- 1 - DESCRI PTI ON METHOD OF QUANTI TATI VELY ANALYZI NG
M CROORGANI SM  TARCETI NG rRNA Technical Field [0001]
The present invention relates to a nmethod of
quantitating or detecting_a;nicroorgani sm
particularly in a live state, targeting rRNA
Background Art [0002] As a nethod of quantitating a
m croorgani sm there have been conventionally mainly
used a nmet hod invol vi n§ESEREPEEPNg a ni croorgani smin
a prelimnarily estimted selection nedium and
nmeasuring the nunber of mcrobial cells and a nethod

invol ving cul turin TaM

sel SE§Y |?Hﬁ%£ﬁﬁ%€t§%$? ﬁ“#%e oﬁ?|0ﬁ$ﬁééﬁﬁéﬁty or
absorbance. The fol | oy gﬁygave al so been used
for the |dent|f|cat|on operatl or a n1croorgan|sm

needed in detecting the mcroorganismin a specinen:
for exanple, a nethod involving identification

T%Qg&ggglt@ﬁgggp mor phol ogi ¢ observation, Gam
staining, and m crobiological characterlstlcs such as

[@e0dgn requirement, sugar-assimnlating properties and
growing condition in a medium a nethod invol ving

det erfiengiesent 2nvehedeof reyaseBNACDRAMREHOHOGE t est ;
and a detection nethod using a nonocl onal anti body to
qmanumuﬂmuﬂg:nnfdﬁnECanggﬁﬂmIQ¥ﬂm§ﬁﬁnl%Wn&ﬂ?qﬁiQHiﬁf Y
require time and skill and therefore have presented a

ipr eblldmef oAt sttaHshiMI iM% -apidity and sinplicity.
[ 0003]

Background Art
[0002]

As a method of guantitating a microorganism, there
have been conventionally mainly used a method inveolving
culturing a microorganism in a preliminarily estimated
selection medium and measuring the number of microbial
cells and a method involving culturing a microorganism in
a liquid selection medium and measuring the optical
density or absorbance. The following methods have also
been used for the identification operation for a
microorganism needed in detecting the microorganism in a
specimen:, for example, a method involving identification
thereof through morphologic observation, Gram staining,
and microbiological characteristics such as oxygen
regquirement, sugar-assimilating properties and growing

condition in a medium; a method involving determination



In recent years, gene anplification nmethods i ncluding
a PCR net hod have been used in a wde range of fields
as techniques for detecting traces of nucleic acids.
These nethods have advantaggs_capable of leading to
speed-up and sinplification, including no mandatory
requi renment for culturing a m croorgani smcontained in
a specinmen and capability of directly handling.a
thpeecfiehy asDHAsRNPI Bomphagy Fﬁétﬁeﬁﬁédé ﬁ&&@cgéSH
subjected to the investigation _of application to_th
mq@aﬁﬂip&ﬂpenaaﬁenoaépéé%i%Ht&gogynﬁ8rgoﬁéﬁﬁPgﬁF&[6&6§f°e
As an exanpl e where the P t hod has_b appki gd:
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faqr uantitating a_bacteriu R d [ :
B8 EPERE L OT Gl A e R L e
rinmers,..(Patent. . 1) . Methods using 16S r DNA

ogsrgp ?ﬁ&&tgkﬁa%éggﬁggqggén achi eved. Known exanpl es
[bggézof include a nethod for quantitative analysis by
a met hod using 16S rDNA as a target sequence

(Pat gpt DeeHEEPbaZy, GenBEhhpditaraanahysieshofisan
intestinal bacteria by a PCR nethod using 16S rDNA as
jadiaadely $€PeR e tihka énrtve erDomederim 3) wigled range of
met hod for detection of a bacterial strain of the
fgends laac ttetraciildues fDhatteduimT JFAIRF AfumIHiadf of
beer (Patent Docunment 4) . However, these netho%s .
avdvds .haBhespr beEbadshhavehafvaRAgEShERERG S §F 1eading
alternatives to a conventi onal methggimhich Q%§<£5?Q;
teoMRARS OalanA eipiyidd IR ATre Pt Hh AT Y
is not achieved to the extent obtained w .
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nmet hod for uant.itatiye ' ' i fecimen
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é@wé‘éH$5§§P”4%ﬂg,tQhe methods have been subjected to

the investigation of application to the quantitation and

detection of a microorganism.
[0004]

As an example where the PCR method has been applied
to the analysis of a microorganism, a method is known for
guantitating a bacterium by a PCR method which uses the
total DNA as a target sequence and universal primers
(Patent Document 1). Methods using 16S rDNA as a target
have also been achieved. Known examples thereof include
a method for quantitative analysis by a PCR method using
16S rDNA as a target sequence (Patent Document 2), a
method for analysis of an intestinal bacteria by a PCR

method using 16S rDNA as a target sequence (Patent



a mcrobial count of 105/ or nore, which makes the
nmet hod i npractical. The | ow detection sensitivity is
probably due to the | ow nunber of copies (anmount of
tenpl ate), of the total DNAjor. 16S rDNA providing as a
tenplate for the PCR in the mcroorganism Since DNA
is known to renmain even after the dying-out of a

m croorgani sm these nmethods only quantitate_and

Dgseent ddad a@med A imathad ooy getieste Tofd RePaGhaTd Rt

al so has posed a problemthat they are difficult tf.0
edin @1y IR, SRTAR R CHAP AR TS & iBAs) Casihe
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live state Non- pat ent cument_ 1), [0
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anal'ysis of a lactic aci acteriumin feces,

%We%i%aﬁ @b oyed bdAH @R Sam@ance (Nafspadeinty is
cunent 2) thods for detecting cancer cells are

2 1S Qy JHAFE AV & e TS e saSert BT It a 1 15 UeTIte SEARNASL ture
specific to cancer cells in specinmens (Patent

ROEHBENt ByS wand of) exakipiey e pe révaminge S emateididsl feave
not provided detection sensitivity to the extent that
deayt et rep | acel yéies com v ¢ bpred nie Rt gt Document 2
quantitation methods. Specifically, the detection_,
téqiiresfa t Fer qpiaanownE 9k W%g% BRA sFRGHe SRR _% 1 tO
Docurment 2 is only 103, 5 or nore cells/g of feces;

a el earrlbiast scoyret Hof h%s/fvﬁotorbé@%feablwé“tcg‘ Fekffed

bR LI TP o g o
PRSPy ko TS UEBET HELBURLLE, e o
EEEEfA&Qﬁ,iQfatﬁQeE$9§ﬂ bRabsrt 66 e6dpNA providing as a
template for the PCR in the microorganism. Since DNA is
known to remain even after the dying-out of a
microorganism, these methods only quantitate and detect
dead and live microorganisms together, which also has
posed a problem that they are difficult to precisely
guantitate and detect a microorganism in a live state
(Non-patent Document 1).
[0005]

As examples of application of a PCR method to the
analysis of a microorganism, attempts have also been made
to perform methods using mRNA as a target sequence; known

examples thereof include quantitative analysis of a

lactic acid bacterium in feces, employing mRNA as a



containing a large variety of m croorgani sns because
of problens such as conplicated priner design and
reduced specificity. [0006] Accordingly, the

devel opment of a nethod has,been awaited which

provi des detection sensitivity to the same extent as
conventi onal detection nethods while being a rapid
nmet hod using a PCR nmethod or the |ike and whjch
thogele s eqaengee dNoal-pageatt Pesu@eRd 2det egthods for
m croorganismin a live state. To inprove.sensitivit

diett eics 1pgs SPBICE Tt 6 &n G & e SOdETCYR 8’?‘\%}‘[ 2E§efSs& arget
that the target can .he present nore t ahl [
cBeasee RN RS FECC e Chosat geilE iR siieg iR ®

i_s probably unfavarabl.e f.or 0 f eqLi
(g PRrbriRie R SR S hRGeREEP el rnfEofibtRdas

HSNAP R AR RIRIGL e Al ) 3 AR3d tePlind hsitasft

Us, I't “I's not easy to simnultaneously achieve the

oGl fn QU ddev el dohvanitt iudd1l Gieamday d¥ gh
tggltteccttﬂle% c%élnsitI?ivi tey. [ 0007] Allso, it has been known
%g&ﬁtﬂHQWSdﬂﬂﬂgﬂﬂdaélﬂ's@h@ﬂ&icai%yofthbedenetembnoﬂimit

NA in a cell and has a nmulticopy nunber and that
JiRNAd sl wienpaired ytso nfANA diesausion Hetdrgy pcument
conplex with protein. rRNAis also reported to be
et atrag, f10r oot oy derllsf/ A hdigeesf ttdre R EH %l
deat h (Non-patent Docunment 3) and therefore has been
reghshhahaldtevrren Gl s ie abited 17 afetectdif of Ve o
m croorganismin a |ive staHgﬁ%hbn- at ent CU@%}OHJ.
e AN ItRIRL CULERH RIS oift -t 15
q?:eg}oél: gvgi??:syﬁb PaItne g.tddl Cllérllﬁntth%.s e‘] ?r%?:%%sd% I?:%tr%%tt mRNAs of
genes unique to the microorganisms, and have been
unsuitable for detection in a specimen to be tested
containing a large variety of microorganisms because of
problems such as complicated primer design and reduced
specificity.
[0006]

Accordingly, the development of a method has been
awaited which provides detection sensitivity to the same
extent as conventional detection methods while being a
rapid method using a PCR method or the like and which
further can precisely quantitate and detect a
microorganism in a live state.

To improve sensitivity, it is possible to change the

design of a target so that the target can be present more

stably or in more abundance in cells. However, such a
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wi t hout incorporation of dead cells thereof and
further that using a PCR nethod in the quantitation
and detection can achieve detection sensitivity to
the extent of being - 7 capable of replacing a
conventional nmethod, and the present invention has

t hereby been acconplished. [0010] Thus, the present

i nvention provides a method of gquantitatipng 2 )
m cridon geatemt Borwmertest: UsTPRA R AR YAHex®{hd¥o 4°
amount of rRNA of the microorganismin a specinmen to
8B3-883t 4d00fD011] The present invention al so provides

TR R en P ShSShRg: S LRI APOL S BloL! BeeLre,
e e gearam e gl mon o be tested (0012 The

al’'so’provides a nucleic acid

;ragﬁgﬂlpgééﬁtiBoEFﬁeﬂPoy? ﬂ?ﬁh?dEnwmﬁéﬁianB@obiol.,

ragnent™ 'S a nuclelc acid Tragnent containing a base
vagqugnceycdesqgr.i Red4i-n2eme (@bo8FQ ID NOS: 2, 3 and 5
to 28 or a base sequence conplenentary thereto, or a
[de@legi c acid fragnment containing a base sequence
honol ogous thereto and functionally equival ent
t her ghoobfj8683bf The present invention figr theprovide a
provides a kit for perform ng the above nethod. )
me@Bibe] o fTlue aoketidattion Ly thed izdnge i iy oxRIQK IRdddii gich
to the present invention can be used to achieve i%b
cdet echiigve Setsiatinn Feagifdrddyt & Hhe fEHRpG of being
conventional target - 8 ,
capable of replacing a conventional culture method and

more precise detection of the microorganism in a live

state.

Disclosure of the Invention
[0009]

As a result of intensive studies, the present
inventors have found that rRNA (i.e., 58S, 16S, and 23S in
bacteria, and 5S, 18S, 26S or 28S in eukaryotic cells},
which has been believed to be unsuitable for detecting a
live microorganism in terms of stability, can be
unexpectedly used as a target to precisely quantitate and
detect the number of microbial cells in a live state
without incorporation of dead cells thereof and further
that using a PCR method in the guantitation and detection

can achieve detection sensitivity to the extent of being



because of the abundant presence of target while also
nore precisely detecting and quantitating a
m croorganism in a live state. A PCR nethod can al so
be used in the detection_tg achieve detection
sensitivity to the extent of being capabl e of
replacing a conventional culture nethod. In addition,
the met hod using a PCR nethod can_ achi eve narke
cegaibdiet W fan@pdiagiinac i ¥ oRyepdrienato metRfen@ngh e
met hods such as a _culture nethod. In other, ~words, the
praseed dnvieRd igred@ift Shershy a’?e&’aﬁ"&é’“@é&fieé .
si mul t aneously achi eve high detection sensitivity,
preci se quantitation and/or detection of a live
or gapni sm nd_rapidity_an [ LGLt: Thu
meenabogr ¢he pheBell LpRRliibHh by ies dherkBl of
%?éﬂgfégﬁiéatﬁﬂﬁfé¥g%r rn ide AT edhidihfdLen
n rquantitate a croorgani sm such as anal ysis
iﬁdéﬂt@% iNehudd WA anth Setard it Al in MmNt tat i on
of a mcroorganismliving in a specinen derived from
%géé%%bdﬂtdﬂbéﬂggﬁﬂéﬂn Brief Description of the
awi ngs [0015] Figure 1 is a set of graphs showi ng a
g ati on  between the growt h of various
m croorgani sns and the anount of rRNA transcription;
Fi guma e pires@nse ti nofendrisamh @ 1eac provdWierg aa metdyedaof
curve obtained by a quantitative RT-PCR nethod and |,
QR iR ofi QTROTIATHES®IO H R TV bt Stth dhepn index
method and a quantitative PCR nethod;, - 9, Figure 3
the PIRIFHFS W TRIA R rER T REETE YN 1Hid prPecimen
aer.ugi nosa from human feces; Figure 4 is a graph
nfifpari son of quantitative values for hunan
Eﬁﬁgé ent er obacteri aceae when determ ned by a
%tative RT- PCR net hod and by a

The present invention also provides a nucleic acid
fragment used in the abbve method, wherein the fragment
is a nucleic acid fragment containing a base sequence
described in one of SEQ ID NOS: 2, 3 and 5 to 28 or a
base sequence complementary thereto, or a nucleic acid
fragment containing a base sequence homologous thereto
and functionally equivalent thereto.

[0013]

The present invention further provides a kit for
performing the above method.
[0014]

The detection method targeting rRNA according to the
present invention can be used to achieve high detection

sensitivity compared to that using a conventional target



culture nethod; Figure 5 is a set of graphs show ng

the sensitivity of detection of E. coli, S. aureus,

and B. cereus from cows mlk; Figure 6 is a set of

graphs showi ng the sensitivigty of detection of P.

aerugi nosa and S. aureus from blood; and Figure 7 is

a graph showing the sensitivity of detection of E

coli froma fermented m |k product. Best Myde for

bememygieng fOthet AbunSeatt PaesEOTEs Pt HHe 99t Hdd 16 also

quantitating or detecting a nicrqorquisn1ot i_nt er est,

meEEo PdieTg Sted vt He tecdddgt andh @anitdats ieh & JUHC/ &R RS

by using as an index the byndance.or presenge.of

%QQﬁA¥ﬁV%I%§QHQ:r06rBSﬁi@ﬁFﬁﬂHacagpgéfﬁegetuSS§ %gsfg .

0017], _The rRNA of 1 Cr.Qar. i f 4 e

A H T PRAR TS Ao oin RS DA uar T adene
det ec a Vi 4 e JRNYA dunadysde

(%?%f&gﬁ'ckgggg% Q?Q%e #gﬁé%%Pa.%d%%éﬂBi

yot rRNAS and eukaryotic 58S,

18 i 8060, bBNASinbhe PER m3Boales
“§ﬁ2§5%8 ?5N§§§é?ggnpa%gfc§?§PI5 prg?grable iﬁ thgt "

dd18Ye @ GndTaddd )kdfbi%itﬁs ar@!d ialy) 16 d inde xesndanted Wwa ent
m crobial classification. The m croorgani sm of
ddtwaiaSitorAf efexHaiis sidl eoy ganiwmunte ngettpdnt Inatéder
and detected, and is not particularly Ilimted.

vioxaiy| echd hertdofd ioft| thde mieseur gannemsi et qare bg aied to
Ent er obact eri aceae and the genera Enterococcus,
diaotidaddialy, sSthriegitedvcdude R apinn rPrTiisivity, more
Veil|lonella, Pseudonon%§, Clostridium_Bacteroides, .

B 99 b A4t kA ti g AR/ AREFTERR 4 £ 1ive organism,

Rum nococcus, Fusobacteri
and rapidity anéjsimpllcigg. Thus, the method of the

present invention can be used in practical situations
where it is required to detect and/or guantitate a
microorganism, such as analysis of intestinal flora and
detection and/or quantitation of a microorganism living

in a specimen derived from a food or an organism.

Brief Description of the Drawings
[0015]

Figure 1 is a set of graphs showing a correlation
between the growth of various microorganisms and the
amount of rRNA transcription;

Figure 2 is a set of graphs each showing a standard
curve obtained by a quantitative RT-PCR method and
comparison of the range of detection between the method

and a quantitative PCR method;



Pr opi oni bacteri um Peptostreptococcus, Vibrio,
Baci |  us, Canpyl obacter, Acinetobacter, Lactococcus,
Pedi ococcus, Weissella, Leuconostoc, Cenococcus,

Hel i cobacter, Neisseria, Ligsteria, Haenophill us,
Mycobacterium Gardnerella, Legionella, Aerononas,

Mor axel | a and Candi da, and m croorgani sns as
described in Tables 2 and 3 to be nentioned. The

m cr Bépyani dnief ai Arapbsehavésedrhg Fénﬂﬁe°§r€§§ﬁFtlon
invention is a concept including not only a

ofi F-o@eFasiismsef e IMEth BR%RESH so a group, a genus

and _a fam |y, which ar ch,composed _of a pulation
of 2F1§PF8|ﬁslﬁranﬁFépghﬁﬁPﬁénggBPQPﬁr6F8per?les

018 Th t b t t
dpr et v os{'%‘:LCI E o s e S dih Al
'ét'H% K8 n N é}'gzg Eﬁpefaﬁﬂﬁﬂéﬁhéﬂhdd“énd by a
tonb fested 1 Nnc

iR e specl nens of biol ogica
éy {E conjunctlval swab, dental cal cul us,
ent a aque - 11 expectorated sputum throat smab

sal i yagupasal idi schatges ghaphehedlowdnloarthleavageitivity
pleural effusion, gastric juice, gastric |avage,

off itseEoH G AUGEL] Vel ralraischarded. odaeus from
| esion, feces, blood, ascites fluid, tissue, spina
ddwrisd, mispkyovi al fluid, and | esion | avage; and objects
potential ly containing m croorgani sns, such as food, .
medi EFilgarec 6s st cseti wfeoredhs Shoviags {b¢ &reé’c?&&lé’lty
of food, nedicine and cosnetics, mcrobial pro q% a;
qfl dhrtsecti [Of bt i AREUARITRIGNY dhd AT Hage” Wat'ehoo
The sanple of a specinmen to be tested refers to a

| e taken or prepared froma specinen to be

test dg‘%%ﬂﬂ: S not nant |Sfcn%lhgf_{9y dHdNd&d sarquided ¢ hat

it cap ecting the presence or

ghrndanse of 2 Sl Oﬁf&m SPa b fled 683 SREPK BFoduct .
anpl'es thereof 1nclude

Best Mode for Carrying Out the Invention

[0016]

The method of gquantitating or detecting a
microorganism of interest according to the present
invention is characterized by using as an index the
abundance or presence of rRNA of the microorganism in a
specimen to be tested.

