DESCRI PTI ON METHOD AND KI T FOR DETECTI ON OF M CROORGANI SM Techni cal
Field [0001] The present invention relates to a nethod and
kit for detecting a m croorgani smcontained in a foodstuff, a

bi ol ogi cal sanpl e and an environnmental sanple such as industrial
water and tap water. More precisely, the present invention relates
to a method and kit for det ecg)ﬁj %glg%l% m croorgani smthat enable

sel ective detection of 1ive c&M m croorgani smcontained in a
foodstuff, a biological sanple, a swab sanple, and an environnental
sanpl e such aswi:nghishihakrMaLR pRRGIBR YRLEE &&%&Qgﬁund Art [0002]
The plate culture nmethod has been conventi onaf\?y used for
measurenent of total |ive bacterial counts in foodstuffs, biological
sanpl 8schiswald Saejsl es, or environnental sanples. However, the plate
cul turgyget hod requires time of about two days to one month to
obtain a result. [0003] _ Because of the inprovenents of
sterilizati'®% Peetfiltqdesernbrpretesss g & echihduesd fkit foodst uffs,
needsdétfctdingt b N@LIrsbrHehdny @ontalRS Oh MGHALF YA 3B Sry-dead
stateg, of jricroorganisns existing .in test sanples are |ncreasing
even TOPthe dadb S WhEr B S HE L gaiTRi ek F5n iBduEtiednertets pa
anountap Watehe tMoetdsregfistopd Senptrasdémon innepaehi eaiakd ¢hipi cal
test, nddhd@hhé Ol @l o 3et@ AYLE K, 8L plggréo(}r aQ$§rEGct Qg pacteria, it is
atter’%)t ed to determ ne presence or a senc_g of "bacteria or quantify
bact et €y VEnPHITViAY Yerddesprleis PE 2 dritneckgmitioni aompiRER tro such
an anouiticdshaff t kebgehes ceanshep M, suakhab ehsgryedngHoyever, if a
bact eLi.al oA, 4 .t he background of dead cells originally
cont a%dnééol nt % tgg{sngfész%p eafslnﬁqléorle é’@t%%ﬁ,a“agﬁ&a%‘éarteefrore a
positive result obtained by PCR does not necessarily suggest the
pr esemaxqgebuhd va-tbacteria. Therefore, the current situation in the
field O%fz]food sanitation and clinical test is that PCRis not used
wi del f}o alfthough it is a highly sensitive and quick technique.

[ 0004] The platet heSeudayethod Has atéenphednt or@det ¢cisandoguantify
only rhdav8r&hdAS of + O £r QR8P4 810,410, 8. L 83L sanpl g by pr eparing cDNA
w th reverse transcriptase for nRNA as a target and perfolLm ng FOR
wi t h PrIREFEes FERPLFY 15aPaPTBIS Shalt eTiVA rompsmbedr Sanmieshi s et hod,
the rewerse, trangtattdorueé mFNAdOtegaadscels drt a8hit itsoN@lys

i nhi kit ed,. h\/\/lggnogttoaﬁncguéerg 1Qr 104 cfu/g or nore of dead cells
are contalned in the test sanple,” background of the dead cells is
det eclt®®83] Therefore, this method cannot be said to be sufficient as

a met hod fpecaledebm MArbhevidde sapd Mlﬂﬁi%?r té%ﬂ:as a

Speci ficall s a nethod for djstinguishing ve state romnéjead
st at €§OS?S#@ %S‘r:ﬁ%lrﬁ“?ﬁ‘s ggﬁcff)oé’s?tlﬂg’éstfer“ieéd%sﬁ%g di peiroRshEthod, t he
net hddyedestesbed nitrRatgatigec drentdehdantazhavenbeenrghstd@sed.
Howe\gk f0 i bl emg r i.n in_these t hods faor
~di st :é%&afislﬂfﬁél :,tig%%\f%%g%gaé stat %g%o gme‘é?no%foéaglg% EoSHcH S

“bact éPFaStsiThG*ife FOR nEEHEEely0oD®]l amount. An fide fheldeckini que
i ot oLk oo dead £oll contal nedm Do ed Fobtotatf < but Sct ed
i stine .contained in_boiled foodstuffs subjecte
Lotk dbsdieal 680 TPy E-2EEF 191 250 Porr demROue ForCiomies0
m nuPEsSeRefd o eparcgant shacteontabnerhanni foddstaf s subjnerisdnto
et hagehestgddiFzatiORnarpiordmhdghyse st.eLidd zat ar{?c{hntH‘BYl‘@%’ e
especially the treatnent of the latter type, there are no
f 00dSEUTT scaélcgﬁa‘fﬁ}l Bj ¥etgdetlo ¥R pasiduri Darteanat 8l Aent s.
Mor eseegetachettbe drakaobusdipposiedd dedlaet bonyiek 100! yodtaV8ed in the
m cr ' [ d ubj t he_currentl j or
st er ?iglgggﬁn%n%n%%h%%gl ﬁét %t%deogh?ﬁ%%gﬁ%e PR T EpeEr 5%?1‘?@ long tine
pasteurization (LTLT pasteurizat;iqn}, high tenperature short tine
pasteuri zation (HTST pasteurization), or ultra high tenperature
pasteurization (UHT pasteurization), and detection of only live
speci fic pathogenic bacteria in clinical specinens of infectious
di sease patients adm nistered with antibiotics. Mreover, in the
case of a test sampnle of a foodstuff or clinical speci nen cont ai ni na



[ 0008] A nmethod for selectively detecting live cells

(Vi abl e-andCul turabl e cells) of a m croorgani sm by distinguishing
them fromdead cells or injured cells (Viable-but-Non Culturable
cells (VNC cells)) is disclosed in Patent docunent 3. The net hod

di sclosed in Patent docunment 3 is a method conprising the step of
treating a test sanple with a topoi sonerase poi son and/or a DNA
gyrasé’bg%%%% byt ReR é’f‘@ﬁ BPL exaceactt iy BNBadsiofne herasestesafplize and

anpl i bybﬂ@rﬁa 1 aT}gﬁ{ebe@J Oiheof::ut:fkﬁite)éﬁ.[:@&ﬁl% PNAHY tPCRes ayd ehhg step
of anal, g an l.fi.ed uct and8§§ { he topoi sonerase poi son

or the yornag%d oieshet e?ehc’ dit tint o653 e M5 SSseshtAFi%d. [ 0009]
A net ﬁéﬂhfptm?vmrtchseq tiidh um seosoazvel earids quied tieshal@e .di scl osed in
Non- pabesi) docunent 1. This nethod is a detection nmethod conprising
the step of ad |n t hi di um nonoazide to a test sanple and

i rradi ati ng'? rf%lyé’ wi-E ¥ iAGREmP S Tt epF Uit aRE r@Erith§Y DRAYS r om
t he sampd ecaailﬂtsebf trhiesriobF gatti asii AN, a anbtt b@n@l&by%r@ﬁhh@ﬁ:m a
speci .t &, regqj P h r

Nor eo%iegh lgeg{egg lral%/rqat?e ) s%%ﬁ %q]galﬁ%s\h %%I vgi 2 quanIf 1py| %Wm\?ep% l's
count Wb EEREF neRECaH Lof L eripes dfacken @r obewgsics markhiseal - t i ne

PCR i fiethist| @sedrdveriNent patnt pdostmntirda J0QL ce11s 1edregyer,
as a et oq1 i)og?gtl | | m)redél earl d| stjnguishing live cells and

i nj urédc e Pout géni S/ h8rn]é)[ hold/Je SErMH&d Of ndEt ent
documeatldl ars diosliosddin Tihes taet hoedpils, &Jamtglnoldqd:(mlfpthéld@gidt he step
of adding, & Lhobs-ldiNkahat8Pahl @ 0fi s CHOSRA! LOKI0LE DN BY e

irradiation wth Tight having d& wavel ength 0
test IHMPIES FHES st élﬁ%@fduﬁoefaa%%wguflﬁetfteeéﬂvgm ée@@ SitHteR- t he
crosstddaiker is added with light having a wavel ength of 350 nut to

700 1 LNakep, o oY 00 CEOSLLIKEL pont oL I the,test
t est SEEpldeaflr sFatas eh WWO@rgwﬂmmI@eﬁhlaﬁ becrbawe@ anting ndebatk ng

the testhasanphe, mettm@dgtm&flb@@!dim@a@g@t MdARe St ASSnki Hkel,CBPAP! €
of cr ssllnln irradiation with |ight having a

wavel ST S6F - 3 W?\Yﬁr{'ot%‘@of%qwénﬁh}ér‘?%ﬂ}ﬁﬁ"é‘&lfle% 9%kBl e, the
step ruﬁfthqdrsadoatdlmgln@@lamg $anplaadt deadhischtéh e fC mO88adigake ks S
addedsyirf bl b%eﬂﬁvhgﬂlgat%vgéﬁ%ttﬁogf 350 nmto 700 nm the step
of extractl ng a DNA from the test sanp[e and anplifying a target
regi o %}t he extracted DNA by a nucleic acid anplification nethod,

%d t he steqshﬁzfar amal yé&mglqulégdﬂﬁr@idéeidgﬁl?m&féﬂﬁtdoc{zﬂ@ﬂa%] "
an i ted, a i bili that, .in anplification
of n\lljgc;{agﬂ %eg o me%ﬁ%%e%gﬁn%hhs%f%su%prft éga? %lﬁﬁtF%@%@FgV%Qy of
a PCIf@qlﬁl‘?ﬁbif@@iStUéif s pPnisceed heo hegbt tems:retuRCRopNonimpat ent
docurm:@trlzlzaMneg’ﬁef_@qu £h ﬂj S ate) %Ugﬂﬁﬁt%g t% gﬁ@!:&% i BRL bi t's

c

the reacti on(ﬁ PCR, but the inhibition of a um can be
made TOMEr8H e”bfoaﬁﬂ?uﬁf&nsﬁk?ﬁfﬁ&ﬁie§Pu?ﬁ}}aé‘ﬁé %Wﬁ patekt: @5cunment
3). formalddbyaoweerilherteohs dlbseir@:sedas,_aecbmstmwt@é feateent g

reactﬂh%nia‘e{efgp\gmagﬂ% Q@gtrgse al, AV, As 8.t ! 5 Fﬁbejﬁ%&mc“ the

reacti ons of are perforned w thout extrac from t he
bact eﬁlﬁcﬁrﬁ’f‘wrﬁéﬁéh‘%‘n doscansert s, %ﬁ%ﬁrdd@mﬂr@n@r@;)ﬂou AUzttt

gocunﬁlﬁbcﬁlomhﬁienﬂﬁ Ifjj,v&ch@éﬂﬁbﬂd&@&sﬁﬁmﬁp%E@%ddf%spgﬁﬁférdﬁﬁg tdg a
act DNA fin nting net n tes an
dodec;ety ch rEatrsl(}arrnae:'Cr)rrensttl ohiet” asloélon%ne}h cﬁtlg T%? th’Bg ﬁ‘fcf Ly, low
conpdsiPRsat ey lpngl wine askdewsirehési s{LIPM| p&!staarlnrlzeifBJTSnCBm}Pat ent

docunepbs rh 092 ]sHPat eﬂtmedﬁgglf@ﬂtlzgatlgq)n@ﬁ%TCpé-sadeQr%gﬁoplf ation
of arﬁ{%g%nﬁ@ht ransl ati on of PCIT Application ( KOHYOQ -530118
c

Pat e {LEBPEratire, RASTYHAIZ2 ?%n&UﬂﬁuBW@éﬂffﬂéﬁth@ow@52034
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Pat ent docunent 3: International Patent Publication W2007/ 094077
Pat ent docunent 4: | nternati onal Patent Publication W)2009/ 022558
Pat ent docunent 5: International Patent Publication W)_2004/ 104196
Non- pat ent docunents [0013] Non-patent docunent 1. Rudi, K, et
al ., Letters in Applied M crobiology, 2005, Vol. 40, pp.301-306

Non- pat ent, docunent. 2: Forbes, B. E., et al., Journal of Cinical
M crg %?85];@ fge 1134179) sped Fa ¢ amthpagnip haghesin idosliveimala:
Bi ckl epeciimensebfalnfeckébtierdiseadppbd @enbk cAmhinokogiea %996, 22,

op. 15%11%%4@%8961%%%9&0“% g%e Se BE )éesﬁ éE’é‘i‘lc’tlteﬁl%fIEhvent i on

Bi oTechni ques 607 Di scl 0si
Pr obl &REIF G e oReddindeal b@pqm@enn«a@maulomng dead cells background at

a concentration of 10? cfu/ml or higher, the amcunts of the final
PCR amplified products derived from dead cells exceed the
detecﬁion limit of the technique of Patent document 1, and
therefore it is impossible to determine whether a positive
response of a test sample obtained by PCR is derived from 1ive
cells or dead cells.
[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 performed to caiculate the Ct
value thereof, and the molar concentration of RNA is obtained by
using a separately prepared calibration curve. Separately, a
region of chromcsomal 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 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 technique is inferiocr to usual PCR targeting
DNA in quantification performance and quickness. Further, RNA is
continucusly produced in live cells, whereas RNA derived from dead
cells is decomposed over time at an early stage. Therefore, the
technique lacks stability. Furthermore, in a foodstuff or
clinical specimen containing dead cells at a high concentration,
only iive 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 quickness, high sensitivity and accuracy.
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[ 0014] By the aforenentioned nethod using a topoi sonerase
poi son and/or a DNA gyrase poison, or a cross-linker, live cells of
m croorgani sm especially live cells of Klebsiella, Ctrobacter,
Listeria, Salnonella bacteria and so forth can be selectively
detected with high sensitivity. However, a further inproved nethod,
especially a nmethod for highly sensitively or highly accurately

det ecttP#f) i ve cell's of Escherichia or Sal nonella bacteria has been
desired. A methéd @] eeledfivle PLERALgI IMRNEEDNS |(F1h01HIRV-de a

novel haod - f or. re selectively detecti l.i ve, cel | s of

mcr oS‘?S%‘%ﬁas i CcORt al N T g TP OodEt iy g%ré}%’ltépglé}rs A9 s HHEH gr(?lBrrpar ed
with dexd edlibsonrininred etrldel ((6igfletheticr 6ol gambdm caldd dVREt for
per f obal ng )syehy asdTBLEBAdi n Ma@Bs: AlociRbME N, thg ReRbemm L004S]

The inventors 8f the present invention have nade extensive studies
on a MetHEF G CAFTEERE nd ikt iBn G HRYWSERPF 1% hle ddgPhoprtreating a
m cr obegrardaspbe wiihch tepaipphteadd @otieonarridyus stmini bizaid epissthods

and i i.t.ab r i i [ L of . .hi det.ection
sensi ??%ﬁttf% gﬁd&%ﬁ agg%g%m %?édélg@g’c? ?%gcsglmgg%ciaﬁdcag%htl%%g in a
pat i eR?*9A% FeaHP e Ehe oirAChes gi¥aby ofChl eaficiHle pEaetifce. As a
resul amzlmngnﬁgmﬁ@uifr@/@rbw@% Q!ﬂlgld_laglaﬁhet h8potHskirRed :paﬁsfganoabe
attaipe t i sensitivity, addi ng an agent .capable o

coval gkrlﬁ |D\y9"Ab9%%f.‘%gPP%S%%?“ME&?“P?%@% afi ﬁemlﬁﬁg?‘?'ght havi ng a
wavel 6 of 350 nut to 700 nut to a test sanple; irradiating the

test sanpl g whtibd 1:9him DaYidg: & YRvEheagi gfs 2984 N4t 419, 700 nut;
addi ng_ an agent for suppressing an _action of a nucleic acid

anpl | FHEEPEH FhRCBPars, s (RS ETe 1 - a Thegneetiag 4813 de4REtERM or gani c
aci d saillfcdoromppilkaaphoiid Gtagi df saldingaathianphi fotdagiae cly aneseoral
DNA o i or I in t of l.ls. by .a nucleic acid

anpl  1TRA her LA il R S Bl iR B8%hae boen

conpl Bte@ctLop gy from therTharpls aftthe Predenadiahient i o phevides a
net hosk faep10ey et iangpéémcc@b?ﬁozpfbyap@ﬁ Gl-QQHJBIH SH:bicid Rk sanpl e
by di stin gléhl nltq the live cehl S fror@ dead cells or. injured cells,
whi ch® céefﬂ% Fe%s PRECEEps? ofschnique of seml ot Ibatigdit capabl e of
coval @ity fhimgiliget oelal <DNAunr IRNA bympinaadbat éOrudituke ldfght havi ng
a wavel 88t Ba0f sr3afld a1t @ 1 400NN k041 N8 Je88t 1 SR Eatent b)
irradiating the test sanple to which the agent is added with |ight
havi n‘@océm'\?g’s}e]rength of 350 nmto 700 nm c) anplifying a

t ar getoalegi on of the DNA or RNA of the m croorgani smcontained in
the test S?@é&é}y ?s néj%eetlhgdaf&g.s%qﬁklr!l rcaj[ch_ggr r{ze%rfggll QLitsE%n
presence of an agént for suppressing an action of’ a nuc e ac? d
anpl i fivéatpbks ianki biiwied sabst arfce, miwxdrogenést.r &btimegrhedcl ei ¢ aci ds
fI’O]I;ndehJ%rﬁﬁédl Sin @8fent documesh) ANal ZiMbsbhe anpkidfdiedqapioduct. In a
preferr

d .enbodi,nent aof the present invention, the anplification of
bhe (UG80 TRBIORITE i FOPREH IORTE rBIAPSCLINteT Caeble ofn g
pr ef emoed_—éindddigrrenmmfbﬁ heraﬁaxtgins_en@imeldgnetﬂmdngi a v\tahvelel_'lgth _
af or esenthoRed SH8P &) o Qet@gﬁolgatnpﬁé,t 3 St he LPEAEL LAY AL |9
perfornmed in the presence of one of nobre kinds se ecjteci1 fr m a
sur f d&@SENFIRA Sragn¥idmtEal erosmd iake brigagideddiighshightopaging a
phosphoeiengai dfsabd .nm to 700 r) ahprefqr bedremhadyment @bsthe
af or g 1.0 od fore th forementjoned . st ), .1he steps
o) by anarlEkacth gps SES, SRRt L ATRILL RG] ERuR) e
enmboditeEnel giddihg afrerdmEntd dited teet hodiplbef vore whiveh afrer emest+ oned

st ep 1@hket hes fRhbouk NohStapuIILiing BBE f¥Fedample, the step of

adding again the cross-linker capable of c¢ross-linking a DNA by
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e) treating the test sanple with an enzyne having an activity of
deconposing cells other than that of mcroorganism a colloida
particle of a protein, a lipid, or a saccharide existing in the test
sanpl e. In a preferred enbodi mrent of the aforenentioned

met hod, the enzyne is selected froma protease, a |ipid-degrading
enzynme and a_ sacchari de-degradi ng enz In a preferred
enbodiLF@ﬂla(’SFO’P HE- T dF e voRed ﬁ@tvﬁiﬂ“gtt%é?ft%%q ngafl €4 §maky one
of a foodstubiied deisol ogiglal, saspitep dfi Ndadgav@ierthei tehiskhinale
valt er o QMICHOBRENL Al WAL Blo. WBSIEYA! G, SQlhe A, 50D, RATRLE:

In a preferred e I ment of the aforenenti-one the

m cr oBf gt §fh t2 D0baBt eFteuster Qif PREGacting a DNA |f|aroa ﬁreeftéﬁt ed

enbodismite ahdtirglakorenentiened ﬂ@&b@d@f tttae @;a&ta%rtbarrmmb@ a
gram ne at.i ve bée\cte ment of the

af or elvent i onéd et oagl(f%tloggg%tfhoggp%‘ﬁet %%Q/ eﬁ‘flf1 YHdERY to a
DNA oamRNAibg pradaditati on with |ight having a wavel ength of 350 nm
to 70@gqymi s sel ected from ethidi um nonoazi de, ethidium diazide,
propi di um rmnoa2| de Il.)lsol aren, 4,5 ,8-trimet hél psol aren, and

8- met hoxy pdGRAYRHLC, there Jis, siogr sy R kP b Ui meriast tthe

af oremﬂiufmne’dwmtolﬁoduc]tdle: agedtbyf GCRSsuuess iy aoppeddson of a
nucl ej g t ubst onsists f one or
nor e Jk %gltg%?e%éttég’h?fodm@ % Eggn :ﬁm% ]fsa%§: %&% t§ reac &rh,

acet at FER KdeingE enli dRuRent s folﬂ@wvefformmf‘»délsgl%mee@ted

Foltyeﬁmtl @F@cﬂhﬂ/(iﬂhlbﬁtﬂé’tij%@nr&eﬁd&%hg bhhichi, tl@lﬁt t%la Hﬁz@i&gtléeilq%% nt
etr ni um chl ori horyl ase, an actate
ey o Ehacal et Tk e el SRR TshiB6 et ooy P s ons

af or eﬁﬁmt*-peh@d: metchoeht t3e organic acid salt | s sel ected from an
acetic aci flos@bler aRLAPIQNLEBRlLSl fodlld 8 sfﬁaéd&'o gegd salt. Ina

preferred enbodi nent or enenti one phosphori c
aci d Eipes anpfrCBp‘ﬁ%]sﬁﬂwé‘r P%C%Fcﬁlélsgmzﬁ as a templagg, alfbrwé‘ﬂé]?r‘ét?
enbodtament ong dhecaf @reemmfbﬁrﬁaﬂlwﬁehdsngtd exthect alggehe regi cm?msuaed
tar 5 5,000 nucl.eoti de eferre
ermod el 8F foo Rl rarroa fhe gl a5 BRI o

t ar gefoBghbn cohees pohdilrgleseh tgeheramoecf’@w ifer par 58 MERNAN gene,
16S r@%eg@rm mz%ﬁerm%ﬂﬁas ﬁmlhgl%e pe &fq thesDNALf shhe test

sanpl Cg)d LN lgr eferre nbodi ment of the forerrentl oned
met ho ef:%s‘i‘ﬂdf@i &F A HTIE EAPPTT iFCar PP IR Aot tgleF?sz 9AMP, SDA,
LCR, <IiresTHiGn HCr wrclshe atvid camithysiet hod. In a preferred
enbodi nent of the aforenentioned nethod, PCR is perfoined as

real -time FOR to simultaneously conduct FOR and anal ysis of the
anpl iF5'€4 prlodigderences In a preferred enbodi ment of the

af or emeeht ofethmget hod, the analysis of the anplified product is
perf d, by using a standard curve representing relationship

bet Ween ailmunt of the mcroorganismand the anplified product and
cr eat®édeny dmiungnst hndwrmdssappladd-open Rubhicrwongahi 3 Maprh0e4d]

As trt&ahgia&for; be ?(Eff«‘ t 1 EavERt | Rbryd)heke 2@03@%@\05&9@0' a kit for

detecPt|nﬁ C%ive cel %s_o a mcroorgani smin a test (E?P %%
di st iffGETERTHG™ERE 13 VETEEM TS F Pt Hedf EBPHCaiopnfenid/ 8t by a
nucl éia¢eat|c¢bca1mphtf$cathutennmdmd patdrch Pabpratses whwnof7gbbowing

ocumer '1 ig) i 1Cca ll t t
Eﬁ&p%%%ﬁﬁ % £ ad)1,R0 %@ﬁ ﬁaﬁgp%ﬁ of£ovalen fké(zo%?g% o a

ylrradlatlon aving a wavel ength nm
to 70GtFPmdecument 5 Z)Inéﬁr%@@rﬂ“afloPa%’&pPé%%liﬁr@&laﬁ wqoéﬁleﬁl%
nucl eloa-pet<htampticfidraat i on i nhi bitory substance; and

[0013]
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3) aprinmer or primers for anplifying a target region of a DNA or
RNA of the m croorganismto be detected by a nucleic acid
anplification nethod. In a preferred enbodi nent of the

af orenentioned kit, the kit further conprises one or nore kinds
selected froma surfactant, a magnesiumsalt, and an organic acid
salt or a phosphoric acid salt In a preferred enbodi nent of
the aNeRasRIFofeer et Lt Haioki tKfurther - cofiPERsTafiPRhiAfhe having
an acML&mﬂMoQBgﬁﬁcmmmps%ﬂg @el | sp gidiesoshan that of microorganism a
col | oj,dal arti | e of pr Ln, I p|d r a;sacchar .exi sting
inthg? ¥;%mmmm% é&ﬁ §n§éwe b3y %%% ﬁgﬁ%wi
aforeﬁe@?ﬁeﬁédgkrﬂ99ﬁhe3ﬁu@%elppéﬁﬁ@ -dmp$ification nmethod is PCR

RT- P%n%wena%gbmaege 3TMATRE Ho ol %heLgﬁpt%rt rreehog

n a preferr ermho n e af orementione [ e agen

capab‘leec’iﬁeblé’gi?ﬁ?’eﬂﬁgg b%%rdrpﬁga%% ®DNA or RNA by irradiation with

| i ght Nd@dantgna aeweleengt h Kiftb860y NMA.t, 0700 .nnBicTeskhégiead f3pm

ethrd% o§§?q§) et hi di um di azi de, propi di um nonoazi de, psol aren,
tr'i et psol aren, and 8- net hoxypsol aren. In a

preferred enbodlnent of the aforenentioned kit, the agent for

suppr essilRguas @ctiheni®feraibycl ei ¢ acid anplification i nhibitory

subst n ts [ s selected from al bum n,

dextrgﬁ&ﬁf g§%§3 feﬁ?dYé%% aceﬁ%hr Ao “Bet ai ne, di methyl sul f oxi de,

f oznmah®@e,] gl ycerol, pol yet hyl ene egcoI soybean trypsin inhibitor,

az- macr ogl eQukip, aﬁ&%ﬁ@ﬁ?ﬁ&%@aﬁm& @SQHJ; o 't@301é6ﬁ§99_%¥gep01son
phosphor Iase and | actate dehydrogenase; In a referred

embod?HHIRE 8f DV SYARS? RRSFCPoned "’krct‘fosﬁhjel”&reﬁanjiléfea&? &%t is
selecmjﬂidbmgahfwnlaeepe@aaMMydlséétqeLaspbﬂpwxyheﬁezuy dcsatdbaairdra
citri referre i nent J
af or eJ?r%e egrgﬁedgilnlonetl rlfa bahcgse% ora:%cCfe aCi gogaﬁot% gfrlrs}33 “a Sﬁgé%%ﬂ%slﬁhori C
aci d @gflgcted with hllﬁhaseprsefterrreﬂ elpdiiarent Birthre HfieERent i oned

Kit, rzlé\_eloeozwpedlelweqree%o&rm &iRHOL easRd tdvd iyPbd- ﬂﬁgﬁ@dl ng

enzyne_and_ a sa char 1 de-.degr Bri.ef Des on of the
D i L CB0L S R 45 1 8 Bt TooPeTe Gt ot SpEotLis
anpl|anairpaOMM£&@eobd@ﬂunad in the nethod of the present |nvention

"Live" repﬁﬁsgﬂﬁéhﬂ'o%etﬁé”ﬂf%sen{rHﬂUé%qloﬁeﬁi%§e£§é%ﬂd@lHrﬁ3¥-qe|'S
[ Fig. 2] Electrophoresis photographs showi ng results of detection of

I|ve Tﬁﬂﬁo§ OPT Mo 8RR ALY p&FFaIthBE by’ el HetHod of the present
I nventicoorffh sm 3hnthpedd apheresidstpist@gpaphsyishowsagresul ts of
det ec lj. e I f C ni, r

convertiarar Terh o Sde Bl EREIACLEMT, RE LRl WS B dnom.

r epr eehes kithj the@ee &P nuFegch 4] "Rlthisfescence nlcrophotograph and
stereoscoprc m cr ophot ogr aph of a not-heat ed physi ol ogi cal saline
suspensi on $§terobactergiakazak|| bacterium[Fig. 5] Fluorescence

nlcr&ﬁﬁgFo ARE Eerfes8Lsht m crophot ograph of a supernatant of

a not t&at ed physrologrcal sal i ne suspensi on of Enterobacter

sakazaki| bact aLiaRLLET g L Plugnesaepse (M.Chophorag aph.ande

st er eoscopi ¢ m crophot ogr aph physi ol ogrca ne suspensron of

Enteﬁﬁﬁ@%ﬁéro%dkéfékPﬁ‘H%é%é??%ﬁﬁ%%ﬁﬁéﬁ P%R%%ﬁ%%%ﬁ? gnpdtdfarthaPtcycl es

microorganisms, which is applicable to various sterilization

methods and is suitable for food sanitation inspections of high
detection sensitivity, and on a method of detecting a specific
pathogen in a patient with an infec¢tion in hospital or clinical

practice. As a result, the inventors have found ocut that the
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[Fig. 7] Fluorescence m crophot ograph and stereoscopic
m cr ophot ogr aph of a supernatant of a physiol ogical saline
suspensi on of Enterobacter sakazakii bacteriumafter repetition of
thermal cycles [Fig. 8] Fluorescence m crophotograph and
st ereoscopi ¢ m crophot ograph of Enterobacter sakazakii bacterium
suspended in a not-heated pretreatnent agent solution [Fig. 9]
Fl uor €sgkheet ivinc caphot egraptecamd tBt erghoseopitd viik g rioplatiogs aph of a
super BgbaRtcHanEBt &F QRAGY ek SAkAZ K] t@asxﬁz@ralu m U3Pandad; 1 4

u

not - heat egjg]r pr et reat ment agent” solution [Fig orescence
mi cr ofhbt ogtHh "ARPS PeFaBeBItR ﬂ?cﬁ%pﬁ%t%r@ﬁhn%ft%ﬁt Et¥bact er
sakazakipldaditrerilimisgs pradeti Bagp Py e tRati@nt hagant asebidicoprft er

repet LEi 96 of, thefimly cyg&gsng[F Oy ?éln]t] uor escence m crophot o?r aph

and stereoscopi ¢ _m crophot ograp Superatant  of “Enterobal
sakaz 8kPPCBH¢t 8Ff rmmedd perfedn Ankbipitery eatirtancagenmagotseiiton af t er

repet s&ion am‘d hh%@'ﬂl@y&lﬁ&s sall Bl @ al%]‘log%s@&‘189§c§h%\@lllﬂﬁ Lgpul ts of
flow g%élf Lr |SoIoJ[g ?‘ﬁuﬁfa“ne sus enS|ons of t

Ent er 6 r aza BEt ot "HGPRTTH aATs ]tWéFQO?uF i?la

non- heated st at eu@ﬁlaf tefd raapdt f{ ¢oncof rédherinal ahokpesthe plkigentl3]

Dr awi Dgershow Rgs nRsul gémEQlfetf ljow cytometry of the Enterobacter
Sakazﬁ@]laﬁi'bam erium suspended in a pretreatnent agent solution or

super ts thereof in a non-heated state or after repetition of
thermal cycites i§Fithe hédsdit &hﬁéﬁtﬁﬂﬂh@lﬁ@ﬁic&sphoﬁt@@i’@pﬁoﬁf t he

16S- 2§§cé§%ggﬂ% %@Ehéféﬁda Er ?Q an9Btained in the thod of the

present inventjon usin erobact er $aRasaki i £t um treat ed
wi th Yeitiegsishing itba SbTatdedAs. fiom ﬁaﬁ@wlélseor rﬂmj@ate@dcmsaver age

and S@l@n@oﬁprigseg @gécgge%g bi-parentheses L: 100-bp DNA | adder A:
Fi xati on sol uti |xat|onPioI ution B C. Fixation solution C S;

o Fi xati ot RIS 78] A BREP St GOT LAY OB IR doF o h B
gene ampiNAf bedlprrandatiqn ohitthi mEghn matviveg retwhodlefgthhef prEsent to

i nvenjdonpUshnghd hesEntgrabact er sakazakii bacteriumtreated with
various fi xatl on solutions. C values are indicated as average and

SD, and SD¥'sififi@4ieg Fif peeEntHEdes ta WiHickat bormasskui$ GiidadB:
Fi xatwiom dabbt itlerviBola W0@-1bpgENAH addefn tbFigo nkB] El ectrophoresis

phot ogr aphs,,o efore and_after ( -23 RNA gene
anpl i ficat |%(%n%§iac nﬁ ! Lrar SFng I Eﬁg;hreoi)ggt eF %@kﬁga@?‘?
bact eHiGRPCr gAY Caﬁﬁa@edst}petlff@tth ofMPERby emcticdnimiatidgr e Lanes 5

and @m@@ﬁ&c@?ﬁd@ﬁk@ﬂ)cﬁ rlththpf@eln@E H@%Qeggérw, %rb¥u}£gﬂ%551ng
centri fu%%tl on fter fCR rea

1on o nucleic a01 améllflcatlon inhibitory substance,
without extracting nucleic acids from the cells; and

d) analyzing the amplified product.

in a preferred embodiment of the present invention, the
amplification of the target region is performed in microbial cells.

In a preferred embodiment of the aforementioned method, in
the aforementioned step c), the ampiification of the target region
is performed in the presence of 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 method,

before the aforementioned step c), the steps a) and b) are
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Lanes 7 and 8: DNAs directly extracted fromthe cells Lanes 9 and
10: DNAs extracted fromthe cells actually used in the test just

bef ore PCR Lanes 13 and 14: DNAs extracted fromthe cells washed
after addition of the FOR product L: 100-bp DNA | adder B: Fixation
solution B S: No fixation [Fig. 17] El ectrophoresis photographs of
suspensi ons of the Enterobacter sakazakii bacterium subjected to a
heat tepatbhehty parfdmmegr esence of physi ol ogi cal saline or

pretreat ment, agentre AN ERBLA @Ak E OheS YPSEARRNLSed %%Fggé, L:
100- bEgDNA | adder. Mbdes for Carrying out the | nvention [0019]

Her ei REFPET thsr af ersiisd temaberbisieRt @) ofthenéoplud gat st ent ion are
descr pbeflorneddet ai | . However, the present invention is not limted
to the follow hred.amaodi an be freely nodified
wi thin the %co%%agr?% ﬁtgép?%sent% %%ﬁhoﬁg %ﬁ%mﬁerrl%‘élﬁ]tgaéré in the
pr eseAETHESlEr i0pt FRFPIPSSbRpresddedotler thar certtagé mirrnvasganiniess

ot her wbsBosRACHhBble of a profeldf G2l iboapedat ssted hy.the s¥ethod

of thenp{ esecrétsti nve tei on includes all kinds of nucleic acids,
speci 1 catT yvo55i AgfeSst randed DNA, doubl e-stranded DNA,

si ngl e- st r anded PRAZ r ranid edoudiimenst o finded a Rigmeas i bomy mashadie thar get
can b i5fsi t . € i |4 al
Qn%m@i edh &uQAt ¥akd Ya pPhridase, &%%ucg%sﬁa% gg%%tﬁ\ 5?0%20]

preferab(a_ga DNA, particularly preferably | e-'st rande

<1> MERHOH o et Aedsid 88 ng 3 ¥ifent i on The net hod of the present
i nvention i® a pethadeHoencetieeh ngr ltiheeacetdn®nef o@drnetBed,ganesm i n
ates y. di_Sti i shin live_cells from.de cells or

i nj urltéf%erﬁ%:m ?l Qv?hl ci&cg%réﬁgsg?%gsecﬁfléfpsao f013g1¢al SE}“é%];%‘]('je(;t'ddi ng an
agent dEHpEBI%e votemovalestt iplbiatehg chgiaoDAtel RN&TbyvaFtewdiati on
W th séghtankiaui sighra swayed ength of 350 nmto 700 nmto the test

sanpl e; b) irradiati the test sanple to which the agent is
“added with 1% &hPr%%%ﬁfﬁ %‘% Fﬁﬁg?’%]%lle 35 Rt PrRso e ped, the

c) anpldfornggnasit drsget baggiranmobr theribhh or RNA of the m croorgani sm
contai ned 1 LhgdRsto3apl RN JGhE! CeAthdn Al LEALILN (fIEL hod
in the presence of an agent.ﬁor suppressing an action of d nucleic
aci d IS Eat T ¢h FEART BTG YE SoideARE®; Wit hout extracting nucl eic
acids fromivhe geddesireanshbodiment of the aforementioned method, the

agent capable of covalently binding to a DNA or RNA by irradiation

with light having a wavelength of 350 nm to 700 nm is selected
from ethidium monoazide, ethidium diazide, propidium monoazide,
psolaren, 4,5',8-trimethylpsclaren, and 8-methoxypsolaren.

In a preferred embodiment of the aforementioned method, the
agent for suppreszing 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, glycerol, polyethylene glyccl, 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
propionic acid salt and a citric acid salt.

