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 nmethod for detecting a m croorgani smcontained in
. foodstuffs or clinical sanples, and a kit for
detecting a mcroorganism Mre precisely, the
present invention rg%gtesj%ﬁ?a et hod and kit for
detection of a i cr oFGEAEHFERARnabl e sel ecti ve
detection of live cells of a m croorgani smcontai ned
I n:-foodstuffs or clinical sanples. Background Art
Methggpoflor Detectirer et eMéGmanied wei Hod amws Heenfor
Det%@@!%ﬂfﬂ?PQMEXrgé 91 sheasurement of general |ive
acterial counts | oodstuffs, clinical sanples or
envi ronnents. However, the plate culture nethod
requires.ti of about two days to obtain a result.
'TeCTﬁéﬁﬂls%lefg Because of the inprovements of
[oocstierilization techniques and processing techni ques
for foodstuffs, needs for distinguishing |ive and
deddtes PassSIdf ImvEargorgan shstexise i agneéphedsfor

det A LS HiddEEAN N0 YR 10LINE £ESESWPPLEoLhe
cells exist in ah extrenely small anount. Tn tThe
clirfiies ldssanfp feond ssahid dtionfonspeceécoinand elénbeayanism.
- test,.jn]particular, as a.q%ick.netho for_detecting
OTSFHET S Nt T AP ed T B et @7 nf Fb2 pFdskhce Bpthod
and aixeter Qfethactian aand Wuarddfyabash efhac Wnable
ampl i fying genes specific to the bacteria by PCRto
Sel%ﬁclﬁfear@eatmgtmort W£ Miee gemless cah danigreepdayism
. j f erial 5Hﬁ IS targeted,
Contgﬁzgﬁgggbﬁﬁgh w%ﬁ%ﬁﬁ ﬁgﬁe c%%%é%e% ce%%é originally
contained in the test sanple is also detected, and
Baﬁztherefgr% positive result obtained by PCR does not
}ﬁ%%%%g riTy suggest the presence of |ive bacteria.
[000Fherefore, the current situation in the fields of
food sanitation and clinical test is that PCR is not
uséfewPdarg, caltrgagheithods hashibgiary coavsintigsmaddy used
: [ _ [ J04] - - i _he yS,: it iIs
o Y SePEet "ot (13 oy et na
foodpest fsanpllénhyapr spapileg cBDNE&wittommergrse However, the

transcriptase,for nRNA as targe nd perform ng PCR
platyl BRTELrR BERuod rPairen, T b AT &SR o
obtalif khrssoethod, the reverse transcription of nMRNA of

dead cells itself is not inhibited, and when 104
[0008fu/m or 104 cfu/g or nore of dead cells are

C j j [ igl.nat ed

e L s e
technmetthed sadnptrobessand techeisufefs dicantf caglsa ufdtd)odheeds

for. distinguishing the |live and dead states. [0005]
For QPREFPPRAPTY O alt RenBhRoBSPEr SdPLErn Gt SHITHG HO7E Ly
existlend shatestobampEEORGaAN:: HIE cSUGAPSRACIRN 3 HESING e s

the PCR nethod, the nethods described in Patent
whergoehfreatlls anylot hateabeew tdiesellys stha lliowepant -t hén the

. I ' p . ... .hes thods faor .

fielq B0 L O FE L b e R P B 0 rdr e
partbhuehans bacteguacuskaghbhe fBERIaethedng] BAGGLria, it is

As for the technique disclosed in Patent docunent 1,
attenpibap B AR eCHBHEF ORBESEBFCdPSt PREETGR 6f Basdegar gnd

b el i, | f bj 1.0 hi

quan?ﬁﬁ%géaturgﬁ?gg% ?ﬁ%%gg?E%?I%%gﬁgoﬁgg%g%égct?ognfo to
bactg0i aibut BSR amdsdcist amcamonnof thiatr bbegarhesscan be

contained in foodstuffs subjected to ethano

sterilization or fornmal dehyde
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sterilization. However, there are not foodstuffs
actual ly subjected to such pasteurization treatnents,
especially the treatnent of the latter type.

Mor eover, there are not supposed detection of only
live m croorgani sns subjected to the currently major
pasteurization met hod in the food industry, |ow

. te era ure ng asteurization (LTL .
visBRLTGuPT PRt . RPGRTEbnpefaPuPE CRBPPLLPNE 1o targeted,
thepBsteyirbzat o ighhStcpagtrens ideald @11 Llonildina thiygh

tenperature pasteurization (UHT pasteurization), and

confaiBet én éﬁeoﬁﬁﬁtlﬁ@@Péﬁeéﬁhq;%QNQQiﬁﬂﬁﬁﬁlxﬂﬂ@yﬁhﬁrefOIe
[ e f Nt [ e
= phOLELVE, SRy IR ERTRAR e by T (RS Ve aRt Al
suggésh thstpsaﬁpheeobfa1&@3d®ﬁu&braﬁ,cIWhecanspecthen
cont ai ni.ng. dead .cel |l bac gr,oun t cong ntratlon of
cur gt SRt S inagnere L Lot tin £o6 SRELERde PR
cliiphifieati o8 praduets der h\deufsre@mmﬂ%q celdhsexegedt is
the detection [imt of the technique of at ent
a hygllyenensitifeg enerepsek techaijdmsossible to
{OO@E}ern1ne whet her a positive response of a test
sanpl e obtained by PCR is derived fromlive cells or
death cehése §8PH7]it is atFamphed, tasdehecteehﬂlquantify
of . Pat ent ﬂocunent 2, discl is a nmethod of
onlyi kY RgGPehf g™l PvECEE Fémﬁg &l EBPFd Ny Ch #iithy
revé@latt ¥8nHeeE 8888 R RNARRNA BDLAK ak-8lit0 20H %@@@ommg
cells conpared with that of live cells. Int
PCR ety dor hers os BECRRAC| §0ewv&‘a@pédba%ﬁmlénenltkawvw in
thid SudEERAT St B, Lk POo AL BUEESELLEBASER RRMANoF dean cells
reaction; IS per ornmed to calculate the o
1tsa&ﬂ?uastnetenﬁhlhnﬂeﬁheanﬁlahenomﬁénmfwrmbnonf1$&#&ﬂu¥g or

mox S 6 I P 9:2 S5RER Sy 1B PRR E B ReTS, "
'bacwd@s@wﬂi@gn&@eahﬁioRNeheSd@aal tkied by REReteed.

obtain the Ct value thereof, and the nolar o
hersiient red ormothedecaproiosentf LONAC] Becaréfiat eatons a
e | §s Lon; gUr yg t tain.Lhe
me e TR, ol e a6 ThAt 1 Ut Re“aBs0a. Bf BSedar e
{OOCﬁdquires to performtroubl esone extraction of total

and. two steps of verse,transcrijption
S e om e T e AETRF AN 8 1ive ana
dead Rfteries ¢ msspboREhiangeshos Dchoravantibisgt tra pcr
performance and qui ckness. Further, RNA is

methﬂﬂn|ﬁﬁﬁﬂ@#§h?ﬁ%xﬁﬁﬁﬁﬁ1bﬁ¢l#% E@F?Qt ﬁﬁ@ﬁ@%@tﬁ$w@nd 2
d r
have %galge\é‘? g@g#sg%g @I%Uesrgc i quemﬁks sta o%aiénys remain
in tﬁﬁﬁéumenhmﬁs|fnfidxxnﬁmgmiSMIngllnveahn&p@eademtates of
contai ni ng dead cells at a. high. concentr t|on only
miCIORBTE GHid) T g ST CoNREN T Lo ORIt e bRSE.
[ooodgt ected by this technique. Therefore, it is

difficult to apply this technique in the fields of
f 0868 @i ttde dredhmsises (BrF @b ed i Wi cRatardstdogeit 1,

examﬁﬁgékkﬁfggﬁﬁgh %Tkiﬁ%%%r %é%%%giéﬁtent‘%ppllca i on

contdiexaminedbAuld cadddatu £ s) apas dNote R 000-1536H 1i8emperature
Patent docunment 2: Internatjonal Patent Publjcation

Lonowg 3 /052034 38 @t B &1 ostre B ¥hest ivibHtion and
dlstpﬁ‘%b:ll%&ﬁo BB_%I%QJ 1%§ ﬂf‘é’ﬁ% ofh [@CQCQC%tuf s
Di sclosed I1s a nethod for se ectlv y detecting [ive
subjeeltlest (M ablherenid-sQdrtiriadd el ael ds) fofmal dehyde
m croorgani smcontained in a foodstuff or clinical
sanple in contrast to dead cells or injured cells
(Injured cells or Viable-bgtNon-Culturable cells (VNC
cells)), that is, a quick detection nethod
alternative to the culture nethod, but succeeding the
characteristics of the culture nethod as they are,



Disclosed is a nethod for detecting Iive cells of a
mcroorganismin a test sanple, which conprises the
followi ng steps:a) the step of treating the test
sanple with a topoi sonerase poi son and/ or a DNA
gyrase poison, b) the step of extracting DNA from
the test sanple, and anplifying a target region of

t he extracted by PCR and c) the step of
St AT b AP eat BT SpAOdUCe (BT EIEES gLy
sutpfeafard et enboli peatcof i 16 & of eEBAhERPEY 88HBEUa11y the

the anplification product is analyzed by using a
treqtaddy Peurle Fepresdnthng MEradvenshithefe atsuntotof

. . Lifi . 9 '
A AR AL A e AR PRl ccteo <o

themanoengalny sm 3§02 teurizativm preiedred emobtamnt

. of the aforenmentioned net hod, PCR is perfornmed by

INGEA N e PCRMRG PRI arftP Bl §RiRA B Ciheration” (LTLT

pasRldifdpatdon MRt clee Sipe taneoust ¥ndesd oF dRe: zat ion
[ 0013 In a preferred enbodi nent of the

(HTgtlo iparpditi Givedt imsthod T tthld tee dtl Fanfpder s satomee of

1l k- | Ty G foqdst uf f duced frommlk
pasfehlts 2 MR e o Bl I R St ey
live wpicnd Sanmplashayeapicndladdatich sanpt e nicsynpd@imens of
. flui.d sanple and a pleural fluid sanple., [0014] = .
lnfﬁﬁt&%e@%_ eerP&o'% STt A g enehith giddi biotics.
MorBBlked, itthend e ganishdst adhacterdtum dQUMure or

In a preferred enbodi nent of the aforenentioned

clipprpdd spEsd mear gemtedgiiow idsache 23S RN emel dth a
' [ t,n2PCR.I,S, pr.ef ecably petfor usi n

conkit ARIG! B L SRy AIEDE' BEAHEY PRk caBlaEt 43! e
finel acpr iamgrl igatcadfi onhe roduttrss defriSEQ IR INOSlead ated 1 s

4. .[0016] . In.a.preferred enbhodi nent of the
exCEpdr BRENCESREH R LY R HEr GO (o datent
dochathegeni anbagheired@rel At Riss iapediimrt 4 e dangste

region is preferably a pathogenic gene. Further, in
whethpy anbedivdie, *PERONSEpPEr ér &s1o) pperdiemedti®yingst iy PCR

is ?%g%ggﬁrf§%h%Ev%h%éﬁﬁgw%&sd%Bd5€th@.NCS: 7 and 8.
{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 thereocf, and the molar
concentration of the chromosomal DNA is calculated on the

basis of the calibration curve to obtain the RNA/DNA molar



In a preferred enbodi nent of the aforenentioned
nmet hod, the topoi sonerase poison is selected from
ansacri ne, canptothecin, doxorubicin, ellipticine,
et oposi de, m toxantrone, saintopin, topotecan and
CP-115, 953. [0018] In a preferred enbodi nent
rafi ot herigd or papnihongsbretfiaskedure: DNARGYF &S e PPSOForm
is selected fromciprofloxacin, ofloxacin, enoxacin,
trpubileraBpnextrerbkati AL ROFRI oRBRI AndnaFfai ke aEfES of
LN Ld. [ . di id. 01 An.a -
S S S ]
tetheitjopoisomefasitopotsonsanll/ BCRt herPdAigyrBNAR poi son
is e hidiun1non0ﬁzide, and éhe met hod conprises the |
QUERELEHFAE LB R BT hGTTRBCE o3 sAPFEE B whi 'O 't difthit 19
cofRNAagLdey praddedat oni 11a8i @108, ofh¥i-shbl ANhi gBt-iveqd
0020] In a preferred enbodi nent of the .
framofeadncrdhedisedhoanrenedt @5t 28 anpr &Y i tageat eiperefore,

i hi diu 0azi . and ' as [
end LOCAh Ll (TLIREOBEL 0011 800 IR ARIRL 256 B! Ao tur s
ornohoazcde. spOOPAENn contalmimg pieder cedlenbodaneinghof
the aforenenti oned. nethod, _the fol| ow n

[ g Step is ,
COREFTBFABLCBef OPEY t hiY &f OF bhen?t oheHO sPEptast gynfpptration

cafl B0 Qbclrealipg thestestnsogpte WHdHrd.,Qp0iSoney ase
and/ or a DNA gyrase. [0022] I n anot her aspect,
differeltstprappliedtiki tefloniges etni tlge | Fieldel p§ byod
distinguishing the liv |1s from dead cells_and/or
safhPoF B EpRSt 16 ld S abely THEE Dl R or g £
quPE€Rhe b chigonpsnsesithey fohd onéagretenents: a
t opoi sonmerase poi'son and/ or a DNA gyrase fpiSon, and
Pab??ﬁe@%¢¥%?“%n£li¥%¢?€F%F%%F@%tp?%%?%nk%P BRAEBP g

Un8k ShORESaPLSTN Lot PSn dBl €8460h by PGy 06 0928 5

Further, the aforenentioned nethod provides a kit for
Padenecddogménty e2 celhsepfaai enxt obrigemi stmbhigatesth

I PCR ich conprises the follow ng
Woéﬁggéﬁ%ga%ﬁtQﬂﬁﬁﬁi%@rase poi son and/or a DNA gyrase
poi son, and prinmers for anplifying a target region of
DNA of a m croorganismto be detected by PCR

DipRlespd ok eBhenBsiaRinioBf the af or ementioned kit,
prbBgelid ?%g%%iéSiv%&‘H§”§HEE&ﬂ%%ﬁ¥E%ﬂra DNA

gyrase.
[0008]

Disclosed is a method for selectively detecting live
cells (Viable-and-Culturable cells) of a microorganism
contained in a foodstuff or clinical sample in contrast to
dead cellg or injured cells (Injured cells or Viable-but-
Non-Culturable cells (VNC cells)), that is, a quick
detection method alternative tce the culture method, but
succeeding the characteristics of the culture method as they

are, and a kit for performing the method.



In a preferred enbodi nent of the aforenentioned kit,
t he topoi sonerase poison is selected from ansacri ne,
canpt ot heci n, doxorubicin, ellipticine, etoposide,

m t oxantrone, saintopin, topotecan and CP-115, 953.

[ 0024] In a preferred enbodi nent of the

Meahey empnt §gned g tshé herBNAGyr ase poi son is sel ected
from ci profl oxacin, ofloxacin, enoxacin, pefloxacin,

[opP8} oxaci n, norfloxaC|n nal i di xi ¢ acid, oxolinic

aci dr. dlﬁ%é fctﬁnE%QQgéA nvent%gnaagéfﬁ&5ﬁ§§§

enbo nent ore tlone
researthsﬁSOﬁthlﬂeuhbdnﬁoazddeermmdlagtopblsonerheeallve or

0i son_ and/ or rase poi son.other than, ethidium,
acBS, 380 hesbPoobe) vAYinE PRestl B btb e anBaar momtoRing

hidReqat oAt Lopsdckit -yt heuat apeaenbi-ongddPELARESt ion
consi st of a primer set of the primers of SEQ I D NCS:

1nap®ﬁalqn oand pieaeensbiing dhtepEiaprefofPSEL LD
0027
pa%n%% | n? Fe%ﬁ infec 1gﬂsa8££%§£?ﬁég£féﬁgg at

or enmen |oned ,

ho@@ﬁt@ﬂ@n&rOﬁEﬂnﬂEHMEéitéQnSLE@ Dfresprti Merhesetf@ing hthat,
primers of SEQ_|ID NOS: 7 and 8. Brief_ Description of

lnt%ém?F%ﬂﬂnE%r[@B%E?nﬁﬁﬁﬁhlﬁ? EﬁgetF%k%%ragﬂsanured cells

ofPQQ£98£§8P§a§B§M”EH én£EH§n§§mﬁﬁe %kwfﬁeéghh the test

i ntracel DNase on chronosomal LIS eria
sariph¢ uvedh cel tepoisnhbuencepol sansandiae anbNA gyrase

chro | DNA of Liste d cells d
PO R R ey CheR B PP B n e oaatBEe nfffen |,
moﬁéayﬁd@ﬁliﬁiadfaﬁloﬂnWEenteﬂ51ﬁmaamigne( andNe
addi ti on of ansacrine, Anmsacrine(+): Addition of
LORPABBRPEFRSE 1POT RelbaRfldAr aPNB0gYFaFe JRORBER sOthe . than

etﬂﬂ&ygmtﬁgﬂogélégg:EﬂfoégsBﬂHiSDNA of live cells could be
selectively amplified by PCR, and a quick method alternative
to the culture method could be provided. Thus, they
accomplished the present invention.

{0010]

In .one aspect, there 1is provided a method for
detecting live cells by distinguishing the live cells from
dead célls and/or injured 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.

[0010a]
Disclosed is a method for detecting live cells of a

microorganism in a test



3: Incubation at 30C for 72 hours. [Fig. 2]

El ectrophoresi s photographs show ng i nfl uence of
injured cell intracellular DNase on chronosonal DNA
of Enterobacter (injured cells): Non: Untreated, 1:

I ncubation at 37C for 24 hours, 2: Incubation at 37C

saﬁ@ﬂeéSWHQHhscoﬁpriBEQUQﬁbiQBl@bw@ﬁ@ EBEps:a) the step of
treating the test sample with a topoisomerase poison and/or
a DNA gyrase poisorn,
b) the step of extracting DNA from the test sample, and
amplifying a target region of the extracted DNA by PCR, and
¢) the step of analyzing an amplification product.
[0011] ”

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

microorganism and the amplification product, which prepared
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72 hours. [Fig. 3] Electrophoresis photographs
showi ng i nfl uence of ciprofloxacin on chronosomal DNA

of Enterobacter (live cells and injured cells): Non:
Unt r eat ed, 1: Incubation at 37C for 1.5 hours, 2:

| ncubation at 37C for 3.5 hours,

by using standard samples of the microofganism.
[0012]

In a preferred embodiment of the aforementioned method,
PCR is performed by real-time PCR, and PCR and analysis of
the amplification product are simultaneously performed.
[0013]

In a preferred embodiment of the aforementioned method,
the test sample is 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.

[0014]

In a preferred embodiment of the-aforementioned method,

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.

[001l6]

in a preferred embodiment of the aforementioned method,
the microcrganism 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 of SEQ 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, 953.

[0018]



3: Incubation at 37C for 5 hours, 4: Incubation at
37C for 72 hours. [Fig. 4] El ectrophoresis

phot ogr aphs showi ng i nfluence of injured cell

i ntracel lul ar DNase on chronosonal DNA of Listeria
(injured cells): Non: Untreated, 1: |Incubation at

330G of ﬁ%eferred embodiment of the aforementioned method,
the DNA gyrage poison is selected from ciprofloxacin,
ofloxacin, enoxacin, pefloxacin, fleroxacin, norfloxacin,
nalidixic acid, oxolinic acid and piromidic acid.
[0019]

In a preferred embodiment of the aforementioned method,
the topoisomerase poison and/or the DNA gyrasé polison is-
ethidium monoazide, and the ﬁethod compriseg the step of
subjecting the test sample to which ethidium monocazide is
added to irradiation of visible light.

[0020] _ |
| In a preferred embodiment of the aforementioned method,
the test sample is treated with ethidium monoazide, and a
topoisomerase poison and/or DNA gyrase poison other than
ethidium monoazide.

foo21]

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

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

In another aspect, there is pfovided a kit for
detecting live cells by distinguishing the live cells from
dead cells and/or injured cells of a microorganism in a test
sample by PCR, which comprises the following elements: a
topoisomerase poigon and/or a DNA gyrase poison, and primers
for amplifying a target region of DNA of a microorganism to be
detected by PCR.

[0022a]

Further, the aforementioned method proVides a kit for

detecting live cells of a microorganism in a test sample by



hours, 2: Incubation at 30C for 48 hours, 3:

I ncubation at 30C for 72 hours. [Fig. 5]

El ect rophor esi s phot ographs showi ng i nfl uence of

ci profl oxacin on chronbosonmal DNA of Listeria (live
cells and injured cells): Non.: Untreated, 1:

Péhﬂc%@@th%o%bx%%@s 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 a preferred embodiment of the aforementioned kit,

the topoigomerase poison ig selected from amsacrine,
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for 1.5 hours, 2: Incubation at 30C for 3.5 hours, 3:
| ncubation at 30C for 5 hours, 4: Incubation at 30C
for 72 hours. [Fig. 6] Anplification curve in

real -time PCR targeting the Qur Ref:OP-05307-PCT

camptothecin, doxorubicin, ellipticine, etoposide,
mitoxantrone, saintopin, topotecan and CP-115,98533.
[(0024] |

In a2 preferred embodiment of the aforementioned kit,
the DNA gyrase poison is selected from ciprofloxacin,
ofloxacin, encxacin, pefloxacin, fleroxacin, norfloxacin,
naiidixic acid, oxolinic acid and piromidic acid.