[0017]

The rRNA of a microorganism of interest refers to an
rRNA which a microorganism to be quantitated and detected
can have. Examples of the rRNA include prokaryotic 58,

165 and 23S rRNAs and eukaryotic 58, 5.8S, 18S, 26S and



a mxture containing nucleotides and a m xture
containing RNAs contained in a specinmen to be tested;
preferred is the mixture containing RNAs contained in
a specinmen to be tested inyiew of using a PCR
met hod. [00197 The sanple of a specinmen to be tested
can be properly obtained, for exanple, fromthe whole
or part of a specinmen to be tested by a known nethod,
288 me¥assathe 146t er3Fr el BaPRENE OFsERYAEXPFECt i on
separation and purification nethods. By way.of
p?%&#ﬁﬁé?rﬂwepﬁﬁfﬁﬁPglec&ﬁt§PﬁFn§%§NA§r aﬁaﬁélabﬁgfﬁeaf
or, exanple, by _extraction using.a_yniversales.:
r@&&ﬁbir? LRdeX LS §oe CUEEERIN RSP g Sl\it%r"‘}géf#%tpg’g’al
thod”, "an acid - 1 i di_nre-phenol I :
%%Eae)c “ReERaE e L X S
silic " S 4 fdren icularl
cB] e By A I N e MRS S 0 Adparticutarty
il i ey Oﬁxa{i?%é' tHgatbeninandaehneerbegyaptigmsaof the
comercial kit (e.g., QAGEN RNeasy Kit, TRI ZCOL) nay
Ay ke desebddenalaeael ka1 AN gafern MrTimELd@Ishe
tested used is preferably RNAs in a state stabilized
ﬂd&ﬁbﬁﬁdﬂﬂxuiﬁﬂﬁﬁﬁﬁpﬂdtdddusxﬁsqﬂpﬁ&ﬂﬂdaqpus, Veillonella,
deconposi tion thereof to maintain high detection |
Feengidniodiasy, Clives tstiabiun z faasrenmidass  RldridaRp igrium,
using, for exanple, a commercial stabilization agent
Rubag.t e IRNApr dire(o tBuichdor iRHMIRAARIAYS - RNGARAHYST The
stabilization is preferabl erf or ned iqyediat | Y;
Pﬁ]q@owq@amn@" t RERERRETRAT QPSR of %A a’?eang“alus'
change .in the amount qf BNAs in the 1,CL 0 '
QRO PHE T TSR BT 0 T ST Gt s L0 Sdcus,
ﬁégégé¥ga, Leuconostoc, Oenococcus, Helicobacter,

Neisseria, Listeria, Haemophillus, Mycobacterium,
Gardnerella, Legionella, Aeromonas, Moraxella and Candida,
and microorganisms as described in Tables 2 and 3 to be
mentioned. The microorganism of interest according to

the present invention is a concept including not only a
microorganism of one strain but alsoc a group, a genus and
a family which are each composed of a population of 2
strains or more sharing certain properties.

[0018]

The specimen to be tested refers to an object which
is to be examined for the presence, abundance or the iike
of a microorganism. Examples of the specimen to be
tested include specimens of biological origin such as

conjunctival swab, dental calculus, dental plaque,



according to the present invention uses as an index

the anount of rRNA of the m croorganismin a specinen
to be tested. Here, the anpbunt of rRNA of a

m croorgani smof interest jn a specinmen to be tested
can be determ ned, for exanple, by (1) getting the
anount of the product anplified by a PCR nethod using
nucleic acid fragments capable of specifically ., h
ehplcitarated sOULHE. r RRAoGE EWab: nsatddPgamSmlofischarge,
interest and a sanple of _the specinen, (2 et.ting.
brpacsppilyeerey dAVRGSri| RSB RIN SHELRAER ﬁ)é‘sgrﬁ Jasce,
nucl ei c_aci d fragnments capabl e of specifigGally 51
IRFETG 2PNGIC0 e ReRNAS itRd Muckss, é’fg‘ﬁ?g‘%lofdl“ha"ge'
interest, and a _sanpl f ;SRECIARN.q Of icSudiSighd nd 1
S Entliets&toin\?e%eﬁéatshg%lg)r?p'o;t#%gﬁ%%otfﬁgr Known met hod.
Q9% o iRLA a1 221G Casl (bsidh Ushiged BER maijhadts

the’ ndcleic aci fragments capabl e of specifically

p@ﬁ%ﬂtqiaz.til@g o tlali§ N iRy B rPad i@ sgaiuh Gfs food,
interest” ™ can be designed by conparing the base

mRRAUARES Qlosida id¥, Crioegaiddiany I ddues sk @rseipmr axf
of other m croorganisns to select sequences specific
fdd, Rk diliicle dne ddstrendragganirsimmdbiiait dresith .c anl afhfo.
Here, the sequence of the rRNA which the
sdidr,oaraganisdet alvine cad draigkmed aked or TEgafprele
by checki ng against a database (DDBJ, GEnBank,lgtc.g.

A 20 spanines s RudREeE HPIRFS 49 ghtPRIqigraken ©F
software (e.g., Custal %%%to find s ecif'qisggbuences
OFERRRAG fA10Th 2 ARPOMRN TRt dSSHHY AGuehces
specific to a m.crooraganis f ir\%ertest A €sample capable
DA T HAT % lé'&.'tteedi)c‘%h‘{ er‘?ntgh% e Wi deness OF a o oF
SERGy ALY S d NS B GLOOTGRUSHMnd® b quant i tat ed
‘?é P?fr%ﬁcuq;cf‘enoq _ p%e |e¥| ca (f)y,&_faor exanple, if a strain
%%?{é%f&ghfgmﬂﬁﬁ'ﬁﬁg|§bé&¥ﬁ@ﬁ?a@&@mﬁ%@ﬁ”ﬁh&%ﬁdﬂﬂﬂﬁdﬂuﬁe
a mixture containing nucleotides and a mixture containing
RNAsS contained in a specimen to be tested; preferred is
the mixture containing RNAs contained in a specimen to be
tested in view of using a PCR method.

[0019]

The sample of a specimen to be tested can be
properly obtained, for example, from the whole or part of
a specimen to be tested by a known method, if necessary,
after pretreatment using extraction, separation and
purification methods. By way of example, the mixture
containing RNAs can be obtained, for example, by

extraction using a universal method such as "a guanidine-

cesium chloride ultracentrifugal method”, “an acid



strain are preferably selected; if a genus is to be
specifically quantitated, sequences specific to the
genus are preferably selected. The selection can be
properly performed using.a known nethod. [0022] - 14
In addition to the sequences thus designed, the
nucl ei c acid fragnents capable of hybridizing to the
rRNA of the mcroorganismof interest can be ea

ape0sing - DhesOd &‘fﬂé@rloffqﬁ'sé&@@ﬁ)kﬂ‘&moﬁé’chﬁuaca‘lagne‘ilc

common know edge; a hase se uence c ment

berd. ARGPEREnt POed *hade 1 et o ddBresEsarY.
honol ogous thereto Si IarI sab e f ti.tating
aétﬁFcP68F§§ﬁF§ﬁ¥¥ﬁ 8P3§t % 8°WFh€ﬁ %fgyﬁﬁvﬁbﬁgt

of s |99 ugnce
ﬁgFﬁ§é°§ nﬁéﬂ%ﬁy%%% 2 ag%%ﬁ? contalnlng a) the
c%f r ' ?{q%d (%a R‘N@ag?] Kl ! AT ANt M8 also
|tu i on, di |on or eletlon of one or severa
E&h@@ﬁéfkﬂd% 10 bases, (b) a base sequence haV|ng
kggghquence identity of 90%or nore, preferably 95% or
nmor ephBDEEmBh ef erakl ¥p88%men wor Bewitklteldhesed is
af orenenti oned base sequence, or (c) a base sequence
TR 161 Rple iidi 2 rgatred ertagtinliingshti e endiid wmr gan ien
DNA contai ni ng a base sequence conplenentary to the
iaf orieventfi gred drdsian s stpammnms itHom ydiesigofaciq maintain

fragnment may also be a part of the nucleic acid
Hiroeky b fte atg awh s o teinelr b y Theo shabdd 1 zagien may be

preferably 20 bases, still nore referabhg 0 bases or
qaggal e ©Ud R kﬁﬂxh FrAHE e ety 5 end,
thereof [,0023 The, | engt e C

Frynertt c%gerb%r(t? ehk aﬁ?rl&l?r& cr%lcé %‘?A?e%eérij Fheenc

{ﬁf¥g¥g¥)prﬁ&?r%Q %1llzat10n is preferably performed

immediately after collecting the specimen in view of
avoiding a change in the amount of RNAs in the
microorganism.

{[0020]

The quantitation of a microorganism of interest
according to the present invention uses as an index the
amount of rRNA of the microorganism in a specimen to be
tested. Here, the amount of rRNA of a microorganism of
interest in a specimen to be tested can be determined,
for example, by (1) getting the amount of the product
amplified by a PCR method using nucleic acid fragments
capable of specifically hybridizing to the rRNA of the
microorganism of interest and a sample of the specimen,

(2) getting the efficiency of hybridization between the



conprises 5 to 50, nore preferably 12 to 35 bases. -
15 - [0024] The nucleic acid fragnent thus designed
can be artificially synthesized, for exanple, on a
DNA synt hesi zer accordi ng t he base sequence
thereof. The fragnment is preferably that whose
specificity has been verified. Fbre the specificity
can be verified, for exa Ie conflrn1n t hat the
nysd edic pRNA dfraigmesitesica wﬁ@@Fé fgcadildes a

EfCIfIC PCR anmplified product when conpared

rigiizd ngorkor Gihe ERYZSPE ERenEiEL 09T IoRe Sﬁbcﬂfell&’ 2 G e

fragnment include_  nucleic acid fQ%gnents conta|n|n

%%é@@?&@q&én&@f SRESHBed G SEQUTRS HH G EIve
se s uences nment ar et o, or nucl eic
mfcﬁht? Nr&9 5% g{épl :i(él Basé esté%l;%(rences honol ogous
[0%% to and functionally equival ent thereto. Here,
exangles of the nucleic acid fragnents containing

base,seauengeenonBaBLOgeYS okNaEehy andckupethonal Itne
equi val ent "thereto include nucleic acid fragnents as

=AW d R A t Db Mhich sastitm disad, for the
quantitation an detection of rRNA of a m croorgani sm

Whbritieriest .td aheA v &ifC aaaiit daageritsmc ant dinliegpst”
the base sequence represented by one of SEQ ID NOS: 1
dam e @iesd grizas dys equgscsE gp e isdarsequrnee f the
wherein the fragnent contains deletlon substitution
nore rdidandremowidie tdre bodrersgaunisees of Fhgh) A
nucl ei ¢ acid fragnment having a sequence, jdentit
TR AT EM IS IS ERRUFTGRA SO pﬁoef%‘? pich

99% or nore with the base sequencqlrggre%gnted
the microorganism of interest' can

sequence of the rRNA which the microorganism can have can
be obtained, for example, by checking against a database
(DDBJ, GenBank, etc.). Also, the base sequences can be
aligned using software (e.g., Clustal X) to find specific
sequences by a visual or any other methods. The
sequences specific to a microorganism of interest are
preferably selected considering the wideness of a scope
in which the microorganism{s) to be quantitated is
included. Specifically, for example, if a strain is to
be specifically quantitated, sequences specific to the
strain are preferably selected; if a genus is to be
specifically quantitated, sequences specific to the genus
are preferably selected. The selection can be properly
performed using a known method.

[0022]



by one of SEQID NOS: 1 to 30 or a base sequence

conpl ementary thereto. (c) A nucleic acid fragnment
contai ning a base sequence capable of hybridizing in
stringent conditions to DNA, containing the base
sequence represented by one of SEQ ID NOCS: 1 to 30 or
a base sequence conplenentary thereto. [0026] Here,

the identity of base sequences is calculated _usip
t he ﬁ@n@ﬂégylgéaF@htbPogﬁaPr?EERIETWuER??S“LSFFfingEHg

condi tions" include, for exanple, Ui, f
npedsilcg 2chdk fﬁ?@lﬂie@itfaﬁa&#’%p ok by, 3?3%11@' 8 £y s FRNA

égm]ra{lcirgagaﬂ”tm Snd i3St Fotk He s sPep

2 The cl ej id f . bl .
PREATAAEE o PR e cT oo G OHAy it knowt edge:
of _interest ' :

ol Aeler il colb I GY, 1 e AR em Bt ionpa base

JIRAURIY Wi PrRY RS Ao TRIg Ju st Attt ti Qi1 ashen

tHe rRNA of the mcroorganism is used as a tenplate

Whid1e HRr RfuRHIdag: iirte P miditior gaieinsmard hiart dmwegst ,and
e.g., rRNA of a different mcroorganismor nRNA, is

@rphayed sy allsshpatemployed .- E@8RBLetherd, the) a
nucl ei c acid fragnment containing the base sequence
mesdraduecs ibasSE@ddhdi@e imrlRiera sy ¢ Agjibrfggagment
conpl enentary thereto, or a nucleic acid fragnent,
asmitadiniing @ )bdde FFRranan HARADRARS IRFWATF g ch
functionally equivalent thereto can be used for .
faadiey CantpiqFataishl g ot fAEIMRy Badsigkion of

cereus,
one or several, preferably 1 to 10 bases, (b) a base

sequence having a sequence identity of 90% or more,
preferably 95% or more, more preferably 99% or more with
the aforementioned base sequence, or (¢} a base sequence
capable of hybridizing under stringent conditions to a
DNA containing a base sequence complementary to the
aforementioned base sequence.

The nucleic acid fragment may also be a part of the
nucleic acid fragment to which preferably 100 bases, more
preferably 20 bases, still more preferably 10 bases or
less are added at both or one end, preferably 5' end,
thereof.

{0023]

The length of the nucleic acid fragment is not

particularly limited; however, the fragment preferably

comprises 5 to 50, more preferably 12 to 35 bases.



(2) a nucleic acid fragnent containing the base
sequence described in SEQID NO 3 or 4 or a base
sequence conplenentary thereto, or a nucleic acid
fragment containing a base;sequence honol ogous
thereto and functionally equivalent thereto can be
used for specifically quantitating and detecting
Costridium perfringens; (3) a nucleic acid fragnent
[@@ﬁﬂélnlng the base sequence described in SEQ ID NO

5 or 6 or a base sequence co pracy thereto, or a
nuclghﬁ %EFHelFrQEHGﬂ regﬂFBFnEh 83§én§gqﬁgﬁcs

I th t II
SUEACEN ar ﬁ@ﬂ%ixee& 5. 405 FRRnte, “HLE R g anc
d tecti 4
sflf%g Soiper, gAY [l 8 Badd hUCS RS he

gmela tNPs br¥reBrdy Q:hk%%s SRR &R 130 iMaRiA ken

eto, or a nuclei¢ acid fragnent containing a base

v%&qQQQEﬁ hgapkogeHs shBeieteiapdchunsei obalifyed, for
equi val ent thereto can be used for specifically

Haapllie, atiyn @ onTd régiecting the gerusf SRy focotsussst
(5) a nucleic acid fragnent containing the base

a%e QU aletd 1¢asc ihreed das SEQ@pdR iNAc PaR akplorf izd pr@duct
base sequence conplenentary thereto, or a nucleic acid
wireag mempag@® dicniangud tedsle smplarrde honol ogous thereto
and functionally equivalent thereto can be used for
HPeS)f i cal |y quantltatlng and detecting the genus
Pseudononas; a nucl ei ¢ aci g fra%nent cant 61%_lng

t he E58§81§§q85n5Eed8§€}FB€daFﬁdséé PReRG HEH8Ee12 or
a ase dL%%me co Ienergaarryll{ hetr}f:et Yol &

n|ng a sequence ho gous

d‘ehse %Tbo 24 A% :sf | Cal‘%{@é 1% %'y@'ﬁ‘tbééﬁrﬂ&x&%@e

Used spec ‘quantitating and detecting the

P m P G S o, (7ar I & Gacicd OF 4 pesvery

contal ning the
containing base sequences homologous theretc and

functionally equivalent thereto. Here, examples of the
nucleic acid fragments containing base sequences
homologous thereto and functionally equivalent thereto
include nucleic acid fragments as shown in (a) to (c)
below, which can be used for the quantitation and
detection of rRNA of a microorganism 5f interest.

