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

Field [0001] The present invention relates to
a method for detecting a m croorgani smcontained in
foodstuffs or clinical sanples, a nethod for
preparing a sanple used for the nethod, and a kit for
detecting a m croor gapesmf Madipseci sely, the
present invention relates to a nethod and a kit for
detection of a mcroorgani smthat enable even

Metdiost ifet i pacebtioe 68l MicrdyM£4; 68l |a~°nc9n@ige%r

cells of a mcroorgani smcontained in foodstuffs or
Deteritdicnl oL dipreaooma@rRgssund Art [ 0002] The

plate culture nethod has been conventionally used for

measur enent of general live bacterial counts in

Techoadstluffiseidl i ni cal sanpl es or environnents
wever, the plate culture nmethod requires tine of

{00 ut two days to obtain a result. Furthernmore, wth
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generally used nmedium it is difficult to detect
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kit GOMNUIRGdtive %Ctaerﬂil&?oc{%q%]sflt‘?ﬂtcyéxﬁfﬁé Yed&ECM
. is a technique of flowing a sanple in a ow cel |
distanciiesnstfani vl owildte irg yash dellishreouyhdeard aseris of a
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m cropartic
same. Since it enabl es-detection of mcroorgani snms at
a single cell level, it is used in recent years for

 Backgh Q@A ohtSf ni croorganisms not only in the fields of
(opopwl ecul ar biology and cell biology, but also for

det ection of mcroorganisns in environnent, dairy
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for 13%%%9”%%{1%5 t?gt g%ﬂ%%gﬁntﬁﬁvé %ggt%h:igqn_c%%tn %t in _
foodstuffs, .clinical samples or environments. However, the
plate culture method regquires 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, iﬁ

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



[ 0004] However, FCM apparatuses (fl ow

cytoneters) used for this nethod are very expensive

and have a large size, and they also requires skills

for operation. Mreover, they still have problens to

be i nproved or sol ved concerning econony, safety,

sinmplicity, and reliability and actuality for
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hm'croorg ni sms for actual applications in the fields
- thEPuebodstaf s, PRATWAPER BeRdE 10gr léopter ssadtteriea by
ce LONt QA1 : =L 0pk bact enli i.nj.ured bacter.

nd oo bast o 2 PpGtoE] oo 0 1o HATHEG By the
sagpcuramce] idi sulagsless demtdiodofi oo f det ecobngah dsds at a
. teria froma liguid sanple by using an ,
Sl#ﬁﬁ%cﬁﬁaeu{ﬁveg?p}%tﬁﬁsg?ga aﬁtéﬁﬁﬁﬂF YRgrg for detection
of baicherd 00l ©ed |yospesifi enfiHer eseent d¥emoIBEular

. i.onchel ator,. of which typical exanple is EDTA, rust
Pled)s éhcatced o dieehtdat i wat or 130t 605 aRteahdonfofhe

L QORGSR ' xceeds | e C wal Ls and cel
" nenbraﬁgg&gqufve baé?ggggFbfa%%f%hs%é??cgﬁlIgrh?%’
clipdcailnjspeed mems alisd o Oesth oyedr dhenpl ef epsesht

concentration of the iaon-chelator used in the nethod
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[o0vkerefore it -has a problemthat both dead bacteria
and live bacteria are |ysed. Mreover, the detection
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| eliScyredrafd tHitlGifodresnemt 1 ydbsiclenss imetied for
li+d, 1S Vens e ol eas | i pase and
dete%g%%gewt%rleg{g#e%%é?%%&ﬁi%/eig(glé?érls%m% SoP¥ OAtRY @n

ion-chematte rf, ommpoenpexes , 2 atetéhaénboshdl 4ve bacteria
and thus it becones
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and therefore it has a problem that both dead bacteria and

live bacteria are lysed. Moreover, the detection limit of
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Non- pat ent docunment 1 di scl oses a techni que of
utilizing a characteristic of SYTO63 that it
penetrates cell walls and cell nenbranes of I|ive
cells and dead cells, and a characteristic of
TO-PRO3 that it penetrates only cell walls and cel
nmenbranes of dead cells to attenpt distinction of
thiki Methaat ei arangddead bagyelj aahasedecoBrbrewit live
cytometry. In addition, ,it disclose an exanple in
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m nutes, and the cell I'l,s and.cel |l ,menbrapes .
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can@@@tﬁé&@séé‘r§§§' upk teadstibta. aTherekonernbhi.s
technique is a technique suitable only for dead
[OOBatteria in a limted range of foodstuffs such as
COMSLA e So0ALLI 008-VET £ BRLSNRTLRELCIBE -
ul tra h (%enperature pasteuri zation, rch™i's ,
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det®ct? Bacteria i n the co " nmeasuring
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bacteria in the raw m |k and nmeasuring total

fludishetaem 1 w@yhtaﬁmnth%fpw%a%ctJewasan@n@e@@clease B

eredfiii Moy Y Hoct Lo LOC AR OL DRBR0R e
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, Non- pat ent docunent 3 discloses a method sinilar to
[000¥he nethod of Patent docunent 1 except that the
pr X Gal: r
e e e S e
utilbaﬁhgrhachmraogamusmnﬁy@guEETﬁmért@mt and pgere tiretthad cel 1
IS descrlbed as a net had of u3|g% a noni oni c
wallgepRf gefit L AREMAT EREFaCing 1 dGe i idad siwllhs and a
the characteristic of the invention, it is described
that the nethod enabl es destruction of somatic cells
as contami nants and effect?ve separation of fat
gl obul es. ‘However, sanples subjected to the
af orenenti oned treatnent contain a | ot of
contam nants originating in mlk, and the detection



strands and existing in a free formis converted into

hydr oxyl am ne by visible |light, but the hydroxyl am ne

does not inhibit the activity of topoisonerase ||

[ 0011] ~ As substances inhibiting such an

activity of topoisonerase |IlI, there are known,

besi des et hi di um nonoazi de nenti oned above, ' _
chANESEE €5 3 daxorpbi sRO3 @hhtpitc%v@ﬁet@&@@gsa;gf cell walls
' m t oxantrone, saintopin, and so forth. As subs?ances
andg rig bl tmm@oltmefac@f vqiqe@/d ofclbporgontramet | dighioht hag of

ctiv t f ase |
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the field of bacteria, as substances inhibiting the

- deagh (G4 I DAt HICDNA? gFr AR HARA iR AT actii ty
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are known ci profl oxacin, ofloxacin, enoxacin,
thapefinoraginmenfd-er Braeiver Nl ceaci m:elrial iwetinel ¢ haeied boiled

ox@l inic.,acid, pjrqm and so forth (for
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theldew@veleret RRre Mas;HIoL i90jdmdd heﬁﬁparﬁmraﬁdu e Ibacteria
use of these topoisonerase | poisons, topoi somerase

in F‘Ftb‘éllsé%’dséﬁéf@act ePPERTONRA, gjiFasSe Lh6PSoAEEf 3 2 |
tecﬁhgt;ﬁ%a%ﬁa%mef Saples. siehy as dieadst uff s, qq%ltesd range

clinical sanples containing mcroorganisns in a
of ﬁepﬁs@UEés dushlﬂ@umﬂﬂhﬁﬁldlﬂh&ﬁﬂIaﬁdmmwnﬁmﬂiqnalware not

cr.oor gani or_ the rpose of reall qui ck
exafLnBRT SREy SAERE: PV b BRoi B St A A Wi s
perasohbar foet hod’ fsomci&t eeld.NnGild weehbactesita, rddened@s and
.. been proposed an autonmated system for conveniently
kll%ﬁdoﬂEycgﬁﬂjtaé%@c{”ﬂﬁﬁw%&elnétté’rr)}n@cﬂr\?lt@ym&ndn
foo@StgEAse activity (Patent document 3). However,
detection by this nethod is limted to a case mhere

[00@@bpiratory activity and esterase activity of the
Obj ctive bacteriumc n, be.accurately syred. .
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abl e-but-Non Culturable) cells and dead cells.
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- di acetat'e), which s green fluorescCence in the

bactrwisente oie ers;werasrellhndapdomedsumngdtdEa@ Pbpcterial
thod is al so

e acunent bﬂmv g

Coué r&%#ﬁiﬁ#%ﬁﬁ d%%eg?ear?§lalsP ngtif hg?gggr%%flghereOf
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- cell walls of the injured cells conparatively
- deteg@iiicds® 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



Therefore, when the injured cells are those show ng a
| ow degree of injury caused by |ow tenperature | ong
time pasteurization (LTLT) or high tenperature short
time pasteurization (HTST), or-those showing a | ow
degree of injury due to stress in environnment, |ive
cells and injured cells cannot be distinguished by

on tRich mathadtt Hatentodpawsmsnbdel nier aakbopal oRabestirs to
plii cati on Unexam ned Publication in Japan No

Ap lon . e
ma kg 5:he1 05 et o ctinerdte®: L Uepahe¥e PaFeRF12 difficult.
i_.cat.i,on ( ) a 3;
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Pp. 357- 363 o . _ . .
P iR SE o SR T5hI 1 RRIER ] FoRnERpEFminant milk
comdoele@RI0l 0¥ o¥Ply HBL.gHNOLy 3in , PPnd 228- 1R3¢ are

Non- pat ent docunent 3: Appl i edandEnvi r onnent al o
subljleciteldi loogyaiveing 68, tINGYH B9025Y Hp? 2084pporpdium

LodhA0- At entdocyents: Anpli fandEd renmental te int
oo P 851 PSS b PR T 4200 "B spapgprate snto
them, and as a result, green fluorescence is emitted by '
chromosomal DNA to make distinction of the somatic cells

from live bacteria difficult.

{0009]
Nonwpatent document 3 discloses a method similar to

the method of Patent document 1 except that the protease
treatment is excluded as a method for measuring live
bacterial count of lactic acid bacteria inryogUrt or yogurt
starter, and the method is described as a method of using a
nonionic detergent and a chelating agent in combination. As
the characteristic of the invention, it is described that
the method enables destruction éf somatic cells as
contaminants and effective sepaiation of fat globules.
However, samples subjected to the aforementionéd 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 yogurt or. yogurt
starter due to the contaminants. Therefore, the method
requires extremely delicate détermination 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 live

bacteria and dead bacteria.



Non- pat ent docunment 5: Biochem stry, Vol. 36, No. 50,
1997, pp.15884-15891 Non-patent docunent 6: The
Journal of Biological Chemstry, Vol. 270, No. 37,
1995, pp.21429-21432 Non-patent docunent 7: The New
Engl and Journal of Medicine, Vol. 324, No. 6, 1991,

pp. 384- 394
[00 @@q-patentdocunﬁnt8 Appl i edandEnvi r onnent al
M crobi ol ogy, Vol. 68, 2002, pp.5209-5216 SUMVARY OF
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cytonetry, which conprises the follow ng steps: a)
agafhe tstepogs e Jih(stsfxe%tl%ahwélwm%rwbn@w@tlng in

I Pindd S h '

manfiZY 538 BRINE! (B Mo Pa RO e it Pt "D

dlsprdéeugs1®mdnthﬁieauEnndmphwbm¢mpma$tDmﬁﬂuﬂandlﬁhen only
sample wt

t ft t the t t
5 S OB EN A i G <l o) BRLEHATT day et R i don

of UPQQEEbd§ag§%BaQ&kﬁ%unds to the chromosomal DNAs by
anpt ot heci n, doxor ubi ci n, el i pti cine, et oposi de,
covai@akaﬁtﬁ@ﬁ@megélnthrneXﬁ@Qéﬁec§W'é@@ eriips, 953

topgfg %FQSQNACQ%V %edgifgnéégﬂég1ﬁﬁ% %fﬁé§¥igéé¥ge of the

oxacin oxaC|n Xaci n oxacin
DNAftEtaxaelnornQEMhmﬂammm snﬁanﬁaLnummdbrdxmpdnﬁbrm
acid and pi_rom di_c _acid, ﬁE? t he ste of treating

reP%h%aFéQP eémsrl@ OB BEF S EEPE D %ﬁf%@% th a

(trANSEeapcshal Brageml, Wher @il Lhe, THIGHRAN St ARty
conprises a first st ai n agent that can penetrate cel
cleggrte of ppV§eéépm§ln9mSumg§<9ﬂ|§b%uﬂrnﬁﬁﬂfqmﬂhsﬁNAs and

relﬁgngoﬁeﬁ?”g iga@gg nt Lhat, qor e %ﬁsk Xsp8€8%F§Eﬁ as

€a FI's“t han those ive cells and
forithaeredncelibs oélEﬁAcomp&re@hqutﬂdnadﬁn@vkstaan
topé%gg%érase T1 is inhibited by the action of covalent
attachment of nitrene derived from EMA at the time of the
religation, 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 iight, but the hydroxylamine does
not inhibit the activity of topoisomerase II. v
[0011] '

As substances inhibiting such an activity of
topoisomerase II, there are known; besides ethidium
monoazide mentioned above, amsacrine, doxorubicih,
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 cémptothecin, topotecan,

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



[ 0014b] In a second aspect, there is provided a

nmet hod for detecting live cells, injured cells and

dead cells of a microorganismin a test sanple by

flow cytonetry, which conprises the follow ng steps:

a) the step of treating the test sanple with an

enzyne having an activity of deconposing cells other
in thanriboge ef bg%%eml%r 0Q/JaniriMarkd q'rﬁﬁb;ﬁ@fﬂg% Gdr?é

of proteins or lipids existing in the test sanple
actikétsgt ep bfactreeataaln@NtAh@ytr@ﬁe daping wint et ivity s:Lmllar
' 0l SO oi.son which is sel ected.fromethidi um
to LR e o kTS, SRS G, WM
cipﬁbfl@ia@me, o€l opasiige, efickexam,r @Rl ck@iditpifleroxacin,

topotecan and CP-115, 953 and/ or a DNA gyrase poison
nor%h%@ﬁ%: sBRbtfadicr gl pPFaldRdG RCigh] ded@mdic acid,
and e&gX@&wh PféLOéﬁgmpaefl RILAXAGI R NI gaG Py

idixic acid, oxofinic acid and piromdic aC|d C)

EOOIhb step of treating the test sanple treated |n t he
ain_agent

wi th a nucl ear._st
c%ﬁﬂ}kﬂ%ﬁ% BgEnt© oﬁﬁnggs S°F %POEF an §g§%& use
of ﬁl’&?ée cedh PEAGhE BhSeCel bowabhs, Ok chibieogelrbhse ITNj wa@ons,
cells and dead cells, and a second stain agent that
,andrﬁﬁ%ﬁ%ﬁ&ﬁlyD%%n@YFaﬁé BeLECoREl F9roPraéagacsrns st Ran

samé¢§§*%§ghléQQﬁ&S&%@uf@g égBUEQqREEEHSSQQEE%re@oWEEHnlng

first stain agent e step of detecting
“micnduxgﬂnwmmsganusnteattMetheétfsanﬁhetungaueulwgtﬁlwbe

| t ai t by fl ov t 0014 ,
ce L1 St wblE O nbr L PLORFOPasH Kok Lifgpurpose of

realArARA ING & E@asus egeNy sanpheiter gdekectbng live
cells, injured cells and dead cells of a

(0031 croorganlsn1|n a test sanple by flow cytonetry,

F*%Qt g)g S fallowng-€l g gedfm @Qc@@zwe there

rom ol ytic enzymes and prot eases,

has t@pmn$ungﬁasﬂipnnsomt@mmtedlsysEEchﬁd tonneethndlmnand
oxor upi cin

t ot
a0t N e R St HoCC T Gk anl s bheS S aPEBERRE Activity

- (Patleapotiveaimeditd IGP- 115:R253 gndicre et 1NA 1gy rases pRISUH is
which is selected from ciprofl oxacin, -of | oxaci n,
LimidRex &0 7, GFEM GRTN, TIIRFOXERT N, afibt Y1 BXadRf, eSterase

actlk}éltydb@ ¢ haCiogk él?‘tou}é“}&a@@éﬁl&ﬂdc&’hr@é“é’&&ué&‘cé’l and
a nuclear stain agent. D sclosure of the Inventio

measBrebl-ens to be solved by the Invention [0015] -
{001@3 object of the present invention is to provide a
thod far detecting a mcroorgani sm which enables

SbAS the state of microorganisms other than live
bacteria, there are -injured oells, VNC (Viable-but-Non
Culturable) cells and dead cells. There is disclosed a
method for detéctinq them by flow cytometry using cFDA
(carboxyfluoréscein 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 adwvances.



conveni ent and qui ck detection of |ive m croorgani sns
in foodstuffs and clinical sanples by using
econoni cal | y advant ageous flow cytometry, and is
applicable to spontaneous inspections in food

i cal

TP ebari T Seknplie dedd Fer et oPegdi R et hgEine @ Low

dé@fﬁ)v&fﬁ angther ehjueeti obyt heopr es@ife t MBI | ABNIGS time
provide a kit enabling distinction of |live cells,

P%ﬁ%@o@&@% affdl ldead ©el | 819NVeah&TPBF2EBFGi nghpke time
pa¥hl emd0QL0] (nrsT), b Vig¥sOf shheiaforemepti ongtce of

background, the i nventors of the present invention
1%@*3@@{%@ r¥seEr s hed o1 mrgsmieniléne cestl smenkodnjured

c Ceﬁ“ SELLA Y (314 13 h!ﬂéké&y %%h%?tr}?ecﬁﬂf Qp of live

a n1croorga |sn1con i ne ©odst uffs and
Pdmmﬁnlcdbcsmnptes 1in parteirogitappadi sthaicénton Gfopdication

Un%gﬁg( ngﬁ%1§ﬁ8F98£°§£9§Qﬁ§R’ﬁgpt§ﬂ§¥%ﬂd§1 a sanpl e
Patent document 2: Japanese Patent Publication (Kokoku) No.
6-55157
Patent document 3: Japanese Patent Laid-open No. 2002-
281998
Non-patent document 1: Bokin Bobai, Vol. 31, No. 7, 2003,
pp.357-363
Non-patent document 2: Applied and Environmental
Microbiology, Vel. 66, No. 3, 2000, pp.1228-1232
Non-patent document 3: Applied and Environmental
Micrebiology, Vol. 68, No. 6, 2002, pp.2934-2942
Non-patent document 4: Applied and Environmental
Microbiology, Vel. 60, No. 12, 1994, pp.4255-4262
Non-patent document 5: Bigchemistry, Vol. 36, No. 50, 1997,
pPp.15884-15891 .
Non-patent document 6: The Journal of Biological Chemistry,
Vol. 270, No. 37, 1995, pp-21425-21432
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
Microbiology, Vol. 68, 2002, pp.5209-5216
SUMMARY OF INVENTION
[0014a]

In a first aspect, there is provided a method for
preparing a measurement sample for detecting live cells,
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IS possible to distinct live cells and dead cells

hi gh- . sensitively by identifying various

contami nants including dead cells contained in

foodstuffs and clinical sanples, pretreating the

foodstuff or clinical sanple with |ipase, protease,

et hi di um nonoazi de as a DNA intercal ati ng agent and
irsipresk tdelils orér dead ebri dPent] P reRe @ sm in a test

séﬁﬁﬂtaWBQanEfbd'WCSQS %E??ULQQﬁQjPrEEﬁEERQEQt ﬂyé t%gllow1ng

stainin rescence the sanple, and
stsamj ecé) nghteo malsuroérrenrearsim@ ahkl ove oyt @mapée with an
Thus ey acconmplishe

th t
2 RS TR Uy R RSl e ML S0 chan

tmf@pafﬂ Nghea nfﬁ.&&&iﬂr%ﬂiﬁ!ﬂtszrﬁal’cﬂdleofldéldﬁtaeeﬁbmgs| bﬂeproteins
cells of a mcroorganismin a test sanple by f

ooyt GRBEP Y, SXMAERI coipriides teRéE f ATV ngPst eﬁ%e Sa’f)ep of

tﬂ@%%i%beRHQ:ﬁé§¥ué£ﬁbf@ew£§§taS@BEBESMhéPhﬁﬁ EHZYO® which
having an activity of decorg)osn ng cells other than

ist hoseebfctdre m Erodr gard¥mMdicsl | oi Balopards cl esaBpacrine,
ca@@%%%% Q7 | PLASEXILhRg | N %hﬁlﬁgﬁblﬁénpl €, «8Bfoside,

the step of treating t e test sa
mltt@}xamwseeaseapmtsv@nnandjcmot&clamagwaslér]p?cﬁ§t£n’3 and/or a

Dl\{% % < E’ | nvent, ion_ also provides.,a _ .
t H66° For pdjété’&l é ve TelF ?amcroorg aCsmin
ofdolk@st nsanphexdyid) owedioaaetiny, nhécdkL00nri sesftibeacin,
foll om ng steps:
nalidixic acid, oxolinic acid and piromidic acid, and <)
the step of treating the test sample treated in the steps
a) and b) with a nuclear stain agent, 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 1live cells and
injured cells cells compared with the first stain agent.
[0014k]

In a second aspect, there 1is provided a method for
detecting live c¢ells, injured cells and dead 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, b) the step of treating the test sample with a
topoisomerase poison which 1s selected from ethidium
monoazide, amsacrine, camptothecin, doxorubicin,
ellipticine, etoposide, mitoxantrone, saintopin, topctecan

8a



a) the step of treating the test sanple with an

enzyne having an activity of deconposing cells other

than those of the mcroorganism colloidal particles

of proteins or lipids existing in the test sanple,

b) the step of treating the test sanple with a

t opoi soner ase poi son and/or a DNA gyrase poison. ¢
anch&Fstléf - 8P 3t pedricfig at YA egrasanpPéspperpedhi Ast halected
Frd epsg@%f@?? 9%cfﬁ$h aoi#%&f%ﬁnﬁteuéﬂd§¥ﬂyhu angefg%xacin,

the step of de ecting the mcroorganismin 'the test
flsanpkeity eatoed Iwnixblr ithe maldldéar csteaiinl ,agemtlini o [owd and

cytonmetry. 019] In preferred e di ment.s of
plﬁ%@lgthdHngrcareE%?irﬁf%? w%gsﬁFﬁﬁ%ﬁf“%gﬁg?e 5t Semple
rr@ategt kAgthbvetepkl §) ofargd Nbcrwotigani aoviaza tesin agent,

sanple by flow cytonetry and the nethaod for detecting X
whergdlcebts BRCASRECr o JanfefTFn @HESSSSandl &yt Stain

ageh@WiEHONBEY Yrerrdtha st 1) ds1perdor mege akbers) henjured
step a). [0020] In preferred enbodi ments of the
ceafler ereht fomédCRet Rod$ind e sesePndampréni f96mé ofhat more

eagiillg’ &?eﬁjeaﬂf’ayteor 899? 'WaEilfsoogft léfefadpr@M dtfléﬁmﬂ'ﬂ.dslé of
or alry product as a raw material, a bloo
lisanpleg,lsa amd nien sarpl eceld spiagbafddiivi Banphe, fTarst stain

oofiRoupih B0 SO 208 BoBLENAl Yt B unien 1
thaf orementhaped metdiads] hehnitCeoongandsmm s8adn agent by
bact eri um In preferred enbodi nents of the

tla¥or¥dneNebhed net hods, the enzyme is selected from
robhRehytic enzynes and proteases. [0022]

In a third aspect, there is provided a kit for
preparing a measurement sample for detecting 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 which 1s selected from
ethidium monoazide, amsacrine, camptothecin, dexorubkicin,
ellipticine, etoposide, mitoxantrone, saintopin, topotecan
and CP-115,953 and/or a DNA gyrase poison which is selected
from ciproflcexacin, ofloxacin, anoxacin, pefloxacin,
fleroxacin, norfloxacin, nalidixic acid, oxolinic acid and

piromidic acid, and a nuclear stain agent.

Disclosure of the Invention
Problems to be solved by the Invention
[0015]
An object of the present invention 1s to provide &
method for detecting a micrcorganism, which enables

8b



In preferred enbodi nents of the aforenentioned

nmet hods, the topoi sonerase poison is selected from
ansacri ne, canptothecin, doxorubicin, ellipticine,

et oposi de, m toxantrone, saintopin, topotecan and
CP-115, 953. [0023] In preferred enbodi ments of
‘the af orenenti oned net hods, the DNA gyrase poison is

con%%%?@hgdaﬁao ?ERrQEk@é%gb%'c&fhg&%c%ﬂcﬁﬁyyﬁ%ﬂﬂbms in

oxacil n, eroxaci n, norfloxacin, nalidiXic acid,
foodxohfhscandi dlandcpilr eaingilesabivd usfio@24fonemicallly

‘ referred odi nts of the af.orenentioned t hods,
v P S HaEE s Eher S ERBrEaN | 876k PP ARG AbAS: 48 and
spotfen8BLhodn 58P 685 LRe rsbep ralktsubpectirngtifhg dagstrield,

sanpl e to which ethidiumnonoazide is added to - _
and j & rgeli e d oFo Bf PYEBRBEBY| RgREMPLE0PSED for thg foregoing

fer di f af t, :

e T o L B e e e A hon
is tdeptestdsanmpket t epabednigndibe istepsnapfandve) cwiltlls a
. . hucl ear_stain_agent. 26] In preferred
lnj%ﬁﬁéxﬁ?&ﬂﬁs@?ﬁ ﬁ%éa?%ggﬁentioned met hods, the

nucl ear stain agent conprises a first stain agent

that can penetrate cell walls of live cells and dead
Meage| for mmilalvgcéde staPklagent that nore easily
Qﬁnetrate cell walls of dead cells than those of

[Ooﬁlve cells conpared with the first stain agent.
[0Q2/view of the aforementioned background, the

inventors of.the present invention assiduously researched on
a convenient test method with certainty and actuality for
detection of live cells of a microorganism contained in
foodstuffs and clinical samples, in particular, for
distinction of live cells, injured cells and dead cells. As
a result, they found that even if the amount of the
microorganism contained in a sample is extremely small, it
is possible to diétinct live cells and dead cells high-
sensitively by identifying Various qontaminaﬁts'including
dead cells contained in foodstuffs and clinical samples,
pfetreating the foodstuff or clinical sample with lipase,
protease, ethidium moncazide as a DNA intercalating agent
and solforth 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]

T

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



In preferred enbodi nents of the aforenentioned

nmet hods, the nuclear stain agent is propidiumiodide
and SYT09. [0028] The present invention also
provides a kit for preparing a neasurenent sanple for
detecting live cells of a mcroorganismin a test
sanple by flow cytonetry, which conprises the

confe@l il &%ee@@pygghngngggggne sel ected fromlipolytic
-enzynes and proteases, a topoisonerase poison and/or
) &hENAtgYr ade tpeiasomy A atefﬂxcl%aa\plﬁ alif-lagantenzyme
ref 1.8 igrent o the
hthggz #eﬁfFéﬁé&9'§514%1 o 0| og%$23e pof?gﬁhan those of
thesahembedgﬁhmﬁmansﬁummdraa1c@nmﬁuﬂdmay ,f eateibisCiot; llplds-
el Lipticine, etoposide, mtoxantrone, saintopin,

eXlFGﬁBQe&Bntﬁﬁdt@Ptif?“§§§' FHG30] In a

p) Phefsebgdogmbedinanly ohdt hesaf anaprbt Laned Kideyy Lil@nerase
DNA gyrase poison is selected from ci profl oxacin,

poigphogndi nr enbiacigyrapef bokaein, fleroxacin,
r0o¥ ?floxacin, nal i di xic acid, oxolinic acid and
omdic acid. [0031] In a preferred

enbnm&i@ﬁ&séﬁtthﬂvaﬁeieﬂealksnpﬁokiaestﬁemethod for
€O|sonerase oi son i s ethidi um nonoazi de.
det%@ BhY aebtsCE LecPTof PAETPAVEARI 8 [D032fest sample by

flow cytometry, which comprises the following steps:

a) the step of treafing Ehe test sample with an enzyme
having an activity of decompééing cells other than those of
- the micrdorganism, colloidal particles of protéins or lipids
~existing in the test sample, '

b) the step of treating the test sample with,a topoisomerase
poison and/or arDNA gyrase poison. 7

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.

[0019]
In preferred embodiments of the method for preparing a

measurement sample for detecting live éells 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 flow cytometry, -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 dairy product, a foodstuff

preduced from milk or a dairy product as a raw material, a
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The present invention enables conveni ent and quick
distinction of live cells, injured cells and dead
cells in foodstuffs and clinical sanples by flow
cytometry. The methods and kit of the present
i nvention can be applied to spontaneous inspections,
and are al so econom cal |y advant ageous. Bri ef
blobasehiphizon ;of, t:he ' | Ngs, [ H0; ' h
o Bt Re 65U s O meacur 2rent | a7t er U706/ P
synevapni iigufidr seRPtirreatret ayriougpriEst hiekichi sacol ¢.
[Ooég?pensions (l'ive bacteria and injured bacteria) and
Ztreated group Staphyl ococcus epidermdis

suspepskensrbhi werbaGherts and F1d Uk eerHash €1 bAYd Asethods,
wel | as untreated group Escherichia coil suspensions -
the(pigeopgerBiFE afda MagedPaeteria) and untreated

r c .eni 1di ' (L]
OCE B PO BEERRRIS S RSISASRG [ ot o,
the showymg fheseesulbes divorCVipedsurienentz aiderarBY 9/ tlases.

' Ooiégining for LP-treated UHT honogeni zed m |k
(0044 bcul ated with Escherichia coil (live bacteria) and

LPed rend £6l- L] beRbaghi-2ed W kH0ta fd1ea it £ShM thethods,
the bacteria: [Fig. 3] Gaphs show ng the results of
the Heppobace eaent Patter S¥TEFARICLSilFiony aacrine,

- d n-hono is LK lated with
e i T
mitdecteromy, dfittepfind tohbdtpoanhanmogemr-Add,ms3k

i hocul ated with Staphyl ococcus epidermdis (live
0043kt eri a and i njured bacteria), and LP-treated LTLT
nafy horogeniZed-mbbéi Rehtknegulated rdldhdNg oned methods,
bacteria. [Fig. 4] Gaphs showing the results of FCM
the MRS FemRTR ROTLENSYF0oEPrcsed ArAl FéprrRloxrastod
of 1@ EMA- 4 &dn,Esé%f%bggbénc%hegB%B‘éﬁﬁ',Oﬁ%r%l'o‘égcin,

acteria and 1 njur acteria) "an t aphyl ococcus ,
naliepixder maid, suspeitsionscftli sadbadtremidiandciidj.ur ed
[Oozbaﬁferia). [Fig. 5] Gaphs showing the results of

FCeM measur ement after SYTO9/ Pl staining for

LPnt peatred rand SWodifated HFTtRemagerizedtiiohikd methods,
“ . inoculafed with Escherichia coil (live bacteria),
the gAPHEWHFEAF PN FR i hdchlat @R PANSEapAGI ogbdchbe

methSR & 'rq]is%s(' iye %@&%%' a)upa0de YET bpaogenizgd, i Lk
not i nocul at eégvvlt the JEact e?| a. _ el b eo
which ethidium monoazide is added to irradiation of wvisible

light.

