Speci fication Method for Detection of M croorgani sm
and Kit for Detection of M croorgani sm Technica

Field [0001] The present invention relates to a

nmet hod for detecting a m croorgani smcontained in
foodstuffs or «clinical sanples, and a kit for
detecting a mcroorganism Mre precisely, the present
i nvention rel ates tC)g?geﬁhggcaQﬂanit for detection
of a microorganismthat enable selective detection of
live cells of a mcroorganism contained in foodstuffs
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Background Art

[0002]
The plate culture method has been conventionally used
for measurement of general live bacterial counts in

foodstuffs, clinical samples or environments. However, the

plate culture method reguires time of about two days to

obtain a result.

[0003]

Because of the improvements of sterilization
techniques and processing techniques for foodstuffs, needs
for distinguishing live and dead states of microorganisms
existing in test samples are increasing even for the cases
where the cells exist in an extremely small amount. In the
fields of food sanitaticn inspecticn and clinical test, in
particular, as a quick method for detecting bacteria, it is
attempted to determine presence or absence of bacteria and
quahtify bacteria by amplifying geﬁes specific to the

bacteria by PCR to such an amcunt that the genes can be



contained in the test sanple is al so detected, and
therefore a positive result obtained by PCR does not
necessarily suggest the presence of |ive bacteria.
Therefore, the current situation in the fields of
food sanitation and clinical test is that PCR is not
used widely, although it is a highly sensitive and
viguaTkyt echargee. [[0004jed N itheseaays;idl DA aid engptgsked,
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Therefore, this method cannot be said to be sufficient as a
method for distinguishing the live and dead states.

[0005)

Specifically, as a method for distinguishing live and
dead states of microorganisms such as bacteria using the PCR
method, the methods described in Patent document 1 and 2
have been disclosed. However, the following problems remain
in these methods for distinguishing live and dead states of
microorganisms such as bacteria using the PCR method.

[0006]

s for the technique disclosed in Patent document 1,
examples are mentioned for distinction of dead cells
contained in boiled foodstuffs subjected tc high temperature
long time sterilization at 100°C for 10 to 30 minutes, and

distinction of microorganisms contained in foodstuffs

subjected to ethanol sterilization or formaldehyde



subj ected to such pasteurization treatnents,

especially the treatnent of the latter type.

Mor eover, there are not supposed detection of only

l'ive mcroorganisns subjected to the currently major

pasteurization nmethod in the food industry, |ow

tenperature long tinme pasteurization (LTLT
stpastledeiczahi.onjowbigh, t €nPes at bk ensbofbotisBRF £s actually
SuBasteurlzatlon (HTST pasteurization), or ultra hi

éﬁﬁé?gtGPeSuﬁ&sP@éF?EéﬂFéﬁlPGH?r6§§W§QFﬁza?FBﬁFlagﬁﬁ the
tr@ﬁ%ﬁ%hkOBfOEh%”E&ttEkV€¥§@eC'Méfe@@éP°9€Hé£eb@féeﬁb@

In clinical specinens o i nfectious di sease patients
supgnpeafdstietedtwonhocdnthbiyoliive. mivbreogenising shejeased to

of a test.sanpl.e of a,foodstuff or i.ni.cal ,.speci nen
engorlab R alRd SroPr ety hnan sk hotot b ERE B of
1n&99t§ Y/ mbwokchbgkaturbhgongodnie phstheritheabnPERTLT
l'ification products derived fromdead cells exceed

Paﬁﬁéuﬁé?ééﬂpéh | hibh bempREatBERNFHAE ok 1Pgt BAFLeUTrization
H9§§u§59£e&rﬁﬁgghgﬁ?reggrﬁlkka'ﬁl Hpeéﬁbgkgtﬁge

det e er a positive re ponse” o
pasaaptezabnannéﬁﬂwypE£EEurszd9mDHEd ﬁndnﬁéteetmehlsfopnly

dead cells. [0007) Furt as the techni que of Patent
Li¥gctRent £6¢ LGFEB 8%38 %CEeﬁ%?hbﬁ 8?18?§g ngoFSATRES °of

. 1nfé&€1§@é|él@@gsgggmfléﬁféSa@M;Hlbté%éagwiﬁhaéhﬂﬁblotlcs
decrease in RNA/ nmolar ratio of dead cells

MO%%%%%?ediV@Fhetﬁé§@o®fl@v%eéﬁlﬁémplﬁ Phi 8 fapdnballt AE
cl%ﬁ$ &§m8§tééﬁ§§ﬁmlﬁ “H%EHPQéﬂiy £§%nﬁfgg§§ed

UsSing a reverse ransc N T encr I on;
comsemrEri’OIdmdof ol ¢alacin /atle dmen@_themal Uehd hereofts and the

opcentration of RNA is. obtaiLned sin
tigel 2O hr L EPECR LS uaTodiats e tios Tagh ddad yoR 8
ex&@@ﬂO@h@fde@@&@ﬂ@§onﬁ£l£»wfCQmée@@@ﬁﬂiaget@fthﬁteﬁﬁm
is anplified by PCR to obtain the Ct val ue thereof,

dogpenhel motad TRONCENET at t ohS oF RS Bl onbe ofal S DRI s

wh%ﬁ&ylﬁtﬁgs%%m %z?ﬁs?e of £ the £l 1 DLAL ONSUL¥Eeli %y per

is derived from live cells or dead cells.
[0007] |

Further, as the technique of Patent document 2,
disclosed is a method of distinguishing live cells and dead
cells by utilizing relative decrease in RNA/DNA molar ratio
of dead cells compared with that of live cells. 1In this
method, the total RNA is extracted, complementary DNA is
prepared by using a reverse transcription reaction, then PCR
is performed to calculate the Ct value thereof, and the
molar concentration of RNA is obtained by using a separately
prepared calibration curve. Separately, a region of
chromosomal DNA corresponding to that RNA is amplified by
PCR to obtain the Ct wvalue 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 troubl esone extraction of total RNA and uses
two steps of reverse transcription reaction and PCR
Therefore, this technique is inferior to usual PCR
targeting DNA in quantification performnce and
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- Disclosure cof the Invention
Problems to be solved by the Invention
[0008}]

An object of the present invention is to provide a
method for selectively detecting live cells (Viable-and-
Culturable cells) of a microorganism contained in &
foodstuff or clinical sample in contrast to dead cells or
injured cells (Injured cells or Viable-but-Non-Culturable
cells (VNC cells})), that is, a qguick detection method
alternative to the culture method, but succeeding the
characteristics of the culture method as they are, and a kit

for performing the method.



The inventors of the present invention assiduously
researched on a nethod for determning cells to be
alive or dead applicable to various sterilization

nmet hods, showi ng high detection sensitivity, suitable
for food sanitation inspection, and al so enabling
detection of specific pathogenic bacteria in
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semerivrgadmified by PCR, and a quick method alternative

to the culture method could be provided. Thus, they

accomplished the present invention.

[0010]

That is, the present invention provides a method for
detecting live cells of a microorganism in a test sample,
which comprises the following steps:

a) the step of treating the test sample with a topoisomerase
poison and/or a DNA gyrase poison,
b) the step of extracting DNA from the test sample, and
amplifying a target region of the extracted DNA by PCR, and
c) the step of analyzing an amplification product.
[0011]

In a preferred embodiment of the aforementioned methed,
the amplification product is analyzed by using a standard
curve representing relationship of amount of the

-microorganism and the amplification product, which prepared




[0012] In a preferred enbodi nent of the aforenentioned
met hod, PCR is perforned by real-tine PCR, and PCR
and analysis of the anplification product are

simul taneously perforned. [0013] In a preferred
enbodi nent of the aforenentioned nethod, the test
sanple is one of mlk, a dairy product, a foodstuff
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the microorganism is a bacterium.

[0015]

In a preferred embodiment of the aforementioned method,
- the target region is the 23S rRNA gene. In this embodiment,
'PCR is preferably performed by using a primer set of the
primers of SEQ ID NOS: 1 and 2, or a primer set of the
primers of SEQ ID NOS: 3 and 4.

[0016]
In a preferred embodiment of the aforementioned method,

the microorganism is a pathogenic bacterium. In this
embodiment, the target region is preferably a pathogenic
gene. Further, in this embodiment, PCR is preferably
performed by using a primer set of the primers ¢f SE¢ ID
NOS: 7 and 8.

[0017]

In a preferred embodiment of the aforementioned method,
the topoisomerase poison is selected from amsacrine,
camptothecin, doxorubicin, ellipticiﬁe, etoposide,
mitoxantrone, saintopin, topotecan and CP-115, 353.

[0018]



In a preferred enbodi nent of the aforenentioned
nmet hod, the DNA gyrase poison is selected from

ci profl oxaci n, ofloxacin, enoxacin, pefloxacin,

fl eroxacin, norfloxacin, nalidixic acid, oxolinic
acid and piromdic acid. [0019] In a preferred
enbodi nent of the aforenentioned nmethod, the
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thE TR SEUPIE b aene el i i i dtdoe, and @
toddi3ledasa g ed ef rad b atinenirafe thel sbor etiesat | oined
kit, the topoisonerase poison is selected from
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[0021]

In a preferred embodiment of the aforementioned method,
the following step is performed before the afoiémentioned
step aj:

d) the step of treating the test sample with a topoisomerase
and/or a DNA gyrase.
"[0022]

Further, the aforementioned method provides a kit for
detecting live cells of a microorganism in a test sample by
PCR, which comprises the following elements:

a topoisomerase poison and/or a DNA gyrase poison, and
primers for amplifying a target region of DNA of a
microorganism to be detected by PCR.

In a preferred embodiment of the aforementioned kit,

the kit comprises'a topoisomerase and/or a DNA gyrase.

[0023]

In & preferred embodiment of the aforementioned kit,

the topocisomerase poison is selected from amsacrine,



7 canptot hecin, doxorubicin, ellipticine, etoposide,
m t oxant rone, saintopin, topotecan and CP-115, 953.
[0024] In a preferred enbodi nent of the aforenentioned
- kit, the DNA gyrase poison is selected from
ci profl oxacin, ofloxacin, enoxacin, pefloxacin,
fl eroxacin, norfloxacin, nalidixic acid, oxolinic
cambt 6t PO p) r @skdiebacif, £0025titina, peebposede,
~enbodi nent of the aforenmentioned kit, the kit
miconph F5@3e et Hir H BAP HBnoBoPeeSCandeadt GPotl sendPase
[O@Qg?on and/ or DNA gyrase poi son other than ethidium
nonoazi de. [0026] In a preferred enbodi ment of the
af orementp onBelr ked , emitdvdi radror enfenth o netlo pemerer soned kit,
consist of a prinmer set of the rimers of _SEQ | D NOS:
the By gyrage %Jr?%rl§e‘fe£?c?%% Pﬁ?mnﬁ%gr%ﬁ%‘%ﬁ%
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of the aforenentioned kit, the aforenmentioned priners
natbhbist afid perekintetaeid amd pireridiefasSEd | D NOS:
[Oiéggd 8. Brief Description of the Drawi ngs [0028]

[ 1] El ectrophoresi s phot ographs showi ng i nfluence
of Imjairedt et ted nnitaetina aro DNdse afocdmeanosoned kit,
DNA of Listeria é%g'ured ceII%% i nfl yence of.
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of Listeria (live cells): Non: Untreated,
morfpeszic¥d ne(-): No addition of amsacrine, Ansacrine(+):
[Oqﬁgﬂ tion of ansacrine, 1: Incubation at 30C for 24
0

rs,
In a preferred embodiment of the aforementioned kit,

the aforementioned primers consist of a primer set of the
primers of SEQ ID NOS: 1 and 2, or a primer set of the
primers of SEQ ID NOS: 3 and 4.

[0027]
In another preferred embodiment of the aforementioned

kit, the aforementicned primers consist of a primer set of

the primers of SEQ ID NOS: 7 and 8.

‘Brief Description of the Drawings

[0028]

[Fig. 1] Electrophoresis photographs showing influence of
irnjured cell intracellular DNase on chromosomal DNA of
Listeria (injured cells), influence of amsacrine on
chromosomal DNA of Listeria (injured cells), and influence
of amsacrine on chromosomal DNA of Listeria (live cells):
Non: Untreated,

Amsacrine(-): No addition of amsacrine,

Amsacrine(+): Addition .of amsacrine,

1: Incubation at 30°C for 24 hours,



8 2: Incubation at 30C for 48 hours, 3: Incubation at
30C for 72 hours. [Fig. 2] Electrophoresis photographs
showi ng influence of injured cell intracellular DNase
on chronosomal DNA of Enterobacter (injured cells):
Non: Untreated, 1: Incubation at 37C for 24 hours, 2:
I ncubation at 37C for 48 hours, 3: Incubation at 37C

2: foRcdBahOYRSat[ BDOC SbrEhec:hbngpr esi s photographs
showi ng i nfluence _of ciprofloxacin on chronosormal DNA

3: oingwbat bpaceEr 301 FvEoEelBshodRd i njured cells): Non:
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4] El ectrophoresi s pho aphs showi ng i nfl uence of
EnFﬁfﬂPéatﬁélIlpﬁPFﬁgeFFg?g ‘DNase on chronmosomal DNA of

Nokl Stgfl@afkgjured cells): Non: Untreated, 1:
| ncubati on at 30C for 24 hours, 2: Incubation at 30C
1: f brcuigahbonrsat 37° Cnéabaiﬂohoarsaoc for 72 hours.

[ 5 ectrophar Su h aphs show ng i nfluence
2 f gUba %*o%gcsﬁ gn§§ roﬁn@%ﬁg%’DNA of Listeria (}ive
3: cemtﬁb@ﬂﬂonlatuB@dcchts72 hbmrsUntreated 1:

| ncubati on at 30C for 1.5 hours, I nc ubat|

[F3%r %15E%%9F§Oph%r6§héuB%9$%%r%Ph§oEﬁPﬂ%ng ﬁagigenCi ot
cipPGHDEEA O akn 306 §RE s dRaOBNR - of Enterobacter (live cells

and injured cells):

Non: Untreated,

1: Incubation at 37°C for 1.5 hours,

2: Incubation at 37°C for 3.5 hours,

3: Incubation at 37°C for 5 hours,

4: Incubation at 37°C for 72 hours.

[Fig. 4] Electrophoresis photographs showing influence of
injured cell intracellular DNase on chromosomal DNA of
Listeria (injured cells):

Non: Untreated,

1: Incubation at 30°C for 24 hours,

2: Incubation at 30°C for 48 hours,

3: Incubation at 30°C for 72 hours.

fFig. 5] Electrophoresis photographs showing influence of
ciprofloxacin on chromosomal DNA of Listeria (live cells and
injured cells):

Non: Untreated,

1: Incubation at 30°C for 1.5 hours,

2: Incubation at 30°C for 3.5 hours,

3: Incubation at 30°C for 5 hours,

4: Incubation at 30°C for 72 hours.

[Fig. 6} Amplification curve in real-time PCR targeting the



[Fig. 6] Amlification curve in real-tinme PCR
targeting the 9 Qur Ref:OP-C5307-PCT 23S rRNA gene of

Ent erohac cells) treated with ciprofloxacin
Ouf QFngﬁ EgﬁB? E¥zp [Fig. 7] TM pattern of

anplification product inreal-time PCR targeting the

23S rRNA gene of Enterobacter (live cells) treated
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23%hblﬁ%@rfa@m of FEgtezrebapnpki fivauren catye)i hreated with
c1%§ Iékg@lﬁm¥$§ffggﬁ%2§h59$ﬁr§§§bfRNA gene of Listeria

Injured cells f of | oxaci n (hal ftone

[Fp@ot@grﬂphgattéig ol 2jmf aphcshdvnngrbtiect eiat reasht pme
imersion tine. in _boiling water of a n1crot ube

Pc%o%%%g%Fh@gc%m¢ %%%p%%%ﬁo%en%naft%ﬁﬁ@F%@@?Eeaf %ﬂéured
ce§y§pe@§é@@eanw1@@ @1&£@fﬂ@§acl§'?}fi§&o§$e§B6@@89£ R S

phot ogr aphs show ng results of gene anplifica i on
[Fiar ge?] mynphef 168 FRNACgee off sewentike ndSRofargeting the

235000 ekt t cRTER TR bR LBt st LR SF e o

CJ.I:I)JTd/:Elomi:in sUsgpefistion podtdgeaperd. with EMA, |ive cell
suspension _treated with EMA, injured cell sqﬁgen3|on

[Fifot thdterf WA Frt BN, C%%eIWLﬁ clelhe stigperet omt1n9 the

234 rﬁ@\izﬁdgé%é rbﬁ%sfé’h@%thﬁ@é& S d L) T@ﬁea?@é@ whed |
apply to Figs. 14 and 14] Electrophore5|s

ciptotlogpraphs ShoWlitene astmt@gmp@m gene anplification
[F:ngar gleé] r@ré}ﬂle 5%1 r%%l’geenfelgglgngf{lp of immersion time

in boiling watexr of a microtube containing cell suspension
and temperature of the suspension in the microtube.

[Fig. 13] Electrophoresis photographs showing results cof PCR
gene amplification targeting the 165 rRNA gene of seven
kinds of bacteria (live cells and injured cells) treated or
not treated with EMA, which are shown in the order of live
cell suspensicon not treated with EMA, live cell suspension
treated with EMA, injured cell suspension not treated with
EMA, and injured cell suspension treated with EMA, for each
bacterium. The same shall apply to Figs. 14 and 15.

[Fig. 14] Electrophoresis photographs showing results of PCR
gene amplification targeting the 235 rRNA genes of four
kinds of bacteria (live cells and injured cells) treated or
not treated with EMA. |

[Fig. 15] Electrophoresis photographs showing results of PCR
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ki nds of bacteria (live cells and injured cells)
treated or not treated with EMA. [Fig. 15]

El ect rophor esi s phot ographs showi ng results of PCR 10
gene anplification targeting the 23S rRNA gene of
Listeria (live cells and injured cells) treated or
not treated wwith EMA. [Fig. 16] El ectrophoresis

geﬁeoamga@mm&asm@mnﬁ@r@@@thSt@% PER rgene gamel offi gatsitenia
targeting the hlyA gene of Listeria (live cells and
(lFﬁFupééléeﬁﬂg)1ﬁﬂééﬁédcéﬂlﬁéttﬁﬁéﬁ?édoﬁhFﬁtEWWeaﬁﬁd with
mihen treated with a DNA gyrase poison or a

t opoi somerase poison: Non: Untreated, E: EMA 1:
[FE@MV¢6brEﬁéoxaophpregisEphbtagpaphbeehnwina:results of PCR

EMA et side, 4: EMA el cine, _ b5: , , .
SCERITHP L ORAREF SAE. tar@etﬁm/ Phea Blyhedepei gf fipteria (live

ceﬁl§05ﬁ9pbﬁ?§§é§ @E@l@gr€95§t§80$&nﬁofe§HEE§e@fwE@R EMA and
gene anplification targeting the 16S r RNA gene of

thepsteepbed(Vivk eePVR ardapaj npedovebksy tepatedmerase
pof86 freated with EMA and then treated with a DNA
gyrase poison or a topoi sonerase poison: Non:
Notntveatedted& EMA 1: EMAN ci profl oxacin, 2:
EMA/ canpt ot hecin, 3: EMA et oposi de, 4:
: ellipticine, 5. EMA mtoxantrone, 6:

1: BNIY AEBREEF D8xacin,

2: EMA/camptothecin,

3: EMA/etoposide,
4: EMA/ellipticine,

5: EMA/mitoxantrone,

6: EMA/amsacrine.

[Fig. 17] Electrophoresis photographs showing results of PCR
gene amplification targeting the 16S rRNA gene of Listeria
(live cells &and injured cells) treated or not treated with
EMA and then treated with a DNA gyrase polson or a
topoisomerase poison:

Non: Untreated,
EMA
EMA/ciprofloxacin,
EMA/camptothecin,
EMA/etoposide,
EMA/ellipticine,

EMA/mitoxantrone,

G s W~

EMA/amsacrine.

[Fig. 18] Electrophcoresis photographs showing results of PCR
gene amplification targeting the 23S rRNA of Listeria (live
cells and injured cells) treated or not treated with EMA and

- then treated with & DNA gyrase poison or a topoisomerase

11



[Fig. 18] El ectrophoresis photographs showi ng results
of PCR gene anplification targeting the 23S r RNA of
Listeria (live cells and injured cells) treated or

- not treated wwth EMA and then treated with a DNA
gyrase poison or a topoi sonerase 11 poi son: Non:
Untreated, E EMA 1. EMA/ci profl oxacin, 2:
E@@ﬁcanptothe0|n 3: EMA et oposi de, 4:
EN%/elllpt|C|ne 5: EMA m toxantrone, 6:

NOEN%Wahsaeteﬂe Best Mbde for Carrying out the

. ﬁgﬁntlon [ 0029] Hereafter, preferred enbodi nents of

"t present invention will be explained in detail.

: HomeyeiprbhEopaesent invention is not limited to the

following preferred enbodinments, and can be freely

: AR FREPWPERERI R he scope of t he present invention.

