CAPTURI NG CARRI ER, CAPTURI NG DEVI CE, ANALYSI S SYSTEM
USI NG THE SAME, AND METHOD FOR CAPTURI NG AND TESTI NG
M CROORGANI SM5 BACKGROUND OF THE I NVENTION (a) Field
of the Invention The present invention relates to a
capturing carrier for capturing air-borne
m croorgani sns, a capturing device conprising the
same, an anal ysis systemusing the sane, and a
nmet hod for capturing and testing mcroorgani snms. (b)
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(b) DedladmEss: sUchaxrafaa ot for produci ng
pharmaceuticals, a facility for processing cells, or .
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Is used for on-site test of mcroorgani sns under the
colonvempundrimentisthicll ms¢ngorgaagsm médihmt area angpthdd eftbr
in a massive anmpunt as a product of inspection
measuring turbidity using a liquid medium and the like have been
known. According to these methods, air-borne microorganisms
are captured in a medium and cultured for one to several days
fellowed by a test. Accordingly, these methods have
disadvantages in that it takes a long period of time for testing,
and insuring biclogically safety becomes difficult due to
cultured microorganisms. As such, their on-line introduction
to a production line of food products or pharmaceuticals is
impossible. In particular, this type of method for testing
microorganisms is often used for determination of microbial
cleanness (i.e., germ-freeness) of an environment which requires
a high level of cleanness, such as a factory for producing
pharmaceuticals, a faclility for procéssing cells, or a factory

for producing food. When a culture method is used for on-site

test of microorganisms under the envircnments, if microorganism



process are incorporated into the site, a purpose of
ensuring the cleanness of the environnent cannot be
preserved. As a result, there has been a problem
that on-site testing cannot be easily «carried out.
Moreover, installation of a testing roomand strict
managenent of a products during production and
carrying process are required. Recently, in order to
sol ve such probl ens, various nmethods have been
that dewiasgd ilfy ewhick ma < Db alnotatnts eptehernbidhspection
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are rey abl e and non-vi abl e mcrobes are counted
based on a fluorescence mcroscopic i mage anal ysis
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reagent, and then luminescence and luminescence output are
measured to determine themicrobial biomass. As a firstmethod,
there is a method in which microorganisms contained in a sample
are stained with two kinds of fluorescent reagents, and then
viable and non-viable micfobes are counted based on a
fluorescence microscopic image analysis and the like (i.e., a
fluorescent method). As a second method, ATPs are extracted
from the microorganisms contained in a sample, and a bioclogical
luminescence reaction by ATP is measured by a luminometer to
gquantify the ATPs, and it is converted to the viable microbial
count (i.e., ATP method).

However, although in principle measurement of one
microbial cell is possible according to the first method,

co-existence of a fluorescent contaminatingmaterial in a sample



differentiate a viable cell froma non-viable cell
For instances, propidiumiodide (Pl), which is known
for selective staining of non-viable cells, may
soneti nmes i nduce | ower average fluorescent intensity
for non-viable cells conpared to that for viable
cells ("Technical Product Information "Live/Dead
BacLi ght TM bacterial viability and counting kit
(L34856)" Mbl ecul ar Probes, edited version of
can deabyaiary £2nehr 2004 rthbEirguie ikCnothalwekki eakyaxbs
represents fluorescent intensity of Pl), thus there
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t.he cell body of a viabhle
contained by every living cell is taken as an indicator of the

microbial count. Thismethodtakes an advantage of a biological
luminescence between a luciferase as an enzyme originated from
a bioorganism, and luciferin {(a kind of imidazopyrazinones) as
‘a substrate for the enzyme. Specifically, after ATPs are
extractéd from a sample comprising microorganisms, a mixture
comprising luciferin and luciferase is added thereto for a
luminescence reaction. Then, the amount of ATPs is obtained
from the luminescence output, and it is converted to the amount
of themicroorganisms. Asaresult, accordingtothisATPmethod,
the amount of the viable microorganisms can be determined within
several minutes to several tens of minutes.

When the amount of the microorganisms is to be determined

according to ATP method, an ATP eliminating agent is first added



m crobe (i.e., extracellular ATPs and ATPs of

non-vi able mcrobes) and the resulting free ATPs are
deconposed. Then, in order to extract ATPs fromthe
viable cells, an ATP extracting agents is added and

cell nmenbrane of the viable mcrobe is destroyed to
elute the ATPs contained inside the cell body of the
m crobe. Consequently, a |lum nescent reagent is added
and | um nescence output is nmeasured, which is then
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vi abl e m crobes can be selectively neasured.
prinddpiever, ikhgot estreamdl eod e e ghrestad by rt her Alfrescent

nmethod 4 is a-m-croorganismthat is dispersed in an

contaguetiusng ofattdmmland In addition, a reagent kit, which

comprises an ATP eliminating agent which can remove in advance
ATPs that exist outside the cell body of a viable microbe, an
ATP extracting reagent for extracting ATPs from the viable

microbe, and a luminescent reagent for measuring the extracted
ATPs based on their biological luminescence reaction, has been
commercially provided by Kikkoman Corp. (Product name; Lucifer
HS sef) (Journal of Japan Society for Bioscience, Biotechnology,
and Agrochemistry, Vol. 78, No. 7, p.630-635 (2004) “Application
and development of a firefly luciferase” Murakami Seijiet. al).
When this kit is used in conjunction with a luminometer, an
influence by non-viable microbes and the like is excluded so
that ATP amount solely originating from viable microbes can be

selectively measured.

However, the test sample to be tested by the ATP method



its application to air-borne m crobes has not been
suggested. Meanwhile, for carrying out a test based
on a nethod for culturing air-borne mcrobes, a
product which conprises a collecting apparatus in an
i npactor style and includes an install able nmedi um
‘cassette carrying a capturing carrier that consists
of an agar (polysaccharide) culture mediumin a ge
phase is commercially available (i.e., MAr Ttype
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As such, a process of recovering the nmcro rom
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a "recovery process") has not been considered in the
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are problens as follows. Specifically, a gel phase

is ussaptiod ngppcarrirgy niscadwent ageousagtaorr paptadtnget hethe
m crobes, 5 however, taking out the m crobes fromthe
captwegsd mdicmgbearaierdaovered from the capturing carrier and
dispersedin a suspension, and themicrobial counting is carried
out based on the ATP method usiﬁg a reagent kit for detecting
a biological luminescence reaction, such as Lucifer HS set.
However, the capturing carrier which consists of a gel
phase agar mediumand is used for an air sampler in a conventicnal
method {(i.e., a combination method for an air sampler and the
ATP method) is uéed under the purpose of culturing captured
microbes on the capturing carrier itself. As such, a process
of recovering the microbes from the capturing carrier (herein
after, referred to as a “recovery process”) has not been
consideredinthe conventional method. For the recoveryprocess,

there are problems as follows. Specifically, a gel phase

capturing carrier is advantageous for capturing the micrcbes,



difficult, so that recovery rate of mcrobes is poor.
Meanwhile, if an agar gel is heated, it can be
transforned into a sol phase which can be handl ed
practically the sane as a mcrobial suspension.
However, since high tenperature of nore than 80C is
required for the transformation of an agar gel to a
sol, nmost of viable mcrobes would be danaged or
killed during the process. As aresult, there are
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tempewldturde® above 40°C. Under the circumstances, in order to
increase the recovery rate of viable microbes, a mild condition
which includes repetition of adding a solution having the
temperature near the room temperature is added to a gel without
transforming an agar gel into a sol and recovering the microbes
that are transferred to the solution as microbial suspension
is necessary. However, this method still requires a
time—consuming and deilicate human work by a skilled person, and
it cannoct be automated, has poor reproducibility and a risk of
giving a false positive result due to contamination originating
from human workers.

Meanwhile, although a great amount of a sclution can be
used for recovery to simplify working processes, when the amount

of microbial suspensionis large, microbial count per unit volume

of liguid (i.e., concentration} becomes lower so that the use



consequently |l ower. For exanple, the anount of a

sanple liquid for carrying out the protocols

(previous protocols) of Lucifer HS set by Ki kkoman

Corp., which is the representative product for the

ATP nethod, is 0.1 m.. Therefore, when the vol une of

m crobi al suspension is 1 nlL, use efficiency of the

suspensi on during the nmeasurenment process is 10%

and it will be 1% when the volunme is 10 ni, _
spensi
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there is a problemthat overall use efficiency is

for Hraidl P or§hadosiof ¢ e mlecovery rate of the microbes.
Further, there is another problemthat when
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excessi ve anount
for luminescence measurement according to the conventional
proteocol, there is a problemthat overall use efficiency isagain
only 10% of the recovery rate of the microbes. Further, thers
is another problemthat when extremely small amounts of air-borne
microbes (i.e., several to several tens of microbes) are to be
measured in a highly clean environment such as a clean room,
low recovery rate or low use efficiency may cause an omissicn
error in microbial counting, yielding a false negative result.
In order to avoid such omission error, sampling volume of an
air samp_le should be increased and other measures should be also
taken. As a result, problem still remains that sampling time
is long and results cannot be obtained in short time.

As such, if the above described method is automated as

it is, a system construction becomes complicated and a solution



to leave a margin, resulting in even | ower use
efficiency. In addition, when this nethod is applied
town actual sanple, a great anount of contam nants
are included in a collected sanple in addition to
m crobes. In this regard, the conventional nmethod is
problematic in that a reaction for elimnating ATP, a
reaction for extracting ATP, and anATP | unmi nescence
reaction are affected by the contam nants so that
requitess floehBBtoRE eyl fteduls WOAsed Mrafdrti Ofce $8Me Wmount
m croorgani sns are present in a state of a spore
to lealviech nsrgigppeduby irgspar evarnbiane ukavingiBig@hcy. In
endurance to chem cal substances or heat. Thus,
additjgri.oudhery ¢adsi mashbdcl adapgltike ATPaneidioth tasumile, a
easily occur. In order to solve such problens of a
grea%ﬁ@?énitdﬁrpﬁ@tmﬂéﬁéﬁés 2¥e hHas ated igwggesiedtetiatample
ermnation inducing factor is first added and then
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m crobe is allowed to occur, followed by
endurstrets I‘dczaihamical/-\%ﬁmsild’tg:éso Japadsese RPabent various
Application National Publication (Laid-Open) No.
react2@0s B16RIGing the aTdeserhdedahhat sasgaenmaali OnInorder
i nduci ng factor is added and speci es-specific cel
to sogper escharmy okdermer béda agrb prrafit rman @dii cheter, diingha ® been
JP-A No. 2006-174751, 8 it is described that by
suggesfdchilar anpRENE Bakieal indusieadgirctelr is first added and

then germination is allowed to occur, followed by carrying out
variéus further reactions. For example, according to Japanese
Patent Application National Publication (Laid-Open) No.
2001-511356, it isdescribed that germinationis allowed to occur
inaculturemediumcomprisingagerminationfactor. Inaddition,
according to Japanese Patent Application Laid-Open (JP-A) No.
2002-330740 and JP-A No. 2004-2229, it is described that
germination inducing factor is added first and then germination
of a microbe is allowed to occur, followed by steriiization.
According to Japanese Patent Application National Publication
(Laid-Open} No. 2005-516213, it is described that a germination
inducing factor is added and species-specific cell spcres are

detected and guantitated. According to JP-A No. 2006-174751,



the spores of a spore formng mcrobe is reduced to
facilitate the counting of spore form ng m crobes.
According to JP-A No. 2005-253365, a nethod is
descri bed by which mcroorganisns are adm xed with a
germ nation inducing factor and then genes are
eluted fromthem Thus, to have a reaction with
spore, addition of a germ nation inducing factor is
effective and even for the test based on the ATP
it isnEkRedibkll tlaeXPeE®RUAdall addidgger8:naf i Hfrength of
i nducing factor is an effective thing to do. However,
the sborsthef ATBppebhodrinhnwhhthrabe icuseHeageants facilitate
including an ATP elimnating agent, an ATP extracting
the cagaftng ehdr@deumpmasogrti ceagenat aracadied tor TPhe No.
reaction, further addition of a germ nation inducing
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and aczillr;ink'l)iescent reagent are added for the reaction, further
addition of a germination inducing factor can make the test more
cumberscme and can yield a longer test time. Especially, as
" the reaction with a germination inducing factor takes a
relatively a long pericd of time, the test time becomes longer,
making its on-line introduction to a prod;uctvion line difficult.
In additicn, when a subject to be tested by the ATP method
is an air-borne microorganism, it should be captured in a
capturing carrier and then later recovered from the capturing
carrier. Time is also required for such process, thus it is

problematic in that a long period of time is required from

capturing to testing.

SUMMARY QOF THE INVENTION

The present invention, which is devised in view of the



captured and tested conveniently and quickly, a
capturing device wusing the capturing carrier, an
anal ysis systemusing the same and a nethod for
capturing and testing mcroorganisns. In addition,
the present invention provides a capturing carrier
of m croorgani sns and capturing device using the sane
and an analysis system having the sane, and a net hod
for capturing and testing mcroorgani sns, which can
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. ATP nethod to testing of air-borne m crobes. For the
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}.Cr Qorgani.sns,_ it . conprises.a po r. whi ch ,
anal)agnl er 58%%%%‘5%%% tthreaﬁgﬁ%?r ' Dét ﬁ%@ﬁgggﬁéﬁr §RBTYE(NY and
] [ t. er re rang t n. 15C and 40C,
tesmﬁ??\@ddl%oo %tn& d g%\lifsrlerc,%@ﬁ tgoﬁgrf?m%gr%ﬁ%?tc%%r?%%ﬂem
of ne@l [ o : VLt r .
e e Sl s O PRI Ay aeo bt ot frfJfrering

carr NAGAHJBPRA cNexty the captpd i &ard i efcodndhe 1oy

present invention is characterized in that, 1t 1s a

cred ANy AY BBEFbIELa Wi it 1Galy ¢aphuiecrdPe didrdgrB8ent in
m croorgani sms and consists of a polynmer which is in

an exdrgeklphasal Atantdentt i @8 fdfi ceapiyuf h N thdd ©06 g amids BBheed
but under goes

for a complicated constitution, low accuracy of measurement as

a result of contaminant incorporation and the like, all the

problems assoclated with the application of the ATP method to

testing of air-borne microbes.

For the achievement of this purpose, the capturing carrier
related to the present invention is characterized in that, as
a capturing carrier to capture air-borne microorganisms, it
comprises a pclymer which undergoes a phase transition between
gel and sol phase in the temperature range between 15°C and 40°C.
In addition to the polymer, it may further comprise alcohols
having no bactericidal activity. Further, the polymer is
prefereably any one of gelatin or NAGAm/MBPDA.

Next, the capturing carrier of the present invention is

characterizedinthat, it isacapturingcarriexrwhichcancapture

10



a phase transition under heating to a sol phase at or
|l ess than 40C, i.e., a thernopsensitive polyner, and
by containing a test reagent in said polyner said
test reagent is eluted upon said phase transition
froma gel phase to a sol phase. According to this
construction, since a polyner which constitutes the
capturing carrier is in a gel phase at the tine of
capturing, air-borne mcroorgani sns can be
air—b%frfn'ecfn§855¥r§§8§_Efn%dal}]d RorAfditd o, agm endGRRRASEs in
' transition oCcurs by heating the capturing carrier
a gel BhaQk dt€8Retthalk 4PCapt e i MyGh POF S8R SIBskABut R idergoes
easi ly suspended in a sol ated polyner and then
a phakecoyetert i v iy Hestiay Ng 4 ke 1npbEaeergankrSIBss than
captured in the capturing carrier. Furthernore, as
40°C, thee gele phaseopoehyihef ve grtlaimms: t hed bestorrtedganmly, a test
whi ch is eluted upon phase transition to a sol :
reaggyfiase, sthd pesymerageint temt heecanddd isoelheed upon said
m croorgani sns sinmultaneously when they are
phase dxansridd Ry dRcthe e8pt BRRAG &ar gi epl P?I/fﬁéﬁef drecording
according to the present invention, a _process 0

o thige GBS g GhIGFoorigdifics s HGOMar bt O i?@%@ftr‘;t@rs the
SIS R AL IR L w—
i G e SR WO B g ot
addit&&g{g] i é'gaﬁecﬁceﬁg[éi%eeﬁgféﬁ%%% 205@&:!5 reAgent: Gan fg

cathﬂﬁﬂ?@BE%EEQ9£9t§§ﬁkQ% phathheoat r -B Recroorganisms can

m croorgani snms can be carried out conveniently In

be eaHORt dudfnddte Gap WdinG e Seyhof £aPttHdMNOrecovered
m croorganismrelated to the present invention is

withaltadast esiyzed the hbatobiganiehssesHturkld i he heagdpiftnNdng
carrier conprising a polyner which undergoes a phase
carritgransFuirochelbetwesnza ghk ged aphsek polthert eopesatsirehe
testlggggint, which is eluted upon phase transition to a sol
phase, the test reagent can be addéd to the microorganisms
simultaneouslywhentheyarerecoveredfromthecapturingcﬁrrier.
Therefore, according to the present invention, a proéess'of
recoveringmicroorganisms froma capturing carrier and a process
of addingatest reagent canbe simultaneouslycarriedout. Thus,
with the capturing carrier of the present invention, by which
alr-bornemicroorganisms can be captured and then recovered from
the capturing carrier and z test reagent can be added for
measurement, processes fromcapturingtotestingoftheair-borne
microorganisms can be carried out conveniently in short time.

The capturing device for capturing microcorganism related

to the present invention is characterized in that it comprises,

11



bet ween 15C and 40C, and a vessel to contain the
capturing carrier. An analysis systemrelated to the
present invention is characterized in that it
conpri ses a hol ding nenber which holds the capturing
carrier conprising a polynmer (hereinafter, may
referred to as a thernosensitive resin) which
undergoes a phase transition between a gel and a so
in the tenperature range between 15C and 40C, a

the L@IREHAUEEr¢9BEr BbhpResRARAL abYSyMBE G Lot Srgdde 2
tenperature of the capturing carrier, and an air

phaseSt £€AB1 t CONethidangs pant anfliaCéol Ahrdieesparatiirewdreye
the capturing carrier. The tenperature controlling

betwegppdri&Cusnadl Ko¥B, swmd ch vdretaveero tdmntheiat ithg arg tithreing
cooling of the first nenber before and after the

carrignroduction of air flowto the capturing carrier
Regarding the capturing carrier, the gel phase , ,
péITy Ee 1iys s éé’ééemoﬁegﬁéeﬂi Feekhe oPr 5 eri PR STt 15
and the capturing carrier conprises a grid plate

charxhishirEhartthali dh FIMs? 229A 00 praes meg% 5%?%@03&8

th filtration apparatus in conbinatgon mﬁLh t he %ilterzﬁ

© CEREYHES (PP Ao BBparat'ds 2i BOUEEFnEC ot 31 rer, ey

t.he o) r.th ' f.or '

recen: i B Mot et et P S pat e R tld dppase

tran Q;Irﬁg:ﬁ{ ﬁgtﬁegﬁglg%?. &P4R 19081 110t Ae €2 Hﬁfia@gi ecz%rnrgje%etween

consi sts “of a polynmer consisting of a

15%:é&@é@Qﬁ?@%%hb%%a&%?ébdﬁ%é%ﬁ$%@@59F§§aéﬁﬂ%%ﬁchcontrols
transition between a gel and a sol in a tenperature

the tdegendenirddmeihe Fafialy carther hrosensid i ver restdam

whi ch undergoes a phase transition 12 between a ge
contm@ad ims@Pamt WHICoridtessqupsef &t abf yow ntd hehe capturing

tenperature range between 15C and 37C, and a
carritenpeffakutemperature controlling apparatus allows switch
between the heating and the cooling of the first member before
and after the intreoduction of air flow to the capturing carrier.
Regardingthecmpturingcarrier,thegélphasepolymerisplaced
on the filter for filtering a sol and the capturing carrier
comprises a grid plate holding part which holds a grid plate
constituting a filtration apparatus in combination with the
filter, and the filtration apparatus is designed to filter the
polymer that is transformed into a sol by the temperature
controlling apparatus.

Further, it may comprise a device comprising'a-capturing

carrier which consists of a polymer consisting of a
thermosensitive resinwhichundergoes aphasetransitionbetween

a gel and a scl in a temperature dependent manner, preferably

a thermosensitive resin which undergoes a phase transition

12



control ling apparatus, and also preferably a
filtration appratus, and if neceesary, a dilution
appratus. Wth a tenperature controlling apparatus,
the capturing carrier consisting of a polynmer (i.e.,
thernosensitive resin) is maintained in a gel phase
to collect air-borne mcrobes, and then the capturing
carrier is subjected to a phase transition to a so
phase by a tenperature controlling apparatus or it

betwed Peydi laned Wdih a@ dicbubi-onesql ub'r%%etrgbi eld tne

m crobi al suspension. Because the phase transition

tempdermparatidmyobdtheeert NG o0seasikPye £681 8 MBLELEA y oL
the present invention is 40C or | ess, capturing and

contnuﬂﬂmmgqppéraﬁmsnnnﬁ&hsmﬁﬁéféfﬁwlﬁdfQQ&raﬁm@wagpratus,
mld tenperature condition. As to the m crobi al
and iﬁjmaﬁrry AP dofl uthiermiagrotegs: canWhehnmeasened rbyure
ppl ying a conventional ATP nethod. Alternatively,
cont%%ﬁ@ﬁ?aﬁﬁﬁiwtrhéhenﬁépﬁbmangsg@pemsrocnom51$tim@r@ﬁ a
to collect the mcrohes contained in the mcrobial
Polﬂg%fsdén& -onBRATROPEPEEL I VangoFREN ATFNahRhainedeht 4 wel
rr egdput according to a measurenent protocol of a
phase

SRFP et g &%Cﬁﬁé@%yadamﬁrhatmeorpaaturmg

1%9 m.cr,0

Carrlev iCe or3FﬁEe§n§Py§| §§s?%%$%g#ég%to?ghﬁﬂ§? urln%w
a tem?@\égmgncoﬁﬂfﬂihgeg@pg%@&é ol Nl udbng easi fess Ly

out or reco m<cro

a cilGARIN IR ueabh &l A ﬁ%f@%u%& n%hgp use

ef ficiency, high cr Ity in mecr counti ng

WeeRafiser @hes pALS PreSeNti « iidh denPdr-88lY el

anount, easiness of establishing an 13 autonation
thermddmssjtﬁmeeréﬁmtmdﬂdﬁﬂﬂ, o@nthdipgh saee Ul @ean©fon is 40°C

nmeasur enent even under the influence by contam nant
or less, capturing and recovery of the microbes are carried out
under a mild temperature condition. As to the microbial
suspenslion, ATP of the microbes can be measured by applying a
convenﬁional ATP method. Alternatively, and preferably, the
microbial suspension is filtered tc collect the microbes
contained in the microbial suspension on a filter, and then ATP
measurement is carried out according to a measurement protocol
of amodified ATPmethod, followed by determination of air-borne
microbes.

