LUMINESCENCE MEASURING APPARATUS AND MICROBE COUNTING APPARATUS
BACKGROUND OF THE INVENTION Field of the Invention 5[0001]The present invention relates to a
luminescence measuring apparatus for detecting, at high sensitivity and high accuracy,
chemoluminescence and bioluminescence of a substance contained in a sample. The present
invention also relates to a microbe counting apparatus based on luminescence detection of ATP in a
viable microbial cell. Background Art 10[0002]With the development of genetic engineering, tissue

engineeiinABREHCCERHISA RANECA BELIDRIRRY A0A IGHEREIENSITRARNS £BBRINGrisgeneration
and reconstruction of organs that make use of biological tissue and cultured cells are being developed.

With the development of cell therapy and regenerative medicine, research and development of
biopharmaceuticals containing cells in a final product are in progress. The importance of guaranteed

sterility BA& GRarmepeoticail fNiefthsiexremely high. In the food field as well, peace of mind and

safety consciousness of consumers rises in response to the enforcement of the Hazard Analysis

Critical feRtrghait LHACCP) system and successive accident reports in recent years. There are an

increasing number of food factories that regard sterilization of kitchens and manufacturing lines as

im%ortw%ww a biologjcal cleanroom, it is important to grasp a microbe contamination state of the
iron
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[0004]In the aiibor microbe monitoring, the a?i{ IS brou%ht into, collision against the solid surface of an

agar cultuFa iU 15 5TERE KB alh o RIS Qath PREFEPE oFRAISH En ISR C83fchrThation
degree Isnevaluaieddssiaipa A liPrganziie ehlzycbiilgeing the collected microbes for a 25 few days and
counting colonies formed on the agar culture medium. The number of attached microbes is also
evaluated Ry.ealenxgount using a culturing method same as that for the evaluation

10 [0002]  With the development of genetic engineering, tissue engineering, and basic medical
science, cell therapy and regenerative medicine enabling regeneration and reconstruction of organs
that make use of biological tissue and cultured cells are being developed. With the development of
cell therapy and regenerative medicine, research and development of biopharmaceuticals containing
cells in a final product are in progress. The importance of guaranteed sterility in the pharmaceutical

15 field is extremely high. In the food field as well, peace of mind and safety consciousness of
consumers rises in response to the enforcement of the Hazard Analysis Critical Control Point
(HACCP) system and successive accident reports in recent years. There are an increasing number

of food factories that regard sterilization of kitchens and manufacturing lines as important.

[0003]  In a biological cleanroom, it is important to grasp a microbe contamination state of the
20 indoor environment, i.e., monitor the number of microbes floating in the air (airborne microbes) and

the number of microbes present on the surfaces of equipment in a facility (attached microbes).

[0004] In the airbome microbe monitoring, the air is brought into collision against the solid
surface of an agar culture medium to collect microbes using an air sampler (a collision method). A
contamination degree is evaluated using a culturing method by culturing the collected microbes for a
25 few days and counting colonies formed on the agar culture medium. The number of attached
microbes is also evaluated by colony count using a culturing method same as that for the evaluation
of the airborne microbes. However, a collecting method is different. For example, a method of

scraping and collecting a check place with a cotton swab or a gauze and forming a suspension of the
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of the airborne microbes. However, a collecting method is different. For example, a method of scraping
and collecting a check place with a cotton swab or a gauze and forming a suspension of the check
place and then inoculating the suspension into the agar culture medium, or a method of directly closely
attaching the agar culture medium to the solid surface, which is the check place, and transferring a
contaminated place is used. The airborne and attached microbes to be evaluated are bacteria such as
E. coli, staphylococci and Bacillus subtilis, and fungi such as mold and yeast (the Sbacteria and the

fungi artPRerdRsHENd heR hary rbRg g fITSHIRtJIBE She . cBBRMed R oA e tisdgd of
manufagitding drediiyacleans efs:panoae e RBcHes thiydNeeisal GRRATRAR indaopiaayirgament set

by the pharmacopoeia are applied. The pharmaceutical manufacturing facility is required to keep less
than on‘é%%ﬁﬁ%?&@ﬂ?@ﬁ@%@%%in&%ﬂﬁﬂ%eﬁ% Htashssvpisrobsh & drtrebitethdkeep less
than 10paddidnsachegion aRubipReRIe aabBatiIdOsHiHsISALIL FERIESENHRAIAEINRbaKOT Vviable
microbial cells (vi tEle cells). Concerping cleanness management for attached microbes, there are

% g&B é’l}f{a b iy s trisbi afrisinby aheeieproducibility. Therefore,

many facilities implement self-imposed controls. A public standard and the like are not established yet.
Concertfifgbsterile apberniperntial coanidatimangrialtye grmestonaticgemennuitecia fimdblalciitsal there is
also a qlpanness ininanagersntstandatd sl by, the. cQpoeia;: Standard water for injection
needs to be managed at less than 10 CFglloob%)L Tﬁ%l(}?é%%lr%g m%ﬁ%i(%t' is %@gdp\%%ag:t‘gé Ing.

[0006] ABasshisivdre dpaliey, isainedrin deselersdhiant heermadmebielusl (CIRE: idrolyd’ covingrignitethod

and is gmetied Aareiked P heRhArMAceRgeias HawswerHn the Pégﬂ;gi %m&ﬁgggafbgag&%{. culture

medium is cultured in a constant temperature’ machine for two to three days or, epending on a type

of & midrbbialcallwr represpitivge orys aher toé Hablpanisrganleralisd(viionisstis)vistatigeosunted.
TherefqiRaihiakamPe 1P RIPIRRHE M e robes, there are many problems in a testing technique such as

a collection efficiency and reproducibility. Therefore, many facilities implement self-imposed

conirols. A public standard and the like are not established yet. Conceming sterile water
(pharmaceutical water) in the pharmaceutical manufacturing facility, there is also a cleanness
15 management standard set by the pharmacopoeia. Standard water for injection needs to be managed

at less than 10 CFU/100 mL.  The culturing method is used for the testing,

[0006]  As explained above, the culturing method is the mainstream of the microbe counting
method and is a method described in the pharmacopoeia.  However, in the culturing method, the
agar culture medium is cultured in a constant temperature machine for two to three days or,
20 depending on a type of a microbial cell, for ten or more days and the number of generated colonies is

visually counted. Therefore, it takes time to obtain a result.

[0007]  Because of such a background, development of a quick measuring method for
contamination monitoring is desired. There are, for example, a method of detecting metabolism

activity in growth of viable cells and a method of detecting a microbe as light using protein in the
25  microbial cell.

[0008]  As a technique for detecting metabolism activity, there are, for example, an impedance
method, a coloring method, and an oxygen electrode method. A change in a culture medium
component during a microbial growth process and/or a breathed oxygen amount of microbes are

measured. Therefore, culture is necessary for a short time. It takes about a half day or one day to



[0007]Because of such a background, development of a quick measuring method for contamination
monitoring is desired. There are, for example, a method of detecting metabolism activity in growth of
viable cells and a method of detecting a microbe as light using protein in the 25microbial cell. [0008]As
a technique for detecting metabolism activity, there are, for example, an impedance method, a coloring
method, and an oxygen electrode method. A change in a culture medium component during a

microbial growth process and/or a breathed oxygen amount of microbes are measured. Therefore,
culture REressawior Bepdionimrasitiviikels sthout d WalE bRy off bneswwifivdyolstansefiieisolt fetection

SenSitiVHﬂpi%Mﬁh%e%%s%%%ﬂ%ﬁM&éﬁsQ%{ﬁgﬁ{mcﬁﬂ&iﬁﬁﬁon in a cleanness management

level set’in the pharmacopoeia. [0009]On the other hand, in a method making use of fluorescent
stainin orescernce scattering for detecting light using pxatein in a microbial cel| (a fluorescent
methogst?fgtggfé an éna engtglle eﬁ%%égp%gfs R&ﬂ%‘%&ﬁ%&cﬁ%‘%&sﬁ?&%ﬂn@ﬂ& Igﬁ‘nlh{?fga‘frﬁeculturing
processistisningcéssdetecinerifbraysinpepritedanibe ahkaviea withi(aofieohaninehadiod) timé taquired for
sample preparation..If a mjcr optamination state can.b sped within one hour, a check and
merglsuréasr?%%sn e?ﬂ%%?s ﬁ%{ﬁtggm a? ]Iﬁgr}]‘lem%%g%%cr%dﬂ%%g?%c%gﬁd%ﬁgﬂ\%er%&i]%ge\%ﬁcﬁﬁriﬁg a work
shift of maecssatyringhirefoexpe ctedithan ehsafbiyimdvdddment $ystemchrthg shipraenitd sistem are
remarkably improved, [0010]In the fluorescent staining method, cell. membranes, nucleuses, and the
like are S:g{g r%%gr\e/\ﬁ?ﬁ%og}'ainghaa%ﬁﬁogeffggf%%%}eaﬁtogusb&é%ﬁgé %%fc?‘mer%i nme%sgg%ﬁ?%%g}g’ t%(é?%%%? %lllr(g counted
using arflecressean cropbopattsed P [Batend Bubtidatiadin(kokai) N onR607dBA945Enl tdieipgssible to
visualizg SR £ Sl RE AL eN e A Udngh Bl PRIR SIS AN AR AL DR INGRiR Ry en

10 system are remarkably improved.

[001G] In the fluorescent staining method, cell membranes, nucleuses, and the like are stained
with a stain having a fluorescent substance and luminescent spots thereof are counted using a
fluorescent microscope (see JP Patent Publication (Kokai) No. 2007-60945). It is possible to
visualize microbial cells one by one and distinguish viable cells and killed cells. In principle, even
15  a microbial cell that lives in the environment but can not be cultured (Viable but Nonculturable:
VBNC) can be detected. Therefore, the fluorescent staining method can also be considered a
technique with higher accuracy concerning the cell count than the culturing method.  In recent years,
not only a function of counting the number of airbome particulates but also a particle counter with a
high function that can detect scattering of fluorescence emitted when a laser beam in an ultraviolet
20 region is irradiated on particulates is developed (see WO 2008/105893 A). It is possible to detect
the presence of protein used in cellular metabolism, distinguish airborne particulates as abioses and
microbes, and count microbial cells one by one in real time. However, in the fluorescent method in
general, false luminescence and fluorescence scattering deriving from dusts such as plastic chip,
aluminum, soil particles are counted as microbial cells by mistake. Fluorescent substances non-
25 specifically attaching to impurities other than microbial cells in staining are counted. Therefore,

there are problems in accuracy and reproducibility.

[0011]  Subsequently, in the ATP method, the number of ATPs in a cell can be converted into an
amount of light and measured based on a luminescent reaction of a firefly.  As the principle of the

ATP method, substrate luciferin and ATP molecules are captured into a luciferase enzyme and a



15 a microbial cell that lives in the environment but can not be cultured (Viable but Nonculturable:
VBNC) can be detected. Therefore, the fluorescent staining method can also be considered a
technique with higher accuracy concerning the cell count than the culturing method. In recent years,
not only a function of counting the number of airborne particulates but also a particle counter with a
high function that can detect scattering of fluorescence emitted when a laser beam in an ultraviolet 20

region is irradiated on particulates is developed (see WO 2008/105893 A). It is possible to detect the
presend@¥PHISHRSH R AChf imnbenRdediyniRinstonituifeinp srreitions e apisxdshind

m'CVOb%ﬁt@ﬂ%@W@@%ﬁﬂFt@% ByhQnadoreat 8 THEWRNEE.iadhe fluorescent method in
general, false luminescence and fluorescence scattering deriving from dusts such as plastic chip,

aluminum, soil particles are counted as microbial cells by mistake. Fluorescent substances non-
25speciiipally attagiMngiisessities@iier than microbial cells in staining are counted. Therefore, there
are_problems in accuracy and reproducibility. [0011]Subsequently, in the ATP method, the number of
ATPs in a ceII ca be converted,into an amount of light and measured based on a luminescent
reaction of a f|re1L RS th prit€iple of the ATP method, substrate luciferin and ATP molecules are
captured into a quferase enz me and a luminescence amount at the time when oxidized luciferin
(oxyluciferin) tISTidNERBRIRATEASEY state to a ground state according to the consumption of the Al

Ps is measuregy[08istAT Brbdr dusi@sin + oxygen 5 luciferasemg2+ AMP + pyrophosphoric acid +
oxyluciferin + carbon dioxide 10light [0013]At this point, the consumption of one molecule of A II-'

corresponds to the generation of one photon. Therefore, the number of generated photons is
proportional to the numhgihef ATPs. In viable cells, A IF molecules in attomole (amol = 1048 m 00
order are present as an energy source. 15Therefore, it is possible to estimate a total number of viable
cells contained in a measurement sample.

[0013] At this point, the consumption of one molecule of ATP corresponds to the generation of
one photon. Therefore, the number of generated photons is proportional to the number of ATPs.
In viable cells, ATP molecules in attomole (amol = 107® mol) order are present as an energy source.

15 Therefore, it is possible to estimate a total number of viable cells contained in a measurement sample.
Further, since quantum efficiency (@pr: =~ 0.5) of the luminescent reaction is most excellent in
bioluminescence and chemoluminescence, it is possible to detect one cell as photons equivalent to
several hundred thousands. It is possible in principle to detect light equivalent to one cell in the
luminescent reaction. Compared with the fluorescent method, in the ATP method, dust other than a

20 biological substance is not detected as light. Therefore, the ATP method is an effective method
with high accuracy.

[0014] A standard procedure for measuring standard ATP luminescence in viable cells is briefly
explained below. The procedure contains the following three steps:
(1) removal of extraneous ATP molecules by an ATP degrading enzyme;
25 {2) extraction of ATP molecules from viable cells by a surfactant; and
(3) bioluminescent reaction of the ATP molecules extracted from viable cells and a

luminescent reagent.

[0015]  In the method of removing extraneous ATP molecules of (1), physical processing using a
membrane filter having a pore with diameter disallowing microbial cells to pass and allowing ATP

30 molecules to pass may be performed. For example, since the ATP molecules adhere to fibers of the



Further, since quantum efficiency (rDBL: 0.5) of the luminescent reaction is most excellent in
bioluminescence and chemoluminescence, it is possible to detect one cell as photons equivalent to
several hundred thousands. It is possible in principle to detect light equivalent to one cell in the
luminescent reaction. Compared with the fluorescent method, in the ATP method, dust other than a
20biological substance is not detected as light. Therefore, the ATP method is an effective method with
high accuracy. [0Q14]A standard procedure for measuring standard A | P luminescence in viable cells

is briefliFeXsmBRb. St S coplerbniamR HE s S plerrks stOpshenthenhavd Brtbstraneous
ATP majesiipsdeyraiing| e@omdinecenarman2 ba) e tastign SIATR salagies amayialieisells by a

surfactant; and (3) bigluminescent reaction of the ATP molecules extracted from viable cells and a

lumineSEKETEREEnNt | PSodeTIHINsHIIRD G ramh gtk textighls dsdsanressRbia e Sty R sical

processingpisiig acfemRTaInefilialchayinded RIrenwithodiavagterdisalioningrmiciabiaicallsda pass and
allowing ATPe%O molecules to ;ﬁﬁass may. be performed. For example, since the ATP molecules adhere

to fiberP ST 6 SHE kKR i@ eHa e e JRomIPrdsh dladinand Fie ikfebssiodP G1tERE other

hand, irPtigicatay MeorRaynaslingone§sodo sineeREReS SNE-RIEIR SRaGRYY SIMliamoRRIatigap special
tool is unnecessary. The degrading.enzyme dqes not react to viable cells present in the measurement

sample St W€ GiF A Upeehegins dis o andisashigs thesioinely et remBichidto &R matters
P Ublcation (Cokal No. 2005136050, A problem i celecton of s Ve aman Aot ot vaple cel
ublicatipon, ai) No. - roblem i tection of a very small amount of viable cells
i AN AR PAERS 1 A B SRR R S LR e )
exitaneas AdrbhenteriifPiroFeadnarkeians AlPdaovighviiagmmentihbrmpierdeavingasuiethyalue
obtained in the narmal Al P method is a sum of ATP derived from viable cells (ATP in viable cells) 10
and ext%ﬁ%‘beﬁgsﬁ%fﬁ%ﬁgﬁgﬂéﬁfm%‘mﬁ le cells, luminescence deriving from the extraneous
ATP more affects a measurement result. [0016]Subsequently, in step (2), the APT degrading enzyme

is deaclVdtel. APwhesquRbimesterAPpthe dibitedertding sprmidroisaginaiusht intie sesstimement
sample ARTPaYYeliRegteR k3 isb b GHRYCLGHRERS &l Wi inesceRhieReRANd ATRIeIUHoR iaud gre

caused to react with each other. 15 An amount of Ii?ht by a bioluminescent reacfion is measured by a
photod SvsHEgin-tuciferase luminescent reagent and ATP elution liquid are caused to react with each other.

15 Anamount of light by a bioluminescent reaction is measured by a photodetector.

[0017]  In the past, in general, a detection lower limit of the ATP method is about 10* amol (amol
= 10" mol). This is equivalent to one hundred or more viable cells. Since sensitivity
corresponding to a cleanness management level is not satisfied, as an example in which the ATP
method is used for airborne microbe detection, there is also a report example in which culture for

20 about six hours is performed to enable measurement of an environment in which several to ten viable
cells are present (Proceedings of 13th Annual Technological Meeting on Air Cleaning and
Contamnination Control, pages 331 to 334, 1995).  In this way, in the purpose of detecting the level
of several viable cells, it is said that time of about a half day to one day is necessary until a result is
obtained even if the ATP method is used. In recent vears, it is possible to measure an amount of

25  ATP molecule equivalent to 1 amol using a dispensing system comprising a washing function for
preventing external contamination and a bioluminescence detecting system in which a high-
sensitivity detector is arranged in a space in the same apparatus where light is blocked and
contaminants from the outside are suppressed (US 2008/0261294 A1, US 2011/0183371 Al, and
US 2008/0241871 Al).

30  SUMMARY OF THE INVENTION



[0017]In the past, in general, a detection lower limit of the Al? method is about 102 amol (amol = 1018
mol). This is equivalent to one hundred or more viable cells. Since sensitivity corresponding to a
cleanness management level is not satisfied, as an example in which the ATP method is used for
airborne microbe detection, there is also a report example in which culture for 20 about six hours is
performed to enable measurement of an environment in which several to ten viable cells are present
(Proceedingj of 13th Annual Technological Meeting on Air Cleaning and Contamination Control,

pages 31¥ 331 heosTP mgthodyay, Urbekd amabreativrrasesrscd lupugraingesss ells, it is
said th %&ﬁ'gmigf. abgutddalf daydaoRR.IaY%isH SRSRAM Yl ieshl IRigBiRIngd eueRdlbg ATP

method is used. In recent years, it is possible to measure an amount of 25 ATP molecule equivalent

to 1 ardPYENT APRISENSIHBEFEMRTE dplRamEsa RSy Rinstid PiempesvEnting axdeehaing

contamgatign.and %Eéﬂ&mwﬁﬁ%r&%qﬁﬁﬁﬂ%gﬁtg%mmﬁc@ hig gfam%ﬂm%m{&%m arranged
ocke

in a space in the same apparatus where light is and contaminants from the outside are

suppreSi'ahls selhsryPE bR LS Y seentiak 7 I redor. U adiion so g7 MRV SmSUMMARY
OF THEAMNWHE T @M D98 inthecdd RingEa0s: Apndrdi-aner phelid-amebeandiamaastiss through

the increase in sensitivity. Therefore, if several microbes are present, in principle, the microbes can be

detectdd HowHErisiReTeo B hisderammehby mEndsisrbes thanepuamintliong prearmdisaowmtal

manufagtuingdacdithand @ regesemibreamesiciaafaslityinaPparatysepeHormanse P oparanteeing
without limjt 5 that vgi%%Ie cell counts is zero or one is essential. Therefore, in addition to the

improvEFEMB Ren i sASE UMb BIECERs Hrprovearsimpiniledt S ans EraiseSiomandadantt output a
migdetestion s@stthahhisdsllbesausapleiiésepnmingdH yAnsosecipnthaksearamipationfoccurs,
disposa) of na;el%facturjd products and stop of a manufacturing line are requested, leading_to a fall in
produc#\e/fh/v.e ThiStROtE Ction iRUNARES RRSHIR ViSMIECHhiPE FBRATIRYING FupPaitRxietiRl 10
factor athesrtas kubslliectedStyiaitdiameaus lights) rather than bioluminescence due to ATP
c_lerived from viable_c_ells c_ontained ina sample collected fo_r contamination eva_luation. T_he extraneous
ights afgnioyahlysiderhiatedonind A0k UARARURIANLS ERRPA PR Jkblaching failure of
an apparatus ideally configured to meet darkrodom specifications. Second extraneous light i1s’light

temporsRTHIBHEd R dnees datkrace spasiiastente Hreand enaansperdight rigkidemprmriiboemeainstection
sygface @b e aiaaHRERAL GHISMMEMBBESIR iR MOINRISEASE MNRASHINGARPARYSaGEH MY Iated

Light), sq-called stray light. Third light is false positive luminescence caused when a contamination

source S P EERbSH IHPRRSSFRGS Meselinagaspiralasarrriated highinarrele stavdighiom the

contanTimatoneEOwW qelds PuxaddnumiarRbesandiddvfea solasiadsampBuReuLhfxRNsqNs light is
false positive 20 luminescence due to contamination of a kit for measurement including consumables

such as S ant PE A BB AL AR FoRfamEey SHIFlaRce HoB SN amBAIBREBH S ithe ATP

methodnikdhia exicaitro umdgAEPMAYaba lekesteshiptetherphatp detaatenwikBRUtDEIRe distinguished
frgm ATP light in a visible light region of 40Q to 750 nm. An Al P amount from viable cells in the
cg ect B“ngﬁfﬁgcﬁ GHe Fﬂﬂ%ﬂ%ﬁi%@‘ﬁ%%ﬁgﬁﬂmﬁ%ﬁ%ﬁ YRS 3 erms of

25cleannkksbrexaintaticn (00R6I IS anvalajetintihtbefre sankinvaetiorhiedp wdenar apEaatus and a
SyStemtﬁgaé[x%%]eous lights may be detected by the photodetector without being distinguished from ATP

light mn a visible light region of 400 nm to 750 nm. An ATP amount from viable cells in the

collected sample and the extraneous lights are detected.  Therefore, misdetection occurs in terms of

25  cleanness evaluation.