{0025]

In a preferred embodiment of the aforementioned kit,
the kit comprises ethidium monoazide, and a topoisomerase
poiéon and/or DNA gyrase poison other than ethidium
moncazide.

[00z26]

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 aforementioned 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
injured cell intracellular DNase on chromosomal DNA of
Listeria (injured cells), influence of amsacrine on
chromosomal DNA of IListeria (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,



23S rRNA gene of Enterobacter (live cells) treated
wi th ciprofloxacin (hal ftone photograph). [Fig. 7]
TM pattern of anplification product in real-tinme FOR
targeting the 23S rRNA gene of Enterobacter (live
cells) treated wth ciprofloxacin (halftone
phot ograph). [Fig. 8] Anplification curve in
eal-tipe FOR targeting,the 23S rRNA gene of
2: T B ObCR T (0 o 6O OAF | 87 SFPeat ed vi th
3: maneddoxachh ghedftoperphpbegsaph). [Fig. 9] T™
pattern of anplification product in real-tim PCR
[Fig-argleth e pepase s RN eheosfrEft ehoebapsueinfilnpocedof

L S e r acin_{

i ST oL AL D P ososhn COBLLLREy oun or
Entamthadisr PORGuac@etényst he 235 r RNA gene of Listeria
(lLive cells) treated with ciprofloxacin (halftone

Non:g{Bttogialdif}.  [Fig. 11] Anplification curve in

1: trRalsdd /s EAR dar@etdnop i heogds, rRNA gene of Listeria
(injured cells) treated with ciprofloxacin (halftone

2: Ipiotogriaph)at 3F Q. fan)4&laphrshowi ng the ,

3: ThhAldashif of;damBrsian gigp,in boiling water of a
m crotube contal ni ng"celT susSpensi on and tenperature
[Figaf Ihe&Elsuspendiared s thteotdgrophbeshofbhg. idBluence of
El ectrophoresi s phot ographs showi ng results of FOR

CLPTGEIO AN (AT AT S0k | MYt he HB5oF PRACHBRe (bive cells

and 3¢veI-dd nds ofy bacteria (live cells and injured
cel’l s) treatecf or not treated with EMA, which are

Non:shewrsatache order of |ive cell suspension not

. reat wth E iV I ension treated with
L Iéﬁ&,%’a%%oﬁlréa c%ﬁc sfuosISejr:f?l) o}hg&n% "treated with EMA,
- 2: Tamthbanjidredicel1°GuspernsiDmdeeat ed with EMA, for

_ .each bacterium_.The sane shall apply to Figs. 14 and
3: Ipgubatgion af4]n317El%cﬁ(% Jt¥ET % phot ogr aphs showi ng

4: THRSWAS oRf HORgene &pld fisatd on targeting the 235
. IRNA genes of four kinds of bacteria (live cells and
[Figj nfddr éd ecdivophanesdtce dhort qmtaph 2 ateelving hiEMu e gof

sy SRS RS LTSI SORIOAL Gontl o5 o

Listefribl qtiensired weldal)l:s and injured cells) treated or
N _not treated with EMA. [Fig. 16] El ectrophoresis
on: nHBtE§AESHs showi ng results of PCR gene anplification

1: Thaheakibe the 3blyA @ene ofhddsiens (live cells and
injured cells) treated or not treated with EMA and

2: Inpehatieat éd WK &OBNASyyrases poi son or a

3 T A A D B ot hecin, 3

[FigEMA] eEOpaesirdphoresis 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



4: EMMN ellipticine, 5: EMA mitoxantrone,
EMA ansacrine. [Fig. 17] El ectrophoresis photographs
showi ng results of PCR gene anplification targeting

our tiher A65-c RN geoe of Listens (live cells and injured
cells) treated or not treated with EMA and then

treated with a DNA gyrase poi son or a topoi sonerase
poi son: Non: Untreated, E: EMA 1: EMA ci profl oxacin,
235 RNV et bt ReEpRoPBCt e 1 BPoSEHES) gt reated with
- P81 6L DBe+ S EMA ML OXBAT T One, 6
Clp%%ﬂiaﬁi ﬁeﬁ F(??f.z 18 E‘%ec r%)phoresis phot ogr aphs
[Fighdid MM restut ¢ 50 ob £ RGPS hehiecatnpbnfpraduon iar getlngime

oo S BT ST SR, LLAe oL BB L o e
- tredtRALEEIM ¢ 11 8o DN AYT @S eh HDF S8fe Oph &t bHPYHBPNEr ase

poi son: Non: Untreated, E: EMA 1: EMA ci profl oxacin,
[Fig. 8] Amplification curve in real-time PCR targeting the
235 rRNA gene of Enterobacter {(injured cells) treated with
ciprofléxacin (halftone photograph}.
[Fig. 9] TM pattern of‘ampiification product in real-time
- PCR targeting the 23S rRNA gene of Enterobacter (injured
cells) treated with ciprofloxacin (halftone photograph) .
[Fig. 10} Amplification curve in real-time PCR targeting the
238 rRNA gene of Listeria (live cells) treated with
ciprofloxacin (halftone photograph}.
[Fig. 111 Amplification curve in real-time PCR targeting the
238 rRNA gene of Listeria (injured cells}) treated with
ciproflioxacin (halftone photqgraph).
[Fig. 12] Graph showing the relationship of immersion time
in boiling water of & microtube containing cell suspension
and temperature of the suspension in the microtube.
[Fig. 131} Eiectrophoresis photographs showing results of PCR
gene amplification targeting the 16S 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 suspension 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 photogréphs showing results of PCR
gene amplification targeting the 23S 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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2: EMA/ canpt ot hecin, 3: EMA etoposide, 4:
EMV ellipticine, 5 EMA/ mtoxantrone, 6:
EMA/ ansacri ne. Best Mdde for Carrying out the

I nvention [0029] _ Hereafter, preferred
enbodi nents of the present invention will be
explained in detail. However, the present invention

is not limted to the follow ng_preferred
geneeﬁﬁ@bﬂ%%@@%le%naaéaﬁtb@9fF86|§3ﬁoaﬁﬁﬁe@aﬂqw%ﬂwhﬂﬁ?erla
(11@&%’& oL Lhe Pﬁgﬁ?@& LBYERY 1 @ReakBal BiSnot treated with

speC| i cation ercentages are used on nmass basis
EMA Nl ess especially indicated. [0030] <1> thhod of t he

t_j nvention met hod pres
e R e SR RRe rois 1 BPSGEeREP g S PUS " Be FFETaR2a Of ECR
gendl HHEP] SodH SThh Nt Ar é§1n§aﬂﬁbeh19@1@En@oﬁﬁriﬁ%%e&ﬁ% (live
following steps: a) the step of treating the test
Cel%ﬁﬂﬁﬂ@aM@1¢¢%¢t%%bl%bnﬁ?@ééeﬁop§oﬁ0§n@F@ﬁtﬁdDNAth EMA and
[ ) e acting
N N R et e
poisextracted DNA by PCR and c) the step of anal yzing
lification product. [0031] In this

Iknls&ﬁggg%%ﬁ$bn the "test sanple” is an object for
r- My ch live cells of a mcroorgani smexisting therein

are detected, and it is not particularly limted so
: HM%&?%Q#Qﬁ%@%ﬁQ%@nce of live cells can be detected by
] speci fic region of chronosonal
i qy%¥%§Htg%&u%g§awbles i ncl ude foodstuffs, for exanple,
A At afaigiydepr oduct s, foodstuffs using mik or a
) Sg EY roduct as a raw material, blood sanples, urine
- &t f1uid sanpl es, synovial fluid
. gmwnﬁﬁgbxéﬂﬁggﬁg fluid sanples, and so forth.” MK,
dalry products, foodst uff s using mlk or a dairy
ENPdda s e raw naterial are especially preferred.
[Flgln Hhe %?%ﬁgyﬂdygggé (FE$EE£§§§ §38@£§qn§¥sgft§n¥f PCR

one of t ement | one
gene amplification targeting the 163 rRNA gene of Listeria

a2 SN &2 BT % T N QR

(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,

E: -EMA

1: EMA/ciprofloxzacin,

2: EMA/camptothecin,

3: EMA/etoposide,

4: EMA/ellipticine,

5: EMA/mitoxantrone,

6: EMA/amsacrine.

[Fig. 18] Electrophoresis 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 a DNA gyrase poison or a topoisomerase
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products and bi osanpl es thensel ves, and nay be one
obtai ned by diluting or concentrating any one of the
af orenenti oned products and bi osanpl es or subjecting
any one of the aforenentioned products and bi osanpl es
to a pretreatnment other than the treatnent according
to the nmethod of the present invention. Exanples of
the pretreatnment include heat treatnent, filtration,
poi&mﬂnrifugation, and so forth. [0032] The
croorgani snf is an object to be detected by the
Non; rqu éééke present invention, and is not
: Mparticularly limted so long as it can be detected by
PCR and a topoj sonerase poison and a DNA gyrase
: ﬁﬂﬁwﬁﬁpgﬁﬁ Qﬁﬁ?%@e cells of the microorganismin a
. gg%1 ¥?¥£¢1 fromthat for dead cells and injured
ce e m croorgani sm Preferred exanpl es
: EMﬂﬂQHHPdEKdQHIa filamentous fungi, yeasts, and so
i E%@%IEH bacterla i ncl ude both grampositive
: %%P hn}negatlve bacteria. Exanples of the
. Eyyymjggﬁgﬂﬁgbﬁgwteria i ncl ude Staphyl ococcus
bacteria such as Staphyl ococcus epiderm dis,
1 EMA/eMGedtdis bacteria, Listeria bacteria such as
Li steria nonocyt ogenes, Bacillus bacteria such as
Baci | | us cereus, Mycobacterium bacteria, and so
Best arvHe Banplesrofintchecgt atheedatiamt baot eri a i ncl ude
(002 Hteric bacteria typified by Escherichia bacteria
ch as Escherichia coli, Enterobacter bacteria such
as pEHeerekact ¢r csakazakidnbdd inabactel hacterdsestich
as Citrobacter koseri, and Klebsjella bacteria such
invend igre i dl R GSERIGTCAntP SaEhbhkt | AWEstdii £he present
1nve?46grd£)] ltga%eall Rﬁ&ﬂid@gnﬁ% PELt & Ry ﬁf@féﬁréc@” h.
present 1 nvention, [1ve
-embocigneh trsaf errsl tcalra lgel fréaln IB@@I@W%&WWW celh¢ sappe of
roliferate nd exh|b|t nmet_abol.i t|V|t|es of .the
the r@rS@&reE ASR A b & at??dﬂ £ %ﬁc %at &), R 117 2°°
are |u%e@il|drﬂrrrﬁﬁssull%'1s’i wenesal dyppreiery eth@idi tee.
condition, and is a cell substantially free from
{0030dj ury of cell wall. As the netabolic activities
<1> TRAenet ac@l%v%re%%@qﬂyémo@sterase activity ete.
can be exenpl i Th dead cel
a tbkl memhadsdt @Meha:trasterctarﬂrmtermz@ln fler &t eneﬁrm:l for
deteggé_s n tﬁv%xrl chllﬁ ?% :agqnlu{n(g gc% Ia\llrllf £, rg deaig St at ef?lple

er a ImeC ure

whlc@own&jxq&.esl\/&nﬁoweﬂldam@ dtheids st ate that although
structure of cell wall is maintained, the cell wal

a) theselten $ThitgiRaring Jri, Lo SETRAS aurt st ToRgetfmerase

hibl VBRI ]ﬂfgp tg}§uch as propidium i odide
pélsggn g%%%??ate t gﬁ;e I ﬁ%? O[0035] The
b) t'f’lleanli[Ie@dO(fe|e|}§tr(al0‘qlu1‘§ed31‘§€|ifrm WVieablesthutampie, and

' urable cell) is .a cell in a stat h y
amp ] e Aot S8 e SR 117 b LT G ddVA diy PCRY and
c) taRt e el taa GaRd tdrommilecautse: idn irddjey ed due
to artificial stress or environnmental stress, and it
{003dhows netabolic activities at a Iomer | evel conpared

W NRY; L. |- . si.qnj fu |..c e

wi 1 BrgauSpBSirichsioh S NABE Sefiflle CAMHEDn ect
for ekhihi ling idea 13t atfe 0fmimjareyhtiedn dyisimy thdikin are

' heat treatment or admnistration of, antibiotics is

detegtefacfPAg 1at tenti%n P&a‘ﬁlrcdiﬁaa"rjiiy SR 59 efqapgpras the
presgﬂgg $aNi 4Ll eR1IRSREG RN c@%@déd"kﬁﬂla &ﬁ%ﬁl@&f&&h%f a
present invention provides a nmethod for detecting a
m croorgani sm whi ch enabl es not only detection of
live cells, but also dlstgﬁgtlon of live cells from
dead cells or injured cells. [0037] The unit
of cell nunber of live cells, injured cells and dead
cells is usually represented by cell nunber

O\(_ﬂ»bw[\JIm‘LTJ



The method of the present invention is for detection
of live cells, and cells of the m croorgani sm

di stinguished fromlive cells may be injured cells or
dead cells. [0039] In the present invention,
the "detection of live cells" includes both

determ nati on of presence or absence of live cells in

a test sanple and determi nation of amount_ of live
spellls ¥ePkPn &3t SanpresoThe BNOuRY BFRti Vexamples|gnclude

foodgﬁufféﬁtfﬁktékéﬁbf@§Q$fiﬁ,a&Q?P%h%?QQUEEX,b%ogdﬁtuffs

relative amount Wi th respect to in"a contro
usirgampllek or a daiHer gqaféductthae acthednatetrhelpr bdent

invention will be explaine r.ever tep. [0040 .
sam s g sme oS rhebtaet SEif et vl Ereh: sEPRIER AT i
sangleo| sOnRiase Nai sOnsaneles, aatNAs@YF3senPoigPk, dairy

The topoi somerase poi son and the DNA gyrase poison

prodysdd f droadid Yhiesantingveht konr raf @@ 1¥p Phedechoss a raw
. i biti R . DA _
matésgryq_gésléat%é;?e%{%a%%jgy'@ﬂ&%?e??e&pp%ﬁoﬁ’éa%g?gggt Invention,

respective
the itdtbigamyg.er elaygdte ampfoibNAST Oite enbanenagt f onwadr d
ate of \ cl eavage. .The topoi sonerase poi son and .
Prod R SRR P ASE T o F e B BT er abTY H6S8° T WE BPhained
by diQu@AMRRSO0MRInJAMNAS Of i 18y NS 0GR SIRDYa EOV¥EhERE ioned
.attachnment, those that intercalate into the

Prodeiteneschell oo lafd B il e e oyorednONAE  biye

| | i o AL tiel
acorPRLRKSL CRERER WA S AAPN 01g (LDl tnene
otheghrbams ol tDNAsmeort tshoserdiral fortha morpbdxo fv the

t opoi.somer ase or _DNA rase. [ 0041 Bot.h t.he
prespR oo TRL 08 P EaRoThG A i ALEBEALBR Ty s ke
heatUs$e@at@enei t Fen teRa iy, herisedtudLB044], and so Thérth.

t opoi sonmerase poi son and the DNA gyrase poison are
[003gdef erably those exhibiting different actions on live

Ce&‘ﬁ@* “mgegobgggﬁggmeelilss’a d%%ge %l lt% b%oqpetéecct%%l ll:?y the
such as bovine [eucocytes, |eucocytes and -
methohr ofbobyt eseetot, imyemtsipeci farghlisy ndthgserticularly

._.exhibiting higher perneability for cell walls. of
vim B B 1880l s 90T G PRel LAt Horiiee of
topo$8BRkiraseebbs ssHCANAS b relk0pHiesn |RUCAGY I BSye

and thronbocytes etc., conpared with that for cel

celliapfsthe Mi¢eopEPREIsfodasr mannerpghffieaengt fnmn that

for geQai éeﬁ@gaéscépg}lg%e!dn@eﬁq% YPAGd A Aiheein,

oxor ubi ci n, ticine, etoposide, mtoxantrone,
PrefsaratiopkamplepoincandeCPati®rds3, fdddnemtfoard Eur(die

veas00R), LGPP. PV S5, BRL2PD T2y, by ndopepient
posi€0Ri PaEteRia and gram-negative bacteria. -Examples of
the gram-positive bacteiia 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 baéteria

. such as Escherichia ceoli, Enterobacter bacteria such as

Enterobacter sakazakii, Citrobacter bacteria such as
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[ 0044] Exanples of the DNA gyrase poi son include

ci profl oxacin, ofloxacin, enoxacin, pefloxacin,

fl eroxacin, norfloxacin, nalidixic acid, oxolinic
acid, piromdic acid, and so forth. One kind of DNA
gyrase poi son may be independently used, or two or
nore kinds of them may used in conbination. [0045]
The conditions for the treatment with the

Citroborsorelaserpoi 38 BYcDRASdYFa8CHEIri6n SHEY BE
Kleﬁé’i% étyog ESEQ" nggd Sgrlm%%%l e’ba%%%%' ong; é:‘ bacteria,
ena es ea y distinction of live cells trom
Psegébhenandoaafer ed, cehtisscafobéhdet ermi ned by addi ng a
[00§ oi somer ase poi son or DNA gyrase poi son at various
centrations to suspensions of live cells and dead
celtrs Qe igdi &t cebtSnofohhert R Crpovgapt $1v age@Brs to a
obj ect of detection, IeaV|ng them for various periods
cellpfin jFrestatrent ik VEBE | gl i heéaeePrslbjcEahey | ﬁOQa?I‘x@ﬁtbltS
and I
met&%ﬁr t%:rérr%é:l:vl cond?(?]l'ao%éét %’1‘%92%% ilj}elésggég?glbst [ _nct i on
Culﬁﬁrdbl&asﬂﬂﬂ@)pfwﬂ@m ntcxeocganusadaenderobjgehemhlly

fromsomatic cells.suc i ne .
Pref e&i Jt%r%%cgjc@t%%' amddt hE 7 ﬁ%ftaﬁuBétantlally
fre@@ﬂﬁlﬁﬁﬂlﬂy Gl awd PPOI FONBIAS SISO @lactivities
vari ous concentrations to suspensions of the live

mentcletrtesi attPuche Zdlfdragieht i onedesherose eetisitveangcan be
exentd & a predetermned tine, then harvesting the
I've cells and the aforementioned various cells by
[003@gntrifugation or the like, and analyzing the cells
by, PCR.. Exanpl ,of. suc ndi tions_inc
o aber et Ee Y i S Gitcenc Tt G HHe T 1bp cannot
proliddiat o, Ry Aol £ 1t 25:A Do BY GreBiMbi 1 €U BN iLi 88 (dead .
of 5 mnutes to 48 hours for amsacrine, a fina
statgdncamtaratiford tofi 0. DB RO & pgpde T enprl Hiwk eCot tebe
condf%i%ﬁc ARdebEat m%?t :Js' T, of ShQ,JU Rytgs tloch%%g?'gurs
or ellipticine, i nal "concentration o
st ryjotgine oﬂ(ﬂﬁ%ﬂ&&ﬂﬂemﬁ 126 ritoa BYe2], atrite teehl meantltiteelf
m nutes to hours for canptothecin, a fipal
15 hIghdehera e of™ 4 S S T/ AL el i Bt geg weak

perme@bl 1€t varedhr eat rpampltdlrmn of o dHdN UK §Se i Ot AP HOUKS cell
for ci profl oxacin, a final concentration of 1 to 100

tlpg/m, tenperature of 25 to 37C, and treatnment tine
[003gﬁ 5 mnutes to 48 hours for etoposide, and a fina
concentration of 0.1 to 10 pg/m, tenperature of 25

toTBéC“iaDdrEdeaEﬁ&ﬁt(umm@nmﬁ:hbhﬁlﬂﬁ(ﬁidhieﬂbdunnﬁn
tox rone r the test sq: leis . tre ted

CU1tHﬁé? %t ﬁ@ e&ét ér r‘ﬁ Horfdi Tirs, Vite it dit

prolBrekarakl yvbear gheat ¢ by eldidnatd Qb dirf laogtt@ﬁnum
and/or centrifugal separation or the I|ike. 046
cultyge &P@ﬁeﬁeﬁﬂho%@@awéﬁbﬂ§bﬁétd§64ﬁﬁduﬁﬁamﬁﬁlﬂwilflclal
rase Iy ely enst I e| l's
stre gy B e Bt T e el il Bl
actlmmthesohtlavéowekliev%hekﬁﬁmu&xedtwﬂﬁh,@omahdﬁnﬁaﬂﬂtuﬁut a
the treatpgent tinme js within the ranges nentioned
Slgné669@nttﬁévﬁél§8W§a§§dn&9t§U6§ﬁ§ﬁFtéﬁﬂQ—penetrated
r0036¢l 1 walls of live cells, but they penetrate cel
wal I's of injured cells, dead cells and |ive somati c
ce$¢seasldeadfcbhtserua eghabsalegngh@esedteh@ﬁ timgyared

penetrate in v iLve.so t|c ce t he
ce11 PERCLERS BarT RERD: Sree TR i com Tiatre L
antiBsbtmakedst hat rhheihgpeirsermriase JRaitSem 16 IPNA oS e
poi son penetrates into dead cells of somatic cells,
dead bacteria and injured bacteria as a result, then
di sorderly bind to chronmosgmal DNAs by covalent
attachment, intercalates into the DNAs, or fornms a

conplex with the topoi sonerase, and further inhibits
religation of the DNAs by topoisonerase Il or



