Qur Ref.: TS-395 (200-2591) - 1 METHOD OF DETECTI NG ACI D- FAST BACTERI A

USI NG RI BOSOVAL RNA AS TARGET The present invention relates to a nethod
*for detection of the ribosonmal RNA (rRNA) froma specific 5 acid-fast
bacterium The rRNAs are the RNAs constituting the ribosone particles and
present both in bacteria and in higher organisns. Bacteria have three
rRNAs (the 23S rRNA, the 16S rRNA and the 5S RNA). Anong them the 16S rRNA
is 10 used as a taxonomi c mark for classification of bacteria. The
sequences of the 16S rRNAs from nany bacteria have been determ ned and
stored in databases. Many test kits usinggtherl6sS. r@@A3@§ t(hg omBrsk 1have
been devel oped on the basis of these sequence data. 15 For genetic tests
detecting certain acid-fast bacteria such as Mycobacterium tubercul osi s,
Mycobact eri um avi um and Mycobacteriumintracellulare, the use of
distinctive regions of the 16S rRNA gene or the 16S rRNA sequence fromthe
target acid-fast bacterium 20 which distinguish the target acid-fast
bacteriumfrom- 2 other acid-fast bacteria as DNA probes has been
reported (for exanple, patent document 1 and patent docunment 2) and is
seen in comercially available test kits. These kits are designed so that
the primers used for gene 5 anplification bind to regions comon to

aci d-f ast

-1 -
METHOD OF DETECTING ACID-FAST BACTERIA USING RIBOSOMAL

RNA AS TARGET

The present invention relates to a method for
detection of the ribosomal RNA (rRNA) from a specific

5 acid-fast bacterium.

The rRNAs are the RNAs constituting the ribosome
particles and present both in bacteria and in higher
organisms. Bacteria have three rRNAs (the 23S rRNA, the
16S rRNA and the 5S RNA). Among them, the 16S rRNA is

10 used as a taxonomic mark for classification of bacteria.
The sequences of the 165 rRNAs from many bacteria have
been determined and stored in databases. Many test kits
using the 16S rRNA as the mark have been developed on the
basis of these sequence data.

15 For genetic tests detecting certain acid-fast
bacteria such as Mycobacterium tuberculosis,
Mycobacterium avium and Mycobacterium intracellulare, the
use of distinctive regions of the 16S rRNA gene or the
16S rRNA sequence from the‘target acid-fast bacterium

20 which distinguish the target acid-fast bacterium from



bacteria. [Patent document 1] Patent Publication No. 3116353 [ Patent
docunent 2] Patent Publication No. 2675723 It is known that detection of
"specific acid-fast 10 bacteria such as Mycobacterium tubercul osis,
Mycobact eri um avium Mycobacteriumintracellulare or Mycobacterium
kansasii by genetic tests is less sensitive than that by selective
cultivation and needs higher sensitivity. However, because distinctive
regions in the 15 16S rRNA of a specific2aeid-fast bacteriumare |imted,
the limted choice of probe sequences is an obstacle to high sensitivity.
0005 Ther ef opher hace@r éest obacherpresa8nbPNAnpEAPEENhAS Peen20eppotpde a
sensitive genetic test for detection of a specific acid-fast bacterium The
present invehfor setandbet cgabegnendpoanegasedr endt batenhsdpgementded ecti on
met hod based on the 16S rRNA and revealed that the use of priners which
bind to regi @nd PS ee@fvANt eCEBeHCiasivbavedtphlacteaht siter tTheesow
sensitivity because they also allow nontarget acid-fast bacteria to
anpl i fy conpkitsiaeeydeshonddi spohhathbhe Briwesgensefdnfent 6#8edenonstrat ed
that the use of prinmers specific for _a target acid-fast bacterium all ows
only the5 t apetlhtratiaat Pbadt bei HAYIBNANPPIRYNaRe Rtfefdpt nakes it
possi ble to specifically detect the target bacteria 5 wth a probe which
binds to a rBafbarEdmmon to aci d-fast

[Patent document 1) Patent Publication No. 3116353

[Patent document 2] Patent Publication No. 2675723

It is known that detection of specific acid-fast

10 bacteria such as Mycobacterium tuberculosis,
Mycobacterium avium, Mycobacterium intracellulare or
Mycobacterium kansasii by genetic tests is less sensitive
than that by selective cultivation and needs higher
sensitivity. However, because distinctive regions in the

15 16S rRNA of a specific acid-fast bacterium are limited,
the limited choice of probe sequences is an obstacle to
high sensitivity.

0005

Therefore, the object of the present invention is to

20 provide a sensitive genetic test for detection of a
specific acid-fast bacterium.

The present inventors conducted extensive research to
construct a detection method based on the 165 rRNA and
revealed that the use of primers which bind to regions

25 common to acid-fast bacteria accounts for the low

gsensitivity because they also allow nontarget acid-fast

bacteria to amplify competitively. In addition, the



bacteria. The invention defined in Claim1l1 of the present application
provides a nethod of detecting a specific acid-fast bacterium wherein
*prinmers having nucl eotide 10 sequences honol ogous or conplenentary to the
specific regions in the rRNAs of the specific acid-fast bacterium are
used to specifically anplify only the rRNAs of the specific acid-fast
bacterium The invention defined in Claim2 of the present is application
provi des an ol igonucl eotide for DNA el-orsgati on which binds to a specific
region of the 16S rRNA of Mycobacterium tubercul osis and consists of at

| east 10 nuclpeeisietds linyegitiohrer dSEQNISDrNOell ahaSEQHeDUNEG 2f Theinaneent i on
defined in Caim3 of the present 20 application provides an

ol i gonucl eot ispedidicDNiar @ degatsitoraild-dasti ds tteg iaams pddidwse ardgi drheof t he
16S TrRNA of a nontubercul ous acid-fast bacterium Mycobacterium avi um
and consi st s tefrgat: lasdst-fagt Macitestivges o mrgiltifer a8BQtherN@G& oma$ES | D
NG 4. 25 The invention defined in Caim4 of the present application
provi des an @élti gossdbdet itae sbec ibaaldlyogdtsicdn thisi dargiatd daar e ispeci fi c
region of the 16S - 4 rRNA of a nontubercul ous acid-fast bacterium
Mycobact e¥ i umilitit paeaiobs athé chald ndensiostes refgiam lceagonl o myuldedidstes in
either SEQID NO S5 or SEQ ID NGO 6. The invention defined in Claim5 of the
present 5 apgicit€atligon provi des an ol i gonucl eoti de for DNA

The invention defined in Claim 1 of the present
application provides a method of detecting a specific
acid-fast bacterium, wherein primers having nucleotide

10 sequences homologous or complementary to the specific
regions in the rRNAs of the specific acid-fast bacterium
are used to specifically amplify only the rRNAs of the
specific acid-fast bacterium.

The invention defined in Claim 2 of the present

15 application provides an oligonucleotide for DNA
elongation which binds to a specific region of the 16S
rRNA of Mycobacterium tuberculosis and consists of at
least 10 nucleotides in either SEQ ID NO:1 or SEQ ID NO:2.

The invention defined in Claim 3 of the present

20 application provides an oligonucleotide for DNa
elongation which binds to a specific region of the 168
rRNA of a nontuberculous acid-fast bacterium,
Mycobacterium avium, and consists of at least 10
nucleotides in either SEQ ID NO:3 or SEQ ID NO:4.

25 The invention defined in Claim 4 of the present
application provides an coligonucleotide for DNA

elongation which binds toc a specific region of the 168



el engati on which binds to a specific region of the 16S rRNA of a
nont uber cul ous bacterium Mycobacterium kansasii, and consists of at |east
10 nucleotides in either SEQID NGO 7 or SEQ ID NG 8. 10 The invention
defined in Caim6 of the present application provides a detection nethod
using an RNA anplification step for anplifying the 16S rRNA from a
specific acid-fast bacterium which conprises synthesizing a cDNA by the
action of an RNA-dependent DNA pol ynmerasé -15 by using a specific sequence
in the 16S rRNA fromthe specific acid-fast bacteriumpresent in a sanple
as a tenpl arBNAdedr adinagttherRMNAostr anddi-fiashebreselktiimg RNA- DNA doubl e
strand by an enzyme having a ribonuclease H activity to give a
si ngl e- st r an¥gdobiiatefonm agtaadelbhéa2d, sendndedsbilashati ay aepsonder
sequence which can be transcribed into an RNA honol ogous or conpl ementary
to the spechfictestgdeacenbgitbiengSEReIbi NQL&- otr 8RGedDDNB:&s a tenpl ate
by the action of a DNA-dependent DNA polynmerase, and then transcribing the
doubl e- stranded Th& 2BventboandRfdnedanscfipim bho€hthet praseattenpl ate in
the subsequent cDNA synthesis by the RNA-dependent DNA pol ynerase,
wherein & fiapplprateencpnvuideagan séfoenveleosidhoffokofbas to part of the
16S rRNA fromthe specific acid-fast bacteriumto be anplified and a
second pri neeloggatapni whighsbyndactocanpbenehiar yegoopapf ohet B€S16S rRNA
fromthe specific acid-fast bacteriumto be 5 anplified (either of which
addi ti onal | yrRE3 afppopengpberculous bacterium, Mycobacterium

kansagii, and consists of at least 10 nucleotides in

either SEQ ID NO:7 or SEQ ID NO:8.

10 The invention defined in Claim 6 of the present
application provides a detection method using an RNA
amplification step for amplifying the 165 rRNA from a
specific acid-fast bacterium which comprises synthesizing
a c¢DNA by the action of an RNA-dependent DNA polymerase

15 by using a specific sequence in the 165 rRNA from the
specific acid-fast bacterium present in a sample as a
template, degrading the RNA strand in the resulting RNA-

DN2 double strand by an enzyme having a ribonuclease H
activity to give a single-stranded DNA, forming a double-

20 stranded DNA having a promoter segquence which can be
transcribed intc an RNA homologous or complementary to
the specific sequence by using the single-stranded DNA as
a template by the action of a DNA-dependent DNA
polymerase, and then transcribing the double-stranded DNA

25 into an RNA transcript, which acts as a template in the

subsequent ¢DNA synthesis by the RNA-dependent DNA

polymerase, wherein a first primer containing a sequence



sequence for the RNA pol ynerase at the 51 end) are used. The invention
defined in Caim7 of the present application provides the nethod according
‘to Caim6, wherein the specific acid-fast bacteria is Mycobacterium 10
tubercul osis, the first primer consists of at |east 10 consecutive

nucl eotides in SEQID NO 1 or in the sequence conplenentary to SEQ ID

NG 1, and the second priner consists of at |east 10 consecutive

nucl eotides in SEQID NO2 or in the seguence conplenentary to SEQ I D

NGO 2. 15 The invention defined in Claim8 of the present application

provi des t hehpmbhodoaectrdiragtt ofCthiemléS rRiN@r gront hdesgeeicfiifdcaci d- f ast
bacteriumis Mycobacterium avium the first prinmer consists of at |east
10 consecut evédnfiebéobrdeerinmSEQ bbb NOpP3 idh eidn ankle as eggende p2Gmer
conplenmentary to SEQ ID NO 3, and the second prinmer consists of at |east
10 consecuti ventaéhéogi deseime8E® kbmplleméngeriyn tohpagseqedéntchecd®sl enent ary
to SEQ I D NOA. The invention defined in aim9 of the present application
provi des t herR¥ahddonctbedepgctidic aicnds fa2s Wheternuthéospeci fic aci d-fast
bacteriumis Mycobacterium intracellulare, the first prinmer consists of at
| east 10 S coAmpdified dedtberi aéswhacBEa@dPptNonsldy hast Rersequesee - 6
conplenentary to SEQ ID NO 5, and the second prinmer consists of at |east
10 consecut i fedngBLeoLPYeshienREEQPPDYMNDaG<oRti fhehs ‘sefddnesecowsldenent ary
to SEQ ID NO 6. The invention defined in Claim10 of the present 5

appl i cati on provi8ésinnenfiPhodeddesAdiAgClain 4i mfethe present

application provides the method according to Claim 6,
wherein the specific acid-fast bacteria 1s Mycobacterium

10 tuberculosis, the first primer consists of at least 10
consecutive nucleotides in SEQ ID NO:1 or in the sedquence
complementary to SEQ ID NO:1, and the second primer
consists of at least 10 consecutive nuclectides in SEQ ID
NO:2 or in the sequence complementary to SEQ ID NO:2.

