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 | 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 sanme, and a net hod
for capturing and testing mcroorgani snms. (b)

CAPTDR3EG IGRARIE R chheuReNat sy A, ANALYSIS SYSTEM USING THE

SAME, AND METHOD FOR CAPTURING AND TESTING MICROORGANISMS

BACKGRCUND CF THE INVENTION

{a) Field of the Invention

The present invention relates to a capturing carrier for
capturing air-borne microorganisms, a capturing device
comprising the same, an analysis system using the same, and a
method for capturing and testing microorganisms.
(b} Description of the Related Art

As a method for detecting air-borne microorganisms, é
colony counting method using an agar medium, or a method for
measuring turbidity using a liquid medium and the like have been
known. According to these methods, air-borne microorganisms
are captured in a medium and cultured for one to several days
followed by a test. Accordingly, these methods have
disadvantages in that it takes a long period of time for testing,
and insuring biclogically safety becomes difficult due to
cultured microorganisms. As such, their on-line introduction
to a production line of food products or pharmaceuticals is
impossible. In particular, this type of method for testing
microorganisms is often used for determination of microbial
cleanness {i.e., germ-freeness) of anenvironment which requires
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



As a nmethod for detecting air-borne m croorgani sns, a
col ony counting nethod using an agar nedium or a
nmet hod for neasuring turbidity using a liquid medi um
and the |ike have been known. According to these
met hods, air-borne m croorgani sns are captured in a
medi um and cul tured for one to several days foll owed
by a test. Accordingly, these methods have
di sadvantages in that it takes a |l ong period of tine
that bk 365t Mithd #Ad: hASYELBGARIQIOgE Gabl yasaf ekyi Rgea®en
difficult due to cultured m croorgani sns. As such,
procddidrOnnldot@oirbtbadust bothé & r edpatpeBel bnefuring
food products or pharnmaceuticals is I1npossible. In
the cpaanhheskaff,tHehisvi yenait ophhodbkarrdsesticnly Asaresult,
m croorganisns is often used for determ nati on of
thererba=obkah zlpsanimess thiateon-germifagemesshnobtape easily
envi ronment which requires a high | evel of cleanness,
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facility for processing cells, or a factory for
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on-sjte test of mcroorgani snms under the
are iy Tiflrents, if microorganism that are anplified in
a ssi.ve ampunt, as,_a oduct .of inspection.proce
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are required. Recently, in order to solve
suggesttadd prphitens o@td isudreihags havie: heenyevdins ety
whi ch mi crobial count is determ ned quickly and
specicoineeni edtdbe wid hboutisdukt ar Lngitheoent. er,a vi ttotdsaent
ri sk of biological contam nation. Specifically, a
reagaet haddhdsi dye enusivgrastirert Byndhl wi reonstridaenttswdf age
m croorgani smare specifically |abeled by usin% a
measyiff pesEdRrrgmeatie gocaopdnt veateht. asd fheat method,
| um nescence and | um nescence output are mnmeasured to
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viabreagepts, and then ]%/(% Abl e and ncoondnvtleadblbeasrg Cg_ro%bes are
count ed Based on a f1uorescence nicroscopi ¢ inage
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fluorBLIOr GRINIB CORLaLNed-bAdanSaNPh e, AP Bre extracted
bi ol ogi cal | um nescence reaction by ATP is neasured

from BMeani avi Bt find ecauanhicby: 4 ResAlFse, ad htbiSlogical
converted to the viable mcrobial count (i . e. , ATP
Tumimeddwte reaction by ATP is measured by a luminometer to
gquantify the ATPs, and it is converted to the viable microbial
count (i.e., ATP method).
However, although in principle measurement of one

micrcbial cell is possible according to the first method,

co-existence of a fluorescent contaminatingmaterial in a sample



However, al though in principle neasurenent of one
m crobial cell is possible according to the first
nmet hod, co-existence of a fluorescent contam nating
material in a sanple can cause an error. Further, it
is not always easy to differentiate a viable cel
froma non-viable cell. For instances, propidium
iodide (Pl), which is known for selective staining of
non-vi abl e cells, may sonetinmes induce | ower average
can £husLesgestrbpt ensitvhdor snon-wiahl &168k)s Lapared
to that for viable cells ("Technical Proéduct
diffépéeriatéon viivesDeadl BashihghtndMbagtesic@dll. For
viability and counting kit (L34856)" WMol ecul ar
instPnobes prediitddmwensida BT Febhdatyi2ndhowD@4T, s&l gtir eve
10, the vertical axis represents fluorescent
stainprepsintgn-ofidd e cehus, hereonst nds ghduharcereofaverage
providing an opposite conclusion if careful attention
fluoraseert gaitgnsity for pnepordiaRg et @ot he cospemgdriee bt for
., 1.e., ATP method, a npolecule of ATP (adenosine
viabigj phbsphht ByCimatat sPeodhehi taf o ettt s hed- bie vty
| ivi cel | is.taken as an indicator of the njcrobial,
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luciferin and luciferase is added thereto for a
if cAdrinessense: 1&acid oet Thens, the anount of ATPs is
obtained fromthe | um nescence output, and it is
canvest®ithd ad thamamdndfmdttedy cr aor,gaisiethds, &
result, according to this ATPnet hod, the anount of
mo 1 edines vo RIAEP ni adoorgan: stsi elans ies det erhmineids v tdhigmical
several mnutes to several tens of m nutes.
contapegd the earount 1 ofng hee I dsooegani ssrsar dnddchéor of the
~ determ ned according to ATP net hod, an ATP
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luminescence between a luciferase as an enzyme originated from
a bicorganism, 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 thereto for a
luminescence reaction. Then, the amount of ATPs is cbtained
from the luminescence output, and it is converted to the amount
of themicroorganisms. Asaresult, accordingtothisATPmethod,
the amcount of the viable microorganisms can be determined within
several minutes to several tens of minutes.

When the amount of the microcorganisms is to be determined

accordingtanTPn@thod,em1ATPeliminatingagéntjjsfirstadded



to renove free ATPs that exist outside the cell body
of a viable mcrobe (i.e., extracellular ATPs and
ATPs of non-viable 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 nenbrane of the viable mcrobe is
destroyed to elute the ATPs contai ned inside the cel
body of the m crobe. Consequently, a | um nescent
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I's then converted to the ATP anoun
micrdIecauses t hisAR-IELog isrdased ovms KiolgiGalabie
| um nescence reaction which selectively responds to
micrddldy) iahdrdmrcindselitinigs et affPecked bycéhpopeesenaen,
of a fluorescent contamnating material. In addition,
in crdereagent rkot ATHE Chomndijer vE@slaneAIR, edn ATRaditngpcting
agent which can renove in advance ATPs that exi st :
agentgutisi delddve avel |chbdyngibang abl €hm orighe,c an XTpe is
extracting reagent for extracting ATPs fromthe
destrg sl é%gﬂﬁﬁe?hanw]éslq}?ﬁfrmthséﬂgfeﬁhef gpll body of
measuri ng the extracted ATPs based on their
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. _commer ci al | rovided by Ki kkpman Corp. (Prodyct
Lumi (R4, @it B LSS S urSelar WA o Sbpah Sty bp the
ATP Bkﬁ? i ence, Biotechnol ogy, andAgrochem stry, Vol. 78,
Ko’ .. p. 630-635 (2004) "Application and devel opnent
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the like is excluded so that ATP anmount sol ely
prindidig A&t EBonbt oNF Féabd @ Uy arebeseceanchessel eThid@ldbent
neasur ed. However, the test sanple to be tested by
contdrhim AR geidted-i41s. aTm axddrgani Sen rbatehs dispewsedh
in an aqueous solution and its application to
comp rai sreshenn®T Piccriobies: thasy ngenbeeni sigges tredio vivkanwhidagyce
for carrying out a test based on a nethod for
ATPs gipettuekagtadvt bornetng crobedody plodutialwhe ohicrobe, an
conprises a collecting apparatus in an inmpactor style
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, capturing carrier that consjsts of an agar
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can be considered that an air sanpler 1n an 1 npactor

and A§EYEEeh Ot By Cylbures MREhod | sgusedhs Qb ogapts d;i]gﬂlgication
m crobes in a capturing carrier, the capture
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di spersed in a suspension, and the mcrobial counting

When it$icarkiited soutsdehsied cam the-tAdD meEtthod Usimighaneter, an
reagent kit for detecting a biological |umnescence

influceact bgn nosuch ahd el uéicfrebelSasdt Lhe like Howewerydddieso
capturing carrier which consists of a gel phase agar

that AEdI ameand sics alsedrfiginan iaor fsampiigblienmacrobes can be
conventional method (i.e., a conbination nethod for

selecdn vailly d@asiiéieand the ATP nethod) is used under the
pur pose of culturing captured m crobes on the
captEritRg EAPr FEFTi FRBPES TR RSudRstahPEcERS BfF method
recovering the mcrobes fromthe capturing carrier
(herein after, referred to as a "recovery process")
has not been 4



considered in the conventional nmethod . For the
recovery process , there are problens as foll ows.
Specifically, a gel phase capturing carrier is

advant ageous for capturing the m crobes, however,
taking out the mcrobes fromthe capturing carrier is
difficult, so that recovery rate of m crobes is poor
Meanwhile, if an agar gel is heated, it can be
transforned into a sol phase which can be handl ed
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sol, nost of viable mcrobes woul d be damaged or
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probl ens that recovery rate of mcrobes is poor and

air-voahd emii colobes ant-abnetiaihl e ntanebhese cannotl becting
differentiated from each other. Depending on the
appatypes iofarbagtariey; stpactanvat iohudes eelinsdedtlrbodwymedium
occur at the tenperatures above 40C. Under the
cassebie pvstandesa ¢riordierd e imcesbettdnyiedoverdyapagar
of viable mcrobes, a mld condition which includes
(POIY%ﬁ%ﬁ@%¥%ﬁﬁbFE%&@FﬁgmﬁdéBWUFF@ngﬁhﬁﬁﬁﬁ*%hé commercially
, @Perature near_the roomtenperature is ag ed to a
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risk of giving a false positive result due to

that GANtam BahboB rof i g RNatdg-f4omhuman wopkel Bt ure method
Meanwhi | e, al t hough a great anount of a solution can

is ubed usetl dasminennyefyctsoss Nphid yeaywiki gy pfOceisses, the
when the anmount of m crobial suspension is |arge,
captured abicalobeauate peycawd ted/ dlrometiod¢ dapguirdnd cerrier and
concentration) becones |ower so that the use
~dispersed in a suspension, and the microbial counting is carried
out based on the ATP method using a reagent kit for detecting
a biological luminescence reaction, such as Lucifer HS set.
However, the capturing carrier which consists of a gel
rhase agar medium and is used for an air sampler in a conventional
method (i.e., a combinaticn method for an air sampler and the
ATP method) is used under the purpcse of culturing captured
microbes on the capturing carrier itself. As such, a process
of recovering the micrcbes from the vapturing carrier (herein
after, referred to as a “recovery process”) has not been
consideredinthe conventional method. Forthe recoveryprocess,

there are problems as folleows. Specifically, a gel phase

capturing carrier is advantageous for capturing the microbes,



efficiency of the m crobes during neasuring process
wi Il be consequently |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 mcrobial suspension is 1 nL, use
efficiency of the suspension during the neasurenent
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m crobi al suspensi on i ncreases. As suc thi s met hod

if anh@§ad quobkemeithay, cenvenirnee aaRdoumedef i1 £iae86Y phase
cannot be achi eved at the sane ti ne. In

whicltadedd ien, hamdyed /3 af i e isapplie: |dau dad S acitaraddiyal
used for |um nescence nmeasurenent according to the
suspeosivent i onal protocol, there is a problemthat
overall use efficiency is again only 10% of the
r ebiestar r atioasf hilgd ricorsetwRuratherora hdee i89°C is
anot her probl emthat when extrenely small anounts of
requlgigd Hernhéhe EF@B@@FWa‘élOﬂs‘é@e’#%laqadf g&tetral atehs gost
m crobes) are to be neasured in |y clean :
of Vighyfrgihsne St d8 e A adtasat Pﬁd?ﬁl%e&aﬁ%%%éw R&t€=s-

e eff|C|enc§}8W§ cause an oni ssion error in
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remai ns that sanpling ti Is I"'ong an

bact&AH0t: he-ohfal ned dh &hor tgdd ¥ may occcurPssual, if
t he above described nethod is autonated as it is, a

temp@eﬁi@@§@ﬁ&&r@u@m®n beceresheanptdadetha@nd an order to
incresaoseugzlhgnrecovery rate of viable micrches, amild condition
which includes repetition of adding a scoluticn having the
temperature near the room temperature is added to a gel without
transforming an agar gel into a sol and recovering the microbes
that are transferred tc the solution as microbial suspension
is necessary. However, this methcd still requires a
time-consuming and delicate human work by a skilled person, and
it cannot be automated, has poor reproducibility and a risk ot
giving a false positive result due to contamination originating
from human workers.

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

of microbial suspensionis large, microbial count perunit volume

of liquid (i.e., concentration) becomes lower so that the use



required for recovery should be used in nore
excessive anount to leave a margin, resulting in even
| oner use efficiency. In addition, when this nethod
is applied to an actual sanple, a great anmount of
contam nants are included in a collected sanple in
addition tomcrobes . In this regard, the
conventional method is problematic in that a reaction
for elimnating ATP, a reaction for extracti ngATP,

eff180d,8DATP Lypi ALSEENGE &&%%@?ggﬁrﬁﬁﬁégge%%o@ﬁ be

cont a nants so t nmeasur e accur
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for d@nhdbal endyancedie epeai calissihsiances oF Nedfer
Thus, various reactions including the ATP net hod

HS se@mioKig&sihy Ocepl, .whirriderhtorspkyecatebi pe obt @kt
of a spore-formng mcrobe, it has been suggested

for thatABP geethaodt i on ¢ nducing factor is first added and
then germnation is allowed to occur, foll owed by
cafrsgmaig ot W obs foituherof edctricdnisil Fospexanpheis 1
accordi ng to Japanese Patent Application Nationa

ml, P ¢ER ¢ HNCY o H- Ty njureen 2001 -$IN 356, the neasurement
described that germ pation is allowedto occur

n a
PrOCeRt t4f el fredi A cbimp? 151 gk al gertfmathon'¢-aetoris |1 mL,
. ,.additiq accordi ng taq.Japanese .Pat ent lication
1t G b € T Kb o T20030830746 aha IBARCRG: o Becomes
4- it scri bed that germ nation _inducing
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sterilization. According to Japanese Patent
ef il deatd 0hiNald onal i Subd | gation {dad d-Gpen) No.
2005-516213, it is described that a.germ nation
i ndugbagtiaatl asniy 1addeask anskigpesiesuspecs bceusehl used
spores are detected and quantitated. According to
for LRaikddozer?006rdahritdnent tadsoteises | e d Hdatorbye radidirmgl
alanine to a cell, strength of the spores of a spore
protdarln hijenedroberiod leedutsdovorkadidsd at 8ithencpartagwmin
of spore form ng m crobes. According to JP-A No.
only 30350253885, viretthad tieso Hagtr Mied dpgswhi Ehrther, there
, m croorgani sms are adm xed wi_.th a germnation
15 anphigE PRGPLEEL 2 laRbe T K& r§EEey Hhel bpuPBHL f Pém ihgiRTNe
. hus, .to have a reaction with spore, addition of a
mlcr%ﬁ%(ﬁaﬁ-ons?ﬁ%éin‘g" gl §8Ft RE RV Aiff le R Forde

t he, t.est t he ATP, thod, it | d t hat
measdiSt 18 PSR B SRR BT g gD, Sheh oS A et o o,

low rte@o%rg/orglee or low use efficiency 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 sample should be increased and other measures should be also
-taken. As a result, problem still remains that sampling time
is long and results cannot be obtained in short time.

As such, if the above described method 1s automated as

it is, a system construction becomes complicated and a solution



However, for the ATP nmethod in which various reagents
i ncluding an ATP elim nating agent, an ATP extracting
agent, and a | um nescent reagent are added for the
reaction, further addition of a germ nation inducing
factor can make the test nore cunbersone and can
yield a longer test tinme. Especially, as the reaction
with a germnation inducing factor takes a relatively
a long period of time, the test tinme becomes |onger,
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ficult. In addition, when a subject to be

to letaeﬁst adnbygihe A IEtNPdn Svah @iWebOkReefficiency. In
m croorgani sm it should be captured in a capturing

addichsi)] erhandhikemdtaicer itceappeied oo ther captibmgit:, a
carrier. Tinme is also required for such process, thus

great mmosnproblcenmitind niam tishate d adnglegei h edcoll Lectredissmple
required fromcapturing to testing. SUMVARY OF THE

in adgdNVENTILON T hsres edn tiviere dnd, BWhe clenivendédwingddus thod

, vi ew of the . o . _
is problematic in that a reaction foreliminating ATP, a reaction

forextractingATP, andan ATP luminescence reactionare affected
by the contaminants so that measurement accuracy is poor.
In addition., some of microcrganisms are present in a state
of a sporerwhich is wrapped by & spore membrane having high
endurance to chemical substances or heat. Thus, various
reactions including the ATPmethod cannoteasilyoccur. Inorder
to solve such problems of a spore-forming microbe, it has been
suggested that & germination inducing factor is first added and
then germination is allowed to occur, followed by carrying out
various further reactions. For example, according to Japanese
Patent Application National Publiication (Laid-Open) No.
2001-511356, it isdescribedthat germinationis allowedtoocccur
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
gefmination inducing factor is added first and then germination
of a microbe is allowed to occcur, followed by sterilization.
According to Japanese Patent Application Naticnal Publication
(Laid-Open) No. 2005-516213, it is described that a germination
inducing factor is added and species-specific cell spores are

detected and quantitated. Acccrding toc JP-A No. 2006-174751,



above described circunstances, has an object of
providing a capturing carrier by which air-borne
m cr oorgani sns can be captured and tested
conveni ently and qui ckly, a capturing device using
the capturing carrier, an analysis systemusing the
same and a nmethod for capturing and testing
m croorgani sns. |In addition, the present invention
, provi des a .capturing carrier of m croorganisns and
... .Ca i I_ce.using.the n |y
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e problem ecti’ng a process of taking out
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or poor use efficiency, low credibility in mcrobial
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smal |l amount, difficulty in automation and a need for

admigaedonpth catyedmd enstichut ndncihgwadour acyl then genes are
nmeasurenent as a result of contam nant i ncorporation

elutaddftrbe th&me, all the problens associated with the
application of the ATP nethod to testing of air-borne
m Erepestc have a Feacthen achifevanfdift, GAdifiipn of a
pur pose, the capturing carrier related to the present

germipghen didus iswafacter e ifratHae 2ad v sedr Fhg test
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I'ngly, 1none aspect, there is provided a
and £aRhUMRG ST Fhaheher afapidldNa @ EnBOFO®ction, Ffurther

m cr oor gani sns, Characterized

addition of a germination inducing factor canmake the test more
cumbersome and can yield a longer test time. Espeéially, as-
- the reaction with a germination inducing factor takes a
relatively a long pexriod of time, the test time becomes longer,
making its on-line introduction te a product‘ion linedifficult.

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 CF THE INVENTZION

The present invention, which is devised in view of the



in that it conprises al cohols having no bactericida
activity, and a polynmer which undergoes a phase
transition between gel and sol in the tenperature
range between 15C and 40C. I n anot her aspect,
there is prOV|ded a-capturing carrier for capturing
ai r-borne m croorgani sns, characterized in that it
~ conprises an al cohol having no bactericidal activity,
aband @epotyed whiclmsrmergoeshas phasdiaensif ipgreviding a
“between gel and sol in the tenperature range between
capB5@ amgl G igwharei whieh i b dohole il aysiangaed sysppan be
the group consisting of glycerol, ethylene glycol and
caprepsd end tgisfest convenlemxﬁwndt%céﬁm T Pﬁ@té1§|lPHé18V3~ce
of the present inventjon is characterized in th
uSiRd td1eaCeRpErPAC B Fer W BREARS tapTIHE™ ug.lPHbB%‘%egame

nd SRR Tht T ot b Ty T Croh A i 2"
adcgjgtfl R A R IR R4 bOBVIBLE R0 A Brrier

of tnl?lecj,: nc?f?a% tér&/seaﬂl )(%E{t’uﬂ @évﬁg@t ﬁbﬂh tﬂetférﬁe and an'

- reage sard r sal t est reagen I'S

an é‘lé%k%t%ﬂ@ﬁgviﬁénéﬂé anef ronn a getndhase: t8peusPhg and

ase ccording.to this construction, since a
teﬁ@iﬂﬁlmc@@a&ﬁ@ﬁg t yiiser hercaptivei 88 Teist esnd pidblem
a gel phase at the t'ime of capturing, air-borne
of Meefleeitdary & aasderefdk th@ridtymtapsiedroma capturing
addi tion, since the phase transition occurs by
cafueﬁrnq:cbdme caph eIy graae roerp@by o:set esisf tdiaamat0C, low
the m croorgani snms can be easily suspended in a
credllat kit pdnymeeranial heeunteowy ehed Q’Jﬁd@ﬁs @&t PE9EARE 1n
- the mcroorgani sns captured in _the capturing carrier.
an pytemedor enaad ameuriel BHESEYISTYy HBra e 1 eRe a need
test reagent, which js e|luted on phase transition - :
fox ¢ SOUBL 1FAESE, cqrh?etﬁtfééwréaglgwf SRR AfdBEAFETERgnt a5

m cr.oor ni snNs i mul t aneous

" Tetler cforatzﬁﬁttrrﬁen%aﬂprefa?m@y%%ww S S, a1t he
pr(%%ﬁ%r{l/%hn gotc%att%e %%.el;:'he $¥§ﬂ&£@io§ J¥ %%%SiTgfmethod to

cro ant sns ma capturing carrie

teg{ﬁnﬁt@f%ﬁ%@}ngqgi geéest reagent can be

aneously carrie . Thus, with the capturlng
(xnrF@Mthéadhaqwam&HHOfmh@ﬁprPO%@ Whé cRPrauripgrerrrier

b d. d
o3 o (8 CBoPRr P RG CCAPT EoF . B4 TESE REAJRE Gin-pat: 22

a asjded-{0f. FRasiEenedt ca Pt OEeSSEs-ho e cRpdrongadisns, it
testing of the air-porne mcroorgani sns _can be

coneif ¥l 20001 ¥FBRY er et Mpder ISRE ¢ RIGHRS tranﬂtl?ﬁebetween
t.ur devi ce r_captur m_cro nlsmre ted o
3P Re DB Vet PORCT LU P RCe TS T Char 20°C-
In GBI 8%P to the polymer, it may further comprise alcohols .

having no bactericidal activity. Further, the polj;mer is

prefereably any one of gelatin or NAGAm/MBPDA.

