M CROBI AL DETECTI ON APPARATUS, M CROBI AL DETECTI ON METHOD, AND SAMPLE
CONTAI NER USED THEREIN CLAIM OF PRIORITY The present application clains
priority from Japanese patent application JP 2009- 044648 filed on February
26, 2009, the content of which is hereby incorporated by reference into
this application. BACKGROUND OF THE INVENTION 1. Field of the Invention The
present invention relates to a mcrobial detection apparatus, a m crobial
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The detection of microbes or the determination of microbial counts is practiced, for

example, in pharmaceutical or food factories or regenerative medical facilities, as management
for safety and health that stops the microbial contamination of products before it starts. In
particular, the determination of microbial counts is conducted under the provisions of the
Japanese Pharmacopoeia on products or raw materials in pharmaceutical factories as well as
on air, the surface of walls or workers' gloves, etc., within pharmaceutical factories. The
determination of microbial counts is also conducted in food factories with the introduction of
HACCP"(Hazard Analysis and Critical Control Point) and conducted as inspection of the food
factories themselves or their working process on food products as well as on the surface of
walls, floors, or cookware such as cutting boards and kitchen knifes.

The determination of microbial counts is generally performed by a culture method.
The culture method is a microbial-count determination method which comprises: for liquid
samples, directly plating the samples onto an agar plate medium or for samples in a state other
than liquid, plating a liquid containing microbes washed out of the samples, onto a medium;
culturing the microbes on the medium; and counting the number of formed colonies by use of
the fact that one microbe forms one colony.

Another general approach is a membrane filter (MF) method by which microbial counts
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conprises: filtering sanples through a nenbrane filter to capture m crobes;
pl acing the nenbrane filter having the captured m crobes, onto an agar

pl ate medi um and culturing the mcrobes thereon; and counting the nunber of
colonies. Alternatively, a nmethod without the wuse of culture conprises:
spraying a mst of an ATP extraction reagent for extracting adenosine

tri phosphate (ATP) fromw thin m crobes and a | um nescent reagent contai ning
| uci ferase and luciferin, onto a nenbrane filter having the captured
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phar maceutj cal or foqd, products, live ce]ls, and the |ike nust be shjpped
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filter h@epangsePatent Application Na. OrBF&82)and t he nedium due to air entering

t her ebetween. In such a case, the growh rates of the m crobes are not
constant, di sadvantageously resulting in varying sizes of colonies and
reduced determ nation preci SUpiMARE tﬂwﬁw | ve spraying an ATP
extraction reagent onto m crgobes capmlgﬁi nt elgexprrbr ane filter. If the
sprayed ext r a@drnvemtionabagriné methods InvbRe phiting nsiarobe-@6ntaining sainples ontddn £Fas
infiltrated in the nenbrane filter or if the mcrobial cell walls are
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Sons 1 villyoiaEhe D, PAGEUIREY. n6 FRithads Hiud fhel MG s FGhTOR i
preci sel Younty i &/ a8 ambliteds sanifléh containing a small number of microbes. Also, the

methods disadvantageously require 24- to 72-hour culture to obtain determination results. As

a result, pharmaceutical or food products, live cells, and the like must be shipped only after the
obtainment of determination results. This gives rise to a large loss of safety, efficiency, and
economy. Thus, it has been demanded to reduce time required for the determination of
microbial counts.

In conventional MF methods, nutrients in a medium may hardly be distributed to
microbes if intimate contact is not completely provided between a membrane filter having the
captured microbes and the medium, due to air entering therebetween. In such a case, the
growth rates of the microbes are not constant, disadvantageously resulting in varying sizes of
colonies and reduced determination precision. The MF methods involve spraying an ATP
extraction reagent onto microbes captured in the membrane filter. If the sprayed extraction
reagent is diluted with samples or buffer solutions infiltrated in the membrane filter or if the
microbial cell walls are strong enough to resist the given amount of the extraction reagent,

extraction efficiency is reduced, resulting in reduced determination sensitivity.
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conveniently detect and determ ne a small nunber of mcrobes contained in a
| arge amount of a sanple. W have intended to provide an apparatus and a
met hod for rapidly, highly precisely, highly sensitively, and conveniently
detecting and determ ning a small nunber of mcrobes contained in a |arge
anount of a sanple, and have therefore attenpted to devel op an apparat us
and a nethod by which a mcrobe-containing sanple is filtered through a

menbrane filterin bbRet dPikd &St ﬁc&)éi@%lﬁszﬁl gyl RighlyPrédide§y), ﬁfcgthlyaﬁﬁbiﬂ{ielﬁfanﬁ
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therefromtogether wth the ATP extraction reagent in such a state to a

cont ai ner bivlgi¢ahimajerialdh s lanrindexs c Buring rtheygevrse OF this process, fwee have first ifoundi n)
and subjected.to lLum %ef?cence measur enent, |um nescence intensity has been
found to b&F AW "81%& t 0 ATPs remmining as a | oss in the menbrane

filter, resul tiﬂ%ﬁhm{eg%ﬂ&%ﬂeﬂﬁkﬁﬁﬁ%g%ﬁnﬁé@ti@eﬁft&reﬁaﬂx?&xgh-rﬁu oro® HAYdphfHcSO

attenpted a net conpri ses he extracti on reagent “onto the
hydr ophi | i membidieafiierf ithicmbenhavihgfal daheerdi eviflently dadger ithem theeparel sidei of1tHeor a
given tine to liberate ATPs fromw thin the nenbrane filter. However, in
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further atiReRheenbirRid Qlerlsnd1Be Ehdtdtr O4phared ehereiidr WiRnfd kii@bbial dissolution
reagent (e.g., ATP extraction reagent) is added onto the membrane filter having the microbes
thus captured therewithin, the microbes have been found to be dissolved within the membrane
filter such that most of the extracted biological materials (e.g., ATPs) remain in the membrane
filter. When the extracted ATPs on the membrarie filter are transferred therefrom together
with the ATP extraction reagent in such a state to a container containing a bioluminescent
reagent (e.g., luciferase/luciferin) and subjected to luminescence measurement, luminescence
intensity has been found to be decreased due to ATPs remaining as a loss in the membrane
filter, resulting in reduced determination performance.

Thus, we have also attempted a method which comprises adding the extraction reagent
onto the hydrophilic membrane filter and left standing or stirring the solution for a given time
to liberate ATPs from within the membrane filter. However, in such a case, ATPs have been
found to penetrate through the membrane filter and drop off, together with the extraction

reagent, before being liberated from within the membrane filter, resulting in difficult liberation.

We have further attempted a method using a hydrophobic membrane filter
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i nper neabl e to aqueous sol utions, instead of a hydrophilic nmenbrane filter,
to prevent the ATP extraction reagent from penetrating through the nenbrane
filter and dropping off First, the hydrophobic nenbrane filter nust be
infiltrated with a vetting agent (e.g., alcohols such as nethyl alcohol and
et hyl al cohol or ethers such as diethyl ether) for filtering a m crobe-
cont ai ni ng aqueous sanpl e solution through the hydrophobic nenbrane filter.
However, the wetting agent dissolves or damages mcrobes. |In addition,
el ution Riperieatietd hfitbodd SollitidrsO Mstehd df HERYAGIElid mehBFand UllieR Stof preden@ithedn
deteriorates filtration performance. Thus, this approach which involves
i nfiltraATRextracidnyrdagephivtm penatrating Heodgh the menibrimedfiltee td drgppige wff. pFirst; t o
filtration has been foynd tQ be difficylt to.yse in mcrobial
det ect i o'thdUnggP‘i"e erprang e st beinflirated syifhy 3 yeting @geht 1e:8: aleohalph sudh esent
inventio ; chi,e v - e
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depending on its pore size, wthout the use of a wetting agent by formng a
negat i vewpitiog agerd dissblyes ohdammged mégrebesi | {readditiem dlutian of theswetfing agent Fram t he
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Certai n filtGtiohafs leeh Moudl 36 2R diffidultefo UbAn mib®bd rdetesiia® qentifibalionl ¥nd
captured. Thus, we have devel oped a two-layer nenbrane filter which is
capabl e wicrobiplaabilty detarmingiomnount of an aqueous sol ution, capturing

m cr obes, an retaiping a mcrobial .di §sol ufi solution, b rovi ding, on
the. hyar ophosThe HERBE L 148 5o Stiied 16 iyt FRssh Proerieipd AL RiopE &b i ¢
a very i%qemg%feth%'c%ﬂvérﬁfonaaﬁewi%m Mineel RRESfoufid Thaft "B Aking & REdrbMibbic
appar at of the present Invention conprises: a sanple container

conpri simgmbianet fileerpah taqugoua samplel sohationTearbbarfdtetdd, tdependingpon disngpre sizey st

| ayer as an upper |ayer serving as a hydrophilic nenbrane filter apnd a
hydr ophoWiteoyteheuserf & wetting agent gm forgypg. B Inge4itye PERssE beloyetne sugsahspre flter,
filterin I - . I

reans. of S TP MG WiE Bat it SlibitSblecheleutE et fed Blduel the AUGBIE ery |

the twondrait6ps sTEWhERNGmial piesdurd 13 prévad élciald ve tiedydadphebic mebrinedilephi The

menbrane filter as the first |ayer of the two-layer nenbrane filter is

r esponsi fltratibn of emjaquaocup golntion Biseugh thixihydrophabic membrasiediiter inachiavadavithi 4 t er
as the SE&%’ r;gzele%};aelrtolé la{rgesrp XA Iatc):le aiIl Uze! e&gxltanlh crobes” ﬁaqr‘laxpgt a size smaller than

the pore size are hardly captured. Thus, we have developed a two-layer membrane filter

which is capable of filtering a large amount of an aqueous solution, capturing microbes, and
retaining a microbial dissolution solution, by providing, on the hydrophobic membrane filter, a
porous hydrophilic merﬁbrane filter with a very small pore size for capturing microbes.

A microbial detection apparatus of the present invention comprises: a sample container
comprising, in the bottom, a two-layer membrane filter comprising a first layer as an upper
layer serving as a hydrophilic membrane filter and a hydrophobic membrane filter as an
underlying second layer capable of filtering an aqueous solution without the use of a wetting
agent and by means of a formed negative pressure; and a suction portion provided below the
two-layer membrane filter in the sample container. The hydrophilic membrane filter as the
first layer of the two-layer membrane filter is responsible for capturing microbes, while the

hydrophobic membrane filter as the second layer is responsible for retaining a reagent.
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4 According to the present invention, a |arge anount of an aqueous sanple
solution can be filtered through the hydrophilic nenbrane filter as the
first layer and the hydrophobic nenbrane filter as the second | ayer by
means of a negative pressure fornmed by the suction portion. Thus, m crobes
in the aqueous sanple solution can be captured by the hydrophilic nenbrane
filter as the first |ayer without being dissolved or damaged. Then, the
negative pres i : I i i :

i 920l Ut i on sor gEysh B Bt SRCARETS, B BRBUACHL ANpfall GhfR Bhionern
hydr ophobite fikeded ah@ugh thechydaspHilie neabednd fileey eds thefirstrigeri andt the hgdrophdtac

m crobi al dissolution solution for a given tinme to prevent the m crobial
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as the first layer can be liberated into the solution on the hydrophilic
menbr ane fpressere B sedtéred fio nerimall pyessure, Tand ahyiidrahiidlidissolutienmisolatien fsi théreadded to he

first layer has a pore size of preferably 0.05 m to 0.65 m The hydrophobic
menmbr ane fihe reembyane Rlters e A8 rigreply dhe hydsophobis membrage fifter py heseeandylayer gam t o

80 m The hydrophiligc menbrane. fil.ter the first |layer havin por e
76 set v Qe TRl stlaibEisolin, Rup efifh oY 56 p@hihe b
hydr ophobi gisdsRHhassiutidd |k ﬁ&eﬁrﬁtﬁngseﬁ@ﬁ% Ry SherdiBrdhé Uilfer PMEE dPdphingS QFf t O
0.8 mto 80 mcan filter an aqueous sanple solution without the use of a

wet ti ng agAcdording tdtherpeesest infentiofi,ghersricrobeyataptmeedobyeths lydrophitid meanbranet filten

t hereon a m ¢rohi al, di ssolution sojution. under no |. pressure restored from
the negat i %ﬁlﬁr gé% dp¥sr can e dissplue ,&é@eﬂqr&?-fﬁﬁéwﬁ@g’?ﬁpgfﬁema%glénWlﬂiqu fition
conpri ses: 111 i r adi ; tra-m crobi:

bi ol ogi cal h%%@&aﬁéé%ﬁgnhg%gghge ?gﬁml?g&s%ﬂuggéﬁgﬁagead@gor ghdé s&tg %‘ZA on the

extra- m crarephild peobiagakilteedsahd fifst lagerct i on-filtering the aqueous sanple
solution through the two-layer nenbrane filter to capture mcrobes by the
hydr ophi | i ¢ menbhedrydrdphilicanerpbyrandBlterfas the firstalpyer hag o perersizemfipreferabls 0£Q5r1em

t ' bst .contai ned in th I | ution;
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menbrane filter as 'the second |layer to extract the biological nmaterials

from the mnsige edigs O0dduhitb Oréedt emtdae reliably capture microbes. The hydrophobic membrane

filter as the second layer having a pore size set to 0.8 um to 80 um can filter an aqueous
sample solution without the use of a wetting agent and by means of a formed negative pressure
and can retain thereon a microbial dissolution solution under normal pressure restored from
the negative pressure.

