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
capturing air-borne microorganisms, a capturing device
comprising the same, an analysis system using the same, and a
method for capturing and testing microorganisms.
(b) Description of the Related Art

As a method for detecting air-borne microorganisms, a
colony counting method using an agar medium, or a method for
measuring turbidity using a liguid medium and the like have been
known. According to these methods, air-borne microorganisms
are captured in a medium and cultured for one to several days
followed by a test. Accordingly, these methods have
disadvantages in that it takes a long periodof time for testing,
and insuring biologically safety becomes difficult due to
cultured microcrganisms. As such, their on-line introduction
to a production line of food products or pharmaceuticals is
impossible. In particuliar, this type of method for testing
microorganisms is often used for determination of microbial
cleanness (i.e., germ—-freeness) of anenvironment which requires
a high level of cleanness, such as a factory for producing
pharmaceuticals, a facility for processing cells, or a factory
for producing food. When a culture method is used for on~site

test of microorganisms under the environments, if microorganism

ot



that are amplified in amassive amount as a product of inspection
process are incorporated into the site, a purpose of ensuring
thecleannessof theenvironment cannot bepreserved. Asaresult,
there has been a problem that on-site testing cannot be easily
carriedout. Moreover, installation of a testing roomand strict
management of a products during production and carrying process
are required.

Recently, in order to solve suchproblems, various methods
have been devised by whichmicrobial count is determined quickly
and conveniently without culturing them, i.e., without a risk
of bioleogical contamination. Specifically, a method has been
suggested by which constituents of a microorganism are
specifically labeled by using a luminescent or a fluorescent
reagent, and then luminescence and luminescence output are
measured to determine themicrobial biomass. As a firstmethod,
there is a method in which microorganisms contained in a sample
are stained with two kinds of fluorescent reagents, and then
viable and non-viable micﬁobes are counted based on a
fluorescence microscopic image analysis and the like (i.e., a
fluorescent method). As a second method, ATPs are extracted
from the microorganisms contained in a sample, and a biological
luminescence reaction by ATP is measured by a luminometer to
guantify the ATPs, and it is converted to the viable microbial
count (i.e., ATP method).

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

co-existence of a fluorescent contaminatingmaterial in a sample



can cause an error. Further, 1t is not always easy to
differentiate a viable cell from a non-viable cell. For
instances, propidium iodide (PI), which is kﬁown for selective
stainingof 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)"
Molecular Probes, edited version of February 2™, 2004", Figure
1C, the vertical axis represents fluorescent intensity of PI),
thus there is a high chance of providing an opposite conclusion
1f careful attention is not paid.

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

When the amount of the microorganisms is to be determined

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



to remove free ATPs that exist outside the cell body of a viable
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 1s 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 is added and
luminescence output is measured, which is then converted to the
ATP amount.

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

selectively measured.

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



is a microorganism that is dispersed in an agueous solution and
its application to air~borne microbes has not been suggested.
Meanwhile, for carryingout a test based on amethod for culturing
alr-borne microbes, a product which comprises a collecting
apparatus inan impactor style and includes an installable medium
cassette carrying a capturing carrier that consists of an agar
(polysaccharide) culture medium in a gel phase is commercially
avallable (i.e., MAirTtypeair samplemanufacturedbyMillipore
Company) . However, an air sampler which can be applied for the
ATP method is not commercially available. When the ATP method
is applied for testing air-borne microbes, it can be considered
that an air sampler in an impactor 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 themicrobial 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 sanpler in a conventional
method (i.e., a combination method for an ailr sampler and the
ATP method) is used under the purpcse of culturing captured
microbes on the capturing carrier itself. As such, a process
of recovering the microbes from the capturing carrier (herein
after, referred to as a “recovery process”) has not been
consideredinthe conventional method. For the recoveryprocess,
there are problems as follows. Specifically, a gel phase

capturing carrier is advantageous for capturing the microbes,



however, taking out the microbes from the capturing carrier is
difficult, sothat recoveryrateofmicrobes ispoor. 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 80°C is
required for the transformation of an agar gel to a sol, most
of viable microbes wouldbe damaged or killed during the process.
As a result, there are problems that recovery rate of microbes
is poor and viable microbes and non-viable microbes cannot be
differentiated from each other. Depending on the types of
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 a solution having the
temperature near the room temperature is added to a gel without
transforming an agar gel into a sol and recovering the microbes
that are transferred to the solution as microbial suspension
is necessary. However, this method still requires a
time-consuming and delicate human work by a skilled person, and
it cannot be automated, has poor reproducibility and a risk of
giving a false positive result due to contamination originating
from human workers.

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

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



efficiency of the microbes during measuring process will be
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 suspension is 1
mlL, use efficiency of the suspension during the measurement
process 1is 10%, and it will be 1% when the volume is 10 mL,
indicating that the use efficiency of the suspension becomes
lower as the volume of the microbial suspension increases. As
such, this method has a problem that convenience and use
efficiency cannot be achieved at the same time.

In addition, only 1/10 of a sample liquid is actually used
for luminescence measurement according to the conventional
protocol, there is a problemthat overall use efficiency is again
only 10% of the recovery rate of the microbes. FPFurther, there
is anotherproblemthat whenextremely small amounts of air-borne
microbes (i.e., several to several tens of microbes) are to be
measured in a highly clean environment such as a clean room,
low recovery rate or low use efficiency may cause an omission
error in microbial counting, yielding a false negative result.
In order to avoild such omission error, sampling volume of an
alr sample should be increased and other measures should be also
taken. As a result, problem still remains that sampling time
is long and results cannot be obtained in short time.

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

it is, a system construction becomes complicated and a solution



required for recovery should be used in more excessive amount
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
inadditiontomicrobes. Inthis regard, theconventionalmethod
is problematic in that a reaction foreliminating ATP, a reaction
forextracting ATP, and an ATP luminescence reactionareaffected
by the contaminants so that measurement accuracy is poor.
In addition, some of microorganisms are present in a state
of a spore which 1s wrapped by a spore membrane having high
endurance to chemical substances or heat. Thus, various
reactions including the ATPmethod cannot easilyoccur. Inorder
to solve such problems of a spore-forming microbe, it has been
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
inaculturemediumcomprisingagermination factor. Inaddition,
according to Japanese Patent Application Laid~-Open (JP~A) No.
2002-330740 and JP~A No. 2004-2229, it is described that
germination inducing factor is added first and then germination
of a microbe is allowed to occur, followed by sterilization.
According to Japanese Patent Application National Publication
(Laid-Open) No. 2005-516213, it is described that a germination
inducing factor is added and species-specific cell spores are

detected and quantitated. According 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-2 No.

2005-253365, a method is described by which microorganisms are
admixed With a germination inducing factor and then genes zare

eluted from them.

Thus, to have a reaction with spore, addition of a
germination inducing factor is effective and even for the test
based on the ATP method, it is expected that adding germination
inducing factor is an eiffective thing to do.

However, for the
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the reaction with a germination inducing factor takes a

relatively a long period of time, the test time beacomes longer
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making its on-line introduction to a production line difficult.
In addition, when a subject to be tested by the ATP method
is an alr-borne microorganism, it should be captured in a
capturing carrier and then latzr recovered from the capturing
carrier. Time is also reguired for such process, thus it 1s

propiematic in that a long period of time is reguired from

capturing to testing.

