- 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 mcroorgani sm
particularly in a live state, targeting r RNA
Background Art [0002) As-alnethod of quantitating a
m croorgani sm there have been conventionally mainly
used a nethod involving culturing a m croorganismin
a prelimnarily esti mtmgergelreotsi on nmedi um and
measuring the nunber of mcrobial cells and a nethod
involving culturing a nicroorganisn1in aliquid

sel ection nedi um and neasur |cal denS|t or
absor BEHERD OﬁuﬁﬂﬂﬂﬂlﬁﬁﬂﬁﬁEh%tihﬁﬁ¥qﬂﬁ%e ORFEHMised
for the identification_g o] or a n1croorgan|sm
needed in detecting t B8R ﬁﬁ%ﬁ%%r&%nlsn1ln a specinmen:,
for exanple, a nethod involving i.dentification

t hereof through norphol ogi c observation, G am
stalHiRGa raBfam crobi ol ogi cal characteristics such as
oxygen requirement, sugar-assimlating properties and
gtmyiing -condition in a nmedium a nethod involving

determ nation 2 thereof by a DNA-DNA h oo §n¥ test;
and aTHet BEEs SRt Ttensd ois FRYZEeFohd @ AFHPSnPlbody to

a n1crob|al surf ant i Hh
R PEATRE 8RdCS ﬁeﬁmgandqllﬁgg\gﬁégﬁi avgpg%eg?ggtgggya
pLohl amfr QLo St aREROl Mg adwarapidity and sinplicity.

Background Art
[0002]

As a method of guantitating a midroorganism, there
have been conventionally mainly used a method involving
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
requirement, sugar-assimilating properties and growing

condition in a medium; a method involving determination



[0003] In recent years, gene anplification nethods

i ncl udi ng a PCR net hod have been used in a w de range
of fields as techniques for detecting traces of

nucl eic acids. These nethods have advantages capabl e
of leading to speed-up and sinplification, including
no mandatory requirenent-f®ar-culturing a

m croorgani smcontained in a specinen and capability
of directly handling a specinmen as a sanple. Thus,
tRe BB E Nogsa hitie theehondbbegt €6kt 0 ardidhe idevestigation
of application to the quantitation and detection of a
Hethoar gaimen fdl®onalsannikxdnpie avrdicgobhel poR face
nmet hod has been applied to the analysis, of a ,
min¢ioengafionnves . mehpee PethGfvT oA reqbine i 128 i5%g ta
bacteri um by a PCR net hod I ch es the 0 HNQ
ardathet eg%%% e é’ﬁ&sﬁﬁiteél?% FEPriTe rés?mm( éa% g%? Lo
Dacun 951%%' Methods ;usipg 16S rDNA as a target have
rs5°Baen achi eved. Rnown exanpl es thereof include a
lgad for quantitative analysis by a PCR nethod using
16S rDNA as a target sequence (Patent Docunent 2), a
met hoth fxscearnalvesirs, ofenn amplistiowdliopameéhP@s by a PCR

met hod using 16S rDNA as a farget sequence .(Patent O .
inglupprgnentCR)methadetRyg PEPIJeIettibt SfUg Tande
bacterial strain of he ,genys. lac | | JUSycRed
E&E§§Pi6ﬁ153ﬂ%?%lu Sur qadéggegﬁlﬁgeégg%%gféntuﬁbgtﬁent_
4e:dd apBthod thehs08EGE M AN dH ddts RupheLe0bt Feadiolg
by a PCR method using 16S rDNA as a target sequence
lgat @peatii- 08 ahnduhinipaadtiiien tY\en 0 21 AOUAdL nga mgh Ir@ndatory

. However, these nmethods have had a probl em that theX
caRamotehenbsBelr av L inisenat MEEXCPEIA LB FEMTRGREH 10 @
net hQd whi ch has _been

specimen and capability of directly handling a specimen
‘as a sample. Thus, the methods have been subjected to
the investigation of application to the quantitation and
detection of a micrcocorganism.

[0004]

As an example where the PCR method has been applied
to the analysis of a microorganism, a method is known for
guantitating é bacterium by a PCR method which uses the
total DNA ag a target seguence and universal primers
(Patent Document 1). Methods using 16S rDNA as a target
have also been achieved. Known examples thereof include
a method for guantitative 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 168 rDNA as a target seguence {Patent



conventional |y enpl oyed because detection sensitivity
Is not achieved to the extent obtained with the
culture nmethod. By way of exanple, performng the

met hod for quantitative analkysrs as disclosed in

Pat ent Docunent 2 requires a“large anount of tenplate
DNA corresponding to a mcrobial count of 105/1 or
nore, which makes the nethod inpractical. The | ow
BetwrantoR) seasietingdt fof sdgirastiabhyofiue bagteheal ewrain of
nunber of copies (amount of tenplate), of the total
BRA QﬁHUFGQaPDPWCl&r 8vi dof r@%rauﬁle‘"ﬂ%ﬂs&{né FerPiHéypeR beer
in the n1croor9an|sn1 Since DNA is known to remain

R BFUPRRE dyir ﬁado%tmeotfhog fﬂfc?eot&rraamgqntqehgggber of
th I t t d te dead d
FOF S e A beRers RSN BP e sabee getuence
Eﬂf&%ﬁgplgggl %#H??c@Eﬁ?g ﬁé d%9h54£? %&l§§|y However,

quantitate an i Cr 00r ga inalive state

£hNons Q@EEBHSE§5¥§nEQB ;)proﬂf%90§ﬂafE%H%§a€Bhﬁ%%‘y% used as

application of CR nmethod to the analysis of a

A €4:000J a8k S aatcbﬁv@ﬁﬁlchﬁ\aemakﬁ@d hegrnhmaEe Hdn
perform met hods using NnRNA as a target sequence; known
exmrgltesnk hey enfpliopel uske-agisantibt édiive aBakysiw tgf ia not
lactic acid bacteriumin feces, enploying nRNA as a 4
Ochisrvget tseghre reeet eqblorb fpditnent wDolt uwrhentcu2jurdveteltbdd . f @y
detecting cancer cells are al so known which use as

vay gt exgeplences TARNAET dpecimpiiod darampart d@tigei n
speci nens (Patent Docunments 5 and 6). However, even
s ifefAodsS HAPEAnHt Pa3eavi H@W%te@t FRALSETs At Leres
to the extent that they can Iace the conventi ona

dd °as Uit St o %F&SIE’BBQl 9 5 éi f“ﬁEﬁ‘P%f‘l fRunt of
tion limt, of th ntlt i ve,anal ysis. as_shown
%/ﬁit%tm%&cuw%ﬁf h g of SFPTASTE Rt | I Jpv

éc—,etce ’1o¥1h§e ?.ltg téﬂ%%aﬁ%‘g &9& %e%ﬂeapc{)v? E&bgg of
usea as an tern tive to t conventional culture
é&ﬂﬂ@%d(Eﬂoﬂﬂéﬂ%foﬁemplate), of the total DNA or 16S rDNA
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 quantitate and
detect a microorganism in a live state (Non-patent Document 1).
[0005]

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

examples therecof include quantitative analysis of a

lactic acid bacterium in feces, employing mRNA as a



detection sensitivity. In addition, these nethods
target nRNAs of genes unique to the m croorgani sns,
and have been unsuitable for detection in a specinen
to be tested containing a large variety of

m cr oor gani sns because of pr6b|ens such as

conplicated priner design and reduced specificity. As
anaogéiersegxanpt eflaof-pappht Reduganof2la PERthedhd@rto the

b I d
agaéﬁlo@ %fa?ge &h9Qr gaoi s, thsHe \«P‘Fﬁzh gen di sc%reé@

etecting Treponema pa i ncl udi'ng
sheusnagss mBNAS prrefcd £AT nge RRIRER 08} ¥y lrnRﬁlAe%@éﬂealSt aPgegnt

BRgduAlahect FQ% @ EES - ANt RETe REQAULEB0BY Hhive not

conventi ona ridization procedure (Non-patent
DoevirRatt d@FECTFMVe\ﬁéPSthVJstméPhEEIe heig-ene 82 uSEGYoRRY

EQﬁléE&“ﬂhEaEbﬂ%%ﬁ¥¥%h¥§'ﬁetﬁyadabs uéﬂé%%*f@ﬁﬁaﬁgﬂﬂéasln
that the nethod requires g conpl i cated

§P%@Je‘amaéé17anﬁ1€t Ketgsblion lda‘m@ePsu%her S4r8F Sbtidyss analysis

E90OAwrAcaopdi i YoctRendeyalsoprept1 Bt drnpéodehas/q of
been awaited which provides detection sensitivity to

fagewarkdceRpehis i8s MeEPY St SREI Pert dblPoho & HGGE as an

whid e heivagid faPicdntBhfishalusuguee RERnBBt hod:iek bhe
| i ke and which further_can remsellé1 quant| ate and

detetitor APRPHOrgadi snfh rAgtigR, stifse ™bRethrevast

SRMSd tdfVighdes idnilgheP0S StHY enltc@osh@erm@ntshean@eﬁv@nbgén a
target so that the target can be §kesegt por e Q Y,
BRST i P Fe fabUItRETELOT Nt & FEECHD s fepieg goitatning
steble wargety it pi ob@@ig/amﬁnavm@dais@ fod@r ptéiel gmgr pasie as
of detecting. only a 4: croor%anisnk consi deri ng

tRmRGatepsP {ﬂﬁfégféﬂg? RO s €5t a dead

ceII Adheaemeaher bhutplebtof Sappdticeabyn taf @i BORteatdodsky the
BRI S5 B Bl el i s = mecros
of detecting Treponema pallidum, including the steps of
performing RT-PCR using rRNA as a target and detecting the
resultant PCT products by a conventional hybridization
procedure (Mon-patent Document 4). However, this method has
been used only for gualitative analysis, and is
disadvantageous in that the method requires long and

complicated procedures and the use of dangerous radioisotopes.

[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



Al so, it has been known that rRNA accounts for about
85% of the content of RNA in a cell and has a
mul ti copy nunber and that rRNA is stable conpared to
MRNA because it fornms a conplex with protein. rRNA s
al so reported to be detected for on the order of 48
hours after mcrobial deatf ¢Non-patent Docunent 3)
and therefore has been comonly believed to be
unsuitable for detection of a mcroorganismin a live

%E%Bge(%QEQQ@Ifgupﬂg%%55§n5n§3vofgﬁfﬁﬂfogoQh@eﬁﬁrﬂése of
Japanese Patent Lai d-Open No. 2002-238585 Patent

eeedtnhg 2onThapanase Ratesbrdan tesQperonsdder 206 31200 849
Pat ent Docunent 3: Japanese Patent Lai d- Open No.

260 susne486d Fan eremaoc yoBat 2450 JHpandsadpgedht thereof.
Lai d- Open_No. 10- 210980 Patent Docunent .5: Japanese
PRUEnt L Eal §-ferPaNy. tP0S1BUEBBREPH ¥h A BOEUReht® 6:
International Publi.cati 0, h -6 -0
QB e b S Dottierti F: CS R Ry ST A ey, PRER

8R3wc838n (2004 NaRyRat ent Document 2: FENMS
M crobi ol ogy Letters, vol. 231: 125-130 (2004)

Nowopat ent Docunent 3: Appl. Environ. Mcrobiol., vol.
64, No. 11: 4264-4268 (1998) Non-patent Docunent 4: J
CLI N M €ROBItObasy been3Enowp, IRt ﬁ%@- 2g5QuRRYFHT about
%%gsg%eégeg%{:rﬁ%%'xto%ft %%Apg.rexsg_nct:ei Vaen Ih%% Iasmwa?ticopy
pumber and that rRNA is stable compared to mRNA because
it forms a complex with protein. rRNA is also reported
to be detected for on the order of 48 hours after
microbial death (Non-patent Document 3) and therefore has
been commonly believed to be unsuitable for detection of
a microorganism in a live state (Non-patent Document 1).

Patent Document 1: Japanese Patent Laid-Open No.
2002-238585

Patent Document 2: Japanese Patent Laid-Open No.
2003-259879

Patent Document 3: Japanese Patent Laid-Open No.
2001-112485

Patent Document 4: Japanese Patent Laid-Open No. 10-
2106980

Patent Document 5: Japanese Patent Laid-Open No. 10-
248600

Patent Document 6: International Publication WO

00/17395 pamphlet



of quantitatively analyzing a mcroorgani sm which can
achieve detection sensitivity to the extent of being
capabl e of replacing a conventional culture nethod and
nmore precise detection of the gnicroorganismin a live
state. Disclosure of the Invention [0009] As a

result of intensive studies, the present inventors

have found that rRNA (i.e., 5S, 165, and 23S in

bact eNéraspazirdt BxB;ume8E, 1 265 Rpod288 i n vwlkabyotog 4: 823~
cells), which has been believed to be unsuitable for
8é2et44%4g a live microorganism in terns of stability,
can be unexpectedly used as a target, to precisely
quant¥euPetaRl REEentthe FiFo¥E cBPPIRtOGEbrat TSy €0t
in.aliv tate w thout incorporation of dead cells
?H%:r 610%5"?§§d?$(lpr4t)her that using a PCR nmethod in the
quantitation and detegti ca Leve,. i on
St Farie o tE s ah st BaPERbsY bR G vor. 64,

&P ACI NG s3_£H qq@%@pal nmet hod, and the present

I nvention has thereby been acconplished. (0010] Thus,

the p§ tchPAVEHURAL P§ Ovi des a net hod of
quantitating a mcroorgani smof interest, using as an

i ndexy tdranampCRGBIRfL,, r FMNA ofs,t lve . mb rEUBgaBEs MLA97R
specinen to be tested. [0011] The present invention
absws Jprovi des a net hod of detecting a m croorgani sm

of interest, using as an index the presence of rRNA

of t e mbderobra@nitenpresentsgeventhon tie be pextisd. @ method
[0012] The present invention also provides a nucleic,
afjqhantitatively analyzing a microorganism, which can achieve
detection sensitivity to the extent of being capable of
replacing a conventiconal 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., 58, 163, and 238 in bacteria, and
53, 188, 263 or 285 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 quantitation and
detection can achieve detection sensitivity to the extent

of being



fragnent used in the above nethod, wherein the
fragnment is a nucleic acid fragnent containing a base
sequence described in one of SEQID NCS: 2, 3 and 5
to 28 or a base sequence conplenentary thereto, or a
nucleic acid fragnent containing a base sequence
honol ogous thereto and fun@tionally equival ent
thereto. [0013] The present invention further
provides a kit for performng the above net hod.
[QMH1e Therdpigein®n reiched t shgetmeighsdiNAngc caedi ng
to the present invention can be used to achieve high
detentntonnveensot i vag ytheombar bdeh catdrnp Lisiteg -a
conventional target 8 because of the abundant
pf&Fetce of target while also nore precisely
detectln and quantitatin n1croor ni sm

g ggg Etgegec i on

st aterl FRRFEAARYFEEL 8% RIDEAST £hé
Mt%\ﬁq g é}i%g&ffgecﬂﬁ'sﬁn' Wit YnEQréQ@ 61813t asObn

|ng capa pl aci ng a conventional culture

Bt ded . chlen adddht i €0, rilze JreithedmiustogryariGh et hod can
achi eve marked. rapidity and sinplicity conpared to
capreeeimtenotg@l beetéstsd such as a culture nethod. In
other words, the nethod of the present invention can
bEQi'dd t o sinultaneously achi eve hi gh detection

sensi E‘LVI t%?sgﬁ)tfr e:Ln en CI %eagggn%fcgﬂde%ga%%/tBBg of

det ect 'S i've org Jani Sm nd rapidity an

Sdéﬁgdﬂynbya EQH§oofﬁﬁhf§HIaﬁjlﬁﬁekg§t piesentad Avieahaen
can be used in practical situations where it is

repligred eheedef eckNANsE othequdnbbayanism McrroFrgahinem
such as analysis of intestinal flora and detection
arrl /e tps&sPi-t ati on of a microorganismliving in a
Sﬂﬁﬁhﬂen derived froma food or an organi sm

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 seqguence
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 seguence homologous thereto
and functionally equivalent thereto.