A i cation, percentages are used on nmass

’ g%%zéﬁﬁﬁgggaéspe0|ally i ndi cated. [0030] <1> Method

: OFMA helpipseninénvention The nethod of the present

) ntion is a nmethod for detecting live cells of a

nﬁ%ﬁ@%?ﬁ%ﬁ?%h¥?%ea test sanple, which conprises the

. folA pah8gc-B1ePs: a) the step of treating the test
sanple with a topoi sonerase poison and/or a DNA

gyrase poison, b) the step of extracting DNA fromthe

S i fyin t ion of the
BelEe MR FRnCh i Lo, e 8 O 0L T he an
[O@mgp] i fication product. [0031]

Hereafter, preferred embodiments of the present

(o T & 2 B Oy N R = |

~invention will be expiained in deteil. However, the present
invention is not limited to the following preferred
- .embodiments, and can be freely modified within the scope of
the present invention. In this specification, percentages
are used on mass basis unless especially indicated.
[0030]
<1> Method of the present invention

The method of the present invention is a method for
detecting live cells of a microorganism in a test sample,
which comprises the following steps:
a) the step of treating the test sample with a topoiscmerase
poison and/cr a DNA gyrase poison,
b) the step of extracting DNA from the test sample, and
amplifying a target region of the extracted DNA by PCR, and
c) the step of analyzing an amplification product.
[0031]

In this specification, the “test sample” is an object
.for which live cells of a microorganism existing therein are
detected, and it is not particularly limited so long as the

presence of live cells can be detected by amplification of a
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In this specification, the "test sanple" is an object
for which live cells of a m croorgani smexisting
therein are detected, and it is not particularly
limted-so long as the presence of live cells can be
detected by anplification of a 12 specific region of
chronosomal DNA by PCR. Exanpl es include foodstuffs,

spd O £ £XapPl €on Mbk Keh 88hb ¥oRE 0AHRASEHy T POAS UffSmp LSt NMhclude
mlk or a"dairy product as a raw material, blood

foganpt£8s, ufPnecsamples, mspknatlat ryi Breduptes, fepAsvhafs
fluid. . sanples leural .fluid.s s . f

as g U TTY S pToaie B OF8bhet O o 00 aCar e or Pactd

safigl &y, piottst s@bp Be s pAVspimaer fahiar eaesbesi aklyovial fluid

- preferred. In_the present_invention, _the test sanple

sapplehe REGUBHE BiUiReSafbtefrentiendd fpFbAuct’s Bhg dairy

pr&&?@@QplFéo&g€ﬂ§§éV§§in§nﬂiﬂﬁyopea0@§i99tﬁk@@gcthS a raw
dilTutin f the

g or concentrating any one o
malad 10t ®hveat ¢ oaedecpadiucrsedndrbilosahpl ebeoprsabpéctinngntion,
e of the aforenentioned?p%oduc%s and_pi osanpl es
h

the LS r S FRAT MBAY DBLABY TRANCE hElt r e50 et aECora! ng

pré@udthe amd hetbeinphes Pressslvéayentd onay Exanphescbtained
the pretreatnment include heat treatnent, filtration

by(ﬁ%&@ﬁi%@aQ?o@en%ﬁﬁﬁgﬁﬁigﬁt¢ﬁy Peo32f the aforementioned
prédﬂcﬁ{é"’é f&‘%'ar{éﬁléé‘ 9P %ﬁ?é&{’ﬁ%dﬂf%ﬁg by the
met hod of t and IS not

e present i1nvention,
afpanercid @arey plrodudtes sodllohgsaspldes cam dHepdet eed edeny
PCR,, .and topoi somerase poi son and .a ras
OtHSh S hciMDr 1§ VE o Kol FCOFATRE 1 cHEbrBaniah th e
pré@syerigidderent fnemdikal off ahadead eeldtsneand \inyluied
cells of the mcroorganism Preferred exanples
negthd irptmret erf bl tF et kprmnt GRARL FUHgIatigRastad spdfepth-
[0 §§fh. The bacteria include both gram positive

acteria and gram negative bacteria. Exanples of the
gr amtyoSintiicwes dogetrarand’ | irec | ard eokSteapph y o do cisst dyaui@ridna the

me%ﬂ&? t%eaph I ococcus e I derm dig,. St !retE)t ococcus,

D€ RS HREEH S s i &5 1St 9 Y
1irBNRQE W Ogenes, aBacd | dats be detected by PCR, and a
topoisomerase poison and a DNA gyrase poison act on live
cells of the microorganism in a manner different from that
for dead cells and injured cells of the microcrganism.
-Preferred examples include bacterias, filamentous.fungi,
yeasts, and so forth. The bacteria include both gram-
positive bacteria and gram-negative bacteria. Examples of
the gram-positive bactefia include Staphylococcus bacteria
such as Staphylococcus epidermidis, Streptococcus bacteria,
Listeria bacteria such as Listeria monocytogenes, Bacillus
bacteria such as Bacillus cereus, Mycobacterium bacteria,
and so forth. Examples of the gram-negative bacteria
include enteric bacteria typified by Escherichia bacteria
~ such as Escherichia coli, Enterobacter bacteria such as |

Enterobacter sakazakii, Citrobacter bacteria such as
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bacteria such as Bacillus cereus, Mycobacterium
bacteria, and so forth. Exanples of the gram negative
bacteria include enteric bacteria typified by
Escherichia bacteria such as Escherichia coli

Ent er obact er bacteria such as Enterobacter sakazaki i
Citrobacter bacteria such as 13 Citrobacter koseri,

claagbgk%e§lﬁbgar9acgﬁalﬁiéﬁ@ﬁe@ia Khebsi-ebl auexykaca,
and Sal nonel | a acterla Vi brio bacteria, Pseudononas

Klphetedila, ogntdosa, f@ﬁdhSap@@@@PlEnbﬁﬁé@gﬂ@seﬁﬁbrlo bacteria,

polbPEbLEN. piherLLve gel Lo releps tooa cell in a

e cell can pro erate, and exhibits
[opeBabolic activities of the nlcroorganlsn1(V'abIe and-

Culturable state), when it is cultured und
genetal Fye @ﬁ%@%&Feﬁn%%nEh?%rCB%%|t%bﬁe %ﬁallsr%f%€$|to a

ceﬁyb§ﬁagtg§££¥ thigechEOREL D) HEY BLofkbriRk! - aA8 ERRipits
nmetabolic activities nentioned above, ATP activity,

meesbelaseaativitigseot. thanmberoexeapnsmuéﬁlap®63adehe
el | isa cel | a sta g thg |t ganng
é) Pre

Cu%?%?%?%?a?Ea %hﬂ %%% not taBo?lc a%??%f

préfengedstat ehre eyenditibh, l§nQULsuaedemmdgﬁbaﬂaﬂpiammpw
culture condition. Moreover, it is in a state that

frogt hoemhinderucetirecbt wali- wdlg fihe matihehed atherities
meﬁ%ﬁén¥@'$b6$ée'£ pls-0ighly, i bipeed eaggtﬁvfﬂﬁl can be

stain agent exhibiting weak’ perneabilify suc
exgnopi fiedn i odi de can penetrate the cell wall. [0035]
[Oiﬁf “"injured cell™ (injured cell or Viable-but-non
burabl e cell) is acell ina state that it hardly
proltHeeraias exan when d tcd 1 cib tareck ¢ dgiaani ©ptdirgn
culture condition, because it is injured due to
profifereial aQﬁrQQﬁﬁcﬂOQHﬁﬁhbmh%ﬁF%ﬁa%@¥b%sac%hﬂl?%es (dead

staOWS JRLAPOHI G is cultured under an optimum culture
.condition. Moreover, it is in a state that although
structure of cell wall is maintained, the cell wall itself
is highly injured, and a nuclear stain agent exhibiting weak
permeabilility such as propidium iodide can penetrate the cell
wall. |

[0035]

The “injured cell” (injured cell or Viable-but-non
Culturable cell} is a cell in a state that it hardly
proliferates even when it is cultured under an optimum
culture condition, because it is injured due to artificial
stress or environmental stress, and it shows metabolic
activities at a lower level compared with a live cell, but a
significant level compared with a dead cell.

[0036]

Detection of bacteria exhibiting the state of injured

| cell by using mild heat treatment or administration of

antibiotics is attracting attention particularly in the
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activities at a lower level conpared with a live cell
but a significant |evel conpared with a dead cell
[0036] Detection of bacteria exhibiting the state of
infjured cell by using mld heat treatnment or

adm nistration of antibiotics is attracting attention
particularly in the 14 field of food sanitation

fibnareet kenqaBdn¢tkni 63l 1hepbcrabd ahhecpras$enlt test, and
i nvention provides a nethod for detecting a
thai preseganiswenhpohpenabbes aomeshby deredetentofng a
: miIirver cellg, QHE leo ggstigg%ion ofdlivgtcglls f&g@
Gel4 2elt g% or |ﬁju?83 SHES (88&¥] ThECUAPE 8F cel'f
- cehupberudfal byedestlsctiBhubgdicekl selapndrdemaddeall sellss or
o usually represented by cell nunber (cells)/m. The
inhukaBerCetlFive cells can be approximated with a
{O?yﬁper of colonies (cfu/m (colony formng units/ni))
orimed by culturing the cells under an optinmm
condThé omn of sell avhrebpt at€ hide upel Bs st amjlared celis

R e S
(c€XBIP)A] . a hRatinieat ENtLi v badliHGamalerapdibost thsted

_case, the nunber of injured cells in such a  sanple
withng beumlpp¥ oxf neebeniw s hiefu/ml 6Foipay| forngey| units/ml))

foﬁﬁé&’.‘%ﬁiiwlﬁ?iﬂ‘i the ng‘i theatreny,. QEEH&HQQOBBH&% on
the at ‘treatnent in 0|?|ng wat er for preepari ng
a swujtalete celdse wedies. dépertdimip mh damelofof injured cells

m .croorgani s infjured cells of, the cteria
canuRe T Ee e U s 80 Farl bxtnr b kS gsion to a
hedf epodLehdyr 2 featetdRal SENE BéaabOHEz B BECONUSeiling

Further, a standard sanple of injured cells can also

- walRr pr dfartéd soag et ridd ARWOSH A amIamebicstlile 4m such a
saRlEd B398 Al LS QUDEN o)) ETh e | Syeete
sudmemetomisnt dihe et [lsear et cedtnerd. Widérovayh dpimenud the
heé%”%ﬂéééﬁgég]f%s%g£f¥g5§#g€g§ ogiﬁggpg?&ng injured cells
varies depending on type of microorganism, injured cells of
the bacteria described in the examples, for example, can be
prepared by a heat treatment of about 50 seconds. Further,
a standard sample of injured cells can also be prepared by a
treatment with an antibiotic. In such a case, the cell
number of injured cells can be approximated with the number
of colonies (cfu/ml) formed when the cells are cultured
under an optimum condition on a suitable plate medium, by
removing the antibiotic after treating live cell suspension
with the antibilotic, measuring transmittance of visible
light (wavelength: 600nm), that is turbidity, and ccmparing
the turbidity with that of a live cell suspension which
density of live cell is known.
[0038]

The methed of the present invention is for detection
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renoving the antibiotic after treating live cel
suspension wth the antibiotic, neasuring
transmttance of visible |ight (wavel ength: 600nm,
that is turbidity, and conmparing the turbidity with
that of a live cell suspension which density of live
cell is known. [0038] The nethod of the present

of'ﬂ¥§@tb@Dlés 584 g@iﬁgtb@nthé5m9ErbbYﬁaﬁ§Ehsdl@ﬂ@ﬂgulshed
cells of the m croorgani smdistinguished fromlive

freml 1 svengebes i npurled menusedrCﬁééd eel Head[ 0639F-In
é%g present invention, the "detection of live cells"
c udes both determi nation of presence or absence of

livergeths piregetesinsanplen anthdetesmeaat bonodflive
amount of live cells in a test sanple. The anount of
cellve tefledes bPabk fehprréneblan QESBFﬁF%n%ﬁnaﬁtabéﬁﬂce of

11\9@ch§ 2 {ﬁl%tté@t éggyfé %&hdéw?éi?ﬁ%a{?oﬁhéf bRoBnt of

contro sanple. Here the nmethod of the present
llV@ve@llamw 41 tést expbienedHoraewerty of dpivd 0040} is

The test s treated w
noé ])p %% %%earbo?‘%%%lu %d?%?u%tDr\ﬁ\n‘éyl}‘%%eb%o?sﬁ%latrﬁve
amé@m@l@pmmrﬂ§§p@@tsﬂ@ angc the HNAogyrasespebsen used
for the present invention refer to those not
i nhifiRgafg et he e i@ L bf t R poy eoviel abey et gg’ill be

eXé%ﬁﬁﬁ?aff%rc%f@W'”gte NAs, respectively, but

Iting re tron of DNAs, or enhancing forward
[0G4le of DNA cl eavage. The topoi somerase poison and
t he DNA gyrase poison are preferably those that bind
%(ﬁq: dhosomal DNAs of a m croor gani sm by coval ent

at t aghimendst e d hiad dideraalate iattwgdiesomerase poison
chronmosomal DNAs and bind to chronpsonal DNAs by

' an%/gﬂﬁal%rﬁN%tqmrﬁ?Wh Jirradiation of visible
'l'gW%etggﬁgigéﬁgrégénﬂéﬁééH‘HﬂéﬂfﬂéaDNA gyrase polson

~used for the present invention refer to those not inhibiting
the activities of topoisomerase and DNA gyrase for cleaving
DNAs, respectively, but inhibiting religation of DNAs, or
enhancing forward rate of DNA cleavage. The topoisomerase
poison and the DNA gyrase polson are preferably those that
bind to chromosomal DNAs of a microorganism by covalent
‘attachment, those that intercalate inte the chromosomal DNAs
and bind to chromcsomal DNAs by covalent attachment upon
irradiation of visible light, those that simply intercalate
into the chromosomal DNAs, or those that form a complex with
topoisomerase or DNA gyrase.
[0041]

Both the topoisomerase poison and DNA gyrase poison
may be used, or either one may be used.
[0042]

The topolisomerase poiscn and the DNA gyrase poilson are

preferably those exhibiting different actions on live cells,
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into the chronosomal DNAs, or those that forma
conplex with topoisonerase or DNA gyrase. [0041] Both
t he topoi sonerase poi son and DNA gyrase poi son nmay be
used, or either one may be used. [0042] The

t opoi sonmer ase poi son and the DNA gyrase poison are -
preferably those exhibiting different actions on |live

anaebkiureaﬁcéﬂg 'nbgéﬁdfgﬁhgs'sgﬁQQRQekE§issgﬁﬁhi%s bovine

such Bovine eucocytes, leucocytes and
letihoopbesyt ésuebcyfermpred $beombpcatby ethosemore

exhi_bi t hi gher r _ce
sofi breatodr | 51aRe BeRabCekPd BiaTes PerBREPanasofor cell
was0gabEcigelikeqseehiasahaviuaad edcoeykasg, ckeucaeybesnes of
and thronbocytes etc ared with that for cel
somaris @ﬁlﬁﬁvéUCbeﬁEstFQOQHEeUEﬁﬁﬁﬁﬁés 6PUEREYtes and

th£88858g93538§cp°'é?ﬁg&?ghugﬁtﬁnﬁﬂgE'@8r cERAPLAE RECLE 15 ve

doxor ubrcin Mri e oposi m t oxant r one,
celagntopi n, topotecan, CP-115, 953 and so forth. One

ki nd of topoisomerase poison nay be independently
[0y or two or nore kinds of them nay used in

COW@&éﬁﬁlé@ ofogﬂé]tgﬁéﬂﬁbﬁérgéetbglgUﬁ dYik-aseiePeinstrine,
i nclude ciprofloxacin, ofloxacin, enoxacin,

.campt©bhacln; ﬁ@écuuhcphn, pbiibbkainA, ARPPEFLHE; aci d,

I d m d '
s EPLADL £y 201 8o BLEBE, FoBEL 0.l e, o, OB i,

On@®r kM ec ki Bifiso Df ohbeasaayoilsed may benbndapendentm945ped
The conditions for the treatnment with th
ort%%%.%Bn%?ﬁ%ekb%¢§oﬂfthfmwwayraggdpbPSSHmﬁayaBéon
[ogyitably determ ned. For exanple, conditions that

enabl es easy
Examples of the DNA gyrase poison include

ciprofloxacin, ofloxacin, enoxacin, pefloxacin, fleroxacin,
norfloxacin, nalidixic acid, oxolinic acid, piromidic acid,
and so forth. One kind of DNA gyrase poiscn may be
independently used, or two or more kinds of them may used in
combination.

[0045]

The conditions for the treatment with the
topoisomerase poison or DNA gyrase poison may be suitably
determined. For example, conditions that enables easy
distinction of live cells from dead cells and injured cells
can be determined by adding a topoisomerase poison or DNA
gyrase poison at various concentrations to suspensions of
live cells and dead cells or injured cells of the
microorganism as an object of detection, leaving them for
various periods of time, then harvesting the cells by
centrifugation or the like, and analyzing the cells by PCR.
Furthermore, conditions that enables easy distinction of

live cells of the microorganism as an object of detection
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distinction of live cells fromdead cells and injured
cells can be determ ned by addi ng a topoi sonerase

poi son or DNA gyrase poison at various concentrations
to suspensions of I|ive cells and dead cells or
injured cells of the microorganismas an object of
detection, |eaving themfor various periods of tine,

fr%ﬁeQOQQEYSSEé@QStQ@cﬁeégSb@¥1néeméﬁtéégﬂébQntﬁfohbecytes
, and anal yzing the cel by PCR ~ Furthernore

andobkié t1 bhs chatbendbtesneasy dysefAERon pPPOLpyerase

f th
soSEbl 401y Do TLLERLERDL B 20, oBL e o i oot Lo v

celhs osb@cyhesarapeméheibhke canibesdetel s nédabyngduhayg for
a tOpOl SOITer ase pOl son at various concentratio to
a RIEPeFRTBARERf tiRe: | Fhen E%FV%S’éh’agtF]éearbV%nEﬁprsLﬁn@Hd the

af f%ﬁéﬁ@l&ﬁé&svakf énSeifgnﬁ?oéenérﬁf§9§ﬁﬁéﬂ18§dthénﬁlke,

en harvesting t ITve celTs and the™ aforenentioned
an@aaima)llyzmegl sheéycekhs riby uhaki orFommptes |dkesuctaepnditions

in B! BLOR LS BY PO SeamLe- ol ghebs 1 <o 00

Ugﬁﬁ’ﬁceﬁrﬁﬁété’ﬁuﬁé drtmos 1@@ 3t eg/ n&mdteﬁ@stxaéntetmlfnezsf 5
to 37C, and treatnent tine of 5 mnutes to 48 hours
mllﬁléﬁe%n%%ci*% neouss f f Pl aROREEREE at RORLDRL BORGERBration of

0. @? q% iatyéﬁ%gﬁagéréoo§7%% phdatreat At + rLEPRent

s to ours for |ipticine, a fina
tmm@n@ﬁnlmanlmutas dot 48 190upy/ itT ¢bhperacime, ok 2508d

37C, and tre t nutes, to 48 hours f
om0 ol T hal CRORGLRT f s PORCER 055 75 38 to' 37°C,
anc@géf%atméﬁﬂp@hﬁé Use of RontBe3d37€s wdhbﬁeatﬂ@ﬁt time

of 10 mnutes to 48 hours for ciprofloxacin, a fina

campireeme iR i on HiNaltePnqent Ly hPN PenPef afar &0 ok S8l o
égg}a@@p t5§a§§99§ ﬁ?ﬂF 0f 1 Ot FLELHESt L P18 89“i§ ﬁ?ﬁutes

' and i nal " concentration of O.
'.topfgsrﬁouzt:en‘p@rad:mneobioﬁ&cilm, Cﬁlnahdcomeammeaatwnn@f 1 to

10Q PRl VL5338 45 1T 20100 AL OXUAT B cALLET L LAE o
5 ondidd ons, 14 heotF eat RNt biSo Pl @E erabliya flnal
concentration of 0.1 to 10 pg/ml, temperature of 25 to 37°C,
and treatment time of 10 minutes to 48 hours for
mitoxantrone. After the test samble is treated under the
predetermined conditions, the treatment is preferably
terminated by elimination by dilution, and/or centrifugal

- separation or the like.

[0046]

The aforementioned topoisomerase poiscon and DNA gyrase
poison are more likely to penetrate cell walls of injured
cells and dead cells compared with cell walls of live cells.
Therefore, it is considered that if the treatment time is
within the ranges mentioned above, the poisons do not’
substantially penetrated cell walls of live cells, but they

penetrate cell walls of injured cells, dead cells and live
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term nated by elimnation by dilution, and/or

centrifugal separation or the |ike. [0046] The

af orenenti oned topoi sonerase poi son and DNA gyrase

poi son are nore likely to penetrate cell walls of

injured cells and dead cells conpared with cell walls

of live cells. Therefore, it is considered that if
sohBeikreatmenh st HEBAl Se1WMst hi Dt he 5aRgesoAENdEo88dthat

above, the poisons do not substantially penetrated
th@elpemetweteflmt@ee@enlélveueomﬁéyc peRderapdngel [they have

'] f I e e el | nd ve PF%E

Onm%lFélgsmg@%gaggFF hh?tng %Q gob€§%§|de#%d ha?§ e%g
thﬂenEhéatepbﬂbaméveﬁelpwesSﬁnaklONerbsasEIpoésbhey

have only cell nenbranes, but no cel

peee?rﬁﬁ?edlnFﬁaee@ﬁeceé&é|eénepeeélﬁope&ﬁsordeﬂﬁ B?F&?éla

an80£ﬁ9ﬂreBeB§E%@E§§ Latg 9€§G1Ee|E%eﬁfd§96§6bglgebhﬁd to
bacteria and injured bacferia as a resul t hen .

chdomosdmﬁﬂyDEBﬁdbyocochﬁenbsenEBCDNAthyleeeapeﬁﬁtes into

hment, .intercalates into
th%oh@%@k fft ROFRE ?068F§§ﬁ%ra%5h nd tPBP%ﬁomera |b|Fs
furehégat hanbot st he1 DhAsiby bepehsopmRraseyl topolisomerase I
t opoi sonerase | _in somatic cells, or topoisonerase |V

OT gEOPP HEBTSBAERaS el | SORRE16r CONASgy PEsEOPRIgeRaTRER| 4V/ oF
toﬁéléghEEggescfll§IIOBreﬁﬁﬁng?§a5E61505$@5d0E§§§ gt DNAured

eavage to cause fragnentation of the chronosonal
ceDNAs. oroenmentésthhecﬁoowasdnahtémwé BFA| nlepwdgeekbscause

and dea cel | referent fragnent ed conpared
L9 PRIEROSBR 0P Fﬁ E?Pgsogaﬁ bgé? regi on of
[oghypnosomal DNA is anplified by PCR inlive ceIIs

wher eas cl eavage of the target region_ in_injur

cel | 5f o¥hel el @b $@na hnPiie sO PRI ARPPH f Feut F o‘ﬁnd W%ﬁ

cePIBAGELN rQEeféﬂplgiDgcffﬁ%ﬁeﬁtééaHB&S?ré&0§§£hDEhBQe of
I'S s PCR

urther caused anplitication is ‘
livehcdlled. 2 Thegef oregidnvefcehkemoanmbd Wikelis amplified

bysﬁéﬁciévf£¥edetffs?dwﬁgreas cleavage of the target region

in injured cells or dead cells inhibits PCR amplification.
With amsacrine or camptothecin, for example, crosslinking is
further caused, and thus PCR amplification is inhibited.
Therefore, live cells can be more selectively detected by
PCR compared with injured cells or dead cells.
[0048]

In dead cells, activity of intracellular topoisomerase
and/or DNA gyrase may be lost. Moreover, the activities of

these enzymes may also be decreased or lost in injured cells.

| "Therefore, in a preferred embodiment of the present

invention, the test sample 1is treated with a topoisomerase
and/or a DNA gyrase prior to the step a) (step d}). The
step d) will be explained later in detail.

