DESCRI PTI ON  METHOD OF DETECTI NG BACTERI UM AND DETECTOR THEREFOR

TECHNI CAL FI ELD The present invention relates to a nethod of
detecting a bacterium such for exanple as Escherichia col, a detector for
use therein, etc. BACKGROUND ART
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1 water for use in food productmn processes, water for use in washing of

tableware and the like, rivers, lakes and marshes, the sea, pools, baths,
amenity water for use in other landscaping water amenities, and waters
that have the chances of contact with human beings, such as sewerage and
discharge water.

On these premises, a criterion to the effect that “no coliform bacteria
are detected” is stipulated for foods and tap water for use as drinking water,
a criterion to the effect that “at most two 10-ml water samples in tubes are
coliform bacteria-positive when five such water samples in tubes are
incubated” for pool water, while a desirable standard value of “at most 10
cells in 1 ml” is set for water for use in landscaping water amenities and a
desirable standard value of “at most 3,000 cells in 1 ml” for general
wastewaters.

Additionally stated, infectious diseases attributable to bacteria are
most frequently caused by bacteria originating in human beings and
animals, and these bacteria are liable to bring about widespread casualties.
Accordingly, it is considered very reasonable that an item of examination of



t he existence or nonexistence of enterobacteria such as Escherichia col
and coliformbacteria in particular is adopted as a standard for control of
foods, drinking water or anenity water in water amenity facilities.
Meanwhi | e, such detection of bacteria in foods, drinking water (tap water),
pool water or water for use in |andscaping water anenities has hitherto
been done generally by a cultivation nethod. Such a conventi onal
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method using a radioactive isotope or the like (Japanese Patent Laid-Open
No. 154,700/1996).

However, the foregoing conventional methods involve the following
problems. For example, the foregoing cultivation method is not only time-
consuming for propagation of a bacterium by cultivation but also
complicated in the method of judgment of whether or not a propagated
bacterium is Escherichia coli or a coliform bacterium. Inother words, the
cultivation method requires one day only for estimation of whether or not
there is contamination with Escherichia coli or coliform bacteria and two
days for decision of whether or not a contaminant is Escherichia coli or
coliform bacteria, and takes a long time for judgment because a test
involving special dyeing of cells or the like must be repeated if complete
examination is desired to be made.

Thus, detection of bacteria according to the cultivation method takes
a long time to involve a fear of a case where casualties occur and spread




before results are obtained. Apart fromthe foregoing, since the
cultivation nethod is ordinarily a nethod wherein colonies forned on an
agar plate or a nenbrane filter and showi ng peculiar properties are
visual ly counted for quantitative determ nation or wherein the nunber of
cells contained in an original sanple is calculated fromthe maxi num
dilution ratio of a positive sanple, judgnent of colonies show ng a

S ngul ar | fegl 9o 6ABS LAPCIRA X FTOABKAH B &&ﬁ%@?ﬂ%%n&ﬁg'aanw fefel |

count from max1 num d ion ra can Fov an appr oxi

estimt ed mathed tl%ordiu@rmeaanm‘@ xeinicn eqlmamagarphte ora

det er m nat hﬂéinbrane ﬁlter Iﬁ& sﬁf)ﬂixi‘éf?éé ?ﬁéihﬁe@ﬁ%ﬁﬂ?c&ﬁﬁ%&ﬁ&e culture
medi um et hod ad g{g uaI it gcﬁﬁSt for cherichi a
coli and cSPFPbi"i‘r‘i’ Ar W& ‘Fliei% %E}fm% B Fn Jean ¢ hjs

met hod i nvohgﬁsala;almpietls ahlduﬂziﬂeﬂﬁlomalfehﬁan&uuﬁf dilatietirationif asexitive not

quant tat | EnTy diendR? of Spufts nBRihE o bk 3583t BERSAERNY 2 cor ding 1o
a node of ambdgwens. héfh%meth@d:nfﬁndmﬁmmﬂmmﬁqm\tbemmmmm mum

di lution rafiufion ratio can'p¥d 0% &Mﬁbel?'&hi’néﬂ%ds\?ﬂﬁé% Yhdolve
i nvol ves a pro em hat act uaII ar dead” cells are al so detected
undi st i ngu?sm'a & H}fcem&‘@é‘t@ﬁﬁ‘é@t em}b‘hati“ﬁl 'r espect of quantitative

det elrlm n?t i on ﬁsThehfc?reminuonfe@hﬁebmt@éﬂmfmél%udstﬁab@cﬂf&rérﬂieﬁﬁ)@mt f thO]chgh .
excel | en Si i Ci rati of ;.speci fica
detecting g%t o@esdﬁaga%t&gfaéu f%ﬂg s?qu%ﬂ&%a?g%ﬁ:?%nﬁg%g‘] ?ﬁ‘/‘tﬁf H%’gpabl e 01}/
det ection ¢olifoherkacteriacan bemaerietaut in Gdchaws| sﬂowesrer,d:hns nrelthddl n respect
of appli Ca?l&l&é%”é’hhh@%tr?ﬁ?@d% &1'3%%*‘81‘ &%%bhi’ebdléy{x{ b@éﬁx@atﬁﬁgmaf fected by

exogenous facto ohi and e detected

wi t h i dent £sehanichia coliapdsoliform b aCteTFﬂac%lb bo deteated and R guandtative di scl osed
in Japanesaeo%ahﬁﬁanbﬁltést P@abindd, et BOR6AO BAlyHeordiAg 368 Modé bECT

| abel d ha | ahel ed h d

b oo bR AT Gyt o o sty G ERR G i E B0y S
reporter gene i nThe WIhInmthbd,t thoaghtshgep ﬂhenmtmtmodsolaeeaqn'oblelmnt in
oot 2o BORghENy S8l ed 850 B4 B MAFRUBH AR RERRRREL mELY

detected using a act
exi st for eanmndt aﬂﬂpeb@@tmﬂch i gesnest of ghenhl@atwe detﬂ;mn@@pncasjwnar y mld

condi tions on thenqhelobherhishd, tAk APP neéthod) Wéﬁeﬁ@n@h{ﬂfé in

recogni tion of the respective, _hosts t hojt suypst.antial .adsor ptj on and
| tnott on veRUSIEY of onerabiE: s the GeRABILLY of SpectGally detacting only viable

3 cells, is poor in detection sensitivity (incapable of detection if there are not
more than 1,000 cells), is restricted in respect of applicable conditions
because the luminosity is liable to be affected by exogenous factors, and
involves a problem that bacteria cannot be detected with identification
thereof.

The above-mentioned method as disclosed in Japanese Patent Laid-
Open No. 154,700/1996 encompasses a direct labeling method wherein use
is made of a phage labeled with a radioactive isotope or an enzyme, and a
method of determining a protein produced by a reporter gene incorporated
into a phage. These methods are excellent in that a given bacterium, if
desired to be detected, can be selectively detected using a phage in view of
the facts that specific bacteriophages exist for almost all bacteria as hosts
thereof living under ordinary mild conditions on the earth, and that
bacteriophages are so strict in recognition of their respective hosts without
substantial adsorption on and junction with bacteria other than their




respective host bacteria. However, this nmethod proposed in Japanese
Pat ent Lai d- Qpen No. 154, 700/ 1996 involves the follow ng very hard-to-sol ve
probl ens in aspects of the speediness of treatnment, the sinplicity of
treatment operation, the | evel of detection accuracy, etc. when
consideration is given to actual working cases. More specifically,
according to the nethod usi ng a radi oactive isotope as a node of the forner
direct |abgj lsﬁ&:ti%t bzﬁ: gnal originating in the radi oactive isotope
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of the the direct labeling method mvolves not only the 4ame problems as in the
method using a radioactive isotope, but also a problem of extreme difficulty
in actually using any way of detection for accurate determination of a trace
amount of the enzyme from a phenomenon developed in a substrate because
it is a method wherein use is made of the activity of the trace amount of the
enzyme.

On the other hand, a wide use of the latter method using a reporter
gene can hardly be expected because a reporter gene in the form of a gene
recombinant for every phage specific for every corresponding bacterium must
be prepared and a phage nucleic acid including this reporter gene must be
subjected to replication, transcription and translation while at the same
time requiring an operation of detecting the produced protein.

As described above, all the conventional methods involve the
respective problems. Thus, there are problems yet to be solved particularly
in aspects of the speediness, the simplicity of operation, the accuracy of
detection, etc. :

The inventor of the present invention has solved the problems of the




foregoing prior art nethods to conplete the present invention according to
whi ch sinple and specific labeling of a bacteriumitself beconmes possible
wi thout resort to a change in color tone, for exanple, due to netabolism of
a fernmentabl e substrate, whereby bacteria can be detected and exam ned with
identification thereof to attain great inprovenents in respect of sinple
operation, shortened neasurenent tinme, efficiency and detection accuracy.

DI SCLOSURE foFeghifiy *:PME% fldthods to corlPRté BRé PPéscRRhyERidiOAccdF@Ed6S

i nventions . set, rthJignr ective ¢lains i.n the foregoing "¢l alns"
colum for ¥ e @ngrsperific absling pta dctarinmtenlf begomes Possibleryg

baclt eri um deithotit mmt@ad:hah%é recalow totie| fot exantple] dnétt)@fndth.bolii?]mtcﬁ'm .
applicatio cter COINRLI [N aJbact eri op e..havi ng
t he nucl ei geé’?‘?g‘%%rsté‘g’ﬁt@geﬁar%ﬁnﬁﬁcié%838P@%%F‘M%Wé“ﬁ“ﬁ?o ’ggnt act
wi t h a hostidbatifieatiomtherepfde ndtain myeatiomproyesrantsmin aespeagt ofisimiyle- | abel ed
nucl ei ¢ aci ibh USH%En - i e MY lal,0 With

ePhtibh USH, &'&ehm% & effi@eh&) déﬁu ﬁ&ée%ﬁopfht%ﬁ?a{&%.

an optical detection neans g‘%ﬁi&%ﬁiégﬁogyocomri ] \r/]gn;i on

of claim15 of the i nstantbﬁ%g
means for feedi ndTHefititand appEeatidén provided Biventidna daasel foithAagspdutitieng t he

| ei id th f label.ed. th fl h d i
Cpeciti o adleimant ios iRgRoRE; Hrme? cilt? for s oSy bARaRE 4B 0o canpi
liquid (watforegoimgolgeet.and an optical detection neans for detecting the
bact eri um havi . - ' hd ; . - | ed

ol o1 ¢ et | e AERAiEeR AetdtioR e GG iBlont bR bORANATo! RC] ©

fol | owi ng dastantmnnlicationischaracterized bymomarisingtwinging e bagtenierhpgeer ei n

is int ende%ﬂ@g@ﬁl@nﬁ@l&ﬂ 46d tREFBOE MIIBR WALHE delid? ol dRdcBAfn@into

fl uorochroneg, ile t term"fluoroghyone; | abel ed nucleic, acid or the

[ ke+ o, L<0HtHEth 3 Bogthablerdbit, GRgdeIoging FRabRdeRc B8 %ot h a
dye- | abel edabeleldenucleiciagidioriflacfdchosmeabeled bt adidinjdcted thedeinto

In the foregQi | L acteriophage is generally a DNA phage
havi ng genglgﬁiéo%,%lsﬁﬁle%%&%n H%%n?'si ngl e-stranded or doubl e- stranded),
but is not intendde bacterisinydetestorrpithgrinventien phejaipankdsofithednstanted of an

RNA. Thus, dpitichtiédl @CdWaPaBtel 788 b§Loliitidhg adblns Tor feBdingk@daRig) e ei t her
a DNA or an A, The DNA phage or RNA phage havi ng .t he, hycl ei C | abel ed
W Ch a_f 1 aGPbRAeR FaRtanteEA Pdierionhage RORIE Heuels AeishtharsoidaR It  or i um
i nfect ed Wwithtah@ydaca fuospdlrgmel dndbhaving a specific adsorbability on a
5 bacterium as an object of detection to a sample liquid (water sample), and

an optical detection means for detecting the bacterium having the dye-

labeled nucleic acid or fluorochrome-labeled nucleic acid injected thereinto.

Additionally stated, in the following description, the term

“fluorochrome or the like” as used herein is intended to be a generic term

encompassing both a dye and a fluorochrome, while the term “fluorochrome-

labeled nucleic acid or the like” as used herein is intended to be a generic

term encompassing both a dye-labeled nucleic acid and a fluorochrome-

labeled nucleic acid.

In the foregoing description, the bacteriophage is generally a DNA

phage having genes constituted of a DNA (single-stranded or double-

stranded), but is not intended to exclude an RNA phage having genes

constituted of an RNA. Thus, the fluorochrome-labeled nucleic acid or the

like may be either a DNA or an RNA. The DNA phage or RNA phage

having the nucleic acid labeled with a fluorochrome or the like can be

obtained by propagating a bacterium infected with the bacteriophage in a




culture nediumto which the fluorochrome or the like (dye or fluorochrone)
having an affinity for the phage nucleic acid (hereinafter referred to as
the "phage DNA") is added. Any substances capabl e of being bonded to a
phage DNA and dyeing or staining a bacteriumthrough injection thereof into
the bacteriumvia the phage can be used as the fluorochronme or the |ike
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6 predetermined time. The level of that concentration can be easily
determined experimentally though it cannot indiscriminately be determined
because it varies depending on the level of cell count of the bacterium
contained in a sample liquid to be subjected to detection (drinking water,
amenity water, etc. as mentioned hereinbefore), the detection time, etc.
Speaking by way of example, that concentration may as well be set at a level
of about 105 to 1014 particles, preferably 107 to 1014 particles, most suitably
108 to 1012 particles, per ml of the sample liquid (water sample) in many
cases where Escherichia coli contained in drinking water is to be detected.
An increase in the phage concentration of the phage solution can favorably
increase the probability of contact of a plurality of phage particles with a
bacterium not only to increase the dyeing density of the dye for a single
bacterium being detected but also to enhance the intensity of fluorescence
emitted from a single bacterial cell, whereby higher-accuracy detection can
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be done. \Wen the phage concentration is |lower than 10[err] particles/n,
the probability of contact of the phage with the bacteriumis so | ow as
probably to entail a long tinme for determnation or to lead to a failure in
detection even if the bacteriumexists. On the other hand, when the phage
concentration is increased to exceed 10[err] particles/m, the viscosity of
a sanple liquid is increased and the intensity of background fl uorescence
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injected in the bacterial cell, with the result that an optically
distinguishable significant difference is caused in the detected intensity of
fluorescence as confirmed, for example, in the case of a fluorochrome in
Referential Examples 1 and 2, which will be described later. While paying
attention to this finding, the inventor of the present invention has completed
the present invention characterized in that only a bacterium having a phage
DNA injected thereinto are optically distinguished and detected without
need of any operation of physical separation of phage particles not adsorbed
on bacteria by making the most of such a difference.

Another feature to which attention should be paid in the present
invention is that it has been noticed that the process of injection of a phage
DNA into cells of a host bacterium by phage particles adsorbed on the
bacterial cells depends on the energy state of the bacterial cells of the host in
many cases. More specifically, the phage DNA (nucleic acid) is not injected
into host cells which have lost their biological activity, but only into living




cells (viable cells). In other words, viable cells can be optically
detected since the phage DNA is injected thereinto, while optical

i nformati on on dead cells or fragnents having no phage DNA injected
thereinto despite adsorption thereon of the phage DNA can be definitely
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replicati ofeplication of any new phage particles and formation of a%&roup of enzymes

For the Torggopl i drSawly Tormod phigs dasticies out OF the Bacterial 20S trotkhi 2"
destruction of the host cells, therefore giving rise to no bacteriolysis of the
host cells as otherwise recognized in the last stage of the infection process.
This allows the phage DNA labeled with the fluorochrome or the like to be
maintained stably in the host cells, thus providing an advantage that the
treatment time, either long or short, little affect the detection accuracy.
Additionally stated, where there is a possibility that transcription of the
phage nucleic acid occurs depending on the kind of bacterium, the
environmental conditions, the kind of used fluorochrome or the like, etc., any
treatment may be carried out for positively preventing the transcription and
replication. For example, either addition of a DNA synthesis inhibitor or a
protein synthesis inhibitor to a sample liquid, or alteration of part of a
phage gene to a nonsense codon will suffice for loss of the capability of
transcription and replication.




be detected according to the present invention by dyeing or staining them
fluorescent using a bacteriophage having the nucleic acid thereof |abeled
with a fluorochrone and having a specific adsorbability thereon. A
bacteriumdyed with a dye or stained with a fluorochronme through adsorption
t hereon of a bacteriophage having the fluorochrone-1|abel ed nucleic acid or
the like and injection thereinto of the nucleic acid can be detected by an

optical neans. Usgp ﬂg’p?,-'!a ;
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specific bacterium exists therein can be simply examined based on whether
or not an increase, even if slight, in the intensity of fluorescence is recognized
after the lapse of predetermined time. Alternatively, nutrient salts and an
excessive amount of a phage solution may be added to a sample liquid
containing bacteria, and the resulting mixture may be centrifugalized or
membrane-filtrated for bacteria-phage separation after the lapse of
predetermined time to obtain a bacteria fraction, the fluorescence intensity
of which is then measured, whereby whether or not a bacterium exists
therein can be simply examined.