[0013]

The present invention Ffurther 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



Brief Description of the Drawings [0015] Figure 1 is
a set of graphs showing a correlation between the
growth of various mcroorganisms and the anmount of
rRNA transcription; Figure 2 is a set of graphs each
showi ng a standard curve obtained by a quantitative
RT- PCR net hod and conpari-sén-of the range of
detection between the nmethod and a quantitative PCR
method; 9 Figure 3 is a graph showi ng the range of

dsd86ldeOBr Bhe Pap@ifiditi RReBehtem Uy dicemsleFagase 4
is a graph showi ng conpari son of quantitative val ues

fiirhpreeiberal denidriolneandr nasenktavilten adeierppnaan bym
a quantitative RT-PCR nethod and by a cul ture nethod,
Rirger d18ej stateet AofPCQr ash%oe},m r?g'LSPhéeséﬁgiitHn'ing

of detection of

B PPk EO e datesBigp a?mgfrfalpws o el
SENSiiyi y o%?%l?oo%? ex;e:ﬁﬂd.%%lﬁt_;  cOSTMANRsA g t§re

aur eus gure 7 1s a graph show ng

- ne@ANSi d Udah tQfon, dehechéolodfudingcal Pckr@stBod can
fermented m |k product. Best Mdde for Carrying out

tauhiieveentirbaed (44611 tyThadmetimptiof ty) wantiatred &g or
detecting a mcroorgani smof interest accordin téﬁ
tqﬁl";ﬂnéé@ﬁ?l PeRAAS RGHs 88har ﬁ‘é%%‘ﬁezé'tFtB’S?duy ﬁ‘g e

hﬂ%} §§ﬁ|%ﬁ$ qgh%?g%éc &%%%n eb8$?ﬂJ% t%@ used to
simultaneocusly achieve high detection sen51t1vity, more
precise gquantitation and/or detection of_a i1ive organism,
and rapidity and simplicity. Thus, the method of the
present invention can be used in practical situations
where it is required to detect and/or quantitate 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.

Bﬁief 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 gquantitative PCR method;



[0017] The rRNA of a microorganismof interest refers
to an rRNA which a mcroorganismto be quantitated
and detected can have. Exanples of the rRNA include
prokaryotic 5S, 16S and 23S rRNAs and eukaryotic 5S,
5.85, 185, 26S and 10 28S rRNAs; the 16%, 23%, 18S
and 26S rRNAS are particularky preferable in that
they are mainly used as reliable indexes for current
m crobial classification. The m croorgani sm of

i nter gsLu LT LS 60 (2 aPhCEROH ORI &R radgbeofuast ¢dtiicear
and detected, and is not particularly Ilimted.

Baml eertberesd fred udemani €eoesgani sns of the famly
Ent er obact eri aceae and the genera Enterococcus,

Lact oBaeite s, isSer eproboekowingt epmArdee8cas,
Veil |l gnel la, Pseudonmonas, C gstridi um E@CEeQQEQggé
B HAE L8R | YA e EdieEc PEPPRnT S BR BV WA ¢ V€

Rum _nacoccus sohac [ P, AN i

oS eE S I BT b e ot T By
Aciingt-@bagtesa; Lact ococcus, Pedi ococcus, Weissella,
Leuconost oc, Cenococcus, Helicobacter, Neisseria,

Li st eFigurdiaenephi lskettspf Mycatlas tsrdwimg t8ar deesEtiwity
Legi onel I a, Aeronpnas, Moraxella and Candida, and
wifc desegahPr et & dwddri FedarFerapl € B -af§rsufolhem
nengioneg _The m croorgani smof interest according to
{3°¥ "5y B&K¢ invention is a concept including not only
a mgfoo Qadq'i%na()fse@.n_@fsﬁf@ﬂ)l@s P ovBlnS0 tReJEONPi t Bvity
genus anh a famly which are each conposed of a
REPWetkiceNoff o P Stdcrivgdnekanane shadirwscdrai hlood;
properties. [0018] The specinmen to be tested refers
tagrdan object which is to be exam ned for the
presence, abundance or_the |ike _of a nignooEgag£sn1

ExanpFesuef 1 He §p§5PﬁBnSP8WtE§ the sensitivi

detection of E. coli from a fermented milk product.

a

Best Mode for Carrying Out the Invention
[0016]

The method of guantitating 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 guantitated and detected
can have. Examples of the rRNA include prokaryotic 58,

168 and 23S rRNas and eukaryotic 55, 5.88, 18S, 268 and



tested include speci mens of biological origin such as
conjunctival swab, dental cal culus, dental plaque, -
11 expectorated sputum throat swab, saliva, nasa

di scharge, Dbronchoal veol ar | avage, pleural effusion,
gastric juice, gastric |lavage, urine, cervical nucus,
vagi nal discharge, skin 4eadion, feces, blood, ascites
fluid, tissue, spinal fluid, synovial fluid, and

| esion | avage; and objects potentially containing
RigGr QRIGENI S85 163CH3as 1880ana MRek ciimas @e@eneti Cs,

i ntermedi ate processed products of food, nedicine and
GRTFBLLESr1 ¢ Srahialbller ahhthptathey amviraindwgt iged ezb
sl udge, and drai nage water. The sanple of a specinen
trelbieblesindexed ciayr tcwraessnplereidh Frsspldfaredt-
froma specinmen to be tested, agd istnot .pagggcgkngy
IThe PG PPEIFIREI tHatl BEETPE L a* SARDT e~ T dhAbiI°E °°5F
reflecting. the e r un c icularl
o PSoPURRF AR (T §Bc8E 0NN Bod partipularly
INGhYdE . aedHnthWse t&ePESE N N WHEC hei@irodegannsna of the
m xture containing RNAs contained in a specinen to be
trewiiad; EREef i etk isceale aniix the egenerai BNLFGORRAS!S .
contained in a specinmen to be tested in view af USiPP
daRCRyAet hdds . [ DI tocPeeUSan Bl aPBY 1 aC GRS L doBgt 12

tested can be roperly obtained, .for
e dEreas: GHTCRAL . o Begt REH ook Ly L
‘Sz“u?a‘ﬁ% 184 DR, pi by NECASS AlYim: nBELEEUP) SR RABRRE 1S NY

extraction, separation and purification nethods. By
b rabne¥adpkei uh herdfivdsitrepreontain MyitRNAs Ganibdus,
obt ai ned, for exanple, by extraction using a

Wrimpgtl kh ctret hotc snrtivhes tex . ghaAt aF pecu e HAFHCERFEIT de

ultracentrifugal nmethod", "an acid - }2
Weissella, Leuconostoc, Oenococcus, He icobacter,

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

[0D018]

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

conjunctival swab, dental calculus, dental plague,



guani di_ne- phenol chl orof orm (AGPC) nethod", "a
magnetic bead nethod", and "a silica col um nethod",
if necessary, after pretreatnent enpl oying a known
met hod such as filtration, centrifugation, and
chromat ography; a comrercial kit (e.g., Q AGEN RNeasy
Kit, TRIZO.) may al so be 0gded therefor. The sanpl e of
a specinen to be tested used is preferably RNAs in a
state stabilized in a m croorganism in view of
%&Fgg%f%&%i theBat hewaef d=0iRai,nhasal &igtharge,
etection sensitivity. The stabilization nmay be
®abhitRéa Dido iy Ngvaber, pxewmd ke effusdomer ghakric juice,
stabilization agent (e.g., RNAprotect Bacterial

Reageht , 1aRIE atveripe, TRET S et |FULatS o 2P< Rt ef T At RP e
performed imediately after collecti,ng the_spec)

Skipi LoF b ARGSF nGIREhaATR T9F ¢ éugl’m&:ﬁ SOt Fgf\%&lln
0S5 oM SrOQraani S, o 09281 1 o 116 U 2bh@NoBY edt s
HL8F8or TANT S of T At ér est —accor di ng to the present
bRYeAt: &M HS&h RS ndkgl REe¥obFganiaintsueh aRNfood, t he
m croorganismin a specinen to be tested. Here, the
aedtninef ¢ddetdfcsa nteovedbats musicesisgdepesuss £F
speci nen to be tested can be deternmined, for_exanple,
Fpo@l) ngdieing) ake cRRBGRLCHS %W%PF“B@P??‘?Q% by

a PCR net hod usi nucl ej cid fra ts fl@é’aﬂnﬁ)ﬁf
§ﬁé&i’f?‘8'é’r‘f5§/t€ﬁi§51% igfi'nangogf lenar%l\l%%% the
@fcép%gé‘{}héﬂ‘&]‘ Hhekeslh 208 S @agbleheaken or
specinen, (2) getting the efficiency of hybridization
bekpaesdt ftom al Tpadtiekal coalbe dedgaghentngl dapabke of
specifically hybridizing to the r RNA of the bl
wacitdonbant v i iofi ek ereyidednthal sdnife SoPafRLe capable
speci nen, or (3) usi n% a quantitative

of reflecting tHe preseénce or abundance of a
microorganism in the specimen. Examples thereof include
a mixture containing nucleotides and a mixture containing
.RNAS 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 & 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



met hod enpl oyi ng anot her known net hod. [0021] Here,
in the case (1) of using a PCR nethod, "the nucleic
acid fragnments capable of specifically hybridizing to
the rRNA of a microorganismof interest” can be

desi gned by conparing the base sequence of the

m croorganismw th the baseitsequences of ot her

m croorgani snms to sel ect sequences specific to rRNA
whi ch the mcroorgani smof interest can have. Here,
tglﬁni%ﬁ%egﬁ@n@i e FRNAmMaBRC | hee tREI"Q0"ga RiagAEE RO
have can e obtained, for exanple, by checking

agaid slethodal apws e a (HDREa ConhBankmeial”), iAl secechary.
base sequences can be aligned using software (e.g.,

G fifstraprEy reathene epdeing askaownderthnd Sursasl or
any ot her methods, The , seque ceﬁ ﬁgecificlgq a

i Gt aRt sAPRFr MR aP8Y FPEPRT A Pel et ed
consi der.ing, t he, w den €rsd N i t also
2 §5rcéggi}§l sfetgg' 'bgﬁq%l?%ﬁt An8aghexi i At ey

- SpeciddacahbyesbPr exanple, if a strainis to be
specifically quantitated, sequences specific to the

st r ai phar sagwiedf erfalal wrselivetete ¥ tegaduysed L8 be
specifically quantitated, sequences_specific to the,
quraferadly BNAS cinaR s tedise el il ¥Red skt et (T LA 2pas™

. | f d usj K 022]: ia
i RRR oo PR s HreRe SipiEn (EATOL e [ alintadd

S us designed, t

Wid‘; aGk dof I BGIBNL S, 16aRabhge of e dWihrii-dicZoRImb o be

of the m croorgani smof interest can be each
EOREdd cuROah th@l efbit fexdamad,on komwerdizchni cal
common know edge; a base sequence conpl enentary to
tdeidfidzerdon| anerlt bts« . .s@fdenetech gedduy ent,

honol ogous thereto_simlarly .
RNAlaé%r). The stabilqgatiox is preferably performed

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

{oo20]

The gquantitation 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 IrRNA of the
microorganism of interest and a sample of the specimen,

(2) getting the efficiency of hybridization between the



usabl e for quantitating a m croorgani smof interest,
and the like may al so be enpl oyed. Exanples of the
honol ogous base sequence include a nucleic acid
fragnent containing (a) the aforenenti oned base
sequence which further contains substitution,
addition or deletion of -ong er several, preferably 1
to 10 bases, (b) a base sequence having a sequence
identity of 90% or nore, preferably 95% or nore, nore
RLEREE ADLY: P ELOMRECHUDEDL . Lo SRierRatigned base
sequence, or base sequence capabl e of
Bk di 715 tLtﬁdﬂi’e sRERNgENthe antitdamntiemaot DNfterest
containing a base sequence conplenentary to the
ahdr enemtponed base speqimene. oThE Inyeliagcaaghgntitative
fragnment may also be_a part of the _nucleic acid
gﬁén?mm@:mgc ROGLBEE SRPY" TR Itses, nore
q gég;ably 20 bases, still nore preferably 10 bases or
8 re added at both or one end, preferably 5 end,
thereple [ QQ23he dB8e! eNQtdE Qfsﬂﬂ%ean@@helh@tl%‘d d »the
fragnent is not particularly |imted; however, the
hhagerat api®fapmlen tscoapabbeso b dpe3Ficabie
preferably 12 to 35 bases. - 15 - [0024] The nucleic
avbrifisimeno tihes *B¥3i ghedl I IRF ISR PEI AR FGTest”

th d, f th
z%gops.sagseweﬂ?@wsgg EEiREnEe e SPRuBRE GE e |
h&c? r@%e '“:%h twg%ssgps&agﬁémsv Jragchesn
I ed. re, t

Veri e specificity can be verified, for

fXaFBbegadentd it EELBGLL Baduéhes 415 eafi FBNACOERNA whi.ch
interest as a tenplate provides a specific PCR
ahpl inf cecbyyaodisot ofwhishectenpatanl hayen shgrabltde

control.
sequence of the rRNA which the microorganism can have can

be cbtained, for example, by checking against a database
{DDBJ, GenBank, etc.). Also, the base sequences can be
aligned using software (e.g., Clustal X) to f£ind specific
seguences 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 guantitated is
included. Specifically, for example, if a strain is to
be specifically guantitated, sequences specific to the
strain are preferably selected; if a genus is to be
specifically guantitated, sequences specific to the genus
are preferably selected. The selection can be properly
performed using a known method.

[o022]



[0025] Exanples of the nucleic acid fragnment include
nucl ei c acid fragnents contai ning the base sequences
described in SEQID NOS: 1 to 30 or base sequences
conpl ementary thereto, or nucleic acid fragnents
cont ai ni ng base sequences honol ogous thereto and
functionally equival ent thereto. Here, exanples of the
nucl eic acid fragnments contai ni ng base seqguences

honol ogous thereto and functionally equival ent thereto

i ncl udg vﬁ&cih&iccgln%g dnkr @ggﬁgﬁée@st}ﬁfsoms&gné@) e (cC)

bel ow, be used for the quantitation and
deiacliiconcod fidnaitsa cababaer garhyne ofi Zimgetesthe (ehNA
A nucleic acid fragnent containing the base sequence
regfprtdsent edobygamiesmfo ESSEQLEPeNOSTanl ke BFhoprarehhise
sequence conpl enentary thereto, wherein the graggqgt.
Fswtaitasetet Bthaied SFodPrrht FERNOCHUATTER SPOBNR DT

several bases. 16 b) A.nuclejc [ ] Vi

3 FR e AR R BRSO o 0L LSRR Tbn OB
M fren@Rl €5 PLSL AR RIKoRE1886E€s Wiid dthe shasarly
sequence represented by one of SEQ ID NCS: 1 to 30 or
achdie F6fuUERSE: i eaiplgeaentiaryot i of dntAraat] edwed
acid fragnent containing a base sequence capabl e of
Hyrter iLdikei maY | LR iengawi ovefdi B lego BNl ont ai ni ng

t he base sequence represented_ by one of. SEQ,!I P.NOS: 1
temeBogPug Bade %“éﬁ{?&?@e LR5 RBRENR ISP ST &t 679
RS U SRt b seiaas i
(fArther contains substitution, addition or deletion of
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 (c¢) a base sequence
capable of hybridizing under stringent conditions to a
DNA containing a base sequence complementary to the
aforementioned base seguence.