In a preferred embodiment of the aforementioned method, the
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d) analyzing the anplified product. [0021] In the
specification of the present invention, the term"test sanple"
refers to an object containing live cells of mcroorganismto be

" detected. The test sanple is not particularly limted as long as the
presence of the m croorgani smcan be det ected by anplification of a

speci egi.on_of chr nDSOo na cleic acid

anpl i ;) }?%ﬁ“cn%ﬁld F2LPr &7 et FIGCR %ﬁﬁ?loeéc "’r‘r)e‘rdeﬁ? ¥nclude foodstuffs,
bi ol ogi cal %ramppeefenirerdnEMMr of itheusforanlennatesd nenudd onhent al
vat er ¢ 1@t ewt 6% .i:5Qi Lars¥al 520Rl &8s 5 Paﬂg SS%PPOﬂ&J}L ot des In

particul ar, npreferre exanpl es of the foodstuffs inc drinks

such as sof¥? dr PRRECTTESy B%}ﬁ‘ai“éf@%oﬁ @ei A %fe%ﬂﬁb@%ﬁletH@%nﬁé@
fruitthogee rdyioksis andatgat Ql@:@ﬁ}bﬂl |aes rdepdtks nGi A6l lidieRg sonReeplr at es
and p r d o | C ectionery pro such as ice
cr eangwﬁcszs gﬁg%, E;ge?l % %ﬁ% gﬁe, %%tsd’gl%l\lr P%auc”tdg%gﬁf?:r?e&& of
proces&e PN Pk, tha Itl@s*élrWi%sle fer mented ni | k and butter; enteral

foods, fluith di prsterteliketiofdindhants $ROLES HbhbKsned H@Eﬁwn%hef oods
such as.{ f aods fé? Rej(::lfl ed health, yse_and _di et ar t#g\gl ement’s, and

so forthc1065% B 8‘§Jt%<rd ﬁﬁeP%lf’olLécha? e M TRitre
bl oodH‘éanfpﬂ ¢be nrdngersanpicgdodecer ebr ospi nal fluid sanples, synovi al
fl uid sanplgsg pf@ﬁé&%ledeéml%ﬁa&ﬂo'tﬁé’aﬁooz‘éhgf&f@r@ %éthécFC%ER

sanpl es, nasal cavity nmucosa sanpl e ngeal nucosa sanpl e
gastrit H%ﬁ&&e%cﬂsuf‘?% SR FER, tcblfém‘s;‘a‘r?ﬁ!e@%l%lﬁwdﬁﬁéu@%ﬁﬁr ane

sanpl @sglyorial of aiet ymplicisal paosPlas, respi ratory organ mucus
menbr ane s [ t e Qr rane. sanp

conj unct | vgﬂggn%fe&rgg a%léon%dgmggp ?@J%H rae%gc’rrc%‘u%?l?/nee E‘?rﬁ%dgnﬁl%s
part ufruiz%élmméa%rtf@aﬁwelsﬁ%pﬁ@du@ i | ke sarpee syy saliny e saapliasi

vom téurwféombﬁf@@rﬁﬁn@%él%taﬁﬂsﬁﬂ: fRiEhBen amount BX@WpLEs of the
envi ronnent al wat er | ude t wat er, groundwater, river water,

rai niat e T dRt Eo apgr PdHoE3e prodict e ’Fﬁ%‘tﬁrdegén‘fs%nﬁventl on,

t he tsstndsadpsampiay be tarwmd){:rsqmjmnﬁe@dst uffs, biological sanples,
drinkjgig-Mater, industrial water, environnent al wat er, wast ewat er,
soil, swab sanples as nentioned above etc. thenselves or may be any
of diluted A@r“&%rﬁ%n?? s PRES AL i VERRI W0 f theranyp skoprasdust s

obt ai kied foy - aetrycﬁtlh@alarmbemmeff tahancidegaRi H0d n0h the Bﬁﬁﬁf‘@t

inve ea rrent | clude heat treatne

fil tr]éaytl :&gﬁ %ﬂ% ?%gahtl on, %o % =d %]glzﬁ o lnjure%uf:?ﬁeﬁr

f or eilh asﬂb@%%ﬂr?cé@@@%)la@@eti@ @Ehleqﬂdyt rwamcmnann@@ngamltskm pr ot ei n
col | Oﬂdidlow@ﬂc_gtd&nbeﬁenﬂgj .pi ds, saccharl des and so forth in the test
sanpl e may  be remve r.edu a treatment with an enzyne
having an & t??/latgﬁnFo‘FaFife)&PaB% ‘iaﬁéﬁrjoﬁf DiRpding ke 2 ANR i B¥Be where
the trestirsadisitdonswity loghni Haémr@aar‘yaxmledgrﬁt sf aed fpads 7po agijced
fromm |k of daidy.praduchs,, exanples of.the.eel Lo oLher. than

mi croorgani sne i N the test Sanpl e i nclude bovi ne 1SURBEVASS, manmmary
epi t & 65%%‘)%%\@%@6& ﬁUbWalﬁﬁhlflr@ in the case where the test

sarrp: e is anya erf1brbﬁ|(ﬂglmallue5§.mﬁire$1mﬁwlﬂl?liﬂ§ Q'&i}%el%aﬂ@cﬁﬁﬁaog{a ne |
sanp es nov,i a ui es,. and pl eura
effusnl%?)&nogzli)lEk I{}?Of Jﬁ}g%(gn ? r%‘?mtsﬁ%%ekﬁ éietﬁ%rr??di’ ngy??ﬁ]ﬁ&ﬁt geld

I euk@@?tle@%%tu@h Ja%tfquanul ocytes, neutrophils, basophils, nonocytes,
and | ymhoﬁﬂtﬁﬁefemm}ﬂﬁﬁﬁen@%@ §19e fa%'eﬁrgmer[tqggéli The

enzyne | g @}épartlcularlé limted as ng a can (jraHe
for ei"git S4b PTG d8 %‘ﬁ%ﬁmﬁﬁnﬁiﬂgq P@%ﬁ?ﬁﬂdl§rﬁm %nﬁ@Fé@@Eﬁ%ﬁusnr
to be deteetied, sahd, exanphesrddmerestid reltds; aof phog¥aMkCacid

| i pi d=degradi ng enzynes, protein-degradi ng enzynes and ,
sacchari de-degradi ng enzynes. O those, one enzyne or two or nore
enzynes may be used, but it is psghgrable to use both the

| i pi d-degradi ng enzyne and protei n-degradi ng enzyne, or all of the
| i pi d-degradi ng enzyne, protein-degrading enzyne and

sacchari dedegradi ng enzyne. Exanples of the |ipid-degrading enzynes
i nclude |ipase, phosphatase, and so forth, exanples of the

nr ot ei n- dear adi na enzvnes i ncl ude seri ne nrot ease cvstej ne



a test sanple, and then only activated viruses are neasured by RTPCR

(http://ww recwet.t. u-

t okyo. ac. j p/ furumail ab/j/sot suron/ H21/ H2l sot suron. ht m , Devel opnent

of ethidi um nonoazi de (EMA)-RT-PCR for selective detection of

enteric viruses, 15th International Synposium on Healt h-Rel at ed

Wat er M crobiol ogy, (May 31-Jun 05, 2009, Ursulines Conference

Centre, Naxbs,a gretee)ed efbhedinest ¢f tihe slgyesnédonddhtkiEMAIdoes not

penet Kat ef@ﬁthle‘fa&&ﬁbx\i'sébls% rerRYhe PENALLALL S ALY Wh&!&ﬁ&%lﬁbf uses

haV|n§ Zﬁge%ﬁﬁg g aII i njured nucleocapsids,” and thereforé,

activaf e % @HCH%W%PEH %l%@éd@dé@ayl% Hea

di sti pgutsimed avuli}bucEMé\r Thereher gje |etx1lsslmdﬂcilmglahetm& E;Ji@w esent

invention cgp Er@f&ﬁfeﬁdeﬁM% 8%5% 5f)gﬁ%cgg§£éﬁsﬁgkgg. ?us fungi and
resen

yeast but also to viruses i Avent i on,
the PP%%eJcCelaFidr%‘FFél%l?%tJé’rb@PFh‘i"-‘n ig SFRt RTrRER, tWPee»‘IS[PA:céeﬁR
prol i feRAtTRC, and, exhrtbetrslcfmmb@jm@eta@mVI ties of the m croorganism

(vi abl e-and-cul turahl e s en- it is cultured u erally
preferred quq %‘u%}g %Oﬂ&ldt ?onos lme\rllv"(’]j (i’ C%F?regﬁBEf%rhetOiq IlegcfEi?eee from
i nj ur p9ott cePrbigldL, CAEalEHé:ln*eb@Ib@mgc tac# iBNAt besRifebyi onediiabove,

ATP aﬁitl\/lltl\éhteﬁéﬁrr@5§ @&&él\éhgyh i 35030 b £ 785 el flsﬁiect' at the
preseﬁF i nv ntlon Vi ral Egartlc es are also called "’ or

convehF Eh e h AL GPNORF ifihs CCAFTYE CARFACG e PEPRLEEMATIRIA N o

st at ep$<bﬂa:‘tremt, ea’in‘ JA8At etitetthyTpsubd tean aed | s-ardhpr@ddierate. [ 0029]
The "dead cel L' o} s 0el Luldhfont ale (hatltoaonot. piol i fgrate, and
does not exhibit metabol ic activities Sta e? even it is
cul t uReRIMtuABEr SERPISFELRRIMATC BEE iR oéoﬁdnwlemc M@ Gwer ifiqatiioni n a

st at eittiati caky haughante Ltﬁirieéﬁ.@té)foﬂ%le M@Idoﬂeskﬂi@ddﬁts@n@@&d trchgmcel |
ent exhi biting

wal | el.f i hly ure a_nucl ear ,stain a

weak %%%ﬁ%gbl Hﬁggucﬁaé% g% Hodf e 2RARS péﬁ%ﬁg%T@‘BFe B¥heat e
t he callfogale, ﬁQrm@mﬁdaurgiy@srolAd@@dyetmyleneeﬁkycblbosewhﬂahus in a
stat ecthati ni {n€anRel, | H-6elk 8y TEITRL ap. ey iaﬂxpn%ﬂh chiorid he

"injured cel ™ (injured cell or V|abfe ut - non” turable cel is a
cel | 1R YEEatRIIWAPT IR wiBA tactiesecithtvdreaenaifer a generally
preferred cul Iaupﬁaf@@tmdﬁtérﬂj’b,dlinénthaﬁ_dkhep&ﬂiﬂefnéﬁﬂi@ﬁadbﬁﬂﬁ,uaﬂei t is
i njur nv nment a ess, and it
shows a?%%o él?Jf:d’iaC I Vi % aéeél%%{:gésﬁr%gﬂ gn éce%lc aCl par e%l;WI h a live
ceII,Pqﬂm?°§1§|%ﬁﬁdfﬁéhﬁtaqde@eFlEﬁﬂ@péﬁé@ %ﬁhth a dead cell. As for

Vi ruses, um wlﬁr_%f‘éekéd &SR Beti0 F ¢heUStdrRmansids khat guen if it
i nf ect,s it cannot proliferate in the cel

I'n trPh°?$88€% |%§i i © ?ﬁ%lﬁﬂ 8sgyﬁﬂﬁggﬁgﬁ?§ﬁqn§ﬁf offdd the "live cell",
"dead cel | In an&kéﬁemrﬁﬁeﬂmmuamméntnaintaelaﬁuzemeht;onédaﬂltuﬂdhe and

i nj urag ael ks 6fe120ABETAQGEAN spgctigl ]
Detectlg%'ofsbéztgrla exh|b|§f§E§aﬁﬁe %f%igao ?%%ﬁg Feet aﬁ%e to

mi | d FESEEr SndrentdbnT &8 HEstrati on of antibiotics |s attractlng
attention, in particular, in the field of food sanitation inspection
and %Lh%%cﬁéséﬁﬁ&noﬁﬂﬂfkﬁg m%gé?l i nvention provides a nethod for
detectln oor gani sm i'ch “énabl es not only detection of live
cel | s00 gﬂ al so distinction of live cells fromdead cells or injured

cell S[F:LbOOBJ?]Electrophdrﬂ&llénbfﬁo@grﬁﬁﬁé Wrﬁbﬁrarhﬁlllfgh@ dhatetl number
ur ed and dead cells. In

(ceII /nﬂ for g I|ve cqﬁh |n+

this speC| § 4t 88, m?ﬂg’ L 8F | ThHuREEPCS ?E@PE%@htéﬂvﬁy1§@F8§%?W%hn1
and L;VEogebhnePHsjmﬂéd"neapseﬂdhtscehj&daﬂ cells The nunber of Ilive
cel | szgan pe merc%mte%qs%mo@ragﬁﬁ@e nRfind OLIRA GO OB A LI/ 1
(colony fanning units/nil)) ‘obtaina y cufturing the ce under
an opt hukT c%er?gﬁt PhiMGFoa e ks Be bl wecnhyi tha mﬂ%@%mﬁame sanpl e
of injured cells of mcroorgani smcan be prepared by, for exanple,
subjecting a live cell suspen5|&ﬂ/%53a heat treatnent, for exanple,
a heat treatnent in boiling water. The nunber of |njured cells in
such a sanple can be approximated with cfu/m in the live cel
suspensi on before the heat treatnent. Al though tinme of the heat
treatnent in boilina water for oreparina iniured cells vari es



In the present invention, the "detection of live cells" includes
both determ nation of presence or absence of live cells in a test
sanpl e and determ nation of amobunt of live cells in a test sanple.
The amount of live cells is not limted to an absol ute anount, and
may be a relative anmount with respect to that in a control sanple.
Mor eo o detect live cells by distinguishing the live cells
fron1§§%ge%eﬁf% orl%%jureq cells" means to nore selectively detect
live cdélPs torpareerricrhsdeathasebraptor shajinedesel ts.ofl deasdiibhon,
the "dirstinetdeans s hiivec68hdrs sheop dead-gal) S egneréqt:ieﬁgl g&'t'ha&
ad cells and i

i ncl ud,%s dj stinctiaon gf, |ive cells fromboth de nj ur ed

cel | s. "[OD35]°PHEF €4t e Vet fiel ifet horP W heerrssaht imvend i i lfi || be
expl ailfied. fOr Féactestape Ascdphorbdeghaboy estcrhesomiikod of the
present; L AMRRLLPLLHTRY: GOARL . treating the test sapple
wth ar%cenzyrrebhg?/i ng %n%tk%\%t%ee%f%gg%g lctoasli rsléi%:e 1§ =Bt her "t ﬁgﬁ

t hose FAFCFRRAGEF gtiaemi i é dpadicdaimparticl es of proteins, |ipids, or
sacchdri gess jexil 8bidigenbe ttEciopsbt S@Epheandefierect g st eps descri bed

bel ow, . Step_a An. agent capabl e of covalently

bi ndi %L’?‘%ﬁ‘g’kﬁﬁ@p& SENA %‘ip?rPPSaP%ﬁr}oﬁ W rhes aatﬁwa?\%f’ﬁag%al

wavel Eagie GLSBIipm PE FOCrMRrsendaddz4/oii hectesitunsanpl e. That i s,
M cr oQrgaNisIMeLhdrdshentesh: SapRbeoAt-gnt Leated Wit h, L he agent.

As described |ater, the agent intercalates into a goubl e- stranded
DNA oPlW%ﬁﬁagﬁR}‘aloén?llf/hﬁﬁlﬁ&Qg%ﬁjt el B SYEPREL Y Of r r adi at i on

Wi th Enghtolaoter assakibki thetepl ecuiesr Fudtheion idr kBeg&dl mat ed

t hat Epgl@_,gent covalently binds to a single-stranded DNA or RNA by
irradiation with light to inhibit reactions of FOR The agent may
hencetbt9h ‘Al M Bessrnpt yricsPeheicapregh agnd stesecsdapiier ". [ 0037]

The cnbssphbbk@fanpr ef e4 ahlpsrhasasli ffreneyact bens 1080 ive cel l's of
m cr og%%r}jssl%co%rtedog\ﬁé h i n% red qr_dead cells of m croorganism
and sonmati ¢ cel s "SGEhAE v PAE T9UR oRITEL 1 UR elSEy FRRStigon of

t hr onbleyitadscyMorse specifically, the cross-linker is preferably one

whi chisan Bpre1RASkEYnRASS LBEAMAY I | | nj;ured or dead
cells o?d]nfgr oor gani srrln and ccteaﬁ? nerﬁ%rﬁiénaeﬁgpos élé%;rfsn?to' égcel | s such as

bovi MBI FERRBETIEER PRURYEG/IEECtRT akir s#bidc PResetigmparerendiethie e |
wal | sn@f-Hebved qelctseafmaritc gengaitlsmion Exanpl es of the
crossyinkegr #ngl i di noazide, ethidi um diazide, psolaren,
4,5, %J;[g?l n%ti{}%ﬁgg %r?ée%,mqgg% fﬁﬁgoﬁnéj‘reg SrOFSPPUT um monoazi de,
and sHr¥EPhAtoIehkPhd sfurehesieardr o§sEfankbrstemsabezaisisd al one, or

two asadteieukidipchiied 6f amayt-Dedsadyidt earhinatiyQn: s[cﬁ%%%lén

The ¢ iti of the treatnment with the cross-I|inker may

appr oﬁlgét of S%lé??e%%*?nc&%i‘%?mc,té’ﬁaii?}? GHE PHFTSEFSPPYF di sti ngui shi ng
| i ve Tgelricphetfogriaphoof gartieswbé ciom deadzoriii hpatred veebhSpediied in a

M T qoicgankannansbe. dehakmhAedy: -addlngoY AL QU fONCEALLALT OnS of
a cross-linker to suspensions of live celTs o mcroorgaYnl smto be
det ect’e@d- ant! dHaT BTG CUFEEr SRIAtE 9B PR oBk mRSSAPial | owi ng t he
suspemisiropSotayrabANGf f-osuparhais (PEFi DS 0batid® sag8parat i ng the

cel rd ion;. an lLyzing the cells . by the nucleic acid
anpl ?%a%gti:%gﬁl é#%?%géd%ao%gr %ogreérag,}%géﬁga??ia ﬁ?tf%?lugcégf{@%rsti ngui shi ng
| i ve CEPL$t Rt cklrmgdnicgsd ¢y om vari ous cell's can be determ ned by:
addi ngrivar i DUra e tshali 9 Sr ¥ 18s Cs OFT ol Bkt @y syspensi ons of
live cells, of mcroorganismto be detected and somatic cells such as
bovi e PeukSEFEs T Fn PERBIEICRS: Ohl thSwPRESTHe 8 pettizahiait o st and
f or \racteusperi sdsemfatanhe; tisgpalfati g nbhehealdds semd: theawedd ous

cel | s byt cend bEugal.i,an; -anf.anal yzing the cells by the nucleic acid
anplification nethod. Specitically: conditions of a treatnment with
et hi di um nonoazi de at a final cangenration of 1 to 100 pg/m for 5
m nutes to 48 hours at 4 to 10C, conditions of a treatnent with

et hidium di azide at a final concentration of 1 to 100 pg/m for 5
mnutes to 48 hours at 4 to 10C, conditions of a treatnment with
propi di um nonoazi de at a final concentration of 1 to 100 pg/m for 5
mnutes to 48 hours at 4 to 10C conditions of a treatnent wth



cells and injured cells conpared with cell walls of live cells of

m croorgani sm Therefore, it is presuned that the cross-Ilinker does

not substantially pass through cell walls of live cells of

m croor gani sm but passes through cell walls of injured or dead cells
of m croorganism or dead somatic cells, provided that the treatnent
is performed within the above-nentioned periods of tinme. It is

pr esuh®d -t A3l , Diawiageesdwingt heswites ef| fikecynonedsyi of cchdead somati c
cell SEnQ&%@aéBQr's!’yklérzggif@atﬁepifunms%ﬁ&ﬁ&%ﬂ'iﬁ%\lfﬂ%@r é‘@?e%%ugﬁéﬂﬁ’

foi st hydrogen bonds with chronmosonal DNA or , and then the

cr ossEPTHREF PY r3cAtRPWI® ARETYHE *Radi MY 2RV I8AGE P ORIE5D nmto

700 npegstdsseh sk shBNAa hodvetekes or coval ently binds with RNA and,

as a resul CAUS [ i [ or
ot PR gl G ﬁﬁ%"%’f?@"t@ﬁgér%%&??%ﬁﬁr@é@ﬁ%?#?%&‘uﬁ??%g in
di sr uith o4 1ef rgpveiet at Ploiickdavadde BEthdte ofhilrpsersdt DNASNBFOTRNA
Fgg 48@&3Mi.gngh@5}§|'_1ﬁtetrl%ﬁﬁﬁt§é1ﬁ SRfica Bapic Ibﬁizlﬁeﬁﬁjgtﬂ t@?ﬂ?)éédfohﬁﬁﬁ it‘faﬁ%ggﬁct ion.

. : i aving a wavel en 0 nmto nm may
ol Wi aop ARG RayTHS GheTHGERoSr3S0 RIHT 690t nm  and
t he |aghtSDmay belisengl etwaeebergtses! i ght or nulti-wavel ength |ight.
I n adgi t1ip@0y. ahda hihght- conponents may be in the range of 350 nmto
700 nm or t%e I'i ght may include short-wavel ength |ight having a
wavel ndtfasHot tséﬁui;ﬁ%rh 7350 nm and/ or |ong-wavel ength light having a
wavel engtikat omgefoltithas, #00 nm The peak in an intensity distribution
is preferably, ﬁ%otl e, range of 350 nmto 700 nm Preferably, the
| i ght "doés rot  include a conponent with a short wavel ength to such a
degr e& tlvafixdriomosomal DNA of a microorganismis cleaved only by
| i ght [#ily.adbptAPR1EPGHoresis pho%@ﬁaﬁrhr&”@ﬁgr@ﬂpA%é)famFrﬂlLf'{&ﬂ or
dead cells. is r.e Breferentl II(% %I srupted than that of [ive cells
of mIERSBFGArTaR T80t B JeE PEGIEh °0f PR CRPBIOSBIRAF BNASSRS LHEE || ve
cel | sEntzrahpttdr edkbyak hie baoteium acegtahplichi caticon hietaltddn while a
tar gel,eghen, Obr tNe Jdij gﬁsdin%cge@@ Lel L,érglgfe gharétp,t edq(&h eaved),
resulting In inhibirting the nucleic aci d anplification reactions.
As a YesgrEed tiRe PEFGRLESSSSs of ni croor gani sm can be detected nore
sel et vekycidramotiheidmjaur ed or dead cells. Further, when
RNA of . iquXuHadI1 Qr dgjz_a(gl %el s is nore preferentially nodified with
t he crioss=Trinker tlﬁan that of live cells of ni croorgani sm a target
regi de GPORNA B fhddd¢i ve cells is anplified by the nucleic acid

anpl i fgseat i oN FREAPGonIWshe Bhdi@ebns e@teRned fRNA-of addhe st i ured or
dead cell S dified, resulting in inhibiting the nucleic acid
anpl AL PSP T egBYP ifae ABPL FP? FHETEPUE WelFingfthe

m cr ooriganbsnt carabezdetiettedemmme sel ectively than the injured or
dead cel.ls, {0042 sup?rln%?wo@ p%ﬁff:sgéﬁ%neﬁywdsgm of the present

invention, the cross- i s_ethid um nonoazi de, and the nethod

i ncl UfEsst herrst &p BYRT 9xddratichgramt 3t peddpl erasdedhielrcebhi tiaum
nmonoaznde Fsgaddadantdh Horghéadiawinng a wavel ength of 350 rimto 700
nm Ethi di ym oazl.de (.EMA). can. easijl ass, _through cell walls of

i nj ur éaélegrydaénérng%CeﬁII{]ss c%r?ﬁgrl ShitRC %%llfor\?ﬁl e ocfd??ve cells of

m cr demgan? sind Ther Ay extirecis] presunesd cehas Edadbesiaegt in the
subst@ati ahsy Rasscthrough cell walls of live cells of mcroorgani sm
but passes_ihrough cell walls of injured or dead cells_of

i o1 JOPGANF SITEY 18l PR ABF BT OF R AT GFALT CSOFFSICT Note

t hat ,addntidre cfaseewnek erodukocytes and t hronbocytes in bl ood are
live L‘l.e|1b§+bﬂ5%;xci‘5_‘d<§@£e easily pass through cell walls of the cells
in sterilized water or a hypotonic salt solution. Concer ni ng
DNA, H:n¥partidusSatutENABoves into dead somatic cells and injured
and dead cells of mcroorganismand intercalates randomy into

nucl ear DNA, and intercal ated EM&/tY3 converted into nitrene by
irradiation with |ight having a wavelength of 350 rimto 700 nm and
bi nds covalently to nuclear DNA to cross-1link DNA nol ecul es. Then,

it is presuned that EMA which binds covalently to bases and

deoxvri boses in chronosonal DNA at nmanv boi nts causes a | ar age



Conditions for the treatment with EMA can be appropriately

determ ned. For exanple, conditions that enabl es easy distinction of
live cells of mcroorganismfromdead cells and injured cells can be
determ ned by adding EMA at various concentrations to suspensions of
live cells and injured cells or dead cells of the mcroorganismto
be dete & gaw ng them for various periods of tine, then
irradiati ng f(ﬁemvvlth visible light, renoving the cells by

centr |[FL@atthnEmcuﬂ@ethWQthmﬂa@w ofntkspensioms ng amal ysis by
nucl ehﬁt@&;ﬁgc@gpléafyaegkwrba%%?ﬁ% sung&?écf ed &g{ebt%et L POS AJ% tpe

irradi ation of t can pri atel rmne

per f of AT My SGefRe é% @Q%%%‘?ll@ﬁtcaéssaf@ﬁﬁ 6%%356%@@“%l AgeWar |aBGs
|rradcaxtu:ﬁrfutgam sGpecihdtiamtexangptes of the conditions for the

i rradi at tqlnclude irradiation of lights of 100 to 750 W
and t%e ia@cr;?g %lqgne%rwavel ength for 5 mnutes to 2 hours froma
di stance of 10 to 50 cmfromthe test sanple. The irradiation of

i ghtM@&eaorfgiedi&myxne%wltﬁﬁ%dIﬁ&eﬁlbgw temperature, for exanple,
wWth i (?a]ngﬁool ing of the sanple. [0045] The addition of the
Cross: in the aforenentioned step a) and the light irradiation
treat ment dereheaStcep byefmyrebeemepBatets faft tRe ofram@ne Liedneson| n
such & £aggcrihig Gongents ot | kot N LR8N NKEL LS PusTRlabl Y.

made hjgher 1n the step he first time conp
the stéptay &¢ ‘%fﬁef%k%dlgt Pﬁ@f%wre@h%wntsm ﬁ*ﬁlz]ebq gweelyn the
st ep m)didfi etihei 198006k tddMpe0br thier pabtert q@ﬂ@@fﬁdl Wlitﬂae that [ n t he

step fir sl tinme. . [

o o Rl B A R i g, 1 SRPESAR 85 4 G pGrAF G

hi ghe?y H@lsﬁh@m@?ﬁsp@’ﬁhmm&a syedioriethe cell wall or cell nenbrane of
dead cel | SAbeg S thi g@edetefch@dw rf%bﬂnéﬂﬁo\a B@rtﬂé %%eggfkﬂ s also
beconges h| gblﬁgﬁo%ﬁand | munol ogy, 63-775;
Jour nd Ve(?it ?fllljrﬂC qre BrORf, noebBLC i‘@ld%'p 52)§65f32‘3?L131)Y On the
ot hersimanidstfarEAd DA aldooned-4toraaced amizg kongeoreeahdat iRan, for

exam&blgogﬁ ddRangd0 Ry ﬁﬂm alf hou

g.%n%%rt |on1|nn£ollvecells
can be avoid ermeation rate into afSo tecreases, and
t her eGerﬁﬂéuaH%bad géqu@Sﬁaytfaﬁ setpet Het deraset tsys ﬁH@f@ablaicDIﬂﬂ,

anpl igdreatitir Iepetions1 yTheheloe rahded SuRl ef erable to use a high
conce r@ﬁlon of the cross-linker in the step a) of the first tine,
and € the concentration of the cross-linker lowin the step b) of
secorfd>t Maehethft hee aafetsent {1084iE]ion Specifically, the final

concent rat ire rﬁgthbeeoﬁrtqﬁespké@é@% ih0ehOErSEEP, RetBbat AG First time
e, 10 to 100 pg/mM in the case of ethid um nonoazi de,

is, r exa
10 t efﬁﬁtb‘@)r'?il"len‘xflhleg Cas@ BICEPRIYFPLAR dMa2ithet SR P00 pg/m in
t he cHs¢iofuiEhdppdimmiioroazi de framxddQt bel s > pgfwted ret he, case of
psol / in the case of

4,5 Q\gﬁ!tapl %roer%hjlgggo%%r é%eBQ CE% X 10-5 to 10 pg/m in the case of
8- et hoxypéblaé%@ﬁg PUradeait, CRPRO S RA| COEERBERY MENHONT Ofo BhBNA
Ccrossd Rﬂkaﬁy |1&rbbﬁm§ltc@pwaih ofignienseaend §dvm cageh tderesf Lered s,
for %%rrpm he te0t pg in the case of ethidiumnonoazide, 1 to
10 pg/'m T e case 6F BtHi di um diazide, 1 to 10 pg/m in the case
of propi d| Dm onrgdazi de) thextdd: Sampld pghidich nthichegeas e sohdpsdl ar en,

1 x 1@Rnpgi{dat havife acaqgeegléngfkh5of83s§d'nEﬁewyﬂd%S%ar en, or 1 x 10-5
to 9 pg/nl | n the case of 8- nethoxypsolaren. [0 ﬁwl‘ Furt her,

the treat nBht™BAEYHY ehéaE9h ]%?)glﬁF ‘f%ethfal PR o REA @ fhef erabl y
made mskoptegartisancedtatinefl imerst epsh)ssablehe; seaonrkid reiand

t her f Yot I t fine of the ste of the

fi rsft%l %E)itl%l%q'gkoﬂp&%?g o B?%%ﬁ%%%%és] Yo HoUF | P ﬁ'uu 53%%”]&

et hi di um nonoazide, 5 mnutes tqz};fpur in the case of et hidium
diazide, 5 mnutes to 1 hour in the case of propidi umnonoazide, 5
mnutes to 1 hour in the case of psolaren, 5 mnutes to 1 hour in
the case of 4,5 ,8-trinmethyl psolaren, or 5 mnutes to 1 hour in the
case of 8-nethoxypsolaren. The treatnent tine of the step a) of the
second tine and thereafter is for example 6 mnutes to 48 hours i n



removed, the step of washing the mcroorganismw th a washi ng agent
may optlonally be added. [0050] (3) Step c) Then, a target region of
the DNA or RNA of the microorganismcontained in the test sanple
after the light irradiation treatnment is anplified by a nucleic acid
anplification method in the presence of an agent for suppressing an
action of a nucleic acid anplification inhibitory substance, w thout
ext r aet i3ty iR0cP ik NHELeC facdfh afelidaérpsion] gohipitory subsygaepii cal |y,
t he a@ﬂﬂiouftoéxﬁtﬁl&riﬁ§sﬁ11ﬁ@eal& aeidoFroh enduehesc saai d anplification

i nhi bitory subst ncelg d%e$ OIecaC|d anplification
reaction sol'uf'on coft F%laﬁné) the éDsrT and the nucleic acid
anpl i f{¢&4tli on reaction is perforned. [0052] Furthernore, in

addi tion tant Rge agent; £f 05+ RIHPBE SR NFB8BrAGHLER: Afn, 2+ AMCI&IC acid
anplification inhibitory substance, a surfactant, a nagnesiumsalt,

or an GiYafPEPHR| FeS5F T W ag f)}ﬁt?sCEFhSPPEaJd&nH 5y CRajs tig added to
t he arﬂiliﬂoblrgaﬁi@ﬂﬂ troeaetdecmacsediut rasa. té@ftESEmplﬁ)itsaﬂGIE':‘paﬁByc@Haruged
i ndepends Lon ny, W re.kinds of these.
It |sf6rg$et| cuTQ‘arcfn% pre er gé o a d a?lmlcfr ?ﬁ%sg%su%s? ances. The
or derded:fecﬁ:ﬁé %ﬂoﬁmnleﬁleﬁtmeoég%mperceflemﬁeesqﬁwghaﬁnwnaén%’i a
nucl eb€ m1 aﬁmdcfle@eta&@ b 4l Y o8 URShaAC e priher el Easkanrt, the

magnesi a th ani.c. acid salt ot the ph horic _acid
sat TASHRSE H P R ARy e SecEl Pt deRg e F 0053]
The nutdtertmablw:htaenrpl erﬁ\rﬂocamlme:mtdlnhn'abEtorvgﬁssi;ebetea:ncemis, awskibst ance

whi chyd.phili t @ Jueleie acid anplification reaction or a nucleic
aci d extensi on reaction, and exanpl es include positively charged

i nhibitory I§uB§¥‘é’1¥é’é§rao%‘i?rfﬁFﬁ%dt@6‘aﬁf@ﬁﬁFactfe LBt HirdsErELaci d (DNA or
RNA) , imagatt vet yniehatngeds ebfbldﬁrnycssumﬁmeeed adseor @tmst,o nucl ei ¢
aCI d %ﬂé}%ﬁ%ﬁggﬁsdﬁn%nzy@ 1t( (—:p(g&).{g!e(r ase %cgdbac t?:? (:)Ll[]}(h

e p05|t|v arge Phni'l t5h &8 Rl ude
cal Ci Lﬂmqleﬁln@&qr@ﬁvhe%te%eﬁé camr§oofoﬁrfteﬁe @s@amgneslceaf t he

negatdotgleyt Chad gedhrbaldd e Shskaneesnd, neksdaphbens) .arnphenol type
conpo he ar ative bacterium.cell

nds, ra Vi out er
compounds. NepArL, dram negallye Baster o)l vall having
i nhi bfetrnanneailre]ildc aend harpkerf i odtered featd, i 6huat eiabsndanikl yor
cont aj fredy | nt%@&%shy]c_rﬁ}?soorfuﬁ!:fﬂn%ﬁl £hE§L &%Hpi\@%ofohgo%g

mpl es of ent r suppressing an action of a nucleic acid
arrpl |5’Tﬁe€éifil%<ﬁ ReMithi vt ?%Bé@%esﬁélﬁﬁ“i‘ﬂ%a aBvl &0 Freftlide one or
nore fioeds sel ect ed from al bum n, dextran, T4 gene 32 protein,
acet am de, bet meth I suI fOXI de for yce
pol yet hyl ene gﬁ)yc I Jgoyb érli si n Pn‘?n bi't n?ude %?logd Samdﬁ1 “6bul i n,
tetr arm@ﬁysemm,uﬁemﬂmspdeal |%}leezlyﬁernpm@spmlaésélumdamm:at e

dehyotn@eea@seff@seﬂpéﬁ%lefs tE&uQﬁl )ée&ﬁyéﬁneeeéy%e i8] ydeay
pol yet hyl ene col 80 ‘Exa

and th Iene coI ngles of
t he D&t audém?}‘?%tlﬁ{j ‘{?51 CO?Per”i %?%/e&aﬁh@r‘”e&ra dnd so
fort molﬁxamnl gsnpdkst heusplesphay,ylskie anchd aetlatanedehydrcagenase
i ncl (o] t
dohydr SR o R S B KB e B ror 1 ase
b i s PEEFEIYREPTIan mucuy f“eFLgr?ﬁr tslaElB{l%?»l Wyﬁre‘?wﬁe"% @%@ée%{'l bum n,
dext ranrcetda M@l@g preireldct Dfe |c)é$QZ§£fQ31e[sooﬁﬁﬂtur1ent cafig1an
attenpt,t 9.1 cuce L he,dphibiLery action of the nugleic acid. .
anpl i € |bn|n|b|torys Gric&%cont ain Pn Vet est sarrpefor
whi crpibbebdz drebes, fardi-meat are supposed, reduction of the
i nhi bi toryragthan by @E’éjléﬁgﬁ&%br&léﬁshéﬂ&e%né%&@%%b' Ped.above to a
PCR reaction m xtuyre i s _eval uated % u g’ oud W et al, Journal of
d i ni TR LT 5180y, VST 44863 A FET )it

14/113



There is suggested a possibility that al bum n of which
representative exanple is BSA (bovi ne serum al bum n) may reduce
inhibition of nucleic acid anplification by binding to a nucleic
acid anplification inhibitory substance such as hene (Abu Al -Soud et

al ., as nmentioned above). Mreover, there are considered two ways of
pOSSI é , that is, the T4 gene 32 protein is a single-stranded
protein, and it binds to a single-stranded DNA serving

as a terrpl ale the arensclteii ovaciidnanphe fuiecat samplpr neess enyadyance so
t hat ggglrl a%ds@ﬂffg tk)hGl&&iEaJlatsgxnweé Byﬂﬁﬁﬁew%?e V%’lgsgtrl%nd the
nucl eic acid anplification reaction I's not ut “pronot ed,
or it "BFfias FLEOMIFEEL WAl d HAPFIAtEst | B L nBVER tS@F“?l%%@ﬁ ance

li ke B&thetdhaboxtdwelﬂudﬂtdmséﬁbéis amolnajﬂw@bhgnof eagliced 4,5 not

i nhi b ro Soud et a a ti,o above)
Furt h%}r)I(r?r‘gernetq:l.'!1tt gr e}B%hSE eéfre Og u%ﬁeasntyeaf g?%@qﬁ ‘ﬁg{y BSA, the
T4 geRESBEIFMENEI @iheanﬁh@n pret vetaze off nhlnd)lptreseﬂmi ndiveot gorpr ot ei nase
to regduagithe opr el plhystsa@@hi Vit dR REdngQuind e 2¢iions gf

nucleic acid bio rént hesi s en\%rres to the maxi nmum extent. In fact,
_pr ot ef AN WAV PEnd@PA T C&Ws nilk or bl ood, and an exanple is
al so [@porlt ed that in such a case, decorrposi ti on of nucleic acid

bi osynt hes'ﬁzr%ﬂéyn%r\é@ﬁ ag{ﬁas%ﬂcgy R D9 B8, 062, PLRLET hase

i nhibitor (e.g., sitn inh -macr og]lqobul in),
and tRECTRYEGEN E5 v arawq fqoéa?%% rPéaE%CFJ@ﬁ famcbﬁbl paeehanriced (Abu

Al - SoareH efo &brthal& ABOt t Qe AP0y @)ay E@rﬁéﬂaﬁfedct%tﬂeaacéa igegeral ly a

pol ysacc e I 8 Synt esized b actic_aci teria using
gl uco?e 21% agr ‘%’ﬁ/\‘; ma ert Eﬁ&lnq gﬁjfjsvoltlyeﬁ?fft &fﬁﬁé&g aﬁ@g‘n‘ﬁﬁ ex of
a si ntharligsl ydactharicge aherEpe:}iﬂ@l deSt:&iameﬂ;le niLec iany adh erigd s, t s itdye

i Nt espiRlctBUCHFR LBYASs rdh mi n n s
M crg%%ol gé: , 74 1936- 19114\?83@1&:%@Of)d.:r)n 'II'n ggﬁﬂoggl%%rﬁs&%ggm &Bie

esti ndt 64t ﬁs% HSHIPANC AL B GECR PR gat | Ve lthe cil;ﬁasftgéampmlacﬁe%
substlandes (adsontsst onawclrgi epaidicd ibegisaat besi so eBzynes), or

posi t ar r S orbs to.nucl.ei ¢ i ds)
e L A

Mor ecVEIPLept Spah @st Pk darRaes | y@féﬂ?n%a%§ér b@lt@lnﬁblwei camplab,

arrplt |§ym§hamnf1ﬁm bhﬁ;lﬁ)l’éés Suhat@r&ﬁélc@ﬂﬁsdeﬁegbﬂﬁleﬁf @Etéﬁ’)
con 1.ne CcO S.m menti one apove).
005 e del s IRl ot bRy fos PR RTEN S, Lo B ey SR SSaBet A es

as nEMtenedibbove sepiprles enbpedciyesal budn iynplidogese , 32hpimabeltes,

dext rafy sandoiptsozyme are agents for suppressing an action of a

nucl e[; %il d anplification inhibitory substance. [0058]

