebramosamah®NA of a
microorganism is cleaved only by light irradiati:(gg. [0041]



When chromosomal DNA of injured or dead cells 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. As a result, the live cells of
microorganism can be detected more selectively than the injured or dead cells. Further, when
RNA of injured or dead cells is more preferentially modified with 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 regiqn 9f RNA of the injured or dead cells is modified, resulting in inhibiting the
nucleic aci am Iifig tigT reactions. As, a result, the live cells of microorganism can be detected more
selectively thahthe thjdired oF Jead S8NE. o029 2PIiF o 0IRtERR d SRIbTHRNTen S prsent
invention, tHe ciégelifRét s ethighamonorvaizae, andthensethodanchresihiostp oeiadiating a test
sample to whigh€thichyiryneneazide-is adued, withdiphtdavinga savyalengtl @f 5Q-am to 700 nm.
Ethidium m @gagid@} (%@ggmlyﬁ%%&%%%ﬂ walls 8@@#5%% ﬁgéjcead cells compared with

[ i A does not substantially

cell walls of live cells of microorganism. Therefore, it Is presumed that E ‘

pass through-CEPHEI S Ve c&ls%ﬁmﬁ“%%?éﬁﬁiﬁqﬁﬁcﬂé’%é‘ﬂh%%W?eﬁ%%"‘ﬁ?ﬁﬂu?e% or dead
cells of micfyorganismicrrcetaembianeswfddanh somatic cells. Note that, in the case where
leukocytes ardghreambonydes dadleedarediheels BMA cain mare-Lasibppass through cell walls of
the cells In aiRrlzeRLWBLEEAL A ROGIIG Spkaollge. - - EORCerInG RINALRaHIGH Al EMA
moves into dead somatic cells and injured and dea cells'of microorganis and fiercalates randomly
into nucleaﬁﬁm,eaﬁ&?ﬁ%?ﬁé%eﬂfEll@fﬁ?%r%ﬁ%ﬁ@d%’fé?ﬁﬁéﬁeb&f didtion with light having a
wavelength I6t:360 fim EdUZ06 swrararedl bincsobedlentiyrio andlesrddNdstwpiass-link DNA molecules.
Then, it is preswmed that:EMA yehishhbindsoovalently 1a bases:asd-daaxyribgses in chromosomal
DNA at many, é)%g{ga% %%essé?klgzr% defggncwgtiog in tgg %@rorrgogg. a}] DNO I sulting in disrupting
(fragmentating) the chromosoma NA, %r‘tﬂler, concern?ng ouble-Stranded RNA (including
partially doiet&fanded RNA), EMA moves into dead somatic cells and injured and dead cells of
microorganismand int€icalatescandomiyiothBRNArant thed intercatateebEMA is converted into
nitrene by iradision vathy ight bavingaguayvalenath of 30Q A 101700 pm anch binds covalently to the
RNA to crose igk RN, molegules, then. 1L is plesumed that EVA whigh binds covalently g bases of
RNA at many points causes a large detormation in the RNA, resulting i disfupting tiflragmentating) the
RNA. ﬁﬁﬁ%@ﬁqo‘?@?%@ﬁceming single-stranded DNA or RNA, it is presumed that EMA moves into
dead somati¢tellssnd imjured anddeadaelis ot pyergorgands ey @rsbthespconverted into nitrene by
irradiation with light baying s.wavelenqth of, 350 ara 19700 amy which hinds covalently 19 the DNA or

RNA. [0043 o FheAgergss-lln,é(er Qctherjéh@n ethidiulrp monoazide may also be used so long as the
cross-linker can more ea%ﬁ;? praesas er%ugﬁggé]ﬁw%ﬁ) sugf]’l%]jlured or dead cells compared with cell walls of
live cells of Mit¥oofgariShe EPreanTrossAPRhDNA bRV i) DTS EOIRNA by irradiation with light
having a wauelength o @adhnfo # 00uper-langrwavelangibultiavielet Hght o5 vigible light) to thereby
disrupt the ghrampsqmal A QL modify RNA.IQ044L . Lopditians fardhe reatment, with EMA can

be appropri el% deﬁ? m}}ged. For example, conditions that enables easy distinction of live cells of
microorganis from dead SEIRSREGRUPE G I AT BP B TN ETFEY 2SRFMG EMA at various
concentrati®hSterspEHgiBAs O IReteatibantanjureliicelis or abcéies of Wiipanibrdolgarism to be
detected, leavingdhenefar vatays periodsaf fime thendsradiaingdhepn it visihlellight, removing the

cells by cenfiflugation of ihelike-aadeairen, Austpetloling.aaaliela B augletc acid amplfication
light can als

methods. Preferred conditions for the irradiation of li o be appropriately determined by

performing Stch & _%&%%?ﬁ%n?gsam%?ﬁ%ﬁréﬁt&%vé’ S SErR R rradiatibhtdies. Specific examples
of the condifsiiSiorthesieratinton oflightunefieaitradibtioncofligbudfit®0 46 tE50 W and the
aforementiared wavelength fae biainuiesiies2 hours from a distance of 10 to 50 cm from the test
sample. Theggradiation flightds RIGISrARlY performed.at a,lgw IS/IpeIRUre, for example, with ice
cooling of the sa_mE)Ie. [0045] ]

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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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) of 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. [0046] For example, if EMA 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; JouLnal of Clinical Microbiology, 2008, 46, pp.2305-2313). On the other hand, if .
EMA is alloWed to bt abaiir edneeptitib i or Examplet I6Wef thaRee Yighhl FaRhough permeation
into live cells¢apdie: aveidedpermeadtipadeaie into deadeellsialso deereases;tanchthergfore, dead
cells may alsq be;dgtecied hy.nycleie acid amalification reaclions. Thetefore, iyis prefgrable to use a

high concentration of the cross-linker in the step a) of the first time, and make the concentration of the
cross-linkeiRE i Hi&™8t8H 1) 6FEECord Tl and thereafter. [0047] Specifically, the final
concentratiofiief-thetdrdss-fiketiroteosts a) pitedirsplinelis fer &k8nighe, 18%o 380=ug/ml in the
case of ethigigm: MERORZiES.AH, toobRQ Lg/mlin the=Case pbethidivhedinzident0iavidd ugiml in the
case Of propidiin Janastide, X 10-5 4040 P A dbe.cse OtRIOLen: X P LD ugmlin the

case of 4,5 thylpsoralen, or 2 to 10 ug/ml in the case of 6- methoxypsoralen. Further,
the final coNCEIATOT O thd W dss- ket 8fep é?%?ﬂ?e%%c%ﬁoaﬁﬁfea%oafhirggﬁer is, for
example, 140l Gpgiml indhexzse dbhetidRirhimendazide, 1 to 10 pg/ml in the case of ethidium
diazide, 1 tg 1Q@g%imﬁAep@§@le propidium monoazide, 1 x 10-5 to 9 pg/ml in the case of psoralen,
1x10-5 to]g pgj é‘ n the case.of of 4 5]]g 8-trimethylpsoralen, or ix 10-5 to 9 pg/ml in the case of 8-
methoxypsoralen 62@] urt er, the treatment time of the step a) of the first time is preferably
made shortet tharahiof %ﬁé%‘iéﬁ’%)%f the second time and thereafter.Specifically, the treatment time
of the step @) df thetfirstitime is; foreXample, 5 minutes to 1 hour in the case of ethidium monoazide, 5
minutes to &.heur '@Lgmacggge of ethidium diazide, 5 minutes to 1 hour in the case of propidium
monoazide, g mlnLitg %éycr in th e Case of SO alen @Btte%t 1 hour in the ¢ $€.( ofd

4.,5'8- tnme{h)ﬂ soral n, or mmu%’s 6 TRSuFin the ¢ ge 0 metho>€/ gora?ean & treatment time
of the step & SRS st it ARdHherBERRRTS q%r@k%rﬁﬁl%s@ﬁllnm@%ﬁ% HEUFSit e case of
ethidium menearzide:; & minstes t@48/hburs ér then caseasfesthiditim whaZiode; 6Eminttesito 48 hours in
the case of ropidisia moeeaszﬂ%e@ ninutes 4048 beuss inthe £ase-pkpsoralens 6omingtes to 48 hours
in the case of 4 5 8 |meth %Ien or 6 minutes to 48 hours in the case of 8- methoxypsoralen.
[0049] H‘e Ween e st@pg ga preV|ous cycle and the step a) of a following cycle, the step of
removing the unikBakfet crsssilinker fhay be added. Moreover, between the step b) and the step c)
described helow, theisrepsofiiemeirg the cross-linker may be added. The cross-linker that does not
react in the;stepua) iS uswally sylstantially |nact|vated in the step b). Therefore, as a method for
removing the cross-linker, a method of centrhfug tes&)sam %tg separate Cpregptates containing
mlcroorganF.:,Fr‘?'l‘?{’;inciL @s&&&ﬁ%{iﬁﬁ?‘éﬁﬁaml Tlnﬂer remeovmg fié supernatant is
mentioned B&Rhig 6%3%3éft?e‘?~¥ﬁeQ;?B§sﬁl¥i*ﬂ<3eﬁécﬁém@ve€@ﬂ¥é%%‘éﬁ dPvashrg tHEemicroorganism with
a washing agestbay-eptiopalty hekaddea:{€@50(3) Step ¢) Then, a target region of the DNA or RNA
of the

Lanes 2 and 3: supernatant of PCR reaction mixture

Lanes 5 and §: DNAs extracted from the pellet washed twice by the
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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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,oraphesphoric acid salt may be added to the amplification reaction solution. These
substances @a‘a/ b ﬂseﬂin epe dentsly or s comb'natioin of ané/ two or mare kinds of these. It is
particularly praferable t6 a0 alFdFthede SibSandee The ordEPBF e 2dtiition bt he agent for
suppressingrraehsatcia fickae HeidRatipifiédfoAURbRMeTY Substaheet the stirernanithe
magnesiuntsaltpassdie=organinacid saltieathe phospharigasitrsaltisnot dgiied, and they may be
simuItaneogég/@qggga@g%?,]supe];I;getQHE@igf@g@fnpIification inhibitory substance is a substance
which inhibits a nucleic acid amplification reaction or a nucleic acid extension reaction, and examples
include posttively & g intibits#y substances adsorbing to template of nucleic acid (DNA or RNA),
negatively charged inhibitory substances adsorbing to nucleic acid biosynthesis enzymes (DNA
polymerasesezy, &g sxiaringxamplesofthepasitively charged inhibitory substances include
calcium ion[(pé)bé mines, heme, and so forth. Examples of the negatively charged inhibitory
substances include phenol, phenol type compounds, heparin, gram-negative bacterium cell wall
having outer memﬁ?&?‘?éé‘,aaﬁ%% fOFRE SRS iﬁ“fﬁ%‘%ﬂﬁfhtéu83td?ﬁf’e§ﬁ?’a°t@|ﬁﬁiﬂif"é%@i’t acid
amplificatiorrre aistisrr pedbundiitiyicontdivieeiiziioddstuffsaseciinicaiest sample s:40054]
Examplesdqfim&aae?&f@méu @@aq&ab&g@r%@@&@@ﬁcg ?ﬂ%%@ﬁl@sﬁ%ﬂ&ﬁﬁa@ﬁénﬁﬁ@w substance
mentione Ve, i ne or maqre kin cted from albumin, dextrag, T4 gene 32 protein,
acetamide,rige&t%%eg (gdlld’r%glfﬁ{)}-f s%{f ox?gg,ﬁ%LC?an%nlgige,paﬁlsc%%l,lﬁlgl?/gttﬁ”ﬁgﬁe %’chol, soybean trypsin
inhibitor, aRSFRRAIEGbdith, Bf drmEd e AT cHlBride, RISyAmRe pRdsphBRASRRE2HR lactate
dehydrogebgsezExamplessotthepetyethyeaeidghiedl include polyethylene glycol 400 and polyethylene
glycol 4000. Examples, ethe betainejnclde rimethylglyeing, desivativesthereef, and so forth.
Examples of (e, phosphonfiase.and lasiate defydrogenase nclude rabbit puscylar glycogen
phosphorylase and lactate de ydrogenase. As'the ycogen pjﬁosbhcﬁy%se, g?ycggen phosphorylase
b is preferradno] e ftie e Bl pratere T39S Sl ihvin, déRiran: o genes A foteidor
lysozyme. @985]e-stAsrairdttBitipt tosreduae the inkubiteryattioarobtheanptleic agid amplification
inhibitory substanga eontained in, adest sample Jor which-higed, feces.2ad et gk supposed,
reduction of th% .inhétbito%: , actiojp b ddigﬂ %‘ﬁCh_.SEIEStEg‘%?SDaS described above to a PCR reaction
mixture is eVallate %& KiSodd, et ournar of mical]ukllicrobiology, 38:4463-4470, 2000).
[0056] fHERlis suggested a possibility that albumir of which representative example is BSA
(bovine serin atbuirit) nfay nedpee sehibitiorveitieieic acid amplification by binding to a nucleic acid

amplification inhibiery subsiance:syeh asheme (AbyAlr3cud &t &. .3 mentigped above). Moreover,
there are c?[iggidered tV\_ILQ %a%segggos§ib|lit%ithat is, the T4 gene 32§rotein is a single-stranded DNA

binding pro e.ln%%tnldﬁﬁ blﬁds toa sm‘gcfe-s ran ggﬁqin%esﬁlinél & 5% F‘n[ﬁ%%) aRucleic acid
amplificatiohi fro6sss i diivaRte Id UtatEedradatith erate temblafe bjra nuefkasd-isavoided, and the
nucleic acieiainpliteaien seactns istgbsnkhibited, but promoted, or it binds to a nucleic acid

amplification inhibitgry, S li At t [ id amplification r QN is not
inhibited, but promgieaﬁ%qb%@ﬁc%%? %éﬁa@ﬁé B’? %@Q&%ﬁ‘&)ﬁ&FE&%gr‘%n%'?go tr?a:%% further

al., as mentioned above).
suggested 2 pbS8ibMity thar BSA e *ﬁt&%%tp%gﬂgaﬁd B e Gl HhiBitr Bihd%o a
proteinase 6 Yetiicecthiedgrotestysiemplivity to bring out the actions of nucleic acid biosynthesis
enzymes to the mayimureeXieninky fact, peaieinases may remadn incoWssnilk of klagds and an
example is glsQ rngﬁtr?quﬁ%&‘ guggﬁggﬁgtgeggnﬁ%siHRntg p,%leg}gngcid biosynthesis enzymes
[

was avoided by adding BSA or a proteinase’inhibitor (e.g., soybean trypsin inhibitor and
a2-macrog|obu|in)Fén%qﬁje%l%%ﬁ: AciPAfiphifitafoR TeHetio fdiEtably BfaftetP@bu Al-Scud et al.,
as mentionetcabeveRrrigrheprdedingd is gehepally stpolmatehayide thatlissymbédized by lactic acid
bacteria usiiig glysese asmafiawhBaterHakanditds &lse repored:tata eemplaxfa simijar
polysaccharide and peptide called mucin adheres to the intestinal mucosa (Ruas-Madiedo, P., Applied
and Environmental Microbiology, 74:1936-1940}2008). Therefore, it is possibly estimated that dextran
adsorbs to negatively charged inhibitory substances (adsorbs to nucleic acid biosynthesis 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 nucleic acid amplification inhibitory substances
considered to be abundantly contained in cow's milk (Abu Al-Scud et al., as mentioned above). [0057]
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. Among 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
fractionatio?]npraogot ulc(fflc%%caenrflrla{ft(lzc?r? of aa%é m?ﬁnszr%zfé%%gs ggmlf)%él nﬁ%?é:i% &Ci Satr%}é)(ﬁﬁéation reaction
solution) isWishexdnmpre rastiany 0000016 BRidss S5 oBrtbrabiy 691 84 mass %, more preferably
0.2 to 0.6 mass %0001 yz i kxarnplesspt déxerandinctude dextran 40, dextran 500, and so forth.
Among the§§0§|ﬁ<tran 40 is preferred. Concentration of the dextran in the test sample (nucleic acid
amplification reaction solution% is, for champl%, %all 1 to 8%, rpref%rfalebrliy J,Cho GEA), more preferably 1
to 4%. [0060] Ebndentratfon bt tRE 14 g%ne p%teesiﬁn(eﬁ.,%er%dbce’d by??oghe A.G., also called
gp32) in th&testsampéghuchie =it amplifbdrsn reaetioasoigtidhy s tebaflyTr0l to 1%, preferably
0.01 to 0.1%:.4nese giafermbly 001 4e£:0280..[006k] tesExamples of lysazymetinclide lysozyme
derived from g hile: Gonpentratian of sazumen dhg st sample-(Iuiclelc,gid ampiification

u

reaction solution) is, for example, usually 1 to 20 pg/ml, preferab to 15 ng/ml, m reﬁg}referably 9to

|
13 ng/ml. [(665F 9 BYamRed b tRE ditaht TRl oﬁﬁ)ﬁ@éu?@c‘f&ﬁ Shich%s o

ose of Triton

(registered ¢radiéimark of WmickeCarbidie}, Nuridét (Shéln Twebadredistefednesd 8RR IGIACI) and Brij

(registered trademark of 1Gh:Seressanionic wrfacignis: sushnas &N)Sdsoditimodedeeylsulfate), and

cationic sutfgglan's.stch gs steanddimetiidpengyiaremoniu coierids. Eagaples,pfdhe Triton serles
u

surfactant include Triton X-100 etc., examples of the Nonidet series surfactant include Nonidet 2-40
etc., exampld&fhe PR ePPséEE Burfactant include Tween 20, Tween 40, Tween 60, Tween 80 etc.,
and examples of tHe Brij sefieslsurfaptarfdnchieeBajBbestcet  thFypecaisdwbitentration of the
surfactant in.the.aucleis-agidsamplificationreactiom selution-aia neipayiiedlaty fimited, so long as the
penetration of the PCR reagents into cells, of the micrg{%rga&pianlis RrQmMOL d,.and the nucleic acid
amplificatiosnu%%c on |ts n&%uﬁétanﬁ%% i%%ﬁ?e&%ﬁecfﬁca , c%%c%ntrat%nl of SOS is, for example,

usually 0.0005%6 G B9 CHRSTRIABR TG DA™ BUSH tnbie préffabibi601 td8005%, still more
preferably @00ets: 0BR2% . Pfordhe ster swrfactants semoxdmpleindhetcasewt Nonidet 2-40, the

concentratignsdssually; 0 90110 1.5%, preferabily 9002 40ds2%; more preferably0:94p 1.1%. In the
case of Tween %O, Ath; ccir%%engggog iggsugll%nggga tof%OS0 0, pﬁ{ﬁrgbi%gigoZ%Qgﬁ}Z%/g,rmore
preferably Y5 1. Thmé case oF rljeg& the concentratioh is usually 0.1 to 1.5%, preferably 0.4 to
1.2%, morel pfefetabRPo 7o $2igpks; Wi ePedrfACRAR iSWohtathddfiantéRzyme solution used for
the nucleic seid amplificatidn reastortheiserfactantumayscengist ohonlysthdsurfactant derived from
the enzyme; §@g;2tijon, or a surfactant of the same type or different type may be further added. [0063]
Examples of the biological samples include blood samples,
urine samples, cerebrospinal fluild samples, synovial fluid samples,
pleural effusion samples, sputum samples, feces samples, nasal
cavity mucosa samples, laryngeal mucosa samples, gastric lavage
solution samples, pus samples, skin mucus membrane samples, oral
cavity mucosa samples, respiratory organ mucus membrane samples,
digestive organ mucus membrane samples, eye conjunctiva samples,
placenta samples, reproductive cell samples, parturient canal
samples, mother's milk samples, saliva samples, vomits, contents
of bulla and so forth.
Examples of the environmental water include tap water,

groundwater, river water, rainwater, and so forth.
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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 solution) is, for example, usually 1 to 10 mM, preferably 2 to 6 mM, more
preferably 2 to 5 mM. [0064] 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.
Concentrati %tjhe 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 miE ihRrAfE5FtHe (XEFAMGMt. f0665T5" SHHE pFedertinv@htidh, extraction of
nucleic acids#froni desleeliSlis nétipddaimed, whichds petfdmiédbefere the milsicrasitl amplification
reaction in ganventienat methedsa Thes@xtractiasafnueleic asids, frennselsipeansafor example,
collection %M%ﬁ&a?‘a%%@%?'eé%é?ﬁ%ﬁﬁé@f@é‘é disrypted.or !a\{ﬁ?‘ljo?yc?ﬂd%

E‘%X”!ﬁ“c or physical
means. In the present invention, such a treatment for extracting nucleic aci rom cells, for example,

a treatmentCoPEETECIHG Or BRIV g n GERTE &I i by isPip BRG G 1y Singhire 8&fs BY &n enzymatic or
physical mesms, risatotguerfotined. {0886k he n&targetogidn aftheeDNA nv@&NAawhich has existed in
the cells is praplifiessby @ pueleicacid amplification nagthad i the presance of theadent for
suppressing anncggglolng%gucé%i ac(_i}d P{gp:ggﬁcation inhibitory substance, and other components, if
needed. As the temp%te]forihe Kudléic aci amplification, a microbial cell suspension or a microbial
cell suspensftiffrbated with a protein-degrading enzyme, a lipid-degrading enzyme, a
saccharide-degradingrehzymée eteligrusad; st extrastidn of nueldic acidls forcpreparing the template is
not performed.. The-gucleicacid.amplfication method preferably comprises the.step pithermal
denaturatiog 0 n%cltg(i)c g]%ids a%gehigh tgms%%r tur% forb%xq:rg cI)ev,e%o C’g% QISEC, %rﬁecge ablg 93 to 95C,
more preferaﬂo y%4 o 95C . The ampfff?catlon 8 e?é/rget region is prefera%llly per dried in microbial
cells. In the'FreEseETtHvEATEN 2t ERRPIFI OB RiyH§ possilyataifeermoiicroBigrcalfs as shown
in the examplesiThat is Tt isipresamedithatdhehaorpholegyyel ¢he cellsisanamiainedibirthe high
temperaturg treatment 'Qnt&‘efBUﬁLe'%%&é&@'ﬁﬁﬁﬁ'%i@%@'&a@@?« kgrécﬂ,{@{%"!?gmmem’
actions theoog afgéergeféloneq]comt onents, so that the cshrom%sﬁomal tNA is rftalnedlln the cells, but
pinholes or VoiGS Are FOLIET 17 the €8N MErsBrATes dF cal Wald b tha m%?%%rgeaﬁ%%}%eus primers,
enzymes reétfiiféE forstioRtiERSe daaaripliftdiicir elewanteite gellSoiéamplification reaction
occurs in thezeells,idrq thentapatketthehamplifies pesducterbainsinthe oells os ey @it of the cells
depending oayfbe-geasdength of foe amalied produet, Haweyes, agossibilib el aagdiemely small

part of the chromosomal DNA or RNA flows out of the ceI%s through the pinholes or.voids of the cell
membrane§ 6 CalRalis ExhistHe GnidterhE =2 ShidRy CasE ISH of ESBoRerS required for
the nucleic deid a@ipicationde chryd: prasTssinto e tegtwith b8t Sy bata i@ disAgTtes or lysis of the
cells, retentiendndbe cells ekeuifiaw fromdheseallssof arpart wighesmplfiedproguss-gad=qutflow of the
chromosomal PNA er RNA from the cells are not included in the "extraction of nucleic acids".
Moreover, although existence of a mechanism other than that described above cannot be negated,
even in such %:%?se, the method complies with the definition that "extraction of nucleic acids is not
performed", so lon§ias atrvatnént obtobecting ok puiifyingratietbie acided yadisidpting or lysing the
cells by, foexaaye ras enzungticanphysicakmaansidenNatpedekmesd. 1 i ve 18addition, even when

the chromaspmal DIVAOLRNA flawn.outfiom the gells sgryes as.alenplate. and theucleic acid

amplification reaction occurs out of the cells, if the major amplified product is foimed in the cells, it can
be said thaPHiERtRIeid Htid ARPRACATh FEELHGT is PpeHdtmety i AflcrshigREdnee Specifically, for
example, if<80%temidredpretetably 80%voesnoréimdresgreferablyr33%eormares of thacdplified
product is formed i e nicrabial celistitnan hepastimated thabthessusiaie acid amplitication reaction
is performegd. in the.microbial cells. [0067] . Examples of the nucleic acid amplification method
include chﬁ%é%%ﬁ% |7t'lgm %.ine% ﬁ%%r%ln%s% rr%%qog ;é‘?{%%%% L7 Porr%e!_’[&%d (Loop-Mediated
Isothermal AHRPRFCEDT BAACHA Gy appREAHSH G HGE e i@ APl FRATERBHPEAMP method),
Tsugunori KNetorad iTorueNagetani, BIO INDUSTRY, Vol. 18, No, 2, 15- 23, 2001), SDA method (Strand
Displacement Amplifieafions EdwartL 1 Gham @l ptafich. HathpdslabcMeat, 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-MediatedAmpfification: Sarrazin C. et al., J. Clin. Microbiol., vol. 39:
pp.2850-2855 (2001)), TRC method (Transcription-Reverse Transcription-Concerted method:
Nakaguchi Y. et al., J. din. Microbiol., vol. 42: pp.4248-4292 (2004)), HC method (Hybrid Capture:
Nazarenko I., Kobayashi L. et al., J. Virol. Methods, vol. 154: pp.76-81, 2008), microarray method
(Richard P. Spence, et al., J. Clin. Microbial., Vol. 46, No. 5, pp.1620-1627, 2008), and so forth. In the
present invention, although the PCR method is particularly preferably used, the nucleic acid
amplification method is not limited thereto. [0068]