Accordingly, in one aspect, there is provided a capturing

carrier for capturing air-borne microorganisms, characterized

10



the capturing carrier conprising a polynmer which

under goes a phase transition between a gel and a so

in the tenperature range between 15C and 40C, and a °

vessel to-contain the capturing carrier. An

anal ysis systemrelated to the present invention is

characterized in that it conprises a holding nenber

whi ch hol ds the capturi carrier ¢ ising-a. _-. ..
in SSppst SRS Larohnag Par i By PRPLERLOfaR activity,
and NEJPSARY LinMenr 88hBYgWBECA YRESE goesn &l Phaseetween gel

transition between a gel and a sol in the tenperature
—.and ange Dettyeerthie moiA) Garayd érqie\r@mrlé"ConndoHDi’%g
apparatus _which controls the tengerature of

captt e Bear AFREC T and eFe ai' PEOr é%dc%n‘ﬁ%“r‘f”r’h@g Sarier

fo%'a%dﬂh'gogyf ESoRhé rfil WS QdRGAPEUBRG teRAEEEN in that
tenperature controlling apparatus allows switch

it m@mﬁam@meécphglahdvmg poobrpgebicidel fagivity, and
d aft th t I
a ngL zﬁ.?cgf Iuﬁl E%IQFi%rer o) asg QQHQ%EQ&%eQWéeJl g?éﬁ and

egar I Ng e capturin
so#ﬁﬁrﬁﬁé 'te%%r%%lur@ B P UM Rl S50t é@l@dé@’fd: thﬁereln said
ter for filtering a sol and the Capturlng carrier
alamﬁmﬁlsessalgmtddpfaom hbkdigrgupaconaiisth nifolafs @lycerol,
rid te tuting a f|| ratlon apparatus in
etﬁ&iﬁﬁ%kéﬁ q#tﬂﬁ?3§ﬁ?Qﬁ It Yhe filtration
apparatus is designed to fllter the pol ynmer that is
t r anedsar methel nhptarsoy byrther tehpéeapuesevonirodnt hon is
appar at us. : Further, it may conprise a device
chmq:nemm;i anthpturitgs saamtarrifid ehrebrs Bl shepncapture
pol ymer consisting of a thernosensitive resin which
under goes a phase transition between a gel and a so
in a tenperature dependent manner, preferably a
t hernosensitive resin which undergoes a phase
.transition . between a gel and a sol at 40C or |ess,
preferably in-the tenperature range between 15C and
37C, and a tenperature controlling apparatus , and
also preferably a filtration appratus, and if
neceesary, a dilution appratus. Wth a tenperature
controlling apparatus, the capturing carrier
consisting of a polyner (i.e., thernosensitive resin)
is maintained in a gel phase to collect air-borne
m crobes, and then the capturing carrier is subjected
to a phase transition to a sol phase by a tenperature
controlling apparatus or it can be diluted with a
dilution solution to yield microbial suspension.

10a



Because the phase transition tenperature of the
thernosensitive resin material of the present
invention is 40C or |ess, capturing and recovery of
the mcrobes are carried out under a mld tenperature
condition. As to the mcrobial suspension, ATP of the
m cr obes can be neasured by applying a conventi onal
ATP nethod. Alternatively, and preferably, the

m crobi al suspension is filtered to collect the

. b tained in_th [ ' . :
ot B PRSP AR S FLPEED AL SHORALS) AR . v
H - . . f . i
« o= RERELELI0 0, a0 SEN s pLocoL, Bl ul s A7

a phdBLHAB8S:i £ i on unddPURea@GEPrEl 8 J10phHSe CADY 188s than
device -or the analysis systemrelated to the present

40°c ) nvent i 9nhatndasti tare gl eeér| neldugy npreasimessacfest
taki ng out, or recovery, the mcrobes fromthe :
reag6Apt Uf | i £ ddliveler Bagh tesoveragearat ésoelhigh wsen said
efficiency, high credibility in mcrobial counting
phasehenans it bbesf aoe preskenthdse dam extspénphgssmalAccording
amount, easiness of establishing an automation wth
to tkiaptensbnstiioni oninanda pghymaet ufbcsh ctormsasutteihe
- even under the influence by contam nant incorporation
captapting heafFker ddh e aaghi eviegse at the tipRecE fARTIHI
~and test nethod related to the_present invention is
alr-pAspacREFr9eBIRRIERAL CRE RBnpFFEeselt BpLaft ur i*fig
.m croorgani sns by which air-borne mcroqrgani sms_ar
addiEighar BERFR BORABRATT nGrCATT T LY By SPr Ry Thg e rnd the
conpri sing. ai r-borne m croQr LS tQ- Ur
B e S
i , age i
be <GRILE PReBehdRh 1RoTCEh 1 B0, RONRR B o Tl

withé@f d%s%%nﬁ@?@h&b?%oﬁ:@aﬁi%ﬁls cﬂﬁﬁﬁﬁ:e%plﬁ tﬁ@ﬂe_ ézﬂ@turing

m croorgani siis captured in the capturing carrier are

carri€eovengd damide LARHY i1 paBEEEhoafde At cdiiea Bigethe
‘time the test reagent is eluted fromthe capturing

test CRE&d€fit , Wit Tdh hias dinderdenena pphasettaanstibontdoa asol
sol phase and then added to the m croorgani sns above.

phasdhatks tessuchagenst cantbenaddedoveryhefmidioorganisms
m croorgani sns fromthe capturing carrier and addi ng

simuitaragent y Woenttdsty anpe recoher afl Erobifarsiapis dayy perrier.
carried out simultaneously. As a result, the

Thereherat i onaPrPiocets boeopEesensi Ve Pos 2 tRFREM T | oF

_ be required therefor. Thus, accofding to the
recorRRkRY fHTER FHR HLRE ST B A C AT T i el fifgP T ocess

capturing carrier consists of a polynmer which
o£ adghBErAGURe" AOPRESE CETIT IT B PHOM S Hor 1T b2 0usr athus:.
... 40C or_less and _the test reagent_.i LN in.the.
with S e R RO Ger G T he cHlbe AT Rar L cppt Dy iificn
air-S0H6L g0es. 3 phase LranspLion, & /,0m & 9eheh ¢ 2 3dre fbm
e capt ured m Croorgani sms “are taken out of the
the g%glgﬁ'fiﬂ@ carrigr and atilbe 585984t "Bad Moo t&¥ded for
reagent _ '
measurement, processes fromcapturingtotestingof theair-borne
microorganisms can be carried out conveniently in short time.

The capturing device for capturing microorganism related

o the present invention is characterized in that it comprises,

11



Is eluted and added thereto. As a result, less effort
and time wll be required for the operational
processes fromcapturing to testing of the ,

m croor gani sms. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is a sectional view which shows the brief
constitution of the capturing device (100) according
to the first enbodi nent of the present invention.
Fig. 2 is a schematic draw ng which shows the brief
constitution of the caﬂuri ngaadgar at us.accordi.n

t .
the CRBCRFEENEAFRYSAL FOTDEISING & Hoyymes Whach BRAthdres 2

ahas L0 TN, LB, A5 FLORL0 BHOEFEHER o0 008Sane
betw%@ﬁeﬂgLéwﬁnd-4O°C, and a vessel to contain the capturing
carrier.

An analysis system related to the present invention is
ch.aracter-ized in that it comprises a holding member which holds
the capturing carrier comprising a polymer (hereinafter, may
referred to as a thermosensitive resin) which undergoes a phase
trahsitionbetweenagelandaSolinthetemperaturerangebetween
15°Cahd40°C;atemperaturecentrollingapparatuswhiChcontrols
the temperature of the captufing carrier, and an air etream
controlling part which introduces air flow to the capturing
carrier. The temperature‘controlling'apparatus allows switch
between the heating'and,the cooling of the first member before
andaftertheintroductbmlofairflowtx>thecaptufingcarrier.
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, aﬁd the filtration apbaratus is designed to filter the
polymer that is transformed into a sol by the temperatﬁre
contrcoclling apparatus.l

Further, it may compriee a device comprising e::apturing
carrier which consists of a polymer consisting of a
thermosensitive resinwhichundergces aphase transitionbetween
a gel and a sol in a temperature dependent manner, preferably

a thermosensitive resin which undergoes a phase transition

12



Fig. 4 is a view which shows the neasured

| um nescence val ue dependi ng on conposition of an ATP
el imnating agent of a nodel capturing carrier,
~according to the first enbodi nent of the present -

i nvention. : Fig. 5 shows the tenperature and
filtering properties of a nodel capturing carrier
dependi ng on gel atin conposition, according to the
first enbodi nent of the present invention.

necsE A, <2gRIPE 1o, SR b AN, IL| Lgde prgpert

carrier endi Aig.on g
concOTBALS HfocobEercham e iy (), gbod, UEgbeplibe

conts?@@%nb%?p%?%@_rsi, SO @is@ﬁgs@e¥§5y¥ BrRe Y 126t tus,
the first enbodi nent of the present invention and the

and §€@N¥ERtEERA|, NBtAOULEXSPASpratus., Wikhda 8ehmPeFature
: sectional view which shows the brief constitution of

contbbeleagt appag tey) athe QRracadidi rgrirtdckheosetontng of a
enbodi nent of the present invention.

polymer {i.e., thermosensitive resin) is maintained in a gel

phase to collect air-borne microbes, and then the capturing

carrier is subjected to a phase transition to a scl phase by

a temperature controlling apparatus or it can be diluted with

a dilution solution to yield microbial suspension-

Because the phase transition temperature of the
thermosensitive resin material of the present invention is 40°C
or less, capturing and recovery of the microbes are carried out
under a mild temperature condition. As to the microbial
suspension, ATP of the microbes can be measured by appl?ing a
convenﬁional ATP method. )Alternatively, and preferably, the
mic;obial suspension is filtered to collect the microbes
containédj11the1nicrobial suspension on a filter, and then ATP
measurement is carried out according to a measurement protocol
of amodified ATP method, 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
includingeasinesscxftakingout,tn:recovery,then&crobesfrom
the capturingcarrier, highrecovery rateorhighuseefficiency,
highéredibilityinndcrobialcountingwhenmicrobesarepresent

in an extremely small amount, easiness of establishing an

13



Fig. 9 is a view which shows the brief constitution
of the analysis system according to the second

enbodi ment 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

i nventi on. Fig. 11 is a flow chart which shows

the procedure of a nethod for the capturing and t he

automa%lorqg aggo%?ﬁlggetgo}lhglé\g%‘{ég eg@gdﬂ tac?é 1}41(% of

present ‘1nve

‘meas3ows the Lel akugpsphe Pﬁﬂﬂ&gﬂcé he;y PRy pegulh

concentration an | um nescence out put .

lncofbgraéﬁ_ohsaﬁdvtﬁé" which-shoys 1hei&elationship
between the Ala treatnent tenperature and the-

| uthaessenee Yt PuE . test metidd. rd¥aied aoimw Widhnt

shows the relationship between the Ala treatnent tine
inveatdok hes | dfh rescenteeQuiputhat it comprises steps of
capturing microorganisms by which air-bor_ne microorganisms are
captured in a capturing carrier by spraying air comprising
air-borne microorqani sms tothe capturingcarriexr which consists
of a polymer in gel phase and contains a test reagent, and taking
out and adding by which the capturing carrier is_ heated at 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
| iseluted fromthe capturing carrier, which has undergone a phase
transition to a sol phase and then added to the microorganisms
above. Thanks to such constitution, recovery of the
miéroorganisms f‘rom the capturing carrier and -adding a reagent
for testing to the microorganisms can be carried out
simultanecusly. As a result, the operational process becomes
easier and less time will be required therefor.

Thus, according to the constitution of the present
invention, since the éapturing carrier consists of a polymer
which undergoes a phase transitioﬁ frem a gel to a scl at 40°C
or less and thme test i’eagen‘t is contained in the polymer, by
heating the éapturing carrier it undergoes a phase transition

from a gel to a sol, and the captured microorganisms are taken

out of the capturing carrier and at the same time the test réagent

14



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Herein below, with reference to the drawi ngs attached
herewi th, preferred embodi ments of a capturing
carrier, a

capt uri ngdevi ce, acapt uri ngappar at us, ananal ysi ssyst enu
sing the sane, and a nethod for capturing and testing
m croorgani snms, of the present invention will be
expl ai ned. However, it should be noted that the

enmbodi nents are onI an exanpl e
i o P eRnt 8¢ Oh BTN prasenECRHYEnt | THe Si@Trand time
t echni cal invention-is not

WL LB it P, C T S SC b B R PO 1P T ag
to teSEES&to%Otﬁe mfg¥%5ké£gh§ﬁyjce

BRIEF DESCRIPTION .OF THE DRAWINGS

Fig. 1 is a sectional view which shows the brief
constitutionoftheQapturingdevice(100)accordingtothefirst
embodiment of the present“invention.

Fig. 2 is a schematic drawing which shews the brief
.,Constitutionofthecaptu;ingapparatusaccordingtothepreSent
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’
Valueudepending-on composition of an ATP eliminating agent of
a modél 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 compbsitioﬁ,
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’bétween the first embcecdiment o¢f the present invention

and the conventicnal method example.
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Brief constitution of the capturing device 100
according to the first enbodi nent of the present
invention is given first. Fig. 1 is a sectional view
whi ch shows the brief constitution of the capturing
devi ce 100 according to the first enbodi nent of the
present invention. The capturing device 100 conprlses
a vessel 103 and a capturing carrier 102 housed

t her ei n. As a material for the capturing

Paﬂ“i%efﬁ ] t%asé@éldhﬁawr%o@ﬂ the HOoldW g 1eomRasid i on

e present enbodi nent. Specifically, 50%

cons@z\/tly\_eicgfhgf@h&&Xﬁ%ﬁ?hng@eﬁr@c@/lM‘@'a&'&br@fln% to the second
thernosensitive resin material (i.e., gelatin

embod 1hyehol ysaties ofefept ot:efdht for. t he present
enbodi nent will be explained in greater detail bel ow)
aret ). G8%sby: weieghtvthathanhdFP ehéenbndt f neprgentutaren of
used and the remaining is balancedwith a
e gphlsisdlogiysakbnsabinedsotiut® drhe lsecaddi tinbndimeng of the
vessel 103, a polystyrene petri dish having a
preseni i nuesnshdped concave region with dianeter of 40 mm
and depth of 5 mmis used. Next, a method for .
f o‘?rlrﬁ ~n§0t FeOEapt Fﬁ@péaﬁ-ﬁpérofmzp%%%ﬂayrfgf BTN
|nveEt|on is exglalned m Xi n

cazr {5 AR Fe CEncccapit h ST i i S Rgrne to the
eat.i n f nec a_homogeno us. sol is obtained.
thlr%p G'sntf of %1 gp]f Sl%n%tﬂbvear}el%%rrl ed out under
a st rlle ir e ,
SO LA PR el L SRROBLR kO PRt o

meth&@ﬁf%rdikgé;gﬁgycugflng 224 Wher 0 + in dvh b rhhug t@@ﬁ:ﬁb%rth

steri| i's aliquoted and then injected
embodaDgENSOUSlY tasdhe botdomaf. the sterilized vessel
103. After cooling it at 4C, a honpbgeneous gel is
obtiag ned iAs aaviesulhichheneapt uhiéngeTat f beshil® et vegen
has an approxi mate cylinder shape and its dianeter is
the M rmearttheiti clomess: tirstdlboutnd. 8hanj usanesasnthozsecoft .
t he concave region of the vessel 103. Although the
capitaw ilnp icaer véewl@Rich shoygel thhaselatipoonip between
tenperature (25C), at an increased tenperature it
the AfnlcrRAEIeD Phaeere Fainste | o f Fam Higeles eeuet wftmlt
the phase transition tenperature, therefore it is
a 51 - Pifade &t ViPE WRRGE, SPRESCRBEUFF Yt caRPRER Begieen
functlons as f her no sitjve, resin havin n upper
the AT (TR STtk 1 Brfper 3 ol BT e ol G s
tenperature it is present in a gel phase), and its
UCST is higher than 25C and | ower than 37C. The

t I I t he
C@%@g“ 2 Cam ﬁ‘f‘%@ SPlrgel p }@Ré]ﬁ%ﬁ}%&b%l@fs

I'S reversi . I'n addition, as
a [eARLN 10 GAT b Bfh Ao £RFEASL E@VMEQ d ORI &4 'é’dt@éﬁhed
sol ution tenperature canbe used (i.e., it is in gel

hereP@se ptetherd@npRsad uienhs oheratbagpciheng carrier, a
correspondlng tenperature; this type of carrier wll

capt el expkai sed al@teryr i rddap bk Sa tas g anfon 1eaitsu i Stgeransing
recovery of the m crobes, the conditions for a so

the sand,aargeh narteatlfosteg byl renphdytiesy iag BYersedganisms,
tenperature condition). (2) Wth respect to the

of theaptes¢mny iappartdtagswill 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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Brief constitution of the capturing apparatus 111
according to the present invention is given in view
of Fig. 2. Fig. 2 is a schematic drawi ng which shows
the brief constitution of the capturing apparatus
111. The capturing apparatus 111 conprises an
upper menber 1l1la, a | ower nenber 111b, an air suction
nozzle 112, a holder 113, a tenperature contro
apparatus 114, a punp 116, an exhaust duct 117 and
an exhaust filter. 118. Wthin t. , avoid
of SR, spbieft s s YT B REIA AT T
ca Py Qgﬁﬁg : , the upper nenber 1lla can be
de?%g%égg?ggn1t éﬂﬁ%%é% menber 111b. By attaching the
upper Wiberekld: t; thes | awahmrpelevikib to form
the capturing apparatus 111, joint region between
t remdreeenesiakibnght tardchibeuexherdeali epenopordomiing
the capturing apparatus 111 corresponds to the air
to theutt ronenbzzliaeht2 Ot htheragper ingrbelohlilagiand fiest.
exhaust filter 118 of the | owernenber 111b. In .
Fig. dddist Ropecichih thew [Wverh wewber the 1briehchooftithelon
: hol der 113, the_punF 116, and the exhaust filter 118
of ther eapitusdngrdevher, 1P teeagidinet tgr BRI EAIFY FHBR et
control systemor a power supply for the pu 116 or
of theheresrpér hEUPRTE6BRL r ot RATFRAUSNEFVarE hdYeyrprises

i nsj de. t he ar at and operati tton handl e

2 Vel (1 1D A B L aeRed o e 4 A S U o
t tus. Further. the holder .11 i _
{ O BP R Qo P AT B e PG EAh TGt Ehas: Hating

the fgﬁf%%ﬁﬁﬁ£%§%1 Eﬂﬁggglqﬁyh%%dlgg'tﬁ% re¥@E¥‘é$E%diment.

captur I ce is attached thereto, the upper

specSt 848 Of T ey of @RPEIALWE F0gt ek rappanatysydldel §ht bf a
contact"with the |l ower sidé of the capturing device

therdden WL rbBe nCapt &1 A0 (@ppal atdsadid (hiAecN9kdtes of
115, which connects the exit of the air suction

aprobeizl €oklhd Prébentrhbandacol Wiid puspprlabnedd idmweater
capturing device 100, is fornmed. In addition, the

deta¥kiidelafw)t hedpOrp3%1Byisetdios el y agohfiéct btminat heg agent
exhaust filter 118 via the exhaust duct 117. So .

are ugalbed tipeetoirinyglie wulpnrddgl bp patatsie lascored syl ine
to the present enbodi ment has_a_high flow anount of a

solulsigpipl e 1&i pAdikden t 28ad FRSEAVant Age? PO LPIOY BERR RELLL
certain

dish having a cylinder-shaped concave region with diameter of

40 mm and depth of 5 mm is used.

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

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

sterilized sol is aliguoted and then injected homogeneously to
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amount of sanple in short tinme and capturing
ai r-borne mcroorgani sns therefrom In addition,
al t hough a one-hole type constitution is envisaged as
the air suction nozzle 112 in Fig. 7, the air suction
nozzle 112 that can be used for the present invention
is not limted to such constitution, and various air
suction nozzles including multi-hole type having nany
small holes, etc. can be used. (3) Wth respect to
t he determ nat,ionprocedure .of, Ri-Grob 1) -

the blgitr%éjfn, © rllgllé Sctoenrs]tloll ZlC,I | afneso%ejt hmg%detgiﬁﬁa??%lnﬁﬂ% 1toat

4°C,a?%%%%§@ﬂ%dy% .fﬁgp%%tQEQ%HQLnﬂs%@r&@ﬁl@fQ§%9Eagturing

Invention is given in view of Fig. 3. The procedure

carri®fr A@LLIHNY PG MGl RS- SO TS eS/ 1tihiRr @cess GaM aks
capturing m crobes, the process (b) of recovering the

diamdfeaf 0Bes) dherpr 06eskneer 0F Abdud matsi fg, Adddne the those
-process (d) of filtering, the process (e) of
of thexidnattvengeAléh dfhehprvecesd 10} . ofAlrdcowér ting cATR varicthg
' the process (g) of determ ning ATP. Wth
carrirgs3éét itoithge pridoess {a)rasin capprerphygrai ¢2bles, at an
_ air-borne mcrobes are captured in the capturing
increg@ad éempgZativicaifennghasecenat hiase dse@noft e from 2
capturing device 100 by using the capturing apparatus
gel teigol with theyrhpieddedtstid AhéePpPeEasETEp) -yfretore 1t
. . recovering mcrohes, the capturing carrier 102 is
i Ll Gk SIE S pRock ¢ SRGTLI A (TN ThEsA 0 7
runci SR AEE LA G0 SO0 SHREY) 80 Ll o Bican
i . ’ . S ; LA
e e

in a & rAceldul aF ATRS: AP sl Nedan 25°C and lower than
I nnon-vi abl em cr obes,

