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
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known. According to these methods, air-borne microorganisms
are captured in a medium and cultured for one to several days
followed by a test. Accordingly, these methods have
disadvantages in that it takes a long period of time for testing,
and insuring biolbgically 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)ofanenvironmentwhichrequires
a high level of cleanness, such as a factory for producing
pharmaceuticals, a facility for processing cells, or a factory

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

test of microorganisms under the environments, if microorganism



process are incorporated into the site, a purpose of
ensuring the cleanness of the environnent cannot be
preserved. Asa result, there has been a problemthat
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
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constituents a mcroorgani sm are speci fica
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stained with two kinds of fluorescent reagents, and
are néiprirad.abl e and non-vi abl e microbes are counted
based on a fluorescence m croscopic image anal ysis
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reagent, and then lumlnescence and luminescence output are

meaeured todetermine themicrobial biomass. Asa firstmethod,
there is a method in which microorganisms contained in a sample
are stained with twe kinds of flﬁorescent 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 biological
luminescence reaction by ATP is measured by a luminometer to
quantify the ATPs, and it is converted to the viable microbial
count (i.e., ATP method).

However, although in principle measurement cof one
microbial cell is possible according te 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
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Specifically, after ATPs are extracted froma sanple
Molemuolspr Psbhgspi ed bosgarirsion afrfetitiiery C8Hproskng Figure
luciferin and luciferase is added thereto for a
1C, thenteestent @xigaceporseliienf lehee aneuntimfen®iRyy bs PI),
obtained fromthe | um nescence output, and it is
thus ghgveried podhHehamrnt Podvidenaiat oppganicensondbusion
, result, according to this ATPnethod, the amount of
1T canpd il AtenfiiGrookydHits 2 %¥%n be determined within
several,.m nutes to several tens of m nutes. Wien the
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cor di o, ATP et hod, an ATP elimnating agent is
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contgi%ocﬁlyl e989¥ Pivfnél'@etilleis taken as an indicator of the
microbial count. Thismethodtakes an advantage of abiological
luminescence between a luciferase as an enzyme originated from
a biocorganism, and luciferin (a kind of imidazopyrazinones) as
'a substrate for the enzyme. Specifically, after ATPs are
extracted from a sample comprising microorganisms, a mixture
comprising luciferin and luciferase is added theretoc 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 measured, which is then
to repeyw drmesdAT BstHeat ARPsanpuhsidBaduuse Li el ATE avtilkdd e
) is based on a biological |umnescence reaction which
micropg| ddt-ievel p¥Egseidsieg AfPs iamd gyhBsciofl @onvilabdet
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based on t ogl cal m nescence reaction,
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(Product nane; Lucifer HS set) (Jo of Japan

lumin8ecikelty $@ftpBt astheneareBi aiecdmalsogyen cfrerted to the
Agrochem stry, Vol . 78, No. 7, p. 630-635 (2004)
ATP ahAppli.cation and devel opnent of a firefly
| uci ferase"Murakam Seiji et.al). Wwen this kit is
uSedzilgec thiignétlifomenhiold & sl lrassohetrers, tdwldgifdalence
- by non-viable mcrobes and the |ike is excluded so
luningkgensepP ramsimons olhdloh eelgiaidniady faeompondblte ATP, in
. mcrobes can be selectively neasured. However, the
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m.croqQrgani smthat is di rsed i n an agueous
contaglépéﬁ?_& magerial. In a g?tion, a reag%nt kit, which

comprises an ATP eliminating agent which can remove inradvance
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 beén
commercially provided by Kikkoman Corp. (Product name; Lucifer
HS set) (Journal of Japan Society for Bioscience, Biotechnoloegy,
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 micrcbes 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 installable nmedi um
cassette carrying a capturing carrier that consists
of an agar (polysaccharide) culture mediumin a ge
phase is commercially available (i. e., MAir T type
is a mniersanpiel smrilfact arésbyr dbd lHirpeneagqu@npasp)lution and
) However, an air sanpler which can be applied for the
1ts aprP iRstHed te abr-eornereiarPyeavad avitebepnemngdrested.
ATP method is applied for testing air-borne .
Meanyhlepesr Gt fyam det t 6risiebaaedima mghh g cxagipl Bering
._ Jn an inmpactor style for a culture nethod is used .
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set. However, the capturing carfier which consists of

avaiPalged (iphase 0ar tRRdi A 38fp 8 mdsed bk ral ) il lipore
sanpler in a conventional nethod (i.e., a
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nmet hod) is used under the purpose of culturing
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. As such, a process of recovering the mcrobes from
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dispersedjjlasuspension,andthenﬂcrobialcountingiscarried
out based on the ATP method using a reagent kit for detectingr
a biological luminescence reaction, such as Lucifer HS set.
However, the capturing carrier which consists of a gel
phase agar medium and is used for an air sampler in a conventional
method {i.e., a combination method for an air sampler and the
ATP method) is used 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
considered in the conventionalmethod. Forthe recoveryprocess,
there are problems as follows. Specifically, a gel phase

capturing carrier is advantageous for capturing the microbes,



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 80Cis
required for the transformation of an agar gel to a
sol, nmost of viable mcrobes would be danaged or
killed during the process. As a result, there are
howeygmbltefgnghatt tdeoméryobatel nbmiter chesurisgpoarzaad is
vi abl e m crobes and non-vi abl e m crobes cannot be
diff J'd-*rlﬂfter spthat e¢ covemvescte of MécrobegermiPpgr on Madsnwhile,
ypes of bacteria, inactivation or cell death may
if ano%%c’a? gt %ﬁ@qaéiﬁﬁbr atures ebdvyanabermeddiert ¢ Resol rhase
circunstances, in order tq increase the recovery.
which el e iepile hirdirshesa d ittihe ot e Tt ial
sus |{§Iudes repetition of adding a solution having the
P{¢tpetature near the roomtenperature is added to a
g out, . transf r | int 4.5l 0an
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However, this nmethod still requires a’time-consuni ng

of viapde dalroate mﬁﬂbw&snabye@ﬁ kiihhed PeFsom th@qpkodéss

cannot be autonmated, has poor reproducibility and

As a reSK10f tigind ageapf:abiam@ogmit wedast rdie 69 mlcrobes
contam nation originating from human workers.

is podaanti ¥ezbhd trhiotigibas girebthcareinblef macsobati odnean be
be wused for recovery to sinplify working processes,

diffesgtvart tdtedarfowm eagth mitdrabi alCepgspénsi on ithel avges of
m crobial count per unit volume of liquid (i.e.,

bact eggifoe dmagtiiom)t ivse ore e owedead: gt admiusy: e

eff|C|enc¥ of the m crobes during neasuring process
temp%a}quw, above 40°C. Under the circumstances, 1n 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 microbeé
that are transferred to the solution as microbial suspension
is necessary. However, this method still requires a
timemcor_lsuming and.delicate human work by a skilled person, and
it cannot be automated, has poor reproducibility and a risk of
giving a false positive result due to contamination originating
from human wofkers.

Meanwhile, although a great amount of a scolution can be
used for recovery to simplify working processes, when the amount
of microbial suspension is large, microbial count perunit volume

of liguid (i.e., concentration) becomes lower 8o 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 nmethod, is 0.1 nL. Therefore, when the vol une of
m crobi al suspension is 1 nlL, use efficiency of the
suspensi on during the nmeasurement process is 10%
and it will be 1% when the volunme is 10 ni,
effi¢checatonhgtlidati ¢hebarselief {ngieasyuoing herstspensi on be
becomes |ower as the volunme of the mcrobia
conseggspehby doviencr esesxap lesuthe dimsnmetthodahad eal iquid
probl em t hat conveni ence and use efficiency cannot
for greraemoeVel Hie photognd st i reevinuaddiatiomlonby Muddfer
. of a saggle liquid is actually used for |um nescence
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may cause an om ssi on error in mecr Countlng,
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such omi ssion error, sanpling volune of an air

lowe s anpt ke shalintk: e ¢ ne reRSEsh Bl aidiemImasihescshedl d as
be also taken. As a result, problemstill remins

sucht hetisanpiliony hasrea prsolblong anat resuydsi eannoindense
obtained in short tinme. As such, if the above
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construction becormes conplicated and a solution 7
r SquRAEHTEBR - 1Bty ér'y Ostiol srmrl esdaiin hppetually used

excessi ve anount
for luminescence measurement according to the conventiocnal

protocol, thereis aproblemthat overall use efficiency is again
only 10% of the recovery rate of the microbes. Further, 'there.
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 'efflicie-ncy may cause an omission
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, 1f the above described method is automated as

it is, a system construction becomes complicated and a sclution



to leave a margin, resulting in even | ower use
efficiency. In addition, when this nethod is applied
to an 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 an ATP | um nescence
reaction are affected by the contam nants so that

requigess fPenBpEoBeEUrsgn i Hromeed Anatidrei orcesvites @mount
m croorgani sms are present in a state of a spore
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according to Japanese Patent Application Nationa

for eRutd diciadd B2 ( laaicth:Open)1 i ne RAN-HAA 3661 ch brkSffected
descri bed that germ nation is allowed to occur in a

by theulcourteniedinim comuhas 0gaa gemamatdufast ars ddbr,
addi tion, according to Japanese Patent Application
Léhda@igrﬁ_c(m,PsA)nel\bf miZ002r5a0 7140 sanck pPecAsNO.in a state
2004-2229, it is described that germnation inducing

of a pperer whd chdded Wiiapsedahy tthepager meTdtizore refvimg high
m crobe is allowed to occur, followed b
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then germination is allowed to occur, followed by carrying out
various further reactions. For example, according to Japanese
Patent Application National Publication (Laid-Open) No.
2001-511356, it is describedthat germinaticonis allowed tooccur
inaculturemediumcomprisingagermination factor. 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 sterilization.
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 spores 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 nmethod 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 igvelelsodibed thaexpeciddi tdailadhag ger okhat i sarength of

i nducing factor is an effective thing to do. However,
the spereshel AARpEhddrnAnghhEarokei busadeagents facilitate

i ncl udi ng_an ATP elim nating agent, an ATP extracting
the coyading RERPIUACFESEENTLFEQRERL P @CRErfarD frer JPha No.
2005réggiﬁgn, further, addition of a germ nation inducing
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process, thus it is problematic in that a | ong
induqierg othofox iine drs a®fpitede ftoimgcaptdsi ng to

testing. SUVWWARY OF THE | NVENTI ON The present
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_ descri bed circunstances, has an object of providing a
includigtUramg Ieact Bl ngy inlei @lyeaitr - I3or A8 PnEEbREany sagent ,

can be

and a luminescent reagent are added for the reaction, further
addition of a germination inducing factor can make the test more
cumbersome -and can yield a longer test time. Especially, as
" the reaction with a germination inducing factor takes a
r_elatively’ a long period of time, the test time becomes longer,
making its on-line introduction to a production line difficult.
In addition, 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 OF TEE 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 same, and a nethod
_ for capturing and testing mcroorgani sns, which can
abOV$aiiem:ranbdcea:sﬂrmn$tmrm:ﬂ$,m hod aeghleptdngped procesing a
of taking out mcrobes froma capturing carrier,
captipoorg ressovieryy matwe iorh poor-eenefficiencygniow can be
credibility in mcrobial_ counting when m crobes are
caplyredant beg cedreexteiehen il ¥ sl Twkmiulit, a diapfivgdingydewice
automation and a need for a conpllcated
using Ghét FRRERHRIY | G Bkt A4Sy 2BR LEASUP Ve Usgngathe same
f. contam nant inc rforatlon and the |jke, all

and ?H’ée%kb?ogbﬁoé?rscaé&%ﬁ%q &t Wi tH T HeT dpptT LB YES 1 he ™
addlﬂcﬁ nq:thneogge%fenttthﬁt 'V%gn—& nalp OQ‘_{B@% ig Srﬁ e%lnFoéarrieer

I‘evene i's purpose’ Che “capturing car

of md @écﬁiﬁﬂaﬂl%ﬂé“%n% %%ﬁﬁtufl'?z\@e@év‘l%e' %sﬁ%?;r @ﬁgeg%‘gsdaﬁ@ an

acapturl carrier to capture air rne

anal}r@ﬁ %%%ﬂﬂ l%@lndgtthé:@.%@ SESd & ﬁ@waarfcywcggtumng and
under goes a phase transition between gel and so

test PRSE ddbdiRdimRer atiireh Igedetnaen1iacraste 49€oblem
In addition to the polynmer, it may further conprise

of neglleghdhy a hadidagnefbackefid ciudtami aebbest §romrar tdefuring
the polyner is prefereably any one of gelatin or

carr NAGATBNVBPDA&RCcdNexty tdee captpedngusarefficoénthe low

' resent invention is characterized-in that, it is a

creddapkify Ag BaFFPRiahi QN tang cdsunécrebeaiarderreent in
m croorgani sms and consists of a polynmer which is in

an E%rwelﬁha@@léta%@h ife- 0t GRPTUAPNY RPBR BOPY atil S Asneed

but uEder oes
for a complicated constitution, low accuracy of measurement as

& result of contaminant inccrporation and the like, all the
problems associated with the application of the ATP method to
testi_ng 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
7 comprises a polymer 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 isacapturingcarrierwhichcancapture
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a phase transition under heating to a sol phase at or
|l ess than 40C, i.e., a thernosensitive 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 polynmer which constitutes the
capturing carrier is in a gel phase at the time of
capturing, —air-borne mcroorganisnms can be

air-tefrfiecheotbyrgapt smedand woraddits of, a@dd]gmdmahpbas&s in
transition occurs by heating the capturing carrier

agelaﬁaeﬁEﬁEEBeﬁhawadﬁ@apﬁheimqndnmqpmganﬁsmahutmmdergoes
easily. suspended in a sol ated pol ymer and then

& phapecloveraid-iow trsilar destioyi by a Relnblzsoraganirshess than
captured in the capturing _carrier. Furthernore, as
rthee gela ﬁh%%%o%%WhEFV%é?ﬁla}F‘i%rrt Red l?ﬁéﬁonlté‘é@éﬁtg a test.

reageilads, SThe RRLYTPE @%ﬁ? T %%%é%éﬁgﬁgg%%eg upon said

hase tra%%& a% S%%‘ si_ml Ous % when ihe¥% Accordin
P r eCoVered Pr qﬁhg ggptﬁr arii af %?éfore g
Eo tkﬁ(‘sCQ:rOQfSQQ‘ut e parlq&%ﬂ 'p%b\ﬁg}r}nﬁéromhjt%kpr@o%essﬁﬁtes the

recovering m cr dor'gani snms a capturing carrier

captd?:‘l%gla cB&QQ%%SmOEnaQ%éE phdLShel eagepinsal: B8 pruring,
simil taneously carried out. Thus, wth the capturlng

air- ~eRild @i Qlod My Prasetard m@@ﬂﬁrbléﬁ‘tl\/w dﬂbtu%éd borpe
m cr oorgani sns can be captured and then recovered

additfirem stiheecapiadirpigs<arfdreyi tinth adasts neagent can he:
added for neasurenent, processes fromcapturing to

capturasty ngrmﬁethetamr:hnﬂnEhanl@m%nrgaﬁlmnsroang991sms can
carried out conveniently in short tinme. The capturing
be eagaivcesgrerchgst urm ry v lortoot gami wim YT elrad ethen oradrerered
present invention is characterized in that it
Wlth%n%@ $sBRYing fheei cape LFR RYSBACEPE IEhPR ithiergpRE uring
mer whi ch under goes a hase transition between a
Cafrkﬁﬁ ahBr5h&sMorR t R FQﬁp%?gtEPés?aﬁ@%Ymer contains the

test reagent, which is eluted upon phase transition to a sol
phase, the tést- reagent can be added to the microorganisms
'simultaneouslywhentheyarerecoveredfromthecapturingcarrier;
Therefore, according to the present invention, a process of
recoveringmicroorganisms froma capturing carrier and a process
of addingatest reagent canbe simultanecuslycarriedout. Thus,
with the capturing carrier of the present inventicn, by which
ailir-bornemicroorganisms can be captured and then recovered from
the capturing carrier and a test reagent can be added for
measurement, processes fromcapturingtotestingof theair-borne
microorganisms can be carried out conveniently in short tfime.
The capturing device for capturing microcorganism related

to the present invention is characterized in that it comprises,
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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 polyner (hereinafter, may
referred to as a thernosensitive resin) which
under goes a phase transition between a gel and a so
in the tenperature range between 15C and 40C, a
the ¢&guumzﬁguaaannﬂnwddmpm;sapgaaapuiymbrchhrohtmmderg@@g a
- tenperature of the capturing carrier, and an-air -
phaS%ttrreamlt@ontkrezﬂmegapmlt anfiiacho | AOrduritesparptirewdmge
the cap turln% carrier. The tenperature controlling
betwegipak atusngl FEWE: st ch YoHetakerC tHen ekt i Hye atrPiieing
cooling of the first nenber before and after the
Carr}%ﬁroduction of air flowto the capturing carrier.

s, élzaegczgzée%gbf%aﬁg%ﬁ B e e o
o T8 TS ST BT it e

the Jdrédﬁdzﬁiﬂéf)%a%&ﬁ%@%?n r‘ls&% gB%g@eW E}Eeié‘%ga%’c&ermay

iltration apparat I gne ter

refef &g t%oéyrﬁefhéfﬁéséﬁs“:@{ﬂéfﬂéﬁg Mﬁ@h%r&%r&}’eé laephase

tenperature controlling apparatus. Further,

trané&&&&ﬁE@tﬁeéﬁﬁkﬁﬁLQ@ﬂ@@kﬂkﬂgtﬁe%@ﬁb@&bﬁgrdﬁﬁﬂﬁéﬁetween
whi ch consists of a pol yner consisting of a

15°C 4 006 £ Asiampea atesidcaht el Uhdeagpesaauphasieh controls

transition between a gel and a sot in a tenperature
the depesdentreramnherhe praferabhly cartiwer nosehsit | ver resrean

whi ch undergoes a phase transition 12 between a gel
contppdl Ingdrast Yo lritessdugeefaiabiow te héhe capturing

tenperature range between: 15C and 37C, and a
carr%%ﬁperéﬁhﬁgmperature controlllng'apparatus allows switch
between the heating and the cooling of the first member before
andaftertheintroductioncxfairflowtx>theQapturingcérrier,
Regarding the capturing carrier, the gel phase polymer is placed
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 aphase transitionbetween

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

a thermcsensitive 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
betwean begell landd widlh ata di%utdron esa, utpirefetrabylivelids  the
o ‘m crobi al suspensi on. Because the phase transition
tempgperat iAW obaineen Her'fosensii7 Ve ardia haneeratuoé
the present invention is 40C or |ess, capturing and
contrebbiiad §roRrahes nrefche prefenrbieg fgdttradidgerappratus,