[0020] It is an object of the present invention to provide an apparatus and a system that can
prevent, during luminescence measurement, detection of light due to an external factor and detect
only luminescence of interest at high accuracy. More specifically, it is an object of the present
invention to provide, in a method for measuring microbes by the ATP method not requiring culture,

30  an apparatus and a system that enable detection of minimum one microbial cell, surely identify only



prevent, during luminescence measurement, detection of light due to an external factor and detect only
luminescence of interest at high accuracy. More specifically, it is an object of the present invention to
provide, in a method for measuring microbes by the A 11) method not requiring culture, 30an
apparatus and a system that enable detection of minimum one microbial cell, surely identify only an A
11" amount derived from viable cells, measure the A | P amount at high accuracy, and measure a
contamination degree. [0021]As a result of extensive researches in order to solve the problems, the
inventorPPéridr AR e e st mrsveriigA TEGmeynhah isbasovesse snd srmesigrand light
measurgsentiaksaesdic wavelength or in a specific pH based on a characteristic of luminescence
whose intensity changes at specific wavelength or in specific pH, checked presence or absence of

lumines dug to an external factor from a ratio,of luminescence jntensities of the luminescence,
found L Ting e A e g e S Ao EATHS Lo FebToh o L R ARG
accuradyghinuerewigitedtint etimpletlenpth ecgieseint dnvesstiom Sp eoifisatly athieliphe senkinsaation is as
expgain ﬁ %Qge\l‘pa% I:% 2(1 (L)An_apparatys for measuring an.amaunt of luminescence.in a sample,
compri§ azla conta}lngrr?}orr t eas%)ﬁ%a%eb;% saagfcécq?%%eacgéﬁr%%%djestleccﬁﬁé umelﬁcgggeer%%ﬁonrﬁefﬁ% container;
and 15athiowss ehgpopiicalfitengibenadsbetifie phlthbepiut pretectorraatdctive obhtaineweanefmea pH
modifieadged e aniangt o i srelliie LRIOARISEIRLOS A R mAaRUBIGaLof lght emitted
from the container at all wave engtﬁ regions and spectrometry at a specific Wavglcehgﬂ'u range, and/or
measurbmneseiiig slerthivgritonsitysafoplhichnibe meagedtny thighpsensitidifieand high accuracy, and

resulted in completing the present invention. Specifically, the present invention is as explained
10 below.

[0022]

(1)  Anapparatus for measuring an amount of luminescence in a sample, comprising;
a container for the sample;
a photodetector for detecting luminescence from the container; and
15 at least one optical filter inserted between the photodetector and the container, and/or a pH
modifier added to the container,
wherein the photodetector performs measurement of light emitted from the container at all
wavelength regions and spectrometry at a specific wavelength range, and/or measurement of light,

the intensity of which is changed by the pH modifier.

20 (2)  The apparatus described in [1], further comprising the at least one optical filter and the pH

modifier.

(3)  The apparatus described in [1] or {2], further comprising at least one component selected
from a group consisting of’
a container holder for the container;
25 an optical filter holder for supporting the optical filter and inserting the optical filter between
the photodetector and the container;
an optical filter posttion control unit that moves the optical filter holder; and

a photodetector position control unit that moves the photodetector relatively to the container.



20(2)The apparatus described in [1], further comprising the at least one optical filter and the pH
modifier. (3)The apparatus described in [1] or [2], further comprising at least one component selected
from a group consisting of: a container holder for the container; 25an optical filter holder for supporting
the optical filter and inserting the optical filter between the photodetector and the container; an optical
filter position control unit that moves the optical filter holder; and a photodetector position control unit

that moves the photodetector relatively to the container. (4) The apparatus described in any one of [1]
to [3], wWhkreiniirerppriatisrigseibuhinaayrepsrntd Hiter 3% afisﬁmthﬁ@@twﬁlafé@mbmhwﬂﬁ%f (5)

The appakatysidasatingd sranpsangaiddiHaddt, wherein the optical filter transmits light at certain
wavelength or in a certain wavelength band and reflects light at a shorter wavelength and a 5longer

wavelength than the certain wayelength or wa and. (6).The a tus described in any one
of [1] tore 1, wf?(iaq?eallﬁpt?%uésp%csg ﬁﬁce?rmggn p??&eﬁﬁg%ﬂgﬁgl?fﬁé}%ﬁé’ Iﬁé%ﬁ?éﬁﬁ AR e?%ghgm arange
of 500 mantsm A0 elength ()i heapparsdus aesc bet and anflcotdighf b} tos[Btavlveraletith aptical filter

comprises at least one filter Whic%giié?adi hroic filter having a reflected light region of 500 nm or less
onr%]he Z%%%?rl a\\/{\Fa‘\s/neq%n%?ﬁ1 tshl?jgean 86 ene%%gﬁg%%nﬁ"%%%% wavelength side. (8) The apparatus
described in any one of [1] to [3], wherein the %%tical filter comprises at least one filter, which is an

interferéPlce filtEF ABRAFSUE SSBEHOFAIR RNGMROP B0 i bordwscinthes satisal irosPrssa# 16280 nm. (9)

The appakails: dpseHOah i dayRIeR I H tagdhrsiesindmentical filter comprises two 15 filters,
which are a first interference filter having center wavelength of 550 nm to 570 rim and half width of 10

im t0 6 el g seeanciRIeHEASASs URE BAT® ST RRMAN IR AT A0 QP63 Rpand hal

width o
one filter, which is a dichroic filter having a reflected light region of 500 nm or less on the short

10 wavelength side and 600 nm or more on the long wavelength side.

(8)  The apparatus described in any one of [1] to [3], wherein the optical filter comprises at least
one filter, which is an interference filter having center wavelength of 550 nm to 570 nm and half
width of 10 nm to 60 nm.

(%)  The apparatus described in any one of [1] to [3], wherein the optical filter comprises two

15  filters, which are a first interference filter having center wavelength of 550 nm to 570 nm and half
width of 10 nm to 60 nm and a second interference filter having center wavelength of 600 nm to 630
nm and half width of 10 nm to 60 nm.

(10)  The apparatus described in any one of [1] to [3], wherein the optical filter comprises three
filters, which are a first interference filter having center wavelength of 550 nm to 570 nm and half

20 width of 10 nm to 60 nm, a second interference filter having center wavelength of 600 nm to 630 nm
and half width of 10 nm to 60 nm, and a third interference filter having center wavelength of 650 nm
to 680 nm and half width of 10 nm to 60 nm.

(11)  The apparatus described in any one of {1] to {3], wherein the optical filter comprises four
filters, which are a first interference filter having center wavelength of 430 nm to 480 nm and half

25  width of 10 nm to 60 nm, a second interference filter having center wavelength of 550 nm to 570 nm
and half width of 10 nm to 60 nm, a third interference filter having center wavelength of 600 nm to
630 nm and half width of 10 nm to 60 nm, and a fourth interference filter having center wavelength
of 650 nm to 680 nm and half width of 10 nm to 60 nm.



(10) The apparatus described in any one of [1] to [3], wherein the optical filter comprises three filters,
which are a first interference filter having center wavelength of 550 nm to 570 rim and half 20 width of
10 rim to 60 nm, a second interference filter having center wavelength of 600 nm to 630 nm and half
width of 10 rim to 60 rim, and a third interference filter having center wavelength of 650 nm to 680 nm
and half width of 10 nm to 60 nm (11) The apparatus described in any one of [1] to [3], wherein the
optical filter comprises four filters, which are a first interference filter having center wavelength of 430

rim to 48Ghm Hhsepeiras drerrtst 10 3 aeced ive B Seadiacinihirald meedificchangaysehiiey
wavelengihphesvpe tnd {f1ann ansthalf width of 10 nm to 60 rim, a third interference filter having

center wavelength of 600 nm to 630 rim and half width of 10 rim to 60 rim, and a fourth interference

filter hayjRg cepnter wavel h.of 650 tun to 680. ki half width of. 10 nm.to 60 rim ). The
apparat\gsg %escn o %\%ﬁ? %éﬁlél%g? iod [fgﬁ,ov%mr%%r@ 2?@%%?n%§ﬁ&%ﬁ%%%§ ‘225’1“&%# Spixﬁ)%? the
sample fkdod thielsargple fpeanhB. 7 A®) pEhé.4pparatus described in any one of [1] to [12], wherein the pH

modifier changes solution pH of the sample from pH 7.0 to pH 6.4. 5(14) The apparatus described in

anys ong oy [1] Tad igparihe @isciivedol medifies ghanops soutiem ikt pf thenammniBHen Bt or pH
7.2 to pH 8.5.. (15) The apparatus described in any one of [1] to [14], wherein the luminescence is
chemolBMMAESHRRIS B a(rﬁe%‘b de? 18] *n' apparatus for counting microbes in a sample,

comprising: 10a container for a sample; a photodetector for detecting luminescence from the
containét®hndlhe apperatisodesephivhl filtarinsmeedibéhivaen i, pdiodietebor lamintisecnontisiner,

anclior gkl mpdifieraddediaithe gQptainer, wherein the container contains a solution for processing

Al P chemolurninescence introduced 15 therein, the photodetector performs measurement of light

emitted from the container. at all wavelength regions and spectrometry at a specific wavelength range,
and/or é:lre su%ﬁ?@ﬂ?&?ﬁéﬂ?,cﬂ%tm%%%%ﬁ Wl%éﬁn?g%hcé) lB?'the pH modifier, and the

afparatus measunesndrdon astagidt of the measurement, the luminescence intensity of Al? from the
sample and C%%)rfltostor&ie%eragre I%rl%é e%tx%%q{gxlgﬁescence from the container; and
at least one optical filter inserted between the photodetector and the container, and/or a pH
modifier added to the container,
wherein the container contains a solution for processing ATP chemoluminescence introduced
15  therein, the photodetector performs measurement of light emitted from the container at all
wavelength regions and spectrometry at a specific wavelength range, and/or measurement of light,
the intensity of which is changed by the pH modifier, and |
the apparatus measures, from a result of the measurement, the luminescence intensity of ATP

from the sample and counts microbes in the sample.

20 [0023]  According to the present invention, a luminescence measuring apparatus is provided that
can measure luminescence in a sample rapidly and with reliability. The luminescence measuring
apparatus has an effect of preventing misdetection of cleanness management monitoring for viable
cell count in weak luminescence measurement. Specifically, the luminescence measuring
apparatus provides measuring function such as contamination detection for consumables such as

25 reagents and a container, detection of apparatus abnormality, and molecular identification in a
measurement sample, and can measure a contamination degree with high reliability. This leads to
automation of consumable replacement and early finding of necessity of apparatus maintenance. It
is possible to establish a system for cleanness management monitoring that can be operated by an

unmanned service.



20[0023] According to the present invention, a luminescence measuring apparatus is provided that can
measure luminescence in a sample rapidly and with reliability. The luminescence measuring apparatus
has an effect of preventing misdetection of cleanness management monitoring for viable cell count in
weak luminescence measurement. Specifically, the luminescence measuring apparatus provides
measuring function such as contamination detection for consumables such as 25 reagents and a
container, detection of apparatus abnormality, and molecular identification in a measurement sample,

and caﬁ%surgrabéﬁﬁfaﬁfﬁ‘%%@gﬁéé g5thRfherdhamthere errdasd sheva are Maried oy dbhsumable

replacefggilapd@aAmindnambaregssity of apparatus maintenance. It is possible to establish a
system for cleanness management monitoring that can be operated by an unmanned service.

[0024]Problems, configurations, and effects other than those explained above are clarified by the

followingrdesanpior pfrohesimeMHBRIEREESCRIPTION OF THE DRAWINGS  [0025] FIG. IA
shows an example of a schematic configuration of a luminescence measuring 5apparatus according to

a first embodiment. FIG. 1B shows an example of a schematic configuration of the luminescence

measuriog spparaisiacensdinantethadisst emnladinedonfiguftion 16 shawmak@xemiieefa
schematic configuration of thﬁ}luminescence measuring apparatus according to the first embodiment.

1000 ZEPEREIS AR OFBNEIAA RETRRABRSP  chematic configuration of a luminescence measuring

apparatus containing a dispenser according to the second embodiment. FIG. 2B shows an

example of a sch&mait donfigurstionndt tia lsehgmascanolgnedsnvh ghappaintseseaiedaingithe
dispen%%ggﬁgrgﬂg&&ﬂlg{gﬁg%gmgggément. FIG. 3 is a flowchart of viable cell

measurement by the luminescence measuring 15apparatus according to the second embodiment.
[0027]FIG. 4A is §i showing a positional relation hetween a FHO odetector and a measurement
container during@l r@%%ﬁ%%&ﬁ%ﬁ%ﬂ%%@%ﬁﬁ&%%%@%ﬁ&%o botiEN e MeaHES . 4B and
4C are dipgraum acsbaiiipgrahp dsitiemabdidatian between the photodetector and the measurement
container during background light measurement and ATP luminescence 20 measurement according to

thgpsec@ud @MbegimeAt shows RGN ARIRE.HAGRRAERIT% A Rgslicadl slalioppetween

the photodetector and the measurement container between which an optical filter is inserted according
to the SHRUIGHAYS SRSGHIHRS At TS DEIFALS OB SAG IR EHEBVBPMT photodetector obtained in a

viable cell count flow
FIG. 2B shows an example of a schematic configuration of the luminescence measuring

apparatus containing the dispenser according to the second embodiment.

FIG. 3 is a flowchart of viable cell measurement by the luminéscence measuring

15  apparatus according to the second embodiment,

[0027] FIG. 4A is a diagram showing a positional relation between a photodetector and a

measurement container during dark count measurement according to the second embodiment.

FIGS. 4B and 4C are diagrams showing a positional relation between the photodetector
and the measurement container during background light measurement and ATP luminescence

20  measurement according to the second embodiment.

FIGS. 4D and 4E are diagrams showing a positional relation between the photodetector
and the measurement container between which an optical filter is inserted according to the second

embodiment.

[0028]  FIG. 5 shows output data of a PMT photodetector obtained in a viable cell count flow

25 according to the second embodiment.

10



25according to the second embodiment. FIG. 6 is a diagram schematically showing a method of
calculating the viable cell count according to the second embodiment. [0029] FIG. 7A and FIG. 7B
show flowchart of viable cell count by a luminescence measuring apparatus according to a third
embodiment. 5[0030]FIG. 8A and FIG. 8B show output data of a PMT photodetector obtained in a
viable cell count flow according to the third embodiment. FIG. 9A is a graph showing a
spectrometry spectrum of wild-type firefly luciferinluciferase luminescence. FIG. 9B is a graph

showing a spectiofiefrisspiagam sheeattrlyisbavsasiadsibed aloralsulatngbireialle ssthisestence.

[0031] Rlgerkfi is MR @xaraRigRfafiayvchart of viable cell count by a luminescence measuring
apparatus according to a fourth embodiment. FIG. 10B is an example of a flowchart of viable cell

countb B%eglum' ce suring apparatus accarding to the fourth embodiment. 15FIG. 10C is
o v R A R b B e bna e e

fourth emppadinsentording felGthird esnboloweastiart of viable cell count of a luminescence measuring
apparatus according to a fifth embodiment. [0032]FIG. 12A and FIG. 12B show output data of a PMT

phatodetestsyr obtamerhing VbR AeRl sapnt dawAeoouaingniadng:fifth sspheditaentiable odilG. 13A
is a flowchart including analysis parameters according to the fourth embodiment. FIG. 13Bis a

flowchafPHIERIIARF SHEETS B L e8rRodBERbing to the fourth embodiment.

FIG. 9A is a graph showing a spectrometry spectrum of wild-type firefly luciferin-

fuciferase luminescence.

FIG. 9B 1s a graph showing a spectrometry spectrum of genetically-modified firefly

10  luciferin-luciferase luminescence.

[0031]  FIG. 10A is an example of a flowchart of viable cell count by a luminescence measuring

apparatus according to a fourth embodiment.

FIG. 10B is an example of a flowchart of viable cell count by the luminescence measuring

apparatus according to the fourth embodiment.

15 FIG. 10C is an overall flowchart of viable cell count by the luminescence measuring

apparatus according to the fourth embodiment.

FIG. 11 is a flowchart of viable cell count of a luminescence measuring apparatus

according to a fifth embodiment.

[6032]  FIG. 12A and FIG. 12B show output data of a PMT photodetector obtained in a viable
20 cell count flow according to the fifth embodiment.

FIG. 13A is a flowchart including analysis parameters according to the fourth
embodiment.

FIG. 13B is a flowchart including analysis parameters according to the fourth

embodiment.

25  DETAILED DESCRIPTION OF THE EMBODIMENTS

11



25 DETAILED DESCRIPTION OF THE EMBODIMENTS [0033]The present invention relates to an
apparatus for measuring an amount of luminescence in a sample (a luminescence measuring
apparatus). The luminescence measuring apparatus comprises at least one optical filter inserted
between a photodetector and a measurement container, and/or a pH modifier added to the
measurement container. 5[0034]There are some types of bioluminescence and chemoluminescence
whose intensity changes at a specific rate in different wavelength ranges. Therefore, measurement at

all wavefidin rebismesmumiriQeRlicH9r7e AReasiite e meaB it for SR dHBIRETRsISE specific
wavelengtnRageruainganeriicaliiigraparnasiornad ihfasnkedetemingd Pasatompatia of

luminescence intensities of the bioluminescence and the chemoluminescence whether the

lumine<tdFRsEaReARNSY BEramRIcd drbsha RhaldsRpr ardgmpensareaent esniinen sRe(SF wlight

blockingtailaee addsionHated dighhk falggResitive luminescence) is included. As a result, it is
possible to measure luminescence from the sample with high accuracy and reliability. [0035]There are

sorge bygesgf bighmingscence And.cher

slumineseencehassInisnsly.handas,at  speglfc rate
according to'a pH change of a sample solution. Theretore, measurement 15 at all wavelength regions
of lumirrbsoeescd aspeeHisastarenddftrodwairdmgiidrangas urEmmitrof tightweinose dhadingityeiengttanged by
a pH modifier, are per 1t [ e ' ' ce.intensities of the
biolumi%%’:%:?Engjf:er and %Eéegé%%%é?ll l? r’%ﬂ%%ﬁ(%ﬁ%%% v@v%%%%%? t?%aglr%ﬁ%{ﬁe&@ge clée??%n%%eg %{gn%%%%n%ives from
a samplange ligmecdueorsionh Biigerrabédiororcth lidheanl bekleigrainadbasedum alstéa digiutnivesatsecpositive

lumineSeERCRLS P A ARdh AT ALERUL I SIRODRS ARG IR NS ASH G LAUNERCRRARLQILING SAIPle with

hlgh accuracy and reliability. [0036]According to the present invention, luminescence to be measured
m&y becHshiRaineatercEwh chepmlamndigindes dndmhexisraakifcsr tie lightindedeneefdhanges at a

specific;raifaiAHesnt W aHslengi langeR a8, Rl iner Ao veanRdigritht e osine &f Hsure

luminescence changes at a specific rate according to a pH change. Examples of the luminescence,
the 25 miRescerBImErsHelaiibiiehaspescraadisbahilifate at different wavelength ranges,
include wild-type firefly luciferin-luciferase system (FIG. 9A), genetically-modified firefly

luciferifitifdrasdlsystam {@iG: 9Bgshohibiokinytksgerperckidesybiennesedde cideain igdsagen
o R TR el R e s
30Bimirst|sHywryglengiie regicls s Stenwdsesigrenima yoeagempst oxideisysteh reasitominabDMEBO
whose intensity is changed by a pH modifier, are performed. It can be determined based on a ratio
of luminescence intensities of the bioluminescence and the chemoluminescence whether the
luminescence in the container derives from a sample or light due to an external factor (a light
blocking failure, accumulated light, or false positive luminescence) is included. As a result, it is

20 possible to measure luminescence from the sample with high accuracy and reliability.

[0036] According to the present invention, luminescence to be measured may be
bioluminescence or chemoluminescence, and the intensity of the luminescence changes at a specific
rate at different wavelength ranges as explained above and/or the intensity of the luminescence
changes at a specific rate according to a pH change. FExamples of the luminescence, the
25  luminescence mtensity of which changes at a specific rate at different wavelength ranges, include
wild-type firefly luciferin-luciferase system (FIG. 9A), genetically-modified firefly luciferin-
luciferase system (FIG. 9B), luminol-hydrogen peroxide system, and lucigenin-hydrogen peroxide
system. Examples of the luminescence, the luminescence intensity of which changes at a specific
rate according to a pH change include wild-type firefly luciferin-luciferase system (FIG. 9A),
30 luminol-hydrogen peroxide system, lucigenin-hydrogen peroxide system, and luminal-DMSO

12



(dimethyl sulfoxide) system. A specific process and a specific apparatus for measuring the
luminescence are well-known in the art, and are described in, for example, US 2008/0261294 Al and
US 2008/0241871 Al. [0037]Therefore, the luminescence measuring apparatus according to the
present invention 5comprises at least a container for a sample, a photodetector for detecting
luminescence from the container, and at least one optical filter inserted between the photodetector and
the container. [0038]Alternatively, the luminescence measuring apparatus according to the present
inventiolitrdbyh shidexide) exwstemcortammesifisr ﬂ%@ﬁp%{%%ﬁ@@%é’@w@d@emmmb@cence

from thesemtaingE. and wanhbipedifierrdded e the £ontine [R3AIam iy shogiasdyinggcence

measuring apparatus according to the present invention 15comprises at least a container for a sample,
a photo&%% %é%?ihéluminescence from the container, at least one optical filter inserted
between the photodetector and the container, and a pH modifier added to the container.

[0037}  Therefore, the luminescence measuring apparatus according to the present invention

5  comprises at least
a container for a sample,
a photodetector for detecting luminescence from the container, and

at least one optical filter inserted between the photodetector and the container.

[0038]  Alternatively, the luminescence measuring apparatus according to the present invention
10 comprises at least
a container for a sample,
a photodetector for detecting luminescence from the container, and

a pH modifier added to the container.

[0039]  Altematively, the luminescence measuring apparatus according to the present invention
15 comprises at least
a container for a sample,
a photodetector for detecting luminescence from the container,
at least one optical filter inserted between the photodetector and the container, and

a pH modifier added to the container.

20 [0040]  The luminescence measuring apparatus according to the present invention may further
comprise at least one component selected from a group consisting of: a container holder for the
container, a photodetector position control unit that can change a space between the photodetector
and the container, an optical filter holder for inserting the optical filter between the photodetector and
the container, and an optical filter holder position control unit that moves the optical filter holder.