[00£9] |

In another preferred embodiment of the present
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PCR conpared with injured cells or dead cells. [0048)
In dead cells, activity of intracellular topoi sonerase
and/ or DNA gyrase nmay be | ost. Moreover, the
activities of these enzynes nay al so be decreased or
lost in injured cells. Therefore, in a preferred
enbodi nent of the present invention, the test sanple

1nb§n£58ﬁtegh@”EBp@lEQﬁQkéQEEb@§§onaBg/EﬁeaDﬁhmg?Yéééep01son
prior to the step a) (step d)). The step d

isegphailned maneaZL@edeaadlthe[mangpdlﬂomnb@ﬁes the step of

=By B5 hiier KBe Hol SONGH =1 EoDKAL Gyr 564 Bbrononpgz168%is
ad@ébi dtym ppaeeZt den @ﬂdvibﬁbmet m@ghconmursmlaﬂnen@t@@zlde

subj ecting the test sanple, to_which_ethidium
E%hoail ia@r?sllh%ﬁédtOtBewFaaFat Fehloradisi pfelPigred

ce%%%lgag fig ﬁﬁ%%%?'élﬁﬁrSehik§£¥1£0096ﬂ§%EgE€lls

|nJure | s or dead cells conpare
ofmmihrcetgamm$ms ofTHaneef et | sit of s maroictagaed smsat EMA

Ther ef or e, nsi dered t hat does nat . . .
Q0GR 8t b TAFFSThERLLY SPENCEF P ERAFFS oF “FFoe Chadtdr Raotoria,
pubUitipeRenetfat eseTEl ha b | 61 of ninius edabeet €5 anandead

dead bacteria, and cell nmenbranes of somatic cells as

bagearieel #1d c%ﬁnqﬂ@%@%w e@f apeme bt ondotys e3S| Aepfosllls:
Wh@ﬁe}éugﬁ%)?{?éésan EMF'} S J01 £ ﬂﬂ&@hyaf@ pepsteates,
cell ne

anes o s insterilized water or a
EMAyipetans satd ExkeﬂyCWD ﬁﬁﬁetp&hetcaibsm$mbnaseaa©fcthe

cells as, de i njured . bacteri
ce bt Br {5 BN ARQ orait ToAF it v heBes 3 bE Ry DRbb R EMP
pekd¥s t 8N di AN N YU YL & NEEI Tl 28 | d8adMe1Bs, COnyeréed

into nitrene by irradiation of visible |ight, and

ba g erersa & 2ndededt drasiornla DNRd b‘?/l%‘é)%ﬁlélcﬁ HEQEpRBAESS
lmﬁ é}%%?é%érﬁﬁ eﬁhégﬂataﬁ&e{h {‘gébiﬁéefééia?f{ﬁ&”mﬁ is

top0|sonerase omatic ce
coﬁmmwmmmiﬂtme DNA 1gya®s@tlm|amf ur ezt ibbet Brglat prand

blngadtgacheerclzharor}tooscgma% DNAs by covalent attachment. It is
estimated that then it inhibits religation of the DNAs by
topoisomerase II in somatic cells, topoisomerase IV or DNA
gyrase in injured bacteria or dead bacteria, to cause
fraémentation of the chromosomal DNAs.

[(G050]

Conditions for the treatment with EMA can be
appropriately determined. For example, conditions that
enables easy distinction of live cells from injured cells
can be determined by adding EMA at various concentrations to
suspensions of live cells, injured cells and dead cells of
the microorganism as an object of detection, leaving them
for various periods of time, then irradiating them with
visible light, harvesting the cells by centrifugation or the
like as required, and analyzing the cells by PCR.

Preferred conditions for the irradiation of wvisible
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~fragnentation of the chronbosomal DNAs. [0050]
Conditions for the treatment with EMA can be
appropriately determ ned. For exanple, conditions that
enabl es easy distinction of live cells frominjured
cells can be determ ned by adding EMA at vari ous
concentrations to suspensions of live cells, injured

1148t | saangh dead %ﬁﬁ}gﬁo%iaﬁé‘ﬁy N &F OB OV SHY 3Se Aflorming
obj ect of detection, 1eaving them for various periods

sugi an mEpeherent ragi mihondd i td using braright

. _harvesting the cells hy.centrjfugati I e .lik S .,
lIIraecgqlu‘—’lletrleo ; and an als\}D ANt g T lé(é I Iucg1 eb)l/C %%é%.me%lr ef el rerhegal\& S
pre&fayeill wnse fosride witladi af il oforvésitt£i @0 of 0.5 to

............... light can al so be ropri at el
10Gygicklrid 1l by SRRITATHTR O LU ANl OXprSTentTRutes to 48

hodlBN i aRed RRQVe Ui RGnY ALQUS et HRdIAU Y 81 B e r formed
P h EMA'i s bly

ecitically, the treatnment wt [ prefeéera
undser florgted aiiteil i rfg nalhsc aheentisdfilen 1aighd., 5 vigibl@0 1ights

/.M, at ure of 4 to 10C for_ 5 mnutes to 48 ..
ol L MO | Chd BRI BT NEN 1S Tt Gy Speciric
expeif<y md tHNdRInditghdnshi et ding. i Asdihec Msidf evisible

_light, visible Iights containing 500 to 700 nm
ligdunpdreids dig shartarqredf Specifie Lighdmlek B0 the 750 W
it ; . ey ‘ 7 i aht
foflﬁlzicr:]lqdul einrr étgjlra% qujﬁj%é]" %\%%} bal\ogjjl |tgﬁ\ﬁtc§ g%ﬁllodo t?% 570500H\1/Vfrom
thef dresh ramygtles t Bh2 houesifitdmnaodi stanbéeofigBtt as50

cmfram the test sanmple. The irradiation of visible .
PEEERO S PGTIREDINF Fer iUt MRS o Yidw Ltipdr il eh
icd Voo, thet Banigaes cool ing of the sanple. [0051]

In a particularly preferred enbodi nrent of the present

[0G5dention, the test sanple is subjected to the EVA

tre n ? Lat £ Sy |
ool e R U A e dpbl Saet Sae BOr SN Sy DPTesent

invgyrtdse ,pdihson egttheranidian iEMsubjected to the EMA treatment,
irradiation of wvisible light, and treatment with a
topoisomerase poison and/cor DNA gyrase poison other than EMA.
In such a case, the order of the EMA treatment, irradiation
of visible light, and treatment with a topcisomerase poison
and/or DNA gyrase poison other than EMA is not particularly
limited, and these treatments may be simultanecusly
performed.

[0052]

(2) Step b)

DNA is extracted from the test sample treated in the
step a), and a target region of the extracted DNA is
amplified by PCR (White, T.J. et al., Trends Genet., 5, 185
{1989)).

[0053]
The method for extracting DNA from the test sample is

not particularly limited so long as the extracted DNA can
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In such a case, the order of the EMA treatnent,
irradiation of visible light, and treatment with a
t opoi sonmerase poi son and/ or DNA gyrase poi son ot her
than EMA is not particularly limted, and these
treatnments may be sinultaneously perforned. [0052]
(2) Step b) DNA is extracted fromthe test sanple

d.ingt , d t Lon.:
bt ERERL e PhE P 028 Sicesp pregiensoh LR be
atehinedrandsr@enegt to 5, cdBbon]19893d . mgO063] LTheenkrhoting
DN%or extractinf DNA fromthe test sanple is not
T UM FSPT9M ¥ so long as the extracted DNA can
[0@d4function as a tenplate in PCR and the extraction
can be attained according to a conmonly used mnet hod
f orThesct e t4hgra DN DI et nedr bor ganrsibefodn4] forhgxample,

extfact d-i s i bed in, § €; .
magh S LT AR TR I8 D SSREELOEC STy MAhL AR, Seloning:
A Kot g ry AMdoabol ‘ap 0B yd Madwa) "Co B dSedimg KatrdoSprivig Cold

Har bor, NY: Cold Spring Harbo boratory Press,
SpL .HT@@%%]LQWP¥%Egﬁ¥e§%%E51ﬁ%gkfion, the "target

[ogegjon” is not particularly limted so long as a
region of a chronosomal DNA that can be anplified by
PCR lusithg priemarst usstefioiorthedhgrdserget nvehitewn Bhdot
enabl es detection.of a m croor [ to-b

pe FPRL 2T S PR O DL T BT 108 L SEt St

DNA hteh pIr0s e Fafip BXeied epy ek weidg ofimetypesed for the
different fromthat of the m croorgani

to b .
DE QA LG 6 O Atk TP 16 (9 TSt el ®, M RECDBFTRL ™
to NEYI A IR A dho SO A NS & SEMaNCessPesbly Cchdsdhe

m Ccroorgani sm as an
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 as an
object of the detecticn. Further, depending on the purpose,
the target region may be one containing a sequence common to
several kinds of microorganisms. Furthermore, the target
region may consist of a single region or two or more regions.
If a primer set suitable for a target region specific to the
microorganism as an object ¢f the detection and a primer set
suitable for chromosomal DNAs of wide varieties of
microorganisms are used, live cell amount of the
microorganism as the object of the detection and live cell
amount of the wide varieties of microorganisms can be
simultaneously measured. Length of the target region is,
‘for example, usually 80 to 3000 nucleotides, preferably 900
to 3000 nucleotides, particularly preferably 2000 to 3000

nucleotides. Specific examples include the 165 rRNA gene

and the 23S rRNA gene. BAmong these, the 235 rRNA gene 1is
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object of the detection. Further, depending on the
pur pose, the target region may be one containing a
sequence comon to several Kkinds of m croorgani sns.
Furthernore, the target region may consist of a
single region or two or nore regions. If a prinmer set
suitable for a target region specific to the
pré@égfggganisn1as an object of the detection and a
primer set suitable for chronosonmal DNAs of w de
[00%&f)i eties of mcroorganisns are used, |live cel

anouynt. of the 1Cro ni.sm as the ,obj td

det cﬁ%nﬁsanlbsef‘iﬂn\/éo%gﬁ(qq? afr?odﬁ%: &aﬁﬁleél\?mﬂ eﬂE/alrll Lisy s°
lorf A CU9s 4 adh SHB1 €@ Ns Bec i Bi i hpnNeEdLsSH yiorasir etk

Length of the target region is, for exanple, usual

2 LGNS BOVTR hued 8Ot T eI 1’6 aBh9S Y00 IREHITF exaiples

| eqt i des, i f | 00, & -
or MRS e dBLL L 0l pre At 0O L GO, s
setgene tlandpi e 2SS ARNA ayerEQ A0S hebeand hd, 28 rFd

-~ gene is 2 referred. 0056]  Prier for_ P
or S AR 5 (TGS TT AR XD SHonEP 0T hose e ¢
ExAa0d ngr spechdis amptddicatdonid 1he rainreamatinrboie
target region are chosen. Specific exanples of
thepriimigrer siflt abf echorriHee 2B ShRNa @%n%EngnIc]P UHeSt e and 6.
[O%ﬁ%fﬁr set of the prinmers shown as SEQ ID NOS: 1 and
, ‘and the prinmer set of the primers shown as SEQ I D
NOSwhranthed .mi docangyesi sof gur ither olsiddtal®e froy defeection

. 16S rRNA gene include the priner set of the primers
15 ShRFFIRIBED (N T W arfd B 1§ 0057) e 1 e Tooson

1 ndiUd O gan g asi d heeradj eekanbikhe cdeteet ildthdggrdc gene
pat hogeni c bacteri um exanPIes of the target region

indlvdlauderea bt oyt xserfe. (el #8nef of heipaeRogehreteria,
e 6 | 132 AISIN O (LYY 1 g ria,
C en 0 f

‘en %ﬂ ogﬂHiéé
| S% erla eril a, oXlI n gene an I NVA gene O

verSalamineldendact erdtdhogarerotDxiavhere-1F7 pditidgenie &
Enééﬁébégéﬁzibiﬂﬁi fg“%égterobacter sakazakii),
Staphylococcus aureus enterotoxin gene, cereuiide (emetic
toxin) gene and enterotoxin gene of Bacillus cereus, the
various toxin genes of Clostridium botulinum, and so forth.
Examples of primers suitable for the pathecgenic gene include
the primer set of the primers cof SEQ ID NOS: 7 and 8.
[0058] | |

If primers suitable for two or more kinds of
microorganisms are used, live cells of two or more kinds of
the microorganisms in a test sample can be detected.

‘Moreover, if primers specific to a particular bacterium are

used, live cell of the particular bacterium in a test sample

can be detected.

[0059]

Conditions of PCR are not particularly limited so long

as the specific amplification is attained in accordance with
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Ent er obacter bacteria (Enterobacter sakazakii),

St aphyl ococcus aureus enterotoxin gene, cereulide
(enetic toxin) gene and enterotoxin gene of Bacillus
cereus, the wvarious toxin genes of C ostridium
botul i num and so forth. Exanples of prinmers suitable
for the pathogenic gene include the prinmer set of the

th@rbfﬁﬁélﬁﬁesg@ b@thghd7t§@9 éan[gg5§L1£Eb@§|HEEérmlned

suitable for two or nore kinds of mcroorganisns are

[0Qeed, I|ve cells of two or nore kinds of the

nicr anls a te t sa | e e

Mor n%??ﬁ% sp CI ﬁﬁﬁpgf 9@%%%# Qnd the
V1@ﬁ@1@r1y@har6rea5ﬁéntlay@ p@kfo@ﬁeahampagttnulambodlments

bacteriumin a test sanple can be detected. 0059%
of Colmli PY®RE"bf 1 PCR B @ not £ pabei EaFaRFy PP PP edS sb°PEngt®

exéﬁbi@e §Pegb£é§s§§pbff2§@é'89 hérétﬁﬁbmggt£8es live cells

accor dance w t principle of FOR and they can
camébsuefﬁ@tyldelprdehedted[@@6@]ohhythethnbbdlﬁﬁhttreatment

r eat ment nd t he bl e
and EBE ENTLATE bbf Fbr HBtP ORbot e  ERbRaRFentd G iRst
wheéXi eseat thnyent +r8fionfis hehdat getoregkomple, | oNgeofioists of
exanple, it consists of 2000 or nore nucl eotides, |jive

20@epY sleganohenetieptidesy Het betRECEGEADSAI {OWRER EhR
tr&hnd L £t MEnt 4 fﬁ#%igﬁhg}é lﬁo%é&ﬁtaﬁ&/ég'ﬁﬁAOEyrase

f7eatment. I1n co ast e target region’1s
poxﬂmntqtﬁew EbﬁmwﬂMﬂ in consisisiofi w200 thelgds bfeatment
eotld S is preferable to use the treatnent
% L5 e 057 9B and/ or DNA gyrase poi son
[oggfpr than EMA in conbination with the EMA treat nent
and the visible light treatnent. [0061] (3) Step c)
3)THERP te PCR anplification product is anal yzed.

Then, the PCR amplification product is analyzed.
Analysis method is not particularly limited, so long as a
method enabling detection or quantification of the PCR
amplification product is chosen, and examples include
electrophoresis, real-time PCR {Nogva et al., Application of
5/ -nuclease PCR for quantitative detection of Listeria
monocytogenes in pure cultures and water, skim milk and
unpasteurized whole milk, Appl. Environ. Microbiol., vol. 66,
2000, pp.4266-4271; Nogva et al., Application of the 5'-
nuclease PCR assay in evaluation and development of methods
for guantitative detection of Campylobacter jejuni, Appl.
Environ. Microbiol., vol. 66, 2000, pp.4029-4036), and so
forth. By electrophoresis, amount and size of the PCR
amplification product can be evaluated. By real-time PCR,
the PCR amplification product can be guickly quantified.
When the real-time PCR is employed, since changes of
fluorescence intensity generally corresponds to the noise

level, and substantially equal to zero for amplification
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Anal ysis nmethod is not particularly limted, so |ong
as a nethod enabling detection or quantification of
the PCR anplifi.cation product is chosen, and exanples
i nclude electrophoresis, real-tine PCR (Nogva et al.
Application of 5'-nuclease PCR for quantitative
detection of Listeria mnonocytogenes in pure cultures

cy@nd M\@h]@érsSKEm_Lm:bkl@ndthlé@Qaéhﬁkﬂl@leée@aﬁhgleecHh%'.’tdered
. Environ. M crobiol. , vol 000
vappea266r 4271p 1 Roglankt cantalnppgu eat a@iﬁléflt:hélsn product.

» RGbeaseoPOR assay.in, evalyat80.and dpyel apIRRL 8o che

uan ve dét ectron of
staefiand, dé\ﬂphtloEHSDrOﬁ tiecehbhoks, ivolF1ubbes2808e
g 4029-4036), and so  forth. By electrophore S
in ﬁ%%h?yaﬁars?%ﬁlb?l?ﬁ%lﬁﬁrpyﬁﬁﬁlPFWEﬁF?oH p?oHBc@Ocaﬁnd

mueLEYQL Hat ede BYafiealatis®iERon bherRCRs gk hkgakkon

product can be quickly quantified. Wien the real-tine
thpgrho sdenpleyed,Thsl RER changesiwibef Icubrtésa:mc;ele first

nsit neral l correspond 0. t he noj se ve
prd P AR SETEF Rt CR LERESE Byt Spilfe B aet S tug
theysh&: duahens 0§ clalDedOa these ehangesigansbae (Ct value).
consi dered _val ues for sanple blank containing no
Thempf9¥¢cati bArgeodueitiah #noerksebneelVnt beaPt§toalned

b, d
PC}@ é@itﬂgngespgﬁézg%@té NGrd P r SEANGRY de ¢ %@{é% sRb11er

orescence intensity’f
1HEW¢HIfam@mmbnoty@IBNkunﬁmpbﬁtﬁ inta ROR amﬁutlon provides
[tiplyin he st rd deviation.by. 10 is define
= TG ¥hora Vel ud CEHIS TPOR (YL G HUMBET 9 E Gy ) aor 2
DNziiwﬁplaotf@viéiimc@eflm@ﬁﬁ@m@@ ratensityl &0dAge of a PCR
exceeding the threshold value is called a cycle

tart@fﬁfeslrﬁﬂloom/a}ruea (TRAA TR ) RTOHER Bf dr AL GO T a@l@e‘falue for
pcH B4 f a DNA tenplate in a PCR solution

provi es a snaIFer Ct val ue, whereas a snaller
[0G&eH#]ial amount of a DNAten'pI ate in a PCR sol ution

pro d a large val ue. Furt even w h t.he
T oF S oSt Vo SEE ) drer AT
prcrcmce; AHarc| g3 ge: afette MGRed as@elnd Bg Oy itha renplag e
provides a | arger C value for
temperature (TM) pattern of the amplification product.
211l the aforementioned methods can also be used for
optimization of various conditions for the method of the

present invention.
[0063]

When live cells are detected by the method of the
" present inventicn, precisions of the determination of the
presence or absence of live cells and quantification of the
same in the analysis of the PCR amplification product can be
increased by using a standard curve representing
relaticonship between the amcunt of micrcorganism and the
amplification preoduct and prepared by using standard samples
of the identified micrcorganism. Although a preiiminarily

prepared standard curve may be used, it is preferable to use
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PCR of that region. [0062] Further, presence or
absence of the anplification product can al so be
determi ned by analyzing the nelting tenperature (TM
pattern of the anplification product. Al the

af orenmenti oned nmet hods can al so be used for

optim zation of various conditions for the nethod of

a EB@ndQE@S@ﬁEvénﬁﬁé%hQBd 590§§huWH§ﬁebug§y05g&§o§ﬁ@ng the
detected by the nethod of the present invention,

stepecpsi bhs @ﬁthhé dét ehai patersentoﬁnmetlpﬁe§eﬁcét@ndard

c f_l n |cat t sanme
s cEaRar Y e iR B ho Tt et o Bt 2
bebeeen nameaﬁedobymﬂeragrgasnamdahd ErMBMBLI €Ppr eNENtENg
rel ati onshi p between the anount of m croorgani sm and
detepmingd) e %5??%ﬁdprBﬂﬁcﬁsa%atﬁﬁeﬁéP@dtB? @éFﬁ@Organlsm

caﬁtéﬂgérQeSQEQ&G% Qfswﬁdégsnéhfngﬁg m cr oor gani sm
hough a prelimnaril prepared standard curve nmay

[0%@4hsed it is preferable to use 25 a standard curve

rggare% by sinul taneously performng the steps of
bd of the present invention for standard

san £ sdédttlbd @ db&anpl tat MEEDMETar i fct ©F Bty omshi p
bet ween anount of nicroorgani smand anount of DNA is

tomwﬁﬁfw bRADf ShaPIR DRIAEFS onaY gee f +oRt t e dead cells,
ancE”OO6éj§ M AL @S0 be; tsed é‘é%@lé&ﬁé‘ﬁééé* @p%s or a

4) Step As descri bed ove, Intrace
DNP&OJYJSHt*eey of i sdmpotisormes aeea AndibrndNn gy rlasecheyvbed. Even

0 (D501 e e oi S BT S BRR Gyt Ase POl b it & |

tofdW Qimsaimd DN dmya A b@yﬁé@@V@é’foféfetfhelé}t@plC@ A DNA
case, if the test sanple is treated with a

cleaypsis ciferailiel Hh 7O DR DNA B Asee bk recthe st a)
thdM¥ore amplification of the target region by PCR can be

inhibited.
[0065]

Both the topoisomerase and the DNA gyrase may be used,
or either one of them may be used. Moreover, for each
enzyme, one kind of enzyme may be used, or two or more kinds
of enzymes may be used together.