4 g%ld tenperature condition. As to the m crobi al
and L4 JIRTRT GHEY /ATP B 4he hi Bk 2 an "Bé mdadereg naF ure

yi | _ATP .nmet hod. At tively,
comt R B CPERABI) T he " EFOBIAr S GSPEASFofiOT S 1P E 7y 8 2

| | ect ' 1t ained_in_the m bi
oLy N 6n A T eor LS a THEl ATPR=KAGEaPEHoRE T o7

phas€ad i &t QU ageanding gﬁ@r%@%,;r B nty oY 0{@&0&%@@&:%

nodi fi ed ATP net hod, f owed erm nat’i on

carr B ¥ -ROTRAD Be0ReS - PRUSe 26604AGNT 0ot BesGRPENE DT,y
device or the analysis systemrelated to the present

a tenipReetirencoatrbeashqgoappebhedt ok nod wdinngeeasi fesg wich
taking out, or recovery, the mcrobes from the

a diloaptern isvwglwarad erg shieghd rmecoyesya X abespindi gh. use
efficiency, high credibility in mcrobial counting
wiET arisey dihes rdee eprigsenti tion aremparametey shaiie
anount, easiness of establishing an 13 autonation

therngsansihpieresasmatatont cdnthaiayesmeduiaegnofon is 40°C
nmeasur enent even under the influence by contam nant

or less, capturing and recovery of the microbés are carried out

under a mild temperature condition. As to the microbial

suspension, ATP of the microbes can be measured by applying a

conventional ATP method. Alternatively, and preferably, the

microbial suspension is filtered to collect the microbes
contained in the microbial suspension on a £ilter, 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, highrecovery rateorhighuse efficiency,

highcredibilityinmicrobial 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
autormﬂlc&ndvﬂdﬁlsi@gﬁ)e e rodt tther Capt Wi GRf rd@fuddcy of
heated at 40C or less for a phase transition to a
reaswrmpifagy eso et tife i Tnoorgars mocapiinad i n t he
capturing carrier are recovered fromthe capturing
incoxpgngtaoramnchtt hehd isemecar e taehtesestd reagent i s
eluted fromthe capturing carrier, which has

urdesr d?@rﬁ’é;uélﬁlﬁasaél fiegiis Mg tdipd el a@d pradd amrasmt
. %gd he nlcroorg nlsns above. Thanks to such
inverl o AT TRy 01 T T GUBTgHTR S o
1 rrLer a ddi ngq a reagent for
captudihd %90?5‘5? afRERL &y fBRr ? P E%Fefpelagawms are
[t h i oha r ocess
capt eeg% rp%e% t)élrma essL%]} ma\} %ﬁoﬁglna# eaqluri reg Preing

air- HJH&EP&J?OJ%J_ S QB@H@cégEtﬁanf QQJ?H_EEthhg.Q:noéoﬁ& 5t s

pr esent I nvention, since e cap Ing carri

of a RGeSt $n @felap]@QEM@fd c%kﬁlﬂngr@%égg%@g&@sgnd taking
transition froma gel to a sol at 40C or |Iess and

out ahHeadi@stg gagBnthi shé @i tethd Ratte POk ¥ MEat &y at 40°C
heati-ng the capturing carrier 1t undergoes a phase

or lesanSin ispphafscommergeit ton asa ,s@EnbHdee captiied the
m croorgani sns are taken out of the capturing

micropggardsmgndapturad sambet capttheng estr rieagent rdedotared
el uted and added thereto. As a result, |less effort

from Ghg qaREITINID FabE:RERAT @ e Same bpeedtionabt reagent

rocesses from capturin
is el\?teg fromthe captuglng cagrrler, which has undergone a phase

transition to a scl phase and then added to the microorganisms
above. Thanks to such constitution, recovery of the
microorganisms from the capturing carrier and adding & 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
inventibn, 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 1s contained in the polymer, By
heating the capturing carrier it undergoes a phase transition
from a gel to a sol, and the captured micrcorganisms 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 is 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

 is elprtedetiud edakdtneobes. adcordiagul o, thesd ieffSort and time
enbodi nrent of the present invention. Fig. 4 is a

will pieenewhi chd shoms:Heheperasiped ll porbneseencérow alapeuring
dependi ng- on ‘conposi tion of an ATP elim nating agent

to tesfting wdddihec aptandargaceaniser, according to the first
enbodi nent of the present invention. Fig. 5 shows '
the tenperature and filtering properties of a node

capturing_carrier de ending o elatln conposi tion,
acgordin%ﬂa?tt§§ ﬁﬁ gﬁ?ﬁﬁ% nTr)esent
entlon .sho he t rature nd filterin
pr ogertll é§ & %GCGC mod el ?HQC%C cﬁleepéﬁ& g og
S ek el S ot e
embodiMeHt $HOUS, et'b@cé‘s%ma“zﬁ%%ﬂ r? recovery property
0

between the first enbodi nent the present invention

and gt.he cenvenrtdranalt iretdied @xpn @h Ehdld .t its-idf

sectional view which shows the brief constitution of

consttihertGapt of ikhe gy ceind bfbaeaendintgditfierseeettkesent
enbodi ment of the present invention.
invention.

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

Fig. 4 is 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 of-
a model capturing carrier depending on gelatin composition,
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 comparison of a recovery
property between the first embodiment of the present invenrntion

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
f dlirg.h 8 enbodigwriticofa it el gy eseinth ishevd itdre HEigf 12
is a view which shows the rel ationship between the
Conswfaﬂtzr@a@ﬁéme ecaptent radeot end0 ¢ ke dogdingsteibe second .
put. Fig. 13 is a view which shows the
emboc}:'é‘l‘ealﬁ dﬁ%rﬁ&? FESREEH tHy Bl eR eat rrent t enper at ur e
and the | um nescence, o LS a view wh

tgg th ch
sHovi& the 5 & ZEE8n¥hip b fMENT h‘%fﬂ?g ‘f‘?%%(ﬂ?’e‘h‘ilon of
and th | um nes ce_out,put .
he 5ET TP AREEE TRES BREFERFED EVEGOTENT o SHePER, of the
eference to the drawi ngs attached
pres%ﬁ%(¥%v ) B?gferred enbodi nment s of g capturing

CaFid R0 ShowdRHY LB% QEYE%E ofl acﬁ%fslékf'@ cﬁ?@%@é%@rmg
an anal ysi s systenu3|ng the sane, and a” nmethod f

carriéﬁﬁiﬂﬂﬂ%@ andrbeshin ﬂtﬁé@ﬂ& | iy s, @Ecb&@lﬂ@e§8nihe
invention wll be explained. wever , it should be

thirdodmesbdednt het ewﬁw%mﬁzst argvert yoan exanple
showi ng the inplenentation of the present invention,
aritig he it échrl dalowscbpet #fiich shewpr ekenproowgnte ont a
is not limted thereto. (The first enbodi nent) (1)
methyy fhrridspeeptuoingandpher tagt deyisceoBdiel to the fourth
constitution of the capturing device 100 accordi ng
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 reiaticnship between
the Ala 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
herewith, preferred embodiments of a capturing carrier, a
capturingdevice, acapturingapparatus, ananalysissystemusing
the same, and a method for capturing and testingmicrocrganisms,
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 thdeppresentirerdiadiorents ndGpetihi cad | yhe 502 by wei ght
of glycerol, 7.5% by weight of a thernosensitive
r e€¥re nibiterd an@diggntgel atin (hydrol ysates of a
protein) for the present enbodi nent will be expl ai ned
| n{gr dhittdr reforent Iveltde) el or DB% dvves ght of an
ATP elimnating agent are used and the remaining is,
b Bt FORETATEEPRYSP IS CaPt8giPAle Gttt ceprding
addition, as.a vessel 103, a polystyrene petri dish
to e e Bnp R Rt A pE Lo e O v A AmEr BT
Fig. Olf is4(a)t U Qd :9 p\H] v?fwh%cw]slhsowuss%%' r%_(ctef & ns?%{]ogtion
for “f orm ng the capturing carrier 62 accordi ng 3

of vAbe BT, Loyesk! ol S euPLAICL, Bt RS Ao men

of tHeNGHf 1 1 PELLSSAT Y TiRe NOIMIENAUS RQ): deS 188t AbREH: ses
Operations followng this step are carried out under

a vedssl €10l eaedVd ronmit ind\iheriBeal 0NUnol Hed SOhetSin.
sterilizedby filtrationwith a syringe filter having
P e adiielier]l 0br @h22capef oNng karrielr 1drisSackisimedving
sterilized sot is aliquoted and then injected
the fohbgemepusinpdsd tibh titre dsetd dm ohet peesteti éhizediment.
vessel 103. After cooling it at 4C, _a honbgeneous
Speciyelcaklobt A néy was vty esulalyadrelcapt- 8k by weaghiepf a
102. al so has an approxi mate cylinder shape and its
therppapet er17e rag ipmarer ial ckness Pslabbut(hydgahvsag@fect
as .t hose
aprotein} for thepresent embodiment will beexplained ingreater
detail below) and 0.03% by weight of an ATP eliminating agent
areusedandtheremainingisbalancedwithaphysiological saline
solution. In addition, as a vessel 103, a polystyrene petri
dish having a cylinder-shaped concave region with diameter of
40 mm and depth cf 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 scl is cbtained. Operations following
this step are carried out under a sterile environment. While
heating, thesolissterilizedby filtrationwithasyringe filter

having pore diameter of 0.22 micron. 1 ml of thus obtained

sterilized sol is aligquoted and then injected homogeneoﬁsly 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 sot phase at 37C. Thus, the capturing carrier 102
functions as a thernosensitive resin having an upper
critical solution tenperature (UCST: below this
the coefper at ufies id-d:S PreseRtesddl aogel phase)coodntlyidts at
UCST is higher than 25C and | ower than 37C The
4°C, & enmpegaheresdgpendenbtathegel phaseetuansi thorcagfturing
: the capturing carrier 102 is reversible. In addition,
carrigs d02captor hag ear Biperoxa.medre |ceﬁlMﬁmgsHamerand its
_critical solution tenperature can be used (i.e., it
dlameit@ﬁ Asgtd phase shickeeeenperaiteite 0-1f ghHer seRargt fidose
correspondi ng tenperature; this tzfe of carrier wl|l

of theconesvs %?%lq;]%?érshe EﬁStSﬁlﬁli%%sed #fa}ouéﬁ]fa{ihﬁl %ng
: t t t

cam&e%ﬁ‘iﬁ% GO L L R Y By B RG h TFevar ey 2t an
1ncreas t%%%e%a% leglon%de% %es %h?£§§88€£ ﬁ%%{{gh from a

appar at us r| e COﬂS I on

gel teagéyﬁhﬁ%.9983ﬁ§§§§tﬂéﬁuﬂ_ Q?{ge%%e%%thg% pfgéﬁgiore it

nvention Is given in viewo

is lzﬁceh%tmt G adawing Ml chrﬁﬁgmtﬁsecgﬁt@hﬁ@nééﬁyéf oflp2
of the capturing apparatus 111. The capturi ng

funcﬁﬂ&mgaéu§-ﬂﬂékmdééﬂgiﬁﬁﬁeaﬁmﬂﬁpﬁbﬁﬂﬁﬂpah ddbpér ritical
| owernmenber illb, an air suction nozzle 112, a

soluthalrdesmddE; tard e operathe eow oht sclerappartaines: 414, pAdent
punp 116, an exhaust duct 117 and an exhaust filter

in a ¢dB.phskhi, nand hiet apjo@Tat ashigheoitharad Sedptyd $paee)than
115 is formed. According to this capturing apparatus

37°C.117ke t empippriu e dependdat cael beel detashedrdnohi tdre of

| ower nmenber 111b. By attachi ng the upper
the capturing carrier 10Z is reversible. 1In addition, as a

capturing carrier, a carrier hav1ng ilower critical solution
temperaturecanbeused {i.e., itisingelphaseat thetemperature
higher than the corresponding temperature; this type of carrier
will be explained latér). In this case, for capturing and
recovery of the microbes, the conditions for a sc¢l and a gel
are adjusted (by employing a reversed temperature condition).

(2) With respect to the capturing apparatus

Brief constitution of the capturing apparatus 111
according tc 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 11la, a lowermember 11ib, anairsuction

nozzle 112, a holder 113, a temperature contrecl apparatus 114,
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menber 11la to the | ower nenber 111b to formthe
capturing apparatus 111, joint region between them
beconmes air-tight and the external open port of the
capturing apparatus 111 corresponds to the air
suction nozzle 112 of the upper nenber 11la, and the
exhaust filter 118 of the |ower nenber 111b. In
addition, within the |lower menber 111b, each of the
hol der 113, the punp 116, and the exhaust filter 118

a pumpat 6§ isxeskh&Fust biewst Bl hodgn exghaugr dphiteal 138 showthin
a control systemor a power supply for the punp 116

the appatdieod eaperid e ety sbaggparal 4§ dazuet e Regsading
i nside the apparatus and operating buttons, a handle

to thaﬁdcw‘eurmqkea@%r%ﬁ%clﬁéd &St HEPEX%t @?ﬁlaﬁrsmlfaa&@%foe

he apparatus. Further the hol der 113 conpri ses

detacbﬁé FéﬁBeFa?u%gwesnwﬁaperabba?at&@ffﬁafﬁHHL & pEper

menbed SR R HEe A0 TR AR dungh Tarire Ve g lipes 1o
‘ appar?a (le { (chjte%fn &r tlﬂlrlge&ggéeﬁgéfh%ﬁgggzg ) :}}é %f%ﬂl{] and

con e Iovver S e capturing

the e%naﬁ&%ﬁﬂg‘iﬁ% SRRHEI NG 91‘?_;;3&5;?[%1 f’a’é&é’lltl%r\i@s%onds

onnects the exit of e alr suction

to thB0zZ @kl honbheent 1ange At hSe Puinlkd 1vha, thed the
capturing device 100, is forne I n addition, "t he

exhau®X i Ofct hesPhd LG wdrSnalnsel ¥ monnmhaduwohheuthin
exhaust filter 118 via the exhaust duct 117. So

the loakkeflembpactarbst ghehcapt thengoappar al Bs tleeqoumds gL 6,
to the present enbodi nent has a high fl ow anount of
and thesemphesai £iltlkeus il has ahxadvanfagehef, absurdigiy rot

certain 19 anount of sanple in short tine and
graphdgptldni Aorns - BOERRL L fri cF OB AT 1S 75 PONEre FEBRL Y| fpr the
addi tion, although a one-hole_ type constitution
pump dgpi §ag‘éaeagemﬁéréit%lrgu@néﬁohoﬁﬁP@rﬁzs thiFee hzoused

the air suction nozzle 112 th n for th
inside the apparatus and ogeratltngagut%ong? usggnd e :Em the

like are attached on the external surface of the apparatus.
Further, the holder 113 comprises the temperature control
apparatus li4 andalso thedetachable capturingdevicel00. 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 10C. Within the capturing
- apparatus 111, the void 115, which connects the exit of the air
sucticnnozzlell?2totheentranceof thepumplléviathe 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. So called impactor-style capturing apparatus
according to the present embodiment has a high flow amount of

a sample air, thus it has an advantage of absorbing a certain

15



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

amount criolesoleconpr isSes Hengr goes saa)umina aptatborge

. m cr obes, the pracess (b) of recovering the

microgirgegBess tthenmiowess (&) agtisiomn natllthguaoATR, orgehole
process (d) of filtering, the process (e) of

tyDe ERNEdeitihg OTATP, e SpRGEess Fﬁ?,%¥rr%%% BP0 mp e 112

. .and_th r ocess ) of determning ATP. Wth respect
in Fifi {hehy Gge s UG OB NEABLET Fng THET G5EDE GPPibarhe-he
m.cr.obes .are captur.ed . n.the capturing car.rier. 102
preseitn NG A 3 T el SR L afn iy e e
vari'o]a%o at:D_{c sHek0gAt ngcz@gtsu%b?guggggrﬁ&ﬁ?il‘ﬂ&leVl\!%gge having
respect to the process of “recovering m crobes,

many & 10aRIMHIdNG Laf rigln 12 (is$ubj ected to a phase
transition froma gel phase to a sot phase to obtain

M (@) oPi @ r&45PEATIAhe dét ErmiRasadRbebceMlith JrasiRetdbes
to the process (c) of elimnating ATP, ATPs

or(iigi matrisng forarasuhsisgicas: iaihess tdan ddie miicr-obes:
of the sanple, i.e.,extracellularATPs or ATPs
procechmead Had crobrerect@abd ienqi otbleesres 20 Anecpt i ohnat@dven
Wth respect to the process (d) of filtering, the
in viganpife Fig 3. t 8hed pro cesimaee ofoldgiileend oripanavits obe s
contam nants such as solid conponents having smaller
comprgis@feftde PERFSHFe (@) cpPdbegpturing microbes, the process

{b) of recovering the microbes, the process (¢) of eliminating
ATP, the process (d) of filtering, the process (e} of extracting
ATP, the process (f) of recovering ATP and the process (g) of
dete?mining ATP.

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

With respect to the process (b) of recovering microcbes,
the capturing carrier 102 is subjected to a phase transition
from a gel phase to a sol phase to obtain microbkial suspension
(i.e., a sample).

With respect to the process (¢} of eliminating ATP, ATPs
originating fromsubstances other than themicrobes of the sample,

i.e., extracellularATPsorATPscontainedinnen~-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 eObingimadd Wth respect to the process (g) of
determ ning ATP, a biological |umnescence reaction
i $licar reedeotitt basedpanctbe (ATRSE cantairied,i théhample
sanpl e solution. Then, by determning the

is fillgriredstentenout putl Ul aisiompoaenis noneeerant hentd Buch
content in the sanple is obtained and the test

as sodadytenpengpiehavincesnsller diwneorint-heh the microbes,

- air-borne m.crobes contained in unit volunme. (ii)
and Tgviaphe 8ﬁ€F8P?§nCBPtéé8€dcéﬁs?h?Lﬁ?%ﬁ%? FerEmtared
resent invention is explained in greater
on tﬁﬁnégh accordance with the determ nation

S %pfesﬁf%ép%%%‘?%@ oo o106 et RRhaP L egrel!
membr%cifep cﬁ 09 & tﬁﬂﬁggbg‘%t tlgdl %ﬁr Pegh%PQ%/}Eee Aqlf’ﬁ lcontained

sterilizing t capt uring

in tk@@t@p‘l%smlga% QMeaQEQBh@VﬁicEEbb§ ££§né;<@f£@?e&oi@to a
cl ean bench which is placed near the region trom

samp Mg @il 0 be determined is captured 21 (herein
after, referred to as a "capturing area") , together

witith theptoven trsbebcklskb( OF of heaRtirirgTdew anple
100 whi ch has been nmanufactured according to the
solutmetrhotindesdind etieiAT Rhehabeve extdcttdib f pprrtatd rohsrobe s,
the cl ean bench are carried out in a sterile
is obtained.

