Qur Ref: OP-C5306-PCT Specification Method for
Det ection of Mcroorganismand Kit for Detection of

M.cr.o [ nical Field [0001] The present

our i nﬁ%ﬁfgre a—t-%g:g'hto a method for detecting a
m croorgani smcontained in foodstuffs or clinical
sanples, a nethod for preparing a sanple used for the

met hod, and a kit fogpdei£e§-ag fofi Croorganism Mre
precisely, the presen? invention relates to a nethod

and a kit for detection of a m croorgani smthat
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The plate culture nethod has been conventional ly used.
for nmeasurenent of general |ive bacterial counts in

Techeddsd Uf 816l 1 ni cal sanpl es or environments. However,
the plate culture nethod requires tinme of about two

[00@4Ys to obtain a result. Furthernore, with a

ba i Lcal . . based. on culture usjn
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detbactegia ni¢uoedgani snvioobaEnés, inbasbaktarksj yred by
artificial_ stress %the former may be referred to as
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in narrow senses) and so forth, and Tt has”been

Pregiiettkiod e devesenpt alnjgrekiemdre bl iabl eo nethethédrand a

it CAMNt] d cterium [0003] Flow cytaonetr FCM
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micrioto t hr.ough atl aser, beam -and neasuring |ights
SCAtREYSF gypntatned 1n oodstuffs or clinical samples.

" Background Art

[0002]
The plate culture method has beén conventionally used

for measurement of general live bacterial counts in
foodstuffs, clinical samples or environments. However, the
plate culture method requires time of about two days to
obtain a result. Furthermore, with a bacteriological test
based on culture using a generally used medium, it is
difficult to detect bacteria injured in environments,
bacteria injured by artificial stress (the former may be
referred to as Viable-but-Non Culturable (VNC) cells, and
the latter may be referred to as injured cells, in '
particular, in narrow senses) and so forth? and it has been

desired to develop a quick and reliable method for counting
live bacterium.

[0003]
Flow cytometry (FCM) is a technique of flowing a -




cells or other mcroparticles or fluorescence entted

by the same. Since it enables detection of .
level, it is used in

anpi single cell ,
Ou?é%%%?6%e29§%%o%kgetection of i croorgani sms not only
in the fields of nolecular biology and cell biology,

but also for detection of mcroorganisms in
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ting cteria froma liquid sanpl e by using

dodﬂ% %%onthérg?%rgﬁ51§P5F EOQELS derftc aNd a
[Oomaqterlologlcally specific fluorescent dye. The ion-
chel ator, of which typical exanple is EDTA, nust be

useHOHEVeE: cBhNeAPPATRERSEE 1fﬂQWSCnWbmanefFﬁ uhgd f?f
a n C cell .walls and ce
thlﬁgﬁ%?g%gs%g% VF?? ggg%P%??E oﬁgwhacﬁ Eel'PI& Fd 25y e 2nd
theﬁoﬁlﬁﬁjmeedlway aksdlbefodesprayedonThenprebesf edchey

he, i on-chel ator wused in the nethod
st1ENAEPL | BHLBRCRs FOToroTaBheres Ps Soinmy cangerning

f a6 hasmpl peoblemuhhat- DoLh:dead hagt gLia,ap
econ?tgebgﬁtZF?a 2r2plp dyghbreovzr tﬁe gtectlon a ?y

-foro?lﬁtfﬁ? Eef: ob- éS%%GCﬁtﬁstﬂ$§ geatiodel $sapbund 10?
micEdStFhn i SRS f8§r§é@ﬁ§l'épﬁi?@ét?ﬁﬁéeila%hgoyleldg oW

103 cfu/m or lower) in-a
foodstuffs, in which a wide variety of bacteria contaminate
as non-injured bacteria, injured bacteria and dead bacteria.
[0005]

For example, Patent document 1 discloses a method for
detecting total bacteria from a liquid sample by using an
ion-chelator, a protease, a detergent and a
bacteriologically specific fluorescent dye. The ion~
chelator, of which typical example is EDTA, must be used at
4 concentration of 1 tb 5 mM, and if the concentration
" exceeds that level, cell walls and cell membranes of live
bacteria of which cell walls are not injured may also be
- destroyed. The preferred concentration of the ion-chelator
used in the method of Patent document 1 is about 6 to 17 mM,
and therefore it has a problem that both dead bacteria and

live bacteria are lysed. Moreover, the detection limit of




sanpl e under a condition that only live bacteria exist
in the liquid sanple, the bacteria nust be

rolif | evel of the aforenentioned
Ouﬁé%%%ff%fﬁ%?bﬁ%bégherefore, it cannot necessarily be

consi dered a qui ck nethod. [0006] Patent docunent 2

di scl oses a nethod of treating a body fluid sanple

thiM e fHet eas e rddpdse‘andurdal, ease, thtSe¥dre if live
| eucocytes, thronbocytes and erythrocytes by ethidium
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sanpl e even after the protease, |1pase and nucl ease
[000fdat nents, and |ive bacteria adsorb onto themto form
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Furt hernmore, although Patent ocunent 2 descr.i bes
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[ t ' organi sns such as those in
fl%%o%ﬁngowre?%F%Sg?em?gat. WeRmeht 1S (P AR dhat

leuteehpbgugnaf thubhbbelRgsansehal AsLar kshk€n0kn SYEOBoay
that it penetrates cell walls and cell menbranes of
flujdyeagel fseupl aéharcehpsprahease, 3léppse and nuclease

tre&Ehedts tC5§9§' e C]P?Eé“é%féi §&é§r8f ?590 P%J@mt pat f{;{»za g
penetrates only ce walls anda ce nmenoranes O ea
compbdksst oandt enpt ldoshi htvtédmaoferia and dead batcteria are
stained, and thus it becomes difficult to determine whether

bacteria are dead or alive. Furthermore, although Patent
document 2 describes that the method is a method for
.detecting bactéria at a density as low as 10 cells/ml
(sample) within a time of_about 2 hours or shorter, often 45
minutes or shorter, it actually also discloses an example in
which detection was not possible unless at least 10! cfu/ml
or more of bacteria exist in a body fluid sample, and thus
it is not suitable for detection of a small amount of
microorganisms such as those in cow’s milk.
[0007]

Non-patent document 1 discloses a techhique of

utilizing a characteristic of SYTO63 that it penetrates cell

walls and cell membranes of live cells and dead cells, and a




live bacteria and dead bacteria based on flow
cytonetry. In addition, it disclose an exanple in
i C LV s and dead cells were suspended in
Ou%?%??i$éé§5 % efCTand distinction of live cells and
dead cells was attenpted in that environnent.
However, the dead cells were those boiled for 15
chd £ &8 s @nd éf]er@e@éoawﬂast and f&hétﬁ?{@g ce
thereof were nore highly injured conpared wth de
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detect bacteria in the cows mlk, and measuring
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Triton X-100 as a nonionic detergent to raw m
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ria.d 0, aw, i nmeasur.ing _t ot al, . .
exa@ %erla coun %CgunFemPeF Y8 GabEEF r&ﬁa%lagadWthh 18
perbacheni & r Howexemilknetbe aptheds ohktben- pabaBtuffs, and
, Sgﬁu nt 2, even if protease Kis allowed to act on
ki) URTONLguPECHEFKS 1H-EBPRAr IHSEIAING REPLEHRPI &bel y
. foodkggsked, and there are a lot of inconplete digestion
{Oogroducts having a size conparable to those of.

%ﬂ walls

@tteria. If a fluorescent nuclear stain agent such
%%g%[g{ ﬁ%g%ﬁexléﬁc Sé O?a% %HP%%O% ot peb ey g

proadsma@élEntocautSOmOUHmakwlths Highi nehponaofiré hem
pasgeupléégfobacég&ja dl{flCUlélgest micellar casein,
‘removing lipids by refrigerated centrifugation to detect
bacteria in the cow’s milk, and measuring total bacterial
count (including live bacteria and dead bacteria) thereof,
and a method of adding 0.1% Triton X-100 as a nonionic
- detergent to raw milk in addition to the aforementioned
proteinase K to detect bacteria in the raw milk and
measuring total bacterial count (count of live bacteria and
dead bacteria). However, in the methods of Non-patent
document 2, even if protease K is allowed to act on UHT
cow’s milk, micellar casein is not completely digested, and
there are a lot of incomplete digestion products having a
size comparable to those of bacteria. If a fluorescent

nuclear stain agent such as SYTO BC or SYTO9 is made to act




Moreover, it has also a problemthat cell nenbranes of
somatic cells such as bovine | eucocytes and nmanmmary
eplthelloc te conS|dered as one of the contam nant
@ﬁ% are only slightly injured, and if
they are subjected to staining wwth SYTO BC, SYTO or
propi dium iodide as they are, propidiumiodi de does

on %Qicrp%d@& I @&oﬁdﬂ%n@&f@@ 5@&&1&1&{ effcurs to
| uorescence is emtted by chronosonal DNA to nmake
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af orenentioned treatnent contain a |ot
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froh!ﬁh%ef% deleV8 4 agtdeg -agid bacteria is degraded to a
['evel as Iom1as about 105 cfu/m for yogurt or yogurt

[008Parter due to the contani nants. Therefore, the nethod

req |res e aLe d term nat | f
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sensitive detection nethod for distinguishing Iive

stapherer Radahbedmgihbdcier dgscsibed Ref 20ReCHI0EOECRSing a

non%gg}g Ag%?%%%@ gBH|Q|HH558@9%6|g%e%% In combination. As
the characteristic of the invention, it is described that
the method enables destruction ef somatic cells as
contaminants and effective separation of fat globules.
However, samples subjected to the aforementioned treatment
contain a lot of contaminants originating in milk, and the
detection limit for live lactic acid bacteria is degraded to
a level as low as about 10° cfu/ml for yogﬁrt or yogurt
starter due to the contaminants. Therefore, the method
requires extremely delicate determination of conditions for
destroying only somatic cells and not injuring cell walls
‘and cell membranes of live bacteria by adjusting the
concentratioﬁs of the nonionic detergent and the chelating
agent. Thus, the method is not suitable as a convenient and
highly sensitive detection method for distinguishing 1live

bacteria and dead bacteria.




phenyl - 5- et hyl phenant hradi nium chloride) is generally
known for the effect as an anticancer agent, it is a

poi son agai nst -t opoi sonerase |1 (type |

oun Kgdi- S~ RGd sting in mammualian cells (for
exanpl e, Non-patent docunent 5). EMA disorderly
intercalates into chronbsomal DNAs, and then only

[Ooh@tercalating EMA is converted into nitrene by
irradiation of visible Iight, and binds to the

chr airbbomgh BNAddhyn conalkerntieat(Eazhmsntaz idor- 3exarnploe, 6-

tion of oj .saner a cancer. cells ust
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strands and gene expression (transcrlptlon of DNA),
agaangtt herpdwongirage Jladiiveped hyonslisaymgassf) existing in

nanfiQ188PRRYLN0 (Shes, alhohlie ghromsaRl PRART o) . ein

ation of the clea rod i sTocc
disasdetmy tihe efrendbites dhtENﬁhrbh@smabug&mm@n e dDNAsrbynly
sonerase |1 is inhibited by the action of

. . to
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of Yheibhpeiehhtheankebigati @8, tﬁ@dch&%mb%@agqan%@O%yﬁ
the chronoSomal DNAS is enhanced-as a result. EMA not

COV@h@@FcQFEﬁPthnﬁto DNA examphels Bridtesi scthgniafa free
' ' nv hydr I n i si,bl
top%?gﬁ%éﬁggg EEB% §§§Fa ggégéﬁegghngqu él dgg 5 of the
DNAastranﬁy,ObrtDp@nﬁdﬁBNaSetkhndEOthbréSrShbSbéﬁ&@&m
such an_activit 0|sonerase |

t
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et oposi de, m t oxaht r one, saintopin, and so forth. AS
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reli% M@&ﬁhogaéhén?fé%tgé L@E toIﬁrfﬁﬁ%?occa51on, as
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relfgégiég, and the fragmentation of the chromosomal DNAs is
enhanced as a result. EMA not intercalating into DNA
- strands and existing in a free form is converted into
hydroxylamine by visible light, but the hydroxylamine does
not inhibit the activity of topoisomerase II.
[0011] .

As substances inhibiting such an activity of
topoisomerase II, there are known, besides ethidium
- monoazide mentioned above, amsacrine, doxorubicin,
ellipticine, etoposide, mitoxantrone,  saintopin, and so
forth. As substances inhibiting the activity of
topoisomerase I, which has an activity similar to that of

topoisomerase II, there are known camptothecin, topotecan,

and so forth (for example, Non-patent document 6}. Further,




to those of the aforenentioned enzynes, there are

known ci profl oxacin, ofloxacin, enoxacin, pefloxacin,

fl eroxacin, norfloxacin, nalidixic acid, oxolinic
OurgBed - OFiomildi¢%dcid, and so forth (for exanple

Non- pat ent docunent 7). [0012] However, there has not

so far been reported at all use of these
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and bacterial DNA gyréase poisons for pretreatnents of
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highly sensitive detection. [0013] As another method
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detecting respiratofy activity and esterase activity
[60LPat ent docunent 3). However, detection by this method

' limted to a case where respiratory activity and
et ITIREE actheTe ot THb O8] bati DESDatEoT Rt cah Bel use
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cell is_diLs : [
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celii oBidhi Unrd i suttie (P13 TNoh°PRIBAt SBotuhehte gyurpose of
realHoy@uerqui &k Sam@thogh1 & Ss@h$0t avaedbos-t hat . can

clearly distinguish live cells, injured cells and
[003fHad cells only when the injury to cell -walls of the

I SRR A B Qg g
has tiwsze phow srd @&l ewtdegret sfsten ufgr causeshbynt by and
quiééfyxﬁéﬁégéiﬁé”¥ééﬂf?étory activity and esterase activity
- (Patent document 3). However, detection by this method is
limited to a case where respiratory activity and esterase
activity of the objective bacterium can be accurately
measured.

- {0014}

As the state of microorganisms other than live
bacteria, there are injufed cells, VNC (Viable-but-Non
Culturable) cells and dead cells. There is disclosed a
method for detecting them by flow cytometry using cFDA
(carboxyfluorescein diacetate), which emits green
fluorescence in the presence of esterase, and propidium
iodide (PI) (Non=-patent document 8). However, this method
is also a method that can clearly distinguish live cells,
injured cells and dead cells only when the injury to cell

walls of the injured cells comparatively advances.




pasteurization (LTLT) or high tenperature short tine
pasteuri zation (HTST), or those showi ng a | ow degree
of injury due to stress in environment, live cells
OuraRdfi ApufédCeecBLCTs cannot be distinguished by this
met hod. Patent docunment 1: |nternational Patent
Application Unexam ned Publication in Japan No.

9-510105 t 1 d t, 2: Pat e '
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docunent 1: Bokin Bobal, Vol. 31, No. 7, 2003,
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r ohj.o
pas O L oA g L DL D Ade $Bbyi 8 o Ppyoqedbld of
1njﬁhy|doanﬁntatre&&cxnbeangynmént BByeNoelbs 2002injured
. 2934-2942. at ent docu nt 4: i ed and
cel%ﬁv?’f"&’ﬁﬂ%n}f’%l leFU? B%%ﬁq%‘ay 156166“%3 12, 1994,
Pat®Rt 4d58uieRe 1 Nomn pateat i 89sUneat et ﬁppyb@atﬁbﬁy,
Vol . 36, No. 50, 1997, 15884- 15891 Non- pat ent

'Une%ﬁmhﬁ%ﬁtP%blq%@ty@@rh%lg@Paﬁﬂ%@og?t%lot%%n1stry, Vo

4
a0Vl 9%5ep il 814556 orhel gt AEEATBIL e
6-5H151991, pp. 384 394 Non- patent docunent 8: Applied and

F t al bi ol Vol
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Nonbﬁa@@:htye@o@mérh@ 1 nvesiti el HO1510 AN Bbj eed. of, t heos,

resent invention is to provide a nethod for
{ettdng a n1croorgan|sn1 whi ch enabl es 8 Qur

o e AN 2200 60, ol it L

I ve m croorgani sns |
Jsmmmmb,y sl nge ec ahom &,al 2800 aduantatfeolis3? | ow

‘Non—ﬁgten%ragcéggkls EWKE&f&%% ané’Env1ronmental
Microbiology, Vol. 68, No. 6, 2002, pp.2934-2942.

- Non-patent document 4: Applied and Environmental
Microbiology, Vol. 60, No. 12, 1994, pp.4255-4262
Non-patent document 5: Biochemistry, Vol. 36,,Nb. 50, 1997,
pp.15884-15891 _
Non-patent document 6: The Journal of Biclogical Chemistry,
Vol. 270, No. 37, 1995, pp.21429-21432

Non-patent document 7: The New England Journal of Medicine,

Vol. 324, No. 6, 1991, pp.384-394
Non-patent document 8: Applied and Environmental

Microbiclogy, Vol. 68, 2002, pp.5209—5216

Disclosure of the Invention

Problems to be solved by the Invention

[0015]

An object of the present invention is to provide a

method for detecting a microorganism, which enables



spont aneous inspections in food factories or clinica
field, and a nethod for preparing a sanple used for
t he foregO|ng net hod. Moreover, another object of the

OurpRe$eRE-TAVERESR is to provide a kit enabling
distinction of live cells, injured cells and dead
cells. Means for solving the Problem [0016] In view

conQEnE%%taEﬁﬁeE%EEko%%@e%%ﬁ%%r%%”qiv%hﬁlc&%%%g%%,%m%f1n

esent i'nvention assiduously reséarcheé
foodenméﬁseahdteihnﬁehhodawpﬂhscbwtasmhg andnaativallilty
detection of live cells of a m croorganism

for
AAVEBRAGPREE FAOV GEGSTEITY  aRB L PnPERI T6aREPeLO in

spoﬁ@éhb@uga&nsﬁaﬁtl@hét ELHth'o@BI ehckbyecteblS c1iRjivhad rield,
I1's and dead cel a result, they found that

andevemethOﬂhéoanﬁyﬁpaéﬂngh@ Sﬁm@ﬂ@omgaﬁu§nwc@hﬁa¢@§@gpnng

a tr t i 0
ot Bo8F TS S EXL B A Bl g WP BRLILRL  Bovept ton
is by pdenidéyangivaehabsiagntastnantsohnelfudiing cdead
cells contained in foodstuffs and clinical sanples,
inipredr 65t Ag2PHe PBBdSELFP-or clinical sanple with
| i pase, protease, ethidiumnonoazide as a DNA
intercalating agent and so forth in order to
Meagff ifgiensdyviogovdie herebdeani nants in the step for a

[00 ?ﬁﬁtreatnEnt of the sanple, staining with
orescence the sanple, and subjecting to neasurenent

usthg-vfeﬁImWVmwéom@mfmmeﬂ%ummedrmackgxmmmmjsh@@ t he
$ resent _invention. 0017% That is,, the present
1nventeht i oh ProvPReseat nebFotieh 297 EYarrngY aresearched on

a cm@éﬁwﬁ@n@e%%@h&@rwﬂ@ﬁe@éfﬁglﬂlweaﬁgléét@élﬁty for
m croorganismin a test sanple by flow cytonetry,

det@ﬁﬁ%ﬁﬂSPfl#l¢@fC@iﬂ€5@©63P@NCr@Qﬁaﬁms%@ EpRtAbhedwWing
 foodl8RPEs And o1 BALD, O1LASALLNOLL oL ERL, PRED) £oi 1D

enzyne avi ng an act e osing ¢el TS ot her
disttirant idroset ohvé hesi<y onm;gam@mexzbsk | abdlafle parteéTl€s As
a resuf”(né% ébullr%hat even if the amount of the '
microorganism contained in a sample is extremely small, it
is possible to distinct live cells and dead cells high-
sensitively by identifying various contaminants including
dead cells contained in foodstuffs and clinical samples,
pretreating the foodstuff or clinical sample with lipase,
protease, ethidium monoazide as a DNA intercalating agent
and so forth in order to efficiently remove the contaminants
in the step for a pretreatment of the sample, staining with
fluorescence the sample, and subjecting to measurement using
a flow cytometer. Thus; they accomplished the present
invention.
[0017] ,

That is, the present invention provides a method for

preparing a measurement'sample for detecting live cells of a

microorganism in a test sample by flow cytometry, which




existing in the test sanple, and b) the step of
treating the test sanple with a topoi sonerase poison
and/ or a DNA gyrase poison. [0018) The present
Ourlﬁ@éﬁ@fﬁﬁ5§p§09§ﬁbV|des a nethod for detecting live
cells of a mcroorganismin a test sanple by flow
cytonetry, which conprises the follow ng steps: a) the

com%&ggegf hre%%lﬁ%waﬁgfggé%g§anp!e with an enzyne

an activity nposi ng cells other than
a) theseteb oﬁhﬁr&ﬁtﬂﬂgrgaai;astcehmpﬂdaWiparbhcbaaymb

proteins or existing int tes sanpl e, b)
havfRE SogChl viF SaPing ot RBPPRLISARPLE GEDRa han thbse of
thet ARCL-SEFBEAS M, D@bi@Bl@BQ/9ér@1@NéSQMEa§%oE@h§9n rClipids -

the step of treatlng the test sanple treated in the

existépg ia) thRdtbyptweempaepuahdar stain agent, and d)

b) EHS ?ESgreat ggESEﬁhB hoer Erg%ﬁi‘g'ﬁﬂh”?t ESp%)?ggmerase

it nuc éar starn agen
p01eyhoaﬁﬁVyr EODNQ]gynaseeteiseﬂ.enbodlnents of the

ngghod for preparing a neasurenent sanple for
[004 ecting live cells of a mcroorganismin a test

sanphe Hyesbow LXTORBLSY ANh Loy s fiod ﬁ@ihé’@tﬁ&fl ng

live cells of a mcroorganismin a test sanple b
det¢¢b%ﬂ@yl@ﬁ§t¢§ll$h@fs@e@l©;0©sg@@l$mrh®daat@@t sample by

t 02 e of . t he,

1o 80 her Hgn2Bhich noflstenge ambegl mmpla,clilhe,

a) ﬂhékst@pd@fryr@abﬂmgttha.f@@ﬂsﬁaﬁﬁlepﬁbﬂm0£ﬂ émopmailk
roduct as a raw materj al a

d
hav?éﬁafﬁalr%ﬁgltxﬂo%l%ﬁﬁp@gﬁﬁﬁ%g %F%&?rﬁﬁ%@ﬁmﬁ%@n those of
the%ﬂi@ﬁ&of%#ﬁgsﬁan@&ﬁlofuaﬁy ted1dd ubfl SAsplenandr & ipids

pleural Tluid sanple 21] In preferred enbodi nent’s
exigfinhelnforentmtt o‘ﬁ@ﬁph%ft hods

b) the step of treatlng the test sample with a topoisomerase
.poison and/or a DNA gyrase poison.

c) the step of treating the test sample treated in the stéps
a) and b) with a nuclear stain agent, and

d) the step of detecting the microorganism in the test
sample treated with the nuclear stain agent by flow
cytometry.

[0018]
In preferred embodiments of the method for preparing a

measurement sample for detecting live cells of a
microorganism in a test sample by flow cytometry and the
method for detecting live cells of a microorganism in a test
sample by flowlcytometry, the step b} is performed after the
step a). '
[0020]

" In preferred embodiments of the aforementioned methods,
the test sample is one of milk, a dailry product, a foodstuff

produced from milk or a dairy preoduct as a raw material, a

10




the mcroorganismis a bacterium In preferred
enbodi nents of the aforenentioned nethods, the enzyne
is selected fromlipolytic enzynes and prot eases.

Our| GeZ2P & 530éf-diGTled enbodi ments of the af orenenti oned
nmet hods, the topoi sonmerase poison is selected from
ansacrine, canptothecin, doxorubicin, ellipticine,

t 0 QS| m t axantron Sa| nt 0p| 0 ecan and
p1oBE BEE0Rs T e & Ped ey s e e e
synabveaemeEntiidnedmmicheas, a dieudNA GUnase oisen is

sel ected from ciprofl oxacin, ofloxacin, enoxacin,
[005 il oxacin, fleroxacin, norfloxacin, nalidixic acid,

w%%%@%%% %m%@%%ﬁ ﬂ%%@&@ﬁ%&%m,

enbodi nent s orenentlone
thetmpgmgoweaasempoﬁsanbastemhmduun1nonoa2|de and t he

met hod ¢ ri ste j ect.i test
o h A B g kA Rk PR RE R s b e S el g methods,
theléﬁaﬂm@thgns@ﬁe%tédbkeom|&bely&@@zﬁhzyh@sp%ﬂﬁeb&%@eases
enbodi nents of the aforenentioned nethods, the

[00%2&d hods further conprises the step c) of treating the
teﬁﬁ ﬁ@@?éfréﬁe@ﬁsgdiﬂfggg6%EeEﬁeahf@yéd%?EM&Hé methods,

nucl ear starn agent I'n preferred enbo
the ot ophesaheresenpbored metheaspteﬂhérnmchmaacsuaen

age conpri,ses first stain _agent th
canfletbe GPRT caPROupLE Bt FTeBrarEBeand hRaa 08N I, and
mitéxaSeLONd, staintagen] tbpbtavLA gaA8i by-penebrate cel
wal | s of 11 Qur Ref: OP-C5306-PCT dead cells than those

[00%%]1ive cells conpared with the first stain agent.
Lg@ﬁg%gefékféﬁf@ﬁﬁ@&iﬁ@@@giBEHEﬁeOEfBQ%mEEQE%HEBth%%%%ds,

the DNA gyrase poison is selected from ciprofloxacin,
ofloxacin, enoxacin, pefloxacin, fleroxacin, norfloxacin,
nalidixic acid, oxolinic acid and piromidic acid.
[0024] |

In preferred embodiments of the aforementioned methods,
the topoisomerase poison is ethidium monoazide, and the
method comprises the step of subjecting the test sample to
which ethidium monocazide is added to irradiation of visible
light. '
[6025]

In preferred embodiments of the aforementioned méthods,
:the methods further comprises the step c) of treating the
test sample treated in the steps a} and b) with a nuclear
stain agent.
[0026]

In preferred embodiménts_of the aforementioned methods,
the nuclear stain agent comprises a first stain ageﬁt that
can penetrate cell walls of live cells and dead cells, and a

second stain agent that more easily penetrate cell walls of

i1




the nuclear stain agent is propidiumiodide and SYTO.
[ 0028] The present invention also provides a kit for
preparin% a measurenent sanple for detecting live
OurcBpfts OB L& 30%i-&Fdor ganismin a test sanple by flow
cytonmetry, which conprises the follow ng elenents: an
enzyne selected fromlipolytic enzynes and proteases,
deafl EQE?ESQHEEaﬁﬁoB%'%@”1?0@’eélésDNémﬁﬁ&%aewﬁth@ﬂe #Rdst
a nuclear stain agent. [0029] In a preferred
staeénbedement of the aforenentioned kit, the
[00%2 oi sonerase poison is selected from ansacri ne,
t ot heci n, doxorubicin, ellipticine, etoposide,
mM {OXAPEFeReedSanBbaRBnt E0pEt eean sad ntion@a3 methods,
[0030] In a preferred enbodi nent of the aforenentioned
thekppclepReSbRANGPEGEE P8I BEAPILE1gE| dedédef pprh SYTOS.
Lprofloxacin, ofloxacin, enoxacin, pefloxacin,
{00?? ‘ . ; oxacl . n,
oxacin, norfloxacin, nalidixic acid, oxolinic
aci Thandrpseot ilhceacidn §0931pronidepref kitelor
enbodi ment of the a%oreneitigned E%t, .thel. 11 ' £
Prepapoidonel a8 peie8h FemBthi dPanfRbhRGhzPEel Ve cells ot a

micPO¥2gh398AUSHERT eebt 0kahpPeel PYERL bANC08RE rfhewhich
present invention enables convenient and quick
comgrisseactponfet lpviegcelesentffured cells and dead

[ t | nj I b
R R L o
a topwesdmenasanpbésappinédot oa 1RNBUgyRefe QP 05306- 8GT

sggntaneous in@gections, and are al so economcally
a NGt agkdlR. 28FRkf Description of the Drawi ngs
[0029P33] [Fig. 1] G aphs showing the results of FCM
measurenent after ) _ .

_ In a preferred embodiment of the aforementioned kit,
the topoisdmerase polson is selected from amsacrine,
‘camptothecin, doxorubicin, ellipticine, etoposide,
mitoxantrone, saintopin, topotecan and CP-115, 953.

[0030]

In a preferred embodiment of the aforementioned kit,
the DNA gyrase poison is selected from ciprofloxacin,
ofloxacin, enoxacin, pefloxacin, fleroxacin, norfloxacin,
nalidixic acid, cxolinic acid and piromidic acid.

[0031]
In a preferred embodiment of the aforementioned kit,

the topoisomerase poison is ethidium monoazide.

'Advantageous Effect of the Invention

£0032]

The present invention enables convenient and quick
distinction of live cells, injured cells and dead cells in
foodstuffs and clinical samples by flow cytometry. The

methods and kit of the present invention can be applied to
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SYTOO/ Pl staining for LP-treated group Escherichia
coli suspensions (live bacteria and injured bacteria)
and LP- treated group Staphyl ococcus epidermdis
Oursbspe®-6h806+HPUE bacteria and injured bacteria) as
wel | as untreated group Escherichia coli suspensions
(l'ive bacteria and injured bacteria) and untreated

spoflh8tBpRa SRR PR PE” DACHGPFE) 21PF, Gooo AR

advgﬁ@%@gughe results of FCM neasurement after SYTO9/ PI
staining for LP-treated UHT honogeni zed mi |k
i nocul ated with Escherichia coli (live bacteria) and

qgngg not inoculated with
Brlt‘Lellﬁ%c-a 6%§8%§gty’a¥‘[g ? gap S %ﬁowi ng the results of
[00FEM neasur enent after SYTQCO/ PI staining for

.LP-treated LTLT h lated with
(FiGoohb CERPAS CONPY LoV EhBaEeBr L asahE FrRegstehellt! Brrer

SYTbg}zpfré@%_a_nLEgtfgﬂtﬁﬁ Eféértééngbgﬂpg@@bhﬁﬁll@hh& coli
i nocul ated with Staphyl ococcus epidermdis §I ive

susperstpna &AhtVenparkdridaehdr iRy urafdbppterdal egneTLF-

crefE OTRRTLAg LI 0Ae LROSILAS BT S W0pbigps, yive
bacmaisajr@nmmmmr@di b&YTERI1 ) ssawaﬂ_mgaéountPeateelt gdoup

MA-treated Escherichi [ ] l,
ESC%%E% 14 @ |%‘]1‘~Eﬁ"°ela%%%?e?%%nco acg%?:*f\%ﬁéﬁ cd éi:}\égd

bacedtfey sl suﬁ@ﬁ@@@édi %ﬁﬁoﬁﬂ)' ¥eapAgt BEbacaBdepl REWhed s
bacteri a). hs showi ng the results of FCM

susm@a%m@remlwt cteswww kpanpeAgbreEerbat r eat ed

[?1 d%1er| c I?E:%??‘%? %Dg%ufﬁgf%-g%%%%gg%gﬂe%t ther
SYTCD;%CRErswE)J,nM fmm’rgrgléﬂtn(z;leaitﬂdl BHT Bk;«éxzxdé?eaﬂzaﬂtngilk

L noqT I O Pt T o it el e e kel arpd Le-
tredtd U] Emdhen Shawi gl & heot estbi sl of cEGM FRASHE EMENT

after SYTOO/PI staining for LP-treated
bactayfiaEMA- t r eat ed non- honpgeni zed nil k inocul ated with

[ridSCherd et Gldwidd Yohe results of FCM measurement after
SYTOY/PI staining for LP-treated LTLT non-homogenized milk
inqculated with Escherichia coli {live bacteria and injured
bacteria), LP-treated LTLT non-homogenized milk inoculated
with Staphylococcus epidermidis (live bacteria and injured
‘bacteria), and LP-treated LTLT non-homogenized milk not
inoculated with the bacteria.

[Fig. 4] Graphs showing the results of FCM measurement after
SYTO9/PI staining for LP-treated and EMA-treated Escherichia
coli suspensions (live bacteria and injured bacteria) and
Staphylococcus epidermidis suspensions (live bacteria and
injured bacteria). |
[Fig. 5] Graphs showing the results of FCM measurement after
SYTO9/PI staining for LP-treated and EMA-treated UHT |

homogenized milk inoculated wiﬁh Escherichia coli (live

13




bacteria and injured bacteria). [Fig. 7] G aphs
showi ng the results of FCM neasurenent after SYTQCO/ PI
staining for LP-treated and EMA-treated LTLT non-
Ourhambgeni-z8d0a-PKTi nocul ated wi th St aphyl ococcus
epidermdis (live bacteria and injured bacteria).
[Fig 8] Graphs show ng the results of FCM neasur enent

te t g f UHT i1k
bacPRESHl at LA nlPROSERCREF BRLE QBLFUCPLO8 BaLleria) and

: Sta%h?@BMb@@Q@Céﬁld@@hﬁaﬁﬁ1Q&§Vé|bé@t@&@b@flahdaﬁHer

P-treatnent and a) ansacrine el lipticine, c)

hom@aﬁp@e?ﬁeﬁﬂhkoﬁoﬁ)1n@FBﬂéFP€xHéFﬁ tPEaPRERETIPFi g. 9]
' [Fl%%??? ghg Qgshpﬁlhﬁ]@hboﬁ Eh&tgfoE"FEMShBBshkgﬁehE after

er 0 crotu e containing physiol ogi ca
SYTS&VPmestamd1hgnﬁeraLBFEreétbdqand EMAt-heeatedotabe.

. E roph t h f. ch I
nombipdiata Bodher MO Com; ERReRer CPTACPCr FERAcTar Tand
pacSakmenghhain§Li-g baeteria)and injured bacteria)

extracted and ﬁurlfled before (N) or after (E) the

[FigMA7{ r eaepbat Shprigo the EreeiEspREr ESMsmBREHEERERRsafter
syr8b/EUr OPReRIRL B Leitr§§§éafaﬁalEMgokregrQHUL@ﬂTdnon-

erra an bacterra extracted and purif
homb@éﬁiﬁeﬁhmlmk afhbenl{Epdt hetEMAtaphgdboentus| Bpgdetlidis
_Electro horeS| hoto hs of .chronpsomal DNAs of
11@fa5ﬁ9F Ebﬁcﬁg P&BF @CE?F%@ bacteria, injured

[Flgacé?rGﬁa ﬁgdsﬂgﬁgngaﬁhértéeuﬁﬁbr@ﬁtEdMaméaQUEeﬁead after
efore ( or after éE% the EMA treatnent. g
SYT@PAphsssaonihg fne PR P@0§FHF€R¢n@aéﬁréﬁ@ﬁP1? pd rath

Escggglgg Cgacte?ﬁlégﬁbgtggﬁPértﬁﬁaaSt%ahgrseoéesgerIa

ia of erichia co efore and
epiaéteidise(EMetbaateens) §Figr LAItGeaphsnthandng’the.

results o asurement for  ljve bacterl i njured

amsEELBT! 45 bl WLRR SRt orTh GPTPEp HSRGT BCOLClL.
01p§@fg@§g@ghstpggemengnd after the EMA treatnent.

[Fig. 9] Graph showing the relationship of immersion tlme in
boiling water of a microtube containing physiological saline
and temperature of liquid in the microtube.