Exanp %9<°>6f al bumi n i ncl ude bovine serum al bum n, oval bum n,

| act al buni hehemmmes es umdtalphyoid;lang sonifrert s JAtmngstﬂesﬁn bovi ne
SOT aBAUE fhd SRLELPI R ALONTL HBY: S ARl | S RIATUCL, and
unl ess 't ect resent 1 nvention’is é%braﬁ

cont a‘ilﬁref’ﬁ‘é@n%hﬁérf%t@t%%da@@l gbuinles Fugndedr inalusieni rﬁomay al so

be a d=apglé pnﬁtpland@g%% @ﬁtce%nt pAsion-abglug @niﬁnetshfgn& est

sanpl e ucl i C, aci fi catl reaction sol ution)
exanpl C(Cgﬁgha degﬁa%tﬂﬁ eP@Te?ms }hoﬁleef%?eaﬁpﬁy@eﬁr 010 TREEe o,

nor e Przehes afm;aybe 2sg¢h BuB hasiss WrefOOBOE to use branpiles lapidextran
' nCl e rdextd an 40 %?r@@eﬁp—%eﬁgglﬁdj eanWﬁQ cénggg ihesg, dextran

IS, Ereferred Concentration of the dextran e test sanple
(nucl SPCYatTH ENPri $1EE oREPEHOr PBRTBINGt PoRYmS gndf spcciraiite,
usualdegrddimg 83eype ef erably 1 to 6% nore preferably 1 to 4% [0060]
Concentrat f t Roche

al SOE% ed g%éﬁg ?EB?% est%ggrrpq(z %nuc Cellug )é
arrpl i fication reaction sol uti on) si;$;usually 0.01 to 1% preferabl y
0.01 to 0.1% nore preferably 001t0002% [ 0061] Exanpl es
of lysozynme include |ysozyne derived fromegg white. Concentration
of lysozyne in the test sanple (nucleic acid anplification reaction
solution) is, for exanple, usually 1 to 20 pg/m, preferably 6 to 15
na/ M nmore nreferablv 9 to 13 na/ M [ 00621 Examl es of t he



Type and concentration of the surfactant in the nucleic acid
anplification reaction solution are not particularly limted, so

| ong as the penetration of the PCR reagents into cells of the

m croorganismis pronoted, and the nucleic acid anplification
reaction is not substantially inhibited. Specifically, concentration

of SDS is. for exanple, _usually 0.0005 to 0.01%  preferably 0.001 to
0. wahos S8 PRI 6° o t%aﬁﬁ?g%%%f &by |Hfoﬁﬁjr‘g‘d&9éf‘%% ly 0.001
to 0. 602%eAsinfdnde erdtheprgentact @ants,ingé grreexaspl eroiaitdwe gase of
Noni dgloRs 40, hhesSaRcen! rald QahS1 s Wal bye Q001,10 Lyade  pref erably
0. oozgt% EZIL. Z%a m)?e preférabllé 8% to 1. 10/% Ian t%eﬁceaggcf%?&fﬁeen 20,
t he cGREVHT rAGIBAe iEvdeaad ISp1oubaact ¢ne. 59 fBitef erably 0.002 to
1.2% [o02e] preferably 0.9 to 1.1% In the case of Brij56, the
concentrati InS, 4 y(%!l Q0.1 .to 1.5% preferably 0.4 to 1.2% nore
preferably 0. tﬁ%gi oa}(llgm ls\/\ﬁlgnébaﬁescﬁr ac ear?te¥?(§tecdo?1°€/a%}ﬁ%d in an
enzyngespdicifoshesespor inventien eiandadh dnampritioaricon Feddeion,
the sypfaaipnt MYc£088i §rlfe@nby tdecsuriact antidetkyed, fromthe
the sane type or different type

enzyne s}%)éctjtion, ra surfactggt of {1[:1)

may” bEE it He A dddid 29FBbesPable of Geyahgidy BENiHY taghddPufrsal t

i ncl ubér regrieshdm clvnowi de,linhgniesiium sukdatlepgtmgite Sbonmmc avbooat e,
and sgnfQul by EPACRALTBLL Ol ] DS, JTRARES) UM §3hlnld) LiEcLe8t sampl e
(nucleic acid anplification reaction solution) Is, for exanple,

usual F3PM Thgt16omdespr eperapry Pniwres Afdlsrorethn aflerapryamsme 5 miv
[ OQg4PreEﬁ@&If@!deSx@i_ﬁpHebei1®cE_'gﬁléi ﬁa@eé%asgkﬁncj,inc |y§§|§tcj§.akrﬁgugés,? iahaihc
acid, taric [ r.api oni c utyric acid, and so forth.
Exarrp?(]';egfroori‘%ht'ypt@j%oEacftﬁaerléi1 aﬁ?clfuncg E&Eh s%%%{“uﬁ??a e Bt addifumidal t
and sgrdiomegatbee theterexanprawlel phetlphasphardsd taes dbasakriancl ude
sal t si@f1u eRhesPRRLLE, A Gtk SObE Nsr RS 6 Y sPE- HRED i i s,
|ndep§ndentl or ?% a mxture of two or three or nore Kinds of them
Concent T4t o561 tRELoF tarmPeaR? o° P OB MHUTe PRRIGEPHERI cLadiEd 4 al t

i n t headtestiasang ers( Busteric achdec@mlentsCcdacdnlneactioni s aludhi H0)

is, f I : o] . .pr r 1t 0.mMVI nore
or ef Crab o g, Yo gk g bl g B0t Bt T

I n t h&Pr eSeMfy COrRAEREL R, LUbRrFabeTon Y¥cehpdteréumdiogdsfamsin the cel | s

i s noyyq@eEiceeredy iueh dRspeifommedcbef s euthesNugbek 8i@Gind

anplification re ion_in convepntional nethods. The extraction of
el Bl RO La L GORERL LB, N 8 Renitbc remegrs o
puri fﬂ@t@ir@m—mgaﬂ_i@beb@cmidsimlomeceht@r':dﬁas!:apiae@b_fowhic;ls edpbyalan
enzynatdnk 185 Qﬂyﬁkﬁﬁérﬂﬁﬁﬂﬁba&fbﬂﬂ@sHEﬁ%%ﬂ%st%ﬁgﬁﬁggcofﬂch a

treatpent for extracting nucleic acids fromce _for exanple, a

t r eat FEIRECBRCEDT FEEERRL SMCBus fBAtRGOREctY eaheiald IpyCHl &aptehg or

| ysi fepdtheeisebhch by antsizymatikogriphysd cdebBBalls, bhStd¥@l such

perf old1d o LOOPR] crveoca, Akl 98k, d0h 0N, O Le DRA,OL [hwhi ch has
existed in the celfT¥ 'S anp‘lflednoby a nucleic ’amg anpli cati on
met hotP9U¥OrRBA P REsERERR ofleghanabenbakbersuppresyi dgron. aBrimmiest a
nucl edfc vaeiud amphidki ¢ahien hahid tLer ¥nsshpkanse andnoihela

conpaonents, _if needed. he,nucliic aci d
virus, ! and vi1ruses
Bbial cell

As.the tenpl ate for
anpl i ficati 8”7 ‘AT cr disttal a&Ery eﬁ?&ﬁ%ib&ﬁ h?vjaflgmoﬁl
suspensiiencepeid.edunitdr aoprotvigesdegrtaiingsenzme adanoviruses.
|'i pi drpdegradi ng enzyme, a sacchari de-degradi ng enzyne etc. is used,
and extraction of nucleic acids for preparing the tenplate is not
per f or med. “FhEChUEFares adiGrantt i Fiowat Po‘f‘?tﬁ‘@ghﬁﬂf PEEFBFHN y
conpriacsaegat hen strepiodctivertmh aendt-usatn eatef, nuckeich aci ds at a
hi gh r e e t ' fera 93.t0_95C,_ nore
or of &Ebry Ba 1 hele S AT R B P Y Al s e
preferably perfornmed in mcrobigl,¢glls. In the present invention,
the anplification is highly possibly attained in mcrobial cells as
shown in the exanples. That is, it is presuned that the norphol ogy
of the cells is nmaintained by the high tenperature treatnent in the
nucleic acid anplification reaction, and, in a preferred enbodi nent,
actions the of aforenenti oned conmmonents <o that the chr onosomal



23, 2001), SDA nethod (Strand Di spl acenent Anplification: Edward L.
Chan, et al., Arch. Pathol. Lab. Med., 124:1649-1652, 2000), LCR
nmet hod (Li gase Chain.Reaction: Barany, F., Proc. Natl. Acad. Sci.
USA, Vol .88, p.189-193, 1991), TMA nethod

(Transcription- Medi at edAnplification: Sarrazin C. et al., J. din.
M crobiogl., vol R 2850- 2855 (2001)), TRC net hod

(Tr ansacgleﬁh%aﬁ“plg?@ Ei%dg RPRNYLIY BEFOIRIGONnEETISSS AEE Hﬁﬁfsuﬂa@a@Ué{ﬁl

et al PCRJ)(hi@n:n/wivk cregloeol t,uvol . 42: pp.4248-4292 (2004)), HC

met hogl 4 ashiL..etyal., J. Virol.
Met hodé3 y%(tﬁé quﬁﬂwﬁ W%&%ég Ill/Iﬂln%lz&r_)lggrrasf/lrﬁ%tl'fl'u ciL "(Ri chard P.
Spenc&eVetorpient gf @Cﬁﬁlﬁlwmwr&@ﬂéﬁe (9D -RUGCRNGOT B3¢ lgpt 1620- 1627,
200ﬁ) deaad: sm berédtertin {rﬂfﬂlﬁsﬁlsﬁﬁf&h iTAY e Atd tQnadl éﬁ@i&huﬁtk& PCR
nmet ho pr.ef er.a use uc

anpl i % F%; }lpﬁ%lrarg%%%c?‘ i) [lr’%o?r?bl r%l%é (ﬁ%‘?’e?]o Jnufloég 20%% Ursuligespe
pr esefRenfemansei ﬁﬁntneheNamﬁ,géi‘trereegi on"thes net :[Jal’ltsl subgedted timt ed
SO | oRgASG® 1B QhcRlafe CAARRE TR N O, RND LAt rean PR,

anplified by gR usi ng r| ners used for the present 1nventi‘on and
enabl EBGETELEFoN BECH MREIBbRGHRT S PRYDEdel et BiFSSs sel ected, and
it canubkesuipsabsy =sell enémifcda:peadttzn@teeﬂ tihespsr pose) Eed exarrpl e,
when nt._from he mcr ganismto be
det ectg g%lé%v%ttggn‘%%ﬁﬁgg N é{cﬁe ¢ ESI? Oll Iégujtshegt"ajrtgle &gi on

pr ef eF ABFSEEEnt &F nis ah@é‘iﬂiéﬁ@étsb’é%lﬁrﬁ@emb infentr @r cengbmiamlied be
det eched. orfiyr tBesactdependi @A+ bMe RUFPOSR tesl@tt%geglé@gﬂoon may
be ong. containing a sequence comn to sever aI ki'hds of
mcroorganlsms Furthernore, the target region may consist of a

si ngl €09&Yi on or two or nore regions. If a primer set suitable for a

target reglﬂptﬁeeﬁefaegttgnmﬁl%cr% %Qbé reetﬁ"b@epeeése%eg c%{iﬁi a

priner set suitable for chr onobsomal de varietres

mi cr ob? garitéht Hd GBedcetd \?é‘ncﬁ%“l’lléﬁﬁﬁ?ﬁ @Pdt P s poBrigasilét as
the objestitdbstdie ttet etdidrgandsth i M;aaseéJfar@nf@umuﬁfbltehgtéMéje
varief f can b i mul t anequsly neasured.. Length
of 1 he Targel roaran et ety 68003 BHUAREY S0 Raonn ot
nucl edtd dés 2 F%@Pbstantlalihef-‘p@@ e %@Ulw oS erklilnwahpl | Aé cditsi on

of a ﬂ%tﬁ‘dkﬁ)ll@ca@éﬂvﬁ&)(esb@neﬁﬁh@ﬁ&@cb}:%éeqﬂk@ aPELNGI Pl esOf s ¢ari ous

nucl e| S aC|td ancpl |Cf| cation tg cf and are not réartl cularly limted
as | ohg as the"pr iCABrES eaﬁ?mg’gé i caph}‘ ST T hRVEHdWE: neHEloned
tar gemalrteg:ll_@ﬁ afe)@16p called "Peefet rfed exarpliescofl Bhefdmrngetis¢éLgi on
| nol ude Atk pue SREEL Tl 0eaess SHE SRl RNA 46N, £ LGS I RNA

gene, 23S rRNA %& ene, pat ogen gene. "Any oOne “of these
gene@%?“aalﬁ’arcf faaﬁi\f% SFaF%ese genes may be targeted, or a

regi ofp@etlendi ng over two or nore genes nmay be targeted. For

exanpl e, a (o] | i.form bact er and bacterja of the famly

Ent er obact gpi];ac%fgi ai)I ar't %e 168 ¥ ﬁéﬁg Tar?Be°Gnpl i f| ed by
usi NPt EpFibrer asdt dCSeh"bW@tl ﬁxl‘SE@tl @eN@@ll@ aridivatiFar tdwerd, a region

e])c(t f‘ﬂﬁjd‘t@ QV&Ferﬁ ipart iof C‘iﬂ@uﬁ&ﬁ JHBELA a:}?%%tlﬁﬂﬁ %Mtgggecon@[ﬂglﬁl part
0

S A gene can g ni[i) 1 h gry{] using the priner set shown
in SEQTD RIEB t3 antl £ 669118t the 44 PhEVC Rﬁe‘?‘%ut all is
mcr omlglanusm,oftheheeuewaﬂl onsetlafr gethighla px&ljd]:@@lenhﬁd baef.eréam the

tar gegtarlaghaéhmh%angahagg Pfl X8 | &s Ed& & @0&6”' c
gene include: listeriolysin ‘W\YJA) Sl_lps ria erium

ent erGtokFRCgetie aﬁ&%waﬁohh%l wene fézrsairammésl,l adebabt erium
ver otaedilf gefne& ob patihegenica Eacher tighi atCOldndd- 187eci0226, 0-111
etc. ;QuLer nLane-protein A (onpA) gene (Enterobacter sakazakii)
and macronol ecul'ar synthesis (MVB) operon (Enterobacter sakazakii)
of an Enterobacter bacterium Gk pphage-invasi on protein (mp)
gene of a Legionella bacterium heat-resistant henol ysin gene and
heat - resi stant henol ysin-1ike toxin gene of Vibrioporahaenol yticus;

i pa gene (invasion plasm d antigen gene) and i nvE gene (invasion
gene) of Shigella dysenteriae and enteroi nvasi ve Escherichia coli;
enterotoxin aene of St anhvl ococcus aureus: cereulide aene and



(4) Step d) Subsequently, anplified products obtained by the
nucl eic acid anplification nethod are anal yzed. The anal ysis of the
anplified products is performed followi ng the step c), or perforned
sinmul taneously with the step c), depending on the nucleic acid
anplification nethod adopted in the step c). For exanple, in the
case of using real-tinme FOR the step d) may be perforned

si mul tt4AédLsly with the step c). The anal ysis nethod is not

particul arlynd infhbeebAasch ong(Asulbe smthed eap debecinpr quantify
t he nuck)el c.acid ﬁb) npl.ified pro ucts, and exanpl es thereof include
t

el ect FBphYrEY s CoNot &5t Rafet APt ReSiESe thFL FYERGVIEOR Hethod for t he
nucI eicolagcieai amﬁér fd gaheonl nepheder@d eal tddareokOR il hod HaNagya et

No t
Ol =B EE areeaeey by o 13y g #3505 1B S35 4R can be
used e[l%%]mental StreRé. e%léttlftogh@ﬁeﬁf@a]@%latm é§tb‘(ﬂd11@§t #lorr @pvehe

amountsvancofpzesd afi thhe nued ekt agu anpiqrfllf@dam qd%l Scordprared

addi tij o re I-t F ables ra ant
arrp: i %ng% prdgaucl?enie‘L EE ot ‘ﬁ“ﬁﬁe g;gjenu 5913(3?@21 g?r? |tr?eaFO? is

enpl oyédys dmapngesatien thhtuoregcefit it nindrst s |emaamel Feneedl | yitnoi se

| evel g0k ?)ngifgl%ﬁ:@ if the aupber of anplification cycles is in
the range of 1 to 10. Therefore, the intensities are regarded as

sanpl e bl anks tBoft LAY Arphnt $5U SBREHUHS MerRonsanths d

devi atiore (8D)"pf"ddae chaNgesnis" nahcebated,” asgh a vakyezqht ai ned by
mul ti t he b O Ls flned as_a threshold val ue. The
nurrbe?é%#r% ’ arﬁPl\s@P%&\jmél/ecl% 3kvaﬁlnu 6 Fa %aélrlsf“ha eﬁfﬁcgfﬂrléfshol d

val ue [P@3dchi eved for the first time referred to as "cycle threshold

;/a| Ule ECt \:fﬁsltlégilon Ufetbg(f:%&al E?Elﬂ)la‘_rlgl%r tfﬁé"eslt:a@btbﬁlln HPé@tceQﬁ_sstll\lA
empl gte .in reaction solution e sm val ue ile
t he sg Iteor mtlﬁgc@%uﬁf 3" et & Epﬁ\ﬂont ﬁg El’réﬁ]%é?tjc(ﬁselét val ue.
Even attiaydingosanesntopnt hiey erplatierDNAn arte ttheldarfe food he hi gher
the pg&pﬁrattlleﬂ ﬂ&&l&&&ﬁ@iaﬁk%ﬂ@ﬁﬁ& arget tﬁg%r_%@.egif; FRnpas, been

cl eaved, the gtter t he val ue in PCR feactions for fhe regi on.
[ 007 7provides alif&ﬁ e 1 Olbrdé‘stéﬁéén%ra HHSEPR WG Sth et Pl $HadESpretuct
can absby I@l@tdetmrmomedubsy c@nakyzihng attbe aBidtihbgidremgel atdire1(dM

pattedlponpfdegg Sl LEi e "gj (&dgg% Al the aforenentioned
met ho can al so be use or optl Sii zation of various conditions for
the mBi%&d of the present invention. [0078] When live cells

of microor gaal S g @I@iﬁq{u@@ebyﬂ h%uaﬁip%qu nbifePrEsEN) /m1

invention, cj sions t.he nat| presence or
absen%e o g ijCV§I ‘51 rhnéPB‘:o‘iS gfz’fml (ﬂj‘e&Gaﬁ‘%‘rJﬁ catd GRBf the
sane W\ecuhfecahmrys itbe ofetlhauRGR amplreprmbrmedoﬂnmta dapahechmpcaeased
by usiNQ 3, 5taRdadl HENS, T %ﬁr@a%t/hﬂg relationship between the
anount of “m croorgani sm an fied product, which is prepared
by using stf&RdartPgafpl bsvorethe %%Péoﬁwﬂ%ﬁﬁt?‘fi WHitEha tthgber

m cr oaf garinsm ¢Sl dndest [Cfﬂtﬁ'dll P&dlhﬁiyghoﬁnﬂfgehhﬂ’tmm b yor-apaned

st an b referab p use a standard curve
pr epg[?% ay{”\éﬁ ngc?ﬁr% C?1% uhd?e s SPUHRED s tnﬁo Gt “t'hd %%?gﬁ

i nverkisds Fodlyt- an%ia?rfdms*aﬁﬁlwpéﬁ phelrsiaedt ¢atd swef hnigrbesgarsiampl e.

I\/br eo&a&f bel fxé&i@w apshigr ketwean @HB}]I@&%%& B £1R0L 928'33{%%9??%%0?32
|

RNQ] et el m ned bef or ehand

m cr oot ganl QF%‘E! uSEY S a s]P%ﬁFdéhrﬁaE‘% en PYIAP <2> Kit
of thefizresdiite howent iodninjured cthes kit sobhtheappesenin bavention is
a ki tydnt delac 'w'igh'éf{ﬁ/nﬁehhstr@ ﬁvg‘& ﬂo @;? LSRN @for%sﬁhéarrpl e

by a nucleic acid amplification |nQU|s ing the'live
cel | SFToAFER ISR - cdtitionsh i tijngr @E %*éq I@aén‘a‘:%i@ﬁ?iﬁs@sbahlmnt
capabl e of covalently binding to DNA or RNA by irradiation with

l'i ght having a wavel engt h of 35dﬂﬁﬁ%?o 700 rim an agent for
suppressing an action of a nucleic acid anplification inhibitory
substance, and a priner(s) for anplifying a target regi on of DNA or
RNA of a microorganismto be detected by the nucleic acid

ampli ficati on nethod The kit of the nresent i nventi on can be used



The enzyne, the agent capable of covalently binding to a DNA or RNA,
and the agent for suppressing an action of a nucleic acid
anplification inhibitory substance, as well as the surfactant, the
magnesi um salt and the organic acid salt or phosphoric acid salt, as
required, may be in the formof a single conposition containing all
of these conponents, or two or nbre solutions or conpositiaons

cont alfately ‘CRePERAFORBM S Haedar bt P e0bPRET ST FOB L

The nueteigrgasi sh,anplifécatdlon seatil bactisipr eéermbey RCRhel AVP,

SDA, L VA, - T HC or m.croarr t . r - 1.0 nker and
Che nEIRA T Tie BAR e oS tbsHOLY nedl (BEERa %he mothod
of t hebpirtedénsetandent ifowthpppgp]standard spppbe priefiel vex! erbblivfent of
the kintcoforbhgi @S8NE1iNURNLEEPardd ey agattatapablacafacoval ently
binding to a.DNA_or RNA is gref rabI%]msn%Lﬁcte fl;]omeihl um .
monoa?t a5t fit ditint'Hitai §8: e’prtg“ﬁi af A& e pEy HrFEnce S

4,5' | 8an rhemethydpsekad érgscandn8eharethby psolfarmsri cBllhnthaum nonoazi de
i s pagthephar Lysdeherabl dnusediid 9083}y Ry Lher e anexaitmhgs of the
agent for suppressing an action of a nucleic acid anplification

i nhi bFPRHYF 180D dn Lt Hetudd 26R B Ror &35 Ads Selidet ee¥ r om

al bunkmspeadextn als tFageneitdapratidibiot Bgetash dehe batabine,icdiset hyl
sul foxi de, formamd | ycerol, ..pol yet hyl ene gl |, ybean trypsin
i BFESIes ( 2R SETShUT S HetT ARy VAR ERT O cRPOr e,

| ysozymeugbhbke owspkasesn.anid el actutbd ddenhyadr thenzsswenp o84 Jis

Furt hgrimneq, examhesnofs e Mmanesiynsald. toghide FRANasiEM:

chl oride, magnesi um sul fate, npgnesium carbonate, and so fuﬁrt h.

Fur t hdrhote &k aiFPERS 61" t9fe 20F 8 FldalErF HY (9T H 8 of

Ci trithagciupet arft dnijeratiakllpr opeaoredcwach dhebatyiliiotaci d, and so
forth. Examples, ofi xpe OfafheeSall) kagbude Sofbumaakl ppot assium
salt, and so forth. Further, exanpl'es of the phosphoric acid salt

i ncl U BB E8rBMGpPREPhEEPhEFi BE¥ci d and so forth. These may be used
i ndepermgiEntly or as a mxture of two or three or nore kinds of them
[ 0085] Fur.t her e, the enzynme is nat particularly limted as
fong as i t TG deiPade (Re H6PEN o GBS Zncds SLcIrES Lat 1€ of her

t han ki oetyanismécrprugagiiome odndicgdls pafr thel missroorpiassmand
sacchafddeguexh&t irfRgni NiJdect estnSARRl er18R0d does: Ret ggdamege;bive
cells of mcroorganismto be detected, and exanpl es thereof include
li pi dl%()e?ﬁ‘rladi ng enzynes, protein-degrading enzynmes and

sacchari de-ldeghadiregesnzymesitich, ttiesdeoneionzyfrelior tewlsr nore
e.nzyn?é TTRY bﬁoﬂ‘?%@teg{ﬁtn tiohsof)rpﬁfe Eeﬂpé S]II 8bH§r?c$%h1Hbe cell

i pi d_—cf:egraal ng enzyne and protein-degrading enzyme, or all of the

| i pi dilegtaar ngpmedzydd JrterBimdegr adi Hypvehzyhetigsdcells in a
SaCCh%é@%d{ﬂﬁ%@d: Tige %mzamﬁ. of hlive chmpdbeﬁo@fli&nmeediitpj dlndegr ?di Rg
enzynes i.nclude |ipase osphat ase, .and so forth, exa S t he
o oF CTTESF a5 oSy, REI noi o7 Pha bt ched! *Epera e Chat
prot easey cprutel nasplK, pProsase, dhd dvetoriive ardlexanpl es of the
sacchafddesdegsadi Rge enzyech Nel tide aByh as81sC8k 1:4as8q4 ANdss0
forth. [0036] The kit of the present invention may further
conprPEE=a tai PSR eot ttSlondeteteddtf orfiddl GETRA Lo 1 théefEact i on

of theslls 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

19/113



agent capabl e of covalently binding to a DNA or RNA, enzynmes and
reaction solutions for nucleic acid anplification, an instruction
describing the nmethod of the present invention, and so forth.
Exanpl es [ 0087] Hereinafter, the present invention is
described nore specifically with reference to the foll ow ng
exanpl es. However, the present invention is not limted to the
exanpFERLAINGI8EYT [BeRnprer-1] A5 descripgd oy, Ertterebard &F Sakazaki i
as a pew@&emhaémmnbaapemn@m@é el istep mm&@te@tixa; taengidd ons for
defi ni ction of live cells s Mere exgmi ne
oosop R i dhelirs Matiniti G2 afRan SSurTeihS A "and
cul t upeheretthad those oiThecEntrerobavt eplsakdidakeitiATEE5AB AT oRasnS,
cul t un ggh at, azCszicgfhamd@@@xqs@yn@smnghéh@ﬁr abfipfeabbrdf ysion Broth

(BHI brot h, cal Co., Ltd., Tokyo, Japan) The cul ture
br ot h3F#% C@B?ﬁﬁﬁ“ﬁ% g%%1 was put into a 15-m fal con tube (Becton

Di cki ne®itlLabware, NJ), and subjected to refrigerated centrifugation
at 4C and; 3 Ogﬁ x G for 10 mnutes, the supernatant was renoved, and
t hen é P y5| ol ogical saline was added to the pellet to prepare
a stock Ini"é‘ eefrt iFPpRhei On coFa Brttdrobaedery §8k%z[é\% PT(8%95Y 0. 01

| ogn eetddhrton mﬁhZ)Lg_gHerHaheﬁg d maSTeHéIV@:IfE@H 35&!31&@6@!1111) WaSis
diluted, 10 tipes h SIO| ical saline to pre eallvecell
suspen%ilc?gtofge éersgocb%‘i% i saﬁ%fal%lf r?]'/crggrg%m(?f‘sl ?:)%l Sc&ffs/m, n -
2). [o090E are treaﬁ@dt*mwh thenkgett -t he af or ementioned stock |ive

cel | suspe@@ 885 WaSHRU o £ &M O tBe LagedH lﬁeéma%grmt%bs d&ppendorf,
Hanbur Gerna@%ﬂaetue\NaS|mTerse into boiling water for 50
e

second A icevaE idgn PRt dt kAt @ﬁ%oﬁd@VbPW
therea:f:taenadnm notthf of ghtarny eobmtiar ahc—smndambsagamnmdrumt

(El ken eE%E%Qtecﬁac%%@) tﬁ&&rgﬁp%&raﬁ flft?)z nt’Hs {;SCELH%%%JD ‘%&SH&&&)“ of

Ent er obacter sakazaki ive ce

sakazd¥t it RNA Hey |iryadeations wsigedsiodh mslr@éhht etPaghieme ot BRbar d
agar mrediageht andy hehbé bt bYsyas Shfpl{ angeuséy tGabki ad-Rut at a
wavel en th,,of 600 nm by using a spectrophotoneter U 2800A (Hitachi,
Japan?l of T gure out the relationship between the live cell count
and t h&Xrbidity. [0091] Further, the stock live cell

suspensi on m@scpcsgsutﬁgkép ﬁﬂe@@]?aym)x %agaafﬁe%@ngaééﬁ%gzsf@ 19%1 s mlk
to prepare a Ilve cel m | SUsp ensi on of Ent erobacter sakazaki i

(7.95°550¢% wgqr&%eﬂl)ss’%comﬁamdzwth injured,o¥ isefofells RE st ock
i nj urrecbreekbasuspendi osmavds délist edchOad ieinyi 1dukeayket,ed

it er AbLerareaned, Shru BRI Bl MRS RRLAE, tndl Cib,BURRRRE, 1 ©F
1-2) Ft wirefortionheagi el qrENRYy fﬁqr@ateﬁémy ar@s| Fegrughr padli ailda of

g _reatilffg,mltred or deadEbBlTH WP ApORaZicAa: 6EMMG SkOMBremdtandOWrs, MO was
| SSOl ve

2! .gt 00 ggé Qﬁgng terilized tﬁr 1:and subjected to
filtrdTPoncsterii f250 Th By USi ;ﬁfkﬁc§fﬁiﬂn MIPer-<Cm Rf sart - pl us,
Sar t orhinesopGy te€Eotcoinpgesr] wWEehneall) weolprepdrnecacsitleackisol uti on, which
was sfQredrgin20C under light shielding. [0093]
Examples of the cross-linker include ethidium monoazide,

ethidium diazide, psolaren, 4,5',8-trimethyipsolaren, §-

methoxypsolaren, propidium monoazide, and so forth. One kind of

those cross~linkers may be used alone, or two or more kinds

thereof may be used in combination.

[(0038]
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The EMA sol ution (1000 pg/nl) in a volume of 10 pl was added to the
live cell and injured cell suspensions (1 nml) of Enterobacter

sakazakii, and the suspensions were |left at 4C for 10 m nutes under
l'i ght shielding. Then, the suspensions were placed at a distance of
20 cmfroma visible light source (100V PRF 500W Fl ood eye, |wasaki

Electric Co., Ltd., Tokyo, Japan), and irradiated with light for 5
M nut es on eSO BRI st ERSIARHE " IS tgﬁb?’é%?tsedl?léer may
r ef ri geradcedpeemialiyf ugﬁil (B‘Gr adxaffolandedini @06hx forf eisilg m nutes, the

super AL 18R L TRYEd:c e M calanlusl oLagical, spline uas added

to th or’ was ized water ed to
t he p?féblsplotfaflﬂésrc(oééﬁlllsﬁ)m t@nshgp%qmrﬁlh%e%é%yl saqfinohBasi@dls | i zed

wat Ier c%:ora&?m@apiordf gghg @ﬁ&@emsiﬁm waswa%ﬂal s@&é@- sanmplbe ée.qlrllng_Rl )
anpliirtrlrcation e ve cell. an n e m

o el For S 4 Vonbe datarspac IR comirs thet Sedbf et ed 1o an
EMA tmeatamepbnasmd kilgdwing radi stsenst osattventany folmevéolduewi ng
met hogérloasr éf tl%Ch 95% J;ahﬁein% TYt?e Q:%llhsw deHi:HIﬁQ_;a‘E%ﬁ anldk

suspensions (1 ni nt er obact er, sakazakii . was subjected to
ref ri §etatzdnd cEit ﬁeﬁ-h@aﬁﬁi Fheabueigngcis, 00 kI BHER B9 dnut es, the
SuperM@t@ﬁbry\la:Sorfcﬁlﬁﬁwl&d fandashepn disninefisphygi bilvegrcenls s#l i ne was

added. . A e r|vdfr a|II Si in a
vol urr%lC 85%98% fgfgﬁ %Iocl)lst ?egia % Re %Igelcf% Jf‘t%ﬂ% tegse at 37C
for 1vdwoigus @Wmtwétsmafs ﬁoﬁrmlmb?recttoeduwﬁnsepm géﬁ’ afug

cent ra:éugoabfofalc(ﬁa@rga&&moxb@ Gt REAUWRE bonb i SHPES NAlANhsWas
renoved, ysi ol o |cal sal i ne #as added and t hen 10 pl of

t he E‘Rﬂ’%’&l Euie‘ﬁ]‘Eﬁ?}J(ot?.60‘(?‘)’T &dy OREEH dat efP ?u%ﬁ?e%%c&}sdu Rg. The
nmet hodmmédrtmattmrMseofheLmneemathogetfcheseM@emdf thet he

afore ngguk ec&@é(ﬁlf%egtmi gg &r%lgz%H%Rp&{és'cgfflg%} the

Entero act er sa eg' ion

An ag@%ﬁleéénﬁ‘ﬂ%laﬁ‘gl%ﬁ%adﬁoﬂnm%ﬁ%t Rﬁcﬁﬁdﬁwa]tlé/ (?‘g@ltl%ﬁﬁﬁooﬁ(é’gaku)
and Megnasietn ﬁiﬂmétﬂﬂdﬂla?(&bﬁdaﬁﬂ%dé éNﬁdﬁaﬂ'la]laiTQ&Cﬂda&):lraﬂ;d)rf ld)élft beto
cont n one. or _.npre._.se ct fom povj ne F.Uum a um n BSA

Si gma), dex A rrfafnor( I%W% eescﬁ eggl\ﬂws %5 ?@ d;O,CBBgltlons gl
NakarhlreaFélﬁqtle‘f)lthTﬁt@léﬁempldé@éM}ﬁ 32 eg@m_ayl NhpprEréshe) ofsédiem

I aur yi gl bahe ﬁéDﬁ miek Qi Tes AR BEI4 38 i@i(g”%bndﬁlﬂ_ﬂ)n%ggfv‘@i te

| ysozyne (\Wako re Chemical Industries) was added to 5 f_the
St T BER L P P RO RON Bt oaBor Hde LT Cher SipPE T or - PCR
anpl i té dawi pa/mindolrayimigueashtcotfpasits ot Aayo alE'0; beondftépnedof 0 as

pr et rgaéﬁ%%%e %ﬂ_tt Jﬂ%&%'nt Lens ﬂfnaﬁhgorflfeﬁfti»&@:}d?ie% PORP S ALE
shown be 009 nposition 1: BSA. 5 50 MM TSC. 1 pl 100

M MGEVRL 105 HImigussa,tspes Roprs [P6087] LooBs| SRt 2o0 2 A EBA 5 Dl
50 MM dSCmedt p.bltLOQ ﬂMEM}:@lﬁetﬂy@sl@laf:&OQ&] a final concentration
of 1x107° to 10 pg/ml for 5 minutes to 48 hours at 25 to 37°C; and
conditions of a treatment with 8-methoxypsolaren at a final
concentration of 1x107” to 10 pg/ml for 5 minutes to 48 hours at
25 to 37°C are exemplified.
[0039]
{(Z) Step b)
Next, each test sample containing the cross-linker is
irradiated with 1ight having a wavelength of 350 nm to 700 nm.

The cross-linker can easily pass through cell walls of dead
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Conposition 3: 20% Dextran: 2.5 pl 50 MM TSC: 1 pl 100 mM MgCl2: 1.5
pl [0099] Conposition 4: 0.1%gp32: 5 pl 50 MM TSC. 1 pl 100 nM
MyCl2: 1.5 pl [0100] Conposition 5: 2% BSA: 5 pl 50 MM TSC. 1 pl 100
mM MgC12: 1.5 pl 4% Brij56: 12.6 pl [0101] Conposition 6: 2% BSA: 5
pl 50 MM TSC. 1 pl 100 mM MgCl1l2: 1.5 pl 500 pg/m Egg white

| ysozyne: 1.0 pl [0102] Conposition 7: 2% BSA: 5 pl 50 MM TSC. 1 pl
100 nmvaMCe2d InBirgld 0eDBENCSBEareld plith cell walls of live cells of

microorganism. Therefore, it is presumed that the cross-linker
does not substantially pass through cell wails of live cells of
microorganism but passes through celil walls of injured or dead
cells of microorganism, or dead scomatic 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 light 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 700 nm may
include at least light having & wavelength of 350 nm tec 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 light
having a wavelength shorter than 350 nm and/or long-wavelength
light having a wavelength longer than 700 nm. The peak in an
intensity distribution is preferably in the range of 350 nm to 700
nm. Preferably, the light does not include a component with a
short wavelength to such a degree that chromosomal DNA of a
microorganism is cleaved only by light irradiation.

[0041]

When chromoscmal 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
regicn of the injured or dead cells is disrupted (cleaved),

resulting in inhibiting the nucleic acid amplification reactions.
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4% Brij56: 12.6 pl 500 pg/m Egg white |ysozyne: 1.0 pl [0103]
Conposition 8: 2% BSA: 5 pl 50 MM TSC. 1 pl 100 mMM-MgCl2: 1.5 pl 4%
Brij56: 12.6 pl 500 pg/m Egg white |lysozyne: 1.0 pl [0104]
Conmposition 9: 2% BSA: 5 pl [0105] Conposition 10: Only the
PCR buffer consisting of the conponent a) to g) nentioned bel ow, not

contai ning the conponents of the conpositions 1 to 9 %5&06
For tHf2 PCRSHrpt ﬂ'fflecéiLY%rFelliﬁ R rErOPEIMHEE 975 hsr de "PoY 165

r RNA gene-tdetegtilom (b -AGIFEGAICCEREECIE1Y., SEQ ID NO 1), and

Primer le tection

(5" - AC&?#%%C% geﬁméé% %E?{%%J%) &%?de Cl%gle&%ﬁgge rimers.