With respect tc the process {(g) of determining ATP, a
biclogical luminescence reaction is carried out based on the
ATPs contained in the samplé solution. 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 contaiﬁed inunit volume.

(1i) 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, the capturi_ng device 100
is manufactured according to the method described above. After
sterilizing the upper member llla of the capturing apparatus

111 by autoclave, it is transferred to a clean bench which is

placednear theregion fromwhich air tobe determined is captured
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manner. The hol der 113, the void 115 or the externa
surface of the lower nenber |Ilb 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
(herqin aftem tteef arimycbbb als & Oteativaingoarés” f utblgerther with
attached, and then the capturing apparatus 111 is
the logesmeueey ddmbt fe téiceaaPbeneha &ftiare LAt ¢nlastireen
apparatus in the capturing area, it is ready for the
manuipCiF @hERCO R 1hite FhgeMetho S d56GF-Rgar Ba- AR dRIpPEe -
| ean q§nch are naiftai ed at the roon1teqperature
BRE

AL1CBp AT SBC by T 7L COhEI G Tg COBRASTIRAC in & Sterile
tur f h nmher. i Q bout. 25C. .In
man“%ﬁ%??ﬁ%hgogggFuﬁﬁgth$ e %%;%ﬁ%?ﬁk&ggo%¥F%Fnal surface

of'uﬁﬁgﬁﬁﬂhyﬁeﬁ$%r EH%bFgg@i%g%gﬁgikgdsﬁgt@éiggc%gé%ﬁgf for

capturing carrier the capturin

disid-COMPELaSHA 1 kBerdmsenst Y8 R idBH il nstal1ed
having the UCST of higher than 25C but |ower than

on th Golded 9101, €Se0t thenatgel spBase:abat Bhfer member 111la
tenperature. Wth respect to the process (a) of

is atcaphed thepetoabeprodiy-a URBI Bgpthei C@pigydmGus 111. A
apparatus ill air-borne mcrobes present in the
sterchptaan fgoarsaware, abbsatbedoardtecapteiradd Encthen nozzle
capturing device 100. Specifically, by running the
112 gfunphg 1eptteina rapRrautsi Hel t freon aptariihgr dppal at us
111 is absorbed into the punp 116 via the air
cont @yt d okPhorz | e Bt t#eh9@i dap@ntesit yne paeejuring
- 115. Further, via the exhaust duct 117 and the ,
3PPEIAfHRIst L 7143 QB TPRE g ¢ 14 BORAR ual A - 9l Rakabl ing

the éébéiﬁ%&%”f%‘%Eéﬁcégﬁhgﬁﬁéuéigg, it is ready for the

measurement. In this case, the capturing area and the clean
bench are maintained at the room temperature of dbout 25°C by
air—conditionipg, and the temperature of each member is also
about 25°C. In addition, 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,
byrunningthecapturingappa:atus111air—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
outsigiectbbesapiohtime apdrathes dapt asi agsoehedi eitd Ghe amehp

then change their direction parallel to the surface
116 vps thseataptuatiingn carrilerl D 2ancotjetvaidnshesmety tspace)

the void 115, the gunp 116, the exhaust duct 117 and
115. ¢ herekpaustia fohiet ernanst duret part ped) BheseHmaiisiy fdlter

wei ght smaller than the mcrobes are captured in the
118, it SAVERGHETLY i 19RO SPF OF T oot &Ry capturing

rti ates i.s released to the outside of the
apparBaii i vy GHRATS ALS PEOFPR Y hEh B A oy s are
. r di ot r nt . enbodi pent, the 11
srans B B b A LR S A he i oSBT e
o - Wt G ri hE f ' t

air SBEEh Ay o AR U Gt TRl i PAE A e R Yo
100 18b395BeeimASe By RS {0 iNeSE RIOCRSSLEs &l FeOMNe the

‘m crobes contained in three cubic neters of air are
microbapt UbEUile Fhen Capigel PHacar Fhetul@dg MR £LSRELHue

to the process (b) of recovering the mcrobes, by
to anopeeatiagdhee tenpensturedconht ol oappariai ¢sl didds HalvSng

tenperature is increased from25C to 37C. Fromthe
a welgbp saibee 2@rofihcenmperabesecodnt del wappartat usptiding

to the bottomsurface of the capturing device 100,
carrijerell2¢ papHethensehands Hmialdoreo-iomeozeptial np the

carrier 102, heat is transmtted, resulting in fast
surfackepbdde GRMUNE Yehparatarel ©f &%@e@abmnﬁ%grga@rwﬁhe

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 processes, air-borne microbes
contained in three cubic meters of air are captured in the
capturing carrier 102.

With respect to the process (b) of recovering themicrobes,
by operating the temperature control apparatus 114, its

temperature is increased from 25°C o 37°C. Fromthe 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 teppevatudespensed! iappadriatrselllang tas botesulsuyrface of

m crobi al suspension is obtained. In addition, water
the cgprubiagceaponent$Ct Hate ar &ofther vEeBas 1t he3\aadlalso to

m crobes and the |ike, captured in the capturing, ,
the caprprdpd162rrafs 4Pesobs 17 nt¥HRSBoiteds pFRsirg 1n

1 nL | f th ' bi al [ N )
fast [ R ERA 008Let " G PEoiel B CROUpHBBCE (15" of'2
impati ATP, aft . addj L.of th I
to 3751 m it i Qg e &P AR 106 L0 e

embodtifhe tﬁe.f%"i)l'&!i%n%f atsh% "Eih%rx‘?r@%n l@lrl\péﬁstlég’ln tﬂ}ﬁfing UCcsT

resulting mxture Is mal ntal ned at roomtenperature

highelOh3Q 2¥eaubes. 1MW:ED thhs Bregesthe AdFSro0tthe resin
originating fromthe viable mcrobes of the sanple,

underigo@s, a€¥haaeekbkuhan tAdRs repnAiPse1CpRkakNed 4 Nsol phase
non-vi abl e m crobes, and extrenely tiny anmount of

by tetdperAtRrer déseMedse tfhenc H°ar ithg 304CL | erhe G2 rariesdldtes
renoved. As a result of this process, 1.03 nL

includéact ithre sokbteonictrbee whidchhATPskertighhattagdpomed
ot her than viable m crobes are renoved, is obtained

in thercameuyesgata oz 20 2Betopret fespersedtiohpsogess and
(d), .afiltration device, (not shown) in which_the

as a FeRBlaneMLCrPel 2l HAWPPERSOO FaRifacfGrled by addition,

MI]ipore Conpany, the dianeter is 25 mm .t ) :
wateminbaie SoRRTRARCor LRES A8 T porE Sl HRE Tpopge microbes

andtﬁgEQEE?%Sﬁ%J%éganthecapturingcarrier102,aredissolved

in the sol. As a result, 1 mL sample of the microbial suspension
is recovered in the vessel 103.

With respect to the process (é) of eliminating ATP, after
adding 30 pL of the ATP eliminating agent that is included in
Lucifer HS set to the sample of the micrcbial suspension, the
resulting mixture is maintained at room temperature for 30
minutes. Withthisprocess, ATPsnot originatingfromtheviable
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 107 are all removed.
As a result of this process, 1.03 mlL reaction solution, from
which ATPs originating from other than viabie 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

f iBdRIrd Shebf DUGRL L DIEIoEQcd e @LHNDSPhEIL £a DI 88 UM ELce,
As a result of this process, water soluble

(not GOIRANENnS wori oo RtraTinEaE 1S 15 O Se 1S Of HAW P corgnent s
ot her than m crobes which have a dianeter smaller
manufdremAEAbyncl bhpbhat Campacpnt @i et dme tidre isedaltimon the
solution are filtered, and the filtration device
memb regyep Lisshade tdfe MEi-Midd ircast anidnghe eond dbkeaswieer obes. 45
, (larger than 0.45 mcron) is _obtained. Wth respect
MiCrqry ¢ RAPFEEESSN ((OP 6f RIFLEE T 7ee AFP,PATRTEC 6P F¢ence
ATP extractin%6ﬁgent that is included in Lucifer HS
by steiiliiZadddd Bt e VRide of the filter of the

¢ S %%%5809 5 3oie Sedhas T Pieof %%lr@m gpejgeact o
oLt B PO S ol bPRace 3t helf Frertrend
oy su¥POREH: L h 1A AIDIPRELLY PIESSYF &4 o9 LIl g

can occ I nst ead, added 'reagent solution stays

reducdy e dddder e 40 SHEAGE 1 § enstOled ASu@. T 8SWldn the
the cell nmenbrane of the viable mcrobes 25 is |ysed

compiaftdhdhe fATIRS £ont a4 esh | tHO @ apkas of thkefilter is
~ mcrobes are extracted. Consequently, 100 L sanple

brouddl bkictntcottps lsimigpliidrel ATR dssuoft.al et arestdiee of this

filter. Wth respect to the process (f) of recovering
proceSER, wd8bek soluble components or contaminants such as solid
components other tThan microbes which have a diameter smaller
than 0.45 micron that aré. contained in the reaction solutiocn
are filtered, and the filtration device comprising the filter
capturing the viable microbes {(larger than ¢.45 micron) is
obtained.

With respect to the process (e) of extracting ATP, 100
pL. 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 filterismountedontheO-ringconsistingcfsilicone rubber,
for example, and the bottom surface of the filter is exposed
te an atmospheric pressure, no filtration can occur. Instead,

the added reagent solution stays on the filter due to surface

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

m crobes, 30 gL 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 1y%ééiafno?ﬁé@%‘#é\%oﬁ?t%%%ﬁ {Dery c9ebsi gLRI SO AL R &bes

um nescent reagent 1s Injected to a

are cROLYBEORY| engidRpledtUbDe, 160MIAshks] HQBBLER onafiud e ng
installed in the lum noneter (Berthold Detection

the NystiemsbdaBI2)X t determiing+ he | um nescence out put
(i.e., baseline). The |um nescence output for the
basielh nespscapps oxtigratrelapsA) (0 60 mpsoveaing 23¢r, 30 pL
second) . Next, 200 anol of the standard sanmple (10

of the dpfampee ATRUSHandas d akenuey ovsingia hiphgte. As aresult

' concentration of 20 pnol/L) is further injected to

Of ThEREPIQEESISt GBE Wil BB FhesS TRl EoRLERE FIPLising
| um nescent reagent. = After m xing, the |um nescence

cthe AJht puithesy b £¢ MieP et andar 2 Sanpreyned fiea recovery
|.um nescence ,out put of. .t he andard s e is . .

soLut i} 07 FaitePy A0 -cpSLhBFr Q0B b 5 PERLereRt BRRhLD
of .t-he tandard sanple is_obt.ai ned b ubt rract i

the G celadteRel 3Bl st he bES AP R hhoERe axe

recoxtéf%ﬁ{‘%%c%”‘i%c%% s%fl.utt'l%nl,s%?l%d%g émhﬁen@%ﬁ%m

viding the ective um nescence output”o

recordAndayd, syl v th the AlP. ampunt 26 thereof, a
sl ope sensitivity, i.e., the effective |um nescence

OWdRHrsPEheUBFbcaBBUNY) Off AEReriS nebigahned. o Thexsbepene

sensitivity is approxinmately 10 to 20 cps/anol. Wth
ATP lLumshestehd rdcigyapriocesin{g)tad tdet pobiypragy AdRe t33t tube
for a luminometer, and then installed in the luminometer
{BertholdDetectionSystems,FBlZ)todeterminetheluminescence
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 ul. of the ATP standard solution
with the concentration of 20 pmol/L) is further injected to the
test tube which comprises 0.2 L of the ATP luminescent reagent.
After mixing, the luminescence cutput is determined (standard
sample}. The luminescence output of the standard sample is
approximately 2000 cps. Effective luminescence output of the
standard sample is obtained by subtracting the luminescence
output of the base line from the luminescence ocutput 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

thers&dpPhes M skheishiopey, sensi | itHe ¥ fébeiAd R wdinigdcence
contained in the recovery solution 1is obtained. By -

outpuﬁp@ﬂhn@thheun@mﬂAThgisahmahmailOTBe©ﬂ9955endﬂiﬂﬁmiy
efficiency of the recove solution), the ATP anpunt

is anﬂnﬂxmmﬂﬁﬁhmwhQu§Qn2ﬂﬂqp jasrobes of the sample is
obt ai ned. Further, by dividing this ATP anount in
t e tPampiseedtt Kot ﬁéea%iaa@és val uef o(#ewﬁpmerbm%rﬁﬁper%
one vi abl e m crobe, (approxi nately ano| ave

Rl of %FGSPV?% %ﬁ?]alb"rjeor%n-‘-@rg Eh?ﬁdtmﬁf:é%ﬁ%é%ﬁes rFube
h ed Still fur

compr ke’ WBer A Skt T DG M CPBbocht Nt e -

thel@@%%?%@%?g%gukp%t:ﬁgﬂg ngﬁdeE?Sjﬁgggﬂgmggﬂanéﬁ#@le

hr'ee cubicne aver age COUﬂ

Bf reddit /i a6 J0 L @l fed i Afa}aﬁlé/w%taofnéch%y
air sanp els o aln As a resu the ATP content
subtﬁancﬂlf}ﬁg %@h@ﬂ%%@%@ suephal fed ranthalhe 1888t from the

result finally obtained in terns of the count of

lumlﬁehﬁ:eaid’e' Qﬁiﬂ}ﬁ;ﬂncﬁr abes sp@iplauni Fu¥ohdfp. b iWding the
respect to the optimzation of the capturing 27

effecarvd enmiAs desord hadc@bovef ahe onmtp teitvwiortal thed estente
which is specific to the first enbodi nent of the
sensigriesiant, itheehI P amamarnt coeteheedapt iliengecaveirgred2tiion
As such, optimzation of the
is obtained. By dividing the resulting value with 0.3 (i.e.,
the use efficiency ¢f the recovery sclution), the ATP amount
contained in the viable microbes of the sample is obtained.
Further, bydividingthisATPamount inthe samplewith theaverage
value 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 miérobes that are contained in the
samplewiththe volume of theair sample {i.e., threecubicmeters),
average count of the viable microbes contained in unit volume
of the air sample is obfained. As a result, the ATP content
hntheSampleSolutionjjsobtainedandthetestresulﬁisfinally
obtained in terms of the count of the air-borne micrches per

unit volume.

(4) With respect to the coptimization 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
carriad une is as high as three cubic neters, when a
conventional capturing carrier consisting of an agar
gdls alrddriiddd kédve , usedommiistutrieonsll le lemeenaporiaied s
drastically to reduce the volunme of the gel and to
specidric tteethgef irsurdrdpelimnta afeshlet prehengel nvayt tom ncan
- into a solid state and mcrobes cannot be captured
be thf (GrRfogd ref faagirdirey 1 0fhus As| suche opitégémpption of the
enbodi ment, the capturing carrier_ 102 which contains
cons@ﬂ?%?ﬁoﬁyQFéépﬁlC?§t8§é893635§1ﬁé %Pév@%? LR gy @S
or drying of the capturing carrier 102.

foll¥sisequent Iy, a high capturing efficiency for

ggﬁ)fgf‘ﬂ%&gi £58°£”fum"é‘”§%§e Wih Lhe %t%gﬁ_%:%@]g%? Ric

I'S acni eved. a nateria

netedel @RI £ 0Ly, dJn?/dJ}Qc Bﬁr: Elfﬂl\ii e S‘irliangga“'z?f{)({ iL? %kgl%e AH? the

addition to glycero use resen

diandHOGATRAL, s VA | QUS R AQNQhS 25Ul ¢ a8g eithyhepge ghycoln:
and propyl ene glycol can be used (for the prevention

embodifmetynegs e rlth Bdht 90 0AS 1 tbridie: taes Phicd RBe 1inear
al cohols, they are required to be free of a

velodiact erfi ecindalaiactinvihy. ai28stbatohsnbegadselthes 181 m/s
m crobes captured in the capturing carrier 102 are
in avecabe sm¥dthe Boctdoohz i easohngne dtshandiigis asothree cubic
suitable, for exanmple. (ii) As a second optim zation
metexs, whencaptamviend icaeadi eppturing 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. As a result, the gel may turn into a sclid state and
micrcocbes 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 drjing
of the capturing carrier 102. Conseguently, a high capturing
efficiency for capturing air-borne microbes with the capturing
carrier 102 i; achieved. As a material to prevent any deform
or drying of the capturing carrier 102, in addition to glycerol
which is used for the presént emboediment, varicus 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, theyare requiredtobe 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 asdng-dde mhkeni aksbésrcddeuredpirut hagcg@t titrefig carrier
contains a | arge anount of ATP conpared to the
102 aexttrebelspveadny BopuniclofreglreonATPetbahel det rot ed:itigble,
e. , several anol), the residual ATPs originating
‘for epagmltthe gel atin may serve as a reason for such
abnormal Iy high val ue, Under the circunstances, ,
béfor eASnpl eHEMRT rigP tHeL pRESERt OF PR dTIRIHT 1RE rRfelier
test as follows i.s carrjed put. to figure_ qut a
102/ RethEE By ehiceR Tt he K*ﬁﬁ{ecé?f‘?é?%ﬁ%ft [ Tty 2
~_.carri.er . i.s, remved.i.n_ady e to_|lower .the blank
phys G Sl ST HIT Swbrdeon Thet preCtPEaTRERt |18 FortFee:
r al__of-. Ps.qarl gi ' r : i
there T el irat e bR el My R G i fon =
abno @Aty i gARG Y% BY, Welghty i6fs 1Qlorceroh are dhssohuadror
i n a“physiological saline solution, the ATP
a bla8lki BhABLENGh AGeHoddh ot Shitialnady hickyskEer: HS, , 10
set is added in various mxing ratio to give a nodel
to 20capbul L ngricdrr bel i e¥BdstARdetuchaptadd g iGaEauekd By the
heated to 37C for transition to a sot phase, and 10
fact ltheft tdepacdslllty ngla29 rsalmasy ithe snaorertitet ssof et i one
diluted with purified water is aliquoted and added
captuwd r@ Zarriefr chatATRs| @nitpeseeatopesigent ATP Thenpahed to
| um nescence output is determ ned. One exenplary
the exesemely §ighomeunt Ff FhaATRkerPheeATPiefi (fi-ratyi Pveral

agent is
amol},gthe residual 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 glycercl are dissolved in a physiological
saline solution, the ATP eliminati'ng agent that is contained
in Lucifer HS set 1s added in various mixing ratic to give a
model capturingcarrier. Thismodel capturingcarrier isheated

to 37°C for transition to a scol phase, and 10 pL 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 value of the baseline conprising pure water as
sol @ sanple omidroWanyATR (d0Tutdd SyexPekiBted SP1EPS)1s

, 1s 7122 (=7178-56), 47 (=103-56), or 1 (=57-56)
aliqupssd resipedtiedety, 0 f Dl e Syt TP CoRpPhéSEOGL thea I .

elimnating agent at a concentration of 0, 0.03, or
Then L0l emd e P aomienticaletid atetkedy dsiengxchelary

sensitivity of approximately 11.2 cps/anmol is about
resulgz@,s #hpwn gin @ip-adol , Whespeet AVB| glimsnauthy dyent is

adding 0.03% or nore of the ATP elimnating agent to
addeqnd et G carT ias Nk apt ufl Wy @@ rier, in which

ATPs ori.ginating fromgelatin and the |ike are

e é‘&‘ﬁw%ey t%%%éﬁﬁ%?é%ﬂ&&df%ﬁ%@&?e&ﬁ%rﬁf%@er
. ; result.,the influence on th et erm nati on
b B B HLHRTR 185 AT 26q=e80 277180 B feegs 0- 02

nd i t [ ' f f41 ti . above )

or 0 'glec’s é)}ﬁ% B{ebdl qgr[)%)fo ?ﬁéa% Iolyr/b i g%j véé%’e ggasnp%%@%\r/%f%’eds Bavging a
dramdtHH Rid8d ;40 4 Aleél&lwﬁh%cgdﬁlptﬁwsi% al ppe

I nfluence 1's exerted thereto. Based on the ove

effedtehRy MuRAheBRheSUbLSpukl WRschound qtRaLrB8c8 compared
conmposition for the capturing carrier 102 contai ning

to th30vgehatem,tHd basepriefketahbe ik@ngophaé Nedther AEPa sample

elimnating agent. In addition, it was also found
withdutadnWABR (tthe &T5s ekberiakinng Sagest , iecl e d=71n78-56),

Lucifer HS set is used its constitutional amount s
47 (1836 €0..03% ér (wbi’e 56Byplaviregpekits vedlyuefof 0ho3%fstem
compr\l\jl_hs!icng the ATP eliminating agent at a concentration of 0,
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,
or 0.1 amol, 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
decompesed and removed, can be produced. As a result, the
influence on the determination result by such ATP is minimized
te 1/100 or less, and with combination of filtration, the above
described abnormally high value can be avoided and inhibited
tothelevel at whichnosubstantial influence isexertedthereto.

