DESCRIPTION METHOD AND KIT FOR DETECTION OF
MICROORGANISM Technical Field [0001] The present invention relates
to a method and kit for detecting a microorganism contained in a
foodstuff, a biological sample and an environmental sample such as
industrial water and tap water. More precisely, the present invention
relates to amethod and kit for detection of a microorganism that enable
selective detection of live cellSEtCE ii€iédtganism contained in a
foodstuff , a biological sample and an environmental sample such as
industrial water and tap.water, B . . The ulture
method Iﬁ%g%geﬁer{g (ggnvgr%iéﬁenéﬁlygl%e%r %Egrﬁégu%%r?%@%ge
bacterial counts in foodstuffs, biological samples or environmental
TectSAMPRIESE However, the plate culture method requires time of about two
days to obtain a result. [0003] Because of the improvements of
[00Gtérilization techniques and processing techniques for foodstuffs, needs
for distingrestding livev stdtesrofrmicroerganismsdiom deadiskdtesfolr detecting

a mi@HQQWEHP%%@Q%_e@ E%?%%B'&ét%@fﬁ'%e%%% ?85!@ g_%%mle and an
cases Where the cells exist in an extremely small amount. In the fields of

NV i BaNGHiatioRAATRpR A i citita o5t i pattfad BE dgRickater- More
prednetiiog fonedetecting: hacterial thisrattemptedde detétminefreserfce drtection
ot cBlsenss, olhaciaria pr quaniiy bacleriay gmalng genes PedilE 00115 of
the bacterfa by PCR to such an amount that the genes can be visually
a migEasean HEwWevRE it a%sadterial INASE tafeted, the begkgrousdBrp-e and an
envideathbaeterias ariginally.containethinntbe testisampleris atsd deteated sand
therefore a positive result obtained by PCR does not necessarily suggest
the presence of live bacteria. Therefore, the current situation in the fields
Baclksrresadahtation and clinical test is that PCR is not used 1 widely,
roo@ithough it is a highly sensitive and quick technique. [0004]

The plate culture method has been conventionally used for
measurement of total live bacterial counts in foodstuffs, biclogical
samples or environmental samples. However, the plate culture method
reguires time of about twe days to obtain a result.

[0003]

Because of the improvements of sterilization techniques and
processing techniques for foodstuffs, needs for distinguishing live
states of microorganisms from dead states of micrcorganisms existing
in test samples are increasing even for the cases where the cells exist
in an extremely small amount. In the fielids of food sanitation
inspecticn and clinical test, in particular, as a guick method for
detecting bacteria, it is attempted to determine presence or absence
of bacteria or guantify bacteria by amplifying genes specific to the
bacteriabyPCRtosuchanamountthatthegenescanbevisuallyobsérved.
However, if a bacterial DNA is targeted, the background of dead bacteria
originally contained in the test sample is also detected, and therefore
g positive result cbtained by PCR does not necessarily suggest the
presence of live bacteria. Therefore, the current situation in the

fields of food sanitation and clinical test is that PCR is not used



In these days, it is attempted to detect and quantify only live cells of
microorganism in a test sample by preparing cDNA with reverse
transcriptase for mMRNA as a target and performing PCR with primers
specific to various bacteria. However, in this method, the reverse
transcription of MRNA of dead cells itself is not inhibited, and when 109
cfu/ml or 109 cfu/g or more of dead cells are contained in the test sample,

widebackgroundeitheidead cellsissdetgctet shiheretorethisraetiod cannotbe .
[00C id to be sufficient as a method for determining the live and dead states.

[0005] Specifically, as a method for distinguishing live state from dead .
stafes 6haReroGtyanisHisisucH ASTctslia Usied 87 PFCR mietindd fihenly live
cel1methodsdescribed:ipPatent desunent-l ansh2have-heen disgiasedih reverse

traanweV%Ef tgegggp\{’vﬂg}?}\prgglem glemacinér:}lg]esgr@gmn%dns foﬁc with primers
éisﬁﬁguisﬁmg e dnd dedd states 8FmicroorgDan|sms Such ds gactena b

specddihg the PERIMetheth J0BO6RAS fdpiise technigquéd disclosed:rtPatéry reverse
trand@cUpentl, examplascargsmentiened for distinctignefidead oellgcd, and when

. contained in beiled foodstuffs subjected to high temperature long time
10° Rl 50 160 BoPoT60 Tniites, GAg TR GisAu Eohndde test
sampihefpodstffs osuljedted ealethanel Stetiizationordormaltenydere, thismethod
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not foodstuffs actually subjected to such pasteurization treatments.
and GRFEovEr? fifete are not supposed detection of only live microorganisms

[ 00C8UDbjected to the currently major sterilization method in the food industry,

lowdemperature 1ong ime pgsteiization (GTLT; pastessizaton), ol ate rrom

temperature short time pasteurization (HTST pasteurization), or ultra high
deadeihpétuRs pASER ZaoR (TR SHaSétRiZfiohT Eid detbitohbE offyife thod
the spetifidpathegenicdeadteriza e clinital specimensrof iBfectictid diseasesclosed.

HoweRANlENts admiistered with anthiglics- Moreover, infhe case ot atest
sample of a foodstuff or clinical specimen containing dead cell

disthackyrtindatid EBrReRrafch L 6F B2 efufiGingaen tReamsthidbPacteria
usinthedinal RER~amplification

[CO0e]

As for the technigue disclosed in Patent document 1, examples
are mentioned for distinction of dead cells contained in boiled
foodstuffs subjected to high temperature long time sterilization at
100°C for 10 to 30 minutes, and microcrganisms contained in foodstuffs
subjected to ethanol sterilization or formaldehyde sterilization.
However, especially the treatment of the latter type, there are not
foodstuffs actually subjected to such pasteurization treatments.
Moreover, there are not supposed detection of only live microorganisms
subjected to the currently major sterilization method in the food
industry, low temperature long time pasteurization (LTLT
pasteurization), high temperature short tTime pasteurization (HTST
pasteurization), or ultra high temperature pasteurization (UHT
pasteurization), anddetectionofoniylivespecificpathogenichacteria
in clinical specimens of infectious disease patients administered with
antibiotics. Moreover, in the case of az test sample ©of a foodstuff

or clinical specimen containing dead cell background at a concentzration



products derived from dead cells exceed the detection limit of the
technique of Patent document 1, and therefore it is impossible to
determine whether a positive response of a test sample obtained by PCR
is derived from live cells or dead cells. [0007] Further, as the technique of
Patent document 2, disclosed is a method of distinguishing live cells from
dead cells by utilizing relative decrease in RNA/DNA molar ratio of dead

of 1eells comparsd withbat of live sellsnihthissmethod sthetotal RNAJIS: i cation

dextractgd, .corrépl ment%g NA !L&pre ared yl{iin%ﬁ reverse . . £ tn
ProdpanSeription reaction: then PCR i petformed to calcliafe the et vaflet °F =he
techthiyeef, ahdftheamolatiocomeseritrdtioreotiRNAcsadstamettby asingrassible to

deteSERNAIGIRICPArED, calibration curve, Separately. a regigt @f optained by PCR
chromosomal DNA corresponding to that RNA is amplified by PCR to

15 d5giiethe EY¥alue’ h Safid thi& AtbiaFdorcentration of the

[0CGCeRromosomal DNA is calculated on the basis of the calibration curve to

obtain the.RNA/DNA malarfatio;, Ihakisy the.aboye pracedure reguires fQey ;s

perform troublesome extraction “of total RNA and uses two steps of o
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RNA derived from dead cells is decomposed at an early stage. Therefore,
compRn@RhATGUENACKS PEaBifE Frirthérmee HRE 66 8staft of Shinkal on reaction,
thensperimen-eamainiag deackellslatia highk concentiatiamonly fiyeseells Bt molar

/ ft co, ration tected by this technigue. Therefore, it
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on tie frsindenficn Probléis 1t & Ressivedby e invehadh' s/ [dbs Lax ratio.

That is, the above procedure requires to perform troublesome extraction
of total RNA and uses two steps of reverse transcription reaction and
PCR. Therefore, this technique is inferior to usual PCR targeting DNA
in gquantification performance and guickness. Further, RNA is
continucusly producedin live cells, whereas RNA derived fromdeadcells
is decomposed at an early stage. Therefore, the technigue lacks
stability. Furthermore, ina foodstuff orclinical specimen containing
dead cells at a high concentration, only live cells of 1/10 of that
concentration ¢an be detected by this technique. Therefore, it is
difficult to apply this technigue in the fields of food sanitation
inspectionandclinical test, whichrequire quickness, highsensitivity
and accuracy.

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

Patent document 2: Internaticnal Patent Publication WO20C2/052034

Disclosure of the Invention

Problems to be Resolved by the Invention



An object of the present invention is to provide a method for selectively
detecting live cells (viable-and-culturable cells) of a microorganism
contained in a foodstuff or biological sample in contrast to dead cells or
injured cells (injured cells or viable-but-non-culturable cells (VNC cells)) of
microorganism, that is, a quick detection method alternative to the culture
method, but succeeding the characteristics of the culture method as they
[000are, and a kit for performing the method. Means of Solving the Problems

[0009] Ie.lovegiore of e dugaent ivention have 1ads RYPAENE nethod for

studies on a method of discriminating between life and death of
selepfidiookyafBhTs twhich isVappicaie 1§ VaRoGs SéhizatibRTRetfodEand’ ©f 2
micriscsdtablerferiopgisanitation fmspactions of-high tetection sensitivity, andtrast
. ,on a method of detecting, a specific, patho in a patient with an infection
- dﬁ]aﬁlogﬁgﬂh%r%ﬁnﬁc%i”ﬁ%(%ic%. elssa éegsﬂ&l]fnfgr%ég incv%Ln%rsoﬁave found out
viabiitatithé evaluatioh-ca bépéfdrhted YARIdREDY &' metholl B roorganism, that
is, distipgyishingdive cellswitnisroarganisiadion injpredceds fure method, but

microorganism. in a test sample, whjch.comprises: treating a test sample
e a8 T REF S SbIe OF GroSe g BNA by Miadiaton with Tgnt == =7
a kihaViny eepielengty of 8350memnedz00 nm; irradiating the sample with

light having a wavelength of 350 nm to 700 nm; removing the
cross-linker; addin% a me%ifgm suitable for culture for microorganism

Meang,ftaindd it tHe (eS8t sampre BAd incubating the test sample for a certain

[00CPeériod of time; treating the sample with the cross-linker again; irradiating

th?@%ﬂﬁ!@éﬂ%_ﬂf&@f@)ﬂ%‘ﬁz?e‘é@ﬂg|§|H§|%RQ%%}Q}B%9&J@@@R%@§@% studies
selective y amp ITyIng,a cnromosoma - e croqQrganism .
o1 & R RO BT TR AP R T S L o RS AE B tIo . AL BEEAR L Sms

whicbompleted. {08L0EThat is; thepsesentrinvertidn provides@lmethddicf suitable
for Hetecting ;a live Gell:ofamicroqrganism;ing:a tRstsample cAMPLisiNgithe, and on
a me tsgl%%So ch) fé:igtae)c%:did rllrc];gaas%g gg-tllzr.] <I3< e;{actahpoagéen 0:1].c r? raogzl-g Q leqrr}.]g \g l%yél‘? yin faction
inhospital or clinical practice. Asaresult, the inventors have found
out that the evaluation can be performed rapidly by a method of
distinguishing live cells of microorganism frem injured cells of
microorganismin a test sample, which comprises: treating a test sample
with a cross-linker capable of cross-linking DNA by irradiation with
light having a wavelength of 350 nm to 700 nm; irradiating the sample
with light having a wavelength of 350 nm to 700 nm; removing the
cross-linker; adding a medium suitable for culture for microorganism
contained in the test sample and incubating the test sample for a certain
period of time; treating the sample with the cross-linker again;
irradiating the sample with light having a wavelength of 350 nm to 700
nm; and selectively amplifying a chromosomal DNA of the micrcorganism
by nucleic acid amplification reaction. Thus, the present invention
has been ccmpleted.
F0010]

That is, the present invention provides a method of detecting
a live cell of a microorganism in a test sample comprising the steps
of:



irradiation with light having a wavelength of 350 nm to 700 nm to the test
sample; b) irradiating the test sample to which the cross-linker is added
with light having a wavelength of 350 nm to 700 nm; c) removing the
cross-linker contained in the test sample irradiated with light; d) adding a
medium to the test sample from which the cross-linker is removed and
incubating the test sample; e) adding again the cross-linker capable of

crogs-linking.a, DNA- bydtradiation with light aving a wavelengthiof 359 tna by

e S0 o U BEsbeleC et sabpl et U s 0L oo

vingawave eng‘ﬂﬂ o)
testnmetopdG0 nm; g) extracting a DNA from the test sample and amplifying a

target regign of the extracted DNA.RY & uigigicacid,anaplification pethed; s dgeq
and h) analyzing thé amplified product. [0011) In the method, it is

Withy bighabl&ty ARdlyze s sarmphitet plodid! BisedPor $stafhdard curve,
which isreteateci by tsingarstandaich sampieof theamicroorgamisntastl sample
L rra300) %g relationship between an amount of the microorganism and the
amplified product. Further, in the method, it is preferable to use a PCR,
a

LARKIP, 9 TRESH INCMRFOAREY AfEIRGE d< e MrcficcaGross—1inker
is remplification methad: {002][dn«a preferredrgmiodiment of the

afor m%ﬁ'éf%%daﬁ‘ae{%ogpg %‘35% gf’—eﬂ%@%‘?‘cbé’ r8gl-lime RCR, andiBER. ¢ 5 pua

~and analysis of the amplified product are simultaneously performed.
by ipooad] Fuiprervinihel Afdttod it test sEmifle 78 pFeferably 2 fody Fa 700 nm to
the Blpedisaraple: apturinergample, a spinal fluid sample, a synovial fluid

sample. 2 pienral lusion sample, AU, Wels- 120 YRR~ 1 inker is added
groundwater, river water or rainwater.
with light having a wavelength of 350 nm to 700 nm;

. g} extracting a DNA from the test sample and amplifying a target
region of the extracted DNA by a nucleic acid amplification method;
and

h) analyzing the amplified product.

[c011]

In the method, it is preferable to analyze the amplified product
based on a standard curve, which is created by using a standard sample
of the microorganism and shows a relationship between an amount of the
microorganism and the amplified preduct.

Further, in the method, it is preferabie to use a PCR, LAMP,
SDA, LCR, or DNA microarray method as the nucleic acid amplification
method.

[CC12]

in a preferred embodiment of the aforementioned method, PCR is
performedby real-time PCR, and PCRand analysis of the amplifiedproduct
are simultanecusly performed.

[0C13]

Further, in the method, the test sample is preferably a food,
a blood sample, an urine sample, a spinal fluid sample, a synovial fluid
sample, a pleural effusion sample, industrial water, tap water,

groundwater, river water or rainwater.



[0014] Further, in the method, it is preferable to select a cross-linker from
the group consisting of ethidium monoazide, ethidium diazide, psolaren,
4,5',8-trimethyl psolaren, and 8-methoxy psolaren. [0015] Further, in the
method, the target region preferably has a length of 50 to 5,000 bases.
[0016] Further, in the method, the microorganism is preferably a
pathogenic bacterium. In this aspect, it is preferred that the target region
rp01i81@ pathogenic gene. [0017] Further, the present invention provides a kit
for detecting a, IlveH(?;eII of a microorganism in %Egtgg@ghee@éa nucleic

acid “ampfification e}fheotol}%%mzpﬁslingp the-foflGwing component‘;"si:C%;lmssmliplker

froncross-limkevcapablet of-crogs4dinkiigabNA byoireakdtitn vathlightmavagzide,
pso12 wavelength of 350 paie, 100 pa: A Biediumy andnaqERe (BT a ren.

amplitying a target region of a DNA of a microorganism, which is a
(00 1gdtection target, by the nucleic acid amplification method. In the Kit, it is

preferablyea PCRL LAMP: ISR, LIGR; or RN Amicioar@ye irsthbd wsdisez length
of 5 ucggic5a}qj_g@rgglggq§_tion method. [O(_)1§3] In the k_it,_ itis prefera_lble to select

the cross-linker from the group consisting of ethidiummonoazide,
t00%&thidium diazide, psolaren, 4,5',8-trimethyl psolaren, and 8-methoxy

psatarerh fBriefiDescriptiore ahthe, Dranvings] JO04 8¢ fFIGs] An preferably a

lectr is.image illustrati intensiti ' ifi N

o T AP of LISt (16 2ol And mlred eele) woniaaty = **79°¢
regigiglessteprféamisitiandiftifistep treatment with a cross-linker (EMA).
roo1kbiye: live Listeria cell Injured: injured Listeria cell [FIG. 2] An

ele(ﬁ&%%?}%rﬁs istggag%élé%%@tm%qu}}eB%%i\?%des a kit for detecting a
live cell of a microorganism in a test sample by a nucleic acid
amplification method, comprising the following components:

a cross-linker capable of cross—linking a DNA by irradiation
with light having a wavelength of 350 nm te 700 nm; a medium; and

a primer(s) for amplifying a target region of a DNA of a
microorganism, which is a detection target, by the nucleic acid
amplification method.

Inthekit, it ispreferablyaPCR, LAMP, SDA, LCR, or DNAmicroarray
method as the nucleic acid amplification method.

{00181}

In the kit, it is preferable to select the cross-linker from
the group consistingof ethidiummoncazide, ethidiumdiazide, psolaren,
4,5',8-trimethyl psolaren, and 8-methoxy psolaren.

[Brief Description of the Drawings]
[0019]

[FIG. 1] An electrophoresis image illustrating band intensities
of final amplified products of hlyA-PCR of Listeria (live cells and
injuredcells) treatedbysingle-steptreatment andmulti-steptreatment
with a cross-linker (EMA).

Live: live Listeria cell
Injured: injured Listeria cell

[FIG. 2] An electrophoresis image illustrating band intensities



6 of final amplified products of ompA-PCR of Enterobacter sakazakii (live

cells and injured cells) treated by single-step treatment and multi-step

treatment with the cross-linker (EMA). Live: live Enterobacter sakazakii

cell Injured: injured Enterobacter sakazakii cell [FIG. 3] An

electrophoresis image illustrating band intensities of final amplified

products of MMS-PCR of Enterobacter sakazakii (live cells and injured
of ficells)ttgatediky singlesstep tréatment BIRI cfultiz stepoitroatmentaitlr ghe 1 (1ive
cellcr%sl -%g]}ajk%rr%%wg)‘tl .eﬁ y%ﬁ}%&%}? Q%?{‘ _"Léa—‘%ﬁ%%ﬂﬂ fgg tm%r*ggh@M%(Ei—step

nterobacter sakazakii cell [FIG. 4] An electrophoresis image illustrating

treabafAl intehsitids of fiRabamplifiéd prodiféts of invA-PCR of Salmonella

Livetliveicallsmand ippied sellsyreatedbyisinglerstep treatment andmulti-step
.__treatment. with.the cross:linker (EMA). Live; liv Imonella cell Injured:
Injuﬁ?uréd@éﬁgﬁe%jgﬁfﬁﬂ%c.gf nég?g%ﬁ%gﬁére%s%allmage illustrating band
interiSiffes 3 of Al enp e prctticts e terdtoxi-PCR of SaMtonefignsities

of fj(H\é? Qﬁ#ﬁl@@@é&i%@&%@% t&@mlbyfmgl@ﬁm&r@aﬁme@tra@ﬁka zﬁki j." (live
multi-step treatment with the crass-linker (EMA). Live: live Salmonella-cell
Lt R e

bodiments
treaf0020} Herendfter, praferrediemibadiniélts of the present invention are

LivedeserRed-n.detail. However thepresept invention is not limited to the
following preferred embodiments ar)agéna%/lﬁbe m%qigied within the scope of
i

InJugrdpredent iterition® TR ereenty &breSent description is
expIEsSedidsia pereentage oy rrss Unfess dtherwise spegifieddAitargasities

of £iQbe detected by thejmethad of the present inventionoinciudes allkinds of s and
~ . nucleic acids, specifically, single-stranded DNA, doub(lje-st and_eq: DN{__A, frment
] SR et RNAL BT - hA4d RNk o T £ - tep £ featmen

with the cross-linker (EMA).
Live: live Salmonella cell
Injured: injured Salmonella cell

[FIG. 5] An electrophoresis image illustrating'band.intensitiés
of final amplifiedproducts of enterotoxin-PCRof Salmonella (livecells
and injured cells) treated by single-step treatment and multi-step
treatment with the cross-linker (EMA}.
Live: live Salmonella cell

Injured: injured Salmonella cell

Description of the Preferred Embodiments
[C020]

Hereinafter, preferred embodiments of the present invention are
described in detail. However, the present invention is not limited
to the following preferred embodiments and may be modified within the
scope of the present invention. The percentage in the present
description is expressed as a percentage by mass unless otherwise
specified.

A target to be detected by the method of the present invention
includes all kinds of nucleic acids, specifically, single-stranded DNA,
double-stranded DNA, single-stranded RNA, and double-stranded RNA, as



7 long as the target can be amplified eventually. Of those, the detection
target is preferably DNA, particularly preferably double-stranded DNA.
[0021] <1> Method of the present invention A method of detecting a live
cell of microorganism in a test sample comprising the steps of: a) adding
a cross-linker capable of cross-linking a DNA by irradiation with light
having a wavelength of 350 nm to 700 nm to the test sample; b)

:mngE@@ﬁ@%&@eﬁemﬁ)ﬂ?@m@@m@mﬂ is(ﬂfj@ﬁgswmtlﬂ@ltﬂetection
aving a wave n Moyl oSss-linKer
SESLRE A o due e RS AT o R e e PR

[GOZthe test sample from WhICh the cross-linker is removed and incubating the

test sample; ) addingiagain the grossHlinkar capable of cross-linking a
DNA by irradiation with light havin ﬁiﬁa wavelength of 350 nm to 700 nm to

the inBiibated ¥kt Sk f %rradidting tﬁSJtéstos%r%l‘ért%%ﬁ%ﬁjtﬁ%‘ in a2 test

samptrossdimker 38 mgdede withdight dilving a wavelength of 350 nm to 700 nm;
9) extraching; D&'%@B%Lhﬁ‘i‘?ﬁé§a@9ﬁﬁ%8@% aHHO“B%%QJ%%%ﬁ%Q'%” 8fin by

the extracted y a nucleic acid amplification method; and )7
irragpaivaimg ﬂ%etﬁnjrﬁﬁ@a BroBeE Toﬁ?ﬁ?%ﬂﬁ%é’éﬂééﬁoﬁ%f%e OfegEhito the

testinvention, the term "test sample” refers to an object containing live cells of

m'%?‘?{QQQﬁE{%n%ﬁt‘i‘l%tet%g‘ﬂ Jhatestsample jsnol F&%‘QH'@[ %'KBQ% added

as long as the presence of the mlcroorganlsm can be detected by
Wlthaﬁﬁﬁiﬂéaﬁ‘@ﬁ of%a &pdeifie YegR ofthrombsamaDNAbYE nucleic acid
amphflc]a@@mm@h@d:&reﬁeﬁmﬁkexammesdhemfmmdudmmﬁﬂs bleed sample

irra @Q!E%? r@g samples, spinal fluid samples, synovial fluid samples,
pleural effusion s p[es industrial water, tap water, groundwater, river

waf@r 26 REIAWRRER R PArFORrClefSHEL ExaRBled 6 e Rsoggoss—Linker

is r@eiEel and incubating the test sample;

e) adding again the cross-linker capable of cross-linking a DNA
by irradiation with light having a wavelength of 350 nm te 700 nm to
the incubated test sample;

f) irradiating the test sample to which the cross~linker is added
with light having a wavelength of 350 nm to 700 nm;

g) extracting a DNA from the test sample and amplifying a target
region of the extracted DNA by a nucleic acid amplification method;
and

h) analyzing the amplified product.