{(a) A nucleic acid fragment containing the base
sequence represented by one of SEQ ID NOS: 1 to 30 or a
base sequence complementary thereto, wherein the fragment
contains deletion, substitution or addition of one or

several bases.



base sequence described in SEQID NO 13 or 14 or a
base sequence conplenentary thereto, or a nucleic
acid fragnent containing a base sequence honol ogous
thereto and functionally_eggiyvalent thereto can be
used for specifically quantitating and detecting the
Lact obaci |l l us aci dophil us subgroup; (8) a nucleic
acid fragment containing the base sequence descri bed
in SEO | B noclebc apidpfspamepisba¥dfdepcgequence |

conpl ementary thereto, or a_ nuclei cid fragnent
idemtditai °F £05aSE T Fendd e r?gﬂlé'ggl?g‘ He&YS afd ™

functional ly equival ent ,thereto, can f
RS ERRLY] 199 Y Gan 1A 1 gtq‘arF QRS I%Sgu%%%ge w¥presented

Lact obaci | J_us JJ4 S .S r . (9 ' id
h?i&@ﬁbﬁﬁ*é%#%&#ﬁ?%g:tHeq%gégyggh&%%ﬁ%ﬂggﬁ%ﬁ#%gﬁg:n SEQ

| D 7 o+ base sequence conpl enentary
Qf f%t&% . o
%ﬂ%ﬁ%a(ﬁﬁ%%; a %ﬁc elc acid fragnment containing a base

sequepeen RAeRLegoys i iherahmeatd contalinghal lay base

equi valent thereto - 19 can be used for specifically
WA datddphrand getrgadh ingi z fe dmattohianiddtusconditions
pl ant arum subgroup; (10) a nucleic acid fragnment
KONl g 4 e n st e agen cealesere bezbias QRE@J by N@e of
19 or 20 or a base sequence conplenentary thereto, or
SEQUID e¥as :ach dd ralymenta dors @i SEIRERE D BANRRIRIHERY
honol ogous thereto and functionally equival ent thereto
Wwrdieo used for specifically quantitating and
detecting the Lactobacillus reuteri subgroup; (11) a
HHA&i c acid fragment containing the base sequence

O, e e bl Helle B4, T e
AT, S i Pl e gmh seuph gy o o
SPeCldiGaldge il Ul dialidis Anth ARis! it dbiple,

Lact obacil I'us saker subgroup; (12) a nucleic acid
{cB?&I‘HBné’ 5% akdiPtnd her baskysLOaERS €1 85 Cat bepd NESEQS
to 24 hours in a solution containing 50% formamide, 5 X
SSC, 5 x Denhardt’s solution, and 250 mg/mL salmon sperm
DNA.

[0027]

The nucleic acid fragment usable for guantitation
and detection of rRNA of a microorganism of interest can
be obtained, for example, by performing a PCR method to
select a nucleic acid fragment which provides an
amplification product when the rRNA of the microorganism
is used as a template while not providing the product

when another target, e.g., rRNA of a different

microorganism or mRNA, is employed as a template.



NO 23 or 24 or a base sequence conpl enentary thereto,
or a nucleic acid fragnent containing a base sequence
honol ogous thereto and functionally equival ent thereto
can be used for specificallyyquantitating and
detecting the Lactobacillus casei subgroup; (13) a
nucl eic acid fragnent containing the base sequence
described in SEQID NO 25 or 26 or a base sequence
[@8@Sllenentary thereto, or a nucleic acid fragnment

t b . hanol theret
Con B D5 DR SRR L OTULRIRE A e
ficall titat
sy reaterpr Seitinintd 1% Jith 48 SR 10 on 300 A

agnent Contalnlng

ba%%ng:g:eg %.e%%%ﬁfaxg/eq:lﬂer}e%%(? I 2 MO ei 2Qcid 28

quence C enent ary thereto, or a

?Deénq: A S:h AMEY =Y alddih@ R 1RBIAN Ghereto

ogous ereto and functionally eqU|vaIent thereto

SN A MUShS10y SRAGIVE1GEH Yeriiaddd tddr nge ankd for
detecting Lactobacillus fructivorans; and (15) a

%?éﬂffﬁbéﬂlyjqﬁdﬁﬂﬁﬁﬁﬁlﬂyﬂﬁnﬂrﬂéﬁkdﬂmndnﬂ&rr&iu&nu&reus;
escribed in SEQID NO 29 or 30 or a base sequence
@npl er®iiteiry ddiet efmpgnEnt aconts igiimacihe fhagpngrquence
contai ning a base sequence honol ogous thereto and
dasmtitonbl iy SRQIIRINGE 3 eF & PY carPde (edpence

specifically quantitating and detecting act obaci | I us
dcewnie&ﬂ%nﬁal[ﬁodégare%r eor the Huk? F A ak? o Pyt
cont aj ni ng the base

SRS I f P Pt ongToaats | harehe e
Mr PR SRR Y nefiis AR o ada00 - e

COﬂ al ni ng base sequence in

eeSQérIP c'\!agi I¥] *)FCF obI O i’?%‘%lo e?&é&né@ﬂ&?@h@fum
oo PPy df902¢3) Then (uEd £ Ca @t dr £4 30800t 6064 BhDh@Tthe
base sequence described in SEQ ID NO: 5 or 6 or a base
sequence complementary thereto, or a nucleic acid
fragment containing a base sequence homologous thereto
and functionally equivalent thereto can be used for
specifically quantitating and detecting
Enterobacteriaceae; (4) a nucleic acid fragment
containing the base sequence described in SEQ ID NO: 7 or
8 or a base sequence complementary thereto, or a nucleic
acid fragment containing a base sequence homoclogous
thereto and functionally equivalent thereto can be used
for specifically gqguantitating and detecting the genus

Staphylococcus; (5) a nucleic acid fragment containing

the base sequence described in SEQ ID NO: 9 or 10 or a



the base sequence in SEQ ID NO 29 or 30 is a known
nucl ei c acid fragnment as described in Japanese Patent
Lai d- Open No. 11-151097. In contrast, the nucleic acid
fragnents containing the pqg; sequences described in
SEQ IDNCS: 2, 3 and 5 to 28 are nucleic acid
fragnents found by the present inventors. [00301 - 21
The PCR net hod using the nucleic acid fragnments thus
bpeepSEEYcARE SOBRASNENGATY $PEERKEn 8 BelUEdedg egad
be performed by "PCR in a reaction_system cont inin%
frpemeRsnpPBLad LAY Ph@aﬁﬁcF§HBGQEFdhP%&éﬁ@ﬁP§ 5geret

' d h RNA of ' [ [
lﬁe Eﬁﬁgﬁ]@?&?g-‘;i e%ﬁéva%ﬁ;lﬁe{%h%%%%ég 335 Bel el 20!
im.te ovi ded . t. .t [ . B fi
SRROTERPRLLY HIRPSORTA™P SponE ceqtinee T SRk o

.?H%&%SECidP&QB 84 icdn?a1BliRed the

' r.gani f
P?ﬁgpéggﬁagfhé%glgpnb using rRNA o the m croorgani sm

pakel BEGLERbeARRLEMRIGALS BRPIEPAE 1aDNA azpldyian®ase
an enzyne, preferably a reverse transcriptase, or the

sbgl@;en_cub cemplehentagdyl $harmihodr anehuediely, aicid
addition to the above step, the step of using the
feByAehitugsoprepaiad as ba steerigaten ceo hampllidopushehereto
nucl eotide fragnent. The PCR nmethod nay be carried out
angli figpctdonetdypleguiyalkeown tREIRCR d&ady ®e UsedRIEOTCR
may be performed using a known nethod such as
spRe-iftiep IRY- BORN tikd tdme S RE-eoEnh Fh& &N Ushe
one-step RT-PCR is preferable i% that it is

Ep&PEreaCsisy Si7ipPe PAcd Sde RErids TTAIRER T SRR RAT% Fle
B0 Mol 2t ST SR Y P A e
s?pqgl;]eg%zr%r) FC):EII{ %%%tﬁ&i?%y tnee tNZ2HE N NL i acid

fragment containing a base sequence homologous thereto
and functionally equivalent thereto can be used for
specifically quantitating and detecting the Lactobacillus
acidophilus subgroup; (8) a nucleic acid fragment
containing the base sequence described in SEQ ID NO: 15
or 16 or a base sequence complementary thereto, or a
nucleic acid fragment containing a base sequence
homologous thereto and functionally equivalent thereto
can be used for specifically quantitating and detecting
the Lactobacillus ruminis subgroup; (9) a nucleic acid
fragment containing the base sequence described in SEQ ID
NO: 17 or 18 or a base sequence complementary thereto, or

a nucleic acid fragment containing a base sequence

homologous thereto and functiomally equivalent thereto



which nmay be used in the RT reaction may be any of
various reverse transcriptases such as M MV reverse
transcriptase. The DNA pol ynerase used in the PCR - 22
anplifying DNA preferably_h a heat resistance to a
tenperature of 90C or nore. [0032] The PCR may be
conducted by performng one to several cycles of a
thermal denaturation reaction for , convert

cadu e useda f@&d SPRS Lifid 1divh uardtitatdad Br{&g defpcting

anneal i ng reaction for hybridizin rs to t | at
tdenAagh@ %éﬁlé%ﬂleﬁml@ﬁ A ISR auﬁ‘ia elr@caa%ld

flp:)%l ¥rrerase to .act, nderg)(?ts;errperae%rcee %orgtqglilﬁ%r&s le 5%% 1D

respective

N%éﬁf r apl g exatmggg)os{ fdrll |1l 4 &tdﬁféf%o, ox

ur&ilon a seconds, anneallng at 60C

f
o %Blé]%l%gfa%{lhe’ z e‘%?%t %t%rfﬂnd?acﬁa(&e 60 aRrGRS.

two types of prinmers are

HRhIRRY cHERE A% Seinc el e Uit dldiErhareto
needed to be nmade to forma conbination of a |eading
S ¥ el Fod agEH I idd1and . qubie imed iaige sacd dletecting
fragments provided by the present invention are each
198§ Ia@ doier il usapprube miatssihg st atitlJarmentdgic acid
temperature in the RT- PCR which enables nucleic acid
frreagreaTtt saoftaimping dilie yoasd sgqresvrgdrsemined b SEQ ID

tested simultaneously. The nuclelc aC|d fr nt o

Nve 2 eerd2 (9% entRafif RAVERYS IREORLIE Bt?lb%@eto' or
and may. also be enp In _conbi nat.i i

TR S wf%aqorbﬁq%ng aol%soenu%?% SR or

the |iKke.
homologous (£ Jto and functionally equivalent thereto

can be used for specifically quantitating and detecting
the Lactobacillus sakei subgroup; (12) a nucleic acid
fragment containing the base sequence described in SEQ ID
NO: 23 or 24 or a base sequence complementary thereto, or
a nucleic acid fragment containing a base sequence
homologous thereto and functionally equivalent thereto
can be used for specifically gquantitating and detecting
the Lactobacillus casei subgroup; (13) a nucleic acid
fragment containing the base seqguence described in SEQ ID
NO: 25 or 26 or a base sequence complementary thereto, or
a nucleic acid fragment containing a base sequence
homologous thereto and functionally equivalent thereto
can be used for specifically guantitating and detecting
Lactobacillus brevis; (14) a nucleilc acid fragment

containing the base sequence described in SEQ ID NO: 27



The sanple of a specinen to be tested containing rRNA
providing a tenplate for the RT-PCR preferably has a
total content of RNAs of 1 pgto 1 g, nore preferably
10 pg to 0.1 g. (00351 Whep the PCR is appropriately
conducted, a correlation typically exists anong "the
anount of PCR- anplified product”, "the nunber of PCR
cycles", and "the anmount of tenplate for PCR'. Thus,
orh@8amBuAt Parer RRAUGRCE, CRMPLEBIEGEATY MG T Cer 85t 3can
be determned if «calculation i s properly performnmed
nggRsiiGe PCAE FﬁégﬁﬁﬂﬁnF°n§PlPHQQaﬁphaFFe&e SETEL
formed by the PCR th conduct e a .
hoRELPERUE, GPETe B0 0E SRE TR h S pd I EheTero

c%ﬁg eé%&% dg%rd% %@i%%%aqqxj&Hﬁﬁdyﬁaiﬂkanyﬁa!ﬁ%ﬁ?@ting

corr atron a exi sts between

r3TRURL 9f &agr':'gfr,%[cﬁti% L. 0QgAN1ST &f dudiieStacildhus

et erm ne e nunber of cells of the

P GRATI VIR i g (t¥leL Yase HiRuudHHRCdc¥crGeldd iof SEe ID
m ¢roorgani sm of interest can therefore be determ ned
No: 20aloulzat ioeh & Bapes figiRth ceorsinArdnen tate tdrametto, or
of rRNA of the microorganismof interest” thus
adefenEire e iYW tfhagimenrtd erqgaianign itrige .a Jregoese@fence
calculating "the anmount of rRNA of the m croorgani sm
hefmd lnigenes tthenete mbdunsitia@lly gauiwalent thereto

m croorgani smof interest can be determ ned even by
qaroper s de wped idi aeddsl @Y tathid S fdithiddretthdd ~ 24
anplified product fornmed by the PCR' and "the nunber

Lgfc t ahfe IR T f@r&@en ¥t -ai ned as descri bed above.

0037] The anount of PCR-anplified product and the
r of PCR cycles can be | earned by any nethod

MAth%%Ee, the nucleic acid fragment containing the base
sequence in SEQ ID NO: 1 is a known nuclieic acid fragment
as described in FEMS Microbiology Letters, vol. 202: 209-
213 (2001). The nucleic acid fragment containing the
base sequence in SEQ ID NO: 4 is a known nucleic acid
fragment as described in Microbiol. Immunol., vol. 46, No.
5. 353-358 (2002). The nucleic acid fragment containing
the base sequence in SEQ ID NO: 29 or 30 is a known
nucleic acid fragment as déscribed in Japanese Patent
Laid-Open No. 11-151097. 1In contrast, the nucleic acid
fragments containing the base sequences described in SEQ
ID NOS: 2, 3 and 5 to 28 are nucleic acid fragments found
by the present inventors.

[0030]



particular limtation, for exanple, by identifying the
nunmber of PCR cycles when the DNA reaches a certain
arbitrarily chosen anmount. The identification can be
perforned, for exanple, by 4$ing "a PCR nmethod

including |abeling a PCR product in conbination with

a PCR nmethod including neasuring the |label with tine"
to identify the nunber of PCR cycles when_a certain
chos@hefPGBr@gébﬁ@eUSFHEeHQFtQUFieFEaEHéG.fF@?@?nFﬁethus

certain fluorescence intensity is preferabl hosen
DrEpRRER FRE PaRgERHG Of 3 ESTHMERs N Peat SPEEMh Cale e
the anpljfication.product is | ogari j cal l:y .
PFE&FE&@@HE$ n F%r&?‘@fﬁﬁﬂﬁﬁ&ﬂﬁ A %gﬁ&pg%%&g&ﬁﬁg o the

I [ . n
s%ﬁ%é%g?g%ﬁgﬁénﬁﬁfgﬁﬁﬁﬁﬁ a t%%g@%ﬂ%ﬁg%ﬁ he P g#%.d

ing a Known me exanpl es

e e'oifn%t hﬁ@f&%%da%ﬁeérd R Wikt dd W @S ariiip 160~ .

exanpl es of e measurenent of the [abel include the
TMRASHRE TREh R i@ dd WAaRSERNGE Ty hiendided pivided that

exanpl es of the |abeling with the fluorescent dye

tHeC Inede t iloabelgdrd piiddt 18N dnleirftiadsatd nondfllasdriekec eitagment
dye. Exanples of the intercalating fluorescent dye
derahugde fISERERNA @feen nicrBwerdgantisan alfatintperisat has a
property in which the fluorescence intensity is
Perefanoed hys tehene thaderiged latdiow tilheg evfen M yping rRNA of
doubl e-stranded nucleic acid, - 25 thereby resultin

tihe mHexaanIdHEDOR Miresc et tl?&\‘ﬂlr?gt%rf:‘? rﬁ%‘?%%’?%/

reflecting the anount of an anplified PCR product.
cﬂﬂ?IQﬂRﬂQﬁﬁfQMﬁq1%P?Xqﬁﬂwgﬁﬁ#g%?ﬁiy(ﬂﬂfe%ﬁé%abe
erformed by use of a TaghMan _prab I | ar, B
WQﬂ¥39W&§%%ﬂﬁﬁeﬁpﬁm%iggTNBq%rﬁb$%§%%ﬁ$%%§gf ?hge&%%d
TAANRD Bt 0, Aladdl S5 & BRACHKLYS Sl Obnd s by e @
T Uorescent dye and a guencher are bound to an

ﬂi&?% A e N goUSed Ca @l | FeRF Nt e SESIUARSEL B¥ the
a region anplified by PCR and is used by allowing to
nucleotide fragment. The PCR method may be carried out
using, for example, a known RT-PCR. Here, the RT-PCR may
be performed using a known method such as two-step RT-PCR
and one-step RT-PCR; however, the one-step RT-PCR is
preferable in that it is particularly simple and prevents
cross-contamination.

f0031]

The one-step RT-PCR method may be carried out using,
for example, a commercial kit (e.g., QIAGEN One-Step RT-
PCR kit). The enzyme having a transcription activity
which may be used in the RT reaction may be any of

various reverse transcriptases such as M-MHV reverse

transcriptase. The DNA polymerase used in the PCR



coexist in a PCR system The interaction of the
fluorescent dye and quencher bound to the probe all ows
the emtting of fluorescence in response to a PCR
anplification reaction, thegfgby enabling an anplified
PCR product to be observed with tinme by measuring
fluorescence intensity at each PCR stage. However, the
TagMan probe, Mol ecul ar Beacon, or the | ike makes it
appdayiryg DHApperisyabaymhasoBehepécirrifd SE8RFPeentary
sequence suitable for the probe, which may be
tgmperaghge @Ep8RATF n@r oRCBA- obj ect. (00381 The anount
of _rRNA can be determ ned by considering "the anount
[8P3BéR- anplified product and the number of PCR

Comiia PoR nafopBrEafBichs, FopFSothile b TOT,

seBN8 410 gﬁ%sﬁb%rgok QS YlenaRl8R83bnCRrak®ion for
Ealrcarat & using a known nethod, for exanple, by

68 rdehigNGouble -8 3dhnlsea Pival M@ teOERRGAl-¥@ randed DNA,
experinment perfornmed enploying an rRNA - 26 whose

adMBBRkalls nkN QWA c tidnprepe hyp ra@itziast prfiaeew tlo tempdate
anmount of PCR-anplified product and the nunber of PCR
cOyal ad laeakcreednad ofe serictddnalfore al[1008%%5 DN2en, t he
nunber of cells of a mcroorganismof interest can be
podivereriased tioy acen s uddieim ¢ empiea agventcopfdi tipms off tHe to
m croorgani sm' thus calculated and the results of a
980Ct aBV et CORRYT aand &5 ©xiper 1 Tiht resHradtiifviedal | yA t he
nunmber of cells of the m cr.oorganism.of i.nterest can
pEe fezrddiea @ idion @ fa N&FGH e I3 L Figms éfaff-&eef,maéy
consi dering "the results_of the 8onparati

ABRAEHEASIOM AT GEa BpP By PRECRIZanPE=Bf 95 BEC F AR
ftoor 3 esteecsotn%%,. n iegc etnhselorhurg{e%zgtt %8!1:' %OotseEgﬁds.
[0033]

For the PCR, two types of primers are preferably
used as a set. Here, the two primers are needed to be
made to form a combination of a leading strand and a
lagging strand. The nucleic acid fragments provided by
the present invention are each set to have an
approximately constant annealing temperature in the RT-
PCR, which enables nucleic acid fragments of a plurality
of microorganisms to be tested simultanedusly. The
nucleic acid fragment of the present invention can also
be used as a probe, and may also be employed in
combination with a different known universal primer,
oligonuclectide or the like.