Based on the above determination results, it was found

that as a composition for the capturing carrier 102 containing
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1s the mninmum val 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 material
is determned after fixing the constitutional ratio

gelatQl the i%wr@ké%ﬁﬁéiﬂwcea%tmi nd REECAPT ML 0Yi 6@ e .
to 0.03% Fig. 5 shows the tenperature and

In additticali a8 peepertbescusd BhaDdghe s R IIATHY Qarliir®iting
which is produced with 0.03% of the ATP elim nating

agentapenl uded Ym by casiegtits ot dlsyosrdl t andnbali ance onefl amount
physi ol ogi cal saline solution, depending on different

is tocbrcénfBatdoomafe gelfgt hayingethis, vZlee ahd 103% bywhich

‘ weight. As it is shown in Fig. 5 1in any of the

is theomposinumoialidte afoddle esgFRTUring TwrTtidutien, as a

- transforned into a sol phase within 5 mnutes when

consifaiigipafattire 4%F grddiad Y 1ha®ed T 'dif BEFFt
37C, _indicating that.it can bepreferabl yused for the

embod R er (1B, GeRban Nalb (oL GRIRATH o ST, £ 50T e f 4k Ln
7. 5% by jght or_.nore, the gel_strength is high at

can BeyExq Lﬁ/\% gﬁji}:(on&a{#ebecaﬁjste%%ggac%rarp Tt ?ln%b “carrier.
However , en..t I entrat Lon. . % by :
FOUENS" nate0L 08, B5LALLDLB0RGERLT 8L ODL 8 SIADYC e o

102, é@%éﬁéf&"n %m@%\é'i%goh%%gﬂl ald NseANEERhEA Ofdae PP Pive
wel ght 31 or nore, a thernosensitive resin materia

resinMia4 d:% 12 ;:gehopBase neat a2bbrandxangotnphases ettt onal
i.e., a material having UCST higher than 25C but

ratid ewetht e MG dieiphyannedn tearwhicheing thrrier to

respect to the filtration property under

F'ig. 5 shows 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 physiological 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
capturingcarrier is transformedintoascolphasewithinbminutes
when the temperature is gradually increased from 25°C to 37°C,
~indicatingthat it canbepreferablyusedfor the recoveryprocess.
When the gelatin concentration is 7.5% by welght 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, by having the gelatin concentration7.5%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 sonme of the

or mo?@n 5'ﬂﬂéfn%?ser%%%@%%lheHQthQBlt\ﬂ%chh litsek . g&T PRase
thé above results, it was found that, as a materi al

at 25f°©faﬁd0§p§él:[l;ﬁ%§@rarﬂ arecywhiich . has zhl%&rm:gh&{vntrhﬁrUCST
5C but lower than 37C and good filtration property,
highdﬂﬂtﬂﬁﬂiﬂﬂ°ﬂ poencentrathan BI°prederhbl yobetmeén 5%
to 10% by wei ght, and the optinmum concentration is
7 Meerbwyn Mes gt Lh Stestpeopit Epunhe condermtviat pnoper7ysmader
by weight is adopted as a gelatin concentration for
the ahwqormﬁl@fbo&hmﬁthﬁ \DrIeees f otreth B i98 =titon
of the capturing carrier 102, a glycerol conpositjon
Concqrstlﬁ-‘e?@ﬁnlrfec? aFt & FERERG Ofe 1e66msti Rt PhnERe r3tT 20
the ATP elim nati capt ur

be e1g5EH B LGl ORI 6HONbUECERALEerp@rat herarRE<PLY
tratl t f del t '
com {4 ETUR0 PLORELIL S oo afméfe (he ATP ol i minat | ng
bgﬁg%%ggaf%h%h3|5?égé%g gﬁéngé?%?#%hgnﬁgﬁg, wetﬁht

. t g 15,
viscqfy- QLA SOUSHUL Rl oncgbrdlycartiol oo oy

out. | ALBYCRT e -£oRPOTt:i0ny, Witke-h ol o€ aplUibRgriltered
carrier is transformed into a sol phase at 37C,
components remain on the filter.

From the above results, 1t 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% to 10% by weight, and
the optimum concentration is 7.5% by weight. Such optimum
concentration of 7.5% by weight 1s adopted 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 0.03% of
the ATP eliminating agent, 5, 7.5, or 10% by weight of gelatin

and balance of physiclogical 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
differpatnoseasntryelpesth Ivat@ i@l - vihicch HAs US> hisgkkl03%
than 25C but | ower than 37C can be obtai ned.
by weggltwhile, with respect to the filtration property,
en, the glycerol __concentration is 50@&ﬁ¥ ij ht or

| 8§51t P FiSP6H D ERe” 53t arhET Aretiwi on, the

seconds, and _therefore_ it .can e_favorably applied,
mode%%ﬁg?%g%gqgﬁgg¢er:ustrans ﬂi?eéhﬂ&oﬁ%gﬁg3¥H§£Pateg7C’

I On pProcess. wever,

B e R e e Y e e

When @HE. ﬁc@f‘@ﬁcoﬁcﬂﬁ{@ritsi&l cas & iYW Dy 8eN®r Glotde the
non-?l tered conponents remain on'the ?llter. From

gel sthen@bove K esulkis25d swashd OuRdciNal, udsd astiglring
for a capturing carrier, which has UCST higher than :

carri2%C but lower than 37C and good filtration property,
the glycerol concentration is preferably between 30%
t dogestely wieerghhe @hgcethb captdemimaddreens ridty on wesight
50% by wei ght. Such opti mum concentration of 50% by

or legei ge ggd beradophert @5°6 o yWerdditly3B8eabacent Aatsugm,
for the present enbodinment. (5) Wth respect to the

by hagyRPURRE ohl B TRk GRASEPriopekdly SOfh&Yr 8godBFyor more, &

roperty of the present e nt is val uat

d i
thermosensdtias E%SFBIW%%%Fl%Qg‘OH%UHEPSs%%T zﬂaher Batt 2 e

but lower than 37°C can be obtained.

Meanwhile, with respect to the filtration.property, when
the glycerol concentﬁation is 50% by weight or less, 1 mL of
the s0l 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 welight, 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 fouﬁd 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 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 glycercl
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ai r-borne m crobes, suspension which is obtained by
dilution of the standard m crobes (Easy QA Bal
Escherichia coli 10,000 cfudistributedbyN ssu
Phar maceutical Co.,Ltd.)with purified 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
concepfrattent fon Gneuptrestnt godeHimanple to the
- capturing carrier 102. Subsequent steps are carried
olb) "Hcdordiskg ato tehehevay #hte ohot €3 TFICARE Y PESBRETLY

enbodi nent. For a conparison, a conventjonal nethod
i ANAhT RO BRI AgaF Oger “¥sOfisie RESFRBTCEPPAFLAGRt 13

ier 102 for t f '
evalugfEhoRGE! GhE BE tHORBEROdCR P Peaoher EHICtRE THER bRt

. .for th b)_of i i crabes. 1md. -of .
L e I e R
o enf e Bor Lomnekoy e, cpce sl iecmmarcard 291600

cfu diRSA KR L RERAG L Buibhehrhbe Rresass: (At ef ) ¢aphWiAGied
m crobes I's substituted by adhesion of a nodel

waterSAER@®paSE asobhehpreseidss arode et udi®y microbes,
determ ned. For the capturing carrier 102 of the

a stegonvaptiuonal aimpt-haskncameopealdytlayabpabrénggaparatus
culturing nedium (Tryptic Soy Agar) is used. Fig. 7

111 wihaws aheexeppbariygr eswitceofl (detferom riiheg ad rdweinircat 6 s
set based on a nodel sanple having 500 CFU, accordin

substtiguthd baboileesibonrdbed qams aigt REGENTABEoR dTPREL @atmfgte
result of the 34 conventional nethod, the ATP | ‘

to thefsRiur inBecavet aFe CounubBofushteS TP e FdFes2 T HRgd out

the recovery ratio are very low. Especially . for _th
accorghaggto the sy ater s8et d5 thawE %Défs%?l?g‘éhraﬁ%g For

absol ut el no recove of. the_m crobes. .
a comparfson, ayconventg:_onarlymethog in Whlgh an agar gel is used

as the capturing carrier 102 for the process (a} of capturing
microbes, and as a method for recove;_:ing the micrcbes for the
précess (b) of recoveringmicrcbes, 1 mL of physioclogical saline
solution is aliguoted 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 saﬁaple, same as the present
embodiment, are determined. For the capturing carrier 102 of
the conventional method, commercially available agar cultdring
medium (Tryptic Soy Agar) 1is used.

Fig. 7 shows an exemplary result of determiningaduplicate
set based on a model sample having 500 CFU, according to the

above described two methods. According te the result of the
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Meanwhi | e, according to the result of the present
enbodi nent, the average ATP anount is approxi mately
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 1000). Thus, the enbodi nent of the
convePk€S@AN rehath MRt provindas s, WHdadehhghloparcyf atigble
nmeasurenent result conpared to the conventiona
microfekhognd e beggest-ydikf toence atyween .t Esppresent for
i nvention and the conventional exanple resides in the
the omaptfuriegupéitceeeld and ddhee priocesls: shovwingwérsaigitely
m crobes therefrom The reason for obtaining high
no regeygracyif dhet mécrgb@sent invention conpared to the
conventional nethod is believed to be due to the
fﬁi@ﬁnwﬁatleduﬁpﬁ@rfiﬁélgpft@cé@ @HSUGHC e VST ipﬁﬁsent
besh the m crobes can be eff|C|entI¥ E °§f6
embOdle‘&ﬁtt'hE ec%]b%"f“?%g“%%\ﬁ”@é“itoés FRPERELM2 5Pt &r amol,

o FMRASIBE RS Wil et
andtﬁé‘feé %9?@%@3{?@8?0%@3'&&9%5r° mg"\’gﬁ%? t% t}ese

n1cro ound

resulq:%ptalf(e' Q9moSRr ELGES ﬁiﬁ@%e%se%?l@&mf?%h& ﬁ%ﬁ)nﬂfﬁ%e of

such, the conventional nethod showi ng the result
the c§§9éﬁ@l§n£[ B iHEg SREE.fi ¢ viad uesenBYoHe tdent orddrery
fact that 35 the recovery ratio for the process (b)
raticdOfofr e@oweer.ing the mcrobes is |low Manwhile, by

adopting a new nethod, i.e., the nethod of the
preasent thebadboiient athitdle the seapt embodinant iprovides
Citsel f

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 recovering microbes
therefrom. The reascon for cbtaining high accuracy for the
present invention comparedtothe 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 conventionzl method as a
reference {i.e., the remainder obtained after the recovery of
thenﬁcrobes)at35%ﬁfortwodays,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

35



is subjected to a phase transition froma gel to a
-sot without any contam nation by non-contacting and
mld condition including a tenperature change under
40C, which does not cause a danage or death of the
m crobes by heat, and threfore it can be treated as
m cr obe suspension, the m crobes recovered by the
capturing carrier can be efficiently provided for
the next process. (6) Wth respect to the eval uation

the r&&cPMEY alzlt ipr opethy prite vepaldf propestin@tnthe crobes
first enbodi nent of the present enbodinent is

is leewval uated as follows. As a nodel sanple of air-borne
m crobes, the microbes conprised in the | aboratory
aiMezavén idsedbySpecp finald pevoypetibodg 1 fve | &beraedhyd of
air as a sanple, the determ nation of mcrobes is

the prgesndd sobrdasedpitdiRgwhient REedepBERT hadi ehr proteduiel
of the present exanple. For a_conparison, the

is supgeqited 6Bt aiRErET Féﬁnél&d{qrhlféoﬁ’ef‘rﬁf%ll de2usey. viFyut

the culture t hod, an air sanp por

|
any COBBRNY= LW R o ISR i EAP a7 S e e T n0
= venpbedPist SRFo gl afh e b Re  Shemor Sty G s damage

or deglﬂ ?ﬁ#e %S 1%@@% tﬁ%@gg g%g%g:rﬂ]{]égfog%rﬂ:%aﬂ Be treated
as ml%%%@)%egusggﬁs:LBﬁsLﬂﬁegmﬁ'iﬁso%%% gg%ﬂ@r@@%yl%gg &EMlﬁ@lng

for the present enbodinent and the culture nethod

carri@spest ivel yer Botdn ¢ Bpubt Svadedi fogoeik M@egb'@&t;ess
Meanwhile, the tine spent for the determ nation is

abgut Wwing hespeartd t20 theuesa li@spest b¥ebyera DT| pgdopgrty
the time 36 required for the capturing. Thus, the
prigseate exaiplreractordi hge fiodthempoeseatt biviént poasent
: i s advantageous in that it can provide wth a test
embodigeent havevglecioed aty &slhbgh. asit amasiet mammile wfe
met hod, but in extrenely short time (i.e.,
alr—W%@m@%ﬁ,llw microbes comprised in the laboratory

alr 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 from a 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 gquidelines. Thus obtained capturing carrier is
cultured at 35°C for two days and the colony 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

.exl Lt tine. | :
reqUJ3%¥EE$§§%g§%%ngﬁﬁ"caggggrng g%g?%g@g?ggﬁgi%;&%?ordlng
to the85td QA 1¥heWcWBhChs Sheawm thpeditd eh crronsti éah iofbwfde

t he capturing device 100" according to the second
with grkedi pestiohdhiegpresentciynventpans Thetcaptheing ture

devi ce 100" conprises the capturing carrier 102, a
methogskel waldxO8he andsttdre tfinlet € . 2804, afdprecchpitelngl /50

device 100" is forned by adhering the filter 104
compagicHd Shehewsdanmy cagatiwdne used for the first

enbodi nent to the lower region of the holl ow shaped

véssélt wakl beanFle seripririndg-hchabeoggr cacrarerndl teorhe

~ the_capturing carrier 102, which is produced wth
first gEoshBeRét Abd- AR RIRSThe USERFG tHE FProyeTry ratio
i nent, _over_the cooled filter 104. For Filter
SR BT AT T CPECRICHARG350 Tt hat 1L PRe  Bafethe
. s. the ones used for filtratio coce d : :
micr Al GBiAR E WEE G85A- S o Ot A BERRCT TP AGLEY
ySi S 7. Fi j [ ' h

e e I e

accu RGO NG Lo dhe csecond: enhodi-BRE ©fn Hdheapresanbut in

I nvention. The analysis system 121 conprises a

extr&RPLHrdmg-devige, hol der 122, a grid plate hol der 123
a di spenser

(The second embodiment)

ot crg0dL T

(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 of the present invention. The capturingdevice 1007
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
1037 and pouring the source material for the capturing carrier
102, which is preoduced with the same method as the one used for
the first embodiment, over the cooled filter 104. For Filter
104, the membrane filter (HAWAQ250) that is the same as the ones
used for filtrationprocess (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

122, .t bej gri dyplatgn hed dafowd 2d:e g dhedresti thithen of
holger 128, the capturing device 100", a grid plate

the adBdyaikesystabhel Tamnde mtirac hedchaote SboMBmbod iinent of
addition, each of themcarries a transporting neans

the reseetturinveeadrholTiher ane layssipecyistensiliiZd. damptriiers a
the di spenser for the ATP elimnating agent 124, the

captudiisgetsercd bplthe WP exriacpiage hedgemt 12252 dimpenser
pi pettor for the recovery of ATP 126, and the

for tisspdfser imgnatiag auonésderfe a @d@@ﬂn@? £og] I*h@arfrif
a neans which can be used for_automatic operation of

extradatéﬂéhg?ﬁ@e% Jﬁ%etat%@%?%mroaéer%%@%? PRaETE gre e
not 1y shown, in accor to GO trol

= atofRadr P Rk Nt LERR et s R 287  The S hpf diodde=
hol d r ctr e e.Lr

128, 3ot % et Rl pﬁgrr%giﬁ%k%{%%i%%ﬁtﬁ% P2 *E%C b,

a steafaaaz% Sa éggrgthgrmo QR ARG QR Wt E % Grd ke

'S not grap |ca y shown. Furt |

trap ClQ;nzbl %atsh% 1Wnt Buldpe 1461 bher ﬁ@%ﬁ&%%b%@é:r €gi0n 7o
t'he capturing device 100’ forms a