In the present invention, the "target region" is not particularly limited so long as a region of a
chromosomal DNA or RNA that can be amplified by PCR using primers used for the present invention
and enables detection of a microorganism to be detected is selected, and it can be suitably selected
depending on the purpose. For example, when cells of a type different from that of the microorganism
to be detected are contained in the test sample, the target region preferably contains a sequence
specific to the microorganism to be detected. Further, depending on the purpose, the target region
may be one containing a sequence common to several kinds of microorganisms. Furthermore, the

target regip may coNSist of 3 single, region oL e A mereyeginnt M a-BapIElEslsuitable for a target

region specific to the microgrganism to be detected and a primer set suitable for chromgsomal DNAs
of wide varEE B Ao anfhs K G8eE e oSl Bmotint Bf e RitroBrGaniah as tHe object of
the detectiarranddive eoli armodnrohihevddexrmietiss of niltrosrpmisrisiead e afhbHaneously
measured. &epgtl of the argetkegies,iscinexample ausuaty 50:eh5000 nucleotides. [0069] The
primers to 3%6‘?%9 in amplification of a nucleic acid may be selected based on principles of various

nucleic acid amplification methods and are not particularly limited as Ion? as the %mers can

specifically amplify th8 aBGEIRERRBHED tat§efrediBASTO0T0] °° Brched BXaMiies of the target
region incluae-iadons specificgenes sogkusians PRNA gere; 168 TRMNAgENE, 123SHRINA gene,
tRNA ggnesanﬂd?a}hggeﬁtg@aﬁ- pyseneafdbese genras oF apad afpny one:ef these genes maly be
targeted, or a region extending aver two or more gene arget example, as for coliform
bagteria anlaeg‘a?cgté)ﬁé gfnt%g %mﬁ?%ﬁ:te?gsg%t%?ia%gea%c,?va@r?grrl? SP} th%%%q}gl%g éer%%a%?be amplified
by using th&8Wkirk&r $&F&A6HH A SEGND'RG'S: 1aHde. ?u‘?ﬁi’é?rl,%%@oﬂfe%@fd?ﬁ'g‘b‘?/e?oe? part of the
16S rRNA geneca tRINA Dene;«did acffiaittef thec238 rRiMAgene camberamplifiéddneusing the primer
set shown i&%ﬁ%i@é\é@& 3andl %eEQQJJJnd ;Amﬁgdcgmm%@ the mickoergapisALa thfe rtiletection
target is a pathogenic bacterium, the target region ma a pathogenic gene. Exam of the
pa’?hogenicpggreengegﬁ%ﬁdg?{ﬁgi%%r%ﬁy%cg ‘(‘%ﬁ/ﬁ%ﬁ%g:ﬁer 0 )';1 i%?g%é ga%é%ﬁf?};velgt%%gtsdx%%gaene and
invasion (in%R)§id of &SaIRSHERE BattsHitne VBRI gRmSF p At SG&HR E&cABHChia coll 0-157,
0-26, 0-11Leton-aktesmiembsanesaiciein Bxfompdy gehelfEnterobagtiel sakazakarandamacromolecular
synthesis (WI\S)qpesen SEpihaciensakazaki) ohan FArQRAGIEs PACIBHUBY dermidis,

macrophage-invasion protein (mip) gene of a Legignella bacterium: heat-resistant hemolysin gene and
heat-resist%&%eéjrﬁaﬁ/%?ﬁ-lﬁe% Fo%rg! ng'eaneS_% iSﬁoé%%?%eorﬁ% ﬁ%sugz}gﬁgodjelﬁée ’(i.rr%ilasg?oer{ lp'?asmid
antigen gerr@casd v E gehe SinbAsiT §eney b SHigefa iy seinelhiibianBaTiterdhvasive E5cherichia
coil; enterotexiii pene ekStaphylotoBsds Alreus; Ceredlide genhadtentarotdxintgerie of Bacillus
cereus; varigus,taxin genes,of Clastridium-botinuim, apg. so.frih Eurhesyexamples of primers for a
pathogenic gene include, for example, a set of%%nogrs shown In SE% 'D&'Q% ?3”?&6 for hlyA gene

of Listens fé’rli’l‘?r%?%réé’{“of%ﬁi’ﬁ”érscslﬁ&ﬁﬁjiﬁ ASNOE 74R% &%or SPA Jend of Enterobacter
sakazakii; drefaeret [riviefs @hown B EQID NGBS &g 19PforoVIVIS op&rdiR bR Erterobacter

sakazakii, [6R&2fram-uhermorsaiftthe sasasfite isfluepzpadtis having wmienvelppie;axamples of
(he Jarget regiapipelids e hemagaliinip b Brote . gene ane e peuraginipse (1 protein) gene,

RNA polymerase gene of the Calicivirus family viruses of which representative examples include
noroviruse< YRR EnRT iRy FoP VAR HPSTaPIdtiTeE, %‘?{%‘a%}%ftﬁ. CRstﬁ%gd? B6oning
viruses, besiglesaoravinase sz shéretardadde rotavirerse s andafid aimovifu$es terd assiiiél objective
gene, RNA polymerase genesaps-genetic regionseding fesvasious capsish proteits thereof may be
used as the JaIgetiegion 8510 106 £ase. of AIOMINISBRAQATE] oot RUiMBSES RUIADE{DE 90 OF more

kinds of microorganisms are used, live célls of two or more kinds of the mlc,r[%gﬁ%nlsms in a test

sample carfe HetEGe MBFEoVEE 5 DREIET PRt fo BFatittiiafBat "&fe used, live cells
of the particularbacteriumiins tesnsamphey tan ke detepredfo0747ing Gohditons of nucleic acid
amplificatiopyeagtions sre, netparticuladydimitet as, lopgras anueleic agid gande spesifically amplified
based on prﬁgﬂ%s of various nucleic acid amplification methods (such as PCR, LAMP, SDA, LCR,
TMA, TRC, ,

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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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 simultaneously with the step c).

The analysis method is not particularly limited as long as the method can detect or quantify the nucleic
acid amplified products, and examples thereof include electrophoresis. Note that, in the case of using
PCR method f e ic acid.amplificai eal-time FOR method (Npgva et al., Appl.
Environ. Migro élc%llt1 vol. ?320%%jCl p%}%g%g}ﬁ? 7%%%%%5%[[ a }}05\%%? Environ. lfé(r%cgio{, I\%I. 66, 2000,
pp.4029-4086) cARHE U166 [0B78TEt - EFHe electrophoresis enables evaluation of the amounts and
sizes of thetwidleicraciticarptified prodiicts olrsaddititi?, résl-teneE@&hehtbles rapid quantification of
FOR e}mplifmfemwﬁﬁt of @rcm%l@aﬁzﬁ{%@&&f&rg;@iﬁﬂmfﬁms%mp%%%% in _ﬂu%rescent
intensities enerally noise levels and about zerg if the number of amplification cycles is in the
range of 1 t%(:){gl%q};ﬁé}apefg%g? t teefnﬁgn‘sfﬁlregsaer?é’ régsg%ée%]ggrglfr%% %Jfa%%gﬁ%éﬁin%nno amplified
products. THE%tARAEFd YerAalieh I8 DY iR cHaYes [¥Talcdiated, ARd £08Re BbExkEEEy
multiplying thexS&rvahse DyriGes dédined, asadbeeshold Madtie i $heinundbeswnffe@Reaycles:in which a

value largegthanithe thieshold Malde ds achievad forthe fisst timgreferred to:as "cyele threshold value
(Ct value)". .Thereforeﬁ tge‘JaJ[_%%r th?‘initial amounte(arfsfaég}NA,teriRIate in a PCR reaction solution, the
I h

smaller the Tt Va ﬁ‘effiweﬁne the Smalet thesamount o %Srﬁff ate DNA Hhe arger the Ct value. Even if

the amount8¥tRedaRTiate ONA dRetirledme, 2tHid Mgher Hepreporicivet thademplate where a
target regiofrgiRCRhas baencieavedthe leagenthe Guale shRE R reactsns for the region. [0077]

Further, pregence:gr-absepceof the.amplified:pradudt.can aisq hedetermined by analyzing the
melting temIPeratur (TM)l;))attern,oft eélom I|f|engroduct._ All the aforementioned methods can

' 585 Fof e afifod 57 e greSeAtARertion. [0078]

also be use(f f%r%rb imizatH 5 vARious
When live céHsBfHicroorganism are detected by the method of the present invention, precisions of
the determipatiea’of the presence or absence of live cells of microorganism and quantification of the

same In the analysigotife PXRAMPIiedAodiCt ca0 e Jocreased bydislng a standar curve

representing relationship between the amount o mlcro%%amsm and the amplified product, which is

prepared by Usthg E?atr?dgfba§aﬁﬂﬁe§%]f]th8‘5}ﬁi(§58}&§ﬁ_ i VIR TR GO JRGEARMN S identified.
Although a pr&iivilidsly mrepdrecnsandardauive nisydhe aseud s ireferdste $baise a standard curve
prepared bypeffarming therstiepsiolithe-meihad ofthe presentinyestion fos standard samples at the

same time with a test sample Yareover, if-relationship hetween amou “mjcrqorganism and amount
of DNA or RNA is determined_beforehaﬁd% gNA or RN?A iso%tegaf%mgt je‘)'{m‘lﬂcl:g}o(%)Fga%ﬁs.srén.[:%an also be

used as a SEEHARAL L8nT5IET 100 F6F BSER BPBie TRt iVe AT V1 EYThESERER e present invention
is a kit for cetsating iveteellsonhahmicreorganiishedh a lostdample bynd nucteictdcid amptifitation
methgld b); ﬂiﬁiiﬂgbi%ﬁir@r@&aﬁ\é% cells feom -a:@@gg{vce%s_:Opbﬂ%@qlegeﬂéﬁan;ﬂmm@risg?@%ﬁgefnt
cabene o cotsenlHockialo s DA LN i edlad M o P guevglenl of o

mammalian cell and proliferate.

[0029]

The "dead cell™ is a cell in a state that it cannot

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 a

mammalian cell.
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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 comprise
any one or more kinds selected from a surfactant, a magnesium salt and an organic acid salt or 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 covalentlx bin%l’ng to a DNA or RNA, and the agent for suppressing an action of a nucleic acid
amplificatio R itory substance, as well as the surfactant, the magnesium salt and the organic acid
salt or phosphoric &&ifl sty psqGiréd " maybenfdhesfolnPsf &isiaghreBimpéSition containing all of
these compamenisapLveLrimore solutons of corapesiians:coataininghdie components in arbitrary

combinations, 008 . The-nyeleic 36id ARIIGAION teaclon s preferably PLR,LAME, SDA, LCR

TMA, TRC, HC_or microarray méethod, Theé cross-linker and the medium in the kit are the same as

those descRBEG TR fifetiotrBP the breSentiveRtion: F0682F * * fin“abreferr&dembodiment of the
kit of the presearpvestion; thenegent cagable shevvalesitstisihting 6 & DNADERNA lepraferably
selected frora-gthidiaapmenazide, gthidiwmsdiazide, propidivg imoseazidenpsordepared

4,5',8-trimeffyl ng%sgdaegﬁ:T%@%%PS@{%I?&@MM%P&W@@? is.paticulgry preferably used.

[0083] FurtheiLuore, examples of the agent for suppressing an action of a_nucleic acid
amplificatiott ifHibitdty S H<ARcERAEIRIEBnefort inotBIGHES BIBEREE PR affdrnin dextran, T4 gene
32 protein, agetarhide;distbéne tdimethyi:auteddide, formamide, glycerol, polyethylene glycol, soybean
trypsin inhibitor, ofZxmagraglehuling tetramethyiameenisse ehioriderysozymea, phrsphorylase, and
lactate dehy,(_er{)‘%er‘]caeslel.,[OO{Sééa d Cgﬂtjﬂergn%[e,, fxa@rgl scof t{;e rrpeaagln%si%}% ga{l}{eifflude magnesium
chloride, magnesium sulfate,"magnesiund carbonate’ and so forth. Furthermore, €xamples of the
organic aci@af ifehdde 2_AIkrOERTE Seld (aftafiCHGHOBFpIHTR ackd BEGHiYa¢id:; and so forth.
Examples ofgpé lof the salt include sodium salt, potassium salt, and so forth. Further, examples of the
phosphoric acid safideltide.salts of pyraphesphprisacid angsofesth Uese mayde-used
independently or.as a mpdure.of o, or three, or Iore kinds.of therp, 10985}, Furthgrmore, the
enzyme is no par%cu]‘ary iited a5 ong as it can degrade the f%relgn substances such as cells other

than microGtiRRfsThsI Brotehsebileital PamkRies fiptds antfs&8endriges existhigdn the test sample, and
does not damagedive-eclis: sfanicioarganisnl torbeadetested, and estamplesstherebfircluten
lipid-degrading.enzyings «REGISIN-Eegrading enzymes.2pd saceharide-daorading enzynes,Of those,
one enzyme of tw(g)e%r mare en%yTesemagﬁe u?g:-qd %ﬂt |E_) is d%%ferri%glj%%o g%eﬂ?}h tche Hgld-degradlng
enzyme an&%rgteln-(ﬁiegr%%ﬁnﬁ enzl3/‘$ne,cor al‘of the Ilpla-degrad‘lng enzyme, proteein- egrading
enzyme and%aechedidetrrgradiiy BazyRtst cellExamples of the lipid-degrading enzymes include
lipase, phogphtétase, and so forth, examples of the protein-degrading enzymes include serine

protease, cysteine pralease, preteinased prnase ahd so,forth, and examples: atg,:

saccharide-gegraging gngyme inclyde amylase, celllase, and so orth, 008G,

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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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. culture method 1-1) Used strain and cylture method, ;; . -The Erjeropacter sakazakii
ATOOSlBZ&?v%%rcﬁﬁaréﬁg‘?%% of 16 hours by using the Brain He&ﬁ?mfusion%roth (BHI broth, Eiken

Chemical (- CER T FERRIapam: Theelharé brofifiPaS/sithfe BF8THHIRS plt it a 15-ml falcon
tube (BectarxBigkinspnicabwarephd), aad dubjectarh tedehigerated cebtdfilgetion af4C and 3,000 x G

for 10 minuges, ihessupgHiaiant wasseraoved, and:thensd sakef physiolegicatsaling wasadded to the
pellet to prepare a stock live cell suspension of Enterobacter s i (8,23 0,01 loglo cells/ml, n =
2). Further,"ﬁl?s?ﬁ\?éﬁ%"_ﬂe?llgﬂnsEgﬁs%%sv%agediﬁﬁgﬁaf(? %r’%gs%vé p ys%%g%?:aﬁ s_ali%e to prepare a live cell
suspensiorFBfEpteloisacte sakeFadi (98- (o7 iR CEIERTE, L 55088971759 Fdrter, 1 ml of the
aforementiened istoekdive-celb suspbasian wastpet miokze . Sinfecioade mibrotisise (Eppendorf,

Hamburg, Gernany), thetibe was inmersedinta holingwaterdar sheacendsgnthgrenched, and it
was confirmed that the bacteriunktfllnet{eaftfégéd ne(g.f%m %gcyitcoj{%ny orkgvstaggﬂd agar medium
(Eiken, Tokf/%l}%tbja?ﬂ t%rbraepsélr:é R |njure(§ﬂ | suspension df @ntero%a_cte;r sakazakii. The live
cell count ofEmERS aBteYSSAREAAIGH NI P8 ceNlisisiRdrisionthaE dotitBRtdR thEtandard agar
medium, angdrhidimetrywas sisndianepusly tarded iepitat vavaneleggth ofBD0:min by using a

Spectfoph°£%'P§ﬁ%wfﬁ§09£s§é%§%Japfﬂ@) todigrequt therrelagonsbip:betwgen;the live cell count
and the turbidity. [0091] urther, the stock ljve cell suspension was dijute 10tt}ilm§s with marketed

pasteurized"EBRE Fiitk ' PréParFEARKEEI THRO SHSpEnSith BF ERRrS5ace sakazaki (795 0.01 logn

cells/ml, n:az)ive cell suspension of a known live cell density to calculate
the number of injured cells treated with the antibiotic.

As for viruses, unit of cell number is represented by
placue-forming unit (pfu or PFU}.

{00331

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.

{0035]
Hereafter, the method of the present invention will be
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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 logn cells/ml, n =
2). [0092] 1-2) Ethidium monoazide (EMA) treatment and light irradiation treatment Ethidium

monoazide, (E)A.Sigma, St Lobis, MD) was dissaived:ak 000 po/lusing sierlged water, and

subjected 1o filtration sterilization by using 0.20-pm filter (Minisart-plus, Sartorius AG, Gottingen,

GermarRyt8 et R bistk SBHtOARTHICR WaE ST6FEd &t -26830MGer fight Shigtding. [0093]  The
EMA sohatiprl ¢1000pgim e arvolbavd uf 10 pbwkisvaddedfo thedivecsaiRanddajired cell suspensions
(1 ml) of ExderabactersskazakimanehbtheysHspansions weiglefzat4Cifos L minutes wader light
shielding. Then, the suspensiqns were. place a distance o fr isiple.light source (100V
PRE SO%W 8bdoé:y§’,al%zlsaaﬁ ecinc. %l.,n ttﬁ%T%%%%g%a%%ggﬁg 'ir%%]%g% \)%%t?ﬁ I?ght for 5 m%nutes
on ice. EABREMASFEated sApR¥was subjected to refrigerated centrifugation at 4C and 15,000 x G
for 10 mifwotss, the supernatant was removed, then 1 ml of physiological saline was added to the pellet
for washirg, é‘QeBI Qf sterilized water was added to the precipitates (cells) to suspend the cells in the

sterilized water, and 5 pl of the suspepsion was used as a .sample for PCR amplification. [0094]
The live cell anérfnﬁ%g_tceﬁﬁ%ﬁfﬁfseus?pgeﬁsﬁgﬁ\{\%eﬁtriﬁ) of E% enr%b%%tgr ggga%l%r%ysubjected to an
EMA trebrrehitaaricdlight fadisgioh fedimem bypire iHawingtmetRods. Fist ¥aéitofthe live cell and

injured celbmilk-suspensiess (damb)ief. Enterobactensakazalghwaseuhjected tasefrigerated
centrifu%%gtin at 4C.and 15,000 x G for 10 minutes, the supernatant was removed, and then 1 ml of

physiological saline was added. A protease (derived from Bacillus bacterium, S‘igéma) in a volume of 3

pl was added t&feSF & L3S witfiihie proteaSE At 37C FOF T HOGS tHEh thd Stdpersion was subjected
to refrigerateddeshifidgatioR{ACa11d%, 00054 Gy nihndss)t thé RepefhatantiNasFemoved, 1 ml of
{3h?]/SiOAO%%@@E]L%WQ%@ﬂdﬁﬂg%@dtt:L’]kaéQEp'lerﬂh&EM&&%@%@&J—OOQIMQ was agigled under .
ight shielding. T ethods used thereafter were the s thos scri t forementione
"live celf&nd |ﬁj%?§d?chea“:s$§8eﬁgﬁ)rr% of \é%t:g% E%%%éﬁ%a%ékﬁ (%rﬁ%qg[og%% 15% IE%JI% amplification
An agerfcaRipriging Frectimin it - Hinbidate 19 S REAo KeRfHkEn@ mEgResUif chloride
hexahydrate {Nakaraehesquelang fssther conaliningedrecednore selected=sfrodrbdwing serum
albumin (BSA, Sigma), dextran (low molecule, M.N.: 50,000 to 70,000, Nakarai-Tesgue), T4 gene

protein 3§ %::2, Nippon Gene), sodium laurylsulfate (SDS, Nakarai-Tesque), Brij56 (Sigma), and egg
white lys 4 (Wako Pure Chemical Industries) was added to 5 pl of the sample for FOR
amplification. EZbR &yecaddediss thexanplel forPe R akisiffuticir ahefavifgddéh composition
may alsedie refefred toasHreteatmeniagent. v empositiars ob theigrdtreatmentagents are shown

bekwm[Qggnggggggggkghé: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.