SUMMARY OF THE INVENTION
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The present disclosure, which is devised in view of the
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and a method for capturing and testing microorganisms. In
addition, the present disclosure provides a capturing carrier
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roorganisms and capturing device using the same and an

testing microorganisms, which can solve at least one problem
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of negl ctingeamrocoss of taking out microbes froma capturing
carrier, poor recovery rate or poor use efficiency, low
redibility in microbial counting when microbes are pressnt in

L v - | s e .
n extremely small amount, di

93]
t-h
th

{-i-
ot

[

e [ N
C On ah 1eed

PRI, [P Sy e
uul;y 1N automa

y

or a complicated constitution, low accuracy of measurement as

h

- .

a result of contaminant incorporation and the 1like, all the

problems associated with the application of the ATP method to
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testing of air-borne microbes.

For the achievement of this purpose, the capturingcarrie
disclosed herein is characterized in that, as
a capturing carrier to capture air-borne microorganisms, it
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In addition to the polymer, it may further comprise alcohols
having no bactericidal activity. Further, the polymer is
prefereably any one of gelatin or Am/MBPDA.

Next, the capturing carrier disclosed herein is

characterizedinthat, itisacapturingcarrierwhichcancapture
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air-borne microorganisms and consists of a pclymer which is in

a2 gel phase at the time of capturingmicroorganisms but undergoss

capturing carrier is in a gel phase at the time of capturing

air-borne microorganisms can be efficiently captured. In
addition, since the phase transition occurs by heating the

capturing carrier at or less than 40°C, the microorganisms can

d
phase, the test reagent can be added to the microorganisms
imultansouslywhentheyarerecoveredfromthe capturingcarrier
Therefore, according to the present disclosure, a process of
recoveringmicroorganisms froma captuzing carrier and a process
of addingatest reagent canbe simultaneouslycarriedout Thus
with the capturing carrier disclosed herein, by which
alr-pornemicroorganisms can be captured and then recovered from
the capturing carrier and a test rsagent can be added for
measurement, processes fromcapturingtotestingof theair-borne
micreorganisms can be carried out conveniently in short time.

The capturing device for capturing microorganism

disclosed herein is characterized in that it comprises,
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phase transition betwesn z gel and a 30l in

between 15°C and 40°C, and a vessel to contain the capturing
carrier.
In one aspect, there is provided a capturing device for capt turing air-borne

microorganisms, which 1s characterized in that it comprises a

capturing carrier comprising a polymer which under
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between 15°C and 40°C, and a vessel to contain the capturing
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wherein an AT? eliminating agent
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s mixed in the polymer.

An analysis system related to the present discloéure is
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the capturing carrier comprising a polymer (hereinafter, may
referred to as a thermosensitive resin) which undergoes a phase

transitionbetweenagel andasclinthe temperature range between

15°Cand 40°C, a temperature controlliing apparatuswhichcontrols

the
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mperature of the capturing carrier, and an air stream
controlling part which introduces zir flow f0o the capturing

carrier. The temperature controlling apparatus allows switch

T

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 isplaced

ot

on the filter for filtering a sol and the capturing carrier

constituting a filtration apparatus in combination witt
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gel and a sol at 40°C or less, preferably in

the
temperature range between 15°C and 37°C, and a tempsrature
controllingapparatus, andalsopreierablyafiltrationappratus
and if necee y, & dilution appratus. With a temperature

a temperature contrelling apparatus or it can be diluted witi
a dilution solution to yield microbial suspension.

Because the phase transition tempera
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ure of the

thermosensitive resin material as disclosed herein is 40°C

under a mild temperature condition. As Lo the microbial

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

easurement is carried out according to a measurement protocol

of amodified ATPmethod, followedby determination of air-borne

microbes.

Thus, according to the capturing device or the analysis
system disclosed herein, at least one effect
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including easiness of taking out, or recovery, the microbes from

the capturing carrier, highrecoveryrateorhighuseefficiency
high credibility inmicrobial counting whenmicrobes are present
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automation with simple cons 'tu_lon, and high accuracy of

measurament even undar 1flu
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The capturing and test method disclosed herein

is characterized in that it comprises steps of

capturing microorganisms by which air-borne microorganisms are
captured in & capturing carrier by spraying air comprising

of a polymer in gel phase and contains a test reagent, and taking
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is elured fromthe capturing cerrier, whicn has undergone a phase
transition to a sol phase and then added to the microorganisms
above. Thanks to such constitution, recovery of the

microorganisms from the capturing carrier and adding & reagent

simultaneously. As a result, the operational process becomes
easier and less time will be required thereior.

Thus, according to the constitution of *the present
disclosure, since the capturing carrier consists of a polymexr
which undergoes a phase transition from a gel to a sol at 40°C
or less and the test reagant is contained in the polymer, by

heating the capturing carrier it undergoes a2 phase transition

Ih
3
0
=
631
«Q
)]
; -}
ct
o]
W
w
O
;,_J
fu
3
Q.
F
o
D
%
3]
he;
ot
I-’
[
Q.
=
[_1
Q
4
O
O
H
e
Al
=}
'_J
0
3
0
o
4
m
(&)
o
<
15
3

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

3
o



is eluted and added thereto. As a result, less effort and time
will be required for the operational processes from capturing

to testing of the microorganisms.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a sectional view which shows the brief
constitutionof the capturingdevice (100) accordingtothe first
embodiment of the present invention.

Fig. 2 1s a schematic drawing which shows the brief
constitution of 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 petween the first embodiment of the present invention

and the conventional method example.



Fig. 8 is a sectional view which shows the brief
constitution of the capturingdevice 100 according to the second
embodiment of the present invention.

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 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 Ala treatment temperature and the luminescence output.

Fig. 14 is a view which shows the relationship between

the Ala treatment time and the luminescence output.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Herein below, with reference to the drawings attached
herewith, preferred embodiments of a capturing carrier, a
capturingdevice, acapturingapparatus, ananalysissystemusing
the same, and amethod for capturing and testing microocrganisms,
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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of the present invention is not limited thereto.

(The first embodiment)

(1) With respect to the capturing device

Brief constitution cof the capturing device 100 according
to the first embodiment of the present invention is given first.
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. The capturing device 100 comprises
a vessel 103 and a capturing carrier 102 housed therein.

As amaterial for the capturing carrier 102, a resinhaving
the following composition is used in the present embodiment.
Specifically, 50% by weight of glycercl, 7.5% by weight of a
thermosensitive resinmaterial (i.e., gelatin (hydrolysates of
aprotein) forthepresent embodiment willbeexplained ingreater
detail below) and 0.03% by weight of an ATP eliminating agent
areusedandtheremainingisbalancedwithaphysiological saline
solution. In addition, as a vessel 103, a polystyrene petri
dish having a cylinder-shaped concave region with diameter of
40 mm and depth of 5 mm 1is used.