I n anot her preferred enbodi mrent of the present
i nvention, the topoi sonerase poi son or the DNA gyrase
poi son i s ethidium nonoazi de, and the nethod
conprises the step of subjecting the test sanple, to
whi ch et hi di um nonoazi de is added, to irradiation of
visible [ight. Ethidiumnonoazide (EMA) is nore
| i kely to penetrate cell walls of injured cells or
Fiehdadl ceprd sanbhrbdon tASPEFLigal Iaﬁdofilﬂméaéeltle§tof and
a e [ s r
e R R b F P e P S BE RS bR
micb@@r@amagmbUWhlthpeneblaseaotebhlyaﬂbﬁeetlbnjufedlve
1 acterja @nd geag bacterla nd celi menbr anes
- cellIng Ve REPP sThETHRGH ¢RI PE. Wﬁ@nCF &EOE§P@sd§ﬁ§ cells or
lnj&f@@n@@pyges in blood are Ilve cells, EMA becones
nore likely to penetrate cell menbr anes of the cells
[003h) sterilized water or a hypotonic salt solution. ENA
pe I e ells,.injure
ba2§é§ﬁ£g§:c§¥ég§§p§gc é%fé&éaﬁﬁvglégg%%rIlﬁ]urég cells
and idiat oad Bl esi s ntouaht prospraseDAg, b@ndelhenuMBéy
|nte calatlng EMA is converted into nitrene by

(ce TSIt | GROP WSS gt Cor (iHuLE GRRHx inated

witiehd afmaanal %l@l&@vﬁéfﬁymf‘t(%ﬁ@ﬁﬁtfobﬁlﬁé unlts/ml))
estimated that then it inhibits religation of ‘

formohd hy-uldpol isonertas ecd 11 $ nundemt dic et sym condltlon on

e ras red bacteria

2 S%ﬁﬁéﬁ g?égééréc%ﬂ%%use a%ﬁ%htatlo %' Fﬁlnjured Cells

can v gmsenmaid PNASsu{050ing a llv@m@lllﬂmpér@iléﬂﬂeto a
treatnent with EMA can be aqﬁéﬁgrlately det er m ned,

etpdt e, G EBHE 1 Hat BT ER2 WBRRE dh st Pkt 1%
wateqf | rergekl sabeOMehg] uiagaceldrs i6am Re deharmned i
addi ng EMA at various concentrati ons to suspensions

sampgfe |Gaje h?elal@rq?ﬁjﬂlﬁt@ﬁ ol iy %ﬁv/@eaaf celd sligfe tgrel 1

r a ecti avi.n
suspEre iRl AN ARG Blen R °F P dhosefnd fRe it ne
heatwittrie atinginit] e.nl I}:ghlllrf@ame&sﬂn nigp h;e:eqﬁﬂzsqdi)ﬁnjured cells
cena%;fu ation or_ the ui red, and anal yzing

ke as re
varifRl den e BeR B f RS Ty ot ce1l¥ o

the bkcR@irall R sefriHed Al tHd Hlanfi Bl SO P& xample, can be
approgrlately det ernmi ned by perfornlng such an
Prepé%ﬁélr ert hgstndnciadied talsdv ehitng & ardicousls . Further,
a I n|es [l treatment wi th
a stgbﬁ%ﬁ@g’i %re éL:ea%l% lni%?ormg Eiv}\ﬁs%/hcaw?alsr ¢ prepared by a
treatoraéntiahi en aht&b&otdaiOOngénbhah aabenp6hatuéQlOf
mb4 to 10C.for 5 n1 utes to 48 hours Mor eover, the EMVA
e Fo Sf rafd U FERAFabry 6 FERFSE RIS MIGH: the number
of c8hbghdisngcrAgmihe rhirsihl %Héngl'tthe Wesith! @Hl%ured
contai ning 500 to 700 nm conponents are preferred.
undegpasi pp@l@mnﬁp@@lléﬁonh@nc@ndslwnt@ﬁvéef orlattlee medium, by
i.bl Ilg Iud i.rradi.gti on_of
remof 1R FB) PBRTR 06T PR Wil 5 Wehared cocrension
withhﬁhESaﬁtmbhatdbstﬁﬁé%u@ﬁn@ot&@n@&l@&bﬁb@”bﬁh©1%ﬁ%ﬂe
The irradiation of visible light is

. . sanpl e.
lighpy @@V%B??%Erf GPHER at tRAtowSt éh‘ﬁé’rl&tl&ﬁ’e apgr comparing
the €5§HPE§t¥%EPh' ‘eﬁaeogg g fvet %%&ia%lsﬁe LORALLnicn
In a particularly pre erre mbodi ment ~of t he present
densihyenfi bhyet bellest sanphe |s subj ected to the EMA
[003%ieatnent; irradi ation of visible light, and
eatnment with a- topoi sonerase poison and/ or DNA
QYIRS ndh SO Ot ies h et EMA nkBnsUER 25CASE, déégctlon
order of the EMA treatnment, irradiation of visible
light, and treatment with a topoi sonerase poison
and/ or DNA gyrase poison gther than EMA is not
particularly limted, and these treatments may be
si mul taneously perforned. [0052] (2) Step b)
DNA is extracted fromthe test sanple treated in the



function as a tenplate in PCR, and the extraction can
be attained according to a commonly used net hod for
extracting DNA of a m croorganism [0054] The
DNA extraction nmethod is described in, for exanple,
Maniatis T., Fritsch E F., Sanbrook, J., "Molecular
G oning: A Laboratory Manual”, 3rd edn., Cold Spring
Har bor, NY: Cold Spring Harbor Laboratory Press,
of lzo*@l ce[lG%S]and ce i:r rpﬁ r@er)rr@}s@mormléhtmo@wth@gulshed
't e [ I e | ong
from lqg%regﬁg%gggi c ro 1@%%%ﬁ§%*§§ %ata%%% ffg'
[003&gplified by PCR using priners used for the pr esent
|nvent on and enabl es detection qQf a m . croorganismto

belBet8Et BF SEEh ILERN P i (ERGan B i 4AbI]F cho%en
cell@epgﬁ@ﬁﬁmé§7ﬁdEhFBH&BEﬁﬁnJ%Hoﬂ”%ﬁﬂﬁf%séﬁ%%‘&ﬁ'éﬁ%éﬁce of
~atype different fromthat of the nicroorganismto be
livedepddredrare teurit aﬂafrra’-dle rartdweiett@mm@ eheancumyetof
Live! 88700 Rreterably contal ns g sequence Spqaifd ¢ g fhe
m Ci 00r gani'sm as an Ject det &ctiton. fre
not dependidngoorrnt hﬁ)sml]rtﬂﬁs%,mddiﬁ: t afrgetmad ©ghd I’li‘ééﬁtebflve
one ¢ontai ning a sequen ce connDn to several Kkinds of
AamOURE cWobPgIREHRET Fif t 3 (G et on may
cogstskrobra %h@gh%tﬁ%@'%& %Eé“ﬁ%é%éﬂﬁ“f%ﬂéﬂ¥ﬁ8%5w1f1 be
a prinmer sef suitable for a target region specific to
explahaefi Ergoeyanmivsmtap.an obj ect of the detection and a
[Ooqgiiner set suitable for chronosonmal DNAs of wi de
varieties of mcroorganisns are used, |ive cel
(1) ategnt)of the m croorgani smas the object of the
detection and |ive cell anount of the wi de varieties

of T cFBBF gaATBAE d&n tBE24FRUltdfe SudiBpatessiirégs poison

and/ggngthgf thaskargetsoregion is, for exanple, usually
to 3008'nucleot|des preferably 900 to 3000

nu%h%ot@ﬁ@ssomarﬁseupaﬂsynpﬁéﬂeﬁaﬁl PN20QU res 3000 son

n epild ci.fi I el u the 16S.r RNA
used gL OB e s D TR "Rttty Whads o4 1o 3 PR
the gevkvisiepreferbeddspf@abke and DNR igyefasselsed fd]feav1ng

PCR are not art cularkﬁ l.imted, so | ong as those
DNASenJé%?Pﬁat%BE Vi u&rrﬁln Pa&LPEn T ARG Lo PdmEEiSon &0
enhah@{ 9§t r6L0LPA 2L :CRPSERA SPeGhLIGe .eXaAR! €8p8fisomerase

priners suitable for the 23S rRNA gene include the
pmsw i @ the BNAt aerrgrsren@pgS@ﬁomea§>rSE@rlaDlnmh0§earrdtaat

i Sy B HESRALTEOusel o8 RO CRELTECR Sy 2,950,

attadﬁﬁkmfthgeae thatudetéheamstet&mtae&h@fchh@mp@bﬁéﬂSDNAs
own as SEQ n the

' e
and i?ﬁ%ﬁi o garﬁrgﬁ?aer'\ﬂ'gﬁ D%Fel%f SPVﬁg@n&etaé&aF&ﬁ‘eP§ ypon
1rra&¥§€@@ﬁnb§ Pﬁgiﬁﬁbuﬁhgﬁ%a”EhgéeOEh%Ee sh & Eg%tlﬁ%% Ol 1ate

i ncl ude a pat hogeni c gene. Exanpl es of the pathogenic
lntngh% ¢imedmdeomhd DNéBerpﬁlybpﬁeot@hmyﬁprgeﬁecgmplex with

err bact La, enterotoxin gene and i nvA gene of

tOpo%ﬁﬁrﬁﬁ% @ Ia\S/erotoxm gene of pathogenic E
[oo4gxpli O- 157 NWB gene of Enterobacter bacteria

(Ent erobacter sakazakii), Staphylococcus aureus

eMtErotidiG it JeneSOReFeF | Belfenetid PB%rﬁyrﬁéﬁeP@hﬁon

t 0 f c US.C s, the various

may]?%iﬁﬁggeﬁﬁg %fgﬁfgs?ged#égréotg ?ﬁunr and so forth.
[004Zkanples of prinmers suitable for the pathogenic gene

ude t rimer set,of the prinmers of SEQ | D NOS:
Jo%f%%ﬁ‘rase polgen p‘?‘“‘?reF]I%, sBW‘a%YJéa?%rP?%O%rare

prefémmwﬁ}@as@feﬂatu%r;@rﬂﬁnaasﬁﬁeaéatuaaelohgvsn@ué ef11s,
two or nore kinds of the microorganisns in a test

sanpl e can be detected. Mreover, if prinmers specific

to a particular bacteriu ?re used, live cell of the
particul ar bacteriumin a test sanple can be
det ect ed. [0059] Condi tions of PCR are not

particularly limted so long as the specific



the principle of PCR, and they can be suitably
determ ned. [0060] In the enbodi nent where the
EMA treatnent and the visible light treatnment are
performed anong the enbodi nents of the present
invention, if the target region is long, for exanple,
it consists of 2000 or nore nucl eotides, live cells
can be effectively detected even only with the EMA
andt*%ﬂ@ﬁ%@tcﬁhbsthéeﬂdspBRéSLlghmatnﬁadeéﬂEOﬁuch as bovine
nt ra region is
e O T e aa PR Fhe  KREPub R R5E8 bt - PisBEel
Sped&t@i@@lly‘iﬁsthcbbel sxmsﬁ_emgl BiybBedspetheabl @atetibr cell
with_a, topoi sonerase poi son _and/ or DNA gyrase poi son
wallt et tharr EMCRALEofBindeRBnCRELA BAE ERALt ReRPRBRES Of
somANL ther vd sLbbe <|a’sgﬁ&viﬁQaEQEEEcyLQQGlle&é% ?&g@ Gha
Then, the PCR anplification product is ana
thrdmhﬂq&m@snﬁthod cempatrepavitiuthatyfbrnteed, wablbon@ live
ce1®s @ method enabling detection or quantification of
]fhe PCR anplification product is chosen, and exanples
[0043mlude electrophoreS|s real -time PCR (Nbgva et al.
ication of 5'-nuclease PCR for quantitative
é{%@&m@? oft L#%% eraoh%‘?fb%%%%eR@%SPﬁ boféueal p@pasrine,
n ze | k,
.Camp?dAp&H/@éElﬁ{/ | rcgc%&& o1 &‘ deili‘@@ﬁ@i‘ﬁé %%égé‘géfdén
lnitqﬂanﬁmﬁﬁe421$yuMbgpanettqmoteﬁ@@J|©Bf1bﬁ 953then5 so forth.

PCR assay in eval uation opnent . 0

one R A LT T 41T Vet el bt ISR SRACHor used,
or twej Wi moAeplkifyison:hdvh Gippi @deq i&@boﬁ@néﬁ@@&n '

pp. 4029-4036), and so forth. By el ectrophoresis,
[0044dpunt and size of the PCR anpllflcatlon product can

berguabuakeds Bhd Gl 11 RORoshe RER AR 11 cati on

product can be quickly quantl When the real -tine
”CiPrP@QQE§q;ﬂﬂ(ﬂﬁ&bxﬁﬂlﬂxéQﬂﬂﬁﬁﬁ%ﬁKﬁpéﬂlﬂﬂ&ﬁﬂﬂﬂuﬁﬂerOXaCln,

hntensity ne aII esponds to the noise |eye
norf&ﬁ'g‘ sﬁbét a%[ élqauajic{’to *Sero for? alrf‘bl i S i ‘acid,
and &yC |fe>rl‘ttllmbe()ﬁeoﬁclindt or1DNA! besa sehpngesncanybee

consj dered val ues for sanple blank containing no
indeprpdenitdat V6Ror SHudto A4 Midicededifte Gintidil tiax aiard in
comb@Bkaiked by calculating the standard deviation SD of

the changes in fluorescence intensity for
I004éﬁpllf|cat|on cycle nunbers of 1 to 10, and

mu pl +Lhe st.a ndard devi ation b 0 S, def i ned

aerétlé ¥es ﬁ8n§al 0. %%ﬁe @?@Iewﬁﬁ#b “of the
topotycherkisespopkovi dimpNa fglyl;t@irs@ﬁ(fﬁﬁ(‘s%ri RN P ¥ 1Ghanae,

exceedi ng_the threshold value is called a cycle
detefpiBgfol dF Bl gEARLevaF QBT tTABPeFBRE, cBaPAPGerasy
dlsthﬂbthéh @@Q@%eOfcte%r%ﬁm&l L€ dN1a BAR ﬁ.l(?lléltﬂitr'e@ cells

pr0VI des a snmaller C val ue, ereas a snal

can bﬁldeahrmwnadtb@faddDN@ Beﬁpman@om@rasBC@amwamianwDNA
ides a even W th .the

a
avralg SR Ine oF SE LORA FERGFACE T d TS 6 Socarante of
liverat®lof agheavage cefl1a BERih ?"u@%’d edil@n ol tdet enpl at e
. provides a larger C value PCR of that region.
micreQpgRplsm as apypPpPRect 9ﬁe§§ﬁ@§tépnabé@ﬁ§én@ftbﬁ@ for
I ON<p I t by
var g R e B SR E T AN TSt £ B the
centahphgéttation phedﬂlﬁke, and anAlllyzthe ah@r eaenki BREGCR.
nmet hods can al sg be used for optimzation of various
FUrtGHEPET onSORaR LLABSMEORGASBRILRE préyeAt stapehtPenoL
1ive [Q0FB) of the MBEPOLILYENEEH! 852R8 Eisége&egfba £B8+tion
met hod of the present "I nvention, precisions of the
determ nation of the presence or absence of I|ive
cells and quantification the sane in the analysis
of the PCR anplification product can be increased by
using a standard curve representing relationship
bet ween the anmount of m croorgani smand the



[0064] (4) Step d) As descri bed above,
intracellular activity of topoisonerase and/ or DNA
gyrase nmay be lost in dead cells, and even after a
treatment with a topoi sonerase poi Son or a DNA gyrase
poi son, chronosomal DNA may not be cl eaved. Even in
such a case, if the test sanple is treated with a
t opoi sonerase_and/or a DNA gyrase before the step a),
fromnpert ebG agel 5&l seehvest BOPNAS AcdeagyEels) s theeubcytes
t her ef Lf] : .t.arge [
and 3 LEED OO BETHLLLERbyEE BY HoRihg BrbobBdBhebse
poid@paiisoner Ases andnt et DAlAi gyrsase sagpbesised, odr the live
either one of them nay be used. Moreogvyer, for .each
cellnAie, one KA HUTOR L ORZG e REY OBE BSAUS- of SAlinGr them for
a prRIES Kihdse @t BAZYNERcABN PO Sl t 0B N8k e cells and the
- Speci fic exanples of the conditions for the reaction
aforgmariel apdi sonePasecot LENAYgyeaseifnobtdent he the like,
i 1] t | r ng e | es .
and:ﬁﬁ#ﬁ%%éﬁﬁlgﬁgréggggeégr?Eﬁh g%%%ra ,Sé§23%%$%a?%%?ltlons
inclaai i gpag fi e by gani Sisatobbaekrdrht oomackoadsbufibo
nﬁ; clinical specipen. such ﬁ§ blogg IS subjected to
MO /Mgt (gt T Corith i fughPi on at aedahdc2T806 k1gef6f S
mi nukQIMHILES ndlYes SHPET At a1 he, r8MBYRE1 doflkeAtr8tion of
buf fer for DNA cl eavage (10_n“4TT|s-F§1 buffer, pH
0.057 @ Soaiilpottgepem thtorpBe25500 i s6di antichortnent
D esj.um ofd 0.0 TA . 2. 5% glycerol)
vine’ JE TR Tl ifouds BoB EERapkLEeBF° B Eheh
concgyrass e added #® T0® pgixt uree@pepatiunal of 25 to 37°C,
g concentration of 1 to 50 nM ATP is further added at
and eI Horcdtt rdt i bh BF1TeD 50 # DARES thetreact i on
canpt®tHdAWed Atr i3t X {ledOFabid® 3P §1 pUEESL0BegAHSE
ATP is required for the activities of topoisonerase
tempgra@ tONg Gy e tATY 6, atnATRr ey sisyseenlPsminutes
r ef er abl he t est le | ed with
R Rt S e S T E A LS L
100 jpovedt,i arsperaturelhef ki3 1of 3heC prasent réaveaht obims of

.a kit for detecting live cells of a mcroorganismin
5 mifufes "Sadih QU PEET FHOCHHATSTS 1 ot bner ase
concR@kFeR idnd/cdr 02 1DNA aVY §58/RD) Sdtap &Rk PFd NBF 26080 37°C,

anplifying a target region of DNA of a m croorgani sm
and ggeafhmehitedtingf cdetléetiigiitins FCR 4§ dosyjs for — |n

: f.arenmepkj. Qne [ h I [

i ot T A b e Do B e EehPig IR RS e L e
predborprbieecnethadidfi cnse pries anted imvent i ion. pfd06E8IL1y

I n referred enmbadi ment of the kit of the present
temf‘ﬂ@'gﬁ?‘i Eﬁf, S A LR 108 R 15BN Yhd BfHbtHercentrifugal
sepatb8P9bHOR! @%@ NQikgon and/or DNA gyrase poi son ot her

than EMA as the topoi sonerase poi son and/ or the DNA
{004§yrase poison. [0069] Mor eover, the kit of the

pr nt -j ngion ri t.Qpoi sonerase a ra

e g S DUk R ERO R T PR RTE AR g B Fyrase
poisehenest ;orE007@k1ly to peHis ddtle afelilhavgirieseit injured

i nvention may _further conprise a diluent, a reaction
cellgoplifi RafloFelne FOERAITGY By theaidpaiasdferads el i/ el s -

Ther OMO-Y 894 sABhATHEUEH A ALSH BING AR BN 15
the present invention and so forth. anpl es

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

18



[ 0071] Hereafter, the present invention wl|l
be nore specifically explained with reference to the
foll owi ng exanpl es. However, the present invention is
not limted to the foll ow ng exanples. [0072]

[ Exanpl e 1] Live cells and injured cells of a
m croorganismwere treated with a topoi sonmerase

poi son, respectively, and cleavage degree of each

Som%ﬁ%%nﬁ%ﬁﬁl <PNACAsCekafi-nellt {907B}C 1comFbparadi bhat
thePlpSROPLESE LiH o FLERAT 311N oBhal ke cEeh s ARG nA YR have
suspensi ons Li'steri a monocyt 6génes
OnlemslérmethameytogeneaoJehﬂ28wallhencE¢or$heat$mated
tha referred to as "Listeria" &3 ran}p05|t|ve
toa%*f%rF%B?l%B‘Emé%F‘?uP%aSS 86C 8¥Fﬁ§ tﬁ@léﬁiﬂ
pendt ibes 40nd @fadhectubt yresaRdicdm 81 MBI CRebRevEekksia
were at the |ogarithm c phase was subjected to
and gty deadterkbat 2§ f aghePBhtat thenafdgserdeoly §ingr to
t n re
i U P Ay Sk s e SR T
therﬁwﬁmxeomaﬁosmdfaom@m@lgxsWnthedheandpsmbpmetedetOand
‘ n1|ar refrl erated centrifu at t he_super nat ant
fu S FRARHEID fE S Hﬁ%ﬁo’%gFeagléaiﬂ?ﬁése 11

or ﬂmﬁ@&@ré%tﬁaﬁe&ézﬁatkp&@p%e 8r| t¥8ce8bherase 1V, or
suspension. When live cell count of this live cel

top%@%@%ﬁﬁ was helaser eiaﬁ%ngfarwanalar@e@@a@eblat er injured
di 1 9 u 7
el e, (DA RDR et DRI AO87ED couse

fragmﬁqﬂﬂtﬂmm;waihﬂnchﬂmmbsomas bNAsi crot ube, and the
[004§ﬁbe was i Mmersed in boiling water for 50 seconds,
d rapidly cooled wth ice water to prepare an

| NT4r etheCHr ofideRARSI ONAL tof SicRNsdderead 4 hatq tdeag
cells contained in this suspension contained a snal

cellpumyd rfefiqnantdallly aeh feapt ¢@| FethaiRd thitleetigse of

1iveSiRstiant i_al ( ed, of ¢ n
lvethere?%répgﬁﬁx%g?l§§teret%%s%¢ {ﬁ§%6ﬁ%if%§%}g% amplified

by PE& ligt' lilve a;ukiihshorwhetﬂwsreﬂmmjvagetdmé t;:heestearntget region

inventjon .i.S ori fo g liv
0 5 pEEE, Ferad R B L Gt G O Sk i St Lon.
Withf Eeadrieccd S ampyt Jaed s eﬁba@&i}k&nﬂe daﬁﬂa%ii@kmg is
The same shall apply to the other bacteria nentioned

furtggrowauseezs PRt @%E&%@m%@w% 5 dtivdnited.
of h Qf 1the L] Qﬁ§§
TherJﬁ@res uslgg‘%s |C%%lgsf %LI s;{:ger ﬁ%épr e%ezlr %f@lﬂ%%ﬁ%‘/
PCR cbupriredr espactinjelry)d wasl Jadded derd adilef. newl y
[004§ epared Bill broth (cell count in the nmediumwas 1.2
108 cfu/m for both the Ilive cells and injured
cethS}eaandelQ, phc@ﬁv&tg R in t3ARRAAN NG 1S i@ nidt ase
DMBO was added to the medium The final concentration
and/gr BNBasrracewas ys5@epdlodt - aH@rekaeti nfhe activities of

chesEORSERELS 90 80 VB0, WS, 0o, LI coll5 flaPpchln .