Thus, according to the capturing device or the analysis
system related to the present invention, at least one effect
including easiness of taking out, or recovery, the microbes from
the capturingcarrier, high recovery rate or highuse efficiency,

high credibility inmicrobial counting whenmicrobes are present

in an extremely small amount, easiness of establishing an
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i ncorporation and the |ike can be achi eved. The
capturing and test nethod related to the present
invention is characterized in that it conprises steps
of capturing mcroorgani sms by which air-borne
m croorgani sns are captured in a capturing carrier
by spraying air conprising air-borne mcroorganisnms
to the capturing carrier which consists of a polyner
in gel phase and contains a test reagent, and taking
autom4li AN iaddisnehae WHnGh ikhe iGRRT WHN GiCH TdRharaSy of
heated at 40C or less for a phase transition to"a
measugeinephase 0 vrkelr tdie iﬁﬂﬂﬁl‘é@fc@aﬂﬂtys MoraRiid=ed in the
capturing carrier are recovered romthe capturing
incorparaEtdwnartdatthidhd isameat e tduhiteestd.reagent i s
eluted fromthe capturing carrier, which has
ufder gepsuaipgased theansimeithied oed ageld plasdcandetken
_ added to the mcroorgani sms above. Thanks to such
1RVengaedt iLBuGher 2 dtegoviady iof thied i creowmmgaasiss s efosomt
the capturing carrier and adding a reagent for
CaptUrddys RyCT 0 ¥ PRVAFRE G0t YAnF 8 fel AP e BaFFPegJapisms are
si mul.t aneously. ,As a result, the operational process
CAPLUECOMEs 2 EATTAT IR TS o RY IR BT Sl (eEPT IS ing
. _therefor, Thus,. according to the constitution of the
=2 el i 3R R TR e i S PR b rBons 15ts
S-St ' d as .
of = EPIRleR: Fn Yot hRa Y Tl el e b e PSR A e dad gino
out ah&eadc?ﬁ{c_{ BSAGRAEN! Sne UUANGG | Eaﬁr@gegolgq?eratéhayat 40°C
heating thé capturing carrier 1t undergoes a phase
or leldfsaFeirt 2Ophalscommrisltild assd ,sANGHNR @ptiRd the
m croorgani sns are taken out of the capturing
microoaigangsmandapt utbe SarBetca®r ihend esir1ieagent rekbiicsSed
el uted and added thereto. As a result, less effort
from @ipe deipmmr iwid tabelreqnd ed floe stie dpee athieotakt reagent
processes from capturing

is eluted from the capturing carrier, which has undergone a phase
transition to a sol phase and then added to the microorganisms
above. \T_hanks to such censtitution, recovery of the
microorganisms from the capturing carrier and adding a reagent
for testing to the microorganisms can be carried out
simultaneously.. As a result, the operational process becomes
easier and less time will be required therefor.

Thus, according to the constitution of the present
invention, since the capturing carrier consists of a polymer
which undergoes a phase transition from a gel to a sol at 40°C
or less and the test reagent is contained in the polymer, by
heating the capturing carrier it undergoes a phase transition
from a gel to a sol, and the captured microorganisms are taken

out of the capturing carrier and at the same time the test reagent
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to testing of the m croorgani sns. BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. 1 i's a sectional view which
shows the brief <constitution of the capturing device
(100) according to the first enbodinent of the
present invention. Fig. 2 is a schematic draw ng

whi ch shows the brief constitution of the capturing
apparatus according to the present invention. Fig. 3
is a flow chart which shows the determ nation

. £ di , . ‘
1s elgﬁggggﬂi%dgegn%ﬁégggé.a%ﬁ?%.i@@ui@,Pﬂ§¥%3%§§rF§ngitime

Iment o present 1 nventl on.

will ﬁgef\éag@i%d W@:ﬂeh_@}og?%%ﬁgﬂ HELBESEENCE oY R uring
dependi ng on conposition of an ATP elim nating agent

to te@ftingd MFdeheCanliddIgagalihiser, according to the first
enbodi nent of the present invention. Fig. 5 shows

the tenperature and filtering properties of a node
capturing carrier depending on gelatin conposition,
accor di nRIGCE MEJORIHAT IO adi M [HAWING Spr esent
invention. Fig. 6 shows the tenperature and filtering
pEeger tli 6 &f sextivdell vaptumidghc ahowsr tiepdrdierg on
gl ycerol conposition, according to the first _
constaiyddiorent tBE Ctﬁf&%rlé@é#ﬂﬂ%éﬁ&%@@@@ilny fethehigRt
which shows the conparison of a recovery property

embodaafide 1 e iﬂrﬁseé}%&ﬂivﬁémloé?' the present invention
S ReEi onalt 3 Fe VTGN S GWe VS DGR SDoSt Tk Por o6
consttei%glézg.l%ﬁl; ot ‘t@% %‘je‘é%ﬁingg?s&%g%‘?%%ctoor&fheg $8€28% resent
present I nventli on.

invention.

Fig. 3 is a flow chart which shows the determination
. procedure of micrcbes according to the first embodiment of the
present invention. |

Fig. 4 1s a view which shows the measured luminescence
value depending on composition of an ATP eliminating agent of
a model capturing carrier, according to the first embodiment
of the present invention.

Fig. 5 shows the temperature and filtering properties ofl
a model capturing carrier depending on gelatin composition,r
according to the first embodiment of the present invention.

Fig. 6 shows the temperature and filtering properties of
"a model capturing carrier depending on glycerol composition,
according to the first embodiment of the present invention.

Fig. 7 is a view which shows the compariscon of a recovery
property between the first embodiment of the present invention

and the conventional method example.
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Fig. 9 is a view which shows the brief constitution
of the analysis system according to the second
enbodi mrent of the present invention. Fig. 10 shows
the conparison of a property of a capturing carrier
having different synthetic polyners, according to the
third enbodi nent of the present invention. Fig. 11 is
a flow chart which shows the procedure of a nethod
for the capturing and the testing according to the
fougt hg epbadsaentofhlt hechr eselh ishveat itae. bkigr 12
is a view which shows the rel ationship between the

constAkatticaat frent cearoantrpdeoncand @ hbecbudingsecehioe second
output. Fig. 13 is a view which shows the

embodrgleatti odslihp bebweeh thyepitactr.eat ment tenperature
and the | um nescence output. Fig. 14 is a view which
skié@s Phésrelatsondhi g bErewenthe Herigf qonedtimatfiion of
tinme and the | um nescence output. DETAILED .

the appdyRlLPTHON OF ATHEC IREFERREDMEVBEBPRENTE O fFeR b of the

bel qw, with reference to the draw ngs attached
presapdr dWiVER EFPef erred enbodi ments of a capturing

cant efy 8o &aphurl g, devl 68, A, GAPLULING BPRATALUS. s ng
Vs th and a Fror

an “anal ysi ssystenusing the sane, t'ho
corsGAPLUCLED SS9 T I g A, 40 BT
third U dihahtt e emRodimRabs ans Ol an exanpl e

showi ng the inplementation of the present invention,
and ¢t.he 1t eghpi eabwsewper HRieh éH@w@rﬁﬁ@[}_ﬁré&W@LﬂiéQﬁE a
[

is not limted thereto. (The first enbodinent) (1)
methodl tBr respesprt ol hfereaphariag: deyaceoBaiial to the fourth
constitution of the capturing device 100 according

embodiment of the present invention.
Fig. 12 is a view which shows the relationship between
the Ala treatment concentration and the luminescence output.
Fig. 13 is a view which shows the relationship between
the RAls treatment temperature and the luminescence output.

Fig. 14 is a view which shows the relationship between

the Ala treatment time and the luminescence output.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Herein below, with reference to the drawings attached
herewifh, preferred embodiments of a capturing carrier, a
capturingdevice, acapturingapparatus, ananalysissystemusing
the same, and a method for capturing and testingmicroorganisms,
of the present invention will be explained. However, it should
be noted that the embodiments are only an example showing the

implementation of the present invention, and the technical scope
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to the first enbodi nent of the present invention is
given first. Fig. 1is a sectional view which shows
the brief constitution of the capturing device 100
according to the first enbodi nent of the present
i nvention. The capturing device 100 conprises a
vessel 103 and a capturing carrier 102 housed
therein. As a material for the capturing carrier 102,
a resin having the follow ng conposition is used in
of tAdGULSANt RARQdigEN:s noiPeri i cal | the A0% by wei ght
of glycerol, 7.5%by weight of a thernosensitive
r egiHe: Ao alimdddigentgel atin (hydrol ysates of a
protein) for the present enbodiment will be expl ai ned
| N(10r edtter reGeteait daeltow) @nskO: 03P0dne el ght of an
ATP elimnating agent are used and the remaining is
bdmrdedonst htatpbyse Ditdgi captsalhgelewiotautlDONacddrding
addition, as a vessel 103, a polystyrene petri dish
to thraldnRF ereyfinder-shapedtotreaydnvegitopnwi $ hidieantiest .
. of 40 mm and depth of 5 nmis used. Next, a nethod
Fig. flofdsf &rifFlgt el CatUMNE e shavwsr tieobr het oreliigl te-ion
the present invention is explained. By mxing the .
of t%FéBF&F%ﬁ@&GY%@%&%@ WG BT it TRe2I LhRbepmbodiment
heat i n necessary,..a ho enous sol, isa85tained,

i f.
of thE RrSPTRRsI T bRy 1T &R 5 e cesirred” by tivairee
| i i § S e JEdr red TOue
2 vedhdl ofdd PV indite s S O Dol ffe el Sing

sterilize rati on a syringe

pore; dhameter Af, 0422 .ﬁxgiﬁa%%a?kigt:.ltdws g%tsaiinnﬁgving

sterilized sol 1s aliquote en i'nj’€c

the fROMREANGOLBSIYOLA tibA tReuhelt M of ot B SLRET L6 ment .
vessel 103. After cooling it at 4C,~ a honbgeneous

Specigfilcd S Qbaisned. wAs gitl eulgtiydehe 16apt 8ei BY weaght e a

102 al so has an approxi mate cylinder shape and its
the rmdissretieri iesr40i mmaingr- 141 qkness §slabdut hed@ dTisas@ales £
a prot?esirg)hggg thepresent embodiment will beexplained ingreater
detail below) and 0.03% by weight of an ATP eliminating agent
areusedandthe remainingisbalancedwithaphysiclecgicalsaline
solution. In addition, as a vessel 103, a polystyrene petri
dish having a cylinder-shaped concave region with diameter of
40 mm and depth of 5 mm is used.

Next, a method for forming the capturing carrier 102
according to the present invention is explained. By mixing the
materials for the capturing carrier 102, under heating if
necessary, a homogenous sol is obtained. Operations following
this step are carried out under a sterile environment. While
heating, thesolissterilizedbyfiltrationwithasyringe filter

having pore diameter of .22 micron. 1 ml of thus obtained

sterilized sol is aliquoted and then injected homogeneously to
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of the concave region of the vessel 103. Although the
capturing carrier 102 is in gel phase at room
tenperature (25C), at an increased tenperature it
under goes a phase transition froma gel to sol with
the phase transition tenperature, therefore it is in
a sol phase at 37C. Thus, the capturing carrier 102
functions as a thernosensitive resin having an upper
critical solution tenperature (UCST: below this

the bLEFRRTAE WiR IshcirS 1RRR3LRE N acge! Ef%%%ﬁcoofﬂﬂ%'i%sat
UCST is higher than 25C and | ower than 37C. The

4°c, o BBReyahybes dppendesbtsohegel m&sﬁeéﬁ@ﬂ$lﬂh@&a@fcurlng
the capturing carrier 102 is reversible. In addition,

carria® agzcapkdrhag ear apetoxameakr icefl ihaernghbpeeend its
critical solution tenperature can be used (i. e.

diameiteri $si40 gel apHaskiaknehe iemiendt Or.é mmvghﬂneﬁhamhose
the corresponding tenperature; this type of carrier

of thwpnc@@eesqglaqrn@% ha @e)ssalnl@h s Addseudhofhe gpPliirig
and_ recovery of the mcrobes, the conditions for a

Carm@él 18Adia Geigelarhagy ¢t é&o%§e@ﬁ6F6§Pﬁ@ éz?&/er $ddan

erature conditi res ect to th

increpZiButRECSRRaF At b BRPEFORBRCE RS Rt L eon £xom
gel §ADLULL0G APPARALYS AL Acely ageggtt e Prigsellone 1
s 1xSENSAt L dLautng ui chysho ﬁﬁ@e ggw;jﬁnégmgf O

uri'ng “appar a

funct%l%ﬂ%réé chbln SO SER 3L URPELRABEL ;ﬁ r%rltlcal
er 111D, e

| ower e an alr suction nozz

soluth@hckeém t@:é ?ﬂ@gﬁ?atﬂgﬁ)\.@ﬁﬁléQ'err@é@%rt@ztrlésltlié,pr%%e@lt
punp 1 an exhaust duct 117 and an exhaust filter

in a giellSphM\éteml, nend e ApRATal §HhighawicthaGapsemphyl 5P@se)han

115 is formed. According to this capturing apparatus
37°C. 11Mhe tdeenpupeera e nberenddrar canl bl detaashaed-drromitdre of

| oner nmenber 11 b. By attaching the upper
the capturing carrier 102 is reversible. In addition, as a
capturing carrier, a carrier having lower critical solution
temperaturecanbeused (i.e., itisingel phaseat thetemperature
higher than the corresponding temperature; this type of carrier
will be explained later). In this case, for capturing and
recovery of the microcbes, the conditions for a sol and a gel
are adjusted (by employing a reversed temperature condition).

(2) With respect tc the capturing apparatus

Brief constitution of the capturing apparatus 111
according to the present invention is given in view of Fig. 2.
Fig. 2 is a schematic drawing which shows the brief constitution
of the capturing apparatus 111. The capturing apparatus 111

comprisesanuppermember 1llia, a lowermember 111b, anairsuction

nozzle 112, a helder 113, a temperature control apparatus 114,
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menber |lla to the ower nenber |Ilb to formthe
capturing apparatus 111, joint region between them
beconmes air-tight and the external open port of the

capturing apparatus iii corresponds to the air
suction nozzle 112' of the upper nenber lila, and the
exhaust filter 118 of the lowernenber lilb. In
addition, within the |Iower nmenber Illb, each of the

hol der 113, the punp 116, and the exhaust filter 118

apumi@of 1 2¢edxh EUEE Refor B 1 RauadY, Bt a9 3RNical { ¥ sheMinin
a control systemor a power supply for the punp 116

the aPpatheus LAPesad Ue 60Pt ¥ elbaienar at us ddAnad e PRUSeding
I nside the apparatus and operating buttons, a handle

to thasdchpeurihleapperatiached amd hepext aeraekrsurfacerbe
the apparatus. Further, the holder 113 conprises the
detadhenbdramnutdec dnweal memppar afLiib . 118y axc adisiong hée upper
det achabl e capturing device 100. Thus, when the
membegaptldd v déve deoWEQD mesiogtnt aidhdd tich dragimo theh camppering
side of the tenperature control apparatus 114 is in
apparddittadt lni IRt FEAIGRePe Va8 T ¥ ECCRPESr R Ry B @nd
100. Wthin the cgghurin appar at us 1111 éhe voi d
the exyernih PRRNESHTTeRt § "EIFE Rttt 2P &b = 1ddGardsponds
nozzle 112 to _the.en ng f the pu 116.yia the
to g it sl oD Ee L F00 210 FBF mioe T it  Aohe - (el the
i ks [ I onn . he ... .
exhau@l £ 0oL B8 L1 3y EhOREL YoM TER LB OOk s ent
the 169d:CeeRACEAA S KhenCap! Hﬁenaoﬁggﬁrﬁy,s el N g,

to the present enbodi nent has a ow anount

and theSamPl@sal frilklhus 1hk Bas anxadvantage of, absHhidlo bt
certain 19 anount of sanple in short tinme and

graphdapiiur BYons,- BOEART rfl C4 PO GaNd S 1S pblerebiPPly | fbr the
addi tion, although a one-hole type constitution is
pump €AW sageteasetmherakcursuctnonohozgpberidtds 1n4 Fxe hbused
the air suction nozzle 112 that can be used for the
inside the apparatus and operating buttons, a handle and the
like are attached on the external surface of the apparatus.
Further, the holder 113 comprises the temperature control
apparatus 114 andalso thedetachable capturingdevice 100. Thus,
when the capturing device 100 is attached thereto, the upper
side of the temperature control apparatus 114 is in contact with
the lower side of the capturingdevice 100. Within the capturing
- apparatus 111, the void 115, which connects the exit of the air
suctionnozzlell2totheentranceofthepumplléviathe capturing
device 100, is formed. In addition, the exit of the pump 116
is closely connected to the exhaust filter 118 via the exhaust
duct 117. 3o called impactor-style capturing apparatus

according to the present embodiment has a high fiow amount of

a sample air, thus it has an advantage of absorbing a certain
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present invention is not limted to such
constitution, and wvarious air suction nozzles
including rmulti-hole type having many snmall hol es,
etc. can be used. (3) Wth respect to the

determ nation procedure of mcrobes (i) First, brief
constitution of the determ nation procedure of

m crobes according to the present invention is given
in view of Fig. 3. The procedure of determ ning

amounl &ORESH1CONRY is$RTtt RE MY QGRS T alpA)ar@hgCaRttbcRee
m cr obes, the process (b) of recovering the

microlirgf=oliess tthe rprreeass (8) aatiieibnl nalthgugATR, ohbehole
process (d) of filtering, the process (e) of
type extusadttingonATR, ethéspgedeas the afr rssoviern ngpzAlR 112
and the process (g) of determning ATP. Wth respect
in Fige ¥hetlpr ccessuCa)onf neapiarihg Wiak sbesbe agsedpormdhe
m crobes are captured in the capturing carrier 102
preseqity inVgaIt isase NPt Rilgidask)tpfsude ORFHTIG Wevisde
. 100 hy usin% the ca turing %Egaratus,lll. Wth )
Variqussfdct SUGTLRB PPoéess tBYIBFPEcEYert AP 1F cridtedaving
the .capturing carrier 102 is subjected to a phase
many tsf‘éi}r}éi ?1031‘?5’”6 ‘a G Pha¥&%o a sol phase to obtain
m G, Qb [ [ . ' respect
Lo Pre B sEHREL T B At Sy RO R Bt L oEHRAbe
origi nakiAg HLamSWHANGeS: o de Lhan ddhe JHicrahes,
of the sanple, 1.e.,extracellularATPsor ATPscont al ned

procddiAs ¥ hablk8RLEINReS 1 P: 8k@ b idi At edve ¥ I bn is given
respect to the process (d) of filtering, the sanple

in vilesy fdd trred 3.0 rgeOYe cseluble cFopeREALE S 18 microbes

contam nants such as solid conponents having smaller
comprdisanetdie phanethlke (A) coAbespturing microbes, the process
{p) of recovering the microbes, the process (c) of eliminating
ATP, the process (d) of filtering, the process (e} of extracting
ATP, the preocess (f) of recovering ATP and the process (g) of
determining ATP.

With respect to the process (a) of capturing micrcbes,
ailr-borne microbes are captured in the capturing carrier 102
{in & gel phase in this case) of the capturing device 100 by
using the capturing apparatus 111.

With respect to the process (b) of recovering microbes,
the capturing carrier 102 ié subjected to a phase transition
from a gel phase to a sol phase to obtain microbial suspension
{i.e., a sample).

With respect to the process (c) of eliminating ATP, ATPs

originatingfromsubstancesotherthanthemicrobesofthesamplé,

i.e.,extracellularATPsor ATPscontainedinnon-viablemicrobes,
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and the viable mcrobes contained in the sanple are
captured on the filter. Wth respect to the process
(e) of extracting ATP, cell nenbrane of the m crobes
is lysed so that the ATPs contained in the cytoplasm
of the viable mcrobes are extracted into a sanple
solution. Wth respect to the process (f) of
recovering ATP, a sanple solution, including the
ATPs that are extracted fromthe mcrobes, is

are cQhktaihnedq Wth respect to the process (g) of
determ ning ATP, a biological |umnescence reaction
| wiear régsk it bagedoppcéBe (ATBS contaknad, i thd Bemple
sanpl e solution. Then, by determning the

is filupradsceneoddt puluby eusbngoachtm swneirergmimentATBuch
content in the sanple is obtained and the test

as sotedutamricgiegitsenavangesmsl L of dikmedeunthef the microbes,
air-borne mcrobes contained in unit volunme. (ii)

and tRexviabhe Bperapepncortebfdconstie waBhe afemsntured
of the present invention is explained in greater

on thgetidilitetn accordance with the deternination '
praocedure. Before . the rocess .(a) of capturi he
P ELERSOPRE St 5 R 08186 SXSEABRMPACEER opell
accor di to. the nethod, descri be bave. er .

nembr g o e g HEShRRer Sbeer T Gt e it g ined

in th%pgg‘cégﬂés 1%.9%%‘18}8#@%&1&&@ #@“&@H&;’e& Urko a
cl ean benc ichis placed near the region from

samp With @iibnt 0 be determned is captured 21 (herein
after, referred to as a "capturing area"), together
Witifth tdpdanes drpebckEb O ot he ceaRtUngEaTHe% £fnple
100 whi ch has been nmanufactured according to the

solutieirhothslestiridede AT Ahehabave.ex tAldctidibf ppRalkeiminSrdbe s,
the clean bench are carried out in a sterile

is obtained.

With respect to the process (g} of determining ATP, a
biolcogical luminescence reaction is carried out based on the
ATPs contained in the sample sclution. Then, by determining
the luminescence output by using a luminometer, the ATP content
in the sample is obtained and the test result is given in terms
of the count of the air-borne microbes contained in unit volune.

(ii} Next, the operation of each constitutional element
of the present invention is explained in greater detail in
accordance with the determination procedure. Before the
process (a) of capturing the microbes, thé capturing device 100
is manufactured according to the method described above. After
sterilizing the upper member 11la of the capturing apparatus
111 by autoclave, it i1s transferred to a clean bench which is

placednearthe region fromwhichair tobe determined is captured
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manner. The hol der 113, the void 115 or the external
surface of the lower nmenber Illb are sterilized by
usi ng ethanol for disinfection and the |ike, the
capturing device 100 is installed on the hol der 113,
and then the sterilized upper nenber Illa 1is
attached thereto to produce the capturing apparatus
111. A sterile cap (not shown) , which protects the
air suction nozzle 112 of the capturing apparatus

(herelblaffom thecmrenods ak LopharhRahbvd=S f UEbh8Eher with
attached, and then the capturi ng apparatus 11 is

the 1bakemeailef 1 Ombher ehearspeneing Akktel DSt alniidMhat Men
apparatus in the capturing area, it is ready for the

manu freasureementorbinghite easemethedcaps uripgd atealendddie: .
clean bench are maintained at the roomtenperature
All the cpboet 126€ bytheiglaugndéntbrinsgcaanted bet in a sterile
tenperature of each nmenber is also about 25C In
mannearddi Thenhobyer uhhi nd-hthe odehpdbapureheomornal surface
paratus 114, the tenperature is set at 25C. Since

of th@héoweép%WPﬁa Carpi %Felﬁ?%%l%ﬁ%dc‘aq{)t%ﬂ% %téwréél for

iSRG %%galblré‘ﬁﬁzgﬁé%‘s?%%%f%é%%%@ Rifer inasp1iea
7 t h t . thi

o SRS AR R P el 0

is atEQEBQ&'ﬂQef@&g %ef:godg}éer{'}qgl Sc_:g%%)f) rﬂ%us 111, A

apparatus 111 air-borne mcro s

sterlq%pEﬁﬁ'ﬂgﬁa%%%mé{e %H%QEHSQQ?@Qt%QﬁEyEQQ'éﬁcﬁbgn'%?zzle

capt uring deV|ce "100. Specifica by running t

112 uUmpe16 ttuhﬁngj 2 prédr Ul i e tﬂ%n@%ﬂ{érmﬂgsm at us
111 is a sorb into the punp 116 via the air

contasielaitdmrnazz Ife ritha and tdeh i @R iPhs pag®uring

115. Further, via the exhaust duct 117 and the
apparesthaust] fskhéen dEBfréohehaial das: evertt ualft arel reatseld i ng

to the outside of the capturing
the apparatus in the capturing area, it is ready for the
measurement. In this case, the capturing area and the clean
bench are maintained at the room temperature of about 25°C by
air-conditioning, and the temperature of each member is also
about 25°C. In additien, by running the temperature control
apparatus 114, the temperature is set at 25°C. Since the
capturing carrier 102 of the capturing device 100 comprises a
thermosensitive resin material having the UCST of higher than
25°C but lower than 37°C, it is present in a gel phase at this
temperature.