[G025]
In preferred embodiments of the aforementioned methods,

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 agent that
can penetrate cell walls of live cells and dead cells, and a

second stain agent that more easily penetrate cell walls of

11



[Fig. 6] Gaphs showng the results of FCM
nmeasurenent after SYT09/ Pl staining for LP-treated
and . EMA-treated non-honogeni zed m |k inoculated with
Escherichia coli (live bacteria and injured
bacteria). [Fig. -7] Gaphs showng the results of
FCM neasurenent after SYT09/ Pl staining for
deadPdnaat ed and EMA: tyeated LR Nonsdhommaeni zad vid keirst
I nocul ated with Staphyl ococcus epidermdis (live
stabacteeina .and i njured bacteria). [Fig. 8 Gaphs
{Oogt}gwi ng the results of FCM neasurenent after SYTO9/PI
t'ai ni ng for UHT honogeni zed m | k inoculated with
Eschepirehibareal enblddienddact erfii ahands Stapnwt 0noed Usethods,
epidermdis (live bacteria) after LP-treatnment and a)
theahigdrpie StBY e PIieHiti disn@ X P HalptioHels mrst HTO9-
[Oo%ﬁ’r of loxacin treatnent. [Fig. 9] G aph show ng the
refationship of imersion tine in boiling water of a
M cTlo¢ ubee sent ai niragtpbysedbogical ideaki pe kamnd for

temperature of liquid in.the mcrotube.. [Fi.g. 10 -
DT opE aRaD AN EERer E BB o SPIEE . P e HrCReTim Iy J5lls of a
micEs6hghhelhai £0k! ¢ ckkehsimgllea byCribabagt@ineaRe, which

Sal nonel | a él ive bacteria and injured bacteri a)
compyifaet ede ahdl paFinteg 158RHLE(N) or after (E) the
e [ Ei S tr [ h r
an S Bt IE ko Lin, hogh BT RPATEES, SpR Phpdyanes,
a tdpcissharasnd geddobaendroa) aetNhagyedsangopaonf,i edd
bef ore I\% or after (E) the EMA treatnent. [Fig. 12]
a g %"ﬂ:o%ﬁ +@si9°Bhot ogr aphs of chronmpsomal DNAs of
ooBbaphyl ococcus epidermdis (live bacteria, injured
[ ppny! . ) &
bacteria and dead bacteria) extracted and purified
 beflgr e (Nyelrregd epipeEinpet ERA EheadheRemeprigredskit,
- |- sult u for
e e O o bt e E o e dad Bact e of
camfisechierd ohi aiecdrubieédne andipfieinthecEMAobidat nent .

i o i o BFLPh V8" bRCRBI TR AFr S0 bact EPPa and

[ooFE@ad bacteria of Staphylococcus epidermdis before
and after the EMA treat nent. Fig. 15] G aphs )
shdWi g Raes aresfl 1k d e urletrent o Fgre i iened kit,
hagt erla of cobact erLum tpber eubash 5, A0L bRk LR

the bact %%%%e%%b%%t%r% o? t he samaptreat e%j ngfh

of laxsamnircotdrmixacioi d pyilazaden andlerdsapici nnbef boeaaiul,

after the EMA treat ment. . . - .
nalidlxic acid% oxolfhf@ acid and piromidic acid.

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

the topoisomerase poison is ethidium moncazide.

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

12



[Fig. 16] G aphs show ng the results of FCM
nmeasurenent for |live bacteria of Listeria and injured
bacteria and dead bacteria of the sanme treated with
anpicillin and gentanycin before and after the EMA
treatnment. [Fig. 17] G aphs show ng correspondence
of classifications of live bacteria, injured bacteria
spoBfindead basherira oefs, Eseherir@hia £oldcorbmidyl Bgoccus
epi derm di s, Mycobacterium tubercul osis and Listeria
advactegdPng-to the ATP nethod, and distinction of the
sane according to the nethod of the present .
invention. [Fig. 18] G aphs show ng correspondence o
Brielfagsid¢eaptons offl ive pactweings injured bacteria
and dead- bacteria of Escherichia coli, Staphylococcus
[OO%%ldernidis, Mycobacteri um tubercul osis and Listeria
[F380CP] di PGt 0 theweabekase ARt ANt SdNGhi M after
he sane according to the nethod of the present
SYTOSWRNt s oninifEi §orldP-Graphedsyowivupg Adveiamisdlias wfli
: FCM neasurenent, for Listeri,a.in hu bl.ood hefor
SUSETR I hel EVRE L PEaF RERT SBat TNBAST 07 Ry ing But -
tredth®d |Jvent | 9RapA0341obeeabbete mriefier et mzadinrentis ve
of the present invention will be_explained in. _
bactpig |andioimieredt RRCpPEL @At 3PnVEAL 67 & tH&ER Hetnidreyr
' -fo i ) d ,enbadi | :
i s e g R S L
bactianient iomd Ji00883ted grouFhétaphiyddchorusr epddeny ialis
neasurenegb%sa le for flow cytonetry (henceforth
SUSBATE Ubbr eV At o7 @5+ EMF) “actdrdhg  fo "the Bresent
[Fid.nvEntd:apHs sherihgdther rpsapasi B FCREasULeMeRMknt after -
sa@ple for detecting live cells of a mcroorganismin
SYTOP Atds ts tinping byo¥ | b Eyedhetr YHTaRampeerigetndd Lk
inoctQTdSING o Nes LoLLowhng SLepsi119L bREt8L8R)Oknd -
treating the test sanple wth an enzynme having an
treadetd WUHT lofnadeoohpodimglsehdts dnhenlehad whosetbe the
baclgrc%pprganisnl colloidal particles of proteins or
'|61ds exi sting in the test -sanple, and
[Fig. 3] Graphs showing the results of FCM measurement after

SYTO9/PI staining for LP-treated LTLT non~homogenized milk
- inoculated with Escherichia colil (livé 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 resuits of FCM measurement after
SYTO9/PT staining for LP-treated and EMA-treated UHT

homogenized milk inoculated with Escherichia coli (live

i3



b) the step of treating the test sanple with a

t opoi sonerase poi son and/or a DNA gyrase poi son.

[ 0036] The nmethod for detecting live cells of
a mcroorganismin a test sanple is a nethod for
detecting the live cells using a sanpl e obtained by
the aforementioned nethod for preparing a nmeasurenent

sanple for ECM and further conprises the.follow ng
bactyipi n Wl FPBASTR! FHS Af bRenBREPOREATSEEpE a) and
' Staﬁ%yl Edclhs éﬁf@e9ﬁ1&£§aﬁlﬂgetB%c%@§ﬁa$anﬁh@ tpeat ed

e steps 'a) and b) with a nuclear stain agent,
homcgrhizld tihel st ept of ndet ket fAgwikhe ﬁh@r@@ﬁ@ﬁﬁﬂ§ﬁ1ln
_ the.te anpl.e treat c r t
[Fb%y ? ék%é? ??WLn%Oggem%éguigg EE ?ﬁﬁ m%gghgeﬁgﬁ@ after

syropeel fécain Dy fhe fpestesasyl endnEHAs taraobpeobnf-or
which live cells of a n1croorgan|sn1eX|st|ggﬁthe ein

hom%ﬂ‘eé’ud@%dwejdk wacrtatedngt thafPrearacty Al Fhitted48°
%%uﬁhﬁn Eé@ogg@@é§g&pan be detected by FCM
anpl es |nc ude mlk, dairy products, and foodstuffs
[Fiqusihg @mam@rslaomwytlpﬂ odeetlas afrBeMnacaphapment after

SEE kR O R

homcf(jHﬁ:LhzecM th Kl k dﬂhcﬁ&um@@@cmsthf sedphyﬁbeoueueg epiul:ilemndls
a dairy product as . a raw nmaterial are especially
(live SFasreddia |131¢ hBn PRetentafhGEnei on, the test sanple
Flggﬁymb% @n&&hﬁ@et@é%@gem.goeedmmoﬂeggﬁr@ﬁgm after
i osanples 1tself, and may be one obtai ned by
SYTGH A Rit |s@am1m@nﬁ@ntw1§f i mpnaggndaedofiffeinoculated with
af or enent | roduc n ting
ESCQﬁﬁf‘%ﬁe 9? g orgﬁéﬁ?$%%%g %ﬁgggégéhgﬁaégpgggnples
ep1dékﬁid&éﬁ(Iiﬁéﬁ%ﬁctﬁf&ﬁ)t@ﬁﬂetheptteahnmahtaendrdDng
to the nethod of the resent i nvention. Exanpl es of

ansaqet 15t et le st HeHt T 1 A e hea®™PFRALREAE, OFi Flrati on

Clpfgf¥g§gg§nV{E£b@mb§@tIbIOtIC and so forth. [0038]
m croorgani snt' is an object to be detected by

[E‘lq he%rréﬁmh ofhewhbnpridsentel aveanpbap ahdimgersion time in
part'C%aﬁf'éf'éq%ié%kéﬁbéOEQnéé1h5n§mgp8§19958§E§§ QXllne

he” t opor Sonerase pol's rase” poi son
and(Hemﬁénahuﬁermﬁu&ﬂmm&ﬁxﬂﬁfemenmhyratuben live cells,
injured cells and dead cel|s of oor gani s :
[Py oGy T a1 et SabeahF ot FERBAFGRaL Das of

Escﬁé&f}whlé’e@éif RANdr$0-1 05t hei fhepbaekber hadi pelixdhel1a
bot h gram pOSI tive bacteria and gram neg ative

(hv@d:tae:rﬁqlaaml oz wied Heagkani d s?ﬁ:vecbaét @pfgpurified
£ogte HF o A0S PEE P DAL RSt
| oCoctus ep dern1d|s rept ococcus bacteri a,

[F1<_:LI Sﬂlqumémcﬁ@h@reM|pmmo@mphslaf Mieobasomal UDNAS of
bacteria, and so forth. Exanples of theEll ﬁan}nega |ve
C

Eschagct@iia hit utfer BT rPahl & backBli deadchagker
ext%%?%gﬂ G 3560 #5 c @B EF b £ DAGT €b L2z BBl YPET | €6 DiMA

terobacter bacteria, Salnobnella bacteria, Vibrio
tredjacirdrd a, Pseudononas bacteria, and so forth. [0039]

[Fig. 12] 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
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In the present invention, the "live bacteria (live
cell)" refers to a cell that can proliferate when it
is cultured under a generally preferred culture
condition, and can proliferate in a state that the
cell exhibits nmetabolic activities of the cel
- (Vi abl e-and-Cul turabl e state) under the preferred
- 1] angd. i 1hs tially.fr f.r.o
vivE Ot ela iR BREteRI ARl oL ek E8nnoBe
Eschenf cbhedcaboviee fATP anti viftyyr edteEAde taehitwichy: .et C.
. can xenplified, [0040] The "injured
(Figact ol Sk RR] PEH-ERI 16, " OPHBFE. Bt PRUnERRLEERSRE ToT
liv€ehbdgtdsia, cehutBdapstateibhahdl Hehar dh¥teria of
proliferates even when it is cultured under an
Staphy{aunredd t epedeonddisohefpeeagsd aftes thpuEdd due
treé?#éﬁ{ifiCial stress or environnmental stress, and it
shows metabolic activities at a |l ower |evel conpared
[Figv th5h ¢tagheesthowbng ahsi gashilcant | egdl meapparednt for
. Wth a dead cell (jnjured or Viable-but-Non_ B
liveohachrabte QVNErcebaces s &t hBHghcykesdgl pRIahgured
bactdi i eth & eddSa BYcher dh st Engubshefle i Pra-pagr Quicgense
. on the basis of the type of stress as the cause of
isondrotrjir ypchvN @y st dpdandj ui édnpetis bafaaerend after
collectively called injured cells in
tjw3§ﬁ§§§%g%gﬁ?$$%Vention in contrast with live cells or
[Figleab ceddaphd Mddying the Desettsonf ofChaeéesii@ement for
. _exhibiting the state of injured cell by using mld
Livey RACHTEA et 0T BiH riaf rERT BReof PaRt ¢ bi ot 64 fgad
bact@tifAds Nhatd L iofPeed i R pidithen fighdgehitamycin
food sanitation inspection and clinical test, and the
befqsresud divianttilon Bfovieresteeriet hod for detecting a

i oroor . i oh e Cetinction ) .
i S e G S T G e B i pdons
of ldetd adnetriad,sdrditstddhdid omenialave dedd sbante deado £
cells,. and djsH;nctio of live cells and injured .
Eschegiidiia [q5tigp) Staphylogreoi aP tdtmiqssn erpriftgrium
tubestaAl ®dMatarid ot Pratdd I ai®, tsoase Nofp exbiRbe, and
. netabolic activities (dead state), even if it is
distdpaticdd afndére &msprEasrmEnd dre dondiqtiord of the
pres%%ﬁeQ%%%nﬂﬂbﬂ.s_in a state that although structure of
cell wall 1Ts maintained, the cell wall itself is
[Fighi gi¥lly Grajpdrse dshearichoa cqauteegrorsiaiae agentl exdi bi ¢angons
weak . perneabi li,ty such_as propidiumjodjde can ,
of ISR AR S i Re dEUIAR oo qiOuaR nd dend e ki ot
Eschedilcprantes iof dayecelddocd Nl £obspldSs angd, deasl-torium

cells is usually represented by cell nunber
tubegealiog)snandT e shigider agicdndianedld Sheaeferase method,

[ d_w a r.of ¢ i e cf ui
and B oo e BN e R B el i ene
preseelkl $nuedeériocan opti num condition on a suitable plate
. negiin1 A standard sanpl e of dead cells can be
[Figpr égar BG2BYSsGhPEArOnGTE Mereldel os fspemsasiigegnept for
ristBeak theaLpmAt nb1Hel %é%%ﬁ%eoraaﬁ%%&r%ﬁﬁ@ﬁﬁ%&“t%gbt nt.
boiling water. In this case, the nunber of dea cells
~in such a sanple can be approximated with cfu/ml of
t Live cell suspensio fore_the heat treatnent.
Bes uifidtighol I TRE ROk 1Heat RRD e thot | | g wat er
[00380r preparing dead cells varies depending on type of
m croorgani sm dead cells_ of the bacteria described
i nieheaekakpl REcLebreexanprdingaksbefprbpapregskpta
heat treatnment of about 12 minutes. Injured cells can
be prepared by a heat treatnent in boiling water for
a shorter time conpared with that used for the
preparati on of dead cells. For exanple, injured cells
of the bacteria described in the exanples can be
prepared by a heat treatnent of about 50 seconds. In



treatment with an antibiotic. In such a case, the
cell nunber of injured cells can be approxinmated with
t he nunber of colonies (cfu/m) fornmed when the cells
are cultured under an optinmmcondition on a suitable
pl ate medi um by renoving the antibiotic after
treating live cell suspension with the antibiotic,

asur i nqh aénsr% agl’lf}gele(%;{’nvééfﬂf l'l—%ﬁexﬂﬁ‘?ve&?@%f&sent

Inve 63% v and conpar |
1nveh¢ﬁ@ﬂﬂﬂa/nmﬁtliﬂﬁﬂedﬁt@xﬁmaefcblbwsmgppmsfenrmhlch
density of live cell is known.

emboCd BN Stal ATFarda Tt 16 %’Te‘?ﬂ%tr@?‘ﬁ%ﬁ%ﬁi WL B%? scope of
the PRldcclies mRH@IdEd in a test sanple, conprising
proteins as constituents, and dyed nonspecifically
[OO&& th a nuclear stain agent, and exanples of which
i nclude cel | r casein. e tho
%ﬁemﬁi:nélséintfa nvesEen e 13 IErlaee'?s;l%( Iﬁael#edsﬁi@ Po flow

cyto&b@&y U@Qﬁiﬂeﬂd@tﬁﬁéﬂbdﬂabbreV1a&éﬁti&S“B¢m©} actﬁﬁﬂlng
le is treated with an enzyne having an activity

to tﬁ@rpﬂéEﬁﬁﬁbﬁﬂﬂfQ£ﬂ9%;%ﬁlﬂy@ﬁ@&ﬁﬁt?ﬂ?rﬁ%ﬁ%%%b%ﬁﬁ%m
measﬁg Leihdals Raytd & Q:fetﬂiré%l%@slf&e lépids exigting in

he test sanple. [0046] is generally said
mlcrphagamsaxr der & d:aﬁé?t ectmblec they |Jél¢ufg/ FoMme ey bagneéria a
S oul d b%SS¥P %&}943 ass t roqgh a detector in an
REL DS o GRTPOT"at™q éas However, when live

a) ttel kselpn tt&ﬁat&argalteléuﬁkta%mﬂaie aﬁ:etfdedreCéleﬂbe@/
a | arge anount of contam nant_ conponents such as

FCM
haviggnah @ deMidy odt AEHNEE T Lol et adeih, thgte of

the RRLYobheRAGKE i@ 11idvade ddwo & aater (Pasteiidlor 1ipids
gate) on FSC (Formard Scattered Light)-SSC (Side

exisgtagt énedhs gﬁﬁﬁ samgb ltcheragfcdbre bacteria may not be
etected ev oyt 1 S u
t?’ﬁ epec% &1 e.f—aﬁ:l% Yhe Q:%scg usa%ftr}ar S atg‘l? > (bggc%_ erase

tor. or €, eto
poisoh meduees cellNg aethrerset hariddre m cr oor gani sm
colloidal particles of proteins, lipids and so forth

[003éi|st|ng in the test sanple by a treatnent with an
eNEYBemethod 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
gsample treated with the nuclear stain agent by flow
cytometry.
[0037]

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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[ 0047] In the case that the test sanple is
mlk, a dairy product or a foodstuff produced from
mlk or a dairy product as a raw naterial, exanples
of the cells other than the m croorgani smexisting in
the test sanple include bovine | eucocytes, manmary
epitheliocytes and so forth. Furthernore, in the case

'lonéggg £H8 %fé&oé?ﬁ%b%shscgn S@%E téﬁcpg?%cﬁhoogx?mples

urine sa spinal fluid sanp synovi a
inciﬁ@édmsahpleaoryppeudabtﬁluaddsémphetuéianpbéagoﬁdﬂheor a

cells include er throc tes, .le es ranul oc tes
dai R FRPNET oS asHpH TELERuRbey PAOOY SRERIEDr ol TatE )
samp NEODOEYLES, f BREaSeahpIED, EQQ@%hal fluldTB§m©&é$Ue

““af orenent i oned above is not particularly [imted, so
plepony Hbuhd eapyhest habdcan Ge&6hpoddi the dairy products,

fooégﬁﬁfﬁsn&%ﬁﬂsdmffﬂt991Qaagﬁrgng gasatngg Lnj gaemgkéglal

€” m Croor gani sm a et ection object
re chgseniaahd exafiptesdof ﬂﬁntﬁeip&é&mﬁi|lmM¢0¢1©m, the

enZ nES and pr ot eases. h ane ki nd of
Bers Hepohaeney yolgeb Bhot @ CGrTHDF s ORPAAEHBRuCE S

andfﬁea@@ﬁpr@y besaised éHdCﬁHPIBétbﬁ@ 86t LNBeBNBY MBI luting
is preferable to use both l'ipolytic enzyne and a

or qpmteRteatinpiE)y one oEx5h9|ééOéﬁmenpépy@ﬁcpéﬁ@yﬁﬁs and

blosg§§i$§ $£99§§@ec@f$@p9§§ass§ug@dtﬁg geakameﬁegoned

es of ase |1 nc € protelnase
prodn@mQSﬂuammﬁﬁnépﬂéh tp0850PFetreatmeAtt hoigh than the

conditions for the treatnent ese
EreSHart FeW Gy Fo rf fedre Bhadcan bessarapt y invertion.

Examples of the pretreatment include heat treatment,
filtration, treatment with an antibiotic, and so forth.
[0038]

The “microorganism” is an object to be detected by the
method of the present invention, and is not particularly
limited so long as it can be detected by ¥CM, 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, filamentcous 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, Myccobacterium bacteria, and so forth.
Examples of the gram-negative bacteria include Escherichia
bacteria such as Escberichia coli, enteric bacteria as
typified by Enterobacter bacteria, Salmonella bacteria,
Vibrio bacteria, Pseudomonas bacteria, and so forth.

[0039]
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determ ned, for exanple, conditions of a fina
concentration of 10 to 50 Unl, a tenperature of 25
to 37C, and a treatnent tine of 30 m nutes or nore
can be nentioned for |ipases, and conditions of a
final concentration of 10 to 50 U mnm, a tenperature
of 25 to 37C, and a treatnent tine of 30 m nutes or

nore can be nentioned for protei nase K. [0051 .

Thah Fk REAEE N (TSP Holy CFE onbyHe BRACST b of bhde
celidre quefey abl o pesforamgde i Bahhgrondeerafe(ivhehher is

treatnment with a lipolytic enzynme and (ii) the

cul ttyreat e a o protbasereberihd créhvRENECREythEn, and
can RSSO Dy ir?'é%éz?@%oyﬁg% ?HQ' BQl{LhSQ%iﬁhEEOMQ'Eabolic
ese ‘enzymes may be all owed to exist rn the test
actisdarles aft athd 1T et @il e-atdiSuptetebabl ethoe) under
separate the enzynes fromthe celif bx centrle ati_on
%)ce sub g

the grefifd 19k &oqH05217( 23St £p PFPhaPhi§Lvepree
front R&LESE cYanie iwalT eated sMd Mt $12P0i S U BSE: i es

poi son"and/or a DNA gyrase poison. The step b) is -
mentgogfest aloy eperfigt et af tey, toeterepeagctiooby] etc. can be

T ed;onisonerase poi son and the DNA gyrase poison
exeqﬁ;% o1 the present invention refer to those not
foodionhi biting the activities of topoisonerase and DNA

gyrase for cleaving DNAs, respectivel but_ .
i nAPBI {Rd UFEM FRETSIT 6t d\w&f%?ée frhc? hg” ¥ o bigiraut-Hon
Culﬂﬁféﬁﬂg dNA jclieavages 1 The, tOpol s08BERSE PRI YR anRd
e

DNA gyrase poison are preferably those that bind
proltifeghrtorosoieal WNAs I0f das mielBorgAnie@de byar ovRal Enum

attachnent.,. tho inte it iE
coref e s IR e L 2o PLOBiA ey agsisician
st re&eValrerh vdtricaelement] uporeds - athdt i onsledwyisébhleolic

light, those_.that sinply intercalate into.the
actighioRssGimP BRAET e oSt THRACF oFhFa Tohbl &k th bUt 2

5ignliPRGRIRNBELASE QonMrdyrdsSth a (@054 cAl T hougiuiédisr
preferable to use both the

Viable-but-Non 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

distincticon of live cells and dead cells, and distinction of

live cells and injured cells.
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t opoi sonerase poi son and DNA gyrase poison, either

one may al so be used. The t opoi sonerase poi son

and the DNA gyrase poison are preferably those

exhibiting different actions on live cells, and

injured cells, dead cells, somatic cells such as

bovi ne | eucocytes, |eucocytes and thronbocytes etc.,

re specifically, those exhibiting higher

[Oo%grmaability for cell walls of injured cells and dead

celrhe andcelde Menbranes-of 1 sl i & £6k 1 shSUCh: 8Sannot

bovi ne | eucocytes, |eucocytes and thronbocytes etc.
prolidmpated Wads tivalt ¢oriledt |mebdhbelbf &Eveveeies. (dead

e 0 0|sonera e poi so

stat[eﬁdlﬁé enarjr_sfaggt?gg %%%1%£$£§e%ncg oxor ;Lmum cufture
condﬂﬂﬂqﬂlCMB&eo@b@pOSﬁd&srmiQMaﬁtﬁQﬂ&héﬁﬂdmﬁﬂhdgh

t opot ecan, CP-115,953, and so forth. One kind of
SLruCEhgies o5 Sferssed pG Son i Ye- @Hb%%en‘éé%t“ﬁ% bs‘é%lllo%tself
is htlg‘algrr iMBRE 6, NAds Pfa them Jmy éﬁ%'&&@é%ﬂ)?@lng weak

[ 005 Exanples of the DNA gyrase poison include
perm@iabridfllthmth ast | o dhi, ure nioxdicdan, cpefpexaciate the cell
wallfleroxacm norfl oxacin, nalidixic acid, oxolinic

acid, pironmdic acid, and so forth. One kind of DNA
[004@Yrase poison may be independently used, or two or

nore ki nds of them may used in conbi nati on. [0057]

ThEREoHBI Fi BAsCFdr PHERETe Qfnerit"anideH lthe injured ‘cells
and HERAI seARLAse PALSAN LOI-JNA GYASE RPI SN

sui tably determ ned. "For exanple, conditions that
(celénaimés €Blsy diwbencPfohivt Fivéscekhsbir eppirmximeded
- soncel a I can et ned addi n

Wlthtg oﬁggrrgr ggeggg%s{l&r?so?(%%& G gsogﬂoﬁl sfgc}/nrm]t C-{/éjrq’l%s ml)
formednbgnt:’aﬁthﬁﬁlﬂgt @ heUseas (mﬁie(l“f arl iop ie@ln &;orid’f,ltl.ir&ﬂ on
dead cells of the nicroorgani smas

cel
2 suffrale Blake: SeCion. | BavRBOE REneraP LoaProds e rrads
can B¢ braBarthepyhaiygsticng.d e 1668/ s;elm GRII MR 1N 5
or the lLike, staining thé cells with a nuclear stain
heat a‘@é‘ﬁ@tmgﬁﬁr ahary exagpiie @eh@@tbﬁrlé@melr—m tilve frpdrld ng
watefondfﬁ that, enapl es, £ASy ka&égﬁ gﬂ gf L Y&y o
ell's o ﬁ%e m cr oor gani Sm as an aetecF I'on
sampieouasohatappnekhma$adhwa$hb@memll@&C@ﬁ&iesve cell
hr ombocytes a i ke can be determ ned by addin
suspef B kP s b s oReah SFociPelts chiEBREsa FERe o5 Pne
heat SUsPLRe:RNSi Rf pbheihhvaatekl $oang bhe raher erent Idéﬁ@@
various cells (live cells containing injured cells),
B varigseprnd e ¢or tHPpr edenéerPredanise, thenl cells of the
bactd Y5l a0 1§Jg&‘ LhVengeblanBidsl Neod ALENBAL! RS ke
~various ce CEén g |oh ort f ?alnlng

prepatﬂmi d@jzlzs édh ﬁrﬁatheat sfabboagent, mandtasal yzm N@red
| es of such conditions

the cells FCM. Exanp
Lig rrc%g%e %fp%% ]F‘?%aJPVy, Bepfnhreabnesht iat Penlépgiveser
for a0hdg/dd , tirﬁ‘élp@éﬁ%yfsd%l%ﬁ £Ra87Gse@Nd bl gl meNt
time of 5 mnutes to 48 hours for ansacrine, a fina
prepaggricent ral idrmdfcol Ds. t F'ar L@iaﬂlplﬁtfelme_’rlalt%rﬁ ecofl95f
to .37 d tr atnent nute to 48
the 4ot MRCLEETT LhlCeRonnte, ok Be' Sxgd=1ag Bv a
heat RY/dHtmdramer aatw@t 050 25et6ond<C, ﬁnotni@aiar@@t dndre
of 10 m nutes to 48 hours for canptothecin, a fina
numbedo ifertyiaticsh @il bs 40%% 2o PPAPXINehpar €ithecsn/ b of
t 7 t &0 0 u ho
e e T T PEtaT cohoetira fan i tro T00thes:
a stqmﬂaﬁd Samnﬂa1ﬂﬁuxn;ﬁré& t©lBYCG:aandlso eaé npntphitre® by a
of 5 mnutes to 48 hours for -etoposide, and a fina
concentration of 0.1 to 10 pg/m, tenperature of 25
-to 37C, and treatnment tink%of 10 m nutes to 48 hours
for mtoxantrone. After the test sanple is treated
under the predeterm ned conditions, the treatnment is
preferably term nated by elimnation by dilution,



[ 0058] The af orenenti oned topoi somerase poi son
and DNA gyrase poison are nore likely to penetrate
cell walls of injured cells and dead cells conpared
with cell walls of live cells. Therefore, it is
considered that if the treatnment tinme is within the
ranges nenti oned above, the poisons do not

substantjally penetrated cell walls of live cells but
treqteypehkth ate FREGPEAfUFed HolT'$Ch deag? 8t | Shangell
numbd ¥ € SO Se gk b $15neh HALOYL hPEBLER el S t8l RER number
they have only cell nenbranes not including cel
of gmldsiedt (¢hubsll nhoeded habenheheopeildeneraseupsigen

or DNA gyrase poison.penetrates.in SO ic_cells,
unadh, S RIS SRUREELRTCE € SnbAblroBTher poBina" b
rem@hiroagored n iD¥Rso by c covad ent raht aghnente bt er eakpkasion

_.into the DNAs, or fornms a conplex with the o

WIth dptt stHerdsd; L and ¢4t tRERS | RRABFTSTERNFGaPfoHishbiRe
LigHMVAS Ve 1ORAIISOTES @SR | |04 { OOLEORRAASE | ab comparing

somatic cells, or topol sonerase [V, or topol sonerases
the |[turhidigyy DNAlgytiase ¢h 4 njiuvedcekl | suspenenhanebsch

t.he f rd rate of cl eavage to cause
densfl:{é"gr?gfrnﬁg‘feonceoelt:'hséq%rlﬁ?"gﬁ’osorral DNAs. [ 0059]
[0044at] is considered that if the chronbsomal DNAs of

in&ureq cells are preferentially fragnented conpared
wi FRet h68e L6 deily @addiisles wistRnddi g s thra ekl @bdal
[ { st : t j :
P A M flead e 1 e ae RO ae Y e B =
consitittamsittty ofnd mjyarddiweideciBicabby esseld gonpatedr stain
ith that of .live cells, and as . a resu it becones
agenlls ST S PRAEE gt b Wi bl L parran
celksehfitbhe dakealdtondyFEMe [[HHnt inventdibn will be
anot her_ preferred enbodi nent of the present
expladBerh 68, SVRE Yt GFSi%omer ase poison i s et hidi um
[oo4B®noazi de, and the method conprises the step of
subj ecting the test sanple, to which ethidium
(1) fAbmAvazide is added, to irradiation of visible light.
Et hj diy zi de [ r.e. l.ikely to .penetrate
ceF# %gg%ggggsfn%uFég%?%thlgg&ﬁaﬁg W 41%%% WalFyYme
haviofy bhvecteéblisyoffan cleoongayisns.celllier eftdi€s - ilan Sthe
. __considered th?ﬁ EgA does not substantially penetrate
micragfrPaRipis GPPdEade PRS e iAF RS idte L elipids
exisWahhsiaf thhj veed cekd3eand cell nmenbranes of Iive
somatic cells including injured cells, since the cel
[004fknbranes thereof are not cell walls. Wen |eucocytes
ang. thro in_blo re live cells,, EMA becones.
mobe T e Bunde ot 8el Fonetiringe” sFths Boreria
by FCh, steeibhzedrwat ehoatdably pabirict cshiltio sl itor-od¥A a
enetrates into somatic cells and injured cells, and

detegiep: dorfy PRPEPEaPAL 85 1APE CcHPOBSOMS BiAs, PaHEYET,
when Lf(‘f@e 08431’15niﬁrgaltég'tngaﬁyij‘_‘ieb%{‘l%‘ﬁg\é\ read Lo Nlbleney

y irradiation of visible I'nds to the

by F@hr orokongd BNAsnbyofovahepmiabndc mweponeltt s such as
estimated that thepn it inhibits religation of the
soma BBy T opit oaPHELCPI 1 BaRGI cerre n, not only