Next, a method for forming the capturing carrier 102
according to the present invention is explained. By mixing the
materials for the capturing carrier 102, under heating if
necessary, a homogenous scol is obtained. Operations following
this step are carried out under a sterile environment. While
heating, thesolissterilizedby filtrationwithasyringe filter
having pore diameter of 0.22 micron. 1 ml of thus obtained

sterilized sol is aliquoted and then injected homogeneocusly to
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the bottom of the sterilized vessel 103. After cooling it at
4°C, a homogeneous gel is obtained. As a result, the capturing
carrier 102 also has an approximate cylinder shape and its

diameter is 40 mm and thickness is about 0.8 mm, same as those
of the concave region of the vessel 103. Although the capturing
carrier 102 is in gel phase at room temperature (25°C), 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 37°C. Thus, the capturing carrier 102
functions as a thermosensitive resin having an upper critical
solution temperature (UCST: below this temperature it is present
in a gel phase), and its UCST 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., itisingelphaseatthe temperature
higher than the corresponding temperature; this type of carrier
will be explained later). In this case, for capturing and

recovery of the microbes, the conditions for a sol 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 is a schematic drawing which shows the brief constitution
of the capturing apparatus 111. The capturing apparatus 111
comprisesanuppermember 11la, a lowermember 111b, anair suction

nozzle 112, a holder 113, a temperature control apparatus 114,
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apump 116, an exhaust duct 117 and an exhaust filter 118. Within
the apparatus, a void (an empty space) 115 is formed. According
to this capturing apparatus 111, the upper member 1llla can be
detached from the lower member 111lb. By attaching the upper
member 1lla to the lower member 1l1lb to form the capturing
apparatus 111, joint region between them becomes air-tight and
the external openport of the capturing apparatus 111 corresponds
to the air suction nozzle 112'cf the upper member 1lla, and the
exhaust filter 118 of the lowermember 111b. Inaddition, within
the lower member 111b, each of the holder 113, the pump 116,
and the exhaust filter 118 are fixed. Further, although not
graphically shown, a control system or a power supply for the
pump 116 or the temperature control apparatus 114 are housed
inside the apparatus and operating buttons, a handle and the
like are attached on the external surface of the apparatus.
Further, the holder 113 comprises the temperature control
apparatus 114 andalsothedetachablecapturingdevice 100. Thus,
when the capturing device 100 is attached thereto, the upper
side of the temperature control apparatus 114 is in contact with
the lower side of the capturingdevice 100. Within the capturing
- apparatus 111, the void 115, which connects the exit of the air
suctionnozzlell2totheentranceof thepumplléviathecapturing
device 100, is formed. 1In addition, the exit of the pump 116
is closely connected to the exhaust filter 118 via the exhaust
duct 117. So called impactor-style capturing apparatus
according to the present embodiment has a high flow amount of

a sample air, thus it has an advantage of absorbing a certain
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amount of sample in short time and capturing air-borne
microorganisms therefrom. In addition, although a one-hole
type constitution is envisaged as the air suction nozzle 112
in Fig. 7, the air suction nozzle 112 that can be used for the
present invention is not limited to such constitution, and
various air suction nozzles including multi-hole type having
many small holes, etc. can be used.

(3) Withrespecttothedeterminationprocedureofmicrobes

{i) First, brief constitution of the determination
procedure of microbes according to the present invention isgiven
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 (c¢) 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 ATP.

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

i.e.,extracellularATPsorATPscontainedinnon-viablemicrobes,
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are eliminated.

With respect to the process (d) of filtering, the sample
is filtered to remove soluble components or contaminants such
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 process (f) of recovering ATP, a sample
solution, including the ATPs that are extracted fromthemicrobes,
is obtained.

With respect to the process (g) of determining ATP, a
bioclogical luminescence reaction is carried out based on the
ATPs contained in the sample solution. Then, by determining
the luminescence output by using a luminometer, the ATP content
in the sample 1s obtained and the test result is given in terms
of the count of the air~-borne microbes contained in unit volume.

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

placednear the region fromwhich air tobe determined is captured



(herein after, referred toas a “capturingarea”), together with
the lower member 111b or the capturing device 100 which has been
manufactured according to the method described in the above.
All the operations in the cleanbench are carried out ina sterile
manner. The holder 113, the void 115 or the external surface
of the lower member 11lb 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 1llla
is attached thereto to produce the capturing apparatus 111. A
sterile cap (not shown), which protects the air suction nozzle
112 of the capturing apparatus 111 from the microbial
contamination is further attached, and then the capturing
apparatus1lll istakenout fromthecleanbench. Afterinstalling
the apparatus in the capturing area, it is ready for the
measurement. In this case, the capturing area and the clean
bench are maintained at the room temperature of about 25°C by
air-conditioning, and the temperature of each member is also
about 25°C. In 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 runningthecapturingapparatuslilair-bornemicrobespresent
in the capturing area are absorbed and captured in the capturing

device 100. Specifically, by running the pump 116, the air
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outside the capturing apparatus 111 is absorbed into the pump
116 via the air suctionnozzle 112 and the voild (an empty space)
115. Further, via the exhaust duct 117 and the exhaust filter
118, theairiseventuallyreleasedtotheoutside 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 capturing carrier 102 due
to an inertia force and captured. Ailr or particulates having
a weight smaller than the microbes collide with the capturing
carrier 102, and then change their direction parallel to the
surface of the capturing carrier 102 to get transferred to the
void 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
nminutes a constant amount of air {(i.e., three cubilc meters) is
absorbed. As a result of these processes, air-borne microbes
contained in three cubic meters of air are captured in the
capturing carrier 102.

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

temperature is increased from 25°C to 37°C. Fromthe top surface
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of temperature control apparatus 114 to the bottom surface of
the capturing device 100, i.e., to the vessel 103 and also to
the capturing carrier 102, heat is transmitted, resulting in
fast increase of the temperature of the capturing carrier 102
to 37°C. The capturing carrier 102 adopted for the present
embodiment functions as a thermosensitive resin having UCST
higher than 25°C but lower than 37°C, therefore, the resin
undergoes a phase transition from a gel phase to a sol phase
by temperature increase from 25°C to 37°C. The particulates
including the viable microbes and the like that are captured
in the capturing carrier 102 become dispersed in this sol, and
as a result, microbilal suspension is obtained. In addition,
water socluble components that are other than the viable microbes
and the like, capturedinthe capturingcarrier 102, aredissolved
in the scl. As aresult, 1 ml sample of themicrobial suspension
is recovered in the vessel 103.

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

removed, 1s obtained in the vessel 103.
4
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Before the filtration process (d), a filtration device,
{not shown) in which the membrane filter (HAWP 02500,
manufactured by Millipore Company, the diameter is 25 mm, the
membrane 1s 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 thebottomsurface (i.e., gridplate surface) under
reduced pressure, the filtration is carried out. After the
completion of the filtration, the bottom side of the filter is
brought back to the atmospheric pressure. As 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 solution
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
pL of the ATP extracting agent that is included in Lucifer HS
set 1s added to the upper side of the filter of the filtration
device, and thenmixed at room temperature for 20 seconds. Since
the filterismountedontheO-ringconsistingof silicone rubber,
for example, and the bottom surface of the filter is exposed
to an atmospheric pressure, no filtration can occur. Instead,
the added reagent soclution stays on the filter due to surface

tension. As a result, the cell membrane of the viable microbes
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is lysed and the ATPs contained in the cytoplasm of the microbes
are extracted. Consequently, 100 yL sample solution comprising
the ATP is obtained on the filter.

With respect to the process (f) of recovering ATP, 30 uL
of the d sample solution is takenbyusing a pipette. As aresult
of this process, out of 100 uL of the sample solutien comprising
the ATP of the viable microbes, 30 uL 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
recovered as a recovery solution, the use efficiency for the
recovery solution is 0.3 for this case.

Before the process (g) of determining ATP, 0.2 mL of the
ATP luminescent reagent is injected to a polypropylene test tube
for a luminometer, and then installed in the luminometer
(BertholdDetection Systems, FR12) todetermine the luminescence
output (i.e., baseline}. The luminescence output for the
baseline is approximately 40 to 60 cps (count per second). Next,
200 amol of the standard sample (10 pLof the ATP standard solution
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 output of the standard sample is
approximately 2000 cps. Effective luminescence output of the
standard sample is obtained by subtracting the luminescence
output of the base line from the luminescence output of the
- standard sample. Further, by dividing the effective

luminescence output of the standard sample with the ATP amount
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thereof, a slope sensitivity, i.e., the effective luminescence
outputperunit amount of ATP, isobtained. Theslopesensitivity
is approximately 10 to 20 cps/amol.