25 [0041]  The luminescence measuring apparatus according to the present invention preferably
comprises a container for a sample, a container holder for the container, a photodetector for detecting
luminescence from the container, a photodetector position control umit that can change a space
between the photodetector and the container, an optical filter holder containing at least one optical

filter that can insert the optical filter between the photodetector and the container holder, and an

13



20[0040]The luminescence measuring apparatus according to the present invention may further
comprise at least one component selected from a group consisting of: a container holder for the
container, a photodetector position control unit that can change a space between the photodetector
and the container, an optical filter holder for inserting the optical filter between the photodetector and
the container, and an optical filter holder position control unit that moves the optical filter holder.
25[0041]The luminescence measuring apparatus according to the gresent invention preferably

t

comprisi¥ispbBHenhplfsoposiign ratal Ui thm &ravsibe ritiend Bl . a PlgtyEanertef fightietecting
luminesganea fom the crRiAkel AIPhAIGEIACtesBRSHANCARIA HRitihplcanichangsREPace

between the photodetector and the container, an optical filter holder containing at least one optical

filter thaPESHNEBYE S BATE AL Seritdeoph Sloheteaiar ARBRIMESCBHELINRS FRser2aAls-an
optical fitter heliRsRasinRLenHOhppitdhatReves heraricaldiligtoldar Merstranmatefdeht
emitted from the container at all wavelength regions that contains the sample and spectrometry at
spescific‘iﬂf‘é\t@@%rngth are continuously carried out by the same apparatus using the same sample. The
luminescence measuring apparatus preferably further comprises a pH modifier added to the

5contaitﬁ@?4:{d)04if]hw1§alﬁ plenfretriolvhivtinessinesisence s thisast fediisihoy paniicdlany timyited, and
may be aaséx?ngTQ EIHORMOIER Hel5 AP RINRLL10 SSRshRE %@M@s@éﬁ@é@%ﬁ%&%ﬂ%ﬁiﬁ%@m&

chemoluminescence. [0043]The container for a sample (a measurement container) is not specifically

limited as long as., the container is made of a material that transmits lumjnescence from the sample.
The coiﬁaﬂ r ca 6%%%%%’5%?@3 %ﬁ%%%%%ﬁ%?ﬁ%%ﬂ%gﬁt%@m%er is

preferality belchibyrisenadatdinardelsdehionprenentiniiuencaeiie wosiaipRl anddbensaneplastored in
the container. [0044]Th todetector is not specifically limjted as lang as th otodetector can
deigct 10 ELEEN iﬂ ?ﬁ%gg%’fa?iw Y %Sssﬂft‘gﬁe%rﬁ%% a phois) I?@Pfﬁ%@%ﬁ\g i t&¥ns of
sensitivityntdiner phlkarde feretenti mfireuicech theheafipasad thekargdnttorerithiat comtaing a sample. 15
The optical filter is provided to be opposed to the photodetector. The photodetector is preferably

formed tooagimovad BYIRERRAIPHLIRAICHRARIION FRNK! MnibRALCAn ClRRIRERRACE Ritwgen the
photodetector and the container, Consequently, It is possible to prevent operation for taking out the

measurBIREFEEHEainkY BTthd BAYalseiHaRie faneepravatiemstinlicetebe d PhERs indrm@ntaesult.
[0045]Aideastiane PRéicAbiiiRicaR Repkisaghdoceripaidites tRNSMEHIONMALERHRIN. 2yavelength

or.in a certain W%\// ength band and reflects Iic%ht at a shorter wavelength and a longer wavelength

than the! BERRHE ﬁ}siéﬁafﬁv&f‘% o haveassin o drapsidsireiary, wasekaeirity Raveleabin band of

light to ienirensmitiedaniciefie grslaiagdee ismbecairnten fiietsdeinssesdhmarha aalamed
according to a type ofiwinesc_encet be meat?ur,ed andﬁﬁ purpose of measurement (luminescence
measurBISEIFEH BOTAIBF G0 BTG et 35 PSHRL S RER i Peral s Eiok P Ot ibe

interferenesitternadichiigicfitanthe cencomabhioatid ari preeht aflbenttsetla measurement result,

[0045] At least one optical filter can be used. The optical filter transmits light at certain
20 wavelength or in a certain wavelength band and reflects light at a shorter wavelength and a longer
wavelength than the certain wavelength or the wavelength band. Specificaily, wavelength or a
wavelength band of light to be transmitted and reflected and the number of optical filters to be used
may be selected according to a type of luminescence to be measured and a purpose of measurement
(luminescence measurement in the sample, microbe counting, etc.). As the optical filter, for

25  example, an interference filter, a dichroic filter, or a combination thereof can be used.

[0046] For example, when the optical filter comtains at least one filter, an optical filter in a
wavelength range suitable for measurement of luminescence to be measured, for example, an optical
filter in a wavelength range suitable for measurement of luminescence by luciferin-luciferase can be

used. Specific examples of the optical filter include an optical filter having center wavelength in a

14



[0046]For example, when the optical filter contains at least one filter, an optical filter in a wavelength
range suitable for measurement of luminescence to be measured, for example, an optical filter in a
wavelength range suitable for measurement of luminescence by luciferin-luciferase can be used.
Specific examples of the optical filter include an optical filter having center wavelength in a range of
500 rim to 700 rim, and a dichroic filter having a reflected light region of 500 nm or less on the short
wavelength side and 600 rim or more on the long wavelength side. AIternativeé)é, an optical filter in a

waveleFeF e emianBtarsst fistein Ststhnries earbeceddightiprer eh dipunediess on

luciferinpicifsreaaeingn wRdnarauiinespmpleuafihesnticaliiterinciude ankinterigrence filter
having center wavelength of 550 nm to 570 rim and half width of 10 rim to 60 rim, an interference filter

having eeiifel Hisy dteh iRveicaet mnes Baabin ol acsranats of Moniieseeneo #ra, BmIsisAte ference
filter haying centeiwarRleRgRotAP BNt 689 NekhapddbT Qhel QRO Rl gn 9A and

9B). Alternatively, an optical filter in a wavelength range other than the wavelength range of the

luminedBiSHEE R thh bavinreer sk wxlsprsh ahPrearfiedOinma 2 Dalwidiigh YaAEE e an the

wavelepgiieapaaceiihe hivineseasca by ieietndoriaaseanghaa-anticahfiiaronia wavslength
range of light by indoar illumination such as a fluorescent lamp can be used. Specific examples of the

I
optical ifteAHCRIdBISHFTRRSFEHEH £2 e FHIRA P e e ph R Agt ot SPserhaRd s avidk ahéfhalf width
of 10 rifhiadtsd . (IO [Fenexample Anhanithg optieplifies eantpins ApAliarsmtheoartiaatdilters
exemplified 15 aboye can be cmmed as appropriate. The optical filters in a wavelength range
suitabléYortA P & RIHBEESHRAC S BaR DY RASHE -t AN ard prRRSRA B Eofh Bined. For
exampleatiRipie demnaidiiemtayngvernies maseldig helibeQdnae t9 hidiain RodRal widha of 10 rim
to 60 rim, and.the jnterference filter havj cgnter wavyelength of 600 nm éo 630 nm and half width of
10 nm (P RO HEELR TR P CaRED PN PSR MBI SHSR Bt CUPREFEHTR fEee fiters,
20 for exadnplSpébatiintetarzecof dileptialifijec aniadyayeien@tonoé HHEr haviig 2éfarrvanihall width of
10 nm tg.60.nm, the, interfer filter having center wavelength of 600 rim to 630 nm and half width of
10 nm t%fggor{’rrnn,tgf%{{t] ein gr é:lr?ewnléﬁeﬁfﬂabtﬁ%%ﬁg@%er wavelength of 650 rim to 680 nm and half
width is 10 nm to 60 nm can be used in combination. When the optical filter contains four filters, the

interfer&ftdilteF Moty entshendhe epiH Sltaneonining Beo fifaraibnemiciaiiter paemiBisdo 60 nm,
thesintexfRkenes e chavineicentghwpralenatinobpeurimdesSiA0 imanehbaf midth itk i to 60 nm,

the interference filter_ having center wavelength of 600 nm to 630 rim and half width of 10 rim to 60 rim,

and theHerErsnt almibrHBRARG G WavEfsRgv e Bt rseemply sraastwidipr s52mrldo 60 nm

can be figegtdrrganmbmeaiciayvifodglrt ieasiapm optscaldiies isTpreicrabInsemad into ah leasi one
through-hole gr vided in 30the optical filter holder. The optical filter may be inserted between the

photod 8MBciBf AL CSRES U R P SR PRy e REAURIP fid kAl BB SR RALOHIFSR QRO When

retractinghtides0 piicedn itarsdihin photsagiectorpostiapieprtion tiibgoes fiki-kungile protagetector into

cqntact with the container osed thereto. The photqdetectar_pgsition trol unj ves, th

oo LIS S AT HRRETS B0 R s A BRL Pl 1) TR A BPLRY fe soli

angle td dmpravélacotisitineréifitientlyetdraiigiat @ndeiecktiehlighaiathigb Sensii\ity. HaAf whétother

hand, Wi}ella the
0

nm to 60 nm, and the interference filter having center wavelength of 650 nm to 680 nm and

half width is 10 nm to 60 nm can be used in combination. When the optical filter contains four
filters, the interference filter having center wavelength of 430 nm to 480 nm and half width of 10 nm
25 to 60 nm, the mterference filter having center wavelength of 550 nm to 570 nm and half width of 10
nm to 60 nm, the interference filter having center wavelength of 600 nm to 630 nm and half width of
10 nm to 60 nm, and the interference filter having center wavelength 650 nm to 680 nm and half

width 10 nm to 60 nm can be used in combination.

[0048] At least one optical filter is preferably inserted into at least one through-hole provided in
30  the optical filter holder. The optical filter may be inserted between the photodetector and the
container and retracted by the optical filter holder position control unit. When retracting the optical
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5 optical filter is inserted, the photodetector may be moved away from the container but is arranged in
a position close to the optical filter inserted between the photodetector and the container. The optical
filter holder and the optical filter holder position control unit may be integrated. [0049]As the pH
modifier, any reagent that can change pH of a solution of a sample can be used. A change in pH of the
sample solution can be selected as appropriate according to a type of 10 luminescence whose
intensity_changes at a specific rate according to the change. For example, in case of luminescence by

wild-typ8listethe Inbotedkiatierersiionsonkal Hith deee Rebtmne SRy heade s interrantist with th 4, p14
7.0, pH doradRf dpo§ed fiekeo9AThE haRbatRcthepp o siigh ranibaolRs exaprBlsda-pid mpslifier that

changes solution pH of a sample from pH_7.0 to pH 7.2, a pH modifier that changes the solution pH
from pHEFRB4EA D BRPSHINE ASpHPiRGaiRetsiNa ieHan geaerand it Fige TPEhaBsler'o BHPNYS .2 to pH

8.5. Thepfigwedibisicmay e apyarRueM AL Gant 6haRYe R Afig Sobtiar fRiexadRgfddis buffer,
a phosphate buffer, a MES buffer, a HEPES buffer, a Bis-tris Propane-HC1 buffer,and a
Tricine- RS st nsartish tealotret e me YrbrranRosidhss wtaias bios ¥smesié and

added igtgdéigomerse rRMBNLERRRIMES DiserealBiRRdisprNsRisxRtaineddater 20H0RR0I T
Iuminescen%ﬁ measfﬁring apparatus according to the present invention preferably contains a solution
Rl

dispens&i® Bt e bpldar 2e5dien senrel yor Bayhpategratdst one nozzle, at least
two reagent solution reservoirs, at least one sample container, at least one piping tube, at least one

liquid fg%ﬂffﬁ puﬁ@%ﬁﬁéﬁ@éﬁiﬁﬁ,m mgmﬁ@mnm@ﬁ@pdglﬂémcﬁmmmmmwbs the
nozzle igtQihe-cantaiRess Hie ARFAle BRI GORL LI 3R %&gﬁ%@ﬁ%ﬁ%ﬁg&?ggﬁﬁe@em

reservoirs, a buffer reservoir, and'an upper part of a container |
cotftaindiminespsses trhesp rensititehengs i ealiners 1 008 Brhating i &scdmogancBeuskignalspbiratus

accordingsi, e RIRSEALIWE NIRRT TRERD Yo REANIAES2:MN BliAN AL GAURING INIGIGRARID Ss5ample. In

other words, in the microbe countirgé?ﬁgaratus, the nozzle position control unit controls the nozzle to

be insefBLCHEEERatGERaMmEH Tite EPEbRA Y A Y aratdb ey b Suedidss @sbiution for
processindeRahfpicneMe atascanteniions distaloands of nazaieh Isadsstierselytian o agellected

sample container, and extracts ATP from viable cells. Thereafter, the microbe counting apparatus

mixes tREPSHiERiBAtRPARE SO SRiHtRnRbidieBhrATnG? (hitPHh ufbired i ol roekiber thihelumggs thagent,
cajeulatesd PEPFRMPINY asetomthe.lmiesgenge iansibhrl e Rigcal haARe caigplates the

number of microbes on the basis of 5 the ATP amount. The sglution for processing the ATP

chemol BN RHtRninclina exanP kb ol fgrhomahiel PAFR: el Teh 2RFE FroytH#k femoving
unnecessaniArepaleMas AT exidastiPcsaNianH asaiaciantbetaskior eptisagtinenfdiRemplecules
from viabl%?%Ls, and a lumingscent reagent that performs luminescent reaction using ATP molecules
(a lucifeR TR R A Getf) RS ERHE AT HHECA A S IPraH Ry SRR E B cording
to, for ednpepler expRifypeaafluminescence to be measured, a measurement purpose of luminescence,
and the like. [0052] A sample to be subjected to microbe counting is not limited as long as the sample

is gysampig FUSPERlCRILONAR MiCRRS- Hyampesafilsampe paudeRduslialriadygts such

as foods an(jl beverages, pharmaceuticals, and cosmetics and raw materials of the industrial"products;

and enVifBHRE AP SRINTH IESSTRH . as] S dWIHEFCHvErARRF A FRPRTAIN Sesa s WRg xaoplard the air.
15 A methadRf REeRArRGIREEFSRIRIRSIRHKERENIRE &[0 IRHgdwatingReeRae B eRsUrement,
first, for several seconds to several tens seconds, the
piping tube, at least one liquid feeding pump connected to the piping tube, and a nozzle position
control unit that moves the nozzle into the container.  The nozzle position control unit can move the
25  nozzle to the reagent reservoirs, a buffer reservoir, and an upper part of a container opening position

of the sample container and insert the nozzle into the containers.

f0051]  The luminescence measuring apparatus according to the present invention preferably
provides a function of counting microbes in a sample. In other words, in the microbe counting
apparatus, the nozzle position control unit controls the nozzle to be inserted into the container. The

30 microbe counting apparatus sequentially suctions a solution for processing ATP chemoluminescence
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luminescence measuring apparatus measures light emitted from the measurement container at all
wavelength regions along a sensitivity region of the photodetector in use without dispersing light and
converts the intensity of the light into data. Subsequently, the luminescence measuring apparatus 20
inserts the optical filter between the measurement container and the photodetector, measures the light
dispersed through the optical filter with the photodetector, and converts the intensity of the light into
data. The luminescenc measug%r%ét paratus continu%ﬁ%é/ measures light emitted from the

measurEtHEABE SRt et 17lEt FOTBRRBHERIA A QT TARIRE gpa%aafei KR range to
measurigoa AbRUcHef lightkutle MeasirerpenueoniaifRirand distogsblatoamnoteteflehed

luminescence due to a specific substance in the, light amount and other wrong factors, In gther words,
quant 3 BFHAERH Y FIHTHR B UET LR GARI ST, BRI Bl RS @hsity at all
the wavkidogtigegiep mierks 60 tiaivierl<Qul|taity ealohtnaatio mahbeninaseRdes ofohe kaRRIE,
infQrmation cerning presence of lyminescence due tg an external factor is obtained from a ratio of
th§|igh&5ﬁ it@‘“&?%{’l-thﬁﬁaﬁ?i?&ﬂ@t%?e%‘fb‘ﬁésfﬂgﬂ?éecéﬁgiﬁéﬁ?jaﬂﬁ}???ﬁ?@ﬁéﬂ Sbf?éif@&} by the
spectroghigtinatinp thduight KER dusemegtic-a-athdhasydvetengifinge givescaiiherdreeRomisy Al
luminescence measuring apparatus dispenses the pH (fier (a buffer for changing pH, etc.) and
conver GBI O Cha g s o 5 p PRS0 CERMSHHIRG MR e i
substaneeiispraseaigdiuitaepetfterturnineseeacereaeRausntpappRratls desivekicfyipliaigelse
luminescence amount and improves reliability of a result. Itis a ossible to separately perform
inopectGTFTETAed T T B RO O SO L St A PP PR e foBBAlAS

explainggadidusithedum ittdscansernt asuegrappargiyssnd theumicraive, aodittngkapparatus
according to the present invention can determine presence or absence of luminescence due to an

externgloiEipr, far exHRAIS bIUEIHESES RS eniesNGEraR 3 IgHt Iaeking fadura ecampialed light, or a

contamination source contained in the luminescence measuring agﬁil;)aratus or reagents and 10

preventATRIS &eRSiRdd supiRinARicrobet i, Fiarmplat il doeprianisancidn P dpiginepds e sk asure
target l@piRescERSRMER, reliahiibs Adl Comat @¢eRiE M WMWIARRE IBfarRampl eIt frbdabsensitivity
and high accuracy. [0055]Specific examples of embodiments of the present invention are explained

below Vit COYERIBAUAL SIS SHGh A SRR &V ot WASTIT B Iol R ifapthassn Bttt re only
examplasiethod of preparing these samples is known in the art,

[0053] In the luminescence measurement, first, for several seconds to several tens seconds, the
luminescence measuring apparatus measures light emitted from the measurement container at all
wavelength regions along a sensitivity region of the photodetector in use without dispersing light and
converts the intensity of the light into data. Subsequently, the luminescence measuring apparatus
20  inserts the optical filter between the measurement container and the photodetector, measures the light
dispersed through the optical filter with the photodetector, and converts the intensity of the light into
data. The luminescence measuring apparatus continuously measures light emitted from the
measurement container at all wavelength regions and spectrometry at a specific wavelength range to
measure an amount of light in the measurement container and distinguish an amount of
25  luminescence due to a specific substance in the light amount and other wrong factors. In other
words, quantitative information of luminescence in the container may be obtained from the light
mtensity at all the wavelength regions in the container. Qualitative information of luminescence,
for example, information concerning presence of luminescence due to an external factor is obtained
from a ratio of the light intensity at all the wavelength regions in the container and light intensity
30  obtained by the spectrometry. In the light measurement at all the wavelength regions or the

spectrometry, the luminescence measuring apparatus dispenses the pH modifier (a buffer for
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15realizing the present invention and does not limit the present invention. In the figures, common
components are denoted by the same reference numerals. [EXAMPLE 1] [0056] FIGS. 1A, 1B, and 1C
show a schematic configuration of a luminescence measuring 20 apparatus according to a first
embodiment. FIG. IA is a general example of a schematic diagram of the luminescence measuring
apparatus and is an external view of an apparatus containing a luminescence measuring apparatus 1
and a control apparatus 2 for controlling the luminescence measuring apparatus 1. The luminescence

measurififAHpa St h 38 ABHEig: dRERSIGsiFkaga Juith trRapesieto pdhdeta date Ivsdetsunig at least
one congetiak e KibRinTMRASHRMBRt S USRS 2 SAMRLE 2R CONRIBRERIAHEAMRNE CONRIRG is set.