[0034]



correspondi ng m croorgani smis known" to properly
contrast therewith "the amount of rRNA of the
m croorgani smof interest” thus calculated. In the
contrast, in view of sinpligity, a standard curve is
preferably used which shows a correlation between "the
nunber of cells of the m croorganismof interest" used
as a tenplate for PCR and "the nunber of PCR cyc|es"
wherThe reameke HhH anPReELIHID PaR- %pwmfa ‘E)‘?%M”F%
reached #%herelnafter sonetimes referred t Cg
YRRy OV éngs?aﬁlﬁPaaEErggrl§h?yBchFprﬁF£55?8 vaas a
plotting the CI _val ue aﬁflnSt t he nunmber of c§ b? 10
tﬁtﬁbrﬁﬁPéﬂntnPgrBHF@aHFs PdekOFi glife BpreTRESTSTAOLY
mcro anismused for preparing the standard curve
pﬁa§°b RPown strain such as the type strain
[BP ?of - 27 - (0040] Wthout undergoing the process
Specifically «calculating the amount of rRNA, the
nunbptef L 681 SR 0l s ADSr b FILLEDRNESHARELEA] €4 €St can
also be directly calculated by properly contrasting
cothe1haesbht %ygﬁcal 1G0BRAEALI ¥AoANPELherBmopartf ofMBdR-
u5|ng a sanple of a specinen to be tested, in which
athzﬁUﬁHepreﬁueﬁPIS"ahe hhmbemroéspaﬁdcwgleS" and “the
m croorganismis known" with "the anmount of
afGRnanpi teeplptedfor 2AB"theThusbethefapomt c9f| ¥BNA of
| earned as descri bed above. Specifically, the CT
avaligsogegppéan pEminkerespranobet Hetep@drsen ifo be
tested may be applied to the abqve-des lbed %%Fndard c
Cé&FvéatEGMiF PA§P&§§¥r Pﬁéé"éﬁ‘&\% Cofiffe ﬁﬁaﬁt PRRR™
Q ni sm_of tere S n.t
°$e§g8anBﬁlgé%§opﬁng8te M f&q, bVoF%gkaﬁ%lgsugygfg?HCted
ahgaEHEngu&ggr of the PCR cycles.
[0036]

As shown in Figure 1 of Example to be described, it
has been demonstrated that a good correlation also exists
between “the amount of rRNA of the microorganism of
interest” thus determined and “the number of cells of the
microorganism of interest”. The number of cells of the
microorganism of interest can therefore be determined if
calculation is performed considering “the amount of rRNA
of the microorganism of interest” thus determined.
Without undergoing the process of calculating “the amount
of rRNA of the microorganism of interest”, the number of
cells of the microorganism of interest can be determined

even by proper calculation considering “the amount of the



efficiency of hybridization between a nucleic acid
fragnment capable of specifically hybridizing to the
rRNA of the mcroorganismof interest and a sanpl e of
the specinmen to be tested.5J0042] Here, the nucleic
acid fragnment capable of specifically hybridizing to
the rRNA of the m croorganism of interest, which nmay
be used is, for exanple, ones designed and prepared
agpladied pa@nssy&orMed Rycltdiec PCRCI @76 a nfl“?@er of

referably a | abel ed nucleig acid.- 2 f ragnment .
ther ECrogaliares GPeHESaRE JRErdRE AT e, &
[gﬁrg gnetic ion, biotin, a fluorescent dye, a

P phore, a heavy netal, and a radi oi sotope; nore
Pr ef 4L ey SHAIPLES ok LI FREKA! piBELUECARR €HEYHEmber
Her e, the ude

exanpl es of ehzyne | nc hor ser adi sh

REHRR 43 e%n‘éabnslﬂ%alii&%n@@%@"%ﬁﬁsﬁtet% hakeldutg can

be carried out a known nmethod. [0043] The anount
p‘&fr t1RNA 2@ 18 It AV aticyMedanpllegr @St iidentd f3fieri ratie

to be tested and/or the nunmber of cells of the
nitinbe@0 loFa INCRMcGA] 2€ whear ek INANG e diemMa CEerisi on
nmet hod by nmeasuring the extent of hybridization
aietivearidy shgden @imcune .spFbemedentifécasdoadcandbene
nucleic acid fragnment. The nethod of neasuring the
rextfenmest, tee cxamild.zaM owing det BER meddiog |(jpcluding
limted and may be carried out according to a kno
Ladedd@g o R ARAMICY tin ARPHOE Iy 5y HEadfh
the | abel added to the _nycleic acid fragnment .
1§§ééidflin(9aqueﬁs”\‘rd1n9e>@?pll€f£etlh§' LRSS card b i d e
out b syring .fluorescence _.inte }%y NS

. L e SHEddiknce
nt“ﬁ‘é’er’ryucﬂr%%c&acqygﬂfersad“%eﬁ 4 abe eagqu\ﬁ a fluorescent
fﬁg%néygi q%?%%&ﬁﬁﬁﬂi.'%egggf%ﬁébkﬁrtain fluorescence
intensity is preferably chosen “within the range which
the intensity can reach when the amplification product is
logarithmically increased” in terms of reflecting an
appropriate correlation therebetween. The range can be
properly understood using a known method. Here, examples
of the labeling include labeling with a fluorescent dye;
examples of the measurement of the label include the
measurement of the fluocrescence intensity. Here,
examples of the labeling with the fluorescent dye include
labeling with an intercalating fluorescent dye. Examples
of the intercalating fluorescent dye include SYBR(R)
Green I. The intercalating dye has a property in which

the fluorescence intensity is enhanced by the

intercalation thereof into a double-stranded nucleic acid,



performed in parallel wth nmeasurenment using a
suitable control. Here, exanples of the suitable
control include "a sanple known not to specifically
hybridize to the nucleic agi d fragnment used”, "a
sanpl e derived froma specinen to be tested where the
speci nen contai ns an al ready known nunber of ceIIs of
a mcroorganismof - 29 interest", and "a sa

thekehy oFepy bphRSdiR r BAF aeméBEéP‘ﬁeﬂf 8 PP s eRRaRer o
t he specipen contains_an _al re?hg known_anpunt

h%zl%gn?%rb?Fﬁ%ﬁFEﬁwB?fl?ﬁFé?%s %@oﬁﬂgc? n@nagngégméd
t t RNA i

PR CPEOTGRRT ST M B h o]l Ry e
ﬁ? Conv §m8$ ﬂﬁtﬁgg hg TQFﬂQSrBQQFgelkélQEuigf

anl Smo ter es can a ear ned usi ng a

B598$ﬂ gFtQﬂg P¥¥€oﬁébgféanglEﬁetﬁgDEﬂﬁor@§céﬁ%mdﬁé.thﬁhe

m croorgani smof interest thus calculated and t

Tésﬁaht r8bhedos Uith 8BLR169NBaRAbLY €se¥PpEbBENin whO@A4h
hod of detecting a m croorgani smof interest

f@ﬁéQéStaﬂttayéhgnarQSQﬁénbnuenhrenbuaﬁa as an i ndex
the presence of rRNA of the mcroorganismin a sanple
obiganuspeciida hombtoyesteto hieréntehpailessntiderectifng
a mcroorganism includes identifying the
regtonoryrhiied BlePCBs nralisdsi nerddby adlewindi kg the
presence of a mcroorganismto be detected in a
cepsiphehnor PRBR BYSERBe %ﬂea;%¥%¥%ﬁﬁiﬁﬁn%ﬁw?%ﬁbe

detected in_a specinen 004 det rmne

£ bREEBACENbY IY RNARGY THHFBPGOPRARFSHP Ghel RECPEse Mg
CERCERTELIHS BB, REPSHsLEhA0 AREpe i A 0B, Hopie o
aélgﬁgFégtlgh gééc@%hﬁ?’qagrQSyCQBEBQQnSUEn ahPfiified PCR
product to be observed with time by measuring
fluorescence intensity at each PCR stage. However, the
TagMan probe, Molecular Beacon, or the like makes it
necessary to pick out a microbe-specific complementary
sequence suitable for the probe, which may be difficult
depending on an object.

[0038]

The amount of rRNA can be determined by considering

"the amount of PCR-amplified product and the number of
PCR cycles” thus learned and the results of a suitable
comparative experiment. Specifically, the amount of rRNA
of the microorganism of interest can be calculated using
a known method, for example, by considering “the results

of the comparative experiment performed employing an rRNA



(1) Detecting a product anplified by PCR using a
nucl ei ¢ acid fragnment capable of specifically
hybridizing - 30 to the rRNA of the m croorgani sm of
interest and a sanple of_tye specinmen to be tested.
(2) Detecting the hybridization between the nucleic
acid fragment and the sanple. (3) Detecting the rRNA

of the mcroorganismusing a different kno neth%%.
wiRsenBrRyas (8) kngwpd) teaRTHReEdd] |C§?n;‘}§FF6r ﬁ@&r&‘f *

d t h d b th
"B eAOBTT HERRARGANEA Tl SOPOMNCs ALGT (T SPEBET ©f
di that th t i
P{c%e'c%% BRror 58 Pos Bl Y os  he det ect | on

[ >g m cr oorgani sm However, the detection is
g 3 rably carried out by conparison with a suitable

Cont&ﬂgnbegﬁgSEumng speekfihe awphi hieabbegaah sRCRE
product and non- specific hybridization can occur.

1H¥¥?ﬂst'%%ﬁﬂE@Maéﬂéﬂﬁﬁﬂadfﬁyttﬂﬂﬁmduxidgn1ﬁhe|dmdun; of
been denonstrated that high detection sensitivity can

@A aghieiee il ddreragiiant tahisy ealetdied adsiang tthe

anmount of TrRNA as an index and the detection nethod
resiulg o foef apreasigratd eofcanRieA sdsl v axrdmIHpar ed to

that by conventional nethods u3|ng t he ampunt of rDNA
gt icuddy, the shokred wibeaieLh dhife Medapanian of
has al so been denonstrated that the nethod usj ng. t he
e TofCHRIR 5 1 G4 SRILUIA ot CICHTBINE Htfii | 1 o

AL a0 R AR | T o e 12 | P e e

1 on
é£g¥§¥%én perf%rmgé)emgloylng a sample of a specimen to

be tested in which the number of cells of the
corresponding microorganism is known” to properly
contrast therewith “the amount of rRNA of the
microorganism of interest” thus calculated. In the
contrast, in view of simplicity, a standard curve is
preferably used which shows a correlation between “the
number of cells of the microorganism of interest” used as
a template for PCR and “the number of PCR cycles” when
the certain amount of PCR-amplified product is reached
(hereinafter sometimes referred to as Cr value). The
standard curve is typically prepared by plotting the Cg
value against the number of cells of a targeted
microorganism (see Figure 2). The microorganism used for
preparing the standard curve may be a known strain such

as the type strain thereof.



Thus, the use of the quantitation or detection nethod
of the present invention (hereinafter, also referred
to as "the nethod of the present invention") enables
a mcroorganismto be specifjcally quantitated and
detected at higher detection sensitivity than that

for conventional nethods and even in a live state
thereof. Consequently, the nethod of the present
ot i on can be wused, for exanple, in applications

described in (1) t 4) below. (1 li,cati '
W GHESRRPET SOAGEAPANEF el REGFEEE ConPRRRAGIFALEY |

specinen to he tested i s ntitated ect i
cgliquietdns the ARt etk 'o&&gﬁﬁgfﬁggigﬁgt %ﬁ?%téﬁ

&L gonventdonaly et hods,. (2) A 8PAlJ 6 i@kddt i ch

a m croorgani sm contal ned

Cl?reilcglcltsa[e‘:gecdagﬂ%‘ﬂ I%x%é%bet&tye L& rd sk Gpntitatedand of a

etection sensitivity than that for

e Qnal o it hgdsh £ (Rr yRpliSaid o ddmpite oI tahe

rati o of the nunbers of dead and live cells of a

JPSI QDAY He isedmasurad wiichighenueiectdbreells of
sensitivity than that for conventional nethods. (4)

e apptteaidroiindn mihd odo tdeen josre siendenarn” apiid ahidee of

a live mcroorganismis "determ ned" at higher

ahedwect ioh BeEmsEnpVified roduet dnd donverbenst PCR
met hods. - 32 Here, the determ nation includes, for
asckes e, L dagnedamhtde et Redmb U ectSogif ifidcally, the Cr

ascertainjing_the presence or %Eu dance of a liv
AR S ThEh Hhe SATREF Of TRel TREGIPRCT R

' [ ' dta b at el
Gy R crna] Teh ShdNs) hneh OFFEHIBT L Aara

cells of a live mcroorgani snf has been
curve.

[0041]

As described above, the amount of rRNA of a
microorganism of interest in a specimen to be tested can
also be determined, for example, by (2) learning the
efficiency of hybridization between a nucleic acid
fragment capable of specifically hybridizing to the rRNA
of the microorganism of interest and a sample of the
specimen to be tested.

[0042]

Here, the nucleic acid fragment capable of
specifically hybridizing to the rRNA of the microorganism
of interest, which may be used is, for example, ones
designed and prepared as described above. The nucleic

acid fragment is preferably a labeled nucleic acid



cal cul ated in another experinental system

determ nation for exam ning the accuracy of the

experiment and the preciseness of the nunerica

val ues calculated. In this,gespect, when the nunber

of dead cells is quantitated, the neasurenent of the

total nunber of the dead cells and the live ceIIs S

preferably performed in conjunctiaon _there for
tBaamone. e PR GE LR (Tt F e me.

together with the ljye cells nunbe t he dead
acepramegRchec dtPBr nPhBE By §u61ﬁ8£??ﬁ§n% gyehuﬁberegf

the | [ | cul b
cargﬁgﬁﬁgréiﬁafp‘%ﬁvﬁﬁea BHERe PR RERR8HsBlohHE mote
0 t he t I
PRBEREHR P < ATRAERT St o0 TOG L (A1 BaR0 B Shlfne Sorere.

eghkéggglEftthe@ﬁH&ﬁebXHEQﬂﬁgnthB@kaﬁ@%hogéroﬁﬂaﬁséSand

croorgani sm i ncapabl e form ng colonies and a

aifhaﬁszﬂégaﬂbéghheﬁaeabl@n@fléwmﬂg Cedh Us€. c4PPUOJ obs by
own i n Exanpl es described later, it has been

adﬁﬁggﬁtﬁagﬁddthat the use of a PCR nethod in the
quantitation and detection nethod can achieve

[deuegtion - 33 sensitivity to the sane extent as a
culture nethod. Thus, the nethod of the present

i nveThe oamoant ab§orREAUSEda aBigrogrgaBysHf of interest in
quantitating or detecting a mcroorganis

adepectimen sendet teisted: é“fihf@rséﬁ‘ﬁ SRR 6’% G51dsaof the

the cultuyre nethod, _i
a detection senS|t5%5&y

mﬁg:gfggaééﬁpscéP Pﬁr&ﬁéggﬁdsﬁﬁéPﬁeﬁ Yo “C&1I%S Sor

[
T S L AR
samp @%é@y%eh§t%§%%’tested and the nucleic acid
fragment. The method of measuring the extent of the
hybridization is not particularly limited and may be
carried out according to a known method; for example, it
may be performed by measuring the label added to the
nucleic acid fragment. Specifically, for example, the
method can be carried out by measuring fluorescence
intensity when using the nucleic acid fragment labeled
with a fluorescent dye. The measurement is preferably
performed in parallel with measurement using a suitable
control. Here, examples of the suitable control include
“a sample known not to specifically hybridize to the
nucleic acid fragment used”, “a sample derived from a
specimen to be tested where the specimen contains an

already known number of cells of a microorganism of



conpared to the culture nmethod. In addition, according
to the nmethod using the PCR nethod, the process from
the extraction of RNA froma specinen to the
quantitation or detection £§ the mcroorgani smcan be
conpleted within about 6 hours. Thus, the nethod of
the present invention can also be used as a nethod
capabl e of detecting a mcroorganismin a short
ipseres téh, enfe ewSeRPd o6 tRESES PT P[‘—”G@S‘f]edTﬁé °H‘sé‘ of

t he nmet hod using a PCR netho%ﬁeccordlngh ¢l ns an
SPeEIERE Fﬁv?ﬁtF@ﬁt@gnw@FﬁﬁIF e SES Y ™S F@?eaﬁ

det ect t t d
SR LI T g R %?"y%gngn
1§§%P%§%hty Byfgﬁecﬁgng &Q?gsefthge P£€§S@t tﬂ¥e$$h0n

used the application of

agr?g)t%hﬂtn%txj UL ,4f n%WJfa@heam&Wg%%%nbw Shitdrest

ogeni ¢ mcroorgani sns, or the like" in nedica

Sid e 134 rrdd Q0 N KWy cHiRied Siai theiitbd.enghei ve
guantitation or detection is particularly required.