A microbial detection method of the present invention comprises: adding a first reagent
for degrading an extra-microbial biological material, to an aqueous sample solution to degrade
the extra-microbial biological material; suction-filtering the aqueous sample solution through
the two-layer membrane filter to capture microbes by the hydrophilic membrane filter as the
first layer while removing the first reagent and foreign substances contained in the aqueous
sample solution; then adding thereto a second reagent for extracting biological materials
within the microbes, and retaining the second reagent on the hydrophobic membrane filter as
the second layer to extract the biological materials from the microbes and liberate the

biological materials from within the hydrophilic membrane filter as the first layer; and
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bi ol ogical materials fromw thin the hydrophilic nenbrane filter as the
first layer; and 5 allowing the liberated biological materials to act on a
third reagent reactive thereto, followed by quantitative neasurenent of the
m crobes. In this context, the second reagent used is a reagent that does
not infiltrate into the hydrophobic nmenbrane filter. The present invention
provides a mcrobial detection apparatus and a mcrobial detection nethod
whi ch are capable of easily filtering a |arge anount of an aqueous sanple

S0l Ut Oy ichd B el P MaAl FRGHRRGS ackBi' S Jekl Mok EFcTV e

nmenbr ane ogl ca materi als extracte omthe mecr

present byyedititadive dheasurpmemt ciathe aicfobésobilgkhis deitea] therseedidaeadeds ustdds a
m crobi al detection nethod which achieve highly sensitive, highly precise,
rapi d, ateagenbthatdvesmot infirayeint the hydrophabjc membrase filtef.on and |ive cel |

quantificati W thout the use af culture. an i.t hout the need of ..

experi ence. E?refﬁ’gdﬁﬁ%owrﬁgﬁ?ﬁé M\ﬂgﬁ © %n |2PPYatys e pgicEobitlagr am
show ng ‘narti i : i i i

accordi n%é?%gegrrlﬁ %ﬁdo%%ﬁdgég@a? %gb f(p%frasel eﬁ]tt&]{ %%%%%S@?ﬁmﬂ aﬁ@é@%? %‘gé\lcehart
show ng ghapadisiesly dissolvirgohicedbes einé @hsilyrelytings &8 thé hfembrank Silter, bidlegivili c

di agram showi ng the partial cross section of a mcrobial detection

appar at usatgidls rexiragied droam thersaigiohesat The prasenpiveation jalspeproyides appgrobiali s g
schemati ¢ di.agram show t he riiial cross.section.of .a.mcrobial,.detection
appar at (L8 PAPES h o teisPlonr e SPEL A el SR Bl s
schemat ';S‘re&hé}%ﬁ&,‘ 2P Bb@niehe mR@6BiAIiakilifS dete@hAtR £id Byl QinfikicARmect i on
apparatus according to an enbodi nent of t'he present invention. FIG 6 is a
schenmat i withibut thearse ©f cultung andhwithaut thiealeed oHhegpesencei on of a m crobi al detection

apparatus according to an enbodi nent of the present invention. FIG 7 is a
di agram showi ng an exanple of how to nount a two-|layer nenbrane filter into

(e POt o ! 2. Cont oL Nt O bRTSITpRAI =7 L of how o,
a schematic @9l am ﬁh@mhﬁ@dih%ﬁni shbingaté pirtialdrosasaionfofa niieiobfal dectigat hod
using the two-layer nenbrane filter according to the present invention.
apparatus according to an embodiment of the present invention.
FIG. 2 is a flowchart showing procedures of microbial detection process.
FIG. 3 is a schematic diagram showing the partial cross section of a microbial detection
apparatus according to an embodiment of the present invention.
FIG. 4 is a schematic diagram showing the partial cross section of a microbial detection
apparatus according to an embodiment of the present invention.
FIG. 5 is a schematic diagram showing the partial cross section of a microbial detection
apparatus according to an embodiment of the present invention.
FIG. 6 is a schematic diagram showing the partial cross section of a microbial detection
apparatus according to an embodiment of the present invention.
FIG. 7 is a diagram showing an example of how to mount a two-layer membrane filter
into the bottom of a container.
FIG. 8 is a diagram showing an example of how to mount a two-layer membrane filter
into the bottom of a container.
FIG. 9 is a schematic diagram showing the intermediate process of a detection method

using the two-layer membrane filter according to the present invention.

FIG. 10 is a schematic diagram showing the intermediate process of a detection method
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FIG 10 is a schematic diagram showi ng the internmedi ate process of a
detection nmethod 6 using a single-layer hydrophilic nenbrane filter. FIG
11 is a diagramillustrating suction filtration. FIG 12 is a diagram

showi ng the rel ationship between the nunber of E. coil in the abscissa and
t he nunber of ATP obtained using the two-layer nmenbrane filter. FIG 13 is a
di agram showi ng t he nunber of ATP detected under various conditions. FIG
14A is a di blol Ol BRiLR s t experinent on the ability of the
two- | ayer hﬁgérggig%iee lﬁ%thzsrﬁopglhr@et al né{%qir;@gr obi al dissolution solution. FIG
14B i s a di agr apiG. |11 usd diagrangllastraeiag wicsior filtratdoper i ment on the ability of a
single- |layer hydrophilic nmenbrane filter to retain a mcrobial dissolution
solution. FI G h¥5.il2 ig agdiagremnshomingsthegelatignship katwesrothe ayapiber e it colh imthe

nmol ecul es thin t t wo- | ay, nbrane filter, . FI 16.i.s a diagram

11 st r e A mid iR pietBer s AR AR Ring e PEwBmGbmaRR . 5 ot | ayer
hydrophi | i ¢ MenBieang if 4 bihgfam dHofinglihe himber G AR ERANAE VabiBls AfBRRACN!
change in the |umnescenceé Intensity of a mcrobial dissolution solution

t hat rermai ned ORIG 14iAnghaidgayme illusyratingpdimkeasoremenb exqreeniend dretheabidity of the ewebi al
di ssolution solution that penetrated.through the nmenbrane filter and dropped
of f. FIG Jlayer Bembeang fitantogplain avgioroial disselatecsplutidiange i n the | uni nescence

intensity of a L grabial.. di ssal ution solution on the two-laye: rane
i ter, betar LeBoadli Bt Reiual Aot SRAFI A SRIE, e
embodi ment §,Rf hydEpHali EmBMbranB iR B toQBtaif ol thicRibif ARSs G HsoMtida. ref erence to

t he draw ngs. wever, the present inventionis not limted to the

descri pti on bel Bls.bhp is andiagremnifustfaiingaplebuitibh ekpéromensionl ATR tneddedudas vapgmathet us
and nethod) FIG 1 IE'@ a ?,i:hemati c diagram showi ng the partial cross section
of a nicrofivaraygememPrags filtshnar at us according to an enbodi nent of the
present inventi np e ol : i . o] i af.ai_ner
102 conpri sing g V\})dqﬁa{/ng%g%ﬁngiugﬁgﬁﬁﬁ giratlfg%gﬁ{ﬂ{lﬁg 0ﬁbo torﬁ]&é%‘ﬁ?sg‘glggﬁta
suppl y por tsirpte-h@e hydrophitie rddibrimy filkeeagent supply, a suction portion 105, a

FIG. 17 is a diagram showing time-dependent change in the luminescence intensity of a
microbial dissolution solution that remained on a single-layer hydrophilic membrane filter and
a microbial dissolution solution that penetrated through the membrane filter and dropped off.

FIG. 18 is a diagram showing time-dependent change in the luminescence intensity of a

microbial dissolution solution on the two-layer membrane filter.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, the embodiments of the present invention will be described with reference
to the drawings. However, the present invention is not limited to the description below by
any means.

[Example 1]
(Microbial detection apparatus and method)

FIG. 1 is a schematic diagram showing the partial cross section of a microbial detection
apparatus according to an embodiment of the present invention. The microbial detection
apparatus comprises a container 102 comprising a two-layer membrane filter 101 in the
bottom, a reagent supply portion 103, a pipe 104 for reagent supply, a suction portion 105, a

washing solution supply portion 106, a pipe 107 for washing solution supply, a heating portion
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washi ng solution supply portion 106, a pipe 107 for washing sol ution supply,
a heating portion 7 108, an arm 109, a dispensing portion 110, a pipe 111
for dispensing, a detection portion 112, a reaction container 113, and an

i nput/control portion 114. The input/control portion 114 perforns
centralized control of the operation of each portion in the apparatus. The
container 102 is detachable/attachable fromito the apparatus. The reaction
container 113 contains a |um nescent reagent 115. The two-|ayer nenbrane
filter 1 hr Sk A . pper .| s : QPRI C
menbr aneﬁgal’ P?grr[ﬁlf?%’ a;Erlllgﬁ eg’y‘géé’gﬁﬁﬁpég’e?& glgy?%rvﬁ lﬂé%ra séer%wﬁgg‘ggggﬁ’

hydr ophopiréactioe abitainer f13,t8d ahlifiputldoatrbly poreiphilllsc TeThipatieontiol ppeftiohlB4as t he
first layer has a pore size set to 0.05 mto 0.65 mfor reliably capturing
ni cr obesperformacemsratiaed eontiol okihe operstion plearh portiop ip¢i® appamafusc okhe eontaings

hydr ophi ] i.c. menb e filter 116 have a thickness snall er | ar ger than
Chi s FantfZ s Ssfespan stischiafig SATRq Tie, BIPSA e CABIOR RPOAINEN 403 hanahd B
nmechani cgh%g&gg%ﬁﬂpgg!es presunmably broken during filtration.

Al ternative filter thicker than this range presumably all ows

a | arge anourkheofwollagé siembiané dilte£ ol rhak Refist ayer Wé bh uppérchystaserdbg ak @agent s
added thereafter are diluted. Thus, the thickness is preferably 7 mto 200
m The hyireghilebmembeanp filtee 1 16 andeg secarid lagen asa lowenlayer| sapving et hydremhobicsi ze
set to 0.8 mtq,18 mJj.or, reliably filterin ueo solution. Lt also
nas a ¢ ieRndos EE T A iR MembrhESHPeLTY e R R b £ BRisifeane
filter V. ] . r g, J wever,
= mermbr a1 B R B o e ek
i S presusEddioyuhr oQE boulse, ithephyidrdphilit merbraft fidten b6 mey Wavesa thickabssasarlléd oit er
thicker than this range presumably requires_tine for suction filtratign.
Thus,  tIAEBef Hherk Alis srapge. pridaweevan| § membrage didigr thinpercthap this gange o hweak

ot oot ¢ ORC AR bl S BB 560 Cfr HiRTon, S Al Bl

al t er natfilyg thieRd?QBAI BB rafife dprbm_rabryr Aloivala ldle@@iouaiofnitRINUS réthaih liRreihesent
i nvention, which wll be escribed bel ow together therewith. The container

102 conpwithiwhicht vasioupoeaigente added thereafter fafe dikuted1 0 Thug thérthidkaessospreferablydded in
t he apparatu First, initial .values as.to e high or, .l ow viscosity of a
sapl 6 ohin QB0 et ” oFhe etoaet fasieeis it 17 o tegesmd 1 B ROBS 4SS ur ed
are i npul, 4.9, 1808k £ 4R filtering an aqueous solution. It also has a thickness set to 7

pum to 800 um. Of course, the hydrophobic membrane filter 117 may have a thickness

Y

smaller or larger than this range. Howéver, a membrane filter thinner than this range has
weak mechanical strength and is presumably broken during filtration. Alternatively, a
membrane filter thicker than this range presumably requires time for suction filtration. Thus,
the thickness is preferably 7 um to 800 pm.

FIG. 2 is a flowchart showing procedures of microbial detection process using the
microbial detection apparatus shown in FIG. 1. FIGS. 3 to 6 respectively show an alternative
embodiment of the microbial detection apparatus of the present invention, which will be
described below together therewith.

The container 102 comprising the two-layer membrane filter 101 in the bottom is
loaded in the apparatus. First, initial values as to the high or low viscosity of a sample or
whether or not Bacillus subtilis in a spore form can be measured are input to the input/control
portion 114, and microbial detection is initiated (S201). An aqueous sample solution

containing microbes to be measured is added to the container 102 (S202). When the aqueous

8



portion 114, and mcrobial detection is initiated (S201). An aqueous sanple
solution containing mcrobes to be neasured is added to the container 102
(S202). When the aqueous 8 sanple solution is judged in step 203 as havi ng
hi gh viscosity, the input/control portion 114 drives the heating portion
108 to heat the aqueous sanple solution for pronoting quick filtration
(S204). Wen the sanple viscosity input in the step 201 is low, the process

gloglso::]?cal egs?a ?jé Bpgm gd&ap’ Stgfrggjag%h%}lfgghléuppfwm ) h%‘%#‘%cghﬁ&ggggdnt 0! 1s4uppl y

portion 1Gfived rigbéutingepapiige 10940 fieht thragpBbusSsapiply solatibm dongrontiting Squigkl e
solution in the container 102 (S205). The extra-m crobial biol ogical

mat eri al ddtatiarSeedh). Whegdhae salpleivisepsity gpukiedhpstep ZAlTdew, themsesess(Eorpto
deoxyrl bonucl or se (RNA: ribonucleic acid). As shown in FIG
3, the mc#'t?o%edél ﬁ’é’? %H‘ 'ﬁgggrat us may conprise, instead of a reagent
supply. por t i on e 1;G34ERmiLBHAI YRldgickP Tuafial Bbgthdiol Fedg@hSis BANRAIFo He |1
such a case, e mcro det ect | on apparat us nmay conprise a di spensing
portion lh@agaht sipplydparriemd63 througix theapipe €04 oradeageno kol ab theadqeeowsl sample

degradati on reagent in the reagent reservoir 302 through the pipe 111 for
di spensi ngfofusiopHe theygewsaigers Hid (05| ukheortraTnierogin iclegisal fﬁ@t@ﬂ‘h‘g‘P egfadatiatagent

unber of it B0 o By iterd e, BRpS L' bR Rl R R Boga 7 O

shown in HKiggnudetcacidpui table in uses for measuring a small number of

sanpl es. Next, the aqueous sanple solution in the container 102 is filtered
t hr ough the t whsl shpem innElGbrigribe friitrobial d&éction appantisafay comgatd, vestqad edsaur e
formed by the suction portion 105. In,_ this filtrati on, mcrobes in the
aqueous soleagsnb sUPH YeP@'BB{‘Lﬂ’E"GgW rPWé"Q’fy%‘Pofﬂ‘i‘F%"i‘Eg Yapsaisasents 14ler Iy guchrfe

first laye A b c d t or al
bi ol ogi cal ase V@er?‘é#ibq%lrg&% & %J F%?\S ax?va #’gﬂs?qﬁld g%‘i“?’?g’%ﬂi" 1 6%“%]
removal . Tdisgensed awa&hianﬂcﬁ@lamumgm mateHp degddftion reddeat m@urg@eﬁpﬂem@ﬂ
supply portion 106 for the purpose of washing the two- |ayer nenbrane filter

101 ( S206)302/hsoughttbe anpped)hls f@adnpmsmgngtth@ AQVERPYS rwghlevsoétaml t Yhe @appageiuhi ng
PR, TR NRBL Rt Ao SRR R AR B ERnd e
reduci ng t fnder E Shlds pelf'dkﬁvﬂna%e iﬂ‘aratdshﬁvﬁ% RO ent rds&9BE IsRGwh HEFIG. 3 is
viscosity, the washing solution nay be heate the heating
suitable in uses for measuring a small number of samples
Next, the aqueous sample solution in the container 102 is filtered through the two-layer
membrane filter 101 by means of a negative pressure formed by the suction portion 105. In
this filtration, microbes in the aqueous solution are captured by the hydrophilic membrane
filter as the first layer, while the biological material degradation reagent or residual biological
materials are flowed into a waste liquid portion 118 for removal. Then, a washing solution is
supplied from the washing solution supply portion 106 for the purpose of washing the two-
layer membrane filter 101 (S206). When the aqueous sample solution has high viscosity, a
washing solution may be supplied from the washing solution supply portion 106 through the
pipe 107 for washing solution supply for the purpose of reducing the viscosity. Likewise, for
the purpose of reducing the viscosity, the washing solution may be heated by the heating
portion 108 and then added to the aqueous sample solution.

