M CROBI AL DETECTI ON APPARATUS, M CROBI AL DETECTI ON METHOD, AND SAMPLE
CONTAI NER USED THEREIN CLAIM OF PRIORI TY The present application
clains priority from Japanese patent application JP 2009- 044648
filed on February 26, 2009, the content of which is hereby

i ncorporated by reference into this application. BACKGROUND OF THE

I NVENTION 1. Field of the Invention The present invention
relates to a mcrobial detection apparatus, a mcrobial detection

met hod, and MICROBIAE DETECTIOB! APISARIAT S MICR ORIALBERGC TIONIMETHOD, AND
The detection of mcrobes or the determ nation of microbial counts is
practiced, for example, in SR EONTAINERGISELEIEREN ories or
regenerative nedical facilities, as nmanagenent for safety and health
that stops the m crobial contam nation of products before it starts.
In particular, the detern nati on CHAIM OF®RIGRITOOuUNtS is conduct ed
under the provisions of the Japanese Pharnacopoei a on produycts or raw
material's in phaberireseit japplication: claimsepriordy fkom Japancse patent appligation JPy2Q00-

of walls or ' ep WM. 1 B : i, G j

The "det or i ARie kS on BHET 26 PloBs, bbbl oPUBEA Ry SRoniALOR) RRrence
factories Whtblhis fplitationoduct i on of HACCP- (Hazard Anal ysis and

Critical Control Point) and conducted as inspection of the food
factories thenselves or their working process on food products as

wel | as on the surface of M@kﬁq%%gmﬁﬁgﬁ@gﬁ@qsuch as cutting

boards and kitchen knifes. m crobi al counts
i s gener al |1y Fiek¥dfolieaekntiyn a cul ture nethod. The culture nethod is a

m cr obi al -count _det erm pati.on t hod whi ch conprises: for |.jqui .
sanpl es, direct T{e preset iyenting rela oM AFCLHOR PR segpOl dtection

for sanpl e%iﬁ%&?mﬁ%@pﬁcﬁﬁﬁin&ﬂ%@di%ﬁmd1 plating a liquid contai ning
e

m cr obes was out o e sanples, onto a nedium culturing the
m crobes or2. Bhekgrmdd Aty and counting the number of formed col oni es by

use of the fact,_jhat one m crope fo one col ony.. of her gener al
approach is a n%f’l%&%‘?%“’? i°?1f’}é-° WY t[’r%ngﬁfi‘a“woﬂ\ﬁ?%ﬁcr ‘El_r"'d’b’f’%‘iﬁs PHed, for
are det er mRgdslHSh PRarRatRAR 818 od FcloBiks or TBRnMaivERAGIRAI fa8ilifles, as management
determ nati on net hod which conprises: filtering sanples through a

menbr ane f ifon safety and:health that stops theesicrobiab eentamination of pdupte beforerig starts.  In

havi h i b . | di d [. i
P11, L0 SGAHE S LA, AL A B B R S 40

Al ternati vahpanest FRairRaRepddal diOptbdicieora® mdterfaldl ih phemaosmticAl TRGories as well as
spraying a mst of an ATP extraction reagent for extracting adenosine

tri phosphatoa giatim surfagerpivwvells or Wpikewbalovesnstca withis phasmassuticabfgtofes. The
Caini ” ; b iy e
contal ning dgﬁﬁhm&é@i@rﬁ%%%%&é%% Bso Q&tdﬂctgd W?@HQ &rﬁl?{heQ%?/déig&mn of

the captured mcr hT Ag, "USI ng arge cou

devi ce) camEA@CP Mk Agihsispad WrisicA fContioll Pyta L aid condieted g imspectibi ofthéfood
the luciferase-luciferin reaction with ATP, and determ ning m_crobial
counts (Jafeieries thespselves aioihelr Fwrling pragess gndagdsprogucts 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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SUMVARY OF THE | NVENTI ON Conventional culture nethods involve

pl ati ng m crobe-contai ning sanples onto an agar pl ate nedi um and

t heref ore have the problem of the highest sanple anbunt |imted to
approximately 1 nL. Accordingly, the nmethods have the difficulty in
determ ning mcrobial counts for a | arge amount of sanpl es containing
a small nunber of mcrobes. Al so, the nethods di sadvant ageously
require 24- to 72-hour culture to obtain determnation results. As a
result, pharmateutical or food products, live cells, and the |jke |,
must be shieglstsamiped ysing eé%eﬂﬁvr@edﬁt@ai e YE Grethediied Hftﬁra@ip%swnrfee;hth‘ghlch
This give ' t f f oy c .
Thus, it E%@rggsénfﬂt eﬁ%%%ilg@e% gﬁﬁu ugzﬂ{@niyaner gg%i @e%'ﬂ oer H?ﬂgb& DIACHRE the
det er m natiembrané filterchiavingathe captured microbes, dito e ayae piateomadiuivEandeutvaihg, the
nutrients in _a nmediummay hard|ly be di(s/tributed to mcrobes i

[ f .
i ntimat e BsERhee theregniand countime dhenumbsr al/saleriesy o Alterastvalyna msthed ovithoptthe
havi ng t he c 1 cr-obe he. I LM, ~ghu . Al i :
ther ebet vgisnoF PHAEE BoEhalSordfifl W BIERR #n18 BaRidl Fenfll 30d Whracting
not const afehosiit Siptosphita RTRY Frymr withih trhiothbesn andas Virigessent asageht containing
col oni es and reduced,  determ nati on preci si,on. The ME met hods, i nvol ve
sprayi ng Wsifexyse agg fucifern, ontor amembrangRkte hayiag gseantared imiprebes; phategraphing,

menbr ane { . ext [ i [ i '

sanpl es o‘yl%??gp g%%%t% |c§§@€ﬁy§ ilﬁrcg‘?lg%’ ?1% l{rﬁgﬁﬁ@ﬁt P g#gﬁlb 1#?%? Vggfr'é??t?d
t he m cr ofhraugh cehk | luvifdrhse-ladiferif t reactipnenithgATPO and sdesdrminhigy @iivrehiahrioums
of the extraction reagent, extraction efficiency is reduced,

resul ti ng(JFR?“?SS@’G@éHAHgF@HﬁNPa?T%W nsitivity. An obj ect of
the present invention is to rapidly, highly precisely, highly
sensitively, and conveniently detect and determi ne a snmall nunber of
m crobes contained in a | ar &Myl ObTHE RSHENEON W have

i ntended to provide an aratus and a nethod for rapidly, .highl

br ecl sel y. _ht GRIETGRRE PGS Fpods AR ey et Bog mtelf ot o age
det er m ni fgke8m&iieth | an@UikBRfor®hatl HeOR@BlemOBE BeNRighdst s@npl@gRuaiMied @
a sanple, and have therefore attenpted to devel op an apparatus and a

met hod byapphixithately it rek.o bacaoadingly, theymetbadyphaye the difficeltyr is detehminingmigrobial
menbrane fil tefr' t]he mcr ob?ef ar e di stsol.ved i Ny @ sgffé}ci ent, armdl_ﬁgt tgf
a ni cr obi SAUn%i 195 81 148F GHONT: o TABRICS SORERE ismRlb PRTOY o M Ve o A 5ASAY
on | um negelitds diadyantipeARRABGuife@ACtd T2Mholt bilturd 1©/0BfBr défimingdon results.  As
bi ol ogi cal materials as an index. During the course of this process,

we have f# result, pharmaceptiesh befood pragipts,diae eells, and the Nigganust beeshipped only after the

m cr obe-cqnt.ai ni.ng ,sanple. is _filt d .t hrough rous. hydr ilic
rerbr ane g O a@BRBadion Tonr " S ekl e ¥ o BuTbR T o BRIk’
pore si zeecohohye THAED dae bkdn H@fianded t€ agfuty GtheQBqiiRRe o tHeadederMinatibie of
menbrane filter. By contrast, mcrobes having a dianmeter close to the
pore si zemisfobigheoysbr ane filter have been found to infiltrate into

t he nmenbrane fjl Ymftd i gl !

di ssol ution rgﬂéééﬁ{en@&g?ﬁ: kﬁkg{oggt?act |%Elt?rge&ég§¢1n?)@sp{%§ge% %@E&%?’
menbr ane thickdbes iftiatinmatg cdrtet i ot ol etelyysowddgdt ietvadn b ermbrane Hilter havives the

m crobes have been found to be dissolved within the nenbgane filter
Such t hat B Bierqbes aad themediums s Bt SHtetng @Fﬁeﬂqtge%ne. 1 suckgoggse, the

remain in ; eq: . R
roror an 0TS P2 AR ibiopdslre gl R Ry i Al iz of
extract i otolondssgmd treduged dethrnéinsioatpredisiorn. Ghe ¥ methodo ntvalvaisprryimg an ATP
bi ol um nescen{ reagent (e.g., |uci f@ﬁr,asell uc'gl;?er}ln) algd subjected to

| uni nescefrt@CtiABAEIACRANE migrabRs faRBEsd de thennenpns filkes Babmsareed exirestine
decr ease : Henni N 1 : j Mo
resul £ ngrer it bIALESy B4 oBffr o3 bl B h RS RAd B or e he
at t enpt edmirdbiil Rell watls ale KAPrehaigh tadebigdghd fieexhaag of ¢t ExErAaco regRhiy

extraction efficiency is reduced, resulting in reduced determination sensitivity.
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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

t hrough the nenbrane filter and dropping off. First, the hydrophobic
menbrane filter nmust be infiltrated with a wetting agent (e.g.,

al cohol s such as nethyl al cohol and ethyl alcohol or ethers such as

di ethyl ether) for filtering a m crobe-containing agueous sanpl e

sol ution through the hydrophobic nmenbrane filter. However, the

wetting agent diAsseliesssf the presentigesntion isitomaisily, highlycraeciselynhighly gensisiyelys and
the wetting a

deteri orat ec&?grfq‘%mgtd%g# Jﬁﬁ drrgg&rréen%gngl%utﬁ& gﬁﬁdcp&e; o oacrﬁavﬁa laf:ﬁe amount of
i nvol ves i n§kdnipl@t i ng the hydr ophobi ¢ nenbrane fi I ter wwth a wetting
agent prior to filtration has been found to be difficult to use in

m crobi al det ectWohavguaisadedite atovigp an ApPaRates Y methpdifor rapidjy, highly precisely,
determ nati on 4h