. the BOPO:SDAEr ASE€ady ﬁﬂt'bnhUﬁ@ﬁeCbe&te@ﬁa@N@a%na%% l3ce!
cause fragnentation of the chronbsomal DNAs. [0061]
(Forwpfdi tohse¥ef bheht) cabrenbidet RoEMmegan Bdoht), and
' rgipe I c iLtions.
ther O BT Y2 a5 TP e MR eBF o b Eepc R sbpfly 100 cru
of tham etk celtsuglanthe detechbred hyeadfbng, EMA At
vari ous concentrations to suspensions of live cells
and injured cells of the m croorgani smas an object
of detection, |eaving themofor various periods of
time, then irradiating themwth visible |ight,
harvesting the cells by centrifugation or the |ike as
required, staining the cells with a nuclear stain



preferably performed with a final concentration of
0.5 to 100 pg/m at a tenperature of 4 to 10C for 5
m nutes to 48 hours. Mreover, the EMA treatnent is
preferably performed under |ight shielding. As the
visible light, visible Iights containing 500 to 700
nm conponents are preferred. Specific exanples of the

conditions for the irradiatiaon f visibl g
oot 1o A A T of of SOPEFbIEL T ohEBoar CHO6 E 750 W
mict ¥ rPar Wil €S0l Do 2dh0UpSriom:a dfspaaeelﬂfs 1Q0ipads0and

cmfromthe test sanple. The irradiation of visible

so fogh ¢xipreieribl Yhpek POF nBATRLS byoﬁ/F§ﬁﬁEP§FGr¥lth an
ean r exanple, with ice cooling of the sanple. [0062)

(3)" Step c) In this step, the test sanple
[004Tkated in the steps a) and b) is treated with a

I Th I '
At oGRS 9% Gt A e SGORE. TR CEaht pORGLt ol oORar T

prodf@id o0fa liysasehts, piojiueed eebhsmand dead aelily. product
The expression "the stain agent can penetrate cel

as analds ofteriml cepramphes deddteel P§! 1 PePERETEPRNL HEC

nicGEng MeLe e?ﬂé‘@fm?éa ;é €8 OfceEI?eséﬂﬁmé RHElﬁ@E' pWaHi he
ot 19%e Tel rnjure | s and dead cells are

1eu¢ﬂ&¥ﬁéﬁu|mﬂmmatﬁee§anhelandyths eadesmhépetheven i f

rr S oL e Lt ee O [, CLLY erecesghiLie, o proanmpic

sucheeIsI L e8h deaghbce) | srisespahpee, coppasedenitf Bhﬁlbl@f
the second stain agent described |ater. Specific

Cé;@a‘#ﬂplféblbi sepierer BiaPA2AgehELAnEpRBLS, f ramples of
the SXAPL & ST g@ﬁ?%c%/tes 1MREERYEL s t(B?aHI:IQb%@I:es,

stain agen pre e urt her contains a second
neuﬁﬁdphnkguﬁmasépmlls,nmoeotykeby it ynpknerrasectel ),

wal | s of dead cellg gﬁn those of live cells and

thr?@ﬁ%ﬁ%ﬁ?%erﬁ% cdhpaPed 'with the first stain agent. In
joo@fher words, the second stain agent is a stain agent

that can stain live cells and dead cells in

di fiher eMZYE GrECT TRl ¥3edf APRES sbe dhat sPAr higyear!y
11m11{I§cII Udseo pf(%% dégnéﬁogﬁgﬁmé PI:IlatWQQH HggéﬁpBH@I eae
tai’n ‘agents’ penetrate into the cells, ey
afonqmeattc:atmce ¢mbamhm@nbsomﬂ oiNas nahdléwrﬁealw cells
|rradJat|on of. | aser be resc Fo
or L SISl AREE oIR8 Ly ST FRCE R obna

er ca

exardpflre?ﬁlcﬁff &%J\Mﬂi hl@claﬁéf 1bpamyaicXéBBymas thaypeonmeates.
be in an excited state, and SYTO and Pl. em t

AltHut exeened i ©f AN EBRE P8l eRYERCBECRE1E ﬁﬁﬁdanaf
C e r nghh Xﬁé%lem as
g i e o
the dHraiymageint ,id fpthteeabdeatdetibni betli &f dippdytic enzyme
between live cells, and dead cells and somatic cells.
and & RFO4 97t he ni croorgani smexisting in the test
roogpml e, the live cells can be distinguished to sone
extent using such a stain agent. However, even a

st Epragen qmaztlmmewameu hrelpis sl trppgs:
ed de cel | p t I
B R S S
1nc£ﬂdﬁrpf&kéxmm§£em mpthnhsueanélbs féntbuch a case, it
is difficult to definitely distinguish live cells and
IOOﬁQﬁ ured cells only with the second stain agent.
9‘]@_%]}1011 h cdiYeVEins Cﬁéﬁ@ﬁ@n@femﬁén@fwiﬁhutﬁgse
S ar fragmented by the treatnent of the step g
enzym&&|mm@duabqw£¥taﬁdlahéVebymbéﬁdneaﬁér@annbﬁképytﬁ 1y
stain with the stain agent, and therefore it becones
possi ble to distinguish live cells frominjured cells -
and so forth by staining wéth the first stain agent.
Furthernore, by using the second stain agent, two
di mensi onal detection of the cells by FCM becones
possi bl e. Therefore, in the present invention,



detection accuracy, and therefore it is preferable to
use both the first stain agent and the second stain
agent. [0066] Staining with the first stain
agent and second stain agent may be perfornmed by

si mul taneously using them or separately using them

[ 0067] Conditions for the staining with the

deteslgain gge ts are not particularly |Limted, and the .
CIMt T ons hsTAFTY TsedCror F$PEPnPAgPof 1BAL 0RBEERAIETaTioN

of INAso 0%0 nﬂ]ﬁrﬁpprﬂaﬂélg]g!ﬂ@rggﬁrg‘:-‘oﬁsgg- t§p§¢i°f:i,0§|'1l:lya 't
is preferable to add the stain agents to a cell
treafiygehsi Bre oo L a3¢ i makutencent Rarfonanf bd, Bepoi 6nddpibr
{ipd h S . .SYT09, or_2 0.35,.0 pMjin the_case .
e A b Tho Foat ToR bt C1ACTBESRE Py STo Doto 50
U/m120 anitenmsraf i 68] I3)tStep°d) and a tidathbstSteRe of

30 t.he rricroo;llganismi the test sanple treated with the
THIGGT S AT adetit T He- SeRp0 o ORoRtPERbER Bbobe | S

[op5dgt ected by FCM The principle of the detection of
m croorganismby FCMis as follows. [0069] If
paftiec tesadimemtas wiitdy Gorlgar s iar eerarymangedi i prowecase

To [ i r.gon .| aser .beam (X488 .nm_ in

are %r éflrefrrat@%élaltpf‘egﬁ%%qgel%sga}ﬁ ec?%%eratg% el 17 Angt e brent
withl a5 tipol§ttia tdreymd smof (he |asercheamerthiwith a
scattered lLight is called forward scattered |ight

PTOLERSEY, SandhdrSCaTart MGttt RETOEmsstant i al |y
simuPtapeiisaRaladdd ridhe rehze ﬁﬁtﬁ%hbﬁcF%%seTQﬁzg#%gggagbbe

si nul taneously scattered at an angle of abo
allophd &g X465t He Ithseit csdamanp lrald Mk sitde soatttered:, it

s pkbght ($2C itiis.said tq reflect the conplexity
is pep t%? |§nt é?n%%ggtr%ﬁgt P SPEes G e G
centst fugtuien Therékonekei.f a FSC-SSC plot is prepared

(00535 an x-y pl ot, the
(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 pcison
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
attachment, those that intercalate into the chromosomal DNAs
and bind to chromosomzl 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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hori zontal axis represents size of particles, and the
vertical axis represents conplexity of the interna
structure of particles. [0070] If bacteria are
stained with the first nuclear stain agent and the
second nucl ear stain agent nentioned above, and
irradiated with a | aser beam plotted points for
i ndividual cells locate in a certain specific region
(0054 a FSC-SSC plot. By surrounding the specific region
on I i th, f t HM anal ysi s
o] ?\I%/glrggl ?)T(#M el%a q%gfe%(agﬁlse (% @Q Lejf?é&g 1, Bect oﬁ
topoﬂs@h@raye gﬂmhun/adﬁuﬂﬂkﬂgg@aseeﬁen$®melgltBErlenengay
ly the particles of the bacterial region, and
als°f8€u§| 'only on the retrieved particles, dot plots
of Thbv%o?)%J ls%mfé}%ée@;%l%%d Sarf@nc e mNealeeh{s ef&1sd® are
Fi gs he FCM neasurenent is
prefgrc@béﬁfamquﬁerefﬁrmwg hiﬂtih%eﬂr%mt o hteredneit L ¥, cells,
t i d44s R r g aser
and EQ§UIfMavéﬁéﬁHtﬁkz(9(%£%F #ﬁ? %gc?¥%$%o%8?ﬂg%%,bOVlne
1eucan§tqeasw@mddnyﬁeyWMﬂdiEhrnmmmewké$g®tc(FSﬁbrg 15),
de scattered light, (> 15 and three kind

. of
spect Fugradgencd i i it SRt JeCRTeury T B fohecell
wallBeasureneife Ofcdihg fdlprescence: sé o scll hémBrases of
band pass filter for 515 to 545 nm e5£§0|all 530
somahfr e lpmefercdblas lli@édtﬁ@)rl%ﬁ@é%f?qf%or eemeet¢FLand
thrcn%bg% %e%a fl l tr::eormf C?%SQJA&EI'? nf%reé @éiYS 5§fr’ live
s pre erébl or yel M/orange uorescence
celléFLZ) and a Iong mavelength band pass filter for 655
to 800 nm -especially 670 nm is preferably used for
L005pdg f1 uorescence (FL3). Furt hernore, the
MBRSMPEEBNL A THY c%fcﬁ.@dfné%&[é@r;ﬂ@ﬂsd\hthnéﬁu&éngﬁsé@flne,
detectors of FSC. EO2, SSC. 376, FL1: 709, FL2: 736
camphaghpEdn, 8 fp=ealubisrie r eprldsdnt ethdy eiqRRpide,

mltolﬁggegfgem %@%E'z)flﬁf ttadmseé% Z%}%Oﬂgﬁgéﬁi' Onn&fso forth.

One Eﬁ_Bdef t@p@lsléﬁ@rasaegmnhskﬁﬂ%@f Hdlrlesi&{b&himwaﬂ’yed

al ue), feedi.,ng rat FCM t est ensi,on of Iow
o CYPolE) PSS T M RSB o e |2 (ARET
[oosthe gate on the FSC—SSC plot (particle nunber) of
5, 000, 000, and neasurenent tinme of 30 seconds. [0071]
F0$X@&Ehﬁﬁe0fuﬁaérDNﬁeGMQ@ﬁ9WRQ}%9ﬂM$Wq = live
. r [ 1 tt &, SYh
A N e R R T S
norfﬂeadcmﬁlIﬁaandlmamnbpud(ndxuﬂlnuai&ﬂiﬁfﬂﬂlqnmmdlquac1d

and_Pl positive regio 1))
and &97667BD-pl 04 KHEdL0nn BTy SFSAERe I PUTL J2singe
1ndep@1@§éﬁti?ft visker 3¥T0%o %&dnidl% houndaryr ffem mc?f used in
' negativity and positivity for Pl are represented by a
combinabieseence intensity of 103 in the case of SYT09,
[005§?d a fluorescence intensity of 2 x 102 in the case

The settings of the gate are preferably FSC
102hé0can&1ﬁmanandossehelarbatﬂemtlaath[&®E2]

The anal ysis by FCM can be erforned b i.ng
topo%%ﬂﬁ%F€?§|P91§9§lPébP@AF@M éﬁﬁh&ﬁ?ﬁ%ﬂl%ﬁﬁ%ﬂqﬁ(ﬁﬂﬁﬁ%ﬁly

detef%é?e ngl - PakLhGHE ar Lynki mibed, rand bhgbqe@dbgggns

usual [y used for defection and separation of
distim@tbongarﬁl imsresaeﬂlas fixaot dmijainsgh ded isserd gleacheells

can e é Qerxlng\rlzggt y ad 99}; ] topoiscmerase poison or DNA

gyrase poison at various concentrations to suspensions of
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In the present invention, the "detection of |ive
cells" includes both determ nation of presence or
absence of live cells in a test sanple and
determ nation of anobunt of live cells in a test
sanpl e. Myreover, the "detection of live cells"
i ncludes distinction of live cells frominjured cells
and/ or dead cells, and determ nation of presence or
livepsehee ofnbaeed ofeliveatdl #82dj Aphtedoéel§ and dead
i ckfllidan T08 DDAt o LE VG CRLES L SoROt 1 LhYLhEdthenaRor
absol uté anount, and may be a relative anount wth
variespestrie@ds haf tima, conénohasaapténg fDO74E1<8>bii t

of the present jnventjons .. The fir kit of the
centGridui T et | A1 b kok: £LROPLBRepaFi FGLLREVIER @
nucldff erenth ongeh € | rshasanpl ¢zin0g ELM aeasyrepenty.

conprising an enzyne selected fromlipolytic enzynes
Furtdredngrot e asesd bislams etlewbnenebhsti EafV nglEhenehzypect
..a topal so ] r e.poj :
v o SO PSS g BB LR E B on
fronkidoneft idhecqr esepbch nventdoineslaukobtytes, preparnbogytes

t he af orenentioned second le for F neasur enent
2nd or g sy Gl 8eq cvt FO PP ol bEreT oY Rase
poi s A O LASESs aSoRPe St BABNENE0NSt bhUbERYi bhE ERZYAE, 1ive
et hi di um nonoazi de, and a nucl ear stain agent. [0076]

cellln ante tforafrrtionetoRed svarheuengghts sef eetedcitdm
Congéﬂ%¥ﬁ/|fﬁfﬁ¥ %E§E%§$§f”f%§9§ﬁgftﬁgﬁ ﬁgPoéSgPE& Ermined
and/ or "t he | nuc

poi so gyrase poison, and th ear
timest aleragetvegteindietlsanktias tbbse exgl diaedf doemeheioned

.met hods of the presept invention 0077 . _.The
variouss Gt hdprés *fﬂflgh%‘fﬂ?%no’éaﬁhél gjokgébnﬁ?%%l%g the
celld hyan & alidnsdF USt4 DN éigé@t j bhRg thelprihedepé tbEls by

present invention and so torth, besides the

FCM.af BrampAEisondd seicdmen sl thedipligx lude, specifically, a

final concentration of 1 to 100 Hg/ml, temperature of 25 to
37°C, and treatment time of 5 minutes to 48 hours for
amsacrine, a final concentration of 0.05 to 5 pg/mi,
temperature of 25 to 37°C, and treatment time of 10 minutes
to 48 hours for ellipticine, a final concentration of 1 to
100 pug/ml, temperature of 25 to 37°C, and treatment time of
10 minutes to 48 hHours for camptothecin, a final
concentration of 0.4 to 40 pg/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 pg/ml,

- temperature of 25 to 37°C, and treatment time of 5 minutes
to 48 hours for etoposide, and 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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[ 0078] Hereafter, the present invention wl|l
be nore specifically explained with reference to the
foll owi ng exanpl es. However, the present invention is
not limted to the follow ng exanples. [0079] [ Test
sanpl es] In the foll ow ng exanpl es and
control exanples, experinents were perfornmed by using
t est sanpl es prepared by subjected to follow ng

- [003%kat ments by using Escherichia coil DH5ot

(hqwf%efagfad&gféaprﬁ%@g@' yﬂgﬂgéﬁsgage S1s58ChRH 8Rhagyrase

coi ™" n ococc eprdermdis KD strain
poigdrercef ondir al Sloesynpbyperterred teldswalls of injured

" St aphyl ococcus. epi der m di,s” [ 0080] ) Live.cells
ce 115 i i € LR Sy by PRLl. wartheot 1198 R1is.
The SUSRANSTION Were,giet @eted BYadSiAgtBel LoWatHbaBL e is
(referred to as the "untreated group”). (2) A

withghy ditst ogines degnheoredpahgyen bhel Peésesr| doanet

j Nj yrs I | I pase; apd ei e
oo RE S Rt RSLE0, ALLL BESE 200cRELE BER chey
penabytadnetiertd riefjerred ¢olhs, tdeadlPelisabed ioapipmatic

The results of the sa s of ,(1 d “nment ioned. -
SSRIA P N RPN R T L s
membARG d Njndted cald & W re-suspgnded i1t cow Ssthdted that

‘subjected to ultra high tejgerature pasteurization
the (Cp3OQsonegecends i@t ep¥ et 09 BEA2YHI} SORNEC B3 tes
int&ﬂgJﬁéﬁﬂg %%h%%,t' - (%fqagifguéﬁdl?@gdt&gEls, then
pasteurization ’( , mnutes, referred to as
disordBlrTY) biand tcheslsuspesnsnahsDWes eby reatatientt Attaphsent,

. and protei,nase K. The cells Ln the suspensions, we

it G IR T eiTE Doy Tt bTEEErA (F ORel B gu bgbe

topotiR@meMalsR- t zeat edareup” Inh NbTeoveslidhei 6.l b5 the DNas
cows mlk treated with |ipase and protei nase K were ,

by tgerdereg By usilnga TR ThRt@rl TheSoBati€scatés, or

topo(ﬁg;;&%fa%_ecw”% EX Sl 206 3, {9 JPenﬁﬂnnByﬁagé in

ment i oned above was further subjected to a
injuetki diedhsnowoazrder(dEA)tha ebpymentqd ande t e BBA| sleavage

to ot her ei_.n _wer etd%t.ect edegyé’ usCi nlgoa Sfé ow Cyt onet er
CHEFe FEITES Tas 1k 1L PR el éH’gH%S%“%. She results
{oo5@ane shown in Exanple 1. (5) The sanple of (3)
menti oned above was further subjected
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 $8YT09, 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 poison is ethidium monoazide,

and the method comprises the step of subjecting the test

sample, to which ethidium moncazide is added, to irradiation
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to the EMA treatnent, and the cells therein were
detected by using a flow cytoneter (referred to as
the "M LPE-treated group”). The results are shown in
Exanples 2 and 3. (6) A sanple was obtained in the
same manner as that of (5) nentioned above provided
that the EMA treatnent was replaced with a treatnent
with a topoi sonerase poison or a treatnment with a

DNA
of vgyridde poiden (Féhdfdied reraR e "NWPD- T dut'erl Likely
r " e THe or [t : [ 0

B e e A R
wallanefi Njimeededeld sobofmEschergahi smsol iTrandkfore, it is

St aphy) oacoccus epjdei m di s suspended. j n physj ol pgi ca
consISEmRE (1B MREY GO tmt PR e T hY | B0l S et L
wallls0082]1 il dinepanatd on: Alesaid ©5s lcdil Rrgpag abf otnjured

of suspensions of live cells and injured cells 1-1-1.
cellps el iaehila medibir HuHhensi bige somatiEsehbl§ chialedipg
D i t [ r
i e R oy T o e Bret (hen the 11
walleul t dhenwasusubjyeetedntio thefombgeyaeed icemtlddigated dn.ve

at 4C and 3, 000 x for. 10 mi nutes to harve th
ce1 13y IR Frs g, Sk LTS W PO hL metbranes
of thRYygkahagiiealstealiine dOwwiiar Rhardmoaiit &l e $hec sane

shall apply to the follow ng description), and the
solugdopensEh masctsptesf d§ed BomRE&LFese ltlife 3g¢ | jured

ce11§gggﬁgheﬁqggﬁ:ﬁgiﬁ%gg§eﬁ%¥&l%§eg Rl & QESSRLE Bifas,
and then only intercalating EMA is converted into nitrene by
irradiation of visible light, and binds to the chromosomal
DNAs by covalent attachment. It is estimated that then it
inhibits religation of the DNAs by topoisomerase II in
somatic cells, topoisomerase IV in injured cells, or DNA
gyrase to cause fragmentation of the chromosomal DNAs.
[0061] ,
| 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, leaving them for
various periods of time, then ifradiating them with visible
light, harvesting the cells by centrifugation cor the like as
'required, staining the cells with a nuclear stain agent, and
analyzing the cells by FCM.

Preferred conditions for the irradiation of visible
light can also be appropriately determined by performing

such an experiment as mentioned above using various

irradiation times. Specifically, the treatment with EMA is
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The washed cells were suspended in physiol ogi ca
saline, the suspension was appropriately diluted, and
0.1 m of the suspension was applied on L agar nedi um
and cultured to neasure live cells count. The

af orenenti oned cell suspension was finally adjusted

at 4 x 106 cfu/m to obtain a live cell suspension.
ce ension in . a vol une of

0084 The iy l.l sus I
Pre bR P HHEOTRCS HLoint §oPaoCH CFOREBeLCand 0.5 to
100 ineibed: i & bowpépgruwatesral 480¢oPeor r8Q@ sergpdsckOto 48
prepare an injured cell suspension. Separately,

houzhot M Sonjadt-e d el BMAs Usgrergiaonnt wes preper@ly aper formed
' [ e} di um.t .
und %éﬁ%t%&é%¥§%#ggl?%;%%%:ﬁﬁéiké%wco}ggségﬁf?%%S}lghts

con
contlailnitig SiEphyd otOCcus ephoenands SaseSpeasesnsd. Specific

St.aphyl ocqccus epiderm dis KD strain was_ inocul ated
X3S 0% g, COtf CUPt U BOF At hS 76 FOR 81 ABUPS &S Ible
lighat atricanaley CMddi 51 @Ntof hens Ihee CULERES ¥RS100 to 750 W

subjected to refrigerated centrifugation at 4C and

for 3 gogules flor A0 aHPutEEoR 02 Wk vestce hefckf| 80 Fhecm from
el | I d Si-0l ogi gal .

the RIS, TS PRSI AR MR

prefwasdentoeffugetd athar Viest tdmpeeitsragafor dJhensSBOE with

. procedur e repeated once nore to wash the cells.
tee fﬁ@ﬁﬁéﬁhgfﬁﬁhq '€ suspended i n physi ol ogi cal
[006%3l 1 ne, the suspension was appropriately diluted, 0.1

m of the suspension was applied on L agar nedi um
{3) 8%6PrtKe cells were cultured to neasure live cells

coupt e re ti d l, s Si pn final
i st At Tk T Gt 8 ot e gl 1ote @)
and blspensireated0®86]} a nuclebhe dtads celdnisusFRRS N licd 1
.a volune of 1.m s.put .intog.a 2 m_volune

staif aPEEinEoTERA thé ini ERTTUBe MAS T Mg Sed 947 hdHathgan
penchabet ak110Q€1fier 050 156e0REAS 110 PRERAIERI &1 1Y WRH dead
_ cel | suspension. Separately, another injured cel

cellgyspBiRi P TRSS bpepafed, ShAadnapprnedCcrR Revekumseotell

wall%-éfnhiQQ ke@@éraﬁﬁngggt%eﬁﬁgniQ@ﬂé¥¥ HJ%%‘Eﬂéf%égéj
ot form col oni es. 7]
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 coﬁpared with that
of the second stain agent described later. Specific
examples of the first stain agent include, for example,
SYTOO.
[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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1-2. Lipase treatnment of and proteinase K treatnent
of live cell and injured cell suspensions. Each
of the Escherichia coil suspensions (live cells and
injured cells) and the Staphyl ococcus epidermdis
suspensions (live cells and injured cells) prepared
in 1-1-1 and 1-1-2 nentioned above in a volune of 1
m was put into a 2 m volunme_ mcrotube. The
can gifgpiehstbfe vl heldend 18029 cet Lfi paseifEecens, §0403s-
| are)o Ad) st 189, W o it h; physiel pgbeabsun iodid
EX&@% |né?§g%%§tﬁgcgﬁgpgng%%n S iﬁcubatedgat537é9?o%0 -ee
(P1)30 miheut ehetse perdioran astldipasmdnteatpentt rd098Bjto the
To each cell suspension subjected to._t | i pas .
cel e dimht R Lo a A58 0oL T SPBEs: RSB KaTE. Excited
by i¥rhdilatibn S OISl HELRY VBSerdded]uardsthachl Xtie
was incubated at 37C for 30 minutes to performa
examgristeiFase! TOY ravad nBht intercalapirer iphe PNpagee
N . t ' egt,mepi (hepgef pLtBe
irrdd SRR A DB B RoE Kb e b FPEC o ePe im
an eharitesi etk die r ednd geY 20 2dac@nf i émght Goaent f4Toandcence
...14,000 x for 10 m hutes d_the_harvest cells
Wity Rt P By o7 bl bl el e e e8. prBpaFE ence
with R tdaatad giaupeRsehes i chéar con) suspensioasy(live
cells and injured cells) and LP-treated group
[00&glaphyl ococcus qpi dermidis suspensions (live cells
and i nj, ur ls), paed | Y : n.
addi %1% %lctr?%ﬂwler? %f%{%%nentl oéln% nne%(‘g%gg 130 %lﬁe%% e A
defiphysd aliofficcadnsal heewaas hidedcd hss padndf dead tepaseand
and 20 pl of physiol ogjical saline was added jnstead
somadfl oo eI ANAGE AP (T EAUBH T R0 EHE Lo GAGELBS 1D the
testPl2RMI1e UNiHeat gk 0EOUDs BEsehesd chii & CRlhi SHSRENS| Sbse

(live cells and iq%gied cells) and untreated group
extedigpilnst Fatals fpdartm N SuspESi iy (3e & elliain

agen%?%ééalﬁéﬁjﬁéﬂéé@aﬁée%ggﬁﬁ%¥féfcai 9&$ma&éa Merhodei1s

t est 0 the LP-treated group
may BstherdreHirateoiintsuspehsghols {h]jvecdettslandandj tpesd show

. el | the LP-treated group Staphyl ococcus
ERESN Ftatit ot e ot S R R SRR
suchCel IS)se t e U reat edo@rou Eseheri bl ac@i st inguish live
suspensions (live cells and injured cells) and the
cellgnenshiied Wesh i Stap iy be oEkds Ept deeprRfsstain agent.

[006%gspensions (live cells and injured cells).-taken in a
vol unme of 300 pl, 0.9 pl of an SYT09/PI fluorescence
st Howeng 11, e @fpervimo(sdrdl/ Bt Lirght kM Baet oy i ate

Vi abi | j i,t, .Mol ecul ar Prohes, SYTQ9/Pl = 1/1
£ 2GR P d St CHE (e TECT T Tadh el f SeF sfPove:
and EORPALMRARAMY end:0f Dl MY eSo Usietern | Oblh st edeh g
to prepare each sanple. For these sanples,

agenivp agiice MR SR e RIRAYY RRIVP b FoM heblngehehtLive
ce113PRAIH ‘i%‘u%%s &4 idPUa[né Bectan O C}%S'; ”«.?@é‘inixk{i%# h the

hé measurenent conditions were as follows. the
firsexegitiadtn aydritght Fuashesedres W arsjory [tdsersddeghit 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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(wavel ength A - 488 nm, and as the sheath sol ution

for feeding FCM sanple |iquid, Becton D ckinson

product was used. Further, the forward scattered

light (FSC, < 15), side scattered light (> 15), and

three kinds of fluorescence signals FL1 to 3 were

nmeasur ed, respectively. For the nmeasurenent of the

fluorescence signals FL1 to FL3, a band pass filter
detdQri GBRIrRYHIS, t NGIEheRGIQES UEedSt BFCHpERRLIE to use

flyorescence (FL1) p j : 58

boti of 1o 06 Pl heioRed o 0ol Toi o ange. 2ot
[00dduorescence (FL2), and a |ong wavel ength band pass

filter for 670 nm (655 to 800 nm was usq% f or rgd £ai

f | ordddadrt & {(HLHPe [Ber] StainTHEeRbtFFhgetond stain
agerdeLel) S FSG o Blda BPGiddBrafbdusTP%skhe: 1SR, and

FL3: 811 (all are represented by using logarithmc
sepyggat)ly amtisetthemys of % conpensation FLT-FL2: 0.0
(00 2-FL1: 0.01 FL2-FL3: 0.0, and FL3-FL2: 0.0 were

ed, FSC signal 150 was set to Threshol d (boundary
valage)i tieed nkp r attee of t HEM i st i slusiplea ss ol wasgaets are
to 12 pl/mn, count gf cells taken up.into the
P

. ate
not GHEHE IS REC PTbtepattd ot & naRBar ) L gas Betalby used
for 31200009, o AN FERASHSRIBNENAL "BFWASc568br§8n 8Os can be
seconds,” respectively, to performthe nmeasurenent.
used.0088kci3)i cRdsty .r ddulitss pHe grdulle Scofaddhitg e dr e
ho in Fig. 1. . SYT ] I
25ery reaif 1915, aRENElPess et t hl [atoriFrysl%y pf 4-0
to @nd gead celd scasbes£asy B9 shons2bolv tel B5wal M in the
perneability and penetrates only ce wal | s, of
caseyfsilal mq){ RNy B*é%dr%ae@fﬂs?nﬁari% of g, %? gt &l 1§, '
20 dilgidesults of live cells should be plotted in the
region of SYT09(+)-PlI(-), and those of dead cells
[O0&Houl d be plotted in the region of SYT09(+)-PlI(+) on
(4) a %yTO /Pl plot. Actually, when the results of the
7 it Feat’ed group Escherichia coil suspensions (live
celtins tanids igjayr,edtoelnis)randyaiesuntn edted-gptoupample

St aphyl Qcoccus derm di s suspepsi on live cells
Creakig T Gt ) S Bt EaE B Eh FEr )
mentRENRId ALVt Os Nt &Rt yd Ibyercel | sHhutpralsa diny wedhe

cells, and live cells and injured cells could not be
detesltdan )Dfdir@'ﬁ?wwmmr%é%ré? #8 fe1&2YF mat ed
[ooéixﬁainjury degree of cell walls of bacteria after

| rsion in boiling water at 100C for 50 seconds,

i cardiphiranis1sism dwath teos tnhicse>@fganismaiagh dorperad uire

. sterjlization (comercial cow s m]k [ t X
ineSiegl PG bVt = Fef oL 98" aPERd 1 L4PF1 BRbnke order,
the 1N de ifd Ut esconcerddt onsi tynobsesNgte i &f SYTE0to 19° to

stal ning between live cells and injured cells, and it
the jagtiestdfmdtter] tawer theandi fThdre mee Wy chisdei hddayse Led

chr pnos | _ DNAs. I pk ke ed I pariially, -
forwﬁgggﬁﬁjgg%ﬂﬁ§yﬁ§% |%gph%%h’t%€é g %?%?%ncy d?§ egree 1s
subdthtrarical1at imromf rSAKRL i nd ot hidies the oobspamt 1 ENAs. welkhe

| ower ed. o o
light simultaneously scattered at an angle of about 90" to
the axis of the laser beam is called side scattered light
({8SC), and it is said to reflect the complexity of the
internal structure of particlies including DNA structure.