* each folfl thatd it apRay alis.ceThelakect 2pnithe/alrveg gddcantbider
the suction punp 143 are controlled by the contro
123, deM ehelR9st Undes Hdledwontrigl thy thptueontrodviewited’,
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. 7
Further, the dispenser for the ATP eliminating agent 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 cor pipetting of various 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 of 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 transmitted to
the control device 129. (3) Wth respect to the

it folRasUring.opet ahlgggakataennection to the above, the

operation utilizin capturing device 100', the

CRRLUR BgrapRakatisvd114f Fhga 2hedRdictlibe @uﬁbysua are
system 121 of the present invention wll

contreipkaiveadhe dbet perad+iaie ageQr dUﬁget:omeheo@rcesemy the
enbodi nent is basically the sane as that of the

contrbiir geveabodientheexeapt rihatret hernanally sicpa reyrstsem3 0
121 is enployed for an automatic operation of the
contrpiecess eemdfamhuntre ofrocebsut Beaiforrewdrdinnghe Idevice,
m crobes to the process (g) of determ ning ATP as
especd A p@nmﬁgissthpnt@@@ﬁﬁﬁéﬁramqﬁxihqiﬁ@ﬁﬁuéaﬂ% device

enbodi ment iS mainly focused on the nethod fo

holdEFéHﬁbéFﬂﬁﬁfﬁ%%9%5@§WPﬁ§t'éﬁéa%%ﬂ@uFed %m?Phetoncounter
i i e R Ui
tube 32/{\& S%%)EELEIEIIS glht t hl %le%ltn%gbteﬂgioggesen?é“fne terms

)
R BRI R 0 e

129, Sterilized by using the sterilizing apparatus 131,
and also ozone gas (in case UV sterilization nethod

| §3ys@dlknOfrespRicdd Gl ates e urermy etheddt add ti on,

even when the analysis system 121 is in use, ozone

gas asfnpatibautates areweonttheuepskytion utilizing the
capturing device 1007, the capturing apparatus 111 (Fig. 2) and
the analysis system121 of thepresent inventionwillbeexplained.
'The operation according to the present embodiment is basically
the same as that of the first embodiment, except that the analysis
systeml2l isempioyed 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 1608tLpl1 8pPArA Ui k30 the 5{481:&91%%@@%5151&@@115 131, and
tenperature of the capturing device hol der

also RelMRERaZ7Ciandas40Gy Eekrting RFaees mekblodfis used) or
recovering the mcrobes under a sterile condition,
partiichd acapt arengerdexddce I00addstiost aldedwhen the analysis
capturing device holder 122 of the analysis system
systelfQILZl Ihe‘tm us¢he zeulssegtient prUTeysest 45 anetdie: (Proressly
Gég recovering the mcrobes to the process (g) of
removgst dvmivgilng ATR &terdairdied amPanatug st | e and an
aut omat ed way under the control of the contro
dEPITcENE2DTOREER 42 WPk %@P?%El?%ﬁ%%q%ﬁ?ﬁ%a%ﬁﬁﬂ?@ﬂng to

tus. 130, heat is t tted fromth
the cRBRR RRABTES oA 25 ST (1 aeﬁ%%.%%ﬂp&eev.acf@

cor1ch i prBAcT UEERRE.S LOBCaP!YEANG,SOUL| oo dfPior e
t h
cope BB CRI o 936, (O S0 iR e

L ensd st I
coot R RS AT 08 Lt i .

| PerRAS RYt e demper@hurs frmwRG P dGodds, the
undergoes a 40 phase transition froma gel phase to

tempexSUrPhastrAs sprastds 10 tid sry agessgintdin the
sanpl e of the m crobial suspension is recovered
tempearmgiude dhelcapbwtiung radedececddldar 622 metheen 87°C and
space that is fornmed by the vessel wall 103" and the
40°C.f | Feerth®process (b) of_ recovering the microbes under a
sterile condition, the capturing device 100’ is installed in
thecapturingdeviceholder 122 of theanalysissystem121l. Then,
the subseguent processes from the process (b) of recovering the
- microbkes to the process (g) of determining ATP are carried out
in a sterile and an automated way under the contrcl of the control
device 129. With a work by the temperature control apparatus
130, heat is transmitted from the capturing device holder 122
tothe capturingdevice 100, and further tothe capturingcarrier
102, resulting in rapid increase in temperature of the capturing
carrier 102°C to 37°C. As the capturing carrier 102 employed
for the second embodiment is based on a thermosensitive 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 sane manner, and the detail ed process

[ - [ p S+an e i is
P e ke M here) Rary . “he SCaprar g devi corurt
of tHQ ¢8ck22, havinng sbhe 1GapiurdiRg rd@Mi e 280G usdehsion is

returned to the upper region of the grid plate hol der
recovbidd iggidakse ddiec @ity platiechnbarer 1123, hawviiigh tihepace

sterilized grid plate (not shown) is returned to the
that dppdonregi oy sbhet hatsddl weanl fIA37 el tiree i terr T04 .

| ocated bel ow the capturing device 100' and the grid

pWattey tesperm thetl¢ Inretdon @ppafacisniBytirkeedlhg the

the apparatus for 30 mnutes in this state, ATPs not
captugding #srileg PPOREEChé2¢i ABVand ehebearhreladidenbeed 00’
] As a result of this process, 1,03 pL of the_reactiaon
is retuggied tor GREwhPERTATPELCRoP T oFGi RAtPRUSEF ohPE nEhe ATF

cremiY e BLEcB0E3, £ L e 43, 0018 B8O L e
co i LIS S PLOEEIR (el Dl N Wl L o0 e
orocdBAPHCTIMENN S0 booilisoddngeas a-thaui i

in thbiddn® mdfdet 0 ah@ck‘i\%%teecai@ed 5ABcd42 i e g returning

electronic valve 1 Upon the conpletion of ™ the

procddd bhatdn ikhei SuGhifdR, appakabug 4:5ak kpwadihg st Oprhe
and the bottomsurface of the filter is brought back

captumi@f mesaher holderedsdr @avAsigathesohptatihbi device 1007
process, the capturing device

is returned to the upper region of the grid plate holder 123,
and also the grid plate holder 123 having the ste.rilized grid
plate (not shown) is returned to the upper region so that it
can fit into the filter 104 located below the capturing device
100" and the grid plate to 'foim the filtration apparatus. By
keeping the apparatus for 30 minutes in this state, ATPs not
originating fromthe viablemicrobesareeliminated. Asaresult
of this process, 1.03 mL of the reaction liguid, from which ATPs
not originating from the viable 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, thereactionliquidisabsorbed

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 L

trap ?Ethpfa %-ng g?%é@%%%}?%ﬁ%ﬁ\%@%ﬁﬂs %gg%dtﬂ%i%%rgafeotpio of

sarface by ‘usi ng the nser ftor

the fiRe AIP gxt Eﬂgtéagtisﬁagsﬁgrgeés and. then Mxeddly and

roomtenperature for 20 seconds. Since the bottom

the bSHEEAGE Aaddhesfdidd 65134 £ § B D8RBRIt & atmospheric
pressure, no filtration occurs. urther, since the

pressRek.oNMissurfacer ofot henfd |fefcdss nathd resganiraciy Wstvi ce
the grid plate, the liquid stays on the filter 104
100’ ubaisgrflaceitianrst af4 As whiclkesiid vakbilki siprobessin the
100 L of a sanple solution conprising the ATP, which
reacthas Béemicortra vegtivreachd svicdiilaen®dor obes, are
obtained on the filter. Wth respect to the process
(Beister thovaidarpATR) 30 extragtimeg AdhplLbesaTid irdte
i s _taken by using the pipettor for recaqvering ATP
holdem 383 A8 BEFeEIRY o W o Pidcéssiozoapdohpe b lapp 404
. .sanpl.e solutjon copprising the ATP, . whi $ has_been
WBicH gt dPREASFnPENE v F ABI E°H BF OBESIS K] 6° bt &i nel g ahed
r.ecover.y ol.utiaon in the pi.pette. qu_use effi gl ency
from cﬁjet %ﬁ'deéa é:rey 47 %ol utd gcnkpef s%j(e)L.tZSr.a ctore E%ahﬂeacdu%q'
PrAGess % Qf cdeLgrmni,Ag ATRe) 1 g tég‘:%bf St %L#?F% 100
|nst§ Ig_%%ﬁ t fie tegrbtaggsﬁpﬁaér 5 .% L of the
nL ofAFRe h4®l BeSCept1hgagentehs 1B gabed Py Uk Ngol Nurface
di spenser for the
of the filter 104 by using the dispenser for the ATP extracting
reagent 125, and then mixed at room temperature for 20 seconds.
Since the bottom surface of the filter 104 is in atmospheric
pressure, no filtration occurs. Further, since the bottom
surface of the filter is not in contact with the grid plate,
the liguid 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 contained in the viable microbes, are
obtained on the filter.

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

contained in the viable microbes, are obtained as a recovery

sclution 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
rocess,(g) of determning ATP, 30 L of the recovery

SOlutggﬁu?%og'%é further added to the test tube
campbi-si Pt PECAIES! Ygl Nescentc feagent Ay Usinghtheest
pi pettor for recovering ATP (126), and then the

tube hUBkREIEANECH OHEPHEsOftublensanplelrs MEASMI F ithet hep
sane manner. Subsequently, with the sanme procedure

lumina@scehe tésgénenbodiniented be wf fegtiheedibpgahnescencehe
out put of a sanple, ATP anount in the recovery
luminselcahnitoneagaet AP &nbloveddmprhseaueasutdrecvi alfl Bhe base
- mcrobes of the sanple, the average count of the
line Jivaihesgieorcsbeostipmtt-heNernpl By vahddt heshvbdaged sauple
~of viable mcrobes conprised in a unit volune of a_
havinga 308 Afp b i 8TEht B A ed M IAE TR T Y hPsm%ﬁ‘%@é%%,m
the ATP content in the gangle soﬁution IS nea%ﬂggd )
the sgAg FRENEESECTr B8EI FTPRIBPHaPABEL P (BIREBIE Hy - With
count_of the air-horne.nm ¢robes . .per unit vol .. .The
the SEREL beBCRtts @i Boridat HPGHIRa St e st iV
._enbodi nent.. an fir . Lpent i r t
rum oE RO TP B BOE A s SenETER S B ihebr i d i

are d€:MLyobes to the process (g) of determ ning ATP
are automated. Thus, according to the second

enned FeRbe tntaddhki ghotaskheqgsane @itefhining ATP, 30
obtai nable fromthe first enboglnent, nore specific

ui. ofethectscovery solution 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
luminescence output of a sample, ATP amount in the recovery
solution, the ATP amount comprised in the viable micrcbes of
the sample, the averagecount of theviablemicrobes inthe sample,
and the average count of viable microbes comprised in a unit
volume of a gas sample are obtained. Asaresultof thisprocess,
the ATP content in the sampie solution.isxneasured.anq_the test
result is obtained in terms of the count of the air-bornemicrobes
per unit volume,

The biggest difference between the present second

embodiment and the first embodiment is whether or not the
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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 nrent 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
proce%@@tsufkaﬂ geyi 5eod08s a(sy nd hetd opot Wt Hes igedbbeEeo

t her nosensitive resin naterlal used for the present
the pedbedsmegl bs desyphhating pavyree whitohatieder gDRSs A

phase transition between gel and sol near the room
accortienperat e eccofdlarwidignetrin 1y pesliofiondtcethabsmard fect

conpared to each other. (A Mebiol Gel M-10
obtaimabutacdtromedhby tMEbitobmbrdimemayi mpret seecower: effects

critical solution tenperature (LOST) of about 20C.
includBngaGoipsh W@ﬁlmVNtﬁer%ﬂmﬂﬂHg%‘éY néaifirag INAERAY fé%?d:e&

. N-nmet hacroyl -N -biotin ropyl enedi am ne( MBPD,
avoidaacieoCl RRrat GFfEtl d%’oﬁf‘)te’i‘/lf%t R FHGAT H\@ﬂ@%l(bl ity
d aving the T of 3 22C.. Furt.her, NAGAn MBPDA
an a@ §?ﬁt &sFFBE “5ECoPYi Y FEAHE™ et hod

?%q em§%@é§%é% ces of Dispersion and

|ca i on - an Iopnent of New Application

T EULsa. Ky
t t t b 11
i@gqgggggsgbéggSESQCH% ysten1 CDH%%HV?léésfSlca v
the s%%%%sl Shusedrforadhe: Pk esenbnd Nuehbd Oflen 4 eﬁié%’ﬁt that
preparing the capturing carrier 102 conprising 49
as a YRLENbsOhsthevabave: deserdbed tawr typesapfufing carrier
synthetic polymer, it is subjected to sterilization
102 oy caet eebaveialy d20Cckor0202 synuhesifobdoweelr hiys ATRG.
degradation. Properties of the
The thermosensitive resin material used for the present

embodiment ié 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) Mebiocl Gel MB-10 manufactured by Mebicl Inc., having
the lower critical solution temperature (LCST) of about 20°C.

(B} Copolymer of N—acryloylglycineamide (NAGAm) and
N-methacroyl-N’-biotinylpropylenediamine (MBPDA) (10:1 ratio,
herein-after abbreviated as NAGAm/MBPDA), having the UCST of
about 22°C.

Further, NAGAmM/MBPDA that is synthesized according to the
methed described in “New Sciences-of Dispersion and
Emulsification and Development of New Application Technigues”
(Edited by Furusawa Kunio, ISBN4-924728-50-C, 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 from15C to 37C can

k — o
PRk e LA T 0 1A e i
by wei% t bRAicAt e d Qle%'cglb%gl td}@t}?eb%ﬂ A s?ngﬁletgﬁ: HBRler,

ase under the condition of

it isf 66PgeLi¥8! ¥o Anerihi sapresesy adfiald onwe the phasercr 20
transition in accordance with the definition of LOST

minutfds €ollawsal ohelraw tdweytadnsidr onrrepperakyr © framtea
gel above the transition tenperature). However,
resulimder chheieandirtl ohefljieobrinhecki gndl®ummirised in Fig.
present in a soft gel phase, indicating a problem of
10.  afhgsteréstsinbrgaindee-depeandehittidevidti of Fiom thefor
LOST. Meanwhil e, NAGAM MBPDA is in a gel or a so
more ﬁﬁééleOaﬁd@%ght:hebiz’oﬁaﬁ?mﬁnafa(ql)la@% %@)qekﬂobfphaﬁ@s
ectively,, indicating the

in ac??%ﬂ@P??&%éﬁ%?Bﬁﬁgetb‘lttl‘?é“ﬁféﬁ‘éitrﬂ% Sﬁ@af 2>U<§§T , the
cempegirtig BrdSe R P ddbe oS PR eh ?féﬁtfﬁ”gbﬁr or

not P o MEPORIS Py P AT BoE hh ?}%%Of@ Erof 75t hoe
£ron S84S5 g8e c%sar doyhes ae ogggéﬁa&r 408 & 4 ec when

PDA1s “in the range b en 1%
the t¥RbeRbcubexts dhsudhttkali oy preperd yfcﬁflc]%@m Mép% is

i s evaluated. For the evaluation of the filtration
indidefeperity Fibhe10apM@-1ngd is in a gel or & 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 scl 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 a time-dependent deviajcion from ther LCS8T.

Meanwhile, NAGAm/MBPDA is in a gel or a scl 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 NAGAm/MBPDA is favorable than MB-10. Such
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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

resulgrsegf‘grclﬁé.er@vé& lvﬁ% it%% %Eceﬁ?ggitm)ﬁ’ ofq@%(%Am/MB DA is

e-pressuri zi ng ration co not be perrtorne

' GAuL YBRDA 148, pF 898Nk AS,dilyrkS (i.e., a sol
o th%%élbbién 4%w§§y Wei <g,ht).%$ﬂﬁ°s§’fel telhlg sol - was dil uted

WER P4l £ B0k Wat 86n pREpLsed o PAERSME PR PeSSidlidatiay .
of de-pressurizing filtration. As a result, it was

For theuadathatiwhtbfliBedil Ut tonich . EropdrSybysiet glitgturing
the de-pressurizing filtration can be carried out,
carribut 10ptisnhidatet 20dBT W itont f2sbyrmeingtt Ja sol phase and
Furthernore, by increasing the dilution ratio to
the prewenrrthénygi §tosrayionh fheesanpl bt satienomdepayxiieve

filtration using an absorption pad placed on the back
pressgirgd 9FirHeaf PYEepJcanibecsl BoVERpl By PP tEaeter of
the suction filtration. As a result of the above

0.45 H&v e n&FoRle TR S YOIFd S Haltt T2 1y noséhei t4/100
. inb . ynt het | I . b d_f.
Fie B B U A P S o L
f h t ] t.ion, ' i cul h .
menbrane %1ftgzr:%1saexpin$ nc\ﬁ%gpligg %%L[g%ﬂ& B?ré ! ng@g ?gglcg%%%lyed

capturrng carrie contal ns

out. Kﬁé%\%’} f/%%%%ﬁf panticularl eea%%%t_%sg?%zQ%g"\’%iiQI%tr’atgfon was

epresents t bet ween 15C and

possidle, ndkhus can e pieterably; ¥sedu1EoPL@YeSE formed
di fference between the present third

when NAGAmM/MBPDA was present as it is (i.e., a sol phase in 4%
by weight}.

Thus, the sol was diluted wifth purified water and used
ﬁo test the possibility of de-pressurizing filtratien. As a
result, itwas foundthatwithl1l/3dilution {i.e., 1.3%byweight),
the de-pressurizing filtration can be carried out, but not with
1/2 dilution (2% by weight). Furthermore, by increasing the
dilution ratiec to lower the viscosity of the sample solutiocn,
passive filtration using an absorption pad placed on the back
side of the filter can be also employed instead of the suction
filtration.

As 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
dilution of the capturing carrier 102 in a sol phase

102 wﬂicéﬁgﬁd%é%§§yﬁbZE@QIPf%£R$§%ﬁﬂ¥1 h%r%ﬁ%éféﬁ%&&%rl about

out any dilution cording tot present thir

4% by HYHQHTEHE ,NAtd)@mmdMégreaehxgeJh@@@@T%f Between 15°C
thernosensitive resin material is hi ghly stable and

and 37100P0EREOURuBT 8RAr bkepreanrhpiobtiakged in high
reproduci bility, and therefore the production cost

caThebeigedyeced i fifie r@ccer dancean tthea presenr aduicetd on.