t hese probl g‘ﬁslyfsensmve %n&;‘:%ﬁ’%ﬁ%hlgrh\ép%@egn}% %?er ""%c%%\ggélm{ﬁgbe&%f%&g&s
t echni ques. coffnited\ie aﬂ@gmdnﬁuh&ﬁf aGrple i hgvethbryfdtOpfampicd taduvblopak apparatus
filter, an aqueous sanple solution can be filtered, depending on its
pore size, W meﬁboci hewhish a gricrabepgontaining saggletis ﬁ&terﬁdaﬂlrﬁuﬁgaawﬁ%w ifilter; the
pressure be .
extraction }rngagbgeegt(:%I é@gﬁ@?qﬁene?ﬁgﬁmegﬂtgwggoﬁgﬁ&& ?Ig{rl]%?%?lﬁt‘t{b Zlf arrlldthe
drops of f whédnobes ran@ ldetpstel based oh Jumpinestentesk Mhedresoerit reactiyid mihhmizrdbe-derived
menbr ane f||ter The filtration of an agueous sol ution through the
hydr ophobi ¢ lﬁ{@&ﬁﬁamtemlﬁ g anjigdex c HPwRng thgj oHrse of dhis PEICsss, yadave figst gpund
| arger than Certain mcrobes having a size smaller

t han the po @bgﬁggﬁdﬁe ar dIy captured. Thus, we have devel oped a

two- [ ayer nenbr aMierf ithet emicrabe-cintaimnge esprableelsoﬁltéxieﬂt'«hrduglg @ posaug ehydrophilic

anount of an agueouys, sol u on, capt retaining a
mi or obi al  dMERBAAR (A SBITOPOREVIT, & gliapet ﬁ‘gf‘en ¥, 1R gttty RO; L2e of the
menbrane fi lnh‘ﬁf)pan@ ARG B Sagfhed B He! s‘uﬁ‘aé@eﬁft}[l@ﬂﬁmi)falné GlterM BY BntYRE Ynicrobes

smal | pore size for capturing m crobes. A m crobi al "det ecti on
appar at us obavirgea ginmstentloserteahe pooe sico abihe seesbrane SBtaphaye begnt fabmdkto infiltrate

et ayar msh i aeaare PliycmdB YRR AP e Vit hanbiati Ssdhucion

filter and fagesd(OPhADP extiREH RERNT)Iid ddled dftodRe M&ﬂlﬁ'ﬁﬁe\’ﬁm h&@fOH microbes
| ayer capable of filteri ngl an agueous solution w thout the use of a

wet ti ng agethus eapinred thesswitBingthe anerr@:reﬁﬁwedx@glafquv@tq&eechsg@w@i wighid the membrane
suction porhhé%’}u&r@%«drﬂ?ﬁs?ap Et@(?bl% ch PN GE rﬁf@?g Wos }e flin h{ll thdlfbrane
sanpl e contal ner e hy ropl I'c e raneFa} as 't |rst ayer

of the two-fikster Whenblieasitratted AEPs bs theempabratid fikerl 06 trﬁ‘aﬁtHer ithgefrom together
m crobes, while the hydrophobic nmenbrane filter as the second | ayer
i s responsi pith theoATP eﬁxﬁ'ﬁﬁoﬂg"'a&eﬁté&@‘éﬁha state to a geataIeH CoRYaiRiag faHEoluminescent

present inv a t I
et 11 or oo ThYLRR PREERCHRTD o iR AR AR ool il Mipfifihonce
| ayer and t menkiyydhaiieeh f@nﬂmrbe aeweafsadl dverto asItishemsiging s allesgdn theymembrane

means of a g %atlve pressure formed by the suction portion. Thus,
m crobes i niferesiinginge &‘?ﬁﬂe@“‘é“é}ﬁﬂ“l Homgaich e captured by the

hydr ophi lic rTenbfhﬁngNJ III%XE g{so ;ﬁplﬂéﬁ 4 inkfbd Wa¥E o Qphﬁdlr%qor ¢ ractlon reagent

di ssol ved or damagéed. e negative pressu Isre
nor mal pr esentp ghe }decbphlhmnmmbtanalﬁltdl ang 0dft stasiingsa] stitringihe mhutioe lforadgimﬂ time

to the nenbrane fi sult, the hyd hobi.c nmbr an ter
25 the secolidbemye B son audiinie Repbigne K nPONER A SUneSa7t & 5h have been
sol ution fofugd @ é@ﬁbtrra{_enﬁrohgh ReCMERbrabd B1tEY Er{doﬁ'fg:ﬁ ofid kR Rkl tﬁ Rhe extraction
solution frompenetrating through the nenbrane I'ter Tand droppi ng

of f. Accor dreagent, befonebgmglferited fromewithianhe mémbramectiltein assuitmp in didbuliyiberation.

hydr ophi |'i c. rrenbrane fl|t%l’ as the first |ayer can bg di ssol ve and
We have further attempted a method "using a hy rophobm membrane filter
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FIG 2 is a flowhart showi ng procedures of m crobial detection
process. FIG 3 is a schematic diagram show ng the partial cross
section of a mcrobial detection apparatus according to an enbodi nent
of the present invention. " FIG 4 is a schematic di agram show ng
the partial cross section of a mcrobial detection apparatus
according to an enbodi nent of the present invention. FIG 5is a
schemati ¢ di agram show ng the partial cross section of a m crobial

et A AR T
B L e s S Y

an exanpl the biydiophvbicomembraiie fltdrwins bymfiltredbritdne whiting egent (etg, dldvdols such
bottom of a cont ai ner.

FIG 8i dj howi , | e of
how t o nofretayl alephphyndy ethyl AsoBpleTretheposuch 4F G1eiL SDB foAlisring a microbe-
ot er mod Sopiinine ilins bebfle JoEORRRALS ol AR SRy, Howorer, the

menbr ane wettihg figeat dieotiien gr damagbemierabge ntIniaddidot, iclution bf the wkfing agent from
schemati c di agram showi ng the jnternedi ate process of a detection

met hod  U&f AyRrase dilteredyring diltration fistﬁmrﬁﬁe&%m a?rzormc?erldh% '&S apgropch
a di agram,j: Is t4 | ' b '

Shov s TV 5L 0 L0 Ry bR bR gL Al gl 002
absci ssa filtratidr kasnbiednefoundt td\bP difficalt e diseidi myictobial demeetionigaantifieationa el
filter.

microbial viability determination.

The present invention has been achieved to solve these problems found by us and the
problems of the conventional techniques. We have found that even using a hydrophobic
membrane filter, an aqueous sample solution can be filtered, depending on its pore size,
without the use of a wetting agent by forming a negative pressure below the membrane filter,
and have also found that the extraction reagent neither penetrates through the membrane filter
nor drops off when normal pressure is provided below the hydrophobic membrane filter. The
filtration of an aqueous solution through the hydrophobic membrane filter is achieved with a
pore size equal to or larger than a certain size. Certain microbes having 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 memBrane 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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FIG 13 is a diagramshow ng the nunber of ATP detected under various
conditions. FIG 14A is a diagramillustrating a nmeasurenent
experinment on the ability of the two-layer nenbrane filter to retain
a mcrobial dissolution solution. FIG 14B is a diagram
illustrating a nmeasurenent experinent on the ability of a

singl e-layer hydrophilic nmenbrane filter to retain a m crobial

di ssol ution sol ution. FIG 15 is a diagramillustrating an

el uti on exper i mAntording fTike present invensioni a hafae amiount efen|agyesus pasmly sphaion can

filter. G, 16 i fagramillustratin neeluytion ri.nent..
o TP mol St iR b EYRTHHAM RontiRhd Bbisrat Y 6Fl diis? Ang WR Tl Rdeic
FIG 17 is rﬁ’en(il:iré’fﬁ:rﬁlf@r S enpl dé&)n'ﬂil@,@r G?%Bﬂseéfta ﬁdg&ﬁk@epr'bdauﬁeﬁ&med by the suction

| um nescence intensity of a mcrobial dissolution solution that .
remai ned orpogtiogi nghus, mégreles iy the apwdons samplendsiusioa can be eapturprdibythe hydrophilic

m crobi al dissolution salution tha netrate hr qugh the.nenbrane..
Fi [ 1or ana Hoapp BF 5 e ey g B il O SBthelg il e Aofve
t i me- dependpebure ReRetBred lo hbighal PrEbsiRS GRNE MidrbtidBdsbMti® sclutith G Bk added to
di ssolution solution on the two-|ayer nenbrane filter. DETAI LED

DESCRI PTI OtheomempaneRERERRER EMEBOtheNgirpghobic memprans filigriasrthe geiqend layer can
enbodi nents_of the present .invention wll described w th ference
Lo the dr araeteERRuRaRereit YERaalh Mo df; S7EL i o bl BlhRRRE:
descri pti orjikehagy Gyludsy feaNSenctrdila it |thé Mhehiialfitdetae¢t diofping off
appar atus and net hod FIG 1 is a schematic diagram show ng the
partial crdesorknstp dhe mpseat inTestionitha migenbeceapweddyphe Brdiephdicaaemlingng fltsr
an embod! MERLyOTayd SR dlsYRAL LA midDFe BB REP B AR within the
appar at us conprises B cOnt ai ner 102 conprising a two-1Tayer nenbrane
filter 101 hydrophitic haémiaane AltéreaQehat firstu gery cqnobd iliberattd IntoathpispiatidD4n the
for reagent supply, a_suction portion 105, a washing solution supply
portion 106}Yd@PE415@em¢nP§}tefvﬂé§}FﬁfH§ laggt-uti on supply, a heating

portion 108, a : ' | ' Dl

di spensing, a dg%1 %@ﬁ%ﬁﬁg&%@éﬁgﬁ%} %hggéﬁ:fta?%g %%ﬂ?@f’%%?ﬁf%éb%%o Sa{'lrrln
I nput / cont rtol 0.§0O kn. orThi Idrophebid meirbtane nfilteolas phe second 1dwér hes b grons size of

centralized contraol_ of t oper.atj on of eac ortion jn_the .
appar at Us. PFHEEBISEHAR S8’ | SRR e S Reh ohiFyes bevies  pore
"ﬂ)gar atus. JRe&ef K569 PR 1695 8in kliablf ek RcrBbds UMTRERRIFSHhobiE 338 BFane

filter as the second layer having a pore size set to 0.8 pm to 80 pum 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 biclogical material; suction-filtering the agueous 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 agueous
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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The two-|ayer menbrane filter 101 has a first |ayer as an upper |ayer
serving as a hydrophilic nmenbrane filter 116 and a second | ayer as a
| oner | ayer serving as a hydrophobic nmenbrane filter 117. The
hydrophilic nmenbrane filter 116 as the first |ayer has a pore size
set to 0.05 p.mto 0.65 pmfor reliably capturing mcrobes. It also
has a thickness set to 7 p.mto 200 m O course, the hydrophilic
menbrane filter 116 may have a thickness snmaller or larger than this
range. However, a nmenbrane filter thinner than this range has weak
nmechani catllostingsthediherated biodogigabmatesals Yo #t Ok @rthislirengryt faastive dharesp, followed

21 ove-a Dopbu B RRAARRed od FF rIbRE° o iR obellr e3P PREGHTRA ¥ o

vari ous r@@@ﬁ%&@éﬁﬁdidﬂmezrtealidmegwr@lﬁbicmt@daranthﬁtsﬂ the thickness is
preferably 7 E_mto 200_pm The hydrophobi ¢ menbrane filter 117 as the

second | ayer Mg niessef inventioa pravideso apmprepialt detecion mparens ead jag pligrobial

00 R QG SR v bl o Sl R0+ PNE NGRS of ) adyiple ble”

t hi cknesssofififh,| réliabBy dibsdahviled mickaes, tahd Sasilyp B1gEng, HOWEYME memBrai® filérakbislogical
filter thinner than this range has weak nmechanical strength and_is
pr esunabl Batpiiabk exfrastpd; Hemnfthe wpigrobesn. The peeseritipveatign also rmsewides rie migrokialy

t hi cker t 1 Nj r ' I ' i .