- Therefore, if a FSC—SSC'plot is prepared as an x-y plot, the
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Even if the LP treatnent was perforned, live cells
and injured cells could not be clearly distinguished
in the case of, in particular, Escherichia coil. Wen
the results of the untreated group Escherichia coi
suspension (live cells) and the LP-treated group
Escherichia coil suspension (live cells) are

t r f t he in
hor RIS el EALAREEE o 2) oFeBRes iiaed A%t B
verﬂ?ﬁﬁﬁ%&@réﬂﬁepreegnba onmmeXthtoﬁfth@VénE&@heﬂlChla
COI| ggg detection efficiency of live cells
PHelchtis®t he LP treatment was perforned.
[oojfnls phenonenon is nore marked conpared with the case
of Staphyl ococcus epiderm dis. However, when live
ceﬂﬁsbﬁﬁﬁﬂnﬂanﬁﬁﬁ(ﬁﬁﬂ%ﬁ@@ﬂ@ﬂ%@p&hatéLySﬁeneciedrfSbnnn
agerfiofi T Rl et otoT e dhhn hufary BRE sBove,
and dpirdzhelateeytueisth i celdar lcase) npaadtledppdsnﬁssfobe
el.im ateq1 and thus jt is considered that the LP
indigd I$ i IRRA a0 . 2 [H004F 1T CBREFOE LEXARBL RPN 2
rsc-Beteghicdn obyESeheiuehiid L Q'He | dyee- £l & srddfsd r&@t@s&
suspended i n” honogeni zed "m | k subjected to ultra high
plott @ipér dowre spalteutdatad )i obsving hE€H o&newanet erf{08986] (for

Pr r anpl.es
exam%é% Fﬁﬁﬂ‘ﬁ%ﬁc er.éﬁ.gpé§f|8%%%%%n§%%%l é %%%ng
Austmﬁénanedsbﬂddtivﬁﬂﬁéﬁﬁﬂﬂﬁﬁvfﬁgt@@lylﬂhébp&f@icles of the
1, 9 mM of comercial honpbgenized cow s mlKk

bactegagﬁegﬁga% @G £ G-Ikt % ethastetFiewedon
partﬁé@@@, dotepandsy C!F@Q@sfé)réélﬁ Sondi e&@aﬁ(ﬁe(geﬂ?s 882 NSe

HT honogeni zed m | k") was added to dilute the
Crea§@§péﬁ§ﬁ@ﬁ to tHisss, lafd the dil ut ed suspen5|on was

coskel biyChilad g s o e, 0 B gRRLe M, e

foll@@ﬁngfubnﬂlﬁsoherlcmhatcmsl @hlie pnaﬂeﬁabb@sﬂduhse 15

t d U f d
it a0ty DS G EaMonAEY MR 11 . { S Utk e%‘%gté%?%?%%on
1igh#8 Bﬁarﬁeéﬁdr@tt%@CfEQMégaigﬂﬂﬁté¥béﬂl (?%&L”Q 15°)y,

was used. [0096] Then, the UHT honogenlze
sidenprrtberodr ilégéltdu (PUliSSR r @k thwsel Jeireds Wi h

rluoFSERenbEnkaoaail Givecoel! Sk and.the YT horogeni zed

not i nocu d with Esch ila C
measgubpect edft bhehd lsame sliciepase stirogat Ine riL Ianc ;ﬂ,otelmaa&je

passégéaggénggg g&g %ge%& %&& %%Sgg¥% f§ éﬁpg&glis
preferably used for green fluorescence (FL1l}, a band pass
filter for 564 to 606 nm, especially 585 nm, is preferably
used for yellow orange fluorescence (FL2), and a long
wavelength bahd pass filter for 655 to 800 nm, especially
670 nm, is preferably used for red fluorescence (FL3}.
Furthermore, the measurement is preferably performed
with settings for detectors of FSC: E02, SSC: 376, FL1: 709,
FL2: 736, and FL3: 811 (all are represented by using
logarithmic gain), settings for % compensation of FL1-FL2:

0.0, FL2-FL1: 0.0, FL2-FL3: 0.0, and FL3~-FL2: 0.0, FSC.
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That is, each of the UHT honogeni zed m | k i nocul at ed

Wi th Escherichia coil (live cells) and UHT

honogeni zed m | k not inoculated with Escherichia coi

inavolune of 1 mM was put into a2 nm vol une

m crot ube. The sanple was added 100 ul of I|ipase

(E.C. 3.1.1.3, Signa) adjusted at 189 UmM wth

physi ol ogi cal saline, and the m xture was incubated
Slgrml 3‘175@% o@fgﬂlmfﬁh@b@ t@ob@dﬁwmvaluﬁpaséefﬂﬁéagnﬁmce of

[.O c ected e e
reu R nirennigf §F ToloEbo BP0t & ka7 poBARCor
celld 4&aMe®dyp Slxgm)tﬁ@l@it@nowas})addsd Sandplhe fpxtuiele

was i ncubated at 37C for 30 mnutes to perf
nunkh 6 nave) K010 4k M  MeaS T eRARE of 1Hfeof | gdsgoconds.
[ootyeatment and the proteinase K treatnent, 880 pl of

phyS|oIog|caI sal i ne was added to each sanple and

t hé'ogampiaenpiess subsjactde trreedrig@reerditions, live

centrifugatio AC an n .
ce11% eaqci rgj ay(perc%%&sst%]% Il}fo?ggd 119 1f:8 a&‘g’%‘&) é[‘)g%tlve

and (HII"I'pieﬁjeﬁ:lJyve’ efmyieth W 3¥T@9 swabp1 anpl t hmaq@e@aSCéaysr are
existing in the n1dd|e | ayer ., was alsg r enoved

maingdyy Rt bgirt NS aty He? v@l%sja'a%i‘éﬁ ot hé P%%Fﬁ‘é% "egion
syrﬂo@w dmy ) tde mtareoaast sgPhect edhd ®oundary for
refrigerated centrifugation at 4C and 14,000 x ¢g for
negamvmuwtaesi frors Meaishi g, L heSPEPP et 2n@sthel beenddry ahdr

neaaidtiidy SqBobRl BN STt Rl e A ey = e

f ludRstoeertce d didh hianpgeni Zed im [dhd necid atfedwidd) tdhel a
Escherichia coil -(live cellﬁé and LP-treated UHT
fluokgREGETie eldlﬁﬁnﬁt&fp\f Sared aboveand'e ST i & vol GRE

sett‘ifng%o%ﬂmtheo Rl He the IO Pl réd UorESeRNCe ¥ 10° and
staini ng reagent was added, and the reaction was

S8C: aﬂ@oﬁéﬁlhv<ﬂdbn1tenperature for 15 m nutes under

(007 ght shielding to prepare each sanple. For these
sénples measur enent was perforned by using an FCM
neaharemeﬂgsaap&wawwm dRACHCald hiirrr{eBediyonusing a
Di cki asurenment condi ti ons wer.e the sa

conigs SRy B G KR FHRE 15 L B e pioT IR SR Tor FCM

are HBASYLSIRRMLIEHATE WasiT 8 NWESs. tlﬂ@%dit&)oﬂ@%sually

results The results of the test are shown in Fig. 2.
usedALplo dgh aaid oau st sefeailadti ey %umﬁ%quwsms such as

9
baCtgg%%e%tra%%bksgﬁgkﬁgbu atzgx%%%ﬁgrlc .a COI] (live

[0076¢lIs), there were many pIotted points in this region

even in the case of the LP-treated UHT honogﬁglzed

m R hBE PREEGPAL d8VGIEACBsc rﬂeatec%ﬂon( dive :
cellgel hﬁ):lu@ré@ ot %ttlmlfﬁmﬁﬁ%@rpﬁy@d@@r (B MEhce of

s) was difficult. It is considered that these
llvecgmlém Aanes tests issmed cofarsh ikt i ermgigld sl ande feemapnt of
[ naIIy c in th an nj.ur.

live Ce?i e § gon5| %gl Q%ha@0%%%§%%érkﬁﬁecgﬁ§§bge g o
liveMeghlanes nefiutiee Hasmehcuidrceld Matd scaafl d erdmatirejured

are not danaged o) S|gn|f|cantly by ul trahi gh
cellg eﬁﬁ@/@ffufj@a b EFLILSz afPgh ASSPFEY: rﬁéﬂéﬂ é?tfe(ﬂjlierﬁediqehé)r

abseﬁ@%l Sf Qﬁkhpbfd'lQVléOEeHQ%et erﬁJﬂéH e dihem, s deahd cells.

erence, the results obtained by subtracting the
The ‘amobet off @h@&teelﬂalnﬁsmqttMnmﬁ@éﬂDﬂN}@nlausqlute

f t LP-t t.,ed UHT h d |
SN P IE O O Rt bk O ST U ﬁahat in

a cogaebinyaheneof plotted
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points'in the sane region for the LP-treated UHT
honmpgeni zed m | k inocul ated with Escherichia coi
(live cells) are shown in Table 1. According to the
results, it is considered that the detection limt of
Escherichia coli (live cells) is 1.1 x 104 cfu/n
under the conditions of this test. [0100] Table 1
roolRgsul ts of detection of |ive Escherichia coil in
LP-treated UHT honogeni zed m | k Nunber of inocul ated
<3>pHttepifatief pkebpnECHnoewnti oact ual | y measured val ue)
0 The first kit of the present invention is a kit for
preparing the aforementioned first sample for FCM
measurement comprising an enzyme selected from lipolytic
enzymeaes and proteases as an element constituting the enzyme,
a topoisomerase poison and/or a DNA gyrase poison, and a
nuclear stain agent.
[0075]

The second kit of the present invention is a kit for
preparing the aforementioned second sample for FCM
measurement comprising an enzyme selected from lipolytic
enzymes and proteases as an element constituting the enzyme,
ethidium monocazide, and a nuclear stain agent.

[0076]

In the aforementioned kits, the enzyme selected from
lipolytic enzymes and proteases, the topoisonerase poisocon
and/or the DNA gyrase poison, and the nuclear stain agent
are the same as those explained for the methods of the
present 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
'spécifically 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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1.1 x 102 0 1.1 x 103 0 1.1 x 104 311.

In the following examples and control examples,
experiments were performed by using test samples prepared by
subjected to following treatments by using Escherichia coli
DH5a (henceforth also simply referred to as “Escherichia
coli”) and Staphyloceoccus epidermidis KD stfain {henceforth
also simply referred to as “Staphylococcus epidermidis”) .
[0080]

(1) Live cells and injured cells in a physiological saline
suspension were detected by using a flow cytometer (referred
to as the “untreated group”).

(2) A physiological saline suspension of live cells and
injured cells was treated with lipase and proteinase K, and
then cells were detected by using a flow cytometer (referred
to as the “LP~treated group”). The results of the samples
of (1) and (2) mentioned above are shown in Control Example
1.

{(3) Li%e cells and injured cells were suspended in cow’s
milk subjected to ultra high temperature pasteurization
(130°C, 2 seconds, referred 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 (Z) mentioned above was further subjected
fo an ethidium monoazide (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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1.1 x 105 2755 1.1 x 106 128457 [0101] [ Control
Exanpl e 3] Detection of live cells and injured
cell s of Escherichia coil and Staphyl ococcus
epidermdis (LP-treated) suspended i n non-honogeni zed
mlk subjected to | ow tenperature long tine
pasteurization (LTLT) with flow cytoneter

to the EMA treatment, and the cells therein were detected by
using a flow cytometer {referred to as the “M-LPE-treated
group”). The results are shown in Examples 2 and 3.

(6) A sample was obtained in the same manner as that of (5)
mentioned above provided that the EMA treatment was replaced
with a treatment with a topoisomerase polscn or a treatment
with a DNA gyrase poison (referred to as the “M-LPD-treated
group”). The results are shown in Example 4.

[00811}

[Control Example 1]

Detection of live cells and injured cells of
Escherichia coli and Staphylococcus epidermidis suspended in
physiological saline (LP-treated or untreated) with flow
cytometer.

[0082]

(1) .. Preparation of samples

1-1. Preparatiocn of suspensions of live cells and injured
cells

1~1-1. Escherichia coli suspensions

Escherichia coli ﬁHSa was inoculated into L broth, and
cultured at 10°C for 12 hours as stationary culture, and |
then the culture was subijected to refrigerated
centrifugation at 4°C and 3,000 x g for 10 minutes to
harvest the cells. The harvested cells were suspended in
physiological 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 appropriately diluted; and 0.1 ml
of the suspension was applied on L agar medium and cultured

to measure live cells count. The aforementioned cell
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(1) Preparation of sanples To 1 m each of 1.5
x 107 cfu/m Escherichia coil suspensions (live cells
and injured cells) prepared in the same manner as
that in Control Exanple 1, 9 m of conmmercial cow s
m |k not subjected to a honogeni zation treatnent
(non- honogeni zed, subjected to IOM/tenperature Iong

time, pasteurization 3C, 30 m nutes e rt
Susas DarEr ol h0 08 Ca TEReT SHon: Roddcorroahont feptain
a 1¥es addedshondhkubg. the suspen3|ons 10 ti nmes, and

di l uted suspensions were serially diluted in the same
[00%@hner to prepare LTLT non-honogeni zed m | k

0 cfu/
pooh P et opeget@Eoh it & Yot iReShtm oy vag put
intd he zﬁmtamﬂmm@neﬁctatﬁbeonahdnmgmemaed finl koiddeg water
qy CEE Qot to f rn1co|on|es when it was |ncubated
at 0 7 9hro U85 HooReSahd RECPBEST 6P #2IHEEFs C6d tan
susdad i sRdi Wapas, tUsie 403044 r 1njure§%éﬁfrsugﬁeﬁs%n Was

each of 1.8 x 108 ??u/ni St aphyl ococcus epi dernd
repaspbnsiohsagpl edcen| 8 dnduingj afed - éemﬂspnpﬁepeﬂe’dmedlum

to éo#k{{h?urstq{gec Wgeéeffstgﬂ& otcgn& CO%géelaeté 9 m

non- honogeni zed was ~a
[00&H] ute the suspensions 10 times, and the diluted
~suspensions were serially diluted in the same manner
1-15% p?%?j%ﬂlél‘quﬂqc%nef%%ﬁféﬁﬁ%édsﬁf?%nﬁh@EEI ated with

1. &2 4 e )%ﬁ-ﬁ:?eﬁﬁﬂﬁﬂ ﬁ@@@f&?ﬁoﬁggsfnogg%ated

epidernmdis (live cells and_injured cells)
intoTRemratfle lamdr cmhtmm@gem ZédCnfbk LAobohasedswith

stat‘iso%%eﬂs Aghlac ééé"@h&ﬁ'Jcr?ETﬁ\?ltGh%"%QsCS Liéaged ro

vari o on rates, the non hoanen
refﬂugmmﬁuﬁdutamﬂﬂnﬁigﬂﬂ@@mcetcméceandeBnﬂd03x(glﬂer 10
cells a ureqﬁg arious dlhﬁ%lon rat es,
mnuéa%& ttr?e (o ?ze&P NETBtS G5 it k2 dYSH S h
;kﬁﬁkﬁﬁqkﬁ@ﬁ%é%ﬂfbé&&&ﬁcéﬁﬁlﬁ@ tbeseREPhL PRASBeutical),
treatnment and proteinase K treatnent (LP treatnent)

and ghet roseeaisicontiast Enpl Buged Thathasyeehchhef cehés

agallcr:lglLlTT?lgnsgﬂgD B'Cé% r@ lv}gé gz%gt%ﬁa:;e)%fj }I}Lcteéjlf%?%q{d %ﬁd

ive cefl's and injure
the n@dlﬁDﬁD@hﬁlwadheﬂlbaﬂhﬂwﬂﬂnﬁﬂaﬁspanﬂﬂﬁsxnﬂghygmaﬂdglcal
% cells and.injured cel

sali 8n o GTPSEE W%taf?%%%lfja‘i‘%%lfﬁm ‘?hf‘ﬁ%dba%t%r?‘% of

the khspeYi@libie wefs hpfl Mas WU i O dnd Mim VOh Bt he cells
m cr ot ube. The sanpl e was added 100 pl of l'i pase

were( Euetulgeﬂ rolsmee:sgm JaTdf‘ﬁasQ%Hl%\thlggtu mhe wi t h
acor A B e A AL I AR ol

107 Jpugathtsaopteisubj @dtved ced 1t beidpepasert.r eat nent, 20
008%' of a 1250 U/ nl proteinase K (E. C. 3.4.21. 64,
[ 'gna) sol uti on was added, and the sanple was

' n‘?HQaﬁ_QgeaEe§zCsfa@>be%%J.'Brﬁtﬂne% tRIREIS YMP@ ml was put
protei nase K treatnent. [0104]

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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After the |ipase treatnent and the proteinase K
treatnent, 880 pl of physiological saline was added
to each sanple, and the sanple was subjected to
refrigerated centrifugation at 4C and 14,000 x g for
10 mnutes. The lipid |ayer existing in the upper
| ayer was conpletely renoved with a swab, and the
aqueous |l ayer existing in the mddle |ayer was al so
[0087dmoved. 2 m of physiological saline was added to
t e renalned Io r laye t
i-2. S gterirea Wgten £ I{d aé]ihogthé‘%%é 4{_:%( mgfelé%%rg& SP Live

cellf @rncﬂ-(lﬂ’ﬁldrtﬂcﬁs:efm sna:sfmmg:,ortm pel l et was col | ect ed
and 300 pl of phyS|oqulcaI sal ine was added to the

peFpen. oFoths) Hepherdstiiretdtid SusPensiPgachi ofe (Hiet1s
and LB3iRRt e IEGT nen-hamgenzetd sbbku s n%sy&@fﬁﬁdw h
gherlchla coil (live ceIIs and injure l's),
suspEPrStlIOe&t e(dlhr'ELT:aildrE— Feovrb gigH] et n¢¢kl$ha@mmwwmhl 1-1
ano SR hSS0SER SRRl (ool 900 1L g oo

non onogeni ze
2 mln%llu?@cu{la;txeﬁuma h trhe b;a@p@emls&opf @;ra&r edidabiov® cand of
taken in a volune of 300 iii of aghﬁYTOQ/PI
lipapeudfescencd -st-al miTigMeageht? %%%d aFt‘:"oIe]cz8 gt perth
phys:L%%fgll%l l‘?ﬂﬂé’v‘%cﬁttﬁé)%ég?é'@@i&{ urs flcdPated at
m nut’es under 1ight shielding to prepare each sanpl e.
37 °CFdiort Bédsarisarpsised,o measirament L vipss perfatrtimaitby using
(008 q FCM neasur enent apparatus, FACS Cali bur (Becton
ckinson). The neasurenent conditions were the sane
astbhesehot-eContsielhebxanpl eubjexeepttd hate t]h.@aase
measurenment tine was 5 mnutes. [0106] (3)

treatgenitys ZPhétlr &duld S o (it tREet et %%”Fn Fu% g2l- 04,
Slgmghe SIS TR RIRIHED Rl e i ANerSYEP (HRIaded at

region for the LP- treated LTLT non- honogeni zed m | k
37° Cn(ﬁtarl AC oz swittch H@hfécmﬁbtaerﬁ@twq%éy oeyrtagey- -

REZFLEELon LUl et RNt e Gde bt 5

|OCOCCUS epl erm Ive cel
treafﬁénml qhte&d:erf@lrlﬁs dlaro Esdieardenhitao 0503 I“I(B njnﬁae:dnent”)
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hi dden by those originating in the LP-treated LTLT
and ﬁ@ﬁaﬁgﬁloggmt‘zqu Sﬁfqekwapgoi:@g]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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The nunbers of plotted points in the SYTO9(+) 101 (-)
plotting region satisfying the condition that SYTO9
intensity7 x 103 are shown in Table 2 for the
LP-treated LTLT non-honogeni zed m |k inoculated with
Escherichia coil (live cells) and the LP-treated LTLT
non- honogeni zed mlk. It is considered that the
detection limt of LP-treated nethod for Escherichia
(2) Mgithod iofe M 1t95% n the LP-treated LTLT

non--h eni-z il KA C : .
0028 [ t8 gg%s rCBoff G‘Ct elms'L EJt(eﬂs% egjlgbl]]&%bjlfjgégéﬁggﬁlﬁ% S&Jg%l :
suspeetsaohison 1dfvd ioeel IBs chret | oi wredi ¢elhsLP-theat.Bdt LFaTed

- h ized mlKk. LP- d hod b
orod S OIEEN 0, LK by Leel o2 el bod Ger o001 ane

injuredsukad sval ug)e urbreated group Escherichia coli
suspensions (live cells and injured cells) and the untreated
group Staphylocoécus epidermidis Suspensions (live cells and
injured cells) taken in a volume of 300 pl, 0.9 pl of an
SYTO9/P1 fluorescence staining reagent (LIVE/DEAD BacLight™
Bacterial Viability kit, Molecular Probes, SYTOS/PI = 1/1
mixture) was added, and the reaction was allowed at room
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) .
(00911

The measurement conditions were as follows. As 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 FL1 to 3 were measured, respectively. For thé
measurement of the fluorescence signals FL1 to FL3, a band
pass filter for 530 nm (515 to 545 nm) was used for green
fiuorescence (FL1l), a band pass filter for 585 nm (564 to
606 nm) was used for yellow orange fluorescence (FLZ2}, 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, 85C: 376, FL1l: 709,
FL2: 736, and FL3: 811 (all are represented by using

Q

logarithmic gain), and settings of % compensation FL1-FL2:
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0.0, FL2-FLl: 0.0, FL2-FL3: 0.0, and FL3-FL2: 0.0 were used,
FSC signal 150 was set to Threshold {boundary wvalue),
feeding rate of FCM test suspension was set to 12 ul/min,
count of cells taken up into the gate on the FSC-SSC plot
(particle number)_was set to 5,000,000, and measurement time
was set to 30 seconds, respectively, to perform the
measurement.

[0093]

(3} Test results

The results of this test aré shown in Fig. 1.

SYTO% shows high cell wall permeability and penetrates
cell walls of live cells and dead cells, whereas PI shows
low cell wall permeability and penetrates only cell walls of
physically injured dead cells. Therefore, originally, the
results of live cells should be plotted in the region of
SYTO9 (+} +PI (-}, and those of dead cells should be plotted in
the region of SYTOS9(+)+PI(+) on a SYTOS/PI plot. Actually,
when the results of the untreated group Escherichia coli
suspensions (live cells and injured cells) and the untreated
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,
.conditiocns similar to those of ultrahigh temperature
sterilization {commercial cow’s milk), is not significant.
Moreover, there was a small difference in the fluorescence
intensity observed in SYTO9 staining between live célls 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 SYTO9 into the chromosomal DNAs was lowered.
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9 1.5 x 105 18 1.5 x 106 111 1) The nunbers of
plotted points in the SYTO9(+).PI(-) plotting region
satisfying the condition that SYT®O intensity7 x 103
wer e count ed.

Even if the LP treatment was performed, live cells and
injured cells could not be clearly distinguished in the case
of, in particular, Escherichia coli. When the results of
the untreated group Escherichia coli suspension (live cells)
and the LP-treated group Escherichia coli suspension {live
cells) are compared, it can be seen that a part of the
points plotted in. the SYTO9(+)*PI(-) region moved toc the
SYTO9 (~) *PI(-) region on the plot of live Escherichia coli,
and detection efficiency of live cells decreased, because
the LP treatment was performed. This phenomenon is more
marked compared with the case of Staphylococcus epidermidis.
However, when live cells and injured cells were separately
detected from cow’s milk by FCM, the contaminants, i.e.,
somatic cells such as bovine leucocytes and mamnary
epitheliocytes, micellar casein and lipids must be
eliminated, and thus it is considered that the LP treatment
is 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 cof samples _

To 1 ml of 1.1 x 10’ cfu/ml Escherichia coli
suspension (iive 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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[0110] Further, the nunmbers of plotted points
in the SYT09(+).PlI(-) plotting region satisfying the
condition that SYTOO intensity7 x 103 are shown in
Table 3 for the LP- treated LTLT non-honogeni zed m | k

i nocul ated with Staphyl ococcus epidernmdis (live
cells) and the LP-treated LTLT non- honogeni zed m | k.

d that. . th t limt of .
cor{s gorerd s ihe dergecion (oot
confirmedCEthlolﬁokhEConh&%%tw%éhTHE|Wﬁklﬂﬂﬂﬂﬁﬁﬂégﬁgt 37°C

is 1.8 x 106 _cfu/m under the conditions of this
for {T}ééthoFéfili]‘dT%l &°3C Re&uI'Es heMTde O8C ENoRIGH IMagsium was

usedt aphyl ococcus epidermdis in LTLT non-honogeni zed
mlk by LP-treated nmethod. Nunber of inocul ated
[(00%atteria (cfu/m) FCM count (actually neasured

meﬁ@n, é%es%HT homogenized milk of various dilution
rates inoculated with Escherichia coli (live cells) and the
UHT homogenized milk not inoculated with Escherichia coli
were subjected to the same lipase treatment and proteinase K
treatment (LP treatment) as those of Control Example 1.
That is, each of the UHT homogenized milk inoculated with
Escherichia coli (live cells) and UHT homogenized milk not
inoculated with Escherichia coli in a volume of 1 ml was put
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 with
physiological saline, and the nmixture was-incubated at 37°C
for 30 minutes to perform a lipase treatment. 7

[0097]
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, 880 pl of physiological saline was added to each
sample, and the sample was subjected to refrigerated
centrifugation at 4°C and 14,000 x g for 10 minutes. The
lipidrlayer existing in the upper lajer was completely
removed with a swab, and the aqueous layer existing in the
middle 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.
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[0098]
{2) Test method
To each of the LP-treated UHT homogenized milk

inoculated with the Escherichia coli (live cells) and LP-
,treated UHT homogenized milk prepared above and taken in a
volume of 300 ul, 0.9 pl of the SYTOY/PI fluorescence
staining reagent was added, and the reaction was allowed at
room 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, except that the
measurement time was 5 minutes.

[0099]

{(3) Test results

The results of the test are shown in Fig. 2.

Although the number of plotted points in the
SYTO9 (+) *PI(~) region 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
(l1ive 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 nmembranes 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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points in the same region for the LP-treated UHT homogenized
milk inoculated with Escherichia coli (live cells} are shown
in Table 1. According to the results, it is considered that
the detection limit of Escherichia coli {live cells) is 1.1

x 10* cfu/ml under the conditions of this test.

[0100]

Table 1

Results of detection of live Escherichia coli in LP—treéted

UHT homogenized milk

Number of inoculated bacteria |FCM count ({(actually measured

(éfu/ml) | value)
' 0 0
1.1 x 107 0
1.1 x 10° 0
1.1 x 10° 311
1.1 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 (LTLT) with flow
cytometer
(1) Preparation of samples

To 1 ml each of 1.5 x 10’ cfu/ml Escherichia coli
suspensions (live cells and injured cells) prepared in the
same manner as that in Control Example 1, 9 ml of commercial
cow’s milk not subjected tc a homogenization treatment (non-
homogeriized, subjected to low temperature long time
pasteurization (63°C, 30 minutes), henceforth also referred

to as the “LTLT non-homogenized milk”) was added to dilute
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1) The nunbers of plotted points in the SYTO9(+)PI(-)
plotting region satisfying the condition that SYTO9
intensity7 x 103 were counted. [0112] [ Exanple 1]
Detection in ethidi umnonoazide (EMA) treated .
Escherichia coil suspension and Staphyl ococcus

epi dermdis suspension (LP- treated) by usi ng flow

cyt onet er Pre aratlo f :
the BURBROS OR | A TER Srperstons o ereg.
seri@@hhs.did vt 6 refrdd s)ar@é‘cfnastl@@f‘yﬁ@ CGOEE r@pL‘ﬂET g &hh S

suspensions (live cells and injured ce X 107

homogfen/irged mlééfarléwqqxlquféis@f@ nne¥ HS ttf@atl inx 10°
cfu/?.n%y qé%ggpia g‘ §gtggiég Q%éﬂ %Wtcéfig 2 as

Ure microt “and & Jected
the hﬁea@ﬁ&m&ymméqnuﬂﬁmrﬁﬁn%ﬂémwgﬁmxuﬂm miIer@nmrmmmﬁlrmed

in the sane manner as that in Contro np nd
not {Rerd F8F [AodErasd et rit Ui § O %ea%é?x ﬁf %o‘%@& (o
hourk0GnH0 @%t"@s £ RN HAS JIRRETaAGURONSHd @NEE WS used.

renmoved, 1 of physi ol ogi cal saline was added to
[010fRe cel | s of the | ower |ayer (preC|p|;ates) to

S“?B%Eg thecgehl 3, L0113 Bhbﬁ%g%‘lm’”oaz' de

(hence orfh also abbrevi ate i ghma, catal og

Stapﬂw‘@efoccﬁ%ozz&)ldmldhses@u@ﬁbnnm£rulixzed:e/\n:tsarara:l a

. concentration of 1000 and filtered through a
injugeds Chhlfi) c PSEPPEET lﬁ%&%m@%m%oﬁ%ﬁ t |1rP a

Cont¥BhURR 0610 1Dl owas added o Ad¥e-homogenized cow's milk
was added to dilute the suspensions 10 times, and the
diluted suspensions were serially diluted in the same manner
to prepare LTLT non-homogenized milk inoculated with 1.8 x
102 to 1.8 x 107 cfu/ml Staphylococcus epidermidis (live
cells and injured cells}.

01037
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 Staphyleccoccus epidermidis {live cells and injured
cells) of various dilution rates, and the LTLT non-
homogenized 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-homegenized 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 put 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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af orementioned LP-treated cell suspension, and the .
suspension was left at 4C for 30 m nutes under |ight
shi el ding. Then, the suspension was put on ice, and
irradiated with visible light froma [anmp of 500 W
(FLOOD PRF, 100 V, 500 W Iwasaki Electric Co., Ltd.)
di sposed at a distance of 20 cmfromthe suspension

...for 10 mnutes. The. above procedure of adding the E
it AT T T A0 T SO SF R o PTBRE FEangg baced at
37°« efer rad diguased hes "EMArbFeak NBDbase TheratR8A LRl of
physi ol ogi cal saline was added to the suspension, and
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ter the upper aqueous layer was renoved,
solyhysi oleggicchledsal ame wzs saldede twas henpebketdoftt BB C for

| ower |ayer, then 0.9 pl of an 09/ P] fl uorescence
30 i 4 gt o RS 0T e DTREBFE ang & he
[o104gaction was al |l owed at roomtenperature for 15

m nutes under light shielding to prepare each sanpl e.