With respect to the process (a) of capturing microbes,

by runningthecapturingapparatuslllair-bornemicrobespresent

in the capturing area are absorbed and captured in the capturing

device 100. Specifically, by running the pump 116, the air
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apparatus 111. During this process, the air-borne

m crobes are transferred along with an air stream

whi ch passes through the air suction nozzle 112 and

collides with the capturing device 100 in

approxi mately vertical direction, and as a result,

the mcrobes collide with the gel phase capturing

carrier 102 due to an inertia force and captured.

Air or particulates having a weight smaller than the
outsifleCtBbesasOhtifle Mddrdthes capt Uil BBsoeBER] Bitd Qhe P

then change their direction parallel to the surface
116 vod trkeatapiubtingh aaceierl 102D tpetvd ranahesmetly space)

the void 115, the punp 116, the exhaust duct 117 and
115. tHerehbaustia fuhlet ekhat8t dhet part iacul Ahesetteiaig falter

wei ght smaller than the mcrobes are captured in the
118, thhais i sfavardually et agedhodihe odtrsledod f &hy capturing

particul ates is released to the outside of the
appargapfutthg AppFamat Be1a Profies s/hehexddudomig pegrags are

i to th ent enbodi rent, th 116
Crans e B LN L E s ot SR ARG PoTSobd Iy Hu e
. with th i i f 15. i nut . t
i SRS A LR S P coTa.
100 iﬁb&ﬁ%ﬁ&gmﬁe resul foof fhese proc Ress girshorne, .,
m C es con | ne I N hree cu |d netrers Of alr are

micrc?@@tEBQQiBQ %D@?g?ﬁ%%&?é%%a%@{EE@%U}Qag s gééﬁsgﬁfﬁm;e

0 the process overing the mcro

to anOPEEAE 1 AUrd Nes taIPeLitu-R CONKE @l capparat us ddds Hdwing
tenperature is increased from25C to 37C. Fromthe

a weitbp smisface 2d&0ftHemperabde ceontnel wappariad usipkhding
to the bottom surface of the capturing device 100,
carrikerel2toahHethessehaif38 ahdial doréotidheptilyl N the

carrier 102, heat is transmtted, resulting in fast

surfaicecréashke gfapthe itrenperaterel 62 thegaptransAgreadrierthe
void %9%, the pump 116, the exhaust duct 117 and the exhaust
filter 118. The particulates having a weight smaller than the
microbes are captured in the exhaust filter 118 and clean air
free of any particulates is released to the outside of the
capturing apparatus 111 via the exhaust filter 118. According
to the present embodiment, the pump 116 provides with a constant
flow amount of 200 L/minute and with the capturing time of 15
minutes a constant amount of air {(i.e., three cubic meters) is
absorbed. As a result of these processses, air-borne micrcbes
contained in three cubic meters of air are captured in the
capturing carrier 102.

With respect to the process (b) of recovering themicrcbes,

by operating the temperature control apparatus 114, its

temperature is increased from 25°C to 37°C. From the top surface
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to 37C. The capturing carrier 102 adopted for the
present enbodi nent functions as a thernosensitive
resin having UCST higher than 25C but | ower than
37C, therefore, the resin undergoes a phase
transition froma gel phase to a sol phase by
tenperature increase from25C to 37C. The
particul ates including the viable mcrobes and the
like that are captured in the capturing carrier 102
of tehpeeBRudespERsLd] idppddsc$ol11and tas BoteSMldurface of
m cr obi al suspension is obtained. In addition, water
the caplublieagcaaponent®o t hiate ar ec®tdiey vicharit hesvamwdl€lso to
m crobes and the like, captured in the capturing
the cegrturémglodrraece tD8sohead isntthessitteds megwsulng in
1 nL sanple of the mcrobial suspension is recovered
fast jipcrreseessetha 0BmpEma Yies pect-hicoceneupt bg eszr 19T 02
elimnating ATP, after adding 30 L of the ATP
to 37eFi mi TRk | FP et tFREr ieT ih%guaéfapmd feriter MoeseRt
l.e of the m crobial suspension, the

0 th ,
embodfl%k@fﬂtte iff&% S0 @5 &hﬁféa%%%bsla%wwﬁ%%%m JCsT
. f 30 o oWt i AT t )
1ighegy i ng PRbMLERE v EAB e o BBBE 6PTT hetRanFFELn
undefgg%‘s’ .aeélthra@,%.eltk:g gg_téggs fg%ﬁéﬁéﬁ%c&ﬂ%gé ni?g 4o phase

n-vi abl e m cro , and ex afount™ o
' . it ri Gakr i ; I
by toi AR S3RMeddh 20nf AL a0 ARE ! APt itldtes

includBaef koR $ehitkoRi ckheBE: WRALChhATPSkarighnatidg 4 OMed
other than viable mcrobes are renoved, is obtained

in thencabeuvesselarkOdr 242Botobet HespétseatirPRNPEOESSS and
(d), afiltration device, (not shown) in which the

as a memblanenfick-beda( HAMBpBR2500,n imepbfadhutded yy addition,
M1 1ipore Conmpany, the dianeter is 25 mm the

watemepbnahe doyprade tef tVEE Krd ¢pbee timd tihe vpebée microbes
di ameter is 0.45

andthe like, capturedinthe capturingcarrier 102, aredissolved

in the sol. Asaresult, 1mlL sample of the microbial suspension

is recovered in the vessel 103.

With respect to the process (¢) of eliminating ATP, after
adding 30 ulL of the ATP eliminating agent that is included in
Lucifer HS set to the sample of the microbial suspension, the
resulting mixture is maintained at room temperature for 30
minutes. Withthisprocess, ATPsnotoriginatingfromtheviable
microbes of the sample, i.e., extracellular ATPs or ATPs
contained in non-viable microbes, and extremely tiny amount of
the ATP present in the capturing carrier 102 are all removed.
As a result of this prccess, 1.03 ml reaction solution, from

which ATPs originating from other than viable microbes are

removed, is obtained in the vessel 103.
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mcron) is nounted on top of a grid plate, is
prepared in advance by sterilization wth autoclave.
Wth respect to the filtration process (d), the
reaction solution is added dropw se to the upper
side of the filter and by suctioning the bottom
surface (i.e., grid plate surface) under reduced
pressure, the filtration is carried out. After the
conpletion of the filtration, the bottom side of the

figlele@irel Bhe bf:?l%g@&?‘r’pﬂo%é&e (@)@ﬁm’%f%@{&%%mte,

As a resulf o process, wateér

(not GHRANENES WAk cHORRMIRAMS UG 3% SAldxgp ompenent s
ot her than m crobes whi ch have a di aneter small er

manu fxtam r@ddbyni Ll Dipd hatcafiga cpNtended amd tieie 1 EeAS N the
solution are filtered, and the filtration device

memb reorp i Eshade tdfeME-Miéh ipoapt andnghd here dhbrenkerobes 45
(larger than 0.45 micron) is obtained. Wth respect

micrang itdaopnsedssn (op of cegridaliane ATP prEGrdd dh advence
ATP extracting agent that is included in Lucifer HS

by steatlliigadd@ad Wit metgspgevesi de of the filter of the
filtration device, and then m xed at room .
t &hyér BEBPRCT dr° 28esktohBItignREPCY TR ()1t BRejrpaction
mounted on the O-rjng consisting of, silicope rupber,

soLusioH A5 et SHAPTHES b6t LOf SHPPACE BT Aheng 11 Erer nd

osed 19 o filtrati

oy =t RO b Rl P e dahEG v egbhL < SOPUE B oa Ay

fi] - ace L on., Lt,
reducl Pt si e S e Tt s RebLsye
comp & Jrhe s ATIRS Gontainesh | RHNBCYLAPE BSOS <hheriiter 15

- mcrobes are ex;racted. Consequently, 100 gL sanple
broug® BhEQN 6 AAY bemdGphleha AbReksuebt aied eashiie of this

filter. Wth respect to the process (f) of recovering
procoSER, wdbeplsoluble components or contaminants such as solid
components cther than microbes which have a diameter smaller
than 0.45 micron that are contained in the reaction solution
are filtered, and the filtration device comprising the filter
capturing the viable microbes {(larger than -0.45 micron) is
ocbtained.
With respect to the process (e) of extracting ATP, 100
UL of the ATP extracting agent that is included in Lucifer HS
set is added to the upper side of the filter of the filtration
device, and thenmixed at room temperature for 20 seconds. Since
the filter ismountedontheC-ringconsisting oAf silicone rubber,
for example, and the bottom surface of the filter is exposed
to an atmospheric pressure, no filtration can occur. Instead,

the added reagent solution stays on the filter due to surface

tension. BAs a result, the cell membrane of the viable microbes
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of the d sanple solution is taken by using a pipette.
As a result of this process, out of 100 L of the
sanpl e solution conprising the ATP of the viable

m crobes, 30 L are obtained as a recovery solution
in the pipette. Since 30% of the ATPS contained in
the viable cells that are present in the captured
sanple are recovered as a recovery solution, the use
efficiency for the recovery solutionis 0.3 for this

is 1yg@a%n@g£8rﬁg§§oﬁ£gﬁﬁéa @k nef ﬁ\%ﬁig‘%ﬂ' ﬁ% lc%o%es

um nescent reagent I Njec

are eROLYBEOPY! %%Sfe%%tenttll@e lé@hLasAnw@QHEE@Eon%gyi%Qng

installed in the lum nometer (Berthold Detecti

the A‘iwstlmbtlaﬁh%)d e dekerAiiRe the | um nescence output
(i.e., baseline). The |um nescence output for the

badelh nespscappy axienpirebys40(fp G0 repviceawat aper 30 pL
second) . Next, 200 anol of the standard sanmple (10
of the doames AFPuSt andar takehuty oaingia piphete. As a result
concentration of 20 pnol/L) is further injected to
of thﬂ-ﬁé?che%its 't b adhil 6A Eorpribesampd ensobiti e SATRrising
um nescent reagent. After mxing, the |um nescence

the ABBt%F PVt fﬁlﬁé@b@ﬁra%%ldarga%%yned Fies recovery
solusiih S%Sﬁ%éﬁggé%gétcﬁélﬁgféé?.%j e e st
f.th bt d b bt t
the FapPlceri 8ottt SBRRtr SroThe e TT e T G are
recoqdd B SACEEEOVLAY o8l I8n  SLADIALY SAMR. fen W i Tone
I viding Y fective [ ufi nescence 0U Lﬁ

recov%tﬁ"%rl@t%%gpll% W_th f‘b@e %h anount 26 ther eOf a

sl ope sensitivity, i.e e effective Iun1nescence
Ot ePERe Wi dc S URY) gff @E@rﬁﬁn?ﬁ%@iﬁd 0 EhﬁLSJ\ﬁ%e

sensitivity 1is apprOX|nater 10 to 20 cps/ anol

ATP luespestet® rehgepioces s j gk af t dlaty I g, AR £30t tube
for a luminometer, and then installed in the luminometer

(BertholdDetectionSystems, FB12) todetermine the luminescence
output (i.e., baseline). The luminescence output for the

baseline is approximately 40 to 60 cps {count per second). Next,
200 amol of the standard sample (10 pL of the ATP? standard solution
with the concentration of 20 pmol/L) is further injected to the
tést tube which comprises (0.2 mL of the ATP luminescent reagent.
After mixing, the luminescence output is determined {standard
sample). The luminescence output of the standard sample is
approximately 2000 cps. Effective luminesceﬁce output of the
standard sample is obtained by subtracting the luminescence
output of the base line from the luminescence output of the

- standard sample. Further, by dividing the effective

luminescence output of the standard sample with the ATP amount
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L of the recovery solution is further injected to the
-test tube conprising the above ATP | um nescent
solution. After m xing, the |um nescence output is
determ ned in the sane manner (sanple) Effective

| um nescence out put of the sanple is obtained by
subtracting the [um nescence output of the base |line
fromthe |um nescence output of the sanple. Further,
by dividing the effective |um nescence output of the

there%%n'pg%l%a§$sggﬁi§h99%¥ésf.néi t it\ﬂ.et ¥ffé9§i€%§]%@g yence

cort ai ne n € fecovéry solution s o

outpud Yd Hi:Ag: bReuheH AT 910 ¥aie Wdd) O7Be bl oBerseddie Usy
efficiency of the recovery solution), the ATP anount

is apiixanked 1y ohe ovizable gneibes of the sanple is
obtai ned. Further, by dividing this ATP anount in
t e tsanpkeewitt hot bReayebages val uerf ofic AdFh oM@ T Her30
one vi able m crobe (approxinmately 2 anvol), average
1L cfcdunteobveheg anlablieomiier Dlbeshe hatn jacd econd dilmede st rtube
the sanple is obtained. Still further, by dividing
compnilfiigig heralgevediit lomintesshrgblse ntdcobeshf hat mirelng,
contained in the sanple with the volunme of the air
the lumipkeCqiceOUtPHr e debPETHBPEAS) LIe aoBp Ageresuntamgtle) -
the viabl.e m crobes contained .in unit. volu of t
Effecfilves e asCeisiti e AL F%%Lﬁ%IE‘P]t%el%% eélﬁqﬁDy

i t.h | uti i bt ai the.t t
subtilatint AT RaP s Soe0s RebPiE Cori St i Erromrtne
Loms el e Bl Mo ARRS SBb1 el Pl PhURP ot HaWdlhg he

secod S e W giote, Eshsiiyiy e v

I's specific I ment of
sensiR8SANf, LA%ENtD Rt cBathieceapt WHNGca5EFersdDZtion

As such, optim zation of the

is obtained. By dividing the resulting value with 0.3 (i.e.,

the use efficiency of the recovery solution), the ATP amount
contained in the viable microbes of the sample is obtained.

Further, bydividing thisATP amount inthe samplewiththeaverage
vaiue of ATP content per one viable microbe (approximately 2
amol), average count of the viable microbes that are contained
in the sample is obtained. Still further, by dividing this

average count of the viable microbes that are contained in the
samplewith f.he volume of theairsample (i.e., threecubicmeters),
average count of the viable microbes ceontained in unit volume
of the air samplie is obtained. As a result, the ATP content
in the sample solution is obtained and the test result is finally
obtained in terms of the count of the air-borne microbes per

unit volume.

(4) With respect to the optimization of the capturing
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constitution of the capturing carrier 102 was carried
out as follows. (i) First, the volunme of the suction
air is three cubic neters, the flow anmount of the
punp 116 is 200 L/mnute and the dianeter of the
suction nozzle (112) is 0.48 cmin the present
enbodi nent. Under this operational condition, since
the linear velocity of the air in the air suction
nozzle 112 is 181 ms in average and the suction air
carriv@ ume is as high as three cubic neters, when a
conventional capturing carrier consisting of an agar
gek argctigck kBoke, Usedonistieny:! leikaevaperated s
drastically to reduce the volunme of the gel and to
specidiiy: tbeclel £isat feaatRdifsera &Stthe, ptdgegel idynt M can
into a solid state and m crobes cannot be captured
be tha@ tdapgocd ngf fhacirdrey 10PhusAsi suthe optéménttion of the
enbodi nent, the capturing carrier 102 which contains
constsutéfonglycehel chptusedgsoaasics pPeveas emyr def aruh as
or drying of the capturing carrier 102.
follo@snsequently, a high capturing efficiency for
_ cgpbuang air-borne mcrobes with the capturing ,
carri rTib2 FRE AN EREPL AdS sMgtdrRaP if o prigiesr aiic
deform_or drying of the capturin Ler ,102, in
meterfq (PP ohl e TPy Cer OF COREGHE & 1oLt 2t Lo BEBsehe tne
; odi e Mard qu |_gohol ue et hyl ene gl yco
dlamegn %?ggﬁéé%% ﬁfﬁ%ﬁP%gg% %agie Q(qgﬁafﬁéxnbggag’?%ﬁpt
embodgﬁe%ﬁxneﬁﬁb:ﬂﬂhfgj éfQEiogglkﬂgﬁﬁ%iE¥ﬁe Blcd RBe 1inear
al cohols, they are required to be free of a
velocRaGt @l ehdakiacihVihY. ai2811BRE ohSnHecAYSLI NEs 181 mys
m crobes captured in the capturing carrier 102 are
in avéBafe &avethe EObtsbahat £380NGMe €5ha8MidS aR0three cubic
suitable, for exanple. (ii) As a second optim zation
metersf, whencapburengioaarli eapturing carrier consisting of an

agar gel and the like is used, moisture will be evaporated

drastically to reduce the volume of the gel and to dry the gel
surface. Asra result, the gel may turn intc a solid state and
microbes cannot be captured with good efficiency. Thus, in the
present embodiment, the capturing carrier 102 which contains
50% of glycerol is used so as to prevent any deform or drying
of the capturing carrier 102. Consequently, a high capturing
efficiency for capturing air~borne microbes with the capturing
carrier 102 i; achieved. As a material to prevent any deform
cr drying of the capturing carrier 102, in addition to glycerol
which is used for the present embodiment, various alcohols such
as ethylene glycol and propylene glycol can be used (for the

prevention of dryness). In addition, as to the type of the

alcohols, theyarerequiredtobe freeof abactericidal activity.
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102, a capturing carrier made of glycerol, gelatin
and a physiological saline solution wll be

di scussed. In this case, there is a confirned
problem that even after filtration an abnormally
hi gh value of a determination result is obtained for
a bl ank sanpl e which does not conprise any m crobes
(i.e., 10 to 20 anol) . It is believed that such
result is caused by the fact that especially gelatin

That i‘g%élﬁee %ﬁ%%i@l‘ébégrcég‘@u @@@Ltn%h@gc%lﬁfﬁ% carrier

I
contains a | arge anount of ATP conpared to

102 a BXWLBBI ANy aRRUNlcOfebROATP-{102h61 det 86t ediildable,
e. , several anol), the residual ATPs originating

for oikiagppitthe gelatin may serve as a reason for such
abnormal |y high val ue. Under the circunstances,
bdfian e2enpl sseothdngpt el paesentof ertbodiaEntyiray nedelier
test as follows is carried out to figure out a
102, metdaed sy nahicelr riilee ARRIec o1t ailnvetriad t e ledpturamy a
carrier is_renoved in advance to |ower the bl ank
physigdlogd callnspt Hee swids.on vhel preediseaspedt i 5! Ebistdrss,
renoval of the ATPs qriginating fromthe gel atin.
theregdse i icORifiFmedo PEpIEH itr?%ieéﬁ?rs%fﬁfﬁl\eﬁlg'tﬁf &f-on an

el.atin, and _50% hy i.ght .of glycerol_are djssolv
aonorlR 13 ohyaf GG AT 2 SRS o EFoRe S e ‘ArpPEained For
ininating agent that .is contained in_ Lucifer.HS
= o1afly SLBLL A Nant Bl Bl LAy heglbhol (Brrerne

to 20CERLYII ”%otcgf;gbg'iiey%idstﬁggeéu&?pée%gdg{’cg i%%%hggﬁidé% fhe

heat e or transifion to a phase,

fact ik hedasuhti N 129 SUNAYy itnd Snedile SOt QD

diluted with puritied water is aliquoted and added

captur@dy Zairieh thetAlRd wnmiReseerhohfadeAt AT Thepbd P&l to
| um nescence output is determ ned. One exenplary

the exesethé 1y siahewmint 6FGghoATMhema@eAdP-etli(.rAt i figreral
amol)aiggiq; rlessidual ATPs originating from the gelatin may serve
as a reason for such abnormally high value.

Under the circumstances, before implementing the present
embodiment, a model test as follows is carried out to figure
out a method by which the ATP contained in the capturing carrier
is removed in advance to lower the blank value. In other words,
the pre-treatment is for the removal of the ATPs originating
from the gelatin.

Specifically, to a base in which 5% by weight of gelatin
and 50% by weight of glycerol are dissolved in a physiological
saline solution, the ATP eliminatilng agent that is contained
in Lucifer HS set is added in varicus mixing ratio to give a

model capturingcarrier. Thismodel capturingcarrier isheated

to 37°C for transition to a sol phase, and 10 uL of the resulting
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added, bl ank signal is as high as 7178 cps.

Meanwhi | e, the blank signal for the nodel capturing
carrier in which the ATP elimnating agent is added
in an anount of 0.03 or 0.1% by volunme, was 103, 57
cps, respectively, showng a dramatic decrease
conpared with no addition group. The effective

| um nescence output, which is a difference conpared
to the val ue of the baseline conprising pure water as

sol a? E@ng%egrm%§%$§52g¥égg &E?ht%%'%&?%p%ﬁkq%@%d %gt%ESls

azlqueté& §1§élc£<§decﬁ espectd ¥el ¥r {RE Ahe 1SYSRYcGRMRELSERE .
he ATP elim nating agent at a concentration of O,

Then Qha31uﬁ&n@s&%nc@n@utt@>@tAIB clententi neal. cubat edxdiplary
using the sensitivity of approximately 11.2 cps/ anol

resulitsiabeubwh3bn #ig, 4or When am|ATH edpediriavelng  adent is
such, by adding 0.03%or nore of the ATP elim nating

addedagentnio stheacapturisngigar miser/,1 78 capt.uring carrier,
in which ATPs originating fromgelatin and the Ilke
aMeasiheder vélgpblaekshpbsedoarid s epdvbaaprtanipgcarrier
produced. As a result, the influence on the

in Wh-bl%‘i* &Y %E?.%lrf-mﬂe%%ﬂnw%%hm\ﬁﬂqesd AP AhPReYnt et 0.03
[,100 or |ess, and onbi nation of filtration,

or 0.{lfe Ph§9e Wgas A% bﬁs rr?éﬂslfyrr‘ﬁ @‘?%Vﬁel Yearflpying a

ed_and i nhi bi t ed h whi ch
aranefi5 PERPRRRS Rirce et Bty S haias

effec&g%eaPﬁMﬁngS%gﬁgkngﬁ£§ﬁ% 3%%{5?15'5<¥@§féﬂ¥%%%ckﬁ%ared

a conposition for apturing carrier

to th%o&‘éﬁhé"d}g thelhdgkatha, cbrﬁpﬁs}?ﬂ&gﬁ{@'w%tte% gong %é&xple

the ATP el i m nati ng agent I'n addition, it was al sO

mthomlquzt\t@t reharhihexpdPigbhfl Batdgg , agenp2i ncludede)

in Lu0|fer HS set is used its constitutional anmpunt
47 (=193teehe B8r03% e67rBEEcpBy haypagtihiésyyalde e system

0. 03% whi ch
comprising the ATP eliminating agent at a concentration of 0O,
0.03, or 0.1%, and the ATP content calculated by using the
sensitivity of approximately 11.2 cps/amol is about 636, 4.2,
cr 0.1 amcl, respectively.

As such, by adding 0.03% or more of the ATP eliminating
agent to the capturing carrier, a capturing carrier, in which
ATPs originating from gelatin and the like are effectively
decomposed and removed, can be prodﬁcedu As a result, the
influence on the determination result by such ATP is minimized
to 1/100 or less, and with combination of filtration, the above
described abnormally high value can be avoided and inhibited
tothelevel atwhichno substantial influence isexertedthereto.