{11 trat i chbt bR R FRRERP eI WGP s BB Sliive, ighly
FI G 2 i sprécide| eapihaind cohvaniegmivisbi diubility @eterhinstivhi al 1etoelt tqudification
process using the m crobial detection apparatus shown in FIG 1.

FI GS. 3 tWitlout b yescalicyityry andhwithouhthg needrgi sxpesigncenbodi ment of t he

m crobi al detection apparatus of the present invention, which will be
descri bed bel ow together therew th. The contai ner 102 conpri sing
t he two-| ayer nenbrane fBRIBFDESTCRIPTION OFHE DRAMANGSaded in t he
apparatus. First, .initial values as to the high or Jow viscosity of a
sanpl e or wheFHzarl ip sehsma %FIFP'EE]?%‘H% FheipéniaL°f853§FJ‘6’t°€ of »Pifrelia ‘%‘@"“0‘1
measur ed @bl Rtbrdidy tt);aggfggn?dmélﬁ%a{egkesmwe%n.l14, and i crobi al

detectio s initiated An aqueous sanpl e sol ution contai ni ng

m crobes to bEIGeds aflewchast showing prasedunes of andrabialatetetYoh rE82e2) . Wien
t he aqueous l.e sqlutjon is judged.in st 203 .as having.high ..
U ecodt ton Sy hBRETS e FeseliCRagRmisana v aiel Befsopulh olf St Bieqion
108 to h%bmimga@awa%taaﬁeﬁaécﬁm&ﬁlopﬂijeg&s&mm@ﬁtwﬁpti ng quick

e

filtration (S204). n the sanple viscosity input in the step 201 is
| ow, the procEHs 4geegchematic dipgrapshawingthetpartiaberngsaedtiog ofe mirobial detection

Next, an extra-m crobial bhiplogical,.materi al radati on reagent is
supplied PPYHIS F’lcézgrrdg'}ggtgr?f‘g’é‘ﬁ%ogﬁf/nq8%#\%%%”&6?6?%%0ugh the pipe 104 for
reagent suppl ¥IG.G ik BectRid@Odisgram ¥ eing tHelpaitaDcrbsy skdidn @OH nddrotasl défRetion
(S205). The extra-nicrobial biological material degradation reagent
used is, PPk aFpTdNS tappgmbodimpry oF the PResent VSIS bonucl ei ¢ aci d), or
RNase (RNA rFﬂ?%EL%}fémaﬁ@Higéram showing B %ﬁMO%sgegjog‘ £ B midrb¥al detection
m crobi al detection apparat us® nay COH%I’I e, Instea of & reagent
suppl y papparemns acordéagent embsdimernaiof th3 @Resera idvantivnng vari ous reagents
301. In such se, the mcrobial detection apparatus nay conpri a
di spensi ng po?{f?- s 3 feRegm &*w“mgsaa’e%g@gleaﬁﬁlew? TOHRtA BrIaNeT BIeBPEge Bl
mat eri al ig@gﬁ%h%arcgﬁgﬁgﬁ in the reagent reservoir 302 through the
pi pe 111 for dispensing to the aqueous sanple solution. The apparatus
havi ng t he r eBHeritis auypram gewtingoan ék@dple o \howite miolifd a tivoklsyes tietmblne filter
uses for ,measuri ng | ar ge nunber of sanples per day, and the

appar at udriedls O%P‘ffgar"@%t@'éi*& reservoir shown in FIG 3 is suitable in

uses for neasyfd : g{qﬁ{ . : I RIHER,
sanpl e sol uti gl;lG'i@%St%ﬁgﬁ%{ghgg# er S{lggmlzgﬂﬂ : teFCgﬁtelphorc%éEatdh%&lﬁ o
t wo- | ay erusingniy tandayfer nfembrahe filtkyacrmding tothe predeng Aiventidnpr essure formed

FIG. 10 is a schematic diagram showing the intermediate process of a detection method
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As in the enbodi ments shown in FIGS. 4 and 5, the m crobial detection
apparatus may conprise the detection portion 112 on the side of or
bel ow t he contai ner 102. In such a case, |um nescence may be
generated by supplying a | um nescent reagent by the reagent supply
portion 103 directly onto the two-layer nenbrane filter 101 in the
container 102. In the enbodi nent of the mcrobial detection apparatus
shown in FIG 5, a container used conprises a two-layer nenbrane
filter 101 phingesingiedayed tydmpbilic imeeblast filien. but in the partial region

t her eof and has transparent..reqgi.on ip t bottom The detection
portion 112 is dﬁgpglsaféa agw@g&%hggfqgﬁ%ﬁﬁﬁtm region in the bottom
of phe cont al nerFI_Gnqlz et @ﬁ?ﬁnﬂ W@Mﬁioﬂﬁﬁkﬁb%@& thEmRMEEY of E. coli in the
| um nescent reaction fromthe solution in the container.

Al t er nat i veblscissisanid thetriveberndfddifhabteinedfusing thedppdayar membrhendiitern FI G 6,

the mcrobial d ctj.on ,appar at us Cc rd n citation light -
' adi aton por GG 184 dRBRoL N g TRl ph 5 Efefpl Gnddyuighe costiions.
generated by irr@di A RG dULARAeRAtnERIRGLRERerk Sxprimer N MShe EBNAS of B two-
NADs (nicotinam de adeni ne dinucleotides)) with excitation |ight from

t he exci t at fayer méngirane filtentdi ratringrmigrebial dissoBoion aletiesut t he use of a

| um nescent rea t . . The nerated | um nescence qr fJlugrescence
o et et ed by (G 1 Bedinsrim SRRFRE et SoRiRerhon U BET e
are cal cul at#er laspdilio hehBfing BltaGh edaih b Hid6S SIMESun sbluies.escence
intensity (S214) to conplete microbial detection. Wen the
process shown i rFIf & is2 diagremfilusiatingans elajtorpexperipent [oa AskRepolzeules within the
W t hout the proc s, of..t he steps 207 to 210, followed by

| um nescencéﬁtﬁggﬂﬁere“ﬁoéﬁ{eﬁlltﬁr'the step 213, the nunber of vegetative

cel l's cont ai ned FIG. 11bés 5dimglsn ARtritig dat ehalodtxpdinieat BRIATICplecitBeRithin a
the procedures fromthe steps 208 to 214 are perforned after the step
206, the nufBse-layer bdrephdiganembryne fler| s can be detected. Thus, the

nunbers of veget@hl ye; I A0 Ve Y l. ' g0
sanpl e can be di@?é}/‘glrslt% i%gi Zaé:? %g%ﬁﬁe&g%ﬁgb\?%@t% élléﬁlggﬂ]%@%%%g&@rs\@h&a
t he nunber aficroldgleliatintien whitios timy rentatnep bo a amglerayteh bydrophile Bémipane2er and
to 210 and then repeating the, procedures, fromthe steps 208 to 214

[ Exanpl e 2] a@mreﬁlalkﬂwl"a%} %953#105 @%R%V?‘H‘Eﬁf"“ggl the.mee@mny ffer and roppgftPiL.
detection sensi tprgl §9/isWake BRRWAE (RS- NS ENeh \BahRH Ak Mithin&RORE intéddly of
the two-1| ayer me_nbranleS fi Igter ag@%rdi n%@toet hemgéraesen!tﬂﬁlﬁlﬁventi on aﬂ%o ¢
a cont ai ner nognpal diselgtien sobitive ot thereb-ldyyomepbratd fftenenbr ane filter.

Two contai ners equi pped with a nenbrane filter were prepared, one of
which is the container 102 conprising the two-|ayer nmenbrane filter
101 in the bottom pEIATNED BERRIPTIONOE THEPREFERIED B8 OBIVNTS Ng

only a hydrophilic menbrane filter in the bottom Referring to FIG
7, an exanpl e ofHéreinaften theyembodithents ofishé prgeent imwention mell be desembed with refarence

bottom of the,container. M1l be descri.bed. The fwo-| nbr.an

(1l ter 01 SOMEAPBRES Hibeyer; o BRSGY iR Ring 8 of iAWY dhe, FREREBRGetow by
hydrophi | i c affeiibangne filter 116 and a second |ayer as a | ower |ayer
serving as a hydrophobic nenbrane filter 117. The hydrophilic

menbr ane fi IE&mpke1d used was an Me-M | lipore menbrane filter (N hon
MIlipore Ltg: LNg: I .45 gm a thickness of 150 gm
and por osi tﬂ%ﬂ@&%‘%ﬁﬁ&g@a&%‘%@g’%@&ﬁnt 0 0.5 cmin dianmeter. The
hydrophi | i ¢ nmenFl&Gne isfa schematizwjaghen sholitigahoptia kroksepionaofaanibiodiabdetection
filter (NNhon MIlipore Ltd.) instead. The hydrophobi c nenbrane )
filter 117 @BReRtWaaccardie: texan epbndipt fof [theoprepeny pryantion) | The ficrphial detection

havi ng a por, [ 28 : eqd .int i i :
di ameter. TH aﬁ%}%’r %‘%’F%%?ch%%&gﬁé% ?F@@?ﬁﬁag ﬁﬁ'@ @ego 3{/1%?%153? lteﬁﬁe101 in the
prefilter (INofin aMehdenibplylpottioh 103V4 Hife 0P eagbrit Supbly, AGueHhon psficads, a