Specific examples of the conditions for the reaction
by the topoisomerase or DNA gyrase include the conditions
mentioned in the reference examples mentioned later.
However, in general, a supernatant containing microorganisms
collected from a foodstuff or clinical specimen such as
blocd is subjected to refrigerated centrifugation at 4°C and
14,000 x g for 10 minutes, the supernatant is removed, 1 mL
of a buffer for DNA cleavage (10 mM Tris-HCl buffer, pH 7.9,
50 mM potassium chloride, 50 mM sodium chlcoride, 5 mM
magnesium chioride, 0.01 mM EDTA, 2.5% glycercl) is added to

the residue, a topoiscomerase or DNA gyrase is added to the
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cl eavage selective to DNA in dead cells occurs, and
therefore anplification of the target region by PCR
can be inhibited. [0065] Both the topoi sonerase and
the DNA gyrase may be used, or either one of them may
be used. Mreover, for each enzyme, one kind of
enzyne nmay be used, or two or nore kinds of enzynes

i #BYrbeatsgdet 0get BehceSPestibs xanplessof mbihearr is
conditions for the reaction by the topoisonerase or

fupNreyyradedi akl adéinhe condenrsAsionenti bnkd PR THe and

thée£§£8p§8ne§9”91f8 OgnLiongd. [ abkeee sHOWBVEL, 3hNninytes.
general, "a Supérna tant “cont ai Ni Ng m Croor gani Sns

Becohtecher fsomaufpedstutfibe ettnrcaiespefi meposaoherase
as__blood is subjected to refriﬁerated centrifugati

ang DY grH2s94, BBB RF 2RoPTROS K RERLS ﬂﬁat%pé?na{faﬁﬁrably

adaédrweghe le gt ngr%ﬁlguigefréé’fe@%l@ﬂueﬁl\iégé EADyADL .
Tris-HCL buffer, 50 mM pot assi um chl ori de, 50

Oﬁﬁﬁkodlun1chlor|de 5 mM magnesi um chloride, 0.01 nM

W cerol) iIs._ad ed Lo the residue, a
<3>g%ﬁ#s% ﬂ %ﬁs?ﬁ&\gyrasg 7s”added to the 26 mixture

at arte naLt Ccomqaré etd o ofidvdior 56h g ATRLE sfor
further added at_a final concentration of 1 to 50
detgt intel Feacttbhs | o af | BheBCF o3pi $ 37 fbesE FamBee LY

S J5 h Vit hRS
ol e el e: ML L b e bitiol henastl )

_ gyﬁaﬁﬁrpﬁagmsysamﬁnpsﬂmﬁxﬁeﬁ@&ﬂ@mphﬂﬁmUDQM®nt@h@eteS@glon of
0066

anple is treated. with these enzyne 3>
oSBT e T A T orie THR REY B TRe pregenty FoR-
[OOmwpntlon is a kit for detecting live cells of a

m croorganismin a test sanple hy PCR , and conprises
O oA ST S o & A RS S TR ST o

ANG, LI iR Sy f e JR 481 D AT UGle LI AHLOE o g&lﬁapﬁ d
an r%hcroord%%%sﬁ?as an oﬁ?%%t of det%ctlon by PCR ©
for the method of the present invention.

[0068]
In a preferred embodiment of the kit of the present

invention, the kit contains EMA and another topolsomerase
poison and/or DNA gyrase poison other than EMA as the
topoisomerase poison and/or the DNA gyrase poison.

[(0062]

Moreover, the kit of the present invention comprises a
topecisomerase and/oxr a DNA gyrase in addition to the
aforementioned elements.

[0070]

The kit of the present invention may further comprise
a diluent, a reaction sclution for the reaction by the
topoisomerase and/or DNA gyrase, an instruction describing

the method of the present invention and so forth.

Examples
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[0067] In the aforenentioned kit, the topoi sonerase
poi son and the DNA gyrase poison are the sane as
those explained for the nmethod of the present
invention. [0068] In a preferred enbodi nent of the kit
of the present invention, the kit contains EMA and
anot her topoi sonerase poi son and/ or DNA gyrase poi son
[oother than EMA as the topoisomerase poison and/or the
DNA gyrase poi son. [0069] Mreover, the kit of the
pr esEeed Fiveht | Bhe coRrpFeResiaver bpol sohet a3t BRBfor a

e L R
exfwupt ber donpricsse, thaipwesdnt ameaction solnugt ohifiored to

th action by the topoisonerase and/ or DNA gyrase,
th%ng?Lﬁ?Vh%9i%ﬁgﬁBgﬁﬁrbing the met hod of the present

[obpmyention and so forth. Exanples 27 [0071] Hereafter,
the present invention will be nore specifically
[Exxpibbénkd with reference to the following exanples.

Ho t t ] ti ' | j o .
o R SR DA PR AR LR b e
tréat ed eqli €lel 4 st opo bs ohmer 99¢ gadil som wer espeeeatetdyw dhda

t opoi sonerase poi son, respectively, and cleavage
cleppiee %ﬁg%%%Hg%h?%ﬂ%s%%ﬁ&m?%ﬂmﬁhsb%&aﬂ?%e%?am%%%§3)
rod7zPreparation of sanples 1-1) Preparation of live

cell and injured cell suspensions
1. Preparation of samples

'~ 1-1) Preparation of live cell and injured cell suspensions
Listeria monccytogenes (Listeria monocytogenes JCM
2873, henceforth also referred to as "Listeria"), which is a
gram-positive bacterium, was cultured at 30°C by using the
BHI broth, 40 ml of the culture medium in which the cells
were at the logarithmic phase was subjected to refrigerated
centrifugation at 4°C and §,000 x g for 15 minutes, and the
supernatant was removed. 40 ml of physiological saline Was
added to the cells, and the mixture was sufficiently stirred,
and subjected to similar refrigerated centrifugation, the
supernatant was removed, and then 1¢ ml cf physioclogical
saline was added to the cells to prepare a live cell
suspehsion. When live cell count of this live cell
suspension was measured on a standard agar plate medium, it
was found to be 1.2 x 10° cfu/ml.
[0074]

Further, 1 ml of the afcrementiocned live cell
suspension was put into a 1.5 ml microtube, and the tube was
immersed in boiling water for 50 seconds, and rapidly cooled
with ice water to prepare an injured cell suspension. It is

considered that the cells contained in this suspension
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Li steria nonocyt ogenes (Listeria nonocytogenes JCM
2873, henceforth also referred to as "Listeria"),
which is a grampositive bacterium was cultured at
30C by using the BH broth, 40 M of the culture
mediumin which the cells were at the logarithmc
phase was subjected to refrigerated centrifugation at

coA€2aRrdd8200Ra% 19 nh@beld o NUkeS ccand thel dsdpedRatiant put
was renoved. 40 ml _of physiol ogi cal saline was added
theocehéscebbstanfkdally Foredrs ofad fsinfivgieghtaells, and

thé&b%&?? th@”@eﬁ%@l%%E%dd%%c§€%kba raf%'%%% t%%l&s"

centrifugation, the supernafant was re then
addmtmbnoftphymemhogloéltheapmeeewa51adéed1b@ uheoaebh&ally

| ive,. cel suspensi on nlive
a @Sﬁﬁ?gpgtha§tFF§éngethe3E§ggnsﬁ8ﬂ ﬁ&i ﬁe&guF on a
m:L§E§BQ?5Q1Qﬁaﬁlgltﬁhéuﬁrﬁﬁbl?!mfrbh 1Wee teund haybeeliZiXred
u/m. [0074] Further, 1 m of the aforénentioned

Celiﬁeoéeﬁﬁadsg§ééﬂ3|dﬁh@w@ﬁmﬁnshaﬁb a2pal® nd wherotime,
ba@PQrig mgHQ ohas 8Fﬂ'ggrsed in b0|I|ng wat er for 50

rapidf'y cooled with ice water to prepare
Oaﬁsjnjured ceII suspension. It is considered that the

ells contained in this suspension 28 contai ned a
éhaT?Pﬂhﬁ%@?rBFelPQéSE@IF§e PieBEad cells, but the

cel I 6 subst antil by €00SIsted-Of 11 @d;ggs@ﬁ'sf@}l' éndamjured
therefore the cells were described as "injured cel

celh sasdensoan thelasthedaopreperplesbove nerit |><oriLq scfu/ml,
re%ﬁ#%k{@%ifh Was . ggggdfgo 9etf0t ngewigﬁ%%g%%oﬁgngHI broth

mcroorganlsm dIS I Ngul
(Cé&ﬂlébmmw be th¢unediueekts Drzdﬁado%ahh@mdﬂﬁbﬁaﬁ&h the

shal | gg to the other. bacteria nentioned bel ow.
liygo7stl %ﬁ* TOPOT 8Dt a5 porednl ¢Y ekt neht 2 1° g onl

an$Rehs of wfutw@ :91?'bM%W@QSé@@eéngo'f‘ﬂmé”rﬁgdlﬁﬁl| The
suspension of Listeria prepared above (1.2 x
figgl/epncentration of amsacrine was 50 pg/ml, and the final

concentration of DMSO was 1%. Then, the cells of each type
were incubated at 30°C for 24 hours, 48 hours or 72 hours.
{0076}
| As for the injured cells, in order to investigate
influence of active DNase remaining in the injured cells on
the chromosomal DNA of the injured cells, 1 ml of the
injured cell suspension was added to 9 ml of newly prepared
BHI bkroth, then 100 ul of DMSC was added to the medium
instead of the éforementioned amsacrine solution (final
concentration of DMSC: 1%), and the cells were incubated at
30°C for 72 hours. The live cell suspension and injured
cell suspension in a volume of 1 ml each were used as
controls.

[0077]

1-3) Extraction of DNA

Each suspension was subjected to refrigerated
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respectively) was added to 9 ml of newy prepared BH
broth (cell count in the nmediumwas 1.2 x 108 cfu/mni
for both the live cells and injured cells), and 100
pl of a 5 ng/m ansacrine solution in DMSO was added
to the nmedium The final concentration of ansacrine
was 50 leg/m, and the final concentration of DVSO

cewas ifUgathen, athe °cekhsi @f t@ack tym@r wer eniimigkat @dd the
at 30C for 24 hours, 48 hours or 72 hours. 0076] As
SHPSFDFFéntnﬁéﬁe&OEEQﬁ§e1Wnr@ﬁ@@ﬁdto Tﬁvégﬁlaﬁ get, 0.5 ml

flLue o] S | n,th ured
oftg MEREe0L A0k KE AR ad%Ngaog ggzo 1N A Ay L

s on the chronnsona ured ceIIs
achtoobpehéidrapusedutébh diispenduor W@snadﬂédlhdu@tmhes,

f.new repa |..broth, then 0 of, DMSO was,
caBhBg bYrBRE b i o ek ALt Bkt Stnb ePaRIRBA Pong a7 mL
wiBpBacrmensel ubiy@Bo(ki Bak ut¢enCceRs £ at §88s 0f 2 iVBGe 1A xture
and the cells were incubated at 30C for 72 hours. The

wapj yefeepf §93Eeﬁ§¥oﬁ0aﬁénPﬁF§redTh%@JIt@ug@%ﬁgi%huxﬁfao 5

w540 s 4 T RSN UoEe. U6 830)CHTL SRl S0F7h, o

1250 Uéhli gechekdas@9Kcenignhugat cCon3at.2C. aag 8a606d&eg,
nd.the su er nat ant was conEI

100 Q1 R TS so Dt er opERrre be TR RRACS AP Bt Y8

witRsseddeti z800w20e Pl wok §8dé§thH8p€HE'9@§@t§9hukhgn
(Wako Pure Chemical |Industries, catalog nunbe

al gwe@opeainpekpartdSBefor ehand at 5 ng/ m mnth 10 v
[0 ?@%1 aqueous sol ution was added, and the m xture was
at 50C for 30 m nutes. Then, to the mxture, 0.5
n1 dad i atred-HGpdnd far g ;8;15))11\1\1&5 ’adnde@l mP0Ov¢llume

250 Un K 4.21.64
% 0SS £ %Iﬁ%f e S%%O?%?Ign p?é%%r%ﬁ %eMo?%h%n@gf

. buﬁﬂeﬁIW@ﬁV@Va /@éﬁ@r§ﬁ@ﬂ'ﬁhé@@l“@égra&@édaggegheagqst381on,
an£(¥ﬁglé!;g§§g was gently stirred for 15 minutes. Then,
0.5 ml of chloroform was added to the mixture, and the
mixture was gently stirred for 5 minutes. The mixture was
subjected to refrigerated centrifugation at 4°C and 6;000 X
g for 10 minutes, the aqueous layer of the upper layer was
transferred to a new 2 ml volume microtube, 70 pl of 3 M
sodium acetate buffer (pH 5.2) and 1.21 mi of 99.5% cold
ethanol were added to the mixture, and the mixture was
gently stirred. The mixture was subjected to refrigerated
centrifugation at 4°C and 15,000 x g for 10 minutes, the
supernatant was removed, zand then the residue was washed
with 0.4 ml of 70% cold ethanol. 0.5 ml of TE buffer (10 mM
Tris-HCL buffer, 1 mM EDTA+2Na) was added to the pellet, and
the mixture was left overnight at 4°C to dissolve DNAs.
[0079]

5 pl of an RNase (Sigma, E.C. 3.1.27.5) solution

prepared beforehard at 10 mg/ml with sterilized water was
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al | oned overni ght at 50C. [0078] Each treated
suspension was put into two 2 mM volunme mcrotubes in
a half volunme each, 0.5 mM of 1 MTris-HCL buffer (pH
8.0)/saturated phenol was added to the suspension,

and the m xture was gently stirred for 15 m nutes.
Then, 0.5 m of chloroformwas added to the m xture,

adagd thecnmi éEHE@m\é’ﬁ%l@ﬁ@H' ynat koned ibar andi BHkemixTee
m xture was ﬁected to refrigerated centrifugation

wagt iacubated, @©03 “Cgfpsr L1boHirnut s>tk @afueous | ayer
d
phgépg EnYRREE %@Z?ﬁé%@;Fogpgggbf@gg atifed B§ tgenh%gture,

m cro sodium acetate bu
thépmhﬁtﬁieandslgaﬁtmy ot 199eB8%cal d0 etihanek, wer &5addedf
to the mxture, and the m xture. was gently stl

chi R xPurantr ElBF caseat: bor nf gartpag,  and Eh€%nixture

wageﬁéﬁtﬁ99§Eh99eétf6§ angd: A8c090 X7k FRI x d0r&M UK ESubjected
supernat ant was renoved, and then the residue was

tow@sﬁedgemﬁthdocanhrl6ﬁgao@@noaa étﬁaﬁod 60080k of LPE 10
0 mM._Tris-HCL butfer, 1 \a
i S « BOnRIBEPIe: LodRE CEnEPh YPRPS Waderobel

he 'm X

troNeratgbl ab éChéo dissolweuldAGi crb00Be] 50phiobfaR M
RNase (Sigma, E.C. 3.1.27.5) solution preg red
SOBLWRr RARAC At ATV HYF nPOW EROBL BRF £ 2BY KAt &F - WasCO30

etﬁgﬁsﬁ %Qréh§d§£9r€8Eﬂﬁéoﬁ§QtQNé SQthtHQ'mﬁﬁguEQewas

m xture was | ncubated at 37C for 1 hour. O. of
gephkynodi thtedof dita (Mi/x)ursnlwad Cﬂukvwia&tﬁe@ trc,e ﬂlrﬂeyerated

ot hbt 882 T 1095 Fof Sadi b7 of O kvl b £ el -4 tBa 57

suzbé'lﬁnéﬁtéﬂlﬁtlrﬁas angnbhes M e ethvase geatikywst i waetefionibh
m nut es. m xture was subjected to refrigerated

0. %éﬁ%r@iub%mu%ﬁl%xezk?%%% ea@@ot&egpﬁé%eﬁowaﬂ1ﬁﬁ%%@ (the

af&f@héﬁ%&%ﬁ@dlﬁyg e@&réhPSUQPﬁé kéf@fr@@stot£§n§ﬁ§r“§ﬂase
to a new 2 ume mcrotu 50 pl of 3 M sodium

tr@mwm@mé”hqueous solutlon and 1 m of 99.5%cold
[0080C]
125 ul of TE buffer was added to the dried pellet, and

the mixture was left overnight at 4°C to dissclve DNAs and
thereby obtain extracted DNAs. Abscrbance values of the
purified DNA solution was measured at 260 nm and 280 nm
(OD2go, ODagg, OD2ge of 50 pg/ml DNA solution was 1.0, cell
iength: 1 cm), DNA concentration was calculated from ODzeo,
.and purity of the purified DNA was estimated on the basis of
ODz69/OD2g0 -
[0081]
2. Test results

The chromosomal DNAs extracted in 1-3) were subjected
“to electrophoresis by using 0.8% agarose gel. After
completion of the electrophoresis, the agarose gel was
immersed in a 1 pg/ml ethidium bromide agueous- solution for

20 minutes, and then washed twice with ion-exchanged water,
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et hanol were added to the m xture, and the m xture was
gently stirred. The m xture was subjected to
refrigerated centrifugation at 4C and 15,000 x g for
10 ' m nutes, the supernatant was renoved, then the
resi due was washed with 0.4 nml of 70% cold ethanol,
and the pellet was dried (the aforenentioned

an@r@§§9§é§ el 8e ké@ Bﬁfﬁﬁée@hkgm%§ohaﬁ PRNas@as observed by
treat ment” 125 pl of TE buffer was added to

usihe drU@dtpehBeﬂluamdatphe wexedeaoths Fefit nover ni ght
[0 4C to dissolve DNAs and thereby obtain extracted
. ‘Absor bance val ues of the purified DNA solution

was Teasif €deddn 260naM antlr280ANDNAODREPe &R2BOzed by
0D260 of 50 pg/m_ DNA solution was 1.0, cell |ength:
elqCERPPDORAS EBnc et s Dhl Was® Bl TPt eth fo¥n Cbp6G 9. 1

onggs DAyl i s Phpbes L aidcag bess on

chrémososaiabNENASE ext saereéd 'mn1u3¢dmeeéISMbjeoﬂednfﬁoence
electro horesi s b usi n o agar
of CURSIGETER OF chedEh el ebohireare LRE9Eia, MoThereths and
lnj@@@asggllg alpg/n ethldlun1bron1de aqueous

sol ution for 20 m nutes, and then washed twice with
[0@%%1exchanged water, 31 and cl eavage degree of the

chr S
tra%g?I U nat or %ﬁ§%3$§%%¥ﬁﬁn%é%§%ﬁ§@@[%Eééﬁ H% the
injdrm@n@@llOﬂ@ﬁpeu$xant@ﬂ DNAsewnee e andlyhedcbyls were
ectrophor esi The results are.shown in, FL.g. 1. Fig.
1 QSR IRR 11 UG oROGTS ONBRE SURTATTEEF nt hECFRTGE efo0Ld
not€hd Ss&fn £6F 0NMS 08t NSy Of o héy SHIRRT Br & &R éﬂfeﬁemalned in
cells and i nfluence of ansacrine on chronosonma

Chepnpsl farmistlé@ﬂaoreguwcaqi%m@ﬁa l@fﬁﬁl‘?‘édaé‘é‘lﬂpg)w 329 bp,

and thus the chromosomal DNAs of the Listeria injured cell
were hardly cleaved by DNase of which activity remained in
the injured cells. However, if amsacrine was added to the
injured cells, and the cells were incubated up to 72 hours,
especially the extremely long DNA fragment remained in the
well clearly decreased, and thus it was suggested that a
state that the chromosomal DNAs were cleaved everywhere was
attained by amsacrine with the aid of active DNA gyrase or
topoisomerase remaining in the injured cells of Listeria.
[0084]

Further, when amsacrine was added to the live cell
suspension of Listeria, and the cells were incubated up to
72 hours, the extremely long DNA fragment remained in the
well and the long DNA fragment located around 19,329 bp
temporarily decreased at 24 hours, and when the incubation
was continued thereafter, both the DNA fragments increased
in proportion to the incubation time. This result suggested

that amsacrine penetrated cell walls of the live cells at 24
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[0083] As a result, when ansacrine was not added to
the 1injured cell suspension of Listeria, and the
cells were incubated up to 72 hours, any significant
difference could not be seen for the extrenely |ong
DNA fragment remained in the well and the | ong DNA
fragment | ocated around 19, 329 bp, and thus the

hoﬁpgowsgwgigﬁeoéhkaﬁog@% igﬁAi ehgaféggeeglta_t@eggth the

ard cl eav y DNase o activity remained in
aithefi nhar BlAcglkrsseHowneteppisbmansaer inethasladdedet ds,

the injured.cells nd the.cells were incub du 0
angotpmar i el i ST TS RE CAEEEnaRy o oRgBRACE P Sgftbnpordly
aff@@ﬁéﬁegyiﬂhéhgctﬂﬁh|o§|Eﬁéh&rﬁﬁérﬁ@é@@fe@ﬂdeﬁhb§ the

was suggested that a state that the chronobsomal DNAs

se¢ere &nenbadiederywhere was attained by ansacrine

i the aid of active DNA gyrase or topoi sonmerase

[O@%@ ining in the injured cells of Listeria. [0084]

Fur thhereowden ansacrime ivasa ageletot ocoherinyeawélhighly
uspension of Listeria, and the cells were incubated .
hY%boﬁ%gb#% RBBFEatRe ebtFEnELF Wf%krﬁctlon time

of F'engd neg hﬂn&@@s,W@t'h@ﬁ@l%hﬁeﬁéﬂﬁagﬁﬁ\ﬁﬁ@ﬂﬂﬁﬁéd cell
| ocated around 19, 329 bp enporarily decreased at 24

wahburef hhahlwmehydherhhtubalivon cobbscoandintleds the pellet

of:)p%é%?%éffs Qé’% hw}%{‘x?ePN'i!}cMe ’Eﬁ”tssi' Cr { ajglgr%c%i&ells had

fon to the Tncubation me. isT

inbuggestet]l tvhals ansdAct haeepeaet i ad edpleebl cival ) sarofathene
live cells at 24 32 hours to attain the chronpsonsal

peir e edviye Seht ' th Phe NI Cehes DNy TR bre

pelnpoi spreraseniirdde-dive seblsa yandok esdi s Ng 1d Yk s
cells of Listeria only slightly or hardly affected by
confiernerd il ofiansaanphe Proti fepateetbylive cebbomind

s JEAFLEL, (PP IS SLcpSrBsEtnEel £ AL
attafiresd ae shiodte achatonchtdmosomal DNAs were cleaved
everywhere with the aid of the intracellular DNA gyrase
and/or topoisomerase. However, within a short action time,
the chromosomes of injured cells would be mildly, but
' selectively cleaved in a random manner, and therefore if
cells are additionally treated with a topolsomerase poison
such as amsacrine for a short period of time (for example,
additional treatment after a treatment with a topoisomerase
poison such as EMA), it becomes possible to distinguish live
cells from injured cells or dead ceils with high sensitivity
by using PCR.
[0086]
[Example 2]

Analysis was performed by PCR targeting the 23S rRNA
gene using chromosomal DNAs of live cells and injured cells
of microorganisms treated with a DNA gyrase poison.