[ 0107prFnneRElal h nefdkred orivhxtin £FeovarHakesn i3y ithat yoldilfiverenti al
peak) cofid he fuh@ﬂfc&%@ﬁ}fﬁm Subshagse r@gmurmtofdap;erwh RGeONi f@ells

terrperatur i gh sensn ecti on t he. rrelt
onal y&T ST EReR S P i g St pe b PRESh atre P Bl 2h poR
buf f etamts irstiey O(if R?tm@ﬂ @hbomngfedonpoie@dt sch)s tie g?dwfa@dpr epar ed,

and t he; BERngMPh i fring B & 00y Was Qﬁéfeqrcrrggl@xé ?@gflr&ttlhhsré%g%l@ﬂéf er to

the m xture of the sanple for PCR anplification and the pretreatnent
agent®S Thé&eeat hetth6f 14 %ﬂ&?eﬂ%ﬁ‘ﬁ%ﬁ@ﬂg%sﬁe?@% dgte iRyt BRIES (1491
bp) cesprdtiivagy lthahotAS00Tradcdealdadesefs. 165 r RNA gene. [ 0108]

[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 & wavelength of 350 nm to 700 nm.

Ethidium moncazide (FMA} can easily pass through cell walls of
injured or dead cells compared with cell walls of live cells of
micrborganisnh Therefore, it is presumed that EMA does not
substantially pass through cell walls of live cells of
microorganism but passes through cell walls of injured or dead
cells of microorganism or cell membranes of dead somatic cells.

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

Concerning DNA, in particular, EMA moves into dead socmatic
cells and injured and dead cells of microorganism and intercalates
randomly into nuclear DNA, and intercalated EMA is converted into
nitrene by irradiation with light having a wavelength of 350 nm to
700 nm and binds covalently to nuclear DNA to cross-link DNA
molecules. Then, it is presumed that EMA which binds covalently
to bases and deoxyriboses in chromosomai DNA at many points causes
a large deformation in the chromeosomal 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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a) Primer F (10 prol/pl): 4 pl b) Primer R (10 pnol/pl): 4 pl c)
Ex-Tag (5 U pl, Takara-Bio): 0.5 pl (containing 0.5% Tween 20, 0.5%
Noni det P-40, and 50% gl ycerol) d) 10 x Ex-Tag Buffer (Takara-Bio):
5 pl e) dNTP m xture (Takara-Bio): 4 pl f) 10 x SYBR G een | (BMA):
8 pl g) Sterilized water: volune required to obtain the total

vol ume of 55 pl including 5 pl of the sanple for PCR anplification
and t aed prratredt arehtdeager | [s0 209 icroorganiReakng i hrd ePCRLales per f or med

accor gdingdy %R&H@o fr@idnl, 0%@9:%&&&6{&5@&&&6&»@ ¢9NH 0P85 PrWsi ng a

real -tinme P garatus (i Cycler iQ -Rad, Hercul es 534% 1
for 3MHiTlCesY (ATRAFERE)COR )W SACIFHIT %Vé‘é%c?nﬂév%]iefw(?l 85 “@4 for
20 setohds; ab8Gfrats 30vsboongsto e ROR do mrnuselzaﬂcdRﬁm sdeontkss (50

cycl ed%en 4)11:9)5% [gr%rsul%eg] tFH‘éLte%Mélwl'%X:%l Bln&ﬁojc%glller}tltyh

according to t protoco f melt anal ysi s arrpflfled
pr oduBY? (ATe RPBY aRUME SWERUTES Setfide |dﬁ?@3|?wl§“o%n (FthRW*om 60C, each

t enperatiirg nyasn naisrtpt e ff@ﬁglﬁer&%ﬁ(iﬂgﬁ th@ndl\mhl S procedure was
repeated 3 tthrres in tot aI to. H}Te Paal’lld erat yre of 950), the
uc

nel ting terperature of C?‘ﬁce daipid pro vi's “eastr 4.

[ 0111presumed tist EMBoBPYEY dntondeas] soBatigloeleldrsy whihiade apd| |

suspefsiPr.af s Ent %(1%9@8% niSRKaZ@aKidheWasoHeeded Ftbhel e rdR 8yl ank
sanple, the PCR buffer itself to which nothi ng Wwas addedoowas used

for F%f¥aqa§£i?T g}thRéégPE:?av1ng a wavelength of 350 nm to 7 nm,

which binds covalently to the DNA or RNA.
f0043]

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 RNA by irradiation with light having a wavelength of 350 nm to
700 nm {long-wavelength ultraviolet light cor visikle light) tc
thereby disrupt the chromosomal DNA or modify RNA.

[0044]

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

and the aforementioned wavelength for 5 minutes to 2 hours from a
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The results of the real-tine PCR are shown in Table 1. The synbols
a) tof) used in Table 1 indicate the follow ngs. Further, "Lyso"
used for the pretreatnment agent neans egg white |ysozyne. a) Live
cell counts and injured cell counts of Enterobacter sakazakii: 7.95
0.01 logn cells/mM (in physiological saline and marketed pasteurized
cows mlk) b) Injured cells were prepared by immersing live cells

in boﬁ#?%@n%atoérl@ 61° B8 FecdBivls the DesNoSTTRE mehe W EHIBVACE s Theant .

d) E“/El@mﬁalﬁpﬂéférja@)lﬁgﬁéﬁﬁor%@d%ﬂu;t esy dapandeird, ght shimglldi ng) +
vi si bl e Ilq: I r adla% qg (5 nhnutes) e) G value of real-time PCR
i ndi c4fEY BE F83hN9SHT(WE Y1) nd neans that anplification of the
obj ectP€5lgene was not attained by the real-time PCR [0113] Table 1

Conp osit i@ Ba8l{LAL BBNEhA98RLsL NidiYSiQIQE 6absdlercABndd 2aPS

mlk a)LéSQ?t%glllght 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 pg/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 EMA is allowed to act at a low concentration, for example,
lower than 10 pg/ml, although permeation inteo live cells can be
avoided, permeation rate into dead cells alsc decreases, and
therefore, dead cells may also be detected by nucleic acid
amplification reactiohs. Therefore, it is 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 pg/ml
in the case of ethidium monoazide, 10 to 100 pg/ml in the case of
ethidium diazide, 10 to 100 pg/ml in the case of propidium
monoazide, 2 x 107 to 10 pg/ml in the case of psolaren, 2 x 107
to 10 pg/ml in the case of 4,5’ ,8~trimethylpsoiaren, or 2 x 107
te 10 pg/ml in the case of 8-methoxypsclaren. Further, the final
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Infjured cella)b) Live cella) Injured cella)b) BSA Dex 6p32 TSC
MyCl2 SOS Brii56 LYso 0 ¢) 10 cl) 0 10 0 0 10 d) 0 10

concentration of the cross-linker in the step a)} of the second
time and thereafter is, for example, 1 to 10 pg/ml in the case of
ethidium monocazide, 1 to 10 pg/ml in the case of ethidium diazide,
1 to 10 pg/ml in the case of propidium monoazide, 1 x 107 to 9
1g/mi in the case of psolaren, 1 x 107 to 9 pg/ml in the case of
4,5",8-trimethylpsolaren, or 1 x 107 to 9 pg/ml in the case of 8-
methoxypsolaren.
[0048] .

Further, the treatment time of the step a) of the first
time 1s preferably made shorter than that of the step b) 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 monoazide, 5 minutes to 1 hour in the case
of ethidium diazide, 5 minutes to I hour in the case of propidium
monocazide, 5 minutes to 1 hour in the case of psolaren, 5 minutes
to 1 hour in the case of 4,5’,8-trimethylpsclaren, or 5 minutes to
1 hour in the case of 8-methoxypsolaren. The treatment time of
the step a) of the second time and thereafter is, for example, 6
minutes to 48 hours in the case of ethidium monocazide, 6 minutes
to 48 hours in the case of ethidium diazide, 6 minutes tc 48 hours
in the case of propidium moncazide, & minutes to 48 hours in the
case of psolaren, 6 minutes to 48 hours in the case of 4,57,8-
trimethylpsolaren, cr 6 minutes to 48 hours in the case of 8-
methoxypsolaren,
[0049]

Between the step b) of a previocus cycle and the step a) of
a following cycle, the step of removing the unreacted cross-linker
may be added. Moreover, between the step b) and the step c)
described below, the step of removing the cross-linker may be
added. The cross-linker that does not react in the step a) is
usually substantiaily 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 of the DNA or RNA of the
micrcorganism 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 scolution 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 salft, 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 inhibitory 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.

[00531

The nucleic acid amplification inhibitory substance is a
substance which inhibits a nucleic acid amplification reaction or
a nucleic acid extensicn reaction, and examples include positively
charged inhibitory substances adsorbing to template of nucleic
acid (DNA or RNA), negatively charged inhikitory 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, pelyamines, heme, and
so forth. Examples of the negatively charged inhibitory
substances inciude phenol, phenol type compounds, heparin, gram-
negative bacterium cell wall having cuter membranes, and s¢ forth,
It is said that such substances that inhibit a nucleic acid
amplification reaction are abundantly contained in foodstuffs or
clinical test samples.

[0054]

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, peolyethylene glycol, soybean trypsin inhibitor, o2-
macroglobulin, tetramethylammonium chloride, lysozyme,
phosphorylase, and lactate dehydrogenase. Examples of the
polyethylene glycol include polyethylene glycol 400 and
polyethylene glycol 4000. Examples of the betaine include
trimethylglycine, derivatives therecof, and so forth. Examples of
the phosphorylase and lactate dehydrogenase include rabbit
muscular glycogen phosphorylase and lactate dehydrogenase. BAs the

- glycogen phosphorylase, glycogen phosphorylase b is preferred.

It is particularly preferable to use albumin, dextran, T4
gene 32 protein, or lysozyme.
[0055]

As an attempt to reduce the inhibitecry 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 tc a PCR reaction mixture is evaluated {Abu Al-
Soud, W. et al, Journal of Clinical Microbiclogy, 38:4463-4470,
2000).

[0056]

There is suggested a pessibility that albumin of which

representative example is BSA (bovine serum albumin) may reduce

inhibition of nucleic acid amplification by binding to a nucleic
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acid amplification inhibitory substance such as heme (Abu Ai-Soud
et al., as mentioned above). Moreover, there are considered two
ways of possibility, that is, the T4 gene 32 protein is a single-
stranded DNA binding protein, and it binds to a single-stranded
DNA serving as a template in a nucleic acid amplification process
in advance so that degradation of the template by a nuclease is
avoided, and the nucleic acid amplification reaction is not
inhibited, but promoted, or it binds to a nucleic acid
amplification inhibitory substance like BSA so that the nucleic
acid amplificaticn reaction is not inhibited, but 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
proteolysis activity to bring cut the actions of nucleic acid
biosynthesis enzymes to the maximum extent. In fact, proteinases
may remain in cow's milk or blood, and an example is also reported
that, in such a case, decomposition of nucleic acid biosynthesis
enzymes was avoided by adding BSA or a proteinase inhibitor (e.qg.,
soybean trypsin inhibitor and o2-macroglobulin), and the nucleic
acid amplification reaction favorably advanced (Abu Al-Soud et al.,
as mentioned above). Further, dextran is generally a
polysaccharide that is synthesized by lactic acid bacteria using
glucose as a raw material, and it is also reported that a complex
of a similar polysaccharide and peptide called mucin adheres to
the intestinal mucosa (Ruas-Madiedo, P., Applied and Environmental
Microbiology, 74:1936-1940, 2008). Therefore, it is pessibly
estimated that dextran adsorbs to negatively charged inhibitory
substances (adscrbs te nucleic acid bicsynthesis enzymes), or
positively charged inhibitory substances (adscrbs to nucleic
acids) in advance, and then binds to these inhibitory substances.
Moreover, it is estimated that lysozyme adsorbs to nucleic
aclid amplification inhikitory substances considered to be
abundantly contained in cow's milk (Abu Ai-Scud et al., as
mentioned abiove} .
[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. BAmong 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 product.
Concentration of albumin in the tesi sample (nucleic acid
amplification reaction solution) is, for example, usually 0.0001
to 1 mass %, preferably 0.0l to 1 mass %, more preferably 0.2 to
0.€¢ mass %.

[0059]

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

[C060]

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 0.01 to 1%, preferably
0.01 to 0.1%, more preferably 0.01 to 0.02%.

[0061}

Examples of lysozyme include lysozyme derived from egg
white. Concentration of lysozyme in the test sample (nucleic acid
amplification reaction solution) is, for example, usuaily 1 to 20
pg/ml, preferably 6 to 15 pg/ml, more preferably 9 to 13 pg/ml.
[0062]

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

Nenidet (Shell}, Tween (registered trademark of ICI) and Brij
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(registered trademark of ICI) series, anionic surfactants such as
SDS (scdium dodecylsulfate), and cationic surfactants such as
stearyldimethylbenzylammonium chloride. Examples of the Triton
series surfactant include Triton X-100 etc., examples of the
Nenidet series surfactant include Nonidet P-40 etc., examples of
the Tween series surfactant inciude Tween 20, Tween 40, Tween 60,
Tween 80 etec., 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 0.001 to 0.01%, more preferably 0.001 teo 0.005%, 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 06.001 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 to 1.5%, preferably 0.002 to 1.2%, more preferably
0.9 to 1.1%. In the case of Brijb6, 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 i1s contained in an enzyme sclution 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 carbonzte, and so forth.
Concentration of the magnesium salt in the test sample (nucleic
acid amplification reaction soluticn) 1is, for example, usually 1
to 10 mM, preferably 2 to 6 mM, mcre preferably 2 to 5 mM.

[0064]
Examples of the organic acid salt include salts of citric

31/113



+ + 150.6 18t1.2 180.8 Iid 220.8 240.5 241.5 nd 8 + +

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 cof two or three or mcore kinds
of them. Concentration of the organic acid salt or the phosphoric
acid salt in the test sample {(nucieic acid amplification reaction
solution) 1is, 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 nob performed, which is performed before the nucleic
acid amplification reaction in ceonventional 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 treatmerit of collecting or purifying nucleic
acids by disrupting or lysing the cells by an enzymatic or
physical means, is not performed.

[0066]

A target region of the DNA or RNA which has existed in the
cells is amplified by a nucleic acid amplification method in the
presence of the agent for suppressing an action of a nucleic acid
ampilification inhibitory substance, and other components, if
needed. As the template for the nucleic aclid amplification, a
microbial ceill suspension or a micrecbial 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 preferably comprises the step of
thermal denaturation of nucleic acids at a high temperature, for
example, 90 to 85°C, preferably 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 cells as
shown in the examples. That is, it is presumed that the
merphology 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 chromosomal DNA is retained in the c¢ells, but pinholes or
volds 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
occurs in the cells, and then a part of the amplified product
remains in the cells or flow out of the cells depending on the
gene length of the amplified product. However, a possibility that
an extremely‘small part of the chromoscmal DNA or RNA flows out of
the cells through the pinholes or veids of the ceil membranes or
cell walls cannot be denied, either.

In any case, inflow of components required for the nucleic
acid amplification such as primers into the cells without
substantial disrupticn or lysis of the cells, retention in the
cells or outflow from the cells of a part of the amplified product,
and outflow of the chromosomal DNA or RNA from the cells are 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 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, 1s 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 cut of the cells, if 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 9%0%

or more, more preferably 99% or more, of the amplified product is
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formed in the microbial cells, it can be estimated that the
nucleic acid ampiification 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 (1989)),
ILAMP method (Loop-Mediated Isothermal Amplification: Principal and
application of novel gene amplification method (LAMP method),
Tsugunori Notomi, Toru Nagatani, BIO INDUSTRY, Vol. 18, No. 2, 15-
23, 2001), SDA methcd {(Strand Displacement Amplification: Edward L.
Chan, et al., Arch. Pathol. Lab. Med., 124:1649-1652, 2000), LCR
method {Ligase Chain Reaction: Barany, F., Proc. Natl. Acad. Sci.
USA, Vol.88, p.189-193, 1991), TMA method (Transcripticn-Mediated-
Amplification: Sarrazin C. et al., J. Clin. Microbiol., wvol. 39:
pp.2850-2855 (2001}), TRC method (Transcription-Reverse
Transcription-Concerted method: Nakaguchi Y. et ai., J. Clin.
Microbiol., vol. 42: pp.4248-4292 (2004)), HC melhod (Hybrid
Capture: Nazarenko I., Kobavyashi L. et al., J. Virol. Methods, wvol.
154: pp.76~81, 2008), microarray method (Richard P. Spence, &t al.,
J. Ciin. Microbiol., 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
methed is not limited thereto.

[0068]

In the present invention, the "target region" is not
particularly limited so long as & 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

Lo several kinds of microorganisms. Furthermore, the target
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[ 0114] As seen fromthe results for the conpositions 1 and 2
shown in Table 1, in this systemwhere PCR was directly perforned 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 ﬁakazakl i incows mlk were clﬁfgrl y
at t ai hEFCaAGYaCeHHE NG  tDd TG BVETUL Bh BYs84 BHt FEIE Yal

ser vi agpaisnean sehdexitablée héor @eachrgsr rapeownfspehéfiedlo thae PCR

si gni r S 0 n | ues of
Ent er%l act ng érgztgoﬂﬁg (li%@ép yg %T%gaf?&?ﬁ%%asfgﬁeg%%%%égwfgﬁm Ik (live
cel | sChRgtoscraat B swet B )Varépt HitoRg PHISOTERMIHE Proes) | s

subj ecied deQ 1t heolEMAGET ead rrﬁ@trSO@f_f;amafm @ysméoasyéwr@s: tigom t hese
resul &gteé tlo\.{l\ag%é Qr%l tgﬂ mauggkerst éfer ence, 1 |f tfhe sur f act ant
SOS i § contai ne not®cont'al ne fahe pretrea ent’ agent. The
sanme phermmgaohses q&@nbe oﬁsmne@llébows\ﬂ,%ma&wedbselmeéhmf ¢bapari son
of t h@afféﬂ-’ lbgi@btiad nedrwWthtibe ¢QResi td ans sfo@nthBeot kO]

As seen from conparison of the results obtained with the
corrpoé?%%ns 2, 3 and 4, for all the cases where any of al bum n,
dext ran, anthet bmxﬂ%ﬂrag&nebermﬁeei hn32nplasicental pedaimdlbeéc acid

COMPORLY I LS &écﬁ%gggzg &f 'gl}{&. Ll 8¢ AP [l Uk 0 AtALE T

Ent er r sakazaki i ogi cal i ne an mlk) wa

cl ear P httigeheen n@ﬁ@é}osi'ﬁgaﬂ aéanmofmpﬁré%@rﬂ@ééymr@tﬁ@lt apbEgyed
anmongthd e Pneyal 488 sgécﬁf&@lqba&ﬁ@rlf@ama alddve Hiephiysieal egigeal
saline and cows mlk (live cells, not treated with EMA), or anpng
t hose™®f*THe live cells subjected to the EMA treatnments of various
condi tP®HE. On the basis of these data, it was found that any of

al bum n, d%&@?re@@aﬁﬂ@egﬂoﬂ%ﬂg TPJL%%@ Peé%nngxcﬁﬁdéj%glods()]-lm
As seenfromcorrparlsono the results obtained with

conpoSPEFdns 28R SHCh oS4 rT’ét FRYP Grenpr vECSERNR SERE-i ﬁ?%r@amst ate of
Ent er gbaet eRNE akarak hhd wascelgear dohaat taiynede wt khleet hgamigposid i ons
(inp sali LLK it S ested that
addi t?%{)lflﬁ %Foghg%nngnggn?}ge%% iw r [ %%‘éﬁp%gm rgg‘?%lm ficant
decr egSkersiinghevead tyal oesiwfe BARRY @Bﬁcb%rtaéfﬂﬁaﬁ@kl Fot|¢¥pgréel 128  not

treat earvmleE&M\@&d ﬁt:wad&db\ﬁfct@m%w?)f LIS e al | y th;’it of t|hF cells
N CO m an t hus sensiti.vj r tection o | V e S Was
o oREe R RS 7 o gy T o8t L SEht S D baprl IS

t he chwpesing ok Xiand €t isthowasiolBgEer VediGthatl @idtd.nciimbhens dive
st at erahth BkHESH Bt BLEr R DackeaF | theal 53T NGE WAL, %ottﬁmmma& tions

(in physiol ogl cal saline and cow s m| k), but there was t endency

t hat 2ddid PEAT 0Pt tlhﬁs@?/n‘ﬁm‘%ﬂ@m? rﬁ?t“o@%danﬁﬂjréf%%ﬁsk?% H?FP?/ tfh(?r

det ecpruierokel i steoweehSSEQ T0OWLS: A lakd(@ot treated with EMA and
treat ’W‘ch EMA). [0117] On the basis of conparison of the
resul ts obtained with the conpositions 5, 6 and 8, it was found that
di stincti ofnothe | saseswheee die maftrewast an eofwade ce@mdtyont taaiored

with abls ofathbgeciompasidians €ha %tof&ﬂo%aha ald nepakheaW:S

m k), but coexistence of BrM&gG an eggLPV\/E (57% Y S0Zy clearly

i mpr oYEH t N TEHEFL LI PEFRUEECt PO e derFE I HIt B reat ed

wi th EhMyZdndete estt @dLmﬁtélrEVh)ac*ae;rJSJhmmnmrottbem esulet sndbitrerieRgan Wi t h
the compnsi bEAn & EG91HBIL Gl YSORMTENII {ELkbYs ACIsANof he

pepti dogl ycans gram positive bacteria to
poIys%%%hﬂ%epa%sEiQ?eflﬂh+?rﬂ@%@e@ %ﬁT'NQa%@t§1éPic%§hﬂlﬁét%%d

Nac et yérntaae-oratedid) A h@me@ene I’l(EIﬁ%rﬁB&ﬁ:e(tf sgk@mmaga&md/e

bact ey i th r pt.i dogl y.
conta%%?%b %géﬁiié Sﬂgﬁ%% aﬁl EP %ngghgé %%%SgkaZ%HJE

| ysozynme functlons) and therefo§§]ggg mhlte Iysozyne cannot act on.
Taking this action mechanisminto conS|derat|on it can be
considered that egg white |ysozyne in the conposition 8 did not
pronmote lysis (disruption) of the cells of Enterobacter sakazakii,
which is a gramnegative bacterium but strongly acted on cell walls
of dead cells of aram positi ve bacteria existinag in cow s mlk in



and treated wth EMA) was extrenely significantly unfavorable, in
addition, in the case of supposing cow s mlk as a usual typical
test sanple, live cells (not treated with EMA and treated with EMA)
and injured cells not treated with EMA cannot be detected only with
the PCR buffer, and therefore it is considered that it is preferred

that at ] east. an agent that can reduce the influence of a PCR
i DT oY S BAT o BR T WY G ST B art AV E HRBLE. 1B Al 8RS n,

and acfregriesiionebld baaberiam; ohganiresactahts derobysia phosphor heatci d
sal t are gontahded.yshQ1lde EEXAMMR2he vibrio pdbadabR6iyOnssof |ive
cells and injured cells of colifol mbacteria and Enterobacteri aceae
bact et?Pa 9fe (HEFFSGPIeR 20 f2 8]t HaenTEERS gl FAY% 95A8 851 ShBE hods
1-1) Ylsed) stfr ahigeldaddesditdre aaeidib@ntercinvas Bae tichar 6dhik6 cgéher a
of th ol i.form bact eri S t ter] not
bel ongt Hg 5 TR an BF of e belrale ae PR e H B o,
Ci t r opralet et ok B exdine] CHILBBE. L IEAt erolide t BrriLaRaraki JATETPE329,

Ser r ati @s 904 116 Wb 1d DYk 4 ZinaBUEVEGItA . agutirk har J MBREL:s BEhpelders
aquat%l S N83ﬁ13544, Hat ni a_al vei JCIV|1666J],§ Leclséatr iocfi arftngeq:%a[s 8\?«(1%" at a
JOMLEBY: AERERRTTHr BgRnsBUTEEF TR I63 ™ Bant 0dd &GP oHerans
JCML286, SEBUtID 8@elS| andgf €5tri §13LMEDS00T Riipyeeta merb@va aJewr107,
Cedecga \ﬂfe§§eslljog}{u_§§53E%ggZQb$: (F36Res | £ 3mSRl deheDbbBa, and

Sal nonella enteritidis |1 were cultured at. 37C for_16 hours by
usi ngERRIBRGE AT HedREak bt iusen2 BiYt BT ( BHMSSSof ROV E Re B CHENEEl  Co. |
Ltd., oTakyao depams. op®ddillof Enterotzdtbhesakskarieria of 2 species
bel ong&l@gz to 2 genera of the coliformbacteria, Ew ngella anericana
JCM4A9 %d Moel I erel la wi sconsensi s JCM6894 were cultured at 30C
for 16 hourRubheuwingg thetlBHcase ovh. theoipDluspgehv st brelF ¢th in a
vol ungnpf1opel cfilBbst be el tHEGer Wagi60! IRated ik Aeddgduuchialgon

t ube gBecton,D cki nson Labwar e, N]é? andﬁéulgj 1e'cjtelg)d to regl\{l ger at ed
cent r i RFATEOR) %A RA TS GEBTRVEBP 18" MERGTEY, A SUfer nat ant
was reobxedaséhgmeSof tlof Qadyisiolog cahikalviimesemfaddech t o t he

Pr ect pLAAIRS L Pl Slcdmp A 1102 SUIPEBSE AL MAS G MLLd 4dd MBS Wi th

physi ol'ogi cal saline to prepare a live cell suspension of each

st rai aedfren sy various gmpsigeproyeifs ofnEn® 4PEHemefiti G 1ive cel |
suspepsi Himiwasy Prilseknt Bedi dbsSnbtowiahueae, nitesret ube (1Eppemdorifnses”
Hambur rman and the be was .. d | L for
50 Sot SN AR HREn g Tt "o Rt T e i el L2 wBbet

i mrer sedl demebdt | Tasgonat erdidiod Lantvardrnt agiPsddl BASEER St W $oAndaY d
agar pediddn 6K kenta ?ééﬁ/%egléﬁaé\é S0 tRE CREHEL ol NhdHRA rGdd .
suspen@g%r}s of the coliformbacteria and Enterobacteriaceae

bact ef {4’ [ 0124] The live cell suspensions and injured cell
suspensi ond fppepesed sastaekc fiohetivalov ecnerlendsed! asi crestgadrpkes
for tQLee flgelﬁl?\é%ﬂga E%_SLFL@of two or el 'kxﬁdéz%lfl ﬁgi‘lﬂtc%ogf:?altrﬁ%mgoﬂlform

t
bacteria an terobacteri aceae bacteria 1n the live ce o
suspensieits sEpe colinbedlGwcthRe- stahtiRYr adhrs mFdMaR|slagecific
t ur bi gb retgay-tvesl s gkt aneausky eadd,i edvowlelat af wanepbengidulak 600

nm by _usi ng a spectrophot onet er 2800A (Hitachi, Japan) to figure
out t]ﬁ%Ctreeﬁq ib‘ﬁs%itﬁs e?wre{% f:ﬁréq?el \%egggﬁd'count and the turbidity.
[ 0125]0Q74)) Et hi di um nonoazide (EMA) treatnent and |ight irradiation

treatment conditions of nucleic acid amplification reactions are not
particularly limited as long as a nucleic acid can be specifically
amplified based on principles of various nucleic acid
amplification methods (such as PCR, LAMP, SDA, ILCR, TMA, TRC, HC,
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Et hi di um nonoazi de (EMA, Sigma, St. Louis, MOJ was dissolved at 1000
pg/ M using sterilized water, and subjected to filtration
sterilization by using 0.20-pmfilter (Mnisart-plus, Sartorius AG
CGottingen, Germany) to prepare a stock solution (EMA solution),

whi ch was stored at -20C under |ight shielding. The EMA

sol uti on (100Oenp])ggclrrg%‘}S in a volune of 10 pi was added to each test
sanpl BXET93r& el pEhsi Jon 28f ""rbrﬁ GPBE s 18YiS5e ABP BT 1PResY
volumeeof 1 m, and the m xture was left at 4C for 10 m nutes under
light shigl di ng. [0126] Then, the test sanple was set at a
di stance of 20 cmfroma visible light source (100V PRF 500W Fl ood
eye, [fasEeP # ectric Co., Ltd., Tokyo, Japan), and irradiated wth

?/i sihbl e li ?ﬂﬂosé%ﬁerﬁ:l@,nuﬁﬁlﬁiﬂ@di pﬂ;dl;l_-E'ﬂ@ a&ﬂ%ih@aa}%}eir@nﬁuﬂaeiicbl e

i ght-irradiat test s e was_suybjected to refrigerat

cent r??hégaafn gﬁﬁh?atienaﬁ%t?%% 660 %(na(tiytz%?‘ 1gh?n' ?ﬂfflgé}gt?gtg‘ﬁper nat ant
was remmMiddedt pregviubte] 1efpgpiipsied dyil¢avimalthresivgs cadded to the

pel | epef QrmbaSHMALaABgud e «IHEPERS 508, VaS LlptherSuhiast ed to
refri %er ated centri fugatl on to col]lect the precipitates. Such a

p
washi RSt CatrEh 2R T+ epeaiele SiRre pAPP G HES, TRpEEReR) 105D of
st eri éxagd ewaterthsasaaddet usandy heaire tihgi HCat, eshé calelbs)) tnaysbspend
the c in.t Ll t epare a sanple for PCR
anpl |§%%%¢n§%%%%%gf%ﬁ§)%g5% ggr%ﬁ ?F i&éa@i ‘on An agent
conpr i si ng Thévimel v sume BlsuASNN¢BIAr tSPghanly tihsioi am tinor ate
di hydtid encthSE, cdfaabeagakyhanaing magnasiua-chtof iadg1 hedxahydrat e

(Nakar ai - Tesque) . in the conposition to 3 nti gned bel ow was
haded TS RN S aP s BOREERBI 1T CHH SiEc EABRaE St ad i Lot Cot)
conprisitlg sosk wh hainy|BIH fratecd SOS, tiNakearakidesguepmwasiaddeeh t o 5

Pl of pdifieaSangple L Qf nBPGRAMBLLEL CRELOD ot a1, addh ! Eﬁvmn'.owi ng
descriptions, a conbination consistin he adent having the

] of t
Compoti THBACL of VP~ 06 B0 dBP HIZ G Af Akt AREVBT 4) nay Bt Is0 be
r ef erted rioa . asi@aopriel r eatdlents agaEmin, pRIRABP-1)32%BEAe mgpl. 2) 50 MM
TSC: &r%q;;ﬁf]s) 100 M Myd 2: 1.5 pl 4) 0.05% SDS: 1 pl [0129] For the
|

PCR a ication, Primer F: forward prinmer 16S 10F
The electrophoresis enables evaluation of the amounts and

sizes of the nucleic acid amplified products. In addition, real-
time PCR enables rapid quantification of PCR amplified products.
In the case where the real-time PCR is employed, changes in
fluorescent intensities are generally noise levels and about zero
if the number of amplification cycles is in the range of 1 to 10.
Therefore, the intensities are regarded as sample blanks '
containing no amplified products. The standard deviation (8D) of
the changes is calculated, and a value obtained by multiplying the
5D 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 "cycle threshold value
{(Ct valiue)". Therefore, the larger the initial amount of 2 DNA
template in a PCR reaction solution, the smaller the Ct value,
while the smaller the amount of the template DNA, the larger the

Ct value. Even if the amounts of the template DNA are the same,
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for 163 rRNA gene detection (SEQID NGO 1), and Prinmer R reverse
primer 163 1500R for 16S rRNA gene detection (SEQ ID NO 2) were
used as FOR pri mers. Further, in order to maxim ze variation
(primary differential peak) of the fluorescent substance anount
depending on the tenperature to performhigh sensitivity detection
in the nmelt analysis of the anplified products after the real-tine
FOR, BhFORIBEF fiéie PEARYECRgOBI tHeh&eF Bt GWHEE S GhpBReRt £25)-°F ©°Tg)
was prapazedpe@ndlthesdORnanphiddrcahi om: was uperf ecretednt iaddi figr t hi s
FOR buffer to the mxture of the sanple for FOR anplification and

t he preefregtlme'nt agent. [0130] a) Priner F (10 pnol/pl): 4 pl b)
PrimetOR7110 pnol/pl): 4 pl ¢c) Ex-Tag (5 UWpl, Takara-Bio): 0.5 pl

é c ]9 ][lt al ? IT nqutQééé,‘VOpI\eg@ﬂT@@rag%sT%&oé%’o N@ia?_@Eiﬁ%perducito cfﬁnF;(' Igg
uf fer ara-Biq): e X e ara-Bio): p X
SYBR & %eR®| d?%ﬁ\lﬁ&)l}le% *BF a&?l?é%)efﬁ |tg]?elaeujxr/§df1§r ge%rﬁguf%l%"ﬁ)

Real -patmerhORf was pepfofiredpacdigrtdi ng to the foll owi ng FOR t her mal
cycle condihhong. biUshait Bnt8atetide EOR ApBapatusa(koycler 1Q

Bi 0- Rad, Hercules, CA). 11) 4C tor 3 mnutes (1 cycle) 2) 94C for 30
seconerlird zayepre et Z3rgpe Fepdbigaiisc SpEsthesBetiast 230t diRasnt 72¢
for 90naeeconds (50 cycles) 4) 95C for 3 mnutes (1 cycle) [0132]
Then, @[ﬁ%?rdi ng to the protocol of the nelt analysis of the PCR
arrplih ed ‘product (tenperature was raised at intervals of 0.1C from
60C, each taapeliteucelharhninredrueditora®: setorids bantha mieghod

pr ocegiur@Wase $8ReaL6Lh 329, t bARS diBnt0bAltdPat @ AhiBat idiRlor the
tenperature of 95C), the neltin tegpgerature of, the (Ii:O? anplified

prodLRﬁe%ﬁ&§eﬁEé§ﬁF§H?e of live cé€lls microorganism an
quantification of the same in the analysis of the PCR amplified
product can be increased by using a standard curve representing
relationship between the amount of microorganism and the amplified
product, which is prepared by using standard samples of the
microorganism 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
ateps 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 also 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 microcorganism in a test sample by a nucleic acid
ampiification 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 acticon of a nucleic acid amplification inhibitory substance,
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As a positive control, live cell suspension of Enterobacter
sakazakii (8 logic cells/m) was used to perform PCR anplification
in the sane manner. Further, as a blank sanple, the PCR buffer
itself to which any test sanple was not added was used to perform
PCR anplification. [0133] 1-4) Gel electrophoresis 2% Agar ose
gel (2% Seakem GIG agar ose, FCM Bi oProducts, Rockland, ME) was

pr epaied ahprimenig)0fer xarpAEfying a taTyrt PERIanPE PNadoprdduet anas

appl lzﬁﬂ:ﬂo@r@aﬂ?&lnu% Bt cﬂ&elalte@l%ﬁ hecagariese 9&lq -apdieleetrophoresis
was perforrre ege was, stained with lg%/m et hi di um

br om B8 utisn < brief 5]6@ Vet ihs 1Y JEnSPt GY 85h>Shd “Fhe | mage
t her ebfplwasntcap Wwhednartddsbdr etk pyeasnnginABn60O6H | nrage Saver HR

(AttO Co., IﬁaQ@cﬁ‘j)tio&01g’h44 ]<.2_Lt stﬂ'ﬂet %resent ;Lny@ﬁt o%s}ﬁg%rsﬂ&fthgpe

real-tine PCR are shown in Table 2. Further, the results of
el ect FOPHOFBSIYY SFet fie H5fakipER S&%B?WCI EdOBrdAEESEI 'sRown i n
Fi g. raagdeeienﬁ]salt and dhergesnd mgﬁdoéalmearsyrmM@husw ddidFsgit.1l are

as follows, EMA+: EMA treat (10 10. m nut e C_under
T ht. shi olSERS S LPSi Bl o ohe HeeRar e L AR o
EMVA t¢@@trﬁéﬁta@@nzmg|ltawgc@mtmwithym chcgupasgngcedllsy athen ve

cel I SHESPeRsE AJF %&@&ﬁj&ﬁ@ﬁt ef sakazaki Ipa\ﬂ@§c1§%q hMp@ceehune of 5
pl Negative contr o ich sterilized vva r was used | nstead

of th INA ?’érﬁplsﬁlfghﬁldfoﬁ’xbﬁtwlpaﬂ%%r eIsﬁj €cell: Injured cells

pr epaf®®oby i mersing the live cell suspension in boiling water for

50 seconds @S ised, LA338knr capaprThes Gohle AU Bibiliided Lve cel

suspensi ons_of e ‘strain is as E. coil erichia coli
DH5 0 (PN 091 RNAy, @@dl Bl a@@l“ltsf%)suspf%?ﬁﬂé}q ER Rt icBaphohélFaeic
ent erddiiddbsplif 8840k Sirhi it Oy |5Ql@>@t§1&£é ,ShEBye]l KasOxyd Qi@factant,

KIebSIelhgggg fﬁ%?%aft a.%?%hg8o§§%n1c aci é%?t or phosphoric acid
salt, as required, may be in the form of a single compositicn
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, SDA, LCR, TMA, TRC, HC or microarray method. The cross-
linker and the medium in the kit are the same as those described
tor 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 monoazide, ethidium diazide,
propidium monoazide, psolaren, 4,5',8-trimethylpsolaren, and 8-
methoxypsclaren. Ethidium moncazide is particularly preferably
used.