[Fig. 10] Electrophoresis photographs of chromosomal DNAs of
Escherichia coli, Klebsiella, Citrobacter and Salmonella
(live bacteria and injured bacteria) extracted and purified
before (N) or after (E) the EMA treatment .

tFig. 11] Electrophoresis photographs of chromosomal DNAs of
Escherichia coli (injured bacteria and dead bacteria)
extracted and purified before (N) or after (E) the EMA
treatment.
~{Fig. 123 Electrophoresis photographs of chromosomal DNAs of
Staphylococcus epidermidis (Live bacteria, injured bacteria
and dead bacteria) extracted and purified before (N} or
after (E) the EMA treatment. -

[Fig. 13] Graphs showing the results of FCM measurement for

14




[Fig. 15] G aphs show ng the results of FCM
nmeasurenent for |ive bacteria of Mycobacterium
tubercul osis and injured bacteria and dead bacteria

OurgRefH@Ps&ive dor&atled with isonicotinic acid hydrazide
and rifanpicin before and after the EMA treatnent.
[Fig. 16] Graphs showing the results of FCM

1ivAERS UL eent fgrguge'dvsa%%%ﬁ“ %hdle'a%it% 13319, iy ured

bacteri a and bacteria o sane treated mnth

Escarpiichlibi aodid bggptrampedn arhefrote camtiraftres: tidee tEMA
phs show ng correspondence of

treat nent Fi
[Fig|a é.fﬁeapr ghoarlergebaeeeﬁré OfnFiMedepsbrement for

1ivangadead:hact ax heeefbaéeeeegleheadeeblbaékeehﬁleeoccus
eprdernrdrs cobacterium tuberculosis and Listeria

Stapbdrderdraguso erhideamPdimst hedorandnddiedtiemcthenEYA t he

ccording to the nethod of the present
tre?%@én?ron [Fig. 18] G aphs show ng correspondence of

[Figl assif Geaphensheelinki YRebaskealia, ofNFoMefichact-efeat for
and dead bacteria of Escherichia coali St aphyl ococcus

1ivgpbask Rt 4P sO T MA¥6BRREEFFUHR tUBEFEULESHS and LPavEFra

ibac@sgeadaﬂa H@a&hﬁaéﬁéﬁiésgf”Eﬁgogameaﬁgegtéﬁ'QEEhon of
he same according to the nethod of the present

1sonhveh1neﬂ apkiighydosz Glapasdshodempiche befokesanfl ECWer

Listeria in human bl ood before or
thegﬁﬁ ?%Egéﬁé?freatnent Best Mbde for Carrying out
[Fl@hGlGDV@ﬁépbﬂ E0034hg Heheaf & el t pr ef ercrdmeabaderentsfor

of the present 15 Qur Ref: OP-C5306- PCT invention wll

livgebagptaihed | A18EEEI T . 2OwEVETToE HeapFeEbat and dead

bact&¥VEALL BN hS QQ&eltﬂéé@%ﬁt&hﬁﬁeaﬁﬁlePﬂiﬂﬂ Qﬁ@fﬁéﬁﬁgmyc1n
enbodi nents, and can be freely nodified wthin't

bef%@%p@ﬂ@faftﬁe phesEt trsabnénh. [ 0035] The nethod for
7 AL T B S S e L B L ST e sms
of live bacteria, injured bacteria and dead bacteria of
Escherichia coli, Staphylococcus epidermidis, Mycobacterium
tuberculosis aﬁd Listeria according to the ATP method, and
distinction of the same according to the method of the

" present invention.

- [Fig. 18] Graphs showing correspondence of classifications
of live bacteria, injured bacteria and dead bacteria of
Escherichia coli, Staphylococcus epidermidis, Mycobacterium
tuberculosis and Listeria according to the esterase method,
and distinction of the same according to the method of the
present invention.

[Fig. 19] Graphs showing the results of FCM measurement for

‘Listeria in human blood before or after the EMA treatment.

Best Mode for Carrying out the Invention

[0034]
- Hereafter, preferred embodiments of the preeent

15




to the present invention is a nmethod for preparing a

measur ement sanple for detecting live cells of a

m croorganismin a test sanple by flow cytonetry, and
Our jRef: ORe€hodoThBePri sing the foll owing steps: a) the

step of treating the test sanple wth an enzyne

having an activity of deconposing cells other than

invé@@fgmo&ilihﬁenéﬁéfgfgégifﬂldéggiﬁlCkﬁoﬁgﬁéffﬂﬁﬁ% resent
proteins or Tripi existing in the test sanple, and
invdtide stepodflimeatdngot hieet silsaipyepwefaraed

eni SR ORI SES Bl n andl o1 2, DA GV1266, ROLEEN. cope of

the B LL OO0 gaph st idna test sanple is a nethod for
etecting the live cells using a sanple obtained by

[003F%k aforenentioned nethod for preparing a neasurenent

sanpl e for er ¢ ' i
SIS AT I £ SE e LOloui 8, rro
cytdiet€) thensépprof dlsatabigréhtatestasanplie”] reatedding
the steps a) and b%deth a nucl ear stain agent, and
to tye (e 3PRh HRVEREERR i Y T MRCTRCT otPhaiF SRR T ¢ hR t est

mea @@ r@&:ﬁ%ﬁe Wdh dde.auchgari b abaipgest By flow
cytonmetry. [0037] In this specification, the "test

niciampiatiseans anteobj svwpIorbwht bav | ¢yeomet 1y, ofng is a
m ¢roorgani sm exi st j el e detected, and it
metijed n%‘%m%ra’r?%%%l rt yf%pln?éie}g& TS Qur Ref : OP. C5306. PCT

a) thngsasp the rednnigarhsmesn densbt ecteld oy &EChime
Exanples jnclude m Ik, dairy products,. and foodstuffs

having mp AFKIBHE R OUASPTROTRT et 5 rah okt Erqy those of

the 000 SA0Ph ESm, Whd o1 SRR £8: s SPENALF fih tb e SREPbLSLipids
~synovi al fluid sanples, pleural fluid sanples, and so
exidtgmd.im tike et ysPrpbuctand foodstuffs using mlk or

dai P ri r.e: i
o) G U 8,7 S T T ok 20 £9PC b boonerace
poison and/or a DNA gyrase poison. ' ‘

f0036]

The method for detecting live cells of a microorganism
in a test sample is a method for detecting the live cells
using a sample obtained by the aforementioned method for
preparing a measurement sample for FCM, and further
comprises fhe following step in addition to the
aforementioned steps a) and b):
c¢) the step of treating the test sample treated in the steps
a) .and b) with a nuclear stain agent, and
d) the step of detecting the microorganism in the test
sample treated with the nuclear stain agent by flow
cytometry.

{00371

In this specification, the “test sample” means an
object for which live cells of a microorganism existing

therein are detected, and it is not particularly limited so
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test sanple may be any one of the af orement i oned
product s and biosanples itself, and nay be one

OUI‘?%ﬁgggg ng or concentratlng any one of the
e ntloned products and bi osanpl es or subjecting

any one of the aforenmentioned products and bi osanpl es
to a pretreatnent other than the treatnent according

1ok atshe e thied oafr e sar esentbd Rieidten byEraml esxafiples
the pretreatnent i ncl ude heat treatnent filtratian,

inclugst Mtk WatH Yap Testiakisot g0 finPaed Uids psingogddk or a
dal§§?R£§ or.gani sty h%t%%l%ﬁ_e%hck%.%%n%ﬁ%%Pt%Ql%£ the

the présent inventi'on, i's no
sampaetsi, c @pamlay  fllumict e@n@delsongya@mtalcériubel detmpdiesd by

- FCM, and .t t
PLofiEod eS8 8s, GBCULrT ARgiTyy Met Ronirree BePHEts.
foodRjitured celing andx dead eeliks @&oﬁﬂ%t”b%r@0&ﬁ&nm&$brlal

Preferred exanpl es include bacteria, filanentous
aref gRgEC Lpedst HTeARATES -f of B htbehBr epaRt ef NEC hEPIdethe

0 f ﬁ}%gs [ b eri-a d
tesga%?e%l% a#%lé%y gg%h%ng§%+Sgs?gbgg%%ggterPrOdUCts
and|babadmpSEaphybedﬁccasdbaayebeaos&cbbaalﬁedpbyldadu¢u9g

di St t b
or ERnlEn S g R et P A C s RkpE AP e Baeurts, and

bio8Bfip3esf ekt BubiExampbesnf ohBe o@r aRenagat-kxenbasheni a
incFude Escherlchla bacteria such as Escherichi a

ProgeFts entePiesBEELEri A°a3 PEFPFFAEACHy BhbEFobhaperhe
treg E'Qcc§§ QH etbatHéCﬁSEhé o¥|PBFOBQg%EEE|§nvention.

seu ononas erla rth 17 Qur
ExaieleSPoC58D6- PﬁéttaatmenpreeemUdenheatlDneatmenttive

£ P PR PRr af 6oRRBR T M1 50 €01 FOF S LARGer A"Gengr APFY"

foopgeferred culture condition, and can proliferate in a
state that t he cel| exhlblts metabolic activities of
t helRe 1MIsF adF &2 ahdt Cul T iRabPRIethtey bmdésteshed by the

metHé%L??L€QeCBP ééh9”1n@@§ti§n, ﬁﬁh'léuﬁékagékétbﬁlé£§9
jury netabolic activities
limited so long as 1t can be detected by FCM, and the
topoisomerase poison, DNA gyrase poison, or ethidium
monoazide differently act on live cells, injured cells and
dead cells of the microorganism. Preferred examples include
bacteria, filamentous fungi, yeasts, and so forth. The
bacteria include both gram-positive bacteria and gram-
negative bacteria. Examples of the gram-positive bacteria
include Staphylococcus bacteria such as Staphylococcus
epidermidis, Streptococcus bacteria, Listeria bacteria,
Bacillus bacteria, Mycobacterium bacteria, and so forth.
Examples of the gram—negative bactefia include Escherichia
bacteria such as Escherichia coli, enteric bacteria as

typified by Enterobacter bacteria, Salmonella bacteria,

Vibrio bacteria, Pseudomonas bacteria, and so forth.

[0039]
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nmenti oned above, ATP activity, esterase activity etc.
can be exenplified. [0040] The "injured bacteria"
(injured cell or Viable-but-Non Culturable cell) is a
OurcBel:PAE-8580&t-8Cfhat it hardly proliferates even when
it is cultured under an optimum culture condition,
because it is injured due to artificial stress or
environnental stress neta .
et PO TREobRes M ohlreRBlah’ cBhar savw PRCSCFige (AT
 celbyt @eférgntﬁlgaﬁélﬂevabtc@ﬁnapQ6LMf@maaed®aéncehl1s
(injured or Viable-but-Non Culturable [VNC] state)
cul ARERGUBRAYRCECEPNETahhY PREGREFSEerd tiigy Fandition, and
can €§BEE?Q£§PSd 1hNads QEéoﬁh§gn§ﬁe0@elﬁh%xﬁﬁ§h§SOEeEE%ollc
type of stress as t e cause of the injury, VNC cel
actandthabuoédtbeltelln(Haabéﬂ#sedséglﬁuyabée state) under

|| ectivel d d cell
tne RvREET bS LAREbhEras SR EHar b3l PR BB ERE Ry face
fro&096§&r§Ebg0&epm phlbactes i @he exbidbslng &@elﬁiﬁi@sof

injured cell % using mld heat treatnent or
menhpnad sePay e onABF a%ﬁ%VbFﬁtl§§tﬁ§a§€tP&éﬂWﬁﬁYa?FéntFéﬁ be

exeﬂﬁiiff?barly inthe field of food sanitation
spection and clinical test, and the present

[0O4@Yention provides a nethod for detecting a

" E0T AR S e erabl oo, 4 sLunel on !y el el esvon

culbita@l s0cedlptiscii@aof ihi ¥esegtbstnnd deadaealls,
and distinction of |live cells and injured cells. 18

probufe Rt cOP CEB0PFTTL L [ HB4oY L ThEcddBRECEeRN" OPE 1R Re|
culé@a@ é&ﬁﬁf&f{?%lﬁéc§éggoit PgoihEQEéaedugogé BPtificial

brt met c activities (dead state), even if it
stresscmttemvmk@mmbntah @preﬂﬂn1@uﬁtmteshQUHdmet@hollC

Mor epver te that Ith g ru e
et R4t 1 Il aihT CRCSerT art o sEHEUFRYLT Ble
81grlﬂiﬂjlf<k|:a‘(‘nt nléw@ﬂ,cc&mbﬁecmmiearasa@aa ageDt ( Eﬁﬁlube.ﬁl ag
wea
ViableHbéthon Culturable [VNC] state). Although VNC cells

and injured cells may be distinguished in a narrow sense on
the basis of the type of stress as the cause of the injury,
VNC cells and injured-cells in narrow senses may be
collectively called injured cells in the present invention
in contrast with live cells or dead cells.

[0041}
_ ' Detection of bacteria exhibiting the state of injured
cell by using mild heat treatment or administration of
antibiotics is attracting attention particularly in the
field of food sanitation inspection and clinical test, and
the present invention provides a method for detecting a
microorganiém, which enables distinction of all states of
cells including not only detection of live cells, but also .
distinction of live cells and dead cells, and distinction of

live cells and injured cells.
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pernmeability such as propidiumiodi de can penetrate
the cell wall. [0043] The unit of cell nunber of I|ive
cells, injured cells and dead cells its usually
Ourr Bpfe9&ntedCbyPE& | nunber (cells)/m. The nunber of
live cells can be approximted wth a nunber of
colonies (cfu/mM (colony formng units/m)) formed by
{Ooggbturing the cells under an optimum condition on a
tabl e plate medium A standard sanple of dead cells

canrhe Pieparedl by §Slb$te§élnglﬂ ial ¥yeatel thetspensit@fiot
to a heat treatnent, for exanp a heat treatnent in
propyf rage . waeer. NPk ﬁﬁbébééseeteheiheneerlertaead (depfls

Stat@) Su&be@ 1§a£'P' fsCéﬂl@ﬁrégp?ﬁﬁé@%gdﬁéﬁéiﬁuﬁf Hﬁﬂugg

l1ve cell suspension ore t t treatnent.
cond\ith@ugh qumvtm‘r,t hiet Jh%atn ta esitatenttiat ol thaougivat er

f or r|n rles dependi ng, on pe
stridleBoroh rebt (Gehy thi fetbfR e EER e Pl e LY PhugeLe
is highhe EXPIREES,ah@raeXadPber S6AiReagPhePakRbDYidy weak

heat treatnent of about 12 minutes. Injured cells can

permpraly bhay et HY 2° NeBePidban meddide pon| PeReWaREe thercell

wal® shorter time conpared with that used for the
preparation of dead cells. For exanple, injured cells
[OOQﬁ] the bacteria descri bed.in the exanples can be

ared y t treatne of abo 50 second
PRI ok, X bR e S ot s cells
and apOxddmEtLd MdduLi Ly tefesditead ivg €&£11 SusRensi on
before the heat treatnent. Further, a standard sanple .

(celdrs)ifmplur edPeePPELEEn O4l 46 V6e Cprdgaraa by aprgoaimated
wierfel dffiaferd U T diLioA ROy ML A ATY Ry il AT )

_ a case, the cell nunber I njure can be
forr@p‘bmxmr‘rdtted:mq Hhehecenutbemdeof acrolcqrh:elmn( afqﬂchdt)lon on

2 sadahi S50 Fociftin) &' SraraeReGranPls, o Bron A Like

can &kt iphieplairedablyersubrieatting ld & welde 1SUSHERSIHYI onMtdd a
the anti-biotic, neasuring transmttance of visible

heat| tgre tifdVel &gt RXgW8M 2 TRAT it 9IS iy Redding
wateGQMPRL I PHis case, the number of dead cells in such a

sample can be approximated with cfu/ml of the live cell
suspension before the heat treatment. Although time of.the
heat treatment in boiling water for preparing dead cells
varies depending‘on type of microorganism, dead cells of the
_ bacteria described in the examples, for example, can be
prepared by a heat treatment of about 12 minutes. Injured
cells can be prepared by a heat treatment'in boiling water
for a shorter time compared with that used for the
preparation of dead cells. For example, injured cells of
the bacteria described in the examples can be prepared by a
heat treatment of about 50 seconds. In this case, the
number of injured cells can be approximated with cfﬁ/ml of
the live cell suspension before the heat treatment. Further,

a standard sample of injured cells can also be prepared by a
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the turbidity with that of a |ive cell suspension
mhich density of live cell is known. [0044] The
“col | oidal particles of proteins" are colloida

Oup&at:APes386w&iGTed in a test sanple, conprising
proteins as constituents, and dyed nonspecifically
Wi th a nuclear stain agent, and exanples of which
l.ude el [ Her eaf t er thermth e
e T BRUATP e ek B ARG T o7 “Buer)=orb

numb@&45ﬁ 1@§hr8ﬁeneaﬂslﬂahhb& S oxd nageid &dmm|QHGSnumber
aVIn an aCtIVIty for

of &8§8Hﬁ8§ ?Egmﬂé SoREpd. WPﬁantbﬁece%ﬂér@6@gamL§mFed

und@Q'59'@?Elﬁﬁﬁtb%h@lﬁﬁoﬁrehebn§u9%a%ﬂg'giat%xhéﬁhﬂ%.'%y
the test sanple. [0046] It is generally said that in

remgrdag Fbedéﬂ@@blbéapeﬁfaerbyrEQWhnghélwacceﬂﬂaSQh@@h@lon
b th h det ect
i eBe e B EE Bk 0P 080 I ML Ran SR ees Prod SRR

eas
lighn awhesnesgﬂnkeGSUﬁh)aStnhtklareuaaﬁa@tgd aby E6Mpazing

Iaﬁge_anount,of cont am_nant ,conponents such _as .
the bHaPiE1EE| YEtht Bpayl 8bupesi¥AICRI deFREPERE BN N WhASD

den8ity okheibacteria;si pyafg into a gate (bacteria
gate) on FSC (Forward Scattered Light)-SSC (Side

[00&gattered Light), and therefore bacterla may not be
det V. f, about. 100 cf then}pass t hyou
el o S EHC L kBT 11 T B A el St (S bbe e
par@ieieﬁa@&mt&fné@nDNeaOteﬁedyﬁﬁp3§l|§oﬁphﬁélh§aprbﬁélns as

: n1croor ani s coll oidal particles of proteins pi ds
congiytu orﬁ ey et i pep e thel ¢ekty o4 hgheabyuﬁiear stain

agent el AR Ux M Te &0 r eMZYIR. 14 O04dE hDcdheaFasgesLhat the
test sanple’is mlk, a dairy product or a foodstuff
ﬁqnnnqﬁqlmaﬂhqﬁ(pﬁrthnpnnﬂﬂnt invention will be
explalned for every step.
[0045] |
(1) Step a)
In this step, a test sample is treated with an enzyme

having an activity for decomposing cells other:than the
microorganism, colloidal particle of proteins or lipids
existing in the test sample.

[0046]
It is generally said that in order to detect bacteria

by FCM, the bacteria should be subjected to pass through a
detector in an amount of at least about 100 cfu. However,
when live cells in a test sample such as milk are detected
by FCM, a large amount of contaminanﬁ components such as
somatic cells, fat globules and micellar casein, not only

- the bacteria, invade into a gate (bacterial gate) on FSC
(Forward Scattered.Light)—SSC (Side Scattered Light), and
therefore bacteria may not be detected even if about 100 cfu

of them pass through the detector. Therefore, it is
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as a raw material, exanples of the cells other than
the mcroorganismexisting in the test sanple include
bovine |eucocytes, nmanmary epitheliocytes and so

Ourf &etth OP-EW3t0terBfidf e, in the case that the test sanple
is a biosanple such as blood sanple, urine sanple,
spinal fluid sanple, synovial fluid sanple or pleura

[ [.ud
'preéF§?ﬁ#80§Pe§eqovﬁb6%yf€§u€§rgﬁuﬁec§%:Inctﬁbﬁ F&hi 1 s,

mickasephnlism, Mragyties.l bﬁ&ﬁh@QﬁEE@fEb&bkelns, lipids and
t hronbocytes, and so forth. [0048] The enzy

SO APSLENERLESAST &@o¢@3|§eﬁ6tSﬁﬁpﬁﬁcﬁwaﬁl?quH%apédw%ﬁ9 an

enzg& g as an enzyne that can deconpose the

orenmenti oned contam nants and does not injure |ive

[00é8ll s of the nicroorganisn1as a detection object S
chose and which_incl ude | yt

enz?ﬁeghgnﬂa Fo?gggeihe BFFEoﬁaﬂpgﬁelﬁiW&egf 8n§alry

prof@Ytberi pdepeadenttdry ptsedced £roWoman kMaire ak Id@td&:yOfproduct
enzynes may be used 1 n conbination_as the enzyne,

as psrprelatgbiely o S¥SEPRE6hCE EhBorpLile @ﬁb?ﬁethéﬁdtée

mlcppgkgaﬁﬁsm[ggi%k qnl%ﬁ o%eg pg'ﬁbug %B%XG%e'%%%&%%

phosphat ases and and exanpl es of
leutbeypesteaammamycbpd@hpﬂ@beynaseaﬁd proiagéhand so
ions for th tr.eat

forth. 0050 th h d
e T Td A WL

'sucﬁaﬁsbﬁlégdt@Ehﬁle?1ugﬂheR@EngeC5§9@nB¢deaharEhﬁ@de,
for exanple, conditions_of a_final concentration _of
synegipd Bduipnsamgleerpepaturaloflpsds ganpee, apgagples of
thetESf& Bhci AR egyﬁﬂrgh HLES PLulBEGLERN e%aﬁﬁmbb?@@g,
for pases cond| Ions of a final concentration

neubfopbiles, SBasuphulsa menperéear elphpRbcybes7€icand a
r eat nutes or nore can be nentioned

enrpRBSETERs: nalE RO FAo5N

[0048]
' The enzyme aforementioned above is not particularly
limited, s0 long as an enzyme that can decompose the
aforementioned contaminants and does not injure live cells
of the microcorganism as a detection object is chosen, and
examples of which include lipolytic enzymes and proteases.
. Although one kind of enzyme may be independently used, or
two or more kinds of enzymes may be used in combination as
the enzyme, it is preferable to use both a lipolytic enzyme
and a protease.

[0049]

‘Examples of lipolytic enzyme include lipases,
phosphatases and so forth, and examples of the protease
include proteinase K, pronase and so forth.

[0050]
Although conditions for the treatment with these

enzymes are not particularly limited, and can be suitably
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The treatnments with a lipolytic enzyne and a protease
are preferably perfornmed in the order of (i) the
treatment with a lipolytic enzynme and (ii) the
Oun RedtREnCIAQ4TBET prot ease, or the treatnent may be
performed by sinultaneously adding them Although
these enzynmes nay be allowed to exist in the test
I fter. t reat nent,..i.t _is preferahle to ,
detSARArSCL 1RE SOSyRIES: PRldben pey otk fergacra Lon
of 30 the 5I0i Ke'm1[,0052kmpe2)h tSirep oF) 2l5n tihiszy °st epndt ke
tr tﬁst Eanple is treated wth a topoi sonerase poi son
CAnEFBr &1PRACGYrasBLPYIEESn OrTHE TSt 691 B Menphenesalfioy
1ippeekor aad @Eh%&ttitlﬁsswpaa)fin[aQOE%l-lcEg% %%R%hs%eﬁﬁs% 50
oi son and the DNA gyrase pol son use £6r the presen?
U/mEnvénFﬁ@ﬁeFéﬁGKEteftﬁéséonaﬂ°ﬁnhhbﬁtEngrehhaent time of
L L YLLI f _topgjsonmerase.and gyrase, for
30 B B e Rk BT hERF s BRGd, TPmnbbrEFhgase K-
[00b&ligation of DNAs, or enhancing forward rate of DNA

clgggage. The t opoi sonerase oi son and the DNA gyrase
poi SN o B2 reREF abt ¥ thosEPe-hutic ppmayie ahd crmeopBdase

are Qﬁl‘ﬁf@faﬁl | S& 085 BROG S byn CoYRLEPt s ra} | ACHIEN 0sg
. that jnterg;?ate into the cﬁroﬁ%%gn% E%ﬁégggn%r%%gﬁent
- with & chipebgohal eDiAse byndoval enthat t aedtmatt updth a
i iatjo f.visible Iight, those that sinply
pro#%%’c%%t%gi %%[%aElﬁ%n%hr? %n%ﬁ’r%f&ﬂg‘?é Yt hose that
simdlﬂanebmmhplﬁddﬂwqfth@ﬂpomﬂQﬁ%b@&Et%hs@NénQX%%%e b
_11.Qur  Ref : OP-C5306-PCT [0054) Al though it is prefénlraé’%lcée
AL PEUSE BOHP Ehe? tpdietnet s 9ot Her dite DNRajyrese it
is RARNLDR WL QNS AW cfl AR ol Mhe o112 by
t opoi sonmerase poi son and the gyrase poi son are
centgiidrerdhion thosdieextidsi-ti ng different actions on live
{oose@lI's, and injured cells, dead cells, somatic cells
such as bovi ne
(2) Step b)

In this step, the test sample is treated with a

topoisomerase poison and/or a DNA gyrase poison. The step
b) is preferably performed after the step a).
[0053]

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

- topoisomerase or DNA gyrase.
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| eucocytes, |eucocytes and thronbocytes etc., nore
specifically, those exhibiting higher perneability for
cell walls of injured cells and dead cells and cel

Ourniabeapessd06-®omati ¢ cells such as bovine | eucocytes,
| eucocytes and thronbocytes etc., conpared with that
for cell walls of live cells. [0055] Exanples of the

Ooégioisonerase poi son i nclude ansacri ne, canptothecin,
[ orubicin, ellipticine, etoposide, mtoxantrone,

sai M eRbAght 9POL 8CARerEPaB 18, 883usangdosn tacth.  One
ki nd of topoi sonerase poi son may be independently
toposednerapet poispnnond RNAdgYSRSEheminey  usadhiey one may

alsgogglngélon [0056] Exanpl es of the DNA gyrase poison
¢i profl oxaci n, ofloxacin, enoxacin,

pemeaat®p01ébméﬁaa@|pols@nréhdxanenDNnagyﬂaxECpamsdn are
oxol i ni c aci and so forth.

One
prefeheb by EN&S@yFégébbBFQBndhﬁ§66§nFnééﬁéﬁﬁénPPy1&§8d08115r

andoin WP=Qr B8Rl g, kijada efithempRYtysedehs %Qﬁﬁ'ﬁétbeﬂlne
[ 0057] The conditions for the treatment with the

leu¢@@bt%@nel§9@°pﬁtsenanﬁ tﬁwpgypayéepoe§9nfnm9r§e
speéff biy dgﬁgrg;nggl Egin Xﬁ kgr égFSe%bQTit%h§gr cell

enab I'nction ve C rom i ured
walkelds ﬁmﬂudéadcébleandaﬁeﬁa denesnnnedcbylaﬂémngaaes of

tO Oi SoNMer ase poi son or g yrase p0| son at vari ous
SOMRioto ATt hF| SRS 85 SURBERS o1 ORUFYBSs - Sucolytes’ and

thr&%ﬁoé§%é§39@cPCT&&ma@:&@'&§th'Bhyﬁeﬁoﬁeké§1aﬁglﬂ§agf live
cells of the mcroorganismas an object of detection,

cellsaving themfor various periods of tine, then
: vesting the cells by centrifugation or the |iKke,
[00O D . .
staining the cells wth a nuclear stain agent, and
amEdaysi Ings tde e | sopyi F€hbrasar pagsanr énctaddi kineBsrine,

t hat. enabl es easy di stinct on of. live ceIIs of the
camph Pt igani SPFE %hcﬁ%qe%%i%ﬁ HetRet i phoposide,

mitoxantrone, saintopin, topotecan, CP-115,953, and so forth.
Cne kind of topoisomerase poison may be independently used,
or two or more kinds of them may used in combination.

[0056]

Examples of the DNA gyrase polson include
ciprofloxacin, oflpxacin, enoxacin, pefloxacin, fleroxacin,
norfloxacin, nalidixic acid, oxclinic acid, piromidic acid,
and so forth. One . kind of DNA gyrase poison may be
independently used, or two or more kinds of them may used in
combination.

[0057]

The conditions for the treatment with the
‘topoisomerase poison or DNA gyrase poisoﬁ may be suitably
~determined. For example, conditions-that enables easy
distinction of live cells from injured cells and dead cells
can be determined by adding a fopoisomerase poison or DNA

gyrase poison at various concentrations to suspensions of
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fromsomatic cells such as bovine | eucocytes,

t hronbocytes and the |ike can be determ ned by addi ng

a topoi sonerase poison at various concentrations to
OurskefeS-atS0&-rdTe |ive cells and the af orenenti oned

various cells (live cells containing injured cells),

| eaving themfor a predetermned tine, then

. harvesting the |Ijve_cells and the aforenenti oned
11V\‘?aF?&&§fch“13§rt§;‘i’ okt P&ﬁ%ﬁ%ﬂﬁh S e O ke ot ai i ng
mickBSrg@flilss Wst Bndchyekeak rstritk Adent,, 1886 iagakneingor

the cells by FCM ampl es of such conditions
varipgbugeriogeciofi tamey, thenf hagiveedAaenthat ic6dlef PY to
cent PRI T ool BIPFHAL G ELO! 5231500 g3 e 2RGILS GALAEAL

i me 5% Rt est 0~ 48" hSurs T o ansacrine, a fina

nucteagesthahi aaedf, 0208 baadypdhrl thet erpdsabyr €CHf. 25

to 37C, and treatnent gine of ﬁg m nutes, to 48 hour
Furf Berepirept CORAE L 1Q7Fi hARtcSREbAESatRsy Gf-S11P6t1eH0°

1ivR9LEh 7 st eAPehat Wier8brdant Am34S adndpheeat penhekireioh
10 mnutes to 48 hours™for canptothecin, a fina
frogomoratiat cedlsf sOch 86 hovpyenleucerpérat urbrenbesytes

37 and treatnme i f i s.t . r
ana ffe 1808 LRRCHERELENEREh By HURESL! foBli JaHEsate
poipghnht vhempaesatuhneentrabibas3tC, sasgehseahpent theelive

of 5 mnutes to 48 hours for etoposide, and a f'Ta
Cel%%n@@ﬁtFQ?i6506Fm9?§l°?8d1@aﬁéPﬁﬁ,C?éﬂﬁeﬁiﬁﬁ?ecﬁk 55

contQi31fky 2R9Yut-EQALARNE) i MBavOhglOnBhnUbesat prédehebnsned
for mfoxantrone. After the teSt sanple is treated

timgndehenhbapredetegnihedlévadretdasangdhshet parpsaptigned
refer ermn | L m.patiqgn diluyt]
var 08?0?89h¥ Eyfcen?£§gu 4t E6hMLR Eb%el?¥ﬁé.gégi%g$g the

an centriflugal separation or
" celRefuwOPh(Ch306cPEIr E08DR] adbntaf andnentilpnédg the cells by

t opoi somerase_poi son and, DNA gyr ase oi son are e
FCMy i (SR IE et Fitte %}Cﬂ%&?ﬁl% decwﬁ% et @ by @
findeadosebhsrsomparsd witb cebl pyakhs ebmbbyeraebl 6t 25 to

Therefore, it is considered that if the treatment tine

37°¢s andlt hraathent ahyes @Endi BhBAtEBOVE, 48 hkopdrsbAs do
ams%g§+%éygggﬁgﬁéglegn8§R€£5@£8H §e1b. ¥l Ls Bfubixe,
temperatﬁre of 25 to 37°C, and treatment time of 10 minutes
“to 48 hours for ellipticine, a final concentration of 1 to
- 100 pg/ml, temperature of 25 to 37°C, and treatment time of
10 minutes to 48 hours for camptothecin, a final
concentration of 0.4 to 40 ug/ml, temperature of 25 to 37°C,
- and treatment.time of 10 minutes to 48 hours for
ciprofloxacin, a final concentration of 1 to 100 ng/ml,

- temperature 6f~25 to 37°C, and treatment time of 5 minutes
"to 48 hours f0r‘etoposidé, ahd a final concentration of 0.1
~ to 10 pg/ml, temperature of 25 to 37°C, and treatment time
~of 10 minutes to 48 hours for mitoxantrone. After the test
sample is treated under the predetermined conditions, the
treatment is preferably terminated by elimination by

- dilution, and/or centrifugal separation or the like.
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penetrate into injured cells, dead cells and live

somatic cells including injured cells, since they

have only cell nenbranes not including cell walls.

- Our| Refi:QPeSHi3M@t-EdTt hat the topoi sonerase poi son or DNA
gyrase poison penetrates into somatic cells, injured
cells and dead cells, then disorderly bind to

[Oegﬁronnsonal DNAs by coval ent attachnment, intercal ates

go the DNAs, or fornms a conplex with the
topwhéanbagﬁenamsnédrtbgbleameae%% peliisgat had Ot kg rase
DNAs Dby topoisonerase |l or topoisonmerase | in
POi§ERARIE @érpsll5ﬁlYté§op§@ﬁ§ﬁé§@ g1 1o aldsoiodoteyiases

celhs Ebh BéagNéeQXEa Sm QreﬁnhﬁEﬁdd%ghl%alqr %%hQH%%§cells

the forward rate o cl eavage to0 caus
Thefedgment ati on obnshdecbdomhamnaﬁ DNAStrb@@&@htlmumE is

) [ dthat if th ur ed
wit B R B BR Lntht i ARe S PR Rantld Pamsarsa il Pt
subbh@ﬁﬁlﬁllylp@néﬁkhﬁedlBeiEaWBﬂﬂg wﬁtml@en@@hqgr Pl Rhey

ent that penetrates cell walls of live cel
Pen@ FaF@dleEplsnaﬁaeddéaéléelﬂ@adsgeﬁlasasVTégvesﬁ@mﬁﬁﬁ@
t S p S 0 e '
coLi8L ERELINIAL IRIUEED, cleile L3 sUpPhesSRd.EOmRACedey)
mempnaseblnot01dcsudngglshlﬂheauﬂse Cet | 55 anthmafed edhat
cells.in the detection by

00607 1| th
the “Ffardi Drt BRES drLatS 0P P RS npEEane PPhog PERCEFRGES

'1nt&0@@m§@ﬂ@r@§31§pl§@ﬁuréde&@1ysuahava@aal@@1lsanehbhe
met hod conprises the step of subjecting the test
diseemprby RNt ehckrpnef oRe hobbhsi BE Fevadeel, afpachment,

1ntéf 2l @t on, 25 t% %ﬁ o§5§9§m§q 9%&@&%&% ghL-

I di um nonoazi d Is nore l1k to penetrate
tOpQI$¢ma%a$@,cﬁndrﬁmmmhbneimhlbnn@areﬂlgathonebf thal D§As-
ells cr oor gani sis

by t?ﬁmﬁ?ﬁﬁ S Tt v GO %ﬁ@eﬁﬁ%ﬁt n%?a??@éE%HeF?é%éf or

top&ddmemild SIOf dd ieosel dSmePaldes tT penet rat esntelirase in
walls of -injured cells and cell nenbranes of |ive

an%ﬁﬁﬁnqﬁﬁkﬁﬂ|9¥.@ﬂﬂqnﬁ¢ﬁ;tbﬁuiﬁ%%ﬁ%%|#%tes¢ﬁc%N%h@1@@V@ge
o JERMY af}.%sgﬂé??{ae&forﬁrc?f NAte 8l omosomal DNAs.