Alternatively, the hydrophobic nenbrane filter may be made of a
washing solution supply portion 106, a pipe 107 for washing solution supply, a heating portion
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The container conprising only the hydrophilic nenbrane filter, which
has the same container structure thereas, is a container 1002

equi pped with a single-layer hydrophilic nenbrane filter 1001 i nstead
of a two-layer nmenbrane filter, as shown in an abbreviated formin
FIG 10(a). The single-layer hydrophilic nmenbrane filter 1001 used
was an MF-M | lipore nmenbrane filter (Nihon 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. FIG 9 is a schematic

di agr am sH8wimernt 19, a dispensiag ipettien pi%@amse Pl for dispensing, o detaeticnaortienilig
t he contai ner..conpri.si r.ne | ter accor.di ng t
the pr esdhieepinporipife: T cate iy e Bbto JRARR IS, L e ARG Pt £re
i nt er medi R @n8aRzea coRrdll6f ME bp@RiowRIrRakh pbmdagn iﬂa paRtha Bk contamer
conprising the single-layer hydrophilic menbrane tp E. coil
was used H2 iside te/atigchablerfeca/tor el apparatye| IThmgam cw@mnﬂéopomma a
phosphat buf fer ]{egg g (Invitrogen Corp.) for adjusting the nunber
of E. coi Pmln(?s%t 200" i ndi vi dual s/10 a to prepare an E coil
suspensi on 70%the two-laye® mehB¥Be filterm | 63Shas94 Hist Myer &@ﬁrﬁhppel@aﬁ}— sétbing N8 a

E. con suspension 702 was first added onto each of the two-Iayer
menbr ane Hydtapbilic niembsant filtee | 5 and lase¢amy dayehgads lopai layer sereing manéydrppltomc

R s e T e R R e ]
bi ol ogi Cajet t¥RLE iRk 0. eapm*or feRAMEpturing RESAHANT tt¥lso s SthRWAesh Bet i Bum

11(a), a suction port 1101 of the suction portion 105 was connected
to bel ow tpE80 pupo- Iny‘QPrSﬂéhﬁﬁYdmhﬂlP imegbranadilieh blonmisnhave @ thickress smajier or
negative pr e sf i) [ a

ATP el ml% ?‘??ﬁ\é{lstg {angé malg v&%\?\{’ seE"% bl;acli}ggtﬁ'e{ ﬁﬁ}n}ler M?rp-‘ﬁpgyrg&e Hafé &Qﬁ
hydr ophi |the:hamedd istegth bnd 8 presimsbiy-broken dursigsfileasin0n Akatlathedy, Ahbmbrane
elimnation solution were filtered. FIGS, 9(b) and 10(h) respectively
show a stiHitesthigkerthan Hiis rapge presumably allpwes largeeanioupt ofarspiyion taogmain thereing

ATP extr er I
Cor pe ) et HficB OpitllsdbheediE bl ek inko e AL PGS eihicefths B AERAy 7
extract dAIHPtm?ﬂOEmuJ eﬁloev?ﬁ]dréplflﬁi::ch ﬂlhﬁbﬁge fiberf1 17ﬂitheaScoadh hwdhaa alﬁlbﬁfhze set
9(c) and 10 . ile. le stanl m cr.o i ssol ution
SE)I Lt i on tﬂ@%@%%éﬁ@’&?éﬂ fF‘HPBLfgW“P&%“ Y atrseso “&%r Ihﬂg%f’rﬁ'@ﬁ Rithickness set to 7
menbr ane 1 e O, I

ot her harl'tdi,1 t%;qog ﬁﬁﬁ eépmg%ﬂ%eg?%r %d%éhﬁﬁ'? hng t wo e: gltée:rﬁr?en%g g%‘g ﬁ??l{:l{eh%ss
101 as shamuﬂen‘ ur Etg@r tigfidhis range. Hdwevier, la mémbiane ﬁitcrrtbhmeﬂ theh gsofange han;

solution 70 |n|n on eahof t he -l ayer .nme ne filter. 1

ondt ho. S¥al BETRYEH HyRBORI ISP RRTRPNBrOKPY LT GOT s, NERuhERa o
usi ng t henGhRe St ehiGlQF thaf thi &Q%etlgiesaniayl r mhe fc@@%ﬁﬁ filtdation. Thus,
(included in the Lucifer HS set | dcoman contained in the

react i on thothickneseds prefraplydoen toidOnime det ect i on port| on 112. The
| um nescence S Vi cul at t of,. ATP
resul ts obtai ir‘;g%l %3‘% %gﬂovﬁﬁmf%o“[l%g%wﬁ%r%%ﬂ% %Fa?éhrateitt?f OCBS? uF"é%t &d

in a di agfiarobi Gétedtion appurdres shodvn AMAGAS. t FIGS. t6l6 f@pfﬁn@@ﬁslﬂ)ﬁartd]@matwe
nunber of E. coil as the abscissa, as shown in FIG 12

the cont fmhedimeahsf iths mecretiad c{%'t%warw fheepresent; @yenfiqn, w&w@a Wlilhlz,ﬂ
nunber of E coil exhibited a quantitative
linear re %T{BS%Q ?&f@%ﬁﬂ@{;@@z in which the nunber of ATP

mol ecul es wasThe 4oﬁtambr o2 th@g the twh-layep dembBite diitet N6btin thé)Battdnh &

cont ai ner conprising the single-I|ayer hydrophilic nmenbrane filter was
used, ATRoasf de theeappaigtisd Fioh, intaloaluss e P Todiah @iSwHASIONS a sample or

vt e ool S0 5 BYEIEEm Sl 78 AR 1P hBeonc
exhi bi t eoptionali g @ldOowHicrdiAl detdbEon ht GhiGiited (BP0 H.NaAN OdqubdiR sample solution

containing microbes to be measured is added to the container 102 (S202). When the aqueous
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The m crobial detection apparatus of the present invention could
measure one E. colt highly sensitively, highly precisely, rapidly,
and conveniently. The sane effect is al so obtained for bacteria such
as a coliformgroup and Staphyl ococcus, yeast such as Saccharornyces
cerevisiae, and fungi such as Aspergillus niger. [Exanple 3]

(M crobial detection experinment 2: Bacillus subtilis in spore form
Detection sensitivity of Bacillus subtilis in a spore form was

conpar ed betmplesolptien i§ gersad estec 3pasi having higheviscowity] te drpuifeeriiohpastion 114
filter according to the pr.es i v i gn. and ont.al nef. ¢ i Si

a convent o iy dPatls pRSH I, o, R ht Bl sl For R
equi pped Wiffldfatidn (BI0AY. 2'Whenithd @mpWaiRofitydRRit Gtthe GBE201 is W, Gl procesigves to
contai ner 102 conprising the two-layer nmenbrane filter 101 and the

ot her of wtepRR0F withows thethaatimesteponpri sing only a hydrophilic menbrane
filter. The con{ajner rUCE LIr nd_.th r . 1.0_\Whj :

two- | ayer rrenbpfgﬁxe’ # ?’?%‘rrﬁ‘lgrro Hltaﬁ%iogj 'ﬁ%ll %SF%?/&?& f&ud)#{ ?%f)‘lf?g?n:{\gé %H@)Jra:%%m the
filter is redgeftadpsip pbAon A0 tiblEY the hihealD4 S Edae supply fol #Saquéodshmple
The two-| ayer rren%rane filter 101 conprises a first layer as an up

er
Layer servislytion itathayanteisti 102 (S8R r he R4 misrobind Siokeeibah metesiahdegrasyian

as a | ower | r VA a dr obi hl.ter w117 )
ydr ophi 11 deeealE Tl Haedy THGE HRRR OWPEREpiclGE iy chirbd frova
filter (N hpomMdiddcre Ltd.) having a pore size of 0.45 UM a

t hi ckness of 150 pm and_porosity of 79% and was processed ijnto 0.5
cmin dianeter. Asrﬁ’@myma%m, ithe micraRial (fleteptian; app Y GPIINSG phsterd it 2

| sopore ne i . (Nj i pOF

o oo AR bRl et bR 8 Lltnd SBAR el 0l o s
(Ni hon M | |dageprike Intictobialh datectign capparats ahaye carhprik® dispadingapgorfiorn d e seidch
into 0.5 cm,in dianmeter. The_ hydrophobi ¢ ﬁnbrane filter may be a .
pol ypr opy!| éligerseetn pi@rmicigbisbhiojgeical pateral (degragation yeaggnt4n the igagent wsegyoir
30 gminst . TR t i L1 er

made of a %n?tg é?@géhe{sﬂgca;h eagi%f/ roﬁnﬁeg%%%g{%?gdh et?gr!’a g@‘?‘ﬂgﬁ%’%ﬁ%”{ ThMpQ&us
hydr ophobi chapiog theirergbnt depply ddrtiar 103eshovpoiny@G hl/is ewitablepmhises fdraneaneing a large

pol ycar bonat e sul f on pol yam de, or glass fiber and may b .
ooy ane f PR agRHG o v 5015 visviny v RS sessg RO EoMRALEGhd i
filter havigigabie iHRSd forimdaSirite@ sall Bubdiok Sdmpisze of 1 p.mto 59 p.m

The single-layer hydrophilic nenbrane filter nmounted in the container

conpri si ng onl yNetiethggaheoptsample splistidr inrike dontainey 163s filiered shrough thegwp-dayer

a1 cknesdufbrioidP Rot by g sFambiputs BRIy d bfTofbordop o M

0.5 cmin dhigMfrAion, microbeBar tHelddGecut BblifidrSark Ragu®d Oyahé Gfdroplsc the@Brane
as microbes to be neasured. Bacillus subtilis was suspended in a 10%

w v gel at i filkgppaithe Grstjabiers philg e biofgeigal mpteriagl degradatinn reagey enresigug biolqgical

