- 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 ribosomal 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 168 rRNA and the 59
RNA). Anong them the 165 rRNA is 10 used as a taxonom c mark for
classification of bacteria. The sequences of the 16S rRNAs from many
bacteria have been determ ned and stored in databases. Many test kits
using the 165 rRNA as the mark have been devel oped on the basis of

t hese sequence data. 15For genetic tests detecting certain acid-fast
bacteria such as Mycobacterium tubercul osis, Mycobacterium avi um and
Mycobacteriumintracel lul are, the use of distinctive regions of the
169 rRNA gene or the 165 rRNA sequence fromthe target acid-fast
bact eri um 20 whi ch di stinguish the target acid-fast bacteriumfrom -
2 - other acid-fast bacteria as DNA probes has been reported (for
exanpl e, patent document 1 and patent document 2) and is seen in
commercially available test kits. These kits are designed so that the
primers used for gene 5 anplification bind to regions comon to

aci d-fast bacteria. [Patent docunent 1] Japanese Patent No. 3116353

[ Patent docunent 2] Japanese Patent No. 2675723 It is known that

det ecti on of MmO iOF RETECTAVE A0IDaFART | BAGHERTAQ FSHEoRABPEPYAIM
tubercul osis, Mycobacterium avium M cobacteriumintracellulare or
Mycobact eri uB¥a AR JARGET genetic tests is |ess sensitive than that
by sel ective cultivation and, needs, hi gh sensitivit However,
because di stincti\& PEGEERS FHVFﬂEl%%gﬁéi?W %o f* Ee§88§i¥$€
acid-fast bacteriuymare_limt it e i f_.p :
sequences i s An eoq:sj’toérilcloéE P?eh?gﬁoéﬁglit%%te{%q %O%Tﬁergggg%fefcthe
obj ect of .the, present hakeathgn.is to 20 provide a sensitive genetic
test for 3etect|on of a specific acid-fast bacterium The present
inventors conducte@ exri@esh¥e tREERNES dendnsitingt thedeibosoma

nmet hod based on the 16S rRNA and reveal ed that the use of priners

whi ch bi nd t @amgicdes 25dcprreant obath did dsictradeerind dvcbughsr f or
the |l ow sensitivity because they also allow nontarget acid-fast
bacteria to awgaripmsonpBiFEeRid yhave Badet FENASt rﬁghe 235 rRNA, the

168 rRNA .and the 58 RNA). Among them, the 16S rRNA is

10 used as a taxonomic mark for classification of bacteria.
The sequences of the 16S 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
bagis of these sequence data.

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

20 which distinguish the target acid-fast bacterium from



- 3 - present inventors denonstrated that the use of priners specific
for a target acid-fast bacteriumallows only the target acid-fast
bacteriumto anplify and therefore makes it possible to specifically
detect the target bacteria 5 with a probe which binds to a region
common to acid-fast bacteria. The invention defined in Claim1 of the
present application provides a nethod of detecting a specific

aci d-fast bacterium wherein priners having nucl eotide 10 sequences
honol ogous or conpl enentary to the specific regions in the rRNAs of
the specific acid-fast bacteriumare use#sl 40 specifically anplify
only the rRNAsc%& the s g&ific aci d-fast__bacteriu Tge i nventio
defined in O aiffPsE dcihidagFcReheris &p A REPRTS B;P&v geo Lgporte

ol gonucl eot de chor LG ORGRLOTLEIY B AES 401 A SBEELALA. 5701 O

of the 16S rRNA © acterium tubercul osi's consi sts

| east 10 nucl eghiides ddenchhhebmiEzQibDINGailah1 SEQSEDING 2. THESe
invention defined in Claim3 of the present 20 application provides
an ol i gonucl eotkiitle 47 dEeMAcRedrgmitthol bid elribersissed foxpzayief i c
region of the 165, 1 RNA qof nont uber cul ous aci d-fast ,hacteri um
Mycobact eri &m ﬁ'ﬁ‘%h“ﬁ%oﬁgh%? %0 FPINETY EFEPOR hEEREGtTHes in

ei ther SEQ ID NO.3 0i, SEQ I D NG 4. 25The invention defined in aim4
of the present application provides an oligonucl eotide for DNA

el ongati on whi ch bipgentodécRed il Tapageosn mitchBend6581163%43- r RNA of
a nont ubercul ous aci d-fast bacterium M cobacteriumintracellul are,
and consists of atlRe&est decumenitedl iTaesnese AatreE BEQA4ISNG35 or SEQ