[0059]
It is considered that if the chromosomal DNAs of

injured cells are preferentially fragmented compared with
those of live cells, in staining with a nuclear stain agent
" that penetrates cell walls of live cells, injured cells and

dead cells, such as SYTO9, staining intensity of injured

- cells is suppressed compared with that of live cells, and as

a result, it becomes possible to distinguish the live cells
.and injured cells in the detection by FCM.
[0060] | |

In another preferred embodiment of the present
‘invention, the topoisomerase p01son is ethidium monoazide,
and the method comprises the step of subjecting the test

sample, to which ethidium monocazide is added, to irradiation
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wal I s. When | eucocytes and thronbocytes in blood are
live cells, EMA becones nore likely to penetrate cel
menbranes of the cells in sterilized water or a
ourhppet opi-cssabtpcsol uti on. EMA penetrates into somatic
cells and injured cells, and disorderly intercal ates
into chronbosomal DNAs, and then only intercal ating
is converted into nitrene by irradiation of

of Vil§;LBiL@ LEgRE; dHd B HYS TRedel ¢hr dibsone MERRAsL bYeLY
to ﬁ@MQkaEeaEéﬁfhﬂgfis b% hﬁ;ﬁ%é&”@éﬁﬁstééﬁpahsa WEth cell

Inhibits religation of DNAs by topoi sonerase |1 in
walssnuafi tivel £8]1160pbi mmneoasganvsmﬁ [ rﬂmrfmtf@xede,l sit oks

t ayse fragnmentation. the ch soma
con AT oBRTT R P orEoF or IpResBF b hbnb=tF ERe ERA Chh
- walbge ocappiepreatety getei p@ﬂetE@tegxaamewawadbfl PASured
that enables easy distinction of live cells from
cellpj gpddoekl | Bemppanee @ét &EWEntedyiadashys EACARding

-1an?é&oH§lanC§P${@If @S%QQl ﬁ@ﬁ@f@§é9n§h9£ebfVgréehbﬁ cell

and i njured cel m croorgani smas an obj ect
walb$. détreot |1@ucdo@mﬂm@nmem:fcmrboqba:rawu31 perdamtisad live

[ en irradiating. mwth vi | { ght
cerfar vurh (eoned bt s " REER I e PhRL S orhE hemerages
of tIRSUtéETs i adthd ol 1 hed cehtSr Wi ha ah ust @i c st al v
agent, and analyzing the cells by FCM_ Preferred

solworfi ¢ | GHR FeNSthetas dditat iSoMadH Svicsiiise ang gt wead
celBd 5008 &P@é@&éf%ﬁ’t%& 1 ned; by, par £ QR Sida 1 SHAs,

an experinent as ntlon ove usi ng vari ous
and|trhad|cat13omrtuemlaapstqfﬂlb¢lali§/ cctrheeltir@datimm w-thene by

e o el T o 1 78 00 e H SR

DNAd espefdtdliehiofatk dehmddHx f orr5 i @@&Q&att@&&haltomn it
Mor eover, the EMA treatnment is preferably perforned

- inhikidet 1 ]glkﬁatslrﬁi’elf%ﬁ r'Fd”le @Q%@Ku%‘?ﬂﬂlesqni‘eglfﬁse visibte
somalﬂlgﬁtéell%ontt%ﬂal%ré%éé) ﬁpolmrmﬁﬁjmeegﬁl@r €r DNA
: the conditions for

preferred. Spécific exanples of
gyradee tia readisat iforagpfentiagidsire of itght dhoinazonak deNZs i on
{Ooéf]visible lights of 100 to. 750 W

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

Preferred conditions for thelirradiation of visible
light can also be appropriately determined by performing
such an experiment as mentioned above using wvarious

irradiation times. Specifically, the treatment with EMA is
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for 5 mnutes to 2 hours froma distance of 10 to 50
cn1fron1 the test sanple. The irradiation of visible
. m|s rﬂmaMyrmHowmdatanwtamaaUu&
Ou? ié i ce cooling of the sanple. [0062]

(3) Step c) In thls step, the test sanple treated in
the steps a) and b) is treated with a nuclear stain

préﬁE%Hbl'T%%rQ%Qh%@rwfgkalnfﬁﬁgf é&%% ot C%llon t % to

first staln agent that can penetrat
100 inge'mdekits 2 itrpred treld ©fard tdedd ° coelolrs 5 fﬁ@utes to 48
ent can_penetrate cell wal

"th {
o R RBr oL  BL Sl Bk PERoL Lt el el

undwheaagnerEBQEHHuhges.@é the @9§ﬂ%1£011§ﬁ£| WaLis19f 1ignts
live cells, hured cells and dead cells are
C°n§é5§ﬂaﬁt589|§0t 80 sansompadenhe saseprwhéearedvensSpécific

e | e ifference_of the -
exabl8 0oL TRl LOLAT A0hEoror PhET SLERSTaPHGA"Sr piganie
llngIRQCéndedeadadeht$onsoﬁnahbﬁbleompgheé vt hobhat 760 w

fort e_sec gt aent descri bed |ater. Specific
exafpl'e 8f fh ?? 5F Stamnaagentanael afeiOfbp 50 cm from

theex@ppl amp BYT0%nd 006H MY RAVSs e el eafnhstal n

agent preferably further contains a second stain
prefeeably natrfermedeati kel 9wt tempenstnat e feot| evampepfwith

deadi e84 1 S tﬂgg of live cells and injured cells
lceconpare'% & h Qﬁ?rst stain agent. In other words,
- [006dE second stain agent is a stain agent that 27 Cur

3§f OP- C5306 PCT can stain live cells and dead cells
A tFer ent col ors. Exanpl es of the second stain

agenﬁ M udemr apidivynd odinfe ¢ (Rldat Mhan, téTFeS%te
‘ nucl ear stain agents penetrate into the cel éj
and iy gkt fzaat 9chtve: tehrao MXOMRET DNASLN @kTExc| tl“élde nblyclear

sesd R QPSR G | 2R L] R o
peneitrﬂad—“dﬂ atedd. wiatli sa dfaddrvebearhlaf, X48mwy ddidys coie ddnd
cell%ﬁ ' Bhe expression “the stain agent can penetrate cell
walls of live cells and dead cells” refers both the case
where permeabilities of the agent for cell walls of live
cells, injured cells and dead cells are substantially the

. same, and the case where, even if the permeabilities differ,
difference of the permeabilities of the agent for cell walls
of live cells and dead cells is smaller compared with that
©of the second stain agent described later. Specific

examples of the first stain agent include, for example,

- .8YTO9.

[0063]

- Moreover, the nuclear stain agent preferably further
contains a second stain agent that is more likely to
penetrate cell walls of dead cells than those of live cells
and injured cells compared with the first stain agent. In -

other words, the second stain agent is & stain agent that
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an excited state, and SYTO and Pl emt green
fluorescence wth a center wavel ength of X518 nm'and
red fluorescence wth a center wavel ength of X617 nm

ourl espeobi-rebys-pee64] In the staining with the stain
agent, if there is a definite difference between live
cells, and dead cells and somatic cells other than
the mcroorganismexisting in_the test sanple,

th
can| phaipeli¥ecgRlpe @nst idﬁ@g. SRéd St 6nsg#§feé%nt3°&§|rﬁg
Exaﬁgﬁgs o$t2hl agepha ggﬂgﬁeﬁgeﬁ¥eﬁn@l§5%'%roﬁgéﬁhmtﬁéﬁlde
n penetrate into physically danaged dead I'ls
(leﬁt mmfmtth¢$£|mMOlsarght$yn|mg@mbﬂ peh¢3¥abﬁdlmh@sthe
ow, . little difference_in stainin 0 red mnth I
ce133y | ey ninEgeResSEgoanth, ohE PP PRAS 8l fnerary oo
by drehbnavish bfveaséelb@aﬂ@dtbnEMﬁedfgab&%s@@h¢ewﬁtmor
the second stain agent. [0065] However,. chronpbsonal
exampie, od fj AYGPEdaBEl P3 aPberfrAgiahfednby PN EF&at ment
1rr8&1598d3&29pb£ 12gLEoBednaBevResaantl, t%ﬁ%gbxoRECQEEbe in
unl to stain wt he stain ent, and
an ehemeédrstatebeande§¥ﬁ0§sabdePEoemuStgmgensﬁlUDvescence
cells frominj SO fort |n|n with
witfre SenFer WERFheagER o2 FOP RoRtor BhSpgaeragorhgcthtl

witBegoREnsLal ﬁavégéﬂtgthth‘y@ ﬂem&nﬁmpnaésgat:e@tregzp of the
cells by FCM beconmes possible. Therefore, in the

[00pfiésent invention, although Ilive cells can be
det gt oMLY Dy 5t@i9ﬁn9h@ﬂ§@aiﬁ cdLhel 181eho-a0egt,
se of e second starn agent enabl distinction of

defimyEecdifﬁeﬁadcdehdtweéhslimeenhbhse aﬁdcuead cells and

Ref : OP- C5306- PCT tectjon accuracy, .and therefore
somEL6 6 bTaps bheh hoen baennipeoriasei Bk ISEEhe" Sagtne
test hgamprondegéal ivageslls N6 StatNhggivhed tbesome

first stain agent and second stain agent may be

extopt fophed BYCRi aubtaheodSeyt usifiRyHem fen saep%fraalt%l y
ageH§'@ﬂa{h§£ﬁ éQQQELate into physically damaged dead cells

may not penetrate into slightly injured cells, and thus show
little difference in staining compared with live cells. 1In
such a case, it is difficult to definitely distinguish live
cells and injﬁred cells only with the second stain agent.

' [0065]

However, chromosomal DNAs of injured cells are

. fragmented by the treatment of the step b) mentioned above,
and thereby become more unlikely to stain with the stain
agent, and therefore it becomes possible to distinguish live
. cells from injured cells and so forth by staining with the

: first stain agent. Furthermore, by using the second stain
agent, two dimensional detection of the cells by FCM becomes
possible. Therefore, in the present invention, although
live cells can be detected only by staining with the first
stain agent, use of the second stain agent enables

distinction of live cells and dead cells to enhance
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Conditions for the staining wwth the stain agents are
not particularly limted, and the conditions usually
used for staining of chronosomal DNAs of

ourTRefooPrgasi3oes-rcan be used. Specifically, it is
preferable to add the stain agents to a cel
suspension at a final concentration of 4 0O to. 6.0 pM

in the case of SYTOO, or 25.0 tq 3 gEe case
detgrtppn ZREUEPCYw CRE F@s&efaﬁeatltlsst é’r%erﬁ €16 §s*

botB0tAENE i8St QRi68hgehd) a Heﬁh@)se&ohﬁ'%t§ﬁﬁpagbﬁ%

mcroorganismin thé test sanple treated with'the
[00BGdl ear stain agent in the step c) nentioned above is

et sehedsiy RN TG, PLLLE' PLEyB!£b0 SEhOFbORCLeair

ageﬁ@rhh9|5§ pueifoamen byoBL@aNaneane 1gr uaigedtheml i oe
and irradiated with argon | aser beam (A488 nm) in
sepgraéply vR&NPi §hEM-s be scattered at a small angle of
(00679 to 19 to the axis of the |aser beam This
scattered light is called forward scattered |ight
(Fsmpndahdonhefscathershglmeggeeltb thebstanni ageyts are

0 t i ze_qf r e The
not CpARPELhERRLy, Jubifedl cfind: cBR EhEPEEspbaapbel, yoed
fortBea@xtﬁgOBftharbaeebmbeaDNAs 6ﬁ|hedr6bdgaﬁﬁambebed be
light (SSC), . and it is said to reflect the conplexity
usegy LIRECH G AT st kT PR REFRE 1168 99 N1 e TN

ageﬁ%ﬁuE&“éecelIhgﬁgﬁeﬁglohfa@ §S§1§§§ @bﬁ&ehﬁr@ﬁ?@ﬁréﬂ .0

as an x-y plot OoP- G5 horlzontal
‘to. éxDsuMepneShﬁtsasezefoﬁYﬁgﬁt|@re§5 QnﬁOtﬁé Ovelt igathe

axi present co eX|t he, i nterna t tupe
Cas%foga%ffc?gg a?&BV Ny r? %egFaﬁéré s%glﬁeggg ?g to
20 wbeufésst nuclear stain agent and the second nucl ear

staln agent mentioned above,
[0068]

(4) Step d)

In this step, the microorganism in the test sample
treated with the nuclear stain agent in the step c¢)
mentioned above is detected by FCM. The principle of the
detection of microorxrganism by FCM is as follows.

[0069]

If particles such as microorganism are arranged in
line and irradiated with argon laser beam (A488 nm} in order,
the light is be scattered at a small angle of 1.5 to 19° to
the axis of the laser beam. This scattered light is called
forward scattered light (FSC), and the scattering degree is
substantially proportional to the size of particles. The
light simultaneously scattered at an angle of about 90° to
‘the axis of the laser beam is called side scattered light
(38C), and it is said to reflect the complexity of the
internal structure of particles including DNA structure.

- Therefore, if'a,FSC-SSC'plot is prepared és an x-y plot, the,
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and irradiated wwth a | aser beam plotted points for
individual cells locate in a certain specific region

S pl ot . By surroundi ng the specific region
Ouro%e?hgg ﬁsgﬁgmaﬁﬁ'four sides (gate) using FCM anal ysis
software (for exanple, Cell Quest Ver. 3.1, Becton

Di cki nson, Sydney, Australia), selectively retrieving

.hor@@bﬁtbmeaQﬁ%t&%b%%s%%t%h%lz%ag%egé¥tf g&Pn !
focusing only on the retrieve rtic ébt p ots
Verércaﬂvéxeél Fepargetigad corpllexday logf tdreeaxrecdar(nraelfer to
e _FCM neasurenent is preferably
strEEQ 5?n8 R?% EE “following conditions. That is, it
[OOVG]preferabIe to use 15 nWargon | aser beam
length A = 488 nm) for excitation |ight, and

a%ﬁ Heridr dBedSkehRedr Bdthi jhe £Eset rugkpar staan
age§€a£h§r€ge|SQBBnQ>n&éiea§ngt%95 8 gkhRdsedk s oned appve

| uorescence signals F pectlvel Eor Pﬁ !
and npnsad eaead oithhe 1&3@rebeem¢ep§o@ﬂahsthﬁtEofar a

. 515 to 545 L1y 530
inabfl8ua PR b LGP 5 BoiB ForSrecn FPaGLELCeREELPRLEF, 3

Fsc-ass%xarpil@rass Byf idumfodrati 4 Hd G- c haldy 980
referabl used for yellow orange il uorescence
Plo?rﬂﬁﬁh a$+%%§ (g@frel evet o bBERY ﬁaééyﬁrﬁte@ftuare55for

exaﬁﬁ&éﬂxbéﬁﬁ @ﬁ@@@'@%fy 3670 B 48 BESLEEQth §§896 or
ed enent

fl Uorescence (FL3)~ Furthernore e neasu
'Ausﬁ@ﬁkﬁ%#&wsﬂﬂ%¢¢mw¢lﬂrmﬁerwvingeomlpgShéopaﬂEiebéeref the

.E EO2,. SSC. .,376, FLI: 36, and FL3
bac%ﬂl iN AT HE eaprr%s% PR %ﬁngonl %ﬁ%rfﬁrﬁr%‘f%‘g\l n),
partseﬂtemgs:rcftorp%mrmemslate afe Of s RAdd Fd@ad 8eDi1s Rbzn Rbd:

0.0, FL2-FL3: 0.0, and FL3-FL2: 0.0, FSC 30 Cur

creapad EeERIE-PEL S gnlaltas% of Thr eshol d (boundary .
Vab%%)FCNe%@dE%ﬂéﬂé%toﬁs FQMf@?Q fe W the

flowrate: 12 pl/mn, count of ta en up hto
folhqwer@atcen@rmma%@ss@ plsot 1(cparst |p<rlee?erraimnrf@ert)o ofse 15

i 2000 W BA SRS o 20 optS s OV,
light, and measure the forward scattered light (FSC, < 15°),
side scattered light (> 15°), and three kinds of
- fluorescence signals FL1 to 3, respectively. For the
measurement of the fluorescence signels FL1 to 3, a band
pass filter for 515 to 545 nm, especially 530 nm, is
preferably used for green fluorescence (FL1), a band pass
~filter for 564 to 606 nm, especially 585 nm, is preferably
used for yellow orange fluorescence (FL2), and a long
wavelength baﬁd pass filter for 655 to 800 nm, especially
©70 nm, is preferably used for red fluorescence (FL3).
Furthermore, the measurement. is preferably performed
with settings for detectors of FSC: E02, 8SC: 376, FL1l: 709,
FLZ: 736, and FL3: 811 (all are represented by using

logarithmic gain), settings for % compensation of FL1-FLZ:

0.0, FL2-FL1l: 0.0, FL2-FL3: 0.0, and FL3-FL2: 0.0, FSC.
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cells and injured cells are plotted in the SYTOO
positive and Pl negative region (SYTO9(+)PI(-)), and
dead cells are nminly plotted in the SYTO9 positive
ouraRd fPbppasiticvecregi on  (SYTOI(+) Pl (+)) on the
SYT®O/ Pl plot. The boundary for negativity and
positivity for SYTQO, and the boundary for negativity

~and EOSItIVIt for PI are represented b
sigpploda8éeRée TN HEERSI By BpumééthV?H@edaséesé1§9Té9te of
chaegs@ sEEB@B%%%ﬁ”B% h BLEeRSblY r@ke2 &zlgg(manth%oea%eof
settings of the gate are preferab y
cellGZtEheﬁ mpl@ﬁtanuhessatelontahz fS£GZSC[©@¢Z] (PReticle

[ b f d
nunBBR B E 5y P 0ada0r are PerrasBararyS IPeond: 2OoRECPBAS-
[00FFCM are not particularly limted, and the condltlons

usual ly used for detection and separation of
m cFobr gaarBhe. suehchsthee¥ef rarednceedisiansor 1ive

e t [ 0 e t n
oo oS LALRELI oy LOREEl phckn BroTAs ployonboteave
anddEIene@ahtﬁenre@ipne$éht@9@#)aBién¢e oﬁndlﬁeedcebRQSiare

.a tes le and d nati.on of _a t_of ., Live .
naifiy iRLpRERD, Sar Ehaner EOTMRRRODATE phE FRepBaiFbRYopegton
(sytoye+rebis+) i nehudes dvsvoppti pnoel |Tne walddady ofbx

infjured cells and/or dead cells, and determ nation_ of
negpi bébhceabd PadiehEbtvf feBCRYEPO} | dcEIe sPorRfaFEdfor

neg5@1$ftﬁr g ?gsf€l$ t E@f AFOLPL 9égké¥§n5§&L§y'§

not an a | ut e anmunt
flumE¢$¢eNeeannUﬂmsmtyhofeS©%CM1tth&iuﬂseerzﬁﬁﬂﬁﬁJ(ﬁnd a
306 074 <3> of .t he
oGRS e BTy T T R ol Ok O e Gy~ The

settIV@HtdONths Gake tafOrprPfepabiporsde LBID?OFtQﬂEmt}i anédand

first sanple f FCM neasurenent conprising an enzyne
Sscsel%CQ%d?f¥o%Q$lpolytlc enzymes and proteases as an
[ooB} gmMENt constituting the enzyne,

The analysis by FCM can be performed by using a
commercially available FCM épparatus. Conditions for FCM
are not particularly limited, and the conditions usually
used for detection and separation of microorganisms such as
bacteria can be used for the present invention.

[0073]

In the present invention, the “detection of live
cells” includes both determination of presence or absence of
live cells in a test sample and determination of amount of
live cells in a test sample. Moreover, the “detection of
live cells” includes distinction of live cells from injured
cells and/or dead cells, and determination of presence or
absence of each of live cells, injured cells and dead cells.
The amount of live cells is not limited to aﬁ absolute

amount, and may be a relative amount with respect to that in

a control sample.
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a t opoi sonmerase poi son and/or a DNA gyrase poison, and
nucl ear stain agent. [0075] The second kit of the

S ion is a kit for preparing the
Ouﬁf%?ﬁnéﬁt?%ﬁ@é E&tond sanple for FCM neasurenent
conprising an enzyne selected fromlipolytic enzynes
and proteases as an el enent constituting the enzyne,

[o@®tdyj di um nonoazi de, and a nuclear stain agent. [0076]
In the aforenmentioned kits, the enzyne selected from

<37 it yat ctfefhzliylﬁ%%elafndtrpir@ﬁewes t he topoi sonerase

poi $9 t.he rase 0|son and the nucI ear
stai'n age%t A He 2§ raess“etrﬁco P helf friithefor

prapetrhiods ofe tmr@reeﬁamnemmrﬂs@rsarﬁgopeﬁﬁoﬁ hecki ts of

the present invention can also conprise a diluent, an
e FHt § SPHIEEING P e s sl et edhef poreskipolytic
enziyeantdon and f

el enent s. Exae%%nﬁéésg aEJ]O&S]%Sil—eler ea{’lf trkgc}rr?sf‘{)lhtg“{%lrrhe%eq}e enzyme,
a toppdmamsragid Poieamead/sped fiNraldyrsexplwd inash Widhd a
nucﬁ%f %r encg tq thec following exanples. However, the

reésent IMVENtion is not limted to the fol | ow ng

[OOé‘ﬁaan es. [0079] [Test sanples] 32 Qur

Ref ;. OP- C5306- PCT In the foll ow ng exanpl es and caontr ol

exahBPeSECOBY pki F neht Ehﬁ/eP‘éeﬁéflfloﬂﬁﬁénbyitous iiggat &t for

pregaaphéstﬁ@eeébﬁgm@xtléHQaeggHg h? Labh ‘Mf%% tHgAt Ment s

y using Escherichia coll en orth also
meagppphpnteftenpedstingasn” Eschaei sbﬂactedl tCrpmandpolytic
idermdis,KD strain (henceforth also

h
e“z§%39|§h§§ EPFEa°Es a8 % BpAYPBLoteDs ebrbers ars: prayme,

eth{@080] monoazide, and a nuclear stain agent.

[0076]
In the aforementioned kits, the enzyme selected from

lipolytic enzymes and proteases, the topoisomerase poison
and/or the DNA gyrase poison, and the nuclear stain agent
- are the same as those explained for the methods of the
bresent invention. |

{0077]

The kits of the present invention can also comprise a
diluent, an instruction describing the method of the present

invention and so forth, besides the aforementioned elements.

Examples

- [0078]

Hereafter, the present invention will be more

' specifically explained with reference to the following
examples. However, the present invention is not limited to
the following examples.

[0079]

[Test samples]
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(1) Live cells and injured cells in a physiologica
saline suspension were detected by using a flow
cytometer (referred to as the "untreated group”). (2)

OurAReHy $iPeiCogi0dalPC§al i ne suspension of live cells and
injured cells was treated with |ipase and proteinase
K, and then cells were detected by using a fl ow

cytometer (referred to as the "LP-trea
e ety £o51 SliES, shanBlebh fnpl Fobhata AR ke
expakarendise weiewpeirfocartr ®ly Bxdmp eest. shapllsv@regared by

and ig{ured cells were suspended in cows mlk
subjgkjrect &0 £6LldPHEAINTLHRAtBRPEEalYr spast &fGhedticdia coll

DHS%?ﬁggnc%f%§%ﬂn §sor§3ﬁ ﬁ r%%e@%ehu@glks a@%dﬂ@ﬂf%hla

subjecte nperature long t
colpaStaudlﬁ&ﬁp@mﬁ@@@@pusS@gnxhuﬁe@psrﬁﬁestealmo(@snceforth

t he suspensi, r eat ed
aLogna Y LA RS SHoatel PeoPH ARG LRy SRIs e AR
joodetected by using a flow cytonmeter (referred to as
the "M LP-treated group"). Moreover, the cells_in
(1) chive mriLkst pedt eBIWFER CPpaSelana phycérrasécrl ®eldne

susﬁﬁ%&%gﬁd ¥euﬁb@gc@eﬁlPg;ﬁ%&ﬁﬁg%gklgﬁh%¥E%ﬁEEE§ q&%ferred

ntrol he sanpl e
to é@)thenfuoheeaabdvgrmae”ﬂurther subjected to an

EMA) t t t th
) Chop By ThapHCRE! cse Lah D) SHSPRGSEon i T BrgBly s and

1n3ﬁ£@aebé$mstQasaﬁrébeeaLBEthr@apagegéﬁupbkofeenaeeuktSand
are shown in Exanple 1. (5) The sample of (3)
theperelbfedctpodet aasSRuUPYhBF180bfeéley c3icppter (referred

to RETLfE- PBOBELT 50 LQEPEWA UFRAUIRIL £ N U, CebhS1es
ereln were detect %d using a ow cytonet er
of (lbfendedZIomastiheedhabﬁﬁetaeatedowgrmUpcynThel Example
1 results are shown in Exanples 2 and 3. (6) A sanple
* was obtained in the same nanner as that of (5)

(3) NEYkonell abene providedcéhat tibee EMAspepatoenh ves’ s
replaced with a treatnent with a topoi sonerase poi son
mll%rs%bﬂ?%ﬁ?ﬁeH? Ui ¥R %?EﬁwF@?P%%%tb6?sBﬁSF?EFéF? #°Po

(13@scthe SMLPRtreatetdred to as “UHT”), and cow’s milk
subjected to low temperature long time pasteurization (63°C,
30 minutes, referred to as “LTLT”), and the suspensions were
‘treated with lipase and proteinase K. The cells in the
'suspensions were detected by using a flow cytometer
(referred to as the “"M-LP-treated group”}. Moreover, the
cells in cow’s milk treated with lipase and proteinase K
were detected by using a flow cytometer. The results are
shown in Control Examples 2 and 3.

{(4) The sample of (2) mentioned above was further subjected
to an ethidium monocazide (EMA) treatment, and the cells
therein were detected by using a flow cytometer (referred to
as the “LPE-treated group”). The results are shown in

Example 1.

- (5) The sample of (3) mentioned above was further subjected
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group”) The results are shown in Exanple 4. [0081]

[ Control Exanple 1] Detection of live cells and

injured cells of Escherichia coli and Staphyl ococcus
ourepktdeom-dsgsosuspended i n physi ol ogi cal saline

(LP-treated or untreated) with flow cytoneter [0082]

(1).:.Preparation of sanples 1-1. Preparation of

suspenS|ons of live cells and_injured .cells 1-1-

to EgehEMacﬁrsa&@ﬁﬂtsu@ﬁéngbangeéééhéhfeema KBFF BRBACHES bV
USlh ogul-ated. QBﬂekePr?nge§9gd cHl turedeatylOerterelea
urs as stationary culture, and then the culture was
grospb) ectBiee t ceselfirs g':erreatﬁcbwrmem rEfangaté v aandlG and
3,000 x for 10 m nutes_t harvest the_cell h
(6) par9aBPLY HFI SoGar B8 penBEdorIe BRYEESI o5 chrt of
menﬁ@bha@ é@bsuk?r%@ag@ceu&tcabe e sasetabatl| was replaced
apply.to the 0||OMAH€ description), and the
witBuspbnspbRenasvitinr PRYEAOPETABEVBSLSPReOEef| freatment
gal d eat edy,ane ett-Rated
vt B R D B R e e e e e ERpCh e
group” physited aggoalts satd rgyovrhel s iBpension was
aggropriately diluted, and 0.1 m of the suspension
(00 applied on L agar nedium and cultured to neasure
[Coﬁtyglcgkgﬁ ceuny. The aforenentioned cell 34 CQur
OP- C5306- PCT. suspension was finally adjusted at 4
| x " IoBtestion b bRRIGELLS | 356 el rad ot [ 0084]
_ 0 Iy
poclDPLbLYE £5h RMSDEISLONbEoR-YE Wbl lail ¥aSpPHled 1n
physibd Bogiabl 199Tider (bB-seeandd ¢o pnepaaeedh vhflrédow

‘ cel | _suspension. Separately, another injured cel
cy %%%B% sion was
[o082] -

(1) .. Preparation of samples
1-1. Preparation of suspensions of live cells and injured
gells
1-1-1. Escherichia coli suspensions

Escherichia coli DHSa was inoculated into L broth, and
cultured at 10°C for 12 hours as stationary culture, and '
then the culture was subjected to refrigerated
centrifugation at 4°C and 3,000 x g for 10 minutes to
harvest the cells. The harvested cells were suspended in
physiclogical saline (Otsuka Pharmaceutical, the same shall
apply to the following description), and the suspension was
centrifuged to harvest the cells again. The same procedure
was repeated once more to wash the cells.
- [0083]

The washed cells were suspended in physiological
saline, the suspension was appro?riately diluted; and 0.1 ml
of the suspension was applied on L agar mediuﬁ and cultured

to measure live cells count.  The aforementioned cell
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prepared, and applied in a volume of 0.1 m on L agar
medium to confirmthat the cells did not form

| o S&ﬁi 00 1-1-2. Staphyl ococcus epidermdis
Egﬁgﬁﬁ’ S é?%ﬁﬁwlococcus epi dernidis KD strain was
i nocul ated into L broth, and cultured at 37C for 18
hours as stationary culture, and then the culture was

suspeRisaee a0 £irgfini eyt ad Loty i %afdao@f%t/nﬁct%n@btaln
000 x g for 10 ninutes to harvest the cel

a liaey estldd sspen sisre suspended in phyS|oIog|ca
{00%% ine (O suka Pharmaceutical), and the suspension
_ mag centrifuged to harvest the cells again. The sane

pr otedui¢veasel @épeatedneiod Mora e lwashoft e mellas put

~__The washed %ells wer e suspended in phyS|oIo%ﬁ§al
inteapy geMmlt N 18O EHSTGT Bt dpreasady idy Jédmgo water

at oot bees@ugg%%ld%n £0A3$, BRI 0N r b q]
and t he cel were cultured to neasure |ive ce

SUS§§uﬁﬂ0nTheSeB$D¢§ﬁémt|@nedhcelLnsuspénsebh aaspen81on was

Loal,ly ] 7 cfu/lm o btal live ..
pre%é?%déugggné ?06§6f ?h uﬁivgfcgll Eigﬁafhnﬁdlum
to uohﬂmEmOth&tnthma&eﬂmE digt aoz Zofin w@u@mae@lcrotube,

gng the m crotube was inmmersed in boiling water at
100%80C for 50 seconds to prepare an injured cel

1-1SYSPERSHAD oSBRALAL @}oxde%ﬁqm%r shggghg%ﬁgl |

suspensi on was prepared, and appl i In a vol une of
0. 1Sh@ph1#p@p@gaﬁ ﬁgddanmudlaoﬁblshrahatwahelnebuéadéd
0087] -

lnt§ % gggpaée ggggitu £°6¢ angeproF%Fn§g6hRuFFe%Fnent of

stativeargethlande} nandedheal theuspensiensakaghbebcthe to
Escherlchla col i susgen3|ons (lLive cells and injured

refrigeLyt %ﬂdc?%Erﬁigﬁﬁ LotogEud epP@dratr BP8 *sdspenrsifns
mindtéyersehd svand {nkucedisel |zﬁﬂe ﬁ{aﬁﬁ%ﬁﬁe& Nedr s Lye ADd

1-1-2 nentioned above in a vol unme of was put i1nto
suspended in physiological saline (Otsuka Pharmaceutlcal)
and the suspension was centrifuged to harvest the cells
again. The same procedure was repeated once more to wash
the cells. The washed cells were suspended in physiological
saline, the suspension was appropriately diluted, 0.1 ml of
the suspension was applied on L agar medium, and the cells
were cultured to measure live cells count. The
aforementioned cell suspension was finally adjusted at 4 x
107 cfu/ml to obtain a live cell suspension. |
[0086) |

The live cell suspension in a volume of 1 ml wgs put
into a 2 ml volume microtube, and the microtube was immersed
in boiling water at 100°C for 50 seconds to prepare an
injured cell suspension. Separately, another injured cell
suspension was prepared, and applied in a volume of 0.1 ml

on L agar medium to confirm that the cells did not form

colonies.
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2 m volume mcrotube. The suspensi on was added 100 pl
of lipase (E.C. 3.1.1.3, Sigm) adjusted at 189 U ni
with physiol ogical saline, and the suspension was

.Ouri Retib&Pe@5306-8BY¥C for 30 minutes to performa |ipase
treatnment. [0088] To each cell suspension -subjected to
the lipase treatnent, 20 pl of a 1250 U nl proteinase

[OOﬁFiE.C. 3.4.21.64, Sigma) solution was added, and the
I Xxture was incubated at 37C for 30 mnutes to

- 1-2peripaBracpegtRnaserKahteptoeainadbt Rr ttbathbpasesr live
treatnment and the_proteinase K treatnent (henceforth
cely| gpdr éngvrred £elassuppenpeabfent”), the cells were

har e efL] C [ i of

o BEEh 2O Wt ChECAEL S0 CEOLE | SN OIS (B fierLs
andwengusespeatieéd) i anphyseobogpbrlosabne epigeepades

LP-treated. ,grou scherichia coli spensions (live
susgenpLSRn G LiTE R TR OTRE) S ER. or LS DoPErSaEed X o111
and St aphy| RERECYS8PLESTE! UhSa SHBREESHONS 1l | ¥&sCeht Sinto a

and injured cells), respectively. [0089] |n_addition,
2 m} e hangfbiehehtboned ethERers i®p rast A4iRgildbgilcat

1ipS&Li e Mass ?‘?9?9 i nst gad °£octjjenﬁc]§tééi pééelsg‘”@'/ﬁ? wPtn of
physi ol ogi cal “sali ne was  ad i nstead of proteinase
phy¥iolaemicd I ead Bthe n d2he sSaweswayen 9l gu epas elncibbed ot
- grou scherjchia coli_suspensjons (live cells and
37°CF R A TS5 sy A F 08l 6 HHOTEE SrEpRYTgRboC s
[oo@pj dermdis suspensions (live cells and injured

cell's), respectively. [0090] 36 Qur_ Ref:OP-C5306-PCT
( 2)T Vsl L IFQUIRSSTS T et STt achd A R deiRaFYyr oup

credSHIE! A PRE A pIESRID LIS Sttt nhunssh o
Sigrepl deyimtdion sespenddans id viehe ehdstane wasjnmetbated at
37" C et SR e G e Sl 4 ATt e & e v

untyfeaired heg gy s apfdteceac s EpdegidticS nase K
tre;¥£g§¥“?ﬁggzé%g£§%(gﬁgéséggérred to as “LP treatment”),
the cells were harvested by refrigerated centrifugation at
4°C and 14,000 x g for‘10 minutes, and the harvested cells
were suspended in physiological saline to prepare LP-treated
group Escherichia coli suspensions (live cells and injured
cells) and LP-treated group Staphylococcus epidermidis
suspensions {live cells and injured cells), respectively.
[0089]

In addition, in the aforementioned method, 100 nl of
physiclogical saliﬁe'was added instead of the lipase, and 20
pl of physiological saline was added instead of proteinase K,
and treated in the same way to prepare untreated group
Escherichia coli suspensions (live cells and injured cells)
and untreated group Staphylococcus epidermidis suspensions

(live cells and injured cells), respectively.