15 The inventicn defined in Claim 8 of the present
application provides the method according to Claim 6,
wherein the specific acid-fast bacterium is Mycobacterium
avium, the first primer consists of at least 10
consecutive nucleotides in SEQ ID NO:3 or in the sequence

20 complementary to SEQ ID NO:3, and the second primer
consists of at least 10 consecutive nucleotides in SEQ ID
NO:4 or in the seguence complementary to SEQ ID NO:4.

" The invention defined in Claim 9 of the present
application provides the method according to Claim 6,

25 wherein the specific acid-fast bacterium is Mycobacterium

intracellulare, the first primer consists of at least 10

consecutive nucleotides in SEQ ID NO:5 or in the seguence



wherein the specific acid-fast bacteriumis Mycobacterium kansasii, the
first primer consists of at |Ieast 10 consecutive nucleotides in SEQ ID
NG 7or in the sequence conplenentary to SEQ ID NO 7, and the second pri nmer
10 consists of at |east 10 consecutive nucleotides in SEQID NO8 or in
t he sequence conplenentary to SEQ ID NO 8. The invention defined in Caim
11 of the present application provides the nethod according to any of
Clainms 6 to 10, which conprises conductifg-the RNA 15 anplification step in
the presence of an oligonucleotide Brobe (having a sequence different from
t hose of theCOoPPLsMepLprr tan§ERhéDsBPoRd prPmERF WRCORIe Y 1M¢Feci fical |y
bind to the RNA transcript resulting from the anplification and is |abeled
with an fluofes€ésts20fi atelearht iLfe capeccafd vhedsGlenyites dRafde iI? t he
fluorescence fromthe reaction solution. _The invention defined in Claim12
of the preselP:6appl LtBatt6nSEAUEPEES CORRRBERGATACEOr GERg o MO &i-m 11,
wherein the oligonucleotide |abeled with a_fluorescent 25 intercal ative dye
i s designed to hyBRi dnyenhiPR deffpBgst 1npsteins 1PhetrMAS: PARSER Pt and
alters its fluorescence upon _hybridizatjon. The invention._defined in Caim
13 of - 7 tﬁBPﬂyﬂéééﬁPnaﬁﬁPiV&QFFoﬁhﬁr Witt‘é’g PRECKELRTd T8cEdPAH MG to O ai m
12, wherein the oLigoHucIeotL%e Iabegeg w%tgga fl,uorescent intercal ative
dye has a se§UEntE"conSi SPFfig™ 6t 26rcofple AESFy U 15t Mregspctgrivm
consecutive Eaﬂgggggtlg%% %Qrgﬁc%ggmggngnsists of at least 10
consecutive nuclectides in SEQ ID NO:7or in the segquence
conmplementary to SEQ ID NO:7, and the second primer
10 consists of at least 10 consecutive nuclectides in SEQ ID
NO:8 or in the sequence complementary to SEQ ID NO:8.
The invention defined in Claim 11 of the present
application provides the method according to any of
Claims 6 to 10, which comprises conducting the RNA
15 amplification step in the presence of an oligonucleotide
probe (having a sequence different from those of the
first primer and the second primer) which can
specifically bind to the RNA transcript resulting from
the amplification and is labeled with an fluorescent
20 intercalative dye, and measuring the change in the
fluorescence from the reaction seclution.
The invention defined in Claim 12 of the present
application provides the method according to Claim 11,
wherein the oligonuclectide labeled with a fluorescent
25 intercalative dye is designed to hybridize with at least

part of the RNA transcript and alters its fluorescence

upon hybridization. The invention defined in Claim 13 of



Fig. 1 shows the locations of the respective oligonucleotides used in
Exanples 1 and 2 and the anplified regions [(A): the conbination (a), (B):
*the conbination (b) ] . The bases in the 16S r RNA base 10 sequence
(GenBank No. Z83862) are nunbered fromthe starting position of the 16S
rRNA, and the doubl e-headed arrows indicate the regions distinctive of
Mycobacterium tuberculosis anong the 16S rRNAs from aci d-fast bacteri a.
Fig. 2 is a (negative) photograph showing/ the results 15 of

el ectrophoresis of RNA anplification fromthe nucleic acid extract sanple
from aci d- f asthehautesrdret wimigl adist orolpayoniutd e dth el enatthdd retd@nding Exanpl e
1. Lane 1: the positive standard of the 16S r RNA of Mycobacterium

t uber cul osi s Q04 dépi edlerdianalz Migmriclentidmelsheldd 20itansasii . Lane
4. M intracellulare. Lane 5: M gordonae. Lane 6: M gastri. Lane 7. M
terrae. Lane fiuomdscentopintdraed aivwd duerhatd .a lswpiet@e Monsisting

nonchr onogeni cum Lne 11: M scrofulaceum Lane 12: M africanum Lane 13:
M szul gai. eherlgomlemanimry dive 45 lEmstM1G dwersmduwdsivee Lane N
negative control (containing the diluent instead of a nucleic acid
extract) 5 Theghmaddes WMeigit Il was OX174/ Hael Il - 8 digest (Marker
4, Nippon Gene) (Lane M. The arrows indicate the bands of the
anplification prddgotd sSwas fihealllopadbaisned hheaugiaspadid vespect i ve

conbi nati ons of oligonucleotides. In Fig. 2 (A) [the 5 conbination (a)],
the nucl ei c &diig@udlaatsddaomsad ithgxamples 1 and 2 and the

amplified regions [{A): the combination (a), {(B): the
combination (b)]. The bases in the 16S rRNA base
10 sequence {GenBank No. Z83862) are numbered from the
starting position of the 16S rRNA, and the double-headed
arrows indicate the regions distinctive of Mycobacterium
tuberculosis among the 168 rRNAs from acid-fast bacteria.
Fig. 2 is a (negative) photograph showing the results
15 of electrophoresis of RNA amplification from the nucleic
acid extract sample from acid-fast bacteria using the
oligonucleotide combinations in Example 1. Lane 1: the
positive standard of the 16S rRNA of Mycobacterium
tuberculosis (10* copies). Lane 2: M. marinum. Lane 3: M.
20 kansasii. Lane 4: M. intracellulare. Lane 5: M.
gordonae. Lane 6: M. gastri. Lane 7: M. terrae. Lane 8:
M. Xenopl. Lane 9: M. microti. Lane 10: M.
nonchromogenicum. Lne 11l: M. scrofulaceum. Lane 12: M.
africanum. Lane 13: M. szulgal. Lane 14: M. avium. Lane
25 15: M. tuberculosis. Lane N: negative control
(containing the diluent instead of a nucleic acid

extract). The molecular weight marker was ¢X174/Haelll



aci-d-fast bacteria gave specific bands, while in Fig. 2(B) (the

conbi nation (b)], tubercul ous acid-fast bacteria (M tuberculosis, M
*africanumand M mcroti) and M marinum gave specific bands. 10 Fig. 3 is
a graph correlating the reaction tinme and the fluorescence enhancenent
acconpanyi ng RNA synthesis from M tul bercul osis suspensions in negative
sputumat initial concentrations of from4 to 4 X 106 cells/1 nmL [(A):
the conbination (a), (B): the conmbinat+o® {b)]. 15 The conbination (a) and
t he conbination (b) could detect the sanple at 4 X103 cells/1 nL (sputum
and 4 cel |l s/digest (Spantlvey , 4 r dSpereen V@dye) Nokwang ) pr d8entadmement i on wil |
be described in detail. 20 The present invention may be applied to any of
the 5S rRNAndieats ShaNamds ¢het23SmmNAL L prief en abf 9deotshe  16S r RNA,
because 16S r RNA sequences have been reported nost in terns of the nunber
of species ofpecifidably davabred bysu rideyd onespecthee 16S r RNA
distinctive of a specific acid-fast bacteriumcan be identified by

i nvest i gat i ngemivhea thbses sefjuehitecwbt beeletids omIn duitet iX(AatlElsank or - 9
the like, though, and they are preferably the regions between base 70 and
base 200 5(i rcemelmastonetpehcetd nivele 16 e RlreX ohe My chbemt @k 1 ubhe
tubercul osis (GenBank No. Z83862)), nore preferably the regi on between
base 7 and SaobdefdPt ihetexbr responset bf BEGaminovhilg 18 Bhd. 7 and

2(B) [the combination (b)], tuberculous acid-fast
bacteria (M. tuberculosis, M. africanum and M. microti)
and M. marinum gave specific bands.

10 Fig. 3 is a graph correlating the reaction time and
the fluorescence enhancement accompanying RNA synthesis
from M. tulberculosis suspensions in negative sputum at
initial concentrations of from 4 to 4%X10° cells/l mL
[ (A}: the combination (a), (B}: the combination (b)].

15 The combination (a) and the combination (b) could detect
the sample at 4X10% cells/1l mL (sputum) and 4 cells/1 mL
{sputum}, respectively.

Now, the present invention will be described in
detail.

20 The present invention may be applied to any of the 58S
rRNA, the 16S rRNA and the 23S rRNA, preferably to the
168 rRNA, because 165 rRNA sequences have been reported
most in terms of the number of species of acid-fast
bacteria.

25 The regions of the 168 rRNA distinctive of a specific
acid-fast bacterium can be identified by investigating

the base sequence obtained from a genetic data bank or



the regi on between base 183 and base 200 which corresponds to SEQ ID
NCS: 2, 4, 6 and 8 (wherein the bases are nunbered fromthe starting
-position of the 16S rRNA from Mycobacterium tuberculosis in the seqguence
10 z83862). The anplification step in the present invention includes PCR
NASBA, 3SR and TRC (for exanple, JP-A-2000- 14400). Especially, an

I sothermal nucleic acid anplification nethod such as NASBA, 3SR or TRC
which 15 allows a 16S r RNA sequence by-t be-cooperative action of a reverse
transcri ptase and an RNA pol ynerase (under such conditions that the
reverse transbei piase &hdughe BNA thelyaerpapeedetrabdgpehat regliphs. The
tenperature is preferably from35 to 50'C, though there is no particul ar
20 restrictibatweant hasab@leangnbasredlanmphinf cbat besessepueavenoiff thiehe
specific sequence is not present at the 5 end of the 16S rRNA the 16S
rRNA can be &ffl rRNadfbypmalginbaanerohmgonbekenlibdéscdGphiamit &by to a
region of the 16S rRNA 25 of the specific acid-fast bacteriumwhich flanks
the 5° end BB36h8) $pembiecpsefaeabéywthh argovar bapweeh beem I ahd 10
bases) with the specific sequence to cleave the 16S - 10 rRNA at the 51
end of the spesef P2 whjubncertbypohds hot 5B8G 0D HASemzyde HRawndg7aand

ri bonucl ease H activity) before it is used as the tenplate in the initial
stage of thehauckgionabetwaepl besealBonanfobashe28Pewmhagh, an 5

ol i gonucl eotide of SEQ ID NO 10 may be used . The

corresponds to SEQ ID NOS:2, 4, 6 and 8 (wherein the
bases are numbered from the starting position of the 165
rRNA from Mycobacterium tuberculosis in the sequence

10 Z83862).

The amplification step in the present invention
includes PCR, NASBA, 3SR and TRC {for example, JP-2-2000-
14400). Especially, an isothermal nucleic acid
amplification method such as NASBA, 3SR or TRC which

15 allows a 16S rRNA sequence by the cooperative action of a
reverse transcriptase and an RNA polymerase {(under such
conditiong that the reverse transcriptase and the RNA
polymerase act cooperatively). The temperature is
preferably from 35 to 50°C, though there is no particular

20 restriction.