[0022]

In the specification of the present invention, the term "test
sample” refers to an object containing live cells of microorganism to
be detected. The test sample is not particularly limited as long as
the presence of the micrcorganism can be detected by amplification of
a specific region of chromosomal DNA by a nucleic acid amplification
method. Preferredexamples thereof include foods, blood samples, urine
samples, spinal fluidsamples, synovial fluid samples, pleural effusion
samples, industrial water, tTap water, groundwater, river water, and
rainwater. In particular, preferred examples of the foods include:

drinks such as soft drinks, carbonated soft drinks, supplement drinks,



drinks such as soft drinks, carbonated soft drinks, supplement drinks, 8
fruit juice drinks, and lactobacillus drinks (including concentrates and
powders of these drinks); ice confectionery products such as ice creams,
ice sherbets, and shaved ice; dairy products such as processed milk, milk
drinks, fermented milk, and butter; enteral foods, fluid diets, milk for
infant, sports drinks; and functional foods such as foods for specified

fruifealth usgand dietary supplements. jim thepresent inventionthedestentrates

sample may be any of such products or biological samples themselves or .
and RoBE Briytof BB Sr oHicentt Sec SFOTTCts. TR BbI S Sy o protubE® 1
creaobtained by arpretreatarentsotites thandthelaiethaurofithetpresenit 2s processed
milk',nvﬁﬂ'gndgfﬁmle§é’fﬂé%E’é@rﬁﬁtﬂk‘?nt&iﬂﬁlL@@tf‘@f“i treatroent, fHratian, fiuia

and centrifugation. Further, foreign substances such as cells ather than

dietiicbbldarieis hrotein coRbidat paridlés, ard fiptidin thetedt Santiesuch as
foodmdy bepemoved dhreduded by endyie treatmentol ¢hedike. In Itheltageresent
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rom milk or dairy products, examples of the cells other than
SANPRfE JORGATRAIETH fHe Tl Renplevindiude bovRR REKo SRt ed products
thergammarynepiielieeytestMeanwiile; dnithe caseqnhere: thentest Samplelisn the
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samples, synovial fluid samples, and pleural effusion samples,
heatekainpleec bl the talls ficiitle eARArGERES IEUIGEAES (such as
granylogytes, neutrophils, basopbisidaenoeytes, andlymphacytes)saad than
. __thrombocytes. The enzyme is not particularly limited a S5 it .C
e R G forbig SUBSEILES A OSe ot Biiagg I CEG o e Tt
SaMPARCFERIYGRAISTATRYBE dutettst: @il BxapiAeg théreet ingngecr the like. In

the dipikdegsading enzymes=apdptein-pdegrading eraamese fdhese, o8ed foods

enz or two or more enzymes.may be used, but bo f the
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micrgsadianiamnples ohihd fipld cegrading enzymes inchadesipaserang and mammary
epitBBasphatase, andLexamples ofthedproteisdegiading enzymesindugde e is any

roteinase K and.pronase. [0023] The "microorganism"” is an.object to be .
ofkn&ﬁgaﬁaé%ﬁﬁgg%&%gaé%Lé%%éodsamﬁies,urlnesampleé,splnalfluld

samples, synovial fluid samples, andpleural effusion samples, examples
of the cells include erythrocytes, leukocytes (such as granulocytes,
neutrophils, basophils, monocytes, and lymphocytes), and thrombocytes.

The enzyme is not particularly limited as long as it can degrade
the foreign substances and does not damage live cells of microorganism
to be detected, and examples thereof include lipid-degrading enzymes
and protein~degrading enzymes. OCf those, one enzyme or two or more
enzymes may be used, but both of the lipid-degrading enzyme and
protein-degrading enzyme are preferably used.

Examples of the lipid-degrading enzymes include lipase and
phosphatase, and examples of the protein-degrading enzymes include
prcteinase K and pronase.

[0023]

The "microorganism" is an object to be detected by the method

of the present invention, and is not particularly limited so long as

it can be detected by nucleic acid amplification methods, and



of the present invention, and is not particularly limited so long as it can be

detected by nucleic acid amplification methods, and 9 Gloss-linker act on

live cells of the microorganism in a manner different from that for dead

cells and injured cells of the microorganism. Preferred examples include

bacteria, fungi, yeasts, and so forth. The bacteria include both

gram-positive bacteria and gram-negative bacteria. Examples of the
closgrammpesitiverhagteriadnelude Staphylaceecusbaciera iSUghasner different

phylacoccus plde idis, Streptococcus b terla L| teria . bacteria
From t% %s%Llstecri'Llja r%ono%@togen%es %%cﬁl%gs bac?egrla suchzs I@acﬁlusrgamsm

Pref @émq:é skiyopbacteriumsicierial Cléstridiviackeresifehay Chéwilium The
bactbetWingm apd Clastidivm-pedringens.and s farth.a Examples:atthe: bacteria )

m tive bacteria include Escherichia bacteria_ suc Escherich
SR I e el Dl cera ST
such bmtéﬂa@mzhmm@a;@bmwtka@edgandsKm;ste:lraob?@@{@ﬁaa@@ma@, Listeria
pact&lebsigla.pxytoca, Salmonelia hasteriayMibdo hacteria, Rseudompenassych as

bacteria, and so forth, [0024] In the present invention, the "live cell” refers

Baci i) BT EIFTe WstdlE thAFRECAPETofifer e AP eX ATt it ghdiic @ such as
Closactivifies: aicthelmioroorganishviabletand-qutufablestate)anthesdit iorth.

mxamGYlUred: under generally, preferred cultyre.conditions, andisa-¢ell ;s pacteria

substantially free frominjuryof cell wall. Asthemetabalicactivities

such Rénfisidd abed 2ATPL dctivity FBRSE 4 c iRy St Ban b &xelmplifie@racter
saka026],Ther'idedckealE 4s lsecelkinia stateithatsit Cannotprotiferateysand, and

Kleb998§ ﬁgtbeg@&%Efge@esﬂcaasct}&%%%gde%ag%@)t&vsn 'éétfﬁoﬁ@&@%act@ma,

under an optimum culture condition. Moreover, it is in a state t
Vibraghbagh ShipturE St CeIRARS Rafiaie, (i teff waiﬂ@a‘ﬁ is hlghly
[002imjured, and a nuclear stain agent exhibiting weak permeability such as

proﬁlld E%' qﬁ%%& H?Qfeer)rﬁtfo?{ petmeatfztgg c@éllwallré%%@ -Elaea cell in

‘injure cel njure cell or viable“but-non cultarable cell)isacellina
a stadigrelihatidVR AWHeRTRiB ERlbféd BhBer i getierally ts metabolic activities

of themicroorganism {viable~and~culturable state), when it is cultured
under generally preferred culture conditions, and is a cell
substantiallyfree frominjuryofcellwall. Asthemetabolicactivities
mentiocned above, ATP activity, esterase activity etc. can be
exemplified.

[G025]

The "dead cell"” is a cell in a state that it cannot proliferate,
and does not exhibit metebolic activities (dead state}, even if it is
culturedunder an optimum culture condition. Morecover, it isina state
that although structure of cell wall ismaintained, the cell wall itself
ishighlyinjured, andanuclearstainagent exhibitingweakpermeability
such as propidium iodide can penetrate or permeate the cell wall.
[002¢]

The "injured cell" (injured cell or viable-but-non culturable
cell) is acell in a state that evenwhen it is cultured under a generally
preferred culture condition, it hardly proliferates because it is
injured due to artificial stress or environmental stress, and it shows

metabelic activities at a lower level compared with a live cell, but
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preferred culture condition, it hardly proliferates because it is injured due
to artificial stress or environmental stress, and it shows metabolic
activities at a lower level compared with a live cell, but 10 a significant
level compared with a dead cell. [0027] Detection of bacteria exhibiting
the state of injured cell due to mild heat treatment or administration of
antibiotics is attracting attention, in particular, in the field of food

» siSNiation inspestion apd glinigaltest, andithe.prasent invention provides

a method for detecting a microorganism, which enables not only detection
[CO0Z3¢live cells, but also distinction of live cells from dead cells or injured
cellse {R028]he finit=efteett aumberis usuglly sellsahber fcéltsiimeforcalll due

to mOf MEgsells, | (? %%8%“89%9%?95@& be %%%:@giwgleg'l%%@%ammg

approximate a number of formedcolonies (cfu/ml (colony forming

atteaﬁ&gmn)l@b@aﬁéa@%ﬁéu|tefﬁn§?tﬁefee%%ﬁﬂer &ﬁ%p’imﬁ%a%ﬁanﬁd??é’ﬁcmﬂ

and asuitablel plade medium. stancdease :sanipleofinjuredelisdfs a method for
croorganism can be prepared by, faor m I b Vi

ot N0 A et JRaiont o e Rt Peatment I boding”” L7

cellgaténThe Aanibertomnjuiea cefisihetcted Sanfietarde ﬁﬁéﬁo%%téawr ed

e 1 1With cfu/ml in the live cell suspension before the heat treatment. Although

Oozgg]e of the heat treatment in boiling water for preparing injured cells

ries depending on type of microorganism, injured cells of the bacteria
destribedhittthefexamplesribeexample ieah beprepdretitsya gk 1 s) /ml for

a1l beaiment gk abgut §Qﬁ%@d§efyétf@£dadé@@d@éd§§mp|ﬁn@f Wjedr of live
cells of microor nlsm can %Eo be pre Qarg a treatment wi h@
Cellgﬁiﬂ{[‘(ﬁ%aﬁ?&? un&a ?ﬁé Bze/ml {colony

DEA38 "the Gl AU Titred cells can ‘
formpgr@nmmé@bhte@kﬁ@mhhﬁwbm@@i@ﬂﬁ%@&%&bﬁlé@é@f@/%@%@@é@tlmm

cond‘ﬁ"@eeﬁhérﬁz&'s&!@é&&%%}m@f@éﬁ%ﬁmUnA congdition@nsarsyitabler injured
plate medium, that is, a live cell suspensio |s tre Jgted with aT antlblgtl

Cﬁlﬁﬁéﬁtﬁ@ﬁﬁﬁ’@ﬁ%%?g}n%%do RASHILAICE of visiBleTigHt (Wavershgthe - 29 @
11ve608lAny threugh the tsuspermsionr ke erbidity of theauspensioipdd treatment

in o0epsHEedAthe The number of injured cells in such a sample can
be approximated with cfu/ml in the live cell suspension before the heat
treatment. Although time of the heat treatment in boiling water for
preparing injured cells varies depending on type c¢f microorganism,
injured cells of the bacteria described in the examples, for example,
can be prepared by a heat treatment of about 50 seconds. Further, a
standard sample of injured cells of microorganism can also be prepared
by a treatment with an antibiotic. In such a case, the cell number
of the injured cells can be approximated based on the number of formed
colonies (cfu/ml) cbserved when the cells are cultured under an cptimum
condition on a suitable plate medium, that is, a live cell suspension
is treated with an antibiotic, then the antibiotic is removed,
transmittance cf visible light (wavelength: 600 nm) through the
suspension, i.e., turbidity of the suspension, is measured, and the
measured turbidity can be compared with that of a live cell suspension
of a known live cell density to calculate the number of injured cells
treated with the antibiotic.

[0029]
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measured turbidity can be compared with that of a live cell suspension of
a known live cell density to calculate the number of injured cells treated
with the antibiotic. [0029] 11 The method of the present invention is for
detection of live cells of microorganism, and cells of the microorganism
distinguished from live cells may be injured cells or dead cells. [0030] In
the present invention, the "detection of live cells" includes both

determination of presenee orahsenceofdive £alls i adest sample sapd or 1ive
determination of amount of live cells in a test sample. The amount of live

cellgeftd & hof fiftftad to Hhr abRBIGtE Arfiotint “afu Tri4y BB Félative “ambtme v+ 5hed

fromwithwrespedtite thayirba confrol samplé. lidereaftészthecmeitrad of the

[OOBQr}esent invention will be explained for each step. [0031] (1) Step a) A test
sample was treated with a cross-linker capable of cross-linking a DNA by

irratiiafiéf Witk Gt naviivg Biwaveldifytiisf 856 ©f 7t efe " 1ricludes
bothofess-linkerstoibe used e the presentipeention S lanevdaith scan a test sample

intercalate_into chr mal nd_hi alent .
T R e
of L féeﬁé@ﬁrﬁ,Q@i‘th@@bﬁ%@o%@-ﬁﬁk@ﬁl%@#h%fééﬂ]@%?@%?ﬁw be a relative

amou@hossilinker preferably hasdifferentaciionsias live:gells: .of microorganism
Co’%g%ree with ,'”%%Lee?né’{éﬁgﬁ%%eﬁﬁe"f @é%rfﬁ’%rtgaﬁ'\?é%t%%‘bsﬁﬂ%t'ﬁé%&splained
such as bovine leukocytes, eukocyteg, ort romjbocytes. ore

for gpecifi€dlBR the cross-linker is preferably one which can more easily pass

oo 3through cell walls of injured or dead cells of microorganism and cell

me qt:aggs of static cells such as bovine leukocytes, leukocytes, or
{ \,ee% 3 . . . .
thrombocytes compared with cell walls of live cells of microorganism.

[0083]tEeampies®l thevddss-liskdrafclidé ethidivi daendazide ethidinap le of

cross—linking a DNA by irradiation with light having & wavelength of
350 nm te 700 nm.

The cross-linker to be used in the present invention is one which
can intercalate into chromosomal DNA and bind covalently toe the
chromozcomal DNA by irradiation with light having a wavelength of 350
nm toe 700 nm, to thereby cross~link DNA mclecules.

[0032]

The cross-linker preferably has different actions on live cells
of microorganism compared with injured or dead cells of microorganism
and somaticcells suchasbovine leukocytes, leukocytes, or thrombocytes.
More specifically, the cross-linker is preferably one which can more
easily pass through cellwalls of injured or dead cells of microcrganism
andcell membranes of somaticcells suchasbovine leukocytes, leukocytes,
or thrombocytes comparedwith cell walls of 1ive cells of microorganism.
[C033]

Examplesof thecross-linker includeethidiummonoazide, ethidium
diazide, psolaren, 4,5',8-trimethyl psolaren (PMA), and 8-methoxy
psoclaren. One kind of these cross-linkers may be used alone, or two -
or more kinds thereof may be used in combination.

[0034]

The conditions of the treatment with the cross-linker may be
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diazide, psolaren, 4,5',8-trimethyl psolaren (PMA), and 8-methoxy
psolaren. One kind of those cross-linkers may be used alone, or two or
more kinds thereof may be used in combination. [0034] The conditions of
the treatment with the cross-linker may be 12 appropriately set. For
example, conditions for easily distinguishing live cells of microorganism
from dead or injured cells of microorganism can be determined by: adding

apprYBHOUS copcentratians of :Gress, “'&%ﬁfd!@.S;%%e!ﬂélﬁf@s%@ml\&e&ﬁﬁﬁiﬂgumhing
microorganism to be detecte and or qured qells olf mlqgoorganlsm

Live ﬁ%ﬁfﬁ%@%ﬁgﬁgﬁgﬁ%%sﬂ ? &rfous petiods” SHimE separra%%@ganism
can Hslaedmilsﬂmoedtmfpgam@mmdaanawmngcthe@@u%wﬁ@m@éeiﬁc%ws linker

to %}%@'ﬁ%gg method. Moreqvery conditionsifor easily dlistinguishingiveng dead

s of microorganism from various cells can be determined by: addl %
or iRAHEES EBACENAIBHS OF X EroRS ket 1O UBPEnSIORSBIRE Gt 5r - Stn<
for veictanrgapismddde deteoted angbsomaticoaltlsesuetl as tbuvmeﬂtrlfugatlonf

ang Guko gxtﬁ% Of {aromRqeytas; %'@Nlﬁgéfﬂ@l%lsgem@om@ﬁ%@{qrov@rﬁ%od

periods ot time; separatingthe cells and the various cells b

Mor eéﬁﬁﬁ?lfug&t@%téﬁa%n@gﬁzﬁﬁ%ﬁeﬁ% ’f)%ﬁ@%@%cﬁdléﬁp(ﬁﬁ&&ﬁoﬁ £
mlcrmﬁtb@@hl Speaifipallyraonditions 0f a-treatmehthwitmetlidily mondaziearious

cone ﬁr%%a' conceptration of 1 t0, 100 pa/ml for 5 minytes 40 48 hoyis ald 110 of
TB 8|t|ons

con of a treatment with ethidium diazide at a final
micreencartiaibhore %6 100TRIM Pféﬁ@f?ﬁ*%&&éé%%%ﬁt%ﬁb@@ée““y tes
or tienditionstelsa tleatmentyvith-psolaren et afinalceneentrationvofr 1x16 geriods

of tife;,?mer{:g"v'vgfnfgmg les i 48“ r%ﬁé%%ﬁ%@@ ; GONAIINS 0f @ 1 £ugat ton;

Fimiet y ren at a final concentration of Ix |0-

and sRdpgiaTHor B minGesT048 ﬁ@m%&%%&%@%ﬁﬂ@&ﬁ&ﬁ&%l%method
speclieatmentwith-8-methexy psplaren-atadfinat concantratiod oird xidkbatoi 1@ at a

, g/ml for5m|nutesto4 hour 251 e fled., [0035]
tina OBfﬁféx]f “sach t&s ?argplégén arangt :J‘[crfﬁ%%%%i w%a%ﬁg@rs 2t e
to 1\’.&/|t‘h‘,I|gkmmtﬂg>aﬁN@\felén§ﬁ¢éF@§0‘hmitél?o@tﬁ%ﬁdq‘ﬁ‘@ &oagiifiRefEap final

concBasibhpass throughcelhwalls ef dead ecelisinutes to 48 hours at 4 to 10°C;

conditions of a treatment with psolaren at a final concentration of
1x107° to 10 pg/ml for 5 minutes to 48 hours at 25 to 37°C; conditions
of a treatment with 4,5’ ,8-trimethyl psolaren at a final concentration
of 1x107° to 10 ug/ml for Sminutes to 48 hours at 25 to 37 °C; andconditions
of a treatment with 8-methoxy psolarenat a final concentration of 1x107°
to 10 pg/ml for 5 minutes to 48 hours at 25 to 37°C are exemplified.
[0035]

{2) Step b)

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

The cross-linker can easily pass through cell walls of deadcells
and injuredcells comparedwithcellwalls of livecellscfmicroorganism.
Therefore, it is presumed that the cross-linker does not substantially
pass throughcell walls of live cells of microorganismbut passes through
cell walls of injured or dead cells of microorganism, or dead somatic
cells, provided that the treatment is performed within the

above-mentioned periods of time. Meanwhile, live somatic cells have
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and injured cells compared with cell walls of live cells of microorganism.
Therefore, it is presumed that the cross-linker does not substantially pass
through cell walls of live cells of microorganism but passes through cell
walls of injured or dead cells of microorganism, or dead somatic cells,
provided that the treatment is performed within the above-mentioned
periods of time. Meanwhile, live somatic cells have 13 only cell

onlynembrangsand pe cellwalls .and hencedt is,presymed that fhe oo meq that

cross-linker Easses throu%h the somatic cells. As a result, the cross-linker

the GEYES Tt diédd BBRTR COIS Wead-ARdSAlFSd Eefi€ b Smiclodrgahfsitlit, the
cro=smnd landomhobinels by covedentattachmernd 1d oy indercalatesiimt@red cells of
: I . nily,.t ss-linker.is, irradi with light
T e B s 00 ot L RE A e for
Intefithéalses A g demanahion iMthe cRBTRESHIREIDRA kestfpint inker is
i rradisrupting (fragmentatinglaleayingy ¢he chromaseontahPNA7 Thedightcross-1ink
having a wavelength of 350 to 700 nm may include at least light
A g LAV EIon G 1350 i 15 00 AT nd (ha It Fiays crosomal DA,
res\sifgladniavelehgar ightof Fralinearelsagth ighta I additidre ditighesomal DNA.
compenentsHaayHe: inthe ange1eh3p0. nex ta 700 er the lightMRaY inciude

include short-wavelength light having a wavelength sh than 350 nm |
o Tor WA RGUR 1R A 4 wveleh o oubar ik 700 At e LEoht

may e Peakanvay intensighdiswibbtormis oreferabiylian tié rahgetof 350 andition,
all IR nearfpreierably nihe hightdoes,aotindiude a sompenery With a-8hodr tne
13 hvt\:/avgler}- tgfocfuc adte_g&e%t %tnc ro c])\%%ma]!1 [\)fl}lA of awm|c:(%zr%rﬁcajar‘gsrrkl .

+9Ns dedved onty Bylight iradiation: T When EfrontoSorial i shorter
thannpi@dror dead eells isimore vpreferertialliadisrupied thar thatvst lvestdlislonger
tharPhmicreerganisatargsat é@@@ﬂ@ﬁ@@t}h@ﬁ%@%@% oftheliMe 21y in
th cells is a%u;%gi?ed b{]thﬁgéjCIelc acid %nﬁ%léatlon method, whjle a target Tud

© FSGIGR ot the” njilfedor d8atitells sdig & (clddved) 7 Hastftiy it 1nclude
a coinpibitng the hueleiccacidvwamplifivation reactions. Aslagesalt; e 'liveromosomal
oA Galls, ohmickqorganisey.can heydetected maye;selectiyely thapsthe ipjured
o6r dead cells. [0037]

{00306}

When chreomosomal DNA of injured or dead cells 1s more
preferentially disrupted than that of live cells of microorganism, a
target regicn of the chromoscomal DNA of the live cells is amplified
by the nucleic acid amplification method, while a target region of the
injured or dead cells is disrupted (cleaved), resulting in inhibiting
the nucleic acid amplification reactions. As a result, the live cells
of microcorganism can be detected more selectively than the injured or
dead ceils.

