CAPTURING CARRIER, CAPTURING DEVICE, ANALYSIS SYSTEM
USING THE SAME, AND METHOD FOR CAPTURING AND TESTING
MICROORGANISMS BACKGROUND OF THE INVENTION (a) Field of
the Invention The present invention relates to a capturing carrier for
Cégﬁ:urin air-borne microorganisms, a capturing device comprising the
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method for detecting air-borne microorganisms, a 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 Ficoorgaiisms dréfcaptufet P4 medium and

(Syltwredhfor opeto.several days, followed by a test. Accordingly, these
methods have disadvantages in that it takes a long period of time for

testing} handrirsuring biclogically safety becomesdifficulti duedareubured -

mi%roo_rganisms. As such, their on-line introduction to a production line of
“fiod prodlicts br PRANMaREGHCAEIE nTESusiBle S AP partititar #1id $5pe of
cmgthod fortesting spicrogrganismedisoften Hsgd for detesmination of

microbial cleanness (i.e., germ-freeness) of an environment which
megduirest arhighdévelioficleannéss, such as afactoryfdsproducing
harmaceuticals, a facility for processing cells, or a factory for producing

{Eo}o .Wﬁgﬁpgc ] ur%%m‘é Fod % G585 £ n-site test of microorganisms

under the enviconments if mieroorganism L that are amplifiedina «re,
massive amount as a product of inspection

colony counting method using an agar medium, or a method for
measuring turbidity using a ligquid medium and the like have been
known. Accerding to these methods, air-borne microorganisms
are captured in a medium and cultured for one te 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 dus 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 (1.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 feood. When a culture method is used for on-site

test of microorganisms under the environments, if microorganism



process are incorporated into the site, a purpose of ensuring the
cleanness of the environment cannot be preserved. As a result, there has
been a problem that on-site testing cannot be easily carried out.
Moreover, installation of a testing room and strict management of a
roducts during production and carrying process are required. Recently,
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' icrabi t is_determined quickly. and cqonveniently without .
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tRamethodhas: beeth suggesietian whiciheanstiuenis: of-adnicragrgasism
are specifically labeled by using a luminescent or a fluorescent reagent,

CBRAtheRIdifTeSt e AR tititeSBeRed Bt dreT easared fora 1Ly
c99@9&%@1%&%%@@&@Qm@é%iﬁé@jmﬁts@egh@&ttﬂ?g%f'éo?ﬁ@g&hggg@ct

which microorganisms contained in a sample are stained with two kinds
mehHyerescentireagents; @ dher nyjabte @ndriem\dable micrdbes@arecess
counted based on a fluorescence microscopic image analysis and the like

3fi%e. FaMdSiedeent method) . As a second method, ATPs are extracted
from the migroarganisms containgd.in @M@%&%@PM%@E methods

luminescence reaction by ATP is measured by a luminometer to quantify
hthee AERS, dardiis isidonveried toltheadiable mnicrobiad ¢ountfiimeATRickly
arrpc?thod . However, although in principle measurement of one microbial
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always easy to
suggested by which constituents of a microorganism are
speclifically labeled by using a luminescent or a fluorescent
reagent, and then luminescence and luminescence output are
measured to determine themicrobial biomass. Asa firstmethod,
there 1s a method in which microorganisms contained in a sample
are stained with two kinde of flucrescent reagents, and then
viable and non-viable microbes are counted based on a
filuorescence microscopic image analysis and the like (i.e., a
fluorescent method). As a second methed, ATPs are extracted
from the microocrganisms contained in a sample, and a biclogical
luminescence reaction by ATP is measured by a luminometer to
quantify the ATPs, and it is converted to the viable microbial
count {(i.e., ATP method).

However, although in principle measurement of one

microbial cell is possible according to the first method,

co-existence of a flucrescent contaninatingmaterial in a sample



differentiate a viable cell from a non-viable cell. For instances, propidium
iodide (Ell) , which is known for selective staining of non-viable cells, may
sometimes induce lower average fluorescent intensity for non-viable cells
compared to that for viable cells ("Technical Product Information
"Live/Dead BacLight TM bacterial viability and counting kit (L34856)"
“Hioledtiiat Probesadited VersiohTof Fébriary2hd22064 Figike 4T, the

aYerical axis represents fluoresgentdpiensity, of. PI).; thys there,is a high
chance of providing an opposite conclusion if careful attention is not paid.
iAgtendiag tootheesecond inethod, {1, AT méthoe  kaawoleéculesef AT Pi ve

adenosine triphosphate) that is a chemical contained by every living cell
Sﬁéﬁ%ga%%%aifaaﬁ&%ﬁﬁé *fiicPGHi SISt fid Prgtho d talkdsaiy r2ge

£ advantags, of a,higlagical Auminescence hetween.a.lyciferase.as @« ror

enzyme originated from a bioorganism, and luciferin (a kind of
Viraldezopytdzindi@s)y-as iasubsratd-for the Enzyate, Spetificallyh after
ATPs are %{xtgacted from a sample, comprising micrporganisms, a mixture
T E
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MEeRCHon: .Theapihe, anout oLAFPs s ebtaingd, from the lyminescence. .
output, and it is converted to the amount of the microorganisms. Asa

1 Festih cavestding torthissATRmettod; stié apnmanssfithieniabki ty of PI),
c i%rg%r anisms can be determined within. several minutes to seveﬁal tens

of minttes, When the amount of the MIcrordamshie R 0E detarmired™
1 acearding to AR metbad: anAkP eliminating agent is first added 3 to

remove free ATPs that exist outside the cell body of a viable

According to the second method, i.e., ATP method, a

molecule of ATP (adenosine triphosphate] that is a chemical
contained by every living cell is taken as an indicator of the
microbial count. Thismethodtakesan advantage of abioclogical
luminescence between a luciferase as an enzyme originated from
a biocorgantsm, 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
iuminescence reaction. Then, the amount of ATPs is obtained
from the luminescence output, and it is converted to the amount
cfthemicroorganisms. Asaresult, accordingtothisATPmethod,
the amount of the viable microorganisms can be determined within
several minutes tc several tens of minutes.

When the amount of the microcrganisms is to be determined

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



microbe (i.e., extracellular_ ATPs and ATPs of non-viable microbes) and
the resulting free ATPs are decomposed. Then, in order to extract ATPs
from the viable cells, an ATP extracting agents is added and cell
membrane of the viable microbe is destroyed to elute the ATPs contained

inside the cell body of the microbe. Consequently, a luminescent reagent
i3 Aftied and SRiminesddiide Dutsiit Ronekdarete wihich iatigrréonvertsd.

nto-the, ATR amount, Bec g;%&ﬁigr%ﬁgeg%d 'gmbged on a biological
luminescence reaction which selectively responds oAQIfP, n prlnc:lpfé itis

miotraffected-byithe: presenceroba flipreseants contaminatingavaterialr iy,
_addition, a reagent kit, which comprises an ATP eliminating agent which
LEATEPROVR F alvancel AT PSR At kit dritsidestheseelithBdY 654 Vidlilény

aBusrebe; an, AfFaextiacing feqaeqllonextiacting ATR romihe viable o
microbe, and a luminescent reagent for measuring the extracted ATPs
dbased padtheir biologicahkiminescenceaeactionnbasbean: commersiafys £

rovided by Kikkoman Corp. (Product name; Lucifer HS set) (Journal of

" 3&pEnS6tigty torBmsdtetice; Biotedhidhgy < Hid eagent ts added and
1Agrechemisty. ¥ok78:No.7,0.630:635 (2004),"Aprlication, and + o ¢ +pe

development of a firefly luciferase” Murakami Seiji at. al) . When this kit is
Afjge@mrreohjunction with a luminometer, an influence by non-viable
microbes and the like is excluded so that ATP amount solely originating

from viable RTiGrobescaH be™s&feRtivery Mdastréd However Hé st
1sampletahedested-by the ATR-methed 4 is,8 picroarganismthakisy 5,

dispersed in an agueous solution and

principle it is not affected by the presence of a fluorescent
contaminating material. In addition, a reagent kit, which

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

microbe, and a luminescent reagent for measuring the extracted
ATPg based on their biological luminescence reaction, has been
commercially provided by Kikkoman Corp. {Product name; Lucifer
HS set) (Jeurnal of Japan Society for Bioscience, Biotechnology,
and Agrochemistry, Vol. 78, No. 7, p.630-635 (2004) “Application
and development of a firefly luciferase” Murakami Seiji et. al).
When this kit 1s used in conjunction with a luminometer, an
influence by non-viable microbes and the like is excluded so
that ATP amount solely originating from viable microbes can be

selectively measured.

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



its application to air-borne microbes has not been suggested. Meanwhile,
for carrying out a test based on a method for culturing air-borne microbes,
a product which comprises a collecting apparatus in an impactor style
and includes an installable medium cassette carrying a capturing carrier
that consists of an agar (Qolysaccharide) culture medium in a gﬁl phase is
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the P method is not commercially available. When the ATP metho
Mappligd fer, téstingaair-bongeciceobest it ean derconsideretlf thatantairing
sampler in an impactor style for a culture method is used for capturing

A icrabERan"d CABRTMY Garier TRET cHptTBd PSS aré réCovered Fiom
athe-captuing carriep and. dispersed,in a.suspension..and the migrohial ;

counting is carried out based on the ATP method using a reagent kit for
ceetecting @bioidgicad lgairiescencesreaction, iSuch ashaicies HS set.agar

(Hg es\/gébgperg pturir{%%qrrier which consists of a gel phase agar | :
diGm and s isedTor AR AIrSampiEriA & chvéitionar mefBEG e bty
acempinationimethadAer an-gis samplesgandthe nAFPmethod) jsused pore

under the purpose of culturing captured microbes on the capturing carrier
CREEIRTAS suchoaspiotessn ¢firecovierihgahdinitrolses frorpthelicaptiving he

agarierhetein after, referred 1o as a_reg V%X@““%ﬁ? has natbeen
con&dereg in the conventional methdd. For the fecoveryprocess, there

iaregpoblemsas felows Specifically - angehRase capiuringCaies iSia rad
advantageous for capturing the microbes, 5 however, taking out the
tﬁﬁ&(ﬂj’églﬁéﬁ@ﬁ@%gﬁtdﬁh@%am@@i@tor style for a culture method

is used for capturing microbes in a capturing carrier, the
captured microbes are recovered from the capturing carrier and
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
phase agar mediumand is used for an air sampler in a conventional
method (i.e., a combination method for an air sampler and the
ATP method) is used under the purpose of culturing captured
microbes on the capturing carrier itself. As such, a process
of recovering the microbes from the capturing carrier (herein
after, referred tc as a “recovery process”) has not been
consideredinthe conventional method. Fortherecoveryprocess,
there are problems as follows. Specifically, a gel phase

capturing carrier is advantageous for capturing the microbes,



difficult, so that recovery rate of microbes is poor. Meanwhile, if an agar
gel is heated, it can be transformed into a sol phase which can be
handled practically the same as a microbial suspension. However, since
high temperature of more than 80C is required for the transformation of
an agar gel to a sol, most of viable microbes would be damaged or killed
RAUANG Tne Prbcags O Ws e feSUIE TRERS af & Problemethat récoyeryate bfi s

IGropes.. is viahle microbes and non-viable microbes cannot be
oremaiod o Cach Sl er Bepociin S he oE or bactira v 1<,
iihastivation ¢ celkdeath sy Dean-abthe temperatiees above 40C. phase
Under the circumstances, in order to increase the recovery rate of viable
"iGrobe_  a il ¢ RBAAROP FHTicH fifctddes Fepatiion 6Faddingca sbltaibn
shaving the.temperature near the room temperature is added to a gel
without transforming an agar gel into a sol and recovering the microbes
that arédremnsterred totheisoliiticreas mictahial sUsSpenNsion HSMETESSalY.
However, this method still requires a time-consuming and delicate human

L{O¥K by SRifietf Sersoi aha Hedaiotte alitématedSas pobrscl, most
orepraguicinility and.a risk of giving,a false pasitive segult.due o, pracess.

contamination originating from human workers. Meanwhilg€, although a
Agrearamolint ofa selation cantbenusedh far recovesy (o simplifyt wdrkingbe s
igrocesses,gvgengqe amount of microbial suspension is large, microbial

cotint pef Uit valhme "ofiiftid Ti.8 2 CoHuentratiBn T BetoheE oWwarss thae
atheruse & efficieney-ehthe.microbes.during measyring,pragesswill he

bacteria, inactivation or cell death may occur at the
temperatures above 40°C. Under the circumstances, in order to
increase the recovery rate of viable microbes, amild condition
which includes repetition of adding &z sclution having the
temperature near the room temperature is added to a gel without
transforming an agar gel into a sol and recovering the microbes
that are transferred to the solution as microbial suspension
is necessary. However, this method still requires a
time-consuming and delicate human work by a skilled person, and
it cannot be automated, has pocr reproducibility and a risk of
giving a false positive result due to contamination originating
from human workers,

Meanwhile, although a great amount of a solution can be
used for recovery to simplify working processes, when the amount
ocfmicrobial suspensionislarge, microbial count per unit volume

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



consequently lower. For example, the amount of a sample liquid for
carrying out the protocols (previous protocols) of Lucifer HS set by
Kikkoman Corp., which is the representative product for the ATP method,
is 0.1 mL. Therefore, when the volume of microbial suspensionis 1 mL,
use efficiency of the suspension during the measurement process is 10%,
¢ HREGERMFEe 456 Wited e 0BRIME TS 10 oS idisamy Himdhaugel 11 be
ficl ension bec s lawer as the volume of t C
T e e e e
f convenienicezand:use cefficiency tannet beiachieyed af the spme time: e r
addition, only 1/10 of a sample liquid is actually used for luminescence

Hh&asuromBmt SCEGTHING 18 the"tbiventidrdl SorctBEs!S et Eeprisightt
fg@ttqlv&rﬂlfysg@gggigpcygs ggain_only 10% of the recovery rate of the

microbes. Further, there is another problem that when extremely small
amourits o afrberne micrabesvi.burseveiah e sekerdl tenspimsictobes) 1
are to be measured in a highly clean environment such as a clean room,

“fow YEEoveTy TaIEBFIbW hish EHiSieRBy Hiay Badle Bhormissidie Ssirsrment
pmicrabialicounting, yielding g falsenegativeyresulty, in order to avoid such

omission error, sampling volume of an air sample should be increased
inddwothérmedsuresishowd befdlsoitaken. AS ahesaltsprobiemstilkcomes

remains that sampling time is long and results cannot be obtained in short
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s8Y8iem geBskuetion bggemes complicated.and.a,solution, Zregquiredsfor
recovery should be used in more excessive amount
efficiency cannot be achieved at the same time.

In addition, only 1/10 of a sample l1iquid is actually used
for luminescence measurement according to the conventional
protocol, there is aproblemthat overall useefficiency is again
oniy 10% of the recovery rate of the microbes. Further, there
is another problemthat whenextremely small amounts of air-borne
microbes (1.e., several to several tens of microbes) are to be
measured in a highly clean envircnment such as a clean room,
low recovery rate oxr low use efficiency may cause an omission
error in microbial counting, vielding a false negative result.
In crder to avoid such omission error, sampling volume of an
air sample should be increased and cther measures should ke also
taken. As a result, problem still remains that sampling time
is long and results cannot be cbtained in short time.

As such, 1f the above described method is automated as

it is, a system construction becomes complicated and a sclution



to leave a margin, resulting in even lower use efficiency. In addition, when
this method is applied to an actual sample, a great amount of
contaminants are included in a collected sample in addition tomicrobes.

In this regard, the conventional method is problematic in that a reaction
for eliminating ATP, a reaction for extracting ATP, and an ATP

fiinesdenith redctiohiare®afeced by e coftdiniamts Seithar e amount
- neasurenent aceuracy. is peat, dnaddition. soms. of mictoerganisms are;

present in a state of a spore which is wrapped by a spore membrane
apavingrhighveedutance te theical sghstandes ordreatcThes, varipus, =
reactions includin%the ATP method cannot easily occur. In order to solve
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igenination inducing.factor is first added; and | thep germination,is allowed;
to occur, followed by carrying out various further reactions. For example,
1 aceordirgne-Japbinése PPatartApplicdtioneNational Rollisdtiors reaction
Laid-Open).No. 2001-511356, it.is described that germination is allowed
f%& c?é{cturg Fnrpéi%% ﬁ\é r%’ me iarrh%%o%ml&ﬁ%lrﬁ}ge A GRIRAton factot: naddifion
baceprling i@ Japanese PaseRhApPHEAlaN LRIEhOPERLIPsA) NG poor.
2002-330740 and JP-A No. 2004-2229, it is described that germination

inducing FEEorHs daded st BAd tHe geminatid A ref annicrobe s aldwsd
occur, followed by sterilization. According to Japanese Patent .
R oDlcatan NPl PublEatba (Lo Dany No- Zo0e Siba1a, g e
cflesetibed that agerminationuinducing dacter isaddedand, various
species-specific cell spores are detected and quantitated. According to

r9PCA NG 2006 ¥FATHIE NG 1§ BHeSEseerab by adding aarine tdaeelier
t§“§g§gg(guch,problenﬁ of a spore—-forming microbe, it has bsen

suggested that a 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 Publication {Laid-Open} No.
2001-511356, it isdescribed that germinationisallowed tooccur
inaculturemsdiumcomprising agermination factor. Inaddition,
according to Japanese Patent Application Laid-Open (JP-A) No.
2002-330740 and JP-A No. 2004-222%, it i1s describad that
germination inducing factor is added £irst and then germination
of a microbe is allowed to occur, followed by sterilization.
hAccording te Japanese Patent Application National Publication
{Laid-Open} No. 2005-516213, 1t is described that a germination
inducing factor is added and species—-specific cell spores are

detected and quantitated. Acceording to JP-A No. 2006-174751,



the spores of a spore forming microbe is reduced to facilitate the counting
of spore forming microbes. According to JP-A No. 2005-253365, a
method is described by which microorganisms are admixed with a
germination inducing factor and then genes are eluted from them. Thus,
to have a reaction with spore, addition of a germination inducing factor is

*ffettive Hrid-87én Torthe tetBased o tie AT rethibd it i§ expeiéd of
¢ thatadding g%r@i@f%%% inducing factor is an.effective thing tof%%mtﬁ s

However, for the ATP method in which various reagents including an

tehminating mgent, anoAEPrextracting agents and adumingscenrtreagentio .
are added for the reaction, further addition of a germination inducing

2fittor can fraké fReteefmére edimmbarsbiie BRETamyisia A onger iest e
atime.Esnedially, as thereactign.with a;germination i@ﬁ&?mmgﬁé%k%%

a relatively a long period of time, the test'time becomes longer,” making
eits opdlide intradustion to a production line difficult. In addition, when a

subject to be tested ?{y the ATP method is an air-borne microorganism, it

should' B& Eaptiteddia taptiffitg Carier-ahEREIatérfEtovered frofn

othereaptring Gater. Jdme is also tequired fQr,SUGh Progesss thus its: o+
problematic in that a long period of time is required from capturing to
Leestin g SUMMAR YWOR THEINVENFION TR Preseativentimrmhighisn
.dgvised in éliew of the 9 abo%@ des,cribec{qcircumstances, has an object of
in uc&n act?r .18 an.e ecthlve t_anlg] to. ?‘8 .
provi m% a capturing carrier by which air-borhe microorganisms can be
However, for the ATP method in which various reagents

including an ATP eliminating agent, an ATP extracting agent,
and a luminescent reagent are added for the reaction, further
additicn of a germination inducing factor can make the test more
cumbersome and can yield a longer test time. Especially, as
the reacticn with a germination inducing factor takes a
relatively a long period of time, the test time becomes longer,
making its on-line introduction to a production line difficult.
In additicn, when a subject to be tested by the ATP method
is an air-borne microorganism, it should be captured in a
capturing carrier and then later recovered from the capturing
carrier. Time is also reguired for such process, thus it is
problematic in that a long period of time ig required from

capturing to testing.

SUMMARY OF THE INVENTION

The present invention, which is devised in view of the



captured and tested conveniently and quickly, a capturing device using
the capturing carrier, an analysis system using the same and a method
for capturing and testing microorganisms. In addition, the present

invention provides a capturing carrier of microorganisms and capturing
device using the same and an analysis system having the same, and a

2hftRod 16F EApRAiNG T EE ARG PlicréGrgaflsrhs \iRichadarP s8Ny 2
-lgast pneproblem.. of peglecting a progess of taking oyt microhes from,a,

capturing carrier, poor recovery rate or poor use efficiency, low credibility
Chptnicrebiah douriingwivery atic eobesyareoresiert 1y , an @xtremelysmalk ce
ar,nountk,1 difficult¥ﬁin automation and a need for a complicated constitution,

oW BcElrac ot edsUfdthEntds A<t ortohBhThaRt fScdrpdratiorrme
aARddhadikesall the problerns.associated with.the.application af the ATR,

method to testing of air-borne microbes. For the achievement of this
agdipose; thelcaptukng carder selated tothe present irmentionrig carrier
OQhr%E_%C}%Q%e% Ii}r; ghat, as aca gurin% carrier.to capture air-borne

microorgantsms, it comprises a BolymetWhich itetgobss pABgeand an
aifangiion betweenn gel apd:sel phase inthestempsraiure range hetween,y

15C and 40C. In addition to the polymer, it may further comprise alcohols

© RAIHENE batterididal astiityy Furtherathe palyeertisl prefereablypamp Len

ne.of gelatin or NAGAm/MBF %Next the capturing carrier of the
°presént invention is charac eriz%L R That bt rl%lép%%%%%in%Ocnérarié:ra\%%ﬁmg

cean Gapfuerdo aisberae Mickaerganisms andLonsists of apolymer,
which is in a gel phase at the time of capturing microorganisms but

CEﬁEiéF@déstY in microbial counting when microbes are present in
an extremely small amount, difficulty in automation and a need
for a complicated constitution, low accuracy of measurement as
a result of contaminant incorporation and the like, all the
problems associlated with the application of the ATP method to
testing cf air-borne microbes.