[oo381
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2% BSA: 5 pl 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 100 mM
MgC12: 1.5 p1 [0100] Composition 5: 2% BSA: 5 p1 50 mM TSC: 1 pl

The conditions of the treatment with the cress-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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100 mM MgC12: 1.5 pl 4% Brij56: 12.6 pl [0101] Composition 6: 2% BSA: 5 pi 50 mM TSC: 1 pl 100
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

cells and injured cells compared with cell walls of live cells of
microorganism. Therefore, 1t is presumed that the cross-linker
does not substantially pass through cell walls of live cells of
microorganism but passes through cell walls of injured cor dead
cells of microorganism, or dead somatic cells, provided that the
treatment is performed within the above-mentioned periods of time.
It is presumed that, as a result, the cross-linker moves into dead
somatic cells, dead and injured cells of microorganism, and
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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[0104] Composition 9: 2% BSA: 5 pl [0105] Composition 10: 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 fhe me'gfueﬂ praghicts pllec he seaktme FOR, 2P OF duffasconsisting oldbedollowing
components(ﬁ]? to g) was prepared, and the FOR ampli |c§rﬁign was performed by adding this FOR

buffer to thé& ﬁ}tjevﬁﬁ'ﬁhé:%%?nE}féefolrrﬁ(‘iﬁgn%mf%%%n $he pretreatment agent. The target of the
aforementioned prifiverswas abengiRACEL 49T bpyEormpasaty $61tbs15360trHecleotides of 165 rRNA

gene. [0108}cakPemaniilO-paigiph) A4 g b)irimes R{10maolimk4 phaxExsTagys U/pl,
Takara- B%%Mcgnggﬁgﬁzwaee&@geg FHNde! B0, andh0%;lycereh ) 10 x Ex-Tag

Buffer (Takara-Bio P mixture (Takara-Bio); g
ls amp 1f1ed by the nuclelc acid amplification method, while a

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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f) 10 x SYBR Green | (BMA): 8 pl g) Sterilized water: volume required to obtain the total volume of 55
ul including 5 ul of the sample for PCR amplification and the pretreatment agent [0109] Real-time
PCR was performed according to the following PCR thermal cycle conditions by using a real-time FOR
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 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
temperaturd’Gt SBCI RS ARG IeniSerature of e gﬁﬁaanrﬁsplﬁﬁaeé%pr%%u%%;g Pidasured. [0111]

As a positivecdetray, 8 iogwidlis/midivehesl| sospeasior-6f ERErdsaciervsakerhkiPias used. Further,
as a blank samplgethe, FORuffer itself tewhichmnothing was acdses wagttised fosFOR. {6112] 2.

Results The gesyls of {ngeal time FOR.a(p shoun.in.fable 1T symbols,a) ) usedin Table 1

indicat . ! " i
2) Live ool s Hnd mBFELFCBTLaRIS oF EnieToRacier ST 567 O 0L R el (n
physiologicalizatinersmd nperketed pastearizedi s sSApfiR Y B ffjordd cells ife prepared by
immersing live:cells.ip beiling wajer oy SOrsecpreds-€)NQ treatnent.with EMA is meant.

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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d) EMA treatment (10 pg/ml, 10 minutes, 4C under light shielding) + visible light irradiation (5 minutes)
e) Ct value of real-time FOR indicated as mean SD (n =2) f) nd means that amplification of the
objective gene was not attained by the real-time FOR. [0113] Table 1 Comp osit ion Pretreatment

agent In physiglogicalsl ing 13 coufs il Live cell ) njyred cell2)o) kivecella) Injwred cell a)b)

BSA

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
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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
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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

28



170.1 200.8 20*1.2 rid 320.7 341.4351.2nd 4 - -+ + +-- 180.5

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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formed in the microbial cells, it can be estimated that the
nucleic acid amplification reaction is performed in the microbial
cells.

[0067]

Examples of the nucleic acid amplification method include
PCR method (White, T.J. et al., Trends Genet., 5, 185 (19839}),
LAMP method (Loop-Mediated Isothermal Amplification: Principal and
application of novel gene amplification method (LAMP method),
Tsugunori Notomi, Toru Nagatani, BIQ 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}, ILCR
method (Ligase Chain Reaction: Barany, F., Proc. Natl. Acad. Sci.
Ush, Vol.88, p.189-193, 1991), TMA method (Transcription-Mediated-
Amplification: Sarrazin C. et al., J. Clin. Microbiol., vol. 39:
pp.2850-2855 (2001}), TRC method (Transcription-Reverse
Transcription-Concerted method: Nakaguchi Y. et al., J. Clin.
Microbiol., vol. 42: pp.4248-4292 (2004)), HC method (Hybrid
Capture: Nazarenko I., Kobayashi L. et al., J. Vircl. Methods, wvol.
154: pp.76-81, 2008), microarray method (Richard P. Spence, et al.,
J. Clin. Microbiol., Vol. 46, No. 5, pp.l620-1627, 2008), and so
forth. In the present invention, although the PCR method is
particularly preferably used, the nucleic acid ampiification
method 1s not limited thereto.

{0068}

In the present invention, the “target region" is not
particularly limited so long as a region of a chromosomal DNA or
RNA that can be amplified by PCR using primers used for the
present invention and enables detection of a microorganism to be
detected is selecied, and it can be suitably selected depending on
the purpose. For example, when cells of a type different Zrom
that of the microorganism to be detected are contained in the test
sample, the target region preferably contains a sequence specific
to the microorganism to be detected. Further, depending on the
purpose, the target region may be one containing a sequence COmMRON

to several kinds of microorganisms. Furthermore, the target
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25*0.7 281.1 281.8 rid rid nd rid rid [0114] 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 five calls subiected to fhe EMA treatments.of varius condiions. From
Fo%ncj) I'Bhat [ i [

=]
these resulfs,qtlwas it makes no difference if the surfactant SOS is contained or not

3

contained if tREBIRErSRMSAGERE T SANTE THENJRERSR S8 HTahtsnEd db6ve was also observed
in compariseitobthezesaits thtametbnithtte eohpositions7 aad uitable for

chromosomal DNAs of wide varieties of microorganisms are used,
live cell amount of the microorganism as the object of the
detection and live cell amount of the wide varieties of
microorganisms can be simultaneously measured. Length of the
target region is, for example, usually 50 to 5000 nucleotides.
[0068]

The primers to be used in amplification of a nucleic acid
may be selected based on principles 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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[0115] As seen from comparison of the results obtained with the compositions 2, 3 and 4, for all
the cases where any of albumin, dextran, and the T4 gene protein 32 was contained in the
composition, distinction of live state and injured state of Enterobacter sakazakii (in physiological saline
and cow's milk) was clearly attained, and 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 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. [L16], A spep.ltoms.comnarisnn pl theesylls obiaines wilina gotappsitigess? and S,
distinction of live state and injured state of Enterobacter sakca%a}gl%luovlvggi%ec?%%{ eatcl%l(?elqe\g/gb both
ested't _

compositiofis (fh pRFLAIGIRIET B AN coWe miky Bit it was sug at addition of the nonionic
surfactant Befs6: providesing kighificahkdebredde FitRe Xt VARBECOPERISRSIMLIEF $3KaZakii (live cells,
not treated j@'&h &EMa andseatad withsbMA mespaeaialiethkat ahthel cells geoowW samidkiand thus
sensitivity for defection of live,cells wasimaroved, Furlbeimere.Jig;campasison of.he resuls obtained
with the coﬁ]positions 2 and 6, it was observed that distinction of live ﬁtage and injur%d state was
clearly attafidPRRtCBSth BBATESitGHERIN PRYSTTESIcAT EaliRe &5d Tow's mik). bt there was a
tendency thattadditioniof dgsezyrhebnoid impreveduRe sensifivity oK deteciT otfive cells in cow's
milk (not treated:with EMA.anehtreated yvith EMAY 01 7Furtnrthesbasis of compariserof the results

obtained Wittlg the corggositions éégeaqgl&&wgsggyngx%ﬁgigcw of #ive. state anghiniured state

was clearly Attaingd with-all of the compositions (in h%?iolo\gi,cal salineban cow's milk), but
n

coexistencédf BiR56aAE Ty Wi §sb2yniE é AR mBroved 1Fs Kendiivity fof defection of live cells
(not treatecbwWithrEMA arshtreated VEED ENPAYGS: sHowncby? the Festiled atathed with the composition 8.
Egg white lysgzyme.directly acts opsthe peptidoghicans ph-gramspesitive bactzia twhydrolyze the
polysaccharides{éS- 4-linkages of N-acetyl osami %eatnds%c ylmuramic acid), however, in-the
case of gra%w-?f% ajt'l exﬁ’gc]t\%eﬁr%,ciﬁ%% s 3}\{1 %Lllljji}t%e?%%]ran@brane outs%e theé peptidoglycan containing
these polyskeéehatides (on the side where egg white lysozyme functions), and therefore egg white

lysozyme cannot agtiethdaking thisractien meehadisthéntorddmsiderationii daavbegdeiisidered that
egg white lysozynedn the-cemposition 8id-nojpramete ysis ddistupting) wiibe felisiofiEnterobacter
sakazakii, which is a gram-negativ cterium, but strongly, acted on.cell walls ot.gead cells of
gram-positi\% (s Eﬁgngxigﬁﬁg iﬁnc%v%%semﬂﬁ%: %{nd%/%ln(%:aegg éﬁlo%%% ceﬁs(jmﬁ/in the presence of Brij56 to

physicochersidsily chemgeetife 2EIIWial Sakaeésticiralohyrahiisstitd bdtteRa, which are
conventionalyeepsiderethte beRGReinhibitdnydeomponeitssand therefore thesdelt:wvall surface
structures could no lgngerfungtionas PR pbikitary, camposentsinfactdn egsaparison of the results
obtained with the compositions 5, 6 and 8, it Iggpoggr%eseensth% tgrees%@%itigﬂ JOJ[__ , ét{g_ctgq@gmﬁve- cellsin
cow's milk WAL G aRty ARG SiovVea with tha compositiorf 8, but gram-positive bacteria did not exist
as contaminafs2aeRNT e five ceid afspgers®irphiEhlseitta Mg e Fadhtfcating that
the compositien Sespeciatlyqiromotesiiaactitns e CRhaveprdtbpenteiitaindtidoeiiferesdls of
Enterobactey. sakazakil, which.is, 3 gramspegative hacterinase oFremithe abeve. it can be
considered that egg white lysozyme did not participate in the lysis of gram-negative bacteria in the
presence of[gﬂj% , but physicochemically changed the cell walls of the gram-positive bacteria
originally containedfifi thelesstssampleahil donsidefe@RTPER Eoh afisSIP RTEE R not
function as RGR-inbibjitory-gormponents; ang therefore itditadkedly erovia the sensitindtyifor detection
of live cells of Enterobactersakazakii as,the.ohjectywhich is-a gram-nggative bacieruns as a result.

This also agrees Wltﬁaﬁ%% fact that, In comparison of the results tain%d ith the tcom&ositions 2 and
8, any signifiCaft BffereRteAR At THLEhBEINHRE sensitvity T E~\’/aclw’ue)%/pd%r d&ecting five cells in
physiologicaksalie, dsutiextefraly strvaribe sersildtEfdegértting live cells in cow's milk (containing
many injuregeeils)and dead cells of gram-positive bacteria) was obtained with the composition 8.
Moreover, it s considered Ingl.edg il bisozyuna atlsorbs o uelaicaqidampiieation inhibitory
substance to norma E/ aélvan_ce‘t e nucleic acid amplification reaction. On the bla.sis f{ comparison
of the resul3eHthitdd with HEEEHHESItORED, 2P ahd Y it e Céo%%fd%rcé%nth%ﬁ ifthe function bf a nucleic
acid amplificatidri féactionsehibitorpsubsiaies cah Fesippressedsiitn BSA, distinction of live cells -
and injured gglls ig possiklg, avendfia Magoesiimreal oLaMEorganic acid saftis, nORContained. 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) det&yed 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 Eraerobacterstakii suspended in
physiological saline was possible only with the PCR buffer, but the sensitivity (Ct value) for live cells
(not treated with EMA 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
traated with EMAY and initiraed celle nnot treated with EMA cannot bhe detected onlvy with the PCR hiiffar



[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 JCM1685, E. coli (Escherichia coil) DES a, and Salmonella enteritidis 1ID604 were

cultured at 37C for 16 hours, by, using.the Brg(i{n ear &qf&ﬂqr%ggo broth. Eiken mical Co.,
Ltd., Tokyo%%%%r.a[ﬁﬁﬁ?n%’ E%C;rz'tf?e’r, Bactetrllja? of 2 species be O%Bg%g tgg)z ggnera%lt?he coliform
bacteria, EWfifgella americana JCM4911 and Mod/ere/la wisconsensis JCM5894 were cultured at 30C
for 16 hourd ®§/7G3ing the BHI broth. [0122] Each culture broth in a volume of 5 ml after the culture

was collected)ing 45-m| falcon tube (Becton Dickinson Labware, NJ), and subjected to refrigerated

centrifugation at 4C and 3,000 x G for 10. minutes, the sup tan r V. 5 ml of
physiological $alin§1\%§§ Cf’iﬁljedne%di< g the | ]r%(%%ﬁ%tgg ‘(Qé‘ﬁ‘zcé %n aat %%/g) eﬁéggngﬁgég(%?uted 10 times
with physiofsgicaP8aiié 163reparBe-hns calis &8 -of CABNERAiNSF61931°0€ Further, 1 ml of

the aforementianéddivepcelisuspensigrewaspatiintold dwdm| bkrinséanicrotulve (Eppendorf, Hamburg,
Gelmany), gaddbedube;was: immessed into: bailing.watep fon 50 saconds.gndauenched. It was
confirmed that each sus ensioiliiﬂmersed ipﬁeb&iggg_vgi%ct% redcidir}lot forms%n CC(:))Iony on the standard

. U 1e i Al cation & Lhe . .
agar medlumf ﬁ<en,af6 YO, 5)apan) 0 prepare injure suspensions o%[he coliform bacteria and

Enterobact&ridteasé hastetae [0824] 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 emploved, 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 wvalue}™. 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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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 subjected to filt atlon sterlllzatlon b u5| 20- ilter (Minisart-plus, Sartorius AG, Gottingen,
Germany) { Sr(e%pagr{é a s?o%k%%?ﬁ)tl rt](éﬂ/l % on% %1 Wl\z/all-ée%:%red At %%%C un%lerri gtsshleldlng
The EMA sBiRid2¢1000"pG/AeI e vémé@f%prf%scﬁdaéé% dachtBst§amipteThive ell
suspensioncaeinjeegdeell suspension) in a volume of 1 ml, and the mixture was left at 4C for 10
minutes ung%l]lgpt shielding. [0126] Then, the test sample was set at a distance of 20 cm from a

visible light sourc k;(1OOV PRE 500W Flood eve, Iwasa %ectrlc Cio Ltd. 0 Japan) and
F

irradiated with visiBiBdightFor BrminUfEs 8h iR8>TheE Satetand %/?Slb?e ? ElirSdiated test
sample wassebjbetedeiertaftinedatat epatifulatioriat @@%ﬂ&%ﬁ%@?&em?ﬁmutes the
supernatant yas remewvechdhenst nl:ebipbysiolegical saline was added to the pellet for washing, and

the suspension wag furties subleied {q ligerated genulfuaation o collegt he precipiates. Such a

washing treatment was repeated several times, and then 10 pl of sterlllzegl water was added to the
precipitateCREE) 8 'Sth et Yh& Tang iR Rzl %aitet}%“ﬁr{gbé}e SHRTP R PCR
amplificatiohh ¥@22%p2-3) PCR amplification An agent comprising bovine serum albumin (BSA,
Sigma), trispgigae citrate dihydrate (TSC, Kanto Kagaku), and magnesium chloride hexahydrate

(Nakerai-Tesqe) e ampesiionsd) g meraneskbelo es acle p eahsample or PCR

amplification, and a surfactant o comprising sodium laurylsulfate (SDS karai- Tes ue) was

added to 5 ‘bfo?‘fﬁe%’é‘?ﬁﬁfetfdrnﬁ@ﬁh%hfwwwns Ir?fh@%ll&ﬁﬁ‘?f&%%%b?ﬁ&n% a8 mbination
consisting efride=agenthasingtive compositionsidfsl pio 8).andothresifactant of 4) may also be

referred to gg.a pretfeatment ageme[QLAR] 1n2%BSA:D pL 2 S MMeTBE hipblified

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 relationship
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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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

tempegagrg t Pﬁﬁf@fmi%ﬁ%@ﬂ%%@ﬁﬂgnéaég%@%ams%&%m appifigd products after the
real-time FOR, a FOR buffer consisting of the following components a) to g) was prepared, and the
FOR AMBHiftCHHWEE perfdiietfhy autthdthis RO RBuiet fo ﬂ?&?niifﬂﬁ’fb?ﬂ?@ afftple for FOR
amplificationcandrine fretreafment agent¢di3da)dPrimenFqd0 praoliskdd pblp) Primer R (10

pmol/ly: 4 ol) Ex:TAq {5 Ulal Takara-Bigk 0,5.oL{eantaining 0,005% Tween 20 and 0.005% Nonidet
P-40) d) 10 x Ex-TaF(}:] Buffer (Takara-Bio): 5 pl'e) dNTP mixture (Takara-Bio): 4gl f) 10 x SYBR Green

| (BMA): 8 pi gy 5tBfiizdd Wate 4% piB131] te FEARFAE FORSHE BRrBied Hddsfding to the
followingrE® Rsthezmal oyelecgonditien & bydsinge deeaktiméreG Reappanzdus §ycler iQ, Bio-Rad,

Hercules, (A% um salt and an organic acid salt or 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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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) 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 togaefarm RCR amplification.
[0133] 1-4)gge? Jé?e%cﬁ%gﬁhgr%%tlgar% &%20/2%\%%%%2 gel (Zg/tc?%eakem GT _%%%rose, FCfM BioProducts,
Rockland, SAEFG&S preprda by tivg DS SCTAES YR e BER Hinplified productWas applied in a
volume of 18 qtdg thewigarpsesgekesichglestroptioresidhhasigerfokifad.yre, The gel was stained with

1 pg/m1 etbjdium,bromide. solution -and absesvedaszadensitegraph, and the image thereof was
captured aﬁgﬁggﬁed y using AE-6905H Image Saver HR (Atto Co., Japan). [0134] 2. Results The
results of the real-time PCR are shown in Table 2. Further, the results of the electrophoresis of the
final PCR amplified pro0GERCEFe sFOWRIEEIG L. F0T 8IS RfcanindsoFthe symbols used in Fig.

1 are as follawse EMA+:EMAitieatment £:01pg/mil £8 mhingtesndG wnderiigmasiteldig) $Visible light
irradiation G, miputes) EMA-: No EMA treatment

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 degradé 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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PC: Positive control in which 8 logio 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 suspensions of each
strain is as follows. E. coil: Escherichia coil DH5a (7.91 0. 2 0 log30 cells/rnD S. enteritidis:
Salmonella enteritidis HP 604 (8.07+ 0.02 logio cells/ml) K. oxytoca: Klebsiella oxytoca JCM1665
(8.38 + 0.08 logio cells/ml) C. koseri: Citrobacter koseri JCM1658 (8.02 + 0.06 log30 cells/ml) E.

sakazakii: Enterohagtarsakazaki-ATCREL32% (405104 logic cellsim]) & fontisolmdSerratia

fonticola JCM1242 (7.47.+0.01 logic cells/ml),B. lia; ici ili .50 logi
cells/ml) R¥5GGatS: k3 %%ﬁ%nasq%é)ﬁiisnﬁé{]gégs%%%&l(% Hg¥§%%%ac§ﬁ¥n§§gé&a§n%i;ng? oo

Ewingella sinerientrICI#0TE T7ofy $70 WEIoHie 2es/ iy RISl Heltfia™Alver SEM 1666 (8.04 + 0.22
logic cells/ml) L. adecarboxylata:Leclercia adecarboxylata JCM1667 (7.46 +

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 Entercbacter 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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0.20 logio cells/m1) M wisconsensis: Moellerella wisconsensis JCM5894 (7. 85 + 0 .34 logic cells/ml)
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) 0 i

(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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10 di O 10 Klebsiella oxytoca JCM1665 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

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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201.3 n.d. Salmonella enteritidis IIP 604 8.470.02 191.4 190.6 180.8 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

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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n.d. Budvicia aquilia JCM 3902 6.981.50 163.2 241.7 15E2.0 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.

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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Hafnia alvei JCM1666 8.04022 170.2 181.6 161.3 n.d. Leclercia 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.

foLo8]

a) Primer ¥ (10 pmcl/ul): ¢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 20, 0.5% Nonidet P-40, and 50% glycercl)
d) 10 x Ex-Tag Buffer {Takara-Bic): 5 pl

e} dNTP mixture (Takara-Bioc): 4 nl

£} 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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Yokenella regensburgei JCM 2403 8.030.13 170.2 160.4 150.4 n.d. Pantoea agglomeransJCM 1236
7.670.78 150.1 161.5 160.2 n.cl Buttiauxella agrestis JCM 1090 7.760.00 131.0 171.1 182.8 n.d.
Kluyvera ascorbata JCM 2107

followings. ¥Further, "Lyso" used for the pretreatment agent means
eqgqg white lysozyme.

a} Live cell counts and injured cell counts of Enterobhacter
sakazakii: 7.95 + 0.01 logy cells/mi {in physiologicai saline and
marketed pasteurized cow's milk)

b) Injured cells were prepared by immersing live cells in boiling
water for 50 seconds.

c) No treatment with EMA is meant.

d) EMA treatment (10 pg/mi, 10 minutes, 4°C under light shielding)
+ visible light irradiation (5 minutes}

e) Ct value of real-time PCR indicated as mean £ SD (n = 2)

£} nd means'that amplification of the objective gene was not
attained by the real-time PCR.

01131

Table 1

Coﬁf]p Protreatuent ageat in physioiogiga! sal ine in co# s milk

osit 7 Live cell & Injured cell @b} | Live cell 8 injured cell 820}
ion | BSA| Dex {6p32] TSC | MgCl, | SDS {Brij56] Lyso | o @) |10 % o W oo |wd | o i0
1+t -F-1+1 +« |+ - - 17209 (2122|2042 &} | nd ) [32+£0.8{35:0.9(35x1.1| nd
sl +1-§-1+«1+ |-1- - Ji720.6 {20+1.4] 20=11 nd {314[34:21,6/3521.0] nd
st-tsy-f+F + -1 - - 11707 [200.8] 20x1.2 nd  |3240.7[34+1. 4{35+1.2] 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+b-J~-Ft+f + -1+ - l18x0.8 t16£0.8} 19208 nd  |95:1.2|27+0.812751. 4] nd
6 [+~ -1-1+1 + -1 - 1717 [1940.7] 19:0.6 | nd  §28:£0.90313:0.8{32:60.9] ud
T+« -1-1+1 « 1+] + + | 150.6 1812 182£0.8 | nd  {22:£0.82420.5{24%1.5] nd
8|+ -4-+1 + -1+ + | 162204 119413 19=1.2 nd {2220 8]e40.812441.2]
glasf-t-7-F-71-1~ ~ 11808 |21y 2143 w31 11870, 408%1.6] e
Wl=)=-fw|-F -]~} = - | #5207 [28x1,1| 28+1.8 né nd nd nd 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

47



7.800.02 171.4 180.8 180.4 n.d. Cedecea devisee JCM 1685 7.560.10 211.4 242.1 221.4 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.

of Enterobacter sakazakii in physiological saline and cow's milk
(live cells, not treated with EMAR), or among those of the live
cells subjected to the EMA treatments of various conditions. From
these results, it was found that it makes no difference if the
surfactant SDS is contained or not contained in the pretreatment
agent. The same phenomenon as mentioned above was also observed
in comparison of the results obtained with the compositions 7 and
8.