While using the foregoing method and device, for example, a specific
phage labeled with a dye or a fluorochrome for each of a variety of bacteria
may be prepared, and may then be brought into contact with the bacterium.
In this case, that bacterium, even if unknown in respect of what species it is,
can be identified in such a simple manner as to be Escherichia coli if dyed




test can be carried out in a short time (in one hour) for certain as
conpared with a conventional nethod wherein the degradability of a
fermentabl e substrate is exam ned (requiring at |east 2 days).

Cases where the identification of a bacteriumis particularly required
I ncl ude a case where a bacterium causative of a mcrobismsuch as a
sitotoxi smor a nosocomal infection in a hospital is identified, and a
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factory or m@*w@sgxe@cg&m I-spesgfic o1 tobe Palmenellaif dyedewithan be
ment i ongdEJI Sulnoneitia-specificplisgenh dlths ihtaﬁ?%ﬂo?gew@izema&tmqtaeﬁﬁﬁwﬁsg iz to
e avoi ded, e envi roonment al.. wa vironnental air, foods,
city water, t‘g_getvffea(rill :%eg?&%g%dp&ftalpsa ?}b%ffn?}%ﬁ gt ?%Peﬁ?“fs Ir}‘i”h ngs comparede i si on
appar at us n#vith aconvengjonalomethiosswhetein thé degradabilityeof mfermeentabls red to be
det ect ed. Vel ,ﬁﬁﬁ.}g’ ' acteria to be avoi ded and
their spec%?gmgﬁgegieg%lﬂﬁéég@%}c e Iégﬁlfeggggﬁ&fygﬁd T phage, A phage, or the
li ke; Sal nonel | a epv{}p{g@é prdantihiqation ofa baeterwa ds aarticulprlyge or t he
|7 i) ke,71KI eb$ Md{fe@h%ﬁa@aﬁawwgkﬁmﬁt%m @uggeivgwm&bﬁzﬁﬂé}ggs andD20
: or N igella and,[.etr]. r O, nLversi or
phage; Cory esgaggg’l’s H{gms@%% ey Bnﬂlérolb‘&?é@ﬂésé l‘frfﬁ %Fa?\ﬁ_%- 40
phage. |n twherebaeterin aonomtamianntsiswapemersthedilkeforhmetinleefood factoger to
detect a tr : t el - Fur ent
i nvention cgflﬁ%égﬁg %%?é%@f’?&fjsg%ﬂ_ #g%caélgtse‘f:eﬁkﬁﬁ ’u%%?%?a%ggflgérnﬁiqﬂ%f%r
speci fi cal | §Xample, pecasesyherehasteria, dbe existence pfwhichds 4o beravojdesiiared usi ng
o i el skt o i, Wl o
can be confirmed using .the nmetho . present i nventi i y
viable cel | SvErReRehaghitals{Pastis a’gﬁa?&lfi’é“ﬁiélwé?»W@C’@bOlbapn%@&}leor
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cases wher eSalpoHeHk dAndPphssd HHNkS Peulhisifithnd P‘i:h%gélgrglfl? Si?sh““ ng a

sol ution ha .a,.hi act.erjumconcentratjon at a_suita] 'bn ratio
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is set to beomeobaf%j'["@rﬁdcg Rhage; fd %iﬁﬁ?qof"éuso%(i éf phaggof MJ"50£2§0 [err]C
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these tenpedatobt §tradedahbBeifof 28865 ridMe Ni gher the tenperature, the higher
the Further, the present invention can be effectively used for detecting

useful bacteria. More specifically, in the fields where foods, medicines, etc.

are produced using microorganisms (bacteria), the viable cell count of any

active bacterium can be confirmed using the method of the present invention

wherein only viable cells can be counted. This enables the method to be

used, for example, for control of the amount of active yeast in a beer brewing

process, control of the amount of active lactic acid bacteria in a yogurt

production process, and confirmation of the activity of microorganisms

capable of producing amino acids or the like. Additionally stated, in many

cases where any useful bacterium is to be detected, the step of diluting a

solution having a high bacterium concentration at a suitable dilution ratio

must often be taken.

As for conditions of infection of a bacterium with a phage, the
temperature under aerobic conditions, though dependent on the kind of
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rate of infection. A sanple liquid is also preferably stirred to enhance
the efficiency of contact of a bacteriumw th a phage. The sanpl e
liquid fromwhich any bacteriumis to be detected can be subjected as such
to detection when it is a water-based sanple. Wen the sanple liquid is a
l'iquid sanple containing an oil, it can be subjected to detection Iike a
wat er - based sanple after dispersion thereof wwth a nonionic surfactant if
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acid ther eotﬁndeabtdtnm and subsequent addition of phys1olog1ca1 saline to the same
concentration tank.

The existence or nonexistence of a bacterium as well as the cell count
thereof can be examined, for example, according to a method comprising
counting as bacterial cells points where the intensity of fluorescence exceeds
a given value on the basis of information detected with an optical means. A
device therefor can be constructed in accordance with an image processing
technique using a microcomputer (MPU) or the like.

The detection method of the invention of claim 2 of the instant
application is characterized by comprising capturing bacteria contained in
air or a liquid by a capture means such as filtration or adsorption, bringing a
bacteriophage having the nucleic acid thereof labeled with a dye or a
fluorochrome into contact with the captured bacteria, and detecting a
bacterium having the dye-labeled nucleic acid or fluorochrome-labeled
nucleic acid injected thereinto with an optical detection means. The
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with a dye or a fluorochrone into contact with the captured bacteria, and
an optical detection neans for detecting a bacterium having the dye-I| abel ed
nucl eic acid or fluorochrone-I|abel ed nucleic acid injected thereinto.
Exanpl es of the above-nentioned capture neans include activated carbon; and
filtration menbranes such as a hollow fiber nenbrane, a mcrofilter, an
ultrafilter, and a reverse osnpbsis nmenbrane. Usabl e exanpl es of adsorption
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| n wat er ,

"Bhfcbolie hUGHEHER8R30 RoB HIBA Bpip B O B E8ria with spgh 0o
bact eri a ornlftasonid W@Veifi as subte dﬁ%ﬁrgy the baeteriato ohtair thesupkraatanted above,
and the filgRichiR¥héR &l Q@aedatrﬁ‘ﬁfe ﬁiﬂc&iﬂ‘xé) R&. Bolhﬁbﬁ %BI- aW th a

B Poped ofbaskeriRR IR wRLeR  biptreaked e 'afd%rammﬁ Shniifeds Predsres ot
a phage solgihikdthe bacterium is optically detected after captured on a filtration means
such as a membrane, sure detection of the bacterium is possible. This is
therefore suitably applicable to a case where high-accuracy simple detection
is desired though not particularly required to be done comparatively quickly.

Additionally stated, the method wherein a phage solution is added
to a liquid phase after bacteria attached to a membrane is stripped off
thereinto can provide a high probability of a bacterium encountering a phage
in the liquid phase, and is therefore preferred to a case where bacteria
attached to a membrane is brought as such into contact with a phage
solution.

The method of the present invention can be used not only for the
foregoing detection of a bacterium in a sample liquid (water sample) but
also for detection of a floating bacterium in air. For example, a gas (air)
containing bacteria floating therein may be diffused (bubbled) into water to
trap the bacteria in water, which is then used as a sample liquid. Sucked
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The foregoi ng procedure can be suitably applied to exam nation of the state
of an environnental space in a hospital, a food factory, or the Ilike,
wherei n bacterial contam nation beconmes a problem for exanple, through

i nspection of a filter set in an air conditioner or other air purification
facilities. The detection nethod of the invention of claim3 of the
I nstant application is characterized by conprising concentrating a

bact eri um tdr %eecgﬁ{&gvébgct er?ltg{hage wﬂltgppigﬂ&w b&&%rﬁ@& éum |l ow in

concentration avl n e I’IUC el C acCl ereof
| abel ed Wit t%rm%wbasemlgﬂy same manneriasy emrlbhdtaibevmcndethqﬁ&tes a host,

ef f oct cont oy o be cftHel ALY UL ght (o ORI & I dohitieh, OH et orf um
havi ng t he ’“P}IBB’F%??HFWSI‘%}B%’IC S‘;\HE‘F er %ﬁi‘ {il‘ﬁﬁsl W?@eﬁtil‘?j? ed thereinto
Wlht h an opthactériataobtaifthedetpeeh stantf which isrthentfed with aqih%gmsil)lhtﬁal
characteri n |n a
sanple I qﬂﬂ%‘ ”e%%?ﬂ%é@&?gf? i PRBy 1L ABpAPN A EiRiRadBR b b TR, O

cont ai ni ng o4 apRRVEroReRisd shacd ya bﬁepﬁahlaefoodéatforx,mﬂbeﬂlheaw@eeeimm th a

fl uorochr Ofﬂﬁc%mélh&dthﬁﬁn&ﬁoﬁhﬁcéﬁéﬂ |atﬁz‘%l€rﬁ”ﬁﬁ%tx%ﬁhﬁg H\Pél'?u{%?‘lﬂhgn and

an optical det nmeans etectin act.er i .um havin
dye- | abel ed’? r‘a‘é‘l%‘ﬁ%’q"m&%’fr% P%BB'I%‘H"& Ea%]é‘i‘ﬁls| nj ect ed
t her ei nt o. Thel detbtiton aictbod of the devontivencflaing 8 fthe $nstamg usi ng, for

of “the. ki ndPEIERGR s HaftRled By (BErtlibE Bibedadl b KRt RUR IR b b
passage thdleteated ssamamphahqmwmth@baymmumdmunmwmmm,ed when
a sanpl e i f@é&ﬂg%%ﬁ&éﬂbﬁ%ﬁ'%&ﬁﬁ e rutidié B tHbrodf1BhdlellWith 'O | S

oY

preferably ne-_usin eriumto be

passed the P@B’?n}ﬁﬂr the Wﬂ@h@r%ggs%m@g%ﬁa?ﬁgﬁtapﬁan it.
Speci fic elijid esntdininpetlébdcterihe] colf@ntrated $herdil 86 bAEL UONEARGBIREE | ON

t hod I wh t f, f I fl
Sanpl e vt dfich ¢ha HoRt SRty dnfarlering P paretie i%E B put fnto s
t ank havi ndluoroehronzsmigbeldtbnacleic dcid sr the hikalihjaetdd dﬂirbmtomcleahr ated to
obtai - the of RGP HgeaecTSAM uhbPihe MeRoORS LR, 11 0RRAI B Veq

Ohats ¢ heas nment Tor di ng
to this |m¢@mmngamﬁans fusongentsating & bacterivoein apampledignidi & t he

_SI_ ﬁmi):c e sol yhiags s@ﬁﬁu{iﬁfe{%fiflﬁéﬁiflé’ fdrﬁ'e%ﬂh%cé fHagd Ecﬂ{moﬁ%ﬁ Y 3 n.

6l ther an CROGIORBREIITEE Hheyhfigio ofiq Ehessvt LiReled satng foppemonthor
the like to the resultant concentrated sample liquid, and an optical detection
means for detecting the bacterium having the dye-labeled nucleic acid or
fluorochrome-labeled nucleic acid injected thereinto.

In the foregoing cases, concentration is done using, for example, a
membrane, which may be used without any particular restriction of the kind
and material of membrane in so far as the membrane can inhibit passage
thereacross of a bacterium as an analyte. Additionslly stated, when a
sample liquid containing an analyte is filtered, pre-filtration is preferably
done using a membrane capable of allowing the bacterium to be passed
thereacross but inhibiting passage thereacross of SS larger than it.

Specific examples of the device for use in such a bacterium concentration
method include a device wherein a given amount of, for example, flowing
sample water is automatically sampled at given intervals and put into a
tank having a membrane, wherein it is then automatically concentrated to
obtain the concentrated sample water, which is then automatically
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concentrate the bacterium or an enbodi nent wherein the bacteriumis

| ocalized in a liquid for partial concentration thereof. The invention of
claim4 of the instant application is characterized by feeding a

bact eri ophage having the nucleic acid thereof |abeled with a fluorochrone
or the like into a liquid wherein a bacteriumis concentrated by nenbrane
separation or centrifugalization. O her methods of concentrating a

bacterium i H&&% vm% | - gi ven bacteriumto be

det ect ed rra{}ﬁltt)e gﬁi]?orlf ﬁi %é&;{ﬁ%&sg}?ﬁf‘gal iquid as in the invention
of claim5, and om P%tb@dnvamtlm,t&ﬁunampummefﬂmdbaaer@lm capillary
as in the i presdritan thb sﬁh?ﬁl@‘s@lut?é&?@ﬁﬁéeﬁ%ct&b& At Aoy N1 UdE am no

aci ds such as serine and aspartic acid; saccharfdes suc gl ucose,
gal act ose, ‘Eec?§ EAUALd ribose; and organic acids such as citric acid and

mal i ¢ aci d. Be5| dE&xetfhmgin‘g/mﬁtﬁa@imcbﬂthg%ﬁbﬁ‘erﬁﬁﬁ&héﬁ‘b@%mb%&@rcﬁﬁé‘
nment i oned owg&ne{ Lﬂ@ﬁﬁ&dﬁfér% ‘?’gl tEi ¢ jach &13 concen ratg%gg???l g g( becom ng

an el ectron acceptor in res Ies of
t he met hod éﬁnwﬁt@ﬁtthathan@rwmaot emembdn&mmlhw@réhﬂhuiﬁcwhumusat tractant

i ncl ude t hel(fc@!hlz@&"'lﬂg H@hﬁq@f afﬁ%l @br{cbﬁ a‘éloﬁ‘}&te?é(ﬂ ! n@‘hg%bexgﬁ'?rﬂgf ractant

such as glu cl e aci er eof

i ne and
| abel ed wi tﬁP ‘gﬂgﬁﬁf’c’rﬂ‘s&ﬁ’ét 8PP l?ﬁth’fi k%ch%;‘ap‘éqquedby@gdmg ®n under test
whi | e usi ngbactesipphbge haviretirbyudlsie d@ﬁllﬂﬁirbbﬂ'abéle‘aoﬁftﬁrﬁ flabfsthrSmb b2

t f |l t,0 be b tact th th
bhage. {2y 06 kb pBter HURL SABeincH HaltBrio ot Ciffbabtrated b dRP BB eRE ng o
capillary t@emtoman@MHﬁugdizabmmf a bacteriumin the vicinity of the
[HEr o o' e’ Spoye et M ELAREAREE s ISR uREEL 0,

thereto the above- rrentlone

ment i oned pRHgactantiaq gigen 364‘5&%141@@@%1&*&9@@@@&1 gelf@imdam}na]éadnagl

thereto an atshimsle Atfuid Hs'ia theGAPSALiGH ¥ claim 5, andthe! Wi ?,x‘x fpclaim7 of
t he instant gllctlonhl%%&haracterl [1sing tln%asarrple

liquid thick B@l’élégpb‘i‘@dm
bact er i ophaBsamplémef theettrmitent irtude ahﬁn@eéldsfﬁmehqé serine and aspartic

14 h h t bact
host, to ths i pibclafidee Sl al QLS Llidfions, dhalldhs Bad FibdRe i, pogts
into cont ackeigp sHch g %@ta%é@mdrmahpamdd c&sedes the abovesmentionedh havi ng

the dye- | abglpRdiditehficdd therdcabl wmgaﬁroaaa o, EehmBie) £, ELE b et e

thereinto with nmeans. propria
used T or di P P eBRblerd hesigaE A qlAdion atcepior ingSRRTRSORGCRaIR
i nvention, the vi S\M@ﬁcekame thia rﬂeﬁﬁd%ﬂc@ﬁoéﬂtt&dihg’ a bacterium by
making the most of an attractant include the following methods: (1) A
liquid containing both an attractant such as glucose or serine and a phage
having the nucleic acid thereof labeled with a fluorochrome or the like is fed
* to a solution under test while using a capillary, whereby the bacterium is
concentrated in the vicinity of the tip of the capillary to be brought into
contact with the phage. (2) An attractant is fed to a solution under test
while using a capillary to confirm concentration of a bacterium in the vicinity
of the tip of the capillary with a microscope or the like, followed by feeding
thereto the above-mentioned phage using another capillary. (8) The above-
mentioned phage is fed to a solution under test, followed by feeding thereto
an attractant using a capillary.
The invention of claim 7 of the instant application is characterized
by comprising diluting a sample liquid thickly containing a bacterium to be
detected, feeding a bacteriophage having the nucleic acid thereof labeled
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contai ning a bacterium can be detected, or neasured. Thus, this can be
utilized for control of bacterial activity, for exanple, in a food
production process or the like wherein a useful bacteriumis used.