Theréfoheursn BOPT6fFerred embmdiatertthefl njhyr edegirdts, in
der to |nvest|gate i nf.l uence of active DNase

mve’PE?‘rﬁPm hg&i hefhe PRPYFed Sc St tHe e Rr &ﬁ@éwmwe
and/ 8% Eththg%:ggeCEJL:E_%r L o rf stﬂ?e% an) YisedC d s

suspensi on"was added to 9 mM of newy prepare
steppbebt Wilihkba ¢8plplinefl DEBOwWAs added lt.o t he medi um
{004% stead of the aforenenti oned ansacrine solution
i nal concentration of DMSO 1%, and the cells were
| mowbat eehat P& Epred2ehBBHS mehii€oki ¥BeCBkksent
suspensi on and injured cell suspension in a vol une of
1 mM each were used as controls.
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[0077] 1-3) Extraction of DNA Each suspension was

subjected to refrigerated centrifugation at 4C and

8,000 x g for 15 m nutes, and the supernatant was

conpletely renoved. To the pellet, 0.5 mM of 5 nM

EDTA sol uti on was added, and 20 pl of an :

achr onopepti dase sol uti on (Wako Pure Chemn ca

I ndustries, catal og nunber: 014-09661) prepared
inveptdpBhahbicatoBorgPMATraget holGomVoKaCheadli@ouyrase poison

ure was _l.eft
is %g%y§%8ﬁ1ﬁﬁﬁggggﬁgén§n? £F§emﬁFxturgom€r§SﬁF %%miﬁgﬁﬁ of
subJetsitClehaf fest ( Belﬂnﬁl@) mas waddad etBOdphimomobeRQ ide is
U ml $rote|nase K ( 21.64) was added,
addgdo bP bFra B%l%%I%?lBthPéBa#é&hEefﬁ ARt RYpYEZide
(EMAW V3 MbED 3’?‘1}@{51&"@8dp¥\ﬁé€f:asé@scég§!egal?gdotfhgnjured

reacti on was al l'owed overnight at 50C. [0078]
CelE%c%rtd%@@e@eéLSp@@@p@ne@a81pbtcehﬁowam@szoﬁilu@bumells

| ume ach 0.5
of rﬁ'ﬂtr(%&%—%gg’%u%lger (p r§ satUr at occﬁhsejg%?r%\%st%ﬁﬁe%MA
doed mcbtlnesﬁlbl§t)£1m51@111y apenébeatbxtune waslgeottl M istd WRGeria,
for 15 minutes. Then, 0.5 m_ of _chl orof orm was added .
but (if (53 tF e, Cahl Ykl #i 9F uRIWBsd geREF§régi pREddead
bactdfip, Myt S c
refrlge#g?é§§%%ntrlfdgg%%onfgfoﬁ%?%ﬁdggg%% % deﬁd cells.
Wheﬁ“ﬁ&ﬁ@ﬂﬁxﬁﬁstdnﬁiﬂnﬂﬂmhp¢yW@$ oh bheodppee Rayercmaﬁs,

t sferred t m _volu m cyr ot ube
et YR U at b et S CERG 155 dey o ene
celll9. ﬁ%ﬂﬁﬁmmmaw e rddagypordhec Xt Ur eo1afdohhe rya
m xture was gently stirred. The m xture was subj ected

Pengty gty | igurariaiatert i iigatd driesd 4¢ hhel 15nm@9esa 9
bacte®ial0 ADHER Hg&mr%@%lwﬁdé I;% feglglasg
the resi due was washed with 0.4 /60
intopidhgsaiosamas ANAgf, FRDUftfan qqurmnﬂex@akﬁn;n@fmmn is
conv%r@gcﬁq;ﬁ 2Na)tf:ctvz\e%se %C%;deidli%ao twri?l | |tsls r&e[]et Bﬁﬂght, and

m Xt ure was overni g
binds0@®M]the chrompspim=af DATA=RNASecdGi O dJ:_tT.Céc}%né-n’r27 Mt is

¢ sol utjon prepared beforehand at. 10 ng/m with

eStigRbAA {6 WEES Whas MhAdddd it e St etfent o iR oNpY
topoS@ldirae and ithe il e ass | neyhatad, 705y 1
opohoSr 0. 5% nilof phen81/chloroforn1(1/1) sé%%f%%néﬂﬁ%NA
gyraggdéd tigimedmboricteaia ive moadi i ates igenttiy stuse ed

frag&%gtéggghn%%e%he C%roghS%&Fﬁhhﬂgoforn1mas further

O thé mxture e M Xt'ure was gently
[0058flirred for 5 mnutes. The m xture was subjected to
refrlaerated centrifugation at 4C and 000 x g for

10-ARRGE &8RSt herafhso §eP§V§PtoW1FﬁeEﬁﬁpé@nlﬁﬁér mas
apprbb@ﬂ%ft%ﬂ&egeﬁz@rﬁlﬁ%\ﬂ 2 pirvaky lg] CEBI&]H%%ZLO%@ Fﬁé
M sodi Um acet at e aqueous soI I on an 6. 5%

enabé@SdeéEMad@EtWBEEladded flovieheatiba dnmem dmdidtel cells
ubj ect ed

1. X ent | tirr The m xture was s
can BLXMEEEHERACRY Kad hbt Bl 1€ dREUE SRR Gigarpne to
suspénsidfAsnoiul ese thelsypennarart csag sf eneyebad hen the s
resi due was washed with 0.4 nml of 70% col d et hano
the BIATPAEIPBEFBt 20R3PdPPEECEL KE SldEsEAN, ode@ving them

r r re

For PRy Prriofos) ELAE! COnt Bl 1B e ier

visiltdetigbtt headvesdipgl tke, candst by mextuiewsas ilef tor the

1ik overnlaht at 4C to di ssolve DNAs and thereby obtain

1ke &% r AR P BT PRSI AbEBR YA BIVENGe SR St RY Fi-fi ed DNA

SOb i § O WS SRS af,26 D '
0D280, 0D260 of 50 ‘3‘3? o2 Rnen BRAa 010, gg cggipLe
length: 1 cm), DNA concentration was cal cul ated from
01) 260, and purity of the,purified DNA was esti mated
on the basis of OD260/OD2§ [0081] 2. Test results
The chronosonal DNAs extracted in 1-3) were subjected
to el ectrophoresis by using 0.8% agarose gel. After



[ 0082] The af orenenti oned extracted DNAs were

anal yzed by el ectrophoresis. The results are shown in

Fig. 1. Fig. 1 shows influence of DNase contained in

the injured cells on chronosomal DNAs of Listeria

(injured cells), and influence of ansacrine on

chronmosomal DNAs of Listeria (live cells and injured

cells). [00-83] As a result, when ansacrine
lighwas aota laddes: taprthe i 15 teled det¢rsuseensy opeoforming
Suchpkg}%ggeeand the cells were i{ﬁubated.ug to 72 hours,

ARy SEEITTITEAH A IR R AN Y ot bad sERRPYT t he
irraeditren® v ineng DNAcLiagment ,erticned-datridis Weldh anth is

the |.ong DNA fragnent |ocated around 19, 329 bp, and
prefeggd ivh & edHogmssb bl tIDNAST igfa k Heong e terst i o upBd0 ¢l to
100 /?alh%g:d!ay t‘éﬁ@%‘i%dmﬂye %\Pslf tOJ '_%Uu(f:hf(?fh%vrﬁ%utes to 48

remained int i'njured cells. wever, it ansacrine
hourwas #dddedven, t heei BMAr edeatllest amd pired eceldlsy werref o rmed

i ncubated up.ta 72 hqur especially the extrenely .
undepodd B SR LR, Bl RBET PR SeRE e Bheariy b1 Lights
contédearegsedy ard 7tousn teomoregesed dihate dred St &fRcific

that the chronosomal DNAs were cleaved everywhere was
examglegi fdd thy srpaditiiv®swifiar the dirgadiactiveo D sible

: - r.t [ ras : i e _

Lian R Ao 2R as L iBe T YR flP Qe o 750 w
for anmacuitee was 2atided st dridme d idiesteelde suspeENsi@E®fem from

Listens nd the cells were incubated up tqQ 72 hours,
the FhEteRpalar, Tino bract RhGRBnGLr SHaLRLE 1Aote ol
prefandbthepkeng NA tragnerl, keeplad ta@UNd k9,329 PR, with
) temporarily decreased at 24 hours, and when t he _
ice cReLbAPi 6A WS E6RPilAued thereafter, both the DNA
[oosifagments increased in proportion to the incubation

ti

. This result suggested that ansacrine penetrated
celth agbastofulhelyi peetekkrsedatmR4dimbkotr ®ft adhat paesent

. the chr somal DNA cl eavage,state with the aid of
invep] Eofnnl iR, BB oPorB 6, SoaarkoE SR e ITHe BB | eatment,
irra@dgtiefabni B9shbye eebhs,obink Stekicacor! Wit ghtly or
hardly affected by the action of ansacrine
LtopohPoRetapat Bl pynt RBddeEohA HOWBAE 91igoasjher than EMA.
eQv a rj .S I c ' nd .highl.y. -
e RoB £ Sbsrancs. “Thorer orp. Carrer Rtengreiatheion
of vaeibba ligetpfaddt br88tmentt @sthi & hapdiypopemratseapedson
uni nidred cell _walls of. hig h ophilic live.
anat/ §5| " GReseh ROThet B her Bhdni YERCRR sofabaibicularly
limitHoAeVerad sheése tPgutmenes! hsyhBd khjnunedneehkival ls
and i ncreased hydrophobicity, anmsacrine penetrated
periqpeedel | walls of injured cells, and thus the pellet
{ooséﬁ the injured cells showed yellow color. It was

confirmed by this exanple that, for both live cells
(2} Smepilmjured cells, if amsacrine penetrated cel
l]s,. it attaine state that chronpsonal DNAs,K were
orib e e%ﬁ%@g %% the &P of e i hiPated| imakhe
step QDY) G@SE andfOr tOPPLSONEr BRE. ckOWB¥EEL WhRDER a
short action tine, the chronosones-of injured cells
amp L afoiftdl e BER diWhitbet Befecetvely, cTeandd Ganatranbonilss
(19gdy@nner, and therefore if cells are additionally
treated with a topoi sonerase poi son such as ansacri ne

foo5Flor a short period of tine (for exanple, additiona
treatnment after a treatnent with a topoi sonerase

pdiSofethGd d9EMMtract Ber s Podsitie tost sample is
, ISt [ [ v e ls. f i nj d
o S i g SRG T i 07 By us g PO e Lodeggt can
[ Exanpl e 2] , Anal ysi s was perfornmed by PCR
targeting the 23S r RNA ggﬁf usi ng chronosomal DNAs of
live cells and injured cetfs of m croorganisns
treated with a DNA gyrase poi son



[0087] 1. Preparation of sanples 1-1) Preparation of

live cell and injured cell suspensions

Ent er obact er sakazakii (Enterobacter sakazakii ATCC

51329 strain, henceforth also referred to as

"Ent erobacter "), which is a gramnegative bacterium

was cultured at 37C by using the BH broth, 40 m of

the culture nediumin which the cells were at the
Tungtodt idthrit ¢ HHasE Sk stBf ectiedl tle reffraget apedcan be

: [ ' 4C ang 1 hu .
b et vaa e g grephg? BPHLEEracting
DNA ghysi olicgiccatgaal sme was added to the cells, and the
[Oogy]xture was sufficiently stirred, and subjected to

si‘mlar refrigerated centrifugation, the supernatant

waset @MRY @Gt raitd tdiemdihdd of @hwsiobegi cal 8aki BRampie,

was added to the cells to prepare a live cell

ManigidFedsi-on r VR 15 vie celamunmit, of - + hidolewelee| Floning:
nmea a . e
n AR TR gD £ AR AL o

SprifRgr Haeborl Inbcofa tdrey HrarsenertGned |ive cel
{005§ﬂspension was put into a 1.5 m mcrotube, and the
be was i Mmersed in boiling water for 50 seconds,

andnr apedpyccoaked nwehlt ilcee Waker the RIERIA A is not

injured cell suspension. Li ve ‘cel | suspension
partary lpgilyr ddmidleld swspens o of neosoay icf ondoytoyenesl

2 r I r [ e er_as. that,_of

ora Lot R R, B R AT Lo R R VIR tne
pressuspénsieohiwas ahd exabQ@ sciietmct o @BY nli-AAoorganism

DNA- gyr as oi son (ciproflagxacin) _treatnment 1
to b AePU LR B b Dt aratt P Sotiie i ShSaed
depefi@lih)y 8HSpRBSLARpoaRd Lrstesgakbive gRrEh 8RY1kNLYr gdeype

...cell) suspensions was added to 9 ml of newy prepared
diffgrpng, fram( thee edl Fheomrcranddpnigredoc sl dedgmttesf are

neEnhegobact gL ipgtkh Lum, yer X 107 6f Wil an
T ot arm 9?@?%&%% 3,&‘%%5 oG Hrleeaty
contandsi aj gaeedenek| speunfiof thi sher mdcrpotraniedi wm wer e

. 4.0 07 c¢fu/nm .and 4.0 107 cfu/m, , respectivel
ob3ghdo8 HICAEeDr APBr1 oRaET I Sol T SR 1130 Bt BuLbose,
the thBgot vedgibhhmphyskobagi eahtsahing) avasqadded Lemkbe to

medi um [ 0090] As for the injured cells, in
severplekingds | o8l FyarEIpni FUENC B e ¥noEe DNelke target

; L i ' he ¢i nj Ut e ; e r I
regl SFTE Pon i ok P i GU1F TpS180, bar ek A RETE,y ~Whons.
If agetimsuspenssonsableEnAter ebaeteetandglibat epecwdsc to the
- radded fto 9 m_of nemﬂ¥ g&eﬁﬁraa 81-Tl broth, and_then

CTPIFF PRSI B ogPeartsafi heewagtaateari AEfeddPsimeReset
suit@0s erentdneao ShHa Of bexachp SohEt {9Picties ofThEN,

. suspensions in which Enterobacter (live cells and
nicroqyqaeriel 353 wasdcul tvueedeht arounbroi hbar and 30

: i : ] S rs, .and. 72
micr QU n b oS e Thorhe e tehEr il whFence1
amourlli stenshd |vwide ceht seaheks | of unbdreetshivas esht veed

. t 37C for 1 flour and 30 nminutes, 3 hours and 30
SImUIHARBE L5 FRAFE S dnd LPRAHSURE Wi Trisdr egegion is, ,
for IR MYKia BEy CONKs O3 G0 @ niGll LM £ad s B PL £ 0 BOVE 900

live cell and i'njured cell suspensions of

to 3084t erwshartierdend nastenslawle pseteasbLy p20d0 okacs®oo

nQon- added _live cel |l suspensi.on d ci prof] oxacin ,
nuc1 R SPRIIred CarTTaaepdrer SHE 1Pebgh® THA ‘Bene
and thach 33uspansipmaaas A&@bﬂge%%@et,o thef pisgerabed gene is

centrifugation at 4C and 8,000 x g for 15 m nutes,

t he supernatant was conpletely renoved, and a pell et

was col |l ected. DNAs were extracted by the follow ng
nmet hods for Enterobacter and Listens.



[0092] 1-3) DNA extraction DNAs of Enterobacter were
extracted by the followng nethod. . To the
pellet, 0.5 mM of 10 mM Tris-HCL buffer (pH 8.0) was
added, and 10 pl of 1250 W proteinase K (Si gnma
EC. 3.4.21.64) was added, 200 pl of an SDS sol ution
prepared beforehand at 10% (wv) with sterilized
wat er was added, and the reaction was all owed
prefoyeyedght at 50C. 0.5 m of 1 M Tris-HCl1 buffer (pH
‘[00§ 0)/ saturated phenol was added to the treated
penS|on and the m xture was gently stirred for 15
M mytiess rsTheskd Oebr nberf achl ooof papt vas1addeditpithe, so
m xture, and the m xture was gently stirred for 5
10n%4ﬁ1t@§osqh@1?ﬁ>3{%ﬁ9esﬂﬁ§l§ﬁﬁj eepddtigareppi gér abed
afo r(ﬂ:f&g@cﬁ' ??Egn apgo ogeﬁor eg:[fw C8xamples
t he aqueous e upper ayer was transferred
of pnimerEW$dhtdbM®lﬁuE tieer 2B8beRNEOgpheofindlMisodhenprimer

acetate buffer 5.2) a 9 of 99.5%co
set e Qo ot thothexi Grubsank BRE fr uBlfethe
priméds gantdy @id rsetneFhesnbuhuse wBS spbiested had 4.

refrigerated centrifugation at 4C and 15,000 x ¢ for
Exampy off Mt 63 1inews stipbtaal anfolabhe ehby eBRNANgenReAnEhEde

e GESAE 985 JESLED ML Sl p10Ne0HS w8 o

{OOSEBTAZNB) was added to the pellet, and the m xture was

s el S Mol B B0 80 the getect fon
is ap'i:%lt@fo?derﬁ@ Wahane: @b, 10xeh d s W he 8t eﬂakgéﬁdré\@KSﬁ

was added to the aforenentioned DNA sol uti on, t he
inclydet @@%9%%a@beat Exponrflsys pihddre L@tﬁ@qﬁnm gene
J_nclﬂrc]i%nq:lf{ %tqglolr uéé—.(rjr)osf’k%{;{qf’” &‘ﬁé ggdﬁgsst%gagebacterla,

m Xt ur e, e mxture was ge y I'rre
entewpm@maﬁ,géﬁésaﬁd(ﬁnwﬁngﬁmﬁ(nfnsw&mémmib&rbadﬂediap

m xture, and the m xt stirred for 5
verol R i St AT S S SeT et b et T yes dhed t
EnteGebalddadg laican bita 4G aner 00 X ga k952 20i Nj nut es,
t he aqueous | ayer of the upper |ayer was transferred
Staphy lcweius rﬂur\ﬁﬂ%rﬂiﬂ?ﬁ@‘mﬁﬂﬁé I pl cOfeBl Mg obipimt ic
%
o b e aden 6 The ot &P R sy orhe
varimas gemtihny geiers edt.  (Thes i i me wasu siroprectaditso forth.
Exam frlﬁﬁrated centrifu ;:io at_.4C ar 1§é000 Xxﬁ for
ROCR Rt BSIERE SIP& TN Wl ittt HerP§e 1nclude
the pesindbe swas owashed phitte b bmsey M%ep! d7 ethans!
and the pellet was dried (the aforenentloned
[0058docedure is also referred to as the "RNase
tr 5 f..T was
natbd T aheks BREERAs o, T P a¥ne R e o
mlcrOUEanghm.SaBréCdS@CﬂI dsiolev eeDNAs afndtwdherebyombtiainds of
extracted DNAs. Absorbance val ues of the purified DNA
the BhrhPPEARAS feddufed it Z6FRR L4 250 HhqUBHSs50,
More@@ggo, 101p26Re0t 2R/l PNA s aitd ion As phQeC8ld are
length: 1 cm), DNA concentration was cal cul ated from
usedppDPBUe afdlpaii tycofatrid qudeinf ibad tRA umms rest itesttedsample
glys of 0D260/ 0D260. [0095] DNAs of
can %Q %gg?ggmere extracted by the nmethod of Exanple 1,
[005913) Extraction of DNA. [0096] 1-4) El ectrophoresis
of PCR anplification products The chronosonal
DNFRndkE+eRT ettt i RCR- 83YewBPé Babjréciiddrty limited so long
as tiLes é@f??&e?fn§%9¥ll&,§%ﬁ%n 187395088 98! A A L®nce with
conpletion o e el ectrophoresis, the agarose g el
was imrersed in a 1 pg/m ethidiumbrom de aqueous
solution for 20 m nutes, % d then washed twice with
i on-exchanged water, and ¢l"eavage degree of the
chronosomal DNAs was observed by using a W
transillum nator (wavel ength: 254 nm. [0097]