[0115]

As seen from comparison of the results obtained with the
compositions 2, 3 and 4, for all the cases where any of albumin,
dextran, and the T4 gene protein 32 was contained in the
composition, distinction of live state and injured state of
Enterobacter sakazakii (in physiological saline and cow's milk)
was clearly attained, and 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 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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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-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, the Ct values of the EMA-untreated group of injured cells were 15 to 22, and all the groups
provided good PCR amplification results. However, in the EMA-treated groups of injured cells of all the
colifoLm bacteria and Enterobacteriaceae bacteria, amplification of the target gene was not attained.

Furthermore, as shown in the results of the electrophoresig shown in Fig. 1 .band indicating
positive resdiEPM e BER afiBifiEd prodtict Cottd %%Jttb% ggfecﬁ%aegﬁ?%ér?ﬁe m-%r%gggd groups of

injured cellsrofcalirfhe wbliforimbacteka sedl EhterdbBcenidcebrabaetetie TORED] On the basis of the
above resutts; jt/gecame clear that, by carrying out the method of the present invention, distinction of

Ive cells and ke ol a5, el a5 ciaipgtianof e cslls 9ug dead el afe.cnablecis 16 genera

of coliform bacteria and 2 genera of the family Enterobacteriaceae. Further, dis |nlc1ion of live cells and
injured cellSAVRE S Msde pdsdibfe for Sfedias oﬁ%ﬁfichtagféc%sntﬁ%gtclooﬁlveorﬁioﬁéﬁ?y been difficult,
for exampletEseherichiabactsria taceSuimonktiazBacrtiza 0241y fERample S itinctions of live cells
and injured-calls of oliform bagiera anchEnterobagteriaceae bacteriannnoylatert into a foodstuff, i.e.,
cou iSSP L oSk e el ke S an cudure mehod

sensitivity for detection of live cells (not treated with EMA and

treated with EMA) as shown by the results obtained with the

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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genera of the coliform bacteria, Kluyvera ascorbata JCM2107, Cedecea devisee JCM1685,
Citrobacter koserl JCM1658, Klebsiella pneumoniae NRBC3321, Serratia fonticola JCM1242,
Yokenella regensburgei JCM2403, Rahnella aquatilis NBRC13544, Hafnia a/vei JCM1666, Leclercia
adecarboxylata 3CM1667, Pantoea agglomerans JCM1236, Enterobacter sakazakii ATCC51329, E.

coli DH5a, ang-salmaneligenteritidis 110604 were,cultuad.at 37 {0L16 howrs by using the Brain
Heart Infusion Broth (BHI broth, Eiken Chemical Co., Ltd., Tokyo, Japan). [0142] Each culture

broth WEBMFeBIS At bidFHie CHRAFEWRR oM ctefita 35- BT Allc o 8% MSecton Dickinson
Labware; td) i andrsutijectpadeanfrigerdtast-daritéfudationoaty4G amthe 000 B/fortifnmkutes, the
superpgiant was {emoved.then S gil.of physiglogical saline was added o, the rscinjtates (pellet), and

the suspension was diluted 10 timés with physiological saline to prepare a live cell suspension of each
strainin tHeRAE cEMBRLFeASIBNS PreEpIRIFEs MR BB d B NER: HsEQ d8468t §&fiple for the
followingrtestaict i clthedivearellicoiinis oi the cotifosnebacteriarahdhaierobaetefiaceae bacteria in the
live cell sus i ounte ] r ' angd tyrhidi as.simultaneously
carrie %ru'f%%)@ W%%%%%%&O%%O%ngﬁ %%%&Sg%%q; sflggg%p %%c%r{nge?er%%-lzi%%éx I%I%\gh i,éﬁapan) to
figurefoUeTRBUErsHEReHIb baiceRtheIVE €I cBbiRtand thertudBiany 6 8238]412®) Inoculation of

bactermraispensionstafoadsiuftandceliealionobpresipitatesh théo22:2 nirefimateted
pastewrized cow's milk (ive cellg were %‘iatt%efe%tc?dw%%h%ﬁ%'t%’%% nguethod), 9 tg g3 cells were
mocula?e&)%y using the five cell stispensions of various coliform bacteria and Enterobactériaceae
bacteAapreparetfasens. diffRyroncEniiad the eoWrs aiikC nerkifd df TenfokiBastarilFs or

Enterehacieniagere hactariumyvas inocgiated. in phydhenagiasample blank, 22 ml of cow's milk
to which Esm live cell sus l%nrsiorel r\{va}Lstgoti%dd Owagep%r{g%%d (liag;[grigglriot i{mcg(lja%\treg). [0144]
The coW'sh rﬂﬁjtg whieh Tive celis 6t contorm bacFerlum n%er(?bacqferlaceae E’act%rium was inoculated

and theiddw §amiik 2d wiich manyhaord iredvas hbs vl steddaspréparel aeéde, were subjected to

centrifygation-at 37 apd3900xC S8k & 1ninytes, and e liRighiayeroninegsuripeeef,the, supernatant
and the aqueous layer exjsting as an intﬁr‘la%er were removg\% %].)iﬁdecantation tg collect théa '

precipitates® COPTRECNB I breciitales (Peldter 8V i & fik 6 \which Tive celRD toliform
bacte ammplarfEnterébacteniate abdacterilpmbras ¢n doulatediahttoadhichcany-bacteeitia Was not

inoculgtedatheqnitained;dead celis.of bacteria originally existed in the marketed cow's milk and
made extinct by sterilization (gram-negative bacteria or %:am-positive bacteria including coliform

bacteria etc.6 fGYFE&ISIF5° PheRIBRATLRAR jTdg&d thatthB e cPREREL Srep L Ed 1o the cow's
milk tocwipebslive celis of the eslifomm bacteérumarEdierebadieaacede baetenumtwasinotulated

Conuﬂgeﬂﬁ%%g¥29@%§@dg%ﬁfﬁ%ic&@éé% 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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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 37C beforehand was added, and the cells were
suspended therein. To the suspension, 25 pl of a diluted enzyme solution prepared by diluting a

proteigase K solutian,(eayivalant 4250,/ pinE L, 34346 Sigma) 30.imeswith physiplogical
saline (25 U/m1) was added to perform an enzyme treatment at 37C for 3 hours. The

enzy St ated testsamipleRaS cBhtriHEBRR 2t 37 CaHd 3,800 % E3ofs Hintled ¥Re Sibernatant was
removeek ansatihelgrecipitatesaittre cOllettetragaiad[G446} I=MREddivnresdreshzide (EMA) treatment

and light-ifradiaiion teatment. 1 1 g Affer 1.1l of pRy§iolagicalsalingywas addgd da the precipitates after

the enzyme treatment, and the mixture was stirred, 10 pl of an EMA solution (1000 pg/ml) prepared in
the st et &It BXEmpe 2 WS SRFEFEISHR Mixthife SaRPiErRduFd R asEft at 4C for 10
minutés updefbgheshieldingat leddienanisiblerightimadistinnsnthwashing tredimenicwere _
perforgied,inhe samemBRRer aahatglexample,g and 5 platerlizadwalaygsadded o the
precipitates to prepare a.saniple for PCR amplification. [0147] 1-5) PCR amplification =~ A
pretre@fiBRi AgeAfiNag JLRFLRHISTP| 8htHe SAMpRfGHSERIEMPRfichtRAMAs fiF EXample 2. For

the P@R@empldicatonRdmes Ft farward:-prmes 468 1234F for 165 rRNA gene detection (5'-

CTAC T@?CGCATACAAAGAGAAG-S', 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 PCFEpafRiE 21 Further, in order to maximize variation (primary differential peak) of the

fluorescent substanca@aimetst dependiageen the temperajuie-to perfoendighsensiivity detection in

the m%gg@%lﬁig oa{t e rg?gr”fj;%ccj'tgit%%léccztes §ggq_‘the.reaxlﬁ;grpe chfgraﬂ%lg buffer comprising the
- following componenlg‘s a?to g()’ was prepared, &ng PtR amp%figgtlon was peérformed by adding 41.5 pl
of this PERMBluffer to the mixture of the sample for PCR amplification and the pretreatment agent. '

The PECR pamerssontained thenuclestides-elihe 1234 to 1258 positions of the 165 rRNA gene, a
nd the nucleotides of the jons 1 to 1703 of the 235 rRNA gene, and the

tRMA gene (76 bp) Si
target %ﬁ”&lzé%%v@adg g%igﬁérﬁ’Ni abou Eﬂ%% 6“@% glé)r%aining a spacer region (about 364 bp). [0148] a)
Primer F (10 piagifisty: epbh) PAnggrR{E0 pndiis): ZPphd)Ew Terr(GUlis, Takark-Bi)ue.5 pl

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 regensburgei -
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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(containing 0.5% Tween 20, 0.5% Nonidet P-40, and 50% glycerol) d) 10 x Ex-Tag Buffer
(Takara-Bio): 5 pl €) dNTP mixture (Takara-Bio): 4 pl f) 10 x SYBR Green | (BMA): 8 pl g) Sterilized
water: 16 pl [0149] Real-time PCR was performed according to the following PCR theLuLal cycle
conditions by using a real-time PCR apparatus (iCycler iQ, Bio-Rad, Hercules, CA). 1) 95C for 3
minutes (1 cycle) 2) 95C for 30 seconds; 60C for 40 seconds; 68C for 3 minutes (40 cycles) 3) 95C
for 3 minutes (1 cycle) [01501 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 pro ec|{ur was.r ea;g d 350 times in total.up to the final
temperatur"eq%ﬁ‘ g5t ,etﬁ%er%eﬁnﬁ tsérgngglra ire of thtéle‘g% gfr%%ﬁﬂelg%rio%scﬁvas meas(ired. As a

positive coftvol, Sy deiRAFrfvETAIRSEdFEFsER b FERterbIREL QAKAT akil WAL Dstd P perform
PCR ampliticaticioin e samegnannes. Buribensasablaank sampledtheRERufferitself to which any

test sample was;notadded wasused,io pesfarm PCRiamplification, {Q151),116)-6¢! eleetrophoresis
0.8% Agarose gel (Seakem GTG (%%rose Ii%NL?l%Pr%d%gsg1RockI?gd iprepcaged by using

Me) w
0.5 x TAE. th® 7R fﬁéﬁ%ﬁiﬁ% préﬁ&c in-a vofume of 5 t W&ﬁ?w&jsigﬁ%liggioq%e agarose gel to

perform elgebeiptioresistive fehlssltRP Separed BRreuiREESYBR Gold nucleic acid gel stain
(Invitrogen,[Eugene, Oregon, USA) 10,000 times with 0.5 x TAE, the agarose gel after the

electrophoresis wag, immersed fpi 15-minutesand tharaby. stained. then the gelayasgpserved as a
densitograph, and the image thereof vyr%ﬁ&ggtured angbsetor(e;d bé/nggirng Agaggggg Image Saver HR

(Atto Co J;‘é?)%rﬁut intoa 1.5-ml microt zpp
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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[0152] 2. Results The results of the real-time FOR 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. LW: K. pneumoniae OK: C. koseri EC: E. coil. SE: S.
enteritidis KA: K. ascorbata CD: C. davisae SF: S. fonticola YR: Y. regensburgei RA: R. aquatilis HA:
H. alvei LA: L. adecarboxylata PA: P. agglomerans ES: E. sakazakii Milk: Marketed pasteurized cow's
milk not inoculated with colifok bacterium Positive: Positive control (Enterobacter sakazakii, 5 p1 of 8
logo CFU/ml was used as a template for FOR) Negative: Negative control (5 pl of sterilized water was

used as a F&@p@‘i@@@ﬁ?) h@%@%%@@%i [O%{)ﬁ] Iﬂ@lﬁxture 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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Col i form boater ia/Enterobacter iaceae baoter in  Electrophoresis/gel staining c) toftial After -
(mubon or 3 hours flea court F5F=10 F=5 F=10

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 F (10 pmol/pl): 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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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 FUt,yvera ascorbateJCM 2 070

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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120.0 4.41.1 3.2 Escherichia coliD1150/ 1.10.1 nu 1'2 ran 2/2 2/2 Cedeceé deviseeJONI 1685 1.00.1
2.7-04 1.7 0/20/2 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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2/2 Salmonella enteritidisED 604 lA-l-O.l 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.ICM 2403 1.09:0.5 3.00.4 2.0

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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2/2 2/2 212 MBE 2/2 2/2 Rahnella aquatilis14BRC 13544 1.00.0 2.30.4 1 [ [
2l 2ie 212 NBE 2le 22 | .00.02.30.4 13 1/2 2/2 M Hafnia alveiJCM

the Ct values of the EMA-untreated group of injured cells were 15
to 22, and all the groups provided good PCR amplification results.
However, in the EMA-treated groups of injured cells of all the
coliform bacteria and Enterobacteriaceae bacteria, amplification
of the target gene was not attained.

Furthermore, as shown in the results of the electrophoresis
shown in Fig. 1, any band indicating positive result for the PCR
amplified product could not be detected only for the EMA-treated
groups of iniured cells of all the colifcrm bacteria and
Enterchacteriaceae bacteria.

(01403 |

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 lLive cells
and dead cells are enabled for 16 genera of coliform bacteria and
2 genera of the family Entercbacteriaceae. FPurther, distinction
of live cells and injured cells was also made possible for species
of which detection has conventionally been difficult, for example,
Fscherichia bacteria and Salmonellaz bacteria.

[0141]
[Example 31

Distinctiohs 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 IiD604 were cultured at 37°C for 16 hours

by using the Brain Heart Tnfusion Broth (BHI broth, Biken Chemical
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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

Co., Ltd., Tokyo, Japan).
[0142]

fach culture broth in a volume of 5 ml after the culture
was collected in a 15-ml falcon tube (Becton Dickinson Labware,
XJ), and subjected to refrigerated centrifugation at 4°C and 3,000
% G for 1iG 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 physiological saline to
prepare a live cell suspension of each strain.

The live cell suspensions prepared as described above were
used- as test sample for the following tests.

| The live cell counts of the colifcorm bacteria and
Enterohbacteriaceae 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 cut the
relationship between the live cell count and the turbidity.
[0143)
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 ccliform 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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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 Thit32/34

agueous 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 both, contained 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.

60



[0155] Meanings of the symbols a) to c) used in Table 3 are as follows. 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 treatmeahin the; BHkbnothrand ineubatiandpeciteration siep of divesolifobbacteria), the

number of the canform bacteria (live celis) increased o 99 tg,2,900.cals. g Eugther, as a result of

performing melt analysis of the FOR amplified products and electrophoresis of the FOR amplified

products, it WaT pbsEile R Gée@HRCER foF dPtheiF WraiAs i Sadkichahe BCEERSiification

product obtéinedffom:thé idowsstiik-not inoculated with coliform bacteria (live cells) showed a

negative reggh 4y poth the melt analysis and the electrophoresis. [0157] From the above results, it

Was'reveakiq %hatPiéf{v%% ade possible to detect live cells of coliform bacteria and Enterobacteriaceae
ted into & foodstuff such as cow's milk by distin]%t;ishin them from dead cells

bacteria inocu
(detection of live célig) - H7é RgHo R 8FfHe FREs@RCRRErtion. FFh&refoRe, ifBaRARE Pbssible to widely

apply such Bigtinctiohi to. feadstuftsssuch Bsacpiis milk and detect live cells with high sensitivity, even

for various cells forzwhich, distinction.of ive.cells,and dead.cells havg:beepdifficylt (bacteria, viruses,
etc.). [0158] [Co xample. 1] ction of live cells by ggnventional method High concentration
of injured cé%ﬁ?%gagr%%;c ériﬁ%n(?\ﬁ%afg%ﬁﬁc%e&ﬁﬁréﬁférﬁacteriaceae bacteria cells) were detected
by the EMA-BERMEHGHFIEASIAFAGTTRNA (1678 DRAJ G whichPedld wetesdbjeEfd@tdan EMA
treatment, andteen DBNAIRERPErifted 1y DRIA extractitat andiused 85-a template. [0159] 1. Test

materials a@@@@@ﬁ;g@@gﬁ@ﬁﬂé@é@g@@ﬁ&igs,a%,g_uﬁgr%@gemoq‘,em 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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The method of this test was carried out according to the method of Japanese Patent No. 4217797
(International Patent Publication No.W02002/052034). Escherichia coil DH5a, Salmonella
enteritidis 11D604, Klebsiella oxytoca JCM1665, and Citrobacter koseri JCM1658 were cultured at 37C
by using the Brain Heart Infusion Broth (BHI broth, Eiken, Tokyo). A predetermined volume (10
ml) aliquot was collected from each culture broth in which the cells were in the logarithmic phase, and
subjected to refrigerated centrifugation at 4C and 8,000 x G for 15 minutes. After the supernatant was
removed, 10 ml of physiological saline was added to the pellet to suspend the cells again, a similar

washing op@ragggﬂﬁggf%&%@:th%] &9 ml of physiological saline was added to the pellet, and the
resulting su gensmn was used as a live cell suspension. Live cell count was measured by using an L

agar plate rhedfuh. Injured cells were prepared by putting 1 ml of the live cell suspension into a
1.5-ml microtube, & ImmiaesifgRheamigetfivetrdoiing witss f&os0sedonds injurettell

suspensiom»Ehg-injuredh cells phtainedoy thisstregtraent did-pohéorarcalgpies.eqa standard agar

medium. [OJ[J@&%Z}E eatment d.li rlt igrad&'on treatment of bacteria EMA (Sigma, St.
Louis, MO, Zﬁas %@Asiso ved at 10 Cﬁfg‘)m u'singgsierilized water, and subjected to filtration

sterilization'By Yiirtg BP20-bi S Mikis&YpHES, Sartorius AG, Gottingen, Germany).  The EMA
solution (1000 pafM1jdm s3vokemerafl0 pd WasFadded tecthenlizss céll ‘Fhdmjubedoriltsuspensions (1
ml) of E. colfgHo@-(£91 0.20 logn cells/m1), and left at 4C for 10 minutes under light shielding.
Then, the s§§pgg1§(|:or}%w erflqlacgdsat(:ilL dlstafcgz of 20 cm from a visible light source (100V PRF

500W Flood eye, Iwasaki IECHE 0., Ltd‘f;"fﬁ:oﬁ 0, Japan), and irradiated with light for 5 minutes on

ice. EatRPRIA-treated sample was subjected to refrigerated centrifugation at 4C and 15,000 x G
for 10 minutes, theTsupgrnatantwasy emovied, andtibenia similae weashingneperstor washperformed

with 1 m| OfEEﬁy%iﬁfﬁgj?%éaéU}%duct Thedive.call.sespenasienssand fhe ipjwed:call suspensions of the
Salmonella entgritlgis 115)6,{:4 (8.47 0.02 logn ceIIs/mI)é Klebsiella %y&%c}g gCFl’\élelggg (8.38 0.08 logn
cells/ml), afd Citroba®erRoSeri St 658 & 65 006" flog nce s?rlfﬁ‘) were also sucbjec?éd to the same
EMA treatniewt &5 iHapuseaderthe'd correniss b 111e3) ExtrleRtdh GPDRNA Hsmiddiffbrm bacteria
(including Erigrebacieriacenebacieriahe mdlhe sypesnatard ofeaclt suspensior:ghtainsetafter the
EMA treatng)%td\{ygé remoyed..theni0.5 ml of 10 mM Tris-HC1 (pH 8.0) was added to the precipitates
(cells), 10 pl of a Proteinase K solution cor}resr&onding to %59 B/Tl, Sigmi\ was added to the
mixture, 200 pl of &8086 XA SIS SOl itsH was A988d T8 the Mhixture, Sand the MRRGFe Was incubated
overnight at5081terofere DNAext4EdonaRas peifornas iR BRBnelehidrbtéimxtidction and
ethanol pregipitation: metheg(EPyurther, as a blank sample, the BCR buffer

itself to which any test sample was not added was used to perform
PCR amplification.
[015%]
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 a2 sclution 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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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 (0D260). Further, purity
was estimated on the basis of 0D260/0D290. [01621 1-4) Real-time FOR By using Primer F:
forward primer 165 1017 for 16S rRNA gene detection (SEQ ID NO: 1), and Primer R: reverse primer
165 _1500R for 16S- rRNA gene detection (SEQ ID NO: 2), a FOR buffer having 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/p1): 4 pl f) SYBR Green (239 (BMAXL9 A Q) Steslizedwaier?2.R BE164 The template DNA
in an amount fe(}%l#valent to 150 ng was added to 50 %%of the aforegnggtiogfg FO& uffer, and real-time

dd
FOR was peHdriéd dddrifif td thé folfd\irfy BOR TRePhal 5 conitions by Using a real-time PCR
apparatus @@ytidricd BiooRad Hermiles0@A)1i1) B for3 minutes (1 cycle) 2) 94C for 30 seconds (1
cycle) [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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3) 94C for 20 seconds; 55C for 30 seconds; 72C for 90 seconds (50 cycles) 4) 95C for 3 minutes (1
cycle) [0165] 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 procedure was repeated 350 times in total up to the final temperature of 95C), the
melting temperature of the PCR amplified product was measured. [0166] 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-getformed: The-getwasstained-with-Ipg/mi-gtiidivga bromide Splution, and
observed as agensitogranh,ianed theiradent &réeriize thptiied.and siuad, by ushg.AE-6905H
Image Saver HR (Attast0., Japan). [OlG?]ﬁﬂR@@mﬁ acet Gt values (nurmbeg of RCR.gycles at which

the amplification curve exceeds a limit valueYplitained-y¢ performing real-time PCR are shown in

Table 4. Furliterbgvspsis It BROHE olaEH lo Ehown i Fig 4;3 16 THA rrbanings of
M 1658 140 .3:4:0, 2f2 1 2 2./% i
the symbol %ﬁg?:ﬁ;i;g 3 '—"ﬁm %af\iipé,ygpg ie%isiiﬁgia agieriiunﬂ,2 TogjtotadMIB65£8:38 0.08 logn

cells/ml) Cit QuggteroacterigryC: koser; JCMIBE8(8-G2 .06 Jogn cells/mirESChesighia bacterium:
E. coli DH5a(£:9%..0.20 Togr+< els/mijssamonella: bacterium: & enteritidis #2604 (8447 (.02 logic
cells/ml) ENAt«EM#Aitscatment (10 pe/ml, 10 miautes 24C urfder lighit shieldihg) | visitile light
irradiation (3Samatites) EMAZSINEEMASFEatmeAtNC: Nﬂl‘hah ve/omtréfinlwhiéh sterilied-water was

used insteadftfels regensburgei  JCM 2403 1605 20304 2/8 2/2 2/2 2/2

Rahnellz aquatiis NBRC 13544 10200 | 2304 i3 1/2 /e 272 2/2
Hafia alvel JCM 1666 1.3:0. 33208 20 2,/2 2/ 2/2 3/2
Leclerdia adecarboxylata  JCM 1667 08400 2603 18 2/2 2/2 2/2 2/2
Pantoea agelomerans JCM 1236 1103 2.2:£04 1. 0/2 2/2 2/2 2/2
Enterobacter sakazakii ~ ATCC 51329| 1202 31402 18 8/8 8/8 /8 8/8
Average or tatal 14302 29:4-06 18206 | 28/3% | 28/34 34/34 82/34

[6155] ,

Meanings of the symbols a) to ¢} used in Table 3 are as
follows.

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

¢) Number of positive results to the total number of the
measurement of the PCR ampiified product by the electrophoresis
and gel staining (BYBR Gold) method.