37°C. The temperature dependent sol-gel phase transition of
the capturing carrier 102 is reversible. In addition, as a
capturing carrier, a carrier having lower critical solution
temperaturecanbeused (i.e., itisingelphaseat the temperature
higher'thanfthec;orresponding”temperature; this type of carrier
will be explained later). In this case, for capturing and
recovery of the microbes, the conditions for a sel 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 to the present invention is given in view cf Fig. 2.
Fig. 2 is a schematic drawing which shows the brief constitution
of the capturing apparatus 111. The capturing apparatus 111

comprisesanuppermember 111a, a lowermember 111b, anair suction

nozzle 112, a holder 113, a temperature control apparatus 114,
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are elimnated. Wth respect to the process
(d) of filtering, the sanple is filtered to renove
sol ubl e conponents or contam nants such as solid
conmponents having small er dianeter than the m crobes,
and the viable mcrobes contained in the sanple are
captured on the filter. Wth respect to the
process (e) of extracting ATP, cell nmenbrane of the
m crobes is lysed so that the ATPs contained in the

a pumgggpcq?'egg g;gaguts@edyéta?ﬁ a@;ﬁ&egﬁaag% ﬁ’&tﬁeﬁ&i egl i Rt Ay

ut1 on. respect to the process

h L9t ukecPyEt hNG rAIRpt 3 SAMY 81 895Ut FORned NCIAIIIIG 5
¢ ea?%erATBs t hat argiextgggted f90n1tﬁé nicr%bes , 1S e

to trakt abpedring appalhthsrespeaind ke peAcess1{ty @n be
determ ning ATP, a biol ogical |um nescence reaction

detadifed drdred heutl chasedeabetrthe 1ABPs epnitaineding tithe upper
sanpl e solution. Then, by determning the
membd i THes dencehautpuar yemisimd lald um nomet ermne. tdeetATR NG
content in the sanple is obtained and the test result
appaiatug véd i hoirt meoifont hetweant tivdn biveogies- po¥neight and
the e}g}:ggr?gf%p%%ngoarltngg tha cuarggurviorl&'lgg@aratus 111 corresponds
to the air suction nozzle 112'0f the upper member 11la, and the
exhaust filter 118 of the lowermember 111b. Inaddition, within
the lower member 111b, each of the holder 113, the pump 116,
and the exhaust filter 118 are fixed. Further, although not
graphically shown, a control system or a power supply for the
pump 116 or the temperature control apparatus 114 are housed
inside the apparatus and operating buttons, a handle and the
like are attached on the external surface of the apparatus.
Further, the holder 113 comprises the temperature control
apparatus 114 andalsothedetachablecapturingdevice 100. Thus,
when the capturing device 100 is attached thereto, the upper
side of the temperature control apparatus 114 is in contact with
the lower side of the capturingdevice 100. Within the capturing
- apparatus 111, the void 115, which connects the exit of the air
suctionnozzlell2 totheentranceofthepumplléviathecapturing
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
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(ii1) Next, the operation of each constitutiona

el ement of the present invention is explained in
greater detail in accordance with the determ nation
procedure. Before the process (a) of capturing the
m crobes, the capturing device 100 is manufactured
according to the nethod descri bed above. After
sterilizing the upper menber 1lla of the capturing
apparatus 111 by autoclave, it is transferred to a

amoulﬁ]ie‘cgﬂ %Iaer%??%\'\%jécghet%ét p&ﬂ%da&?aéapéﬁl}f%i&?&iﬂkfﬂo%ﬂe

ermned 1S ca

i ' ed 10 ;238118 | $APEURHAG AN 8 0herhole
mlcré%%%%w{e%{%f?ﬁe%ﬁégf%mrﬁng%%e? 111b or thgﬁcapturi ng
type dediHe 100 MWiich has hepn mnuhackureduaecon a1 112

the nmet hod described in the above. Al the operations
in #ilgl vhetBkeanr banehi @r ectarie ¢d2ottat rcan $eenkkd for the
manner. The hol der 113, the void 115 or the external
preseni facesofidmhel $ ower hemberd 1td bsarte sdrertid Gwteidbrby and
usi ng ethanol for disinfection and the |ike, the
varigaptairn myatewirc eorgd siss 1hadtdihgdnvhtihachel depe 11gring
and then the sterilized upper nenber 1l1la is attached
many tHerekt e pr cdluee TR RAPIIRIng apparatus 111. A
sterile cap (not shown [ rotects

),V\:hIChF theaig, _
suct)i BhtREZ2PECT TP Ui ERESERPR At NG PARR&FEE 6O LyAlcTobes

L B A R
oroc 001 8L AR NS, | AL L0, L e oRanalitiven
in vIBASYE GRENT .3 | nothi S case, the Capluring iares;andykhe

fE@an ben(};h are mai ﬁjtai ned at the roomtenperature of

abod 2RC I alds qandictd eRbRdr188dmt BeobegperRd Us e, &f
comp each rrerrbég?%i s al g(or)ak?out ESC.MIE Iﬂgddi (t)i oﬁFJ by ® 5%

(b) ofURBEBget et S elidir R sGOBhEObr 8PPas atySot 1l idiheating
tenperature is set at 25C. Since the capturing

ATP, caerpescddR (aff ¢heitaptrihigngtldepirceck80(copird:sasz@ting
t hernosensitive resin material having the UCST of

ATP, hilgherothas 25C bit réoweerthamB7@nd tthiesppresent (gh of
a gel phase at this tenperature. Wth respect

detexmpinied pgkitess (a) of capturing mcrobes, by running
the capturing apparatus 111 air-bornem crobes present
i it LeGRUFS AP dPEaPEPECEBsdftbell aRdP Eapt Y dti FrPPes,

air—k%clr}gleggrﬁ:furﬁgegs S&fé %%rp]ﬁ%%edsg%cItgllecg(l‘:l}lpﬁlmb%grggglrfgr 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 microbes,
the capturing carrier 102 is subjected to a phase transition
from a gel phase to a sol phase to obtain micrcbial suspension
(i.e., a sampie).

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

i.e., extracellularATPsorATlPscontainedinnon-viablemicrobes,
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outside the capturing apparatus 111 is absorbed into
the punp 116 via the air suction nozzle 112 and the
void (an enpty space) 115. Further, via the exhaust
duct 117 and the exhaust filter 118, the air is
eventually rel eased to the outside of the capturing
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
| |4 des th the capturing device 100 in

are e 1mlnaec
approxinmately vertical direction, and as a result,

the %Qgéég%%'ﬂﬁtﬁ E@s%h@dg%f pPhase GABt UFhd%ample

carrier |nert|a force and capfured. A'r
is £kl LoUtahese AV i & weightngRBbEefod hafi dder s such
m crobes collide with the capturing carrier 102, and
as sollhencshangent heidvidig eehiloarpaiatdietr toahhehsutif@actes,
of the capturing carrier 102 to get transferred to
and tHee waikd el 15 crivhespupptiibedt he - exdatstp bectrd Cand ed
the exhaust filter 118. The particul ates having a
on theeifghtttesnml | er than the microbes are captured in the
exhaust filter 118 and clean air free of any
patittite glegPesti sor eheagere s tife @it §¥Eéa'éFl{1ﬁeATP cell
capturing apparatus 111 via the exhaust filter 118.
membIgne i fget BLCREDSFedent YERE0TP NEMR T tHe i oprg-ained

, rovides wth a constant flow unt_o
in < e oéaﬁﬁﬂ&r ThaBLerattr ST8Y Mt et o Cond it 2
samo B séfuég air .e., three cubic neters) is absorbed
PAs 4 rest% of these processes, air-borne mcrobes
SOl PEdoL DL L e CUBLE SIBLEN 81 Y cRivie Al £BP! Uehole
in'the capturing carrier respect to
soludih piQ@ﬁé&uﬁ@kh@AT‘%@H&f 2R d:he- IR PBBSm th¥ microbes,
operatlng the tenperature control apparatus 114, its
is odteymetAature is increased from25C to 37C. Fromthe
top surface of tenperature control apparatus 114 to
t hel doptcaimesir fracectof driecccapt )i ng deteaenit(0yg IAT®,, a
to the vessel 103 and also to the capturing carrier
biclddiz;ahéamiins staeamsirteteed,ioressl thngied fPastbipedeasehe
of the tenperature of the capturing carrier 102 to
ATPs Ip@tatneccdpt trhiengaswrdel eplud2oadoptieen f dvy tdrtermining
present enbodi ment functions_as a thernosensitive
the lpBRRSREVFRPWASTE Rivghet e RahU25E BaEST oviére fREFIICHE
therefore, the resin undergoes a ha e transition

in ther ARl §els phasdres arddt ﬁ&% byStehpet #iyFeg 10 terms
f 25C to | at | ud
or e S§ifegf}(%mé%ab@r&ﬁdmt%f’%%OPE%@J-“%@S%'3%?5?%&1%@

t h(eilc)a[\)lt 9(“ nghgacé%ﬁlz?étﬂgg o%%g% gg)l’?@?ii?lgglbﬂaihélsement

§ &8 & I"al” suspensi on

of t}&abt o %ﬁ&ﬁfdm wat.er; albllne g%gmaeraété iats

Vi a Ie m crobes and the |i ke,

accof@aqidg 6D e At Mid D LM r¢ﬁcé&2re amne fdirgs elyed
inthe sol. As aresult, 1 nL sanple of the mcrobia

proce%}asn@m%p@ap%u&ae@vgngmdrdd@% NVesselagidring devi¥étino
respect to the process (c) of elimnating ATP, after

is maaddikoguddlddcofdine tAThehenhbdtday: migent abhat.i Sfter
included in Lucifer HS set to the sanple of the

steriniicrioly alhesugpensimempbetrhé ldesaft thg caxtwreng sapparatus
mai ntai ned at roomtenperature for 30 mnutes, Wth

111 whipstprdeess, 1ATPs hornoi¢giedting FAearhbenrablkeich is
m crobes of the sanple, i.e., extracellular ATPs or

placerPea E bREaTTEEPT A LABALI bR &L o oBRES TRARCE X T @Rty o4
tiny amount of the ATP present in the capturing
carrier 102 are all renoved. As a result of this
process, 1.03 nL reactiopqsolution, fromwhich ATPs
originating fromother than viable mcrobes are
renoved, is obtained in the vessel 103. -



Before the filtration process (d), a filtration

devi ce, (not shown) in which the nenbrane filter
(HAWP 02500, nmanufactured by M1 1ipore Conpany, the
dianmeter is 25 nmm the nmenbrane is nmade of

MF-M | 1ipore and the pore dianmeter is 0.45 mcron) is
mounted on top of a grid plate, is prepared in
advance by sterilization with autoclave. Wth
respect to the filtration process (d), the reaction

her%% uti.@n i &d&ee% {5 opu, S%ﬁéa%utrﬁ% upper-si dg Eﬁ%hb?%ith

ter an y suctironing t bot t n1surface

the l%le@ RiRtEr %lirlEa&P)thlér‘Q%tbtﬁ?ﬂH& ARSI Sihildiehas been
[tration is carried ou After the conpletion of

manufzh@tlﬁ]’féd ratdiidd e betiomshda absthepbdll 1erthé above.
brought back to the atnospheric pressure. As a result

All thk dgdrsafirecess cheat Brasbeubhea cooponeati ®uarin a sterile
contam nants such as solid conponents other than

mannan cr Gheshahiden have whaianet érl >soal tlee ¢heari@aU5urface
m cron that are contained in the reaction solution

of thy ddvdn exederand lbherei bteatldredeby ces tonpitiisigl for
the filter capturing the viable mcraobes (larger than

disinfem e rBA)Hesl sbe aithedcarturingpericesgdt i stid el Led

f ATP, L of he ATP
on tlﬂé’x%ﬁi@%glégeﬁeéi o nEFaaaeglF%d&é)??%ﬁ%r%b%%tllla
h | t f
is atrRil %%ﬁra‘év?ﬁ&g%@%ﬁ&s'@hﬁﬂ ediG rﬂtn% ShRoratos Ml e A
ster%#) % 3389 I§ EBLE8£ nggcgfofrg%zzle
rln onsi s 0 Sl One ru ber Or exanp

112 @@%H@%Md&'ﬂé%ﬁg@é‘@a&ﬁs they Tl e exposedito an

at nospheric pressure, no filtration can occur.

contdmstfathn the addad F eagetnso) WiOndrahOnddi:ring
filter due to surface tension. As a result, the cel

appa ey ane i eft aldee siabkemtihercahes bésch ysedtandifdtenlling

ATPs contained in the cytoplasmof the m crobes are
the axtamwctied.irCotsequemtuyind 0cdd L isanpd ecesalwtiicon the

conprising the ATP is obtained on the filter.
measurement. In this case, the capturing area and the clean
bench are maintained at the rcom temperature of about 25°C by
air-conditioning, 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,

by runningthecapturingapparatusillair-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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Wth respect to the process (f) of recovering ATP, 30
pi, of the d sanple solution is taken by using a

pi pette. As a result of this process, out of 100 IIL
of the sanple solution conprising the ATP of the

vi abl e m crobes, 30 RI, 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 sol ution,

outs tc;ée t#2€q %éﬁfiﬁ&cgpgé)fa&ﬂ%e TE8CQUeLY < SOhULT Of & Stk% %ump

this tase ore the process (Q)
116 vgst@{éna&h:%&w@n 0020k of 2 they ALE Jdim Q@ﬁQﬁﬁBty space)
reagent is injected to a pol ypropyl ene test tube for
115. arhugheenre: &f tandxhhepti astalledand the diHdnomgterer
(Berthold Det ection Systens, FB12 ) to determ ne the
118, therhhesecencamtoutliut r€ le®sed baseld ne)sideldBthe capturing
| um nescence output for the baseline is approximtely
appardd 0l 60. cprir(icouhbiperrsesend)he aNextoor2@0rappdb et are
t he standard sanple (10 !IL of the ATP standard
transdeinpeicoalanghvi he wordensitaePenvbicRoppners Lhhnapgh the
further injected to the test tube which conprises O
air spciogf npRelATR 4 Lﬁﬂ%@@ééﬁ@eﬁe%éﬁtth%fﬁfaé%t%ﬁ%a%&e‘flce
e Iun1nescefce out 6%_detern1ned (standar

th
100 lgaﬁBP]é?Xm‘ﬁ% Y uffi'n BrofNPhes st diftfdtd s he

fective

micr %a%ﬁgggzg%g\gﬁgﬁpu t%;fe)flt agstegnggr El::ln i:arrler 102 due
to an E}légggg fé’rééjtgr{cﬁ %?%gllrtelae lﬂﬂn&?%&ﬂ%g ava_ng

ine fromt um nescence out put o

a weléh%ngﬁégléﬁn@iﬁﬁ Ry thekopy dbYidhagyihe efd %%tp't\(ﬁrlng

Fum nescence output of the standard sanple wth the
carriRlP1amuahd theneshande stOper sensddt bl Yoartallal tRE the
effective | umi nescence out put per unit anmount of AT?,
surface obtahaedhptlhears) epersensi 0P vid yeitstappsoxipatiely the
10 to 20 cps/anol. Wth respect to the process
void (gp,ofthdepenm hifg AAL, eB8aREt ofluthel Y'ecovkryhe exhaust
solution is further injected to the test tube
filtegohpPfi siTe thetdlsove tAFPhRUAN A ciCSoblR L AL Wrarethe
m xi ng, the | um nescence output is determned in the

mlcr%aﬁﬁnﬁépt%aﬁp}%)the Erfheststyé i Gﬁlfnéégeah%‘é GRFUL LT

of the sanpl.e i_.s obtained by suptrac
free Qfnianes fendd OdEFES of e ﬂ‘ﬁéﬁ% ttSHéie of the

Capt“dﬁlxﬂglggﬁé %Euﬁf“lf l“i e PR TR G4 100 pit® of AGFETeing
to th& 5) teas%ﬁl\gdénrhat emgrrlgg%\;irg&lﬂéll\é]é %ﬁo?gg%g‘w&ln%%%stant

flow gl;n}l)'uglltngftf@ rffhlrﬁr'hﬁ{@ a\fﬂ V\ﬁt\ﬂ ttlﬂe c§p£%rfn th?e €15

i ci ency o t’he recovery sol ution) ATP amount

mmut%%ng%aﬁgtéﬁt theiablkes m-crohes, ehihe-s8mmlgedsSrs) is
obt ai ned. Further, bydividingthi SATP amount in the

absorgal e%t@tf&lﬂ\@b&gﬁhéébuﬁr@&eﬁgs coi eoPed ARG ches
vi abl e m crobe (approximately 2 anol), average count

contadfhddhe nvitadee mericbesddratl &f exicontral regdturaithen the
sanple is obtained. Still further, by dividing this

captuaniemage ot 10f2 .t he vi abl e m crobes that are
contained in the sanple with the volune of the air
s#ippher €3pact tehbeo cubtehebera yecowweragéhesumrabfes,
the viable mcrobes contained in unit volune of the

by opgiratdawpltde &eppediated e AP Ts ARPA e SATP deoritént
in the sanple solution is obtained and the test

tenperadine 1§ WCAERSY b AT RedC e £ &fs EFOW@%%?W&CG
the air-borne mcrobes per unit volunme. (4) Wth
respect to the optimzation of the capturing
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carrier As descri bed above, a constitutiona

el ement which is specific to the first enbodi nent of
the present invention can be the capturing carrier
102. As such, optimzation of the constitution of the
capturing carrier 102 was carried out as follows.

(i) First, the volune of the suction air is three
cubic nmeters, the flow anmount of the punp 116 is 200
L/ mnute and the diameter of the suction nozzle (112)

of t%? e%a%%r% EHtE ¢ Q%ﬁ% Q{ugqpﬁﬂgﬁfﬂhe ﬁ@ggémt§UfTace of

erational conditl st nce t i near velocity of

the PR udlilhg Retlgealhosuctd on NPZ2ZL vEE3ehS188lamisaidb to
average and the suction air volune is as high as

the M@l iGUPIG rrRker soowheRad conventsenate€ApidBiGing in
carrier consisting of an agar gel and the like is

fast Usedecai®@ stutkeWddpdetevaparfated depstitaylyatoier 102
reduce the volunme of the gel and to dry the ge

to 3%arf atlee éspauresul tarrher gel2 nagorted fon otlze spré¢sent
state and microbes cannot be captured with good

embodgfrfardi ehuyct IFius ad m tie iasserl tditfodigfamt napnag UCST

. capturing carrier 102 which _contains 50% of gl ycero

highqrs Whgey Sy Cabuto lprevent2any 'def ob REBR T AF§i nigOf £ & Fe!
capturing carrier 102. nsequently,. a high capturin

underéifcfeisciaer?g&?S@oFrélélﬁthrlioﬁgo%ﬁPFl- Bofre hrarBote it aHEse
capturing carrier 102 is i eved.o mat erj.al  1,Q

by teﬁ?pggféanttulgehylrﬂ:erfeo‘q’fsrﬁ d% Nel} yﬁ’g gfa Heég a%huer i grtclé:rurllaét e

. 102, in addition_t. e Lch. i

SRR NN SRS SR S SRS A

in th@l ¥$8tupRgyRLoPY] &ne 8l yeabmeai: Dse el if @hikhso1, and

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

as a Yedihe ahGehelsalt Bakpease oheqyi bedat p=he freexdfi@on,
bactericidal activi ty. That is because the m crobes

water€8plubed ddddigtapt WAt RE Cathid¢ ethhd2: s @ibblbenicrobes

saved. For such reasons, ethanol is not suitable, for
and tlexatpke.captured in the capturingcarrier 102, aredissolved
in the sol. As a result, 1mL sample of the microbial suspension
is recovered in the vessel 103.

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

which ATPs originating from other than viable microbes are

removed, 1s obtained in the vessel 103.
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(ii) As a second optim zation of the capturing
carrier 102, a capturing carrier nmade of glycerol,
gelatin and a physiol ogical saline solution will be

di scussed. In this case, there is a confirnmed problem
that even after filtration an abnormally high val ue
of a determnation result is obtained for a bl ank
sanpl e whi ch does not conprise any mcrobes (i.e., 10
to 20 anol). It is believed that such result is

ﬁg#%%%ﬁfih% i %ggiggh?fqgggérrlérgsﬁ%%gpnslgpfbeV1ce’

oo 30 o LT A PR

manu £ £58 HLat ugTEaﬁ 19&bg'r@a&bﬂgaﬁpor%ﬁ@ %l%{eactézn iRy S_r%ﬁ Veche

as a reas for such abnormally high val ue.

membAden ot Re4ET € uIBhanceso heharehaplareat bhgttheis 0.45
present enbodi nent, a nodel test as follows is

micr&ay iseth oiled anfﬂ,@ube Dytria petthodibypmwpatled he AfRnce
contained in the capturing carrier is renoved in

by stashianicenttiood owerh tdetdod lanke val ue. I n ot her words, the
pre-treatnent is for the renoval of the ATPs
oriigimaekpgctriomttive tgekaniaon processiediof tballr%/acftlam
a base in which 5% by weight of gelatin and 50% Db

solutyegimyhts afldgflyderpViae &ditdeoryBaTi nide sHy SR8l %@1%%&” and

saline solution, the ATP elimnatin ent t S
by sugbhPai Red P Ul t BREFRCSdt % e (ALY sirgse) tndes

o AR 9 20 5 P8 SRR T o
t | ‘
comp {4 biroPne o L EEH PR G AR i 198 o Pieatiien 1o

broucﬁﬂf Ib%lF%dFWI'% a!t%nc?éﬂl’Mce r@%gsu"ilgdedA% Q Qe%umt 9F this

um nescent reagen Then um nescence

procdl PHEtb% detgi1d pe go%%t@@ﬁ]@bﬁﬂzﬁmﬁﬁéﬁkg dgcrshews 114
In Fig. 4. When no ATP elimnating agent is added,

compd@itks St thairasii@beds whlé8 BpSe a diameter smaller
Meanwhi | e, the blank signal for thenodel capturing

than qargs efidmvwhiheh the AtRtelngdnati tige agemttisn agddlad-ion
in an amount of 0.03 or 0.1% by volune, was 103, 57

are fdpseneelspeotl viee yf i showi on aadriarmatioordesnegsehe filter
conpared with no addition group. The

capturing the viable microbes (larger than 0.45 micron) is

obtained.

With respect to the process (e) of extracting ATP, 100
nL of the ATP extracting agent that is included in Lucifer HS
set is added to the upper side of the filter of the filtration
device, and thenmixed at room temperature for 20 seconds. Since
the filter ismountedontheO-ringconsistingof silicone rubber,
for example, and the bottom surface of the filter is exposed
to an atmospheric pressure, no filtration can occur. Instead,

the added reagent scolution stays on the filter due to surface

tension. As a result, the cell membrane of the viable microbes
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effective | um nescence output, which is a difference
conpared to the val ue of the baseline conprising pure
wat er as a sanple w thout anyATP (forthis experinent,
56 cps) , is 7122 (=7178-56), 47 (=103-56), or 1
(=57-56) cps, respectively, for the system conprising
the ATP elim nating agent at a concentration of O,
0.03, or 0.1% and the ATP content cal cul ated by
using the sensitivity of approximately 11.2 cps/ano

15 1hRo RN St 2 O 9L, SO, ESPPELL XeL e i copes
t tq th -

e%%ﬁ?ﬁ??%b”giaa T

the 796 atd gmagld A igie Cjn l%gjueig%legé‘rect i vel y deconposed and

nove ¢an be pr o As a result, the influence

the deherm {@tﬂﬁén p&%%kélsfs *@ﬁ%s&ﬁ fke%l%’relﬁnl@ Rirp zesl oy,
o 1/100 or |ess, d with conbination of f||trat|on

ofthéﬁﬁséﬁﬁyés@Q%%&bﬁegs@@R@hﬁﬁ}h%lhgghpygéUEeCaﬂﬁbgresult
avoi ded and inhibited to the | evel at which no

of thsuhst@mdsal ounfdiencaul ® fexes teedifier stbution comprising
Based on the above determination results, it was

the Affeund thieat ialsla dempdsid,i 6A Hlorrehebtapted Anga caradvery
102 containing gelatin, it is preferable to contain

soluttimer ATP tdlel pilpattiing agénce BR%addi thomTis amadnssl in
found that when the ATP elim nating agent included in

the w:éqlfeeﬂemésSébatsaagearﬁfsgnéohgtW%W%@#r%ﬁﬁﬁp%% are
to be 0.03% or nore. haV|ng this val ue of :g

recoygiach 45 & ﬁ@cm‘fﬁﬂfﬁuﬁpéf Faglof Chfiet8Ss %%ﬂency or the

constituti.on, .as a
recovery solution is 0.3 for this case.