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

Next, the capturing carrier of the present invention is

characterizedinthat, itisacapturingcarrierwhichcan capture

10



a phase transition under heating to a sol phase at or less than 40C, i.e., a
thermosensitive polymer, and by containing a test reagent in said polymer
said test reagent is eluted upon said phase transition from a gel phase to
a sol phase. According to this construction, since a polymer which
constitutes the capturing carrier is in a gel phase at the time of capturing,
AafF-Bothehiicrobrganismssaen Pedetfidienty captured olinymaeiditibn csinte in
the ph trapsition occurs. by heating the. capturing carrier at or less than
e S T s

aapickthert recovetred nwithout desiroping thesmierogigapisms eapiwed ithan
the capturing carrier. Furthermore, as the gel phase polymer contains the

“HEStrdadgent, kit RS GRILGRSI pirasefranstich Ry & 3bF phabey the st

=ERgaN! gan be.added fo lhe mieoquouanisie sipulianeousamign ey
are recovered from the capturing carrier. There ore, according {0 the

ppeesent iaveritiomra pracess ok regonering miereargapisies fromacording
capturing carrier and a process of adding a test reagent can be

EGintiitan oty ERATdEBut. STRUE Withtheaptifiig Cafisrorthe eséhe
cm@@mﬂg by.which, ajrsbemne micfogrganisms ¢anbe captured and &Q%%?,

recovered from the capturing carrier and a test reagent can be added
amedsurement cprocesses from capturing fotéstirgafitheaipbarmel. In
' anisms can be carried out conveniently in short time. The

croor VeI )
Aot A8 Jor BRI B RS FeRBA (G the raeRd £
cipventionds.charagterized in thatitgomprises, 11 thecapturing cawier ...,

comprising a polymer which undergoes a phase transition between a gel
bandaesalinthenentpetaturezangéated polymer and then recovered

without destroying the microorganisms captured in the capturing
carrier. Furthermore, as the gesl phase polymer contains the
test reagent, which is eluted upon phase transition to a sol
phase, the test reagent can be added to the microorganisms
simultanecuslywhentheyarerecovered fromthecapturingcarrier.
Therefore, according to the present invention, a process of
recoveringmicroorganisms froma capturing carrier and a process
of agdingatest reagent canbe simultaneouslycarriedout. Thus,
with the capturing carrier of the present invention, by which
air-bornemicroorganisms can be captured and then recovered from
the capturing carrier and a test reagent can be added for
measurement, processesfromcapturingtotestingof theair-borne
microorganisms can be carried out conveniently in short time.
The capturing device for capturing microorganismrelated

to the present invention is characterized in that it comprises,

11



between 15C and 40C, and a vessel to contain the capturing carrier. An
analysis system related to the present invention is characterized 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 transition between a gel and a sol in the temperature
Pahgebetives I8CTERT 400 RIteIPEr URS TR 61liMe Eiparatss wivch 2

pﬁggtéoﬁsatpgltg 6}5%%%8 tg%g?,,%[.uQnagscc?%rilerq’t%nedtaenmaié Egi.rJCe L?‘ m range
controlling part which introduces air frllow to the capturing %arrler. ﬁ'%e

btemperatUfecontilling@appanatus alloyws switchcbatueen the:heafing aney
the cooling of the first member before and after the introduction of air flow
“for the"Capturing carrier. Regarding the capturing carrier, the gel phase

polymeris.plaged; andhe flier Jor fitering 4 sl and the gapuiipg garper

comprises a grid plate holding part which holds a‘grid plate constituting a

clikrationeapparatis irheambinatiopniiti: the Hiltes i andrtbelfitrationch holds
apparatus is designed to filter the, polymer that is transformed into a sol

By theR&Hpeidiira” EoftroliPApparatug BORNEE Tt i complisey may
rdevice.comprising &, capiieings carrigr which opsists, of 34ROYMES 5 phase

consisting of a thermosensitive resin which undergoes a phase transition
thetvweédn ca geltarnd a sokih zntéempetatoredependent mannesngreferabhen
lgot er 04%% sitive resin which undergoes a phase transition 12 between a

gel 3hd a sol‘at Z0C6HIRES 5r&fdrabiy in'the IBRipeTattite Tarde bl
£28C-angh 37k @nd atemperati@ uring carrier, and an air stream

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
and after the introduction of air flow to the capturing carrier,
Regarding the capturing carrier, the gel phase polymer is placed
on the filter for filtering a sol and the capturing carrier
comprises a grid plate holding part which holds a grid plate
constituting a filtration apparatus in combination with the
filter, and the filtration apparatus is designed to filter the
polymer that is transformed into a sol by the temperature
controlling apparatus.

Further, it may comprise a device comprising a capturing
carrier which consists of a polymer consisting of a
thermcsensitive resinwhichundergoes aphase transitionbetween
a gel and a sol in a temperature dependent manner, preferably

a thermosensitive resin which undergoes a phase transition

12



controlling apparatus, and also preferably a filtration appratus, and if
necessary, a dilution appratus. With a temperature controlling apparatus,
the capturing carrier consisting of a 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 gpase transition to a sol phase by a
Ctdriperatiird Bontdfling &dpardtus'ort Cdn beduted Wit 2Pdilutioh =he

+ SQMtion.to.yield,micropial sspension. Because.the phage tigpsition .
temperature of the thermosensitive. resin material of the present

cimvertiohiis AOCh or déss;  captuasingcancerecovbiy of fhe migtches-aneratus,
carried out under a mild temperature condition. As to the microbial

24QspEnSBRCATE 8f tife MicrobelTtaPBE theasurdd-by apphifgarature
-&ppventanal ALPmethad. Alternatively, and preferably the. @Eﬁﬁ% £ a

suspension 1s filtered to collect the microbes contained in the microbial
psuspensioh.en a filterrand¢hen ATTR measutementds camietedutn a gel
according to a measurement Erotocol of a modified ATP method, followed

PRjHetemindtion of ar-boré midtobes Fids, Hecording to'the CpMfing?

cHevice:or thesanalysis: system related te the present inventign; ableast oy
one effect including easiness of taking out, or recovery, the microbes

aflomirtesdaptaripe éarvies, thigharieove iy rate o highrnseefficiencyd mighh
acgaciiguiity in @i?rggka})l countingevmen microbes are present in an

extlremejiff Snial amourﬁt,té)a INESS o?légffa%?ijéﬁi]ﬁgsélr? PF3 3utdrhation with

simplerconstitution.cand high agewacy ofnmeasyrementeven under the

influence by contaminant
thermosensitive resin material of the present invention 1s 40°C
or legss, capturing and recovery of the microbes are carried cut
under a mild temperature condition. As to the microbial
suspension, ATP of the microbes can be measured by applying a
conventicnal ATP method. Alternatively, and preferably, the
microbial suspension is filtered to collect the microbes
contalned in the microbial suspension on a filter, and then ATP
measurement 1s carried cut according to a measurement protocol
of amodified ATPmethod, followed by determination of air-borne
microbes.

Thus, according to the capturing device or the analysis
system related to the present invention, at least one effect
including easiness of taking out, or recovery, the microbes from
the capturingcarrier, high recoveryratecr highuseefficiency,
highcredibilityinmicrobial counting whenmicrobes are present

in an extremely small amcunt, easiness of establishing an
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incorporation and the like can be achieved. The capturing and test method
related to the present invention is characterized in that it comprises steps
of capturing microorganisms by which air-borne microorganisms are
captured in a capturing carrier by spraying air comprising air-borne
microorganisms to the capturing carrier which cogts'sts of a olglmer in gel
2 SHOLE el o et A MBEre s i Faking 0t A Aoy B Whit

miRe Gapiing carsier is heatad,at 40€; grless fiof aphaseiragsition to a
sol phase so that the microorganisms captured in the capturing carrier

1afe recovidreanfrantithie:eapturing-édrries andrsitaie same time the test
reageridFis elut%d from the caQteuSrjcnﬁc%%a , wQ'chth%s ggdgﬁgpn% a

phase ransi r%n%*é‘%of‘&ﬁase and then added to the microorg nisma

i abeve. thanks te.sueh consttidion, resaveryof themicroorgarismssfrom
the capturing carrier and adding a reagent for testing to the '
CARERTOrRENTSHE CHFFBE LA EYOUR 1Sim BaNEBUSH. INSCE PESAIBTTHETS are

operational process becomes_ easier and legs fim \{vill be required. .
CtPI?erLéa%or. Thus, acc%rd%ngt the coﬁgt%]%i n%%tﬁg%} sgrjitrir%éémr%ﬁfmg
a Sinaedtheccaptiting carriemconsists=af o palymer cwhicheundergoes s i sts

Ehase transition from a gel to a sol at 40C or less and the test reagent is
O

GhEfinedHiT the BBIyReTrSEy> he &ty the ' Eapttfing EafRGHurtfefgorsia
oPhase{ransifion from a gelina sol.and the captured microorganisms,are.

taken out of the capturing carrier and at the same time the test reagent
ot4lis efutédand added thereto 1As@resultz lessleffort andstimenwtll bee
O e RGeS oM G2 e are recovered
from the capturing carrier and at the same time the test reagent
is eluted fromthe capturing carrier, which has undergone a phase
transition to a scl phase and then added to the microorganisms
above. Thanks to such constitution, recovery of the
microorganisms from the capturing carrier and adding a reagent
for testing to the microorganisms can be carried out
simultaneously. As a result, the operational process becomes
easier and less time will be required therefor,

Thus, accerding to the constitution ¢f the present
inventicn, since the capturing carrier consists of a polymer
which undergoes a phase transition from a gel to a sol at 40°C
or less and the test reagent is contained in the polymer, by
heating the capturing carrier it undergoes a phase transition

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

out of the capturing carrier and at the same time the test reagent
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to testing of the microorganisms. BRIEF DESCRIPTION OF THE
DRAWINGS Fig. 1 is a sectional view which shows the brief constitution
of the capturing device (100) according to the first embodiment of the
present invention. Fig. 2 is a schematic drawing which shows the brief

_constitution of the capturing apparatus according to the present inventipn.
LEiIGLETSE AOW et vhichisticws the determihatiohe ploeddarcofnd time

wﬁfhi‘ir%be?%é‘%v

cqrrdi 949 the first embodiment of the prese rinventio . Fig.

4’is a view L;fiiCﬁ%ho(\)/\é}cs ﬁ?& rﬁgggﬁ:%%jof&%n%gggﬁgg efalueogeﬁgﬁgiﬁal%lr?

toomposition efaniel khelimibating agest of a model capturing carrier,
according to the first embodiment of the present invention. Fig. 5 shows

the temperature and filtering properties of a model capturing carrier

depending on ggﬁ&c%gﬁgp&ﬁc%d%t%@&f 1%;gmbodiment of
I n

the present invention. Fig. 6 shows the temperature and filtering
properfieég of la imodelscapturing cartiewdepentingranglyeeeOloriaf
composition, according to the first embodiment of the present invention.

SR 718 & VwARich SRBIVATHE CoRpiTson Bt aeeever popebty first
chetween the fiist.gmbadiment.of.the present invention and the

conventional method example. 15 Fig. 8 is a sectional view which shows
the briéf. constitution etthereapturingdevice $00@cconding torthetsecond

embodiment of the present invention. .
constitution ol the capturing apparatus according to the present

invention.

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

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

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

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

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

and the conventional method example.
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Fig. 9 is a view which shows the brief constitution of the analysis system
according to the second embodiment of the present invention. Fig. 10
shows the comparison of a property of a capturing carrier having different
synthetic polymers, according to the third embodiment of the present
invention. Fig. 11 is a flow chart which shows the procedure of a method
for the*éaptufing am thetestng accobrdingtothe $barth &émbddirheht of

the pLese .té%v 9tj%n. Fi 't12 Is_a view.whi hows the relationship
e e fb o T R o e Aupaone

efigh dinisna viesv which shewsttherretationship between the Ala treatment
temperature and the luminescence output. Fig. 14 is a view which shows
the relatiBnsHip'Sefiveerif theAiatré dentinearid the uminksebhes of

Uit DETAILER DESCRIETON QF THE PREFERRED ;.
EMBODIMENT Hereiﬁ belc?):w%!\%th reference 1o the ¢ ra\?v?nlgrnsegﬁa?: et ©
rherewith ipreferrédembodiments of a capturing carrier, a capturing

device, a caéturing apparatus, an analysis systemus-ing the same, and a
methot 6r cHptRnland TeSHRETRILT 6 GAnRMECRSTthE preseRERVEREDA

Wil be.explained. Howeyer, it should. be noted that the embodiments are

only an example showing the implementation of the present invention,
thnddhettbchnsahscape th6:ofbthes presentirventian.is not limited thereto.
(The first embodiment) (1) With respect to the capturing device Brief

constitutidh of thecapthring datice 106-48catafis the procedure of a

method for the capturing and the testing according to the fourth
embodiment of the present invention.
Fig. 12 is a view which shows the relationship between
the Ala treatment concentration and the luminescence output.
 Fig. 13 is a view which shows the relationship between
the Rla treatment temperature and the luminescence output.
Fig. 14 is a view which shows the relationship between

the Ala treatment time and the luminescence output.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

implementation of the present invention, and the technical scope
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to the first embodiment of the present invention is given first. Fig. 1is a
sectional view which shows the brief constitution of the capturing device
100 according to the first embodiment of the present invention. The
capturing device 100 comprises a vessel 103 and a capturing carrier 102
housed therein. As a material for the capturing carrier 102, a resin having

o thé& FSIRHRGCompBETBAIS st ifthe PrRddicerhbBdffent. Specifically,

50% by@ggi%gg%ghgmg%%l?y weight of a thermosensitive resin
material (i.e., gelatin (hydrolysates of a protein) for the present

embodimentivuill be=explainetincgreater detdihbelbyw)iard 0.03% by
weight of an ATP eliminating %ent are used and the remaining is

balancgd Wittt 8 pHysfotbgidal Salide S6kition “iPadaition” a3 8 ¢essd 0%

té_@QQ?X@@e&@Hdgﬁhﬁa&Pg%ﬁyﬁBQ;@H@%‘&%@Y@r lQn, With o
diameter of 40 mm and depth of 5 mm is used. Next, a method for

Fformihd the captiring: earndret02hactording to the graserdt inveatibhug 1on
xplained. By mixing the materials for the capturing carrier 102, under
e A BCat e R r b R ol 1 BhTEirEe O ST IR SRR
ohisrsteprare-carried,eut-under arsterile gaviranment\While, heating, thee s

sol is sterilized by filtration with a syringe filter having pore diameter of
aQvEZ Atieron) 3 mtof thusbbtaingd stefilizéd solis dligjusted Bndthen-

injectezg homaogeneo St‘IX fq 17 the bottom of the, sterilized vessel 103. .
S [3 ma bflféj r the carg%turlnégi carriar é a resHP aving
After cooling it a , @ homogereous gel is obtained.”As a result, the
cBapiying«catter dRgalse has an approximatercylindes shaperanditsent .
diameter is 40 mm and thickness is about 0.8 mm, same as those
Specifically, 50% by weight of glycerol, 7.5% by weight cf a
thermosensitive resin material (i.e., gelatin (hyvdrolysates of
aprotein) forthepresent embodimentwill beexplained ingreater
detail below) and 0.03% by weilght of an ATP eliminating agent
areusedandtheremainingisbalancedwithaphysiclogical saline
sclution. In addition, as a vessel 103, a polystyrene petri
dish having a cylinder-shaped concave region with diameter of
40 mm and depth of 5 mm is used.

Next, a methed 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 ig obtained. Operations following
this step are carried out under a sterile environment. While
heating, thesol issterilizedbyfiltrationwithasyringe filter

having pcre diameter of (.22 micron. 1 ml of thus obtained

sterilized sol is aliquoted and then injected homegeneously to
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of the concave region of the vessel 103. Although the capturing carrier
102 is in gel phase at room temperature (25C), at an increased
temperature it undergoes a phase transition from a gel to sol with the
phase transition temperature, therefore it is in a sol phase at 37C. Thus,
the capturing carrier 102 functions as a thermosensitive resin having an
LBkt ekifiRaP Sdlifofi tempetatre (&FCST: Bebw thistempsratdmesitis at

2pkese HP fgneéghgs Q a:[ld its UCST 'g higher than 25C and lower than
37C. T % 'E)e%mperabtlurgedlepesnggﬁtaslo’ E;’lgé'el p ase t%gﬁéﬁ%rﬁ %fh?hgaga%ﬁrgfﬁla

cearrierr1 02:i5 revessibles |aadsition aswa teaptyulingCarrien speasief its
having lower critical solution temperature can be used (i.e., it

disifigeiphabeatihatBrperatire Higher ifar e edirdspdhdifigne as those
olempetaie-Dis e ol caner JIle Pl S 6888 [0En,

capturing and recovery of the microbes, the conditions for a so a gel
care adjustéd (by empleyingreareverseddemperature=conditiga)s (@) With an
,respect to the capturing apparatus Brief constitution of the capturing

TBhpaRattE TAITECCOTEMY totheSTREBRE VR RIGHR GiveR fri Vietw of 19g. 2
¢@1 Fig.2 is gyschemat) %@viegawgifbi%ww%ggpg@ﬁf@?szmt'&%o%h&

capturing apparatus 111. The capturing apparatus 111 comprises an
iapperrmemberiliasa laweSiEmber b, Ancair suction nozzie 412y al 02
fholdte; 113, a ter;lt%eraturegcon_trogl apparatus 114, 18 a pump 116, an :

EXMa0ST qudt 11 7-8rd AR StHaust fiftef 1387 Withi tha ‘appatatus 7 Vo -
stan emnly spaeek1ls s formed Accardingstodhis-capturing apRaratus.

111, the upper member 111a can be detached from the lower member
iQEi@ﬁBygﬁﬁﬁﬁﬁmgqh@|§§ge@CST is higher than 25°C and lower than

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 than the corresponding temperature; this type of carrier
will be explained later). 1In this case, for capturing and
recovery of the microbes, the conditions for a scl 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 of Fig. 2.
Fig. 2 1s a schematic drawing which shows the brief constitution
of the capturing apparatus 111. The capturing apparatus 111
comprisesanuppermaember llla, alowermember 111lb, anair suction

nozzle 112, a holder 113, a temperature control apparatus 114,
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member 111a to the lower member 111b to form the capturing apparatus
111, joint region between them becomes air-tight and the external open
port of the capturing apparatus 111 corresponds to the air suction nozzle
112 of the upper member 111a, and the exhaust filter 118 of the lower
member 111b. In addition, within the lower member 111b, each of the
2RS18Er 1113, BlePURPSI8Y Gnd e blrduskiiterst1Bidrectixeds Further in
I Qt_graphjcal 0 contral sy or.a power supply for.
B L1 o o ot Ao paatis T S hosay Tim

tinsitle the apparatus and operating buttons; a:bandleranddhelike ararn pe
attached on the external surface of the apparatus. Further, the holder 113

AESriprREsthetemfiferafitercditihicapparatus £14 %‘ﬁﬁaéléélfﬁe t_he upper
mdetachable sapuring.devige L00.[hwis. 148 ine papuring deyise 100}

attached thereto, the upper side of the temperature control apparatus
ajsripmcgntact With Jtherdowercside afdhescaptuisiag deviee<k08 i Withigtheand
capturing apparatus 111, the void 115, which connects the exit of the air

“8ictioh 8z HZ'tB the BT ST the piniP 1163k the depitiriigPonds
tdevige 100, ds formeds, In addition, the exit QBBSPEH&F&%@J,@%!?S&#& the

connected to the exhaust filter 118 via the exhaust duct 117. So called
chipactbrrst/fe cdptbrirygtapparatys rectording 1o thelpreseritteémbpdimentn
Eas high flow amoigt %f a sample_air, thus it has an advantage of
Wer I

S6sorbing d'cahsin 19 ArfoGiRtDF SHmpleSinShsit fintd And Cdptanmg 116

adli-horae: misroarganisnas tharefrora. Insadditionyalthough a ope:hole 1o«
type constitution is envisaged as the air suction nozzle 112 in Fig. 7, the
JaRYuEHBR NOZNE W12 thatwdirhe usettfor the 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
apparatusll4andalsothedetachable capturingdevice 100. Thus,
when the capturing device 100 is attached thereto, the upper
slde of the temperature control apparatus 114 is in contact with
the Llower side of the capturing device 100. Within the capturing
apparatus 111, the void 115, which connects the exit of the air
suctionnozzlellZtotheentranceofthepumpliéviathe capturing
device 100, is formed. In addition, the exit of the pump 116
is closely connected to the exhaust filter 118 via the exhaust
duct 117. 8o called impactor-style capturing apparatus
according to the present embodiment has a high flow amount of

a sample alr, thus it has an advantage of absorbing a certain
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present invention is not limited to such constitution, and various air
suction nozzles including multi-hole type having many small holes, etc.
can be used. (3) With respect to the determination procedure of microbes
(i) First, brief constitution of the determination procedure of microbes
according to the present invention is given in view of Fig. 3. The

2PROEEdLTE ot Btefimining Tritfobes e offstisedrhe pragess (aperne
mEpMringmicrobes; e progess {h) g&a%ccoygai,ngatﬁ@h@mﬁss,oﬂtﬂs_ho(leﬁ

process (c) of eliminating ATP, the process (d) of filtering, the process
tppextracting tATPothe precess 6y ofi recovaring: AT R and:the process (q). 2

. of determining ATP. With respect to the process (a) of capturing,
hictSbed,” airBofre misrahed aré taptu rﬁdzi n-thetcapturitg Carter 252t he
ppgel phase in this case), of ihe.captyring device 100y sing the .,
capturing apparatus 111. With respect to the process (b) of recovering
vpiicrobes: ithescapturimgnearries 4 02nis subiecteditotd phase transitionving
from a e]‘llé)l}?els% to a sol phase tg obtain microbial suspension (i.e., a
m%ﬁ%pﬁé% ith Ye§pectTothe BHoc8Ss (&) 6F eliminating ATP, ATPs

originatingwfrarn substances othesdhanthe mictabes 0f the sanwle,-L8pes
extracellular ATPs or ATPs contained in non-viable microbes, 20 are

elimindtet. Witl$ Fespact4s theproéass (dyofdiftering, tee samiple tison
pgg%gngJS gyg§§g£g%éggy§¥§g@%qgg?gggggggﬁiigg%ienisgiven
in view of Fig. 3. The procedure of determining microbes
comprises the process (a) of capturing microbes, the process
{b) of recovering the microbes, the process (¢) of eliminating
ATP, the process (d) of filtering, the process (e) of extracting
ATP, the process (f) of recovering ATP and the process {(g) of
determining ATPE.