[01s6]

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), the number of the coliform bacteria (live cells)
increased to 90 to 2,900 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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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. (0169] Table 4 Bearer i um logcel | siml Live col k a)
Injured cell1:17 0c) 1047 0 e) 10 Klebs i el la oxytoca JCI11665 8. 380, 08 21 0. 9 221.1

strains. In addition, the PCR amplification product obtained from
the cow's milk not inoculated with coliform bacteria (live cells)
showed a negative result in both the melt analysis and the
electrophoresis.

[0157]

From the above results, it was revealed that it was made
possible to detect live cells of coliform bacteria and _
Enterobacteriaceae bacteria inoculated into a foodstuff such as
cow's milk by distinguishing them from dead cells (detection of
live cells) by the 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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221.0 n. d.0 Citrobacter koser i '011658 8.020. 06 190.7 210. 8 201. 1 n. d. Esther !|Ghia Doh OHS a
7-91=02024 1 2 250. 8 22-1. 4 40t 1.4 Satooner la enteritidis | 1P604 8.470.02 21 1.4 21 0. 5 200.
8

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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34ct 1. 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. c) 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 PC Eﬁy performin EMA treatment for they live cells of E. coil and S.
enteritidis. EUtther i iife %3§e0§ ep“'lr%ﬁe% gé%lts%taﬂ%mE Atreated L coll cellgI showed a higher Ct
value of abButa8okae tEKAreadd S-Ehteritidis cells showed a higher Ct value of about 14,

compared with those ©f dapaintieatad cellsattusstharerwasolbbagmitbd teAtiencyithabtie FOR
amp'”“ﬂ“%@g&%%@%%@#éﬁ?Rtﬁagvv@ds,arpps«;tf‘vq@eami@aj@mu@ﬂ% 104 anek34 1.1).
As seen from the results of distinction of liv ceilis ndligjurfd c%elalls }_grsi) %m%gigakFOR amplified
products (Fi§985 8 Bl BFHeratieERTe Eceehe Wals obtdined alSo in the sample of EMAtreated
injured cellsdarEicoli DEGrEandrSiaateridis 130604 and 8 biETcisifeRIive iR and injured

cells could potsufficiently hea cenfiaedof01%2]v) siBn shewther hard 2asiéor e Kiebsiella bacterium
and the Citrgbacter bagserium, when ihe liyecellsweressubiscted dadheEMgegeatment, any
phenomendi concefring signficant nerease of e Cf alug Wasi ek QRRelyEsabit aaenhe injured
cells were .

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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subjected to the EMA treatment, the FOR 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 Enterobacter sakazakii were
lysed (lysis) in the presence of a pretreatment agent after 50 times of FOR thermal cycles. [0174] 1.
Test Methods Cells of Enterobacter Sakazakii ATCC51329 strain (ES) in an amount of 108
cells/ml were suspended in physiological saline or the pretreatment agent solution mentioned in Table
5 (henceforth also referred to as "DE (direct buffer)") to prepare suspensions (0.25 mL). Each

suspensionzvyag Piided inta @egggggio(rls,c%r&q élgey were put into 200-pl FOR tubes, respectively,
subjected to FOR thermal cycle repetition siép using a cycle of 95C for 15 seconds, 60C for 20

h I
seconds, and 72€ 30"§&cATdE 56 Résy "afd E8mbMetFTtBGie Adain Hfald.25R134% a sample for
FOR amplifieétierckest the sample of 0.25 ml mentioned above, a portion of 2.5 pl was collected,
and added tg 12:22% pioef thenpretreatment agesi solution mentioned in Table 5 (provided that the
volume of s{%ri'l' d water was changed to 2.7 pl), and 12.75 nl of the FOR buffer mentioned below
was added to the mixture to perform PCR (corresponding to the suspension | mentioned in Table 6).
As the primers, ompATE: RTRAFE PP idPEniiK bR defedtish 151§y atttiatthigaacihec-3', SEQ ID
NO: 7), ancP6ippR1 feeerserprmer fOramplegemne detections(®d egcdagegatgitagaiaga-3', SEQ ID
NO: 8) were used. {2345ECampesition ehPGR huffer.2) ampA £ (10 prmel/pl)s240)R0mpA_R (10

pmol/pl): 2 pl.¢) Ex:Tag.(5 U/pl, Takara-Bio): 0.2 cqntaining 0.5% Tween 20, 0.5% No idet P-40,
and 50% glgrclgroﬁigli I%I(QCEQXCP a% %%?fe%e(gf’%l %?ﬁlgi%%: %?é“%fd%ﬁ Oﬁ%ﬁ(]tu%) ('nggraq |6?:§ plf) 10 x .

'SYBR Greé%r/??l@ )I?JZ?prbl%]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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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 (supernatant I). Then, to
the pellet obtained by the aforementioned centrifugation, 0.25 ml of physiological saline or the
pretreatment agent solution mentioned in Table 5 was added to prepare suspensions, and to 2.5 p1 of
each suspension, 12.25 pl of the pretreatment agent solution and 12.75 pl of the FOR buffer were

added to pefform lﬁ%ﬁ {susrension ) Thefemaipder of the suspension was gybjected to refrigerated
r

centrifugation under the same conditions as mentioned ab(? e, and.to 2.5 pl of the supernatant, 12.25
pl of the préfEatfHEnt hgentSoititicnmehtionEt it Tali8 5 gnﬂﬁ?%sél of the PCR buffer were added
to perfoLutf@R: (Supeivatamer}iEhéreafter, the same procedure was repeated until the suspension
IV and the guperpatant Y were ebtainedsiangh FORwas pefformed witds eastuiofi therae 02 74]

Real-time FQR was Q%Hsg @gg according to the following FOR thermal cycle conditions by using a
real-time PCR a &)aratu glC clex iQ, Bio-Rad, Hercules, CA). 1) 4C for 3 minutes (1 cycle) 2) 95C for

15 second$!6 oP2 g€=¥2C for 30 seconds (50 cycles) 3) 95C for 3 minutes (1 cycle) [0178]
Then, accordingteithe: piotobul of ¢he caélt arpiysisrstiiey FORerAplified BRodLEe (€Phperature was
raised at intgryals, of 9-1Gfrem; 606y each-teraperatureatasdaaintained for 8 seconds, and this
procedure V[?f ﬁoeated 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 coﬁ"@i‘?aﬁon 500 pg/mL lysozyme

Live cell @ Injured cell b
09 10 @ o8& 10
Klebsiel la oxytoca JOKIG63 8,380, 08 | 202209 | 2611 | 22461.¢ | 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
Salmonelba enteritidis |IPE04} 8.470.02 | 21 =1.4| 21+0.5 | 20=0.8 | S4=11

Bacrerium log,, cellis/ml

{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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0.5 10 ug/mL 4% Br ij 58 6.25 1% 2% BSA 2.5 0.2% 250 mg TSC 0.1 750 mid Mel 2 0.1 3 mt1 320 X
SYBR Green |1 0.1 1.28 X Sterilized water 15.45

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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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 cell count of Enterobacter sakazakii in the

supernatant | i digated with b) was ]?%567 cell mlo Q%%rrpnwer&jeg)éitgge%@gom@thgd. On the

basis of the &arﬁ%an%f’(r:]haraéct%ns ic of t?ﬁ%) gst, he measurement results of live cell counts in the

suspensiorPE irPsapematant | vévesteblriare aafs 3iechiss dontainéd &t Fiffo of 1% in the
supernatangebtainednbyy efigerated nentrifugeation of¢he susherision offEnterdbdctérsakazakii in

physiologicgl salipe,As foF tiean-heated.arounakE-sakgzakiidinphysiniogical sedines, when the Ct
values obtained for the suspen_%on | orll and thgb%g%ernatant L were, co ared, the Ct values for the

suspensioHJdTo‘ilfp Wsrefolver y %ﬁorﬁ?%F%%naeﬁ is conwsiggrsecfl at this istr.nain%/ éecause the live cells
were significanfigrolR&Reddninesneriingesqpele P UiReBf CRrénid sheaf dntBuhtbf them were
also collecteggl.in the shpesratasts T haiis, Suclt arphedomene nfeansthdt thetive cells were

distributed Between fhe precipitates.and the syparnatantat agpedific falio7j018  The results for
the theLAal cycle heated group of E. sakazakii (inré)gl}/sio ogic I,salinEL)) means the test results obtained

by subjectiff e SUSIRIRIGH GBI e CaICBP E MBI ShaSET Sakzakl in physiological saline to the
PCR thermabeyelecss tinesgandahén pHormh g PCR)aviphificafSH reaction with the supernatant and
the pellet, apghifghe bacterial cells were lysed when the PCR thermal cycle was repeated, and the

chromosomal Dgéggwnmg%nly&u%%fftpeergells, it should basically become impossible to measure the

Ct value for 'f?%psuspensmns Il to IV, However, all of the Ct values were lower than 20, and thus the
reactions of PCHERfefe fbrBR} pBHbied* Thus, it was decided to determine how much degree
Enterobactén saka2akii ¢ellsmwere/lysid afterthey were subjected to 50 times of the PCR thermal

cycles in physiglegical saling/jmtherfallowing:examples. [0182] Table 6 Washing stela
{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
[0L7¢€}

Then, 247.5 pl of the remainder sample for PCR
amplification (the sample for PCR amplification after the 2.5 pl
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 ul 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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L1 1V E.sakazak i i On physiological saline) 008 cc' loso Not heated Suspension 16.40.4 17.00. 6
17.00.816.90.5a) Supernatant

in Table 5 and 12.75 pl of the PCR buffer were added to perform
PCR {supernatant II). Thereafter, the same procedure was repeated
until the suspension IV and the supernatant IV were obtained, and
PCR was performed with each of them.

f0174)

Real-time PCR was performed according to the fellowing 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)

2) 95°C for 15 seconds; 60°C for 20 seconds; 72°C for 30 seconds
{50 cycles)

3}y 95°C for 3 minutes (1 cycle)

[0178} _

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 B seconds,
and this procedure was repeated 350 times in total up to the final
temperature of 95°C), the welting temperature of the PCR amplified

product was measured.

[0179]
Table 5

Protreatment agent | Amount (¢L) Final

solution (PB) concentration

500 pe/nl [ysozyme 0.5 10 pe/ml,
4% Brij 58 6.25 1%
2% BSA 2.5 0.2%
250 mi TSC 0.1 1 mi
750 mit MgCla 0.1 3 mi
320 ¥ SYBR fGreen | 0.1 1.28 X
Sterilized water 15. 45 -
Total 75 ~
[C1B0O]
2. Results

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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21.50.0W21.20.523.21.023.9 1.2 Heated with thermal cycle Suspension 14. 30. 5 16. 90. 4
18.01.119.00.8 Supernatant 152-0.2 19.60.6 20.60.9 20.81.2

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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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 25.55.9 28.01A Heated with thermal cycle

decided tc determine how much degree Enterchacter sakazakii cells
were lysed after they were subjected to 50 times of the PCR

thermal cycles in physiclogical saline in the following examples.

[0182)
Tabie 6
Washing step | I il v
£ sakazakii Not Suspengion 16.4:0.4 | 17,0206 | 17.0::0.8 15,9205 2
i heated | supernatan: [21,540.6 9| 21.2:4:05 | 23,2410 | 23.921.2
physiclogioal | Heatsd | Suspension | 14.3%0.5 | 16.920.4 | 18.0#1.1 | 19.0408
saline} with _
(108 celis/m) thermal Supernatant 152402 196086 206409 208+12
eycle
£ sakazakii Not Sugpensicn | 15814 | 184%07 | 157kL2 | 143109
{in DB} heated | Supernatant | 238127 27108 255169 28.0:514
(108 cells/ml) | Heated | Suspension | 22405 25+04 | 224304 | 226402
with
thermal Supernatant 30.7£04 300408 30710 30812
cycle
10183]

Purther, as for the Enterchbacter sakazakii cells "not
heated"™ in the presence of the pretreatment agent, the ratio of
t+he Entercbacter sakazakii cells flown into the supernatant by the
refrigerated centrifugation was suppressed 10 times compared with
that obtained with physiclogical 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 sciution, the Ct value
significantly inc¢reases as the process proceeds from the step for
the suspension I to the step for the suspension IV, and if they
are completely lysed, the chromosomal DNA is recovered in the
supernatant after the refrigerated centrifugation, and thus the
measurement of the Ct value should become impossible. However,
the results shown in Table 6 do not support such estimation.
10184]

What should be especially noted for the case where the
Enterobacter sakazakii cells were subjected to 50 times of PCR

thermal cycles in the pretreatment agent solution includes that
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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 1V, and if they are completel Ixs%d ¢ qrpg;ogg%D% is.recavered,in the
supernatan a?terThgareﬁ?ggrgat%%ecesrﬁ?%ﬁggt}%n, anggthzs%e measurement of the Ct value should

become imBBEsHIRBREr, ThEYeBaReE sHeftn fin TS 688 (&t FadP6rtSud&stimation. [0184]
What shoulgiheespecallyrnoted for thertasemahére thi&Enteheb cterasalezakitéells were subjected to

50 times of RCR tharmal cygles in the figlreatmant agent selution ingludes ghat the Ct value of the
suspension | was smaller than th value of the, supernatant | by, more_than 8, that the Ct value of
the suspengfﬁpﬁrﬁ' %?r%ﬁag%/%srﬁﬁﬁe%r%hgﬁ Q%E%/na Egabﬁhjénsﬁgé%atgﬁiﬁ Ef/ r%%crg% ‘5% 8, and that

the Ct values ofise Rempehsidn 3 e \PRivd #Hot fhcreade ™ BpitéHf thetindré%se of the number of
washing operationied the pelleta HaheiE ntarobacter sakazekietellsaedcdmptétely lysed in the

pretreatmeBE@@@@%&%@m%ggggswgu%itm%@gg@@egggg@@&ng% and therchromosomal DNA
is completely flown out into the external %olution, thﬁ %tN%alues of thleeggfr?e?%on I agg the supernatant

| should be 2t 1T sAte VATUESTSRE 58 he nUmber of the washing Gt the pellet increases
thereafter, the-Ct Vatue st e sspergidnshdilg SKnificaney iAfréise SEERFE FiSRsUréent thereof
should beceme inpessiblaridowesen the resulis showr i1 Tabled demotvsipport sueh estimation. On

the contrary,the Gt yalue of the syspension } was smallgrthan he, Gl value of thesupgmnatant | by

more than 8, it is estimated that the ratio of the chromgsomal DNA flown out into tge sﬁtgpernatant was

around 0.1 t& 0"89¢'t Hodt{BsTorRRB DNV EL Valid Bt tHE W pefnALHErR 3 eXfremely small part
of the Enterosmicenakazakizcedl§ oftwhich Speeifie graRityBddame BavalT&rduélts the repetition of the
thermal cycle may bestesaveradigdhe sugernaianbugnelit is estneatethtat30% o npee of the origin

of the Ct value of ihe suspension | 5, DNA in {he.gells of Eryierobacter sakazali, Thatis. fwas

T ’ .
suggested that even after the Enterobacter sakazakii cells were Subjected to the Cl;’% thermal cycle 50

times in the’preerte SPthePrérRahABht AgRht™855 bPof of thém Rierdtifsedfo1ss]

the ratio of the chromosomal DNA flown out intc the supernatant
was around 0.1 to 0.5% at most (as for the origin of Ct value of
the sﬁpernatant I, an extremely small part of the Enterobacter
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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Further, the Ct values of the suspension | and the supernatant | of the "Not heated" group of E.
sakazakii (in DB) shown in Table 6 are significantly smaller than those of the "Heated with thermal
cycle" group, respectively. Supposing that most of the cells of Enterobacter sakazakii were lysed by 50
times of PCR theimal cycles in the presence of the pretreatment agent, and the chromosomal DNA
moved to the solution side, the Ct values of the suspension | and the supernatant | of the "Heated with
thermal cycle" group should be comparable. Further, in the suspension Il, since Enterobacter sakazakii
cells were in a state that they did not have the chromosomes, and therefore the cells should come to

the state thatthe G aluereiddnobhe measurad, Haweversthesesulis shewwn it Tabledsdo not
support suc%eéématlon Further ore,.on,th the hypathe ésngha_)[tt %va.l %% e aforementioned

suspension Thé SLﬁoerna?an | i the "Not %%1 group signifi cant Smaller than those of the

"Heated wﬂ%‘ﬁf‘i@?ﬁi‘al%@"’g%ﬁﬁ@vé?@ﬁﬂ&nﬁ@d%‘ﬁ%%ﬂoﬁ%ﬁf@%thé%otﬂ?ﬁ“'les of the PCR
thermal cydlesphecduse Proteinscsudnasegewdite ysbzyate Ang:bbyineserum absimairewere

contained igghe msggaaq@moag%mhw@mﬁag@m@gvn inJable % wasfurtherqparigrmed. The
specific experlm ntal O[f)P:ocedure is shown elo tllleb %Valu'léeg dpqrélonso 25 pl of the pretreatment
abl

agent solutBivh dirt e ESn?posf%ﬁts WA in were preparecp subjec ed to 50 times of FOR
thermal cyéié@%ﬁ@co‘?ﬁ@n%ﬁt&b?eﬁﬁﬁ@%@%%ﬁh% SretfedtthieAtBERRE sBRRbn subjected to The
heating witb 4hermak eycle rFllrensanpealiet afliveneelis/fwelshety afithe Enterobactensakazakii

ATCC5132g Jraip obtained from 30 lLof & eulture, Rroth o Mw;l}l!a%@usm@ precuiiiyed overnight
was added to p %deIOI ical saline, a'gretrgatmend[e?gent solut nora Fea éagent %olutlon

subjected tB%REFeat gob\ﬁtrfﬂ%ﬁﬁé AVdiaY at R deridity ??LO 0109 céﬁ Sml; §RdEushended therein
(50 pl of eadhesusgermsiohalaspreparedy @a@ﬁs@@@e%suéﬁmﬁ@vémé 0’?‘@5’%51 Whs atided to 12.25
pl of the pretreatment agentsrlutie-mentioned4dn Tablemépravideckihas the voluragsof sterilized water

was changeg| 0.2 pl, AL 12,15,0lAL10ePER bufer as fuihes addes g performyFOR

(measurement was performed twice). The results are shown in Table 7. ;0187 ] Table 7 E.sakazaki il
ive Pretreé?ﬁ%ﬁ%%?ﬁ%lﬁﬁSﬂ%elR}é%I R BRYSIGTOgHEA J(I‘flgj"‘bs]aeﬁne Kt heatédHeated with

performed. The specific experimental procedure is shown below.
[cl8e]

Ten portions of 25 pl of the pretreatment agent sclution
having the composition shown in Table 5 were prepared, subjected
to 50 times of PCR thermal cycles, and combined to prepare 250 pl

- of the pretreatment agent scolution subijected to the heating with
thermal cycle. Then, a pellet of live cells (washed) of the
Entercobacter sakazakii BTCC51329 strain obtained from 50 ul of a
cualture broth in which the cells were precultured overnight was
added to physiological saline, a pretreatment agent solution or a
pretreatment agent solution subjected to the heating with thexmal
cycle, at a density of 10% to 10% cells/ml, and suspended therein
(50 pl of each suspension was prepared}. Each suspension in a
yolume of 2.5 nl was added fTo 12.25 pl of the pretreatment agent
gsolution mentioned in Table 5 (provided that the volume of
sterilized water was changed to 2.7 ul), and 12.75 pl of the BCR
buffer was further added to perform PCR (measuremeni was performed
twice). The results are shown in Table 7.
$10187]

186,



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

Table 7
E. sakazakii five Pretreatment agent solution
cell (cefls/ml) | Physiological (]33]
saline Not heated | Heated with
thermat oyole
08 16, 84:0.5 15 80, 4 16.8+0.8
108 17.430.7 16,2403 16.5+0, 7
107 19,8+ 0,2 1.9+ 0.5 20.6x0.6
106 22. 7411 24.0+07 24608
[6188]

It cannot be considered that the Ct value of the live cells
of Enterchacter 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 I and the supernatant I 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
Entercokbacter sakazakii, which was obtained by subjecting the
Enterchacter sakazakii cells to 50 times of the PCR thermal cycles
in the presence of the pretreatment agent, cooling them to 4°C,
then returning them to room temperature, and subjecting them to
refrigerated centrifugation sc as to recover the chromosomal DNA
in the pellet and the supernatant, was intricately twisted around
denatured DNA binding proteins and denaturation enzymes, and could
not function as a template for PCR at the beginning. Even if the
Ct value of the supernatant I originated in that less than 1% of
the Enterobacter sakazakili cells were lysed by 50 times of the PCR
thermal cycles in the presence of the pretreatment agent, it is
thought that DNA was not completely separated into single strands
in the PCR thermal cycle treatment at 94°C at the beginning of PCR
for the aforementioned reason.

[0189]
[Example 5]
It was evaluated whether the cells of Enterobacter
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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 Entero%%%EM%ﬂé@ec%@%E%Wi. ﬁ§)0f1:£{}'6580&§]@@rma| syclesierthe: prasanrce Of éhe )
pretreatment agent, cooling them to 4C, thep returning them to t I jecting them
to refrigeratéd c%ﬁ?ﬁﬁ?éﬁio#sg%s i ?&E&&e@“&%%%ﬁ%%%%&?rﬁaf%%‘% i% %Pg{)%yfﬁe%%dﬂﬁhég supernatant,
was intricatetf ewistentariirt deprtrsEDNABiInGihg Broiis B danafiratioh &Rzymies, and could
not functiop as:a tempiate frsRER atthe heginpingEven drws Cuvaius ot the SuperAatant |
originated in that less than ;1% of the Enterobactargakazaliicells wakelysathbys0 times of the PCR

thermal cygles In the presence of the pretreatment agent, it js though thcait RNA-was.ngt-gompletely
separated B EHGR-FaARs T the PER kAT c%g ?é:atﬁgn% a %Iﬁ%: at the beginning of PCR for

the aforemehtionet! reasbes [0189] [Example 5] It was evaluated whether the cells of Enterobacter
sakazakii weredysed (lysis) by 50 times of FOR thermal cycles in the presence of the pretreatment
agent, by using.samples obtained before and:after the. renefliion pfdbedegR, thermal cycles on the
basis of fluorescence microscopy and stereoscopic microscopy using a nuclear staining agent, and
flow cytomaétry ERpREH &raes Tt ation of cells remaining after the repetition of the FOR thermal
cycles. [0190] A. Fitoreseesseenemseopyaridatecbsdepianticrssedpiamiserfimetital methods
In the same. mannek agihatof tae method pkExaraplerd -169 cellsimiiof theTsslfsldRthe Enterobacter
Sakazakii AT00513ﬁ]g.ﬁ;ralg ]ég%)d\éveég suspended in physiglogical salineor the.pretreatment agent

solution méhtiohed bie 5 to prgpare.suspenswns (0.25 ml%?}. Eagh suspension was divided into 25
pl portions BREFREFS POPEEROR tbES Fe SFEEAN Sand stiiééted &5 af%(%ﬁ}fl fhermal cycle
repetition steps(R5€fond 5(seeonds) 60 o268 werors;mnt: 728 3t dids, 50 tides), and then the
portions We%;glc&rgggw%qlmtlg&nqgggi@d@t@hO@nﬂﬁ@gghW@@M&ﬁMded into halves, and

supernatants were collected f ne of them as it ad 1 %tg%g ong subjgcteddo refrigerated
centrifugatigﬁ%ﬁﬁbeé g?joa m%%tgéef&.tﬁfc? 68%45% S;;é ggcﬁ%f the afg!»r% Fention d surslgensions and
supernatangsgradind@venteach hroeesaisy 758 was adted Bt E il % 15 B, he mixture was

maintained @itC for1baniniutes wrder kghtshiedtingt amen2 5:pkéhtHe aixiure-was"laced on slide
glass, coveped with, covet glass,seton aflupreseenselsiesgoseapisumicrascapesAxiasKop2 motplus

(lens: Plan-NEOFLUAR 100x/1.30 oil x./0.17, light source: KuhlercoDIX ehg 100.isolated, software:
AxioVision ﬁ‘éjnlf.%t.@fjfilféﬁrﬁtﬁl@a%é gﬁ%“ g)?pc%gu%at%lme: FITC 347 ms fixed;,D[03 20 ms fixed, LEJ

D
Leistungs etektrsiikileve GMbFEGEHRAFY 18Rd bHEhEd%o ¢OnfirAWhHgthet t%L”bac?erial cells
emitted gregn fitmrescencenfb3d nrhavitit argoatasenkghtobn88aiwnas aitdexcitation light. [0191] 2.
Results  _Fluorescence mpiglosgopy-images.qbihe suspepsioneob Episrebacier sakazakii in
physiological ga_llne not heated or_subjected tQCSO tin&ess ?J E(I;T% {Q%gngtcxelgsfgpdlgupernatants
obtained by%?ﬁ@e?dcteh‘éeﬁftjr' u&l&ﬂon}%ﬁe%ﬁ?, A5 Well as the suspensions of Enterobacter sakazakii in
the pretreatmienttagernseiutibhchst FEARHSPSubfEtet-to 56 thhes st PERHS &y cles, and
supernatants:ebtained by refrgerated, centvifugdtienthereskargrshown #eFigs! £to 11, respectively.