Based on the above determination results, it was found

that as a compesition for the capturing carrier 102 containing
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1s the mnimumval ue of the essential constitution,
as a constitution of the ATP elimnating agent of
the present enbodi nent, ATP contam nation which
mai nly cones fromgelatin can be excluded fromthe
capturing carrier 102. (iii) As a third optim zation
of the capturing carrier 102, a gelatin conposition
which is used as the thernosensitive resin materi al
is determned after fixing the constitutional ratio
f ot AT L [ - | ngs.cary
T
In addilthiiRi OR REOPSILLeSouRl fnaDARhe ALY Laklilfit ing
which I's produced with 0.03% of the ATP elim nating
agentd0ent ud&OYe by: cwerleghils 9&+ gkyorrol t andnbak aneeonall amount
physi ol ogi cal saline solution, depending on different
is tocbBacenbBatbomefc gelBst havingethis, vdlhe @hd 108 bywhich
weight. As it is shown in Fig. 5 in any of the
is theompiosintironvalidee afbddle ecsysnrialg cargtiigrutiion, as a
transfornmed into a sol phase within 5 m nutes when
consttifattigmmerfatiie AT gladdaldbinnhassased  riom 2BEIant
- 37C, indicating that it can be preferabl yused for _
enbodimerytge BFEr GOPF LT LopyEn: ¢ha gl lat FRMESnEEBAT rEf tnin
is 7.5% by weight or nore, the el, strength i s high
can by SHSEUSED RO (SN B LSS 5 (it ng

ri.er. Ho . Wh h | at i - i .
bR B e PR RG R  Er SRR P g

ker,. . As h, . B i ng st | at i i an.
Loz %ﬁﬁgﬁé%yn@gﬁ%ﬁgit§§n§$¥%§$éfhgsgﬁéﬁ%gggnsI |vé£§%é§%}ve

: j.al i-Ch : :
coss BT, Mt ach gl mhtse sobyd5Cnota,solsobagtes

ratidule LawelTt Ran 3 1&E1Gay Re=akt dhnatk cM%@ﬂ%h'geca%EBr to
respect to the filtration property under
0.03%. '

Fig. 5 showg the temperature and filtration properties
of a model capturing carrier which is produced with 0.03% of
the ATP eliminating agent, 50% by weight of glycerol and balance
of physioclogical saline sclution, depending on different
concentration of gelatin, i.e., 5, 7.5, and 10% by weight. As
it is shown in Fig. 5, in any of the composition, the model
capturingcarrieristransformedintoasol phasewithin5minutes
when the temperature is gradually increased from 25°C to 37°C,
indicating tﬁat it canbepreferablyused for therecoveryprocess.
When the gelatin concentration is 7.5% by weight or more, the
gel strength is high at 25°C so that it can be used as a capturing
carrier. However, whenthegelatinconcentrationis5%byweight,

the gel strength at 25°C is slightly weaker.

As such, byhaving the gelatin concentration 7.5% byweight
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t he above described filtration process, when the
gelatin concentration is 7.5% by weight or less, 1
m. of the sol can be eluted within 40 seconds, and
therefore it can be favorably applied to the
filtration process. However, when the gelatin
concentration is 10% by weight, viscosity is too
high and the filtration is difficult to carry out.
As such, there is a case in which sone of the

or mo?%gytlhte rm%dsenl%ggﬁ%%egggihelqgicgr?%%tmﬂ?iéﬂ litseﬁ' %%f ;{Hase

above resu it was foun t, ‘as a nat

for c ri (A whi; h ' {
£ i eFecwhich hag HGST-hi gher esT
. 252gC? %tgg%%%é?gfﬁiﬁ 37C and good fiItraEion ppgggfty,

highdhe sl atden peencsptrathan Ryoprehiersdl ypbeinegn 5%
to 10% by wei ght, and the optinmum concentration is

7 MePorkph iR, gt th SWebeeR! LEUDhe ClNGREtiatn PRopEriySider
by weight is adopted as a gelatin concentration for
the diherepraesenti erbdddilrattidn Wrdsess f ourdrh tOpt igdlzatimon
of the capturing carrier 102, a glycerol conposition
concdrs: mietigmmiged - afst by Westohg oie lesonsii nbtdbdbnhereel ocan
of the ATP elim nating agent in the capturijng
be elgied sithon dO3grordyg, snshesrehere eifpepat be efayrrably
filtration properties of a nodel capturing carrier
appligd &P itd%r AP PPTIB of the ATP elininating
agent, 5, 7.5  or 10%?1 wei ght of gel at i and .
bl Tt WA S B7 Chl P T S TonS BN FieRt
._on. 32 di.fferent concentration, of alycerql., i.e %O
viscO LG GOhRE By CWe gt AT T L R B ey
out. | %saEMcﬁf tthlgq:ecggpaoéla L0, Jkﬁ%h @Hﬁlofﬂﬁgﬁéﬁ%iltered
carrirer 1s transtorned 1nto a sol phase at C,
components remain on the filter.

From the above results, it was found that, as a material
for a capturing carrier, which has UCST higher than 25°C but
lower than 37°C and good filtration property, the gelatin
concentration is preferably between 5% tc 10% by weight, and
the optimum concentration is 7.5% by weight. Such optimum
concentration of 7.5% by weight is adepted as a gelatin
concentration for the present embodiment.

(iv) As a fourth optimization of the capturing carrier
102, a glycerol composition is determined after fixing the
constitutional ratio of the ATP eliminating agent in the
capturing carrier to 0.03%.

Fig. 6 shows the temperature and filtration properties
of a model capturing carrier which is produced with G.03% of
the ATP eliminating agent, 5, 7.5, or 10% by weight of gelatin

and balance of physiological saline solution, depending on
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indicating that it can be preferably used for the
recovery process. Wen the glycerol concentration is
50% by wei ght or nore, the gel strength is high at
25C so that it can be used as a capturing carrier
However, when the glycerol concentration is 40% by
wei ght or less, the gel strength at 25C is slightly
weaker. As such, by having the glycero
concentration 50% by wei ght or nore, a
diffet-BarnBsgRshtiyei 68N JBfetial , which Ras WESTshighesos
than 25C but |ower than 37C can be obtai ned.
by welMgamwhile, with respect-to the filtration property,
when the glycerol concentration is 50% by wei ght or
| assit ligrishofvn ttheFsgl €aniberst vttetdhwi ddmpoion, the
seconds, and therefore it can be favorably applied
modelt gaptier fid tratrien ps deess.Idowalentovhenl phmse at 37°C,
gl ycerol concentration is 60% by wei ght, viscosity is
indicagdngiitght Hnaapike Brefenap by uls@deﬁqn‘ tealrecegessmmpcess.
out. As such, there is a case in which sone of the

When R4 Yeerel %Wﬁ%ﬂ%lom o 10 oVt KELBPFt @F IMemthe
et st g A TG CarId aF T i SR ESH RgRerR RS

C but | ower than 37C and good flltratlon property,
€ glycerol concentration is preferably between 30%

5%09@%@’ M‘ﬁétrg 'Eguc fggce%‘f AR GANGEAL Tafd gg y.egi)}]ht

% Dby “Wei trmum concentration of

or le@@'ghkaﬁéﬁ Q@r@QQEB%ﬁ:@%°@ 9&%@%. t 33 weaReent ral iQny,
for the present enbodi nent. (5) th respect to the

by haéYabugké Qft pie FEC QU OPES b 50BN @6Q¥REYor more, a
property of the present enbodinent is evaluated with
thermbensatheod assinlhowsriAs whigrdelkssaopl eviafher than 25°C

carr1%

but lower than 37°C can be obtained.

Meanwhile, with respect to the filtration property, when
the glycerol concentration is 50% by weight or less, 1 mL of
the sol can be eluted within 40 seconds, and therefore it can
be favorably applied to the filtration process. However, when
the glycerol concentration is 60% by weight, viscosity is too
high and the filtration is difficult to carry out. As such,
there is a case in which some of the non-filtered components
remain on the filter.

From the above results, it was found that, as 2 material
for a capturing carrier, which ‘has UCST higher than 25°C but
lower than 37°C and good filtration property, the glycerol
concentration is preferably between 30% to 60% by weight, and
the optimum concentration is 50% by weight. Such optimum

concentration of 50% by weight can be adopted as a glycerocl

33



ai r-borne m crobes, suspension which is obtained by
dilution of the standard m crobes (Easy QA Bal
Escherichia coli 10, 000 cfudistributedbyNi ssu
Pharmaceutical Co. , Ltd.) withpurified water is
prepared. For the process (a) of capturing mcrobes,
a step of capturing air-borne mcrobes by the
capturing apparatus 111 within the capturing device
100 fromthe air sanple is substituted by adhesion

conce@f rateeht bR amRURL-Qkn2 eRgeljisample to the
capturing carrier 102. Subsequent steps are carried

oyt REentidigedo thenevalbuatihonohest ©icdherpresprt-ty
enbodi nent. For a conparison, a conventional nethod

i fhehirehoabragat-ogelrtiys ofsette asetshe tCapbadimgnt is
carrier 102 for the process (a) of capturing
evalupiterobesh ahg aethotetisodofldowsecoRer engotineé Faopbbest
‘ for the process (b) of recovering mcrobes, 1nL of
alr-beppsi Blegbeas, sabprenssenuvhsnhi s higuored hn dbwwtion
di vided portions to the surface of the agar gel and

of thedPicacchBac I 0T ERE YufFddebPEPeréedarg Lt dfd 000
cruaf SRR ToHNON; B eh he procsss, (). of) sopluring. .,
I th t di t .
water Ly R L For ThEPBdB U ITY Gar P erb2t b THREoPes,

7 . | . 2 .
R N L B SR
111 w3heuws %ﬁee&%@%w%q eRHleOf cRetAIIH Niig aqrdtg%dgq e

set based on a nodel sanple having 500 CFU, according

substli@ ke b?bé’diﬁegﬁ?éﬁr bhed dama 18! hedsintAee0s didiee1 @ e o
result of the 34 conventional nethod, the ATP

to tharRuwttiritkecayes agel CdUNEulkaGualilest Bp§rakesarandd out

the recovery ratio are very |low. Especially for the
accoranegofo the cddupluzaten sest dff thaverssaresahboshovhing For

absolutely no recovery of the m crobes.
a comparison, a conventional method in which an agar gel is used
as the capturing carrier 102 for the process (a) of capturing
microbes, and as a method for recovering the microbes for the
process (b} of recoveringmicrobes, 1 mL of physiological saline
solution is aliquoted in two divided portions to the surface
of the agar gel and then taken back from the surface for recovery,
and also a method in which the process (a) of capturing microbes
is substituted by adhesion of a model sample, same as the present
embodiment, are determined. For the capturing carrier 102 of
the conventional method, commercially available agar cultiring
medium (Tryptic Soy Agar) is used.

Fig. 7 shows anexemplary result of determiningaduplicate

set based on a model sample having 500 CFU, according to the

above described two methods. According to the result of the

34



Meanwhi | e, according to the result of the present
enbodi nent, the average ATP anount is approximtely
540 anol, the average count of viable mcrobes is
approximately 270 CFU, and the recovery ratio is
approxi mately 55% (= (44+65) /2) . These results are
al nost four tines (= 55/13) higher than those of the
conventional method (i.e., it is nore close to the
recovery ratio of 100% . Thus, the enbodi nent of the
conveRES8RAY AUDOM MeRL DrOUNdGa. WHa8<Rhgblb AECUE a1
neasurenent result conpared to the conventiona
microfekhogng the: blegarst-ydiff exence JRatwesn t hespHERSEN for
i nvention and the conventional exanple resides in the
the o€apturhddugeyicee el and dhe: Rrecass: shokeeewRIdNGitely
m crobes therefrom The reason for obtaining high
no reaceerycyf ahet g crpibesent i nvention conpared to the
conventional nethod is believed to be due to the
f Sernwhatl eduricegrdhegpreceds: (de)suwefc odc aher pmgsent
m cr obes, the m crobes can be efficiently recovered
embodipeiity hehecapetrva R @ee0ds paPfasinabetero40 amnol,
culturing the capturing carrier 102 which was used
the aygraghescohv &ft VoRRI et WoalPas & apererémagely. &/0 CFU,

h i nder ,obtai ned af th f h
e R 5B PRI LA RS CEEN TR "
94845 i ¥
cesu YU SR Ehtes enpLotacton, HTbel el COloN G o
e COR0PAPLELISBONG) S9CEIL) £l s o B i) 000,
y

raticPb 9e@usring the mcrobes is low Meanwhile, b

adopting a new nethod, i.e., the nethod of the
PF%@%PttﬁabQﬂbGEBﬁehﬂ Jhiteh bheseapt MhbhHgikaht ifovides
itse

with a highly accurate measurement result compared to the
conventional method. The biggest difference between the
present invention and the conventional example resides in the
capturing device 100 and the process of recovéring microbes
therefrom. The reason for obtaining high accuracy for the
present inventioncomparedtothe conventionalmethodisbelieved
to be due to the fact that during the process (b} of recovering
microbes, the microbes can be efficiently recovered from the
capturing device 100. In fact, after culturing the capturing
carrier 102 which was used for the conventional method as a
reference (i.e., the remainder cbtained after the recovery of
thenﬁcrobes)at35°Cfortwodays,itwasfoundthatallcapturing'
carriers expressed a number of colonies.

As such, the conventional method showing the result

separate from the specific values may be due to the fact that
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is subjected to a phase transition froma gel to a
sol without any contam nation by non-contacting
andm | d condition including a tenperature change
under 40C, which does not cause a damage or death of
the mcrobes by heat, and threfore it can be treated
as m crobe suspension, the m crobes recovered by the
capturing carrier can be efficiently provided for
the next process. (6) Wth respect to the eval uation
verall . prope % I :

the r Qo YL BB AT EAY melSRs R B b B b n M cropes

is 1gvaluated as follows. As a nodel sanple of air-borne
m crobes, the microbes conprised in the | aboratory
Az 2358 148 Aoy SR 1 1CRll Mewh¥etisddg it.RE | aheradoiyd of
air as a sanple, the determ nation of mcrobes is

the peakknedepdbdansntdi Agwhioht tiee ded@iwd 1ed | e ireac eidisred £
of the present exanple. For a conparison, the

is subdeults obtaiphedds tepnaicubhufeomst ed dpea used.witForut
the culture nethod, an air sanpler by MIIipore

any c@oipgaiiya {0 By noTi—oppé R cand damdgat d condditd opddiwpding
(Tryptic Soy Agar) are used to collect one cubic

a tempegaitust ahenge corhd A6 t Welcchaifneolr epuge a damage
ui del i nes. Thus obtaj ned capturing carrier i

o degiihier s45dt HOPET abeBay S i FREOES! tnyparsbe treated
. ted. The , It 50CFU nBand, 11000FU/ f

as 1 ERgRp BT HHoN TEnT CRRASErES GOl 1T SRt Ao bE U L1g

ca rrj]r\?gr:lﬁﬁx}t :bvele%/q,]f chtoiiterr}rzetr lgyz gjlnjiosw%iac{ee? ' 7,9 g‘t%de naqut'te %@cpéesss .

© .
e, e or the determnation

about d,.50 u tive L el udi
20RH 88, 10U 50; VLS LEPDSEL el epd el ey
PrEReste %@f{%kgpe%gwﬂ Pe i stchanpsesentt bavertpAlsent
is advantageous in that it can provide wth a test
embod @t AW g 20GH acy BS1 Thgh. asist Ratoale 1t Renguld wire

met hod, but in extrenely short time (i.e.,
air-eppioxinBiedlas, 145@ microbes comprised in the laboratory
air are used. Specifically, by using the laboratory air as a
sample, the determination of microbes is carried out according.
to the determination procedure- of the present example. For a
comparison, the results obtained froma culture method are used.
For the culture method, an air sampler by Millipore Company (M
Air T type) and an agar culture medium (Tryptic Soy Agar) are
used to collect one cubic meter of air according to the
manufacturer’s guidelines. Thus obtained capturing carrier is
cultured at 35°C for two days and the cclony is counted. The
results are 950 CFU/m® and 1100 CFU/m® for the present embodiment
and the culture method, respectively. Both results are in good

agreement. Meanwhile, the time spent for the determination is

about one hour and 50 hours, respectively, including the time
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conpared to the culture nmethod). As it has been
described in the above, according to the first
enbodi ment of the present invention, the recovery
ratio of the microbes fromthe capturing carrier is
hi gh so that the mcrobial counting can be carried
out with high credibility. In addition, by applying
the present enbodinment, a highly accurate
nmeasur enent of viable mcrobes can be carried out in
! r ne. h ' -
requi AT SIBCL-hEF . IS TREQIC SIROLIRGLS dlbbraing
to théﬁﬁ[és%rﬁ%l 1 MEEME YBH O 8hows thRR RIS Bf tHEansti Lk iR valie
t he capturing device 100" according to the second
with £7Redi rent1ohathepiesericy Rsent §0Rs dher GIPEHEIJIT ture
device 100" conprises the capturing carrier 102, a
methodesset waldxtk@3elandhiche tfimkt ef . 404 apiherscapitsing /50
device 100" is forned by adhering the filter 104
compamadc el $heheuwdanmeeasmetthe@done used for the first
enbodi nent to the | ower regi on of the hol |l ow shaped
vésselr s Ibeerple sardippslidinn ghehabsver cecanrerial tg ghe
~ the capturing carrier 102, which is produced with
first pabgdpBenbthod s PSS Srie Lngeation. the Feeeyery ratio
embodi nent, over .the cooled filter 104. For Filter
of thegRlcyIReHdMIanE e FRPERT ( FAVADEEDTT tiiaf ot PRetiRhd e

. t.h d filtrati , d ..t.he
el SR e B2 pLLl B0 prassss (-Gt
l.ysSi t 37 Fi.gQ. ' [ [ h ;
tr oL AR AR T e R AR Shove, LR

accuxaact“eofngiaggrteﬁﬁ}xleeof%?@ﬁl@%% c%fn b%h@aﬁ?f:@é@néut in

I nventi on. e anal ysis system 121 conprises a
extr&@turdRgtdevinge holder 122, a grid plate holder 123,

a di'spenser

{(The second embodiment)

(1) With respect to the capturing device

Fig. 8 is a sectional view which shows the brief
constitutionof the capturingdevice 100’ according to the second
embodiment o;‘f the present invention. The capturing device 100’
comprises the capturing carrier 102, a vessel wall 103’ and the
filter 104. The capturing device 100’ is formed by adhering
the filter 104 which is the same as the one used for the first
embodiment to the lower region of the hollow.—shaped vessel wall
103’ and pouring the source material for the capturing carrier
102, which is produced with the same method as the one used for
the first embodiment, over the cocled filter 104. For Filter
104, the membrane filter (HAWAO0Z50) that is the same as the ones

used for filtration process (d) of the first embodiment was used.

(2} With respect to the analysis system
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for the ATP elim nating agent 124, a di spenser for
the ATP extracting reagent 125, a pipettor for the
recovery of ATP 126, a dispenser for the | um nescent
reagent 127, a test tube holder 128, a contro

device 129, a tenperature control apparatus 130, a
sterilizing apparatus 131, an electronic valve 141, a
waste trap 142, a suction punp 143 and the photon
counter 144. To each of the capturing device hol der

122g.the; gri dyphatyen N dfowsl e A dihe st clthen of
holge 128, the capturing device 100", a grid plate

the af@Uyai$ %Fsﬁéibe__ztlarad%raﬁi&@chedtﬁéﬁeﬁM\ﬁ&mﬂd@iment of
addition, each of themcarries a transporting neans

the ptresestuinveaadhnholltder ahe lysipeciybitensiltd. cBuptrhees a
the dispenser for the ATP elimnating agent 124, the

captudiispeaiseicd beldhe IATR exriaglae headentl2inste dikgenser

ipettor for the recovery of ATP 126, and the

for tgﬁsa@ﬁs@ﬂlﬂ@ﬁaﬁﬁ@q @@ieﬁés\é-ézﬂtr ar ddgernsex7 fogl Fhealdy
a nmeans which _can be used for_automatic operation_of

extragi éaan%er%%? %%etatwgefo?%éﬂ obRe FEARETRYY PhAT &%ér

in accor ontrol

a dis%j-rl@i% R D e R 08 7, st i poa cer
2

128, %ot eyl 0 ¢ |dngr@én}%§ﬁ%§é%%ﬁ;ct brrol®aplBel bl 1aR,

a ste??@?&?%.%%ﬁéxithyﬂi 0 %%erma 0019kt thm ,hedl Wdde

I's not grap |ca shown. Furt

trap q%bl Bak{,00i Whi BukBe148i bhgr tﬂ:@‘lgﬁbtéﬁec&@ﬂ\@ér regi on 7o
the capturing device 100 forms a

each 6f|ﬁﬂéltcla%uaﬁﬂ@ abus ceThelgkect ZDNithavakve dddt@nbider
the suction punp 143 are controlled by the contro

123, deadi tee 1229t Wnder Hdleisaontmsgl thy thptuebdntradvdeyildd’
129, the tenperature control apparatus 130

a grid plate and a test tube can be attached (not shown). In

addition, each of them carries a transporting means to return

each holder to a specific site.

Further, the dispenser for the ATP eliminating ageht 124,
the dispenser for the ATP extracting reagent 125, the pipettor
for the recovery of ATP 126, and the dispenser for the luminescent
reageﬁt 127, all carry a means which can be used for automatic
operation of dispensing or pipetting of variocus reagents that
are not graphically shown, in accordance to a control signal
from the control device 129.

The grid plate holder 123, the electronic valve 141, the
waste trap 142, and the suction pump 143 constitute the suction
apparatus for filtrationinconjunctionwiththegridplatewhich

is not graphically shown. Further, in combination with the

filter 104 at the lower region cof the capturing device 1007,
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controls the tenperature of various regions within
the device, especially controls the tenperature of
the capturing device holder 122 in the range between
37C and 40C. The photon counter 144 determ nes the
| um nescence strength released fromthe test tube
(not shown) nounted in the test tube holder 128 in
terms of photon count, which is then transmtted to
the control device 129. (3) Wth respect to the )
1t £oBRASUT 9 ORELAL QUBLLa-6aNNeCt | on Lo the above, fhe
opé [MZi ng-the

ration atiTi capturing device 100', the

CapLu "eilr%fcéB AEaLUS v11140Figy 2healdictlibe RARALYIUS are

system |2l of the present inventionw ||l be expl ai ned.

cont rghg_e@p@{/ atjonoaeeal g 40 1bhe puagent:erbedi-rBNthby $he
basically the sane as that of the first enbodi nent,

cont reXceplyildaat] 2tiche taralysics r asystee a2l d1s enmplreyed G0
an automatic operation of the processes fromthe

contrpliecess y(dpafatmecovér vagldhe maorotesitbinhehprdecess:,
(g) of determ ning ATP as shown in Fig. 3. In

especaddiltyl opatsiaice thehd spregerituraisodithentcand ymding yevice
focused on the nethod for__recovering nicrobes that

holdegr B22 aptirenanae e veam Af 1handdifi’ee, ThrPhRPLeg counter
expl anation regarding the electric system 1Ihe

144 debprpenes &yt e RRECIRER AT %ﬁ#ﬁéﬁaéiﬁﬁffﬂ FoRttest

hi el dj ng, .and the device syst i s.not, gi .

tube 3865 GG SORBERE coort i ToRE NBaPRe hen temms
inhitial .use of, the, analysis syste I.nsi :

of phyhh Rae; B e 190 St e P o G vice

109 the sterilizing apparatus 131, and al so ozone gas
(in case WV sterilization nmethed is used) or

Parshi Gulal 6% YRt &PV rldhAddidd Uhefuepthen the

analysis system 121 is in use, ozone gas and

Pakt Leuhates ol €o0COMd idBBMS| he operation utilizing the
capturing device 100’ , the capturing apparatus 111 (Fig. 2} and
theanalysissysteml2lof thepresent inventionwill beexplained.
The operation according to the present embodiment is basically
the same as that of the first embodiment, except that the analysis
systeml1l21 isemployed foranautomaticoperationof theprocesses
from the process (b) of recovering the microbes to the process
(g) of determining ATP as shown in Fig. 3. In addition, since
the present embodiment is mainly focused on the method for
recovering microbes that are captured on the capturing device,
detailed explanation regarding the electric system, the control
system, the optical system including light shielding, and the
device system is not given.