[0087]

33



of 1 to 30 mnutes, it hardly penetrated uninjured
cell walls of highly hydrophilic live cells, and thus
the pellet of live cells was white. However, since
injured cells had injured cell walls and increased
hydr ophobi city, anmsacrine penetrated the cell walls
of injured cells, and thus the pellet of the injured

1. cebdsashoved yeldgycolor. It was confirmed by this
exanpl e that, for both Iive cells and injured cells,

1-1f Rrsperabheoperketivedoedl | ap@dl igjuied @@thi pedPansions

h h | - .DNAs
M R e Gl e

51 3DPOs SHAER ASEen HONEME , a Wb hiaif @r 8&Orto agd | bAntemebacter
.. the chronosones' of injured cells would be niid£¥, but 3790
) s REER vET y2 I RAIVEIRIHE BV ¢ drioht Fdher e andt t Hetef ot b

byiﬁsiﬁglﬁﬁeaﬁﬁﬁEB@B%EP”@@'M treated Wittufe medium in which

1
t opoi Sonerase poi son such as ansacrine for a short
theersblls ofeté net (flor xaapl ehniadehasona s t9eaieehed to

fter treatnent_w th a topojsoneras iSO h, as
re eI EohectEs PRI IR 76 B stTRGU 0T Ve e 155
midutase | g ech€ eddse Biatoad €& | Sebtdd hi gl sEnsiftivity

by using PCR [0086] [Exanple 2] Analysis was
Phyrekrd e eer bys ARG dfafet 3 FRET Hed 235 remal S geti® ushpgnt xture

waS L oApsomal, | af-dd Veaﬁ:(ﬁl %ﬁoﬁté@j wed geids of

m'croor gani sms treated wt gyrase poi son.
refi0B¥}a 33 IcerPreipara ti iom of tisanplesr iz lgn Prepar zeneyed,

f live cel d.injured cel] s ensi ons
e HE b SRR o Gt akeaard W
ce BIB2% Brdbdke enceforddn al sessefersed theas live cell

"Enterobacter "), which is a gramnegative bacterium

coufds @l tiked e FRIL FPIRINY Ihe'BHIIRBIILS 4P R of
stddfail dale Jrdidmddy il iy fde £elle wehee &l dhe 10f

ogar | c ‘phase was subjected to
cfu/ml.

[0088]

Further, 1 ml of the aforementicned live cell
suspension was put into a 1.5 ml microtube, and the tube was
immersed in boiling water for 50 seconds, and rapidly cooled
with ice water to prepare an injured cell suspension.

| Live cell suspension and injured cell suspension of
Listeria monocytogenes JCM 2873 were prepared in the same
manner as that of Example 1. Live cell count in the live
cell suspension was 4.0 x 10° cfu/ml. "
[C082]
1-2) DNA-gyrase poison {ciprofloxacin) treatment

1 ml of each of the Enterobacter (live cell and
injured cell) suspensions and Listeria (live cell and
injured cell) suspensions was added to 2 ml of newly
prepared BHI broth (live cell count and injured cell count

of Enterobacter in the medium were 4.4 x 107 cfu/ml and_4.4
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- thg u%%‘h‘é‘?%n%eja]nosﬁ%?%ﬂ%n% I ‘Pf/eE%Eﬁ’O]%‘atan

refrigerated centrifugation at 4C and 8,000 x g for 15
m nutes, and the supernatant was renoved. 40 m of
physi ol ogi cal saline was added to the cells, and the
m xture was sufficiently stirred, and subjected to
simlar refrigerated centrifugation, the supernatant
was renoved, and then 10 ml of physiol ogical saline

x 1as agde ! O:éd'r@ect'?ﬁ\l'éﬁyt Qaiif EPF e @11 Veowet land 1njured
suspension. \Wen live cell count of this live cell
ce%bsﬁeﬁgtoﬁfmASSﬁéésaréa éheameéwmd‘aeaea@af& pl aPe cfu/ml

anfegl M {7 Ve, fpund £0,be: Ay 1084 of uf - (9088

he a orerren |one Ive cel

c1pneﬁboxaonnmasl@uionnubBQ ﬂgBmhi dissolube, wahd t he
i n boi wat er for 50 seconds,
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inFYAORLE ds &éﬁﬁ?%@% “”é g”nt]l?g JOJE) C%{l%xed cells on

suspensi on was 4.0
Th®ONA: gyf@s@nPpDi B ¢ Ei p]ﬁ@fi@j(laﬁedi])célfe:al manm lofil eath of

each, of the Enterobacter (live_cell and %ﬁéeglgg%¥§
e

wa$UsRensi anso wes added, 19 Srdba iy newt V- priepased Bikn 2 m1
broth (live cell count and iI'njured cell count of

of BMes ohbediral rrahinevd sinaIRe® MmALxad 0FE cfliwgn  and

aféké% g%go éﬂ;fgfﬁfﬂd¥%§3£ectivel and live cel
Thj urte ot or Uisteria in the

nedlmn/yersﬁlsﬁae&s)ﬁ.olﬂ:? iof wich @tk dedbacddy cfidricells
respectively), and 2 of a_ciprof] oxacin solution

ang 138’03%1@9%“]&1%%&7%00%1%%“%@@%7 dgi 't sdPPWe)2R@s 0
mifgded to ghe-dedivmo f009Hs, 5 hours, and 72 hours were

prepared. Further, suspensions in which Listeria {(live
cells and injured cells) was cultured at 37°C for 1 hour and
30 minutes, 3 hours and 30 minutes, 5 hours, and 7Z hours
were prepared. Furthermore, as controls of culture time of
0 hour, live cell and injured cell suspensions of
Enterobacter and Listeria were used as ciprofloxacin non-
added live cell suspensions and ciprofloxacin non-added
injured cell suspensions.

[0091]

Each suspension was subjected to refrigerated
centrifugation at 4°C and 8,000 x g for 15 minutes, the
supernatant was completely removed, and a pellet was
collected. DNAs were extracted by the following methods for
Enterobacter and Listeria.

[0092]
1-3) DNA extraction
DNAs cf Enterobacter were extracted by the following
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As for the injured cells, in order to investigate

i nfl uence of active DNase remaining in the injured

cells on the chronbosonmal DNA of the injured cells, 1

m of each of the injured cell suspensions of

Ent erobacter and Listeria was added to 9 ml of newy

prepared BH broth, and then 2 m of physiol ogica
nefgbine was added instead of the aforementioned

ci profl oxacin solution. Then, suspensions in which

Ent efobilet epe(leéve Geblsl ahdlOnplir€diselCs)bwaser (pH

ltured . at ,37C for .1 hour 3 inutes,. 3 hours..
S'Qﬁdwéﬁ ﬁ?ﬁEQES?n E8UP2,O£n35gE ﬁéﬁ?gpﬁﬁﬁslnﬁﬁgpgrZé%gma’
EcFuRt hep] . suspeasi gagedn whochlLbst eni 8DEl kveuteehl prepared
and injured cells) was cultured at 37C for 1.hour and
begorahandeat 30holrévandiBh mEauiészes HWahes, vandagged, and
0 e e F ; e,.asnepnt rol f
eng o b Rer th MR RRR Slea TV RELBRE P ABqeR T (@8 L g 1 v
Triaspehsbofifeof (pEN8efbPacterannd phsheli aawpeaddagetdoashe
Ci rgfloxacin,non- added |ive cell suspen ions and 4 f
trgrhrof FORBCTAL Hon. aNdetei B GF ESCERF GRGRENSFbhGTCd for
15[ Q08¢ e Fachsspens o vas Sk ect®eh tia d efddgeras ethe
centrifugation at 4C and 8,000 x g for 15 m nutes, the

nizypee nadaft tdsnivhpretery genbledstanged per| etmpagtes.

0 . trac 0 i :

B R el B aRa G i R B
4° ONfneéxey@act i ong DNAs of Fhterebactiee swguecextiagéedobythe
the follow n 35 nethod. To the p Ilft, 9.5 m . of %O
UPRRF THFES R u??%?sf%FF%¢OSOm%sn%ﬁdng ahal1pe gt protube,
70 142P0c & 311 v PE QY LR asEe Ko S BHBrer EGH354221a84) 1 V@S ml of
added, 200 pl of an SDS sol ution prepared beforehand

99 g% 1094 ¢ Wi anp i hiveteraddo@dt patler Mastabdedananthe
mixture was gently stirred. The mixture was subjected to
refrigerated centrifugation at 4°C and 15,000 x g for 10
minutes, the supernatant was removed, and then the residue
was washed with 0.4 ml of 70% cold ethancl. 0.5 ml of TE
“buffer (10 mM Tris-HCl buffer, 1 mM EDTA*2Z2Na) was added to
the pellet, and the mixture was left overnight at 4°C to
dissolve DNAs.
[0093]

5 ul of an RNase (Sigma, E.C, 3.1.27.5) solution
prepared beforehand at 10 mg/ml with sterilized water was
added to the aforementioned DNA solution, and the mixture
was incubated at 37°C for 1 hour. 0.25 ml of
phenol/chloroform {1/1) solution was added to the mixture,
the mixture was gently stirred for 10 minutes, 0.25 ml of
chloroform was further added to the mixture, and the mixture
was gently stirred for 5 minutes. The mixture was subjected
to refrigerated centrifugation at 4°C and 6,000 x g for 10

minutes, the agqueous layer of the upper layer .was
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the reaction was all owed overnight at 50C. 0.5 m of 1
M Tris-HC1 buffer (pH 8.0)/saturated phenol was added
to the treated suspension, and the m xture was gently
stirred for 15 mnutes. Then, 0.5 m of chloroform
was added to the mxture, and the mxture was gently
stirred for 5 mnutes. The m xture was subjected to

tréﬁgfégﬁéét@g gepkli bugat Lan,ak ndCrandpd, 080 x190f0B M
m nut es, the aqueous |ayer of the upper |ayer was

sodmamsﬁeetedet@qaenea/2Ohutv©huﬁﬁdnﬂcmét9§e99 78 pplef

d f 2 f
<cGaiBdo BoF T BrRatorCnbPe itiod Fo e ik flaTuluese
geRt X{UEeiwasdgenthy wittuesd. wadhesiib xé st ed was Beufq:_e@etﬁa)‘ted

to refrigerated gentrifugation at 4C aﬁg 15, 000 ﬁ
cepprifngakifut e§, 4t Re2BdpéPndbPanE @adcre v@&nuﬁﬁa t Bﬁ

ol RO goup SRS IR0 e Ot i

0.4 mM &f)Tmmaa;omaseaUdedlt oanﬁhehpepbéﬂetaWdSt Reied <the
m xture,was | eft overni o _di,ssol ve w

1P 0u3) C 5B ob - RACRNRGe (S 1A, TETGE 7501 97 e “RNase

tr8QtMbhen) prepared beforehand at 10 mg/m with
sterlllzed water was added to the aforenenti oned DNA

[106®ftti on, and the mixture was incubated at 37C for 1

ho“r%zf the v BQFPQ%’&Qéoé&éQ&”%&léﬂ% éPié&' B1NeE, and

add mxture, the mxture was gently stirred
théomliﬂunenuaesle®t25vatno®htchtoé&ﬂotn1GQSSﬁmVEhQNAS and

added to the m xture, the mxture entl
EngEehY ctiSF ot 5ot PR HHES A & bRt oS ub et et (e
puf £f{igepahedoeant bhf wgathoasate4Caandsb, Qﬁoaﬁdg290rni0

m nut es, the aqueous |ayer of the upEer | ayer _was 36
(OBzeans@Bree e dOPrso a0 heldd 2181 My oPNifres il BE 6PTILE2S5H- Br 6813

Lol P0f umACehhe BAUERNS, SoLHTL,QR BBdcd1 Bteal ¢28n 50,0,

ol "were a to the mxture, and

andn photeywas thenplhiyisiedredA whae ﬂstumaeedasnSUbﬁebﬁéés of
Othsg/éngarol ger at ed
[0095]

DNAs of Listeria were extracted by the method of
Example 1, 1-3) Extraction of DNA.
[0096]
1-4) Electrophoresis of PCR amplification products

The chromosomal DNAs extracted in 1-3) were subjected
to electrophoresis by using 0.8% agarose gel. After
completion of the electrophoresis, the agarose gel was
immersed in a 1 pg/ml ethidium bromide aqueous solution for
20 minutes, and then washed twice with ion-exchanged water,
and cleavage degree of the chromosomal DNAs was observed by
using a UV transilluminator (wavelength: 254 nm).
[0097] _ :
2. Test method (PCR targeting 23S rRNA gene and

electrophoresis)
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centrifugation at 4C and 15,000 x g for 10 m nutes,
the supernatant was renoved, then the residue was
washed with 0.4 m of 70%cold ethanol, and the

pell et was ‘dried (the aforementioned procedure is
also referred to as the "RNase treatnment"). [0094]
125 pl of TE buffer was added to the dried pellet, and

2 ﬁhepﬂbggyéﬁl$ﬁsokebtRomsgebghﬁlgt 4C to dissol ve DNAs
ereby obtain extracted DNAs. Absorbance val ues

of thema®U¢rfmea Dnmx@blm@l@meMa§0nﬁééu®édta® beblavdng
Coand 2§0 H”%a e 50, OD260 of 50 pg/m DNA

ToPatro 1%0; p “length: 1 cnm), DNA
- EQATet K'ﬁ&k@ﬁawaﬁueal,Cuha&Edgfﬁombé]D26QROOaBd pOrRbypl

of the purified DNA was estimated on the basis of ‘
- BPosoreiee PobsT BRRkasR Ehgﬁér.aaﬁéﬁageQPWEEFédR8901B):
5 e method of Exanple 1, 1-3) Extraction of DNA

096] 1-4) El ectrophoresis of PCR anplification

- @Nﬁﬁumistihe ¢AebapsofhlzONAsatailracredben: 1RBYOWBIe 4 npl

- §erhSRFEL, ShoTRTDI oh o SThE) oP AT 1 D0RoF ol o, the

- ag@m@ﬁﬁpgeSE@a§D iowepsed3garp dNpg/ ol s5ethi di um
brom de aqueous solution for 20 n1nutes and t hen

- %@E%%h/ﬁ%ﬁ%EQMFPhN@on3ek%%%H@%H Piber2-5any cleavage
- Seghsp/of LR eBrREDSpMR) sPNIR) v §A°b§e5¥§ﬂ usi ng

tranS| m nat or (wavel engt 254 n [0097] 2.
- ZestSﬁEAtheéﬁCEBMargeatﬂgoQSQDmﬁam‘géﬁélahd 10 pl

- St EPoR BEhEL AT5C4Punb: 50 pl) of the follow ng
~ TONPOStE | ONAWASS PhePRIEH. 10 nl
The primers of SEQ ID NOS: 1 and 2 are primers for
amplifying substantially all the region of 235 rRNA, and
they provide an amplification fragment of about 2840 bp
 mainly from gram-negative bacteria. The primers of SEQ ID
NOS: 3 and 4 correspond to the center region of 235 rRNA,
and they provide an amplification fragment of about 900 bp
from gram-positive bacteria (also from gram negative
bacteria).
[C098]
2-2) PCR thermal cycle profile for amplification of 235 rRNA
gene
The PCR thermal cycle preofile for amplification of the

233 rRNA gene of Entercbacter was as shown in Table 1.

[0089]
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- Ex-Taq (Takara Shuzo, catal og nunber: RRQOO1B): O0.25
pl - 10 x Ex-Taq Buffer (Takara Shuzo, catal og nunber:
RRO01B): 5 pl - dNTP m xture (Takara Shuzo, catal og

nunber: RRO01B): 4 pl - 5 pnol/pl SEQID NO 1

(23S-F) DNA: 2.5 pl - 5 pmol/pl SEQID NO 2 (23S-R)

DNA: 2.5 pl - 5 pnol/pl SEQ ID NO 3 (23S-M) DNA:
72812 Pl - 5 prnol/pl SEQ ID NO 4 (23S-MR) DNA: 2.5 }il

Cycl&St eRepaared wattep: I1EetABRtpén - Hbedpl sgte (DNA (1Bemperature
ng/pl): 10 pl The primers of SEQ ID NOS: 1 and are,
primers for anplifying ¥bstantially all the regit Elon
of 23S rRNA, and they provide an anplificati @terval (°C)

Qorrespolnd to the center. ggi on of 23S _LRNA, and they
provi de "an anplification'fragment of about 900 bp
grom graot positive bacterpa (al so fromsegram negative
bacteria). [0098] 2-2) PCR thermal cycle profile for
anplification of? 23S r RRA*®gene The PCR>thernmal cycle
profile for anpld ficatien.@f the 23S rRNA gene of

Ent er obacter was as shown in Table 1. [0099] 38 Table
4 Cycl e IRepeats IStep Ré&Beh®i on Hol d Sett>(C)
Tenperature ti el evati i nterval ) 11 1 Q3:00
3201 20 30 04 3 400800 20 94 6 i

6 co 4

[0100]
The PCR thermal cycle profile for amplification of the
235 rRNA gene of Listeria was as shown in Table 2.
[0101]
‘Table 2

Cycle Repeats Step Retention Held Set (°C) Temperature
time elevation

interval (°C)

1 1 1 03:00 4
2 1 1 00:30 94
3 40 1 00:20 94
2 00:30 46
3 01:00 72
4 1 1 03:00 85
5 350 1 00:08 &0 0.1
6 ‘ oo 4
[0102]
2~-3) PCR

Each of the DNA solutions prepared in 1-3) was diluted
to 15 ng/ui with TE buffer, and 10 pl of the diluted
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2 00:30 55 3 02:30 72 411 03:00 955 350 1 00:08 60
0.1 6 - 4 [0100] The PCR thermal cycle profile for
anplification of the 23S rRNA gene of Listeria was as
shown in Table 2. [0101] Table 2 Cycle Repeats Step
Retention Hold set (c) Tenperature tine elevation
interval (C) 11103:00421100:3094 3401

s000:28n945521u0@338s46 +t3mB1a0@ PRpd4id 203 00T@§t51§50150
1 00:08 60 0.1 6 m4 [0102] 2-3) PCR Each of the DNA

ngsglfuthenscppépace8NPnvas3yonis igicHutad 50t l19tnghgl PCR

re&%&ﬁai&g?ggﬁgr’ aﬁg %O %#ﬁfivéhSQ§Q%%ied%§ i %Htfgnb¥ffer

wabhestdnpl at e DNA was contained in 50 pl of the PCR
Eﬁsgtlon m xture. As a negative control, 10 pl of TE
[0 was used. [0103] According to the PCR thernmal

cycl 25 efihg 8HOMAT AR £ R) ANt LHRED BPOYE1 e POROAADin 2-
TM anal ysis (nelting tenperature
2) mentioned above, PCR and TM analysis (melting temperature
analysis) of the amplification product were performed by
using & real-time PCR apparatus i Cycler {Biorad, model
number: iQ). Ihe threshold value (boundary value) of real-
time PCR was set to a value obtained by multiplying the
standard deviation SD of flucrescence amounts obtained with
SYBA Green for 0 to 10 cycles by 10. In each real-time PCR
amplification curve, number of cycle showing a value
exceeding the threshcld value is referred to as "Ct value"
hereafter.
{0104]
3. Test results

The test results of this example are shown in Figs. 2
to 1l. Fig. 2 shows influence of intracellular DNase on
chromosomal DNA of Enterobacter {injured cells). Fig. 3
shows influence of ciprofloxacin on chromosomal DNAs of the
same bacterium (ilive cells and injured cells}). Fig. 4 shows
influence of injured cell intracellular DNase on chromosomal
DNA of Listeria (injured cells). Fig. 5 shows influence of
ciprofloxacin on chromosqmal DNAs of the same bacterium
{live cells and injured cells).

[0105]

Further, ¥Fig. 6 shows an amplification curve for real-
time PCR targeting the 235 rRNA gene of Enterobacter live
cells treated with ciprofloxacin. Fig. 7 shows results of
TM pattern analysis of the amplification product mentioned

in Fig. 6. Similarly, the real-time PCR curve and the
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anal ysis) of the anplification product were perforned
by wusing a real-time PCR apparatus i Cycler (Biorad,
nodel nunber: i Q The threshold val ue (boundary

val ue) of real- time PCR was set to a val ue obt ai ned
by multiplying the standard deviation SD of

fl uorescence anmounts obtained with SYBA Geen for O

rebQ180cgyehesThy pd@iekh gaghyseal ol AB1BERd cell of the
anplification curve, nunber of cycle Show ng a val ue

saggceadtagivnetrhpésHordtpatbe semeetisngedreo showncin Figs.
ug" _h .er. [0104]., 3. Test results The te
8 YB0UP s BPPER A Feh kil A A RO | R B 2 e BaR curve
of FLgve2cabowsahdf hngneedoteint pacelilsikati aDNasatred with the
chronosonmal DNA of Enterobacter (inhured cells) Fig. 3
SaBRoAEUE NP GeABEWBf 1Ri pLEFI okdcPR%0AlehF BABS6RAN SBNAS
r09hethe sane bacterium (live cells and injured cells).
Fig. 4 shows influence of injured cell intracellul ar
DNaseren tine onesobbs siDNofnlLisyer2a 1€ nyas edocéltsgd
Fig., 5 shows influence of cipro xacin on. .
eh g G SR T BRAST Of PRECRaRE BacPUER UAFFe! Feachblyscleaved
oy anda s8] veegisel! sn. Eh0d08babUErheRjulFEd. c61350¥6ean72
anplification curve for real- time PCR targeting the ‘
hoyns: r RN e ofS BRATLEdEtREIe | i de e vhqlr extielcP I QFRcin

wa Sl REOL1 QXALLE. off! 0 (r 8AOUEL 1 §SHbE S 05 tdMPROLELD the DA
anal ysis of the anpfification product nentione In
clégrod. pisemdhandy, waheal eal b seev&CRaCus véeande t her Y&dly

. |t of the. TM patt lysis of injured cell of
ni g Indl B SO0 SE S0 R B s R el fous S pudle. 1
théhewe | 6 Fiigs . 118 ansh s, resperdhy ebyrofss Sher none,

the real-time PCR curve of live cells and injured _
fraqgmentfatour@ri 2349 S ePuierce he inamashdg are Bhetnit

wad bl #5rnd® Atk Yy fiesrectivelye d830810xacin for a
short period of time, the chromosomal DNAs of injured cells
were more cleaved with the aid of the bacterial DNA gyrase
compared with live cells.