Thatis, the Ef%§£'§%%%§§&é’?£%&§é&%@&%qé%@@%&@%&ﬁ@rﬁﬁgggg@g@iﬁ@@wy images should
correspond to the %%ibpensmn | to ghe sOupe,rTago%t Ilc}f thfi V\{jatshsl,ng Sstep Iﬂﬁ tionedin gggle 6. With
these image%l,‘“ﬁé . (,Iéﬁ]é MIrs 'E:oay ir%%lges, and Supe 0s&d images of the stereoscopic
microscopy Ib@gescant dlioresésnesmidssedpy ivradidlard afsc show- 461951 T 2Bgardless of
use or disusgrefthe.ihrymakcyclastepr bactkriaeelsiatEntemtiacier sakazakil wémslalso found in the

centrifugatiqn supenaant of {he phy sialogieahsaling.suspensiomaf Biueiakactes sakazakii and it also
correlated with the Tésults of PCR shown jn Table 6. A@E shown | FJ)%S-S%Q@E%EV%df the cells of
Enterobactéf%%%%kmﬁef;@%ﬁﬁﬁ%d%% tiRnes 6f thd PCR f%leu}m_a cycles in physiological saline,
most of themimkiragred lestactégaltcaEnfdiphaogy (&feredsespic-ficroEdpy image and
fluorescence gnigigscopy image), clear SYTO9 staining images were obtained, and therefore it was
considered that the cells harbored the chromosomal DNA in the cells. Since cell wall debris were not
found in the stereoscopic microscopy image showf 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 a phegamepgon that the Enterobacter sakazakii cells coagulated after 50 times of the FOR
thermal cycles Wer%loerformed in thecpresence of the retegea ment agent, but lysis of the bacterial
cells was not observed: [OT84TEF FloW Qiomhety I p&fint rﬁafﬁ?é?iﬁ%%lsons e experimental
methods fofiGRERBATEFY TEIFFHA DElom ISt ¢ 1hé savaeé mannet daeitadithe method of
Example. 4,109 eellsiinkof tie cells of diie Homternbaatar Sakazakii AECEHLI2Q straiv (ES) were

suspended i, physiclogical saling. or thes pretteatmant agantselutiop meptigned iy Taple 5 to prepare
suspensions (0.25 m? ach sust%efnsmn was divided 25 pl portions and put into 200 pl FOR tubes,

respectively’ B stibjacted o8 FORTRET I /& HEpktitiBn e OB C 6118 4e G570, 60C for 20
seconds, af¢ 726 90 setohas 80 thres andtisd gortiofs Vimes combinBdtinteere agaiséiotal 0.25
ml). Since suspengienrancsupesnataitidhergot-eteagh sample-are wspehiorithe flawredemetry, three

portions in g yolume of Qr?%[@se.a%h %erflerelpe%rggcgr‘%aﬁh S lte. J_Ssee%iltjgally, the first portion

consisted of the sample per sé, the second portion was prepared by subjecting the sample to

refrigerated EERTTGGAHSN BB Ut Vhiindfe s E) HHent ool SUhEFREIRY and adding 0.25
ml of physidlogics shiinédodhernsreeipithtes torsuspendrthéwells therehy angb¢heahirdpdrtion :
consisted of a sweernaiantgbiainedibysafrigerated.centriugationpfthesamplesigilar to the above.
To each portion, YT w ggded at a.concentration of 1.5 p1/ml, and the mixtyre was stored at 4C
for 15 minutes under %%t s%?geld?r?éc,og% ﬁ{éae asa ?egstssufr%p e for I(%VI\[}’;‘_?1 &ﬁ%m%tr%ﬁl%l The
measuremeteAFPARTHS WS EAE S EUIiMIREBE CPON DIeIGRESER), BHeF SARON-TRE of 488 rim
was used terecedrizesbawterial cell plots by FSC (forward scattering light measurement) and SSC
(side scattermgpkight measurement). If SYTO9 intercalated into the intracellular chromosomal DNA,
green fluorescenc%cou!}jg%e detetf‘t%dS gv%hragig% flltoeg %fwhﬁbeAm X IS g§o nm by excitation with

that laser, and therefgre E"glo?tlng was also pleln%rme hﬁlthoué‘"ﬁ“ﬂ’ényc ucFea{Srtéat%’lning agent based

on propidiuR?foRdePITHas nt epéeithaiied, rakfaslddcetice wasaldo mivadiréd:®ith an FL3
filter for refersrivel e detalls opthe measurement gongitionsgf thé flovl tytomeipeasd shown in Table

8. (01961 Table:S-Barameter-Detpstion Moltage AmpsGainMode. pikGEPZI0pR2S 44 (199

P3FL1542|%9 pPLH?{Lzs%%Zqu?gln Table €. As shown in Figs. 4 and 6, 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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P6FL3633log 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 cyc vawere divided i Il ions, re included. in the.-bacterium gate
region (the ﬁ%iﬁgsg\goﬁ%géegd Cg&gtﬁggpziﬁ?/%oﬁ%%?ggi%%g\}v ge?e%%&ct%ﬁg aler%tg:%tifd)%oﬁfgthe FSC-SSC

chart, and thfifg e plottéd7falke FISP R T, PRV RS Araing FpSERTE @) FRion (right half field with
respect to thectendsy whitksmesns: greesfliooreseents B8 RO theredfteheor plots therein should
markedly degceease: idawavenihe requltsfenthe-samples ahtheiphysiolegisal saline suspension of
Enterobact%%g?zakii cells not heated or subjected to the repetition of PCR thermal cycles shown in
Fig. 12 do not support such estimation. On the contrary, even from the simple comparison of numerical
values, it is estimafétf 566 of i Leh8 MafiairfedbactdhalyidtBhelody*8ven after the thermal
cycles, andfalsedvdrbored thekelrrondsomalsD NAcHbtaastrimsic standiuskdewdtioi:for the results of
two or more: timpes of flone cytemetyrmeasiyemantsistakep,inta coasigeration, the numerical
difference ispighga[gos%iglyawi;lhcin the r%g]gé_‘of measurement error, andlit cag be considered that
substantialr@‘f J% 6 the bactenal c8lls of Entefobacter Zaki mamntainsa the morphology after 50
times of the"FEMRIAéRhal TYelds; ARG herpsiciEaRsl cRi8MddmBR DNRPFIATS] saka5ifdifsily, on the
basis of thezradidtshtor-bnter oliacteh sakazakiz tellssuspertded-al the pretreatmentagant solution (not

heated or tigated wish repetiion ¢f.EQR thermalcyeles) and the, suspeasion obtained by washing and
re-suspendJCngethe cells (not heated or subjected to FOR Eleermal clyclggsc) of the Enterobacter sakazakii

cells, shown}}nli“—elgﬁ%,? IS Haro td" cBﬁ%fﬁ%r?ﬂ%’ftﬁg Bacteriar B BPERtEFob AR Kikhzakii were
lysed in theSSrelserfea e prefteatieht dYehtvem tHe bagiFeRcbhipaidos vtlafe resdts shown in

Figs, 12 andel3 dtimeasilyasiimpatedithat ithe SXI Q2 stakingds somewhatinhibitedi v the presence of
the pretreatpent agent- Therefore, ifds approprate.fhat the plots for Enterobacter sakazakii suspended
in the pretr%%q?g\?t agent solution (not heated or subjected to thermal cycles, dispersed cells) at an
Eli-H intensity T09) of 101 to 103 shown in Fig.13 are regarded as the plots derived from the
Enterobact8r sBkayakli eetst On such a premise, it is obvious that the bacterial cells of Enterobacter
sakazakii weremgislyseeran thadasis©f the data for Enterobacter sakazakii cells suspended in the

pretreatment age%éolé&pmagn@gisq&g%@eqsg t&%%&gte%mé%%% QLR frLtng, data for

Enterobacter sakazakii cells suspended in the pretreatment agent solution (obtained bmashing and
fon is needed. In

re-suspending the cells) ot HEKterOPSibReted 16 PERNerranQtI8s, &ipPRifieftat
such a caseeas s majof pramise] simcelthdiEnfarobreecsakaZakih SNTORERGAINEBlots were

obtained fog the cellsmncasvashedaneher suspendedbinoghysiolegicahsabre s they must be evaluated
by using thﬁfe:lc,&élaltgﬁlg nrggg%gh ggiﬁgp %@r?%‘z%@a‘é E%ta% géigegu{rgbers of fplots in the FL1-H(+)
n cells

region for the "dispersed cells” a ated cells" after the PCR therm%f%% es apparently still

_ “coagu : R
smaller thantfattor-thie’ céﬂserrbt“lIréated?%Fﬁ iStIRER T cBASIFETELORthAD 14Dl F the"Eoagulated
Enterobactensakazakiitcellst s cbndiderec-eshighiy possibly lconsistiob abigastesbvarad to several tens
of Enterobagter sakazakiihacterial sells ascestinated feom theresylt-showndn kige dGdtis inferred that
the numbetr,j ivalent to qr hi r.than that for the cells nat heat and if the data obtained without
Hi§ gadivalent 1 gr hug
washing are also tgﬁ(ej% in?(g1 consiggr%%]oﬁeiﬁogér%bir%gtigﬁﬂ(te?g toﬁrsl%gtr%% 1%%? sh%%staﬁﬁéﬁy 100% of

the bacterid TP EPEMED RGP SakazAkR Werd ndPIyeEd: [0X9]ERAPRERS6PRHIMime FOR
measuremenpasingtaunbidreotbictefia aetswiBhterabacteesakazakinandpurifisd shromosomes in

_thesan“3aﬂW¥@@tportions in & 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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of chromosomal DNA contained in the cells [0200] 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, RZglifeb-ated averpight were washed, and the serially dilyted, With steriizegbwater to

prepare live cell suspensions of Entergbacter sakazakii at densities of 4 x 103 to.4 x 106 cells/ml.
Then, accofdihE e HBHERSF EXGhdle £ 55 5FOf sabh SRRSO Wassagea36™ 1525 pl of the
pretreatmereageht sotttion méntibredanFableiB provitled that #hevelunie ofawdrilized water was
changed tog2#pbnangvi2y Sakokie-BCGR huffer-fes-detection offompA gepalwasdHurther added to the

mxure (o e ER e st Mapngtes {hah aliXamplad: Sagh PSR bha sgpraned 101 to

106 cells of Enterobacter sakazakii. Since the amount of chromosomal'DNA obtained from 1 cell of
EnterobactéP8aka59kitah beTegdfiBdS fPls kK P0-15 by he"dmount of chromosomal DNA
contained in@®&Eh PCR tube was calculated by using that value, and the same amount of the
aforementioned purified.PNAA2-201) Wppanidat fachrRER tuhenbard thequratreatment agent solution
and the PC re successively added in t er to perform PCR. [0202] 2. Results
Purification%e%%regﬁe%%?bﬁﬁ araensﬁor%%n able é]fa?]%g:r%ﬁ:&s% tsuogfe%a §ir%%c§% %1%263 shown in Table
10. As seefrdifithalresiits BRGHH RYTABfe J i 9afi&Car DR E0bZBY W RSHGHd 20, and
therefore higidpasaty DNAswrhdittte contaminhtiomnead RNSneould. belgrepyd@@d from each of the two

strains of Enferohagter sakazakiic respegtively: Futthercas seenfom the resulls;shown in Table 10, no

significant difference was seen in the Ct values for, bacterial cells, qf Enterobacter sakazakii bacterium
and the ch%%ﬁlggg%%ﬁ%ﬁf%l%ﬁébfntgego??ggéor‘f&’ing fo'the"same F}%ﬂ]ger gaﬁ?cfe c/aén%f(a%}% thus it was

found that iP3B0Y8 dtheEdiifcd NE diksbiidd if%e tuFeFuhBfisRéa s Biteripatsé B1PCR, 100% of
the chromosemallBdl A«f therkatterkl Celisgdf Enterohatterrsakaialinglsertuncticrred asna template for
FOR. [OZO%ropimrim%siﬁ suspending dhe cellsiaf Epterebacter sakazakiidnasimilar
pretreatment ageEt solution or séglo%c@&al?e&g st{ggrized _;Neate%rz eand,f en %diggssuch a FOR
buffer as sﬁgc?v?/n%nsﬁxgﬁaﬁg% o the susSpension to pe,?'?form , itisinferre that thare may be a
misunderstaAdity EeDPHIFRIIRI E0RVBAGHAIRN OWISHGe That a PErbst thE EIR hEvfertbacter
sakazakii aretysed so that the chromosomal DNA flows out into the external solution, and serves as a
template ofﬁé@&go cause the reactions of PCR. However, if this hypothesis is applied to this case, it is
necessary that substantially 100% of the Enterobacter sakazakii cells should be lysed, but it is obvious
that such a 1009 Ksis phenomenon is denied by the experimental results of Examples 4 and 5. That
is, as for Example 4, in the comparison of the Ct values of the suspensions | and Il and the
supernatant p0fthe baigrebaster.sakazakii cglis after 50 times of the FOR thermal cycles in the
presence o ] T, 6, if 100% of the cells were lysed, the Ct value of
the supernatantd needgdo be gignificantly smadler than the Ct value of the suspension Il, and the Ct
value of this sugpernatamt shoutekzbe equivalenio that of the suspension I. However, the results shown
in Table 6 do net supp8# suchégstimation. Fuither, as for Example 5, on the basis of the results of the
quantification of°cell ndiibers &PEnterobacter'$akazakii before and after the repetition of the FOR
thermal cycles &hown Fﬁ']‘f‘iig. 13, Whic}wz%re tt‘ié“ results of the flow cytometry measurement, lysis of

. p FL1-W L. 00, in . . .
substantially 0% of the-celts-is-tmpossibte;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 td #hé& External solution to induce PCR" according to the general scientific knowledge cannot
be applied to, atleast#zOR in the presence of the pretreatment agent (50 times) according to the

presentlnvenuon'gEgygxperimental results for the physioclogical 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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Table 9 Purified DNA of E.sakazaki i after RNAse treatment 00260 00280 00260/00280 ATCC29544
0.1108 0.0538 2.0595 ATCC51329 0.1082 0.0540 2.0037

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 PCR 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 PCR thermal cycles, they were
divided into small portions, and were not included in the
bacterium gate region (the region surrounded by the polygon is a
region where bacteria are plotted) of the FSC-SS8C. chart, and
nothing was plotted in the FL1 (FL1-H in the drawing) positive {+)
region (right half field with respect to the ¥X-axis), which means
green fluorescence by SYTO9 thereafter, or plots therein should
markedly decrease. However, the results for the samples of the
physiclogical saline suspension of Enterobacter sakazakii cells
not heated or subjected to the repetition of PCR thermal cycles
shown in Fig. 12 do not support such estimation. On the contrary,
even from the simple comparison of numerical values, it is
estimated that 95% of the cells maintained bacterial morphology
even after the thermal cycles, and alsc harbored the chromosomal
DNA. If the intrinsic standard deviation for the results of two
or more times of flow cytometry measurements is taken into
consideration, the numerical difference is highly possibly within
the range of measurement error, and it can be considered that
substantially 100% of the bacterial cells of Entercbacter
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 subijected 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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[0205] Table 10 E.sakazaki ilive cell(ce | | S/PCR tube) 106 w6 104 10 102 10 ATOC2 544 DNA
21.20.6

the results shown in Figs. 12 and 13, it is easily estimated that
the SYTOS staining is somewhat inhibited in the presence of the
pretreatment agent. Therefore, it is appropriate that the plots
for Enterobacter sakazakii suspended in the pretreatment agent
solution (not heated or subjected to thermal cycles, dispersed
cells) at an FL1-H intensity (SYTO9) of 10' to 10° shown in Fig.
13 dre regarded as the plots derived from the Enterobacter
sakazakii cells. On such a premise, it is cbvious that the
bacterial cells of Enterobacter sakazakii were not lysed on the
pasis of the data for Entercbacter sakazakii cells suspended in
the pretreatment agent sclution not heated or subjected to PCR
thermal cycles, but as for the data for Enterobacter sakazakili
cells suspended in the pretreatment agent solution {obtained by
washing and re-suspending the cells) not heated orx subjected to
PCR thermal cycles, supplementation is needed. In such a case, as
a major premise, since the Enterobacter sakazakii SYTO9 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 possibiy 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 not 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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3) 24.00.9 27. 10. 8 31. 20. 9 34. 21.6 41.35.4 Cell 20. 70.2 23.90. 1 27. 70.1 31. 00. 1

of chromosomal DNA contained in the cells
[0200]
1. Experimental methods
From culture broths of Entercbacter sakazakii ATCC2%3544 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 KO2007/094077,
absorbance values thereof were measured at 260 nm and 280 nm (ODag
and ODugp, Olngy = 1.0 for 50 pg/ml DNA sclution, cell length: 1 cm},
the DNA concentration was calculated from ODsg, and purity of the
purified DNA was estimated on the basis of ODygn/0Dagg.
[0201]
Furthermore, the cells of the aforementioned culture broths
in which the ceilsnngawﬁﬁqiiﬁaaated 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 solulion 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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34.30.4 38. 3.0. 8 ATCC51329 DNA 19. 10. 8 22. 10. 9 25. 31.0 29. 51. 1 32. 51.4 37. 32.1 Cell 17.
20.

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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520.60.4 24. 90.3 28. 60. 1 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 t ene product was obtained, and it had judged to be positive for the
real-timé':’(;hl?OJIEQE.a ?—\lo%gveo:},etc? Eggrg%‘i%e, %ﬁ%gg t%la/cglr?gi%uﬁﬁfe%%%r the ?%ﬁ a?ngplified product existed in
‘the baéteriaresiisiid the t@AGEséiEoRFeAPCR, o iR haistheFremd EFRArgENseBoint of view,
itis considergd thatthe-PCR amplified predustissnainly gissolved inthe sglutiemforiRCR:Aut even
this is not definitel¥ a;ilarified, and for tthCR inlthe gresenc(g of the retreaﬁmsgha%?nt according to
the presénfiAvantion, IEwaS st eSS thatfed” In the SforEMantionel €xdfpte it is Su§g&sted that the
PCR indhe préserde oftthecpratreatiient mgbnt mightiloe: camriedhouicia théijacterial célisgbtt in the
following examples, a possibjlitythat the. PCRiamplified productremains also inthedhagterigkcells wil
be demonstrated. [0207] 1. Experimental methods Five portions of 500 pl of culture broth of the
Enteroddct&FEaliARGIRFCE 51370 SFSh {808 GHS) I Whichh e cafSRERE Prolfférated
overnighit wese peepareth amdtsubjected to refrigerated centrifugation (3000 x g, 10 minutes, 4C), the
superne}t@%w s removed, and then 500 p1 of a common fixation solution A for bacteria (4%
parafoLmaldehyde), or a fixation solution B (methanol/acetic acid = 3/1), fixation solution C (Mildform
10N, 16%%dfnalin, Neutral Buffer Solution Deodorized, Wako Pure Chemical Industries, Osaka), or
fixation| sotrtitiecD(ildform IONM, 10jo formalin, Neutral Buffer-Methanol Solution Deodorized, Wako

Pure Chenficatirigiiistries 8akafiwas ladied*testhe pellet, and the mixture was incubated overnight at
4C, so tHAFRHS R HBHBSomal DNA in.t '

e bacterial cells and cell wall proteins were crosslinked to fix

: 08 0585 . : o
the chromosEPBNA iR MR eIk BEf —As-a control, a sample in which the fixation is
ATCCS1329 0.1082 | 0. 0540 2,0087
[0205]
Table 10
E. sakazakii live . ' .
cell (cells/PCR 108 108 10t 1 103 102 10t

tube;

DA 20,7406 9| 24.0%0.9 |27.1£0.8 131,205 34 21.6 | 41. 354

ATCC29544
Cell 20.7+0,2 | 23,6x0.1 127.7+0.1131.040.1 |34 3+0.4 | 38.3£0. 8
ATGCS 132 DNA 19.1x0.8 §22.1+0.9 125.3x1.029.5-1.132.5=1.4}37 321
Cell 17.220.5 | 20.6=0.4 [24.920.3|28.60.1]32.120.8137. 1%2.0
102061

[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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not perfothed was prepared by using 500 pl of physiological saline instead of the fixation solution.
Then, the cells were washed three times with 500 pl of physiological 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 density of
Enterobacter sakazakii in the final preparation was 7.6 x 108 cells/ml. Such a suspension in
physiological saline in a volume of 250 pl was further diluted 10 times. The estimated cell density of
Enterobacter sakazakii in this dilution was 7.6 x 107 cells/ml. This dilution in a volume of 2.5 pl was
used as a sample for PCR ampljficatjon, and added ta 12.25 plof t retreafment agent solution
mentioned ﬁ?fgﬁfel%l(p?gt/%éd Hatthe Votine ot s?gﬁiﬁ]zgéaﬁvéfeﬁ v%gée'c':h%?lgaé%g%‘%%oﬁ& and-12.75 pl
of the PCRBjtsffersfor diBteReenss @’Fa?ﬁ-"hé@‘-atﬁﬁ@ﬁac%érié%éﬁﬂéﬁ@ﬁ%o%%stﬂﬁtﬁ&*?added to the
mixture. Pogtipns il avehwaesf 24 Splinere piepaleddn annubercofi2a dor achrs@npbefixed with

each fixatiop, sojufign, As.the prigers, the forward prirar 165 1234 for 165 rRNAsgene detection
(SEQ ID NO: 3), and the reverse primer 235_1703R for 235 rRNAC%er%géietection (SEQ ID NO: 4)
u

mentioned RFEXERGNES Wi BEea" fGI08F Contsositdisr PR bufter: 3) %%Sfﬁﬁw (10 pmol/pl): 2 pl
b) 235 1703Rv@atHml/plf: 2df oy ExlTadassuplaTeléad-Bic): 028 [iiesrehiig®e9% Tween 20,
0.5% NonidgtR40: and 5090 glygeral)d) 1R Bxnd apcBuifer {RakpreBio)e? SfpkepdNTP mixture

(Takara-Big), 2.HlAARX YRR Cieen BUALAMONA 1n BraliimeRCRas performed
according to the following PCR theimal cycle condltlo%%$%3% a real-time PCR apparatus (iCycler

iQ, Bio-Rad®'Herttildbecr- 194 B Yo L3 R8s (3 &% 1535 Seordd: 60C for 20 seconds:
72C for 3 nampiest(30i cyche)c3) 95CHbnS minates(teyckydonbyl 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 bacteriai 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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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
procedure was repeated 350 times in total up to the final temperature of 95C), the melting temperature
of the PCR amplified product was measured. [0211] After completion of PCR, the 20 portions of
the PCR reaction solution for each fixation solution were combined into one, and subjected to
refrigerated centrifugation (3000 x g, 10 minutes, 4C). The supernatant was collected in a volume of 5
pl and used in 0.8% agarose gel electrophoresis (SYBR Gold staining, gel staining was performed by

SYBR Goldsgtaining for alhthe fpllowing cagashend the remaining supepiatant wasliscargled. To the

pellet, 200 pl of physiological saline was added to suspend the cells. The estimated bacterial cell count
of Enterobagctgé sa %z(iaﬁﬁn%'theg %%%p%nsslllosﬁ Wasé]“ 5 "}(gl Se_ g?r%ﬁl&? C?&sj\li\}rglg afil?ie% to the
suspensiorvai- s eripation ofass Pl e @it histide wiRegft af2e ftiBHhfftiteSinder light
shielding, afnshuseg toparfaundow oytometazandér the isamedionditionswassthioge »f EXample 5. As a

control, the same procedure, was perfgrmed providagddhat PCR was,perfowpgdfor D cycle, not 30
cycle, to obtain a control sample. qur]thermore for, é@:% sam%ke%g\tl)ta}ﬂ vgth the fixation solutions
r .