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

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

With respect to the process (c) of eliminating ATP, ATPs
originating fromsubstances other than themicrobesof the sample,
i.e., extracellular ATPs or ATPs containsd in non-viable

microbes,
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as solid components having smaller diameter than the microbes, and the
viable microbes contained in the sample are captured on the filter. With
respect to the process (e) of extracting ATP, cell membrane of the
microbes is lysed so that the ATPs contained in the cytoplasm of the
viable microbes are extracted into a sample solution. With respect to the
2 hfocessréfetovering ATP, a sample solution, including the ATPs that

are exfracted from the micrpbes, s obtaingd. Wigh respect to t@gep%c%%s e

(g) of determining ATP, a biological luminescence reaction’is carrie
ibasedorrthe tATPs:corfainddin the:sapmple solution cbhearbyiants such
determining the luminescence output by using a luminometer, the ATP

2 BoRteritCif tHE LIS RUbEMSTahtthe (RRPE&HIt I BTvER e ARSPER
athe eguntotihe.airbornenicighes cqptaingd,in unityplume, (i) Next, the |

operation of each constitutional element of the present invention Is’
caxplainddiincgreater detail in accordance with the determination
procedmlil‘re. Before the process (a) of capturing the microbes, the

capturitig deVice 00" is MaRGRAURES Actbrding B theamEisd HEcribed’
mahoyerAfter stgdlizingthspper member.111a of th&%ga@wg‘g:ontained

apparatus 111 by autoclave, it is transferred to a clean bench which is
1pladed nedcthbasyion ftdm whieh lar 1o be determinedsistcapturst 2dto a
Sggner%n %ftir trgferred to as a"capturing area”), together with the lower

member T fb or the capturing device 100 which has been manufactured

according tortheguethed desgribed.inthe pROVe: covering ATE, a sample
solution, including the ATPs that are extracted fromthe microbes,
is chtained,. -

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

(ii1) Next, the operation of sach constitutional element
of the present invention is explained in greater detail in
accordance with the determination procedure. Before the
process {a} of capturing the microbes, the capturing device 100
ismanufactured according to the method described above. After
sterilizing the upper member 1lla of the capturing apparatus
111 by autoclave, it is transferred to a clean bench which is

placednear the region fromwhichair tobe determined is captured
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All the operations in the clean bench are carried out in a sterile manner.
The holder 113, the void 115 or the external surface of the lower member
111b are sterilized by using ethanol for disinfection and the like, the
capturing device 100 is installed on the holder 113, and then the sterilized
upper member 111a is attached thereto to produce the capturing
(Bpparduds TE1 A SierkcCapY(ASt SNGWRY Livhich Pretects thedsik 3aEtiohth

<R0Z7le, L1z ofithe cantyring,apparatus 17.1. from the-microbial, , . 1o op

contamination is further attached, and thenthe capturing apparatus 111
mistakentautdfromdhecteargbenchh Aftes installings the appatatustie theove
capturing area, it is ready for the measurement. In this case, the

ALAptORTG Sréa aR8 I b bei i P InaliftdiRed b frigifodma sterile
nig{pRerature ofiabout 25G by girzcopditiopjng, gnd the temperature of . .

each member is also about 25C. In addition, by running the temperature
ofontrel lapparatgsibt4, the teraperatuse is seteat 26C1:Since theh xapturing

carrier 102 of the capturing device 100 comprises a_thermosensitive resin
dﬁ%ﬂr&ﬁ%flﬁé\%ﬂga&%t@ééf%@*ﬁ%ﬁﬁ%ﬁ%@&ﬁ?&ﬁ@r%ﬁaﬁ%ﬁé?ﬁ?&led

oRresentinia;gel phase e%tléhi@hé@mgﬁéatéj{%-r\ﬁ/itbﬂgép%%&t%ﬂﬁ%%eslsl(ﬂ
of capturing microbes, by running the capturing apparatus 111 air-borne
1 mickded presénstr atthe capturdhy areharesatisorbed angcapturediinithe A

Sgg[gtl Q%ade\éicgtlos%.oﬁgicif&cﬁ%ib rrunnin Sth(i:i%ump 116, the air 2218
outsidé thatcapturing apparatlis 1 id 8bgsived intathe plmp L6 Vi
1the aif suetiondivzzie 122 andthe:-veidi(@n empty space); 415, Fyither, via
the exhaust duct 117 and the exhaust filter
contamination is further attached, and then the capturing
apparatuslillistakenout fromtheclesanbench. Afterinstalling
the apparatus in the capturing area, it i1s ready for the
measurement. In this case, the capturing area and the clean
bench are maintained at the room temperature of about 25°C by
alr-conditioning, and the temperature of sach 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 1s present in a gel phase at this
temperature.

With respect to the process {(a) of capturing microbes,
by running the capturingapparatuslll air-bornemicrobespresent
in the capturing area are absorbed and captured in the capturing

device 10C. Specifically, by running the pump 116, the air
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118, the air is eventually released to the outside of the capturing
apparatus 111. During this process, the air-borne microbes are
transferred along with an air stream which passes through the air suction
nozzle 112 and collides with the capturing device 100 in approximately
vertical. direction, and as a result, the microbes collide with the gel phase

OEABtAthG EErFEPTOZ de tERALABRR foreelandioaptived. AiFerthe pump
1parleulales having. sweighismalley fhan the micialies polidewith e
capturing carrier 102, and then cﬁange Their direction p rallel'to thé

1sarfacewoftthercaptusingreasiers102 tawget transfered to-the vaid 115, 1ther
ump 116, the exhaust duct 117 and the exhaust filter 118. The ,
lgémgﬁfa%ésr HEVNG A WaithY SHafigF BrPthE Shitkehes afe iuptaRint no

exhaus fier 118.a0d cleaq gl fiee of any parficylates is relegsed 19

a?%%outside of the captu%ng app%rgtus 111 via '?Izne exk%ausft3 fiiter 118.° =°°

tAzverdingstb Hiepresentrembadiment rthenpumip-klfgyevideswithed the
constant  flow amount of 200 L/minute and with the capturing time of 15

2 tinbitee 4 CORERT SrotmtEorhir fie: L e d'ddbic Thetsray i abkorben i ce
186 3 fesplt of these pracesses; airrbgene migrobes, contained.inthree .\

cubic meters of air are captured in the capturing carrier 102. With respect
miig-thed processl (B)ofretbveriagothe pliermbesachyoperating theer 102 due
temperature control apparatus 114, its temperature is increased from 25C
Sk S Fomt the 15p SLRTHbe 28 Of 1Ehperaicre CoRFEF ABLAMRIGS 1A 'S
athe bottorasurface ef, the captiring davice 109; he. .fodheyessel 103 and

also to the capturing carrier 102, heat is transmitted, resulting in

carrier 102, and then change their direction parallel to the
surface of the capturing carrier 102 to get transferred to the
voild 115, the pump 116, the exhaust duct 117 and the exhaust
filter 118. The particulates having a weight smaller than the
microbes are captured in the exhaust filter 118 and clean air
free of any particulates is released to the outside of the
capturing apparatus 111 via the exhaust filter 118. According
to the present embodiment, the pump 116 provides with a constant
flow amount of 200 L/minute and with the capturing time of 15
minutes a constant amount of air (i.e., three cubic meters) is
absorbed. As a result of these processes, air-borne microbes
contained in three cublic meters of air are captured in the
capturing carrier 102.

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

temperature is increased from 25°C to 37°C. From the top surface
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fast increase of the temperature of the capturing carrier 102 to 37C. The
capturing carrier 102 adopted for the present embodiment functions as a
thermosensitive resin having UCST higher than 25C but lower than 37C,
therefore, the resin undergoes a phase transition from a gel phase to a
sol phase by temperature increase from 25C to 37C. The particulates

©nditting the Viaste Ticrobed BAd the ikt 'that Akt Inthet ace of

+£aptuing carripr;102 becoms disperseddndhis Qi and AsALeSUL) 50 o
microbial suspension is obtained. In addition, water soluble components

tthatcanetother than thie viablé nicrebds iand the fike téaptureg e ng in
cagturin carrier %02 are dissolved in the sql. As a result, 1 mL sample of
fast 1 é%) o)

five microiar SuSpengion I TsdGverad i the Vesed 103 Withe8patt &
tthesprocesse) efghiminating-ATR; after padding 30-plL b the AT R resent

eliminating agent that is included in Lucifer HS set to the sample of the
e¥ierdbialr duspersicr the 2fesultiiag miktre 33 raiataived at Foorhng UCST

temperature for.3 inutes. With this pragess, ATPs not or iginating from
P S e e CARpIE T ot AT o AFpe 3

668t aiRed iR nemavabte-aierobesn andextiemely tiny agnauntofsthe AR o
present in the capturing carrier 102 are a'_1 removed. As a result of this
brocasss 1203 ReL Hactiohesolbtion, ffork Which’/ATPs Brigiring! frodates

1 Qiherdhap yiable migrpbeg are remoyed, is,gbtained in the yessel 193, 24
Before the filtration process (5), a f?ltratlon evice, (not shown? in whic

i the meembyraneifilterdidAWE02500; e manufackired LyMilipate £entpany.d
the diameter is 25 mm, the

ag a result, micrcbial suspension is obtained. In addition,

water soluble components that are other than the viable microbes

andthe like, capturedinthe capturing carrier 102, aredissolved
in the sol. As aresult, 1mbL sample of themicrobial suspension
is recovered in the vessel 103.

With respect to the procesg {¢) of eliminating ATP, after
adding 30 uL of the ATP eliminating agent that is included in
Lucifer HS set to the sample of the microbial suspension, the
resulting mixture is maintained at room temperature for 30
minutes. Withthisprocess, ATPsnotoriginating fromtheviable
micrcbhbes of the sample, i.e., extraceliular ATPs or ATFs
contained in nen-viable microbes, and extremely tiny amount of
the ATP present in the capturing carrier 102 are all removed.
As a result of this process, 1.032 ml reaction sclution, from

which ATPs originating from other than viable microbes are

removed, is obtained in the wvessel 103.
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membrane is made of MF-Millipore and the pore diameter is 0.45 micron)
is mounted on top of a grid plate, is prepared in advance by sterilization
with autoclave. With respect to the filtration process (d), the reaction
solution is added dropwise to the upper side of the filter and by suctioning
the bottom surface (i.e., gridplate surface) under reduced pressure, the
filtratiobFis Ceftriedo bt Aftarithen corssletien Gf thesfilfratioha tHe boton ce,

(Fise Qe fier;is, hrought hack in the aimospherc pregaus, s result
of this process, water soluble components or contaminants such as solid

meamfonenteother than mierobesowhioh/have @ diametes smalles than the
0.45 micron that are contained in the reaction solution are filtered, and

P AT o B coMiprising thE filteraBaptiithg We \idBeahFobas) - 45
nélatgenthan.4pmiergn).is, ohtained, With respect Or%beaefeocgeﬁ)fgéce

extracting ATP, 100 L of the ATP éxtracting agent that Is inclu
biueiterri 51 set issadded o the apperside of the filter of the filtration
device, and then mixed at room temperature for 20 seconds. Since the

filter is%%ﬁn‘i@ﬁ%er?ﬁé?)-ﬁﬁﬁ Condistiig Of iR fubber, fércexartpld.on
s8ndhe battomssuriage i fhe filter is exposed; t-an. aIRoSPheric, ¢ . » anqg

pressure, no filtration can occur. Instead, 'the added reagent solution
bgtays ohctherfilteh dbe to sudacd aensions As aresyli,ahe selt faembrans:r
of the viable microbes 25 is Jysed and the ATPs contained in the

AL R AL TR Ior s b Stiaktid “EoneEdaghiy TooL AbHiiethe
csalytionicomprising the AJE:is.Qbtainedion-thefilletie of the filter is

brought back to the atmospheric pressure. 2As a result of this
process, water soluble components or contaminants such as solid
components other than microbes which have a diameter smaller
than 0.45 micron that are contained in the reaction seclution
are filtered, and the filtration device comprising the filter
capturing the viable microbes {larger than 0.45 micron) is
obtained,

With respect to the process {(e) of extracting ATP, 100
ul, of the ATP extracting agent that is included in Lucifer HS
set is added to the upper side of the filter of the filtration
device, and thenmixed at roomtemperature for 20 seconds.  Since
thefilterismountedontheO-ringconsistingof silicone rubber,
for example, and the bottom surface of the filter is exposed
to an atmespheric pressure, no filtration can occur. Instead,
the added reagent sclution stays con the filter due to surface

tension. As a result, the cell membrane of the viable micrches
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With respect to the process (f) of recovering ATP, 30 L of the d sample
solution is taken by using a pipette. As a result of this process, out of 100
pL of the sample solution comprising the ATP of the viable microbes, 30 L
are obtained as a recovery solution in the pipette. Since 30% of the ATPs
contained in the viable cells that are present in the captured sample are

Fedvaredad hiradolery Soitifidh e DSE efficiEney- foitind Fdcovergrobes
galution 5.9, 3for this case, Before he,nrocess (o) ofdetermining ATE, .

a0.2 mL of?he ATP %umin%es%ent %feagen?‘[ls Fn?eé)ted to aupo %rgg%ll%}r:}j’éstjérsl?

ttubenter aduminemeter, andithen fnstaied in the luminometer (Berthold
Detection Systems, FB12) to determine the luminescence output (i.e.,

baselife)" T He RRfifne S i ot T8r the ' basehifiE 33 approxitdtely 40t
o@@%%%éﬁl__@i@ per second). Next,, 200 amgl of the, standard.sample. (1.

L of the ATP standard solution with thé concentration of 20 pmol/L) is
ofurthésipjected: to thettest tiliepthich dompeses . 2ahlitdfdthe AlPrising
lumjnescent reagent._After mixing, the luminescence output is determined

istdntard® Sdifiplef e Turfifestenct dtpaf 6rIRe StEGGard SarpreTe Ty
sapproximately:200Q,cps..Effective Jumingscenece.output of the, standard .

sample is obtained by subtracting the luminescence output of the base
tlirve Triomh the demineddeniceroutput of the standard sapiplesBurthep iy are
dividin%t e effective luminescence output of the standard sample with

e ATP Smourtt 26 fierebt, & Slope Sahsitivify, 125, fhe'effébtve’ ToF the
riRinescence LeUtpHt per yini ameuntokAZR; s obtained. The slope
sensitivity is approximately 10 to 20 cps/amol.

Before the process (g) of determining ATP, 0.2 mlL of the
ATP luminescent reagent is injected to a polypropylene test tube
for a luminometer, and then installed in the luminometer
(BertholidDetection 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 {10ul of the ATP standardsolution
with the concentration of 20 pmol/L) is further injected to the
test tube which comprises 0.2 mL of the ATP luminescent reagent.
After mixing, the luminescence output is determined (standard
sample) . The luminescence cutput of the standard sample is
approximately 2000 cps. Effective luminescence cutput of the
standard sample is obtained by subtracting the luminescence
cutput of the base line from the luminescence ocutput cof the

standard sample. Further, by dividing the effective

luminescence output of the standard sample with the ATP amount
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With respect to the process (g) of determining ATP, 30 L of the recovery
solution is further injected to the test tube comprising the above ATP
luminescent solution. After mixing, the luminescence output is determined
in the same manner (sample) . Effective luminescence output of the
sample is obtained by subtracting the luminescence output of the base

LRRESFOm thé JoRTineseehte Gutgut bf the phd FeGier By BRAGRGIRES
o%&{%&g\ﬁ?@ luminescenee-Qutputof the sample with e slopg . sensitvity, the,

amount contained in the recovery solution is obtained. By dividing
itheresultingayakieywith 6.3 (.e.,cthe’ase efficiency of the recovery
solution), the ATP amount contained in the viable microbes of the sample

is obtdinéd. FUthEr: by Hividing TS AP Emoliit mithersdhpiEwiththe”"

yRavarage. %‘H@@&T?o%@tﬁ&ﬂ per 9@,@%@@%}@@@@@1@9%% r@é’é@b’t%be
amol) , average count of the viable microbes that are contained in the

ceample is:obtained: Stil fltthérbyrdividing tisis avérage chintofttheing,

t}\{ia le microbes that are ontain%d in the sample with the 1
VoluiEsteatsample (e,  three cabic'in é%?, QBB SFEHE L) -

£ Yiable microhes: eenrtained in-umit yelune -afthe.-alr sample g ehtainadAs
a result, the ATP content in the sample solution is obtained and the test

s yesulRisHiallyc lobtained pstermescofthiecedustiofie Birsdsornemiéroties-he

LB TS (U s e ot e oot ..
« the:first emboedimentafitbe presentinventian Calinple with the slope

sengitivity, the ATP amount contained in the recovery sclution
is cbtained. 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 sanple is obhained,

Further, bydividingthisATPamount inthesampliewiththeavarage
value of ATP conteni per one viable microbe (approximately 2
amol), average count of the viable microbes that are contained
in the sample is obtained. S5Stiil further, by dividing this

average count of the viable microbes that are contained in the
gsamplewiththevolumeof theairsample (i.e., thresecubicmeters),
average count of the viable microbes contained in unit volume
of the air sample is obtained. As a result, the ATP content
in the sample solution ig obtained and the test result is finally
obtained in terms of the count of the alr-borne microbes per

unit velume.

(4) With respect to the optimization of the capturing
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be the capturing carrier 102. As such, optimization of the constitution of
the capturing carrier 102 was carried out as follows. (i) First, the volume
of the suction air is three cubic meters, the flow amount of the pump 116
is 200 L/minute and the diameter of the suction nozzle (112) is 0.48 cm in
the present embodiment. Under this operational condition, since the
“fthéar velocity of the air in the air suction nozzle 112 is 181 m/s in

averagg, andhe sycyop,aiyolume. i as high. a3 fhree.qubic, Metgrs., ;

when a conventional capturing carrier consisting of an agar gel and the
shke is tisetpy moisture:witl beievaposated firasticalhstozraducerthe voluman

of the gel and to dry the gel surface. As a result, the gel may turn into a

PEoii§ St41B N THigré5ed EahndlBe cdpturdtritith gdodéfiiernty. Thushe
cinthe present %@WQ&@@&?&D@QPQ@{“%éoaavgh@r%rgai%@oa%

of glycerol is used so as to prevent any deform or drying of the capturing
feadrfers.02. Consequently, a high capturing efficiency for capturing

air-borne microhes with the capturing carrier 102 is achieved. As a ,
materialto prevéntany detorht orarihg of (RaCaptlring catrierE52° 11 c

maddition ta.glycesql awbichdsuseddor the pregent embodimentvatious: ne
alcohols such as ethylene glycol and propylene glycol can be used (for

difenggrevenfioniof dpgiess) .Ninzriditidh L8s to the typewf tire tdleohotssent
thecydare recquir%% é%_ b%flriee ofab cteric@alo%%ytit}/bn28 (i) That is

SPeGEE e microhas At IBaria the captaling carier 102 are 16 penear

veaved.hobsueh seasensy ethanalis notsuitable, Jorexampleis 181 m/s
in average and the suction air volume is as high as three cubic
meters, when a conventional capturing carrier consisting of an
agar gel and the like is used, moisture will be svaporated

drastically to reduce the volume of the gel and to dry the gel
surface. As a result, the gel may turn intec a sollid state and
microbes cannot be captured with good efficiency. Thus, in the
present embodiment, the capturing carrier 102 which contains
50% of glycercl is used so as to prevent any deform or drying
of the capturing carrier 102. Consequently, a high capturing
efficiency for capturing air-borne microbes with the capturing
carrier 102 is 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 alcohols such
as ethylene glvycol and propylene glyvcol can be used (for the
prevention of dryness). In addition, as to the type of the

alcohols, theyarerequiredtobe freeof abactericidal activity.
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(i) As a second optimization of the capturing carrier 102, a capturing
carrier made of glycerol, gelatin and a physiological saline solution will be
discussed. In this case, there is a confirmed problem that even after
filtration an abnormally high value of a determination result is obtained for
a blank sample which does not comprise any microbes (i.e., 10 to 20

amol). I i9 bene%ai%haitss&a??élsﬁﬂt ﬁ'sh?aagﬂ'eﬂr@m?e Cfaeﬁh%@fésfaéciaw
gelatin among t@%g@g@gigﬁ]@ggaf)@grlggecaggegecggt@ 1.2 large quch

amount of ATP compare e extremely tiny amount of the ATP to
detected (i. e. , severahsgmebhhthestesiduakbATRs igriginating from thep le .
gelatin may serve as a reason for such abnormally high value. Under the
circumStancés Fefore Miplementing tie PreSent- bl d maaseler

1est as follows,is cartied pt jo figure quta methad by whichithe AP,

contained in the capturing carrier is removed in advance to lower the
pblankvalgéci.othér wersls] . thécpre-treatment is:for the removahosthese,
ATPs originating from the gelatin. Specifically, to a base in which 5% by

“Rietght ot Gelafif Tarid' 8095 by welght 0f biycErsl &b @iSsdivebif s o &n
=PRysiplagical saling, solution, the Ak sliminating.agent thatis.contained

in Lucifer HS set is added in various mixing ratio to give a model
acapturing earrier. This:modelscapturingcarkiee ishgated 1to-87C fore. , 10

cansition tg a solphasg, gnd 10 L ofthe resyling 29 5ol as s of he
S;%:?IOI’I ditited With Sunified Water i “aliqisted and added t6 b.sze%%%fiiﬁg
£AIP luminesegatreagent o d henelumipeseance: eutpud is detarmingd.
One exemplary
capturing carrier contains a large amount of ATP compared to
the extremely tiny amount of the ATP tobe detected {(i.&., several
amol}, The residual ATPs originating from the gelatin may serve
as a reason Lor such abnormally high value.

