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ABSTRACT OF THE DISCLOSURE

A microorganism deteoting kit according to the present
invention includes a self-adhesive layer 102 containing the
following compounds incorporated therein:
4’ ,6-diamidino-2-phenylindole dihydrochloride 2 for staining
livingand deadcells, propidiumiodide 3 for stainingdeadcells,
6-carboxyfluorescein diacetate 4 for staining living cells and
4-methylumbelliferyl-f3-D-galactoside 5 reacting with a
substance derived particular microorganisms, a support 103 and
a grip portion 6. Microorganisms deposited to a specimen are
deposited to the self-adhesive layer 102, and then, the compounds
react with the microorganisms and are bonded individually to
the miocroorganisms to color them. The microorganism detecting
kit, a microorganism counting apparatus and a microorganism
counting process according to the present invention are used
to confirm of the presence of living and dead cells, dead cells

andlivingocells by counting the coloredcells inanaddingmanner.
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SPECIFICATION
MICROORGANISM DETECTING KIT, MICROORGANISM COUNTING

APPARATUS, AND MICROORGANISM COUNTING PROCESS

TECHNICAL FIELD

The present invention relates to amicroorganism detecting
kit capable of counting living cells, dead cells and particular
microorganisms at one time by the color development of the cells
from a specimen with a plurality of types of microorganisms (the
concept of which means the inclusion of ba.cter;a and true fungi),
i.e., microorganisms such as bacteria and true fungi possibly
deposgited thereon or incorporated therein, and a miocroorganism
counting apparatus and amicroorganism count ing process capable

of counting the color-developed microorganisms.

BACKGROUND ART

As for such kit for detecting the microorganisms, there
are known a self-adhesive sheet as described in J apanese Patent
Application Laid-openNo.10-70975 . andaplate counting process,
which is a common process for determining the number of deposited
cells. The detail of such detecting kit 1s shown in Fig.27.
The self-adhesive sheet 101 is comprisedof a self-adhesive layer
102 and a support 103. Microorganisms in a specimen are brought

into a contact with the self-adhesive layer 102 and collected
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on a surface of the self-adhesive layer 102. An antibody and/or
an aqueouws solution of a color-developing substrate for
microorganisms to be detected is brought into contact with the
surfaceoftheself-adhesivelayer102,andthecolordevelopment
of the microorganisms on the surface of the self-adhesive layer
102 1s observed visually or by a microscope, thereby confirming
the presence or absence of the microorganisms and the number
of the microorganisms.

There is also known a deposited-bacterium measuring kit
(notshown)basadonaplatecountingprocessasoneofculturing
processes,whicharecommonprooessesfordeterminingthenumber
of bacteria or fungi. The deposited-bacterium measuring kit
1s adapted to judge the presence or absence of microorganisms
and count the number of microorganisms by bringing the surface
of a oulture medium into direct contact with a specimen,
collecting microorganisms on the surface of the culture medium,
culturing the microorganism deposited to the surface of the
culture medium as they are, and observing them visually or by
a microscope or the like.v

Such conventional mioroorganism detecting kit requires
steps of bringing the self-adhesive sheet into contact with the
specimen, collecting the microorganisms and then applying a
reagent. For this reason, a time and a technique are required

for an examining operation. An immune Process for detecting
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particular microorganisms using an antibody has a high
sensitiveness, because the antibody is bonded specifically with
an antigen. In the immune process, however, the use of the
antibody is essentially required and for this reason, there are
problems in respect of the nature itself of the antibody such
as the produoction and management of the antibody and an immune
reaction detecting means. The immune process is not capable
of judging the 1ife or death of cells. Inaddition, if the dyeing
of the antibody is used, the self-adhesive layer is dyed to a
dyed color and after the dyeing, colors other than the specimen
deposited to the self-adhesive layer are required to be removed.
Further, the antibody and the color-developing substrate are
used, and the entire area to be detected 1s dyed and for this
reason, particular microorganisms can be detected, but cannot
be detected simultaneously with the common bacteria.

There are such conventionally known apparatus for counting
microorganisms, which is designed to apply exciting 1light
directly to a sample containing microorganisms, acquire
fluorescent rays emitted from the fluorescent substances
produced in the microorganisms as image data, measure a
concentration of the fluorescent substances in the
microorganisms and measure the activity of the microorganisms
from the addition of the intensity of the fluorescent ray, as

desoribed in Japanese Patent Appliocation Laid-openNo.5-111394.
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The detail of such microorganism counting process is shown in
Fig.28. A suspension of methanogens germs is placed on a
preparation 301, and exciting light 302 is applied to the
suspension. Fluorescent rays generated are recognized using
ahigh-sensitiveness television camera 303 and VTR 304 and stored.
The intensity of the intended fluorescent ray is detected from
an image picture Projected on a monitor television 306 using
a pioture-prooessing Qevice 305,

Such conventional mioroorganism counting process cannot
be suited for microorganisms producing no fluorescent substance.
Inaddition, inthe conventional microorganism counting process,
microorganisms incapable of producing a fluorescent substance
because of a weaker aotivity are not detected in some cases,
even if they are target microorganisms. The activity or number
of the microorganisms cannot be necessarily detected. The
microorganism counting apparatus is used in food factories in
many cases. In such case, it is an important factor for the
management how many are all microorganisms present rather than
particular microorganisms. Therefore, for as the standard of
living microorganisms on a fresh vegetable, the number of common
bacteriais1,000,000/nlor less. According to the introduction
of a latest HACCP, not only the examination of the number of
living germs on a food itself but also the examinationina factory

itself and in an operating procedure, e.g., the examination of
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1iving germs on a wall, a floor surface, cooking devices such
as a chopping board and a kitchen knife have been conducted,
and the management of a food itself and the management of
environments are important. However, the conventional
technique is complicated and requires a speclalized knowledge
and thus, it is not true that anybody can measure microorganism
easlly in a field using the conventional technique. Even in
respect of the apparatus, exclting light is applied to
fluorescent substances produced by mioroorganisms, and
fluorescent rays emitted £rom the fluorescent substances are
analyzedbyprooessingofapicture. Forthisreason, atechnique
for enlarging the picture at high magnifications as in a
microscope is required.

The common culturing process for detecting the deposited
germs suffers from a problem that a lot of time is taken for
culturing deposited microorganisms. Further, some of types of
microorganisms may be not bred on a culture medium having the
imicroorganisms deposited thereon in some cases, which may cause
anunderestimation. Purthermore,theculturingprocessdetects
only living germs and for this reason, the number and the l1ife
or death of microorganisms existing in the environments cannot
be necessarily confirmed by the culturing process.

There are such conventionally known microorganism

counting procegses and apparatus, in which an added compound
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1s permeated into microorganism bodies and then decomposed by
an enzyme reaction in the microorganism bodies, and
microorganisms emitting fluorescent rays are detected, as

described in Japanese Patent Application Laid-openNo.10-323197.
These microorganisms are recognized as living microorganisms.

In addition, the numbers of living and dead microorganisms are
graspedbyusing areagent for dyeing the dead cells in combination
with an above-described Teagent . There are other

conventionally known techniques, in which particular

microorganisms are detected in a luminescent manner using an
antibody, as desoribed in Japanese Patent Application Laid-open
No.7-140148, and inwhich the numberof particularmicroorganisms

and the numbsrs of living and dead microorganisms are grasped
using a reagent for dyeing the microorganisms non-specifically
in combination with an antibody.

In a food sanitation field oxr the like, it is desired to
deteoct particular microorganisms pPromptly. Coliformbaciteria
and particular E,coli are measured as the pParticular
microorganisms, and depending on the type of food, particular
microorganisms such as staphylococous are measured. However,
in a situation in whioch particular microorganisms coexist
together with common bacteria or in a situation in which
impurities exist, it is required that the particular

microorganisms are separated or separated and cultured using
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a separating means, or the impurities are removed. The common
bacteria and the particular microorganisms cannot be counted
simultaneously.

In such conventional microorganism counting process and
apparatus,aprouessfordiscriminatingmicroorganismspromptly
describedinJapanesePatentApplicationLaid-openNo.10-323l97
uses a fluorescent reagent comprising fluorescein or the
derivative thereof and a fluorescent dye comprising propidium
lodide under i1imited conditions. However, the fluorescent
reagent comprising fluorescein or the derivative thereof is
subjecttoacourseinwhiohitisdecomposedbyesternseproduced
by microorganisms to emit rays, and hence, the fluorescent
reagent largely depends on the activity of the enzyme. Namely,
an enzyme activation temperature or the substrate specificity
varied depending on the type of microorganisms is exemplified
as an error influence factor. Therefore, in environments in
which the same type of microorganisms only exists, a
high-sensitiveness measurement 1s expected, but there is a high
possibility that an underestimation or an overestimation may
be caused in actual service environments. The esterase may be
produced even outside microorganism cells. In such a case, the
microorganisms are integrated with a background and for this
Teason, there is a Possibility that an acourate detection cannot

be achieved. Therefore, there is a problem that even if the
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fluorescent reagent is used in combination with the propidium
iodide, or the double dyeing is carried out, the numbers of living
and dead microorganisms cannot be necessarily grasped.

On the other hand, the microorganism counting process
described in Japanese Patent Application Laid-open No.7-140148
employs an antibody to detect specific microorganisms and a
'dyeing reagent to be non-specifically bonded to microorganisms.
In this process, 1t is requisite to use the antibody, but the
antibody 1s high in sensitiveness, because it 1is bonded
specifically, and on the other hand, the 1ife and the death cal;mot
be discriminated. Further, a process using this technique
cannot discriminate the life and death of microorganisms dyed
by the non-specifically dyeing reagent contained in a specimen.

It is also desired to measure particular microorganisms
and common bacteria simultaneously and promptly.

The present invention solves such a conventional subject,

and there is described herein a

microorganism detecting kit, wherein a type or a plurality of
types of staining or coloring compounds are incorporated ;nto
a specimen contact portion, whereby the collection and detection
of cells can be conducted simultaneously to reduce the reagent
applying step, and microorqanisms can be detected promptly

There s also described herein a

microorganism detecting kit, wherein to detect particular
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mioroorganisms,itisunnecessarytoremovemicroorganismsother
than the particular microorganisms and proteins which are
impurities, and it is also unnecessary to separate impurities
and microorganisms other than the subject microorganisms
incorporated in a specimen, and the particular microorganisms
can be deteoted simultaneously and promptly.
There is also described herein

a microorganism detecting kit, wherein a detecting-reagent
containing section having a staining or coloring compound
incorporated therein is provided in addition to a specimen
contact portion, wherebymicroorganisms canbe detected by adding
adetectingreagenttothespecimencontactportionwithoutbeing
deposited directly to a specimen, and the microorganisms can
bedetected safely, because an operator cannot touch the specimen
contact portion and the detecting-reagent containing section
directly, leading to an enhancement in microorganism detecting
operability; and particular microorganisms can be detected
simultaneously.

There is also described herein

‘a microorganism detecting kit, wherein exciting light
and fluorescent rays emitted by the exciting light and having
a particular wavelength can be controlled by carrying out the
staining by fluorescent rays, and cells to be detected can be

discriminated easily and simply.
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There is also described herein
a microorganism detecting kit, wherein the numbers of 1iving
and dead cells or the number of dead cells can be counted at
a single-cell level by using a compound suitable to be bonded
to nucleic acid in the living and dead cells or the dead cells.
There is also described herein
ca microorganism detecting kit, wherein the number of
only living microorganisms can be counted by incorporating a
compound for staining living cells by the reaction with a
substance derived from the microorganisms.
There is also described herein
amicroorganism detecting kit, wherein the judgment can
be achieved with a good sensitiveness by ensuring that the
substance derived from the microorganisms is an enzyme protein.
There is also described herein
a microorganism detecting kit, wherein the presence or
absence of particular microorganisms can be judged with a higher
sensitiveness by ensuring that the substance derived from the
particular microorganisms is an enzyme protein, and further,
the life or death of the mioroorganisms can be judged from the
reactivity by the measurement with the passage of time.
There is also described herein
a microorganism detecting kit, wherein by separatin§

compounds for developing colors by the reaction fromone another,
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the color development provided by the compounds can be visually
confirmed.
There is also described herein
a microorganism detecting kit, wherein it is possible
to faollitate the storage of the compound by supporting the
compounds on a carrier, and the detecting sensitiveness can be
1nc;eased by increasing the area of contact with a specimen.
There is also described herein
a microorganism detecting kit, wherein if is possible
to facilitate the storage of the compound by supporting the
compounds on a carrier, and the detecting sensitiveness can be
increased by increasing the area of contact with a specimen,
and wherein by separating the compound-supporting carriers
developing the color by the reaction from one another, the color
development provided by the compounds can be visually confirmed.
There is also described herein
a miocroorganism detecting kit, wherein the need for the
scanning on a specimen contact means can be eliminated by setting
the size of at least a specimen contact portion of the specimen
contact means to be equal to the sizé of a light-receiving means
of an optical microorganism counting apparatus.
There is also described herein
- a microorganism detecting kit, wherein the reactivity

of one or more compounds with microorganisms contained in a
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specimen can be increased by supporting the one or more compounds
on a surface of a specimen contact portion.
There is also described herein
a mlcroorganism detecting kit, wherein a reduction in
activity of collected cells can be prevented by containing a
culturing component in a specimen contact means.
There is also described herein
a microorganism detecting kit, wherein a microorganism
collecting effect can be enhanced by providing a specimen contact
portion with a self-adherent property, whereby microorganisms
deposited to a specimen can be counted precisely.
There 1s also described herein
amicroorganism detecting kit, wherein a self-adhesive
layer can be pressed in correspondence to an unevenness of a
speoimen and hence, microorganisms canbe collected irrespective
of the shape of the specimen and further, it is possible to prevent
an operator from touching the specimen or a specimen contact
portion after deposition of the microorganism to the specimen.
There is also described herein
a mioroofganism detecting kit, wherein a special
light-gseparating means is not required by providing the
microorganism detecting kit with a 1ight-separating function,
and the confirmation of the color development can be simplified.

There is also described herein
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a miocroorganism detecting kit, wherein a specilal
light-separating means is not required by providing a
detecting-reagent containing section with a light-separating
function; the confirmation of the color development can be
simplified, and the switching placement of ameans for separating
1ight having another wavelength can be also conducted easily.

There is also described herein
a microorganism detecting kit, wherein it is possible
to accommodate even a 1iquid specimen by including a preservation
reservoir formed so that the liquid specimen is of a given
thickness, and an error due to a difference in thickness can
be prevented.
There is also described herein

a microorganism counting apparatus, comprising a
specimen contaot means in which any one or some of the following
compounds are incorporated: a first compound for staining living
and dead cells, a second compound for staining dead cells at
awavelengthdifferent fromthe above-described staining, athird
compound for staining living cells at a wavelength different
fromthe above-described staining, and at 1least one or more fourth
compounds for staining particularmicroorganisms at awavelength
different from the above-described staining by the reactionwith
a substance derived from particular microorganisms; a light

source for applying exciting light in a predetermined range of
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wavelength to a very small given area of the specimen contact
means; a light-receiving means for receiving light emitted in
a predetermined range of wavelength by virtue of the exciting
light; a microorganism judging means adapted to receive the rays
emitted by the application of the light from the light source
within a preset given time for judging microorganisms, and to
determine that microorganisms exist when the amount of light
received is in a preset threshold value range; a moving means
for moving the very small given area continuously or
intermittently: and a means for adding the numbers of
microorganisms from signals indicative of the Jjudgment as
microorganism from the microorganism judging means.
There is also described herein

a microorganism counting apparatus, including a
detecting-reagent containing section and a specimen contact
means, the detecting-reagent containing section containing one
or some of the following compounds incorporated therein: a first
compound for staining living and dead cells, a second compound
for staining dead cells at a wavelength different from the
above-described staining, a third compound for staining living
cellsatawavelengthdifferent fromthe above-described staining,
and at least one or more fourth compounds for staining particular
microorganisms at a wavelength different from the

above-descoribed stainingby thereactionwithasubstance derived
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from particular microorganisms; a light source for applying
exciting light in a predetermined range of wavelength to a very
small given area of the specimen contact means: a light-receiving
means for receiving light emitted in a predetermined range of
wavelength by virtue of the exoiting light; a microorganism
Judging means adapted to receive the rays emitted by the
application of the light from the light source within a preset
given time for judging microorganisms, and to determine that
microorganisms exist when the amount of light received is in
a preset threshold value range; a moving means for moving the
very small given area continuously or intermittently; and ameans
for adding the numbers of microorganisms from signals indicative
of the judgment as microorganism from the microorganism judging
means.
There is also described herein

an apparatus capable of counting microorganisms by
bringing a surface of the specimen contact means into contact
with a microorganism-containing specimen or a specimen to be
examined whether or not microorganisms are contained therein,
or by bringing a transferring means brought into contact with
the specimen into contact with the surface of the specimen contact
means to transfer the mioroorganisms in the specimen to the
specimen contact means.

There is also described herein
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an apparatus including the specimen contact means in
the formof apreservationreservoir for storing aliquid specimen,
so that the liquid specimen stored in the preservation reservoir
1s of a given thickness.
There is also described herein
an apparatus in which the staining or coloration of
microorganisms is fluorescent.
There is also described herein
an apparatus including the first compound adapted to
develop a coloxr by the reaction with a substance derived from
microorganisms.
There is also described herein
an apparatus including the second compound capable of
being bonded to nucleic acid.
There is also described herein
an apparatus inocluding the third compound capable of
being bonded to nucleio acid.
There is also described herein
an apparatus in which the substance derived from
microorganisms, with which the first compound reacts, is an
enzyme protein.
There is also described herein
an apparatus in which the substance derived from

particularmicroorganisms, withwhich the fourthcompoundreacts,
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is an enzyme protein.
There is also described herein
an apparatus in which the light-receiving means is at
least one photoelectric converting element, and a collector lens
for collecting the 1ight emitted by the exoiting 1ight 1s mounted
in front of the photoelectric converting element.
There is also described herein
an apparatus in which a plurality of photoelectric
converting elements are disposed in a linear arrangement.
There is also described herein
an apparatus in which the specimen contact means is
disk-shaped and movable.
There is also described herein
‘an apparatus in which the specimen contact means has
a polygonal measuring area and is movable.
There is also described herein
an apparatus in which a drive means for moving any one
or some of the light source, the light-receiving means and the
specimen contact means 1s mounted as a moving means for moving
a very small area, so that it or they can be moved in a preset
range of speed.
There is a_lso described herein
an apparatus in which a reflecting plate is mounted as

the collector means for collecting the light emitted from the

-19-




1light source and/ox the collector means for collecting the light

to the light-receiving means.

There is also described herein
an apparatus inwhich a light-separating section adapted
to transmit only 1ight having a particular wavelength is mounted

between the light source and the very small area.

There is also described herein

2001227112 05 Jun 2006

an apparatus inwhicha light-separating section adapted
to transmit only light having a particular wavelength is mounted
between the very small area and the light-receiving means.
There is also described herein
an apparatus in which the light source and/or the
light-receiving means is provide with an auto-focus function
of adjusting the foous on the very small area within the specimen
contact means.
There is also described herein
an apparatus including a means for maintaining the
distance between the 1ight source and the specimen contact means
constant to maintain the very small area constant.
There is also described herein
an apparatus including a means for introducing the 1ight
emitted from the 1light source into the specimen contact means
using an optical fiber.