[0083]

Furthermore, examples of the agent for suppressing an

action of a nucleic acid amplification inhibitory substance

include one or more kinds selected from albumin, dextran, T4 gene
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cells/nml) C koseri: G trobacter koseri JCML658 (8.02 0.06 |ogn

cells/ma) E. sakazakii: Enterobacter sakazakii ATCO51329 (7.95 0.01

|l ogn cells/ma) S. fonticola: Serratia fbnticola JOML242 (7.47 0.01

| ogn cells/ml) B. aquilia: Budvicia aquilia JOM3902 (6.98 1.50 |ogn

cells/ma) R aquatilis: Rahnella aquatilis NBRC13544 (7.38 0.14

| ogn cell s/ ma%1 E. anericana: Ew n%\}l | a 911 (7.47 0.43
I

, nmericana JO
| ogn telN5S At HCeRPLie, ReFATRa E‘]etgg\/fglégo}fléieo4 oRpagdeagn
cel | s¢eroll, wmeeeanbound atlacoledowgbken atrag@en:]arnbmyhadua SCML667
(7.4 0 Jecella
Wi sc%P\%%néqogg%Sgﬁkﬁéx%éﬂ%%ﬁ%g Eﬁg Iyﬁ‘\r egensbur gei :
Yokerett=sphpsgtasburge 1%@@&0@91(381@3‘:?“@3813 I ogn cells/nm) P.
aggl opmrgans: Pant oea aggl onerans JCML236 (7.67 0.78 logn cells/m)

B. agresti tt| auxel | a _agres JCMLO90 0.l ogn
cells/mb) % Taseotpat a¥ KM 3%ver£a t}seccr)nfagn?smgbﬁ@]%bfnfg % 0.02 | ogo
cel | sndariepiug, cldaviidae: n:Qedecen daviasae FONESBB CRrBONat®E, 16nHogn

cel | s¢d@),.. [0137] Table 2 Col iformbaster i al/Enterobacter iaceae

bacterlalc%g | Is/m Live cell a)
urthermore, examples of the organic acid salt include

salts of citric acid, tartaric acid, propionic acid, butyric acid,
and so forth., Examples of Lype 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 is 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, cne 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 enzyme.

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.

[0086]
The kit of the present invention may further comprise a

diluting solution, a reaction solution for the reaction of the

40/113



Injured eel | b) 00 10 d) O 10 Klebsiel |a oxytocaJCML665 8. 380. |
08 190.5 20-1.3 201.2 n.d.f) Citrobacter koseri 30141658 & 020.06
180.8 190.7 191.3 n.d. Escherichia col i OHS a 7. 91:170. 20

agent capable of covalently binding to a DNA cor 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 Lo the following examples. However,
the present invention is not limited to the examples.

[0088]
[Example 1]

By using Enterchacter sakazakii as a representative
bacterium of coliform bacteria, conditions for definite
distinction of live cells and dead cells were examined.

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

The Enterobacter sakazakii ATCC51329 was cultured at 37°C
for 16 hours by using the Brain Heart Infusion Broth {BEI broth,
Eiken Chemical Co., Ltd., Tokyo, Japan). The culture broth in a
volume of 5 ml was put into a 15-ml falcon tube (Becton Dickinson
Labware, NJ), and subjected to refrigerated_centrifugation at 4°cC
and 3,000 x G for 10 minutes, the supernatant was removed, and
then 5 ml of physiological saline was added to the pellet to
prepare a stock live cell suspension of Enterobacter sakazakii
{8.95 + 0.01 logyy cells/mi, n = 2). Fuarther, this live cell
suspension was diluted 10 times with physiological saline to
prepare a live cell suspension of Enterobacter sakazakii (7.95 +
0.01 logiy cells/ml, n = 2).

[0090]

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

thereafter did not form any colony on a standard agar medium
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22+0.8 e) 230.5 201.3 n.d Salnonel la enter itidis | |IP 604 8.
470.02 191.4 190.6 18-0.8 n. d. Enterobacter sakazaki i ANC 51329

950. 01 110.9 213.2 204.2 a d. Serratia fontieela JCM 1242 7. 470.

01 171.6 201.2 181.1

{Eiken, Tokyo, Japan) to prepare a stock injured cell suspension
of knterokacter sakazakii. The live cell count of Enterobacter
sakazakii in the live cell suspension was counted on the standard
agar medium, and turbidimetry was simultanecusly 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 ceil
milk suspension of Enterobacter sakazakii (7.95 £ 0.01 logjg
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 logyy cells/ml, n = 2}.

[0092]
1-2) Ethidium monoazide (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 solutien,
which was stored at -20°C under light shielding.

[0093]

The EMA sclution (1000 pg/ml) in a volume of 10 pl was
added to the live cell and injured cell suspensions (1 ml} of
Enterobacter sakazakii, and the suspensions were left at 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 S500W 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 ml

of physiclegical saline was added to the pellet for washing, 10 nl
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a d. Body iciaaqui | ia JOB 3902 6. 98-7z1. 50 163.2 241.7 152.0 a
d. Rahne | la &mth is %RC 13544 7. 380. 14 20:1:0.4 23i:0.0 21 --1.
4 n. d. Ew nge | la anmericana JCM 4911 7. 470. 43 150.2 110.4 170.1
n. d. Hafnia a |vei JCML666 8. 040. 22

of sterilized water was added te the precipitates (cells) to
suspend the cells in the sterilized water, and 5 ul of the
suspension was used as a sample for PCR amplification.
[0094}]
4 The live cell and injured cell milk suspensicns {1 ml) of
Enterobacter sakazakii were subjected tc 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 physiological 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 to refrigerated
centrifugation (4°C, 15,000 x G, 10 minutes), the supernatant was
removed, 1 ml of physiolegical saline was added, and then 10 ul of
the EMA solution {1000 pg/ml) was added under light shielding.
The methods used thereafter were the same as those described for
the aforementioned "live cell and injured cell suspensions of
Enterobacter sakazakii (1 ml)".
[0085]
1-3) PCR ampiification

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 te 70,000,
Nakarai-Tesque), T4 gene protein 32 (gp32, Nippon Gene), socdium
laurylsulfate (SDS, Nakarai-Tesque), Brij56 (Sigma), and egg white
lysozyme (Wako Pure Chemical Industries) was added to 5 pl 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.
[009¢6]

Composition 1:

43/113



110.2 181.6 161.3 n.d. Leclericia adecarboxylata E1667 7. 46-0. 20

130.5 161.0 161.5 a d. Mel

85st0. 34 152.1 195.6 161.3 a d. Yckene
8. 030.13 170.2 160.4 5 0.4

2% BSA: 5 pl

50 mM TSC: 1 pl

100 mM MgCi: 1.5 pl
0.05% 5DS: 1 pl
[G097]

Composition 2:

2% BSA: 5 pl

50 mM TSC: 1 pil

100 mM MgCl,: 1.5 pl
[0098]

Composition 3:

20% Dextran: 2.5 ul
50 mM TSC: 1 nl

100 mM MgCi,: 1.5 pl
[0099]

Composition 4:

0.1% gp32: 5 pl

50 mM TSC: 1 pl

100 mM MgClz: 1.5 pulb
{0100]

Composition 5:

2% BSA: 5 pl

50 mM TSC: 1 nl

100 mM MgClp: 3.5 ul
4% Brijbe: 12.6 pl
[0101]

Composition 6:

2% BSA: 5 nui

5¢ mM TSC: 1 pl

100 mM MgClz: 1.5 pl

erel la wi sconsens

500 pg/ml Egg white lysozyme: 1.0 pl

[0102]
Composition 7:
2% BSA: b pl

50 mM TSC: 1 ul
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a d. Pantoea aggl onerans JCM 1236 7. 670. 78 150.1 161.5 160.2 a d,
Butt iauxel |a agrestisEM 1090 7. 760. 00 131.0 171.1 182.8 a d.

Kl uyvera ascorbata EM 2107 7. 80-0. 02 17 1.4 180.8 180.4 n. d.
Cedecea devi see JCM 1685 7. 560. 10

100 mM MgCl,: 1.5 ul

0.05% SDS: 1 pl

4% Brijb6: 12.6 nl

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

Composition 8:

2% BSA: 5 pl

50 mM TSC: 1 pl

1060 mM MgClz: 1.5 ul

4% Brijs36: 12.6 pl

500 pg/ml Egg white lysozyme: 1.0 nl
[0104]

Composition 9:

2% BSA: 5 pul

[0105]

Composition 10:

Only the PCR buffer consisting of the component a) to g)
mentioned below, not containing the components of the compositions
1l te 9
{0106]

For the PCR amplification, Primer F: forward primer 165 10F
for 165 rRNA gene detection (5'-AGTTTGATCCTGGCTC-3', SEQ ID NO: 1},
and Primer R: reverse primer 165 1500R for 16S rRNA gene detection
(5'-GGCTACCTTGTTACGA-3", SEQ ID NO: 2) were used as PCR primers.
101071

Further, in order to maximize variation {(primary
differential peak} of the fluorescent substance amcunt depending
on the temperature to perform high sensitivity detection in the
melt analysis of the ampiified products after the real-time PCR, a
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 cof the sample for PCR amplification and
the pretreatment agent.

The target of the aforementiocned primers was a long DNA

(1491 bp) comprising 10 to 1500th nucleotides of 165 rRNA gene.
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21 -1. 4 242.1 22-1. 4 a d. [0138] The synbols a) to f) used
in Table 2 have the follow ng neanings. a) Live cell counts of the
coliform bacterial/ Enterobacteri aceae bacteria nunerical val ues
in the colums nmean & values in real-tine PCR b) Injured cells
were prepared by imersing the live cell suspension in boiling water
for 50 seconds. c¢c) No treatnent with EMA is neant. d) EMA final
concef?¥%tli on of 10 ug/ml is nmeant. e) C value is indicated as

mean aSRAifer 2)10 bhohsd) neamﬁ that PCR was perforned tw ce, but

t he ob tlve ge@ﬁ did H%F anplified in both PCRs. [0139] As
shown” ]?ﬁg r T3 Widpl & Bt the ¢t val ues (number of cycles
corresbdhﬁﬂhg {o Uiudi ntplofrarBad)1 i0me PCR curve) of the EMA-untreated

group @ntdivens el Iss oL 13,1 0. 2 ncandet R a6t yal ues @lyée'i‘%l)
ENA—treated roup of live cells were 16 to 24. Further,” the

val ue¥ of® &n XE%M&@HFF%%t@EkﬁF%JEIBF Priftired cells were 15 to 22,
and at)] dNTe gioups pravigedigpod PER anplification results. However

in thglgyﬁ tgﬁ&%g&gg;g#pémﬁé |@j%yed cells of all the coliform

bact efi a and eae bacteri a, anplification of the
t ar ge¥) géwelhbzehoatart dalane requredFUPKﬁéﬁﬁﬁr@KE§§t®hdmﬁﬂmﬁ ¢the

resul ts 0f ihheu@lIRCEr @PhQr @8k Ss W rbP ird amdl i BRY+ bandinandheat i ng
p05|t|ve regult for the PCR anplified product could not be detected

onl y ¥Or-FREMEMAEPBAt ed groups of injured cells of all the coliform
bact etd1®%And Ent er obact eri aceae bacteria. [0140] On the basis

of the aboye,fesyld $cri fadSERRB Rl LALLAMNg BY G rfléhﬁ.‘&u‘?{-@t pkRe

met hod of the present invention, distinction of Iive cells and
i njurﬁﬂfﬁﬁéﬁlgy%ﬁﬁ ﬁ@P@l%&PQ§|§Y|¥ﬁﬁﬁgoﬁ B2 itdBecRi éramtrtdead cel | s
are enankﬂdrfnm,tﬁogaﬂgraeaﬁungiltann1bacterla and 2 genera of the

fam | nt.e teriace ther distinction of live cells and
.njur%h§c§|F§P3§§”n Qesﬁgd OSSIb|e for species of which detection

has d@nﬁ@nﬂlﬁ%%F¥&SB@@Wﬂ%hﬂiﬁzﬁﬂq} for exanple, Escherichia bacteria
and Sal manel F@- bacterd@is; 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 cof the melt andlysis of the
PCR amplified product {temperature was raised at intervals of
0.1°C from 60°C, each temperature was maintained for 8§ seconds,
and this procedure was repeated 350 times in total up to the final
temperature of 95°C), the melting temperature of the PCR amplified
product was measured.

{0111]

As a positive control, 8 logyy cells/ml live cell suspension
of Enterobacter sakazakili 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 Tabkle 1 indicate the

46/113



[ 0141] [ Exanple 3] Distinctions of live cells and injured
cells of conform bacteria and Enterobacteri aceae bacteria inocul ated
into a foodstuff, i.e., cows mlk, were perfoLnmed. 1. Test
materials and test methods 1-1) Used strains and cul ture nethod
Bacteria of 1 genus of the famly Enterobacteriaceae and 12 genera
of th ollform acteria,_ Kl uyver scorbata J 107, Cedecea .
davi S LPREBES, "0 tigbacbers kGSEri OB Saeharl P4 PhelnTii ac
NRBC3321 whEee ratsceyfiont i col a JCML242, Yokenel | a regensbur gei

‘]CNE4<‘9)3 Lﬁ@h&?il %o@xﬂf@tél{d Sn ﬁ@f@%@ﬂf’ cn!ﬁ!ﬁ{t@' 8r aﬁﬂt@reﬂ%&@ﬁfs

Lecl erci a adecar boxyl ata Pant oea aggl onmerans JCML236,

Ent er bst7e&r i s akdpaki §- %I’é@S&OS?@ilﬁ"':”m cOLR RGO SFFsaPHbiiE PRC

ent ermetm@tsdlﬁa!}&@&rwé@m tufnerk)at 37C for 16 hours by using the
Br ai | nf u n_Broth (BH oth n Chem

Tokyo? Janurs? 9 1%oy e Cheb Bl Ul RSB0 PR TR, 1RO 5
af t erwatiee égrtiﬁr eepandgol | ected in a 15-ni faI con t ube (Becton

Di cki asap, %@@g@{&t Min @adisubiggted to refri ger ated centrifugation
at 4C and 3,000 x G for 10 m nutes, the su,pern gt was regajxf/lgg,

then & HIOFERHFERS! 680 i/ dal | ha Rat Saded £5° hefRece

(pel | etyisiahe iiphtsduspehisitaonwas dinbuéed 10 tines with physiol ogi cal
sal i ng tQ BLERAIE obi Ve GCbln SURARDSLONOhLEACH i A1 D o) The
l'ive cell suspensions prepare escrl ove mere used as test
sanpl & et m?*ﬁ‘és fEoRIc oMY 1§§Féon of the et ive B "ddWRts of the
col i f ordnibastief itheanda Entigkobart eri aceae bacteria in the live cell
suspeﬂgﬁli %ﬁs were counted on the standard agar nedium and

t ur bi ti e ry was sinultaneously carried out at a wavel ength of 600
nm byTéuzsheng a spectrophotorreter U- 2800A (H| tachi, Japan) to figure
out t&(ﬁ retatTonshrpbetween the | L VB Ra L 0unt and, the igrbidity.
[0143 ;lml 2) | Aseutat #6n of bACLELL I SHERERT 0N LR o5 OPURLW &1 a0
col | §6d [N MoeDlfosPRERLiTisl BL RS 1yeo | 000 | Jo £2- & Nl 01| JBI[Keh&d opastigur i zed
cow § | kK (i Ve [Cel[ S| wel e ol d&i &G0 Ly & hgs=cublkkydikon nmet hod),
9 to [Zb[cellssywerle~ i1 [noCu ated hay s wsting 408 [ I engelib=suspensions of
var i qus| eol-i [f-of m|bacft ef i-a|and 1=nt er-abaci-eri[acede-bieter|isa jr epal ed
abovg.s | - |- |+ Te |22.[2- p- of - t{heosbwkis| mdik,| ondsskd sje=of|sseod]i fror
bact dri umjor| Ehter ebact er i| ac gae:0lp fietos itumewasd | [mecybat 8dsi.4] nd
FurtHex | ~as la sanpt € bl ank,+ 221221 =001 169w |s ndvi [pekeo.tej=0hizetd|any | i ve
cel | |suspension+was [nol *added %8s | prigpdsed |( bace bl HELi s n
inoculdated).! {01441 | -] + | Thes=E¢oWs'! it 2t |o mahP2eh8 M- B24ERd]] 94 0
col i flox m-bacht ef i ym Hnt erobhact| a8 bt | B alr iMintwh Y37EhOEH]- Yt o8 and
the dd®W s lmill Kkl td ich rany” bABPEi PN v -Snlot i Indtul & dd™ g ™
prepared above, were subjected to centrifugation at 37C and 3, 000 x
G for[@mnutes, and the lipid |ayer on the surface of the

super nat ant, aggeri t}%omagfyg%ssuhggefore)&gté&%og%fg}]g nterd @/%%]ﬁwﬁr e

renoved b{) aeca ation to collect the preci
col | et d@bpeebi pint 4 és E(YWéIeWeW%%r%fCBh‘éa%éwr@C’Fﬁ&{ et BOVRFcc hn| e

cel Silaai}fteQlehf g:l’l@tliﬁéﬁﬂ{]ri Peq SD{.)V&E"Ht@'E@b@{Q:I e_dhh ag@@%taagt eri u[)n ‘Aﬁs

i nocu and t |1 C act.eri um wa ot

cont af %@%lagﬁjdmcé)l I gch]%e?Ill BPPEFRaTy ?}S{Hé)] %‘%‘% “mar ket ed
cow ssmdmkandlrrr@éiese@(lqgmlbyabltrem hniatuscumn@‘gicaﬁrrp_ﬁeg:aqa veabacteri a
or gr%qa RAShELY & tRACT&F I @ dRehudidNg s60b L5 0nm; RaSBLI @ Bl Gefel OGN

cell
Clearly attained, and according te the evaluation based cn the Ct

value serving as an index of the reaction rate of the real-time

PCR, significant differences were not observed among the Ct values
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Therefore, it was judged that the precipitates prepared fromthe
cows mlk to which live cells of the coliform bacterium or

Ent er obact eri acede bacteri um was i nocul ated contai ned dead cells and
live cells. [0145] 1-3) Enzyne treatnment To each of the
precipitates (test sanple) prepared fromthe cows mlk to which
live cells of the coliform bacterium or Enterobacteriaceae bacterium
as prepaidcdrabevecr Bekatalgfil ttheplBraiodotiecalt shhinsiaod ¢BHS9 mhibt h
kept \o@we %ﬁ;c hef erehand wweﬁ @ﬁgedoraﬁﬁbnrgh@h&seé lb$ V&L e ssdspended

t herei n, he suspen5|o diluted enzyne sol ution

prepaF%Jdl%)fuBﬂ?ﬁW%éo t}ﬁﬁ E%ét“}%“%él %ﬁﬁ&ﬁlt}‘éﬁlﬁ‘)&l&%ﬁin% o 4230
U, tika3 réds31t 64 1 tShgaaound thmteatmhheq)rmxbsdbfmeaab sialthee (25

U ) s, adgeds 4o E%&%ﬂn@:ﬂ SPZ%%ECEB uge%n aéhe3§ge t%. ggurs.

The enzyne-treated test l'e was centri at 3 0 x G
for 529fHut eBhe tsﬁ‘éles@ﬁWﬁ?%taWnFWﬁeébo%d’aﬁhélﬁ @@ﬁsr‘f

wer e Q@Hcﬂ@b@ﬂs@fga:lfnthé A t 4 - )t b diiin BB eazisdei{ BMA) 7t hﬁ@t ment
and | %g Irradiation treatnment After 1 ml of physiol ogical
saline"was added to the precipitates after the enzynme treatnent, and
the nm%tlle was stirred, 10 pl of an EMA sol ution (1000 pg/mn)

prepared ingt Q@eé%m”@&ﬁk%m%%ntg'@tu%f r@@ﬂ-&' %b@a:&’f’?e%i added 0 the
m xture, and the mxture was | eft at 4C m nut es under. |i ght

shi el %‘?Wﬂtlons v 3 b \J?Péu%ﬂ]e tlhiegﬁ?tlsﬁsr Waﬁ%ﬁ“é’noérﬁjl%%m ng
treatmﬁrawerenqneﬂeowm&gbnmpﬁ:heeﬁam rasnemtasnddan ehe Exanpl e

and 5 f. ri t he. i.pLtat to

or epar Best sl fe Y TR PR e R el afy e e 8

anpl i Frksmobgater sakazakpy e(tlﬂealﬁymlmloag@m agRsNAdIEd cPe' S IHILEHf t he
sarrFI x?'}ag Q{leg% gdﬁbhﬁé@ataln@lns@@niﬂcﬁﬁ@r@il%gziré%eﬂ:wfereFlg-)cFGtSt heRNZOR
anpl 11,1 catl ri qQar, r gene
oL Tt TP oA AT A AR A BARE S SR R 3) | and

Pri nephyRicieyersie spriinerarR38od 7H3R 1fkon 1. 285 CERNA genetdettect wonh (5' -
CCTT@B%CG%%C%}I Tf %he ]%Q lc@lh@ su%)] WELE tlt!)S @He aﬁJIAFm

priners. urther, in order to maxi mze variation ri mary

di ffe?@ﬂtﬁ‘ﬁptﬁe%q()vaéfﬂf%émp%ﬁ@s%en"Pn S5 sPatice cAnmbimite 6@E%ndltng on
t he tweipevahdrendto aperddrarbhingh, serschhyidnyl ded exlt igefe i grdteennid t
analyéf Qf Lhe anplified products after the real-time PCR a FOR
buffer ‘conprising the follow ng conponents a) to g) was prepared,
and FORplification was performed by adding 41.5 pl of this FOR

buffer to thhesgkxtig @&@Aﬁ@ﬁ@i ecﬁe%em%safrpufde@ahmm ad the
pretreatnment . a rs contai ucl eot'i des

od the
P O e Eoga Lo DE e i (4 S Bl 1 BES AL GaHE. 1) TG Eare ( 76
bp) and Arternbedeot sdkszadfi it hes pﬂaatcllgnstt:hmedhm& bbci he 235 rRNA

ge”e’aﬁﬂQmHPEOﬁéfﬁﬁi ﬁ%ﬁ. i %%uf%llﬁg%ﬂgwég&qp%Fhk%4ﬁgﬂle'Eﬁ 10

contal ning a _spacer e I on 64 bp) 0148 Primer

pnol /%}G)gesaef}|tfﬁ)t Pﬁiiﬂh’felronRo 1‘eh?)rﬁ5>|n/lap)c SPrHRCEINERI Faef (5 Oul prd

Takara-Biga) riéarfr Pecrease of the Ct values of Enterobacter sakazakii
(live cellis, 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 cbserved that distincticn 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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(containing 0.5% Tween 20, 0.5% Noni det P-40, and 50% gl ycerol) d)
10 x Ex-Tag Buffer (Takara-Bio): 5 pl e) dANTP m xture (Takara-Bi0):
4 pl f) 10 x SYBR Geen | (BVMA): 8 pl g) Sterilized water: 16 pl
[01491 Real -time PCR was perfornmed according to the follow ng
PCR thermal cycle conditions by using a real-tinme PCR apparatus
(iCycler iQ Bio-Rad, Hercules, CA). 1) 95C for 3 mnutes (1 cycle)
2) 95ydagymsOnerss aAEsoVED Chfopet( tdetondsr 88Gddrn30ti iyeese{40
cycl esy c%)d 1956 101 (ndr MAuies (iliicyehednd Q¥20ted with EMhen, according
to thﬁ tocol of the nelt analysis of the FOR anplified product
(temp q]zi‘[ re was raised at intervals of 0.1C from 60C, each

t enper at ur ®nwake rmeisitachecbripar i Sors @fonbs , resndt ¢ s apned eduhetwas
repeataf 390 Ll dTes bn?ﬁcptse}' 1 P40 f}anﬁdfﬂﬂa@ af &MRREALNT & 9f,95C), the

mel ting tenperature anpli roduct was neasur ed.
As a Podict pUe Hoheesl sty H@Focjc?éllrllgl wt%n@@ N adlisperddron of
“Ent er&ﬁ@@%@tlﬁﬁ(&lakpmyé/ﬂﬁS_oljSeﬁl ta@l@ﬁé faﬁfdﬂ:E’ﬂ% adtpki f i@at i on | n the

sane nanner Furt he uf f er
oh erCBRS e e BE 8 ARSI FeorlE SRV i attle

anpl |Sf6rrr$atcmnty [@r54¢tdctgonCGef ldilvectebphdmnesi t:,reated wilth 8% Agrat ose
gel (3eakem GG ) 39S 0§§7shFW }§y Ql%reogggﬁﬁu Boekiand,i Me)creas prepared

y using 0.5 X i fied product in a volune of
5”6 GBVP bt dppi 9 D3 E 1 PO TGS { 5B P THE
el ectgsemhdbesy&ns of gran-poaistldibbhoheprepar eelddn veel tHd ng SYBR Gol d
el SRR BN e, PRGBS 10,000 |
| AR VE BRE TS i b NeEVE Roridh het@Tedl FHENIEAREYE was
obseryedeasap densi t 9gaphteanteriant mgsitbereopepasicagtuned and
;LgLﬁ%)Q ig§hé] H%Eéegg%gggcnggru§av [ HB (Alde égére J&g%ﬂhte[0152] 2.
lysozyme functions), and therefore egg white lysozyme cannct 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 sakazakii,
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 logip 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
inhibitory components, 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 '
compositions 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 compeosition 8, but gram-positive bacteria did not exist
as contaminants among the live cells suspended in physiological
saline, and any data indicating that the composition 8 especially

promotes reactions in PCR have not been obtained for live cells of

FEnterchacter sakazakii, which is a gram-negative bacterium.
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The results of the real-tine FOR are shown in Table 3. Further, the
results of the electrophoresis of the final PCR anplified products
are shown in Fig. 2. [0153] The neani ngs of the synbols used
in Fig. 2 are as follows. KP: K pneunonia& OK C. koseri EC E.
coil. SE: S. enteritidis KAX K ascorbata CD:. C davisae SF: S.

fonticola ¥RonYeyt egensburgeiaRB: Bnaguald lda i tinsabvel LA L

adecar boxyl ata PA: P. agglonerans ES: E.  sakazakil | k: Mar ket ed
past elY3¥edec 6wl sPHH PRTAotLHGc Ut atf%‘d 1¥Fth oéoBF'?%rr}’ﬁgBéH%rl um

Posi tbav@tera@s ihi Me: gestéte CENker obmcbat akazadtidnicaiply @fan8etiogl o
CFU/ mpl ate for. FOR ative: . tive .cQ ol (5
ol of FAT Gt Ta S el Ta IR REE ER T Aol 419 T 100" A A

| addein t[f(FlMFtT%mTIPéEBaHd Coinsiiflored lvac Pelr qoaﬁ@nx@rﬁbaépena@céh@n

not function as PCR inhibitory components, and therefore it
markedly improved the sensitivity for detection of live cells of
Entercbacter sakazakii as the object, which is a gram-negative
bacterium, as a result. This also agrees with the fact that, in
comparison of the results obtained with the compositions 2 and 8,
any significant difference was not cbserved in the sensitivity (Ct
value) for detecting live ceils in physiological saline, but
extremely superior sensitivity for detecting live cells in cow's
milk {containing many injured cells and dead cells of gram-
positive bacteria) was cobtained with the composition 8. Moreover,
it is considered that egg white lysczyme adsorbs to a nucleic acid
amplification inhibitory substance to normally advance the nucleic
acid amplification reaction.

On the basis of comparison of the results obtained with the
compositions 1, 2 and 9, it is considered that if the function of
a nucleic acid amplification reaction inhibitory substance can be
suppressed with BSA, distinction of live cells and injured cells
is possible, even if a magnesium szalt or an organic acid salt is
not contained. In addition, with the composition 9, the Ct wvalues
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 ©f the
reactivity.

[0118]

Finally, as seen from comparison of the results cbtained
with the compositions 2 and 10, although distinction of live state
and injured state of Entercbacter sakazakii suspended in
physiological saline was possible only with the PCR buffer, but
the sensitivity (Ct value) for live cells (not treated with EMA
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bacteria Live cell count a)[ | ogCFU sanp le] Real tine PCR TM
pattern b) El ectrophoresgel staining C) Initial After incubation
for 3 hours Acell count F=5 F=10 F=5 F=10 Kl ebsi el |l a pneunoni aeNBRC

3321 1.40.0 3.40.2 2.0

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

[0119]

[Example 2]

Distinctions of live cells and injured cells of coliform
bacteria and Enterobacteriaceae bacteria were performed.
£0120]

1. Test materials and test methods
1-1) Used strains and culture method

Bacteria of 16 genera of the coliform bacteria and 1 genus
of Entercbacteriaceae not belonging to the coliform bacteria,
Klebsiella oxytoca JCMie65, Citrcbacter koseri JCM1658,
Enterobacter sakazakii ATCC51329, Serratia fonticola JCM1242,
Budvicia aquilia JCM3902, Rahnella aquatilis NBRC13544, Hafnia
alvei JCM1666, Leclericia adecarboxylata JCM1667, Yokenella
regensburgei JCM2403, Pantoea agglomerans JCM1236, Buttiauxella
agrestis JCM1080, Kluyvera ascorbata JCM2107, Cedecea davisae
JCM1685, E. coli (Escherichia celi) DH5a, and Salmonella
enteritidis 1ID604 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, Ewingella americana JCM4911 and Moellerella
wigconsensis 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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4/ 4 4/ 4 4/ 4 4/ 4 Citrobacter kosei JCM 1658 1.40.0 3.3J
1/2 2/2 1/2 Kluyvera ascorbataJCM 21070 1.20.0 4.41.1
2/ 2 2/ 2 Escherichia soli DHba

: 0.
3

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

[G123]

Further, 1 ml of the aforementioned live cell suspension
was put into a 1.5-ml volume microtube (Eppendorf, Hamburg,
Germany), and the tube was immersed into boiling water for 50
seconds and quenched. It was confirmed that each suspension
immersed in boiling water did not form any colony on the standard
agar medium (Fiken, Tokyo, Japan) to prepare injured cell
suspensions of the coliform bacteria and Enterobacteriaceae
bacteria.

[0124]

The live cell suspensions and injured cell suspensions
prepared as described above were used as test samples for the
following tests.

The live cell counts of the coliform bacteria and
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 figire out the
reilationship between the live cell count and the turbidity.
[0125]

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

Ethidium monoazide (EMA, Sigma, St. Louis, MO) was
disscolved 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 (EMA
solution), which was stored at -20°C under light shielding.

The FMA 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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1.1-0.1 23-1-0.1 1.2 2/2 1/2.. 212 2/ 2 Cedecea devi seeJCM 1685
1.00.1 2.7950.4 1.7 0/2 0/2 212 2/2 Salnonella enteritidisllD 604
14-0.1 3.50.2 2.1 2/2 1/ 2

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

Then, the test sample was set at a distance of 20 cm from a
visible light source (100V PRI 500W Flood eye, Iwasaki Electric
Co., Ltd., Tokyo, Japan), and irradiated with visible light for 5
minutes on ice.

The EMA-treated and visible light-irradiated test sample
was subjected to refrigerated centrifugation at 4°C and 15,000 x G
for 10 minutes, the supernatant was removed, then 1 ml of
physiclogical saline was added to the pellet for washing, and the
suspehsion was further subjected to refrigerated centrifugation to
collect the precipitates. Such a washing trealment 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 amplification.

[0127]
1-3) PCR amplification

An agent comprising bovine serum albumin (BSA, Sigma),
trisecdium 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 laurylsulfate (SDS,
Nakarai-Tesque) was added to 5 pl of the sample for PCR
amplification.

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

[0128]
1) 2% BSA: 5 pl
2y 50 mM T3C: 1 pl
3) 100 mM MgCly: 1.5 pal
4) 0.05% SD5: 1 npi
[0129]
For the PCR amplification, Primer F: forward primer les 10F
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2/2 2/2 Serrate fonticolaJCM 1242 0.90.1 2.30.1 1.4 1/2 1/2 2/2 1/2
Yokenel | a regensburged. 1CM 2403 1.09:0.5 3.09:0.4 2.0 2/2 2/2 2/2
2/ 2 Rahnella aguatili sNBRC 13544 1.00.0 2.30.4

for 165 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 PCR primers.

Further, in order to maximize wvariation (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 atter the real-time PCR, a
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.
f0130]

&) Primer F {10 pmol/pl): 4 nl

b) Primer R (10 pmel/pl): 4 pl

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

{containing 0.005% Tween 20 and 0.005% Nonidet P-40)
d) 10 xz Ex-Taq Buffer (Takara-Bio): 5 pl

e) dNTP mixture (Takara-Bio): 4 ul

f) 10 x SYBR Green I (BMA}: 8 pl

g) Sterilized water: 16 pl

[0131]

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)

2) 94°C for 30 seconds (1 cycle)

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 tc 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 preccedure 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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1.3 1/2 2/2 2/2 2/2 Hafnia alveiJCM 1666 1.3-0.1 3.3-1-0.6
2/2 2/2 2/2 Leclercia adecarboxyl ataJCM 1667 0.80.0 2.60.3
212 212 2/2

2.0
1.8

product was measured.

As a positive control, live cell suspension of Enterobacter
sakazakii (8 logiy 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.

[0133]
1-4) Gel electrophoresis

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

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

The gel was stained with 1 pg/ml ethidium bromide.solution,
and observed as a densitograph, and the image thereof was captured
and stored by using AE-6905H Image Saver HR {Atto Co., Japan).
[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 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) + visible light irradiation (5 minutes)
EMA—: No EMA treatment
PC: Positive control in which 8 logyp cells/ml live cell
suspension of Enterobacter sakazakii was used in a volume of 5 ul
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.
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Pant oea aggl oneransJCM 1236 1.10.3 22:0.4 1.1 0/2 2/2 2/2 2/2
Ent erobact er sakazakii ATCC 51329 1.20.2 3.1 0.2 1.8 8/8 8/8 8/8 8/8
Average or tate! 1.1t02 2.90.6 1.8-1-0.6 28/ 34

E. coli: Escherichia coli DHSa (7.91 + 0.20 logyg cells/ml)

5. enteritidis: Salmonella enteritidis IIP 604 (8.07+ 0.02 logig
cells/ml)

K. oxytoca: Klebsiella oxytoca JCM1665 (8.38 = 0.08 logig
cells/ml)

C. koseri: Citrobacter koseri JCM1658 (8.02 + 0.06 logyp cells/ml)
E. sakazakii: Enterobacter sakazakii ATCC51329 (7.95 *+ 0.01 logyg
cells/ml) -

S. fonticola: Serratia fonticola JCM1242 (7.47 £ 0.01 logig
cells/ml)

B. aquilia: Budvicia aguilia JCM3902 (6.98 £ 1.50 logis cells/ml)
R. aguatilis: Rahnella aquatilis NBRC1i3544 (7.38 + 0.14 logio
cells/ml)

E. americana: Ewingella americana JCM4911 (7.47 + 0.43 logyg
cells/ml)

H. alvei: Hafnia alvei JCM1666 (8.04 £ 0.22 logyy cells/ml)

L. adecarboxylata: Leclericia adecarboxylata JCMle6&7 (7.46 + 0.20
logye cells/ml)

M. wisconsensis: Moellerella wisconsensis JCM5894 (7.85 &+ 0.34
logiy cells/ml)

Y. regensburgei: Yokenella regensburgel JCM2403 (8.03 * 0.13 logig
cells/ml)

P. agglomerans: Pantoea agglomerans JCM1236 (7.67 £ 0.78 logig
ceills/ml)

B. agrestis: Buttiauxella agrestis JCM1G90 (7.76 £ 0.00 logig
cells/ml)

K. ascorbata: Kluyvera ascorbata JCMZ107 (7.80 £ (.02 logp
cells/ml)

C. davisae: Cedecea davisae JCM1685 (7.56 £ 0.10 logyp celis/ml).
[0137]
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28/ 34 34/ 34 32/ 34 [0155] Meani ngs of the synbols a) to c)
used in Table 3 are as follows. a) Live cell counts of the colifom
bacteria, the neasurenment was perforned with n = 2 to 8. b) Nunber
of positive results to the total nunmber of the neasurenent of the
anplified product by the nelt analysis (TM pattern) based on

real -tige. FOR c¢) Nunmber of positive results to the total nunber of
t he neasurenent of the FOR anplified product by the el ectrophoresis
and gel staiwiifrg ( SYBR Gol d) pet hedkeli PO156niured cel1 ® JFrom t he results
shown| i AetTafsitacrsierijqy t HE. 8| es pr dpayed| by, | joguliating 9 to 25

cel | slof the*sfi ous cloliformbactedia (I1{ve cells) in 22.2 m of
past eflPE 2 epPoRar Ul | | & ERBRF b JATY f Dﬁt‘r?g Prb2 4.4 1 and performng a
pr ot el BAEET hoser iy gl o1t B 02D oo | a0 8y [ B b B 1 4 ot o

(pr ol EXEFUECHPT an of| 11 9‘200 G120 69 o B0 b ALY | v 4d hunher of the
colif Salmonellj‘a ent+er|t|d|s IIPP’(S?‘%i \ DS.*}_]% 2.1 1814 | 19206 J,St&g\, g0 g 4 900 cells
Furt h niterobacter sakazakii ATC $1é29";‘7. IO 01 [ 17400 1 oi+32 b ok . nd o’ the FOR

ur ﬁwrhtﬁant.m. Sciay Oy RSN Lo RGE T anRgtyeis o T ne !

a | i = -BREar adic Afl fRhal @ 'lTp'lfIEd

Pl | BLeS BLOE Wl and £LEF L PRRAS U‘:z?iﬁ' B0 | Al

Pr 0dUgS S dubei ik B STV B T FEbRGH 11 M6 colkisfaal | the 13

Stral Bt TerdeGiich oAt H+5’,53,r< qBI:H]IZI f Teal O P ogyCt obt ai ned from
the CWiSiB fafees 7O 1 TTOCHEES BU Wiko's COhLf0f Lpggtgria (live cells)
showet: & iREEaRhVR. Flep Ul ¥ 4siblnDPtiotse pmElt | s ySis |and the

el ect [ PROE ESbosensis[AERA] 7 50,34 | 15-RIFOMENG ARAVE [TESUl ts, it was

r eveakietit Rakshurti swak: Nede=-PRSEike T oLt eEatol iV ¢ells of coliform
bact grdna: andemnicErBbadl e/-aGEpas-haci etiia | necul{ai«ed i nto a foodst uff
such |asieew g ckiody [dr.ske.egunishiong thenj iseomjdead cells (detection
of | i|weveeekds): Sayiot he [nedhod pfi7 the [pe-@sents=inyentiion. Therefore, it
becangdpossibloeistso W det spr@app] wisuch a2ty metd orndt ¢ f oodst uffs such
as cow s mlk and detect live cells with high sensitivity, even for
vari 0E§1 |1s for which distinction of live cells and dead cells
have been ‘difficult (bacteria, viruses, etc.). [0158] [Control

Exanpl e 1] Thet egmhohs of 19 vid cepfisitbyabdpvemeaivenate et hoding

Hi gh @@J}g@l@grati on of injured cells of coliformbacterium (al so

i ncludin nte obact eri aceae bact ria cells) were detected by the
i, POR BN GAL | SGOEF i ToRG- ONAF/ e HTPeR TRIA S er o
subj ect@dkrtie an EMA treat rrent and then DNA was purified by DNA
eXtraCt|£ﬂhéy1@ayS@gid@§ §ntﬁﬂgﬂc@§§mn4(%£§g]ct values in real-time

PCR.

b) Injured cells were prepared by immersing the live cell
suspension in beiling water for 50 seconds.