2. Test nethod (PCR targeting 23S Tr RNA gene and
el ectrophoresis) 2-1) Preparation of PCR master m X
A master mx (total volune: 50 pl) of the foll ow ng
conposition was prepared. Ex-Tag (Takara Shuzo,
catal og nunber: RROOLB): 0.25 pl 10 x Ex-Tag Buffer
(Takara Shuzo, catal og nunber: RROOLB): 5 pl dNTP
m xture (Takara Shuzo, catal og nunber: RROOLB): 4 pl
the 5prnotiple SEQ PORNOand €RB85- EpnDNA: s2i%aplly Deprainipled.
[Ooéﬁggl DNO 2 (23S-R) DNA: 2.5 pIl 5 pnol/pl SEQID
I 3 (23S-MF) DNA: 2.5 pl 5 pnol/pl SEQ ID NO 4
(2361 MRle QMBS o@iBelt wieXe SYBA NgenrtBMAcnEakalioghe
. hunber: 50513): 10 pl Sterilized water: 15.75 El .
VlSIﬂ%%@lh%@hW%qsmﬁngaafe perpprmed amoligetpei Arpodéfients

5%%3 %ﬁﬁ% : re;priper anplifyie
of su s%%% I a I%ng§ﬁt%ﬁg’régigﬁgo?aggétrg%g?oénggt%89g’ for
exanglovi det avoanpsi §i cat 2000f vagment aficabout d28401bpe cells
from an}negati e bacteria. Thg Eriners of
e

i nl
can gt FHFREE VS Rrde oL bFT eSPORASROTE He b Behier EBgh BRATIENT

and Gfh38 S fie B heyrpa oyt denapragphibhtcati®ont rast,
fragnent of about 900 bp from gram positive bacteria

wher( dih ¥3%elgreed hegat $ vehontt efPa) exp0pd8] 2t 2¥opgRsts of
200 'Rl CYPLG, OIOML ] §ol o5 ATPLI LECRLLOD, OF ( 233, LRI,

gene € ermal cycte profite for
tresnpnd ivath on dpdheoR3S sRNSo geor ahdEnt epobagiesse
poi‘s\l\o%s oatshesrhot%aril nEl\IP?b:{r? g'émbination with the EMA treatment
and the visible light treatment.
[0061]
(3) Step )

Then, the PCR amplification product is analyzed.
Analysis method is not particularly limited, so long as a
method enabling detection or gquantification 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 quantitative detection of Campylobacter jejuni, Appl.
Environ. Microbiol., wvol. 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 quickly guantified.
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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[0099] Table 1 Cycle RepeatsStepRetention Hold Set
(C) Tenperature tineel evation interval (C) 111
03:00 4

cycle numbers of 1 to 10, these changes can be considered
values for sample blank containing no amplification prbduct.
A fluorescence intensity value obtained by calculating the
standard deviétion SD of the changes in fluorescence
intensity for amplification cycle numbers of 1 to 10, and
multiplying the standard deviation by 10 is defined as a
‘threshold value. The PCR cycle number of the cycle first
providing a fluorescence intensity change exceeding the
threshold value is called a cycle threshold value (Ct value).
Therefore, a larger initial amount of a DNA template in a
PCR solution provides a smaller Ct wvalue, whereas a smaller
initial amount of a DNA template in a PCR solution provides
a larger Ct value. Further, even with the same amount of a
DNA template, a larger occurrence rate of cleavage of a PCR
target region in a template provides a larger Ct value for
PCR of that region,

[0062]

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

All the aforementioned methods can also be used for
optimization of wvariocus conditions for the method of the
present invention.

[0063}

When live cells are detected by the method of the
present invention, precisions'of the determination of the
presence or absence of live cells and guantification of the
same in the analysis of the PCR amplification product can be
increased by using a standard curve representing
relationship between the amount éf micreorganism and the
amplification preduct and preparéd by using standard samples
of the identified microorganism. Although a preliminarily

prepared standard curve may be used, it is preferable to use
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a standard curve prepared by simultaneocusly performing the
steps of the method of the present invention for standard
samples and a test sample. Moreover, 1f relationship
between amount of microorganism and amount of DNA is
determined beforehand, DNA isolated from the microorganism
can also be used as a standard sample.

[0064]

(4} Step d)

As described above, intracellular activity of
topoisomerase and/or DNA gyrase may be lost in dead cells,
and even aftei a treatment with a topoisomerase poison or a
DNA gyrase poison, chromoscmal DNA may not be cleaved. Even
in such a case, if the test sample is tréated with a
topoisomerase and/or a DNA gyrase before the step a), DNA
cleavage selective to DNA in dead cells occurs, and
therefore 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
collécted from a foodstuff or clinical specimen such as
blood 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-HC1l buffer, pH 7.9,
50 mM potassium chloride, 50 mM sodium chloride, 5 mM
magnesium chloride, 0.01 mM EDTA, 2.5% glycerol) is added to

the residue, a topoisomerase or DNA gyrase is added to the
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mixture at a final concentratiocn of 1 to 50 mM, ATP is
furthér added at a final concentration of 1 to 50 mM, and
the reaction is allowed at 30 to 37°C for 5 to 30 minutes.
Because ATP is required for the activities of topoisomerase
and DNA gyrase, ATP or an ATP synthesis system is preferably
added when the test sample is treated with these enzymes.
[0066] |

<3> Kit of the present inventions

The kit of the present invention is a kit for
detectihg live cells of a microorganism in a test sample by
PCR, and comprises a topolsomerase poison and/or a DNA
gyrase poison, and primers for amplifying a target region of
DNA of a microorganism as an object of detection by PCR;
[0067] |

In the aforementioned kit, the topoisomerase poison
and the DNA gyrase poison are the same as those explained
for the method of the present invention.

[0068] 7

In a preferred embodiment of the kit of the present
invention, the kit contains EMA and another topoisomerase
poison and/or DNA gyrase poison other than EMA as the
topoisomerase poison and/or the DNA gyrase poison.

[6069]

Moreover, the kit of the present invention comprises a
topoisomerase and/or a DNA gyrase in addition to the
aforementioned elements. ‘

{0070]

The kit of the present invention may further comprise
a diluent, a reaction solution 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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5350 1 00:08 60 0.1 6 00 4 [ 0100] The
PCR thermal cycle profile for anplification of the
23S rRNA gene of Listeria was as shown in Table 2.

[ 0101]

{0071]

Hereafter, the present invention will be more
specifically explained with reference to the following
examples. However, the present invention is not limited to
the following examples.

[0072]
[Example 1]

Live cells and injured cells of a microorganism were
treated with a topoisomerase poison, respectively, and
cleavage degree of each chromosomal DNA was examined.

[0073]
1. Preparation of samples
S 1-1) Preparation-of live cell and injured cell suspensions

Listeria monocytogenes (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 8,000 x g for 15 minutes, and the
supernatant was removed. 40 ml of physioclogical saline ﬁas
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. 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 afcrementioned 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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. Table 2 Cycle Repeats Step Retenti onHol dSet
(C) Tenperature tineel evation interval (C) 111
03:00 4 2

contained a small number of live cells and dead cells, but
the cells substantiazlly consisted of injured cells, and
therefore the cells were described as "injured cells". 1In
addition, the method of the present invention is originally
a method for detecting live cell, and cells of the
microorganism distinguished from live cells may be injured
cells or dead cells. The sazme shall apply to the other
bactefia mentioned below.
[0075]
1-2) Topoisomerase poison treatment

1 ml of each of the live cell suspension and injured
cell suspension of Listeria prepared above (1.2 x 10% cfu/ml,
respectively) was added to 9 ml of newly prepared BHI broth
(cell count in the medium was 1.2 x 10% e¢fu/ml for both the
live cells and injured cells), and 100 pl of a 5 mg/ml
amsacrine solution in DMSO was added to the medium. The
final concentration 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 injﬁred cells, in order to investigate
influence of active DNase remaining in the injured cells on
the chromosomal DNA of the injured cells,-l ml of the
injured cell suspension was added to 9 ml of newly prepared
BHI broth, then 100 pl of DMSO 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

Fach suspension was subjected to refrigerated
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centrifugation at 4°C and 8,000 x g for 15 minutes, and the
supernétant was completely removed. To the pellet, 0.5 ml
of 5 mM EDTA solution was added, and 20 ul cof an
achromopeptidase solution {Wako Pure Chemical Industries,
catalog number: 014-09661) prepared beforehand at 5 mg/ ml
with 10 mM NaCl agqueous solution was added, and the mixture
was left at 50°C for 30 minutes. Then, to the mixture, 0.5
ml of 10 mM Tris-HCl buffer {pR 8.0) was added, 20 pl of
1250 U/ml proteinase K (Sigma, E.C. 3.4.21.64) was added,
400 pl of a SDS solution prepared beforehand at 10% (w/v)
with sterilized water was added, and the reaction was
allowed overnight at 50°C.

(0078] ‘

Each treated suspension was put into two 2 ml volume
microtubes in a.half volume each, 0.5 ml of 1 M Tris-HC1
buffer (pH 8.0)/saturated phenol was added to the suspension,
and the mixture 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 agqueous 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 ml 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,. and then the residue was washed
with 0.4 ml of 70% cold ethanol. 0.5 ml of TE buffer (10 mM
Tris-HC1l buffer, 1 mM EDTA-2Na}) was added to the pellet, and
the mixture was left overnight at 4°C to dissolve DNAs.
[0079]

5 nl of an RNase (Sigma, E.C. 3.1.27.5) sclution

prepared beforehand at 10 mg/ml with sterilized water was
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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) sclution was added fo 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 centrifugatiocn 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, 50 pl of 3 M
sodium acetate aqueous solution and 1 ml 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, then the residue was washed with
0.4 ml of 70% cold etharol, and the pellet was dried (the
aforementioned procedure is also referred to as the “RNase
treatment”).

[0080}

125 pl of TE buffer was added to the dried pellet, and
the mixture was left overnight at 4°C to dissolve DNAs and
thereby obtain extracted DNAs. Absorbance values of the
purified DNA solution was meésured at 260 nm and 280 nm
(OD260, ODsgg, ODsso of 50 pg/ml DNA solution was 1.0, cell
length: 1 cm), DNA concentration was calculated from ODgeo,
and purity of the purified DNA was estimated on the basis of
OD260/OD2gp -
f0081]

2. Test results

The chromosomal DNAs extracted in 1-3) were subliected
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,
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1 00:08 60 0.16 00 4 [0102] 2-3) PCR

Each of the DNA sol utions prepared in 1-3) was
diluted to 15 ng/pl with TE buffer, and 10 pl of the
diluted solution was used as a tenplate DNA in 2-1).
That is, 150 ng of the tenplate DNA was contained in
50 pl of the PCR reaction m xture. As a negative

control, 10 pl of TE buffer
and cleavage degree of the chromosomal DNAs was observed by

using a UV transilluminator (wavelength: 254 nm).
[0082]

The aforementioned extracted DNAs were analyzed by
electrophoresis. The results are shown in Fig. 1. Fig. 1
shows influence of DNase contained in the injured cells on
chromosomal DNAs of Listeria (injured cells), and influence
of amsacrine on chromosomal DNAs of Listeria (live cells and
injured cells).

[0083]

As a result, when amsacrine was not added to the
injured cell suspension of Listeria, and the cells were
incubated up to 72 hours, any significant difference could
not be seen for the extremely long DNA fragment remained in
the well and the long DNA fragment located around 19,329 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,
especilally 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;éverywhere 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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was used. [0103] According to the PCR thernal
cycle profile shown in 2- 2) nentioned above, PCR and
TM anal ysis (nmelting tenperature analysis) of the
anplification product were performed by using a
real -time FOR apparatus i Cycler (Biorad, nodel
nunber: i Q. The threshold val ue (boundary val ue) of
real- , time FOR was set to a val ue obtai ned by
houpg| EPphyEAgNt hbesthndardoueli atiror1SAvakef lsttanes aange the
: u ained with SYBA.Geen for .0 to 10 cycles
aid P ke B P ol bR, PR RS RarR f8atton 1égvEelLs,
and nuabetndhgcyete sbpwsngraryalue iaxecgedi 89 ibhe 1y o hardly
ffthrei old value is referred to as "Ct val ue"
atlg{erearperthe 0aeol}on. ofeamspesinesproliferghedt byt the

secd@SWAsuwit1his exanple are shown in Figs. 2 to 11
Fig. 2 shows i nfluence of intracellular DNase on

[00&hr onpsonmal DNA of Enterobacter (injured cells). Fig.
3 quﬁgﬂ;qilgfnce of ciprofloxacin on chronosonal
0 ﬁjé St adterium (YT VECE e 50 ake | #pdiriebohly
hydregiHa)ic Rupsthrshows mhfdamence ofrddy uedh 8! lacrion time
£ 1|ntr cel l ul ar DNase on chronosonmal DNA of Listeria
of It vtedriceiyay. i lamiknowenehfaedicenijured cell
wall@l RyOfH; j 81@ DINAs, of the sane
bacterigﬁg%ii e é%?ﬁgﬂgﬁ |ﬁ?uredl%bl?%§.€T%ﬁO%Te pellet
of lfyet werllsFiwps Giisiions doweweld,f isdaldeon nguwined @ 1s had
- [ -t F targeting the 235 rRNA gene of -
0 U A B 1 Ve E P T i W 15 T o anine
pencErgted shewse1asulatis Ofo rTMPALLLl nanal Ysigy _thL%J]eﬁhe
anplification product nentioned in Fig. 6. Simlarly,

pellefheofedine inguperd cerlle siwwas valdsui tcafort.he TEMwas
sane

confPahbar B,apRak¥sks ok 1iniyr.ed of, .t he
_ bacteri l{?n treated vf%ilteh E: a:t'sgr?elj iy grlé’esr%ev%% o
injurpgscedlandig, amespediev gleyiethurtichecmine watihes, it
: -t CR curve.of live cells and injured cell of
atta%ﬁ%?e%ig% Ega é wFPﬁopﬁéogﬁﬁeiﬂVﬁbwﬁﬁg SHERY &h
everfvlgsrel0iandthi, ai_@S@@Pﬁ:h\éeﬁ)‘l_-trb(&a(i@]ular_ DNA gy r@Te
d/thetresults shown in Fig. 2, it was confirmed that
SN/ Phet PR UF BUSERFE - cHONDEDFal WDNASR wer shett ghttyon time,
the &hLaHELdoRYsNASE S gLagned;! opacter Jhnj ure
: cells overs72 hoﬁ?s. Fbmevgg,§§§§§h§%n%$%dﬁyg.kgg
selegybre Whenl edpedf foxackandes madectp ant e@ReirBjfuredif
1.5 to. 5 hour t he cl eavage phenonenon
cel {2 S 88 dnd B L5 fitgr B harkEaPy” AGREF SEhBRLA0N
such tdatamdseried fbi hatfigoat opepepli gped; Phase, | Qxyﬂﬁle,
qqiiSase of the live cells, the long chronmosormal DNA
a4l ongle it r R gt 195829 bp EbRvERSRr yWihkreatedpianderase
oisdUsudl Nase n,fi{msi? b tionsof . . :
b ciproflpxaci#gfor as %@@é%eé?o f%?gt#%E?l?EéngulSh live
cellscHrgm sigiad r ONAse 10f s | o Ldeald ced 1 Bs et €h RL ¢h CheRY edivity
it h aid of the bacterial DNA gyrase conpared
by u%%nﬁhzﬁﬂge cells. As shown in Fig. 4, as for the
[0086iinjured cell chronosomal DNAs, the DNA cl eavage
phenonenon caused by intracellul ar DNase of Listeria
[Exampdiey“dd cel |'s was hardly observed for the |ong
f rag ; saraun bp.derjved from.the chrqonpsonal
hAdTgeL %%#ege%%%%%ﬁrdg.bymﬁm%vdﬁﬁr e 149 SFiTNA
gene §sinkerhrioposhiraacNasvast Made: tee1act oy the didred | o
of m.ceIIs for. 72 hours, a markedly severer DNA cl eavage
- MLGhEROFERGA T CalisEd 15y He MafcoridHe ivicried ONas® was
[o0s70bserved. It is construed that the action and effect
of ciprofloxacin on live cells are the sanme. [0107]
Furt her, when ciprofloxacin was nmade to act for 72

hours, PCR was narkedly E#Ppressed for both the live
cells and injured cells Ent er obacter. However, as

“shown by



calculations of & (live cells, 72 hours of Cp) - &
(live cells, No Cp) =13 and & (injured cells, 72
hours of Cip) - C (injured cells, No Gp) - 17, FOR
was nore suppressed for the injured cells. That is,
when FOR was term nated after 27 cycles, the result
of FOR perforned for the live cells was determned to
be positive, and the result of FOR performed for the
1. Hoypuresk ool | sf wasnsieéer m ned to be negati ve.

Therefore, it was confirned that |live cells and

1-1); rﬁﬁﬁ%r%te‘r?% %uﬁjdv%ec%l}%tﬁ‘%u%%h‘éﬁe%yc%%]r ngHSPensions
Ci RO QA1 A% 18] 80§ 01 (B &858 fo e WNEDL EOR, MBS aTcC
termnated after 20 cycles, the result of PCR _

5132%erftoraed flemadietilver oed | e fvasrad rid axs y' Beterobaeter

vy tQ.be positive, and the result of FOR performed for °

Vo t""(r?fel _Cl%nj Ut €d %reainf_sn%ast ls\fem'erfaacrti %/rldér?’e it hed” %uf)%d at 37°C
by uRdgal ittke; FES Frewh, nFEig dO and ddkudd medium in which
respectively. Therefore, it was confirned that live

the cglils 59 Furtd® a9 PR GiRIase cHUt Fubirrtrd to

istingy shed j : e

refrgg%ifs of the 'I%%%%%nﬁ giﬁ:ald{/qét?sar%%]ét)'ﬁjeoolzﬁ?g £é¥ 19

minugipsl,i farchttihen sprreducttsargf wawe whnomssondld BlAS fof '
Ent er abact er_.sakazakii_|jve cells and .injure ells,

Py R o P o R TR (e 16 ek T orim i pListure

was 89rFheWRntn yFisgS rrednid dubjertest igmtgduihat the

_ FOR anpljfication product for the live cells

refrigeredisehderits ifhgaa3on, RISy I A ra t gfafetremoved,

and WRELEaY the oEoghm'alfagq@alorga%e@%asf Yaddif ddiiy£d
cells is not the"target’ed anplification product. It
cellpsteopsicgered at Adtvea gedrlt isalspeegiiom .of Whhe 238er RNAL

Coungeg% %slsarf[glviefi ed ,as utsh%n'«:s% a aI [ frrgecati on, pr.oduct

or "t he i nj ared “Cerl “aSEYYesh V9% m‘]”lsﬁrﬁde en &
standkeavages gausedmeadiifte 23SwaRNAgenre tof Hehe tenpliatte

DNA. As described above, it was denonstrated that
cfu/plye cells and injured cells can be distingui shed by

{OOBE?R using a ciprofloxacin treatnent. [0109] [Exanple
3 Anal ysis was perforned by PCR targeting the
16BurRArgehembr of heh23gfpRMAegsnenasi agvehceddsonal

f Live cel.ls and.inRjured.cells,of
suspRheToR gan oHb thist 8a it IERACIpotiy gnd the tube was
imme Psegal at bonlohgseapkes fbrlpoPsepahali oandf rapidly cooled
... gramnegative bacterium (live cell and injured cell)

with g{isBeN&FBRstC Prepargchsr i8HPE CCore I BHSE SPRESdePor t h
al e e : WES richi,a.g0LL7), <Gl e
R A R R T el e

Listersfermedotygtagen€st I6MacBEéB" yerSabmopelrkd ent eéhiet isdive

Salnopel | a enteritidis 1D 604 nceforth also ..
manng Srap r B°F oo B RREPHEndr | a7 7C it SOSRBI 1A bigt bhEe
cell (&khepshelba wxytoca SONp1665u/Hhenceforth al so

referred to as "Klebsiella") were each cultured at

[0083%c by using the BH broth, 40 m of the culture

—2y N UM, | [ e t it hm c

1-2) phase kgsé\ﬂ%?g%{)gd(tegbrkéf??ggfgbédggg%??lig%gati on at

4Q and &f 08dckx of fiie 1Bntepubesteandlihe saperaatant

. ._was renpved. Then, 40 m of .physi.ol ogical saline was

1) u%%‘%e?je,{rg) t RSP O A" Ehé Ak dfe (Wa¥CsGPticPBAL | y

injusdd re€t ) andssell £648dwh9 ghathakor ef niggrahed:y

centrifugation, the supernatant was renoved, and then
prepapedy B physh ol bgyeatesal caenthagndddeduredt heltetbsnt

to prepare_a.live cell.suspension, The {iv I
of B AR S Bt e VR LR BE S et o Rer e il lana 4.4