With respect to the process (g) of determining ATP, 30
UL 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 samemanner (sample).
Effective luminescence output of the sample is obtained by
subtracting the luminescence output of the base line from the
luminescence output of the sample. Further, by dividing the
effective luminescence output of the sample with the slope
sensitivity, the ATP amount contained in the recovery solution
is obtained. By dividing the resulting value with 0.3 (i.e.,
the use efficiency of the recovery scolution), the ATP amount
contained in the viable microbes of the sample is obtained.
Further, bydividingthis ATP amount in the samplewith the average
value of ATP content per one viable microbe (approximately 2
amol), average count of the viable microbes that are contained
in the sample is obtained. Still further, by dividing this
average count of the viable microbes that are contained in the
samplewiththevolumeof theairsample (1.e., threecubicmeters),
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 is obtained and the test result is finally
obtained in terms of the count of the air-borne microbes per
unit volume.

(4) With respect to the optimization of the capturing
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carrier

As described above, a constitutional element which is
specific to the first embodiment of the present invention can
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 alr 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
empodiment. Under thisoperational condition, since the linear
velocity of the air in the air suction nozzle 112 is 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 evaporated
drastically to reduce the volume of the gel and to dry the gel
surface. As a result, the gel may turn into a solid state and
microbes cannot be captured with good efficiency. Thus, in the
present embodiment, the capturing carrier 102 which contains
50% of glycerol is used so as to prevent any deform or drying
of the capturing carrier 102. Conseqguently, a high capturing
efficiency for capturing air-borne microbes with the capturing
carrier 102 ié achieved. BAs 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 glycol and propylene glycol can be used (for the
prevention of dryness). In addition, as to the type of the

alcohols, theyarerequiredtobe freeof abactericidal activity.
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That is because the microbes captured in the capturing carrier
102 are to be saved. For such reasons, ethanol is not suitable,
for example.

(i1) As a second optimization of the capturing carrier
102, a capturing carrier made of glycerol, gelatin and a
physiological saline solutionwill be discussed. 1In 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). It is believed that such result is caused by the
fact that especially gelatin among the materials for the
capturing carrier contains a large amount of ATP compared to
the extremely tiny amount of the ATPtobe detected (i.e., several
amol), the residual ATPs originating from the gelatin may serve
as a reason for such abnormally high value.

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

Specifically, to a base in which 5% by weight of gelatin
and 50% by weight of glycercl are dissolved in a physiological
saline solution, the ATP eliminating agent that is contained
in Lucifer HS set is added in various mixing ratio to give a
model capturingcarrier. Thismodel capturingcarrier isheated

to 37°C for transition to a sol phase, and 10 puL of the resulting
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sol as it is or the solution diluted with purified water is
aliguoted and added to 0.2 mL of the ATP luminescent reagent.
Then the luminescence output is determined. One exemplary
result is shown in Fig. 4. When no ATP eliminating agent is
added, blank signal is as high as 7178 cps.

Meanwhile, theblanksignal forthemodel capturingcarrier
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
effective luminescence output, which is a difference compared
to the value of the baseline comprising pure water as a sample
withoutanyATP(forthisexperiment,56cps),is7122(z7l78w56),
47 (=103-56), or 1 (=57-56)cps, respectively, for the system
comprising the ATP eliminating agent at a concentration of O,
0.03, or 0.1%, and the ATP content calculated by using the
sensitivity of approximately 11.2 cps/amol is about 636, 4.2,
or 0.1 amol, respectively.

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

Based on the above determination results, it was found

that as a composition for the capturing carrier 102 containing
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gelatin, it is preferable to contain the ATP eliminating agent.
In addition, it was also found that when the ATP eliminating
agent includedinlLuciferHSset isuseditsconstitutional amount
is to be 0.03% or more. By having this wvalue 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 composition which is used as the thermosensitive
resin material is determined after fixing the constitutional

ratio of the ATP eliminating agent in the capturing carrier to

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 welght of glycerol and balance
of physiological saline solution, depending on different
concentration of gelatin, i.e., 5, 7.5, and 10% by weight. As
it is shown in Fig. 5, in any of the composition, the model
capturingcarrieristransformedintoa sol phasewithinb5minutes
when the temperature is gradually increased from 25°C to 37°C,
indicatingthat it canbepreferablyused for the recoveryprocess.
When the gelatin concentration is 7.5% by weight or more, the
gel strength is high at 25°C so that it can be used as a capturing
carrier. However, whenthegelatinconcentrationis5%byweight,
the gel strength at 25°C is slightly weaker.

As such, byhavingthegelatin concentration7.5% by weight
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or more, a thermosensitive resin material which is a gel phase
at 25°C and a sol phase at 37°C, i.e., a material having UCST
higher than 25°C but lower than 37°C can be obtained.

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,
viscesity is too high and the filtration is difficult to carry
out. As such, there is a case in which some of the non-filtered
components remain on the filter.

From the above results, it was found that, as a material
for a capturing carrier, which has UCST higher than 25°C but
lower than 37°C and good filtration property, the gelatin
concentration is preferably between 5% to 10% by weight, and
the optimum concentration is 7.5% by weight. Such optimum
concentration of 7.5% by weight 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 fixing the
constitutional ratio of the ATP eliminating agent in the
capturing carrier to 0.03%.

Fig. 6 shows the temperature and filtration properties
of a model capturing carrier which is produced with 0.03% of
the ATP eliminating agent, 5, 7.5, or 10% by weight of gelatin

and balance of physiological saline solution, depending on
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different concentration of glycerol, i.e., 30, 40, 50 and 60%
by weilght.

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

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

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

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

concentration of 50% by weight can be adopted as a glycerol
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concentration for the present embodiment.

(5) With respect to the evaluation of recovery property

The recovery property of the present embodiment is
evaluated with the method as follows. As a model sample of
ailr-borne microbes, suspension which is obtained by dilution
of the standard microbes (Easy QA Ball Escherichia coli 10,000
cfudistributedbyNissuil PharmaceuticalCo., Ltd.) withpurified
water is prepared. For the process (a) of capturing microbes,
astepof capturingair~bornemicrobes by the capturing apparatus
111 within the capturing device 100 from the air sample is
substituted by adhesion of a certain amount of a model sample
to the capturing carrier 102. Subsequent steps are carried out
according tothe 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) of capturing
microbes, and as a method for recovering the microbes for the
process (b) of recoveringmicrobes, 1 mL of physiological saline
solution is aliquoted in two divided portions to the surface
of the agar gel and then taken back from the surface for recovery,
and also a method in which the process (a) of capturing microbes
is substituted by adhesion of a model sample, same as the present
embodiment, are determined. For the capturing carrier 102 of
the conventional method, commercially available agar cultiring
medium (Tryptic Soy Agar) 1is used.

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

above described two methods. According to the result of the
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conventional method, the ATP amount, the average count of viable
microbes, and the recovery ratio are very low. Especially for
the one of the duplicate set, it gave a result showing absoclutely
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,
andthe recoveryratioisapproximately 55% (= (44+65)/2). These
results are almost four times (= 55/13) higher than those of
the conventional method (i.e., it is more close to the recovery
ratic of 100%).

Thus, the embodiment of the present embodiment provides
with a highly accurate measurement result compared to the
conventional method. The biggest difference between the
present invention and the conventional example resides in the
capturing device 100 and the process of recovering microbes
therefrom. The reason for obtaining high accuracy for the
present inventioncomparedtothe conventionalmethodisbelieved
to be due to the fact that during the process (b) of recovering
microbes, the microbes can be efficiently recovered from the
capturing device 100. In fact, after culturing the capturing
carrier 102 which was used for the conventional method as a
reference (i.e., the remainder obtained after the recovery of
then&crobes)atBS%Ifortwodays,itwasfoundthatallcapturing‘
carriers expressed a number of colonies,

As such, the conventional method showing the result

separate from the specific values may be due to the fact that
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the recoveryratio for the process (b) of recovering the microbes
is low.