[0C37]

In a preferred embediment of the present invention, the
cross-linker is ethidium moncazide, and the method includes the step
of irradiating a2 test sample to which ethidium monoazide is added with
light having a wavelength of 350 nm te 700 nm. Ethidiummoncazide (EMA)
can easily pass through cell walls of injured or dead cells compared

with cell walls of live cells of microcrganism. Therefore, it is

presumed that EMA does not substantially pass through cell walls of



In a preferred embodiment of the present invention, the cross-linker is
ethidium monoazide, and the method includes the step of irradiating a
test sample to which ethidium monoazide is added with light having a
wavelength of 350 nm to 700 nm. Ethidium monoazide (EMA) can easily
pass through cell walls of injured or dead cells compared with cell walls of
live cells of microorganism. Therefore, itis presumed that EMA does not

1iveSHQ,SLt?é‘ak?HYHHH%??oﬁth%QH%%”}%%Z%QE%g‘t%.ﬁ%lﬁ%%@f@@@EOQJQQDEﬁrBJ‘blitﬁjured
passes rou cellwalls o ,|njure or.qgea ellsS Oof MICIoor nism aQr.ce
or AGRE R e ST POTHANL RBIRE Ribtd REPA THE &1 S OMat i€ cells.

re
Noteleukocytés artethrambetytes ihdhidod are slivendetls rEMAC can dsolen dasilpd are

11vePass fhroughycell walls of the cells in sterilized yaterora fypotonig salle ce11s

solution. EMA moves into dead somatic_cells and injured and dead cells

in stigliniaedlaesFardonly Mot RideaBNA Hntk oy EMAYhISCaaeg b0 dead
somaby dradidtioanthright baving dewdvetdrigthhofi3bttemdeZ0GEamascdonly into

nacl Vﬁﬁgd HH% 8&%@5‘%@&‘19@9&&%@@&“&@9%&%@5@% &89?9§§?%?§'/§g}aving

A'molecules. Then, it is presumed that EMA which binds covalen

a wapglesahd ddoxyribased i HoifbsomaPBRAY APMary-fofttd E&i§ed s Pinds
covalasge tefernation #x theonhremosomal- DNAK resulting i disreptingThen, it is
pres{[lAAMENIANEE. e, chyamosamal PNA, J0D38) Eyen 1 1ne GOSSIEL i <cs 1
other than ethidium monoazide, a cross-linker may be used in the present
chrofpmention aBNong hsthe cresslihRer Gt fiore easiFpasicthrstgt tep in the
chrowaldsef injumdior deadugeliss.eomparedivithgetliwalls ofliveyeelis-et ing)  the
microorqargﬁzy and can cross-link DNA by irradiation with light having a

h . .
© m%%\%@?é%gth of 350 nm to 700 nm (long-wavelength ultraviolet light or

[003¢isible light) to thereby disrupt chromosomal DNA. [0039] Conditions for

therteatmentith EMA canibecapprepriaiglyr determined iConexample zide, a
Croscgqciltlggs that engblegs%%?yidistjcr}lcéionrog Ii\ﬁetcellg, ofnrp;crooré:jarl\ffrrg1 as the

from déad céfid and injured cells can te dse?erminear%y é’(?é}ng EMA at
crosyaridusiesneentiations ¢ Shspeasipns obUie eelld affd ihjurdd igeils G or dead

cel1deadgelisof thednicrooiganismas@nive cells of microorganism and can
cross—-link DNA by irradiation with light having a wavelength of 350
nm te 700 nm (long-wavelength ultraviolet light or visible light) to
thereby disrupt chromosomal DNA.

[0039]

Conditions for the treatment with EMA can be appropriately
determined. For example, conditions that enables easy distinction of
live cells of microorganism from dead cells and injured cells can be
determined by adding EMA at various concentrations to suspensicns of
live cells and injured cells or dead cells of the microorganism as an
object of detection, leaving them for various periods of time, then
irradiating them with wvisible light, removing the cells by
centrifugation or the like as reguired, and performing analysis by
nucleic acid amplification methods. Preferred conditions for the
irradiation of visible light can also be appropriately determined by
performing such an experiment as mentioned above using various
irradiation times. Specific examples of the conditions for the

irradiation of visible light include irradiation of visible lights of
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object of detection, leaving them for various periods of time, then
irradiating them with visible light, removing the cells by centrifugation or
the like as required, and performing analysis by nucleic acid amplification
methods. Preferred conditions for the irradiation of visible light can also
be appropriately determined by performing such an experiment as
mentioned above using various irradiation times. Specific examples of the

. onditi for the irradiation of visible light include irradjation of visipble
100 ﬁgh?sgtgn@;f&o%o%'bﬁf or%m?n%’?e%%% %n %r&(g f%%lk}é?gfanoc\:% (lg‘é 16’?05O <
froms5phemt froin IRBReSt - sadipte 1 ThediradibBio et Vismielight is prefefaBieferably

cerrBeHanned at a lowdemperature-forrxamplanwith, ioeicooling.OEtE ing of the
ample. [0040) (3) Step c) An unreacted cross-linker contained in the test
Sampi&mme treated by light irradiation is removed from the test sample. This
[0046tep is preferably performed immediately after step b). Examples of the
method aftgmaeving a cross-linker include a method  involving:
centrifuging the test sample to separate Ppreci itates oen%aining
2li

mitBorgamame Frofit SGpermutaTtesMARAG tre “Brddiinksr; ango-e treared
by lrerhavingthe supermatant. ‘Ehensethddamay furthiers inchade, lafter

remepving the cross-linker. a-step Qfavashing the Ricrearganismevith 8rep ) .
cleaning agent. [0041] (4) Step d) Subsequently, a medium is added to
Examﬁﬂeefés%a%we Whete hé’fch%%k%?igare‘?ﬁé’\?@cﬂaﬂﬁ‘% rdsuitanfis® method

invommbgt:edc;hemmtg_xm@_mr}eéerabls;/‘coneampta@lel:for saftaneadfa precipitates
contTUGORIpanism confaingd i the test sgmple,.and aliquid medium is ning  the

particularly preferably used. Specific examples thereof include bouillon
CTOSRBHihEpfte RS Ant braftREARTTIRon (B Bfothod may further
inclingapaticit isrpreterablyrperfotmed at estehiperature suitalsle farf washing the

o i o g

(4) Step d)

Subsequently, a medium is added to the test sample where the
cross—linker is removed, and the resultant is incubated.

The medium is preferably ocone sultable Zfor culture of a
microorganism contained in the test sample, and a liguid medium 1is
particularly preferably used. Specific examples therecf include
bouillon medium, peptone medium, and brain heart infusion (BHI) broth,
Incubation is preferably performed at a temperature suitable for
preliferation of a microorganism to be detected, for example, at an
optimum culture temperature of the microorganism cr at a temperature
similar to the optimum culture temperature. The optimum culture
temperaturé of the micrecorganism may be determined by: culturing the
microorganismat various temperatures; andselectingatemperaturewhere
the microorganism can proliferate most actively. For example, in the
cases of the above-mentioned bacteria, the temperature isusually 20°C
to 43°C, preferably 25°C to 37°C, more preferably 30°C to 37°C. The
incubation time is not particularly limited as long as a microofganism
in a sample can proliferate. Specifically, the time is, for example,

0.5 to 48 hours, preferably 1 to 24 hours, more preferably 2 to 3 hours.
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similar to the optimum culture temperature. The optimum culture
temperature of the microorganism may be determined by: culturing the
microorganismat various temperatures; and selecting a temperature
where the microorganism can proliferate most actively. For example, in
the cases of the above-mentioned bacteria, the temperature is usually
20C to 43C, preferably 25C to 37C, more preferably 30C to 37C. The

when I9GuUbation time.is-nat paicuary-limited as-lang:as a Mielgnrgadism dn@dium,
, samlﬂe can proliferate. Specifically, the time is, for ex mrme,ro. 5 oﬁg .
Live hggrg Hréterdbly 16 S RoER, grenﬁrefe?aﬁi;%st%’; hours. 16 (éNh Va9 ne

ena
di srtesteaamplescontainingAimiceoorganismds ifculsatedtihtapfediuhh fiveubation

i 15ells gf microorganism having ne cross-linkes and-havingdio diskeptedvity in
chromosomal DNA can proliferate by culture with incubati%n in,the cells of

di sCHEHInA: WiichIRAY FRProve ThE detecidh seRSHTHY T & iscr%"l\rﬁgtion
micrbetyaen presencerandeatsencepaklivendelis:ofienicrodrganism inthe hespmount

ot -REMPISETGRdeteminaion of e sgpount ofthe v cells of

microorganism. Steps e) and f) Steps e) and f) are performed in
[0C4#He same way as in steps a) and b), respectively. It is expected that live
cells;of micrparganismdnig test sample are proliferated by performing

stepd).so (15 passiple, o nceass.  difiegepsa betweendue detactioneeps )
sensitivity of live Cells and the detection sensitivity of the other cells by
and performimesiepse)and fafterstepd). This can drastically improve the

deteetion sepsitivity indisarimination bepfeendqresepee amd absencesof sample

are R o Ele 81 ATRblAn Srt THE ohose-inker auded ioicp o> >
a di Bfelr dreerdss: skt é@@eé@ﬁ%fépiQPnW%étfﬁéf%’é}hé%rld"iff@réiﬁlﬁ%nand the
det=£8¢h0ther {9043) Hhe particuladypreferead aspecteftherpresensteps e) and
R R S B R lee sy
in discrimination between presence and absence of live, injured, cr
dead cells in the test sample and in determination of the amount of
live cells of microorganism. The cross-linker added in step e) and
the cross—linker added in step a) may be the same or different from
each other. '

[0C43]

The particularly preferred aspect of the present invention is
to sequentially perform: addition of a cross-linker to a test sample
and a light irradiation treatment; removal of the cross-linker by
centrifugation; addition and incubation of a medium; further addition
of the cross-linker and a light irradiation treatment. After the
above-mentioned sequential treatments, the following process may be
repeated several times to further improve the detection sensitivity:
removal of the cross-linker; addition and incubation of the medium;
and further addition of the cross-linker and a 1ight irradiation
treatment. Specifically, stepsc), dj, e}, and f) may be repeated twice
or more after steps a} and b).

In Examples and Comparative Examples below, a process which

includes only steps a} and b) and does not include steps e) and f) is
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centrifugation; addition and incubation of a medium; further addition of the
cross-linker and a light irradiation treatment. After the above-mentioned
sequential treatments, the following process may be repeated several
times to further improve the detection sensitivity: removal of the
cross-linker; addition and incubation of the medium; and further addition
of the cross-linker and a light irradiation treatment. Specifically, steps c) ,

someg&msg,&ﬂ%r?d{@%yt%ea@%%?gfgvig%eeg moreaftersteps.ahand D)ol s s which

. xamp Comparative Examples below, a process which_includes
inclgaRSsips aPandh)afdidoésAdtinekidé %ﬁébs?gsfaﬁcﬁﬁ) RNe 7 3onrethriegtimes
referefermeddo:as "single-step sreatmentmavhile.a process which includes not
(004 nly steps a) and b) but also steps e) and f) is sometimes referred to as
'r%ulti-step treatment". [0044] (6) Step g) DNA is extracted from each of
the test S&®pled) treated in steps a to f) and a target region of the

extragied-DNA issamplifiedday a-rucleic ragidmmpplifieation:method:ed in steps
amples, of the nucleic acid amplification. m include PCI thod. .
= 20 CURIEL T SBEAL. TN Gontls B 108 (1958 LM Mathial L) & hucletc
acid(koppMédiatecIsoticrrdd Afplifiedtiono piihe pal el spplicdtisRrgfi fication
metheavgkﬁqrﬂ@énp@tﬁiqag@ndaetmﬁﬂe?w Jnehod)y .Tﬁugy@@fisl\l@&mh.ﬁ 3 185
oru Nagatani, BIQ INDUSTRY, Vol.18, No.2, 15-23, 2001), SDA hod, . .
ugSét&a’md %%s\ﬂ lac8iRER? mp(ll iC3 |6Dr??éﬁ%vta$g L.Ilé %%,e eﬁ%ra#&%iﬁgﬁ%atlon‘
prinOlieals aNitkammpbhishyoGref BoMelsmans Reifdiianedion method (LAMP
e+ heRBracteristics-ofithe, Begion Rickinson-Prebe Tea Sysiensfendirest . 1, No.2,
detection of Chlamy%gcgomatis and Ngisseria rgt()RrhO{%QO,ege ir% male Edward
15-24nd t8Mmale urine &pecineén %E%ig}ﬁpgﬁég Wit the RoCHe Copas -7 ==7a*
L. ClystemeAithaPdthokdadn Mbderizd: 1649k1856202000)L.CRg@thodiorsman. ,

rerFi-ig25€-Chain Reaclion: Barany,F o irog. Natl, Acadi SchddSAMABE: system
for %89-193’ 1991), DNA microarray method (Validation of Virulence and

BEmBTG BRI Ricromrdy TR dertitatibh and CHATACETHLATGH 61 Thosae
in mStaphylochecas aurelisdselatesrRichard Ro8pemdecet ali,th Chs. Reche Cobas

SystMﬁqroﬁ.@:h Vol 46 No. 5.p. 1620:1627,2009), 4n the presemt iVention, method
(Ligase Chain ReactsRamalany Preferapl ool "Hesl 3. vsa, vo1.ss,
p.189-193, 1991), DNA microarray method (Validation of Virulence and
Epidemiology DNA Microarray for Identification and Characterization
of Staphylococcus aureus Isolates: Richard P. Spence, et al., J. Clin.
Microbiol., Vol.46, No.5, p.1620-1627, 2008) . Inthepresent invention,
the PCR method is particularly preferably used, the nucleic acid
amplification method is not limited thereto.

[0045]

The method for extracting DNA from the test sample is not
particularly limited so long as the extracted DNA can function as a
template in PCR, and the extraction can be performed according to a
commonly used method for extracting DNA cf a microorganism.

[004¢6]

The DNA extraction method is described in, for example, Maniatis
T. and Fritsch E.F., Sambrock, J., “Molecular Cloning: A Laboratory
Manual”, 3rdedn., Cold Spring Harbor, NY: Cold Spring Harbor Laboratory

Press, 2001.
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amplification method is not limited thereto. [0045] The method for

extracting DNA from the test sample is not particularly limited so long as

the extracted DNA can function-as a template in PCR, and the extraction

can be performed according to a commonly used method for extracting

DNA of a microorganism. [0046] The DNA extraction method is described

in, for example, Maniatis T. and Fritsch E.F., Sambrook, J., "Molecular
mMC;Honing: A Laboratory Manual", 3rd edn., Cold Spring Harbor, NY: Cold

Spring Harbor Laboratory Press, 2001, 18 [0047] In the present invention,

the takgEt PEGHR™ fs iHbt Prlrdciarky imiteBRHERg 48 ré§ibRopgrticularly
1imichromesomal BNA thatcam heramplifiethycRER msing pamersusedfaplified

e present invention and.enables detection _Qf a microgrgani Q :

o P R0 1 e 3o OB B i Rabl i e Sk dfecect fon

of apliposer Forexample, ihetedalistera typshifieront o thafefties suitably

chosBHCI9FaanRisALtobe detegiedarecontained iathe testsamples thestarget type

. _region preferahly contains a sequence _specific ta the microorganism as . _ .
e OF i B Seon LIhGr SeAAG g on The-pul aaeB (4 oG- 7
in thegivhghaydsedne comalmng at seetiente tommoRtoYsavETapRingsfofequence

spediGrearganisms; Fsthesmorenthe Bragtyegion mayconsistof asingleurtner,
d region or two_or more re%ionsh If %%)rim r set suitable for a target regié)n, .
epe&‘ﬁ%&ﬁc?&tﬁ@?ni@?orﬁaﬁ fsr &s an‘shiect 68 UEtRLoR and a primar 9 2
sequsetsuitabiedor thremesomak IDNASfwide varietes gfeicréorgamsms re, the
tarq@ie YaedJive.gell agmauni: of the microorganismas e epiect il regions.

__“detection and live cell amount of the wide varieties of microorganisms can_ .
If & BE SR REReDUSTP eadaed. - RERGh GAhR targ e 'Sn“%,t{b kampre Fan+sT
as ansuallyB0d4d 50G0drTiettides 2 preferabiips0 te2000inudiéetifles, chromosomal

onasPaticarly preferably 50to 500 pucleatides, J0948] Theprimerstabe 1 amount

used in amplification of a nucleic acid may be selected based on
of tlﬁiﬁweiﬁr%%omm rﬁaé}&% 8@&@%&&5 ﬁletectlon and live cell amount

of the wide varieties of microorganisms can be simultaneously measured.
Lengthefthetarget regionis, forexample, usually 50to 5000 nucleotides,
preferably 50 to 2000 nucleotides, particularly preferably 50 to 500
nuclectides.

10048}

The primers to be used in amplification of a nucleic acid may
be selected based on principles of variocus nucleic acid amplification
methods and are not particularly limited as long as the primers can
specifically amplify the above-mentioned target region.

[0049]

In the case where the microorganism of the detection target is
a pathogenic bacterium, the target region may be a pathogenic gene.
Examples of the pathogenic gene include: listeriolysin O (hlyA) gene
of a Listeria bacterium; enterotoxin gene and invasion (invA) gene of
a Salmonella bacterium; verctoxin gene of pathogenic Escherichia coli
0-157; outer-membrane-protein A (ompl) gene (Entercbacter sakazakil)
and macromolecular synthesis (MMS) operon {(Enterobacter sakazakii) of
an Entercbacter bacterium; enterotoxin gene of Staphylococcus aureus;

cereulide gene and enterotoxin gene of Bacillus cereus; and various
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methods and are not particularly limited as long as the primers can
specifically amplify the above-mentioned target region. [0049] In the case
where the microorganism of the detection target is a pathogenic
bacterium, the target region may be a pathogenic gene. Examples of the
pathogenic gene include: listeriolysin O (hlyA) gene of a Listeria
bacterium; enterotoxin gene and invasion (invA) gene of a Salmonella

toxigac Sﬂ%@ gg,ro&@gg i%ﬂc?i?ﬂp%%%%gqigLEECheﬁg%ifFﬁ%lg 06%57§rimers for a

outer-membrane-protein A (ompA) gene (Enterobacter sakazakii) and
PathppRRpdMoieadiat ByhtHERis EVIES) %%éféme*ﬁtfer%%%?e?r%%éafm oFAr P NOS:
1 an&mterobacterbaetesiusd, enteretoxin gere of Staphylecoscusimuedated by SEQ
o ngEreUIds gepeand enigraion geng, gl Bacilys ceraus; ANGUANOUR Y sec of

foxingenes of ostrdiunt botulinurn, xamples of primers for a
primgithegeniegenehedE R SetGiprimerd represéhte Py SEQ DO opacter
sakaad 2:for hlyA gene of Listeria; a set of primers represented by SEQ ID
{0055' S: 3 and 4 for ompA gene of Enterobacter sakazakii; and a set of

primers represented by SEQ ID NOS: S and 6 for MMS operon of
Entefobatterr sakazakih J00507 I prnterssuitabienfos two B AioTeIusds-6ns are

usedMicroprganismsare: sedy live cellsiofdwe or merenkingdsofdhaisms in a test
microo;sgagism i{1ates(§ sargple can be detfected. Moreover, if a fie t

Samp [ SmERE) Seciic fo-a Farticulsr Bacterunt are used Tive caNl of the-t54¢ to @

partpaticaabbaterinr ipetestsamplevcandeldetedtbd. [B051ICCbAYitivrzt erium

in aokRugleicacid.amplfigationseastians are not particularly limited as long
as a nucleic acid can be specifically amplified based on principles of

[005¢drious nucleic acid amplification methods (such as PCR, LAMP, SDA,

and@ GR); amdsthe Conditionrs machel appropAatehr set: [005R] (TpSteprlie not
partPHRsequenty.2mplifiedprodycts obtained hyithe nudeie A¢ide specifically
ampl?;rfnfelalgcggosgéngg]ograirgc%%%lgéegf various nucleic acid amplification
methods (such as PCR, LAMP, SbA, and LCR), and the conditions may be
appropriately set.
[0052]

(7) Step h)

Subsequently, amplified products okbtained by the nucleic acid
amplification method are analyzed.

The analysis method is not particularly limited as long as the
method can detect or gquantify the nucleic acid amplified products, and
examples thereof include electropheoresis. Note that, in the case of
using PCRmethod for the nucleic acid amplification method, a real-time
PCR method can be used (Nogva et al./ Application of 5'-nuclease PCR
for guantitative detectiocn of Listeria monocytogenes in pure cultures,
water, skim milk, and unpasteurized whole milk. Appl. Environ.
Microbiol., vel.66, 2000, pp.4266-4271, Nogva et al./ Application of
the 5'-nuclease PCR assay in evaluation and development of methods for
guantitative detection of campylcobacter Jejuni. Appl. Environ.
Microbicl., vol.66, 2000, pp.4029-4036).

The electrophoresis is employed for evaluation of the amounts

andsizesofthenucleicacidamplifiedproducts. Inaddition, real-time
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The analysis method is not particularly limited as long as the method can
detect or quantify the nucleic acid amplified products, and examples
thereof include electrophoresis. Note that, in the case of using PCR
method for the nucleic acid amplification method, a real-time PCR
method can be used (Nogva et al./ Application of 5'-nuclease PCR for
guantitative detection of Listeria monocytogenes in pure cultures, water,

sklm an asteunz dwhole ik, Ap l. Envi Micro
FCR l pz% 0 gpp%In 5658 2]7{ gélvta etlafa/t/ip[g]llca%on%%f iL;‘lnuc rOduCté
PC@%S%%@ |ﬁ%luﬁtﬁ)¥ﬁaﬁdl@eV@|@érﬁéﬁt%f Héthéds for odntativeanges 1in

flucdeiection Oﬂcrﬁ?éﬂ@ﬂ@@@@%ﬂ%j%@-réﬁﬁhﬁmﬂ@ﬂseMi%r@@@ MON66, 2000 e ro 1f

4029 4036 The el ctro horesis is em ed for ev ation of th
e RS S RIbest B ROCSE SO &rBNES BRORLEE addgon, Theresore,

the reqiianes 120 PCR 4 employed fecdrapid qlmmﬁé@tiorbéﬁf-?@? ammtffemmg no

amp1Aredysts; oI he-ease whergbedeahimeiPSE; is-employeth chaRgesdNchanges
fluorescent.inten ]}f?ctles are generall nojse levels and about zero if the

1S CRaMBe? of amplificatSA cycledsIn e rangt ori s %l%eﬁ%?or%f) tigrue by 10
is dafansiies are régaeigdedsisample blafiks contdiringad BERplificatien in which

a vaR(duets Ihe standard %\9@@%@D;)aqfu@%hgea%aé&aé%aéﬁe anda <ime
value obtained by multiplying the SD value b¥?10 is defined as a

retepr&shdia viue ST e humBer I PERGIUES I vhidh Hvalue Irg&F fHar e, the
larghe threshold valuernsachieved foXthedusi time Tefer@tRiaasdeyele solution,

the gx‘ﬁﬁ?ﬂ@g ¥§I§%£C\;¥§JLH§) w-ll;, ?t@fﬂrx% g?r%l%@f@ﬂ@ %@9@8%”{}% acemplate

DNA template in a PCR reaction solution, the smaller the Ct value, while

DNA i ST RF the SR Gt 6T tHE terfplate ONASRIEGE R CEhaIGemPLate DNA
are Bvensifitlke arheunisbéthe templatecDhiorareihensamethe higheethe 2 target

regl%rﬁ%aft%qlg%@éﬂp@f&\%‘%{e afarget Jegion of RCR Nas been-p papactions

cleaved, the larger the Ct value'in PCR reactions for the region. [0053
for I’—%‘l‘fhé@%@%nce or absence of the amplification product can also be
[CC5determined by analyzing the melting temperature (TM) pattern of the

%Tg@%iﬁ}g%o #Ozde%né'é the afrementioned methods can also fe used, . can
also be %etermlned by analyzing the melting temperature (TM) pattern

of the amplification product.