Next, when the microbes to be measured are judged in step 207 as having sporulated, a

vegetative cell conversion reagent is added thereto from the reagent supply portion 103 after
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portion 108 and then added to the aqueous sanple solution. Next, when the
m crobes to be neasured are judged in step 207 as having sporul ated, a
vegetative cell conversion reagent is added thereto fromthe reagent supply
portion 103 after 9 the filtration (5208). The vegetative cell conversion
reagent used is, for exanple, conbination of alanine, glucose, and
phosphoric acid or may be a liquid nmedium For the mcrobial detection
apparatus conprising the reservoir 302 for various reagents shown in FIG

3, a veget e C onvgrsi gn..r.eag n the reagent ser |r 302

i spensdte oytriier” Girueneiiiy "B An ik foputiin ASED.RaRN B SPon. The
veget at ighgbfatibn ©0AMAME! @ﬁcoéeﬁﬁﬁﬁﬁosﬁﬁd&maic?d) oPfhaf BB LRQBY nidafurheatdriBe
portion 108 for pronoting the conversion to vegetative cells (5209).

Fur t her muicenbiadl Hetestiinuappamatuseympasihg tHeenesetvdiod 02t foevarioup osagents showmn\EIGg t he
veget at i ve cell conversion reagent (5210). Wen the judgnent in the step 207

is No, Ohe Begstativeg osHcconyersionaisagent rwtbﬁae&ge@th@sgw@ee?&ar Bsdigpensadaby theys 208

(0 210 ek BihoP P HESElAd ] o, R Mt
t wo- | aY‘%Ea}g@'ﬁﬂThfaﬁthsd( bé tested Bl ﬂézﬂe'lﬂm% ThgionmM ey ?&' onfdtifig Qhé‘tcbﬁ’sfbrs?&l () ' on

used is, for exanple, benzal koniumchloride, trichloroacétic acid, or a
Tris bufvégetatméoceltshéswf?):r dbirttierdertee ¢he (soluagpanayt be ﬁdtnmf ifei thye phmposeestr voir

302 for var.ious reagents _shown jn FIG i ro di ssol uti on Iutlon
in the FE/EHUAS! Lhe protye ceﬁo@wf@w&.rg%ﬁ%@l@ %b@ameﬂfgmﬁé? f%z 410 to

the agugons tggpmcsss b 08 2 ¥ethout 1 pFicehiabd @t&%é@fﬁdﬁttb%‘ gsol ution on the

t wo- | ayer 1 n fontal rer aspirated through the

pi pe 111 f or Nékts pakisiobil Gfssél{iﬁordbcﬂtﬁlﬁﬂﬂls a@d4gaofiérh @le fedfent sapisly pbeioanos 199 i s
driven to move the pipe 111 for dispensing to above the reaction container

113 of tétaincthe anierobial émqlwmn solgtion erhtheteo-leyes membrans Alterdi0d SGRUL)i ofhe
solution.is t nsf.e t he, reacti on cont ai r.113 52 2 he reaction
cont i il SROBHAT SalRon WHEL IS0t bRl AR oni G LIt oaekie S i T
bi ol ogi Ggjlq, Grd ?ﬁé Bufer( eFGr the@ﬂia%blah HEfeEtRIn F%tt@'cgﬁghﬂﬁg YRS SRR
contained in the mcrobial dissolution solution to genefate | um nescence.

The | uvariesscreagentseshgemtin FIG 1) sauiciobjal fissoletianypluionin thef reagene tdservoit 862 n.

Alternatively, substrates. for peroxidase or alkaline phosphatase may be
used. | fs dispensedypthe dispensingrartian Lifothesaqugeus %@P’é@p@aw% in the

embodi ment s ﬁ%?éf@hé Ridrb6: difsoitfbn sontidG JH ﬁ%%ﬂ&yeﬁ%&%h@@ﬂﬁap?dlaly{ﬁe ey

container 102 is aspirated through the pipe 111 for dispensing of the dispensing portion 110,
and the arm 109 is driven to move the pipe 111 for dispensing to above the reaction container
113 of the detection portion 112 such that the microbial dissolution solution is transferred to
the reaction container 113 (S212). The reaction container 113 contains a luminescent reagent
115, which in turn reacts with biological materials (e.g., ATPs, luminols, or alkaline
phosphatases) contained in the microbial dissolution solution to generate luminescence. The
luminescent reagent 115 used is, for example, luciferase/luciferin.  Alternatively, substrates
for peroxidase or alkaline phosphatase may be used. In this case, animal cells can also be
detected.

As in the embodiments shown in FIGS. 4 and 5, the microbial detection apparatus may
comprise the detection portion 112 on the side of or below the container 102. In such a case,
luminescence may be generated by supplying a luminescent reagent by the reagent supply
portion 103 directly onto the two-layer membrane filter 101 in the container 102. In the

embodiment of the microbial detection apparatus shown in FIG. 5, a container used comprises
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conprise the detection portion 112 on the side of or bel ow the container
102. In such a case, |um nescence nmay be generated by supplying a

| um nescent reagent by the reagent supply portion 103 directly onto the
two-| ayer nenbrane filter 101 in the container 102. In the enbodinent of
the m crobial detection apparatus shown in FIG 5, a contai ner used
conprises 10 a two-layer nenbrane filter 101 placed not allover the bottom
but in the i r.edi 0, r t L-on s

pot tom  Tha aetyet pEFSLER AEPI QN scedi MGl e AR b BRNheyn oot
region in aRehdyd fr&¥parbntirbgios anthaiborsmanThelgdtedtion pottidne ¢edisgosed ivefacd the
through |um nescent reaction fromthe solution in the container.

Al t er nat i v&hysparest regionta thebasttimefithe coftainpreansipdrsecss luminchesnpe generated theughhe
m crobi al detectign appar.atu .conprise an exgjtatiqgn li.ght irradiation
or 1§ on 60 MR dFAGIoR S0 T RS CEHE SOHAPehe B LIRS 9 SOt ng
birol oi cal cfBheTbalub Shiwn N, ENE: mikoiDierddtiof Odrpiafls iin L HIpH

di nucl eot i gesglf amﬁ‘uexc??gtl on Ti ght fron?ﬁt}%?e eexcflot atﬂipon S'i gﬁf I rtpag‘? aa'?i on
portion 60Zkxsitatibelight irfadiatios poftioa 401 Deswshnd ciseafdedrescerddeemae beigahetated by

| um nescence or fluorescence is detected by the detection portion 112 .
(8213), andmadigingbbiplogiealnmatesipls (og.c PNAsd R dooiNARe @icotinamide adenine

| um nescence or ..fluorescence int ity (S214) t onpl.ete m cropial .
dotectt on amelroidriop R EXatn B ool Sohgtor Ryt SRRIHIAAIODRA ithoyt
step 211 wigtdhdlbrh REninNcOsgeideps of the steps 207 to 210, followed by

| um nescence neasurenent in the step 213, the nunber of vegetative cells
cont ai ned i n t hthe gapraed hmibescelet axtfhwresddnce inddtecta hy thehdetectiblmpopioacld@ur es
fromthe steps 208 to, 214 are performed after the step 206,  the nunber of
non- veget &%) @gdl | WickehialpLout <t ¢ .cum,ebaﬁqﬁle ORu HiSe Agtegipd Vugiestanee el | s
and non-ve i . i I . I an be differentiated

t her ebet mgﬁgge%écr%g%{ng%%@(%ﬁ%etcgg’@lléﬁgm{c%gna?%@&of vegetative cells by
the process wi t i¢h thd\proséss BEowR th FIG. 21fbed fidnd 1he Rteh D06 a6 tHRGstdpI eI 1 Witisue ther €S
fromthe steps 208 to 214. [Exanple 2] (Mcrobial detection experinent 1. E
coi |) E. cordcederesof thersteps 287 1to 211 0,yfollewed: byrpuminescerce\measurementcis rihe stap 213,

ComDr 479 A5y N TEERL SRl SH5SE T, 14 RESRl yER 1

the procedures from the steps 208 to 214 are performed after the step 206, the number of non-

vegetative cells can be detected. Thus, the numbers of vegetative cells and non-vegetative
cells contained in the sample can be differentiated therebetween and detected by detecting the
number of vegetative cells by the process without the steps 208 to 210 and then repeating the

procedures from the steps 208 to 214.

[Example 2]
(Microbial detection experiment 1: E. coli)

E. coli detection sensitivity was compared between the container comprising the two-
layer membrane filter according to the present invention and a container comprising a
conventional hydrophilic membrane filter.

Two containers equipped with a membrane filter were prepared, one of which is the
container 102 comprising the two-layer membrane filter 101 in the bottom and the other of
which is a container comprising only a hydrophilic membrane filter in the bottom.

Referring to FIG. 7, an example of how to mount the two-layer membrane filter into the
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Two contai ners equi pped with a nenbrane filter were prepared, one of which
is the container 102 conprising the two-layer nenbrane filter 101 in the
bottom and the other of which is a container conprising only a hydrophilic
menbrane filter in the bottom Referring to FIG 7, an exanple of how to
nount the two-layer nenbrane filter into the 11 bottom of the container

W Il be described. The two-layer nenbrane filter 101 conprises a first

| ayer as an upper |ayer serving as a hydrophilic nmenbrane filter 116 and a
second | LQWeY {n RRRRAE ATETY j r 117.
The hydrbg)\gﬁl ?%therrg%r anewgl?iufltagsr%ﬁ[l)%% 813% wal?égn M- Eﬁ:fll porela‘gr?grl fr‘c){:atstng
filter (f¥stiayeridb bh upgeréaykt sbryingaya hgdraphilic membrane fibier 01 64dndm seeoridiaydcagess of
150 m and porosity of 79% and was processed into 0.5 cmin_ _dianeter. The

hydr ophid losverddisr sReing s @ hyreephefic nenihragsofiierot17, s diberhydraphiicamembrane er
a Wt ex s Baiet s on MERERBors AR AN RHRSS 0 aRknda vf® 1
and was spzquwﬂni DiritknEss DFE50 ufh, (Q}Nc?g%%ﬁ% ?f%‘% m?sg;hl)abéseedﬂﬁmﬁaﬁ ihilter

may be a pol ypropyl ene prefilter i pore L having a pore size
of 30 mdiamsé¢terad Thalydraphilicvieémbrané) éltery ohay b @bDeraporendvrlsoperé mlembranediltebe nmade
of a material_ such as nylon, polytetrafluoroethylene, dr ophobi ¢

h
pol yvi nyfNikpanMilipgesr |ide, mffswgﬂi%wlyﬁé?phﬁbwgvm'afﬁ%@}t%dﬂim ias ecMitex

pol ysul f on ani-de . gl fi ber and a rane filter having
R pore e Bl i wfipdheC) Hadfl e FBY pETo Rl RS Broskoskf gy ¢
With a @4 ch & dRnRterl Thé GydIpRibic Afenstianfiltét mh{>be’d PblyptdpfleRE Geermeeed
hydrophilic nmenbrane filter 116 was overlaid on the processed hydrophobic

menbr andNihdnt Millipdre, Ltdy davihg arpesausizé o3¢ jpintiesteadas Adtenmetivelys thechydropbottic ng
portion provided,in a bottom 801 _of the.igont iner 102. The oyter ﬁg e of the
filter membrapsieredahydeamadenaf 4 BaFigosuchnas WM e BONGELRIUOTORPYEB03 as

shown i . . i fi be
Seour ec Ty dhotic Bolyxhy {BAHEN e P e, Pb SRS, YRl tutbliRg, ddElfpHERY
pr ocess glyanilde phiglascfiverihd ang beial heafibradéfilte Haviaglagiode side of M8 Wit REBSERA

hydr ophobi ¢ menbrane filter 117, and the resulting filter may be inserted
bet ween o1 ageerebiene filterthaving @ mesh strwetutesyithed pitoh size @t dkn o §TH@wed annul ar cap

902 and secyred with of,f.am 9 n 902 jown in El. 8(b
for assenbly: S Sglo?'ﬁi"é Fi@cg“?)ei e,Pf%cegées%éfg’fti’gﬁﬁ‘geo%%“%@ﬁ@gﬁ "Yaf%wﬁr;lladﬁ?(%hi(l i)c
menbr anghé ipkdREsed hytfuphobit herhtt¥®y fiRerxd117 had ik FRORRRI it Mbentéd kd &r as

t he second | ayer.
mounting portion provided in a bottom 801 of the container 102. The outer edge of the filter

was supported by an annular cap 802 and secured with a screw 803 as shown in FIG. 7(b) to
complete assembly. Alternatively, the filter may be secured using a screwed cap. For
example, as shown in FIG. 8(a), the processed hydrophilic membrane filter 116 is overlaid on
the processed hydrophobic membrane filter 117, and the resulting filter may be inserted
between a screwed bottom 901 of the container 102 and a screwed annular cap 902 and
secured with the bottom 901 and the cap 902 as shown in FIG. 8(b) for assembly. In this
context, a gap may be formed between the hydrophilic membrane filter as the first layer and
the hydrophobic membrane filter as the second layer.