[ OREApT( ZheTddPafst Haatment ra s soF ehekiadfs
trea&?r(efnc&r,n%%of cﬂlrl o i rbk%sf@foifags%)i essaP%ﬁQ%gg 398}48 to each

(measurenment tine: Seco in the sane manner "as
samptikrgt anal Coet seimBeanpd € dub]H3tldd (3)rdEsigeesubtls

The results of this test shown_in Fig..A4.
centidtubgitom ah dY i o A0 P dovet [odoitisese e
1ipidnd akRirueed seahlces 0f BsChaidchi Ba £OF | wE£OULENPDEL 8By

clearly distinguished, when only the LP treatnent
remoygsl pérfloemedabroievbrtha gieas yl aeeh $¥bAting in the

middrl%s;ila&%rOfwa hiaistoe¥e W t IiemEtM%ft b%?%og%lb saline
performed after the LP treatnent, it bécanme possible
was wodelde&rl yhei semeguiesh lawar cledese andhe niuxedreelds

.0of Escherichia coil. ]n addition, the sang,result
b3S Ea o "B ARREE o6t RS SRHCIS ol e it o744 00
g foirS 100RsS hdeeed rbkatyddN i oyas: Hee grilsestEMPs S howi ngct &, and

cell wall perneability did not penetrate cell walls
300 il pifvehysird ogp@ pd&fetimg et caddsits Hie ipguiel-
ro106gl I's of which damage was not so significant.

{(2) Test method

To each of the LP—txeated LTLT non-homogenized 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 nl, 0.9 pl of an SYTO9/PI fluorescence
staining reagent was added, and the reaction was allowed at
room 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, except that the
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[0116] EMA havi ng penetrated into injured
cells disorderly intercalates into chronosonal DNAs
in the cells of the injured bacteria, then converted
into nitrene by irradiation of visible light, and
binds to the chronosomal DNAs by coval ent attachnent.
Because the DNA gyrase or topoi sonerase activity
remains in the cells after short tine pasteurization,
mea UG hg- gte DS s? riahdst88curs for transcription of
[o1@gnes during netabolism and thus cleavage and
religation of chronosomal DNAs occur. At the tinme of
(3) theestr etdgalttison, the religation of DNAs by the

af grement i gned nmes i s_.inhjbited by. the action of

Covent SHiEc ftort of HTTT GhES origThated H- EVR, and
as TasfreSlelre magmyitatian wfichs ormsonal SPNAS (+5+P1 ()
pronoted. Wien SYTOO is allowed to act on injured

regicd | dittailfi g 93 Rffreht el 2PP oRPRORRN L ERAsTIL kenot

: er r a as

o A L That cbeerved bef ore t heo EAA {r banant .

deteldtiics comsitderfed thathehichis betauskbivhecells) and

f.ragnent ati on of DNA.reduces effjciency,of .
starr @R G- Sle i hE S e Fhlover® dinireupoints
for GaMMRiriRenet rate celdjwedd scof 1) vien€estsphyiococcus

. chronpsonmal DNAs of |live cells are not affected.
epldpgarieticr d 1iiTnest const terwrir® Hatd@e Py Pt Erppoints
origin8aLNeNt i $HRERIEINERY, t b VErGe! 4 $h a0t 3 1ou change, ot

of fluorescence Intensity obtained by 09. [0117]
inocubediepl evi2lh the bad@etwicii on of Escherichia coil
[Ologﬁidernidis live cells (LP-treated) and

aphyl-ococcus suspended in UHT honogeni zed m |k

treatadsw theellid wanonReazjcaa ALV y dusidichd1 ow
contg%%%g?gggured cells and dead cells at a concentration of
10° te 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 lccations
of the plotted points for the LP-treated Fscherichia coli
and Staphylococcus epidermidis (injured cells) suSpensipns,
which are seen from the results of Contrcl 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 satisfying the condition that SYTQ9
intensity 2 7 x 10° are shown in Table 2 for the L?—treated

LTLT non-homogenized milk inoculated with Escherichia coli

{live cells) and the LP~treated LTLT non-homogenized milk.
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(1) Preparation of sanples To 1 m of 6 x 107
cfu/m Escherichia coil suspension (live cells)
prepared in the sane manner as that in Contro
Exanple 1, 9 ml of the UHT honopgenized m Ik used in
Control Exanple 2 was added to dilute the suspension
10 times, and the diluted suspension was serially

diluted in the same manner to grefare UHE:E§ 9en£ Sd
Tt 5 15CnHen e de af t e Fe47 +om 6t Kb L Y ni Feate
metﬁ@&hﬁ%ﬁQ§ééhéfﬁéhﬁé'Xglfeti§%e £0118] in the Fprtbehted
cfu/m Staphy%ococcus
LTLt@mcdrefmm@emnmbln i$iveScel 18] preper ethder tHee
r..as that. in Control Exanple 1, 9 ml of the
con gyt fithtori Ped W1k was added to dilute the
[01gg§pen3|on 10 tinmes, and the diluted suspension was
serially diluted in the sane manner to prepare UHT
ablforogeni zed nmilk inoculated with 1.9 x 102 to 1.9 x
7 CS 4 %ﬁ_ﬁ&!}%'&f% gpidermigdis EbiyeigelbS)reated
Res gbarat #E onbgeni zed m | k not |noculéte rﬁa ©
LTLﬁinpﬁﬁhnmﬂgen1M£siah5bkdmkp@Ee@reﬁbqquethOd Each

Nu of —th tSCﬂ ruﬁgﬁqﬁ%0|l JﬂCé%E tqﬁnlnogLﬁ%%a%}¥MW$Fsured
(cfd mhve ceI Irs) UHT hormgenl Zed: mid K
o | 9

1.5 x 10? 8

1.5 x 10° 10

1.5 x 10° | , 9

1.5 x 10° 18

1.5 x 10° 111

1) The numbers of plotted points in the SYTOS9(+)*PI(-)
plotting region satisfying the condition.that SYTOS
intensity 2 7 x 10° were counted.
[0110]

Further, the numbers of plotted points in the
- SYTQS (+) *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 1is considered that the
detection limit of LP-treated method for Staphylococcus
epidermidis (live cells) in the LP-treated LTLT non-
homogenized milk is 1.8 x 10° cfu/ml under the conditions of
this test.
[0111]
Table 3
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volume of 1 m was put into a 2 m volume m crotube,
and subjected to a |ipase treatnent and proteinase K
treatment (LP treatnent) in the same nanner as that
in Control Exanple 1. To the suspension, 880 pl of
physi ol ogi cal saline was added, and the m xture was
subjected to refrigerated centrifugation at 4C and
Resutb W Xudk dA 5 I0 JEnULes. < IOERUARRL LR dolauel W8S in
renoved wth a swab, and the ‘agueous layer®as the
LTLThirdd-er drayaprn wesd ahsbk rlieyoedt r&dhend tenhodf

hysiotogical Ssat ine was, added to the certsof tt
NuUmEE R | LIRS Yt BrTRTesT [t S USHRE { Aot Rl 1%, mepsured
(cfugaph of the LP-treated cel || suspeysi ons and UHT |

mmaeni-zed - mllk not— 1t nocilliat ad wth hactariia 10
LM | LA L I | DA U CT TG _=

n
A

O
IIUIIUU\‘III [Aawav | LILELEEE I AN LLAYAY LEMLMAYA A N N1 Y

of the 10000 pg/ M EMA aquedus sol ution usef in

Exanple, T.Was, gaded, and the mxture was 'gft—at 4C
for 5 nfhutes under light shielding, and ifradiated

with visible 1oght of 500 Won ice fromajpanp (FLOOD

aalel Cl ot L O + A\ fAr O

|
SaKt—crect+H+€—Co——x

m nut es! (EMA $Peat ment). THen, 990 pl of 8

u.7) | BAVA | T

physi ol pgs cal; gal i ne was added to the sanple, and the
sanple was subjected to reflrigerated centrifugation

at 4C'andBlﬁ,D©® x g for 1Q¢ m nutes. After7the upper

AL —AD

. 1 1 NAN.. ] £ nlbaras 1 [
ayucuous T Ayl V\Ifib I CIuvecuy, OoUU I Ul Py ST UT"Ugrtail

sal i ne e %dHed to the pelllet of the | owe?®l ayer

1) rhBeRufn2 R & ﬁf@@?@iﬁﬂy%ﬁs@ﬁ@?@é@w My (-
reagent was added to the m xture, and the reaction
plotwasgakkegued @B tricomitrgnpdreatanred flororl SthmnudEBOUNder

. |ight shielding to_prepar ach sanple. [0120] (2)

lnte?gg?yn%t odf 10 wergcﬁgﬁgggﬁrenent was performed for

{o11each of the sanpl es prepared above (neasurenent tine:
m nutes) in the sane manner as that in Control

5
[Exaprafpid 1. [0121] (3) Test results The results
of ptPLSr 1 Al 1 AT B+ 8RAWIM RobloGz it ASMNIOWR PNt rol
Exanpl e 2 nentioned above, in the results shown in
Eschergch2a whdn kinspecBEsdber iacld & oobhy Wwasodsiectmiiemidis
t he. UHT eni,_z 1.1k _hy LP-treated thod, a | ot
suspgS g (PETPRSRELTr B Sonvamiisit S & cel |'s
(1) Phnéphppttied o€l kampeee present in the SYTO9(+).PlI(-)
regi on, which region represents presence of
E i *hi BSEBPFLICRLFeCEE| §PSPERG 189 Sa (HdgEl Celtise and

injufedeetion, | kit 198S. A5/l Phafg bedphyhBiothubm -
epidermidis suspensions {live cells and injured cells, 4 x
10" 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 to a lipase treatment and
proteinase 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 agueous layer was removed, 1 ml of physiological
saline was added to the cells of the lower layer

(precipitates) to suspend the cells.

47




[0122] However, as clearly seen fromthe
results of this test, in the SYT09/ Pl plot for the
LP-treated and EMA-treated UHT honobgeni zed m | k not
i nocul ated with Escherichia coil, the SYTO intensity
was suppressed to .1 x 101 to 5 x 101., and the
results were hardly plotted in the SYTO9(+)PI(-)
region representing presence of live cells. [0123]
[01lNdr eover, the number of plotted points in the

SYEQ%G_H)J.EH morfc®HiQf changed dependi 1y Mbideiated as

i nocul ati on cohcentrati on of Escherichia coil live

“EMACe| ISs”L)gma'Fh§arﬂﬂfﬂt@ smlﬂbeplf otE &L pbi s dhsthmieed el on
h Tabl
steriq_rlze%.c waltr!aqg &%Wf%{faééﬂtl 2(2% %@?@#ﬂni n 1?15’ e

IS conS| ere
filtkesekethattwetical 10.(43 \4&n oelds)fintdiHT Moy EMAz ediuddds
subjected to the LP treatnent qﬂﬂﬁﬁge EMA treat nent

solutipp frest HEHUNG L. 10 it urder™ s he
for%%%gl'ttl'o%%%l §fptthieh d@tee IVIAMpdnd 6h 4 Resulhs of

detection of |ive Escherichia COI| in UHT honpgeni zed
susprinisik oy WaRE-lterfdatadd et Hodt Nurberuiess | wolelh at &bt

ShleR%ln hlangnylgh% EEQE%%%@%%@%%%a'bx,%E?i%?, é%% ue)

irradiated with visible light from a lamp of 500 W (FLOOD
PRF, 100 Vv, 500 W, Iwasaki Electric Co., Ltd.) dispeosed at a
distance of 20 cm from the suspénsion for 10 minutes. The
above procedure of adding the EMA solution and irradiating
visible light is also referred to as the “EMA treatment”.
-Then, 990 ul of physiological saline was added to the
suspension, and the suspension was subjected to refrigerated
centrifugation at 4°C and 14,000 x g for 10 minutes. Aftef
the upper aqueous layer was removed, 300 nl of physiological
saline was added to the pellet of the lower layer, then 0.9
pl 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 measurement 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, ihe live cells

and injured cells of Escherichia coli could not be clearly
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0O 56.0x 101 3 6.0 x 102 72 6.0

distinguished, when only the LP treatment was performed.
However, as cleariy seen from the results of this test, when
the EMA treatment was performed after the LP treatment, it
became possible to clearly distinguish live cells and
injured cells of Escherichia coli. In addition, the same
results were alsc obtained for Staphylococcus epidermidis.
It is considered that this was because EMA showing low cell
wall permeability did not penetrate cell walls of live cells,
but penétrated cell walls of injured cells of which damage
was not so significant.

[0116]

EMA having penetrated into injured cells disorderly
intercalates into chromosomal DNAs in the cells of the
injured bacteria, then converted into nitrene by irradiation
of visible light, and binds to the chromosomal DNAs by
covalent attachment. Because the DNA gyrase or
topoisomerase activity remains in the cells after 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 religation, the religation of DNAs by the aforementioned
enzymes is inhibited by the action of covalent attachment of
nitrene originated in EMA, and as a result, fragmentation of
chromosomal DNAs is promoted. When SYT09 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
considered 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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cbtained by SYTOS.
[0117]
[Example Z]

Detection of Escherichia coli and Staphylococcus
epidermidis live cells (LP—treated) suspended in UHT
homogenized milk treated with ethidium moncazide (EMA) by
using flow cytometer
(1) Preparation of samples

To 1 ml of 6 x 10’ cfu/ml Escherichia coli suspension
{live cells) prepared in the same manner as that in Control
Example 1, 9 ml of the UHT homogenized milk used in Control
Example Z 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 6 x
10* to 6 x 10° cfu/ml Escherichia coli (live cells).

[0118] |

Further, to 1 ml of 1.9 x 10% cfu/ml Staphylococcus
epidermidis suspension (live cells) prepared in the same
manner as that in Control Example 1, 9 ml of 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 1.9 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.

[0119]

" Bach of the UHT homogenized milk inoculated with
Escbefichia coli {live cells), UHT homogenized milk
inoculated with Staphylococcus epidermidis (live cells), and
UHT-homogenized milk not incculated 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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[ 0125] Further, the aforenentioned LP
treatnment and EMA treatnent were perforned in the
same manner except that the volune of the sanple used
for the aforementi oned LP treatnent and EMA treat nment
was changed from1l m to 10 ml (concentrations of

| i pase, proteinase K and EMA were the sane), and
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(cfu/m) FCM count (actually measur ed val
aquepup solution used in Example 1 was added, and the

mixture was left at 4°C for 5 minutes under light shielding,
and irradiated with visible light of 500 W on ice from a
lamp (FLOOD PRF, 100 V, 500 W, Iwasaki Electric Co., Ltd.}
for 5> minutes (EMA treatment). Then, 990 ul 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. After the upper aqueous layer
was removed, 300 pl of physiological saline was added to the
pellet of the lower layer, then 0.9 pl of a SYTOY9/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 méasurement 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
showﬁ in Fig. 2, when live Escherichia ccli was detected in

the UHT homogenized milk by LP-treated method, a lot of
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plotted points for contaminants of somatic cells and injured
cells were present in the SYT0O9(+)+PI(-) region, which
region represents presence of Escherichia coli (live cells),
and as a result, the detection limit was as high as 1.1 x
10% cfu/ml. |

[0122]

However, as clearly seen from the results of this test,
in the SYTOS/PI plot for the LP-treated and EMA-treated UHT
homogenized milk not inoculated with Escherichia coli, the
SYTOS intensity was suppressed to 1 x 10 to 5 x 10%, and
the results were hardly plotted in the SYTO9(+)+PT{(-) region
representing'presence of 1live cells.

[0123]

Moreover, the number of plotted points in the
SYTQ9 (+)*PI(~) region changed depending on the incculation
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 LF treatment and the EMA
treatment (LPE treatment) is 6.0 x 10? 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 inoculaited bacteria | FCM count (actually measured
{cfu/ml) value)
0 ‘ 5
6.0 x 10° 3
6.0 x 107 72
6.0 x 10° 157
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x 104 4360 6.0 x 105 45541 [0127] The nunbers of
plotted points in the SYTO9(+)PI(-) region counted
for Staphyl ococcus epidermdis are shown in Table 6.
According to the results, the detection limt for

St aphyl ococcus epidermdis (live cells) in the UHT
honogeni zed m Ik was 1.9 x 104 cfu/m . The causes for

the—hi-gher—det cg‘,ti on—t+i+nm-t—jconpared-wth—that—For————;
Escheri EhPa*céPi are considered the extredéfy strong

t endenc f_Staphyl ococcus |epideLmidis t sorb on
¥.8Tx18 ?ﬁ@ﬁip

the liprd layer forned.in tihe m ddle of

[01a5leat ment, and the narked decrease of the plotted
points for LP-treated Stap2¥lococcus epi derm di s

(1 itV HoE s Hen afRr prorenep it T reafitin a2t heE A ve
treatSldnt r@&é);péft&ﬁﬁ@& agl e 108 d AL S0 POLBLSE T PhiPeche
SYTO9(+)-PI(-) region observed for untreated
volugteg sy Itdeo caumrp lepi Weedr s {he vef cedrientigimed hl.P
treat UGS RONAGS A 9 D5t Of - the, Ccellulzlﬁc-’ged from 1 ml to 10 ml
(concentrations of lipase, proteinase K and EMA were the
same), and measurement was performed with a flow cytometer.
The results of the measurement of the number of plotted
points in the SYTO9(+)+*PI{-) region are shown in Table 5.
It is considered that the detection limit of Escherichia
coli (live cells) in UHT homogenized milk is 6.0 x 10%
cfu/ml under the conditions of this test. As compared with
the detection 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 107%).
[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 i

6.0 x 10! 14

6.0 x 10? 113

6.0 x 10° : . 506

6.0 x 104_ 4360

6.0 x 10° 45541
[0127]

The numbers of plotted peoints in the SYTOS9 (4} «PI(-)
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[0128] Table 6 Results of detection of live

St aphyl ococcus epidermdis in UHT honogeni zed m | k by
LPE-treat ed nmet hod Nunmber of inocul ated bacteria
(cfu/mM) FCM count (actually neasured value) =~ 28
1.9 x 102

region counted for Staphylococcus epidermidis are shown in
Table 6. According to the results, the detection iimit for
Staphylococcus epidermidis (live cells) in the UHT
homogenized milk was 1.9 x 10° cfu/ml. The causes for the
higher detection limit compared with that for Escherichia
coli are considered the extremely strong tendency of
Staphylococcus epidermidis to adsorb on the lipid layer
formed in the middie of the LP treatment, and the marked
decrease of the plotted points for LP-treated Staphylococcus
epidermidis {(live cells}) in the SYTOS(+)+-PI(-}) region as the
live cells region in contrast to the plotted points in the
SYT09 (+)+PI(-) region observed for untreated Staphylococcus
epidermidis (live cells), which corresponded to most of the
cells.

[0128]

Table ©

Results of detection of live Staphyvlococcus 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 x 107 5263
[0129]

[Examplé 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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24 1.9 x 103 17 1.9 x 104 95 1.9 x 105

monoazide {EMA) by using flow cytometer
(1) Preparation of samples

To 1 ml each of 1.5 x 107 cfu/ml Escherichia coli
suspensions (live cells and injured cells) prepared in the-
same manner as thét in Control Example 1, 92 ml of the LTLT
non-homogenized milk used in Control Example 2 was added to
dilute each suspension 10 times, and the diluted suspension
was serially diluted in the same manner to prepare LTLT non-
homogenized milk inoculated with 1.5 x 10 to 1.5 x 10°
cfu/ml Escherichia coli (live cells and injured cells).
[0130]

Further, to 1 ml each of 1.8 x 10°® cfu/ml
Staphylococcus epidermidis suspensions (live cells and
injured cells) prepared in the same manner as that in
Control Example 1, 9 ml of the LTLT non-homogenized milk
used in Coentrol Example 2 was added to dilute each
suspension 10 times, and the diluted suspension was serially
diluted in the same manner to prepare LTLT non-homogenized
milk inoculated with 1.8 % 10% to 1.8 x 107 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
Escberichia coli {live cells), LTLT nen-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 fhose
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 ¢ for 10

minutes. After the upper aqueous layer was removed, 300 nul
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149 1.9 x 106 584 1.9 x 107 5263 [0129] [Exanple 3]

of physiclogical saline was added to the pellet of the lower
layer, then 0.9 pl of an 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.
[0132]
{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.
[0133]
(3} Test results

The results of this test are shown in Figs. 6 and 7.
As shown in Control Example 3 mentioned above, according to
the results shown in Fig. 3, when live Escherichia coli and
Staphylococcus epidermidis were detected in the LP-treated
LTLT non-homogenized milk, a lot of plotted points for
contaminants of somatic cells and injured cells were present
in the SYTO9 (+)+PI(-) region, 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° cfu/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 SYT09/PI plot for the LP-treated and EMA-treated
.(LPE—treated) LTLT non-homogenized milk not inoculated with
the bacteria, the SYTO9 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 pecints in the
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Det ecti on of Escherichia coli and Staphyl ococcus
epidermdis live cells and injured cells (LP-treated)
suspended in LTLT non-honogeni zed nmlk treated with
et hi di um nonoazi de (EMA) by using flow cytoneter (1)
Preparation of sanples To 1 m each of 1.5 x
107 cfu/m Escherichia coil suspensions (live ceIIs

and |n ured cells) prepared in the sane manner
SYTQHat) 9 QjﬁnWQﬁl?&aﬁ%@%g% deRFGE N he LT 1noculatlon
e e 2
&3&%%5“&? G e Shoh S e enl bn 10t mee Phnd Tho »urbers
of gﬂduﬂaﬂjpmwsp&nﬁhmntM@s segiahl yodi tackdinacuhetsane

ner_to prepare LTLI ompgeni.zed m | k
cond Rt T T e PO 0P b1 8 X 106 creldered that
the Eegherdicdi a 6oid &f i veceelkishandchbnjuredveebbs)s) in LTLT

- [0130] Further, to 1 m each of 1.8 x 108 cfu/n
nlﬁﬂﬂm@ﬂﬁﬁﬁﬁﬁ: |%%¢h¢%¥%dsﬁ%p%%%l%ﬁst{??PEQBEIP§d the
d; s m the, sage MmN @ h
EMA‘?h E§n¥§§ﬁ'%§ %ﬁ%ﬁ bén1 of the LTL er the
condmnlchﬁnmgbnﬂmedime$k ugd therCodtidl rExartphegewased milk

added to dilu eac usp 10 tines nd the
inocilatesh b S Hel S ar Lt | U MRt AP het Eafte
densTRRNQJF 110, fprﬁplaﬁe CEEURln%EJW@m@%ﬁtZeEﬂ t8 lthe LPE
i noculated with 1.8 x 102 to 1.8 x 107 cfu/m
treagmeptiyl cavt dise apides i of PEPT R depirtantni Rir ed
sYTohSeT (539%6411%% s 00 h@ﬁ@%ﬁé%@ﬁc@ Lk D9e cells
noculate cteria was al so prepared
was E&E&hhed .As EaahswﬂtLh@ﬂgﬁﬁédun&mMHn@@md&xjGﬁﬂ3¢ed in
i nocul ate Esch r|c Q live ceIIs LTLT
the ﬁ@r‘?lﬁ&mggﬁ FZ&4 Ak |hr‘?o &I%afce MR SRR ]I%%occceuas
distepicaalon dis 1ive/e-£eld sand andleHéJ ds@m@oaﬁgsatﬁ@dwhia
m |k not inoculated with the bacteria was subjected
colito the sane |ipase treatment and proteinase K
[013kfeat nent (LP treatnent) as well as EMA treatnent as
those in Exanple 2. Then, 990 pl of physiol ogica
Tablsal/i ne was added to the sanple and the m xture was

Resui%b.8%$§9 to refrnﬁfﬁﬂigglﬁﬁgtéfiu atlgghl 1éciﬁﬁdtreated

e upper ‘aqueous
LTLT ayer hmgeemaz\éeﬂ m:BDO pI of phySI ol ogl cal saline

was—added—to—the—petiet thetower—tayer,—then—0:9
Numbgpr ¢ff daosyred/es it l"e‘s%e Fcd ST nFGetyent Rgsured.
(crudfldgd to the mixture, and tihg gaction was allowed at
roomtenmperature for 15 m nutes under l-i-ght-.shi-el-di-ng
to prepare ®ach sanmple. [0132] (2) Test nethod
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 SYTO9(+)+PIl{(~) region for Staphylococcus

epidermidis are shown in Table 8. According to the results,
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FCM neasurenent was perforned for each of the sanples
prepared above (neasurenent tine:-5 mnutes) in the
same manner as that in Control Exanple 1. [0133] (3)
Test results The results of this test are
shown in Figs. 6 and 7. As shown in Control Exanple 3
nmenti oned above, according to the results shown in

Fig. 3,.when |jve_ Escherichia coil and hy oco cus
the Qi O oL Wt o ot oot SR CEAGCR. Croar e LT 13 e

celNON-homp@enizeth fhbken d-Lat moi kplatt €dgpoi NHS (f:@ﬁ/ml It
contam nants of somatic cells and injured cells were

is qreskhered thet SYTOota3)PeE- Foreghonhighesedeggicdpon limit
comp £33 SIS Blesence pL Eé%‘fgh' ghi 81905& (E;LXS:L%%' k%) those
an tap ylococcus ep| I'S ( rve ¢eflg)*asta
mentiesidd , id hexgdeteetion Iimt for Escherichia coil was
1.5 x 105 cfu/m, and the detection limt for
[Ol%ﬁkphylococcus epldern1d|s was 1.8 x 106 cfu/m, both
rap1d gwhich are at high level. [0134] Fbmever as
clearly seen fromthe results of this test, in t he
Resi @0 Pldgpiatt far ehellvet FéapbilandcENA- epédeesdidis in
LPE-tr LTLT D m | k not
Les e i T RS W EEF STren [t ensity vas
Numbsaip e sisestd i ted eyaectt@ﬁi@m ECx ddidht ancbd el T eswibdSured
were not plotted in the SYTO9(+)PI( ) region
(ciYy/@brlesent i ng presence of |iVEE&)s. [0135] Moreover,

the nunber @f plotted pointijs in the SYTO9{+)-PI(-)

region_changed depending on-the inoculation

concenttaﬁlmnla? Escheri chila coi | (live ce2|s) The

nunuerb U g ieu pUIﬂ[S |n [nIS reglon T T eacn
|nocula%r%n concentration are shown in Tabte 7. It is

consi defegd {hag?the detectijon Iimt of Escherichia

coil /|i\lor\o||c\|nITIT on--ho oni-zad

m-1l k
CUT 1 \ A2\ *0 I | \Jl T | ™ =il | LM AYAN] IIUIIUHMIT'I (AR AW | T TN

subj ectédBt®s tBe LP treatmgnt and the EMALSreat ment

(CPE trfaéneniéals I75 % 104 cfurn _under cthe
_condi tions Bf“this test Eurther, ITLT

non honpg@nng@7n1lk i nocullated with Eschezdchia coi

fA-ut-et—ecetH-s—at—a—denstty—of—1-5x106—~cftuf-m—was—
[013§Ubjected to the LPE treatnent, and the nunber of
{Exagjqueﬂ points in the SYT09(+)-PlI(-) region
Sbgestlng the presence of live cells was examn ned.
AsEaanesuartﬁ.pnplodt eddepdl mifs varidiugs exipstiednigrdde poisons

d r%%t Theref.ore, the LPE treatnment enabl ed clear
and BN 9YHES6n PSE99%%e cell's and injured cell's of

Eseheriiehita osokbs HRIFG)rmEab| £ oh tRestlds: ifn def ectdwn
of live Escherichia coil in LPE-treated LTLT

cytopgieondgdficied imide coli (live cells) and
Staphylococcus epidermidis (live cells) suspended in

commercial cow’s milk by using compounds belonging to other
topoisomerase poisons (amsacrine, ellipticine, camptothecin)
and a compound belonging to DNA gyrase poisons
{ciprofloxacin), of which activity is similar to that of
ethidium moncazide used in Examples 1 and 2.

[0140]

(1) Preparation of samples
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Nunber of inocul ated bacteria (cfu/m) FCM count
(actually neasured value) O 1.5 x 102 20 1.5 x

To 1 ml of 7.5 x 10’ cfu/ml Escherichia coli
suspension (live cells) prepared in the same manner as that
in Control Example 1, 9 ml of the UHT homogenized milk was
added to dilute the suspension 10 times and thereby prepare
UHT homogenized milk inoculated with 7.5 x 10°% cfu/ml
Escherichia coli {(liive cells}.

[0141]

Further, to 1 ml of 2.0 x 10% cfu/ml Staphylococcus
epidermidis suspension (live cells) preparéd in the same
manner as that in Control Example 1, 9 ml of the UHT
homogenized milk was added to dilute the suspension 10 times
and thereby prepare UHT homogenized milk inoculated with 2.0
% 107 cfu/ml Staphylococcus epidermidis (live cells}.
Separately, UHT homogenized milk not inoculated with the
bacteria was also prepared. |
[0142]

7 Fach of the UHT homogenized milk inoculated 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 ul of physioclogical 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 agueous
layer of the middle layer was also removed. Then, 1 ml of
physiological saline was added to the cells of the lower
layer (precipitates)} to prepare each LP-treated suspension.
[0143] |

Each LP-treated suspension was subjected to a

treatment with each of a) amsacrine, b) ellipticine, c¢)
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103 20 1.5 x 104 31 1.5 x 105 349 1.5 x

camptotheéin, and d) ciprofloxacin solutions, and the
SYTO9/PI fluorescence staining réagent was added to the
suspension to prepare each sample for FCM measurement.
Specific procedﬁres are as shown in a) to d) described below.
[0144]
a) Amsacrine treatment

To each LP-treated suspension, 10 ul of a solution
dissolving amsacrine (Sigma, catalog number: A9809) in
dimethyl sulfoxide (DMSO) at a concentration of 1 mg/ml was
added, and the mixture was left at 37°C for 10 minutes.
Then, sterilized 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 nl of physiological saline was added to the
pellet of the lower layer, then 0.9 pl of the 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 a sample.
[0145]
b) Ellipticine treatment

To each LP-treated suspension, 5 pl of a solution
dissolviﬁg eliipticine (Sigma,.catalog number: E3380) in
dimethyl sulfoxide (DMSO) at a concentration of 0.1 mg/ml
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
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
peliet of - the lower layer, then 0.9 pl of the SYTOS/PI
fluorescence staining reagent was added to the mixture, and

the reaction was allowed at room temperature for 15 minutes
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106 2095 [0137] The results of neasurenent of
the nunbers of plotted points in the SYTO9(+)PI(-)
regi on for Staphyl ococcus epidermdis are shown in
Tabl e 8. According to the results, the detection
limt for Staphylococcus epidermdis (live cells) in
the UHT honogeni zed mlk was 1.8 x 105 cfu/m. It is
consj dered that the causes for the higher detection

undgy ok 3 IRl et @b e NP hRE CPBECEScR8FPERi-a col i are

(o184 lar to those nentioned in Exanple 2. [0138] Table
8 Results of detection of |ive Staphyl ococcus

c) (apimderiielisn ired@Eneneat ed LTLT non- honogeni zed mil k

?gg?ﬁ%%%%i%ggﬁ%%gﬁ%éj%ﬁ%g%égiégfui81%lFo goggiution
dissolving camptothecin (Sigma, catalog number: C93811) in
dimethyl sulfoxide (DMSO) at a concentration of 1 mg/ml was
added, and the mixture was left at 37°C for 30 minutes.
Then, sterilized walter 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. Afterlthe 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 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 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 pl of physiological saline was added to the
pellet of the lower layer, then 0.9 pl of the SYTO9/PI
fluorescence 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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1 1.8 x 102 2 1.8 x 103 2

FCM measurement was performed for each of the samples
prepared above (measurement time: 5 minutes) in the same
manner as that in Control Examﬁle 1.