{0090]
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injured cells) taken in a volune of 300 I, 0.9 pl of
an SYTOO/PI fluorescence staining reagent (LIVE DEAD
BacLi ght TM Bacterial Viability kit, Ml ecul ar Probes,
Our SFOPPrCE3861PCHi xt ure) was added, and the reaction
was all owed at room tenperature for 15 m nutes under
light shielding to prepare each sanple. For these
r t was performed by using an FCM
ﬁ%%ghggneﬁfﬁggpgggp FACS Cal i bur (Becton
D(ﬂ@réﬂﬁﬁ ofO@Q&]LEhEr@@a@mr@ﬁ@mp Esnﬂékhoﬁﬁameoéias

foll ows. t he i0|tat|on Ilggt i gsed 15 mW arg
SUSPRE} O ngvwﬁ% Snpth RILUEEE FRYLSAndTAE FRetredted
gr0%§e§%ﬂpﬁﬁi8&b85u§OéplﬁgﬁﬂhﬁgsFg@@%@ﬂﬁh@n%'thGe Beel8nand

_ cki nson product was used Fur t the forward
' mjtswcﬁtceabbkshghlne(meact%)qr@,meEsgbaméheé cpghat (>

ree ' e I L
sosdy B0, LAE K005 Bl LASLERE0g: o 008 5y
grodﬁwﬁﬁépﬁyﬁﬁﬁ@@@ﬂsSé@ﬂ@éﬁmfﬁist@u§b§nsaohandllpassells and

., .filter for 530 nm (515 to 545 nn)_was used for ﬂf
iniyredrelcehlc e* 181 ) 11 o bRt paset f 7P P ekt of - 88B1nRt (384
swd@/ @ﬁ@f]ﬂf@ré@éeﬁ@@ds{ﬂm‘/@é; | %&é@@%ﬁ‘bﬂ%ﬁﬁgeﬁ&@h%ht
L2), and a |ong wavel ength band pass filter for
Bactrﬂm(a%shtabnsbotymlyltwal@olo@@dlamPr@b%} uUB¥B82éREe= 1/1

mixigGRY 7 e rofd St ol T IRV R gpem
tempeaptagented ys usimgted ogada # i ghigasing e 1 @ahdg S’E‘(btpﬂ@Sare
of % conpensation FL1-FL2: 37 Qur Ref: OP-C5306- PCT
eachy prgie. FEPT FhGSeFSSBLes G2 S pias Red pes
by d&% arF Sersignalu e mas ggﬁtré@lg hreshol ¢ { bowndagyeton
val ue), feeding rate of test suspension was set
Dickimsr®iul /min, count of cells taken up into the gate
100N the FSC-SSC plot (particle nunber) was set to
,’000, 000, and neasurenent tine was set to 30
secrhedmearsm@amw@qndﬂtaome;r fuarra tae foldasuyr.endst the

excitation light was used 15 mW argon laser light

{wavelength A = 488 nm}, and as the sheath solutipn for
feeding FCM sample liquid, Becton Dickinson product was used.
Further, the forward scattered_light (FSC, < 15°), side
scattered light (> 15°), and three kinds of fluorescence
signals FL.1 to 3 were measured, respectively. For thé
measurement of the fluorescence signals FL1 to FL3, a band
'pass filte; for 530 nm (515 to 545 nm) was used for green
fluorescence (FL1), a band pass filter for 585 nm (564 to
606 nm) was used for yellow orange fluorescence (FL2), and a
long wavelength band pass filter for 670 nm {655 to 800 nm)
was used for red fluorescence (FL3) .
[{0092]

| The settings of detectors FSC: E02, SSC: 376, FL1: 709,
FL2: 736, and FL3: 811 (all are represented by using

[»]

logarithmic gain), and settings of % compensation FL1-FLZ:
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[0093] (3) Test results The results of this test are
shown in Fig. 1. SYT09 shows high cell wall
perneability and penetrates cell walls of live cells
OuraRdfdegdCo8lksPCliher eas PI shows |ow cell wal
perneability and penetrates only cell walls of
physically injured dead cells. Therefore originally,

O obFRREBE" SvTooPHPFES) | Dafld ERbsA A ggadoell METe used,

rscshoghdibespl ghkedekntot DBreg8LOA AboOXHARE+)RLG) ,0n a
SYTO9/ Pl plot. Actually, when the results of the
fee@hv@ea@Ea gf oliBMESEREr FEAPANEHPR Wagspehstend2( MLyein,
couéf g ?Q?lk”k&kéﬂ_ '&ﬁ aEHetEStHUBBe@%ngs@rQ P plo
ococcus ep| I's suspensions (live cells an
(parn;ulednnmbés) maeesebnparédOOQlOdOd aotl pemetirament time

ve cel so.in d ce and
was| $56 B PO Rrdonitfy uFetpeertyeSial bonsErb8-6) basi y
mea§u§ém@gglshed Therefore, it is estimated that injury
ree of cell walls of bacteria after inmmersion in

[00%%?I|ng wat er at. 100C for 50 seconds, ,conditions
‘S#gg{a£ gg 1Lhose of ul trahigh tenperature

errlrzatiron (comercial cows mlk), is not
Si grhd i oaniits Mnfetdv:esr t d die raer evash @ws nih | Fﬂgffler ence

LAl e SR v%e@eﬁfnail'% POt R eand et T tes

cell Sw£Pld NBE eﬂlwaéelm Sakdl fd€E@NEELYES whaAHSES PECAWSRs
chronosomal DNAs of injured cells were partially

low gegbhpiskl byriearihyty st tpeRebrites e%%y ofell walls of

phy%{%éiggfﬁggggﬁgf %%;égfggéb6ﬁg%¥%%;en’if tﬁe Eé Yii%he

resuiteataent iwasceklr$ osimadid Ibe/q:bceitte;dam thej m@ﬂom:edxf S

v b R el b Ta0 Wkt R PELEI TS Bt e

the Uﬂigi[ﬁﬁ{ esk %m@ Escher | chieh col sysospensp oo (| i@ ually,
cel and the LP-treated group Escherichia col

| whersmn’se&}hltza ive thelixirenied gratrdsshesiphbe Gebh
susﬂé}?élcﬁl Pari ;- ééhﬁles RIS RS €ded 1Y Pea Y TR )R dedted

region noved t
group Staphylococcus epidermidis suspensions (live cells and

- injured cells) were compared, PI did not penetrate into not
only live cells but also injured cells, and live cells and
injured cells could not be clearly distinguished. Therefore,
it is estimated that injury degree of cell walls of bacteria
after immersion in boiling water at 100°C for 50 seconds,
- ‘Conditions similar to those of ultrahigh temperature
.sterilization (commercial cow's milk), is not significant.
.‘Moreover, there was a small difference in the fluorescence
1intensity observed in SYT09 staining between live cells and
injured cells, and it is estimated that this difference was
caused because chromosomal DNAs of injured cells were
partially decomposed by heating, and thus efficiency of

intercalation of SYT0O9 into the chromosomal DNAs wés lowered.
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SYT®O(-)PI(-) region on the plot of live Escherichia
coli, and detection efficiency of live cells
decreased, because the LP treatnent was perforned.

Our The§: phehod@hoRCTs nore narked conpared with the case
of Staphyl ococcus epiderm dis. However; when |ive
ceIIs and injured cells were separately detected from

V)%x?enmi - EM fhe cont am nant Seo iy, 15QFBEEL1s and

S-'such as bovi he eucocytes and manmary

injﬁﬁE&h@élbgyiesldnmcelb@rcbaselﬁ @ndtimghﬂsha@sinbehe case
elimnated, and thus it js con |der Qg{ the LP

of, t}RBFENECUTRL | nESFREHT lfo% @A

the DBL€£L4.08 Oefyrgéﬁ hesbsbi Ak oh | cb.'l)!esé‘@ﬂ)éﬁsibﬂ? t1ead edélls )
suspended in honogeni zed m |k subjected to ultra hi

andttetm@emafm@ap@@t@mm}z aE$@lheW@‘hlrﬁ | @W@:y%ﬁ@@%ﬁ?@o@g}ve

Preparat|on 1
cel%%ch%??c%?%?% suspen5|on ?%?C%h%é % %a%Feggrg
pointhe ;smémnﬂert}a@ $TEDO (+ N EDOEY ote@x@nmhevad @omthef
_ comerci al honogeni zed cows mlk sub ed.t uItrg.
SYTQY ) tRhper X ¥ ECHaLt 6ihts z%&% f(ﬁ%ﬁ% é%t‘bﬁ 5‘ colt,
and %@é@iéﬁ" @f??c:[@ﬁ@y refl 1ovascdhes "dlrehos@gentéedse

was added to dilute the suspension 10 tines,
the aTmlbl u@amdsrutc eda s uspefsinrr wad ey ipdlanpmginan dé ippre

e} 8 SAFATBATEL5A QA PRGE HETSDORARD. B8, 1 s cermicss

Howdnsshervied al Lod i cdliveard® GuiuRed : mm&%r@(:ﬁ'ep@ta@ly
As t he aforenentloned UHT_honogeni zed m | k

et QAT 1 FHR 1™ 19 ot | Bl es hihest N T hiu bt S

som@l 1. 37&e1 F9rs¢n hOUNSo-RIHE e ZBEe §10ds T@ndatkifn®ry an
agar nmedi um was used. [0096] Then, the UHT

pi tHorbigery zesl M ke bfay apd Irin Bt} bridy grest iPocul at ed
ellmlné}:%§ChQ&éC@ﬁ@b 0& 4'é&ﬁ%fé%£éa éﬁgkt{ﬁ% LP treatment

ig ‘inevitable.
[0094]
[Control Example 2]

Detection of Escherichia coli live cells (LP-treated)
suspended in homogenized milk subjected to ultra high
temperature pasteurization with flow cytometer
{0095]

{1} Preparation of samples

To 1 ml of 1.1 x 10’ cfu/ml Escherichia coli
suspension (live cells) prepared in the same manner as that
in Control Example 1, 9 ml of commercial homogenized cow’s
milk (subjected to ultra high temperature pasteurization
(130°c, 2 seconds)‘henceforth also referred to as the “UHT
‘homogenized milk”) was added to dilute the suspension 10
.times, and the diluted suspension was serially diluted in
the same manner to prepare UHT homogenized milk inoculated

with 1.1 x 10% to 1.1 x 10% cfu/ml Escherichia coli (live
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UHT honogeni zed m | k not inoculated with Escherichia
coli were subjected to the sane |ipase treatnent and

r i has t tment (LP treatnent) as those of
Ou%&#%fﬁﬁﬁﬁggﬁﬁ?éﬁﬁf That is, each of the UHT _

honogeni zed m |l k inoculated with Escherlch!a col

(live cells) and UHT honpgeni zed milk not inocul ated

ceMid)h. EsehehieChifa realdn tiibnd v @H‘T‘T%o‘ﬂfogled}jze\eﬁﬁlg% one
into a2 n volume mcrotube. The sanple was a

confagmer Tt | s magorsias mign afgrma)sdavd];]@mmcatat 37°C
t he mi xt
fozl b liJ{cHl ergj a{{h??cda ?%rl’cg}oz m nu I?garbea}’gra& M Hum was

was i ncubat
useld.pase treatment. [0097] To each sanple subj ected to

Qﬁ i pase treatnment, 20 pl of a 1250 U m proteinase
(00 CE. C. 3.4.21.64, Slgna) sol uti on was added, and the

M Xtrues , Wasel pegbabREahi346 mfigk %Q @b&ﬁ%ﬁ% HQlutlon
erforn1a proteinase K treatment. After the

ratﬁﬁe&ﬂwlaémi méhpmoéaaxaséum qqletat(ﬁEMe o&aasm aofd the
Kol I l, i to ea '
onpRERLGAALER i3l P RSt s8R e o A o

wereeanbgbugadumo ahe4@aﬂedli@a@@OtKegth@htlanml@%b%%lnase K
er eX| ing in the upper |ayer was

tre%%ﬂﬁPEtgFg tFéﬁEW@Bt £f shefgoCofak@ntrelaguanndel dyer

Thaexnstl@gchnokh@henudﬂlﬁohééghlﬁ@a ﬂhi% %ﬁgeﬁﬁgte% Hith
of physiological saline was ad e remai ned

Eschewérhiayee; lthélﬁﬁx@@iéSMasndsUHFehDsdgeolzed mllk not '
[ atign-.at.4C and. 14,0

ln0é81%$%§r@%€€oggaés ﬁﬁ%,g ﬁglﬁefpe? mﬁ%u@%ng ieﬂg gﬁa put

int309 plmbfvphyséohbgtealbsal iTre iamngiddedhd addwd 100 pnl

0098
of EGeao 15 Gach- b1 o TR bat G ORRASOGA S28L v kb

" phys DOTed BéLT g\alihéh&mﬁﬁcﬂ%lzﬁbﬂ(@aﬁéﬂdaaé'i?f@u}ﬁé’%éé) §”§7 C
LP- treated UHT honogeni zed m |k prepared above an

for (3kdmnytes (ol Reet oM 30l Hlase. Oreatndnt he SYTO/ P
[opdiuorescence staining reagent was added, and the

reacti on was all owed at
To each sample subjected to the lipase treatment, 20

pl of a 1250 U/ml proteinase K (E.C. 3.4.21.64, Sigma)
solution was added, and the mixture was incubated at 37°C
for 30 minutes to perform a proteinase K treatment. |
After the lipase treatment and the proteinase K
treatment, 88Q il of physiological saline was added to each
sample, and the sample was subjected to refrigérated
centrifugation at 4°C and 14,000 x g for 10 minutes. The
_lipidllayer existing in the upper layer was completely
‘removed with a swab, and the aqueous layer existing in the
hiddle layer was also removed. 2 ml of physiological saline
was added to the remained lower layer, the mixture was |
subjected to refrigerated centrifugation at 4°C and 14,000 x
g for 10 minutes for washing, the pellet was collected, and

300 pl of physiological saline was added to the pellet.

40




roomtenperature for 15 m nutes under |ight shielding

to prepare each sanple. For these sanples,

nmeasur enent was perfornmed by using an FCM neasur enent
OurapBpar@Pusp3RACBCT Cal i bur (Becton Di cki nson) The

measurenent conditions were the sane as those of

Control Exanple 1, except that the neasurenent tine

wo%\ﬁz 5 mnutes. [0099] (3) Test results The results of
test are shown in Fig. 2. Al though the nunber of

(2) plestedephodts in the SYTOO(+)PlI(-) region varied
dependi ng on_t he concentration of inocul ated .
Eschere 2 _ao%o&e (q‘]ﬁ/ter%%ﬁé)[?mf H’é‘i’lf%o‘%ﬁé}]ezﬁfgﬁvlk
ino®hPited POLAtEnd NpEBLE f 88 ON-EYEN (1 Ive heaLBSE ShatDe-
- LP- treated UHT honogeni zed m | k not inoculated with
tregseh /T hhamogeniz¢d inkl caprepareddalese i aied i onkénobn a
hegi gchi ol o(ljve-cells L ffd IS
voL GE Fh T a1 henb S olan HBT P Lt dsp et
staboived | ce£@bhs el £dlids®, cindgi tied | yeacoidmived Nl dhed at
cows mlk and injured by heat. It | consj der ed

t j der ¢
rOOR AP eiRlee? , T e chiy &t af¢s rfé%?%ng%# §iHee L4 el

prepdih C8ldh valds1 Of He kalder 1Rt dRIRUSEEAt was

significantly by ultrahigh tenperature sterilization,
per VTG ienssxad exh | i ndrswednet Appaatdis nACS

J trate into. .t.hem_ .As fe ce, t r lts.
ca1 BR0e S Db IEnG”  ECRERSG bRy SRk tigms, yore
the iganidea SYHI XK YPldent tEgimnanimre 1 hedddy eatad M

honmogeni zed m | k not inoculated with Escherichia coli

measyLmETdel 1id9e Mo e dE Y fifber of plotted 41 Qur
oodRgf : OP- C5306- PCT points in the same region for the
[ . . : .
LP-treated UHT honobgeni zed m.Ik inoculated with
(3) BEstteriashilE ol i (live cells) are shown in Table 1.

AT AAG U8 CRRULS W SiEpR L LR LT
1. Altkoid® che/ numbedeonft béotardi podnssofint hhe t est.
SYTTEQ%QQEI(13M£%§£on varied depending on the concentration
of inoculated Escherichia coli (live cells), there were many

plotted points in this region even in the case.of the LP-
treated UHT homogenized milk not inoculated with Escherichia
‘coli (live cells), and distinction from Escherichia coli
(live cells) was difficult. It is considered that these
contaminants consisted of somatic cells and cells originally
contained in the cow’s milk and injured by heat. It is
considered that, however, because cell membranes of thé
former and cell walls of the latter are not damaged so
significantly by ultrahigh temperature sterilization, SYTO9
penetrated into the cells, but PI did not penetrate into
them. As reference, the results obtained by subtracting the
number of plotted points in the SYTO 9(+)+PI(-) region for
the LP-treated UHT homogenized milk not inoculated with

Escherichia coli {live cells) from each number of plotted
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Resul ts of detection of
LP-treated UHT honbgeni zed

bacteria FCM count (actually neasured

live Escherichia col

in
m | k Nunber of i nocul ated
(cfu/m) val ue)

OurgRgf10P-£5802-6CT1.1 x 103 0 1.1 x 109 311 1.1 x 105

2755 1.1 x 106 128457
Detection of live cells and

p01§§gh§5'% fﬁﬁsus gqg

trea

[0101] [Contro

301y 119e0GGuS eni def

I n non- honogeni

Exanpl e 3]
injured cells of

Qﬁﬁ’%omogenized

i 'zed

mllkubpecuedtéd awh Fecperdcirie |cang tuﬁmepa$ﬂeuﬂia&@ &hown

. LTLT) with flo cytongter

ln%@k aﬁ%%y”

thesaéﬂseﬁheﬁs1£hh¥eo@eh%%h@&q
same manner as that in

IS TEhS Lrii

Prepar ati on of

tﬁschErFEhFﬁnébéﬁred that

dHﬂaUQEQ10QhE%k %%@E%reqS'ﬁ 1
Control Exanple 1,

X 1@omﬁ#émhhﬂu&mwtﬁ¢n¢Qﬁd@¢l@@@1@étb@l@otgst

{01@

Tabhe nlut es)
non- hono

Resylks pt

enized ml Kk

BB PEIt R

1

o-pbrepare noen hnrmnn

gpngenlzatlon treatment (non- honogeni zed,
o low tenperature.long tine pasteurization (63C, 30
henceforth al so referred
was added to dilute 42 Qur

¥Beﬁ§?8€§lf§lﬁlﬁ€§l éﬁdLglFﬁﬁé&Ed

UHTSﬁ@@@@éhggédelgk serially diluted in the same manner

subj ect ed

to as the "LTLT

vV-zed—-mlk i nocul ated with

" NumueE &floaoculdtﬁdxbacﬁermau

cfufli and injured cells) As

FOMEsehet | Ghiauably feagered
vtfeﬁgforementioned LTLT
NoaRd not to form

non-honogenized mlk, one ¢
col onies whgn it was incub

ed at 37C for 48 hours

an ooy

ana-—at Lo X nll
ditu dat I

[0102] 1.1 x 10° oA
1.1 x 10° -
1.1 x 10* 311
Lot x 10 2755
1.1 x 10° 128457
[0101]

[Control Example 3]

Detection of live cells and injured cells of

Escherichia coli and Staphylococcus epidermidis

(LP-treated)

suspended in non-homogenized milk subjected to low

temperature long time pasteurization

cytometer
(1)

Preparation of samples

(LTLT) with flow

To 1 ml each of 1.5 x 10’ cfu/nl Escherichia coli

suspensions (live cells and injured cells)

same manner as that in Control

prepared in the

Example 1, 9 ml of commercial

cow’s milk not subjected to a homogenization treatment (non-

homogeriized,

pasteurization

(63°C, 30 minutes),

subjected to low temperature long time

henceforth also referred

to as the “LTLT non-homogenized milk”) was added to dilute

4

2




Further, to 1 m each of 1.8 x 108 cfu/ni

St aphyl ococcus epi derm di s suspensions (live cells and

injured cells) prepared in the sane manner as that in
OurcBrfr OF -ERARPrECT, 9 m of LTLT non- honogeni zed cow s

mlk was added to dilute the suspensions 10 tines,

and the diluted suspensions were serially diluted in

et B PTEATROTEL (L8-81 ook T 108, Qpmmpeniednt

serﬁmabpyﬁmmnted31aptderﬂnmESm@hnee toepkepamd Lopur adn-

3] . Then LTLT no genlzed i
homB R EF&HHL WKL HIOBSLREPRGHI EcOr b 1 10a Folt 5 ahdl0"
cfulRi UE§Qh§§hb§la0fon§“ Quge dbh ki Qﬁdr @B?ﬁre&héeh:fé-r As
non- honogeni zed mi | ‘|noculate with aphyl ococcus

the epf deemedt o ed vETEE| nenghdmpapnt eed mﬂks)one ganfoused

not SLLUELON L3l &5 o angnLhes L ThI none hoppgent zedopi Lk, ngg

i hocu eria were
housanend i pases t¢ eadnent B@dr@r@heaﬂasgaﬂ>méﬁﬁﬂhﬂﬁﬂs Gh&.
eatnent) as those of Control Exanple 1. That is,
(01Q4Eh of the LTLT non- honogeni zed m | k i nocul at ed Wi t h

Escherdrcdy a «oli ol iae-ieedf s and; imjuredh gl 1s), the
LTLT non- honogenlzed mlk with Staphylococcus

Starehy Herareis enldgunt@ls sseseeinjered(Leve sqelhsmdamdhe
inj ] AOOrdORAGHLEEE 301 Like NOLnd TREHNSY € WAD: He

acteria i'n-=a
Contmi]urﬂmﬂeothbe@) rﬂ?heaﬁanrfm,te ms—k&ﬂciﬁjbnﬂ.@éﬁ ptowfs milk

i pas E. C 1.1.3, djusted at 189 U.mM 43
was d'ifoﬁﬁﬁifé%@ds%fc% e w rp?%@? Jyi e Sl 4048, tifnd
dildthe SAdéhaasd nehated-atl ) 7&11‘@5&3&01:{“{}% Efarkd manner

performa |ipase treatment. To each sanpl e subj ected
to puenake ITP4s e an-dumagani 2ol rrp]lll@flrwqglsectqgi mith 1.8 x

K
10° BEoASK 3 S0k LFafi ot BB 0Te  S0LULLBY Vi
cellm rancesirtjuneet fawlhsg .protei nase K treatnment. [0104]

[Ologﬁter the lipase treatnment and the proteinase K

Then, the LTLT non-homogenized milk inoculated with
Escherichia coli (live cells and injured cells) of wvarious
dilution rates, the LTLT non-homogenized milk inoculated
with Staphylococcus epidermidis (live cells and injured
cells) of various dilution rates, and the LTLT non-
hemogenized milk not inoculated with the bacteria were
subjected to the same lipase treatment and proteinase K
treatment (LP treatment) as those of Control Example 1.
That is, each of the LTLT non-homogenized milk inoculated
with Escherichia coli (live cells and injured cells), the
LTLT non-homogenized milk with Staphylococcus epidermidis
(live cells and injured cells), and the LTLT non?homogenized
milk not inoculated with the bacteria in a volume of 1 ml
was pult into a 2 ml volume microtube. The sample was added

100 pl of lipase (E.C. 3.1.1.3, Sigma) adjusted at 189 U/ml
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treatnment, 880 pl of physiol ogical saline was added to

each sanple, and the sanple was subjected to

refriof era%g% centrlfugatlon at 4C and 14,000 x g for
Oury e Bfg PRECTI i pid layer existing in the upper

| ayer was conpletely renmoved with a swab, and the

aqueous | ayer existing in the mddle |ayer was al so

w1thegay§§01%g&ba9fsemX§bolgauceheS%bh@qe was addeddied at
the femainéd | ower |ayer, the mxture was subjected

37 ﬂofpéfBDg@ﬁauéascéntpetﬁgamuanlapa$@ argatme®to x ¢
for,10 n1nutes shi et _was_col l ect
ondto S0 e LR <M BT B P e, LaorRR ke Banes e BEpRG 20

ul aelhen25o[01ﬁ5]peareIﬁabengtmldcTo3eacu10%4th@1gma)
LP-treated LTLT non-honogeni zed m |k inoculated w_th

- solpkifgrveni adeef erfveEheePrEPARIYRA] dREyLated S, 3{’h& for

30 &En&#’:@@t ed LdLfoppns hggeeémh ed @i kgeam% lkated with

hyl ococcus epidermdis |ve cell's "and i'nj ur ed
[Olﬁéﬂls) and the LP-treated LTLT non- honogeni zed m | k

not_ _inocul ated wth the ‘bact eri epare above and
o ERRe Crt IERaRt 48 PREDPEER-E0%E B
treftienescepgenl st phpgibteagentl waslagddedasanddbleto each
: reaction was allowed at roomtenperature for 15
sampd Gyt A uner SHghe - €aF P dPhCER] bPepafeieggERtsdnyl e.

cem';:P{fﬁ S5 5P| BSc JBASYY eFBHT foPe B%EFH?EQELUSMQ

measur enent appar at us, . EA Cal I bur ect on
llptﬁckayswaXlstﬁmgeaBut@ﬂempp@onbayeongamecempﬂheeQane

as those of Control le 1, except that.the 44.
rendfed Bt et i antee factatet coki bad i Ene
nidd DA 0B ydB)wdesdls@stbmovdde reslll tof ghidisldesdaBrealine

shown in Fig. 3. There were many plotted points in the
WaSs%dQ%ﬂ+%¢n%h$ remat oA Ve hel AR 1 chp@gminEyre was

sub -prmgend # é@é*éd“ﬁenﬂfﬁ¥ﬂ&é%f%hméﬁh4t@eand 14,000 x

acteria, and they degraded the detection [imts for
g f@sclférmid’m‘fae%oﬁqr (Wasleingl |¥)e grillet was collected, and

300 pl of physiclogical saline was added to the pellet.
[0105]
(2) Test method_

To each of the LP—t:eated LTLT non-homcgenized milk
inoculated with Escherichia coli (live cells and injured
cells), the LP-treated LTLT non-homogenized milk inoculated
with Staphylococcus épidermidis {live cells and injured
_cells), and the LP-treated LTLT non-homogenized milk not
inoculated with the bacteria prepared above and taken in a
-~ volume of 300 pl, 0.2 pl of an SYTO%9/PI fluorescence
staining reagent was added, and the reaction was allowed at
rocm temperature for 15 minutes under light shielding to
prepare each sample. For these samples, measurement was
performed by using an FCM measurement apparatus, FACS
Calibur (Becton Dickinson). The measurement conditions were

the same as those of Control Example 1,7eXCept that the

44




St aphyl ococcus epidermdis (live cells) The plotted
points for Escherichia coli (injured cells) and

aph | ococcus _ epidernmidis (injured cells) were
Oury; %&p§F€ points originating in the
LP- treated LTLT non-honogeni zed m | k not i nocul ated
with the bacteria. [0107] Because the LTLT

mea@%%e&%ﬁ%g%ﬂhée%a@‘%kaBMQ%%al|y cont ai ned i nj ured
Il's and dead cells at a concentration of 103 to 105

[Ol@ﬁd/nt it is highly possible that the plotted points
0 the [ red cells newy inoculated in Contro
(3) &e eﬁbaﬁuld be hi dden by those of the originally

ConTHenedsQEtbSof|ﬂh@gdtéeﬁnaré|§ﬁoWﬂ vhewigf ghe
| ocations of the plotted points for the LP-treated
EschBfFEnvareoreny aRyostapghypoebecds Eprde¥EPAi(y) < PI (-
| d lks) S n_f. e
reqfbfl] 4bedc el Lol csuspen t?ﬂ% noﬁghsmog59&§§a T}&gphgg
inocuhskddr edthothe haghbylposanﬁlEhebaﬂeghedealohEed

t i nocul ated inj.ured cell uld be
aetfRLEER Dunt RS BSh Farherr Rl Fncont (BSFPosplasl Tpre
Staphpioboregentpedefink Kis| @1@8& dberpynberise af1 9t ©dd 8sbints

points in the SYTOI(+)PI( f|0ttln region
fors%fFéﬁyﬂﬁﬁleheOéénéttﬁeﬁe@hee S¥rroen |ﬁ€éﬁ§yﬂ?000¢uﬁ

S 5 t L
opi dSSnpie SNaMLD.Tobl £op 4ok IPUE! etk kT e
Orlqin&El@@IiE)t@mdLPhereﬁtedehThﬂ hFhThooogboipgeninzed not

. 1] k. ef : OP-C5306-PCT It is considered that
1no%@%§%% |on%@r#?cEﬁr{$’treated met hod for

[Olmipherichla coli (live cells) in the LP-treated LTLT
non- honogeni zed mlk is 1.5 x 105 cfu/ under the

cotfitawits e thilsh et hquparayizerhpriel ko Reginal lof
.conﬂgﬁﬁga|£ﬁhﬁgeé'é@iﬁ§Qﬂﬁﬂ'&gﬁ&‘é%&cf'ékLé)ééﬁ%@ﬁ%&aéﬂ%ﬂ-of

non- hgnogeni zed mlk by LP-treate
10° to 10° cfu/ml, it is highly possible that the plotted
points of the injured cells newly inoculated in Control
Example 3 would be hidden by those of the originally
contained cells. In addition, also in view of the locations
of the plotted points for the LP-treated Escherichia coli
and Staphylococcus epidermidis (injured cells) suspensions,
which are seen from the results of Control Example 1 shown
in Fig. 1, it is considered to be highly possible that the
| plotted points of the newly inoculated injured cells would
be hidden by those originating in the LP-treated LTLT non-
homogenized milk. '
[0108]

The numbers of plotted points in the SYTO9(+)*PI (-
plotting region satisfving the condition that SYTOO9
intensity 2 7 x 10° are shown in Table 2 for the LP—treated
LILT non-homogenized milk inoculated with Escherichia coli

(live cells) and the LP-treated LTLT non-homogenized milk.
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Nurmber of inocul ated bacteria FCM count (actually
nmeasured (cfu/m) value)' 09 1.5 x 102 8 1.5 x 103
10 1.5 x 109 9 1.5 x 105 18 1.5 x 106 111 1) The
OurnBrifeP®-663p6oPEEd points in the SYTO9(+)PI(-)
plotting region satisfying the condition that SYTO9
intensity ? 7 x 103 were counted. [0110] Further, the

urmbers. |nts in. the 9(*) PL(:
T R R B ohh ek, ey bR e SR oA FoR T hac 489768
methBHEASkt ¥séhérXchk@3 abelsm@mﬂelﬁeT&bhelﬁ the thetkPated
treated LTLT non-honnﬂenlzed mlk inoculated with
LTLE: apRyhebeeenszepi Betki d4Psi¢Pivellel F5y/ Bhdidrr the
conkfPzth gtgg hIthggg honogeni zed mlk. It is
consi ere at the detection limt of LP- treated
(018 hod for Staphylococcus epidermdis (live cells) in
- bihe LP-treated LTLT non- honogenized mlk is 1.8 x 106
ufni under the conditions of this test. [0111]
Resthdbkeod 46t&YtiRef oOP1Cb306sPEErResubt 800t det BpttoBated

of |live Staphyl ococcus epidermdis in LTLT
LTLHoRcRoRegeaeRdedi Tkl byPY PLFT At beAePRBACI Nunber of

Num%ggulﬁkagﬁgc f&%&&'% g%@%gu I\ga&gtﬁ‘%l Vaé@itg%ﬂ)gdmeasured
(cf4PR18 1.8 x 105 7 value
0 9
1.5 x 10% | 8
1.5 x 103 10
1.5 x 10° 9
1.5 x 10° 18
1.5 x 10° 111

1) The numbers of plotted points in the SYTOS(+)PI (-}
plotting region satisfying the condition.that SYTOS
intensity 2 7 x 10° were counted.
[0110]

Further, the numbers of plotted points in the
- 8YTO9 (+) *PI(~) plotting region satisfying the condition that
SYTO9 intensity 2 7 x 10° are shown in Table 3 for the LP-
treated LTLT non-homogenized milk inoculated with
Staphylococcus epidermidis (live cells) and the LP-treated
LTLT non-homogenized milk. It is considered that the
detection limit of LP-treated method for Staphylococcus
. epidermidis (live cells) in the LP-treated LTLT non-
homdgenized milk is 1.8 x 10° cfu/ml under the conditions of
this test. |
[0111]
Table 3
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1.8 x 106 47 1.8 x 107 296 1) The nunbers of plotted

points in the SYTO(+)PI(-) plotting region

satisfyjng.the dition that SYTGO intensity Z 7 X
Ourl%ffaéﬁéqggﬁ&fégﬁn[0112] [ Exanpl e 1] Detection in

et hi di um nonoazi de (EMA) treated Escherichia col

suspensi on and St aphyl ococcus epiderm dis suspension

ReslullPst beaded)e vy onSioFg fivew Bl Rlocdd P BRAALI QN in
of sangles Each of Escherichia coli suspensSions (live

LTLEe PPe-SRACIFRILGLE el &Y LthI@@t@mmtﬁoahd

I'njured cells
nme

I el
Numgﬁgpg¥.gﬁggﬁﬂ§teﬁpb %&gkg u?ﬁ??hg 28§%géﬁﬁ phgsured
(cfedmi) manner as that in Contt OhluEanple 1 |n a vol u

of —f—m—was pu1 rmto—a 2 ntrvotune merot uuc,
subj ect ed t§ a | i pase treatfrent and proteinase K

treat nent o LP jtgzeat ment) injthe sanme manneg as  that
nd-then refrigerated

centrifdg@tmodﬂét 4C and 14,000 x g for 10001 nut es.

ATTET g)q%ﬂ; aqueous tayer was—renoved—i nt—of
physi ol q aline was added to the celps of the

| ower | ayer x Gpeecipitates)| to suspend theqcells.. 47

Qur—Ref--0P-—C5306—PCT— {01131 Et hi di um nonoazide

!
1

(henceférﬁhxaﬂﬁg abbrevi atedd as "EMA', Si4ghm, catal og

nunber : UZB mas dirssolrved in SIeriiizgg Watrer—at—a

concentra |on f 1000 pa/mMl, and filtere ?hrough a

1) Thédhpibed£rof lﬁl@tte&?&nﬁﬁ@\ B UERLISSYBOS Wt opT iy a
vol ume of 10 was added to the aforementioned

ploftpng ela%bortewtﬂsm eeredihbon thaspeHEPDn was
J.ntérﬁiclttyat? 4’)C>f OIOBQIerPemr':to%%tlé'ader light shi _eI di ng.

t he suspension was put on ice, and irradiated
[Olkahh visible light froma lanp of 500 W (FLOOD
[Example 1]

Detection in ethidium monQazide (EMA) treated
Escherichia coli suspension and Staphylococcus epidermidis
suépension (LP-treated) by using flow cytometer.