'l vi dual dnapial bt BEaRala ety B ekion T 3ARERRAL el FByi fylion i
gl ucose+phaapiirt drobuiftk avashipgisolutbn s@ply posidd 136 for the gadpade ofewasRing the two-

conversion reagent, An ATP elimnat]lon solution included in Lucifer
HS Set (Ki I'8ieomembrane filtsr {I(Se4d Whemtheauaols Moo slaiondies gl visspsity, a

material r : i a1 ] L i

Cuci fer o aig gl FRACHAy bEihoflcd €ith Wshile SOl gl Jorigite obdiine
sol ution. pipe 107ifer wasking bolationdapy forale pyppae of reductizasviscosif. GLikBwiszsfor
used in this measurepent, In the present Exanple, a toquch nel )
di spl ay mstﬁ%: BuROTRT Tesing 1 VSRS Bt YRBINE et ey Bf beated by the heating
Al ternati Ve;{o\z‘tiontllﬁﬁ ahd'REY Adagw{thA ac@%&s's%ﬂﬂ%’ Yhupezed may be, . for

exanpl e, a Taptop conputer, a desktop conputer, or an input button
conbi ned wi t h aNedttswhaythamitrebeblfiboe(migtsivied s@ljudged inaskepl03 )as hieviny spofubated, a

i nput/output. First, the Bacillus subtilis suspension is highly
vegetative cell conversion reagent is added thereto from the reagent supply portion 103 after

9



10 rnL of the Bacillus subtilii suspension was added onto each of the
two-| ayer nmenbrane filter and the single-layer hydrophilic nenbrane
filter (S202). The input/control portion 114 judged the Bacill us
subtilis suspension in step 203 as having high viscosity based on the
i nput information and controlled the heating portion 108 to heat the
Baci | | us sub/his suspension at 40C for reducing the viscosity (S204).
10 j.tL of the Al? elimnation solution was added to the Bacill us
subtilis suspension (S205), and the Bacillus subtilis suspension and
the ATP dhea filtnation o(828%) ut Then vegatative i delle cenyension oregient aused df, fdreexample,

t wo- | nbr. filt 101 and .the single-I dr pphil i
rentbr ae PPPDRIOn HHske ElFos: HCaPRHOT: AaL ShraY PE AP D PoPHE” STRrPon
portion Iferobialdéedction apparalfﬁcstcﬁﬁlpﬁﬁﬁg the bdsér@bit 90% fob BRich REnEURbWRIn FIG.

portion 114 judged the solution in step 207 as containing sporul ated
bact eri a3baswegetative bl conyetsionnfeagentin the. refgent ceserveir 308 gs tdispenspdb b ghe o

vegetative cells, f the vegetatiye cell cqnversion reggent was
added onC5PERg tardemd 1€ i . gt Fneli shan oA GeBufiye; e converson
si ngl e- | ayuaenthuigly %@Ib&l&aﬁa@rﬁgrﬁeqleﬁﬁdgt Bortié 208 ¥or oMo BlealonV&si6k hd
conversion reagent was heated at 40C or 45C for approximately 1 hour
by the hwaegstatiye psHs i(8209).08Furthepmareothe tohwgion omaye be i fdteradf for rtbe qpmoess of o
veget ative cel |l 52 . After .1 hour veget ati ve cell

conver i Bipoabainerstans pdl diversibn faRent (2100 n PR B i mep 207
nmenbr ane;sih RS pradess ghe@ RS 2ft fwithBitt thedgtbdedsrles of thestyRaet afd10e cel |
conversion reagent was retained on the two-|layer nenbrane filter 101

and t her ef or N¢xt,| & miceabiad gissofuticpsobition is addedstipm dkprsageant supplypopiond03 the

ATP extracgt.ion re nt.. .added. t her.gt nd left st i .10

T nut es. (0h I mERRRD AR B Lo 35 R afront IR 28 (R e
penet r at aficrbbislodigdolitios sshufigh @sddajefor hexathplbdnkatksninih chlogidd, i thiti@sroadatc
dropped off By contrast, no change was observed in the two-I|ayer
menbr ane a¢ifl] ara Triscpuffers o Fry the gpicropial detectien anpatstus somprsing the Feserupin 97 fg
on each : - i PR gt . i -

hydr ophi ?Ji;ré&u}grrge %#eﬁ T er mggg?ré%gn‘@%%ﬁ@‘g? %ﬁgmh%t&grﬁ%‘g nJE)sgﬁr(’t‘8 i:i- 8?12
110 t o aid digpensed by tie dispagiptpoitidn 1d 0md the aqeonssaiple solaticd.i on cont ai ner
113 pl aced on_t he detect.io rtion 112 (5212). The detectjon_portjon
112 det ect ed %%ethmﬂo‘wa%@%@ﬂé u'(uylz%)gﬁe fa)ﬁaa%alerrﬁws/fﬁ%ﬂ&om the
portion ldgdaicg!1@ylilpHatkd hrbMURRRE pipk 164 Ror ldlsPisin Sk BiRRES ion 110
intensity 5214).l X aThe resultgﬁo# dé%eé??ﬁggtﬁe ndﬂ%erﬁgﬁﬁ%%% are
shown i naid Be aind 10%Welnivehie moveghepibay bl fohdispanping ka sbomethioreavtior ¢dntager
was used he . nunber of ATP, .was .approxi nately..10 anol .per .100

i vi dudlOEpe AR op rorei 1 e B B8 iee e cisiplioR pidngs Pagped to
menbr aneeirkdchbn ddddaikr 3 13/6292). t e PSRRI cothind TR 3WaHaRE a Aihihe684ne rédfent
approxi mately 200 anol, ich was 20 tinmes higher than that of the

si ngl e- | &Y%r whighirinpiuim ireactsewith dbielogicalt wateriath(8.2r cATPs Inminolse dsealknlise
the single-|ayer il e f.]t cannot retain er eo

the atp BETPRER TLARRY e mERMARR b oL Sy R Ghoeld Plrhebedfle e
sol ut i onlyasin@ténr@gerit Mo uged ishivr ekarghl€ -lhéfeeise/Nigider) hiAlietativdiy rs@bsirates
filter and drops off together with Bacillus subtilis-derjived ATP

mol ecul edor pesoxdaseoqn glkaling phosphetpse may ba wed | Lot cpspe animpcalls (cak alse e
wer e notd§£# d into the solution on the single-layer hydrophilic
menbrane TiTtér. On the other hand, the two-layer nmenbrane filter 101
can retain thesinake énitdiddntestiovadi FIGS. 8@hd 5] themicestialideretdndpparatfMay
ATP extraction solution neither penetrates through the two-|ayer

menmbr ane Seprse theidstection partierp b1 209 the gdeefnsbelgithe eqntaimsgdP?.| Jg such a case,

ey . T 1 Beci || S
ATP ol oRRSUdRe S v Ben BRI, mbplfe & RSO (it ot (SiaRE L
| ayer cogbgioRg0®!ditt@ witd fhd twiklajéitRerhiitneSRtdit 100Mn Qhe tHRaihebOTRAYRY the

embodiment of the microbial detection apparatus shown in FIG. 5, a container used comprises
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The presence or absence of a hydrophobic nenbrane filter was

exam ned, which is capable of retaining an aqueous sol ution and
filtering the aqueous sol ution under negative pressure. The pore
sizes, pitch sizes, and materials of the exam ned hydrophobic

menbrane filters are shown in Table 1. The aqueous solutions used in
the experinent are ultrapure water, a phosphate buffer, and a

m crobi al dissolution solution. The phosphate buffer is 50 rnM
phosphori ¢ atvelayerOsenthréredilter M placad natrall owerdheotyitiom it nghd pariad region thereof

[S‘?'ngf LO?_] s algdl.l%%/o P Fa_QLsZpg}elr(lp %g}lqc {:gcr)t%ocril%-l-zl%e Wé{le(-:l;{oin%it)lq%ntfﬂ Is%ris’pogeg to1 %be the
transparent region in the bottom of the container and detects luminescence generated through
Iuminescént reaction from the solution in the container. Alternatively, as in the embodiment
of the apparatus shown in FIG. 6, the microbial detection apparatus may comprise an
excitation light irradiation portion 601. In such a case, fluorescence may be generated by
irradiating biological materials (e.g., DNAs, RNAs, or NADs (nicotinamide adenine
dinucleotides)) with excitation light from the excitation light irradiation portion 601 without
the use of a luminescent reagent.

The generated luminescence or fluorescence is detected by the detection portion 112
(8213), and microbial counts are calculated based on the detected luminescence or
fluorescence intensity (S214) to complete microbial detection.

When the process shown in FIG. 2 goes from the step 206 to the step 211 without the
procedures of the steps 207 to 210, followed by luminescence measurement in the step 213,
the number of vegetative cells contained in the sample can be detected. Alternatively, when
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 ig 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

11



Pore size (11n) Dropw se addition Filtration under negative pressure

Wat er

M crobi al Phosphate dissolution solution Water 4. M cr obi al

Phosphat e di ssol ution sol ution

bottom of the container will be described. The two-layer membrane filter 101 comprises a
first layer as an upper 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 used was an MF-Millipore membrane filter (Nihon Millipore Ltd.} having a pore
size of 0.45 um, a thickness of 150 pm, and porosity of 79% and was processed into 0.5 cm in
diameter. The hydrophilic membrane filter may be a Durapore or Isopore membrane filter
(Nihon Millipore Ltd.) instead. The hydrophobic membrane filter 117 used was a Mitex
membrane filter (Nihon Millipore Ltd.) having a pore size of 10 pm and was processed into
0.5 cm in diameter. The hydrophobic membrane filter may be a polypropylene prefilter
(Nihon Millipore Itd.) having a pore size of 30 pm 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 um to 80 um
or a membrane filter having a mesh structure with a pitch size of 1 im to 59 pm.

As shown in FIG. 7(a), the processed hydrophilic membrane filter 116 was overlaid on
the processed hydrophobic membrane filter 117, and the resulting filter was mounted to a
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 pm, a thickness of 150 pm,
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and porosity of 79% and was processed into 0.5 cm in diameter.

FIG. 9 is a schematic diagram showing the intermediate process of a detection method
using the container comprising the two-layer membrane filter according to the present
invention. FIG. 10 is a schematic diagram showing the intermediate process of a detection
method using the container comprising the single-layer hydrophilic membrane filter.

E. coli was used as microbes to be measured. E coli 701 was suspended in a
phosphate buffer (pH 7.4) (Invitrogen Corp.) for adjusting the number of E. coli to 20 to 2000
individuals/10 mL to prepare an E. coli suspension 702.

As shown in FIGS. 9(a) and 10(a), 10 mL of the E. coli suspension 702 was first added
onto each of the two-layer membrane filter 101 and the single-layer hydrophilic membrane
filter 1001. Next, 10 pL of an ATP elimination solution included in Lucifer HS Set
(Xikkoman Corp.) was added thereto as an extra-microbial biological material removal
reagent. Subsequently, as shown in FIG. 11(a), a suction port 1101 of the suction portion
105 was comnected to below the two-layer_ membrane filter. As shown in FIG. 11(b), a
negative pressure is formed to filter the E. coli suspension and the ATP elimination solution.
Likewise, through the single-layer hydrophilic membrane filter, the E. coli suspension and the
ATP elimination solution were filtered. FIGS. 9(b) and 10(b) respectively show a state after
the filtration. Afier the filtration, 200 uL 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.
o(d).