[0149]
(3} Test results

The results of this test are shown in Fig. B.
[0150]

For the samples subjected to the LP treatment alone,
the plotted area of Escherichia coli (live cells) and that
of the contaminants (somatic cells, injured cells,
incomplete degradation products of micellar casein produced
by the LP treatment} originated in the UHT homogenized milk
were adjacent to each other, and partially overlapped (the
SYTO9 intensity of the LP-treated UHT homogenized milk not
inoculated with bacteria due to contaminants may
significantly exceed 10° depending on type, manufacturer etc.
of the cow’s milk, and in such a case, the plotted areas of
live cells and contaminants significantly overlap each
other), and thus Escherichia coli {(live cells) could not
clearly distinguished. However, when the treatment with a
solution of a) amsacrine, b) ellipticine, c¢) 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 Escheriéhia coli (live cells) became easy.
Moreover, similar effect was alsc observed 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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1.8 x 104 1 1.8 x 105 13 1.8 x 106 85

whereas they penetrated cell membranes of somatic cells
which were made dead cells by the flash pasteurization, and
cell wall of injured cells. It is considered as follows.
Two kinds of the aforementioned agents having penetrated
into the somatic cells and injured cells disorderly bind to
chromosomal DNAs by covalent attachment to inhibit
religation of DNAs by topoisomerase II or topoisomerase I in
somatic cells, or topoisomerase IV, topoisomerase I, or
topoisomerase IITI in injured cells, or DNA gyrase, and
thereby chromosomal DNAs were fragmented, resulting in
decrease of the fluorescence intensity of SYT09. On the
other hand, they do not affect chromosomal DNAs of live
cells, and thus the fluorescence intensity of SYT09 does not
decrease in live cells. Therefore, the plotted areas of
them were cléarly separated.

[0152]

It was highly possible that ellipticine and
ciprofloxacin also did not penetrate cell walls of live
cells at the concentrations used in Example 3 within the
reaction time mentioconed 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. 1In
contrast, it is considered to be highly possible that
ciprofloxacin inhibits religation of DNA strands by DNA
gyrase in injured cells, and alsc inhibits religation of DNA
strands by topoiscomerase II in somatic cells.

[0153]
[Example 5]
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1.8 x 107 530 [0139] [Exanple 4] Exam nati on
of effect of various topoi sonerase poi sons and DNA
gyrase poi sons Exam nati on was perforned about
detection by flow cytonmeter of Escherichia coil (live
cell s) and Staphyl ococcus epidermdis (live cells)
suspended in comrercial cow s mlk by using conpounds
bel ongi ng to ot her topoi sonerase poi sons (amsacri ne,
eI IDipﬁﬁiG’iQ’i?eiOItaTﬁ)tloit‘ﬁe&@l%mdi@j%b@@o@mljl%e@@ﬁgﬁﬁgd

cor 1 ARG JAL AN ELEE L PEREL D) oLl Egpar v
obtausedi 14f iz st de @nde 2t f@i4@butlklﬁwsp6fagmam abgative
bacégggg Eﬁscherichia coli DHb5oa, Klebsiella, Citrchacter and
Salmonella bacteria) and gram-positive bacterium
(Staphylococcus epidermidis}) used as test materials
[0154]
{1) Preparation of samples
1-1) Preparation of suspensions of four kinds of gram-
negative bacteria (live cells, injured cells and dead cells)
Escherichia coli DHbw, Klebsiella oxytoca JCM 1665
{henceforth also referred to as “Klebsiella”}, Citrobacter
koseri JCM 1658 (henceforth alsc referred to as
“Citrobacter”), and Salmonella enteritidis IID 604
{henceforth also referred to as “Salmonella”) were cultured
at 37°C in BHI broth, and 40 ml of each medium in which the
cells were at a later stage of logarithmic growth phase was
subjected to refrigerated centrifugation at 4°C and 8,000 x
g for 15 minutes. The supernatant was removed, then 40 ml
of physioclogical saline was added to the residue, the
mixture was stirred and subjected to refrigerated
centrifugation of the same conditicns. The supernatant was
removed, and 10 mi 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 immersion 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 live cell suspension by
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To 1 m of 7.5 x 107 cfu/mM Escherichia coil
suspension (live cells) prepared in the same manner
as that in Control Exanple 1, 9 ml of the UHT
honogeni zed m | k was added to dilute the suspension
10 tinmes and thereby prepare UHT honogeni zed m |k

i nocul at ed vvith 7.5 x 106 cfu/nm Escherichia coil
ther, to 1 nm of 2.0 x

(W 41 E
i P YB GesetuL i e b€ S bttt cooling
in (keveateld.s) Ipreaarednfmrinha saae E@‘ﬂﬁe'&héslhg‘a&e'dn cell
trol anp 1, 9 mM of the UHT honbgeni zed m |k
and%gagdgg éuﬁPlef}tséOPﬁedé@sﬁ’Qﬁlféﬁn&@O@qmﬁsanm L agar
medﬁbﬁr eby prepare UHT honobgeni zed m |k inoculated with
.0 x 107 cfu/m Staphyl ococcus epidermdis (live
mlé%i‘ |'s). Separately, UHT honogeni zed nilk not

12 A e Bk B A DR b SR B R aq B e um
ﬂlV@O@HlBEEleﬂtlheEScBEL’sCBha gekl ckhvejcells), UHT

honmpgeni zed m I k i nocul ated with St aphyl ococcus
epm‘gﬁlﬁﬁﬁ%gcw?% el deymigdpg uﬂtapbmgenczed Bpllkiermldis

KD Maizﬁlpcﬁé@@gl%f@dtc@@ 5’?€Eeﬂha{3hgegr¥g SUB ég’eﬁl of

was put into a 2-m -volunme mcro
the pediymp phlsewln:r@attMtcahhs pwetei aasehK lbgaEHEth(:LBrowth

hat Cont r ol
phagg SRS ot S e e R Or B e a%eé‘griﬁggagéégdagdzz c
and tig acma 38 anTpf & %dnirhﬂté@n'ph%é/\ﬁs%ﬁé&kﬂaﬁ?é 4re?moved

refrl er at ed centrlfugatlon at 4C and 14, OOO X
nﬁ]ut%fs Phel 949 F g ayer l bre t wes Lmdlmethﬂvasem_due,

and "c@‘l@\fﬁ%ﬂﬁdﬂé" i Svabs £ and. 4 a‘ﬁ#ﬁ?f"@dlﬂnﬁ?r oéntsgbj ected

m ddl e | ayer was al so renov
to rﬁﬁy@g@r@%?alcegammmcaddeﬂ tloe tdmneetdisdDfidhe. The

I I tate 0 prepare each LP-treated

supe g e ne s TR A B4 ek R P Brr e Line

was gdbeectted the aretsrleaatermr&bt pidds each ﬁv@)C@r@aﬁfég&51on
el lipticine, canpt ot hecin, and d)

The Q%‘KFoﬂe &OHnéEoloét Chis, lae 1Irl SErog@Ision was 1.9 x
10° dtwonescence 1l ni RY reagant Y‘.?é aggf'ﬂ_é}? Igens:Lon was
npl e for

suspension to prepare each sa
put iphsupedeht mlSpécirptubpr ocadurds: arierasdhowWas imersed

in b&?l9%gd§§EEEb%grb§bog%cgo%%%]a%&i%ﬁggp&%23d5§§%%@%ga by
immersion in ice water to prepare an injured cell suspen51on.
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 ceceling 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
physioclogical saline was put into a 1.57m1 microtube at -room
temperature and completely sealed with a lid, a small hole

was made on the 1lid, and a thermocouple type temperature
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To each LP-treated suspension, 10 pl.of a solution

di ssol ving ansacrine (Signma, catal og nunber: A9809)

in dinmethyl sul foxide (DMSO at a concentration of 1
ng/ M was added, and the m xture was left at 37C for
10 m nutes. Then, sterilized water was added to the
m xture to nmake the total volunme 2 m, and the

m xture was subjected to refrigerated centrifugation

sens@r 4%, 140bogaRaghf ér C1oWASnBUES inAft éhet heole. Then,

y a I
R S R A e s e e S
boiltivgy lvoweer | ayed, thaenefp8rpkuok blﬁetS¥TQ9/thd was
: fl uorescence. stai ning reagent was added to the
meastﬁ%?tcg r& e and e reaction was al l owed at room
{0137qrrperature for 15 m nutes under light shielding to
prepare a sanple. [0145] b) Ellipticine treatnent
‘ﬁ’@séaélltﬁtﬁm(ﬂreat ed suspension, 5 pl of a solution

' di a 3380)
21 0830 0g ARSI Shre (LR saboleg vt B
1rra(ai3_btnrgirrﬂstvms added, and the m xture was left at 37C

for 30 m nutes. Then sterilized wafer was added to

t & nPx e % Hake ThePddt afUSBPRRECR AF , CRRIITAB
negafiXlel i was- sUb| ey £d-4 01 £ ef ;[hgﬁf@aege@?Qt éh&UQQBHOEells
at 4C and 14,000 x g for 10 minutes. After
and aqeebwalésﬂere dfaqter ippeflivgerehbs, remvead se@lpl and

cendPk LS, S0, 01 0, RS, L0eb gLl o

mannfelruarses:dmtcarstmmmge reagefit amasachtideicbrt @t hehe EMA
m.xture, and the reaction vvas al l owed, at room

solufdphe £t PO R i MU e st PunRrPERFhe P S hP EI B RgoEam-

negaRh @RALS A SAPh:rd 0ldl] £) Larpiot hesini bhedl "BAlier
To each LP-treated suspension, 10 pl of a solution
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n gidgt |
Here R h A Sh Gt £ A M S hdted, hG TheeHiRG gt

theyvvaerleefsulbatecfi?é@ far xﬁﬁsm’b]rmtJESghﬂ'hemacs:tmid;m zed

ed to.the mxt re to make t ot al
SepafSran’s W Mand e AT s A died o6 1 Tl of
eachl eﬁepeeeabed oFertd fugatinyati AC @d&elﬂlé)opu(veg o113,
10 m nutes. After the aqueous |ayer of the upper

injurgderedds pafoedd 3u0-1s1) oM AR Eal v e dba e wagn
d o L fot I
llv%f gt@% SY%%@F%%df %&?esgéﬁc%@n%% r’ealge%eoa(? CP% the
EMA addfedibo,t hednitkien sukgrettdte treddtd arrmwasaddaimte aised

cor LBET L BTRELENYC Rl O T i B 0L 9

[01587 eat nent To each LP- treated suspensi on, 8 pl
of a solution dissolving ciprofloxacin (Fluka,

2-2) cBNB| egtrarbépn BY8B0) in di methyl sul f Oxi de (DI\/BO)
at onee d the.
e COEEhE A o Olpfl TR, 30UR A0 Mg re

cellstend| dzed welés wds tadded s nidym tiivg Wee-ter imBkerd hg-am-
total_ volume 2 nml, and the m xture was subjected to

POSi{EYe | HRraradUlenthPr URAERGH o4 S AAGAEEDOTAE GUBrected
torré-f)rﬂ@@if'&géd ééhehkngae%eoe% lgayer, (of ANYIPRE £or 10

| ayef was renoved of physi ol ogi cal salirie ‘was
ninuteitledand the pepleema@famtheraa)weafmcbwcer Ttchexrdh Qeiptrotube,

of -t.he SYT09/ PI Iuo escence st eagent was
L L R Y RO R E Rt Ut B LR e VEe Sty | e SR b o
suffi®0emt Bppet at veg, f ahadlbhBhnuhes turder vioighte o ehdi ng
to prepare a sanple.
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[0148] (2) Test nethod FCM neasur enent was
perfornmed for each of the sanples prepared above
(measurement tinme: 5 mnutes) in the same nanner as
that in Control Exanple 1. [0149] (3) Test results
The results of this test are shown in Fig 8. [0150]
For the sanples subjected to the LP treatnent al one,

the plotted area of Escherichia coil (live cells) and :
mixgyng s t Werdhe hhtHahPsa (ot ReCERFIEE @ﬁFuﬁéBJeCtEd to

refCRldSatdNcompl £1 u4895 8dakionepr 9gycy s, @bomxcs' kaL 10

casei n produced by the LP treatnent) originatéd in
minutres UHT heo rpgerirzechmt | e sverencedi@centoltivamach other,
el e&d partially overl apped (the SYTOO intensity of the
p -treated UHT honogeni zed m | k not inoculated with
fol1dEcteria due to contam nants may significantly exceed
103 de endi ng on type, nanufacturer etc. of the cow s
the S 2P eablel Ve He2 PHOTHER JPBRS BEI¢i ve

extrgaf‘r#ect% anﬁ@tﬁﬂf&ﬂﬁﬁg%ﬁ%éﬁca"ﬂd Y Auerd S%?r&lhlﬁd 0.5

hus Esc ichra coil (ltve ce
ml qﬁn5(ﬂMﬁEDﬁA(H&E|a@ﬂw@he@mdFb@ewbrqfmh&natheomopeptldase

soluy i dknared Peifrtiend fh SindRE v iEr Rhom Vag!

aquelReld ¢omd i etwd e bibré reaémesdl theuptptéed aseasoqg
of the Escherichia coil (live cells) and the

numiesiit S 4TRSS Merer 2| ey sEpfhridted L aharasvas réstiFtat
50 Cd%to%‘:tj(p@nl‘?fut%s.ache“l’h%m at%o' lhe( lrrll\k% ISd Ep%{“ ngf 10 mM

easy. Moreover, simlar effect was alsd observe
SSﬂﬁﬁhyMﬁtédeshep$dEd@@@A820ﬁﬂﬂ51ﬂ 1250 U/ml protelnase K

(Sigma, catalog number: E.C. 3.4.21.64) was added, 400 ul of
an SDS solution prepared beforehand at 10% (w/v) with
sterilized water was added, and the reaction was allowed
overnight at 50°C.

[0160]

Each 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
agueous layer of the upper layer was transferred to a new 2
ml volume microtube, 70 ul of 3 M sodium acetate (pH 5.2)
and 1.21 ml of 99.5% cold ethancl were added to the mixture,
and the mixture was gentlily 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 alsoc referred to as the
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It was highly possible that ansacri ne and
canptothecin did not penetrate cell walls of
Escherichia coil or Staphyl ococcus epidermdis (live
cells) at the concentrations used in Exanple 3 within
the reaction tines nentioned above (10 m nutes and 30
m nutes, respectively), whereas they penetrated ceI
“ menpranes of somatic cells which were made
PhW%@W%@P*ﬁ%s%EFFEE%PBn) -and- 2ef @Al FE Ipuifﬁjearéao M
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t omoilﬂormr ase ANd e SeeBghe, cedntelo@rnuﬁpe'tsoaecase
top0|sonerase |, or topoisomnerase in injured
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was RS1ANGeNLLA ans- used: d i Examahe %JAMJ%&D Jﬁ}e subjected

reaction tinme nmentioned above (30 m nut

to nﬂﬁa;q&&%%the@bﬂﬂﬂuqﬁﬁiwmnes @?CS@m®tECOQ@|ksgaﬁdr 10
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minuf es,sé tﬁ‘oqu b stt tay COﬂOSI ater edlg% 2t eTYThtY2Fne
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f
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superehkicgati @Esoﬁ:eBNAeSi r a.'ﬂﬂ?ﬁ’l bi}hei ammmassa wdshddd with

0.4 %&ggtffln ?glﬁloifi rL: %]&&[r%a?rﬁ?\ﬁ APIET vamdgeed (the

aforéﬁ%hﬁlgﬁéﬁdpQBc@B%ger apheneld GRRIARINS Plas the “RNase
chronpsonal DNAs obtai ned after EMA treatnent for

- treatpentki ndsladf @la@fn@@abuﬁéebaWﬁer aédeasd:herthehldacled
pell%gl | aQHS?hanraJ“?Q% %l | ?J’as le teerrnla q:( lotlcgccus

tterra ramp03|t|ve acterl

dissepvdepRRdi s)carseshasat 6t oat eheabarh@iaé] D(\Ii;) solution
Preparati on of sanples

was measured based on absorbance at 260 nm (UV), ODzg (50 pg
of DNA/ml was considered OD = 1, cell length: 1 cm), and
purity of the purified DNA was estimated on the basis of -
ODz¢0/0Da2g0 -
[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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1-1) Preparation of suspensions of four kinds of

gram negati ve bacteria (live cells, injured cells and

dead cel |l s) Escherichia coil DB5a, Kiebsiella

oxytoca JCM 1665 (henceforth also referred to as

"Klebsiella"), G trobacter koseri JCM 1658

(henceforth also referred to as "Citrobacter”), and
04 (henceforth al so
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referTed o 51%6|qaaa) UertREE urladC at 33921 n64)
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fo1physiol ogi cal saline was added to the residue to
‘ gre pare a |live cell suspension. The live cell counts
2-3bfAgREQES| §9e @éﬁptggﬁb@ﬁ§ﬁ@ﬁs Qﬁeth@d ¢hira coi | :

8 cful
Cltr ag%ggﬁgémngK%§$§é anﬁ §§?ﬁ€n8P er1 §0Q70)
and 1T¥8E dﬁlwffrébr Fargheg/Llom T@ﬁ_serancth 1|4I2V§11C}’%| bf a(cj:etﬁc acid,
S intoa l.5 m cr ot ube, and the
0- 14?# %%rp %”ﬁﬁ@ﬂ ﬁ%}see Bh BBRFPR§ @&LeWapoprspared, and
A- Ecﬁﬁcpﬁﬂsdl@é@tth%ké@&'@ﬂlé(280%§ﬁ eby 3l r§'8n1b8 bSeona

water to prepare an injured suspe i BN
Ladgsy + Het ke, Shisze orCEdeheBf 86 Ahh woik, uaedead mekkers.

For SUShe red froml1 m of
T T ve gg;ﬁnlus é%gﬁ%% giy?ﬁ%ggg?gﬁal gggF?WgPQB?EFVQ
baCﬁGmiumBlﬁhﬂnﬂﬂﬂiumtreﬁmehcbn#engeln bGep¥ALeHy, | EMMas
trea%onanEd that both the injured cell and dead cel
suspensions di ¢ 'HtST ot cot'ohT @8t bre Eedghrd wead uael 1
susple®Bh%n knd) HRIZenarald Qn ﬂﬁj@ﬁ’é@e8§19n§u &%Pgﬁ' %il?
hacterium (live cells, injured cells an dead ce
2PPISEEpANSC EddS epi derira B Edgst aphssh ozacens of about 1 nug,
d %@ QI cul tur
0 ? ggg%oggﬁgagy hd%%% %hé?nﬁﬁ%lch t é”t&ﬁ%??henol-
blue\A/éBé’Ba\t mlqecalt@giarahtdam @@fmm h:Iphasel washsubj ected to
f erat.ed centrifuga at. 4C and _8, OOO X for ,
elec o b RS 1R Shpa iR s trandvad, (Ren Auiimeichia
coli0bnanysipl9gioetlocsal i s AUUed i i 1E8 lke AL ag
the m xture was suff|C|entI stirred and t

cell sgHpREpadohoapgt Figeitarad lﬂaadtgﬁﬁl(ﬂuaﬁeHQMannure
alsocgﬁgbébﬁ?@é tghgl RELNaL E}&‘ggﬁﬁtorreetnsﬁved and 10 i of

hysi ol ogi cal ne was a residue to

[016ﬁ}epare a Ilve ceII suspension. The live cell count
this ilve cel | usgen ion was 1.9 x 108 cfu/m.
Fur"t‘%e? 197 WIoF CRnEDP| GESEEFPPEQEFERST BASwRS TEGrmed was

immet$é® §n115u§1/m1n 6tALHREM B8Rdmibe T Ly glléb% \ﬂgl%lon for 20
i mrersed in boiling water for 50 secon

minukepi YRy ¢oored bylﬁﬁnﬁﬁ§hoﬂlﬂﬁlr@eww&ﬁen bodprtépar degree
I nsi Furt her a.dead cel

of RRAILISE FEL (IUIPEDS 0% HEREReI bR 1%inSor DRe

trandiMeucehdtsuspehsion) by i mrersion in boiling water

[015§°r 12 mnutes and rapid cooling in ice water. It was
donfirmed that both the injured cell and dead cel

(3) TEUSsPensiEnss; did not formcolonies on L agar nedium
[0156] In order to prepare a plot of
i Hiver sledm ttiiomes Hip Bt thieen watter e tot erpes at Wingod Ning
advance, 1 m of physiological saline was put into.a
1.5 M mcrotube at roomtenperature and conpletely
sealed wwth a lid, a smal&%hol e was nade on the lid,

and a thernocouple type tenperature



sensor (TX10, Yokogawa M & C) was put into the hole.

Then, the m crotube was substantially conpletely

imrersed in boiling water, and the tenperature of the

liquid was neasured over tine. [0157] (2) Test nethod

2-1) Ethidium nonoazide treatnent and visible [ight

irradi ati on steps In a volune of 1 m each

suspensi on of the gram negative bacteria (Ilve ceI
watenjapeédteel 159and g@aﬁeéé PEY afdSHPYm posFtidve @ Tt was

conPRGLES LT {1 ] 1¥elgslsksthénhgéedtsggkﬁea@d pgeadnesldi®h in

was subjected to an EMA treatnent in the Same nmanner
boikkng hattéen Eﬁan@@esecoﬁﬁSecoaddEppodedftph@ EMVA

solution, to the sus on t he, sus enS|
pas Pu HORhTT Ve BACPER P aS heP Bt F 41 ELAPTIEET SR a3 Shen gl
tempefutd gbho shi €l dbngasaadri heseocaf (tiireTg pamt@@s:lltzla\ta on,
bacteriumwere | eft at 4C for 5 m nutes under |ight

72 &hi 't dFngloupei 16t hegonere- subjert BT to U stBfecPRihEmed
d 1 |
that AL BEL Oline EPBRELShY At 10-BL cRERE! GELI Lefd vMALEE to o

was a each suspension o
heagﬁﬁﬁ&ammﬁmtV@fbanéesame(ﬁégeeeehbsthanjofedteeﬁﬂszaﬁdon
dead cells and ram OS|t|§efbaﬁ ? gn1(llve cEﬁls,

for | SHRREH THPY SIGRI T R0 0B PE) FOPRELBAd®ef Tt e E

temobtih A0, 1 &gl thea subieetedatoohhersameppeecediration)
used for the af orementi oned EMA treat nent

and (ENPFamtgleat @y T DI58] P2SDFUDRAREAPPadPHEN st ep
past'%ﬁﬁhlzogt d&g m C_’Lrhﬁt £ontal nj,ng, Liye.Cel L sprbph gty

ead S of 'the gramnegative bacteri a
the amntlgrdnigasi thad bacl ey i BnepENMALUNDr edt edmphgds mentioned

spod S0 5 SR PFL o 00 L SELL B G L LA o

deadURSINat ant r¥&s$s ¥ @by erdi1 Tedeash ﬂhérphupeselom of
physi ol ogi cal saline was added, the m xture
SUPRAFTS BierittyR e T Foen ahdl RHERIERBTEOPAI TUEI iRgdgtutts,

andt si 0 XTULE, MBS T L ADST BLL edqt 91 2nfl, n@ﬂ&foe«;y@ed@g@

Jected tore rlgerated centrifugation at 4C
cellls O ared floy i0e miethed. déhersbpérmatéﬁﬁ ﬁasparatlon of

samples\gg%gfbégéQégoeeFegin e %ﬁe ng%%g]temperature was

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 celi 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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As for the gram positive bacterium DNAs were
extracted by the follow ng nethod. To each cell
pellet, 0.5 mM of 5 nM EDTA was added, and 20 pl of
an achronopepti dase sol ution prepared beforehand at 5
ng/ m with 10 MM NaCl aqueous sol ution (Wako Pure
Chem cal Industries, catal og nunber: 014-09661) was

added, and_the m xture was |left at 50C for 30
are pilieiiesin The®; 18-t e idd urk0. otBe nfxbrengiyMong band
(LL Tﬁéﬁdf@r:ﬂ@ﬂl§t9&i %Scﬁggﬁgso%gipbb}%f 133%%@6@ Bh i gn }1:
protei nase” K (S gma, catal og nunb E.C. 3.4.21.764)
undmastla&icpeﬁﬂcdﬂl)é.lbldnﬁeﬁn BBk s ol HIBBQE bpepaBedoted and it

b reh t 10% (W v) .steril.ized wa _
was SELONTOENG A SPALIED ol LR Bkl §9E, AbRE=EE00e (1.
and [aQiéSéHce of thfackatideatedifdspanstionswas)pUtThdt Pesults

2 mM volune mcrotubes in a half volume each, 0.5
of trﬁe 0?0%%t]&¥%%d0%h%%lgﬁ%‘§ REdeE1VE PREtsHSpeRsSFORNAt
pandnfk the m:ﬁ fttmsahwggtgera&é FlAUL 84 teq

Then, oro ormwas a to the m xture,
Sampa]rﬂzls,t hé+ m Hhrzeam\iasrxgefmt ylsmer cedllBorabdnimue és)pdheern

i xture. wa ubj tor erated centrifugation
for e Shds, %C %?‘ %E e ‘Ug é‘a%%lrls
and Qfeat&e:éﬂmrberof aw&hé\@ﬁcmi@n%@ﬁr@ﬂom @nnﬂ\(ﬂ M were

vol unme m cr ot ube, 8‘ M sodi um acetate (pH
(+) *5.2) Rafd-erpEnd bT 9 Jsoze%t%r@t hafsPe Getechdded to
Thexd198 XIdiif1 b De 53 XL V88 GENEYeSLLifed: 1 Th6 eq
m xt ur'e was subjected to refrigerate centrl ugat'i
cellst o4d aiwhdl 5560005 xvgs foorallledi Dyt BYA . t ELeuder natmaintarly
noy.e d. then the res was. washed wth 0.4
shou B 0T (e S bF Sront] BHed o7 blaaard dead
celliss iad Sﬂsfdafpi:fsfsﬁﬂ)l@ &ase thegraphessl £ ché otesMum such as
extraction"). 0.5 m of TE buffer (10 mM Tris-HC , 1
Stap@yilEsPone) SRicedHe 3o the pel let , and the mixture
[o1ewas left overnight at 4C to dissolve DNAs. [0161]
5 pl of an RNase (Sigma, catalog nunber: E. C
3. EMA7 aBYssofut iion p@m@p@é@mef@fmmneaiasm Inig/im human
tumog\lx 1 tserslhldwziend gﬁt(‘h tﬁfrjcgerdait,g,l tn%ﬁbgztgr emn%tl Ongge I
poisbar of hﬂmﬁn.al&aﬁ.’ﬁ gd11af, W@Qldﬁlbﬁs@fﬂiéﬂ]{eﬂﬂ@am of
added to the mxture the m xture vvasN#ently stirred
DRASt o dihfuPed i 2o Tmtlst < Bror I viased (Adhend
re1i84€6dnt 0 YHE BrXLUT eltaﬁlg Ehe Mg \é@l%l%%lﬁtcl agent
Stirred for 5 mnufes. The mxture was su bj ecte £§
thaty @ﬂelag@ﬁap@gtoo@mcmaﬂug?éitﬁsomfatcat@@nobeﬁlmoewe@vﬂmre to
10, m nut es aque yer of. .t he,u S
e Pol PRy SR 2 Gnda W PR ren Rt Ehn ey
memb3allkes pdirigadcetiate agueaus 59 Ltdan and ih Mheofri20%b%r
col d_ethanol were added to the m xture, and the -
bactArkPUPEYWasGert] Fasties oRLyTHE M e Mesl S0 ect ed
croshQihfihbostaned GeNUh igald:on Mot GaNd.cy 3%%%1’%
m nut es, € supernatant was renove
llver bspidae:twasbwaskredl wietle tGat emceadfl 7@fblcolak eidmo;lacteria

to chPaabankoclEoRPEo A B0 Tho G RBOHIGSG a® described

in ThteahAenbnxi Paeeph AbplEufiel vMmscadded @ ation
dried pellet, and the m xture was |eft overnight at

in JapepoNgi s28Pve5BRAS S - Cohtant iat tbasofxemelpur theed was

r or e at 260
R b BB T L B E Y P AR vids g Ao gd BB
specificellyl ebghhiedlbgnftheandtpwh tof oiva ke 1pwkid ired DBYA
was estimated on the basis of 0D260/ 00280 [0162]
As for the gram negative bacteria, DNA was extracted
by the followi ng nmethod. Ta the aforenmentioned cell
pellet, 0.5 mM of 10 mM Tris-HCL pH 8.0) was added,
10 pl of 1250 U mM proteinase K (Sigm, catalog
number: E. C. 3.4.21.64) was added, and 200 pl of an

-0

n
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2-3) Agarose gel electrophoresis of extracted DNA

From Seakem GIG agarose (FMC, catal og nunber: 50070)
and TAE buffer (4.84 g/L of Tris, 1.142 m /L of

acetic acid, 0.149 g/L of EDTA2Na), 0.8% agarose gel
was prepared, and 2.-EcoT14l digest (Takara Shuzo,

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

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

ningreindegatowe bacte¥i al @ndapfafnpespeppel bAdler piiminjured

celtgm%é@4\¢igéf eguffgf%ﬁmﬁkoﬁu§Qgggéogle§®%%%:$&eghe

I ve cel T suspensi on untreated injar
act isurs pensEMAm anboMi- foeat ke samarédraeibnsugﬂw&aMe, it
wer e %Jlledlnto vvellc:? in this order in n anpun

- Was aiuge thafy ¥hj ett et oPBIBEFFbPHGEE %aé%sleé bive
celM g@%m onphenpl hlyer £BPEY Hbgfaéﬁdc@pp%af@@s@ bR

t he gel, the el ectrophoresis was term nated

m:;lsashrqaﬁtlell%/ fidva tEstiverlic fica QﬁﬂQCJam]dl}/StIWMCUma& that,
d
s eSS L6 ENE MR B £, e PEL) SSPRDB Phnerace

11 SuhjgetLd 4r0 3 itd aﬂ‘oﬁlmli@@hboﬁsaﬁd {0464y causes
The gel on which the el ectro%poresn S was perfornmed

cleayagq miterTEPIIT Maly/IHA LAY of VAR BT Oni TS abubegsin death
of 3@ W@k fQm ?&emgﬂutm aa@dvx@ébegffa\@;@elmg heMibisQ

wat er, and then degree of chronmpsonal DNA cl eavage
thlwm@,v@dicb)&mgﬁfg ke Lﬁpllit?‘%lh@@qi | um hatoriglzbaits the

actlv:L@les[ Otlfﬁ@ac(t@rla%mm{}gﬁiyfgs ncﬁ%n?t : onéfsl&n%r?%e v

€ 1 nMrersi
of wlhl:L(q:lhal (idtﬁjmeﬁaieurx%mﬁrsmmth@ chal}ls,9 ard odSses cleavage
onfirmed _that at |east tC? het treatment by
of ChEREPSEBR Y PG 19Tng Wit e 1oL 50§

[01689rresponded to a
[Example %]

Simultanecous distinction of EMA-treated live cells,
injured cells and dead c¢ells of Escherichia coli and
Staphvliccoccus 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,'(1f Preparation of samples, 1-2),
live cells, injured cells and dead cells of Staphylococcus

epidermidis were prepared (live cell count: 4 x 10’ cfu/ml,
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pasteurization treatnment slightly stronger than the

hi gh tenperature short tine pasteurization (HTST

pasteurization, 72 to 75C, 15 to 16 seconds).