In the above-mentioned amplification step, even if
the specific sequence is not present at the 5 end of the
165 rRNA, the 16S rRNA can be amplified by adding an
oligonucleotide complementary to a region of the 165 rRNA

25 of the specific acid-fast bacterium which flanks the 5’
end of the specific sequence with an overlap (of from 1

to 10 bases) with the specific sequence to cleave the 168



sci-ssor oligonucleotide for the cleavage is preferred to have a chemcally
nodi fi ed hydroxyl group (for exanple, an am nated hydroxyl group) at the
3" end so as not to elongate fromthe 31 end. 10 Detection of the
anplification product obtained in the nucleic acid anplification step is
preferably carried out by neasuring the change in the fluorescence of the
reaction solution during the anplification step in the presence of an

ol i gonucl eotide | abeled with a fluorescet 4s intercal ative dye, though it
can be detected by conventional nethods for detection of nucleic acid. The
ol i gonucl eot FEEAmaYy Bee Poreesanpl eheanrerigoaueravende (havihg a
fluorescent intercalative dye |linked to a phosphorus atomin it via a

| i nker. Such2@hion ofi @BneerEne| HavangeasribsnurlopescEnaetipdhyd or mati on
of a double strand with the target nucleic acid (a conplenmentary nucleic
acid) throughefarerthl a8i Bpedf aphehej hewpearat bR Rboeeipithed shagdonbl e
strand and is. characterized in that it obviates the need for separation 25
anal ysi s (Iskigurecleicepcid ampipberafiienei Facitde Rekeavae, (an4) 4992
-49 97) . The_, sequence of .the _oligonucleotide is a sequence - 11

di stincti%ve %%lﬁpgb%%??deﬁcPH-sﬁgtIBa@@é??uﬂ?HrbﬁoHﬁBﬁ -t o’BR d- f ast
bacteria w thout gart'cular restrictions., But, it is preferably_a sequence
consi sting ofSbFs Eoﬂ{omﬂ%ﬂ%&%w%@ea@orea@? ghepprgRchfi HES685E8Yi ROSEQ I D

5 NG9 It iﬁa@ésg gﬁS&f&éffyt8089?9%8a£§§rggglfgréQS {for example,
an aminated hydroxyl group) at the 3’ end so as not to
elongate from the 3’ end.

10 Detection of the amplification product obtained in
the nucleic acid amplification step is preferably carried
out by measuring the change in the fluorescence of the
reaction solution during the amplification step in the
presence of an oligonucleotide labeled with a fluorescent

15 intercalative dye, though it can be detected by
conventional methods for detection of nucleic acid. The
oligonucleotide may be, for example, an oligonucleotide
having a fluorescent intercalative dye linked to a
phosphorus atom in it via a linker. Such an

20 oligonucleotide alters its fluorescence upon formation of
a double strand with the target nucleic acid (a
complementary nucleic acid) through intercalation of the
intercalator moiety into the double strand and is
characterized in that it obviates the need for separation

25 analysis (Ishiguro, T. et al., (1996) Nucleic Acids Res.
24 (24) 4992-4997).

The sequence of the oligonucleotide is a sequence



hydroxyl group at the 31 end of the oligonucleotide (for exanple, by
addi ng glycolic acid) to prevent elongation reaction using the
-oligonucleotide as a prinmer. Thus, anplification and detection of an RNA
having 10 the same sequence as the specific sequence in the 16S rRNA of
the specific acid-fast bacteriumcan be carried out in one tube at
constant tenperature in one step and can be autonated easily. Now, the
present invention will be described in 161 further detail by referring to

Exanpl es.

However, the present invention is by no neans restricted to

t hese speci flietkEranplesofEXAMBEE] T iThecipgediabitc bhy tef itime ocombrman ons (a)
and (b) shown 20 in Fig. 1 for Mycobacteriumtubercul osis was verified.

(1) Col oni estof athd-fektowkngebaat eiicaower pastispeided reistrdicstiohised wat er
for injection containing guanidine isocyanate and stirred with gl ass beads
(from 150 toB2t2 ipmisSpgediprablySanseaquesceThensistchg ofaord was 25
extracted fromthe cell suspensions with Extragen (Tosoh) to obtain

aci d-fast bacbepilementiek®i toaeicdlerstads cobsstusfivehbasest inadBRedD- 12

M marinum (ATCC 927) M kansasii (ATCC 12478) M intracellulare (ATCC
13950) M gbPdénael{ ACCGldd 7oye e egate r¢hemicel 1878441ty the

10

15

20

25

hydroxyl group at the 3’ end of the ocligonucleotide (for
example, by adding glycolic acid) to prevent elongation
reaction using the oligonucleotide as a primer.

Thus, amplification and detection of an RNA having
the same sequence as the specific sequence in the 168
rRNA of the specific acid-fast bacterium can be carried
out in one tube at constant temperature in one step and
can be automated easily.

Now, the present invention will be described in
further detail by referring to Examples. However, the
present invention is by no means restricted to these
gpecific Examples.

EXAMPLE 1

The specificity of the combinations (a) and (b} shown
in Fig. 1 for Mycobacterium tuberculosis was verified.

(1) Colonies of the following bacteria were suspended
in distilled water for injection containing guanidine
isocyanate and stirred with glass beads (from 150 to 212
pm, Sigma) for 5 minutes. Then, nucleic acid was
extracted from the cell suspensions with Extragen (Tosoh)
to obtain acid-fast bacterium nucleic acid extracts.

List of the test samples



M ‘terrae (ATCC 15755) M xenopi (ATCC 19250) M mcroti (ATCC 19422) M
nonchr onogeni cum (ATCC 19530) 10 M scroful aceum (ATCC 19981) M africanum
"(ATCC 25420) M szulgai (ATCC 35799) M avium (clinical isolate)
Mycobacteri um tuberculosis (clinical isolate) 15 (2) 20 pL portions of
reaction solutions of the follow ng conposition were dispensed into PCR
tubes (capacity 0.5 nmL: Gene Anmp Thin-Wall ed Reaction Tubes, Perkin
Elmer), and 5 pL of the nucleic acid extkécts were added thereto. The

sol utions were prepared so e?s tg %g ontain first, second and third

ol i gonucl eot i desManB2aA"UE) i'§dhbcPedti de | abel ed with an intercal ative dye

in the conbinatjons shown.i I he conposition of the reaction

sol utions (in tekrrsiSFsaF’ﬁé Eéﬁggnﬁgé{]?lns in the final volume of 30 pL) 25
60 MM Tris-HC buffer H 8.6 17 i,um chl ori de 100 mm Pot assi um
chloride - 13 GMU hﬁlﬁ%gc?ﬁﬂi‘%?ﬂf& (wggggggépg) 1 nm DTT 0.25 nM each of

6$EP, dCTP, dGTPM?ngoggggae3lgTEH]HIE?B)3'O mM each of ATP, CTP, GIP and

5 M. gastri (ATCC 15754)
M. terrae (ATCC 15755)

xenopi (ATCC 19250)

= =

microti (ATCC 18422)
nonchromogenicum (ATCC 19530)
10 scrofulaceum (ATCC 19981)
africanum (ATCC 25420)

szulgai (ATCC 35799)

avium (clinical isolate)

Mycobacterium tuberculosis {clinical isolate)

15 (2) 20 plL portions of reaction solutions of the
folleowing composition were dispensed inteo PCR tubes
{capacity 0.5 mL: Gene Amp Thin-Walled Reaction Tubes,
Perkin Elmer}, and 5 uL of the nucleic acid extracts were
added theretc. The solutions were prepared so as to

20 contain first, second and third oligonucleotides and an
oligonucleotide labeled with an intercalative dye in the
combinations shown in Table 1.

The composition of the reaction solutions (in terms of
the concentrations in the final volume of 30 uL)

25 60 mM Tris-HC1l buffer (pH 8.6)

17 mM Magnesium chleride

100 mM Potassium chloride



0.16 pMFirst oligonucleotide 1.0 M Second oligonucleotide 1.0 MThird
ol i gonucl eotide 25 nM A i gonucl eotide |abeled with a 10 fluorescent
intercal ative dye 13% DMSO Distilled water for volunme adjustnment (3) The
reaction solutions were incubated at 44C for 5 mnutes, and 5 pL of an
enzynme solution of the 15 foll ow ng conposition which was pre-incubated at
44C for 2 mnutes was added. The conposition of the enzyne solution (in
terns of the concentrations in the final3 volume of 30 pL) 2. 0%sor bitol
203. 6 gBovi ne serum al bum n 142 UT7 RNA pol ynerase (lnvitrogen) 6.4 UAW
reverse transcriptdse (TakarENd&i® Dohibiter) (Tdkstal Bed) water for vol une
adj ustnent 25 (4) Subsequently, the reaction solutions in the PCR tubes
were directly nohimndred at 44LTin a thernostatic fluorescent
spectrophot oneter at an excitation wavel ength - 14 of 470 nm and an
em ssi on wavel en@gt h50ofM520 mgack 5)f TR&ETF | s@CTP ned¢DP @=dhdTDEl ei c acid
extract (the time required until the ratio of fluorescence intensity
reached 1.2 tinmes.éheMsum of ITHe negati ve average and 5 triple the standard
deviation) is shown in Table 2. The

5

3.0 mM each of ATP, CTP, GTP and UTP
0.16 uM First oligonucleotide

1.0 pM Second oligonucleotide

1.0 uM Third oligonucleotide

25 nM Oligonucleotide labeled with a

10 fluorescent intercalative dye
13% DMSO
Distilled water for volume adjustment
(3) The reaction solutions were incubated at 44°C for
5 minutes, and 5 uL of an enzyme solution of the
15 following composition which was pre-incubated at 44°C for
2 minutes was added.
The composition of the enzyme solution (in terms of the
concentrations in the final volume of 30 uL}
2.0% Sorbitol
20 3.6 ng Bovine serum albumin
142 U T7 RNA polymerase (Invitrogen)
6.4 U AMV reverse transcriptase (Takara Bio Co.,
Ltd.)
Distilled water for volume adjustment
25 (4) Subsequently, the reaction solutions in the PCR
tubes were directly monitored at 44°C in a thermostatic

fluorescent spectrophotometer at an excitation wavelength



results of el ectrophoresis (negative photograph) are shown in Fig. 2. The
rise tinmes indicated that the conbination (a) using an oligonucl eotide

‘|l abeled with a fluorescent intercalative dye for recognition detected 10
specifically tubercul ous acid-fast bacteria (Mycobacterium tubercul osis,

M africanumand M mcroti) and the conbination (b) using the

ol i gonucl eoti de of the present invention detected specifically tubercul ous
aci d- fast bacteria (Mycobacteriumtuberldul-osis, M africanum 15 and M
mcroti) and M marinum (6) The regions of the RNA anplified in the
reacti on week 4derminfaed ay egasosengeqrvel esgtphbr 8P snpagar ose

concentration 4% followed by staining with SYBR Green Il (Takara Bio).
According to thel(yksTihesrisethengOfer cea¢opheorbsis, atndt dxtrase 6thehe
conbination (a), specific anplification products were obtained from al

t he nucl ei c biihe equebced unbilethe ravieast Hluehescenadi hateonaity),
tubercul ous acid-fast bacteria (Mycobacteriumtuberculosis, M africanum
and M nicrorejchedghve elees shecsfuncofinphé f heaet bvebavesaganan®l mari num

gave a slight band of the anplification. N (1) rc5 -rl 4) rd1 0 r40
5 triple the standard deviation) is shown in Table 2. The

results of electrophoresis (negative photograph} are
shown in Fig. 2. The rise times indicated that the
combination (a) using an oligonucleotide labeled with a
fluorescent intercalative dye for recognition detected

10 sgpecifically tuberculous acid-fast bacteria
{(Mycobacterium tuberculosis, M. africanum and M. microti)
and the combination (b) using the ocligonucleoctide of the
present invention detected specifically tuberculous acid-
fast bacteria (Mycobacterium tuberculosis, M. africanum

15 and M. microti) and M. marinum.

{6) The regiong of the RNA amplified in the reaction
were identified by agarose gel electrophoresis (agarose
concentration 4%) followed by staining with SYBR Green II
(Takara Bio). According to the results of the

20 electrophoresis, in the case of the combination (a),
specific amplification products were obtained from all
the nucleic acid extracts, while in the case of the
combination (b), tuberculous acid-fast bacteria
(Mycobacterium tuberculosis, M. africanum and M. microti)

25 gave clear specific amplification bands, and M. marinum

gave a slight band of the amplification.