Before the process (g) of determining ATP, 0.2 mL of the
ATP luminescent reagent is injected to a polypropylene test tube
for a luminometer, and then installed in the luminocmeter
(BertholdDetection Systems, FB12) todetermine the luminescence
output (i.e., baseline). The.luminescence output for the
baseline is approximately 40 to 60 cps (count per second) . Next,
200 amol of the standard sample (10 pL of the ATP standard solution
with the concentration of 20 pmel/L) is further injected to the
testtubewhichcomprisesO.ZHEJaftheATPluminescentreagent.
After mixing, the luminescence ocutput 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 output of the
- standard sample. Further, by dividing the effective

luminescence cutput of the standard sample with the ATP amount
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constitution of the ATP elimnating agent of the
present enbodi nent, ATP contam nation which mainly
comes fromgelatin can be excluded fromthe capturing
carrier 102. (iii) As a third optimzation
of the capturing carrier 102, a gelatin conposition
which is used as the thernosensitive resin nmateri al
is determ ned after fixing the constitutional ratio
of the ATP elininating agent in the capturing carrier

03% sh h
thererq"rrtﬁaﬂw ﬁg&ﬁéﬁl idTort o modtie CHEEELTE Shrpaence
is %. h
outp%ﬁéﬁ{unéag&%§PME|g ﬁbgségéte?o(} egﬁ%aﬁg e@'ﬁ§|€¥¥lty
is apgﬂynceq% 0&411 Gal Osaéd ScCHéJ}a{M dependr ng on different

of gelati , 5, 7.5, and 10% by

We1gh ddi i3 shewnriReEk9 Fragny-pinide aTp, 30
Coﬁbosﬁfé%h ttﬁe nod Vv?rcagturlgg %arrlerrlélxh?

uL oftiansteekedyi &6 Du@i §©li sphasen ¥t tili e il futes: When tube
the tenperature is gradually increased from25C to

compBiE3nd rtiCcabbig AhRtlunti rearcdie poeélietably afesr froring,
the recovery process. \Wien the gelatin concentration

the liside5¢ebyc waitghtt oF debeenibhe igeihsseragehnes Giggiple!

: at 25C so that it can be used as a capturing carrier.

Ef feddoviery ehumiirecariee qultarith cordentsamion s pyped by
wei ght, the gel strength at 25C is slightly weaker.

subt gReighieh they 1 HENPR§ CERECGRNEPTR @BrdshrEE] ihﬂ?. 5gghy-he

ht
lumlneségnce output of the sample. Further, by dividing the

effective luminescence output of the sample with the slope
sensitivity, the ATP amount contained in the recovery solution
is obtained. By dividing the resulting value with 0.3 (i.e.,
the use efficiency of the recovery solution), the ATP amount
contained in the viable microbes of the sample is obtained.
Further, bydividingthis ATP amount in the samplewiththeaverage
value Qf 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 ccount of the viable microbes that are contained in the
samplewiththe volume of theair sample (i.e., threecubicmeters),
average count of the viable micrcbes contained in unit volume
of the air sample i1s obtained. As a result, the ATP content
in the sample solution is obtained and the test result is finally
obtained in terms of the count of the ailr-borne microbes per
unit volume.

(4) With respect to the optimization of the capturing
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or nore, a thernosensitive resin material which is a

gel phase at 25C and a sol phase at 37C, i.e., a

mat eri al havi ng UCST hi gher than 25C but | ower than

37C can be obt ai ned. Meanwhile, with respect to

the filtration property under the above descri bed

filtration process, when the gelatin concentration is

7.5% by weight or less, 1 nL of the sol can be el uted

wi thin 40 seconds, and therefore it can be favorably

lied to the filtration process. However,

en the gelatin concentration is 10% by wei ght,
VizsCosiddriired Q@ dtigh And e diditdratl eneendi fhiicw tis
to carry out. As such, there is a case in which sone

speciofid ke pRBd- fitéerathcoimpanes chenprasent therdddi®i .can
From t he above results, it was found that, as a

be thaterptalrifray @rcapturioly casr sech, wopthmhastUeSTof the
hi gher than 25C but | ower than 37C and good

constfitiutriati orf phepervyprtihg gekaten toAcent raainied out as
preferably between 5% to 10% by wei ght, and the

follagpti mum concentration is 7.5% by wei ght. Such opti mum
concentration of 7,5% by weight is adopted as a ,
gelldt FATeoncEher a1 ¢R° foOF e SHEsent 2éRbbdi erfte cubic
(iv).As fourth optimzation.of th apturin

metety Frgy £ i ot Br bRS dbALe: bh AL GeRbPRLAERd the

. fter fixing the caonsti.tuti l . [ f the ATP

diand g D R e TR TR &atarihg oot Fe T 0 BisAe ™t

embo@n%ntq SBS\A’% tﬂ’}ﬁé Sggfgéigﬁgl%%dfiltlitorna,té Hke the linear
properties of a rod capturing carrier Whi ch 1's

velodNoAuged nw th0503% af 4t hesAIP; 8hi /b patd ng AGeNtL8 15 m/ s
7.5, or 10% by wei ght of gelatin and bal ance of

in avBR¥gkohogiaal ssakinge $0F uidame depesdiitth 88 three cubic

carri

meters, when a conventional capturing 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 resuli, the gel may turn into a solid state and
microbes cannot be captured with good efficiency. Thus, in the
present embodiment, the capturing carrier 102 which contains
50% of glycerol is used so as to prevent any deferm or drying
of the capturing carrier 102. Consequently, a high capturing
efficiency for capturing air-borne microbes with the capturing
carrier 102 i; achieved. As a material to prevent any deform
or drying of the capturing carrier 102, in addition to glycerol
which is used for the present embodiment, various alcchols such
as ethylene glycol. and propylene glycol can be used (for the
prevention of dryness}. In additicn, as to the type of the

alcohols, theyare requiredtobe frecof abactericidal activity.
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di fferent concentration of glycerol, i.e., 30, 40, 50
and 60% by wei ght. As it is shown in Fig. 6,
in any of the conposition, the nodel capturing
carrier is transfornmed into a sol phase at 37C
indicating that it can be preferably used for the
recoveryprocess . Wien 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

That %}l\g%ggus | & &E%ﬁ%!b}égeég%tﬁggg %_'H rt@i%%%tlﬁﬁsér 4riggoh%yryrier

or "l'ess, the gel rength at S

102 a¥eakehe A5, SUChrYshaNing Jhe gLyeerol iGonsentsatdnn,
50% by wei ght or nore, a thernbsensitive resin

for d@d@ial which has UCST higher than 25C but | ower
than 37C can be obt ai ned. Meanwhi l e, with
respectad @ theohdl bpaindnapiopest yrhavherpithei gl yearaler
concentration is 50% by weight or less, 1 nL of the
102, solcaganmbienceladred an. tddde 40 seloordsyl ,anek ltaliemefaorck & t
can be favorably applied to the filtration process.
phys idolweviera L shéhne v lgityjicer silédmcdnseasson. | slr0bd bycase,
wei ght, viscosity is too high and the filtration is
therglj¥s jutantigmes mrduen Aasycven Rdre sy §1d tdadd gm an
which sone of_ the non-filtered conponents renmain 03
abnowlEl 1Y prgh. value of ElshaH Rpive Fesi i ;8 Pptakged for
und that, as a ,material for .a c carr

2 DR GHRAE HeS G L S8e IbUE Vot Ohan 57 and O
co 200280 L LR PR ANIRRLL Yyl e BLIESHEL, SOnBELAtt e
coct SBHTUBERISELT T 7 SRR 1 gl U0 et
capt M MWE'Qrrier contains a large amount of ATP compared to
the extremely tiny amount of the ATP tobe detected (i.e., several
amol), the 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
cut 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 3% by weight of gelatin
and 50% by weight of glycercl are dissolved in a physioclogical
saline solution, the ATP eliminating agent that is contained
in Lucifer HS set is 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 ¢f the resulting
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concentration for the present enbodinent. (5) Wth
respect to the evaluation of recovery property

The recovery property of the present enbodinent is
evaluated wth the nmethod as follows. As a node
sanpl e of air-borne m crobes, suspension which is
obt ai ned by dilution of the standard m crobes (Easy
QA Ball Escherichia coli 10,000 cfu distributed by
Ni ssui Pharmaceutical Co . , Ltd . ) with purif ied

water is prepared., For_the process .(a) of. capfuring. .
. K £4
sol 3§ cjrtobjess,cpra step’ o utclaop u(flllnugteal r tEar e Micro (ysattfesf s

allq&dggﬁcﬁza%fgéﬁpgdaeg% af YL %lfl tﬂéét R‘I‘? i%ﬁﬁé@ééﬁﬁ g’%agent .

romthe air sanp I'S substituted

Then adhes) o of s @& (! talipamunts ofc aq imdel @a@pggehglg%

capturing carrier 102. Subsequent steps are carrie

resuUti AGHRAMHI NG FQ gt.he .evahyat hemtesd) ofiddei pf esenit is
enbodi nent. For a conparison, a conventional nethod

added n wihirgh Argragari gels itsidisets asl tthespeapt uring carrier
102 for the process (a) of capturing m crobes, and as
a Metrhad fegr t nebbduekisignelief on thebedel orptthe iprosessier
(b) of recovering mcrobes, 1 nL of physiologica

in whgghj plee 81Rue L dninst &Ny andd israddes dinvar @anopertt pérk. 03
to the surface of the agar gel and then taken back

or 0 ok HEoBUHG actT o0 ecol i HRPRASd % bt P 7o 2

Arans (14 AP by AR bR B rtior S5 0 She “hE
orcod I EISRETL BT00 To0L o 0, 08 et ERL e onpared
o exfETSLELSLLINCIBLAN S ULLIS418 JRALUL & oo
withEXEHRYANY (EAULE; 0L BeLeRElal G A, diplLeabe getrhased
nmpl e having ,_ according to the
47 (:glfbpgt/%e@be,swﬂ hed-twoseetbads rcApeol diBgy] OrdherKesildten
comprising 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 amcl, respectively.

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

RBased on the above determination results, i1t was found

that as a composition for the capturing carrier 102 containing
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conventional nethod, the ATP anount, the average
count of viable mcrobes, and the recovery ratio are
very low. Especially for the one of the duplicate
set, it gave a result show ng absolutely no recovery
of the m crobes. 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 approximtely 270 CFU, and the
ecovery rati.o i [ OXi I 4+

9o LaTiilod L EL AP R e Taur: ifeey & i ags a s

In a&ﬂaﬂéx{]osiet Ofa st E_et sGORYENLI PREL Hﬁé?%é | nfep 'eﬂltmﬂrrc’atlng

nor e ‘ose € recovery ratio o

agent PHS1,1BE 1%@&@%8 Qfettl%@é&§€§'i:o%@@@ﬂh@6hal amount
provides with a highly accurate neasurenent result

is tLopar.edst grthersonuentizenalg matikodaliibeobi YoESt, which
di fference between the present invention and the

is treonventingnatalexand eHesidemtiml hesrcaptturtiinn,ded ce
100 and the process of recovering mcrobes therefrom

constTheu it eas ont fidre Gt Raiali Img i tgimaucotarde o f drhe eresent
present invention conpared to the conventi onal met hod

enbod ndyed é&‘ré’dcpetb@ma‘élpa wihech ainlhacongsi hger e latin
proces %4%41 recoverjng mcrobes, the m crobes can

can hfe ¢4 thxpn éc}tﬁ/é?aé?)tql?%}ﬁtcf?e‘“@é‘pﬁ urirg devi ce
100., In fact, after culturi capturi carrier_,
109 Ui A s agEaoPbi T HE L BRVER: L nel HEFO dres
refe ence remai nder o%} ggd1ggter t he

102, pod% %H/n é@mpﬁé%leﬁlo%%%d; 15 W AR eyt ive
resmW%ér?bfeorul that; gl rmiaehug!s@%g%u%%s épg&%é&dc&l nal

er O colon I es e conventl ona

ratla%tﬂﬂeﬂeswél 1'?1%tr at;eﬁ%pﬁﬁa&ﬁe 5 %@utraﬁgsgggtiéﬁ to

val ues may ue to e fact that e recovery
o.o3gatio for the process (b) of recovering the m crobes
is | ow

Fig. 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 glycercl and balance
of physiological saline solution, 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 compositicon, the model
capturingcarrieristransformedintoascolphasewithin5minutes
when the temperature is gradually increased from 25°C to 37°C,
indicating that it canbepreferablyusedfor the recoveryprocess.
When the gelatin concentration is 7.5% by weight or more, the
gel strength is high at 25°C so that it can be used as a capturing
carrier. However, whenthegelatinconcentrationisb¥byweight,
the gel strength at 25°C is slightly weaker.

As such, byhaving the gelatin concentration 7.5% by weight
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Meanwhi | e, by adopting a new nethod, i.e., the nethod
of the present enbodi nent in which the capturing
carrier itself is subjected to a phase transition
froma gel to a sol wi thout any contami nation by
non-contacting and mld condition including a
t enper at ure change under 40C, which does not cause a
damage or death of the m crobes by heat, and threfore
it can be treated as m crobe suspension, the mcrobes
recover.ed by the. capturing carrier.can. be.efficientl

ox ol oy b U OIS THEL ol 6P QCeta & A LH s depacte] oriabe
-he al. uaf i avier-alol. propert : I

2t 25 EosBry b Btts AT Trbed nlnt B ke b by g UosT

high&Magiented gevabyatedras bobtousn hs gopdebgsanpl e
of alr-borne mcrobes, the m crobes conprised in the
| BRQIANOINE Alk LAl e 45k tOpees f4:0aldap, iy pusbagtyhthder
| aboratory air as a sanple, the determ nation of

the JdREFOhBssdsieaf ried eitiacoaraiaws t aritdie the gelatin
determ nation procedure of the present exanple. For a

concarongricon,s the ¥ égulves gblst eirnédsti oin alcofttre sol can
met hod are used. For the culture nmethod, an air

be elsdmpl i thynM0 |SepomelsGoapanihe M re T ype) barfRrwrably
agar culture medium (Tryptic Soy Agar) are used to

applissl |terttmmel bt ¥l 1T 1S r according to the
manuf acturer's gui delines. Thus obtai ned capt riQ%
cArTIEre s s BEPt iU SR T 3BE I vic? WS L ¢ R wetant,

1o b T rE kb e DR et Rt R B DR %08 ey
cyl ture nethod, .re ivel y . Bo ) re
out . SHSLMGSpTORL <(SR0ak YL ROLDRE LS 02, 4 corca

compAELELM Nald Q0 4 Ut ; hour and 50 hours,

respectively, including the time required for the

Captd ikp@ abhYs, rd g1 P esentaexasphe |eeor disng hocdhesl
present invention is advantageous in that it can

for Preapder Wd hbardiest, reswH nhavivngTaccyhacy taanheghC asit
that of the culture nmethod, but in extrenely short
lowet ittHear | 32°C, aapprgaxidratidlya1/ist gomperred ,t dhchgelatin
cul ture nethod). As it has been described in
concdrher atbove, 1 agooridinegp ity betterdear St épbodinent voigkhhe and
present invention, the recovery ratio of the m craobes
the dplomuheceaptiefagiearts ef- $% WY ghe 591§ hatSude optimum
m crobial counting can be carried out wth high
conceneet iR t9L T noaddy tTokeh byl 2ppf 9P tHe ?Jr‘é@sgje?] LN

enbodi pent, a hi ghl )
concentration for th pgésent 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 physiological saline solution, depending on
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accurate neasurenment of viable m crobes can be
carried out in extrenely short tinme. (The second
enbodi ment) (1) Wth respect to the capturing device
Fig. 8 is a sectional view which shows the brief
constitution of the capturing device 100" according
to the second enbodi nent of the present invention.
The capturing device 100

different concentration of glycerol, i.e., 30, 40, 50 and 60%
by weight.

As it is shown in Fig. 6, in any of the composition, the
model capturing carrier is transformed into a sol phase at 37°C,
indicatingthat it canbe preferablyused for the recoveryprocess.
When the glycercl concentration is 50% by weight or more, the
gel strength is high at 25°C so that it can be used as a capturing
carrier.

However, when the glycercl concentration is 40% by weight
or less, the gel strength at 25°C is slightliy weaker. As such,
by having the glycerol concentration 50% by weight or more, a
thermosensitive resin material which has UCST higher than 25°C
but lower than 37°C can be obtained.

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

From the above results, it was found that, as 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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conprises the capturing carrier 102, a vessel wal

103" and the filter 104. The capturing device 100" is
formed by adhering the filter 104 which is the sane
as the one used for the first enbodinment to the | ower
regi on.of the holl ow shaped vessel wall 103" and
pouring the source material for the capturing carrier
102, which is produced with the sanme nethod as the
one used for

concentration for the present embodiment.

(5) With respect to the evaluation of recovery property

The recovery property of the present embodiment is
evaluated with the method as follows. As a model sample of
air-borne microbes, suspension which is cobtained by dilution
of the standard microbes (Easy QA Ball Escherichia colil 10,0QO
cfudistributedbyNissui PharmaceuticalCo., Ltd.) withpurified
water is prepared. For the process (a) of capturing microbes,
aStepofcapturingair—bornemicrobesbythecapturingapparatus
111 within the capturing device 100 from the air sample is
substituted by adhesion of a certain amount of a model sample
to the capturing carrier 102. Subsequent steps are carried cut
according to the evaluation test of the present emboediment. For
a comparison, a conventional method in which an agar gel is used
as the capturing carrier 102 for the process (a) of capturing
microbes, and as a method for recovering the microbes for the
process (b) of recovering microbes, I mL of physiological saiine
solution is aliquoted in two divided porticns 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 micrcbes
issubsfitutedbyadhesionofaamodelsample,samaasthepresent
embodiment, are determined. For the capturing carrier 102 of
the conventional method, commercially available agar cultdring
medium (Tryptic Soy Agar) is used.

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

above described two methods. 2According to the result of the
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the first enbodi nent, over the cooled filter 104. For

Filter 104, the nenbrane filter (HAWA0O250) that is

the sane as the ones used for filtration process (d)

of the first enbodi nent was used. (2) Wth respect to

the anal ysis system Fig. 9 is a view which

shows the brief constitution of the analysis system

121 according to the second enbodi mrent of the present

i nvention. The anal ysis system 121 conprises a

capt urin vi,ce . ho I [ hg!Hg )
Conveanatg% Osnpaelngggﬁ?%f ecthﬁee}\gﬁamé %—I%r?]' ﬁ%ltg% A ggggégt 124, b gj‘%%b le

micrc%esso,egiglr £ O d N8 AP rext agtk ngf.eagent ddSecPally for
¥ e

pi pettor for the recovery of ATP a di spenser Tor
the ohB&# AL aRt: teeagent; cl2fve 8 t@si1t vhewhehdeyschdBely

a control device 129, a tenperature control apparatus
no rekdserdy derdild ziing-apearatus 131, an el ectronic val ve

141, a waste trap 142, a suction punp 143 and the

p hataowviciount erccbdAlinkp teactheofrashd tcapt whien g reewvinde

hol der 122, the grid plate holder 123, and the test
embodinestholtder a 282 gt T agmantitng sdepbecexinateld il gimel,

plate and a test tube can be attached (not shomni. I n
the agedipgieonourach ofabRenntarrPes & BPRESFEFETRGYeahsFU,

to return each holder to a specific sitg.
and the recoveryratioisapproximately 55% (= (44+65)/2). These
results are almest four times (= 55/13) higher than those of

the conventional method (i.e., it is more close to the recovery
ratio of 100%).

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

As such, the conventional method showing the result

separate from the specific values may be due tc the fact that
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Further, the dispenser for the ATP elininating agent
124, the dispenser for the ATP extracting reagent
125, the pipettor for the recovery of ATP 126, and
t he di spenser for the | um nescent reagent 127, al
carry a nmeans which can be used for automatic
operation of dispensing or pipetting of various
reagents that are not graphically shown, in
accordance to a control signal fromthe contro
device 129.. The grid ate holder. 12 he

the =g UEEFERAL S0ai Vo R P L A TG Wikl & L ap T ahe (g Fobes

syction punp 143 constitute the suction apparatus for

S lO_fl'ltration in conjunction with the grid plate which
| 110k ranaphical by, shoyn, nEWrfdeod) n conbiAathOfhod of
with the filter 1d% at"the | ower region of the

the phRlaid RepdeMheatl0d’ whikh £8&Baprdildd atdOnicr itself
appar at us. The el ectronic valve 141 and the

is supdetited punp pbFareaaeitrion édohya tdd conkrodl deviteet
129. Under the control by the control device 129, the
any corengpet @b Ui @n bgmarelccappartdngsaridni tdrpndlis ivhe ncluding
tenperature of various regions within the device,
a tempspactivall ghanaerwtdet HO Cenpek alt ae o otheagaptudaggde
devi ce holder 122 in the range between 37C and 40C.
or deghb phébermEeupber Llaacatbr et feSefRES thitieskendgated
.strength rel eased fromthe test tubee%ygt showg) :
as mifEEREeHH TR HECE et THETABP AT AZE 19 £& HRS giPturing
photon count, which .is then tr mtted to . the
CAT Lot 70 %bee\ﬁfcfel%hc %%)pW‘ilh&%Cg;}zoercttqeo e ST %hg
OQ&ﬂaEﬁggﬁrespect to the evaluation of overall property
The overall property of the first embediment of the present
embodiment i1s evaluated as follows. As a model sample of
alr-borne microbes, the microbes comprised in the laboratory
air are used. Specifically, by using the laboratory air as a
sample, the determination of microbes is carried out according.
to the determination procedure of the present example. For a
comparison, the results obtained froma culture method are used.
For the culture method, an air sampler by Millipore Company (M
Air T type) and an agar culture medium (Tryptic Soy Agar) are
used to collect one cubic meter of air according to the
manufacturer’s guidelines. Thus obtained capturingcarrier 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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In connection to the above, the operation utilizing
the capturing device 100', the capturing apparatus
111 (Fig. 2) and the analysis system 121 of the
present invention will be explained. The operation
according to the present enbodinment is basically the
sane as that of the first enbodi nent, except that the
anal ysis system 121 is enployed for an automatic
operation of t he processes fromthe process (b) of

coas SFEVRE PRSI, IR 1 ORE50 Ll Bl ccoraing

I
ARSI PR, o fesved .

with 5%s@gégﬁlﬂ%ﬂﬂ\ﬁ{fQccgﬁhéylaesdhfé_ﬂ@'a%nﬂhh@%ﬂ ggarding re
he el ectric system the control "system the optica

meth&ysmm i ACd pheht A 1§ G0 ghicekdi N9, e apdaphecdiavitely 1/50
systen1|s not given. According to the present
compaaidbdidreiie digftone theecHard)t.i al use of the anal ysis
system 121, inside of the analysis system 121 is
sther iilti bed byewsiagctHeedtiar ithiezhhgvappararudingito the
and al so ozone gas (in case WV sterilization nethod
first smpoddyent parthenmesiadaveardoed. tha B@YeEn ratio
even when the analysis system 121 is in_use, ozone
of thga@lgﬁ@bgarfﬂf%|t§tee§aa>ﬂ:éréaﬁt FREBLST y- F BrchPedCbynat the

i cr QY GRS L o P FAG LA er GBS Ja*‘cfeohrﬂoﬁmgca@oo{w@lw

t enbodi t t | at f
. 2t e Yo e LU L%r“czr?c?e%f&a e AL
accur%fztgch%g%%@ ARy %%gslé%c@abgmy sgggewés out in

STNg the capturing appar at us simlar

extr%ﬁ%ﬂJﬁgﬁgg@ttﬁﬂ@odlnent Bef ore the process

recovering mcrobes, the tenperature contro

apafatdisoh30 dihddidr )mai ntai n the tenperature of
t he capturing device holder 122 between 37C and 40C.