According to the present embodiment, before the initial

use of the analysis system 121, inside of the analysis system

39



renoved by using the sterilizing apparatus 131. For
the process (a) of capturing mcrobes according to
the present enbodi ment, particulates of an air sanple
are collected on the capturing carrier 102 (in ge
phase) of the capturing device 100" at room
tenperature (25C) by using the capturing apparatus
111, simlar to the first enbodi nent. Before the
process (b) of recovering mcrobes, the tenperature

121 i{é%‘%éﬂlé‘?@@gﬁ} kﬁ%éi}%gtih% 5'&8%919%8}%%%%9%52 131, and

enper ature pturi ng aevice

also Bebweer 37Giand 406y Eok 1ine RS cthbOfis used) or
recovering the mcrobes under a sterile condition,

partilthe ;eapt drénemderdLe 100agdsting] ave@dwhBn ¢H€ analysis
capturing device holder 122 of the analysis system

systei2l21 Them usé hezsubksegsaent] processes 49 apetdie tfiroeesy v
(b) of recovering the mcrobes to the process (g) of

removetet éryniasiing ATR arterddrizied) egiparatu® dtPéril e and an
aut omat ed way under the control of the control .
dégircgéhe2propesh &awopk byriheingnperzalee awmiding to
apparatus 130, heat is transmtted fromthe

the prgsElt FFLEEHEE tholRFet 122 2458 (He aptivr iSFFRI&y iaEE
100" , and further .to the capturing, carrjer. 102,

collected OPnglrnCRrRpPELPACFREEES] nEPEn%@eaq PRASghet the
capturin c jer_102C to 37C._As the capturing.

caPTUIAG BFV165 LRSI oyed OTBr TS WECHiY @ibodi Rénto1a The

r ensj.tj. ' erj.al Vi
cart GRE g R T aC Huk Toaart (i e iibod iba.

| Beeas) gl Bedemmer ahuld: ITRBERGHL dithodds, the

ergoes a 40 phase transition froma gel phase to

tempBFAr PRI/ AS HLsithds ©fo th sedif acesdirk diln the

sanpl e of the mcrobial suspension is recovered
tempdishde bheaphpriond ndedkbeecdMBiddr @22 wetkén @7°C and

space that is fornmed by the vessel wall 103" and the
40°c.firdertiddbrocess (b) of recovering the microbes under a
sterile condition, the capturing device 100" is installed in
the capturingdeviceholder 122o0f theanalysissysteml12l. Then,
the subsequent processes from the process (b) of recovering the
- microbes to the process (g) of determining ATP are carried out
in a sterile and an automated way under the contrel of the control
device 129. With a work by the temperature control apparatus
130, heat is transmitted from the éapturing device holder 122
tothecapturingdevicel{(0’, andfurthertothecapturingcarrier
102, resulting in rapid increase in temperature of the capturing
carrier 102°C to 37°C. As the capturing carrier 102 employved
for the second embodiment is based on a thermeosensitive resin

material having UCST higher than 25°C but lower than 37°C, by

increasing the temperature from 25°C to 37°C, it undergoes a
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Wth respect to the process (c) of elimnating ATP,
the capturing device holder 122 having the capturing
device 100° is returned to the |lower region of the
di spenser for the ATP elimnating agent 124, and the
ATP elimnating agent is added to the m crobial
suspension (30 L) (herein after, all the processes
of adding the reagent by a di spenser are carried out
in the sanme manner, and the detailed process

phasd BELHOLPOL S ULDI NG, PLOCERS aNd S ke | Spei My ¢

descr urlng %GVICG

of tlﬁ%l Foc %% hﬁvhﬁ.g staPn l(éa%tfurﬂhrég %\Qo%%_a 0 us io
o Ger

rned t6 the upper region of e gri

recov%z_ﬁ%d iehhakae ézi}?clgfi Ble%tléehfddjer 123 ha?’iVEH‘_LCh E%ace

sterilized grid late (not shown) is refurned to the
that URPEhried R %ﬁetW¥sgé1 M&ﬂlfﬂd3”laﬂatﬂhé1fﬂﬂﬂ%& 104,
| ocat ed bel ow the capturing device 100" and the grid
platte: resperm tdecHé Idrncatdson (appafas UsmiBytikeepImng the
the apparatus for 30 mnutes in this state, ATPs not
captiringi daving heobdetrhézii bbbl éngi thobsmptarnei e i deniated.00”
As a result of this process, 1.03 nL of the reaction
is retugyed, tﬁrbhemhpwhrA#pgloﬁo@fothgu¢mﬁ@¢@p¢¥c¢@xrﬁﬁe ATP
vi abl e m crobes are elim nated obt ai ned i nsi de
elimimgd igghearnhgl dtvided o AT ?FrlF‘é%ééPgt ddfRe 1s added
filtratign_proce nlng t.he suction

R D SR dPby D Inelitrever s Sposd ohe

Pfocets%le R iriEﬁsz&P%dﬁ%’raorﬁlg%ﬁe&%ar e?%ts'o(?a”{ﬁjee e
4

in thet: 'sa‘in%rmgr& foﬁbgﬁlﬁ%ﬁggali% z?cpcéls c?uh ﬁg Ji%turnlng

electronlc Va pon the conp e ron O

procddd éﬁét‘dk@llkg%.§§€%ane% %?Q%%% a'ss“él‘ié %ﬁgiﬁﬁ'@to he

and the bottom sur I1ter rought * bac
captdra Rl mReRber he1 Jpressyr ﬁav’i\ﬁgatﬁgsé’éﬁt@flﬁcﬁ” Sevice 1007

process, the capturing deviceé

is returned to the upper region of the grid plate holder 123,
and alsc the grid plate holder 123 having the sterilized grid
plate (not shown) is returned tc the upper region so that it
can fit into the filter 104 located below the capturing device
100" and the grid plate to form the filtration apparatus. By
keeping the apparatus for 30 minutes in this state, ATPs not
originating fromtheviablemicrobesareeliminated. Asaresult
of this process, 1.03 mL of the reaction liquid, from which ATPs
not originating from the viabkle microbes are eliminated, is
obtained inside the capturing device 1007.

With respect to the filtration process (d), by running
the suction apparatus the bottom side of the filter is exposed

toreducedpressure. Asaresult, thereactionligquidisabsorbed

and filtrated from grid plate of the filter 104 to the waste
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100" having the filter 104 in which the viable
m crobes in the reaction liquid are captured is
obt ai ned. Before the process (e) of extracting ATP,
the grid plate holder 123 is returned to the | ower
region and the filter 104 which is |ocated bel ow the
capturing device 100" is detached fromthe grid
plate, resolving the filtration apparatus. Wth
respect to the process (e) of extracting ATP, 100 gL
erap 2216 ATR EXLLAELHNO J2AGENL 1 S BUNRMAD AR on of
S of eftriter 4 ng the di r

urface by "usi spenser to

the £l rATREXt£ACtLAG: : 68aG60L AR5 BN 1A dMed @l and
roomtenperature for 20 seconds. Since the bottom

the bsHEbaGeFadherfind ern1104 is Hﬂb%l’fﬂ)‘éﬁﬁ@rﬂ& atmespheric
pressure, no filtration occurs. urther, since the

pres et onks sarfacel ©fot hehfd |dwicd ss nathd ragantrdcty et ce
the grid plate, the liquid stays on the filter 104
100’ weaisgrilacditlersi a4 As whiclesuld vakbilki siprobessin the
100 L of a sanple solution conprising the ATP, which
reactiias Béamidonral megtivrerhed svicditlad neidsr obes, are
obtained on the filter. Wth respect to the process
(BeiorereoRaqarFATe) 80 eXTHICHHE $dipl Ehgo¥iid grate
is_taken by using the pipettor for recqvering ATP
holder 36y 18 ZEYERRY Wt "5 SOYFScE8gio802rdoute ol ajyp 104
. gL s I ol ution_conprising the ATP i ch. has been
unictd s APRBRCRnPE ROy S F DBEoToB & ohiar el SRy ApTed
r.ecover. ol.utiqon_in.t.he pipett.e. The use effi ciency
erom SFEONE . e30ry il S G e s et

PRA S?gg%c‘af EQGEEE%PE 9s T'f’e)thté‘;?tEZ&:;‘rthi%c% Lﬁ%’zﬁee, 100

insta d'in the test tube plder 1280. _
pL ofﬁ{ﬁe h@ﬁ‘@§§§§?%iﬁ§aQ§Q§eh§ 1 5] eghed by ﬂﬁ%fﬁbﬁfﬁhrface
e

i spenser for
of the filter 104 by using the dispenser for the ATP extracting
reagent 125, and then mixed at room temperature for 20 secconds.
Since the bottom surface of the filter 104 is in atmospheric
pressure, no filtraﬁion occurs. Further, since the bottom
surface of the filter is not in contact with the grid plate,
the liquid stays on the filter 104 via surface tension. As a
result of this process, 100 pL of a sample solution comprising
the ATP, which has been qontained in the viable microbes, are
obtained on the fiiter.

With respect to the process (f) of recovering ATP, 3C uL
of the sample solution is taken by using the pipettor for
recovering ATP (126). As a result of this process, 30 puL out
of 100 uL sample solution comprising the ATP, which has been

contained in the viable micrcobes, are obtained as a recovery

solution in the pipette. The use efficiency of the recovery
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| um nescent reagent 127 foll owed by the neasurenent

of the base |ine |um nescence output. Next, by using

a standard sanple having 200 anol of ATP, the

| um nescence output is neasured in the sane manner

for the standard sanple. Subsequently, with the sane

procedure as the first enbodi nent, the effective

| um nescence out put and the sensitivity of the

standard sanple are obtained. Wth respect to the
solutRLocess (%) of determning ATP, 30 L of the recovery

soluti®on 'i°s further added to the test tube

{
oEBEDES, eGSR SRR PR g e
tube LHELAEIEENER eHép’éés€ftuBth§§HEkew§ 'GTBASHE €0 ivhd hep
sane manner. Subsequently, wt t he sane procedure

luminasdeh@ teE§tnenodiriRiced Be @éiﬁ@tﬂﬁéedllsglghﬁéi(@@ﬁ&he
out put of a sanple, ATP anount in the recovery

lumingelaghitonecafbres ATR dobubivedopprihsete s futdeent alfl €he base
m crobes of the sanple, the average count of the

line Jvivgbihesmecebes tiputt.heNsanpl ey uandgt hesdwedagd ceumpfe
of viable mcrobes conprised in a unit volunme of a

havingag08aamee cfr ATEht Bivaediniizes ¢eresd toudputhiis pratessd 1n
the ATP content in the sanple solution is nmeasured

the saRg Fﬁ@n?ésforrééalFtﬁ§d65?aﬁﬁ@31?ﬂ tEEEe Gt ihey . with
count of the air-borne. m crobes per uni t vol ume. The

the Sﬁ“ﬁg@ﬁocﬁdﬁlfr@r &%@%tw Y S Ht , ddoriftective

odi nent _and th i rst _enbodi nent
LumingRGEnE [ bRBS SRS e ERG L pr ST by oof CPRLGRArT LS

obes to the process (g) of determ ning ATP
are &b e155¥%nated Thus, according to the second

SHooh TEierh AL pecachngr ot aftephiniog are.
pL ofefh€CtScovery sclution is further added to the test tube
comprising the ATP luminescent reagent by using the pipettor
for recovering ATP (126), and then the luminescence output of
the sample is measured in the same manner. Subsequently, with
the same procedure as the first embodiment, the effective
luminesceﬁce output of a sample, ATP amount in the recovery
solution, the ATP amount comprised in the viable microbes of
.the sample, the average count of the viablemicrobes inthe sample,
and the average count of viable microbes comprised in a unit
volume of a gas sample are ocbtained. Asaresultof thisprocess,
the ATP content in the sample solution is measured ang the test
resultisobtainedintermsofthecmuntoftheairnbornendcrobes
per unit volume.

The kiggest difference between the present second

embodiment and the first embodiment is whether or not the

43



i ncluding high sensitivity, sinplicity, saving of

| abor forces, avoidance of an artificial m stake,

i mproved reproducibility and the |like can be
expected by automation. (The third enbodi nent) The
third enbodi nent of the present invention is
basically the sane as the first and the second
enbodi ment, except that as a thernosensitive resin
material for the capturing carrier 102 of the

procetgﬁegurf.kgﬁl gﬁé(i;gleoéé)gs a5y Nt Petd CoROMWHIER HeS rd$8dnethe o

ernosensiti resin material used for the present

the pehBedinelt L3 dcsyphhgthe palp/nEE Whicehadader goRssa
phase transition between gel and sol near the room

accorHeRBeIAt v Secof@leh®didighanine, {ypesiefionaletiabamak& fect
conpared to each other. (A Mebiol Gel M-10
obtainmablkactremedhby fMebiokmbod imdrayi mgpret bpekdder effects
critical solution tenperature (LOST) of about 20C.
inclu@BhgCoipw paesidf viNExe rsdmgyd bt yey neariide QINNEARY farges,
N- met hacr oyl - N - bi oti nyl propyl enedi am ne( MBPDA) (10:1
avoidpacieoof heraithiBickrl m%@ﬁgt SHIRIEO ibility
havi ng the UCST of about 22C. Further, NAGAmM NVBPDA
and tpgatlike &pRt REsPXRETEECHPH P HBAHE™ -net hod

described in " .Sci ences of Dispersion and

Efd iFS&&?i8ﬂugaém5€$élopnent of New Appl i cation

B T R
the 5%98655!§h83§9r£8r?£ﬁﬁtﬁée§§85na”¥§§%afﬁbnéﬂ:éﬁéé?t EFat

preparing the capturing carrier 102 conprising 4% Dby

as a VRLOALsOfsibeyaboye dessrd.bedt trg EMEeéaﬁ%ufﬁng carrier

synthetic polymer, it is subjected to sterilization

102 oy taut eshaveial 420€cton080a BiALLES: £ 0bd DYREr bys ATRA.
degradation. Properties of the

The thermosensitive resin material used for the present
embodiment is a synthetic polymer which undergoes a phase
transition between gel and sol near the room temperature.
Following two types of materials are compared to each other.

(A) Mebiol Gel MB~-10 manufactured by Mebiol Inc., having
the lower critical solution temperature (LCST) of about 20°C.

{B) Copolymer of N—acryloylglycineamide (NAGAM) and
N-methacroyl-N’-biotinylpropyienediamine (MBPDA) (10:1 ratio,
herein after abbreviated as NAGAm/MBPDA), having the UCST of
about 226C.

Further, NAGAm/MBPDA that is synthesized according to the
method described in “New Sciences of Dispersion and
Emulsification and Development of New Application Techniques”
{(Edited by Furusawa Kunio, ISBN4-924728-50-0, Techno System

Company, p.370, 2006) is used for the present invention.
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resulting carrier are then determ ned and summari zed
in Fig. 10. After maintaining under the condition
(1) of Fig. 10 for nore than one night, by observing
a change in gel-sol phases in accordance with a
change in tenperature from(2) to (3) , the
tenperature property is determ ned. Specifically,

whet her or not the synthetic polynmer which

experi enced a condition change from 15C to 37C can

k to th | t at f 15C the . . o
%?fa?ﬁ%’%aﬂfin%ﬁ%r?fg”rﬁ%p&}a?lff%%fgélegm‘?@? | RF LR A%

by weitint o@(y CaatlbeodY«%1 gle@c%&b%% tV\%BF%}?% %f' Qs?agﬁletgg: p%lwer ’

ase un e condition o

it isf §ﬁB§&Et¥S'&’o @@Qriﬂ§a’@f&?e§§ aJt@c!l%% talﬁelﬁbaéefor 20

transition in accordance with the definition

minutlds &1lowddS ey @ﬁw\eiéd}%cté’t&raﬁitl eRoberperat @Eeta@d a
gel above the transition tenperature). However,

resulWider chhe:ieendktl eRefilyicbbrithfelli gnd 1&ummdrised in Fig.
present in a soft gel phase, indicating a problem of

10. Aafhystesdsisiningantder-tdeperdentt idevi{ati o Figmlhdor
LOST. Meanwhil e, NAGAM MBPDA is in a gel or a sot

more phasecordeighthebyonditirvhangf a(dhaape i@)ge¥i§0kﬁphaﬂ§5
Fig. 10, respectively, indicating the phase

in acwaﬁént:ewﬁt@oﬁaaﬁgetmttlﬁaénmfaitmxtei &ROBf (2)UEST(3

gel below the transitian %ﬁgperature and a

empeg’atur@oavep?ﬁéh%%lrféﬁi%%wrteé#mersgﬁ JCaAS Y UERSERGT oF
cor Aok bR M B &H% R
ren 322 SRR ED AP SO )
o g 1 o‘afalto.woend o
indiddddd ati @ﬁgp.r Qper Mp-11N8 <CaRt Wr5RY or a sol phase under
the condition of (2} and {3), respectively, and this process
follows the phase transition in accordance with the definition
of LCST {i.e., a 50l below the transition temperature and a gel
above the transition temperature).

However, under the condition (1) of the Fig. 10, it is
present in a soft gel phase, indicating a problem of a hysteresis
or & time-dependent devia‘tion from ther LCST.

Meanwhile, NAGAm/MBPDA is in a gel or a sol phase under
the condition of (1) and (3), (2) of the Fig. 10, respectively,
indicating the phase transition according to the definition of
UCST (i.e., a gel below the transition temperature and a sol
above the transition temperature).

As such, in terms of the temperature property, it is

considered that NAGAmM/MBPDA is favorable than MB-10. Such

45



carrier 102 is heated to 37C to transforminto a so
phase and the pressurizing filtration (i.e
filtration under positive pressure) using a syringe
filter having the pore dianeter of 0.45 pm or, the
de-pressurizing filtration (i.e., suction
filtration, or filtration under negative pressure)
using a nenbrane filter having the pore dianeter of
0.45 mare carried out. As a result, although the

| .
resul B SPREL I 419 HOR SRPealP R i Mo o
in th@h%QHQAGé§§N§PQA1“ﬂ§ er§%$2§¥a%eﬁéhES (i.e., a So

sol - was dil uted

W%\Iggtp%rh' fff&ﬁ"ﬁf&n g@gpg%g oftmﬁmﬁm PQ%%'ali'ula‘t‘é}ﬂ

e-pressuri zi ng frltration. resul

For tfl@U@ﬁlalﬁ‘ﬁEl%t Bz 1 B df 4 Wt O dih ;@copért:’f/,bm @:ﬁfp):urlng

the de-pressurizing filtration can be carried out,
carribut 100t sMhehtel 200310 tont {286 byrmeirghd a sol phase and
Furthernore, by increasing the dilution ratio to
the premenrihengi stbosrayiofi {heesanplktsatikn omdepassiive ve
filtration using an absorption pad placed on the back
presseirge obitbeaf ¥vréngeahibecal sovenpl Oyedirstiddagredfer of
the suction filtration. As a result of the above
.45 g8t ePii nibicofle P EsS UG FAAS Hatl tra ey mdsénsi tsiugéion
resin based on a synthetjc polyner can be used for

flltr@ﬁéo@appﬁr ifig tear T icsr VPO T A9t IS ST ey MSe 06
i ek o L
out. SRS 1A BRAE CESLSHME bl 1Dl I O e
posc§le A8 EYE ST %h@fgséﬁgzﬁ%w%%uﬁ%tbb@%@fomw
when NAGAm/MBPDA was present as it is (i.e., a sol phase in 4%
by weight) .

Thus, the sol was diluted with purified water and used
to test the possibility of de-pressurizing filtration. As a
result, itwas foundthatwithl/3dilution (i.e., 1.3%byweight),
the de~-pressurizing filtration can be carried ocut, but not with
1/2 dilution (2% by weight). Furthermore, by increasing the
dilution ratio to lower the viscosity of the sample solution,
passive filtration using an absorption pad placed on the back
side of the filter can be alsc employed instead cof the suction
filtration.

Ls a result of the above determination, it is found that
a thermosensitive resin based on a synthetic polymer can be used
for the capturing carrier 102 of the capturing device 100 of

the present invention, and in particular, the capturing carrier
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enbodi nent and the first enbodinment is that, by using
an apparatus which can set the tenperature at 15C
for the process (a) of the capturing mcrobes, the
tenperature of the capturing carrier 102 is adjusted
to 15C to transformit into a gel phase and then the
m crobes are captured, and for the filtration process
(d) the filtration is carried out follow ng the

di lution of the capturing carrier 102 in a sol phase

'102'wﬁﬁchn§xﬁkﬁ§§yﬁbz Qgiffgicor r%ﬁé££§gcgf%r%% aQPut

out any dil’ |on presen

4% by%&%ﬁmak,mtdﬁﬁmrgﬂdhezégree@hxg%ér%%@Taéf Between L5°C

thernosensitive resin erial s highly stable an

and 37O0DYBAGOHEURT 8RAT bkegreanrhg:gbhaned in high
reproduci bility, and there fore the production cost

camebdiggdseed i fifkrageer dancean tthea paseny atiiatd on.
In addition, because the viable m crobes originating
embodimemt dved sbefie sredmdrddilmepani bechast, éry s 2ed abyepparatus
autocl ave, ATPs originating fromthe source nmateri al
whiclhcgrrbeedl sber @m@dab}arauﬁﬁc Lave forethewrdwrss usingt
any ATP elim pati agent <Sunnar¥ of the first to
the capeurhig @l@ﬁ@@éﬁnﬁﬁ%@t%@%aﬁvam@ egppEugfingearrier
present invention can collect ajr-borne mcrobes by
102 ifsiang Ut @r 6h§r§e Capt tF ML CHP I er INTRW3, ge% Hehase "and

is equivalent t

then ERB A REP LA PObRERRr oF P (o IFAHUGLE FBheoR eSS
) <hhee capL] nrgl%aégrr?r%d St glgﬁgﬁl%gt%dgg&%oq of the

ransitiron to a So ase an

| L if.n d
Capt%lﬁl ca ]{ll);é%l (rsri t elrfs);érregor%a ner as the m Ccro %Sq“%@&d[{ge
flitxsét%ﬂﬁﬂ%sorbarz%kﬁ%{em:d%o& erQ}F%ﬁLPJl&@k' ng out

the microbes fromthe capturing carrier can be
onmiddadiimndoties erbeeati feorplaie diddiy the synthetic
polymerusedas athermosensitive resinmaterial ishighlystable
and homogeneous properties can be obtained in high
reproducibility, andthereforethe productioncost canbe reduced
in accordance with a mass production. In addition, because the
viable microbes originating from the source material can be
sterilized by autoclave, ATPs originating from the source
material can be also removed by autoclave (i.e., without using
any ATP eliminating agent).
<Summary of the first tc the third embodiment>
The capturing device of the present invention can collect
air-bornemicrobesbyusingagel phasecapturingcarrier. Thus,
the capturing property is eguivalent to that of a capturing

carrier of prior art. In addition, since the capturing carrier

1s subjected to a phase transition to a sol phase and then used
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out of the m crobes during the taking out process or
| oss due to the damaged m crobes and the |ike can be
avoi ded. Further, since the tenperature condition for
the capturing and the recovery of the mcrobes is
mld (15C to 37C) , a problem associated with the
damage or | oss of the m crobes by heat does not
occur. As a result, achievenent of a very high
recovery rate is also expected. Further, a
as it GO %@tc@g ‘@E@Q@is]__suﬁoﬁ akt NG Qs e MLCEODES: He@iled
be replace y a sinple process of changing the
practi®ARekat ur €he08hie BhnWelrh & eHEIMIai-io@n s0f sehReiAGn.
the ténperature and the dilution, various effects

Conseluehtdiyngzapteratisons sianglnd icat icor mifrabsstiemm the
constitution, facilitation of the processes,

capturipgaeaerir ofn bhemiepradumditheryfolroweconglateitsiking
for contam nation and the |ike can be obtai ned.

out cFuthaenichsveshintivg wdleue oma katnpreobial or loss due
suspension is small, the concentration and the use

to thef fagiegrey Mo reResniedobds ke Hiagh Pe vaddiad -on,
the m crobes conprised in the mcrobjal pensi on

?Ffr@&eﬁe@tléﬁteo?#% REMPRFASHIAR P T £A° £RE qHREUTing
i ke, the liquid I b [ d

s eSS R LA BE U b s
, €1 t the mm . .
cssochfLFTEN 2l BB 085 ge B SUUAETPNG T T B ddes
not o@éul\ﬁm e éSQLJgQéSlQr %gﬁ‘%%x’réﬁléﬁg §ent apd Pant 571880 Bfvery

excl uded. As slic ere 1's an advant age t hat

" rate 48t g NabieRt@fy the mcrobes can be carried out in
a highly sénsitive, highly accurate and an automated

W r tHe ra ddicdol@n i ddte dpasueeRedt +aGEuEasyt 8Re microbes

sensitivity are high for testing the air-borne
can bl €4PeSsd 8pds simple process of changing the temperature
'only, or with a combination of changing the temperature and the
dilution, various effects including automaticn, simplification
of a system constitution, facilitation o¢f the processes,
improvement of the reproducibility, lowering a risk for
contamination and the like can be obtained.