Ot) r-i toOr~1 O rl ro Hrl 0O0O0Il 1FEF z0© d] U f1° EH 2z
A - 16 Table 1 shows the conbinations of the first, second and third

‘ol i gonucl eotides and the intercal ati ve dye- |abel ed oligonucl eotide used in
Exanples 1 and 2 and the I|engths of the anplification products obtained by
using 5 them as specific bands. The regions of the respective conbinations
of oligonucleotides and the anplified regions are |located on the 16S r RNA
from Mycobact eri um tubercul osis as sho i Fig. 1. The base sequences of

—

amplification
(bases)

317

137

Length of
product

Intercalative dye-
labeled cligo-
nucleotide

YO-MT 165-S-G

YO-MYR-S-G

Third oligo-
nucleotide
MYR-3RT18

MTR-7R

Second
oligo-
nucleotide
MTR-1F
MYR-1F-10

First oligo-
nucleotide
MTR-15
MYR-15-10

Table 1
Combi-
nation
(a)
(b)




the first oligonucl eotides had am nated hydroxyl groups 10 at the 3" end.
_The second ol igonucl eotides had base sequences which additionally had the
T7 pronoter region at the 5 end from"A" at position 1 fromthe 5 end to
"A" at position 22 and the subsequent enhancer sequence from"G' at
position 23 to "A" at position 28. Anong the 15 intercal ative dye-| abel ed
ol i gonucl eoti des, YO Ml 16S-S-G (SEQ ID NO 15) had an intercal ative dye as
the | abel between "C' at position 16 Tfrbfnthe 5 end and "C' at position
17, and YO MYR- S@%ELQE? I BONQ ?l“ h%d n iant.e%cal %ti = %)_:Le s the I%bel
between "A" at po&rtion 77998 FRESMCREBAEAE S8 E Cal 15651t P68 and
they had hy X % LOURS m)difie%. ith_glycolic_acid at  the %‘ggnd. The
first oli gongéﬁeé ﬁ%gsoﬁ/ﬂ'ﬁpilgc(lgg l\#ﬁsNégfle%Fr &Fﬁ%ﬁﬂl@%ﬁévteo &se 158)
MYR-1S-10 (S %DI g E % 52 to hase_75 25.The _secaqn
o1 1 gonuc eot FeES pretropabRTEBEREe B4R, S Bxdlbiss 0o B " 35 tne
ol 1 gonucl eot T8 TR R EER P RG L of Baeaiy cEo bR ndapY iy
ol i gonucl eoth 8 RED R PgE%RF g%ﬁf ,l%?‘r %?"%E % oot}?égemf %y R-9RT18
(SEQ I D NO 2 £ omb g}%gt ganPEIQ%)T\%] ﬁgtgfcgtt' % -].abel ed
ol i gonucl eot i 1cbites %EY%EIVI? § %? %SEQ %5 from %s%g%g g?%&%ase 202)
YO MYR-S- G (8Efpk RaMPofs BFOBNRESEuL4Lot2aRaSenittheTalb8 1%ieq
regions are located on the 163 rRNA from Mycobacterium
tuberculosis as shown in Fig. 1. The base sequences of
the first oligonucleotides had aminated hydroxyl groups
10 at the 3’ end. The second oligonucleotides had base
sequences which additionally had the T7 promoter region
at the 5’ end from “A” at position 1 from the 5’ end to
*A”" at position 22 and the subsequent enhancer sequence
from “"G” at position 23 to "A” at position 28. AaAmong the
15 intercalative dye-labeled oligonuclectides, YO-MT 165-5-G
{SEQ ID NO:15) had an intercalative dye as the label
between “C” at position 16 from the 5'end and “C” at
position 17, and YO-MYR-8-G (SEQ ID N0O:9) had an
intercalative dye as the label between “A” at position 7
20 from the 5’end and “G” at position 8, and they had
hydroxyl groups modified with glyceolic acid at the 3’ end.
The first oligonucleotides
MTR-1S (SEQ ID NOD:11, from base 135 to base 158)
MYR-1S-10 (SEQ ID NO:10, from base 52 to base 75)
25 The second oligonucleotides

MTR-1F (SEQ ID NC:12, from base 153 to base 175)

MYR-1F-10 (SEQ ID NO:13, from base 70 to base 32}



Aci.d-fast bacteriunRise tinme (mn) sanpl eConbination (a)Conbination (b) M
mari numN\. D. 11. 6 M kansasiiNND.N.D. M intracellulareN.D.N.D. M
gordonaeN.D.N.D. M gastriND.ND. M terraeN.D.ND. M xenopiND.ND. M
mcroti28.28.5 M nonchronogeni cunN. D. N.D. M scrofulaceunN.D.N.D. M
africanunB0.69.1 M szulgaiND.N.D. M aviunN.D.N.D. M tubercul osisl7.36.2
Table 2 shows the results of the analyses of the 10 nucleotide extracts
fromacid-fast bacteria using the respertive oligonucleotide conbinations.
The results are represented in terns of rise tinme. ND. in the table

i ndi cat es t h&thet hbisdnplleggavelrotiilse (was not detected) w thin 60

m nutes wth the conbination (a) or within 20 15 mnutes with the

conbi nati on (b).MMWRtARt WEEQOADI Ratlén fal, 4ddberchhoas4adid-fast bacteria
(Mycobacterium tuberculosis, M africanumand M mcroti) were detected, -
18 and wi th t heMEBrBREABI 6BEQbYDP NObar chkousbasedlBidsto baseekA)

(Mycobacteriumtuberculosis, M africanumand M
The intercalative dye-labeled oligonucleotides

5 YO-MT 165-5-G {(SEQ ID NO:1%5, from base 183 to base
202)

YO-MYR-S-G (SEQ ID NO:9, from base 147 to base 166)

Table 2

Acid-fast bacterium Rise time (min)
sample Combination (a) Combination (b)
M. marinum N.D. 11.6
M. kansasii N.D. N.D
M. intracellulare N.D. N.D
M. gordonae N.D. N.D
M. gastri N.D. N.D
M. terrae N.D. N.D
M. xenopi N.D. N.D
M. microti 28.2 8.5
M. nonchromogenicum N.D. N.D
M. scrofulaceum N.D. N.D
M. africanum 30.6 9.1
M. szulgai N.D. N.D
M. avium N.D. N.D
M. tuberculosis 17.3 6.2

Table 2 shows the results cof the analyses of the
10 nucleotide extracts from acid-fast bacteria using the
respective oligonucleotide combinations. The results are
represented in terms of rigse time. N.D. in the table
indicates that the sample gave no rise (was not detected)
within 60 minutes with the combination (a) or within 20
15 minutes with the combination (b). With the combination
(a), tuberculous acid-fast bacteria (Mycobacterium

tuberculosis, M. africanum and M. microti) were detected,



meroti) and M mari num were detected. EXAVPLE 2 5 Mycobacterium

tubercul osis at various cell concentrations in sputumwere detected with
*the conbination (a) using an oligonucleotide |labeled with a fluorescent
intercalative dye for recognizing the specificity and the conbination (b)
of the present 10 invention. (1) Mycobacteriumtubercul osis suspensions
containing from4 to 4X106 cells in 1 nL of control sputumwere used as
sanpl es for neasurenent of the sensitiviitg dimt for Mycobacterium
tubercul osis in sputum The sanples 15 were treated with NALC, and then

wi th guani di ard wsbbybhat eomhdngtass bbadstpbeoaulsost ac2d2fpest Si gm),

and nucleic acid was extracted fromthe resulting solutions with Extragen
(Tosoh). (2)baotptipolMyenbasteniumattbencubbatsonMof afhécapomf shiloMi-ng
conposition were dispensed into PCR tubes (capacity 0.5 nL: Gene Anp

Thi n- Wl | ed Reacetdh FudeY, MPsiRim Fewreryfetanted.plL of the nucleic acid
extracts were added thereto. The solutions were prepared so as to contain
first, seconBX&WBLEherd oligonucl eoti des and the 25 oligonucl eotide | abel ed
with an intercalative dye in the conbinations showm in Table 1. The
conposi tion of tMecebastebhugorubebALLPAiserhsVaFiPHE ce1d - concentrations

in the final volunme of 30 pL) 60 mM Tris-HC buffer (@H 8. 6)
concentrations in sputum were detected with the

combination (a) using an oligonucleotide labeled with a
fluorescent intercalative dye for recognizing the
specificity and the combination (b) of the present

10 invention.

(1) Mycobacterium tuberculosis suspensions containing
from 4 to 4X10° cells in 1 mL of control sputum were
used as samples for measurement of the sensitivity limit
for Mycobacterium tuberculosis in sputum. The samples

15 were treated with NALC, and then with guanidine
isocyanate and glass beads (from 150 to 212 pm, Sigma),
and nucleic acid was extracted from the resulting
solutions with Extragen (Tosch).

{(2) 20 pL portions of a reaction solution of the

20 following composition were dispensed into PCR tubes
(capacity 0.5 mL: Gene Amp Thin-Walled Reaction Tubes,
Perkin Elmer), and 5 puL of the nucleic acid extracts were
added thereto. The solutions were prepared so as to
contain first, second and third oligonucleotides and the

25 oligonuclecotide labeled with an intercalative dye in the
combinations shown in Table 1.

The composition of the reaction solution (in terms of the



17.mM Magnesi um chl ori de 120 nmM Pot assi um chloride 5 6 U RNase I nhibitor
(Takara Bio) 1 nm DIT 0.25 nM each of dATP, dCTP, dGIP and dTTP 3.6 nm
-1 TP 3.0 nM each of ATP, CTP, GIP and UTP 10 0.16 pM First oligonucl eotide
1.0 PM Third oligonucl eotide 25 nM A igonucl eotide |abeled with a
fluorescent intercalative dye 13% DVSO 15 Distilled water for volune

adj ustnent (3) The reaction solutions were incubated at 44C for 5 m nutes,
and 5 pL of an enzyne solution of the -fxdl-ow ng conposition which was
pre-incubated at 44C for 2 mnutes was added. 20 The conposition of the
enzynme sol ut toncénnrteinssofint hee €oneéntpatimensfi A0t h&)final vol unme of 30
pL) 2.0% Sorbitol 3.6 jig Bovine serum al bumin 142 U T7 RNA pol yner ase
(I'nvitrogen) 25 604mM AW r eVeis€HCI amsEfept s §Takara Bio) Distilled

wat er for volune adjustment (4) Subsequently, the reaction solutions in the
PCR - 20 tubes WRrmMdirect | Nagmestiwonechbordd€C in a thernostatic
fluorescent spectrophotoneter at an excitation wavel ength

120 mM Potassium chloride
5 6 U RNase Inhibitor (Takara Bio}
1 mM DTT
0.25 mM each of dATP, dCTP, dGTP and dTTP
3.6 mM ITP
3.0 mM each of ATP, CTP, GTP and UTP
10 0.16 uM First oligonucledtide
1.0 pM Third oligonucleotide
25 M Oligonucleotide labeled with a

fluorescent intercalative dye
13% DMSO
15 Distilled water for wvolume adjustment
{3) The reaction solutions were incubated at 44°C for
5 minutes, and 5 puL of an enzyme solution of the
following composition which was pre-incubated at 44°C for
2 minutes was added.
20 The composition of the enzyme solution (in terms of the
concentrations in the final volume of 30 uL)
2.0% Sorbitol
3.6 ng Bovine serum albumin
142 U T7 RNA polymerase (Invitrogen)
25 6.4 U AMV reverse transcriptase (Takara Bilo)
Distilled water for volume adjustment

(4) Subsequently, the reaction solutions in the PCR



of .470 nm and an em ssi on wavel ength of 520 nm (5) The tine courses of the
ratio of fluorescence 5 intensities of the sanples (fluorescence intensity
*at a certain tinme/background fluorescence intensity) from addition of the
enzynme solution at O mnute were shown in Fig. 3, and the results obtained
with the respective sanples were shown in Table 3. The results suggest
that 10 the sensitivity limt of the detection using the oligonucleotide
conbi nation of the present invention [+h® -<onbination (b)] was 4 cells/1
M. (sputun) and higher than that using the conbination (a) using an

i nt ercal ati veuige- Webel ddrekitdgnmohéopired for 4d&€€ogni & dhetfosftagpeci ficity
[4 X 103 cells/1 nmL (sputum]. The results obtained wth the

ol i gonucl eot Edeoresbienat sprcoftophetopeésentti aveptkicatattibe weveileagitdn (b) ]
and the sensitivity limt of a conmercially available kit (Product nane:
Anpl i core Myedbadfenimuantluber emdsiss onRwekiel20gbhagfioS2i0csin.are conpared in
Table 3. it is confirmed that the sensitivity limt of the reagent using
the ol igonucl eotPdeTbenbimat conreest hé pheseatipneénfilunrescehicgh as
conpared with the coommercially available kit. -- 21 Table 3 Nunber of

M Det ect &bi | ingengbsieal ofi $hecebimplesntifhupreacence intensity at a

certain time/background flucorescence intensity) from
addition of the enzyme solution at 0 minute were shown in
Fig. 3, and the results obtained with the respective
samples were shown in Table 3. The results suggest that
10  the sensitivity limit of the detection using the
oligonucleotide combination of the present invention [the
combination (b)] was 4 cells/1 mL {sputum) and higher
than that using the combination {(a}) using an
intercalative dye-labeled oligonucleotide for recognition
15 of specificity [4X10° cells/l1 mL (sputum)]. The results
obtained with the oligonucleotide combination of the
present invention [the combination (b)] and the
sensitivity limit of a commercially available kit
{(Product name: Amplicore Mycobacterium tuberclosis, Roche
20 Diagnostics) are compared in Table 3. It is confirmed
that the sensitivity limit of the reagent using the
oligonucleotide combination of the present invention is

high as compared with the commercially available kit.