JR0%2] ofThe1Met ad wie e Wasenii smvehtirorewswt alagp also
be carried out using a kit for perform ng the nethod.
Pdenearmyangdiesy of Krwevkinte tflord per fanmd itpnimg rdiehganount
include a kit containing (1) nucleic acid fragnents
cfapaNze off thepadidiasatdan s iz bRy ass s gfalrulated
m croorgani smof interest, (2) a protocol in which an
anth| @y megy 1o Qfet%tfd“ltsalﬂ‘é%c‘?‘?%atdn‘b? dIXReHIIEnL -
reagent used for extraction of RNA stabilization of
]and/or a PCR Fbmever the kit of the present

ICQYFS' -On I Olf 61|et|§ itlngf %r?n %ro%l} ane_Lf ?r{%ft Qrterest

requi sl

ﬁ({ feoé]"nr,%gcoalil lfeagén@f ﬁ\;]@ntc’f@rpsué)és tet? aﬂreilli@gx the

qU|S| per orm ng the steps" can
presence of rRNA of the microorganism in a sample of a

specimen to be tested. Here, the term “detecting a
microorganism” includes identifying the microorganism.
The term also includes determining the presence of a
microorganism to be detected in a specimen or the absence
of a microorganism to be detected in a specimen.

[0045]

To determine the presence of rRNA of a microorganism
of interest in a specimen to be tested using the
detection method of the present invention, the detection
described in (1), (2), or (3) below may be carried out,
for example.

(1) Detecting a product amplified by PCR using a

nucleic acid fragment capable of specifically hybridizing



be properly understood by considering the description

set forth in this specification. Exanples [0053]

The content of the present invention is described
below in further detail by ygy_of Exanples. However,

the invention is not intended to be limted thereto.
[0054] Exanple 1: Preparation of priners For various
bacterial strains, 16S and 23S r RNA DNA sequences

tige rtdreo tRATAh ef ftrfmnmworsrwwsa“ Bk e IRParpnd 5 sample
(http: //MMMIdde n|g ac p/ W\l cone-j . htm ). These
%fecﬁ]"@n&é%e 1S the Qustal W pr ogr am

foll h

wer e (& af§§ %%3?# 'tﬂgwﬁygﬁ&é%%@e% S eRy i Pyt 2l e
0 t t

afco]r(i efarcaf?mea aSSI i g'get P%ﬁ* %gegeqﬂrelng‘eegso\fl\etr ﬁedgﬂ ﬁgfg

prepqgngf%%gﬁaggrE%MAI%&%prS ofe M RHyaR i8S HWRg a

n Tabl'e ences 1 n which the sequéences are

é%f%gféﬁ%i B Gs Whod N the colum for "references” in
Table 1. If the columm 1is blank, this indicates that

e Wmems b nomel cars asplanaess Ty ek tyrridd Iy esent
invention. In this respect, Non-patent Docunent 4

dy esenisg Micy gietiolsignitdscrModd meltiodd. Fhe
353-358 (2002); Non-patent Docunent 5, FENMS

M evearbie| @) yrANA t&f sthe ohi cRgRr g0 1GE (ROOAYestand

Pat ent Docunent 7, Japanese Patent Laid-Cpen No. 11-
iTsipgTten that Whe @iqregugagisn kag hgemspresent in the

specimen to be tested, which enables the detection of the
microorganism. However, the detection is preferably
carried out by comparison with a suitable control because
non-specific amplification of PCR product and non-
specific hybridization can occur.

{00461}

As shown in Examples described later, it has been
demonstrated that high detection sensitivity can be
achieved by the quantitative method using the amount of
rRNA as an index and the detection method using the
presence of rRNA as an index compared to that by
conventional methods using the amount of rDNA as an index.
As shown in Examples to be described, it has also been
demonstrated that the method using the amount of rRNA as
an index can accurately gquantitate and detect a
microorganism in a live state without guantitating and

detecting dead cells in conjunction therewith.
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éﬂables a microorganism to be specifically quantitated
and detected at higher detection sensitivity than that
for conventional methods and even in a live state thereof.
Consequently, the method of the present invention can be
used, for example, in applications described in (1) to
(4) below.

(1) An application in which a microorganism of
interest contained in a specimen to be tested is
quantitated and detected in a live sate at higher
detection sensitivity than that for conventional methods.

(2) An application in which the number of dead cells
of a microorganism contained in a specimen to be tested
is quantitated and detected at higher detection
sensitivity than that for conventional methods.

(3) An application in which the ratio of the numbers
of dead and live cells of a microorganism is measured at
higher detection sensitivity than that for conventional
methods.

{(4) An application in which the presence or
abundance of a live microorganism is “determined” at
higher detection sensitivity than that for conventional

methods.
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accurately and precisely ascertained and (b) when ”ther
number of cells of a live microorganism” has been
calculated in another experimental system, determination
for examining the accuracy of the experiment and the
preciseness of the numerical values calculated. 1In this
respect, when the number of dead cells is quantitated,
the measurement of the total number of the dead cells and
the live cells is preferably performed in conjunction
therewith, for example, by a method known to detect the
dead cells together with the 1live cells. The number of
the dead cells can be determined by subtracting the
number of the live cells calculated by the method of the
present invention from the total number.

[0048]

The method of the present invention can also be used
as a method for guantitating or detecting a microorganism
difficult to measure by conventional methods, such as a
microorganism incapable of forming colonies and a
microorganism incapable of liquid culture.

[0049]

As shown in Examples described later, it has been

demonstrated that the use of a PCR method in the

quantitation and detection method can achieve detection



OFNQHNMd~ .(1 mMmO- .-l HHNNHH.-1 HNN

.., ZztowN UW UJiwYW HwwOw~WJJUI~U
wP4 0Ooro0 agag a0 OOUVN wO NH NN
a ONWNri NWO ' QMNNdI-d~ Mt I U aaU U
OO OHE1411u 4U00U040U WA UEOEF

UUEOUEUFEEA404H00H400 4V OUFCO4 U EU

sensitivity to the same extent as a culture method. Thus,
the method of the present invention can also be used as a
method of quantitating or detecting a microorganism at
detection sensitivity to the same extent or more as the
culture method, i.e., at a detection sensitivity of 10°
cells or more/g of specimen or 10° cells or more/mL of
specimen.

[0050]

A microorganism can also be very rapidly and simply
gquantitated or detected when the PCR method is used,
compared to the culture method. 1In addition, according
to the method using the PCR method, the process from the
extraction of RNA from a specimen to the gquantitation or
detection of the microorganism can be completed within
about 6 hours. Thus, the method of the present invention
can also be ugsed as a method capable of detecting a
microorganism in a short period of time (within 6 hours) .
[0051]

The use of the method using a PCR method according
to the present invention can simultaneously achieve high
detection sensitivity, more accurate quantitation and
detection of a live microorganism, and rapidity and
simplicity. Thus, the method of the present invention
can be used, for example, in the application of “the
examination of contaminant and hazardous bacteria,

pathogenic microorganisms, or the like” in medical site
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or detection is particularly required.
[0052]

The method of the present invention can also be
carried out using a kit for performing the method. Here,
examples of the kit for performing the method include a
kit containing (1) nucleic acid fragments capable of
specifically hybridizing to rRNA of a microorganism of
interest, (2) a protocol in which an implementation
method is described, and/or (3) a reagent used for
extraction of RNA, stabilization of RNA, and/or a PCR.
However, the kit of the present invention is not limited
thereto, and refers to a collection of all or part of
requisites for performing all or part of the steps of the
method. Here, “requisites for performing the steps” can
be properly understood by considering the description set

forth in this specification.

Examples
[0053]

The content of the present invention is described
below in further detail by way of Examples. However, the
invention is not intended to be limited thereto.

[0054])
Example 1: Preparation of primers
For various bacterial strains, 165 and 235 rRNA DNA

sequences were obtained from the DNA Data Bank of Japan
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2: Determination of the spegjficity of primers To

determ ne whether the priners of Exanple 1 actually

have specificity or not, they wer e exam ned for
ecificity _to, various ba

(BRER: 6y g3 - BAGr 8F AP/ B ﬁsa&nss SBtingan Thesan o o
57 6

=$94ehERe, 57 Raa aaten PaLadst Ehééﬁamo?%\%@o{ ect
Bacteri R . Al

B SRR o atbsied ot oo

w%%QtEEBB§§?igP ?K099m§l§9r?égug‘Qﬂhe§uﬁﬁ§o§5bbﬁcheﬁabﬁs

€ renova e supernafant. Thereto were added 450

o% ehebagliebhehktie Rubker pk3dere ket Bebibukliefor each
QAGEEI), 3.5 | of (3-nercaptoethanol, 100 | of TE

chekEe k)i card 0300 THe OfeghesSebeatisthd. ﬁrﬂm@rn prepared

di aneter), which was then vigorously m xed by the
ahastReepRER120ec(iBiso of0intatres 00 er pinofwor iondabileutle

to crush the bacterial cells. To the crush solution
Rederaddes 500whichf thet seavengest @erepﬂ@ﬁ@lrlw @ﬁwéwwn
then i ncubated at 60C for 10 mi nutes. Theret

iaddbe tOOUgR SPr CHIESeFRBCESs d8mpardiec dhol IECFE\? “column
whi ch was m xed and then_subjected to a

igeblankug &iisn 1801F2 660 theh & SeeRTed Saf £V

sterc];%ernec%o%%rue% %3;) e11:rhneatparnets Wats iarg'\geen ijon. In this respect,

Non-patent Document 4 represents Microbiol. Immunol., wvol.
46, No. 5: 353-358 (2002); Non-patent Document 5, FEMS
Microbiology Letters, vol. 202, 209-213 (2001); and
Patent Document 7, Japanese Patent Laid-Open No. 11-

151087.
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[0057]

Example-Z: Determination of the specificity of primers
To determine whether the primers of Example 1
actually have specificity or not, they were examined for
specificity to various bacteria. Specifically, 50 pl of
each of various bacterial cultures as shown in Table 2
(57 species in 28 genera) and Table 3 (60 species in 18
genera) was added in a 2-fold volume of RNAprotect
Bacterial Reagent (QIAGEN)} and incubated at room
temperature for 5 minutes. The suspension was then
centrifuged at 5,000 g for 10 minutes and subjected to
the removal of the supernatant. Thereto were added 450
ul of bacteriolytic buffer (346.5 pl of RLT buffer
(QIAGEN), 3.5 pl of P-mercaptoethanol, 100 pl of TE
buffer) and 300 mg of glass beads (0.1 mm in diameter),
which was then vigorously mixed by the FastPrep FP120
(Bio 101) at 5,000 rpm for one minute to crush the
bacterial cells. To the crush solution was added 500 pl
of water-saturated phenol, which was then incubated at
60°C for 10 minutes. Thereto was added 100 pl of
chloroform/isocamyl alcohol (CIA), which was mixed and
then subjected to a centrifugation at 12,000 rpm for 5
minutes at 4°C. To the recovered supernatant was added
an equal volume of water-saturated phenol /chloroform,
which was then mixed and again subjected to a
centrifugation under the same conditiomns. To the

recovered supernatant was added an equal volume of CIA,



awoll |l | 11

= —
- —

(I
N CN

[ I I
117 UC bt M wM N r+ C W NNU m 0 u
N-.I1mN-rl NONCC Nm-.1b) CmuUTrlI C.i NN
mr44JmCXOCNN.l_I\§91JOUNb1 ri N1TUmN
SIm.1COHQ HCNCO R7T-"1COMNMDb) CNC
(&1@|n1NH.JmNNuCuCSJom(MdO-OO
Omwror+ bl CO "Q 7 N,-+ 4), n1| o XCCE) H

thalghCram ih;ﬂ ahebee) aﬁfioaéaen FuBISFtEY FPNA(U H Q
-.1-.+ NO + r+
cCeRtEs fjésgﬁtaeneuede)r GhR ﬁP‘E]Bef\u)c)Q}l%tQO?‘)SHth K P&O'ﬂri\l d”Fn
> d >
tgﬁ ﬁeFfVT$eflspfeagength%?g ﬁﬂ%EAﬁg)ggkglg&%&EmbOOf
iggp%kﬁ}% %ﬁgbgoq‘gnﬁ'§'§91%1f91%)4@1hm5 HfC@MCs@thN

mmmJ JLI1) NNE-d;J
acgtgtw ”thNthHsChthdoby ihvierdiocd an@ Qh%anHbﬁéchd

urororl 0., 01100 ONro A
téNgAgéﬁ%ﬂﬂﬂUgaM1ana@ MsNo®e0 Yl Ho¥ 1 oNmink tlesEadakPc.
The resultant was subjected to the removal of the
supernatant, to which 500 pl of 75% ethanol was added
before mixing by inversion, followed by subjecting the
mixture to a centrifugation at 15,000 rpm for 2 minutes
at 4°C. After removing the supernatant and air-drying
the inside of the tube, the precipitate was dissolved in
50 pul of RNase-free water to make a total RNA extract. A
quantitative RT-PCR was performed using QIAGEN One-Step
RT-PCR Kit (QIAGEN). The composition of the reaction
solution (total volume: 25 pl) was: 2 pul of the total RNA
solution {equivalent to 2x10° CFU)}; and 1 x QIAGEN One-
Step RT-PCR Buffer, 0.5 mM ANTP Mix, a 1/25-fold volume
of QIAGEN One-Step RT-PCR Enzyme Mix, a 1/100,000-fold
volume of SYBR(R) Green I (from Molecular Probes) and
0.75 uM (each) primers (described in Table 1) which were
adjusted so that the respective amounts form final
concentrations. RNA equivalent to 2x10° CFU was used as
a template in the RT-PCR. The reaction solution was
first subjected to a reverse transcription reaction at
50°C for 30 minutes, and then heated at 95°C for 15

minutes to inactivate the reverse transcriptase.
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for each cycle. These series of reactions were performed
using the ABI PRISM(R) 7900HT system (from Applied
Biosystems) .

As a result, as shown in Table 2, it was
demonstrated that only a bacterial genus or strain of
interest can be specifically detected by the primer En-
1su 3F/3'R (Enterobacteriaceae), g-Staph-F/R ( the genus
Staphylococcus), PSD7F/R (the genus Pseudomonas), s-
Clper-F/ClPER-R (Clostridium perfringens), S-S-Bc-200-a-
S-18/Bc2R (Bacillus cereus) or g-Encoc F/R (the genus
Enterococcus). In addition, as set out in Table 3, it
was shown that only a subgroup or strain of interest can
be specifically detected by the primer sg-Laci-F/R
(Lactobacills acidophilus subgroup), sg-Lsak-F/R
(Lactobacillus sakei subgroup), sg-Lcas-F/R
(Lactobacillus casei subgroup), sg-Lrum-F/R
(Lactobacillus ruminis subgroup), sg-Lreu-F/R
(Lactobacillus reuteri subgroup), sg-Lpla-F/R
(Lactobacillus plantarum subgroup), s-Lbre-F/R
(Lactobacillus brevis), s-Lfru-F/R (Lactobacillus
fructivorans) or LFer-1/2 (Lactobacillus fermentum). 1In

Tables 2 and 3, + indicates that specific detection was

able to be achieved (C; value: 1 to 30); — indicates that
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ExRBPLe O O BRAPLREbI 0 OF 2 r RS A3 BeRP ey By
growgh stgius o) éﬁrléhgﬂﬁkégo$&ggn£§mg)gnd the amount of

rRNA transcription

Using Escherichia coli, S. aureus and P. aeruginosa
cells of different culture phases, a relation was
examined between the number of live bacterial cells
measured using a culture method and the number of
bacterial cells having the ability to form colonies,
derived from the amount of rRNA transcription measured by
a quantitative RT-PCR method. Specifically, after the
start of aerobic culture of each bacterium with shaking
at 37°C in BHI medium, the bacterial cultures were
collected with time, followed by using the cultures to
measure the number of bacterial cells by a culture method
employing BHI agar medium (37°C, 24 hours). On the other
hand, RNA was extracted from samples similarly collected
and subjected to quantitative RT-PCR analysis. The
number of bacterial cells in each sample was calculated
on a basis of the standard curve prepared in the manner
described in Example 4, using RNA extracted from a
bacterial strain in the late logarithmic growth phase,
the number of which cells was known. In this respect,
the total RNA extraction and quantitative RT-PCR were
performed as described in Example 2. The results are
shown in Figure 1. 1In Figure 1, the black circle )

indicates the number of bacterial cells calculated from
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Exami nation of a relationshi p
RPIHIRE e WA, h Statih Ofr it iGHSHEE WY GBY e ed
and the anount of rRNA transcription Using
H&ﬁﬂéﬁﬂ(Hﬂéiﬁaﬂﬂatﬁ5n.&ﬂfﬁué% &1 dhe amimhEmaesa 1ice | s
of different culture phases, a relation was exam ned
Heeitwadn it e Nt exfmiliade tadtier iallmetd gne theas viredche
using a culture nethod and the nunber of bacteri al
beal Hex iy iswg uthieraind tthe auumren o drd e riaderqslded
fromthe anobunt of rRNA transcription nmeasured by a
cqlavliatad Vi oRT-thER aRQuitd .o ISgE A .tc%ﬂq%f-‘rﬂé?ftﬂé?nt h&his

start of aerobic culture _of each hac th
demanistgat@d FAeh rFIE-IInUr@ﬁIUrH ﬁf'ela]bsa Ilelrja}mei'lvg Wltures

were coll.ected f ol t

Wﬁﬂx&aql@m rfeod’\sﬂftﬁg’ olenre of 'l er#’glgcmﬂﬁtl%n by
a cult.ure t gm%! 37C, 24
TS mg()ﬁf%g%%n ﬁé}ng %3‘% was ext(rj%%?]et(j from

es simlarly collect ed and subjected to
guantitative RT-PCR anal ysis. The

Example 4: Preparation of standard curves and comparison

o]