In addition, because the viable m crobes originating
embodfimemttdred sbefde sretreredlmayani bahadt, éry L6 zed abyepparatus

autocl ave, ATPs originating fromthe source nmateri al
whichcganbeesl sber éﬁﬁ@@@amﬂréuﬁ@c L&ve 9T ethe \wxorras usdngt

any ATP elimnpatin ent) <Sunnar¥ of the first to
the C%m%u¥wg #lenpbes e> ?ﬁ@eééﬁﬂﬁﬁl% YeFrpeugirgprrier
present i nvent i can ol | ect alr-porne mdoc
102 i3 iy Uste Ql tﬁh&% caatamafeswarmm% 5] PESsana
iis equi val ent

R e N e e

) e PR LR o B MR £ 18080 o e
capt&rl Icall{l@: did ytl@%léuﬂ%@é@@% ite cg%sb&lmmged

prac y 1n the same manner as the mcrobia
£11t1SUSRENSIOMa rGANS eauentd thowe PAPEass1ef i draki ng out

the microbes fromthe capturing carrier can be
omddedii randotdtes @ ricere ti PrOpl |t diakdtg the synthetic
polymer used as a thermosensitive resinmaterial ishighlystable
and homogeneous properties can be obtained in high
reproducibility, andthereforetheproduction cost 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 to the third embodiment>
The capturing device of the present invention can collect
air-bornemicrobesbyusing agel phase capturingcarrier. Thus,
the capturing property is equivalent to that of a capturing

carrier of prior art. 1In addition, since the capturing carrier

is 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 1t CPORL %%tt % gﬁgcc?éf‘u oxli aki ng. QUi | Igfﬁ Tacéé’}}’%ce HeMdied

be repl'aced by a sinple process of angi ng the

practtl%'mqryatl%r € heORb¥e REnWelh A conbinnatiopn a0f sehprReisen .
he ténperature and the dilution, various effects

cOnselqral@nbtqtlyr;g AYroRlisisons Siamld iad itor micrabsystedn the
constitution, facilitation of the processes,

captdﬂﬂﬁ@hﬁﬁ&&ér@énbb@mﬁemﬁmﬂU£m®thetyfokemﬁbbmglatmtﬂ«ing
for contam nation and the |ike can be obtai ned.

out oEuthbemjchevassbatire wilaurne kofng latnprpobsalor loss due
suspension is small, the concentrati on and the use

to thef fdagicarmsy mofcnome snicgcoide  lalee Hiagh.ba mvaddiad -on,
t he m crobes congrlsed in the mcrobjal suspension
arB IS Toct Hir RN E FETPRIES IR CPREL et SAT G FARFUTing

and u@'f%fkrieeqoé%%f'o' of R T et Cors ari PL o Shd 4 ﬁé*%sfedp“r"o em
t | h

asso L ER%Y e I Rofas ML R PR TR o e

not obcwate 38' g@' §0 %Bﬁ%%véiuéﬁ@ senga{ﬁég}?age I?ﬁ%b&?vary

exc ude ere 1's an adv

rate‘%ﬁr gﬁbgg the m crobes can be carried out in
nsitive, highly accurate and an automated

V\@erﬂﬂb@dg|édnﬁﬂldah§ad7§§§»lé%%@e@f takeuGasy: @R microbes

sensitivity are high for testing the air-borne
can b&l g&9beSed Ma simple process of changing the temperature
-only, or with a combination of changing the temperature and the
dilﬁtion, various effects including automation, simplification
of a system constitution, facilitation of the processes,
improvement of the reproducibility, lowering a riék for
contamination and the like can be obtained.

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

8till 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

As su@ﬁ 36ROl ARAL + 262N N8R k8 hak8 398N thB nA Gflbes
phase polymer. This test reagent- is designed to get

can bel shedi aad-added s\wheght hespakY BBG e INEE§HDESa cau s eind
transition to a sol phase. Furthernore, the test

an auteagerld wky.selecidth dependting mas 4leethympe ofcddwsy and
m croorgani sns or the test nethod to be taken. For
sensigxanyle arehbngh fest tbasedgonht hel rATPmee hod-isoes, and
carried out, anATP elim nating agent, a germ nation
the namummg:afra@@opbt@nnﬁﬁpcémmqantgl}agéms gt time.
lum nescent reagent and the |ike are selected. The
c aptgr ifey T dr EPEPCLg®nNtas shown in figure 2, is
pl.aced horlzon t hat can be in.a vertica
ity Bhe COnpar e PO HA A1 FPOWTRAT $hSHERb L
augh, t air suct n nozzl esul L t.he
be ol LG ﬁ?ﬂaafhflﬁe P OOhersn bR FE e Hariral
t p ng,.c a e
appaffeih ot SFRObHL R %@5{32% PHS, et REr - S ERg bpd s

t 1xr
that &?i 1 &8 meSUeh Ale %ﬁ r@fﬁéase i andid hes rq

e are capture y 49t nmer due to

enbo®AdrdSi G 3%8Q$hpﬁi}dﬁﬁiéﬁ@l Qig&d. The capturing
devi ce 100, which consists of the capturing carrier

1%@%§ﬂiﬁ:ﬂ@ﬁrrﬁ% i suppeid eskdyerihemaldigient

113. Between the outer surface of the holder 113 and
contdines hneisderasdnt in a gel phase polymer. 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 tc be taken. For example, when a test based 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 ceollides with the capturing carrier 102 and then changes

its flow 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 lower nmenber Illb, a gap is forned. 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 controlled

the gef;pﬁg gopgmwcgyé kg%o@%;gfﬁ{c&%e& gmﬁﬁsggga%%%.

Fon wt accura I'tion

| iw:ﬁ]sféea&%ofﬁ@aeﬁf%et D@0 Capli BOnSaLE L Qs tﬂg%asp%u&%g

eater, and any apparatus which is
carriGaPahd enEnbeat b og1 thes,capt sibpereaineintlzot@et ha 3.
t enperature of phase transition can be used. For
Be twe@6aiRk ©utsl EauAdicego £ hene APl dEirnyl 3 Caid itele 102ide wall
jacket may be installed to have hot water flow
of thanowed mdeoeanlilér,, a garai s fwrrehl.i sThuskethd aitHriewgng
the air section nozzle 112 may be heated. Air can be -
in a hbsoebedailndbrensioapeliténgcappadanaswitll Hye catimagy
the capturing device 100 under the air suction nozzle
Carfll%ﬁl%@@arfiﬂﬂﬁ R roMehpting gBEe anAsT Hovedaatte aRd Ghen
in fromthe air section nozzle 11 n a

event\Pérlt%YcéIElleé\ﬁ@ld direidortbe At e f4¥cte g'es its
i S A T
: contrtggﬁpor gE%grrl jfgfggggyr th%&ﬁ%Jt%Q%%%ature

he “capt uri
contr%eiﬂt g't Qg QL?ELIEEg 1%9215 cﬁ Qd ﬁ%aﬁh@ﬁ@ capturing
transi h tenperature e po yner by t

carrlm%rZali:Br enheonLiakl 'arﬂglr@pg§r EBH%el’%ﬂan&tlénr#ﬁ’% thigh

having phase.transition of the polynmer froma ge
accurddte tAASUi st akBeatingmeans for the capturingcarrier
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, surrcounding 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 ﬁhe air suction nozzle
112 and running the pump 116. As a result, the air is sucked
in fromthe 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 capturedinthe gel phase capturingcarrier

1C2.
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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

CaF+3avent he, Proeess, teQuibLed b ohg é@frf’éjps_l.%u?gheated

test apparat us. The™ m cr oor gani sns are recovered iIn

to tH@neesselra03 tofort r&mﬁﬁwﬂ@%@%é%é%erswtﬁfe
~ the recovered mcroorgani sns can be set in the

tempessrsequenntirest] japparmidis (ot Shows)s- as rfelReY t3r @aving
contained in the vessel 103, the test can be carried
phasettanpitiorast it poshwet finomea &1 augk tbe: poesenite,
enbodi nents are related to an exanple wherein an ATP
the H@lqrmomtamn@n@g@ﬁﬁlchahg@enbﬁam oaptndedi hy fhactapturing
an ATP extracting agent, and a | um nescent reagent
Carr1§rre 14ddeas sereehaggent SShhRCIHIP b rad@édrarESnotnd at

th m t ed th%reto Rat her %?e of the reagents can be
© ST LLEH G THEhao el s FBAST TEageRp S eriant oo qrgdTine

e It 1S no

cors BT o R T b g BobRnsome. v,
at legls‘ér&% ?g'c%g% {}Ea‘;ddl b@eg‘tSUbalggeCrgt t%zﬂlc ct>cl>'lrrga sms

testing e pres I nven

and c%%‘i’ﬂllﬂés & %u%eal?gﬁléﬁ %@Lpé&f Z@éﬂ 'be q%éﬁ/f]c?ﬁ@ec& ej_rﬂ Ufle

renal e,” M crococc uteus, S. aureus,

capt@finderardisr Hdo C‘ﬁﬂﬂf}ﬁ‘éta%r shieunel g)r&oc%%lédgga{]§§ed for

aer ugi nosa, Serratia narcescens and the |ike .  For
the duigeCARINY IRGCagdLrath?. of the fourth enbodi ment,

an ATP elim nating agent and a germ nati on inducing

f &tteoni@areorganisms are recovered in the vessel 103 of the
capturing device 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 ATP eliminating agent, a germination inducing factor,
an ATP extracting agent, and a luminescent reagent are added,
the reagents that can be added are not limited thereto. 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 thepresent invention
include Bacillus cereus, Bacillus spizizenii, Corynebacterium

renale, Micrococcus luteus, S. aureus, S. epidermidis,
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contai ned 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

Cltro%a%et rP %t IlJt?l%.lfl %"énﬁgi%mo%catsoraef& lﬁ%,ef%ﬁqfx_aused

N an anoun nore, Si nce

marcdsRReentat keR i1 00 | ow conpared to the polyner,
germnation 1 nducing activity for-a spore-formng

bacherha bgsonesnd nsadfi&t etz @nchbersther handindnt,
the concentration is too high a gel having

an ATeUE T 1el et 1 15 refrgith agdnd afe ribien Dbt @i neducAsicsfisbtot heere
concentration is preferably 100 nM or less. A

- contginreferabb et exanmp ayeoft tineacoaposhdsopadfymers As an ATP
capturing carrier 102 described in the above is as

elimifrgitiows ag8wt(wivr gekapile, (\BWakeéeeshipany $e¥FcLads5H)9In a
25% (v/v) G ycerol. (Kanto Chem cal Corporation

grouy Fropg-0ug O@AE(RMRF)S%TFMGJ@H%&PW%&S% ettt
in Lucifer HS set (60315) which js ufactured(?y

pho spadéstfn f@dﬁ%ana%%a(@ﬁmswswléo '

Ph ate f 20012- 027 7. | t
adendsy §E RISyt Hedrbihe (1 ﬁf%%ﬂnefﬁf?%ﬁ%rnv' By
Ch. | t t t t
germififl bt FHlfAng TAANL, A0 o3 dpBHEL 130 av&l‘@

L*aléﬂ%éj'laéT%seéd .Of Wﬂeﬁo ngl%'?ﬂﬁéqe_tst his‘é@%%s aOfgeQTﬁnatlon

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 strength cannot
be cbtained. As such, the concentration is preferably 100 mM
or less.

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

8% (w/v) gelatin (Wako Company (077-03155}),

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

1% (v/v) ATP eliminating agent {(included in Lucifer ES
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
exbr aeted f4:0md hg, spera-formicng -m gf abe Kt d M emical
ot her hand, when the heating tenperature is higher

Corporh@no4QC, cell death due to an increased
anplification activity under a nutrient deficient
enwi addireidn ol si hacthe atiizencbytheatpittisehty czanide 102,
caused, depending on the subject bacteria. Next, a

the onet h@'dm@rthmpltl@mat@ra@é pe8tTm@nshioR thickresept 0.8
out using the capturing apparatus 111 according to

to 4 ﬁrﬁeqaéiuﬂo@hpréﬁﬁmh%éfntu descri bed in the above is

'aé‘l'a”ige" .”assv %&%Q%&w%mll AGPEREL P /1 165 (0 im0
meanspé%gné’ SrER e AR T “é%%r'o'i\é#“,eso
that tgﬂl Icagﬁ n%g c%\%rlr S 1](%2 ct%da [}?Etatxﬁ%n %:Ltr[éed pczpca

trans era ure Sso yrrer IS SuU

tempqu:\ttqﬂh F%Q%% ! rﬁﬁ@' £han 37b¢ Ofp 2 ﬁ?lmjﬂhﬂ?@s to- z?‘nore
ase . th

As a result,

When MHY ¢RLZARGS HEm%'r%l%uh:%V@Lsbg_%ﬂre%aﬁhldhego"@ td¥emination
capturing carrier 53 102 are suspended in a sol ated

may rR@l ¥Eehraddet hefc s eooyer Bty And 1oaly t heesadkd tilt@rafore
ATP elimnating agent and a germ nation inducing

ATP chaabarbeaeetebhdted fromtthespokyréormihgsniamiecesdnafhe
elimnating ATP and a process of inducing germ nation

othermdwange when the heating temperature is higher than 40°C,

cell death due to an increased amplification activity 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 papturing apparatus 111 according to the fourth
‘embodiment as described in the above is explalned in view of
Fig. 11.

First, the capturing device 100 is set and by running the
pump 116 (see Fig. 2) air-borne microorganisms are captured-in
the polymer of the capturing carrier 102 (Step S1}. Next, the
capturing carrier 102 is heated to the phase transition
temperaturesothatthepolymerissubjectedtéaphasetransition

from a gel phase to a sol phase (Step S2). As a result, the

microorganisms which have been captured in the capturing carrier
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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
102 abbldeiddd neat B a €t e 1S5Rer 1he vesseledBR Ay S8hd
I n a measurenent apparatus (not shown), and the ATP
at theXkeaet tAgcaganiTies caddedaka nbhiegefRasumcere e rmination
apparatus (Step S4) . The ATP extracting agent is a
inducieageattvhizhe eGan ddyseomhehe eldiymerdyr ahesod pi@ddes of
m crobes to extract the ATPs contained inside the
elinicelitiag EOP exdnpleroaessrdbcimhicing rgehiioradaicet iaan be
acid (TCA), Tris buffer solution, ethanol, a Ilytic
simulgaperrshavcagracpr otdasetact i eIyl and 19 AGHe saleting
used as the ATP extracting agent. That is, as the
outsigel thgehpednefofiabhe #RttdotGRfSHEIRE$Ys &P yPHatk PY
ATP extracting agent and the _ATPs contai ned inside,
2 ConfREt oot | e g PR RET AT K tHehbtr i oo fB dicing

racedi SRS oGy S Bt IR oo
2 | UL ?rget ﬁgoc!eg@ g%sgfpﬁﬁflgemgtm Deasured (Sten or
. e asurenent o um nescence out put |1 S )

indudd@ly [?ti%%ggwgt%nc AN M the W NESEENGEs are

out’p standard sanple, for exanple, using a

recovHBNeREL 8L «Besdholgh Bet e¢t kept SYgt €ABathPe( )S3) .
The 54 neasured | um nescence output is converted to

The viReeATPOAMENMat MhiaChebsutrbeanagappacanuer tesk tshown) ,
m crobial cell count (Step S7) . Thus obtained
and MARDWIP efixtirdaetiirey coyeganiissrsadept €sentlsi 4 hesagmetent
of every viable mcrobes including spore-form ng
apparatorob®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,
trichloroacetic acid (TCA), Tris buffer solution, ethanol, 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 microorganisms is lysed by the ATP extracting agent and the
ATPs contained inside the cells are extracted, the measurement
of ATP becomes possible. Consequently, a luminescent reagent
is added (Step S5) and by aliguoting its reaction solution the
luminescence output is measured (Step S6). 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 FB1Z2). The
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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

measul '&Elﬁﬁﬂgiegf.%n‘ég b ut”??sgéﬁggﬁe&ﬁ?o b:ghé %ditt?%?rﬁél'n'{,

'e
particular Tor the préesen dr ne ecause

whichfdi-hie@ns Of ; 4 hergermanat b an d MG INge 1 § ach O, (WhLER7) |

1
requires sone tine for Its reaction, can be done

Thus S DIed hnbsnplAcesk A ct-Be IR WHeMB - SRPa! AL HS amount
time required for the neasurenent can be drastically

of eveegueedblEuktikenmese i nallilddugh sbdremreratitee microbes.
controlling apparatus and a capturing apparatus are
canpoirsedgito tiheppeesehtembenbodinteniot dbhey thamcadpeuring
provi ded for the neasurenent apparatus for the next
of mistrgprgentiisars Sudp aSZcatdet e aasteihiafy Hteepsipdarrede
, carried out within the nmeasurenent apparatus. %The
micropirER 1Sk 6aidmERe) S FEeeait wddidieay et r0 A TS
. the fifth enbodinment, only the ATP elim nating agent
eliminatdgg a0R8¢ PRYatHEI IpHASEApoPYERIUCIRD abRF 9B San Pe

f b t t .at th -
carziggt alkaPY o FRAUEThG FAAONS (HE AP eRr abk? fg BRhtoS

and Ee %unines ent agent _are_sequentj all added
reas<ifiy tHEh PE° o I Erance "oltpot  F R Hbatth oA Thaian

be rédﬁcéhgr'AgeafEg§h§@9T@gFEgF§Lg§§l%im%pEgﬂﬁﬁgegLfBQethe

germ nati on I nducl ng IS carrie t

measRRIMREN BreReS% Atk cdl P 183 paAe 4 dihRd e the birbkhnt
enbodi ment, by heating the capturing

embodiment, because the addition of the germination inducing
facter, which requires 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 SZ and the remaining steps can
be carried out within the measurement apparatus.

(The fifth embodiment)

For the capturing carrier 102 cf the fifth embodiment,
onlytheATPeliminatingagent iscontainedinagel phasepolymer.
in addition, for a subsequent measurement apparatus, the
germinaticn inducing factor, the ATP extracting agent and the

iuminescent reagent are seguentially 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
luminedkenet 302pat thenddduhegnbogisents, rorl ynth€low shown
germ nation inducing factor is contained in a ge
in righase, ppkyaees bh addi déoninboion Subseangntcf Step S2
nmeasur enent apparatus, the ATP elim nating agent,
is catrird eATRueEX beacteieng SagentS2archd eted BH nescent reagent
are sequentially added and then the | um nescence
odput digarteasiue &d £ tTlsatoddingroy, bhbebtonsshevirptivring
Fig. 11, "process of the ATP elimnating" of Step S2
carrijeg t@7rihiPodineset e ISEr L oandratsEptegnsifion from
addition, the ATP elimnating agent is added after

a gelyBlPRG tRe3g8Phi RAEFBN iMAuRi FYS Fakt ofNHUR: Pedorganisms

ore <ERTRLELLND A8, £o256100.0L L 200e0,0eLILNALT AR sane

time %u%%%) él’%‘%cl:%%l%gz}n%r ggggxtﬁtel;%i ’éﬁﬁe%”?ﬁgk_»%%%t '@{e_l_%%f?%e,

subj ecting a p capturing carrier

effo:tethsogﬁaetirﬁ@qséc]fdi%cf QM nggh?e%tf?%%ﬁ gﬁgmiﬂlatgﬁ is’%%ent

€ mcroorgant sne are recove romt captu

in tHeAkld £ A ANt Bla 18 S aid thdresipgg ger m nati on 56
i nducing factor 'i's added thereto. Therefore, efforts

anttHd s xtre @Rt ofeort yaddi ng t he germ nation

i nducing factor in the neasurenent apparatus can be

savad theThepsevdanich certddirmant) 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 exitracting 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 S2 is carried
ocut between Step S2Z2 and S3tep S53.