ID NO 6. The inventiqn glg Metqmjtlnd%g(i: rQOSOgrgJL_ [ﬁg%%é?ggsggd_%as _

appl i cation provides an I gonucl eot 1 de ongatron ich

binds to aispeshéidnrizehon & MeLibSeriRN t@beuneBigper cul ous
bacterium Mcobacterium kansasii, and consists of at |east 10

nucl eot i des i nMEcohrateSEDN | £ iNG. 7MyeolsROer DupNGrgraceThelduey ont i on

defined in Caim6 of the present. . . -
Mycc?bacter?umpkansasa.l by genetic tests is less sensitive

than that by selective cultivation and needs higher

sensitivity. However, because disgtinctive regions in the
15 165 rRNA of a specific acld-fast bacterium are limited,

the limited choice of probe sequences is an obstacle to

high sensitiwvity.

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 16S rRNA and
revealed that the use of primers which bind to regions

25 common to acid-fast bacteria accounts for the low
sensitivity because they also allow nontarget acid-fast

bacteria to amplify competitively. In addition, the



application provides a detection nethod using an RNA anplification
step for anplifying the 165 rRNA froma specific acid-fast bacterium
whi ch conprises synthesizing a cDNA by the action of an RNA-dependent
DNA pol ynmerase 15 by using a specific sequence in the 165 rRNA from
the specific acid-fast bacteriumpresent in a sanple as a tenpl ate,
degrading the RNA strand in the resulting RNA-DNA doubl e strand by an
enzynme having a ribonucl ease H activity Bo-give a single-stranded
DNA, form ng a double- 20 stranded DNA having a pronoter sequence

whi ch can be Pregsrdy iiysntors demRNAthahed ogeils Wie swgplodnimiaeyst o

t he specific sequence by using the single-stranded DNA _as a tenpl ate
by the acti onSRACH IINAYFe FetdeCLDRALA0Of §Fe iRt erdg BHdifws only the
transcribing the double-stranded DNA 25 into an RNA transcrjpt, i ch
acts as a t enfiEHEE [F e S b BGHER LKA LURE b Pi g foze’ malkes
RNA- dependent. DNA pal.ynerase, wherein.a first. prinmer_caontaining.
sequence - 511—1 %Oo%}%i ous £ eﬁér%%c%?1¥h%etl%%tr & r%tt %gcgﬁgélgfi C
aci d-fast :ba ' e i §k j Ter . co j3ni a
sequence Complatbit PR Barr SRRl SRRRY R, (EORLA RS
aci d-fast bacigrddpnto be 5 anplified (either of which additionally
has a pronoter sequence for the RNA polynerase at the 5 end) are
used. The invent i@ defehedonndeFamad 7iwfcldien gr efenheappkseati on
provi des the method according to Claim6, wherein the specific

aci d-f ast bactmylizxsts oy pobadtesi amméthedibef cldtesitdngt ke spercdtipri ner
consists of at |east 10 consecutive nucleotijdes in SEQID NO 1 or in
t he sequence &bl iEFEnLaCFerdUBEQREF N BT T S BeviBgoRdCprPhife
consi sts of at |east 1g£cotlsecutive nucl eotides in S in

EO I D NG, 2.
Che segudlie Rashiras, Paro LPGoRE T [ Ay BSrS ATy ['RvEdE! BRCGEFiRed [ n
d ai 8 of t | ] i i it , i .
Qo me Cinerediacih T8 LERAL Ol PORY! 5. A1G: HRGRORBECBRHLD0: MY
avium the fifyd JdaRE %g@&iﬂéai)iyaéméﬁ?ﬁ} oHlCeRECCHITAESF the

nucl eotides in SEQ 1D NGO 3 or in the sequence 20 conplenentary to SEQ
I D NO 3, and dgwivaeondifrifaet baosésiwm of at |[east 10 consecutive
nucl eotides in SEQ 1D NO 4 or in the sequence conplenmentary to SEQ ID
NG 4. The invent iTlve defentionnd€fmed dirofClizia Br eSehheappeéenti on
provi des the method according to Claim6, 25 wherein the specific