with a guantitative PCR method

Standard curves were prepared by the method of the
present invention (quantitative RT-PCR method) using
cultured cells, in the late logarithmic growth phase, of
P. aeruginosa YIT6108" (type strain) and S. aureus
YIT6075% (type strain). Standard curves were also
prepared by a quantitative PCR method to compare with
those prepared by the method of the present invention.
Axenic cells of each strain cultured in BHI medium were
separated so as to provide cell numbers of 105, 10%, 10%
10%, 10' and 10°, and subjected to RNA extraction as
described in Example 2. The extracts were each subjected

to gquantitative RT-PCR according to Example 2 using



nunber of bacterial cells in each sanple was
calculated on a basis of the standard curve prepared
in the manner described in Exanple 4, using RNA
extracted froma bacterialggstrain in the late

| ogarithm c grow h phase, the nunber of which cells
was known. In this respect, the total RNA extraction

and quantitative RT-PCR rf d d b d
prﬁmmnﬁpedgscamseﬁegm?é‘@i?e pi%é’#ﬁ et

cBabi BFfaPeCFFS EAFGBFADS=PFORT VHTS (8 g el
ﬁunggiign % ?EEQQF ﬁglfhgecﬂﬁkhge gEEhSd ﬁghcrﬁﬂgd in

erra determ ned by the culture

EQ%PQQ 3F°rué‘iﬁ%°§ hdEn PRI EL L Al b SE B \Sw, ShiRA £C4186a 1 ea

analfysis, from [ogarithmc growth phase to the

£08At PhEhgsfe 8apbliesgweebakigBsBhphwasaniaeavEdr the
between the vari ation curves of the nunber of |ive

qhastethakhosekhsrdetepy aedchymeitodukehpleyietyhedNanas a
the bacterial solution and the nunmber of bacteri al
taebks seghendkat edSpeoifidal Bypuhtmbfof RRBS was added to
transcription. This denonstrated that the nunber of
eechl efotha bavterindr soiyahrom scnradagedderersi red

under any condition by asurj ng the apgount, of rRNQ
preyider cplilopumpgas3pt Eggnp1%{4%ibre63?gt?9w1%ﬁd 10

standard curve d
wPERPBER08 LAF EREARISe (T as CROEE I51ERe 85 By -ChY RETnas

of th t
nagutgs GFt red EoLTevel oY nECPaYbaPobari PHRTEPBESAET

A%hagzra%f- bonf 6’?%#%?’&5‘%@‘ Mw%@‘&% stral e 3 Sas

aur pe strain) rd curves were
aﬁ|d§9 Bl @RRr § e 3 tataNt kihdlhy ¢aBCRHER! kad rreocamear e

those prepared by the nmethod of the present
cbﬂ%@ﬁ&h@%ﬂ before removing the supernatant. To the
resultant pellet were added 300 pl of bacteriolytic
buffer (100 mM Tris-HCl, 40 mM EDTA, 1% SDS, pH: 9.0),
500 pl of TE-saturated phenol, and 300 mg of glass beads
(0.1 mm in diameter), which was then vigorously shaken in
the FastPrep FP120 at 5,000 rpm for 30 seconds to crush
the bacterial cells. The crush solution was centrifuged
under conditions of 15,000 rpm, 4°C and 5 minutes,
followed by recovering the supernatant. Phenol (TE-
saturated) /chloroform/isoamyl alcohol was added to the
supernatant, which was vigorously shaken in the FastPrep
FP120 at 4,000 rpm for 45 seconds and then subjected to a

centrifugation operation under conditions of 15,000 rpm,

4°C and 5 minutes. Alcohol precipitation was performed



Axenic cells of each strain cultured in BH nedium
were separated so as to provide cell nunbers of 105,
104, 103, 102, 10' and 10, and subjected to RNA
extraction as described ingdxanple 2. The extracts
were each subjected to quantitative RT-PCR according
to Exanple 2 using - 48 priners as described in Table
1. Acorrelation was _exam ned %etvveen t he resgl tlant a
- § ywe

usingylthe SsBERESURPS TEFOVERES SMPETFREMT n
th | t t hod described i | i
D CHGFOIHEDE BEE BEECHDIORRE Sk SONBN Of, 15 BRELexaso

| | : t €-sat
mRE Sy 5 DGR, note Sagh B G T IS, PR FbhakLeea
ug,ﬁ%g,ﬁg%%- r2ReGihiGalghg sbitle 19 BBS aengddad t orheaphr

acterial solutions separated so as to provide

w%%!%e@%€Q%kﬁ.q5 %Q§x§%94251®§'0%0%'rggkﬁ¥$i fBution

h was stirre nd then centrifuged at 15,000 rpm

R tainThdubesif &t 4he DRA QWAL @V iIg vharris-HCl
supernatant. An operation was repeated tw ce in which

(barig .qf) ,PBS was KGdded 5t M My qlzecOpibat Erinbnch-was.
then stirred and centrifuged before renoving the
290p @M @NAPt mikaures ar a5U00aN0 Opddla wednanea dfe FYIRAR)
of bacteriolytic buffer (100 mM Tris-HCL, 40 nM EDTA,
Gk%e3DS,, [H 1@/, TaRErartoR)TERHEhAd of geire fGlonTaad)
300 ng of glass beads (0.1 nmmin dianmeter), which was

Ot-9eén W/irgo e IDNAs padamena s He mogs tiskaF sppesd &+ %, otdh
(S Bz (AP THR 1h GG SRR A Gt TS of
s ik BRoRBReEtER so18ti8HC Ul HeEtCL G acc
fzozlj}rtlog ﬁé%g%#e,@'{/\ﬂ{hc no\c\é/gsﬂj\%%gﬁous ﬁ%a&ykéé%%i’ ?ftjﬁ%oto £68€ 20

JAUIALP 6 PRLEB b 04 cRPBnERMhAr 745cSe6eNgs 388ohBEN and

subjected to a centrifugation operation under
SOddaNS irddu Q) athm2°c for 10 minutes. The amount

of the amplification product was measured for each cycle
as a fluorescence intensity of SYBR(R) Green I. These
series of reactions were carried out using ABI PRISM(R)
7900HT. In this respect, 1/25 the extraction amount of
each of RNA and DNA was subjected to the reaction.

As a result, as shown in Figure 2, both of the
methods showed an extremely good correlation between the
logarithmic number of bacterial cells and the Cp value.
In Figure 2, the Cp value is plotted against the number
of cells/extract measured by the culture method for each
bacterial strain serving as a sample. The black circle

(¢) indicates the case of the guantitative RT-PCR, and



4C and 5 m nutes. Al cohol precipitation was perforned
- 49 wusing the separated and recovered supernatant,
foll owed by dissolving the precipitate in 50 | of TE
buffer to nmake a DNA solutgpn Subsequently, a PCR
was conducted wusing the resultant DNA solution as a
tenpl ate. The PCR was perforned in a total 25 | of a
reaction solutionn containing 2_gl.of the sol ugj.gn

thRgwhbtRVEFFFEerd]) - (FRescase 86 RRFKEIaNST aWF/gE!fg;
0.45% Triton, X-100, 200 M dNTP.m xt ur

13) £B6, OBBLPELAbEI HE VS OLbBRIRS ChrBes™ T8y ng/)

SLRAPSEFb .0 PR T, PhnTeg e eTetens
(Rfl\;‘@f e)( P\épgl:é .FEI,%S gfosf aip.h'é:éll‘:{)gﬁ?oéé n&lld 0.9961 for S.

concentrati ons. e reaction solution was heated at

a?f—f;usf. OrpyD; &1 MM SSs £ £4E8a Stk ectigs & @ard@aeycéesves 94C
or 20 seconds, 60C for 20 seconds and 72C for 50

efifp9RdsheaBd] caUBSEGHEBEl YheeaahBdrabf7Backeridd cells
m nutes. The anount of the anplification product was

fpeasuhedct ovabaeh. cyml eddas iaf,| Udree SpETdE. tigttierss iRE-PCR
of SYBR(R) Green |I. These series of reactions were
meahpidedasutbilsi tg ABEePR SNf Rpacyeobafr. cehlt hpsthe
respect, 1/25 the extraction amount of each of RNA.
sanglBDRA wWadisabiiast shato thremeshed §R3 As IgtEELIPE as
shown in Figure 2, both of the nethqds igomed %ﬂl 1t
SERELEANLFY E0HPREAPRAMEGR Be CREBE IO A S a Mt imcE - Fur e
nupber of pacterial cell d t Cr L ye o]
m3thefe CAnA| GenPa°bToteaathnk Aot PRELadnpar dope HEes
£8¢! L3eexhnach (aeasr o B Lhe;ol Ly g FRUINGanieachs
Bacteri & strarn serving as a sanple. The black circle

ag)ggQg%&gEg%etQ% GARE Rh thihe fermd.at rMe RELtRER o@néhe

_ “white circle (0), the case of the
pTeaRbict ahhvea tPER hald ot lde tapRAOH FRine icure yokibaiuted , 000

t hrough the

times that of the PCR method using rDNA as a target

sequence, demonstrating that it had a marked detection

sensitivity as compared to a previously studied means for

quantitating a microorganism using a gene amplification

method.

[0064])

Example 5: Quantitative detection of a bacterium in feces
Various concentrations of P. aeruginosa were each

added to human feces to compare the detection range of a

guantitative PCR method with that of the method of the

present invention. P. aeruginosa-added fecal samples

were prepared in each of which cells of P. aeruginosa

equivalent to 10%, 10%, 103, 10%, 10°, 10°, 107 or 10°



quantitative RT-PCR nethod, the correlation
coefficient (R2-value) was 0.9955 for P. aerugi nosa
and 0.9961 for S. aureus. This denonstrated that the
standard curves enable theggalcul ation of the nunber
of bacterial cells fromthe CT values. In addition,
the quantitative RT-PCR nethod was able to detect 100
bacterial cell in the sanples, indicating tPat tFe
cetlifo®@Kad Oa "Pe Odc U8R L&7&S MATSy rabrg WPERLRNA
conventionally used cult t had._ Thi s de t e
RS Heth I S SR TS hI R Hro STHE A0ER PR et
det ection .of a Jm_crqor, i a tive to the
SEe ﬁﬁeaﬁgtﬁ%%ﬁin Se%hé%ﬁgﬁéb ?ﬁ%ﬁﬁﬁﬁgééﬁéyae%vention

t.ect i it i Y aout: 1, tdTeS at;aQf
TR DR TR T TR e e Br e SR ok
AP RSt aldidd tfdm idadifd @ v kGhad@filie® and used as
sensitivity as conpared to a previously studi ed neans
al Hempdwat IHAHYE A mItHe0 Q@i iIMAadiSia\PaR .gema addition,
anplification nethod. [0064] Exanple 5: Quantitative
et eeinieo s adip 1l hanteersubdat feoes thdamemmirement of the
concentrations of P. aerugi nosa were each added to
nhurisy fodc s dte rderipared Iisheisdate @t iand fumegenadthagd. The
quantitative PCR nmethod wth that of the nethod of the
gtegariti gmednttihen  tota lg ARy iatsh hel BB T edR t it T F CR

were prepared in each of which cells of P. aerugjnosa

nefliosaMehe (Grried . afpsesgyibethgn ﬁi@‘,“‘% g%‘r %’s

- 51 cell r 20, of hunan fece re _added.. e

T R && F&gt%rﬁﬂb%%e‘acaﬁldzft e .racq:m@ of
rugi a- added .f I e L | at e

B S RS e R R, O P Al C1n

dVE N QUL DNA a5 o 2l extdafteh £ rame easth ofridaana

sanme sanples and used as a tenplate to performthe
Qe igd iot AGR G eraddidd¥uted to the quantitative RT-

PCR and the gqguantitative PCR, respectively.

As a result, as shown in Figure 3, the method of the
present invention showed linearity in an approximate
curve obtained from measurements in the range of 10%-% to
10'® cells/g of feces in the P. aeruginosa-added fecal
samples. In Figure 3, the Cp value is plotted against
the number of cells/g of feces measured by the culture
method for P. aeruginosa serving as a sample. The black
circle (e} indicates the case of the guantitative RT-PCR,
and the white circle (D), the case of the guantitative
PCR. In the human feces, the quantitative limit of the

2.9

method of the present invention was 10 cells or more/g

of feces, and was nearly comparable to that of the



the sane sanples are subjected to the nmeasurenent of
the nunber of bacterial cells using a culture nethod.
The extraction of the total RNA and the quantitative
RT-PCR nethod were carriedsput as described in
Exanple 2; the culture nethod, as in Exanple 3; and
the extraction of DNA and the quantitative PCR

met hod, as in Exanple 4. In, this respect, ,1/2 590 t he
caibuREs Nthefle WBLER HRA &Ad CebEsl SBRESBB( i bt REFE-

subjected to the quantitative RT-

T@f&ajﬁtulltté‘trlev Bepbra obectie Bay . HELIS 385 F¥pod phthe
ur.e 3, t.he nethod of th S

p§ﬁ NSRS IER Wﬁ aﬁogﬁﬁrox%ngggﬁlgﬂ?ve 0 t&l%% ion of

R & an%%§urigﬁﬂh%. Q r@%ﬁﬁﬂff&gﬂﬁﬁzkp b&%&os hours.

§ces in the aer ugi nosa- added fecal

IE@J e%thleri‘ angl € i3 atnigﬁ | V@Wa HeS laeitliad tagal neir

e surber o I s/'g of feces neasured by the culture

mERined leﬁ'le%rl%%r WA RTRE TRE NG &% appditatEheurve
black circle () indicates the case of the

Btandatirgn REaRGRemetrtd tie ti trarger dfe ¥0)° tcha 0*°
case of the quantitative PCR 1In the human feces, the
cqplldni/ig aifi \feddsyi tanaf thee deatedigdofl ik prr@eﬁhout 1,000
invention was 102'9 cells or nore/g of feces, and was
trigverd \i commp ety dhed (fatthsf quan bl ive RInRCRdiaided.
whi ch was 102 cells or nore/g of feces. The culture
X6Rdd t ook one day, while the method of the present

i nvention was conpl ete fronx%he stablll ation (ﬁce;g#%y

E@“I‘ar‘tﬂiéﬁ %ﬁ&“r?éﬁ‘ i torfe e i s L e iR o T T
On I PCR
r{ﬁgtao%\%‘g dema cyusl%_1 é/ I&g\%&yant itative

S OBseTVed i 'an appr oxi mate curve

obt ahﬂ%% %wa&eﬁ%&smtss 'nrsﬁtﬁ%dr 0% YuaklS B di%e RT-

1010 eces tection limt was

ﬂqqusﬂné)ng téd@d%eff@é’bé%p&flﬁm St atn VEsu
PCR ret hod.

3F/3 R. Fresh excreted feces were collected from 38
adults and diluted by 1/10 under anaerobic conditions
with a transport medium (10% glycerin, 5% cysteine, 1%
lab lemco powder, 0.045% NaCl, 0.0225% KHyPOy4, 0.0225%
K,HPO,, 0.0225% (NH,),S0,4, 0.00225% CacCl,, 0.00225% MgSO,) .
A 200 pl of aliquot (20 mg as feces) was taken from the
diluent and subjected to the extraction of total RNA
using a quantitative RT-PCR method. The quantitative RT-
PCR was carried out using 1/2,500 the amount of the total
RNA as a template. An aliquot of the same diluent was
also subjected to the quantitation of CFU by a culture
method (DHL selection medium). The stabilization of RNA,

the extraction of the total RNA, and the guantitative RT-



Exanpl e 6: Analysis of human fecal enterobacteriaceae
by quantitative RT-PCR and a culture nethod Human
fecal flora was anal yzed by a quantitative RT- PCR
usi ng the enterobacteri aceagzspecific primers En-1su
3F/3' R Fresh excreted feces were collected from 38
adults and diluted by 1/10 under anaerobic conditions

A hes e (O o Y 3 Sl v
K2HPO4, 0. 0225% (NH4) 2SS4, 0. 00225% ) .0 59
YIRFSAH) 2CK°2 chgﬁl 'Eugpn?fﬁg%ﬁggsC?g%%gfgmagﬁgaﬁ%ﬁal

R T S U B S R

using a duantitative

u%%%ntgo&gyr;é a@thl(;R MBS G 1RG-vQUt J45idaa L1250 e

anoun e tota RNA as a tenplate. An aliquot of

et Halcbl Afate1alss Bys WHee Girt ditdtidre RT-PCR.
quantitation of CFU by a culture nethod (DHL

sel egki anreediun) asThaoshabhl Figtiren4of iRNAas t he
extraction of the total RNA, and the quantitative RT -
dshorRER anede tacaondiengruam tExaihlve RT-HOR thethnd t ure
method was in accordance with a conventional method,
thhmetdingl rRAMA asxaarsidma D Ho dieE Prssignty| inegu4ey pk the
strain) was used for preparing a standard curve for
coditaeamatdochShawathan S uRaedy At1QR9 SPFeipFion
quantitative RT-PCR, As a result, as shown_in Fi%%%;

(Fonneladd ony SasdaRt t xt®43d quaft FEFFe *RT
.h t ti RNA i f J
4£ah§%g%nfgﬁﬁ?%4ﬁ?§]§ﬁﬁi3%%ﬁﬁ§#ﬂgﬂ;§ﬂ€§§ﬁ‘é% gx H%%Eﬁ%?
t | At | td N SOeffdGi@Ntind Q2550 cs
cI%nlrt%lnlgau ?"gert},% (f'h Ié"l Q{ho rtg}cér)l %‘trtgsj' @eépér%g sent sefét él;%%] etsrbéljt s of ¢

S LA AN JWY B & ne WdiHsa it hath @nckdde Bbss s5on .

represents the résults of quantitation by the nethod
&y (e RASRIte ifMadd Ot ok thelawd tis eadsdiyed; sh tall

took 2 days to acconplish al

operations, while for the method of the present invention,

all operations were completed in about & hours.

[0066]

Example 7: Examining microorganisms in cow’s milk
Various concentrations of E. coli, S. aureus, and B.

cereus were each added to commercial cow’'s milk to

compare the guantitative wvalue of a pour plate culture

method with that of the method of the present invention.