In a state where the opening and closing stage 4 is closed, the inside of the luminescence measuring

apparat{§5s SPUARF SRR SNty ighupTeTRHa0ait wireresklls viits dledmaghis to
extranegus:HE: At GRipRUIANG I 3focnersHremamcMRISE BObASRERILSAIBP IR CpAtainer
holder 22 apd a measurement container 5 are shown. However, when a supply form of a reagent, for
examplé™ ¥ E¥htainer shape is different, one more set 30can be prepared and set in the apparatus.
[0057]As a high-sensitivity detector that captures weak luminescence, a photomultiplier tube has been
conventl6ptly ustel expliecdaabo o, ighlamsmsiivityrspecifigatipmsaasinglehphotantsountiniggnethod
for subiggiing gssieakb e sl iplir s o dlalial progessina s adopiag. [0008I g nternal
configuration of the luminescerice measuring apparatus IS as shown in EIES: ana 1 1%
facilitateesp Rtandrachy, dongumatio husistromnediaiforentomia dlsds déokieglfeikre, Temmbasdirement

contain [ j r T ent.container holder 6.is set in
R SCELUNAREARY %Q%Sﬁﬁﬁéﬁfqg %}%ﬁ%@%ﬁ%ﬁg{%@?&%ﬁﬁ% é%}:b A and

a top plate through-hole 9 on atop plate 8 0 _ & SUItADISTT It 1S possible to
poSitionisEeRich silve prstitveontather Mbhiesd isitiplyniipestaoiyniheswiag syEragisecomtaimesiolder 6 on

the 10p IRIA HufiRlEXAMNIRIR LAMAIPIAAANAY ey (LA IEIIRRLE AR IAINGLI0IIaRS ape setin

a fixed position may be attached to the top plate 8. A square groove Iin which the bottom of the
measuréFEHYE LR RETHECE is fit may be engraved in the top plate 8 and the measurement
container holder 6 may be fit in the square groove. A role of the light blocking box 7 is to protect a
photoel¢efi]surfimeifit efanphstotetelbtdimfsarh thxtpaneaumligitidhatre riglsitbbapeRing and

closing ing and.closing stage,4.of the .15lyminescence measuring apparatys 1
[OOSQ]T#(?%&%S&%%%%%@%& olc ég glsé ges ?ﬁec uré% or & %?@rﬂ?@aﬁgiwgfﬁé%f%% fEctric
sutace @ﬂﬁ%ﬁ@'mﬂwﬁi MDneu'ld ihesmeadun rﬂerﬁm_smﬂaiqwﬁgf[h_ehmﬁasﬁgeme obeartainer
holder &.fgleqisinbe.diRatigne s ARIodRiGGiRL A0, ight diverging in a

[EXAMPLE 1]

[0056]  FIGS. 1A, 1B, and 1C show a schematic configuration of a luminescence measuring
20 apparatus according to a first embodiment. FIG. 1A is a general example of a schematic diagram
of the luminescence measuring apparatus and is an external view of an apparatus containing a
luminescence measuring apparatus 1 and a control apparatus 2 for controlling the luminescence
measuring apparatus 1. The luminescence measuring apparatus 1 has an opening and closing stage
4 that are opened and closed when at least one consumable kit 3 for measurement such as a sample
25  container or a reagent container is set. In a state where the opening and closing stage 4 is closed,
the inside of the luminescence measuring apparatus 1 is a dark room which is completely light-
blocking and interferes with entering of extraneous light. ~ As the consumable kit 3 for measurement,
two sets of a reagent/sample container holder 22 and a measurement container 5 are shown.
However, when a supply form of a reagent, for example, a container shape is different, one more set

30 can be prepared and set in the apparatus.
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direction different from a direction in which the light enters into the photoelectric surface 11, and 20
leads the light to the photoelectric surface 11. As a method for reflecting and leading the light, the use
of minor reflection is suitable. A member obtained by machining a metal material or forming a metal
film on the inner surface of the measurement container holder 6 is used for the measurement
container holder 6. As the metal film material, it may be preferably to use silver or aluminum with which
reflection efficiency equal to or higher than 80% can be stably obtained. An internal shape 250f the

measuréifieht coftariBeineiaBiGsdgiesiordbty cpbpesr wepkplupingsseneispipbaiearstiplias. ifbebai The
measurgmentEORAIRSlPUSNSSHRL U%%‘off%‘%ﬁ%%ﬁ?ﬁ?@%ﬁ@%&ﬁéﬁﬂﬂ%@ﬂ%ﬂ%ﬂlmer part

of the measurement container holder 6. To fi h_e-‘measurerr]e.nt container 5, the measurement
containérethidrissrbiesting agienprrhthenboinmubidieplhedpiairlanecawsing it adsmiedner 5 in a state in

which the measurement container 5 hangs down in the measurement container holder 6. 30When the
measurgitesit coilitaiheerbahosifavinagdhe fahierhiziissiasd, rataaxdigsiveasinppesahtivenlikeFIFt shown)
attagched.to t easur, t container 5 can be prepared. The bottom of the measurement container
o iy i ety B A e AR TG R PP RSB i
transpaiércynedsarvintie dightinegidisisabious 100%ranehmadeaticn baiteghsshierasinshexiog
thickness Qf 0 5 or.less may be provided in a lower part of the rement contaiper holder 6.
1006 LI SN 55 STt § O R BRSO P8 i e e Sl oprica
filter settiny otdeablSifntas phdstabepisitvtcierinsartatmimtirdnadidelafdsardp plathd@ngthe inserted
tabular ggflg ilter. settin 13 can be maoved.in a ysaxis direction in the tap plate,.8 using a first
actuator .‘#?t %ttacgg}gg ég&lllgg%ﬁl:t%eroge{%ﬁgt o@%;rel , a Qut }éaéz\r}gfr%l ?o?{éﬁr? el%%h%%’ﬁ%%fgs for
setfing arcapticakfitter()izarhplésdnio B¢ kehit ofiscdgicilditengdpaiechidperfbermipglispdactrascopy that

t its jght wi ifi { ' h of.the,t h-heles, di th
movema A B A R e R e MRS o
optical filetoreplaterfirend hivaichitsemantasiomar falddr 6ptianbfiifein Secapdse gmevposadrietbe position
f the t :9, ] / ' lectri
orthe %eﬁl%fﬁhﬁe%%BQ L?l?to'fx"c”) .tQ:‘% 1 E‘ogi'&&é ufe %FPQQ&@%&%PI@&%@:%% S ectric

surface 11 ot t detector A region of the tabular opticat filter setting ho re the
- optical fiigd i$hroeprssapofunpaong 48 dpsinarwikriahdhspepiniparidlclsinngsttags 4 iobened,
preyents gitet bighiiomhephairalectric surface 11 and the outside of the luminescence
measuring apparatus, and plays a role of preventing accumulated light on the photoelectric surface 11.

hotocdBRar 10 L TN BEEG b0 CHT BIGRR IR WO ine but BN BHine Midbkence
measurp@ﬁp\aai@usuﬁamhét, mtemefwgtbiniﬁhgt@ntx bioclded h;eﬁsa&til?lgxth.eoimtaida.oﬁ.thel‘b@ plate 8
ceting e e R L S B s e
explainsréateniditerentdmple dirEoperativchakp bglattoterniftGE: pBwetbd@e fonbioaglicigpdf
ﬁgftq?rg ﬁagg@tsoegﬁg@m%eogh%%é?@chfw%%%eefp.'aim AR AR FHURVALGUBRS Y PRYcal filters is

use of murror reflection is suitable. A member obtained by machining a metal material or forming a

metal film on the inner surface of the measurement container holder 6 is used for the measurement

container holder 6. As the metal film material, it may be preferably to use silver or aluminum with

which reflection efficiency equal to or higher than 80% can be stably obtained. An internal shape

25  of the measurement container holder 6 is preferably a taper shape or a semispherical shape.

[0060]  The measurement container 5 is inserted from a columnar opening with a small diameter
in an upper part of the measurement container holder 6. To fix the measurement container 5, the
measurement container 5 is mounted using a brim 12 in an upper part of the measurement container
5 in a state in which the measurement container 5 hangs down in the measurement container holder 6.

30 When the measurement container 5 not having the brim 12 is used, an exclusive stopper or the like
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[0062]The photodetector 10 can be moved in a z-axis direction by a second actuator 19. This has a
function for reducing and increasing a distance between the photoelectric surface 11 of the
photodetector 10 and the measurement container 5. The photoelectric surface 11 is brought close to
30the measurement container holder 6 to set a large solid angle during measurement. To achieve this,
the photodetector 10 is inserted into the top plate 8 through-hole 9 of the light blocking box 7 or moves
beyond the through-hole 9. {8063]In FIG. IC, the tabular optical filter setting holder 13 is in a turntable
form. A@Bbﬁb%\"??lé?@f% e C BRI IR RS AIRST tHY ot DS o DB Ar ot g beftoramriidhe ptical

filter settipghrdadaetdnMaunday Yatnghshadt hak Anipatiepierdss amnpicalfilieish (dist optical
filter 15, a second optical filter 16, a thir gﬂ%gﬁal_filter. 17, and/or a fourth oaptical filter 18) can be
interposERWUEHBLIYIHB HUS GREmRBTPED Matndrible HaiHe giRbis shaitiStrrad madst thguartz

photodefasiosrl R4y Nefatpoiaohe\ine hempticalditents). ROSAIaSate Shawn ot 63 dfe, a place
other than the through-hole 9 where an optical filter is 10 set in the tabular optical filter setting holder

13 5 proCESHRIEL PB&iRsH k'95eStop plate through-hole 9. In this case, the tabular optical filter setting
holder 13 functions as a shutter of the light blocking box 7. 21 denotes a passing through-hole 21 for a

photoddt96tdr th Foudh whicheeppidectiefdundiciOtderkipg dmxThasp histotetdoramidBliogn e close to
the bottgm SyHRGesOf HIGERHS S P AP RIAINRI EQ@@%&R@&H{B%HQ;Q%% %%uég&%%sal@ Qe center
oft r holder 6, the'c

of the measurement container 5, the center € measurement containe enter of the
top platéhbrowghdebaler endcebhlisr siting pHdeo dleemibsmdaed in B platieditsotioddtcbioop 0jatnd the
center gogitin ofithe oRtical filker RterpasedLeNRED fhemeas fﬁ&&?tf@%@éﬁf&&ﬁgptﬁi‘?@n _
photodetector 10 are aligned to be present on the same axis in the z-axis direction. This alignment is

priferatifregedoley hepfing rnfnesd dilts(m cas uregippdvaleesisoassemitsb dilteo sapaidle fifst
aCtUatob%ﬁﬂﬁé'%&%?@%?%@%gﬁt@[i@lﬁamﬁ{esp@aﬁ@%@feﬁ@@fr%gebyepﬂi"’gefcﬁuﬁpéﬂeor air

supply can be used. The consumable kit 3 for measurement shown'in FIG. IA is equivalent to the

measur@RBER-Bslstain deCHdng OxXbripRYSTSRBH the tabykr pptisplfiitr etsmaviplder 33 2810066IFIGS. 2A
and 2B sha\ &8¢ bemalifep i Eatinn oh@imise seoee-MaARH MLAPPAIRIME ARrIdNEla 2

second embodiment. The luminescence measuring apparatus according to this embodiment

compridBE5 K1 fi8nbsidpierseth B bR e EShsp e Rt gk Bo dimditems en FIG.
2A 52 soldinneispERsRL RISteMIans FAdRARSRISAIMRIE COBIAMYHINIEREARS 10. A region of the

tabular optical filter setting holder 13 where the optical filter is not present functions as a shutter
when the opening and closing stage 4 is opened, prevents enter of light from the photoelectric
surface 11 and the outside of the luminescence measuring apparatus, and plays a role of preventing
accumulated light on the photoelectric surface 11.  When the opening and closing stage 4 of the
20 luminescence measuring apparatus 1 is opened, the photodetector 10 is fit in the light blocking box 7
to block light from the outside of the luminescence measuring apparatus.  Further, enter of outside
light is blocked by treating the inside of the top plate 8 of the light blocking box 7 as a shutter using a
portion of the tabular optical filter setting holder 13, for setting the optical filter, where the through-
holes for setting the optical filter are not opened. Details are explained later in an example of
25  operation explanation. In FIGS. 1B and 1C, for simplicity of explanation, the number of optical

filters 1s explained as four. However, the number of optical filters is not limited to this.

[0062]  The photodetector 10 can be moved in a z-axis direction by a second actuator 19.  This
has a function for reducing and increasing a distance between the photoelectric surface 11 of the
photodetector 10 and the measurement container 5. The photoelectric surface 11 is brought close to

30  the measurement container holder 6 to set a large solid angle during measurement. To achieve this,
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which a reagent and a measurement sample are set, are added to the apparatus configuration in the
first embodiment in which the tabular optical filter setting holder 13 in the slide table form shown in
FIG. 1B is used. In FIG. 2B, the solution dispenser system and the reagent/sample container holder
22, in which a reagent and a measurement sample are set, are added to the apparatus configuration in
the first embodiment in which the tabular optical filter setting holder 13 in the turntable form shown 5 in
FIG. 1C.is used. The consumable kit 3 for measurement shown in FIG, 1A is equivalent to the
reagent%%ﬁﬁﬂ@%?ﬁ@ﬁwé@ Rotefsrob i Ansifnat o'als shiverebibele A8 %lmﬁﬁ?%hf)%gn?éiner 5. A
detailedhapriGeyatiothisiesptainedt with reference to FIG. 2A. [0068]In FIGS. 2A and 2B, the
measurement container 5 is set in the measurement container holder 6. The measurement container

holder §geagt aRnvadNg Cop PRI AR RS QA0 ﬁ&ﬁ%}@@’@g n.theloneialg,s Oﬁrﬁgg#rtst

blocking box 7. Alignment of the measurement container er 6 Is the same as that in

embodifHsts)rcdrabsd derteshabisgienerieie dbionsimbatecd hrairmsating des Btaldseopiiedh Hifixedttivgsition
may beﬁ@é}h@%&ﬁt}?&%ﬂl@é@rﬁf@ﬁé@%ﬁghh%%m&@s%ioﬁiéﬁ%ﬂ{&@ BPNE{ Wb ibe Rottom of

the measurement container holder 6 is fit may be engraved in'the top plate 8 and the measurement

contain@rsprstaiéeptisshfils 1i6in tielsqtisabgioove adfoustmHeceisylblten!8) g hglintblpekihg box 7
has strygiye-ferenablingthedaBianaonical fifepreiing hlderd? ta ke @Hé(?ﬁ@ﬂd@ﬁ&:t%}el infide of the

top plate 8. The inserted tabular optical filter setting holder 13 can be moved in a y-axis direction in the
top plateoBiedpd mevingtthsiertical e} The photodetector 10 is stored in the light blocking box 7.
The photodetector 10 can be moved in the z-axis direction by the second actuator 19. 20[0071]The
solution[@i$pensédn sstoeshosadndf & fitY, disipensihg thanazte 33paghdaednt dispeasimgicd filer 34, a first
ligyid feedin 35, a second liguid feedi ump_36. and a first liguid conveyi ipe,37 and a
seiE:BondSl'lf"(%]illjrl1 Cgﬁ%@ﬁﬁé’%ﬁﬁeﬁﬁgﬁ%ﬂ&@g% :\i/ge?;g} rgg%néc the fire 3%8%%(%0%9 %ﬁ%ép%%r% g hr?gezzles 33
and 34 andlthifirstsaribleserdadoituad ibediettmp imisr35 dnokG86isEeea soltitonf disphsblodkives the
respective liguid feedi umps 3 k or disc liquid. 25 In the example shown in
o, 20 28 O M R PR
conversBlycasepetal tdhs phitodeiayitre] frovidenvcclsding theubettonhsufifsteant] heconabdispentsing

nozzles 33.and. §%ﬁ&ﬁg@%ﬂlﬂgjgﬁperaﬂon of the solution dispenser are respectively fixed to a

fifth actuator 31 and a'sixth actuator 32 by a first dispensing nozzle fixing jig 39 and a second
ib 40. The first and second di sing nozzles 33 and 3034 can be optionally

dispensij zzle fixing jib pe. ;é]
mbved 10k al SOIE LA o Rlathe PIERHRE SHERITGA PplBE GHHSESLARe Sasartres v SOBAEmple
containaoldetde niz2caneistdche thpoyaaemioying-hotchamhis terateothiid plahwalan?Osartlca fawthhactuator
30. A solution can be,suctjoned from tips of the nozzle d a suctioned reagent or sample can be
dispens%lhd) #?1@8%%%%5 ? (s]?)ﬁ?ﬁlotgec%e&%f r%ﬁg & tH%%r“ﬁeo éhcf% r%%ﬁli CSAPRT r%?‘fﬁ %‘I %g SR 5@&1% SiX
solutioncootatasmersnfxlii ghetlditierior dtannai 28 aodeqonat sohutiba saontatirein the z-axis direction,
This alignment is preferably executed when the luminescence measuring apparatus is assembled.
20 As the first actuator 14 and the second actuator 19, for example, an actuator controlled by power

supply or air supply can be used. The consumable kit 3 for measurement shown in FIG. 1A is

equivalent to the measurement container 5 in the examples shown in FIGS. 1B and 1C.

[EXAMPLE 2]

25 [0066}]  FIGS. 2A and 2B show a schematic configuration of a luminescence measuring apparatus
according to a second embodiment. The luminescence measuring apparatus according to this

embodiment comprises a solution dispenser in addition to the components in the first embodiment.

[0067] In FIG. 2A, a solution dispenser system and a reagent/sample container holder 22, in

which a reagent and a measurement sample are set, are added to the apparatus configuration in the
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5 24, a third solution container 25, a fourth solution container 26, a fifth solution container 27, and a
sixth solution container 28) are set in the reagent/sample container holder 22. However, the numbers
of the reagent/sample container holder 22 and the solution containers are not limited to this.
Specifically, reactive reagents and measurement samples may be dividedly set in separate
reagent/sample container holders 22. Although not shown in FIGS. 2A and 2B, it is also suitable to 10
set two or more reagent/sample container holders 22. It is possible to subject plural measurement
sampledits eakodipreddasitechdorshula arcadiim it bnideplirip Bs dids lesbraravuia feeding
pump 361 PHRRQGANYfP. §§0d@@saﬁ%ﬁ%s§%%ﬁ§%{bmaaﬁﬂﬁ9€a§am&m BRHiRIRIIRRIND is

suitable. 41 denotes a buffer solution tank. The buffer’solution tank 41 is connected to the second
liquid feddiigish g meean and aspauraae sERPB RS HhracaBidaddR by hrag RODERIBAIRA NG
three-way valVESIGRERAAEIIPIRP AR AT PHIP SAMB AR TR aHoNALIE Sigclimagnetic

valves is used, a buffer solution can be automatically supplied into the pump. The pump can be used
as an alitdMaiCsEpistlsydtssasrpplailihg Warerarmrgaens sime watlin b itseumsimideteying

pipes apg ihe/iaRge SR HEEANd, IBRFANEY SUSHIARING REEUIRCHhA M AISRERSINGAGRILALY - This is
an 20 example of a configuration for simplifying work for buffer replacement in the pump [0073]The
first actiiatbieiod saligseding Saspltedovithetrracsdiier 29; the fourth actuator 30, the fifth actuator
31, the sixth actuator 32, the first liquid feeding pump 35, and the second liquid feeding pump 36 are
driven dA06Y badis Idfxh Dperatidh. shepenseseelyctngatentics sppardiasiRafuethart eosignal from the

hotodet 10 is.also.j ted | | t 0074 | ti

I perfolnd b S SRARE DN RIS S1030E Mick S 0 PRRIITLARIE Pikako e
exiflainifyarprotdetepaflitmirdsbe ightrisakineinent andhgahlent eff Gsuntmyrtanypicatiexample).
First, the pREMNG andeinsing Ao .ofdle MmBINRsEsNce drge %%Baﬁﬂrg“d%ejxﬁ a%&%ﬂl%ﬂt(%m)-

The first to sixth solution containers (23, 24, 25, 26, 27, and 28), in whi icrobial sample to be

measureeiiaincAlimderimipatnel soiuikad aBUNTR britietian sotheitmw, Haig &tidhohghilbheskig washing
solutiong,gre stacked  AEs,SEL i G ReRYEAUSATDPIRGABIRIRELOR B arer HORIB GBS YIEMENLoNtainer

5, in which a luciferin-luciferase luminescent reagent is stocked, is set in a predetermined position of
the lummiesEEdde thiciapuime Spskbstosaueanch epriznenbokianomar bethife e GRIBFEHS382). For

simplification of explanation, it is assumed that the ATP eliminating solution is stocked in the first
solation{@@sfthineFR3icthel&d B of dxthiabtiblodahgtionkid htackadtinder sacbivg shiutibnloontkinker 24, the

microbi?llsam le is st ckltdi the third solution container 25, and the npzzle washing solutions are
stockect e e R LR o bR SR MR TR BIRL fop G 7 S0 RE R
containéit@8settingdylerundersho otbtied inhe/ reagdmtctios sailnple plaw thiey oz itet waskiing $olutions
may be respectively set in any positions of the reagent/sample container holder 22. As collection of the

microbigheAIMpleTHa phdiBdetatesananipasivm fhe Bdivelodrehistial wagteyyMabdesayrageplant, and the
like and quality inspection, for potable water, 100 lll, to several mL of water may be collected using a
syringe 'GP & E%F@?%\Bé{g?“@&%’c [CBRIRATERENLR as a polyethylene cup. During inspection, the
microbial sample can be directly set in the luminescence measuring apparatus and analyzed

actbrdiff7d khe prsceduiienshemensen FiGrposdriferdirg dsnsasnenorzepidce swennd dispensibaint of
microbes,isicl 3.5k UEhAF AJARY FARIRTYs ahesRilal Rk IREIRARIANEl aBharmacspigal factory

or a regenerative medicine facility, it is preferable to adopt a concentration technique employing a

filtering $YOEYEE MRS TABE BISEsFHerHavHicroresna aipsr Hhihibireresiével eeneerhihy dovicemtrated
using a gempiapeies (HeHa0d04a $omRIBRURS %@&9&@@;&{@%@%@1@@@&3&%@!“%- In the
case of microbes floating in pharmaceutical water, the air and liquid are collected and

solution dispenser drives the respective liquid feeding pumps 35 and 36 to suck or discharge liquid.

25  In the example shown in FIGS. 2A and 2B, two solution dispensers are provided. However, one

unit may be provided or, conversely, several tens units may be provided according to use.  The first

and second dispensing nozzles 33 and 34 for performing liquid operation of the solution dispenser

are respectively fixed to a fifth actuator 31 and a sixth actuator 32 by a first dispensing nozzle fixing

jig 39 and a second dispensing nozzle fixing jib 40. The first and second dispensing nozzles 33 and

30 34 can be optionally moved to plural solution container positions, where samples or reagents set in
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20 concentrated using the membrane filtering. Microbes captured on a filter can be used as a microbial
- sample. The bottom of the third solution container 25 is formed as a filter. Microbes captured on the
filter may be treated as a microbial sample. An example of a form of the third solution container is
described in W009/157510. [00751As the nozzle washing solutions, ATP-free diluted and sterilized
water of a standard for 25 injection, an ATP-free HEPES buffer solution, an A | P-free PBS buffer
solution, an ATP-free Tris buffer solution, and the like are suitable. To consume ATP, a

|uciferinth§ cRFIEEImPIM eeaiver duwliion 2hary Bedisddby s mevig Mesharpmglsothindectpaier 29

measurgmenteeNaliche ISGet D demeast Rsiseataner daldeul dhsiaalier he.apgping and
closing stage 4 is closed (S303). Subsequently, HV (High Voltage) is applied to the PMT functioning

as the pregsRictesBPkocansemdisponsed Jesibier t5l86pmsAniaeE gakepsaTyammisentaiesSyalue, and
detect therpasence.anabseneh.aldiahiRiackingdailiure .ctararm otpted-ight «Jing firshagiator 14 is

driven such that the passing through-hole 21 explained with reference to FIGS. IC and 2B, in which

theJirst4® foliid spltton fretena2y 6, forhelugymrraenabifan Sblicsalwier sartwphalderda are not
set, is lggateshaliomecthraplptoglesticsurage khahiheRhetedrirtembfitr395). HiGS6CRd actuator

19 is driven such _that the photodetector 10 is moved upward (5306). The photoelectric surface 11

passes HHrdRsGHob ths reasgatsiople oakinsgheldst h adithe solipicenssaariere peibnt Rit e this.
Measurgpgiiaeftaiehiw (T i GedaleMapsuaprantofibackarongiioly ingludigiptrinsic

fluorescence of the measurement container 5 and intrinsic fluorescence of a [luminescent reagent in

the medSHHEISMRG ARRIABEERIGES frm < PR ROt hoRTERT IGR. Hbard t1e Bosiiorsuitable to
phigtodetgeias dOnsluencigaricsouit iaasereaeat 10 FIGS pd8;itt4F st the-pasitivos.atthe

photodetector 10 during ATP luminescence measurement for measuring ATP luminescence from
viable c¥RPIT4GBIERRRSHPE highly efficiently collected by bringing the photodetector 10 and the
measurement container 5 into close contact with each other. High sensitivity measurement can be

perform@87HIG. AthpGisliatidfeadiprmrpiizang theaagonthliquitlifegline menhadirpthigkeiosy equal to
or smaligriham GeappRLis | C?é@% SWERR Bl EASEme &&gqgag&%b%gn?1tlagn8{égtgelectric

surface 11 of the photodetector 10. The measurement container 5 is brought into close contact with

the quabitigrseiution tankie IDebvlenrdutonalntl beaveritethie e sesonshhaviddording enBraif the
qUaNtZ glasg @mfumﬁtﬁé%&@épmdghpg%%si@eex&mgéa@neamé%\mﬁgaﬁ%%m&w&ﬁ@éi&%r 5 from
u

the measurement container holder 6 using the brim 12 of the measurement container 5 when the

quartz GRRCIFRnREFRAECASTE ABLIERYEE fsambinatirn Afdhair]retomastiic savge it hbuighest. This
is also suitable dEarBdhamiawRAIRt ﬁfp@l%%f@@ﬁrﬁ&ﬁﬁﬁitmﬁ &) bt Qs Yoy, MieAlacz glass

thin plate 42 is not always necessary. However, when unexpected liquid leakage or the like occurs

around THEPH, SESERL B RIRSOMIRR Ve R PRlamiagavpbing-pltisilisradb reRLepiatBimstdtd e by

preventifig@eitaci@itbe dguichansiihe phatasiecticstriacad bishhasaoractha guantgiglassthin plate
42 is suitable.in ]E:rms 5 of_gr ctical yse, The thip plate 42 is not limjted to quartz glass. Other
P??ix(rf’@qgﬂe CBB%%‘@‘E}? R RS R e aets s S s Asinssraent WIS RY™R the transmissibility of
the thin plate is equivalent to that of glass in a visible light region. [0077]Further, if the sensitivity of a
measu rEﬂ@E}steﬂ‘?s@ﬁfﬁ%ﬁ@ﬁ?lbﬁbéh%éem@ sofpsdADP hirburiuatpodrherfoutiastphiotddetector 10

is unnegesaaRacifPaTkaieupshightmeasurment %ﬁ%ﬂﬁfﬁ&%ﬁnﬁé&%&éﬁﬁg@%ﬂem may

be carried out with the position during the dark count measurement fixed.’ In'S307, it is confirmed that
a backgﬁ‘ggwg qusdam st hasief tmpperation sequence set by the control apparatus 2.