Further, because the volume of the microbial suspension
issmall, theconcentrationandtheuseefficiencyof themicrobes
are high. In addition, the microbes comprised in the microbial
suspension are collected on the filter by filtration and the
like, the liguid volume can be substantially reduced to zero
so that the concentration and the use efficiency of the microbes
are extremely high.

Still further, the credibility ishigh since the influence

by water-soluble or small-sized contaminants can be excluded.
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the results can be obtained conveniently in short
time. (The fourth Enbodi nent) Next, the fourth
enbodi ment of the present invention will be
expl ai ned. Regarding the constitution of the
capturing apparatus of the present enbodi nent, the
capturing apparatus that is the sane as the one used
for the first to the third enbodinent (Fig. 2) is
appropriately used. The capturing carrier 102 of the
resent enbodi nment . cont.ai h test reagent jn _a gel
As sugh ERCESN i SOPRIE 080t b AGEAETE "aebi YnEHC g Geres
I . and._added en. the I unde es _a ase
can b8 B E0 A0S 0P nadesBRey PRGe hot 20 er g GBS Ena

an autBAIERY wE?éseiﬁcé&cﬁiegf&‘?PdM& rﬁ%ﬁd&?%e ée/rPt‘f?a ecnqﬁ%(f‘? and

m croorgani sns or t test net

sensi@X@Rhearvhgigh £68t+Dagedyome el » AJRFRE hot-dSbes, and
carri éd out, anATP ellnlna?lng agent, a germnation

the ddaieisngahadkobhtan ndtP Hvaattdritg yadgentshoxt time.
| um nescent reagent and the like are selected. The
cdpther ifng rear Bneodif2ntas shown in figure 2, is
pl aced horizontally so that it can be in a vertica
diNegct, i Ore compategmbtdimantial thewddwnt snyackedniwill
through the air suction nozzle 112. As a result, the
be exgileiggdkedReaandinmethier couetiibntaonzié the2capriirdas
with the capturing carrier 102 and then changes its
appargtaf £6 ANAoPT9BRATAI SHPPELTEBR: RRe tTRtWhhRMtapparatus

cnac B ShE) Sheoiof 35 i, borge ALergorganiam end the
cno S 50Ued DY AL IS, [glgey  The capturt o

198 SRS Neeel AL Ay MO SN Bl
contdifg 4 Eégg%e‘%lelnt inagel phasepolymer. This test reagent
is designed to get eluted and added when the polymer undergoes
a phase transitiontoa sol phase. Furthermore, the test reagent
is selected depending on the type of the microorganisms or the
test method to be taken. For example, when a test basad on the
ATPmethodiscarriedout, anATPeliminatingagent, agermination
inducing factor, an ATP extracting agent, a luminescent reagent
and the like are éelected.

The capturing carrier 102, as shown in figure 2, is placed
horizontally so that it can be in a vertical direction compared
to an air flow that is sucked in through the air suction nozzle
112. As a result, the air sucked in at the air suction nozzle
112 collides with the capturing carrier 10Z and then changes

its fiow to a horizontal direction. At that moment, particles

such as air-borne microorganisms and the like are captured by
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of the | ower nmenber 111b, a gap is fornmed. Thus, the
air flowng 1in a horizontal direction after
colliding with the capturing carrier 102 passes

t hrough the gap and fl ows downward, and then
eventual |y rel eased t hrough the exhaust duct 117. At
the bottom part of the holder 113, the tenperature
controlling apparatus 114 is installed. This
tenperature controlling apparatus 114 is controll ed

the gejy PR as BOLFIRET: h”%oeﬁ?%rlgﬁrc%@%%ra AFmEIRel Bhuce.
aﬁﬁétaag%tu@i%fgidg%cwoocaaw LG, car L er, mﬁl%ig@chatﬂeang

ater, ‘and any “apparat us

camg@pf@é %ndofchae@éw@l b, capt dhAg-€ad @yeﬁhé%ltcgaxt hes.

enper ature of p ase tranS|t| on can bé used

Betwe@ﬁaﬂﬁ)é SutSEH 6QuRdERG £ heCapl HERNDL 3 GRId LBE JJ;’Q:‘ZLC&B wall
jacket may be installed to have hot water flow

of thénewsd ddie€CAlNNILl,,a aapald foftimelt.i sTSuskectha it Hloudhg
the air section nozzle 112 may be heated. Air can be
in a hbsorbedaindbréheioapitité ngraphidmmasvidl e cepuirigy
the capturing device 100 under the air suction nozzle
carrigi?l @hdasses hrohghpnp gEE6anAst kowesgvnyarhe ¢ then
sucked in fromthe air section nozzle 112 in a
eventyediivcale Lkgwer dibresghorthe ardiaufd f9ctcHanges its

flowin a horizontal direction after _ collision w

t e Eaft @Pftﬁ@mcwtepfm@eamlt% il b&hﬁe tefpetatlre

m_cr.oorgani sns can .be .captured .in,th hase
cont rEA iR ARPERTIS | 105 ° BE S A the Eant SAMG L2 ERES

uring_carrcier t

Contﬁﬁ£;+ gﬁ F?Eﬁgr%%ure 6%”?%%§g%(§§é?ﬂ pﬁ%gcapturlng
carr ee_tmi%rZatt%r %hgoE&fn Ek:!aggrgp ?r Bg§e1‘a'f1an§§tf'oﬁ ev?‘ﬂj,ﬁ ‘high

lh

phase fransition o e polymer froma gel

accufgéyﬁ &Qdﬁdﬁ%léﬂfﬁﬁeatlngmeansforthecapturlngcarrler
102 is not limited to a heater, and any apparatus which is capable
of heating the capturing carrier 102 to the temperature of phase
transition can be used. For example, surrounding the capturing
carrier 102 a jacket may be installed to have hot water flow
around the carrier, or air which is sucked in through the air
section nozzle 112 may be heated.

Air can be absorbed into the capturing apparatus 111 by
setting the capturing device 100 under the air suction nozzle
112 and running the pump 116. As a result, the air is sucked
in from the air sectionnozzle 112 in a vertical lower direction,
and the air changes its flow in a horizontal direction after
collision with the capturing carrier 102 and the air-borne
microorganisms canbe captured in the gel phase capturing carrier

10Z2.
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the m croorgani sms which have been captured in the
capturing carrier 102 are suspended in the polyner
in sol phase, and at the sanme tine, a test reagent
whi ch has been kept in the capturing carrier 102 is
el uted and added to the m croorgani sns. Thus, at
| east one process of adding a test reagent to
m croorgani sms  and carrying out a reaction thereof
can be perfornmed in the capturing carrier 102, which

sav r ocess rgguireg for the sub uen

H

t he
tegpﬁa?aﬁ CUHE e Foor Rt $hE %"?I'e“ree‘i: rje%jtfi‘%’?ted
to thtehgjhaesseseclra % Qlfont I%%m %%%ttl{{fen%yec\ﬁec%o&%erB%Ca%%e

recovere m cr OO nisns can

t (0] S ar
temp EaangED ngghltfﬁr%t ] 3¢ alisclﬂifgo lhflp Wﬁ)s a rte%ﬁit, Eavang

103, e test can be carrie

phasOHtafiBi €1 oRas ItY}e' Pﬁ@éf fridiBa 1 @,%gla- the presente,
enbodi nents are related to an exanple wherein an ATP

the meldriiotgEiniGna0aht chahgeenbBahi eBptndugi g faLt@iptudhg
ATP extracting agent, and a | um nescent reagent are

carrizddaed? atrhesnepgedts imatheawlbersaddedsalephote, and at
limted thereto. Rather, sonme of the reagents can be

the sond tttiee, ox tethercaarkdti vohah hrasagean kerdain: bbeaddediring
necessary. In addition, although it is not

carriggediofi &8l eyt ediand adsieché of égleowiﬁgooménisms Thus,
m croorgani sns that _can be a subject for capturing

at legpf R PERGSSE ?ﬁé‘dﬁléégeﬁtt?%‘&é’fﬁqwt tAdteorganisms
Baci | | us cereus BaC|IIu S |z zenii,, Cozxpebacterlum

and q%ﬁﬁﬂ%§g|ﬂ951ﬂ; e e rmed in the
id di t f

capt R FRs S it 7 5 at‘“ihal ﬁ%ﬁ?eg%%ﬁsﬁan&rt%@%ﬁ PEBIREea for

the gdg%éﬁﬁgLgl{g%éx%%yégaéqég of the foyrth.enbpdlnent,

15 minat i agent and a germ nation inducing
f%@k@ﬁl@ESorganlsms are recovered in the vessel 103 of the

capturingdevice 100. Because the recoveredmicroorganisms can
be set in the subsequent test apparatus (not shown) as they are
contained in the vessel 103, the test can be carried out more
easily in short time.

Although the present embodiments are related to an example
wherein an ATPeliminating agent, a germination inducing factor,
an ATP extracting agent, and a luminescent reagent are added,
the reagents that can be added are net limited theretc. Rather,
some of the reagents can be omitted or other additiénal reagents
can be added if necessary. In addition, although it is not
specifically limited to the following, the microorganisms that
canbeasubject forcapturingandtestingof thepresentinvention
include Bacillus cereus, Bacillus spizizenii, Corynebacterium

renale, Micrococcus luteus, 5. aureus, S. epidermidis,
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contained as a test reagent in a gel phase polyner.
As an ATP elimnating agent, for exanple, at |east
one selected froma group consisting of apyrase,

al kal i ne phosphat ase, acidic phosphatase,

hexoki nase, adenosi ne tri phosphatase, and adenosine
phosphat e deam nase is used. Further, as a

germ nation inducing factor, for exanple, an am no
acid or L-alanine is used. Wen L-alanine is used as

Citr#ﬁ#ﬁ%&? %%%hggégtggg%bﬁ%g%%%%o%eﬂdgﬂﬁ%sg;e%%%%gkgaused

an amnoun nore, sSsince

marcé§&§ﬁ92&ﬁtkﬂg gikEQO | ow conpared to the polyner

germnation inducing activity for a spore-formng

baglerha bgoamesnd neudist e cEnchberiher hafhiindnt,

the concentration is too high a gel having
an ATSUWE T 16 entisd neegithasanneie rrig alitcai AeducAsgsiedtot ke
concentration is preferably 100 nM or less. A
cont Jirefe nabh e extanplagcoft ttheacoapadidsopaodfymere As an ATP
capturing carrier 102 described in the above is as
elimifraldiows ag8t(wiey gubapile, (Wakoc@phpany $OVFco3d55)9m a
25% (v/v) dycerol (Kanto Chemical Corporation
grouy Frogd-sEey), cLuREWnAS ATR Ida infati Ry RGeS i ridistiéd
in Lucifer HS K set (60315) which is nanufacturechy
phosphaiicstan NSO IR2 58593 AFA0S Pifo SPhdthe it ese, an

saenRSRIBLE UL o (20012 27), B 7.2 g Livir ggen
somn LA G0 UANAIEN ol foRl Lo 30, L L
L—aléﬁ%ﬁé“fﬂ“ﬁé%a.Ofwﬁéﬂ Eghﬁggikgei%hh%%@e%% %fggr%ination
inducing factor, it is preferably used in an amount of 25 mM
or more, since if its concentration is too low compared to the
polymer, germination inducing activity for a spore-forming
"bacteria becomes insufficient. On the other hand, if the
concentrationistoohighagel havingsufficient strengthcannot
be obtained. As such, the concentration is preferably 100 mM
or less.

A preferable example of the compesition of the capturing
carrier 102 described in the above is as follows:

8% (w/v) gelatin (Wakec Company (077-031355)},

25% (v/v) Glycerol (Kanto Chemical Corporation
(17029-00)), |

1% (v/v) ATP eliminating agent {(included in Lucifer HS
set (60315) which is manufactured by Kikkoman Corp.),

25% (v/v) Phosphate buffer (Phosphate buffer (20012-027)

pH 7.2 by Invitrogen Co.),
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to 4 mmcan be preferably used. Meanwhile, as to the
capturing apparatus 111, the heating neans for
heating the capturing carrier 102 is controlled so
that the capturing carrier 102 can be maintai ned at
the tenperature of between 30C and 37C for 30
m nutes or nore. Wen the heating tenperature is
| oner than 30C, germ nation nay not occur even after
heating for long time, and therefore ATP cannot be
exbrae et iromd he, sperenkormong-m Gf abe.x Lt 4 *@%emcal
ot her hand, when the heatlng tenperature is higher

CorpotrB8AoAPC, cell death due to an increased
anplification activity under a nutrient deficient
emvi 4iERin Ok sl baciia/ atiizencbythdheabriutrsabfcatateba 2,
caused, depending on the subject bacteria. Next, a

the onethrodirfortheagt emiengrand ¢£€8tmmegnehtbh tlsicknesedi C.8
out using the capturing apparatus 111 according to

to 4 mheckoubehprefibodidentisgsi-described in the above is
explained in viewof Fig. 11. First, the capturin

d¥eREER100; i35 Set TG A Ui HePR et Ui -1k ng
aj r-borne mcroorgani sng are_captured i he
meanspégm?a‘a%n% NS AT BF FRGABaT FF B1o1 000 St F IO NG 0

turlng car

that ER8 cAPLOR. PEORBrarT ¢ o TRl s HE WOTYRER: (4 tre
tempe%%@u?r%t ﬁg Bgngeﬁaé% &r %g&g%‘ggcgu C{Ir %%1%ﬂt£1%%e n{oq:e .

ase

When Ther H&EE?H fé)@!r%'ﬂu%v.%sb%ﬁe‘éa% fegdoddn tlﬁ.ﬁzl‘mlna ion
arr| r

capturing 53 102 are suspen ed In a’solate

may neel YEREr and *&%"céﬁ@@é&ﬁ% 108 £ Dee sal®y HB - Fobre
ATP elimnating agent and a germ nation inducing

ATP céRedObeddLr £dut 8d drnthbes PotyABsrmihy ;i idecessnafhe

elimnating ATP and a process of inducing germ nation
othercaAnbe when the heating temperature is higher than 40°C,
cell death due to an increased amplification éctivity under a
nutrient deficient environment or inactivation by heat itself
can be caused, depending on the subject bacteria.

Next, a method for capturing and testing which is carried
out using the capturing apparatus 111 according to the fourth
embodiment as described in the above is explained in view of
Fig. 11.

‘First, the capturing device 100 is set and by running the
pump 116 (see Fig. 2) air—-borne mieroorganisms are captured in
the polymer of the capturing carrier 102 (Step S1). Next, the
capturing carrier 102 is heated to the phase transition
temperaturesothat thepolymer issubjectedtoaphase transition
from a gel phase to a sol phase (Step S2). As a result, the

microorganisms which have been captured in the capturingcarrier
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simultaneously carried out. As a result, free ATPs
existing outside the body of viable cells are
elimnated, followed by a contact of the

m croorgani sms with the germ nation inducing factor
to have a spore-form ng m crobe sporul ate. Once the
process of elimnating ATP and the process of

i nduci ng germ nation are conpl eted, the _
m croorgani sns are recovered in the vessel 103 by

filterti .eat St 3 Th | 103
102 aph ST 1oL O L SR e T LR BR8E e e dpne
% . 28 ST
at erBXSERE! LARAARTheS AU RSP T B pat d on

induc&%@?%&t&‘@iﬂb LR dy $8chNEnE 8 d 1 RIS 3Rg 08 O;yf' % $ of

m crobes to extract the ATPs ‘contai ned 1 nside the
elimi@@klisig KOP §ﬁ§m|§r0§e§§réﬁcil§@@@iné 4 Skt 010308 ictan be
acid (TCA), Tris buffer solution, ethanol, a Ilytic
simuleazydrsngvicagracpr obeaseracsi vésyl andrdtde ATtke eafiest ing
used as the ATP extracting agent. That is, as the
outsicdel theehbdgnefofiabhe oetlsoaganekimsinstdgsedhlhowdtk by
ATP extracting agent and the ATPs contained inside
a conthetcef |Hheamd coxarastradng We tieasar epaminapfoATPducing

becones possi ble. Consequently, a |um nescent reagent
Tactors taddede( St SposH) TArdiE 4 GRs rpdrstatéact i on

solution the |um nescence output_is neasured (Ste

SEpceThéenBaSGREReRt 61T ORTRESCRRE2 DU PR [iocess of

carried qut hy conpariso itht | .um nescence

S G B P AR DI or G AT g R 27
recov%%]dn‘gﬁeéﬁé x;eBses( tfo_LlOdB get %%&I’cggtg}éét @Pgatﬁélx’?@}%:’tg%pz)sm .

neasure um nescence ou t 1S conve to

The v{eggeﬁTfO?nlgééﬁet i\M]iac?\&E%bﬁ%%%n%ggggﬁaggeggr Eﬁgttézhown) r

m cr obi a count te us obt al ned
and tHOWRE ey ORy AN SIS, dAR esentis: 4 N AP Hent

of every viable mcrobes including spore-form ng

appar¥@t&iOD®Sep S4) . The ATP extracting agent is a reagent which
can lyse the cell membrane of viable microbes to extract the
ATPs contained inside the cells. For example, a surfactant,
trichlorocacetic acid (TCA), Tris buffer soiution, ethancl, a
lytic enzyme having a protease activity and the like are used
as the ATP extracting agent. That is, as the cell membrane of
the microcrganisms is lysed by lthe ATP extracting agent and the
ATPs contained inside the cells are extractéd, the measurement
of ATP becomes possible. Consequently, a luminescent reagent
is added (Step S5) and by aliquoting its reaction solution the
luminescence output is measured {Step 56). The measurement of
luminescence output is carried out by comparison with the

luminescence output of a standard sample, for example, using

a luminometer (Berthold Detection Systems, type FBi2Z). The

54



According to the present enbodi nent, not only the
capturing of mcroorganisns but also the recovery of
the captured mcroorgani smand the simultaneous
addition of the ATP elimnating agent and the
germ nation inducing factor can be carried out by
using the capturing carrier 102, the nunber of
reagents that have to be added to a neasurenent
apparatus can be reduced. As a result, efforts and
neasurenen an be red I n
B8 i,

meas T i R h e B Petone. SeABAAENES bR a:
whlchaqu éﬂe(}pa gikf}forgreer erclf‘% %:L(I:rcg%méf%el&ac%@r{ éﬁ'gle(:hS'i)

requi res ItS reaction, cCan

ThusSﬁégiﬁeagﬂdﬁﬂy5§€Heﬁléﬂg% UL TR % gggﬁﬁgkﬁéa_?unt

tinme reqU|re for the neasurenent ca astica

of evedcethn RUtherdpyL, i gl thhough é?@ﬁ%q¥%fﬁiﬁéamlcrobes.
controlling apparatus and a capturing apparatus are

COvHd15Ethd o the preeseftemesdnak e hot bhey t¢RNcdruring
provi ded for the neasurenent apparatus for the next
of mistrepsetilats Sep SXanthd heecenarni aif Siepsaganrede
carried out within the neasurenent apparatus. (The
micrddfganierbodiderity Forultimneaps vrdeat tar rértid 2 oF
the fifth enbodiment, only the ATP elim nating agent
eliminatgnt AR ianch thel ophadaagslopnénducinoafditponcan be
for a subsequent neasurenent apparatus, the

Carrﬂg@é?} rﬁ%ivafoﬁsmau%%gs%l%\wﬂngtww &0@r abPenguageat of
t he n1nescent ent are seq uential |y added

feag%rﬁos PRE =080 o B e DUEFG regl%a@!a%@aatqfﬁa%an
b sl o OO LA 0 Gt g Pracess o A0 o
meas%%%x%f@m% , H%ejz%ég%% £p 1P gggﬁoaﬂaqg A% the HiddLne
embodiment, because the addition of the germination inducing
factor, which reguires some time for its reaction, can be done
before it is placed in the measurement apparatus, time required
for the measurement can be drastically reduced.

Furthermore, although a temperature controlling
apparatus and a capturing apparatus are comprised in the present
embodiment, they can be provided for the measurement apparatus
for the next step so that Step. S2 and the remaining steps can
be carried out within the measurement apparatus.

{The fifth embodiment)

For the capturing carrier 102 of the fifth embodiment,
onlytheATPeliminatingagent iscontainedinagelphasepolymer.
In addition, for a subseguent measurement apparatus, the
germination inducing factor, the ATP extracting agent and the

luminescent reagent are sequentially added and then the
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carrier 102 the polymer is subjected to a phase
transition from a gel phase to a sol phase. As a
result, the mcroorganisns are recovered fromthe
capturing carrier 102 and at the sanme tinme the ATP
elimnating agent is added thereto. Therefore,
efforts and tine required for adding the ATP
elimnating agent in the measurenent apparatus can
be saved. (The sixth enbodi ment) For the capturing

lumin%%:crein%re %Q@pﬁ){ t@?neéé%&ﬂc?nb%ar{egg’ ngl‘é’hé tﬁovi shown

-mnat1 on I hducl n actor 1s contéinedlnage

in rifhase, §g£aa§§s 4p addidd omniofof sihsegipntor step s2

asurenent apparatus, ~the ATP elim nating agent,

is cathecATBueXbeagbiend sagenkoangd he e Wy .nescent reagent
are sequentially added and then the | um nescence

ontput-di s gieasu edft Hbaboids mefrar, Bheedt ong shewaptiuring
Fig. 11, "process of the ATP elimnating"” of Step S2
carries C@F nitedpobdutebet weah jStapdSRoanghnStept SBnsinion from
addition, the ATP elimnating agent is added after
a gelagliensg theageehi phtbon iAmluci TrREYHet drhemi dysfgrggnisms
conpleting the reaction of the added germ nation
are reg@yersg faetorhei CePtUurippi earFycHi %@{gnﬂg@) & Mt $pme
, According_to_ the sixth enbodi nent, by subjecting %
time soeyAEF CoiTihatiRpt aFFRG éar pREPd1B2°To A pHdsEetore,
transition from.a gel. phase tq.a I ase, the
£ EoR RO0 TR SRS b RIEEY ot e CLABTHRT HET agent
. carrier. 102 and_at the sane tine the, germnation 56
o tqengll?caisﬁlgrefnae&%oragpsarfg &d ctannerbeef os.atlehde'r efore, efforts
aqgh%iggxt%e%myagiﬂgﬂk)adding the germ nation
[

nduci ng factor in the  nmeasurement apparatus can be
savedhe TR BYERLN 8FROdI-NBOL) of the fifth embodiment,

only the germination inducing factor is contained in a gel phase
polymer. In addition, for a subseguent measurement apparatus,
the ATP eliminating agent, the ATP extracting agent and the
luminescent reagent are sequentially added and then the
luminescence output is measured. That is, for the flow shown
in Fig. 11, “process of the ATP eliminating” of Step 52 is carried
out between Step S2Z and Step S3.