(1) Preparation of samples

Each of FEscherichia coli suspensions (live cells and
injured cells, 4 x 10° cfu/ml) and Staphylococcus
epidermidis suspensions (live cells and injured cells, 4 x
107 cfu/ml) prepared in the same manner as that in Control
Example 1 in a volume of 1 ml was put into a 2 ml volume
microtube, and subjected tc a lipase treatment and
proteinasé K treatment (LP treatment) in the same manner as
that in Control Example 1 and then refrigerated
centrifugation at 4°C and'14,000 X g for 10 minutes. After
the upper aqueous layer was removed, 1 ml of physiologicai
saline was added to the cells of the lower layer

(precipitates) to suspend the cells.
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PRF, 100 V, 500 W Iwasaki Electric Co., Ltd.)

di sposed at a distance of 20 cm fromthe suspension

for 10 mi nutes. The above procedure of adding the EMA
OursBefie PBnCaRBOrPEEdi ating visible light is al so

referred to as the "EMA treatnent”. Then, 990 pl of

physi ol ogi cal saline was added to the suspension, and

§ ﬁ suspensi on was subjected to refrigerated
centrifugation at 4C and 14,000 x g for 10 m nutes.
Af tethidhen uppesa ate olisehay £6r waSal eooysioy e 30Ot ol @f

w.physi ol ogi cal al ine was ad to the pell f the
EMﬁ ner Py ercaFﬂiﬂgonémbﬁF oFggggéYTEE/@%SFPig?as%Ence
ste§1ﬁwé@gw5€@969£ %éoﬁggﬁgréglohth”lﬁbgrE?/ﬁﬂd the

reacti on was all owed at room tenperature
filwenedeshupden &i GhtSshnehdéngfibterepditels ddth smstus

. h f d
so1yErotiin 41 viRihe BhIBE RErRE SHOSRCER YREN coont

afoférﬁ@ntﬁ@q@@cmdsieaﬂedi hee saneuspansesn asahidathen
Test results The

Cont y ol nﬁle 1. [O 15% (gﬁ
SUSRERTAPR WFS t ekt 12kt 4 ar el Sho ’Phn‘FT‘@S undeg Lhelh in
shlé:lcglngl r &fiRid ed-Ho ﬁﬁ%\é@)sfcl}ﬁ Wda/eeldrs iand dqgy ured

I's” of Escherichia coli could not be clearly 48 CQur
1rra%1a1@:d%8@6 Pkl st gful sfreoh a\k@m@m@ ?he W P(FLOOD
tr p for d._.. However seen. 4

PRE 16(% e resavlq’tgfo it EJt es?rl(\:/\h%% ! t%&%{m&’% r%o?
dlswaa&;@eff ot tvedh af £ @ ﬁﬁe dpeeaisentor i 10 hieoatees . The

possible to clearl dlstln%ghsh live cells and
aboy & R U BTG so%fa‘EiJc‘F%rtr% ot tuirmding i brradirting
visiTAE 17 asulis yese Al so-Aht al ek fale StARDW QeOGeUs .
epidermdis. It is considered that this was because

TherEN® Xhaol 17 |pjwa::ecuogm1 Eﬁe]rmbfas tadasd trotthe
' susp%q}nﬁ%gnat earﬁfléhe\:'vagd%c? ce S o lléhﬁoéne td pcecpqé'ﬂ rort(ife‘trat.ecfl

well I's™of 1 njur anmage
centsd Kiggrtifdrcaatt .4°C and 14,000 x g for 10 mlnutes. After
the upper aqueous layer was removed, 300 pl of physiological
saline was added to the pellet of the lower layer, then 0.9
pnl of an SYTOS/PI fluorescence staining reagent was added to
the mixture, and the reaction was allowed at room

temperature for 15 minutes under light shielding to prepare
each sample.

[0114]

{2) Test method

FCM measureﬁent was performed for each-of the samples
- prepared above (measurement time: 30 seconds) in the same
manner as that in Control Example 1.
[0115]
{(3) Test results

The results of this test are shown in Fig. 4.

As shown in Fig. 1 referred to above,‘the live cells

and injured cells of Escherichia coli could not be clearly

48




[0116] EMA having penetrated into injured cells
disorderly intercalates into chronobsomal DNAs in the
of injured bacteria, then converted into
OurnB@FeﬂB 593p§r§€ ation of visible Iight, and binds to
the chronosonmal DNAs by coval ent attachnent. Because
the DNA gyrase or topoisonmerase activity remains in

dis%?ﬁ%ﬁl\gghédaf BEnSHALY %hgeLPp%%e%Ll’:He%%t 'w%% pleSW g

strands occurs transcription of “genes
Howevei ngasetaboekignpeandfrhustbkeeavsyd t sand m@hﬁgaﬁﬁﬁn when

the YK (LET BRI Fhe T &1 a4t TRS! 2DRAE b)ct kg trestment, it

bec@h®roEsiboaedo eneypes Hssthhbbited1byet helaet aoa of
coval ent attachnent of nitrene originated in EMA and

injpazed @@%hﬁtoffﬁagﬁﬁﬁ@ab#énceﬂl chFanaddhal ombnashe ssame
res@if?n$§9e X%gg 5%299néé fB%oﬁ@ggwggg%gcc%NAggh?%gﬂldls.

containin ragnented chr oma
It i$me@steeredinhehsthysthesebécahsarEMAdethasgslaw cell

are h th served before tnent
wa1  ORENESR P EL, B! naE BRIE S raBEo kRt s YT e s,
butfﬁéﬁﬁﬁiﬁﬁédoaepi WNALs reducasuetfii ekeneyodf which damage
intercal ati on of SYT09 i nt o DNA.. However, since EMA

was dadinoto pehetihiearet | walls of live cells,
[Olﬁﬁfonnsonal DNAs of live cells are not affected.
erefore, it is considered that even if the EMA
t r eatremvirsy perdearmedsd intve Tejbhsedocabls stiosochanye

. of fluorescence jntensit 4

it T A by SV TORE TS, P bRe By SEEbet Pon BF

injEssdasd ehé 21 £01 the e SEaPHYEQCOREYSni epeAler By digrhbvetion
cells (LP-treated) suspended in UHT honogenized mlKk

of el Wt et Qi RiFDnbAZ e ?FR%@0%9mahsPH@5fPBw
covE YR dledt CPHALLAN PnSAHA 5y rtrel dil of 6 X

Escherichia coli suspensiion (live cells)
_ tOPqNERMHEﬂhﬁrﬁ¢¢ENE%ﬂE¥¢mHWEﬁ is thatcéhl€onfter short time

pasteurization, rewinding of DNA strands occurs for
transcription .of genes during metabolism, and thus cleavage

- and religation of chromosomal DNAs occur. At the time of

the ;eligation, the religation of DNAs by the aforementioned
enzynmes is inhibited by the action of covalent attachment of
nitrene originated in EMA, and as a result, fragmentation of
chromosomal DNAs is promoted. When SYTO09 is allowed to act
on injured cells containing fragmented chromosomal DNAs, the
- fluorescence intensity thereof clearly decreases as compared
with that observed before the EMA treatment. It is
-éonsidered that this is because the fragmentation of.DNA
reduces efficiency of intercalation of SYTO9 into DNA. .
However, since EMA cannot penetrate cell walls of iive cells,
chromosomal DNAs of live cells are not affected. Therefore,
it is considered that even if the EMA treatment is performed,

live cells do not show change of fluorescence intensity
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Exanple 1, 9 ml of the UHT honobgeni zed mlk used in
Control Exanple 2 was added to dilute the suspension
10 tinmes, and the diluted suspension was serially
OurgRedt:OF 1393 %e Psde  manner to prepare UHT honogeni zed
mlk inoculated with 6 x 101 to 6 x 105 cfu/n
Escherichia coli (live cells). [0118] Further, to 1 n

obtAintd® % 19§qef u/ M Staphyl ococcus epidernidis
suspension I|ve cells) prepared in the sane nanner

{0lag]that in Control Exanple 1, 9 ml of the UHT
E hogggeaized m | k was added to di lute the suspension 10
[Exgm Jand the diluted suspension was serially

di | ptedctnohhersgoehePaBACL 010" 8RAr tYHh BP.‘BG%B' zed
mlk inoculated with 1.9 x 102 to 1.9 x 107 cfu/

eplgfeéﬁﬁy«iu@céemsc@éﬂaeﬁﬁfdtgeertuesﬂé S@épleg)iedSepaﬂﬁtTel Y,

non T OTRORTL 0 LD L BEHLES B, Wik PeE00EL8D By

usingl Klorocykamedewi th Escherichia coli (live cells),
U hono enizeg ml k. inoculated with Staphyl ococcus
FeBRAPHFE (PFVE3BRIFE), and UHT honogeni zed milk

nOtTé npcyl ag £ds Wi t gt hﬁm & d @hd A @h i Y HANE &fsﬁeﬂglon
was put into a 2 m volume mcrotube, and subjected

(li¥e eclipaserepencdent bhd paoeeirppserkasr ehefehn Conprol

oo 9L TE"L k1,160 308, TROIBCo AL 1 60041 copon
Exa§80e p? o&spaysed| ogi dalusal the waspeadfled, landihbe, "and

ure was subjected to refrjgerated centrifugation
thea”# i‘é‘%ﬂds‘iap S g 3% S 9Bt 7 it AL U 4RE iphRe PP

| manth@y efo BSel SROVBET Mérﬁb@eﬁﬂ\@@d Al Lg0agye0us ylayes
as the mddle | ayer was al so removed. Then, 1 m of

10* sly$ o dgi cafudali Bechesigdded codit Heivel Lelds)the

[Ollgwer | ayer (precipitates) to suspend the cells. To
each of the LP-treated cell suspensions and UHT
horfagertieed tni |k miotof ilndcut ateéd ofiuy/mibattagHyd o cb apls

ep (%fﬂwpq?th 100 egrm/m Eimaqueoufssoggéégpegsfg 1l:lr?e same
manner as that in Control Example 1, 9 ml of the UHT
Ihomogenized milk was added to dilute the suspension 10 times,
and the diluted suspension was serially diluted in the same
manner to prepare UHT homogenized milk inoculated with 1.9 x
10? to 1.9 x 107 cfu/ml Staphylococcus epidermidis (live
cells). Separately, UHT homogenized milk not inoculated
with the bacteria.was also prepared.
f0119] '

| Each of the UHT homogenized milk inoculated with
Escherichia coli (live cells), UHT homogenized milk
- inoculated with Staphylococcué epidermidis (live cells), and
UHTlhomogenized milk not inoculated with the bacteria in a
volume of 1 ml was put into a 2 ml volume microtube, and
subjected to a lipase treatment and proteinase K treatment

(LP treatment) in the same manner as that in Control Example
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m xture was left at 4C for 5 m nutes under |ight

shielding, and irradiated with visible |ight of 500 W
| wasaki

r anp (FLOOD PRF, 100 V, 500 W
Ou]tErlze“lcftC‘rc?g CCJtEO%”LEtC&F) for 5 minutes (EMA treatnent).
Then, 990 pl of physiological saline was added to the
sanple and the sanple was subjected to refrigerated

1. C@Bt%hEUg@Ep@HSQBn4C%QUdPlléfOB élglg ég gégﬁk%sts

After the upper aqueous | ayer Was re
_add@%:suaétdogﬂ@almls@twmem@s saxm@d:tte@ ttkne re;fe:mg@traﬁed he
hen O SYTO fluorescence

cenﬂ%%ﬁ#gLEXEEagén? was gd&ed @ C%t&Peml§H§ffthe he

uppregadtipdw WagealMQWE&e&bV@@OWhEﬁWEe%@b%VeaE@Tt%% agueous

nutes under t shielding to prepare each sanpl e.
13YF61*2@1 h@z)“lt‘éiéte Srét'ﬁéd‘tﬁewlaﬁcéasaee@eﬁﬁ waBheer f brimedof

phy%@ﬁl%@ﬁﬁa@fsE@?néaWHEeéddgﬁeEQr@Heaggﬁﬁs(E%a%ﬂreq%wer

m nutes) in the sane manner as t

18Y€énﬁﬁ§ECE@aﬁpte81 tp0sR&pen@3rhdestliesul Ts dheh of the
shown in.

h h
Cre-RERdER Bhod L eheRt i Bhe AR onOnfse Ry Psmiag Hot
inoshbubednwEty. bactuhes, IwepESQBethéh!taoQOEg/tﬁ@SEMA

detected in the UHT honogeni zed m |k treated
AQUEREROACIAtIER BFed1imuExaplep! CE%@Ga@@'dpl andethe

mixPREAt §a§ 0l £ONL AN NANES gé@#ﬁgﬁé§ﬁ%§&%§ fﬂ?hfngHregﬁlng,

cells were present in th
andregreﬁl@e@de@ehhsvxﬁegbﬂcbl@MtEsﬁh@@@cmlancbte trbmea

detec nlimt_was as
1am§.g%féoD1§§9 aL‘I’SC_’L(Z{-)19 cf%§@1w’h§ﬁ Fiékﬁﬁﬁlcagocte%F@y
for s@emrtmmn t (EMA est 4 Sneit t hi SHieest 990 Mt kg SYTOO/ P
| ot for the LP-treated and EMA-t reat ed UHT

MoYE e e 6 i3ed dtedhe t9PEskheraedi the osample
wastéﬁbjéafggaﬂd“ﬁﬂﬁ%ﬂ@éﬂ%ﬁéé“&HH€¥¥¥ﬂgéﬁﬁgnXaéqé & Oy X

' 14 gég_x g for 10 minutes. After the upper aqueous layer
was removed, 300 pl of physiological saline was added to the
pellet of the lower layer, then 0.9 ul of a SYTO9/PI
fluorescence staining reagent was added to the mixture, and
the reaction was allowed at room temperature for 15 minutes
under light shielding to prepare each sample.
[0120]
{2) Test method

FCM measurement was performed for each of the samples
prepared above (measurement time: 5 minutes) in the same
manner as that in Control Example 1.
[0121]
{3) Test results

The results of this test are shown in Fig. 5. As
shown in Control Example 2 mentioned above, in the results
shown in Fig. 2, when live Escherichia coli was detected in

the UHT hombgenized milk-by LP-treated method, a lot of
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the results were hardly plotted in the SYTO(+)PI(-)
region representing presence of live cells. [0123]
Mor eover, the nunber of plotted points in the
Ours\RE( Q5 #3968 on changed dependi ng on the
i nocul ation concentration of Escherichia coli (live
cells) . The nunbers of plotted points in this region

let@Je@%dﬂgo ere t r]‘p‘:"erﬁwsreac}dfete |tglnélr}$evﬂlénaf-roabilnejured

I'S consi

ceﬂiﬁﬂwaraﬂpnfsamt uﬁlnhﬁ(ﬂﬁﬂaﬂ r?HI{F) hexmigeni zadian | k
ected to.the LP treat - EMA _ treat nent
oo LBk RAEGATRNTY) HEE 5 5 CTo &okhellive cells),
- andcerdit irens:16f, tnes dee;%tctﬂo@lla_%ltwmsea% Rﬁ%ﬂ % qf 1 x
,detection of live Escherichia. coil in

10°hehBgBA zed nilk by LPE-treated method. Nunber of -

[Ollggculated bacteria FCM count (actually neasured
u/mM) value) 05 6.0 x 101 3 6.0 x 102 72 6.0 X
1OBoﬂzEVer52asOarleReﬂyO%e@ﬁS(f&oE’CEhE &&Mtkﬂ%ﬁ?cﬁlsﬁ test,
t he af orenenti oned

in EPBaStaHC B1GPEDR, PPedtioli? IS8 Caeh FBRERH frensed UAT

hom&aBBiFBANRA 18X66Rt ihBali1thed WekUMEehtNersamplg usede
for the aforenentioned LP treatnent and EMA treatnen

SYTREsinkgngedyf vam SuRPTESsed b 1(ohent® abiwnsot 8f and
' i h , .
thelke@aftsp%g&g'H§§81§0?2§5EgﬁtﬁﬁQEP%oﬁFgéggﬁi{E??“’Tﬁsglon

nmeasur enent was per
represehtsngof ptseneasureitnt oélibhe nunber of plotted

[Olggﬁnts in the SYTO(+)PlI(-) region are shown in Table

. Moreover, the number of plotted points in the
SYTO9(+)«PI(-) region chahged depending on the inoculation
concentration of Escherichia coli (live cells). The numbers
of plotted points in this region for each inoculation
concentration are shown in Table 4. It is considered that
the detection limit of Escherichia coli (live cells) in UHT
homogenized milk subjected to the LP treatment and the EMA
treatment (LPE treatment) is 6.0 x 10?2 cfu/ml under the
conditions of this test. '
[0124]
Table 4
- Results of detection of live Escherichia coli in UHT

homogenized milk by LPE-treated method.

| Number of inoculated bacteria | FCM count (actually measured
(cfu/ml) value)
0 _ 5
6.0 x 10* 3
6.0 x 10° . 72
6.0 x 10° | 157
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It is considered that the detection Iimt of
Escherichia coli (live cells) in UHT honogeni zed m | k
is 6.0 x 101 cfu/m under the conditions of this

Ount &&tf : ORs COHGMParPET with the detection linmit obtained
by using the LP treatnment nentioned in Contro
Exanple 2, 1.1 x 109 cfu/m, the detection Iinit for

ESCheri chi 2 (ITVe cel gy~ was T Tprov lU
concentr§1|6ﬁqg% | ow as abolt 1/(1.8 x 10%% [0126]

Tabl e 5 Resul tp®of detectiop of live Eschegjghia coli

IIT nm Pl
H—UHF——-hoemegentized—mtHk—byLPE-treated-n

[012@&dction scale) Number of inocul ated bacteria FCM
cou u cful val 1 .6 X
o Pyt RELTALhY SRATURERe  OELY B pREMRERT dg°silag
treStﬁeNt195ré5§éifokﬁéa7hnThﬁenﬂﬁﬁ@rﬁaﬁﬁe@l@kb@gtpﬁhﬁtsthe

SYTOQ%Fl 1 (-) .53 Qur Ref:OP-C5306-PCT region
VOlE@En?gdt?ﬁ HgﬁyP8€8039§ ERedRfRTraRenEienshoR i n

tregﬁﬁéﬁt6anécﬁﬂﬁdtQQaEﬁeﬁBewﬁgsehéﬁ e&hfrg t§cﬁi090|iﬁ1ﬁl
for Staphylococcus epidermdis ?lve ce s) in the
(COQFﬁnth®hD@@ﬁ|QédlhPaRemaqut@lmaa@9Kc$udnEMAThereaUBes

h [ L th th f
canlf] 418 oPLObeLy L oGl ohe LA ompeted WAD Lhgt, for,

Thetsaﬂ@hty @f tﬁéaﬁ@at@ﬁ@m@ws &®pi e NchhiSe £ 0o AAS D6 Br &)
formed in the mddle of the LP

POl*%‘%%a%%me 'SHE 1 1 TR ol e oo protakele 5.

r t C epid
TR U el e SR B ey

coliellive egplobs i M diT dstmegentimeginoitledi 906 nd sx i 10t he
cfu/gnYT(%{ Qfléhe) c!oer% 1(9nbssec§f/etq1 f ortesrg ' e%tse%ompared with

OCOCCUS
the detectlon limit obtained by using the LP treatment

mentioned in Control Example 2, 1.1 x 10 cfu/ml, the
detection limit for Escherichia coli (live cells) was
improved to a concentration as low as about 1/(1.8 x 10%).
[0126]

Table 5

Results of detection of live Escherichia coli in UHT

homogenized milk by LPE-treated method (10ml reaction scale)

Number of inoculated bacteria | FCM count (actually measured

] {(cfu/ml) value)
0 1
6.0 x 10* 14
6.0 x 10° ' 113
6.0 x 10° : - 506
6.0 x 10 4360
6.0 x 10° 45541

{0127]
The numbers of plotted points in the SYTOS({+)*PI(-)

53




epidermdis (live cells), which corresponded to nost

of the cells. [0128] Table 6 Results of detection of
live Sta E%b coccus epidermdis in UHT honobgeni zed

, Ourn$?gz%§"€ -gfgg?ed met hod Nunber of inocul at ed

bacteria FCM count (actually neasured (cfu/m) value)

0 28 1.9 x 102 24 1. 9 X103 17 1.9 x 109 95 1.9 x

regﬂ@é éé@ntéd9f6r1@@a§§ﬂioéo@cﬁslgﬁi§%§§idﬁglggb shown in
[ Exanpl e 3) Detection of Escherichia coli and

TabBt aphy lFessorlis:g dpt ddrarizisiltive det |deaet 1o ukanit for
~..cells (LP-treated) .suspended in,LTLT.non;ho eni zed

StariSet eare B S) G B5 our rb L BoCbasBRY per

homemanobzd den{ BMAYaby1 usi 9101 awcstionettere dalses for the
. Preparation of_sanples To 1 m each of 1.5 x 107 = .

highgy/dgteseher i tHPAt coPPPasedpdhtiohBat| foE Eerferafgia

i nj r r j at in
cor T4 SAELAEIeRERgrEfk Lol SERBTRORRLB) L2

Stamhykoasewus nefCbdernl dEx anpl @d2omascadded 1opidi Layer
each. s ensi 10 tines,.and the di]Juted,s ensi pn
forid e i LTS 2h e 1 He SEFRCRERhor S8 bl apis pRod
decteldse nom-tHhwpgent 2@dodihks | FOcul Bt ededt &8 $tSpKy1820ccus
Jto 1,5 x 106 cfu/m Escherichia coli (live cells and
eplcilffﬁﬂmc&ﬁ c@ili‘é{') Cefbll%b]lrFuiPlﬂ%e?ﬁfTQ%_(ﬁ)_' Iéabhr%ﬂ_ﬁlql? gag the
1ive(1%vlgﬁ§églrglgsio§1 gﬂ@yé&fﬁ@ﬁgy@ €PI AL M, 1L 5+ SYSPENSLONBn the
SYTOS (+) *PI{-} region observed for untreated Staphylococcus
epidermidis (live cells), which corresponded to most of the

cells.
f0128]
Resulféméf detection of live Staphylococcus epidermidis in

UHT homogenized milk by LPE-~treated method

Number of inoculated bacteria | FCM count (actually.measured
(cfu/ml) value)

0 28

1.9 x 107 24

1.9 x 10° 17

1.9 x 10° 95

1.9 x 10° | 149

1.9 x 10° 584

1.9 % 107 5263
[0129]

{Example 3]
Detection of Escherichia coli and Staphylococcus
epidermidis live cells and injured cells (LP-treated)

suspended in LTLT non-homogenized milk treated with ethidium
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injured cells) prepared in the sane manner as that in
Control Exanple 1, 9 ml of the LTLT non-honogeni zed
mlk wused in Control Exanple 2 was added to dilute
Oue dtaf : QpeHE$ofCHO times, and the dil uted suspension
was serially diluted in the same manner to prepare
LTLT non honogenized mlk inoculated with 1.8 x 102

kiR B S P S e v o> (e

ndh%ﬂman@nuzm&ﬁndﬂpkuﬁ i nocul at ed mnth t he bacteria
ach _of the LTLT

d
| ﬁ%ﬁﬁ?ﬁﬁ@%%emﬁ K- ﬂ-’né‘ct}l%atEguﬁnﬁ-hESE§€ﬁéFi”éﬁl §O4| |
suspleinea ot | ©)1,vd Heh nonmhpnegeniZeddiild ﬁfé(f)“alile%t 84 the

wi th Staphyl ococcus epidermdis (live cellsy,
S aneT MRIRGH- Bendderi Zlé'd qﬂﬂtquiotExam;dm atre® wilt h)ft I'téle LTLT

norRAGLBLER U883 SELE0 o0 e RATE e 4 S8 Bl o

dilEMA treat meRipeds ildm0d® timesamplde the HiQMmteA9QuRpedision
saline was added to the sanple, and the

' hysi.ol |
wasﬁ?%?hgég&a§§§ﬁﬁﬁﬁkﬂ€dtp@ SPE¥r MGER&Ted Oc BFEPPEGATLEn non-
homdhef€zaAdmi4 K040 otud afk el %Qggwug%t%sloAf£8r1t§e % UPREr

aqueous | ayer was renoved
cfu/ml Escherichia coll (li@ar cReflsOP=183 3067 PCId ofells) .

[01 B¥S|olog|cal saline was added to the pellet of the
?omer | ayer, then 0.9 pl of an SYTOO/PI fluorescence

st afuitiger y eagebt mhasaadded 108thelof xiffgal and the

r tion was allowed at roomtenperature for
Staﬂgﬁz%@cﬁﬁae?PPFféﬁ{“ldéﬁl 8raPRYSE B Pr épare @aéihsSamﬁ e.

inj(Pdd2te1(2) E%ébaﬂ@ﬁhQQ EGM oBASULSARBL WasiRstf ofmed

for each of the sanples prepared above (neasurenent
Congrede: Examphat és) 2i wlt @€ sheelThBnnen-hsmopanizad milk

use Iﬁré%n@¥§fpﬁ§a&plé0§3§is égéegeéé §%d éseach

suspension 10 times, and the diluted suspenéion was serially
~diluted in the same manner to prepare LTLT non-homogenized
milk inoculated with 1.8 x 10 to 1.8 x 10’ cfu/ml
Staphylococcus epidermidis (live cells and injured cells).
Separately, LTLT non-homogenized milk not inoculated with
the bacteria was also prepared.

[0131]

' Each of the LTLT non-homogenized milk inoculated with
Escherichia coli (live cells), LTLT non-homogenized milk
inoculated with Staphylococcus epidermidis (live cells), and
LTLT non-homogenized milk not inoculated with the bacteria
was subjected to the same lipase treatment and proteinase K
| treatment (LP treatment) as well as EMA treatment as those
in Example 2. Then, 990 pl'of physiological saline was
added to the sample, and the mixture was subjected to
fefrigerated centrifugation at 4°C and 14,000 x g for 10

minutes. After the upper aqueocus layer was removed, 300 pl
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The results of this test are shown in Figs. 6 and 7.
As shown in Control Exanple 3 nentioned above,
according to the results shown in Fig. 3, when live
OurgBehePPchbal6oPCTand St aphyl ococcus epidernmidis were
detected in the LP-treated LTLT non-honogeni zed m |k,
a lot of plotted points for contam nants of somatic

o el SR A E5i 07 "RodtorBylon (hepPBldRtsof the lover

laypresenes of 9Egeheri ghi ayeobi/ p(l ifr@oeelskshc@ndtaining
Staghylococcus epidermdis (live cells), as a result,
reagpRt déd ecefeRdl Fai EhefBixEdERer PEHI AheoPaghd oD, Fag

allé@édcéﬂlP%oma@gm%gﬁagﬁk CEBQ”lS'hghht%g6 Pufn#lghboth

St aphyl ococcus eprdermdis was 1
shielidmg cho apeeptrdi ghchevahplf0134] However, as

[Olgéﬁarly seen fromthe results of this test, in the
@/ Pl plot for the LP-treated and EMA-treated

) (b8 trhegh@d) LTLT non- honogeni zed mi | k not inocul at ed
Mﬁth the bacteria, the SYTO9 intensity was suppressed
t o FEM @R s 5736 10 famted heo¥ esafh sofwetlee npamples

P
oreBLALL b3 0 e STARUN TSR PAeE2PT PRt RS
mannﬁr;ﬁsnuhﬂt;nnrﬂ@ntrnlrﬁxaﬁﬁﬂéhl.Ref OP- C5306- PCT

[01§§qt9(+)Pl( ) regi on changed dependi ng on the
ocul ation concentration of Escherichia coli (live

) q%égﬂnegﬂmt§unbers of plotted points in this region
for each inoculation concentration are shown in Table

7. The restdisi adr ddishdtestt meadahesin oim |Figs. of and 7.
| T4 ho
> ERFPCETA S SHn e Wt ik T L "RRRL Ao

the tlreesatlr‘(mnsf(dm?EJIIr datgvert,) wiserl. b ve 18ckdtd ahianceri and
conditions,of this test._ Furthe LTLT

St g FEPIIELS NS S Th 8 e (e e

LTLY lnrtbjnumeﬁhdg%dﬁ)eoa&nﬂk densidty of ph.dx ted QR igftld tomas
subjected to the LPE treatnent, and the nunber of

Contﬁrﬂéﬂa@& Sp&itntsemat itch € 18wTeack yimiuned «yilds SRR aiaRpnt
in thie sRire98n9e paf ()i Yo 38kl S whose region represents
presence of Escherichia coli (live cells) and Staphylococcus
epidermidis (live cells), as a result, the detection limit
for Escherichia coli was 1.5 x 10° c¢fu/ml, and the detection
limit for Staphylococcus.epidermidis was 1.8 x 10° cfu/ml,

both of which are at high level.
[0134]

However, as clearly seen from the results of this test,
in the SYTO9/PI plot for the LP-treated and EMA-treated
'(LPE—treated) LTLT non-homogenized milk not inoculated with
the bacteria, the SYT09Y intensity was suppressed to a level
below 5 x 10%, and the results were not plotted in the
SYTO9(+) *PI(-) region representing presence of live cells.
[0135] |

Moreover, the number of plotted points in the
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was exam ned. As a result, plotted points hardly
existed in the region. Therefore, the LPE treatnent
enabl ed clear distinction of live cells and injured

Ourc&elfs OdF-Bsder®iCdhia coli. [01367 Table 7 Results of
detection of |live Escherichia coli in LPE-treated
LTLT non-honogeni zed m | k Nunber of inocul ated

teria FCM count t ual .l red. ful. .
svr3idy Py 7 To e 6359 SelR A hen 1 iy ar ion
contehtxat@on34F Fkdhetil®6 220925 i [(0.i337]celh)r.esuhésSnofbers

measur enent, of the nunbers of plotted. points in the
of BIPEBES) PPENTS: g ﬁlﬁoffegtlgahﬁ%c&@e@sm@ﬁu&értﬁq% s

con@@ﬁta%a@%n' Iarzaelh%w% 1Aceanhdieng | toIEhﬁsrséﬂgiéeréa ST
06-PCT the detection I'inmit for

theSﬂaphyt&oncdumléppdeEWﬁ@Egl@WuweCodelIéﬂVEnCBﬁéSwHIn LTLT
h d . ml. 1.8 ot
nonCARPRB 6Nt (En ARCLEST 5P FHE REghr=HUERE PR the

EMAl tRektmeanpared Wrehtihbat)f ok Es&haruohi@fﬁbml @hifer the
simlar to those nentioned in Exanple 2. [0138], ,
conghpiang Réstibis sfsfet tirdrens FhE mpaphyroteetted milk

ino@B%%EéH‘Qh%h'%schBE EgétﬁglkTEgW$99éBO Q@B'ZEQ ok

i nocul ate bacteri a count actua 'y
denakagupEdl. fckul if )cfainie)wa® quljeciked 2o 2the LPE
treatment, and the number of plotted points in the
SYTOS (+) *PI(-) region suggesting the presence of live cells
. was examined. As a result, plotted points hardly existed in
the region. Therefore, the LPE treatment enabled clear
distinction of live cells and injured cells of Escherichia
colli.
[0136]
Table 7

Results of detection of live Escherichia coli in LPE-treated

" LTLT non-homogenized milk

Number of inoculated bacteria | FCM count {actually measured

(cfu/ml) ' value)
0 1
1.5 x 102 20
1.5 x 10° : 20
1.5 x 10° 31
1.5 x 10° 349
1.5 x 10° 2095

{0137]

The results of measurement of the numbers of plotted

points in the SYT0OS2(+)+*PI(-) region for Staphylococcus

epidermidis are shown in Table 8. According to the results,

57




1.8 x 103 2 1.8 x 10" 1 1.8 x 105 13 1.8 x 106 85
1.8 x 107 530 [0139] [ Exanple 4] Exam nation of
ef fect of various topoi sonerase poi sons and DNA

OurgWeds & Bydisstifs BS%ani nati on was performed about
detection by flow cytoneter of Escherichia coli (live
cells) and Staphylococcus epidermdis (live cells)

thebLﬂl%FE%%qﬁ%dt Ci%m%rc's@alpgzgﬂoscd%d%b usi sormo L_LLndS

ongi ng Y GpOrSOITer ase poi Sons nsacr
,celdbllpm|¢mmeUHdam©m@@badm@ﬁ,naﬂd;amﬁcnp@umdlmélcﬁngg It

se _poi sons C|profloxaC|n) of which
15 CORRIREF A WA I COUCRE OF Conaimi e 1imit
com@%@@d‘%1%&3@%%%5f%ra@@c%eﬂJEH%H cdib) @%e%ﬁﬁéWd¥1ﬂg those
anpl es 58 Qur Ref: OP-C5306-PCT To 1 ml of 7.5 X
men@ﬂ@ﬂﬁﬁ Esc heeimphieaZeol i suspension (live cells)

[Olééipared in the sane manner as that in Contro
mple 1, 9 m of the UHT honogeni zed milk was added

Tabﬂe dilute the suspension 10 tines and thereby prepare
honD%cnlzed mlk inoculated with 7.5 x 106 cfu/ m

ResBltfopiy CEEbLPD( PEve1TE SERPAYEOLREFURy PPHGe Mgl in
LPEﬂkr@Bt%dOL@LéoﬁoﬁﬂHéﬂbg§ @EE&'%&QQCUS epi dermi di s

sushensi-on—{+ive-cel pr-e aredin the same manner
NumhgrthétlnnCG@ﬁtEdlexaﬁpna 1FCM ppunt {aetwrlly measured
eni zed m |k was added t0 gil te the suspension 10
' (CfF?HE and thereby prepare U ﬁ%ﬁnqenized m |k -
|noculated with 2.0 x 107 cfu/m Staphyl ogoccus
eptaerfidi-s—{tiye cells). Sepat-atety—UH—herogent-zed
m |k notl |8néchrI0at ed with the
1.8 x 10° 2
1.8 x 10° 1
1.8 x 10° 13
1.8 x 10° 85
1.8 x 107 530
[0139]

[Example 471

Examination of effect of various topoisomerase poisons
-‘and DNA gyrase poiéons

Examination was performed about detection by flow
cytometer of Escherichia coli (live cells) and
Staphylococcus epidermidis (live cells) suspended in
commercial cow’s milk by using compounds belonging to other
tOpoisomerase_pcisons (amsacrine, ellipticine, camptothecin)
‘and a compound belonging to DNA gyrase poilsons
(ciprofloxacin), of which activity is similar to that of .
ethidium monoazide used in Examples 1 and 2.
[0140]

(1) Preparation of samples
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bacteria was al so prepared. [0142] Each of the UHT
honogeni zed m | k i noculated with Escherichia col
(live cells), UHT honobgenized mlk inoculated with
OurSRrafhpPec6a86aspepi dermidis (live cells), and UHT
honogeni zed m |k not inoculated with the bacteria in a
volume of 1 m was put into a 2-m volune m cr ot ube,

and subjected_t ment a rot | nase K

t r ea® merfl ?£ﬁ7t$e§tiént§ ﬁ%s °45 that
susb@ng@ehrghlgéaﬂEhﬁs) rgﬁgrﬁh eh @h&sggh@gm@ahe$absnehat

was added to the saon and the sanpl e was subjected

in €ontepli Germpéd tenfrifught s UHE hemagagnizedopiikgwas
addegrt%odglﬂgée§?ﬁTQSséaﬁsg haxgrtgﬁestQﬁduEPSEeE§y?§eﬁgre

was renove d the aqueous ayer
UHTNhdslbgehayesd mskahsowemeddwﬂheﬁ 51xmi0bfcfu/ml
gh ysi ol ogi cal, saline was added to the cells of the
Escigférhifagel:(pteEPpFPLLES) to prepare each LP-treated
[Olgygpen3|on [0143] Each LP-treated suspension was
jected to a treatnent with each of a) ansacri ne,
b) Bhtileicite,l o)l 60 O Retd ORITHI06- figphylococcus

th d of | d
e+ SETRAALEFhEpBRLaL LFLDETES187 B aRrethons  ogacsthe
manhde asusn@ﬁsiﬁncbmtpobpnkempaehlsaapmb b6r tFEMJHT .