The invention of claim8 of the instant application is characterized by
conprising bringing a bacteriophage having the nucleic acid thereof |abeled
with a dye or a fluorochrome with a host bacteriumin a sanple liquid, and

 uor ochr obect 405 S5 g8t S NI A bdteBlin B dofihoihe diued,

cyt ophot ongample nuwe@r@t@mnmhethaetemmm bring it mtgucnmzenctuv@th the hoeter i zed
by conpri shicesivoh %&l d&@@ﬁng%a%afc&rn&ﬁ%\aﬂg%ﬁé uyaaasém ﬁu&aﬁfabﬁ)h' iquid

throughafl w ce sol ytio diiti.o age

ol ut T on cOIEPHEhEOROIAbE A DIIEHG BORLSRIeR ABCTRIBIO T h,eh GPHARH BRnPabel cd
with a dyeAay appirbpriate dilosnt feedturet amypb@ubemwmuﬂxmbn ofith@barpde f | ow

cel |, and Q‘-‘P tical detection nmeans for detecting the bacterium having the
dye- | abele icleic acid or fluorochrone-I|abeled nucleic acid injected

t hereinto in t heAt¢ardingtad this inventionThke vidble ealliconst gnalsbhutidrethiokdyer of

fl uorescen i | bt passi ng
t hr ough th@éo‘;rii{dlhcéeﬁactér:;m c%x?gef[agd tgﬁ%%eh&ﬁéd %é\gtﬁ% dé!-[’Ltllﬂprrle

det ection ¥ é&/f B‘§ gﬁﬁteé' tqqﬁmwsﬁrgpexamp le, in pHgodi predustion net hod of
t he i nvent protesd oftled kO wiferbifien uBsfud bhctRmGatised. i s characterized in any
one of the fore rrethod ven ding.a. nutrient sourc
necessary for ad g’? ?(@Qﬁ&%sqqﬂ% rﬁ'b%t’foﬁlis airﬁ?tfef%eﬁstage of
i nfection wcembwmg)bnngmgmbwﬂehm@hlageﬂmvm@ﬁmgaucbm 4di@ thereof bact er i um
The det ect pibeilq fifh a%s@}a%&pcﬂéﬁﬁm%ﬁom?a&&ﬁmﬁda SmGRIPT 1 S1Ng 2

nutrient squrce ans for rirent source, necesSsary for

adsor pt i onligwisl, and datecting the haceteriven arirmg]thq ¢-label %‘ﬂ@g‘ée&a@ﬁf%ct i on of
a host baCﬂﬁéi’déﬁl'M&hEtlaBeIQ&Gitﬁ:ﬂélé BBRjedted $he ARt S atdonding: to flow The

foregm ng o ﬁt Lon,| Sbgﬂﬂgggfe@golyﬁy%grqflggéﬁégn aI t g‘?‘%ﬁ%mdy exi st

i n a sanpl by bmmprﬂmg a liguéd fesmelaas é‘oﬂcﬁﬂtumMuS‘lﬁ Iphssmgea sampld liquédt ,

novever . \GuELARG o LT BrBB ALK LERH o BnB 90l pAdLES bfle Wi C. [

turn may mes 1 nvolve on o acterium
This can b@lgtmmmat@mx@amgtqmlmgedm éble nmm a¢jdghereof labeledne

i nvention @ithC4 ay&bi 4 ﬂliorb&lﬁ‘ohib%oat‘ﬂe saa(iﬁblé?ﬁ&hﬁ‘m ﬁ'oﬁB af éd ﬁédv %el, afd each
Gifferent ®A E:%efr Beatind Tt 8 dobectinithebactarbch i Hhaiestcy O ©!
respectiv 61abe1ed nucleic acid or fluorochrome-labeled nucleic acid mjected thereinto in

the flow cell.

These inventions enable the number of fluorescent particles, i.e., the
cell count, in a flowing solution passing through the flow cell to be detected,
whereby the on-line real-time detection thereof can be done continuously.

The detection method of the invention of claim 9 of the instant
application is characterized in any one of the foregoing method inventions by
feeding a nutrient source, necesesary for adsorption and nucleic acid injection
in the initial stage of infection of a host bacterium with a bacteriophage, to
the host bacterium. The detector of the invention of claim 23 is
characterized by comprising a nutrient source feed means for feeding a

nutrient source, necessary for adsorption and nucleic acid injection in the
initial stage of infection of a host bacterium with a bacteriophage, to a
sample liquid.

The foregoing operation is unnecessary when nutrient salte and the
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fluorochrones differing in excitation wavel ength or fluorescence

wavel ength, and adding themto a sanple liquid containing a plurality of
bacteria on which these different kinds of phages are respectively adsorbed
specifically, whereby that plurality of bacteria are detected

si mul t aneousl y. According to the nethod of this invention, phages
having the respective nucleic acids thereof |abeled with respective

fl h ; | engt h
and havi ng res(%“ Véé’“ggée% Pt AU oI oxb B £3ERME HMIE 01
as Escheri dat es}mw herg nutrigntsaltmareinsafficignt, however, aomethbiodisna of aqui d

cont ai ni ng Hah%xh%bﬁ&b%n%&f‘ixﬁkéﬁé tWRIcR!iA tafn Wi, éddi@buﬂ@%%@&iée‘ng&

o1 ot | veRyiection of a Thage, JAn LESA Tl oo, 5% S PiABted By beat

col l ective i on

i s charact aboze-@ex;tuﬁfeﬂlmbntlbﬁsf or egoi ng i nventions by | abel i ng the

W eorosnrons, sod et hiin ool IARCRAM WG e 2
bacteria oinghckpf theefgeegmmg mmmqnsrb:scmp beling th@ pecltem/am@s afisor bed
speci fi cal liyfferphekehds @)ﬂﬂléﬂéﬁrﬁ%mﬁ%h p&& hcugaf s dif¥8kingiH Tite c?i%te“ a

are detect to the met 5 |nvent|on

exanpl e, mﬁépﬁﬁ?}“emeﬁa‘&%nﬁg&?ﬂ‘?‘@u% ‘@E@thg qrgi%e%:ggpﬁ WéHe]@%gﬂt in a

I } q;uh d ]gr ind dddieg shemlte fimple quc%)eoxﬂ&mﬁfgd asphﬁhﬁe_.dofbacuana obhe met hods
o) e for n v ective in dete i de |ng

pat hogeni c%%gélf g‘?"r*’% Gt v x@:ﬁpgflgy?pﬁage%%ﬁ E?ﬂpéc? a@goﬁ% ?Heﬁgg

exanpl e, pa‘tl‘mgbnﬂcatqﬂmabbaoﬁlmqtanpramdepwﬂegl simudtanieoeslyf f ood p0| soni ng,
or sitotoxism eARH Wiy gcﬁ)jlform
bacteri a, dysenter Cl ﬁt %Pﬂ’%‘?gktﬁ "F? %mﬁef%gm Vi kar| 0s,

botul i nus EegRectiyve ngc&e P@éﬁ& Tof dabeled H'??R%@(Yél “%P@IBMSI | us cereus,

3?}/&: Qﬁt I defRhd UeeXdiEAtdrE wavbithgt i oF ﬁ%ré@bﬁéeeda%mhg&hsn& haeufy

f1 uor ochr o ‘gf%wﬁﬁgfa@'ﬁﬁ adggehahilities on,bactarigsuch dor ?%P@c‘?%d usi ng phages
for which tHsehérdchiaicoli, Sabnbnells, and other batberid aregeedl{jnrlmhqmd ons are al so

SEPLL‘;?EL,G%&&&,@% oBe BRMARIA Ufeilrent PRI BUERELRERDRSCBLBAE | hon Tood
Pseudononagperatiegs ofstetecting taess b%cteaaccandmm@neoam\dta@eowbdandn al so be

ef fectivel yolisRfbelyr 2 confirmation test wherein a colony of a bacteriumis

col l ected and su ended Ln a I ution to | entJ fy. it by whether or
not it is stai nedPRREERRQE ‘ﬁ”-‘-‘g 12 of P LiorT 18 otgriged he
i nst ant appt each ofothe faregm&i@m\emmad by labeling the nuc1e1c acids of different

kinds of phages with the same dye or the same fluorochrome, and adding
them to a sample liquid containing a plurality of bacteria on which these
different kinds of phages are respectively adsorbed specifically, whereby the
total cell count of that plurality of bacteria are detected.

According to the method of this invention, for example, whether or
not a plurality of bacteria to be examined exist in a liquid or the like as the
object can be easily examined.

The methods of the foregoing inventions are effective in detecting and
identifying pathogenic bacteria particularly in a hygienic test or the like.

For example, pathogenic enterobacteria principally causative of food
poisoning, or sitotoxism, examples of which include Escherichia coli, coliform
bacteria, dysentery bacilli, cholera bacilli, salmonellae, vibrios, botulinus
bacilli, Clostridium welchii, staphylococci, and Bacillus cereus, have the
respective nucleic acids thereof labeled with the same or different dye(s) or
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I n each of the foregoing nethod inventions by conprising nmeasuring the
Intensity of fluorescence fromor the size of |light source of fluorescence
froma bacteriumhaving a fluorochrome-| abel ed nucleic acid injected

t hereinto, and conparing the nmeasured val ue thereof. with a predeterm ned

t hreshol d val ue, whereby every light source in excess of the threshold
value is regarded as the bacteriumdetected. On the other hand, the

'nSXEQTL?QnE?“%Wf e B it BEpherh Lalfbe RASLE PePARE Befenbagsgim an
i mge after qr i’é§ rﬁgam hosfst he |nten5| ty of fluorescence or the
size of light SOUThe fmgaﬁrgqﬁv@hﬁbnélax@ms’o%dplﬁ%f&{td BQC@EXM WRGEREYFNg to

an i mage processi rocedur,e ght souyrces haying at nost a
pr edet er m ngggftmgg#%pas%pg@r %ﬁpﬁgo$n9@gg%e§@ et he size
?L |t i ght hsotiubagcle%ﬁlacﬂﬂletpneuhmcomf eRséwntoménad wenngﬁaosaslfégmﬁ%deénae?hl n

at each o avi ded wi an
i mage pi ckuptﬂﬁeg)ﬁs %i&?ﬁ*“’é&%’? Fﬁo t%re(%a%gc& n“ﬁ%%{sd ggg”gﬁm%ﬁ eocesm ng
means for eWBErRn 1P %baiaf@ésumas/ cted rmdtsv@ppndd@mamhagd t hr eshol d

val ue of th@luﬂbﬁrt&h&é’nﬁfy i‘t'ByOerﬁéﬂﬁ-B‘bﬁ n@t M&estﬁixz&d filiotdsgit, SOUrce from a
pi cked-up i mage According to

d means
t hese inventions, n‘&(ﬁ'}%ﬂ ‘éthc‘i?‘ﬁ’g%g (gé" ‘61‘“?‘%”&&3!’3’&9%‘@11 igchparacterize
f1 uor ochr onia éashiaf JtheE‘MgDMgmatlhathBXenUiams(b@:rcohqumblxﬁ%tﬁh@h fIY! th ah
i Ui so rce en t he or ochr ore
Z;(?g![ sI fﬁna gﬁ‘f‘é@ %ﬁo{é’sgg&{eh%o%aéﬁggo&fm[ﬁ}h : Mree 'éﬂretsi:ﬁ’lé’? 8 &al ue
that is s nabacéﬁmmaham & Snorochyometlabgled mmielcnbﬂi ingected thereintd, msex
i ndi cative @mpdieng tH@n?éA%ﬁr@& valueAHeRe M with o eﬁi@d@tefnﬁﬁeﬁ%&ﬁ%@ r\]rg.h]e

nonexi st ence an%ycell nt of the bact éﬁégm can be conpute

pi cked-up iR £Verh1ight gopree 1 gXeess ﬂﬁ@lu&s}’sﬁ'@g@ﬂ@dmhlel ght

solurces eqlhdctémunrdemtéthr Oh ahe btlerthumsk Bhé thveditivh éfclaik a4 i@n | mage of
only

bact
emitting a apacterized in that the existence oy r{o&eé}g;%qc@ ‘?ﬂaghacat@@b’lnggflﬁa“e?‘glt i on
and al so t covat thereof ia/detientesl fromean hnage alfer Mgetpmnessmgias tothé | y

stated, i MBgg.s @pﬁu&%so&i&s'df%@%nga ht UGS ggﬂ?éq&«? @gg@ £r than

t he thresh d val'ue I1n stze | s inten nean avi ng,
for exanpl 1%3%6%@@9@@&6@ anigage mnoeess@g@pmdase ofexchadingas t he

backgr ound tht%oQb(bééQiaﬁﬁg @O MGt f Bredditbiinifia ﬂﬁésﬁaalmﬁébpmé s not
Ilmtedtot@? @Z‘gfs@ ht soh rrparlso done using, the
intensity Jf e 3 %f&ﬂ{ﬂ? r?of‘ﬁ@ s&%%ﬁ he invention of The
portabl e bataiex Riris chaeacterized it thit édvh ofttherdevivesef the foregdihgor 25 of the
Instant apRhvEMidMYis SroviddP el af GHaBy pfR T hihRY a3 a?xagﬁtmaludn tection

means and an image processing means for excluding light sources having at

most a predetermined threshold value of the intensity of fluorescence or the

size of light source from a picked-up image obtained by the image pickup

means.

According to these inventions, for example, the size of light source,
when a fluorochrome is injected into a bacterium, can be distinguished with
a significant difference from the size of light source, when the fluorochrome
exists in a phage. Thus, on the basis of the predetermined threshold value
that is smaller than the former but larger than the latter as an index
indicative of the size such as an area or a length, the existence or
nonexistence and cell count of the bacterium can be computed. When the
picked-up image is subjected to such image processing as to exclude light
sources equal to or smaller than the threshold value in size, an image of only
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detection aid containing a carbon source capable of being assimlated by a
bacterium as the object of detection, a bacteriophage reagent having the
nucleic acid thereof |labeled with a dye or a fluorochrone, and a reaction
vessel prepared for addition thereto of a sanple as the object of

measur enent . The above-nentioned bacterium detection aid and
bacteri ophage reagent may be prepared, for exanple, in respective

containers fd bhadrhiie reﬁ’ﬁibﬁﬁg a ﬂuore Ca}g%aﬁt?)%\/ AR t%%%bg?ﬁ%é{ %&rﬁ'racy

detection aid conprises at on source capable

assimi| at ed ¢tien gadiadsg Eﬁrbe?gﬁ‘kﬂ‘ée inamtomatigngdhedeteationbon source
i ncl ude car b@cldddiro@taﬂsr Staedy, dﬁlafg@%éédsﬁﬁgs“é:d&ﬁidiﬂ "HgHPORARES rSUCh as

gl ucose, disac des an cc ar | des. Addl t o e of
trypt ophan &M% %" t‘t“aﬁgﬁﬁff@f WD HLHZA dS i d'rPlﬁ%ﬂﬁf}al%F hta phage.
Accor di ng t @ouinces hawngtﬁonaxamglu; at ﬂﬂodtattb@rthic@éhq@d ®ahid M reghrdddds the
necessary, e ries,a avi ng
no faciliti %fgf,%ée?gggfggpga Sc hq‘ggrb%&%c@ghg&ggﬁﬁgp W*%@%m&*‘ntﬁf Sfied
kit may be demet hé@lltwittﬁ the pmetcﬁ&lgét@purwaandleomtamnnrmaynbe doxensings of

t hg P|Or t abl %ht@@hteq@htm\forb&%:nu@lﬁﬁgm @5&6&%}% gHtﬁam?&‘ECt r0pE0t orreL er,
an uor ophot one n.thi ase, or, detecti wor k can be
done on site, andLjﬁ"r?ep%?}Rle Dacterivm %‘é‘e%ﬂ’éké?? edpyetion o of claim

Addi t i onal | R5safthednsta gpplivationi 1B\chai'ac‘t9r1lzéd by'fcohipi‘ihdiﬂg atbhctéﬁuﬁpr egoi ng
constitutio \Y ma ot her const,it,utions
added there?%tg dryécessartgﬁq'&gg c'gig?ﬁﬁ P‘g Fﬁé?@%@@%@%ﬁl t@&t Yohs of
magnesi um bactsriwmors thecobjeeteof detectium, s bacteripphagartiesnt havingathe i n or der

to inprove t 61 :

Lo ‘ol AR f 14belkd v@h%h%@%;? R ALBFcAAGhHE 43 reagtion

Fig. 1is aVFPQﬁ}vHi'PHMOFIaIdGS@‘P%F ¢19te poa sammlamstheobiaatoft i on of

equi prent  ageeHstireghend®. Embodi ment 1 of the present invention. Fig.

2 is a flow diagr i Il ustratj.n e sche i C constltu on of ui prrent
according to Enbomovﬁ'%?nﬁlﬂgeé)g@g@ﬁ’tm? teftiopaid and a"teF‘i"Qhagel s a

fl ow di agr ameagdntsmambierm-epamcbMMeQMmEMV@mmlmt accordi ng
to Enbodi meghe hthe present invention. Fig. 4 is a diagram
illustrating t ﬁ‘gleemat i c constitution of equipment according to

Embodi ment 6 of t Haehoyermentiored bagterium detectminggidscomprisesi atgleast a
il lustrati n@aﬂhﬂl SWiirbé Bapalile AP Bl AImiRIted Y theWhctdifuiet oshinb
Embodi ment ptles ofsucha E:axlbrcl)\r/lesrcl)gxlrgenmclude carbohydrates such as saccharides
mcludmg monosaccharides such as glucose, disaccharides and trisaccharides.
Addition may also be made of tryptophan or the like capable of improving
the adsorbability of a phage. According to this invention, since no labor for
preparing materials is necessary, efficient work can be done in laboratories
and the like having no facilities necessary for such detection. Further, the
above-mentioned kit may be combined with a portable optical detection
means. Examples of the portable optical means include miniature
microscope, spectrophotometer, and fluorophotometer.