All the aforementicned methods can also be used for optimization
of varicus conditions for the method of the present invention.
[C054]

When live cells of microcrganism are detected by the method of
the present invention, precisions of the determination of the presence
or absence of live cells of microorganism and guantification of ths
same in the analysis of the PCR empliification product can be increased
by using a standard curve representing relationship between the amount
of microorganism and the amplification product, which is prepared by
using standard samples of the microorganism in which the microorganism
is identified. Although a preliminarily prepared standard curve may
be used, it ispreferable te use a standard curve prepared by performing
the steps of the method of the present invention for standard samples
at the same time with a test sample. Moreover, if relationship between

amount of microorganism and amount of DNA is determined beforehand,
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of various conditions for the method of the present invention. [0054]
When live cells of microorganism are detected by the method of the
present invention, precisions of the determination of the presence or
absence of live cells of microorganism and quantification of the same in
the analysis of the PCR amplification product can be increased by using a
standard curve representing relationship between the amount of

bz SRIS7Q r%t? ism and itnhzre]c%roncpy ication, praduet, which is prepared hys 1singrp L e .
standard samples of the microorganism in which the microorganism is
{00 5gkntified. Although a preliminarily prepared standard curve may be used,

it isrpreferable de uge-a stardarg-qusveqirepared by Pesfarmingctheostepsism by

of the method of the present invention for. st d samples at the same, . 1 1
the Hhie With 168t gér%%lé? olﬁégﬁeﬁ%??e %%iglns glg%ét‘q@een amount of © %ve
cellmicroorganisnr amtlismouht oF DIGA isdsteimreiSeforénafdin pRADe 11ive

cel 1isolated: romthe-microrganisre sanalsg be, used as astandard\saroptensider

[0055] In the case where detection af live cells.of microorgani - the
the Brssent ffventidhn incilides 8§e?%‘?n%ﬁgﬁ o?ﬁ%gmooﬁn%tgo%fﬁgﬁggp%eéﬁs oFoause
the Micorganism fimomerts getéminethbidinsaitot hefg® Blis of 115 can be
achiicIQorganismyin o test sample dtds necessan toyconsiden dheonship between

proliferation degree of the live cells of mjcroorganism because_ the liye
the CERBF midrdbrGARHR ARG8T 80 7 L THIS G4 ba' Achiaved By ° =92
sampdreating @hstandard cupee showirapthterstatidrshigbetiween the amount
[OOS%f]microorganism and amplified products using a standard sample of the
mlcroor%?nism, as described above. %005,6 <2> Kit of the present

invértioncThe it &P thereSeRFinBREBR%S R kit for detecting live cells of
micToergahisrsin ztes sarmpie byrthemuicteic BeidaiplifiEationahetiddy 1ive
cel l%n%gm&%eﬁs?gﬁ:{%ﬁ?‘ilfpgq{e a-medium, 30d-aPHMErES) dofc amphpying acat ion

target region of DNA of a microorfj,anlsm to be detected bz)f the nucleic | for
me thadid HpERBRSREtROF {065 7T HhE Hticldic AEAAMplifiCitich Feattion i§
amplareferablys atRCRst region of DNA of a microorganism to be detected

by the nucleic acid amplification method.
[0057]

The nucleic acid amplification reaction is preferably a PCR,
LAMP, SDA, or LCR. The cross~1linker and mediumare the same as described
in the method of the present invention.
(00587

Inthe kit, according toapreferred aspect of thepresent invention,
the cross—-linker is selected fromethidiummonoazide, ethidiundiazide,
psolaren,4,5',8mtrimethylpsolaren,and8~methoxypsolaren. Ethidium
monocazide is particularly preferably used.
[C059]

The kit of the present invention may further comprise a diluting
solution, a reacticn solution for cross-linker reaction,.and an

instruction describing the method of the present invention.

Examples
[0060]

Hereinafter, thepresent inventionisdescribedmorespecifically
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LAMP, SDA, or LCR. The cross-linker and medium are the same as
described in the method of the present invention. [0058] In the Kit,
according to a preferred aspect of the present invention, the cross-linker
is selected from ethidium monoazide,ethidium diazide, psolaren, 4,5

', 8-trimethyl psolaren, and 8-methoxypsolaren. Ethidium monoazide is
particularly preferably used. [0059] The kit of the present invention may

witnfUIDEL comprise & diluting solution, A reactien selutiopdoecioss-ligker present
' reaction, and an instruction describing the method of the present
invepiyhnfions EXampitibbB0t HEL A BTRAE Present invention is
(o0 &describedmore specifically 22 with reference to the following examples.

HO\f\At%\{I%[n tlj;g present invention is not limited to the examples. [0061]

8 . . .

[Example 1] 1. Preparation of sample - Preparation of Listeria

moho&A6§eAes MV Ecaitl MiureaEail 3bdpBrdions I Bramipykitive c9e1es
(1ivbaeteriumyldstatiaimnenoeytogenessihistedarmonocytogenes JCM 2873;

hereinafter, abbreviated.as"Listeria" in e N rig é ;
o e MR (B ot atS0C. S 401 b e Lo w2

h at 30C, and 40m1 of the culture medium

monoipvhedegantAMic2growti prase Wasedentritiged 1a s Dobxglfbr 4% 14" 1n some

caseMinUiesat 4G follawed by-remonal of the Supesmatasts Abmigf at 30°C, and
physiological saline was added to the bacieri I I ,

com YRR NSNS A o e OGIIPLBIn I TIMDBNES e

at 8 diperpatam Wasirenicvedtdnd 10- ml bepRySivicHEarsdling Wiesafegratant.

40 wlo the pacterial selisqo theraby piepareriive eell suspensiorr The cells, and
numper of the live cells.in the live c&llas%pens'%n
X

“he. QR el s et i i e 1 b0 e [0b6d e Y °°
abovhve cBllsuspension £h magassplaved inan e 5-ivhiefolibes 1gd@Heal saline
was dRiLetube wasimmerseddn bolling vater £91:p0-eqcones ande cell suspension.
The number of the live cells in the live cell suspension was determined
in a standard agar plate medium and found to be 1.3x10°% cfu/ml.
[0062]

The live cell suspension (1 ml) was placed ina 1.5-ml microtube,
and the microtube was immersed in boiling water for 50 seconds and
immediately cooled with ice water, to thereby prepare a injured cell
suspension. The cells inthe suspension probably include small numbers
of live cells anddeadcellsbut includemainly injuredcells. Therefore,
the cells are simply referred to as "injured cells". The method of
the present invention is originally intended to detect live cells of
microorganism, andcells of microorganismdistinguished fromlivecells
may be injured cells or dead cells.

[0063]

2. Test method
2-1) Multi-step treatment (Method of the present invention}

Ethidium monoazide (EMA) was added to the live cell suspension
and injured cell suspension of Listeria prepared above at a final
concentration of 0 or 100 pg/ml, and the suspensions were allowed to
stand under shading at 4°C for 5 minutes. The suspensions were placed

on ice and irradiated for 5 minutes with a 500-W visible light (FLOCD
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immediately cooled with ice water, to thereby prepare a injured cell
suspension. The cells in the suspension probably include small numbers
of live cells and dead cells but include mainly injured cells. Therefore, the
cells are simply referred to as "injured cells". The method of the present
invention is originally intended to detect live cells of microorganism, and
cells of microorganism distinguished from live cells may be injured cells

m:om@a@ cells [Q063L 2 Aestmetheg:2- Iy Multicstep treatment (;?ﬂ%th%@fto 700

the present mvenUon%jrl Ethidium monoazide (EMA) Was added to the live

m) EeIPsHSFERSIOR Snd fEWe%@EM@&%p%ﬂ%RﬁP&FE@FewaH@Bar&@%W sions
werea:femalrd:oﬂtn@miraﬂdrﬁoﬂo ordl 00 3glninandtthe suspehsions wetesalloweditants

were@eﬁ@g&mdﬁﬁ lq/'gﬂﬁ%e@rf?) QE@%% aslu§8§9?ilga§1§v§<§§edthereto,

placed on ice and irradiated for 5'mi utes with a 500-W visible light
and @L@GBSQQWP%O@’%%O@MW@,QQI EEEETRIEIED. "o cooling at
15, Owavelength:0500te:0=nmY af &dtslmﬁﬁ@mﬁ@mdhesumi&r&ants

An e%.xzngthﬁ SM@”%‘%‘?Q%""%%%%”"”P@ %”(%% o0 m'”HE?e A reto,

the' supernatants wereremove n equal ‘v ume 0 yS|o ogica
and §hlfhesWaratRice herstos éﬁ@ﬂ#@E@ébéﬁs@r@s (eke Btifrdoae -
[o06agntrifuged while cooling at 15,000xg for 10 minutes at 4C, followed by

re ov%l of tlIae sutp?[q(?t%nts tég etqu%\)fglume of Qralgopecelrt |L5Lu§|ed% fhe 1ive

bro Was ad ereto, and the suspensmns WETre in
cellseecfomjhm@ W]Snmeﬁﬁy@emmﬁeaﬁﬁeﬁﬂ ENMA wasgiot begkfedon of 0,

whilaggimiothe E&aee‘aelhga@ﬂnﬁﬁe@l ¢elhsuspensiepshavingandEMA 10 ug/ml or
25 pgzncientragi%n oj; Whlle EMA Was adde e%i“f at a final EMA

ficentratioy of 16 pg/miior 25 paftro the'iive ST aRd Tjursd caliing an EMA

concemlmdfaw@mEMA Ebﬁ@mmv@ﬁm@@pgﬁrﬁiThe@@@peﬁ@mundeJ:
shadwlea;eaaﬂwect&%é}%%@%r ghading ah4 edoraminuiesiplaced-er ieinutes

i c!} irradiated es with a,500- sttg%lght tadlskance of 20
lth émWh‘élﬁfgb [666%%%@?5&@ eatmeén ((f}ompaera%/ ensions.
[00655kamp|e 1) Ethidium monoa2|de (EMA) was added to the live cell and

inj%eg) Single treatment (Comparative Example 1)

Ethidium monoazide (EMA) was added to the live cell and injured
cell suspensicns of Listeria prepared in the section "1." at a final
concentration of 0, 10, or 25 pg/ml, and the suspensions were allowed
to stand under shading at 4°C for Sminutes, placedon ice, and irradiated
for bminutes with a 500-Wvisible light (FLOCD PRF: 100V, 500 W, IWASAKI
ELECTRIC CO., LTD., wavelength: 500 to 700 nm) at a distance of 20 cm
from the suspensions.

[0066]

2-3) Preparation of bacterium suspension to be used in PCR test

Microtubes including one of the live cell and injured cell
suspensicns of Listeria treated in the sections 2-1) and 2-2) above
were centrifuged at 15,000xg for 10 minutes at 4°C. The supernatants
were removed, and 1 ml ¢f physiclogical saline was added thereto. The
resultant suspensions were stirred vigorously and centrifuged in the
same way as above {washing treatment). One more washing treatment was

performed in the same way as the first treatment, and 10 ul of TE buffer

(10mM Tris-HCl buffer, 1 mMEDTA-ZNa) was added to the pellets, followed
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cell suspensions of Listeria prepared in the section "1." at a final
concentration of 0, 10, or 25 pg/ml, and the suspensions were allowed to
stand under shading at 4 C for 5 minutes, placed on ice, and irradiated for
5 minutes with a 500-W visible light (FLOOD PRF: 100V, 500 W,

IWASAKI ELECTRIC CO., LTD., wavelength: 500 to 700 nm) at a
distance of 20 cm from the suspensions. [0066] 2-3) Preparation of
bacterium ?%%%%[‘}%%n to be used in PCR test Microtubes including one of

o Crous - . . . . .
Y ViheTive cell an injured cell suspensions of Listeria treated in the sections

10062.1) and 2-2) above were centrifuged at 15,000xg for 10 minutes at 4C.
The supernatanise werg removeskand Igshef physialoginat satife Wasteria
ad%e—igh%é%#% 'T?ieca{%?%lr%agtfsug %%Slg %gveggn%l,rr%qgkggfggshyi%%riolys in
centrifuge the Sarme way a5 above (wash ng treatment) . One more

O (hwsishingetr€atment was performed in the same way as the first treatment,

and-2Q pl-of B huffer {d0anMdJirisnHCEouffer 1) mMsEREA-2Na) wasng Direct

added to the pell followed 24 by vigorgus stirring. [0067] 3. PC
Bullgtodting dﬁfﬁ%ggﬁégggér%e ?sa'fdrt NA) of Lis é}gm -’1)%%}& |ga?i%n%o pable of
sequeathbgéhic geres Listeda listeridlysinr OOy APgeREIRCR Master Mligscmal DNA

£ron{tof MoWMEH 08 P@R’!%Eal%@%@d Using Qﬂ; §§bﬁglﬂﬁk;%9€é@£@: Tzl component
SCIENCE CO., LTD., Yokohama, Kanagawa) capable of sequentia n
(<53 Ehitoaly PerchiiNg BITort O SHamotorl DA 50 3 baetariogy =™

bactand RCRaeadtions] The BulfetaMixveshtbinst & dorsporenty(Sorfaetasgforn FCR
readnhibiting adsorptign, of a-protein derived from ac bacteriwndoatemplatetion of

DNA derived from a bacterium to be used ini?CFiPl\ggactlonSégggea and further
2 PO GRS S R FERARG For MR BRMG Tad<oiPtion o a bolyEaccharide |
an idenveti fomabacteriuny toar DNApolymeraSERandfatther an ikgreslidrt of the

per RECessaryfor realtime PCR reactions. Details of the PCR Master Mix are
as follows. [0068] -Direct buffer MIX manufactured by G&g SCIENCE.

[0080., LTD.: 42 p1 -(5U/pl) Ex-Taq (manufactured by TAKARA SHUZO
-D1160O, D featalogiNoanufactured by G&g SCIENCE. CO., LTD.: 42 ul

- {5U/ul) Ex-Tag (manufactured by TAKARA SHUZ0 CO., LTD, catalog No:
RROCIB}: 0.5 nl
- (10 pmol/pl) SEQ ID NO: 1 (hlyA-F) DNA: 4 pl
- (10 pmol/pl) SEQ ID NO: 2 (hlyA-R) DNA: 4 nl
[C069]

Note that, the total amount of the above-mentioned reagents 1s
50.5 ul and in Direct buffer MIX manufactured by G&g SCIENCE. CO., LTD.,
required components for PCR Master Mix in total amount of 50.5 pl have
been prepared to have the following final concentrations beforehand,
[C070C]
-Ex-Tag Buffer (TAKARA SHUZO CO., LTD, catalog No: RRCO1RB): 1x
~dNTP mixture (TAKARA SHUZO CO., LTD, catalog No: RROOLIB): 0.2 mM each
-SYBA CGreen (manufactured by BMA, catalog No: 50513): 0.4x
(00711

3-2) Thermal cycle profile of PCR for amplification of hlyhA gene
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R
[Tab
Tabl
Ther

RRO01B): 0.5 pl -(10 pmol/pl) SEQ ID NO: 1 (hlyA-F) DNA: 4 pl -(10
pmol/pl) SEQ ID NO: 2 (hlyA-R) DNA: 4 pl [0069] Note that, the total
amount of the above-mentioned reagents is 50.5 ul and in Direct buffer
MIX manufactured by G&g SCIENCE. CO., LTD., required components
for PCR Master Mix in total amount of 50.5 pl have been prepared to
have the following final concentrations beforehand. [0070] -Ex-Taq Buffer
AKARA SHUZO CO., LTD, catalog No: RROOIB): Ix -dNTP mixture
AKARA SHUZO CO., LTD, catalog No: RR001B): 0.2 mM each -SYBA
Gteén (manufactured by BMA, catalog No: 50513): 0.4x [0071] 3-2)
dhermal cycle profile of PCR for amplification of hlyA gene 25 [0072]

on.tim Temb rising

Taple 1] . Table 1. Thermal e profile of RCR for amplification of hlyA
ohe COLE Fte B H bt (e bkt ot (g TS b a

Cycle  qrAGRFRTEC) 2 19°6D:30 904RSSHE0D: 25765 2 01401560 4 1°F 03:00 95 5 - ewperature

350 1 00:08 60 0.1 64 [0073] 3-3) PCR reaction The test suspensions” ogcr)adle“

; prepared-in-the segtion-2=3)-abovg; (§pl-each) were-added tothe PCR

2 Mastef Mix (50.5 u) prepared in the section 3-1) above. TE bufter (5 pl)

3 was used as a negative control. f00Z4] According to the PCR termal
cycle profile showrkin the sectiond1: 00 60

4 1 1 03:00 95

5 350 1 00:08 60 0.1

6 s 4

[0073]

3-2) PCR reaction

The test suspensions prepared in the section 2-3) above (5 ul

each) were added to the PCR Master Mix {50.5 ul} prepared in the section

3-31)
[007

3-2)
manu
{007

were

elec

above. TE buffer (5 ul) was used as a negative control.
4]
According to the PCR thermal cycle profile shown in the section
, PCRreactionswereperformedusinga real-time PCRdevice {1Cycler,
factured by Bio-Rad Laboratories, Inc., Model: 1iQ)}.
o]
4, Agarose gel electrophoresis for PCR amplified product
The PCR amplified products obtained in the section 3-3) above
electrophoresed on a 3% agarose gel. After completion of the

trophoresis, the agarose gel was immersed in an agueous solution

of 1 ug/ml ethidium bromide for 20 minutes and washed twice with

ion-

exchange water, and a UV transilluminator (wavelength: 254 nm) was

used to observe the amplification degrees of the hlyA gene amplified

products.

[CC7

el
5. Test results

FIG. 1 shows the results obtained by performing: the multi-step

rreatment for the live cells and injured cells of Listeria; PCR for

the hlyA gene; and agarose gel electrophoresis (multi-step treatment
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3-2), PCR reactions were performedusing a real-time PCR device (i
Cycler, manufactured by Bio-Rad Laboratories, Inc., Model: iQ). [0075] 4.
Agarose gel electrophoresis for PCR amplified product The PCR
amplified products obtained in the section 3-3) above were
electrophoresed on a 3% agarose gel. After completion of the
electrophoresis, the agarose gel was immersed in an aqueous solution of

1ane} PYMY sthidium. bromidesfar 20 %@H&%@e@%ﬁ@@ tuice with .o 1nten51t1es

ion- exchangge water, and a UV transilluminator Waveleré%th 254 nm) was

of thzshitd bBSBrdthe ARAIFEINGH tegrads®tthe hfyAlg&ne ampieghe results
obtaprogducts. [RO7G] 5 kest reaults FlG14-shews th@aemdtstotﬁmmed@yhve cells
and gﬁrf&%@ p%%fo i % dreatmentfar the live gelisand injured cellsof oo ge1

eria,; r tﬁe gene and agarose gel electfophoresis
elecaﬁewbeée&%@athaéﬁe%eﬁﬁep WhitE B 2 sHgis ohtgihedpyhows data
obt aquantitying;hand intensifies: of the's inal RGR amplified prAICISPCR amplified
Mea whlﬁf FkG 1 shO)évs the e sults o@haln‘e‘db erfgrmlnégl&g%

pmdglcngfe -step ?rea%menjﬁor {he |IV€ ce S ang Injure CEﬁS ofrlsterla B%a[:\?ured Py

scanforibid hiyAcderes Breragaresecgein @eeﬁép}wmﬁé%ﬁgrépé@mﬁéﬁ%ﬁ@ctiw

usintane)78nddaple.d shewsdaiacebtamnead by quastfying handkintensiiestefries,
tr;e final PCR mplified roducts The band mtg1 s%ga in %2 e tables are
A

u%gsrﬁeggﬂﬁre byms%a%%]fr(lagm e c&%\f% ren eac nd in the
[007éllectrophore5|s direction using GS-700 Imaging Dens itometer
[ TapbManufactured byBio-RadLaboratories, Inc. (densitometer: measurement

wayelength 600 nm). [0077] [Table 21 Table 2 EMA 0 pg/ml EMA 100

Tablgo | EMA 100 pg/ml Incubation (30C, 2 hr) Incubation (30C._2 hr)
Incubation (30C, 2 hr) EMA 0 pg/ml EMA 10 pg/ml EMA 25 pg/ml Live
cell Injured drxeccel lajured Live cell inpureciocel /eell cell EMA 100 ng/ml
+ + +
Incubation {30°C, 2 hr) Incubation (30°C, 2 hr) Incubation {30°C, 2 hr)
+ + o+
EMA O pg/ml EMA 10 pg/ml EMA 25 ug/mi
Live cell Injured Live cell Injured Live cell Injured cell
cell cell
Band 1.637 1.431 1.420 0.094 1.135 0.024
Intensity
[6078)
[Table 3]
EMA O ug/ml EMA 10 ug/ml EMA 25 ug/ml
. Injured . Injured . Injured
Live cell Cell Live cell cell Live cell Cell
Band 1.695 1.215 1.141 1.539 0.479 0.418
Intensity
[C079]

In the case where EMA was not added in the multi-step treatment,
bands which were estimated as hivA gene amplified preducts were detected

inboththe livecells and injuredcellsof Listeria, and it was impossible
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Band Intensity 1.637 1.431 1.420 0.094 1.135 0.024 [0078] [Table 3)
EMA 0 pg/ml EMA 10 pg/ml EMA 25 pg/ml Injured Injured Injured Live
cell cell Live cell cell Live cell cell Band 1.695 1.215 1.141 1.539 0.479
0.418 Intensity [0079] In the case where EMA was not added in the
multi-step treatment, bands which were estimated ashlyA gene amplified
products were detected in both the live cells and injured cells of Listeria,

to S?Qgﬁf\ﬁ@giwoéégg%*ZZ)ﬁ(R?p?E@&agﬁflféeCt erlydiye.cells, Howeversin yhere
he case where EMA was added in the multi stl%getreatment (EMA 100