Further, a signal from the photodetector 10 is also imported into the control apparatus 2.

25 [0074] A normal operation sequence in performing viable cell count using the ATP method is
explained below. FIG. 3 is a flowchart for explaining a procedure of luminescence measurement
and viable cell counting (a typical example). First, the opening and closing stage 4 of the
luminescence measuring apparatus 1 is opened (S301).  The first to sixth solution containers (23, 24,

25, 26, 27, and 28), in which a microbial sample to be measured, an ATP eliminating solution, an

30 ATP extraction solution, and other plural nozzle washing solutions are stocked, are set in the
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there is no false positive luminescence due to contamination of consumables such as a reagent and a
container. [0078]Subsequently, the ATP eliminating solution is suctioned from the first solution
container 23, dispensed into the third solution container 25, and mixed and reacted with a collected
microbial 5 sample (5308). The ATP eliminating solution is caused to react for about 10 to 30 minutes,
whereby killed cells other than viable cells and free ATP are eliminated. Subsequently, the ATP

extraction solution is suctioned from the second solution container 24 and dispensed into the third
solutionreegeaiipnpls canrainetibelder Ektraldingeaurefront whablpadlisoehink (3308 ISEme ATP

extractign, SQltigR Fé%ﬁeﬂtf'i’g‘&ﬂ%&f d %ggg}lgtl%}gdg{}rﬁﬂﬁ%{@ﬁgogﬁﬂ)g}g“%ﬁé ﬁﬁﬁlﬁgﬁeﬁﬂm@@aﬁs{}gﬁo

solution, the ATP extracted from the viable cells is not eliminate e ATP eliminating ion

added iBRPRSSIS Eeidindf e cesssTEIRcatesytAest Tolderd EXBRibtion ¢t Swplifidatinn ofexpipnatiomit
eliminatiogsallipthis @0 ATF SaAIARHICGNANTE S0EUAIRS A SHRVTIEBLAREASE fldeppninase as

a main component. The ATP extraction solution is a solution reagent for a cell membrane and contains

a sdrfactsiiaioarselgtisariz sireidin dlsnaadsktinapresimpofbniic Therd saimlip itistgcks! Bolution
and the ATfR;RKUAGHON SRIHRR ﬁ%ﬁ@@ﬂ@ﬁ&%%@éﬁ%@lﬁm& ki Ryo PP RRORAH @B turers

and can be readily available as commercial products. [0079]Subsequently, the microbial sample in the

third soRRISHRESinae 25t soldpnrenanmens2dx wadtde frorhtselwign| suuaiags24.0) is mattibhed and
dispensgghinie JaqHRSAS AR QR HRI RS AL he SMT SUneHRNIRG 3R thg.piRigdstegtor 10 is

already in an ON state in S304 and 20 continues measurement of a light @mount and obtains data as

spectra VIS 98 ha Raes U rerBRlg g rstineT iglderadd fdordaciynef theunimebiakssenlF g as)
(S812). wfier maaskting the ATRJUMIBessancashoNg. it G ol several minkitesathe dypf the

PMT is turned off (S313). After the measurement ends, the PMT photodetector 10 is moved downward

with thel&sesendennsiablegvemddlouk forvirel prlsshyatsronanissielloatod Heine fusHEREEPIE state

during teecRRRGHARSESINSACE coatiast sRINS SigethgeaRigionsaauensR@REsShEhgiQRsRIng and
closing stage 4 is gpened, and the first solution container 23, the second solution container 24, the

third sORFSHCCHTR B EIrestly Rl i he WDinRISATCs MSHTETEE SRaTAtR L el sk AssAEiBE e sixth
solutionpeetd@iresivand G, measunesnant easpainel i usplhdorihamensymameatt aieaeiested.

Then, the control apparatus 2 shifts tQ measurement of the next samp|e. For prevention of

By Rt th1d (" h F B RETIRE o RAGISREORR B RJFERRES B piTe

bo 7 car be blockel I A place of ho. (ouar apics Her sefina bolder 13 othere pasars
oX7¢cC e blocked in ace of the, tabular optical filter setting. holder 13 otherg passin

through S DEAE tne Th e RN FTIGH B B LRSS coletod i conecatded

using a membrane filter method or a combination of a collision method and membrane filtering. In

the case of microbes floating in pharmaceutical water, the air and liquid are collected and

20 concentrated using the membrane filtering. Microbes captured on a filter can be used as a
microbial sample. The bottom of the third solution container 25 is formed as a filter. Microbes
captured on the filter may be treated as a microbial sample. An example of a form of the third
solution container is described in W(009/157510.

[0075]  As the nozzle washing solutions, ATP-free diluted and sterilized water of a standard for
25 injection, an ATP-free HEPES buffer solution, an ATP-free PBS buffer solution, an ATP-free Tris
buffer solution, and the like are suitable. To consume ATP, a luciferin-luciferase luminescent
reagent may be used as the nozzle washing solution. The measurement container 5 is set in the
measurement container holder 6. Thereafter, the opening and closing stage 4 is closed (S303).
Subsequently, HV (High Voltage) is applied to the PMT functioning as the photodetector 10 (S304).
30 Itis possible to confirm that a dark count value is a usual value, and detect the presence or absence of

a light blocking failure or accumulated light. The first actuator 14 is driven such that the passing
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[00801lt is preferable that the flow of FIG. 3 is automated and the steps sequentially proceed as a user
simply presses a start button on the control apparatus 2. Although not displayed, waiting time 5 among
steps can be preferably changed and set as a parameter that can be set by the control apparatus 2.
For simplification of explanation, a nozzle washing step is not described in the operation flow shown in
FIG. 3. In general, the outer wall is immersed in a washing solution before reagent suction and after
reagent dispensingr). Further, an appropriate amount of buffer solution in a pipe is ejected to wash the

I

nozzle TRERNRAe i hizppreditahectsranss tad liasnihy e SBidnonberhytsitist 1A rethoRHsRs
preferafiedo(insest asiap pfvwashingshiemeaele girtbadopnbigalutopcantaine Bekafapeweuction of

the All' eliminating solutign, a step.of washing the nozzles in_the fifth solution container 27 after
dispendi RE AP S LG O RIS Pt P& on DRESARAERHAE A S Bt End/or a
step of ashintdhddieraias i HeeddpeatuitIneontairghibaetaie sktien Phibeyietieated sample.
Of course, other Ijé)ws may be‘fuﬁEed. 15[0081]FIG. 5.is a graph of first output data 43 of the PMT
nStodIaEs 56 USRS IS HRE Rl B SotiRtelBd g0 SPEEOTCSH SRPRIRTED with

refereng@o 41Go FIX aKy repkaseriadinel dackyraxid 1eprepenisRh alemhso ks dlcamwat dfersSecond).
44 denotes a dark count sigpal, 45 denotes a background light signal, and 46 denotes an Al?

i SRR AP RS AT By MRS (AR B DTG Y o SBUIE! acairing
the backgaiuadslgbé:sigmal 293¢%)for 1800 seconds, and acquiring the ATP luminescence signal 46 for
100 seconds is shown. The background light signal 45 emitted from the measurement container 5

containigréne IUTNesCanbIRAIRMNLISRGS 17 aRPAAALERIASIBNIARHE A I00akip ARG Stk count

signal 44 because of intrinsic fluorescence of thé luminescent reagﬁent and intrinsic fluorescence of the

sufdffe it éhitkiskevutheporifiensobbgpbtadetoatpp It hinag A kR Susiprsr s e AeaTPgHinescence
amount4§desivad R7rpmiNiablacalisns calewates ffemamR. inteRaity mgﬁgea%iaﬁrﬁv@&Me intensity

of the peak and an average in several seconds to several hundreds seconds of the background light

signal %5 pEngingy! V%Fegé?&%dﬁ@éé%%emf%a%%%iawtaxﬂ%smta%tﬁ%ﬁﬁ@@h & pasis of a

relationchgtweenifikPrekiknembneeasaRtiptimad [yninascensednicasiv iR GPShidluedakthat point.
FIG. 6 is a diagram schematically showing a method of calculating an ATP luminescence amount and

30calc@3th J e CHl RiRgs IR rsh SRR AT Balieh s cLRE dBRiTEe TS BropsFhal P of
knewn geaaeatatio toanehetoinghihensuphbeREA J PsipRircules an ik iBcaniiéatinmlumimgscence
intensity (CPS) on y axis. 5Q denotes calibration curves of three kinds of viable microbes obtained by
ot D ATATIR o RS SHB LIRS OB BT AR A% 51 RS s (CFU)
on X axdisanck piatting imireseencativiatsie (GREhe uisaxidasSlite phite s Dagrapth shpussipla relation
between cell caunts (CEU) of the species A, B, and C and ATP amounts on the hasis of the 5 Al P
o i e g e S R A
betweebrimitEokfaleontisieanadrodngirep e sdntativepmitr ghisl todl piitdEximictabeb)sandrAaliR amounts
is-compiled, as a database in advance as s nip FIG. 6. This makes it possible to calculate viable
el s TN e R R et i
containaedaswenentiaeitivicyoéGs differeint tepengingonumspeatiss (strapgteadiuallyotl Bletryst number
datac cajeulated. In the example shown in FIG. G, if the species C ing a smallest A IP
amoun B R S o et i S R M SR o1
viable redotaber Soitrisspespelddonprstriot edhilanminhtierphutotgetoenOfby microling. jEXaaMPIE 3]
15[0082 ' [ OV ined j ' ' optical filter is
et L e S L O VLRI AN RS

25  ofpractical use. The thin plate 42 is not limited to quartz glass. Other Pyrex® glass may be used,

A thin plate made of resin may be used as long as the transmissibility of the thin plate is equivalent to

that of glass in a visible light region.

[0077]  Further, if the sensitivity of a measuring system is sufficient because of a sufficient ATP
amount, movement of the photodetector 10 is unnecessary. The background light measurement
30  and the ATP luminescence measurement may be carried out with the position during the dark count

measurement fixed. In S307, it is confirmed that a background light value is a usual value and that
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[0083]FIGS. 7A and 7B are flowcharts for explaining a procedure of luminescence measurement and
viable cell count (a typical example). First, the opening and closing stage 4 is opened (S701). The first
to sixth solution containers (23, 24, 25, 26, 27, and 28), in which a collected microbial 20 sample to be
measured, an A | P eliminating solution, an ATP extraction solution, and other plural nozzle washing
solutions are stocked, are set in the reagent/sample container holder 22. The measurement container
5, in which a luciferin-luciferase luminescent reagent js stocked, is set in a predetermined position of
the lumHESceRedae sty appEratnse duedo AT RISR REFRBHBNAIFISH RO RISPEIS7EDY. It is
assumegthatdhe Al? eliminating solution is stocked in the first 25 solution container 23, the Al?
extraction solution is stocked in the second solution container 24, the microbial sample is stocked in
the thir tiongcontainer2 .nozzle washing.solutions are stocked in the fourth solution
containt 8 tne T G S B o e
sample 2andisgprmsedznte thashidgdutioticnstaisy BE redpeitivaindertedyithosittingaf tiierobial

I i h 2. h .zle washi luti NIP- luted and
il A e g U T A ST by i A
buffer, a’ﬁdﬂﬂﬂ"&’ Ilﬁ&eér@gmnmluiﬁ@imlmm mﬁﬂrmswmmagenﬁmwmﬂysehta%ltﬂe nozzle
washing SRS BRARHSS LERNRTER P IR IABY MR EP NG Rl a T ggSurement

container holder 6. Thereafter, the opening and closing stage 4 is closed oltage) is
applied Wuherpnmaipeiciionidyrascties st dx T fsmodpble iscPossils (S30nfirdinbathe dark

count valys s a.usyalyRlG 30d ARIEGING MIERENGE0"4 M ric SRR fam Ao

accumulated light. As shown in FIG. 4A, the photodetector 10 (PMT) is blocked from light in the light
bldekingabeion ihetid Rapirpttnckirbibs viehkel eglitionen elamnuatd dptidal AiltBrebiotinag gotdkstias.

Subsepunli St BHHBIRSAAIS diHERSRRNGE e RasE LrOUShTBle AL Xplnesu

reference to FIGS. 1C and 2B, in which the first to fourth optical filters (15, 16, 17 and 18) on the
tabular SRERINESOLER i ABI0dP FBSRERG FRBITR 3¢ SvPH Ry TS bRttt deasiiprige 11 of

the phojgdatestorochhérd?o) ThRsecanmarivataiibd i ddvenabcldhatihe PLPIRAaIRateAd i

moved upward (S706). The photoelectric surface 11 passes through or locates inside the passing

throughSAREDS 2 SHEFL b S Reswedicanivion shlorde 88 drembrispprambrs Thec Ubelmingiog 40).

Messuremgioh oiddegiaropmd:tetetioh) iortishingtdnébnsie Hisore scemageofdhe imaasyiementgaptainer 5
and intrin%glltfluorescence of a luminescent reagent in the measurement 15 container 5 is performed

(S707). AR SERIN A thbrredlamlabiess corupeRpliRted&iBsequently, the PMT photodetector 10
is moved downward (S708) and background light measurement (2) is started (S709). After moving the
photoddf8dfr 105absenvealy, threretrolis! sptiokd filibe JerdrghtmecrRife v énvduch tread Tibifirst

optical fékzﬁa&édi%Ha%%&eﬂéa%waﬁrts@?%&ogeaiSﬁ&ﬁ%ﬁ& H@%n%édm the e e EQRiaper 5

(FIG. 4E) or, when the measurement container 5 is held by the quartz glass thin plate 42, the first

optical fiftet 5 idhesBMdd baetimeretiae thiRboteleiesiotdAtaindreadantn thie ghastatelusS Iinapthte 42
(FG. 4RanAfiRS RRECHINGINE PResUiamERt A draHainimg. e fabyanomiicrliie) seliqg holder

13 is further driven such that each of the second optical filter 16, the third optical filter 17, and the

fourth oprkaret Hehtsamd&tooved Ry et hPiepprstsarediiGs et . andshmeasuisg s ditcontainer

5 in ordgmahelrben hewaaTeesyrRMentaPRiAinelsis held by thevarari.glassdhi piate AReeach of
the second optical filter 16, the third optical filter 17, and the fourth oEtn_:aI filter 18 is inserted between

the medBtiFRFABHEREASNNEr Bt Trhefadstsctinde himoppstalomniyy B epEigU 3 ment for

a certaimﬁmoﬁﬁﬁ%tméﬁas%ﬂagﬁﬁﬁfu@ﬁh%&eﬁgmmﬁ@dthﬁéﬁwaﬁﬁhglﬁ%%ﬁémﬁ;ﬂ@sq{réﬁéear optical
filter setting holder 13 and the PMT photodetector 10 are returned to the state of the PMT background

30ight AEEsubeHERAE) bR PR SEEG-RIe astie ARSNGB Y Slariag (182214 oopsed) and
[0084] Duemasthelbaskasundlioht ieasoranaitoat Slifieatingre HeRNdhs fraind ante

fourth solution container 26, the fifth solution container 27, the sixth solution container 28, and the
measurement container 5 used for the measurement are collected. Then, the control apparatus 2
shifts to measurement of the next sample. For prevention of accumulated light due to enter of
306 strong light of a fluorescent lamp or the like into the PMT photodetector 10, when the opening and
closing stage 4 is opened, enter of light into the light blocking box 7 can be blocked in a place of the
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the Al P deriving from killed cells in the microbial sample and an ATP extraction reaction from the
viable cells are carried out. The ATP eliminating solution is suctioned from the first solution container
23, dispensed into the third solution container 25, and mixed and reacted with the 5 microbial sample
(S717). The A IP eliminating solution is caused to react for about 10 minutes to 30 minutes, whereby
ATP from the killed cells other than the viable cells and the free ATP are eliminated Subsequently, the
ATP extraction solutsign is suctioned fram the second solution container 24 and dispensed into the third
solutionwgﬁﬁﬁéﬁ%’r@ Uieh U for dierdhem PAmB RS Helbeif?dand s Brighdws? 18). The
microbig sanoRiedRpheat ke $odetion container 25 10 in which the ATP is extracted from the viable
cells is suctioned (5719), and dispensed into the measurement container 5 (S720). Simultaneously
with thegligaensing, INGATR RANESAMAIP LS Ne ATRRIASIRDSeaciansaARP RS, o
luminescent reagent. Biochemical luminescence of the luminescent reagerit appeaPs as an optical
signal avseunpkIEeisg: sierabufoRREm Mo e 7Rl usise gihoygwiilalisplatiediingiting time

measurgment &Eoég%aﬁ\ 'Eeg&spa'@faﬁv,ge %sggég& ﬁ?&%d&ghe%;gﬁ%&e gma driyan SS%FNWG&BMT

photodetector 10 is moved downwar 22), an optical filter 15 is inserted between the
photoelappac@arfacd o amilifieatiosash rxpletntioonminerB: ovaghing sisp maxsudeseidiedconthimer 5 is

neld by Jhe AAriR.alass Pt 42 the fishopisalillerdais nseried pevesn e measyrement

container 5 and the quartz glass thin plate' 42, After performing the measurement for-a certain time, the
tabular bBefgearergsnssustorhanderies isderthclimevsngsudhnhst. 2o eahopfitie asewridodgudirfilter 16,

the third At g5 s 0P oA RSP SIS oR S PGSR D ARRGEISEl surface 11

and the measurement container 5 in order or, when the measurement containers is held by the quartz

gla8s thinlyiateonly esen dnihis dbeprtivpeirhiedp Isethe tsp@opadans it nozzles dntrhe fowith optical
filter 184dsrinsgdsstheiveanthe m&%ﬁmﬁm@n@%ﬁm&%@&%&% fYRpealasRipIR LIRS order,

to carry out measurement for a certain time 25 (5723 to 5726). After the spectrometry via the four
optical filtefdtBsaRtpecopir iterfu diventsing 9tdhend o sHmmeing sobaics g FaGgHTies1 and
measurgn ArtreERuReia BaaditR o NadY oihRthhetiRe:EM s it e e th{Bi#Bdm@ingo2sAn Al P

amount is calculated based on a light measurement value and viable cell counts are obtained (5730).
After thESoEsSisiam eh e RETsHe SRR |ShofSErautto Pheri oM Ry B6WfHtard with the second actuator
19, pulled out from the 30 passing through-hole 21, and returned to the state during the operation

selquent®@8tart. lthis s1aterahk obérstionmsedaertediite. PME opemilstpetnd Klosivigestdge thds opened
and thevisploeliONSORLAINERE Jo 0 IR HIORGANAN Vi ARAR G 50HEIOR Coigier 25, the

fourth solution container 26, the fifth solution container 27, the sixth solution container 28, and the

measurEResEWRNSE 5 asisdaeresaeihrbaionrephsi G aaoliectsdorfie cnieobtespatatusa®ishifts to
measurementefiheRexbampitdiiplbizpmieipalapat he ousehElGRe hand ABhe:

automated and the steps sequentially 5 pfoceed as a user simply presses a startbutton on the control
apparattRFnsaliorgHiies: e salicauniaisny thSaif seryrispseannhimdsrmiad isghbsiged and set
asp parEmGiesthatenlmaatithg e rRRALaLIRZ R SITRlfeationpiexRIaRaion g nozzle

washing step is not described in the operation flow shown in FIGS. 7A and 7B. However, in general,

the out qang gkt sisaah 4 wadteAdreBtUhe MseTEREIREA FeRRIRTED RoRHIniTeheHgENEsIRSbensing.
Further ;aiap QR 8IS pARQENECLDUREFALHIO MR &@i@&ﬂ%&iﬁ@@%&%dz@é@ﬁ%@ ren@zgie inner

wall. It may be suitable to use the washing solution only once. hi this _flow, it is preferable to insert a

step of WERNERINECh O R TRef e olsAEF SRR BRI 68085 0PE L6 RS U IR Bt @RRSinating
solutiony AgieRe0 hweahiTgHO A TP Z@ismds thecfifidnhanlytion gontainehhé bR diskansinaiediiee ATP

eliminating solytjon gr befare suction of the A | P extraction solution, and/or a step of washing the
%‘?ﬁﬁf

nozzlesTAThE St CA SRR BT H TR RO Pretrtcnsty shipreasradaise, other
flows mayepedsedviedd6idnlds o SAheRIRR sranids of srcerieutadtgataisg.pas thicsl eptput data