aci d- f ast*ShacF@riigationvpeopaceer el emcdigotigdee forhBNR| r st pri ner
consi sts of aLl | east, 10 ﬁonﬁecut' ve_nucl eoti,des in SEQ | I\EIS oL in

whic the 168

t he sequencee-pqgaplon binds to a speciric regiomd o
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 oligonucleotide for DNA

elongation which binds to a specific region of the 168



conplenmentary to SEQ ID NO 5, and the second prinmer consists of at

| east 10 consecutive nucleotides in SEQID NO 6 or in the sequence
conplenentary to SEQ ID NO 6. The invention defined in Caim 10 of
the present 5 application provides the nethod according to O aim 6,
wherein the specific acid-fast bacteriumis M/cobacterium kansasii,
the first prinmer consists of at |east 10 consecutive nucleotides in
SEQ I D NO 7or in the sequence conpl enentéry to SEQ ID NO 7, and the
second prinmer 10 consists of at |east -10 consecutive nucl eotides in
SEQ | D NO 8 &iRlNM afhe segtivhescebaps et =fast PasteripmNO 8. The
invention defined in Caim11 of the present_appli,cation provides the
met hod accor df@Res tesy Ul 1efapngleutarao, atthicnsdsipr PEest chbRdtictthg

he RNA 15 i fi i , j f i I id

L eoe Cha oo 20 51 BPebDn: S T SRDSE o BB, 9l BBTS] o0t 95,

the second primem) Wai.ch can ?&Sfiﬁ%f?:ﬂ:l %J%iﬁldgt 9t Eﬁe% Lrapscript
|IF i's | abeled W th an ?

resulting fromthe anp Ircation an uor escent

20 i ntercgl atiyn ;due s ANG-BRAGEE | Y NGy SRANAR diBet e f hygr escence
fromthe reaction sol ution. The 1 nvention defined in Caim12 of

the present ajiphigedticanwiieri 88sds$ hes netdiad iaaeordyneant £ Gtge méd,
wherein the oligonucleotide |abeled with a fluorescent 25

i nt er cal at i verRiyze ofs adashgabdrtwl duyd rbed tzer: iwint, h Mtobaaséxrpamt of the
RNA transcript and alters its fluorescence upon hybridization. The

i nventi on defdamesdsiia, CRafinta@sbits -off at tleasi dfenucipptidesibm

provi des the nethod according to Caiml1l2, wherein the

ol i gonucl eot iSdEeEHEERI IR ¥R A ¥ uHRLIREMC Bt ercal ati ve dye has a
sequence _consi st | of or _conplenentary tq at | east %0 consecutive 5
nucl eotid8s in S %%I BEKefeton éegfnge.daf%sﬁgﬁmt ﬁ-eof%'o‘é TiHEBIT t he
respective ol 9qnu BBiﬁ Sviged 4 &S Bg ﬁ _cgn%ﬁ‘ef{m
anplified regallpg)n_s %%): ﬁevco inan:%lon g),m é?; the C i nat'i on
(b)J. The bageg1iikithe:dRSstEVrdasadia Sagkenas ( EenBagk Nom 283862)
are nunbered fromthe starting position of the 165 rRNA, and the
doubl e- headedpaxtidie nodficfset tiherttaghomshdicst cbRbriee®fsynthesizing
Mycobact eri um tubercul osis anong the 165 rRNAs from aci d-f ast
bacteria. Fi g cPNRsba thegatiie) gharoiipkiepkodeny PHe pekhmaemasis of
el ectrophoresis of RNA anplifjcation fromthe nucleic
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-
DNA double strand by an enzyme having a ribonuclease H
activity to give a single-stranded DNA, forming a doubie—
20 stranded DNA having a promoter seguence which can be
transcribed into 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 inte an RNA transcript, which acts as a template in the

subsequent ¢DNA synthesis by the RNA-dependent DNA

polymerase, wherein a first primer coritaining a sequence



acid extract sanple from acid-fast bacteria using the oligonucleotide
conmbi nations in Exanple 1. Lane 1: the positive standard of the 165

r RNA of Mycobacterium tubercul osis (104 copies). Lane 2: M mari num
Lane 3: M 20 kansasii. Lane 4: M intracellulare. Lane 5: M
gordonae. Lane 6: M gastri. Lane 7: M terrae. Lane 8. M xenopi.
Lane 90 M mcroti. Lane 10: M nonchronogenicum Lne 11: M

scrof ul aceum Lane 12: M africanum Lang 43: M szulgai. Lane 14: M
avium Lane 25 15: M tuberculosis. Lane N negative_control