For1 it e tpr acessedtb)r oft Hecomanimihd hiewviicer obes under

a sterile condition, the capturing device 100" is

i mSital led d m tdeesiciaptalr inigde witietiolderw sl 2hcofortiheet

anal ysis systeml2l . Then, the subsequent processes
constfirtor itdreo pbeeszo () 1 of dem@eérouorﬁgacherdmr@ bbddetgecond

the process (g) of determining ATP are carried out in
embodgimarey PEe tnBr A chGt GHEREd Wy Gﬁ@&aﬁch%fjﬁallcéfloo'

the control device 129. Wth_a work ,
compiigiffe CREUF R BORE RS I CaFiaat 02 1836’esﬁ§ tW?%l 1037 and the

rireth i iF? .dnééﬁgvter@%q‘i%%%‘f%”iﬂﬂefvééteﬁ%?'%’% phefeldring
ene (SR 109, GRLFh e T g e Bt BB FOPLERE Sl
embo&eigenf%wgﬁ@qowf gsgléQ?@ﬁ%qy&%@rSﬂgﬁe& 6e98d1 wa11

I S base n a thernopsensitive resin

103’ g%%baklﬁa\/ﬁﬂ@ sl&%T:éﬂfagB@hghafb@%@ebgggkewﬁgtm
37C, by incCreasing the tenperature from 25C to

102, WwhivhdeLgoesd@ced with the same method as the one used for

the first embodiment, over the cooled filter 104. For Filter

104, the membrane filter (HAWAC250) 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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phase transition froma gel phase to a sol phase. As

a result of this process, 1 nL sanple of the

m crobi al suspension is recovered inside the

capturing device 100", i.e., within a space that is
formed by the vessel wall 103" and the filter 104.

Wth respect to the process (c) of elimnating ATP,

the capturing device holder 122 having the capturing
device 100" is returned to the |ower region of the

di nser. _faor_t | Ly nat. - ; .t
ATESE| i fat ‘n’égﬁg‘@ﬁ?‘:?é%ﬁid@% GO et ddiP or

the a%léﬁg%ri_%i 0ps£3Q PR {hereimffileineabbcbhe MQGESRES of
of adding the reagent by a dispenser are carried out

the preddift SR I@RLr Trandidhe det adsedapriogdessmprises a
i ncluding returning process and the like is sinply

captidesey ibetdcascldiespers) Agyid dhet e apllueng Jevidiespenser
hol der 122 having the capturing device 100" is
for ttet WTed: ltimitdee ingpergareyilént ,ofa thergmise rplfatre thel @GP
123, and also the grid plate holder 123 havin% t he
extrastienid rgedegkipl ateipabtosHovnFhesreeavaTied TtdTE He o,
_upper region so that it can fit into the filter 104
a dispgegesd beltb®m Weleaptart digaf@iceZ1od tasd FHRe figidier

128, Bl G0 LRUToRE L L Fabben, Spperel s SL KeeBl 180,

A R I e
lLiquid, f ' ATR 1.0j ' h

cran G & ALOMAPLERG/TES IEL SHLOpIAELPLiBME Dy 1.

each %J!%letﬁ@%%ﬁﬂlﬂﬂiﬁbe@e%c%ogbider 122, W greaPseitd wdigr

tration process (d), by running the suction

123, apRREatusether bt tomed da 20f, the £ibierihg @xposed dm,
reducedpressure . As a result, the reaction liquid is

a griabgpanbedanndaftdds atask fdomuy bdrpkate ofiothehdihter In
104 to the waste trap 142 via the electronic valve
additlidl, Hapah bhetcanptetiiors of ttrhesbolrtiat maanthteo return
suction apparatus is allowed to stop and the bottom

cach surlfdeoe wf & repddilftier 4istdr ought back to atnospheric
pressure. As a result of this process, the capturin
dévirdteerpothadiismenarer £Prttdre g«@ﬁ Gl A adh- iche g R BBl 4 -

m crobes in the reaction liquid are captured is .
the dgppsngeg for the ATP extracting reagent 125, the pipettor

for the recovery of ATP 126, and the dispenser for the luminescent
reagent 127, all carry a means which can be used for automatic
operation of dispensing or pipetting of varicus 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 filtration inconjunctionwiththegridpiatewhich
is not graphically shown. Further, in combination with the

filter 104 at the lower region of the capturing device 1007,
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Before the process (e) of extracting ATP, the grid

pl ate 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 !'IL
of the ATP extracting reagent is added to the top
surface of the filter 104 by using the dispenser for '

t he ATP cting re nt. 125, and then m xed at
it f?%ﬁﬁn%eﬁéiﬁ%ﬁ&ﬁélg%%*ﬁggéeconds Si nce the bottom
ace of; 1he Ji).her é% 19,4 0t mﬁ%&bg LCS94! Gre
nohﬁ [tTration occurs. her, since the

contr%“iﬁfe%?ﬁgzotfhé I&%nft'rl tlecﬁe\'rf'cé‘thQ n 998&%%1’14"'0‘6%1:&6@ 9y itthe

pl at e [i'quid stays on the filter 104 via surface

cont ARNSHO AL I agid te c@fp ¥t f 08Le8S 0 110 Pk afusa 130
sanpl e sol uti on conprising the ATP, which has been

contﬁ&Mﬁﬁh@ﬂ&m@%fi&mw&aﬁﬂEaﬂIGﬁQM%Qldﬁfwdhhamn@&E@@Wﬂue,
filter. Wth respect to the process (f) of
espediedawerdarg /BIR, 3@ piengfe taiesan] &hsolagritoring cakdre
by using the pipettor for recoverlng ATP (126). As a
holdemed® tingfhe hhsgpriodessn 30°Aand 406Gr ofhaDbopPrsayter
solution conprising the ATP, mhlch has been_ cont ai ned
144 dpherméngFdbie | MEREBESICArd WHtHIhEa aasadriecib P9 test

S;gagagwago%aaspgﬁp% S P A e
T
ot pnbRho Sl 5L LIS, A5, Lo she est b DRl el

129 | um nescent reagent is injected by using the
dispenser for the lum nescent reagent 127 foll owed by

kst "‘%@y ug@ﬁsgﬁe&f NG RASR 41 I RGscaREE out put.

a standard sanple havi'ng 200 anol of

ATR, bhseluninessence Mu-put tne BpasHEedni it NezSadehe
manner for the standard sanple Subsequently, with

capt i age i pEOCEy e hascipeufingtappadedivent] (Fiey. 2) and
effective | um nescence output and the sensitivity of

the atdey si asgardnsaipd £taerebtcaitnedventionwill be explained.
The operation according to the present embodiment is basically
the same as that of the first embodiment, except that the analysis
system12l isemployed foranautomaticoperationof the processes
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
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Wth respect to the process (g) of determ ning ATP,
30 of the recovery solution is further added to
the test tube conprising the ATP | um nescent reagent
by using the pipettor for recovering ATP (126), and
then the | um nescence output of the sanple is
nmeasured in the sane manner. Subsequently, with the
same procedure as the first enbodi nent, the effective
| um nescence out put of a sanple, ATP anount in the
recovery.solution,.th TP 2| ' '

121 i SRR Bt Yy PRk P RPLEEAAR 10y anc

also (A ggfbgsemgf qbas iy the sanple.: Anddiie AvUe a8R4) or

count vi abl e m crobes conprised in a unit vol une

part Q31388 2SaMPiEoREL, ObtALRRML1AS, B F@SWhlenothé ik lysis
process, the ATP content in the sanple solution is

systdieasuriedi rodet hezdresyak esul patsi obl @t fied rercdrarimmicafs 1y
the count of the air-borne mcrobes per unit vol une.
removdie F ggeistg diffd ersnciel beitnwe erptdieatpreesient. second
enbodi nent and the first enbodi nent is whether or not
t ier phecessesskr dmt hé paptessng b)iofobes ovedd Tiyliithe-o
m crobes to the process (g) of determ ning ATP are
the pafsoTE edubothiysen e CGd g 13 ash & s edb rid e s ife TS
in addition to the sane effect_obtainable fromthe
collgghagd anbéd ekt Uribide Capacrri ¢Vef f &Rt 35+ Ntk ht the

coon RN VA L PR L AP, L A0R) (58
captﬁprgq?gaijpfpga?#ali%% eﬁ[n]?‘(i trsgienéil ial:)rgit%)gn bee feiXPseECte%obé/iment .
Before the process (b} of recovering microbes, the
temperature control apparatus 130 is run to maintain the
temperature of the capturing device holder 122 between 37°C and
40°C. For the process (b) of recovering the microbes under a
sterile condition, the capturing device 100" is installed in

thecapturingdeviceholder 122 cf theanalysissystem12l. Then,

the subsequent processes from the process (b) of recovering the

- microbes to the process (g) of determining ATP are carried ocut

in a sterile and an automated way under the control ¢f the control
device 129. With a work by the temperature control apparatus
130, heat is transmitted from the éapturing device holder 122
tothe capturingdevice 100’ , and further tothe capturingcarrier
102,resultingjj1rapidincreaseijltemperaturechthecapturing
carrier 102°C to 37°C. As the capturing carrier 102 employed
for the second embodiment is based on a thermcsensitive 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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The third enbodi mrent of the present invention is

basically the sane as the first and the second

enbodi ment, except that as a thernpbsensitive resin

material for the capturing carrier 102 of the

capturing device 100 a synthetic polymer is used.

The thernosensitive resin material used for the

present enbodi ment is a synthetic pol yner which

under goes a phase transition between gel and sol near

the roam.temperature,. Follow_ng_t types of
PRASS Lt &/ IPAIe Ot b7 Cnpatict G Babh pifiey PHzse-~ Ap g result

[ - qﬁnnf ct Mehj,ol . 1 -

ot t%ﬁglﬁ%ﬁg$L%rEt%gélzs #ﬁiéﬁfﬁ%ﬁ#&%&ﬁqﬁ%§%[§§§Bé%§id%glS

reco@g¥éﬂigggﬂetheCap£§%i. @%%ﬁ@@i@ﬁ’,i.e.,withh&aspace
N-acryl oyl gl yci neam de {NAGAM and N-net hacroyl -N

that -3 otd mdPnapyrenedi o e {IMBRDA)’ (sH¥ kHeatdio,tierein
after abbreviated as NAGAnM MBPDA), having the UCST of
abpuwh 226pect to tharpherss NAGANLYBEDAni hating ATP, the
synt hesi zed according to the nethod described in "New
captBcimences/iafe DodpenrsiléR apdifgutsefdcgatiuomanitkevice 1007
. Devel opnent of New Application Techni ques" (Edited by
is refrmrssivd oKihico 1 oWSBNA£924728 15000, d Teedine= Syktenihe ATP
~ Company, p.370, 2006) is used for the present
elimfirmiddg ggent 124, and the ATP eliminating agent is added
to the micrcobial suspension (30 pL) (herein after, all the
processes of adding the reagent by a dispenser are carried cut
in the same manner, and the detailed process including returning
process and the like is simply described as “dispensing”). The
capturing device holder 122 having the capturing device 100”7
is returned to the upper region of the grid plate holder 123,
and also the grid plate holder 123 having the sterilized 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 form the filtration apparatus. By
keeping the apparatus for 30 minutes in this state, ATPs not
originating fromtheviablemicrobesareeliminated. Asaresult
of this process, 1.03 ml of the reaction liquid, from which ATPs
not originating from the 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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After preparing the capturing carrier 102 conpri sing
4% bywei ght of the above described two types of a
synthetic polyner, it is subjected to sterilization
by autoclave at 120C for 20 minutes foll owed by ATP
degradation. Properties of the resulting carrier are
then determ ned and summarized in Fig. 10. After
mai nt ai ni ng under the condition (1) of Fig. 10 for
nore than one night, by observing a change in gel SO
phases in accordance with a nperat

Y .

trap flﬂémveé)tfgeo e@@F”fFFéCt SrpSFatif o &Pl?&efi% gatbtetion of
h

the 5&%&”3 DT EP O Cn BRAGRrCRcbs 3L RO i top 2

the b% %ggle \Ffﬁ%&é%@ 17:}(1)? %71 %%é%i??@%&?%%g&:%ﬁ% {d%ﬂcﬂ&!heric

presQ&gé'S}JOEJ9$§QltA§f'£hi§ bRAEcat ede i Ky uf%%gwﬂ%f%&e

is in a gel or a sob phase under the condition

100" 3¢ i63) cheespecd i iely i nahHiERi ShPrACRIS ﬁ@bk@m@sth@ the
phase transition in accordance with the definition of

reacti@eT (iqeid = alndielow tihe dotansidd.on tenperature
and a gel above the transition tenperature).
Howefirers, thrderoddies clandictfi ert 4yt ofig thie  Ficge d0jdiglate
is present in a soft gel phase, indicating aprobl enof
holder HysY écesesuoned t¢n@h@eb3ﬁﬂ9ﬁﬁgd@miaﬂﬁohh$rﬁhitm@‘104
LOST. Meanwhi | e, NAGAnI MBPDA is in a gel or

whichgls piegse ogh@er ovhEheordptisanef de1icant0§” 3)15 (Obf)tad%hed
the Fig. 10, respectively, indicating the pha
from yihe g1 b Etcor oq%@%‘bl%eﬂb@efﬁlrﬁtﬁagﬂ%’f %Btﬁsiﬁa(ﬁuse

B%Sglbelowth nsition te rapure and

2B RePemert PO PERRBPa: APG) oF SreRt g akrey 0
I i T
of the fiilter 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 filtraﬁion 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 sclution 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 solution 1is taken by using the pipettor for
recovering ATP {126). As a result of this process, 30 uL out
of 10C pL sample sclution comprising the ATP, which has been
contained in the viable microbes, are obtained as a recovery

solution in the pipette. The use efficiency of the recovery
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results are observed when the concentration of
NAGAM MBPDA is in the range between 1% and 10% by
wei ght. . Next, the
filtrationpropertyof NAGAmM MBPDAI s eval uated. For the
eval uation of the filtration property, the capturing
carrier 102 is heated to 37Cto transforminto a so
phase and the pressurizing filtration (i.e
filtration under positive pressure) using a syringe
filter ng the pore dianmeter of 0.45 pm or, the
SOlu%ﬁ??ﬂ%% ﬁgzing filtration (i.e., suctiog filtration,
i A @08, 4RASE 0 NB9aLEVaPLERPL 8 1957 g, gest

rane er avi e pore I aneter Of

tubezﬂﬁ%ﬂgyfédEQQo%he AS.sR E@%@lﬁoléEEhPQQhOtQQHL of the ATP
pressurizing filtration was possible, the

1umlrd£sdgrﬁcs $HB éhegléIllrtjreaiﬁémbgzo@éﬂn@e.{hebalggéﬁgéﬁeﬂor the
when NA MBPDA was present as it is (i.e., a sol

lumirphasst Redfeby Vel ght)lowed by thEhusasthensol ofashe base
diluted with purified water and used to test the

line possirsddenceofoudgnr.esierxitzi by fisitgati ehandsrd sample
result, itwas foundthatwith 1/3 dilution (i.e., 1. 3%

havirgywdiOganyl of B Pdetpeebeuinespepee Iqwt@ﬂﬂitthdwwed in
carried out, but not with 1/2 dilution (2%b )

the sgaiqgRERNeRuFPRel6r 8 abjaiAcFeRal fig t%ﬁ?%ﬁQQRWPﬁY with
ratio to | ower the VISCOSIty of he sanple sol utian,

Sp%%eslwqq%rreaﬁ%ﬁf‘sl paF o
t he back d It b
o A R L o 0 L3 PO

q% the bove determ nation, it is found that a
are tain
ernDsenS|t|ve resin based on a synt heti c pol yner

cgn (he rlé%%g:ctt.ortot "fﬁg ggguggeg (§3" b F e 02 Pl iddeTr, 30

capturlng evi ce t he pr ésent I nvention, and in

pl ofPRhbl eHLaterhesCaPI YR 1Y GafdHEr adkidd %B'@Hecﬂﬁgﬁ“ﬂﬁbe
1% to 10% by wei ght, nore particularly about 4% by

comped Gt .t Hef ANAGAVBBBAcHepresgahs bheud)GH e heipsaanr
15C and 37C, and thus can be preferably used.

for recovering ATP (126), and then the luminescence output of
the sample is measured in the same manner. Subseguently, with
the same procedure as the first embodiment, the effective
luminesceﬁce output of a sample, ATP amount in the recovery
solution, the ATP amount comprised in the viable microbes of
the sample, the average count of theviablemicrobes inthe sample,
and the average count of viable microbes comprised in a unit
volume of a gas sample are obtained. Asaresult of thisprocess,
the ATP content in the sample solution.i51neasured_anq_the Test
result is cbtained in terms of the count of the air-bornemicrcbes
per unit volume.

The biggest difference between the present second

embodiment and the first embodiment is whether or not the
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The bi ggest difference between the present third
enbodi nent and the first enbodinent 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 c rin rri 2 1 I e
proc%ﬁsﬁﬁu§%gﬁe§§ﬁrP%Pﬁgggiﬁ??a%?o%é§év%é§#$gﬂﬂ%églﬁ#?%%hFo
iJ utjon, : [ t.Q. 1 t thy
the e Y Sl REE T B R0 SosgrezeRt. Lokl
accoddielSOS BRSISHINE I S dH TR A | 2h a8l il 8RlaG shabhRe@Fdect
honogeneous properties can be obtained in high
obtaireiy1RAuGida Idhey fiand tdherefiafe t,hendqireodipetdiagn ccestfects
canbe reduced in accordance with amass production. In
inclwaddid hogh shecaudeithe svirabl eciier ebesngrafgiaatrdgrees,
fromthe source material can be sterilized by
avoldautasclodven ATPsfdeigl matshgker obmp ey aburers avcdmiglity
can be al so renoved by autoclave (i.e., wthout using
and tdrgy 142 @lamibsatsspgdgehtdy aRigfvrypfof the first to

the third embodi ment > The capturing device of

t HE'her ddieritd ek

imgRtdan col | ect air-borne nicrobes

|
It b SREREERe S bl PRt A g 1§ Patically
the B Bantile agEes i ohs SRelhhs, alb AT e chat

0 a phas

S on. . | . e -
R
102 J¥ a¢ld cablkyiiRqt RevSaReI ABNACE yAShEPE: ETaRiAlis used.

suspensi on. Consequently, a process of taking out the

MGORes rhbaahthe 1 Gapt 8 i AdnLaEFier Gan Berofmé tathsent
and therefore inconplete taking out of the m crobes

embodlufd g the takingtod grioeess Wiidnsmdiuedas thehase
damaged m crobes and the |i ke can be avoi ded.
transition between gel and sol near the room temperature.
Following two types of materials are compared to each other.
(A) Mebicl Gel MB-10 manufactured by Mebiol Inc., having
the lower critical solution temperature (LCST) of about 20°C.
(B) Ceopolymer of N-acryloylglycineamide (NAGAm} and
N-methacroyl-N’ -biotinylpropylenediamine (MBPDA) (10:1 ratio,
herein after abbreviated as NAGAm/MBPDA), having the UCST of
about 20°C.
.Further,NAGAm/MBPDAthat.issynthesizedaccordingtx>the
method described in “New Sciences of Dispersion and "
Emulsification and Development of New Application Techniques”

(Edited by Furusawa Kunioc, ISBN4-924728-50-0, Techno System

Company, p.370, 2006) is used for the present invention.
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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 loss of the mcrobes by heat does not occur. As a
result, achievenent of a very high recovery rate is
al so expect ed. Further, a conplicated process
of taking out the m crobes can be replaced by a

si npl e process of changing the tenperature only, or

with a conbination of changing the te ature and .
T BEPOR Lok FoRe s B (RGO B CHRE | DI 45

bywe%gHFﬁgﬁgfatégggg ? S SEFtwo??%%%Eh Ionhtk %Ek éﬁymer,

ovenen pro UCI

it id %‘C{%ﬁ ge% 'Eb%té?{;f?ﬁ%i‘&%'@ daJé"%]t' h ko aﬂﬁp%o

cause e vol une o

minutBLrRbI Al SHSRE %ﬂzoraécffasﬁdllon t h@r{eg@%%gab@@hand
the use effici‘ency of the mcrobes are high.

resuﬁﬂﬂﬂé|d3}r1kheaﬁkﬁ%@@ﬁsdéﬁgﬁmhﬁég hﬂdt§@mﬁﬁﬁdﬁéwihn Fig.
suspension are collected on the filter by filtration

10. addetrh@alihkeinthe bhdet d-ivolasTeliddorbe 1Subst angi ald yfor
reduced to zero so that the concentration and the use

more eftfdarcioercynightt heynibbeebesngre eianegeelly delghsol phases
Still further, the credibility is high since the

in aciptHasreew byh watbpngel ubltempe radaine skeed(2) to (3), the

contam nants can be excl uded. .
temperature property is determined. Specifically, whether or

not the synthetic polymer which experienced a condition change
from 15°C to 37°C can go back to the original state of 15°C when
the temperature is brought back to 15°C is fcollowed. As it is
indicated in Fig. 10, MB-10 is in a gel or a sol phase under
the condition of (2) and (3), respectively, and this process
follows the phase transition in accordance with the definition
of LCST (i.e., a 30l 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 cf a hysteresis
or a time-dependent devie%ion from the-LCST.

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 temperaturej).

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

considered that NAGAmM/MEBPDA is favorable than MB-10. Such
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As such, there is an advantage that determ nation of

the m crobes can be carried out in a highly

sensitive, highly accurate and an autonmated way. In

addi tion, the neasurenent accuracy and sensitivity

are high for testing the air-borne mcrobes, and the

results can be obtained conveniently in short tine.

(The fourth Enbodi nent) Next, the fourth

enbodi nent of the present invention will be

expl ai ned. Regardi ng the constituti.on of ,
resu {AD e HGoRbRaRAt L ot KeTEraart Rn0q Tarem YRRDA 15
. capturin aratus that. is .t S as the one used
S N %e?‘jg °¥h Thet ilrdd" ebnxgggdell%' (Fig. 2) is

aRALAPT 4 AL el GRBAMIIBEDE LRI %,

o?ﬂ%ﬁg_%%%2%%F92228&3%§%s2§ nt al ns a/test rgagent In
For thdlvARAa88 ROLY¥Rhe. rINLSat e8h §@;]Q§f1ﬁ j schlesigiadin
°r to ggﬁ el uted and agded when theﬁpo yne¥ under goes a 7
carrihagest  ansdddon do3acsae phase forhuiiherarere, phhee and

test reagent is selected depending on the type of the
the pAI=QOTIGAMCS TR laratthient ést engt Abdt tot ben takdsr: deitive

exanpl e, when a test based on the ATPrmethod is
presarg) etsioyt 2 ayAlRgel ifniineati hgvagenthe aoges miimdtorr of
: i nduci ng factor, an ATP extracting agent, a .
0.45 |nmi rrescdnite rdsageiits sl 23w | Idd ate ode| doteed, suction

.. The capturing carrjer 102, as shown in figure 2, is

filtrAtHeay o7 i ot 1P oitdet 1e9ay D LGH BARr thdld @

direction conpared to an aiy flowthat |s sucked in .
oD Gh LERA AT LGt BRE RS T O LA b HENAFE Catiei e

air sucked.in a he air suction nozzle 112 coll.ides
out. ot RECEAprupl i LaTT TLE 165 AhA CERed dnanges  lenas
possif};ilovy. %ﬁe%eh—g)rﬂhezsoﬁﬁ.lzi fgi{iggtl&tl ctotﬂﬁiﬂ I{@EIBBE})elhformed

parti CI'és suc the

as alr-pgorne m cCroorgani sns an

whenwﬂﬂ@iﬂyﬁ%Fﬁﬁpgagegrg¥ent as it is (i.e., a sol phase in 4%
by weight).