In this case, outdoor detection work can be done on site, and the work
can also be done efficiently.

Additionally stated, the present invention is not limited to the
foregoing constitutions of methods and devices, and may have other
constitutions added thereto if necessary. For example, tryptophan, bivalent
cations of magnesium, calcium or the like, or the like may be added as an aid
in order to improve the adsorbability of the phage on the bacterium.

-
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Fig. 6 is a diagramillustrating a state when the nmethod of Enbodi ment 8 of
the present invention is applied. Fig. 7 is a diagramillustrating
a state resulting fromapplication of the nmethod of Enbodi nent 7 of the
present invention. Fig. 8 is a diagramillustrating the outline of
constitution when the nethod of Enbodinment 9 of the present invention is
appl i ed. Fig. 9 (a) is a mcroscopi c photograph show ng a state of

fje'lt)elct idon_ 01;1 fl ]lclf)reSCGEBRIEFJD?SfGMONOF“Q‘HE'DMH%GSaU d the_reof

abeled with a chr ro ferjum talne ection

thereinto of that F‘?é\gelﬁégdﬂe‘ﬁcﬁ 31& g'fi%lﬂget %109 ob) is a

di agr am af t equipmeens ancordingito F&mbodinadntni ofﬂm:pme@n@hﬁt@ﬂ{o@ph

L0 e TR 28 iy A5 BG4, o,
punps, eguipment) apgording to Egabodi m@ﬁrﬁopgthe present gavention,. j ght source for

excitation of fl UP1g0 @ik @ftow @agram m&%aﬁh@ﬂ'ﬁ &Hgﬁa@fc;%déﬁtlfggon of ' mage

processi ng I de. g

gl ass hol deéj& B%FnQ‘ aoc?réiﬁgg%? sz‘?ﬁ@&ﬁ!’éﬁ%@fﬁhecﬁ’%% invention. st age of
fl uorescence m crBigcdpe a di@gram. illuapiatigy the &Qﬂemauc emstitaftidnofer t ed

M Croscope. o dn%/gaﬁ I NVENTI ON The
f or egoi ng de%ulgtufeélr? acc?rho a?ﬁ@"%ﬁs%&' B Bf’l’if HB’ePﬁ‘é’HT will now be
descri bed. Enbodi¥gnb ig a diagrampjlystrating theswiémof@pfemmus foyrapplyingan

exanpl e of mtmamoﬁmﬁlb@aﬁhquo@tﬁsb?e&zﬁ inbOgugk.esent invention. In
this figure,

19
denotes a Iine {Tﬁé\gueﬁs%fﬁlﬁﬁ"a&négﬁﬂ#@qﬂ%ﬁﬁ?f@h‘@h%ﬁ% mathpdpérred to as an
"wat er sarrpEnib)odimentWtheprémitfihvéﬁmmsléé)pbﬁe&e'[ ected is passed, and

Coi Lod reactor 2 g ¥ i AMREER iBRane bt RRNleEhe B Apeheation sha
phage sol ut%rmaﬁwdoﬁlﬁmlbedupeahaOfbhmpresemtﬁhumt@mcence detector 3 for
detecting t he baggt EVSEWh Rt ﬂg@ﬁ%m e %&@%f%?ﬁ&ﬁﬁﬁ%r?%%n%h the

connect e. COﬂCEﬁt rated

reactor 2,
culture mecfP %mm@ﬁi@%‘? gof the HF?W lm@éﬁﬁ@@l&\ﬁ pRliedi no aci ds,
sacchari des, i norKignd ca)slalat ficrdk6o (fla@ﬂowapﬁtshbmﬁgaastatw& &étef:ﬁan beedi ng

t he sol utl her ei naf ter r,ef er.r e

e's t containin
a phage hawlh FHRER nélacp% J‘a}‘ﬂ’ég ?npﬁg&%‘g %ﬂpypoglgb a&i‘ﬁh@ms or theg
li ke (dye dludrbchmoohandifom a bacteriu sizined pyiinfectionl theeeimsolef tHatt he

procedure QhpalRHSRIdIAE abitfof the phage, while Fig. 9 (b) is a diagram after image

processing of that microscopic photograph.

Explanation of Numerals
1..line, 2,6 ..reactors, 3..detector, 4 ...concentrated culture medium,
5 ... phage solution, 7..filter, 41, 51 .. pumps, 52 ...flow meter, 60 ...
sample liquid, 61 ... light source for excitation of fluorochrome, 62 ...
image pickup tube device, 63 ...image processing unit, 201 ... water
sample, 202 ...slide glass, 203 ... slide glass holder, 204 ...lens of
fluorescence microscope, 205 ... stage of fluorescence microscope, 206 ...
capillary, 207 ... lens of inverted microscope.

MODES FOR CARRYING OUT THE INVENTION

The foregoing detection methods and detectors for applying them will
now be described.
Embodiment 1

Fig. 1is a schematic flow diagram of an example of equipment for
applying a method of the present invention. In this figure, numeral 1
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bacterium using the equi pnent of this exanple. The concentrated culture
medi um 4 and the phage solution 5 are continuously added by neans of the
respective punps 41 and 51 to the water line 1 through which the water
sanple fromwhich the bacteriumis to be detected is passed. : The
wat er sanple to which the above-nentioned |iquids are added are m xed with
these two added liquids while flowing through the line 1, and enters the

col | ed T eactdunoledmiliettAGEIRivhich 4 Sffe Hinad Mﬁ&é&&@ﬁ&& ahOr 2

' [ 1t wat er
sapl e Ut he. AGLSpERY Y Hiin it alpcteniim Briorks dervriadienasped andhage
nucl ei ¢ aci dvliieh gT sephapialNénerbedl, od ﬂmtdbvstﬂmwbig gide therebf, H@é%ﬂgﬁ?eo; S

t ed iy act r| um copl n
Lhe eaator ™8 ?@*szifﬁ?t’?*’t’ﬁgﬁéﬁ dBoricing the WAGr BAGLTE Al 1 Bhage
spect r ophot @akition added thexeto,ran ﬁ’@ndyo%q;% ﬂuoraggénwdmct@n gefo: elemtmgtthér 0
det ecting ”lﬁcfér!'t%esmﬂ?e bthet BBl oh ﬁp% aﬁpgﬁ!te fth %8 %}?mh% aine
dyed, fl th ion therernto of the
Phage. nucl eiesE feLonRREtaiges BpmaLl %%&wygé%ns@@dm@mmmwe
wher ei n st al(natl'marmbemluﬁoﬁ) abahtﬁﬂﬁ{g'aﬁﬁﬁ@ lagids] 84¢cthadides %bﬁ‘ééxﬁ@'d| i ke a
Thrti ol ooCr Paled, el BRAREERERCIY £ R2RANT 51 U Rt MRS sptufbRcRertina®n 1 e
case of st atre@m@to@m ﬂcﬂ Tnhagersdluthen”) dseontéinieg egthage haviag thomudlgicst at e,
use, My be aBiipiredt IIBLRA! Rith fflol kAP BE Thi 1k @g@%nﬂpﬁ&p&ﬂw devi ce
such asaCCDcamlaC(gls used hg picture_an 1 nm d from
whi ch phot oel ectr gacyintionwilk be agads ﬂlesplélcéd‘@tﬁ@'l tmg the
/stot er nat i vebyctephohagding thé é@hﬂpm&{t&iﬁhﬁ ERginplcdn e &Q{c@hgﬁﬁ?& ngtg%%hpl ckup
o) etec

t ube devi cemr%q@ug'ea aﬁ‘&%éﬁ‘ﬁ%ﬁt% ution, ﬁcﬂa&&hwsfﬁmﬁegsbyawemo HR shown
in the figuredpeative pumps gl @amds51 fothewatdriine Qrthﬁciuglhﬁhﬁ-)hlthb_@f‘ét@r or

nonexi st encgamile mm&a& N ASLERTH Bl B0 dBledloiy gRebACt o7 UM I s

I ncor por at ed, € exl stence of non bact eri um and
the cell count thd& dvatﬁayamp leéo adhichithe above- memmneddmmdyase atlded use of

i H)uor efsCfeaﬁeﬁnﬂ}%&GVIIEH tmse%@hﬂé&,%unt Guit Fhile oY ow er m t\g]éielsal égﬁng
- reasuri ngetREs M IBL adet? maiofminen h AT &, ee e ptimoleovepmmestin: |
i ne wat er fmr\a)imendmrgamsndwabtmn OWhérﬁﬂiqurlﬁc& bﬁd:ﬁe?llué?vbﬁfsts ﬁ?ﬂ% age,
?Lh?ﬁé?gs“’a*%ev. oy GuunBld, 6 phlge Bhadid &A@ fit PREEE ol iR HIeH Whe number
of fl uor escBhagpanel 1g:| @gd fegs phgge beeléd writhcthd dye or the fluorochrome
is injected into cells of the bacterium.
The bacterium coming out of the reactor 2 is sent to a detector 3 such
as a microscope or spectrophotometer for detecting the dye, or a fluorescence
detector for detecting the fluorescence to detect there the specific bacterium
stained, or dyed, with the fluorochrome or the like by injection thereinto of
the phage nucleic acid. The mode of the detector 3 may be either of a type
wherein stained particles in a stationary sample liquid are detected like a
microscope or a fluorescence microscope, or of a type wherein stained
particles flowing through a flow cell are detected. In either case of the case
of stationary detection and the case of detection in a flowing state, use may
be made of a detector of a type wherein an image pickup tube device such as
a CCD camera is used to picture an image of a sample liquid from which
photoelectrically transferred signals are obtained.
Alternatively, photoelectrically transferred signals obtained through
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Thi s device can neasure and indicate the nunber of particles for every
class of intensity of fluorescence. Enbodi nent 2 Fig. 2is a flow
diagramillustrating the schematic constitution of another exanple of

equi pnment according to the present invention. The feature of this exanple
I's such that substantially the sane constitution as in Enbodinent 1 is
adopt ed except that a reactor 6 having a built-in filter 7 is

charact er | SHegedtiol with¢he @aat 3tin the f6ih of dn'iBfikYickud Pt Bl iy - 1

Accordi ngly, the gther, constituents are the sn.t foregoi ng
Enbodi nent  2¢ %‘ﬂ&?aén@aﬁﬁowﬁ Yk such ag duotrhawmip thefigane)
nuln”far zgl S w;jwheeeiplaipmgransfot tegaﬁﬂﬁadbﬁpfmhe@:dédtéﬂme or nonexisténdesgr i ption
Wi e m . QLe . tecti acteriumusing this

equi prent . @Hgﬁgﬁ%ﬁ‘éﬁﬁﬁ% Tégt@%no%é? 2’%"‘2“&?‘%’8&8 %Wﬁ?ﬁtﬁg’a‘ﬁ erah¥ge

sol ution 5 Hheexsienca osmongxigteie of thenbanteriimt dred thesgadbeduns thewrgof nddy and
51 to the waédetdckdle 1 t hrough which the water sanple fromwhich a

bacteriumis to be.detected is passed The wat er sanple to which
t he concentr at ed 568{%91@1&98@ ?ﬁ?ﬂu%ﬁw‘éf‘% Huorgssgacesdeteetos of such a tipeleg a whil e

bei ng m xedﬂmivtdsrtdxh_etdr\/\@ithgdﬁdh 5171@ hhﬁﬁbeéi (ﬂ'_l_ﬂlﬁﬁ'h_ é?éép@%%?iéleb hﬁc&ﬁﬁ&grwa bui | t

in the reac .0t at err]lC. This filter to,be used is one

capabl e of %%tcgp{%g%g%ag FUIR R "gqa\sb%ﬁl}%mtsﬁ’émﬂﬁﬁ eapaple of continyous

t her eacr ossdetgation of phetell etint indindwatemigerobrfed ihgroduetim or tr@afmpatiocf mto

0.45 [err] @y abé¥, Bewefsge, drinking WiEEr, W o AFE oF BAPfikd "oTROLGSL Of

detection egxjsts iIn the waler ) . 21

sanpl e, the%%ﬂﬁbﬁﬁ?h eatas @ davicesfor mserin flaw cytapbotometry fort he dye or

the fl uorocheaswring¥he nuilercTThibsdtint HartidldegtaingHrBub RS A LENT um in

the line 1 gf.0n the filter 7 ha Ln&ﬁt&g bacterlun}é\ga&tltire t hereon to

i nj ect the %ﬁew&aﬁg‘?@%fn ate,the nymber ohpatticles foreyerwelage a

gi ven anoumf intendity offlworeseemebe, the filter is detached, and is then

ei t her Obse%ﬁl%gd%wtﬁ m croscope or a fluorescence m croscope or exan ned
etector cap

Wi th other apabl e of neasuring the intensity of fluorescence,
whereby the exi stliged inp fnyn diagrasndéustrating thiewchematiceohstitutioh ofie | i ke

can be judggsbther exampl&@fjéddiﬁﬁfgﬂt?écééﬁﬁﬁg ]@% gge Fpés%n‘fgﬁ&?g%fon thyg,d | ow rate

control on TR i amBle Bduchihat snbetARt 1 e consEt e 86ed by
the flow mindEmbadiniénis1is adopteecancept tiagt & readtos llRRin®a bedhdnifilessT ar e
ot o 011 3 Shal SRR 1350 RE0RRE 8 BB PR b D o
const ant, aAecordingly, ﬁ%@ pther constituents are the same as in the foregoing
Embodiment 1, and the same constituents are hence denoted by the same
numerals with explanations thereof dispensed with.
A description will be made of the procedure of detecting a bacterium
using this equipment. The aforementioned concentrated culture medium 4
and phage solution 5 are continuously added by means of the respective
pumps 41 and 51 to the water line 1 through which the water sample from
which a bacterium is to be detected is passed.
The water sample to which the concentrated culture medium 4 and
the phage solution 5 are added, while being mixed with the two added
liquids, is passed across the filter 7 built in the reactor 6 maintained at
37 . Thie filter 7 to be used is one capable of capturing bacteria but
allowing the phage to be passed thereacross, and is preferably in the range of,
for example, 0.2 1« m to 0.456 £ m in pore size.

When the bacterium as the object of detection exists in the water
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of increasing or decreasing the feed rate in accordance with a change in
the excitability and fluorescence-emtting capability of the fluorochrone
with time. Enbodi nent 3 Fig. 3is aflowdiagramillustrating the
schematic constitution of still another exanple of equi pnent according to
the present invention. This exanple is different fromthe foregoing

Enbodi ment 2 in that the phage solution is not added to the line 1, but is

bstanti al Ig onst it uents.
Thus, a{‘h'eas%if{q}@f@st i Wb ¢ REFle gl ShEROPEeR] wai Bhe A5 1id
expl anat i on RUREPRFPmME; comessindo gpatact with andrm@ewﬁ:hphebactﬂriumbathade of

the pr ocedumeqf oxd@ﬁ £hé filker Whg'thélﬁhéﬁérﬁﬁnfcﬁg a%epﬁﬂfm jéRaeNt r at ed

culture rredl added er. line ou a water sanple
from whi ch 8 Ejﬁ@ H.?qge %‘)éotg‘ B SAI%%E &Haggpm,??@"wné Ptt he
wat er sarrpl the water samipde thietfilter ikidetached, andds Itb@l@"eftheﬁob@érﬂbdlvﬂeld aat 37
[err]C. f e teriumcap on.the filter
775 pr opagis &dﬂ%{;ﬂ?ﬁgg Aotk s B B et o e ARG oheon T
filter 7 iscapable gn%qw;mg the in@psety)bf finextscence wéxdrebynﬁle dxisteece ar

capt ured onnbh@mfstédceroﬂhégld%%bénhﬂwn&% REE 3a dpbgge sol ution (for

| b t h Af t the |
of " predet ot i noq. dAgionaly ehated, in thibiexaBbla e ha rafe fhraugh the feed ¢
22 pumpch big ometrolled bg feed forafard yontrabét feedback dortrblodefieence
22 e A O sl
The bacteri &‘h@eampr Etaq:teompmphganedrb@teﬁeeablgtmwson '
accordi ng t goddtentRk %@sﬂﬁ?t hig fm Site WHLE o‘? bt a&a?@%ﬁ%ggete%ﬂléeeﬁltaz\’lfea' n a

case where, bgecause rge

rmunt
amount  of B |%CqnytERl; H-EPW g‘g@cq;@tam; aggsingral mﬂthﬂdder to
confirm t hef iitredsdng or décﬂéﬁ@ﬁigl ﬁieefeé@ rafesinSiceofarich SviblR Gl @ang8lin the
Enbodi nent 4 Hafl | ter eh?aj%{}g bac J‘I a ggghur ed.t her eonhl n
Enbodi ment S*AERIEY, a4 flqrgscangs- &ap vAroehromye, Wit
cont ai ni ng tlmel ent sources for a bacterium V\/m | e agitating or
centrifugal f gélgl quid to renove the bacteria fromthe filter 7. A

phage sol utlon I's_added to the remaining liquid after renoval of the filter
7, followed eitheFigny igissBevsingramillnstratingdbe schematicaonstitiionofope or a

f1 uor escencgtiln difo@ﬁéﬁ@:?alﬁblé?bf equipment according to the present invention. This
example is different from the foregoing Embodiment 2 in that the phage
solution is not added to the line 1, but is substantially the same as in
Embodiment 2 in respect of other constituents. Thus, the same
constituents are denoted by the same numerals with explanation thereof
dispensed with.