(cont ai ni ng thsanadidagerst tion®aERdAOBf tle ntked eITPé\TPa rd’”b%@ﬁaé??ﬂﬁh%

nol ecul ar wei ght_ nmarker was OX174/ Hael Il _ - di_gest Mar ker
Ni ppon- Gene) a(q_%éamt b?ﬁéeéF%méol%leelﬁlﬁél E&r@gé §F Pﬂ‘é prlmer

[ifi t duct fi || db
oy n;f?o'ni%ﬁvr%a%éa%u%f’é%%m‘a%%e Jorl gy i pade aF FREPEES' v
, th d t I f
Speti 11 ¢ bandeoAatin BE bEEESE %}12% e A s L £ B B8 Uber cul ous
aci d- f ast shagheyija M (ta_eabﬁéfuwsmmﬁ/la@éfﬂlqaﬁqmyaaqs'\/g &hotéy and

M rmari num gave specific bands. 10 is a graph correlating the

reaction ti myRpdndee fb&uehesmemcleoﬁﬂﬁwww tHeCOMPanY) Ngr&Nbsed.
synthesis from M tul bercul osis suspensions in negative sputum at

initial concentr gheodavehtionnddf imd >l @8 adel [7sbE phe[ presetthe
conbination (a), (B): the conbination (b)]. 15 The conbi nati on (a)
and t he conblamhlmt(lb)l poavidelet dee me@oﬁamﬂc@réﬂngxmgscé@imsﬁa m_
(sputum and 4 cells/1 nm (sputum, respectively Now, t he
present i nveiSE®iRi [t?lebépﬁééé%‘i: bk § 1 aRdt é%aiCteer"Fhésp?%g%lPﬁCtemw“

|nvent|on na;é/?%%a Ilecsit of thre 5S r RNA. h&ilqu 1g;mfiothe
235 1 RVALO pr FBEEEIAF O ot ho™ b1 T HE™ Biba FSR 1885 PRATE chteie et have
been r.eporte%ho%%tcultqvgeﬁgélﬁét%%% el 3h WeR4T Bs of afe dsécgﬁnce
bacteria. 25The regions o stinctive 0 a spec
aci d-fast bacigpemen@Brpecbdenyifh aibhby, ianeshegabbpaat peihase
sequence obtained froma genetic data bank or - 9 - the like,
t hough, and tdegiare prefer abdyt the degicans ket neehcbatded Oiamnzkdase
200 (in the base sequence of the

NO:2 or in the sequence complementary to SEQ ID NO:2.

15 The invention 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 nucleoctides in SEQ ID ND:3 cor 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 sequence 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 sequence



165 rRNA from Mycobacteri um tubercul osis (GenBank No. Z83862)), nore
preferably the regi on between base 7 and 5 base 92 which corresponds
to SEQID NOS:1, 3, 5 and 7 and the region between base 183 and base
200 which corresponds to SEQID NCS:2, 4, 6 and 8 (wherein the bases
are nunbered fromthe starting position of the 165 rRNA from
Mycobact eri um tubercul osis in the sequence 10Z83862) . The
anplification step in the present inveatéon includes PCR, NASBA, 3SR
and TRC (for exanple, JP-A-2000- 14400). Especially, an isothernal
nucl ei ¢ aci d AR lemEdEdn tRe FABIIBURA: 2s AEbEAe FSRAFA PREVGKI ch 15

allows a 165 rRNA sequence by the_cooperative actiqgn of a reverse
transcript asecAREShF NAToLFREFaLl ¢ u%&ﬁﬁ]?ﬂﬁiﬁ°FF3ﬁ§ tRafEE nEP