Under the circumstances, before Implementing the present
embodiment, a model test as follows is carried out to figure
out a method by which the ATP contained in the capturing carrier
is removed in advance to lower the blank value. In other words,
the pre-treatment 1s for the removal of the ATPs originating
from the gelatin.

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

model capturingcarrier. Thismodel capturingcarrier isheated

to 37°C for transiticn to a scl phase, and 10 pL of the resulting
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result is shown in Fig. 4. When no ATP eliminating agent is added, blank
signal is as high as 7178 cps. Meanwhile, the blank signal for the model
capturing carrier in which the ATP eliminating agent is added in an
amount of 0.03 or 0.1% by volume, was 103, 57 cps, respectively,

showing a dramatic decrease compared with no addition group. The
Saffeéfive fuminesEehbE ot WHichis aldiffereice compaias tsaher is

I sel omprisi ur ter le with ut an AT
e Ol F10 T B i et

T{=57-663cpsespeciively, fouthe systemecemptising. thesAd Pe@kﬂmgﬂaii_@g
agent at a concentration of 0, 0.03, or 0.1%, and the ATP content

re&r&bratéa 5 B g the” SBnsitivity GERpproXitRatSly TR zpsRmARRNT 15
a8Bet 636.4:2. 0501 amol, respeclively. As-such, by adding 0.03% or

more of the ATP e iminating agentto the capturlng carrier, a capturing
carrieff#nwhichl ATP=ariginating: fronfgelatir and ¢helike: are effeetively r
decomposed and removed, can be produced. As a result, the influence

LBrthe” &&%ﬁ?ﬁ.&ﬁm%m&%&bﬁ ARfRizel 10 FADET e - 03
oand with sompination of filtration, the abgve describad gbnormally high,

value can be avoided and inhibited to the level at which no substantial
dirdiyehte idexerektherstos Basedidh the abde determinatipn rekudts, it
glgs found 4hat asa composmon for the capturing carrier 102 containing

Getatin, it 1S preferabls to ContAl tHE ATP irdimatig agéits frPmpared
t@dﬂﬂi@&alw\@%@&%@mHlaﬂﬂ%hgﬂﬂbﬁm%-ﬁ%@'w@@tmgg% incluged .

in Lucifer HS set is used its constitutional amount
without any ATF (forthisexperiment, 56cps), 157122 (=7178-56),
47 (=103-56), or 1 (=57-56)cps, respectively, for the system
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% or more of the ATP eliminating
agent to the capturing carrier, a capturing carrier, in which
ATPs originating from gelatin and the like are effectively
decomposed and removed, can be 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 above
described abnermally high value can be avoided and inhibited
tothe level at whichno substantial influenceisexertedthereto.

Baged on the above determination results, it was found

that as a composition for the capturing carrier 102 containing
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is to be 0.03% or more. By having this value of 0.03%, which is the
minimum value of the essential constitution, as a constitution of the ATP
eliminating agent of the present embodiment, ATP contamination which
mainly comes from gelatin can be excluded from the capturing carrier
102, (iii) As a, third optimization of the capturing carrier 102, a gelatin

IEfipdbition whith s TERH b the thRFM0SENI r@éﬁ%ﬁ?gfr&fﬁs&gent'

1etermiped-afterfixing the constitytional . ratip- et the, ATRreliminating. 1 n
agent in the capturing carrier to 0.03%. Fig. 5 shows the temperature ang

aﬁﬁrﬁtiénqim@%ﬁtifers Lofca Peodef capstaring edrties whickis protdoved aithunt
30/ of th \TP ellmlnatln%agent 50% WEI%ht of %}% $rol and ich
Eaance ofp ysidlodiciSsaling sofution? dependiiig 8h 35, whic

lgoeﬁ%mﬁﬂ%@ﬁ gelatins .85 3.n65:a88rk0% Dy-weight+ A8 ids shgwa in
Fig. 5, in any of the composition, the model capturing carrier is

ctrapsidratddinte  sblepHdse within s Fiirutes I¢nen e terAperitarsis
adually increased fram 25C ta 37C indicating that it can he prefer.
it gﬂfogy gasea I anG 4 3% tjh% g1 ? gg}o -

use é recovery process. e gml%jtln (yoncenetra ion Inge

cueight exmoracther gehstiepgtristhighrat 25G sodhativ zan be used as a
capturing carrier. However, when the gelatin concentrationis5%byweight,

the gel éﬁféhgﬂf?a? 25@%%@%%@&@0m§§uéﬁeb>¢ﬁavm@i% Gelatiner
189”%?%%% |ch < arﬁ ec[>/ ‘%@!L%'}l 108 mare. a e ”%%Se “Ve é%%'r@suwe

materi ase at and a sol phase at
rﬁt&lﬁt‘tﬁbha‘stlr@lUﬁSBehlghﬁliﬂm QBCeBUEbﬂ\dﬂf(jhﬁmeCBEGmb@tlonal

obtained.
ratio of the ATP eliminating agent in the capturing carrier to
0.03%.

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 physiclogical saline solution, depending cn different
concentration of gelatin, 1.e., 5, 7.5, and 10% by weight., As
it is shown in Fig. 5, in any of the composition, the model
capturingcarrieristransformedintoasol phasewithinSminutes
when the temperature is gradually increased from 25°C to 37°C,
indicatingthat it canbepreferablyusedforthe 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 & capturing
carrier. However, whenthegelatinconcentrationis5%byweight
the gel strength at 25°C ig slightly weaker.

As such, byhavingthegelatinconcentration?.5%bywaight
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Meanwhile, with respect to the filtration property under the above
described filtration process, when the gelatin concentration is 7.5% by
weight or less, 1 mL of the sol can be eluted within 40 seconds, and
therefore it can be favorably applied to the filtration process. However,
when the gelatin concentration is 10% by weight, viscosity is too high and

O B HiFation 18 HRRERTS CarkE GtSAR SR thére 1 ATasSint WREhPEGAE
= f thehonsfiltgred, \components rermain on.the th@f{aE&q\aﬁb%@q\ﬁ% UCST

results, it was found that, as a material for a capturing carrier, which has
hUEST higher thalit 26Ctbutlewerttiran 37Camd good filtration gioperty,

the gelatin concentra‘rion%séF greferabg/ between 5% to 10% by weight, and

the optimtny conzentration $§F 5% by waight. StchoptiduntPerty under

£ RANGeRIation of ¥ 5Dy Weighlds adopied as a gglatin caacertraliqn for
the present embodiment. (iv) As a fourth optimization of the capturing
ceaniert 102 amglycerol ednipositide is-deterhvined afterifixidgthe sol can

constitutional ratio of the ATP eliminating agent in the capturing carrier
8 555t i 6 Showa (g TaRBLTAIe andTIrAtGr propehioS ot & MbARLY

apapisimg-carsigs which is predugad,with 0.03% of the ATP eliminating
agent, 5, 7.5, or 10% by weight of gelatin and balance of physiological
saline BB /G depending oft B2 diffrent epheentiatiohsof glyserolcLent,

v%gr%%%%%oo%%?htggg/ohp hwgg%tt@e?’ g:ﬁégg%\,{]oqu Egdﬁiégfgyl%f IChOe carry
out. As such, there is a case in which some of the non-filtered
components remaln on the filter.

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

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

Fig. & shows the temperature and filtration properties
cf a medel capturing carrier which is produced with 0.03% of
the ATP eliminating agent, 5, 7.5, or 10% by welght of gelatin

and balance of physiolegical saline sclution, depending on
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model capturing carrier is transformed into a sol phase at 37C, indicating
that it can be preferably used for the recovery process. When the glycerol
concentration is 50% by weight or more, the gel strength is high at 25C
so that it can be used as a capturing carrier. However, when the glycerol
_concentration is 40% by weight or less, the gel strength at 25C is slightly
G RS g Hly Hie GYEErEPaoncerration S0 by BA B
pIMQIE; & thermosensitive resin material which has UCST higher than 25C
ut lower than 37C can be obtained. Meanwhile, with respect to the
filtratide propertys vhen ithefglycefol coneentrationtis 50%rmysweight orthe
less, 1 mL of ,the sot can be eluted within 40 seconds, and therefore it can

T thvetRbRF ApRliea o R filtratioH procels “HEwEveS WheR>fife Ylycdror

1 £eDegRt Ao is:60% by weight - viscasity.isdaa Jigh and é%e:@l}é]ﬂg%é@s 5.
difficult to carry out. As such, there is a case in which some of the

Winen-filkeratl vomboheiits cramaiatorrthe filteP Framuthédbove: results, it-he

as found that, as a material, for a capturing carrier, which has UCST .

gm%gﬁg%ﬂ ﬁwn%t%f btiLtq%;\é}vqéri t aén é:h %ﬁdlgo%a?iI%r%t,ﬁlosnegcr%ﬁeartﬁa l%%urmg

«gheexel, concentration is preferably between 30% to 60% by weight, and
the optimum concentration is 50% by weight. Such optimum

concefttdfdh of 509by \Relghtcal? be aneptedras ajlycerof 38y welight
ofoncentration jon the present %@%ﬂ@%@ts@ With re&QeE%té’.th%s uch,

evaluation of r covery prgperty e recovery ropeyrty of the presen%
bembedimentis 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 ocbtained.

Meanwhile, with respect to the filtration property, when
the glycercl concentration is 50% by weight or less, 1 mL of
the sol can be eluted within 40 seconds, and therefore it can
be favorably appiied to the filtration process. However, when
the glycerol concentration is 60% by welght, viscosgity is too
high and the filtration is difficult to carry out. Ag such,
there is & 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 glycercl
concentration is preferably between 30% to 60% by weight, and

the optimum concentration is 50% by welght. Such optimum

concentration of 50% by weight can be adopted as a glycerol
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evaluated with the method as follows. As a model sample of air-borne
microbes, suspension which is obtained by dilution of the standard
microbes (Easy QA Ball Escherichia coli 10,000 cfudistributed
byNissuiPharmaceuticalCo.,Ltd.)withpurified water is prepared. For the
Cgrocess a{%,of cafoturing microbes, a st pgf cagturing air-borne microbes
“Yythe daptufifg Hpparafus” 111 Within thecaptlifing device 100 from the
air sample s gubstityted-by adhesian of aeertaincamaunt.af 3, madgle rt v

sample to the capturing carrier 102. Subsequent steps are carried out
accordihg toahe eatuationr fast of #e presantembodimead fogng 1s

e&a‘?ﬂ‘g%%“e%onw&%"” e“tﬁ?%%ﬁetgs?dﬂn which an agar gel i3 ES%%nr@%heof
Capturing carrier T0J°for thie process (a) of Capturing” microbes. and as a

ainethogforrecevering the spsrabesfarthe npracessti) efdesovaring i on
microbes, 1 mL of physiological saline solution is aliauoted in two divided

oporiBnSHR AR sLFAcE Hiahel hgar deb ditf thers rakenlisadie fist the0 000
Syiface forrecovery, and alsp.a metho i%‘évf!,%’.tf‘ﬁtpéﬁ’f%%%ag&}ified
capturing microbes is su stltuteollnk%y adhesion of a model sample, same
wasdhe: presenta embodiment rasepdetesmined.) For thecaptunagrcatHerd 02

of the conventional method, commercially available agar culturing

2 FTedih CPRPHE S dar) 16 Tead. Figo T ShaS & aXeripIa s FeRak Bt 1S
1 fletermiping @ duplicate, sef based.on.a-madel sample.having 200,CFQ,

according to the above described two methods. According to the result of
sthet34 conadenhtiondhmethodpthe: AJeR amiountnthen averagercotimt ofanable
microbes, and the recovery ratio are very low. Especially for the one of

EthE B R SetSitGave & Tecl - showiy dH&Slatalyeos are carried out

according to the evaluation test of the present embodiment. For
a comparison, a conventional method in which an agar gel is used
as the capturing carrier 102 for the process (a} ¢f capturing
microbes, and as a method for recovering the microbes for the
process (b} of receveringmicrobes, 1 mL of physiclogical saline
solution 1s aliguoted in two divided portions to the surface
of the agar gel and then taken back from the surface for reccvery,
and also a method in which the process {(a) of capturing microbes
is substituted by adhesion of a model sample, same as the present
embodiment, are determined. For the capturing carrier 102 of
the conventional method, commercially available agar culturing
medium (Tryptic Soy Agar) is used.

Fig. 7 shows anexemplary result of determining a dupiicate
set based on a model gample having 500 CFU, according to the

above described two methods. According to the result of the
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no recovery of the microbes. Meanwhile, according to the result of the
present embodiment, the average ATP amount is approximately 540
amol, the average count of viable microbes is approximately 270 CFU,
and the recovery ratio is approximately 55% (= (44+65) /2) . These
results are almost four times (= 55/13) higher than those of the

CRBRTBRtIGRA MthBA%T & DRt SIMGTRCHBSe fo'thée Ye&aEH Fatib 6f T000) e
T BHS, the em@og}{@ep&9&9&pra%%%eml%oqi&%emvidgﬁpwﬁﬁﬁ*ﬂ'gg Yr

accurate measurement result'compared to the tonventional method. The
thiggestdifferentedietween 4be, present snverdion anchthei conyventionak |y
example resides in the capturing device 100 and the process of

D Pe SSVEHIY fhictobBRStHETERBRHT SThe reason for obtaining high accuracy

for theypresentiavention.compadgdia the.conventiopal method s -
believed to be due to the fact that during the process (b) of recovering

epficrobes; the thicrebes can BERffivemntly resovered from the ycagturing> 1,

t}glevice 100. In facttaft r culturing the capturing_carrier 102 wpich was,
LSetfor IHE SomvEntiondl MR tiol 28 8 Yefereh B8RS X & FémaiAder T

= btainedafterthe reeovery of dhe.micrebes) a8 35C foutwe days, it was <o

found that all capturing carriers expressed a number of colonies. As such,
T el EGAvertoRalmethdd slowifg the TeSall separatfront iz speeifie of

values may be due to the fact that 35 the recovery ratio for the process
£ G & .
O T ot T EHERSAS 1 Tow Mo er by SR 2 ey 72T
rmetbodsi.e; the method of

Thus, the embodiment of the present embodiment provides
with a highly accurate measurement result compared to the
conventional method. The biggest difference bestween the
present invention and the conventional example resides in the
capturing device 100 and the process of recovering microbes
therefrom. The reason for obtaining high accuracy for the
present inventioncomparedtotheconventionalmethodisbelieved
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 methed as a
reference {(i.e., the remainder obtained after the recovery of
themicrobes) at 35°C for twodays, it was found that all capturing
carriers expressed a number of colonies.

As such, the conventional method showing the result

separate from the specific values may be due te the fact that

35



the present embodiment in which the capturing carrier itself is subjected
to a phase transition from a gel to a sol without any contamination by
non-contacting and mild condition including a temperature change under
40C, which does not cause a damage or death of the microbes by heat,
and threfore it can be treated as microbe suspension, the microbes

t FSchGEREDY fHe-captiTing CaITTT T3h B’ effichéitisrovideaierthen s

1 Bragsss. (6) With respect to the evaluation of overall property The overall
property of the first embodiment of the present embodiment is evaluated
as folldwsrAb almodel salnpte.ofy airrfkorne:nticropess, ¢he mictobeshod of
comprised in the Iaboratog air are used. Specifically, by using the

b dratoy Hir 58 SHATH! iwe%%f%.h%ﬁoﬁa&%msegméﬁredaa?1f
iaceqrdi egtt&jﬂ’&adﬁtﬁﬂaE@I%R&Q?Meﬂf&ﬂeap%%eéamew’f%@ut

comparison, the results obtained from a culture method are used. For the
a@l}flﬁﬂé’fm@ﬂhtﬁiia@ﬂé}wsmpterrbyaMﬂhpQr@r@@m@amoﬂ‘d Airch type) andhg
e used to coIIect one cubic

ar ¢ [ture medium ptlcS
aa{]e B ::Cr accg:h gqf% e Shahu attu?é gUidefine’t THE Sbifad? e

o@a@@uﬁiﬁg&_am% i8: sultueed 8t 3G for dwe days andLhe coloNydst reates
counted. The results are 950 CFU/m3 and 1100 CFU/m3 for the present

2ErfibEditient BREmRIGH IS Mathod; bespectively rBoth yeshltscanetinr ing

gogcje%greem%nt Vc\j/IL%a hll%,lthe time, s%)ent or thehdetermlnatlon is
abolit one hout and 50 Rours, respectively. including the fife 36%8gtited

for the apturing. Ibgﬁeme present exampleracgording,ethe preseptrty
invention is advantageous i n that it can provide with a test result having

accurmvﬁgﬁ]asgﬁap@ﬁfﬁé%ﬁﬁ@flrst embodiment of the present

embodiment is evaluated as follows. As a model sample of
alr-pborne microbes, the microbes comprised in the laboratory
alr are used. Specifically, by using the laboratory air as a
sampie, 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
Alx T type) and an agar culture medium (Tryptic Soy Agar) are
used to collect cone cubic meter of air according to the
manufacturer’s guidelines. Thus obtained capturing carrier is
cultured at 35°C for two days and the colony is counted. The
results are 950 CFU/m” and 1100 CFU/m’ for the present embodiment
and the culture method, respectively. Both results are in good
agreement. Meanwhile, the time spent for the determination is

about one hour and 50 hours, respectively, including the time
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method, but in extremely short time (i.e., approximately 1/50 compared to
the culture method). As it has been described in the above, according to
the first embodiment of the present invention, the recovery ratio of the
microbes from the capturing carrier is high so that the microbial counting

- canibe garmed out wih high credipilty. | addiion, by applying fhe .
present empodiment, a hig %/ accurate measurement of viable microbes

t Sam b eaniad out inrextromely shost imes= (The:seeond embadimanty (1)
With respect to the capturing device Fig. 8 is a sectional view which
w shpwstthetbrie? \dons i Tutichasfahs capafing devi ©& oo wetorling tbihe

second .embodiment of t resent invention. The capturing device ]fop

s g St CAIET 100, a4 Bosel il 100 S0 THE A 1647

cdheseaptutingdeviee 100ris tesmeddy adhering the filter 104 which is the
same as the one used for the first embodiment to the lower region of the

hollow/:shapebAfedie Wl 03 aRd POURRG theturce tRatkHiEl fof-the e
£fapuy ?@Eﬂ%&%oozf “XPB&%'_?@%@Q{‘ ced with E@% Same @SE“&%?%T Stio
or the fl odal 1t

one use rst em ment, over the cooled filter 104. For Filter
o104 dheimentarane-fiier ((HAWVAORDO)h thatisihesamenasithe ones: tused:
for filtration process (d) of the first embodiment was used. (2) With

MESHECt 0 thetdalysis Stem §7 Fig o¢'is avidwWhithSshows thée brief v -
1gonshitutionof e apalysis system 121 according 1g fhe secondy s o1
embodiment of the present invention. The analysis system 121 comprises

a@curate measurement of viable microbes can be carried out in
extremely short time.

{The second embodiment)

{1} With respect to the capturing device

Fig. 8 is a sectional view which shows the brief
constitutionof the capturingdevice 100" accoxrding tothe second
embodiment of the present invention. The capturing device 1007
comprises the capturing carrier 102, a vessel wall 103’ and the
fiiter 104. The capturing device 100’ is formed by adhering
the filter 104 which is the same as the one used for the first
embodiment to the lower region of the hollow-shaped vessel wall
103" and pouring the source material for the capturing carrier
102, which is produced with the same method as the one used for
the first embodiment, over the cocled filter 104. For Filter
104, the membrane filter (HAWAO250) that is the same as the ones

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

(2) With respect to the analysis system
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capturing device holder 122, a grid plate holder 123, a dispenser for the
ATP eliminating agent 124, a dispenser for the ATP extracting reagent
125, a pipettor for the recovery of ATP 126, a dispenser for the
luminescent reagent 127, a test tube holder 128, a control device 129, a

temperature control apparatus 130, a sterilizing apparatus 131, an_
electrdni€ valve- 143, B wdstE tdp 4275 sukfioR puibp a3 and théon of

tPhoton fggs?gers%é%e&ol§§ngégsmtegnghdee@g%midg{nﬂ;%éim&qﬂgf

plate holder 123, and the test tube holder 128, the capturing device 100',
tagnd plate anthadestitube canbemttached (pptshown) 1 Ik additiers a
each of them carries a transparting means to return each holder to a

C3BELTic e SRR 1T Gispénst Flor ke ATRMimiREting agefit 1947 1R&
cdispenserfor the; ATR.ext tgye@@%m,ﬂé, thepinettor farthe, . arp
e ais

recovery of ATP 126, and t penser for the luminescent reagent 127,
e gl cantylagneanganhicteéande usedtfor dutomaticreperation of ATP 126,
dispensing ting of various rear%ents that_are not graphically shown,

or_pipe [
ai%%%%?c?aﬁcé‘%g & ContrBdigiTsi*from tRE Wontrsl dedice™t2o" The GRA ™
1plate;holder 123 the eleatsanicvalye, 141 the. wastedrap:142,and.the s,

suction pump 143 constitute the suction apparatus for filtration in
a cohfunctioniwithathieagrid- praté vhichn is het graphicaiy shewii Fugherdhe

comhination with the filter 104 gt the lgwer region of the capturing devic
SRV RN D S e e B S D
cSuetion puwAPR-143.arencontrolied bythe-eontrol, device 129. Mnder ther ger

control by the

123, and the test tube hclder 128, the capturing device 1007,
a grid plate and a test tube can be attached (not shown). In
addition, sach of them carries a transporting means to return
each holder to a specific site.