EMA YR rARRREHAIDRSEMA =25 B 20 g chan dENGetd CIBgr ) teta@Bldh ton —EMA
25 othe divecoetlsy white dewser-aodiands wete deteetediin thiednjured cellsls, while

few Odrete %Séjrllg Sy gg%euﬁg}:%%e rﬂHl%}%éegg%%tg&egg?@gblesrﬁ%l%yglts suggest

ction of on ythe Ive cells in S Is obvious from the data

that obiginealiy: qeapBffingHEPAnEReHRIES (SHowhY th TabRE 2} Othe T only the
11ve%@lllisiethmemLsemab&mdm@@@r ﬂﬁﬁmmmtﬂ@m@fdhedwﬁ@eﬁi@f@mnmfymg

heb {H ;C:ells lr]E R tahgetmgn E—%ﬁhof gecne % e&?ﬁ)ﬁ]£0089loanc ent enakled

and., in the 438 Whete was’not a e smg e-step .
cleaw@atﬁmmbaﬁas @‘s@rﬁﬁfe@lasfﬁ|ymg]eﬁwérm@ﬁ[éé1rﬁ@§@é{%sw&r%CR targeting

the dgtected byPCRiin bgth the live cells and injured cells of Listeria, and it
[OOB@ES impossible to selectively detect only the live cells. Meanwhile, in the

se where EMA was added at a concentration of 10 pg/ml in the
single-step rehtmeht bandsredtimatetbas WingX geRéh aniglifiedtpydiets in the

s:mgW@L%g@ cted indoth the live cells;and injuted, colis;and KM@as fied products
oo e e e e 0 R SESe Escore
and tréatweht, bands ébtimated asshiyAtdgene ampdified products fé?lmo%tlve cells.
Meandisappeated in both the live cellg:and jnjured eellsaand itoncentration of 10
ug/ml in the single-step treatment, bands estimated as hlyA gene
amplified products were detected in both the live cells and injured
cells, and it was impossible to specifically detect only the live cells.
In the case where EMA was added at a concentration of 25 pg/ml in the
single-step treatment, bands estimated as hlyA gene amplified products
almost disappeared in both the live cells and injured cells, and it
was impossible to specifically detect only the live cells. As shown
in Table 3, the single-step treatment could not achieve clear
discriminaticn of the live cells from injured cells in PCR targeting
as short gene as hlyA (113 bp).
(0081}

6. Discussion

Inthecasewherelivecellsarerapidlydistinguished frominjured
cells (including dead cells) while focusing on a specific pathogenic
bacterium, a short gene region with a size of 80 to 200 bases may be
targeted to detect specifically conly the pathogenic bacterium and to
gquantify the number of bacterial cells in a test sample by quantitative
real-time PCR. In the case where a sample is treated with EMA at a
concentration of higher than 10 pg/ml by the single-step treatment as

shown in Comparative Example 1, EMA passes through not only cell walls

28



was impossible to specifically detect only the live cells. As shown in Table
3, the single-step treatment could not achieve clear discrimination of the
live cells from injured cells in PCR targeting as short gene as hlyA (113
bp). [0081] 6. Discussion In the case where live cells are rapidly
distinguished from injured cells (including dead cells) while focusing on a
specific pathogenic bacterium, a short gene region with a size of 80 to

of 1%991%%% pe+targeted to detectispegifically anly the pathegeriely cleave

acterium and to quantify the number of bacterial cells in a test sample b
orioqEaRRIVG" RAIIHEPCRTT tho oS Witere A SAMPITS Heate i = "7
poinEMA atepearieentratio ofhigherdhan 10:pghmkhythewsinglélsggfore, it is

j_mpot&ggﬁgﬁ%n%8%5@8?’3?‘1@5&9?%@@%% Example d, |EMA passes thiaughmalic, in
(0]

nly cell walls™ 28 of injured cells but also cell walls of live cells to directlx
the graveiBEBIE SHARsOfchioRiGedAar DNA Biihé five Sririiretrday” eauat
to oat TeaRy theints ndependenstly ot envynies-istthe actetinam Theidfores ihard to
pas SI%ﬂimpuoﬁ%@éﬁRowsﬂﬁcéfgaglyng%@&&%nggg livescalls Meanwhilgxi i theniikely
case where a sample is treated with EMA at a concentration equal to or
to biess srarrS0fFGMISEY the- single-stdy frathie M EIMASE HAGM Puss “F target
regit!slkﬁoygtjs?@kw;all&l@f njureg-cells; iand chfomosomalddA 3Bslikdélys 10 Bejured
cleaved frequently. Therefore,_ in the e r ion 4s.
cor G T e IGO0 s
[CC8always cleaved, and hence, PCR is not completely inhibited. [0082] On

Fpecﬁ{h%fhEEGaA@h@&ehEi?]@% isadded ontein thetruditistep tteatrhentpeven-step
if part o passes thro ive cells to.red he. r.qf live .cell

cx eaiifﬁeBGISSﬁYee to %Sc%%/‘étrctﬁéy numb%?%?ﬁ\s/etéleﬁés%é tr% {l}r%itia %é%eg%to@éce the
numbrecover & diffosiorspuripict BRSINEEEISC BREPIEMOVEURFSIRIEEMAE cells

to t?ﬂ? 9%5?&%%%@%6@?%9@@&%%@9'@ by dncubationpiare needitm slitablees]l1s,
or culture. Therefore, once ti f EMA led i fi
or t{?eﬁ'ﬁ?@ﬂ? ‘iWS&%“rgeﬁngﬁ Qo Qgg’ Ié)gai%pl?l\él otPQ eaqgecdr@o@ ézlll{D%éﬁCElls

treatl or example g/ml)’, and chromoso
by ofinjored cellsiis cleaved iwith & highebhcertratish bf EMA at Figipiore, the

cond20ipts, Even theiniured ne added in the first treatment may be high
(forexample,lOOug/ml),andchromosomalDNAofinjuredcellsiscieaved
with a high concentration of EMA at many points. Even if the injured
cells are incubated in the medium, it i1s impossible to increase the
nurber of the cells unlike live cells. Under such circumstances, if
EMA is added again at a certain concentration (for example, 10 ug/ml)
where little EMA passes through cell walls of live cells in a short
time {(for example, 5 minutes), EMA passes through only cell walls of
injuredcellstogmomotefurthercleavageofcﬂuxmwsomalDNA,andbands
of final PCR amplified products may not be detected only in the case
of injured cells.
[0083]

[Example 2]

1.Preparationcﬁfsample-«PreparationcﬁiEnterobactersakazakii
(live cell and injured cell) suspensions

AGram—negativebacterium,Enterobactersakazakii{Enterobacter
sakazakii ATCC 6538P; hereinafter, abbreviated as "sakazakii" in some

cases), was cultured in brain-heart infusion (BHI) broth at 37°C, and
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cells are incubated in the medium, it is impossible to increase the number
of the cells unlike live cells. Under such circumstances, if EMA is added
again at a certain concentration (for example, 10 pg/ml) where little EMA
passes through cell walls of live cells in a short time (for example, 5
minutes), EMA passes through only cell walls of injured cells to promote
further cleavage of chromosomal DNA, and bands of final PCR amplified

5mi ucSrg%%no&% 9&%? %@% g%%%ﬁ? §25w5$8ﬁ§g§Jgg%gnﬁrlfuged

xample reparatlon o) sampe Preparation of Enterobacter

at 8 saRkazakfichiveé eelnaig nfirdd %elﬁ%%%‘éﬁ@‘@ﬁsr&f@r‘éﬁ% Rédativeupernatant.

5 ml %\ﬁtgﬁy@h&It&@r‘Qb@pt@a5@&@2@&@(5@@@@@%aakaza@rﬁ;ceeaa&apand the
hereinafter, abbre |at as "sakaz om was,G [tured

Who era"fr?%earfylanusm Brot(ﬁ atrl Sgl Eg %e? e cﬁultﬁré r(r%ecjj%rr{rﬁ3 cell

Susmrthecmguﬁﬂmﬁ@gmwm ph’&é@ Wa@kt%hmﬁjgéé hi 82 000gSfdm bhe 1ive cell

uspBinutes a&éfscdgﬂ@i’}‘ze%@ﬁ remqval of the supematapt. b enkefdi um and found

phy3|ol aljne wasfa ed to the bacterial cells, and the whole was
£ Rig8rot %P rfed 3% diititéd 10-fold. Thus, a live cell suspension was
{008grepared. The number of the live cells in the live cell suspension was

detegmined;in @ei@@@%@eﬁ%&la\@ m@g'u%%@ga@é‘BQIt%bP 8380 ﬁ@crotube,

loglo cfu/ml. [0084] The live cell s spen 1 ml) was p al rjg 3
and (oo R AP he ior RBEARAS Hnaidad 1 Boltig Water fors TLROLeS an
immemirtes andodrhatediately icooled with |dmNatar@m@E@@@p®remj ured cell

susﬂ@ﬁgﬁgﬁe”@ﬂéQﬁﬁﬁgﬁuIQ%§@ﬁ%5@3@f&§@%@%@5f&%%ﬁiﬁ&@%ﬁ@&lnumbers
small numbers of live cells and dead cells but include malnlé/ﬁg{lesred c

o 1 S efeton THG GBS SR R L At BEHE (o hat =07
the method efthesprgsent imventiordstariginally.imjencet te tetdct liveotellshat the

met RN 5@3’%%%%’14%%&9'1%9@%'{‘9%'1%‘1 drom live celsimaybeeiniuredseds: 1ive
or dead cells. [0085] 2. Test method
cells, and microorganism cells distinguished from live cells may be

injured cells or dead cells.
[0085]

2. Test method

2-1) Multi-step treatment {Method of the present invention)

Ethidium monoazide (EMA) was added to the live cell suspension
and injured cell suspension of sakazakii prepared above at a final
concentrationof 0, 10, 25, or 100 pg/ml, and the suspensions were allowed
to stand under shading at 4°C for 10 minutes. The suspensions were
placed on ice and irradiated for 5 minutes with a 500-W visible light
(FLCOD PRF: 100 V, 300 W, IWASAKI ELECTRIC CO., LTD., wavelength: 500
to 700 nm) at a distance of 20 cm from the suspensions. Then, the
suspensions were centrifuged at 15,000xg for 10 minutes at 4°C, and
the supernatants were removed. Anegual volume of physiological saline
was added thereto, and the suspensions were stirred and centrifuged
while cooling at 15,000xg for 10 minutes at 4°C, followed by removal
of the supernatants. An egqual volume of brain-heart infusion (BRI}
broth was added thereto, and the suspensions were incubated at 37°C
for Z hours.
[C086]
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2-1) Multi-step treatment (Method of the present invention) Ethidium
monoazide (EMA) was added to the live cell suspension and injured cell
suspension of sakazakii prepared above at a final concentration of 0, 10,
25, or 100 pg/ml, and the suspensions were allowed to stand under
shading at 4C for 10 minutes. The suspensions were placed on ice and
irradiated for 5 minutes with a 500-W visible light (FLOOD PRF: 100 V,

S00 W, WASAKI ELECTRIC C0 L TR Byelangin; 5000700, 0) 24, 11ve

distance of 20 ch from the suspensions. Then suspensions were

cellcenflifdged aE I5TOOKERTTF iR @A Arid RdsHssiRatiie wete °f O/

wml@m@xedaé\rh@w vojume of physielagicalsaline rwas addet thersigrando the
spensions were stirred and centrifuged whlle (o] at 15

et ROt B foleir By FAmOVAT e SisaiAniS AN oo~ °F

10, Afolurné afDmﬁmhearffmu@r@@ammmﬁWaslaﬂda«e%ritﬁ@r%‘ﬁén&rmﬂfﬁ%r shading

at 4?&9%?%%@%@0%%@@%@5@r 8&1@@@:&?&8@&9 M ihe firshutes with
reatment t ed again ive cell and injured cell
2 >0gudhetistar ﬁa\%hﬁg A c(gln%npra lor? of gbev‘\ﬁirL I ERTA v v?fas Stgeg s rons-

[008dgdain at a final concentration of 10 pg/ml to the live cell and injured cell

Su@%?'%@‘é“@ﬁ@a@h@mgom%ﬂ%@i@%%é‘-%}@&n}@léoﬁ) pg/m1. The
susgensmns were allowed to stand under $h|ng gt 4C for 10 ﬁlnute

plated bTLE ERATHAARTe o b HTUESSITIN & SO0-WAIGISIE IGRE At 47 ured
celldistapes:of 20 em fromithesuspensipas.e {0087 22)sSingleotreatmeritt a final

conc@x‘%’?@@&%w e ggsarrmle 23 Ethidiam nenocazide (EMA was.added ithea11 owed

live cell and inj jured cell syspensions of sakazakii preg‘51 ared in the section

to SUqn BT RCRATAtR T, 1072851 100 PUARF ol 1 =70 - sadiated
for Suspensiensiwére alldvedy ie Stardunder sShAdifg aRg Cfof 10 pinltes WASAKI

ELEC‘%@?@W ice,and irradiated, for,S minutes with a,R00:W visibledights of 20 em
FLOOD PRF: 10dV 500 W, IWASAKI ELECTRIC CO., LTD.,

fm”\/v’ébgleﬁbﬁ?%fbn‘ﬁoo nm) at a distance of 20 cm from the suspensions.
[008[0088] 2-3) Preparation of bacterium suspension to be used in PCR test

2-3) Preparation of bacterium suspension to be used in PCR test

Microtubes including cne of the live cell and injured cell
suspensions of sakazakili treated in the sections 2-1} and 2-2} above
were centrifuged at 15,000xg for 10 minutes at 4°C. The supernatants
were removed, and 1 ml of physiological saline was added thereto. The
resultant suspensions were stirred vigorously and centrifuged while
cooling in the same way as above (washing treatment). One more washing
treatment was performed in the same way, and the same amount of sterile
water as the initial amount was added to thepellets, followedby vigorous
stirring.
[0089]

3. PCR targeting outer-membrane-protein A (omp A) gene and
macromolecular snthesis (MMS) operon {short DNA) of sakazakii
3-1) Amplification of omp A gene and MMS gene

PCR Master Mix (total volume: 25.25 ul) was prepared using Direct
Buffer Mix (G&g SCIENCE CO., LTD., Yokchama, Kanagawa) capable of
sequentially and automatically performing elution of chromosomal DNA

fromabacteriumand PCR reactions. The BufferMix contains: a component
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Microtubes including one of the live cell and injured cell suspensions of
sakazakii treated in the sections 2-1) and 2-2) above were centrifuged at
15,000xg for 10 minutes at 4C. The supernatants were removed, and 1
ml of physiological saline was added thereto. The resultant suspensions
were stirred vigorously and centrifuged while cooling in the same way as
above (washing treatment) . One more washing treatment was performed

in.the e : . e f.steri e initi r
e e ST S S Wiy, o

P , . .
bactpgRuarigeting Bk mbrans-prseih I th A gefealit 0 be used in FCR

reachasremnalgeular sathesis (MMS) operea fshort ONA) ofisakarakih 3sbrption of
Amplification.of omp A e and M ne.P aster. Mix (t £

=g 35 O WL a8 UG On et BOTer i (L SCIERISE ° e

an 1O eETentYokohamal Kdrdgana) capaslEor sevpehtialy andetails of the

peR Butomatically perforaing glutiansof chromosomal DNA from a bacterium
1009 nd PCR reactions. The Buffer Mix contains: a component 31 (surfactant)

inhibiting adsorption of a protein derived from a bacterium to a .
teniplate DN deaREdFloM R Béstdriunttohd tsediheRCR feaBioN g1 1S as
fol1dgomponent (surfactant) for inhibiting adsorption of

. apolysaccharidederivedfromabacteriumtoaDN rase; and er
~PLrEGFe BBhE REcESEar) T e it ?’gﬁf r%ﬁ&io%@f%\ggﬂs C(SJ}(IDfHe ﬁ% 2
- (5UMabieEMiX are dsdolloivs:{0090] EachPdgmpoREREEef PCR MdSter Mix#dreg No:
rr0od@ECtiRg HMpA gene is as follows. -Direct buffer MIX manufactured by

G&g SCIENCE. CO., LTD.: 21 pl -(5U/pl) Ex-Tag (manufactured by

- (10TRRARABHIES 6. FD° cAfiiEg No: R%O%B)u .25 pl -(10 pmol/pl)
- {LOSEGID'INO: 33@InFA-F)DNA: 20ouipAAR) pmtHpl) SEQ ID No: 4 (ompA-R)
moglglJ\lA: 2 pl [0091] Each component of PCR Master Mix for detecting MMS

gene is as follows. , , .
Each component of PCR Master Mix for detecting MMS gene 1s as

follows.
-Direct buffer MIX manufactured by G&g SCIENCE. CO., LTD.: 21 ul
-{5U/ul) Ex-Tag {(manufactured by TAKARA SHUZO CO., LTD, catalog No:
REQC1IR) : 0.25 ul
~(10 pmol/ul) SEQ ID NO: 5 (MMS-F) DNA: 2 ui
-(10 pmol/ul) SEQ ID NO: & (MMS-R) DNA: Z ul
[0092]

Note that, the total amount of the above-mentioned reagents is
25.25 ul and in Direct buffer MIX manufactured by G&g SCIENCE. CO.,
LTD., reguired compeonents in PCR Master Mix of total amount of 25.25
nl have been prepared to have the following final concentrations
beforehand.
[0093]
-Ex-Taqg Buffer (manufactured by TAKARA SHUZO CO., LTD, catalog No:
RROO1B): 1x
~dNTPF mixture (manufactured by TAKARA SHUZO CC., LTD, catalog No:
REOCIB): 0.2 mM each
-SYBA Green (manufactured by BMA, catalog No: 50513}: 0.4x

[0094]
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-Direct buffer MIX manufactured by G&g SCIENCE. CO., LTD.: 21 pl

-(5U/pl) Ex-Taq (manufactured by TAKARA SHUZO CO., LTD, catalog

No: RR0O01B): 0.25 p1 -(10 pmol/pl) SEQ ID NO: 5 (MMS-F) DNA: 2 pl

-(10 pmol/pl) SEQ ID NO: 6 (MMS-R) DNA: 2 pl [0092] Note that, the total

amount of the above-mentioned reagents is 25.25 p1 and in Direct buffer

MIX manufactured by G&g SCIENCE. CO., LTD., required components in

PCR Master.Mix, of total amourt 9£25:26-R1chaveheenprepared t9haven gene

the following final concentrations beforehand. [0093] -Ex-Taq Buffer
and (il #&efured by TAKARA SHUZO CO., LTD, catalog No: RROO1B): Ix
[OOSEINTP mixture (manufactured by TAKARA SHUZO CO., LTD, catalog No:
[Tablﬁgo 1B): 0.2 mM each -SYBA Green (manufactured by BMA, catalog

No: 50513): 0.4x [0094] 32 3-2) Thermal cycle profile of PCR for
Tab lgmplifESISH of GipiE geRB T ahd M GRNEQB0SEP FFAbBPH PablaTy omph gene
and Myermaleycle profile of PCR for amplification of ompA gene and MMS

cycle YCTRepedfls™ v ClerReeats Qe REIgtON HOE Set Tempayature yme™  Ferperature
rising gradient C) 111 03:004r2 1 1 02:00 94 350 1 00:30 94 2 00:4{:ing gradient

60 300:4568 411 03:00 95 (°cy
1 1 1 03:00 4
2 1 1 02:00 94
3 50 1 00:30 94
2 00:40 60
3 00:45 68
4 1 1 03:00 95
5 250 1 00:08 70 0.1
5 o 4
[(0096]

3-3) PCR reaction

The test suspensions prepared in the section 2-3) above (2 pl
each) were added to the PCRMaster Mix {25.25ul) prepared in the section
3~1) above. Sterile water (2.5 ul) was used as a negative control.
[0097]

Bccording to the PCR thermal cycle profile shown in the section
3-2), PCRreacticnswereperformedusingareal-time PCRdevice (iCycler,
Bio-Rad Laboratories, Inc., Model: 1Q).
[0028]

4. Agarose gel electropheresis for PCR amplified product

The PCR amplified products obtained in the section 3-3) above
were electrophoresed on a 2% agarose gel. After completion of the
electrophoresis, the agarocse gel was lmmersed in an agueous solution
of 1 pg/ml ethidium bromide for 20 minutes and washed twice with
ion-exchange water, and a UV transilluminator {wavelength: 254 nm) was
used to observe the amplification degrees of the hlyA gene amplified
products.
[0089]

5. Test results

FIG. 2 shows the results obtained by performing: the multi-step
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52501 00:08 70 0.1 64 [0096] 3-3) PCR reaction The test suspensions
prepared in the section 2-3) above (2 pl each) were added to the PCR

Master Mix (25.25 p |) prepared in the section 3-1) above. Sterile water

(2.5 pl) was used as a negative control. [0097] According to the PCR

thermal cycle profile shown in the section 3-2), PCR reactions were

performed using a real-time PCR device (i Cycler, Bio-Rad Laboratories,
D Model Q) LONRRL 4. Agarose golejgeiiophorants [of BeRLampiiedecr sor
product The PCR amplified products gbtalned in the section 3-3) above

the Rgpé eIEAFopHBIeSEIRER 2296 agarGSe: GeP et Totnplefibhiorther treatment
1 aneglectrophoresis dhesagarose: gelovas immersedun aniagueoys sotutiopeatities

1 pg/ml ethidium bromide for 20 minutes,an ed twice Wi

o e T a4 U0 Fanalor aant ok Elebgind 20 oy et

obtajs@fiteBbeer/e e amplification Hetaas VP the A gehetahplified: ive cells
and Rroducts; [Q090] 5 rTestiesults FlGckshows Hhe spgults oftaingdbigarose gel
ele ‘?!é%@?gsﬁ"ﬁe ”gﬂ%ﬁﬁeﬁ 33 treatment for. the live 9621%%”9{98&”68 QlSs data
Of saKaZzakll, C or e om Agene, and agarose gel electrophoresis
obta(hmelt-Stepareatiiehitilan ey anhilé Tabhe Sshewscdatehbthieiby CR amplified
pxodﬂi&%gifyir?ﬂ@aﬁgﬂat%ﬂﬁ@%%i@%lﬁﬂﬁ'f@@%@@@%?@%@%es measured by
Meanwhile, FIG. 2 shows the results. obtaine erforming: the . . .
scany B L € s e S ssstigect don
us irfoGthe’Om pAxgENe; Badsigarose geheledteophoresis (siigleRstdd.aboratories,

Tnc lreatmentlane)  and Lakle,6.0B0ws data: ohtaineddy guantifying band:, rapie
intensities of the final PCR amplified p,rod#%s. The band intergities T the

7 sheipfed Bfe VARRS nfeasiféd By dtanting the Cofor Sretidth of Rachband ™ F°F
curvn the etectnopharesisditectiohmasing G Si700L knagiriy DepsitometefCt value) .

marytacturedhy, Bio-Radlahoratones, . he electrophoresis for final PCR

amplified products of the MMS gene after the multi-step treatment

tre

(multi-step treatment lane), and Table 8 shows data obtained by
gquantifying the PCR bands. Meanwhile, FIG. 3 shows the results of the
electrophoresisafter the single-steptreatment {single-steptreatment
iane), and Table 9 shows data obtained by guantifying the PCR bands.
Meanwhile, Table 10 shows the number of cycles at initial rising in
each real-time PCR curve in the multi-step treatment or single-step

treatment (Ct value}.