60 of th%_%’kwT pgfotodetector 10 subjected to the viable cell count according to the operation flow
explainedAMEnFarE kL R e QlRashopE toe, oRIFBRTAdbitiiaTh Al Jsdeste SleadridiBhoton

counts pefween ATP of known concentration and luminescence intensity (a CPS value) at that point.  FIG.
6 1s a diagram schematically showing a method of calculating an ATP luminescence amount and
30 calculating viable cell counts. 49 denotes an ATP calibration curve obtained by preparing ATP of

known concentration and plotting the number of ATP miolecules on x axis and plotting luminescence
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20 second (Count Per Second). 53 denotes a dark count signal for 50 seconds obtained from step
(5704) in FIG. 7A, 54 denotes a first background light signal for 50 seconds obtained in the position of
the passing through-hole 21 by the photodetector in step (5707) in FIG. 7A, 55 denotes a second
background light signal for 50 seconds via the first optical filter 15 obtained from step (S710) in FIG.
7A, 56 denotes a third background signal for 50 seconds via the second optical filter 16 obtained 25

from step (S711) in FIG. 7A, 57 denotes a fourth background light signal 57 for 50 seconds via the
third opHEESHCE P Wit Asis- froh deagicesalibmiior g vosno Hhrer kingsoh Yirblaatwgbstinbiaiaed signal

for 50 S@%ﬂﬂm{% thedaueharsicad filtrudeaiainederan e d P dnte! fmfber BpthrAENOtES a

sixth background light signal for 50 seconds obtained in the position of the passing through-hole 21 by

the photbd&tbetor sl pries wminesconceotity (EPBR R YagmpI bgnetes ifdEntpthonits 60
obtaineg gubpaciaris tamdula: @AUT (3 1R RhRWA data oM porpt wlendhe RReEIoMElight

measurement is stared, the AIP eliminating reaction, the extraction reaction, and the like end, and the

AlPlumhEB alibEtina £8tve i Ard Shogalibrativm suo teS8ta kit Aes kindo ebrishlssmsiobase Bhckground
light maagiaMeakee? fenotescoata @Rshihbrskaundsignabuiar ek Q&&&P%@%ﬁ@?ﬂﬁﬁ ately

before entering into step (5721) of ATP measurement of the sixth background light signal obtained in
the positidh BRFREAseHPisbitighdabieseribgdrassisemstadn Fi sbepd S 1maieniiersdle 42 denotes

a first lumingseanagesianabebiatie g dns Rositiancaliheupassinaihiuah ok 20.b% heTG. 6,
photodetector in step (S721) in FIG. 7B, 62 denotes a second A | P luminescence signal for 50

second @i thaRPURLIARAIN At} A Yi5Tp PaireRe i TSPt depensing RAG spesiesd Watdracitivd ATP
luminesagacausipaaldarcathseropdswiadhe segenrd-apicahiiltaril frhtainaddpmisiap KR Ttd in FIG.
7B, 64 denqtes a fourth A | P luminescence signal for 50 seconds via the third optical filter 17 obtained
from stéﬁlﬁg%%ﬁ RS gD BN e A A R RSB U SRS LELE D via the
fourth opficalkfiie b Goaneobi oomatap pafaa) inittltonthithicdennicsares b alitabed by returning,
in the operation 15 flow shown in FIGS. 7A and 7B, the photodetector to the position of the passing
through-hole 21 in the same manner in steps (S728) and (S729) and measuring the sixth AIP
luminedi&ad/$igEal 66 for 50 seconds. 67 denotes an ATP luminescence signal curve over time in
the passing through-hole position. [0088]The first optical filter 15, the second optical filter 16, the third
optical fies247, andie2hinunh oriisalitenis agﬁaxﬁapﬁpwm pbandrags el pliskagtical filter)
having center wavelength of 562 nm (69 in FIG. 9A) and full width at half maximum of 40 nm, a
band-pasaiird s elbfeartiferrRavRL esibe AAVeRSRA of 624 nm (70 in FIG. 9A) and full
width at half maximum of 40 nm, a band-pass filter (a third optical filter) having center wavelength of
655 nml{{P83h FIEGHAY AnddiB wiclfloachats foazkplaimg aipronedua dfdupsne@ass fitewu(enienirth optical
filter) 2 ing.C Ml 2 i half i of 30 nm.
APYRILEHLMRHPGHIN Shabh NiEd TS Sy ALY IR, 24 ROl MU TRYT O &

As seen from results shown i FIGS. 8A and 8B, phot nts decre

optical flfber fist thsistramaioptisatiner 183 1R4.tAkP6piZarital Ananbiche fedlietiesptiderohiedr 18 are
nspriedhabas s ANMeIsriPUTafadyE A0 MEATW S SPUIRIRGL 2l BiRlGTEAS reflects

an ATP luminescence spectrometry spectrun 68 of firefly luciferin erase shown in FIG. 309A and

is a resORZBIanfeking ssdipioniteny rreglsedirige uetine she nereshyiiarplpittraiaiascliglides Tpectisscopic
measurgmet-ARRRIAIMSHS R IhRIRPIOHIRAIRI L B AN RARHRALAT e JHTINGREEACE BBeASYIing

apparatus 1. [0089]As characteristics of the AIP luminescence spectrometry spectrum 68 of firefly

|uciferinPReSiraraged Rasitiop Riiife JeEiescsSpeR troMRBIANS RRpRIHSe S, incu dB stherdrerpiRaent
wavelengths:of 2388 @200m 2R (G dMandhe gy é?fxﬂﬁ%!ﬁ%ﬁ%oﬁmi%ﬂ GsGilRRESaN he dikby a
a

Gaussian curve. The intensities of the three center wavelengths change according to pH of a solution

(Table FAAHEPRRENGmsT A3ABFAING BFBAGERTSOHIIGT hdoskestigrherfecpad Rolubpm eonisinamiéaly

increasgsicAIBMAUGM Shekesis-REIOh HllaIERROgR I IiaRaILY Qb?&%@h&&%@%&ﬁéﬁ,&@@oﬂ%e
dominantly at pH 6.4 and the peak C of 670 nm, which is a very small peak. In FIG. 9A, 73 denotes a

luminestieftisd 10 SscbrsnaiNiepsonincaiHthed i somtgaresaner Ainsk discedb selraretry
spectrugb @bl 8®- Hawruesminisalal salutirmbavintanity ValHe:Raua) 1 idragkthan 8 5. since

luminescence intensity mar edI%// falls, the luminescence intensity is not displayed here.[0090] Table 1
(unit: REW positions of the reagent/sample container holder 22.  As the nozzle washing solutions, ATP-
30  free diluted and sterilized water for injection, an ATP-free HEPES buffer, an ATP-free PBS buffer,

an ATP-free Tris buffer, and the like are suitable. A luciferin-luciferase luminescent reagent may
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15pH 6.4 7.0 7.2 8.5 Peak A (560nm) 4000 13000 17000 23000 Peak B (620nm) 7000 8000 9000

be used as the nozzle washing solution because it consumes ATP. The measurement container 5 is
set in the measurement container holder 6. Thereafter, the opening and closing stage 4 is closed
(8703). HV (High Voltage) is applied to the PMT functioning as the photodetector 10 (8704). It
is possible to confirm that a dark count value is a usual value and detect the presence or absence of a
5 light blocking failure and/or accumulated light. As shown in FIG. 4A, the photodetector 10 (PMT)
is blocked from light in the light blocking box 7 by the light blocking box 7 and a lid of the tabular
optical filter setting holder 13. Subsequently, the first actuator 14 is driven such that the passing
through-hole 21 explained with reference to FIGS. 1C and 2B, in which the first to fourth optical
filters (15, 16, 17 and 18) on the tabular optical filter setting holder 13 are not set, is located above
10 the photoelectric surface 11 of the photodetector 10 (8705). The second actuator 19 is driven such
that the photodetector 10 is moved upward (§706). The photoelectric surface 11 passes through or
locates inside the passing through-hole 21 and is close into contact with the measurement container 5
(FIG. 4B and FIG. 4C). Measurement of background light (1) including intrinsic fluorescence of
the measurement container 5 and intrinsic fluorescence of a luminescent reagent in the measurement
15  container 5 is performed (S707). After performing the measurement for a certain time,
subsequently, the PMT photodetector 10 is moved downward (S708) and background light
measurement (2) is started (8709). After moving the photodetector 10 downward, the tabular
optical filter setting holder 13 is driven such that the first optical filter 15 is inserted between the
photoelectric surface 11 and the measurement container 5 (FIG. 4E) or, when the measurement
20 container 5 is held by the quartz glass thin plate 42, the first optical filter 15 is inserted between the
measurement container 5 and the quartz glass thin plate 42 (FIG. 4D). After performing the
measurement for a certain time, the tabular optical filter setting holder 13 is further driven such that
each of the second optical filter 16, the third optical filter 17, and the fourth optical filter 18 is
inserted between the photoelectric surface 11 and the measurement container 5 in order or, when the
25 measurement container 5 is held by the quartz glass thin plate 42, each of the second optical filter 16,
the third optical filter 17, and the fourth optical filter 18 is inserted between the measurement
container 5 and the quartz glass thin plate 42 in order to carry out measurement for a certain time
(S709 to §713).  After the spectrometry via the four optical filters ends, the tabular optical filter
setting holder 13 and the PMT photodetector 10 are returned to the state of the PMT background

30 light measurement (1) and background light measurement (3) is started (8714 to S716).
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9500 Peak C (670nm) 3000 3000 2500 2000 [0091]In the step where the fourth optical filter 18 is
used, since light detection in a region not present in an ATP luminescence spectrometry spectrum of
firefly luciferin-luciferase is performed, intensity falls to photon counts equal to the dark count signal
53. In other words, the third output 20 data 60 shown in FIG. 8B reflects an intensity difference among
the three peaks A, B, and C in a database (pH of a final measurement solution is 7.0) of Table I.
Therefore, the third output data 60 indicates that luciferin-luciferase luminescence from ATP is highly

accu rat&g%étec@‘&?n@@@ﬂﬂmk&'%édiﬁhm%tf@ﬂrﬂ*i@mlﬁgfﬂﬁéﬁm ief i/ Brengy ik ated to
luciferinglgiteraseiMpings FoMeELRs e Byl NGrgiR anths PhRiQRERUBES 82 dS P REIR HeouNts

same as _the dark count signal 44. When&hot.on counts larger than the dark count signal 44 is

observetRikisiisiasmesmet MburkissAlE shipuraing susent isauioat Sectmiimieulisnt occurs,

or light container 23, dispensed into the third solution container 25, and mixed and reacted with the
5  microbial sample (S717). The ATP eliminating solution is caused to react for about 10 minutes to
30 minutes, whereby ATP from the killed cells other than the viable cells and the free ATP are
eliminated. Subsequently, the ATP extraction solution is suctioned from the second solution
container 24 and dispensed into the third solution container 25, and a reaction for extracting ATP

from the viable cells is performed (S718). The microbial sample in the third solution container 25

10 in which the ATP is extracted from the viable cells is suctioned (8719), and dispensed into the
measurement container 5 (S720).  Simultaneously with the dispensing, the ATP in the sample after

the ATP extraction reaction reacts with the luminescent reagent. Biochemical luminescence of the
luminescent reagent appears as an optical signal amount depending on an ATP amount (S721).
Subsequently, while continuing the measurement of the ATP luminescence, the second actuator 19 is

15 driven such that the PMT photodetector 10 is moved downward (8722), and the first optical filter 15
is inserted between the photoelectric surface 11 and the measurement container 5 or, when the
measurement container 5 is held by the quartz glass thin plate 42, the first optical filter 15 is inserted
between the measurement container 5 and the quartz glass thin plate 42. After performing the
measurement for a certain time, the tabular optical filter setting holder 13 is further driven such that

20 each of the second optical filter 16, the third optical filter 17, and the fourth optical filter 18 is
inserted between the photoelectric surface 11 and the measurement container 5 in order or, when the
measurement container 5 is held by the quartz glass thin plate 42, each of the second optical filter 16,

the third optical filter 17, and the fourth optical filter 18 is inserted between the measurement
container 5 and the quartz glass thin plate 42 in order, to carry out measurement for a certain time

25 (8723 to §726). After the spectrometry via the four optical filters ends, the optical filters are
returned to the position of the passing through-hole 21 and measurement are performed (S727).
Finally, the HV of the PMT is turned off (8728 to $729). An ATP amount is calculated based on a

light measurement value and viable cell counts are obtained (S730).  After the measurement ends,

the PMT photodetector 10 is moved downward with the second actuator 19, pulled out from the

30  passing through-hole 21, and returned to the state during the operation sequence start. In this state,
the operation sequence ends. The opening and closing stage 4 is opened and the first solution

container 23, the second solution container 24, the third solution container 25, the fourth solution
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5 blocking is insufficient. For example, indoor illumination including a fluorescent tube emits light
having center wavelength of 430 nm to 450 nm. Therefore, the fourth optical filter 18 is an effective
filter that detects abnormality of the luminescence measuring apparatus. When the dark count signal
44 and photon counts of the fourth optical filter 18 are the same but does not reflect a peak ratio for pH
in Table 1, not only ATP luminescence of firefly luciferin-luciferase but also 10 luminescence mixed
with light due to other factors is detected. Collected data is not based on accurate viable cell count. In

this cas@nEsRtaRfnSifofilth st pnBiagcEhdborivdetphaigiornataner Rn eadhibe rafeetrgBoad
indoor ifypinatiendight.atiR0Qam h A0 REeHKe VTR REaHE Yrs-PRsSHlRifR detruuing that, for
example, light blocking properties of the luminescence measuring apparatus, stray light entering into
the Iumﬁé@%éﬁ@é% uring apparatus, and accumulated light on 15 the photoelectric surface 11 of
the photodetector 10 are suspected and re-inspection can be carried out. [0093] When it is confirmed
that viaplesodll cduntsriscertde thaelyerfieas uféd(Gas ah auh Bricafuiakie Cetdabe stspitsadfieptidipn counts

(1) 80 of white light of the first ATP luminescence signal 61,is converted into an ATP ampunt to obtain
Viable CACSSAS: He PSSt T DU o SRR S0 LR e el SR 5y it a
differenseiviphoomemgis o thebsixtproptighy oohightsigreakss pAtisdeiibatatsdesiedey shgnal

intensity is, hi I th filter, itds possible to analyze an Al P amount an nvert the ATP
amount e e A e R B P B
improvegeriom ove shivobiailsib by penfbrihinditecyrocesseacrbriinguerthelll icivstssthown in FIGS.
7A and info g ' ron 8- litative, i [on antitative information of
iable B R e e
90 &f whreuly o) Wifarissivomiompiros dchargsddarentbnbs evatie 302X Phbtoritocvants Gjtdseof white
light) : QLBLS, ] lrst opti i 3 (. Vi ' tical
filter) : ((%E%%c))%{:ounts 1%0;%%_{%0%%2 Ss%éébn%ﬂg%it{caﬁ%tie%s ﬁlj&%&(ﬁg&%ﬁ&]&%@ ?2%‘3869? %@tggﬁond
optical fifte#les (pardhvebuisiytion vrneectAfdbefsre shelirrof SierhbRorivtnatcesRlvtiptha $sproh optical

fiter) : (pigio eRRtsAdohoRtkeRHaRih Reseible tomeRe iRddatle celhcourts alhighiagnsitviy

and high accuracy based on the above five kinds of information 094]With respect to the

5.
qualitatiPdiife AnBeEre sheHenRE Bsuid i exragiansqiylete Andburasier po veshivaithe eiales ieleesented
234\, (RBalPHRAAIKS vRdbedsianticabiliprdssenessited AP3uE, (RRQABGOMAS,R) 93 via
the first optical filter) is represented as C, (photon counts (1) 76 via the second optical filter) is
represe‘ﬁ%ﬁ as D, (photon counts (2) 89 via the second optical filter) is represented as E, (photon
counts 77 via the third optical filter) is represented as F, (photon counts 82 via the fourth optical filter)

is reprelf¥itdd adiGSabd i Sdaregupts olisefatdrbatuntisStopré tentettps Bhtadleof treePidlowing
ex[jres%ﬁ&%c%’i@cﬁgt?m%jected to the viable cell count according to the operation flow explained with

reference to FIGS. 7A and 7B. X axis represents time and y axis represents photon counts per

20 second (Count Per Second). 53 denotes a dark count signal for 50 seconds obtained from step
(5704) in FIG. 7A, 54 denotes a first background light signal for 50 seconds obtained in the position
of the passing through-hole 21 by the photodetector in step (8707) in FIG. 7A, 55 denotes a second
background light signal for 50 seconds via the first optical filter 15 obtained from step (§710) in FIG.
7A, 56 denotes a third background signal for 50 seconds via the second optical filter 16 obtained

25  from step (8711} in FIG. 7A, 57 denotes a fourth background light signal 57 for 50 seconds via the
third optical filter 17 obtained from step (S712) in FIG. 7A, 58 denotes a fifth background light
signal for 50 seconds via the fourth optical filter 18 obtained from step (S713) in FIG. 7A, and 59
denotes a sixth background light signal for 50 seconds obtained in the position of the passing
through-hole 21 by the photodetector in step (8716) in FIG. 7A.
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15= K1(Expression I) C/D =1(2(Expression 2) E/F = K3(Expression 3) GM= K4(Expression 4) Further,
when Expressions 1 to 4 are combined, the following expressions are obtained. 20KI/K2/10 =
fixed(Expression 5) IC/K.3 = fixed(Expression 6) K4 = 1(Expression 7) K1 to K4 are constants that
change according to pH. Since a difference of reagent lots affects the K values, a slight difference
occurs in a peak intensity ratio. Therefore, it is important to perform 25 spectrometry spectrum
measurement for each reagent lot, compile results of the spectrometry spectrum measurement as a

databadf80%fd stohe- 8 i aramsrb et thatbiepioralspanhiangd mbegisnibeiom i Sdor Elfhcluded in
the K vajpesoitdzipteiemblesnoieikelipaed.ehn 100Nk datha4asPeative Ko RiHes A8yt may be

appreciated that the optical filters are not limited with their ;épes and the number of thereof used in this

exampl&tienntissrriasionserstioppdiiniie aeeardig 18 dainsenst e waRIE§HR bria
luminesgeni (s agenti uaer [R05GIINdReat el AR isPRsstiRletoehRaK cabtaminatiomah the

measurement container 5 5 and a state of a firefly luciferin-luciferase luminescent reagent itself from

thesecorth duesatat s dh didary placspdomensiately; Reiorsenireng B9osEBtEAhiormstion

concernipgsigdihelpeking HroRHIRs kNS JMINAsCePeMASASHENBRRIAGAIMS palidyolightgatering into
the luminescence measuring apparatus, and accumulated Ijéiht on the photoelectric surface 11 of the

photodd¥¥Edt 1. RegRitedrFteriomihagas f8 fdah Eh{REEN-hak snaical drinbeuBpssnah ggna
backgrabisinight 1 sighadodand fhainkihrbagkaspunt ligiesiaoal R are inteasiysof pr ewsrall light

amountﬁ?;tgél trinsic luminescence deriving from the Juminescent reagent. When photon counts of
c rcgeﬂﬁ

the first $sRyrenosd 8 Highenpssrrrrasisnabden amhaeserdintbofarins misatigiies Scause of
thethigherahalameciusS7es) WhElher )6 Taussds dHasiK MUpHaseansRdueH tarsamien of
MPUITICS QM Ecna Uptieal Bitar Tecohmed Haan siep (ST T FECT ST aTRiTotes &Ry A9
luminescence signal for 50 seconds via the third optical filter 17 obtained from step (S725) in FIG.
7B, and 65 denotes a fifth ATP luminescence signal for 50 seconds via the fourth optical filter 18
obtained from step (8§726) in FIG. 7B. 66 denotes a result obtained by returning, in the operation
15 flow shown in FIGS. 7A and 7B, the photodetector to the position of the passing through-hole 21 in
the same manner in steps (S728) and (S729) and measuring the sixth ATP luminescence signal 66
for 50 seconds. 67 denotes an ATP luminescence signal curve over time in the passing through-

hole position.

[0088]  The first optical filter 15, the second optical filter 16, the third optical filter 17, and the
20 fourth optical filter 18 are respectively a band-pass filter (a first optical filter) having center
wavelength of 562 nm (69 in FIG. 9A) and full width at half maximum of 40 nm, a band-pass filter
{a second optical filter) having center wavelength of 624 nm (70 in FIG. 9A) and full width at half
maximum of 40 nim, a band-pass filter (a third optical filter) having center wavelength of 655 nm (71
in FIG. 9A) and full width at half maximum of 40 nm, and a band-pass filter (a fourth optical filter)
25 having center wavelength of 472 nm (72 in FIG. 9A) and full width at half maximum of 30 nm.  As
seen from results shown in FIGS. 8A and 8B, photon counts decrease in order when the first optical
filter 15, the second optical filter 16, the third optical filter 17, and the fourth optical filter 18 are
mserted between the photoelectric surface 11 and the measurement container 5 in order. This
reflects an ATP luminescence spectrometry spectrum 68 of firefly luciferin-luciferase shown in FIG.

300 9A and is a result obtained by separately measuring luminescence signals with an exclusive
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15 such as ATP in the luminescent reagent, or a complex cause of the intrinsic fluorescence and the
contamination of impurities. FIG. 8A shows a result indicating only the intrinsic luminescence of the
luminescent reagent. Based on background light of the luminescent reagent, weak intrinsic
luminescence of firefly luciferin-luciferase in the absence of ATP is detected. When photon counts 83
of background light via the fourth optical filter 18 does not indicate photon counts same as the 20 dark
count signal 44 and photon counts larger than the dark count signal 44 is observed, it is clearly
indicateWPEREe ORI MRS RS A aPapRRrine heseintodaiagtag hP srae &g thal b the; é}m’@é@ﬁ@%r light
blocklngﬂ@mﬁﬁ@%&tﬁt@pcmcalIy, it is possible to check whether a state of the reagent and a state of
the luminescence measurlng apparatus are normal from five kinds of information 1 to 5 described

below. ntit |on ic Iumlnescenc Photon cougts round light
intensﬂia% \?\f hite l ita R/%fln or%{nqgion ofintrnsie 1 l%ﬁjlrﬁle eﬂcm%(%ﬁfﬁ%r’ﬁggﬁ%% 6 of a
backgrducl&:t@h,t @lgm&wmn&hgh@ s;(mmm@oqmm di8biachgiksuthctdi gbmmfavuthr&ﬁrgﬂmdﬁal filter)
30 (P 38 of oun flrst tlc f| e ) ts 79 of background
Ilght viat e secon ﬁtlc%]?ﬁg)m a?is 9 dfatglac glit?o{unaé%e%tgﬁ 4 the Setthd ot optical filter)

(photoﬁ}muma@smfahck@mmgmammwmmﬁm@ t& ptPhbtosvtiont€l8Bo1 hadkground
light via ter), ton,C s 2f.ef ddark caunt) J]With respect to the
qualltatlgfgn% a§§$ n of t eﬁr{neég%r% @eln(%r@éu tgé lﬁ%t%%:éjm%ﬂ% é’g) g’é?) l’tgla(r:?(g?oﬂaﬁdl? grﬁ?ssujjnal of

white lighforehefiase éhrednlitde ghhngomcotensisyr shafigvacitgho peeaklig t\i20the fishmptidplafipel) is
epreseqlegasiyahiat s, 18 o beeounih ke hereesand eplcal 5 cpigeened =

c, (8hoton counts 80 of background light via the lter
spectrometry spectrum at pH 7.0 and 74 denotes a luminescence spectrometry spectrum at pH 8.5.