The container comprising only the hydrophilic membrane filter, which has the same
container structure thereas, is a container 1002 equipped with a single-layer hydrophilic
membrane filter 1001 instead of a two-layer membrane filter, as shown in an abbreviated form
in FIG. 10(a). The single-layer hydrophilic membrane filter 1001 used was an MF-Millipore
membrane filter (Nihon Millipore Ltd.) having a pore size of 0.45 um, a thickness of 150 um,
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The contai ner conprising only the hydrophilic menbrane filter, which has the
sane container structure thereas, is a container 1002 equi pped with a

singl e-layer hydrophilic nmenbrane filter 1001 instead of a two-I|ayer
menbrane filter, as shown in an abbreviated form in FIG 10(a). The

singl e-1ayer hydrophilic nenbrane filter 1001 used was an NU-MI1lipore
menbrane filter (Nihon MIIlipore Ltd.) having a pore size of 0.45 m a

t hi ckness of, 150 and For03|t g ﬁ %%s processed into 0.5 cmin

RO

di aneter. E}gfi@orcﬁltygfg Procﬁssgglln ¢ internedi ate process of
a detection netigdy jdip sdhgmmedx@gﬂahﬁdhawrng%mmﬁeamet PBcdsVBf 4 a¥tetioNBRRhGNe
filter according to the present invention. FIG 10 is a schematic diagram
showi ng t heingntler mmtmaere compiesgs thef two-ﬁareecmemhranmﬂthodcmdmg] tb hihe copgeat ner
conprising the S|n Iayer Q%ﬁroplﬂc efllt r. E. coil ?S used as
ni cr obes t’BV?J’émHea e]d) IS scpgpatc/Hasry $ne %Ié‘&erf’}? igte PRERSD 195 AlelGHeT:

H7.4 o020 to
2000 1 met P o SRt Bltinke (GHncle BL LBkl "‘%}’% B hebosfB bl hown i n
FIGS. 9(a) and FLO{a) wad Qisét- anmlbxfibBedEto 60 theastieReNB] etV 702 w@s sispériled added
onto each of the two-layer nenbrane filter 101 and the single-I|ayer

hydr ophi | i phosphaite buféer (PH 1714 r(Inlllm)gen Rerpt), forl adjusting themumitrer of Enéaliatoi 20rto 260Qt i on

i ncluded in, Lu Set ko n Cor p. s added thereto as an
ext ra-m crigfv Hﬁ‘a{?ﬁ&’gﬁt‘bﬁmp f"é P)m ‘eagent. Subsequently, as shown

in FIG 1i(a), %M%Ilﬁ)ﬁl(ﬁg ﬁén)]a%?]m@g ltof}%%ﬂﬁ{e't?r&oﬂgili:stp% 'ﬂd%%é{k‘a{% sCARBECt ed

to bel ow the two-1ayer shown in 11 (b), negative

pressure ientd @achedf the tivoklhwst rhdmebrine flodri lmtmﬂeﬁhslsﬁtglealaylertﬂydroﬁlﬂl’iceherﬁbnaﬁé ion
solution. _Likew se, through the si ngl e-layer hydrophilic nmenbrane filter,
the E. coi ﬁt@ub%ansuwt,amj uLhef anTATR| ¢limipatiano polytien, tnchidediaip eLygifer di%e Pet

FIGS. 9( b) ?op{f%v? gdd %ﬁ{ '{on\é An SRS {otb?a'i bl(glgglc%l ﬁ%{e%ta ﬁé}nov% ter

the filtra racti on so 1 on

Luci fer Hsre§§ént( Kol ﬂtl}cchrs&hbwﬁ\@ﬁ FeGdera), Reduelich pst 2107 6f AR saktich psabyt i on

solution 703 to extract ATP nol ecul es 704 fromthe E. coil 701, as shown in
FIGS. 9(c) I%Wa&@pm)ecteWmol eeldwe fthe NMcmgxembhmenﬁhmobAalshdwssmIEIGt da(), a

ol ull on 1003 Beneliat e, Lirpus L he pel o S aer NSRRI EoTeans,

g?g)nge wasy RB%REeVAtbugh thd Endli iAo R R 6raht lfit‘é‘xr e BF sadpehGor thdthé
ATP elimination solution were filtered. FIGS. 9(b) and 10(b) respectively show a state after
the filtration. After the filtration, 200 pL of an ATP extraction solution included in the
Lucifer HS Set (Kikkoman Corp.) was added thereto as a microbial dissolution solution 703 to
extract ATP molecules 704 from the E. coli 701, as shown in FIGS. 9(c) and 10(c).

While left standing, the microbial dissolution solution 1003 penetrated through the
single-layer hydrophilic membrane filter 1001 and dropped off as shown in FIG. 10(d). On
the other hand, no change was observed in the two-layer membrane filter 101 as shown in FIG.
9(d).

10 puL of the microbial dissolution solution 703 remaining on each of the two-layer
membrane filter 101 and the single-layer hydrophilic membrane filter 1001 was dispensed
using the dispensing portion 110 to a luminescent reagent 115 (included in the Lucifer HS set
(Kikkoman Corp.)) contained in the reaction container 113 placed on the detection portion 112.

The luminescence intensity was calculated as the number of ATP. The results obtained using

the two-layer membrane filter 101 were plotted in a diagram with the number of ATP as the
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10 L of the mcrobial dissolution solution 703 remaining on each of the
two-layer nenbrane filter 101 and the single-layer hydrophilic nmenbrane
filter 1001 was di spensed wusing the dispensing portion 110 to a | um nescent
reagent 115 (included in the Lucifer HS set (Kikkoman Corp.)) contained in
the reaction container 113 placed on the detection portion 112. The

| um nescence intensity was cal cul ated as the nunber of ATP. The results
obtained using the two-layer nenbrane filter 101 were plotted in a diagram

W th the pyber g&BﬁﬁfnﬁﬁbéGPE codi 431t Mélﬁsaa&adhﬂ%lﬁﬁﬁ} ngnber of E. cols as

t he abscissa, a ownh in FIG 12. en t contal ner conprising the
two- | ayer neniWhkenethé cortginervemprisiag thé tw-layermeémiorhne fltd? waschstd) ehemumiter oﬁf E.
coil exhibited a quantitative linear relation (y=1.4315x-7.9823) in, ch

t he nunbeXTRendtte msmbee of Esccvlh@dqblwdmanﬁwﬂéﬁ/@%géelw E=1.431 ﬁx-7 B§/23) m

contrast e th ner ¢ ri t.he sin dro

oy ane W‘f fhe gl QAT RpisctR ek 1| Cnd1 36 etk S K80 o VLR iR o

t han 100 4 [ N8ye NBydRSPHRES a pefp 100

i ndi vi dudl }“ﬂé co|"%s’%§u% km%ﬁt \%yoér gyer rrerrb'{r’)éa'%ber&ﬁ%'rs v%aoslmgxhﬁl ted a
val ue abandlecidés ¢dutcbﬁotrbegieeercteﬂrfmmﬂdsathanflODhﬂdmdngb ef Eayeli, any thieopimber of
menbrane filter 1001. This result may be because in the container

conpri si IR Fessh agPkparaApQrindiyiduals it 4. coline kbvsatee two-layer mewbrage dtee 1Phyer
hydr ophi le&é#&@{'ger I dbloli fb;o t?rﬁ@fﬂggéﬁ}:ﬂ Phaf Qf{h[%%fhﬁﬁ ernﬂy% Op%% mghﬁxsag% ution

sol ution ore, e nicr drsso ti’on 3 penelrates
t hrough tfhersoogl e-1 ayer hydrophilic nmenbrane filter and drops off together
with E. coil-derived ATP nol ecul es 1004. As a result, the E coil-derived.
ATP ol ecul es Th3Oesulemay beobecesetiodhe monta'tnhe corpnisig ghe single-ddyet hpdroplulicat i on

ot her - harfREmETANS 10ieb e HEF 1BGrIBHEIRAD.S, Fembigse) Sy cBAbraf PHEpRrihe: ho
tuo- | 2 Ghic RN ARG SEItOE SAT Rl mernﬁe.lapfahedlgeoﬁﬁ%ﬁ' aliuthpssebyt | on

sol uti on ere ore, e m crobi’al di ssol ution so ution nei t her

penet r at genéthutestfifough ehe smgld:-myef hydrepHilicunembiant ilterl&id drops 6ff aipethef withdgyet her
with the E. coil -derived ATP nol ecul es 704. WMoreover, the ATP npl ecul es 704
ext r act egofirdspived Aaf Bi molmud% 1006 h oA desBlsrthe Ee coficferivan ATR mplegyles| 1094 xere he

I 'h;St t L\g e;ygx}e & th'(sql%lt(ils B.llilréb I‘—SPE 18325:5;)1;19 tsgln%le-l%yésrsh%rd}J p'hﬁﬂ: E,QmHIt-a'nQ” on
filter 1001 (FIG. 10(d)).

On the other hand, in the container comprising the two-layer membrane filter, the two-
layer membrane filter 101 can retain thereon the microbial dissolution solution 703, and
therefore, the microbial dissolution solution 703 neither penetrates through the two-layer
membrane filter 101 nor drops off together with the E. coli-derived ATP molecules 704.
Moreover, the ATP molecules 704 extracted from E. coli within the hydrophilic membrane
filter 116 as the first layer are eluted with time into the microbial dissolution solution on the
two-layer membrane filter 101 (FIG. 9(d)).

The microbial detection apparatus of the present invention could measure one E. coli
highly sensitively, highly precisely, rapidly, and conveniently. The same effect is also
obtained for bacteria such as a coliform group and Staphylococcus, yeast such as

Saccharomyces cerevisiae, and fungi such as Aspergillus niger.

[Example 3]

(Microbial detection experiment 2: Bacillus subtilis in spore form)
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The m crobial detection apparatus of the present invention could neasure one
E. coil highly sensitively, highly precisely, rapidly, and conveniently.
The sane effect is also obtained for bacteria such as a coliform group and
St aphyl ococcus, yeast such as Saccharonyces cerevisiae, and fungi such as
Aspergillus niger. [Exanple 3] (Mcrobial detection experinment 2: Bacillus
subtilis in spore form 14 Detection sensitivity of Bacillus subtilis in a

spore formwas conpared hetweep the cantai.ner conprising the two-1aye
venbr ane. 1111 or DREHBICIAS ) ohEagius SHRAE 0 SrPPU ROV CUBiHES frapecn the
conprisin 00V, ' I anhi | bd: '

equi pped \g/]\,ict tglgg}ne%rgn tP P?ﬁ?{é?&wem }rngﬁggggg?}%g,gc%hdéﬁ%? tvmhz}ﬁgﬁgﬁg Bﬁg@@ﬁ and 2

cont ai ner tO@aiaerqokipsising at do@vdntiond] dydrophitichteatbeardeifilfeer 101 and the ot her of
which is a container conprisi ng only a hydrophilic menbrane filter. The
cont ai ner st r ucTWp eontgingrs: eauipped it a1 membrane,{Hies tver grepaisd,) enecof Wi isathe

filter or the sin -lLayer. hydrophjlic nmenbra filter s unted. .on.t he
contaf ner paae’ S0L epmtating i PRSlay mRRORne Hiter 103 0,45 IRMHER i Fo,
101 conpri $esaier édnibrisirfty 6ty aShyAfopHitiRSherhB4RE fHEY.ViTHY Bftather BYGUNQRNAD fhe
menbrane filter 116 'and a second l'ayer as a |ower | ayer serving as a

hydr ophobi ctrucrened irawhichi the ewo-layér mémbrany diliep lor thecsingtednyanbydropltike meibransed

was an MM Il jpore nmenbrane filter (Nihon MI]lipore Ltd.) having a pore
si ze of 0. diterds mpunted qurthe congainer 3ty ghdescyed POFIGS: ¥ \wndP. 799% and was processed

into 0.5 cmin &g ter. The hyd bl ran frlter rapore
or |sopore rrenb?iéeﬁter&? 'ﬁ?/%re‘%‘e‘?*ﬁf‘%eofﬁ%‘?‘ﬁﬁm F%Bﬁfz&?f" 1r§ l?yﬁ{s%se%d%pg%@?&ﬁ%ggﬁggbi C
nenbr ane fihyi@philid menfRsheFter a 10/bAEX setBAP238€as 4 lowef laydd Seiingd\ad 4 hydesphobicd. )
having a pore size of 10 mand was processed into 0.5 cmin dianeter. The

hydr ophobi enemtgarter filter fi7.t eFhevhydrbghilic pesmybhsanspfilteméd1prueéd magran NHMhllipore
MIlipore Ltd.) hayin re.siz f 30 minstea ternat.ivel he
hydr ophobi & ter KN o Milligpre Lidoehgsing ot r G ke Igkners A0 hn,
pol ytetrafl : A i i i ) I P ne,
pol ysi | oxar?g?&)glg)%l cg{re‘[)%/naa? %Waggfb%%ﬁ %%He?!'gp?o i>9adr;|n§ijé§[,erf' o?ﬂg}l‘g‘g’é’p @?E?&hﬁ%ﬁmy

be a nmenbr diter nfayl tecd Dhaapang onIfppore memierand filteB (Nihon Mill§dret Indy indtedd nilterne
filter havi ng a mesh structure with a pitch size of I. mtao

59 Th
si ngl e- | ay &ydrophetip membsaneetiltar & used way a Aitex wgmprang filter: Qihan hg]ﬂlip@meﬂpﬁdi)si ng

only having a pore size of 10 um and was processed into 0.5 cm in diameter. The hydrophobic

membrane filter may be a polypropylene prefilter (Nihon Millipore Ltd.) having a pore size of
30 um instead. Alternatively, the hydrophobic membrane filter may be made of a material
such as nylon, polytetrafluoroethylene, hydrophobic polyvinylidene fluoride, polyethylene,
polysiloxane, polycarbonate, polysulfone, polyamide, or glass fiber and may be a membrane
filter having a pore size of 0.8 pum to 80 um or a membrane filter having a mesh structure with
a pitch size of 1 um to 59 um.

The single-layer hydrophilic membrane filter mounted in the container comprising only
the hydrophilic membrane filter was an MF-Millipore membrane filter (Nihon Millipore Ltd.)
having a pore size of 0.45 um, a thickness of 150 um, and porosity of 79% and was processed
into 0.5 cm in diameter.