[01C0]
[Table 5]
Table &
EMA 0 pg/ml EME 10 ug/ml
+ +
Incubation (37°C, 2 hr) Incubation (37°C, 2 hr)
+ +
EMA 0 pg/ml EMA 10 pg/ml
Live cell Injured cell Live cell Injured cell
Band
. . 1. L0G0
Intensity 1.514 1.681 546 0.00
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Inc. (densitometer: measurement wavelength 600 nm). Moreover, Table 7
shows the number of cycles at initial rising in each real-time PCR curve in
the multi-step treatment or single-step treatment (Ct value). FIG. 3 shows
the results of the electrophoresis for final PCR amplified products of the
MMS gene after the multi-step treatment (multi-step treatment lane), and
Table 8 shows data obtained by quantifying the PCR bands. Meanwhile,
{010'5 G. 3 shows the results of the electrophoresis after the single-step
treatment (single-step treatment lane), and Table 9 shows data obtained
Wabl%? q@éntifying the PCR bands. Meanwhile, Table 10 shows the number of
Tableyales at initial rising in each real-time PCR curve in the multi-step
treatmmentor singte=step—treatment (Ctrvatue). [0I00] [Table 5] Table 5
EMA 0 pg/ml EMA 10 pghml Incubatiom870) 2dvpincubation (37C, 2 hr)
EMA 0 pg/ml EMA 10 pg/ml Live cell Injured cell Live cell Injured cell
Band 1.514 1.681 3_1[54616)3'66%Intgnsietyc3e§l[01(111]jL['n’able 6] Table 6
EMA 0 pg/ml EMA 10 pg/miLive celliflnjured Livec€éht Injured cell cell
gg%]lbbllbbblbUUUbUéInEn&WUﬂDﬂ [Table /T Table 7 E.
saﬂazcakii (ormp#:1469 bp} 8:380.25 Idglesells/ml EME O pg/ml EMA 10

Intensy
pg/sml I%MA 20 pg/ml EMA_100 pg/ml

[0102]
{Table 7]
Table 7

E. sakazakii (ompR: 469 bp; 8.38+0.25 logy; cells/ml )

EMA O pg/ml EMA 10 ug/ml EMA 25 pg/mi EMA 100 pg/ml
Live cell Dead cell Live cell Dead cell Live cell Dead cell Live cell Dead cell
17.6+0.4% 17.2+0.2 18.8x0.3 36.3, ND 20.94+C.¢ ND, ND 23.9%0.9 35.0, ND

c, d

(2/2)" (2/2) {2/2) (1/2) (2/2) (0/2) {(2/2) {1/2)

EMA 0/0 pg/mi® EMA 10/10 pg/ml EMA 25/10 ug/ml EMA 100/10 pg/mi
Live cell Dead cell Live cell Deadcell Live cell Dead cell Live cell Dead cell
12.940.8 17.4:0.7 15.9x0.4 ND, ND 20.1%1.6 ND, ND  23.6%0.4 3.0, ND

(2/2) (2/2) (2/2) (0/2) (2/2) (G/2) (2/2) (1/2)

a) Ct value {meantSD, N=2)

b) "(i/2)" represents the number of times of positive reaction in two
PCR assays.

c) "ND" means that final PCR amplified product is negative.

d) "36.3, ND" means that the first Ct value is 36.3 and the second Ct
value is ND.

e) "EMA i/9 pg/ml" is the results of the two-step EMA treatment and
means that the first EMA treatment is performed at a concentration of
i png/ml and the second EMA treatment is performed at a concentration

of J pg/ml.
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Live cell Dead cell Live cell Dead cell Live cell Dead cell Live cell Dead
cell 17.60.4a 17.20.2 18.80.3 36.3, ND 20.90.6 ND, ND 23.90.9 35.0, ND
C, d (2/2)b (2/2) (2/2) (1/2) (2/2) (0/2) (2/2) (1/2) EMA 0/0 pg/ml' EMA
10/10 pg/m1 EMA 25/10 pg/ml EMA 100/10 pg/ml Live cell Dead cell Live
cell Dead cell Live cell Dead cell Live cell Dead cell 12.90.8 17.40.7
15.90.4 ND, ND 20.11.6 ND, ND 23.60.4 36.0, ND (2/2) (2/2) (2/2) (0/2)
[010@{2) (0/2) (2/2) (1/2) a_) _Ct vaIue_(mganSD, N=2) b) "(i/2)" represents the
number of times of positive reaction in two PCR assays. ¢) "ND" means
[Takhgt final PCR amplified product is negative. d) "36.3, ND" means that the
TapfysgCt value is 36.3 and the second Ct value is ND. e) "EMA i/j pg/ml” is
= TSt EMA
treatment is perfogmedatg/goncentration of izpg/mbang/the second EMA
treatment is performed at a concentration of j pg/ml+ 35 [0103] [Table 8]
Table 8 EMAQpaAt ENA "T0 ph/ral) Ingubadtion:(37C3 7 fr) Inbabation
(37C, 2 hr) EMA Q pg/ril E}\/IA 10 pg/ml Live cell Injtired Live cell Injured
cell cell Band 1.086°08483'997 0.000 intensity [6{10‘21‘1’ Frable 9] Table 9

EMAOp Ve jur d cell
Live cell tnjure Live cell njure
cell cell
| band 1.060 0.846 0.997 0.000
intensity
[0104]
[Table 9]
Table &
EMA 0 pg/ml EMA 10 ug/ml
: Injured . Injured
Live cell cell Live cell cell
| Band 0.834 0.900 0.845 0.855
intensity
[0105]
{Table 10)]
Table 10

E. sakazakii {MMS: 79 bp; 8.38x0.25 logy cells/ml )

EMA 0 ug/ml EMA 10 pg/ml EMA 25 ng/ml EMA 100 ug/ml
Live cell Dead cell Live cell Dead cell Live cell bDead cell Live cell Dead cell
19.642.0% 24.0%3.5 20.8120.9 27.6+0.1 19.%+1.3 27.341.0 22.241.0 25.2+0.5

(2/2y " (2/2} (2/2) (2/2) (2/2) (2/2) (2/2) (2/2)

EMA O/0 ug/ml © EMA 10/10 pg/ml EMA 25/10 pg/ml EMA 100/10 ng/ml
Live cell Dead cell Live cell Dead cell Live cell Dead cell Live cell Dead cell
i8.0+0.3  23.9%x1.5 17.1z1.8 ND, ND 18.5x2.5 ND, ND 22.941.0 27.3, Np & @

(2/2) (2/2) 12/2) {0/2) (2/2) (0/2) (2/2) {1/2)

a) Ct value (meanzSD, N=Z)
by "{i/2)" represents the number of times of positive reaction in two

PCR assays.
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Band 0.834 0.900 0.845 0.855 intensity [0105] [Table 10] Table 10 E.
sakazakii (MMS: 79 bp; 8.380.25 loglocells/ml EMA 0 pg/ml EMA 10 pg/mi
EMA 25 pg/ml EMA 100 pg/ml Live cell Dead cell Live cell Dead cell Live
cell Dead cell Live cell Dead cell 19.62.0a 24.03.5 20.80.9 27.60.1
19.91.3 27.31.0 22.21.0 25.20.5 (2/2) b (2/2) (2/2) (2/2) (2/2) (2/2) (2/2)
(2/2) EMA 0/0 pg/ml" EMA 10/10 pg/ml EMA 25/10 pg/ml EMA 100/10

n%ﬂﬂ“dh@V%%%P%%C%Mg%g%&Psea@fcez-,'hleivaroeils@@ degell bivetellens and
ead cell 1 .00.1 23.91.517.11.8 ND, ND 18.52.5 ND, ND 22.91.0 27.3,,

meanm e (2RR(Z2Y (I AMNBIY ST ENR) Y/ B T B E A alhe (heahS T T o oF
i ugNeR))d (¥2E representsihe-numbesof tie et fositive reactiondndwotration

.PCR/I% says. 36 c) "EMA i/j pg/ml" is the results of the two-step EMA

of JtrEdtmerit and means that the first EMA treatment is performed at a
d) "¥eNcempatoicsR | pgimeand tRe 38e6RE EMAREAAHENt i€ pRABAhEE L a
e} “gongeniationeahjspaal NP means: that final RCR7amplifiedipredustond Ct
valus nesgz\f ve. e) "27_.3, ND" means that the first Ct value is 27.3 and the
Second'Ct value is ND. [0106] In the case where EMA was not added in
the multi-step treatment, bands which were estimated as ompA gene
(o10@mplified products and MMS gene amplified products were detected in

both the live cells and injured cells of sakazakii, and it was impossihle
spedifichify GRS O Ive Cars %Evéi\(};%% %hhea%:}}al%én Where %?\ﬁg\ w%é%tment’
pandaddeddh thermsltistep tedatmenfic M e0epy il dacdbateA Eva apd MMS gene

amp 1RGN wete gcleally detected inthedive calls, while re band:wasiniured

detected in the injured cells. (In the case, of the injured cells an
cellsngler #i4T e fargaé?agéﬁewé’ﬁpé%}r}so gﬁa%él g prime ed‘lzrjﬁ%%saal]hgey regéautﬁ?sCt only

1ivesog@éstthatdever, in the case where EMA was added in the multi-step
treatment (EMA 10 pg/ml-incubation-EMA 10 ug/ml), bands were clearly
detected in the live cells, while no band was detected in the injured
cells. (Inthe case of the injured cells, a band shorter than the targst
gene appears and is a primer dimer.) The results suggest that the
multi-step treatment enables selective detectionof only the livecells
in PCR. As is obvious from the data obtained by guantifying the band
intensities {(shown in Tables 5 and 8), the multi~step treatment enables
cleardiscriminationofthelivecells frominjuredcellsinPCRtargeting
the relatively and extremely short gene (469 bp and 78 bp).

[0107]

According totheCtvalues inTable 7, inthesingle-step treatment
with 25 ug/ml EMA, live cells of microorganism are distinguished from
injured cells of microorganism. However, the Ct value inthe livecells
of microorganism is 20.9+0.6, which is larger by about 5.0 than the
Ct value of 15.940.4 in live cells treated by the multi-step treatment
(EMA 10/10 ug/ml). That is, even though whether the cells are dead
or live can be evaluated by the single-step treatment, it is impossible
to detect a low concentration of sakazakii because the detection limit
of livecells is lower by about 2 logjgcells/ml thanthat inthemulti-step
treétment.

[0108]
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multi-step treatment enables selective detection of only the live cells in
PCR. As is obvious from the data obtained by quantifying the band
intensities (shown in Tables 5 and 8), the multi-step treatment enables
clear discrimination of the live cells from injured cells in PCR targeting the
relatively and extremely short gene (469 bp and 78 bp). [0107] According
to the Ct values in Table 7, in the single-step treatment with 25 ug/ml
EMA, live cells of microorganism are distinguished from injured cells of
microorganism. However, the Ct value in the live cells of microor(%anism

is 20790-8° WG iiarg&Toy abstt 5P tan theY CtVafe 6F15.00 inaene (78
bp) ,live cellswredte o the-midt-stepdrestment (EMA 404kapoémly Thatdsed with

10 pﬁ?/ gq i’ﬂ&“ﬁg{{‘ %eeg‘ﬁ%{gtﬂ% 9§@8§§%9§‘E‘ﬂe8‘c'JVE@BQ&%@MSQ%‘%‘R though

ingle-step-treatment, it is Impossible to detect a low concentration o
onlysaRAXAEFHBESHSE BiE B@EHSH kit DAMESEHS Y sIoREY ByabBte29bgrds of
chrogelisémb thamthatinthe muiti:step deeatment. fR10832 6t Disedssiendrnt 1y of
enz theesc%%etfgggc}gr%%t@ga ?WESV%O# gleget%Mf%%g% (Z? 1 'u?%d ceils is

shown in Comparaftive Example 2, when a sample is treated with 1
as hpgimt EMECBY the sigle step teatmeat ENASpasEes Sl i Rt dughro soma L
DNA=ORY iRiured micteeraanism sellsie directly cleave-daublesstiands ef eaved. As

= re§PMOZOMaLIN of the Inled gelis.2l PanyPoInts Independenty Ol o—ste
Snzyrhes in the bacterium. HOWever, it the number o n’ffured cels is"as P

treahighrds abone 108 GRuATE Hid iadarMNIS §eré rebrsofeRdmesemaices not
veccRNAsef all jajuregdmicrearganism cels-a-nhawayselpaved: As rdated with

result, even if the concentration of EMA is high i inale-st .
B S AHERE TSl PO ARG ALt SF (he o ST dBUa s 9 ter

treshigcorhe ridfative. Meahwhileanstheh caeowherela samgle istrdatedwith cells,

and EMARL asencentration gqualde prlessdhancte,pa/mt-by: thesingle-steprerore,
treatment, EMA is hard to pass throurlgh cell walls fir}jEFe(%ﬁeuﬁg and
C

In oK STRGSoMTAT BNATE untikelyio’6é deSd raguBhtly. Thers of& ST the €9tons
of chasewhene theNPCR fargkl regicn: fishiortrirertargetregions sofire not always

cleaS¥aMasomalRNAS ofall injuredimicrpgraanisny cells are nag always
[0109]

On the cother hand, after EMA is added once in the multi-step
treatment, even if part of EMA passes through live cells teo reduce the
number of live cells, it is possible to recover the number of live
microorganism cells to the initial value, to recover a diffusion pump
of the livemicroorganismcells, or to remove unreacted EMA to the outside
of themicroorganismcellsbyincubation inamediumsuitable forculture.
On the other hand, although chromosomal DNA of injured microorganism
cells is cleaved with EMA at many points, in the case where a gene to
be amplified by PCR is short, the regions of chromosomal DNAs of all
injuredmicroorganismcells arenot always cleaved. Evenif the injured
cells are incubated in the medium, it is impossible to increase the
number of the cells unlike live cells. Under such circumstances, if
EMA is added again at a certain concentration (for example, 10 pg/ml},
EMA passes through only cell walls of injured cells to promote further
cleavage of chromosomal DNA, and bands of final PCR amplified products

may not be detected only in the case of injured cells.
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cleaved, and hence, PCR is not completely inhibited. [0109] On the other
hand, after EMA is added once in the multi-step treatment, even if part of
EMA passes through live cells to reduce the number of live cells, it is
possible to recover the number of live microorganism cells to the initial
value, to recover a diffusion pump of the live microorganism cells, or to
remove unreacted EMA to the outside of the microorganism cells by
{011. ubation in amedium suitable for culture. On the other hand, although
chromosomal DNA of injured microorganism cells is cleaved with EMA at
mah’?’ﬁéfiﬁt]s? i the case where a gene to be amplified by PCR is short,
therregipas 0f chremesosal N Asrafalh injurechmirosiganisthicels aser i tidis
( 15,0t %%ayasn e§¥§g.r%\ée% éf]ft]ﬁj? ig'l%g)gn%%lgnaafe incub_ated_ in the medium,
It is impossible to’increase the number of the cells unlike live cells. Under

such CHreBmtaRces 5 TACE adte F a8 st bl eeRafif&drdéhtration (Brella
ente@Xamples 10mpg/ml) ,hEMA passes thsougheonlywcell wallsxfinjtted ceflsin some

to promote further cleavage .of chromosaomal DNA, final,-, o :
c e R A BrGAble Ras Aol o JeTautar only i he B af mired C <™
5l eBlid 38 b1 L0 [Exdmple 8T ePreparation bl sarpiek Présarafsentrituged
at 8 ,g@m@% Q@tﬁﬁﬁm%@@i‘éQS@el"b@nﬁﬁiPilM@Qc@% §@ﬁ@.9@&i@ﬁist/@qe sup(e;rnatant .

ram-neqatjve bacterium, Salmonella enteritidi almonella .enteritidis

5 L 1 G T HER, ADBIe T B e arblnY i SoEe Caber) b 21 che
wholeultaret inbrainsheartinfusichaBHPDrbth 413 7C, Wnd! 8 fittof the cultlifes same
way Sediugyin thejegarithmic grawth.phasewascentafuged rat 8:009¥g fenogical

15 minutes at 4C, followed by removal of the supernatant | of
2 TGS Uk Al TN BRELBTA EEI B 1o wiale fg =B

prepeigereuslystireed andusartnfuged- whilescoolingdn thé samelway aslls in the
1ivedhove. Thesupernatapt wasiemeved.and, 5Simketphysiglogical saline medium

was added to the bacterial cells and diluted 10-fold, to thereby prepare a
and foapg) SBspénsion “The Humb&rort 8%\“/ cells in the live cell

[0118yspension was determined in a standard agar plate medium and found
to %é'@@g&%éqglgﬁw&lsion (1ml) was placed in a 1.5-ml microtube,

and the microtube was immersed in boiling water for Z minutes and
immediately cocled with ice water, to thereby prepare a injured cell
suspension. The cells inthe suspension probably include small numbers
of livecellsanddeadcellsbut includemainly injuredcells. Therefore,
the cells are simply referred to as "injured cells". The method of
the present invention is originally intended teo detect live cells, and
microorganism cells distinguished from live cells may be injured cells
or dead cells.
[0112]

2. Test method

2-1} Multi-step treatment (Method of the present invention)

Ethidium monoazide (EMA) was added to the live cell suspension
and injured cell suspension of Salmonella prepared above at a final
concentrationof 0, 10, 25, cr 100 pg/ml, and the suspensions were allowed
to stand under shading at 4°C for 10 minutes. The suspensions were
placed on ice and irradiated for 5 minutes with a 500-W visible light

(FLOOD PRF: 100 V, 500 W, IWASRKI ELECTRIC CO., LTD., wavelength: 5C0
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[0111] The live cell suspension (1 ml) was placed in a 1.5-m1 microtube,
and the microtube was immersed in boiling water for 2 minutes and
immediately cooled with ice water, to thereby prepare a injured cell
suspension. The cells in the suspension probably include small numbers
of live cells and dead cells but include mainly injured cells. Therefore, the
cells are simply referred to as "injured cells". The method of the present

o 7'8 ?“5%%9@33%&0%?@%9 tg gletectdive cells.and ;picroorganisMnen, the

Istinguishe ive cells may be na]ured cells or dead cells.

SUSP[@Q%Q?QST@%%%&%HIZ TV Wi tep rddthent fBtHdd B B Preddnt? €+ and
the Wmﬁaﬁﬁyd&u&em@n@&ade (EMAXwas addethtocthielivetellogical saline

was acfn ii‘sc%” 20 Injuy x § é?gsgi%@{]o%f S@QM%BB@@@SQ@%&%@%(&

concentratlon 0 or 100 pg/ml, and the suspensions were

at 1 5lloWetd foshhaimider shading af aé:lfaf@lféﬂ?ﬁﬁﬁf%var?h@ Stspendigrgatants.
An e¥ese Wﬁ@ﬂt@%ﬂ@ﬁ@ﬂd*ﬁﬁé@lﬁtegrf@&émmu([BSWItbﬁaE@OMA/sVBJhiedlg'J’ﬂtereto,

FLOOD PRF: lOOV 500W IW ELE C 'Elg
and wa elen%%% to '780 "4t a d %taﬁceg g%ofgrﬁ? fr%Lm tﬁjeIS
{ 01lsuispensions. Then, the suspensions were centrifuged at 15,000xg for 10

mrir&m?s %éfnaf&d é'&@é&'%@@hﬂiﬁmﬁcwef@éem@\@d A Bqualvolumenfd cell
physijological saline added thereto, and ons Wi tire
SUSEAh &85‘3 it 265 %g%% iUt esatﬂ(? %Ifqolfbw %Irlerrﬁgvgal?%fsc the Stment,
whxl@ﬁéﬂn&tﬁﬁt@dﬁﬁdewalmla*m@ of braih E@érﬂﬁﬂ%%ﬁ(@ﬂlt)%dfﬁ v@@sm/ ml to

the 2ddedtherelosand m?et?iuég?ims%\é/ﬁé@mgﬁieﬁiﬁ %ECEf@& 280YESitration

01131 EMA w. snot ded ain to the li and. in
°f 1Susp SIBESlfﬁ lﬁgéﬁ %3 cg)n ra oéﬁ%‘%olcm t%e ihreastkfr? §psions
weravhilé EMA wassdded agdirrathdinahEMA c@n%ef@ﬁatibfh @ﬁ@@WmRéﬁC@d on

ice, g live-cell anddnjyted cell suspensions:having:an:EMA eoncentraion d@ktance
'10, 25, or 100 g/ml in the first EMA treatment. The suspensions were

of ZRicwed f5%ta URYSFEREiIRG 3t 4C for 10 minutes, placed on ice, and
[Oliidradiated for 5 minutes with a 500-W visible light at a distance

2-2) Single treatment {Comparative Example 3}

Frhidium monoazide {EMA) was added to the live cell and injured
cell suspensions of Salmonella prepared in the section "1." at a final
concentrationof 0, 10, 250r 100 ug/mi, and the suspensions were allowed
to standunder shadingat 4°C for 10minutes, placedonice, andirradiated
for Sminutes with a 500-W visible light (FLOOCD PRF: 100V, 500 W, IWASAKI
ELECTRIC CO., LTD., wavelength: 500 to 700 nm) at a distance of 20 cm
from the suspensions.