¢) No treatment with EMA 1s meant.

d) EMA final ccncentration of 10 pg/ml is meant.

e) Ct value is indicated as mean = SD (n = 2).

) n.d. means that PCR was performed twice, but the objective gene
did not amplified in both PCRs.

[0139]

As shown in the results of Table 2, the Ct values {number
of cycles corresponding to rising of real-time PCR curve) of the
EMA-untreated group of live cells were 13 to 22, and the Cit values
of the EMA~-treated group of live cells were 16 to 24. Further,
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1. Test materials and test nethods 1-1) Used strains and culture

nmet hod The nmethod of this test was carried out according to
t he net hod of Japanese Patent No. 4217797 (International Patent
Publ i cati on No. W2002/ 052034) . Escherichia coil DHba,

Sal nonel la enteritidis 11D604, Klebsiella oxytoca JCML665, and
Citrobacter koseri JCML658 were cultured at 37C by using the Brain
Hear ttHenfasvehudr ofhtiBHMAbRE PratEdk grourTeRy by jured cellspwere 15

pr edetenpi Ngdy v.oliuRBe (%\Q}Lﬁ!js) pebiiGeat g¥as real keotiadchtin eashleul ture
brothlnv\,hlchtecel ﬁlnthelo arithm
t

e e;ﬁ.phag tg
subj SEEYEo tRfifiegEYAT e FiFRGaPT o IZEeAE obd X% for 15
M nut@sl.i rakhesadteiaupel mattanbbavas rieneae dacidrian anpl physiddnogi cal
sal i ne: was g.g%i d ta. gh&asp I Itegtgaomhgspend the cells again, a simlar
on S

h|n g opera or med of hy5|olog|cal sal i ne
vvas added tF@rt:h‘énﬁtié]elre@S %deth% s GFRFFHY §Gsb%§18ﬁt€ﬁ§"%§§ﬂs as a
live S_Q'QJwIn &HSpﬁleI1Qnan§ubéeldceﬂldumuntg N\@ﬁsltﬁeaSJtHseﬂtbyoﬂsm@gPem L

agar plate Iedim, . conng bWl el GELLS ST ernl GRAT 86h Ry RUL i N 1

m  of suspensron in 5 m crotu

i mergiaugst hé indsrretiubel isn olfofl 3 r‘r@ewa@blffofr@r b%@l%fééoﬂ@% (injured
cel | susnensikpR)iacthe hiidered cells obtained by this treatnent did
not form colonies on a standard agar nedium [0160] 1-2) EMA
treat REfOland light irradiation treatment of bacteria EMA
(Si gma, St onlLené adiis ob)SAe whsveissollved iat v200%: pdlat Usitngby

steri| | zed n t r erq; Bl usin
0. 20, FHETEer i B Gar it B PR e pbi PRSPl Pl LR R, B ! 19

The EMes@pM-ss oy }ewgr%/cmlisms ave\}él %?réiléFl’i‘Btlﬁ“ fhst BFdE8LED t he
|(l ve &ef |de§ﬁ?cé1ﬂls”b?|@ fxﬂﬂle&&&ﬁ@lﬂﬁﬂf gB8efd d’f} yonffckrm batierdh- 54
791 0.20 lo c an t .at _4C m er
 oni2 sttrera; e caft I oo Bl it BLAE | Aot bR LN
di st ancaigk 261 mahroimfunsds bl ks liaghtlsoumade Iéqmvlﬁl#oﬂs@@WF?%od
eye, (!)quléh Eé@égtrl'oﬁ }gc?s colﬁgfgntlo-ﬁ%lﬂi9 peaPan¥ri@nd,i Fsadi:akgte W th
or

| i ght m nut es on i ce. Each EMA-treated sanpl e was

subj eBe P ri6eni @fRAGEF A AP SALFPHSIGAL PBRTH24C and 15, 000 x G for 10
m nut ?(SJ,4lt]he supernat ant was renoved, and then a simlar washing
operaf Eerfor med with 1 m of physiol ogical saline. .
The | EEFI uspensions and the injured cell suspensions of the
Sall m)nel | a Dépterdtiaissof | Yoy cedlamnd ipduresyreest |14 /)19 ebsi el | a
oxyt 0@&31}1&%6@% (Iﬁ}t%&obg’cz%ﬂaggﬁe aeldcshm )incantz«€dd nabacd er koseri
JCAMGE(S%{{S.%% . 06 Io s/ w%r ales subjected to the sane
EMVA t PSRt ab ‘:‘[HaFO s%dn t YHE EScof a. [0161] 1-3)

Ext r att iTes tofia DNA flisoene of dsfroment Hoaist erl a (including

Ent er?%%%%aagmnlgaga@rm)mre metholN€ supernatant of each
suspensi on obtained after the EMA treatnent was renoved, arc}g{]lg
( '), 10

of 10 M TEESIREIa (FH189BYUWeS . BiRIe™d vt Aot shoBer et idcsse
pl  of gendrobei tes exdisotmtisene Loy ndspondi ngcbobd250MRILM,, Si gm)

was ag? dﬁaodghe a”é %EME@ Ca5, 20 29:%9&9&& 1024 (i J&%@%’S Lyt jon was

added he mxture was i ncubated overni ght at
50C. pneumoma%wmm e&@r@@ﬂiﬂofp%oéér%ﬂﬁéa b{PHerella

phenol-L gl 00t 08 a@punact kmeand ahhanolis ecipsiat imdnietdiaei( EP) .
JCM1666, Leclercia adecarboxylata JCM1667, Pantoea agglomerans
JCM1236, Enterobacter sakazakii ATCCS51329, E. coli DH5a, and
Salmonella enteritidis IID604 were cultured at 37°C for 16 hours
by using the Brain Heart Infusion Broth (BHI broth, Eiken Chemical
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Sterilized water in a volunme 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 (00260). Further, purity was
estimated on the basis of 0D203/0D280. [0162] 1-4) Real-tinme FOR
"By using Pri rrer F: forward prinmer 16S _10F for 165 rRNA gene

det ect i on and Priner R reverse prinmer 165 1500R for
16S rRRX e dqé?l?%((?fl 6‘?\525(%EQ ID NO 2), a PCR buffer having the
conpos®144dn shown bel ow was prepared. [0163] a) Ex-Taq (5 U pl,

pakara® 2T f cubedile €) dNTP
i D AT e e 5,

R (10vphotalgeyted i) af}5‘$\18 FerFupe( Qéscteewacklmomkdawa@?en li zed
Vﬁ’?f) erngR2.andpkub ko4l H&&df}?ﬁgﬁﬁi%%tﬂf&@amu% eqa:uamﬂ entod o

n of the aforenenti PER buf fer,. and
r eal % #ﬁts ngv\%lsnuggrfor rre&ug?;(r:%?tc? ok o the %’I I (QJ%I\/Q\AnnBI ther mal
cycl eplmonidilodas! ppluse ngpsaadded -td ﬁbemcapph@%ﬁmép(ei@@l,eﬁnﬁq

Bi 0- Ragh dJie %Hgﬁycn wed) di it eC1 b OF i s Dt Eﬁyéioﬁﬁﬁlcﬁl salne94E for
30 seconds %/cl 68 %3 94C for %Oﬁsecon 55C for 30 seconds; 72C
I

for W%Bs engy-oiy 8FR it es (1 cycl e)

The live cell suspensions prepared as described above were
used- as test sample 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
simultaneocusly carried ouf at a wavelength of 600 nm by using a
spectrophotometer U-2800A (Hitachi, Japan) to figure ocut the
relationship between the live cell count and the turbidity.

[0143]
1-2) Inoculation of bacterium suspension to foodstuff and
collection of precipitates

To 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 Entercbacteriaceae bacteria prepared above.

To 22.2 ml of the cow's milk, one kind of coliform
bacterium or Entercbacteriaceae 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 miik to which iive cells of ccliform bacterium
Enterobacteriaceae bacterium was inoculated and the cow’s milk to
which any bacterium was not inoculated, as prepared above, were
subjected to centrifugation at 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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[ 0165] Then, according to the protocol of the nelt analysis
of the FOR anplified product (tenperature was raised at intervals of
0.1C from 60C, each tenperature was nmintained for 8 seconds, and
this procedure was repeated 350 tinmes in total up to the final
tenperature of 95C), the rrelting tenperature of the FOR anplified

product was asured. [0166 % Gei el ectrophor esj g 2%
Agar 038" gel’ ?gb’)bﬁ‘%eeéﬁ%é fE1g aﬁﬁrb CLLRERT BISBr %%‘féjl Rockl and, ME)
was prepartediby tusicedléct theTAEscipitatesThe FOR anplified pr oduct
was appl i edjen c@lﬁ&h%@e?fgcigltgkeéquhge@QﬁQQ§@hggﬁnwgnﬂllk to

el ectrophoresi s was or ned 8’%’& was stained wth 1
e

pg/ m Wetdi ditlith B EIE BNt TE 1B st BRPACTEERSTRASyr aph, and
t he llwgﬁembﬁre&ﬁ 1\ﬁasu3;aatpéd4r edqang whaneﬁubxbaub‘éﬂgmAﬁa&Q&H | mage

Saverln CL§1 %fﬁ C C es a J‘)ﬁ%dgglﬁ ]ce%.]_s flﬁ)ac%erla orl\glnal al ues

(nunber i"catton curve exceeds a
i m t exkdties) l@btthaﬁ medkdiepackon murigk ﬁedlmatdeHEXF@thaibef shown in Tabl e

4. Fuéﬁéﬁﬁlazﬁaﬁxfq%QhﬁsnégaﬂiQ@ £ QG QPHOTRSHSpSY & 1SROM- R 1 KT 9. 3.

[016 n of the sy s used.in Fig. 3 are as
foll ol\%Cl%lBBs?%angﬂg%?‘gcﬁr&ﬁl °%E- dxy n‘g L%?li’] 685 (8.38 0.08 | ogio
cells/m) CDhEIrebram entbexs erucgat matkmherprem%‘&s( Brégar«di 06 | ogn

cells S rd gh {.u 1 . agn
cell s i] g ?r%tﬁég fﬂ hga%flﬁh%}rln ‘TeEgﬁ%gérl tﬂ)?ﬁg ?clglzlgg Qa%grh%goz

| ogi 0°% qt§FﬁP§Ct€EN’R¢eafEmcttﬁéaW neryPgrat, cadainaatEsd 4C under
| i ghtcshisehding)vetceisébl e light irradiation (5 mnutes) EMA-: No
EMA t énﬁtgent NC. Negative control in which sterilized water was
used instead of the DNA tenplate M 100 bp DNA | adder Injured cell:
| nj ur&dBic&nkgmprigpateentby i mersing the live cell suspension in

bOiling Wﬁﬁ%reﬁéﬁ d%otﬁ@cﬁﬁggipiEgégghtgépl§%M$le) 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 (equivalent to 1250 U/ml, EC.3.4.21.64, Sigma} 50 times
with physiclogical saline (25 U/ml) was added tc 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.
[0146]
1-4) Ethidium moncazide (EMA) treatment and light irradiation
treatment

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

mixture was left at 4°C for 10 minutes under light shielding.
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Bacrer i umlom, cel | s/m Live cell a) Injured cellb) 0 a) 10
d O0e) 10 Klebs i el la oxytoca JCML665 8. 380. 08 21 0. 9 221.1
221.0 n. d.0 G trobacter koser i JCML658 8.020.06 19 0. 7 210.8
201.1

Then, visible light irradiation and washing treatment were
performed in the same manner as that of Example 2, and 5 pl of
sterilized water was added to the precipitates to prepare a sample
for PCR amplification.

[0147]
1-5) PCR amplification

A pretreatment agent was added to 5 pl of the sample for
PCR amplification as in Example 2.

For the PCR amplification, Primer F: forward primer
165 1234F for 16S rRNA gene detection (5'-
CTACAATGGCGCATACAAAGAGAAG-3', SEQ ID NO: 3), and Primer R: reverse
primer 235 1703R for 235 rRNA gene detection (5'-
CCTTCTCCCGAAGTTACGGCACCAT-3', SEQ ID NO: 4) were used as PCR
primers.

Further, in order to maximize variation (primary
differential peak) of the flucrescent substance amount depending
on the temperature to perform high sensitivity detection in the
melt analysis of the amplified products afiter 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.

7 The PCR primers contained the nucleotides of the 1234 to
1258 positions of the 16S rRNA gene, a tRNA gene (76 bp) and the
nucleotides of the positions 1 to 1703 of the 235 rRNA gene, and
the target thereof was a long DNA (about 2450 bp) containing a
spacer region {abcut 364 bp).

[0148]

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

b) Primer R (10 pmol/nl): 4 nl

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

(containing 0.5% Tween 20, 0.5% Nonidet P-40, and 50% giycerol)
¢) 10 x Ex-Taq Buffer (Takara-Bio): 5 pl

e) dNTP mixture (Takara-Bic): 4 nl

f) 10 x SYBR Green I (BMA): 8 ul
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n. d. Escher ichia col i OH5 a 7.91-i-0. 20 24 1. 2 250 8 221. 4
40-1. 4 Salnonella enter i t i di s1 | P604 8.470.02 21rt1.4 21 -0.
5 200.8 341.1 [0170] The synbols a) to f) used in Table 4
indicate the follow ngs. a) Live cell counts of the Klebsiella
bacterium G trobacter bacterium Escherichia bacterium and

Sal m)nel | a bacterium t{ur#]'re{erl cal vaI ues in the colums nean
val ue8’ oBtEr Nt ALEar -1 I njured cells prepared by
I mrer $0Plthe |ive cell suspensi on | n boiling water for 50 seconds.

c) No treatﬁgaﬁltm kMl $dP880hed HhoEMMS itBatnCORGEBEI RS ibeR of 10
pg/ M is nmeant

thermal cycle conditions by using a reai-time PCR apparatus
{iCycler iQ, Bio~Rad, Hercules, CA).

1) 95°C for 3 minutes (1 cycle)

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

3) 95°C for 3 minutes {1 cycle)

[0150]

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

As a positive control, 8 logjy cells/ml live cell suspension
of Entercbacter sakazakil 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.
fO0151]

1-6) Gel electrophoresis

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

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

In a solution prepared by diluting SYBR Gold nuclieic acid
gel stain (Invitrogen, Eugene, Oregen, USA) 10,000 times with 0.5
x TAE, the agarose gel after the electrcphoresis 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. Results
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e) & value is indicated as mean SD (n = 2). f) n.d. neans that
the PCR anplification reaction did not advance, and the Ct val ue
coul d not be observed. [0171] According to the results shown
in Table 4, significant change of the Ct value was not provided in
the real-tinme PCR by performng the EMA treatnent for the live cells
of E. coil and S. enteritidis. Furth in the case.of.the injured
cells, theTEF/Af‘?séﬁt%édo i PRt eH T g BEE EERTGREr T?fl?/;%'ue of
about Fur8;hetrhet heEMAstt eatcdd tBe emcgrpphaicsioedf Shehdwedt FCRI gher O
val ue,f, ;g0out, 1, conpar edows th tE!rilg_sez.of the untreated cells, thus
there was observed a tendency that fhe FOR anplification was

suppr B¥sed, but FOR showed a positive reaction (Ct value: 40 1.4
and 34 1. Ihe meaningsASf sgen siniashd heed esulitiy. of adiestis ntlilonsof |ive
cells,and. ipjured.cells using the final PCR anplified products (Fig.
3), t %’ g{én‘ah&fmcf%ﬁggobj ective gene was obtained also in the sanple
of EMAtr dat &ds¢mi ured cells for E. coli DH5sa and S. enteritidis

| | D60#;. and-thus distinction of live cells and injured cells could
not sufficiently be confilLmed. [0172] On the other hand, as
for t¥e Iﬁ'eﬁg?%zf/ﬂtédbﬁct erium and the G trobacter bacterium when the
live K&l Iis werarisub) ected to the EMA treatnent, any phenonenon

conc [ Lgni.fi cant increase of the G value was not observed,
but %%nr&?hgé‘lg%aﬁlr ed cells were subjected to the EMA treatnent, the
FOR afipl i-i éaft'sitlReacti on was conpletely inhibited, thus the &

val ueyreowt.d ragéndpe rireasur ed, and therefore distinction of the live
cel | smg_n i njgua(tej_qi%el | s was possible. [0173] [ Exanple 4] It
was exani ried?ow riich degree the cells of Enterobacter sakazakii
were HArsdd @lysis) in the presence of a pretreatnent agent after 50
ti mespof FOREhemml 1 eycl es. [0174] 1. Test Methods Cel I s of
Ent er obact er Sakazakii ATCC51329 strain (ES) in an anount of 108

cel | s7 fnef@9<WS5ERded i n physi ol ogi cal saline or the pretreatnment
agentEsolmt beraxaatii oned in Table 5 (henceforth also referred to as
"DE (i &CH Prider g;'gt £1RLEPALS SUSPENHORR6LD 2R2aM th ERERForm
suspensi on was divided into 25 pl portions, and they were put into
200- praPER ¥ibes, respectively, subjected to FOR thermal cycle
repetpddi@nvst epusing erayol e(oftobabosr Faksesondss e0GH er 20

secongds 72C 30 seconds (50 tinme conbi ned into one again
(tot gfo%‘? %%%éf“? He 5S‘§§rﬁ‘)sf 5 8?9%55 Sf%frfrp’l%llgi cation. Fromthe sanple
of 0.RFativaeriidoenede aboreclalporlt icbnsofriliBep|vaigs wdd luseteds and
addedpdi0 t1gpZa Pl of the pretreatment agent solution mentioned in
Table 5 (provided that the volunme of sterilized water was changed to
2.7 pt) 108nkP 12¥%732gfef the FOR buffer nentioned bel ow was added to
the nmiodsdne to perform FOR (corresponding to the suspension |

ment i pned ian Table 6). As the priners, onpA F. forward prinmer for
onpA gene detection (5 -ggatttaaccgtgaacttttcc-3', SEQ ID NO 7),
and onpA R reverse priner for onpA gene detection (5'-

cgccagcgat gttagaaga-3', SEQ ID NO 8) were used. [0175] Conposition
of FOR buffer: a) onpA F (10 pnol/pl): 2 pl
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b) ompA R (10 prnol/pl): 2 pl ¢c) Ex-Tag (5 U pl, Takara-Bio): 0.25 pl
(containing 0.5% Tween 20, 0.5% Noni det P-40, and 50% gl ycerol ) d)
10 x Ex-Tag Buffer (Takara-Bio): 2.5 pl e) dNTP m xture
(Takara-Bio): 2 pl f) 10 x SYBR G een | (BMA): 4 pl [0176] Then,
247.5 pl of the remainder sanple for FOR anplification (the sanple

for FOR-anplification gfter the 2.5 pl portion—was—extracted—+ffom

| . . Real ti CR . .
t he vol l‘t',ngr aﬂf: 'r_fg’b”“Zte Iarg ) | WekSce S b € G o/ sdne] 'ch - "e{))a?a%rﬁ‘ cent ﬁif- tgati on
(101 000 %X d g rﬁ 8 ‘ié 40)1 and—12 r)ASceup ,..NIA.P B e oo el sl

vy rent —qagent
sol ution and®975 pl of whe ﬁﬁw i ffgl, yere added t6%2.5 pi© of the

super ngd At 1. Pe E!Ryaaw FOR.{ SURBLIat agl | ) s THeph |t 04khe[ paja e
obt ai NER.WiLiTe afl@nESTENLLTET LT 1 fiigatbon, & 25 Bk O]

physi kRG] Ll Sal L@@l 122& pr eldieal ment | agent =ol|uf ken hentd oned in
Tabl e [Brd@sSaddedpdse priepase] suspensi ons| and] tie 4. S2p|l pf 2each
suspensiaivi=12. 25.liss0f| tore pr etzpeat nent | agent «ol|ut kBN and212175 pl
of t hesakiR Bufeit er mywr e added | t es=per f orm FOR (sugpensizén | | )22 The
r emai n@er:fgiolat he gwgpernsten wassdubjedt ed t/® yefyijgerdted 2
cent r i foygatdrepmesu n erot heltseime eomdi ti dhs| a¥? ner¥4 dned?above’? and to
2.5 plRagfiaapupic supBRABFHNIOEN D 25:0h| | afi3 t heYhr et ¥egt mdAt agdfft |

sol ut iFeHent | onedP 9% | THEPe 53888 12295] pp2 of ¥ha FER buf F8rer e
added [eEpEErRth BB duBethat AR ) 1 ThePhat 44 | + R& shrdl
P a ang i s Ldo a2 ) ﬁ.ngﬁnﬁ
P O it o e ibh ) HIE puanehsioff, Y- gnd-tgs supernagant
Averagoortat 0 o0 Tl P tifj-:_guu "Taa0e | 200 Ay | sakd =TT saley ]
Real - ttHe—-FORwas perrorfeaaccorarng 1o tne 1o WNg FUR her mal
cycle conditions by using a real-tinme FOR apparatus (i Cycler iQ

Bi o- REUL>2her cul es, CA). 1) 4Cfor 3 mnutes (1 cycle) 2) 95C for 15
seconds; 68€afinig2@fsecordspbol2@)f ar 8D wecondsT{56 dyetesp 3) 95C
for 3¢ l@u%es (1 cycle) [0178] Then, according to the

pr ot oco the nelt analysis of the FOR anplified product
(t enpor dldrecokls ceansedPlatbEntRrEFE BICTETies f 6ot Eseh Was
tem%@tﬂé&ﬁemtmhnkaz nedgfor 8 seconds, and this procedure was

repe eq\!t gf,og g%;g%)%al to tEQe f:jtnpro i erature of 95C), the

mel ti arrpl I'F was neasur ed.
[Ol?g@edﬁmbh@eﬁt 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 incculating 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 colifcrm bacteria (live cells)
increased to 90 to 2,900 cells.

Further, as a result of pericrming melt analysis of the PCR
amplified products and electrophoresis of the PCR amplified

products, it was possible to detect live cells for all the 13
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Pretreat ment agent solution(DB) Anount (pL) Final concentration 500
pent |ysozyne 0.5 10 og/nmt 4%Brij 58 6.25 2.5 1% 0. 2% 2% BSA 250

0 TSC0.1 1 nM750 "M MC12 0.1

strains. In addition, the PCR amplification product cbtained from
the cow's milk net inoculated with coliform bacteria (live cells)
showed a negative result in both the melt analysis and the
electrophoresis.

[0157]

From the above results, 1t was revealed that it was made
possible to detect live cells of coliform bacteria and
Enterobacteriaceae bacteria incoculated 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.).

[0158] '
[Control Example 1] Detection of live cells by conventional method

High concentration of injured cells of coliform bacterium
(also including Enterobacteriaceae bacteria cells) were detected
by the EMA-PCR method targeting 16S rRNA (long DNA) in which cells
were subjected 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 strainz and culture method

The method of this test was carried out according to the
method of Japanese Patent No. 4217797 (International Patent
Publication No.WO2002/052034).

Escherichia coli DH5¢, Salmonella enteritidis 1ID604,
Klebsiella oxytoca JCM1665, and Citrobacter koseri JCM1658 were
cultured at 37°C by using the Brain Heart Infusion Broth (BHT
broth, Eiken, Tokyo).

A predetermined wvolume {10 ml) aliquot 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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3 MM320 X SYBR Geen | 0.1 1.28 X Sterilized water 15.45 Total 25
[0180] 2. Results The results for the Ct val ues determ ned by
the real-time PCR anplification are shown in Table 6. The indication
"Not heated” in the table nmeans a group for which the heat treatnent
according to the FOR thermal cycle (repeating 50 tinmes a thernmal
cycle conS| sting of reactjons at 95C, 60C and 72C) was not
per f ofhedf, PRyE-© ad Fa1iRet Hes mddedy by eheniahketa tgr BEFPF6r Eihi ch

t he heallst reatnerd saecoddivaght 0g tdrerkORM hasnpdr tyrake, wasnped fror med
50 ti h o 0 t akaza

uspenE B O P da et oo s 076 EE TS/ i P

t he st@srfcdcagas mediduam pl dlee eid chersnaienceliveoitl epunt

Ent er@@@-@ﬁe@%uﬁa@dﬂ&%ﬁ‘&bhn@ nari h.ea§ékhp%ﬂ|3@133¢ﬁl$d1|uml ndi cated with b) was
105" 7 cell samne t he basis

m d
i he fundamurdd, SR LIS L2 I8 SRR IR or rhachitErant
r esul tsllofsuspersicel Lntountls Sknl thhiersuspensindnitiérzndgsuper nat ant |

reveah £d.Jehat 14 \ifoﬁ%i; %ra}%%r erdl S %QE&ﬁds!‘E{_dLn%réH ragio of 1%in the
super nat ant  obt ai ned refrigerated centrifugation of the

suspefsiRsR S PR Ent @P%M@%Fds FaRPFa iR PRY stbiSo g eat™gdl fHé."CAs for
t he norerhealedigy awpaoftdndasakagakimed(am. physi ol ogi cal saline), when
t he CLO v6%l ues obtained for the suspension | or Il and the
superhatant | were conpared, the & values for the suspension group
wer e h)'&ﬂlerEMBytmﬂ*}men‘é arghd ight | srredistder ddeatmantt kifsbactayainnl y

because t hgphi \@1 || e Wergiisi o f iveant Lys cazlsls@ﬁ@di atN1 e pg/m1
amount  of , t.hem were

precipitates and a rerrel

P 56 Gt e cLet efihéa%%rpeﬂﬁat ST Rares bR Brehondnbhieans
t hat theislingel clHps felteedi(Binidantedlbet ieenothes BGeckgitiates, and
the sgper ?ant at a specific ratio. [0181] The results for
the thermal cycle heated g rouB of E. sakazakii (in physiol ogical

sal i ne) rreé“ﬁ@ e 30dstionsdiofs wbteiined by’ dubf etk illght i Ssuspensi on
of thgidddveocetd 3iek Eéﬂlera@aacﬁﬁrreaakazm@mspemjwmss|(@II@Jg| e&l £sal i ne

to the he I ycl Q tine form
anpl |?|fC§HE ﬁgjct IQO[IS’:I % ?ﬁg’tohgeflsp/?ﬁﬁat % The eif?lg:‘%o and i f
t he beigtieesalings] s gvershilejdedowhen t he FCR t her mal cycl e was

repeat ed, andn! he e RLOPDSOMRL Mfﬂlﬁ‘eﬁ/e&Béﬂ’NaYdQ%a&fe bthexgehls, it
shoul%sq asi cal Jt%’ bﬁcokrlre |np055|£de to @S re Cr val ue for the
suspesToAsVHIHS MM HGRVER, (Y 6FF t HEVOE IOt 1€ wetE 3 dwer t han
20, dhicctthus @de Ledct iTrkyopf JHER )wered fiavadadbted pechorigd. fdhus, it
was decided to deterkine how nmuch degree Enterobacter sakazakii
cell s were |ysed after they were subjected to 50 tines of the FOR

t hermal cy&ReR PR pAgat el cgieas & isHEIfrFachéof Bt @R rgt€kanpl es.
[0182kﬂm11fugatlon 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 suspensiocns and the injured cell suspensions
of the Salmonella enteritidis 1iD604 (8.47 £ 0.02 logyy cells/ml),
Klebsiella oxytoca JCM1665 (8.38 £ 0.08 logig cells/ml), and
Citrobacter koseri JCM1658 (8.02 £ 0.06 logyp cells/ml) were alsc
subjected to the same EMA treatment as that used for the E. coli
DHb5ar.

[0161]
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Table 6 Washing step I Il Il 1V E sakazaki i (in physiological
saline) (108 eel | wit) Not heated Suspension 16. 40. 4 17. 00. 6
17. 00. 8 16. 90.5 a)

1-3) Extraction of DNA from coliform bacteria (including
Enterobacteriaceae bacteria)

The supernatant of each suspension obtained after the EMA
treatment was removed, then 0.5 ml of 10 mM Tris-HCl1l (pH 8.0) was
added to the precipitates {(celis), 10 pl of a Proteinase K
solution (corresponding to 1,250 U/ml, Sigma} was added tc the
mixture, 200 pl of a 10% (w/v) SDS solution was added to the
mixture, and the mixture was incubated overnight at 50°C.

Then, DNA extraction was performed by the phenol/chloroform
extraction and ethanol precipitation method (EP).

Sterilized water in a volume of 150 pl was added to the
extracted and purified DNA, and the concentration was estimated on
the basis of the absorbance at UV 260 nm (ODzg) . Further, purity
was estimated on the basis of ODogo/OD2sg
[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 163 1500R
for 168 rRNA gene detection (SEQ ID NO: 2), a PCR buffer having
the composition shown below was prepared.

[0163]

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

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

e} Primer R (10 pmol/ul): 4 nl

f) SYBR Green I (2x) (BMA): 10 pnl

g) Sterilized water: 22.5 pl

{0le4]

‘The template DNA in an amount equivalent to 150 ng was
added to 50 pi of the aforementioned 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).

1y 4°C for 3 minutes (1 cycle)
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Supernatant 21. 5-1-0. 0 h) 21. 2 0. 523. 2 1. 023. 9dr 1. 2
Heated with thermal cycle Suspension 14. 30. 5 16.90.4 18. 01. 1 19.
0 0. 8 Super nat ant 15.210.2 19.6+0.6 20.60.9 20.8+1.2 E.sakazaki i
(in DB)

2) 94°C for 30 seconds (1 cycle)

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 cycie)

[0165]

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 95°C), the melting temperature of the PCR amplified
product was measured.

[01l66]
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 ul
Lo the agarose gel, and electrophoresis was'performed.

The gel was stained with 1 pg/ml ethidium bromide solution,
and observed as a densitograph, and the image thereof was captured
and stored by using AE-6905H Image Saver HR (Atto Co., Japan) .
[0167]

2. Results

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

[0168]

The meanings of the symbols used in Fig. 3 are as follows.
Klebsiella bacterium: K. oxytoca JCM1665 (8.38 + 0.08 log.
cells/ml)

Citrobacter bacterium: C. koseri JCM1658 (8.02 + 0.06 logig
cells/ml)

Escherichia bacterium: E. coli DHS5wx (7.91 + 0.20 logyp cells/ml)
Salmonella bacterium: 5. enteritidis IIP604 (8.47 * (.02 logi
cells/ml)
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(105 cells/nL) Not heated Suspension 15.8+1.4 15.40.1 1511.2
14. 3+0. 9 Supernatant 23.9+2.7 27.1+0.8 25.55.9 28.0+1.4 Heated
with thermal cycle Suspension 22.4+0.5 22.5-10.4 22.4+0.4

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

EMA-: No EMA tCreatment

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.

[0169]

Table 4

Live ceil & injured cell b}
0 ¢ S 08 10
Klebsiel la oxytoca JOM1665 8,38£0.08 | 21209 | 22:61.1 | 2241.0 | nd ©
Citrobacter koseri JOMIG58 802006 | 1907 | 21£0.8 | 20:1.1 nd.
Escherichia coli Dis a 7916020 |24 +£1.2| 25208 | 22414 | 40x1.4
Salmonelia eateritidis |(PAO4} 2.47:£0.02 |21 =1.4| 21205 | 2008 | 3411

Bacrer jum tog,, cells/ml

{0170]

The symbcls a) to f} used in Table 4 indicate the
followings.

a) Live cell counts of the Klebsiella bacterium, Citrobacter

bacterium, Escherichia bacterium, and Saimonella 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 wvalue 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 cbserved.

[0171]

According to the results shown in Table 4, significant
change of the Ct value was not provided in the real-time PCR by
performing the FMA treatment for the live cells of E. coli and S.
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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22. 6+02 Super natant 303-1-0.4 30.90.8 30.71.0 30.8+1.2 [0183]
Further, as for the Enterobacter sakazakii cells "not heated" in the
presence of the pretreatnment agent, the ratio of the Enterobacter
sakazakii cells flown into the supernatant by the refrigerated
centrifugati on was suppressed 10 tinmes conpared with that obtained

vm'thgh si ol ogi cal sali ne, e.,. theratio was 0.1 to_0.2% and the
recov M‘g gaf’ﬁ%t

i.e. \
~fFitEf efic\PrAS T e ife CRELS ViSO WREr k SUIB)ST gt Foste 4
Ent er obact@ipagakaziaki cthesd | ane hysedtonlaelby, | ead ngetdemsi n t he
pretreat nent. agent. sol ution, .th val. ue si.gnificant|y i e S as
t he pP%%%E?“%?ogggﬁ?CVr%W? ﬁges?%%E?%ﬁlgﬁgﬁg%gpgﬁgf%%p¥e%%9%hgﬁgtep
for t ReRstspedsk arrsiVivanteddtirhe{Ctaveleonfiletel y4 |apded? tHel) -

ch][ O_rmsorralzéﬂyéeh sﬂ]{cﬁ@@uerf&dmgt bﬁ c&%@%ﬁ@@i&ﬁﬂbfaﬂ@ CE:_?ES and
refrigerated centrifugation, a us the neasurement _of the

Vol e TSR BELO P Re Hra T PORGUE) L 19D P EL s Efbwrn Habl o

6 do hatd sifppbetolsiuchiestdarat wen. oft@L84¢ also in Wratsashballod BMA-
espec ’ £359; Waet £ g Enf &f obact en ssakazdeol, cel | s
wer e Eg%%%%£gh??%%§6é§?§e§ﬁ3%:FCR t hermal cycl es %ntfhengetreatnent
agent 288| HtisoAisHgiides ¢hatlvet fell apdl tel Bedt FelisuspRHS it | was
smal | enfiharnthe K3 cvaFueref. the supernatant | by nore than 8, that

t he C&o %%Pe of the suspension Il is simlarly smaller than the C
val ue of ‘t’he supernatant | by nore than 8, and that the & values of
t he suspensionbel diheantah®, disd frotthadileasteile bpiterion s thecr ease

of the;pUihelofpNashing, opRMathoM Rk EBE Pelet sudfectbe to the
Ent er obact er sakazakii cells are conpletely ggied in.the
The o

pr et r B¥R Nt RGEM 298] BRPATGER F 9 bt 1PREEPEERE her nal
cycl ethantt theue hraaimasonsbs<PNAd| sowonpket ey ihlowd aellls nteoret he
exter . sQl ut | t V. t S Lon -

super POPASTe patic ha LuprafE dine PRIt o b PORER et
nunberomplatied vnEgHiDA§eaf Hhe BRI @t Viedtpeuddd therEaffarurache aut

val uetpérd iR SUSHENSIOPn SO UL $ighiddicanidy ihperansel18rwidhe

measur enent. t hereof shoul d becone inpossi ble. However, the results
shomnp?ﬁaggﬁre 6 do not support such estimation. On the contrary,
the CiGvailue of the suspension | was smaller than the C val ue of

t he sygg&ﬁgkaqﬁ | by nmore than 8, it is estimated that the ratio of
t he chronosomal DNA flown out into the supernatant was around 0.1 to
0.5% at nostt (a8 FEMiPRE BT gl ofe TS Al St ik KihserRatHit 1, an
ext r eprkyz S| Weparniysefi {heikEnt en obiac peesaalcandka ipregrbstrafntwhi ch
speci f ravity e t repetition of the thermal
cycIegh%§@5§¥?%c%€gﬁgg§i%pﬁﬁé'Eﬁgggﬁaggﬁg%? and it is estinmated that
99% ofUhttle of the origin of the & value of the suspension | is DNA
in the, celdisvetnday er obacter sakazakii. That is, it was suggested

t hat even ter the_ Enterobact sakazaki ] s were jected to
he e thai &6 i Reber s St BT A kel or RS KRl L ERent
agent an9@% of Bt ecdistiiemewner susrondeysied phyoi@Bjgical saliper oher,
the Gnyalues9fndiie s5u5PeN5@0h AR 1bhE sUPenpat antnbnfrdhie " Not

heated” group of E. sakazakii (in shown in Table 6 are

si gni BLeamatprspriicesst hidh (Heset ofufife) ' Héat B4Rt SLRBTMHRIC Sy cl "
group,(0respesti wrlcy. sSippesbngeddati vimed ieiftot e (celpbstofns, and

Ent er cter sakazaki i re lyse 5 I ITE P -hej mal. _cycl es
in thggg eégﬁcéu%FL ﬁe2%§éﬁrgggng%G%ngﬁ%#ggﬁg%%yiﬁgbé ?%%gggnal DNA
novedPER Hremed| emdlen repeel tihe step wimlngsa oivalReos BfpEnsPBAS  and

t he Sle!@%clsr{wst,g@b%h Qfr ?hes%]dﬂﬁ@ts¢dam tp °th|@® nRlcoads!| @0 giesy) shewl d be
conparahbhl e. Further, in the suspension since Enteropacter

oA ERTTIoE) TEEVaTE P Stans ts by 2t SR ThddE ik
chronosones, and therefore the cel}s,should conme to the state that -
the ¢t value could not be neasured. wever, the results shown in
Tabl e 6 do not support such estimation. Furthernore, on the

hypot hesis that the & values of the aforenentioned suspension | and
the supernatant | in the "Not heated" group significantly snaller
than those of the "Heated with thermal cvcecl e" arouno were orovi ded bv



Tabl e 7 E. sakazaki ilive Pretreatnent agent solution cell(ce |

I s/ m.) Physiological (DB) saline Not heated Heated with
cycle 109 16. 80. 5 15. 80. 4 16. 80. 8 108

amplification. From the sample of 0.25 ml mentioned above, a
portion of 2.5 pl was collected, and added to 12.25 pl of the

t her nal

pretreatment agent solution mentioned in Table 5 (provided that

the volume of sterilized water was changed to 2.7 ul), and 1Z2.

pl of the PCR buffer mentioned below was added to the mixture

15
to

perform PCR (corresponding to the suspension L mentioned in Table

6). As the primers, ompA F: forward primer for ompA gene
detection (5'-ggatttaaccgtgaacttttcecc~3', SEQ ID N&: 7), and
ompA R: reverse primer for ompA gene detection (5'-
cgccagegatgttagaaga-3', SEQ ID NO: §) were used.