Thus, the sol was diluted with purified water and used
_to test the possibility of de-pressurizing filtration. As a
result, itwas foundthatwithl/3dilution {(i.e., 1.3%byweight},
the de-pressurizing filtration can be carried out, but not with
1/2 dilution (2% by weight). Furthermore, by increasing the
dilution ratio to lower the viscosity cof the sample sclution,
passive filtration using an absorpticn 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 1s 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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t he gel phase polynmer due to collision caused by an
inertia force. The capturing device 100, which
consi sts of the capturing carrier 102 and the vesse
103, is supported by the holder 113. Between the
outer surface of the holder 113 and the inside wal
of the | ower nenber 111b, a gap is forned. Thus, the
air flowng in a horizontal direction after colliding
with the capturing carrier 102 passes through the gap
_ nd_fl ows downward,. and then eventuall el ease
102 Wk G e et Quey Haratt s RottpdphEegTRE L avout
. ..part .of t der .. the._t e rolling, co
¢ byR Rl g T R ek R R SR g petefsec
and §P%£r%ﬁﬁ!%%u%p%%%a%%sp¥%%egébﬁ b%%hhed to heat the
capturing carrier 2°to the tenperature of phase
transigi Rt AHOh RCC WAtk ed RrRdHAd QM arhed
ting nmeans for the capturing carrier 102 is not
cmbodimBi€dnd @ha Meadesnbaddnany i apparagtiguwhbhghn Hoparatus
capabl e of heating the capturing carrier 102 to the
whicH enpersaiturecoft ephigse thuransitt i16AC cAor behaisethbcdxs (a) of
exanpl e, surrounding the capturing carrier 102 a
the cpptketl ngmi chebierst ah¢ édmperhavechot thateap thi-awgarauricr
the carrier, or air which is sucked in through the
102 I radenttiash teoZZ°6 te2traysherheatetnto a gelyiphagm and
be absorbed into the capturing apparatus 111 b

then &@er Phgrehes it Gabty T@evi R T00- (Hidet {{hEagipn process
suction nozzle 112 and running.the pu 116. ,As a
(d) thgshttEra i FETELEREY oG PRt B Pllgél&%oanof the

nozzle 112 in ertical Jower direction, and the air
capt Bl ST O T R T o ] SO o ekt e ey
£i1e G SR 00 ML S gant Ui g cary 1 ef) Wi pnd the
al r-borne mcroorgani sns can be captured in the ge
p%ﬁ)ﬁﬁ%éjﬁbn@h&yﬂés@néggird embodimeMit €EntNSnthetic
capturing,” the capturing carrier 102 is heated to the

polyndiag8elib@nsthboRoLENBEE AL UNR s hdre PO Y MBhiby ke able
tenperature controlling apparatus 114. As- a result,

and havdaghahasetsmnsi téoncai bdeopol et frr amdh gel
state to a sol state, the mcroorgani sns which have

reprdden leabt iy ednd nhelhe foaptilrd pwpdarrier cdflcande reduced
suspended in the polyner in sol phase, and at the
in accameaniceey 1 h besas s gagemchiltirch Aasadsbidnt kepbecaushethe
~capturing carrier 102 is eluted and added to the
viabkg grivorefat shsloimmisi ngt TT@astheonepret dust Of i Hd diaty be
a test reagent to mcroorganjsps and carrying out a
sterilblyzqd ony tHEr&or2 tan beF He?Fof - i t@f”é)r%aﬁ%rsrcﬁjgrce

carrier 102, which can Eave thelgég%%ﬁéhneagkﬁed for.

matey SEBs au%&ﬁotgggpvgﬁb Vaﬁ%ﬁ?c out Uusing

any ATP eliminating agent).

<Summary of the first to the third embodiment>

The capturing device of the present invention can collect
air-bornemicrobesbyusingagel phasecapturingcarrier. Thus,
the capturing property is equivalent to that of a capturing
carrier of prior art. In addition, since the capturing carrier

is subjected to a phase transition to a sol phase and then used
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The m croorgani sns are recovered in the vessel 103 of
the capturing device 100. Because the recovered
m croorgani sms can be set in the subsequent test
apparatus (not shown) as they are contained in the
vessel 103, the test can be carried out nore easily
in short tine. Al t hough the present
enbodi ments are related to an exanpl e wherein an ATP
elimnating agent, a germnation inducing factor, an
. ATP extracting agent, .and. a | um nescent. .reagent .are
as 1t dgelt 1 éa?ggﬁéﬂ%quﬁgP %%ﬁl‘%“%ﬁﬁgﬁ &Fecﬁgﬁ)iq%q%%?d
heret.o.. er 0 r it b A
pract e LR ol TPl (R B il T A,

Consé&ﬂgﬁ%¥§)haIﬁ}dggg§id¥htéﬂf ugh idhd $uifQlobes from the

specifically imted to the Tollow ng, the

captUBiC{PeL 8ANE S FEntRatnGaDeadd sHBireebrkah ceapl vt king
and testing of the present invention include Bacillus

out oFeredsmiBacbkkususphgizenitakiCor ynebaebeesennt enad £ due
M crococcus |luteus, S. aureus, S. epidermdis,

to tha tdaolrapicemifomrd igndPseiad dnivmascae hegiawasiaed.
Serratia marcescens and the |ike. For the
capiaittiany shret he IGMPEr athie o @erd Wt errbbdf Bstcargmring
ATP elimnating agent and a germ nation induci ng

and thedteorowgtey @@rﬁ%ﬁﬁ Rearakes st ldddgentta A7 lgeh PHASE™

: pol ymer. As an ATP elimpating agent, fqr exanple, at

ass04igdRd YHéNsEre AP IS B T &%ptgﬁﬁg%%]fc?%ﬁ‘gs g‘fynﬁeat does
apyrase, al kaline phosphat ase, acidi c_phosphat ase

not i nASes ABEHEST ne b T PRBSPhat bs®, TBNG HBhoRyerY

gﬂgﬁgﬂgtgﬁg%gﬂiq9se is used. Further, as a

germnati o |n§ﬁding factor, for exanple, an am no

Bl 8 AN d & dipllocYben, L akan, e d snusad-Abes

a germnation inducing factor, It 1s preferably used

can beNr &7 ARRYN, 9f s 22 TEVLeL cBRKEs £ HHGR iy £hE temperature

) concentration is too [ow conpared to the pol yner,

only 98k ek i:08chPEHEt NEnast thinhyiher t ke SRefR{zafiAeNgnd the
bacteria becones insufficient. On the other hand, if

dilutiien coacéatsatfifertissitobudi gh catgeh thawi, ngi rgif iffi igizgniton
strength cannot be obtai ned. As such, the

of a cyyreEt ratn on tist fprref eraabl iy U00L M @ Yresprocesses,

rate

improvement of the reproducibility, lowering a risk for
contamination and the like can be cbtained.

Further, because the volume of the microbial suspension
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 wvolume can be substantially reduced to zerc
so that the concentration and the use efficiency of the micrcbes
are extremely high.

Still further, the credibility ishigh since the influence

by water—-soluble or small-sized contaminants can be excluded.

43



A preferable exanple of the conposition of the
capturing carrier 102 described in the above is as
follows: 8% (wWv) gelatin (Wako Conpany (077-03155)),
25% (v/v) G ycerol (Kanto Chem cal Corporation

(17029-00)), 1% (v/v) ATP elim nating agent
(included in Lucifer HS set (60315) which is
manuf act ured by Ki kkoman Corp.), 25% (v/ V)

Phosphate buffer (Phosphate buffer (20012-027) pH 7.2
Assugx,E@Qggfgggég%gﬁtagethatdeterminationofthendcrobes

can be carried out in a highly sensitive, highly accurate and
an automated way. In addition, the measurement accuracy and
sensitivity are high for testing the air-borne micrbbes, and
the resulits can be obtained conveniently in short time.

(The fourth Embodiment)

Next, the fourth embodiment of the present invention will
be explained. Regarding the constitution of the capturing
apparatus of the present embodiment, the capturing apparatus
that is the same as the one used for the first to the third
embodiment (Fig. 2) 1s appropriately used.

The capturing carrier 102 of the present embodiment
contains a test reagent inagel phasepolymer. Thistest reagent
is designed to get eluted and added when the polymer undergoes
aphasetransitiontxnasolphaée. Furthermore, the test reagent
is selected depending on the type of the microcrganisms or the
test method to be taken. For example, when a test based on the
ATPmethediscarriedout, anATPeliminatingagent, agermination
inducing factor, an ATP extracting agent, a luminescent reagent
and the like are selected.

The capturing carrier 102, as shown in figure 2, is placed
horizontally so that it can be in a vertical direction compared
to an air flow that is sucked in through the air suction nozzle
112. As a result, the air sucked in at the air suction nozzle
112 collides with the capturing carrier 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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50 mM L- Al anine (L Al anine (1007-1 M by Kanto

Chem cal Corporation), In addition, as to the
size of the capturing carrier 102, the one having the
di aneter of $40 mm and the thickness of 0.8 to 4 mMm
can be preferably used. Meanwhi | e,

ast ot hecapt uri ngapparatusl1lll, the heating nmeans 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
the ggi HhGSE PIMEIF T HECHEAt P hiL T B EFAERFSY R LBRE Lenr ce -

oty EFREC" T e BPD. A%B Lufor RO A F AccE TR

carrji%hre 1%eor§51ft rem.vggsréjtlcfQ?e'iﬁag&hggrgégﬁg% g&dk&%pﬁgy 113.

e héating tenperature is

Betwd§althdye. Lo AN 4Nt easeds aplddd §aki 0 86l YhbYde wall

under a nutrient deficient environnent or

of theMagtd VakheBrbyi heak ddsekfrbande eausedndapendidiging
on the subject bacterla. Next, a nethod for

in a GRPLWOMG 1add rbestiong affieehcbslcat hbedi outtiusidgpitiheing
capturing apparatus 111 according to the fourth
carrianbadinent sas thasargibetdei gat hedabbves icowexplral, neddithen
view of Fig. 11. First, the capturing device
eventh@ll iy setezrril byhrewgh nghe hexipunp: 8-t slele’ Fi g. 2)
ai r-borne mcroorgani snms are captured in the polyner
ofAlt Hér dpttirdrh gpagar rafert o hqisiadp 191, MextCemppgature
capturing carrier 102 is heated to the phase
contiqlghisiq i aRPEHPET at Wt el Sol R hatl 19 pdbyiel clEesGhjre
ected to a phase ié nsition fro eL Ease to SO,
contishasEnq SPBF TSRS TaTP U TEO LI e PBOT gan? ST L0y
care Y G RYE heen captured Bt BR.CBPLULLO0 £8L ML Blh nign
accuracy. Inaddition, aheatingmeans for thecapturingcarrier
102 is not limited to a heater, and any apparatus which is capable
of heating the capturing carrier 102 to the temperature of phase
transitiocn can be used. For example, surrounding the capturing
carrier 102 a jacket may be installed to have hot water flow
around the carrier, or air which is sucked in through the air
section nozzle 112 may be heated.

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

microorganisms canbe captured inthe gel phase capturing carrier

1G2.
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102 are suspended in a sol ated pol yner and then
recovered, and at the sane tinme an ATP elim nating
agent and a germ nation inducing factor are el uted
fromthe polyner, thus a process of elimnating ATP
and a process of inducing germ nation can be
sinmultaneously carried out. As a result, free ATPs
exi sting outside the body of viable cells are
elimnated, followed by a contact of the
m_cr.oorgani sns_wih t erm.nation i nduci fact
o BRSO e g rePshe bor e 192 96
e CEesSs. I ' TR
ro o S R e L T B LR el S P

tempé@aﬁﬁ% Qa1 B Ry T8coverads ifh i heavessels193 byaving
filterting treatnment (Step S3). The vessel 103 is set

phasd R ran¥BasuhesBRh APHALAL USE A0t SODWRkcahdl ot BEL AR te,
extracting agent is added to this neasurenent

the raRpyAidis i(SBtemhd4h haThebAER exbtactingn agentcdstiaring
reagent which can |yse the cell nenbrane of viable

carrigrridifesreosexpeadedt he BiPoclomen nedspaspieseheand at
cells. For exanple, a surfactant, trichloroacetic

the savkd IMEGA} Bt seduditewhd ohutd Dheeetdsmioln thelgantaring
enzyne having a protease activity and the |like are

carrigied O ishelarpdesnd #4949 Wydhe MTRAPOr9anigmphe Thus,
cell nmenbrane of _the nicroorganisns is lysed by the

at leapp @Rt PSSP 2§t dHe 3 he® AT 4ot 5?%?9%?%?@18%
the cells are extracted,, the asurenent of ATP, . h

and. QTR 89S bl CorSedUsTiTS T 1 Ui Hescer S badb e

capt B BIee A 2P 20k RN, W ALL AL DG Lo RS PPed for

t'he I'und nescence output 1S neasured

Uﬁﬂ%ﬁf um nescence output is

the %ﬁgiﬁiig%ut y %%ﬁ%grgég%'mﬁth the | um nescence
OUtlty 1 8F- o8 rShANdAL th S&MRI8wfrald exXxaiy fes¥81 ND Aor the
| um nonmeter (Berthold Detection Systens, type FB12).

captdithg ABasUEad d.unbBes cenca KUk putre i 8d aarvebti-gd ntienishean
ATP amount, which is then again converted to

be seffi thaliakubeklhueatnte$ Staap S84 tusTHustoit@imed satbantare
of the m croorgani sns represents the anount of every

contadredd e mitticolwes sehcl 0di nghs poret famibrgcaitciedesut more
According to the present enbodi ment, not only the

casilpapturshmtoftwier oor gani sms but al so the recovery of
the captured m croorgani smand the sinultapeous
addi th o oEhe e SAPR PP FREP RS d§8nic HHPd he an cxample
germ nation, inducjng factor can be carri.ed out by

wherelh fg A4S tHpt R Ty e8FPter® $65™ PRE RUNDENCHNT factor,
eagents that have to be added to a neasurenent

an ATE G REG Can Be F ectidd AR R TSI FoaPPar S-amAded

the rtelaggnq:%qéﬂgtegak%e gaged are not limited thereto. Rather,

hoerated

some of the reagents can be omitted or other additidnal reagents
can be added if necessary. 1In 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, 5. epidermidis,
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measur enent can be reduced. In particular for the
present enbodi nent, because the addition of the

germ nation inducing factor, which requires sone tine
for its reaction, can be done before it is placed in
t he neasurenent apparatus, tinme required for the
nmeasur enent can be drastically reduced.

Furt hernore, although a tenperature controlling
apparatus and a capturing apparatus are conprised in

.. the present enpbodinent, they c be. ided faqr. th
it QR e o A AT TS SRR s A AT S o

S2_and the remaining steps can be carried out within
marcﬁﬁgﬂﬁﬁégﬁfé%gggtgﬁiaratus. (The fifth enmbodi nent)

F%QH;Q%EP@QbHﬁ.Eg C .fé %Q%ZQHiEH@ £5££{h,embodiment,
onky 9h€%§é ?

enbodi nent, elimnating agent is

an ATEOR ahnedriAga g8t Rhass PolyIRition NrndddihigoRactOF He
subsequent neasurenent apparatus, the germ nation

contd NHEINRG of a6t Orreddien ATR exgeachhige agenineand hbean ATP
| um nescent reagent are sequentially added and then

elimirheridambgwscerfce ewtapit ¢, s aneasasedondhag lésted afrom a
the flow shown in Fig. 11, "process of the
grougeran fiattiion i ngisaf Sthepl Sk ishawyhdtedcoutacidic
between Step S2 and Step S3.

phosphatase, hexokinase, adenosine triphcsphatase, and
adenosine phosphate deaminase is used. Further, as a
germination inducing factor, for example, an amino acid or
I-—alanine is used. When L-alanine is used as a germinatiocn
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 cother hand, if the
concentrationistoohighagel havingsufficient strength cannot
be obtained. As such, the concentration is preferably 100 mM
or less.

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

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

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

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

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

pH 7.2 by Invitrogen Co.),
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Accordingto the fifth enbodi nment, byheating the
capturing carrier 102 the polyner is subjected to a
phase transition froma 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 neasurenent appar atus can be

S ved T di e
cgbturlégﬂgaﬁrler ?ggP * Q%%Iw e 83|d€§%O Chﬁmlcal

Corpé%% 8 i9gfym nation induci ng factor is contained in a geI
ase polyner In addition, fora subsequent

Wq%ﬁaa@ﬂ%%nap@@rt%t use dihe AFRel I¥RRtding agentertie,
ATP extractlng agent and the |um nescent reagent are

the cs@QUEeRthal tye adoas: and dhenothe dndritheserneRnostpat 0.8
is nmeasured. That is, for the flow shown in Fig. 11,
to 4 "mpr aces eofpridies AR eluandat i ng" of Step S2 is
carried out between Step S2 and Step S3. In
adiariwbr, e, has ATPLbEi adptatiing agearatysdddedthgtigating
addi ng the germ nation inducing factor but before
means g3l éne.aﬁgmghémee@@prcaﬁl@ﬂ FRETABHed0 ek i ¢t gnl Led so
i nduci ng factor typically Mﬁthln 30 m nutes).
that A;é&rqﬂ Higig H@%%&lh Sththerit ™ tsauts}eéﬂcﬁtngth&

oo BT ) A S NG, CROTLET 02,4 0,8 BIESC,. e

v 5 R T SO TP, o
may not occur even after heating for long time, and therefore
ATP cannot be extracted from the spore-forming microbe. On the
other hand, 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 capturing apparatus 111 according to the fourth
embodiment as described in the above is explained in view of
Fig. 11.

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

from a gel phase to a sol phase (Step 82). As a result, the

microorganisms which have been captured in the capturing carrier
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i nducing factor is added thereto. Therefore, efforts
and tinme required for adding the germ nation inducing
factor in the measurenent apparatus can be saved.
(The seventh enbodi nent) For the capturing
carrier 102 of the seventh enbodi nent, two kinds of
pol yners having a different phase transition
tenperature between a gel and sol are |am nated on
top of each other. The upper side polymer (i.e., the

102 a%'fed%a{sé” s LTI R i ﬁrh%%q Ereh iRl eha
at tHed @r[edcltm hheatinﬁﬁmoa g;gn%ol  AN9:38@on

esu un ergo ase transition

induéi%éf"fﬁgltogaac'f@reltm tehed ener éiﬁﬁefmt‘ﬁﬁ%r ﬁf‘ocess of

tion, the upper side polyner cont'ai ns the

elimi®dtiRAETI aAgent p@BQeEQeolelml@@im@rlgéﬁm&Hbﬂ a;catrprbe
while the | ower side polynmer contains the ATP

simuletatlidINg cageilted out. Akhaaddsitlon, fise rHhexisting
capturing apparatus 111 according to the seventh
outsiebadiemently tlieviebper atlite soatesolthimg apparatiusvelldby
for heating the capturing carrier 102 is constructed
a congacasof otlvontirolodrgs itiempemattdy ehengewpisiepsn inducing
Specifically, it is constructed to heat the capturing
faCt%%ﬂK]éﬁ“@O@\MHQ¥Q1ﬁ9¢mM§bfﬁﬁém§q|%E$QW%ﬁ%ﬁature of
the upper side polyner_and with the phase transition
t &5ET at'6r @raﬁetsﬁeorfoﬁéﬁmépaélﬁa%Peraﬁ the process of
Accordln to the seventh

incudiig e S o (he Wérooéfig&éuﬁglsy%re
recovor% C CP e vesgefalrdé %r %QgteF %Hg;h eatment Step s3).

roorganlsrrs are recovere urlng C rrirer

The v%%%elslf)br§§ tﬁ{j ﬁegg%rgﬁgﬁ% L fé ugn (not shown},
npérature of the upper side pol doi ng so,

and ‘é’?@ |t r@(ﬂ]ﬁ%"(‘ﬁﬁr@ dfent is added to thlS measurement

apparatus {StepS4}. TheATPextractingagent is a reagent which
can lyse the cell membrane of viable micrcbes to extract the
ATPs contained inside the cells. For example, a surfactant,
trichloroacetic acid (TCA), Tris buffer soluticn, ethancl, a
lytic enzyme having a protease activity and the like are used
as the ATP extracting agent. That is, as the cell membrane of
the 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 $5) and by aliqueting its reaction solution the
luminescence output is measured (Step 56). The measurement of
luminescence output is carried out by comparison with the

luminescence output of a standard sample, for example, using

a luminometer (Berthold Detection Systems, type FB1lZ). The
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polymer remains in a gel phase, only the upper side
pol ynmer undergoes a phase transition to a sol phase.
As a result, at the sane time the mcroorgani sns are
recovered fromthe upper side polyner, the ATP

el imnating agent and the germ nation inducing factor
are eluted fromthe upper side polyner. Thus, the
free ATPs are elinmnated and the m croorganisns in a
spore state can sporulate. The microorganisns to

wh the ATP el t t d.t
neasfilid b dilerd BAGHNG 2 5%?%?%' Pe PE AR e
o i A% R0 MBS conve Nt L1 GRPLUELRG £RLTJ 5 40%)

ase tranS| Ion tenperature o

ThusBB%@EnéH%%d%H@@@Ehe%ﬁéygégbéﬁlSﬂ§§e%9¥§én§éqgeamount

pol'ymer undergoes a phase transition to a sol phase

of erhd, thes R exiF@acdd NthaeMnd Ssil te-ethrrfinh P fiesdes .
the ATP extracting agent is added to the

mzcfanfdialy SiBhe @adsSieng drites diegiradat 606ndf; teeldapturing

menbrane of the m croorgani sns and the ATPs contai ned
of migrddwyanicsnoorganisim drtee exdc@cted.of the Afpterrad

| um nescent reagent is added to the ATPs extracted
micrdomnganien mot odrganienst andreid ddidgsicenceE aUtepWTh s

nmeasur ed. According to the seventh enbodi nent,
elimigrdaire adm kismgs toe ggpfylﬁféna@ﬁavm@ugl@gff@@éw can be

phase transition tenperature are | am nated and
Carf%ﬁ#ﬁ%$éﬁW'RPhHgo¥ ?é%ﬁ%&ﬁr%%géﬁﬁFaﬁﬁé&O?n E%Erpumber of

I ti can be added | n ecific
reaodii i PRES, DBtor e e B m2gs dnonaah 1eps ot e
bhe reéﬁce&g %aner%%uﬁ% A%f%rt S%%%’t %t%@ %f a % ahe
eagent s n "t A “nmeasurement “appar at us can be - on1t

f t | r I 1 e 0 a
measd&%%%lcé?ﬁg red%%e .CL g 1 %%%El%@l%g %%E Ene Brggent

embodiment, because the addition of the germination inducing
factor, 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 brovided.for the measurement apparatus
for the next step so that Step 32 and the remaining steps can
be carried out within the measurement apparatus.