Meanwhile, by adopting a new method, i.e., the method of
the present embodiment in which the capturing carrier itself
is subjected to a phase transition from a gel to a sol without
anycontaminationbynon-contactingandmildcondition including
a temperature change under 40°C, which does not cause a damage
or death of the microbes by heat, and threfore it can be treated
as microbe suspension, the microbes recovered by the capturing
carrier can be efficiently provided for the next process.

(6) With respect to the evaluation of overall property

The overall propertyof the first embodiment of the present
embodiment is evaluated as follows. As a model sample of
air-borne microbes, the microbes comprised in the laboratory
air are used. Specifically, by using the laboratory air as a
sample, the determination of microbes is carried out according
to the determination procedure of the present example. For a
comparison, the results obtained from a culture method are used.
For the culture method, an air sampler by Millipore Company (M
Air T type) and an agar culture medium (Tryptic Soy Agar) are
used to collect one cubic meter of air according to the
manufacturer’s 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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required for the capturing. Thus, the present example according
to the present invention is advantageous in that it can provide
with a test result having accuracy as high as that of the culture
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 can be carried out with high credibility.
In addition, by applying the present embodiment, a highly
accurate 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’ according to the second
embodimentofthepresentinveﬁtion. The capturing device 1007
comprises the capturing carrier 102, a vessel wall 103’ and the
filter 104. The capturing device 100’ is formed by adhering
the filter 104 which is the same as the one used for the first
embodiment to the lower region of the hollow-shaped vessel wall
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 cooled filter 104. For Filter
104, the membrane filter (HAWA0250) 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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Fig. 9 is a view which shows the brief constitution of
the analysis system 121 according to the second embodiment of
the present invention. The analysis system 121 comprises a
capturing device holder 122, agridplate 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 electronic valve 141, a waste
trap 142, a suction pump 143 and the photon counter 144. To
each of the capturing device holder 122, the grid plate holder
123, and the test tube holder 128, the capturing device 1007,
a grid plate and a test tube can be attached (not shown). In
addition, each of them carries a transporting means to return
each holder to a specific site.

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

The grid plate holder 123, the electronic valve 141, the
waste trap 142, and the suction pump 143 constitute the suction
apparatus for filtrationinconjunctionwiththegridplate which
is not graphically shown. Further, in combination with the

filter 104 at the lower region of the capturing device 100,
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it forms a filtration apparatus.

The electronic valve 141 and the suction pump 143 are
controlled by the control device 129. Under the control by the
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 37°C and 40°C. The photon counter
144 determines the luminescence strength released from the test
tube (not shown) mounted in the test tube holder 128 in terms
of photon count, which is then transmitted to the control device
129.

(3) With respect to the measuring operations

In connection to the above, the operation utilizing the
capturing device 100’ , the capturing apparatus 111 {Fig. 2) and
theanalysissysteml2lof thepresent inventionwill beexplained.
The operation according to the present embodiment is basically
thesameasthatofthefirsﬁembodiment,exceptthattheanalysis
systeml2l isemployed foranautomaticoperationoftheprocesses
from the process (b) of recovering the microbes to the process
{g) of determining ATP as shown in Fig. 3. In addition, since
the present embodiment i1s 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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121 is sterilized by using the sterilizing apparatus 131, and
also ozone gas (in case UV sterilization method is used) or
particulates are removed. In addition, even when the analysis
system 121 is inuse, 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 (25°C) by using the
capturing apparatué 111, similar to the first embodiment.

Before the process (b) of recovering microbes, the
temperature control apparatus 130 is run to maintain the
temperature of the capturing device holder 122 between 37°C and
40°C. For the process (b) of recovering the microbes under a
sterile condition, the capturing device 100’ is installed in
thecapturingdevicehclder122of theanalysissysteml12l. Then,
the subsequent processes from the process (b) of recovering the
microbes to the process (g) of determining ATP are carried out
in asterile and an 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 100’ , and further tothe capturingcarrier
102, resulting in rapid increase in temperature of the capturing
carrier 102°C to 37°C. As the capturing carrier 102 employed
for the second embodiment is based on a thermosensitive resin
material having UCST higher than 25°C but lower than 37°C, by

increasing the temperature from 25°C to 37°C, it undergoes a

40



phase transition from a gel phase to a sol phase. As a result
of this process, 1 mL sample of the microbial suspension is
recovered inside the capturing device 100’, i.e., within a space
that is formed by the vessel wall 103’ and the filter 104.

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 pL) (herein after, all the
processes of adding the reagent by a dispenser are carried out
in the same manner, and the detailed process including returning
process and the like is simply described as “dispensing”). The
capturing device holder 122 having the capturing device 100
is returned to the upper region of the grid plate holder 123,
and also the grid plate holder 123 having the sterilized grid
plate (not shown) is returned to the upper region so that it
can fit into the filter 104 located below the capturing device
100’ and the grid plate to form the filtration apparatus. By
keeping the apparatus for 30 minutes in this state, ATPs not
originating fromtheviablemicrobesareeliminated. Asaresult
of this process, 1.03 mL of the reaction liquid, from which ATPs
not originating from the viable microbes are eliminated, is
obtained inside the capturing device 1007.

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

and filtrated from grid plate of the filter 104 to the waste
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trap 142 via the electronic valve 141. Upon the completion of
the filtration, the suction apparatus is allowed to stop and
the bottom surface of the filter is brought back to atmospheric
pressure. As a result of this process, the capturing device
100’ having the filter 104 in which the viable microbes in the
reaction liguild 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 i1s located below the capturing device 100’ is detached
from the grid plate, resolving the filtration apparatus.

With respect to the process (e) of extracting ATP, 100
pL of the ATP extracting reagent i1s added to the top 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 filtraﬁion occurs. Further, since the bottom
surface of the filter is not in contact with the grid plate,
the ligquid stays on the filter 104 via surface tension. As a
result of this process, 100 uL of a sample solution comprising
the ATP, which has been contained in the viable microbes, are
obtained on the filter.

With respect to the process (f) of recovering ATP, 30 uL
of the sample solution is taken by using the pipettor for
recovering ATP (126). As a result of this process, 30 pL out
of 100 puL 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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solution is 0.3.

Before the process (g) of determining ATP, to the test
tube installed in the test tube holder 128 0.2 mL of the ATP
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 amcl of ATP, the luminescence output is measured in
the same manner for the standard sample. Subsequently, with
the same procedure as the first embodiment, the effective
luminescence output and the sensitivity of the standard sample
are obtained.

With respect to the process (g) of determining ATP, 30
ul. of the recovery solution is further added to the test tube
comprising the ATP luminescent reagent by using the pipettor
for recovering ATP (126), and then the luminescence output of
the sample is measured in the same manner. Subsequently, with
the same procedure as the first embodiment, the effective
luminescence output of a sample, ATP amount in the recovery
solution, the ATP amount comprised in the viable microbes of
the sample, theaveragecount of theviablemicrobes inthe sample,
and the average count of viable microbes comprised in a unit
volume of a gas sample are obtained. Asa result of thisprocess,
the ATP content in the sample solution is measured.anq.the test
result isobtainedin terms of the count of the air-bornemicrobes
per unit volume.