In addition, the ATP eliminating agent is added after
adding the germination inducing factor but before completing
the reaction of the added germination inducing factor (i.e.,
typically within 30 minutes).

According to the sixth embodiment, by subjecting a polymer
of the capturing carrier 102 to a phase transition from a gel
phase to a sol phase, the microorganisms are recovered from the

capturing carrier 102 and at the same time the germination
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For the capturing carrier 102 of the seventh
enbodi nent, two kinds of polyners having a different
phase transition tenperature between a gel and so
are |lam nated on top of each other. The upper side
polymer (i.e., the side for capturing
m cr oorgani sns) of these two types of polyners has a
| oner phase transition tenperature conpared to that
of the | ower side polynmer, and as a result, under
- ' 11 - r.goe se & j 11 0N SoJ .
el B e B e AR e s B Bantg e
requitRRerroH deichaly el SRRELAR ithe i’?f&%cﬁlﬂg{nﬁ‘ﬁt‘j&g 130ek
and the germnation I nducing factor I1e the | ower
meastHefR rROLYFRE 26QRE /IS bt RAVARP extracting agent. In
addition, as to the capturing apparatus 111 according
t o Thie seevanhh cambadimeent, the tenperature
controlling apparatus 114 for heating the capturing
calor ehe D dwriconsbrudeedl 82 &S theoseoahtolerbdediment,
tenperature in two steps. Specifically, it is
two kdgist odc ped e Hve dta wilng captifrfiengrdamtieere T02n4iitth on
the phase transition tenperature of the upper side
tempgis bynsy PaRdefntd ke anghasé ransitimiretmperapup e asfch
the | ower side polyner. According to the seventh ,
Otheﬁenbgaﬁnﬁﬂ??rt%%dﬁiE?%ﬁ?%%nf%n%-'aﬁQﬁcﬁﬂﬁﬁuiﬁfiQ?Rqﬂ¥lng

: upper .si d | ymer of the capturing caryier _102.
micriRBA RIS U dYORRHP S BT R aha f e 1 OWer phase
capturin carrier 102 is.first. heated, 1o the phase
trangi Tl (' Enber apUPAT 81 e h3per st 6= bor e By

and agoér}]%sg%t V‘ﬂinld-glrt Hgﬁgeﬁgriéiﬁ%&g@%ﬁgﬁg% ?(}?Aﬁgsiﬂi%n

a ge ase, only f per side po goes a

to a PHASE HANSIHERHORKEO] 88PTs AR A A TeaULldi Alonl N8
same tinme the mcroorgani sns are recovered fromthe

uppetRRCE P&l gRe POLYABEint heh AR ekl fhRakitRg2g8Bhtaned the
the germ nation

germinationinducing factorwhilethe lower sidepolymer contains

the ATP extracting agent.

In addition, as to the capturing apparatus 111 according
to the seventh embodiment, the temperature controllingapparatus
114 for heating the capturing carrier 102 is constructed so as
to contrel the temperature in two steps. Specifically, it is
constructed to heat the capturing carrier 102 with the phase
transition temperature of the upper side polymer and with the
phase transition temperature of the lower side polymer.

According to the seventh embodiment, the microorganisms
are captured in the upper side polymer of the capturing carrier
102. When these microorganisms are recovered, the capturing

carrier 102 is first heated to the phase transition temperature

of the upper side polymer. By doing so¢, while the lower side
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i nducing factor are eluted fromthe upper side
pol ynmer. Thus, the free ATPs are elim nated and the
m croorgani sms in a spore state can sporul ate. The
m croorgani sms to which the ATP elimnating agent
and the germ nation inducing factor are added are
mai nt ai ned on the | ower side polyner. Next, the
capturing carrier 102 is heated to the phase
transition tenperature of the | ower side polyner. By
[ el r »§i p n es

PO Ly I aPLS 153 So7 PHRScs andthe ACT oat raar) RgLTer

under8888t 5 isheldtiethn M- Bord el solinghaAEP exd ractdsidc, at
agent i's added to the mcroorgani sns, causing the

the s&egradat itor af ceeldrgaenbmanaref rébevetredobrganitsnupper
and the ATPs contained in the m croorgani sns are

side exfymeredthAf REP ealliminacscentgeeiagent itSheadeetingtion
the ATPs extracted fromthe m croorgani sns, the

induclogi hestenceoeipted Sromashe ebprerAscoe dagyer + hdhus,
sevent h enbodi ment, because two Kinds of polyners

the Chay i adief peiBARapRAsENY rTdiR MECER FIFPSCREULR RSPOTe
| am nated and a different kind of reagent . is

statec GAPaPREFULA t8achT POy REPOTHERE PPPe tPedgeRt s TR an"hE

._.added in a specific order ta the. capturing carrier

elimifgh g AT GFF HOC ORETHORT Y LETPer Y dr Otaghg ddded
result step.of .addi_ng .reagents in the neasurenent

are m&dﬁ‘ﬁ?&?ﬁ? Oga%hﬁe TSt %’& %8)9 t eern'ef forts and tine

i h . . bcall T
R B Lo e S0l M0 g

trans%ftib%et&{l}ggfgtﬁfg% Eﬁ@tlowéf‘%ﬁ%_ekﬂ)@g?m@f. PAWBBE8g so,

aving a different phase transition enperature
the 1BQkweenga ﬁ@hyﬁ@@f §ﬁbe§%@elsam paLed PRahOPrOénedshs sol

other in three layers. The uppernost side polymer

phase bn@.thd B@T extracting agent is eluted. As a result, the
ATP extracting agent is added to the microorganisms, causing
the degradation of cell membrane of the microorganisms and the
ATPs contained in the microorganisms are extracted.

After a luminescent reagent is added to the ATPs extracted
from the microorganisms, the luminescence cutput is measured.

According to the seventh embodiment, because two kinds
of polymers having a different phase transition temperature are
laminated and a different kind of reagent is contained in each
polymer, multiple reagents can be added in a specific order to
the capturingcarrier 102bycontrollingtheheating temperature.
Asaresult, astepof adding reagents inthemeasurement apparatus
can be omitted, thus the efforts and time required therefor can

be drastically reduced.

(The eighth embodiment)}
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side for capturing mcroorgani sns) of these three
types of polyners has the | owest phase transition
tenperature, and as a result, under heating it
under goes a phase transition to a sol faster than
the | ower side polyners. In addition, the uppernost
side polynmer contains the ATP elimnating agent, the
m ddl e | ayer polymer contains the germnation
inducing factor and the bottom si de pol yner

ntaln ATP t t : bt

or th cap Uurin r%cie 1%0%98@ a!zrlalagﬁ'gﬂﬁ e%’o.cﬁ?}ne%ﬁ,

e~ capt urimg ap Socor dr t he ei ght

three 151539@5”% t oﬁ.g'gxetr%m%ﬁﬁﬁr & @L@ﬂe@érﬂtn%h%%%art%ta%%ition

the capturing carrier

tempe%gl‘ﬂ%&%uﬁéggeéﬁ A%ell @n60BLN 0d ré et @NPRIBLUN €op bt each
hree steps. Specifically, it 1is constructed to

otherCQﬂtleJ:eé hes jer@per ater appictrdshe sphasgol fti@nsitieon, the
tenperature of the uppernost side polynmer, with the

side [fbaseabpransing on drerpefeatitsmes Jofof ehededdlherdeaytgpes of
polynmer, and wth the phase transition tenperature

polymefrst hesbbheohvsede pokyaer rapetol o MetreIdieaet: ghand as
enbodi ment, the mcroorganisns are captured in the

a resuéﬁerﬁﬁéﬁrshﬁétpégynﬁru@ﬂeFE@eéaBtﬂhﬁﬁ% tearyieronoe 2
When these m croorgani sns are recovered, H

sol feghedr |tn’gmcz¥rhrei SOVED2 Sigle |H‘%1tY“F?’éé-qt ed fo2fREtpRRge the

upperggRSLa 8’E‘gp “%Src%fsu“%%m%{a EE R 'i&a”?@%tiygragﬁam he
t h

e LT S O VIR CSTRLD D 4% PRS0 2 0

and thg S gﬁgﬁeakcaﬁtgbssﬁ% Awrsstcé%ng gent.

m Cr oor gani sns ar en out o € uppernost si

p%'nyHHaltEBﬁ &Tgoekh@ @%t@glﬁg%pdr%t%s,%@@ Jé%dlng

t he uppermosf side polymer to elimnate the free

to théERSh tHefbodihge At Cﬁ:@@ﬂé&@ﬂ)éﬁ’ét@fe Wainghoiflieg AFsratus
are elimnated are mai ntained on the mddle | ayer
114 for heating the capturing carrier 102 is constructed so as
to control the temperature in three steps. Specifically, it
is constructed to control the temperature with the phase
transition temperature of the uppermost side polymer, with the
phase transition temperature of the middle layer polymer, and
with the phase transition temperatureof thebottomside polymer.
According to the eighth embodiment, the microorganisms
are captured in the uppermost side polymer of the capturing
carrier 102. When these microorganisms are recovered, the
capturing carrier 102 is first heated to the phase transition
temperature of the uppermost side polymer. By doing sc, while
the middle layer and the bottom side polymers remain in a gel

phase, only the uppermost side polymer undergoes a phase

transition to a sol. As a result, at the same time the
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pol ynmer. Next, the capturing carrier 102 is heated to
the phase transition tenperature of the m ddle | ayer
polymer. By doing so, the mddle |ayer polyner
under goes a phase transition to a sol while the
bottom side polyner is maintained in a gel phase.
Thus, the germnation inducing factor is eluted from
the mddle |ayer polyner and added to the
m croorgani snms, causing the germnation of the
: ] rgani . t ] rJsi '
oz R b O PR R B GE R o AT oS, ene
aTp choht A0t $hE& RO TBle 1 BYed @i +88 uddtEROid 9FH8I 88 ymer
- pol ymer undergoes a phase transition to a sol phase
to eldhihatkhenAFRexhrasti nonhagenind %i%'r@b@%;arﬂ%n@ of which
result, the ATP extracting agent is added to the
free AT GARIISHE nat&dBiang: rdientdegiadiadn atheofmictile layer
menbrane of the m croorgani sns and the ATPs
polymeEont ai ned in the microorgani sns are extracted. After
a lum nescent reagent is added to the ATPs extracted
f Memttyhéhei crpobrganosrerrtilee Liri heskeatedoue pulte ighase
measur ed. Accordin% to the eighth enbodi nment, ,
trangigcififs & SMRPE8 tRFRAS I oF NP AN RS 1At §oa YRt er Bitdoing

hase transition t erature are |am nated and, a. .
50, 1% FRCERE KPHAZOPOLIREENtIFSTEoREaP R BaRRSLELon o

o souBHAPLL AL 2, heaten s 020 beyatded 0,5, spscifis.
Thus ,t gge eafnllr}%tt %'}P?Lﬁ%h%rl% f&? ﬁrriessgh{ltea J‘:s’toenl{J 81fe middle
addl n ITUJT |pJ1e reagentgln F e neasur enen g

layer@ ry?’%egs a;}:ﬁ!;r < QL 8lye t i@:é&;g?ﬁié}ﬁé S ands{i B e

requi or can be drasti y reduced:.
germit{Nel MY &haaetiofthdied:0: e, seventh and the eighth

enbodi nents, the |l ower (botton) side polynmer can be
foram®d tt®e capturing carrier 102 is heated to the phase
transition temperature of the bottom side polymer. By doing
3¢, the bottom side polymer undergoes a phase transition t‘o a
sol phase while the ATF extracting agent is eluted. As aresult,
the ATP extracting agent is added to the microorganisms, causing
the degradation of cell membrane of the microcorganisms and the
ATPs contained in the microorganisms are extracted.
After a luminescent reagent is added to the ATPs extracted
from the microorganisms, the luminescence output is measured.
According to the eighth embodiment, because three kinds
of polymers having a different phase transition temperature are
laminated and a different kind of reagent is contained in each
polymer, multiple reagents can be added in a specific order to

thecapturingcarrier 10Z2bycontroilingtheheating temperature.

As a result, a stepof addingmultiple reagents in the measurement
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have a concave shape having a dip in the center and

t he upper side polyner can be fornmed over the dip.
Furt hernore, although the ATP elim nating agent, the
germ nation inducing factor, and the ATP extracting
agent are selectively contained in the capturing
carrier 102 according to the fourth to the eighth
enbodi ments descri bed above, other reagents such as
the | um nescent reagent can be contained in the

appar\%ggtgg{:éﬁ g?cgrrrulhtg{e&ozthﬁ:% L’Ek@g rerq:g{oert salatnr&o l{%et Q%Bgired

oused in e capturing carrier

theregggoEghgget rggﬁiggﬁﬁghrgauE%%Jeighth embodi ment s

escri above, It not specifically limted

t berehorahdeansepbedi ANt ohavikngehanyesagh 03 eapnbe
al so envisaged. For such case, it canbe consi deréd

embodt hahtthessapt ahd MO bt dnl 1efs iR2 piog yplkeacedn abe trmefd ao
filter, which can filter the sol phase polyner while

have kKeepntgvé hehaperoorganissaip As ahéitéeter dwod the upper
exanpl e, a nenbrane filter made of polyvinylidene

side pbugmedecaw bk formedi avetrerchaf dApd5 pm and the |i ke
can be used. Furthernore, althoﬁgg t he above
désecthbsgosabodilmapushatae AdiParadminazangx agpné of-he
capturing and testing air-borne_ _m croorgani sns, the

germigedigh tRduptedem CTAvemdA- TS AR5t SXFRFteH1T 3L §L¢
and it can be applied to a capturing carrier, a .

selecEayedyi AGNEARPED AichPELFFRGL AbPAr e o sind U7 AeRsding
for capturi and testing ,.air-borne m.craqor.gan

£o Thg E ER Thenbr e, 21t HoGgI e oV 8 a8e e bt o er Dtner

(0] n A 0 . .
reao fTOAUIETLS 268 LEgIALEPLo EDRLRE o RgelutBigag in

the q$ﬂﬁ%qga t-hat-;underg@o a phase transition by a

ifferent factor can be al so used. For exanple, a

PG YWBErmore, although the vessel 103 is housed in the

. capturing carrier 102 according_to the fourth to the eighth
embodiments described above, it is not specifically limited
thereto and an embodiment having no wvessel 103 can be also
envisaged. Forsuchcase, itcanbeconsideredthatthecapturing
carrier 102 is placed on top of a filtef, which can filter the
sol phasepolymer while keeping themicroorganisms. Asafilter,
for example, a membrane filter made of polyvinylidene fluoride
with pore diameter of 0.45 pm and the like can be used.

Furthermcre, although the above described embodiments are
related to an example o©f capturing and testing air-borne
microorganisms, the use of the present invention is not limited
thereto and it can be applied to a capturing carrier, a capturing
unit, acapturingapparatus andamethod for capturingand testing

air-borne microcrganisms.
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whi ch undergoes a phase transition froma gel to a
sot by a chemical 1inert to the m croorgani sns can be
used. Furthernore, for the above descri bed

enbodi nents, the reagents can be conprised inside a
m crocapsul e to get dispersed in the polyner gel.
Furthernore, when nultiple polyner |ayers are

| am nated as the above seventh and the eighth

enbodi ments, the conponents of the |ower polymner

l@[&ﬁ:h‘é%o % arl h ‘LL.lQe bto'%%rc[reossﬂh%éég odlments are

m Crocapsul e "an resulting mcrocapsule

I
<ero ERELRER Y SRR, O et RLVES g

by hehfidah, os€igt r o IPRRSE: thARSIhRR gaNE phdes & N ion by
| ayers, the conponents of the (n+l) th [ayer can be

a dif€efphits€dcitBrachhebaDseasi ts¥e. Mg Oeaeaidle ard pgogmer
resulting mcrocapsule can be di spersed and enbedded
whichumddmwgorha phper. t raBB\s idoiargf son acent et sarleay anthemical
m xing rati o between them can be inproved. Still
inertf (ot hdemprieropisernhsins gl e ysed.| ayers are
| am nat ed as the above seventh and the eighth
eﬁﬁé&ﬁﬁéﬁp§er ﬁ@ﬁnéﬁﬁcaﬁﬁﬁﬁi@@ﬁéﬁé@e@fewﬁp@ﬁm§9¢ﬁacéhe
' |nnnb|I|zed wth_the nponents of a

reagei“&fe‘?a% M ‘B%mﬁblf]a%%lpﬁlfiﬁea i‘“ﬁ?éPFﬁEéulFé@ %%g\ﬁltsﬁet%d

per. | ayer, followed by subjecting the
in thﬁp y%ﬁﬁi Iayer to a phase transition to a so

andorrg Xﬁl\r?%naﬁ]udl %tl oq_ﬁ(mhe Bg:\{;:rcugtraet Sam@flated

Shélkl ng em’w ext er magne

as thbl aféoer eg@%hfch%add ¥he\’§'ﬁ%% { PRI J VAL $.o ar( %nents

in an order o ase transition and t
of th@rleovﬂ%ﬂ BY8kmert fe?y@?gﬁ%t be PREligaH ates t‘hfe%%s:l_tlve

surface is™ immobilized with the conponents of the

micrddatsl:ltdh andy eheCaBsBet phaCRUcrocapsule is dispersed and
embedded in the upper pclymer layer. Specifically,- when the
polymer layers are numbered in an order of phase transition and
there are n layers, the components of the (n+l) th layer can be
comprised in & thermosensitive microcapsule and the resulting
microcapsule can be dispersed and embedded in the n*® layer.
By doing so, contact area and mixing ratio between them can be
improved.

Still furthermore, when multiple polymer layers are
laminated as the above seventh aﬁd the eighth émbodiments,
magnetic particulates of which surface is immobilized with the
components of a polymer layer can be placed in the interface
region with the upper polymer layer, followed by sublecting the
upper polymer layer to a phase transition to a sol phase and

mixing and reacting the particulates by shaking them with an
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in the interface region with the nth |ayer, followed
by subjecting the nth layer to a phase transition to
a sol phase and nmixing and reacting the particul ates
by shaking themw th an aid of external magnetic
field. In this case, since a control nmeans other
than the tenperature condition is enployed, an
accuracy of the control can be inproved. Preferred
concentration, reaction tenperature and reaction

aid ofblegz%e%aq QEfENRL EoD indughag; £ach o1 y W@ nobt iR dme
y an experiment. For this experinent, to fungus

layerk! S¥EOnuROOPEd SiNAnsperes of BAskE! tsasstidd Sand there
L- al ani ne was added as a sanple in advance. To an

are nalia§eels,ofhkhaagasuliti pgrvixiul=ees af ARRcel ismirfatiend s
agent was added. After 30 m nutes, an ATP extracting

immobddente dwaist fatlde d capdnwitls ahthki qudt) B atylee casberlmged
m xture a | um nescence measurenent was carried out.

in thepntehfsceasyicooncdnthatri 0n aofe 1L B hipwed PHevdiipcting
gater, "Ala concentration") was varied first to =

the nobtlaywen ke PurhAsSceRrBSIBEPPULC FhePbhtid Fednd mixing
| um nescence out put_corresponds.to a . | um nescence

and rgaCHINIpEPSIPEFY R aRSS, PYnaRAIEr ol Bghi Shit ity a1d of

oxtorfP garRBL R L EHh! UTE) e LA LS B0 SO means
| upi_nesce t.put., . indi . t,

oenes RERHPEET G R, PRGN 5, eorlbB0EE, oy acpurpey

of tﬁ%'dbd%?&lb%a%e%% E&thﬁf%% 12, the | um nescence

out put 1 ncreases concentration. Wien Al a

cencetiald QRnwas £ re3 125 MM ctmire t iR ddHimeserNCe
out put was stabilized. That 1is, when a

reactGALenkieabifon Yasm2ha bl iABLeingethSt6RMere obtained
sufficiently sporulate and ATPs can be extracted. As

by arSutiperdimentas Foundhtbakxplee iAlemtconeefmatisod ligeid
preferably 25 nM or nore.

comprising spores of Bacillus subtilis, L-alanine was added as
a sample in advance. Te¢ an aliguot of the resulting mixture,
an ATP eliminating agent was added. After 30 minutes, an ATP
extracting agent was added and with an aliquot of the resulting
mixture a luminescence measurement was carried out.

For this test, concentration of L-alanine (herein after,
“Ala concehtratio_n”) was varied first toobtain the luminescence
output. The obtained luminescence output correspénds to a
luminescence output per 1CFU (i.e., onenmicroorganismina sample
before culture). The results are shown in Fig. 12. Further,
cps, which is the unit of luminescence output, indicaﬁes the
number of photoelectrons that are counted during one second.

Ags. it ca1:1 be seen from Fig. 12, the luminescence output

increases with Ala concentration. When Ala concentration was
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However, when Al a concentration is too high, a ge
wth sufficient strength cannot be obtai ned. For
such reasons, Ala concentration is preferably 100 mV
or less. Next, the relationship between the
tenperature and the |um nescence output for a
reaction with L-al anine was investigated. The
results are shown in Fig. 13. As it can be seen from
Fig. 13, the germination of a spore-formng mcrobe

25 m $uf REEL) ¢ 808 @0t LBEShUET BESERNCHQULOHD 1 L IELEAS Ghat

at hi gher reaction tenperature wt ani ne.

is, weRhkl ngul abncahtlrhe 1 ENRey afurngr ofr 3 Or dighergad he
| um nescence output dramatically increased. However,

suf fiafitenr 1Ieapbirilat ésameakral cad0bs d:herdatddeseensech, it
output starts to decrease at higher tenperatures.

was Iéund hder @4 Adagiomodnishomnon i st pree £ & gauis By 28hen ortrivere .
treatnment tenperature is nore than 40C the bacteri al

Howevggl, | whershbacpnsearttr attg afi &S tae hsiwdh, 2 gelivd tref&fablent
that the tenperature for the reaction with L-al anine

strengghy CemnegCcheo ke inethus Forosushutiergofige Ala

spore-form ng m crobes hy heating the capturing

concethratdon) 68 PrRd srdier atAlt 6 Lpridistabl y bet ween
30C d, 40C. t, for h i t t ,
oRERT R e e b B PR S e o e R BTt fipeand the
. ti T t i Fig. 14. As
Lo (AT Sy TS S e FO2 SO Dl Y

inve gﬁf&é%re%f.ur @h&"afegé%g trie‘fe @%ﬁéﬁp?ﬁé s obtained, 64,

ter 30 m nutes ore, reacti on

seen E%EF&?F@%W:@BJ $h3YerntMa LAY 0R LhoBL 8o Phef g R Yobe
30 mnutfes or noré. As it is clear Tromthe abbdve

is fadesethbed fAesehiept LRAnckhencpr 8sePht 1IN d L BRYhigher
have the specific aspects as follows.

reaction temperature with I.-alanine. In particular, at the
temperature of 30°C or higher, the luminescence output
dramatically increased. However, after reaching its peak at
40°C, the luminescence output starts to decrease at higher
temperatures. Further, although not shown in the figure, when
the treatment temperature is more than 40°C the bacterial cells
siowly start to die. As such, it is preferable that the
temperature for the reaction with L-alanine is from 30°C to 40°C.
Thus, for eluting the spore-forming microbes by heating the
capturing carrier 102, the temperature is preferably between
30°C and 4G°C.