Conbi nation Comrercially (cells/1 nL (a)(b)available kit of sputum
4X106Det ect edDet ect edDet ect ed 4X105Det ect edDet ect edDet ect ed
*4X10' Det ect edDet ect edDet ect ed 4X103Det ect edDet ect edDet ect ed
4X102N. D. Det ect edDet ect ed 4X10 | N. D. Det ect edN. D. 4N. D. Det ect edN. D.
ON.D.N.D. N. D. Table 3 shows the results of the neasurenments of the

Mycobacterium tubercul osis cells in sputumusing the respective
ol i gonucl eoti de conbinations [the conbinations 5 (a) and (b)] and a

comercially avallable Kit
t uber cul osi sfabte 3

(product

nane: Anplicore Mycobacterium
conblnatlons (a) and (b) are considered to have

succeeded i UQEEQCBEO g) tney gave & rﬁéfi§% BEiEﬁ&f'“ MUt es The
sensitivi ty IL1 A DSlS Op—cettstt—t \aput tHTY the—cofrbtratt+o
(a), 4 ceII< an? atuny for_ the contlnatlon (bt and 4X102 celi /1] L
(sputum) for € conner0|aIF9mQ%H?FéBPe kitem ¥ 3| THYBPECI LYt of
the ol i gonu¢!(€6Hii@d lcdWbi nption ) 15 tHe presEMt invenfived sl e ket
nont uber cul 8¢ SELUELESt acterium Mycobacterium aviumwas confirned.

4X10° Detected Detected Detected

4X10° Detected Detected Detected

4104 Detected Detected Detected

4x10° Detected Detected Detected

4X10° N.D. Detected Detected

4% 101 N.D. Detected N.D.

4 N.D. Detected N.D.

0 N.D. N.D. N.D.

Table 3 shows the results of the measurements of the

Mycobacterium tuberculosis cells in sputum using the

respective oligonucleotide combinations

(a)

and (b

name: Amplicore Mycobacterium tuberculosis).

combinations (

a) and (b)

[the combinations

)] and a commercially available kit {product

The

are considered to have succeeded

in detection when they gave a rise within 30 minutes.

The sensitivity limit was 4X10° cells/l mL (sputum) for

10 the combinatio

n (a},

4 cells/ 1 mL

{sputum)

for the

combination (b) and 4X10? cells/1l mL (sputum} for the

commercially a

EXAMPLE 3

vailable kit.

The specificity of the oligonucleotide combination of

15

bacterium Mycobacterium avium was confirmed.

(1)

the present invention for the nontuberculous acid-fast

Colonies of various bacteria shown below were

suspended in distilled water for injection containing

guanidine isocyvanate and stirred with glass beads

(from



(1) Col onies of various bacteria shown bel ow were suspended in distilled
wat er for injection containing guanidine isocyanate and stirred wth gl ass
*beads (from- 22 150 to 212 pm Sigma) for 5 mnutes. Then, nucleic acid
was extracted fromthe cell suspensions with Extragen (Tosoh) to obtain
acid-fast bacteria nucleic acid extracts. 5 List of the test sanples M
mari num (ATCC 927) M fortuitum (ATCC 6841) M kansasii (ATCC 12478) M
intracel lulare (ATCC 13950) 10 M pere@3 nrum (ATCC 14467) M gordonae
(ATCC 14470) M gastri (ATCC 15754) M terrae (ATCC 15755) M xenopi
(ATCC 19250)1496 ™ 21Zriohi $AFOL) 16422% Mnnbashr diogenioum €ATGE 19530)
M abscesses (ATCC 19977) M scroful aceum (ATCC 19981) M triviale (ATCC
23292) 20 Mwasneaerd €T 265 hel calli saspené ATOE R54ROExXtKagehel onae
(ATCC 35752) M szul gai (ATCC 35799) M avium (clinical isolate)

{Tosch) to obtain acid-fast bacteria nucleic acid

extracts.
5 List of the test samples
M. marinum (ATCC 927)
M. fortuitum (ATCC 6841)
M

. kansasii (ATCC 12478)

=

intracellulare (ATCC 13950)
10 M. peregrinum (ATCC 14467)

M. gordonae (ATCC 14470)

M. gastri (ATCC 15754)

M. terrae (ATCC 15755)

M. xenopi {ATCC 19250)

15

=

microti (ATCC 19422)
nonchromogenicum (ATCC 19530)
abscessus (ATCC 19977)
scrofulaceum (ATCC 19981)
triviale (ATCC 23292)

20 simiae (ATCC 25275)
africanum (ATCC 25420)

chelonae (ATCC 35752}

szulgal (ATCC 35799}

avium {(clinical isclate)
25 Mycobacterium tuberculosis (clinical isolate)
(2) 20 uL portions of a reaction solution of the

following composition were dispensed into PCR tubes



25.Mycobacterium tubercul osis (clinical isolate) (2) 20 pL portions of a
reaction solution of the follow ng conposition were dispensed into PCR
‘tubes - 23 (capacity 0.5 nL: Gene Anp Thin-Wall ed Reaction Tubes, Perkin
Elmer), and 5 iL of the nucleic acid extracts were added thereto. The
conposition of the reaction solution (in terns of the 5 concentrations in
the final volune of 30 pL) 60 nMIris-HCL buffer (pH 8.6) 17 nmvMagnesi um
chl oride 100 nmmPot assi um chl ori de 6 URNas®e 4 nhi bitor (Takara Bio Co.,Ltd.)
101 nmDTT 0. 25 mveach of dATP, dCTP, dGIP and dTTP 3.6 mM TP 3.0 mveach of
ATP, CTP, GIPcapdcifP 0.:6mpM-Gese AmpgThintdelildd RMYRLiSn1TuBES,| D 15
NG 10, having an am nated hydroxyl group at the 3 end) 1.0 M Second

ol i gonucl eot Peek{MYRLDEA} 10an8ER uL.DoKOcl6, nubéeecnathd ergirentsr wereA” at
position 1 from the 5 end to "A" at position 22 is the T7 pronoter

regi on, and afidedubbegatnt region from"G' at position 23 20 to "A" at
position 28 is the enhancer sequence) 1.0 PM Third ol i gonucl eoti de

( MYR- 3RA18, BE® tOmpNeLgjoRr50AMIEI yoaatient sdéukabnl ¢dnwiehma of| tbeescent

intercal ative dye (YOMYR-S-G SEQ ID NG 9,
5 concentrations in the final volume of 30 pL)

60 mM Tris-HCl buffer (pH 8.6)

17 mM Magnesium chloride

100 mM Potassium chloride

6 U RNase Inhibitor (Takara Bio Co., Ltd.)
10 1 mM DTT

0.25 mM each of daTp, 4dCTP, dGTP and dTTP

3.6 mM ITP

3.0 mM each of ATP, CTP, GTP and UTP

0.16 uM First oligonucleotide (MYR-15-10, SEQ ID

15 NO:10, having an aminated hydroxyl group at the 3’ end)
1.0 uM Second oligonucleotide (MYR-1FA-10, SEQ
ID NO:16, wherein the region from *A” at position 1 from
the 5’ end to “A” at position 22 is the T7 promoter
region, and the subsequent regicn from “G” at position 23
20 to “A" at position 28 is the enhancer sequence)
1.0 uM Third oligonucleotide (MYR-3RA18, SEQ ID
NO:4)
25 nM Oligonucleotide labeled with a
fluorescent intercalative dye (YO-MYR-5-G, SEQ ID NC:9,
26 having an intercalative dye as the label between “A" at
position 7 from the 5' end and “G” at position 8 and a

hydroxyl group modified with glycolic acid at the 3‘ end)



25-having an intercal ative dye as the | abel between "A" at position 7 from
the 5° end and "G' at position 8 and a hydroxyl group nodified with
*glycolic acid at the 3" end) - 24 13% DVSO Distilled water for vol une

adj ustnment (3) The reaction solutions were incubated at 44C for 5 mnutes,
and 5 pL of an enzyne solution of the 5 follow ng conposition which was
pre-incubated at 44C for 2 mnutes was added. The conposition of the
enzyme solution (in terns of the concent4ations in the final volume of 30
pL) 2.0%sorbitol 103.6 jigBovine serum al bumn 142 UT7 RNA pol ynerase
(Invitrogen) 6.418&W reversBMBPanscriptase (Takara Bio Co., Ltd.)
Distilled water for volune adjustnent 15 (4) Subsequently, the reaction

sol utions in theDPeRillgBeyahere forr votlpenpdiivetoenst 44C in a
thernmostatic fluorescent spectrophotoneter at an excitation wavel ength of
470 nm and an eni(83i Bhrewdearsagnh seflus2ongnivers) iThubated aitnd4°6r feach
nucleic acid extract (the_ 20 tine required until the ratio of fluorescence
intensity r&athsdtes? enged the ofumnobneh@ensgatitienawdr 44¢ and triple

t he standard deviation) is showmn in Table 4. These results indicate that

t he ol i gohuclfediliowdngcepbppatitépnowhiikd peeseme-invebeited sgedidfCclbky
detects

2 minutes was added.
The composition of the enzyme solution {(in terms of the
concentrations in the final volume of 30 uL)
2.0% Sorbitol
10 3.6 ug Bovine serum albumin
142 U T7 RNA polymerase (Invitrogen)
6.4 U MMV reverse transcriptase (Takara Bio Co.,
Ltd.)
Distilled water for volume adjustment
15 {4} Subsequently, the reaction solutions in the PCR
tubes were directly monitored at 44°C in a thermostatic
fluorescent spectrophotometer at an excitation wavelength
of 470 nm and an emission wavelength of 520 nm.
(5) The rise time for each nucleic acid extract (the
20 time required until the ratio of fluorescence intensity
reached 1.2 times the sum of the negative average and
triple the standard deviation) is shown in Table 4.
These results indicate that the oligonucleotide
combination of the present invention specifically detects

25 M. avium.



25-M avium - 25 Table 4 Acid-fast bacterium sanpleRi se tinme (mn)
MmarinumN. D. MfortuitunN.D. MkansasiiN.D. MintracellulareN. D

"M peregrinunN. D. M gordonaeN.D. MgastriN.D. MterraeN D. M xenopi N. D.

M m croti N.D. M nonchronogeni cunN. D. M abscessusN. D. M scr of ul aceuniN. D.
MtrivialeN.D. MsimaeN D. MafricanumN. D. M chel onaeN. D. M szul gai N. D.

M aviumd.1 Mtubercul osisN.D. Table 4 shows the results of the neasurenents
of the nucleic acid extracts from acid-Z%ast bacteria using the

ol i gonucl eoti de_conbi nati on of the present invention. 5 The results are
represented Tablerés of rise tine. N. D

Acid-fast bacterium sample |Rise time (min}
M. marinum N.D
M. fortuitum N.D
M. kansasii N.D
M. intracellulare N.D
M. peregrinum N.D
M. gordonae N.D
M. gastri N.D
M. terrae N.D
M. xenopi N.D
M. microti N.D
M. nonchromogenicum N.D
M. abscessus N.D
M. scrofulaceum N.D
M. triviale N.D
M. simiae N.D
M. africanum N.D
M. chelonae N.D
M, szulgai N.D
M. avium 9.1
M. tuberculosis N.D

Table 4 shows the results of the measurements of the
nucleic acid extracts from acid-fast bacteria using the
oligonucleotide combination of the present inventicmn.

5 The results are represented in terms of rise time. N.D.
in the table indicates that the sample gave no rise (was
not detected) within 20 minutes. With the
oligonucleotide combination of the present invention, M.
avium was detected specifically.

10 EXAMPLE 4

The specificity of the oligonucleotide combination of
the present invention for the nontuberculous acid-fast
bacterium Mycobacterium intracellulare was confirmed.