The biggest difference between the present second

embodiment and the first embodiment is whether or not the
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processes from the process (b) of recovering the microbes to
the process {(g) of determining ATP are automated. Thus,
according tothe secondembodiment, inadditiontothe same effect
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, except that
as a thermosensitive resin material for the capturing carrier
102 of the capturing device 100 a synthetic polymer is used.

The thermosensitive resin material used for the present
embodiment 1s a synthetic polymer which undergoes a phase
transition between gel and sol near the room temperature.
Following two types of materials are compared to each other.

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

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

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

Company, p.370, 2006) is used for the present invention.
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After preparing the capturing carrier 102 comprising 4%
by weight of the above described two types of a syntheticpolymer,
it is subjected to sterilization by autoclave at 120°C for 20
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, whether or
not the synthetic polymer which experienced a condition change
from 15°C to 37°C can go back to the original state of 15°C when
the temperature is brought back to 15°C is followed. As it is
indicated in Fig. 10, MB-10 is in a gel or a sol phase under
the condition of (2) and (3), respectively, and this process
follows the phase transition in accordance with the definition
of LCST (i.e., a sol below the transition temperature and a gel
above the transition temperature).

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

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

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

considered that NAGAm/MBPDA i1s faveorable than MB-10. Such
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results are observed when the concentration of NAGAm/MBPDA is
in the range between 1% and 10% by weight.»

Next, the filtrationpropertyof NAGAmM/MBPDA is evaluated.
For the evaluation of the filtration property, the capturing
carrier 102 is heated to 37°C to transform into a sol phase and
the pressurizing filtration (i.e., filtration under positive
pressure) using a syringe filter having the pore diameter of
0.45 um, or, the de-pressurizing filtration (i.e., suction
filtration, or filtration under negative pressure) using a
membrane filter having the pore diameter of 0.45 um are carried
out. As a result, although the pressurizing filtration was
possible, the de-pressurizing filtration couldnot be performed
when NAGAm/MBPDA was present as it is (i.e., a sol phase in 4%
by weight) .

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

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

-

the present invention, and inparticular, the capturing carrier
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102 which contains 1% to 10% by weight, more particularly about
4% by weight, of NAGAm/MBPDA represents the UCST of between 15°C
and 37°C, and thus can be preferably used.

The biggest difference between the present third
embodiment and the first embodiment is that, byusinganapparatus
which can set the temperature at 15°C for the process (a) of
the capturingmicrobes, the temperature of the capturing carrier
102 is adjusted to 15°C to transform it into a gel phase and
then the microbes are captured, and for the filtration process
(d) the filtration is carried out following the dilution of the
capturing carrier 102 in a sol phase or the pressurizing
filtration is carried out without any dilution.

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

<Summary of the first to the third embodiment>

The capturing device of the present invention can collect
air-bornemicrobesbyusingagelphase capturingcarrier. Thus,
the capturing property i1s equivalent to that of a capturing
carrier of prior art. Inaddition, since the capturing carrier

is subjected to a phase transition to a sol phase and then used

47



as it is or after the dilution if necessary, it can be handled
practically in the same manner as the microbial suspension.
Conseqguently, a process of taking out the microbes from the
capturingcarriercanbeomitted, andtherefore 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 temperaturecondition for the capturing
and the recovery of themicrobes ismild (15°C to 37°C), a problem
associated with the damage or loss of the microbes by heat does
not occur. As a result, achievement of a very high recovery
rate 1s also expected.

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 of changing the temperature and the

dilution, variouseffects 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 obtained.

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

Still further, the credibility ishigh since the influence

by water-soluble or small-sized contaminants can be excluded.
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As such, there is an advantage that determination of the microbes
can be carried out in a highly sensitive, highly accurate and
an automated way. In addition, the measurement accuracy and
sensitivity are high for testing the air-borne 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 cf the present embodiment, the capturing apparatus
that is the same as the one used for the first to the third
embodiment (Fig. 2) 1s appropriately used.

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

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

such as air-borne microorganisms and the like are captured by



the gel phase polymer due tocollision causedbyaninertia force.

The capturing device 100, which consists of the capturing
carrier 102 and the vessel 103, is supported by the holder 113.
Between the ocuter surface of the holder 113 and the inside wall
of the lower member 111b, a gap is formed. Thus, the air flowing
in a horizontal direction after colliding with the capturing
carrier 102 passes through the gap and filows downward, and then
eventually released through the exhaust duct 117.

At the bottom part of the holder 113, the temperature
controlling apparatus 114 is installed. This temperature
controlling apparatus 114 is controlled to heat the capturing
carrier 102 to the temperature of phase transition with high
accuracy. Inaddition, aheatingmeans for thecapturingcarrier
102 is not limited to a heater, and any apparatus which is capable
of heating the capturing carrier 102 to the temperature of phase
transition can be used. For example, surrounding the capturing
carrier 102 a jacket may be installed to have hot water flow
around the carrier, or air which is sucked in through the air
section nozzle 112 may be heated.

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

microorganisms canbe captured in the gel phase capturingcarrier

102.
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After the capturing, the capturing carrier 102 is heated
to the phase transition temperature of the polymer by the
temperature controlling apparatus 114. As-a result, having
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 reagent to microorganisms
and carrying out a reaction thereof can be performed in the
capturing carrier 102, which can save the process required for
the subsequent test apparatus.

The microorganisms are recovered in the vessel 103 o

=h

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

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

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



Citrobacter freundii, Pseudomonas aeruginosa, Serratia
marcescens and the like.

For the capturing carrier 102 of the fourth embodiment,
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
pheosphatase, hexockinase, adencosine triphosphatase, and
adenosine phosphate deaminase is used. Further, as a
germination inducing factor, for example, an amino acid or
L-alanine is used. When L-alanine is used as a germination
inducing factor, it is preferably used in an amount of 25 mM
or more, since if its concentration is too low compared to the
polymer, germination inducing activity for a spore-forming
bacteria becomes insufficient. On the other hand, i1f the
concentrationistoohighagel havingsufficient strength cannot
be obtained. As such, the concentration is preferably 100 mM
or less.

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

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

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

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

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

pH 7.2 by Invitrogen Co.),



50 mM L-Alanine (L Alanine (1007-1 M) by Kanto Chemical
Corporationj,

In addition, as to the size of the capturing carrier 102,
the one having the diameter of ¢40 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 controclled so
that the capturing carrier 102 can be maintained at the
temperature of between 30°C and 37°C for 30 minutes or more.
When the heating temperature is lower than 30°C, germination
may not occur even after heating for long time, and therefore
ATP cannot be extracted from the spore-forming microbe. On the
other hand, when the heating temperature is higher than 40°C,
cell death due to an increased amplification activity under a
nutrient deficient environment or inactivation by heat itself
can be caused, depending on the subject bacteria.

Next, a method for capturing and testing which is carried
out using the capturing apparatus 111 according to the fourth
embodiment as described in the above i1s explained in view of
Fig. 11.

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

microorganisms which have been captured in the capturing carrier
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102 are suspended in a solated polymer and then recovered, and
at the same time an ATP eliminating agent and a germination
inducing factor are eluted from the polymer, thus a process of
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 and the process of
inducing germination are completed, the microorganisms are
recovered in the vessel 103 by filterting treatment (Step S3).
The vessel 103 is set in a measurement apparatus (not shown),
and the ATP extracting agent is added to this measurement
apparatus (Step S4). TheATPextractingagent isa reagent which
can lyse the cell membrane of viable microbes to extract the
ATPs contained inside the cells. For example, a surfactant,
trichlorocacetic acid (TCA), Tris buffer sclution, ethanol, a
lytic enzyme having a protease activity and the like are used
as the ATP extracting agent. That is, as the cell membrane of
the microorganisms is lysed by the ATP extracting agent and the
ATPs contained inside the cells are extracted, the measurement
of ATP becomes possible. Consequently, a luminescent reagent
is added (Step S5) and by aligquoting its reaction solution the
luminescence output is measured (Step S6). The measurement of
luminescence outpuﬁ is carried out by comparison with the
luminescence output of a standard sample, for example, using

a luminometer (Berthold Detection Systems, type FRBL2). The



measured luminescence output is converted to the ATP amount,
which is then again converted tomicrobial cell count (Step S7).
Thus cbtained amount of themicroorganisms represents the amount
of every viable microbes including spore-forming microbes.