10 pL 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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ordinate against the number of E. coli as the abscissa, as shown in FIG. 12.

When the container comprising the two-layer membrane filter was used, the number of
ATP and the number of E. coli exhibited a quantitative linear relation (y=1.4315x-7.9823) in.
which the number of ATP molecules was 1.4 amol on average per E. cofi. By contrast, when
the container comprising the single-layer hydrophilic membrane filter was used, ATP
molecules could not be detected from less than 100 individuals of E. coli, and the number -of
ATP was 1 amol per 100 individuals of E. cofi. Thus, the two-layer membrane filter 101
exhibited a value about 100 times higher than that of the single-layer hydrophilic membrane
filter 1001.

This result may be because in the container comprising the single-layer hydrophilic
membrane filter, the single-layer hydrophilic membrane filter cannot retain thereon the
microbial dissolution solution, and theréfore, the microbial dissolution solution 1003
penetrates through the single-layer hydrophilic membrane filter and drops off together with .
coli-derived ATP molecules 1004, As a result, the £. coli-derived ATP molecules 1004 were
not eluted into the microbial dissolution solution on the single-layer hydrophilic membrane
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. cofi-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)

14
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Detection sensitivity of Bacillus subtilis in a spore form 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 and the other of which is a
container comprising only a hydrophilic membrane filter. The container structures and the
structures in which the two-layer membrane filter or the single-layer hydrophilic membrane
filter is mounted on the container are as described in FIGS. 7 and 8.

The two-layer membrane filter 101 comprises a first layer as an upper layer serving as a
hydrophilic membrane filter 116 and a second layer as a lower layer serving as a hydrophabic
membrane filter 117. The hydrophilic membrane filter 116 used was an MF-Millipore
membrane filter (Nithon 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 hydrophilic membrane
filter may be a Durapore or Isopore membrane filter (Nihon Millipore Ltd)) instead, The
hydrophobic membrane filter 117 used was a Mitex membrane filter (Nihon Millipore Ltd.)
having a pore size of 10 pm 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 pm 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 yum to 80 um or a membrane filter having a mesh structure with
a pitch size of 1 pm 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 pum, 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 alanint+100 mM glucose+phosphate buffer (pH 7.4) was
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used as a vegetative cell conversion reagent, 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.

The microbial detection apparatus shown in FIG. 3 was used in this measurement. In
the present Example, a touch panel display was used for input to the input/control portion 114,
Alternatively, the input/control portion 114 used may be, for example, a laptop computer, a
desktop computer, or an input button combined with a display and a USB (universal serial
bus) memory for input/output.

First, the Bacillus subtilis suspension is highly viscous because it contains gelatin.
The Bacillus subtilis suspension also contains sporulated bacteria. Therefore, the information
about the high viscosity of the Bacillus subtilis suspension and the sporulated bacteria
contained therein was input using the input/control portion 114. Subsequently, the
input/control portion 114 directed the apparatus to initiate microbial detection. The apparatus
performs detection process according to the steps shown in FIG. 2.

10 mL of the Bacillus subtilis suspension was added onto each of the two-layer
membrane filter and the single-layer hydrophilic membrane filter (S202). 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 (5204).

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 ($206).

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 (§208). 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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1 hour, the vegetative cell conversion reagent penetrated through the single-layer hydrophilic
membrane filter and dropped off. By contrast, the vegetative cell conversion reagent was
retained on the two-layer membrane filter 101 and therefore filtered again (S210).

Subsequently, 200 pl of the ATP extraction reagent was added thereto and left standing
for 10 minutes (S211). While left standing, the ATP extraction solution penetrated through
the single-layer hydrophilic membrane filter and dropped off. By contrast, no change was
observed in the two-layer membrane filter 101. 10 pL of the ATP extraction solution
remaining on each of the two-layer membrane filter 101 and the single-layer hydrophilic
membrane filter was dispensed by the dispensing portion 110 to a huminescent reagent 115
contained in the reaction container 113 placed on the detection portion 112 (8212). The
detection portion 112 detected generated luminescence (S213), and the input/control portion
114 calculated the number of ATP from the luminescence intensity (S214).

The results of detecting the number of ATP are shown in FIG. 13. When the single-
layer hydrophilic membrane filter was used, the number of ATP was approximately 10 amol
per 100 individuals of Bacillus subtilis. By contrast, when the two-layer membrane filter 101
was used, the number of ATP was an estimate of approximately 200 amol, which was 20 times
higher than that of the single-layer hydrophilic membrane filter. This result may be because
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 100

individuals of Bacillus subtilis.
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Thus, the microbial detection apparatus of the present invention could measure Bacillus
subtilis highly sensitively, highly precisely, rapidly, and conveniently.
The present invention has been completed by the accumulation of various experiments.

Hereinafter, the experiments on which the present invention is based will be described.

[Experimental Example 1]
(Examination of hydrophobic membrane filter capable of retaining aqueous solution and
filtering the aqueous solution under negative pressure)

The presence or absence of a hydrophobic membrane filter was examined, which is
capable of retaining an aqueous solution and filtering the aqueous solution under negative
pressure.

The pore 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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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 um or smaller hardly achieved filtration under negative pressure, and the hydrophobic
membrane filters having a pore size of 0.45 pm 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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r eagent 115%%01{1?1% rg%llécqsgﬁlttlg%nt ai ner 113, and | um nescence generated
t hrough the reaction was, detected by the detection portion 112.

4, 6, and 8 nminutes after the addition of the microbial dissolution
sol uti on 70@@%’6%@@’%@9@3& | ayer hydrophilic menbrane filter 1001,

the m crobi t penetrated through the
menbr ane fi ?ﬁhét?dnze% réggg% o#l e%%rgb%ne(fnﬁdm nescence intensity of
approxi mat el y 2008QmoRfz ¢falMinoResleseoed thhm WG theGmbratedilZd 0@9 céiifared

respecti veI¥ (FIG 17). 20000 anol_of ATP nolecules existed in the
si ngl e- | ayePCetHgeY @Eﬁ‘f’?'ilade’n@ﬁ‘ﬂ?ra#eﬁlltqflapéla smlaxrémrepfp%@@mh@mélter For

';rih(r;?ggihaf h§| Ssgql}hfkget\ﬁo'sézcngaér}egsnn 19 v\g eﬂge 3%%115%8}% f?l%ge e ?atr&f" aOé‘lF of the

hydr ophi | i ¢ comatinraizahé bbﬁtﬁﬁerlmkomifﬁémgwgletthrbs*,a e inemBRANS ﬁﬂw Al i8Mhe $dHOm
ATP concentration is approxi mately 1000 anpl/ 10 pL when the ATP
(FIG. 15(a)). The two-layer membrane filter 101 comprises a ﬁrst layer as an upper layer
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the m crobial dissolution solution 703 on the two-|ayer nenbrane
filter 101 immediately after the addition of the m crobial

di ssolution solution 703 onto the two-1layer nenbrane filter 101 and
after 2- to 20-m nute standing. The collected solution was subjected
to | um nescence neasurenent. At each of the standing tines,

| um nescence intensity was shown to be approxi mately 9800 CPS (FI G
18). This result indicates that the ATP nol ecules 1501 (FIG 15(a))

infiltrated jn the r.ophil i rape filter 116 as the first |ayer
can be. of STUHEE A G GOPEEPGR BIET 16 eSS SR S anBIoS WPl Eba e
by retain i ggol t

D ey SR RBT BRGNS 2, e Sl Ry TIONRR 85350t

Thi s r esubseddessomSUF-Milligotetra¢mbirire fAfEP (Miboreklillipse IBD)]hwmg ahmrebizd ed.45

efficiently fromw thin the hydrophil ] correnbrane fil 116 as the
first | ayé?/ﬂ Byrhieleness ofi 1ng Hith o PRIPBY; of 5% QYA PFSRSS it 03 ¢rg shagirter

the two-|gye %dre,m%ﬁmfeﬁurmeqnte%% e sebilf 1204 58w BCa Btk ool B

efficiently by use of the hydroph| ter as t I rst
| ayer haviMihomMslhipbre &xd. )ilaangtaqm_rmnd oﬁl@; mlah@Wai ﬂsmedsfeﬂsao 0.5 ¢m in diameter.

et L1 ng agent ) 7 SBeroRtsby A < SRR R SORENTe, PRy HELBIEJHSn PEAODHLL
bet ween t hembiie |ﬁ@t¥1eiOdI%f%@B?drBﬁﬂxﬁceﬁmeﬁ&‘Hn@ﬁﬁé{-%Qﬂ@g&t&n gﬁg})ﬁg@ﬁ. The

filter capable of filtering an aqueous solution by virtu
wet ti ng asjegie-liyef hydropltiled membrase dilter-d001t hsed vparapddE-Mxﬂlmore oembmne iter

conpri sing.. ran ter were pre Cont er c risjn
Cwor | ayer OB MANBSTE L4 Lbavite o'Foré HEF BRAEAS et TRkt poroty of
conpri ses7asfahd $hs prodeded dRo 815 dAPBManleRYer serving as a hydr ophilic
menbrane filter and a second | ayer as a |lower |ayer serving as a

hydr ophobi ¢ ndmsifemATP iStandard Reagem (Hikkpman Corpiewss used s dnt ATP aglutivreto

first layer used por e ter n M||I. ore
L) havbisnite ABoRTP bl Heynd B e ARG BE A0’ Groigh 17, Attt
porosity fhgehnchiddd \WaSugifed JES Sed(Kiktiomah . @rﬁ)T'ifdrrbadslﬁg’fmﬂumf&h@eﬂumferm
hydr ophobi ¢ nenbrane filter as the second | ayer used was a Mtex

menbr ane TeRFtagwas Nped s 2 minesserrt geagent 135. having a pore size of 10 gm
and was proce 5 [ e onpLi Si

si ngl e-l ayer ﬁlﬁ?é%y&f%m& rdélﬁleoqf &O%d mft%ge)a%hlcﬁq{maﬁbélﬁ%er? m%bmsn tifter
hydr ophi | 1@ ameinthe amge-ﬂayet Bydroptelé msbra:m ﬁ/ﬂt‘erl\ﬂot)l tooinfikracee ADP aedecules N5@r

(Ni hon MJIlpore |nga ore_size of Q.45 gm a thickness of
150 min, hF YSF" Rﬁ%"sﬁfﬁ?ro&]eﬁs g thej fsh Iayer; apdythen single-layer

di aneter. [ nt n r
Tenbr ane %‘f’?%‘?‘%l@*?ﬁﬁ%ﬁ%?ﬁ?&ﬂ@%f 350 MR Sub a0 0! 87
| ayer andbmdkmpm@brid@r%rmTﬁbihe bnffagapBbl2ewad addet tthasreumg) aqalemcrsbial
sol ution i,rtu ent .inf as second

| ayer : &t °¥ﬁ’é’“ﬁ 'dtﬂo %H%Eff‘gtrséar’i’gmg(ﬁ}g %ta@ hgg@ st layer used
in the two- |anIdTEbed’ta&ﬂﬁlgf itHet @rcrmﬁ dfdolMionVbdlhtioROT 03 NRAGF Adethidukh Qﬁe
(Ni hon Mlllpore Ltd.) haV|n ore size of 0.45 gm a thickness of

150 gm afi6eg aéavershxdyonbﬂlcmemm@p ey lﬁpb@ech degpidrefd witlstimen(FiGS. 16(c) and
di anet h d |
e ol SO AR o IPLAAR, W ko i 8 SRRRT et 0

having a @GS. B(@and15@)45 pm and was processed into 0.5 cmin
di aneter.