[0115]

2~3) Preparation of bacterium suspension to be used in PCR test

Microtubes including cne of the live cell and injured cell
suspensions of Salmeonella treated in the sections Z2-1) and 2-2} above
were centrifuged at 15,000xg for 10 minutes at 4°C. The supernatants
were removed, and 1 ml of physiological saline was added thereto. The
resultant suspensions were stirred vigorously and centrifuged while
cooling in the same way as above (washing treatment). One more washing
treatment was performed in the same way as the first treatment, and

rhe same amount of sterile water as the initial amount was added to
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of 20 cm from the suspensions. [0114] 2-2) Single treatment (Comparative
Example 3) Ethidium monoazide (EMA) was added to the live cell and
injured cell suspensions of Salmonella prepared in the section "1. " at a
final concentration of 0, 10, 25 or 100 pg/ml, and the suspensions were
allowed to stand under shading at 4 C for 10 minutes, placed on ice, and
irradiated for 5 minutes with a 500-W visible light (FLOOD PRF: 100V,

the %qygtlyy%&@o@g%?{g&gg@g D., wayelength: 500 to 700 nm) at a

istance of 20 cm from the suSpensions. [0115] 2-3) Preparation of
(01 28d cterium suspension to be used in PCR test Microtubes including one of
thedivercell anddejuted; cellvauspensiens of Saimpnetla tredteddn thren gene of

sa 1:35E0983 214),800-2-2) Abpve, el Gentyged at 15,000xg for 10 minutes

at he supernatants were removed, and 1 ml of physiological saline

was addelrtAeidtdCTheCfetiftaht 8lisFERSI0AS WetB 'FR GBIl

andecentrfsged mhile -eaoling #1 the:sabde ay as abever@yashiagus ing Direct

reatment),,.One, shing tr. ent,w. rfor i a
= e L e P o
sequpftial aloURPWas aeded ic A0 the pelieisr islpwed by VigbloGs SamgPma L DNA

fror 8101 & PGR datgeting-twasion-genefinvAh and enterfoxiregene efcomponent
almonella (Both of them are short DNAs) 3-1) Amplification of invA gene
(<2 BASrbION N PCHNACTEr W QBLATvarhe: 25 25 ph) g o Crom 2

OXOIr'I gene [ o?arf VO gme. . was )
bactgreparetiusirieDirket BoHér Mix (G4 SCIENCRECT:ILTD. FYdkohfd, 10 PCR

reactaRagawa) capableinsequentalbsand suiomaticaliy performing @it ion of
0 chromosg&acliDNA fro]_;n a ba%gter{um.and PCI}m%actlgns. The Buffer,

f -
& PO ACHHATS B COMpGiTent J(CarActant) 1oF NRiBIting Adsorption ofa - - -her
an ipmteiniderived from ar abterimeatb o lermphitd DRACHEWE. fropkails of the

per Ractedumdito,.bg useddn RGR-fgactions; and a component (surfactant) for
inhibiting adsorption of a polysaccharide derived from a bacterium to a

A polymerase; andfurther an ingredient necessary for real-time PCR
reattors coetailscoftthef PCR Master Mix for detecting invA gene is as

follows.,
~Direct buffer MIX manufactured by G&g SCIENCE. CO., LTD.: 21 pl
- (50/ul) Ex~Tag (manufactured by TAKARA SHUZO CO., LTD, catalog No:
RROOIB): 0.25 1l
~ (10 pmol/ul) invA-F DNA: 2 ul
~(10 pmol/ul) invA-R DNA: 2 ul
invA-F: Primer Set SIN-1 fordetecting invAgene of Salmonella (product
code:35018; TakaraBic)
invA~R: Primer Set SIN-2 for detecting invA gene ¢f Salmonella {(product
code:5018; TekaraBilo)
[011i8]

Each component of PCR Master Mix for detecting MMS gene is as
follows.
-PDirect buffer MIX manufactured by G&g SCIENCE. CC., LTD.: 21 ul
~{5U0/ul) Ex-Tag (manufactured by TAKARA SHUZO CO., LTD, catalog No:
RROCIR): 0.25 nl
-{10 pmol/ul) enterctoxin-F DNA: 2 ul
-{10 pmol/ul) enterotoxin-R DNA: 2 ul
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PCR Master Mix are as follows. [0117] Each component of PCR Master
Mix for detecting invA gene is as follows. -Direct buffer MIX manufactured
by G&g SCIENCE. CO., LTD.: 21 pl -(SU/pl) Ex-Taq (manufactured by
TAKARA SHUZO CO., LTD, catalog No: RR001B): 0.25 pl -(10 pmol/pl)
invA-F DNA: 2 pl -(10 pmol/pl) invA-R DNA: 2 pl invA-F: Primer Set SIN-1
for detecting invA gene of Salmonella (product code:S018; TakaraBio)

ent <PYAR; Rumer Set3IN-2 for detecting invAygene of Salngpela (pedicChene of
code;S018; TakaraBio) [01183P Each component of PCR Master Mix for

Sa lngare iy MNISGETTe 199 Toliows. -Biredt Buffer MIX manufactured by
ent cB&YSCIENCEP €@t TR:t 28 P ~F50/pt) BExfagtinanufattred byin gene of

sa1nEARA SHUZQ GO, LLID «eatglogiNe: RROALB): 0.25 pl -(10 pmol/pl)
enterotoxin-F DNA: 2 pl -(10 pmol/pl) enterotoxin-R DNA: 2 ul 41

[C11&Hterotoxin-F: Primer Set STN-1 for detecting enterotoxin gene of
Salmanellan@aroduict code:3010-TakaraBid) enderptexindR - Pomet Sekgents is
TN:2 for defeciing entero(oxin g o Salranelia (prodst code 5018
) L Qemddt. co.,
= a;\(}graﬁg) fdﬁ%]%oteet%at,t létota an%ount of the abovge-me%ntloned

LTD.redctité T D5 I8t i Bire i BuHE MR ifdrufattirdd byaBagnt of 25-25

nl RCENCENCE:epdRd requiregweompenents fosPER Master Mixinctotakations

befo%@ggrqt of 25.25 pl have been prepared to have the following final
concentrations beforehand. [0120] -Ex-Taq Buffer (manufactured by

[C1ZPAKARA SHUZO CO., LTD, catalog No: RROO1B): Ix
-Ex~-Tag Buffer (manufactured by TAKARA SHUZC CO., LTD, catalog No:

RROO1IB) : 1x
—dNTP mixture {manufactured by TAKARA SHUZO CO., LTD, catalog No:
RROOIRBR): 0.2 mM each
-8YRA Green (manufactured by BMA, catalog No: 50513): 0.4x
{01213
3-2) Thermal cycle profile of PCR for amplification of invA gene
and enterotoxin gene
[0122]
[Table 11]
Table 11 Thermal cycle profile of PCR for amplification of invA gene

and enterotoxin gene

Cycle Repeats Step Retention Hold Set {°C) Temperature
time rising gradient

(°c)
1 1 1 03:00 4
2 1 1 02:00 o4
3 50 1 01:00 94
2 01:00 55
3 01:00 68
4 1 1 03:00 95

5 250 1 00:08 70 0.1
5 = 4

[0123]

2-3) PCR reaction
The test suspensions prepared in the section 2-3) above (2 pl

each) were added to the PCRMaster Mix (25.25 pl) prepared in the section
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-dNTP mixture (manufactured by TAKARA SHUZO CO., LTD, catalog No:
RRO001B): 0.2 mM each -SYBA Green (manufactured by BMA, catalog No:
50513): 0.4x [0121] 3-2) Thermal cycle profile of PCR for amplification of
invA gene and enterotoxin gene [0122] [Table 11] Table 11 Thermal
cycle profile of PCR for amplification of invA gene and enterotoxin gene
cycle Repeats Step Retention Hold Set (c) Temperature time rising

3-1) gradient (Cha 110300 & 251 1102:00:94, 350 40%L009¢:2 H3:00 58 B0 .
01:00 68 4 1103:00 955 250 1 00:08 70 0.1 6 4 [0123) 3-3) PCR

[0128daction The test suspensions prepared in the section 2-3) above (2 pl
eachyowers added tothe PCRIMaster Mixc(25.25ql) prepdrediinithehe section

3-2) SeLlion 42 3: 1) above. gpgr%féﬁ{e@u% phwas used:asa pegative cRNkobycler,
Bio—%%;zd{ According to the PCR thermal cycle profile shown in the section

réa&iorswere Berforined Using a real-time PCR device
[012€Cycler, Bio-Rad Laboratories, Inc., Model: iQ). [0125] 4. Agarose gel

electropharesis.for BCR ifi P ifi
obtgainéRog%I? éeseseé:?i%.n@%%?g%%%%gév%%g%Ii@?op%ﬁre?g %}rL\efajiL %2%&1&
aggQ@eagﬂ_gm@%égﬁﬁﬁeﬁéﬁq%qﬁé cbtained in the section 3-3) above

were electrophoresed on a 2% agarose gel. After completion of the
electrophoresis, the agarose gel was immersed in an aqueous solution
of 1 ug/ml ethidium bromide for 20 minutes and washed twice with
ion-exchange water, and a UV transilluminator (wavelength: 254 nm) was
used to observe the amplification degrees of the hlyA gene amplified
products.
(01267

5. Test results

FIG. 4 shows the results obtained by performing: the multi-step
treatment for the live cells and injured cells of Salmonella; PCR for
the invA gene; and agarose gel electrophoresis (multi-step treatment
lane), while Table 12 shows dataobtainedbyquantifyingband intensities
of the final PCRamplifiedproducts. Meanwhile, FIG. 4 shows the results
obtained by performing: the single-step treatment for the live cells
and injured cells of Salmonella; PCR for the invA gene; and agarose
gel electrophoresis {single-step treatment lane}, and Table 13 shows
data obtainedby quantifyingband intensities of the final PCRamplified
products. The band intensities in the tables are values measured by
scanning the color strengthof eachband intheelectrophoresisdirection
using GS-700 imaging Densitometer manufacturedbyBic-Rad Laboratories,
Inc. (densitometer: measurement wavelength 600 nm). Moreover, Table
14 shows the number of cycles for raising each real-time PCR curve in
the multi-step treatment or single-step treatment (Ct value).

FIG. 5 shows the results of the electrophoresis for final PCR
amplified products of the enterctoxin gene after the multi-step
treatment (multi-step treatment lane), and Table 15 shows data obtained

by quantifying the PCR bands. Meanwhile, FIG. 5 shows the results of
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electrophoresis, the agarose gel was immersed in an aqueous solution of
1 pg/ml ethidium bromide for 20 minutes and washed twice with
ion-exchange water, and a UV transilluminator (wavelength: 254 nm) was
used to observe the amplification degrees of the hlyA gene amplified
products. [0126] 5. Test results FIG. 4 shows the results obtained by
performing: the multi-step treatment for the live cells and injured cells of

rhe Salmonella; PR far the invAgene; andiagasese gehelgetrephoresisngle-step

multi-step treatment lape) , {gﬂl Table 12 shows data pbtained by. .. .
tr eagﬁﬁﬁﬁfyiﬁélﬁéndﬁﬂgeﬁsqggse év th%ﬁﬁ"asl Sé%a?nbpﬁﬁéaep%%ﬂc u.am\{lfymg the
PCR MeatwhildeBEIGH ShovitheeréSults obtaited bypetforpdingy thes at initial
ris iglﬂgg{q{sgcgﬁe@@gnttf%gh%ﬁe cellsand injuredcel @1“5%@&51 enell¥ment and
~ PCR for the invA gene; and agarose gel electrophoresis (single-step
singygafih&ht IaheT T Fable 13%hoWs data obtained by quantifying band
[ 012intensities of the final PCR amplified products. The band intensities in the
& ab&aebleﬁ?re values measured by scanning the color strength of each band
in the electrophoresis direction usingGS-700 Imaging Densitometer
TablahtifacturedbyBio-Rad Laboratories, Inc. (densitometer, measurement
wavelength 600 nm) . Moreover, Table 14 shows the number of cycles for
raising each real-fitfe PER®Bbrve in the multﬁgf‘e&%é)gtfﬁ‘ént or
single-step_treatment ( ue). FIG. 5.sh he r oft
electropho%glgbnc}ﬁ?ﬁlaﬁéx(/:alé' e%m%fi ieglgCr:c?(%%\l%?‘ét!t't:23 %f ?I?el?I l>¢teér'1tef2ro@t%>)<in gene
after the multi-stegvireatment (multi-step treatnrentdape)miand Table 15
shows data obtained by quantifying the PCR bands. Meanwhile, FIG. 5
shows the results of 43 theglgectiophoresis after the single:step treatment
(single-step™ti&atifieht lane)cand Table 6 $hTW¢ data obtained by
iyt T er of

~ ByEfes at initiah . Fsing in each., raal-time PGR Tarve in theanudti-step
IPhr85tmént and_single-step treatment (Ct value). [0127] [Table 12] Table

12
[0128]
[Table 13]
Table 13
EMA 0 pg/ml EMA 10 pg/ml
. Injured . Injured
Live cell cell Live cell cell
| Band 0.519 0.908 2.856 1.218
intensity
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EMA 0 pg/ml EMA 10 pg/ml Incubation (37C, 2 hr) Incubation (37C, 2 hr)
EMA 0 pg/m1 EMA 10 pg/m1 Live cell Injured Live cell Injured cell cell
Band 0.777 1.081 0.742 0.000 intensity [0128] [Table 13] Table 13 EMA
0 pg/ml EMA 10 pg/ml Live cell Injured Live cell Injured cell cell Band
0.519 0.908 2.856 1.218 intensity 44 [0129] [Table 14] Table 14 S.
enteritidis (invA: 378 bp; 8.070.00 loglo cells/ml) EMA 0 pg/ml EMA 10

{‘012@9/”“ EMA 25 pg/ml EMA 100 pg/ml Live cell Dead cell Live cell Dead

- cell Live cell Dead cell Live cell Dead cell 17.73.2a 16.42.3 16.20.4
(Tab3# 6’7 18.20.3 ND, ND™'d 27.73.6 ND, ND (2/2)b (2/2) (2/2) (2/2) (2/2)
TablE@/2)(2/2) (0/2) EMA 0/0 pg/ml EMA 10/10 pg/ml EMA 25/10 pg/ml EMA

100710 pgiml d:ivecellDeadiceh Livescel Dead cell hive cell Readscel )

Me@:gjigmﬁad Cell™13:62.6/4 7:52xf 16.03 5 Wy ND 18/R82.2ND, Nua 100 pg/ml
Live 24693.0NB, MND1(2/2){242) (2£2:0/291(2/2) €0/ 22/ )82} ca) Cltivalu€ell Dead cell
17. 74mednSB, N=223 b) 1'¢i/2) vrepresentsitiie riumbsr of timesiofpositive7+2. 6 ND, ND

(2 medction ity PCRiagsays. c) 'NDY means#zat final RCR amplified 2) (0/2)
product is negative. d) "ND, ND" means that final PCR amplified product is
EMfe§dflvedrrBoth theHirst HHd Serund PCR B8sa/fs)é) YENKAA i/j pg/fif?id 00/10 pg/ml

Live thelfesuitsioftheé tWossteplEMAreathkritiandcel]l Dead cell Live cell Dead cell
13.6322.6 17.5%2.7 16.0%£3.5 ND, ND 18.8+£2.2 ND, ND 27.9+3.0 ND, ND

(2/2} {2/2) (2/2) (G/2) (2/2} (0/2) (2/2) {0/2)

a) Ct value {(meantSD, N=2)

b) "(i/2)" represents the number of times of positive reacticn in two
PCR assays.

) "ND" means that final PCR amplified product is negative.

d) "ND, ND" means that final PCR amplified product is negative in both
the first and second PCR assays.

e) "EMA i/7 ug/ml" is the results of the two-step EMA treatment and
means that the first EMA treatment is performed at a concentraticn of

i png/ml and the second EMA treatment is performed at a concentration

of 3 pg/ml.
[0130]
[Table 15]
EMA ¢ pg/ml EMA 10 pg/ml
-+ +
Incubation (37°C, 2hr) Incubation {37°C, 2 hr}
o+ +
EMA O pg/ml EMA 10 pg/ml
. Injured . .
Live cell Live cell Injured cell
cell
, Bend 1.816 1.380 1.053 0.000
intensity
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means that the first EMA treatment is performed at a concentration of i
pg/ml and the second EMA treatment is performed at a concentration of j-
Pg/ml. [0130] [Table 15] EMA 0 pg/ml EMA 10 pg/ml Incubation
(37C,2hr) incubation (37C, 2 hr) + + EMA 0 pg/ml EMA 10 pg/ml Live cell
Injured Live cell Injured cell cell Band 1.816 1.380 1.053 0.000 intensity
45 [0131] [Table 16] Table 16 EMA 0 pg/ml EMA 10 pg/ml Live cell

[013mjured Live cell Injured cell cell Band 0.853 1.532 0.616 0.585 intensity
[{)&3@% [Table 17] Table 17 S. enteritidis (enterotoxin: 264 bp; 8.060.02

logl (;ells/ml) EMA 0 pg/ml EMA 10 pg/ml EMA 25 pg/ml EMA 100

Tablpg/hdl Live cell Dead cell Live cell Dead cell Live cell Dead cell Live cell
Dead cell 26.63.0 17.21.5 20.45.8 ND, 35.1" 21.64.4 27.8, ND 24.51.8
ND, ND (2/2)b &2) {212y #/2) (2/2) (1/2¥32ED) (@12} EMA 0/0 pg/ml EMA
10/10 pg/m-EMA-25/0-pgtm-EMA-100/10-pgfmi-ive-cell Dead cell Live
cell Dead ggll,Live cell Bead sl Live gell Dead éeliv19910.8 17.21.0
13.40.4 ND, ND 17.20.5 D' ND 26.71.1 ND, ND ©8/2) (2/2) (2/2) (0/2)
(2/2) (0/2) (2/02)8(593{2) a) (%t %/géue (meanSD, N=2)

[Tab

. ) 0.616 0.585
intensity
[0132]
[Table 17]
Table 17
5. enteritidis (enterotoxin: 264 bp; 8.06+0.02 logyg cells/ml)
EMA 0 ug/ml EMA 10 ug/ml EMA 25 pg/ml EMA 100 ug/ml

Live cell Dead cell Live cell Dead cell Live cell Dead cell Live cell Dead cell
26.6+3.0° 17.2%1.5 20.4%25.8 ND, 35.1%° 21.6%4.4 27.8, ND 24.5%1.8 ND, ND
(2/2)° (2/2) (2/2) (1/2) (2/2) (1/2) (2/2) (0/2)

EMA 0/0 pg/ml ® EMA 10/10 ug/ml EMA 25/10 ug/ml EMA 100/10 pg/ml
Live cell Dead cell Live cell Dead cell Live cell Dead cell Live cell Dead cell
12.1+40.8 17.241.0 13.4%0.4 ND, ND 17.220.5 ND, ND 26.7%1.1 ND, ND

(2/2) {(2/2) (2/2) (0/2) (2/23 {(06/2) (2/2) {0/2)

a) Ct value (meantSD, N=2Z)

b) "{(i/2)" represents the number of times cof positive reaction in two
PCR assays.

c) "ND" means that final PCR amplified product is negative.

d) "ND, 35.1" means that the first Ct value is ND and the second Ct
value iz 35.1.

e) "EMA 1i/7 pg/ml" is the results of the two-step EMA treatment and
means that the first EMA treatment is performed at a concentration of
i ug/ml and the second EMA treatment is performed at a concentration

of 3 ug/mi.

(01331
In the case where EMA was not added in the multi-step treatment,
bands which were estimated as invA gene amplified products and

enterotoxingene amplifiedproducts were detected inboth the livecells
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b) "(i/2)" represents the number of times of positive reaction in two PCR
assays. c¢) "ND" means that final PCR amplified product is negative. d)
"ND, 35.1" means that the first Ct value is ND and the second Ct value is
35.1. e) "EMA i/j pg/ml" is the results of the two-step EMA treatment and
means that the first EMA treatment is performed at a concentration of i
pg/ml and the second EMA treatment is performed at a concentration of j

and Rg{0td8133] 18 the sasewhere £EMéwas ngd added nsthelmult-stepcifically
treatment,. bands which were estimated as _invA_gene amplified.produc .

deteg%doggf:’ér%)%arx&?ncgee\e{nlesémp ﬁi”é%v[)ergdu]é?sa%e?e%a%gcfﬂe%eiﬁpebot thvg ﬁ/eééded H
the mellsi46are injatddesiis Gh Safonelial aht fwas inposibléts:g/ml) , bands
weresggfé%@é@yh&ﬁi@l@%@@ﬂh/ e-¢ells; Hawewarn in the case yhereeMAwasetected
, added in the ti-step treatment (EMA 10 pg/ml-incubation-EMA 10

i N BERGE Wero OB RtBLtSe P Ive GENS W o b ek et
enabietestetle irt thesidpired tilts. Thenrésulisesbigyestahasthe Ritlt-stég 15 obvious

fromtf@@tment .enables selective detaction:of.only dhelive ¢ellNRER: AS ishown in

obvigus from the data obtained by quantifying the hand intensities (shown .
Tab L5 FA5B8 12 anB1S tE Thill SR HEATERT RAVIOS blobr SeanmmABH=5 207
of toéthe live oellsdrdmomjuredhoedls indPCR targ@fiRg the gelativelyc shorelatively

shor9ene (378 bpsand 264 bp)sl0134] According to the Ct values in Table 14,
in the single-step treatments with 25 pg/ml and 100 pg/ml EMA, live cells

[013&an be distinguished from injured cells. However, the Ct value in the live
cellsisd8i23@. 3 candn27.78.8y eéspectivelyTwhich iS4argen by laboat 22le-step

rreafhdde W&@é&?ﬁ&ixge,'mte@@&%gi%%y%ﬂ}@-Q@e%@'ivsec%erllgé@ﬁge&lqguished
the multi-step treatment (EMA10/I /ml). That is, even though whether
Rodied

ne | ‘ , h
fromfha ieNeAfe déid of EEST bé B 'y iR Shdie & treathient - #3203
and BimMpossible te detect avlolwcondentrativyn of sakazakiybetause thé and 1.7,

reoe IR L AL PIe R At ) S 4108 et
themulti-steptreatment {EMA10/10ug/ml) . Thatis, eventhoughwhether
the cells aredead or live canbe evaluated by the single-step treatment,
it is impossible to detect a low concentration of sakazakii because
the detection limit of live cells is lower by about 1 logy cells/ml
or 4 logy cells/ml compared with that in the multi~step treatment.
[0135]

6. Discussion

In the case of PCR targeting a short gene, invA and enterotoxin
genes (378 bp and 284 bp), as shown in Comparative Example 3, when a
sample is treated with 10 ug/ml EMA by the single-step treatment, EMA
directly cleave double strands of chromosomal DNA of the injured cells
at many points independently of enzymes in the bacterium. However,
a higher concentration of EMA causes an increase in the Ct value in
live cells, resulting in lowering the detection limit of the live cells.
[0136]