The nucleic acid fragment may also be a part of the
nucleic acid fragment to which preferably 100 bases, more
preferably 20 baseé, still more preferably 10 bases or
less are added at both or one end, preferably 5' end,
thereof.
foo231

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.



"Stringent conditions" include, for exanple,
condi ti ons of keeping, for hybridization, at 42C for
16 to 24 hours in a solution containing 50%
formam de, 5 x SSC, 5 x Denhardt's solution, and 250
ng/ mL sal non sperm DNA. [0027) The nucleic acid
fragnment usabl e for quantd tis i-on and detection of
rRNA of a mcroorgani smof interest can be obtained,
for exanple, by performing a PCR nethod to select a
n4ehahc acid fragment which provides an anplification
product when the rRNA of the m croorganism is used as
a t enphatuotiilee ad@ pragmei hg-Huse desddued cawhdre
anot her target, e.g., rRNA of a different
mm@ongablxmmtwedhsf@ﬁpﬂﬁwﬁas051taePﬂPate - 17
- [0028] Then, (1), a nucleic _acid fra mentt contgl anﬂ%
Y& thggiaes n@e§8r EBE PR T or-2 or a

&:Iagmequ UenC eef:eor ?n‘%ﬂg@r ¥ $Qgr£5&lﬂrc lﬁﬁnﬂgg e}b&en

con ning a ase sequence honol ogous

LRsheleq. ar}féxfeun%bosaééyfmwaiaemet beretpedarEdre
used for specifically quantitating and detecting

Baainplles berewsiirnidly ahatckBe cuseiak fnﬁa@nreiﬁt interest
contai ning the base sequence, described in Q 1 D, NO
2sp@ 4emplat%a%@‘§@(ﬁ§eﬁcépe€b%‘l‘ &%t%lﬁﬁ&%%"d‘ﬁt
nucl ei ¢ aci d_fragment, eon nt ai ni a base sequence
RS GGURRT ERher Rt SHE2 ung?l al1y equi val ent
gﬂb%rzgﬁo can be used for speC|f| cally quantitating and
tecting Clostridium perfringens; (3) a nucleic acid
f r agnedmeoy aimithg hhelebaseciseqiregmentdesseldbde in
SEQID NGO 5 or 6 or a base sequence conpl enentary
trhverletio, acid af rRawits gengaining the base sequences

degeribed in SEQ ID NOS: 1 to 30 or base sequences
complementary thereto, or nucleic acid fragments
containing base sequences homologous thereto and
functionally equivalent thereto. Here, examples of the
nucleic acid fragments containing base seqguences
homologous thereto and functionally equivalent thereto
include nucleic acid fragments as shown in (a) to (c)
below, which can be used for the guantitation and
detection of rRNA of a microorganism éf 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
containg deletion, substitution or addition of one or

several bases.



~fragnment containing a base sequence honol ogous thereto
and functionally equivalent thereto can be used for
specifically quantitating and detecting

Ent er obacteri aceae; (4) a nucleic acid fragnment
cont ai ni ng the base sequence described in SEQ 1D NO 7
or 8 or a base sequence €anpl-enentary thereto, or a
nucleic acid fragnent contai ning a base sequence
honol ogous thereto and functionally equival ent

t her ety can, e disedcifok rsprehf iteating guaskhénté ng and
detecting the genus Staphyl ococcus; (5) a nucleic
aGicah it @0BENS 0€ Ot aidriaNg prelierbate FEguencserdesvpided
in SEQIDNO 9 or 10 or a - 18 base sequence
qorgfleaably af §% t drermeins Withathachase SRIUFNCEr F§RERENLEd
containing a base sequence_honol ogous thereto and
fhemeoRal FH2etRi¥RF erlt ndPefd TaPHe SREF 6

s ecificagé¥y? agté&gting and detecting the genus

ArdSHER e

a nucl ei c acid fragnent contai ning
the Bape, SQUUNCE AQACELRgHe ) FRAiRiING alBase 12 or
a base sequence conplenentary thereto, or a nucleic
atddghenfeagapabl € ont divkimigliaibgs én setpiorasa th eenbd§bons
thereto and functionally equivalent thereto can be
Uze @NRoconspeRing cild PaneaREALSET A gF e TREES %Hg°?ﬁe°f

enus Enterococcus; (7).a _nucleic aci
TRt Rets it 2, rante Sadutr fE P B P EY o
13,9124 or a base sequence conplenentary thereto, or
a hucleic acid fragnment containing a base sequence
hadeqgous thereto and functional |y equival ent
thereto can be used for specifically quantitating and
det ecHieng, t tee Liatsoiani PEubasecserpptiaass 1§uBgreupated)

a nucl ei c acid_ fragnent containiagvﬁgﬁ%b e sequence
REAG 8¢ PAMSkRFY PR3 P BT OgF 265G ase ‘sequence

Conplegggiggéhérg%ﬁgf%ioﬁg"ainclude. for example,

conditions of keeping, for hybridization, at 42°C for 16

to 24 hours in a solution containing 50% formamide, 5 X
§8C, 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.



nucl eic acid fragnment containing a base sequence

honol ogous thereto and functionally equival ent thereto
can be used for specifically quantitating and
detecting the Lactobacillus rum nis subgroup; (9) a
nucleic acid fragnent containing the base sequence
described in SEQID NO 471br- 18 or a base sequence
conpl ementary thereto, or a nucleic acid fragment
cont ai ning a base sequence honol ogous thereto and
funetdional Iy equivalent thereto - 19 can be used for
specigically guantitating and detecting the

Lact olbash| | us) pl anicdedm subgr Hupgmeért))coatadoiad cthei d
fragnent contai ning the base sequence described in SEQ
lMaseN@eatenoge @@so¥ikeddde SEqEENTE: chritfl endft &r §28¢
thereto, or a nucleic acid fragnent c Lainin% a base

FRAVSHCE REMBI BBOUSA Thdr &t s t8nd °F uRctY Ghal 1y
| alent i duAleh¥reto
g%gs{r%m?etngpco}lgggrg{rg%t§%£e slé{iﬁgnrcgrhérﬂ?ﬁ ddldh¥ret

I'ng an ecting Lactobacillus reuteri

SHRP QIR E 16231 14 SwedRilerACittherbtagaamtbearied fomg t he
base sequence described in SEQID NO 21 or 22 or a

hase iFdquangeqocanpl eneintand detetbingrBagl iy epgeus;
acid fragnment containing a base seguence _honol ogous
t HOr &t GugAgifunetf okEagNETd GORAPARERY NERR IS EFIBER S

used f.or specifjcally quantitatin ' t he
Srcaen RisPEaEh MDgr ap Cr2f Brbec el emser

f aL Ri PG d e basquseauenge;: deseddmad in SEQ
I{§%g$§m§%gg% 24 or a base ngUence conpl enent ary
thaiteli®ing a BaSdCh&jwerati thomoagoent thetaticniang a base
sequence honol ogous thereto and functionally
etpriatdlomafl 1yhegeive lenth Hensded cppr bepetsd it 1y

titati d detecti t he Lactobagj || us. casei
R g AT afoam ket S Bk SSFPAGHER CLorE R ARE | e

b%&é%é%% %%g@e(g?sgr$&5¥££41éﬂgg D gNEh t 200192130 nQf the
ase ‘sequence conplenentary thereto, or
base sequence described in SEQ ID NO: 5 or 6 or a base
sequence complementary thereto, or a nucleic acid
fragment containing a hase sequence homologous thereto
and functionally equivalent thereto can be used for
specifically gquantitating 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 homologous
thereto and functionally equivalent thereto can be used
for specifically guantitating and detecting the genus

Staphylococcus; (5) a nucleic acid fragment containing

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



a nucleic acid fragnment containing a base sequence
honol ogous thereto and functionally equival ent thereto
can be used for specifically quantitating and
detecting Lactobacillus brevis; (14) a nucleic acid
fragnent containing the base sequence described in
SEQID. NO 27 - 20 or 28i@r -a base sequence

conpl ementary thereto, or a nucleic acid fragment
cont ai ning a base sequence honol ogous thereto and

bypst %&5@% de eYtMRheAtat PeERL LR e HEelefOracia
| Ca

Speci y quantitating and detecting Lactobacillus
FrHghENOr @dta idithg( 45bade NEEd Bdicatictholbyagsetitereto
cont ai ni ng the base sequence described in SEQ 1D NO
28dofuld bmad iyasauswglent etheorgpice mamn Jeyuse@rit®, or
a nucleic acid fra%nent containinqyg base sequence

RBABLBHRULLY (edtd tahd e uRRe | ST Y g iPFaf 8RES t her et o

can he used specifically quantitaf] a |

PR T ot P o P ARLC | Bo0b) - ik e B ELERL Hhe

E%gg LLQQURY £063balNgnt 880 bAS o :SaquUeRce: i or SE@HdR
r 1 1S a known nucleic acid fragment as descri bed

EBgEEM Maimkinenegy vl eheeeso, wat .a 2021e209acd 3

(2001) . The nucleic acid fragnent containing the

fasenerlyueade ii n9E® PRSI equencs HONOARIANRE | BRY A d
fragnent as described in M crobiol. Imgynol.d gl. 46,
RBY fencuonaddy esfesRlethe huct'sl CAciP§ PPagnENt
gg@&?ﬁf&é&hyt%y%nﬁﬁigt§ﬁgu 08 Cad fbctERgl PnbGherds Or 30

'S a known = nucl el c acl ragnent as ‘described in

#3PapsssSchal ent7) bandcDres MNoid lihrawkdd7 cohba toiid aste,
the nucleic acid fragnents containing the base

beguenc@sentss clasvgdbed SEGEQ IINGR: A3 3rahd Srtd e
are nucleic acid fragnents found by tq%igrggfgt
FRUBALGE ccomplementary thereto, or a nuc

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

a nucleic acid fragment contalning a base seguence

homologous thereto and functionally equivalent thereto



[0030] 21 The PCR nethod using the nucleic acid
fragnments thus prepared and a sanple of a specinen to
be tested can be perfornmed by "PCR in a reaction
system contai ning the sanple, using the nucleic acid
fragnents as prinmers and the rRNA of a m croorgani sm
of interest as a tenplate®.19The PCR nethod is not
particularly Iimted provided that the reaction
specifically anplifies a nucleotide fragnent derived

fEQMIRNBAS £8r NESEO0F GANISTGREnk DELE B8 -anddek et £y
is a method including the step of using rRNA of the

e QRIc@aBhsiY Dfis | Pl Artesturasuadgtrenpt al B0 & puepaie acid
cDNA enpl oyi ng an enzyne, preferably a reverse
thamenitprasea ining Had ileee waeepﬁéf@?waheéi énnéFﬂo%P
including, in addition to the above. ste

Bing 3 e PARE L hUTR RPEI B SaTPLAPT R GPRRRLP Yo"
the 4 %cloﬁgt i Qefraggr%ﬁ{ conﬁéﬁpg% gef, hod gl%ﬁegge

carrle exanp known

i dIEBER PR¥re b8 NEd frindRd onang ainWbﬂ’détthi@ﬁeSUCh
as two- step RT- PCR and one-step RT-PCR, however, the

ar HeepsBE- PER specipiiefadiablaeannithbing tand detectlng

particularly sinple and prevents cross-contamnation.
(003 Tac tPhecHARUS 1 BeH RI-IPEROFECHBE bl b U 6d26ut

il
LRS! IRt b@no§0£ ' ﬂégé’ sé@ﬂfeﬁ@e”@%mﬁ@eﬂé@@aﬁf thlzeeld, or

reaction my be any of varl ous reverse transcrlptases

dichhcas i WeVar evegsent tdoitadhipyasebadhesddhience
pol ymerase used in the PCR 22 anplifying DNA
preefdrogiony hhsratdemd rfagicdiignedlyoeguivalent thereto

can be used for specifically guantitating 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 seguence
homologous thereto and functionally eguivalent thereto
can be used for specifically gquantitating and detecting
the Lactobacillus casei subgroup; (13) a nucleic acid
fragment containing the base sequence 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 quantitating and detecting
Lactobacillus brevis; (14) a nucleic acid fragment

containing the base sequence described im SEQ ID NO: 27



tenperature of 90C or nore. [0032] The PCR may be
conducted by perform ng one to several cycles of a
thermal denaturation reaction for converting
doubl e-stranded DNA i nto single-stranded DNA, an
anneal ing reaction for hybridizing priners to tenplate
cDNA and an extension reactacor for allow ng DNA
pol ymerase to act, under tenperature conditions of 90
to 98C, 37 to 72C and 50 to 75C, respectively. A
g&eﬁﬁf 8Pl & XA R h ckeabhb PEm&ONth 1 ORS ek, t BEraral
enaturation at 95C for 30 seconds, annealing at 60C
e 139c SeeDN dSsa giiath texbansiphn@ta 126G ereqé@nseconds.
[0033] For the PCR, two types of prinmers are
boebépabhy themtamend fepctippally RIS ISACNERST 4R
needed to be made to . forma conbj nation of g Leangg
|8 ectin

§ePaRE WM £°7 ARG ISR K dTuahE! IR 8PS

fg{g?'gfa 2 %;]_il jejzgsg\#rdu%q: i%rahg ¢ FI[LS S FP:I ) BRI atgqcac h

Ve appr oxi naf el'y const ant” anneal | ng
-%%HBEEQE Utnidi ity Rhe BERe wbinedhanhaldses ineal &hCsmeizb

ragnents of a plurality of mcroorganisns to be
tvest ed s+ MY taaneotmlsy. stheenacact@irl awindaffyvaghenetef or
the present invention can also be used as a probe,
antupdyial aoi b raglenredophrintihi h 35 SKALRLGS

R e e T
LAl B0 600 ADG S LOUAEL B fod URY WokekOingne
Rf-'p preferably has a total content of RNAS of 1 pg
tQctoBaciDlws Wifiimy 10 pg to 0.1 g.

[0029]

Here, the nucleic acid fragment containing the base
sequence in SEQ ID NO: 1 is a known nucleic acid fragment
as described in FEMS Microbiology Letters, wvol. 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. In contrast, the nucleic acid
fragments containing the base sequences described in SEQ
TD NOS: 2, 3 and 5 to 28 are nucleic acid fragments found

by the present inventors.

[0o030]



[0035] When the PCR is appropriately conducted, a
correlation typically exists anong "the anmount of PCR-
anplified product”, "the nunber of PCR cycles", and
"the anount of tenplate for PCR'. Thus, the anmount of
rRNA of a mcroorganismof interest can be determ ned
if calculation is property2perforned considering the
anmount of the anplified product forned by the PCR

t hus conducted and the nunber of the PCR cycl es.