There is also described herein

I
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an apparatus in which a lens capable of transmitting
ultraviolet rays is used as the light collector means.
There is also described herein
an apparatus including a means for indicating the
measuring position on the specimen contact means.
There is also described herein
an apparatus in which a magnetic means is used as the
means for indicating the measuring position on the specimen
contact means.
There is also described herein
an apparatus including a means for recognizing the
measuring position on the specimen contact means.
The?e is also described herein
an apparatus including ameans formoving a locus position
for recognizing the measuring position on the specimen contact
means on a locus to a next recognizing locus position with a
givendistancemaintained constant fromthe original recognizing
locus position.
There is also described herein
an apparatus in which the distance from the current
recognizinglocuspositionto thenextrecognizinglocusposition
is in a range of 10 to 50 pm.

There is also described herein

an apparatus including a function for recognizing each
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of signals emitted from microorganisms contained in the specimen

contact means as a binary punctual coordinates and counting the

number of the punctual coordinates of the signals provided.
There is also described herein

an apparatus including a funotion for recognizing

adjacent signals of signals provided as the punctual coordinates

as one signal.

“There is also described herein
amicroorganismcounting apparatus in which colored rays
emitted from the existing microorganisms can be recognized by
receiving them by at least one light-receiving element, and the
emitted rays within a given time can be detected to inhibit an
error due to the extinction of luminaries, whereby the number

of miorooxrganisms can be counted preocisely.

There is also described herein

a microorganism counting apparatus in which the
mis-recognition due to colored rays emitted by foreign matters
can be prevented by judging the presence of mioroorganisms when
the amounts of colored rays emitted from the existing
microorganisms is within preset threshold values, whereby the
number of the microorganisms can be counted precisely.

There is also described herein
amicroorganismcounting apparatus in which when emitted

rays derived from microorganisms are confirmed in the
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light-receiving element adjoining the periphery of the
light-receiving element which has recognized the presence of
microorganisms from rays produced from the existing
microorganisms, and the rays from the light-receiving element
and the adjacent 11ght-receivingelements are Judged all together
agsone groupof microorganisms, thereby enhancing the correlation
tothepriorartprocess, whichis that whencoloniesare coalesced
together with the growth of adjacent microorganisms and
recognized as one colony.

There is also described herein
a microorganism counting apparatus in which the number of
microorganisms can be measured automatically and promptly by
mounting the 1light source and the light-receiving means.

There is also described herein
a mioroorganism counting process, wherein an

error-influencing factor due to the enzyme activation of
microorganisms can be eliminated, whereby the number of
microorganisms can be counted precisely.

There is also described herein
a microorganism counting process, wherein the integration of
miocroorganisms with a measuring background can be prevented,
whereby the common bacteria and particular microorganisms can

be measured simultaneously.

There is also described herein

23-
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‘amicroorganismcountingprocess, wherein the wavelength
of exciting light and fluorescent ray having a particular
wavelength and providing the staining by the exciting light can
be controlled by carrying out the staining by £luorescent rays,
whereby cells to be detected can be counted precisely.

There is also described herein
a microorganism counting process, wherein the numbers
of living and dead cells can be counted to a one-cell level by
using a compound capable of being bonded to nucleic acid in the
living and dead cells.
There is also described herein
a microorganism counting process, wherein the numbers
of dead cells canbe counted to aone-cell level by using a compound
capable of being bonded to nucleic acid in the dead cells.
There is also described I_lcrein
a microorganism counting process, which is capable of
counting the number of only 1living microorganisms by using a
compound developing a color by the reaction with a substance
derived from microorganisms as a compound for staining living
cells.
There is also described herein
a microorganism counting process, which is capable of
judging the presence or absence of living microorganisms at a

higher sensitiveness by using a compound developing a color by
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the reaction with an enzyme protein as a substance derived from
miocroorganisms.
There is also described herein
a microorganism counting process, which is capable of
judging the presence or absence of particular microorganisms
at a higher sensitiveness by using a compound developing a color
by the reaction with an enzyme protein as a substance derived
from particular microorganisms.
There is also described herein
a microorganism counting process, which is capable of
counting the number of particular microorganisms by bringing
a compound for staining microorganisms by the reaction with a
substance derived from the particular microorganisms into
contact with a specimen and detecting the wavelength and the

amount of color developed.

The present invention aims to achieve at least one of the stated objects.

In an embodiment of the present invention there is provided a microorganism
counting process comprising the step of bringing a compound for coloring particular
microorganisms by the reaction with an enzyme protein of particular microorganisms into
contact with a specimen, and detecting each one of the particular microorganisms from a
wavelength and an amount of color developed.
wherein said detection is performed by applying exciting light emitted from a light source
section to particular microorganisms in a size of 0.2 to 7.0 ym and counting the number of
the particular microorganisms based on an amount of color development derived from

each particular microorganism in a light-amount measuring section.

[RALIBULRTony]604619_claims doc THR
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DISCLOSURE OF THE INVENTION
There is described herein
a microorganism detecting kit, comprising a specimen
contact means having one or some of the following compounds
incorporated therein: a first compound for staining living and
dead cells, a second compound for staining dead cells at a
wavelength different from the above-described staining, a third

compound for staining living cells at a wavelength different

{RALIBUUTony|604619_claims doc: THR
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fromthe above-described staining, and at least one or more fourth
compounds for stainingparticularmicroorganisms at awavelength
different from the above-described staining by the reaction with
a substance derived from particular microorganisms. Thus, in
the microorganism detecting kit according to the present
invention, one type or a plurality of types of staining substrate
compounds can be incorporated into a specimen contact portion
to achieve the collection and detection of cells simultaneously.
Therefore, i1t is possible to reduce the reagent applying and
washing-off steps, and to measure the cell promptly, and when
partiocular microorganisms are detected, it is unnecessary to
remove or separate microorganisms other than the particular
microorganisms and proteins, which are impurities and hence,
the particular microorganisms can be detected promptly.

The present invention provides a microorganism detecting
kit, comprisingaspecimen contactmeans containing the following
compounds incorporated therein: one or more of a first compound
forstaining livinganddeadcells, a second compound for staining
dead cells at a wavelength different from the above-described
staining, and a third compound for staining living cells at a
wavelength different from the above-described staining; and at
least one or more fourth compounds for staining particular
microorganisms at a wavelength different from the

above-described stainingby the reactionwitha substance derived
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from particular microorganisms. Thus, in the microorganism
detecting kit according to the present invention, the number
of the existing cells and the particular microorganisms can be
measured simultaneously.

The present invention provides a microorganism detecting
kit, comprising a detecting-reagent containing section and a
specimen ocontact means, the detecting-reagent ocontaining
section containing cne or some of the following compounds
incorporated therein: a first compound for staining living and
dead cells, a second compound for staining dead cells at a
wavelength different from the above-described staining, a third
compound for staining living cells at a wavelength different
fromthe above-described staining, and at least one ormore fourth
compounds for staining particularmicroorganisms at a wavelength
different from the above-described staining by the reactionwith
a substance derived from particular mioroorganisms. Thus, in
the microorganism detecting kit according to the present
invention, the detecting-reagent containing section having a
staining substrate is provided in addition to a specimen contact
portion and hence, a detecting reagent can be applied toﬁonly
the specimen contact portion. In addition, depending on the
shape of the detecting-reagent cont aining section, the detecting
reagent can be brought promptly into contact with the specimen

ocontact portion, even if the detecting-reagent ocontaining
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section is not brought into contact with the specimen contact
portion. Namely, it is possible to prevent the staining reagent
from remaining in the specimen contact portion, and to carry
out the operation without touching the specimen contact portion.
Further, it is possible to prevent even the incorporation of
floating germs in a room.

The present invention provides a microorganism detecting
kit, comprising a detecting-reagent containing section and a
speoimen contact means, the detecting-reagent containing
section containing the following compounds incorporated
therein: one or more of a first compound for staining living
and dead cells, a second compound for staining dead cells at
a wavelength different from the above-described stalning, and
a third compound for staining living cells at a wavelength
different from the above-desoribed staining; and at least one
or more fourth compounds for staining particular microorganisms
at a wavelength different from the above-described staining by
the reaction with a substance derived from particular
microorganisme. Thus, in the microorganism detecting kit
according to the present invention, it is possible to prevent
the staining reagent from remaining in the specimen contaoct
portion, and to carry out the operation without touching the
specimen contact portion. Further, it is possible to detect

common bacteria and particular microorganisms simultaneously
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and to prevent the incorporation of microorganisms.

The microorganism detecting kit has a feature that the
staining or coloration is fluorescent. Thus, in the
microorganismdetecting kit according to the present invention,
the wavelengths of the fluorescent rays from the compounds are
different from one another and hence, the microorganisms can
be recognized easily.

The microorganism detecting kit has a feature that the
first compound is a compound capable of being bonded to nucleic
acid. Thus, in the microorganism detecting kit according to
the present invention, living and dead cells can be counted to
a one-cell level and at a high accuracy.

The miocroorganism detecting kit has a feature that the
second compound is a compound capable of being bonded to nuclelc
acid. Thus, in the microorganism detecting kit according to
the present invention, dead cells can be counted to a one-cell
level and at a high acocuracy.

The mioroorganism detecting kit has a feature that the
third compound is a compound capable of developing a color by
the reactionwith a substance derived frommicroorganisms. Thus,
in the microorganism detecting kit according to the present
invention, only living cells can be counted by a difference
between amounts of colors developed.

The microorganism deteoting kit has a feature that the
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substance derived from microorganisms is an enzyme protein.
Thus, in themicroorganismdetecting kit according to the present
invention, the life or death of the microorganisms can be Jjudged
from the reactivity of substance derived from microorganisms
by limiting the substance derived from microorganisms to the
enzyme protein.

The microorganism detecting kit has a feature that the
substance derived from particular microorganisms is an enzyme
protein. Thus, in the microorganism detecting kit according
to the present invention, the life or death of the particular
microorganisms can be judged from the reactivity of substance
derived fromparticularmicroorganisms by 1imiting the substance
derived from particular microorganisms to the enzyme protein.

The microorganismdetectingkit has a feature that at least
two or more of the first compound, the second compound, the third
compound and the fourth ¢ompound are contained in separated
states. Thus, in the microorganism detecting kit according to
the present 1m'rent:|.on, sven when the staining is carried out
at closer wavelengths, the visual judgment can be achieved.

The microorganism detecting kit has a feature that the
specimen contact means contains a carrier for supporting at least
one or more of the first compound, the second compound, the third
compound and the fourth compound. Thus, accordingto the present

invention, it is possible to facilitate the preservation of the
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mioroorganism detecting kit by supporting the compound(s) on
the carrier, and further, the microorganism detecting kit has
a higher detecting ability by increasing the area of contact
with a specimen.

The microorganism detecting kit has a feature that the
detecting-reagent containing seotion contains a carrier for
supporting at least one or more of the first compound, the second
compound, the third compound and the fourth compound. Thus,
according to the present invention, it is possible to facilitate
thepreservationof the mioroorganismdetectingkit by supporting
the compound{s) on the carrier, and further, the microorganism
detecting kit has a higher detecting ability by increasing the
area of contact with a specimen. Even when the stalning is
carried out at closer wavelengths, the visual judgment can be
achieved.

The microorganism detecting kit has a feature that the
slze of at least the specimen contact portion of the specimen
contact means 15 equal to that of the light-receiving means for
receiving rays emitted from the specimen contact means. Thus,
in the microorganism detecting kit according to the present
invention, the scanning is not required.

The mioroorganism detecting kit has a feature that the
specimen contact means has at least one or more of the first

compound, the second compound, the third ocompound and the fourth
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compound supported on its surface on which such one or more
compounds are brought into contaot with the specimen. Thus,
in the microoxrganism detecting kit according to the present
invention, the amount of the compounds reacting with cells in
the specimen can be minimized.

The microorganism detecting kit has a feature that the
specimen contact means contains a culture medium for culturing
microorganisms. Thus, in the mioroorganism detecting kit
according to the present invention, it ig possible to prevent
a reduction in activity of miorcorganismas deposited on the
specimen contact means after contaot of the compound(s) with
the specimen.

The microorganism detecting kit has a feature that the
specimen contact means has a self-adherent property on its
surface to be brought into contact with the specimen. Thus,
in the microorganism detecting kit according to the present
invention, the cells deposited to the specimen can be collected
reliably.

The microorganism detecting kit has a feature that the
specimen contact means has a grip portion. Thus, in the
microorganisndetectingkitacoordingtothepresentinvention,
even 1f the specimen has a Trugged shape, the self-adhesive layer
canbebroughtintoclosecontactwiththesurfaceofthespecimen.

Further, it is possible to prevent an operator from touching
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the specimen or the specimen contact portion after deposition
of the microorganisms to the specimen.

The microorganism detecting kit has a feature that the
kit itself has a function for transmitting only light having
a particular wavelength. Thus, in the microerganism detecting
kit according to the present invention, it is unnecessary to
separate rays specially and hence, it is possible to simplify
the confirmation of colors developed.

The microorganism detecting kit has a feature that the
detecting-reagent containing section has a function for
transmitting only light having a particular wavelength. Thus,
in the microorganism detecting kit according to the preseat
invention, it is unneces sary to separate rays specially and hence,
it is possible to simplify the confirmation of colors developed
and to easily carry out the switching placement of a means for
separating light having another wavelength.

The miocroorganism detecting kit has a feature that the
specimen is a liguid specimen, and the specimen contact means
18 a preservation reservoir formed so that the 1liquid specimen
stored in the preservation reservoir is of a given thickness.
Thus, in the microorganismdeteotingkit according to the present
invention, even when the specimen is the liquid, the specimen
can be introduced into and stored in the preservation reservoir,

and the thickness of the specimen can be maintained constant,
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whereby an error due to a difference in thickness can be reduced.
To achieve the ahove objects, the present invention
brovides a miloroorganism counting apparatus, comprising a
specimen contact means in which any one or some of the following
compounds are incorporated: a first compound for staining living
and dead ocells, a second compound for staining dead cells at
awavelengthdifferent fromthe above-desoribedstaining, a third
compound for staining living cells at a wavelength different
fromthe above-desoribed staining, and at least one or more fourth
compounds for stainingpartioular microorganisms at awavelength
different from the above-described staining by the reaction with
a substance derived from particular microorganisms;: a light
source for applying exciting light in a predetermined range of
wavelength to a very small given area of the specimen contact
means; a light-receiving means for receiving light emitted in
a predetermined range of wavelength by virtue of the exciting
light; amicroorganism Judging means adapted to receive the rays
emitted by the application of the light from the 1ight source
within a preset given time for Judging microorganisms, and to
. determine that microorganisms exist when the amount of light
received 1s in a preset threshold value range; a moving means
for moving the very small given area continuously or
intermittently; and a means for adding the numbers of

microorganisms from signals indicative of the judgment as
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mioroorganism from the microorganism judging means. Thus, in
the mioroorganism counting apparatus according to the present
invention, it is possible to grasp the living or dead state of
themicroorganisms contained in the specimen contactmeans and/or
the number or presence or absence of particular germs
simultaneously and promptly, and to minimize the area and time
of application of the exciting light, thereby inhibiting the
extinotion of the compound(s) contained in the specimen contact
means by the exciting light. Purther, the mioroorganisms and
aforeignmatter canbe distinguished fromeach other by providing
a threshold value for the intensity of the fluorescent ray, and
the counting of the number of miocroorganisms contained in a given
area can be carried out promptly and simultaneously.

In addition, it is possible to deteot the microorganisms
promptly and easily by incorporating the compound capable of
grasping the living or dead state of the microorganisms into
the specimen contact means, and it is also possible to avolid
the deposition of the detecting-reagent containing section to
the specimen by disposing the deteoting-reagent containing
section and the specimen contact means in a separated relation.

In addition, nioroorganisms can be recovered efficlently
from the specimen by providing a means for transferring
microorganisms contained in an object on the surface of the

specimen contact means, and the microorganismcounting apparatus
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has a high sensitiveness.

Even the liquid specimen can be introduced into the
pPreservation reservoir as the specimen contact means, thereby
preventing the pollution of the specimen from the outside or
the pollution of the outside from the specimen. Further, the
areatobeirradiatedbytheexcitinglightfromthelightsource
can be maintained constant by maintaining the liquid specimen
at the given thickness, thereby inhibiting the overestimation
or the underestimation.

In the microorganism oounting apparatus, the staining or
coloration is fluorescent, whereby the high-sensitiveness
counting can be achieved.

In the microorganism counting apparatus, a compound
developing a color by the reaction with a substance produced
by thendnroorganiﬂms {vhich is the substance derived from the
microorganisms) is utilized as the first compound, whereby the
activity of the microorganisms can be estimated, and only the
living microorganisms can be counted.

In the microorganism counting apparatus, a compound
capable of being bonded to nucleic acid is used as the second
compound, whereby the dead cells can be detected to a one-cell
level at a high sensitiveness.

In the microorganism counting apparatus, a compound

capable of being bonded to nucleic acid is used as the third
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compound, whereby the living cells can be detected to a one-cell
level at a high sensitiveness.

In the microorganism counting apparatus, a substance
derived from the microorganisms, with which the first compound
reacts, is an enzyme protein. In this case, an enzyme reaction
1s accompanied and hence, microorganisms can be counted at a
high sensitiveness.

In the miocroorganism counting apparatus, a compound
developing a color by reaction with a substance derived from
particularmicroorganisms1susedasthefourthcompound,whereby
the particular microorgan;sms can be deteoted.

In the microorganism counting apparatus, the substance
derived from partiocular microorganisms is an enzyme protein,
which is used as a target for the detection. In this case, an
enzyme reaction is acoompanied and hence, particular
microorganisms can be counted at a high sensitiveness.

In the microorganism counting apparatus, a Photoelectric
converting element is utilized, thereby enabling the prompt
counting, amd a collector lens is mounted in front of the
photoelectrieoonvertingelement,therebyenablingtheoounting
at a high sensitiveness.

In the microorganism counting apparatus, photoelectric
oonvertingelementsaredisposedinalineararrangement,whereby

the detection in a given area can be carried out at one time
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to increase the speed of the counting.

In the miocroorganism counting apparatus, the specimen
contactmeans is disk-shaped. Thus, it ispossible to facilitate
thedrivingofthespecimencontactmeans1narotatingdirection
and to suppress the distance of detecting movement of both or
one of the light source and the light-receiving means to the
minimum.

In the mioroorganism counting apparatus, the specimen
contact means is polygonal. Thus, it is possible to facilitate
the driving of the specimen contact means in one direction and
to count the mioroorganisms by moving at least one of the light
source,thelight-receivingmeansandthespecimencontactmeans.

In the microorganism counting apparatus, the very small
areaforapplicationoftheexcitinglightemittedfromthelight
sourcetothespecimenismovable1napresetspeedrange. Thus,
it 1s possible to eliminate the occurrences of the slippage of
thecolordeveloped,thepersistenceofvisionandtheafterglow.

In the microorganism counting apparatus, at least one of
the light emitted from the light source and the light emitted
from the specimen contact means 1s collected using a reflecting
plate, thereby enabling the application of the light to the
specimen contact means at a high efficiency and the detection
in the light-receiving means at a high efficiency.

In the microorganism counting apparatus, a
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light~separating section adapted to transmit only light having
& particular wavelength is mounted between the 1light source and
the very small area. Thus, even when a light scurce adapted
to emit 1ight in a wide range of wavelength is used, light having
an intended wavelength can be applied.

In the nmicroorganism counting apparatus, a
light-separating section adapted to transmit only light of a
particular wavelength is mounted between the very small area
and the light-receiving means. Thus, even when the staining
is carried out by 1ight having a wavelength in a wide range,
fluorescent rays having an intended wavelength can be detected.