As shown in Fig. 4, as for the injured cell
chromosomal DNAs, the DNA cleavage phencomencon caused by
intracellular DNase of IListeria injured cells was hardly
observed for the long fragment around 19329 bp derived from
the chromosomal DNAs even after 72 hours. However, as shown
in Fig. 5, when ciprofloxacin was made to act on the injured
cells for 72 hours, a markediy severer DNA cleavage
phenomencn caused by the aforementicned DNase was observed.
It is construed that the action and effect of ciprofloxacin
on live cells are the same.

[0107]

Further, when ciprofloxacin. was made to act for 72

hours, PCR was markedly suppressed for both the live cells

and injured cells cof Enterobacter. However, as shown by
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Fromthe results shown in Fig. 2, it was confirned
that the injured cell chronbsomal DNAs were slightly
cleaved by DNase retained in Enterobacter injured
cells over 72 hours. However, as shown in Fig. 3,
even when ciprofloxacin was nmade to act on injured
cells for 1.5 to 5 hours, the DNA cl eavage phenonenon
camgalgk engbégr&sd (2@ degrge markegly OE'QEER Lh@@ (1ive
that observed wth the aforefentioned DNase
cetase Bb Chp)I#véBcehHsCtthenbongdchebhasoﬁalhDNAs of Cip)

agment ar.ound. 193 onverse i ncreased, and
- bR B R AR CRREC Ty Tt e R b BrTerS sBBBressea
fogi pref L axaetn £or:13. shest ﬂ@f'ﬁﬁbﬁﬁPGRfthttétmlnated

chronosomal DNAs of injured cells were nore cleaved
afpprh2ihevaids of thherpaed br PAlI PERAPEYEasBedcbRparbl 1ive

cefighwé%V§%f§£$f%e§St8hB&“pEﬁﬁgﬁg%h aEﬁmFﬂgerégﬁlt of PCR

Injure ronosonal avage
pepﬁeﬂm@ﬁnﬁorCQMSeﬁn@yrednteamelWHhadeE»meneﬁ tosberia
| s was hardl observe or t he | ong

in d I
negs g{zr%m Tireonﬁﬁfr@szd; Herd r?er mlathet OFf orfos o™

1n§@@@de&@ﬂl§fé§ﬁ132bgogi§t1ﬁ@%@¥§éd f S80oM8 chiprbEYoxacin.
when ci profl oxacin was nade to act on the injured

Ascelss for FPshouis, ‘ahﬁlarR@HIyaSeV@r@lnﬂ&ﬁdcﬁﬁ‘é@ﬁgéo

oy SJIE00MBHON Caysed, BYpLie, 8L or SHEQL | Ded. DNASE VAR 1 ¢ vras

sefrved |s cons he aciion an
simfl&r py ofdoxarimed oo | boepeel t svay eartdiletlsarrEe s{lmoaf_ PCR
Further when ci profl oxaci p.was nade to act for

PER RS PERT WS mef KEEFY SEhpF e S ¥ot L dbt R ?ﬁEeHﬂ%%ed to

be cr?éd;étl@@d 49 S Sk ceh | 81 Of ’E_@t%@b@ﬁﬁ erii "bﬂ\éyﬁéetﬁﬁely
shown by 41 cal cul ations of (live cells ours

Thefelng, -1Ovwe$ i enftenegd, tlh@t G pye —cqBl angnd@t injured
ool gt SELSEL 2, J 9uL B 0f O B) oo O 1 {A0R UG CER Sane

Was frore Suppresse
dr@@]ls That is, when PCR was term nated after 27

01 &}es the result of PCR perforned for the live

On the basis of the TM pattern analysis of the PCR
amplification products of the chromesomal DNAs of
Entercbacter sakazakii live cells and injured cells on which
ciprofloxacin was made to act for 72 hours as shown in Figs.
7 and 9, 1t is estimated that the PCR amplification product
for the live cells corresponds to the 235 rRNA gene as the
target, whereas the PCR amplification product for the
injured cells is not the targeted amplification product. It
is considered that a partial region of the 23S rRNA gene was
amplified as the PCR amplification product for the injured
éell as a result of multiple cleavages caused in the 235
rRNA gene of the template DNA. As described above, it was
demonstrated that live cells and injured cells can be

distinguished by PCR using a ciprofloxacin treatment.
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cells was determned to be positive, and the result of
PCR performed for the injured cells was determned to
be negative. Therefore, it was confirnmed that live
cells and injured cells could be distinguished by
using ci profloxacin. As also for Listeria, when PCR
was term nated after 20 cycles, the result of PCR
ropepformed for the live cells was simlarly determ ned
to be positive, and the result of PCR perforned for
[ExpePia) 8ted cells was sinmilarly determined to be

negagﬁ%f% f@ ﬁﬁgﬁgre dﬁggd aid e%}% (Fhe 168 rRNA

respec was confirne at Tive
gepel bs ane EﬂﬁurEHA gehtsusingi sheonascoal dDEhsoobelive

'stin uj shed g dru 0108] basi s
ce b S RS TR bt ter A DA 9L | BLEFOFPas bERRS wrpPFFFeats oh EVP-
[oPi@flucts of the chrompsomal DNAs of Enterobacter

sakazakii live cells and injured cells on which
1. cPpepftoxben nofmsamptiesto act for 72 hours as shown in

_Fi os. nd 9, it e P
-4} Frepdaf o o boakdn FLHITLEE, D02t ek Hhva getheon
injoréhec@BS riNfpgescomas the target, whereas the PCR

anpllflcatlon product_ for the injured cells is %éﬁ
t he BsrRyeted ampfedt i 3%n! fb@r rthalgq kT ERs e as

wpk ﬁ%r ﬁ&ﬁtééﬁiiﬁg'@Dt?&b&@§e§3§b§§%%A9@9?r$@§cter koseri
led as the PCR anplification product for the

JCMrﬂ@&%d h@m¢¢f@@t@.ab@@lrefﬁrrmmttqniﬁcT@aVagbsct@ngbd

t he, 23S f the a
S R T P A b P ke 1R mh A PRt ee [har f 10 o8P s
heﬁﬁé&oﬁﬁhlﬁfgbcxéférﬁ@ﬂ'b@ a§|3$almmméhgﬂ"by &KE?K@ém@uella
a ciprofloxacin_ treatnent. £0109] [ Exanpl e i

OX e s i L SRS IR P REC DY Lr‘-féﬂz S yetierCeher s I HRA
reﬂ?xﬂeec?rtc% hes 238 £ ENA: geDe) %ﬁg Supnosoiete NS 9f°c by

[1ve |'s and injured cells of m croorganisnms
usineadtler BHE NI, 40 ml of the culture medium in which
the cells were at the logarithmic phase was subjected to
refrigerated centrifugation at 4°C and 8,000 x g for 15
minutes, and the supernatant was removed. Then, 40 ml of
physiological saline was added to the cells, and the mixture
was sufficiently stirred, and subjected to similar
refrigerated centrifugation, the supernatant was removed,
and then 10 ml of physiological saline was added to the
cells to prepare a live cell suspension. The live cell
counts of these live cell suspensions were Escherichia coli:
3.2 x 10% cfu/ml, Citrobacter: 6.7 x 10 cfu/ml, Salmonella:
1.9 x 10% cfu/ml, and Klebsiella: 4.8 x 10% cfu/ml.

[0111] | |
Further, 1 ml each of the aforementioned live cell
suspensions were put into 1.5 ml microtubes, and the tubes

were immersed in boiling water for 50 seconds, and rapidly

cooled with ice water to prepare injured cell suspensicns.
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[0110] 1. Preparation of sanples 1-1) Preparation of
gram negative bacterium (live cell and injured cell)
suspensi ons Escherichia coli DHsa (henceforth al so
referred to as "Escherichia coli"), Citrobacter
koseri (Ci trobacter koseri JCM 1658, henceforth al so
referred to as "Citrobacter"), Salnonella enteritidis
(o Sahmonel la enteritidis |1 D 604, henceforth also
referred to as "Salnonella”), and Kl ebsiella oxytoca
1-EKl @spelried iogy todc & r3OMPbEES. 1 viee heeftartilvmal dve cells and
rr g.as "Klebhsiella") were each cultured at 37C
lnﬁ%ggus?%élﬁﬁeSgﬁpegﬁefﬁs 40 m of the culture nedi um
in whkehlitbeceekhs wesreialukheckegar Uthinbe sphasenwasorth

subjected to refrh&ﬁrated centrifugation at 4C and
algoppgigrgefofo18s nAaGEdd usind BRE SRFEIYCHRCANSS

.ep19g9M§Q1STW%%agﬁgl@co%fuspgﬁﬁdgl 0913l K%allggc@%%rtp also

added to the c he"m xture was ’'su ci ent
refeirreddfocand Sdbpedtedcrocsisifi | aprer elulitgerat ed 37°C, and
ntrlfu ation, the s%gernatant was renoved, and hen
I

R L T O A e R G U 1)

heh@ePbEPRI 8180l F¥€eeebl $USRENSLOBtTHE"hi VBsCBlh tured at
ounts of these live cell suspensions were Escherichia

0%
30cht i resBeot&vedy, ci/ ke Bilirbbagher 406m}y gf1@7ch culture

me&IHﬁniﬁogﬁigg Ebeafg%%i] réo tCEH/nh gggﬁﬁhﬁgshﬁ

4.8 X ur 9eac
(ta¢phenenteoneﬁls|ﬁercehb11$uspenssoeeb@eeeeﬁutolnto

%.5 m Q%g rotu f and.the tu mg g Lmersed _in
Tehot YFhYt WAt erh 6? %%aEéQBnﬂE daP dPH0 €081 E8Twith
mlm@@eM@tﬁﬁdt@h@rgﬁﬁéﬁnéﬂéﬁfe@a§eféméﬂéﬁen3Mﬁﬂ§ 4301 of

[0112] 1-2) Preparation of gram positive bact eri um
Phy$ikogeral apding njas cedeed| &) suepenslonsamacthe usixture

waSeheps; dBaci] | USt CEFEYS M 2157 DERCEEOL IR 1ar

refrigerated centrifugation, the supernatant was removed,
and then 10 ml of physiolcogical saline was added to the
cells to prepare a live cell suspension. The live cell
counts of these live cell suspensions were Bacillus: 3.0 x
107 cfu/ml, Listeria: 1.3 x 10° cfu/ml, and Staphylococcus:
1.1 x 10° cfu/ml.

Further, 1 ml each of the aforementioned live cell
suspensions were put into 1.5 ml microtubes, and the tubes
were immersed in boiling water for 50 seconds, and rapidly
coocled with ice water to prepare injured cell suspensions.
[0113] ‘

2. Test methcd
2-1) EMA treatment and visible light irradiation steps

10 pl of an EMA solution prepared at a concentration
of 1000 ng/ml by dissolving EMA (Sigma, catalcg number:
E2028) in sterilized water, and filtering the solution

through a 0.45-pm microfilter was added to each of the
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also referred to as "Bacillus"), and Staphyl ococcus
epiderm dis (Staphyl ococcus epidermdis KD, henceforth
also referred to as "Staphyl ococcus”) were cul tured
at 37C, and ' Listeria nonocytogenes (Listeria

nonocyt ogenes JCM 2873, henceforth also referred to
as "Listeria") was cultured at 30C, respectively, in

subpenBhibnlr etrh £ 40 gibimohcgaeh veuldwie r iz dilyRe ReWlisCRing
the cells were at the logarithm c phase S rophozoite
ingeres f£6dlBacePPusyalasosibjiaet bdcter ipefdiiger gedds and

1ngﬁgéghEg§§E ognag %Glﬁﬂg gfogogi gﬁggrt%% ﬁﬂ&@ﬁESSWas left

€ Su rnatant was renove
atpny8|ﬁbmgBeamlaateeeumHSraMdgdttehhbeddabls T laddl, thEe
m xture was sgff|0|ently stirred, and subjected t

SUSPRPPAPN PEFr PhBFSfe@lceRtri PlifatitoRd eke UﬁEPnHﬂéﬁPle

11488 5§n9M@dw £aBfl ghﬁamgo FLoeh PRYSI 9hegicakosaly Neyasaki
was ad to the cells to prepare a [ive cel

El%@%péﬁsC@nf The.)idéspebed sbuat dietarhesefl P0ecrelflrom the

nsi o e Bacillus:..3.0 x 107 cfu/nm,
= B S RSk ) i e S ST POt bR 158
EMA 080 Thul oh. akar ihesdidtmhgeachipfet hegatonayent koned

Live cell susgen3|ons were put into 1.5 n
rehrEF ot ubesas ahiet heMe ubesatiere” i mesRaRF$Ly, 10 nl of

stoPL1] DOaval eL - f 0L s 50188400951 ﬁ@doEaQéghysugﬁghg?oﬂﬁgF the
ice water to prepare Injured cell suspensions 0113

gram- ﬂ@@@tnﬁehbdcgen;aENM¢V$ea@hbataaﬁdlnusrbﬁecelght and
rérrqgllatlon steggr%g %i 9 olution pre %%ﬁg
o BB ER P PeR ol et S0 w1 2Bt SuETe T
indShgiee £ catial Tiga nswrber ion EZQIE&) thénSteE| ﬂniz@dr&\msﬁ,

and filtering the solution through a 0.45-p
SulH G4 | For t RS BRI e R FAER BF e h%oﬁ4t§%s%§ﬂ§?%%%tb?ned

eMa he- gL amnegati ve bacteria (live cells and injured
cells) and gram positive bacteria (live cells and

[C3¥jlured cells) in a volune of 1 m, and the mnixture
Z—W%ﬁfféxtraction .

Microtubes containing the live cells and injured cells
of the gram-negative bacteria and gram-positive bacteria
(EMA-untreated and EMA-treated for each) were subjected to
refrigerated centrifugation at 4°C and 15,000 x g for 10
minutes. 990 pl of physiclogical saline was added to each
microtube, and the mixture was sufficiently stirred. Then,
the total volume of the mixture was transferred to a 2 ml
microtube, and subjected to refrigerated centrifugation at
4°C and 15,000 x g for 10 minutes, and the supernatant was
removed. Thereafter, DNAs were extracted, DNA concentration
was measured, and purity was evaluated according to the
method of Example 1, 1-3) Extraction of DNA.

[0115]
3. PCR targeting 165 rRNA gene or 235 rRNA gene

3-1) Preparation of PCR master mix
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at 4C for 30 m nutes under |ight shielding. Then, the
suspensi on was placed on ice, and irradiated with
-vi-sible light of 500 Wfroma |anp (FLOOD PRF, 100 V,
500 W Iwasaki Electric Co., Ltd.) disposed at a
di stance of 20 cmfromthe suspension for 10 m nutes.
The above steps of adding the EMA solution and
qu@qdlatlng visible light may also be referred to as
the "EMA treatnment”. Separately, 10 pl of sterilized
wat eg mastadddetétmtaﬂ vbleaech $SlOspénsiodntbk fhéilowing
CO% ag&negative bacteri%t(live cells and injured cells)
RIS14rEM P65 PEVEBSCreria (1ive cells and injured

- ggHirs)y (raxkead salizbhecEVMA19Q! whi®2y :angobhen :the2s 11
m xture was _subj ected to the sanme procedure used for

- tRe*af8rérentidied (ERBarpe§hwEsty. cRORigp npmPprpNRRCOLB) :

5 ﬁ{tractlon M crotubes containing the live cells and
njured cells of the gram negative bacteria and

- JNam positicee ( Eakaealahu@Ewﬂeambﬂeqtedmaed ENAOUNBated nl
or e re_sub refrigerated

- %eﬁ?P??HgagﬁgnIBtN ¢ i g %g 5©OD§ ?OP ¥& nminutes.

- 99§msh/gi ghasmglpgtcgl (335LRS WRA. add@d §o each
m crotu and the n1xture was suff|C|enPIy stirred.
- 5h§ﬁ01/ﬁhe3E©téD Vor ude (8BStME) nPNLur @ - waslt ransferred

_ Cretyhe, 4 u c t efri gerated
ce @??%E%a?ggnigtﬁg4c a 93§SQBS bﬁg ?og g m nut es,

- anpmbhép$usEQnaDam® WAS { 169HEyedNAThereaﬁner DNAs

‘ 7 act e ncentrati on. was_measured, and

- %ﬁ?$?§ %LSS%QaFBa¥%d gc&%§%|ﬁb PRt he- 5nlétlhod of

- Bxanpten lgrdes) ﬁﬁﬁra@$t§ﬂo f e[ 0845] 3) 3 1ECEﬁ
targeting 16S rRl ene or 23S rRNA gene 3-

- %%}phi:awénW@tePCRl 52 enlni x 45 [0116] A master m x
- AL AL Yahwre;1 50, )1 T 1, Lol | ovi ng
[0117]
3-2) PCR thermal cycle profile for amplification of 165 rRNA
gene

The PCR thermal cycle profile for amplification of the
168 rRNA gene of each bacterium was as shown. in Table 3.

[0118]
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conposition was prepared. - Ex-Taq (Takara Shuzo,

catal og nunber: RRO01B): 0.25 pl - 10 x Ex-Taq Buffer

(Takara Shuzo, catal og nunber: RROO1B): 5 pl - dNTP

m xture (Takara Shuzo, catal og nunber: RRCOO1B): 4 pl

- 5 pnol/pl SEQID NGO 1 (23S-F) DNA: 2.5 pl - 5

pnol /pl SEQID NGO 2 (23S -R) DNA: 2.5 pl - 5 pnol/pl
TaBEQ BD NO 3 (23S-MF) DNA: 2.5 pl - 5 pnol/pl SEQID

Cy¢UBSREpe DA P pl ReteBtpoml / plolSEGEED (RO 6 (dGRRrure
DNA: 2.5 pl 2 x SYBA G een (BMA, catal og nunber: ,
50513): 10 pl - Steriti%ed water: 15.75 pl - Tehplédder
DNA (15 ng/pl): 10 pl [0117] 3-2) PCR thermakneysl8 (°c)

thermall cycle profil e%oPlanplificationiof the 16S
RNA gene of each bac%gté#n1mas as shown. in Table 3.
{0118] 46 Table 3 Cycl'e Repeats Step Retention Hold
Het (CpoTenperature obeeoelevation inukerval (C 11
103:00421100:3094 340 1 00:20 94 2 00:30 55
3 01:30 72 4 1°1 03:08°9%° 5 350 1 00: 0860 0.1 6 co 4

3 01:30 72
4 i 1 03:00 85
5 350 1 00:08 60 0.1
6 00 4

10119] _
 3-3) PCR thermal cycle profile for amplification of 23S rRNA
gene

The PCR thermal cycle profile for amplification of the
23S rRNA gene of each bacterium was as shown in Table 4

(gram-negative bacteria) or Table 5 (gram-positive bacteria).

[0120]
Table 4
Cycle Repeats Step Retention Hold Set (°C) Temperature
| time elevation
interval (°C)
1 1 1 03:00 4
2 1 1 00:30 24
3 40 1 00:20 94
2 00:30 46 or 55
3 02:30 72
4 1 1 03:00 95
5 350 1 00:08 60 0.1
6 oo 4
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[0119] 3-3) PCR thermal cycle profile for
anplification of 23S rRNA gene The PCR thermal cycle
profile for anplification of the 23S rRNA gene of
each bacteriumwas as shown in Table 4 (gram negative
bacteria) or Table 5 (gram positive bacteria). [0120]
Table 4 Cycle Repeats Step Retention Hold Set (C)
[olegperature time elevation interval (C) 1 1 1 03:00
4 2°1100:30 94 340 1 00:20 94 2 00:30 46 or 55 3
Tab2e36 72 4 1 1 03:00 95 5 350 1 00: 08 60 0.1 6 00 4

Cvglt (t§P<FéAper &fte RSTRE“EPRVALTEN g‘?tnt(éi:Q/al {eypergtyre

1 03:00 4 21 1 00:30 g3 40 1 00:20 94 2 00;3Q 4600
301:00 72 4 1 1 03:00 95 5 350 1 00:08 60 0.1 6 4

interval (°C}

1 1 1 03:00 4
2 1 1 00:30 94
3 40 1 60:20 94
2 00:30 46
3 01:00 72
4 1 1 03:00 95
5 350 1 00:08 60 0.1
6 oo 4
[0122]
3-4) PCR

Each of the DNA solutions prepared in 2-2) was diluted
to 15 ng/pl with TE buffer, and 10 pl of the diluted
" solution was used as a template DNA in 3-1). That is, 150
ng of the template DNA was contained in 50 pl of fhe PCR
reaction mixture. As a negative control, 10 pl of TE buffer
was used.

[0123]
According to the PCR thermal cycle profile shown in 3-

2) or 3-3) mentioned above, PCR and TM analysis (melting
temperature analysis} of the amplification product were
performed by using a real-time PCR apparatus i Cycler
{Biorad, model number: iQ). The threshold value (boundary
value) and the Ct value of real-time PCR were calculated in
the same manner as that of Example 2, 2-3).
3-5) Agarose gel electrophoresis
[0124]

From Seakem GTG agarose (FMC, catalog number: 50070)
and TAE buffer (4.84 g/L of Tris, 1.142 ml/L of acetic acid,
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[0122] 3-4) PCR Each of the DNA solutions prepared in
2-2) was diluted to 15 ng/pl wth TE buffer, and 10

pl- of the diluted solution was used as a tenplate DNA
in 3-1) That is, 150 ng of the tenplate DNA was
contained in 50 pl of the PCR reaction mxture. As a
negative control, 10 pl of TE buffer was used. [0123]

0. A@@ogdLngft ontrhe 2RER, tbe@@mbg@%ls@ Beaf lwla% SREWA rieh, 3and
2) 3-3) nentioned above CR and "TM anal ysi S
A= Fﬁ@ﬁﬁﬁﬁgdlﬁéﬁﬁeﬂﬁﬁﬁﬁéaaﬁhuy§usFOdﬁ tBéOéﬁmeﬁldﬁﬂlbn DNA
u or by a_ real ti,me
1BEGEEH HRLE SRRLLO" PRIG) 480 Bt Bl R B yers.
Fotheeshobﬂ vhéu@rébeuegatyvevahuebrﬂﬁdahhegGEmV@b@@t@%e

real -ti re calculated in the sanme nanner as
baFE%FlafWEQaHb ggzt ho BER godntagyryag gappensed into a

weﬂecaﬁapg% é?%ed[gézélegEP §8§5§ @\Zﬁ&g @éﬁ;@ﬁ%\%l

cat al og nunbe and AE bu
blgei §BPH) 1m2gn$ttdoﬁbac9t9@°acndthe48em,1uﬁeg/L of

8% agar ose, gel was prepared, and
el%‘gggo%%ie%%sge‘%‘?g LR gEtadts Ploha 3401) and 100 bp
Ladder (Takara Shuzo, dee 3407A) were used as
narkers For each of the gram negative bacteria and

gr am gt i Haktlerihe ol gar oha s FOR s RET EATIRE Was
d S
infh Shesse 1 kpm oLy SRyl a8, g sy o 29
mi@ﬂﬂﬂﬁ @mﬁ%Wa&héﬁe@MﬂqetwmihEﬂ@mﬁexmﬁmm@GdSwmasr, and then

2 The on_which t
th B FOBTO ATEE TR e PO htP 8.0 i 2 ¥ALAS oy WY
traﬁdnxﬂummdﬂﬁﬁﬂ(kﬁsuu&mws solution for 20 minutes and
H)%ﬁ%hed twice with ion-exchanged water, and then
4, Test results

Change in temperature of bacterium suspension over
time observed when a 1.5 ml microtube containing 1 ml of the
bacterium suspension is immersed in boiling water is shown
in Fig. 2. It can be seen from the relationship shown in
Fig. 12 that the heat treatment by immersion in boiling
water for 50 seconds used in the preparation of injured cell
suspensions is a slightly stronger heat treatment compared
with the high temperature short time pasteurization at 72 to
75°C for 15 to 16 seconds (HTST pasteurization), and
therefore it corresponds to a heat treatment egquivalent to
the ultrahigh temperature pasteurization (UHT
pasteurization).