Cn the other hand, after EMA is added once in the multi-step
treatment, even if part of EMA passes through live cells to reduce the

number of live cells, it is possible to recover the number of live cells

to the initial value, to recover a diffusion pump of the live cells,
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[0135] 6. Discussion In the case of PCR targeting a short gene, invA and
enterotoxin genes (378 bp and 284 bp), as shown in Comparative
Example 3, when a sample is treated with 10 pg/ml EMA by the
single-step treatment, EMA directly cleave double strands of
chromosomal DNA of the injured cells at many points independently of
enzymes in the bacterium. However, a higher concentration of EMA

or tﬁa%é%té@é} M%f%%%%atﬁ@fﬁtﬂ@l%@ diveseells, gesultingrindeweringthen cells
etection limit of the live cells 1.On the o rhand fter EMA.i

by 155388 orde inthd M-SR r]{e% r%ﬁ?ent gev“en hﬁp%rt SFEMA p%%segt%er hand,

alththrobgihlivecellstd r@@ﬁc&fthej nurber efiverealis! sispossible pleaved with

ema FECOMETShe nymber oflive gells o thﬁé@'@iaiava@e@t%e%vg@mm by PCR
pump of the live cells, 47 or to remov unreac'é% alﬂ/lA to the utS|deo

55 SR BB GAAIST Sel YHECSANT ih o et AT SUtabie o1 Cafire. ="
cell®ntheother hangs altkawghl chrémosorat DNAofinkiederhictoorganismbated

in tﬁ%"ﬁ@dﬁ'&ﬁ"eﬁeﬂ"ﬁé EMA atmany pojnis,dn dhe casaavherea gepe torhe cel1s

ified by PCR "is short, the regions of chromosomal DNAs of all
u”l1ﬁur%ﬂvr%lﬁ%ﬁ?&anls%dﬂlssé}’ékh&3ﬁﬁ)§% é\fer]f:%hé?njﬁ?d&d again
at acellsesatineubated in thejmédium Eitids mpss&bﬂ:@t@measéyheeﬂmib@lis of

ind ugggf% Cf!l% yg%ﬁen lh\éeg%eyﬁrgﬂg‘fr&%%'é%‘%@@ESﬁo'&%\éﬁ ﬁ@ddQQd bands

ain at a concentration of 10 pg/ml, EMA passes through only cell 'walls

of feﬂqﬁjdf@a B 6 [5rBFh ETHRRER chaa A of EiGSomat DNR, sHg case of
injukardse 0f final RGR @raplified prodietsarfe-not detettedzonly inthewase dlables

14 alnélu " C%I%S MOELeCOV €3 I%E'@Q&H&W t@%r?tl‘{ﬁﬂ;%%%éh%@ '5@@%%0%4111111‘&

7, the mui‘ll ti-step treatment can improve the detection limit of live
of 1éé’l$s Bedadsbe sRRaNHeRt IHEadES e SREpLEriREubEfof tiFa flediifyeation
in awithaa mesulithat, ik besees passibleito deteshonlypasloibtencentiatioret only
of live cells. rJO%SQqu gef.cn%1 %gfw%e in all the cases where PCR was
er(forme& of & total of five short genes with a sizes of about 80 to 500
013Béses of Gram-negative bacteria (Enterobacter sakazakii and

Salmonellsyanskd above, in all the cases where PCR was performed
for a total of five short genes with a sizes of about 80 to 500 bases
of Gram-negative bacteria (Enterobacter sakazakii and Salmonella) and
a Gram-positive bacterium (Listeria) by the method of the present
invention (multi-step treatment), final PCR amplified products of 10°
injured cells (including dead cells) were not detected, while final
PCR amplified products of live cells were detected. The results reveal
that the method can detect specifically live cells in milk containing
a maximum of 10° to 107 cells/ml of injured cells and dead cells of
various pathogenic bacteria. Moreover, as shown in Example 2, even
if MMS gene, which ispresent specifically in sakazakiibut isnot always
directly inveolved in pathogenicity, is used, the multi-step treatment
enables discrimination of live cells frominijured cells by PCRtargeting
a short gene. This suggests that the present invention is applicable
not only to pathogenic bacteria but also general bacteria such as
putrefactive bacteria. Therefore, the present in{rention can be widely
applied to food sanitation inspections for Gram-negative and

Gram-positive bacteria such as 0-157, Salmonella, Listeria,
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a Gram-positive bacterium (Listeria) by the method of the present
invention (multi-step treatment), final PCR amplified products of 108
injured cells (including dead cells) were not detected, while final PCR
amplified products of live cells were detected. The results reveal that the
method can detect specifically live cells in milk containing a maximum of
105 to 107 cells/ml of injured cells and dead cells of various pathogenic

Ent dhagiataMeiepyen asi showmip lexarppler2; eyen iif MMpagnecwhielsis ureus,
Ba ci&rie[ﬁgntcse@eﬁ%gpa"é/ll%s aklagla kil ucg £S 99}%%%\/ ayasng Ir?ﬁ%ys%:nflfgfiﬂeuqnmwel hii.
pathogenicity; s used, the multi-s eplfrea meht enablés discrimination o
{013R/e cells from injured cells by PCR targeting a short gene. This suggests
thatthe-present inventionis.applicatie cnet enly tapathogericdaciedadtirenia
also genez{aﬁ,bacteria such as %Jtregactiveibac'gﬁiia. Thgrefog_ﬂe.,ghe ticmindured
may ﬁr%% At ih hﬁSnpc%?P}?& W?d‘gly gﬁpﬁeé:& fo fooc sasni?é}lonalﬁsbe%ﬁoﬁsc for ' UEe
pact@raminegative and aGramipositive bacterizsuch 85 64b7s Salmenefiare) , and
in skisteriag 48 Enterobacter sakazakii- Campylabacterigiinl oxpected to detect

Staphylococcus aureus, Bacillus cereus, Clostridium botulinum, and _
onlyeistidinfT WetkHir (0138} Bigdd of & patient With Kepatic dysfinttiorfdie e e
the m::@egz{grte_rﬁ}izavmm&onntam liye pathibgeni¢ bacteriabpelld andt reatment for a
tubeﬂﬂ%@c\fg‘]ﬂgﬁq dacterial cells atia highconeentration (104 gells/ml Ot 1on is

~ more), and 'in such a case, the method of the present invention is
ma 1ndyhBERd 36 A6 brRHITE athBEBR Bectertal cEHS MEahthiiBUin thé 2mp- &S
of tcmmhﬂseiph@pr{gsﬁmt_m%@rﬁmis:appﬁe@gj:fm&thmtzvmanmfaatrealme@tdedls of
tube%c%%%gglffisi%ay%QE@%%%@Q@HQ%%%@S@cglr‘y{ga’ @é(lﬁl)fg ,at%i%he samples

mainly used as a material for an examination. AlImost a sputum samples

of LBeraErealosTs patiehts bRSRI R HEaeht CORt&RS VBTN tadércis ) U ed
cellbasiliatconcpatiations. @faJ:OBdﬂdeﬁazeeJtsﬂgaymwdﬁth@"‘_samm[ﬁSCel fhe'g. Under
Suchpgbt_ﬁqiﬁr%% {Qﬁjé%tg%r %%lérég 1%59%&@&%%@t1%%a&ﬁg% ct%lt?e‘%fcle bacilli
tubercle bacilli at concentrations of 10/to 108 cells/g. Under such i

thatcfelimSances (RARTIEERSH b hvascalls o EbRfdle HagiiP that sah e method,
and editived isexpected asran alfernativentapid cuitureseethed, pand ible to apply
PCR 2808%'”%% fe,present inyention, |t becomes possinle 10,apply; PGR Qatient.
’0139I?gn0 s inthe tﬁerapeutlc process of‘a tuberculosis patient.

[

[Reference Example 1] Preparation of test sample from food

On the assumption that a microorganism contaminates milk (which
is a food used as a test sample of the present invention), a method
of preparing the test sample is described below.

[0140]

An EDTA sclution and Tween 80 were added to milk at a final
concentration of 1 to 5mM, especially 2 mM and at a final concentration
of 0.1 to 0.5%, especially 0.1%, respectively, and the whole was
centrifuged at 10,000xg for 10 minutes at 4°C. The preparation method
preferably includes: adding lipase (Sigma, E.C.3.1.1.3) at a final
concentration of 10 to 20 U/ml; treating the mixture at 30 to 37°C for
30 minutes to 1 hour; adding proteinase K {Sigma, E.C.3.4.21.64) at
a final concentration of 20 U/ml; and allowing the mixture to stand
for 30 minutes to 1 hour. The fat layer on the liguid surface and the

agueous layer in the middle layer were removed, and the residue was
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[0139] [Reference Example 1] Preparation of test sample from food On

the assumption that a microorganism contaminates milk (which is a food

used as a test sample of the present invention), a method of preparing

the test sample is described below. [0140] An EDTA solution and Tween

80 were added to milk at a final concentration of 1 to 5 mM, especially 2

mM and at a final concentration of 0.1 to 0.5%, especially 0.1%,
col1espectively and themwhelewas -centrfugect at, 10 000xgfordi0-mindtes atlls,

4C. The preparation method , preferably ingl . adding:li >igma,; :
0 ER T Sa AT bonsehiaton of 1016 200 heatig e midre " -°
perfat830doB7CToP B0 minates 16 1 kbar 7addify ProtEinbss K8igngs & product
obtaErfed421.04) At 12 fingl congentatign:0h 20 44/ mirapgaliowing the proteinase

mixture tQ stanéj jor 30 néingtes tal t’iolur.IThe égts Ig%/gr on t@g CJ;J u&c} The
K dOR508RhT theY a0a86a5 T er M the middle layer were re%}ovegl:, and the
incorgsidue Wasi49cofledtedaTheresidae thatalmeobaicterid, mamnfrjered as a

subnghithelial gells, and sormatic cels suehasihpving leukoeytes. If
r centrifugation is performed at 10,000xg or more, the residue further
[1014ddntains a product obtained by incompletely degrading a micellar protein

witlTipeoteinasiiK iasompptelyeégraded migear caseingprodudy Thelogical

«a11icomplefely-degraded.casein.micelle product is.coasidered as@ntrifuged at
submicelle of a, (3-casein with high hydrophobicity. 0141%£he residue cant

10005 ShispeRdBH i Anféquial voldme SFiHY siblodicar §aling to thE imitiaf -2t

cont¥olvme; and-thessuspensten was cerdrifuged.at 100xg for 5 minutes at

[01‘@?, followed by removal of the supernatant containing microorganisms

and the like. [0142] [Reference Example 2] Preparation of test sample
frorhA5166d TLF AR Eqlial Sotdnie 6PRRFSiOYIE | Siiie YD LRt P1ood (1)

hepariaized: bleadyand theydote wascentsifliget atak) p008xytfor Bparinized
ploolinutes ap 4G, The supernatant was removed to gollecka residua he 2t 4°c.
residue contains bacterial cells, thrombocytes, mononuclear cells such as |

The ?ﬁ@ﬁééﬁ@!?%ﬁd"as removed to collect & residue. The residue contains
bacterial cells, thrombocytes, mononuclear cells such as monocytes and
lymphocytes, granulocytes, and erythrocytes.
[0143]

[Reference Example 3] Preparation of test sample from blood (2)

An equal volume of physiological saline was added to heparinized
blood, and the whole was centrifuged while cooling at 100xg for 5 minutes
at 4°C to separate the bloed into plasma and blood cells (mononuclear
cells such as monocytes and lymphocytes, and granulocytes and
erythrocytes), followed by collection of the plasma containing
microorganism cells.
[0144]

[Reference Example 4] Preparation of test sample from blood (3)

an equal volume of physioclogical saline was added to heparinized
hlood. A sterilized test tube was filled with an egual volume of
Ficoll-Pague [Amersham Biosciences K. K.; Ficoll 400: 5.7 ¢/100 ml,
sodium diatrizoate: 9 g/100ml, specific gravity: 1.077 g/mll, and the
double-diluted heparinizedblood was layeradslowly while the test tube

was tilted. Subsequently, the whole was centrifuged at 100xg for 5
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lymphocytes, granulocytes, and erythrocytes. [0143] [Reference Example

3] Preparation of test sample from blood (2) An equal volume of

physiological saline was added to heparinized blood, and the whole was

centrifuged while cooling at 100xg for 5 minutes at 4C to separate the

blood into plasma and blood cells (mononuclear cells such as monocytes

and lymphocytes, and granulocytes and erythrocytes), followed by
mind%y@cggn@ﬁgp[§9§“%H@ngﬂB@%hQ@ﬁH%“Q@@ﬁ@Wﬁ%ﬁ%Kﬂﬂéioorganism was

[Reference Example 4] Preparation of test sample from blood (3), An
oL LA olurie 6F By SEigic SalineWHE Hidet 10 HepatFhzd Hi6d, RLood o
Ficcsteriizeghtestitube wasflleth with areegodl yoterherefo FicalkRagdes: adding a

solu[@mﬁr%?rﬂl%gégewggt@& ,KEL F@QJ}I&OQ%? gﬂOQ @Eﬂ%ﬁdi&gﬁcentration of
diatrizoate: 9°g/100 ml, Specific gravity: 1.077 g/ml], and the

10 tgodBle!tilttéd HEPARRiZAITIOBE WAS Ryers® EbwIy Wi feest s ama,  EC
3. 1.was lijted. Sdbsequently stherwholewasicentrifugedrat 100xg farky 60e mixture

at 3'5"”%te§7a’t§4 3N4 the, Spematant coptaining IICIAAAANSIDWAS e K (5igma,

t
collected. e%ore layering the dou%le-diluted’ heparinized blood on ,
E. C.BicoHBadife, the prépamticivirsthbdHrefdtably itittied! dddihg gnd treating
the sglutionof lipase (Signa,°E.G3r1.1B)atraifiral concentration of 10 to 20
1014 Ijml; adding a solution of deoxyribonuclease | (Sigma, EC 3.1.21.1) ata
inal concentration of 10 to 50 U/ml; treating the mixture at 30 to 37C for

30 MriRdRESOCE Hovrradding préfRnEsE K(Bigha, S EtCSSR2 £ 64)at f1ood (4)

finakeppsentration ofak 1o 28Uk apddreating: the mixtureiatr3d-to 3FCricoll

for 30 minutes to 1 haur. [0145] [Refer Example 5] Preparation of test, .
wr o /OB (4] OGPy T IAEroPa BSRa NI I B iized
testriixhie of Fivoll farel Metrigbatb e Speeficigraviy: 215 g/MIPvids defferr inlzed
blod@ asterilized:-testdube in ahalf yolunae of the beparinizeddloedsandithen, the
Wbolheparlnlze blood v&agéaydﬁé?% 8\£vl%/;/nvhlle%he tegt uhe wa |Eed. Then

nutes g e supernatant
{he Avhore was E:leoflcetrlfuge xg for Minutes at 4 , and the P

contgugernatdrtceentaiing dactere Wasoollected.

Industrial Applicability
[014¢6]

According to the present inventiocn, live cells can be easily
and rapidly distinguished from injured and dead cells in foods,
bioclogical samples, and the environment such as industrial water or
tap water by the nucleic acid amplification method. The method and
kit of the present invention are applicable te voluntary inspections

and are excellent from an eccnomical standpoint.
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Industrial Applicability [0146] According to the present invention, live cells
can be easily and rapidly distinguished from injured and dead cells in
foods, biological samples, and the environment such as industrial water
or tap water by the nucleic acid amplification method. The method and kit
of the present invention are applicable to voluntary inspections and are
excellent from an economical standpoint. 51 SEQUENCE LISTING

<110> KYUSHU UNIVERSITY <120> Method and Kit for Detecting

Microorganism <130> %%é}%ﬁ%% 31315%19\;3(22007-212366 <151>
2007-08-16 <160>6 < <Z115 <212> DNA <213> Atrtificial
sequence <220> <223> primer hlyA-F <400> 1 tgcaagtcct aagacgcca 19

<«110521092 52 1dr 24 22> DNA <213> Artificial sequence <220> <223>
primer hlyA-R 52 <400> 2 cactgcatct ccgtggtata ctaa 24 <210> 3 <211>
22

<120> Method and Kit for Detecting Microorganism

<130> ©Op-C7308

<150> Jp2007-212366
<151> 2007-08-16

<160> 6

<210> 1
<211> 18
<212> DNA

<213> Artificial sequence

<220>
<223> primer hlyA-F

<400> 1
tgcaagtcect aagacgcea 13

<210> 2
<z21l> 24
<Z212> DNA

<213> Artificial sequence

<220>
<223> primer hlyA-R



<212> DNA <213> Artificial sequence <220> <223> primer ompA-F
<400> 3 ggatttaacc gtgaactttt cc 22 <210> 4 <211> 19 <212> DNA
<213> Artificial sequence <220> <223> primer ompA-R <400> 4
cgccagcgat gttagaaga 19 <210> 5 <211> 22 <212> DNA <213> Attificial
sequence <220> <223> primer MMS-F 53 <400> 5 gggatattgt cccctgaaac
ag 22 <210> 6 <211>19 <212> DNA <213> Atrtificial sequence <220>

<400223> primer MMS-R <400> 6 cgagaataag ccgcgcatt 19 54 CLAIMS 1.
A method of detecting a live cell of a microorganism in a test sample

cactgaAbrsing He%isps o 22 2t

<210> 3
<211> 22
<Z212>» DNA

<213> Artificial seguence

<220>
<223> primer ompA-F

<400> 3
ggatttaacc gtgaactttt cc 22

<210> 4
<211> 19
<212> DNA

<213> Artificial sequence

<220>
<223> primer ompA-R

<400> 4
cgccagegat gttagaaga 19

<210> 5

<211> 22

<zZ12> DNA

<213>» Artificial seguence

<220>
<223> primer MMS-F



a) adding a cross-linker capable of cross-linking a DNA by irradiation with
light having a wavelength of 350 nm to 700 nm to the test sample; b)
irradiating the test sample to which the cross-linker is added with light
having a wavelength of 350 nm to 700 nm; c¢) removing the cross-linker
contained in the test sample irradiated with light; d) adding a medium to
the test sample from which the cross-linker is removed and incubating the
test sample; e) adding again the cross-linker capable of cross-linking a
<4OOQN’% by irradiation with light having a wavelength of 350 nm to 700 nm to
the incubated test sample; f) irradiating the test sample to which the
999assdinker’Eaddad cwif light having a wavelength of 350 nm to 700 nft;
g) extracting a DNA from the test sample and amplifying a target region of
the extracted DNA by a nucleic acid amplification method; and h)
analyzing the amplified product. 2. The method according to Claim 1,
<210whefein the amplified product is analyzed based on a standard curve
<21 1Whighyis created by using a standard sample of the microorganism and
shows a relationship between an amount of the microorganism and the
<212§mp¥ﬁﬁ%d product. 3. The method according to Claim 1 or 2, wherein the
<Z213puckeit akid ampldisationerethod is a PCR, LAMP, SDA, LCR, or DNA
microarray method. 4. The method according to Claim 3, wherein the
PCR method is performed by a real-time PCR method to simultaneously
<2Z08erform PCR and an analysis of an amplified product. 55 5. The method
<22 3accordimg:to HM$-ahe of Claims 1 to 4, wherein the test sample is a food,
a blood sample, an urine sample, a spinal fluid sample, a synovial fluid
sample, a pleural effusion sample, industrial water, tap water,
<4005rodhdwater, river water or rainwater. 6. The method according to any one
cgagefxClaims dotochowherein the cross-linker is selected from the group 19
consisting of ethidium

54



monoazide, ethidium diazide, psolaren, 4,5',8-trimethyl psolaren, and

8-methoxy psolaren. 7. The method according to any one of Claims 1 to 6,
wherein a length of the target region is 50 to 5,000 bases. 8. The method
according to any one of Claims 1 to 7, wherein the microorganism is a
pathogenic bacterium. 9. The method according to Claim 8, wherein the

target region is a pathogenic gene. 10. A kit for detecting a live cell of a
microorganism in a test sample-hy amaucleic acid amplification method,
comprising the following components: a cross-linker capable of

cross-linking a DNA by irradiation with light having a wavelength of 350

nm e 7B0merhhadmediuntand a priner{d)eforampliffing dntergetregion of in a

regtd of %Q@g@(ﬁs%ym%&agﬁection target, by the nucleic acid
amplification method. 11. The kit accordin%lto Claim 10, wherein the

nuctdic aEii- amplificatists metholis SPERT EANP, SDASLCR BI'BNA PNA BY
irremicroamrayw-methdd.giR. Hdreikig ascordingetoClaiml G o I wherdlh the to the
tcrgga—ﬂgggr is selected from the group consisting of ethidium monoazide,

ethidium diazide, psolaren, 4, 5 ',8-trimethyl psolaren, and 8-methoxy
psolarér{rgglatlng the test sample to'which the cross—-linkér is added

tes

with light having a wavelength of 350 nm to 700 nm;
c) removing the cross-linker contained in the test sample
irradiated with light;

d) adding a medium to the test sample from which the cross-linker

is removed and incubating the test sample;

e) adding again the cross-linker capable of cross-linking a DNA
by irradiation with light having a wavelength of 3250 nm to 700 nm to
the incubated test sample;

f) irradiating the test sample tc which the cross-linker is added
with light having a wavelength of 350 nm to 700 nm;

g) extracting a DNA from the test sample and amplifying a target
region of the extracted DNA by a nucleic acid amplification method;
and

h) analyzing the amplified product.

2. Themethod according to Claiml, wherein the amplified product
is analyzedbasedon a standard curvewhich is createdbyusing a standard
sample of the microorganism and shows a relationship between an amount

of the microorganism and the amplified product.

3. The method according to Claim 1 or 2, wherein the nucleic
acid amplification method is a PCR, LAMP, SDA, LCR, or DNA microarray
method.

4. The method according to Claim 3, wherein the PCR method is
performed by a real-time PCR method to simultaneously perform PCR and

an analysis of an amplified product.
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5. The method according to any cone of Claims 1 to 4, wherein
the test sample is a food, a blood sample, an urine sample, a spinal
fluid sample, a synovial fluid sample, a pleural effusion sample,

industrial water, tap water, groundwater, river water or rainwater.

6. The method according to any one of Claims 1 to 5, wherein
the cross-linker is selected from the group consisting of ethidium
monocazide, ethidiumdiazide, psolaren, 4,5",8-trimethyl psolaren, and

8-methoxy psolaren.

7. The method according to any one of Claims 1 to 6, wherein

a length of the target region is 50 to 5,000 bases.

8. The method according to any one of Claims 1 to 7, wherein

the microorganism is a pathogenic bacterium.

9. The method according to Claim 8, wherein the target region

is a pathogenic gene.

10. A kit for detecting a live cell of a microorganism in a test
sample by a nucleic acid amplification method, comprising the following
components: ‘

a cross-linker capable of cross—linking a DNA by irradiation
with light having a wavelength of 350 nm to 700 nm; a medium; and

a primer{s) for amplifying a target region of a DNA of a
microorganism, which 1s a detection target, by the nucleic acid

arplification method.

11. The kit according to Claim 10, wherein the nucleic acid
amplificationmethod is a PCR, LAMP, SDA, LCR, or DNAmicroarray method.

12. The kit according to Claim 10 or 11, wherein the cross-linker
is selected from the group consisting of ethidium moncazide, ethidium

diazide, psolaren, 4,5',8~trimethyl psolaren, and 8-methoxy psolaren.
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