The microorganism counting apparatus includes a function
of automatically adjusting the foous on the very small detection
area in the specimen contact means. Thus, it 1s possible to
detect the mioroorganisms existing on the regularly constant
area at all times and to enhance the operator’s operability.

In the microorganism counting apparatus, an optical fiber
isutilizedto introduce the exciting light fromthe light source.
Thus, it is possible to place the 1ight source being as a heat
source at amother location. Further, even when the specimen
contact means is of a complicated shape, a regularly constant
amount of 1ight can be introducedinto the specimen contact means.

In the microorganism counting apparatus, an ultraviolet

ray-transmittable lens is used as a collector means for 1light
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emitted from the light source. Thus . 1t is possible to introduce
exciting light having a wavelength in an ultraviolet range into
the specimen contact means without reduction in amount of light.

In the microorganism counting apparatus, a means for
indicating the measuring position on the specimen contact means
is provided. Thus, it is possible to recognize a detecting
position.

In addition, it is possible to recognize the detecting
position without being influenced by the slze, the shape and
the like of the specimen contact means by provision of the means
for indicating the measuring position on the specimen contact
means.

Further, it is possible to recognize the detectingposition
in accordance with the type of the specimen contact means by
provision of the means for indicating the measuring position
on the specimen contact means.

In the mioroorganism counting apparatus, the means for
indicating the measuring position on the specimen contact means
1s a magnetic means. Thus, it is possible to recognize the
detecting position on the specimen contact means simply and
Precisely.

The microorganism counting apparatus includes a means for
recognizing the measuringpositionon the specimen contactmeans.

Thus, it is possible to regulate the detecting position on the
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specimen contact means.

The microorganism counting apparatus includes a means for
moving the measuring position on the specimen contact means from
acurrent recognizing loous position to a next recognizing locus
position with the distance kept constant. Therefore, it is
unnecessary to detect the entire specimen and hence, it is
possible to increase the counting speed.

Inthemicroorganismcountingapparatus, the distance from
the locus position inwhich the measuring position on the specimen
contact means has been recognized to the next recognizing locus
position is in a range of 10 to 50 pm. Thus, it is possible
to carry out the counting in a high correlation to the culture
Proocess.

In the microorganism counting apparatus, the signal
provided from microorganisms contained in the specimen contact
means is recognized as a binary punctual coordinates. Thus,
it is possible to carry out the counting easily and promptly.

In the microorganism counting apparatus, adjacent signals
of signals provided as the punctual coordinates are recognized
as one signal. Thus, it is possible to carry out the counting
in a high correlation to the culture process.

Further, the present invention provided a microorganism
counting apparatus for ocounting microorganisms utilizing

colored and emitted rays, comprising a light-receiving means
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adapted to receive the emitted rays by at least one
light-receiving element, the rays being detected within a given
time to judge the presence of microorganisms from the amounts
of rays detected by the light-receiving element to count the
microorganisms in an adding manner. In the microorganism
counting apparatus according to the present invention, the
emitted rays can be recognized by the reception thereof by the
light-receiving element and detected within the given time.
Thus, it is possible to inhibit an error due to the extinction
of luminaries and to count the number of the microorganisms
precisely.

The mioroorganism counting apparatus for counting
microorganisms utilizing colored and emitted rays has a feature
that when the amounts of rays when being recognized by the
light-receiving means after the coloration and the emission of
rays is fallen within preset threshold values, such rays ocan
be determined as being emitted from miocroorganisms. Thus, in
the microorganism counting apparatus according to the present
invention, it is possible to count the number of microorganisms
precisely without recognition of over-emission or
under-emission of rays from foreign matters.

The microorganism ocounting apparatus for counting
microorganisms utilizing colored and emitted rays has a feature

that when rays emitted from microorganisms and received by a
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light-receiving element and rays entering a light-receiving
element adjoining such light-receiving element have been
recognized as microorganisms, these microorganisms are Judged
all together as one group of microorganisms, therebymaintaining
the correlation to the prior art process, which is that when
microorganisms are cultured, colonies are coalesced together
with the growth of adjacent microorganisms and recognized as
one colony.

The microorganism counting apparatus includes a light
source and a light-receiving means, whereby cells are counted
based on a difference between wavelengths of rays from the
specimen and the amounts of fluorescent colors developed. Thus,
according to the present invention, the microorganisms can be
counted more promptly and precisely.

To achieve the above objects, the present invention
provides a mioroorganism counting process comprising the steps
of bringing a first compound for staining living and dead cells
and a second compound for stalning dead cells at a wavelength
different from the above-described staining into contact with
a specimen, and detecting both of living cells and dead cells
simultaneously from a difference between wavelengths and a
difference betwsen amountsg of colors developed. Thus,
acocording to the present invention, the measurement can be

achieved at a high sensitiveness even in environments where a
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large number of types of microorganisms exist, and the estimation
can be achieved even in actual environments. Therefore, the
measurement and the estimation are not influenced by substances
within the microorganisms and substances discharged out of
microorganism cells and hence, the numbers of living and dead
cells canbe grasped precisely, and all the cells can be detected,
because the non-specific bonding is utilized in the present
technique. In addition, the life and death of the cells can
be disoriminated from each other. Further, the compound for
staining the 1iving and dead cells and the compound for staining
the dead cells are high im stability and easy to preserve and
can be used even in enviromnents such as at a lower temperature.

Further, the present invention provides a microorganism
counting process comprising the step of bringing one or more
of a first compound for staining living and dead cells, a second
compound for staining dead cells at a wavelength different from
the above-described staining, and a third compound for staining
living cells at a wavelength different from the above-described
staining; and at least one or more fourth compounds for staining
particular mioroorganisms at a wavelength different from the
above-described stainingbythereactionwitha substance derived
from particular microorganisms, into contact with a specimen,
thereby detecting both or either one of the living cells and

thedeadcells, and the particularmicroorganisms simultaneous ly
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from a difference between wavelengths and amounts of colors
developed. Thus, in the micreoorganism counting process
according te the present invention, the particular
microorganisms can be measured at a high sensitiveness from the
multiple of types of cells and microorganisms, and the estimation
can be achieved even in actual environments. The substance
derived fromthe particular microorganisms ismeasured, and hence R
the measurement and estimation are not influenced by substances
in other cells and microorganisms and subgtances discharged out
of the microorganism cells., Therefore, the presence of the
mioroorganisms can be confirmed and further, the microorganisms
can be measured promptly without need for separating and washing
means for pretreatments.

The miocroorganism counting process has a feature that the
staining or coloration is fluorescent. Thus, according to the
present invention, only the microorganisms stained by
fluorescent rays can be counted at a high sensitiveness.

Further, the microorganism counting process has a feature
that the first compound is a compound capable of being bonded
to nucleic acid. Thus, according to the present invention, it
is possible to enable the counting of the living and dead cells
to a one-cell level and at a high sensitiveness.

Further, the microorganism counting process has a feature

that the second compound is a compound capable of being bonded
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to nucleic acid. Thus, according to the present invention, it
1s possible to enable the counting of the dead cells to a one-cell
level and at a high sensitiveness.

Further, the microorganism counting process has a feature
that the third compound is a compound for stainingmicroorganisms
by the reaction with a substance derived from microorganisms
in the specimen. Additionally, the microorganism counting
process has a feature that the substance derived from
microorganisms is an enzyme protein. Thus, according to these
inventions, it is possible to count the number of only living
microorganisms, and further it is possible to judge the presence
or absence of living microorganisms at a higher sensitiveness
by using the enzyme protein as the substance derived from
microorganisms.

Yet further, the microorganism counting process has a
feature that the substance derived from the particular
microorganisms is an enzyme protein. Thus, according to the
present invention, it is possible to recognize the presence or
absence of the particular microorganisms by detecting the
substance derived from the particular nicroorganisms appearing
within or outside the oells of the particular microorganisms.
Further, it is possible to recognize the presence or absence
of the particular microorganisms at a higher sensitiveness by

limiting the substance derived from the particular
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microorganisms to the enzyme protein.

Yet further, the present invention provides a
microorganism counting process comprising the step of bringing
acompound forstainingparticularmicra organisms by the reaction
with a substance derived from particular microorganisms into
oontact with a specimen to detect the particular microorganisms
from a wavelength and an amount of color developed. Thus,
agcording to the present invention, it is possible to reliably
recognize the particular microorganisms by specifically bonding
the compound to the particular microorganisms and further to
precigzely grasp the number of particular microorganisms from
an amount of fluorescent color different from the color of the

reagent.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l is an illustration of the arrangement of a
microorganismdetectingkit according to Rxample 1 of the present
invention.

Fig.2 18 an illustration of the arrangement of a detecting
kit according to Example 2 of the pbresent invention, which
includes a reagent-containing vessel and a specimen contact
vessel.

Fig.3 is an 11lustration of the arrangement of a detecting

kit including reagent-containing sheets.
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Fig.4 is an 11lustration of the arrangement of a detecting
kit with carriers retained on each of reagent-containing sheets
according to Example 3 of the present invention.

Fig.5 is an 1llustration of the arrangement of a detecting
kit with reagent-supporting carriers retained in a separated
manner on each of reagent-containing sheets according to Example
4 of the present invention,

Fig.6 is an 1llustration of the arrangement of a detecting
kit including a light-separating £ilm according to Example 5
of the present invention.

Fig.7 is an illustration of the arrangement of a liguid
specimen detecting kit according to Example 6 of the present
invention.

Fig.8 1s a curve of attenuation of fluorescent light
according to Example 7 of the present invention.

Fig.91sadjagram indicating threshold valueswith respect
to the intensity of fluorescent light according to Example 8
of the present invention.

Fig.10 is an illustration of the arrangement of a
bacterium-recognizingmeans according toExample 9 of the present
invention.

Fig.11 is a diagram of a locus A of exciting light on a
specimen according to Example 10 of the present invention.

Fig.12 is a diagram of a locus B of exclting light on the
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specimen according to Example 10 of the present invention.

Fig.13 is a diagram showing a waveform model according
to Example 10 of the Present invention.

Fig.14 is a diagram showing a waveform model according
to Example 10 of the Present inventlon, when there are
microorganisms existing adjacent one another.

Fig.15 is a fluorescent ray extinotion model according
to Example 10 of the present invention.

Fig.16 is a diagram showing a microorganism counting
apparatus according to Example 10 of the present invention.

Fig.17 is a diagram showing a binary model according to
Example 10 of the present invention.

Fig.18 is a diagram showing a microorganism counting
apparatus according to Example 11 of the Present lnvention.

Fig.19 1s a diagram showing a specimen contact means
according to Example 12 of the present invention.

F1g.20 is a diagram for explaining a process for counting
1living and dead cells and dead cells according to Example 13
of the present invention.

Fig.21 1s a block diagram of a microorganism counting
apparatus according to Example 14 of the present invention.

Fig.22 is a graph showing a calibration curve for living
and dead cells and eleotric signal output in Examples 13 and

14.
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Fig.23 is a graph showing a calibration curve for dead
cells and electric signal output in Examples 13 and 14.

Fig.24 is a diagram for explaining a process for counting
living and dead cells, dead cells, living cells and Coliform
bacteria according to Example 15 of the present invention.

Fig.25 is a graph showing a calibration ocurve for living
cellshavingahighactivity and eleétric signal output according
to Examples 15 and 16 of the present invention.

F1g.26 is a graph showing a calibration curve for Coliform
bacteria and electric signal output according to Examples 15
and 16 of the present invention.

Fi1g.27 1s an illustration of the arrangement of a prior
art detecting kit.

Fig.28 is a view of the arrangement of a prior art

microorganism measuring apparatus.

BEST MODE FOR CARRYING OUT THE INVENTION

A microorganism detecting kit according to the present
invention includes a specimen contact means having one or some
of the following compounds incorporatedtherein: afirst compound
forstaining livinganddead cells, a second compound for staining
dead cells at a wavelength different from the above-desoribed
staining, a third compound for staining living cells at a

wavelength different from the above-descoribed staining, and at
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least one or more fourth compounds for staining particular
microorganisms at a wavelength different from the
above-describedstainingbythereactionwithasubstancederived
from particular micreorganisms. The specimen contact means,
for example, is comprised of a self-adhesive layer retaining
adetectingreagentthereonandadaptedtocollectmicroorganisms
fromuspecimen,asupportforsupportingtheself-adhesivelayer,
and a grip which is in contact with the support to adjoin the
latter. Thamicroorganismdeteotingkithassuahaneffectthat
unly1ivinganddeadcellscanbestainedbybondingofthecompound
for staining the living and dead cells to nucleic acid in the
livinganddeadcells,andthepresenceorabsenoeofthe11v1ng
and dead cells can be detected, or the numbers of the living
and dead cells can be counted. The self-adhesive layer, for
example,1soneformedbymixingasolutionresultingfrommixing
of peptone, sodium chloride or the like with an agar suspension,
with 4'.6-diam1d1no-2-phenylindole dihydrochloride used as a
compound for staining living and dead cells, and placing the
solution containing the staining compound into a vessel after
sterilization to solidify the solution. If the specimen 1is a
wallsurfaae,livinganddeadcellsdepositedtothewallsurfaoe
are deposited to a surface of a culture medium containing the
compoundbybringingthesurfaoaoftheself—ndhesivelayerinto

contact with the wall surface using the grip.
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Another microorganism detecting kit according to the
Present invention includes a specimen contact means containing
the feollowing compounds incorporated therein: one or more of
a first compound for staining living and dead cells, a second
compound for staining dead cells at a wavelength different from
the above-described staining, and a third compound for staining
living cells at a wavelength different from the above-described
staining; and at least one or more fourth compounds for staining
Particular mioroorganisms at a wavelength different from the
above-described staining bythereactionwithasubstance derived
from particular microorganisms. For example, when
microorganisms are to be detected for food sanitation, it is
a conventional practice that the number of comnon bacteria is
counted, and the presence or absence of Coliform bacteria is
confirmed. In such a case, the detection kit according to the
Present invention has such an effect that it is8 possible to simply
carry out the counting of the common bacteriaand the confirmation
of the presence or absence of Coliform bacteria simultaneously
and promptly, by counting microorganisms, i.e., living cells,
which can be cultured on a culture medium, and by using a culture
medium, in which a compound which can react with a substance
derived from particular microorganisms which is Coliform
bacteria, is mixed.

A further miocroorganism deteoting kit according to the
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present invention includes a detecting-reagent containing
section and a specimen contact means, the detecting-reagent
containing section containing one or some of the following
compounds incorporated therein: a first compound for staining
living and dead cells, a second compound for staining dead cells
at a wavelength different from the above-described staining,
a third compound for staining living cells at a wavelength
different from the above-described staining, and at least one
or more fourth compounds for staining particular microorganisms
at a wavelength different from the above-described staining by
the reaction with a substance derived from particular
microorganisms. Thus, living and dead cells deposited can be
stained, and the presence of the living and dead cells can be
Judged, or the numbers of the living and dead cells can be counted.
Further, it is possible to prevent the detecting reagent from
remaining on the surface of the Bpecimen by carrying out this
operation, The specimen contact means, for example, is
comprised of a self-adhesive layer adapted to collect
microorganisms from the specimen, a support for supporting the
self-adhesive layer, and a grip whioch is in contact with the
support to adjoin the latter. The detecting-reagent containing
section is comprised of a filmor a face-shaped layer containing
the detectingreagent, anda support. The specimencontactmeans

and the detecting-reagent containing section are connected to
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each other, for example, by a hinge, so that the self-adhesive
layerofthespeoimencontactmeansandthefilmortheface~shaped
layer of the detecting-reagent containing section are inner
surfaces and in contact with each other. Alternatively, the
specimen contact means and the detecting-reagent containing
section may be formed in separated states. For example, the
specimen contact portion is of a struoture in which a generally
commerciallyavailablenormalagaraulturamedium(nadebyNissui
Seiyaku, Co.) is used as the self-adhesive layer and laminated
by the support for supporting the self-adhesive layer, and a
grip is attached to adjoin the support. The detecting-reagent
containing section is comprised of the film having
4, 6-diamidino-2-phenylindole dihydrochkloride retained
thereon as the compound for staining the living and dead cells,
and the support, so that a specimen is brought into contact with
the surface of the self-adhesive layer of the specimen contaot
means using the grip, whereby cells deposited to the specimen
arecollectedontothesurfaceoftheself-adhesivelayer. After
the collection, the film retaining the compound in the
detecting-reagent containing section is affixed to the
cell-deposited surface of the self-adhesive layer, and the
detecting reagent retained in the detecting-reagent containing
section is moved onto the self-adhesive layer.

A further microorganism detecting kit according to the
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present invention includes a detecting-reagent containing
section and a specimen contact means, the detecting-reagent
containing section containing the following compounds
incorporated therein: one ormore of afirst compound for staining
1living and dead cells, a second compound for staining dead cells
at a wavelength different from the above-described staining,
and a third compound for staining living cells at a wavelength
different from the above-described staining; and at least one
or mors fourth compounds for staining particular microorganisms
at a wavelength different from the above-desoribed staining by
the reaction with a substance derived from particular
microorganisma. Thus, living and dead cells deposited can be
stained, and the presence of the living and dead cells can be
Judged, or the numbers of the living and dead cells can be counted.
Further, the presence or absence of Coliform bacteria can be
confirmed simultaneously. Namely, the number of common
bacteria and the Presence or absence of Coliform bacteria can
be confirmed easily and promptly. Further, the microorganism
detecting kit has an effect that it is possible tao prevent the
detecting reagent from remaining on the surface of the specimen
by this operation. When the number of common bacteria is to
be counted and the presence or absence of Coliform bacteria is
to be confirmed, the specimen contact means is formed using a

culture medium comprising a commercially available normal agar
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culture medium, and the detecting-reagent containing section
is formed using a £ilm retaining 4’, 6-diamidino-2-phenylindole
dihydrochloride as the compound for staining the 1iving and dead
cells and a compound reactive with a substance derived from
Coliform bacteria. Thus, the specimen is brought into contact
with the surface of the normal agar culture medium, whereby cells
deposited to the specimen are collected. After the collection,
the film retaining the compounds thereon is affixed to the
cell-deposited surface of the normal agar culture medium, and
the detecting reagent retained is moved onto the surface of the
normal agar culture medium.

In the microorganism detecting kit, the staining orxr
coloration is fluworescent. In this case, the color of the
detecting reagent covering the surface of the culture medium
and the fluorescent color developed are different from each other.
Therefore, the microorganism detecting kit has an effeot that
it is possible to prevent the interference of the staining
wavelength, to easlilyrecognize the microorganisms even visually,
and further tc count the microorganisms precisely.

In the microorganism deteoting kit, the first compound
is a compound capable of being bonded to nucleic acid. In this
case, the dyeing of the nucleic acid exiting within cells is
utilized as an indication and hence, after the dyeing, the cells

can be detected to a one-cell level. Thus, the mioroorganism
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detecting kit has an effeot that the numbers of living and dead
cells can be counted at a further high sensitiveness.

In the microorganism detecting kit, the second compound
1s a compound capable of being bonded to nucleic acid. In this
case, the dyeing of the nucleic acid exiting within cells is
utilized as an indication and hence, after the dyeing, the cells
oan be detected to a one-cell level. Thus, the microorganism
detecting kit has an effect that the numbers of dead cells can
be counted at a further high sensitiveness.

In the microorganism detecting kit, the third compound
is a compound suitable to stain miocroorganisms by reacting with
a substance derived from microorganisms. In this case, the
compound reacts with a metabolite derived from living cells,
thereby providing an effeot that the living or dead of the cells
can be Judged by the reactivity.