[0175]

Composition of PCR buffer:

a) ompA F {10 pmol/nl): 2 pi

b) ompA R {10 pmol/pl): 2 ni

c) Ex—-Taqg (5 U/pl, Takara-Bio}: 0.25 ul

(containing 0.5% Tween 20, 0.5% Nonidet P-40, and 50% glycerol)

d) 10 % Ex-Taq Buffer (Takara-Bioc): 2.5 nl
e) JdNTP mixture (Takara-Bio): 2 pl
£) 10 x SYBR Green 1 (BMA): 4 ul
[0176]
Then, 247.5 pl of the remainder sample for PCR
amplification (the sample for PCR amplification after the 2.5

Kl

portion was extracted from the veolume of 0.25 ml) was subiected to

refrigerated centrifugation (10,000 x g, 5 minutes, 4°C}, and

12.25 pl of the pretreatment agent solution and 12.75 pl of the

PCR buffer were added to 2.5 pl of the supernatant to perform PCR

{supernatant I). Then, tc the pellet obtained by the

aforementioned centrifugation, 0.25 ml of physioclogical saline cr

the pretreatment agent solution mentioned in Table 5 was added to

prepare suspensions, and to 2.5 pl of each suspension, 12.25 pi of

the pretreatment agent solution and 12.75 nl of the PCR buffer

were added to perform PCR (suspension II). The remainder of the

suspension was subjected to refrigerated centrifugation under

same conditions as mentioned above, and to 2.5 pl of the

the

supernatant, 12.25 pl of the pretreatment agent sclution mentioned
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17. 40.7 16. 20. 3 15. 50. 7 107 19.9 0.2 19.9 0.5 20. 60. 6 106 22.
71.1 24, 00. 7 24. 00. 8 [0188] It cannot be consi dered
that the & value of the live cells of Enterobacter sakazakii
suspended in the pretreatnent agent solution and subjected to the
heating with thermal cycle was significantly larger than the C

val ue;gbtajined md thhy%ﬁp'c&gtﬁ@'P@%abbﬁﬁeloheﬁséeadlfe@t egatdEninagent
sol utiQn not subj ected to hhe %%ﬁetltlon of the thernal gcle and

t hus ??R\AQ?PSB‘P]"I‘ iTredtt hat "FEeTourd Hot B8t %Occ?é‘%% S APPFEES the
i ncr easeilofthbosisddneiGh alanestind duipersatspensiorede ahdairweel, and
superpgﬁq&g # [0} 0 S s O ted W,k hfhermal cycle” group shown in
Tabl e 6. he basis of these results, it is estinmated that the

chr omB%Wdl DNA in the cells of Enterobacter sakazakii, which was
obt ai ned byecaubtaed imng vhe dgerirerabacicebrsakpzakihe aellll swimy ARt I mes
of thghPC%ltgeéfalo% c Eﬁm!? t he. resenc 1:(:J)Lletp&pretreatnent agent,
cool i ng “them o hen retdr nlné;then1 0 roon1teﬁ8era ure, and

subj eéﬂm@eﬁfhe@m tEGOrBMlj dEratédscddtri f ugati on so as to recover the
chr onpeom@ fg)NAo, i nt;08s PEl | tﬂ@pd the supernatant, was intricately

enzynes e et SROPnGEl brs X PERpIar T 4r & %R%?sret%h'a

begi nmismg:chveh if the Ct value of the supernatant originated in

that bLess tchgﬁ 1%m%uihgg g]ntcg cter sakazakii cel I s were |ysed by

50 tines of the er na ycl'es in the presence of the

pretr €4tfEnt agent, it -is thought that DNA was not conpletely

separ at ed imata, s&dagirels@rtaﬂd&ei préfe-cPCRE tthel fBelc ereliesis eat ARt at

94C a he begi n or the af or enent.i oned reason. [0189]
anbi P F L EL S0 BBt T, PR O AR B DD 26t or

sakaz&kl ic \Kerﬂe 6W§edeé¢lygqeglpeb§'t15® MﬂﬁEIBaJ@TtaF@Ri tieer fresewyckes in

the prgsenes ofoddgrorfld 6@ %@Eﬂéd agent i mdy ﬁ%&gﬂsegp{@strebtfewpd
before and after the repetition of the FOR t hernal cles on _the

basi stgPFRGBFeedceCh dtEsEBhY HhdcLPRrddLeopt c,thﬁ‘l gyt ng a
nucl eprodical nasgueagantéd. and fl ow cytonmetry, which enabl es
quantlé 7c;aa}tlon of cells remaining after the repetition of the FOR

t her ma cycl es. [0190] A. Fluorescence mcroscopy and stereoscopic
m cr o58dFy °1. Experinmental met hods
Pretreatment agent Amount {plL) Final
solution (DB) concentration
500 pg/ml lysozyme 0.5 10 yg/mL
4% Brij 58 6.25 %
2% BSA 2.5 0.2%
250 mM TSC 0.1 T mh
750 mM NMgClo 0.1 3 mi
320 X SYBR Green | 0.1 1.28 X
Sterilized water 15.45 -
Total 25 -
[0180]
2. Results

The results for the Ct values determined by the real-time
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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In the same manner as that of the nmethod of Exanple 4, 109 cells/m
of the cells of the Enterobacter Sakazakii AT0051329 strain (ES)
wer e suspended in physiol ogical saline or the pretreatnent agent
solution nmentioned in Table 5 to prepare suspensions (0.25 nL). Each
suspensi on was divided into 25 pl portions and put into 200 pl FOR

tubes, respectively, and s ected to.a cycl epetition
step (6BE E%I?Sjl%l éc%n se,acgb%‘ % lLT) sec@gg , %a‘l%b aIé.so%séconds 50
t i nesperfamded hemat Heepord wohs W@aﬂ;mh@é’dmm% aoaecyden ﬂ(ﬁam?al
0.25 o) neERch SHSRAPSIQD Wasy divkdgdedt@ehal Vg ci@nthssuper nat ant s

were collected fromone of themas it was and t hée ot her

subj eaE@rred ¥ (Hiige? at EBecJelrﬂer FRUhATOR PROGTXOEC g ﬁ?%ﬁaé%” 40) .

To 0.{R25%nel sedpeadbnofv timeliatosen@nhi @h@dsSﬂJSb‘émsﬁﬂ)ﬂBnlarad

super nd e d aratio
S e N, A oS PR T g e SRR LS Linder
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the results of the flow cytonetry neasurenent, |ysis of
substantially 100% of the cells is inpossible, and even lysis of 10%
of the cells is also inprobable. That is, the hypothesis that "a
part of bacterial cells are |ysed, and chronposonal DNA fl ows out
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5usSpension nce tero acter sakazakii cells were in a state
that they did not have the chromosomes, and therefore the cells
should come to the state that the Ci value could not be measured.
However, the results shown in Table 6 do not support such
estimation. Furthermore, on the hypothesis that the Ct values of
the aforementioned suspension I and the supernatant I in the "Not
heated" group significantly smaller than those of the "Heated with
thermal cycle" group were provided by deraturation due to the 50
times of the PCR thermal cycles, because proteins such as egg
white lysozyme and bovine serum albumin were contained in the
pretreatment agent, the experiment shown in Table 7 was further
performed. The specific experimental procedure is shown below.
[0186]

Ten portions of 25 pl of the pretreatment agent solution
having the composition shown in Table 5 were prepared, subjected
to 50 times of PCR thermal cycles, and combined to prepare 250 nl
of the pretreatment agent solution subjected to the heating with
thermal cycle. Then, a pellet of live cells (washed) of the
Enterobacter sakazakii ATCC51329 strain obtained from 50 pl of a
culture 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 thermal
cycle, at a density of 10° to 10% cells/ml, and suspended therein
(50 nl of each suspension was prepared). Each suspension in a
volume of 2.5 pl was added to 12.25 pl of the pretreatment agent
solution menticned in Table 5 (provided that the volume of
sterilized water was changed to 2.7 ul), and 12.7% pl of the PCR
buffer was further added to perform PCR (measurement was performed
twice). The results are shown in Table 7.

(0187]
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[ 0205] Tabl e 10 E. sakazaki ilive cell(ce | I s/PCR tube)

106 105

Table 7
E. sakazakii live Pretreatment agent saiution
cell (cells/mL) | Physiological BB)
saline Not heated | Heated with
thermal cycle
109 16.8+0.5 15.8+0.4 16.8+0.8
108 17.4%0.7 16.2+0.3 15,50, 7
107 19.9+ 0.2 19.9% 0.5 20.6x0.6
106 22.7x1.1 24.0+0.7 24.0+0.8
[0188]

It cannct be considered that the Ct value of the live cells
of Enterobacter sakazakii suspended in the pretreatment agent
sclution and subjected to the heating with thermal cycle was
significantly larger than the Ct value obtained with physiological
saline or the pretreatment agent sclution not subiected 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
Enterobacter sakazakii, which was obtained by subjecting the
FEnterobacter 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 so as to recover the chrcomosomal DNA
in the pellet and the supernatant, was intricately twisted arcund
denatured DNA binding proteins and denaturation enzymes, and could
not function as a template for PCR at the beginning. Even if the
Ct wvalue of the supernatant I originated in that less than 1% of
the Enterobacter sakazakii 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]

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

In the same manner as that of the method cof Example 4, 10°
cells/mi of the cells of the Enterobacter Sakazakii ATCC51329
strain (ES) were suspended in physiologicalrsaline or the
pretreatment agent solution mentioned in Table 5 to prepare
suspensions (0.25 mL). Each suspension was divided into 25 nl
portions and put into 200 pl PCR tubes, regpectively, and
subjected to a PCR thermal cycle repetition step (95°C for 15
seconds, 60°C for 20 seconds, and 72°C 30 seconds, 50 times), and
then the portions were combined into one again (total 0.25 ml).
Each suspension was divided into halves, and supernatants were
collected from one of them as it was and the other one subjected
to refrigerated centrifugation (3000 x ¢, 10 minutes, 4°C). To
(0.125 ml of each of the aforementioned suspensions and
supernatants that underwent each process, SYTOY9 was added at a
ratio of 1.9 pl/ ml, the mixture was maintained at 4°C for 15
minutes under light shielding, and 2.5 pl of the mixture was
placed on siide glass, covered with cover glass, set on a
fluorescence/stercoscopic microscope AxiosKopZ motplus (lens:
Plan—-NEQOFLUAR 100x/1.30 oil «/0.17, light source: KublercoDTX ebqg
100 isolated, software: AxioVision Rel. 4.6.3, filter: FITC and
DIC3, exposure time: FITC 347 ms fixed; DIC3 20 ms fixed, LEJ
Leistungs elektronik Jena GubH, Germany), and cbserved to confirm
whether the bacterial cells emitted green fluorescence of 530 nmm
with argon laser light of 488 nm as an excitation iight.
[0191]
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2. Results

Fluorescence microscopy images of the suspensions of
Enterobacter sakazakii in physiological saline not heated or
subjected to 50 times of PCR thermal cycles, and supernatants
obtained by refrigerated centrifugation thereof, as well as the
suspensions of Enterobacter sakazakii in the pretreatment agent
solution not heated or subjected to 50 times of PCR thermal cycles,
and supernatants obtained by refrigerated centrifugation thereof
are shown in Figs. 4 to 11, respectively. That is, the
experiments were performed so that the fluorescence microscopy
images should correspond to the suspension I to the supernatant I
-of the washing step I mentioned in Table 6. With these images,
stereoscopic microscopy images, and superposed images of the
stereoscopic microscopy images and fluorescence microscopy images
are also shown.

[0192]

Regardless of use or disuse of the thermal cycle step,
bacterial cells of Enterobacter sakazakii were also found in the
centrifugation supernatant of the physiological saline suspension
of Entercbacter sakazakii, and it also correlated with the results
of PCR shown in Table 6. As shown in Figs. 4 and 6, even if the
cells of Enterobacter sakazakii were subjected to 50 times of the
PCR thermal cycles in physiological saline, most of them
maintained the bacterial cell morphology (stereoscopic microscopy
image and fluorescence microscopy 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 shown
in Fig. 6, 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 physioclogical saline suspension
of Enterobacter sakazakii shown in Table 6 was not mainly due to
flowing out of DNA into the aquecus phase caused by lysis of the
cells of Enterobacter sakazakii, but it was cbserved because the

specific gravity of the Enterobacter sakazakii cells became small
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due to 50 times of the PCR 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 PCR thermal cycles in the presence of the
pretreatment agent, as in the case o¢f physiclogical saline
suspension, and it was considered that the FEnterobacter 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 phenomenon thal the Entercbacter sakazakii
cells coagulated after 50 times of the PCR thermal cycles were
performed in the presence of the pretreatment agent, but lysis of
the bacterial cells was not observed.

[0194]
B. Flow cytometry
1. Experimental methods

The experimental methods for flow cytometry are shown below.
First, in the same manner as that of the method of Example 4, 16°
cells/ml of the cells of the Entercbacter Sakazakii ATCC51329
strain (ES} were suspended in physiological saline or the
pretreatment agent sclution mentioned in Table 5 to prepare
suspensions (0.25 mlL). Each suspension was divided 25 ul portions
and put into 200 pl PCR tubes, respectively, and subjected to a
PCR thermal cycle repetition step (95°C for 15 seconds, 60°C for
20 seconds, and 72°C 30 seconds, 50 times), and the portions were
combined into one again {(total 0.25 ml). Since suspension and
supernatant thereof of each sample are used for the flow cytometry,
three portions in a volume of 0.25 ml each were prepared for each
sample. Specifically, the first portion consisted of the sample
per se, the second portion was prepared by subjecting the sample
te refrigerated centrifugation (3000 % g, 10 minutes, 4°C), then

removing the supernatant, and adding 0.25 ml of physioclogical
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[ 0206] [ Exanple 7] Fromthe results of Exanples 4 to 6, it
was found that nost of the Enterobacter sakazakii cells were not

| ysed even after the reactions of FOR (50 tines) with the FOR buffer
in the presence of the pretreatnent agent, and the cells harbored
the chronosomal DNA in the cells. On the other hand, in the TM

pat t eééh[ Aalysis EeEggg f@ésa{?@'élfshs dp{h%d%‘éﬁs aJh%‘iétﬂ he [eghstime
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“not certain e ified roduct e

bact v ool TEON fef HEdRanat B SSRUTTE PoP FO. "5 2Pfletifor h.
From Ialzcr@mmms;@rpdlm O goews i nise < omgpdek gttt blate idiag FOR
ampl i £ edhspROLAUGE st MBI dbssalyed tdndhe solution for FOR  but
even this is not definitely clarifie and for the PCRin the
presehQ:]e%df t he pretreatnent agent accor di ng to the present
i nventi on, The m&assuskenbht |@saretas ivasedacs malhbuaf gremenmt | oned

exarrplljf‘(EKIiNtS%)fi)s %%%ggﬁt%% (3L L€, PeRs 10, LhE Rl b ¥ Fed? gng.gigl .
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i n theadteiriehi Qﬁ}leiét’a@r‘f»)‘i* s Fécpb%?siwbif‘ﬂl %%ﬂtttﬁa%ncﬁ hé IFOR AP PR
pr odugtq rsgeawﬁdeals@@tt&ltr@elb@% %fe'a@hré}@ﬂts) W'I'f' shepgenonstrat ed.

0207 nment al. nmet hods s of 500 pl of
Lort dnsseat R TR R e ST e B A Db OS2 e o b (9 3 x
108 cEldwksty¢nden cahildhbd hieteel¢d wigheaproli féltatediovieral ghax wer e
pr epag g2 99 éﬁﬁkQEi&S’ WSiQnl Bhdd 98k @Ifedargle@hgféf&%t Eop 6‘(1%@99“@( g, 10

m nut es, supernatant was renpved, and then
comotRs |a>1§?|l?ﬂ‘r”f§’61“ﬁ‘flt ofLAhPRR B&t‘tréfql&a€45/58pfé’rlé}ﬂo?‘¥?d1td8ﬁ%fé)on or a
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(M | défortimel BNMUrE09eT cr;eqml‘tmonwelﬁt chb Buff eytaratanare SHiowni on
Deodofizedg. Wako Pure Chemical Industries, Osaka) was added to the
pel |l e nd the m xture was incubated overnight at 4C, so that the
chro DNA in the bacterial cells and cell wall proteins were
crossTakﬁJeeﬂ to fix the chronosomal DNA in the cells beforehand. As a
control, a sanple in which the fixation is not perforned was
prepared by using 500 pl of physiological saline instead of the
fi xat i fametyo| Defeqtign, Voltage Amp-Gafherfode t he cel | s were washed three tinmes
w th 50Q1pi ofscphyswnl ogi cal sadine, and finally suspended in 250 pl
of physiml ogi &l sad2t ne. Sincelod ecovery ratio of bacteria as a
pel |l et abBter washi ngz operationed s generally considered 80% and the
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Ent erobatt er 8dkaza®ii in the f4nal preparation was 7.6 x 108
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Ent erWbEEFdt sakazakii in this dilution was 7.6 x 107 cells/m . This
diIut'F n,hn a volune of 2.5 pl was used as a sanple for FOR
anplification, and added to 12.25 pl of the pretreatnment agent
sol ut? omershEs oned in Table 5 (provided that the vol une of
Et ﬂ' i fzed Tléi@t@fpéma&eﬁb@pg%@uu@s 2ok Phé,p@ﬂolagf&lpbaﬂgni h?a FOR
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sol Utc',c'j\%les'f‘saﬁéq%hgﬁh e %:Lgt hes f otk de REIJRE md 63111234k 00163, d RNA
gene detection (SEQ ID 3), and the reverse prinmer 233_1703R for
233 rRNA gene detection (SEQ | D:N@114) mentioned in Exanple 3 were
used. [0208]
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Conmposition of FOR buffer: a) 165 1234F (10 pnol/pl): 2 pl b) 233
1703R (10 pnol/pl): 2 pl ¢) Ex-Taq (5 U pl, Takara-Bio): 0.25 pl
(contai ning 0.5% Tween 20, 0.5% Noni det P-40, and 50% gl ycerol) d)
10 x Ex-Tag Buffer (Takara-Bio): 2.5 pl e) dNTP m xture

(Takar a- Bi o) 2 pI f) 10 x SYBR Geen | (BWA): 4 pl [0209]
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of phm}@ldmglat@dreaabi nélowasegdded toswslispéod ttkieesamllﬁ oFhehe

esti ,%%%9 wgf ﬁéofu%ggﬁ J,cg{ o%ntgswﬂq%tc%r d%%at%%}ﬁt defl1the
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at a %h@@ﬁt%t%ﬁu@feqt@ 5P/ e r&ﬁat%wrmoﬁtliﬁpe tHaEmRfYCAES 4C f or

15 m sndwes idneley. libghs st eligbdaes sauaﬂ ékaﬂ(ﬂlaﬁ:QorDGl’ib@l’ﬂﬁef Lot ettyonet ry
under _t he £Sang condltions as thos a, control, the

same Proc&atr e s iRt ?o"nﬁa%&‘f%ﬁv."éeauﬁr% all}J E_}mes’perfor med for 0
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by re \gzgglgrﬁgfﬁéggﬂégut %tmgégﬁglogy aféer %6]tlmes of the PCR
thermal cycles, and harbored the chromosomal DNA,
[0198]

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

presence the pretreatment agent. On the basis of compariscn of
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2. Results The results of the el ectrophoresis of the reaction
supernatants after each of the aforenentioned fixation solution
treatments and PCR (165-235 rRNA, 2450 bp) are shown in Fig. 14, and
the Ct values of the corresponding reaction solutions determned in
the real-tinme PCR are shown i medi ately bel ow them The results of
the flow cytonetry nmeasurenent_ performed by usi nlg{ SYTOO for

suspeh?d dFsubbt aivwa by %ﬁov}%j‘”tdhé%ub%rlﬁa?%ﬁt 671 cdahpiles
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m xt ug g Super nalant obf ai,ned: W-hithe fd xathan 80l UldiornB was
significantly Targer than those obtained with the other fixation
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chr onasorBk. L ddy thecicel |r§t9$at§f[éfn%r9§@%t %mmwmsbtalaﬁ@ bhe cell

wal | proteins were firm rossli asis o esults
oA g Feptop S dhghr OB 1SAS) S oAGREET PhE{HE S KBt on
sol ut P@n tBermyl hawdeonl supplbuactdtdonedsi nvgldedt o st iaxasson &5S) ,
but sj nes osshgr%afg%t' 00,50 LW oRy B dabaly g@%ﬂhﬂ%ﬁwm&h@ﬂ?ﬁgl |

chronoso rane proteins, it sonewhat exhibits
fi xatPeHsf HAEE | GiFaaned faf saﬁt%%rlila? opeS 1ETe Mg Te-suspendedpin A @

cycl esny®befqgTetialsabveat $heQ0RsCakedvivents FB44iQyachdErents %Gat ed
Yot al }ULOOlQIQO 90 il,'fnpllszga%'eSP aq_%hoﬁglgzt%lg%gta% of the numbers of
plots in the FL1-H(+} region for the "dispersed cells" and
"ooagulated 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 Entercobacter sakazakii bacterial
cells as estimated from the result shown in Fig. 10, it is
inferred that the number is equivalent to or higher than that for
the cells not heated, and if the data obtained without washing are
alsoc taken into ccnsideration in combination, it is considered
that substantially 100% of the bacterial cells of Enterobacter
sakazakii 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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LR754096. 1215. 08 Fi xB 0 cycles Syto 9 Total Events 50000 Gated
Events 3761 Quad Events %Gated %lotal ULOO.000.00 UP10. 030. 00
LL2967.870.59 LR ' 346492. 106. 93 Fi xA 30 cycles Quad Events
%Gat ed %otal FixB 30 cycles Quad Events %Gated %otal Syto9
UL00. 000. 00

of chromosomal DNA contained in the cells
[0200]
1. Experimental methods

From culture broths of Entercbacter sakazakii ATCC29544 and
ATCC51329 strains in which the cells were proliferated overnight,
purified DNA free from contamination of RNA was obtained according
o the DNA extraction method described in WO2007/694077,
absorbance values thereof were measured at 260 nm and 280 nm {ODsgg
and ODzgp, ODzgo = 1.0 for 50 pg/ml DNA solution, cell length: 1 cm),
the DNA concentration was calculated from ODpg, and purity of the
purified DNA was estimated on the basis of QDuey/ODzgo.

[0201]

Furthermore, the cells of the aforementioned culture broths
in which the cells were proliferated overnight were washed, and
then serially diluted with sterilized water to prepare live cell
suspensions of Enterobacter sakazakii at densities of 4 x 10° to 4
x 10° cells/ml. Then, according to the method of Example 4, 2.5
pl of each suspension was added to 12.25 pl of the pretreatment
agent solution mentioned in Table 5 (provided that the volume of
sterilized water was changed to 2.7 pl), and 12.75 pl 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. Each PCR
tube contained 10" to 10° cells of Enterobacter sakazakii. Since
the amount of cliromosomal DNA obtained from 1 cell of Enterobacter
sakazakii can be regarded 5 fg (5 x 107™*° g), the amount of
chromosomal DNA contained in each PCR tube was calculated by using
that value, and the same amount of the aforementioned purified DNA
(2.5 pl) was put into each PCR tube, and the pretreatment agent
solution and the PCR buffer were successively added in the same
manner tc perform PCR.

[0202]
Z. Results

Purification degrees of DNA are shown in Table 9, and the
results of real-time PCR are shown in Table 10. As seen from the

resuits shown in Table 9, the values of ODyg/0Dzp were around 2.0,
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Syto9 UL 0 0.00 0.00 Total Events 50000 UPQOO. 000.00 Total Events
50000 UP 0 0.00 0.00 Gated Events 7816 LL105413.492.11 Gated Events
7905 LL 1930 24.41 3.86 LR676286.5113.52

and therefore high purity DNA with little contamination of RNA
could be prepared from each of the two strains of Entercbacter
sakazakii, respectively. FPFurther, as seen from the resulits shown
in Table 16, no significant difference was seen in the Ct wvalues
for bacterial cells of Enterobacter sakazakii bacterlium and the
chromosomal DNA in amounts corresponding to the same number of the
cells, and thus it was found that if 100% of the purified DNA
dissclved in the tube functioned as a template of PCR, 100% of the
chromcsomal 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 Enterobacter
sakazakii in a similar pretreatment agent solution or
physiolegical saline (or sterilized water) and then adding such a
PCR buffer as shown in Example 4 to the suspension to perform PCR,
it is inferred that there may be z misunderstanding according to
conventional knowledge that a part of the cells of Entercbacter
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, 1t is necessary that substantially 100% of the Enterobacter
sakazakii cells should be lysed, but it is obvious that such a
100% lysis phenomencn 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 I and IT and the supernatant I of
the Enterobacter sakazakii cells after 50 times of the PCR thermal
cycles in the presence of the pretreatment agent shown in Tablie 6,
if 100% of the cells were lysed, the Ct value of the supernatant 1
needs to be significantly smaller than the Ct value of the
suspension II, and the Ct walue of this supernatant should be
equivalent to that of the suspension I. However, the results
shown in Tabkle € do not support such estimation. Further, as for
Example 5, on the basis of the results of the quantification 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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LR 5975 75.59 11.95 Fi xC 0 cycles Quad Events %ated %ot al
FixD O cycles Quad Events %ated %otal Syto9 UL0O0.000.00 Syto9 UL O

the results of the flow cytometry measurement, lysis of
substantially 100% of the cells is impossible, and even lysis of
10% of the cells is also improbable. That is, the hypothesis that
"a part of bacterial cells are lysed, and chromosomal DNA fiows
out: therefrom to the external solution to induce PCR" accoxrding to
the general scientific knowledge cannot be appiied to at least PCR
i the preserice of the pretreatment agent (50 times) according to

the present invention.

{0204]
Table 9
Purified DNA of
E. sakazakii D260 00280 D260/ 00250
after RNAse treatment )
ATCC29544 0.1108 | 0.0538 2. 0595
ATCC51329 0.1082 | 0.0540 2. 0037
[0205]
Table 10
E. sakazakii live .
cell {cells/PCR 106 108 108 103 102 101
tube)
3 00,9 |27.1%0. 260,934,241, 6{41.3+£5.4
ATCC29544 DiA 21.240.6 240409 |27.1+0.8(31.2%0.9(3 1
Cell 20.7+0.2 | 239401 {27.740.1[31.020.1[34.3+0.4|38.3x0.8
ATCC5 1379 DNA 191208 | 22.140.9 |25 3+1.0(29.5::1.1{32 5+1.4 |37, 3+2. 1
Cell 17.2+05 | 20.6+0. 4 24 9:£0.3|28.6:0.1]32.1£0.8|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 cf
the pretreatment agent, and the cells harbored the chromosomal 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 obtained, and it had judged Lo be
positive for the real-time PCR. However, to be precise, it was

not certain whether the BPCR amplified product existed in the
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0.00 0.00 Total Events 50000 UR10.010.00 Total Events 50000 UP O
0.00 0.00 Gated Events 6873 LL2844.130.57 Gated Events 5785 LL 163
2.82 0.33 LR '658895.8513.18 LR 5622

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

F0207]

1. Experimental methods

Five portions of 500 pl of culture broth of the
Enterobacter sakazakii ATCC51329 strain (9.3 x 10° cells/ml) in
which the cells were proliferated overnight were prepared, and
subjected to refrigerated centrifugation (3000 x g, 10 minutes,
4°C), the supernatant was removed, and then 500 pl of a common
fixation solution & for bacteria {4% paraformaldehyde), or a
fixation solution B {methanol/acetic acid = 3/1), fixation
solution C (Mildform 10N, 10% formalin, Neutral Buffer Solution
Deodorized, Wako Pure Chemical Industries, Osaka), or fixation
solution D (Mildform 10NM, 10% formalin, Neutral Buffer-Methanol
Solution Decdorized, Wako Pure Chemical Industries, Osaka) was
added to the pellet, and the mixture was incubated overnight at
4°C, so that the chromcsomal DNA in the bacterial 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 1is
not performed was prepared by using 500 pl of physiclogical 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 generaily considered 80%, and

the centrifugation was performed 4 times, the estimated cell
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97.18 11.24 Fi xC 30 cycles Quad Events %Gated %otal FixD 30
cycles Quad Events %ated %lotal Syto9 ULOO. 000.00 Syto9 UL O 0.00
0.00 Total Events 50000

density of Enterchacter sakazakii in the final preparation was 7.6
x 10% 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 10’
ceils/ml. This dilution in a volume of 2.5 pl was used as a
sample for PCR amplification, and added to 12.25 ul of the
pretreatment agent solution mentioned in Table 5 (provided that
the volume of sterilized water was changed to 2.7 pl), and 12.75
Rl of the PCR buffer for detection of gram-negative bacteria
mentioned below was further added tc the mixture. Portions in a
volume of 27.5 pt were prepared in a number of 20 for each sample
fixed with each fixation solution. As the primers, the forward
primer 16S 1234F for 165 rRNA gene detection (SEQ ID NO: 3), and
the reverse primer 235 1703R for 235 rRNA gene detection (SEQ ID
NO: 4) mentioned in Example 3 were used.

10208]

Composition of PCR buffer:

a) 165 _1234F (10 pmol/pl): 2 pl

b) 235 1703R (10 pmol/ul): 2 pl

¢) Ex-Taqg {5 U/pl, Takara-Bio): 0.25 nl

(containing 0.5% Tween 20, 0.5% Nonidet P-40, and 50% glycerol)
dy 10 xIEx—Taq Buffer (Takara-Bio}: 2.5 pnl

e} dNTP mixture {Takara-Bic): 2 nl

f) 10 x SYBR Green T (BMA): 4 ul

[0209]

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)
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)
[02101
Then, according to the protocol of the melt analysis of the

PCR amplified product (temperature was raised at intervals of
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UP0OO. 000. 00 Total Events 50000 UP O 0.00 0.00 Gated Events 7175
LL73310.221.47 Gated Events 8726 LL 1845 21.14 3.69
LR644289. 7812.88 LR 6881 78.86 13.76

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 bf the PCR amplified
product was measured.

{0211]

After completion of PCR, the 20 pertions 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 pl
and used in 0.8% agarose gel electrophoresis (SYBR Gold staining,
gel staining was performed by SYBR Gold staining for all the
foliowing cases), and the remaining supernatant was discarded. To
the pellet, 200 1l of physiological saline was added to suspend
the cells. The estimated bacterial cell count of Entercbacter
sakazakii in the suspension was 1.5 x 107 cells/ml. SYTOY was
added to the suspension at a concentration of 1.5 pi/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 Example 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 NG: 7) and the ompA R primer (SEQ ID NO: 8) described in
Example 4 instead of 16S_1234F and 23S 1703R, the PCR thermal
cycle conditions of Example 4, and the method of Example 7 except
for the foregoing conditions, electrophoresis was performed for 5
11l of the supernatant ocobtained after PCR, and flow cytometry
measurement was performed by using SYTCY 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

supernatants after each of the aforementicned fixation solution
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S 0 cycles Quad Events %ated %ot al Syto 9 UL0O0. 000. 00
Total Events 50000

treatments and PCR (16S8-235 rRNA, 2450 bp) are shown in Fig. 14,
and the Ct values of the corresponding reaction solutions
determined in the real-time PCR are shown immediately below them.
The results of the flow cytometry measurement performed by using
SYTO9 for suspensions obtained by removing the supernatants of the
sampies after PCR, and suspending the pellets in physioclogical
saline are shown in Table 11. The electrophoresis images of the
supernatants after PCR targeting the ompA (469 bp} gene are
similarly shown in Fig. 15. The results of the flow cytometry
measurement 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 12. As
seen from the results shown in Fig. 14, the amcunt of the 16S-23S
gene (2450 bp) product in the PCR mixture supernatant cobtained
with the fixation solution B was significantly larger than those
cbtained with the other fixaticn soluticns, and the band strength
was equivalent to that obtained without fixation ("8" in the
drawing}. 8Since, as a standard fixation method of bacteria, use
of the fixation solution A is common, and the fixation solutions C
and D also have a composition similar tc 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 only
a function equivalent to no fixation (8), but since the fixation
sclution B firmly crosslinks mammalian cell chromosomes and cell
membrane proteins, it somewhat exhibits the fixation function also
in bacteria.

[0213]

Table 11
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UP10. 030. 00 Gated Events 3081 LL133143202. 66 LR1 7

4956. 773. 50

FixA 0 cycles Quad Events %Gated %Total] [FixB 0 cycles Quad Events %Gated %Total
Syto? UL 0 000 000 ] [Syto9 UL 0 0.00 000
Total Events 50000 UR 12 015 002 | |Total Events 50000 UR 1 003 000 |
Gated Events 7844 LL 292 372 058 | |Gated Events 3761 LL 286 787 059

LR "7540 96.12 15.08 LR "3464 9210 693

FixA 30 cycles Quad Events %Gated %Total] |FixB 30 cycles Quad Events %Gated %Total
Syto9 UL 0 000 000} |Syto9 UL 0 000 000
Total Events 50006 UR 0 0.00 0.00 | |Total Events 50000 UR 0 000 000 |
Gated Events 7816 LL 1054 1349 211 | {Gated Events 7905 LL 1930 2441 3.86

LR "6762 8651 13.52 _ LR <r5975 7559 11.95

FixC 0 cycles Quad Events %Gated %Total| [FixD 0 cycles Quad Bvents %Gated %Total
Syto9 UL 0 0.00 000 | [Syto9 UL 0 000 000§
Total Events 30000 UR i 001 000 | |Total Events 50000 UR 0 000 0.00
Gated Events 6873 LL 284 413 057 | |Gated Events 5785 LL 163 282 033}

LR Ir6588 9585 13.18 LR "5622 _97.18 1i.24

FixC 30 cycles  Quad Events %Gated %Total| [FixD 30 cycles Quad Events %Gated %Total)
Syto9 UL 0 0.00 0.00 | |Syto$ uL 0 000 0.00
Total Events 50000 UR 0 0.00 0.00 | |Total Events 50000 UR 0 000 0.00
Gated Events 71756 LL 733 1022 147 | |Gated Events 8726 LL 1845 21.14 3.69

LR 6442 89.78 12.88 LR 6881 7886 1376
S 0 ¢cycles . lQuad Events %Gated %Total
Sytod UL 4] 000 000 |

Total Events 50000 UR i 003 0.00
Gated Events 3081 LL 1331 43.20 2.66
LR "1749 _ 56.77  3.50

S 30 cycles Quad Events %Gated %Total|
Syto9 uL 0 0.00 0.0
Total Events. 50000 UR 2 0.04 000 |
Gated Events 5114 LL 680 1349 1.38

LR 4422 8647 8.34

[0214]
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S 30 cycles Quad Events %at ed %ot al Syt 09 UL0O. 000. 00
Total Events 50000

Table 12
A 0 cycles .Quad Events %Gated %Total] |B O cycles Quad Events %Gated %Total
Syto9 UL 0 000 000} |Syto9 uL 0 0.00 0.00
Total Events 50000 UR 1 001 000 | [Total Events 50000 UR 2 0.01 0.00
Gated Events 19549 L 566 290 1.i3 | |[Gated Events 16148 LL 5142 3184 1028
LR 18982 97.10 3796 LR 11002 68.13 2200
A 15 cycles Quad.Events %Gated %Tota{ [B 15 cycles Quad Events %Gatedr%TotaE
Syto9 Ui 4] 0.00 000 ] |Syto9 uL 0 000 000}

Total Events 50000 UR 1 0.01 000 | [Total Events 50000 UR 2 001 000
Gated Events 15919 L. 58 0.37 0.2 | |Gated Events 16803 LL 3730 2220 746

LR 15859 99.62 _31.72 LR 13071 777% 26.14
A 30 cycles Quad Events %Gated %Total] (B 30 cycles Quad Events %Gated %Total
Sytod UL 0 000 000 | |Sytod UL 0 0.00 0.00

Total Events 50000 UR L} 0.03 001 Total Events 50000 UR ) 003 001
Gated Events 15707 LL 1563 995 3.13 | |Gated Events14533 LL 1431 985 286
LR 14139 9002 28.28 LR 13087 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

SYTO9+ 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 sclution or without fixation (S) beforehand,

namely, the bacterial chromosomal DNA was fixed in the cells,

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 morpholegy, and the chromosomes were

retained in the cells. Further, althcough presence of the target

gene amplified product alsc in the PCR reaction mixture

supernatant was suggested by the electrophoresis images (Fig. 14),

the Ct values determined in the rezl-time PCR indicated under the

gel images in Fig. 14 were observed for only the samples obtained

with the fixation sclution B and without fixation (S), 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 solutions A, C and D, the fixation degree between the

chromosome and the cell wall was high, therefore the thermal
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denaturation in PCR (95°C) was not favorably attained, thus the
chromosomal DNA ccould 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 &, 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 bp), 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 Enterobacter sakazakii after PCR. This was
verified in Example 8. .As discussed above, it can be concluded
that even if a treatment for fixing the bacterial chromosome in
the cells to inhibit flowing out of the chromosome 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 soiution, 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 also
in the cells under the aforementioned conditions.