{ fi d : h ' .
honggeny - RGEt et oROUE] R4 T 1Ly ANaRFPRESFFBH At imes

andT@hgﬁggyLﬁiéﬁﬁﬁée@H@”ﬁ@ﬁB@éQﬂzeéQmPlkoin@cﬁpb@édoﬂlth 2.0
dISSO vi ng ansacrine (Sigm, catalog nunber: A9809) in

x 10 mefuipl sinmlorecc(cmmemd%m@b%nﬂrﬂaﬁ oie ks -
Sep%%é@l%%t Uﬂfdgﬁ ggﬁf égemfl LYLE fﬁécuf& eétw§%§ %Hé

eril |ze wat er was added t

bactexiareas cahakeptdearedtal volunme 2 m, and the
..Olé%xture was subjected to refrigerated centrifugation
[ 1'4C and 14,000 x g for 10 ninutes. After the

aquats A@)‘lﬁ{e Qfgt NPt 2y &fii MaSinoculated with
Escherichia coli (live cells), UHT homogenized milk
inoculated with Staphylococcus epidermidis (live cells), and
UHT homogenized milk not inoculated with the bacteria in a
volume of 1 ml was put into a 2-ml volume microtube, and
subjected to a lipase treatment and proteinase K treatment
- (LP treatment) in the same manner as that in Control Example
1. 880 pl of physiological saline was added to the sample,
‘and the sample was subjected to refrigerated centrifugation
at 4°C and 14,000 x g for 10 minutes. The lipid layer of
the upper layer was removed with a swab, and the aqueous
layer of the middle layer was alsc removed. Then, 1 ml of
physiological saline was added to the cells of the lower
layer (precipitates) fo prepare each LP-treated suspension.
f0143]
Each LP-treated suspension was subjected to a

~treatment with each of a) amsacrine, b) ellipticine, ¢)
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ved, 300 pl of physiological saline was added to
_ :ﬁgn pel | et o? t he Pomer | ayer, then 0.9 pl of the
O Yggg/g égg r Scence stai ning reagent was added to
"t he n1x#ﬁ? ) gﬁg Tthe reaction was al  oned at room
tenperature for 15 mnutes under light shielding to

prepare.a sanple. [0145] b) Ellipticine treatnent To
camacht &t L 23l ed épS@p@lsa)Pi‘oxécﬂk ?‘2& B QUL Oy 230)

dis oIV|ngeII|pt|C|ne (S gm, -
SYEGP /h mewmmm@xumr@ag@mmmd@éd ofb Ofhe
Qjélngﬁg{ ro WAS 99% nd the mxture was left at 37C
STor 30 m nutes SIS RS M@’F WW&O
Speadief i mmcezdmrermkaa:et% bl MpI 4 @%@rga d below.

M xture was subjected to refrlgerated centr
[Olnélthhc and 14, OOJO x g for 10 mnutes. After the
renmoved, 300 pl

@Lﬂiﬂ;%@j: I e upper |ayer was
2 h Eungﬁﬁgﬁggﬁneggl ine was added to the pel let of

the%Poﬁé?hl dfetreahed 6u8pphsabnt he0SYT09FPE solution
r eagent s added to the

Ao rS, SR derFon Rus an OuBhcar POBRS) in

m xt ur

dlmﬁéhpéraumfexﬂde IEMBDWUh€5a6goﬁﬁén5@5tgghcé§og ﬁg?ml was

| d t repare a sa

add%gzg%sfihgg% ngp%gﬁflﬁgﬁﬁsgégébght L@Tfﬁeﬁoedl 8 umpansesn

Thed gte_emzé@wstee N gsga&%ang %pngt O}rggg%g Sigm,
cat al og nunber: T hyte s e-¢

tota} ‘éo%‘étﬁ%e%tmhtlquotha rmg;émretvasas aglgiefle coad the

h
rer B M ellegle FIGE 80 MR po e e

steri

minyiptsd \hﬂt@WEtheﬁbquéﬁﬁsth%y@kXbEr%h@a%f%%@ 8%&%@ %
fC{ d centrifugation at 4C and
rem‘i‘f We@ S (Y Q.ﬂflj@dussalay@ vafs tamieu.prmr the

lleyest wae IRV ety 30 o.RP '0|f092' cal S WaS
i z;‘a%ed to the peIIet of t he Ioweﬁ ayer’, t?éﬁ%é

fluqﬁeqqﬁgq§¢@gﬁmlnqIQ%%EEHENEG &HwaaIM@fmﬁﬂaﬂ&ﬁﬁ¥%, and
the 3dded i@ %Qg @Iﬁ W a% room temperature for 15 minutes
under light shielding to prepare a sample.
[0145]
b) Ellipticine treatment

To each LP-treated suspen31on, 5 ul of a solution
dlssolv1ng ellipticine (Sigma, catalog number: E3380) in

dimethyl sulfoxide {DMSO) at a concentration of 0.1 mg/ml

E was added, and the mixture was left at 37°C for 30 minutes.

Then, sterilized water was added to the mixture to make the
total volume 2 ml, and the mixture was subjected to
refrigerafed centrifugation at 4°C and 14,000 x g for 10
minutes. After the aqueous layer of the upper layer was
removed, 300 pl of physiological saline was added to the
pellet of the lower layer, then 0.9 pl of the SYT09/PI
fluorescence staining reagent was added to the mixture, and

the reaction was allowed at room temperature for 15 minutes
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the reaction was allowed at roomtenperature for 15
m nutes under light shielding to prepare a sanple.
[0147] d) Ciprofloxacin treatnment To each LP-treated

Ours fede RET-613 06 HCDf a solution dissolving
ci profl oxacin (Fluka, catal og nunber: 17850) in

di net hyl sul foxide (DMSO) at a concentration of 0.5
and the mxture was left at 37C for

/ d
und%% g ﬁute%h%€$ﬁ§ﬁ1 CeFHGPAES WattEe™ added to the

{01giexture to make the total volune 2. n, and the
m xture was subjected to refrigerated centrlfugatlon

C) gpmpEcsRECin, BEGakMgNtor 10 m nutes. After the
aquPOUSALAYEE-PLeLIBUBREEChEYER Va3 Pfe%%vglﬁe§99%e

of physi ol ogl ca I ne
dlsshévhngecamgyethebhan(Blgmpl aﬁthh@gSMﬁ@&bEl C9911) in

. t dded t
b PR eESPRES SLELB A, SEOTL ol BUUGT Lo ths oy

addtenpghat uhe ﬁ@kt&%e”hﬁ@tQéftUBQeB7Pngbr5@beh§hﬁ%eE°
prepare a sanple. [0148] (2) Test nethod 61 Qur

Thepet sepr 308 PETtFOMWREasdrefehe #hASs péxtorsedof oake the
tor2oMinl ng AAMLAY cRECRALE] BDQUE CBGRUEEREDL L1 Me:

mnutes) in the sane  nanner as

reny@mpaeed cé0iddfugéBjonest #ésubhd Theooesul ysfek 10
50] For the sanples

t h Fig 0
nin 7 0 L R i g A0 ror e eyl o
rem&ﬁe&$¢?@0|&b'@f¢§$YSi&l& 1@§i|§alﬁﬂg $83t adQE4t PE the

contam nants (sonatic ce injured cells, inconplete
pe L kg rafd difte nl ¢ir o ukd e of h@%@l@a ighsef ntpe o8uted/ Phy

£ 40 AL oS40t {130y LT DO 58S, anc
the meerdtdppedrdd erllcﬁ@lmat 't @S | teympmér&heré_Pfcbr ems edidde s
undeoqp%ﬁﬂ:éﬁlégélnéu%o prepare a sample.
[0147]
d) Ciprofloxacin treatment

To each LP-treated suspension, 8 pl of a solution
dissolving ciprofloxacin (Fluka, catalog number: 17850) in
dimethyl sulfoxide (DMSO) at a concentration of 0.5 mg/ml
was added, and the mixture was left at 37°C for 30 minutes.
Then, steriliéed water was added to the mixture to make the
total volume 2 ml, and the mixture was subjected to
refrigerated centrifugation at 4°C and 14,000 x g for 10
minutes. After the aqueous layer of the upper layer was
removed, 300 ul of physiological saline was added to the
pellet of the lower layer, then 0.9 pl of the SYTO9/PI
flucresceénce staining réagent was added to the mixture, and
the reaction was allowed at room temperature for 15 minutes
under light shielding to prepare a sample. -
[0148] |
(2) Test method
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i nocul ated with bacteria due to contam nants may
significantly exceed 103 dependi hg on type,
manufacturer etc. of the cows mlk, and in such a

Oure fel - ARl PtV tRET areas of live cells and
contam nants significantly overlap each other), and
thus Escherichia coli (live cells) could not clearly

di st ' . ver, wh the treatment with a
<ol E{C@tg#e%g%%em%&ais’n&er )orét]qq rcier?& av% the samples
preparpidtaiecian @tead)ramaprtofdigeaci N was, e )f ared Afdgle
the LP treatnent, the _ plotted areas of the
mangerh &S ik a8l iCMERA d@a)leardd the contani nants
[o1wene clearly separated, and as a result, detection of
Escherichia coli (live cells) becane easy. Moreover,

(3)sifgisitarestiflést was al so observed for Staphyl ococcus
" epi i.di 01511 .1t hi ghl i ble that
o aEE i got dho iR AT drd mhevhener Fade Bl

amsacrine-an
[01Bafll s of Escherichia coli or Staphyl ococcus

epidermdis (live cells) at the concentrations used
in BanpPe 32WpLffnsuhderkadt fenthbendl treatienedalone,
the aRONME+ £40,PLQULES n.gutes,. r ctively) 2 _
P R eahE B ner g FRYy (ERRE SRLg S enar
of hweabranesmohasbeatsometlitscedbhschingneedndeldead cells

. f h_pasteurizati o and .ce wal | of injured

mcé’%ﬁg&u {*g‘?ga@%ﬁ%%e%adggp’f ofF omé?eﬁ% REABL" oPrpHECed

by efierereatéonedntpestsghayteyd peneheatgd nbhbQeted milk
0

soqg%%c cells and injured cells disorderly bind t
Vere i onsonal TONRRCRyO R RI editd apeEERARAY eBelrhtppid (the

syTa®! 1 9adh SN Pf o PNASe bﬂp@P@éé@&"aﬁﬁﬁ‘fehéJl %ﬁgnized milk not
. topoisonerase | in somatic cells, of ¥ pol sonerase
1noquiatepdisdndraceetia ofue tiopoisorenasentd Imdy i nj ur ed

et o edd r rasg; and _thereby chronmosonal DNAs
'Slgéiiﬁgaqé%ﬁnwle ,drzgul?Rﬁfé%chﬁ%r%%%%'o@a?ﬂgaCturer etc.
of tfHeuorescencel i Nntansity afcSET@usdn the prdheda s o

do not affect, chronosomal DNAs of live cells,

. th
Ly P 1L 1th & 9 (R o T Ty ot RIS Mot
otheg:?(;r QARE tHhd IvE et S Thes ef O &rvd Il:eelr?ﬂéjﬁt ted ¢

clearly distinguished. However, when the treatment with a
solution of a) amsacrine, b) ellipticine, ¢) camptothecin or
d) ciprofloxacin was pérformed after the LP treatment, the
plotted areas of the Escherichia coli {live cells) and the
contaminants were clearly separated, and as a result,
detection of Escherichia coli (live cells) became easy.
Moreove;, similar effect was also obéerved for
Staphylococcus epidermidis.
[0151]

It was highly possible that amsacrine and camptothecin
did not penetrate cell walls of Escherichia coli or
Staphylococcus epidermidis {live cells) at the
~concentrations used in Example 3 within the reaction times

mentioned above {10 minutes and 30 minutes, respectively),
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themwere clearly separated. [0152] It was highly
possible that ellipticine and ciprofloxacin also did

_ not penetrate cell walls of live cells at the

Ou%o‘i‘?‘c‘ﬁrﬂ@‘eﬁﬁ%@@‘%"%d in Exanple 3 within the reaction
time nmentioned above (30 m nutes), whereas they
penetrated cell nenbranes of somatic cells and cel

wheAIV@As Q,fhey: rﬂéH&q;aC&!d Sjelqgiﬁ}%%% o&]‘?@&ﬂ@i{l’?%&ﬁ&'

though’ it 1s considere pticine utilizes |
whigdt iverre ofade gwics amEnas®yl [tHen Sonst imga ceddsi zndi BNA and

yra in i.njured cells, or topoisonerase |V, it _does
ce otwalﬁﬁhiqgﬁ tl43é1ﬁeéjat‘ie S-of 86NA§ W%H%ée{éﬂni‘%@al&?@’?-
Twol kiploemetes i edwadmedit iBNAd Hdands i the s fnzHEsy

. to fragment chromosomal DNAs. I'n contrast, it is
intepidiedscad tis seliisghing gagsinsice adds dlignnsfamvadiind to
chrbRBRES HRIAIRY Qayah BMASILARd Y W oByse Tn
injured cells, dnd al'so imAi bits réﬁlgatlon 0
reldgeands by Ddpe bymepase sbheirassomat icr aeldl.sdnEtEHe I in
%%xanplﬁIS] 63 gur Ref : OP- C5306- PCT Di sti nction of
SomaidE CEISr ) GPRGLEEMPE2SRd Iead CPOAHCLFESE] Ton ©OF
topekeeheepker gtrirc iﬁa&hgﬁﬂéd%eqmsqrr%&omh BYAS: se0btzaigned
after EMA treatnment for four kinds of gram negative
thepgbyefchacpeseneti BNRa ¢orp DuBamekitelsi elelsalting in

decg%gggbéftﬁﬁea@ uo?@EEQHS%'?n@%ﬁ%ﬁ%la%faQQTo . On. the
gram posi tive bacterium (Staphylococcus ~“épi ern13|s?
ctheseland, t ebeyndbenbal s££¢0t54hrbhpsPmepabahiisonfofl ive

anpl e -1 eparati on of suspensigns of four kinds
ce1 38 LpE, thuYathe e bR ePraner| JOCEBFLEY P IraRScEPRS not
decpbgsdead TebbSkrelEsChemiahi @ 60) i+ id5s okl ebsiebia of
oxytoca JCM 1665 (henceforth also referred to as
themyepi elearly cepabdbieder koseri JCM 1658

[01§@ nceforth also referred to as "Citrobacter"), and

Sal nonel la enteritidis |1 D 604
It was highly possible that ellipticine and

ciprofloxacin also did not penetrate cell walls ofllive
cells at the concentrations used in Example 3 within the
reaction time mentioned abéve (30 minutes), whereas they
penetrated cell membranes of somatic cells and cell wall of
injured cells, alike the aforementioned case. Although it
is considered that ellipticine utilizes actions of
topoisomerase II in somatic cells and DNA gyrase in injured
cells, or topoisomerase IV,-it_does not inhibit religation
| of DNAs by these enzymes, but it promotes cleavage of DNA
strands by these enzymes to fragment chromosomal DNAs. In
contrast, it is considered to be highly possible that
ciprofloxacin inhibits religation of DNA strands by DNA

- gyrase in injured cells, and also inhibits religation of DNA
strands by topoisomerase II in somatic cells.

[0153]

[Example 5]
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(henceforth also referred to as "Sal nonella") were
cultured at37Cin BH broth, and 40 ml of each nedi um
in which the cells were at a |ater stage of

ourl egar-icPHISE (@P-@ath phase was subjected to
refrigerated centrifugation at 4C and 8,000 x g for
15 m nutes. The supernatant was renoved, then 40 n

Bhy5|olog|cal saline was added to the residue, th
aﬁélméglgplPﬁeélgﬁd0§éﬁﬁecﬂ€duﬁﬁdr@ﬁﬂﬂaeﬁaﬁeéead

celﬁ%nkr'%ﬂg%h!%ﬁe%&rb%%o%%%%cc It ORS o £ThE SRS RahaMNas

was renoved of phy S|olog|cal sal i ne was
obtadded &dtehe EMresirdasneotpieparfeua IMivelscelfl gram—negative

uspensi.on. The . l.ive eII cou s .of, these ve .cel
baciﬁ§&énéﬁﬁﬁ?eﬁéfglés€ﬁ i ORPR g{ebSlfl; fgé T&pgaper and
sailkbekgizel bact4r8ay 308 @Eﬁhﬁbos@tﬁ&@b@@bﬁérluﬁ,7 x 107

cfu/m, and Sal nonella: 1.9 x 108 cfu/m . Further, 1

(Stﬁph§ﬂ0€§€ﬁuﬁl@@lééﬁmlg&§¢eﬁ§ﬁ§naﬁa§eﬁﬁtmﬁﬁ?élélf 5 n
[Olgh?rotube and the m crotube was i mersed in boiling
for 50 seconds, and then rapidly cool ed by

(1)i Rmepsirenipn péesam@ﬁes to prepare an injured cel
Esch hi a .col

ensi o Fur t.her nor e
11§ B RaF A LBy Bho FBNDRES LoB8parat s hefdr 84 PFOM S
neg8tiot bhBetkkrVe ¢ehitesdspensi ®AjRYecB4cOUNs  and dead cells)
Ref : OP- C5306- PCT i mmersion in boiling water for 12
- m nfeBeshaniapral Lodlvng Kipbpéelaat exytpeandst! 1665
‘ (heﬁQQEbEEﬁdaigat5@9&Pr%aetbnhgre§18831e Qd deégt %bacter
suspensi ons not form col oni es on agar Ium
kosg0158TM 162¥ Phepaeﬁorbh elseuspéasredstgraa}p05|tlve

W II [
o1 QbR G L e S P PRl ok (e Eshs ridoeontbebacrm ot s
heﬁ&éﬁbfﬁhnélmasréﬂétﬂé@dt@ta§7CBEMMBkaDEOFhweﬁédcéQtﬁted
he nediumin which the cells were at th
at ?%g%r%@h%ﬁé Brehkh apRadl BRhscSuppebiBEdiET in which the

ce1lgfiibgerated eepbii {UgRIOR 8046 ARICBGO00:X OhEOE was

m nutes. The supernatant waS renoved,” th
Sub]ﬁCWst@lDgftatlxes@tqmecmsraﬁd@dti@nth‘e ée@,l@lu@ 8 aaa X

g t Szglgenc%(;{#ﬁgegvas ‘I%ue]c fslu%eerr}ltaltansct I\«frarsedreamnodvetcﬂeq:hen 40 ml
of physiclogical sazline was added to the residue, the
mixture was stirred and subjected to refrigerated
centrifugation of the same conditions. The supernatant was
removed, and 10 ml of physiologicai saline was added to the
residue to prepare a live cell suspension. The live cell
counts of these live cell suspensions were Escherichia coli:
3.2 x 10% cfu/ml, Klebsiella: 4.8 x 10° cfu/ml, Citrobacter:
6.7 x 107 cfu/ml, and Salmonella: 1.9 x 10° cfu/ml. Further,
~ 1 ml of each live cell suspension was put into a 1.5 ml
microtube, and the microtube was immersed in boiling water
for 50 seconds, and then rapidly cooled by iﬁmersion in ice
water to prepare an injured cell suspension. Furthermore,
as for Escherichia coli, a dead cell suspension was

- separately prepared from 1 ml of the liveicell suspension by
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to refrigerated centrifugati on of the sanme conditions.
The supernatant was renoved, and 10 ml - of

h 0 sgl.ine was added to the residue to
Oupr%%grépgbggé@"gé*l suspension. The live cell count
of this live cell suspension was 1.9 x 108 cfu/m.

Further, 1 m of the live cell suspensi on was put

imrent i én 1i% b HEF tdbe, and { q VRS ; oolin
imersed in b0|f$ng wat er for secongg? %P%% en 9
10 1GR d3E ol dd bgs crméiisingnl |tﬁna|tce>owat ehet Qggﬁﬁ[é@rd eﬁell
USRS Si Furt hernore, a dead c
ancgurasépa{eansl{%%l V\C%lsgpsepar atel ylcbrré tarfl[égm YOS 3 Tt rgar
mediwe cel | suspension by i mrersion in boiling water
Eﬁ§ 12 mnutes and rapid cooling in ice water. It was
OICodfirned that both the injured cell and dead cel

| |0 _
T T AR S e Rt
(1iyg; Icﬁhéswatl@rjﬂllrleqluﬁ@ltlénpadatdmael lcela?\ygn%e 1 m t 81; .
ne .\was into a mcro
phrg%%m’ ?'8%%8?2? uf lgﬁameﬁﬁa sPERPN¥SaFRACHFt RPadErRidis
KD atseéh) wekecudasrgadetop7tbe;ihi durapdognt hghgog? Q& of
Ref : OP- C5306- PCT. Sensor (T

- the\%%é%@ f%/lra %gmggegétgl{iﬁtwemeahotbe Thearithhéc growth
phafe Ccwas Ubﬁbﬂ\éétééﬂbﬁéaféff‘i&grg{?gg Ség#é{%?%g?f;?qﬂ{ldagﬁg s

boiling water, and the tenperature 0

and n%a%%@ e?ﬂ @Vé@rt 1%@“1@@115557] S'[Eg:Betrnt'Tidiﬁd warsl)removed,
t and vi si
theIFtrJr]% at i o% eps 18 voT‘ﬁ*rb"%fwa_Ls rﬁd%%{%ht%u‘élb%n@?%hdue,

and gfhe hengtm wmgaetum@mﬂtexy a5 # M8 Gald SundA éﬁlﬁ'_?ected
é ad cel and gram positive bacteri
to ]%f gttt ?‘?{}Rﬁlefg)gc?éw%ﬂ #hd threatpmse| das)didaions . The

tr. | man
o ;ﬁ?ﬁ’edé’fafpﬁ“dsé g R T & T R
was taéjqefge §6@1§:‘|e§ﬁ§iuq Fe fuspens end iofe tchﬂlgrsﬁfﬁpensj_on

The live cell count of this live cell suspension was 1.9 x
10°% cfu/ml. Further, 1 ml of the live cell suspension was
‘put into a 1.5 ml microtube, and the microtube was immersed
in b0111ng water for 50 seconds, and then rapidly cooled by
immersion in ice water to prepare an injured cell suspeﬁsion.
Furthermore, a dead‘cell suspension was separately prepared
from 1 ml of the liﬁe cell éuspension by immersion in
boiling water for 12 minutes and rapid cooling in ice water.
It was confirmed that both the injured cell and dead cell
'suspensions did not form colonies on L agar medium.
[0156] |

In order to prepare a plot of immersion time in
boiling water/liquid temperature in advance, 1 ml of
- Physiological saline was put into a 1.5'm1 microtube at room
temperature and completely sealed with a 1lid, a small hole

was made on the lid, and a thermocouple type temperature
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negative bacteria were |left at 4C for 30 m nutes under
i ght shielding, and those of the gram positive
bacterium were left at 4C for 5 minutes under |ight
Ours iedl :dirg;SAMR+BCT t hey were subjected to visible |Iight
irradiation. Separately, 10 pl of sterilized water

was added to 1 ml of each suspension of the
(live cells, . injured cells and

Sen%ran% q}i%g bact er i .
84d ) TSP A dsi @) VB hattlerditR (e ekl | $hen,
thel Ridred el ki santieat t6el11s) .cdnistaad of; e s M

.solution, and then subjected to the sane procedure
boijdag vRde I heng Ghendericered VA aff dditendritquid was

‘meaggy%auggggakg . [0158] 2-2) DNA extraction step Each
of the mcrofubées containing live cells, injured

[016€ll s and dead cells of the gram negative bacteria and

gr.a ositive bacterium (EMA-untreated and treated)
(2)m£§g§uﬁfgb98d to refrigerated centrifugation at 4C

2-1angdtA53008 Modobehdt0t Bk » aRRdh pgrpatant
was rennved.ng each nfcrgﬁﬁgz,aﬁ? XﬁggFighgéggﬁogica

irrggdiphéonastanded, the nmixture was sufficiently
ti , h t | f th 6 Qu
e ol 0 0 Ul VoL B e B8 S

negattvetbbetanilasybjieet edile, thafiukgarateds and dead cells)

centrifugation at 4C and 15,000 x_g for 10 minutes.
and (LS TReT At it PRRSSF CHB4LTE 6BEAPn AndBrPd pellie; and

deadQi@ﬂisf5w§§rsﬁbfe§féﬂ}98355iEﬁ%béf%%fﬁgﬂk PNAS 1 We L8 e

extracted by the foll ow ng nethod. each cel
manngar &% thes ip Exgmplend EDPA s aatitied, oranaf 2thel ENE

. [ . t] d bef dat 5
o i TR 10" TRT R ha0uS SBRUTT B ((hkb PupEen

negahien dactedistwees, ettt ahtogd °uibder 30 0d#in Q066 1)nnes
left at 50C for 30

. _.added, d the nixture wa T .
Lo it AR LN e ve Lt ol 0 Lo 3 cteriun
wereliertHGl: (Pt &) yasi ddded, u 281 Afnd 250 Y M ng, wotil

protei nase K (Sigma, catalog nunber: E.C 3.4.51.64?
theKM¥§§ﬁhﬁijQﬁﬂﬁqﬂtqﬁvisible light irradiation.

Separately, 10 pl of sterilized water was added td 1 ml of
each suspension of the gram-negative bacteria (live cells,
injured cells and dead cells) and gram-positive bacterium
(live cells, injured cells and dead cells), instead of the
EMA solution, and then subjected to the same procedure used
for the aforementioned EMA.treatment {EMA-untreated).

[0158]

2-2) DNA extraction step.

Each of the microtubes containing live cells, injured
'qells and dead_cells of the gram-negative bacteria and gram-
positive bacterium ({EMA-untreated and treated) was subjected
to refrigerated centrifugation at 4°C and 15,000 x g for 10
minutes, and the supernatant was removed. To each microtube,
1 ml of physiological saline was added, the mixture was

sufficiently stirred, and then the total volume of the
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an SDS sol ution prepared beforehand at 10% (wv) wth
sterilized water was added, and the reaction was
all oned overnight at 50C. [0160] Each treated

- Ours FeferA-gib 3 Hilk into two 2 ml volunme microtubes in
a half volunme each, 0.5 m of saturated phenol was
added to the suspension, and the m xture was gently

. stirred faor 15 minutes. Then, .0.5 m of chlorof or.m was -
mixHIE VS (TGRS thd end RS Rt Hehipiseted to
re fstiigered 0 cent rlifgz@S.onThe mioxt uhg Was osubject edtao

. refrigerated centrifugation at 4C and 6,000 x g for
minpgesi-nufae, stRernafaebuyapayerowpedt he oppein| ayeelhas
peltikansferred to a new 2 m volume mcrotube, 70 pl of

3 Msodium acetate (pH 5.2) and 1.21 ml of 99.5%cold
[01éPhanol were added to the mixture, and the mxture

tly stirred. The.m xt bjected t
r et P geP&t BRecHACRT PAAFFOn APCHC! WA 167080752y f or

extiacrrbaubgsthbh@ogm@a&ﬁ%t ABEhWAS IEIOVEsh adth themdde g5
resi due was washed with 0.4 nl of 70% col d et hano
ml pfha mif BPEReRBFoRddepr oeedur8 14 afsanrefbipmdpeptadase

7 : - "phenol / ¢h f
o P E Oy o 8 Tt cor T buPr g (10 HREToPshcecy
aquedMiEDTARNE) omasWakldedute ChempekleInduanditbe catxlage

| ight at 4C.to dissol ve, DNAs. [0161] .5 pl
num$82, FLAGEEEEE! JHes “taGrooeiinkte ‘Rt shgaoples Bt
50°Sofuti B0 piepessd befarehandrat plQdmddd g by pf 10 mM

 Sterilized water was added to the aforenentioned DI
Trigoitati 6P &n@) twes niddedfe WRsil nefibbied BimB7reeinase K

{Si éj,r 'CaQafég rﬁlnﬁr%efheﬁo(&/ C@' «Pr?{ 0§4‘@ (v}ég)a%@ d,adl]i(g(sj ]L-_O of
he m xture® the m xture was gent ystlrre or
an $pfutebyt o5 mpafed i Doodloaml vaais T0% t hvervaddech t o

the, m xture, and th i, Xt ur was gent]y stirred for_ 5
sted B AL WSy A0 R T ol e Tt da P e Sy st
overrenilit faigagd om. at 4C and 6,000 x g for 10 minutes,

[01%@? aqueous | ayer of the upper |ayer was

Bach treated suspension was put into two 2 ml volume
microtubes in a half volume each, 0.5 ml of saturated phenol
was added to the suspension, and the mixture was gently
stirred for 15 minutes. Then, 0.5 ml of chloroform was
added to the mixture, and the mixture was gently stirred for
5 minutes. The mixture was'subjected to refrigerated
centrifugation at 4°C and 6,000 x g for 10 minutes, the
aqueous layer of the upper layer was transferred to a new 2
ml volume microtube, 70 nl of 3 M sodium acetate (pH 5.2)
and 1.21 ml of 99.5% cold ethanol were added to the mixture,
‘and the mixture was gently stirred. The mixture was
subjected to refrigerated centrifugation at 4°C and 15,000 x
g for 10 minutes, the supernatant was removed, and then the
residue was washed with 0.4 ml of 70% cold ethanol (the

aforementioned procedure is also referred to as the
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transferred to a new 2 m vol une m crotube, 50 pl of 3
M sodi um acetate aqueous solution and 1 m of 99.5%

added to the m xture, and the
.Our?r%ﬁdfdrog—md%%fy stirred. The mixture was subj ected

to refrigerated centrifugation at 4C and 15,000 x ¢

for 10 mnutes, the supernatant was renoved, then the
“pHeRRI 10ue A% sashedwddt i Sh4 M gofs 70%Golg; ?JH%QJ (10 mM
~and the pellet was dried (the aforenentione

Trisy§éddurle Mk ENTdg 2Mafleriast adsleab thetdRNasklet |, a:jnql tdhe
rne

. Lreat t 2 f . TE _huff was, . added t e
ml}%é‘]l%l%e?’% %ar%ft%hg)v%]rﬁ%@rhg \Ka/z%s 4IogttOO\fje]rsnc‘f e g?ﬁ}ﬂ% to
[0ldildsol ve DNAs. Concentration of the purified DNA
sol uti on _was peasured _based on absorbance at 260 nm
( ,“%D?é

02P56N§e SPLBNAY nFakad ofomsidperad FaS = 1,

3.1¢efl. sk €8l ibnCPrepaRtdg E’%@C’E}é(rﬁ%ffélto% &%'ﬂ%ﬁﬁ6%}% As

was estimated on the basis of
stepgliend yramrnegat pddedatetha, abkanes taxineactath by

I ' .hod. To_the_aforementioned cell
soltFphy, R EHerRese Gt FoZHBe T RS, O g cudedionr
0.230mpl obf ph2ho1/6816ubtBeh QR/CH306sPEGRIIMt PrAtLifidssire |

K (Sl gma, catal og nunber: E.C. 3.4.21.64) was added,
theaﬁéxﬁgﬁe p2df IGRTShSSEer e ofopr dfardaulerer €h2Rdnlapt
chl1dBYF6Wh V)a Wi ER-sheri hihaed E@tﬁﬁerﬁggggggg'aﬂﬂdthgembﬁkure

reacti on was all owed overnight a ereafter,
was egenity | Bhinasd péef ob netinihes he Bamreniminumes wss t dalbj ofted

£ Banr I T o] 0Ty CUs ISP ek o o FBHaR: PBhG sFerof0

ninex¢sactled DiNfeduon Spakest GTike agaposel TN, wgat al og
: .50070) TAE buffer (4.84 g/L of Tris,

erafSii5lda 0 2 ned (s arhoraling Mot or e SOTNGE, 3 M

d QB % AYHAS & P8l o NBSs P PR thn @ 1 6 EE0J3 4L di gpst
>° (Takar a Shuzocgﬁécoodezssml) andlr1 100 Igp DNA" " Ladder
ethanolk gt ssmadsd Golethea4ommyuer eang ethasmivat keeswasor

gent®BF bl e ORAR ROGALLYE BACLELNR A1 Y ATASS Lve g
centrifugation at 4°C and 15,000 x g for 10 minutes, the

supernatant was removed, then the residue was washed with
0.4 ml of 70% cold ethanol, and the pellet was dried (the
aforementioned procedure is also referred to as the “RNase

treatment”). 125 pl of TE buffer was added to the dried

pellet, and the mixture was left overnight at 4°C to

dissolve DNAs. Concentration of the purified DNA solution
was measured based on absorbance at 260 nm (UV), ODsgg (50 Hg
of DNA/ml was considered OD = 1, cell length: 1 cm), and
purity of the purified DNA was estimated on the basis of -
ODa269/0D2g0.

[0162]
As for the gram-negative bacteria, DNA was extracted

by the following method. To the aforementioned cell pellet,
0.5 ml of 10 mM Tris-HCl (pH 8.0) was added, 10 pl of 1250
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bacterium the EMA-untreated live cell suspension,
EMA- treated live cell suspension, EMA-untreated
ured cel | sus ensi on and EMA-treated injured cel
Ou§ué EnSFoh>WePePCapplied into wells in this order in
an anDunt of about 1 pg, and subjected to
el ectrophoresis at 100 V. Wen bronphenol bl ue (BPB)

h th I phgoresjs
oL BB AB0U KO 0! el g Bl Pk 2L e

0@ ]jetnfn ahh s$D$ heo VA UAt peabgdede88forehand
Wa St aghigdl ocond uso @ pi $ o BVAL ? %us%enSI OCI’)1r an

t ted dead ce
atgﬁﬁt F#f gng%%Je%?%ﬂffﬁk%éﬁ??%?reW%%t?@ﬁﬁ@re%ﬁ@ the

reddlitdt] Wde gelowsd WS ide: %@Cﬁég@horﬁ%raémvn\%reorm é)g}\

erforned was inmmrersed in 1 }ag/nm eth
ex SR URDHEFBREDROL N i hre t e oz s h extls tiv%acte M tihe

g degree of chr onpsonal
DNdc\:AééJ;vr;%e%rg ob e?fv%f]detlr)}%/ TR OF1¥a ?q%ﬁﬁlﬂ‘&t or
[01E254 nn) [0165] (3) Test results The relationship

o 32 ween the i rsion time in boiling 69 CQur

IBPLES3G6 P ‘W&ﬁ§9p3%ﬁfsﬁﬁ%‘4ﬁ(ﬁﬁﬁ¥QQ§ﬁﬁéﬁﬁﬂure i's
showmomnSEthmgGTbta@@%os@oQ%Mﬁwe@akgﬁ%ga%uh%% L %@§70

heat treatnment by immersion in wat er
ands@@§n§§f€§ﬁré§p§ﬁd@d1t@faTrpastéuﬂmzamﬂoh,Kﬁeaﬁﬁﬁﬁb acid,
erature short

0. 1§b'8Di'$fSEb%ﬁ9§&a%haB ggesggggg i §3s pf@p@6e¢5cand

time pasteurizatl
A— E¢5Tﬁ®IlGl§éG®ﬂd$bk$B§fSBQ%@, cbd@683@@@flaﬂédlobh8g DNA

d heat treatnent was equival ent
Lad%eat?E?%ggggﬁbggg'tﬁ@d§ané48369eﬁeé§ thge 6f markers.

Forsé&th|bZath@”gréﬁ£n§§9@i$§SbQQtQ?QQtHﬁatgggm—p051t1ve
foodstuffs; i.e., low tenperature |ong
bacﬁ%ﬁ%%ﬁrlE%?l%MA(EWEWeﬁb sdeliveatedh) suapdnulibnahigh-

' st ur,i zatio .
Credapel ohy S PRt ELELASILRT SATRRRAPEY' SEHLET, e

suskRistiohesnd nEI‘(IH-)tJF%EEpaﬂ athpmred seanpl @ﬁsﬁééﬁgﬁ%ﬁ "

| app]lalgé)a/e AE »Pel Shem cah]g/ oaj_[]dderenlzr%mgxll oa%lngunt of about 1 png,
and subjected to electrophore31s at 100 V. When bromphenol
blue (BPB) migrated about 90% in the gel, the
electrophoresis was terminated. Separately, for Escherichia
coli and Staphylococcus,epidermidis, the EMA-untreated dead
cell suspension and EMA-treated dead cell suspension were

- also subjected to similar electrophoresis.

[0164]

Thé gel on which the electrophoresis was performed was
 immersed in 1 pg/ml ethidium bromide aqueous solution for 20
minutes and washed twice with Mil1li-0 water, and then degree
of chromosomal DNA cleavage was observed by using a UV
trahsilluminator (254 nm).