[ 0036]rheABcR AW hdd Jeigld €nd RbcExadMlAad @rBgments thus
described, it has been denonstrated that a good

G el vl GRAakSSaspislaE depsedneht he beouartesf ceRNAe
of the m croorganismof interest” thus deterni ned and
"pehef armedlebyof PERI 11 pfrednsion E¥BEPYarPRiAIGHng the
interest”. The nunber. of cells _of the mcroar an sm

o?ra"l‘Ri‘teeré‘§t1“€aﬁh? heY et ore a5d dyEFaPREREY 3% P2 and
| cul ?ﬂ%;' Oge' %E&é%gﬁﬁs%% | dkbPst the @%tla%u

m Croorgani smof interest" thus
dﬁﬁérﬂﬂﬂ‘%@th%t Do ufio UnKlanaehng ri el ini 0s@SHrdfided that
cal culating "the anobunt of rRNA of the m croorgani sm
ofhd nteaicedbh, sphei Alwdlely einplddlies of nedkeotide fragment
m croorgani sm of interest can be deternined even by
prepieredc £rewnl awbno“éomw‘é%q%ganﬂﬁ@ aﬁo’cﬁ‘ﬁe‘?ﬁ“t he 24

i fied product fo by. .t he t
o'?nlpefteﬁé:egcﬁ c?cﬁ“%gho%bltréllﬁ}é&ngs ESSE’FI eof a{'[;%\}-‘gf%%% of

[ upt o o 5 RB AP LIt hedeRp LSt At dpage
nuﬁ%ﬁhc£€?§g%£90yc?eslcan be Fgarneg %y any net hod
V50 Wimp 199 hi Cith aénd e | atredfrrably exaapdsse by
identifying the nunber of PCR cycles when the DNA .
ooty i@teset abn the bl tker | More Heseferrfsuis. aTRBthod

i dentification can pe
ineluding, in addltEBn to the above step, the step of

using the cDNA thus prepared as a template to amplify the
nucleotide fragment. The PCR method may be carried out
using, for example, a knowq 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.

foo31]

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



performed, for exanple, by using "a PCR nethod
including |abeling a PCR product in conbination with
a PCR nmethod including nmeasuring the |abel with tine
to identify the nunber of PCR cycles when a certain
chosen fluorescence intensity is reached. Here, the
certain fluorescence intengity is preferably chosen
"Within the range which the intensity can reach when
the anplification product is logarithmcally

LOGieAsaty Oid Lee#erabiy S d i AR esABRARRE I8 &
correlation théerebetween. The range can be properly

WBHBES4 90k W RGea kPavrdret hod. Here, exanples of
the | abeling include | abeling with a fluorescent dye;
¢Rampl es of the neasurenent of the |abel include the
nmeasurenent of the fluorescence intensi%i Her e

exanpites POR PRE PapettdmF A By REFFPEBIAS MR e
i | | abel i it h i o
!ag‘geg%sac%ﬁal ees. IOI%g awﬁ}qerrﬁ 1 I &grfgt(i&la%tl:ppg r££&l€.{&§c%}te

es of the 1ntercalating uor escent

EOGL 4P ney BB e -G 88Raba TlE idtLaababl Sgrabdedianag
property 1n which the fluorescence intensity is
efhameesh iy trhactiphefonl b tdtieweptrinate o template
doubl e-stranded nucleic acid, - 25 thereby resulting
CBNA hendran textgnefion Feuok e ditte 2148VERY intensity
reflecting the anount of an anplified .P r od
TRLVTSIRAT 1 Actn HRPPEoF SREARE U e CERA Caphh o 30 €0

L for b e 0 q pr | ar, Beacon
g? {'héqul?e};ﬁg%ea[nec{j 5\% ;‘[‘% ?/%éb'f |%%?’§§¥gktg£%ye.ﬁ The
paahBrapr ke a@b1Mbbecybas t Beacamdis ianpr dbethermdli ch a
fluorescent dye and a quencher are bound to an
akhgomtct isot iade 95OCOi@YAS segoadsi, neeneml irse e #OEC of
a region anplified by PCR and is used by allowing to
E0exI&t599p SPCRn§y§{‘éﬁ¥SJFPfé 3tht’er SctPhrP b gapeds -
&nggfscent dye and quencher bound to the probe all ows

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 simultanebusly. 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,
oligonucleotide or the like.

[0034]



the emtting of fluorescence in response to a PCR
anplification reaction, thereby enabling an anplified
PCR product to be observed with tine by measuring
fluorescence intensity .at each PCR stage. However, the
TagMan probe, Mol ecul ar Beacon, or the |ike nmakes it
necessary to pick out a m egobe-specific conpl enentary
sequence suitable for the probe, which may be
difficult depending on an object. [0038] The anount
of r ter opsi destdW corfthenanpunt
of ngéa%%RP??eggpgo J%?ggﬁét?hgénunber of PCR 7
C¥fh eSroditing atengland the yes BTtFCRf preBerdldl das a
conparative experinent. Specifically, the anount of
BN @dnttdie mifc REBRgani Brewftd it ggesmorarppferably 10
cal cul ated using a known nethod, for exanple, by
pontfdering-"the results of the conparative
iﬁggri ment perfornmed enploying an rRNA 26 whose

™ is known" to properly contrast therewith "the
amou f L f XQdeh yaRdniherswimaer of  PCR
cycI:eN;s.f’“Ea gg%ﬁggﬁggédg§%¥#£ed abgve. [0039] Then, the
pupbslafor alypicafli 1 ekt ooragamesmtbe anotmt est KR be
determ ned by considering "the amount of rRNA of the
ainpt Db efhmrsductiius “ the caekexd Afnd#CRhEvCi el 1A the

sui tabl e_conparative experinment . ecifically,

AuApRt of ‘&IMetEr TPRe” croggﬁﬁni§ﬁ$o?moqu g%egkﬁgaﬂf
be cal cul at ugjen t ingxappl e, by
RonS LA A B S BEUT A G0y
expPetidBitn e hebiedl ¢Npéosdiged cazilier dhg atisp emicven

to be tested in which the nunber of cells of the

oor tbs ponsli ifg edi prodnganfermed hindhe' PEB prepetqrducted
and the number 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 cellé of the
microorganism of interest can therefore be determined if
calculation is performed congidering “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



contrast therewith "the anount of rRNA of the

m croorgani smof interest" thus calculated. In the
contrast, in view of sinplicity, a standard curve is
preferably used which shows a correl ati on between "the
nunber of cells of the m croorganismof interest"” used
as a tenplate for PCR and 24 he nunber of PCR cycl es”
when the certain anount of PCR-anplified product is
reached (hereinafter sometines referred to as Cm
VA8 ied E@od@é @NERbC YRV b SPEYPi had |4eher apaned &y
plotting the CT value against the nunber of cells of
aHearget edel & € ramrgareds ms( deecFilged ealvelhe

m croorgani smused for preparing the standard curve
n\P3Fé a known strain such as the type strain

thereof. 27 - (0040Q /t hout. under ng t roce S of
speC| ??%a?‘l‘?}mtcﬁfctﬂc FPAg %fecg uc&f E&NB\H
TRk Slctel §a&fbe LS K" 897 9371 Ri0a uatt%set can
e direct cal cul ated by properly contrasting

';-Ia!}e;ltceaulrt §ll@:f.taﬁ:1cﬁp NEafrabk¥fp BXPasy NRTYn tREE Ag mele
using a sanple of a specinen to be tested, in which

trivenbreurb&r POR cxﬂlescﬂhenthbecbﬁhesgﬁnhﬂawg-certaln
m croorganismis known" with "the amgunt  of

Pc;mé;ﬁanweﬁhcpﬁ%mou&ﬁd e idpsd tdrapEpr IR

I d b ) I
AR, S5 A P BREFH 65 sl sftpocns

tl%%teqqn%x ber apRldRa L@ LhebaRIVEsHesH Redcat Aatksd

curve. As descri bed above, the anmount of rRNA
Q&caudﬁhgrﬁ@ﬁgﬁwungnﬂﬁé itabelesithntimespesi i@entdtpethe
tested can also be determ ned, for exanple, by (2)
lraupoerngft AER cycles when a certain chosen fluorescence
intensity is reached. Here, the certaln 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. EKEere, examples
of the labeling include labeling with a fluorescent dye;
examples of the measurement of the label include the
measurement of the fluorescence 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,



efficiency of hybridization between a nucleic acid
fragnment capable of specifically hybridizing to the
rRNA of the microorganismof interest and a sanpl e of
the specinen to be tested. [0042] Here, the nucleic
acid fragnment capable of specifically hybridizing to
the rRNA of the m croorgani2§m- of interest, which nmay
be used is, for exanple, ones designed and prepared
as descri bed above. The nucleic acid fragnent is

Rheferablys i didldeliad cRUCER et A 28 flitageeséncdier e,
exanpl es of the | abel include an enzyne, a

pavangomnet irtdned tybirefl acting | they evosnt dfean amplified
chronmophore, a heavy netal, and a radioisotegg; nor e
BEBf eredur exafprebabel ik Wik ér Tl ReTefrReh B2 FAE.

Her e, | th [ | ud di sh
BOF 658 A ek R a PP RO b b IR BCRS E2o0Re. TSI can
g%?%&%%ﬁ’&'tn@é 18pkDodN, 181 hold £00843LcedPea@DURLe

a mcroorganismof interest in a specinen

&'Qqﬁgntﬁ&tlﬁéj ANt ecl:gr Nkwdedn dfs @elpksbef ihhehich a
m croorgani sm can be | earned using a known conversi on

ttbods dsn mehsuendgat fecesitentans bepbdi 8PzaRi on
between a sanple of the specinen to be tested and. the

AbEgeRRC kRt def MRFREATOUTHES At HEFSEP e SEAPFRY (He 2
tent of .t. hybr i.di tion j i I
?I)é%?{)]réagng)nldl rﬁ%(/i %}gf &ngzaaﬁc?nlé %Jé%t b?aBEhSHm& lionovm

cafried ‘out according to a

ABLROL: 072 EaRLEcehl THY iBRepgEE O8RSk Mynareasuri ng
the |abel added to the nucleic acid fragnent.

Bpectéscald \dyef andeyaaptier thmindraohatiecanobe hravised
out by measuring fluorescence intensit¥ when usi ng
the entiting &fi d1RPHGREARCE abfe|X®FPOonse to a PCR

amplification reaction, thereby enabling an amplified 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



with a fluorescent dye. The neasurenent is preferably
perfornmed in parallel wth neasurenent using a
suitable control. Here, exanples of the suitable
control include "a sanple known not to specifically
hybridize to the nucleic acid fragnent used", "a
sanple derived froma spec2éren to be tested where the
speci men contains an already known nunber of cells of
a mcroorganismof 29 interest”, and "a sanple taken
Qfhd¥ L RpoREA Ll E 9MRowsPaid MRivpe@lbecdesiat wherewt he
speci nen contains an al ready known anmount of rRNA of
a" ttieC ramougan b NPOR - ampitigiiest ‘broByct haeki iy agaPRSt ©f he
control, the RNA amount or cell nunber of the
& corcdasi’shrarnehtat cascrdfdhaPP¥arned using a
known .conversi on nethod. The nunber of cells of the
n{Qﬂ%ﬁJrganisn1of interest can also be |earned using a
known fet hogh Dy ansi der icag15hss araitroctban kbl 6 the
nicroorganisn1g% Interest thus calculated and the
residdest0bad BYi dabdmmianpavalconeidxpitg Mtte amo0044$ £
The net hod of detecting a m croorgani smof interest
kA difngrhieomt hroprearevam ] rihast cahcudaied £nth thedex
the presence of rRNA of the microorganismin a sanple
'dﬁe%Plﬁ§p€éiﬁeﬁ“%EP?%ft%ﬂﬂgﬁfatﬁgﬁe?x?%ﬁlT%ﬁﬁﬂ"detecting
m.cr.oocgani spd | [ i Ly t ani
RS g ie R T (8T Y B iferoorgenion of

PIASENGR Qhndbe b1 HOTHDHY SBiG RekAeheGiethdd) For
speci nen or the absence of a mcroorganismto be

detaeiled by acspbdéntrs {084 3esuTosdef el menplagative
presence of rRNA of a mcroorganism of interest in a
sprErgnimentoPBaL pERe@ PRRL NG 9hé SaePLRt P MRSTddeBt =°

the Presenta DXEOLT AN fNGdelsotils 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 Crp value). The
standard curve is typically prepared by plotting the Cp
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 gtrain such

as the type strain thereof.



_~described in (1), (2), or (3) below may be carried
out, for exanple. (1) Detecting a product anplified
by PCR using a nucleic acid fragnent capabl e of
specifically hybridizing - 30 to the rRNA of the

m croorgani smof interest and a sanple of the
specinen to be tested. (2) Lktecting the hybridization-
between the nucleic acid fragment and the sanple. (3)
Detecting the rRNA of the m croorgani smusing a
didds@nent known nethod. The methods (1) to (3) can be
easily perfornmed by considering the previously

descr whemowethiniiagoihg theesenoss Dfofr RAcHfichbly

m croorgani smof interest indicates that the
miadrode§ant st aangitdn ofr &88A:  FRe tHERGFe AENERLE DR
tested, which enables the detectioPséﬁbélH%re £l

i GCHIRTIRPL EBVRN R EERECIEPRCT T BN 1% Preferibl y

Ccaarlrciuq.%tggt byy%%%%y g%'gjlti LER ;i Ag SUitabl&aent bel a

because " non-s I cation of PCR product and
NQUkpasReeEi ExpybindiZ Ydr@oraned 0stng .a [Rifde ofsa
shown in Exanpl es described later, it has been
dgranistenatedbé hags tedyh igetwbdchohhe epgihew jafy ceahspet
achieved by the quantitative nmethod using the apmount
dthe FRNAEEEOEE1$$KW%F%ﬁﬂngﬁéS&e?%c%??ﬂ?rék%ﬁﬂj Gggng

the presence of s _an index.c thgkg by
R PEn B R RTRS S PR ER SSUALE o TSHa°Le PER
'%y%i s» ASashodN: i Nid2aRleRS absvhe dpeeiirhedlly] t18s Co
al'so been denonstrated that the nmethod using the
amuy delivBiAfAen @i ismdelecall abeuspgaimengianbet at e
and detect a mcroorganismin a live state w thout
oresmttadt apinheappplied to the above-described standard

curve.
[0041]

As described above, the amount of xRNA 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.

o042}

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



detecting dead cells in conjunction therewith. - 31 -
[00471 Thus, the use of the quantitation or detection
net hod of the present invention (hereinafter, also
referred to as "the nethod of the present invention")
enabl es a m croorganismto be specifically quantitated
and detected at higher det@étiron sensitivity than that
for conventional nethods and even in a live state
thereof. Consequently, the nethod of the present

FPYEREAON GAReheexsmShs fulr t@eannbel ifcnpid istakhepse,
described in (1) to (4) below. (1) An application in
whbghamadieticorigani piooin, i ntEhestescentafived 4n a
specinmen to be tested is quantitated and detected in
ghrpypepkene & hspyemetdbt M9 6h SEASREPYPP TP t hat

for conventional nethods. An, appli catiaon_in_whi
PREERTTER SR E5d OEeltgg mé%l%r n’f%“ﬁ&éregaaﬁll Shie€OnRt aifﬁeg(?'
in CJ t e L S, AUt ake : d
8%?@%?%% 6a |eg%g?9§%t g%??%%é ?énsi ti \I</j1|tlt§ §/1 tgﬁgﬁg%%aaste fagr