E. coli or 8. aureus was added to the commercial cow'’'s

milk so as to provide microbial numbers of 10°, 10%, 107,

10%, 10°, 10%, and 10° per mL to make samples. Of each

sample, 1 mL was subjected to the extraction of total RNA,

and 1 mL to the pour plate culture method (E. coli:



operations, while for the nethod of the present
invention, all operations were conpleted in about 6
hours. [00661 Exanple 7: Exam ning m croorgani sns in
cows mlk Various concentggtions of E. coli, S.
aureus, and B. cereus were each added to comercia
cows mlk to conpare the quantitative value of a

our plate culture nethod MAth that of_ the nethod of
XYCPSARt S FIET MEPLWE SooldurgHss ang, Fey £ S SHdded

cfﬁ‘%at@%&%%%%%éf‘r'k T T ﬁ%a%rl?v' 0. Ppecota
ik Bl Wi B deD pvor EREhe SRR S PoR el

(?rksoxyc J.IQJgaé) 1%1I§J RINd s 1GPldable 3% to determine

agar un1 S. aureus and B. cereus:

€ QIR Mwé@fj Iy r3bal it RQUEKSEuEhanbiotak
RNA extracted was anal yzed by a quantitative RT-PCR

e Jfs inliG Y RN T lesadd ibrsd ivy Tt edud @plate
determine a correlation between the resultant CT
adtigreantk tthtel . nuabehief rekspeaki aktheeltbsadbR¥Aned by
the pour plate culture nethod. In this respect, the
ebatralc tRNR aexd redot iq:mraﬁd:atmieraquﬁhtﬁqratma@@r vEGre

nmet hod were perfor the met hod described in
merfmpimed byl /o tmﬁéchcaﬂmi;srﬁcrc#betqqel% AN 2ixt /AR dehe

was subjected to the quantitative RT-P

amea o fhehdtan ﬁﬂpgtﬁ%rsacq%ﬁew\ﬁé}%ee%a%da to the
correlated\Mtr1§he nunber of mcrobial cells in the
qr“a?ﬁ’gteltc?f 160 & ﬁ%’ cells per m of the mlk for any

Lhe StLalns. @ Fh% €, ja nLF&g,ga tghf 5va'r]aa% i %%geaas

agal nst t e nun‘ber nmeasure

|.at it I|
o, S oy 100 L bt 8100, cxo

range of 10° to 10° cells per ml of the milk for any of
the strains. In Figure 5, the C; value is plotted
against the number of cells/mL of the milk measured by
the pour plate culture method for gquantitating E. coli
(upper left of Figure 5), S. aureus (upper right of
Figure 5) and B. cereus (lower left of Figure 5) serving
as a sample. The guantitative limit of the method of the
present invention was 10° cell or more/mL of the milk and
was comparable to that of the pour plate culture method.
This demonstrated that the method of the present
invention could provide an alternative to a pour plate
culture method using the official culture medium
(desoxycholate agar medium or conventional agar medium)

as described in the Ministerial ordinance concerning



Figure 5) and B. cereus (lower left of Figure 5)
serving as a sanple. The quantitative limt of the
nmet hod of the present invention was 100 cell or
nmore/nL of the mlk and wagsconparable to that of the
pour plate culture method. This denonstrated that the
nmet hod of the present invention could provide an

alternative to a pour_plate culture method .usin h
oS iaianal Htentadidime e S8 SHd a3 d&rﬂw&?’ ﬁ%‘%rs-
convent.i.onal ar_ nmedi as_.describ i
0 r‘?‘idé‘Jlllé:rJi%' Faitte chiQ]tcee [ NGEe S %%coo%%%% iGien 92y

t.andard, etc. for.m 1 ks Qﬂg : Nompleted
@hﬁ;%f%rﬁ qﬁé?%%dyf&452?%%%{Qﬁguﬁét oghﬁggﬁgoﬁguag;f

' ; i S PTHREEY s THENILINES to the
%rﬁpﬁé%%%e%lg%%ﬁlﬁabi I'1zation of F?NA of theO
qg?ﬁgfggkﬂéhtﬂﬁaagggynétﬁgdfyli n about 6 hours. [0067]
anpl e 8. Exam ning bacteria in blood Various

wwegntrations of S. aureus or P. aeruginosa were

each added to human bl ood to conpare the quantitative
Bsadniel 0f8 :a Bycmwirlag oaatdnirae ivetonbd bl ood cul ture

met hod) with that of the method of the present _

i nveWairdousScoaweargadioRs &t ¥y FeBufaLradde @@ igosa
to provide bacterial nunbers of 10, 101, 102, 103,
wee et adddro muman RIrod R PIRBEE t i %hi ch a
1/10-fold volume of a 3.8%sodiumcifrate SOIﬁt%;ﬂbl od
GRD e B S Ul RFaR1I T faket Eamdieshe ©
each sanple, 0.5 s, subjected to the.e '
Sl mamested il S 90 § Sptfod 6 i it 2hne
et hod. ( BH _agar | o T t R I ed Vass
AR bysg %ﬁzgge?%t é?‘? Ve %?F.rﬁé%%r?& I%dge;ggd%gt'er m ne

&g@f&ﬂ@éiﬂb@ﬂwmrﬁl@ef@wﬁtw, 1GF, vabtie eed tihe,
nunber of bacterial cells obtained by the pour plate

£ tig%e paet hed. e HeothimaM\Ad 1dd aet ivdiich a 1/10-fold
volume of a 3.8% sodium citrate solution was added as an
anticoagulant to make samples. Of each sample, 0.5 mL
was subjected to the extraction of total RNA, and 0.5 mL
to the pour plate culture method (BHI agar medium). The
total RNA extracted was analyzed by a quantitative RT-PCR
method to determine a correlation between the resultant
Cr value and the number of bacterial cells obtained by
the pour plate culture method. The total RNA extraction
and the gquantitative RT-PCR method were performed by the
method described in Example 2. In this respect, 1/25 the

amount of the total RNA extracted was subjected to the

gquantitative RT-PCR.



and the quantitative RT-PCR nmethod were perfornmed by
the nethod described in Exanple 2. in this respect,
1/ 25 the anount of the total RNA extracted was
subjected to the quantitatéiye RT-PCR - 56 As a
result, as shown in Figure 6, the nunber of bacterial
cells was correlated with the CT value in the range
of 10 to 105 cells/0.5 mM for _each of the strajns.

Fi guhe 8, reRBlET 8l GBOKE bPoFFEBrSgﬁrn§PetHBm ﬁﬁbSF
of cells/0.5 nL of the bl oqd measur by, QuL
maesestodurielie peenco g Hedhi K e - 4GRS hpsine

i nosa

%Ieft % &gﬁlgur %éq qurﬁf gérlggé ongiéﬁléﬁgalns_

$(e gua | Ve A t

%qu. of th%PefE§S$gﬁuE”¥S” iggt@@SaQQQngglkh@rnﬁm?er

ood and was conparable to

&F(: qﬁﬂ%“% Atg G IR dRdRGr iy deurtadite

that the nmethod of the present |nvent|on coul d

JNPUALE Rt Fd1aldues it dthitg ROUTadthfhosd tWeEt of
nmet hod. I n addition, the pour plate culture nethod

FiQRk- 08 @Y .S V\@dz%ddle(rl”ﬂyﬂwdafOfFﬂme esamving as a
i nvention was conpleted fromthe stabilization of RNA
safmpilee sphei qeantd thheéveuantitaviforbiennatbed 6fhéhes.

[ 0068] Exanple 9: Exanlnlng E. coli in a fernented
pridsendr dadwemtien owls Mas cadde@rt BoEsHPe by OFakbiet
(from Yakult Honsha Co., Ltd.) so as tO‘PrOVIde
aaderang Wad%ablmcﬁo 1félat 1R, th ROuH L P 105

per nL to make sanp

“é{}kﬁ“&ﬂ g o hleTwr QEf“EB‘ﬁt&”Ptefio HRRwe BegtBh ot ghe
t t t hod cho!
RGO Re S bty T PrSReR S
Véﬁ.lsr %ﬂtaa!tyezecql RY.2 QA4 Bt irye JRE1RYBn, MRIROG RS 3%@3 s

erobact eri aceae. specific priners En- [su

A QAN b E U AdOnadiet waei & hend apeti@dtof the
present invention was completed from the stabilization of
RNA of the specimen to the quantitation in about 6 hours.
[0068]
Example 9: Examining E. coli in a fermented milk product
E. coli was added to commercial Yakult (from Yakult
Honsha Co., Ltd.) so as to provide bacterial numbers of
10°, 10%, 102, 103, 10* and 10° per mL to make samples. Of
each sample, 1 mL was subjected to the extraction of
total RNA, and 1 mL to a pour plate culture method using
a desoxycholate agar medium (37°C, 20%2 hours). The
total RNA extracted was analyzed by a gquantitative RT-PCR
method using the enterobacteriaceae-specific primers En-

lsu 3F/3'R to examine a correlation between the resultant



. 57 CT value and the nunber of mcrobial cells
obt ai ned by the pour plate culture nmethod. The total
RNA extraction was carried out as described in
Exanpl e 2 except for the _ceqshing of bacterial cells
by addition of glass beads and the quantitative
RT- PCR net hod was perforned as described in Exanple

2. In this respect, 1/25 the anpunt E t he % eENA

Cexvab'é?ean%§h§u5}l'ééﬁ‘éd°?omiﬁEObaaénFF 48 98 ﬁ*rnﬁ

As .t h Ei h I
iﬁ&?s%&welcaﬁg%% o e nuRber BFam BB PR EEH g
th f 100 Q

Wi TR 0 S o5 it R R P B PR P &5, e

C%%[Sﬁ‘%{ﬁ‘g— & ba@l%lylal%ﬁge %)}Jﬁcﬂﬁ%ﬂﬁy fo Pl Al € ll:lédﬂse

quantitati ng col1 servi ng as a sarrp e.

alf tHQURRM ttqteavﬁdé rﬂ'zt iR bha e et Wedhermuesant

I nvention was 10 cel or nore/ mL of Yakult and was

LR 8 ExadnfiAle @‘. the pade pespeceyl tyre mhkehadount
This denonstrated that the nethod of the present

JiNverd it@taQ0WNh Erxmsatte eath waad tsarnjsdd el tim atlpour

plate culture nethod using the official culture
guetitima(tdesoRCiRdRat e agar mediun) as described in

the Mnisterial ordinance concerning_conpositiona

st andar d, resultf oesnishiewand nnFligugicoducttdie Grpvalue was

addi tion, the pour_plate culture nmethod ook one s
SR h e Rttt Wi pfrllaesémml?%e?ﬁ |f6’n‘”%§%1 A (&5 in

leted fromth b t fth
Smar @ (L TQodit CaEHoroh Bhourh RIS Tood O

58 .Exa 10:_ Anal f b o
s AR oS DO A L B,

%e@;lréa%e%s@féw%y Thee GSbdr niHbes %@It@ﬁétﬁétﬁo@ffébe
quantitating E. coli serving as a sample. The
guantitative 1limit of the method of the present invention
was 10° cell or more/mL of Yakult and was comparable to
that of the pour plate culture method. This demonstrated
that the method of the present invention could provide an
alternative to a pour plate culture method using the
official culture medium (desoxycholate agar medium) as
described in the Ministerial ordinance concerning
compositional standard, etc. for milk and milk products.
In addition, the pour plate culture method took one day,
while the method of the present invention was completed
from the stabilization of RNA of the specimen to the
quantitation in about 6 hours.

[00689]



Lact obaci |  us and Enterococcus in human feces were
conpared by a quantitative RT-PCR nethod using priners
as described in Table 1 and by a cul ture nethod.
Fresh excreted feces were £9llected from 48 heal t hy
adults, treated using the nethod described in Exanple
6, and subjected to RNA stabilization, total RNA

extraction and_ quantitative RT-PCR by the netho
EY8uPLenal ;i ANEXXApFeCS. 1aFﬁ°PﬁF§1}ésB§8tenfﬁi°686°ﬂoln

1/ 200, 000 t t of .the | bt ained
i 5t§§3ﬁ3a53FeaF.§3 B R angudrigoleErod

b B e Ef ShpfbetEhbe 182 PL 20 ﬁ%?%ﬁ%tsg?%ﬁ ;2ﬁus
nggksgégllhgs§953§ g%%%bcbgelge uﬁanE%%%@%0@%§@s

hours in cases).

CBHFBQEQ t BoduWat iRaERE RE @@RameQQBHeﬁ%h%@abrlmers as
e appearing colonies were subjected to the

degentbbiacahi @abdk haeher by aSpeQitesebyqerhdd.ocheasnal
property test (Gram staining, catalase test, API

eftireppd Fheegewkereuban eaft edadtrem d8oheplehyermdsilts,
Lactobacillus by the quantitative RT-PCR nethod was
teabtedanedngy thenbietrhog tdes cadbledndmb Exanpfl ehct @nida
obt ai ned by quantitative RT-PCR nethods using the
spbigsted £g- R¥&i steRilizetdlesei [tofadc Ridpigitgaction and

subgr oup),, Lsak- F/ R LactobaC|IIus sakej
qsleﬁgﬂ&aﬁ)wesg'fu?% PNRthgﬁélﬁ sperihed in Example 2.
subgr.oup m.FLR tabacillus ryni

I§U5 upysP §gtLr3/2FPﬂo fLa&(&&?cﬁlﬁug%reumoun ot tne

| E/_R t
+Bifadr SR ooBe bR e B o (B R v mr-
gﬁLffM Fé?}?&@EtQ?aehE|HémefEHE&hVﬁiﬁﬁéhtawgsLEQ%ol/2

ct obac us fermentunm). As a result, as shown in
sﬁ%%%%t@d EBetﬁ%|gdyﬂﬁ¥ﬂS%1dﬁ Jraeirer iby &f dllewgenusthod

Lact obaci | lus and the genus

(the genus Lactobacillus: LBS medium, the genus
Enterococcus: COBA medium, 37°C for 48 hours in both
cases). The culture method was according to a
conventional method; the appearing colonies were
subjected to the identification of bacterial species by a
biochemical property test (Gram staining, catalase test,
API Strep). The cell number of bacteria of the genus
Lactobacillus by the quantitative RT-PCR method was
calculated by combining the cell numbers of bacteria
obtained by quantitative RT-PCR methods using the primers
sg-Laci-F/R (Lactobacills acidophilus subgroup), sg-Lsak-

F/R (Lactobacillus sakei subgroup), sg-Lcas-F/R

(Lactobacillus casei subgroup), sg-Lrum-F/R



Ent erococcus in the human feces were nearly conparabl e
bet ween the nethod of the present invention and the
culture nmethod. In contrast, detection frequency was
hi gh for both genera in theggethod of the present

i nvention conpared to the culture nethod. This seened
to be due to the follow ng reason: (a) bacteria were

Present whi ch bel onged to the genus Lacto?pcills or
it S FORTET STURPIRRP \oo AT THAY ¢1/0v because

t he sel ection nmediumhad a st - t -

Gettarid i e Ribel T e
el ect.i on, i aused ' di

GF A T DA Ahel ) Binbe {RAOP TR D

(gf"arcgceébaﬁvﬂﬂls qi 4 nat) ,erha—li!%]d-fte/r{ det £t dmL Of 1,5 he

acterial ‘genera targeted. e above- descri bed

AU 4% SHAgesiRd tidt- 1he (Elhshadi iNnes A 9satum) .

i nvention not only enables the cell nunber of

bact asi @ erpatablke sbowrati nbyradieulat, undeTeiehad numbes s
obt ai ned but al so can detect or quantitate bacteria
Sahirr t e oty exdmus | ha dasia @bl ud caabk tthed expgraas by
the culture nmethod. In addition, for the culture
Rrtéymmboddus tigokelie daysan of exed e is med 1y prenRa pHzle
including the - 60 identification of bacteria
befetderns thehinethat afehpetpirpent e kemnd the
invention, all operations were conplete i n about 20

ForaEe e - [ FRbCOMAT 38 ran Gt WV ETRTESER BT (P&
AESPoR V% GBS J o RIS Dl Wi
isﬁxﬁ"zelritzioé"rf”cd'oq“(agx@d 5&0511‘.14% Bgléfigll(g%ethod . This seemed to
be due to the following reason: {a) bacteria were present
which belonged to the genus Lactobacills or Enterococcus
now targeted but could not grow because the selection
medium had a stronger-than-necessary selectivity; or (b)
the weak selectivity of the selection media used led to
the growth, in the media, of bacterial genera abundantly
present other than the target, which did not enable the
detection of the bacterial genera targeted. The above-
described results suggested that the method of the
present invention not only enables the cell number of
bacteria comparable to that by a culture method to be
obtained but also can detect or quantitate bacteria which
have not previously been able to be detected by the
culture method. In addition, for the culture method, it

took 7 days to accomplish all operations including the



Ent erococcus 6.21.0 46/46 (100) 6.21.9 23/46 (50) - 61
- SEQUENCE LI STI NG <110> KABUSHI KI KAI SHA YAKULT
HONSHA <120> Quantitati ve anal ysis netods of

m croor gani smthrough the. usg of rRNA <130> YKO0035
<150> JP 2005- 023448 <151> 2005.01-31 <160> 30 <170>
Patentl n version 3.1 <210> 1 <211> 18 <212> DNA

<213> Artificial <220> ,<223> priner sequence eci fi

1 fgB1 F4EPEhen( S SPREEsEBaL. SPER SPea i L LogaL0R 8 thod
a c 18 <210> <211> <213>

O%rgﬂ?ggfﬁﬁe9§26§ve9§2§§ pPﬂﬁePpgeE%éﬁce gﬁeélgomp%gt§é

lcer us (?g ?% <400> 2 ccagcttatt caactagcac tt 22
By 5ot 297 <212> DNA <213> Artificial <220>
[ %éﬁ pri mer sequence specific to C perfringens
per-F)
[Table 4]
Quantitative RT-PCR Culture Method
G Method
enus log,g Freguency (%) logig Frequency (%)
cell/gefeces CFU/gefeces