- [0165]
(3) Test results

The relationship between the immersion time in boiling
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dead cells in foodstuffs killed for the purpose of
suppressi ng denaturation of ingredients of the
foodstuffs, and physical injuries are also

Oure g eriS3ForPG@The dead cells prepared by the nethod
described in (1) Preparation of sanples nentioned
above, since the liquid tenperature was nmaintained at

ok (L L T L

corfititees theftora tlft%lslteﬂilﬁi atde ﬁm@ﬁ%thqﬁ BEEOFSHANY in
to the relationship shown in Fig nost of the

boidrinmeatar tier SdedPcds qﬁé?@smtciqci/aﬁ%oa and
paét@dir & clhroctqéatw%lﬂts s%r tleﬁ,l Ssctrgagig?é%%e Cerf hr.?e a}ligh

nosomnma ew out
ten[;ié]r@ﬂ:]uﬂ\deﬁhonme:m Lplasﬁ:em‘rlmasmmt (HaisDfpddtemieddtsion,

nd . d.nj ured cel.l negative bacteri um_.are
72 B0 1 T s et ARty b BRSO r R rhea
thatthjtWee & Cldnerdnén e e st e e AfmdEsCherd @Y valldntd o a
Fig. 11, and the results of distinction of |ive

heagetirga tignir of dbiel $amed dgsagecals $hagt afheterilization

ri S I epi der m )
ror 5L PRRLE RS ARATALan et ol g i)
temb@ratneeeﬁbm@nmhmel@agtbamdza@hbnbamdiﬂopqyﬂaﬂmmiaﬂ1on)
at ed Sl'%htlﬁ under e k- EcoT14l

anc P BRI GPIPE5 96 bE. Ras tigrddatand P las qeri ned

pastBalripaesense ofhéhésobandcM@s:hidieat @Ql§§ T)ﬁféparéﬂdby
absence of this band was indicated as (- e results

thegmetheds ggeckithgsd ar the @F—”Sﬁﬁﬁééé@ﬁv@fbééﬂ@ﬁleé fentioned
abobgagrebﬁqg ﬁgca gfggg?%$?§m8& g #ﬁ&r%%&§Qa§%ﬂt’to

freated sanpl e pat t e cel
deaandegiﬁ(appﬁbbdsnufﬁsrkhmﬂadedoreths pEmpbberpfthe
t d.d I
supBEEhE) FanfamebPPeERslinoFn PRGSO T e ke B Fhi( fpopatedta-

andapHy6irhi) 1pabt e, atespesbi ¥ghyvaldherefps€, the dead
simul taneous distinction of live cells, injured cells

celhpdraeaared| P¥ WAS BARBPEdIByCEMASAFiy. (12 Brappapljon of
samggggﬁgégéiogéétéﬂﬁ%éPnSQECE'EHeCthﬁld'Ebﬂﬁ@gaﬁﬁkgswas

maintained at 100°C for 10 minutes after the temperature
reached 100°C, and the suspension was also heated for 2
minutes before the temperature reached 100°C according to .
the relationship shown in Fig. 9, most of the enzymes in the
dead cells were inactivated, and injuries of cell walls were
also so severe that a part of chromosomal DNAs flew out of
the cells.

[0166]
Next, the results of distinction of live cells and

-injured cells of each gram-negative bacterium are shown in
Fig. 10, the results of distinction of injured cells and

dead cells of Escherichia coli in Fig. 11, and the results
of distinction of live cells, injured cells and dead cells

of the gram-positive bacterium (Staphylococcus epidermidis)
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cells is also possible for a gram positive bacterium
such as Staphyl ococcus epidermdis. [0167] EMA acts
on, in particular, topoisonmerase Il in human tunor
Our digfs HPH@h nitotic rate, as a topoisonerase ||
poi son of manmalian cells, and inhibits the religation
of DNAs anong the actions of the enzyne,dDNA cl eavage
el.i ion.,Therefore, Lt is, expecte S
ar e Mol SR R By dD cRrEnESErEmeikadope band
(Lickacel) cealilgs remery wherh oo d6nd1 they canetieC &1liggh ENA
originally shows weak cell nenbrane perneability, and
undeg gﬁ’ﬁl ACHCOSAL T Aigeett meldest 1992 dpi olasgyotied,i sind it

wasl aekeecANkhaaS #e3encRl bed YA b%rn%‘fs %Ja]'éq Kig AGN w5 (1),
whi ch cannot pénetrate cell walls o I ve bacteri &,
andpgbseagepedethdise beed waal Liedifcadead asadt@r.i aThéoresults

l.i.nk | DNAs of dead bacteria, as

or SHESTPhR,IERRIOTR Bl bl N0 bl tetofer hac

bandnerati neéd Publ bgdkirobsr ENAJapareb®ed2003- BRI AP
this exanple, there was_ no phenonenon that

Saméﬂ?ﬁmé?i?rél” toerpi fercéfive ®edés spadi fliir¢al(rypattern
forCigayedqbyel g  ackion,of ﬁwﬁaa&&@@@gn%péf3%6%}ré§rcells
Ref * OP- C5306- PCT m nutes as shown in Fig. , and

and cfeadosohht ORAEsghernfhiedcodél Ehowar énckegrl ¥y1 were
act i on_ of - EMA

f | by the
G S T RS oL Guf b Rbhe BhnerepBRet it Yuas
Thesefgest esinhntadbudi @i soinpenshrarelcell cuplls ofjureq

ive .cells so much, but it penetrated nost of cel]
ceﬂ‘/\%l gRd gfead ek by ¥2F | nalked R¥oBKY- bdispdd @imilarly

showenthoneg: 481 tHal on 5%tﬁPHthg$¥bOrlﬂ%ﬁg%éycéff%bégé dead
the action of topoisonerase I1 of ma ran cell s Tor

celkeligarlvh roes ik ebyr causesn-poehvige lodcohr ommsenah as
sca B RUEIINELfacleRUL1 19 0 deatn of the mammal Lan
(01l&@hd it can be construed that it inhibits the
OIS iR ge 9 GF Aot 4ol AR GMegingen Tin denraman
tumcielded,1 AN SAYRE S iYL AR 1 Ofr £ OSB!l IIVAS Q2 se 17
' poigég %&?%B%EEB§ESYi;£g2%r%hd.inhibits the religation of
DNAs among the actions of the enzyme, DNA cleavage and
religation. Therefore, it is expected as anticancer agent
that cleaves chromosomal DNAs of cancer cells everywhere to
kill the cancer cells. EMA originally shows weak cell
membrane permeability, and in applications in the field of
bacteriology, it is ranked only as a so-called DNA
crosslinking agent, which cannot penetrate cell walls of
live bacteria, but can penetrate cell walls of dead bacteria
to crosslink chromosomal DNAs of dead bacteria, as described
in International Patent Application Unexamined Publication
in Japan No. 2003-530118. Also in this example, there was

no phenomenon that chromosomal DNAs of live cells were

specifically cleaved by the action of EMA allowed for 30
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[0168] [Exanple +6] Sinultaneous distinction of
EMA-treated live cells, injured cells and dead cells
of Escherichia coli and Staphyl ococcus epiderm dis by
OurFGMIL( DPRSgpdr-aCiTon of sanples 1-1) Preparation of
suspensi ons of Escherichia coli (live <cells, injured

cells and dead cells) According to the nethod of
i.on live

. Ex le 5 1) .P I
ningtRFO=S; RnGhEy 1BebRe- and-dead CORPROSGRaEsBHBRI oit 4nivred
celgel bewer e1p6epar edrfbi-va gebh cayate éléa%Q? el uknt,

injured cell count: 4 x 106 cfu/m, dead | count:

actioR QéﬁEwﬂuﬁﬁﬂpwepoieg]thﬁ SpMPr dparst Pon dwTerefore it
S di
- wasRREESLONS Bl ERRTALACREE Bep SPRARLILELS LIS g pave

I'njure
celbs sé)mﬁbhpabatlmn pénesanpted, mds?) of LéVe wells, of

.. inj [ d |1 f Staphyl
oKL L SR AL ST 0 o
altkbugnl gMa 78r YEnRel vy OPnoBPPs PAlei AELE 64 8§|E?§89Q5me§ase

: x 107 cfu/n, dead ceII count: 4 x 107
IT 9fHrvamalpyn Tesl Leeforodrol 1ya it diueh onoeky deauses

LS 808 TR CRpd L S ol e LROLEL | S1BL P T £ e

of et Irsgmian] ikedeekrld s mal mB@dn@eléﬁféﬁtEﬁﬁh@r¢§hl§ in
g/ M EMA aqueous, sol uti on was

col i 0 pl of a 1000
thig e Loy 2adet & ord Gronierhed (LAt 49@ fophigits the
tI0IERs dndedcdd i1 pedi @) 89 o Jhen, f%ﬁ%é%&
ac vvals pl aced oncﬁ‘é(j:e an%l |($§!;ad| atae%l vvlth Vi sible |géf;:t
of WiidpmayFtionies IWJ(YFLWTIEPREEU;LEOO and B13gs cleavage

of dﬁ’iﬁﬁ[ﬁ:}gorrglef[% Asc oqo In L(Irdec% See\ge ywhae dl stance of

20 cmfromthe suspen
[0168]

[Example 6]
Simultaneous distinction of EMA-treated live cells,

injured cells and dead cells of Escherichia coli and
Staphylococcus epidermidis by FCM

(1) Preparation of samples

1~1) Preparation of suspensions of Escherichia coli (live
cells, injured cells and dead cells) '

According to the method of Example 5, (1) Preparation
of samples, 1-1), live cells, injured cells and dead cells
of Escherichia coli were prepared (live cell count: 4 x 10°
cfu/ml, injured cell count: 4 x 10° cfu/ml, dead cell count:
4 x 10° cfu/ml).

[0169]
1-2) Preparation of suspensions of Staphylococcus
epidermidis (live cells, injured cells and dead cells)

According Example 5,'(lf Preparation of samples, 1-2),
live cells, injured cells and dead cells of Staphylococcus

epidermidis were prepared (live cell count: 4 x 107 cfu/ml,
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live cells, injured cells and dead cells of
St aphyl ococcus epidermdis were subjected to the same
treatment. [0171] 2-2) Nuclear staining and FCM
Oun i@t S EackCDf the af orenenti oned EMA-treat ed
suspensi ons was subjected to refrigerated _
centrifugation at 4C and 15, 000 x g for 15 m nut es.
renpved,

ISl b R A8 I SR o dene Fedlagennaria 4 e 107

physi ol ogi ca
cfurimdtiure was sufficiently stirred, and subjected to

refrigerated centrifugation of the sane conditions.
[Oltﬁé gupernatant was renoved, and 1 nm of
(2)phesi-ohegihea saline was added to the residue. 3 pl
of an SYT09/PI fluorescence staining reagent
2-10 | EVBADEAD BackightEMcBeactterinal avicabiilsile Kiilght
Probes SYTOO/PlI = 1/1 mixture) was added to

|ar
1rr%ﬁ£§%! ureegnd the reaction was all owed at room

t enperesdheofor &5 BfnﬁhésaHBQQEethBheéhbﬁggbﬁg1588 of
For these s

each sanpl e suspensi on
llvgeﬁgit@neh93hé§d gelier mad @@aﬂﬂQﬁ}LHWdﬁﬁﬂﬂﬁﬂﬁﬁﬂaﬂﬁﬂﬂcoll,
10 @pp@faéuwo&@‘}ﬁ/m?athﬁué &@8{;%0 o?‘u g?ﬂé%gééggegmand

measur enment dltlons
the tfiespeameion vhoskebt £ondfol £Exaspl fidute08Adkr( 3} ght

| t f the test by FCMfor the
oni PR TG SRS Slot o S5t S,
irrdebichesd ohieh C@islmé oI £g@Ador akperyt P}?oxﬁ'\@ iér‘ﬁﬁt "Pbop

- are shown in Fig. 13, and such resul

PRE il {fhWrocRE J& ebiaraii dF beakeiehGan, |htd:lg didposed at a

of the
e e it St e Rt eafed e k0 nPRnErt, gine

1ive163:1 hgsuinireak cesdingridiadeardl ¢l Bs e f ePf S58PL 68088y s
results Iomer than that value are

epidRilIUY aQQ SUHEFEY t° THe smfidr PSR of the

represente
[0171dtensity of the staining with PI is defined to be an

2-2) | RI HSI ; s(t):fa 1%1)1(1(.;1 %%d rFeC?\du lrr}esa seuxrce?neecrl":tng

‘Bach of the aforementioned EMA-treated suspensions was
subjected to refrigerated centrifugation at 4°C and 15,000 =
g for 15 minutes. After the supernatant was removed, 1 ml
~of physiological saline was added to the residue, and the
mixture was sufficiently stirred, and subjected to
refrigerated centrifugation of .the same conditions. " The
‘Supernatant was removed, and 1 ml of physioclogical saline
was added to the residue. 3 pl of an SYTO9/PI fluorescence
staining reagent (LIVE/DEAD BacLight™ Bacterial Viability
"kit, Molecular Probes, SYTOS/PI = 1/1 mixture) was added to
the mixture , and the reaction was allowed at room
'temperature for 15 minutes under light shielding to prepare
each sample suspension. For these samples, measurement was
performed by using an FCM measurement apparatus, FACS

Calibur (Becton Dickinson). The measurement conditions were
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that value are represented as PI(+), and results
| ower. than that value are represented as PI(-). The
live cells of Escherichia coli before the EMA

Ourt Redt: MPRCIPMIGAHECTi stributed in the SYTGO(+)PI(-)
region, the injured cells also nainly distributed in
the SYTGO(+)PI(-) region, and the dead cells mainly
distr |bute in the SYTO9 %PI(+) region. That is, for

thetﬁémgeﬁps 85t Péal @B tHoth BERMRE lend -1 i ve cel I's and t he

foi7pjured cells could not be distinguished, but the
injured cells and the dead cells coul d be .
(3)dTestnyaryhéd even if the cells were not treated wth

E treat nt, .
oo UL ERy e S LoDy PP 8L B s cpis,
injthey deslsi butiedebdl tbelSYIEOfs) ALl :hiQdceN BEEoEEeand

i nt ensi of staining with SYT® for injured cells
artehrkRal %MAdEE?és%att 6r§hFFPW¥1hénn€FE dit 3¢ r Bt FuAD

resﬁﬁ@éeﬁ$rtQt&ﬁﬁyl§¥ggg§s) BL§ d gl an, hSQ Sihhﬁig
879 ba

live cells and the injure S cou early

[OlzﬁktanU|shed Wth no treatnEnt S|nultaneous
ells and dead

S S ehan gl el vae Bl un LS EeLR 209, g

S Was
w1t1t resroent s @éfm@@htcbrmermmnudtéﬁgiwtb@nl@? deadh 144

Qur. Ref : OP- C5306-PCT cells shifted fromthe
exc %SAW lp:fﬁqa}té@,ﬁ,et%e@%segm(asﬁawqg Tegiard the

resdladi ONsyd N WhiShedde 44 ve celd sy Ogsf%é'él%’ed cel '&?@@

dead cells mainly distributed did not overl
The thapds min | Taheoust dits |marmuwasoipd§m kﬂtﬁalrﬁwzk}lﬂm PI

: O ur cells tlc ag IVIt

is (%e{@n%ﬁcfﬁcre éce s&%eerpasllnt ? ély rrgséill X%eedmg

thatmetadha iare astpndddrased Htermlfprr ), &Wﬂt@é’iﬁlﬂs’itl&ﬁdéﬁmhan
wal I.s of injured cells and crossllnk chromosonmal DNAs

EhatyValike iAfurs®Rea9Eq% a5 i bikt- t Reeadivencrais of
- EscHedliicgatd o of gt Rachey ica [NA GylAse n{a'ihtlgﬁ dlryt'“i{i%qlted

. cells. As aresult, the state that the
in tHRASYFOS (d)eRidd) e\;r@fgy-\ﬁliﬂer d hes imgiurtesi med,ls aida meinly
it SIATBSOTH (ONASRGR 0005 SIS oL covs
mainjlgt disdlrdbiutgd in the SYTOS (+) *PI(+) region. That is,
for the éells not treated with EMA, the live cells and the
injured cells could not be distinguished, but the injured
‘éells and the dead cells could be distinguished even if the
cells were not treated with EMA. Furthérmore, after the EMA
treatment, distribution of the live cells did not change,
i.e., they distributed in the SYTO9 (+) *PI{(-) region, but the
intensity of staining with SYTO9 for injured cells markedly
decreased to shift the main distribution thereof to the
'SYTO9(—)-PI(—) region, and thus the live cells and the
injuréd cells could be clearly distinguished. With no
treatment, simultaneous distinction of the live cells,

injured cells and dead cells was impossible. However, after

the EMA treatment, although the main distribution of dead
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SYTM, and therefore the staining intensity decreases.

In the case of the dead cells, nmetabolic functions

are _term d. .and genes are not transcri bed.
Ouﬁ*ﬁﬁ§k9%1%§§5é?ég%ggested that since the bacterial DNA

gyrase and bacterial topoisonerase |V have heat

resistance, a part of the activities thereof renain,
celand diws: dder afpraeniianed. ) epzyps LYnsti on SYTO9 (-

t hensel ves. Therefore, it ?E)est¥ﬂ§téd§ t hat i?ﬂ%he (
) EEMAC Ot res st e peadiomredin twiel ¢int Bmsi ivefcebdiai nimjured

i YT | S rkedly decreased. [017 anpl e, 7
Ce%snl%q%an%auds 1 %Sl %}: 6n ocglif {/]go%%?ﬁ}sgiﬁi nﬁ[‘%E%(e%W%]é]r?é’ and
thuand idedd areddus ofi dMicahacire ridkm poderisld 0Si s

gwycobacteriun1 tubercul osis H37RA, henceforth al so
[0L7&lerred to as "Mycobact erium tubercul osi s") and

Li strer ird JMRaey ,29608% reld-ic3hi9rd a FRNQGVLA0AN 3@[\7{' i
2873, hencef or t h alsg referred 'to as "f%ster?g" fﬂty
in k@M [io0i7ejed (CEL1Rr epmedinison afd sadmptes®s Qo metabolic
‘ Ref.. OP- C5306- P 1-1) eparation of syspensi,ons of. |
act %golgg?er?gﬁ$e ﬁE%rcﬁﬁés §n€%F€§e§efﬁgi Wﬁﬁ&ﬁe&fcéﬁpgrEd
celand ageadrealdlshk Mhcehaciord umNAbheI WS s Wasd cells to
] aEpIied on an agar sl ant of the awa nmedi um_ and
inhdpityteg &C3PE foF FekdaRsion wiafhenRadmisml 0%
gyr8%%08n and I%;eRERoRAnQXi dg). 5 ¥Egﬁlt£hfhgegk§t@¢%ﬁat

i nocul ated infTo the Sauton's |1 qui medi um contai ni ng
theQcbswdrean L8ONAznd reucllgeyd date V7@ wherr 3 1 snveekisy tisnicherd,

t af orenent.i one erobhi ¢ condi.t.i on. -Th cul tyre .
and; B8t LR SHB LA By RS RRks s T iRttt Sxelllientey | nanis

espeoibailpi 2gads0b% deeesa86, iandheuhtwibed @F dntercalating

: M. ddl ebr ook 7H10 agar medium plate to confirmthat the
SYTPPyeangefPegghRt ewabc 7524 n10g kRSl tyhdecregges- In

theMBAEEMiENt8e MBLHMB0fs2 RbtWRS11iROGUNhALEd Nt 200
of newy prepared Sauton's liquid medi um containing

terpipgeitweandgoenge0ape ppt transcribed. However, it is

suggested that since the bacterial DNA gyrase and bacterial
topoisomerase IV have heat resistance, a part of the
activities thereof remain, and thus the aforementioned
enzymes function by themselves. Therefore, it is estimated
that if the EMA treatment is performed, the intensity of
staining with SYT09 is markedly decreased.

[0175]

iExample 7]

Simultaneous distinction of live cells, injured cells
and dead cells of Mycobacterium tuberculosis (Mycobacterium
tuberculosis H37RA, henceforth alsc referred to as
“Mycobacterium tuberculosis”) and Listeria monocytogenes
(Listeria monocytogenes JCM 2873, henceforth also referred
to as “Listeria”) by FCM °
[0176]

(1) Preparation of samples
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150 ng/m rifanpicin solution (dissolved in sterilized
water) was added to the culture (final concentration:
148.5 pg/m), 100 pl of 10 ng/m of isonicotinic acid

OuthyRE RS {h-988 ved in sterilized water) was further
added to the nmedium (final concentration: 5 pg/m),
and the cells were cultured at 37C for 3 nonths under

After the

t.he. af orenenti oned aerobjc condition.
-1, B TFor oF ﬁtwsaww% olcdfycrrnfferam
tubreabred &y | UWelRenaw osirs; wasy mRasw %%P'héal&f OfJﬂqu

medium and it was confirmed that the cells did not

f or Mveoasites i o t PP rTivd csdlst wee mpgilimdabherant kgar

I f n in a_.volu of 20 d

Slag%bjtog{:? é’% tog]a[r@f Enll%ielru ared ndgé:rlﬁq% rl?g@dgtai%o:?”]a}@}@_raﬁd weeks
(in83®0@nwigohmEntOofiQ@%e@xyd@%ﬂaﬁwfsgnﬁk@ﬂkfmagoﬁide).

compl etel y renmoved, then 200 ml of physiological
TheBal HE GEHEAI NERG ADOS%PHEEN 86 WA adasdords dHauid
- medi@fil duBiatiReng ¥t UEe W@%e%t%@Eegn@n%uﬁ%@r%ﬁtgq B9°c for 3

refrigerated centrifugation under the sane conditions
weeks URERE 6hedaibogeenangnebe asupbinatantiwdsn. The

: | et.al ) . Ref ; QP- 06: PCT The,
cul ETR RSNy GHRY ey s 290 b TRt LT r SR RoBP S A 0] gt
salwas coph&inimd Oha?%tmees?peonaaaat$dn?ﬁ!a@a l@fiouty br own

. I i gl nat ed g icin. To the pelle .
Miagfebragh BYLPnedor oherbeRaPeRtechbr PPOGATRORPABOERE Bive
celbPhysiptoghsal  saki ng° LAk Ni B9 0 03%,Teear 80Mas 5 y

added to prepare a Mcobacterium tubercul osis injure
volupe| o§ydpehsvan. 1102783 tdHeiboet 209 ahl cef | newlint prapared

» af t] teri ubercul osis Lpjured
seud 07 8L SLETESL 4280 MECRSLE LIMEL RERL RS Wb ief e
150 Fhat'ml sriflampioin tdel uiaf of e aind s ONesd Cith t $if &r DEOE &k -

e el e Tl Y0 ST 1 ekt
ng/iES/ | B0 Qi Eh L erU fid 4RI O Sn Al @it 4% 009 ny@m Dl
{dislsooln\]renclljtiens'stAefJ_Eielri ztede wastlllepre)r nwaatsanfurther added ’to the
medium (final concentration: 5 ug/ml), and the cells were
cultured at 375C for 3 months under the aforementioned
aerobic condition. After the culture for 1 month, the live
cell count of Mycobacterium tuberculosis was measured on the
7H10 medium, and it was confirmed that the cells did not
form colonies.

{0177] . ‘
The culture medium after the culture of 3 months in a
volume of 200 ml was subjected to refrigerated
centrifugation at 4°C and 8,000 x g for 10 minutes, the

- supernatant was completely removed, then 200 ml of
physiological saline containing 0.05% Tween 80 was added to
the residue, the mixture was stirred and subjected to

refrigerated centrifugation under the same conditions as

mentioned above, and the supernatant was completely removed.
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of physi ol ogi cal saline containing 0.05% Tween 80 was
added to the residue, the mxture was stirred and

g%fCted to refr|gerated centrifugation under the

Ouga Bhatt70f~BST nentioned above, and the
supernatant was conpletely renoved. To the pellet, 1
m of physiol ogical saline containing 0.05% Tween 80

Th@ﬁ§a§@ﬂ§@ &ﬁ@§§@ﬂﬁ£Qwé@”fé%f?éf%#%eféﬁsé ﬁsgg%lm%%d it was

suspensi on x 108
comifrmed thitt utlee SQyew0Ot a0 anebtl 0808 th F@sn Wedlox

ﬁﬂéﬁé’ caI g@llne contﬁjnlng 0. OS@bTmeeniSO t%y he

oF epare FsHersi o
ref/nfgé)}ae{:dd giHnthfliGﬂﬁa‘d’lLan, %Q@i of phyHo B¢ a1
suspen3|on was neasured. The live ceII denS|t|es %llne

. iR et i bsias attiache Opnapaes a wer e
1 I d
My@k%tét%l& ptr‘ﬁ%%r&l%scﬂ ik ql‘P‘Jsec():{qvvas alg&’lﬁ%?ﬁneso‘% t he

concentratio i nj ured cel
[Olp®dis of the OD val ue of the aforenentioned

Nyc%gacéerlun1 gubeaﬁuI03|s i.njured cell suspension

(i nj UFeGEEFF*8ouRELincoPRE iicbBScréPrarentBered osi s

Mydotjasted i¢el |rupesPensisqy 16 rel0teghul Okal?
Qur Ref: OP-C5306-PCT A néMPyrgrepgred %%?SHSQ%% biak
measyEEenSolinef LRI} 6hanTeMettodt ubBhatl bsi s1wad dfl thed

afo@%h@n@ﬁ%ﬁéalegiEﬂ Sﬁgpgﬁm ?&ginlgg ?hgéw §e|

have the sane ue a

CfuémépeﬁsMﬁnobpaiaeﬁuﬁutubemcuaokﬁQOQaét@ktﬁﬁbted, and
ensi on of the sane densi t

|
sub LR F R rE L FRr G ed BT BL TMES F RiveRbed Pabel LEngho
rpmwaber 16 ohiddt s NUtES d:0 1HERALS Pha MEORAR SFddifed, 1 ml

t ubercul osi s dead cell suspension. Since it IS
of PhyaielpPicad makbnayeenbrieiian?t 0ber Butesi 80 cehbsadded
t g@@d sl I cert

° be able t%é Eﬁ% mp&y%ﬁ%téé#u%w%uﬁercu %s?gb%%Fﬁgddé%d
ref?éfegq%%atﬁ?@twmmédgajeidns uge t otige t e£me ackkhdl SicatsoHn

men@f% Snc]g Iot Uber&l“%:}%lssx? gpﬁa%a?ne”m?a\/\é oéorrt1phl_6etaecﬂz o:?emoved.
To the pellet, 1 ml of physiological saline contalnlng 0.05%
Tween 80 was added (Mycobacterium tuberculosis live cell
suspension, 5.2 x 10°% cfu/ml). The suspension was further
~diluted 10, 100, 1000 and 10000 times with physiclogical
saline containing 0.05% Tween 80 to prepare diluted
suspensions, and absorbance for visible light of 600 nm,
ODg¢oo mm, ©F each suspensioh was measured. The live cell
densities of Mycobacterium tuberculosis and the OD valués
were plotted to prepare a calibration curve, and
‘concentration of injured cells was calculated on the basis
of the OD value of the aforementioned Mycobacterium.
tuberculosis injured cell suspension (injured cell count in
the Mycobacterium tuberculosis injured cell suspension: 6 x
107 cfu/ml).

[0179]
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anti tubercul ous agent, dead cells was prepared by the

heat treatnent. [0181] 1-2) Preparation of

suspensions of Listeria (live cells, injured cells
Ourarefodi @ell&)PAT steria was i nocul ated into L broth

and cultured at 30C for 48 hours (3 x 108 cfu/m).

The culture mediumin a volune of 3 m m?§1inoculated

intq 300.m of L broth, 1.5 of 100 ngy )

an‘p?‘cinlelwilﬁ ggleﬁ)tair@ﬁp (161‘?55(9@\}311 SUPRAETINT Add Mogghggterium
tutant@RG P wefs 00 vaHdrwigentaci dn Pl il Uhiine
Con%di_ss_olved in sterilized water) were added to the

GrEdPE Oméditufineram 0 dendeane dtticormans@® pylve @l that

£ 29 Eed Je8SP j Yo, @nd the cells were _
° %u%tgggdrgt éfgg%gﬁk%%ﬁk%érg. After the culture, it

[01%&3 confirmed that the cells did not form col oni es on
L agar gediunl The culture medium in a volune of
508

abolit "208" m “wH¥ “SGBrEEEed™ bUPErFigerdfedive cell

suspenkibhugdt iae @bmécd@&@i%QOstt%anBf1§h%iﬁ%ﬁ%%eda%%lls
the supernatant was conpletely renmoved. To the
Waspéﬁ“@??eéoennPO1éfln§hy’§|télro§p@§allZSatllinnée‘ﬁa§0a@ge@§mhe
] WAS LLL r_Ref:. OR- C5306- PCT and_t hen
My S LB ot s e PP TP e PR dhter THESE 3t

is smpessbhdet tonpakbheMyuperpataiumwasbeedpliekelsycells dead
i,ol pgi cal - sal i ne was added

, . and m _of phys
Celigp?%g p%P¥%f@$o°eb?§ngé aCLiSt BPFETFAjOr E8 Bel fble to
makSUgPenshoferB¥m subskantbakky LhessanggpLagedur £,as
that used for the nmeasurenent of injured cell count

injyrequeobht epY uhPng ubRFRURGBI B St hat LaupEdatel | count
' ria.ipjured. .ce pensi on vas, measur e
A Sy e 5 Tothal - enat o U5 TCaL O PP R TUCS
ant igalie mushunsiapemas dpiepackls aceorsiagatodtbe vrs hodat
& anple 6, (1) Preparation of sanples, 1-1), and
T %ﬁ%&ivﬁth physi ol ogi cal saline to such a density

(0lalyat the OD value of the suspension should be the
1~2)S%@%éﬁigggzéjgfﬁgég;égsEJE;ngtfggégégquf?Le cells,
injured cells and dead cells)

Listeria was inoculated into I broth and cuitured at
30°C for 48 hours (3 x 10% cfu/ml). The culture medium in a
volume of 3 ml was inoculated into 300 ml of L broth, 1.5 ml
of 100 mg/ml ampicillin solution (dissolved in sterilized
- water) and 600 pl of 100 mg/ml gentamycin solution
(dissolved in sterilized water) were added to the culture
medium (final concentrations: 500 pg/ml and 200 pg/ml;
_feSpectively), and the cells were cultured at 30°C for 3
. weeks. After the culture, it was confirmed that the cells
did not form colonies on L‘agar medium. The culture medium
in a volume of about 200 ml was subjected to refrigerated
centrifugation at 4°C and 8000 x g for 15 minutes, and the
‘supernatant was completely removed. To the pellet, 300 ml

of physiological saline was added, the mixture was stirred
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cell suspension. [0183] Further, a Listeria dead cel
suspensi on was prepared by immersing a Listeria live
cell suspension of the sane density as that of the

Oux el aP-cAI0&tBEENSion in boiling water for 12
m nutes. [0184] (2) Test nmethod 2-1) Ethidium

nonoazi de treatnent and visible light irradiation
an#ﬂ s To eac%%# t he af orenmenti oned suspensi ons of
[

N SHIECS e d P19 e U el Tugadsion under the
sar¥ GRRGHEGM t HURSTLW RS St and URRANSIONS hndJde ang

cells, injured cells and dead cells of Listeriain‘a

3 mioladnhafs ipfgice 1l God. ipg Mas BEMAalealdeo udies glaltliean twas
d.in.a.,v f 30, pl_.f.or cohact er jum

PEe g%%r gu:l&%tf(}lﬁa% ucrgrﬁjcé:r?tlrlats’lug%ngﬁ‘éjlﬁ’t‘ Séy leg/m),
subeitab® ipll Ifyort hld sta@rel @ rcidenials <C @RC @ftzratised fakoihelO

pg/ m), an% each suspension was left at 4C for 2.5
meaggremeht Pty dhEECo Rt COBBIe Aodiveohectar e for 5
EubBl-ARS ibor LAY QufuiRly €815 AnRCL I pler!id IEr 1njyred

l'ight shielding. Then, the suspension was placed on
cellcgusprusipradirat e¢awiirkdvi(@i Bl a0f i gft/m1) 500 W from

[Olﬁ ganp (FLOOD PRF, 100 V, 500 W Iwasaki Electric Co.,

g .) disposed at a distance of 20 cmfromthe
suspepsratel ¥ praSLikbekes. 11 0486411 2543 p bt 82 was
st ai ni FCM neasur enent Each of the

I N andg,
PreRRBFAnERCbHARIENR. £ hEarBanedspenEroNELsas, §kbj ect ed
rrep@rieiohosratggdpeent rifugat LoR §ilégé§n9i%§’ﬁggggol%gical

for 15 mnutes. After the supernatant was re
salipe be pagsi ol dgheatysehinetbondli nehge o058 dweesp&ision

snoyEs Ul Londey ERLCUS [oF MEPDBELEL LA i ipiurec
cellistepemsiand the m xture was sufficiently stirred,
.[01§§F subjected to refrigerated
Furthexr, a Listeria dead cell suspension was prepared

by immersing a Listeria live cell suspension of the samé
density as that of the injured cell suspension in boiling
water for 12 minutes.
[0184]
' (2} Test method
2-1) Ethidium monoazide treatment and visible light
irradiation steps

_ To each of the aforementioned suspensions of live
cells, injured cells and dead cells of Mycobacterium
tuberculosis, and suspensions of live cells, injured cells
land dead cells of Listeria in a volume of 1 ml, a 1000 pg/ml
EMA aqueous solution was added in a volume of 30 pl for
Mycobacterium tuberculosis (final concentration: about 30
pg/ml), or 10 pl for Listeria (final concentration: about 10
pg/ml), and each suspension was left at 4°C for 2.5 hours

for Mycobacterium tuberculosis, or at 4°C for 5 minutes for
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centrifugation of the same conditions. The supernat ant
was renoved, and 1 m of the Sauton's |iquid nmedi um
containing 0.05% Tween 80 was added to the residue

Ouxf (e fMpgoltcGg-+ROM t ubercul osis, or 1 m of
physi ol ogi cal saline for Listeria. For Mycobacterium
tubercul osis, the cells were cultured at 37C for 24
hours, then the culture was subj ected to refrigerated

Listetid figes dnt gt A8 L@ I 00818y f-&e F5SHRNFTOds was

plabee,%%pekﬁﬁt%nkiW%%éd%ﬂ%éﬁtwfﬁHidfgﬁbﬂefﬂléﬁt of 500 W
phyS|oIog|caI sal i ne containing 0.05% Tween” 80 was

frogdgedary ERECedRFue.1000186]5® pi, cfwagnlYEIFRIric Co.,
qu t & L1 VI BacLl htTM
e \URLSBEEnge 51 o Mg 0e o NHLERD

forlElmﬂnmtese) was added to each treated ntxture , and

h‘gg reaction was all owed at roomtenperature for 15
101 utes under light shielding to prepare each sanple

2- 2§uaaeméaenstEthh@e%%dS@@dl%%as%E%ﬁ%ﬁﬁﬂent was

performed by using an FCM measur ement appar at us,
FACS@ah | 9hr thBeefonemphtkinednEMA-Theamreds suepentsions was

sub?%ggé&g ég &iﬁ% gt%%”%ef%rlggfgff%%g)gﬁ 306 P?EgOOO X

g fdhelbemithtiseef tMEtéesth@ysﬁﬁbtﬁ@tahhewhsveeﬁebba, 1 ml

[ 'uref cells treated with isonicotinic acid hydrazide
of aﬁﬁSl?'?ahﬁﬁ&.ﬁaléﬁa aeadadeing 8 Ofpcabaerefifumas added

to EH@efégigﬁésfo?eh9ﬁggﬁege§ bﬁrtb%%rg%ﬁo%r%atggnﬁ h€or

shown in Fig. 15,7 an the results for 't live cells,
physhpleetcedl balineafed %ﬂﬁheraﬁplenultheamdxgemanyeln

f L d.after h EMA
sur DS Bty CEL LR B LERNC LBy 88L 8 ot R R e abR PP
cen(f@fﬁ@&tlmﬁsuftBhetﬁ&m@OﬁﬁﬂdIylwﬁbue TiE $leetndenst tyas

he s SYTOO is defined to be an o
rengYgdngtty bim gg%¥AF%%u??Et%QEEedtﬁ@lFhﬁ?d%HWUEOBFélnlﬁg

0.05% Tween 80 was added to the residue for Mycobacterium
tuberculosis, or 1 ml of physiological saline for Listeria.
For Mycobacterium tuberculosis, the cells were cultured at
37°C for 24 hours, then the culture was subjected to
refrigerated céntrifugation at 4°C and 15,000 %x g for 15
minutes, the supernatant was removed, and then 1 ml of
physiological saline containing 0.05% Tween 80 was added to
the residue.
[0186]

3 pl of an SYTO9/PI fluorescence staining reagent
(LIVE/DEAD BacLight™ Bacterial Viability kit, Molecular
‘Probes, SYTQ9/PI = 1/1 mixture) was added to each treated
mixture , and the reaction was allowed at room temperature
for 15 minutes under light shielding to prepare each sample
suspension. For these samples, measurement was performed by
using an FCM measurement apparatus, FACSCalibur (Becton

Dickinson). The measurement conditions were the same as
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represented as SYTO9(+), and results [ ower than that

value are represented as SYTM(-). The boundary val ue

of the intensity of the staining with Pl is defined
Out Reébe GI-CHiIMermsiTy of 2 x 102, results exceedi ng that

value are represented as PI(+), and results | ower

t han that val ue are represented as PlI(-). Fromthe

resul 'sho in Fig. it is clear that the EMA

h%ﬁ%ﬁﬁ 1l | ey |¥mt|on of live cells of

[o1Mmgobacteri um tubercul osis and injured cells of
Mycobacteri umtubercul osis treated with isonicotinic

(3adiegt mpdrdAidde and rifanpicin. As for dead cells,

di s ctli r e i el | ured I1s
hasEhErga%%lbee%%‘%galF?gg %y Fﬁiqﬁgfg gﬁi
in-jaddid |cxm1103‘ At dcdn wm|ltsmcaiﬂﬁt®%ﬁdwemyoa@ﬁmd and
whi ch t he dead cells nalng%ﬁ4d|str|buted shifted from

- rifpRpisireo @R Pdead S0 DaSERADIUPPI (P SR 1P 1 5
b‘ef@la’f% ta?tdt %%t@%t@qree%ﬁe@reattlﬂ%r{te%!r%n stﬁ:’hﬁil ot 9 r hap .ng
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thec e‘I8IS$11ttISeaft0€¥d tiviet R 1EMA odilisl, y idijstreichutedd.s 'ﬁh:@ﬁ@fB@r eith

i t tinct. £l LIS
o LAt 4600 S e T hus palsh Hieed Fra 8y Fd Himrerdn yotore
and8afGet Rak @RACEICEtRERtokrehehorinuried Fegl. | 360f

Nﬁcobacterlun1tubercuI05|s was markedly shifted to
[01PRé Ieft direction by the EMA treatnent, and the

cwasasBi Lt ed f 0 ,
;g?%?? Eg% ﬁgl%wﬁ trgg”ﬁgﬁg 9&§£gﬁ%llFﬁ8 §§gﬁ8gry alue

of Rhsubohensiscly bécteelataDNAndewehdeﬁﬁTR&AlpoUyﬁenadeto be
an %&H%ISP O%hﬁ RNAIEQ %’sneerﬁéc’ge l?gaﬁg%?l pEtl lg%t?elgeon

esu initiati'on o
reppéﬁ&ﬁﬁéédasSBEwe9l ) dogsdnetsuaet obwbkRetRANA that value
ner ase alread¥5bound to a pronoter, alread

are PR T ar B0 e anSoE Y BOSON r odtit HOTRITHE YA, dche

intdhglefose, tR¥eBthintihg ﬁftBSPEegeneetmheaeéocsé'§n
whi ch” have | ost colony formation ability by the

intewelity onfof Ki 1@rvp|1t€ismltaacetxqﬂ€td2€s; dfhatarialuse e?nzeyrres
f dj f
repf@&g%@g IQS Eiﬁycobacg £éé&ft % o a ICI %ﬁ a%fue are

Ive ce erirum
repiﬁﬂﬁﬁﬂ@@]aﬁmﬂmgyrasaﬁmmjdhﬁﬂﬁﬁsuﬂts shown in Fig. 15, it

is clear that the EMA treatment enables distinction of live
cells of Mycobacterium tuberculosis and injured cells of

- Mycobacterium tuberculosis treated with isonicotinic acid
hydrazide and rifampicin. As for dead cells, distinction
from the live cells and the injured cells has already been
realized by SYTO9/PI before the addition of EMA. 1In
addition, although the region in which the dead cells mainly
distributed shifted from the SYTO9(+)+PI(+) region to the
‘SYTO®9(£)+PI({%) region due to the EMA.treatment, the region
did not overlap with the regions in which the live cells and
injured cells treated with EMA mainly distributed.