GPRYENLE QiRspiRitReds. 113 1Abeappbi cahive carmfdd buthby
rati o of the nunbers of dead and live cells of a

|l knowen gestilgm.i s neasured at  higher detection
sensitivity than that for conventional nethods. (4)
ARO43bl i cation in which the presence or abundance of

ol T SERSEOR0 A % CLRBen e, B ot 1o

nt convent i ona
QEEBQEi?meﬁ 132 b RS ehhgndpder i atindRxl BEl HEELBs dDrthe

exanple, (a) quantitation and detection for
AS6L6bAdaN Gh tda@® pecieacsed using a known conversion
method by measuring the extent of hybridization between a
sample of the specimen to be tested and the nucleic acid
fragment. The method of measuring the extent of the
hybridization is not particularly 1imited 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 paralliel 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



or abundance of a |ive m croorgani smwhen the nunber
of cells of the live mcroorganismis needed to be
nore accurately and precisely ascertained and (b)
when "the nunber of cells of a |live mcroorgani sni
has been calculated in another experinental system
determ nation for exam mi r&p t-he accuracy of the
experiment and the preciseness of the nunerica

val ues calculated. In this respect, when the nunber
Qf,cdeadreel dsa e Qaapliict @hren of herdmasur exent aof the
total nunpber of the dead cells and the live cells is
poekemnabl yo e frated whecenfhacspomimerhaoatatihs dor
exanpl e, by a nmethod known to detect the dead cells
edgenfEr kapwh anpuny of &BNpsoL T%emﬂrﬂ}‘ri?&errgaaﬂsmt f& dead

cell's can be determ ned btractln e u r of
SRCPPOL cove CEAFRIRgt AT B PSR S P B
AEREN! o} et I OB Bic! Al Blodiiiiion L04ELerIbe
0 € present 1 nvention can also be used as a
Bhhed §e5rf@niditndt iangnokmdebeed A mettiodor geld sm
difficult to measure by conventional nethods, such as
aumbetr 061 galii s mii n@apmbbeogrgamﬁsmrqf(&ﬂhﬁﬂe§§ gag lso
n1croorgan|sn1|ncapable of uid culture 0049]

HeonsarRetxaiile S FOSHN; BléathtléY C?fts efe

t hat the use_of i.N
G%aﬁgﬁ% %qu ﬂ&?ﬁﬁﬂggﬁpéﬁmn%?hod can qﬁ?%VCEESU1ated
%%%eghbofesuf%% s¥ensSishiithbY et Sothier SRR %eRtindft a
culture nethod. Thus, the nethod of the present

ifme@ati on can also be used as a nethod of
quantitating or detecting a m croorgani sm at
det ecThormedrs Lifvieyerpinged JHifr oOXgeRt sBr ChotRterest

L2 opiths LS T N0%sehi® 1nvBhe ol SLESH LA SCMRLELVERY

As
amount

presence of rRNA of the microorganism in a sample of a
specimen to be tested. Here, the term rdetecting 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.

f0045]

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



cells or nore/g of specinmen or 100 cells or nore/nL of
speci nen. (0050] A mcroorganismcan also be very
rapidly and sinply quantitated or detected when the
PCR nethod is used, conpared to the culture nethod.
In addition, according to the nethod using the PCR
nmet hod, the process fromth® -extraction of RNA from a
specinmen to the quantitation or detection of the

m croorgani sm can be conpleted within about 6 hours.
T he RANABL POEh O midi®Riganeslh bivelid st aad al sampre
used as a nethod capabl e of detecting a mcroorganism
id¥ ahehepbcpeen oce dfe thiameedwi t hin 6 hours). [0051]
The use of the method using a PCR nethod according to
t he plabePetedtian itde Byhrsditdtitrelrdeenc hrevRuURt Hif
det.ection sensitivity, nore accurate quantitation and
cfé’t"éictfiré‘ﬁm‘c:)?taa‘?‘i&vteh%isan@&legani sm and rapidity and

si npl g tye JNUSg e Fﬁhﬂpgfotf,hé he YoRseah: ERVEM AP
can be used, for "exanple, in the application of "the
exaEAsrahicORn&fn Gesdadd .nant and hazar dous bacteri a,

pat hogeni ¢ m croorgani sms, or the like" in medical

diltee metB4ds antl) fowdiIInduest by wheiby regl praed bansitive
quantitation or detection is particularly reguired.
[Posiferiag Rt P HoUsY fresshbed rf%‘?m‘%’”’n cﬂﬁae al so

be carri 0 us a kit for ordm. net hod.
BT ,enchgnpf A chf th ee_ Ig'lltc%? 8rgg%§$%$or§r1fnnlg%%§ﬁet hod
IRQl:¢de 8 tkit SRNLRAIdHIGEL) sRUBLEI Kedf it doleagment She

capabl e of specifically hybridizing to rRNA of a
nipeicdmiegano Sve of estient,emddich €BxbaeprdiocEteatinhi of Bime
i mpl enent ati on

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

fo04s6]

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 BExamples to be described, it has also been
demonstrated that the method using the amount of rRNA as
an index can accurately guantitate and detect a

microorganism in a live state without guantitating and

detecting dead cells in conjunction therewith.



nmet hod i s 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
limted thereto, and refers to a collection of all or
part of requisites for performng all or part of the
steps of the nethod. Here,3Trequisites for performng
the steps" can be properly understood by considering
the description set forth in this specification.

ljes [0053] The content of the present invention
is described belowin further detail by way of
Exanprress, Hovewate, offhéhei guamt itatiion oot deheenterd to
be limted thereto. (0054] Exanple 1: Preparation of
pre theds of oEhg ap T @trn hdSrEptAP s{ her i afles, afy=23Ss
e teara £t NGRS niRhR 8L LRE bl LAl NRhes BRI 7
(il Wi 00 dUifh C coPLUELEOIE VY knalBE88eea
sequences were al1gned using the C ustal program

fold clerdcby¥apsenaidmg aecpbykogrneéng dindey thensthat ns
were classified by fam |y, genus and subgroup on a

fasi songbnthengphyadeodet apdt pwen b i areviyvavsitatdeshgreer -
for each classification. The sequences of the priners

FiossacEantlYid i BRSO pEciie BYeT i e rdvenit 8 s HdtPe
in Table 1, R ' ich.t
B GRS T e

Wi € col'um erences” in
Wﬁﬁ'%e&owlf the colum is blank, this indicates that
the sequence is a novel sequence found by the present
i nventipran lapdibicatieapest yhidiore peitcawbrBes usmenet 4
represents Mcrobiol. Immunol., vol. 46, No. 5:
3833358 t( 20003 inab At SRECHIENNENtPS tastpd 1S

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 cf the numbers
of dead and live cells of a microorganism is measured at
higher detection sensitivity than that for cqnventional
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.



M crobi ol ogy Letters, vol. 202, 209-213 (2001); and
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%glgg %&C%ﬁé live microorganism is needed to be more
accurately and precisely ascertained and (b) when "the.
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 aquantitated,
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 live 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 gquantitating or detecting a microorganism
difficult to measure by conventional methods, such as a
microorganism incapable of forming colonies and a
microorganism incapable of ligquid culture.

[0049]
As shown in Examples described later, it has been

demonstrated that the use of a PCR method in the

gquantitation and detection method can achieve detection
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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.

(00501

A microorganism can also be very rapidly and simply
guantitated or detected when the PCR method is used,
compared to the culture method. In addition, according
to the method using the PCR method, the process from the
extraction of RNA from a specimen to the guantitation or
detection of the microorganism can be completed within
about 6 hours. Thus, the method of the present invention
can also be used 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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and food industry where rapid and sensitive guantitation
oxr 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 RMA, 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]
Ezample 1l: Preparation of primers
For various bacterial strains, 168 and 235 rRNA DNA

sequences were obtained from the DNA Data Bank of Japan
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ri HN
(http://www.ddbj.nig.ac.jp/Welcome-j.html). These

sequences were aligned using the Clustal W program,
followed by preparing a phylogenetic tree. The strains
were classified by family, genus and subgroup on a basis
of the phylogenetic tree; primers were designed for each
classification. The sequences of the primers prepared

and the rRNA species of interest are shown in Table 1.
References in which the seguences are described are shown
in the column for “references” in Table 1. If the column
is blank, this indicates that the sequence is a novel
éequence found by the present invention. In this respect,
Non-patent Document 4 represents Micreobiol. 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-

151097.
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0.75 M (each) prinmers (described in Table 1) which
were adjusted so that the respective anounts form
final concentrations. RNA equivalent to 2x105 CFU was
used as a tenplate in the RT-PCR The reaction
solution was first subjected to a reverse
transcription reaction at- C for 30 m nutes, and
then heated at 95C for 15 mnutes to inactivate the
reverse transcriptase. 40 Subsequently, 40 to 45
cplsyg of 94C for 20 seconds, 55C or 60C for 20
seconds and 72C for 50 seconds were perforned to
easyle 2hebateuminaficen ofnmphief Epati bivity cdfucrinsra
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RacH o 35t 3ol (¥ ehakacienicaeeacds shSiapdh BaAR1E 2he
genus staphyl ococcus), PSD7/7F/ R (the genus
Fsdudpeonas) in s28 Gqmzel/ @hAERaRI ¢ G 06GG isHiqghes in 18
perfringens), S-S-Bc-200-a- S-18/ Bc2R (Bacill us
EEEFS)  Brs e IRd A F AR LR dyERLYme Bt FEEFCEEEF. In

%Ocl:itteir?.gl 82,581 ¢ O@Itpldﬁmﬁa%kﬁi §{1c££a%é{@3atc' f}%‘gﬂx that

y - a Slbgroup or rai nterest can

ReReiheablbyr et £6i:86 s t henPréEifersdvhaths Ftien
(Lactobacil Il s aci dophilus subgroup), sg-Lsak-F/ R

(demctraliagiell| as SakE oS dogr A0phinsyges carsd uURjected to
(Lactobaci |l |l us casei subgroup), sg-LrumF/ R
(ibecrspaEal| @F Fifi HRe@agrsup) Thesftor ¥gre/ paded 450

I_lactobaci | lus reuteri__sub roup)a, _f,géll_pl a-li){’:1
S‘LaGonBQEF?H&llb‘T%tbé‘rf&rﬁrsgﬁéFo pft <t CHte Per
(QIAGEN), 3.5 pl of P-mercaptoethanocl, 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 c¢rush 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 ul of
chloroform/iscamyl 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-gaturated phenol /chloroform,
which was then mixed and again subjected to a
centrifugation under the same conditions. To the

recovered supernatant was added an egual volume of CIA,



(Lact obacillus brevis), s-Lfru-F/ R (Lactobacillus
fructivorans) or LFer-1/2 (Lactobacillus fernmentum.
In Tables 2 and 3, + indicates that specific
detection was able to be achieved (CT value: 1 to
30); - indicates that - 41 the CT value was 31 or
nore or that no anplificati3® - product was obtained. a
rr111111111111111111111121+++1
QN1 aONOUNZ1121 1I1\1121217272122221721212,12 11

#Rich M the shakenNabd &ralm subiedded~to a
1,111111112111211121112,1,11 11 UV 1I NI r+ NW Wa
centrifugation under the same conditions. To 400 pl of

the recovered supernatant were added an equal volume of
isopropyl alcohol and a 1/10-fold volume of 3M sodium
acetate, which wag mixed by inversion and then subjected
to a centrifugation at 15,000 rpm for 10 minutes at 4°C.
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 pl 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 pl of the total RNA
solution (equivalent to 2x10° CFU}; and 1 x QIAGEN One-
Step RT-PCR Buffer, 0.5 mM 4dNTP 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 pM (each) primers (described in Table 1) which were
adjusted so that the respective amounts form final
concentrations. RNA eguivalent 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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Subsecuently, 40 to 45 cycles of 94°C for 20 seconds,
55°C or 60°C for 20 seconds and 72°C for 50 seconds were
performed to measure the amount of an amplification
product as a fluorescence intensity of SYBR(R) Green I
for each cycle. These series of reactions were performed
using thé ABI PRISM(R) 7900HT system (from Applied
Biosgystems) .

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-
lsu 3F/3'R (Enterobacteriaceae), g-Staph-F/R ( the genus
Staphylococcus), PSD7F/R (the genus Pseudomonasg), S-
Clper-F/C1PER-R (Clostridium perfringens), S-S-Bc-200-a-
5-18/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
{Lactobacillius 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 brevig), s-Lfru-F/R (Lactobacillus
fructivorans) or LFer-1/2 {(Lactobacillus fermentum). In
Tables 2 and 3, + indicates that specific detection was

able to be achieved (Cr value: 1 to 30); — indicates that
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[0062]

Example 3: Examination of a relationship between the
growth status of various microorganisms and 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 guantitative RT-PCR analysis. The
number of bacterial cells in each sample was calculated
on a baslis of the standard curve prepared in the manner
described in Example 4, using RNA extracted from a
bacterial strain in the late legarithmic 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 Figqure 1. In Figure 1, the black circle ()

indicates the number of bacterial cells calculated from
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between the variation curves of the number of live
baéterial cells determined by the culture method in the
bacterial solution and the number of bacterial cells
calculated from the amount of rRNA transcription. This
demonstrated that the number of cells of a live
microorganism could be determined under any condition by
measuring the amount of rRNA transcription.
[0063]
Example 4: Preparation of standard curves and comparison
with a gquantitative PCR method

Standard curves were prepared by the method of the
present invention (gquantitative RT-PCR method) using
cultured cells, in the late logarithmic growth phase, of
P. aeruginosa YIT6108" (type strain) and §. aureus
vIT60757 (type strain). Standard curves were also
prepared by a quantitative PCR method to compare with
those prepared by the methed of the present invention.
Axenic cells of each strain cultured in BHI medium were
separated so as to provide cell numbers of 10°, 10%, 10,
102, 10! and 10°, and subjected to RNA extraction as
described in Example 2. The extracts were each subjected

to quantitative RT-PCR according to Example 2 using



.l EEEQ OOWMCAAUUAHOOTIXI VOOro .%
N O GdldNNNo-. HNOO'QUa OVVaaANHOAO77GY
Y>Nd -.i NNM.vJ U WO0a.i -.i NLJ a 10 ro
UNNdi .+000HU WWEEOOHHTIrodUHUE?9

H waaw ol 4M MP cU wwaac 'icU. J' nWMW 10 W4 U0 - 46 -
[ 0062] Exanple 3: Exam nat#®n-of a relationship
between the growth status of various m croorgani sms
and the anount of TrRNA transcription Using

Fooherd GlY @egeklibed. imurile and ®.caefalgitiesawasel | s
of different culture phases, a relation was exam ned

eximieexd tieeweenbehe ofediv@nfaCrevatiie cald $henpugberdet
using a culture nethod and the nunber of _bacterial,

el | 2elHAy idegerménadi by t5he SUSHERCBRERPR sdes GFePisfe 4™
f t h t of rRNA.t i pti d ‘
SRS c VIS e PSP Aeoan e 0 W7 ipBCoBYpiflea

§%&ﬁttﬁ ARL0RL G E4L t Qf stAGH cRaBkShi A Wd the
shaking at 37Ci1n BH nmedium the bacterial cultures

S i edilopcktadrvbt oy i AMpCK @lelthwadehyl opingg HONA as a
cultures to nmeasure the nunber of bacterial cells by
taxadt reguenchod SpagilfdgrAgyBHL Bt mEH HS(39dedolo
hours). On the other hand, RNA was extracted from