Accordingtothepresent 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
reagents that have to be added to a measurement apparatus can
be reduced. As a result, efforts and time reguired for the
measurement 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
empodiment, they can be provided for the measurement apparatus
for the next step so that Step S2 and the remaining steps can
be carried out within the measurement apparatus.

(The fifth embodiment)

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

luminescent reagent are sequentially added and then the
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luminescence output is measured. That is, for the flow shown
in Fig. 11, “process of the germination inducing” of Step S2
is carried out between Step S2 and Step S3.

Accordingtothe fifthembodiment, byheatingthecapturing
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 eliminating agent
in the measurement apparatus can be saved.

{The sixth embodiment)

For the capturing carrier 102 of the fifth embodiment,
only the germination inducing factor is contained in a gel phase
polymer. 1In addition, for a subseguent measurement apparatus,
the ATP eliminating agent, the ATP extracting agent and the
luminescent reagent are sequentially added and then the
luminescence output is measured. That is, for the flow shown
in Fig. 11, “process of the ATP eliminating” of Step S2 is carried
out between Step $S2 and Step S3.

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

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

capturing carrier 102 and at the same time the germination
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inducing factor is added thereto. Therefore, efforts and time
regquired for adding the germination inducing factor in the
measurement apparatus can be saved.

(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 sol are laminated on top of esach
other. The upper side polymer (i.e., the side for capturing
microorganisms) of these two types of polymers has a lower phase
transition temperature comparedtothat of the lower side polymer,
and as a result, under heating it undergoes a phase transition
to a sol faster than the lower side polymer. In addition, the
upper side polymer contains the ATP eliminating agent and the
germinationinducing factorwhile the lower sidepolymer contains
the ATP extracting agent.

In addition, as to the capturing apparatus 111 according
totheseventhembodiment, the temperaturecontrollingapparatus
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 microocrganisms
are captured in the upper side polymer of the capturing carrier
102. When these microorganisms are recovered, the capturing
carrier 102 is first heated to the phase transition temperature

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



polymer remains in a gel phase, only the upper side polymer
undergoes a phase transition to a sol phase. BAs a result, at
the same time the microorganisms are recovered from the upper
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.

Next, the capturing carrier 102 is heated to the phase
transition temperature of the lower side polymer. By doing so,
the lower side polymer undergoes a phase transition to a sol
phase and the APT extracting agent is eluted. As a result, the
ATP extracting agent is added to the microorganisms, causing
the degradation of cell membrane of the microorganisms and the
ATPs contained in the microorganisms are extracted.

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

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

(The eighth embodiment)
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For the capturing carrier 102 of the eighth embodiment,
three kinds of polymers having a different phase transition
temperature between a gel and sol are laminated on top of each
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 & phase transition to a
sol faster than the lower side polymers. In addition, the
uppermost side polymer contains the ATP eliminating agent, the
middle layer polymer contains the germination inducing factor,
and the bottom side polymer contains the ATP extracting agent.

In addition, as to the capturing apparatus 111 according
to the eighth embodiment, the temperature controlling apparatus
114 for heating the capturing carrier 102 is constructed so as
to control the temperature in three steps. Specifically, it
is constructed to control the temperature with the phase
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 captured in the uppermost side polymer of the capturing
carrier 102. When these microorganisms are recovered, the
capturing carrier 102 is first heated to the phase transition
temperature of the uppermost side polymer. By doing so, while
the middle layer and the bottom side polymers remain in a gel
phase, only the uppermost side polymer undergoes a phase

transition to a socl. As a result, at the same time the
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microorganisms are taken out of the uppermost side polymer, the
ATP eliminating agent is eluted from the uppermost side polymer
to eliminate the free ATPs. Then, the microorganisms of which
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 factor is eluted from the middle
layer polymer and added to the microorganisms, causing the
germination of the microorganisms.

Next, the capturing carrier 102 is heated to the phase
transition temperature of the bottom side polymer. By doing
s0, the bottom side polymer undergoes a phase transition to a
sol phase while the ATP extracting agent is eluted. As a result,
the ATP extracting agent is added to the microorganisms, causing
the degradation of cell membrane of the microorganisms and the
ATPs contained in the microorganisms are extracted.

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

According to the eighth embodiment, because three kinds
of polymers having a different phase transition temperature are
laminated and a different kind of reagent is contained in each
polymer, multiple reagents can be added in a specific order to
thecapturingcarrier102bycontrollingthe heatingtemperature.

As aresult, astepof addingmultiple reagents in the measurement
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apparatus can be omitted, thus the efforts and time reguired
therefor can be drastically reduced.

Furthermore, according to the seventh and the eighth
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 to the eighth embodiments described above, other
reagents such as the luminescent reagent can be contained in
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, itcanbeconsideredthat thecapturing
carrier 102 is placed on top of a f£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 pum and the like can be used.

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

alir~borne microorganisms.
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Furthermore, although the above described embodiments are
related to the use of apolymer which undergoes a phase transition
by heating, other polymers that undergo a phase transition by
a different factor can be also used. For example, a polymer
which undergoes aphasetransition fromagel toa solbyachemical
inert to the microorganisms can be used.

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

Furthermore, when multiple polymer layers are laminated
as the above seventh and the eighth embodiments, the components
of the lower polymer layer can be included in a thermosensitive
microcapsule and the resulting microcapsule is dispersed and
embedded in the upper polymer layer. Specifically, when the
polymer layers are numbered in an order of phase transition and
there are n layers, the components of the (n+1) ™ layer can be
comprised in a thermosensitive microcapsule and the resulting
microcapsule can be dispersed and embedded in the n*™® layer.
By doing so, contact area and mixing ratio between them can be
improved.

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

mixing and reacting the particulates by shaking them with an
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aid of external magnetic field. Specifically, when the polymer
layers are numbered in an order of phase transition and there
are n layers, the magnetic particulates of which surface is
immobilizedwith the components of the (n+l) *® layer canbe placed
inthe interface regionwiththe n®™ layer, followed by subjecting
the n™ layer to a phase transition to a sol phase and mixing
and reacting the particulates by shaking them with an aid of
external magnetic field. 1In this case, since a control means
other than the temperature condition is employed, an accuracy
of the contrel can be improved.

Preferred concentration, reaction temperature and
reaction time of a germination inducing factor were obtained
by an experiment. For this experiment, to fungus liquid
comprising spores of Bacillus subtilis, L-alanine was added as
a sanple in advance. To an aliguot of the resulting mixture,
an ATP eliminating agent was added. After 30 minutes, an ATP
extracting agent was added and with an aliquot of the resulting
mixture a luminescence measurement was carried out.