Further, the dispenser for the ATP eliminating agent 124,
the dispenser for the ATP extracting reagent 125, the pipettor
for the recoveryof ATP 126, andthedispenser for the luminescent
reagent 127, all carry a means which can be used for automatic
cperation of dispensing or pipetting of various reagents that
are not graphically shown, in accordance te 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 filtrationir conjunctionwiththegridplatewhich
is not graphically shown. Further, in combination with the

filter 104 at the lower regicn of the capturing device 1007,
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control device 129, the temperature control apparatus 130 controls the
temperature of various regions within the device, especially controls the
temperature of the capturing device holder 122 in the range between 37C
and 40C. The photon counter 144 determines the luminescence strength

. released from the test tube (not shown) mounted in the test tube holder
14 28RN s Tof-pRBloh CoiitPRhftiH R then transmitted to the control

devicer129, (ILWitl),respeet 1o the, megsuring onerations 1n cennegton fo

the above, the operation utilizing the capturing device 100", the capturing
capparatusd bl (Fig. 2yahdoihe anabysis’systefind2t ohthepresent by the
invention will be explained. The operation according to the present

CBigotiniEnt 1S Basically "the SaTBHsthat of frd first erfiBE et excépt

~thatthe analysis system. 121 is employed %ﬁb%t%%%Q@%r@%%e ,
the processes from the process (b) of recovering the microbes to the

eprocess! {g) cbdéterdningsA TRraseshowr ¢n Fig. 1314 naduition,rsinde vthes

present embodiment is mainly focused on the method for recoverin _
b GE I A1 RGBS ekt e, GeraRds SxpIaRuRGH*
1 regaeding the electric systemsthe.cantrol system.the-qptical System test

including light shielding, and the device system is not given. According to

ttHeepresentsémbodiment tsefoie tRé initiak usaibktiednalysis’ Sy sterh erds

olnside ofhe analysis system. 30 121 Is sterlized by using e terilging .,
aﬁjpara us 131, ahd “diso 6Zone gasr(ln case sterilization method is
1used) or particulates are removed. In addition, even when the analysis

(3) With respect to the measuring operations

In connection to the above, the cperation utilizing the
capturing device 1007, the capturing apparatus 111 (Fig. 2} and
theanalysissystem12l of thepresent inventionwillbeexplained.
The operation according to the present embodiment 1s basically
the same as that of the first embodiment, except that the analysis
systemlZlisemplovedforanautomaticoperationof theprocesses
from the process (b)) of recovering the microbes to the process
(g} of determining ATPF 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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system 121 is in use, ozone gas and particulates are continuously
removed by using the sterilizing apparatus 131. For the process (a) of
capturing microbes according to the present embodiment, particulates of
an air sample are collected on the capturing carrier 102 (in gel phase) of
the capturing device 100" at room temperature (25C) by using the
Leapturing apparaters DY1usimitartoethetfirst entiodinsanta Before thel, and
rocess (b) of recavering micrgbes, the .temperature cantrol apparatus
A58 o Tt (8 Torye Siire of (1 Gt g e O 12
phetween 37 sanek 4Qeckarthe progess {h)hef, recvering theHaicrobess i s
under a sterile condition, the capturing device 100' is installed in the
SEaPRITIAG Hévice heiderrr22 oithe aRAN3IKISystemiERle Thea thauously

subsequent processes from the pracess (b) of recovering the microbes to
o Ny SERENng t

' Héogﬁ%ge%s% (%?%?%ie er(?ni?]i:negr are’cafried out in a‘stérile and an

automated way widerthe qentreloidhecontrol geviesck2d AWihraiwork:o
by the temperature control apparatus 130, heat is transmitted from the

CEapRFPEFASVIEEOIIEITS2 ORE CHPIENAG deicy 1007 AT Rirthet'ts
e g F&té‘&'”gn‘?%ﬁﬁ'eerC%E%u@l%‘é“%%ggﬁﬁd ncreasg iple %@ﬁ‘i}ire%%f 'r%?re

capturing carrier 102C to 37C."As the capturing carrier 102 employ
«the: sedond embediment’ ishasedanta ihernosensitias tesirb ynaterial the
having UCST higher than 25C but lower than 37C, by increasing the
Sfathpérdidre BT 258%0/37¢, it ttlefdoéSa 46 phase trafSiien Hom a

gel phase-10.g sl phasg. Asa result, of this process, 1 ml-sample pf the

microbial suspension is recovered inside the capturing device 100", i.e.,
twithira'spaeecontrol apparatus 130 is run to maintain the

temperature of the capturing device holder 122 betwean 37°C and
40°C. For the process (b) of recovering the micrcbes under a
sterile condition, the capturing device 100’ is installed in
thecapturingdevicehclderlZ2Zoftheanalysissystem1Zi. Then,
the subsequent processes from the process (b) of recovering the
microbes to the process (g) of determining ATP are carried out
inasterile andan automated way under the control of the control
device 129. With a work by the temperature control apparatus
130, heat is transmitted from the capturing device holder 122
tothecapturingdevice 1007, and furthertothe capturingcarrier
102, resulting inrapid increase in temperature of the capturing
carrier 102°C to 37°C. Asg the capturing carrier 102 emplovyed
for the second embodiment is based on a thermosensitive resin
material having UCST higher than 25°C but lower than 37°C, by

increasing the temperature from 25°C to 37°C, it undergeoes a
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that is formed by the vessel wall 103" and the filter 104. With respect to the
process (c) of eliminating ATP, the capturing device holder 122 having
the capturing device 100' is returned to the lower region of the dispenser
for the ATP eliminating agent 124, and the ATP eliminating agent is
added to the microbial suspension (30 L) (herein after, all the processes

PBf 8diT e fedge it ad Ephrise? Bre ‘CartictPduPlif the sdMerntaiiert

~andyb i ro inclyding returni Q .and the like is simpl
geggr?ge a%%s%b%ﬁ%‘) g#ﬁ%q%a%%ﬁn%gdg\%igﬁ)%gr %5 I%?\l/léngt e¥

reapturingideviceit00 < s returnad: todhe uppeoregion. ef the gridiplatepace

holder 123, and also the grid plate holder 123 having the sterilized grid
“Bitlte ot SHGWiA) RiretlihetE e Uper region 889hatt dartfieintd e

filter 164 dgcated helow the captyring device, 100" and,the.guid plate:to .,

form the filtration apparatus. By keeping the apparatus for 30 minutes in
cHBS stateg ATRPs net loriginating 2rdm the yidltle migrobes age @liminatedio’
. Asa result of this process, 1.03 mL. of the reaction liquid, from which

LATPS ot Srigitating frofi the Visbi& mictobe afe Bfiffiiated: 5¢ Sttgided
einside the captiying device 100" (With-respect 1o the filtration. process (A o
by running the suction apparatus the bottom side of the filter is exposed

Lo fFeduced-pressate sAS® pasultthé 38apfion ligeickisrabstrbed and the

filtrated from ri% late of the filter 104 to the waste 41 trap 142 viathe
PEIGCOnIC vAIvS 141 ORGiT the CSpIEton of TRETITafion: the Shtoh °:°
iapparatusdsalionsd torstop and dhe holtersurface-ofithe filter-isthronght

back to atmospheric
process and the like is simply described as “dispensing”). The
capturing device holder 122 having the capturing device 100’
is returned to the upper region of the grid plate holder 123,
and alsc the grid plate holder 123 having the sterilized grid
plate (not shown) 1s returned to the upper region so that it
can fit into the filter 104 lccated 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
orlginating 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 capiuring device 1007.

With respect to the filtration process (d}, by running
the suction apparatus the bottom side of the filter is exposed
toreducedpressure. Asaresult, thereactionliguidisabsorbed

and filtrated from grid plate of the filter 104 tc the waste
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pressure. As a result of this process, the capturing device 100' having the
filter 104 in which the viable microbes in the reaction liquid are captured
is obtained. Before the process (e) of extracting ATP, the grid plate holder
123 is returned to the lower region and the filter 104 which is located
below the capturing device 100' is detached from the grid plate, resolving

LR filttatiBhappar &ths “WitH FESPECts thelprodBei(&)st extractiig AT

00 11 @t thes A1P exfraching reagentis added o the top surface i the. 4
filter 104 by using the dispenser for the ATP extracting reagent 125, and
tlheinahixed at rdemetemperatuirel for 20 secomdsh tSirceithe battampheric

surface of the filter 104 is in atmospheric pressure, no filtration occurs.

PFitHeEr SsincePtife BoRom™ sutfdde’of e fifet i ot in ot with 7 4fid
1 PAte, therliovid.stays.on the dilter 104 via sudace Jension: As g tesult of o

this process, 100 L of a sample solution comprising the ATP, which has
roeenicontaingdiin theevigbletmicrobés, ate: @btained on the filter. With

respect to the process (f) of recqvering ATP, 30 L of the s%mple,s lution
s takeirhy USing TE FIB8a0r 16+ racovahhgATPIo0) ALK 5 SFfis

hP1eeess, 30 Lout of 1004 sample selytion.comprisingthe, AT, which; o4
has been contained in the viable microbes, are obtained as a recovery

wisbtiorEinlteapipaties Thie tSe effitisHey. bt rEcover) 042 ‘soldtidr g ed
oD SRR R PSS LSS ATP o0 L, i e

With respect to the process (e} of extracting ATP, 100
pL: of the ATP extracting reagent is added to the teop surface
of the filter 104 by using the dispenser for the ATP extracting
reagent 125, and then mixed at room temperature for 20 seconds.
Since the bottom surface of the filter 104 is in atmospheric
pressure, no filtration occurs. Further, since the bottom
surface of the filter is not in contact with the grid plate,
the liguid stays on the filter 104 via surface tension. BAs a
result of this process, 100 uL 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 gample solution is taken by using the pipettor for
recovering ATP (126). As a result of this process, 30 uL out
of 100 pL sample solution 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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luminescent reagent is injected by using the dispenser for the
luminescent reagent 127 followed by the measurement of the base line
luminescence output. Next, by using a standard sample having 200 amol
of ATP, the luminescence output is measured in the same manner for the
standard sample. Subsequently, with the same procedure as the first
sembodimertt, thedeffective luminescence output and the sensitivity of the

standaid sample, arg obtained) Wit fespect o he progess Mol .

determlnlnogr,g\ overy solution iS'fUrtHer added to the tes

tiuhe comprisiag the ATR luminescent reagest byusing thepipetter Joprr
recovering ATP (126), and then the luminescence output of the sample is
L FIEESFEaTT thesERneé maniicreSubSdejuerthyl dvith el saslessrodeduren e

as the first embaodiment, the effective , luminescence qutput of a.sample
R R e Sonite (L e e TR e e
1viable micrebes-of- thesapiple, the average ceuntofthendable-micrehpse

in the sample, and the average count of viable microbes comprised in a
RERR"¥o eBtod gak ﬁ%plé%é&&%ﬁﬁéﬂ?%ﬁr@%@%?tﬁ% Prtcesse thed

AdF,apatentin the sample salution Is measyred andi e test tesultis. . .,

"

obtained in terms of the count of the air-borne microbes per unit volume.
tkheshiggest-difference between the presentsetoadt embodiment anththe
first embodiment is whether or not the 43 processes from the process (b
L B PSR TNt MiETo 586 G Pthe prodess’ (Y b detdtimimiig ATE argme Le
sautamated. Thus, according to the second embodiment, in addition to the
same effect
With respect to the process (g) of determining ATP, 30

pl of the recovery soluticn Is further added to the test tube
comprising the ATP luminescent reagent by using the pipettor
for recovering ATPE (126€), and then the luminescence cutput of
the sample is measured in the same manner. Subseqguently, with
the same procedure as the first embodiment, the effective
luminescence output of a sample, ATP amount in the recovery
soiution, the ATP amcunt comprised in the viable microbes of
thesample, theaveragecountof theviablemicrobes inthe sample,
and the average ccunt of viable microbes comprised in a unit
volume of 2 gas sample are obtalined. Asaresult of thisprocess,
the ATP content in the sample solution is measured and the test
result is obtained in terms of the count of the air-bornemicrobkes
per unit volume.
The kiggest difference between the present second

embodiment and the first embodiment is whether or not the

43



obtainable from the first embodiment, more specific effects including high
sensitivity, simplicity, saving of labor forces, avoidance of an artificial
mistake, improved reproducibility and the like can be expected by
automation. (The third embodiment) The third embodiment of the present

invention is basically the same as the first and the second embodiment,
PEXEepEaTatt AS™ tHerniuseiiive! Resif masay forihe Casturingrcatfier t°

t Q%%@&%a%r)i”%Pecﬂzccee}%&%tﬁﬁgc polymerisused, They,

thermosensitive resin material used Tor the present embodiment is a
asyntheticpolyrneraahichuadesgoes: atphase dransition:betweeaget andct
sol near the room temperature. Following two types of materials are

Rbimparedtoleath bther LX) e Bt SerMBE10 Ardrufabitiréd Yy Miebfol™s

iﬁ%u@é‘}{l]?ﬂi% lower entcal solutign temperatute, (LQSE 0f,aboet,20C. |
(B) Copolymer of N-acryloylglycineamide (NAGAm) and
aNemithaerayl-N:biotinyipropylenetiamine(MBRDA){20rk ratigjuhéksin ity
after abbreviated as NAGAM/MBPDA) , having the UCST of about 22C.
2prtheF, MAGARIMBISDRIRAT €8y ftheRIZef &dcotling to the method

describeddn cNew:Scignces of Rispersion and Emulsification and
Development of New Application Techniques" (Edited by Furusawa

Kunio [ISBN4:-924728>80x@;'Techiid Systens rCompany, w876, 2006)4s. 1y
used for the preseqt invention, 44 After preparing the capturing carer 102
CBmpHiSing 4% By Wéight 8F the A6ove déseribBatWd §ipes 54 s)ifthetic
aPolymesHlissubjected to-sterlizatien byawtoclare at 106 for20arrier
102 of the capturing device 100 a synthetic polymer is used.
The thermosensgsitive resin material used for the present
embodiment is a synthetic polymer which undergoes a phase
transition between gel and scl near the room temperature.
Following two types of materials are compared to each other.
{A) Mebiol Gel MB-10 manufactured by Mebiocl Inc., having
the lower critical solution temperature (LCST) of about 20°C.
{B) Copolymer of N-acryloylglycineamide (NAGAm) and
N-methacroyl-Nf-biotinylpropylenediamine (MBPDA) (10:1 ratio,
herein after abbreviated as NAGAm/MBPDA}, having the UCST of
about 2Z2°C.
Further, NAGAm/MBPDA that is synthesized according to the
method described in “New Sciences cf Dispersion and
Emulsification and Development of New Application Techniques”

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

Company, p.370, 2006} is used for the present invention.
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minutes followed by ATP degradation. Properties of the resulting carrier
are then determined and summarized in Fig. 10. After maintaining under
the condition (1) of Fig. 10 for more than one night, by observing a
change in gel-sol phases in accordance with a change in temperature
from (2) to (3), the temperature property is determined. Specifically,
whethér oe metritiessyntbetio polpmier wWhighcexperenddd acconditienng 4%

change from 15C to 37C can go back to the original state of 15C when
Do ARSI TR L5t & YOG ehls AV 18 SereBt P
1 Fig.s1Q, MB-104ds iR & gekora sekphaseindear: the gordition; ofyé2) and 20
(3), respectively, and this process follows the phase transition in

mapedrante Witk tHe efitio i of LBET {Pe: , F3orisalbhethetfansition

c{emperature.and.a gel abque the,ransition femperature). However, upder
e condition (Iis of thé ﬁg. 8, itis presentin a soft ge péhase, indica ina'

18 probfemrofa fhysteresisy arasime-dependent deviation enrthe LGS TFor
Meanwhile, NAGAM/MBPDA is in a gel or a sol phase under the

meERAHBRTOPY (3, (2Y oTHRE FTGIT0 Sredprilvely idicating theases

s has ansition gesorging fp the,definjion, of UCST, (6.9 0¢l below the
transition temperature and a ol ‘above the transition temperature . As

t sugh, riniteraebihetemperatire propedy, itdsconsidersthithathether or
NAGAM/MBPDA is favorable than MB-10. Such 45 results are observed
NGhér thé Fohtehtration sFRAGRRMBBIA i< i teTr difje’ betvide A R I e

<20d 10% by welght Next e ration pLopety ol NAGAIIMEPDAS 1.
evaluated.

the temperature is brought back to 15°C is followed. As it is
indicated in Fig. 10, MBE~10 iz in a2 gel or a scl phase under
the condition of (2) and (3}, respectively, and this process
follows the phase transition in accordance with the definition
of LCBT (i.e., a sol below the transition temperature and a gel
above the transition temperature).

However, under the ceondition (1) of the Fig. 10, it is
present ina soft gel phase, indicating aproblem of & hysteresis
or a time-dependent deviation from the LCST.

Meanwhile, NAGAmM/MBPDA is in a gel or & sol phase under
the condition of (1) and (3}, (Z2) of the Fig. 10, respectively,
indicating the phase transition according to the definition of
UCST {(i.e., a gel below the transition temperature and a sol
above the transition temperature}.

As such, in terms of the temperature property, 1t is

considered that NAGAm/MBPDA is favorable than MB-10. Such
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For the evaluation of the filtration property, the capturing carrier 102 is
heated to 37C to transform into a sot phase and the pressurizing filtration
(i.e., filtration under positive pressure) using a syringe filter having the
pore diameter of 0.45 pm, or, the de-pressurizing filtration (i.e., suction
filtration, or filtration under negative pressure) using a membrane filter

T HAVINGtTE Pote ThaiMeterbED. 45!t &8 Calfia o At al YRSt/ METSdgh s

. the pressurizing filtration was . passihle, the de-pressurizing filtration could

l%o%tﬁ?a perfarmed when KG?AQn%I\}gﬁDWW%%lEr%%ént asitis (i.e., a sol
phasena 49 dby: Weights tEhitsp thensetwas dikuited witteparified wates ang.
used to test the possibility of de-pressurizing filtration. As a result, itwas

FRouridthafith 173 difitioh (oS £ 3%16weighby o HTe té-pressurizitig =+ 1
cHiliration ¢ap be Garded out, butnot with. 12 dilugion (2. by weight). . .14

Furthermore, by increasing the dilution ratio to lower the viscosity of the
tsanmple solution, npassiverfiltratian using anfabsorptionrpachplaceshen thee
back side of the filter can be also employed instead of the suction

PHitEIOH: AS'a TBSuRt ot thédbove' détetmimatidty itiSomaathategeter of
othermasensitive resin hased.on, a.synthetc polymer can be yised, for the,

capturing carrier 102 of the capturing device 100 of the present invention,
f and4nepasticular, theldapturing cander 462162 whichrcontains 1%+0.10%:
by weight, more particularly about 4% by weight, of NAGAM/MBPDA
i eRants the UCST OF BethBerr 15C HFA7E, and it be o2t e

ofreferablyusediyit, although the pressurizing filtration was
possible, the de-pressurizing filtration could not be performed
when NAGAm/MBPDA was present as it is (i.e., a sol phase in 4%
by weight).

Thus, the =ol was diluted with purified water and used
to test the possibility of de-pressurizing filtration. As a
result, itwas foundthatwith1/3diluticon {i.e., 1.3%byweight),
the de-pressurizing £iltration can be carried out, but not with
1/2 dilution (2% by weight). Furthermore, by increasing the
diluticn ratio to lower the viscosity of the sample sclution,
passive filtration using an absorption pad placed on the back
side of the filter can be also emploved instead of the suction
filtration.

As a result of the above determinaticn, it is found that
a thermesensitive resin basad on a synthetic polymer can be used
for the capturing carrier 102 of the capturing device 100 of

the present invention, and inparticular, the capturing carrier

46



The biggest difference between the present third embodiment and the
first embodiment is that, byusingan apparatus which can set the
temperature at 15C for the process (a) of the capturing microbes, the
temperature of the capturing carrier 102 is adjusted to 15C to transform it
into a gel phase and then the microbes are captured, and for the filtration

1 protess i mesfitation i carietlotiefolbivinthé difutforrefthely about
capturin rrier in_a,sel-phase or th ssurizing . filtration | rei

oKy e e e e Aot et o

aSynthietic, polymenused:as athermasensitive resia material is highly
stable and homogeneous properties can be obtained in high

reprodtieility 94Ad theref forE IHE HreBGHEBR cost cRRE TEdudEd fn
RAECUAANce with.a mass pr %%‘E}&%r}néﬂ@ggigﬁ%t@%iaﬂ\'é%:&%nvﬁ%%rat us

microbes originating from the source material can bé sterilized by
wattdclave, AEPsdriginating fron the souice Cmaterialcapbeass (a) of
removed by autoclave (i.e., without using any ATP eliminating agent).

CBE GRINTA STARE ARt Ihe THirEMBoaI&RS The Aty G8Vice 6t 5~
1the present invention can¢olliect qir-borne mictobes by ising aﬁ]@%sehaa%
a

capturing carrier. Thus, the capturing property is equivalent to of a
tbapturing rearriegrof pricr adpthadditiomsince thecdptUrngtdarnerriscess
subjected to a phase transition to a sol phase and then useﬁ#ﬁ? asitis %r

Gfter e dituton'it RBcES SRy it CATBé HEndigHBractiGally i the’Baie™"®
cH@NRer as thepicrebig suspension: Gersequanty,a precess of aking

out the microbes from the
filtration is carried cut without any dilution.

According to the present third embodiment, the synthetic
polymer usedas a thermosensitive resinmaterial ishighlystable
and homogensous properties can be cobtained in high
reproducibility, andthereforetheproductioncost canbe reduced
in accordance with a mass production. 1In addition, because the
viable microbes originating from the source material can be
sterilized by autoclave, ATPs briginating from the source
material can be also removed by autoclave (1.e., without using
any ATP eliminating agent).