Therefore, it was confirnmed that the aforenentioned

heat treatnent was equivalent to a heat treatnent of

the sane degree as that of sterilization for
.. suppressing denaturation of foodstuffs, i.e., |ow
1“3‘{%%8&%%%%0%%@, ti welPastBufnEat #ead( €gL¥ count: 4 x 107
cful@steuri zation) and ultrahigh tenperature

past euri zati on (UHT pasteurization). Therefore, the
[01%0j ured cells prepared by the method described in (1)

Rr epar at.i,on,of sanples nentioned above are

) g%%%ﬁ&ﬁ%%ﬁ?y and enzynol ogi cal ly equi val ent to dead

2-1)celdisidiud onsisdat { Se ki tégdnént Lha pyspBse Of ght
) suppressi ng denaturation of ingredients of thé
1rraddadsitqlt fsEeRind physical injuries are al so

eqyiyval.ent . r th C b net hod

daaey FH i (L Prdoaray (o peaREpaLs Mty SpREbne or
livealwid,s siichitdie d¢eljus dan@nperdt ued 1 was fndisathairieth iat coli,

00C for nm nut.e fter the tenperature reached-
10 1700€ kP he il rueetal S8TRELPBAVRBragacd, and
the BuBpkes kel s thert empes at urgrr eachedud00G,Ag6Pr gk §a+
. to the relationship shown in Fig. 9, nost of the
-shieddipgies ThePhetheagusrens iwey erdshaviacast ety Jaml and
; HRLYEIES, 16h lds ls: we I r
S e or DAY (2 500 5 BRI Eef 7 Frmoon
PRE, [ 0066), 500 VNeXiwasadiel rEisuttsi of Cdi stitdt) oii @bodsédeat a

. I.Ls and i njured cel.ls of each, gram negative
i st e PR A s TIE SR el Pect reigrtes.  The
livedteliBgt iofueld Ricuned 68l feand-&depd £l 898 10coccus
. Escherichia coil in Fig. 11, "and the results o

er1dgrad i st W@ﬁeofswbiw@t@@? It Ghij uraser clerdatmant dead
(017¢¢l I's of the grampositive bacterium (Staphyl ococcus

epidermdis) are shown in Fig. 12. In Fig. 10, the
2-2) eNpeédaeky skenn ibgndngl EChhmda sortagiardt ed in

1- EcoT14l

c S DNA_|l ocat ed.sl.i gh nder the
R RErka? 1635RbEBoeRorh g et G gornne was
subjéhaédptesenceigbrihics band e dandicated @% @Hg @bhoo x

abignce of this band was indicated as (-). The
9 foy by PEnBFefne 2biFT kHRBsSBPetRatgRANVABgAEIPEed, 1 ml

£ 161681 £91 Lhat,ba | orgel; Of

o L AR Ay ssrsq Sasar Ciley pac e

mixtyee vaveseéfisienhdly(sdi)xterpatier mubdr dtrjdurted
cells. Further._.the patterns.of injured cells and

recr fiPeal CoOFF ECbHErFRRI SECom® sl coRdrGoNE vEPe

supeXrigfant paés ef 8mafdd( - hhd) 1Palt &N phkeSReeYi¥alY saline
Therefore, sinmultaneous distinction of |live cells,

was 39{eH &P el stapdddead Tt} sohaan eh¥BPRIP byt BMAresignce

i ki S LSt L mon, .of, | i.v 1S, . _

St_:al ilnj%rlg%é%ééllll?/s%\ﬁ%ﬁ{jﬁéggbcgiﬁi%%&iggtal ;hoac{)t(?sllslla& gve (%Drl'lalty

kit, diaimpokitikeclhast eBYIOPEBEh=ad /3t aphylhoepceds added to
epi.dermdis. . [0167 . EMA acts qn, in

the Thar ??ﬁn%q?Hng%?s%%%?E%%nlWa?naﬁiﬁﬂﬁdtBﬁoFoe@lIs

tempesawWig 1B9h M Dhh€e s alRde8S18ghePALSATBE ASEL)! prepare
poi son of manmalian cells, and inhibits the

each \sampddt | DHRANONGG. atiniy GHReactdmmbeof ndmsEnayae; was

I nd rel.i ion. Therefore, jt is
perfcgygggggg%%%ﬁgﬁtﬁ%gﬁ%%%%%%%%¥e?ﬁg 3?@3€%tu%hr5%%§onal _
CalibbMAS(Befcteandeiciciatden ey erpmhenes $1or&ididt thsCancsls vere
cells. EMA originally shows weak cell nenbrane
perneability, and in applications in the field of
bacteriology, it is ranked3zonly as a so-called DNA
crosslinki ng agent, which cannot penetrate cell walls
of live bacteria, but can penetrate cell walls of
dead bacteria to crosslink chronmosomal DNAs of dead



[0168] [ Exanple '6] Si mul t aneous di stinction
of EMA-treated live cells, injured cells and dead
cell s of Escherichia coil and Staphyl ococcus
epidermdis by FCM (1) Preparation of sanples 1-1)
Preparation of suspensions of Escherichia coil (live
cells, injured cells and dead cells) Accor di ng
to the method of Exanple 5, (1) Preparation of

the samsl es3 thdgs ¢f veorelrds, Exapptedicel | s and dead

017%3"3 of Escherichia coli were prepared (live cel

count: 4 x 106 cfu/m, injured cell count: 4 x 106

(3) clewtrredsads cell count: 4 x 106 cfu/m ). [0169] 1-2)
Pregaratlon of suspensions of Staphyl ococcus

epraér Medvd tA (Ve W@ IS nrEd! cfecPIF sthdl Heageells,
1n3u%%ﬁ|%klls auyi%%%gé :§&§FPEEC§ %fgwggfﬂgﬁéfgrgfand

sanples, i nj ur ed and
aftegelths @wwSﬁaﬁhyMGadcaugeeﬂudemnlmlEi@erbsprﬁmarsmch

coonf SRS, SOG4 A P LI SLSSIL v
{017Gﬂu/n1).

The boundary value of the intensity of the staining
with SYTOY9 is defined to be an intensity of 103, results
exceeding that value are represented as SYTOS(+), and
results lower than that value are represented as SYTO9(-).
The boundary wvalue of the intensity of the staining with PI
is defined to be an intensity of 2 x 102, results exceeding
that value are represented as PI{+)}, and results lower than
that value are represented as PI{-). The live cells of
Escherichia coli before the EMA treatment mainly distributed
in the SYTO9(+)+PI(~) region, the injured cells also mainly
distributed in the SYTO9(+)*PI(-) region, andrthe dead cells
mainly distributed in the S¥T09(+)-PI(+) region. That is,
for the cells not treated with EMA, the live cells and the
injured cells could not be distinguished, but the injured
~cells and the dead cells could be distinguished even if the
cells were not treated with EMA. Furthermore, 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
injured 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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[0170] (2) Test nethod 2-1) Ethidi um nonoazide
treatnment and visible light irradiation step

To each of 1 ml of the aforenentioned suspensi ons of
live cells, injured cells and dead cells of
Escherichia coli, 10 pl of a 1000 pg/m EMA aqueous
sol uti on was added, and t he suspensi on was Ieft at 4C

for 30 minutes under ght shleldlng Then, th

celbuspention ﬁ\ia@mptb@anE (#&; PAdd)i Fradion &@ it SYTOO (-
|bIe | i ght r EL P 0
P%Bﬁ Vge?magakFQ%Iec?%gégcgg‘%E gﬁ? %‘sggggh%g?Jﬁp i%]HKEd
celI&S&ﬁ@C@e@d 8@1351ﬁamniyhdlsusp@m$edndmm'nbl miveutlesy, and
The_ live cells, gured cell s and degﬂtcells of
thusst SRy} RBEREE %b? ePATAPE WEPePSESf€cfed to the sane
fo1f4gatment. [0171] 2-2) Nuclear staining and FCM
nmeasur enent Each of the aforenentioned o
EMAT ridat ethsrispensh basedase S4By eéhédEPéYméﬁ#Pg@ﬁétléfdty
entrlfu ation 15 0 ol ] . :
ter” Q%g éupe%%%tgn agg’réﬁgvg egf %I o%f@&mﬂé%%bOllc
actiﬁ&%ﬂé&!ﬁﬂﬁﬁﬁréﬁdﬂéﬁiNME peldedrates heel eswdlies aﬁdinjured

the m xture was sufficientl |rre nd .subj e
cellp 304 1FEera} ok CEREPRPREEFT oR6F Ote FoZmd PIre 4 s ro
inh I L hONSet THE §HPGEE§E@BE1@@Soﬁe%ﬂ%e%adﬂ@irhﬂﬂDNN

physi ol ogi cal saline was added to the residue. 3 pl

gyraﬁeannSHH@giﬁduf¢d0¢@éé§nceﬁ%t@|ﬁ@ﬁ@lFeaEEﬁtState that

(LI VE/ h al [
the \ERETRINBE oEeS SYTO0 P VECs PTARAPEES) T iRiadned:
andtﬁhéfkmiﬁmd$wmal HnﬁsthEereaghuducam$lmIﬂm&gmamteﬁbonwhls
nperature for 15 mnutes ung% %g sh%eldln%_ Q4t4
esP?ﬁ%ﬁ%&% 1erPe shPpPeCEREPENd M oD SFBPIPRES € 1s anices 2 -2 t+nd
SYTABASAE @R MBSy fEF HOr BBd ] RY nlSng caB iEGMamRasuemNt Tn
appar at us, FACS Calibur (Becton Dickinson). The

the nemserefretite cdpadt Fohss wemetapRé 16afEngs LOREs @ 6T
teré%ﬁg{éh, a@@pggnés L9é7th(§}aE§§E15%§U|tﬁowever, 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]

[Example 7]

Simultaneous distinction of live cells, injured cells
and dead cells of Mycobacterium tuberculosis (Mycobacterium
tuberculosis H37RA, henceforth also referred to as
“Mycobacterium tuberculosis”) and Listeria monocytogenes
(Listeria monocytogenes JCM 2873, henceforth also referred
to as “IListeria”) by FCM
[0176]

(1) Preparation of samples
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The results of the test by FCMfor the live cells,
injured cells and dead cells of Escherichia coi
before and after the EMA treatnment are shown in Fig.
13, and such results for Staphyl ococcus epidermdis
are shown in Fig. 14. [0173] The boundary
value of the intensity of the staining with SYTO is
defined to be an intensity of 103, results exceeding

1-1} hRfenataleian eo f eprepentaanas 0 SYRIGOPRC tand uresul t s

n a re d 9

b R ot he a0 SELSF CREIRRRAnERT SRR B e
\MtMyéﬁbactekﬁmmeduberbelaﬁlsnm&ﬁsapylﬂédZOK 392zgar

esu%ts exceedi ng that value are represented as

slam (3, P98 18 BRer 2PHaRt hif *PalPlie 3dr & Tor 3 weeks
(in T2Pr&sent Sthast PbN) p0Thexlhug gLl 850k Epehenkehiiae) .

coil before the EMA treatnent nalnly distributed in
Then het 18y o8 Ly W&%e)lnegubatedhenthjUhedseetbs al $6quid

nea LU 5L e OO L) 80,68

weekﬁﬂuﬁdeﬁF%Heoaf@:em@mtihﬁédi5erébtcthend@th5nnotThe
treated with EMA, the live cells and the injured
ultdq JUHY Wit PREHR 1Y ndid Shed, vhik Ph@srﬁ}a%aal

SallQ'ﬁil | &N iRy dRa6ls £otSes0tih d zpﬁd disitnguaspRdseven
if the cells were not treated w th EMA. FurtheLnore
Mldcaretheroq}hélfém atqeratrnecmum dpsate bt | candf rmhehhivehe live
iy th distributed j.n_the
ce IR G TR difrie TheohBibbRs: feciin 15
volume h)fSVTm fuIHs | 1 craets eed | Bninar keoll i d@ﬁrﬁéﬁfﬁ bBepared
shift the nmain distribution thereof to th

Sauteprdy (LA RS O A TS ¢ Ho% i el Y. aR00 (wb of
150 iy A1e9-3GRIps GQul ghhe: £deard s S S gLk sgeenilmérd no

treatment, sinultaneous distinction of the |live
wategd| [was |a|fr*jd@|deGQ:é1h% An-wead( Tierd b orcempossione. 148.5

v/l 1A, 81 L S LMD, LS B ol PR L LS e
(d1sSYIRSH inPls(t)e middizond tvoa ttdre) S?él'sOQf(urtjhePﬂ (adde@gi®nthe
d.the regi ns in ich the l%iﬁﬁf J%red cells
medigfy (dda-c EOPE ST Y Hi st QAP hih D, were
cultaréd hus sgicauldcanepusilirsd |Lﬁﬁé3@&w@%ﬁ}9§e§h@{‘@loned

0174] In the case of injured cells, the
aerogisy RRIPE taeri-vi BYTER Che Frilthee &elrl 3 momdibns thandive

t a erefore
cell SRR bl PRI el Eig M IS e the
7H100mednumonathNAswak kmmﬁunmﬂdxihaﬂIﬁhd(teﬂﬂﬁknidtﬂ&t
£ action for religation of. the bacterial DNA gyrase in
ormy G81PRIGFed cells. As a result, the state that the
roi17¢hronosomal DNAs are cl eaved everymhere S
mai nt ai ned, and the chronosonal DNAs are
si §hefrebhery nedgnenedderThhs evpéuiral lof Peadnthe in a
cr.ea t f ntercal atjn SYT09 and
VOluﬁ eggfggg @h Qgﬁalnlﬁecﬁhf%n3|ﬁ§%JJé%é%%es In the
centeasaegatibheadeadcceallds 8, maakoly Eofirundt nGRBt&L the
term nated, and genes are not transcribed. However,
Superlﬂarenguijafe:s?eﬁpg%eléﬁ FEBOVRE hADESr 20 BNA Ky r ase
physﬁa@oeﬁe&ﬂgerlaepeb%%%%% bYoRave Aedl gPsi-3l Aty to
a paft of the activities thereof remain, and thus the

the aéarénenttbﬂeﬂlehzyﬁeyaﬁuﬁ¢nm@ﬁdbynﬁhembebuaed to
There i f the EMA treatnent

ed th
resr{QSEEE PR raht v BuSR ki BRe PRgEET Lok Rt e e g oG AFs

menti@ﬁg@déwoﬁ@&? rgagedhel QdpalnbEXamPhes’konpletely removed.
Si mul t aneous di stinction of live cells, |nJureg-ce I'ls

and dead cel |l s of Nycobacterlunrtuberculosrs
(Mycobact eri um t uber cul osiyg H37RA, henceforth al so
referred to as "Mcobacterium tubercul osis") and

Li steria nonocyt ogenes (Listeria nonocytogenes JCM
2873 henceforth al so referred to as "Listeria") by



1-1) Preparation of suspensions of Mcobacterium
tuberculosis (live cells, injured cells and dead
cells) Mycobact eri um t ubercul osis was applied
on an agar slant of the Ogawa nedium and cultured at
37C for 3 weeks (in an environnment of 20% oxygen and
5% carbon di oxi de). Then, the cells were inocul ated
into.the Sauton'.s |iquid. nmedium containing 0.05%

TherWesh 186, CRFFEarTured i EAeT o eI Utter aMe it was
con&hi @i Rhhened caeiRRi 6, 00nH1 tdiQN.nokhes el tiir &, Aredium

was serially diluted with physiol ogi cal saline
origéRpALAi AFOD. 05%ATRESHE 180, Tan@heupemﬂeu ohtalned by the

o] di Iat onflrn1t
re R RO SO PR Y Pt T e e
~ contedhangi A.a5%oirueenoB 02 wals wass&emwlpate@ﬁﬂéﬂtao 200 m
oL new y prepared Sauton's |iqujid nmedi um contai ning
Mycg! 6%&%"’%6 nt gerQGéOﬁlSoflnﬂ%%/cﬁ It istEmsing oD -
[o1sghution (dissolved in sterilized water) was added to
the culture (final concentration: 148.5 pg/m), 100
pl Bie lraggrdabfcesbnieoninio abedaﬁydemzndeoned
ri.li.zed.wat er urther added to
mycpHaBRELYER FOnek LI aRaRl MRl YT Fhrpehatats nas
measetés bereheutolrediay déEnbar 3rmdnths, under bhethe
af orenenti oned. aerobic condition. After the culture

aforgpentioned CEhelfevReEarE ¢baNE 68LMéoBacter mi0®
cfuﬂrﬂpe&guﬂ@)§b§aM@érﬁ@ﬁsﬁﬁggrgﬂlfoggs7wég @gkgglteéndahh

was confirned that the cel not form col oni es.
subJeqtayd to Iefrﬂ?ﬁﬁ@b&@uﬁ@nhedfugaaioerathé Cukhdr 50000

ol 00 n1 was sub ected to
TP Sfé?lnigd;fﬂéitlg%tae%en uga‘i%} on B4 nrb’J g O00r Y §dr T md
of gﬂtﬁ;snmmal fEQaBirp@rfl@}h‘aiﬁlirllﬂ\ﬂ@l 0o0pt etebynr 8UDNEE, added
t hen 200 0 si ol ogi cal saline _containing 0.05%
° "Riee %’di%as %Ib%é%l M he"?BsT tliEr of nandi xehi echad to
refﬁgéﬂa&%@r&r&%lﬁ@&@léﬁ lﬁﬁcﬁét gehat §£’m&e86ﬁa£{e'9élg Qﬁe

under the sane conditions as nenti oned above
men?%ﬂﬂﬁ@uﬂ?ﬂﬂe\MﬂﬁQxﬁﬁﬂeﬁ@@@rm®h®w@dwasTh@mmbshehg removed.
To tQREF, ﬂl was fyur, .and_ it was .
® Zon that]tﬁghgaﬁggﬁéégéﬁ%g no %PH%E%N&FQ 0.05%
Tweanﬂ&ﬁ'waﬁ @dmaﬁuiMy@nba¢f@m¢wmlfmbéfbﬁh@spglifﬁe cell

obt ai ned by the refri ted centrifugation, of
SUSPShVS 8 o&'?al A1 Rén % gt ai ntAg 6”68@9?&@@nwéé ﬁﬁ§ther

diluadded ot,0 10 Ppan® oa M olpnd e rd i 4 ubane yhiosd f‘oi&#;#é@fj
cel I suspension. [0178] The bacteri al
Salle@uﬁpmtﬁlpﬁ@gaporoérmﬁmmo&q\mm;earwmlluted
l o C nsi-on wa u
susp‘éﬂgg gilél o\%’nﬁﬂg ?gt&ho% Qern ftos.‘cusxpl f_sb e OJTl Srht meas é[%j nnY
ODamaﬁ@reﬁeaabhnedspuh@mamlnahlM@dduﬂ@ﬁcemh%)1QEe7cE1&
cfu/.m of Mcobacteriumtubercul osis was

dens gt pRcPeaMARE“E b datiod A5 et [T el the 0D values
werecgmbttéégﬂﬂ Qﬂeﬁérécaa%%lﬁ@r%%drp@ e, 1%1{8 hutes.

_ After the supernatant was renoved
concgpyspslieyi edl isabirsd cedtls miamg c@,loﬁploatw@emnse:hmamsm _
d t he due,. the m xture tirred and

of tg%b5g0%§5u§o re?bl98F§F§EQ&5h%W%%§§ié%?QEﬁﬁﬁwﬁhe
tubesamoeﬁﬂdhhhﬁﬁeascﬁﬁmt soReEnahowve | l@?@lﬂé@e cell count in
super nat ant was conpl etely renoved o the pellet, 1
the MycgpaghosiBloflEsECE¥dPisHe doAUAies K610 GEAIPRSEON80 6 x
107 Mas/added (Mycobacterium tuberculosis live cel
suspension, 5.2 x 108 cfu/m ). The suspensi on was
[017%ULrther diluted 10, 100, 1000 and 10000 times wth
physi ol ogi cal saline containing 0.05% Tween 80 to
prepare diluted suspensions, and absorbance for
visible [ight of 600 rim 700600., of each suspension
was measured. The live cell densities of
Mycobact eri um tubercul osis and the OD val ues were
plotted to prepare a calibration curve, and



A newy prepared |live cell suspension of
Mycobacteri um tubercul osis was diluted with

physi ol ogi cal saline containing 0.05% Tween 80 to

have the sane OD value as that of the injured cel
suspensi on. [0180] Further, a Mycobacterium
tubercul osis live cell suspension of the sane density

as that of the injured cells_was imrersed in boiling
watiert§ oY 1IBrapptitdst t8e pFepar e UaPMpEsBRC Pér Myprbacterium

tubé#@§i89£93%§sdg§§u€@hlW§Hﬁp§ﬁ§59%logh%% b 11i%e
i npossi bl e to make Mycobacterium tubercul osis cells
conigepeiieel P siShotweapubédtoehbye ahel tsaime MAcertflaien atso that
e able to. mak cobacterium tubercul osis cells dead
ot gﬁﬁ %#j¥%ﬁdi%?g}g%uggFP§}OBy | ong term adm ni stration
{01gf] an antitubercul ous agent in view of the action
mechani sm of antitubercul ous agent, dead cells was
pr dpEEr by & HEv Aefat c teehurehtbeFoT8epis- 2jve cell
suspARPRSAL OOl SuTpensh oD O%s'—'tﬁ'é%rb? thEVenGBLLS: cen1s
injured cells and dead ce ys i steria-was
was jimoras st din ol Libg ovatandfoul far sdnate30€of preg8re a
_ ours (3 x 6 cfu/m). The.culture mediumin a_, )
myeclt et B o et F g %?%q‘??i?osge@eaﬁlsfw B, 1t
is ihppddife 400 maptel MpoPbsktbirnumokubbeby(db350L¥edsi Read
sterilized water) and 600 pl of 100 ng/m gentanycin
cellsyl Maton Y eI Fn Q¥ ett| igednGarer)nwepebaddede to
kel Gnfdsp Ll L g TRl ' NGLALT QD% 50
ma epg m and 200 pg/ ,P%ééﬁgg%iggp§§,&§%% ?E§1%é| %#
injuwede celdltaur éy altor8DCGdon Bimieekstréften ofieagul ture,
dt.was confirned that the cells did not form col onie
ant kA IR GRTR THe AT e TR O 7P dvoR B oF
antiab®etr 200ud aasisubjecd ete1Ds reds i geegi£8d by the heat
centrifugation at 4C and 8000 x g for 15 m nutes, and
treafpendyper nat ant was conpl etely renoved. To the
[oispel let, 300 m of physiological saline was added, the
m xture was stirred and then subjected to
1-2)r Brepgerdtion odntsusnayetiors untleli s hersantl condidion,
. r.n nt c l.etely renoved, and 3 nl of
lnju%%ss%%ﬁggi%éﬁ'§§¥?§éx%g§”added to the pellet to
, prepaterdal vatetdnadunjaiteed i¢eld ISUSRANSIN P tured at
30° ﬁgbstggt'ally th sang procedure as that used for the
Cmb8SurenBht it (nfurldd E&PYTMédunt T MytbBaetBeitmm in a
voluhdbgECH! B3I $ast RN Celdo CRHNt,Of 4 ﬁ?&%ﬂéﬁh‘%‘r A5 m1
injured cell suspension was neasured (2 x 1
of 1gPumgVil popdelillin solsdégamat @igsal yddtier istdriie zed
I u nsi.on prepar.ed accordi.ng tq the nethod
wateff! pod BB B OB ORISR e B " ang
(disdblutadini shephysizeldogiagalr)saldme dRiesuch amensithre
t hat the OD val ue of the suspension should be the.

medigmbt 482 hEOBERRAKFEE 1o sthe UG e iadjcuréd sel/ml,
 respSdEPRRELPN- 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 étirred
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[0183] Further, a Listens dead cell suspension

was prepared by immersing a Listens |ive cel

suspensi on of the same density as that of the injured

cell suspension in boiling water for 12 m nutes.

[0184] (2) Test nethod 2-1) Ethidi um nonoazide

treatnment and visible light irradiation steps

To each of the aforenenti oned suspensions of |ive
and celrenr | sihj aceddcep| sedndodeadetelces tofl IMgesbast enidgm the

u IS, d Lons. of 1. I ls, _inLured
e L o B P EFonas: SoUBISTny seMYefly and
3 mla d006hpgl ol oGMAaaquetisesohet hanedasocaddedpenlat to

vol une of 30 pl for Mycobacteriumtuberculosis (fina
Prepyifcent FafF6h+2abBut 88 pEiM FUSBFREACH fBY Listens
subddd@] a COPCERLT 8hhONpr8B0ULrd0aRIL ALY, 1BRH €8ENthe

suspensi on was left at 4C for 2.5 hours for
meadyeohzict epf ubniubedcabdsi spunt af Agchbbecbeminmt es

for Listeria under light.shielding.  Then, the. . .
cubfantont $nThd HiASEat ATt Latodnl PP, shifatuatifig intured
celVisidpendightwes HE8sWWEsoneaxl anh £FALGD PRF, 100 V,

500 W Iwasaki Electric Co., Ltd.) disposed at a
10184 st ance of 20 cmfromthe suspension for 5 m nutes.

[ 01834 221 NUC] eaf o 82 2 i NGy @nde FEM RBASHE 5N - 5

Each of the "af orenenti oned EMA-treated 'suspensi ons
prepiaed iijert@thg ot ¢ eflp¢ geebihted eénkExafpgat Pon(at 4C

and .15, 000.x_g for_ 15 mputes. Af he.supernatant . .
Presfl ot bven ST Cor Bhybt of B3i Sat S S&T RAChoRE & hy hgo o2l
salihed5% Bnean Blisvasi agdeeat othideopesitue H6rthe suspension

Mycobact eri um tubercul osis, or 1 m of Ehysio[ogica
shoudsd it s 437%% e, LR PR e hikt OF et WashE8F eTER ehitd yred
cellStdudRgs @l subjected to refrigerated centrifugation

of the sanme conditions. The supernatant was renoved,
[018gdd 1 m of the Sauton's |iquid medium containing

0. @59 en 80 . dded t resi due for

w%g‘éqatc\ggfl’ i l?m%tl\llj%ger%u (?gelasa? %er%l T S'po‘:f‘nsp]hoynsiwo Soé?r(:eﬁared
by isalermd rfora Lisdtensia ForvdWweohncsespenms 1 ahes € WInsi Same

t.he cells were cuyltured at_ 37 or 24 hours, . then. the
densiin Gre L SUbj ke ol 1 S04 s SRS COHUE | HUgo g
watedt & and 155,800, x g for 15 m nutes, the supernatant

was renoved, and then 1 ml of physiol ogical saline

[018ddnt ai ni ng 0. 05% Tween 80 was added to the residue.