Next, for each reaction temperature, change in the
luminescence output with time was investigated. The results

are shown in Fig. 14. As it can be seen from Fig. 14, when the

reaction temperature was 35°C, the highest peak was obtained
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1. A capturing carrier for capturing air-borne

m croorgani sns, characterized in that it conprises a
pol ymer whi ch undergoes a phase transition between a
gel and a sol in the tenperature range between 15C
and 40C. 2. The capturing carrier of the above
invention 1, characterized in that the capturing
carrier conprises alcohols having no bactericida
activity 3 The capturing carrier of the above

after, %%tz{u Lo naragler! Zﬁgn thd hatac‘the 2 canol S is
one’ ot erol &t hyTreéne g ycoI *2hd propyl ene

35°C, gkxgokeaétﬁghet ﬁQtHE'EQeE%E5b§ gB hEﬁu@g VEr more.

i nvent i on aracferi ze at t he po yner 1s

any QBQLSOE1%%|raEkBmOEhe NAGAE MBBPA: nad J@§c£§§£%ﬂ1 NG he
carrier of the above invention 2, characterized in

presddtati dvike rabeohehs nare ginceniciand: e erplroliisws .
conprised in an anmount of 30%to 60@6by wei ght

canpar edptorinbe caaptiwrd g rcaraptering abheeapiteuri ng
carrier of the above invention 1, characterized in
microcdgantiaspokpaeadte rgeleat iin ahdtt he gehatisesis polymer
conprised in an anmount of 5%to 10% by wei ght
whichcymgarederoa phesedptamshglearkeoresy a Dikd eaptarsayg in
carrier of the above invention 1, characterlzed in

the YRS RfESoln @Wﬁ%@ﬁmngné fhe 65
NAGAn MBPDA i s .conprised in an nt of, 1@6to 10@6by
we?. -gfite Compardd % &%%a%% i elrnvesl e 1
turi rrler of the above inventi

charailgrides 15 dd %tflﬁa‘fa?ﬁ‘ér%%%ﬁﬁ%ﬁ%ge 8???5?588%%%018
hav1ﬂ§ ﬁ%'%géyg?iCldal activity.

3. The capturing carrier of the above invention 2,
characterized in that the alcohols are any one of glycercl,
ethylene glycol and propylene glycdl.

4. The capturing carrier of the above invention 1,
characterized in that the polymer is any cne of gelatin or
NAGAmM/MBPDA.

5. The capturing carrier of the above invention 2,
characterized in that the alcohols are glycerol and the glycerol
is comprised in an amcunt of 30% to 60% by weight compared to
the capturing carrier.

6. The capturing carrier of the above invention 1,
characterized in that the polymer is gelatin and the gelatin
is comprised in an amount of 5% to 10% by weight compared to
the capturing carrier.

7. Thé capturing carrier of the above invention 1,

characterized in that the polymer is NAGAm/MBPDA and the
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which is in a gel phase at the tinme of capturing
m croorgani sns  but undergoes a phase transition to a
sol phase at the tenperature of 40C or |ess under
heati ng, and by containing a test reagent in the
pol ymer the test reagent is eluted upon the phase
transition froma gel phase to a sol phase.
According to the present invention, since the
pol ymer consisting of the capturing carrier is in a
NAGAnG®BrPRase abmphesklnenOhn CaRbUAE NGE M £ rQONIAN LS Raight
the air-borne mcroorgani sms can be captured
compaekti ebefhky cabttifrfier, casiriee .t he carrier undergoes a
phase transition to a sol phase at the tenperature
0B .4Q08=0rabessiundearhéati g, thiee aboreodnganicsos 1,
whi ch have been captured in the capturing carrier
characirrbeedagi that edevermdif yopreheieaadned stwiehamo lymer
bei ng destroyed. Still further, according to the
whichpiagdhe 9%¥éﬁﬁﬁﬁhafs¥®%éﬂﬁﬁé0ft@%@t¥%%@%ﬁﬂq@§°rganlsms
contained in the hase poléner and eluted upon a

but urﬁfﬂ%@@%éﬁ%ﬁ%‘ﬁr%%g OF TprfasRl e S st ?&&g@ﬁra&aﬁe
of 4037 6% e ol R S AR R T Je gt
1nthe %@%?ghe J@rgg gﬁ@&selueggééghF%gﬁhgr Q%%&%%ﬂion

e nlCF organi sns e Ca

from.%agr ha%%dtig%iQQﬂF §1Qﬁ§t heagent h%BeEReC Qesﬁﬁt

rle out sinultane . I'n summar by usi

inver®aRUN NEL-LRREIRS1 Ried Bsngagggmg dfﬁt‘!@é‘hb@ﬁur&ﬁ@ carrier
processes of capturlng t he air-borne nlcroorganlsns

is int @?éﬂg pOllset Be tRE G oRf @aNkbsEBul-hi am hber 6 fa I sm@ntthe
ng the test reagent 66 thereto can be done so

air-ddidle i Ocesisem { srescaapieaurdapiguted e€si chgnt bf. t IMurther,
ai r-borne m croorgani sns can be done conveniently in
sinceshbet carrirer 9nd¥Wghesespetis4 crdrsiitiventpoa ol thmse
above invention
at the temperature of 40°C or less under heating, the
microorganisms which have been captured in the capturing carrier
canbeesasily recovered fromthe carrier, without beingdestroyed.
Still further, according tc the present invention, since the
test reagent is ceontained in the gel phase polymer and eluted
updn a phase transition to a sol phase, the test reagent can
be added to the microorganisms at the same time they are taken
out fromthe capturingcarrier. Assuch, accordingtothepresent
invention, the processes of recovering the microorganisms from
the capturing carrier, and adding the test reagent thereto can
be carried out simultanecusly. In summary, by using the
capturing carrier of the present inventiocn, the proccesses of

capturing the air-borne microorganisms, taking out the

microorganisms from the carrier, and adding the test reagent
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8, the test reagent is characterized in that it is a
reagent for detecting the captured m croorgani sns by
ATP net hod. Thus, when a nunber of reagents are
required |ike the ATP nethod, with an application of
the present invention efforts and tine required for
the process fromcapturing to testing of the

m croorgani sms  can be dramatically reduced. 10. Wth
respect to the invention of the above invention 9,

thereqo ok %%? one>s S 1A F?é%é%gesnﬁﬁﬁékﬁ?%uri ntéﬂgestlng

ng agen i'm nates r t han

of thd Bg rA ggrﬁgﬂ¥5$%hggﬂﬁéﬂgcéH%edeé%%ﬁ¥€%§§§tlylnshort

ccording to t sent 1 nvention, when

time M croorgani sns are recovered in accordance with a
phase transition of the capturing carrier froma ge
t @ .anseh, rkbBgecATR elidrimaidiig cagent the abovediranthtion
added thereto. As such, free ATPs existing outside

8, tHeheezel Irchodytofi svicablracirecrickes inanhabeit endvedreagent
Thus, according to the correspondi ng i nvention 10,

for dehecpiogegsesabt needverdmg 1dwn inny by PJahins o r orfHes
capturing carrier, and renDV|n%—the free ATPs can be

when garymikelr oft reayeml $ aFeousayired. Jwet hh? eﬂsﬂb%@tatbedt Helth
i nvention of the above invention

~an ap@”ﬁﬁﬁé@ﬂ /G tEfeRESFeNE Hélrveatéq%%f%t% ﬁlafi ’ﬁlf“e required

rises at | east one selecte fro

for tREIRTATEHY IO ane P ERELNT Al RSP ENE NBHOS BRE AL e QR b

can é%mﬁ hat.ase exok nas adenosi ne tri phosphat ase,

?ﬁﬁ%ﬁa%ﬁ%% W&t @ deami nase. 67 12. Wth
" OAPEH b D8 LEVEN AN 1 A b AP0 I MBBLE Ot vnt ion

t he test reaggn% IS characterli ze
9, th%oggéqp ozéﬁchﬁggcgéEEQEEHﬂgtﬁg%nit%@'&@Pﬁ@ﬂeﬁfﬁiﬁ§ilng

riginating from the nicroorgani sns

agenPGEAd BYikOnhhespieseiind MR ORe MEBriginating from
the microorganisms. According to the present invention, when
the microorganisms are recovered in accordance with a phase
transition of the capturing carrier from a gel tec a sol, the
ATP eliminating agent is eluted and added thereto. As such,
free ATPs existing outside the cell body of viable microbes can
be removed. Thus, according to the corresponding invention 10,
the processesof recovering themicroorganisms fromthe capturing
carrier, and removing the free ATPs can be carried out
simultaneously.

| 11. With respect to the invention of the above invention
10, the ATP eliminating agent is characterized in that it
comprises at least one selected froma group consistingof apyrase,
alkaline phosphatase, acidic phosphatase, hexokinase,

adenosine triphosphatase, and adenosine phosphate deaminase.
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the m croorgani sns are recovered in accordance with a
phase transition of the capturing carrier froma ge
to a sol, the ATP elimnating agent is eluted and
added thereto. As such, «cell nenbrane of the viable
m crobes can be |ysed. Thus, according to the
invention of Claim12, the processes of recovering
the m croorganisms fromthe capturing carrier, and
performng the lysis of cell nmenbrane of the viable
Mgl Ghesh r@@ﬁee@ earfned mntsiclbEaneousiore 13velttbn
respect to the invention of the above invention 12,

9, theheeATPrexddmctingagenttd:si oddiriactdrbized iconphdtseist an
conprises a surfactant, trichloroacetic acid (TCA),

ATP extisbuffergesthdnoth cam eytirscendymBTRaviigimating from
protease activity and the like. 14. Wth respect to

the migeopnyent $oh- offadve Bt &0 AenPFoveny Ly Yidyemhien
is characterized in that it i s a germnation

the mllﬁ§9@|rﬁ§nﬁﬁ¥ﬁﬁoﬁfﬁhiféﬁovﬁé@@eéngé‘rcﬁioﬁgta%ﬁ yith & phase
spore-fQrmng microbe or s

:
traHSA&eadeﬁgt% ﬁ@twjee%nfa'fﬁ%%te $B° 3 eeln”%%ea sol, the
ATP e?ﬁ%@g‘g%gsgkégg? r%g}[e ﬁi\égr ed Inaggé:grﬁgfmjgee WI t r}-‘ss suclh

capturfRg cartier Troma ge

cell En%g% é:g—xgltgd ?h €ned g&%@t 'rrﬁ%#o%%%c 'J:Jﬁglu fb%C tl?/rs e'dS elI‘HElg d

her et cing“germ natron

accor%f IDI% $ROL Gl QLILAG 5 Wk Qb%l%rim SPOr €30k 3 Jals of

can be transformed into a general state for

recov‘@%‘ﬁﬁ; ght therdeagdh oass ofrdrhe nATPapel hoflg Cadr 861 Yand

occur. Thus, according to the invention 14, the

perfdleRs $88 Qf(sigC@ﬁe{:deDg n&8b tAke DL riloy ganitsis firabes
the capturing carrier, and inducing the germnation

can kef ceeldiodephitase mofl tanspersd-yf.or m ng m crobe or spores
of a plant cell can be carried out simultaneously.
15.3 .Wii bh resypestt tte the imvention oof thhealbovelnvention
i nvention

12, the ATPextracting agent ischaracterizedinthat it comprises

a surfactant, trichlorocacetic acid (TCA), tris puffer, ethanol,
a lytic enzyme having a protease activity and the like.

14. With respect to the invention of the above invention
9, the reagent is characterized in that it is a germination
inducing factor which induces germination of a spore-forming
microbeor sporesofaplant. Accordingtothepresentinvention,
when the microorganisms are recovered in accordance with a phase
transition of the capturing carrier from a gel to a sol, the
germination inducing factor. is eluted and added theretoc. As
such, by inducing germination of a spore-forming microbe or
spores of a plant, cells can be transformed into a general state
for which all the reactions of the ATP method can easily occur.

Thus, according to the invention 14, the processes of recovering
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14, the germ nation inducing factor is characterized
inthat it is either an amno acid or L-al anine. 16.
Wth respect to the invention of the above invention
14, the germ nation inducing factor is characterized
inthat it is either sugar or glucose. 17. Wth
respect to the invention of the above invention 8,
the capturing carrier is characterized in that it is
constructed by lanination of nultiple polyners which

the3nf@¥@bfha£¥§ﬂﬁ@&¥mpéh&Q% ggﬁhﬁggéaPPgéﬁaEﬁﬁp§%&?? the

froma ase to a e an ve a

ge rmﬁ%%%%ntd 2881 | kemrhrarRes Ak @@re—@ﬁ@h@idﬁl EPodBr spores
present invention, since the capturing carrier is

of a ¢qRskrdetieday banicaatien efutndinhpltereelysmr.s whi ch
have a different phase transition tenperature, by
cantriol th npddwe-t heat hagiteapet et wie caepabyneri nverch on
undergoes a phase transition froma gel to a sol can

14, the germénetioFhusdubynghlaging thechasacterhgehtinf dhat
each type of the polyners, the test reagent for

it isa@dithiedn apaRTBe Calasd & elte dred. antgie Wth respect to
the invention of the above invention

t B&-nfiEER pqeeswﬁyr?@r §h§r3en15%1: h%%l évrﬁ 556" ?]ﬂoYﬁaltm{EWéVOH

t th | t
14, PRoSHEEIBOF YR S CAPEUFRRGOEI U8 TERTTOWETL hasHy that

tran: |t|on tenperature and from the m croorgani sm

Tt oIS & an§u§F&é Odn SATS 8% i nat i ng agent, a
9§HT RALY g tkgcilq{r?%éfgngﬁr '%Txp %Hf@%d%tlon

agent are conpri se e or ccordlng

g, thteh%afﬁft%%ﬁ'?ltg iaventd,ons when dherheat ing Ek?em)ef@tll-ge

for the capturing carrier is 1increased, fromthe
consﬁ%d@%édJByﬂﬂﬁmﬂﬂﬁiﬂﬂﬂﬂdﬁﬂﬁﬁﬂﬁiﬁméEﬁd&§ﬁﬁ¥é”¢ﬁkcﬂfﬁéve a

pol ymer undergoes a phase transition froma gel to a
prope@ly of undergoing a phase transition from a gel phase to
a sol phase and have a different phase transition temperature.
According to the present invention, since the capturing carrier
is constructed by lamination of multiple polymers which have
a different phase transition temperature, by contrclling the
heatingtemperature, apolymerwhich undelrgoes aphasetransition
from a gel to & sol can be selected. Thus, by changing the test
reagent for each type of the polymers, the test reagent for
addition can be also selected.

18. With respect to the invention of the above invention
17, themultiple polymers are characterized in that they consist
of three layers and the polymer located on the microorganism
_capturing side has lowe_ar phase transition temperature and from
the microorganism capturing sidé an ATP eliminating agent, a

germination inducing factor, and an ATP extracting agent are
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As aresult, at the sane tinme the captured
m croorgani sns are taken out fromthe capturing
carrier, the ATP elimnating agent, the germi nation
i nducing factor, and the ATP extracting agent are
eluted in order and added to the m croorgani sns.
Thus, the processes of recovering the m croorganisnms
fromthe capturing carrier, elimnating the free
ATP, inducing the germination of a spore-formng
compriisedobe and bRkl keacantl axd rastdng ghes AP i rdfentthen,
m croorgani sns can be carried out by a single
when ¢apt tieiatgd noC akhipenatigsulfion g hen cagthiaiily ¢a-iGrease
in the efficiency for the processes from capturing
increpgedestiomgthé &1 d t hiwhéspadte tictdergavents ane afapttheed
above invention 17, the nmultiple polyners are
the pehamatt erfesdoka & asshdyrageisiisin fgfont wogedyer & @0d -
t he folyner | ocated on the m croorgani sm capturing
AS a gegelhastt Gt SFTEsE1TEaRBR t $INT L ERP R e TEHpared re
to t?e ggl mer on the other side and in. the Eolyner
taken QUL LEFTIH CRERTHFENGS UM Sm ERFART RYIRHBRTART AESNt,
el i m nating. agent an a germ i on_jnduci ng factor
ehe ofrThaRLPRoLARGR PR T e B oAb THe B rers adga
: [ t. ] ONRL i ... ACC in to
are e FOIT GEREREY D0 B 1R A RE R B S Rhpor e e oo

r f t | .i o.o .a I td i
procelsQes Bﬁerﬁggevgﬂﬂgh%m t%g: 0% R0 GRS fdomSLA MG uring

fromt eto € mcroorgani sns are

carri@ant &1 edi Hhei RQl yHerr dRART fOeS BuPNas @ hel 8RR LA Olon of
froma gel to a sol. As such, at the sane tine the

a spogapturediiCnOergadi SAE 8re 1aken oni dfomdheng the ATP
capturing carrier, 70 the ATP elim nating agent and

of ththel gesengations idublengatatearovians el viegl anchpaddechg

to the mcroorganisnms followed by the elution and
carrigddi téonlbing e AT mxdtactinngeagenin fHeusffactendy npr

to the present invention, all the processes of
the precegeeisng nole capturing to testing.

18. With respect to the invention of the above invention

17, themultiple polymers are characterized in that they consist
of two layers and the polymer located on the microorganism
capturing side has lower phase transition temperature compared
to the polymer on the other side and in the polymer located on
the microorganism capturing side an ATP eliminating agent and
a germination inducing factor are comprised while in the polymer
ontheother sideanATPextractingagent iscomprised. According
to. the present invention, when the heating temperature for the
capturing carrier is increased, starting from the side to which
the microorganisms are captured the polymer undergoes a phase

transition from a gel to a sol. As such, at the same time the

capturedmicroorganisms aretakenout fromthe capturingcarrier,
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m croorgani sns fromthe capturing carrier,
elimnating the free ATP, inducing the germ nation
of a spore-forming mcrobe and the |ike, and
extracting the ATP of the m croorgani snms can be
carried out by a single capturing carrier, resulting
in a dramatic increase in the efficiency for the
processes fromcapturing to testing. 20. A capturing
device for capturing air-borne m croorganisns,

 the A?E‘aéﬁgﬁ@ﬁé%fg?'&fbért@tadé cRRTBELRE R CAPI Mt Mhg factor

carrier conprisihg a polyner “which undergoes a phase

are e1E@OShhHRIdLBiNEES m@c&%'or?’é@ll%n%ofolibdé@b ytheelution
tenperature range between 15C and 40C, and a vesse

and atidigomhabl the X@Epldytrigteald iefent2l. THhE, Capisrdngy to
devi ce of the above invention 20, characterized in

the fddesterst fiirvteartiicsy,caipr itSed @mtoddmsdotdiOmepfovdrieng the
vessel . 22. The analysis systemis characterized in

micradrgan isme bnph itdescaphior thagansniser, shinindolns thheree
capturing carrier conprising a polymer which

ATP, uﬂﬂ%lcg{%télepﬁa§@lﬂﬁ§ﬁ§m pPénabepaeenionngey e @ cind

in the tenperature range between 15C and 40C, a
the lﬂé‘ﬁpe@ﬁ@u%%%ﬁ?%@l‘?% %%é’r%tt@? WAFERCEBRRLBIE FH be

t f_th t
carr i8] B Y S El | Fﬁagﬁgﬂ%'ﬁﬁ S Fan T e Y deapatic

the CapfyLi carrier % anal ysi.s syste
lncreiah of‘/léelenveln Jieonncyzfor Ee gcr’%% e%slz% Hyca?ﬁaﬁ?ﬁ o

Igzn'perature controlling apparatus can switch the
ting and the cooling of the capturing carrier

beforen andeatt ah Hg%l'c%t FeAUCtdan Qfh ish rLkbewnko the

capturing carrier. . The anal ysis system of the
micrdﬂ%@ﬁhlQM?nbh@Ba%%erlzedlethatJj:comprlseseacapturlng
carrier comprising a polymer which undergoes a phase transition
between a gel and a sol in the temperature range between 15°C
and 40°C, and a vessel to contain the capturing carrier.

21. The capturing device c¢f the above invention 20,
characterized in that a filter is comprised at the bottom of
the vessel.

22. The analysis system is characterized in that it
comprises a holding member which holds the capturing carrier
comprising a polymer which undergoes a phase transition between
a gel and a sol in the temperature range between 15°C and 40°C,
a temperature controlling apparatus which controls the
temperature of the capturing carrier, and an air stream
controlling part which introduces air flow to the capturing

carrier.

23. The analysis system of the above invention 22,
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characterized in that, for the capturing carrier, the
gel phase polyner is placed on the filter for
filtering a sol, a grid plate holding part which
holds a grid plate constituting a filtration
apparatus in conbination with the filter is
conprised, and the filtration apparatus can filter
the polyner that is transforned into a sol by the
tenperature controlling apparatus. 25. The nmethod for
chardéﬂ@ﬁﬂ%dﬂﬁ@ﬁﬁakaﬁkéB@m@éka@ﬁ&@%mdﬂ£6PP&Q?Q?§H§a€£scan
the present invention 1s characterized in that t
swit ROy h6861 54 8p8 0fe CAPL Uil BT TRLELOTE GRS BB rBY eWiicdhb re
the air-borne mcroorganisns are captured in a
and atapt uhiengntasduetiobhyfSpi ayilgy abrtheoapptsrigg carrier.
air-borne mcroorganisns to the capturing carrier
w#idch Toeneinst y sofs aystleynmerl ithegelbpitasevamd ion 22,
contains a test reagent, and recovering and addi ng by
charaffiegh aelein dasttur ERY ‘&2 CROT YIS NgeR BHLQE / the gel phase
tenperature of 40C or less for a phase transition to
polymershp P&ﬁﬁ@ B H¥faf Lt heT T géﬁﬁﬁﬁ%ﬁsa SEépt%%Hdip&ate

rora R0, SO0, 3R  CERUL L LOMARE vt
At luted fr. i i whi
copa ST, L3, PLULENa LA LS FoPLALI 0 SHEEI S g o

corc R g0, ogL ) B b 205

into H&JT HOURARSIR f41QRd hes paniuri Ng L4 [y and
the. process of, adding the test reagent to them can

be xcamteethetOdld Fionl Sy ad€ S ddingy idt r-borne

sinplification of the 72 operational process and
micraherdrenmgo Phheher apaitati hoantior. i s dBabatet szed drachat

is: 1. A capturing device for capturing air-borne
it comprises steps of capturing microcrganisms by which the
alr-borne microorganisms are captured in a capturing carrier
by spraying air comprising air-borne microorganisms to the
capturing carrier which consists of a polymer in gel phase and
contains a test reagent, and recovering and adding by which the
capturing carrier is heated at the temperature of 40°C or less
for a phase transition £o a scl phase so that the microorganisms
captured in the capturing carrier are recovered from the
capturing carrier and at the same time the test reagent is eluted
from the capturing carrier, which has undergone a phase
transition to a sol phase, and then added to the microorganisms
above. According to the present invention, the processes of
recovering the mici:oorganisms from the capturing carrier and

the . process of adding the test reagent to them can be carried

out simultaneously, resulting in simplification of the
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m croorgani sns, which is characterized in that it
conprises a capturing carrier conprising a polyner
whi ch undergoes a phase transition between a gel and
a sol in the tenperature range between 15C and 40C,
and a vessel to contain the capturing carrier. 2. The
capturing device according to Caiml, which is
characterized in that a filter is conprised at the
bottom of the vessel. 74

operational process and shortening of the operation time.

73



What is clamed is:

1. A capturing device for <capturing air-borne
microorganisms, which is characterized in that it comprises a
capturing carrier comprising a polymer which undergoes a phase
transitionbetweenagel andasoclinthe temperature range between

15°C and 40°C, and a vessel to contain the capturing carrier.
2. The capturing device according to Claim 1, which is

characterized in that a filter is comprised at the bottom of

the vessel.
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