[0127]

The results of distinction of live cells and injured
cells using the 165 rRNA gene as the target are shown in Fig.
13, and the results of distinction of live cells and injured

cells using the 23S rRNA gene as the target are shown in
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the PCR anplification product was observed by using a
W transillumnator (254 nnm). [0126] 4. Test results
Change in tenperature of bacterium suspension over
time observed when a 1.5 m mcrotube containing 1 m
of the bacterium suspension is imersed in boiling
water is shown in Fig. 12. It can be seen fromthe

Fi%@l ai h opshi psshewBpbpr: Figy. 1214 hatqd hep heat 1% eatmentcr
y imrersion in boiling water for 50 seconds used in
soiwelprepaf ackoh bactefuvedwere| losdsgensi 6he bslain the

orﬁ'el:gé‘%' ‘ghgl.séOPg:?rtﬁga%M%LSQ{PEQ%egoEEQ%.egelW EQEIB?SSion,
F'gh tenperature shor i e "pasteurization at 0
EMASE 9t ed 5l ve 16 5ECONLSch ST, pRBLeunt zabktod) inqnded cell
therefore it corresponds to a heat treatnent
sugpeishaPent 229 E¥RetHeRFaRi PRI PERPerat 4 8uspension.
roPagteurization (UHT pasteurization). [0127] The
results of distinction of live cells and injured

cel 15 ushown thre ABS rIiRNA werre Ewe theS t aRljet gane whownsed

[ Fig. 13, and e results of distinctjon of live
as cBht LT B ok el R b P a o A ke ot fEved for
EMA-DErdaf geti @) ershoneis 49 Fifgsobd4tandadd, Klebsiella, and
regﬁgctlvely. In Figs. 13 to 15, the PCR solutions of

therete act it Wk o tobrredPbnl e el lfn?felinbrae? oflls
wag 1958100 e L NEEMAHINIS§RLEA I ke 68| LantiSHANsl Oy

-treated live ce suspensi on, EMA-Untreate
prodijarediest | obsespehsi on, tlan EN: teeae@dinpoeedeceel £,

ension. [0128] As sho i n Fi 13 en, the, 16
and BTN e et TP e O 16 e By 10 081
Waguﬂﬂdgffﬁﬂﬂénw product was observed for EMA-treated

injured cells of Citrobacter and Klebsiella, and
refore clear distinction of live cells and injured

gﬁ.lp: i it‘g%tsiogcnllﬁ—j? Bl 61, Forrdih & Y hels DA &A@ in Figs. 14
and 15, it was revealed that when the 235 rRNA gene was used
as the target, live cells and injured cells could be clearly
distinguished by using the EMA treatment for both the gram-
negative bacteria and gram-positive bacteria. When a test
sample containing bacterial injured cells at a level of 10°
cfu/ml as the sample background and 150 ng of a template DNA
in a volume of 50 pl were used for PCR, PCR of the injured
cells was completely inhibited, whereas PCR for live cells
was not substantially completely inhibited. Moreover, it is
considered that PCR for injured cells can be completely
inhibited also for cow’s milk containing 10° to 107 cfu/ml
and live cells of a low concentration can be detected.
Therefore, the method can be applied tc a screening test for
general bacteria in food sanitation inspection. Furthermore,
in the case of a patient with sepsis and hepatic function
disorder, it is possibkle that live cells and injured cells

may exist at a high concentration of 10% cfu/ml or higher in

50



products were observed for the EMA-treated injured
cells, and therefore distinction of live cells and
injured cells was indefinite. [0129] On the other
hand, fromthe results shown in Figs. 14 and 15, it
was reveal ed that when the 23S rRNA gene was used as
the target, live cells and injured cells could be

p1ehaar latyld dh s nguisshed aP¥.zusi ngmtla/e &E% t83tment, {,or

both the gram negatlve bactéria gram positive
qubatigr dateWben actestiingampl éheontraiseinng ibhaeherioal.
[Ogggired cells at a level of 108 <cfu/m as the sanple
ground and 150 ng of a tenplate DNA in a volune
[EQEmpPQel apere used for FOR PCR of the injured cells
was conpletely inhibited, whereas PCR for live cells
was %o@a§@%§@%hﬁl%ﬁ@?eébhﬁlﬁﬁél?rﬁﬁhE§|Wé§h KR eandra

bk ne LS UEE St Rt 5 PO 0 kOLEBLER.| 360,08 o1
andOSnyuréﬂ?ceﬂméntheaedflwueecdhbslﬁﬁuashQW'by PCR

concentration can be detected. Therefore, the nethod
taE%ﬁtﬁ%ga%pP?angﬁnécsﬂ?%%nlng test for genera
opgp}erla in food sanitation |nspect|on Furt her nor e,
in the case of a patient with sep3|s and hepatic
1. timepaontidnsof dercterial @@é@ubte ihue teveéstells and

I nj C e S OnC trat|0n of
109%6‘8? rfé or 'T(%% éioﬁ ﬁl%l o ndcefso SERPRiEhen °f
LlsaseiaOnLystéﬂfaCﬁbhéqﬁﬁﬁg@ﬁesQ@CMkf873Etﬁ§tédprepared in

accordin t he esent i nvention. 0130] [Exanple
heil]s%l%é?%b"@%ﬁl o) "t‘%r‘?%nﬁl%@%pjt? eat eoq[f%/ﬁ th-vEvE sldg gpunt

of HOROI BOPRI ASEL POL SO ST o NA JYE ase §0iSQymand i ve
cells and injured cells thereof were distinguished by

[CIER targeting a pathogenic gene. [0131] 1.
> . Rreparation, of bacterial culture (live cells)
2-1) EMA treatment and visible light irradiation steps
Bach of the live cell suspension and injured cell
suspension of Listeria prepared above was subjected to the
EMA treatment and visible light irradiation in the same
manner as that of Example 3. EMA is likely to penetrate
into cells of gram positive bacteria, which do not have
outer membranes, and even if the cells are live cells of
which cell walls are not injured. Therefore, the time for
leaving the suspension at 4°C under light shielding after
the additicn of EMA was shortened to 5 minutes, and the
visible light irradiation time was also shortened to 5
minutes. Furthexr, 10 pl of sterilized water was also added
to each of the live cell suspension and the injured cell
suspension instead of the EMA solution, and the mixture was
then subjected to the same treatments.
[0133]

2-2) Topoisomerase poison or DNA gyrase poiscn treatment
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Li ve cell suspension and injured cell suspension of

Li steria (Listeria nonocytogenes JCM 2873) were

prepared in the same nanner as that of Exanple 1. The

live cell count of the live cell suspension was 1.3 X

108 cfu/m [0132] 2. Test nmethod 2-1) EMA treat nent

and visible light irradiation steps Each of the |ive
s+&gl | suspension and injured cell suspension of

LI steria prepared above was subjected to the EMA

treadheat andpiesibhecfi ghe¢ afeoadmatidnned EMR sasetment

r h f Exar 3. MA i likely t o
an RS uTE LR L Err e B CaRnArRBSY | PuB: CALEUPEaCOREPERINg
cad® PokabavesuoptREiBRNPEANESH;aRdcaven rhrirheeegklby

are live cells of which cell walls are not injured.
certhetépgrbiophatt fne #be 1FheB0Png vhéosudpPenshnoreat acd the

L ah hi . ‘ Cr i om
R e A e e
added adoathenceiiie, wasdaktse sharteredatso shf fificighesy stirred,

urther, 1 | of sterilized water was al so added to
an{a%lﬁ%?cwg €‘Pv’ée@é’r‘ﬁeE%E%%n%%ﬁféﬁag?ﬁéoPnPErEHecéPF‘e

coBdSPERST omrHanshgad-(ft e VA sohdbdon. e 1 hey of

m xture was then subjected to the sane treatments.
phyou3BygiQap) sTbpot soneradecpoi sohher cHNbs gyeadethei mpnture
r S er .conpl eti.qn of .t he
Wa%f%ﬁ%ﬁ ?%n%% %ﬁ%ﬁ“ﬁ%‘%at r%ssnt © AN C}Ovelogiabkl’oé‘"??’i g]htwbe of 1
ml i EMAaehmat + et &d epbve acdnl Tr alisiben €0oh Al Ni Bgbe€ach 1 mi EMA-
treated suspension was subjected to refrigerated

Lreadftd | Futfat $oht atvaRERmMPs5, bobHRe o f ot b HmTEREreated
infkd hee1 pupesnal Wy Was, & emovgles 1o#110h1 EMa-treated

physi ol ogi cal 'saline was added to the cells, and the
injisediree Wasswiddnsi@ntigrestprergredand subjected to
{O#$?rigerated centrifugation of the same condition
é supernat ant was renoved, then 1 nl of
The EMA-treated live cell and injured cell suspensions

were divided into 6 sets, each.of which consisted of 1 tube
of the live cell suspensicn and 1 tube c©f injured cell
suspension. Ciprofloxacin (0.5 mg/ml, dissolved with
physiological saline) in a volume of 8 pl that is a DNA
gyrase polson was added to the suspensions of the first set,
camptothecin (1 mg/ml, dissclved in dimethyl sulfoxide) in a
volume of 1C pl that is a topoisomerase poison was added to
the suspensions of the second set, etoposide (1 mg/mi,
dissolved in dimethyl sulfoxide) in a volume of 10 upl that
is a topoisomerase poison was added to the suspensions of
~the third set, ellipticine (0.1 mg/ml, dissolved in dimethyl
sulfoxide) in a velume of 5 pl that is a topoisomerase
poison was added to the suspensions of the forth set,
mitoxantrone (0.1 mg/ml, dissolved in dimethyl sulfoxide) in
a volume of 10 ul that is a topoisomerase poison was added

to the suspensions of the fifth set, and amsacrine (1 mg/ml,
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physi ol ogi cal saline was added to the cells, and the
m xture was sufficiently stirred. As described above,
1 tube of 1 M EMA-untreated |live cell suspension, 7
tubes of 1 M EMA- treated live cell suspension, 1
tube of 1 m EMA-untreated injured cell suspension,
and 7 tubes of 1 mM EMA-treated injured cell "

d;§§é@§@§'9ﬂ &@h@tH&?D@E?@oxEQé§4LnTEev%NBmEr%@tQ@ hilvehat
ell and injured Cell suspensions were divided into 6

lsset§0pea§hm@taah|phlecnswgsedddﬁdltpubée shisphasione of
cell S sign_and. 1t |nJured cel |
tag e ba Rl B8R PR BP el N (O s I LG e vagrhRTRd 2t
30b®y5o@leglmahusablnehelﬂoaayobunam@foa khehatmps eawbbA
yrase poi son was _added to the suspensions of the
tr???é?fé@@ 1“E9nﬁt%tﬁécthFTtﬁﬁPnﬁndd§§§6P9§8dlﬁo

re?%ﬂ§é9¥£eéuhéﬁﬁk9€% £0i8n ég gﬁé 9hal9sPbobhat gi $62 10

I soner ase p0|so was a t he suspen5|ons of
mimheesecand ke, sepepostdet (Zargtampvedi. ssol ved in
[Ofgggthyl sul foxide) in a volune of 10 pl that is a

i sonmerase poi son was added to the suspensi ons of

2-8heptihi edrsetrighl kpépcine (0.1 ng/ m, dissolved in
dinmethyl sulfoxide) in a volume of 5 pl that is a

topdﬁ%@ﬁﬁ@%%@ S%mﬁ%ﬁnpﬁ®ﬁa%@%e®5t@eﬁﬁél%%§p@%%V%nsD%$s
wetd€e ﬁf%@ §°§§ﬂérﬁgﬁ £0. &s”Eégk ?9'ﬁ§9h¥§9 RN owp
su fOXI e

di net Th a Vol urme of
3)t@m®|smUEaaseombtson was added to the suspensions of
O%?ﬁ%fifth set, and ansacrine (1 ng/m, 52 dissolved in
i et hyl sul foxide) in a volunme of 10 pl that is a

3.t@@@i§Qﬂ%é@§ﬁgp@éﬁ@@uMﬂéeﬁgglet91§B§r§HSpenS|OnS of
the sixth set, respectively. Each sanple was incubated

3-ht Ampl firaBDoRi pLtRAthedRniot @Engol LAEteFidhe sanpl e
r m  m crotube and subj ect ed
llg%gE15¥f9§SQ5 ?@l% %t??#é

I gerate ugation at 4C and 15,000 x g
3-1al) IPrepamt e ahdPChenssiper natant was renoved.

[Oié%HBS]

A master mix (total wveclume: 50 pl) of the following
composition was prepared.
- Ex-Taqg (Takara Shuzo, catalog number: RRO01B): 0.25 pl
- 10 % Ex-Taq Buffer (Takara Shuzo, catalog number: RRO01B):
5 pl
— dNTP mixture (Takara Shuzo, catalog number: RROOiB): 4 ul
- 5 pmel/ul SEQ ID NO: 7 (hIyA-F) DNA: 2.5 ul
- 5 pmol/pl SEQ ID NO: 8 (hlyA-R) DNA: 2.5 nl
- 2 % SYBA Green (BMA, catalog number: 508513): 10 pl
- Sterilized water: 15.75 ul
- Template DNA (15 ng/pl): 10 ul
3-1-2) PCR thermal cycle profile for amplification of hlyA
gene
[0138]
Table 6
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2-3) DNA extraction step From each sanple prepared as
descri bed above, DNAs were extracted in the sane

~ manner as that of Exanple 1, "1- 3) DNA extraction".
[0136] 3. PCR targeting various genes of Listeria
3-1) Anplification of pathogenic gene, Listeria
listeriolycin O (hlyA) gene 3-1-1) Preparation of PCR
g?ét e{le}?@# [O%%le Aﬁ@igetn%ﬂogn )S-Io(l ot Qét g EEIQ rla)cure

ol T'ow conposition was pre are

(Takara Shuzo, cat al og aumber: RROOLB): 0.25 pl elev]aﬁilhin
Ex- Taqg Buffer (Takara Shuzo, catal og nunber: RROO1B):
5 pl - dNTP nixture (Takara Shuzo, catal og nuibE§Eval (°C)
RRO01B):; 4 pl -1 5 pmoldnkLSEQ ID NGO 7, (hl yA-F) DNA:
> 5 pl - 5 prol /'pl SEQ TD NO 8 (hlyA-R} DNA: 2.5 pl -
2 X SYBA G een (lBMA caJthB@g nunber: 5@313): 10 pl -
terilized water. 7 - Tenplate DNA (15 ng/pl):
fo pl E((i 2) PCthher n%o 8£}c| e profil e *Por
anplification of hl yA ogepe [0138] Takle 6 53 Cycle
Repeats Step Retention Hold Set (C) Tenperature tine
®levatidn intervial (C) ©3108 1 03:00 4 251 1 00:30 94

8 50 100:20 95, 2 01:QQ.69 60 0.1
6 co 4

[0138]

3-1-3) PCR

Each of the DNA solutions prepared in 2-3) mentioned
above was diluted to 15 ng/pl with TE buffer, and 10 pl of
the diluted solution was used as a template DNA in 3-1-1)
mentioned above. That is, 150 ng of the template DNA was
contained in 50 pl of the PCR mixture. As a negative
control, 10 pl of TE buffer was used.

. [0140]

According to the PCR thermal cycle profile shown in 3-
1-2) mentioned above, PCR was performed by using a real-time
PCR apparatus i Cycler (Bicrad, model number: iQ).

[0141]

3-2) Amplification of 165 rRNA and 23S rRNA genes

3-2-1) Preparation of PCR master mix

' A master mix (total wvolume: 50 pl} was prepared in the
same manner as that of Example 3, 3-1) “Preparation of PCR
master mix”

3-2-2) PCR thermal cycle profile for ampiification of 168
rRNA gene

The “PCR thermal cycle profile for amplification of
1¢S rRNA gene” mentioned in Example 3, 3-2) (Table 3) was

applied.
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4 1 103:00955 350 100:08600.1 64 [0139]

3-1-3) PCR Each of the DNA solutions prepared in 2-3)
nmenti oned above was diluted to 15 ng/pl with TE
buffer, and 10 pl of the diluted solution was used as
a tenplate DNA in 3-1-1) nentioned above. That is,
150 ng of the tenplate DNA was contained in 50 pl of

[O%E? PCR mi xture. As a negative control, 10 pl of TE
u %er was used. [0140] According to the PCR therma
3-2y38) ePpRofheemshouncilia Brofi2y frent aopédfabevépnPCR gram-

_perf d. b ' | -ti PCR tus i
POBRI & PEFbrRH nodel T RURDER S @ . [0141]  3-2)
Anplitd cardonc 9 riddS & RNfe apHo 235 r RINA SRPESFid22id) of

Preparation of PCR master mx A master mx (total
gryptpeelt5ve phichasi prepdf cdRNA ghBe” sBpRt hanfer 1gsExample

that, o 3: Y Preparation of PCR naster
3 mgxi). nggggpégRé%%e?é%}l‘%cl e profile for
3-a) i PCRation of 16S rRNA gene The "PCR thermal cycle
profile fo [ificatjon of 16S rRNA gene"_ nentione
i n é@a‘"reﬁn%‘gs& INA F%}Sy%%ep%@pﬁ*iﬂa_.fs%’ [‘_t{ﬁﬂz‘j“f“ted
to 3t 2-RY/\PCRythermmlpeyede, pagliile horoamphéfacatitea of
gram -~ positive bacterium 23S rRNA gene The "PCR
soleroml| Weychecdrad i d etémplanpl PRRcari dnlol) or 3-2-1)

ne ARPISIINE DRAE LD 30 AN ORAE, VR VP DL was
contained in 50 pl of the PCR mixture. As a negative
contreol, 10 pl of TE buffer was used.
[0143]

According to the PCR thermal cycle prefile shown in 3-
2-2) or 3-2-3) mentioned above, PCR was performed by using a
real-time PCR apparatus i1 Cycler (Biorad, model number: 1Q).
[0144]
3-3) Agarose gel electrophoresis of PCR amplification
product

Electrophoresis was performed in the same manner as
that of Example 2, 1-4) “Electrophoresis of PCR
amplification product”. For the detection of the hiyA gene
amplification product, 3% agarose gel was used.
[0145]
4. Test resuits

The results for the case of targeting the hliyA gene
are shown in Fig. 16, and the results for the case cof
targeting the 16S rRNA gene and the 2338 rRNA gene are shown
in Figs. 17 and 18, respectively.
[0146]

As seen from the results shown in Figs. 16 and 17,

when the hIyA and 168 rRNA genes were targeted, DNA
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3-2-4) PCR Each of the DNA solutions prepared in 2-3)
was diluted to 15 ng/pl with TE buffer, and 10 pl of
the diluted solution was used as a tenplate DNA in
3-1-1) or 3-2-1) nentioned above. That is, 150 ng of
the tenplate DNA was contained in 50 pl of the PCR
m xture. As a negative control, 10 pl of TE buffer

amwﬁyésemh%%khé\cg%qlree Eglﬁaewé@g bheymal 1e¥ehg

profile shown in 3- ment i ohed above,
inPORL has pErtbenﬁﬁAbyrastmgna rﬁﬁwevemETﬂﬁﬂlapparatus

copg St SuEatf BPitopannorll EVErspebinah, FLeREEAE was used

topeoHuet wELBCthOPhAREeSkeavASHPEr £ PENENAI Ambhersameion of
manner as that of Exangle 2, 1-4) "El ectrophoresis of
thecRlahpi e L8 BASpEBALREY, lFB%b%ﬁ@ddet%%tF%ﬁF%ﬁu¥%%r by

us{‘ﬁ%%gfgﬁtﬁ?@'ﬂn{ SQQhQPoH ogk‘cﬁmsg’c@gﬁt@‘@gegﬁ rW@#2ch EMA

est resu The res S e case
wheri thegbﬁyﬂggéhe hay At gegetedy easiobn unikggcatpftodhdcin,
the result the case of targeting the
ctemtel R oL B MRt crBtar b e RoknOdr hOE, goth M ypen
thd 8166 esRest byl Ywe 0148  gd6caeenné ronnt hepl €8ubb8ion of
shown in Figs. 16 and 17, when the hlyA and 16S r RNA

th@emUWeCth@e‘t’%@ mwe%yah@mm*é%ﬁlron of the
! ”J cfx?éleo PErE Q0! Y, S TG | Yoo b L BIA &AL, by, the ?E'\%

tre wever, when a topoisonerase poison O
whéﬁ#t@grﬁB@ xﬁmscgemeemaﬂenar@ase@seHCRtﬁgEthbe Wvé cells

vad PGS TEnL s, e, DA BIDLL LT ot ongl -8 porg:
topoisomerase poison or DNA gyrase poison.
[CG147]

When distinction of live cells from injured cells or
dead cells is quickly performed with focusing a specific
pathogenic bacterium, there is a tendency that it is more
preferable to target a shorter gene regioﬁ as short as 100
to 200 bp in order to enhance specificity for the pathogenic
gene. It is considered that if the target region is so
short as described above, the target region is not cleaved
and amplified, even when EMA penetrates the cell walls of
injured cells to cause cleavage of DNAs, and as a result,
PCR is not suppressed completeiy. On the cother hand, even
if an extremely short hlyA gene of 113 bp was targeted, by
using EMA and a topoisomerase poison or a DNA gyrase poiscn
in combination, PCR for Listeria injured cells of a 10°
cfu/ml level was substantially completely inhibited, whereas
PCR for live cells was not inhibited.