reverse transgriptase and the RNA pol ase act cooperatively). The
t enper at ure isl\gcg’pq?e"fr_erlé’_ol % POMH'8B° oc%rﬁ,er?%t@ﬂ’ %ﬁe%?gi ébngbg _
particular 20 resphfd %'vf%ﬂtion et nlde RRoMa T 'o‘%”%ﬂeagPégéhEat' on
step, even if the specific sequence is not present at th end of
the 16S r%NAzadgsmclaﬁaﬁ_ornRﬁéo%aeQetﬁgméﬁ@@ etaecﬁcaih%g t8Nclaim 6,

ol i gonucl eoti de conpl enentary to a region of the 16S rRNA 25 of the
speci fi ¢ aci dpfaadirbatiesbuny vhi:chcihankst the Rriend 1ef M/hebapest fue
sequence with an overlap (of from1l to 10 bases) with the specific -
sequence to cltamexitihe the5firstOprim&NAaisidtes Bf endlebstheOspecific
sequence (by the action of an enzyne having a ribonucl ease H
activity) befersdautiiyeusuglgotifestonpiER el HG:Hex ARt Fhe seqgened
the nucleic acid_anplification. For the cleavage, an 5 .

ol i gonucl eot i YERBEISEGREY KO FBnkY ¥e: Tséthd thee seEPREoprimer

ol i gonucl eoti de f.or the cl eavagg i referred to have _a.chemcally.
o1 6d Hy dI SR EFodE CFol SaSanb) CCOTTa R SFCRyar o%eT ool IR
the 3 end sqs DO 10 cBLOBIALENEL B ilitrn 20, (10BBbOCH! 49, 01 L he
anplification product obtained in the nucleic acid anplification step

is preferably carheed n@dhtb¥nnBasidddid ke GhaNAe citNthBeptis@iescence
of the reaction solution during the anplification step in the

presence of apmlicgaival eebirdées atied etkittidd aaxdorddngs censnitSof
intercal ative dye, though it can be detected by conventional nethods
for detectioflsfimsudl &oclici whighecomprjorms csodugsingythe, Ry
exanpl e, an oligonucl eotide having a fluorescent intercal ative 9%5
linked t d%a 3CasiPoRFER 18 W RFISSIES CisaBheangoprcleotide

i leotide alters. its fl . f or mat on_of b
Cirand wi (P o HHcPCPEORRRE (5 HAR e eR OBy ERER B Okt d)

(hroush, | rasalgansgt L, Lok chbalel B i i, Coutl
separati on gpecifically 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 solution.
The invention defined in Claim 12 of the present
application provides the method according to Claim 11,
wherein the oligonucleotide 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



25 analysis (Ishiguro, T. et al., (1996) Nucleic Acids Res. 24 (24)
4992-4997). The sequence of the oligonucleotide is a sequence - 11 -
distinctive of a specific acid-fast bacteriumor common to acid-fast
bacteria without particular restrictions. But, it is preferably a
sequence consisting of or conplenentary to at |east 10 consecutive
bases in SEQID5 NO9. It is also preferred to chemcally nodify the
hydr oxyl group at the 3' end of the ol i-g6nucl eotide (for exanple, by
addi ng glycolic acid) to prevent elongation reaction using the

ol i gonucl eot | §8eaBrasprt mRR Ll IFRIsLomaPFIOViPea: thA AfkheretacIFsHISE tan
RNA having 10 _the sape sequence as the specifi¢_seguence_in the 165

rRNA of the sPeeiPi &2 actiETedt HWikcCdrOamicdRobade al¢hetrd Lt 2one

tube at tant t t ' t d be automated easily.
Now, the pr esERECFROEHRT GHEWIG 108 VFBASI f TEHTRIhEr Heiir by

referring to anpl \, e _pr i AV I i y no neans
restricted to§¥h§g€$§§§§¥$% aﬁ%ﬁg%.ﬁég%kPEE‘g %gg%§€$ficity of
the conbi natigps&ay+ {P)eghawn @Qein Fig. 1 for Mycobacterium