Bacillus subtilis in a spore form was used as microbes to be measured. Bacillus
subtilis was suspended in a 10% w/v gelatin solution+phosphate buffer (pH 7.4) (Invitrogen
Corp.) to prepare a highly viscous Bacillus subtilis suspension having 2000 individuals of

Bacillus subtilis/10 mL. 100 mM alanin+100 mM glucose+phosphate buffer (pH 7.4) was
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t he hydrophilic nmenbrane filter was an M=—-M I lipore nenbrane filter (N hon
MIlipore Ltd.) having a pore size of 0.45 m a thickness of 150 m and
porosity of 79% and was processed into 0.5 cmin dianeter. Bacillus
subtilis in a spore formwas used as m crobes to be neasured. Bacill us
subtilis was suspended in a 10% w v gel atin sol uti on+tphosphate buffer (pH
7.4) (Invitrogen Corp.) to prepare a highly viscous Bacillus subtilis
suspensi on having 2000 individuals of Bacillus subtilisllo nL. 100 nM

al ani n+10Q4 gVl ghMeQaREPEIS BAREeRIdU tdagént( PAN7ATP URsination sbi@t%naﬁmﬁndu&q@t ative

cell conversion reagent, An ATP elimnation solution included in Lucifer HS
Set (Ki Kiagnifien HSaSgb (thhamam Serh. pwasused ab an extramidrotsal tiologiogli makriataémovad|
removal reagent. An ATP extractiaon s& ution_included in. the Lu0| fer HS Set

(Ki kkonei§agssFp. An WP extragtipnasolution; ineladadain the LugifenHS Set®iildomsn Corpd was
m Cr?ﬁlea‘lb‘Fgg %g‘@g‘ﬁp‘?g&i“?‘%ﬁgﬁ@ﬁg in Fl G 3 was used in th! S neasurenent.

I n panel display was used for input to the

i nput/ cont r olTHRGh{ckdbkI aééenoﬁpwaaﬁtshwh ¥ FIhS wmweé GPiM s BbasRRfdehON 1314
used may be, for exanple, a |laptop conmputer, a desktop conputer, or an

i nput buhe presemrﬁ)namptb mtddchqnamhl gpsphy vaasahsed ﬁdSBlp(.mtmlthemal/ccmnl portion UB).
menory for i nput/out ut. First, the _Baci | | us subtilis sus ension is highly

vi scous Mleraguely, it %W‘é?%ob@r&t){ld” may, bey o Sxample; | @t%w%?roﬁ al so
cont ai " 4e3Rh h oﬁ‘ntpEaCI fﬁne{nga:blgllf&ﬁf&%fed S8 o i Wgﬁd Q'USE" §e.§ulgh

Vi SCOSIty 0] I'S suspen5| on a e Sporu eria

cont ai nqﬂ,s{ Hﬁﬁ@l—}nfmut/aﬂpﬁt using the input/control port| on 114
Subsequently, the input/control portion 114 directed the apparatus to

initiate m criotst dhe dacdlys isabrilisThuspensinayr iat lughly pascous hecayee dceantmnggelatiss s

accordi t s shown of, the CI|| tilis
uspens: b Hac SHbRREwEESan Al poriai® st ppcten RO e BHOHAIOE ne

si ngl e- | ayg¢ tmﬂf@pbiskésﬁyn&f@feaBEan ts%tzlz(ssgﬂgénsm}qhﬁ)d' ﬂﬁ%ﬁoﬁﬂﬁ'ﬁeﬂ%ae’;eﬁgrt Ion
114 judged the Bacillus Subtilis suspension ih step 203 as having high

Vi scosi toontwsedd theveint tves i inputt using otheainpoticantrd] qontiorolllléd tSubsdymattiyngthpor ti on
108 to heat the BaC| | lus subtilis suspension at 40C for reduci ng the

vi scosi tifpytésnirgl portion,]14girecied tlm@pélraf%tﬁml%ﬁnwpw detechiar. alkfApre@iushe
B [ | btil
o he DR B RHSAEOS, Bord B0 e SBRLDE A o uo SuPti T suspension

10 mL of the Bacillus subtilis suspension was added onto each of the two-layer
membrane filter and the single-layer hydrophilic membrane filter (§202). The input/control
portion 114 judged the Bacillus subtilis suspension in step 203 as having high viscosity based
on the input information and controlled the heating portion 108 to heat the Bacillus subtilis
suspension at 40°C for reducing the viscosity (S204).

10 pL of the ATP elimination solution was added to the Bacillus subtilis suspension
(S205), and the Bacillus subtilis suspension and the ATP elimination solution were filtered
through each of the two-layer membrane filter 101 and the single-layer hydrophilic membrane
filter by means of a negative pressure formed by the suction portion 105 (S206).

After the filtration, the input/control portion 114 judged the solution in step 207 as
containing sporulated bacteria based on the input information. For converting the spores to
vegetative cells, 1 mL of the vegetative cell conversion reagent was added onto each of the
two-layer membrane filter 101 and the single-layer hydrophilic membrane filter (S208). The
vegetative cell conversion reagent was heated at 40°C or 45°C for approximately 1 hour by the

heating portion 108 to promote the conversion of the spores to vegetative cells (S209). After
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t hrough each of the two-layer nenbrane filter 101 and the single-I|ayer
hydrophilic nenbrane filter by nmeans of a negative pressure fornmed by the
suction portion 105 (S206). After the filtration, the input/control portion
114 judged the solution in step 207 as containing sporul ated bacteria based
on the input information. For converting the spores to vegetative cells, 1
m. of the vegetative cell conversion reagent was added onto each of the

two-l ayer nenbrape filter 101 and, t he single-layer hydrophi]ic ngrra
filter (S20g)urthevespiye self genvewion reagribpictpte élga%t RSBt dVdiPBBe or
45C f i At h [ '

conver si on TR B4 shd Rbpelort by DRt L Ugkloife JP OB R font B

veget at i ve r@gihtd 60théewsllher eaGRnt fikeMEL1rat ekkréfbredilghedtdgaingSoDl)e- | ayer

hydrophilic menbrane filter and dropped off By contrast, the vegetative
cel | conver si onSubseguently, 2909 ul oétheiAldtiexsractidrerengant Wayaddedihensta aed keftistanding 01

ot ract1 on edbB RS2 LG WHRIPE andie AT odiedon ol pencH e

(5211) . Wiy &bk ' -gﬁéﬁ raqtd SQYpuit | 8t hatifot RrQuah
t he singl e-t#“g?léggtrl\a %gg‘ﬂ?"ﬁﬁ}:‘cm ﬁ%e%l@grdr%% rc')pplB§/3C o?r?.’ By coﬁtraa{lst,

no change \wservedbie theetivd-Tayeh enetibbankeafylesr rEbriangl fofl therAT® kextrddiopLsohftiohhe
ATP extraction solution remaining on each of the two-layer menbrane filter

101 and ¢ heemAigECa easr of her oioHRYar cmemkinge Aer AD) o84 thia SnBledpesndudioppilieho
eact 1 on oGRSy it v e R Y NG HinebiRe SHisBripdf S B eiieph fecadii 1
detecti on Refifained i it HAEAGT BShtaRdC] Bl flcddU MRS QLSRN (FE’%]?‘;"%) 1122(8219)1€ The

i nput/control portion 114 calcul ated the nunber of ATP fromthe
| um nescendletectidrepaiioy 11 Sdewepted Bhrerated limisesséncdS213)j gl thiaenputrotugrol ebrtidhP

h in FIG 13. W th ingle- |ay hydr ophi | i nmb filt
p T TN N TR W o
Baci | | btili ; - fy
bt e Bl A MM A PSS Wkl

20 tinmes haghaydroplc mfbatbrade filke wals R theaptaniben vl AGIPhWAS £pprexitastelyel of achdler .
This result nmay be because the single-layer hydrophilic nmenbrane filter

cannot r et dehlhadizistyalsiof BariHue sebrifist i Byncansiastk when the sietlayaemembrage fifterel OATP
tracti | ut j t th h the.single-| h i 1] G

ronbranef i Toereh i BEBSLOENTP ol o8 pah 6 HaRffi 500 aPbf WAL 20 fimese

ol ecul es. pigheAthah @ lof thel ﬁ@l@%kﬂhﬁmopmm inkinBrafle filt¥e d PRSI B&HbEBecHRee

not eluted into the solution on’the
the single-layer hydrophilic membrane filter cannot retain thereon the ATP extraction solution,

and therefore, the ATP extraction solution penetrates through the single-layer hydrophilic
membrane filter and drops off together with Bacillus subtilis-derived ATP molecules. As a
result, the Bacillus subtilis-derived - ATP molecules were not eluted into the solution on the
single-layer hydrophilic membrane filter. On the other hand, the two-layer membrane filter
101 can retain thereon the ATP extraction solution, and therefore, the ATP extraction solution
neither penetrates through the two-layer membrane filter 101 nor drops off together with the
Bacillus subtilis-derived . ATP molecules. Thus, the Bacillus subtilis-derived ATP molecules
within the hydrophilic membrane filter 116 as the first layer could be eluted with time into the
solution on the two-layer membrane filter 101.

When the vegetative cell conversion reagent was not heated by the heating portion 108
(25°C, room temperature in FIG. 13), the number of ATP was approximately 10 amol per 10C

individuals of Bacillus subtilis.
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singl e-1ayer hydrophilic nenbrane filter. On the other hand, the two-I|ayer
menbrane filter 101 can retain thereon the ATP extraction solution, and
therefore, the ATP extraction solution neither penetrates through the
two-| ayer nenbrane filter 101 nor drops off together with the Bacillus
subtilis-derived ATP nol ecul es. Thus, the Bacillus subtilis-derived ATP

nol ecules w thin the hydrophilic nmenbrane filter 116 as the first |ayer
could be eluted with tine into the solution on the two-I|ayer nenbrane
filter 101. : | ' - by

t he heating por 1%&%@&%%@&?0 r#r %tgér)r%\é@%?ﬁ?%t Flﬁélgﬁdét coﬁ?%h@%sl er of
ATP was sbavie KighBt ehitivdly, dighly petisdl)rapidiydaid ebnebsiesly. Baci | | us subtilis. 17
Thus, the mcrobial detection apparatus of the present invention could
measur e Baci | Thespreseabiniéntionthiagbeep compisted byethy acevinytationnf watieusl expertragritsl| v,
and conveni ently.. The present in tion has heen conpl d.by.the

e Cumil PTG e XOHnEIRR B9 WHSHLE Preat Bt ds SPhaTL ROARHa s on whi ch
the present invention is based will be described. [Experinmental Exanple 1]
(Exam nati on of hydrophobic nenbrane filter capable of retaining agueous
sol ut i on[Bxperiméntat Bxanpde 1he aqueous sol ution under negative pressure) The
presence or absence of a hydrophobic nmenbrane filter was exam ned, which is
capabl e @ixaménagion efghydiophebisomembeangt filtes capeble jaftretainieg wapeeons selvtien #edut i on
under ne tivg[ reﬁ}sauriH Thedgroree tsvi Zes ‘gg'tch sizes, and materials of the
exani ned hyHié B‘f‘l EURENBICANR IR E S S*WCLhown in Table 1. The aqueous
sol utions usefhel freidiBe 8K ABIhERBE 2 HyBrophdBi@RiEnfbrateliRér wais BhgiRisamidiufs§ er .
and a microbial dissolution solution. The phosphate buffer Is 50 mn
phosphor ¢apabie i of/ ielai@lihg af fagueoup Hollitidn ahdhdilteriog ohe aduedils sallitidr omdes alegitiven i s
0.2% benzal koni um chl ori de+25 mM Tricine buffer, pH 12. 18 [Table 1] Table
1 Pore DM6ffW%e addition Filtration under negative pressure Material size
Mcrobial M th%bbé’% sizes, pitch sizes, and materials of the examined hydrophobic membrane
filters are shown in Table 1. The aqueous solutions used in the experiment are ultrapure
water, a phosphate buffer, and a microbial dissolution solution. The phosphate buffer is 50
mM phosphoric acid/NaOH buffer, pH 7.4. The microbial dissolution solution is 0.2%

benzalkonium chloride+25 mM Tricine buffer, pH 12.
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(um Water Phosphate dissolution solution Water Phosphate dissol ution
solution 10 Retai ned Retained Retained Possible Possible Possible

Pol yt et raf | uoroet hyl ene 3 Retai ned Retai ned Retai ned Possi bl e Possi bl e
Possi ble 0.45 Retained Retained Retained Inpossible |Inpossible |Inpossible

Ret ai ned_R=t ai ned Het al med Possibre I-’OSSIDI T |~'055| b e I-’OI ypr opyl ene 30
Ret ai ned Ret ai ned Retai ned Possi bl e Pé¥§bh| e Possible 0.6 Retained Retai/ned

Retained D{fficult D fficulfoeD fficul {Dropwise addition Filtration under negative pressure
.......... C M@te_n_a]_ c .. L .size . Microbial . . Micrabial,

(pm) Watei —Phosphate- dissolution solutlon " Water —"Phosphate’ d1ssolut|on solutxon
.......... ~ ............10  Reained Retained = Refzined  Possible Possible _ Possible
......... _ Polytetraﬂuoroetlly.lene . ...3 .. Retained. Retained . . .Retained O PébbleRetomibed Redtai ned

Ret ai ned | TpOSSI bl e | npossi bloe;5| RiO&S rRRiky POl RitdhenY | 1l @B 1dpbsslM | A@pofivie 2
Ret ai ned Retained Retained | gﬂ)osgmmde Rgtnp,pss@tg,gdl MBRSR DbLinte V- 1 pRaEAI Ned
Ret ai ned Ret afl lI I'TpOSSI bl e l mp amed RQamecng%%I ¥be<|ie BFNXb Possn'b18 R tPossnblped

Ret ai ned Ret aloﬁ%‘(’i’yﬁbsm bl e Posmg e Possi
Fil tration|under—negati-ve-pressufErdNBewrd ol Repird Mﬁff“g r%’rﬁ“#\/l &F- 8&5‘1“5‘ \Nat er
Phosphate Yp.. pl,., <phsra (Oh) Repngs Braired on Rewiefit i ‘gppssible dpresgl Lt'PesHbiE of 1t i on
59 Ret ai ned Rtemm@@ iRedai ned 2PoBdanky| @etfrelssi HickinefPo sigpopyible IBSsiFet dimpresidle

Ret ai ned Ret ai ned Possi bl e PdslSi BétapedP@8sried| e ReN»ehonIm%mRehﬁpadsted IRgpbsidle Ne o

Ret ai ned Pos e POSSI bl e Pq)sg5| eal n g.ﬁossi bl e
Possi bl e P)iﬁﬁ i T

3 ) ) ihle
1 Ret ai ned|Ret ai ned Ret ai neEitcPOSS| | e Eﬁkﬂﬁﬁhcﬂhﬁ POSSI blmradl;hedea@g:emure
sol utions yere Métfﬂﬁ‘r atel y aH'?)ed dw&p%,gsg}mont otiedidh hydr ophel.c Mmﬂalr ane
filter to exanmine . SHIEBNE sol ution (FEBFASY |As a
result, all the aqueous sol |oﬁ§“‘“ff’o&‘F‘ﬂ‘°"be r Reteasdn e Fosgite th’é“bHydr 5ﬁiﬁ"é?b| c
menbrane fiilters made of any38 of Rédnel Redired | al Retadgdd IPeskiflnePosspenet Patied
through the nenbgane filter por dumppedaaef f. m@edhyd’asewomssmmenbsme
filters were al soy exam ned fof whet her, or . not Regmgé Agyeo ol u% an coul d
be filtered therethrough by rreans 0 pressure goéSle j a

p f O.

result, the hydrophobic nenbrine Rt @f@“‘fq]aw ﬁ‘@‘“‘%ﬂ pdrEblsi gl to 80 m
wer e 1 Retained Retained Retained Possible  Possible Possible

etained

The aqueous solutions were separately added dropwise onto each hydrophobic
membrane filter to examine the ability to retain the aqueous solution (Table 1). As a result,
all the aqueous solutions could be retained on the hydrophobic membrane filters made of any
of the materials and neither penetrated through the membrane filter nor dropped off.