S| s tHenPREFRTIRL) R EPPSaREPERBF BLL 2 T £°
,gygnidet %teil\ieﬁ%ag SPalgesi 3¢ They: nygber, gof . hacigr i al

el1's"in éach sanpl e was Calcul ated “on a basis of 'the

whoald GUhYecR 8RAratkd RednlteiFagBarat desrddesn At 5
Exanpl e 4, using RNA extracted froma bacteri al
Hifdids ifort hec) atel la@dr biyhfenogioyt theplrapernathet .
number of which cells was known. In this respect, the
A tQReTRA cBx PRECTPRPR Rl tyli&®t iilatPVER RY- Wehs was

ggéefé)rt%eq:haespggggéi aetge,i qvh%.é%”%'a% %he;irhgt{xexselﬁ ta§1dar €
centrifuged 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/iscamyl alcohol was added to the
supernatant, which was vigorously shaken in the FPastPrep
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



shown in Figure 1. in Figure 1, the black circle ()

i ndi cates the nunber of bacterial cells cal cul ated
from- 47 the anmount of rRNA transcription, and the
white circle (0), the nunmber of bacterial cells
determined by the culture nethod. For all of the
bacterial strains subjected to analysis, fromthe

| ogarithm c growmh phase to the death phase, a strong
rel ati onshi p was observed between the variation

GiHiI¥RS Ot bosaravdieland rleb¥eerbacé Bidmiatemlt], s followed
determ ned by the culture nethod in the bacterial

8l dilseslabsy tfiee mindedipiohtbatt et gll o ITE budFeul & ed
fromthe anbunt of rRNA transcription. This
dnsen 8t PHR e8io 1 Hakon he SHRRBBIET Yoo ECBf “"35| foRducted

d d
R h IR FRE SRR o RO EOBRE P RRACT bR e gy
%é% erférmgggﬁﬂra“k&%loEPanngérg fégee§%nagglutlon

cormpari son a guanti Ive PCR nmethod Standard

CHnta3 nWBE €2 NLERSY athdYnhhsolet e £fa tive mvpreserkcl
invention (quantitative RT-PCR nmethod) using cultured

clH $,.30n Shent K| @gdr MMhMEElyr Mﬁ%pﬁ'ﬁéé‘mo’F 148,
aerugi nosa YI T6108T (type strain) and S. aure
VACPo BISENTR yipic iz @) 1/8PAnAGP uF kA s s QfaF§BR‘R’

prepared b t hod 0 h
RHO3E B cplrie Hy s el inh 8pC Thop W3si CRBbT ML,
A %/gfli«é %m?%ly%{e&%@ ‘?E'Jr&h”'feﬂcalﬁ)BldhdfTﬁdnslrmM
wer e para ed sO as to provide cell nunbers of 105,
1@ach)' prid€2s (ED7HR d@0g-ahapkth]Rcteed figaRNA
extraction as described in Exanple 2. The extracts
wemeesitht Sobf ecThe reachirmtsintiivs RespErRebee gty
té%rEéagELstgsyséﬁg _sﬁ%%ected to 40 cycles of 94°C for 20
seconds, 60°C for 20 seconds and 72°C for 50 seconds, and

subsequently reacted at 72°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 Cr 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 quantitative RT-PCR, and



primers as described in Table 1. A correlation was
exam ned between the resultant CT val ue and the nunber
of the cells determ ned by the culture nethod
described in Exanple 3. Using a nmethod descri bed
bel ow, DNAs obtained fromthe sane sanples were al so
each exam ned for the quan®itation thereof by a PCR
nmet hod enpl oying rDNA as a target seguence.
Specifically, 1 nL of PBS was added to each of the
bast grivd siQldild qlls, separadasl &0 taz oanps owithee CElR.
nunbers of 105, 104, 103, 102, 101 and 100, which was
3hi thedappubxtivervec entvef ogeafingd Mro0ghr pheat 5
m nutes for 4C, followed_by renoving the su§§£gftant.
Anappikalith RadRepesbed: t e SIaF StRiteAn1c SRS
S dded to th ecipitate, which was.t tirre
g% v rVﬁﬁgéd8%§$oﬁﬁpﬁénngﬁﬁlFﬁ%a§ﬁ%%#ﬂ§¥gﬁtFo%og'
%H?eué?SQ%&Qnﬁeﬁgﬁéﬁgaﬂgﬁ‘%H%@d%ﬂgSQQanééréﬁcurves
acteriolytic buffer (100 mM Tris-HCL, 40 mM EDTA, 1%
ShSb1pHhD . A)1cu12@Boh 6f Tike sninbeat ed pheneriakhnkldG0
mg of glass beads (0.1 mmin dianmeter), which was
them thgatoushyeshaken additine. Feke RUaR tREEEGVEL RS Xt
rpmfor 30 seconds to crush, .the bacieriqg cells. The
BPERRd SR UARIE s SEEREFi Hhglactandat ot &S of

$20000s | pimqigﬁtgﬂghgﬁg}n%_ﬁnetﬁo% hawed R¥cLecoyering

e superna

sahyialedly Upaehen sl vserny | calveaitebnuasyadsed dul tuhe
super natant, which was vigorously shaken in the

mash&f ep ThER136mats dr H0G1 ryhatf GhedBeteed et ighdet Head

subjected to a centrifugation operation under .
gondrie gt teg 10800F pete e Uh @15 anfh GE_ST IR LBhS1®

BRoc BLLELI.QR, 15 Rer LOrIES, o iodis! B IR SRPAIALED

ed supéernatant, owed ol ving t
PrECLp Bl orOnkathk d&EdUfa ddsimakera &Dut 1,000

sol ution. Subsequently, a PCR was conducted

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
guantitating 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 tc 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%, 102, 10%, 10%, 10°, 10° 207 or 10°



using the resultant DNA solution as a tenplate. The
PCR was perforned in a total 25 | of a reaction
solution containing 2 | of the DNA solution and 10 niV
Tris-HO (pH 8.3), 50 nM KC1, 2.5 mM MgC12, 0.45%
Triton X-100, 200 M dNTP m xture, a 1/100, 000-fold
volunme of SYBR(R) Geen t,511 - ng/l Tagstart(R)

anti body (from d onTech), 0.05 Ul Taqg DNA pol ynmerase
(from Takara) and 0.25 pM (each) prinmers (PSD/F/ R or
Gedtiaphel/ B) @ 4i MalmagOFeeBkr aétronsddeihe Teactdtal RNA
sol ution was heated at 94C for 5 mnutes, then

sy estedcted4fraydad off GHE Pora@Mgiswsandddegotr¢ay

20 seconds and 72C for 50 seconds, and subsequently
rseailed apd7oesd s PO LARIREE CTHRSERFIhTIS0f t he

lif, d, f h
FPrroaRuR R TR, (8 PESYER o Gty Y de

%%@ow% QbaEEAG A0S MMRAL otAkhLCLaRdlsdit1RG ABH used as
'S 7900HT. In this respect, 1/25 the extraction

AMtplate £8CHeofoMNALNGubhiAl vasiwilfaRct el tadditeion,
reaction. As a result, as shown in Figure 2, both of
tifhe semiehedse béw ek awbeﬁpﬁ:eﬁrelly @%@W@W&F%ﬁf the

between the |ogarithm_c nunber of bacteri LX ell s and
oRaber 04 ’B%Ctelf’rﬁlFlcﬁhlé 35 1pgea (bR HeERBRor (ERF

AL s RS, BURRE ol G ShEXEAECh, I eDKal o

ure net or eac acteri straln serving as a

SRS wibe @&ﬁ@i@&ldufﬂ Qs Grsbhdb&atas Flamptase; otné he
guantitative RT-PCR, and - 50 the white circle (0),

tdud toasemothode apant ilxample PCRand |the kxtapptdginef e

curve obtained through the quantitative RT-PCR
Rhaad the exrEi@bye E68f FeEhedt ag R FXRTR} Cvhs

SRS Sehiher 5 HLTR BG0 R0 O S e
G¥eoH! Blvh 0L 01 iddie v enn9bobagt £ i @le GRlahEitative RT-
PCR and the quantitative 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. aeruginosga serving as a sample. The black
circle (e) indicates the case of the quantitative RT-PCR,
and the white circle (D), the case of the gquantitative
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



fromthe CT values. In addition, the quantitative
RT-PCR nmethod was able to detect 10 bacterial cell in
the sanples, indicating that the method had a
detection sensitivity conparable with a
conventionally used culture nethod. This denonstrated
that the nethod could be used - for the quantitation or
detection of a microorganismas an alternative to the
culture nmethod. The nethod of the present invention

had rardehechd@n BENS Waki 1y? alolls br0BBrefynes fdiats.of
the PCR nethod using rDNA as a target sequence,
derprsitatre ngetliad tidokhadeadanr kdui dettdet method of the
sensitivity as conpared to a previously studi ed neans
myesegiahniention wesnicomBsrEani SFPsify stagéhdzation of

lificati t hod. [ 0064 l e .5: itaf |
FR. et ERC ofPectian O shel RopapbuArl 5 SHR0' b Al
or o LRhbPSal, Rn A0bdgLAOSHy VELe fachiaddedet Sr

uman feces to conpare the detection range of a
Geanloat at ik Nea AR RetdedseirvBat atawfaghexiekhedcotvé he
present invention. P. aeruginosa-added fecal sanpl e
wite ipedpéren neesuemestswhnchhe etdangofofP103er tigi Absa
equi valent to 101, 102, 103, 10', 105, L6106, 10' or_ 108
ce3is/gePF stpras 20y tOF ABRAATH ¥R S idT ¥250aBAR T The" 00
tqtal RNA s extracted,fro . P
1 foter Al e ek L ERE N M Ralecr, merchoa,
t@orgiformthe quantitative RT-PCR of the present
invention. DNA was also extracted fromeach of the
SaEmpd anpt esnangk s ed Asmaa feapl adretdwbpetkboiarene by

quantitative PCR In addition, the sanme sanples are
avsingétadive RPePGReasdr aneni teFe thethatinber of

bacteri al cgggéihgiing a cuItLié% @E&pog. Tget.tative RT-
ext r abETHh PEE a2 RN SN The¥gdadt Pt at Tve
%EhPGBing the enterobacteriaceae-specific primers En-lsu
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% KH;PO,, 0.0225%
K.HPO,, 0.0225% (NH,),80,, 0.00225% CaCl,;, 0.00225% MgS0,) .
A 200 pl of aliguot (20 mg as feces) was taken from the
diluent and subjected to the extraction of total RNA
using a quantitative RT-PCR method. The guantitative RT-
PCR was carried out using 1/2,500 the amount of the total
RNA as a template. An aliguot of the same diluent was
also subjected to the gquantitation of CFU by a culture
method (DHL selection medium). The stabilization of RNA,

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



met hod were carried out as described in Exanple 2; the
culture nethod, as in Exanple 3; and the extraction of
DNA and the quantitative PCR nethod, as in Exanple 4.
In this respect, 1/2,500 the anounts of the total RNA
and total DNA obtained were subjected to the
guantitative RT- PCR and th®3 quantitative PCR,
respectively. As a result, as shown in Figure 3, the
met hod of the present invention showed linearity in
FTRARRA@X hBBb A1 sd e FXinBlaed, f 4000 tRasuleneRt Siethod
the range of 102.9 to 1010 cells/g of feces in the P
_ agrudinnesaoadaece fveicdl a sanpkasional Meplragl .3, Th¢etatpl
value is plotted against the nunmber of cellslg of
fRdPe £x%8a6 6P AT TR the GOdit §A& SAet hdF¥YPSr sprain) was

aer ugi_nosa serving as .a sanple. The.bl ac ir
D PR Pr et D s TR, frra ok Wiopiatihg bl
E%{?nb@}' He EhEEL L dD)oe1iRe pGASRe Odud e QAR Rat b¥R.

R In the human feces, the quantitative limt of the
met hogls 0f #dw:1,esenkhbRi et i Hiywes 4,02t9wael | s or
nore/g of feces, and was nearly conparable to that of
tdemons52ated| thate thet lto@rtibpEhveaBT1RER @ thedor
nore/ g of feces. The culture nethod took one

d
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OfcdeirRandon | Hodd Misink :by . bbes guantd rahuve PCRhe
nmet hod, linearity was observed in an approxi mate curve

ehicdinace fFepreseasurdreresulnst b guanel ftitds5b8 the
1010 <cells/g of feces, and the detection limt was

SBFETe, PObhodi A |t R PPERARSR NEEPTRSIHE ddantPEulFe
RT- PCR met hod. [ 0065] Exanml e.6;. An '
R g T &P Shan (7 | e AOR. Bt oenéiiBdtrtt ATl

Gt Wihe BRI PPFe method, it took 2 days to accomplish all

operations, while for the method of the present invention,
all operations were completed in about 6 hours.
foo66]
Example 7: Examining microorganisms in cow’'s milk

various concentrations of E. coli, 8. aureus, and B.
cereus were each added to commercial cow’s milk to
compare the quantitative value 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:



Human fecal flora was anal yzed by a quantitative RT-
PCR usi ng the enterobacteriaceae-specific priners
En-Isu 3F/ 3'R Fresh excreted feces were collected
from38 adults and diluted by 1/10 under anaerobic
conditions wth a transport nedium (10% gl ycerin, 5%
cysteine, 1% lab | ento pewdér; 0.045% NaCl, 0.0225%
KH2PO4, 0.0225% K2HPO4, 0.0225% (NH4) 2S04, 0.00225%
CaCl2, 0.00225% wMg504) A 200 | of aliquot (20 ng as
f@cRSdycneIatakegat rsatlie sdi bueblisamil ssibjroterd :t o
the extraction of total RNA wusing a quantitative
RiorER ttehhodagd hemefiiant,i 37°Cy e2032 HeURs\as Tiar rdogal
out using 1/2,500 the anount of the tota] RNA as a
tpéﬁ’plea‘tté’aCAﬁdaV?ﬂlﬂiajdfzet%@yséw@“ﬂPFh%?1V€a§T'£C§o

bj ted.to th titat f t .
ARG CHHS RTERTT b s ot en srap {5 et dsgpmine
Fgw%orr%agt§éhrﬁ&i&éﬁh‘%ﬁéI?%sh@kghtRNAwaﬁﬂg Lhe the

quantitative RT 5 CR were according to Exanple 2,

afithddie ocfumaf@bm rwlugmuaanaacwdm@mﬁ blate
conventi onal nmethod. The t ot al RNA extracted from E.

aoilituyeTmgoU4d. (typahdsr apaperns thsddtedr RPReparing a
standard curve for calculating the nunber of

t?dtttréFltéPncéF? sty FHA RV EaR T vBCRTE SRS KT8
IO A BN g om0 e

ARt Be Eﬁetb@tﬁ 680N texitH 4R bEORa ANSLE 18 t @Il Re
met hod showed an extrenely strong correl ation
(aamndltatioa rROefdRcient: 0.9255). In Figure 4, the
ordinate represents the results of quantitation by the
cul t upe @re’f?ﬁjﬂt'aﬁﬁ ﬁﬁewabé& 515,%}11?% esté‘ﬁt §riYRiue was
resul antitati

f th t
iR a&ﬁg Wﬁ) e 1 cuq} tr € rretlﬁo Of ?eolo E enga?/%e?o
%%%’épbksﬁoa'éo l@peééiiQ%rWh.' log ftﬁé Lhbex neshadolor

the present invention,

the strains. In Figure 5, the Cp value is plotted
against the number of cells/mL of the milk measured by
the pour plate culture method for quantitating E. coli
{upper left of Figure 5}, §. aureus {upper right of
Figure 5) and B. cereus (lower left of Figure 5} serving
as a sample. The quantitative 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



all operations were conpleted in about 6 hours. [0066]
Exanpl e 7: Exam ning mcroorganisns in cows mlKk