: Lde i

tubercul osis was verified. (1) Colonies of the follow ng bacteria
were suspended i npgysti ldiedravater 1bektiBhechE oph& ordaidHdigeguani di ne
i socyanate and stirred with glass beads (from 150 to 212 pm Signhg)
for 5 m nut escliemicherstiglas acied dasERampXésattadd f2 amad hhecel |
suspensions with Extragen (Tosoh) to obtain acid-fast bacterium
nucl ei ¢ aci d expiitied newionst [t(Ae :t &be sempiestion 1@}, MB)rarthgum

(ATCC 927) \ . .
combination (b}]. The bases in the 165 xRNA base

10 seqguence (GenBank No. Z83862) are numbered from the
starting position of the 165 rRN2A, and the double-headed
arrows indicate the regions distinctive of Mycobacterium
tuberculosis among the 16S rRNAs from acid-fast bacteria.

Fig. 2 is a (negative) photograph showing the results

15 of electrophoresis of RNA amplification £rom the nucleic
acid extract sample from acid-fast bacteria using the
oligonucleotide combinations in Example 1. Lane 1: the
positive standard of the 165 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 §:
M. Xenopli. Lane 9: M. microti. Lane 10: M.
nonichromogenicum. Lne 11: M. scrofulaceum. Lane 12: M,
africanum. Lane 13: M. szulgai. Lane 14: M. avium. Lane

25 15: M. tuberculosis. Lane N: negative control

{containing the diluent instead of a nuclelic acid

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



M kansasii (ATCC 12478) M intracellulare (ATCC 13950) M gordonae
(ATCC 14470) 5 M gastri (ATCC 15754) M terrae (ATCC 15755) M
xenopi (ATCC 19250) M mcroti (ATCC 19422) M nonchronogeni cum (ATCC
19530) 10M scroful aceum (ATCC 19981) M africanum (ATCC 25420) M
szul gai (ATCC 35799) M avium (clinical isolate) M/cobacterium
tubercul osis (clinical isolate) 15(2) 20 pL portions of reaction
solutions of the foll ow ng conposition were dispensed into PCR tubes
(capacity 0.5 nlL: Gene Anp Thin-Walled Reaction Tubes, Perkin El ner),
and 5 pL of tcHeestic¥arkerid Sipre Fanse (aaedli her&io arpews
solutions were prepared so as to_2Q contain,first, secgnd and third
ol i gonucl eot i@8dcahe BRe oPryen T ddts daldbéradifPrt AEaA i er cal ati ve

dye in the conbin tiOﬂls_ shown, i n, Tabl e .1. }e conposjtion of the
reaction sol GPREREIERNY P2 H1eF Y MHTEN &t FBRESTh YRe fi nal

I f 30 plL).2560 nmMIris-HCL f : 8. v I
\égl gmedg 100° :9%8{13%5'?1&%1% is%irilc en%u‘{le%% 1Ei %g 'Uli@is%lq W? g[r%l%'rpakara
Bio) 1 nVDIT Q. 25,0Meagh 9f dARR AchR: JdGtRaa8g e 8ddPs 3e Fo™ TP the

acid-fast bacteria gave specific bands, while in Fig.

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 4X10° 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/1 mL (sputum) and 4 cells/l mL
(sputum) , respectively.

Now, the present invention will be described in
detail.

20 The present invention may be applied to any of the 58
rRNA, the 168 rRNA and the 23S rRNa, preferably to the
16S rRNZ, because 16S rRNA seguences 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



53.0 mveach of ATP, CTP, GIP and UTP 0. 16 pMrirst oligonucleotide 1.0
pMsecond ol i gonucl eotide 1.0 pMrhird ol igonucl eotide 25

nMJd i gonucl eoti de | abeled with a 10 fluorescent intercal ative dye
13%OMS0O Distilled water for vol une adjustnment (3) The reaction
solutions were incubated at 44C for 5 mnutes, and 5 pL of an enzyne
solution of the 15 foll ow ng conposition which was pre-incubated at
44C for 2 m nutes was added. The conposi®i-en of the enzyne sol ution
(in terns of the concentrations in the final volune of 30 pL)