<Summary of the first to the third embodiment>

The capturing device of the present invention can collect
air-pornemicrobesbyusingagel phase capturingcarrier. Thus,
the capturing property is equivalent to that of a capturing
carrier of priocr art. In addition, since the capturing carrier

is subjected £to a phase transiticn to a sol phase and then used
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capturing carrier can be omitted, and there fore incomplete taking out of
the microbes during the taking out process or loss due to the damaged
microbes and the like can be avoided. Further, since the temperature
condition for the capturing and the recovery of the microbes is mild (15C
to 37C) , a problem associated with the damage or loss of the microbes

apylheat does? not bcelr. At a Festilt, dchievement vf allefRRide reesveryd

oJalEisalsq expected. Fuher, 2 complicated process of lakind outfhe o,
microbes can be reb?laceaneby a simple process of cﬂanglng fhe

cterapgraitite \Qnly, erwib=:combination; ot changing-thetemperaksg and
the dilution, various effects including automation, simplification ofa
Capstert tORStal6H TackhatdhOftHe processss f mrpidverientsthaking

0 p%‘?fd‘{gi ”Mhé%’kgé@gd%{iéﬁ@{% contai 8“8!3@'%%5‘&%@'%%9%% due
obtained. Further, because the volume of the microbial suspension 'is

tsmalk thieeageantrationane thedisenefficiancyodthemiceoheisiate high. In
addition, the microbes comprised in the microbial suspension are

collectEd S e Mttty A &P aRa the ciker the hqaid Yoliieeat peing
afHlstantially reduced 1 zero. sgibat b concentiation andthe USE. 11 en

efficiency of the microbes are extremely high. Still further, the credibility is
a bighcsincedhelinflugneeldne water-sohsble 6r srati-sizedeantaniirantsican
be excluded. 48 As such, there is an advantage that determination of the

" ficRUEY cartBetarAgt out iA FhighRFE&Tsifive 2highly aBddaté and” ahY
rgulomated way. if,additign, the measurement accuracy and

Further, a complicated process of taking out the microbes
can be replaced by a simple process of changing the temperature
only, or with a combination ¢f changing the temperature and the
dilution, various effects including automation, simplification
of a system constitution, facilitation of the processes,
improvement of the reproducibility, lowering a risk for
contamination and the like can be cobtained.

further, because the volume of the microbial suspension
izsmall, theconcentrationandtheuseefficiencyof themicrobes
are high. In addition, the microbes comprised in the microbial
suspension are collected on the filter by filtraticn and the
like, the ligquid volume can be substantially reduced to zero
go that the concentration and the use efficiency of the microbes
are extremely high.

Still further, the credibility ishigh since the influence

by water-soluble or small-sized contaminants can be excluded.
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sensitivity are high for testing the air-borne microbes, and the results 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

AfoP e firsE 6 theXFird® entodiffe Rt atigi DS Rppropiately tiediTHeres
ri T of the pre embodiment contai t en

i R A b

aaddedanher the polymer untlergaes ,a phasadransitionr t0. assolphase. and

Furthermore, the test rea;%ent is selected depending on the type of the
SRitcrooranisms Br i teSt néthdtr oD taken: Fotexampie; Wit a B8F

pased amtne ALP methpds carried oyt anglReliminatingagent, ..

agermination inducing factor, an ATP extracting agent, a luminescent
reagentTandfhetike aerselécted: The capturing carrier 102, as shown in
figure 2, is placed horizontally so that it can be in a vertical direction

compaled o ‘aran fiow thalt i SERE iR HraGdh thesair suctionmezte: -+

béi%x §£i¥?éc§'.|_t’ tﬁ@gaz%rr%lli CE%aE@@s%iiéHgi% ”Q%Z@qélga‘i@@%%g
with the capturing carrier 102 and then changes its flow to a horizontal
agirecticnsAvthatimomerteparticies suckras airtsorerinicrootgapisarstus

nd the like are captured by 49 the gel phase polymer due to collision .
ERToa by o FMn et T Eaptrine Gevibb® O Which SoREid b -2

cthe-captiring garder 102 andithe-vessel 103, is,supported by the holder

s The capturing carrier 102 of the present embodiment
contains atest reagent inagel phasepolymer. Thistestreagent
is designed to get eluted and added when the polymer undergoes
aphase transitiontoa sol phase. 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
ATPmethodiscarriedout, 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 alr flow that is sucked in through the air suction nozzle
112. As a result, the alr 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 alr-borne microorganisms and the like are captured by
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Between the outer surface of the holder 113 and the inside wall of the
lower member lllb, a gap is formed. Thus, the air flowing in a horizontal
direction after colliding with the capturing carrier 102 passes through the
gap and flows downward, and then eventually released through the
exhaust duct 117. At the bottom part of the holder 113, the temperature
tperuedllintpapparatisetldvis rnstalled: This temperakyercontrofling torce.

apparatus 114 is controcllled,to hf{’j‘ the c,a&gurinlg carrier %to the .
ecaﬁi%%lng ev&ce . whﬁ CO smsﬁsc) e ca tuﬁ&ng
temperature of phase’transition withH high “accuracy. 1n addition, a*heating

cmeans-farthe gapturing cacder 1102 is netippited (o pheater -andiany: 13.
apparatus which is capable of heating the capturing carrier 102 to the
Brdiperatiie ofbitase ransitionfcah b ubedr Forerample cshipdimeing L

-the captuing, cayfer 102 & Jacket may be jstalled fo haye hot waier flow
around the carﬁer, oralr w iC%@ES %UC 88 n ?hrbug %he’ alr section I”IOZZ?Gg

1112 maybe-heated: Aieean he abserbeshinta Hie caplitiing appasattis ikl
by setting the capturing device 100 under the air suction nozzle 112 and

CRIIRG ﬂﬂ%%p@ﬁﬁ ffG? NP ‘ﬁés_*t'iﬁ?f[ﬁé%i? @sﬁéRE& o fﬁ% &'FPQeEﬁﬁﬁ
ofggale 112, vertical Iqer digctipn, aodfhe.aikghianges ts flow in a

horizontal direction after collision with the capturing carrier 102 and the
air-borpe ntieroosganismsean be captured dethelgel,phase capittingture
carrier_102. 50 After the capturing, the capturing carrier 102 is heated to

e pRase randitifremiseratire'of theSSiyniet by e Tehffdratiie e
c%%Q%%@BQ£HN§EB§£%%E%-f@@aIQSHHnE§WDQed to neat the capturing

carrier 102 to the temperature of phase transition with high
accuracy. Inaddition, aheatingmeans forthecapturingcarrier
i02isnot limited to a heater, and any apparatus which is capable
cf heating the capfuring carrier 102 Lo the temperature of phase
transition can be used. Forexampie, surrounding the capturing
carrier 102 a jacket may be installed to have hot water flow
around the carrier, or alr which i1s sucked in through the air
section nozzle 112 may be heated.

Alr can be absorbed into the capturing apparatus 111 by
setting the capturing device 100 under the air suction nozzle
112 and running the pump 116. As a result, the air 1s sucked
in fromthe air sectionnozzle 112 ina vertical lower direction,
and the air changes ifts flow in a horizontal direction after
collision with the capturing carrier 102 and the air-borne

microorganisms can be captured inthe gel phase capturingcarrier

102.
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phase transition of the polymer from a gel state to a sol state, the
microorganisms which have been captured in the capturing carrier 102
are suspended in the polymer in sol phase, and at the same time, a test
reagent which has been kept in the capturing carrier 102 is eluted and
added to the microorganisms. Thus, at least one process of adding a test
reagedtitosmicioorganisms rand iIagryiagtout ianreaetion thefgtf dantbeated
tBe@‘grmed in the capturinécjl carrier 102, which can save the process

redutred 61> the- SHBSaqURt t%%{“ﬁﬁﬁ&#a‘{ﬁg The MigrdSHGEARMS Bréhe
« Epgavered Ja the vesseh 103 ok the. capluring devige 100, Because e ; ng

recovered microorganisms can be set in the subsequent test apparatus
plestsshowny 85 theyodrd heontained infthervessell 198z the ttest camlbet ate,

ﬁarried out more.easilx}'n.s og time, Although the &esent embodiments
t Fé ave b % %) in

& micro anilsms 1c = cCapbirn the capturin
are relafe(?fgan example wherein an ﬁP e ﬁnlna Ing agerkljt, a b 9

cgerminatiopinducing daetore an ATEhexracting agentsand:a, buainescent
reagent are added, the reagents that can be added are not limited
Liifefetde Ratter, 2 Sotfié sPaerdayBaE damsbessomilter ok bibler additionahg

reagents n.be aflded f necessar n addition, although it is not
Céé&iﬁgaﬁ)[j % mited to 1%%{ 6 ﬁlogwﬁnggg,%%e%n%i%%grén alr(ﬁgom%rt%% &hbe aThus !

asubjectfos-captuting=and testingof the psesentifwention rnshusleBasillys s
cereus, Bacillus spizizenii, Corynebacterium renale, Micrococcus luteus,
289 5T 'S Jepidermidis 25T Exttobhcte? Feumthi, Psebshfomesd in the

-agniaansa. eralia marcescens A U1 ke, Eop e 2R lNg cRLIeE o
102 of thé fourth embodiment,
the subsequent test apparatus.

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

Althcugh the present embodiments are related to an example
wherein an ATP eliminating agent, a germination inducing factor,
an ATP extracting agent, and a luminescent reagent are added,
the reagents that can be added are not limited thereto. Rather,
gsome of the reagents can be omitted or other additional reagents
can be added if necessary. In addition, although it is not
specifically limited to the following, the micreorganisms that
canbea subject for capturingandtestingof thepresent invention
include Bacillus cereus, Bacillus spizizenii, Corynebacterium

renale, Micrococcus luteus, S. aureus, 5. epidermidis,
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an ATP eliminating agent and a germination inducing factor are contained
as a test reagent in a gel phase polymer. As an ATP eliminating agent,
for example, at least one selected from a group consisting of apyrase,
alkaline phosphatase, acidic phosphatase, hexokinase, adenosine
triphosphatase, and adenosine phosphate deaminase is used. Further, as
C &t germiriationfinelucing fadter: fooexampla cangiing acicer 1aalanine is

used. When. L(-ﬁlanine IS used as a germination inducing factor, it is

m%FecTeé?acﬁlrﬁsusaen inan ajﬁ;fc]ﬁﬁ%ﬁt of 25 mM or more, since if its concentration

is too layy-compargstto-they polymes genination inducing activitydofant
spore-forming bacteria becomes insufficient. On the other hand, if the

agohER rtfatiomistbochiRfea yelavingesirficieht strenitfii eahfotagéor are
-gpiained. As such, the conceniration s preferably 100, .or 1695- 4 are
pre erabie examfﬁe of the cqomposmon Fi gcaptur?ng “carrier 102
~deseribed inthe aboyeis assfollawse 8% fwi\:gelatin{\Wake Companym a
(077-03155)), 25% (v/v) Glycerol (Kanto Chemical Corporation
SEPrO29-00%) 19 1oNG AT Blithftatirfy &8 et EnEbaer A 1k fer #S et

SRS S e Com 2 ) P
amiMdsAlanipe {kAlaninelEH07=1 M) by Kanta Chemicale€orparagion), In
addition, as to the size of the capturing carrier 102, .
germination inducing factor, for example, an amino acid or
L-alanine is used. When L~alanine 18 used as a germination
inducing factor, it is preferably used in an amount of 25 mM
or more, since if its concentration is toc low compared to the
polymer, germination inducing activity for a spore-ferming
bacteria becomes insufficient. ©On the other hand, if the
concentrationistoohighagel havingsufficient strengthcannot
be obtained. As such, the concentration is preferably 100 mM
or less.

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

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

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

1% {(v/v) ATP eliminating agent (included in Lucifer HS
set (60315%) which i1s manufactured by Kikkoman Corp.}.,

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

pH 7.2 by Invitrogen Co.),
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the one having the diameter of X40 mm and the thickness of 0.8 to 4 mm
can be preferably used. Meanwhile, as to the capturing apparatus 111, the
heating means for heating the capturing carrier 102 is controlled so that
the capturing carrier 102 can be maintained at the temperature of
between 30C and 37C for 30 minutes or more. When the heating
tempetdturd i$ 1éWenthan 380G germinatidA Cmay ot bgctireventaftarical
heating for long time, and therefore ATP cannot be extracted from the
C8pBrEforhiiig microbe. On the other hand, when the heating temperature

is higher, than 40Gr celkdeathidue 1o an inereased,amplifigation.activity; o |
under a nutrient deficient environment or inactivation by heat itself can
the cavsdddependingiontied subjdcttdacteriaNesha riethbddes of 0.8
capturing and testing which is carried out using the capturing apparatus
tfﬁlg a%%o%rﬁg% tﬁgg\gﬁﬁ%e%b%?ﬁr%ént as described in the above is
explaingd inviene of 1 Eig o 1dn Fissty the-capturing device 100, is setiandhy.
running the pump 116 (see Fig. 2) air-borne microorganisms are captured
TP Hife Polymer b fite EAPLATRT eakTer 102 (Step $HZNext et eaphuaihg©
t%%rgi r.102 is hceated to the lﬁ earseltégnsition temperature s%tr}&t tttw o

He waplturing carfrl .can ntalne
polymeris SLJ%j ected to a phase fransition F?om age phase t0 a so

tphase £5tep:S2f . As-asesulsdhe mieroorganismsaghichrhavesbeenmore.
captured in the capturing carrier 53 102 are suspended in a solated

BB NEcaR@ Hén feE6VEIRER ARG at the SHe fifitlar RTP difimatinglon
398l and A germinafion . inducing tactorate ejyted fram the polymer, fiys
a’process of

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 cor inactivation by heat itself
can be caused, depending on the subiect 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 31). Next, the
capturing carrier 102 is heated to the phase transition
tempefature sothat thepolymerissublectedtcoaphasetransition
tfrom a gel phase to & sol phase (Step SZ). As a result, the

microorganisms which have peen captured in the capturing carrier
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eliminating ATP and a process of inducing germination can be
simultaneously carried out. As a result, free ATPs existing outside the
body of viable cells are eliminated, followed by a contact of the
microorganisms with the germination inducing factor to have a
spore-forming microbe sporulate. Once the process of eliminating ATP

1 e Procsssist iha@iﬁalg%?ﬁ%aﬁ&ﬁ%%@d?ﬁpﬁtsa,%ﬁ&ove%edf and
afnicroorganisms are Jrecevered inthe.vessel 103-by GRerting Eeatment: on

(Step S3) The vessel 103 is set in a measurement apparatus (not
i showin)g did-the: AR extractig agent iszaddednte this measuremenss of

apparatg_s (Step S4) . The ATP extracting agent is a reagent which can
o

clPmembrite B UTIE ickobed b exitdc ™ A Ps 2BntaRed®

sinside the sellsFor.example, a surfactant; Jtighioroacetic geik (AN EHS
buffer solution, ethanol, a lytic enzyme having a protease activity and the

olike are used lasdhecATPLekttactig ageAt Thatigias ivaleell vrembrandy
of the microgrganisms is lysed by the ATP extracting agent.and th .

2 KPS Eohtaiet IS T SATS A8 Extractod the LS Rarment of KTE2

rheeamespossibles Canseguently: adumingssent spagent:isadded (Step
S5) and by aliquoting its reaction solution the luminescence output is
measied<Stdys 36)°Thesmelsatement bi lmidescarit e BatRIE IS eafriéd

, oyt by comparison with the_luminescence, output of a stand I
s L o Rimiebmte (BeThat Dbl s e
rEBd2)+Ehe: Bddmeasted luminescence outplilis convertechto (thesATH3) .
amount, which is then again converted to microbial cell count (Step S7) .
TRRUSSHRahed dnicusEst the BFFoTYARRPAS réprseRts the BfoGheY ™) »

and the ATP extracting agent i1s added tc this measurement

apparatus (Step $4). TheATPextractingagent isareagentwhich
can lyse the cell membrane of viable microbes to extract the
ATPs contained inside the cells. For example, a surfactant,
¢richlorcacetic acid (TCA), Tris buffer solution, 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
ATP=s contained inside the cells are extracted, the measurement
of ATP becomes possible. Consequently, a luminescent reagent
is added (Step 85) and by aliguoting its reaction scolution the
luminescence output is measured (Step 56). The measurement of
luninescence output is carried out by comparison with the

luminescence output of a standard sample, for example, using

a luminometer (Berthold Detection Systems, type FBLZ2). The
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of every viable microbes including spore-forming microbes. According to
the present embodiment, not only the capturing of microorganisms but
also the recovery of the captured microorganism and the simultaneous
addition of the ATP eliminating agent and the germination inducing factor
can be carried out by using the capturing carrier 102, the number of
meeagerds thathave te be«addech to aimeasutemeatiappatattisican deevnt,
reduced. As a result, efforts and time required for the measurement can

“héTRdiicEd h PRFICURITSF tHe PreSeht “Smbblintent vetatse ter =7 -
rAddition of the germinationindycing . factor, Which teqUIres some, ime Jor, «

its reaction, can be done before it is placed in the measurement
oépparatys ytimelrequiredofordhérmeéasirementcan- bedrasticalcreduced.
Furthermore, although a temperature controlling ap%aratus and a

capturfigapparatis®are TonpiTEdTtRe Pre8&nt Bmbodiért CtHey dart ¢

okeprovided for, the, measurement.apparatus. for the next step so that Step
S2 and the remaining steps can be carried out within the measurement
rapparatgs (e fiftl! ehilbodiment) Foe the captiringocarviér 102 éfTthe fifth

mb,odirQent, on%/ the ATP gliminatin%agent Is.contained |lp atgel phaseb
“pofymer-it"addition, fora Sbs€gient measliréMent apparatts” the ™" ¢
cgermmination-inducing factorthe.ATPrextrasting agent @nd the: number of
luminescent reagent are sequentially added and then the 55
riineSeehte oltputis-mersyredeThat ig, forahe flowe koo a Figisl tan

o Ergcges.oh the germination nducing o SIep. 2. fpcaried autbefyeen,
measuremant can be reduced. In particular for the present
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 provided for the measurement apparatus
for the next step so that Step 52 and the remaining steps can
e carried out within the measurement apparatus.

{The fifth embodiment)

For the capturing carrier 102 of the fifth embodiment,
onlytheATPeliminatingagentiscontainedinagel 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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According to the fifth embodiment, by heating the capturing carrier 102
the polymer is subjected to a phase transition from a gel phase to a sol
phase. As a result, the microorganisms are recovered from the capturing
carrier 102 and at the same time the ATP eliminating agent is added
thereto. Therefore, efforts and time required for adding the ATP
1 elifinating agent tinuhelmaasusament agiaratus cahde shvedl (Fhelsixth
i er[gjzj)%dinlplnt) For the captt%riré%é:arrier 102 of the fiftg embogim%:]t%Fonly

€0 minatiod fnoaclj%?r?g Tactor s €ohtainéd v a gleq pLhCalsrég po? S S?

1 addition; dor asubseguentmeasyrement apparaius; the ATP eliminating
agent, the ATP extracting agent and the luminescent reagent are

_sequeﬁtiiﬁwféélﬁéé‘aﬁ@%ﬁrfﬂi‘eem#f&%@heémm‘ﬁ i_glqw@afsm@mmg
ol facine fowshown, I FIG 1, iprocess ol dhe ATL gliminating; of e,

=] g q
carried out between tep an ep n on,

aeljgtingtiag agent is addedrafter . adding the germination indueing-factokms
but before completing the reaction of the added germination inducing
2 F&CtBE Fo8 S Ty PicanyithiA SRRTiRGEY). AREdrHRig t@thesiktAt the same

+ EMbediment, by ?ﬂ%?i%%tl{%a Rolyper ;of th&d%%&“%‘ﬂ@:‘?e%aér.ierﬂ?e?éé’ 3re,
phase transition from a gel %ha%e toa so?phase, the microorganisms are

e feeaveredhtiom ihe reapturing carfieciti0? anthat e same time they agent

~germination 56 inducing factor is added thereto. Therefore, efforts and

~Hintd SefGfedT6ra8dingthe gerniinafibnifd d@rHg factor in the
measugrgggfergi@gggr@%o%@aggﬁaved.

For the capturing carrier 102 of the fifth embodiment,
only the germination ingucing factor is contained in a gel phase
polymer. In addition, for a subsequent measurement apparatus,
the ATP eliminating agent, the ATP extracting agent and the
luminescent reagent are seguentially added and then the
luminescence output is measured. That is, for the flow shown
in Fig. 11, “process of the ATPeliminating” of Step $2 is carried
out between Step 32 and Step $3.

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

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

capturing carrier 102 and at the same time the germination
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(The seventh embodiment) For the capturing carrier 102 of the seventh
embodiment, two kinds of polymers having a different phase transition
temperature between a gel and sot are laminated on top of each other.
The upper side polymer (i.e., the side for capturing microorganisms) of
these two types of polymers has a lower phase transition temperature
icdmparedttocthat ofsthedibwie sidegialymét card ases, result,irdend time
heating it undergoes a phase transition to a sol faster than the lower side

= BORMEF 16 Hdditith e “tiip8F ST pdtyfer Eoniing $hé 2 Blittinatig

n8gent-and;the sgerninat on.inducing factor wh i le the lower side polymer
contains the ATP extracting agent. In addition, as to the capturing

appardtlissl Bk aecordirgttodhrsgeventh embodiment, the temperature
controllin aratus 114 for heatin captuying carrier 102 is .
ot 3oy ot i b R gl St s RIS
{8 cppstiycted to,heatthe eapturingcatrier 102 ywith,thesphase txansitign
temperature of the upper side polymer and with the phase transition
tearpardture df e fsWet sidd polyimier . Accordimitorthecseventy of each

bodiment, the microorganisms are,captured in the ypper side polymer
o EF e cophiring et 105 GRS thdcs Tt corSamaiis e r6emcren

mthe-caplydingscarrier 102 is-firstcheated tothe-phase yansitioN ower phase
temperature of the upper side polymer. By doing so, while the lower side

CE3olrher FeHBMSARE &l phase: dhiy the tippersidepslymets polymer,
s es D o el MBI ey
Lo a scl faster than the lower side polymer. In addition, the
upper side polymer contains the ATP eliminating agent and the
germinationinducing factorwhilethe lower sidepolymaercontains
the ATP extracting agent.