Vari ous concentrations of E. coli, S. aureus, and B.
cereus were each added to commercial cows mlk to
conpare the quantitative value of a pour plate culture
nmethod with that of the nmeth®d of the present
invention. E. coli or S. aureus was added to the
commercial cows mlk so as to provide m crobi al
radipyss tabnid 0, sddddadd)2,etcl03pr1flji 18 Odmd and kKl @G ogert sl
to make sanples. O each sanple, 1 nL was subjected
tin teidigibnactherp@ir (iEdle RNAturanmethefd togk F’?éepQEYv

plate culture nethod (E. coli: - 54 ples chol a a

e %&Puﬁ?t%oda‘tﬂ? efdge DHESENC APERRELOR, GiAfo OB SFe
ar d| u C 202 I h X cted
SMhna yze yl%\atbluoanntl R?')Ave-ER&%’Cé?é %utstlhgg

Qida'?& Sta@§oge§ﬁrélp&ﬂ: i nbRkise 1 to determ ne a
correl ation between the resultant CT value and the

nuoases of mcrobial cells obtained by the pour plate
culture nmethod. In this respect, the total RNA
drtampdiel 6n Braniming watierds v& R¥oPER et hod were

per f or med g/ t he net hoq descrlbed in Exa Ie :
the XAHEALS FORITEHBLAPTENAT et rHHRF Wis Suﬁf’é‘ésfl%osa

‘ E‘Péeh%agﬂugﬁbé@ V}ﬁm@-ﬁ R$B0od %o céﬁﬁé&é p@S shown in

ur e ue was correlated with the nunber

‘ahdﬂﬂiﬁﬁhhab ¢&£1ls 4 4 dur angeeotulbird melipdceblisod
per mM of the mlk for any of the strains. In Figure
SultthereChevhbde witlpldtatedt &hai msthedeohufiseprepent
cells/nL of the mlk neasured by the pour plate
doviemtd oRet Wod FBICUGuUaRt Ft aR PR O [%2S ("‘E}Bﬁgr Forgs

Yo BLY5GeObacter AN SHRHRPEE 168N @ 102, 10%, 107,
and 10° per mL, to the human blood to which a 1/10-fold
volume of a 3.8% sodium citrate solution was added as an
anticoagulant to make samples. O©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
Cy 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

guantitative RT-PCR.



Figure 5) and B. cereus (lower left of Figure 5)
serving as a sanple. The quantitative limt of the
net hod of the present invention was 100 cell or
nore/nmL of the mlk and was conparable to that of the
pour plate culture method. This denonstrated that the
nmet hod of the present invedfi-on could provide an
alternative to a pour plate culture nmethod using the
of ficial culture nmedium (desoxychol ate agar nedi um or
conventi Hneds1AQ9r akedhow) iASFIAAES ishedhienntiiter of

M ni sterial ordi nance concerning - 55 conpositiona
Staartearid]l eeblestlﬂdﬂIEAndeﬁiWkt@rEMMdhsvalmﬁ in the
addition, t pour plate culture nmethod took on

\Wainige Pﬁelﬁet%éoofc?ﬂé‘/ﬁ’r Ss &t IPRVERER oM W 128,
l.eted _f t bi | . RNA_of

g%g%llﬁgﬁet% r%g] d'uanilﬁ?laf: Zaf?tgtnea SaF 18" oﬁlﬁg%l[ng)de&]

@@@B'ﬁs% EXAN Y NG LRGLEH RehBubbdad, Vald BUsr plate

concentrations of S. aureus or P. aeruginosa were

eaahvaddadthed htsmnruaneedatangonrpaieridimosquanett adt ve

val ue of a pour plate culture nmethod (blood culture

o) 6 oh F hatumsfust Heigbthod Bigw% Qr é‘@éﬁ#ng as a

invention. S. aureus or P. aeru m%ﬁ % so as
WC 1O
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each sanple, 0.5 nL was subjected to the extraction

efaltotral mEdMod antth®sSdahons oratwt pdwt phat vethpd (pfe the
met hod (BH agar medium, The total RNA extracted was

@ﬁ&ﬁyaédlw%tﬂcﬂmmqwlét Wevm’fepm ahfetAF s §8t EFRi ne

Seigeriafe LoD SR FRlible (BT ddifuontT che! HEulBrddl
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.
[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%, 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 a pour plate culture method using
a desoxycholate agar medium (37°C, 20+2 hours). The
total RNA extracted was analyvzed by a quantitative RT-PCR

method using the enterobacteriaceae-specific primers En-

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



the pour plate culture nmethod. The total RNA
extraction and the quantitative RT-PCR nethod were
performed by the nethod described in Exanple 2. In
this respect, 1/25 the anount of the total RNA
extracted was subjected to the quantitative RT-PCR -
56 As a result, as shown-i¥/ Fi gure 6, the nunber of
bacterial cells was correlated with the CT value in
the range of 10 to 105 cells/0.5 m for each of the
) 2hGe add drwimber bbem{drommiadle ded 1pl obtetinaddmnst
the nunber of cells/0.5 nL of the bl ood neasured by
tite pour plate cwlfuze eerboHod Thoy ﬁ?ﬁ&ﬁtﬁﬂét?ﬁ§r¢nt10n
aeruginosa (left of Fiqure 6) or S._ aureus ht of

Pragﬁm@re")teée?%nfgsa%esgr@géppg EXREP R oht St o 20F; hhe
E%rt gppebhod of Lhe pngsent, Lexepidon»as LA0ycekl

rSod” was conparable to

2k EHQnQPUét:N@tﬁ' pe! hHEﬁoﬁeﬁﬁ@%erTﬂBI%ed as
enDnstrated that the nethod of the present invention

Qﬂiﬂcd’:.b@ﬁvh.ﬂeEﬁ}n;ﬁlé er.nathvehi® tdmpeqroun/pbatke amount
culture nethod. in addition, the pour plate culture
reeft Hed to@kloh@Ad%gtraMﬂqdeWﬁﬁesﬁbiﬁ%ﬁﬁ ftq H&e present
i nvention was_conpleted fromthe stabilization of RNA
SFuantd tafd¥e nRh- %E%the quantitation in about 6 hours.

[0068) ¢ Exarpl 9 oExaRblh "o Ers SO 7.0 Al @4 TRLEL vas

mlk pr col i comerci al Yakul t

(f QMg YKLt re HONSNAr1GR: thkt duhbep &6 mirfpuiwldeells in
bacterial nunbers of 10, 101, 102, 103, 10' and 105

pare mbnge ohkeoSarples.ceXls ewehrdanplie, Figure fasthe Cr
subjected to the extraction of total RNA and 1 ni to
afqd@m igl aleteed tagainfdt 508 BYPRGT af dkbryThHbI

RS S B Ao 0B i B i o
quantitating E. coli serving as a sample. The
quantitative limit of the method cf 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

guantitation in about 6 hours.

[0069]



met hod using the enterobacteriaceae-specific priners
En- Isu 3F/3'Rto exam ne a correl ati on between the
resultant 57 CT value and the nunber of mcrobia
cells obtained by the pour plate culture nethod. The
total RNA extraction was carried out as described in
Exanpl e 2 except for the - adBushing of bacterial cells
by addition of glass beads and the quantitative
RT- PCR net hod was perforned as described in Exanple
ZxalPiehis: rasRssiis bE22athebashut andl chlterbobedi RIMA
extracted was subjected to the quantitative RT-PCR
Asmanr ésces  buasishditaitivei §OreCr andh@ Crleakaengiiod
stroqﬁyg correlated with the number of nicrobial cells
%Side P3P eED PH RIBF LT §fp§PenEen?ﬁaF|gure 7,
%@FF??%{}%LH§§QEL&#%%}ggoggaln%§ 1mmn %g%%r of LoglO

neasure%sb§ the pour Fa?e Cul ture

g%hbgge&QEy é“&ﬂyﬂtﬁ%gkﬁgeEﬁTcﬁﬁﬂ ﬁ%ﬂﬁ@dﬂﬂs@ﬁgap§§%§¥§3as
he  quantitative limt of the nethod of the present

lda\semb@@ inasbl@O icahl by avcel tdreofnethkdlt mrebhnas
conparable to that of the pour plate culture method.
THicsetedointemmete chileched nkydrod SohepREhyr é@*éh'@s'

i nvention could provide an alternative

GraeEed it ins the msGasdi ASERPeDb AR E‘ixarﬂpga §Ur%nd
gﬁﬂa %éﬁeé&@qﬁh%'t £,81202F ; R di YD, 18K na0 836 L5 DELA na

I ster I hance concernlng conposi t i1 onal

ghandaegh il Rr-fo@R Byl khande Phdds UG beEd ihNExample 2.
addition, the pour plate culture nethod took one day,

®hi Lhig heesmeidtod 192, 0he pe ebEM0.i0Wevhicopmpaat of the

conpleted fraomthe stabilization of RNA of  the
§peel nBfR P w@edgyant Pl eoked FaldGt WaRGHFII{DEEY]

PCE. An aligquot of the zame fecal diluent was also
subjected to the guantitation of CFU by a culture method
{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-FP/R (Lactobacills acidophilus subgroup), sg-Lsak-
F/R (Lactobacillus sakei subgroup), sg-Lcas-F/R

(Lactobacillus casei subgroup), gg-Lrum-F#/R




Exanpl e 10: Analysis of lactobacilli and enterococc

in human feces by quantitative RT-PCR and a culture
nmet hod The cell nunbers of bacteria of the genera
Lact obaci |  us and Enterococcus in human feces were
conpared by a quantitative RT-PCR nethod using priners
as described in Table 1 arf® by a cul ture net hod.
Fresh excreted feces were collected from48 healthy
adults, treated using the nethod described in Exanple
Q.r.aa@ebas D] @€ t:atitnd sRMAbgkabb) j zad-itaru -tgRal RNA
extraction and quantitative RT-PCR by the nethods
désctpbedil nExaytiesi2 subppouhl s sedpdet-F/R/ 2, 000 to
1/ 200, 000 t he ampunt of the total RNA obt i ned was
é&ﬁfé@?éﬁl%%PﬁIﬂ?%ﬁf&ﬁFWtéPP9€°¥ﬁ' PCRPTRA T Ri quot of

di | t | h
dierrart orreraiony SRR iR AR AR b enue
lf%t:e@asmyﬁ arLaB%p@%dwm (LR8L SSIMIS 1 BN FRERBREEHS:

A medi um 37C for 48 hours in both cases) . The

cultumg arefeyad tyaasashowtli ity Table 4¢onuenteTnalumbers

nmet hod; the appearing colonies were subjected to the
odehartecia ioh e lsgouesr fartepretbldishpngd tbﬁoa%‘hﬁ cal
property test, (Giram stainin cat al ase test;

SF BEPCYarEs ot [EhRUIIBR OF SBAE (EFS % TR Ko gBRERDTe
26}, 0BACLLL Usdiod B GHBNLLL ALY & RERTBATRR O 40

calculat ed by conbini ng the ce nunbers of bacteria

ehl 3l PetndyhdRIANTht 8bh vea - RER FRE BAJSr Gh S haars
prinmers sg-Laci-F/ R (Lactobacills acidophilus
hubgrﬁup)bOEnydgnﬂca EhRtheagetbatidl whesakeFent
subgroup), sg-Lcas-F/ R (Lactobacillus casej

SovgREiR) C%@ame@mtp/ Rhe gulture Reaci | THS rRFHRGS =
%Ubgfow%’% e QUL %% 64 OPBE IHadS LYl fbbe present
subgroup % FR obaci I'l'us p antarum
%Hggﬁoyéﬂoné%erhﬁtﬁERgenus 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 guantitate 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



(Lact obacillus brevis), s-Lfru-F/ R (Lactobacillus
fructivorans) and LFer-1/2 (Lactobacillus fernentunj.
As a result, as shown in Table 4, the cell nunbers of
bacteria of the genus Lactobacillus and the genus
Ent erococcus in the human feces were nearly conparabl e
bet ween the method of the prlesent invention and. the
culture nmethod. In contrast, detection frequency was
hi gh for both genera in the nethod of the present
iRt if 0B8a € OGP A £ halck etri@l cup ot €s neithiae. £ohki she aestgbd
to be due to the follow ng reason: (a) bacteria were
prfesbet propénh betemvded. t 8l hergentionsegBacPrPielpd
Ent erococcus now targeted but could not grow because
tife 288PECEP 0#PUNfedi um had a stronger-t han- necessary
g%bggﬁivity; or (b) the weak selectivity of the
el'ection nmedia used led to the growh, in the nedia,
qQkahacteri al genera abundantly present other than the

bacterial genef%af %’g RTTRR above- dBXCPFBeE R

r esuwehss sug

. ; o8,
i nvention not_q i ;' enab 1EE el | ngﬁf T of i

obacill 5 T2, 4 6 6 W SFL . ) )
%Ezé%ﬁgéugm aE-_%glPoah det aGt (ﬂrmquantgh@{ € bacheikasoe)
the culture nmethod. In addition, for the culture
method, it took 7 days to acconplish all operations
including the - 60 identification of bacterial
species, while for the nethod of the present
invention, all operations were conpleted in about 20
hours. [0070) [Table 4] Quantitative RT-PCR Culture
Met hod




Met hod Genus | ogin Frequency() |0gl0 Frequency()
cell/gfeces CFU gfeces Lactobacillus 5.21.2 44/ 46
(96) 5.51.4 37/46 (80) Engerococcus 6.21.0 46/ 46
(100) 6.21.9 23/46 (50) 0 - 61 SEQUENCE LI STI NG
<110> KABUSHI KI KAI SHA YAKULT HONSHA <120> METHOD OF
QUANTI TATI VELY ANAL YZITERMICREORMANI SM TARGETI NG r RNA
<130> YKO0035 <150> JP 2005- 023448 <151> 2005.01. 31

<110% GOBUSDKKARIA YRRUENIONBHer si on 3.1 <210> 1 <211> 18
<212> DNA <213> Artificial <220> <223> priner

<1 23)% g@ﬂ%ﬁ ﬁ%ﬁhihﬁ’nvﬁv%m&ezr hﬁ?@lcﬁgg%@iﬁ gglﬁ@%ﬁrﬁm

t'cgaaattga aa
<212> DNA <213> Art|f| ci aI <220> <223> pri mer
<13 ife%€e specific to B. cereus (Bc2R) <400> 2

<150> JP 2005-023448
<151> 2005.01.31

<160> 30

<170> Patentin version 3.1

<210> 1
<211> 18
<212> DNA
<213> Artificial

<22(>
<223> primer sequence specific to B. cereus (8-5-B¢c-200-a-5-18)

<400> 1
tcgaaattga aaggegge 18

<210> 2
<211= 22
<2712> DNA
<213> Artificial

<220>
<223> primer sequence specific to B. cereus (Be2R)

<400> 2
ccagetiatt caactageac {t 22

<210> 3
<211> 18
<212> DNA
<213> Adtificial

<220>
<223> primer sequence specific to C.perfringens (s-Clper-F)

<400> 3



ccagcttatt caactagcac It 22 <210> 3 <211> 18 <212>
DNA <213> Artificial <220> <223> priner sequence
specific to C perfringens (s-C per-F) <400> 3 - 62
gggggtttca acacctcc 18 <210> 4 <211> 18 <212> DNA
<213> Artificial <220> <2 prinmer sequence specific
to C perfringens (Cl PER-R) <400> 4 gcaagggatg
tcaag%gt 18 <210> 5 <211> 23 <212> DNA <21§$

geeeetiicl 4GaF¢Cf al <220> <223> priner sequence speciffc to
Ent er obacteri aceae (En-1su 3F) <400> 5 tgccgtaact
t cgggagaag gca 23 <210> 6 <211> 22 <212> DNA <213>

210> 4Artificial <220>

211> 18

<212> DNA

213> Artificial

{2207
<223> primer sequence specific to C. perfringens (CIPER-R)

400> 4
gcaagggatg tcaagtet 18

210> 5

Q211> 23

<212> DNA

213> Artificial

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

400> &
tgccataact tcegeagaag gca 23

210> 6

Q211> 22

<212> DNA

213> Artificial

<220>
<223> primer sequence specific to Enterobacteriaceae {En—lsu 3'R)

<400> 6
tcaaggacca gteticagteg tc 2?