{The fifth embodiment)

For the capturing carrier 102 cf the fifth embodiment,
onlythe ATPeliminatingagent iscontainedinagel phasepolymer.
In addition, for a subsequent measurement apparatus, the
germination inducing factor, the ATP extracting agent and the

luminescent reagent are sequentially added and then the
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(The ei ghth enbodi nent) For the capturing
carrier 102 of the eighth enbodi nent, three kinds of
pol ymers having a different phase transition
tenperature between a gel and sol are |am nated on
top of each other in three |layers. The uppernost side
polymer (i.e., the side for capturing m croorgani Sns)
of these three types of polynmers has the | owest phase
transition tenperature, and as a result, under

ot SRR RT3 ok o L on i Bl
in Figdé’.p‘iﬁ”"s‘tﬁé:%%%ggf’gky‘éﬁér3%%%%9&&9%1‘?&&%#?&@@%% 52

ent, tl _ “lay yner-contai ns t
is ca&%{i@d@dt‘)%éﬂ%&& NG SAO,nAnd JhesPot tom side
pol yner contains the ATP extracting agent. In

additdNn AS £ Qe Ehe e aHId iR AN AR ALYS1 Ad 1haGeqdiMiGig
to the eighth enbodi nent, the tenperature controlling

carriapacatise b vier heatiigedthel capd whiarkg €asfisLtidO2 rom
is constructed so as to control the tenperature in

a gel hitesestteps. sSpephficeal | s atresulkionstirauctied darganisms
control the tenperature wth the phase transition

are reenpeEradurfecof thkecapperipst cardecpol Yaernd it Khitchesame

~ phase transition tenperature of the mddle |ayer

time poley AEE, eapadinmptAnchadphasést paAsHt Foareepmerldanad e,
t he bottom si de pol yner. ) According to the

SEEORSYANR EHBOAIBHEEY RETReFbRR gaif STE B CbaBt (Fe@IT:
t he upper nost si de | ymer of the capturing carrier

in thgygue s €hH Y5 &% Fecovered, the

cag#%ﬂggétzmgﬁﬁga;%gégﬁ first heated to the phase
t ransi tion enperéture of the uppernost side polyner.

OFyA01I8, 83,101 LIE TL00hes|pyegnan the i enc,

only VRREJIMStn A 148, PREYABRgUNdergoes & Rhased LANShEl Phase
to a sol. As a result, "at the sane tine the

polymer. In addition, for a subsequent measurement apparatus,
the ATP eliminating agent, the ATP extracting agent and the
luminescent reagent are sequentiaily added and then the
Juminescence output is measured. That is, for the flow shown
inFig. 11, “process of the ATP eliminating” of Step 52 is carried
out between Step 52 and Step S3.

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

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

phase to a sol phase, the microorganisms are recovered from the

capturing carrier 102 and at the same time the germination
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m croorgani sns are taken out of the uppernost side
pol ynmer, the ATP elimnating agent is eluted fromthe
uppernost side polymer to elimnate the free ATPs.
Then, the m croorganisns of which free ATPs are
elimnated are mai ntained on the mddle | ayer

pol yner. Next, the capturing carrier 102 is
heated to the phase transition tenperature of the

m ddl e | ayer polynmer. By doing so, the mddle |ayer
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neas B0 G S o £aus e the,germination of the
M Cr oor gani sns. Next, the capturing carrier

10ZrHes hwatad toddmemehase transition tenperature of

the bottom side polynmer. By doing so, the bottom side

palaHTe heUtSier @OESg aapltdse 1 Danst tihenstoeAt S Mmphbisent,
whil e the ATP extracting agent is eluted. As a

two kiesid tqf tihel WER: extanaictd ng digemrarst gdded: ttocarieition
m croorgani snms, causi ng the degradation of cel
tempagmsrirnécdfvecheani ¢l cordyanilsase aldnithat ATRS tont af rredh
in the mcroorganisns are extracted. After a
otheq.ymthesEeRerr agenPoil ¥ratdéed- o t Hee ATPEE Q% gardgiring
. fromthe mcroorgani sns, the | um nescence output is
miCTGREEIHeNS) OF TNESALUG AT P6 YN GhERS ShbBlF retite se

bec, th ki nd f I havi di ff t
trang T FOuReFR FORC CORBEFSELTb L An b O hac et Srded o lymer,

i ff ki nd, of o ' ' h .
and a%g?y%srelﬁtnh:uﬁde% hgggggﬁ:ﬂ: %mc egl:teq%[aeagsggadfﬂ?aggccrans%tllcon

ple reagernts can n a Specl

to a ﬁégefa§@efhﬁuﬁ?%%%rhggefaéféé” d%%ﬁé%% C?Ht%&&iﬁg@h}[%%e

eating tenperature. As a res&?t, a step of adding
uppeMdlidePbe1yRRGERLSL L Ink NendBASUREARAhat ing agent and the
germinationinducing factorwhilethe lowersidepolymer contains
the ATP extracting agent.

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

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

57



apparatus can be omtted, thus the efforts and tine
requi red therefor can be drastically reduced.
Furthernore, according to the seventh and the eighth
enbodi nents, the | ower (bottom side polyner can be
formed to have a concave shape having a dip in the
center and the upper side polynmer can be forned over
t he dip. Furt hernore, although the ATP
elimnating agent, the germ nation inducing factor,

d the .ATP t t t | ect |
oy B PR AT S 3 1 AREM L 39 SOUNELY g s
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Furthernore, although the vessel 103 is housed in the

side GRAMENG tGaY HTEF e]-lQL%nl&féﬁﬁ_ﬁgj NGyern@ tEhes ol e i ri=htg on
ei ghth enbodi nents descri bed above, it is not

indusSipecifheal| yré igmidted themetioe ambean sedboskh Dt r havibng ,
no vessel 103 can be al so envi saged. For such case,

the firtecahPbewordiidamned erhanhdttes captreoinygrasms en d@pore
is placed on top of a filter, which can filter the

statesglam e pgelbaer T meck@eggﬁgltsmé ﬁpcwb@ﬁgahhgnﬁTP
As a filter, for exanple, a nenbrane filter nmade of

elimigsityifichgoedered Fhergataiiiat ol edur aRBtiacter prasdded
Ira and the i ke can be used. Furt her nor e,

are %%%qﬁihﬂ? 8 A6 ek ESeri B8 BHBdiTrent s are rel at ed
I f t t b
@?%Jé%%.pg%g e R, SRR ST na0pr SechiEe Pyt GIF hase
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Ing-carrrer, a capturing uni captu

the 12RRIY %E‘di% %Bgygg;}ghﬂagﬁé%sCQp}BHééé‘gtﬁé‘r‘i*sI@f&h”tgo a sol

al r-borne ani' s
phase and the APT extracting agent is eluted. As a result, the

ATP extracting agent 1is added-to the microorganisms, causing
the degradation of cell membrane of the microcrganisms 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 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
the capturingcarrier102bycontrellingtheheating temperature.
Asaresult, astepof addingreagents inthemeasurement apparatus
can be omitted, thus the efforts and time required therefor can
be drastically reduced.

{The eighth embodiment]
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Furt hernore, although the above described enbodi nents

are related to the use of a polyner which undergoes a

phase transition by heating, other polymers that

undergo a phase transition by a different factor can

be al so used. For exanple, a polyner which undergoes

a phase transition froma gel to a sol by a chem ca

inert to the mcroorgani sns can be used.

Furthernore, for the above described enbodi nents, the
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to the eighth embodiment, the temperature contrelling apparatus
114 for heating the capturing carrier 102 is constructed so as
to control the temperature in three steps. Specifically, it
is constructed to control the temperature with the phase
transiti@n,temperature of the uppermost side polymer, with the
phase transition temperature of the middle layer polymer, and
with the phase transition temperatureof thebottomside polymer.

According to the eighth embodiment, the microcorganisms
are captured in the uppermost side polymer of the capturing
carrier 102. When these microorganisms are recovered, the
capturing carrier 102 is first heated to the phase transition
temperature of the uppermost side polymer. By doing so, while
the middle layer and the bottom side polymers remain in a gel

phase, only the uppermost side polymer undergoes a phase

transition to a sol. As a result, at the same time the
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aid of external magnetic field. Specifically, when

the polyner |ayers are nunbered in an order of phase

transition and there are n layers, the nagnetic

particul ates of which surface is immobilized with the

conmponents of the (n+l ) th layer can be placed in

the interface region with the n foll owed by subj

ecting the nth layer to a phase transition to a sol

phase and m xi ng and reacting the particul ates by
them ext ernal n t|c field.
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resulting mxture, an ATP elim nating agent was
aded., Afteca®@uriingt esrraprATPZexsriactiiag agearite wisise
added and wth an aliquot of the resulting mxture a
trangijpi e scapes apasupéneme midd arlaived polymer. By mgring
this test, concentration of L-alanine (hereinafter,
so, thy ﬁl@@ﬁ@eﬁﬁﬁﬁFlBﬁiymﬁésuvgﬁFéaeﬁl@s@hﬁ%ﬁcﬂﬁ%ﬂﬁiq%ﬂﬁ to
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germlﬂaﬁ% be segn i &[Bd:rl@anljs%ns the | unm nescence out put

i ncreases with Ala concentration. Wen Al a

copcent kalkl eRpWas inddcAMeErmupe, it hl@ee'at’é‘&l NESGHEL @hase
out put was stabilized. That is, when Al

tranaicentdcaideaa twas: 25 AMeOborBbR, scakl pot@ﬁer. By doing
sufficiently sporulate and ATPs can be extracted. As

so, tlechptitbmwabsdé cumbyrdatutdee dleas @opbentrataonitson to a
preferably 25 nM or nore. However, whenAl a

sol phaneertirlat tlom Al® ¢oordiging aggek M ehusedfi dieatresult,
strength cannot be obtai ned. For such reasons, Ala

the NEBsedmacatingn yen prisf 2@l o100 M/Feporeseisns, causing

the degradation of cell membrane ¢f the microcorganisms and the
ATPs contained in the microorganisms are extracted.

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

According to the eighth embodiment, because three kinds
of polymers having a different phase transition temperature are
ITaminated and a different kind of reagent is contained in each
polymer, multiple reagents can be added in a specific order to
thecapturingcarrier 102bycontrellingtheheating temperature.

Asaresult, astepof addingmultiple reagents in themeasurement
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Next, the relationship between the tenperature and
the | um nescence output for a reaction with L-al ani ne
was i nvestigated. The results are shown in Fig. 13.
As it can be seen fromFig. 13, the germ nation of a
spore-formng mcrobe is facilitated and the

| um nescence out put increases at higher reaction
tenperature with L-alanine. In particular, at the
tenperature of 30C or higher, the | um nescence output

apoa AT A SR Rt Ry SOREY L e rBHL €L IS AL L ddh rea

um nescencé ou P arts

e 'Ehgr . Further, although
theIenot%"I sﬁomk?él nc_n{ e ﬁ%lﬁlgggﬁdg&?he treat ment
t PRI SE-d,S IR dihan A0CH e hagtkel ialg ¢eld 2ighth
slowmy start to die. As such, it is preferable that

embodibedtenpenat upgeolbbheokhpactd® pbolvide lcahape N iged to
from30C to 40C. Thus, for eluting the spore-formng

have @ ecbobescbyhhpat hagihdea chigt ur ngecaenter 402, thHdepper
tenperature is preferably between 30C and 40C
side Nextymdorcaradie rigactddmoitasnparatdine, change in the
| um nescence output with time was investigated. The
r ésut it srcr sshawr-Havefi ghel ATEAe liimigwt 5w saen thr e
Fig. 14, when the reaction_tenperature was 35C the
germiiahedt ipehic ings faprarnednd dlteATI0SKF RaEESNY agent are
Ther ef or e, Mwnthergmﬂont%$aauueimﬁa;th
seleqte@iortite %! preféfabryt361 i ntt 65 oF geeoraing
As.it js clear fro he .above descri bed,descriptio
to thEnor bR TR EBRUTb TH FHUE et o aehec e
reagéﬁ%fcgdéﬁM%s the lum}neéc%ﬁgtHébggngaéﬁheﬁefégntai ed in
caﬁ%urlng al r-porne mcroorgani sns, characterized 1 n
the % it fng i86s @pol ymer which undergoes a phase

ansition between a gel and a sol in the tenperature
r gnge-rhetween G andi#Ge vessel 103 is housed in the
- capturing carrier 102 according_to the fourth to the eighth
embodiments described above, it is not specifically limited
thereto and an embodiment having nco vessel 103 can be also
envisaged. TForsuchcase, itcanbeconsideredthat thecapturing
carrier 102 is placed on top of a filter, which can filter the
solphasepolymerwhile keeping themicroorganisms. Asafilter,
for example, a membrane filter made of polyvinylidene fluoride
with pore diameter of 0.45 pm and the like can be used.

Furthermore, although the above described embodiments are

related to an example of capturing and testing air-borne
microorganisms, the uge of the present invention is not limited
thereto and it can be applied to a capturing carrier, a capturing

unit, acapturingapparatus andamethod for capturingandtesting

air-borne microorganisms.
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2. The capturing carrier of the above invention 1,
characterized in that the capturing carrier conprises
al cohol s having no bactericidal activity. 3.
The capturing carrier of the above invention 2,
characterized in that the al cohols are any one of

gl ycerol, ethylene glycol and propyl ene glycol.
4. The capturing carrier of the above invention 1,
characterized in that the polynmer is any one of

gel atin or

caf“rwé}ersfro %%GL\%%%QQWW%W Sesgnopadapsients are

the al co nd t he

‘relate P 55 ogm Sng ?9|w %,0 er&fb%soy%lh%csee{]oraﬁ81tlon
by h e hf e%thgrt 8l§ﬁ8¥gr%ﬁ§tQEﬂﬁi hase @raﬁ@ftlon by

capt ur'i ng car e above ihvention 1;

a: eharact erdged iyt hat the pekynerpds gelatio, a@%mner

gel'atinis conprised in an amount of 5%to 10% b

whicWeh@Btg689paRLd Orhhei £8P WirbRG §8T Eb&lsol by a cheancal
The capturing carrier of the above invention 1,

inertchas adiemizechd fgdrhiadmd hearpddeymesed.s NAGAN MBPDA and

trgzrthermore, for the above described embodiments, the
reagents can be comprised inside amicrocapsule to get dispersed
in the polymer gel.

Furthermore, when multiple polymer layers are laminated
as the above seventh and the eighth embodiments, the compcnents
of the lower polymer layer can be included in a thermosensitive
microcapsule and the resulting microcapsule 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+1) thlayer 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 a.ﬁd the eighth émbodiments,
magnetic particulates of which surface is immobilized with the
components of a polymer layer can be placed in the interface
region with the upper polymer layer, followed by subjecting the
upper polymer layer tTo a phase transition to a sol phase and

mixing and reacting the particulates by shaking them with an
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NAGAmM MBPDA is conprised in an anmount of 1%to 10% by
wei ght conpared to the capturing carrier. 8.
The capturing carrier of the above invention 1,
characterized in that the capturing carrier consists
of a polymer 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 heating, and by containing a test

ent_i.n_the he S e
ald(%i%%% nalﬂagne?ran3|jf%n %%%&glgg Eghas}163 %Hé sﬁymer
layefg]%&% nﬁﬁtﬁgl’rgangnt&t asgvggéhgftléh%t%re
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are rgelagﬂﬂ%se e R IR: qta%waws 'Bﬁrn@ﬁrcgﬁ@tﬁrf%ce is
t he “ai r-'borne mcroorgani sms can be captured

immotef f i LdeRt £ ¥ £ hBWddiinesi N6 € thke(eal r Peara wdesgpeslaced
phase transition to a sol phase at the tenperature of

in th4QGtenr fhessramidear wheattihegy "t heyad cf obl gand byesukhicgtt ing
have been captured in the capturing carrier can be

the rédsidyer eoo\eepddskr dmatlsd tdarr iter @ api o sdeing mixing
destroyed. Still further, accordlng to the present

and Hem@nitidomhes PAcs ichd atest begfertnisthent &l Hedh mihe
gel phase pol ynmer and el uted upon a phase tranS|t|on

extennply Iegneiigse et e t B3tTREAGHRC cARATBE Addert ol (RS
ntcroorganlsns at _the sane. tinme the% ire t aken out

othex torfhk SaB?IHP%@t%%? (G AL deh SMRLBEPT g 18 THE <Y

of ti%{eseQ} i.nventi on he‘ﬁégcesses of recoverlng t he

é?%n:%%hléﬂ%k¥?dﬁm%%e capturlng carrier, and adding
% rerc?qi%%r?:telnté}%’telto% c 1Coq{ rtfe e%tture and
S|nu aneous

n suimmar'y,” by using tHe capturing

reactC@ 8nd ftee gRERSRAL 1bAYVEALLEAngt PE-PEPGRSSE 2 ined
capt uring the alr-borne m croorgani sms, taking out

by ar &gl LrRaganizess thiembdhe raaichiter toamdnaddi nggtihe
test reagent thereto can be done so that processes
comp 1 THM E apblkisngf tha diashiNnguol ithe , ailfaboinee was added as
m croorgani sms can be done conveniently in short
a santplre inQadWahher especin tad.itchet mfehheorewilt hreg albovieire,
I nvention
an ATP eliminating agent was added. After 30 minutes, an ATP
extracting agent was added and with an aliguot of the resulting
mixture a luminescence measurement was carried out.
For this test, concentration of L-alanine (herein after,
“Ala concentration”) was varied first toobtain the luminescence
output. The obtained luminescence output corresponds to a
luminescencecutput per 1CrU (1.e., onemicroorganismina sample
before culture). The results are shown in Fig. 12. Further,
cps, which is the unit of luminescence output, indicates 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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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 |i ke the ATP nethod, with an application of
the present invention efforts and tinme 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

h .
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the present invention, when the nicroorgani sms are

suffic@&ﬁﬂ;ﬁ@pb&u@ﬁ%@r@ﬁcﬂ‘@ﬂ‘% thnabphaserdd@nsi t hans@dh, it
the capturing carrier froma gel to a sol, the ATP

was felihdithatt fge agentohseret vdetoarnd podedrdiey ébamM As more.
such, free ATPs existing outside the cell body of
Howewgdmgblieeni\d paesccdir die aredzed.niTusy gat eortdisny fticient
the correspondi ng i nvention 10, the processes of
stren@doverimg- trermidrooraghni $ive FUGH Aeacaptur Phg
carrier, and renoving the free ATPs can be carried
concegifirad i tiehagirsisrally. WG i éxpeétsto the invention
of the ag@ e iLnventi

n AT imnpatin

| S1SHar abCerF e PR AR bﬁFW&&ﬁpFﬁgeﬁewe%%%? G e
lumlselectced prnq:q{oup C%ﬂfH?Hgn qﬁéqbehgs%_ alkallne

bHiosphat a8& P pHosphatase’ ase.”
inve %gl%"cﬁéacg.: %'epPQéBEE‘E ke s%{b%?‘i%”ﬁﬂgf‘el Phosphat &,y pe
seen from Fig. 13, the germination of a spore-~forming micrecbe
is facilitated and the luminescence output increases at higher
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 reaction with L~alanine is from 30°C teo 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 output with time was investigated. The results

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

reaction temperature was 35°C, the highest peak was obtained
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12. Wth respect to the invention of the above
invention 9, the test reagent is characterized in
that it conprises an ATP extracting agent which can
extract the ATP originating fromthe m croorgani sns.
According to the present invention, when 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. t hereto. . As such, cell nmbrane.of the viable .
ATt Oibhue an BETFEEAS THIS" WUt ordrhgorc TR totite is

o | ention, of aim112, th rocesses._ of recoverin
35°C, | KBONTERGGN GANEANE FPoRFERS BapTur N RaFE er T BRge-

POl OFM D¢ INE EYBhSLil AfMe HEQ’BE%BSa%ﬁ@ﬁ&P@AF the

m crobes can be carried out sinultaneous

presehd (WtdhHi€PeGly 4 Jddhe Hd\ventd an ofs dhetabave rolious.
invention 12, the ATP extracting agent is

char act-eiitzed nigh cltati et fEANRIEpTeS idgs uhfrashant,
trichloroacetic acid (TCA), tris buffer, ethanol, a

micrdofidan ienzymehbavicng ra zpdoti@askaact t vidnypmaigkd he dolkeer
14. Wth respect to the invention of the above

which mweetrigors9a phese dagentit o Hartactaar ezedli andhatsalt in
is a germnation inducing factor which i nduces

the tgapsnsdiien onge dedmwecsorlm AganficABle- or spores of a
plant . According to the present invention, when the
micer G6ieg &RPE g 180 CPEEIPET &F TR CadboVGanbd SRitLRTa L -

: phase transition of the capturing .carrier from I

characf-ef 1§89 1P Hd e P rizd R ont +#9 L‘féirgf “factor T+ %@%@31@%3*018

. d d t her, . , h, by i nduci i nat i
navisf OISt Sl e suchy by | nduci ng ger il on
|1 \ f i | . .
call mien e translonmd ) oo Aogneral shaleitors,

charaQGQ4i - cHug, 3eGOoRdiNg, 1t HAE IRVt onnld o I@ﬂycteﬁgl,

processes of recovering the mcroorganisnms from
ethyﬂéﬁ%lgﬂyﬁbrﬂaﬂd oAN&dandugidg .t he germnation of
ce

menbrane of a spore-formng mcrobe or spores of

anl amnte eelpt veangbesgarikired ouwhes abdhianeawskyon 1,
characterized in that the polymer is any one of gelatin or
NAGAm/MBPDA. |

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

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

7. The capturing carrier of the above invention 1,

characterized in that the polymer is NAGAm/MBFDA and the
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15. Wth respect to the invention of the above
invention 14, the germ nation inducing factor is
characterized in that it is either an am no acid or
L- al ani ne. 16. Wth respect to the invention
of the above invention 14, the germ nation inducing
factor is characterized in that it is either sugar or
gl ucose. 17. Wth respect to the invention of
t he above invention 8, the capturing carrier is