Escherichia coil: 3.2 x 108 cfu/m, Ctrobacter: 6.7

x 107 cfu/m, Salnonella: 1.9 x 108 cfu/m, and

Kiebsiella: 4.8 x 108 cf uPfi . [0111] Furt her,

-1 mM each of the aforenentioned |ive cell suspensions
were put into 1.5 m mcrotubes, and the tubes were



2. Test nethod 2-1) EMA treatnent and visible [ight
irradi ati on steps 10 pl of an EMA sol ution
prepared at a concentration of 1000 pg/m by
di ssol ving EMA (Sigma, catal og nunmber: E2028) in
sterilized water, and filtering the solution through
a 0.45-pmmcrofilter was added to each of the
suspensi ons of the gram negative bacteria (live cells
% 1Cnd flunfulr, ed-eced )i wldy grame fasid ioet basheit aafd i/Iej ured
cells and_injured ceIIs% in a volume of 1 m, and t
cellicqite Nasli2fera? 4T Fof BOIMUAUY®SS uhdlr X| ﬂahtcfu/ml

a shieldi t he SlisRe |-a ce,
an and ir I‘lggl ac;EEIZH}v\ln "t h%w si bl g%l %}h%&soo%ev‘??oém a

i pY e HERLEOB PR, 100( V30 sm@/w, | desakl vElleei the Co.

d at. a dist 0 cm f th
oy bilEh S 20 it cFHE a0 L ERE of i ng

[00d0he EMA sol ution and irradi at| ng visible Iight may
also be referred to as the "EMA treatnent”
Separ 4C&l )‘ihelénrilluﬁﬂ‘d <edrlg i Agy %%eerr %slfa‘é%ﬁlg@tq

:Lnfl(@en%fe %Cl?:lcﬁil’i %B?:Jg{cj;nrﬁ gramp @?&&eééf‘ls on

l1Tve cells a |nJure Itive
the l@émoemswlr(am i et f stlmldlmmmcéd:@bw s)l imkte@death of
soI and, t hen xt.ure was subj ected

the paSuida kRl SRR et 0 (o S fhcad ohEat Ehe

was beeRdrest 9 M1b r)y Ve extdAM@HObroth, and then 2 ml
M crotubes containing the |ive cells and injured

of phyPieleuichd Frdmfedms viddnttidriteathd fridie positi ve
aforBRehenibauEM WHﬂ#E%éE&&“HEfﬁ@ﬁéﬁeated for each)

wer e subj ecte to rigerated centrifugation at 4C
and@h&s, OGGSpeQSﬁ@nslﬂnmwrhutoélsEnstgﬁrqmacdfer {live cells

: si ol.oqi sal i ne ch m.cr.ot ube
and ?Hﬁurrneﬁit %r‘éi s "€ 1% eurﬁqci/j agc[ |3:r)7rogja “Fheh, M E{'b‘?[a%
mlanGlsl,m’e abutrBe amidX Ay enivAs d9 al’ﬁsﬂﬁfdr%j, t-cd 2 Mours were

m crot ube, and subjected to refrigerated
prepagfflr i fHigatRoR. af UBECRAGOLS, BDOVRIGH & STErHiEndildye

cel18ndntihgnsupennatant Was 4 enpved-eqTher %a;fdcerfomo r and

were extiacted, DNA concentrati on was neasur ed,
30 mpopkey, washevakuaned 3dc odmditeg t & tivelnet o o2 hours

3). Extraction of .. [0115 PCR. . '
were HPERRPad 180T WA BERE" oF 2233 RRASgBhe by ThfiEe time of
0 hokrepatiati 0810f aRARiMAsired Werl [s@kpehsions ofA master

mx (total volune: 50 pl) of the follown _
Ente%ﬁﬁﬁé?ﬁ BAIWAS SEEeddar é@re BRePagS( Takacd Ismasgn non-

adde«? at al,@ gc@ﬂﬂbgﬁsggﬁ%ﬁ)s B2 %1@) e, flgéc;é:c@éf ;1)[1% —%llgﬁj%%f

Takara Shuzo atal og nunber:
injunedt oeél (TakmensShozoe, catal og nunber: RROOLE) : 4 pl

[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.

[0052] '
1-3) DNA extraction
DNAs of Enterobacter were extracted by the following
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5 pnol/pl SEQID NO 5 pnol/pl SEQID NO 5 pnol/pl
SEQID NO 5 prmol/pl SEQID NGO 5 pnol/pl SEQ ID
NO 5 pnol/pl SEQ ID NO 2 x SYBA G een (BMA,

catal og nunber: 50513): 10 pl Sterilized water:
15.75 pl Tenplate DNA (15 ng/pl): 10 pl [0117] 3-2)
PCR thermal cycle profile for anplification of 16S

r RNA gene The PCR thermal cycle profile for
metlaopl i fication of the 16S r RNA gene of each bacteri um
was_as shown_in Tabl e ([)Ollg] Table 3 Cycl g
p%t%h%tfé%ﬁe?%m@oﬁ%lrd Set O (8 TERpRT Bt UrRut fer (pH

8.0f'ﬁ§§|§H§éH9nand 10 pl of 1250 U/ml proteinase K (Sigma,
EC. 3.4.21.64) was added, 200 nl of an 5DS solution prepared
beforehand at 10% (w/v) with sterilized water was added, and
the reaction was allowed overnight at 50°C. 0.5 ml of 1 M
Tris-HC1 buffer (pH 8.0)/saturated phenol was added to the
treated suspension, and the mixture 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 1.29 ml of
98.5% cold ethanol were added to the mixture, and the
mixture was gently stirred. The mixture was subjected to
refrigerated céntrifugation 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+2Na) was added to
the peliet, and the mixture was left overnight at 4°C to
dissolve DNAs.

[0093]

5 pl 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 stiried for 5 minutes. The mixture was subjected
to refrigerated centrifugation at 4°C and 6,000 x ¢ for 10

minutes, the agqueocus layer of the upper layer was
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transferred to a new 2 ml volume microtube, 50 pl of 3 M
sodium acetate agueous solution and 1 ml of 99.5% cold
ethanol were ddded toc 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, then the residue was washed with
0.4 ml of 70% cold ethanol, and the pellet was dried {(the
aforementioned procedure is also referred to as the “RNase
treatment”) .

[0094]
125 pl of TE buffer was added to the dried pellet, and

the mixture was left overnight at 4°C to dissolve DNAs and
thereby obtain extracted DNAs. Absorbance values of the
purified DNA solution was measured at 260 nm and 280 nm
(ODzgg, ODa2go, ODagy oFf 50 pg/ml DNA solution was 1.0, cell
length: 1 cm), DNA concentration was calculated from ODoso,
and purity of the purified DNA was estimated on the basis of
ODz260/0D24g0 -

fO095]
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 electrdphoresis by using 0.8% agarose gel. After
'dompletion 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 methoed (PCR targeting 235 rRNA gene and

electrophoresis)
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2-1) Preparationi of PCR master mix

A maéter mix (total volume: 50 pl} of the following
composition was prepared.
~ Ex-Tag (Takara Shuzo, catalog_number: RRGO1B): 0.25 ul
- 10 x Ex-Taq Buffer (Takara Shuzo, catalog number: RROdlB):
5 ul
- JONTP mixture {Takara Shuzo, catalog number: RROO1B): 4 pi
- 5 pmol/pl SEQ ID NO: 1 (23S-F) DNA: 2.5 pl
- 5 pmol/ul SEQ ID NO: 2 (235-R) DNA: 2.5 pl
- 5 pmol/pl SEQ ID NO: 3 (23S-MF) DNA: 2.5 ul
- 5 pmol/nl SEQ ID NO: 4 (23S-MR) DNA: 2.5 ul
- 2 x SYBA Green (BMA, catalog number: 50513): 10 ul
- Sterilized water: 15.75 nl
- Template DNA (15 ng/pl): 10 pl

The primers of SEQ ID NOS: 1 and 2 are primers for
amplifying substantially all the region ot 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 23S rRNA,
and they provide an amplification fragment of about 900 bp
from gram-positive bacteria (also from gram negative
bacteria).
[0098]
2~2) PCR thermal cycle profile for amplification of 235 rRNA
gene

The PCR thermal cycle profile for amplification of the
‘235 rRNA gene of Enterobacter was as shown in Table 1.

[0099]
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Table 1
Cycle Repeats Step Retention Held Set (°C) Temperature
time elevation
interval (°C)
1 1 1 .03:00 4
2 1 1 20:30 94
3 40 1 00:26 94
2 00:30 55
3 02:30 72
4 1 1 03:00 95
5 350 1 00:08 60 0.1
& oo 4
[01060]

The PCR thermal cycle profile for amplification of the

238 rRNA gene of Listeria was as shown in Table 2.

[0101]
-Table 2
Cycle Repeats Step Retention Hold Set (°C) Temperature
time elevation
interval {(°C)
1 1 1 03:00 4
2 H 1 00:30 94
3 40 1 00:20 94
2 00:30 46
3 01:00 72
4 1 1 03:00 95
5 350 1 00:08 60 0.1
6 ca 4
[0102]
2-3)} PCR

FEach of the DNA solutions prepared in 1-3) was diluted
and 10 pl of the diluted

to 15 ng/ul with TE buffer,
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6 CO 4 [0119] 3-3) FOR thermal cycle profile for
anplification of 23S rRNA gene The FOR t her nmal
cycle profile for anplification of the 23S r RNA gene
of each bacteriumwas as shown in Table 4 o
(gramnegative bacteria) or Table 5 (gram positive
bacteria). [0120] Table 4 Cycle RepeatsStepRetention

Hol d Set (C) Tenperature tineelevation
solution was used as a template DNA in 2-1). That is, 150

ng of the template DNA was contained in 50 nl of the PCR
reaction mixture. As a negative control, 10 pl of TE buffer
was used.

[0103]

According to the PCR thermal cycle profile shown in 2-
2) mentioned above, PCR and TM analysis {melting témperature
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) of real-
time PCR was set to a value obtained by multiplying the
standard deviation SD of fluorescence 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 threshold value is referred to as "Ct value"
hereafter.

[0104]
3. Test results

The test results of this example are shown in Figs. 2
to 11. Fig..z shows influence of intracellular DNase on
chromosomal DNA of Entercobacter (injured cells). Fig. 3
shows influence of ciprofloxacin on chromosomal DNAs of the
same bacterium (live cells and injured cells). Fig. 4 shows
influence of injured cell intracellular DNase on chromosomal
DNA of Listeria (injured cells)ﬂ Fig. 5 shows influence of
ciprofloxacin on chromosomal DNAs of the same bacterium
(live cells and injured cells}).

[0105]

Further, Fig. 6 shows an amplification curve for real~
time PCR targeting the 23S rRNA gene of Enterobacter live
cells treated with ciprofloxacin. Fig. 7 shows results of
IM pattern analysis of the amplification product mentioned

in Fig. 6. Similarly, the real-time PCR curve and the
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result of the TM pattern analysis of injured cell of the
same bacterium treated with the same drug are shown in Figs.
8 and 9, respectively. Furthermore, the real-time PCR curve
of live cells and injured cell of Listeria treated with the
same drug are shown in Figs. 10 and 11, respectively.

[0106] |

From the results shown in Fig. 2, it was confirmed
that the injured cell chromosomal DNAs were slightly cleaved
by DNase retained in Enterobacter injured cells over 72
hours. However, as shown in Fig. 3, even when ciprofloxacin
was made to act on injured cells for 1.5 to 5 hours, the DNA
cleavage phenomencon was also observed at a degree markedly
higher than that observed with the aforementioned DNase. In
the case of the live cells, the long chromosomal DNA
fragment around 19329 bp conversely increased, and thus it
was confirmed that by the action of ciprofloxacin for a
short period of time, the chromoscomal 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 phenomenon caused by
intracellular DNase of Listeria 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 markedly severer DNA cleavage
phenomenon caused by the aforementioned DNase was observed.

It is construed that the acticn 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 of Enterobacter. However, as shown by
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calculations of Ct {(live cells, 72 hours oif Cip) - Ct (live
cells, No Cip) = 13 and Ct (injured cells, 72 hours of Cip)
- Ct {injured cells, Neo Cip) = 17, PCR was more suppressed
for the injured cells. That is, when PCR was terminated
after 27 cycles, the result of PCR performed for the live
cells was determined to be positive, and the result of PCR
performed for the injured cells was determined to be
negative. Therefore, it was confirmed that live cells and
injuréd cells could be distinguished by using ciprofloxacin.
As also for Listeria, when PCR was terminated after 20
cycles, the result of PCR performed for the live cells was
similarly determined to be positive, and the result of PCR
performed for the injured cells was similarly determined to
be negative, as shown in Fig. 10 and Fig. 11, respectively. -
Therefore, it was confirmed that live cells and injured
cells of Listeria could also be distinguished by using the
drug. '

[0108]
On the basis of the TM pattern analysis of the PCR

amplification products of the chromosomal DNAs of
Enterobacter sakazakii live cells and injured cells on which
ciprofloxacin was made to act for 72 hours as shown in Figs.
7 and 9, it is estimated that the PCR amplification product
for the live cells corresponds to the 238 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 cof the 23S rRNA gene was
amplified as the PCR amplification product for the injured
éell as a result of multiple cleavages caused in the 238
rRNA gene of the template DNA. As described above, it was
demonstrated that 1live cells and injured cells can be

distinguished by PCR using a ciprofloxacin treatment.
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[0109]
[Example 3]

Analysis was performed by PCR targeting the 165 rRNA
gene or the 23S rRNA gene using chromosomal DNAs of live
cells and injured cells of microorganisms treated with EMA.
(0110}

1. Preparation of samples
1-1) Preparation of gram-negative bacterium (live cell and
injured cell) suspensions

Escherichia coli DH5a (henceforth also referred to as
“Escherichia coli”), Citrobdcter koéeri {Citrobacter koseri
JCM 1658, henceforth also referred to as “Citrobacter”),
Salmonella enteritidis {Salmoneiia enteritidis IID 604,
henceforth alsc referred to as “Salmonella”), and Klebsiella
oxytoca (Klebsiella oxytoca JCM 1665, henceforth also
referred to as “Klebsiella”) were each cultured at 37°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 8,000 x g for 15
minutes, and the supernatant was removed. Then, 40 ml of
physioclogical 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 physiclogical 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 107 c¢fu/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 suspensions.

43



no 4 [0121] Table 5 Cycl e RepeatsStepRetention Hold
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[0112]

1-2) Preparation of gram-positive bacterium (iive cells and
injured cells) suspensions

Bacillus cereus (Bacillus cereus JCM 2152, henceforth
-also referred to as “Bacillus”), and Staphylococcus
epidermidis (Staphylococcus epidermidis KD, henceforth also
referred to as “Staphylococcus”} were cultured at 37°C, and
Listeriaea monoccytogenes (Listeria monocytogenes JCM 2873,
henceforth alsc referred to as “Listeria”) was cultured at
30°C, respectively, in the BHI broth, 40 ml of each culture
medium in which the cells were at the logarithmic phase
{trophozoite cells for Bacillus) 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
physiclogical saline was added to the cells, and the mixture
was sufficiently stirred, and subjected to similar .
refrigerated éehtrifugation, 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 Bacillus: 3.0 x
107 cfu/ml, Listeria: 1.3 x 10% cfu/mi, and Staphylococcus:
1.1 x 10° cfu/ml.

Further, 1 ml each of the aforementioned live cell
suspenéions were put inte 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 suspensions.
[0113] 7
2. Test method
2-1) EMA treatment and visible light irradiation steps

10 pl of an EMA solution prepared at a concentration
of 1000 pg/ml by dissclving EMA (Sigma, catalog number:
E2028) in sterilized water, and filtering the sclution

through a 0.45-um microfilter was added to each of the
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suspensions of the gram—negative bacteria (live cells and
injured cells) and gram-positive bacteria (live cells and
injured cells) in a volume of 1 ml, and the mixture was left
at 4°C for 30 minutes under light shielding. Then, the
suspension was placed on ice, and irradiated with visible
light of 500 W from a lamp (FLOOD PRF, 100 V, 500 W, Iwasaki
Electric Co., Ltd.) disposed at a distancé of 20 cm from the
suspension for 10 minutes. The above steps of adding the
EMA solution and irradiating visible light may also be
referred to as the “EMA treatment”. Separately, 10 ul of
sterilized water was added to 1 ml of each suspension of the
gram-negative bacteria (live cells and injured cells) and
gram-positive bacteria (live cells and injured celis)
instead of the EMA solution, and then the mixture was
subjected to the same procedure used for the aforementioned .
EMA treatment.

[0114]

2-2) DNA extraction

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 physiological 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 16S rRNA gene or 235 rRNA gene

3-1) Preparation of PCR master mix
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[0116]
A master mix (total volume: 50 ul) of the following

composition was prepared.

- Ex-Taqg (Takara Shuzo, catalog number: RR0O01B): 0.25 nl

- 10 x Ex-Tag Buffer (Takara Shuzo, catalog number: RRO0O1B}):

5 ul

- dNTP mixture (Takara Shuzo, catalog number: RRO0OLB): 4 nl

pmol/ul SEQ ID NO: 1 (23S-F) DNA: 2.5 pl

pmol/pl SEQ ID NO: 2 (23S-R) DNA: 2.5 ul

pmol/ul SEQ ID NO: 3 ({23S-MF) DNA: 2.5 nul

pmol/ul SEQ ID NO: 4 (235-MR) DNA: 2.5 pnl

pmol/pl SEQ ID NO: 5

pmol/ul SEQ ID NO: 6

X SYBA Green (BMA, catalog number: 50513}: 10 nl

(165~F) DNA: 2.5 ul
(165-R) DNA: 2.5 nul

|
Nt o 1o

— Sterilized water: 15.75 pl
- Template DNA (15 ng/ul): 10 nl
[0117]
3-2) PCR thermal cycle profile for amplification of 16S rRNA
gene
TherPCR thermal cycle profile for amplification of the
165 rRNA gene of each bacterium was as shown. in Table 3.

[0118]
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2-

pl

4) PCR Each of the DNA solutions prepared in
2) was diluted to 15 ng/pl with TE buffer, and 10
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 m xture. As a
negative control, 10 pl of TE buffer was used. [0123]
According to the PCR thermal cycle profile shown in
Tab8e 2) or 3-3) nentioned above, PCR and TM anal ysi s

Cycigr oBeraatifer eSiser f orfrddnbyomsi ritpld r 8at - tiCe  PCRmperature

apparatus i Cycler (Bpgrad, nodel nunber: iQ.

The
leva ion

t hreshol d val ue (bound%ry value) and the O vaFue 0
real -tine PCR wer e calculated in the sane nBﬁﬁE@m&& (°cy

AC-O—ha

that—of Exanpte—2,—2-3)—3-5—Agarose—get
1 el ect rophorests [OlZ&F 00 From Seakem GTG agar ose
2 (FMC, jcat al og, nunber;,50970) and TAE hyffer (4.84 g/L
of Tris, 1.142 m /L of acetic acid,

3 40 1 00:20 94
2 00:30 55
3 01:30 72
4 1 1 03:060 - 95
) 350 1 06:08 60 0.1
) o 4
- [0119] ‘
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 bacterial.