. e ne
A and B, P& %5 pgﬁoﬁ;ﬁ{e I%%/lﬁgrh%at‘ Jéogmﬁlfﬁ: %ﬁmqr @E : ﬁ%n the ompA_R primer
(SEQ ID NOr8)aseried avexansplbis 19statrnst 285 1234k 23$P17051ANPER thermal
cycle conditinaswefimampte #and themethed-of Exarhpleyédexcept for the foeegoing.danditions,

electrophoresis, was,pedermad-far,5 plof the stpernataniohiained afterPGRy-and flow cytometry
measurement was performed by using SYTO9 for a physjological saline guspension of the pellet
obtained b?‘?éi%?ﬁﬁ&ﬁ’?%%é%ﬁtfh&gﬁgf pﬁé)?fgj?fz) .eR%%}ﬁTt%L?he reSurts of the efectrophoresis
of the reactitr sopephiafahtd aftereaehwfehareddrémentivig ixafiod SdiatioRrafeatafants and PCR
(16S-23S rRNAG2450rbR)-ate shewt bhFig 14, iand thesCtualyas aéilze conrespanding reaction
solutions dglerpined s thedpalime RER-aig shoun nmediately falgwihem, The resis of the flow

cytometry measuremerit performed b _usm%gs 09 for suspensions obtained by remaoving the
supernatante'®f IRE SEHfipRE-BREr PCR ARt sdSPerfding 88k AehRySibtSyicaFLatife are shown
in Table 11¥Thet¢lesetrophoresis imegasrafahe swyernstadts after PCR targeting the ompA (469 bp)
gene are simylathy; shown in Fig. 15. The results of the flow cytometry measurement perfoimed by
using SYTQQ for suspensi t ing by removing the supernatants of the samples after PCR, and
suspendin;e%mepggﬁg%fﬁ Bcf?sgi%ﬁl)o%%a Saline are shown in Table 12. As seen from the results shown
in Fig. 14, the dfdutt Utkhé Pesreiditeie 2450 bp) product in the PCR mixture supernatant
obtained with thédixatiotRsdlliigmBlwas sigdificantly larger than those obtained with the other fixation
solutions, and the band sirength waswequivelent.topthsd gbtained without fixation ("Su in the drawing).
Since, as a standard fixation.method of hacteria, yse of the fixation solutian A is,commen, and the
fixation solu(tscljoor%EI ?:13%1%90%?26 E]tg\?ee a czc?)r%po's%on gf}ﬁﬁlaer to that of the fixati n%so%%or? A itis

considereddhat thet chforssdiaf BINA TR TREEEHCor EAterobacter sakazakii and the cell wall proteins
were firmly eyossiinked x©umrthe(Bassraf-rieolesudtsidhown in Fig. 14, it is appropriate to consider that

the fixation solytion. B;ppay Bave.only @ifmnctian gguivalent to no fixation (3), but since the fixation
solution B ﬁ[rHy rosslinks mammalian cell chromosomes and cell membrane proteins, it somewhat

exhibits thefixation function also in bacteria. [0213] Table 11 FixA 0 cycles Syto9 Total Events 50000
Gated Events 7844&¢eal-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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Quad Events %Gated %Total UL00.000.00 UP120.150.02 LL2923.720.58 LRr754096.1215.08 FixB O
cycles Syto9 Total Events 50000 Gated Events 3761 Quad Events %Gated %Total UL00.000.00
UR10.030.00 LL2967.870.59 LR r 3 46 492.106.93

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
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FixA 30 cycles Quad Events %Gated %Total Fix13 30 cycles Quad Events %Gated %Total Syto9 ULO
0.00 0.00 Syto9 ULO 0.00 0.00 Total Events 50000 URO 0.00 0.00 Total Events 50000 URO

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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0.00 0.00 Gated Events 7816 LL1054 13.49 2.11 Gated Events 7905 LL1930 24.41 3.86 LR T6762
86.51 13.52 LA r 5975 75.59 11.95

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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FixC 0 cycles Quad Events %Gated %Total FixD 0 cycles Quad Events %Gated %Total Syto9 ULO
0.00 0.00 Syto9 ULO 0.00 0.00

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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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 2.82 0.33 LA r6588 95.85

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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13.18 LA '5622 97.18 1124 [0214] Table 12 A 0 cycles Syto9

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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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

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

After completion of PCR, the 20 portions of the PCR
reaction solution for each fixation solution were combined into
one, and subjected to refrigerated centrifugation (3000 x g, 10
minutes, 4°C). The supernatant was collected in a volume of 5 nl
and used in 0.8% agarose gel electrophoresis, and the remaining
supernatant was discarded. The pellet was washed twice with 500
ul of physiological saline, and DNA was extracted by using
QuickGene SP kit DNA tissue.

[0220]

Separately, two 500-ul portions of culture broth in which
the cells were proliferated overnight (4.3 x 10 cells/mly were
prepared, and subjected to refrigerated centrifugation (3000 x g,
10 minutes, 4°C), the supernatants were removed, then 500 pl of
the fixation solution B (methanol/acetic acid = 3/1) was added to
each pellet, and the mixture was incubated overnight at 4°C. The
cells were washed 3 times with 500 pl of physiological saline, and
DNA was extracted and purified by using QuickGene 8P kit DNA
tissue (Fuji Phote Film Co., Ltd.). As a control, a sample in
which the fixation was not performed was prepared by using 500 pl
of physiological saline instead of the fixation solution B.
According to the above desoription, the cell count in the case of
applying only washing immediately after the fixation and directly
extracting DNA from the pellét was, since the sample was subjected
to centrifugation 4 times in total, 4.3 x 10° x 0.5 x 0.41 = 0.9 x
10% cells, but the bacterial count used for PCR was calculated to
be about 3.5 x 10’ cells/ml x 2.5 pl x 20 = 1.8 % 16°% cells in
terms of estimated cell density, and if it is taken into
consideration that the sample was further subjected to
centrifugation 3 times thereafter, it is estimated to be 0.9 x 10°
cells.

Since the bacterial number used'for the DNA extraction step
in the sample before PCR was 100 times larger than that in the
sample after PCR for each case, in order to use them in the same
cell number, 20 portions each in a volume of 2.5 nl {= L.B x 10°

ceils) of a physiological saline suspension of Enterobacter
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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 LL

sakazakii (3.5 x 107 cells/ml) were prepared (fixation solution B
and control 8), combined into one without performing PCR, then
washed 3 times in total by centrifugation, and used for the DNA
extraction.
[0221]

Further, even if the long PCR amplified product of about
2450 bp was confirmed within the bacterial cells of Enterckacter
sakazakii by the aforementioned examination, since the PCR
amplified product existed in the external sclution as shown in
Figs. 14 or 15 when PCR was performed in the presence of the
pretreatment agent, it may be misunderstood that the PCR amplified
product in the external solution might adsorb on the bacterial

. cell walls of Entercbacter sakazakil, as if the PCR 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 aquecus sclution containing 0.44 ng of DNA (440 pg, the
amount of chromosomal DNA contained in 8.8 x 10* cells) purified
from the Entervbacter sakazakii ATCC5132% strain to each PCR tube,
adding a pretreatment agent solution as in the aforementioned case,
and then adding a PCR buffer to a total volume of 27.5 ul, and PCR
was performed with each of them under the conditions shown below.
Then, the contents of the 20 PCR tubes were combined into one, 50
al of a 3.5 x 10’ cells/ml physiclogical saline suspension of
Enterchacter sakazakil {treated with the fiwxation solution B or
with no fixation, and washed 3 times according to the method of
Examplie 7) was added to the combined reaction seolution, the
mixture was sufficiently mixed, and subjected to refrigerated
centrifugation (3000 x g, 10 minutes, 4°C) to remove the
supernatant, and the pelletAwas washed twice and used for DNA
extraction.
[0223]
Composition of BCR buffer:
a) 165 1234F (10 pmol/pl): 2 pl
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3730 22.20 7.46 LR 15859 99.62 31.72_ LR 13071 77.79 26.14

b) 238_1703R (10 pmol/pl}: 2 pl

c) Ex-Tag {5 U/pi, Takara-Bio): 0.25 ul

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

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

£) 10 x SYBR Green I {BMA): 4 pl

[0224]

Real-time PCR was performed according to the Ffollowing PCR
thermal cycle conditions by using a real-time PCR apparatus
(iCycler 1iQ, Bio-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)

[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 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.

[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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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

Enterobacter sakazakii cells before they were used for the
reactions of PCR are shown in the lanes 9 and 10, and the results
of electrophoresis of DNA extracted from the Enterchacter
sakazakii cells washed twice after addition of the PCR amplified
product prepared beforehand are shown in the lanes 13 and 14,
respectively.

[0227]

As shown by the results of the lanes 13 and 14, it was
demonstrated that even if the PCR gene product (2450 bp) adsorbed
to Enterchbacter sakazakii bacterial cell wall outer membranes etc.
from the external sclution side, the PCR gene product could be
removed from the bacterium by washing twice for both the fixed and
non~fixed cells. Therefore, the possibility of incorrect
interpretation that the PCR gene product that might adsorb on the
cell wall outer surfaces was regarded as the PCR gene product
remained in the cells was eliminated. Further, by taking into
consideration that a fragment estimated to be the PCR reaction
product was detected in the lanes 5 and 6 indicating the resuits
for DNA extracted from the cells of which pellet was washed twice
after PCR, and that the fragment was not the BCR gens product that
might adsorb on the outside of the cell wall as seen from the
results of the lanes 13 and 14, the PCR gene product of the lanes
5 and 6 is highly possibly the PCR gene product remained in the
cells and then extracted. Further, even 1f the concentrations of
the PCR gene product in the external solution and in the cells
became the same, because the cells were bacterial cells of which
cell walls were injured, and thus the PCR gene product was in a
state that it could freely pass through the cell walls, the volume
of the external solution was about 10'° times larger than the
volume of the cells, and the amount of the PCR gene product in the
external solution should also be about 10 times larger than that
in the cells, that is, 1/10% of the amount in the external
solution should be distributed in the cells. However, on the
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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50.03 0.01 Total Events 50000 UR 5 0.03 0.01 Gated Events 15707 LL 1563 9.95 3.13 Gated Events
14533 LL 1431 9.85 2.86

remained in the cells was the 1/10* amount. That is, it was
suggested that the PCR occurred in the method of the present
invention might possibly be in situ PCR. As seen from the results
of the lanes 7 and 8, the chromcosomal DHA was detected from both
the fixed and non-fixed Entercbacter sakazakii bacterial cells
used as the test materials, but any band of the chromosomal DNA
was not obtained in the lanes 5, 6, 9 and 10. This difference was
probably provided by the difference of the cell number of the
Enterobacter sakazakii bacterial cells used for the DNA extractiomn,
specifically, the cell number of 0.9 x 10° cells was highly
possibly insufficient for the DNA extraction, whereas in the lanes
7 and 8 for the test materials, the cell number was in fact as
high as 0.9 x 10° cells.

[0228]

[Example 9]

The cells of Enterobacter sakazakii were subjected to a
boiling treatment in physiological saline or in the presence of
the pretreatment agent, and it was investigated how much the
Enterobacter sakazakii chromosomal DNA was flown out intc each
supernatant depending on the treatment time.

[0229]
1. Experimental methods

Cells in a culture broth of the Enterobacter sakazakii
ATCC51329 strain {1.1 x 10° cells/mi)} in which the cells were
proliferated overnight were washed, and diluted 1§ times with
physiclogical saline, and the suspension was subijected to
refrigerated centrifugation (3000 x ¢, 10 minutes, 4°C) to collect
a peilet once, an equal volume {500 pl) of physioclogical saline or
a pretreatment agent solution having the composition shown in
Table 5 was added to the pellet, and the cells were sufficiently
suspended. Then, the suspension was hested 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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LR 14139 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 cells. Further, although presen the target gene amplified product also in the PCR
reaction m&?upé%l%pgﬁ?gﬁ%% vggréqs%egg s?e%jb%;%t l;e'electrophore,sis images (Fig. 14), the Ct values
determined fi¥#% real-time PCR indicated under the gel images in Fig. 14 were observed for only the
samples oltaimedwiitls the fixation solution B and without fixation (S), and Ct value was not observed
in real-time PCR with the,other fixation soldtiensyn adbmaysbecansidersd shat thisdstecause, in the
cases of the fixation solutlofn%ﬁ\é C, li?%gmgs the élxggo%g%grﬁ%ggg\geggﬁgga%@@%ﬁ)&%gpd the cell
enat 95C)

wall was hiﬁ?ﬁ?ﬁgrae B tRe thérma aturation'ing >) was not favorably attained, thus the
chromosorfial DINA kegititd FetHatthie Kinglarstrahoel Gitl tetefSie Ldr8sidiF oP Priftdisto the
chromosone heeamedoes; hutrit theyresults bhthésimilagexpesiment {38 oy clés Frargelihig the ompA
gene (469 bp). shown,in Fig. 13.a1e takendnto consideration¢he Gt vakescdataimisedds, the real-time
PCR and band intensities ohtained with the fixatio lutions A and B.did not show significant
difference, Bt FSRTSESHR aBoveypét cé]'églls{:El is esrc%eed .cgmnf%saﬁg,lit%%o%ﬁgs?dé\rﬁe%%%gf the small
amounts ofsthegEEret gemetaiiplifie derEtiasan thBOR eadich AR shp8rit&tarts Ybtained with

the fixationig@iutane adD: shovwnitRigri wdrbsprovide d:hecsises afth ovprtHaPCR reaction

itself favorahly advanged by sing the chromeseme harbored-by shediagieral cellgasa template, the

gene products were 5 times longér than that of Fig. 15 (2450 bp), and.as a result, flowing out of the
gene produfSinpAficd i eh & TeLIREE tHe %hf(gtkertr%aﬁrs%%'%?evp oEinEe r%? : e\lﬁ%

ation was suppressed. If this ﬁ/é)othesis is
correct, thesgénéiamplifisepriites 0f 2450 bp-sheaicBeWtteefed Al Siit RO TRIGeriaNells of

Enterobactgy sakgzakiiafter RQR . Rhiswuas serified indxgmpte 8aAssdistussed abeve Pircan be
concluded gt evep It tsaymentdos fxina,la bacerial ciyomasema in the celise inhibi flowing out

of the chromosome info the extetnal solution was performed beforehand, su stggtially 100% of the

bacterial cef84RENGTTET T8/ Fa&hidl At phIoay, Eﬁ&‘iﬁ@%hr%%s&‘ﬁ% Was Maintained in the cells
even after repeatirepaiORhelanaheyclkiebotirds se 16Hg 8 RRFAS HerféirAednf the presence of the
pretreatment,ggenttdnispite of thaksheseactions ef:RERatvancedgand thek GRtamplified

product existed also in the, external solutign, and therefore.the reactions.af EOR qgeuwrrgd mainly in the
bacterial celsflg.l u?ﬁ]e%:?gg’ sﬁ[{olv?/ﬁ%%xamplg 8 mentioned below, a p%rt of éh‘szoﬁ gg(r)lguct existed

also in the B8 BIndErtRaBRER M Colbitibh< S 02 18] [EX&Mple &

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 Enterchacter 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



In Examples 4 to 7, it was suggested that the FOR in the presence of the pretreatment agent possibly
occurred in the bacterial cells, i.e., in situ FOR possibly occurred. In situ FOR (for example, Gerard J.
et al., American Journal of Pathology, 139: 847-854, 1991) is a technique for detecting and quantifying
a gene such as the HPV gene incorporated into a chromosomal DNA in human cells, in which before
the detection and quantification, human immunocytes are fixed with such a fixation solution as
mentioned in Example 7 to crosslink the chromosomal DNA and human cell membrane proteins, and
the cells are treated with a protease for a short period of time, or cell membranes of the human
ImmuUnocytgs Are IeAlGHPYJTIGIONALE RNAHAD. co .l Wedechbide dsiadschniaue of placing a
solution for FOR on fixed hufman immunocytes to induce FOR amplification reactions within the human
immunocyt@g?é\ﬁfﬁe%ﬁich even a FOR product of about 500 bp does not flow out of the cells. Since the
FOR produttdieesmetifléprdacebtie tells, if the reactions of FOR are suspended in an early stage of
less than 5 tgzHQ gycles, it can be a technique enabling not only detection of a gene in cells, but also

estimation of the nymber of incolparated gsne: (02171 1 JLECRiin e pissencg,of the pretreatment

agent according to tﬁ(éopresent Invention is in situ FOR, a part of the amplified .ptroduct may remain
also in the BAAIEHA ol HHP T 878 BXAMBR, B ERPERRTENtHAS fafBrviad ih orderto verify it. In
Example 7 ditspartipulat; iaitholgie tHeehréarmboraalDNA cFEHESSbaeteBsakE2akR &S Brobably
crosslinked; withgellwall proteinsswithtbefixatian seluticn Bidbese was bbserved Bstendency that the
amplified product of EQR In th Piesanag o ihe pretieaiment.adethmarediguAuinl the external
solution as}o}npare(fm the case of using the other fixation solutions, and a phenomenon similar to
that observeHkRA iR YtetAGES of tHEPre<BRL FT/SHTb T HEL TERG ) ﬁ%gtliloﬁ‘p%olution (technique
using no fixatioms(S)) T hesetore, ¢he Tesearshizslwertdocasedien thedbatiorPaddtion B-amd no
fixation (S) mentioned in Example 7. andit was examined whether thed€R asmlified product would
partially remain in the bacterial cells even when a large.a f , lifi radyct flew out
into the extBhTAISOIUGON. if@) ié%x%gé’riﬁeeﬁtal Priet Odlé'ls@tq EHD’% %ﬁ?%%%%%g%%éo%qﬁo%%culture
broth of thexEFtsrotsress sakazaki ATCESABVYEH AirP P4 B x A0S E&Ms/ml) in which the cells were
proliferated@eernjght were prepared, and subjected to refrigerated centrifugation (3000 x g, 10
minutes, 4C), the %@&9&5@%&:\8%9 Fernaved dhen>00mkof the fisatign-seltion B (methanol/acetic
acid = 3/1) was added to eac ]E)elllet, trg:- mixtui:e v¥§én%%%atteadcgg§rni%1ég ) éljp to &L_osslink the
chromosomal ISRA Pthe' battariar S8l andthe del wallbroteins. and thereby DNA was fixed in the
cells beforetrricbuss Bosswirol, & safipie foi-Which tREHixatbhMAs 16t Perstited WAt Hidpared by
using 500 ptof physiolegicalsaline nsStaadiof theHixatior $plution Badgrhe sanwe neéthistls as those of
Example 7 were ysed thergafler; and:he,sample yas finally,diluteds10 fimes La@btain 250 pl of a
suspension of Enterobacter sakazakii in physiological saline. The estimated cell density of
Enterobactépgééézakii in the suspension was about 3.5 x 107 cells/ml. This suspension was used in a
volume of 2.5 pl asfasthsgle RrmRCRiamdlificatibhe Bptrsddeee iP5 pPof tHE pPéfEsthent agent
solution meptieaediin-Table b (prowidesithat dkie aaivme-nf sterikzed watet whisighanged to 2.7 pl), and

12.75 pl of the PCR buffer for detegtion of qragunegatiye bacteria mgntoned helew wagadded to the
mixture to perForm PCR under the foIIowmcho%giltlo Srh:ﬁ[é e tim roﬂ]Z)I;{g:R %({): fionsin a volume of
; .