The hydrophobic membrane filters were also examined for whether or not each
aqueous solution could be filtered therethrough by means of a negative pressure (Table 1).
As a result, the hydrophobic membrane filters having a pore size of 0.8 pm to 80 um were
impermeable to the aqueous solutions under normal pressure and could filter the aqueous
solutions under negative pressure. The hydrophobic membrane filters having a pore size of
0.6 pm or smaller hardly achieved filtration under negative pressure, and the hydrophobic
membrane filters having a pore size of 0.45 um failed to filter the aqueous solutions. In

addition, the hydrophobic membrane filters having a mesh structure with a pitch size of 1 um
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i nperneabl e to the aqueous sol utions under normal pressure and could filter
t he aqueous solutions under negative pressure. The hydrophobi ¢ nenbrane
filters having a pore size of 0.6 gmor smaller hardly achieved filtration
under negative pressure, and the hydrophobic mnenbrane filters having a pore
size of 0.45 4mfailed to filter the aqueous solutions. In addition, the
hydr ophobi ¢ nenbrane filters having a nmesh structure with a pitch size of 1
m 19 to 59 pmretai ned the aqueous solutions and could filter them under

negat i vetgosemauétained Meragasoris solatitnsding Rbuld ifttentheinruader deghtiverprégiieng a pore
size of 0.05 mto 0.65 mwas overlaid onto_a hydrophobic nenbrane filter
havi ng a por eMerepgerpp hpdrgplghie memboangfilisr havigg a pore sizp PE0SP LI 19 Q.65 BB Wi t o

t wo; | filt Filtrati tt t b d
D eEon Sut G S ERRAEC bbb Eh eSS DTS B A"
two- | ayegjze FFW:&‘&?S@ %ﬂnt t%g(xéﬁa'}@ aBURNE thehdbrddediiteP BitrdiBR w39 UHEMBted by
Exper al anple 2] (‘Me I

sol uti ons. I men asurenent experinent on ability of

t wo- | ay edddimgriaqucoas fsolutiens omtorthe awn-lagec rmdmbahne filtars olAst a oesukpthet ftwarlpyédrhe
ability to retain a mcrobial dissolution solution was conpared between the
two- | ay®embeans fidisealsq achigved filfration of theaqpeaps solqiiensophi | i ¢ menbrane filter.
For this purpose, two containers conprising either nenbrane filter in the
bottom were prepared. One of the containers is the container 102 conpri sing
t he two- (ByefimepaPEaplé 2] ter 101 (FIG 14A(a)). The two-layer menbrane
filter 101 conprises a first layer as an upper |ayer serving as a

hydr ophi (Measoeemient rexpérithengr on 14bilitn dofa twedayed merylnana Silter | towestaih agpearotsal vi ng
as a hydro Ogobi c menbrane filter 117. The hydrophilic nmenbrane filter 116 as
the fi rs?‘15$ Va SOHEIQB)V\BS an MF-M | lipore menbrane filter (Nihon MIIipore

Ltd.) having ﬁxe‘)&’cfil‘?ne/ﬁb?r@taﬁlf%ﬁgégibiapﬁ‘i"ss@%&o'ﬁi s%hﬂi%ﬁ%ééfcﬁﬁgreﬁrﬂebﬁ&ﬂ tﬂ%ﬁéj ty of

79% and was process into cmin dianeter. rophobi ¢ nenbr ane

filter lhyeromeinbrne fittenshd fyiaglelsrs hyophililIniceabraenfittedn eF dri thisqurpdstli th@n
MIlipore Ltd.) having a pore size of 10 pm The other container is a
cont ai neeontyoers comprisieg eithep membzransifitigr i thehettom yereqpeparede menbrane filter

nydrophi |1 rMbPAHS CHAER Hos chuaieLAe? smmrsn el wsrerndfiie FIF o
(Ni hon  pb1 tIfIQPrlﬁAgat)ﬂ- THeaWolgyeét Rahitasd ARerof010cdhwpri¥es & firdli18eP @8 SnQlppdP0 PM
and porosity of 79% and

layer serving as a hydrophilic membrane filter 116 and a second layer as a lower layer serving

as a hydrophobic membrane filter 117. The hydrophilic membrane filter 116 as the first layer

used was an MF-Millipore membrane filter (Nihon Millipore Ltd.) having a pore size of 0.45

pm, a thickness of 150 um, and porosity of 79% and was processed into 0.5 cm in diameter.

The hydrophobic membrane filter 117 as the second layer used was a Mitex membrane filter

(Nihon Millipore Ltd.) having a pore size of 10 um.

The other container is a container 1002 comprising only a single-layer hydrophilic
membrane filter 1001 as the hydrophilic membrane filter (FIG. 14B(a)). The single-layer
hydrophilic membrane filter 1001 used was an MF-Millipore membrane filter (Nihon
Millipore Ltd.) having a pore size of 0.45 um, a thickness of 150 um, and porosity of 79% and
was processed into 0.5 cm in diameter.

200 pL of 0.2% benzalkonium chloride+25 mM Tricine buffer, pH 12 was added as a
microbial dissolution solution 703 onto each of the two-layer membrane filter 101 and the

single-layer hydrophilic membrane filter 1001 and left standing for 10 minutes. After the 5-

and 10-minute standing, no change was observed in the two-layer membrane filter 101 (FIGS.
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was processed into 0.5 cmin dianeter, 200 pL of 0.2% benzal koni um
chloride+25 mM Tricine buffer, pH 12 was added as a mcrobial dissolution
solution 703 onto each of the two-layer nmenbrane filter 101 and the

singl e-1ayer hydrophilic nenbrane filter 1001 and left standing for 10

m nutes. After the 5- and 10-m nute standi ng, no change was observed in the
two-|l ayer nenbrane filter 101 (FIGS. 20 14A(b) and 14A(c)). By contrast,

the m crobial dissolution_solution 1003 penetrated through the si Ie-liayer
hydr ophi | i é4ﬁ@ﬁn(bﬁ‘éAé°b)-t &y contastthe “H?reglﬁ ?SO&“PP sQlption gqoérﬂfpﬂ&t?‘f ‘%@“@ | GS.
14B(b d.l4 ' t of - - It L

sol ut1 on 1063 1 e SRR ibigeahs B AT ardpifs B Rb b haith FRO AT,
filter 10034B(W afld o4BRY. Of f wei ght neasurenent was attenpted by collecting

the mcrobial dissolution solution 1003 that penetrated through the

menbr ane filterFemdeatnoppde amdunt of thenmiasebialf digsolutine selution 1603 dfat penetrated

m crobi al dissqlugion solutiqn,703,. 10 of the m crobial, dissol ytion

sol ution 18'59“g éf\%tst"%ﬁi% YF%&B(GEW ‘I?e“f?gﬁ’ﬁ?"&n@ltfef |1t0@5 %ﬂ?ﬁdd?@ﬁgea offeighty
measur enen d ] ite a : : ' bi al
di ssol uti O?\ne@%rg}{lﬁgnvﬁﬁgg:@ Hﬁ)%gp%%[}‘ :89%1%% {hge%]g:tréﬂ;%le%gsfoﬁ?ggg ﬁ&{ltﬁ&emrqrg@brqgﬁe
filter and peiictppddh@ufh t hemblan®filtédbandidropped g, machimbiealafterdihe additibn ofithe

sol ution 1003 was found to ;lje_netrate t hrough the nenbrane filter and drop
of f. On t heniewhigl dissaltion heohutiosr 393,all0 dngsei thei ancralirludisseiutien tsplstion 1003
penetrated thro th t wo- | ayer..nenbrgne filter 101 nor droppe ff.

ot ead. -t et e e o5 S Sl o AP o e g B Pty
menbrane fighdgiited 015 angl dnie2dM g BT Bk AlESRAIVEIsQhtRAl sEhih 1063, WespectiRap ur ed
imedi ately after the addition of the mcrobial dissolution solution 703
onto the tpenettatedethromghitheamembiane ilted &id diopprd d&ffl A(A xtalaofch Samhg ef tHeOmivrohisle
standi ng (FLG 14A((f))’ and t?e‘wgifference t her ebet ween s cal cul ated. The
di f f er ence digQNufIonIPILAIINS ras £oURg to PeRsERte thigughhtha giembraneAtenandyHpp offhi s
result indicateg, that iy i [ 1.0 J ' ' W the
cont ai ner 102 c?rr%ptlrH ?&tlﬁgq’tﬁﬁ%%ggwé’@ ﬁrﬁfgél réanngbh?tl?qntu%rng&rh%gtr%tgé Slill'tlaﬁ£l1 té

denonst r at edolidiat nleh®rdnedilen YOI ndreiiéypaa offf | Instdad aBO ot WRight biwhe @Bitainére] 02
m crobi al dissolution solution. [Experinental Exanple 3] (Elution experinment
on ATP wi t Ifomprieing thertavorlayerangmbrane filter 101 and the microbial dissolution solution 703 was

measured immediately after the addition of the microbial dissolution solution 703 onto the
two-layer membrane filter 101 (FIG. 14A(a)) and after 10-minute standing (FIG. 14A(c)), and
the difference therebetween was calculated. The difference was 1 mg, demonstrating almost
no change in the weight. This result indicates that the microbial dissolution solution is
retained in the container 102 comprising the two-layer membrane filter.

This result demonstrated that the two-layer membrane filter can retain thereon the

microbial dissolution solution.

[Experimental Example 3]
(Elution experiment on ATP within membrane filter)

The amount of ATP molecules eluted from within the membrane filter was compared
between the two-layer membrane filter and a single-layer hydrophilic membrane filter. For
this purpose, two containers comprising either membrane filter were prepared. One of the
containers is the container 102 comprising the two-layer membrane filter 101 in the bottom

(FIG. 15(a)). The two-layer membrane filter 101 comprises a first layer as an upper layer
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The amount of ATP nol ecules eluted fromwi thin the nmenbrane filter was
conpared between the two-layer nenbrane filter and a single-I|ayer
hydrophilic nmenbrane filter. For this purpose, two containers conprising

ei ther menbrane filter were prepared. One of the containers is the

contai ner 102 conprising the two-layer nenbrane filter 101 in the bottom
(FIG 15(a)). The two-layer nenbrane filter 101 conprises a first |ayer as
an upper layer 21 serving as a hydrophilic nmenbrane filter 116 and a second
| ayer as r Vel j Y, ' fii 117 .The
hydr ophi F%gin%e%ngrdgg)éo?ﬁn}l’l%?g%h%%@glst&t ]hllg agla (rag;t@ %3?{@%&2@@%5 eré(rglérKI %nﬁsﬁ i pore
menbr anehixdrdopksbid Mebbrand! filter pid7e Thel hydriophilio gnentpgriecfiBeérz B1604s thedfirst lyera

t hi ckness of 150 m and porosity of 79% and was processed into 0.5 cmin

di amet er usedTwes an/MFMHbpore mamhyane@lteri(Nihon Millipase Ltdychayingon pore sizeof @A8d was
a Mtex nenbrane fil Nihon MIlipore Ltd.) having.a pare size of 10 m
Tntl e BrbadBegness oF ot any prrcehapb s andfiad preisodime 0 G 3 Smler

cont ai ne hSi [ - { i il ter
1001 a6 TRE INGGPRAR: elrBaug ks 817 o0 el Sy BB o VIR PR A Tk
si ngl e- | ayihon MitlipapdLidi) haviagfarparesiid dftlonund illwaksirdceste iagd ONEcvlih Hiapetes.
menbrane filter Ni hon M 111 pore _Ltd.é@havi ng a pore size of 0.45 m a

t hi ckness of Th®other sprtaiper issq contgier 1002 serapwng prlyce sinele-layarohydrephdin i n

diameter. Lucifeg, ATR Stangdatd, Reagent (Ki kkaman rp. S s .an ATP
coi ut | onmeBbeasectisdeloop R 16e biarGRRAE Mentntins B o aB, Botont 31 B0 oMol /1 0
A A T unypeROSTHr hydEFUAR! memelane Siltet NobY Giséd® twakian IAF-Nillidse Hémbraid fikterd OF
causing ATP/luciferase/luciferin reaction was used as a | um nescent reagent
115. Fi r @ihod Mitlipond Ltd)chatitig sspdratsizenf 0=4S pmd cettlickndss of 460 o, ahd porosity: bfay er
menbrane filter 101 ang,the si ngl e-1 ayer hydrophilic nenbrane filter 1001
to infil {P%and s prRsessed eQ O5omm In qigefeaach” of the hydrophilic nmenbrane

filter 116 as fA r t .ngl g d il : e
filter Too1 (FIOEr AT Shad nes) BOGRiNE Cotel Ghs yCAPRT AN s0H
benzal kondpai_recm TR 8dldGonTMaving Cd REndeHiritRdn, o0 200CO wmsl/ PHged tAaumPeienas a
m cr obi a di ssolution solution 703 and then |eft st anler;?g/hl(pFl GS. 15(b) and

16(b)). wegewt inelpidedsinahegifes HS thet (Kikkomam Com. s §5] cauiog A ifenaseflgoigerin
penetrated thr ou%p ?he si.gél e-tl ayer ﬂ§dr ophilic menbrane filter 1001 and
dropped GPRFUORPVERUSE _ﬁ‘%a&‘ﬁ' ce 68%%%% * 16(d)). On the other hand, no
change was obgggVafiul Bf HHIATMBsIhENEHa RIALA 8RB hill b8the HPd-layer membrane filter

101 and the single-layer hydrophilic membrane filter 1001 to infiltrate ATP molecules 1501

into each of the hydrophilic membrane filter 116 as the first layer and the single-layer
hydrophilic membrane filter 1001 (FIGS. 15(a) and 16(a)). Subsequently, 200 uL of 0.2%
benzalkonium chloride+25 mM Tricine buffer, pH 12 was added thereonto as a microbial
dissolution solution 703 and then left standing (FIGS. 15(b) and 16(b)).