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 gixth 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
incudiSRY EBG:bt UNdaHgeeenarPPase THANSIdiON iR r@ sSQhd time
faster than the |Iower side polyner. In addition, the
requidRRErf Y dRidRely e eRMAIMS: tdhe iAFRElHgNMatidyg agee
and the germnation inducing factor while the | ower
mea s e lapiRr aeend aldrs bd e vdER extracting agent. In
addition, as to the capturing apparatus 111 according
t o Thiee sseeanth eeiroodimzerit), the tenperature
controlling apparatus 114 for heating the capturing
cdiorn the O iuwr cohsEMIdteed 188 @S thieosevantbl enlprdiment,
tenperature in two steps. Specifically, it is )
two i [AUc Fed WS e di2 Y capturi g amtiats 102 hon
the phase transition tenperature of the upper side
CempeI A HRS PERHCRPt A $hk 25has FF%n%?W%%tef%ﬁgﬁFé’Pu?g Gieh

th i de, pol . A di h h .
L A e O
. Si I t ' [
oo IS0 ST BPLYIEL S0 SPEL UL SR LT 1108 s

transcj_acE'Ltd‘l’H: efﬂlﬁ.fg%o %ﬂeglfécg 51t %ﬁ@lBQeE$% er,

transition tenperature t he upper side polyner y

and a%0k NS0t WMiinle 1t Reakower 1 8i-d8ie B0y PBRE sEENBARSI § Ton
a gel phase, only the upper side polynmer undergoes a
to a BBASELatf@NHHHdrOR he013wset s phass1 Ase R I esubkticiat onl hehe

same time the mcroorgani sns are recovered fromthe
uppenipfiete psilgRepotynee inshehATRr eldnimatdtngicagerihtandd the

the germ nation
germinationinducing factorwhilethe lower sidepolymer contains
the ATP extracting agent.

In addition, as teo the capturing apparatus 111 according
to the seventh embodiment, the temperature contrellingapparatus
114 for heating the capturing carrier 102 is constructed so as
to control the temperature in two steps. Specifically, it is
constructed £o heat the capturing carrier 102 with the phase
transition temperature cf the upper sidé 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
1C2. 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 ymer. Thus, the free ATPs are elimnated and the
m croorgani sms in a spore state can sporulate. The
m croorgani sms to which the ATP elim nating 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

polymd® B.89ns LR, 'g\’éﬁr ohiade P '{re%h%”ggb%e%i@lepﬁ%i?mer

transition to a asé an t he extracti

underdg€8l Iﬁh@é@t&%nﬁtfoﬁe@dﬂat sdihghaAIP exd raaci:tésriﬂt, at
agent is added to the mcroorganisns, causing the

the sdegradad itk afi eeldrgmnimne ref rEBeveLEeR0OFGAN S Bpper
and the ATPs contained in the m croorgani sns are

side exllyaetedthAf Rer & lliwdnkescentzgeeagent itheadeechihation
the ATPs extracted fromthe m croorganisns, the

indudinm hesctence etflpded Sropasie egpperActdedraigynier ¢ h§hus,
sevent h enbodi ment, because two ki nds of polyners

the fhagiAkF s adief ﬁéﬂ@ﬁﬂafﬁﬁﬁls@n@r@r%mhcél@otr@ﬁﬁéﬁﬁlsuﬁ@ ars@ore
| am nated and a different kind of reagent is

Statec&ﬁﬁaﬁﬁéﬁuﬁﬁtéachThﬁoPyﬁEPorﬁﬂPﬂPﬁPetPeHEéﬁFstESnAEE

specjific order to the captur carrier

ellmli’@?l&g %%Eﬁ?‘? 6P TS AFEFTHER G 4R %Eﬂb% BE Jrastoragrg added
t f .addi t th t
oro wpS5ibired 2hei8l SIS REREN B2 L he Meesurerent
| I T
S et B Sancohe s bl vegedhond ol

transqftfo%et&h Q#?t@f@%jﬁ FBAL; oywd PLeG KL @me@f PRlYABE8g so,

havi ng a rent phase transition nperature
the 1BQkweenqaa ﬁ@hyaeg §ﬁhe§$%e|sam paLed ©RatOP:Obneashy sol

other in three |layers he uppernost side pol yner

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 output is measured.

Accerding to the seventh embodiment, becausé 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
thecapturingcarrier102bycontrellingtheheating temperature.
Asaresult, astepofaddingreagents 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

i nducing factor, and the bottom side pol yner

coOntraths ¢aecdPhextiaracidmd tagetit thé reagldit iemihodd et ,

the capturing apparatus 111 according to the eighth
threeemiodismerdt potlyoarenpervatygr @ cddtfegldntnghappartatosition

114 for heating the capturing carrier 102 is
tempegghsreueetuess aselk ancoael ohre NHamigfearchonr Bopref each

three steps. Specifically, it is constructed to
OtherbéﬁtF%Fe?h%aY%ﬁ%er&?ﬁ?€PW?FWOPﬁeSbH§s%OiYm%ﬁs§%i?ﬁv the

, tenper ature of the uppernost si ol r, with the

side R el g P EIaS o0 (e e A oS of
ol r, nd. with the phase transition tenperature

polyrfid S BEs sAoRo RS BOTyRer ALLoraP n TR TRE By gt 22

a res%g"ﬂgdhﬂﬁgk h%gﬁgg%ggﬂ?o&ﬂ?&%ﬁg’és grﬁ?gggt%ae!gsli&gl?gf a

uppeér nost si nmer o e capt Ing carrier

sol £4keR 1 hese MHY aQKgaNi SR YA JRaaver ed, ;4R€tion, the
capturing carrier 102 is first heated to the phase

uppe rilodRSkL HO clgﬁﬁﬁﬂdﬂﬂﬂﬂiﬁ%fth@@mﬂ@@ﬁﬁﬁﬁ%ﬁt&h agent, the

PP pol ymer . E; oing so, while the mddle Iaygf %nd t he

midd 120l & 08y oot WeRrs ihemeh & Jdatrmd ngaliorphasecingl fadter,
upper nost side pol ymer undergoes a phase transition

and the leotsiodm sAsieappréyukt, camt 4 hes samwme AfliPnext hacbdng agent.
m croorgani sns are taken out of the uppernost side
penyaeditine, ATRcerhai erriun) ayempprarstelsul éd Feomding
the uppernost side polynmer to elimnate the free

to thappghtnrifbodHecnt c CH6r iR STt OF S pRnéK ol ias sprasratus

are elimnated are naintained on the mddle | ayer
114 for heating the capturing carrier 102 is constructed so as

to control the temperature in three steps. Specifically, it
1s constructed to control the temperature with the phase
transition temperature of the uppermost side polymer, with the
phase transition temperature ¢f the middle layer polymer, and
with the phase transitiontemperature of the bottomside polymer.
According to the eighth embodiment, the microorganisms
are captured in the uppermost side peclymer 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 so, while
the middle layer and the bottom side polymers remain in a gl
phase, only the uppermost side polymer undergoes a phase

transition to a sol. As a result, at the same time the

59



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 I|ayer polyner and added to the
m croorgani snms, causing the germnation of the

: ' ' X, t ' L iqer i

mcro%g;tﬁggﬁfﬂgrﬁégﬁgﬁ%% Sut J}etﬁéﬂiozﬁfié%@sm% p&?%{l%é, the

ase transiti tenperature o

ATP e POE{ QM S L8 gRALY IR 1 BLL8rBE 150 1upbBembakt 1S ila ymer
- polymer undérgoes a phase transition to a sol phase

to eliMiheréheATPeexATRs! | Nhagetthd GiekubedanAsasl €8 uiich
the ATP extracting agent is added to the

free ATCELOargarilsminacadsiang nibhe tdagradan ameofnicellle layer
menbrane of the m croorgani snms and the ATPs
polymegnt ai ned in the mcroorganisns are extracted. After
a lum nescent reagent is added to the ATPs extracted
f Nertt hehfi erpoRhanysABIriRe | UA1 hedewaieed dir pute irsiase
neasur ed. Accordiqg to the eighth enbodi nent, ,
transpédansberRpEat RFART JthH HiAfErS IRIPFNECAYRPET erBntdoing
hase transition t erature are |am nated and. a
so, thE{FERENE KRVEF oPo] BAGBNI TS~ GORE of HPS 1 P Lt ion o
L.y ner Ltiple reagents can be _added in_a specific
a so1 GR T e Bk el B iy T T Sy sbnp P B g e
t j. . q I.es .
Thus,agigle %é%%ﬁduﬁ@}%tﬁ%ﬁpfﬁahﬁﬁg fl#‘%ﬁre i éjiﬁteg f%to?rpggg middle

i pl'e reagen measur enent

1ayer2PRANAYS 26aN 2Bl 8Ghe tﬂl@r&d&%a@‘fﬂs@f@ s ANt tld B e

requicred therefor can be drasti Iy reduced._
germin@fitiRer B @ heaaGArddIGdra dufte. Seventh and the eighth

enbodi nents, the |lower (botton) side polynmer can be
f gles®d tBe capturing carrier 102 is heated to the phase
transition temperature of the bottom side polymer. By doing
so, the bottom side polymer undergoes a phase transition to a
sol phase while the ATP extracting agent is eluted. Asa result,
the ATP extracting agent is added to the microcrganisms, 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 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 specifiic order to

thecapturingcarrier 102bycontrollingtheheatingtemperature.

As aresult, astepof 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@@REUELAGLC akh] €fed 02 nEHr L hET OBF §rt &1 4 NOUGhd NR quired
vessel 103 is housed in the <capturing carrier 16&

there®egOkdnnget arbhe ibaunth reoiihey ei ghth  enbodi nent s
descri bed above, it is not specifically Iimted

t Fereherabde anaepbedimgntchavicngerentesseld 103 edahbe
al so envisaged. For such case, it can be considered
embodiihantishettaptawe ng(bataremlers I picd ypleac ednone t Dprmofd &o
filter, which can filter the sot phase polyner while
have keepiAgve hehape Moorganissip A9 §hfi feeker dod the upper
. exanpl e, a nenbrane filter made of polyvinylidene
side podoFicde cafi PR porded avdterthst 95 pm and the |ike
can be used. Further al_t hough the above

dESETPEERCERDOBILIERTS r%@e Pl Fatted e 34 ek &FAE roftne

. turir d testi ir- ' Ni th
germi BB S g TRaREr Rt Rt T Rr et o 1S Aot SFF AP E BRI REPEr G
selec%riqre'lﬁl. %%ﬁt??n?&pkhegh Oc E@BEHQ' &‘%rff‘é{' 62 %co ding

capturi ng dnit, a captufing apparatus and amet hod

to thh%o Yol P %Eg?%tﬁ% Lég@rﬁﬂ:{cﬁgﬁérb@ i c@i%.%@ioéﬂé% > Bher

61 Further nore, above descri be

reage@iROdMBNLS BRe 16Kk ALedehe LhegHEE OinanPolyiBLined in
whi ch undergoes a phase transition by heating, other

the RuAELY hatr-iwrdarngo a phase transition by a

di fferent factor can be al so used. For exanple, a

pelugn®kermore, although the vessel 103 is housed in the
- capturing carrier 102 according‘to the fourth tc the eighth
embodiments described above, it is not specifically limited
thereto and an embodiment having no vessel 103 can be also
envisaged. Forsuchcase, itcanbecconsideredthatthecapturing
carrier 102 is placed on top of a filteﬁ, which can filter the
solphasepeclymerwhile keepingthemicroorganisms. Asafilter,
for example, a membrane filter made of polyvinylidene fluoride
with pore diameter of 0.45 pm and the like can be used.

Furthermore, although the above described embodiments are

related to an example of capturing and testing air-borne
microorganisms, the use of the present invention is not limited
theretoand it can be applied to a capturing carrier, a capturing
unit, acapturingapparatus andamethod for capturingandtesting

air-borne micrcorganisms.
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whi ch undergoes a phase transition froma gel to a
sol by a chemcal inert 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 nents, the conmponents of the | ower polyner

! %‘ﬁ%h‘é@ﬁoki%,i ?ktﬁﬂfé:h {:He%ﬂohr‘aercﬁ@sc@%éa% odiments are

mcr ocapsul e an e resulti ng m crocapsule IS

relatdSPEEREG ANGr agiIeddadyt Dchhe ddRRYe POLVABE da¥RNtion

Specifically, when the polynmer |ayers are nunbered
by hekRiaf, ob€BEr Glo PHases Wans idrddrgand phhgeer ai@sktion by
| ayers, the conponents of the (n+l) th [ayer can be
a difdempnits€dciteracthebroatnsi tibed. m 5o capsib b= and gdigmer
resulting mcrocapsule can be di spersed and enbedded
which yndéregorhalphpee, t rBys dol o fson acpnt dote srkehyanthemical
. m Xxing ratio between themcan be inproved. Stil
inert Ho H‘g‘ﬁmlé%rqmé?@nﬁﬂﬂtﬂ pleg gt WREc | ayers are
| am nat ed- as the above seventh and the ei ghth
efyEEFPERCS S FRgndticc 3PaMe cassrddest shch e Eacéhe
is inmobilized with the . conponents of a pol r
reagqnif AR e G hied PR iR FHCSPABE 0 Ledyh SR W LIPLIReS
. upper, .pol yner. | ayer, followed by subjecting the
i thﬁgﬁgﬁﬁﬁgFiﬁg?”layer to a phase transition to a so

e i R 5050 Pl B Ehatiheted
s £nisBlde SREHEECAA L DE0E Bl YIRI L d AYELS. A Sonents

nunbered in an order of phase transition and there
- of thalBowke# 2¥eRme rl Dsy@@gfha{ be Pacligshates e Sdhsitive

surface is immobilized with the conponents of the

micrddacBulld anayeheCaBshe tphacRtdcrocapsule is dispersed and
embedded in the upper polymer layer. Specifically,. when the
polymer layers are numbered in an order of phase transition and
there are n layers, the components of the (n+il) th layer can be
comprised in a 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 laver can be placed in the interface
region with the upper polymer layer, followed by subjecting the

upper polymer layer to a phase transition to a sol phase and

mixing and reacting the particulates by shaking them with an

62



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 of lef® 0t -A G8EAEPAL 'ﬁ@:l‘dndU@b@%ﬂf@@a@ﬂy"‘ﬁﬁﬁerp@ﬁ@ g?ﬁq;mer
by an experinent. For this experinent; fungu

layeﬂslQﬁbdnuﬁbﬁﬁéﬂsiﬂgmﬁﬁﬁkﬁﬁf@E’E&%bb'ﬁ%aﬁgpﬁhbhsand there
L- al ani ne was added as a sanple in advance. To an

are rnalliaguats ,oft Hehenagestitd gt ddullges adt AR @] igtidRidand s
agent was added. After 30 m nutes, an ATP extracting

immﬁa@@ﬂe@w&t@dﬁedmamwnﬂnﬂﬁeﬁtMQ(n&ﬁ ) Oflayer cesbetdlrged
m xture a |um nescence measurenent was carried out.

in tbq:éfl’tﬁﬁi@(?@@é&tgl%weéhfth@tm i afe,- P hhdwed pyerdirecting

"Ala concentration") was varied first to

the nobtléi&ﬁﬁi e I%Wﬁé@c@ﬁé‘QSl§&P§utto FheCsPle pregpnd mixing

Iunlnesc ce_ou u%lg rre g s to a | um pescence

and r&&F&&P p&fe1 PeEGT §hAFePEoF§ERI Shi R Ry aid of

exter}TPhEopdEL Y %185' | “rf% TG (esl teare shown 10 Bl
t f. t t hat

conesS P WG PN o N 61, P OEL BB

of thE Gonkdolt Rl WA NESGRALE Oout put increases with Al a
concentration. When Al a concentrati on was 63 25 mV

O rEFlee r N @ dndlReSEaREe HUAUL i Was Shahidiized o nEhat
is, when Al a concentration was 25 nM or nore, cells

reactdam tduokf b€ angbymspet ubat enandiA§Psa688r bere obtained

extracted. As such, it was found that the Al a
by ancempentimatriton EFsrpréfier abbyr2hent, otondi:agus liguid
comprising spores of Bacillus subtilis, L-alanine was added as
a sample in advance. To an aliguot of the resulting mixture,
an ATP eliminating agent was added. After 30 minutes, an ATP
extracting agent was added and with an alriquot of the resulting
mixture a luminescence measurement was carried out.

For this test, concentration of L-alanine (herein after,

“Ala concentration”) was varied firsf toobtain the luminescence
output. The obtained luminescence output correspénds to a
luminescence output per1CFU (i.e., onemicroorganismina sample
before culture). The results are shown in Fig. 12. Further,
cps, which is the unit of luminescence ocutput, indicaﬁes the
number of photoelectrons that are counted during one second.

As. it can 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 mM $rf asirki t ahediaithébechUBl BRSEARCRa OUE PMb1 ] NEL@ASATat
at higher reaction tenperature with L-alanine. In

is, whan iZdul aboncahtirhe ichemeey dum ofr IEQr Rilghercart he
| um nescence output dramatically increased. However,
suf fiafitegrt Iiveaphingat & spdd Pt cadlie dxtterdaimdneséensech, it
output starts to decrease at higher tenperatures.
was fegndidet e Adagrrrmnishownon i stiee fexph ey 2hhe@hormge .
treatnment tenperature is nore than 40C the bacteri al
Howevgg)/| whes R bplcPTeeaisatd ofi oS TAS sigdh, 2 gl e tpraarfdrigblant
t the tenperatyre for _the reaction with_L-al anine

h
Strer{%t (GRPSEC o CRGE 1 fhus Foforf YeFutPRGOPRe 242
-form ' ' t h turi
concBXA, O Sefid drenont it o & pristSranry bet ween
30€,an0.40C,  Next 0,08 eRCh LEACLLON LOMDELALI &g e
changé I'nthe um nescence output w I e wWas

lumiﬂé%vc%?{deg%tuecgutT?%H esuld s ane shown, i FHige ks A
e seen

It can b romFig. 14, when the Treaction

invedtGNRATAL Ur enwase 350 sthes hghasti npeak . was, ohtak ped; 4 e

after 30 mnutes. Therefore, mhen the reaction
seen FREREFAGUIE3] ShS3%2CrrikRitieRcidon shoEe i o pheh @t dobe

30 mnutes or nore. As it is clear fromthe above
is fadeddribed weschiepl umbhineshencer esepht iinerizisess Aayhigher

have the specific aspects as follows.
reaction temperature with L-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
slowly start to die. As such, it is preferable that the
temperature for the reactionwith 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 40°C.