(1) Colonies of various bacteria shown below were

15 suspended in distilled water for injection containing



in-the table indicates that the sanple gave no rise (was not detected)
wthin 20 mnutes. Wth the oligonucleotide conbination of the present
“invention, M aviumwas detected specifically. 10 EXAMPLE 4 The
specificity of the oligonucl eotide conbination of the present invention
for the nontubercul ous acid-fast bacterium Mycobacteriumintracellulare
was confirnmed. (1) Col onies of various bacteria shown bel ow were 15
suspended in distilled water for injectidn containing - 26 guanidi ne

i socyanate and stirred with glass beads (from 150 to 212 pm Sigma) for 5
m nut es. Theduanydlieeclaeryanaas anfracisyetr vhihhelaeep| beadpensirens with
Extragen (Tosoh) to obtain acid-fast bacteria nucleic acid 5 extracts.

Li st of the 1e8ttaafplekm, NELlglR | nGAY (ATODNOREF - MTH ¢ MU TATBEL 6841)
M kansasii (ATCC 12478) 10 M intracellulare (ATCC 13950% M peregrinum
(ATCC 14467)%Waf goFudRRe] (AT 1ha705ll\MFUgRSEFIOPATELIISPRAYATRE terrae
(ATCC 15755) 15 M xenopj (ATCC 19250) M microti (ATCC 19422) M
nonchronngenﬁ@ﬂﬁ?th@@ qbgggy acid-fast bacteria nucleic acid

s extracts.
List of the test samples
marinum (ATCC 927)
fortuitum (ATCC 6841)
. kansasii (ATCC 12478)
intracellulare (ATCC 13950)

10

. peregrinum (ATCC 14467)

. gastri (ATCC 15754)
terrae (ATCC 15755)

15 . Xenopl (ATCC 19250)

M.

M

M

M

M

M. gordonae (ATCC 14470)
M

M

M

M. microti (ATCC 19422)
nonchromogenicum (ATCC 19530}
abscessus (ATCC 19977)
scrofulaceum (ATCC 19981)

20 triviale (ATCC 23292)
simiae (ATCC 25275)

africanum (ATCC 25420)

= =2 2 2 2 5 B

chelonae (ATCC 35752)
M. szulgaili (ATCC 357399)
25 M. avium (clinical isolate)
Mycobacterium tuberculosis (clinical isolate)

(2) 20 pL portions of a reaction solution of the



M .abscessus (ATCC 19977) M scroful aceum (ATCC 19981) 20 M triviale
(ATCC 23292) M simae (ATCC 25275) M africanum (ATCC 25420) M chel onae
- (ATCC 35752) M szulgai (ATCC 35799) 25 M avium (clinical isolate)
Mycobacteri um tuberculosis (clinical isolate) (2) 20 pL portions of a
reaction solution of the - 27 follow ng conposition were dispensed into
PCR tubes (capacity 0.5 nmL: Gene Anp Thin-Walled Reaction Tubes, Perkin
Elmer), and 5 pL of the nucleic acid extzacts were added thereto. 5 The
conposition of the reaction solution (in ternms of the concentrations in
the final volfoddosfing0 cpiposQ tritffr werdCH Lisyihered iHt® GCRLZuldddgnesi um
chl oride 100 mmPot assi um chl ori de 106 URNase | nhibitor (Takara Bio) 1 mm
DTT 0. 25 nmM daepacfi tdATRS dCEPGed€TRrgndhdfiFMalilcf mdactR o Tuiddseach of
ATP, CTP, GIP and UTP 15 0.16 pM First oligonucleotide (MYR-1S-10, SEQ ID
NO 10, havi n§eakianEdamesd hpddogy hIgoduphat nutd ed'c emd)d ekt aRMsSemomd
ol i gonucl eoti de (MYR-1FI-10, SEQ

added thereto.

5 The composition of the reaction solution (in terms of the

concentrations in the final volume of 30 pL)

60 mM Trig-HC1 buffer (pH 8.6)
17 mM Magnesium chloride
100 mM Potassium chloride
10 6 U RNase Inhibitor (Takara Bio)
1 M DTT
0.25 mM each of dATP, dCTP, dGTP and dTTP
3.6 mM ITP
3.0 mM each of ATP, CTP, GTP and UTP
15 0.16 uM First oligonucleotide (MYR-1S-10, SEQ ID

NO:10, having an aminated hydroxyl group at the 3’ end)
1.0 uM Second oligeonucleotide (MYR-1FI-10, SEQ
ID NO:17, wherein the region from “A” at position 1 from
the 5’ end to “A" at position 22 is the T7 promoter
20 region, and the subsegquent region from “G” at position 23
to “"A" at position 28 is the enhancer sequence)
1.0 uM Third oligonucleotide (MYR-3RI18, SEQ ID
NO:6)
25 nM Oligonucleotide labeled with a
25 fluorescent intercalative dye (YO-MYR-S-G, SEQ ID NO:9,
having an intercalative dye as the label between “A" at

position 7 from the 5’ end and “G” at position 8 and a



| D-NO 17, wherein the region from"A" at position 1 from the 5 end to "A"
at position 22 is the T7 pronoter 20 region, and the subsequent region from
"G at position 23 to "A" at position 28 is the enhancer sequence) 1.0 PM
Third oligonucleotide (MYR-3RI 18, SEQ ID NGO 6) 25 nM digonucl eoti de

| abeled with a 25 fluorescent intercal ative dye (YO MR-S-G SEQ ID NO 9,
having an intercal ative dye as the | abel between "A" at position 7 from
the 5° end and "G' at position 8 and a -28 8 - hydroxyl group nodified with
gl ycolic aci {c_il g 3' end) 13%DVSO.Distilled water for volume adjustment
(3) The react¥ ﬁo§5 UEFBHE’ fere figeulat8d9aceaéct eFidsat whsutés endnd 5 L
of an enzyne SOlﬁé on of the follomﬁng conposi tion which was pre-incubated
at 44C for es was add¥a® The conposition of the enzyne solution (in

terns of the concentrations in the fipal volyme of 30 pL) 10 2. 0% Sorbito
3.6 di g Bovine sBFﬁﬁ%;ESGnWﬁtiﬁz BETYO ep8ﬂ9H§F§§Bt(e bco) 6.4 U AW

t Takara,B 15.Distilled water f | ume
) st rent (4) SUBLORIENEFSCCLRE POLEEHBSSHFRE! SRECPACERoA AL FuRBE  wer o

directly gonitored.al, 4484 8 ot DerMRSLatiSe solution of the

following composition which was pre-incubated at 44°C for
2 minutes was added.

The composition of the enzyme solution (in terms of the
concentrations in the final volume of 30 uL)

10 2.0% Sorbitol

3.6 ug Bovine serum albumin

142 U T7 RNA polymerase (Gibco)

6.4 U AMV reverse transcriptase (Takara Bio Co.,
Ltd.)

15 Distilled water for volume adjustment

{4) Subsequently, the reaction solutions in the PCR
tubes were directly monitored at 44°C in a thermostatic
fluorescent spectrophotometer at an excitation wavelength
of 470 nm and an emission wavelength of 520 nm.

20 (5) The rise time for each nucleic acid extract (the
time required until the ratio of fluorescence intensity
reached 1.2 times the sum of the negative average and
triple the standard deviation) is shown in Table 5.

These results indicate that the oligonucleotide
25 combination of the present invention specifically detects

M. intracellulare.



fl worescent spectrophotoneter at an excitation wavel ength of 470 nm and an
em ssion wavel ength of 520 nm 20 (5) The rise time for each nucleic acid
"extract (the tinme required until the ratio of fluorescence intensity
reached 1.2 tines the sumof the negative average and triple the standard
deviation) is shown in Table 5. These results indicate that the

ol i gonucl eoti de 25 conbi nati on of the present invention specifically
detects M intracellulare. - 29 Table ¥ Acid-fast bacterium sanpl eRi se
time (mn) MpmarinunN.D. MfortuitunN. D. M kansasii N. D
Mintracel | uF&P&%254 M peregri numN. D. M gordonaeN. D. M gastri N. D

M terraeN. DIANEJERQRE Nokk c N ThfT Sk ] RYS20RG Heomag@en! cur. D.

Nlabspessus MD' Qrfhﬁﬁfuidbeu”N.D. NitllVIdqu”?: M=t aeN. D

M af ri canumN-BD—
M. fortuitum N.D.
M. kansasii N.D.
M. intracellulare 12.4
M. peregrinum N.D
M. gordonae N.D
M. gastri N.D
M. terrae N.D
M. xenopi N.D
M. microti N.D
M. nonchromogenicum N.D
M. abscessus N.D
M. scrofulaceum N.D
M. triviale N.D
M. simiae N.D
M. africanum N.D
M. chelonae N.D
M. sgzulgai N.D
M. avium N.D.
M. tuberculosis N.D.

Table 5 shows the results of the measurements of the
nucleic acid extracts from acid-fast bacteria using the
oligonucleotide combination of the present invention.

s The results are represented in terms of rise time. N.D.
in the table that the sample gave no rise {(was not
detected) within 20 minutes. With the oligonucleotide
combination of the present invention, M. intracellulare
was detected specifically.

10 EXAMPLE 5

The specificity of the oligonucleotide combination of
the present invention for the nontuberculous acid-fast
bacterium Mycobacterium kansasil was confirmed.

(1) Colonies of various bacteria shown below were

15 suspended in distilled water for injection containing



M ehel onaeN. D. M szulgai N.D. MaviunN. D. M tubercul osisN. D. Table 5 shows
the results of the neasurenents of the nucleic acid extracts from
*acid-fast bacteria using the oligonucleotide conbination of the present
invention. 5 The results are represented in terns of rise tine. ND. in
the table that the sanple gave no rise (was not detected) within 20

m nutes. Wth the oligonucleotide conbination of the present invention, M
intracellulare was detected specificall30 10 EXAVPLE 5 The specificity of
the ol i gonucl eotide conbination of _the present invention for the

nont uber cul o@daREAENE asPoCcHAREER| B MyEbbaEHeY i ith RaAsasPradas (E8AN r med.
(1) Col onies of various bacteria shown_bel ow were 15 suspended in,
distilled wal2f For2iajesti Showdht &phi pgningbesguathen neiskriant+ and
stirred with glass beads (from 150 to 212 pm Sigm) for 5 mnutes. Then,
nucl ei ¢ aci dWagasxexarbedefir PRoFIEhee el FUSDEPEASNENY 1Nt RXEXRE8en
(Tosoh) to obtain acid-fast bacteria nucleic acid 5 extracts.. List of the
test sanpl es{TeFohar FauabPraToaoddy fapt bPactarianiua¥etcessgiy M kansasi

(ATCC 12478)
5 extracts.

List of the test samples
M. marinum (ATCC 927)

M. fortuitum (ATCC 6841)

=

kansasii (ATCC 12478)
10 intracellulare (ATCC 13950)
peregrinum {(ATCC 14467)
gordonae (ATCC 14470)
gastri (ATCC 15754)

terrae (ATCC 15755)

15 xenopi (ATCC 19250)

microti (ATCC 19422}
nonchromogenicum {(ATCC 19530)
abscessus (ATCC 19977)
scrofulaceum (ATCC 19981)

20 triviale (ATCC 23292)
simiae (ATCC 25275)
africanum (ATCC 25420)
chelonae {(ATCC 35752)

szulgai (ATCC 35799)

2 =2 2 2 2 B R R R

25 avium {(clinical isolate)
Mycobacterium tuberculosis (clinical isolate)

(2} 20 ul portions of a reaction solution of the



10*M intracellu
(ATCC 14470) M
"(ATCC 19250) M
abscessus (ATCC
23292) M sim ae
35752) M szulg
Mycobacteriumtu

PR tubes (&abd

| are (ATCC 13950) M peregrinum (ATCC 14467) M gordonae
gastri (ATCC 15754) M terrae (ATCC 15755) 15 M xenopi
mcroti (ATCC 19422) M nonchrornogeni cum (ATCC 19530) M
19977) M scroful aceum (ATCC 19981) 20 M triviale (ATCC
(ATCC 25275) M africanum (ATCC 25420) M chel onae (ATCC

ai (ATCC 35799) 25 M avium (clinical isolate)

bercul osis (clinical isothte) (2) 20 pL portions of a

n of the - 31 .follow ng.conposition were di spensed into
OFEPI0CETROSIEIAG KB CTRAAPRARFEd L RERC ECEN TPRBSS . Per ki n