[0120]
Table 4
Cycle Repeats Step Retention Hold Set (°C) Temperature
7 time elevation
interval (°C)
1 1 1 03:00 1 |
2 1 i 00:30 94
3 40 1 00:20 94
2 00:30 46 or 55 -
3 02:30 72
4 i 1 03:00 95
5 350 1 00:08 60 0;1
6 0 4
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0.149 g/L of EDTA-2Na), 0.8% agarose gel was

prepared, and A-EcoT14l digest (Takara Shuzo, Code:

3401) and 100 bp DNA Ladder (Takara Shuzo, Code:

3407A) were used as markers. For each of the

gram negative bacteria and gram positive bacteria, 10

pl of the PCR solution was dispensed into a well, and

subj ected to el ectrophoresis. Wen bronphenol bl ue
(014BPB) mgrated about 90%in the gel, the

el ectrophoresi s was term nated. [0125] The
Tabkgel>on which the el ectrophoresis was perfornmed was

sed Inm T pgrm ethiarum pr LUeous sol ution
Cyd%nrggﬁ At hut e2-Fhd masﬁe%”%mnge9€;t g gexcﬁgnégaature
water, and then the PGRmanplification product av@sation
observed by using a W transillum nator (254 nm.
[0126] 4. Test results Change in teﬁﬁgﬁﬁﬁa%e °C)
of bacterium syspensigp.gyer tine obsefved when a 1.5
m mcrotube containing 1 m of the bacterium
2 suspension is mersedot3n boiling wated is shown in
Fig. 12 It can be seen fron1the relatlonshlp shown
in Figl®12 that the hB%i?%reat ment by”f mrersion in
boiling water for 50 ggcemnds used in fhe preparation
of injured cell suspensions is a slightly stronger
heat treatnent3conpar8:84th the high’2enperature
short tine pasﬁeurlzagé at 72 to 756 for 15 to 16
seconds (HTST pasteurization), and therefore it
5 corresponds tola heatotreat mnent equi vabent to the.1 -
ul trahi gh tenperature pasteurization (UHT

® pasteurization). [0127] “The results of

-diistinction of live cells and injured cells using the
1&8 rRNA gene as the target are shown in Fig. 13, and
3-4)tWEResults of di stinction of live cells and i njured

ce Is usin g%is r.RNA gene s the tar are sh
E EPgSt ]%%gpec |vepareldnj1il 2)1?%? uted

to 1T5heagi?@3 sxiltwi rmns:mﬁfeaa,c fhrb:aC]I(Bru]umf/\lﬁﬂﬁa Icoﬁﬁﬂdecon
the gel in the order of those for the ENA—untreated

solutiipe” W@y 1seshérsitor: SR kS dqtfed i el (That is, 150
ng o%“%@l%n%'e%la%'@'dﬁﬂ Ledd edhdtl &t 6eldo %MSFZ%‘S%@ "PCR

and EMA-treated injured cell suspension. [0128
reacAd oshovx tiureFi gAs13, nebef itvike CPESTORNALfené wds TEsbuffer
was %%edhe target, no PCR anplification product was

observed for EMA-treated injured cells of Citrobacter
[0128nd Kl ebsiella, and therefore clear distinction of

live cells and injured cells was possible. For the

ot fieFopdéner fa, tQﬁpﬁ?ﬁl&Q@FBﬁ-pﬁd&&@t§r®§ﬂéeoﬁ§@W@e&n 3-

OEOB—tBWemE%J_Bﬁ%@t %%dv@ unR®k G&ld S %@%lt);%eirsef@r[eq_tlng

di stinction of live cells and injured cells was
tempEﬂd@hmﬁlaaalﬁﬁizg]of the amphﬂﬁiQﬂﬂuﬂnfMﬂQﬂUdWOWﬂKhe
ul.ts shown in FEi was

pex EpRTAN, B UEHE 3 RGA tddio Mk APEE 0T Ho (AT
(Biockh¥e Gebks andbienj:uried .celrhs eaukdhbedctganuky (boundary

di sti ngui shed by using the EMA treatnent for both the
valug) apnAe§lei ¢& Bacteri éﬁ@%ﬁﬁ%ﬁ%ﬂﬁ%ﬁ|Nﬁ¥QMﬁﬂ%§QQ§tEd in

_ +C teri-al injured cells

the g?ﬁg Sbgﬁko?gngb%Cf% e%ga%pﬁz background and
3—5)1§@amgsefga1tempbak®pBNAasnsa vol ume of 50 pl were

gied for PCR, PCR of the injured cells was conpletely
[oiz hi bi ted, whereas PCR for live cells was not

SUP?&ﬁ“QéQkéM @@@phﬁb%bﬁe'Q@M@'t%gtawgﬁeﬂﬁﬁber't5b§70

consi dered-that PCRfor injured cells Can
and €BRpbeféby i(ARBBI Ued alfsdriisr dow4e mll/E @dnﬁ@@ﬁunga01d,

105 to 107 cfu/m and live cells of a | ow

concentration can be detected. Therefore, the nethod

can be applied to a screerfi8ng test for genera

bacteria in food sanitation inspection. Furthernore,

in the case of a patient with sepsis and hepatic



bl ood, and also in such a case, only live cells can
be quickly detected according to the present

i nvention. [0130] [Exanple 4] A pat hogeni c
bacteriumwas treated with EMA and a topoi sonerase
poi son or a DNA gyrase poison, and live cells and
injured cells thereof were distinguished by PCR
targeting a pathogenic gene. [0131] 1. Preparation of

0.14Bact/aricdl mpair-unes )] ivesseddsrose gel kdyvepe€bhred, and
suspensj on and injured cell suspensjion of Listeria

A= ECPglétIeﬁlﬁ%ndé"ﬁ]%e%ljgm 28733 wet @l brapar €80 hp DNA
e s V.
Lo P e T s ueon o s 15 5 THREReks.
For ekehnf ﬁ@bsapam ﬁhgﬂtlﬁﬂfﬁﬂbﬁbﬂjaEﬂﬂﬂtgﬁﬁmﬂ£0$lande
Vi si_bl rradl Each of th
bactfrga cdll Hueriton thehd T Gha 4 | SSTSeReT o gp
weliLléh@fb@b@%%ﬁ%ﬁeQcﬁQQNﬁrwﬁﬁpﬁﬁﬁééiéfﬂiWHéd|E%dﬂ$%enol
treatment and visible light irradiation in the sanme
bluendBR8y &4 JrRiecoffBENpI®E 30 BENre i%e i KEts to
elec@?gﬁh Qgglgn&%sc%lhﬁﬁgy1g£ﬁn1p05|t|ve bacteria, which
t have outer nenbranes, and even if the cells

[C1l2ade live cells of which cell walls are not injured.
Therefore, the t or IeaV|n t he suspen5|on t 4C
S P T e R ke Rl Qed was
1rnme§g@8t ened b@/ﬁtlme%lﬂﬁ%ﬁaunanﬂfdnhﬁié“a%@cﬁlsl 'élrﬂtuta_on for 20
irradiation tine was al so shortened to 5 m nutes.
minufgpt Reg, waehpr &Wisweemiltihy dPrvetethagge &y etdeznd othen
h cel
the BOR albriEeeRbYSna R AP RNE ARl Y g £
trananxnumenmaSrthéﬁ4smmpected to the sane treatnents.
012%?133] 2-2) - Topoi sonerase poi son or DNA gyrase poison
[ eatnent step After conpletion of the
4. Takeresenttened EMA treatnment and visible |ight
irradiation steps, a mcrotube containing each
tr%%@@@esh%p%%@?@ﬁaﬁa§eseﬁj@@F@@rﬂ@mréﬂﬁpg@ﬁaﬁ@dOver
time CLELLUGAAOR B 146 Adm% 00006 @il 1Y NGRS of che
e supernatant was renove
_bact@hysmobogpeablealuﬁelwm®raadbdxtéxnﬁen@eMaienumktdnpwn

S suff|C|entIy stir and,  subjected. to
in flf Ve W SRS FoehY PR o AE £ Bla 2 oRs Rk Pyl in
Fig. The sHPer patantavas reqimeed, @k r¥ic®f in boiling
physi ol ogi cal saline was added to the cells, and the
wateg; @Hrégmﬁgcgﬁﬂﬁléﬁ@ﬁtﬁv §Pﬁ¥%@@Paﬁ§tdé§bﬁﬁ%éduaﬁﬁvbCﬂll

o eII |
susp g s Ol g Lo T SRR SRt s RRE® Phprea
w1thoﬁhd Migﬁmwemmereaneé Bhpwmedlmelpasm@maﬁsbaﬁpnamd 72 to

suspensi o

o bes EMA- t r eat I.njured cel
75°C BPE hY br b, Spoendr (TSI e crne ekrdd
ther&ﬁéi‘e and botHE§FoR8L! £8USPBRSHORT BRI NG Wded 1te &6
sets, each of ich consisted of 1 tube of the live
the whirakigherenprrahdre pabécorlizatdrad (&M
G profloxacin (0.5 ng/m, dissolved with
paStéﬁégfo %g?%al saline) in a volune of 8 pl that is a
[012DNA gyrase poi son was added to the suspensi ons of the
first set, canptothecin (1 ny di ssolved in
dilhs IASWIRT &6 o%)swnﬁt%/anuﬁé b1 ve0CHtLEhand; dndured
cel1d QRO SOMBLASLoHOLRAR YBRCAGMRd [0 LA IUSPRNSIAR, Ofn Fig.
the setond set, etopoSide (1 ng i ssol ve
13, andnﬂhgdraﬁmfmal@é)dnatanvbhan906fllﬁepbeﬂhatamd anjured

to 0|so ras was adde to,the suspensions of
cel1q RV T e 3% of RRBL PN Cot hemiPafe tar LeoFUguT An

dlnethyl sul foxide) in a volume of 5 pl that is a

t opoi soner ase poi son was added to the suspensi ons of

the forth set, mitoxantroA& (0.1 ng/ni, dissolved in

di net hyl squOX|de) in a volune of 10 pI that is a

t opoi sonerase poi son was- added to the suspensi ons of



di ssol ved in dinmethyl sulfoxide) in a volunme of 10 pl
that is a topoi sonerase poi son was added to the
suspensi ons of the sixth set, respectively. Each
sanpl e was i ncubated at 30C for 30 m nutes, the total
vol une of the sanple was transferred into a 2 nl

m cr ot ube and subjected to refrigerated
centrifugation at 4C and- 15,000 x g for 10 m nutes,

Figsand 4 b uier nadspd ctviase Y enovied . Fi[d¥L35]3 2=3)1 INALe PCR
extraction step . From each sanple prepared, as
soluds K Sty 2 s R ree Bt 13R1Ed 9 the $@heln the

oradBMe s d M- ofy Pl g dreaddd DN %Iﬁczgﬁ%émsion,
[0136] 3. PCR targeting various genes of Listeria

EMA-3-rE)R tarplliific atdlon ofs prathiogeni BMyene; redse@rimjured cell

| i st.eriolycj (hlyA) gene. 3-1-1 eparation of PCR
susHErdi st Glirt b e e e e T R o e
(01299 pl) of the follow ng conposition was prepared.

Ex- Tag_ (Takara Shuzo, cat al ogcélnunber- RROOLB) : 0. 25

pl As16hevEx InaFiguf fler (Whatard sshifro, T4t JBlE Mbetsed
e ol T
EMA-tiepAeR) iDNArel Sedlls SHndl { pdbBEQ T BuNO K Bf4l ¢ ALR) and

ther@-g% Zbif%% d%g%fgg%%é§1g¥]fiﬁ%ﬁcé&&éﬂé%%rgﬁ¥ﬁ¥éd cells
g 3): pl |

was possible. For the other bacteria, amplification
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, from the results shown 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 108
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 ceils
was not substantially completely inhibited. Mofeover, 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 to 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 possible that live cells and injured cells

may exist at a high concentration of 10* cfu/ml or higher in
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Sterilized water: 15.75 pl Tenplate DNA (15 ng/pl):-
10 pl 3-1-2) PCR thermal cycle profile for
anplification of hlyA gene [0138] Table 6 Cycl e
Repeats Step Retention tinme Hold Set (C) Tenperature
el evation interval (C

bloed, and alsc in such a case, only live cells can be
quickly detected according to the present invention.
[0130]

[Example 4]

A pathogenic bacterium was treated with EMA and a
topoisomerase poison or a DNA gyrase poison, and live cells
and injured cells thereof were distinguished by PCR
targeting a pathogenic gene.

[01313
1. Preparation of bacterial culture (live cells)

Live cell suspension and injured cell suspension of
Listeria (Listeria monocytogenes JCM 2873) were prepared in
the same manner as that of Example 1. The live cell count
of the live cell suspension was 1.3 x 10° cfu/ml
[0132]

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

Each 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 addition of EMA was shortened to 5 minutes, and the
visible light irradiation time was also shortened to 5
minutes. Further, 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 poison treatment
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step

After completion of the aforementioned EMA treatment
~and visible light irradiation steps, a microtube containing
eacﬁ treated suspension was subjected to refrigerated
centrifugatiocn at 4°C and 15,000 x g for 10 minutes, and the
supernatant was removed. 1 ml of physiological saline was
added to the cells, and the mixture was sufficiently stirred,
and subjected to refrigerated centrifugation of the same
condition. The supernatant was removed, then 1 ml of
physiological saline was added to the cells, and the mixture
was sufficiently stirred. As described above, 1 tube of 1
ml EMA-untreated live cell suspension, 7 tubes of 1 ml EMA-
treated live cell suspension, 1 tube of 1 ml EMA-untreated
injured cell suspension, and.7 tubes of 1 ml EMA-treated
injured cell suspension were prepared.

[0134]

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 suspension and 1 tube of injured cell
suspension. Ciprofloxacin (0.5 mg/ml, dissolved with
physiological saline) in a volume of 8 pl that is a DNA
gyrase poison was added to the suspensions of the first set,
camptothecin (1 mg/ml, dissolved in dimethyl sulfoxide) in a
volume of 10 pl that is a topoisomerase poison was added to
the suspensions of the second set, etoposide (1 mg/ml,
dissolved in dimethyl sulfoxide} in a volume of 10 pl 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 volume of 5 ul 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 pul that is a topoisomerase poison was added

to the suspensions of the fifth set, and amsacrine {1 mg/ml,
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dissolved in dimethyl sulfoxide) in a volume of 10 pl that
is a topoisomerase poison was added to the suspensions of
the sixth set, respectively. Each sample was incubated at
30°C for 30 minutes, the total volume of the sample was
transferred into 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.
[0135]
2-3) DNA extraction step

From each sample prepared as described above, DNAs
were extracted in the same manner as that of Example 1, ™“1-
3) DNA extraction”.
[0136] '
'3. PCR targeting various genes of Listeria
3-1) Amplification of patliogenic gene, Listeria
listericlycin O (hiyAd) gene
3-1-1) Preparation of PCR master mix
[0137]
' A master mix (total volume: 50 ul} of the following
composition was prepared.
- Ex-Tag (Takara Shuzo, catalog number: RRO01B): 0.25 nl
- 10 x Ex-Taqg Buffer (Takara Shuzo, catalog number: RRO01B):
5 pl
- dNTP mixture (Takara Shuzo, catalcg number: RROOiB): 4 nl
- 5 pmol/upl SEQ ID NO: 7 {hlyA-F) DNA: 2.5 pl
5 pmol/pl SEQ ID NO: 8 (hIyA-R)} DNA: 2.5 nl
2 X SYBA Green (BMA, catalog number: 50513): 10 nl

|

!

Sterilized water: 15.75 nl

- Template DNA (15 ng/pl): 10 pil

3-1-2) PCR thermal cycle profile for amplification of‘hlyﬂ
gene

[0138]

Table ©
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1 00:08 60 0.16 00 4 [0139] 3-1-3) FOR

Each of the DNA sol utions prepared in 2-3) nentioned

above was diluted to 15-ng/pl with TE buffer, and 10

pl of the diluted solution was used as a tenpl ate DNA

in 3-1-1) nmentioned above. That is, 150 ng of the

tenpl ate DNA was contained in 50 pl of the FOR

mxture. As a pnegative control, 10 pl of TE buffer
cycwas mgeGrs[ 0140kp  ReterAGEAr GidIG t 8ot hecPOP trhgpomlrure

cycle profile shown in 3- 1-2) nentioned above, FOR

was performed by usingtdeal -ti me FOR appar at 8seyation

Cycl er (Biorad, npdel nunber: i Q. interval (°C)
1 1 1 03:00 4
2' 1 1 00:30 94
3 50 1 00:20 95
2 01:00 60
4 1 1 © 03:00 95
5 350 1 00:08 60 0.1
6 o] 4
[0139]
3-1-3) EBECR

Each of the DNA solutions prepared in 2-3) mentioned
above was diluted to 15'ng/ul with TE buffer, and 10 npl of
the diluted solution Gas 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
coﬁtrol, 10 pl of TE buffer was used.
f0140]

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 (Biorad, model number: iQ).

[0141]
3-2) Amplification of 165 rRNA and 23S rRNA genes
3-2-1) Preparation éf 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 amplification of 168§
rRNA gene

The “PCR thermal cyclé profile for amplification-of
16S rRNA gene” mentiocned in Example 3, 3-2) (Table 3) was

applied.

54



[0141] 3-2) Amplification of 165 rRNA and 235 r RNA
genes 3-2-1) Preparation of FOR master m x A
master m x (total volune: 50 pl) was prepared in the
same manner as that of Exanple 3, 3-1) "Preparation
of POP master m x". 3-2-2) FOR thermal cycle profile
for anplificatioon of 165 r RNA gene The " POP
thermal cycle profile for anplification of 16S rRNA
[0l4ggne” nentioned in Exanple 3, 3-2) (Table 3) was
applied. [0142] 3-2-3) PCR thermal cycle profile for
3=23npliGR dEtg ot bf Xt dimpyot 19 ef Bact®r i it o35 pRNAL gram-
posi98RR hacterill ZFCRMberddl.cycle profile for
anplification of grampositive bacterium 235 r RNA
gefA&t eifiH drredman Eyaniy @13 fBLY)fqTabiel 5)igmsion of

ljed.  3-2-4) PCR h of .t he DNA sol ut |
e RS T Ay s 21T RG0S TR iR J Ednple

3, 3buhf erparang sho Wals afpgiedli | ut ed sol ution was used as
a tenplate DNA in 3-1-1) or 3-2-1) mentioned above.

3-2-fhatfGFs, 150 ng of the tenplate DNA was contained in

504pl.+.0f PCR »m Xt . { Vi Ig: R\ -

ol ESPRTR ftb&?‘fee?%\%ag)&&gétgoﬁf%ﬁ%gk 5 2 3‘|t‘5‘nsg]c?lo1 uted
to 15hegPOR thermdIE dydifepr ofnd el G halwpf i @i p)ted

-2-3) nmentioped abqve, P per f.or b [ a
soLuF 350 HeTo R dpdr APy ol " Brhal) ier 2]
mentAURREY adde. [ 0h44] 13; 358000098 Gele elaghzephonesis s

of PCR anplification product, El ectrophoresi s
contgpagegerdfontedli R Hé s iR MinteiTas PRaf SEIBEANS e

1- " El I I,s Pfs P nplification
cont%?%duézo" .ul?_tlzg)r%t tqﬁg%glgt%zécti on o t(ﬂe hl yA gene
[O14&dgmplification product, 3% agarose gel was used.

[Q&ég réinge%% %E%“%Eﬁ thermal cycle proefile shown in 3-
2-2} or 3-2-3) mentioned above, PCR was performed by using a
real-time PCR apparatus i Cycler (Biérad, model number: iQ}.
[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 results

The results for the case of targeting the hlyA gene
are shown in Fig. 16, and the results for the case of
targeting the 163 rRNA gene and the 235 rRNA géne are shown
in Figs. 17 and 18, respectively.
[0146]

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

when the hlyA and 165 rRNA genes were targeted, DNA
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The results for the case of targeting the hlyA gene

are shown in Fig. 16, and the results for the case of

targeting the 16S rRNA gene and the 23S rRNA gene are

shown in Figs. 17 and 18, respectively. [0146]

As seen fromthe results shown in Figs. 16 and 17,

when the hl yA and 16S r RNA genes were targeted, DNA

anplification of the injured cells were only slightly
amp 130l dd f #sh kyf tihee EM?g]hfecat ﬁéﬁ]ls Woweven]ywsedgatly

top0|sonerase]ﬁ@%son or yrase 0|son t r eat ment

t

inhifd el &Vttcﬁfe W?Eﬁtlt‘ﬁ’ét EM&I?"F%‘é FentNeP 2 DNA

' t ugedacel heiwes tuekhee d
toPéﬁﬁﬁ%ﬁ%éﬁ% é%?%éﬂt?%ubg% ajgyau&%gletopo&de nt was use
togatiteox arnttrtorghorEighsiace s heetbget her DRt hmBMALwhen iohe of

hl yA gepe tar and. b sLn toth
the e’tréﬁ%)‘% ec,eV%rssl $ %‘ﬁret%?rarrslé%#l Jrctegt ogﬂgh%ar&?lﬁlﬁﬁ by
usinth et ddies ik6H rnﬁ%}g@ﬁ@rd\ﬁéeof%ﬁ@&@ﬂlnéhEO@Me\her with EMA

anmplification of the |nJured cell s was mark
whernj i g gene wappfebyeted asagéeﬁyfPéﬁ?ﬂhéaWé§8FP§01nr

[ whep
o A e A T T ne | 1VE SaTTS U el ar) ary SR when
the mﬂS«ﬂHNA|gﬂndMWmekﬁ@x@¢hngthan§Nan@mpénflcat1on of
poi SO € poi son or ison. [0147]

tjma%ﬂéﬁﬁﬁi?g ﬁ(ﬂ??ﬁm?t%%gﬁmt?éhig%ﬁgghjuréd cells or

degere@vles ,i S s0wedd ¥rpei fatdrece wilds f ogsshngnarig. 18,
specific pathogenlc bacterium there is a tendency
whery Wé’te |2t391 FRBY ggrefEabterIdtear g%@RafgﬁoFF@r l@@ﬁecells

was S%QH %ée h%t&@@@ PP £5:0 dﬁtfaAt 9n8NHARERer

Speci |C|ty or t e pat hogeni c gene. I's consi dered
topdtifsaimadfagehedisgraggetor dffidnoysase thotb‘@ﬁas descri bed
[0143 ove, the target region is not cleaved and

lified, even when EMA penetrates the cell walls of

i Njyiead dgeklisica gause lclwavagel of £ INASi n-pnte@sc@lls or

result, PCR is not suppressed conpletely. On the
deadorerl Shamd dudnL Y P SRt i s%fe;wSngAa geHeCHfic

pathl%%nkﬂ& \t@a%tte%q&t ed,n e usd ng EMand, at1t19@0i§05.r§rﬁ§§e
on or DNA dyrase poison in conbination, PCR

pref@nah&asuqnuwmnﬁcaIshqﬂt%KJgEMQfm¢@4omeaélShast aS 100
bst anti al | et.el h t
to 2‘?5[(5 2} 2g1ni %R}%gcg&? e%erﬁﬁa% e%gsogl,\gélflctlty\he%glgsté}gﬁ%fzﬁogenlc

genethatttmbscbﬁsbaéQQSEth%Qr1&X&m&1&@ﬂdﬁttﬁﬂgmﬁﬂnﬁia&e

poi son random y crosslinked DNAs at positions
shoryi PretERCTRGH FESTHG o L rigdsy¢ hieRP by EMA Rt cleaved

and ia&p'ﬂi'f& e Lol 9atd P Evpthd e L saviagecant wa1ls of

refigation by sti active intracellular DNA gyrase,
injubact ecildls mapmmanERabﬂsvagel¢f s | \aofl ¢mj aredsult,

cells, and there rOVI a stat that
pcr §RLEbs PR Rerh R S e R e iR e AL € pren
if aWw te&ttrlé&te%ﬁs@to&a;vaﬁlﬁ aencapseth DybEMe al eaegeted, by
resulting in cleavages even in the short target gene,

usingf E}B0 apg zoctqp@lsomeraserrmwm RTid PNApBEsEBE ePPBsONn
in cgﬁ{oﬁtt'a*ﬁ'o% d'p%ga étéflelgetlt cltacéffg'éfca 19
erium S

ogeni c rontlnjur | s or dead
cfu /tnhle leokli was fsmtthdss:taﬁtj‘laolrlwamtmﬂsetodalml tahikspeed newsereas

cont ai_.ni ng hackground in cells of the specific
PCR EQFhé@§ﬁ|€eB&§tgﬁ%ﬂﬂ9ﬁ iﬁh%%ﬂt% ncentration.