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

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

carrier 102 is first heated to the phase TLransition temperature

of the upper side polymer. By deoing so, while the lower side

57



side polymer, the ATP eliminating agent and the germination inducing
factor are eluted from the upper side polymer. Thus, the free ATPs are
eliminated and the microorganisms in a spore state can sporulate. The
microorganisms to which the ATP eliminating agent and the germination
inducing factor are added are maintained on the lower side polymer.
PNexeetheréaptifing carfies 20208 hratedtd the- phasergansitien polymer

temperature of the lower side polymer. B ing so, the lower side
D L D e LSO PAse: ToenedSie, a

textragingagent isseiied.As gaessisthe ATPexiaeing agant isaddedr
to the microorganisms, causing the degradation of cell membrane of the
s piierdotganisins Bhel thef ATPSTésftaiist AR miBordehiSiistrea t 1on

. extracted. After a luminescent.r ntis 0 T act
T AR rGiGAMare TR i acnce Btk A e
tAecording t tha seventh emhedinaent, ecatise twa kindssafspalyraespcere
having a different phase transition temperature are laminated and a
SHitfeteRtRintPofeatent is Contdined Fr e&h* BBf/nér, thdlfiple Readents

& ?@Hit}%%%%da@e%§%%%ﬁ&% der.in; e ¢aptuting carrier 102 by contrglling

the heating temperature. Asa result, a step of addingreagents in the
ameasurementapparatuss candse-omitied pthugrthe efforts and time
required therefor can be drastically reduced. (The eighth embodiment) 58

For thé Tabturiiiy cafiém {02 8f the eighth etnbodimEnt; “thrée Kifids BF2=°
v Polymershaving,a differentphage tansiion jempergivre bepyegniagel,

and sol are laminated on top of each

the lower side polymer undergoes a phase transition to a scl
phasge and the APT extracting agent 1s eluted. As a result, the
ATP extracting agent is added to the microorganisms, causing
the degradation of cell membrans of the micrcorganisms 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 1s measured.

According to the seventh embodiment, because two kinds
of polymers having a different phase transition temperature are
laminated and a different kind of reagent is contained in each
polymer, multiple reagents can be addad In a specific crder to
thecapturingcarrierliZbycontrollingtheheating temperature.
hAsaresult, astepof adding reagents in themeasurement apparatus
can be omitted, thus the efforts and time required therefor can

be drastically reduced.

{(The eighth embodiment)
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other in three layers. The uppermost side polymer (i.e., the side for
capturing microorganisms) of these three types of polymers has the
lowest phase transition temperature, and as a result, under heating it
undergoes a phase transition to a sol faster than the lower side polymers.
In addition, the uppermost side polymer contains the ATP eliminating
agent,ithe phiddierayer polyrrer containsthefgemirdtisr-induchng factok, .
. nd thE bottom ﬁide olymer or‘lrtains the Pg extra%ctir{g a%er%t. In . iy
additiony, astot epc%aﬁfﬁ?ﬁs apparattis™ T according to the eighth "

t efghodiment, the-temperative contralingapparatus 214 fenheatingrthe: cn
capturing carrier 102 is constructed so as to control the temperature in
offites stepsh Specificdllys it IS BENSRDBISH R contis! e tehtFerdiufe wifhe
the phase transition temperature of the upper t side_palymer, with th
oot D e o B e o e S R e
pphase transition tempesatteniibe bottom side-polysmegle Accarding=odhes
eighth embodiment, the microorganisms are captured in the uppermost

as%‘ésﬁél?mé%fﬁ%ﬁé%éﬁﬁgiEaﬁ@WWh@nﬁﬁ@%@ MictO6rgakismse 2

<are fecavered, the captyring parrier 102 s first heated to the phage .,
transition temperature of the uppermost side polymer. By doing so, while

uthesmiddie layee and the:botiom sidespolyniere remainnnaigel phase, the
only the uppermost side polymer undergoes a phase transition to a sol.

mAS S, fod @iy St BB GRTE e 59T FSoTIARR TS ArétaKken Bt Srthar
aYRPERNgst side nolyimer the, ATP eliminating agenbis eluted from the_ v |

uppermost side polymer to eliminate the free ATPs. Then, the
microofgaaisins ofwhigh to the capturing apparatus 111 according
to the eighth embodiment, the temperature contrelling apparatus
114 for heating the capturing carrier 102 is constructed so as
te control the temperature in three steps. Specifically, it
is constructed to contrcl the temperature with the phase
transition temperature of the uppermost side polymer, with the
phase transition temperature of the middle layer polymer, and
with the phase transition temperature of thebottomside polymer.
According to the eighth embodiment, the microorganisms

are capiured in the uppermost side polymer of the capturing
carrier 102. When these microcorganisms are recovered, the
capturing carrier 102 is first heated to the phase transition
temperature of the uppermost side polymer. By doing sc, while
the middle layer and the bottom side polilymers remalin in a gel
rhase, only the'uppexmost side polymer undergoss a phase

transition to a s0l. As a result, at the same time the

59



free ATPs are eliminated are maintained on the middle layer polymer.
Next, the capturing carrier 102 is heated to the phase transition
temperature of the middle layer polymer. By doing so, the middle layer
polymer undergoes a phase transition to a sol while the bottom side
polymer is maintained in a gel phase. Thus, the germination inducing
nfactorsselotediom ¢heaniddie: tay ér piotyargreamd addeidito thé ymer, the
microqrganisms, causing the germination of the microorganisms. Next,

Pite Thpturiiy cAMiBP 102 s heatdd b e ke "RRASTHION tempErafrg st -

the bottom, side polymer. ,ﬁ_mqingrﬁ@nt,h%@@tﬁ&mﬁs%%ggmre% of which
undergoes a phase transition to a sol phase while the ATP extracting

fagentishslutad: Asalrasult; sthesATPrextractingeabent isaddetdolthelayer
rrﬂcroorganisms, causing the degradation of cell membrane of the
p%lé’l%%ﬁjanisms and the ATPs contained in the microorganisms are

extracigg Aftera luminescent reagantds adged:to the-ATPs-extractedhzse

from the microorganisms, the luminescence output is measured.
CABBEIdiAG To thEksgth-énboditentbedagse aiee Rindgefpolydyvedring
Shavii[j}(i;ea diff 2y nt Pgage tr%qsiti%g terrpgggatug% are aargiga%%d andta .

ditferent kind o reag%n]f i§ Contained in each poﬁ/rﬁer, mul ip?él%agleon s
aceémberaddedrin aspesifie prdes 40 hercaptieng carrerl02 Hy soniralling

the heating temperature. Asa result, a step of adding multiple reagents in

THEE measuFSTRBAT B0 appaitatis e Teebaitted, Thus tHefeTrs S tinge ©
wisqufred, herefor gan be drastially reduced, Futhermere. agearding 19,
the seventh and the eight

germination of the microorganisms.

Next, the capturing carrier 102 is heated to the phase
transition temperature of the bottom side polymer. By doing
so, the bottom side polymer undergoes a phase transition to a
scl phase while the ATP extracting agent iseluted. Asarssult,
the ATP extracting agent is added to the microorganisms, causing
the degradation of cell membrane of the microorganisms and the
ATPs contained in the microcrganisms are extracted.

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

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

thecapturingcarrierl102bycontroliingtheheatingtemperature.

As aresult, a stepof addingmultiplie reagents in the measurement
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embodiments, the lower (bottom) side polymer can be formed to have a
concave shape having a dip in the center and the upper side polymer can
be formed over the dip. Furthermore, although the ATP eliminating agent,
the germination inducing factor, and the ATP extracting agent are
selectively contained in the capturing carrier 102 according to the fourth
atpthesighth®mbedinentssgbsdribed abeve fdthet sreagentssacheas: thesd
Ejmin scent reagent can he contained in the capturing carrier 102.
CEGHPefhoré altho i the Véssel 10318 9tised in the capturing carrier
102 aceording:tathe fourhdothe fighth. embodiments gdescrhed above; it

is not specifically limited thereto and an embodiment having no vessel
eMDBEHMEDE alsd renvisaged {Fordushcaseldt can becconsitered thatthe to

capturing carrier 102 is placed on top. of a filter, which can filter the
B hoeBo e LGt borgAniiie ACAfer: for ShariBies”

sadaembrane filten magde of pakyvipylidene fuerige with pore diameter of
0.45 m and the like can be used. Furthermore, although the above

describéd eRsEHifents aFé orelitet® & Bxampld bR Bapturitipand the

testing_air-borne .microor anicsms, the,u§?1 of}g‘fg pregent jcnvention is.not
germlgéﬁ%on Lnd%clng %?c Or, ana € exXtrac 1ng agent are
limited " thereto and it cdn be applied to a capturing carrier, a capturing

syliéca capluring apparatis:and aamethod forcaptuingand Esting-ording
air-borne microorganisms. 61 Furthermore, although the above described

tenbGdithentstare fekated i1 tBeBHA pBlyMEr WRICH BAdErgEEs £ ther
z@gﬁé%@”s?&!ﬁ{‘ 2P§/ l@ﬁ%“@ﬂm%@@é @W?Q—a%y an%[ggea QQQ‘!?S:L ned in

transition by
the capturing carrier 102,

Furthermore, although the vessel 103 is housed in the
capturing carrier 102 according to the fourth to the eighth
embodiments described above, it is not specifically limited
thereto and an embodiment having no vessel 103 can be also
envisaged. Forsuchcase, itcanbeconsideredthnat thecapturing
carrier 102 is placed on top of a filter, which can filter the
sol phasepolymerwhile 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.

Farthermore, although the above described embodiments are
related to an example of capturing and testing air-borne
micrcocorganisms, the use of the present invention is not limited
thereto and it canbe applied Lo a capturing carrier, a capturing
unit, acapturingapparatusandamethod for capturingandtesting

alr-borne microorganisms.
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a different factor can be also used. For example, a polymer which
undergoes a phase transition from a gel to a sol by a chemical inert to the
microorganisms can be used. Furthermore, for the above described
embodiments, the reagents can be comprised inside a microcapsule to
get dispersed in the polymer gel. Furthermore, when multiple polymer
layersFaretiagninatet) as the aoté sabearnh dndahébghitarmbbainiens.e
rihe components of the lower poly ”Pﬁrc'%%r anbe included N g, 1 oivjon
?ﬁermosensmve mlcrocgpsﬁie and the resu mé] mlcroé)apsu[e is dispersed

p@nd smbegddedrin thgdppenpolymer layes Specificalpavbesrtberion by
polymer layers are numbered in an order of phase transition and there

a gle Flayers, thecdompenéntsofthen (MR laye? et BEPdSmphised i T
thermasensitive microcapsule and the resulti icrocaps .

tieiinerbet TV o s e R S VR R B

1 faiXin g rticnbetwear-them caske dmprevedsStll furthermore, when
multiple polymer layers are laminated as the above seventh and the

eighth®@rhbbaiifients; magnetie paficinatts crwhich siface-ents the
ré@g%ﬁ'yggn%tg the, gampgnents of a polymer layer capn be plaged, in the,

int e region with'the upper polymer layer, followed by Subjecting the
itppes peymertayes to a phase transition to a sol phase and mixing and
reacting the particulates by shaking them with an 62 aid of external

magnétic FERITSHECHiCAIR WiHer the pAIfhEr Sayers afe rtfriibetd i ah¢
2 Orger of phase fransition and there arendayers: fhe magpglicparichiates
of which surface is
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+l)th

layer can be
comprised in a thermosensitive microcapsule and the resulting
microcapsule can be dispersed and embedded in the n™ layer.
By doing so, contact area and mixing ratic between them can be
improved.

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

mixing and reacting the particulates by shaking them with an
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immobilized with the components of the (n+l) th layer can be placed in the
interface region with the nth layer, followed by subjecting the nth layer to
a phase transition to a sot phase and mixing and reacting the particulates
by shaking them with an aid of external magnetic field. In this case, since
a control means other than the temperature condition is employed, an

a adouracyt of the control tan bedisprovénk Préferred goncestratienpoe Lymer
reactlon temper ture nd reactlo tlme of %ermlnatlon |nducm%factor

were ¢ &finté At To furigus ere

re obaialnedl y an experlmen OI’ ﬁ']IS

agemprising sporemef Bagius subtilisck-alanine was agdediass a-sample s
in advance. To an aliquot of the resulting mixture, an ATP eliminating

inpeht whscatdesh Aler3oRTinatess af ATP ( ékﬁféicPrl@fagémaN@? addectd

with an aliquot of the resulti mixture a lu cen urement
St Pt uiee el e UG A

tﬁ@nﬁéhtﬁétjm’t)W%/@Tﬁiﬁﬁskﬁh@@tﬁﬁmﬂumlaegﬁgn%a@étpé&d-rﬁex:Lrg
obtained luminescence output corresponds to a luminescence output per

a@ﬁtﬁf@ﬁ@%ﬂ%ﬁ@%@%&gﬁh@ﬁ% yampie befofd etiltiire) Fie résules

Ql&eej?ggw n |gt ,t\@{hlch is the unit of luminesce
eoutput mgn tes the num ero photoesiectrons tﬁé{lgree counteg?jurlnrlfélans

oohesecond.tAs iteatpbesser:froom &ig. k2, the kmineseancemwuiputiracy
increases with Ala concentration. When Ala concentration was 63 25 mM
O6r MbreC e RithinedReRte DFTT R4S stabilized. That is, when Ala

concenfration. was %%HE'M:PJHE‘QE% cells.can syfficiently sporulate, and

ATPs can be extracted. As such
reaction time of a germlmatlon inducing factor were obtained

by an experiment. For this experiment, to fungus liguid
comprising spores of Bacillus subtilis, L-zlanine was added as
a sample in advance. To an aliquot of the resulting mixture,
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 to obtain the luminescence
output. The obtained luminescence output corresponds to a
luminescenceoutputper 1CFU (i.e., onemicrocrganismina 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 sszcond.

As 1t can be seen from Fig. 12, the luminescence output

increases with Ala concentration. When Ala concentration was
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was found that the Ala concentration is preferably 25 mM or more.
However, when Ala concentration is too high, a gel with sufficient strength
cannot be obtained. For such reasons, Ala concentration is preferably
100 mM or less. Next, the relationship between the temperature and the
luminescence output for a reaction with L-alanine was investigated. The

2 oSttt drersHewnthFiguI3nAgdEea® beu seeh from Figalbdltheed. That

ig?r%@aﬁioﬁl%f 4 spore;forming microbe s facilitated and the, , .
uminescence ou?put increases at“hlgher reaction IFempéracture with

shadaninen in pasfiewlar satthedemperaiurerof 30€ ax higher, the such, it
luminescence output dramatically increased. However, after reaching its

wBaake A A0C2 thelgrie scatce duitplut taits B déererseyat higherr more.
sismperatyres, ﬁ%&egnégﬁ%g@h% Sh%vg% inthe figure, W;hspsthﬁf  cient
than 2[8 S ovblly sjtartefo

treatment temperature is more the bgcterl cells
sdies As:suchyritistpiefersibte: thatdhe temperature ferstheseagtian with
L-alanine is from 30C to 40C. Thus, for eluting the spore-forming

RGeS Y- RBatify BFE feabring tarrigh162, thestemperature is
preferghly between, 30 apnd 40G, Next, far eagh reaction 5%9%%%6 the

change in the luminescence output with time was investigated. The
Lresultss are showntipuEigE 4. Ashkean berseen:from-kigs A, avhersthe
_reaction temperature was 35C, the highest peak was obtained 64 after 30

“miftites? Therefort” Witért the-redction iéitperatdreds 35c, the réadifth e
stime is.preferably30 miputes o more: As itis clearframdhe aove . o pe
described description, the
is facilitated and the luminescence output increases at higher
reaction temperature with L-alanine. In particular, at the
temperature of 3C°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 net shewn 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 ig from 30°C to 40°C.
Thus, for eluting the spore-forming microbes by heating the
capturing carrier 102, the temperature is preferably between
30°C and 40°C.

Next, for each reaction temperature, change in the
luminescence 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 385°C, the highest peak was cbtained
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present invention may have the specific aspects as follows. 1. A capturing
carrier for capturing air-borne microorganisms, characterized in that it
comprises a polymer which undergoes a phase transition between a gel
and a sol in the temperature range between 15C and 40C. 2. The
capturing carrier of the above invention 1, characterized in that the
aEhptudfgearder tomphises aicohols "kavirenbaiacie dsidatetiviy L3e 18

capturing carrier of the above invention 2, characterized in that the
AL s R e ol R AR R o o
The capiuring eatrier of theabave nventie: k- chasacterizediipdhahthene
polymer is any one of gelatin or NAGAM/MBPDA. 5. The capturing carrier
P B fife AboVEIRveMo2y charactefizedns HdtithedB6RoIS a8 diyerors-

and th?.g'}ic%%tiﬁﬁa? prised. in.an amount of 30% fo 6Q%, by, weight

compared to the captufing carrier. 6. The capturing carrier of the above
minvertionath,i eharacteszed e thatdthe:polymer isgelatip andthesgelatipmisr

comprised in an amount of 5% to 10% by weight compared to the

wRapturiig'R AFRSS 72 TR Eaplur g ddrtier St Ehe abdvR Avention £ sol in

+ Gharagterized in that the polymer is NAGAMMBREA and the 65
NAGAM/MBPDA is comprised in an amount of 1% to 10% by weight

comparedibdheagapturing carieri 8r ThE capturbg carrierefthecabdve
cggggggg;%zed.in'that the capturing carrier comprises alccholis
having no bactericlidal activity.

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

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

5, The capturing carrier of the above invention 2,
characterized in that the alcohols are glycerol and the glycerol
is comprised in an amcunt of 30% to &60% by welght 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 103% by welght compared to
the capturing carrier.

7. The capturing carrier of the above inventicn 1,

characterized in that the polymer is NAGAm/MBPDA and the
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characterized in that the capturing carrier consists of a polymer which is

in a gel phase at the time of capturing microorganisms but undergoes a

phase transition to a soi phase at the temperature of 40C or less under

heating, and by containing a test reagent in the polymer the test reagent

is eluted upon the phase transition from a gel phase to a sol phase.
NAGRO/HIRG 6 the predent. swveritiormsincetre polymér consistingofitheght
cagturlné; (%arrler IS |n gb el, phase at the time of capturing

a1 er.
microorganisms, %he g orng mlcroorganlsms can be captured

efficiently. friuthers sinee the garrierundergnes a-phase Hansitiontora sol
phase at the temperature of 40C or less under heating, the

Chﬁéwgaﬁiéﬁ%mmeﬁ%abe beef eaphured it e captaringTafier canss

recovered f onplthe carrl r Wlthout b %destro ed l(S:tllﬂlIO}‘)urrtht_ﬁenr cms
accor&ng tot ahg prepsen? |nv on smce?he stf reagant is contame dlL

bﬁ@@ﬁi@fﬁﬁ@s@b’ﬂi@@e&ﬂdﬁ@l&ﬂ J41pop aphase transition tora spkphasec
the test reagent can be added to the microorganisms at the same time

Othéy ArePtakeit DUl F6H e Eapturiig edriier ORS 3LBRANdcROrEINg toBHEENT
1 PrEsent, i’}#ﬂ'?ﬂet@gs@r?%ggge%%%f% oyelin the{ﬂ'”%rga ismsfrom

on
the capturing carrier, and adding the test reage thereto can be carried

f ouinsimujtangouste [nswnEary pbys Hsing Haﬁ:cﬁﬂﬁ)iwijng@aﬁ}iﬁ eftbeent
present invention, the processes of capturing the air-borne

LHiErlotGRniSma S takifRAULRE FARASOIG SR oA 876 Exriar &g =1 et
1890ind 1 {eshicRoeR! BRINEIRIO 62N, 006,39 INALIORESIASHAM <ne

capturing to testing of the air.-borne microorganisms can be done
atonbvenieathitrshoratimens can be capturedefficiently. Further,

since the carrier undergoes a phase transition to a sol phase
at the temperature of 40°C or less under heating, the
microorganisms which have been captured in the capturing carrier
canbesasily recovered fromthe carrier, without beingdestroyed.
Still further, according to the present invention, since the
test reagent is contained in the gel phase polymer and eluted
upon a phase transition te a sol phase, the test reagent can
ke added tTo the microorganisms at the same time they are taken
out fromthe capturingcarrier. Assuch, accordingtothepresent
invention, the processes of recovering the microorganisms from
the capturing carrier, and adding the test reagent thereto can
be carried cut simultaneously. In summary, by using the
capturing carrier of the prssent 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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9. With respect to the invention of the above invention 8, the test reagent
is characterized in that it is a reagent for detecting the captured
microorganisms by ATP method. Thus, when a number of reagents are
required like the ATP method, with an application of the present invention
efforts and time required for the process from capturing to testing of the
CUpsicedorganishts dedrt lsw drhataticallysresiue et 210.0Akthrespect totthet ing
o nvention of the abave invention 9. the reagent fs characterizerd in that itis
an}Ael'?’" sliminating agentr\%lﬁlcjh eliminates ATP Gther than the ATP ’
+ okiginating from the microorganisms. According to the present invention,
when the microorganisms are recovered in accordance with a phase
transitibn Bf-tHe EapRitiig Earfiéefrbhy aigel ¥ a0sol: tive B ATPEe RfTisating
s 20enLis glyted and added thereto As such,, free ATRS existing outside. .,
the cell body of viable microbes can be removed. ﬁus, accord?ng i the

f eoreesponding inveniigrt 10 dhei processes obrecoyaerimgthehod. Thus,
microorganisms fromthe capturing carrier, and removing the free ATPs
WBER Becatriel BhtT StTERaTed sy S WRH respecthts thehifrnitishy of té

RRPYE veption 10, the ATE.ciminaling agent-s charagterized ipdhat .

comprises at least one selected from a group consisting of apyrase,
falkaline pphosphatasepacigic phiosphatases hexgkifasee adenesingan i sms

triphosphatase, and adenosine phosphate deaminase. 67 12. With
CREstt 16 HE invehtibh SFécabove invention 9, the test reagent is

characterizgd.in that it comprisgs.an AP exracting:agentwhich.can: ; o,

extract the ATP originating from
9, the reagent is characterized in that it 1s an ATP eliminating

agent which eliminates ATP other than the ATP criginating from
the microorganisms. Accoerding to the present invention, when
the microorganisms are recovered in accordance with a phase
transition of the capturing carrier from a gel to a sol, the
ATP eliminating agent 1s eluted and added theretc. As such,
free ATPs existing ocutside the cell boedy of viable micrches can
be removed. Thus, according to the corresponding invention 10,
theprocessesofrecoveringthemicroorganisms fromthe capturing
carrier, and removing the free ATPs can be carried out
similtansousiy.