G5 4 S8 AP el OB L% O P e
' - i tion f | phase t
Compa;go]ﬁdc?rg%)l’&ge . Iell{a(j %fﬂeoln roma gel phase to a

ase an ave erent phase transition

teypenal Wa, ACGR ding {1 the fHESBMyd '1‘{'1%@6{{‘1% 1,

since the capturing carrier is constructed by
chard &HMatd 0N ohm Hd phet Rl MRES Wi GhbNAMA: Aof a polymer
di fferent phase transition tenperature, by
whiclcaBrtinld gag phesdeat thg taMerAtHpeuranpalidmic WarthEms
undergoes a phase transition froma gel to a sol can
but ubdesgbestgohaddhusanbytéhang agollhgdssit thagempdarture
each type of the polyners, the test reagent for
of 403@dit ilewscandbe aioirgpl eodeldy containitgr aWeht reagent
. respect to the invention of the above invention 17,
inthe e lypkeLitgleet 9ot yaagsnarié HHrat e 286 Phd seHatanHdyi on
consi st of three layers and the pol yner | ocated on
from gk @bt s CptRiaTfRy sPFERELFoner thRagaesent
transition t fture and.fron1tq§ nicr035 ani sm

invend il PRGOS Bl Wi BFTHRALFAE bahEoPaul iRy Carrier

is inggrc%r;]n fatﬂaosne Iar‘?:d%ﬁlen 'r]rtlé?lcot [:’ag nq:i%% I'rli\ircF:)rc%( L r%én .. the
age ré - thnmprised I thebrder. “ACcoraing to the

air- ﬁ?e%ﬂlcwgfgéﬁ&ns%ﬁirﬂ?t%‘zﬁp@@ﬁéég%;@ﬂ@ﬂ Pr%dho{her,

the capturing carrier Crease romt side to

sincMiLEh c‘ét&%i@rcﬁﬁgégg85§”§ BH 8 Cata8d: ithe tBOL YA®I phase
under goes a phase transition froma gel to a sol. As

at th resildsa@ird her saive birmeelshe wwaRURedting, the
m croorgani sms are taken out fromthe capturing

micreafddrelsmd Wei AR zeld earatbpguagenin thdeagenmringtdarier
i nduci ng factor, and the ATP extracting agent are

can bekatédyi reardere@fdomdded-dor tdre, Wi thoot penngmestroyed.
Thus, the processes of recovering the mcroorgani sns

Still domtiieer c aprogridigac &or Lbe, PERBANRat Vgt hen f reengThe
I nduci ng the germ nation of a spore-formng m crobe

test zeagemé Lrkecnhadnedt taciihgaheharp Bplyher and eluted
m croorgani snmg can be carried out b{ga singl

- e
upon @, @SN TERSHitC F8s @l FPhgPRASE  dFAfmtF et i it Edse c20

e acill S SL18 &MY L0 e T ORESIER: LG eRRLMILNL SR,

out fromthe capturingcarrier. As SLich, accordingtothepresent
invention, the processes of recovering the microorganisms from
the capturing carrier, and adding the test reagent thereto can
be carried out simultaneously. In summary, by using the
capturing carrier of the present invention, the processes of
capturing the air~borne microorganisms, taking out the

microorganisms from the carrier, and adding the test reagent
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19. Wth respect to the invention of the above
invention 17, the nmultiple polyners are characterized
in that they consist of two |ayers and the pol yner

| ocat ed on the mcroorgani smcapturing side has | ower
phase transition tenperature conpared to the pol yner
on the other side and in the polyner |ocated on the

m croorgani sm capturing side an ATP elim nating agent
and a gernination inducing factor are conprised while

in the po r e ot her side anATP extrac .
Lherige fen S S oo ABCORARRE L - ohe et o Ebsting
i nvention, when the heati ng tenperature for
of thg e bosde st ot Il e LA RS Rab ki Tig shore
side to which the m croorgani sns are captured t he
pol ymer undergoes a phase transition froma gel to a

so) . A psYehpet the @B dd® dher the above invention
capturednlcroorganlsns are taken out fronthe

8, LHARdYd NGERIHH als chbheAERiekidmipathag agens anckddwnt
germ nation inducing factor are eluted and added to
for delRechiagatiganbsmseetioli ovethyadmebytitinantdod. Thus,

addi tion of the ATP extracting agent. Thus, according
when tonitiee pogseatgénverticoneqal Fedhe kyr bbessiBsmethod, with
recovering the mcroorgani snms fromthe capturing
an appatceeionelfi Hhapreagnt e viendd oaT, foriduenfd igerecquired
erm nation of a sgore form ng mcrobe and the |ike,
for tglﬁdpmw%%tﬁrr@@ ERABTATPNGfL G ReShi-BP gk §Qﬁu%h%r%%9%élsms
carried out by a single capturing carrier, resulting
can b?}%F%W%ﬁ%ﬁ#%fYn%?%ﬁ§%d1n t he eff|C|ency for the
roce sﬁé frow1c thln to t

20. A . .
8%@?88 t{gbﬂﬂyﬁﬂ 18 r9%5¥ﬁ%above invéntion
2, thrg gr Oor rII]_ISSC arac a‘fES&'ﬁeghéE t{]%g ér&ﬁ%@r@firﬁﬁa@lng

cap |ng carrier CO

agenﬁ" %thglog§ i1 RNRES AF @%ﬂéﬂ@hgﬁtwlﬁ@ 9§h8§ﬂgt§néoﬂfrom

tenperature range between 15C and C, and

the ﬁﬁ%%%ﬂrdd%;%%ﬁia'ﬁcEB%dﬁﬁEIH6|ﬂHk:%%%%b%E inventicdl.when
The capturing device of the above invention 20,

the ®NFEStQINZEMs | Ard hadcavdidd eln | Sceorpinsedyath thehase
bott om of the vessel. 22. The anal ysis system

trans St Charattard zegtivr irfatcadr iconfricees gehokdi agscl, the
menber which holds the capturing carrier conprising a

ATP qbinyirert iy clyemdergegsitedlase addads itbeortbet weensech,
gel and a sol in the tenperature range between 15C

free &Tds40€ shinamersids éheore +bliadygodppatausigipeRs can
controls the tenperature of the capturing carrier,

be regpyesdn al Rust PEHALEMT Bp|ﬁh$gc<ﬁ-a¥%sw<éhng AOVEAdes 10,

air flowto the capturing.carrier
theprocessesofrecoverf%gthe%zcroorganlsmsfromthecapturlng

Time.

carrier, and removing the free ATPs can pe carried out
simultaneously.

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

adencsine triphosphatase, and adenosine phosphate deaminase.
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23. The anal ysis system of the above invention 22,
characterized in that the tenperature controlling
apparatus can switch the heating and the cooling of
the capturing carrier before and after the
introduction of air flowto the capturing carrier.

24. The anal ysis system of the above invention 22,
characterized in that, for the capturing carrier, the
gel phase polyner is placed on the filter for

f'bteﬁ tg 9@ %xQEhg Pﬁ ﬁtf&A &DQ Ba Boygnfﬁ%ention
RS d i PEFartd

SPds "& gri constituting a

9, th%pQ@%%t aggﬁgogg'E$E£98t$&£9e5h§nf%ﬁéﬁﬁui%Dmprlses an

conpri se Iltration apparatus can firlter
aTP ekbeapel ¥R gdhatnisntéansherird i am §9£%£5)ﬁafzrﬂz@g from
: e

tenperature controlling apparatus.

the mietrbedghon seapt untsgrandy testtihrgpaksahornevention, when
m croorgani sns of the present invention is

the ndharcaoteetriizeds iard hatcdve reahpin sessatdepscofwiddptauphrge
m croorgani sns by which the air-borne m croorgani sns

transdrtd coaptiutée icapgucdpgurbngiecar frem bygsprieyingddir the
conprising air-borne mcroorganisnms to the capturing

ATP edamiinerCvitd elyseénsdissP3usPdaapel yAerdi Rhgert phades am@h.
contains a test reagent, and_recovering _and addi ng by

cell WeamdH atfe Hagths i MHEGT Ghe e dpearl wiel - Thus,

sccor ewperature g%“gﬂéﬁ Ie s far géﬁ 336 %éig%%%%gp to

e capturing carrier are rec ere romt he
recovelinl f%hg WRProaFbaflo Bt S E DURLERPRLRThY Tagier, and

perf gﬁﬂgérgo S %egﬁfEgﬂhtﬂgmﬁﬁgﬁgrbﬁgjﬁgnfl le\Mydy% es

e a phase transition to a sol phase, an

can M%ﬂ@p dt tdhen MG RRf gAY sms above. According to
the present invention, the processes of recovering

t hg .Mve EAOF gakd SHEd £BM 1 e caPbhld Ngheddbdes anditien
process of adding the test reagent to them can be

12, tieaRTPetktoulctSinhdante 08 sihyratestitzienig il that it comprises
sinplification of the

a surfactant, trichlorecacetic acid (TCA), 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 germinaticon of a spore-forming
microbeorsporesofaplant. Accordingtothepresent invention,
whenthen&croorganismsarerecoveredinaccordanceWithaaphase
transition of the capturing carrier from a gel to a scl, 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 transformed into a general state

for which all the reactions of the ATP method can easily cccur.

Thus, according to the invention 14, the processes of recovering
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operational process and shortening of the operation
time. WHAT IS CLAIMED I S: 1. A capturing
carrier for capturing air-borne m croorgani sns,
characterized in that it conprises al cohols having no
bactericidal activity, and a pol yner whi ch undergoes
a phase transition between gel and sol in the

t enperature range between 15C and 40C. 2. A
capturing carrier for capturing air-borne

e nEbEASSLIRELATE  GRLECLEIEEYS R DAL L SOIREL 568 e
oorm BT ML (RIS 00552 A ATAISIL L 0. beL SR o

of a 4BGnierel n-5aigd al6ohals isyselgehed Jdpmithe group

consisting of glycerol, ethylene glycol andpropylene
glycoliith respdet TELEAPL N ERNGL 62T €heagEOVEiiRgrdirion

Claiml or aim2, which is characterized in that

14, 3% depoliyRhions iafyicong hcgekal s nclamth NAGANE MBPRA.that
it is either an amino acid or L-alanine.

16. With respect tce the invention of the above invention
14, the germination inducing factor is characterized in that
it is either sugar or glucose.

17. With respect Lo the invention of the above invention
8, the capturing carrier is characterized in that it is
constructed by lamination of multiple polymers which have a
property 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, apolymer whichundergoesaphasetransition
from a gel to a sol can be selected. Thus, by changing the test
reagent for each type of the pcelymers, the test reagent for
addition can be also selected.

18. With respect to the invention of the above invention
17, themultiple polymers are characterized in that they consist
of three layers and the polymer located on the microorganism
capturing side has lower phase 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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4. The capturing carrier according to Caim1 or
Caim2, which is characterized in that said al coho
is glycerol and the glycerol is conprised in an
anmount of 30%to 60% by wei ght conpared to the
capturing carrier. 5. The capturing carrier
according to Cdaiml or daim2, which is
characterized in that said polyner is gelatin and the
gelatin is conprised in an amobunt of 5% to 10% by

com pnﬁhsﬁt cofparg etrq. tggcgggt rgr I {]g J&?r r IJ.geseln 'raegll'tr%on,

capturing carrier accor

onen Sl VBRI 1 fcsa?@?aﬂfplﬁfie i o

incr &It £0fm 1%t 408, lmalw&mmg@ﬁpéfggnwmg Ree captured

capturing carrier. . The capturing carrier
the pROGAHH NEdLeqEkal m;ih@éecﬁlaér{ﬁﬁzldmlﬁfbm S gel to a sol.
characterized in that; it consists of a polyner

As a whbkalti, Satntiae ﬁimepham ahet heptiupedaofii capbrgamisms are
m croorgani sms but undergoes a phase transition under

takerheatifngnt bha ceglit phasecatroer] ébs ANanl40Chaandyg agent,
the germination inducing factor, and the ATP extracting agent
are eluted in order and added to the microorganisms. Thus, the
processes of recovering the microorganisms from the capturing
carrier, eliminating the free ATP, inducing the germination of
a specre-forming microbe and the like, and extracting the ATP
of the microorganisms can be carried out by a single capturing
carrier, resulting in a dramatic increase in the efficiency for
the processes from capturing to testing.

19. With respect fto the invention cf the above invention
17, themultiple polymers are characterized in that they consist
of two layers and the polymer located on the microorganism
capturing side has lower phase transition temperature compared
to the polymer on the other side and in the polymer located on
the microcorganism capturing side an ATP eliminating agent and
a germination inducing factor are comprisedwhile in the pelymer
ontheother sideanATPextractingagent iscomprised. According
to the present invention, when the heating temperature for the
capturing carrier is increased, starting from the side tc which
the microorganisms are captured the polymer undergoes a phase
transition from a gel to a sol. As such, at the same time the

capturedmicroorganisms aretakenout fromthe capturingcarrier,
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a test reagent is contained in the polyner so that
the test reagent is eluted when said phase transition
froma gel phase to a sol phase occurs. 8. The
capturing carrier according to Cdaim7, whichis
characterized in that said test reagent is a reagent
for detecting the captured m croorgani sns by ATP

nmet hod. 9. The capturing carrier according to
according to C aim 8, 10. which is

aracterized in_that [ At 1S :
tno APLICLONLES ! D LR 2R 8RR 80n AP0 ractor
aree#%%%ggh@£§gégﬁbEﬁgﬁﬂéy%dP HAYULGHY @%edbythe%ﬂution
e capturing carrier according to alm 9, " which 1s

and £LharaGHebirzedeiNrd hate Satih ATR R Nahi: 89 A8eMding to
conprises at |east one selected froma group

the EONsds 1Ngraftapyr ase. @l&kalidtesses of recovering the
phosphat ase, aci di cphosphat ase, hexoki nase, adenosi ne

microorganisms from the capturing carrier, eliminating the free
ATP, inducing the germination of a spore-forming microbe and
the like, and extracting the ATP of the microorganisms can be
carriedout byasingle capturingcarrier, resultinginadramatic
increase in the efficiency for the processes from capturing to
testing.

20. ‘A capturing device for capturing air-borne
microorganisms, characterized in that it comprises a capturing
carrier‘comprisingaapolyner:which.underggeseaphase'transition
between a gel and a sol in the temperature range between 15°C
and 40°C, and a wvessel to contain the capturing carrier.

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

22. The analysis system is characterized in that it
comprises a holding member which holds the capturing carrier
comprising a polymer which undergoes a phase transition between
a gel and a sol in the temperature range between 15°C and 40°C,
a temperature controlling apparatus which contrels 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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tri phosphat ase, and adenosi ne phosphate deani nase.

11. The capturing carrier according to Claim8, which
is characterized in that said reagent conprises an
ATP extracting agent which can extract ATP
originating fromthe m croorgani sns. 12. The
capturing carrier according to Claim1ll, which is
characterized in that said ATP extracting agent
conprises a surfactant, trichloroacetic acid (TCA),

b th I I h
charsgh Tt 5 ahc s 1T ke rat il Eqnfla s &, LR, PR can
switéhE% %%a%%%o%%d¥%éooghah é%tﬂ@ th§13 %5%%&%%%%¥%re
I'n ﬁat sal 8 reagen? gernlna on 1 naucli ng factor

and akhat ﬂﬂ@%‘é?o%ﬁ%fﬂ%ﬁ?tdﬁaﬂffﬁé Rera:d QLA Ng: Al ¢rAheS: .

or spores o
24. The analysis system of the above invention 22,

characterized in that, for the capturing carrier, the gel phase
polymer is placed on the filter for filteringa scl, a grid plate
holding part which helds a grid plate constituting a filtration
apparatus in combination with the filter is comprised, and the
fiitraticn apparatus can filter the polymer that is transformed
into a scol by the temperature controlling apparatus.

25. The method for capturing and testing éir—borne
microorganisms of the present invention is characterized in that
it comprises steps of capturing microorganisms by which the
ailr-borne microorganisms are captured in & capturing carrier
by spraying air comprising air-borne microorganisms to the
capturing carrier which consists of a polymer in gel phase and
contains a test reagent, and recovering and adding by which the
capturing carrier is heated at the temperature of 40°C or less
for a phase transition 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 to the microorganisms
above. According to 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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14. The capturing carrier according to C aim 13,

which is characterized in that said germ nation

i nducing factor is an amino acid or L-al anine.

15. The capturing carrier according to C aim 13,

which is characterized in that said germ nation

i nducing factor is either sugar or glucose.

16. The capturing carrier according to Claim?7, which

IS characteri zed in that said capturing carrier is
opera\qo%sﬁarLUCtr%dceb %t 'r%n%f ngngg '1291!e %lﬁém:i #’n

ave roper y o der goi'ng a phase anS|t| on " from

a gel phase to a soI phase and have a di fferent phase

transition tenperature.
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17. The capturing carrier according to C aim 16,
which is characterized in that said nultiple polyners
consist of three layers and, closer, to the
m croorgani sm capturing side, the polyner has | ower
transition tenperature and fromthe m croorgani sm
‘ capturing side an ATP elim nating agent, a
WHAT I&eFﬂ@ﬁﬁF&oﬂSFnducing factor, and an ATP extracting
agent are conprised in order. 18. The
capturing carrier according to Caim116, which is
lehar septniried carrhat daird owwtiirghg pakywerseconsi st
. of two_ |l ayers_and.the pol]yner l|gcated. on e
microo R G R ARE Tr s, AG g owert ranGr I ge  3loonols
havingt eipepatueei eogpar ettdorithe, pahymer paltherothgrictsi gedergoes
~and in the polyner |ocated on_the m croorgani sm
2 phas@upt ¥Rt figt 9HPLRAVATP &5 3R | Aigl agBntthand-rperature range

erpiLnation 'ﬂpucing factor are conprised while in
bEtweeghggB§I% r4% ‘the ot her side an ATP extracting agent

2i.sacedprLsefe carrier for capturing air-borne
microorganisms, characterized in that it comprises an alcohol
having no bactericidal activity, and a polymer which undergoes
a phase tranéition between gel and sol in the temperature range
between 15°C and 40°C, wherein said alcohol is selected from the
group consisting of glycerol, ethylene .glycol and propylene
glycol. ' | '

3. ‘The capturing carrier according to Claim 1 or Claim 2,
which is characterized in that said polymer is any one of gelatin
and NAGAm/MBPDA.

4. The capturing carrier according to Claim 1 or Claim 2,
which is characterized in that said alcohol is glycerol and the
glycerol is comprised in an amount of 30% to 60%. by weight
compared to the capturing carrier.

5. The capturing carrier according to Claim 1 or Claim 2,
which is characterized in that said polymer 1is gelatin and the
gelatin is comprised in an amount 5f 5% to 10% by weight compared
to the capturing carrier. 7

6. The capturing carrier according to Claim 1 or Claim 2,
which 1s characterized in that said polymer 1is NAGAmM/MBPDA and
the NAGAmM/MBPDA is cdmpfised in an amount of 1% to 10% by weight

compared to the capturing carrier.
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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 ABSTRACT In order to nake a
process of capturing and testing air-borne

m croorgani sns nore conveni ent and quick, a capturing
devi ce mhich conprises the capturing carrier

ﬁorfpﬂl eug%é L AiGh 8. 4038, rqrge% phagerat the ~1.in o,
t1 ne O

€ m croorganit s unaer goes a

which g@a§%a&%%Q%lgbg@_q&d%%aﬁeatlng to a sol phase at the
: tenperature at or |ess than 40C (especially in the

itterRRIAlW=e JrargeNemaen e and 3YQ ge;ag%ésé/eéﬁekhe time
r

to contain the capturing carrier is used t her

of cal@MhigSiigractkgshikeagent uhdheopel wrphasteh@rtae@tltlon
reagent can be el uted upon said phase transition from

underahgel-iphase tosalsphzpkhase. oBy lkeat icthgnt R€°Capandi ng
carrier, a phase transition to a sol phase can occur
aattest| essgdndn 46C. cAstaiwhd simcéheecpvkyyenof so that the
m croorgani sns and addition of a test reagent to the ,
test meeyYok gani steutad béixsar pRéd dihass nreagésdshy, fxdre a gel
process _can be sinplified and the process tine can be
phase §ﬁopt§ﬁédphase occurs. :

8. The Capturlng carrier accordiﬁg to Claim 7, which is
characterized in that s&id test reagent is a reégent for detecting
the captﬁred‘microorganisms by ATP method.

9. The capturing carrier according to according to Claim 8,
~which is characterized in thét said reagént is ar ATP eliminating
agent which eiiminates ATP other than the ATP criginating from the
microorganisms. | |

10. The capturing' carrier according to Cléinx 9, which 1is
characterized in that said ATP eliminating agent comprises at least
one selected from a group consistiﬁg _of apyrase, alkaline
phosphatase, acidic phosphatase, hexokinase, adeﬁosiné
triphosphatase, and adenosine phosphate deaminase.

ll.k The capturing carrier according to Claim 8, which
‘isrcharacterized in' that said reagent comprises an ATP extracting
agent which can extract ATP 5riginating from the microorganisms.

12. Thé captﬁring' carrier according to Claim 11; which
is characterized in tﬁat said ATP extracting agent comprises
a surfactant, trichlorcacetic acid (TCA), tris buffer, ethanol,

a lysozyme having a protease activity and the like.
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Fig. 1

13. The capturing carrier according rto Claim 8, which
is characterized in that said reagent is a germination inducing
factor thaf induces germination of a spore-forming microbes
or spores of a piant-

i4. The capturing carrier accordiﬁg to Claim 13, 'which
is characterized in that said germination inducing factor 1is
an amino acid or L-alanine. h

15. The capturing carrier according to Claim 13, which
is characterized in that said germination inducing factor is
either sugar or glucose.
| 16. - The capturing éarrier according to Claim 7, which
is. characterized in that séid capturing carrier is constructed
by lamination of multiple polymers which have a property of
undergoing;a phase transition from a gel phése fo a sol phase
and have a different phase transition temperature.

: 1?. ‘The capturing carrier according to Claim i6, which
is charactefizéd in that said multiple polymers consist of three
layers and, -cioser‘ to fhe microorganism capturing side, the
polymer has lower transition. temperature and froﬁ the
microorganism capturing side an ATP eliminating agent, a
‘ gerﬁinétibn inducing factor, and an ATP .extracting agent are
comprised in order. |

18. The capturing carrier according to Claim 16, which
is characterized jjlrthat said multiple polymers consist of two
layers and the polymer Ilocated on the microorganism capturing
side has lower transition temperature compared to the polymer

on the other side and in the polymer located on the microorganism
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capturing side an ATP eliminating agent and a germination
inducing factor are comprised while in the polymer on the other

side an ATP extracting agent is comprised.
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CAPTURING CARRIER, CAPTURING DEVICE, ANALYSIS SYSTEM USING THE

SAME, AND METHOD FOR CAPTURING AND TESTING MICROORGANISMS

ABSTRACT

In order to-make a process of capturing and teéting
air—bornendcroorganismsmofeconveniengandquidk,acapturing
devicewhichcomprisestheCapﬁuringcarriercomprisingapolymer
which is ina gel phaseat the time of capturing the microorganisms
but\underéoés a phase transition under heating to a sol phase
at the temperature at or less than 40°C (especially in the
temperature range between 15°C and 37°C), and a \}essel to contain
the capturing carrier is used. Further, by comprising a test
reagent in the polymer, the teét reagent can be eluted upon said
phase transition from a gel phase to a sol phase. By heating
the capturing carrier, a phaée transition to a sol phasge can
occur at or less than 40°C. As such, since recovery of
microorganisms and addition of a test reagent to the
microorganisms can be carried out simultaneously, the process

can be simplified and the process time can be shortened.

Fig. 1
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