In the miocroorganism detecting kit, the substance derived
from the microorganisms is an enzyme protein. In this case,
the microorganism deteoting kit has an effect that the living
or dead of the living cells c¢an be Judged by the reactivity.

In the microorganism deteoting kit, the substance derived
from the particular microorganisms is an enzyme protein. In
this case, the microorganism deteocting kit has an effect that
the 1iving or dead of the particular microorganisms can be judged

by the reaoctivity.
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In the microorganism detecting kit, at least two or more
of the first compound, second compound, third compound and fourth
compound are contained in separated states. In this case, the
microorganism detecting kit has an effect that the compounds
staining the microorganisms at adjacent wavelengths by the
reaction can be confirmed visually.

The microorganism detecting kit includes the specimen
contact means which contains a carrier for supporting at least
one ormore of the first compound, second compound, third compound
and fourth compound. In this case, the microorganism detecting
kit has an effect that it is possible to facilitate the
preservation of the compounds by supporting them on the carrier,
and to enhance the deteocting sensitiveness by increasing the
area of contact with the specimen.

The microorganism detecting kit includes the
detecting-reagent containing section which contains a carrier
for supporting at least one or more of the first compound, second
compound, third compound and fourth compound. In this case,
the microorganism detecting kit hag an effect that it is possible
to facilitate the preservation of the compounds by supporting
them on the carrier, to enhance the detecting sensitiveness by
increasing the area of contact with the specimen, and to visually
confirm the compounds staining the microorganisms at adjacent

wavelengths by thereaction by separatingthe carriers supporting
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each compounds.

In the microorganism detecting kit, the size of the
specimen contact portion is equal to that of a light-receiving
means. In this case, the microorganism detecting kit has an
effect that a scanning course can be omitted by the fact that
the size of the specimen contaot portion is equal to that of
the light-receivingmeans, andthe microorganisms canbe detected
more promptly.

In the mioroorganism detecting kit, the specimen contact
means having at least one or more of the first compound, second
compound, third compound and fourth compound contained on its
surface to be brought into contact with the specimen. Thus,
the microorganismdetecting kit has an effect that it is possible
to enhance the reactivity with microorganisms contained in the
specimen by supporting compound(s) only on the specimen contact
portion.

In the microorganism detecting kit, the specimen contact
means contains a culture medium for culturing microorganisms.
Thus, the microorganism detecting kit has an effect that it is
possible to maintain the activity of cells, or inorease the
reduced activity of the cells to enhance the reaoctivity.

In the microorganism detecting kit, the specimen contact
means has a self-adherent property on its surface to be brought

into ocontact with the specimen. Thus, the microorganism
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detecting kit has an effect that cells can be collected reliably
by the faoct that the speoimen ceontact portion has the
self-adherent property.

In the microorganism detecting kit, the specimen contact
means is provided with a grip portion. Thus, the mioroorganism
detecting kit has an effect that microorganisms can be collected
irrespective of the shape of the specimen and further, it is
possible to prevent an operator from touching the specimen or
the specimen contact portion after deposition of mioroorganisms
to the specimen.

The microorganism detecting kit itself has a functioen to
transmit only light having a particular wavelength. Thus, the
microorganism detecting kit has an effect that a special
light-separating means is not required and henoe, it is possible
to simplify the confirmation of a color developed.

The microorganism. detecting kit includes the
detecting-reagent containing section having a function to
transmit only light havinga particularwavelength. Thus, since
the detecting-reagent containing section has the
light-separating function, the microorganism detecting kit has
an effect that a special light-separating means is not required
and hence, it is possible to simplify the confirmation of a coloxr
developed, and it is possible to easlly conduct the switching

Placement of a means for separating light having another
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wavelength.

In the microorganism detecting kit, the specimen 1s a
liquid specimen, and the specimen contact means isa preservation
reservolr for preserving the Specimen, so that the liquid
specimen stored in the Preservation reservoir is of a given
thickness. The microorganism detecting kit has a function to
be able to preserve even the 1liguid specimen under constant
conditions, whereby the detection can be simplified. Further,
the microorganism detecting kit has an effect that it is possible
to prevent the mig-recognition due to a variation in thickness
by setting the thickness of the liquid specimen at the given
value and hence to ocarry out the precise detection.

A microorganism counting apparatus according to the
present invention 1s intended to count microorganisms contained
in a specimen, and includes a specimen contact means having such
a shape that it can be easily brought into contact with a wall
surface or a cookware such as a shape like a food stamp or a
film shape, or having a structure provided with a grip. Any
one or some of the following ocompounds are previously
incorporated into the specimen contact means: a first compound
forstaininglivinganddeadocells » asecond compound for staining
dead cells at a wavelength different from the above-described
staining, a third compound for staining living cells at a

wavelength different from the above-desoribed staining, and at
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least one or more of fourth compounds for staining particular
microorganisms at a wavelength different from the
above-desoribedstainingbythereactionwithaaubstancederived
from particular microorganisms. The compound(s) incorporated
into the specimen contact means can be changed depending on the
purpose, whereby microorganisms to be detected can be changed.
For example, when miocroorganisms to be detected are only living
germs, only the third compound is incorporated, and when the
sterilizing effeot is to be verified, the second and third
compounds are incorporated. Thus, the compounds ocan be
selected as desired, depending on the purpose and the
microorganisms to be detected. The specimen contact means, if
it is of a culturing type usually used, 1g of a size on the order
of 40 mm in diameter. However, if the size of germs contained
in the specimen contact means are as very small as 1 to 5 um,
a.nﬂ a CCD camera conventionally used is employed to conduct the
Picture processing, the number of required pixels is enormous,
and it is difficult to conduot the direct recognition. For this
reason, such germs could be never detected without use of a
magnifying means having a magnification of about 1000.
Therefore, the present inventors have aimed at the size of germs
contained in a surface of the specimen contact means in contact
with a specimen, and have found that exciting light is applied

in a predetermined range of wavelength to the area of 1 to 5

-63-




61

pm square (which 1s desired to be as large as possible, if it
can be measured as a luminance of a light-receiving means, but
which 1s desired to be equal to or smaller than the same size
of 30 um square as a photodiode), and the amount of rays emitted
by virtue of the exciting light is measured, whereby the number
of microorganisms is counted from a value resulting from the
additionof therays. Inthis case, the intensity of £luorescent
ray emitted by application of the exciting light is changed with
the time. Therefore, it is necessary to set a time within a
given range of amount of rays emitted, and to judge the presence
or absence of microorganisms from the amount of rays at that
time. More specifically, impurities other than microorganisms
emit no fluorescent ray, but emit scattered light of exciting
1light or the like, which provides an influence upon reception
of light. For this reason, when the amount of rays received
has reached equal to or larger thana givenvalue, it is determined
that there are microorganisms. Depending on the type of
impurities, it can be assumed that the amount of fluorescent
rays emitted from objects may be equal to or more than the amount
of rays emitted from microorganisms. For this reason, if an
amount of rays is in a preset range, it is determined that there
are mioroorganisms, and basically, if an amount of rays in the
range 1s received, it is determined that there is one

microorganism., A very small area, to which the exciting 1light
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is applied, 1s moved continuously or intermittently, and for
example, as compared with data in a conventional agar culture
medium diffusion prooess, the entire area having a diameter of
40 mm 1s scanned, and the numbers of microorganisms in such areas
are added, whereby the total number of microorganisms can be
counted. Therefore, 1t 1s possible to prevent the
underestimation due to the extinction of the compound(s) by the
exciting light and to prevent the overestimation due to rays
emitted from foreign matters. Thus, it is possible to confirm
the life or death of microorganisms in a short time and to count
the numbers of 1iving and dead microorganisms in a short time
without need for special technique and equipment, as compared
with the conventional culture process and antibody process.

It is of course that a reagent as harmless as possible
is selected as each of the first, second, third and fourth
compounds. However, the microorganism counting apparatus is
used mainly in food factories in many cases, and when what is
to be detected is a cockware, it is not preferred for sanitation
that a specimen contact means containing a reagent, even if it
is harmless, is brought into contact with the cookware. In some
cases, it i1s preferable depending on the characteristics of a
reagent that the reagent is allowed to react with a speocimen
immediately before application of exciting light, and that each

of the first, second, third and fourth compounds is carried on
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a film independently of the specimen contact means, or stored
in a vessel and added to the specimen contact means immediately
before application of exciting light. Based on this viewpoint,
4',6-dlamidino-2-phenylindole, which is one of reagents capable
of belng permeated non-specifically into living and dead cells
through their membrane surfaces and bonded specifically to
nucleic acid existing in cells, is retained in the
detecting-reagent containing section, so that it is permeated
from the detecting-reagent containing section into
microorganisms collected on the specimen contact means. The
life or death of microorganisms collected can be judged at the
same time by doubly dyeing the microorganisms using propidium
lodide, which is one of reagents capable of being permeated
non-specificallyintodead cells through their membrane surfaces
and bonded specifically to nuclelc acid existing in cells, and
applying exciting light having a specific wavelength to the
microorganisms to stain or ocolor the microorganisms.
Alternatively, living microorganisms can be detected directly
by applying exciting light having a specific wavelength to a
compound capable of being permeated into cells and decomposed
by esterase existing in 1living microorganism cells to stain the
microorganisms, as is 6-carboxyfluorescein diacetate, thereby
staining or coloring the living microorganisms. Additionally,

it can be oconfirmed promptly whether miorcorganisms to be
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detected exist in microorganisms sampled from a specimen, by
using a detecting-reagent containing section containing a
compound reactive with a substance derived from particular
microorganisms and a microorganism contact means.

Microorganisms existing in a specimen are deposited
efficiently to the specimen contact means byutilizingatransfer
means. The transfer means includes those having a viscosity
and liable to be adhered in a lattice configuration. It is
possible to prevent the underestimation of microorganisms
contained in a specimen by detecting the microorganisms using
a specimen contact means having such a transfer means.

Even when the specimen 1s liquid, the detection of
microorganisms is made possible by utilizing a preservation
reservolr for preserving the specimen. Examples of the
preservation reservoirs are those defined by a thin layer formed
at asitewhere a specimen is added, and the specimen is introduced
tothe preservation reservoir and spread, wherebymicroorganisms
contained in the specimen are uniformized and detected.
Alternatively, a f£ine groove may be defined previously in the
preservation reservoir, and a 1iquid specimen may be poured into
the fine groove, whereby the liquid specimen can be spread in
the preservation reservoir. Further, by using a specimen
contact means formed so that a liquid specimen stored in the

preservation reservoir is of a given thickness, it is possible
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to maintain the distance from the light source or the
light-receiving means to the specimen constant and to carry out
the estimation with less error.

There is also an effect that miocroorganisms can be detected
at a high sensitiveness and a very small specimen can be also
detected, by the fact that the staining or coloration 1is
fluorescent.

In addition, the compound for staining or ocoloring the
living cells 18 a compound for staining or coloring the living
cells by reacting with a substance derived from microorganisms .
and an amount of such substance produced is detected, whereby
the activity of microorganisms can be estimated. In this case,
it 18 possible to grasp the number of the living cells by counting
the stained microorganisms.

The compound for staining the living and dead cells or
the dead cells is a compound capable of being bonded to nucleic
acid. Thus, the nucleic acid retained in the cells can be
deteocted and hence, the cells can be detected to a one-cell level,
and the number of existing mioroorganisms can be counted.

In addition, by targeting the substance derived from
partioular microorganisms, the particular microorganisms can
be detected. Further, by targeting an enzyme protein, the
detection of the particular microorganisms can be achieved at

a high sensitiveness, and the activity of the particular
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microerganisms can be also grasped.

The light-receiving means is at least one photoelectric
converting element, and a collector lens for collecting rays
emlitted by virtue of the exciting light is mounted in front of
the photoelectric converting element. Thig provides the
following effeoct: Fluorescent rays generated by the exciting
light can be introduced in an inoreased range of the fluorescent
Tays into the photoelectric converting element and hence, a high
detection sensitivity can be maintainead.

Aplurality of photoelectric converting elements inciuded
in the light—receiving means are disposed in a linear arrangement,
Thus, the movement of the photoelectric converting elements in
a direction of an X-axis (a direction of arrangement of the
photoelectric converting elements) is not required, and the
detection of microorganisms in a given area can be carried out
by moving the photoelectric converting elements only in a
direction of a Y-axis (in a moving dirsction), and hence, the
counting of microorganisms can be carried out promptly.

The specimen contact means is of adisk shape and 1s movable.
Thus, the detection of microorganisms can be achieved by rotating
the specimen or the light source. For example, a photo-disk
reading device may be used as a detecting means. The movement
of the light source can be carried out at only the radius of

the specimen contact means by placing and rotating the specimen
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contact means. Thus, the detection can be automated and
increased in speed.

The specimen contact means may be of a polygonal shape
and is movable. Therefore, microorganisms contained on the
specimen contact means can be detected easily. For example,
& scanner may be used as a detecting means. Thus, the detection
can be automated and increased in speed by placing and moving
the specimen contact means.

A drive means for moving either one or some of the light
source, the 1ight-receiving means and the specimen contact means
is mounted as a means for moving a very small area and is movable
in a preset range of speed. Thus, it is possible to prevent
the ococurrence of the slippage of the color developed, the
occurrence of the persistence of vision or the occurrence of
the afterglow at the time of moving a very small area, and to
prevent the overestimation or the underestimation.

A refleocting plate is mounted asg a means for collecting
light emitted from the 1ight source and/or a means for collecting
light to the light-receiving means. This provides an effect
that it 18 possible to prevent a loss of extra light and to enhance
the sengitiveness by colleoting the light.

A light-separating section for transmitting 1ight having
a particular wavelength is mounted between the 1ight source and

the very small area. Thus, even when the wavelength of light
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emitted from the exoiting light source is wide, the exciting
light having the particular wavelength can be extracted.
Further, by mounting the light-separating seoction for
transmitting light having a particular wavelength between the
very small area and the light-receiving means, it is possible
toextractfluorescentrayshavingaparticularwavelengthsamong
the fluorescent rays having the various wavelengths, as does
the exciting light, and the counting can be carried out at a
high acouracy.

Anauto-focusingmeansforadjustingthefocusonthevery
small area within the specimen contact means is mounted on at
least one of the light source and the light-receiving means.
Thus, the stable counting can be achieved without dependence
on the shape of the surface of the specimen contact means.
Further, by the provision of the auvto-focusing means, the area
irradiated by the exciting light can be maintained oonstant,
and the load applied to microorganisms collected by the specimen
contact means and stained or colored can be minimized, thereby
avoiding the underestimation.

A means is provided for introducing light emitted from
thelightsourceintothespeoimencontactmeansusinganoptical
fiber. Thus, even if the specimen contact means is of a
complicated shape, stable exciting light can be provided.

Further, the light source can be mounted at another location
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by using the optical fiber. Thus, even when an exothermic light
source is used, the load applied to the specimen contact means
and miocro¢rganisms colleoted by the specimen contact means due
to a generated heat can be minimized.

By using a lens adapted to transmit ultraviolet rays, an
ultraviolet ray-generating means canbe used as the light source,
and hence, even exoiting light in an ultraviolet range can be
provided stably to the specimen contaoct means.

The apparatus or the specimen contact means may be provided
with a means for indicating a measuring position, and the
light-receiving means is provided with a means for recognizing
the measuring position. Thus, itis possible to grasp aposition
in which at least one of the 11ght source and the light-receiving
means exists, to prevent the double detection of such position
and the omission of detection and to avoid the overestimation
or the underestimation. Further, the means for indicating the
measuring position on the specimen contact means is magnetioc,
thereby providing an effect that the position can be recognized
simply and precisely, and the overestimation or the
underestimation can be avoided.

When the position on the locus for recognizing the
measuring position on the specimen contact means is to be moved,
it ismoved to a next recognizing locus positionwith the distance

kept constant from the original recognizing locus position.
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This makes 1t possible to prevent the omission of detection and
to detect the entire specimen contact means. Further, the
distance from the original recognizing locus position to the
next recognizing locus position is in a range of 10 to 50 um,
thereby providing an effect that it is possible to enhance the
correlation to the culture process, which is one of the
conventional processes. This distance is a minimum distance
capable of avoiding a range of recognizing colonies as one colony
due to the duplication of the colonles, as is the cage with the
culture process.

Microorganisms contained in the specimen contact means
can be counted easily and promptly by recognizing each of signals
provided from the microorganisms contained in the specimen
contact means as a binary punctual coordinates, and counting
the number of the punctual coordinates of the provided signals.
Further, a luminance is determined from the binary punctual
coordinates, whereby the activity of the mioroorganisms can be
measured. Additionally, the correlation to the culture process
can be enhanced by recognizing the adjacent signals asone signal.
Yet further, the shape of deposits deposited to the specimen
contact means can be grasped from the adjacent signals, and
objects of shapes other than microorganisms can be eliminated
from the counting, leading to an enhanocement in accuracy.

In a mioroorganism oounting apparatus for counting
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microorganismutilizingtheatainingemissionoflight,received
light is received by a light-receiving element, and the number
of microorganisms is determined from an amount of light within
a given time. Luminaries can be recognized by provision of a
light-reoeivingmeansforreceivingthecoloredandemittedrays.
Further, by limiting the rays to an amount of light detected
within the given time by the light-receiving element, it is
possible to prevent the mis-recognition caused upon the
extinction of mioroorganisms stained to emit the light and to
recognizethepreciseooloredandemittedrays,andtorecognize
the number of microorganisms Preoisely by adding and counting
such rays.

In the mioroorganism counting apparatus for counting
microorganisms utilizing colored and emitted rays, preset
threshold values are provided for the intensity of the colored
andemitted:aysreceivedbythe1ight-rece1v1ngmeans,andwhen
the intensity of the colored and emitted rays is fallen within
the range of the threshold values, it iz determined that there
are micfoorganisms. Thus, too large or too small coloration
due to foreign matters can be distinguished from the coloration
of microorganisms, and the number of microorganisms can be
recognized precisely by adding and counting the emitted rays
within the threshold values.

In the microorganism counting apparatus for counting
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microorganisms utilizing colored and emitted rays, when rays
emitted by mioroorganisms and recognized by a light-receiving
element and rays entering a light-receiving element adjoining
such light-receiving element are recognized as the presence of
microorganisms, the microorganisms are Judged all together as
one group of microorganisms. Thus, it is possible to maintain
the correlation to a case where when adjacent microorganisms
form colonies with the growth thereof, the adjacent colonies
are coalesced together and recognized as one colony in the plate
counting process, which is one of the prior art processes.

The apparatus includes a light source and a 1ight -receiving
means, so that ocells are counted by a difference between
wavelengths of rays emitted by a specimen and amounts of
fluorescent colors developed. Thisapparatushas aneffect that
cells emitting fluorescent rays can be vounted simply, and the
estimating time can be shorxtened.

Amicroorganism counting process acoording to the present
invention comprises the steps of bringing a first compound for
staining living and dead cells and a second compound for staining
dead cells at a wavelength different from the above-described
staining into contact with a specimen, and detecting the living
cells and the dead cells simultaneously froma difference between
the wavelengths and a difference between amounts of colors

developed. Thus, the ocells can be measured at a high
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sensitiveness even in environments where there are many types
of microorganisms, and the estimation can be achieved even in
actual service environments, without dependence on the enzyme
activity indicated by the microorganisms.

Even when an enzyme 1is produced outside cells of
mlcroorganisms by the microorganisms, the mioroorganisms can
be detected, while preventing the integration of the
microorganisms with the background, because the compounds do
not react the enzyme.