Elmer), and 5 pL of, th@ Bucleic acid ext%gcts %gr added thereto. 5 The
ti F%t

conposi ti on OF2PRELF¥a

the final volu
chl oride 100F

adde
5 The

conc
10
15

NO:1

oS oPEFo AP ANt Er Hg Feactdrderd i‘ons in
,of _30 L) 60 Tris-HCLl. buffer ng 8”%) 17 mM Magnesi um
PBtg Behihy c B ﬁdgL of the nuclelic acid extracts were

d thereto.

composition of the reaction solution (in terms of the

entrationg in the final volume of 30 ulL)

60 mM Tris-HC1l buffer (pH 8.6)

17 mM Magnesium chloride

100 mM Potassium chloride

6 U RNase Inhibitor (Takara Bio)

1 mM DTT

0.25 mM each of 4AATP, d4dCTP, dGTP and dTTP

3.6 mM ITP

3.0 mM each of ATP, CTP, GTP and UTP

0.16 uM First oligonuclectide {(MYR-1S-10, SEQ ID

0, having an aminated hydroxyl group at the 3’ end)

1.0 uM Second oligonucleotide (MYR-1FK-10, SEQ

ID NO:18, wherein the region from “A” at position 1 from

the
20 regi

tO "

NO:8

25 fluo

havi

posi

5’ end to “A” at pogition 22 is the T7 promoter

on, and the subsequent region from “G” at position 23
A" at position 28 is the enhancer sequence)

1.0 uM Third oligonucleotide {(MYR-3RK18, SEQ ID
)

25 nM Oligonucleotide labeled with a

rescent intercalative dye (YO-MYR-S-G, SEQ ID NO:9,
ng an intercalative dye ags the label between “A” at

tion 7 from the 5’ end and “G” at position 8 and a



10-6 U RNase Inhibitor (Takara Bio) 1 nmm DIT 0.25 nM each of dATP, dCTP,
dGTP and dTTP 3.6 mMITP 3.0 mM each of ATP, CTP, GIP and UTP 15 0.16 pM
"First oligonucleotide (MYR-1S-10, SEQ ID NO 10, having an am nated
hydroxyl group at the 3' end) 1.0 PM Second oligonucl eotide (MYR-1FK-10,
SEQ I D NO 18, wherein the region from"A" at position 1 from the 5 end to
"A" at position 22 is the T7 pronoter 20 region, and the subsequent region
from"G at position 23 to "A" at posttB®Bn-28 is the enhancer sequence)
1.0 PM Third oligonucl eotide (MYR-3RK18, SEQ ID NO 8) 25 nM
A i gonucl eot ingelricadyd! edomict meal 125 fd wurtds gamcditceegaldatatvely 3 * end)
(YOMYR-S-G SEQ ID NO 9, having an intercalative dye as the |abel between
"A" at positionl3¥romthe BMSend and "G' at position 8 and a - 32
hydroxyl group nodified with glycolic acid at the 3' end) 13% DMSO
Distilled water fDastidllade wadiers thieentvol3meTlaeljusdsmendn sol uti ons were
incubated at 44C for 5 5 minutes, and 5 pL of an enzynme solution of the
f ol | owi ng conposi{BiloThghirsizardorpseliutdgbst epret pegbded athiddittes aras
added. The conposition of the enzyme solution (in terns of the
concentrabi orks miimuties .f iamal Svollumd 6 3MmZpme solution of the
following composition which was pre-incubated at 44°C for
2 minutes was added.
The composition of the enzyme solution (in terms of the
concentrations in the final volume of 30 ulL)
10 2.0% Sorbitol
3.6 ng Bovine serum albumin
142 U T7 RNA pclymerase (Gibco)
6.4 U AMV reverse transcriptase (Takara Bio)
Distilled water for wvolume adjustment
15 (4) Subsequently, the reaction solutions in the PCR
tubes were directly monitored at 44°C in a thermostatic
fluorescent spectrophotometer at an excitation wavelength
of 470 nm and an emission wavelength of 520 nm.
(5) The rise time for each nucleic acid extract (the
20 time regquired until the ratio of fluorescence intensity
reached 1.2 times the sum of the negative average and
triple the standard deviation) is shown in Table 6.
These results indicate that the oligonucleotide
combination of the present invention specifically detects

25 M. kansasii and M. gastri (which has the same 16S rRNA as

M. kansasii).



10.2.0% Sorbitol 3.6 |ag Bovine serumal bum n 142 U T7 RNA pol yner ase

(G bco) 6.4 U AW reverse transcriptase (Takara Bio) Distilled water for
*volume adj ustnment 15 (4) Subsequently, the reaction solutions in the PCR
tubes were directly nonitored at 44Cin a thernostatic fluorescent
spectrophotoneter at an excitation wavel ength of 470 nm and an em ssi on
wavel ength of 520 rim (5) The rise time for each nucleic acid extract (the
20 time required until the ratio of flu@®scence intensity reached 1.2
times the sumof the negative average and triple the standard devi ation)
is shown in Tabll.e 6. These results indi cate that the ol i gonucl eot i de

and Moot PRCLIREERLnaaC Ao Lag ot g s (ARG il WSRah () - 35 Table 6
Aci d-f ast bt emﬁﬁhil‘élérml eRise time (nin) M nbrPrund. D | M fort ui t uni. D,
M kansasi i 1BM4 fbrhuitesl | ul areN. D. M peregriNuBN.D. M gor donaeN. D.
M gastri 11. PM. NkapsaagiN. D. 13.4

M. intracellulare N.D

M. peregrinum N.D

M. gordonae N.D

M. gastri 11.9

M. terrae N.D

M. xenopi N.D

M. microti N.D

M. nonchromogenicum N.D

M. abscessus N.D

M. scrofulaceum N.D

M. triviale N.D

M. similae N.D

M. africanum N.D

M. chelonae N.D

M. szulgail N.D

M. avium N.D

M. tuberculosis N.D

Table 6 shows the results of the measurements of the
nucleic acid extracts from acid-fast bacteria using the
oligonuclecotide combination of the present invention.

5 The represented in terms of rise time. N.D. in the table
that the sample gave no rise (was not detected) within 20
minutes. With the oligonucleotide combination of the
present invention, M. kansasii and M. gastri were
detected specifically.

10 As described above, the detection method of the
present invention is useful for specific and high-
sensitive detection of the 16S rRNAs from specific acid-
fast bacteria.

The oligonucleotides of the present invention are not

15 restricted to the base seguences (consisting of 18 bases



M xenopi N.D. M mcroti N.D. M nonchronogeni cumN. D. M abscessusN. D.

M scroful aceunN.D. MtrivialeN.D. MsimaeN D. Mafricanunm\. D.

"M chel onaeN. D. M szulgai N.D. MaviunN. D. Mtubercul osisN. D. Table 6 shows
the results of the neasurenents of the nucleic acid extracts from

aci d-fast bacteria using the oligonucleotide conbination of the present
invention. 5 The represented in terns of rise time. ND. in the table that
the sanple gave no rise (was not detecte#d within 20 mnutes. Wth the

ol i gonucl eoti de _conbination of the present invention, M kansasii and M
gastri were Ct@etéctegespesihPivaliny theo Sagugaser Lhed iavorad mey &t ecti on
met hod of the_ present invention is useful for _specific and high- sensitive
det ecti on of CLRECIFSLERNAS S, SRNSEEEINGC Cdcipd fLassthddt sonsechidve

ol i gonucl eotides of the present invention are not is restricted to the
base sequencB&SEEondi $ER§ SEIVENEESednd baver gxzepgdeshishown in the

Sequence Listing.and may be o i
specificity for the target nucleic acid. These

5 oligonucleotides or oligonucleotides consisting of at
least 10 consecutive bases in them have enough
specificity for the target nucleic acid as primers or
probes at relatively low temperatures (preferably 44°C)
and the use of the oligonucleotides of the present

10 invention obviously enables isothermal amplification and
detection of the rRNA (at relatively low temperatures).

The entire disclosure of Japanese Patent Application
No. 2002-368230 filed on December 19, 2002 including
specification, claims, drawings and summary is

15 incorporated herein by reference in its entirety.



ol kgonucl eoti des consisting of at |east 10 consecutive bases in these
sequences and have extrenely high specificity for the target nucleic acid.
These 5 oligonucl eotides or oligonucl eotides consisting of at |east 10
consecuti ve bases in them have enough specificity for the target nucleic
acid as prinmers or probes at relatively |ow tenperatures (preferably 44C)
and the use of the oligonucleotides of the present 10 invention obviously
enabl es isothermal anplification and det®ction of the rRNA (at relatively
| ow tenperatures). The entire disclosure of Japanese Patent Application
No. 2002- 36823aItMS:ed on Decenber 19, 2002 including specification,

clainms, drawings and summary is 15 incorporated herein by reference in its
entirety. - 35 @LAEMBod df Aetrechddgok deeectiingaaisipdeisti baatied-ifuast
bacterium wherein prinmers having nucl eoti de sequences honol ogous or

conpl enent ar yhegetihe pypeeirki bavégigonscileot-hider RN4sieafc eishd&ohodpeeifd ©r

aci d-fast bacteriumare used to specifically anplify only the rRNAs of the
speci fi c aci gofipdemebietrsr itgmthe, specilfiigomeglieatsi de e DNNAS afgathiecon
which binds to a specific region of the 16S rRNA of Mycobacterium 10

t uber cul 0%i s sard ifansistis-6Rsat bacssriug agel aseddés ispecgiftiterl1SEQ | D NO. 1
or SEQID NGO 2. 3. An oligonucl eotide for DNA el ongati on which binds to a
speci fic regp@prlefyt RalyeSheRKRNSE afnsheubpecdlfdgs acid-fast

bacterium.
2. An oligonucleotide for DNA elongation which binds to
a specific region of the 16S rRNA of Mycobacterium

10 tuberculosis and consists of at least 10 nucleotides in
either SEQ ID NO:1 or SEQ ID NO:2.
3. An oligonucleotide for DNA elongation which binds to
a specific region of the 16S rRNA of a nontuberculous
acid-fast bacterium, Mycobacterium avium, and consists of

15 at least 10 nucleotides in either SEQ ID NO:3 or SEQ ID
NO: 4.
4. An oligonucleotide for DNA elongation which binds to
a specific region of the 16S rRNA of a nontuberculous
acid-fast bacterium, Mycobacterium intracellulare, and

20 consists of at least 10 nucleotides in either SEQ ID NO:5
or SEQ ID NO:6.
5. An oligonucleotide for DNA elongation which binds to
a specific region of the 168 rRNA of a nontuberculous
bacterium, Mycobacterium kansasii, and consists of at

25 least 10 nucleotides in either SEQ ID NO:7 or SEQ ID NO:8.
6. A detection method using an RNA amplification step

for amplifying the 1635 rRNA from a specific acid-fast



acird-fast bacterium Mcobacteriumavium and consists of 15 at |east 10
nucl eotides in either SEQID NO3 or SEQID NGO 4. 4. An oligonucleotide
"for DNA el ongation which binds to a specific region of the 16S rRNA of a
nont uber cul ous aci d-fast bacterium M/ cobacteriumintracellulare, and 20
consists of at least 10 nucleotides in either SEQID NO5 or SEQ ID NO 6.
5. An oligonucl eotide for DNA el ongation which binds to a specific region
of the 16S rRNA of a nontubercul ous bactferi um Nycobacteriun1kansasii, and

Cors! =t O, Bheferh ke RanHShERLALE e B 5R SRS PP
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(e, oul {ng, ENVERNL A0 gy cSLUENLIY afeSteVlE Doyl g boruel sece

D2V o9 R bt OWDLELaPAGLENG ol €0 £8A DE LEBNREL DELLL Nhila - Bl TRO ggfm' ogous

or conplenenta sequence by usin Fanded
e 50 2 LB By Assseen sy VS IREIOEEL D goLimgep, o
acts as a tepplatg Linbhe-SUPSRIYE™SNA, forming a double-stranded DNA
having a promoter sequence which can be transcribed into
an RNA homologous or complementary to the specific

10 segquence by using the single-stranded DNA as a template
by the action of a DNA-dependent DNA polymerase, and then
transcribing the double-stranded DNA into an RNA
transcript, which acts as a template in the subsequent
cDNA synthesis by the RNA-dependent DNA polymerase,

15 wherein a first primer containing a sequence homologous
to part of the 168 rRNA from the specific acid-fast
bacterium to be amplified and a second primer containing
a sequerice complementary to part of the 165 rRNA from the
specific acid-fast bacterium to be amplified (either of

20 which additionally has a promoter seguence for the RNA
polymerase at the 5’ end) are used.