It i1s considered that this is because, for example,
the topoisomerase poison randomly crossliinked DNAs at

positions different from positions crosslinked by EMA to
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usi'ng etoposide, mtoxantrone or ansacrine together
with EMA when the hlyA gene was targeted, and by
usi ng canptothecin, etoposide, ellipticine or
anmsacrine together with EMA when the 16S r RNA gene
were targeted, the DNA anplification of the injured
cells was markedly inhibited. Mreover, as seen from

mﬁhsl{e%H!et%eﬂg%l?ﬂ EhBngl8ne v&@gggsla% 233 &Bﬁ@?gg%n by

was targeted or the’live cel was Ssi m
stn&lkedtyvenhnbraedlbylaS|ﬁgAE@kraad ahetherial

to 147
tolR SO PRET AR of 1 130 2P LU PENLT AN BEOCRARFS GPC GBAGEEY
préeilsdi s gﬂa@glyhserprgEQemetblégeéal@geﬁyaa@@efuﬁ a more

pat hogeni ¢ bacterium there is a tendency that it is
mapked 9@é¢@r@9m@a¥@dta#§€ttaesﬁﬁﬁt@ieg@ﬁé pEgitencagsed by

EMﬁhgig ICI%QQ¥% ?ﬁogn EQV8§Q§re%8neEPaEBS short target

speC| e pa ogen ene I'S consi dere
gem@abflIO@hEOtaﬁgebpreglon |s so short as described
abov target region not cIe ved

anpl 11 ?% Oﬁﬁﬂnﬁ§wﬁﬁ1Qﬁﬁéﬁ%%%t?%t%% $&F%€?Idhﬁf+%9%%5h

1$@Jé@f$%0§f|§ L9 6apse SheRYERiOfpiMAsriandrasmainjured
result, PCRis not suppressed conpletely. On the

ceblnerr hdgrll evbhs T theapobxineprefgodporf L hay Avgeheusf

c1£ﬁ1c£&’%ﬁ%&i@§ﬁ§t89nt§¥nlﬂ 'QQc?%@%@H I§%§898&5§§§§$2§f

rase p0| ron
théJS@emifumrpamhmb@@i¢3b@ét@ri@6 atfw/migheaehcmaSratlon

substanti al | | et el i nhi bited,. whereas
HoyeYRr cetlt &© ﬂ%%rh% THAP ?%%dPC$ta$%l%%h%?6%?%dPFﬂﬂ?Ct for

deddli SelBs because, pfOf LXETP| € 24DEATOPOh§ONETAR] well as
poi son randond y crossllnked DNAs at positions

2 R eFerrrIsomHOINA | Gnss B¢ 068 F Yrked kb@f@whmd%smce the

toééﬁ%%ﬁ%rég§ 6P|bﬁ£t¢§ ?lve t g fﬁ$¢¥€g 1n ?ead cells,

ion by Stil Y nttace ase,
unlidct einplred opaisonerases |, 111 and |V of |nJured

cells, and therehby prOV|ded a state that DNAs were

cl e erld! iS¥REGIs@tion of a tuberculosis
patient administered with an anti-tuberculoeosis agent, which
is a test specimen at a middle or later stage of treatment,
Mycobacterium tuberculosis injured cells exist at a
concentration of 108 to 10% cfu/ml due to the anti-
tuberculosis agent. Even in such a case, live cells alone
can be detected by the method to the present invention.
[0148]
[Reference Example 1} Preparation of test samples from
foodstuff

A method for preparing test samples will be

exemplified below, assuming a case where a microorganism
contaminates cow’s milk as a foodstuff, one of test samples
suitable for the method of the present invention.
[0149]

To cow’s milk, an EDTA solution was added at a final
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mar ked degree conpared with the DNA cl eaved state
caused by EMA alone, resulting in cleavages even in
the short target gene of 100 to 200 bp. Therefore, it
is possible to definitely distinguish live cells of a
speci fic pathogenic bacteriumfrominjured cells or
dead cells thereof in a foodstuff or various clinica

coSPELE FRNSo£05E ai NEHJs Qﬁl@kgé%@é’iéﬂlgf 8dmGel k8q0twetheso
speci fic pathogenic bacteriumat a high concentration.
vaoneded a1 na of dealt oosopptessi PCROANDI Lf teali bh,
r od for..dead.cells,.it is preferable, t dd ATP
oo e grt Gelbiel det g Tbbor bkt fst B bl of? ase
ref engyre)edetofehandgasi deeat he’ct opai sopeoase §r fHNALQ
.gyrase may be inactivated in dead cells, unlike
mipgies ed IdelliSs P @difplt® e é)é[f@cst%réﬁli%ff?rofE &
3.1 upesculosi 54 é‘i'@é‘ﬁc@ﬂl{'}mﬂﬁf £TSE W ihoaPy u/ml, allow
anti -tuberculosis agent, ic i's a test speclinen at
tha meajth eororat at@rtstAYeC ofot rBatmemites Mycobalcberj unhen

ubercul osis injured cell exi st_ at conceptration
20 B VA0t L= b G 3 1o 2Pt §D) (Kot chibel s
cord@a Mt ratbMe N SO/l CASE, 1ddwe ©fd | hid @ne reampe

detected by the nethod to the present invention.

miqgers]tq Refferehce TBeampird atl PASdar deivery gind édye middle
ag O {4018 FARUSEUL, A TRLIOG L0L, 4 SPAL N, d oS!
| be i ed be

sanpl es exenpl i 'ow, " assum ng a case
prexigrie st ad oreacy gaml ssnt sbdnt dtenatres igtwag e |donds ia

f oodstuff, one of test s |l es suitable for.the
bachR oy GG Draert THbS SRR Ko ST TR k.

and@bFEER sAuddOpams addethat whd imaltudy is centrifuged
concentration of 1 to 5 mM especially 2 M and Tween
at g@ . s radder &i1Eh 9y el Gt dimutdisDrrottain el 5

proetsé[i%(:io%&r%o%éi%n %&J@céﬂ @f&i%eq_lvﬂs ééggﬁ?tiq{jcéng)plete
degradation products) produced by incomplete degradation by
proteinase K. The micellar casein incomplete degradation
products are considered to consist of highly hydrophobic
submicelles of «,P-casein.

[0150]

Physiolcgical saline of the same volume as the initial
volume was added to the precipitates to form a suspension,
the suspension was subjected to refrigerated centrifugation
at 4°C and 100 x g for 5 minutes, and the supernatant
éontaining microorganisms and the like was collected.

[0151]
[Reference Example 2] Preparation of test sample from blood
(1)

The same vclume of physiological saline was added to
heparinized blood, the mixture was subjected to
centrifugation at 4°C and 10,000 x g for 5 minutes, the

supernatant was removed, and the precipitates were collected.
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refrigerated centrifugation at 4C and 10,000 x g for

10 mnutes. It is preferable to add |ipase (Signa

E.C 3.1.1.3) at a final concentration of 10 to 20

Um, allow the reaction at 30 to 37C for 30 m nutes

to 1 hour, then add proteinase K (Sigm, E.C

3.4.21.64) at a final concentration of 20 U nl and
Th'eeﬁY%ct_LB%_t@t?surc%nft%rin%(gi HIRLES, Q- Ry cEhe

surface lipid |l ayer and the m e aqueous |l ayer of
motheuril gtur eaddise suginwed moawd vitlee  aprce diypipthatcas aser e

collected. The precipitates contain bacteria, sonmatic
grggphgcgﬁgﬁ gg%n§ﬁ¥%P§O§€FFﬁeliocytes and bovi ne
[okeugocytes, and when the mxture is centrifuged at

10, 000 x or higher g, they further contain mcellar
[Rﬁiféif@ﬁﬁed%@ﬁ@@é?i on pregacesiom edl ltestcas@ipde from blood
(2'nconplete degradati on products) produced by

i nconpl ete degradation by proteinase K The mcellar

casellme i senaptret emdegfaghtsdaloplodiickalane easskddeddto
. to consist. of highly hydrophobic submcelles of _ |
nebfrS0Laed: RIopg1 SO EPRy SO Boesl SSRRFRGSHr Condesargerated
ceN@tumBgasibheatnuPtabngvobym wagoaddedihotbhe s separate

precipitates to forma suspension, the suspension was
th%u%}éguéa totpePlpgerabad oeneeytagarimpeneats4Cmandnuclear

f j : d rnat ant _containin

et Sttt oMo PR B L A Ea SRR 3G, RS- SEGERE RS e
eryReftetenes) Exanyl eh2] pPaepar abhoniafnyesnt ceaspbant sng was

ood (1) The sane vol une of physiol ogical saline was
coﬁ%ﬁ%ﬁe?o hepari ni zed bl ood, the mixture was subjected

[oiwzjcentrifugation at 4C and 10,000 x g for 5 ninutes,
the supernatant was renoved, and the precipitates

[Revegeceet | Beaeple 58] THeepreet ppharéstenht apmpde from blood

(3pacteria, t hronbocytes, nononuclear cells such as

nonocyt es and | ynphocyt es,
The same volume of physiclogical saline was added to

heparinized blood. In a sterilized test tube, Ficoll-Paque
[Amersham Bioscience, 5.7 g/100 ml of Ficoll 400, 9 g/100 ml
of sodium diatrizoate, specific gravity: 1.077 g/ml] of the
same volume as that of the heparinized blood diluted twice
was filled first, and the aforementioned heparinized blood
diluted twice was slowly overlaid therecon with leaning the
test tube aslant. Then, the layers were subjected to
refrigerated centrifugation at 4°C and 100 x g for 5 minutes,
and the supernatant containing microorganisms was collected.
It is preferable to, before overlaying the heparinized blood
diluted twice on Ficoll Paque, add a lipase (Sigma, E.C.
3.1.1.3) solution at a final concentration of 10 to 20 U/ml,
then add 10 to 50 U/ml of a deoxyribonuclease I (Sigma, E.C.
3.1.21.1) solution, alleow the reaction at 30 to 37°C for 30
- minutes to 1 hour, then add proteinase K (Sigma, E.C.

-3.4.21.64) at a final concentration of 10 to 20 U/ml, and
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" granul ocytes and erythrocytes. [0152] [Reference
Exanpl e 3] Preparation of test sanple fromblood (2)
The sane vol ume of physiol ogical saline was added to
hepari ni zed bl ood, the m xture was subjected to
refrigerated centrifugation at 4C and 100 x g for 5
m nutes to separate the mxture into plasnma and

alhenpeyike rearRaReNts GIDRENUGI@ar: ;. celd %ﬁt&%sﬂ%o 1 hour.
nonocytes and | ynphocytes, granul ocytes and

[0éP¢dhrocytes), and the plasna contalnlng

LERSAEUSR ARy, SALLASLE ] B1STL s B SSn soc

(4The same vol une of phyS|oIog|caI saline was added to
heparini zed blood. In a sterilized test_fube,
Fi cof P- @aﬁE@rlﬂAﬁﬁgsE§ﬁ¥BFB§8reM@éOPﬁly g/ (PO nehagt

BlgbEQEhcéoomlthEéogfnblceﬁls%ﬂbuﬁbq a%%atQPeC1f1c

specific gravity sanme volune as
gr@hatyoflthéSheﬁaﬁﬂnwaedaddeddbdfbmeednﬂwuoe1/®a$olume of

filled fi,r nd _t heaf orenenti.oned arini.zed bl oo
hegr hE e PLbofae 2o nE b b R E e Pe AePCBA SwhL v BafAg 12 id
théheont @stht ubenashanhe Then, thhe.| ayess, Weie Bai St Rsre

to refrigerated‘centrifugation at 4C and 109 x g for 5
sulpd piGted, Toarafrhecsaped nabrhtiEvAehiAnngt 4°C and 100 x g

fofne erPﬁQ@Q!sS”ﬁn&’aﬁ’hgog\lﬁ}g&@ﬁgtanu ﬁgggﬁiggﬁ %Saégla was

ore overlaying t parlnlzed W ce
cobhe®iedl | Paque, add a lipase (Sigm, E.C 3.1.1.3)
solution at a final concentration of 10 to 20 UmM,
then add 10 to 50 U nml of a deoxyri bonucl ease |

InﬁﬁggmiaﬁiAbplichﬁiuﬂﬁysolutlon all ow the reaction
at 30 to 37C for 30 mnutes to 1 hour, then add

%lelnase K (Slgna E.C. 3.9.21.64) at a fina
?ggctlon at 30 t g%?ﬁ%%goqm%%é?oﬁliﬂ%vuégﬁs
(Viable-and- Culturable state} of a microocrganism contained
in foodstuffs or clinical samples can be more selectively
detected compared with dead cells (dead state) and injured
cells (injured or Viable-but-Non Culturable state) by a
guick method alternative tc the culture method succeeding

the characteristics of the culture method as they are.
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[0154] [Reference Exanple 5] Preparation of test
sanple fromblood (4) To a sterilized test tube,
Monopol yTM [ Aner sham Bi osci ence, m xture of Ficol
and Metrizoate, specific gravity: 1.115 g/nm] was
added beforehand in 1/2 volunme of heparinized bl ood,
and heparini zed bl ood was slowy overlaid thereon
with leaning the test tubpjg{iga, the layers were
subjected to refrigerated centrifugation at 4C and 100
x g for 5 mnutes, and the supernatant containing
bact eri old ect,ed. | ndustr.i al licability
[ 0155] %cggigp g6 R eﬁF%&@nﬁlWﬁvgéﬂﬁénf%lﬁve cells
migYoaklbendntr Qu turable sshalle), ohidhCrearigan $Ne
ntained in foodstuffs or clinical sanples can be
foigpgl§élé€ﬁpﬁély det ected conpared with dead cells

(dgads3iat @) and aiehinyr IS Cinjured or |
=) (SRR StLR! B 0Zacdnd! Bfle sty BPLs %gﬁgbﬁ FePRggomerase
peabper pati/ve B0 DNBe gyukter porehed succeedi ng the

characteristics of the c ure nethod as they are. 60
o) PBEREYeR' 3K RErRogtroe Hubectrip thevecas e ca and
ampleroongani sAriyBrarkgsbnSamPkae Whiceh eaaphngesyt Ber, and
follow ng steps: a) the step of treating the test
C) shipl EL@Pt Rfa2napyrsamerRseaMPpoLdoR tand/ DrodubiA
gyrase poison, b) the step of extracting DNA fromthe
.test sanple, and anplifying a target region of the
ext ract Boe DN lhyd PR oamihg cot bkasihep, ofhanal yzthg an

' a ification product. 2. The t hod according to
am%rg%ﬁ?iglﬁﬂepﬁgﬂuFﬁelsaﬁﬂ?%YF% t P¥nUpiBeust Sfendard curve

re@RasyZein§y 85k APoRsBiBNGAr SnsUhYeor EREESERELRYganism and
rel ations |€Iof anmount of the m croorgani sm and
the amplification product, which prepared by using standard

samples of the microorganism and.

3. The method according to claim 2, wherein PCR is
performed by real-time PCR, and PCR and analysis c¢f the

amplification product are simultaneously performed.

4. The method according to any one of claims 1 to 3,
wherein the test sample consists of any one of milk, a dairy
product, a foodstuff produced from milk or a dairy product
as a raw material, a blood sample, a urine sample, a spinal
fluid sample, a synovial fluid sample and a pleural fluid

sample.

5. The method according to any one of claims 1 to 4,

wherein the microorganism is a bacterium.

6. The method according to claim 5, wherein the target

region is the 235 rRNA gene.
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the anplification product, which prepared by using
standard sanples of the m croorganismand. 3. The

nmet hod according to claim2, wherein PCRis perforned
by real-tinme PCR, and PCR and anal ysis of the
anplification product are simnultaneously perforned. 4.
The nmet hod according to any one of clains 1 to 3,

wherelnTBEemg%ﬁbdsgggggggggskstgugf any %ﬂ%rgénﬂbbﬁ i@

dairy product pro HOWIm
Pedépmwe@r©@uusln@saapmawemaﬁemimf uhdﬂpmmmemmnMﬂBSEm 1D
i nal sanple, .a synovial fluid
508 p) EVEnd” 2 0p! BuPALIFUPET Camite D iteY M nG@ 1D Nos:
3 aegording to any one of clainms 1 to 4, wherein the

m croorganismis a bacterium 6. The met hod accor di ng
to claim5, wherein the target region is the 23S rRNA

eneg 6 r n Ial wher
gCR 85 %hg ?JP QE%QQgréfﬁga %rgn%r 6t g}g%ﬁémﬁrlngPsd’

whefeSECthB mNGBDotgandsﬁ 19raapath6@énsetbaEtéhQum
primers of SEQID NOS: 3 and 4. 8. The nethod
according to any one of claims 1 to 4, wherein the

M Cr 9Or gaa| #8t hSd 8 B3 PODRGI £0b8LE BRI M yf=rd DS PBRLNPD get
according to claim8, wherein the target regionis a

re@a@hogénacpgéh@gea@c Jreenet hod according to claim9,
wherein PCRis perfornmed by using a primer set of the
primers of SEQID NOS: 7 and 8. 11. The net hod
accar @i nthé¢ anetiyo®nec@d r &l ag Mo lo1aid 09, W\Iﬁl@f@ixﬁl POR is

mer ase 0|son IS selected fromansacrin
pe%ﬁﬁﬁ?%%h%¥|H51 BxorRbHEsHh, S%FIPBtFE?nEIl@?BﬁogfdéEQ ID

Nodi tpXaRgrone, saintopin, topotecan and CP-115,953. 12.
The net hod according to any one of clains 1 to 10,
wherein the DNA gyrase poison is selected from

ClpﬁngQﬁﬁgH{éthod according to any one of claims 1 to 10,
wherein the topoisomerase poison is selected from amsacrine,
camptothecin, doxorubicin, ellipticine, etoposide,

mitoxantrone, saintopin, topotecan and CP-115, 953.

1Z2. The method according to any one of claims 1 to 10,
wherein the DNA gyrase poison 1s selected from ciprofloxacin,
‘ofloxacin, enoxacin, pefloxacin, fleroxacin, norfloxacin,

nalidixic acid, oxolinic acid and piromidic acid.

13. The method according to any one of claims 1 to 10,
wherein the topoisomerase poison and/or the DNA gyrase
poison 1is ethidium monoazide, and the method comprises the
step of subjecting the test sample to which ethidium

moncazide is added to irradiation of visible light.

14. The method according to claim 13, wherein the test

sample is treated with ethidium monoazide, and a
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of | oxaci n, enoxacin, pefloxacin, fleroxacin,

norfl oxacin, nalidixic acid, oxolinic acid and

pirom dic acid. 13. The nethod according to any one of

claims 1 to 10, wherein the topoi sonerase poison

and/ or the DNA gyrase poison is ethidi um nonoazi de,

and the nethod conprises the step of subjecting t he
tobhes I C thidi

R R AT AR 1 -y o

ethddglai meI®aziderein the test sanple is treated with
et hi di um nonoazi de, and a 62 topoi sonerase poi son

and/ or DNA gyrase poi son other than et hidium

nonoasi dehelbetAbe aetbediagcendang bacapy engifk 1 to 14,
claims 1 to 14, wherein the following step is
whpgRiBr hBE BELdPEiPHeSEEBp 18) Perdprivgs @ﬁé@r@ftbﬁeéﬁﬁﬁga

dythgetest 6?pkge§kﬁﬂg Ehgpebﬁgng%ﬁéﬁe Qﬁgﬁog %oB@ésomerase

gyr ase. etectin e ce
andVQroarQﬁhlgmrasa a test sanple by PCR, which
conprises the followng elenents: a topoi sonerase
poi son and/or a DNA gyrase poison, and priners for
anmpl 1§yi ngkat t 86 Hedef &8 PG Of 1 PA-81 13 o grﬁ%ﬁ@@kgﬁhlsm
. to be detected by PCR 17. The kit according to claim
1n1gy, toAF chaRBieheyY PeBnprhseB gorbpbdEsenthaséoahdronga
el gytase. 18. The kit according to claim16 or 17,
erein the topoisonerase poison is selected from
a tm@@ts@meraseamwia@he@m@/odoaonuhigyﬂaselpbpsbﬁinand
xantrone saj ntopin, topotecan and

t
or GRS ok G e R L Ear et Grabien of SR taron 17,

midhesedinihie Ve Oy ase: HQIsPnpts, sel ected from
ci profl oxacin, ofloxacin, enoxacin, pefloxacin,

fleroxacin, norfloxacin, nalidixic acid, oxolinic

aci g an ﬁQH!%é% IQ1 20, Jhe kif.acgordin
one of }g%ns téﬁ%g;g o} cfgadff6 ék ;4 %ke
comprises a topoilsomerase and/or a DNA gyrase.

18. The kit according to c¢laim 16 or 17, wherein the
topoisomerase poison is selected from amsacrine,
camptothecin, doxorubicin, ellipticine, etoposide,

mitoxantrone, saintopin, topotecan and CP-115,953.

19. The kit according to claim 16 or 17, wherein the
DNA gyrase poison is selected from ciprofloxacin, ofloxacin,
enoxacin, pefloxacin, fleroxacin, norfloxacin, nalidixic

acid, oxolinic acid and piromidic acid.

- 20. The kit according to any one of claims 16 to 19,
which comprises ethidium monocazide, and a topoisomerase
poison and/or DNA gyrase poison other than ethidium

monoazide.
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whi ch conpri ses ethidi um nonoazi de, and a

t opoi sonerase poi son and/ or DNA gyrase poi son ot her
than et hidium nonoazide. 63 21. The kit according to
any one of clainms 16 to 20, wherein the priners
consist of a primer set of the priners of SEQ ID NOCS:
1 and 2, or a prinmer set of the prinmers of SEQID

NOS: 23. anbedxj22acdBedkhly aecandi Rget 8raRy .QRE ?fa to 20,
clains 16 to 20, wherein the primers consist of a

whgrerBr thet Pofinele pensdisg off aSEQLBINGSL Prandthed présers

of SEQ ID NOS: 1 and 2, or a primer set of the primers of

SEQ ID NOS: 3 and 4.

22. The kit according to any one of claims 16 to 20,

wherein the primers consist of a primer set of the primers
of SEQ ID NOS: 7 and 8.
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