[0216]
[Example 8]
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[0214] Table 12 A 0 cycles Syto9 Total Events 50000 Gated
Events 19549 Quad Events %Gated %l otal ULOO. 000.00 UR10.010.00
LL5662. 901. 13 LR1898297. 1037.96 B 0 cycles

In Examples 4 to 7, i1t 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 Journal of Pathology,
139: 847-854, 1991) is a technigue for detecting and quantifying a
gene such as the HPV gene incorpeorated into a chromosomal DNA in
human cells, in which before the detection and quantification;
human immunocytes are fixed with such a fixaticon solution as
mentioned in Example 7 to crosslink the chromesomal DNA and human
cell membrane proteins, and the cells are treated with a protease
for a short pericd of time, or cell membranes of the human
immunocytes are treated by microwave irradiation.

This technigque is a technique of placing a solution for PCR
on fixed human immunocytes to induce PCR amplification reactions
within the human immunocytes, with which even a PCR preduct of
about 500 bp does not flow out of the cells. Since the PCR
product does not flow out of the cells, if the reactions of PCR
are suspended in an early stage of less than 5 to 10 cycles, it
can be a technique 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 alsc in the bacterial cells, and in this
example, an experiment was performed in order to verify it. In
Example 7, in particular, although the chromoscmal DNA of
Enterobacter sakazakii was probably crosslinked with cell wall
proteins with the fixation solution B, there was observed a
tendency that the amplified product of PCR in the presence to the
pretreatment agent more flew out into the external soluticn as
compared with the case of using the other fixation solutions, and
a phenomencn similar to that observed with the technigue of the
present invention not using any fixation solution (technique using
no fixation (9)).

Therefore, the researches were focused on the Ffixation
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Syto 9 Total Events 50000 Gated Events 16148 Quad Events %ated
%otal UL0O.000.00 UR20.010.00 LL514231.8410.28 LR1100268. 1322. 00
A 15 cycles Quad Events %Gated %otal B 15 cycles

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 amount of the PCR
amplified product flew out intc the external solution.
(0218}
1. Experimental methods

Two porticons of 500 pl of a culture broth of the
Enterobacter sakazakii ATCC51329 strain (4.3 x 10% cells/ml) in
which the cells were proliferated overnight 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,
the mixture was incubated overnight at 4°C to crosslink the
chromosomal DNA in the bacterial cells and the cell wall proteins,
and thereby DNA 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 physiological saline instead of the fixation
solution B. The same methods as those of Example 7 were used
thereafter, 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 Entercobacter sakazakii in
the suspension was about 3.5 x 107 cells/ml. This suspension was
used in a volume of 2.5 pl as a sample for PCR amplification, and
added to 12.25 pl of the pretreatment agent solution menticned in
Table 5 (provided that the volume of sterilized water was changed
to 2.7 pl), and 12.75 pl of the PCR buffer for detection of gram—
negative bacteria mentioned below was added to the mixture to
perform PCR under the following conditions. At the time of PCR,
portions in a volume of 27.5 pl were prepared in a number of 20
for each of the sample obtained with the fixation soluticn and the
control sample. As the primers, the forward primer 165 1234F for
163 rRNA gene detection (SEQ ID NO: 3), and the reverse primer
235 1703R for 238 rRNA gene detection (SEQ ID NCG: 4) mentioned in
Example 3 were used.
[0219]
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Quad Events %ated %otal Syto9 UL O 0.00 0.00 Syto9 UL 0 0.00 0.00
Total Events 50000 UR 1 0.01 0.00 Total Events 50000 UR 2 0.01 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 cf 5 pl
and used in 0.8% agarose gel electrophoresis, and the remaining
supernatant was discarded. The pellet was washed twice with 500
pl of physiological saline, and DNA was extracted by using
QuickGene SP kit DNA tissue.

[0220]

Separately, two 500-pl portions of culture broth in which
the cells were proliferated overnight (4.3 x 10® cells/ml) were
prepared, and subjected to refrigerated centrifugation (3000 x g,
10 minutes, 4°C), the supernatants were removed, then 500 nl 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 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
of physiological saline instead of the fixation solution B.
According to the above description, the cell count in the case of
applying onliy 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 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 107 cells/ml x 2.5 pl x 20 = 1.8 x 10° cells in
terms of estimated cell density, and if it is taken iato
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 pl (= 1.8 x 10°

cells) of a physiological saline suspension of Enterobacter

96/113



Gated Events 15919 LL 59 0.37 0.12 Gated Events 16803 LL 3730 22.20
7.46 LR 15859 99.62 31.72 LR 13071 77.79 26.14

sakazakii (3.5 x 107 cells/ml) were prepared (fixation solution B
and control S), 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 Enterobacter
sakazakii by the aforementioned examination, since the PCR
amplified product existed in the external solution 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 Enterobacter sakazakii, 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 aqueous solution containing 0.44 ng of DNA (440 pg, the
amount of chromosomal DNA contained in 8.8 x 10* cells) purified
from the Enterobacter sakazakii ATCCS51329 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 pl, 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
pl of a 3.5 x 10’ cells/ml physiclogical 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, 4°C) to remove the
supernatant, and the pelletxwas washed twice and used for DNA
extraction.
[0223]
Composition of PCR buffer:
a) 163 1234F (10 pmol/ul): 2 ul
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%otal Syto9 UL 0 0.00 0.00 Syto 9 UL 0 0.00

b) 235 1703R (10 pmol/ul): 2 ul

c) Ex-Taq (5 U/pl, Takara-Bio)}: 0.25 pl

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

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

f) 10 x SYBR Green I (BMA): 4 nl

[0224]

Real-time PCR was performed according to the following PCR
thermal cycle conditions by using a real-time PCR apparalus
{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 3 minutes
{30 cycles)

3) 95°C 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
0.1°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-23S:
2450 bp) with cells of Enterchacter sakazakii fixed with the
fixation solution B or not fixed are shown in the lanes 2 and 3,
the results of electrophoresis of DNA obtaihed by DNA extraction
from the peilet 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
fixed Enterobacter 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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Enterobacter sakazakii cells before they were used for the
reactions of PCR are shown in the lanes % and 10, and the results
of electrophoresis of DNA extracted from the Enterobacter
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 Enterobacter sakazakii bacterial cell wall outer membranes etc.
from the external solution 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 results
for DNA extracted from the cells of which pellet was washed twice
after PCR, and that the fragment was not the PCR gene 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 if the concentrations of
the PCR gene product in the external solution and in the cells
became the same, because the cells were bacterial ceils 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
soiution 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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LR 14139 90.02 28.28 LR 13097 90.12 26.19 [0215] The
results of the flow cytonetry (Quadrant: LR anong the 4 quadrants,
i.e., conparison of the nunmbers of bacterial cells of Enterobacter
sakazakii before and after PCR using the nunber of SYT09+ of the
bacterium as the index) shown in Table 11 (al so Table 12) suggest
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of théo%' eteat ment agent according to the present invention is in
a part of the anplified product may remain aI so in the
bacterl al éel F39- adiid FhRe¥hiageekboipt deoapedef i e GRS Pt 5P%fred in
OL dersﬁ&r‘l’llﬁf;hlflﬁ/ dd thé rb}ﬁ)@ﬁﬂas@b bﬁeél,oﬂkm:npaféba@mbarsaj@lztahougambtjhe§edk .
chr onpsqna nt er abact er az r aha nke
with E%qih V\BTE)N@ PSE gl AL i % I} |g>j<"5$¥osnal\£% | ;{% ghé{ Crtréa(r%%ﬁj\?\é/as
observedhea peﬁdm&tylenhaatgetnheuam |bpllé@ln<$)r@d@t€t & rEoREsnfenethe

presence tQ Lhecfy ebreatomenl ag9eNtcnBRER fHLWeOld Wekondth@caxées nal
solution as conpared with the case of usi g t he ot her fIX%tIOI’]

sol ut P& reafacs Oﬁhénmﬁmewﬁ I%4r H06 THaosBEEr vBR Wit FERRYY
t echniwiesebd] heutpriesentednsyaatédrhaot thisi wgsapyedusratiiomed ok utri on
(t eCh{hdeq %%wﬁeé‘g?rf%gpf L %g%ﬁ}@ )ceﬂge{ye?ﬁeor;)?oli@artgé e@Je%IEQ pier e

focused on t tion B and no fixation (S Ioned in
Exanpreachedafide i 1o skaB9 exadicn e BhsHferer 2 thertPeR 4675t Pt wﬁl‘fﬁduct

woul dy patd, i éh&thHee'&Ek&nésfanahLeDm(ﬂrﬁfrbaf £ehd suevieitonben e’:ktleaﬁ@E
anount” of the P P%&jfle uct flewou into,.the exter

sol ut 7o tipB2187e1e eft n‘? *fret Hods' bl RERISSIE 0151@3‘ of 500
pl ofwas dghtued fr ohh ofaltlaeifnt eRobawighy lS&I@&I&FM&&F@C’éL‘E@Q@N@t rain

(4.3 %1&9%11@6&111 rgié)loi MIlcQaﬁ}f‘e GebhStMERS LIl eLated over ni ght
were prepared, an ected to refrigerated centrlfugatlon (3000 x

g, 10 fFﬁ*?’ﬁ?Pé§teﬁ®akaiZ L5 yer hattdift §edkt® r eV Phet 500 pl  of

t he fctn(raﬁﬁo@amsnlm mas Budtmelebaciold doet tice atisdens B/nl pndasheadded to
each pel | et Lu t t 4 sl i nk
tho CRISHOSSRAT BT P eiEe PELE) BELPIEnenfiqdh oydd i os

pr ot ebeislingndot h‘ém@ﬁytw Hﬁ‘se"fﬁrxedh?lh Gt"ﬁ‘éu@@rqns WBéfIEﬁ’d@hﬁﬁdth% a

cont r]@ASlsaoﬁaamcgsvfaQ&omascmhteh@ejfmagtfi @He wasieBo10 pedf ok med Huas
pr epar ed USI%%LSOO pl @&Eh siolo |c sallne i nst ead ,of the
a

£1 xat 13 SCEELE T DT BEATHE R K6d 0§ BRI BREMpIE P ™Ver e
used bdrel @abt eot, amdrvéd Sanphe mrhanaﬂiﬂ,y addl it edsme‘tqaiésl to
obt ai g&?@é%el cf?{ rtﬁas%fdé?%@l QR4 of o ENLBL0BAC 8r (BakAZAKE il Rells

physi i cal |ne he estimated cell density of, Entero acter
sakazikitine ﬁr?ﬁ%““seué’ﬁeﬁ%‘? A ehacaHrt 2885E x fé?f%l@liﬂ%?irﬁn fii s
suspeasilen vas tﬂh%edtlhent aana) wmndef ward qilscasbseanpie ther wPCR
anplification, and f pr meat t

sol ut}t'on%?rlen PBRad i tan %ﬁt gh%g%gl‘so Cé‘gdst t.!'glte tﬁéeﬁe\ef’g% N ox?g%
steri&nddd wat @@nm@s%r@%afrig?éd they WereppPprivasd f1om 7 ppire oq’f 49&9PCR
bggf géelfl%r ﬁ@ekﬁ@éf&ac@ér %ﬁ%f aﬁgﬁtgémega@a CI @?éfe.ﬂl liple@ﬂ@@brheg@weﬂvas
added to the mixture _to orm under the fo cqndi ti ons
At t heSH5oe et PR, Oﬁo‘f’]?jrocgh§pieﬁl S RN e’f’fe%s%f)%g% Bt'€pared in
a nunbetrlioefy.20Hfcoresaldts shotheirsdaple ObtraFned Wi ehst h@lpppx‘atl on

oL Lo U bl rL g Al LR ey el pr e

rever %btfmwgﬁeith?wnf?ém% Gy togEed Fimmgéih%sed&feﬁ% SEPESEG DR 4)
ment i omeddrN el eyv3dideie besperecidf@?219}) is more diffttienicafypl efhon of
oo Foreigd, BRL O Cha IS B O PASLHO P QUL LOR, o chEen e "
solutlon mere corbined into one, and su t to refrlgerated
centrifugation (3000 x g, 10 miny4e §134C3 The supernatant was
collected in a volune of 5 pl and used in 0.8% agarose gel

el ectrophoresis, and the remai ni ng supernatant was di scarded. The
pell et was washed twice with 500 ul of physiol ogical saline, and DNA
was extracted by using QuickGene SP kit DNA tissue. [0220]
Separatelv two 500-nl nortions of culture broth in which the cell s



Sanmpl es were prepared in a nunber of 20 by adding 2.5 pl of a DNA
aqueous solution containing 0.44 ng of DNA (440 pg, the anount of
chronmosomal DNA contained in 8.8 x 104 cells) purified fromthe

Ent er obact er sakazakii ATCC51329 strain to each PCR tube, adding a
pretreatnment agent solution as in the aforenentioned case and t hen
addi n PCR buffer to a tota vqu of 27 n
perfos?%a?f%tf“ﬁméaa&?n fe‘f%em%ﬁﬂd%kFe KE1E Ha ts}l%ﬁesdtseﬁ fo o Ebeq ow Then,
t he comamestof the 20 PCR tubes were conbined into one, 50 pl of a

3.5 Xx1ldls:Gebh sAsdy iRl sl olpgi cal saline suspension of Enterobacter
sakazakil (treated with the fixation solution B or with no fixation,

and whSh¥d 3 tinmes accordi ng to the method of Exanple 7) was added
to t he contideeddiwacihbl dhe Sodtibdons ttHaaepfréasﬁrﬂtr enwas:isof f icyrent |y

m xed, . and 8% %’l I‘Efér%‘éréé’n & chﬂ%é‘ta%%‘&@&!i ftHgﬁidphO'ée@P@Rri)&ygb 10
e ed

m nut es, super nat ant, was was

twi cedbsfd ngsaghing thRp Esan éﬂ@@iid?ﬁlj{SOQQSJ]nJ@éﬁﬁd%ﬁ]{%son 5 PCREBYH f er :
a) 165hdad34bn(dfameel fphgle 2nBl quitk a3§%ﬂd6335h(6ﬁ)ﬂaﬁ9|ééle, 2 pl c)

Ex-T 5 0/ pi,. Tak -Bio):..0.2 | t ai ni 05O 20, 0.5%
Noni gg‘f‘jgﬁe&{)gg%%%gg/?‘zg‘?%g%ﬁf)Og)apfﬁ 58%9%%%[9 gPdftlua ar a- Bi 0) :
2.5 phicloodNFP sAngtlere ek anapBo )and2epti fopmdie: K sszRa@r een |

(BVA) i ndhhlrib9288er, envirdi@dhedd r&@%ﬁ@%ae@é@@fed@@&pw pge to
the follow ng PCR thermal cycle cond |t|ons@é/du5| n a real-t| me PCR

appar B{UeiE é?%qi e?imPilel‘B?towﬁaﬂe“I‘%jr -cul ¥s e Yr t8%ni nut es
(1 cysteden?) ifbéntfion dn SecoBds; fcﬁQ@otamta&@r $emmd;gati7éhﬁ famd 3re

HIHUteg%éﬁ% CX&éEi%OBRH é%sékgﬁ nubes: Gk gyghe) [0225]
T e

Then, “accor to the prot ocor rrelt anal ysis of the PCR
arrphf@%i?]product (tenperature was raised at intervals of 0.1C from

60C, each tgeupesatde ré@r@%é' aeshdiakn8 o%eﬁﬁélckﬁnes?ﬁ@ this
to the

procedur e was r eat ed ti t ot al

temeratacer Y56 %%O?P&ﬁ?ﬂ@l%@@ ratIPRLY THEPLRO A i 1i ed

producdrivems measitngds ¢@226hiRg Relsyhd sells/ml or more of injured
cells or dead cells of Escherichie ¢oli, or diagnosis of child
bacteriemia in which Escherichia coli circulates in blood.
[0233]

Further, according to a preferred embodiment of the present
inventicn, only live cells of coliform bacteria including
Enterobacteriaceae bacteria can be detected from foodstuffs with
high sensitivity (1 CrU/2.22 m]l of milk), and more quickly ({7
hours and 30 minutes} compared with the requiated 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 factories, and it is assumed to be highly
industrizally useful.

Furthermore, the present invention enables quick detection
and quantification of only live microorganisms at a low

concentration, for microorganisms including not only coliform
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The results are shown in Fig. 16. The results of el ectrophoresis of
supernatants of reaction m xtures obtained in PCR perforned in the
presence of the pretreatnent agent (16S-23S. 2450 bp) with cells of
Ent er obact er sakazakii fixed with the fixation solution B or not
fixed are shown in the lanes 2 and 3, the results of electrophoresis
of DNA obt ai ned by DNA extraction fromthe |1 et obtained after the
PCR neftiornédaah eéﬁﬁaﬁ%§ﬁéﬂe?%né@tﬁfﬁLsﬁﬁﬁn f()fﬁéllgﬁes 5 and 6,
t he r@&uktiaoﬁnehﬁhmgqpham@@nscdﬁmDNAldJﬁecvbysexﬂmb@©eﬂNﬁ$@n@mhe
fixedp re% %%( ed EpLerobachel, 5@4@5@5' darG8ht Son WREB- V&SR the test
naterl I's experiment, are shown I n the lanes 7 and 8, the
resul ‘tﬂslrﬁfcaél *é@ﬁ%plﬁ’é?%%?% coPtENA @0fr 3Rt 0 Hr om t he i xed or not
fixed Enterobacter sakazakii cells before they were used for the
reactions of FOR are shown in the lanes 9 and 10, and the results of
el ectrophoresis of DNA extracted fromthe Enterobacter sakazaki
cells washed twice after addition of the PCR anplified product
prepared beforehand are shown in the |anes 13 and 14, respectively.
[0227] As shown by the results of the lanes 13 and 14, it was
denonstrated that even if the FOR gene product (2450 bp) adsorbed to
Ent er obact er sakazakii bacterial cell wall outer nenbranes etc. from
the external solution side, the FOR gene product could be renoved
fromthe bacterium by washing twice for both the fixed and non-fi xed
cells. Therefore, the possibility of incorrect interpretation that

t he FOR gene product that m ght adsorb on the cell wall outer
surfaces was regarded as the FOR gene product remained in the cells
was elimnated. Further, by taking into consideration that a
fragnment estimated to be the FOR reaction product was detected in
the lanes 5 and 6 indicating the results for DNA extracted fromthe
cells of which pellet was washed twi ce after PCR, and that the
fragnent was not the FOR gene product that m ght adsorb on the
outside of the cell wall as seen fromthe results of the |anes 13
and 14, the PCR gene product of the lanes 5 and 6 is highly p055|bly
t he FOR gene product remained in the cells and then extracted.
Further, even if the concentrations of the FOR gene product in the
external solution and in the cells becane the sane, because the
cells were bacterial cells of which cell walls were injured, and
thus the FOR gene product was in a state that it could freely pass

t hrough the cell walls, the volume of the external solution was
about 1010 tinmes larger than the volune of the cells, and the anount
of the FOR gene product in the external solution should al so be
about 1010 tines larger than that in the cells, that is, 1/10w of

t he amount in the external solution should be distributed in the
cells. However, on the basis of conparison of the band intensities
of the lanes 2, 3, 5 and 6, it cannot be considered that the anount
of the FOR product renmained in the cells was the 1/1010 anount.

That is, it was suggested that the PCR occurred in the nethod of the
present invention mght possibly be in situ PCR As seen fromthe
results of the lanes 7 and 8, the chronmpbsonal DNA was detected from
both the fixed and non-fi xed Enterobacter sakazakii bacterial cells
used as the test materials, but any band of the chronosomal DNA was
not obtained in the lanes 5, 6, 9 and 10. This difference was
probably provided by the difference of the cell nunber of the

Ent er obact er sakazakii bacterial cells used for the DNA extraction,
specifically, the cell nunber 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 celhuﬁyqur was in fact as high as 0.9 x
106 cells. [0228] [Exanple 9] The cells of Enterobacter
sakazakii were subjected to a boiling treatnent in physiol ogical
saline or in the presence of the pretreatnent agent, and it was

i nvestigated how nuch the Enterobacter sakazakii chronpbsomal DNA was
flown out into each subper nat ant deopendi na on the treatnent tine.



pretreat nent agent even when the cells are subjected to a heat
treatnent. Industrial Applicability [0231] According to the
nmet hod of the present invention, live cells of a m croorgani smcan
be detected with high sensitivity by distinguishing themfrom dead
cells or injured cells. The present invention enables sinple and
qui ck distinction of live cells,jnjwred cells and dead cells of a
m croorgani smin foodstuffs, biological sanples, swab sanples and
environments such as industrial water, environnental water and
wast ewat er , 1 basedtiond tfhe ascd@iitgacide aeplsfécat noardrighadsn The
method Aod kit 9f e BLESent. ) ayentd 9, gan. e yoed Jon woluntary
i nvestigation, “and-aré "advantageous al so’i h- an econom cal poi nt of
vi ew. 1025 cells, whAcbogdimg see Bhgpredtesred enbodi ment of the

p][ esent | anf?)ntdéi@ltﬂn?:caIn @@e?@! @@abﬁgafpld&gl%ft%mmidgo@oi an'szp%_ti Ond
Oor va S T1.00 urrs co 1.Nl Ng logmcells or re or |1 re
cel | s PR edd *Cat 115Gt TERCHEMPERTY T8 P, "oYe P AGhat: 581 e it dod

bact enmete ahientwhi cfargdeheri chia coli circulates in blood. [0233]
Further, acgording; 103 PhEN &S CdamNOqiNEn] PfLhe eq{é?ﬁgnﬁdded
invention, only live cells of colifol mbacteria including

Ent er BbEetedhacBaeisadt Bryaleeghh bef defetR e f/P8mFoodst uf fs with

hi gh sensi td)viampl{dyiGUs2t 22591 refisn Id€) pnang: maresquingkl y (7 hours
and 30.m nutes)_co red with the regulated nethod (Food Sanitation
o Wi R B RRE B b L SIS i G s for

M | k ampl Thicey imp gefbpd) in ttiher efovanagseft drerageht | Sorexpeprasd ifor

det er gihnatdion beforecfact aaias Bl:hllgﬁﬁmc%t%ﬂi emnBNE AC Ub8cddkevar i ous

food factories represented by mlk nufacturing factories, and it
is as¥UMEYYt 6%bE® 'ﬁ?ﬂlQH?%ﬁﬁngF?gﬁI%¥%HSE??H991159 and yrt hernore, the
present i nwBntnehyeimables aupldkidétmatduon. and quantification of only
live m croorganisns at a | ow concentration, for mcroorgani sns
including not only conform bacteria and Enterobacteri aceae
bacteria, but T&PsB@E BESOTHESeE? LM ddivfiprgabhdfeni ¢ bacteri a,

Vi r usgspl aiidas0od It Rhe atk-dete Fe§Oire iist pEaibrhedappiniedod Dalv Rkl 04S
sanitation inspections, clinical tests, process control, and so
forth. CLAI M5 1. A nethod for detecting live cells of a

m cr oor gani&xmTia metthest aseprsliagbyo dilstinguds Wi nghehwin,i ve el | s from
dead g€l %)0r chd)Rdreedd on Wi ah G:%E‘Pét sesyibhe; $tRPSoRhed in

a) adcﬂléln an agent_capabl e of coval ent bi nding to DNA or RNA by

1 r adP BT FORSR TR 15 GRE WAVIHG S0y GRARBET oFoB5D WREEETE0 fim 0

t he tBsdénessnpl ealt, and an Brgantadicitd Bglt her bephoganrplie d@iaMeeth. t he
agent is added with Iight having a wavel ength of 350 nmto 700 nu;

c) anplifying a target region of DNA or RNA of the m croorgani sm
contai ned ih fhe redrdsanptelipy Be il ere akicdaanpll fticcdti on net hod
in thehdrasenserdfe aReagant o Or tisdPREEs S NGnanp A H0ReBéatdlycl ei ¢
acid aqgﬂhjg ation inhibitory substance, w thout extracting nucleic
aci dsFfromthe cells; and d) analyzing the anplified

pr oduct . 2. The nmethod according to claim1, wherein the

anplificatignegl tdi@obakassrdiggi 08 drsy RRETSF NBd;hd miorgbi al cells.
wherein, before the step a), the following step e) is performed:
e) treating the test sample with an enzyme having an
activity of deccmposing cells other than that of microorganism, a
colloidal particle of a protein, a lipid or a saccharide existing

in the test sample.
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3. The method according to claim1l or 2, wherein, in the step c),
the anplification of the target region is perfornmed in the presence
of one or nore kinds selected froma surfactant, a magnesiumsalt,

and an organic acid salt or a phosphoric acid salt. 4. The
met hod according to any one of clains 1 to 3, wherein, before the
step c), the steps a) and b) are repeatedly perforned. 5.

The met hod according to any one of clainms 1 to 4, wherein, before
the step a)¢- fThe muiHodwhagestien & dlsipebf orhewdin Lhe enzg)e tiseat i ng
the tgsiesamPkeoiid Brafe BNZWIRH8Y] RY - 3R AGH Iﬂbia{-d%fgrggﬁm%yﬂg

cells éher than that of m croorganism a colloidal "‘particle of a
prot efiY & FFpIYr-ole-4e8 5 ENS PREY i sting in the test sanpl e.

6. The nmethod according to claimb5, wherein the eniynme is sel ected
froma protei Isn (VY enzy and a
saccharlde'ﬁeﬁhggﬁ&ggg'gcg 2y té;ﬁhﬁ g%h %g%%%:%géogglng to any
one okt %Ifea"iﬂnﬁ q §Ftesa gisn af*h@”@e@f 3 afside t 5t apy bbpkewgad

f oodstafle, adbilﬂh@@l @ate sanpkiast Ad1NkhBgr Waheh rohaust rialeat er,

enV|ronq§pt§ it stevater, %PI| and a swab sanpl e. 8.
The méthod™ Scbrd”ﬁga A& 8t ¢lains 1 to 7, wherein the
m croorganismis a bacteriumor a virus. 9. The net hod
accor ding tg @h@lrﬁet%odwggé@mnt;h@o hagt 6hé WR i$adngranpnegati ve
bacterium . The nethod according to any one of clains 1

to 9, MRS Al¢ H@C&@@ﬁ‘ﬂa@asﬁhﬁﬁe drRcEeTAMRM § BiFi-ng to DNA or ANA
by irradiation with light having a wavel ength of 350 rimto 700 nm
is selecteq, f [ hi, di e i.di um
nonoazi de, q%sg gp%%ﬂ.g gg&%ﬁﬂﬂg ?%ﬂﬁggo aﬁgﬁkgﬁg%g% oafl AL
netho%?ﬁé@F&ﬁe@?gatlve bac?ﬁrlwﬁhe nmet hod according to any one of

cl ai s to 10, wherein the agent for suppreSS|ng an action of a
nuclelc aci lification inhibitory subst ne or nore Kinds
sel ected from albdRtAREFERI T éﬁe0§? r8 %FWS a8t & de,

bet ai w@redmn’eltldn)dgesul ¢@a1:cle of oq:crmdced‘ely gliydéngl to puhyet Rykebe

gl ycol ,3a%Pean hrlrtylpﬂ re%kf@h%oer wae1 hog'fO?a«d i to 700 pm
t et ramet hyl anmmoni um cht ori ysozyne, phosph 02¥ ase an actate
o

dehy dFOF&aSel rom ethidium monpazifg, hStha%]dJ@r gineido REYPBHEOf cl ai ns
2 t o rddnoavhes eigsctiBecOr gaIu'¢ sactithesal1pi@ asehestied-f rom an acetic
aC|d t ionic acid salt and a citric acid salt.
f%&koxgﬁggfgghordlng to any one of clainms 2 to 12, wherein the
phosphorlc acid salt is a pyrophosphoric acid salt. 14. The

met hod accandi e tnfétaa& %&En&'@ @Eyloﬂié) ok?vcla\i}@sr ai pothe tar get
region is.a target region of 000 .nucl ot|

The etEa bR iRk T G RP R A S PnBE LA BRI e (s o
t ar getnpiedioat Gor riekponidinyg stiostaargengs scaieeohremb:fer arim8S gRNAtgene,
165 "N 98Bnirf ReL i, O8heand LR, AsNe ab-OMAA! HOSheS!

sanpl e. ‘et ho ccording t'o any one alms 1 to
15, viEeEhH ! t fe egdfed CorEridtmplalyrest forchetHud ene FOROIRT- PCR,
LANF’sdﬂBéanLﬁf&péfwﬁlnﬂiﬂltoﬂc Q- mnceb@fwwdxinnetéﬁximethylammoniﬁh The

t ho I PCR d | -ti
FOR 10" STt anBSary Chmahe - FORah arayer SOb e i ea

product . 18 The met hod according to any one of clains 1 to

17, wherei n2t hthARRkNSH Sa Rortiify aPhhli &k Rroductnd $ psrior med by
using .a standard curve representln rel atjonshi p bet ween amount of

t he hcerfse;Pg STPARTE 1358 Safipt | i d® b S £ T OMATL APE ¢ A6afetr Yy

usi ngp strepdanid: sanpl esitofantihe aitcriooagahissat. 19. A kit for
detecting live cells of a mcroorganismin a test sanple by

di stinguishing the live cells fromdead cells or injured cells by a
nucl eic acid anplification nmetheds,mii ch conprises the foll ow ng
conponent s: 1) an agent capabl e of covalently binding to DNA
or RNA by irradiation with |ight having a wavel ength of 350 nmto
700 run;



2) an agent for suppressing an action of a nucleic acid
anplification inhibitory substance; and 3) a prinmer or
prinmers for anplifying a target region of DNA or RNA of the
m croorganismto be detected by a nucleic acid anplification method.
20. The kit according to claim 19, which further conprises one or
nor e ki nds I gﬁt ed tfhr m a sud'.fnacEgnatﬁ a %ﬁia%% szal L, nd an
organic acid's v s pﬁ%%%%olr Pc-adi'd sart” _ 57 e kit
accor ghageiro tbeapmstoorc 26;idnhith fsupt herorbonphsias aghd efigine
havi ng an activity of deconposing cells other than that of
m croorgani sm a colloidal particle of a protein, a lipid_or a
sacchari de ¥xi $PPRPERYt Aectedndshpnty, one of clasps Ifg kg
accor ghagein tapyronetotegl@i me 1% dmye2lreydrer efnse e AUCd®i ¢ aci d
anplificatiqn nmethod is PCR RT-PCR LAWP, SDA, LCR TMA, TRC, HC or
DNA m'croarray et hod. 23. The kit according to any one of
claims 19 to 22, wherein the agent capable of covalently binding to
DNA or RNA by irhéagidoloBcabtdini gbtciRawi ng, ansayel engt Basfet350 nm
to 700 nmis selected fromethidium nonoa%éade, et hi gi ug1 (gitazoi dgs
pr opi GFAHTThoodzt HES L pEBY 4P e FO A TSP | HethyFPS oiarsh-and 8-
met hoxps aleaueenl6S rRNA ger®d. 2BRerKiA gaoeoxrdl ngNe oyeney cdn@Nfofofcl ai ns
19 to.R3, +Mesgimd he agent for suppressing an action of a nucleic
acid anplification inhibitory substance is one or nore kinds
sel ected from al bum n, dextran, T4 gene 32 protein, acetam de,
bet ai ne, dim®et ik madroaxkdesrdiogmam e, cgeyeerabinpadl yet hy) ene
gl ycol,  soybean trypsi ”aéi’é"a?rﬂpﬁ?hca%%bﬁaﬁ%&% obyl 1%&1 RT-PCR, LAMP,
tetrarre?lﬁy anmoni um chl oF 1 dé, ysozyne, phosphorylase and ['actate
dehydFBlerid&de. TMA, TRC, BE orTheckpariaycBeHidty to any one of clainms 20
to 24, wherein the organic acid salt is selected froman acetic acid
salt, a propjonic acid salt and a citri.c id salt. . 26. The
kit accor di]%g tTBeaTﬁ}thé’ﬂea%‘Foréﬂgﬁnﬁo 5048 gé’ WREEFET T Théd® phosphori ¢
aci d patfoiredaapyreihosphdrdRrec tacs dnsldlahecusly con@ict FRE &id
accorgh%%féi% é@yt@é‘%n@hgi@d gg_oa&cg.o 26, wherein the enzyne is
sel ecte roma protefn-degrading enzynme, a |ipid-degrading enzyne
and a sacchari de-degradi ng enzynme. SEQUENCE LI STI NG <110> Mbri naga
M1 Kk | ndustrgy, €ae,mddrdd sd20x1iMat beodhrandnKidf fariketieati on, of
M croor gani sm <130> FP204: C9290 <150> JP2009-173566 < 09-07-24
<160>wé%r%g§eF%r%aefLr¥tsEﬁ ?/fel%;leoﬁm i‘JStQLed p%ocg)uct Zg peq:fo}:gég k%/o

using a standard curve representing relationship between amount of

the microorganism and the amplified product, which is created by

using standard samples of the microorganism.

19. A kit for detecting live cells of a microorganism in a
test sample by distinguishing the live cells from dead cells or
injured cells by a nucleic acid amplification method, which
comprises the following components:

1) an agent capable of covalently binding to DNA or RNA by
irradiation with light having a wavelength of 350 nm to 700 nm;

2) an agent for suppressing an action of a nucleic acid
amplification inhibitory substance; and

3) a primer or primers for amplifying a target region of
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<210> 1 <211> 16 <212> DNA <213> Artificial sequence <220> <223>
prinmer 165 10F <400> 1 agtttgatcc tggctclé <210> 2 <211> 16 <212>
DNA <213> Artificial sequence <220> <223> prinmer 16S 1500R <400> 2
ggctaccttg ttacgalé <210> 3 <211> 25 <212> DNA <213> Artificial
seqguence

DNA& or RNA of the microorganism to be detected by a nucleic acid

amplification method.

20. The kit according to claim 19, which further comprises
one or more kinds selected from a surfactant, a magnesium salt,

and an organic acid salt cor a phosphoric acid salt.

21. The kit according to claim 19 or 20, which further
comprises an enzyme having an activity of decomposing cells other
than that of microorganism, a colloidal particle of a protein, a

lipid or a saccharide existing in the test sample.

22. The kit according to any cne of claims 19 to 21,
wherein the nucleic acid amplification methed is PCR, RT-PCR, LAMP,
SDA, LCR, TMA, TRC, HC or DNA microarray method.

23. The kit according to any one of claims 19 to 22,
wherein the agent 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 moncazide, ethidium diazide, propidium
monhocazide, psolaren, 4,5',8-trimethylpsolaren and 8-

methoxypsolaren.

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 gerne 32 protein, acetamide, betaine,
dimethy! sulfoxide, formamide, glycerol, polyethylene glycol,
soybean trypsin inhibitor, o2-macroglobulin, tetramethylammonium

chloride, lysczyme, phosphorylase and lactate dehydrogenase.
25. The kit according to any one of claims 20 to 24,

wherein the organic acid salt is selected from an acetic acid salt,

a propionic acid salt and a citric acid salt.
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<220> <223> primer 16S _1234R <400> 3 ctacaatggc gcat acaaag agaag25
<210> 4 <211> 25 <212> DNA <213> Artificial sequence <220> <223>
primer 23S 1703R <400> 4 ccttctcccg aagttacggc accat 25 <210> 5 <211>
19 <212> DNA <213> Artificial sequence <223> prinmer hlyA -F <400> 5
t gcaagt cct aagacgccal9 <210> 6

26. The kit according to any one of claims 20 to 25,

wherein the phosphoric acid salt is a pyrophosphoric acid salt.
27. The kit according to any one of claims 21 to 26,

wherein the enzyme is selected from a protein-degrading enzyme, a

iipid-degrading enzyme and a saccharide-degrading enzyme.

108/113



<211> 24 <212> DNA <213> Artificial sequence <220> <223> pri ner

hl yA-R <400> 6 cactgcatct ccgtggtata ctaa24 <210> 7 <211> 22 <212>
DNA <213> Artificial sequence <220> <223> primer onpA-F <400> 7
ggatttaacc gtgaactttt cc22 <210> 8 <211> 19 <212> DNA <213>

Artificial

<110>

<120>

<130>

<150>
<15]>

<1le0>

<17G>

<210>

<211>

<212>

<213>

<220>
<223>

<40C0>

sequence <220>

SEQUENCE LISTING
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i

16

DNA

Artificial sequence

primer 168 10F

1

agtttgatcc tggctc 16

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

<220>
<223>

2
16
DNA

Artificial sequence

primer 165 1500R
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<223> prinmer onpA-R <400> 8 cgccagcgat gttagaagal9 <210> 9 <211> 22
<212> DNA <213> Artificial sequence <220> <223> priner MVB-F <400> 9
gggat att gt cccctgaaac ag22 <210> 10 <211> 19 <212> DNA <213>
Artificial sequence <220> <223> prinmer MVS-R <400> 10 cgagaat aag
ccgcgcatt 19

<400> 2
ggctaccttg ttacga 16

<210> 3

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> primer 165 1234F

<400> 3

ctacaatggc gcatacaaag agaag 25

<210> 4

<2il> 25

<212> DNA

<213> Artificial sequence

<220>
<223> primer 235 1703R

<400> 4
cctteteecyg aagttacgge accat 25

<210> 5
<211> 19
<212> DNA

<21i3> Artificial sequence

<220>
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<223>» primer hlyA-F

<400> 5

tgcaagtcct aagacgceca

<210> &

<211> 24

<212> DNA

<213> Artificial sequence

<220>
<223> primer hlyA-R

<400> 6
cactgcatct ccgtggtata ctaa

<210> 7

<211> 22

<212> DNA

<213> Artificial seguence

<220>
<223> primer omphA-F

<400> 7
ggatttaacc gtgaactttt cc

<210> 8
<211> 19
<212> DNA

<213> Artificidl sequence

1127113

19

24

22



<220>
<223>

<400>

primer ompA-R

8

cgccagegat gttagaaga

<2106>
<211>
<212>
<213>

<220>
<223>

<400>

9
22
DNA

Artificial seqguence

primer MMS-F

9

gggatattgt cccctgaaac ag

<210>
<Z21l>
<212>
- <213>

<220>
<223>

<490C>

10
198
DNA

Artificial sequence

primer MMS-R

10

cgagaataag ccgegeatt
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