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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(4) Container conprising wetting agent-requiring single-Iayer

hydr ophobi ¢ nenbrane filter which conprises hydrophobi c nmenbrane
filter capable of filtering aqueous solution by virtue of wetting
agent infiltrated therein: The singl e-1ayer hydrophobi c nmenbrane
filter used was a hydrophobi ¢ Durapore nenbrane filter (N hon
MIlipore Ltd.) having a pore size of 0.45 pmand was processed into
0.5 cmin dianmeter. was used. as nj crobes to be peasured.

. E. .cQil d. _
E. coil was 7€UdpBaEEY qnnthy i&fﬂ?%bﬁ%& by depihtlisr memprane Aijter 10R]; pndy dhen microbial

Corp.) to p'&%ﬁﬁﬁtﬁm%ﬂlug?n f(ﬂhltheﬁg@r@ﬁﬁ@d fhro ﬁﬁéﬁ%ﬁ%@y% %Qir\éiélﬁ j oh §ﬂ§ffangﬁlter

colill O niL. An ATP elimnation solutio Set
(Ki kkoman Cd0@l 3ndvdxspped @ff. aFhacollected solution rvesiadtiedoio aheolgmambcentateagenall 15 in

renoval reagent. An ATP e action solution included in the Lucifer
HS Set (Kik ﬁﬁ?@%ﬁﬁ!‘ﬁlﬂ%ﬂéﬁ L?él@an%tgesaenﬁf genshated tlhwglwﬁ GEACHOR W dRtseis by

10 ni L of the dereckd JoriSRgNsi on was added onto each of the two-layer
menbrane filter, the single-layer hydrophilic menbrane filter, the
wet ti ng agent - r efyj andfgminwies hfieréhe addition afwhe fii¢rbal, disoldtidnhselutiet 7Dhgnto the

agent-requiri si ngl e-l.ayer hydrophobj nbr.ane, filter. Then, 10 _pi
of the ATP SRERIRSE 3}5@0@%9% avs‘agﬂ%fdf&é&r%ﬁéwr) oL gssgliipn selu o R that
The two- | ay gk, fre@l HaBeh the Bﬁi‘nbﬁﬂgﬁité}eanﬁ'cﬂ@ggd ofYehibsdRReLdch & intensity of

menbrane filter could Tilter the E coil pensi on. However, t

wet ti ng agenpproxdnaielyi 20600 GBS (@ymtpenendnd} 25060 CES; rnd3000 KB Syvesptettgly (FIG.
agent -requi r.png .singl e~ ay hydr pphobj ¢.nmenbrane filter failed to
Frter the D camOtchses R i e arisied i B oipei aves pHOOPLLS BBbiafe e
filter was ijpdi béﬂ’n@t&ﬁetif&iﬁ%‘ ti¥BighVthe nRIBANOFIERS arfil H}%ﬁﬂiﬁé‘gff,aﬁﬁrﬁoofr& of the
achieve filtration. After the filtration, 200 pl.” of the ATP

extraction gutrgbirlogissphtion gelution Ak weo added @Md@rﬂh@@b@@dropdlib |meyfbrane
t he ATP extr.actl sol,utign remini,ng.on. .ea of the twa-I| ayer.

rerbr ane 11 FtE 1001ne Tekie Pl (0B SO A AP Ramtsprion s pogprmaigly 1000
wetting age@inol/BOWLN ivhgh tNEO-ATRY oledBBDNB0E atd lideBlly dRRfbutddCinfid Rfcrobial
agent-requirjng single-layer hydrophobic nenbrane filter was

subj ect ed t dispalwionsehition £03ve Auminsprsnge. intensity afthe ATReconoguiratigpegf 1000 amol/10
nenbrane fil ] 04 ndjvi S

E. coll. On ﬁgedeé erea@ﬁ%&?@}ﬁﬁﬁg&?ﬁ‘%‘%@gﬁé% r'ogh':}ﬁ’ #h\cé nﬁr@ﬁ%rogg‘terp
filter, 10 awibdculds Ro0las titehieaibindl dissuheionaslufion 1803ahav@edctagd through the single-

t- iri t wo- | b filt d th tti .
agent - 1 equi 1RGSR et YT SpHHot rompb el ipldp Be 240 Afimesdpraer
ATP was det gghedlat Jignat Hg/qﬁe Q&eaﬁ]ﬁhﬂﬁﬁﬁﬂaﬁ%’ﬂf RREE A5 6 TS ?Eé microbial

filter was approxi mately 10 or less of that detected using
two- | ayer ndiskolativa sbiutiore¥03. This result may be because E.

co/i-derived A 2 fl owe ut .during. fil i on due damage or _
di ssol ution of EoR &% ?tg?f af’ﬂ’et%\‘?\é‘l‘gp?‘fg"fta‘é@tmqq‘?ﬂ‘ ep tlg(glt &H‘tar‘ﬁ?F%t iRethe microbial
hydr ophobi ¢ digBdi{caNeIutibh t?@{l[' themaininhg o¥Re %@Egﬁyeﬁhyﬂ%ﬁﬁtﬁaﬁbrﬁ}%t f1ed 1001 was

whi ch involves filtration through a hydrophobic” nenbrane filter using
a wetting ageaturgddisesoen otinesernes: olisall reeidy epnroximatslyrioNO (CPStwaszthel maximum

PrC 00, Sl S ! "ol G RO A et e
and preci si @gam fRERbETI dd¥oloSi ok 304D that YdetraA¥PihrdiBR e 3 @nbrhrel Bfer 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 uL aliquot was collected from
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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 113reaction container 114
i nput/control portion 115 | um nescent reagent 116 hydrophilic
menbrane filter

the microbial dissolution solution 703 on the two-layer membrane filter 101 immediately after
the addition of the microbial dissolution solution 703 onto the two-layer membrane filter 101
and after 2- to 20-minute standing. The collected solution was subjected to luminescence
measurement. At each of the standing times, luminescence intensity was shown to be
approximately 9800 CPS (FIG. 18). This result indicates that the ATP molecules 1501 (FIG.
15(a)) infiltrated in the hydrophilic membrane filter 116 as the first layer can be eluted into the
solution on the two-layer membrane filter 101 by retaining the microbial dissolution solution
703 in the container 102 comprising the two-layer membrane filter 101 (FIG. 15(d)).

This result demonstrated that the ATP molecules 1501 can be eluted efficiently from
within the hydrophilic membrane filter 116 as the first layer by retaining the microbial
dissolution solution 703 on the two-layer membrane filter 101. The elution can be performed
more efficiently by use of the hydrophilic membrane filter as the first layer having a smaller

diameter and a smaller thickness.

[Experimental Example 4]
(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 filteting 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 MEF-
Millipore membrane filter (Nihon Millipore Ltd.) having a pore size of 0.45 pm, a thickness of
150 pm, 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 Etd.)
having a pore size of 10 um-and was processed into 0.5 ¢m 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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803 screw 901 screwed bottom of contai ner

filter (Nihon Millipore Ltd.) having a pore size of 0.45 um, a thickness of 150 pum, and
porosity of 79% and was processed into 0.5 c¢m in diameter.

(3) Container comprising wetting agent-requiring two-layer membrane filter which comprises
hydrophilic membrane filter as first layer and hydrophobic membrane filter capable of filtering
aqueous solution by virtue of wetting agent infiltrated therein, as second layer:

The hydrophilic membrane filter as the first layer used in the two-layer membrane filter
was an MF-Millipore membrane filter (Nihon Millipore Ltd.) having a pore size of 0.45 pm, 2
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 hydrophobic Durapore membrane
filter (Nihon Millipore Ltd.) having a pore size of 0.45 pm and was processed into 0.5 cm in
diameter.

(4) Container comprising wetting agent-requiring single-layer hydrophobic membrane filter
which comprises hydrophobic membrane filter capable of filtering aqueous solution by virtue
of wetting agent infiltrated therein:

The single-layer hydrophobic membrane filter used was a hydrophobic 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 £,
coli/i0 mL. An ATP elimination solution inctuded 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 micrabial dissolution solution.

10 mL of the £. coli suspension was added onto each of the two-layer membrane filter,
the singie-layer hydrophilic membrane filter, the wetting agent-requiring two-layer membrane
filter, and the wefting agent-requiring single-layer hydrophobic membrane fitter. 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 £,

coli suspension. Therefore, each hydrophobic membrane filter was infiltrated with methyl
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902 screwed annul ar cap 1001 single-layer hydrophilic nmenbrane filter
1002 contai ner 1003 m crobial dissolution solution that penetrated

t hrough nenbrane filter and dropped off 1004 E. co/i-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 nenbrane filter and dropped off \What is clained
Is: 1. A sanple container for mcrobial detection process

conpri si ng; a two-|ayer ane filter conprising a hydrophilic
menbr ane QPP@%PS5¥mﬁwga%ﬁ%§”F§§%Bﬁsﬂama hydr ophobi ¢ menbrane filter
as an under|yi Affer @WEIrAtRKESG0 ADAS the ATP SRALRhNBlutid WG éig@éddlﬁ?llet{aeas a

two-l ayer nenbrane filter 1 n the bottomwhere the outer ge o he
t wo- | ayer serondreagentf i 1@ pk of shes&TRIexdhction solution remaiving romi sack bfthe two-layer

oy O EREARLRG 94l  B ARaF 0 o
c ZSZH Seogﬁisagir? rghdﬂibrﬁ{é FHHCOMA HR! okt BYentRAlFing sifiglé-ByBE hydrophobic
membrane filter was subjected to luminescence measurement.