However, in an alkali solution having a pH value equal to or larger than 8.5, since luminescence

intensity markedly falls, the luminescence intensity is not displayed here.
[0090]

Table I (unit: RLU)

15
pH 64 7.0 72 8.5

Peak A 4000 13000 17000 23000
(560nm)

Peak B 7000 8000 9000 9500
(620nm)

Peak C 3000 3000 2500 2000
(670nm)

[0091]  In the step where the fourth optical filter 18 is used, since light detection in a region not
present in an ATP luminescence spectrometry spectrum of firefly luciferin-luciferase is performed,
intensity falls to photon counts equal to the dark count signal 53. In other words, the third output
20 data 60 shown in FIG. 8B reflects an intensity difference among the three peaks A, B, and Cin a
database (pH of a final measurement solution is 7.0) of Table 1. Therefore, the third output data 60

ndicates that luciferin-luciferase luminescence from ATP is highly accurately detected.
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10 represented as d, (photon counts 83 of background light via the fourth optical filter) is represented
as e, and (photon counts 94 of dark count) is represented as f. Then, the following expressions are
obtained. a/b = kI(Expression 8) b/c = k2(Expression 9) 15c/d = k3(Expression 10) e/f = k4(Expression
11) Further, when Expressions 8 to 11 are combined, the following expressions are obtained.
kl/k211c3 = fixed(Expression 12) k2/k3 = fixed(Expression 13) 201c4 = 1(Expression 14) Since a
difference of reagent lots affects the respective k values, a slight difference occurs in a peak intensity

ratio. THYbre, TPLopn p3FhH 870 e ths 0wt optital es Pt irumvsisastivemrelatad e dedifesagent lot,

compileugfuts iR SRACBIRIDhSREB UThRgaBUIRMARLRSAHaIaDasBhand Siene tsgdatabase in
the control apparatus 2. Further, since a slight error is included in the k values, it is 25preferable to

give lik&nhok st siensbito N rashelen Ry lres Bensheiarkspushomelds ssabmedilis A | p

luminesseioaessheckapielivsSRecitpmealigenalisal irposiediusiiarasaic3NER: iBe-reagentdgpes not
de en(ﬂ])fén pH, in. this géase, it is not necessary tg be aware of a pH value of a final measurement

sofutior? SRR o abUFERliGRERY & HrErAeRoRAMng ARG SRt SvhsatBis Bghther, in
this exanype, ectiieviateralhf sneasuramentds sei to AR egsrNds: HauEvgiidedime igtaryl is not
limited tq.this. [Q099] FIGS. 4D and 4E, show two forms of a positional relation between the
photod sHeSHyE{gter that detects abnormality of the luminescence measuring apparatus.  When the dark
count signal 44 and photon counts of the fourth optical filier 18 are the same but does not reflect a
peak ratio for pH in Table 1, not only ATP luminescence of firefly luciferin-luciferase but also
10 luminescence mixed with light due to other factors is detected. Collected data is not based on
accurate viable cell count. In this case, contamination that emits fluorescence of used reagents and
light enter reflecting broad indoor illumination light at 500 nm to 700 nm are likely to occur. It is
possible to determine that, for example, light blocking properties of the luminescence measuring
apparatus, stray light entering into the luminescence measuring apparatus, and accumulated light on
15 the photoelectric surface 11 of the photodetector 10 are suspected and re-inspection can be carried

out.

[0093]  When it is confirmed that viable cell counts is accurately measured, as an amount of
viable cell counts itself, photon counts (1) 90 of white light of the first ATP luminescence signal 61
is converted into an ATP amount to obtain viable cell counts. The photon counts (1) 90 of white

20 light can be a value obtained by calculating a difference of photon counts of the sixth background
light signal 59.  This is because, since signal intensity is high without the use of a filter, it is possible
to analyze an ATP amount and convert the ATP amount into viable cell counts on the basis of data
having a high S/N ratio. Reliability of the data is improved. From a result obtained by
performing the process according to the flowchart shown in FIGS. 7A and 7B, information

25  explained below, i.e., qualitative information and quantitative information of viable cell counts can
be obtained.

Quantitative information of viable cell counts:

1. (Photon counts (1) 90 of white light)

Qualitative information of a measurement result:

30 2 (Photon counts (2) 92 of white light) : (photon counts (1) 75 via the first optical filter)
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and the measurement container 5, i.e., a case in which the measurement container 5 is held by the 5
quartz glass thin plate 42 during measurement with an optical filter inserted between the measurement
container 5 and the quartz glass thin plate 42 (FIG. 4D) and a case in which the measurement
container 5 is held using the brim 12 of the measurement container 5 (FIG. 4E). FIGS. 4D and 4E
show a state during insertion of the first optical filter 15. Compared with the position of the
photodetector 10 in the position of the passing through-hole 21 (FIGS. 4A and 4B), a 10 distance to
the measurenfBRPEBFRHNE(D iy be e erbral Tim colipramisidndP rndv seserdoniinibl value
as closgjpgrpossible to a signal value of a light amount fall equivalent to a spectrum due to the optical
filter insertion, the form in which the quartz glass thin plate 42 is removed (FIG. 4E) is suitable. 15
[EXAMPLE 4]t reunts @x & the @ﬁ@@@@%&@%h{p@@a@mﬁn atache thise emtisal of
microbesggptamination monitoring is explained. For simplification of explanation, a luminescent
consumable kit in which a luminescent reagent is filled in advance is prepared in the measurement
comtainer 5. AFLIERORRT 84 faveronticali flira B serta e af dukgedation solution, 20and
the washing solutions is prepared. [0101]FIGS. 10A and 10B schematically show a flow for performing
quality dhsgiossbihte lainesceablcoribovnatslet kigh asettivitytheskighrdompybakathob2hd Haove

lumine Sl s is operated according to the flow shown in FIGS. 7A and 7B.
Here, ﬁ%ﬁf@%ﬁéﬁmﬁg}omy measurement items are described in a flowchart. Basically, a
data anﬁgg&iZS@lOlO) is ins%ﬁ‘tt;eéigﬂetween S716) and (S717) in FIGS. 7A and 7B. Operation
branch r st S TORY de AR H AT B Sl BRI HEHH APARIOR SRIYE 162]A

measurengntisienigle)anetpensiwdablas (hadirinescent sonsunaniakilandiibs isaegenintddt) are set
(S1001), measurement is started. (S1002), dark cqunt measurement (S1003) and first to_sixth

b gr(‘%ﬁ% @f?}?ﬂecggﬂﬁse@?e%s %&#&@ﬁb@%ﬁ%@%@?ﬂﬁ ﬂspgr@m@ﬂ,cﬁﬂﬁt%gba@(j%alysis is
parried t?mt@@ﬁli@t{%hteﬂdam&ﬁ&ﬁmtéﬁfesrﬁa@ﬁmgﬁimﬂﬁﬁi@}lE‘ﬁn»%wg&camﬂomalim@{gis .
atabad P O AR gL Lo R PO RTA D S SRR SRS RS e
measuremntwet (bl kibyidadilenas, ragreseitee quntiteltphdrio knatio fdanittithe auatiiatixerintersdation do
not coina%igfa mﬁehh%g%ﬁ\g%%e g}gdeas Eiﬁh@, b%%lgg?rl%ggd light measurement 5 result is the same as a
dark count, the control apparaﬁuspi Shitts fo replacement of the luminescent consumable kit (S1012)
and performs measurement again (FIG. 10A). When first to fifth background light signals are large and

thLFith backg‘%@nzdkﬁbht measure $85i8Rger than the dark count, the control apparatus 2 shifts to
maintenance @f/the Kiminescence (Fgagseiog Apparatus (51013) (FIG. 10B).

EF=K3 (Expression 3)
G/H=K4 (Expression 4)

Further, when Expressions 1 to 4 are combined, the following expressions are obtained.

20 K1/K2/K3 = fixed (Expression 5)
K2/K3 = fixed (Expression 6)
K4=1 {Expression 7)

K1 to K4 are constants that change according to pH.  Since a difference of reagent lots affects the K
values, a slight difference occurs in a peak intensity ratio. Therefore, it is important to perform
25  spectrometry spectrum measurement for each reagent lot, compile results of the spectrometry
spectrum measurement as a database, and store the database in the control apparatus 2.  Further,

since a slight error is included in the K values, it is preferable to give likelihood of + 5 to 10% to the

respective K values.
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10[0103] FIG. 10C schematically shows a quality check for the reagent kit based on the third output
data 60 and a flow of the quality check. When it is determined as OK in (51011), i.e., it is determined
that no contamination of the luminescent consumables occurs and no apparatus abnormality occurs
either, and then, the first A IP luminescence measurement is performed (S 1011). Subsequently,
second to sixth Al P luminescence measurements are performed (S1014 to S1018) 15 and data
analysis is carried out (S1019). When quantitative information and qualitative information of an Al P

luminedf8ink aliduRAY &sirerrscisias thetdheanetical diiersauemes imtrd vathcbaitsresaddgaently
performeghted Q2Qhabst aasyt midishlayrd. The GRBHIAN RLAUERGSHRMIEN R QRipapther hand,

when the quantitative information and the qualitative information do not coincide with the database and
a fifth BARFEURE R MEReeh e R MRS 19684 AdSs a dark count, 20 replacement of the
measurement sample and the reagent kit is carried out (S1021), replacement of the luminescent

consu n’(i@@ﬂé}kit_ i©wdne @dlmm@ﬁzp@ﬁblmmckmmmmmmehhmmsmm Failure).
10%04] 2 lpackbdehesbapiagRh SR e Adtamalcals IRaN RGN IEPesRlCoRs YT abTe kit
the reagent kit, and/or theé measurement sample nto hé fuminescence measuring 2Zbapparatus 1 is
providethoavfuin diforiatic Bferation isipossitble xebptobteisefifrmatiift tormppangtightidiniémance.
[0105]F &]&;@A: 13B.5h ggmélg C in ing analysis parameters analyzed
based (I)Jnl(éoutput d?ar%geobtaine%é%%%glg% 1 %p%q%h%%lrégic%gge%tv%nentﬁenﬁ{ﬁo%%lg%uggsscﬁfl%ent ends
in the cossarIgrRIaRamadeiPooulasd igkthe tharmbpecktiticsorfaente oftispliotedeietendfce of the
luminesgence MeasyiRg-ARRATRIYSAOk esafing ifts %Q} gft
consumab%q-%it. 10106]In FIG. 135, ptroc%ls?s%% IS perfcgrme ogfet%%'ba?s&r gﬁ%)?e??%é@r% tersdléqg% K4

obthinedgheinih sk the sl bepkersine Habhsignalptasrinteysitp oftramierat dgheeninuativitise with a 5
spectrogReiQMRIgHRI AR IR AV 388 Y %&é&éﬁ%&g&lﬂ%ﬁﬁ&%@g&ﬂ% ) Ridaigaanalysis,

and the spectrometry spectrum and the Ki(ref.) to K4(ref.) values are st in the control apparatus 2
(S1309ya¢baenessignalyit is bighen then that dpvsuaTiR it Bepeitanhie Atvastignin e (B1918) thads.

higher photon counts, ie., whether the cause is intrinsic fluorescence due to contamination of
impurities or the like in the measurement container 5, contamination of impurities that induce light
15 such as ATP in the luminescent reagent, or a complex cause of the intrinsic fluorescence and the
contamination of impurities. FIG. 8A shows a result indicating only the intrinsic luminescence of
the luminescent reagent. Based on background light of the luminescent reagent, weak intrinsic
luminescence of firefly luciferin-luciferase in the absence of ATP is detected.  When photon counts
83 of background light via the fourth optical filter 18 does not indicate photon counts same as the
20  dark count signal 44 and photon counts larger than the dark count signal 44 is observed, it is clearly
indicated that contaminations are apparently present, stray light or accumulated light occurs, or light
blocking is insufficient. Specifically, it is possible to check whether a state of the reagent and a

state of the luminescence measuring apparatus are normal from five kinds of information 1 to 5
described below.

25  Quantitative information of intrinsic luminescence:

1. (Photon counts 96 of background light intensity of white light)

Qualitative information of intrinsic luminescence:

2. (Photon counts 96 of a background light signal of white light) : (photon counts 78 of
background light via the first optical filter)

30 3. (Photon counts 78 of background light via the first optical filter) : (photon counts 79 of
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K1(data) to K4(data) are calculated from the output data (S1302 and S1303), and output calculation 10
value data and data of the spectrometry spectrum are compared (S1304). When the output calculation
value data and spectrometry spectrum data coincide with each other in Comparison 1 (K1/K2/IC3)
(51304), subsequently, Comparison 2 (K4 value) is carried out. When K4(data) = K4(ref) holds, it is
verified that accurate measurement of a sample is performed. Subsequently, calculation of viable cell
counts based on an obtained A IP_luminescence amount is performed 15(51306). The operation

sequenaERHRuRS g 7525 s tREBIeRand, when it is determined as NG in the Comparison 1,
Comparson 3(fdtiBidaReTEmBstkSbard)idMhan thesastRybealeyialiay vahasataarasther

spectrometry spectrum data coincide with each other, subsequently, the Comparison 2 (I(4 value) is

performBRFEPsRd Jiewiaihe sd epticak ARE} ) holds, a warning message instructing to carry out
replacement 2Bhefdhernrssamsitiadkiidsuial bprnasuRcefdtR bphidil When thaquinyusalculaiion value
data and the spectrometry spectrum data do not coincide with each other, a warning message
inst%ucu l‘i(‘icﬂ"é‘»y out maintenance of the luminescence measuring apparatus (S1314) is to be
announced (S1314). When it is determined as NG in the Comparison 3 (S1310), the Comparison 2 is
performEE131 21t ntspeebisetlnf Qilitatyve asloimodtipe « dmpasisoreRenh eesudtr g toressmiedmstructing
to repla - i IS C [t Gis
6861 R.EARTYRaBIE KIF (RAR1RLS G hR-A0RHN %ﬁ{}%&%@%@%*&%&%@ﬁ@ figh

obtained in (S1312), a warning for apparatus maintenance e announ e case of

OK in théateniparigtisal ibraourpigstcdndive (pbtoT epapty iEbal beckesnsy Hshtviathagdomdpparatus
maintengiee: (k3 hds iR AANOYPESHH WIER %%99&&%?&@%% QERHAEAENESHREPAR T2

replacement system for consumables is established, an automatic feplacement function works and it
3008 posemstecicd A sk e timsinasc8het hadaserndgiaiipardhedeurtoeriinab ity opeaprasens sever,
when the GRerBHART 8GR D4FHAA INGHY IRBREEACE MeasuriRg ARPAIMYTS SIBRRGH.RR:
maintenance of the luminescence measuring apparatus is performed with the intervention of a person.
[OlOQ]Ff@@E@A is a determination flow for consumable check for reagents and apparatus state

check before shifting to A | P luminescence measurement. FIG. 13A is substantially the same as 5FIG.
13B. In the cas®6fkOK in (S1305), Gepebivediurement of a sample is to be started (51315).

[EXAMPLE 5] Igpcl;’[%}_]t Is possible tgi?( }%@HQ% whether a signal is based on A IF luminescence by
ency of an Al e)

checking pH depen minescence signal in a measurement solution. For example,
whén c/d=k3 (Expression 10)
e/f=k4 (Expression 11)

Further, when Expressions 8 to 11 are combined, the following expressions are obtained.

k1/k2/k3 = fixed (Expression 12)
k2/k3 = fixed (Expression 13)
20 kd=1 (Expression 14)

Since a difference of reagent lots affects the respective k values, a slight difference occurs in a peak
intensity ratio. Therefore, it is important to perform spectrometry spectrum measurement for each
reagent lot, compile results of the spectrometry spectrum measurement as a database, and store the
database in the control apparatus 2. Further, since a slight error is included in the k values, it is

25 preferabie to give likelihood of £ 5 to 10% to the respective k values.

[0098] FIG. 9B shows an example of an ATP luminescence spectrometry spectrum of
genetically-modified luciferase. Since the reagent does not depend on pH, in this case, it is not

necessary to be aware of a pH value of a final measurement solution and it is possible fo acquire
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10 both a background signal and an ATP luminescence signal are extremely weak, for example,
photon counts (1) 75 via a first optical filter equivalent to the intensity of a peak A shown in FIG. 9A
can be detected. However, in some case, photon counts (1) 76 via a second optical filter equivalent to
the intensity of a peak B and photon counts 77 via a third optical filter equivalent to the intensity of a
peak C cannot be detected as a signal. In such a case, it is preferable to check pH dependency of
15the ATP luminescence signal in the measurement solution. [0111] FIG. 11 is an example of a flow of

pH chafyanHiaisy raieration rnsaquiipipatislmpiiand Eerbenabies ¢aaunimesiestistsnedmiable kit
and a reagenlkib 1SSl (SN ARMEBE M BsiAHRd P KRR itk Gt measurement (S1103)

and first to sixth background light measurements are sequentially carried out (S1104 to S1109), and a
data an i is carried, aut 10). When. a 20 data analysis result is different from a database based
o o g o S BHA Ehd F0 S h  EIELFS D BRI AR T o 55. 56,
57, andn8 theringninserinnh whameapiical. filteasr emadhish thoreasatendhacvacdaie stiothdihby drewhen a
weak signal that should not be detected is detected when the optical filter is inserted because of weak
Ium%nes%ueaﬁ%e,glsa&%m |caIR??%h%9n éeusq%%a%%?&%% m%{heaﬂﬂﬂggg kgr‘éeﬁnalﬁef&?élﬁ%ggﬁ% nt
(S1108meepimosmentahite fimibescent?b gams tiitapladitls(PErotMednB54 135 . ittt apparent
that a signal of the first background light measurement 104) is strong and signal i sity, of the fifth
backgro%%%ﬁﬁe%ecgglﬁaﬁg%enf S(@%ﬁgg)l% El?ge#él?%gg é%%gr %?S%Srlllfevr%?l%a,Cg%%légeéfgusﬁfln&a’?nlt%%ance is
performigdrandDRDhednéia shosvrestbis dtappack¢Bibhld) HOritheoptivel fikerd] Svhélmapsout détatBd of the

backgrq ight- signal %1 wn in-FIG. 12A.is obtained, first ATP lumine surement is
perforn%é)g%é]]?ﬁ%.g Q%(gﬂ %%%?fe?&%%ﬁe %{ Oélp?l&ggﬁefﬁ?g?l@ an -%582%%&%@%%% Eelztvelength
of B62 mhskisértoetie dyseeoni Thulaimin&se dange. mébhswfomenglis éeisimeadiGaty Apliandla pH
modifier, | re are vario odifi thi is_buffer solution at pH 11.0 is
added (B e B Bl and
changedus indbeonsnséfltsoinsiopHifecierm. O toldch. thammatragiass thinrebigtd bistaineddd @0G111) to
(81113)”_{3 is &adigd out (S1114). When quantitative information of an ATP luminescence amount and
gualitative information by a pH change coincide with the database, subsequently, calculation of viable
cell counts is performed (S1115) and a result is displayed. The operation sequence ends. On the other
hajd, gantitative information and the qualitative information do not coincide with the
database and a result of the fifth background light measurement (S1108) is the same as the 10 dark

coun, repigemant ol ihe mepsurement sample. and e reagent ki are carried put (SL120),
replacement’of the Umineacent Consumanie Kit s caried 8 f@),%nra measure IS performed

again (mmasuiertient fadoite)inf) 1t 21x1GirkdB isEograipkphficattput datexfhreftian, AT Rdniaisestence
signa) uessnLiRe R salvain The second all ianal 02 auing he nicasty ol eRaakad,

increases ina p anging section e same wav ing to & change from pH
7.0 to peb8Bneccuracieafaniddsoreriemgchn Ad R kbokieaibgsotitrnathinsid setratiorofasignal value

8§@ftermg@€§&ﬁsgmt%g ﬁ{}%ﬁé@gal value 97 at pH 7.0. Accuracy of qualitative information of
courts tan

measurement of viable ce e checked. [0113]In this example, both the optical filter and
the pH fier sed in combination. 20 However, it is also possible to independently use the pH
modiﬁemmutaﬁfﬁ%g th%e%ﬁ?figl?)#té?. TRHSHEASEOY AafiGBF f?@rﬁefﬁ?mﬁ/ ﬁmﬁbfmﬁé\?&&%ﬂ%gions
measuraehivithaut iaasditenial thepdrmbdificoaddldight tMensty atallwavelRpsih reaivRss
measured with the addition of the, pH modifier is ¢alculate d gualitative informatjon of Juminescence
oasurBTREREal, SEGHEABEETUAL AT G SREITbaRI S ik et (e HEGETHERES and
examplesnpifikained ahbvencasusmgbin Glacie ivadeusiiad difiaafionshdror w@irmile, théaembgdinents and
e I explained jn detail in, order t rl ajn.the present invention. The embodiments

eI R A R SR s SRS
comporteiiiexp ridatabove. the pasisoff the i popdats fadydertain embodiment or example can be
replaced with the components of another embodiment or example. The component of another

gmbodi{o?m]or e@%ﬁ&a{e&%ﬁ%ﬁ%@@d&%ﬁf&%&ﬂﬁ%@!@ﬁe&mﬁrﬁm@Rﬂiéaa Mfesp@mple.
oncerning a part of the
ldt)gare F;et (51001), measurement is started (S1002), dark count measurement (S1003) and first to
sixth background light measurements (S1004 to S1009) are sequentially performed, and data

30 analysis is carried out (S1010), When quantitative information of intrinsic luminescence and
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components of the embodiments or examples, addition of other components or deletion or
replacement of the components can be performed. DESCRIPTION OF NUMERICALS 1luminescence
measuring apparatus 52control apparatus 3consumable kit for measurement 4opening and closing
stage 5measurement container 6measurement container holder 107light blocking box 8top plate of the
light blocking box 9through-hole of the top plate 10photodetector 11photoelectric surface 1512brim

13tabular gptical filter setting holder 14first actuator ]
qualitative information of infrinsic fluorescence based on a luminescence spectrometry spectrum

coincide with the database based on a data analysis result, the control apparatus 2 shifts to first ATP
luminescence measurement (S1011). However, when the quantitative information and the
qualitative information do not coincide with the database and a fifth background light measurement

5 result is the same as a dark count, the control apparatus 2 shifts to replacement of the luminescent
consumable kit (S1012) and performs measurement again (FIG. 10A). When first to fifth
background light signals are large and the fifth background light measurement is larger than the dark
count, the control apparatus 2 shifts to maintenance of the luminescence measuring apparatus
(S1013) (FIG. 10B).