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

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

increases with Ala concentration. When Ala concentration was

63



25 mM or more, the luminescence output was stabilized. That
i1s, when Ala concentration was 25 mM or more, cells can
sufficiently sporulate and ATPs can be extracted. As such, it
was found that the Ala concentration is preferably 25 mM or more.
However, whenAlaconcentrationistoohigh, agelwithsufficient
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 results are shown in Fig. 13. As it can be
seen from Fig. 13, the germination of a spore-forming microbe
is facilitated and the luminescence output increases at higher
reaction temperature with L-alanine. In particular, at the
temperature of 30°C or higher, the luminescence output
dramatically increased. However, after reaching its peak at
40°C, the luminescence output starts to decrease at higher
temperatures. Further, although not shown in the figure, when
the treatment temperature is more than 40°C the bacterial cells
slowly start to die. As such, it is preferable that the
temperature for the reactionwith L-alanine is from 30°C to 40°C.
Thus, for eluting the spore-~forming microbes by heating the
capturing carrier 102, the temperature is preferably between
30°C and 40°C.

Next, for each reaction temperature, change in the
luminescence ocutput with time was investigated. The results
are shown in Fig. 14. As it can be seen from Fig. 14, when the

reaction temperature was 35°C, the highest peak was obtained
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after 30 minutes. Therefore, when the reaction temperature is
35°C, the reaction time is preferably 30 minutes or more.

As it is clear from the above described description, the
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 15°C and 40°C.

2. The capturing carrier of the above invention 1,
characterized in that the capturing carrier comprises alcohols
having no bactericidal activity.

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

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

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

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

7. The capturing carrier of the above invention 1,

characterized in that the polymer is NAGAm/MBPDA and the

65



NAGAmM/MBPDA is comprised in an amount of 1% to 10% by weight
compared to the capturing carrier.

8. The capturing carrier of the above invention 1,
characterizedin that the capturingcarrier consists of apolymer
which is in a gel phase at the time of capturing microorganisms
but undergoes a phase transitiontoa sol phase at the temperature
of 40°C or less under heating, and by containing a test reagent
inthepolymer thetest reagent iseluteduponthephasetransition
from a gel phase to a sol phase. According to the present
invention, since the polymer consisting of the capturingcarrier
is in a gel phase at the time of capturing microorganisms, the
alir-bornemicroorganisms canbe 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
canbe easlilyrecovered 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 to a sol phase, the test reagent can
be added to the microorganisms at the same time they are taken
out fromthe capturingcarrier. Assuch, accordingtothepresent
invention, the processes of recovering the microorganisms from
the capturing carrier, and adding the test reagent thereto can
be carried out simultaneously. In summary, by using the
capturing carrier of the present invention, the processes of
capturing the air-borne microorganisms, taking out the

microorganisms from the carrier, and adding the test reagent
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theretc can be done so that processes from capturing to testing
of the air-bornemicroorganisms canbe done conveniently in short
time.

9. With respect to the invention of the above invention
8, the test reagent i1s 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
anapplicationof thepresent inventioneffortsandtime required
for the process from capturing to testing of the microorganisms
can be dramatically reduced.

10. With respect to the invention of the above invention

9, the reagent is characterized in that it is an ATP eliminating

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,
free ATPs existing outside the cell body of viable microbes can
be removed. Thus, according to the corresponding invention 10,
theprocessesof recoveringthemicroorganisms fromthe capturing
carrier, and removing the free ATPs can be carried out
simultaneously.

1l. With respect to the invention of the above invention
10, the ATP eliminating agent i1s characterized in that it
comprisesat least one selected fromagroupconsistingofapyrase,
alkaline phosphatase, acidic phosphatase, hexokinase,

adenosine triphosphatase, and adenosine phosphate deaminase.

67



12. With respect to the invention of the above invention
9, the test reagent is characterized in that it comprises an
ATP extracting agent which can extract the ATP originating from
the microorganisms. According to the present invention, when
the microorganisms are recovered in accordance with a phase
transition of the capturing carrier from a gel to a sol, the
ATP 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
recovering the microorganisms from the capturing carrier, and
performing the lysis of cell membrane of the viable microbes
can be carried out simultaneously.

13. With respect to the invention of the above invention
12, the ATPextractingagent ischaracterizedinthat it comprises
a surfactant, trichloroacetic acid (TCA), tris buffer, ethanol,
a lytic enzyme having a protease activity and the like.

14, With respect to the invention of the above invention
9, the reagent 1is characterized in that it is a germination
inducing factor which induces germination of a spore-forming
microbeorsporesofaplant. Accordingtothepresent invention,
when the microorganisms are recovered in accordance with a phase
transition of the capturing carrier from a gel to a sol, the
germination inducing factor is eluted and added thereto. As
such, by inducing germination of a spore-forming microbe or
spores of a plant, cells can be transformed into a general state
for which all the reactions of the ATP method can easily occur.

Thus, according to the invention 14, the processes of recovering
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the microorganisms from the capturing carrier, and inducing the
germinationof cell membrane of a spore~-formingmicrobe or spores
of a plant cell can be carried out simultaneously.

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 lamination of multiple polymers which have a
property of undergoing a phase transition from a gel phase to
a sol phase and have a different phase transition temperature.
According to the present invention, since the capturing carrier
is constructed by lamination of multiple polymers which have
a different phase transition temperature, by controlling the
heatingtemperature, apolymerwhichundergoesaphasetransition
from a gel to a sol can be selected. Thus, by changing the test
reagent for each type of the polymers, the test reagent for
addition can be also selected.

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

germination inducing factor, and an ATP extracting agent are

69



comprised in the order. According to the present invention,
when the heating temperature for the capturing carrier is
increased, fromthe side towhich themicroorganisms are captured
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 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 from capturing to testing.

19. With respect to the invention of the above invention
17,thenmltiplepolymersa:echaracterizedinthattheyconsist
of two layers and the polymer located on the microorganism
capturing side has lower phase transition temperature compared
to the polymer on the other side and in the polymer located on
the microorganism capturing side an ATP eliminating agent and
a germination inducing factor are comprised while in the polymer
ontheother sideanATPextractingagent iscomprised. According
to the present invention, when the heating temperature for the
capturing carrier is increased, starting from the side to which
the microorganisms are captured the polymer undergoes a phase
transition from a gel to a sol. As such, at the same time the

capturedmicroorganismsaretakenout fromthecapturingcarrier,
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the ATP eliminating agent and the germination inducing factor
areelutedandaddedtothemicroorganisms followedby theelution
and addition of the ATP extracting agent. Thus, according to
the present invention, all the processes of recovering the
microcorganisms 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
carriedoutbyasinglecapturingcarrier, resultinginadramatic
increase in the efficiency for the processes from capturing to
testing.

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

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

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

23. The analysis system of the above invention 22,
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characterized in that the temperature controlling apparatus can
switchtheheatingandthecoolingof the capturingcarrierbefore
and after the introduction of air flow to the capturing carrier.

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 gridplate
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 transformed
into a sol by the temperature controlling apparatus.

25. The metho& for capturing and testing air-borne
microorganisms of the present invention is characterized in that
it comprises steps of capturing microorganisms by which the
air-borne microorganisms are captured in a capturing carrier
by spraying air comprising air-borne microorganisms to the
capturing carrier which consists of a polymer in gel phase and
contains a test reagent, and recovering and adding by which the
capturing carrier is heated at the temperature of 40°C or less
for a phase transition 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. According to the present invention, the processes of
recovering the microorganisms from the capturing carrier and
the process of adding the test reagent to them can be carried

out simultaneously, resulting in simplification of the
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operational process and shortening of the operation time.
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What is clamed is:

1. A capturing device for capturing air-borne
microorganisms, which is characterized in that it comprises a
capturing carrier comprising a polymer which undergoes a phase
transition between a gel and a so0l in the temperature range
between 15°C and 40°C, and a wvessel to contain the capturing
carrier,
wherein an ATP eliminating agent is mixed in the polymer.

2. The capturing device according to Claim 1, which is
characterized in that a filter is comprised at the bottom of the

vessel.