Lactobacillus 5.241.2 44/46 {96) 5.5+1.4 37/46 (80)

Enterococcus 6.2+1.0 46/46 (100} 6.2+1.9 23/46 (50)




<400> 3 - 62 gggggtttca acacctcc 18 <210> 4 <211> 18
<212> DNA <213> Artificial <220> <223> priner
sequence specific to C perfringens (ClPER-R) <400> 4
gcaagggatg tcaagtgt 18 <2g{¥>.5 <211> 23 <212> DNA
<213> Artificial <220> <223> prinmer sequence specific
to Enterobacteriaceae (En-Isu 3F) <400> 5 tgccgtaact
tcgggagaag QGEMERE LrSRiNe> 6 <211> 22 <212> DNA <213>
Artificial <220> <223> primer sequence specific to
e En-1su 3'R) <400> 6 tcaaggacca
o KA§$%ﬁ¥qggﬁgq@kﬁ§2ﬁﬁggio> 7 <2111 30 <212> DNAgg<213>
<1207 Quantltat:¢é|§ﬁaly3|s metods of microorganism through the use of rRNA

130> YK0035

<150> JP 2005-023448
<1517 2005. 01. 31

<160> 30
170> Patentin version 3.1

10> 1

211> 18

<212> DNA

<213> Artificial

220>
{223> primer sequence specific to B. cereus (S-S-Bc-200-a-5-18)

<400> 1
tcgaaattga aaggcgec 18

210> 2

Qi 22

<212> DNA

213> Artificial

{2200
<223> primer sequence specific to B. cereus (Bc2R)

400> 2
ccagcitatt caactagcac tt 22

210> 3

211> 18

<212> DNA

<213> Artificial

{2207
<223> primer sequence specific to C. perfringens (s-Ciper-F)

<400> 3



<223> primer sequence specific to Staphyl ococcus
(g-Staph-F) <400> 7 - 63 tttgggctac acacgtgcta
caatggacaa 30 <210> 8 <211> 24 <212> DNA <213>
Artificial <220> <223> prigper sequence specific to

St aphyl ococcus (g-Staph-R) <400> 8 aacaacttta
tgggatttgc wga 24 <210> 9 <211> 23 <212> DNA <213>

tttchVbidch & @l <220> <223> priner sequence specifgic to
SesEE ebselidonnas (PSD7F) <400> 9 caaaactact gagctagagt acg

23 <210> 10 <211> 25 <212> DNA <213> Artifici al
10> 4 <220> <223> prinmer sequence specific to Pseudononas
(PSD7R) <400> 10 taagatctca aggatcccaa cggct 25

Q> 182105 11 <211> 20 <212> DNA <213> Artificial
<212> DNA

{213 Artificial

220>
{223> primer sequence specific to C. perfringens (CIPER-R)

<400> 4
gcaagegate tcaagtgt 18

10> 5

iy 23

<212> DNA

<213> Artificial

{220>
{223> primer sequence specific to Enterobacteriaceae (En—Isu 3F)

<400> 5
tgccegtaact tcgggagaag gca 23

210> 6

Q1> 22

<212> DNA

213> Artificial

220>
<223> primer sequence specific to Enterobacteriaceae (En-Isu 3'R)

<400, 6
tcaaggacca gtgttcagtg t¢ 2?

21 7

211> 30

<212> DNA

{213> Artificial

{2200
<223> primer sequence specific to Staphylococcus (g-Staph-F)

<400> 7



<220> <223> prinmer sequence specific to

Ent erococcus(g- Encoc-F) <400> 11 - 64 atcagagggg
gataacactt 20 <210> 12 <211> 21 <212> DNA <213>
Artificial <220> <223> prigger sequence specific to
Ent er ococcus(g- Encoc-R) <400> 12 actctcatcc
ttgttcttct ¢ 21 <210> 13 <211> 27 <212> DNA <213>

tttgggctae‘ratcht.fg'tgdtﬁlcafl?gg%a <223> primer sequence specifgg to

<2107
<21
QL
2P

<2207
223>

<400>

Lact obaci | I us aci dophi | us subgroup(sg-Laci-F) <400>

13 gatgcatagc cgagttgaga gactgat 27 <210> 14 <211> 25

g <212> DNA <213> Artificial <220> <223> primer
24sequence specific to Lactobacillus aci dophilus
subgroup(sg-Laci -R) <400> 14 taaaggccag ttactacctc

DNfat cc 25 <210> 15 <211> 19 <212> DNA
Artificial

primer sequence specific to Staphylococcus (g-Staph-R)

8

aacaactita tgggattiec wtga 24

<2100
211
12>
213>

<220
223>

<400>

9

23

DNA
Artificial

primer sequence specific to Pseudomonas (PSD7F)

g

caaaactact gagctagagt acg 23

210>
211>
<L
<13

<2207
<223>

<400>

10

25

DNA
Artificial

primer sequence specific to Pseudomonas (PSD7R)

10

taagatctca aggatcccaa cegect 25

<2107
Q11>
Q12>
<13

<2207
<223

<4007

11

20

DNA
Artificial

primer sequence specific to Enterococcus (g-Encoc-F)

11



<213> Artificial <220> <223> prinmer sequence specific
to Lactobacillus rum nis subgroup(sg-LrumF) <400> 15
- 65 caccgaatgc ttgcaytca 19 <210> 16 <211> 19

<212> DNA <213> ArtificiLakg<220> <223> priner
sequence specific to Lactobacillus rumnis
subgroup(sg-LrumR) <400> 16 gccgcgggtc catccaaaa 19

atcagaggg§%lpa%ca1&t<211> 25 <212> DNA <213> Artificial 26c220>
<223

210>
Q11>
1L
<21

<2207
223>

<4007

> primer sequence specific to Lactobacillus
pl ant ar um subgroup(sg-Lpl a-F) <400> 17 ctctggtatt
12gattggtgct tgcat 25 <210> 18 <211> 24 <212> DNA
<213> Artificial <220> <223> primer sequence specific
21t 5 Lact obaci | | us pl ant ar um subgroup(sg-Lpl a-R) <400>

RN%%_gIﬁcgccact cactcaaatg taaa 24 <210> 19 <211> 16
rtificia

primer sequence specific to Enterococcus (g-Encoc-R}

12

actctecatec ttgttcttct ¢ 21

210>
Q11
212>
<213

<2207
Q23

<400>

13

27

DNA
Artificial

primer sequence specific to Lactobacillus acidophilus subgroup (sg-Laci-F)

13 -

gatgcatage ceagttgaga gactgat 27

<210>
Q211
<212
<213

<2207
223>

<400>

14

25

DNA
Artificial

primer sequence specific to Lactobacillus acidophilus subgroup (sg-Laci-R)

14

taaaggccag ttactacctc tatce 25

210>
Q1
<D
213

220>
223>

<400>

15

19

DNA
Artificial

primer sequence specific to Lactobacillus ruminis subgroup {sg-Lrum-F)

15



<212> DNA <213> Artificial <220> <223> priner
sequence specific to Lactobacillus reuteri
subgroup(sg-Lreu-F) - 66 - <400> 19 gaacgcaytg gcccaa
16 <210> 20 <211> 19 <21g» DNA <213> Artifici al
<220> <223> prinmer sequence specific to Lactobacillus
reuteri subgroup(sg-Lreu-R) <400> 20 tccattgtgg

caccgaatgCEERhARPL 19 <210> 21 <211> 22 <212> DNA <233>

210>
Q11>
<22
<213

<220
<223

<4007

Artificial <220> <223> prinmer sequence specific to
Lact obaci | | us sakei subgroup(sg-Lsak-F) <400> 21
16cataaaacct ancaccgcat gg 22 <210> 22 <211> 27 <212>
DNA <213> Artificial <220> <223> primer sequence
19specific to Lactobacillus sakei subgroup(sg-Lsak-R)

RN%¢QQ>I22 tcagttacta tcagatacrt tcttctc 27 <210> 23
rtificia

primer sequence specific to Lactobacillus ruminis subgroup (sg-Lrum-R)

16

geegegeste catccaaaa 19

<210>
Qo
212>
213

220>
223>

<400>

17

25

DNA
Artificial

primer sequence specific to Lactobacillus plantarum subgroup (sg-Lpla-F)

17

ctctgetatt gattgetect tgcat 25

<2107
Q11>
QD
213

220>
223>

<400>

18

24

DNA
Artificial

primer sequence specific to Lactobacillus plantarum subgroup (sg-Lp!a-R}

18

gttegecact cactcaaatg taaa 24

210>
<211
212>
<213

<220
<2237

19

16

DNA
Artificial

primer sequence specific to Lactobacillus reuteri subgroup {sg-Lreu-F)



<211> 17 <212> DNA <213> Artificial <220> <223>
pri mer sequence specific to Lactobacillus case
subgroup(sg-Lcas-F) - 67 - <400> 23 accgcatggt tcttggc
17 <210> 24 <211> 20 <21@z DNA <213> Artifici al
<220> <223> prinmer sequence specific to Lactobacillus
casei subgroup(sg-Lcas-R) <400> 24 ccgacaacag
400> 1gttaptptch 2220<210;2§5 <211> 24 <212> DNA _:213>
cial < > < > primer sequence specifijjc to
gaugmthEE?%gacillus brevi s(s-Lbre-F) <400> 25 attttgtttg
aaaggtggct tcgg 24 <210> 26 <211> 25 <212> DNA
<213> Artificial <220> <223> primer sequence specific
Q10> 20t 5 | act obaci | | us brevi s(s-Lbre-R) <400> 26 acccttgaac

1> 19agttactctc aaagg 25
<212> DNA

{213> Artificial

{2207
<223> oprimer sequence specific to Lactobacillus reuteri subgroup {sg-Lreu-R}

<400> 20
tccattgteg ccgatcagt 19

21> 21

211> 22

<212> DNA

213> Artificial

<2207
<223> primer sequence specific to Lactobacillus sakei subgroup {sg-Lsak-F)

400> 21
cataaaacct amcaccecat gg 22

210> 22

211> 27

<212> DNA

<213> Artificial

{220>
<223> primer sequence specific to Lactobacillus sakei subgroup {sg-Lsak-R)

<400> 22
tcagttacta tcagatacrt tcttcte 27

10> 23

21 17

<212> DNA

{213> Artificial

220>
<223> oprimer sequence specific to Lactobacillus casei subgroup (sg-Lcas—F)



<210> 27 <211> 19 <212> DNA <213> Artificial <220>
<223> prinmer sequence specific to Lactobacillus
fructivorans(s-Lfru-F) - 68 - <400> 27 tgcgcct aat
gatagttga 19 <210> 28 <2¥k> 19 <212> DNA <213>
Artificial <220> <223> primer sequence specific to
Lactobacillus fructivorans(s-Lfru-R) <400> 28

<400> 23gatacc%§cgfpgac?tggg 19 <210> 29 <211> 23 <212> DNA
< > Artificial <220> <223> prinmer sequence ecific

al‘:cgcaiggtt gc]tﬁggé:t obaci | l us fernmentun{Lf ef- 1) <40g> 29 1P
cctgattgat tttggtcgcc aac 23 <210> 30 <211> 26 <212>
DNA <213> Artificial <220> <223> primer sequence

é??i ggspecific to Lactobacillus fernmentum(Lfer-2) <400> 30

<{212> DNA
213> Artificial

{2207
<223> primer sequence specific to Lactobacillus casei subgroup {sg-Lcas—R)

<400> 24
ccgacaacag ttactctece 20

210> 25

ity 24

<212> DNA

213> Artificial

{2200
<293> primer sequence specific to Lactobacillus brevis{s-Lbre-F)

<400> 25
attttettte azaggtesgct tcgg 24

210> 26

Q11> 25

<{212> DNA

213> Artificial

<2207
<223> oprimer sequence specific to Lactobacillus brevis (s-Lbre-R)

<400> 26
acccttgaac agttactctc aaage 25

10> 27

211> 198

<212> DNA

<213> Artificial

{2200
<293> primer sequence specific to Lactobacillus fructivorans (s-Lfru-F)



acgtatgaac agttactctc atacgt 26 - 69 - CLAIMS 1. A
met hod of quantitating a m croorgani smof interest,
usi ng as an index an anount of rRNA of a m croorgani sm
of interest in a specinenggo-be tested. 2. The net hod
according to claim1, wherein the nethod conprises
nmeasuring a product anplified by a PCR perforned

<400> 27using nucleic acid fragnments capable of specifically

tgcgcctaatc‘ngHg‘iﬂ ing to the rRNA of the m croorgani sm af

Interest and a sanple of the specinmen to be tested.

3. The nethod according to claim2, wherein the

nmeasur enent of the anplified product conprises

2107 28identifying t he nunber of PCR cycles when the

<21y 19anplified product reaches a certain anmount. 4. The

212> DNfet hod according to claim2 or 3, wherein the nethod

13> Art¢ifiptdlses measuring the anplified product with tine.
5. A nethod of detecting a microorgani smof interest,

220> using as an index a presence of rRNA of a

{223> primeer LQug@aeisseni fiaf to bictoesillus fauct pecansdsrLfa-Re test ed.
6. The nethod according to claimb5, wherein the method

<400> 28CONprises detectingla_prodygtfanplified by &PCR_f

usi ng nucl ei ¢ aci ragments capabl e19

gataccgtcgg%ggt?%gl l'y hybridizing to the rRNA of the

m croorgani sm of interest and a sanple of the

10 29specirren to be tested. 7. The nethod according to
claim®6, wherein the detection of the anplified

<2117 23product conprises identifying - 70 the nunber of PCR

212> DNéyQIes when the anplified product reaches a certain

213> Ardhidai!. 8. The nmethod according to claim6 or 7,
wherein the

<2207

{223> primer seauence specific to Lactobacillus fermentum(Lfer-1)

<400> 29
cctgattgat tttaetcecc aac 23

<210> 30

Q11> 26

<212> DNA

213> Artificial

220
{223> oprimer sequence specific to Lactobacilltus fermentum(Lfer-2)

<400> 30
acgtatgaac agttactctc atacet 26



nmet hod conprises neasuring the anplified product with
time. 9. The nmethod according to any one of clains 1
to 8, wherein the specinen to be tested is a specinen
derived fromfeces, a faodgar an organism 10. The
nmet hod according to any one of clains 1 to 9, wherein
the rRNA of the m croorganismof interest in the
sanpl e of the specinen to _be tested is stabilized in
the m croorganism 11. THEHER hod according to any
one of clains 2 to 4 or 6 to 10, wherein the nucleic
acid fragnents capable of specifically hybridizing to

10he, 1 RN of LgfgﬂgﬁEgeseeﬂ'891m9érheggaﬁ§gmiafeasheéest,

nucl er ¢ aci d gnent conprising a Se sequence

u%§ﬁ§fEQeQniﬂneB§ 9h 2EQuhP NESyrAa 8raRdmIcrb8réd8n9imior

ase sequence conplenentary thereto, or a nucleic
iaekdebragnent speBRmesi B Bebasgtegquence honol ogous
thereto and functionally equivalent thereto. 12. A
2nucl ehe metbdrageepdingetoi dldhe DEtWkdraisothe ngethod
any one of clains 2 to 4 or 6 to 11, wherein the
compkésesanedsfiragogeat predachueineild faeddblr agBERt
conprising a base sequence described in one of SEQ ID
pRiESormed3ughggsnuglegconcadpizagnentiencerebigl edent ary
thereto, or a nucleic acid fragnent conprising a base,
spegifigaqli¥nbybréAdROBEuS Ot KBPeEBNANRL! GREt MaREPPFIaNLsSM

equi valent thereto. 13. A kit for perform t he
o i REATSEEORHANE FATBAG She thgr SBESIREP tPo by tessed.

Th it [ t laim13 i S | ei
Saci b ERCS Bapantedr ot fRch | §hORsEE i he o
mb B Bhefle ThE! 0REIANLITEOLA! BIBAGRTE BBALI sck2) 2

reagent used for extraction 0O , stabilization

identifying the number of PCR cycles when the amplified
product reaches a certain amount.

4., The method according to claim 2 or 3, wherein the
method comprises measuring the amplified product with
time.

5. A method of detecting a microorganism of interest,
using as an index a presence of rRNA of a microorganism
of interest in a specimen to be tested.

6. The method according to claim 5, wherein the method
comprises detecting a product amplified by a PCR
performed using nucleic acid fragments capable of
specifically hybridizing to the rRNA of the microorganism
of interest and a sample cof the specimen to be tested.
7. The method according to claim 6, wherein the

detection of the amplified product comprises identifying



of RNA, or a PCR

the number of PCR cycles when the amplified product
reaches a certain amount.

8. The method according to claim 6 or 7, wherein the
method comprises measuring the amplified product with
time,.

9. The method according to any one of claims 1 to 8,
wherein the specimen to be tested is a specimen derived
from feces, a food, or an organism.

10. The method according tc any one of claims 1 to 9,
wherein the rRNA of the microorganism of interest in the
sample of the specimen to be tested is stabilized in the
microcorganism.

11. The method according to any cone of claims 2 to 4 or
6 to 10, wherein the nucleic acid fragments capable of
specifically hybridizing to the rRNA of the microorganism
of interest is each a nucleic acid fragment comprising a
base sequence described in one of SEQ ID NOS: 2, 3 and 5
to 28 or a base sequence complementary thereto, or a
nucleic acid fragment comprising a base sequence
homologous thereto and functionally eguivalent thereto.
12. A nucleic acid fragment used in the method according
to any one of claims 2 to 4 or 6 to 11, wherein the
nucleic acid fragment is a nucleic acid fragment
comprising a base sequence described in one of SEQ ID
NOS: 2, 3 and 5 to 28 or a base sequence complementary

thereto, or a nucleic acid fragment comprising a base



sequence homologous thereto and functionally equivalent
thereto.

13. A kit for performing the method according to any one
of claims 1 to 12.

14. The kit according to claim 13, comprising (1)
nucleic acid fragments capable of specifically
hybridizing to rRNA of a microorganism of interest and/or
(2) a reagent used for extraction of RNA, stabilization

of RNA, or a PCR.