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

adenogine triphosphatase, and adenosine phosphate deaminase.

&7



the microorganisms. According to the present invention, when the
microorganisms are recovered in accordance with a phase transition of
the capturing carrier from a gel to a sol, the ATP eliminating agent is
eluted and added thereto. As such, cell membrane of the viable microbes
can be lysed. Thus, according to the invention of Claim 12, the processes
of recoverlhgtthe afirgoighnisis rditiHel Capriring earrierangvention
performing the lysis of cell membrane of the viable. microbes can be
oo Doy Sy, T S 1 e oo of e 265vE"
atnvertion ck2.the:Ad Prextractingsagent is:characierized in fhaldt ing from
comprises a surfactant, trichloroacetic acid (TCA), tris buffer, ethanol, a
i eAZPREIEAVIRG B proeasEHctivitycahd the keSS, Witkréspect tohen

+#Re ipvention of the aboye inventign . 9,the reagent s gharagterized jn that
itisa germm%tlon inducing factor which induces germination of a
t spore-fararing s micepoheapr spores ehaplagt. from a gel to a sol, the

Accordingtothepresentinvention, when the microorganisms are recovered

A aB eotiatite With 3hidse Sransitish oitfe APGHING EafteH frofif aTitito
<&:50!,{hg, germingtion, indycing factoris gluted apd added thereta, As,

such, by inducing germination of a spore-forming microbe or spores of a
aptantdcelts can bedramsfermedrintofa Qeneralistate: Her wihicteall ¢he of
reactions of the ATP method can easily occur. Thus, according to the

TN 4 e BrotetdedBretsveting 8 Ritiootdahishis fomhe
pEapring.carier, apd jnducingthe ,germinafion.of cell menbrane of Aopes

spore-forming microbe or spores of a plant cell can be carried out

cg'gmﬂgpleeam@m;sély:,d out simultaneously.

i3. With respect to the invention of the above invention
12, theATPextractingagent ischaracterizedinthat it comprises
a surfactant, trichlorecaceticacid (TCA), trisbuffer, 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 characterirzed in that it is a germination
inducing factor which induces germination of a spore-forming
microbeorsporesofaplant. Accordingtothepresentinvention,
when the microorganisms are recoversad in accordance with a phase
transition of the capturing carrier from a gel to a sol, the
germination inducing factor is eluted and added thereto. As
such, by incucing 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 =asily cccur.

Thus, according to the invention 14, ths processes of recovering
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15. With respect to the invention of the above invention 14, the
germination inducing factor is characterized in that it is either an amino
acid or L-alanine. 16. With respect to the invention of the above invention
14, the germination inducing factor is characterized in that it is either
sugar or glucose. 17. With respect to the invention of the above invention
8, the capturing carrier is characterized in that it is constructed by

ciTRDANoN L TuAple poymers Whish have a Rropety QLUNAeIoonaa ..
p%ase transiion from a gel phase o2 scﬁgphase and'have a differen

gPhasgdransitiondempreatuien Acedipg 1o the presentinemionrsineees
the capturing carrier is constructed by lamination of multiple polymers
ofvhick have asdiffererit phaseararisifor fémperattFe BiPEéntrolling the

heating femperature, %89'%@%“& | undergoes-aphase transition from,
ageltoa sol can be selected. us, by changing the test reagent for

1 eachrtypegafithepolymetsdheitest reagent foe additencanibealdn that
selected. 18. With respect to the invention of the above invention 17, the

tndifipfe’ pEIyets at8 charactefized irthatthel tonsist of three layers
and the polymar locajed.on the microqrganisty santungside has lawer,

phase transition temperature and from the microorganism capturing side
1an ATP eliminatingiagentnau69rgerfrination indutingfattoriard amATER L
_extracting agent are comprised in the order. According to the present
Hinvehtion-iker t7é he&fing tBfifptature for the capturing carrier is

increa§q~q|, H?%ﬂ}% %p W@H&%%@@Q&@B@@ﬁ@@&ﬁfgu{%‘Jent ion

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 scl 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 transiticn temperature, by controlling the
heatingtemperature, apolymerwhichundergoesaphasetransition
from a gel to a sol can be selected. Thus, by changing the test
reagent for each type of the polymers, the test reagent for
addition can be alsc selescted.

.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 microocrganism
capturing side has lower phase transifion temperature and from

the microorganism capturing side an ATP eliminating agent, a

&9



the polymer undergoes a phase transition from a gel to a sol. As a result,
at the same time the captured microorganisms are taken out from the
capturing carrier, the ATP eliminating 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
gfrom- e dapturind chnder alintinatingdherfréd ATeX imducibgdhegent are

ermination, of aIﬁsepore-forming micraobe ar]cd thehlike, and extractin%the
c E?%tl?? [ in. the order, C%OI‘GILH% < tb @ %reﬁent invention,
of the 'microorganisms can be carriéd out by a’singlé capturing

weakliern Festing inyadiamaticdnereaserintthe efficiencyfor the pracesses
from capturing to testing. 19. With respect to the invention of the above
inventisndl 7 ke Wdtple by mersard edraterizeaihInartheyepasised

ftwg Jayers and the polymer Jocated on the microprganism _capturin
e e B B T AT S Sreh © T baSriersh:
rthe othersigde ardinéhe palymeniocated-ap thednic0argRNSANGARIUING:

side an ATP eliminating agent and a germination inducing factor are

tedfiprsedinfiet et BERET 67 the dthet BRie BnATP éxeactithgarit-

£iSLCOMpLISEd, {*&90{%'89@&%[?% pLesent invention, yuhen the Q%@E”g agent
temperature for the capturing carrier is increased, starting Trom the side to

awhieh uthedmisroerganisms ane €apiuredshei polymefamdergoesmpbasehe
transition from a gel to a sol. As such, at the same time the

PEaptredmitlodiganisms afe taReR StITGATHE EAStUrfTg cahfe £ 2PE HRe e
AIP:eliminating agent,and the-germination inducing factor, are.elyted.and.
added to the microorganisms followed by the elution and addition of the
aAFPoextrdcting agent.ciiis; acoording fol ke, 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 to the invention of the above invention
17, themultiple poiymers are characterized in that they consist
of two layers and the polymer located on the microorganism
capturing side has lower phase transition temperature compared
to the polymer on the other side and in the polymer located on
the microorganism capturing side an ATP eliminating agent and
agermination inducing factor are comprised while in the polymer
ontheother sideanATPextractingagent iscomprised. According
to the present invention, when the heating temperature for the
capturing carrier is increased, starting from the side to which
the microorganisms are captured the polymer undergoes a phase
transition from a gel to a sol. As such, at the same time the

capturedmicroorganismsaretakenout fromthe capturingcarrier,
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the present invention, all the processes of recovering the 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 carried out by a single capturing
carrier, resulting in a dramatic increase in the efficiency for the processes
th@rﬁ%m&ﬁim@ﬁ@tmn@g@@t A:edptiring devicesfor captodng Aisboee ox

Jerporaaniams characietzed n hat Lcomprisps 3 capuring arter .
comprising a po ymer WCI"] undergoes a phase tranS| on gen %. glecf

adpdasot inthe termperaturedange hetweeny 1€ . anth4QC, andA vessek o
to contain the capturing carrier. 21. The capturing device of the above

tiiventione?C, charddténred i thatkefifaciscomprised aethebsiiom 6he
the vg%seargz T Z%_h Sis st}é%tem is characte;rtlzed in that I'[ cor@grlsteree .
i[cfn er W olds the cathrlng  Carviet comprlsmg a polymer

Amchhm@@rg@ema@pI@@&eatrﬁﬂsttl@n between & gekand asphindhene and
temperature range between 15C and 40C, a temperature controlling

CAppatfis WhiclE contsisithe *’t@ﬁplé?ﬁu% P edaperingcarfier, and de
Csl!t'_rlsit %ﬁ&t@?ﬁ%’kﬁ%?ggé’%@@ ?é] Liﬁtelsee}:lr tJlf%VE\SILE th%g%%tgrdnr%matlc

carrier. 23. The analysis system o ove invention

icharacterized incthat the temperatire- sentrollingsapparatus cam Switehythe
heating and the cooling of the capturing carrier before and after the
tiftfoditction of air flow to the capturing carrier.

20. A capturing device for capturing air-borne
microorganisms, characterized in that it comprises a capturing
carrier comprising a polymer which undergoes a phase transition
between a gel and a scol in the temperature range between 15°C
and 40°C, and a vessel to contain the capturing carrier.

21. The capturing device of the above invention 20,
characterized in that a filter i1s 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 Ttemperature contrelliing apparatus which controls the
temperature of the capturing carrier, and an air stream
contreolling part which introduces air flow to the capturing
carrier,

23. The analysis system of the above invention 22,
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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
filtering a sol, a grid plate holding part which holds a grid plate
constituting a filtration apparatus in combination with the filter is
comprised, and the filtration apparatus can filter the polymer that is

cheairstomidd SAtorat$el by e ehmperatireccontroling apPataitadr 251 Tié
method for, capturing and testing-ait-borne. microorgani r

g iR B R G i M

afRIGrOQEganisMS iy wiieh: the: aif-batne Imicroerganisms-ane: eapturediinmg
capturing carrier by spraying air comprising air-borne microorganisms to

the c&&turiﬁ@%a?ﬂéﬁmc% EBRSER 6ffa PO MErtEgelpitade-aRd 22 -
cﬁgpg%@%Qlt?ggir?ﬁlg&{gt?‘ngo&e%%\ée%gggppl%%dg}g:gygmlc’phtg%el phase

capturing carrier Is heated at the temperature of 40C or less fora phase
pirapsdion 0.4 sokphaselse thatithe micrdarganismg captured grtheplate
capturing carrier are recovered from the capturing carrier and at the same

R infe e kestraligént efited Frorft edaptiftitit cantfer Witfich Hag ="
aHpdergone &.pbase: ifapsition,ta.a sql phase, and then,added 1o g4 +re

microorganisms above. According to the present invention, the processes
f vl recoveringcthermicreargarismssronh theccaptanng earrier bngntfe rmed
_process of addinigthe test reagent to them can_be carried out

18iRularidoudly, restltrigircsimpiificatiSh of the 72%petatioRa Brocess
and shostening of the gperation-time. {3 WHAT IS CLAIMEDR IShorne

microorganisms of the present invention is characterized in that
it comprises stepsg of capturing microcorganisms by which the
air-borne microorganisms are captured in a capturing carrier
by spraving air comprising alr-borne microorganisms to the
capturing carrier which consists of a pelymer in gel phase and
contalins 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 scl phase so that the microorganisms
captured in the capturing carrier are recovered from the
capturing carrier and at the same time the test reagent is eluted
from the capturing carrier, which has undergone a phase
transition to a sol phase, and then added to the microorganisms
above. BRAccording 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 simultansously, resulting in simplification of the
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1. A capturing carrier for capturing air-borne microorganisms,
characterized in that it comprises a polymer which undergoes a phase
transition between gel and sol in the temperature between 15C and 40C.
2. The capturing carrier according to Claim 1, which is characterized in
that it comprises alcohols having no bactericidal activity. 3. The capturing

oRBFASrASCOrdRTEPRECRIATY, WRRANS  eRdraeferiZéd PR saft alcohls
are any one of glycerol, ethylene glycol and propylene glycol. 4. The
capturing carrier according to Claim 1, which is characterized in that said
polymer is any one of gelatin and NAGAM/MBPDA. 5. The capturing
carrier according to 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. 6. The capturing carrier
according to Claim 1, which is characterized in that said 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 according to
Claim 1, which is characterized in that said polymer is NAGAM/MBPDA
and the NAGAmM/MBPDA is comprised in an amount of 1% to 10% by
weight compared to the capturing carrier. 74 8. The capturing carrier
according to Claim 1, which is characterized in that;
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it consists of a polymer which is in a gel phase at the time of capturing
microorganisms but undergoes a phase transit ion under heating to a sol
phase at or less than 40C, and a test reagent is contained in the polymer
so that the test reagent is eluted when said phase transition from a gel
phase to a sol phase occurs. 9. The capturing carrier according to Claim
Wgnivhich tshhikactéfized in that said test reagent is a reagent for
detecting the captured microorganisms by ATP method. 10. The
capturing carrier according to according to Claim 9, which is
characterizeddaghat-said reagentis an ATR eliminating iagesnt miaich
eliminates ATP other than the ATP originating from the microorganisms.
33T THETHPtIRRY CAtAEP SEEETHITG 1o TIAIM 10t WINERPK Gt agt&f et

wmacths%igd%?c%@iQ%‘1@95%9%@E%%’PPE%%%%H?@%&08855%'5?8%%Iromathe
group consisting of apyrase, alkaline phosphatase, acidic phosphatase,
t bexekinasesadengsiae trighosplaatase; and adenosine phosphate

deaminase. 12. The capturing carrier according to Claim 9, which is

cha_lrac?teriz"éﬁeincﬁ}%?‘ééﬁd?%ﬁééﬁﬁéoﬁﬁ?%%%ﬂwé_?&r%?éﬁr?g aGent™ 18
chich can extract ATH, originating from.the microaroanisms; 13. The

capturing carrier according to Claim 12, which is characterized in that
bgaiteAT Piektiactingiagent.comprises a surfactant, trichloroacetic acid

(TCA) 5 trisbuffer, ethanol, a lysozyme having a protease activity and the

like. 75 14. e CAPHUG Earfier aCdording To Cldim 0 Which 4 »otch is
CEQ%%%@%@ E*}@tt??é@ r%@@@“&h@c@%@@ﬁﬁ@%m%@ of glycerol,

ethylene glycol and propylene giycol.

4, The capturing carrier according to Claim 1, which is
characterized in that saild polymer is any one of gelatin and
NAGAmM/MBPDA.

5. The capturing carrier according te Claim 2, which is
characterized in that sald alcohol is glyecerol and fhe glycerol
is comprised in an amount of 30% to 60% by weight compared to
the capturing carrier.

6. The capturing carrier according to Claim 1, which is
characterized in that said pelymer 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 according to Claim 1, which is
characterized in that said pcelymer is NAGAm/MBPDA and the
NAGAmM/MBPDA is comprised in an amount of 1% to 10% by weight

compared to the capturing carrier.
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factor that induces germination of a spore-forming microbes or spores of
a plant. 15. The capturing carrier according to Claim 14, which is
characterized in that said germination inducing factor is an amino acid or
L-alanine. 16. The capturing carrier according to Claim 14, which is
characterized in that said germination inducing factor is either sugar or
glucose. 17Eheasaptiing carrer accerdingdo Clahm 8lwhich igvhich is
gharaqgg%ezg Clp }ﬂk}gtt a'(ghg:apturing carrier is constructed by lamination of

[
© rﬁlﬁﬂﬁle polymers Which have a property of undergoing a phase transition

from a:gelphaseto-asolphaserand havera differant phasedransition the
temperature. 18. The capturing carrier according to Claim 17, which is
t eharc et edrintAaY . Said TRaRPIS BB HRichS E6MSIRE BRtAREE Tdyers B on

gloser tp the microorganism capturing side, the Rolymer haslower.
transition tempgrature and from the microorganism capturing side an ATP

eliminating e&gentaa«germisationtdaddeingifactor: and amAf Rsextragting ne
agent are comprised in order. 19. Thexcggturing carrier according to
LEF&int 9479 Which SsTcharaEtedd FethatRARFRUITEIR Pdlyiers *CohsisEst

pflvgg éa)é%rsaargdoﬁ?epgglgg%ggﬁg@d on the microorganism capturing side

has lower transition temperature compared to the polymer on the other

side ahd imthe patymetr located:or:the micrabrggnisn 76:eapturing. side. s
cgg;gggéﬁTygggg%%%%ggggélggqggggggisaxeagentfordetecting
the captured microcrganisms by ATP method.

10. Thecapturingcarrier according toaccordingtoClaim
%, which 1s characterized in that said reagent is an ATP
eliminating agent which eliminates ATP other than the ATP
originating from the microcrganisms.

11, The capturing carrier according to Claim 10, which
is characterized in that sald ATP eliminating agent comprises
at leastone selected fromagroupconsistingofapyrase, alkaline
phosphatase, acidic phosphatase, hexokinase, adenosine
triphosphatase, and adenosine phosphate deaminase.

12. The capturing carrier according tc Claim 9, which
ischaracterizedinthat saidreagent comprisesanATP extracting
agent which can extract ATP originating fromthe microorganisms,

13. The capturing carrier according to Claim 12, which
ig characterized in that saild ATP extracting agent comprises

a surfactant, trichloroacetic aclid (TCA}, trisbuffer, ethanol,

a lysczyme having a protease activity and the like.
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inducing factor are comprised while in the polymer on the other side an
ATP extracting agent is comprised. 20. A capturing device for capturing
air-borne microorganisms, which is characterized in that it comprises a
capturing carrier comprising a polymer which undergoes a phase
transition between a gel and a sot in the temperature range between 15C
and 40€; aritha vesséktolicentadt theecaptteipgccartict 2 C1FRE cAptutingh
, de\gce according o.CI%&r;n %0, which is chgracterized in that a filgero{'s .
Tomprised at the bottorn of the vessél 227 AR andlysis system, which is -

r&haracterized in that- § comprises adoldingamember-which haldsithe oves
capturing carrier comprising a polymer which undergoes a phase
trarisHior Befiveén P @Fand a sol in the temperature range between 15C

and 40¢, a rgpgggguggfgntrcogl,g_qqgppacrgy;dvyggmgoeﬂllsn%m@;, which
temperature o the apturlna carrier, and an air stream contro Ilng part

i whieh intreduces-air flow ke the sapturing icaxren 23.nthe: analysis:- system
according to Claim 22, which is characterized in that the temperature
aponftolling?apparatus can 2witéh the heating and the cooling of the

capturing cagsier hefore . and aftgrthe intiogugtion of air JOWLIP e it o

capturing carrier. 24. The analysis system according to Claim 22, which Is
i ghanactetized in #aat] for-the-captuting:carties: the: gehphase pofymesis i s
placed on top of the filter for filtering a sol, a grid plate holding part which

& holtfa YHePplats cOnstittfifig 77

17. The capturing carrier according tc Claim 8, which
is characterized in that said capturing carrier is constructed
by lamination of multiple polymers which have a property of
undergoing a phase trangition from a gel phase to a sol phase
and have a different phase transition temperature.

18. The capturing carrier according to Claim 17, which
ig characterized in that saidnmultiple polymers consist of three
layers and, closer to the micrcorganism capturing side, the
polymer has lower transition temperature and from the
microorganism capturing side an ATP eliminating agent, a
germination inducing factor, and an ATP extracting agent are
comprised 1n order.

192, The capturing carrier according to Claim 17, which
is characterized in that said multiple polymers
consist of two layers and the polymer located on the
microcrganism capturing side has lower transition
temperature compared to the polymer on the other side

and in the polymer located on the microcrganism

76



a filtration apparatus in combination with the filter is included, and the
filtration apparatus can filter the polymer that is transformed into a sol by
the temperature controlling apparatus. 25. A method for capturing and
testing air-borne microorganisms wherein it comprises: a step of
capturing microorganisms by which air-borne microorganisms are
CFApIredtintd gptiting Carfiet By sprayihgt @i cormpfising i Bofe 1 on

1 Migiorganisms o e eapluring eapiier shieh gansists,l A polvmeraae

phase and contains a test reagent; and a step of recovering and adding

s byawvkichahe capiueng icarries isheated-atpr-lessdhan 40C for a phase
transition to a sol phase so that the microorganisms captured in the

qaptur%@g cArrietrl éffééﬁvé*“eﬁiﬁgmf% EHtaHRg CArfdrand 5t the same
niime,the test reagent is gluted from.the capturing carger, ‘ﬁ’@i%éﬂ{?% ses a

undergone a phase transition to a sol phase, and then added t
capicroorganismsiaboverf8ising a polymer which undergoes a phase
transitionbetweenagel andascl inthe temperature rangebetwsen
15°C and 40°C, and a vessel to contain the capturing carrier.

21. The capturing device according to Claim 20, which
is characterized in that a filter is comprised at the bottom
0of the vessel.

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

23. The analysis system according to Claim 22, which 1is
characterized in that the temperature controlling apparatus can
switchtheheatingandthe coolingofthe capturingcarrierbefore
and after the introduction of air flow to the capturing carrier.

24, The analysis system according to Claim 22, which is

characterized in that, for the capturing carrier,
the gel phase polymer is placed on top of the filter
for filtering 2 sol, a grid plate holding part which

holds a grid plate constituting

17



afiltrationapparatus incombinationwiththe filter isincluded,
ana the filtration apparatus can filter the polymer that is
transformed into a sol by the temperature controlling apparatus.

25. A method for capturing and testing ailr-borne
microcrganisms wherein 1t comprises:

a step of capturing microorganisms by which air-borne
microcrganisms are captured in a capturing carrier by spraying
aircomprisingair-bornemicroorganisms tothe capturingcarrier
which consists of a polymer in gel phase and contains a test
reagent; and

a step of recovering and adding by which the capturing
carrier is heated at or less than 40°C for a phase transition
toasol phasesothat themicroorganisms capturedinthe capturing
carrier are recovered from the capturing carrier and at the same
time the test reagent is eluted fromthe capturing carrier, which
has undergone a phase transition to a sol phase, and then added

to the microorganisms above.
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