10 [0103]  FIG. 10C schematically shows a quality check for the reagent kit based on the third output
data 60 and a flow of the quality check. When it is determined as OK in (S1011), ie, it is
determined that no contamination of the luminescent consumables occurs and no apparatus
abnormality occurs either, and then, the first ATP luminescence measurement is performed (S1011).
Subsequently, second to sixth ATP luminescence measurements are performed (S1014 to $1018)

15 and data analysis 1s carried out (S1019). When quantitative information and qualitative information
of an ATP luminescence amount coincide with the database, calculation of viable cell counts is
subsequently performed (S1020) and a result is displayed. The operation sequence ends (END).
On the other hand, when the quantitative information and the qualitative information do not coincide
with the database and a fifth background light measurement result is the same as a dark count,

20 replacement of the measurement sample and the reagent kit is carried out (S1021), replacement of
the luminescent consumnable kit is carried out (S1012), and measurement is performed again

(measurement failure).

[0104] If a loading mechanism for continuously automatically leading the luminescent
consumable kit, the reagent kit, and/or the measurement sample into the luminescence measuring
25  apparatus 1 is provided, a full automatic operation is possible except a case of a shift to apparatus

maintenance.

[0105]  FIGS. 13A and 13B show an example of a flowchart including analysis parameters
analyzed based on output data obtained in FIGS. 10A to 10C and indicating whether normal

measurement ends in the conversion into viable cell counts, whether an operation sequence shifts to
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15first optical filter 16second optical filter 2017third optical filter 18fourth optical filter 19second
actuator 20rotating shaft bar 21passing through-hole of the photodetector 2522reagent/sample
container holder 23first solution container 24second solution container 25third solution container
26fourth solution container 3027fifth solution container 28sixth solution container 29third actuator
30fourth actuator

maintenance of the luminescence measuring apparatus, or the operation sequence shifts to

replacement of the consumable kit.

[0106] InFIG. 13B, processing is performed on the basis of parameters K1 to K4 obtained from a
result of ATP measurement. A spectrometry spectrum is acquired in advance with a

5 spectrophotometer or the like (S1308), K1(ref.) to K4(ref) values are calculated from a data analysis,
and the spectrometry spectrum and the K1(ref.) to K4(ref.) values are stored in the control apparatus
2 (81309).

[0107}  As shown in FIG. 10C, the sixth ATP luminescence measurement (S1018) ends.
K1(data) to K4(data) are calculated from the output data ($1302 and S$1303), and output calculation
10 valve data and data of the spectrometry spectrum are compared (S1304). When the output
calculation value data and spectrometry spectrum data coincide with each other in Comparison 1
(K1/K2/K3) (S1304), subsequently, Comparison 2 (K4 value) is carried out. When K4(data) =
K4(ret)) holds, it is verified that accurate measurement of a sample is performed. Subsequently,
calculation of viable cell counts based on an obtained ATP luminescence amount is performed

15 (S1306). The operation sequence ends (S1307).

[0108]  On the other hand, when it is determined as NG in the Comparison 1, Comparison 3
(K2/K3) is performed (S1310). When the output calculation value data and the spectrometry
spectrum data coincide with each other, subsequently, the Comparison 2 (K4 value) is performed
(S1311). When K4(data) = K4(ref) holds, a warning message instructing to carry out replacement
20 of the consumable kit is to be announced (S1313). When the output calculation value data and the
spectrometry spectrum data do not coincide with each other, a warning message instructing to carry
out maintenance of the luminescence measuring apparatus (S1314) is to be announced (S1314).
When it is determined as NG in the Comparison 3 (S1310), the Comparison 2 is performed (S1312).
In the case of OK in a result of the Comparison 2, the warning message instructing to replace the
25 consumable kit (S1313) is to be anmounced. On the other hand, a result of NG is obtained in
(51312}, a warning for apparatus maintenance (S1314) is to be announced. In the case of OK in the
Comparison 1 (S1304) but NG in the next Comparison 2 (S1305), the wamning for apparatus
maintenance (S1314) is to be announced. When the operation sequence reaches (S1313), if a
replacement system for consumables is established, an automatic replacement function works and it

30 is possible to cause the luminescence measuring apparatus to continuously operate. However,
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31fifth actuator 32sixth actuator 533first dispensing nozzle 34second dispensing nozzle 35first liquid
feeding pump 36second liquid feeding pump 37first liquid conveying pipe 1038second liquid conveying
pipe 39first dispensing nozzle fixing jig 40second dispensing nozzle fixing jig 41buffer solution tank
42quartz glass thin plate 1543first output data 44dark count signal 45background light signal 46ATP
luminescence signal 47peak of the AIP luminescence signal

when the operation reaches (S1314), the luminescence measuring apparatus is stopped and

maintenance of the luminescence measuring apparatus is performed with the intervention of a person.

[0109]  FIG. 13A 1s a determination flow for consumable check for reagents and apparatus state
check before shifting to ATP luminescence measurement. FIG. 13A is substantially the same as
5 FIG.13B. Inthe case of OK in (S1305), actual measurement of a sample is to be started (S'1315).

[EXAMPLE 5]

[0110] It is possible to determine whether a signal is based on ATP luminescence by checking
pH dependency of an ATP luminescence signal in a measurement solution. For example, when
10 both a background signal and an ATP luminescence signal are extremely weak, for example, photon
counts (1) 75 via a first optical filter equivalent to the intensity of a peak A shown in FIG. 9A can be
detected. However, in some case, photon counts (1) 76 via a second optical filter equivalent to the
intensity of a peak B and photon counts 77 via a third optical filter equivalent to the intensity of a
peak C cannot be detected as a signal. In such a case, it is preferable to check pH dependency of

15  the ATP luminescence signal in the measurement solution.

[0111]  FIG. 11 is an example of a flow of pH change measurement. A measurement sample
and consumables (a luminescent consumable kit and a reagent kit) are set (§1101), measurement is
started (§1102), dark count measurement (S1103) and first to sixth background light measurements
are sequentially carried out (S1104 to S1109), and a data analysis is carried out (S1110). When a
20 data analysis result is different from a database based on a luminescence spectrometry spectrum (as
shown in FIG. 12A, the background light signals 55, 56, 57, and 58 during insertion of an optical
filter are equal to or smaller than a detection limit) or when a weak signal that should not be detected
is detected when the optical filter is inserted because of weak luminescence, specifically, when a
signal 1s detected in the fifth background light measurement (S1108), replacement of the lurninescent
25  consumable kit is performed (S1117).  When it is apparent that a signal of the first background light
measurement (S1104) is strong and signal intensity of the fifth background light measurement
(S1108) 1s higher than a dark count value, apparatus maintenance is performed and the measurement
is stopped (S1118).  On the other hand, when output data 84 of the background light signals shown
in FIG. 12A is obtained, first ATP luminescence measurement is performed (S1111).
30 Subsequently, the first optical filter (a band-pass filter having center wavelength of 562 nm) is
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20 48All' luminescence amount from viable cells 49A IP calibration curve 50calibration curves of three
kinds of viable cells 51graph showing a relation between the cell counts of species A, B, and C and an
Al P amount 52second output data 2553dark count signal 54first background light signal 55second
background light signal 56third background light signal 57fourth background light signal 3058fifth
background light signal 59sixth background light signal 60third output data 61first ATP luminescence

signal 62second A IF luminescence signal 63third AIP luminescence signal o
inserted, second ATP luminescence measurement is performed (S1112), and a pH modifier is added.

There are various pH modifiers. In this example, a Tris buffer solution at pH 11.0 is added to a
measurement solution at pH 7.0 from a dispensing nozzle by an appropriate amount and changes a
measurement solution pH from 7.0 to 8.5. Data analysis of results obtained in (S1111) to (S1113)

5 is carried out (S1114). When quantitative information of an ATP luminescence amount and
qualitative information by a pH change coincide with the database, subsequently, calculation of
viable cell counts is performed (S1115) and a result is displayed. The operation sequence ends.

On the other hand, when the quantitative information and the qualitative information do not coincide

with the database and a result of the fifth background light measurement (S1108) is the same as the

10 dark count, replacement of the measurement sample and the reagent kit are carried out (S1120),
replacement of the luminescent consumable kit is carried out (51119), and measurement is

performed again (measurement failure).

[0112]  FIG. 12B is a graph of output data 85 of an ATP luminescence signal used for the data
analysis. The second ATP signal 62 having the intensity of the peak A increases in a pH 8.5
15  changing section 87 at the same wavelength according to a change from pH 7.0 to pH 8.5.
Accuracy of measurement can be checked based on an increase ratio of a signal value 86 after the

change to pH 8.5 and a signal value 97 at pH 7.0. Accuracy of qualitative information of

measurement of viable cell counts can be checked.

[0113] In this example, both the optical filter and the pH modifier are used in combination.
20 However, it is also possible to independently use the pH modifier without using the optical filter.
In that case, a ratio of light intensity at all wavelength regions measured without the addition of the
pH modifier and light intensity at all wavelength regions measured with the addition of the pH

modifier is calculated and qualitative information of luminescence measurement can be obtained.

[0114]  The present invention is not limited to the embodiments and examples explained above
25  and includes various modifications. For example, the embodiments and examples are explained in
detail in order to clearly explain the present invention. The embodiments and examples are not
always limited to specific embodiments or examples including all the components explained above.
A part of the components of a certain embodiment or example can be replaced with the components
of another embodiment or example. The component of another embodiment or example can be

30 added to the components of a certain embodiment or example. Concemning a part of the
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64fourth ATP luminescence signal 5 65fifth ATP luminescence signal 66sixth AIP luminescence signal
67ATP luminescence signal curve over time in a position of a passing through-hole 68A 1P
luminescence spectrometry spectrum (without spectrum) of firefly luciferin-luciferase 69center
wavelength 562 (nm) of a band-pass filter functioning as a first optical filter 1070center wavelength
624 (nm) of a band-pass filter functioning as a second optical filter 71center wavelength 655 (nm) of a
band-pass filter functioning as a third optical filter 72center wavelength 472 (nm) of a band-pass filter
functionfage@nenfs ueth bptieabeitiorersiupnirssapirse afdititonmétnhspestupnnztisHoy . deftiamimescence
spectroqggﬁgeﬁ%@gpﬁb%ﬂgogéégm éﬁgrﬁgﬂnts (1) via the first optical filter 76photon counts (1)

r

via the second optical filter 77photon counts via the third optical filter 78photon counts of background

light V|a b;l ounts of background light via the second optical filter
2080phot Q:iglu&ﬁt?sgg\? w(%ﬁ via the third optical filter

| luminescence measuring apparatus
5 2 control apparatus
3 consumable kit for measurement
4 opening and closing stage
5 measurement container
6 measurerent container holder
16 7 light blocking box
8 top plate of the light blocking box
9 through-hole of the top plate
10 photodetector
11 photoelectric surface
15 12 brim
13 tabular optical filter setting holder
14 first actuator
15 first optical filter
16 second optical filter
20 17 third optical filter
18 fourth optical filter
19 second actuator
20 rotating shaft bar
21 passing through-hole of the photodetector
25 22 reagent/sample container holder
23 first solution container
24 second solution container
25 third solution container
26 fourth solution container
30 27 fifth solution container
28 sixth solution container
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81ATP luminescence spectrometry spectrum using genetically-modified luciferase 82photon counts
via the fourth optical filter 83photon counts of background light via the fourth optical filter 84output data
of a background light signal 25 85output data of AIP luminescence signal 86signal after change to pH
8.5 87pH 8.5 changing section 88third liquid conveying pipe 89photon counts (2) via the second
optical filter 3090photon counts (1) of white light 92photon counts (2) of white light 93photon counts (2)
via the first optical filter 94photon counts of dark count 96photon counts of a background light signal of

white light 978¥dac8IkY 7.0
30 fourth actuator

31 fifth actuator
32 sixth actuator
5 33 first dispensing nozzle

34 second dispensing nozzle
35 first liquid feeding pump
36 second liquid feeding pump
37 first liquid conveying pipe

10 38 second liquid conveying pipe
39 first dispensing nozzle fixing jig
40 second dispensing nozzle fixing jig
41 buffer solution tank
42 quartz glass thin plate

15 43 first output data
44 dark count signal
45 background hight signal
46 ATP luminescence signal
47 peak of the ATP luminescence signal

20 48 ATP luminescence amount from viable cells
49 ATP calibration curve
50 calibration curves of three kinds of viable cells
51 graph showing a relation between the cell counts of species A, B, and C and an ATP amount
52 second output data

25 53 dark count signal
54 first background light signal
55 second background light signal
56 third background light signal
57 fourth background light signal

30 58 fifth background light signal
59 sixth background light signal
60  third output data
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CLAIMS: 1.An apparatus for measuring an amount of luminescence in a sample, comprising: a
container for the sample; a photodetector for detecting luminescence from the container; and 5at least
one optical filter inserted between the photodetector and the container, and/or a pH modifier added to
the container,  wherein the photodetector performs measurement of light emitted from the container
at all wavelength regions and spectrometry at a specific wavelength range, and/or measurement of
light, the intensity of which is changed by the pH modifier. 102.The apparatus of claim 1, further
compristhg th@éf%ﬁ%ﬂ%@%ﬁ@&lw and the pH modifier. 3. The apparatus of claim 1 or 2, further
comprisggng at {easkionerrmprasatselagied from a group consisting of: a container holder for the
container; 15an_optical filter holder for supporting the optical filter and inserting the optical filter
betweef}the ﬁhﬁ%@eﬁ?@#@ﬁ%@ﬁ%%ﬁainer; an optical filter position control unit that moves the
optical filfer heiar AT8 Rupheiedsliesiaf.position control unit that moves the photodetector relatively to
the container. 4. The apparatus of any one of claims 1-3, wherein the optical filter is an interference

filtet, a SDdichi8iAkBrUGHBes S HGHdN thereof
66 sixth ATP luminescence signal

67  ATP luminescence signal curve over time in a position of a passing through-hole
68 ATP luminescence spectrometry spectrum (without spectrum) of firefly luciferin-luciferase
69 center wavelength 562 (nm) of a band-pass filter functioning as a first optical filter
16 70 center wavelength 624 (nm) of a band-pass filter functioning as a second optical filter
71 center wavelength 655 (nm) of a band-pass filter functioning as a third optical filter
72 center wavelength 472 (nm) of a band-pass filter functioning as a fourth optical filter
73 luminescence spectrometry spectrum at pH 7.0
74 luminescence spectrometry spectrum at pH 8.5
15 75 photon counts (1) via the first optical filter
76 photon counts (1) via the second optical filter
77 photon counts via the third optical filter
78 photon counts of background light via the first optical filter
79 photon counts of background light via the second optical filter
20 80 photon counts of background light via the third optical filter
81 ATP luminescence spectrometry spectrum using genetically-modified luciferase
82  photon counts via the fourth optical filter
83 photon counts of background light via the fourth optical filter
84 output data of a background light signal
25 85 output data of ATP luminescence signal
86 signal after change to pH 8.5
87  pH 8.5 changing section
88  third hiquid conveying pipe
89 photon counts (2} via the second optical filter
30 90  photon counts (1) of white light
92 photon counts (2) of white light
93 photon counts (2) via the first optical filter
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5. The apparatus of any one of claims 1-4, wherein the optical filter transmits light at certain
wavelength or in a certain wavelength band and reflects light at a shorter wavelength and a longer
wavelength than the certain wavelength or wavelength band. 6. The apparatus of any one of claims
1-4, wherein the optical filter comprises at least one filter 25and has center wavelength in a range of
500 nm to 700 rim. 7. The apparatus of any one of claims 1-3, wherein the optical filter comprises at
least one filter, which is a dichraic filter having a reflected light region of 500 nm or less on the short
Waveler?é‘th SidBURRICBIRIS R BF58¥8ton the long wavelength side. 8. The apparatus of any one of
claims 1@, wheisith rapticarilipieamnises alleastigrastilter. which is an interference filter having
center wavelength of 550 nm to 570 rim and half width of 10 rim to 60 nm. 9. The apparatus of any
one of cidims &8 eFeihhe optical filter comprises two filters, which 5 are a first interference filter
having center wavelength of 550 rim to 570 nm and half width of 10 nm to 60 nm and a second
interference filter having center wavelength of 600 nm to 630 rim and half width of 10 rim to 60 rim 10.
The apparatus of any one of claims 1-3, wherein the optical filter comprises three filters, which are a
first interference filter having center wavelength of 550 rim to 570 rim and half width of 10 10 rim to 60
rim, a second interference filter having center wavelength of 600 nm to 630 rim and half width of 10 rim
to 60 rim, and a third interference filter having center wavelength of 650 rim to 680 TIM and half width
of 10 rim to 60 nm. 11. The apparatus of any one of claims 1-3, wherein the optical filter comprises
four filters, which are a first interference filter having center wavelength of 430 rim to 480 rim and half
width of 15 10 nm to 60 nm, a second interference filter having center wavelength of 550 nm to 570
rim and half width of 10 rim to 60 rim, a third interference filter having center wavelength of 600 nm to
630 rim and half width of 10 rim to 60 nm, and a fourth interference filter having center wavelength of
650 nm to 680 rim and half width of 10 nm to 60 rim  12. The apparatus of any one of claims 1-11,
wherein the pH modifier changes solution pH of the 20 sample from pH 7.0 to pH 7.2. 13. The
apparatus of any one of claims 1-12, wherein the pH modifier changes solution pH of the sample from
pH 7.0 to pH 6.4. 14. The apparatus of any one of claims 1-13, wherein the pH modifier changes
solution pH of the sample from pH 7.0 or pH 7.2 to pH 8.5. 2515.The apparatus of any one of claims
1-14, wherein the luminescence is chemoluminescence or bioluminescence.
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16.An apparatus for counting microbes in a sample, comprising: a container for a sample; a

photodetector for detecting luminescence from the container; and
between the photodetector and the container, and/or a pH modifier added to the container, wherein die

container contains a solution for processing ATP chemoluminescence introduced 5 therein, the

photodetector performs measurement of light emitted from the container at all wavelength regions and
spectrometry at a specific wavelength range, and/or measurement of light, the intensity of which is

change%]? JpH modifier, and the apparatus measures, from a result of the measurement, the
luminescence intensity of Al P from the sample and counts microbes in the sample.
1. An apparatus for measuring an amount of luminescence in a sample, comprising;
a container for the sample;

10

15
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a photodetector for detecting luminescence from the container; and

at least one optical filter inserted between the photodetector and the container, and/or a pIl
modifier added to the container,

wherein the photodetector performs measurement of light emitted from the container at all
wavelength regions and spectrometry at a specific wavelength range, and/or measurement of light,

the intensity of which is changed by the pH modifier.

2. The apparatus of claim 1, further comprising the at least one optical filter and the pH

modifier.

3. The apparatus of claim 1 or 2, further comprising at least one component selected from a
group consisting of:

a container holder for the container;

an optical filter holder for supporting the optical filter and inserting the optical filter between
the photodetector and the container;

an optical filter position control unit that moves the optical filter holder; and

a photodetector position control unit that moves the photodetector relatively to the container.

4. The apparatus of any one of claims 1-3, wherein the optical filter is an interference filter, a

dichroic filter, or a combination thereof.

5. The apparatus of any one of claims 1-4, wherein the optical filter transmits light at certain
wavelength or in a certain wavelength band and reflects light at a shorter wavelength and a longer

wavelength than the certain wavelength or wavelength band.

6. The apparatus of any one of claims 1-4, wherein the optical filter comprises at least one filter

and has center wavelength in a range of 500 nm to 700 nm.

7. The apparatus of any one of claims 1-3, wherein the optical filter comprises at least one filter,
which is a dichroic filter having a reflected light region of 500 nm or less on the short wavelength

side and 600 nm or more on the long wavelength side.
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8. 'The apparatus of any one of claims 1-3, wherein the optical filter comprises at least one filter,
which is an interference filter having center wavelength of 550 nm to 570 nm and half width of 10

nm to 60 nm.

9. The apparatus of any one of claims 1-3, wherein the optical filter comprises two filters, which
are a first interference filter having center wavelength of 550 nm to 570 nm and half width of 10 nm
to 60 nm and a second interference filter having center wavelength of 600 nm to 630 nm and half

width of 10 nm to 60 nm.

10.  The apparatus of any one of claims 1-3, wherein the optical filter comprises three filters,
which are a first interference filter having center wavelength of 550 nm to 570 nm and half width of
10 nm to 60 nm, a second interference filter having center wavelength of 600 nm to 630 nm and half
width of 10 nm to 60 nm, and a third interference filter having center wavelength of 650 nm to 680
nm and half width of 10 nm to 60 nm.

11, The apparatus of any one of claims 1-3, wherein the optical filter comprises four filters,
which are a first interference filter having center wavelength of 430 nm to 480 nm and half width of
10 nm to 60 nm, a second interference filter having center wavelength of 550 nm to 570 nm and half

width of 10 nm to 60 nm, a third interference filter having center wavelength of 600 nm to 630 nm

and half width of 10 nm to 60 nm, and a fourth interference filter having center wavelength of 650

nm to 680 nm and half width of 10 nm to 60 nm.

12. The apparatus of any one of claims 1-11, wherein the pH modifier changes solution pH of the
sample from pH 7.0 to pH 7.2.

13. The apparatus of any one of claims 1-12, wherein the pH modifier changes solution pH of the
sample from pH 7.0 to pH 6.4.

14. The apparatus of any one of claims 1-13, wherein the pH modifier changes solution pH of the
sample from pH 7.0 or pH 7.2 to pH 8.5.

15. 'The apparatus of any one of claims 1-14, wherein the luminescence is chemoluminescence or

bioluminescence.

16.  An apparatus for counting microbes in a sample, comprising:

a container for a sample;
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a photodetector for detecting luminescence from the container; and

at least one optical filter inserted between the photodetector and the container, and/or a pH
modifier added to the container,

wherein the container contains a solution for processing ATP chemoluminescence introduced
therein, the photodetector performs measurement of light emitted from the container at all
wavelength regions and spectrometry at a specific wavelength range, and/or measurement of light,
the intensity of which is changed by the pH modifier, and

the apparatus measures, from a result of the measurement, the luminescence intensity of ATP

from the sample and counts microbes in the sample.
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