In addition, unlike the detection using an antibody, the
1living and death of cells oan be distinguished from each other
at a high sensltiveness, because the compounds are bonded
spec_ifically to many types of cells. For example, by counting
living and dead cells and dead cells 'simultaneously by bringing
a reagent comprising of a mixture of
4',6-dlamidino-2 -phenylindole dihydrochloride capable of being
bonded to nucleic acid contained within living and dead cells
with a propidium iodide capable of being bonded to nucleic acid
contained within dead cells into contacot with a specimen, and
the number of the 1living cells can be measured from a difference
between the number of the living and dead cells and the number
of the dead cells. Further, the reagent reacts with individual
cells quickly to achieve the stalning or coloration and hence,

the presence of the 1iving and dead cells can be confirmed within
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a short time, as compared with the conventional culture process
and the conventional antibody process.

The microorganism counting process comprises the steps
of bringing one or more of a firgt compound for staining living
and dead cells, a second compound for staining dead cells at
a wavelength different from the above-described staining, and
a third compound for staining living cells at a wavelength
different from the above-described staining; and at least one
or more fourth compounds for staining particular microorganisms
at a wavelength different from the above-described staining by
the reaction with a substance derived from partiocular
microorganisms, into contact with a specimen, and detecting both
or one of the living cells and the dead cells and the particular
microorganisms simultaneously from a difference between the
wavelepgths and amounts of colors developed. The living and
dead cells, the dead cells, the living cells and the particular
microorganisms can be detected simultaneously, whereby the
ocounting of polluting microorganisms in medical and food
sanitation fields and the monitoring of microorganisms in
environments can be carried out promptly. For example, the
number of common bacteria cvan be counted in food fields by the
counting of the 1living and dead cells, the counting of the dead
cells and the counting of the living cells and further, the states

of foods after being sterilized can be grasped by measuring the
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dead cells. In addition, because Coliform bacteria discharge
a specific enzyme protein called f-galactosidase, the presence
of Coliform bacteria can be ascertained by using
4-methylumbelliferyl-f-D-galactoside, which reacts with the
enzyme protein, and hence, the mioroorganism pollution can be
examined in medical and food sanitation fields.

The staining or ocoloration 1g fluorescent, thereby
providing an effect that the interference of the wavelength of
coloredrays canbe prevented, and the colored rays canbe visually
recognized simply. Further, the precise number of cells can
be ocounted.

The first compound is one capable of being bonded to nucleic
acid. Thus, living and dead cells can be counted to a one-cell
level by bonding of the first compound to nucleic acid, and hence,
the living and dead cells can be counted precisely at a high
sensitiveness even in the presence of impurities such as
metabolites from microorganisms, dusts and 1inorganic
substances.

The second ocompound is one capable of being bonded to
nucleic acid. Thus, dead cells can be counted to a one-cell
level by bonding of the second compound to nuoleic acid, and
hence, the dead cells can be counted precisely at a high
sensitiveness even in the presence of impurities such as

metabolites from microorganisms, dusts and inorganic
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The third compound 1is one for staining microorganisms by
the reaction with a substance derived from microorganisms in
the specimen, thereby providing an effect that the presence or
absenceoflivingmicroorganismsoanbeconfirmedbythe:%action
of the third ocompound with a substance derived from
microorganisms such as metabolites from microorganisms. In
addition,thesubstancederivedfrommicroorganismsisanenzymé
protein and thus, the presence or absence of 1living
microorganisms can be Judged at a higher sensitiveness.

The substance derived from particular microorganisms is
an enzyme protein. Ingeneral,theenzymeproteinisasubstance
resulting from the metabolism of living cells and hence, the
living particular microorganisms can be counted without
destruotion of living ocell membranes in a pretreatment.

In the microorganism counting process, a compound for
staining particular mioroorganisms by the reaction with a
substanoederivedfromparticularmicroorganisms1sbroughtinto
contact with a specimen, and particular microorganisms are
detected from a wavelength and an amount of color developed.
Thus, a deteoting reagent can be supplied in a suitable amount
tothespecimen,andtheparticularmicroorganismsoanbecounted
at a high safety and a high sensitiveness without direct or

indireot touching of an operator with the specimen.
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EXAMPLES

A microorganism detecting kit, a miocroorganism counting
apparatus and a microorganism counting process according to the
present invention will now be described in detail by way of
embodiments, but the present invention is not limited in any
way to the desoription below.

Example 1 of the present inventionwill be described below.

A miocroorganism detecting kit according to the present
invention 1s shown in Fig.l. Refexrring to Fig.1, the detecting
kit 1 is comprised of a self-adhesive layer 102 having the
following compounds incorporated therein: 4" ,6-
diamidino-2-phenylindole dihydrochloride (the derivative
thereof may be used) 2 as a first compound for stainingor coloring
living and dead cells, propidium iodide {the derivative thereof
may be used) 3 as a second compound for staining dead cells at
a wavelength different from the above-desoribed staining,
6-carboxyfluorescein diacetate {the derivative thereof may be
used) 4 as a third compound for staining living c¢ells at a
wavelength different from the above-described staining, and
4-methylumbelliferyl-f-D-galactoside (the derivative thereof
may be used) 5 as a fourth compound for staining particular

microorganisms at a wavelength different from the

above-described staining by reacting with a substance derived
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fromparticularmicroorganisms, a support 103, anda grip portion
6. The self-adhesive layer 102 includes an agar culture medium
containing a meat essence, peptone and sodium chloride and agar,
and is formed b}t mixing the compounds 2, 3, 4 and 5 together
and solidifying the resulting mixture after being sterilized.
In Fig.1l, all of the compounds 2, 3, 4 and 5 are incoxporated,
but only one of the compounds may be incorporated, or two of
the compounds may be incorporated, or three of the compounds
may be incorporated.

In a process for examining cells or microorganisms, in
order to deposit cells or microorganisms deposited to the
specimen to the self-adhesive layer 102 including the agar
culture medium containing the compounds, a rugged surface of
a specimen and the self-adhesive layer 102 are pressed using
the grip portion 6, whereby the specimen and the self-adhesive
layer 102 including the agar culture medium are brought into
close contact with each other by the fixed support 103.

After the cell or microorganisms deposited to the specimen
are deposited to the self-adhesive layer 102 including the agar
culture medium, the compounds 2, 3, 4 and 5 contained in the
agar culture medium react with the cell or microorganisms to
become individually bonded to the cell or microorganisms to stain
or color them. Living and dead cells, dead cells and living

cells, which exist, can be confirmed by counting the colored
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cells.

The 4‘,6-diamidino-2-pheny11ndole dihydrochloride for
stalning or coloring the 1iving and dead cells and the propidium
1odideforstainingorcoloringthedeadcellsarepassedthrough
cell membranes and bonded to nucleic acid.

The 4',6-diamidino-2-phenylindole dibydrochloride,
after being bonded, absorbs exciting light at an exciting
wavelengthofassnmtoemit11ghthavingafluorescentwavelength
of 461 nm to color the living and dead cells. The propidium
iodide absorbs exociting light at an exciting wavelength of 535
nm to emit light having a fluorescent wavelength of 617 nm to
color only the dead cells.

Further, the 6-carboxyfluorescein diacetate is
decomposedhyesteraseproducedbycelistoproduceafluorescein,
thereby emitting fluorescent rays as a result of application
of exciting light.

The 4-methylumbelliferyl-f-D-galactoside reacts with

p-galactosidase produced by Coliform bacteria to produce
4-methylumbelliferone, thereby emitting fluorescent rays as a
result of application of exciting light.

In an actual use examnple, sterilized normal agar culture
medium containing 4’,6-diamidino-2-phenylindole

dihydrochloride, propidium iodide, 6-carboxyfluorescein

diacetateand4-methy1umbellifery1-B-D-galactoside,whiohare
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detecting reagents, was to be formed a self-adhesive layer, and
the self-adhesive layer was brought into direct contact with
a wall surface of a drain tank in an air conditiomer by using
the grip and placed onto a microscope adapted to emit exciting
light. Then, exciting light was applied to the surface of the
self-adhesive layer. Cells irradiated by the exciting light
are colored or stained at individual wavelengths, and the number
of individual cells emitting fluorescent rays was counted
visually through a light-separating film for separating the
fluorescent rays. Germs were collected from the specimen and
measured in 2 or 3 minutes. For comparison, microorganisms on
the wall surface of the drain tank are collected and cultured
in a standard agar food sltamp (made by Nissui, Co.) for detecting
common bacteria and in a deoxycholate food stamp (made by Nissui,
Co.) for detecting Coliform bacteria, and the number of detected
cells was counted. However, the food stamps could not detect
living and dead cells and dead cells and could not culture
thermophiles and special bacteriaand for this reason, the number
of ocells detected was smaller than that detected by the
microorganism detecting kit according to the present invention.
The number of living Coliform baoteria detected was equal to
that of 1living Coliform bacteria detected by using the
microorganism detecting kit acocording to the present invention.

As described above, accoxrding to the present invention,
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amounts of rays emitted from the 1iving and dead cells and the
dead cells are counted from differences between wavelengths of
colored fluorescent rays and between amounts of rays emitted,
thereby counting the numbers of the living cells and the dead
cells. Further, the presence or absence of Coliform bacteria
and living cells can be confirmed.

To count the deposited germs, they can be detected at 200
tol,000magnifications by amagnifying lens such as amioroscope.

The mixture after being sterilized was cooled and
solidified to form the agar culture medium, but a liguid culture
medium with agar removed can be used to confirm the presence
or absence of living cells.

The Coliform bacteria were used as the particular
microorganisms, but microorganisms to be detected may be those
such as staphylococcus aureus and Vibrio parahaemolyticus.

The agar culture medium was used as a specimen contact
means, but awater-soluble polymer such as gum arabic and gelatin,
polyvinyl alcohol made by polymerizing a water-soluble monomer
such as vinyl alcohol and acrylic acid, polyacrylic acid, and
a polymer comprising two or more molecules of a water-soluble
monomer can be used, if cells can be deposited thereto from a
specimen,

Example 2 of the present inventionwill be described below.

An arrangement according to Example 2 is shown in Pig.2. This
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detecting kit I includes a reagent-containing vessel 7, into
which the following compounds are incorporated:
4',6-diamidino-2-phenylindole dihydrochloride 2 as a first
compound@ for staining or coloring living and dead cells,
propidium iodide 3 as a second compound for staining dead cells
at a wavelength different from the above-described staining,
6-carboxyfluoresceindiacetate 4 as a third compound for staining
dead cells at a wavelength different from the above-described
staining, and 4-methylumbelliferyl-f-D-galactoside 5 capable
of measuring Coliform bacteria as a fourth compound for staining
partiocular microorganisms at a wavelength different from the
above-described staining by reacting with a substance derived
fromparticularmicroorganisms. The reagent-containingvessel
7 15 constructed in such a manner it is connected to a specimen
contact vessel 9 by a connecting pipe 8. Although not shown,
an aqueous solution such as physiological saline or the like
may be filled in the specimen contact vessel 9 in some cases.
In Fig.2, all of the compounds 2, 3, 4 and 5 were incorporated,
but only one of the compounds may be incorporated, or two of
the compounds may be incorporated, or three of the compounds
may be incorporated.

In the detecting kit 1, an aqueous solution containing
cells or microorganisms or microorganisms collected from a

specimen by an applicator or the like are poured into the specimen
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contact vessel 9, or dissolved into an aqueous solution within
the specimen contact vessel 9. The
4°',6-diamidino-2- phenylindole dihydrochloride 2 , Ppropidium
iodide 3, 6-carboxyfluorescein diacetate 4 and
4-methylumbelliferyl-p-D-galactoside 5 capable of measuring
Coliform bacteria 5 contained in the reagent-containing vessel
7 are mixed with cells contained in the specimen contact vessel
9 as a spe¢imen contact means through the connecting pipe 8.
and the numbers of dead cells, living and dead cells, living
cells and particular microorganisms are counted from colors
developed by the reagents.

Even if a detecting kit 1s formed by using a
reagent-containing sheet 10 in place of the reagent-containing
vessel and using a specimen-retaining vessel 11 in place of the
specimen contact vessel, as shown in Pig.3, a similar effect
is provided.

In an actual use example, a detecting kit was used, which
was formed using anormal agar culturemediumas a specimen contact
means, and using a detecting-reagent containing section formed
by a £11lm retaining a solution containing
4’ ,6-diamidino-2-phenylindole dihydrochloride, propidium
iodide, 6-carboxyfluorescein dlacetate and
4-methylumhelliferyl-ﬁ-D-galaotos:Lde. The normal agar

culture medium as the specimen contact means was brought into
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contaot with a wall surface of a drain tank in an air conditioner
andafterthecontact,thefilmcontainingthedetectingreagents
was brought into close contact with the surface of normal agar
culture medium in contact with the wall surface. The specimen
contactmeansandthedetecting-reagentcontainingsectionleft
in contact with each other were placed onto a microscope capable
of emitting exciting light, and exciting light was applied to
them. Cells irradiated by the exciting light were stained or
colored at individual wavelengths, and the number of individual
cells emitting fluorescent rays was counted visually through
alight-separatingfilmforseparatingfluorescentrays. Germs
were collected from the specimen and measured in 2 or 3 minutes.
For oomparison, microorganisms on the wall surface of the drain
tank are collected and cultured in a standard agar food stamp
(made by Nissui, Co.) for detecting common bacteria and in a
deoxycholate food stamp (made by Nissui, Co.) for detecting
Coliform bacteria, and the number of detected cells was counted.
However, the food stamps could not detect living and dead cells
and dead cells and could not culture thermophiles and special
bacteria and for this reason, the number of cells detected was
smaller than that detected by the microorganism detecting kit
acoording to the present invention. The number of living
Coliform baoteria detected was equal to that of living Coliform

bacteria detected by using the microorganism detecting kit
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according to the present invention.

Withtheabove-describedarrangement,themovementofthe
compoundtothespecimenduetothedirectcontactofthecompound
to the specimen can be prevented, and microorganisms existing
in the specimen can be detected.

Example3ofthepresent1nventionw111bedescribedbelow.
An arrangement is shown in Fig.4. A detecting kit 1 in Example
3 is comprised of a reagent-containing sheet 10 retaining, on
its surface, carriers 12 made by using activated carbon as a
starting material and each providing with pores and each having
4',6-diamidino—2-pheny11ndole dihydrochloride 2 supported
thereon, a self-adhesive layer 102 which is a specimen contact
means, a support 103 retaining the self-adhesive layer 102, and
a grip 6 for bringing a specimen into close contact with the
self-adhesive layer 102.

With the above-described arrangement, the
4’,6-diamidino-2-phenylindole dihydrochloride 2 supported in
the pores in the carriers 12 is protected from the oxidation
due to a warm heat provided by the natural leaving, ultraviolet
rays contained in natural light, or air, and the detecting kit
1 can be preserved for a long time.

It should be noted that by supporting, on a carrier having
porensuchasthecarriers12havingthepores,propidimmiodide

as the second compound for staining the dead cells at the
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wavelength different from the above-described staining,
6-carboxyfluorescein diacetate as the third compound for
staining the living cells at the wavelength different from the
above-described staining, and
4-methylumbelliferyl-B—D-galaotoside capable of measuring
Coliform baoteria, as the fourth compound for stating the
particular microorganisms at the wavelength different from the
above-described staining by the reaction with the substance
derived fromparticular microorganisms, the preservation of them
can be facilitated, and the detecting semsitiveness can be
enhanced by an increase in area of contact with the specimen.

In the example, the 4°' (6-dlamidino-2-phenylindole
dihydrochloride was supported on the carriers 12 made by using
activated carbon as the starting material and having the pores,
but even if propidium lodide, 6-carboxyfluorescein diacetate
and 4-metnylumbelliferyl-ﬂ-D-galaotoside capable of measuring
Coliform bacteria may be supported in the form of a mixture on
activated carbon 10, a similar effect can be provided.

The carrier 12 is acarrier having pores, but if the carrier
is one having pores such as zeolite and silica gel, a similar
effect can be provided.

Example 4 of the present invention will be described below.
An arrangement 1s shown in Fig.5.

A detecting kit 1 in Example 4 is oomprised of a
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reagent-retaining layer 10 retaining, in a separated manner on
its surface, ocarriers 12 made by using activated carbon as a
starting material and each providing with pores and each having
4',6-diamidino-2-pheny11ndole dihydrochloride 2 supported
thereon as a first compound for staining living and dead cells,
and carriers 12 made by using activated carbon as a starting
material and each providing with pores and each having
6-carboxyfluorescein diacetate 4 supported thereon as a second
compound for stating living cells, a self-adhesive layer 102,
a support 103 retaining the self-adhesive layer 102, and a grip
6 for bringing a specimen into close contact with the
self-adhesive layer 102.

With the above arrangement, the fluorescent reagents are
moved from the carriers 12 contained on the reagent-retaining
layer 10 to living and dead cells or dead cells, or to Coliforn
baoteriaorlivingcells,whichisdepositedtotheself-adhesive
layer 102 from the specimen, to dye or stain the various cells.
In this case, the reagent-retaining layer 10 is bisected, and
the carriers 12 retaining the reagents in the above combination
are retained in the resulting separated sections of the
reagent-retaining layer 10. To carry out the detection, light
having a wavelength Peculiar to each of the fluorescent reagents

1s applied to each of the separated sections to stain intended

cells.
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Thus, it is possible to detect the presence or absence
of Coliform bacteria, the number of all germs, the number of
living germs and the number of dead germs at one time and to
grasp the state of the specimens ip a short time.

It should be noted that the carrier is not Iimited to the
activated carbon.

In addition, if even one type of the reagent is supported
on the carrier, a useful effeot can be provided.

Example 5 of the present invention will be desoribed below.
An arrangement is shown in Fig.6.

A detecting kit 1 in Example 5 is comprised of a
self-adhesive layer 102 adapted to be brought into direct contact
with a specimen to collect cells deposited to the specimen, a
support 103 for supporting the self-adhesive layer 102, a grip
6 for enhancing the operability of the detecting kit, carriers
12 containing a reagent colored by the presence of cells in pores,
a reagent-containing sheet 10 for retaining the carriers 12,
and a light-separating £ilm 13 for separating applied exciting
light into light having an intended wavelength.

With the above arrangement, living and dead cells, dead
cells and particular microorganisms deposited to the
self-adhesive layer 102 are stained or dyed by the staining
reagents supported in the carriers 12, and exoiting light is

applied through the 1ight -separating£ilm 13 to the stained cells
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and microorganisms. The exciting light stains the cells
deposited to the self-adhesive layer 102 through the
light-separating film 13 and hence, even if the exciting light
is a light of a wider wavelength emitted from a light source,
the cells can be detected and counted only by the detecting kit.

The light-separating film 13 iz not only available to
separate the exciting light but also available to separate
fluorescent rays.

The 1ight-separating film 13 may be comprised a £film for
separating the exciting light and a film for separating the
fluorescent rays, which are superposed onto each other. In this
case, the separation of the exciting light and the separation
of the fluorescent rays produced by the exciting light can be
carried out at one time.

The light-separating £ilm 13 may be mounted on the support
103.

Example 6 of the present inventionwill be described below.
An arrangement is shown in Fig.7.