While left standing, the microbial dissolution solution 1003 penetrated through the
single-layer hydrophilic membrane filter 1001 and dropped off, with time (FIGS. 16(c) and
16(d)). On the other hand, no change was observed in the two-layer membrane filter 101
(FIGS. 15(c) and 15(d)).

For quantitatively evaluating the number of ATP molecules 1601 in the microbial
dissolution solution 1003 that penetrated through the single-layer hydrophilic membrane filter
1001 and dropped off as well as the number of ATP molecules 1501 liberated into the
microbial dissolution solution 703 on the single-layer hydrophilic membrane filter 1001 (FIGS.

16(c) and 16(d)), a 10 pL aliquot was collected from each of the microbial dissolution solution
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(FIGS. 15(c) and 15(d)). For quantitatively evaluating the nunber of ATP

nol ecul es 1601 in the mcrobial dissolution solution 1003 that penetrated

t hrough the single-layer hydrophilic nenbrane filter 1001 and dropped off
as well as the nunber of ATP nol ecules 1501 |iberated into the m crobial

di ssolution solution 703 on the single-layer hydrophilic nmenbrane filter
1001 (FIGS. 16(c) and 16(d)), a 10 L aliquot was collected fromeach of the

m cr obi al n t TRI NI

yar ophi 1§ Q0SS off e il ipfe RRHBEIE Al AHEE 1801 ot @ filropiol
1003 that passtufict ﬁﬂhtidﬂrl@og lthdt Penetriated lteroh gty e sihgth-lapdiihlyifophitioBiehiteartd filtepr
1001 and dropped off. The collected solution was added to the |um nescent

reagent 11300hand Aesppeshoffi o"ﬁhecmikeetpdme@luthrswaandldddmthmhmmﬂseengemp@tt H§ in

t hrough the reacti on was by the detect rtion 112. 4, 6, .and 8
i nut es af €8 reeﬁ@naf@mameaﬂ?%faﬂ? Famiertss; espeafabrued fir ethof G HssRBiTo
the singl Qﬁé ﬁ&igﬂﬁhﬁl c nenbrane filter 1001, the m crobial

di ssol ution s ut| 0 03 that penetrated through the nenbrane filter and
dropped of f exhi i, taad 8lminuites sR@nkeadditionrsfithey midrobialpiigsobstiom st tyon? DI30sht S
(count per second) 25000 CPS, and 30000 CPS, respectively (FIG 17). 20000
amol of ATmingls-layer hysraphilict membrane fidtes il o, ¢he syjero g/dmsmlqm solutionpi09a dhat

filter 1001 r ratl r and droppin

of £ Cand odEneia ErEn The Asibihnt FHEL AR rBReL B ARGl bisShesdBes EAREHTE ¢ ne
si ngl e- | ay oo R ARN DI OB WoRSer dcoh fzé&féJCPsT%d BEOOOITTSS, kdthéktively (FIG.
consi derati grr)] t he gTP concentrgt?ple(r)n cl s&)appr oxi mat el y 1000 am% llfSY(F

t he ATP m)lléyzul 20000 ahb] af ATPdeelketuesdixsdted immedmglet-laydrhgdmphlﬂlobnahbrane ﬁlter

di ssol ution solutlon 703.. Lum nescence intensity at the ATP concentration of

1000 anpl / 11601 befose penessating, ghovgh wéagmfgﬁ%fﬂt@roar&edraw%ﬁ%ﬂwwo 1oebhtheps.
Thus, the gR)%Ll UAssbilon g@'ug&’tﬂ b6 v\;ago%dﬁbc{] ohtbe HY éhggg g H§ I @hbrane

solution 1 at penetr hrou e Si ng I C nmenprane

filter 100X@ndodr oppgéhgoftis s c&ﬁsiﬂ%ﬁhﬁbﬁ be RTPCboﬁcdntra@é‘n 1saat;@ecsx1mhde@n10dmat
obtained by the ideal distribution of ATP nol ecul es 1501 into the m crobi al

di ssol uti oranmb/llﬁtmbnwmethliﬂwmhonbs ]rﬁiJrid aret idealhy) rihsdribuwséd AMP thsl sewrbtial
1501 cont ai

NS MR AL G T SN e e e

| um nescenqgg; jsAetefmings Hl heastRiteRXloTRphHxmIy FoS0ESS T MEEBKE Hbiber of ATP
molecules 1601 in the microbial dissolution solution 1003 that penetrated through the single-
layer hydrophilic membrane filter 1001 and dropped off was found to be 2 to 3 times larger
than that obtained by the ideal distribution of ATP molecules 1501 into the microbial
dissolution solution 703.

On the other hand, the number of ATP molecules 1501 contained in the microbial
dissolution solution 703 remaining on the single-layer hydrophilic membrane filter 1001 was
measured based on luminescence. As a result, approximately 5000 CPS was the maximum
even after 10-minute standing. This luminescence intensity was 1/4 to 1/6 of that measured
from the microbial dissolution solution 1003 that penetrated through the membrane filter and
dropped off (FIG. 17). This result demonstrated that only approximately 1/4 to 1/6 of the
ATP molecules. 1501 (FIG. 16(a)) within the single-layer hydrophilic membrane filter 1001 is
liberated into the solution on the hydrophilic membrane filter 1001 (FIG. 16(d)).

On the other hand, the microbial dissolution solution 703 neither penetrated through the

two-layer membrane filter 101 nor dropped off. Instead, a 10 pL aliquot was collected from
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even after 10-m nute standing, This |um nescence intensity was 1/4 to 1/6 of
that neasured fromthe mcrobial dissolution solution 1003 that penetrated
t hrough the nmenbrane filter and dropped off (FIG 17). This result
denonstrated that only approximately 1/4 to 1/6 of the ATP nolecules. 1501
(FIG 16(a)) within the single-layer hydrophilic nenbrane filter 1001 is

| i berated into the solution on the hydrophilic nenbrane filter 1001 (FI G
16(d)). On the other hand, the mcrobial dissolution solution 703 neither

penet r at @d niibfoblad Bistdletion $6futiod 6B oRERfwANRyéri thémtirade flitéra01 G diepratélyO4fter
Instead, a 10 NL aliquot was collected from 23 the m crobial dissolution
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el ut ed i Hi(a)) infétrated in the didrophilin embsaresfilter 14 adthe fiest {dyer ean beelutedintethgi ni ng
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o | ay CROHORSTLE TPTIRER megtprinetier 187 by Peruipinech? aliiopiot disty G GioR . o
the ATP +ml; s affl o o] he
hydr ophi quclﬁ?rg@n@r% éarl]%@?l P? t% gxpﬁxgsll%é {éhtseQ?ﬁ Z&H rﬁig tﬁ’lgfdé% gﬁteﬁ{plr(gtt% ln"{&ri?g t he

m crobi al  diEH8otestit demsndtratedothat A08 ATP trokectile®15@Gly ean eeeibted refidiedtlyefrorO1.

The elution can be performed nore efficiently by use of the hydrophilic
menbr anewithint the hydrophaliG megbrangy fltern bl ag the &irsh| Ipyar bygretiningr thg yaickpbiatal | er

t hi ck . ' e 4 i f .mi cr,ob
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filtering an aqueous solution by virtue of a wetting agént infiltrated
t her ei n. digmetet midsa groalleo hicknessur cont ai ners conprising a nmenbrane filter
were prepared. (1) Container conprising two-layer nenbrane filter: The
two-| ayer nenbrane filter conprises a first |ayer as an upper |ayer serving
as a hyg TR gﬂ{ filter and a second |ayer as a |ower |ayer
serving ﬁ%éﬁrﬁlop 0 |1%&]F

(Experiment on measurement of microbes using wetting agent)

Microbial detection sensitivity was compared between the two-layer membrane filter
and a hydrophobic membrane filter capable of filtering an aqueous solution by virtue of a
wetting agent infiltrated therein. For this purpose, four containers comprising a membrane
filter were prepared. |
(1) Container comprising two-layer membrane filter:

The two-layer membrane filter comprises a first layer as an upper layer serving as a
hydrophilic membrane filter and a second layer as a lower layer serving as a hydrophobic
membrane filter. The hydrophilic membrane filter as the first layer used was an MF-
Millipore membrane filter (Nihon Millipore Ltd.) having a pore size of 0.45 um, a thickness of
150 um, and porosity of 79% and was processed into 0.5 cm in diameter. The hydrophobic
membrane filter as the second layer used was a Mitex membrane filter (Nihon Millipore Ltd.)
having a pore size of 10 um. and was processed into 0.5 cm in diameter.

(2) Container comprising single-layer hydrophilic membrane filter:

The single-layer hydrophilic membrane filter used was an MF-Millipore membrane
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menbrane filter. The hydrophilic nenbrane filter as the first |ayer used was
an M- M1 Ilipore nenbrane filter (NNhon MIlipore Ltd.) having a pore size
of 0.45 gm a thickness of 150 gm and porosity of 79% and was processed
into 0.5 cmin dianeter. The hydrophobic nenbrane filter as the second

| ayer used was a Mtex nenbrane filter (Nihon MIlipore Ltd.) having a pore
size of 10 gm and was processed into 0.5 cmin dianeter. (2) Container
conprising single-layer hydrophilic nenbrane filter: The single-layer

hydr ophi | ifdterrgNihoandilfipdre drtd ) dadingees pere dide- &ff D 45 pon.ea ninkeanef 130 pm, | dndr

(Nihon MIlipore Ltd.) having a pore size of 0.45 m a thickness of 150 m
and por odof ltaspf%&aaﬁ%af%&o%ﬁ%se&g@&%gcmﬁe 1BJeETem i n di aneter. (3)

Cont al . . - o - £ whi ch
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menbr ane fhyldfophilicaRaibreneofilter iab ikt lager and hy@@PRoHO midinbie Mteiviaphable odfiltaiel | Ng

agent infiltrated therein, as second layer: The hydrophilic nenbrane filter
as the fi rapeduapelntioskyivirtue phwetting ageay infiltratedotherstn, f$ $ecend laygrs an

045 m ¢ dbnescghta gt it TSy atingld ook s BbBalt i
0.5 i i . . | B : i .
ssed wns & By AR USRS peXEAE TR OERIMAARG: 100 RPvifie DR sPECTDSS B

having a paickndsh 3€ 150 ph, 4/ Pordkiey YO RAE RES PEbckdttd iflo 5 5Cdh iMdiatheRAEt Eie  (4)

Cont ai ner conprising wetting agent-requiring single-Ilayer hydrophobic
menbr ane fhydraphobigimestbransrfier evthie sgadnd fsiverised miasrd hadrephabiq Burapengapsinebrasie

filtering u s solution by virtue of ting agent infiltrated therein:
The o1 ng T oRIEsHG bictY e e Srr PEP 4538 S0E s PRYESELREDS Bhlapor e
menbrane fylth&er (Nhon MIlipore Ltd.) having a pore size of 0.45 m and was
processed Into 0.5 cmin dianeter. E. coil was used as m crobes to be
nmeasur ed. @) Coatainen@smprispg webétthgi ageat-ehuisipg aingle-layérf lgrdrdphlobié . M¢mirane filtengen
Corp.) to prepare an E. coil  suspension having 100 individuals of E. .

coi | /10 niWhich spmprises bydraphebis smbtng fitshcapalle ¢f dlieiing 2qvepysetolytiondyyvirtue

(Ki kkoman &Qi%gea%& in{"ﬁr%fjed%?rgiﬂ extra-m crobi al biological material renoval
An ati

reagent. raction so ion included in the Lucifer HS Set
(Ki kkoman Cor p.TheWagglélsier agdidphotic Qhinirast fikel ukddoWasQl Uydrophobic Durapore

membrane filter (Nihon Millipore Ltd.) having a pore size of 0.45 um and was processed into

0.5 cm in diameter.

E. coli was used as microbes to be measured. E. coli was suspended in a phosphate
buffer (pH 7.4) (Invitrogen Corp.) to prepare an E. coli suspension having 100 individuals of E.
coli/10 mL. An ATP elimination solution included in Lucifer HS Set (Kikkoman Corp.) was
used as an extra-microbial biological material removal reagent. An ATP extraction solution
included in the Lucifer HS Set (Kikkoman Corp.) was used as a microbial dissolution solution.

10 mL of the E. coli suspension was added onto each of the two-layer membrane filter,
the single-layer hydrophilic membrane filter, the wetting agent-requiring two-layer membrane
filter, and the wetting agent-requiring single-layer hydrophobic membrane filter. Then, 10
pL of the ATP elimination solution was added thereto as a first reagent.

The two-layer membrane filter and the single-layer hydrophilic membrane filter could
filter the E. coli suspension. However, the wetting agent-requiring two-layer membrane filter
and the wetting agent-requiring single-layer hydrophobic membrane filter failed to filter the E.

coli suspension. Therefore, each hydrophobic membrane filter was infiltrated with methyl
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10 nL of the E. coil suspension was added onto each of the two-I|ayer
menbrane filter, the single-layer hydrophilic nenbrane filter, the wetting
agent-requiring two-layer nmenbrane filter, and the wetting agent-requiring
si ngl e-1 ayer hydrophobic nenbrane filter. Then, 10 L of the ATP elim nation
solution was added thereto as a first reagent. The two-layer nenbrane filter
and the single-layer hydrophilic nenbrane filter could filter the E coi
suspensi on. However, the wetting agent-requiring two-|layer nmenbrane filter

and the wRbhdlRg a 3eeMg dgRfitoatklevesfiligtir. | ayer hydrophobi c nmenbrane filter
failed to filter the E. coil suspension. Therefore, each hydrophobic

menbr ane filtAftentte filtdfation, r 200eill waf tthe ASER gktrackion ablotibro iwaasaddedvttierétoigs agent
to achieve filtration. Aftf:r the filtratiop, 200 pL of the ATP extraction
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si ngl e-1 gﬁbe:'réd%gdr op (l%bl C rl}e réﬁg@?l%l% é%{er%g&gé’rﬁgﬁc gﬁﬁkﬁdg@g}é@gqgﬁ@gg ed. The
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gbic

be becauwetting agsint-refuiringesinglayer dwdep duembrgne ifilier,.al?2 gmolof ATP wasmage
or dissolutio E. coil ; tting agent .infiltrated in th

nydr ophoBf e oFhaTmr of AP defeet it el Fimbcte e el BRIy Mol ves
Fil trati gnetdbraHghicfoctbd YRR IR -1y Tiinfiend filtdr€r USing a wetting agent
reduces both mcrobial detection sensitivity and precision. On the other
hand, the twoThiayesultmaaypbarbecdusé the rcolitdetioed AlReflavsel odt duringt filiraton dwgett

i nproved m crobial detection sensitivity and B{ eci si on.. DESCR| PTI ON COF
SYMBOLS damage; oflissglition of fhfolhly the weliting agent infiltrated in the hydrophobic membrane

filter.