A description will be made of the procedure of detecting a bacterium
using this equipment. A concentrated culture medium 4 is added to the
water line 1 through which a water sample from which a bacterium is to be
detected is passed. A given amount of the water sample is filtrated with a
filter 7 in a reactor 6 maintained at 37 C. Inthe method of this example,
the bacterium captured on the filter 7 is propagated by the culture medium
added thereto.

Next, the filter 7 is detached after the lapse of predetermined time.
Bacteria captured on the filter 7 is brought into contact with a phage
solution (for example, by immersing this filter in the phage solution). After
the lapse of predetermined time, the filter is either observed with a
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measurenent of the intensity of fluorescence with other detector capable of
measuring the intensity of fluorescence. According to this exanple,
since the bacteriumis brought into contact with a phage in the liquid
phase containing the bacteria renoved fromthe filter, chances of contact
of the bacteriumw th the phage can be given at a high rate with a

si nul t aneous agi tatlon operatlon or the |Iike, whereby surer bacterium

det ect di t Enbod 5

m thi s exarnreoh f fie B4 e 14BNING e R I GrEBEncE micForone B hsrpo rment
3 descri bedcase ﬁ%ﬂm@chmmbbahehxg metplllmcbéhe\mmber of dlyefll pmntisles; em wher ei n
envi r onment gnagblwisd pqégédgﬂe‘q lemifiﬂcﬁm& %e cofl lter 7 to capture

bacteria floating,n.,air. I'n this _cas ncentrated cul ture
medi um 4 and the f@'@d’ ia gaptyred faléer are propagated befpredetection 7 on

\ghl ;:h bact ](caac@rﬂixtgaw uh;a matl&td omgs @g@mwfdvm{a i8 f(ﬁhé&%f&‘é@ﬁ@éﬁ?@'iﬁ Qrba%fe
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filter and efd@semmatligydimust ethereide v used he thél abjecs i otderrtolcoiifirinn

Enbodi ment  ghe Eﬁgﬁé}ic@‘?ﬂtno@lemsterrce thRk&inOfaAR Hachighown 1n Fig. 4 93

Il lustrates a@?{ﬁe e a sa
liquid is cEl usmgafllter i mpervi ous to bacteria. Mor e
specifically, a pThddilsn haﬁingwﬂéné)fcaﬁt&%ﬂmﬂrédrﬂﬂi Em]b%&xh@nt ge

bj ected t th t bact
oxi sts ¢ ner SR B e 4 Above RoR Bersiin Rdictid epytelatleitmiatis o
V-efsel 101$0tands£orcmhm’cemnniv@ahe igtmngmmpnaﬁﬁrgdhaiﬂgth&mhd%edd 100 in
ni trogen, ui i
t he p?essu(r)%ex%llgges 4‘4 %ﬁ% ﬁ'@ﬁgr}\lgfdl ﬂ ﬁe{% ﬁ%éﬁlglg liggﬁ?‘fﬁ #}ge by little
through a cegsnaining ligynd after semeoval ¢ ﬁ@eﬁbﬁegs followedseitheriloBobaereation wat er
is then fi |Wﬁﬂﬁ£dh€€cﬁé&9§u@1a§%%ﬁ{‘ddcb oiQ”ﬂﬁ&eB&%o@%fcrééc oPbgSsure

vessel 103 to are con ent,r at 05 contain ter contentr at ed
therein. THE® Pg meny Of"'r}} %@eeﬁ%gonfsv@%@rwgthrﬁgher Mﬁ@rm@ab&%n um
S con;:en: rmi;egsluruii5 f gthhagﬁarmmﬂymﬂﬂm)rescemdded to th| 3 Pact e(rjl um cont ?l ni ng
concentrate mﬂl eri.um n .det ect e or
exanple, a mcrosco t%q:h%] ’%) Lér?&% nfl rl(’)ﬂsocw1 %ﬁ g‘i st at ed,
in Fig. 4, eomyaetawit: phgg@nsthet qudmhmaacdm:ammgd:hadpabtmu&wmowds ed gas

to the presmbmPtheasnes, ok samonw&mhéb%@éﬁﬁ‘&ewﬁh%%rﬁﬂa% caflge ' quid

assed through the rofll 104
P gen at a hlgﬁ rate th a smultaneous agitation operation or the like,

whereby surer bacterium detection is possible as against that in
Embodiment 3.
Embodiment 5

In this example, there is shown a case where the water line 1 in
Embodiment 8 described using Fig. 3 above is replaced with a gas flow
system wherein environmental air is suctioned and passed to allow the filter
7 to capture bacteria floating in air. In this case, however, the concentrated
culture medium 4 and the feed pump 41 are dispensed with.

The filter 7 on which bacteria floating in air are captured can serve
for detection of a bacterium floating in air either by direct contact of the
filter with the phage solution like in Embodiment 3 or by removal of the
bacteria from the filter and subsequent contact thereof with the phage
solution like in Embodiment 4.

Embodiment 6
This example as shown in Fig. 4 illustrates a case where a sample
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According to this exanple, a phage solution can be added to a sanple liquid
wherein a bacteriumis concentrated by nenbrane filtration, whereby chances
of contact of the bacteriumw th the phage, which is a matter of inportance
in the present invention, can be realized with a high probability.

Enbodi nent 7 This exanple as shown in Fig. 5 illustrates a case
where a bacteriumis concentrated in a water sanple while using an

attractant t e nsktivi of detection. . In this
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Embodiment 7
This example as shown in Fig. 5 illustrates a case where a bacterium
is concentrated in a water sample while using an attractant to enhance the
sensitivity of detection.
In this example, a dropwise water sample having nutrient salts

added thereto is attached to the lower surface of a slide glass 202 (see Fig. 5

(b)), which is then set on a slide glass holder 203, which is then placed on the

stage 205 of, for example, a microscope. When a bacterium is detected

through the lens 204 of the microscope, a solution containing an attractant

such as serine, aspartic acid, glucose or galactose, and a phage are fed to the

site of the focus of the lens via the tip of a capillary 206 extending along the

slide glass 203 from one side thereof. Additionally stated, a surface of the

slide glass to which the water sample is attached may desirably be

coarsened to enable the amount of the attached water sample to be

increased.
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capillary 206 as shown in Fig. 7 (a) in this exanple, the phage solution
may alternatively be fed after mcroscopic confirmation of convergence of
the bacterium by feeding thereto the attractant while using two capillaries
as shown in Fig. 7 (b). Enbodinment 8 Fig. 6 illustrates a case where
an attractant and a phage solution are fed by neans of a capillary 206 to a
wat er sanple 201 attached to the upper surface of a slide glass 202 while
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Embodiment 8
Fig. 6 illustrates a case where an attractant and a phage solution
are fed by means of a capillary 206 to a water sample 201 attached to the
upper surface of a slide glass 202 while using an inverted microscope.
Numeral 207 refers to the lens of the inverted microscope.
Since this case is a method wherein the water sample is attached to
the upper surface of the slide glass 202, it is advantageous in that a
comparatively large amount of the water sample can be attached thereto.
Embodiment 9
This example illustrates a case where the water sample (sample
liquid) passed through the line 1, for example, as shown in Fig. 1to 3is a
water sample prepared by diluting a solution thickly containing a bacterium
at a predetermined dilution ratio in the range of a few tens to several
thousands, so that substantially the same procedure of bacterium detection
as in the foregoing Embodiments can be adopted.
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carried out according to a procedure differing in |abeling substance and/ or
detecti on nmethod, sone exanples of which will be nentioned bel ow.

(1) An image picked up with a CCD canera or the like is resolved in the x
and y directions at a predeterm ned resolution to detect pixels (inmage

el ements) with distinction of fluorescent points fromthe background while
classifying the [um nance of every pixel for the fluorescent points, for
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dye- det ect edbRhYPickeéd-GpThiHR ihfG et whicRRs Whid's@bjebGUEer M ned
threshol d val ue ,of lengih or area for detection of a bacterium (4)
| mage proce?§‘?‘fﬁ§e¥‘§ HPage BrACeRHNE FEkh A0 iageprocessing anit(generally ar t he

t hreshol d vedtmeuter) 68 tohaechdrdeally undeatenceicatiyaiitest thei icteum
dye- det ect egtzﬂﬁw%fitﬁﬁhgﬁﬁg&%ggnf n (1) to (3) above are left as detected
ncel i ng pi X 1S

points while ca [ & nost the threshol d val ue regarded as
t he background (rAdditiomally statedy themebkodof this exhnipleis hbelibrtdd)toting) .
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[oregolng | mage, 05kl bl LAKaRE B GRLLLES A b
EXAVPLES Reimethenx andl yidinegtionslat a predetermined resolution to detect pixels
(image elements) with distinction of fluorescent points from the background
while classifying the luminance of every pixel for the fluorescent points, for
example, according to gradations of 0 to 255 for general use in the gradation
analysis method to compare it with a predetermined threshold value of
luminance, whereby light sources in excess of the threshold value are
recognized as a bacterium. In this case, continuous light source pixels in
excess of the threshold value are each judged as a single bacterial cell.
(2) Animage picked up with a CCD camera or the like is resolved
in the x and y directions at a predetermined resolution to detect pixels
(image elements) with distinction of fluorescent points from the background
while computing the continuous length in x or y direction or area of every
pixel detected as a fluorescent point to compare the computation with a
predetermined threshold value of length or area for detection of a bacterium.
(3) A spectral image of a given hue picked up with a CCD camera or
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In order to confirmthat the intensity of fluorescence is increased in a
state of a phage nucleic acid being diffused after burst from phage
particles as against a state of the phage nucleic acid being packed in the
phage particles while using an Escherichia coli-specific phage T4 having
the nucleic acid thereof |abeled with a fluorochrone and prepared in the
foll ow ng Phage Preparation Exanple (1-1), the followng tests were carried
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suspended i eompatergrancimagepresessiag téchriology. It is seen fromthe
foregoing that, in the Escherichia cgkisxpfpfipke suspended in physiol ogi cal

saline, the_phage .nucl eic _acid was not 1 njected into Escherichia coli
Paiablix

despite adsBeioreR appledage on Escherichia coli because of
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i n Ref er entambhgginstnal state of the phage nucleic acid being packed in the phage
particles while using an Escherichia coli-specific phage T4 having the nucleic
acid thereof labeled with a fluorochrome and prepared in the following Phage
Preparation Example (1-1), the following tests were carried out.
Specifically, the intensity of fluorescence was measured for each of
Sample I which was a phage solution having a concentration of 3x108/ml (a
solution of a phage having the fluorochrome-labeled nucleic acid) and
Sample II which was a solution of phage particles destroyed by treating
them with a surfactant and an alkali.
As a result, the fluorescence intensity of the solution of Sample I was
24.4, whereas the fluorescence intensity of the solution of Sample II was 52.8.
Thus, it is understandable that a fluorochrome-labeled phage nucleic acid is
increased at least twofold in fluorescence intensity through diffusion thereof.
Referential Example 2
Escherichia coli was suspended in each of physiological saline and a
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On the other hand, in the Escherichia coli sanple suspended in the nutrient

nmedi um adsorption of phage - injection of phage nucleic acid into
Escherichia coli (burst-diffusion) occurred, whereby a renarkable increase
in fluorescence intensity was recogni zed. By contrast, it is seen

that, in the Pseudononas sanple suspended in the nutrient nedium no
significant increase in fluorescence intensity was recogni zed because
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SHQEL? |eg I) n? Ot r grrg\,@%tet}bga qther ﬂand, in'the Escherichia coli sax%ple sv.(xspended mr&e

nutrient medium, adsorption of phage - injection of phage nucleic acid into
Escherichia coli (burst-diffusion) occurred, whereby a remarkable increase in
fluorescence intensity was recognized.

By contrast, it is seen that, in the Pseudomonas sample suspended
in the nutrient medium, no significant increase in fluorescence intensity was
recognized because neither adsorption of the Escherichia coli-specific phage
T4 on Pseudomonas nor burst of the phage nucleic acid occurred.

It is seen from the foregoing results that the existence or
nonexistence of a bacterium specific for a phage can be simply and surely
judged by bringing the bacterium-specific phage having the fluorochrome-
labeled nucleic acid into contact with the bacterium having a metabolic
activity in the presence of a given nutrient source, and subsequently
measuring the intensity of fluorescence.

It is also seen that a given bacterium can be quantitatively
determined using a calibration curve or the like with preliminary
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resi due. Sodium chl ori de was added and di ssol ved to provide a concentration
of 1 M and pol yethyl ene glycol was further added and di ssol ved to provide
a concentration of 10 % The resulting m xture was allowed to stand at 4
[err]C for one night, after which the resulting agglutination product was
recovered by centrifugalization (15,000 rpm 20 mnutes). This precipitate
was suspended in a small anount of a 20 mMtris hydrochloride buffer
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dissolved to provide a concentration of 10 %. The resulting mixture was

allowed to stand at 4 C for one night, after which the resulting

agglutination product was recovered by centrifugalization (15,000 rpm, 20

minutes). This precipitate was suspended in a small amount of a 20 mM

tris hydrochloride buffer containing 5 mM of magnesium sulfate. The

resulting suspension was admixed with the same amount of chloroform,

vigorously stirred for 30 seconds, and then centrifugalized to be separated

into a chloroform layer and a water layer. The water layer containing the

phage was collected and centrifugalized at 30,000 rpm for 30 minutes to

recover the phage. The resulting precipitate was suspended in a small

amount of a 5 mM magnegium sulfate/20 mM tris hydrochloride buffer.

This suspension was placed on a discontinuous density gradient with
cesium chloride densities of 57 %, 46 % and 33 %, and centrifugalized with a

-
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preparation of fluorochrone-I|abel ed phage. It was confirned fromthis
result that extinct Escherichia coli (dead Escherichia coli) was not
stained fluorescent, and that a phage DNA was injected only into viable
cells. It was confirnmed fromthe foregoing results that only cells
of Escherichia coli having a biological activity could be specifically
detected using an Escherichia coli-specific phage having the
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P pear eq. wronoteBR 6t & ulkeehl nabG R R B haricid polibontiihfol &iion. °°
Escheri chi shadng the phage addedtherto whichtimmgewge pialiadi uy withesh t her ei nt o
ith the aigh; ' L
For det ect i SRupteleRREAEEISBARIBH2-RET, (madliLt By G1hBLE Bpticlf collson
Escheri chi a4k whilgiEie. &) ehewaithe resitsy gropracesring dex¢anselingbel i eved
to be that fllisresédrftisdihts 6f af inést A5eA6Rr IR ChRWHOIE vAIuE By é?fnéﬂgéiﬁ%t i on

R e e e Tl o
exi sting in the fBragentrabt)wglsofibtheritmctértal stwaimsn even ifadmixedesiththei | y
spparon._ R SuBabing B850 PRI ORC LBEORLA SO BRI BT,
as wel | as 179t sfained Buorescent: dt would be confirmpbleyframdilier foregoing thatween t he
st at es of tﬂé@ogrﬁﬁoﬁqg%sh@t W &l h{i?é gNgeidtn fl uorescence intensity
therebetween can 83 tﬁg %ﬂletr'}?#z? nlo fluorescence was recognized when Escherichia
coli was sterilized with chlorine and then admixed with the above-mentioned
preparation of fluorochrome-labeled phage. It was confirmed from this
result that extinct Escherichia coli (dead Escherichia coli) was not stained
fluorescent, and that a phage DNA was injected only into viable cells.

It was confirmed from the foregoing results that only cells of
Escherichia coli having a biological activity could be specifically detected
using an Escherichia coli-specific phage having the fluorochrome-labeled
nucleic acid according to the method of the present invention.