A liquid specimen detecting kit 14 in Example 6 includes
an introduction port 15 for throwing a liquid specimen, and a
discharge port 16 for discharging a surplus amount of Iiquid
specimen and air previously contained in the liquid specimen

detecting kit 14. The liquid specimen detecting kit 14 is of

a structure in which a surface, on which at least a detecting
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section 17 exists, is a light-transmittable surface 18, so that
mlicroorganisms can be detected in the detecting section.
Further, a surface 19 opposed to the light-transmittable surface
18 has a structure in which it is im a parallel-positional
relationship to the light-transmittable surface 18 and it is
not inclined.

With the above arrangement, even if the specimen is liquid,
it ocan be retained in a given space. In addition, when
microorganisms contained im the liquid specimen have been
introduced into the liquid specimen detecting kit 14, the
microorganisms can be diffused in a given region without being
superposed one on another, because the distance between the
light-transmittable surface 18 and the surface 19 located in
an opposed relation to the surface 18 are maintained at a given
thickness. Thus, it is possible to prevent the underestimation
due to the superposition and to count the microorganisms
precisely by a detecting means placed on the detecting section
17.

It should be noted that the sensitivenesé for deteocting
microorganisms can be enhanced by mounting a filter in front
of the introduction port 15 in order to remove foreign matters.

In adédition, the light-transmittable surface 18 can be
formed so that it does not influence the exciting light such

as ultraviolet rays, thereby preventing the obstruction of the
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‘exoiting light.

The distance between the light-transmittable ‘surface 18

and the surface 19 located in an opposed relation to the 3ulj;ﬁ_acé"' )

- .

18 18 in a range of 0.5to 15 ym. Thus, it is possiblé,fo.preire'nt )

the superposition of mioroorganisms and to achieve the i);'ec'ise
digcrimination. | v ‘

Example 7 of the present inventionwill be desoribéd below.
Fig.8 is a curve of attenuation of Ffluorescent light.

When exciting 1light is continucusly applied to a
fluorescent coloring matter, the intensity of £luorescent light
emitted by the exciting light forms a curve of attenuation as
shown in the curve 20 due to the fading. A given time 21 for
maintaining the intensity including and around the maximum
intensity of fluorescent light existing in the curve of
attenuation is provided in Fig.8.

With the above arrangement, for the intensity of
fluorescent light attenuated as shown in the curve 20, even when
counting after attenuation and not being counted, the given time
21 formaintaining the intensity including and around ;:he maximum
intensity of fluorescent light is provided, and the addition
and counting are carried out within such time, whereby the
mis-recognition due to the fading of the fluorescent coloring
matter can be prevented to enable the precise counting.

The given time 21 can be set to be peculiar to the coloring

-

© oy
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matter, and may be changed depending on the type of the coloring
matter.

Example 8 of the present inventionwill be described below.
Fig.9 1s a diagram indicating threshold values with respect to
the intensity of fluorescent light.

When microorganisms existing on a specimen contact means
and stained or colored to emit rays have been detected, anm
intensity 22 of fluoxescent rays as shown in Fig.9canbeohtained.
A maximum threshold value 23 and a minimum threshold value 24
derived from the intensity of fluorescent rays of microorganisms
are provided for the intensity 22, and values of intensity 22
of fluorescent rays existing between the maximum and minimum
threshold values 23 and 24 are recognlzed as fluorescent rays
derived from microorganisms and added all together to count the
migroorganisms.

With the above arrangement, peaks having intensity values
of fluorescent rays existing between the maximum and minimum
threshold values 23 and 24 derived from the intensity of
fluorescent rays of the miocroorganisms are recognized as
microorganisms, and other values are determined as provided by
foreignmatters and are not counted, thereby enabling the precise
counting.

The threshold values may be varied depending on the

coloring matter, and a preset time suitable to the varied values
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may be provided.

Example 9 of the present inventionwill be described below.
An arrangement is shown in Fig.10.

Microorganisms existing on a specimen contact means and
colored to emit light are shown in a CCD image 25. When they
are recognized by a CCD element 26, rays emitted from
microorganisme are recognizedwithin pixels. Inthiscase, when
a pixel with a germ B28 recognized therein and a pixel with a
germ C29 recognized therein exist around a pixel with a germ
A27 recognized, the germ A27, the germ B28 and the germ C29 are
recognized as a germ group 31, as shown in an imaging diagram
30. When a germ such as a germ D32 is recognized within one
pixel, it is recognized as one germ E33, as shown in the imaging
diagram 30, and the germs in the pixels are counted in an adding
manner. When the germs existing at locations on the CCD image
25 have been cultured, colonies A35 and a colony B36 as shown
in a culture medium 34 are formed.

With the above arrangement, when a large number of germs
exist, adjacent germs are recognized as one germ group 31 and
counted as one bright point in an adding manner. Thus, when
the counting of the germs are carried cut in the culture process
which is one of the prior art processes 1s carried out, the
correlation to the prior art process can be provided in

consideration of the fact that the germ group 1s recognized as

—
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one colony.

Example 10 of the present invention will be described
below.

It is desired that a locus of exciting light on a speocimen
placed on amicroorganism counting apparatus, as shown inFig.11,
covers the entire specimen contact means 201. For this purpose,
the exciting light is moved for detection as along a locus A202
to cover the width and the length of a specimen. The locus for
detecting the entire specimen may be circular as shown in Fig.12.
Therefore, the exociting light can be moved as along a locus B203
to detect microorganisms. Shown in Fig.13 i3 a model of a
microorganism judging means in which a light source 204 is moved
along each of the loci on the specimen contact means, and using
fluorescent rays produced by the exclting light emitted from
the light source 204. Fluorescent rays emitted from a specimen
forms a microorganism Judging means 205 in correlation to sifes
emnitting the fluorescent rays. Scattered rays produced from
lmpurities or the like, fluorescent rays generated by the
exolting light and the like coexist on the microorganism judging
means 205, and rays are not same as fluorescent rays emitted
from target microorganismg in some cases. Therefore , threshold
values are provided. The thresholdvalues include an upper limit

value 206 and a lower limit value 207 for the intensity of

fluorescent rays, and fluorescent rays within a range between
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the upper and lower limit values are recognized as derived from
microorganisms and added all together. Thus, fluorescent rays
derived from impurities other than microorganisms can be grasped
toenable the precise counting of microorganisms. The threshold
values are determined by the intensity of fluorescent rays
emittedbymicroorganisms. Whenadjacent microorganisms exist,
the waveform provided by fluorescent rays emitted from
microorganisms is of a profile indicating the existence of the
adjacent microorganisms as shown in Fig.14. 1In this case, when
the adjacent microorganisms have been detected in an agar culture
medium diffusion procees which 1s one of the prior art processes,
colonies may be superposed one on another with the propagation
of the miorcorganisms and the coalescence of colonies and
determined as one colony at a time point of confirmation visually
in some cases. Therefore, according to the present invention,
inaocase as shown in the wvaveform 208, the adjacent microorganisms
are detected as one microorganism. Thus, it is possible to
provide the correlation to the agar culture medium diffusion
process.

The time of application of exolting light to the specimen
contact means 201 is set in a range in which the intensity of
fluorescent rays is not extinguished, as showninFig.15. Namely,
the time is in a range of threshold values 209.

As shown in Fig.16, the microorganism counting apparatus
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comprises a light source 204, a lens 210 as a light collector
means, and a light-receiving section 211. Exciting light
emitted from the light source 204 is separated by an exciting
light separating filter 212 to extract a target wavelength. The
separated exciting light is diverted through a prism 213 into
apath. The diverted exciting light is passed through the lens
210 and collected onto the surface of a specimen contact means
201. Fluorescent raysemitted by microorganisms excited on such
surface by the exciting light are transmitted again through the
prism 213. 1In this case, the fluorescent rays are transmitted,
as they are, through the prism 213 to reach the light-receiving
section 211. The fluorescent rays reaching the light-receiving
section 211 are passed through a fluorescent ray separating
filter 214 to extract only a target fluorescent ray, and to reach
a photoelectric oonverting element 215 included in the
light-receiving section 211, where they are converted into
signals and recognized. Although not shown, the specimen
contact means 201 or the microorganism counting apparatus is
provided with a means for moving the specimen contact means,
sothatall or some of fluorescent colors developed in the specimen
contact means 201 can be received.

The fluorescent rays reaching the photoelectric
converting element 215 are judged as derived from microorganisms

or foreign matters in the microorganism judging means 205. The
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fluorescent rays judged as derived frommicroorganisms are added
all together, and the number of microorganisms 1s counted.

The exciting light emitted from the light source 204 is
collected by the lens 210, and the exciting light to be applied
by the lens 210 is collected in a region of a very small given
area. In this case, the term "very small given area” indicates
a region on the order of 0.2 to 7.0 pym per side, as determined
based on the size of bacteria or true fungi. On the basis of
comparison with the agar culture medium diffusion process which
is one of microorganism detecting means utilized currently in
most cases, colonies formed by the group of microorganisms
cultured and propagated by the agar culture medium diffusion
process may be superposed one on another if they are closer in
distance to one another and finally, the superposed colonies
may be recognized as one colony as confirmed visually in some
cases. Inthis case, the term "very small given area” indicates
a region on the order of 100 to 500 um per side, when it is based
on the distance between the non-superposed colonies.

The time of application of the exciting light collected
by the leng 210 depends on the time of extinction of the compound
emitting fluorescent light and the intensity of the exciting
light. Depending on the type of the compound, the compound may
be decomposed even by ultraviolet rays existing in the natural

world andhence, it is desirable that the exciting light isapplied
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for a time in a range of about 2 second to about 300 seconds.

When the luminance after the coloration is recognized,
a position of fluorescent coloration is represented by a binary
system comprising 0" and "1”, as shown inFig.17. In the binary
system, adjacent colors developed are regarded as one luminescent
source 216. If the size and the luminance of the luminescent
source are relatively largely different from preset values, such
luminescent source is recognized as a foreign matter 217 and
regarded as out of the examination and 1s not counted as
microorganism. As for a distance between adjacent colors
developed, on the basls of comparisonwith the agar culture medium
diffusion process which is one of mioroorganism detecting means
utilized currently in most cases, colonies formed by the group
of microorganisms cultured and propagated by the agar culture
medium diffusion process may be superposed one on another if
they are closer in distance to one another and finally, the
superposed colonies may be recognized as one colony as confirmed
visually in some cases. Thus, the term "very small given area”
indicates a region on the order of 100 to 500 um per side, when
it is based on the distance between the non-superposed colonies.

Miocroorganisms deposited on a specimen emit fluorescent
rays by virtue of the coloring compound. Typical of the coloxring
compound are 4',6-dlamidino-2-phenylindole, which is one of

reagents capable of being permeated non-specifically into
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microorganism cells irrespective of life or death of the
microorganisms and bonded to nucleic acid in the microorganisms
to color the microorganism cells, and propidium iodide which
is one of reagents capable of being permeated non-specifically
into dead cells and bonded to nucleic acid in the microorganisms
to color the microorganism cells. Examples of other coloring
reagents are 6-carboxyfluorescein diacetate,
2',7'dichlorofluorescein diacetate,
6- (N—succinimidyloxycarbonyl) -3',6"-0,0"-diacetylfluorescei
n, dihydrodorhodamine . fluorescein diacetate,
4-azidofluorescein diacetate and the like. The luminescence
Telles on the activity of an enzyme in the cells and is capable
of dyeing living germs. Examples of reagents for dyeing
particular microorganisms such as Coliform bacteria are

4-methylumbelliferyl- p-D-galactoside,

4-methylunhelliferyl-ﬁ-D-glucuronide and the 1like. These
compounds reaoct specifically with an enzyme produced by
partiocular mlcroorganisms to become decomposed into
4-methylumbelliferron. The 4-methylumbelliferron is excited
by ultraviolet rays to emit fluorescent 1ight. Thus, the number
or the presence or absence of particular mioroorganisms can be
detected by detecting the fluorescent light emitted by the
excitation by the ultraviolet rays.

The present invention provides a means for detecting
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microor_ganisms after being colored or dyed. The compounds have
different maximumexciting wavelengths and emit fluorescent rays
having different wavelengths, after being excited, thereby
enabling the multiplex dyeing. In the detection of colors
developed, 1f the light from the light source 204 has a wider
wavelength, the exciting light can be regulated in wavelength
and separated by the exciting light separating filter 212. The
exciting light separating filter 212 can be exchanged depending
on a target subject to be detected and henoce, it 1s possible
to accommodate various fluorescent reagents. At the same time,
if the fluorescent colored 1light has a wider wavelength, it is
possible to accommodate various fluorescent reagents by
exchanging the fluorescent 1ight separating filter 214 depending
on a target subject to be detected in order to detect a target
color developed,

Examples of the light source 204 are various diodes, a
halogen lamp, a xenon lamp, a cold cathode tube, a laser, a black
light, a mercury lamp and the like. Among these light sources,
any of the diode, the cold cathode tube and the black light with
themaximumexciting wavelengthlimitedrelatively can bemounted
without use of the exciting light separating filter 212 and the
fluorescent light separating filter 214 in some cases. When
the halogen lamp, the mercury lamp or the like is used, the use

of the exciting light separating £filter 212 and the fluorescent
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light separating filter 214 may be required in some cases.

The prism 213 and the lens 210 have a nature that they
transmit ultravioclet rays, as required. Examples of materlals
having the ultraviolet ray-transmittable nature for forming the
prism 213 and the lens 210 are a quartz glass and the 1ike. Thus,
it is possible to accommodate fluorescent reagents excited by
ultraviolet rays. The specimen contact means 201 may be placed
on a member which is rotatable. The exciting light collected
by the lens 210 is moved from an outer peripheral portion to
a center portion of the specimen contact means 201, oxr from a
center portion to an outer peripheral portion of the specimen
contact means 201 through a distance corresponding to the radius
of specimen contact means 201. In this case, it 1is possible
to prevent the occurrences of the slippage, the persistence of
vigion and the afterglow of the fluorescent light emitted by
the excited compound when the exciting light collected by the
lens 210 exists at the outer peripheral portion and when the
exciting light colilected by the lens 210 exists at the center
portion, by changing the rotating speed of the specimen contact
means 201 when the position of the exciting 1light collected by
the lens 210 is at the outer peripheral portion and when the
position of the exciting light collected by the lens 210 is at
the center portion.

A means is provided for recognizing the position in which
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the exciting 1ight has been collected. Thus, the position of
the exciting light collected by the lens 210 1s recognized, so
that the collection of the 1ight is prevented from being deviated
from the locus, and when the collection of the light has been
deviated, it is returned again to the locus.

The c¢oloring or staining reagents having the cell
permeability have been exemplified, but any of coloring or
staining reagents may be used which have a cell membrane
depositability, a cell wall depositability, a sugar chain
bondability, a functional group bondability, an amino acid
adherability, an ion sensitivity, an oxygen reactivity, and even
in this case, cells can be likewise detected.

In addition, the coloring or staining reagents excited
by the exciting light to emit the fluorescent light has been
exemplified, but any of coloring or staining reagents having
an ability of staining and coloring cells may be used and even
in this case, cells can be likewise detected.

The very small given area, to which the exciting light
is applied, is not limited to the polygonal shapes including
a square shape, and may be oircular, elliptic or the like, if
a specimen can be irradiated.

The compounds contained in the specimen contact means are
capable of carrying out the multiplex dyeing, but they are not

nevessarily required tobemixed together. Forexample, asingle
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specimencontactmeansmayhedividedintoportionscorresponding
to the number of dyeing compounds, so that cells can be detected
in such portions, respectively.

A diffraction grating may be utilized as a means for
separating the exciting light or the fluorescent light.

The persistence of vision and the afterglow of the
fluorescent light are prevented by adjusting the rotating speed
of the specimen contact means 201, but may be prevented by
adjusting the moving speed of the lens 210 for applying the
exciting light.

The means for recognizing the light collection position
1s not necessarily required to directly recognize the exciting
1ight cellection position, and may be a means capable of grasping
the locus on the specimen contact means 201.

Example 11 of the present invention will be described
below.

As shown in Fig.l18, a microorganism counting apparatus
comprises a specimen contact means 201, a light source 204, a
reflecting plate 218, a lens 210, and a light-receiving section
211. Fiuorescent rays excited and produced from dyed
microorganisms existing in a specimen by the exiting light
emitted from the light source 204 are turned in direction by
the refleocting plate 218, collected by the lens 210 and detected

by the light-receiving section 211. The fluorescent rays
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reaching the light-receiving seotion 211 are Judged as
microorganisms or foreign matters in a microorganism judging
means 205. The fluorescent rays judged as the microorganisms
are added all together, whereby the number of the microorganisms
is counted. The light source 204 scans the specimen contact
means 201. Further, the reflecting plate 218 is placed in
correspondence to the locus of the light source 204.

The exciting 1ight emitted from the light source 204 is
collected by the lens 210, and the exciting light to be applied
1s collected in a region of a very small given area. 1In this
case, the term "very small given area” indicates a region on
the order of 0.2 to 7.0 um per side, as determined based on the
size of microorganisms such as bacteria. On the basis of
comparison with the agar culture medium diffusion process which
is one of microorganism detecting means utilized currently in
most ocases, ocolonies formed by the group of microorganisms
cultured and propagated by the agar oculture medium diffusion
process may be superposed one on another if they are closer in
distance to one another and finally, the superposed colonies
may be recognized as one colony as confirmed visually in some
cases. In this case, the term "very small given area” indicates
a region on the order of 100 to 500 pm per side, when it is based
on the distance between the non-superposed colonies.

The time of application of the exciting light collected
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by the lens 210 depends on the time of extinction of the compound
emitting fluorescent light and the intensity of the exciting
light. Depending on the type of the compound, the compound may
be decomposed even by ultraviolet rays existing in the natural
worldandhence, it isdesirable that the excitinglight is applied
for a time in a range of about 2 second to about 300 seconds.

Examples of the light source 204 are various diodes, a
halogen lamp, a mercury lamp, a xenon lamp, a cold cathode tube,
a laser, a black light and the like.

The refleoting plate 218 and the lens 210 have a nature
that they transmit ultraviolet rays, as required. Examples of
materials having the ultraviolet ray-transmittable nature for
forming the reflecting plate 218 and the lens 210 are a quartz
glass and the like. Thus, it is possible to accommodate
fluorescent reagents exocited by ultraviolet rays.

In order to prevent any influence to the fluorescent light
due to a reduction in intensity of the exciting light emitted
from the 1light source 204 to the specimen contact means 201 or
due to external light, a dark-field view plate or the like for
placing the specimen ocontact means 201 in a dark-field
environment may be placed.

The light source 204 is not necessarily movable. It is
possible to detect the deposited microorganisms by moving the

specimen contact means 201,
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The light source 204 1is not necessarily built in the
microorganism counting apparatus. A light source section
including alight source 204 may be mounted outside the apparatus,
so that exciting light can be introduced from the light source
section into the apparatus utilizing an optical fiber or the
like.

A means for removing lights of wavelengths other than a
target wavelength may be provided depending on the type of the
light source. Examples of such means are an exciting light
separating filter, a diffraction grating and the like.

In addition, a means for removing lights of wavelengths
other than a target wavelength may be provided depending on the
type of fluorescent light emitted. Examples of such means are
a fluorescent light separating filter, a diffraction grating
and the like.

Further, aprismmay be utilized in place of the reflecting
plate 218.

Example 12 of the present invention will be desoribed
below.

Asshownin?ig.19,aspecimencontactmeansZOlcomprises
agripportion 219 for enhancing the handleability for anoperator,
a specimen contact portion 220 for deposition of microorganisms
from s subject of detection, a detection-starting line 221 for

recognizing a detection-starting point, and a specimen
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recognition locus 222 for recognizing a detecting locus.