1> 7

211> 30

<212> DNA

<213> Artificial

{220>
<223> primer seguence specific to Staphylococcus (g-Staph-F)

400> 7



<223> prinmer sequence specific to Enterobacteriaceae
(En-Isu 3'R) <400> 6 tcaaggacca gtgttcagtg tc 22
<210> 7 <211> 30 <212> DNA <213> Artificial <220>
<223> primer sequence spegi%'c_to St aphyl ococcus
(g-Staph-F) <400> 7 - 63 t gggct ac acacgtgcta
caatggacaa 30 <210> 8 <211> 24 <212> DNA <213>
Artificial <220> <223> primer sequence specifig, to

ttteeects AAEIEEEOCHIEREEE St aph- R | <4005 8 aacascttta &
tgggatttgc wga 24 <210> 9 <211> 23 <212> DNA <213>
Artificial <220> <223> priner sequence specific to

10> 8pPseudononas (PSD7F) <400> 9 caaaactact gagctagagt acg

211> 2823 <210> 10 <211> 25 <212> DNA

<212> DNA

213> Artificial

220>
223> oprimer sequence specific to Staphylococcus (g-Staph-R)

<400> 8
aacaacttta teggatttec wiga 24

210> 9

211> 23

<212> ODNA

213> Artificial

{2200
223> primer sequence specific to Pseudomonas (PSD7F)

<400> 9
caaaactact eagctagagt ace 23

10> 10

211> 25

<{212> DNA

<213> Artificial

Q20>
{223> primer sequence specific to Pseudomonas (PSD7R}

400> 10
taagatctca aggatcccaa cgect 25

21> N

211> 20

<212> DNA

213> Artificial

(220>
{223> oprimer sequence specific to Enterococcus {g-Encoc-F)

<400> M



<213> Artificial <220> <223> prinmer sequence specific
to Pseudononas (PSD/R) <400> 10 taagatctca aggatcccaa
cggct 25 <210> 11 <211> 20 <212> DNA <213>
Artificial <220> <223> kaggr_sequence specific to
Ent erococcus(g- Encoc-F) < > 11 - 64 atcagagggg
gataacactt 20 <210> 12 <211> 21 <212> DNA <213>

atcaga Awtgficiﬂl <220> <223> priner sequence specifiﬁ)to
EasEEE} é?%@%ccus(g- Encoc-R) <400> 12 actctcatcc
ttgttcttct ¢ 21 <210> 13 <211> 27 <212> DNA <213>

Artificial <220> <223> priner sequence specific to
210> 12 act obaci | | us aci dophi | us subgroup(sg-Laci-F) <400>
211> 2113 gat gcat agc cgagttgaga gactgat 27 <210> 14
<212> DNA
213> Artificial

<220>
<223> nprimer sequence specific to Enterococcus (g—Encoc-R)

<400> 12
actctcatcc tigttctict ¢ 21

210> 13

Q1> 27

<212> DNA

<213> Artificial

{2200
<223> oprimer sequence specific to Lactobacillus acidophilus subgroup (sg-Laci-F)

<400> 13 -
gatgcatage cgagttegaga gactgat 27

210> 14
11> 25
<212> DNA
213> Artificial

220>
223> primer sequence specific to Lactobaciilus acidophilus subgroup (sg-Laci-R}

<400> 14
taaageccag ttactacctc tatce 25

10> 15

211> 19

{212> DNA

213> Artificial

220>
<{223> primer sequence specific to Lactobaciltlus ruminis subgroup (sg-Lrum—F}

<400> 15



<211> 25 <212> DNA <213> Artificial <220> <223>
pri mer sequence specific to Lactobacillus aci dophilus
subgroup(sg-Laci -R) <400> 14 taaaggccag ttactacctc
tatcc 25 <210> 15 <211> 19 <212> DNA <213>
Artificial <220> <223> br?ﬁef sequence specific to
Lactobacillus rum nis subgroup(sg-LrumF) <400> 15 -
65 caccgaatgc ttgcaytca 19 <210> 16 <211> 19, . <212>

caccgaateDRPECAKIBIZ> Artificial <220> <223> primer sequbhce
specific to Lactobacillus rum nis subgroup(sg-LrumR)
<400> 16 gccgcgggtc catccaaaa 19 <210> 17 <211> 25

210> 16<212> DNA <213> Artificial <220> <223> primer

{211> 19sequence specific to Lactobacillus plantarum

<212> DNSubgroup(sg-Lpla-F) <400> 17

<213> Artificial

{2200
€293> primer sequence specific to Lactobacillus ruminis subgroup (sg-Lrum-R)

400> 16

gecgcgggtc catccaaaa 19

AL Y

211> 25

<212> DNA
<213> Artificial

{2200
<223> primer seauence specific to Lactobacilius plantarum subgroup {se-Lpla-F)

<400> 17
ctcteetatt gattestect tecat 25

<210> 18
211> 24
<212> DNA
<213> Artificial

{2207
<223> primer sequence specific to Lactobacillus plantarum subgroup (se-Lpia—R)

<400> 18
gttcgeccact cactcaaatg taaa 24

<210> 18
<211> 16
<212> DNA
<213> Artificial

{2200
<223> primer sequence specific to Lactobacillus reuteri subgroup (sg-lreu—F)



ctctggtatt gattggtgct tgcat 25 <210> 18 <211> 24
<212> DNA <213> Artificial <220> <223> priner
sequence specific to Lactobacillus plantarum
subgroup(sg-Lpl a-R) <4OQ?(%§ gttcgccact cactcaaatg
taaa 24 <210> 19 <211> 16 <212> DNA <213>
Artificial <220> <223> priner sequence specific to
Q00> 1 Lactobacillus reuteri subgroup(sg-Lreu-F) - 66 - <400>
Y9 gaacgcaytg gcccaa 16 <210> 20 <211> 19 <212> DNA
gaacgcaylgeessadnrt i fi ci al <220> <223> priner sequence Specific
to Lactobacillus reuteri subgroup(sg-Lreu-R) <400> 20
tccattgtgg ccgatcagt 19 <210> 21 <211> 22 <212> DNA
210> 20213> Artificial <220>
211> 19
<212> DNA
<213> Artificial

{2200
223> primer sequence specific to Lactobacillus reuteri subgroup (sg-Lreu-R)

400> 20
tccattetes ccgatcast 19

Q1 2

Q1> 22

<212> DNA

213> Artificial

220
<223> primer sequence specific to Lactobacillus sakei subgroup (sg-Lsak-F)

<400> 21

cataaaacct amcaccgcat gg 22

210> 22

Qi

<212> DNA

213> Artificial

{2207
<223> primer sequence specific to Lactobacillus sakei subgroup (sg-1.sak-R)

<400, 22
tcagitacta tcagatacrt tcttctc 27

10> 23
{17

<212> DNA

<213> Artificial

{2200 .
€223> primer sequence specific to Lactobacillus casei subgroup {sg-Lcas—F)



<400>

<223> prinmer sequence specific to Lactobacillus sake
subgroup(sg-Lsak-F) <400> 21 cataaaacct antaccgcat gg
22 <210> 22 <211> 27 <212> DNA <213> Art.ifici al
<220> <223> priner sequencg specific to Lactobacillus

sakei subgroup(sg-Lsak-R) “<400> 22 tcagttacta
tcagatacrt tcttctc 27 <210> 23 <211> 17 <212> DNA
<213> Artificial <220> <223> primer sequence specific
23t 0 Lact obacillus casei subgroup(sg-Lcas-F) - 3; -
20

accgcateek 40088023 accgcatggt tcttgge 17 <210> 24 <211

210>
Q11>
2L
213

<220>
<223>

<400>

<212> DNA <213> Artificial <220> <223> priner
sequence specific to Lactobacillus case

24subgroup(sg-Lcas-R) <400> 24 ccgacaacag ttactctgcc 20

20<210> 25 <211> 24 <212> DNA

DNA
Artificial

primer sequence specific to Lactobacillus casei subgroup (sg-Lcas—R)

24

ccgacaacag ttactetece 20

‘Al
Q1
212>
13>

<220
223>

<4007

25

24

DNA
Artificial

primer sequence specific to Lactobacillus brevis {s—Lbre—F)

25

attttgtite aaagetegct tceeg 24

<2107
<2
212>
<213

<2207
223>

<400>

26

25

DNA
Artificial

primer sequence specific to Lactobacillus brevis {s-Lbre-R)

26

acccttgaac agttactetc aaagg 25

<10
QI
212>
1%

<220>
223>

27

19

DNA
Artificial

primer sequence specific to Lactobacillus fructivorans (s-Lfru-F)



<213> Artificial <220> <223> prinmer sequence specific
to Lactobacillus brevis(s-Lbre-F) <400> 25 attttgtttg
aaaggtggct tcgg 24 <210> 26 <211> 25 <212> DNA

<213> Artificial <220> <223> primer sequence specific
to Lactobacillus brevis(siL.geiR) <400> 26 acccttgaac
agttactctc aaagg 25 <210> 27 <211> 19 <212> DNA
<213> Artificial <220> <223> primer sequence specific

400> 2% o Lactobacillus fructivorans(s-Lfru-F) - 68 - (400>
tgcgcctaag7g&tg&fé%“%:t aat gatagttga 19 <210> 28 <211> 19 9<212>

DNA <213> Artificial <220> <223> priner sequence

specific to Lactobacillus fructivorans(s-Lfru-R)
{210> 2&400> 28 gataccgtcg cgacgtgag 19 <210> 29
Q11> 19
<212> DNA
213> Artificial

{220>
£223> oprimer sequence specific to Lactobacillus fructivorans (s-Lfru-R)

400> 28
gataccetcg cgacgtgag 19

210> 29

211> 23

212> DNA

213> Artificial

{2205
<223> primer sequence specific to Lactobacillus fermentum{Lfer—1}

400> 29
ccigattgat ttigetcecc aac 23

210> 30

211> 26

<212> DNA

213> Artificial

{2200
£223> primer sequence specific to Lactobacillus fermentum (Lfer-2)

<400> 30
acgtatgaac agttactctc atacgt 26



<211> 23 <212> DNA <213> Artificial <220> <223>

pri mer sequence specific to Lactobacillus
fermentun(Lfer-1) <400> 29 cctgattgat tttggtcgcc aac
23 <210> 30 <211> 26 <212> DNA <213> Artificial
<220> <223> prinmer sequence specific to Lactobacillus
fermentun(Lfer-2) <400> 30 acgtatgaac agttactctc
atacgt 26 69- CLAIMS 1._Adgethod of quantitating a

m croorgani smof interest in a live state, using as an
i ndex an anmount of rRNA of a m croorgani sm of
interest in a specinen to be tested. 2. The nethod
according to claimi1, whérldiis he nethod conprises
measuri ng a product anplified by a PCR perforned
usi ng nucl eic acid fragnments capable of specifically

hybridi zing to the rRNA qQf..the m croorgani smof .
1i'nte esgegﬁada §g§p|gugp%ﬁﬁgt§3 i nen grgerpgg%gﬁﬂ ot

iﬁteIQStnghhgd @%%O%QB@%,t% ln.'Q ’aﬂWEﬂééi]éﬁ“%mount of
% fie ro

neasurenent of the anpli uct conpri ses

rRABNLIE W RG LR YuTDEr, of r PER-g¥E5es ivhen diimen to be

anplified product reaches a certain anount.
tested.

2. The method according to claim 1, wherein the method
comprises measuring 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 of the specimen

to be tested.

3. The method according to c¢laim 2, wherein the
measurement of the amplified product comprises
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.

o. The method according to any one of claims 1 to 4,
wherein the specimen to be tested is a specimen derived

from feces, a food, or an organism.



4. The method according to claim2 or 3, wherein the
nmet hod conprises neasuring the anplified product with
tinme. 5. The nethod according to any one of clains 1
to 4, wherein the specinen to be tested is a specinen
derived fromfeces, a food, or an organism _ 70_0 6.
The nmethod according to any one of clains 1 to 5,
wherein the rRNA of the m c¢rporganismof interest in
the sanple of the specimen to be tested is stabilized
in the mcroorganism 7. The method according to any
one of clainms 2 to 6, wherein the nucleic_acid
6fr agmt@eéhgama@cardlemcw i eyl Pogy it dFERAESL S thRe O

r RNA o m croorgani smof interest js, each a

whﬁéﬁépctael dRNAr 8é; W%ﬁ‘%ﬁj“as“b Tefiesite in the
des rlb n one of and .5.
sHEage uEh‘S’eSp@&ﬁfﬂe@nE% 4R, et o5 P ‘ b
fra conpri sing a base sequence honol ogous
m%ﬁ@?gfgag func??onalls eqU|vaIen? t hereto. 8.gA

nucl eic acid fragnent used in the nethod according to
any one of claims 2 to 7, wherein the nucleic acid

71 1 agPROt nb8h8aNUERIrelidd did I agYERhe COMPELSIRAY @ hases,
sequence described in one of SEQID NOS: 2, 3 and 5

wherd8nor anbasenseunvence goipl enepégmynttherespabde a of
nucl eic acid fragnment conprising a base sequence

sheobf 0galsyt hehgba iaid ifenct itomal | yhequi w&Nént of the
thereto. 9. A kit for performng the method according

m{ oranyganhemof ofl aiimgelrgsr 7.1s 71each 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.

8. A nucleic acid fragment used in the method
according to any one of claims 2 to 7, wherein the
nucleic acid fragment is a nucleic acid fragment
comprising a base sequence described in one of SEQ 1ID
NOS: 2, 3 and 5 to 28 or a base seguence complementary
thereto, or a nucleic acid fragment comprising a base
sequence homologous thereto and functionally equivalent

thereto.

9. A kit for performing the method according to any

cne of claims 1 to 7.



10. The kit according to claim9, conprising (1)
nucl eic acid fragnents capable of specifically
hybri di zing to rRNA of a m croorgani sm of interest
and/or (2) a reagent used for extraction of RNA,
stabilization of RNA, and/or a PCR

-71-°
10. The kit according to c¢laim 9, 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, and/or a PCR.