(2) Example 2. Measurement of Cell Count of Escherichia coli with Flow
Cytometer

The fluorochrome-labeled Phage T4 obtained in Example 1 (1-1),
diluted with a solution of 20 mM tris hydrochloride (Tris-HCl) and 5 mM
MgSO4 having a pH of 7.5 to provide a concentration of 102 particles/ml, was
measured with a flow cytometer (BRYTE HS manufactured by Biorad
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depends on the kind of optical detector to be used. Further, in
order to confirmthe foregoing fluorescence-based detection of Escherichia
coli with the aid of a phage DNA, Escherichia coli was given a fluorescence
directly by a fluorochronme w thout using a phage to neasure the intensity
thereof. Additionally stated, for directly staining Escherichia col
fluorescent, 1 [err] g/m of DAPI was added to cultivated Escherichia coli

to stain th€ompany) using floincdyitaphstometry, but fliérescdrt Plrticldalibaietidriddy | y t he

same nunber {;e ticles showing the sane intensity of fluorescence as that

of fluorescence given with the aid of the phage was detected. As
descri bed above, QmﬁmtamnthetemmeamreMeﬂﬁwﬂ;hd:hee;boeedet ection as
in the ConV%fEdt?d}?édﬂ&Rl 6&!%&%1%&&413@ Ctlﬁg seme |

31 rectly '&}ﬂ oro rome 1s possibl e acco

met hod of tﬁ%néﬁ‘ rﬁmﬂtx t; %%qméhe bosf; of thg I&laﬁ&dY@radﬁﬂﬁd to

f1 uor gscent thé phagd eo%atiﬁm&mwﬁﬁg ehélﬁﬁﬁ{e%@ﬁbbﬁ of PRagd ﬁéﬁmleé fl%{&ﬂfr' on can
prOVI e an a a L ct sen specl f acteri um can
be specifi cgl%%lé:?gfﬁgﬁt f}ﬁ?‘“ff%e g %gﬁlqﬁ“oﬁ%?"ﬁ 838? B? EEEEPNSt ai nj ng
a bacteriumwith & lrslappwehtfmmthm:aesaﬂgs oftthetwantest@df meadatenentiabi ity

S 0o P A AR e Bl i

Det ecti on of Es erl.c erio
Exanpl e, t hBRE: g bighin rQ?G?nQee@ﬂ?%n% é}al'élﬁleﬁcﬁpp@ﬂred@ﬂm eria

. sol ated f r@gg@mg\rigmmwa§amé&ammtwé%ﬂgé$?gnﬁme%éﬁméeg% ggmg@ﬁage
desoxychol aﬂ&oﬁeﬁﬁ?‘qﬁ*’%?}é‘* Pgﬁﬁ%lb'@ém E%%}? “}_th“fh ﬁai‘iLqu%fgar pl ate,

Escheri chi abaeteriophdgbact eri a i ncl uded in coI i formbacteria formred

col oni es, whereb S ner al terla
Anong coI oni_es fgémﬁgﬂoﬁ%g&é;gg,r hj‘ sﬁﬁqui é%ﬁg}‘?é@? W%‘Fﬁ%&gﬁ é)é% 50
col oni es wethe phageepl ubtonrmhqoéﬂamm Hsekerichin coi@dded dberetowitls ther i chi a
coli or a”YaB&}e' ﬁferdao%at&rwwms b@mvea%mb@%a%hge RABRG of ng&gﬁbé' on of

Bt ivity of WeBmelow dfie B detketion.ith the ahayednpatioacd dewiee dsind
specific f oextienieﬁma’fesa of thé phEg@ bﬁfﬂl@lbb &}(aﬁ;ﬁhg tlf@ﬁh%% DNA bfldué %?CIS%T gom
enzyne. (ci dorphBloly of fie BRREEDNA sRiaRE & 5 g © {8 um
met hod) . cause ismatecessarily apparent. aIAwpedmgly \mptma]smualmsaambusl y
i dentified jnformation processing means of a system capable of not only detecting a
fluorochrome-labeled DNA in a phage as well as in a bacterium but also
distinguishing a difference between the states of the two cases by a
difference in fluorescence intensity therebetween can be used though it
depends on the kind of optical detector to be used.
Further, in order to confirm the foregoing fluorescence-based
detection of Escherichia coli with the aid of a phage DNA, Escherichia coli
was given a fluorescence directly by a fluorochrome without using a phage to
measure the intensity thereof, Additionally stated, for directly staining
Escherichia coli fluorescent, 1 1 g/ml of DAPI was added to cultivated
Escherichia coli to stain the DNA of Escherichia coli.
As a result, substantially the same number of particles showing the
same intensity of fluorescence as that of fluorescence given with the aid of
the phage was detected.
As described above, substantially the same level of fluorescence
detection as in the conventional method wherein Escherichia coli is labeled

31



according to Code in Biotest No. 1 (Ei ken Chem cal Co.,
are shown in Table 1 below. Table 1 shows the results of . .
Escherichia coli and bacteria believed to be those included in coliform

bacteri a.

Ltd.).
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Tabl e 1: Tests on Bacteria |Isolated from Sewerage

(Bacteria That Formed Red Col onies) [err]-

d ucu- Fl uorochrone- No.

The results
identification of

Bi ot est directBawitdy a fluofipheoms is possible acdo@ingdothe mbeHyd ﬁﬁkhephage Code
1 06

0241407 Yraddnt inventiop. Furthermore, staining a bacterium fluorescent with the
0651517 aid of a phage according to the present invention can provide an advantage
22 ;l; é|5 |1Z that only the strfctlyc&idsen spemﬁc é)actenum W%p/ecﬁcaﬂ)p Sined

E col i unlike accordmg to the method of dn'pctly stainipg ajlcterium with a

E. CO: i fluorochrome, whereby the quanﬁﬂat@ve determlﬁagﬂlﬁgf?of the bactenuxg can
B. coli

coli *: Shi ge|I1eare arkably improved. + 10 0251527

- 3) + mple 3. Sed&tis@7Detection of Escherichia coli with Bactenophage
+ 12 MR01537 E. coli*

13 0611517 coli~*

0001517 In thig-Example, lghere were carried out.tests on whether or KR
1241407 enterobacteria fsol#tedifrom environment can be identified with €he d of
0211517 bacterioph ,F_ col i

0241407 acteriophage T4 "¢ | - 18
0211517 Sewerage irrOaka-fu as a water sample was spread overta 19
0201517 |

0201517 desoxﬁgofa% agagﬁ e (:Fﬁ&%gChemmal Co., Ltd)). Inthis agar pl?ate

Escherichia coli and bactena included in coliform bacteria form red colonies,
whereby they can be distinguished from other general bacteria.

Among colonies formed on the agar plate coated directly with
sewerage, 50 colonies were picked up from red colonies believed to contain
Escherichia coli or any coliform bacterium, and examined with respect to
exhibition of fluorescence with the aid of bacteriophage T4 labeled with
DAPI and activity of B -glucuronidase. S -Glucuronidase is an enzyme
specific for Escherichia coli. Escherichia coli can be distinguished from
coliform bacteria on the basis of the existence or nonexistence of this enzyme
(city water test method; specific enzyme-substrate culture medium method).

Further, the bacterial species were simultaneously identified
according to Code in Biotest No. 1 (Eiken Chemical Co., Ltd.). The results
are shown in Table 1 below. Table 1 shows the results of identification of
Escherichia coli and bacteria believed to be those included in coliform
bacteria.
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21 6135535 Citrobacter -
4117377 - - 23
0101507 Ent er obacter**: Serrati a* - + 24
0241417 E. coli - + 25
0241407 Talilec b} iTests on Bacteria Isolated from Sewerager 26
0201517 E. coli *; Shi gehbtngp That Formed Red Colonies) + 27
0201517 EcytrStrgeHtE ST - cu— T ;
0201407 No. EE&% Ff Bacterial Species f‘;gi:i‘a:e 'F:ﬁled Phage
0251517 30
il TQ 118 - ag T
0201517 B—dotraabrgeH e s e — 5t
0347777 3 FETa oK : - = +325
0757777 4 0211517 E_coli - 33 +2261
E. coli*** 5 0201537 + 3% coli* 0201517 — +
E. coli*: Shigelljp_$p. 0241407 _Ecolferr] 35 — 020151¥%
E.coli* T 0211517 + 3@.col 2271535 — +
oo g T E +%1§f's%quu 2RI — ;
. Cl onigella §SPponianz.  —
£ col 10 ossisar B9 ooeibar— :
L%k 11 0251407 - o or — + -
cotl 12| T 0201537 HUF Colik 221 1997 — ¥+t
col i 13 [T 248611517 Y0557 TE. colit crtrobagter +
- + 47 14 803915 3 7 Serratia p. E COl} ™ **— +
+ 43 2107 714 1241407 Kl ebsi &l ¢di 44 2291734 +
Ent er obact er 16 021181745 2 ¥5adR7 E ctilj**
+ + pell | 0243407535 E. coli E.coli* — +
+ 47 410153 O2LISIT LG+ ¢ ohadk coll = +
L~ 20 0201517°°" 1 _ E.coli*;Shigella sp. — + L*
49 02715857] 6135535 . | = COCitrobacter — = =]
0347777 22 Rtghgga = - —
33 23 [ADO0I01S07al 1Y Fhterébdctersk; Jerpateatl, | + —I Ndijcal €%
occurrence of aph adtijve 0BA4LN on{(positiEBgoliand "-" J ndi€ated no +
occurrence of ahyzactli veOrddliti on (negatiB/edli On the pther hand. btranks
"Bact er i a| Spec ptzﬁ nl |]|Q'm 5&5(3,—, E. col1*:Sh1gel la Sp. - -+
21 0201517 E.coli*;Shigella sp. — +
28 0201407 E. coli = ¥
29 0251517 — +
30 0201517 E.coli%*;Shigella sp. — +
31 0347717 Klebsiella ox. — +
32 0757711 - -
33 2261535 E. col i¥¥¥ + <+
34 0201517 E coli¥; Shjella Sp. - +
35 0201517 E. coli% - +
36_ 2211535 E. coli¥ ¥ =
37 0201407 E. co - +
38 0201407 E. ¢col - —
39 2261537 E. coli*¥% ¥ T
40 2271535 E. co + —
4] 6105577 Citrobacter — +
42 2261537 E. coli¥k¥ + +
43 2107771 Klebsiella -~ —
44 2201735 Enterobacter + —
45 2261537 E. col 1¥*% + +
46 2271535 E. coli% + +
47 4101577 Citrobacter — +
48 0241417 E. coli — +
49 0271535 " E.coli = =
50 0347771 Klebsiella — +
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that no bacteria corresponding to Code in Biotest were found. The asteri sk
"*' after the nanes of bacterial species is used to indicate a rate of
conformty of at least 10 % for bacterial species denoted by *** a rate of
conformty of at least 1 % for one denoted by **, a rate of conformty of
at least 0.2 %for those denoted by *, and a rate of conformty of |ess
than 0.2 % for those with no such synbols. The foregoing results in

Table 1 shows thalAddifiohallp eBhteiE TBId ¥, “Poin %gg@s&e@eﬁ% OF affR{BRA US! N

any active r r] ;«9luc | dase an St nereas the rate
of ~conf or ni tgg P % ﬁé‘é‘n tHé‘Lal;r‘é?r}ﬁﬁd‘°cﬂ°°’t‘lﬂ'§n?ﬁ' aGhKerRacHAN and
Bi ot est . (negativEi sOmwhfeldthsr hhﬁ& blhﬁkﬁﬁh”@ic&fm&l@pébiw%lumﬁ\&ﬁéﬁhon i's

Convent .VOEAW Ph“a’é&?&é S Feontna g R 0Bk bk e antd | TRF myforiak

Attractant fter ther nemeswé'rb@cpme@bslmm@ s wieddto indiwate a raserpf eorformhityni ng
| tivated |

collsimy, o ﬁmds*?é’a" T0 battertl 3t E?@?@H%ﬁﬁagéﬁ#ﬁhé’?%@?ﬁﬂf of

f 1 uor ochr om?t I]Iecf’ ﬁ@%%@na?ﬁddbié prafgafcgnfornmtmeintleast Q% %far

attractant shbose dervtedbya, ahda ﬁat@Mf@f)nﬁﬁ*ﬁhf},eoial%s@Bhé’ﬁ Dra% foP thodCwithdi ng
to Enbodlme B\,?,]Z‘ %%b ter sanple was attached to the |ower surface of a

slide gl ass, I'C ‘hen set in a fluorescence mcroscope. The refined
preparation of Phde favegaing resultatinBahlerk slowathaintheamte bfigarforditynt o t he

wat or SAMP! Graél TS & Kthiebh i iECHANAG Sk BRhb N o '8 GHRLIGRIARE |

formed by heat,i ]glg a glass tube wth exten
the water sé& otgstnwhgeess ﬁb@r%@@ﬁ@@f@t@fﬁ’s\@a@M%between ﬂhﬂameébudl 0§ of

observationtmépré?gbﬁm‘béhtﬁrgan&&a&t 7 (a) shows the results in the case
where the refined t epar t|o cgﬁPha the atfractant sol n were
injected into t he T ri’(?difeﬁ?%tr’}lvﬁpfl@?l?ﬁé%t % ni xed
wi th each ohigher imthé bevel gf qﬁaﬁh);atﬁh@‘detérlnﬁnraeﬁml than thetdoaivemtienather e t he
refined pregaighgon of phage T4 and the attractant solution were injected
into the water sanple via separate capillaries. As is understandable from
these resul {9, Examplafer Conceptrationof Bagterinm by Attractdntt he capi | | ary

g Zap' Ilaries), Wh'?hﬁwefe ﬁ%‘bg?&['b' 1 %%f%%&téi“ s%%ﬁl%@h@mﬂrx%c%lsuv&t? b Cion
of 2 Bact er PECHFrI¢hIa CW\AE&IP §’§’é1‘ gel ﬂP’t“F?n!rW% rid@ieedevil).ohermefing
Wvel engt h preparatiofiof bacrivpliagei DO hatidg el ibrotReboié Labaed hﬁﬂl%ld—abe| ed
Nucl ei ¢ acid and prepared in Example 2, and an attractant solution containing 1
mM of serine as an attractant. According to Embodiment 7, the water
sample was attached to the lower surface of a slide glass, which was then set
in a fluorescence microscope. The refined preparation of Phage T4 and the
attractant solution were injected into the water sample via a capillary or
capillaries (capillary or capillaries formed by heating a glass tube with a
burner and extending it) to observe the water sample with the fluorescence
microscope.
The results of observation are shown in Fig. 7. Fig. 7 (a) shows the
results in the case where the refined preparation of Phage T4 and the
attractant solution were injected into the water sample via a single capillary
after they were mixed with each other, while Fig. 7 (b) shows the results in
the case where the refined preparation of phage T4 and the attractant
solution were injected into the water sample via separate capillaries. As is
understandable from these results, the bacterium gathered near the tip(s) of
the capillary (capillaries), whereby it was confirmed that high-sensitivity
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Aci d Escherichia coli-specific phage T4 | abeled with Acridine
Orange was prepared according to substantially the same procedure as the
procedure of phage preparation in Exanple 1 (1-1) above except that
Acridine Orange as a fluorochrone was used instead of DAPI. On the other
hand, Sal nonell a- specific phage P22 | abel ed with DAPI was prepared
according to substantially the same procedure as the procedure of phage

pr epar at i ondetectionrwae pbosgiblel) above except t hat Sal nonel | a- speci fic phage

P22 (No. 20@1R3 d
abovc(a- ment igé LEE& %erlgchlsgﬁgylaggs\gg? %fg%:ﬁ}e%q%@% W}Eﬁcrl di ne
Orange was pheledaw %fr rmg;m ng; rticles when observed

at an excitation (/my:l ema Hréﬁorf’r@t?PHéTgé/\HTabuigFl bEIS R BabblRAQNGEBR. Whil e
t he Sal nonel,l a; speci fic phage P22 | abel ed with DAPI was observed as bl ue

fl uorescent 169’th| es when observed at an excitation wavelength of 345 nm
Further, when thefischdriciaa colirspecificephepe B4 1abeléd esithhvAceidineOdangd wasach

t her,
Che excl t ot PLoPatEd ARoGK #%W&##Pﬁéﬁgl AR St 4%“?% 3#1%25&%2%8%{ Ve

f 1 uor ochr onﬁbampreenﬂra nantExgrapleeh th 1baheye except th ay AcriflirmeQeangeoas of
Escheri chi a3 (RiorodiiémewaB Rk @nstead of AP 'O£ Bhe B he}RY 93nidnelil | vat ed

Escheri chi a col n ells/m_was m th the sane
armount  of as?ﬁ?ﬂﬁ? Bﬁ? %é?ﬁ té%ﬁi’ M@GPSER%?F@F&:% ncentration of
10[err] cel éwbsﬂantmuyrﬂmasama pt'@cbﬁuh'e guitHe procedire bf phageprepuration in -~
ohage poo | EabPT, div e Sl el e ld Qe RRaeT BB IR, O- P ot | one
of 10[err] $0023)cprocrad fromeIFQ wastused as aplagenwas al |l owed to stand at 37
err]Cfor 10 m Q,Q‘(H?eto
[onf} rm Escher.i CR’?B@%btﬁé‘%xé éﬁ Eé)\'ri\%g?%gp J"%ﬁdﬁ‘?ﬁ El"flag?ef{] e T4 at
an excit at i derigings 6@.@%@? og wﬂsavlﬁbsmra yprasaent panticl ?sfhE’ en
DAPI El abe{ ﬁ@b@b@@&nb abaa eamamoﬁwa&?}én@h ofedgd BROWIthOA flddReseshed Ol | owed by
countin e.nunber o s of,,eac vi si on.
The cel Ig c ot o8P %?Jﬁgrﬁﬁf?%ilﬁ?ﬁ‘?ﬂq 83%‘6& b&gﬁtﬂggr} Qﬁ%dt‘gﬁlgﬁ%\%ﬁ Sengt h
of 492 nm vebsereéd as blue finctdcerBparticles when observed at an excltatmn