An operator takes a grip portion 219 by his hand and pushes
it against a target subject of examination for several seconds.
At this time, the pushing is carried out at a strength and for
a time as much as the speocimen contact portion 220 is not crashed.
Microorganisms deposited from the subject of examination are
dyed by the addition of a compound for staining or dyeing
microorganisms depending on the state or nature of the
microorganisms or by the permeation of a compound previously
contained in the specimen contact portion 220. The detection
of the specimen ocontact means 201 containing the dyed
microorganisms is started. The specimen recognition locus 222
previously provided in the specimen ocontact means 201 to
recognize the position of the exciting light collected on the
specimen contact means 201 is detected to recognize the position
of the exciting light. The exciting light collected by the lens
210 shown in Fig.16 is moved around an outer periphery from a
start point on the detection-starting 1ine 221. After movement
of the exciting light around the outer periphery, when the
exciting light again reaches the detection-starting line 221,
the exiting light collected by the lens 210 shown in Fig.16.
is diverted into a next inner portion of the specimen recognition
locus 222, and thus, the number of colors included in such inner

locus portionisrecognized. Suchamovement isrepeated, namely,
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the exciting light is moved toward the center, whereby the number
of microorganisms included in an area where the detection is
required is detected.

It is desirable that a substance used in the specimen
centact portion 220 is one which does not influence fluorescent
light. It is alsoc desirable to use a substance having a
self-adherent property in order to efficiently bring
microorganisms into contact with the specimen contact portion
220 from a specimen. Examples of such substances are various
polymers such as gqum arabic, acrylic resins and the like,
substances ocontaining moisgture moderately and having a
self-adherent property, such as agar, and the like.

Examples of the detection-starting line 221 are a marking
ocut directly in the specimen contact means, a marker capable
of recognizing the exciting light ora light-collecting position
and having a reflectivity. This also applies to the specimen
recognition loous 222, but it is desirable to use a marker which
does not influence fluorescent light.

The grip portion is not necessarlily provided on the outer
periphery.

What recognizes the deteotion-starting poeint is not
limited to the line.

The detection locus may be spiral or oblique.

Further, the start point for the movement of the exciting

-111-




109

light is not limited to the outer periphery.

Example 13 of the present invention will be described
below.

In a microorganism counting process, first,
4',6-dlamidino-2-phenylindole dihydrochloride which is a first
compound and propidium iodide which is a second compound are
brought in the form of respective solutions or in the form of
a reagent mixture into contact with a specimen having cells or
microorganisms deposited thereon. The
4’ ,6-diamidinoc-2-phenylindole dihydrochloride 1is passed
through cell membranes on the specimen and bonded to nucleic
acid. The propidium iodide cannot be passed through living cell
membranes because of its large molecular weight, and is bonded
to nucleio acid in dead cells.

The 4’ ,6-diamidino-2-phenylindole dihydrochloride
bonded to nucleio acid in 1living and dead cells absorbs light
having an exciting wavelength of 359 nm to emit fluorescent light
having a wavelength of 461 nm, thereby coloring or dyeing the
living and dead cells. The propidium iodide bonded to nucleic
acid in dead cells absorbs light having an exciting wavelength
of 535 nm to emit fluorescent light having a wavelength of 617
nm, thereby coloxring or dyeing the dead cells. The coloredcells
are counted visually or by a counter, whereby the number of the

living and dead cells and the number of the dead cells are

-112-




110

confirmed.

The mioroorganism counting process will be described with
reference to Fig.20. In the microorganism counting process,
4’ ,6-dlamidino-2-phenylindole dihydrochloride 401 and
propidium iodide 402 are used as deteoting reagents, and an
apparatus is used, which is comprised of a deposition plate 403
made of glass and having cells or microorganisms in a specimen
deposited thereon, a plate base 404 on which the deposition plate
403 is placed, an exciting light source 405 mounted at a lower
portion of the plate base 404 for applying exociting light to
the deposition pate 403, a fluorescent light-receiving section
406 inocluding a magnifying mirror for confirming fluorescent
colors developed by cells or microorganisms in the specimen,
and a light-separating film 407 mounted at an upper portion of
the fluorescent light-receiving section 406 for limiting the
wavelength of fluorescent light.

In the counting process, a detecting reagent mixture
prepared by mixing 4',6-diamidino-2-phenylindole
dihydroohloride 401 and propidium iodide 402 igsused. Asolution
containing cells or mioroorganisms collected from a specimen
is deposited or dropped onto the surface of the deposition plate
403; the deposition plate 403 is placed onto the plate base 404,
and the detecting reagent mixture is dropped onto the surface

of the deposition plate 403. The exciting light source 405
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mounted at the lower portion of the deposition plate 403 15 turned
on, whereby the cells or microorganisms on the deposition plate
403 are stained or colored in a fluorescent manner, and
fluorescent colors developed are magnified by the fluorescent
light-receiving section 406. FPurther, by the 1light-separating
film407 transmitslight havingparticularwavelengths, thecells
or microorganisms emitting fluorescent rays are lighted
individually. The cells or mioroorganisms lighted at the
particular wavelengths are counted, whereby the number of 1iving
and dead cells and the number of dead cells are counted and thus,
thenumberof existinglivingoells iscalculated. Inthismanner,
the number of the living cells and the number of the dead cells
in the specimen can be confirmed.

The fluorescent light-receiving section 406 is provided
with a lens of 200 to 1,000 magnifications.

Example 14 of the present invention will be described
below.

A block diagram of an apparatus for carrying out the
counting automatically is shown in Fig.21. As shown in Fig.21,
the microorganism counting apparatus 408 18 comprised of a light
source seotion 409 including a lamp for emitting exciting light,
a detecting-reagent containing section 410 made of a glass, in
which a solution containing 4’,6-diamidino-2-phenylindole

dihydrochloride 401 as a detecting reagent for staining or

-114-




112

coloring living and dead cells of microorganisms collected from
a specimen and propidium iodide 402 as a detecting reagent for
stainingorcoloringdeadcellsof microorganismsis incorporated,
a light-receiving section 411 for receiving colored light, a
wavelength separating section 412 for separating 1ight from the
light-receiving section 411, a light-amount measuring section
413 for measuring an amount of 1ight, a caloculating section 414
for caloulating the numbers of 1iving cells and the dead cells,
and a display section 415 for displaying the caloulated numbers
of the cells.

An example of use of the microorganism counting apparatus
408 will be described below.

In the use of the microorganism counting apparatus 408,
6.5 grams of vegetables are dipped into 9,5 ml of a physiological
saline to prepare a suspension. Then, 1 ml of the suspension,
4',6-diamidino-2-phenylindole dihydrochloride 401 and
propidiumiodide 402 are incorporated into the detecting-reagent
containing section 410. After the incorporation, the detecting
reagents and the suspension contained in the detecting-reagent
containing section 410 are agitated automatically, whereby the
detecting reagents are bonded to microorganism cells in the
suspension. The lamp included in the light source section 409
for emitting exoiting light is turned on to apply exciting light

automatiocally to a specimen, whereby nucleic acid in living and
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dead cells bonded with the detecting reagents and nucleic acid
indead cells bonded with the detecting reagents emit rays, which
areapplied tothe light-receivingsection4ll. The rays applied
to the light-receiving seoction 411 are separated in the
wavelength separating section 412 into rays having a fluorescent
wavelength of 450 to 480 nm indicative of l1living and dead cells
and rays having a fluorescent wavelength of 500 to 620 nm
indicative of dead cells, and amounts of rays are converted into
electric signals in the 1ight-amount measuring seotion 413. The
resulting electric signals are fed to the calculating section
414, where the numbers of cells are calculated from a calibration
curve for number of cells and electric signals, and the number
of the dead cells is subtracted from the number of the living
and dead cells, thus caloulating the number of the living cells.
In this manner, the number of the living cells and the number
of the dead cells in 1 ml of the suspension incorporated in the
detecting-reagent containing section 410 can be displayed
automatically on the display section 415.

A graph of a calibration curve for living and dead cells
and electric signal output is shown in Fig.22, and a graph of
a calibration curve for dead cells and electric signal output
is shown in Fig.23.

The amount of 4’ ,6-diamidino-2-phenylindole

dihydrochloride 401 dropped or added to the suspension is in
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a range of 10 n mole/ml (inclusive) to 1 u mole/ml {inclusive)
in terms of a final concentration with respect to the amount
of a specimen, and an optimal concentration is 100 n mole/ml.
The amount of propidium iodide 402 dropped or added to the
suspension is in arange of 10 nmole/ml {inclusive) to 1 pmole/ml
{inclusive) in texrms of a final concentration with respect to
the amount of a specimen, and an optimal concentration is 100
n mole/ml.

The exciting 1ight source 405 used is one adapted to emit
light having an exciting wavelength in a range of 40C¢ to 700
nm.

According to the present invention, the number of cells
or microorganiems in a specimen can be detected visually or
automatically, promptly and precisely by using the fluorescent
coloration.

The deposition plate 403 made of a glass 18 used in Example
13, but a material such as an acrylic resin and a polymer £ilm
capable of transmitting exciting light may be used.

The amounts of rays has been converted into electric
signals to count the number of cells in Examples 13 and 14, but
aprocess which comprises picking up pictures to count the number
of cells in terms of the amount of 1ighted pictures may be used.

The detecting-reagent containing section 410 made of a

glass isusedinExample 14, but amaterial capable of transmitting
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exciting light and fluorescent light may be used.

Example 15 of the present invention will be described
below.

In a microorganism counting process, first, a reagent
mixture made by mixing 4',6-dliamidino-2-phenylindole
dihydrochloride as a first compound, propidium iodide as a second
compound, 6-carboxyfluorescein diacetate as a third compound
and 4-methylumbelliferyl-f-D~galactoside as a fourth compound
1s brought into a specimen having cells or microorganisms
deposited thereto. The 4’,6-diamidino-2-phenylindole
dihydrochloride bonded to nuocleioc acid in living and dead cells
absorbs exciting 1ight having an exciting wavelength of 359 nm
to emit fluorescent 1ight having a wavelength of 461 nm to color
living and dead cells. The propidium iodide bonded to nucleic
acid in dead cells absorbs exciting light having an exciting
wavelengthof 535nmtoemit fluorescent 1ight having awavelength
of 617 nm to color only dead cells. The 6-carboxyfluorescein
diacetate reacting with esterase in living cells is decomposed
by the esterase to produce fluorescein, which absorbs exciting
light having an exciting wavelength of 474 nm to emit fluorescent
light having a wavelength of 541 nm to color only living cells.

The 4-methylumbelliferyl-f-D-galactoside reacts with

f-galactosidase produced as a metabolite from Coliform bacteria

to produce 4-methylumbelliferone, which absorbs exciting light
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having an exciting wavelength of 394 nm to emit £luorescent 1ight
having a wavelength of 489 nm to color only Coliform bacteria.
The number of living and dead cells and the number of dead cells
are counted from the number of the cclored cells and thus, the
numbers of the living cells and the dead cells are calculated.
Further, the presence or absence of living cells, and living
Coliformbacteriaasparticularmicroorganisms canbe confirmed.

The microorganism oounting process of the present
invention shown in Fig.24 will be described below. In the
microorganism counting process, 4',6-dtamidino-2-phenylindole
dihydrochloride 401, propidium iodide 402,
6-carboxyfluorescein diacetate 416 and
4-methylumbelliferyl-f-D-galactoside 417 are used as detecting
reagents, and an apparatus is used, which is comprised of a
deposition plate 463 made of glass and having cells or
microorganisms deposited thereon, a plate base 404 on which the
deposition plate 403 is placed, an exciting light source 405
mounted at a lower portion of the plate base 404 for applying
exciting light to the deposition pate 403, a fluorescent
light-receiving section 406 mounted above the deposition plate
404 and including a magnifying mirror for catching colors
developed by cells or microorganisms in the specimen, and a
light-separating film 407 mounted at an upper portion of the

fluorescent light-receiving section 406 for limiting the
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wavelength of fluorescent light.

In the ocounting process, a detecting reagent mixture

prepared by mixing 4',6-diamidino-2-phenylindole
dihydrochloride 401, propidium iodide 402,
6 ~carboxyfluorescein diacetate 416 and
4-methylumbelliferyl-f3-D-galactoside 417 is used. The

deposition plate 403 with a solution deposited thereon and
containing cells or microorganisms collected from a specimen
is placed onto the plate base 404, and the detecting reagent
mixture is dropped onto the surface of the deposition plate 403.
The exciting light source 405 mounted at the lower portion of
the deposition plate 403 is turned on, whereby the cells or
microorganisms on the depositionplate 403 are stained or colored
in a flucrescent manner, and the fluorescent rays are magnified
and transmitted by the fluorescent light-receiving section 406.
Further, by the 1ight-separating £ilm 407 transmits 1ight having
particular wavelengths, the cells or microocrganisms emitting
fluorescent rays are lighted individually. Thus, the living
and dead cells and the dead cells can be confirmed visually,
and further, the presence or absence of highly active living
ocells and Coliform bacteria can be confirmed visually.

When the living and dead cells are counted, the
light-separating film 407 capable of transmitting fluorescent

light having a wavelength in a range of 450 to 480 nm is used.
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When the dead cells are counted, the light-separating £ilm 407
capable of transmitting fluorescent light having a wavelength
in a range of 500 to 620 nm is used. When the living cells are
counted, the light-separating film 407 capable of transmitting
fluorescent light having a wavelength in a range of 450 to 560
nm is used. When the Coliform bacteria are counted, the
light-separating £ilm 407 capable of transmitting fluorescent
light having 2 wavelength in a range of 400 to 550 nm is used.

Example 16 of the present invention will be described
below.

An apparatus for automatically counting microorganisms
will be desoribed with reference to Fig.21l, because it has an
arrangement similar to that showninFig.21. As shown inPFig.21,
the microorganism counting apparatus 408 is comprised of a light
source section 409 including a lamp for emitting exciting light,
a detecting-reagent containing section 410 made of a glass, in
which a solution ocontaining 4',6-dlamidino-2-phenylindole
dihydrochleride 401 as a detecting reagent for staining or
coloring living and dead cells of microorganisms collected from
a specimen and propidium fodide 402 as a detecting reagent for
staining or ©o©oloring dead ocells of microorganisms,
6-carboxyfluorescein diacetate 416 as a detecting reagent for

staining or ooloring 1living cells of microorganisms and

4-methylumbelliferyl-p-D-galactoside 417 as a detecting
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reagent for staining or coloring Coliform bacteria is
incorporated, a light-receiving section 411 for receiving
coloredlight, awavelengthseparatingsection 412 for separating
light from the light-receiving section 411, a light-amount
measuring section 413 for measuring an amount of light, a
calculating section 414 for calculating the numbers of living
cells and the dead cells or the number of Coliform bacteria,
and a display section 415 for displaying the calculated numbers
of the cells.

An example of use of the microorganism counting apparatus
408 will be described below.

In the use of the microorganism counting apparatus 408,
0.5 grams of vegetables are dipped into 9.5 ml of a physioclogical
saline to prepare a suspension. ‘Then, 1 ml of the suspension,
4’ ,6-diamidino-2-phenylindole dihydrochloride 401, propidium
iodide 402, 6-carboxyfluorescein diacetate 416 and
4-methylumbelliferyl-fi-D-galactoside 417 are incorporatedinto
the detecting-reagent ocontaining seotion 410. After the
incorporation, the detecting reagents and the suspension
contained in the detecting-reagent containing section 410 are
agitated automatically, whereby the detecting reagents are
bonded to microorganism cells in the suspension. The lamp
included in the 1light source section 409 for emitting exciting

light is turned on to apply exciting light automatically to a
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specimen, whereby nucleic acid in living and dead cells bonded
with the detecting reagents and nucleic acid in dead cells bonded
with the detecting reagents are colored, and fluorescein and
4-methylubbelliferon are colored by the action of esterase in
living cells and j-galactosidase produced as a metabolite from
Coliformbacteria, thereby emitting rays to the light-receiving
gseotion 411. The rays applied to the light-receiving section
411 are separated in the wavelength separating section 412 into
rays having a fluorescent wavelength of 461 nm indicative of
living and dead cells, rays having a fluorescent wavelength of
617 nm indicative of dead cells, rays having a fluorescent
wavelength of 541 nm indicative of living cells and rays having
a fluorescent wavelength of 489 nm indicative of Coliform
bacteria, and amounts of rays are converted into electric signals
in the 1light-amount measuring section 413. The resulting
electric signals are fed to the calculating section 414, where
the numbers of ocells are caloculated from a calibration curve
for number of cells and electric signals, and the number of the
living cells is calculated from a difference between the number
of the living and dead cells and the number of the dead cells.
In this manner, the number of the living and dead cells, the
number of the dead cells, the number of highly active living
cells and the number of Coliformbacteriain 1 ml of the suspension

incorporated in the deteoting-reagent containing section 410
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can be displayed automatically on the display section 415.

A graph of a calibration curve for highly active living
cells a_nd eleotric signal output is shown in Pig.25, and a graph
of a calibration curve for Coliformbacteria and electric signal
output is shown in Fig.26.

According to the present invention, the number of living
cells and the number of dead cells can be counted by counting
the number of living and dead cells and the number of dead cells
by wavelengths of fluorescent colored rays, and can be detected
promptly, simply and visually and further, the presence or
absence of microorganisms such as Coliform bacteria and the

number of highly active living cells can be confirmed.

Industrial Applicability v

As canbe seen from the above-described Examples, according
to the present invention, it is possible to provide a
microorganism deteoting kit, which includes a specimen contact
means containing one or some of the following compounds
incorporated therein: a first compound for staining living and
dead cells, a second compound for staining dead cells at a
wavelength different from the above-described staining, a third
compound for staining living cells at a wavelength different
fromthe above-~described staining, and at least one ormore fourth

compounds for stainingparticularmioroorganisms at awavelength
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different from the above-described staining by the reaction with
a substance derived from particular microorganisms, and which
has aneffect that livinganddeadcells, deadcells and particular
microorganisms can be monitored at a real time without being
cultured.

In addition, it is possible to provide a microorganism
deteoctingkit, whichincludes a specimencontactmeans containing
the following compounds incorporated therein: one or more of
a first compound for staining living and dead cells, a second
compound for staining dead cells at a wavelength different from
the above-described staining, and a third compound for staining
living cells at a wavelength different from the above-described
staining: and at least one or more fourth compounds for staining
particular miorecorganisms at a wavelength different from the
above-described stainingbythe reactionwithasubstance derived
from particular microorganisms, and which has an effect that
living and dead cells, living cells, dead cells and particular
microorganisms can be detected, so that the kit can be also
utilized to estimate an anti-fungal effeoct.

Further, it 1s possible to provide a microorganism
detecting kit, which includes a detecting-reagent containing
section and a specimen contact means, the detecting-reagent
containing section containing one or some of the following

compounds are incorporated therein: afirst compound forstaining
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1iving and dead cells, a second compound for staining dead cells
at a wavelength different from the above-described staining,
a third compound for staining living cells at a wavelength
different from the above-desoribed staining, and at least one
or more fourth compounds for staining particular mlicroorganisms
at a wavelength different from the above-described staining by
the reaction with a substance derived from particular
microorganisms, and which has an effect that the counting of
the number of cells and the determination of the type of germs
deposited to a specimen can be carried out promptly and
simultaneously.