Next, for each reaction temperature, change in the

luminescence ocutput 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 hichest 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 sot 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

aftef gﬁ%ﬁhﬁﬁﬂ?g TBE@r?%E% ﬁﬁgn {hélygé Q%na g8h0| is

any one glycero ene glyc and~pr ene

35°C, g%ﬁgokeaétlghet%ﬁgtyg'ﬁ9e9%55b§ 96 &Eﬁu@g VSr more.

invention 1, aracterize e po ynmer i1s

any one Ht1gekatbhmhe NAGHH M%P@éméd J@@cfﬁﬁwéﬁ ng:he
carrier of the above invention 2, characterized

presdriati fvetdlogohals hatve hec el ciamic: the e e-_rsolfonsaws.
conprised in an anmount of 30%to 60% by wei ght
cdnpdr edptariniye caaptiem dgrcaradtercinty afie-beapiauri ng
carrier of the above invention 1, characterized in
micradrganisesporyprercisrgekat iin ahdtt he gehptinesis polymer
conprised in an anmount of 5%to 10% by wei ght
whickegmgaregefor RiesedptansHglemrheereey 2 vvd eaptarsey in
carrier of the above invention 1, characterized in

the temRerAtdTFor@Rge RS TIRGA VEPDAEN Othe 65

WA a0 CORBHTAE% 6oERa Zaptrtiin tvrﬁognlvo%t o s
char e S R e e e i c aPPPEP SEBrt et e
hav1ﬂH ﬁ%‘%gdﬂg?ic1dal activity.

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

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

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

6. The capturing carrier of the zabove 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

65



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
NAGAnY®EpPRase abmbheskbnenOhn CaRbuALNGs M £rapraaNissy e ght
the air-borne m croorgani sns can be captured
compaektii gbenhky cabyiitrier, casiriee .the carrier undergoes a
phase transition to a sol phase at the tenperature
0B .40Beotapessingdenrhéati od, thie aboveodnganition 1,
whi ch have been captured in the capturing carrier
characanrbeeddsi that dbeveretifropcehs iearadnsyistei ehegolymer
~ being destroyed. Still further, according to the
whichpiadane Jevémasshatstied e ol eaptrehgemiqroorganisms
contained in the gel phase polyner and eluted upon a
but urglrgGoe’s ARGASONT 05 2 5OF tpfase]l e a dsthpdsgmaradate
added to the mcroorganisns at the sane tine the
of 407F 6% b AR FOAHIE G B LU P R TR Y Ast ST eagent

. according,to the presen i-N %gii &he rocesses. ,of
S E T e A

from §a% re!legha@%d +2ddi ng, 1t %altsees.t heagent h%etcﬂe_‘?g?esﬁﬁt
ca y. | , b g the

rred out sinmultaneous n sunmmar y usli

inven®dRhurd M- Lankify1 Riet BEnRL 88 AL dMVROLLRR RS carrier
processes of capturing the air-borne m Groorgani sms,

is intakjdlgpadket Be 1R Gi QRS Qﬁnbéﬁs‘ﬁuE&Q@ tDer&af §hel sm@Ncthe
addi ng the test reagent 66 thereto can be done so
air~-polrak iprocessem f smreaplerdpign tod E€Si eDgnt 0. t IMurther,

ai r-borne m croorgani sns can be done conveniently in
sinceshbetcatriver @nd¥¥gbesespdcisd o tdisiiiventicon o6l thiemse

above invention
at the temperature of 40° or less under heating, the
microorganisms which have been capturedin the capturingcarrier
canbe easilyrecovered fromthe carrier, without beingdestroyed.
Still further, according to the present invention, since the
test reagent is contained in the gel phase polymer and eluted
upén 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 simultaneocusly. In summary, by using the
capturing carrier of the present invention, the processes of

capturing the air-borne microorganisms, taking ocut the

microcrganisms 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,

therdtRecEfageRbniSs&halAcCLeb2edeknf thRtallt ulrS ndMt AR sting
elimnating agent which elimnates ATP othéer than

of thd BerABBraeingidtatd Mgy c4HBelddH 006 gdeh 588t 1y in short
According to the present invention, when the

time.m croorgani sns are recovered in accordance with a
phase transition of the capturing carrier froma ge
t @.aWsth, rebpecATRO dligriimatamig cagedt the @bovedirammhtion
added thereto. As such, free ATPs existing outside

8, thehéegdl repg@ptofisvirhBrachireiépds irahtabelt ehdvedieagent
Thus, according to the correspondi ng i_nvention 10,

ford?ﬁ%cﬁ%%%é§§%§aBFuF@€6VéﬁQRf§%ﬂ%%ﬁ%gﬁéﬁﬁHﬁ?Eﬁgdf Thus,

uhen & 3inhe e 88 #iadth € A Er aufBGA R 189 A meFBBgectitn
. the. inv i on. of e _abo on

ti t e Jinvent] < the ATP
- ansod oK SR S e ER P R S T Y at Y Yo i

for tfé%;ﬁéﬁfdéeesss %Ephgggyétgpfnégt:{g%ggigg%tﬁé%@croor %rllicsms

sting o ase, I ne phosphatase, ac

can HNQBRAALASE ) Nexakinase, adenosine triphosphatase,
and adenosi ne ‘phosphat e deani nase. 67 12. Wth

r aspert thoré Hige boVEN RN Afehhecahoy & HeN¥BBYEOv&at ion
the test reagent is characterized in that it

9, theomygeaes ianch&-ext i astiingtagentt whiahaCane Extiwet ing
the ATP originating from the m croorgani sms.

agentAgodrcti adindndéhesxEB @tthamuban O Allfenriginating 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 to a sol, the
ATP éiiminating agent is elufed and added thereto. As such,
free ATPs existing cutside the cell body of viable microbes can
be removed. Thus, according to the corresponding invention 10,
theprocessesof recovering themicrocrganisms fromthe capturing
carrier, and removing the free ATPs can be carried out
simultaneocusly.

11. With respect to the invention of the above invention
10, the ATP eliminating agent is characterizecd in that it
comprises at least one selected fromagroup consistingof apyrase,

alkaline phosphatase, acidic phosphatase, hexokinase,

adencsine 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 croorgani sms fromthe capturing carrier, and
performng the lysis of cell nenbrane of the viable
N1er oResh KApha ¢ar fhed Quln sl dldrapgeustyve 13hwalttibn
respect to the invention of the above invention ,

9, thkheeAtPrexfeactingcrRgeattésichar astefdzed idbrigdtsdd an
conprises a surfactant, trichloroacetic acid (TCA),

ATP ektisbulfigragegithanoth cem kytiracenzlye@™ravrigidating from
protease activity and the like. 14. Wth respect to

the miheopmgentFuA . of Ad¢drerdboy et ¢ renpirerend, inhent eamgenthen
is characterized in that it is a germ nation

the miggEnagfisato A ighiteF dYdiRe sl yadratatarse afitdh a phase
spore-formng mcrobe or spores of a plant.

tran?&éééFdFﬁgtPS FﬁEtBFé§§nFaFﬁ9§ﬁt¢6ﬁm awpeh ther sol, the

e AR SRR Wl
oot il 05T 0 LR ARG,
accor ellnl% SFR)or %f qr [pé}l& 'anro %ﬂlm S_LpPr q§1 St ac%ges%%s of

can be transtforned 1nto a genera or

recovdbiGly ahk ﬁD@ré@E&éhQQﬁsOfréﬂ@cb%TEaB%hEQQ%Cégrﬁ?@é}:|, Yand

occur. Thus, according to the invention

peffd@&@ﬁ%ﬁ&%& 9f/sh@Ce¥eEENT mbBRbFABeMLEN 09k GRATHISTS di&fBbes
the capturing carrier, and inducing the germnation

can bef dlaadﬁldmrﬁﬁtal’ﬁnﬂﬂtmrﬁdlﬁ[§ljorm ng nicrobe or spores

of a plant cell can be carried out simultaneously.

15.3 .Witthhrespestt tteo the invention af theeahboweinventicn

I nvention
12, the ATPextractingagent is characterizedinthat it comprises
a surfactant, trichlorcaceticacid (TCR), tris buffer, 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
microbeorsporesofaplant. Accordingtothepresent invention,
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 thereto. As
such, by inducing germination of a spore-forming microbe or
spores of a plant, cells can be transfermed 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 lamnation of nultiple polynmers which

the mha¥8o Agalf SR ErOf ndIRAQNG0Iingy 8 Phase, tarrfi‘f‘iil&hilgfng the
froma gel phase to a sot phase and have a differént

germipRasentsBpsll membiremRes Ak W re-ARGH g ¢ B8 r spores
present invention, since the capturing carrier 1is
of a edasttr wetléd chy: bamcaatdien efutmdimyiltaneeligmr.s whi ch
have a different phase transition tenperature, by
coft-r 8L th e arect heathagitespeian wrfetha Ppodyeremwshitdlon
under goes a phase transition froma gel to a sol can
14, the gereépasgiorhisdupynghbngrag thechawacterbrpadtin grhat
.. ., each type of the polyners, the test reagent for
1t 1sy4dithicdn saRMBECaRSE S QedtédaMige - Wt h respect to
t invention of the above inventio 17, the _
Pri B 60 JoTSAer's & BhoHr KeR B PREd ARSI HREVE Hayent fon
nsi . .three |l ayers_and the palyner, |ocated o
14, fRBERhs g8 AR SR BB AR Got e AT et B Ehat
PRI o 4 it d from the m croorgani sm
e 15Eg%?%fﬁkg%g%Enggﬁg%%%% i'm nating agent, a

ganm Rath od iRgchaci Qfendldn &t AR SXL5aGH NG ition

agent are 69 conprised in the order. According to

8, thehepresamly icaventd:on,s Manddie-iheat iRy dprperatiy e
for the capturing carrier is increased, fromthe
constsiude &do byhilelihiae iine oo mgan i9Th aE watdned cH heve 2

pol ymer undergoes a phase transition froma gel to a
propesdly. 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 controlling the
heatingtemperature, apolymerwhichundergoesaphasetransition
from a gel to a 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, thenmultiple polymers are characterized in'that they consist
of three layers and the polymer located on the microorganism
capturing side has }_owr_ar rhase transition temperature and from

the microorganism capturing side 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
compriisedoba 8nd &heell kencaveh &xd racti g dries AP ineknt-hen,
m croorgani sns can be carried out by a single
when tapt tiekfg@ngCaempet atnesulfbirn@hien capdraialy ¢artdeease
in the efficiency for the processes from capturing
increeeetiesinamgthd 81dWidwhespétte nioctdergaviesis ane alapthesd
above invention 17, the nmultiple polyners are
the pehamacterderdoen a mEaShdyragendiisin fofom aogehyer $2 @od -
t he folyner | ocated on the m croorgani sm capturing
As a zpgeihastt GRer SPREsEIPEaRST t FUAC L ERP SHERIRY Topdied re

covert S DEBOLATEL BN Abe LN 2 dp ant, LoD peLyEL
T T R S R
cxe < PRATE SILLOGLIRE 300 3 ATRCLAGd 2ROl T0n L0, cne

proce]‘:s%rest BE rLAPTLrd DGR bk 8F- o3 GG GRS 8donSERE M uring

romthe side to Which the m'croorgani sns are

carriGt Ul edi hhei RYloHE Kk reRdeT g0esdudhase net f@hsitiOlon of
froma gel to a sol. As such, at the sane tine the

a spcgapfuredmochoorgnei sA8 ahe Lakep ol dxoradting the ATP

capturing carrier, 70 the ATP elim nating agent and
of thehetgesoraat ianms icxdubengatattdrouaiy el st egl anthraddedcg

to the mcroorganisns foll owed by the elution and
carrigddi reonloinghe ATR analractinggeagenin thirusffactendyipr

to the present invention, all the processes of
the pregerEEisng ooe capturing to testing.

19, With respect to the invention of the above invention

17, themultiple polymers are characterized in that they consist
of two layers and the polymer loccated 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 pelymer
ontheothersideanATPextractingagent 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 scl. As such, at the same time the

capturedmicroorganisms are takenout 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.sns 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 ACPha&aChehdZEg idyddatarid tBeMPErfesadi AP AMAhg factor
carrier conprising a polyner which undergoes a phase
are elutandbhd addebieioveiea ma cgeb raach isnmsof o1 TovwdiEby the elution
tenperature range between 15C and 40C, and a vesse
and atidi¢cdptadh the ARbtawtimg tdarg isgent2l. Thhe, capterdingg to
devi ce of the above invention 20, characterized in
the presend flinviegrt ijos:,c ovigr itded rroadrs Potalomasfoveiglg the
~vessel. 22. The analysis system.is characterjzed in
micraoyganisnschhph tdesCa Het R A Gareiser Shiminaiol s thRe ree
capturing carrier ,  conprising a polyper which,
ATE, &Hﬁ%%ﬁ&@étﬁepﬁﬁ§@lPP£ﬁ§PtPéngb%P %ﬁggﬁmb%g Thar P e

i.n _th 15C and 40C
the JidsoRaRuTbL COLF o7 | (G HpDaalhS GRFEHCEGRLIOTE 7B o
1 : LU . [ n_ai ,
car= iSRS BB R41d PRSRRHE B o0 | By A0 000 fr g
: . ' . G ' T ' 3
sncxedlS SHPLAEIIE COLIL s e DSBS AL Pl pg o
testilperature control ling apparatus can switch the

heati ng and the cooling of the capturing carrier

befoor ea apgcakt ey tbeicsat FedUeai@mrahqaias rFbewnko t he

capturing carrier. 24. The analysis system of the
nicrabommismventhanaz2erized in that it comprises a capturing
carrier comprising a polymer which undergoes a phase transition
between a gelrand a sol in the temperature range between 15°C
and 40°C, and-a vessel to contain the capturing carrier.

21. The capturing device of 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 helds 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

char&AUM 1 N0 ARG et RO R=RUME oMM £5 Jgp{ %@?hgﬁagps can

the present invention s characterize

switdOIPE heas 1 8LERS ©fc 68BYL YRHNF PREEAREARNHS W Y MU L re
the air-borne mcroorganisns are captured in a

and a€apruliaigneasdietioh)o SALayf Ngw ol t EORRPESFAEg carrier.
air-borne mcroorganisns to the capturing carrier
whii &ch Tensinstly sdfs & ypalemesf | thgaebghaseantion 22,
contains a test reagent, and recovering and addi ng by
charagiieh ageincdpttur frg the dagtisinteaeediat, ttfe gel phase
tenperature of 400C or less for a phase transition
pPolymer asslagathse Ey Lhaterheomifdlderdani srel, captidedlate
in the c Iuring carrier_are recovered fromthe )
hﬂdl&%?é?fﬂn@fﬁeﬁr PP&ASahFTatd PhE t8ar T T et eelstitration
reagent is eluted fromthe capturing carri.er, which
appa i Hrel SRR AT ACE Th Pt FRp Gt Eo%rlﬁ’ﬁz?ze?nénibhe
: . he m.croqargani s above., According to
1 1P EORr P ST B SR et PR nBE e AECONAI i Rec
‘ ¢ . . . . nd
e

cary i ethe Qdéttfﬁdn-ﬂdra'lea%ﬁ&lxyingrj ekt 40y air-borne

sinplification of the 72 operational process and
micrddiefdreiingo ok heher Opef ati n@R it is #8aVWh8t ek 826653 Ehat

is: 1. An analysis system which is characterized in
it cdriyatidds steps of capturing microorganisms by which the
air-borne .microorganisms are captured in a capturing carrier
by spraying air comprising air-borne micrcorganisms to the
capturing carrier which consists of a polymer in gel phase and
con‘;ains 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 to a sol 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 te¢ the microcrganisms
above. Accoﬁrding tc the present invention, the processes of
recovering the microorganisms 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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conprises a hol ding menber which hol ds the capturing
carrier conprising a polyner which undergoes a phase
transition between a gel and a sol in the,
tenperature range between 15C and 40C, a tenperature
control Il ing apparatus which controls the tenperature
of the capturing carrier, and an air stream
controlling part which introduces air flowto the
capturing carrier. 2. The analysis system according
operditd ddadl prbcedhli Ghd ShoaharacierdZethd podiatt itdie time.
tenperature controlling apparatus can switch the
heati ng and the cooling of the capturing carrier
before and after the introduction of air flowto the
capturing carrier. 3. The analysis system accordi ng
to Cainms 1 or 2, which 1is characterized in that,
for the capturing carrier, the gel phase polyner is
pl aced on top of 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 included, and the filtration
apparatus can filter the polyner that is transforned
into a sol by the tenperature controlling apparatus.
4. A nethod for capturing and testing air-borne
m croorgani sms wherein it conprises: a step of
capturing m croorgani sns by which air-borne 74
m croorgani sns are captured in a capturing carrier by
spraying air conprising air-borne m croorgani sns to
the capturing carrier which consists of a polynmer in
gel phase and contains a test reagent; and a step of
recovering and addi ng by which the capturing
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carrier is heated at or less than 40C for a phase
transition to a sol phase so that the m croorgani sns
captured in the capturing carrier are recovered from
the capturing carrier and at the sanme tinme the test
reagent is eluted fromthe capturing carrier, which
has undergone a phase transition to a sol phase, and
Whattﬁéncééﬁgg 16 the microorgani snms above. 75

1. An analysis system, which is charactérized,in that it
comprises a holding member which holds the capturing carrier
comprisingeapol?mer‘whichwlndergoeseaphase‘transitixnlbetween
a gel and a sol in the temperature range petween 15°C and 40°C,
a temperature controlling apparatus which controls the
temperaturé of the capturing carrier, and an air stream
controlling part which introduces air flow to the capturing

carrier.

2. The analysis system according to Claim 1, which is
characterized in that the temperature controlling apparatus can
switchtheheatingandthe coolingof thecapturingcarrierbefore

and after the introduction of air fiow to the capturing carrier.

3. The analysis system according to Claims 1 or 2, which
is characterized in that, for the capturing carrier, the gel
phase pelymer is placed on top of the filter for filtering a
sol, a grid plate holding part which helds a grid plate
constituting a filtration apparatus in combination with the
filter is included, and the filtration apparatus can filter the
polymer that is transformed intc a sol by the temperature

controlling apparatus.

4. A method for capturing and testing air-borne
microorganisms wherein it comprises:

a step of capturing microcorganisms by which air-borne
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microorganisms are captured in a capturing'carrier‘by spraying
airéomprisingair—bornemicroorganismstothecapturingcarrier
which consists of a polymer in gel phase and contains a test
reagent; and

a step of recovering and adding by which the capturing
carrier is heated at or less than 40°C for a phase transition
toasolphasesothatthémicroorganismscapturedinthecapturing
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 microcrganisms above.
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