The microbial detection method which involves filtration through a hydrophobic
membrane filter using a wetting agent reduces both microbial detection sensitivity and
precision. On the other hand, the two-layer membrane filter without the use of a wetting

agent improved microbial detection sensitivity and precision.

DESCRIPTION OF SYMBOLS

101 two-layer membrane filter

102  container

103  reagent supply portion

105  suction portion

106  washing solution supply portion
108  heating portion

109 arm ’

110 dispensing portion

112  detection portion
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102 contai ner 103 reagent supply portion 105 suction portion 106 washi ng
sol ution supply portion 108 heating portion 109 arm 110 di spensing portion
112 detection portion 26 113 reaction container 114 input/control portion
115 | um nescent reagent 116 hydrophilic nenbrane filter 117 hydrophobic
menbrane filter 118 waste liquid portion 301 reagent 302 reagent reservoir
601 excitation light irradiation portion 701 E. coli 702 E. coli suspension
703 mcrobjal dissolution solution 704 E. coli-derived ATP nol ecules 801
bott om of dént A53GHeN WA Nl ar cap 803 screw 901 screwed bottom of

cont ai ner Ozhﬁﬁyg&ﬁgﬂqgﬂghar cap 1001 single-layer hydrophilic nenbrane
co

filter 10 tal ner m cr obi al dissolution solution that penetrated

t hrough nendsr amgninkdcbirreapeet dr opped of f
116  hydrophilic membrane filter
117  hydrophobic membrane filter
118  waste liquid portion
301 reagent
302 reagent reservoir
601 excitation light irradiation portion
701 E. coli
702  E. coli suspension
703  microbial dissolution solution
704  E. coli-derived ATP molecules
801 bottom of container
802 annular cap
803  screw
901 screwed bottom of container
902 screwed annular cap
1001 single-layer hydrophilic membrane filter
1002 container
1003 microbial dissolution solution that penetrated through membrane filter and dropped off

1004 E. coli-derived ATP molecules that penetrated through membrane filter and dropped
off

1101 suction port
1501 ATP molecules
1601 ATP molecules that penetrated through membrane filter and dropped off
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1004 E. coli-derived ATP nol ecul es that penetrated through nmenbrane filter
and dropped off 1101 suction port 1501 ATP nol ecul es 1601 ATP nol ecul es

t hat penetrated through nmenbrane filter and dropped off 27 Wat is clained
is: 1. A sanple container for mcrobial detection process conprising: a
two-| ayer nenbrane filter conprising a hydrophilic nmenbrane filter as an
upper |ayer and a hydrophobi c nenbrane filter as an underlying | ower | ayer;
and a contai ner which holds the two-layer nmenbrane filter in the bottom
wher e t havmittiedlainRdge of the two-layer nenbrane filter is secured. 2. The
sanpl e container for mcrobial detection process according to claiml,
wherein tthe HAysdmplshiontagnerfortmigrobial detectiontpsecesswonipiisiagi on of capturing a

m crobe, and the dr ophgbi ¢ nbrane.filter, has. the function of retaining
B Feagent 3. b e i Hhetnansn Aoroming & SHioRTisReBpER, Heba8an SoBbr di ng
to clai Mﬁ,{ ' : fikd foflbbel a pore size smaller
t han thglléjyg¥ t e%@%éﬁggﬁorg%&g&?}gﬁgkéé%ggﬁpﬂe?gr .g 91% Th}é&’g‘a}#pl e contai ner for

m crobi al det gebitaienwhivhdmldacheo kwo-tget Mmembdne filter W ehechoitotnwherb Ythi¢ opteobi C
menbrane filter is a porous nmenbrane filter having a pore size of 0.8 mto
80 pm ordge efghotvemlayer membrapgfilterds sechiedh structure with a pitch size of 1 m

to 59 m 5. The sanple container for mcrobial detection process according
to claim1, wherein the hydrophobic nenbrane filter has a thickness of 7 m

to 800 gm 6. Tﬁbﬁnﬁﬁ%&ﬁaiﬁ&%ﬁ}nﬁ%biﬂqeté&i% pRic&Ys a8&ir8ing k@ Raitd PCRRGeAGROT di NG
to claim1, wherein the hydrophilic nenbrane filter has a pore size of 0.05

m t o 0. 6hydnopHilic Themisrang fitterc baxt the rfenctionrofnsaptuning ad milkedlex; tand rthg hpdreplobic
according tg claiml, wherein the _hydrophilic nenbrane filter has a
t hi cknes egtoranefilies hagythe fyncion of refaiipgp FageMt ect i on apparatus conprising: a
sanpl e container conprising, in the bottom a two-layer nenbrane filter
conprising 28

3. The sample container for microbial detection process according to claim 1, wherein the

hydrophilic membrane filter has a pore size smaller than that of the hydrophobic membrane

filter.

4, The sample container for microbial detection process according to claim 1, wherein the
hydrophobic membrane filter is a porous membrane filter having a pore size of 0.8 um to 80

pum or a membrane filter having a mesh structure with a pitch size of 1 um to 59 um.

5. The sample container for microbial detection process according to claim 1, wherein the

hydrophobic membrane filter has a thickness of 7 um to 800 pm.

6. ‘The sample container for microbial detection process according to claim 1, wherein the

hydrophilic membrane filter has a pore size of 0.05 um to 0.65 pum.

7. The sample container for microbial detection process according to claim 1, wherein the

hydrophilic membrane filter has a thickness of 7 um to 200 pm.

8. A microbial detection apparatus comprising:

a sample container comprising, in the bottom, a two-layer membrane filter comprising
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a hydrophilic nenbrane filter as an upper |ayer and a hydrophobi ¢ nmenbrane
filter as an underlying |ower layer; a suction portion which forns a
negative pressure below the two-1ayer nenbrane filter; a reagent supply
portion which separately adds an extra-m crobial biological material

renoval reagent and a mcrobial dissolution solution to the sanple
container; a detection portion which detects |um nescence froma sanple; and
a control portion which controls each portion in the apparatus, wherein the
control pox hidmpkitic meenetganenBlteremopanuppsn tgyiey apd atliydrophobia ddembrane filter as an
extra-m crobj ﬂl. li)i ol g%; cal material renoval reagent to a sanple in the
sanpl e cont¥PhENE 'IWENnYabt uates the suction portion to filter the solution

in the sanple i : - K| n

act uat e the- r angny o WAUAR S rebR BT RR My o Lhomats il
solution to t heresgeplepphp pdréibM &hichIsepdrarlymadis @i ekira Geitbial BiblEigdd htersl]
according to claim@8, wherein the hydrophilic nenbrane filter has a pore

si ze smal | emovhlaragentandof mictabidh disseptiwbiohutivand thesemple(coptainer.0. The ni crobi al
detecti on apparatus .according.to claim$8,, wherein the hydrophilic nenbrane
filter has a pdr ?f‘?%pﬁqlo’@)ng:thrﬁefeﬁitsé\"ﬁ’@eéﬂemé?éor’ﬂ Fléarﬂ@&r%‘ghobi c menbrane
filter has a 1 : b in thESpph iR}eif€t ection

appar at us acco%g{oﬁgéft%o%é a?vﬁcg?&ﬁ?gsr%?%%wge) }netage%égr%%g{% elporti on adds a

| um nescent reapenrbntisl pditors achtes el reigaRr supplydpdrtien detaddt the nexprasmiicrobial
detects [|um nescence generated fromthe solution in the sanple container

t hus suppl bigtagiceli material refeoval tasgend Se ensampde dieHie. sample qomsaingrc thayi aptuatpsttbet i on

apparatus according to.clajim further caonprising.,a i nsi n ortion,
aherern & nacps geRep S s b st LA s oRRLPOIRaen PRI P REEbREE on
to a react 5pg, aRhah AGhatedRE rddant3HRG HbABNRE KA AR ril6lo8fl iskoliisERRRIA %o
generated through the reaction between the sanple solution thus
suppl! enent ¢ sample coh@iner.cr obi al di ssolution solution and a | um nescent
reagent. 29 13. The microbial detection apparatus according to claim8,
further conprising an excitation light irradiation portion, wherein the
detection pgorti : e .1 0 s
excitati ongl i ghﬁ{kl &?‘ggﬁlgf idggﬁé{fo;noﬁﬁ?q%ﬁag&e%%i%? cg]tgg téﬁdﬁklflg ?] %%3 i g{? ‘ll glx&%phlhc
membrane filter has a pore size smaller than that of the hydrophobic membrane filter.

10.  The microbial detection apparatus according to claim 8, wherein the hydrophilic
membrane filter has a pore size of 0.05 pm to 0.65 pum, and the hydrophobic membrane filter

has a pore size of 0.8 pm to 80 pum.

11.  The microbial detection apparatus according to claim 8, wherein the reagent supply
portion adds a luminescent reagent to the sample container, and the detection portion detects
luminescence generated from the solution in the sample container thus supplemented with the

luminescent reagent.

12.  The microbial detection apparatus according to claim 8, further comprising a
dispensing portion, wherein the dispensing portion dispenses the microbial dissolution solution
to a reaction container, and the detection portion detects luminescence generated through the
reaction between the sample solution thus supplemented with the microbial dissolution

solution and a luminescent reagent.
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portion. 14. A mcrobial detection nmethod conprising the steps of adding a
sanpl e conprising a mcrobe to a sanple container conprising, in the bottom
a two-layer nenbrane filter conprising a hydrophilic nmenbrane filter as an
upper layer and a hydrophobic nmenbrane filter as an underlying | ower |ayer;
addi ng an extra-m crobial biological material renoval reagent to the sanple;
formng a negative pressure below the two-1layer nenbrane filter to filter
the solution in the sanple container; and adding thereto a reagent for

di ssolving the mcrobe to extract a biological material from the m crobe.
15. The m crobjal detection pethod according to c|aim 14, further, conprising
the stepd3of. The gaKcrobyy detectionoppriratuy aperdifg alo watm & fuithen SOEWHSING edfhent
and detectij.ng lupine g rat g h eact..on ) i crobi a
detectioﬁ&ﬁggwgd lgcgglﬂﬁbntg&?Pgi?ﬁf&ggﬁﬂgﬂﬁégﬁgé Hﬁ@?ﬁ&‘ eﬂ§&§%%h§ -

i rradi at igdferhted fRInPtRMafiple BPReRitaBbn WektNradigtidrPfrbMNtht le@ditatioR Nghtdabiatiém g
fluorescence generated by the excitatron light irradiation. 17. The

m cr obi alpodemmecti on net hod according to claim 14, wherein the reagent for

di ssolving the mcrobe does not infiltrate into the hydrophobic nmenbrane
filter. 18. The mcrobial detection nmethod according to claim 14, wherein

t he hydr cmhi I iAc cpéeormtrd?{ég%éd Egﬁgqg&ﬁﬁé&o&g Sf%BIg(gﬁ:snal | er than that of the

hydr ophobi'c menbrane 19. m Cro I detection nmethod according
to claim 14, whhigh Caniple cOipfisingh hicrobd®ENatipR ddntdiir cBMPrisind) @ theHoBBmOf
0.05 mto 0.65 m and the hydrophobic nmenbrane filter has a pore size of

0. 8 m t o a8@ortaye? Menbinanenfiltar sbingtisidg & diydiophilipmemitareciilter ds agupper ddysi andial,

further copprjsi.ng the st of heati.ng the sanple and/or supplying thereto
a washi n%‘yg%l’h?sl?lﬁﬂ‘eﬂﬂlgfw fﬁ'(%r Bhn WETlYInE JOVT 19Y6E extra-ni crobial bi ol ogi cal
materi al remyalind SAGERALmi : . o i j . The

m cr obi al det g@.ull%n m&@gﬁiﬁ@@%@ﬁglﬁ%%&g} gﬁrﬂnq\%giexgélﬁirtfcﬁ@ﬁ%m mg)-’ri sing the

step of addi figming/€gedative peesnat beloante two-dayer rregidnedilieeto fier the lsblufién on,
when the mcrobe to be neasured fornms a non-vegetative cell.
in the sample container; and

adding thereto a reagent for dissolving the microbe to extract a biological material from

the microbe.

15.  The microbial detection method according to claim 14, further comprising the steps of:
reacting the biological material with a luminescent reagent; and

detecting luminescence generated through the reaction.
16.  The microbial detection method according to claim 14, further comprising the steps of:
irradiating the biological material with excitation light; and

detecting fluorescence generated by the excitation light irradiation.

17.  The microbial detection method according to claim 14, wherein the reagent for

dissolving the microbe does not infiltrate into the hydrophobic membrane filter.

18.  The microbial detection method according to claim 14, wherein the hydrophilic

membrane filter has a pore size smaller than that of the hydrophobic membrane filter.
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19.  The microbial detection method according to claim 14, wherein the hydrophilic

membrane filter has a pore size of 0.05 um to 0.65 pum, and the hydrophobic membrane filter

has a pore size of 0.8 um to 80 pm.

20.  The microbial detection method according to claim 14, further comprising the step of
heating the sample and/or supplying thereto a washing solution prior to the addition of the

extra-microbial biological material removal reagent, when the sample is highly viscous.

21.  The microbial detection method according to claim 14, further comprising the step of
adding a vegetative cell conversion reagent after the filtration, when the microbe to be

measured forms a non-vegetative cell.
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