35 P@&en of 845 gﬂ? b viferPridbe! d:h%g%g %&g% Relingedy her

hand, the ce nts o a’recognl zed at- an éexcl atlon wavel engt h
of 345 nm mﬁ}eérvwe mixedwithgmc mhemesmths) sepvatigns therepfiweremat on t he

average. Thﬁh%tu&h? ﬂﬁé&%r’é&‘hﬁ@ ﬂhe%i&ﬁo%&vél@nﬁﬂﬁ%ﬁcﬂﬂﬁ@f@@éné@ th the
ratioin t hv% velefl oftt e res gc ve flicrochry om w@ré(l ere ggo?n egcﬁ:gt!.l'lercount
ratio of 1:W# P €
(5-2) Detection of Escherichia coli and Salmonella
A nutrient broth having a cultivated Escherichia coli concentration of
10° cells/ml was mixed with the same amount of a nutrient broth having a
cultivated Salmonella concentration of 109 cells/ml to prepare a test liquid,
to which Escherichia coli-specific phage T4 labeled with Acridine Orange and
Salmonella-specific phage P22 labeled with DAPI were added to provide
respective concentrations of 1019 particles/ml. The resulting mixture was
allowed to stand at 37 T for 10 minutes, and then observed with a
fluorescence microscope to confirm Escherichia coli dyed with the Acridine
Orange-labeled phage T4 at an excitation wavelength of 492 nm and
Salmonella stained with the DAPI-labeled phage P22 at an excitation
wavelength of 345 nm, followed by counting the number of the cells of each
bacterium in 10 fields of vision. The cell counts of Escherichia coli
recognized at an excitation wavelength of 492 nm were 20, 15, 27, 22, 28, 42,
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It was confirnmed fromthe foregoing results that use of 2 (or nore) phages
stained with respective 2 (or nore) fluorochronmes differing in wavel ength
(excitation wavel ength or fluorescence wavel ength) enables 2 (or nore)

gi ven bacteria to be sinultaneously detected. (6) Exanple 6. Measurenent of
Total Nunber of 2 Bacteria with 2 Phages Stained wth the Sanme Fl uorochrone
(6-1) Preparation of Phage Having Fluorochrone-Label ed Nucleic Acid

E)S(Chelrl cgl ?lavilm- gpegnd 22 with 4.6/ éxtxkﬁéﬁg@%%é" t bml | otﬁ@ﬂhahapﬁ{ee&u 222

anpl e ve- ment i.one ne a- C e

e L ot S ndlie YoRRae Hh o st wazs bogtb b Eed

havi ng the ;]@568927,@5 ,{38,d4pd 8 267e18, ainell 221 withc 2'2.0crethedsverage. Thué,&%llé)
Detection o Eéﬁté I t

havi ng a culrvat ?ﬁ@gﬁ@ﬁ‘é‘%gﬁﬁﬂg%‘fw %%‘%géurﬁq} e{'glt%r?h%f‘éf th%%hgﬁ% m was
m xed with teet Bauid prapsned by mixing themtatis ealhconntinagioo duh i vat ed

Sal nonel | a Concean st%nﬂfm@g[ﬁ‘dxfl]thﬁ%lle‘é{){ﬂg fééu%%%'ﬁ%s@ orﬁgbrhi

whi ch the fl yorochr one- Ia.gﬁ g h ({l& to prow de
respective A staiped Feiflﬂcé'r" 12 (Oﬁé??re& OEFWé %’Gpgllﬂg m xt ure
was al | oned mwe%mgtu (axcitatica wavélehgth bﬁﬂmbfeﬁceﬁce wadelbhgtm%dabd:@mi(oxwas

t hen neasur asuy.e of the nunber of

fl uorescent %qm%?é* gx‘éﬁa\?\céésﬁg‘ié@% L;L]uﬁ%rﬂ%ougfy ge b“%ﬁont rast, when the cell

count of a I( )quiﬁ.‘aapnép&: eMegsurenien of Totak Nusaberrof2 Battertmowith 3i ng

cul ture medipypows %ﬁyﬂm}@wg RlofbcRabmrnel | a-free cul ture nedi um was

number of 1 uoresdth PrpreRten abbhaga ”ymﬁxé‘f aneTgbelad Naglic unen

the cell couwidof a liquid prepared by m xi ng the Sal nonel | a- cont ai ni ng

cul ture nmedium w tﬁfcfxﬁﬁg g?ér)o g.; @a%nrﬁ%welrel chi H@M ?Wiee cuI ture

medi um was neasur t

va: ue of théﬂxamlﬂerl -1, landrthe above paentiched Saémoﬁmﬂﬁ{apecijﬁcrphag'éﬂ&zat f

val ues, nt o
m ‘I%P%IEH%%H%KPM% Pﬁép%x%prxlﬂ'i?ggéiﬁ ﬁ&?w@}e LB&d 68 'PhaglY

the test contai ni ng
36 - haying the respeptive flnoxpshaowerlabe t@udmaem&h It is

u_nder st andab! e fr 692 hay&eb@n bf Esthatichil@olidind S§Bhéné&Ipant of 2 or nore
g ven bactert o cai be Leie B LBl ns f P o i e s
Det ecti on 108cells/ml was mixed with the same amount of a nutrient broth having a
cultivated Salmonella concentration of 108 cells/ml to prepare a test liquid,
to which the fluorochrome-labeled phage T4 and phage P22 were added to
provide respective concentrations of 1019 particles/ml. The resulting
mixture was allowed to stand at 37 C for 10 minutes, and the cell count
was then measured by flow cytometry. The measured value of the number
of fluorescent particles was 8x107/ml.
By contrast, when the cell count of a liquid prepared by mixing the
Escherichia coli-containing culture medium with the same amount of a
Salmonella-free culture medium was measured in the same manner by flow
cytometry, the measured value of the number of fluorescent particles was
3x107/ml. On the other hand, when the cell count of a liquid prepared by
mixing the Salmonella-containing culture medium with the same amount of
an Escherichia coli-free culture medium was measured in the same manner
by flow cytometry, the measured value of the number of fluorescent particles
was 3x107/ml. These values, which were about half of the measured value
of the cell count of the test liquid containing both of the above-mentioned
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A test was carried out for the purpose of confirm ng whether or not a
change in added phage concentration exerts influences on the cell count of
a bacteriumto be detected and the tinme required to nake detection

possi bl e. (7-1) 10[err] cells/mM of Escherichia coli in L broth
were prepared. The fluorochrone-|abel ed phage T4 obtained in Exanple 1
(1-1) was added to this cultivated Escherichia coli-containing solution to

provi de phadscterig,tiéredh c@ﬁf&ﬁﬁ%‘{ﬂer@%&ﬁﬂﬁ' es/m, 10[err] particles/n,
10[err] particleshpl, a Of er.r. articles/n. (7-2). I'ncubation
was carried out atlw?r“‘[‘@?rﬁ%@;‘f%% @’ itt}%?ﬁ reRita thagdhe detal cellycoynt efi2h

sanpl e was sampérecgiven hactenia cirebe fdund lsy Hibleting 216r iped phiaghé withofHe by f1 ow
cytometry. game d¥e‘|var kedly fluorescent particles were counted 15 m nutes
after incubation Tor _sanples having respective phage concentrations of
10[err] par&fk| Expmpledd Iofluenges i Addeddihage Contentrdtionpn Regalts of
nmeasur ed valDestionO[ err] cells/m, which was in good agreenent with the

originally prepared cultivated Escherichia coli ,concentration. In these
sanpl es, no nore %ﬁﬁgé"qwmém ox, the purpese of ming whethepiesmot Be

i ncubat i 0 [1 k:hange/\imsa[ubd@(prQ@t c_:or}centr%tioh[bﬁ@rﬁs’iﬁm&ng@é/ bililgh@c?mt@&ﬁxh t of a f
concentrat i : B i:cl e . the neasured va e er o
markedl y fl 3’%?%&%%’%&86)5]&6?%#39 %dez{%ﬁ%erﬁe%eﬁt@l @#mﬁg@%mmsﬁgb fter

i ncubation. This fedsurlédcels/od ofcschatighmbenlt inlD byothf weteprepured, VEhele of
th |1 ' . rgicles
was about Cigﬁ@fﬁ@gﬁ%@%ﬁ%ﬁﬁdﬁg i M G- EPHAbERRR D,

i ncubat i on, this cultt w*&%rﬁ%?@'ﬁ%m%ﬁ@@n@@nﬁ@ﬁdﬁma% of 10[err]

parti cl es/ meondentratideadifyl O¢lpaptiekenfl, 10 parGicRSABDU (P gagticRifh] Rl 1@ only
15 m nutes gg*talgé 30 mnutes after incubation. No markedly fluorescent
particles cou G q7ﬂgOnfi rmed even when the incubation tinme was further

extended. ) f dnewfuition wes garted agyas 8§ haind avgiventameount (60
concentrati gnQf egclﬁ? Ragpl8 Wt dMph S Piven ifitdr9%s & Jg%ﬁngdié%sbﬁezfiaﬂg' red

for detection, an , t hat
the nunber 60k by aleweestamettsbact erial cells is increased.

| NDUSTRI AL APPLI Cirkbdly ﬂuorescent’%éi‘@fc@é'é"'ﬁefé)c&ﬁﬁ?& N8SaHuted ion, if
only a bact erl %8{;}3%3 1haz;‘/l n?ﬁégeﬁggggg DNA in the formof, a I’lle el c aci d
| abel ed wi t H'Y P EAINPLRS BR P%ctb’:edﬁgﬁﬁe Gorceniaahene ot Wt a
speci fi ¢ bapasticles/mltdrel batparticles/nd bith sfeHichrgaveal medsired lusof tbe nost
o PLoPeT Sty APPSR 1o
cultivated Escherichia coli concentration. Inthese samples, no more change
in measured value was recognized even when the incubation time was
extended.

In a sample having a phage concentration of 108 particles/ml, the
measured value of the number of markedly fluorescent particles was 105
particles/ml 16 minutes after incubation. This measured value was only
about 10 % of the actual value of the cell count. In this sample, however,
the number of counted particles was about 108 particles/ml when it was
measured 30 minutes after incubation.

As for a sample having a phage concentration of 104 particles/ml, no
markedly fluorescent particles could be confirmed not only 15 minutes but
also 30 minutes after incubation. No markedly fluorescent particles could
be confirmed even when the incubation time was further extended.

The foregoing results suggests that, when the concentration of a
phage added to a sample is low, a more time is required for detection, and

37



host bacterium having a biological activity (viable cells), and that the
dyed or stained bacterium can be spectrophotonetrically anal yzed or
detected in ternms of fluorescence to optically significantly distinguish

t he bacteri ophage having the phage DNA fromthe bacterium there can be
obt ai ned an advantage that any operation of physically separating the dyed
or stained bacteriumfromthe bacteriophage is unnecessary, whereby only

the viable gedd theduhBer sPRAAELANIE bRLLHRAIC@NS iHGlgsédd and identified
gh{ outghda I‘?pl d and si trrplfe fﬂ@@é’f II\P p]cg Ggﬁg{ﬁf ectftm_t thh_er etcag be
etected a trace anount o Sqmimeiti ce o ichis to be
?voijded],c f for exanmfkeording enthie pregent advension; ;fmﬂyiarbawaﬁbﬁha@i having the I
oodst uff s, ; d LeY r I o spitals,
broctsion’ BieY DA S he R 898 BfK ARiapbRld Wi SRk BLE iPridaRH
factories. is broughfinmtolnentactoeisthdi specific baeterinenthiedracterfiunl eambe dyedid 16
of the inst [ j gta&ep% ' ' m rium

capt ured onaggmgﬁ?%ﬁgnﬁﬁgnt&ed fro ,tﬁlgélggétﬁg}ezﬁt;ﬁﬁﬂezogeneeg by bondi ng
thereto of &P§ Fﬁ"ﬁ&%ﬁ(eﬁ&%%h‘f’?thﬁ%feﬁ’éﬂ’e@dwﬁ e &f gilyento §heyup of
enzzfm nes hf ?L h@éta@et te tin hhﬁnl‘g@t ! biongd f'f:@lnaaixdt)b&ahbrd %ellhe;:,i@d t/btwthb;dyaglst ate
in i C acte i s _staine orescent . ca e i ntai ne t y to
o otute an 8 1AEd hiferfum B spec i ReR Sy SndRizRd 8 Afectad 1 ¥

unaf f ect ed tgrmeef flvereseance toioptically signifisaotlydlistingaishitheihacterioprageof
clainms 3 tolégm-gg f ' : 'fé‘éd'rpﬂe ' bacteriumis
concentrated_fo ‘%géznhra%e ghﬁr%:::g%@éa%?ﬁgﬁbg det ect Pgﬁg%gge, real i zed.

Accor di ng t%d‘t'%ﬂ!:agﬁ\ﬁgg? %E?PSW phehysigally sepamating:thedyedor stginedat i on,
there can bpadtesitus &bnt Bhe bhegdridphige!ib W&&dﬂ?,'&ﬁé&l&b? only gHe¥iaBle of the

activity of ef bacteria for. use in f.ood oducti o ories and
har mcout | 1 gitbeapebEle Bactiutaan PabfetsBt hd tkohaeR &Fabids 5
and 21 of tdmed simplnopenapionctatproduce hareffect thatethere dem bd detected actratdrat t he

nonex! ot encamgpnt of the bacterium, the existenc of which is to I avoided, for exampls.
f1 owi ng t hriuepvizormentalavaterenvironmantal pin Soodstutlsc cibyl weten sewerage,
i denti ficat4Rd wdteF fRfutardEair ihi KBpitals, precishif l£thite f2tdri&s, lamdaabgons of
clains 9 ang%%lz ];)H:ag'e‘ﬂé %tsggt aé{)sgqlléfat ign, addition of nutrient salts, if
necessary, i Pet 4¢tariRdt abol i zing state to inject a
f 1 uor ochr one- | abeFearthphageotdigito the fivertiotiscofi clainyg 2andel 6 of tHeyinstant
Accor ding t g, e o i Gib 1 HAg DRANRckEd o' ' Bablith B caBRRICA 4 7 the
membrane is inhibited from transcription of genes by bonding thereto of a
fluorochrome (label), and hence does not produce a group of enzymes for
phage particle replication and bacteriolysis, whereby a state in which the
bacterium is stained fluorescent can be maintained stably to produce an
effect that high-accuracy detection can be done while being unaffected by the
treatment time.
According to the inventions of claims 3 to 6 and 17 to 19 of the
instant application, since a bacterium is concentrated for detection, high-
accuracy sure detection can be realized. _
According to the inventions of claims 7 and 20 of the instant
application, there can be produced an effect that they are utilizable in
control of the activity of useful bacteria for use in food production factories
and pharmaceutical factories.
According to the inventions of claims 8 and 21 of the instant
application, there can be produced an effect that the existence or
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possibility of contact of a phage with a bacterium can be increased to

I ncrease the dyeing density of a dye for a single bacteriumto be detected
or the intensity of fluorescence emtted fromsuch a single bacterium
whereby an effect of making higher-accuracy detection thereof possible can
be produced. According to the invention of claim1l of the instant
application, a sanple liquid containing a plurality of bacteria on which

i ' phages epoaereltRATSEbaEriugs b the Al Yot m"’w‘gﬁﬁ Spteralinglle © A0
ages r
\rMes pegt i 8e ‘lj\g)aggasa {lﬂ@r‘?ﬁf panfigiqus i¥ a% Wbt %GBF@&HF’GHES

differing i mhe)eofoalreaﬂrtlmel ength or fluorescence vvavel engt h wher eby t hat

plurality of dlff t rd|ngto
each excitatiop vvave en gﬂrié ggccé%@’fopu&%&qlﬁcg &‘F that

oper ati ons apprheatden, a@gmqu#@rmttsglt@f lfdiefcemmcaaam(aentaan@an be

si mul taneoubh&te‘iﬁhﬁhﬁ(b Ridtabolizing stat‘éomxﬁ'éd%% ﬂﬁo}da B%@glp?{aggl aim 12

f th tive
gpetm ?I ICQIISIt ag&phﬁa%q%g “g‘lfnwgﬁ? g%r,t Syirogifgfl :alvare I abel ed with the sane
fl uorochrone, forAezedingto theinvention dﬁ@lmhﬁw of tlii’e in’stbﬁt Qﬁﬁﬁbéﬁ&x &HesSt i N
liquid an easi
Accordi ng.« BB coltad 2R diPldeiti W b aGeRlin sk B TirRed to
appl i cat i onincreasa-ther dyeing densisy of eaiyle;fonamglglhasmmmrmrbeedma@d or
accor di ng t gheinteRGey oF ﬂhaf‘éhcéﬂéeeémdtéd‘f?&di%ueﬂ atégﬂ% *earao;dcgeﬁugﬁ%%r%fd up

|zable I n autonmati.c

It ﬁgﬁosghgfs %ﬁ?ﬁ%@‘gﬂl&m heg- ACERIAH dstRction thereofpassihle wgnthe t he
i nvent [ ons pfoduicedns 24 and 25 of the instant applicat :jogr ogt Zlct ieon or k
Cram o002, DRGSR AR08 Be a1 Bl SRS heEL Y
39 sappleiliquid tenthiniaga phyrelity of bactehia drawhich Memmmmn of
iCirr;[))r/o\\llvgfjer , pREYEY 8%%eshBMivAY %@&Pded"@&e%fﬁ@arl'ﬂ' fcscb(ﬁqﬁﬁléﬁfv%tﬁ%%a%%s mar kedl y
~ specific for the respective bacteria, said phages having the respective nucleic
acids thereof labeled with respective fluorochromes differing in excitation
wavelength or fluorescence wavelength, whereby that plurality of different
bacteria can be separately detected according to each excitation wavelength
or each fluorescence wavelength, so that operations of detecting that
plurality of different bacteria can be simultaneously carried out.