27.5 pl werdHBpaFaF Hr ' hbihber §F20 foféalh oHthE ¢l & Shtamed ik tRe fixation solution and
the control bample2A8 the primeresthetomvaradiie: 165 T29uiabrd 6B HRRA JEREetection (SEQ
ID NO: 3), angthe revearseprimer 285 78R fan 235-eR Néngenei detection(SEEIEMNO: 4) mentioned
in Example 3 were H1seds [0219] ancf‘fﬁ%ri%?“%i%%@ FOR,dhe=Q portigng of the PER reaction

solution for @ach fixation soluion were combined into one, and sflub ected t0£ frigerated centrifugation
(3000 x g, BFRAALESS, 1) SAve St hiatihRRAS oIS TN S 9oKIIRR S £ u%gnd used in 0.8%
agarose gehelectfrophoresis; and theserfridinfesiioerrtranthres eisetded. TFhekpellet was washed
twice with 500 pl-af.physiglogisal saliee, andDNA wasexracted bydisinguigkGene SP kit DNA
tissue. [0220 du Se e?.r_.z;tel% é\Q/&SOO-pI portions of culture broth in which the cells were proliferated
overnight (41. 3 X TBIcéa-l S, ‘)gwere'wprepared, and subjected to refrigerated centrifugation (3000 x g, 10
minutes, 4C), the sEPEFRSEME Sverd femoGEa ther 5O pa: ﬁ{’eaﬁg(gﬁoﬁ%ﬁzﬂftiéﬁ 1.fgt(ﬁ%](‘a?ﬁanoI/acetic
acid = 3/1) was apided ¢ saohipellet; ael thel irturdawasitgenbansd averniyPi at 4C. The cells were
washed 3 timgs-with,500 41 of RhysislegicalGalingnanchDNAwasexiracted ard pesified by using
QuickGene SP kit DNA tissue (Fuji Photo Film Co., Ltd.). As a control, a sample in which the fixation
was not performed was prepared by using 500 pl®@¥ physiological saline instead of the fixation solution
B. According to the above description, the cell count in the case of applying only washing immediately
after the fixation and directly extracting DNA from the pellet was, since the sample was subjected to
centrifugation 4 times in total, 4.3 x 106 x 0.5 x 0.41 = 0.9 x 108 cells, but the bacterial count used for
PCR was calculated to be about 3.5 x 107 cells/ml x 2.5 pl x 20 = 1.8 x 106 cells in terms of estimated
cell density, and if it is taken into consideration that the sample was further subjected to centrifugation

3 times thereafter, it is estimated to be 0.9 x 106 cells. Since the bacterial number used for the
DNIA aviractinn ot in the ecamnle hefore PCR wacec 100 timec laraear than that in the eamnle aftear PCR



sakazakii (3.5 x 107 cells/ml) were prepared (fixation solution B and control S), combined into one
without performing FOR, then 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 Enterobacter 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, ,gs i1t if the FOR gtled o] lé%:[ appare Q/ﬁXﬂgd |g‘}leea@§gevgt3@%§ells Therefore, the

following experlmen Was |ona y erformed. [0222 Samples were pre in a number of
20 by addifPS Bl ATNAAL gRRR BBy 0 44 Koy DA (&Eo%egt%e &ffount of
chromosomalN Accentainedrink8: 8app Dilecelts) purified frovarthesEatayobasrecsakazakii ATCC51329
strain to eagh]il%ggatyb@e%qm}gﬁ&gggeg@mgﬂg;agmcggtigaﬁ&'Ln 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 according to the method of Example 7)
was added to the combined reaction solution, the mixture was sufficiently mixed, and subjected to
refrigerated centrifugation (3000 x g, 10 minutes, 4C) to remove the supernatant, and the pellet was
washed twice and used for DNA extraction. [0223] Composition of FOR buffer: a) 16S 1234F (10
pmol/pl): 2 pl b) 23S 1703R (10 pmol/pl): 2 pl c) Ex-Tag (5 0/1.11, 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 gl e)
dNTP mixture (Takara-Bio): 2 pl f) 10 x SYBR Green | (BMA): 4 pl [0224] Real-time PCR was
performed according to the following PCR theal cycle conditions by using a real-time PCR apparatus
(|Cycler iQ, Bio-Rad, Hercules, CA).
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1) 4C for 3 minutes (I cycle) 2) 95C for 15 seconds; 60C for 20 seconds; 72C for 3 minutes (30
cycles) 3) 95C for 3 minutes (1 cycle) [0225] 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 procedurg,wag¢epeated 350 times in total up to the final
temperature of 95C), 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 abtained ior BEECRRS renesidotherhiesenisehifie DistreamtabpaamhileRmsS:
2450 bp),£ ith cellﬁ 0 Ent%ro acﬁ-:-r Sakazagii fiEed %ljt the fixation sol%tior;q? or not fixed are shown in
the lanes Zahd ¥ {'ﬁ { TS fe%?r’%ﬁ% eSSl DINA GORaIES H’fﬁ *Straction 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 INA figctheextiactsr Somee ey Bohlxed & LRAKR R‘K?‘ie”&

- which were the test materials of this experiment, aré showr'in the Ianes@%%%%t e resuﬁts%
electrophtR¥iEie BBYERRIR PRI B X8 B iesiermiRerobacter sakazakii cells before they

were used for the reactions of FOR are shown in the lanes 9 and 10, and the results of electrophoresis
of DNA extracted, from. the Enterobacter sakazakii cells washed twice after addition of the PC
ampiiied procuct STEIAIEY o e e S RS e S LI RER YT As
shown byofl#$Pgsulte Gderianes 13 and 14, it was demonstrated that even if the FOR gene product
(2450 bp) adsorbed to Enterobacter sakazakii bacterial cell wall outer membranes etc. from the
external solution side;, the FOR gene product could be removed from the bacterium by washing twice
for both the fixe® ATFYIN%REEENEH AR RIBRY U3 SR UPTREGIRBE heenRERd BhttRdtthe PCR
gene prodasipieatymaightiadsarid emplitcatibvwakkbotcinstief acesanes segatdpaiastbesh@Riggaa product
remained_in.the cel imi [ . INg.into consideration that a fragment estimated to
be the O e A L R B SRR SRR exaracrea
from the &6if sFohR RRERRoiR3sestib bR aRea PioRdeitaide Edradmealivastot the FOR
gene product that might adsorb-on the outside of the cell wall as seen from the results of the lanes 13
and 14, the FOR,gene prodyct of the lanes 5 and 6 is highly possibly the FOR gene product remained
in-the cells and ﬁ’ﬁw %Qgtgﬁ ﬂ]??f%&g Bl the concentrations of the FOR gene product in the
external solution and in the cells became the same, because the cells were bacterial cells of which cell
walls were Injureflragdliadie EfhGRIBAMRT GhuRs 3 siandbaidh il Eoely Aass,roush the
cell walls, the volume of the external solution was about 1010 times larger than the volume of the cells,
and the aRSGATEF tReMiERGEFRDroduct in the external solution should also be about 101 times
~larger than that In the cells, that is, 1/101 of the amount in the external solution should be distributed in
the cells. Howevegr. t sis of . ar f nd intensities of the lanes 2. 3.5 and, 6, it
cannot be consi§'e¥—e9§ féﬁht%%eéaﬁrcﬁ?gﬁﬁ’g;%tﬁg?@O?R&% ugtrerlgkﬁ%iﬁr?gde'sﬁerp tﬁ@é’é%’%ﬁ@ %tleo‘i '1%
-amount. THgelTeiaRis seFgesrstiniae reseore steurfedtanithe method of the present invention might
possibly be in situ PCR. As seen from the results of the lanes 7 and 8, the chromosomal DNA was
detected from bath the fixed and nop-fixed Enterobacter sakazakii pacterial cells used as the test
atorials, bt ardy BB A AR EORTR SLEEHER e athe e TS Ho @Ry, This
differencesteps arebablyasecepisiddjytheritiffeesihce of the cell number of the Enterobacter sakazakii
bacterial cells used for the DNA extraction, specifically, the cell number of 0.9 x 106 cells was highly
possibly insufficient for the DNA extraction, whereas in the lanes 7 and 8 for the test materials, the cell
number was in fact’ 48 RGN IPCIBRAY. (IS MBHRRMpR 9 Whersihdelre Sreesieerabiqer
sakazakii folerwisg kfeptepispartaoitiag: treatment in physiological saline or in the presence of the
pretreatment agent, and it was investigated how much the Enterobacter sakazakii chromosomal DNA

was flown out into each supernatant depending on the treatment time. [0229]
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.
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1. Experimental methods Cells in a culture broth of the Enterobacter sakazakii ATCC51329 strain
(1.1 x 109 cells/ml) in which the cells were proliferated overnight were washed, and diluted 10 times
with physiological saline, and the suspension was subjected to refrigerated centrifugation (3000 x g, 10
minutes, 4C) to_cgllect a eélet once, an egual vol me,és 0 lgof h si%o ical saline or a pretreatment
agent solution e ey TeL EOABEEHER SHhl i FHBIGS N8 SHAEE A PALE BAPIHE LBl were
sufficientlygsaspgratestyiEhernipit el syrepinystorywesanebaesh vatta tidelidegvedisg forzfrt@ 5 minutes, and
after the heating, immediately cooled. Each suspension immediately after the heating in a volume of 5
pl and a supernatant obtained by refrigerated centrifugation of each suspension in a volume of 5 pl
were subjected’to’ BREBIPEIILASSR R AN 2050 EE reiphBciherpitobatnst SRBSIALE 2 AFig. 17,
there are;sheysasiefreesoRigieing i, iniaking aursrnaiastei aahepmespmasbiEaterobacter
sakazakii subjected to, the heat treatment in physiological saline or in the presence of the pretreatment
agent us‘ff?ﬁ%gﬁﬂ%j \ﬁ%&&qq:ﬂﬁ’f’%%sf%?%% 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 thalthifASREE A6y A6 hinoe f WisiFasPrag AnmBieh e ARl VgER RFoIerated
overnight , reached the resting stage, therefore a part of dead cells were lysed, and the chromosomal
DNA theP8GISTER 8URIMIYEhe external solution. Therefore, such a trace amount of the chromosomal
DNA was ignored in the evaluation. Although it was estimated that DNA flew out in physiological saline

from the bacteriabsels of EgterobaRlersAkRA AR the healhgya0y band pLIG hromosomal

DNA was not det e suspenision and the superna In the pres e pretreatment
agent eveariEtiedboiling for 5 minutes. However, when evaluation was made on the basis of
observation of the wells of the lanes 10 and 12, a band was observed in the well in the case of the
suspension, but band was not opserved for the,supernatant, and it was revealed that the
chromosomal DXATHRTIEE AL ST e SRR b BTF thif BRI AT AGBRAE agent, but
remainecondieatysiied®@p thé&bter Rhvidybianadstiver eviitsiigbbevirgdawivelergts i3k rsuerddtants
of physiglagical.aaling dlanesiaifiAMbAb-2RE IbiRERRSBRILhAL e RIS desived Lgma,part of

dead cells of Enterobacter sakazakii collected in the supernatant after centrifugation, of which specific
gravity dé&<EERidrRPTRIED 8Nt EMMRBFORAREERdwn 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 foe, FOR thermal ficle 19 e Rrefiagtds mors il A g fow out of the
bacterial cells in the presence of the p?e?rea ment agent even when the cells are suBJected to a heat
treatmenSuRiigsting Apprdamnity fombait acid areifigriipronhibinetsovrtae Brexeat INVenKBHS live
cells of asgligieargani s eAm desdesactrdlaib Bighsensitviubyddistagishinadbsnsiipmdiead cells or
injured c?lls. The relsent [ ve?tiwnablfsc(gim I andtquick di%[é\lr@gorgof live CF%S Jinjured cells and
dead cellg'?S’?Wl rggfgeé?li’sﬂ??f? LY g, IS Egps%ﬁlfég] g & Fﬂﬁ‘éré’%ﬁ “YRvironments such
as industieibmatbyjanvicoiurethidrivatdysaryhwastewpiterylsascehdietistn delwidragrhasaplification
method. The method and kit of the present invention can be used for voluntary investigation, and are
advantageous also_in an economical point of view. %)23_2] According to a preferred embodiment of
the present invetfidmeirRethod PR iR 4T WHABAGIMR b EFTRRdR s AR Sining 5
logio cellsérbadfiore af ijotiedcellsatr deasbicelis afiEsaieridhiacibid acikidiagnosis of child bacteriemia
in which Escherichia.coli circulates in blood. [0233] Further, according to a preferred embodiment
of the present invention, only live cells of colifoim bacteria including Enterobacteriaceae bacteria can
be detected frorfoDtsTOfNOAtAAsRIAIBE R RRNtPTE Eraimed a6 miRyeBiBwoesefirckped Baltirs
and 30 miywigsherbapRERR ¥alh $ae. regulated method (Food Sanitation Law/Ministerial Ordinance
concerning the Ingredient Standards for Milk and Dairy Products), therefore use thereof is expected for
determination before factory shipments after manufacture in various food factories represented by milk
manufacturing fadtdriesiratitbd srasximgdd ambenkighhieinakistially, wdesftdin the RPugtieagiords e
present inyeatian.pRakies auicksteieeim@nrd quantification of only live microorganisms at a low

concentration, for microorganisms including not only colifocm
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bacteria and Enterobacteriaceae bacteria, but also various bacteria including pathogenic bacteria,
viruses, and so forth, and therefore it can be applied to various sanitation inspections, clinical tests,
process control, and so forth. CLAIMS = 1. 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 comprises the steps
of: a) adding an agent capable of covalently binding to DNA or RNA by irradiation with light
having a waveléggﬁefﬁb%ﬁ%@%mﬁﬁ%%g testresminpibe targshiagiagikm prEettegigample to
which thesgapidsdadirtwithdigbbbavinga sevriengénal 388 RNIEAR, P rRNAQEHBRIING a
target re%lefeDlélAf% I\é@t% gg @aicroigrganism contained in the test sample by a nucleic acid
amplification hetiod in the preserce OP AR 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 extigcting Rl acidaifam e erlbortdims 1 ) AAlvelg e aupliisgproduct. 2

The method according to claim 1, wherein the amplification of the ta{%et region is performed in
microbiafEdEicationameiod s Rl &Ee6iaih arr A drRuitbteiin the atepieparayamplification

of the tangthiegion 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 performed. 5.
The method according to any one of claims 1 o 4, wherein, before the step a), the following step €) is
performed: 1é) Theameierbaecardiag pciaimh Hh wheyeie PeRisparfantadtgofaetoraiERiig cells

- other thagHabAERISKOLEANSPCR SoHIMAlL BRISClROE A RIRIRIBr alRId Or a saccharide existing in the
test sample. ‘6. The method-according to 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. fbhenyathedad claridireg Idaf; wikerid:dnestedd Ianiersimmecnriobia ivasstuff, a
biologica ﬁﬁml ki | ] ' ronmental water, wastewater, soil and a swab
sample. : !8 'I&h%%r@é%f{:(%dy fc’:rf?gﬁ"(iﬁg%‘ §h€%ﬁag§%\f§f&@f t’gp/rﬁv%%?eqﬁ gionq;scﬁr' ogragmr‘ﬁ%nm isa
bacteriurdBpntpliEe micrporgrnisie fiuhtae eonaliigdrudinsioniipeieiprantet Aytesinmstasdard

gram-negaHysideasteiiuMicroorganism.
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 & nucleic acid amplification inhibitory

substance, a magnesium salf, and an organic acid salt or a phosphoric acid salf; 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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10. The method according to any one of claims 1 to 9, wherein the agent capable 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, psoralen, 4,5',8-trimethylpsoralen and
8-methoxypsor ée .. 11. The method ording o any one of claims 1 to 10, wherein the agent for
suppressing an3 Crt-]i-gﬁ 18% FRE 'é'%n% G ’?mp ifica r}(?nﬁfﬁ%ﬁ)ﬁt%}? Ubstance %C%arr\]g or more kinds selected
from albumin, dextran, T4 gene 32 protein, acetamide, betaine, dimethyl sulfoxide, formamide,
glycerol, polyethyl&ie AECloRmMbEsadMPAINNbUaicrarAS ealnBiiis I FmRRRHUM

chloride, lysozyme, phosphorylase and lactate dehydrogenase. . The method according to any
one of cRHEY FodpEoRPRTEM IR Sifanitancibrl o TeiTeRERRISTLM eiicicatiRaaine Shi BIPFshidnic
acid saltipnflcr gitaedreithsalkisting k3thEhesmeathotkaccording 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
Ito 13, wherein the target region is a target region of 50 to 5,000 nucleotides. 15. The method
according to cldit ik birtedrding targwtaegorrismsaigée Adgivheceindtpondielg &sid gene selected
from 53 tRMfrgsne, hERSRNAgaN&T238RRNMviges ANddR Nvaeneef BRA-EiNeirsbsample.

16. The method according to any one of claims 1 to 15, wherein the nucleic acid amplification method
is PCR, F@‘?EE@R, LAMP, SDA, LCR, TMA, TRC, HC or microarray Method. =~ 17. The method
according to claim 16, wherein PCR is performed as real-time PCR to simultaneously conduct PCR

and analysis of JReyIpHIEd Pt any o1 FRBMLGOYAESUALGINADL AR Allpis 1 0 17

wherein the analysis of the amp em?s)r ductis p_erforr_ned@hg using a standard curve representing
relationsAyHanteiRRIFa RN eI oFRFiRRawdiehhAnime @ promiRRgitmERSS ereinddby
using staiif adSlapmsteaont HisdierargeRiRy, ethidilth diddidermetratingrivaczeltsopgoraigioorganism
in a test sample by distinguishing the live cells from dead cells or injured cells by a nucleic acid
ampIifica%%:%ré%%%%\ﬁ?%ﬁwegoam%r?é@g\{t%%x}lgﬁg\r/\?‘liﬁa ‘components: 1) an agent capable of
covalently binding to DNA or RNA by irradiation with light having a wavelength of 350 nm to 700 nm;
2) an agent for SWPPrESHRYRARMIIRNR DAY LRI @pBACaliRRIANIIgRL SUBS GREReing

magnesium salt, and an organic acid salt or a phosphoric acid salt; and 3) a primer or primers for
amplifyird ' @ERIR R Gidrie BgemPHIGRTSR IR BIESIAGHS {8 Pee REorEd By S sRiRdsE TR
amplificagibormetiedran, T428:nENE kitatetoratepgiaiddaimtaBenirabifyfthafositapiisesraiserfactant.

21. The kj rdi i r ' . C rise having an activity of
decomp?s r%gg%qélﬁs,&gﬁ@}?%glbt aﬁb%%g%%%%?ﬁhg& ﬁﬁo%a‘?‘%a?ﬁ !e 0 @i protein, a lipid or a
saccharitrirasstiiammmsistiabiprifee lysozyme e kRNeEdarei RgddeaijeodRYHanmaseo to 21,
wherein the nucleic acid amplification method is PCR, RT-PCR, LAMP, SDA, LCR, TMA, TRC, HC or

DNA microarray, ho 23. The kit according to any, ope of claims 19 to 22, wherein.the agent
capabie of cove B ARGEES SRR BCAUR B ATl B EE T Goh e AT th Bt 350 nm to
700 nm isstetéetdtbfroan ethiitiavidseloasuwieisiarimsaihaniba sivsiatsrsaionoazide, psoraien,

4,5',8-trimethylpsoralen and 8-methoxypsoralen.
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24, The kit according to any one of claims 19 to 23, 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, forrnamide, glycerol, polyethylene glycol,
soybean trypsin inhibitor, a2-macroglobulin, tetramethylammonium chloride, lysozyme, phosphorylase
and lactate dehydrogenase. 25. The kit according to any one of claims 19 to 24, wherein the
organic acid saftdsisel&itectiringte acgtomacitckdit sal priogibnichacinsihit ahdsateitiicacidsal. a 26.
The kit aﬁ%gyg% ﬁ e, ﬂf claims 19 to 25, wherein the phosphoric acid salt is a pyrophosphoric
acid salt The kit accordlng to 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.

ABSTRACT 27L'rmeewdl§ce&miﬁ@q@rs@pm b1 adierd samnle anndleleetrthy istinguishiag the live
cells from dead ¢ Ils oy injured cells b foll W|n steps o a add| ent capable of
covalontyP B ARG 6 SR RN e A JRGTEARR TE A AR G BTSRRI SEBR to 700 nm 10
the test samyphe; 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
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<170> PatentIn version 3.5 <210> 1 <211> 16 <212> DNA <213> Artificial sequence <220> <223>
primer 165 10F <400> 1 agtttgatcc tggctcl6 <210> 2 <211> 16 <212> DNA <213> Atrtificial sequence
<220> <223> primer 163_1500R <400> 2 ggctaccttg ttacgal6 <210> 3

ABSTRACT

Live cells of microorganism in & test sample are detected
by distinguishing the live cells from dead cells or injured cells
by the following steps of:

a) adding an agent capable of covalently binding to DNA or
RNA by irradiation with light having alwavelength of 350 nm to 700
nm to the test sample; ‘

b} irradiating the test sample to which the cross-linking
agéent is added with light having a wavelength of 350 nm to 700 nm;

c) amplifying & 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 ampiification inhibitory substance,
without extracting nucleic acids from the cells; and

d} analyzing the amplified product.
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<211> 25 <212> DNA <213> Avrtificial sequence <220> <223> primer 16S_1234F <400> 3 ctacaatggc
gcatacaaag agaag25 <210> 4 <211> 25 <212> DNA <213> Artificial sequence <220> <223> primer
23S 1703R <400> 4 ccttctcceg aagttacgge accat25 <210> 5 <211> 19 <212> DNA <213> Artificial
sequence

SEQUENCE LISTING
<110> Morinaga Milk Industry Co., Ltd.
<120> Method and Kit for Detection of Microorganism
<130> FP204-C9290

<15G> JpP2009-1735¢66
<151> 2009-07-24

<160> 10

<170> PatentIn version 3.5

<210> 1
<211> 16
<212> DuNAa

<213> Artificial sequence

<220>
<223> primer 163 10F

<400> 1
agtttgatcc tggete 1%

<210> 2

<211> 16

<21i2> DNA

<213> Artificial seguence

<220>
<223> primer 165 1500R
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<220> <223> primer hlyA-F <400> 5 tgcaagtcct aagacgccal9 <210> 6 <211> 24 <212> DNA <213>
Artificial sequence <220> <223> primer hlyA-R <400> 6 cactgcatct ccgtggtata ctaa24 <210> 7 <211>
22 <212> DNA <213> Artificial sequence <220> <223> primer ompA-F

<400>

2

ggctaccttg ttacgs

<210>
<211>
<2125
<213>

<220>
<223>

<400>

3
25
DNA

Artificial sequence

primer 16S 1234F

3

ctacaatqgge gcatacaaag agaag

<210>
<211>
<212>
<213>

<220>
<223>

<4G0>

4
25
DNA

Artificial segquence

primer 235 17G3R

4

gotteteceyg aagttacgge accat

<z3i0>
<211>
<212>
<213>

<Z220>

5
19
DNA

Artificial sequence

16

25

25
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<400> 7 ggatttaacc gtgaactttt cc22 <210> 8 <211> 19 <212> DNA <213> Atrtificial sequence <220>
<223> primer ompA -R <400> 8 cgccagcgat gttagaagal9 <210> 9 <211> 22 <212> DNA <213>
Artificial sequence <220> <223> primer MMS-F <400> 9 gggatattgt cccctgaaac ag22

<223>

<400>

primer hlyi-F

5

tgecaagtect aagacgoea

<210>
<211>
<212>
<213>

220>
<223>

<400>

2
24
DNA

Artificial segquence

primer hlyA-R

6

cactgcatct ccgtggtata ctaa

<210>
<21il1>
<z212>
<213>

<220>
<223>

<400>

7
22
DNA

Artificial seguence

primer QmpA-~F

7

ggatttaacc gtgaactttt cc

<210>
<211>
<212>
<213>

8
19
DNA

Artificial sequence

19

24

22
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<210> 10 <211> 19 <212> DNA <213> Atrtificial sequence <220> <223> primer MMS-R <400> 10
cgagaataag ccgcgcattl9 '

<220>
<223> primer ompA-R

<400> 8
cgccagegat gttagaaga 19

<210> 9
<211> 22
<212> DNA

<213> Artificial sedquence

<220>
<223> primer MMS-F

<400> 9
gggatattgt cccctgaaac ag 22

<2i0> 10
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> primer MME-R

<4Q0> 10
cgagaataag ccgegeatt 19
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