. Therefore, simultaneous distinction of live cells, injured

cells and dead cells becomes possible. The SYTOS intensity
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topoi sonerase |V remain, and the cell walls are al so
mai ntai ned in view of the action nechani sm of
rifanpicin. Al t hough isonicotinic acid hydrazi de

0“4rﬁﬁﬁﬂ@@?¢$@ﬁ6@@@ﬂlc acid synthesis in cell walls, it
does not significantly affect the cell walls already

forned, either, and thus it does not result in

. [l N
ot U538 THELLEN, ofethe Pl L0 ool oL vision, B,
maﬂwmrﬂseftmd/m thﬂwldimwﬁﬁé \EMB treatment,

h na wll occur everywhere |n
ond W B ALY b RS b Sfob

fore.
i B N R e

of @taaitmmgal rﬂ%gietgermfentt HrelA rgqﬂnercé:raeﬂé $£d sinhibit the RNA
In the

|fted t t he | ectlon
p01§%%g%o ce °s PHAE |ﬁiéﬁ§%#§a s?aFﬁFH&tmnth
iniBYAEN. oal eﬁr |ty:adﬁtfr&@3ﬂ@rﬁ@%0r}ﬁ|di&ﬂt%d hessame _ i2CHLRR not

mechanismas that of the dead cells nentioned in
acteeapbing ENA podagieticss, alkeadw dapdd $0 imnjrisp e s

alr@ﬁgy Q%ﬁ@l%%|65t9%n%b§E§Eh@ al 39 showed & he SatBibited.
phehonenon as that shown by Mycobacterium
Thergbereul @sne@ 182 t@ar cRéfl sOPeCHBR6-1BGTrejd) 189! f Goritatolhave
live

I Pre aration.and ncti.on of cells,, .
1osfﬁ§§?e g an8n 8 éél5¥|g %& Sc 6o AT ﬁé@%&@§0ln'
act@iitEéepafabammoQE sabphes prdduest Weirheds thl- Bddition

lication in food sanitation inspection Live cel
of gﬁﬁﬁ@ﬁ%Féﬁs1Pntbﬁy§F8ﬁo§?léﬁlPﬁeMBPOE§€ﬁ€¢E@m a col i

_tubégcﬁl&leBSh@hzag ¥adP8r LY/ Blih §ggag§5 ﬁp{bg%ﬁ%gﬂﬁl

idermdis (6.7 x 102 to 6.7 X wer e
tOp%*%%@?ééseaﬁE rh@ylmer@ndnhhesedllnwbmibiagemaﬂeb for

g BEEATEY, 9001001 ALY. 2001 {BLya00 LR SR un
Altmasugm hEsen$uspEnsd: 0@61@1‘1&16@9&&12{,& anlib S s thyemgebhsc
acidMiede £ 1S anf dead, cels were classified by the
affect the cell walls already formed, either, and thus it
does not result in destruction of the cells during cell
division. By adding EMA in such a state, religation by
bacterial DNA gyrase and/or bacterial topoisomerase IV is
inhibited, cleavage phenomena will occﬁr everywhere in
chromosomal DNAs as a result, and thus DNAs are fragmented.
" It is considered that, therefore, the intercalation
efficiency of SYTO9 decreases, and the staining intensity of
the injured cells is significantly shifted to the left
direction. In the case of dead cells, the intensity of
staining with SYTQ9 clearly decreased according to the same
action mechanism as that of the dead cells mentioned in .
Example 6. In addition, the live cells, injured cells and

dead cells of Listeria also showed the same phenomenon as

that shown by Mycobacterium. tuberculosis.
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the esterase activity neasurenent nmethod at the sane
bacterial densities. Further, it was exam ned that the
vari ous states of bacteria determned to be |ive

Ourg R9fs OP-i(Hj3feedP @@l | s or dead cells by the met hod of
the present invention in Exanples 5 and 6 bel onged to
which classification anong those determ ned by the

[OI@5P nmet hod (KI KKOVAN ATP neasurenent reagent Kit,
Jlfer 250 Plus, and KIKKOVAN ATP elim nating

[ComeaganmﬁampleLuqifer ATP Elimnating Reagent,
7 KI KKOVAN CORP. ). and the esterase nethod (Applied and
Prepavietanretal dWstissitdosgpt 2002 osd:ls20dr5206)d cells and

deahO%%thlt%)Cé&gghgqghg@ IRt¢liqu cal test Mycobacterium

tubercul oSis Iive cell suspensions in physiologica
(1)s§Kﬁ@@r@@npalningampmﬁwaﬁwdeMe@ﬂ mefihdds 103 -to 5.3 X

0 / d _Listeria cel |, suspensions in
1-1f BpPid s R ot dal Rt ERni5EE 155 652 PE RS one 300
cf uLﬂifée cw@lesﬂépéﬁfsgﬂnsBYnuﬁhgglbm§§9 khyeneeblk

suspensi ons, Nzcobacteglun1tu ercul 0Sis treated with
EscRggArasei Aréiadid® KydPazi@le? (6 NF, 197 mflu/ml) and

;0 ks d rif n
ScaBAPOSERERyCORLRePRLEL L 3907141 8P EUSF DU T o)
(A) Weobaptepauead, tabértnépswerEremmeﬂsmdthnsbbemtﬁgyebﬁer

300 /nm) and ana 300, for 3
forﬁ.?%ﬁec:%@? Wéc%%%%:? %f?gbigyul%l ?Eﬁ?@d%th
bOLEEﬁg(aéeepgfai)13nﬁ1§ﬁté§09n@g£§bid1§0£o§189nkb§ (D4

and Listeria nonocytogenes treated wth gentanycin
the%%o%%@?%)%%d@%rrﬁibq | {Bh 380y diveoreBlswebk3ured

celiézan&ﬁéga@r@@ﬁf§dwe£g-éﬁﬁ% i ugre 'Q@gdﬁgg %QF?Od and

boiling water for 12 n1nutes to prepare
the Rretexass sad¢hiwulty thea samnphest meathonest abioy esaes e

actlfbel [hehudino | aseell s, d et el o dead

varzrr_a&swimﬁ SR thosk et i 4 hﬁetéﬁmﬁq&ﬁcﬁ@rwllﬁe@%&ﬁ@,
s exam ned that the various states of

lnl‘b%?&l e"f? YSterdfteFHld Y ifhe deatied qfjthedretent
1nve§ft1dﬁ@dj_r9%>la§nﬂ3)ést he JRi @q)é)_ﬂtoﬁcﬁﬁ:i resitten

.classification ameng those determined by the ATP method
(KIKKOMAN ATP measurement reagent kit, Lucifer 250 Plus, and
KIKKOMAN ATP eliminating reagent kit, Lucifer ATP
Eliminating Reagent, KIKKOMAN CORP.) and the esterase method
(Applied and Environmental Microbiology, 2002, 68:5209-5216) .
[0190] |
1-2) Application in clinical test

Mycobacterium tuberculosis live cell suspensions in
physiological saline containing 0.05% Tween (D1, 5.3 x l03
- to 5.3 x 108 cfu/ml} and Listeria live cell suspensions in
physiological saline (E1, 3.1 x 10% to 3.1 x 10° cfu/ml)
‘were prepared. By using these live cell suspénsions,
Mycobacterium tuberculosis treated with isonicotinic acid

hydrazide (INH, final concentration: 5 pg/ml) and rifampicin
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.invention in Exanple 6 bel onged to which
classification anong those determ ned by the ATP
net hod and the esterase nethod. [0191] (2) Test

Ourr @efl: 0P -ardd 0di-$cassi on The results are shown in Figs.
17 and 18. The results showed that, in conparison of
the distinction abilities of the nmethod of the

re ntion and the ATP nethod the results of
(RE?heigg p@ﬁél§°50 nEPBERSWI (PR e 2y CODRET €& Ufior

rubMreohactar w%tceeew%hogwe Remlbsherisa, Wwoer g $m§ and
& ;

for Escherichia coli and aphylococcus epi d
kanppgcéal [(EM, dé@@rﬁgﬁ@a bforhé mmﬁthethaa)toMbeobacmbelum

corBF 180968008l B L3881 L Mot 1S o/

fori Avanhiba. EhereﬁﬁﬁeLlstekSa monabgebganbbatreatb@aheth

i stincti d cells and. de cell s can be
GenERy b fiedch) VREThEL REA OFPLReL bHBsgad0 RRVEAL | BREWE h

weehkghep) S@@%tpyéﬁxm&m% S el e dd fhe. case of the
esterase met hod, the 84 CQur Ref: OP C5306 PCT est er ase

boi hgpgviayenf fEschernihiaesotd prﬁﬁanelﬁsa@asebb$omﬂmuhe
tect] th ster activit
cel € P20 hELFandlfs SMEREEMELE TR VoHY Slparisien
intd0DGre f 06112, nimiiesd acEléilBQ@ﬂtdiéacﬂ:aéél/lﬂ%;@riﬂﬂl@eﬁI‘PO
be  dea cells was higher than the detection |int.

methpd G e | 5 T A% G e bl thed s P Heradip Ereftat the
samé USEdfeagh aadobl 818, |dhg COMArd SO of n Ji st et ien ;

abilities of the method of the present invention an
varigus estates cofrdiawiefior detemiiverd thadteriiae itelas,

d.d e ts f sterl stly COInCIded
lnj%\:ﬁo%ﬁ eait:?f;EI OC%JE G vvheerlzlas Ry ocg%cwcgs : Pt Ut L
‘inventhd@cnbﬁﬂaﬁplﬁn&lHEﬂdﬁd&&Hﬁ)mﬂﬂdhldléhéﬁﬁﬂdhtlon'

rn1ne to be dead cells hy the esterase nethod
anorfie; TR (e RTRINehat Ansk Hheaii@rase

metHeRl |l S and dead cells, according to the nethod of the
Sapresent i nventi on.

(2} Test results and discussion

‘The results are shown in Figs. 17 and 18. The results
showed that, in comparison of the distinction abilities of
the method of the present invention and the ATP method, the
results of them completely coincided with each other as for
Mycobacterium tuberculosis and Listeria, whereas as for
Escherichia coli and Staphylococcus epidermidis, the cells
determined by the ATP method to be in the state of dead
cells were classified into injured cells and dead cells by
- the method of the present invention. Therefore, it is
| considered that delicate distinction of injured cells and
dead cells can be performed by the method of the present
invention with higher sensitivity.
[0192] |

Further, in the case of the esterase method, the
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Therefore, it is considered that the method of the
present invention is nore suitable for delicate
distinction of injured cells and dead cells. [0193]

Ouy Redimuire-c&30Betreriti on of live cells in clinical
sanples (1) Preparation of sanples and test nethod

Heparini zed bl ood (type A) was collected froma
heal t hy human subject, and a Listeria live cel

eSt§6§ﬁ€n§F6ﬁV%&ﬁ'P SE@QHﬁ?%ﬁhﬂ@ﬂC%%S1$Wﬂﬂ@ﬁilﬁ)waﬁnﬁﬁlow

theWdkhelhg obl agdi+ , Thes %e%%'t%'}a"&s éﬁ%ﬁ/ ially
diluted with the 'blood to prepare oc at ed.

Esoffetrichig xold3 ced 18 nmm@ra@huam baﬂlﬂugﬂmauax at 100°C
0 nes (Jlive ce )...[[0194] Each of the bl ood
ror R2°fithATEL S‘é?g1 R fséLFa&lé’li eTfdeg) t 0P pIBGH
cel&no@abaheqhwmthhhhs&aélaetbb%@o@euhﬁthBSThéagearén At is
me of 1 pl of a 1000 %/ni EMA aqueous
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and the sanple was nmaintained at 3 for 30 m nutes.

epi 1GRERIAED and My eoBactrAT UBr ‘éF@?ﬁﬁEéORlﬁ/ageéélae@lnt@ shate
det SARPAE @E“bér@%aéagpiff“ﬁi 9?& % Qsétmégﬁééoge§g
I one

‘ m nutes. The total orenen
clapmteateth bwodkinads caf esuhtys, oyﬂytaéd oal 2s mhnaf dead
ol | P ue f||| d bef or ehan

-Cellpoﬂcyapcr%%y S Y Ub aIFﬁ%It b % gtié}&et%re%%rhifﬁrrf‘\ﬁﬁﬁﬁ%

Theﬁﬁfdﬁﬁ))Qﬂ}iiﬂcéhiﬂd&&é@ tH&@ Ship ehdteh Gt o f Wele present
extracted in a volunme of 1 and subj ected to

ANVEEi Gy &rsh MRF ¢ et T 3R Fom %&lu@%@]ddam@cm@nf@f 10
injuddWitas,1 Anthd hesypesgd ant was renmoved. 200 pl of

f0193]
[Example 8]

“Detection of live cells in clinical samples
(1) Preparation of samples and test method

Heparinized blood (type A) was collected from a
.healthy human subject, and a Listeria live cell suspension
of 1.8 x 10° cfu/ml was diluted 10 times with the blood.

The suspensioh was further serially diluted with the blood
to prepare blood inoculated with 1.8 x 10° to 8 x 107 cfu/ml
of Listeria monocytogenes (live cells).

[0194]

Each of the blood not inoculéted with Listeria (live
_cells) and blood inoculated with. Listeria (live cells) was
taken in a volume of 1 ml, 10 pl of a 1000 ng/ml EMA agueous
solution was added to each blood , and the mixture was

maintained at 4°C for 5 minutes under light shielding. Then,
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physi ol ogi cal saline and 0.6 pl of a nuclear stain
agent (SYTO9/PI = 1/1) was added to the residue, and
the mxture was left at roomtenperature for 15
OurnRedt @8-0ade6-PCght shi el ding. Then, the m xture was
subjected to refrigerated centrifugation at 4C and
14000 x g for 10 m nutes, the supernatant mas
enoved, then. 1 slologlcal sa

h added
eac oSPﬂeg?egfﬁauérrﬁﬁé%ﬁﬁr Fehvadsdhbpedightt gt 00 W for 5

mint:@EEi 88T aked cenprif uaﬁtp%pélé@fcéﬁn@afmgl e uings a
supernatant was renoved, and 200 pl of physi ol ogi ca

18955thellma§eaééédtﬂénthedré§|dbeofoapﬁépﬁﬂeUémianple

d
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per

pt tgat the EMA treat nent was not
of fégﬁg eV Y peoteirpae KN EPaddefoke) the ﬁﬁ’éﬁé?e @nd the
samﬁﬁmgsfﬂélﬁ%ﬁsasaﬁ enpnt. FP196] mifdded est':rﬂeeswéasl
86 Qur Ref:OP-C5306-PCT The results are shown in Fig.

volqrge oH the Eﬁwempnpponﬁ@twm@atm lum@mmtmaefully
t
RS % o RETT S e O R BREr i i 3 15

ml webars qp@xypmmlé@ethaﬁa@prmﬁmtgmjmm tadocul at ed
isteria (live cells), and the detection Iimt of the

Lis
Ceniﬁk‘&t%@f%l%rﬁa%y%%@eﬁe% ¥9% v IS | n Thcosdnpgaatant
was COnstAered 4,0 beydidnd 409 Glu/dHg Fwideregsidice the

plotted points of the contam nants corresponding to
ref 9\ teq qu(nt)rw@@amn st f4 €l arod t 00 @®ft glifecti®n

man%@ér“%égw%h natan# WS CQ&ﬁ}d re%g&?g& gEd

wer'd not  nononu ear |'s "suc as non
phydietcarcyiads , sa0ri ey i ayt@s:] e lechigriadit amdies.adgkimee

ocytes,.do not have cell = walls, but has only cel
( SY%@:‘? rIaxes:L/ ﬂwap%rﬁéﬂea% dO it RS ISy RG R it Re

was ANt ifydd ebmddrdthile fMNA® W@ utes under light
shielding. Then, the mixture was subjected to refrigeratéd
centrifugation at 4°C and 14000 x g for 10 minutes, the
supernatant was removed, then 1 ml of physiological saline
was added to the residue, the mixture was subjected to
refrigerated centrifugation of the same condition, the
supernatant was removed, and 200 pl of physiclogical saline
was added to the residue to prepare a sample for FCM
measurement. |

[0195]

The same procedure as that of the aforementioned

- method (referred to as the “EMA-LNP-FP method”) was also
performed in parallel except that the EMA treatment was not
performed (referred to as the “LNP-FP method”) to prepare a
sample for FCM measurement. |

{01961}

(2} Test results
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penetrated EMA inhibits re-ligation of chronosomal
DNAs in |eucocyte cells anong cl eavage and
re-ligation of chronosonmal DNAs by topoi sonerase |1

Oug ety orodtarPFENAs  are cl eaved everywhere, and that
state is maintained. Therefore, the intercal ation
efficiency of SYTO into the chronobsomal DNAs
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l e was
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treééﬁ?aﬁ}naﬁtyaSeppheﬂderﬁﬁlgaptFt@mwtMEx&b@me mo@nuclear
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optam.pnants_are
co1 S OLTETLL O caplampani s, e cone Jecflc be
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lg EB SIS of a part of erythrocyt In th
it 5 €Y ?Fv%“?:@l P%léalﬂe%}éra@?éctg t@eeeﬁeaéﬁeemto them

eve@VER tﬁe Ebe1 EMR-ET £8E MR, WBg  NOF, PELL OF NB #k yﬁver
the size and the conplexity of the interna ructure

Pen?ﬁrﬁﬁﬁéd@%$ehmhlbet$sr%ubhgaslqnnoﬁythsomndomal DNAs in
C those acteri a, nd t hey
leué%{/ﬂ Eé@ffs flb‘? TR R |f?eglg§€fﬁ°’fla? to those

snow an
chrcoarosa:amalermmsg Ibyetamieamerameret Prehei Ehrbfi®¥omal DNAs

may be erroneously determ ned as

are tam at e, A&%%
Iq |eg§ry i iftd, that jstake el preatrhdiredo
Theﬁﬁﬂdﬂé}ﬂﬂhérEhtercalatlon efficiency of SYT0O2 into the

chromosomal DNAs markedly decreases, and as a result, the
plotted points are significantly shifted to the left
-direction. However, this phenomenon was not observed in
this test. |

(0197]

Further, since erythrocytes not having chromosomal
DNAs have the highest specific gravity among the blood cells,
it cannot be considered that they contaminate into the
supernatant even after the lqw speed centrifugation using
_Ficoll Paque, and in fact, they do not provide such plotted
_ points of contaminants in the SYTO9/PT staining as those
seen in this example. Furthermore, since the sample was
treated with lipase, nuclease and proteinase K, lipids and

complements remaining in blood in small amounts cannot be
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EMA treatnment in view of accuracy. Further, since a
ot of injured cells generated by antibiotics exist
besides live cells in blood of sepsis patients. with
Oun hebhadPeCiB0E+PON di sorder, for exanple, the EMA
treatnment is required from the sane aspect. 88 Qur
Ref : OP- C5306-PCT Clains 1. A nethod for preparing a
neasur epent sanple for detecting live cells of a
co VTGt sSTRFFE R st ha Rt F)Inan by i et y,
fomgich conprises the follow ng steps: a) the step of
treating the test sanple with an enzyne having an
act ifxomy téfe derorepodibeg adelregneaptthisrnadaronttrosieaoft s tadee
) ' ol | oi dal, .particles of protei or
cof TP o 2t g TG edt Wi T 15 L hagtgpnes
genafrdteehtiynpHdipdasisisag & Wit &t ROHSORIASSs by
,Spoispn and/ or a DNA %yrase poi son. 2. The method ‘
L1steddrditg hePdyaiif PL vhéddith vhemtidprogjtds In this
exap@nfor fLar . nl di .
P o T o 2 i oh s Rt R e gty e s
theaf)lPorie caftmeinitk was daitr peprfoduetd. aHoliesdst uthe size and
pr fromm.lLk or a _dairy product as a raw
thel CORBIER e e e SRy e, TeEchear
celfibuistichs agph@ncaysyrownal 1iimhdSaay erand1asl e ahose

£ Eluid sanple. 4. The method according to any one of

o PREFREIE-t 678, EhRpeF@nSPRY AfcPediPainembils iatensities

simPaGteEbUlhole ThepaRLRed aGGerdl %%1?1%)6.‘”3%1‘??9 9{3re if
claims 1 to 4, wherein the enzyme is selec ed FTom

- theyi gohyaménehey mébegndaypbet easescofslvheenethdded as live
1gceor 0 a one of clains_1_to 5 wherein the

e PE o eneratafl OF £ AfBroreiuRtankaciahy oot the

EMAcanpbomnbaci in doxer ubi tourgblil pt et figer £t OPOSE 08, 1ot of

.-.nitgxani one, saintqgpin, topotecan and CP-115, 953. 89

INIHE FE?.EP-@S@@BQFQ# by antibiotics exist besides live

cells in blood of sepsis patients with a hepatic function

disorder, for example, the EMA treatment is required from

the same aspect.
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7. The nethod according to any one of clains 1 to 5,
wherein the DNA gyrase poison is selected from
ci profl oxaci n, ofloxacin, enoxacin, pefloxacin,

Ourf |RerfnCReiGh 3 0tEdToxaci n, nalidi xic acid, oxolinic
acid and piromdic acid. 8 The nethod according to
any one of clains 1 to 5, wherein the topoi sonerase
poi son i s ethidium nonoazi.de, and the nethod
conprises the step of subjf€t®fg the test sanple to
whi ch et hi di um nonoazide is added to irradiation of
visible light. 9. The nethod according to any one of
cl allnsA1meghgd fahi phepariher acorpsugesenhe shopllewifiog

) s t t f _treating t.he test sanple
B i e S S
flomgegtomb@ryThehiehhedmpedeed nget Fotlaiwing, swkesain

%Ee nucl ear stain agent conprises _a first stain agent
2) tRat SEER Ogeﬁéﬁﬁéﬁegcéhﬁ WaEIts SeFPlLiey ¥iEd) B, ShEYTEed
havé8hl 8n2Be+d6ady 68l hecoapdsansecand Sg%h ragﬁgh ke of
nore easily penetrate  cell walls of ead cells than
thet ngsecorgpniencerpslandailnparsdcdek| sfcpnparédswotrh lipids
. I st aLn_agent..11. _The nmethod according to
eXl%FgFﬁ1gﬁoFﬁ%o?eaﬁegg%ﬁthean ucl ear stain agent
b) thasksep of preptdhgrmhedidetapdmPYE0Rithld. tApbBLBeErase
.for detecting_live cells of a mcroorganismin a test
POLEGRAPPRINGTf P oL yEBRBERYPOWAPBR  conpri ses t he
follow ng steps: a) the step of treating the test
saqgle Wi th an enzyne having an activity of
decoHnpbize nie idetd saotdiedindare t hbsin of, wherein the step
i c ' ol loidal, particles of proteins or
b) ?% %gfggg%é?%%éf$rﬁ%%es¥€%taLanple, 90 Cur
- Ref: OP-C5306-PCT b) the step of treating the test

| ith t [ [ d/ DNA
oy s B IHHOL AGHE D 6t ThEHE | hE e (BT SHpHee
test reahere | doddiestsd &S ard) G b M 1P & nucl LAr-SEAB:, a

agent, and d) the step of detecting the m croorgani sm
fooqdstyfe preeduced from milk or a dairy product as a raw

material, a blood sample, a urine sample, a spinal fluid

sample, a synovial fluid sample and a pleural fluid sample.

4. The method according to any one of claims 1 to 3,

wherein the microorganism is a bacterium.

- 5. The method according to any one of claims 1 to 4,
wherein the enzyme is selected from lipolytic enzymes and

pbroteases.

6. The method according to any one of claims 1 to 5,
wherein the topoisomerase poison is selected from amsacrine,
camptothecin, doxorubicin, ellipticine} etoposide,

mitoxantrone, saintopin, topotecan and CP-115, 953.
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sanple treated with the nuclear stain agent by flow
cytonetry. 13. The nethod according to claim 12,
wherein the step b) is perforned after the step a).
Our] Re {1t Hod-Ritording to claim 12 or 13, wherein
the test sanple consists of any one of mlk, a dairy
product, a foodstuff produced frommlk or a dairy
ro uc mat erj.al , ,a bl ood _sa e,. a urine
Samp o BRERAE FraPdc-Ofimite A SRt ialt A 1 Fo 5

whe&@rml eranbNn Ryl ddiddh seampd &l edibed TbﬁorHE&bpﬂofloxac1n,
accordlng to any one of clainms 12 to 14, wherein the

oL 1RFEFCG S g EMOSRGIE! 2 PISEAOEUM - 16, e ITH@ Giat hawP ickeviadiimy
na1i@idny% g,%gdof oGodiiE 12 % g Vﬁgﬁﬁ'dlé he. %PZV"E I's

sel ecte rdmTipol ytic énzynes Fan pr ot eases.
- The net hod accordlng to any one of clalnB 12 to 16

7 mhe e| the %5 |soner glson is seI d frog
B ek AR SENEE AR ooyl BPR. oF) FigtMs Heto 5,
whe@bﬁlﬁoﬁh@eto@b&@&ﬁ%&%@@e oS@igH Qp @,thtl@a%e%ho%rﬂde, and
CP-115,953. 18. The netﬁbd according to any one of

thecpgihedlgompriges wher 6iLaPt b BNRIGELASE ;t@uescmaats sample
to %ﬁH@ﬁt 8%&&9 Cl.BRRELY¥ACHT, o Lfloxacky nala%g{%% ot

oxacl n, eroxaC|n norfloxaC|n I Xi ¢ acid,
vis@bbélhngh&¢|d and piron1d|c acid. 91 Qur
Ref : OP- C5306- PCT 19. The method according to any one
of clainms 12 to 16, wherein the topoisonerase poison

i s @ hgé ureIREQaZLE6rdang tbhﬁn](l'ebﬁ@doﬁoﬂpéhﬁtgslt Be 8,
of subjecting the test sanple to which ethidium

{

whl%@ﬁgﬁ%ra@r. somgyédetother AgildpréRgorteni sibl e |ight.

) gﬁe !gggnB%hQQ Qefﬂédﬁﬂg Egs@ngaﬁgfeo£r85@ Hslﬁzt%% steps
19, re I'rst

n the nucl ear stain agent conprisesS a
a) andilp) wgehtathatlean peagtragentell walls of |ive
cells, injured cells and dead cells, and a second
stain agent that nore easily penetrate cell walls of

deagh celts rd@ibd hoseoedihy veo €ehis andvhdisigdegel s
conpared with the first stain agent.
nuclear stain agent comprises a first stain agent that can
penetrate cell walls of live cells, injured cells and dead
cells, and a second stain agent that more easily penetrate
cell walls of dead cells than those of live cells and

injured cells compared with the first stain agent.

11. The method according to claim 9 or 10, wherein the

nuclear stain agent consists of propidium iodide and SYTO9.

12. A method for detecting live cells of a
microorganism in a test sample by flow cytometry, which
comprises the following steps:

a) the step of treating the test sample with an enzyme
having an activity of decomposing cells other than those of
the microorganism, colloidal particles of proteins or lipids

'existing in the test sample,
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21. The nethod according to. any one of clains 12 to
20, wherein the nuclear stain agent consists of
propi diumiodide and SYT09. 22. A kit for preparing a

OurnmBasuoeresBosamraire for detecting live cells, injured
cells and dead cells of a mcroorganismin a test

sanple by flow cytonetry, which conprises the

fO||0MAng el ements: an_enzyne selected fromlipolytic
) ERgyREEPaRd EFSP@égéstheat€§50ﬁ§3ﬁé?a§étﬁo@s6ﬁpﬁﬁéPB?rase

ackNALAYhase PRRS apd,.aspycl ear stain agent. 23.
pod Oe thyaccordlngQ?gaC aPﬁ1§2 wherein the

‘c) tbpoktepepistrpotion tbesebettedmpﬂentaasaedime,the steps
t he 'n dox rubicin, elli |C|n et oposi de,
a) FAOPLOLDSERT: HKREHR Bt2ponbeRl i oot She 0es. 24,
d) #he ktkpasecondtagtingctaemm2erobhgasl Bt he PHA rg¥tase
poi son is selected fromciprofl|oxacin, ofloxacin, 92

Sam@ﬁ? RepaEpd (8BDB- Po¥ BHEX&EENStRER| agaBENPYT FéPBxaci n,

coveBgefloxacin, nalidixic acid, oxolinic acid and
e piron?dic acid. 25. The kit accordlng to claim 22,

wherein the topoi.sonerase poi son i s ethidium
WDQP?ZIfLe method according to claim 12, wherein the step

b) is performed after the step a).

14. The method according to claim 12 or 13, wherein

'~ the test sample consists of any one of milk, a dairy product,
a foodstuff produced from milk or a dairy product as a raw
material, a blood sample,-a urine sample, a spinal fluid

. sample, a synovial fluid sample and a pleural fluid sample.

15. The method according to any one of claims 12 to 14,

wherein the microorganism is a bacterium.

le. The method according to any one of claims 12 to 15,
wherein the enzyme is selected from lipolytic enzymes and

proteases.

17. The method according to any one of claims 12 to le,
wherein the topoisomerase poison is selected from amsacrine,
'-camptothecin, doxorubicin, ellipticine, etoposide,

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

18. The method according to any one of claims 12 to 16,
wherein the DNA gyrase poison is selected from ciprofloxacin,
ofloxacin, enoxacin, pefloxacin, fleroxacin, norfloxacin,

nalidixic acid, oxolinic acid and piromidic acid.
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19. The method according to any one o<f claims 12 to 16,
wherein the topoiscomerase poison is ethidium monoazide, and
the method comprises the step of subjecting the test sample
to which ethidium monoazide is added to irradiation of

visible light.

20. The method according to any one of claims 12 to 19,
wherein the nuclear stain agent comprises a first stain
agent that can penetrate cell walls of live cells, injured
cells and dead cells, and a second stain agent that more
‘easily penetrate cell walls of dead cells than those of live

cells and injured cells compared with the first stain agent.

21. The method according to any one of claims 12 to 20,
wherein the nuclear stain agent consists of propidium iodide

and SYTOS.

22. A kit for preparing a measurement sample for
detecfing live cells, injured cells and dead cells of a
_microorganism in a test sample by flow cytometry, which
comprises the following elements:
an enzyme selected from lipolytic enzymes and proteases,
a topoisomerase poison and/or a DNA gyrase poison, and

a nuclear stain agent.

23. The kit according to claim 22, wherein the
topoisomerase poison is selected from amsacrine,
camptothecin, doxorubicin, ellipticine, etoposide,

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

24. The kit according to claim 22, wherein the DNA

gyrase poison is selected from ciprofloxacin, ofloxacin,
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enoxacin, pefloxacin, fleroxacin, norfloxacin, nalidixic

acid, oxolinic acid and piromidic acid.

25. The kit according to claim 22, wherein the

topoisomerase poison is ethidium monoazide.
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