According to the invention of claim 12 of the instant application,
since phages respectively adsorbable specifically on a plurality of different
bacteria are labeled with the same fluorochrome, for example, whether or not

" bacteria to be examined exist in a liquid as the object of examination can be
easily examined.

According to the inventions of claims 13, 14 and 22 of the instant
application, a bacterium can be clearly distinguished from a phage according
to a predetermined threshold value on the basis of an picked-up image.

Thus, they can be utilizable in automatic determination by making the most
of an image processing technology. _

According to the inventions of claims 24 and 25 of the instant
application, on-gite examination can be efficiently done in the case of outdoor
detection work.

According to the inventions of the instant application which can
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produce the foregoing effects, the bacterial examination of city water,
sewerage, environmental water and foodstuffs can be markedly improved.
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1. A nethod of detecting a bacterium characterized by conprising bringing
a bacteriophage having the nucleic Ied wth a dye or a
fluorochrone into contact with a ho mlm EEIE m"@ﬂ detecting the
bacterium having the dye-Iabel ed nucl-ei'c aci dv ors fkuor ochr one- | abel ed
nucleic acid injected thereinto with an optical detection neans. 2.

A method of detecting a bacterium characterized by conprising capturing a
bacteriumcontained in air or a li qU| ¢prIMscapt ure means, bringing a

bact eri ophage havisn i,C, a er eof eI ed wth a dye or a
f1 uorochrone, for ]wh“i eatﬁf’é g rﬁ %Ctﬁnh‘& ?ﬁf’@r% by comprisinghe

capt ur ed bad]rmgmmi bacte rieplexgel lli!g/lhg t¢hdaatlkid atbidfthérélﬂ labsled¥eith akilets
nucl ei ¢ aci i 0. &Hﬂfﬁ&%ﬁ%n’tfc@%ﬁﬂg%’%t%%@ﬁu& 'agxlgttge;[&e q.t h@{ einto wth

an optical ¢etection %act eri um
char act er i zd@cteriwghaviag tae dm%&bﬂled\mnlymamdmréimmhmnwlatwied:t ed in a

sanpl e nqulxﬂmamwﬁm@dmae ARiviktR @ﬂtaémldgfe@&%mﬂmgp@acte“ ophage

havi ng the nucl ei ﬁ?‘: gwg {33 | ahel ed with a or a uorochrone, for
whi ch sai d bact er “u € o deteptipg Gtedym; ﬁ‘i’t&ﬁ’izﬁ @a@mmmggsau d
bact eri um c caperinga dactdrivai containefififcir epANRALIAIHYES eaptudk keaim d host

o FLB??ch?’S%‘g‘f'Fé\%ﬁta SRR eh B R RGOl Spini Lol S bl

neans. a flugrochroms, feriwbichoksd écbtact:egwmbaca hoswmmszontmtmdhlthecl aim 3;
characteriz ur e, paration
or centri fu@gﬁ)ﬂ tha:?b Qﬁ&td%fé mﬁeﬁ}] ect r&gé ]I g?l m as
claimed in é’ﬁél%?@m?&j achavcleis @léameéwc{gﬁher@né@mﬁnanat ed

accordi ng topacmhdét@du@@marfg ng feeding an attractant to the given
bacteriumto be dgtegted,in m ted maII zone,in said rrpIeI1 ui d.
ooty RGURotL B desprting

6. A nethod of de Ry a(?f’%ﬁ"ﬂﬁh charagterize yeﬂmalasl zed
in that sai mmmmm baetefmdnttbrbm@teetedanld samyle liquid thme A net hod of

det ecti | d
thi okl y confara ﬁa??g%?ﬁn@{%égﬂ‘g?%g@?ﬁ%gﬁrﬁﬂ%*@ nfapRiig e
having t he Hhereet kabgladiwithes dye or afluosachwome, foriyhickysaid thagtervamris e, f or
whi ch sai d hagt ﬁﬁﬂotmelresaltaﬁshqxﬁd)c&ﬁtalﬂﬁglﬂati&wacﬁarhlﬁh%nééxmheed i quid

bactor | um SRICHERECF5obtac therse mitth PR Aoy Rackermyin. maRaleterting the ¢
41 bacteriohno hawmgmme;mbelabﬁhddwm& ek fluveochromeskibeled her ei nt o
wi th an opt}Gakic R Snjected thereinto with an optical means.

4. A method of detecting a bacterium as claimed in claim 3;
characterized in that said bacterium is concentrated by membrane
separation or centrifugalization.

5. A method of detecting a bacterium as claimed in claim 3,
characterized in that said bacterium is concentrated according to a method
comprising feeding an attractant to the given bacterium to be detected in a
limited small zone in said sample liquid.

6. A method of detecting a bacterium as claimed in claim 5;
characterized in that said attractant is fed through a capillary.

7. A method of detecting a bacterium; characterized by comprising
diluting a sample liquid thickly containing a bacterium to be detected,
feeding a bacteriophage having the nucleic acid thereof labeled with a dye or
a fluorochrome, for which said bacterium is a host, to the resultant diluted
sample liquid containing said bacterium to bring it into contact with said
host bacterium, and detecting said bacterium having the dye-labeled nucleic
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8. A nethod of detecting a bacterium char acterl zed by conprising bringing
a bacteriophage having the nucleic aC| ed with a dye or a
fluorochrone into contact with a host M‘-ﬂbl j anple liquid, and
detecting the bacterium having the dye* aci d or

fl uorochrone- | abel ed nucleic acid inject ed thereinto according to flow

cyt ophot onet ry 9. A nethod of detecting a bacteriumas clained in
any one of doidhf | éﬂfﬁ .9,
necessary for adsor pt | ononéﬁgafr’l%%?g{dc&eggl gﬂil n %%%?gné]i' n mf(?%ﬁrﬁ%t age of

i nfecti on o838 host bacteriumwi th said bacteriophage, to sai d host

bact e ][l ulm 8 1a m%tm?d Bﬂdetettlﬁgtaesédteﬁum tilir@éterived by CodipPedingn any
one of cl ai

concentrat i ﬁmiggnglg @Fﬁi Catﬁ%{}g"gﬁqglﬁﬁ? eéégﬁfift ﬁr%"g?%bég&ﬁ‘f@? (ﬁﬁlog.hage

cont ai ni ng aeﬂubrbdmtomenmocontact with & hdhtrhﬂcheniunfunlmhemtpﬂmgqmd)amderl um as
clainmed in f 3 r |

reagent co arg?és?j%g% f ere }Il% s%% ?Wg%@gﬁerd &&qel?)ﬁcmsbsp%&i 've nucl ei c
acids there aueleigpeid ipjected thensinkpeaccardin %g W gytaplotometespect i ve

:‘NL \tjglr gﬁg[ ﬁmesngl f er Anﬁetﬁo&éféﬂéﬁbhﬁé d’@d&éﬁ%ﬁk& Es%la%xh%é&)ﬁﬁaﬁﬁe&&‘@ | 4

C in S reagent to i qui
cont ai ni ng ﬁfiadﬂ?rg%éyabﬁrgﬁg'ﬁ@ﬁlgwgﬁ &“‘éﬁ‘ieﬂ §7{Cer RefeSEaT, mg'(fgr of phages
are res ple;:t adsdrptivdsand adickieacitliinjdction ummeahmgbsﬁdgp lofi irefection of zl;)dudtct eria
are sinmulta ng a bacterium
as cl ai ned gﬁgya%/ %g%%??g?hbﬁc?noégagé erléz %l%l ng W@phage
reagent conpri si ngodl Af metined Rfduetgct;ngmb@éermaa alme nucl ei ¢
aci ds t her egf dn%bF mah%céé}eeath%%hemd&e?mﬁeiu&% gyre, and
clorrpr: S|t ng godl n Sﬁg@g eC{pel?gﬁggéc]t&g sanpl.e q‘B nt a| ni ng a
plurality o 15‘&@?’& @e\"e‘?ﬂ
rlespelcft![vel ?am%ﬁb t dm;pemdf ically, whereby '?Lge :[A\Ot a![ hceI I fcgu?t ;)f sai d
plurality of bac are de e . .hod, of detecting a
bact eri um as o a.lmwm%ﬁﬁ%ﬁg@g&@%ﬁﬂ?%ﬁ%&%%@ °
conpri si ng cleassr ara yohsihgieophagereagent comprisirgedifieren
|'i ght sourcg; Q{%R&?g
f I uor ochr one- ‘P{sbelﬂeiqug‘r:eéc eic glgé)% njp@g% %élbjféﬂae éﬂib’ﬂﬁefe'&?habeled grnfh t he
measur ed varespectize dyes differing pp byecsraspashive ‘@ﬁ@l‘@%@ger%éﬂeby every
light sour cexmmMWemngtnerMoﬁéé&hde WalveRnigth

ﬁgct erium agaﬁa&ifl“??%ld‘y qq’]ﬁgg §°C aﬁenmle&r%##%@@%ngarﬁ%ﬁ%?@%? At hat
t he exi st enoich saidndiffeséstkindafof phages are respectively adsorbed specifically,
whereby said plurality of bacteria are simultaneously detected.

12. A method of detecting a bacterium as claimed in any one of
claims 1 to 10; characterized by using a phage reagent comprising different
kinds of phages having the respective nucleic acids thereof labeled with the
same dye or the same fluorochrome, and comprising adding said phage
reagent to a sample liquid containing a plurality of bacteria on which these
different kinds of phages are respectively adsorbed specifically, whereby the
total cell count of said plurality of bacteria are detected.

13. A method of detecting a bacterium as claimed in any one of
claims 1 to 12; characterized by comprising measuring the intensity of

fluorescence from or the size of light source of fluorescence from a bacterium
having the fluorochrome-labeled nucleic acid injected thereinto, and
comparing the measured value thereof with a predetermined threshold value,
whereby every light source in excess of the threshold value is regarded as the
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bacteriumor the cell count thereof is detected froman inmage after inmage
processing as to the intensity of quorescence or the size of | i ght source

t hereof neasured with an optical detecti on to an i mage
processi ng procedure of excluding |ight so Eﬂi st a
nUuQOls

predeterm ned threshold val ue of the |ntensr~tyco nce or the size
of light source thereof. 15. A bacterium det ector for use in the
met hods of ph@effund defectdd. Characteri zed by conpri si ng a nmeans for adding a

sol uti on contai ni a,bact.er e haV|n t he nucl cid thereof |abeled
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for bringi n@m&ewg@rg@ﬁdm@ﬁeﬁ@ﬁ s%gt%ws%quasw&geom. ng the nucleic

aci d t her eoprddebeireihed threshdsldaraliie of fHeligntOssitp 6EflLokcAcHMRlRChe Widdoft he
captured baﬁ%lgrl a agﬁearf}gopt I cal detection neans for detecting a bacterium

havi ng t he | eic acid or fluorochrome-|abel ed nucleic acid
i nj ected thereintbh. A bacteriam detebtartfor nserindthentethodwof elaims i toHket; met hods

of 1to 14’c}5ﬁ‘35&‘ﬁ lﬁe&g?g H{B)é]age Soﬁ%ﬁgﬁgﬂ%égél nmeans tg?{l#gedl ng a

bacteriumin pil
phage sol utb%ﬂ#eﬁeﬁ &g ﬁwbb&d%'-&kfl@ﬁ ihemeof laheladowitha dyeonai d t her eof

| abel ted W: tﬂu@ro@]tﬁbxﬁé a@adfﬁmf ﬁd amtctéasbhsasmywd Bh&@rﬁﬁﬁrﬁh %%ﬂhblsjébﬁ and
an optica ction, nmeans for. detec rium havi.n e

yes T abel e LRRAEHGN 10 P 3asrole LBt R A Tt SR torarimeags faF AsipEtpe
thereinto. said bacteriim Kaviagtthe idyesldbéledtmucleis acidonfidorochedmestabeled
characteri z,%_q facﬂf‘in]ﬁ@ﬂeﬁ &%p%%rat ion nmeans is a nenbrane separation

unit or a cen 69 ‘A bacteriumdetector as clainmed in claim
17, characteri zedl n Athacterainn cletncf@ntfmause)mﬂmmthgdaaammmeﬂan feeding a

bact eri um adlhiAs el 14; charactenzed by compnsmg a capture means for @%
into alimted small Zone .in.said bacterlum

detect or cHbgckeria 18&4{)9¥§|1+ﬂj" %ﬁ%mbﬁarm pRhags sglmpen aChui d
thi ckly conheans figr brihgitiged phage solpbiagcconthivinga Hae:e@hm having ¢heli ng a

PRage 5l ey R B SR RS0 B Ml e e o
the captured bacteria, and an optical detection means for detecting a
bacterium having the dye-labeled nucleic acid or fluorochrome-labeled
nucleic acid injected thereinto.

17. A bacterium detector for use in the methods of 1 to 14;
characterized by comprising a means for concentrating a bacterium in a
sample liquid, a phage solution feed means for feeding a phage solution
containing a bacteriophage having the nucleic acid thereof labeled with a dye
or a fluorochrome to the concentrated sample liquid, and an optical detection
means for detecting said bacterium having the dye-labeled nucleic acid or
fluorochrome-labeled nucleic acid injected thereinto.

18. A bacterium detector as claimed in claim 17, characterized in
that said concentration means is a membrane separation unit or a
centrifuge.

19. A bacterium detector as claimed in claim 17, characterized in
that said concentration means is a means for feeding a bacterium attractant
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sanple liquid, and an optical detection nmeans for detecting the bacterium
havi ng the dye-| abel ed nucleic acid or fluorochrone-I|abel ed nucleic acid

i nj ected thereinto. 21. A bacterium det ect ' by
conprising a liquid feed neans for continuously pa%E‘ﬂgnﬂEmﬁmﬂmlqw d
through a flow cell, a phage solution addition nea a sphage

sol ution containing a bacteriophage having the nucleic acid thereof | abeled

with a dye ointé aflimetedcdihllezone ifi 3nsl sampl€liguigi d in front of said flow
cell, and an optic detection ns, for “detegti t he bacterium haying the
dye- | abel ed nucl ei@-acﬁ@%w#%ﬁ%eﬁpsﬁéﬂ%@vﬁﬂnwwmamm d

t her ei nt o i rdidating fal samplel liquid thickly caftaitinpes bacteviumics phhge selutimi ned in
any one of '

' . o | risi ' i ckup
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I mage obtalrlﬁad. ¢ ai.d m&c{‘g pI %\%Jg ans f . A%bacterlu et ect or
as cl ai med i Véﬂ% gy grabeled pucleic ag ﬁ;ﬂWSP]%’Eﬂ"é?"ai@ée puelsippsidi ng a
nut ri ent soungextédéheraiatos for feeding a nutrient source, necessary for
adsorption and nu I C g kajection in the i.nifjal stage of ;infegtipn of
sai d host bacteri ?nfw‘%%%ggelﬁd‘%a&cet%&%ﬁﬁ %ertl%e‘i 80?8%95?'[1]%@?%&)

24. A port agheanafarqontinuguskcpassing atsaimpledigiid throughne flowdelb phagem 1 or
14; char act gl {{86h AW dHEW fnh S0k af#ge ' O nhihif®Qt ai ning a
car bon sour ;%g@gabt}l%ﬂaé@bei ng ggls:iam aég y%ﬁ%&%ﬁumﬂgg he object of
det ecti on, P ang the ancleicgeid dhergof ad with adyerar®of | abel ed
vviht h a dyfe dluaoé}ilmmwwéﬁﬂas;mplé lglmﬁiaamtﬁm ofesasé flor &b aad af:gbpﬁ@mi L : on
thereto o e_as t ect asur ement .. . oft.abl e
bact eri um daez%ﬁ%n}galns;@r @Féﬁcﬁﬁg IBB@F%W aving the fig?'rléé‘?}eﬁiﬁ{) ¢ said
bact eri um decét or fmonsahronrerkabeledamcleis aciit injectad ¢héxeintar imnaxtid flpw beil.
ngor ption of a phage PR 5RrfliRHtELbHTE claimed in any one of claims 15 to 21,
characterized by comprising an image pickup means as said optical
detection means and an image processing means for excluding light sources
having at most a predetermined threshold value of the intensity of
fluorescence or the size of light source from a picked-up image obtained by
said image pickup means. .
23. A bacterium detector as claimed in any one of claims 15 to 22;
characterized by comprising a nutrient source feed means for feeding a
nutrient source, necessary for adsorption and nucleic acid injection in the
initial stage of infection of said host bacterium with said bacteriophage, to
said sample liquid.
24. A portable bacterium detection kit for use in the methods of
claim 1 or 14; characterized by comprising a bacterium detection aid
containing a carbon source capable of being assimilated by a bacterium as
the object of detection, a bacteriophage reagent having the nucleic acid
thereof labeled with a dye or a fluorochrome, and a reaction vessel prepared
for addition thereto of a sample as the object of measurement.
25. A portable bacterium detection kit as claimed in claim 24;
characterized in that said bacterium detection aid contains an adsorption
aid for promoting the adsorption of a phage on said bacterium.
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