Hoyevek, ~bRs9udekdt @ suPpiess RCRaMIdd, cald kample,

product for dead celis, it is preferable to add ATP

the anpowg@mear@sweplomra na;pmmwwbmw yRaset
h th t
poss{ SPRNTEL RO RN, OS0GRS P

injured cells. For exanple in expectoration
- of a tuberculosis patient admnistered with an
anti -tubercul osi s agent, fchis a test speci nen at

a mddle or |ater stage of treatnent, Mycobacterium
tubercuI03|s |nJured ceIIs eX|st at a concentratlon



To cow s m |k, an EDTA solution was added at a final
concentration of 1 to 5 mM especially 2 M and
Tween 80 was added at a final concentration of 0.1 to
0.5% especially 0.1% and the m xture was subjected
to refrigerated centrifugation at 4C and 10, 000x g
for 10 mnutes. It is preferable to add |ipase
(Sigma, E.C. 3.1.1.3) at a final concentration of 10
inh {19 20 H¥ nte ] Bdd ©i6h hembeacthencata38gt0a3dCretig3@ion by
.Mmnutes to 1 hour, then add proteinase K (Sigm, E.C
stibl poiiv)ingrace) hal2Eolient¥a8Fen BRCHBTAAM and
topd L% 1116 M XL Uf £1 105430y M, pUL £5,1041-894E, IRE thereby
surface 1ipid l'ayer and the m ddl e aqueous | ayer of
protived m o dtate idizt reibyederandl eheegdr evepyvhees were more

collected. The precipitat C ainh bacteria, sonati
mar iR | SRS, ey bR Fhel PhbyFLe ar BbotRecaased by
EMA lgugacytiessuianthyhen theavhgésreveés centrefygedtatarget

10,000 x g or higher g, they further contain mcellar
genegyradt i deyrddtfat?®dn products (nicellar casein

in degr.adat i e ) oduc bv: . - .

in?gl%eg:ogede%rtgg%% i%%y%gii%ﬁée K.gg%ealn?%le? %}Sh
livecasdils iaftenpretel Ueyreedhogen pe dductsrane foosi defjeded

..to consist of. highly hydrophobic subm.cell és of

celly’ GOSHA o)t heredt S of of CUTEar L EaPF ot o fie
clirSiE Wldicas tdhhididy VakiBowRe aglsiedetiocthes of

precipitates to form a suspension, the suspension was

the spsaddtied Radhagan gerka Sae et rat iyt 1oh aenaerhrgtion.
q f - o
HowelD X 16 [k MAULGS, -And b P {ﬁfégmozg%%ﬁwgfor

m croor gani snms an ect ed.
dead Refldrende Bxanptef Qjalrepar aaddmDf aedtMgaAnplewkldmas
bl qod (1 e same volunme of .physi ol ogi,cal..
2 PR RS e T UG i SUB oot LR st U bnee. the
topoiSnulsectad i cpptddd ugalive abad€iantded0iA08eXddcells,
for 5 mnutes, the supernatant was renoved, and the
unlidesdingirgces§oefe coll ected. The precipitates
cophai Bedrbact enia.e LIIQMROGHLES o fTRNANKEL &A1 £eld S
such as nonocytes and | ynphocytes, granul ocytes and
patienyt dodyties e rje@il 52t Ref errehicet beanpleoBls agent, which
. Prep%ration of test sarrcpdle forlp aIorod 32%1 f reaémeent
1s agteety PG 6T Eh § cﬁdogl Sal%%atd e i Ha ey T !
My copepatdiii#e & upleaQd: 1 ddves Mindked wast 1saibgecdedat Oa
refrigerated centrifuagtion at 4C and 100 x g for 5
concgnfgadd opp ofegdfate tHe whwfmk edinit e pragnanbid

tubeheImeKRte agﬁgpenk%ehn@ﬁogﬁ%egr a8kl s ﬁ%g @31s alone

nonocyt es ynphocytes, granul ocytes an
can beythkitecyedspy dme titee-ipidagma Woentraigdarg: invention.
[Olé%cr oorgani sns was collected. [0153] [Reference
anpl e 4] Preparation of test sanple from bl ood

[Reference Example 1] Preparation of test samples from
foodsturf

A méthod 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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(3) The sane vol une of physiol ogical saline
was added to heparinized blood. In a sterilized test
tube, Ficoll-Paque [Anmersham Bi oscience, 5.7 g/100 m
of Ficoll 400,9 g/100 m of sodiumdiatrizoate,
specific gravity: 1.077 g/m] of the sane vol une as
that of the heparinized blood diluted tw ce was
filled first, and the aforenmenti oned heparini zed
condd@ad tdidnuteed 1t Wicc e Was, s g dyi Ovef | At het@oneaéh hgo
| eani ng the test tube asl ant . Then the | ayers were
was syglsiest tidd & élﬁ@flrucgéwaiwmm%g%ﬂ orP at - 4G and
espetdBrX 8 oAl O MRS oy eﬂasyrg%paaé@!ed cogtal ning
M Croor gani s Was col't ecte rabl e to,
refrb@femaee@lvexelnawufgsgd‘temepmr |41|Cz$d1CbIl:£b,oD®0 lwutedtom T@
on Fi col

ad 3
minudmen | oh &t HEREREADLBnEenare: IIRSOE 1610550 it
3.1. t1h%f) %Qdalth@15QoU[d@mﬁfat@cd€Q%ﬁ/r1d3inCj(Eaﬁﬁnl, allow

Sigm, E C 1.21.1) solution, allow the reaction
the geag¥ire 31C3100rt08(§37 rﬁ Aites & éﬂlIlUff(ﬁﬁr ta rﬂerhcaam then
I (S
add 5%%§np%§§|§n{o g% dgnﬁzgand %ﬁ(nmt

conckaactitapnab £3Q 0t @/&ZLCafrmr J&Gmm m}teeSnntxtdrdwoitrz: 30
0154] [Reference Exa Preparati on of

minuaaoth fr BAVE: ocilEAREEaCS 15pY A LakRel pogy s piddle

aquebﬂeemlye@oeel YIM FARRRSRAMBIOSERAER:, Mg Wi of

Ficoll "and Metrizoate, specific graV|ty 1.115 g/m]

Precmstadéédwﬁéﬁoﬂ@ﬁéﬁ?@?tl@ni 1/ ZheoruRreipf.tREBEr CANZEEN

bact? di <BNd, hepaLh il Z% Al aqd pas, Sio ) e r'@
theréon W th | eani e test tube. ayers

and hewenesmbpeebgdebo E@ﬁin@ﬁﬂﬁﬁ@@ @mmnuﬁawﬁﬁlqnnunlﬁuged
t he supernat ant,

at 1@2%9% Hggﬁagtlg?‘eg %gée P drddes Fijrpmiceliar

prot8RRl hegbhhhtYohOb%8Huct s m&eqqradﬂ RG ded i g1 gsiente
invention, live cells (V'able and- Cul turabl e state)

degraflagipncPEerYaREs MPreSRCACh&Y it dourdsttsr egadation by
al, s . sel j d
T R o U e S A
prodaoekksatenpunsddered abl edmsti-sho e fCilitgliab lhey dstoattedic iy
b a %iick thod alternative to the culture nethod

submifece&di Ry *he CAREFalteristics of the cul ture nmethod

[0158% they are. 1. A nethod for detecting live
cell's by distinguishing the live cells from dead
cePhgsbpbiroicih) ardéineePEsthe aaRPcOdPGanPSMERR gnitial

S a [ cqg [

vorubfchafBuga, P ENCCRPREIBITALES L0l RIS, ShRRinaith,

the boppessirenasaspsibircard/ ao aeENAg@yeaed peinton,fudation
the ste f extracting DNA fromthe test sanple, .and

at A3uRRAyTRG % afgat or BGTEReSr CRE GREr SEFETBRATY

contgﬁlngmlceéokasn%ﬁe ahdarakyziing aRsarRnfdgald.on
product . . The method according to claiml,

[015Wherein the anpllflcatlon product is anal yzed by

IRetFE00 2R FLARIET S CHELE SR EACNL B Ll Al 0ol Bed o1 oo

anoun roorganism-an [i'fication
(1) product, which prepared by u3|ng standard sanples of
- the mcroorganism . 3. . The nethod accordin

c| B9 S HE? BiIRe PER PRYPEPTBAREA YL ARE- PR eed to
hepaéfﬁlg’&*ﬁ B, na{:Mé'ﬁlgfcuEEew%@plshE'j%@tt @N ¢Br oduct are

s mul t aneousl'y per or ned
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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4. The method according to any one of clains 1 to 3,
wherein the test sanple consists of any one of mlKk,
a dairy product, a foodstuff produced frommlk or a
dairy product as a raw material, a blood sanple, a
urine sanple, a spinal fluid sanple, a synovial fluid
sanple and a pleural fluid sanple. S. The
nmet hod according to any one of clains 1 to 4, wherein
The ! PBe L £E 0QEEANLEMLES nddDBGIRIUM, throm}:ﬁ)cym met hod
according to claim5, wherein the ta region is
mongpec 88y RAL§efECh as monocyfrestRg mogdfé@rsm ng
6 P performed by using a
gra%?%ﬁégtgét58§h§%§%%59%§F§%0f SEQ ID NOS: 1 and 2, or
[o182prinmer set of the prinmers of SEQ ID NOS: 3 and 4. _
. The nethod_according to, an e of clai 0 4
[Re {REFBTH THETHLET dor SARPERPEa ok Skt figdn ot drtfimpLood
(2) 9. The nmethod according to claim8, wherein the
target region is a pathogenic gene. 10. The
metHodl aecord hgne oo€l ahyedolakeérailn SRERNES waéer fEARED to
r EQ |
hep&%ﬁ%&@g ﬁlgtr)!:l &h% ﬁulgftu%ﬁoggacggl?) Ie%cetéoggn?eg%ésigegrated
cenctaingadidon 49, 4ﬁheaednlﬂhextgpdm&omemaﬁatpal$@nSE@arate '
se| ect ed fron1ag%acr|ne npt ot heci n, doxorub

the JRHFpHTEI HELO b bRBERAE T EBREAT FoREMPERRRI Gpi FoTouc L eax

cel19POt &5 s ARG EPyLLs, %a lymphocytdd, ThenmiRedes and
according to any one of clains 1 to {0, wherei n the

ery DN gyresk, pardohhispdapBat @@nﬁﬁ@nﬂ@gpmﬂr@f@a?@ﬁﬁlsms was
cin, enoxacin, pefloxacin, fleroxacin,

COl#ééégoXacin, nalidixic acid, oxolinic acid and .

[0138yom dic acid. -13. The nethod according to

(Re (i HF PO L HB) DRACB7F AL OB Cofere. seRPORumEon Plood

(3) honoazi de, and the method conprises the step of
subj ecting the test sanple to which ethidium
ooz | NG svaddedl ¢b PRYAHP PP 6R26f SeLsnBl Wapi gAfed to

hepafrﬂ'lr%ir%d 1&9&‘ a%{)réjdﬁ% Olfi%ﬁ rr&é'gt Wﬁ%el (ngl dPaque

smm e’ is treate di Um mnoazi de
[ AmehOqioins Aires s Eepoe S0f . ang/mﬁODNA gﬁrﬁseopdléﬁﬁ oBthlOO ml

th t jdi
of Sl StER IO L e i rie aravibvial - Tiar S/Rlingt the

samef QHM@%&%t Sopether negabehoreat heostiepiahted) twice
the step of treating the test sanple with a

was tigplolesbribtasle amad okha @mr@iyﬁa%cned hepaggnipeg plood
s S5 00 LGP LR Pl P hROUbRT) Rent JEhLS e

: testmtar}:o:roragﬂmsufn [ rTlmrt,esJihesamyeersbyweB@ suitii edted to
conprises the follow ng el enep poi soner ase

refri GGt oth A5 BRI ﬁg%s@tng éoﬁndaﬁhﬁ rﬁhgg ofinutes,

and &P 'Jt?éﬁ%@té@(f g@énfz@%?ﬂg o&l@%\o@gaﬁl%gr Q850881 $8kted.
to be tected by PCR The kit according to

It ie gimafie;alwe cho f Upe here c@ﬁ@rlgﬁsng tbpohspatingeed blood
dlluacndc{ Q(:W1ceDNAthy &H Paque, add a lipase ({Sigma, E.C.

3.1.1.3) solution at a final concentration of 10 toc 20 U/ml,
then add 10 to 50 U/ml of a decxyribonuclease I (Sigma, E.C.
3.1.21.1) solution, allow 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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18. The kit according to claim 16 or 17, wherein the
t opoi somer asepoi soni ssel ect edf romansacri ne,

canpt ot heci n, doxor ubi ci n, el | i pti ci ne, et oposi de,

m t oxantrone, saintopin, topotecan and CP-115, 953.
19. The kit according to claim 16 or 17, wherein the
DNA gyrase poison is selected from ciprofl oxacin,

of | oxaci n, enoxaci n, pefloxacin, fleroxacin,

all&Qréﬂl@X@&éetlaﬁl L éoct@ced cO¥@ki BoCr@gifeands 1 hour.
piromdic acid . The kit according to any

[ClDhk of clains 16 to 19 mhlch conprlses et hi di um
[Re%mgence ang%tﬁio ?%égggﬁﬁ ﬁlgglég gléieD¥@Om blood

gyrase p 3 Um noRoazi
(4y21. The kit according to any one of clainms 16 to 20,
wherein the primers consist of a prinmep set of the

prifferds HFeBED 7857 Neg?  1h @i ZMO%‘?P%l}{)rl repegsfapy
Bio{?%éﬁgénqngQur§EgklEﬁé@@ﬁ §n§nﬁeérlzoate sggc1f93

according to any one of clains to 20, wherein
gratihey prlnkts gbmbﬂswaafaadpdlhefosehanﬂ uhelﬁﬁlneismefof

ENCE . L <110 na
he D THUUSL 7 Oof PR T T30S heb RO T B el @R LY ot g La1d
thedB&H opr@ani samang Khé testDetbeli orhai, Mics oorgatd siare
<130> OP-05307- PCT <160> 8 <170> Patentin yer3|on 3.1

'sub}ggmﬁgifxzzqqgrggegéqgg eRAtrifugation at 4 and 100 x g

for 5 minutes, and the supernatant containing bacteria was

collected.

Industrial Applicability
{0155]

Aécording to the present invention, live cells
{(Viable—-and-Culturable state) of a micreoorganism 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 to the culture method succeeding

the characteristics of the culture method as they are.
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<213> Artificial <220> <223> priner 235-F <400> 1
cagt cagagg cgat gaagga cgtgc25 <210> 2 <211> 25 <212>
DNA <213> Artificial <220> <223> prinmer 235-R <400> 2

ccggttagcet caacccatcg ctgecg 25 <210> 3 <211> 21
<ZHXIMINA :

‘1. A method for detecting live cells by distinguishing.
-the live cells from dead cells and/or inijured cells of a
microorganism in a tést 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) thé step of extracting DNZ frocm the test sample, and
amplifying a target region-of the extracted DNA by PCR, and

c) the step of analyzing an amplification product.

2. The method according to claim 1, wherein the
amplification product is analyzed by using a standard curve
representing relationship of amount of the microorganism and
the amplification product, which prepared by using standard

samplies of the microorganism.

3. The method according to claim 2, wherein PCR is
performed by real-time PCR, and PCR and analyéis of the

amplification product are simultaneocusly performed.

4. Thg‘method according to any one of claims 1 to 3,
wherein the teét 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, a2 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.

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

region is the 235 rRNA gene.
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<213> Artificial <220> <223> prinmer 235-nF <400> 3
accaggattt tggcttagaa g21 <210> 4 <211> 20 <212> DNA
<213> Artificial <220> <223> priner 235- VMR <400> 4
cacttacccc gacaaggaat 20 <210> 5 <211> 16 <212> DNA
<213> Artificial <220>

7. The method according to claim 6, wherein PCR is
performed by using a primer set of the primers of SEQ ID
NGS: 1 and 2, or a primer set of the primers of SEQ ID NCS:
3 and 4.

8. The method accoxding to any one of claims 1 to 4,

wherein the microocrganism is a pathogenic bacterium.

9. The method according te claim 8, wherein the target

region is a pathogenic gene.

10. The method according to claim 9, wherein PCR is
performed by using a primer set of the primers of SEC ID

NOS: 7 and 8.

11. The method according to any one of claims 1 tec 10,
wherein the topoisomerase poison is selected from amsacrine,
‘camptothecin, doxorubicin, ellipticine, etopeside,

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

12. The method according toc any one of claims 1 to 10,
wherein the DNA gyrase poison is 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
polison is ethidium monoazide, and the method comprises the
step of subjecting the test sample to which ethidium

monoazide 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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<223> primer 165-F <400> 5 agtttgatcc tggctc <210>°6
<211> 16 <212> DNA <213> Artificial <220> <223>
prinmer 16S-R <400> 6 ggctaccttg ttacgalé <210> 7

topoi}zq%%als% ;ﬁ%%gﬁ%é %§'> Iﬁ&l&l fglyq:laasle <p2c‘>2:93>on<2%§ﬁer than

ethidium monoazide.
15, The method according to any one of claims 1 to 14,
wherein the following step is performed before the sStep a):

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

i6. A kit for detecting live cells by distinguishing
the live cells from dead cells and/or injured cells of a
microorganism in a test sample by PCR, which comprises the
following elements:
a topcisomerase poison and/or a DNA gyrase poison, and’
primers for amplifying a target region of DNA of a

microorganism to be detected by PCR.

17. The kit according to claim 16, which further

comprises a topocisomerase and/or a DNA gyrase.

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

mitoxantrone, saintopin, topotecan and CP-115, 233.

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

poison and/or DNA gyrase poison other than ethidium

monoazide.



t gcaagt cct aagacgccal9 <210> 8 <211> 24 <212> DNA
<213> Artificial <220> <223> priner hlyA-R <400> 8
cactgcat ctccgt ggt at act aa24

21. The kit according toc any one of claims 16 to 20,
wherein the primeré 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.

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

wherein the primers consist of a primer set of the primers
of SEQ ID NOS: 7 znd B.
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<110>
<120>

<130>
<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

- SEQUENCE LISTING

Morinaga Milk Industry Co., Ltd.

method for Detection of Microorganism and Kit for Detection of
Microorganism

OP-C5307-PCT

8

PatentIn version 3.1
1

25

DNA

artificial

primer 23S-F

1

cagtcagagg cgatgaagga cgtgc

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

<220>
<223>
<400>

2

25

DNA
Artificial

primer 235-R
2

ccggttaget caacccatcg ctgceg

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

<220>
<223>

<400§

3

21

DNA
Artificial

primer 235-MF
3

accaggattt tggcttagaz g

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

<220>
<223>

<4 00>

4
20

DNA
artificial

“primer 235-MR

4

cacttacccc gacaaggaat

<210>
<211>
<212>
<Z213>

<220>
<223>

<400>

5

16

DNA
artificial

primer 165-F
5

agtttgatcc tggctc

<210>

6
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25
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20

16



.

<211>

16
<212> DNA
<213> Artificial
<220> :
<223> primer 165-R
<400> 6 :
ggctaccttg ttacga
210> 7 '
<211> 19
<212> DNA ,
<213> Artificial
<220>
<223> primer hlyA-F
<400> 7
tgcaagtcct aagacgcca
<210> 8
<211> 24
<212> DNA
<213> Artificial
<220>
<223> primer hlyA-R

<400>

8

.cactgcatctccgtggtatactaa

Page 2

16

19

24