Yet further, it is possible to provide a microorganism
detecting kit, which includes a deteoting-reagent containing
section and a specimen contact means, the detecting-reagent
containing section ocontaining the following compounds
incorporated therein: one ormore of a first compound for staining
living and dead cells, a second compound for staining dead cells
at a wavelength different from the above-described staining,
and a third compound for staining living cells at a wavelength
different from the above-described staining; and at least one
or more fourth compounds for staining particular microorganisms
at a wavelength different from the above-described staining by
the reaction with a substance derived from particular

microorganisms, and which has an effect that, when there are
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alarge amount of cells ormicroorganisms depositedtoa specimen,
living and dead cells, living cells, dead cells and particular
microorganisms can he detected, and the life and death of the
particularmicroorganisms can be discriminated from each other,
so that the kit can be untilized to estimate polluted foods.

Yet further, it is possible to provide a microorganism
detecting kit wherein the staining or coloration is fluorescent,
thereby enhanoing the sensitiveness and providing an effect that
it is possible to prevent the operator’s mis-recognition by
preventing the interference of light by using the detecting
reagents suited to emit different fluorescent rays.

Yet further, it is possible to provide a microorganism
detecting kit wherein the first compound is one capable of being
bonded to nucleic acid, thereby providing an effect that cells
can be detected precisely to a one-cell level and hence, the
number of living and dead cells can be counted.

Yet further, it is possible to provide a microorganism
detecting kit wherein the second compound is one capable of being
bonded to nucleic acid, thereby providing an effect that cells
can be detected precisely to a one-cell level and hence, the
number of dead cells can be counted.

Yet further, it ie possible to provide a microorganism
detecting kit wherein the third compound is one capable of

developing a color by the reaction with a substance derived from
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microorganisms, thereby providing an effect that the amount of
livingmicroorganisms can be grasped, and the degree of pollution
of living microorganisms can be grasped.

Yet further, it is possible to provide a microorganism
detecting kit wherein the substance derived frommicroorganisms
1s an enzyme protein, thereby providing an effect that the number
of livingmicroorganisms can be grasped with a good sensitiveness,
and the degree of pollution of living microorganisms can be
grasped with a good sensitiveness.

Yet further, it is possible to provide a microorganism
detecting kit wherein the substance derived from particular
mioroorganisms is an enzyme protein, thereby providing an effect
that the presence of microorganisms such as disease germs can
be grasped with a further good sensitiveness and hence, the kit
can be utilized to examine environments and to grasp promptly
the polluted situation in a field such as a medical field.

Yet further, it is possible to provide a microorganism
detecting kit wherein at least two or more of the first compound,
second compound, third compound and fourth compound are contained
in separated states, thereby providing an effect that even 1f
the compounds are those suited to emit rays having closer
wavelengths by the reaction, mioroorganisms can be detected
easily visually.

Yet further, it is possible to provide a microorganism
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detecting kit wherein the specimen contact means centains a
carrier for supporting at least one or more of the first compound,
second compound, third compound and fourth compound, thereby
providinganeffect that the detectingkit canbe preservedeasily,
and microorganisms can be detected with a further good
sensitiveness by increasing the area of contact with a specimen.

Yet further, it is possible to provide a microorganism
detecting kit wherein the deteovting-reagent containing section
contains a carrier for supporting at least one or more of the
first compound, second compound, third compound and fourth
compound, thereby providing an effect that the detecting kit
oan be preserved easily, and mioroorganisms can he detected with
a further good sensitiveness by increasing the area of contact
with a specimen. There is further provided an effect that even
if the compounds are those suited to emit rays having closer
wavelengths by the reaction, microorganisms can be detected
easlly visually.

Yet further, it is possible to provide a microorganism
deteoting kit wherein the specimen contact means i1s of a size
equal to that of the light-receiving means for receiving rays
emitted from the specimen contact means, thereby providing an
effect that cells can be detected without need for scanning.

Yet further, it is possible to provide a microorganism

detecting kit wherein the specimen contact means includes at
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least one or more of the first compound, second compound, third
compound and fourth compound supported on its surface to be
brought into contact witha specimen, thereby providing an effect
that the amount of the compound(s) can be suppressed to the
minimum.

Yet further, it is possible to provide a microorganism
deteoting kit wherein the specimen contact means contains a
culture medium for culturing microorganisms, thereby providing
an effect that it is possible to maintain the activity of
microorganisms and to prevent a reduction in activity
microorganisms and hence, to detect microorganisms at higher
sensitiveness.

Yet further, it is possible to provide a microorganism
detecting kit wherein the specimen ocontact means has a
self-adherent property on its surface to be brought into contact
with the specimen, thereby providing an effect that
mioroorganisms existing in the specimen can be collected
precisely and hence, the state of the specimen polluted by the
microorganisms can be grasped reliably.

Yet further, it 1s possible to provide a microorganism
detecting kit wherein the specimen contact means is provided
with a grip portion, thereby providing an effect that it is
possible to prevent an operator from touching a specimen or the

specimen contact means brought into contact with the specimen.
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Yet further, it is possible to provide a microorganism
detecting kit wherein the microorganism detecting kit itself
has a function to transmit only light having a particular
wavelength, thereby providing an effect that it is unnecessary
to specially separate rays and hence, the confirmation of colors
developed can be simplified.

Yet further, 1t is possible to provide a microorganism
detecting kit wherein the detecting-reagent containing section
has a function to transmit only light having a particular
wavelength, thereby providing an effect that it is unnecessary
to specially separate rays and hence, the confirmation of colors
developed can be simplified, and the switching placement of a
means for separating light having another wavelength can be
carried out easily.

Yet further, it is possible to provide a microorganism
detectingkit furtherincludingapreservationreservoir inwhich
even a 1iquid specimen can be stored at a given thickness, thereby
providing an effect that even 1f the specimen is liquid,
microorganisms contained in the 1iguid specimen can be retained
in constant states in the preservation reservoir, and the
thicknegs can be maintained constant, whereby an error due to
a difference in thickness can be reduced.

In addition, as can be seen from the above-desoribed

Examples, according to the present invention, it is possible
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to provide a microorganism counting apparatus wherein among
microorganisms existing in a specimen, the numbers of all germs,
the number of living germs, the number of dead germs, the number
of particular germs existing in the specimen or the presence
or absence of germs can be detected using compounds excited by
exciting 1ight having different wavelengths to emit £luorescent
rays having different wavelengths. PFurther, the extinction of
the fluorescent rays emitted by virtue of the exciting light
is inhibited to carry out the detection precisely, and it is
possible to prevent overestimation due to the incorporation of
foreign matters by providing threshold values, thereby
maintaining a high sensitiveness.

Further, 1tis possible toprovide amicroorganismcounting
apparatus wherein detecting reagents are contained in the
detecting-reagent ocontaining section, and the detecting
reagents are separated from the specimen contact means, whereby
the specimen contast means canbe deposited directly to a specimen,
and when a subject of detection is a foed, a medical appliance
or the like, a sanitary state can be maintained by preventing
the deposition of the detecting reagents. Thus, it is possible
to bring the specimen contact means into direct contact to the
specimen and hence to detect microorganisms at a high
sensitiveness.

Further, itispossible toprovide amicroorganismcounting
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apparatus having a high sensitiveness, wherein microorganisms
are transferred from a specimen to the specimen contact means
by a transfer means, whereby microorganisms contained in the
specimen can be deposited to the specimen contact means with
a good efficilency.

Yet further, it is possible to provide a microorganism
counting apparatus wherein even when a specimen is liquid,
microorganisms can be counted by using a preservation reservolr
for preserving the 1iquid specimen, and further, it is possible
toprevent the overestimationorunderestimationdue to diffusion
of microorganisms collected £rom the specimen by preserving the
liquid specimen in the preservation reservoir to provide a given
thickness.

Yet further, it is possible to provide a microorganism
counting apparatus wherein the staining or coloration is
fluorescent, thereby providing an effect that the sensitiveness
can be enhanced and further, a plurality of germs can be detected
at one time by usingdetecting reagents suited to emit fluorescent
rays having different wavelengths.

In addition, it is possible to provide a microorganism
counting apparatus wherein the compound for detecting living
germs 1s a substance reacting with a substance derived from
microorganisms, whereby the activity of microorganisms can be

estimated from a production amount of the substance derived from
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microorganisms. In this case, the number of ¢olored
miocroorganisms can be grasped by counting. Further, it i1s
possible to provide a microorganism counting apparatus wherein
compounds capable of being excited by light having a different
wavelengths and bonded fo nucleic acid are used, thereby
providing an effect that nucleic acid retained in cells can be
dyed, and cells can be detected precisely to a one-cell level.
Further, it ispossible toprovide amioroorganismcounting
apparatus wherein particular microorganisms can be detected by
utilizing a compound developing a color by a substance produced
by particularmicroorganisms and further, the intended substance
is an enzyme protein, thereby providing an effect that particular
miocroorganisms can be detected at a high sensitiveness, and the
activity of particular microorganisms can be also grasped.
Further, it ispossible to provide amiorcorganismcounting
apparatus wherein the light-receiving means comprises at least
one photoelectric converting element, and a collecter lens for
collecting rays emitted by virtue of exciting light is mounted
in front of the photoelectric converting element(s), whereby
a high detecting sensitiveness can be provided. Further, the
linear arrangement of the photoelectric cenverting elements
provides an effect that microorganisms existing on the specimen
contact means can be detected by the unidirectional scanning,

and the counting of microorganisms can be inocreased in speed.
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Further, it ispossible toprovide amicroorganismcounting
apparatus wherein the specimen contact means 1s of a disk-shape,
whereby the driving of the specimen contact means in a rotational
direction can be facilitated, thereby increasing the detection
speed. Further, the distance of the specimen-detecting
movement of at least one of the 1light source and the
light-receiving means can be suppressed to the minimum. This
provides an effect that it is possible to shorten the detecting
time and to simplify the microorganism counting apparatus.

Yet further, it is possible to provide a microorganism
counting apparatus wherein the very small area for application
of exciting light emitted £rom the 1light source to the specimen
ismovable in apreset range of speed, thereby providing an effect
thatitispossible toprevent the slippage of the colordeveloped,
the persistence of vision and the afterglow, thereby preventing
the overestimation or the underestimation.

Yet further, it is possible to provide a microorganism
counting apparatus wherein at least one of the light emitted
fromthe light source and the 11ght emitted by the specimen contact
means 1s collected using a reflecting plate, thereby providing
an effect that the highly efficient application of light to the
specimen oontact means and the highly efficient detection in
the light-recelving means are possiblie, thereby simplifying the

arrangement of the apparatus.
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Yet further, it is possible to provide a microorganism
counting apparatus wherein a 1ight-separating section capable
of separating the wavelengths of 1light from the light source
and a light-separating section capable of separating the
wavelengths of fluorescent rays are mounted, thereby providing
an effeot that light having a target wavelength can be applied,
and the emitted fluorescent rays of target wavelengths can be
detected, thereby enabling the intended detection of a high
sensitiveness.

Yet further, it is possible to provide a microorganism
counting apparatus wherein the surface of the specimen contact
means 1s recognized automatically, and the focus of the exciting
light is adjusted, whereby the detecting position can be
recognized, and the entire specimen contact means can he detected.
Thus, it is possible to prevent the double detection or the
omigsion of detection to avoid the overestimation or the
underestimation of the specimen.

Yet further, it is possible to provide a microorganism
counting apparatus wherein the exciting light from the light
source is introduced utilizing an optical fiber, whereby the
light source as a heat source can be placed at another location.
Thus, it 1s possible to prevent the influence of heat to
microorganisms collected on the specimen contact means, the

assoclated protein and the like to avoid an increase in error.
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Further, even when the specimen contact means is of a complicated
shape, light can be introduced in an amount constant at all times
to the specimen contact means, and the more precise counting
can be achieved.

Yet further, it is possible to provide a microorganism
counting apparatus wherein a lens capable of transmitting
ultraviolet rays is used as a collector means for light emitted
from the light source, thereby providing an effect that light
having a wavelength in an ultraviolet range can be introduced
into the specimen contact means without reduction in amount of
light, and the detectable compounds can be counted based on the
wavelength in the ultraviolet range.

Yet further, it 1s possible to provide a microorganism
counting apparatus wherein a means for indicating the measuring
position is provided on the apparatus or on the specimen contact
means, a detecting position can be recognized, whereby the
mis-detection can be prevented, or the specimen-detecting speed
can be regulated. Further, a magnetic means is utilized as the
means for indicating the measuring position on a specimen contact
means, thereby enabling the simplified and precise detection.

Yet further, it is possible to provide a microorganism
counting apparatus wherein a means is provided for moving the
measuring position on the specimen contact means from a current

recognizing locus position to a next recognizing locus position
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with the distance kept constant. Thus, it is unnecessary to
detect the entire specimen, and an increase in detecting speed
can be achieved. In addition, it is possible to prevent the
mis-recognition of microorganisms existing between the locus
positions and to carry out the precise counting. Further, the
distance between the locus positions is in a range of 10 to 50
um, thereby providing an effect that the correlation to the prior
art process can be provided.

Yet further, it is possible to provide a microorganism
counting apparatus wherein fluorescent rays emitted from
microorganisms contained in the specimen contact means are
recognized as a binary punctual coordinates comprising "0" and
"1". Thus, microorganisms can be counted easily and quickly,
and objects recognized as foreign matters due to the positional
relationship can be determil:xed as being out of subject and
eliminated, and those of microorganisms recognized as
microorganisms, which have been recognized as adjacent
microorganisms likewise due to the positional relationship, are
recognized as one microorganisms, as compared with the agar
culture medium diffusion process which is the prior art process,
thereby providing an effect that the correlation to the prior
art process can be provided.

Yet further, it is possible to provide a microorganism

counting apparatus wherein in order to count microorganisms
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utilizing the emission of colored rays, the means adapted to
receive the emitted rays by at least one light-‘;receiving element
received the rays within agiven time and judged as microorganisms.
Thus, the enitted rays can be recognized by the light-receiving
element and detected within the given time, thereby inhibiting
an error due to the extinction of luminaries to count the number
of microorganisms precisely.

Yet further, it is possible to provide a microorganism
counting apparatus wherein when the intensity of rays emitted
and recognized is fallen within preset threshold values, the
rays are judged as microorganisms. Thus, foreign matters and
microorganisms can be distinguished from each other, whereby
the number of microorganisms can be counted precisely.

Yet further, it is possible to provide a micrcorganism
counting apparatus wherein when rays emitted frommicroorganisms
recognized by a light-receiving element and rays entering a

w« light-receiving element adjoining such light-receiving element
have been recognized as microorganisms, these microorganisms
are judged all together as one group of miocroorganisms, thereby
maintaining the correlation to the culture process which is one
of prior art processes, which is that when microorganisms are
cultured, colonles are coalesced together with the growth of
adjacent microorganisms and recognized as one colony.

Yet further, it is possible to provide a microorganism
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countingapparatus includingalight source andalight-receiving
means, so that cells are counted from a difference between
wavelengths of rays emitted from a specimen and amounts of
fluorescent colors developed. Thus, an artificial error can
be minimized, and cells can be counted easily even by those not
skilled in the art.

Asg canbe gseen fromthe above-described Examples, according
to the present invention, i1t 1s possible to provide a
microorganism counting process comprising the steps of bringing
a £irst compound for staining living and dead cells and a second
compound for staining dead cells at a wavelength different from
the above-described staining into contact with a specimen, and
deteoting both of living cells and dead cells simultaneously
from a difference between wavelengths and a difference between
amounts ¢of cclors developed. Thus, the living and dead cells
and the dead cells can be measured precisely, and the polluted
situation of environments by cells can be grasped, thereby
quickly taking a measure to prevent the pollution. In addition,
the toxicity to ocells, an effect of sterilization of
microorganisms and the like can be confirmed.

Additionally, it is possible to provide a microorganism
counting process comprising the steps of bringing one or more
of a first compound for staining living and dead cells, a second

compound for staining dead cells at a wavelength different from
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the above-described staining, and a third compound for staining
living cells at a wavelength different from the above-described
staining; and at least one or more fourth compounds for staining
particular microorganisms at a wavelength different from the
above-desoribedstainingbythereactionwithasubstance derived
from particular microorganisms, into contact with a specimen,
and detecting both or either one of 1iving cells and dead cells,
and particular microorganisms simultaneously from a difference
between wavelengths and amounts of colors developed. Thus, the
monitoring of environments such as the pollution of foods, water
or the like can be carried out at a real time, and the process
can be utilized not only in a medical field but also in a food
sanitation field. 1In addition, the presence of partiocular
microorganisms such as E.coll can be grasped promptly, thereby
quickly preventing the influence to a market and a distribution
due to the pollution of microorganisms.

In addition, it is possible to provide a microorganism
counting process wherein the staining or coloration is
fluorescent, thereby providing an effeot that it is possible
to prevent the mis-recognition frombeing provided by a measuring
operator when light is received, and to count the number of cells
precisely with a good accuracy.

Further, it is possible toprovide amioroorganismcounting

process wvherein the first compound is a compound capable of being
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bonded to nucleic acid. This provides the following effect:
Cells canbemeasuredeven in the presence of metabolites produced
by cells and polluted substances. Therefore, living and dead
cells even in a specimen such as food materials and sludge can
bemeasured directly and hence, the examining time ¢an be reduced,
and the cells can be measured quickly.

Further, it is possible toprovide amicroorganismcounting
process wherein the second compound is a compound capable of
being bonded to nucleic acid. This provides the following
effect: Cellscanbemeasuredeveninthepresenceofmetabolites
produced by cells and polluted substances. Therefore, living
and dead cells even in a specimen such as food materials and
sludge can be measured directly and hence, the examining time
can be reduced and further, the cells can be measured quickly.

Further, it is possible toprovide amicroorganismoounting
process wherein the third compound is a compound for staining
microorganisms in a specimen by the reaction with a substance
derived from microorganisms, thereby providing an effect that
the presence or abgence of 1ivingmicroorganisms can be confirmed.
In addition, it is poasible to provide a microorganism counting
process wherein the substance derived from microorganisms is
an enzyme protein, thereby providing an effect that the presence
or absence of living microorganisms can be judged with a higher

sensitiveness.
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Further, it 1spossible toprovide amicroorganismcounting
process wherein the substance derived from particular
microorganisms is an enzyme protein, thereby providing an effect
that the presence or absence of special microorganisms can be
confirmed, and microorganisms can be monitored. In addition,
a pretreatment is not required and further, the examining time
can be shortened.

Further, it ispossible toprovide amicroorganismcounting
process comprising the step of bringing a compound for staining
particular microorganisms by the reaction with a substance
derived from particular microorganisms into contact with a
specimen, and detecting the particular miocrcorganisms from a
wavelength and an amount of color developed. This provides an
effect that only the particular microorganisms can be counted
quickly and hence, it is possible to grasp the polluted situnation
of foods and to previously prevent the incorporation of the

particular microorganisms to a human body.
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The claims defining the invention are as follows:

1. A microorganism counting process comprising the step of bringing a
compound for coloring particular microorganisms by the reaction with an enzyme protein
of particular microorganisms into contact with a specimen, and detecting each one of the
particular microorganisms from a wavelength and an amount of color developed,
wherein said detection is performed by applying exciting light emitted from a light source
section to particular microorganisms in a size of 0.2 to 7.0 um and counting the number of
the particular microorganisms based on an amount of color development derived from
each particular microorganism in a light-amount measuring section.

2. A microorganism counting process according to claim 1, substantially

as hereinbefore described with reference to any one of the examples.
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FIG. 4
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FIG. 6
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FIG. 13
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FIG. 16
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FIG. 18
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FIG. 20
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FIG. 21
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FIG. 22
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416: 6-CARBOXYFLUORESCEIN DIACETATE
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FIG. 27
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