7. The method according to Claim 6, wherein the specifip
acid-fast bacteria is Mycobacterium tuberculosis, the
first primer consists of at least 10 consecutive

25 nucleotides in SEQ ID NO:1 or in the sequence
complementary to SEQ ID NO:1, and the second primer

consists of at least 10 consecutive nucleotides in SEQ ID



CcDNA synt hesis by the RNA-dependent DNA pol ynerase, 15 wherein a first
primer containing a sequence honol ogous to part of the 16S rRNA fromthe
"specific acid-fast bacteriumto be anplified and a second pri ner
containing a sequence conplenmentary to part of the 16S rRNA fromthe
specific acid-fast bacteriumto be anplified (either of 20 which
additionally has a pronoter sequence for the RNA polynerase at the 51 end)
are used. 7. The nethod according to Gai™m®6, wherein the specific

aci d-fast bacteria is Mycobacteriumtuberculosis, the first prinmer

consi sts of &:Reast in0thensecuenge 2Bmplelenttiadas tion SSEQICDNNG2L or in the
sequence conplenentary to SEQID NGO 1, and the second priner consists of
at | east 10 &ons@bet heshadchesrirdéngi hoSEQaLD &.3WheNeiR Ghei spelsd fdequence
conplenmentary to SEQ ID NO 2. 8. The nethod according to Caim6, wherein

t he speci fi cacadi-fapgsbasierdumuisi dynpbolbierenmavavrumthehd iftistst  pri mer
consists of at |east 10 consecutive nucleotides in 5 SEQID NGO 3 or in the
sequence conpkément arysistSEQLI Bt Neast afdcrhsesusdivg pricheotddlesi sis of
at least 10 consecutive nucleotides in SEQ 1D NO 4 or in the sequence
conpl enent ar PER0 IBERCI D RO 41t gheThedmenked capedediengary ¢oaiSkO IDwher ei n
the specific 10 acid-fast bacteriumis Mycobacteriumintracellulare, the
first primerNodsi anel sheaperenst proresnseagiiste chudltedeiddds 1idn SEQ I D

NO 5 or in the sequence conplenentary to SEQ ID NO 5, and_the second
pri ner consecutive nucleotides in SEQ ID NO:4 or in the sequence

complementary to SEQ ID NO:4.
9. The method according to Claim 6, wherein the specific
10 acid-fast bacterium is Mycobacterium intracellulare, the
first primer consists of at least 10 consecutive
nucleotides in SEQ ID NO:5 or in the sequence
complementary to SEQ ID NO:5, and the second primer
consists of at least 10 consecutive nucleotides in SEQ ID
15 NO:6 or in the sequence complementary to SEQ ID NO:6.
10. The method according to Claim 6, wherein the specific
acid-fast bacterium is Mycobacterium kansasii, the first
primer consists of at least 10 consecutive nucleotides in
SEQ ID NO:7 or in the sequence complementary to SEQ ID
20 NO:7, and the second primer consists of at least 10
consecutive nucleotides in SEQ ID NO:8 or in the sequence
complementary to SEQ ID NO:8.
11. The method according to any of Claims 6 to 10, which
comprises conducting the RNA amplification step in the
25 presence of an oligonucleotide probe (having a sequence
different from those of the first primer and the second

primer) which can specifically bind to the RNA transcript



consists of at |east 10 consecutive nucleotides in SEQID 15 NO6 or in the
sequence conplenentary to SEQ ID NO 6. 10. The nethod according to C aim6,
"wherein the specific acid-fast bacteriumis My cobacterium kansasii, the
first primer consists of at |east 10 consecutive nucleotides in SEQID
NO 7 or in the sequence conplenentary to SEQ ID 20 NO 7, and the second
priner consists of at |least 10 consecutive nucleotides in SEQID NO8 or
in the sequence conplenentary to SEQA1 DNOG 8. 11. The method according to
any of Clains 6 to,10, whic conpri ses conducting the RNA arrpllflcatlon
step in the r@%HLFé@@nEEOEftBﬁ 6mpgbﬁa€ﬁébppdén6réﬁeleﬁséﬁﬁgwa Eeaaence

di fferent frgg\those of the flrg primer and the second Erlmer whi ch can
speci fically PAECEo T he  RRAL FR ﬁEE:V?p Ye. séndr’é§6FPFhagf Bf £henge
anplification and i I abel ed w tg | uorescent intercal ative dye, and
neasuri ng théncﬁgﬂg uPﬁeFﬁﬁn??u F@@c% Eer FRGM PReSPeHELPBN sol ution. 12.
The et hod a dang to, ClLaim 11<’:1 wherein.the i ol i gonucl eot i de | abel ed
with a fl uor e ReERed| aFFoEdingetPsClRiPghtd YROCR§HRI B'%e with at

Liﬁffd."?;%.%ﬁ@?%nuw refth 3&%@@%%%5 (6 EHiPResSRhnirEPRCRhBC TS
Ceauonce cory St 1 aguoh 8F-tokpl BKEREAT po LAl oF oRSEot0baBheBEuETFo
nucl eoti des ﬁﬁAS%¥%£gE%§L EQEENQFSL£§TIPfhorescence upon
hybridization.
13. The method according tc Claim 12, wherein the
10 oligonuclecotide labeled with a fluorescent intercalative
dye has a sequence consisting of or complementary to at

least 10 consecutive nucleotides in SEQ ID NG:9.



<110> TOSOH cor poration <120> METHOD OF DETECTI NG AClI D- FAST BACTERI A USI NG
Rl BOSOVAL RNA AS TARGET <130>211-0934 <160>18 <210>1 <211>23 <212> DNA
"<213> Artificial Sequence <220> <223> MYR-1F-10-T7 <400> 1 cggaaaggtc
tcttcggaga tac <210> 2 <211> 18 <212> DNA <213> Artificial Sequence <220>
<223> MYR- 3RT18 <400> 2 acaagacatg catcccgt <210> 3 <211> 23 <212> DNA 23
18 <213> Artificial Sequence <220>

SEQUENCE LISTING

<110> TOSOH corporation

<120> METHOD OF DETECTING ACID-FAST BACTERIA USING RIROSOMAL
RNA AS TARGET

<130> 211-0934

<160> 18

<210> 1
<211> 23
<212> DNA

<213> Artificial Sequence

<220>
<223> MYR—1F—10—T¥%

<400> 1
cggaaaggtc tcttcggaga tac 23

<210> 2
<211> 18
<212> DNA

<213> Artificial Sequence

<220>
<223> MYR—3RT18

<400> 2

acaagacatg catcccgt 18

<210> 3
<211> 23
<212> DNA



<223> MYR-1FA-10-T7 <400> 3 cggaaaggcc tcttcggagg tac <210> 4 <211> 18
<212> DNA <213> Artificial Sequence <220> <223> MYR- 3RA18 <400> 4
"agaagacatg cgtcttga <210> 5 <211> 23 <212> DNA <213> Artificial Sequence
<220> <223> MYR-1FI-10-T7 <400> 5 cggaaaggcc ccttcggggg tac <210> 6 <211>
18 <212> DNA 23 18 23 <213> Artificial Sequence <220> <223>MYR- 3R118

<213> Artificial Sequence

<220>
<223> MYR—1FA—10—T7%7

<400> 3
cggaaaggcce tctteggagg tac: 23

<210> 4
<211> 18
<212> DNA

<213> Artificial Sequence

<220>
<223> MYR—3RA18

<400> 4
agaagacatg cgtcttga 18

<210> 5

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> MYR—1FI—10—T7

<400> 5
cggaaaggcec cctteggggg tac 23

<210> 6
<211> 18
<212> DNA



<400> 6 taaagacatg cgcctaaa <210> 7 <211> 23 <212> DNA <213> Artificial
Sequence <220> <223>MYR- 1FK-10-T7 <400> 7 cggaaaggtc tcttcggaga cac <210> 8
*<211> 18 <212> DNA <213> Artificial Sequence <220> <223>MYR- 3RK18 <400> 8
acaaggcat g cgccaagt <210> 9 <211> 20 <212> DNA 18 23 18 <213> Artificial
Sequence <220> <223>YO MYR- S- G <400> 9

<213> Artificial Sequence

<220>
<223>MYR—3RI18

<400> 6

taaagacatg cgcctaaa 18

<210> 7
<211> 23
<212> DNA

<213> Artificial Sequence

<220>
<223>MYR—1FK—10—T7

<400> 7
cggaaaggte tcettcecggaga cac 23

<210> 8
<211> 18
<212> DNA

<213> Artificial Sequence

<220>
<223>MYR—3RK18

<400> 8
acaaggcatg cgccaagt 18

<210> 9
<211> 20
<212> DNA



agacccagtt tcccaggctt <210> 10 <211> 24 <212> DNA <213> Artifici al
Sequence <220> <223>MYR-1S-10 <400> 10 tttccgttcg acttgcatgt gtta <210> 11
*<211> 24 <212> DNA <213> Artificial Sequence <220> <223>MIR-1S <400> 11
tttcccaggc ttatcccgaa gtgec <210> 12 <211> 51 <212> DNA 20 24 24 <213>
Artificial Sequence <220> <223>MIR- 1F <400> 12 aattctaata cgactcacta

t agggagagg gaaactgggt ctaataccgg a 51

<213> Artificial Sequence

<220>
<223>YO—MYR—S—G

<400> 9
agacccagtt tcccaggctt 20

<210> 10
<211> 24
<212> DNA

<213> Artificial Sequence

<220>
<223>MYR—15—10

<400> 10
tttecgtteg acttgcatgt gtta 24

<210> 11
<211> 24
<212> DNA

<213> Artificial Sequence

<220>
<223>MTR—185

<400> 11
tttececagge ttatcccgaa gtge 24

<210> 12
<211> 51
<212> DNA



<210> 13 <211> 51 <212> DNA <213> Artificial Sequence <220>
 <223>M¥R- 1F- 10 <400> 13 aattctaata cgactcacta tagggagacg gaaaggtctc
ttcggagata ¢ 51 <210> 14 <211> 20 <212> DNA <213> Artificial Sequence
<220> <223>MIR- 7R <400> 14 agaacccgga ccttcgtcga 20 <210> 15 <211> 20
<212> DNA <213> Artificial Sequence <220> <223>YO MI 16S-S- G <400> 15
ccacaagaca tgcatcccgt <210> 16 <211> 51 <212> DNA <213> Artifici al
Sequence

<213> Artificial Sequence

<220>
<223>MTR—1F

<400> 12
aattctaata cgactcacta tagggagagg gaaactgggt ctaataccgg a 51

<210> 13
<211> 51
<212> DNA

<213> Artificial Sequence

<220>
<223>MYR—1F—10

<400> 13
aattctaata cgactcacta tagggagacg gaaaggtctc ttcecggagata C 51

<210> 14

<211> 20

<212> DNA

<213> Artificial Segquence

<220>
<223>MTR— TR

<400> 14
agaacccgga ccttcecgtcga 20

<210> 15
<211> 20
<212> DNA



<220> <223>MYR- | FA-10 <400> 16 aattctaata cgactcacta tagggagacg gaaaggcctc
ttcggaggta ¢ <210> 17 <211> 51 <212> DNA <213> Artificial Sequence <220>
' <223>MYR- 1 FI - 10 <400> 17 aattctaata cgactcacta tagggagacg gaaaggcccc
ttcgggggta ¢ <210> 18 <211> 51 <212> DNA 20 51 51 <213> Artifici al
Sequence <220> <223>MYR-1 FK-10 <400> 18 aattctaata cgactcacta tagggagacg
gaaaggtctc ttcggagaca c 51

<213> Artificial Seguence

<220>
<223>YO—MT 165—-5—-G

<400> 15

ccacaagaca tgcatccocegt 20

<210> 16
<211> 51
<212> DNA

<213> Artificial Sequence

<220>
<223>MYR—1FA—10

<400> 16
aattctaata cgactcacta tagggagacg gaaaggcctc ttcggaggta c 51

<210> 17
<211> 51
<212> DNA

<213> Artificial Sequence

<220>
<223>MYR—1FI—10

<400> 17

aattctaata cgactcacta tagggagacg gaaaggcccc ttcggggdgta c 51

<210> 18
<211> 51
<212> DNA



«213> Artificial Seguence

<220>
<223>MYR—1FK—10

<400> 18
aattctaata cgactcacta tagggagacg gaaaggtctc ttcggagaca ¢ 51