2y FQL86hethoa

2-1) Ethidium meonoazide 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
and dead cells of Listeria in a volume of 1 ml, a 1000 ug/ml
EMA aqueous solution was added in a volume of 30 nl for
Mycobacterium tuberculosis (final concentration: about 30
ng/ml), or 10 pl for Listeria (final concentration: about 10
pg/mi), 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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3 pl of an SYT09/PI fluorescence staining reagent
(L1 VE/ DEAD BaclLi ght TN Bacterial Viability kit,
Mol ecul ar Probes, SYTO09/PlI = 1/1 mixture) was added
to each treated m xture , and the reaction was
all owed at roomtenperature for 15 m nutes under
Iight shielding to prepare each sanpl e suspensi on.
. For these sanples, neasurenent was perfornmed by using
Lisgar FOMneasul efBit Shppadangs, FhescakhbupueBessspn was
L ckins . reasue t dit:i r.e .l
P o ee bt ot rar i & T [P EIR A e £ YT w
fromesuldmsp (FLOODTRBF)e30Dt ¥, ofb0Ohél,t dstasakiFENfaarritcheo. ,
live cells, injured cells treated with isonicotinic.
Litd G Thyor 851 Bb AndLFFRAREI Bfn 2 Cand de# dold $ugpension
for MyGRbagt&si um tubercul osis before and after the EVA
treatment are shown in Fig. 15, and the results for
(01T live cells, injured cells treated with anpicillin
_»yd Ln, . and ad~gel | f. listens before and
2-2 )5 KO ORE AL i BOHLARRRCEhER B chloti g. 16. [0188]
Li kedExanplehd, a{S)erdeast ioesdl EBA~theabedndasypeviaivas was
of the intensity of the staining wiith SYT IS
sub (A § of Det e PRESHoPEY Lof PH3 T LPBs Nt & 6xeB8iliy 000 *
g fdhats vainer st e e as e d@se SYT0M ¢) wadNdehif8S8hE ST m1
| oner than that value are represented as SYTO9(-).
of P Isolnitierd/! ved Litnef combainieasPt ¥ 6f TreensPai midsg added
to tVMet ill-ét:gicﬁtf‘e dfe%f ”1359?%8?9%?9@”%%%%%1%&% Xo%o%’ ml of
results exceedi n at 'value are representéd as
physBlc(lv)gicaid gxeslhé sSTbowel sthatat hahdvaheemakeure was
.epresented as Pl(-). Fromthe results _shown in Fig.
suftigh qnt g Scﬁle%?e_ha%ﬁ?h%umcrﬁaa RenffEndsrated
centdiFtidiatican of dhyesord | SobiiMeabactBid Uipernatant was
tuberculosis and injured cells of Mycobacterium
removigler &ilchsl gt refat e WKt PR 0RI EdERAHcMgdl anhgapa2iinéng

an i.fanpi Gi r cel i sLingtl f .
0- O IATE TR Ao e chenlrnS Bt aBar BTy
tubereal liczaics by ISYITORY RIf heips eolbeiaddi sedhnef fEMAL ikEneria.
ditio al though the region_jn which the dead cells
ror e RS 1T G0 1 BHFL T G TUBE %) Spf paped at
37°Cr €giror 4t eididies , SYREH )t (dulegironvdyestptbecEM,
treatnent, the region did not overlafﬁmﬁth t he

refriggraned Faphici-udtionveteet IS and {hj bPBdxcel fer 15
mi nutEat @d g BN a2t DUh e dheheh of ey o
si mul t aneou istinction o ive ce ?sl |nJureﬂ cells
rhysand ogeae 1c eld 1si rize comesa ipoissy b0 e05ThewSYT OR0 | whensdtiyd to
th of t%&rinjured cell s of Mycobacterium tubercul osis
© was'hifkedly shifted to the left direction by the EMVA
[o18kneatnent, and the region was shifted from ' :
SYTO9&;)-PI(-) to SYTO9(- )-PI(-) by the EMA
tr dabireRt. 2R PAAPIEF Bi G- @ B AN 819 bara e al
: p Pb eyt Qu.Lahibit .the R
L N o LrErat oV TR DR JaTa Peserpiar
‘Probenj t BATDOW PAf =t riafis eriixphiren iwapradesd edo Shdlcettéated
. .does not act on the RNA pol ynerase_al ready bound to a
mixtBEGnpt 8Rd ﬁlﬁegﬁffa%% U T HERS | Pt RO ety SR are
for M9t mk ANk Bist @dacthanefQr &n @Rl dd {06, L&8bd Se RELOBamp 10
injured cells which have | ost col ony fornation
suspabbipny byorhehaddi shoples, r measpircmentactisyipkrdsmfed by
._vario enzynes. _produced hefore t i fion
usinffoh HELCHEXTER Ry Sty Rt o Becton
Dickinbengul oBhs Begbuasmbaet ebhal tDNAsgWEase tékd same as
. bacterial topoisonerase IV remain, and the cell walls
are also maintained in view of the action nmechani sm
of rifanpicin.. Although iggonicotinic acid hydrazide
inhibits the mycolic acid synthesis in cell walls, it
does not significantly affect the cell walls already
formed, either, and thus it does not result in



[0189] [Control Exanple 4] Preparation and
distinction of live cells, injured cells and dead
cells by conventional nethods (1) Preparation of
sanpl es and test nethods 1-1) Application in food
sanitation inspection Li ve cell suspensions in
physi ol ogy saline of Escherichia coil (2.6 x 103 to
2.6 x 108 cfu/m) and Staphyl ococcus epidermdis (6.7
thoxe 102 €onérgixExempéfullnl) (A) were prepared, and
[01 gy were inmmersed in boiling water for 50 seconds
and rapidly cooled (B), or immersed in boiling water
(3) foesd2retnutes and rapidly cooled (Q. In these
suspensi ons_ of (A) live cells, injured

cel 1R JFRE¢eEd %€|ﬁ§em%?§tcbas§¢M. Larpyhendingpcells,
injBLHode pd Lheseshielase. Q%Bh!bbxlﬂéésgk%wﬁ ?dq%gm@é and

at the sane bacterial densities. Further,
rifaxanteiwed dhdtdéhd vai&eusfsﬁar@@a@ﬁeba@mewm@erculosis

det erm ne e | Lv el | jured cells.or dead
be £ Fh R E e bR oBl 5 CERETSPBELAES: AUBY: of Foo 15, and
the Exespl €5 Boanehé belkengedlsp wWhijchedl assilki ¢akhdRrd with
anong those determ ned by the ATP nethod (KI KKOVAN

amp TP Hgastpr@neeR t rBRGeRt RPE, deadi Fedlosofpildstegdg before
and*ﬂf%%@”@ﬁéﬂihﬁltﬂggéﬁéﬂe 5eeggﬁgwhlan bugi f e ATP

El Il m nati ng Reagent, P.) ‘and’t he esterase
[018&mhod (Appl i ed and EnV|ronnentaI Nlcroblology, 2002,

5%9915216 %%;2?1 1F22¥A£erc%€gg?€h?lvéﬁlg?Fy value

I um
of t&t@pﬁﬁ%:@@ﬁty o physé ok ogisahgsali tnesgoobalipi AgfOn8E% o be
Tween (D1, 5.3 x 103 to 5.3 X 108 cfu/m) and
an %ﬁtﬁfé?rﬂifa\ll‘i’@el%el - estisleh SR %P%h%ﬂ%%tbl‘@]rlé@alare

repdiied Bs Sriox (404 £Qd3résﬁl%9918Lééntﬁaﬁﬁﬁﬁat value

prepared. By u5|ng these live cell suspensi ons,
Mﬂanmﬂﬂreﬁc@cmms ubErel osi s Thrediathddth Vsor cof | Hie

a
e G gk a3l Ao (LN el coRcent ket g0s Bouglmt)
1ntens;ty of 2 X 102, results exceeding that value are
represented as PIl(+}, and results lover than that value are
represented as PI(-}. From the results shown in Fig. 15, it
is clear that the EMA treatmént enables distinction of live
cells of Mycobacterium tuberculosis and injured cells of
Mycobacterium tuberculosis treated with isonicetinic acid
hydrazide and rifampicin. As for dead cells, distinction
from the live cells and the injured cells has already been
realized by SYT09/PI before the addition of EMA. In
addition, although the region in which the dead cells mainly
distributed shifted from the SYTO9(+)+PI(+) region to the
'SYTO9 (1) +PI{%) region due to the EMA-treatment, the region
did not overlap with the regions in which the live cells and
injured cells ftreated with EMA mainly distributed.
Therefore, simultaneous distinction of live cells, injured

cells and dead cells becomes possible. The SYTO9 intensity

g1



(REF, 150 pg/m) for 3 nonths (D2), Mycobacterium

tuberculosis treated with streptonycin (SM 300

pg/ M) and kanamycin (KM 300 pg/m) for 3 nonths

(D3), Mycobacteriumtuberculosis treated with REF

(150 pg/m) and SM (300 pg/m ) for 3 nonths (D4), and

Li stens nonocyt ogenes treated with gentanycin (200

pg/m) and anpicillin (500 pg/m) for 3 weeks (E2)
of Weg elpiepadedel D ahdMECoRecs sitdmar Se@einrwisidingias

r 1 hu r [ d,.ce . e I
R e o e
and i ttti® reyeosebds, shbfueddfeehl sYanodeadprddl-)s tay @9 (-

_ATP nethod and the esterase activity neasurenent .
) *Phbthody athe heM ahEeBREEBF i al RHEHEP 1§ 3, PARES| fonllgsubunit
of 15XWaNesh t hak-dbgeNMaLhoURNAL besmetaRacker idhibit the RNA
deternmined to be live cells, injured cells or dead

polwedtasdyte helmdt hoprofiothes prebdAt ifwentioauln,

. bel . 1 0. WAI i.figati .

101 R o e et b PRI AR BRERSRTAES (B ER T agges ot
act ret hate RG] iR¢rdest al esabysbanddditscuspiromoter,

The results are shown |{n Figs. 17 and 18. The results
alreathiethated nt%%%%ﬁ%hogf TEAEL§PEt LAchPEn 1nhibited.
Ther@d¥did | asyof 1hecetbodh of LEREMBr €8T 4N¥EALIsORHARY, have

the ATP nethod, the results of them conpletely
loste gimiginte df ewndt: eeie halot héty akyf bhe Myddbacoar pdmrifampicin,

t uher cul osi s an i ri a r_Escheri.chi
et gt G o T oo vaeh S Hegaiara e hectfig”wutlcon
of rdatgipitdiredibytHdel AFP selhedofombeobactheigiat e of

dead cells were classified into injured cel|s and,
tubgran @t T SHP te hRthodat PHe pre’ant aprveAct6aial
topoiRQRH Y& 1V danLonsi gesedni habdelicateadibshigetion

of injured cells and dead cells can be perforned by
maintigd et higd ofew hef prles epetian epefoan i hohi ghépmpicin.,

Pt vty - [.0192] tyher, _ | h f e .
arer Y R R eat Pt B B chBOmyconsc
acidesghariechisa ionidell wea £et ] sivasobel mot t hegdefechnany

limt, and the esterase activity of Escherichia coil .
ool [R5 e d | hF GO S a0 vE BPodr AP0 of Sng hUS it
doesThd#t 8% ANG SiGi eMddfteation determ negh 19 herdggdceln

cells was hi gher than the detection linit Therefore,

divijsfons cBiispdeiag Eiét inhsusasursdmdst iasslelgathizen by
| | ; t ot ; SE1de .
bact%&%gleﬁ%qu%a%%tr%:réé&fbxo p&lLSL et '@%%P%Jﬁ%égggeoiv is

the ne present 1 nvention er ase
inhibetlkad fdredvegyeotglemdanierdall idcoms dorngwhdat ihe
results for Listens nostly coincided with each other

chrofiperads: S¥shy%o Codctd Epi det i di'sS alt bbatteprahted-

- 1t ibubeheUlRes: ¢8ldtS Itharstdte, determied-4 papgodead
cells by the esterase nmethod were classified into two

effigigas vofoIstSHTOP, datjumast teldnd aifte deinehg sintensity of

rdi t,q .t EQI%TO d%?ﬁ%p esent . inve 0
ehe HIBAT T 18 R R R e The
direpiteés@nt [nventi oaskscifotieasiuickedhlse fbe deldesatiay of
Jdistinction of injured cells and dead cel|s. [0193]
stalpEanﬁpghBPYTO9 learly decreased according o thé 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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"Detection 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 cell
suspension of 1.8 x 108 cfu/m was diluted 10 tines
with the bl ood. The suspension was further serially
diluted with the blood to prepare bl ood inocul ated
 [018fkh 1.8 x 103 to 8 x 107 cfu/m of Listens
nocyt.ogenes (live cells). [0194] Each of the
[Cono roog‘lg EEn% Ff%;]eocé(ljl ated with Listens (live cells) and
Prepgiad drnoaid atied: Wwdth do SbENBitEi velte) | snjuwasdt akels and
in avolune of 1 m, 10 pl of .a 1000 pg/m EMA
dead; difelolis b1 RTGT W, 2 ded-#298ach bl ood , and the
(1) MRS YA B N ghheds alnd G L9F mefhoyLes under
I'ight shielding. Then, each sanple was irradi ated
1-1)wiRdp Micsitblan lHirghffoqd H001 W pen Simspetesoon i ce. 750

pl .of physi,ol ogi cal_.saline 00 pl, of a 189 U

Pl pavs S5 o elie T P aBst At O
Eschieoxyribomic] ease sol 1t e was added tougach saapl e,

and the sanpl e was maintained at 30C for_ 30 _m.nutes.
Stapfelpcagripl 5t dosnt 4 $rl br bt%i hds &K Gnds Zadded iy /ml)
() W& red 4Ne SAnplies Mas; Rk i ah nad 1881 B T QL+
() 30 m ?{%ﬁr The total. “vol une lof t he aforerre%}t?%}ed °*
for EVAserceatdsd aplcoodpaabl e aref it d y (Bverdai duonr 2edd inf

..Ficol | .Paque fi.l)ed beforehand in. a 15 m., vol .

boLIEG SANSH e (ibdt AR S ub] ot €7 CERITT ubat 1 ort
thesat sl3@enhsg dner dF MMyt ew) Thed super NatentcyBlss, injured

extracted in a_volune of. 1 nl_and sugé' ected to
cellgefridgdeae et Mg dti bt a1 4€ Rhd- 1aAdsly xig-irof and
the L&t AL AR dheSURSFNAANndasHd eoviat 200 pl

of physiol ogi cal "saline and 0.6 pl of a nuclear stain
bactggémtl CSYFAS/iRIS.- Thrkheas addedst exehdnedsitdud, téwd

.the m. xture | eft .at 0 ratyre far. 1
varigl® Besaet el Pesherdn dhngthen de s Ut dae
injusel] eetliad e defyd gerdtedcearti« iatgaid ¥ athadd G rdkent
) 14000 x g _for 10 m nutes, the supernatant. was
invepbhoPed! EREAPTSH S0P ohysibisyieH ‘Calithéhas added
clashk@ rikatnies duendt R P Mash sl ealifd A1 method

refrigerated centrifugation of the same condition,
(KIKKRMAYU p&Pn aeant npae Iite irsparE ntandt 200 piifgfr 250 Plus, and

S gi sal, . ed .0 the .resi to
oS Phe0idhsali 6 s it e iR ras i
ElimThetsane Rppoeadyr &IaKoMaat @R he afdrgrertbtenete method

nmethod (referred to as the "EMA-LNP-FP. net hod") wa
(BpPiisd paft &rdd orH TPt Drat > e E$ﬁ¥520 —5216) .
[Olngeat ment was not perforned (referred to as the

"LNP- FP net hod") to prepare a sanple for FCM
1-2) mépplientavn [f0198finical test

Mycobacterium tuberculosis live cell suspensions in
physiological saline containing 0.05% Tween (D1, 5.3 x 10°
to 5.3 x 10° cfu/ml) and Listeria live cell suspensions in
physioclogical saline (E1, 3.1 x 10* to 3.1 x 10° cfu/ml)
were prepared. By using these live cell susp.ensions,
Mycobacterium tuberculosis treated with isonicotinic acid

hydrazide (INH, final concentration: 5 pg/ml) and rifampicin
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(2) Test results The results are shown in
Fig. 19. In the EMA-LNP-FP nethod and the LNP-FP
nmet hod, the nunber of plotted points corresponding to
SYTO09(+) (intensity of 2 x 103 or higher) and PI(-)
was proportional to the concentration of inocul ated
Listeria (live cells), and the detection I[imt of the
Li steria nonocytogenes (live cells) in blood was
(REFgonsilderethItlo fiver B guontion 84/ m My Fepadieerigince the

Iotted ints o cont am nants c e di n
b et S B o 0% AR IEE & BT NP 2na
kanaﬁﬂ)ﬂ’cﬁ(ﬂ | (@M, by toh e MA )t riead Mmendontits Was3 J)congy debedt erium

that. they were not npnonucl ear c S suc S

ubesRIGRES TERaE el cddyt & F of ﬁ%ﬁ%@&hé@%éwe@oongmHJ
for @rﬁpek %ywee) SlCE A AUCOEYS G0l P AVE Celdted with
has onIy cel |l nenbranes, é@ﬁ penetrat es
gentuanW@mhe(mO@vew/mfl t et efrisi cirlel irrot | 4 uxc.e/dnl Fufehes
t he enetrated E |nh|b s_re-li.gation
week@hr gﬁgp BNAS Y C‘eB@%cy §é|W§r§n%%€eEF§avage
boilang M@tbmg&b&oqZﬁmﬂﬁﬁﬁﬂD&@mﬁrdﬂﬁ%hkﬂeddxﬁﬁﬁhmBra$@

1, the chronosomal DNAs are c| eaved everywhere, and
cellphdp St &hes SRERHES medt REREREE e classified
1nto'ﬁE%%P%E§H'°n Bl cleney 1of Y HEd MO 18y the aTp

chr onosomal DNAs mar kedl y decreases, and as a result,
methpueaphotbedeg@emﬁeea@@tmwyﬁﬁ|mﬁﬂﬂHQﬁmﬁmﬁtMﬁthqﬁtdﬁathe

left direction However hi.s hen nenaon ot
Sameo%?&F&%& ﬁndFHFlt TSt . rﬁ% S Fham19§%$§}|% the
varlaﬁ)ét Rragykesfnok chawdinrg dav@mmlt@w lHane ddiel s,
hest specific gravity anmong the blood cells, it

lnﬂuéﬁ%ﬂ8€16é EonEras: 66 4iaP% R&F d5HtRd bt & sy atrat

: lnveﬁlﬂ@%hnéhaﬁka E@B af fb%rlotd?;%d QW spaed cantddiffigald o, -
usi ng Fi col aque, i'n fact, they do not provide

amonguehogleotieeerm@nﬁﬂsb@f té!@wt?*é"rﬂ methed mnchd ey Fog/amase

merhShai ning as those seen in this exanple. Furthernore,

si'nce the sanple was treated with |ipase, nucl ease

[019amd protei nase K, |ipids and conplenents remaining in

ood in small ampounts cannot be considered to

gSﬁ%tFFﬁPechénéoﬂﬁﬁﬁPﬁéﬁP§ ei ther. [0198]
Fromet hesaboyearthgnaf,ar enenrt janed caRbiambnantse aF8sults
considered to be deconposition fragnents of cel
Showﬁén‘bhaﬁeslgeﬁ@maﬁédsl@yl pHadgbey dasitg nettignpabti lgfties of
the 8 % r08¥t%ﬁeb¥r% %h%rH%V%EFQ%gD%%%!%h%fA%Ppﬁ{%h% , the
rocytes t cells b
resumekeﬁfedhém eemplexeegtpoemeﬁdeﬁ,wnehEMAchreammenhs for

was not performed. However, the size and the
MycoééﬁﬁﬁéipﬁytHPeFﬁelPﬁﬂérﬁ&ﬁ distetdte HPERBRENGS 8%
Esch%%hE§1§UEB1§SaHHn9%&b%§i%%%ddﬁ@p%%ﬁ¥k@%1@ﬁ% Ck%%ec%91s

hose of bacteria, and'the ow an SYT® and
detefminnadi biethsi hTEametbOtﬂh@Qe bef ipather s&atki vé dead

There or th t at g, e

ce11§ Py Rk cIPEEREPER i hbg' ATIPECR BELPE" Snal BRARES, py
~ the metneﬁeoﬁreﬁerpbbeeha careyntouh.t eh&EMEsreat ienisin

vi ew of accuracy. Further, since a |ot of injured
ConSéQ?F§dgEheFa@%€169tﬁnﬂﬂﬁFépFE§OEXP§t18&§F&Qs¢ﬁﬁ&§ and

deadceéi§s'8a§'39d QEfé Héﬁsta%F%nh%thHhoﬁ @ﬁeakggsent

function |sor or exanpl e, the EMA treat I's
1nvemeqonredthrbnghee saneiaspett.
[0192]

Further, in the case of the esterase method, the
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Clainms 1. A nethod for preparing a neasurenent sanple

for detecting live cells, injured cells and dead

cells of a mcroorganismin a test sanple by flow

cytonmetry, which conprises the follow ng steps:

a)the step of treating the test sanple wth an enzyne

having an activity of deconposing cells other than

those of the m croorganism colloidal particles of
estgrap@iast ority pblsEexhsringiencrié fese sadpbewras below

b) the step of.treatin h S amle with
the Herd& SeP Bl f S ot e L ERL B IR S OB L i um

EscHeQaiflecoli cells immersed in boiling water at 100°C
ansacri ne, canpt ot heci n, doxor ubi ci n, el |.i pticine, et opos
for jlge MiRtiB@MIONESLIeAF hE bpihlYt dpbeeRaRednge be dead

cellgp'm;lajéggﬁflﬁr@xncgk?én a- IINAY QYL BB EoRON SR W Bl i SFore, it is

sel ect om ci profl oxacin, ofloxacin, enoxacin,
congiefdmedhdiimt filer oxaciwyement | okaeih, hadl adpxpblemi-d, In

oxalinic acid and piromdic.acid, an
comeZSadt GEG iebt IRgrehb: fLet sBnfre prihpducFathe
presidhg StreRs:@)oranthd)t v tdsBe RSt eREtBbAI BoAJLRE, other
wherein the nuclear stain agent conprises a first
bacterdion ddemtad Heturdntehethat eegel FSwhprshepterye mostly
coiﬂgydéﬁ WilHHI ﬁ*%éﬁ%fﬁ“%ﬁ%%@%gebképhgﬁgc Féﬁgond
: stain agent that nore easily penetrate ce wal | s of
epidciead dbed [shad hgn-alwseenfuwhi yebeetlisoand ¢callseincel ksate

aetefBunba AebararIFd 6 B v, ek B R ERE MeChod Swore

- clashkapaicsO RIS &wRP11SI0Md Soft it gt ¢18) nDRpazédecednd LA dead
nmet hod conprises the step of subjecting the test

Cell§anﬁ1¢§0tréim 1% éirfﬁ d‘i“?ﬁﬁ%n‘b%z? P’ée%%%di%%ent_ion-

Therkrbad, ation Ol Sidded G e ShdNeefRENOGE a0COT 91 8Gent
to claiml1l or 2, wherein the nuclear stain agent

invegtasinstis ofoner epiidiamd ot dedahtcdya0@istinction of

.. 4. The t hod accordi ng .to anyone of clains 1 to 3,

ln]u\'}\:ﬁgr &enﬁtshgns e&%cf Cfegup“‘:’e‘rf ornmed after the step a).

[0193]

[Example 8]
"Detection of live cells in clinical samples
(1) Preparation of samples and test methed

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 inoculated with Listeria (1ive
cells) and bleod incculated with Listeria (live cells) was
taken in a volume of 1 ml, 10 pul of a 1000 pg/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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5. The nmet hod according to anyone of clains 1 to 4,

wherein the test sanple consists of any one of mlKk,

a dairy product, a foodstuff produced frommlk or a

dairy product as a raw material, a blood sanple, a

urine sanple, a spinal fluid sanple, a synovial fluid

sanple and a pleural fluid sanple. 6. The

nmet hod according to any one of clains 1 to5, wherein
each semplicr organismdisted bactlervupible light of 50 Thefor 5

. t hod accordi tq any one .of, cl.ai 1l.to 6, rejin

minfTR B T o 7ol otk 2 AR s e S s ZREE r a

189 pr/etleasgise solution and B) Ailredhod fooodetesti ng
live cells, injured cells and dead cells of a
deoXRTdREEYFAfaTR | P B et Ay ¥ oSREYt dRRES, and the

sampMd GR Lo Ses dded old oW 19 S§@NRinutes. Then, & pi

the step of treating the test sanple with an enzyne
of 1RaWi Nig'man ractiavintasofK decorpbdtagtecethe samele t hmmd the

hose of t.he nicroor ' col idal _particl.es  of
samp RO et A e LS A e il U PP LS Pear.
volubk biFe tHicep [@frdadatidiged hA-aste soeml €1 0bd hwas carefully

t opoi sonerase poi son which. is selected from ethidi um
over%éﬁgafmd@’ml of Ficoll Pagque filled beforehand in a 15

ri theci X i G i bticine, et opos
L R e el e Gpi e onot Bean ang
centCRL15 953 artd/1dI0 ax DNA gyrase.ipdisodn ihieclsupsrnatant
sel ected fr.om ciprofl oxaci.n, ofl oxaci,n, enoxacin,
was ﬁéﬁtfrgf%@idn,mf Iaer‘g%%%,oﬁ&r o al%:#(ns,ubrfia?(ftcﬁ(iﬁtco aci d,
refro¥ekbnice aend anddRition ¢tc 4l thnd 14000 x g fo&) 2de
. step of treating the test sanple treated in the steps
minufpandapy wieh SARIOERD st geited whéléi it Ré
physPHELEAL AT 3ia 130EMn LYW h9eS 1 £ ity bl AYEMgent
that "can penetrate cell walls of live cells, injured
(SYT@EVFS and/deadacelddsledand ahsecwrmddicai mrahdiite mhiatture

was ?%%% %%SEl%mp%%?t%%%.u;%wf$¥ﬂf ﬁgqé¥¥§’é§éé§:ﬁﬁﬁﬁ

osSe of Ive cel'l's an Injured cells corrpared W :
shietBeénfi.r sthetai thagRnktuasdwas subjected td) relieigtepted

of detecting the nicroor%ﬁnisn1in t he test

centrifugation at 4°C and 14000 x g for 10 minutes, the
supernatant was removed, then 1 ml of physiclogical 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 physiological saline
was added to the residue to prepare a sample for FCM
measurement.
[01985]

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.
f0196]

(2} Test results
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sanple treated with the nuclear stain agent by flow
cytonetry. 9. The nethod according to-
claim8, wherein the topoi somerase poison is ethidium
nonoazi de, and the nmethod conprises the step of
subjecting the test sanple to which ethidium
nonoazi de is added to irradiation of visible |ight.
10. The method according to claim8 or 9, wherein the
nucllearr a3 al s ageat skonsi $nsFéd-pidpi diunt-hedEHa-aHE-FP
0] T hod accor di tp an
netiRO%d e kB FS 16thiRer 15 ThACSoeg oy Lo F%hes
corpespandicg af besYThe (s) epiarensity of 2 x 10°13r RhAgher)
dﬁﬁ%de according to anyone of clains 8 to 11, wherein
an estSANPTePLHhIPEES bP &R GRECERLHANLOM Hairy

inodRgued , L asfopdst yif voroduesd fLom Mk L R AT W init of
product as a raw material, a blood sanple, a urine

the shinpteria npiaaltbbaendssabpie, caldpnownab lidogl das
%@: e eural , £4 ui I .
COnSS eed ?rpecghkg%p%b%lo}r;d%ég Cf%u}zlﬁi;po%’euro hecﬁ’ai%n%e t%hﬁz,
plotwhet gicirtthe of crioer gant sminsnasbastetspdnding to SYTO9 (-
14. The net hod according to ané one of clains 8 to 13,

V= Phler dST e HPternZyhet e SR BREedf FofLFRFSEPHI EYehhpmEdA

treAMEIY 01183885 considered thatlPhed Kbbtel AL+PHERALILAG car
a measurenent sanple for detecting’live cells,

cellisnjawadd acelnancerit deatnd el $gcotyheni cooolgaphenyitrsa

t.est | e fl ow.cytonetr ich, conpri,ses the

1

calles Iggv%%%oeﬁygé/n%sn’c s\:glgyﬁ:eenqezéyuné/edc% Eet Y I?@%rﬁl?‘f%oﬁ:?/”c
wallenzynes hand riof 6asSES, mén ook S PNENASPepot 80BeBhiaho them

is _selected from ethidi um nongazi de, amsacri ne,
CVele dipt-Stth&titn,S doxorii cihl WerE i ptiEi e T et oyet dehe
penefr@eN N e, N 1S3 ML OP L 1 19PO1 86 ahs aRll &R 1dRa 958NAs in

and/or a DNA gyrase poi son which is selected from
Leuceicyitef Icelds mmastq oxled wRgenxAck & 1 ped T dbxace A,
chrofeSHXAC intn NS | ] Jdixjc acid,, oxolinic

acid and pi rso%%ltgai)gogll ,mean éaj%%’clglger %]fra?mnogar%ﬁ}.DNAs
are tBeaTke kiviergederh ngtd Hai nsdb;e wherneh ththened.

nucl ear strain agent consis of propidiumiodide and
Ther§$?6§? t%e gnte élation egfacie cy*%f S5YTO9 into the
chromosomal DNAs markedly decreases, and as a result, the
plotted points are significantly shifted to the left
direction. However, this phenomencn 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 low speed centrifugation using
Ficoll Paque, and in fact, they do not provide such plotted
~ points of contaminants in the SYTO0Y/PI 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 canhot be
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Abstract According to the foll ow ng steps,

live cells, injured cells, VNC cells and dead cells

of a microorganismin a test sanple are detected by

flow cytonetry: a) the step of treating the test

sanple wth an enzyne having an activity of

deconposing cells other than those of the

m croorgani sm colloidal particles of proteins or
congipedsdekpstongtiihuthe thestosampliomantls) tehidhstrop of
[01§§gating the test sanple with a topoi sonerase poi son

nd/ or a DNA gyrase poison. <c¢) the step of treating

t hert@sttisanpbeve | eahedafFprthenstepsdarcafdmbhawtish age

nucl ear stain agent, and_ d) the step of detectin
CO“‘%h‘éeﬁ?@r%‘6r@%n@@ﬁﬂ“ﬁo?ﬁélpé‘stfr§§ﬁﬁlnést PdattEd i ne@es

gen@yg{gﬁrbﬁtﬁh§g§8§9559¥ BkoﬁlB&Egng%rﬁrythrocytes by
Listeria or hemolysis of a part of erythrocytes. In this
example, live cells can be detected to some extent, even if
the EMA treatment was not performed. However, the size and
the complexity of the internal structure of mononuclear
cells such as monocytes and lymphocytes are close to those
of bacteria, and they may show an SYT09 and PI intensities
gimilar to those of bacteria (live cells). Therefore, if
they contaminate, they may be erroneocusly determined as live
cells. Accordingly} it is more preferable to carry out the
EMA treatment in view of accuracy. Further, since a lot of
injured cells generated 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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Claims
1. ‘A method for preparing a measurement gample for

deteéting live cells, injured cells and dead cells of a
microorganism in a test sample by flow cytometry, which comprises
-the following steps:

a)the gtep 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, :

b} the step of treating. the test sample with a
topoisomerase poison which is selected from ethidium monoazide,
amgacrine, - camptothecin, doxorubicin, ellipticine, etoposide,
mitoxantrone, saintopin, topotecan and CP-115,953 and/or a DNA
gyrase poison which is selected from ciprofloxacin, ofloxacin,
_enoxacin, pefloxacin, - fleroxacin, norfloxacin, nalidixic acid,
oxolinic acid and piromidic acid, and

¢) the gstep of treating the test sample treated in the
steps a) and b) with a nuclear stain agent, 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 cells compared with the first

stain agent.

) 2. The method according te claim 1, wherein the

topolsomerase poison ig ethidium moncazide, and the method comprises
the step of. subjecting the test sample to which ethidium monocazide
ig ddded to irradiation of wvisible light. )

3. The method according to claim 1 or 2, wherein the
nuclear stain agent consists of propidium iodide and SYT09.

4.The method according to anyone of claims 1 to 3,
wherein the step b) is performed after the step a).

5.The method according to anyone of claims 1 to 4,
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
matérial, a blood sample, a urine sample, a spinal fluid sample, a
synovial fluid sample and a pleural fluid sample. :

6.The method according to any ocne of claims 1 tos,
wherein the microorganism 1s a bacterium.

7.The method according to any one of claims 1 to 6,
wherein the enzyme is gelected from lipolytic enzymes and proteases.
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8.2 method for detecting live cells, injured cells and

dead 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,

90



b) the step of treating the test sample with a
topoisomerase poison which is selected from ethidium monoazide,
amgacrine, camptothecin, dexorubicin, elliipticine, etoposide,
mitoxantrone, saintopin, topetecan and CP-115,5353 and/or a DNA
gyrase poison which is ‘selected from ciprofloxacin, ofloxacin,
enoxacin, pefloxacin, fleroxacin, norfloxacin, nalidixic acid,
oxolinic acid and piromidic acid

¢) the step of treating the test sample treated in the
steps a) and b) with a nuclear stain agent, wherein the nuclear
stain agent comprises a first stain agent that can penetrate cell
walls of live cellg, 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 w1th the first stain

agent, and

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

9. The method according to claim 8, wherein the
topoisomerase poison ig ethidium monocazide, and the method comprises
the step of subjecting the test sample to which ethidium monoa21de
is added to irradiation of VlSlble light. :

10. The method according to claim 8 or 9, wherein the
nuclear stain agent consists of propidium iodide and SYTO0S9.

11. The method according to any cne of claims 8 teo 10,
wherein the step b) is performed after the step a).

12. The method according to anyone of claims 8 to 11,
wherein he 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. :

13.The method according to any one of claims 8 to 12,
wherein the microorganism is a bacterlum.

14.The wmethod according to any one of claims 8 to 13,
wherein the enzyme is selected from lipclytic enzymes and proteases.
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15. A kit for preparing a measurement sgample for
detecting live «cells, injured c¢ells and dead cells of a
microorganism in a test sample by flow cytometry, which
comprises the following elements: -
an enzyme selected from lipelytic enzymes and proteases, a
topolsomerase poison which 1is selected from ethidium monocazide,
amsacrine, camptothecin, - doxorubicin, ellipticine, etoposide,
mitoxantrone, saintopin, topotecan and CP-13i5,953 and/or a DNA
gyrage poison which ig selected from ciprofloxacin, ofloxacin,
enoxacin, pefloxacin, fleroxacin, mnorfloxacin, nalidixic acid,
oxolinic acid and piromidic acid, and a nuclear stain agent.
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16. The kit according to claim 15, wherein the nuclear
strain agent consists of propidium iodide and SYT09.
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