For the two-layer membrane filter, 140 amol of ATP was detected from 100 individuals
of E. coli. On the other hand, for the single-layer hydrophilic membrane filter, 10 amol ATP
was detected, whereas for the wetting agent-requiring two-layer membrane filter and the
wetting agent-requiring: single-layer hydrophobic membrane filter, 12 amol of ATP was
detected. The number of ATP detected using each membrane filter was approximately 1/10
or less of that detected using the two-layer membrane filter.

This result may be because E. coli-derived ATP flowed out during filtration due to
damage or dissolution of E. coli by the wetting 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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2. The sanple container for mcrobial detection process according to
claim11, wherein the hydrophilic nenbrane filter has the function of
capturing a mcrobe, and the hydrophobic nenbrane filter has the
function of retaining a reagent. 3. The sanple container for

m crobi al detection process according to claim1l1, wherein the

hydr ophobi ¢ nenbrane filter is a porous nenbrane filter having a pore
size of 0.8 gmto 80 gmor a nenbrane filter having a nmesh structure
with a pitcdi3si mectoh céntginert o0 59 gm 4. The sanpl e container for

m cr obi al tection prqcess according to claim1l1, wherein the
hydrophobigﬁﬂenwpgﬁ@RVﬁﬂ?é "has a thickness of 7 gmto 800 pm 5.

The sanpl e 198nt Rinf}esscehPreagnfr Obi al detection process according to
claim1l, wherein the hydrophilic menbrane filter has a pore size of
0. 05 gm t o [3665hyrephtle. meTkbearsdiMet e cont ai ner for mcrobial detection

process accqtdi t laim1, erein the hydrophilic nmenbrane filter
has a thi ckﬁéss[’]’gifm‘g“’ Fﬁle%mﬂﬁgﬁ”grm 7. A mcrobial detection

appar at us CQBPr lyadtduid portio® Sanpl e contai ner conprising, in the
bottom a two-I|ayer nen%rane filter conprising a hydrophilic nmenbrane
filter as a@®luppegent ayer and a hydrophobic nenbrane filter as an

under | yi ng 0gwer | a el i suction portion which forns a negative
pressure bel'6w [REL WIS er menbrane filter; a reagent supply

portion whigph SeRAkRnght iAdiaticibofich! a- m crobi al biol ogi cal materi al
renoval reagent and a mcrobial dissolution solution to the sanple
cont ai ner; 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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a detection portion which detects |um nescence froma sanple; and a
control portion which controls each portion in the apparatus, wherein
the.control portion actuates the reagent supply portion to add the
ext'ra-m crobi al biological nmaterial renoval reagent to a sanple in

t he sanpl e container, then actuates the suction 29 portion to filter
the solution in the sanple container through the two-|ayer nenbrane
filter, and then actuates the reagent Zupply portion to add the

m crobi al dissolution solution to the sanple container, and

wherein the hydrophilic nenbrane filter has a pore size smaller than
that of the hydrophobic nenbrane filter and the hydrophobi c nmenbrane
filter is capable of filtering an aqueous sol ution by neans of a

f ormed negative pressure 8. The mcrobial detection apparatus
accordi S,gh Ia| .7, wherein the hydrophilic nmenbrane filter has a
pore si 25nas gai ?’hto 0.65 grn, and t he hydr ophobi ¢ nenbrane filter
hasapgres f 08u t08 a&ﬁ 9. The m c¢robial detection
appar at 'Ef“f%“etf eé‘?‘:@%p"t" &S F%’é@@ﬁ’cg sugf)l y porti on
adds a I%gg,e ﬁft’e oy rf‘ﬂ‘@p’%?i’ﬁ enhilin Mepbrang, ltering agdpREtiavss
portion g’@ﬁ hyinglomerdayes @d ution in t he

sanpl e cont%‘}‘?é’fa“’tehlf{

8 UA
é‘h‘ﬁ?éwemwaaﬁ%f iigrin hedotipm wherafbnputer efige
The i cPlobf Bro-Beerarepsppedpisarsaeeécdaccording to claim 7, further
conprising a dj spenEingeluptopbilic mesdraerfilicn basn apreizegaer thiroat of the
di spensixirenhiebis; meraprg fHersa) the iydrophabin membrage dllter iceapaile o6 Miltaiing: an
and t heagyepuseeiugen pvmennsiot adaresd gegating preseience generated through the
‘reaction between the sanple solution thus supplenented with the
m crobi & dil&8 srmple sAntginRLor aricrabial deteation pesess raccarding énelaim 1, whefbia the
mi cr obi Wdrepbiliscmpwhrang gdicnhes thec Boedimof taptuingi mniicrobsi audethe hydrophobic
.conpr i siagbiare Bliesihesthe Smotioytfireteinigdizatgentn portion, wherein the
detection portion detects fluorescence generated from the sanpl e by
excitation light irradiation fromthe excitation light irradiation
porti ond. 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 pm to 80 pm
or a membrane filter having a mesh structore with a pitch size of 1 pm to 59 um.

4. The sample container for microbial detection process according to claim 1, wherein the
hydrophobic membrane filter has a thickness of 7 pm to 800 pm.

5. The sample container for microbial detection process according to claim 1, wherein the
hydrophilic membrane filter has a pore size of 0.05 pm to 0.65 wm.

6. The sample container for microbial detection process according to claim 1, wherein the
hydrophilic membrane filter has a thickness of 7 pm to 200 pm.

7 A microbial detection apparatus comprising:

a sample container comprising, in the bottom, a two-layer membrane filter comprising a
hydrophilic membrane filter as an upper layer and a hydrophobic membrane filter as an
underlying lower layer;

a suction portion which forms a negative pressure below the two-layer membrane filter;

a reagent supply portion which separately adds an extra-microbial biological material
removal reagent and a microbial dissolution solution to the sample container;

a detection portion which detects luminescence from a sample; and

a control portion which controls each portion in the apparatus, wherein

the control portion actuates the reagent supply portion to add the extra-microbial
biological material removal reagent to a sample in the sample container, then actuates the suction



12. A microbial detection nethod conprising the steps oft addi ng
a sanple conprising a mcrobe to a sanple container conpising, in the
bottom a two-|layer nenbrane filter conprising a hydrophilic nmenbrane
filter as an upper layer and a hydrophobic nenbrane filter as an
underlying | ower |ayer; adding an extra-m crobial biological materi al
renoval reagent to the sanple; forrning a negative pressure
bel ow the two-layer nenbrane filter t&%ilter the solution in the

sanpl _e go%' tf ?irlt;?ﬁrfl #pd lutxo Fgﬁ D&ft?ﬁeq t 'oﬁ@atg a%l: 191:1% %é’ hﬂ& and
r an

£
h
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il Ty BfPoyalite membyzgs, Bl it et ‘gth& e
Formea AEER @‘fﬂg g 1505 %?Pfl P v, Eﬁlﬁ@fﬂ?@ 21 B
to cl ai ﬁf‘ US‘T‘OQ‘ ¥ B 2P ImeRAITE BIFSSUSY - reacting t he bi ol ogi cal

mat eri al vm th a | um nescent reagent; and detecting | um nescence
gener at hlnou h the reaction. 14, The mcro |aI det ect i on nethod
g t othe TGP

accor di i3l deigetioRe APRARHY iFESORYRE He daimpd. gyhereimcthe hydrophilic
i rradi atieRtprang Slte; s dgoreatizeraf 0I5 Ham taf-6h Haxeidithe rprbplejh medbvne flter has

det ect i Agotelsizeé8deme® Pamer at ed by the excitation light irradiation.

9. The microbial detection apparatus according to claim 7, 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.

10.  The microbial detection apparatus according to claim 7, further comprising a dispensing
portion, wherein the dispensing portion dispenses the microbial dissolution solution to 2 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.

11.  The microbial detection apparatus according to claim 7, further comprising an excitation
light irradiation portion, wherein the detection portion detects fluorescence generated from the
sample by excitation light irradiation from the excitation light irradiation portion.

12, A microbial detection method comprising the steps of:

adding a sample comprising a microbe to a sample container comprising, in the bottom, a
two-layer membrane filter comprising a hydrophilic membrane filter as an upper layer and a
hydrophobic membrane filter as an underlying lower layer;

adding an extra-microbial biclogical material removal reagent to the sample;

forming a negative pressure below the two-layer membrane filter to filter the solution in
the sample container; and

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

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

hydrophobic membrane filter and the hydrophobic membrane filter is capable of filtering an
aqueous solution by means of a formed negative pressure

13.  The microbial detection method according to claim 12, further comprising the steps of:
reacting the biological material with a luminescent reagent; and
detecting luminescence generated through the reaction.

14.  The microbial detection method according to claim 12, further comprising the steps of:



15. The m crobial detection nmethod according to claim 12, wherein the
reagent for dissolving the m crobe does not infiltrate into the

hydr ophobi ¢ nenbrane filter. 16. The m crobial detection nethod
according to claim 12, wherein the hydrophilic nenbrane filter has a
pore size of 0.05 gmto 0.65 pm and the hydrophobi c nenbrane filter
has a pore size of 0.8 pmto 80 inn 17. The mcrobial detection

met hod according to claim12, farther ¥onprising the step of heating

the sanpl e apfaRfinSHeBiddgNd] hlehAAhtxRRh fghtSRlgut i on prior to the
addi tion of phetgXhhdestesdeQhdbtedbPine GkG@tiodRiheiidiatisenoval reagent,
when the sanple iS highly viscous.” 18. The mcrobial detection

met hod %por@lﬁﬁmc}&ia@heéemoa%metﬁdaratckb%;mg? Q'#ns%z)%kﬂam &k ?Bgaﬁftf D
veget at 'ﬂye%n%f‘dble dSé%@l\S?{g@i?t{%% imgﬂ@ﬁg}dr hb6E rdeBraob h}t{é@“ on, wnen the

m crobe to be neasure onns non- veget ati ve ce

O

16.  The microbial detection method according to claim 12, wherein the hydrophilic membrane
filter has a pore size of 0.05 um o 0.65 pm, and the hydrophobic membrane filter has a pore size

of 0.8 um to 80 um.

17.  The microbial detection method according to claim 12, 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.

18.  The microbial detection method according to claim 12, 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.