2. 0%Sor bi t ol BB 16Ky BEHPLEE. sepantBEYuRF S Hef QUePlyRURepSPYHBRASe

(I'nvitrogen) 6.4 UA%reverse ranscrjptase (Takara Bio Co., Ltd.%
Di stilled watRETHEs™ vaSene CadrdsPagnt 29% (1An Shss disenergucpre of the

reaction sol uj;‘{é)n%ﬁ ngt he gCRO%ubgs were %i}éfcg'lloy réDth o%ed aﬁ 440C
in a thermostsy FFuSFEE EXECSPEETT bRt St Sart CEREPEL M0
wavel ength  -gglhen qf  $LQNELARL 801§ 158 Q0 MY $eatl 8Ls229 MHa
5 base 92 which corresponds to SEQ ID NOS:1, 3, 5 and 7 and
the region between base 183 and base 200 which
corresponds to SEQ ID NOS:2, 4, 6 and 8 (wherein the
bases are numbered from the starting position of the 168
rRNA from Mycobacterium tuberculosls in the sequence
10 Z83862}).
The amplification step in the present invention
inecludes PCR, NASBA, 38R and TRC {(for example, JP-A-2000-
14400). Especially, an isothermal nucleic acia
amplification method such as NASBA, 3SR or TRC which
15 allows a 168 rRNA sequence by the cooperative action of a
reverse transcriptase and an RNA polymerase (under such
conditions 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
1658 ¥RNA, the 168 rRNA can be amplified by adding an
oligonucleotide complementary to a region of the 16S 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



(5) The rise time for each nucleic acid extract (the time required
until the ratio of fluorescence intensity reached 1.2 tines the sum
of the negative average and 5 triple the standard deviation) is shown
in Table 2. The results of el ectrophoresis (negative photograph) are
shown in Fig. 2. The rise tinmes indicated that the conbination (a)
usi ng an oligonucl eotide |abeled with a fluorescent intercal ative dye
for recognition detected 10 specificall g0tubercul ous aci d-f ast
bacteria (Mycobacteriumtuberculosis, M africanumand M mcroti)
and the conbirh¥A 6 by BSi agdt ok e GRARdIfdst BegusnRCehéLyr BNt

i nvention detected specifically tubercul oys acid-fast_bacterja
(Mycobact er i GRtEGPePEURBSPRZYIE BAVIARUAIPSRERdeRPenticRBEI Y1 M

i 6) The reqgi f the RNA I i,fi int ti
mer e dent i 1 PETOBS AbarSobSRRI S B pIALE o Sha beb ohcarigaihn
4% foll d b i i L h. SYBR. . Il {Tak i d
9 101 Loved B SLARLSAN R CLaRN.| (RKALS B Gluadiodiel N
combi nati en 3k goRREELEE fa@MBE | dh@ oD Qi ALOHUG! 5e"‘§é@ﬁ0btai' ed from
all the nucleic acid extracts, while in the case of the conbi nation

(b), tuberculseussaei d1fgshudpedeian (oW coRact epiHgt Ubepest Osisq 4
africanumand M mcroti) 25 gave clear specific anplification bands,

and M nmari nhavgavechericghly hamil fifed heydaepl/if geattbohfor -eddmple,- 16
- Table 1 shows the conbinations of the first, second and third

ol i gonucl eot ptegmandtedehyvdrerchlgtdurd dfethabél etindl sgormuciavttiade
used in Exanples rand_2 and the |lengths of the anplification products
obt ai ned by &iPRga5et REMR SR p2Ccis%E bands. The regions of the
respective conbiﬁgéio s of oli.gonucle tidgs and the i fied r.egions

. |
are | ocat®d on tH8“9%5¢ f FPESBAEREF PEAPTD %?%u S hown
i Fig. 1. T b Ay flsr St j | .
o nated hydeagy oot SEOEAEE e i leh S0RbORD L EPLIAR, Witriea

ol i gonucl eot pbgespPateRasLi 8 N CaRmrdi R RHd ki @pAtidYedad dhanks
pronoter region at the 5° end from"A" at position 1 fromthe 5 end

to "A'" at poskhtoboR2sahdtidre ditiseq et aaphaftest Safuenae o ame' G'
at position 23 to "A" at position 28. Anmong the 15 intercal ative
dye-| abel ed pregence| ebtdnles]iv@udledsds- GaPSES | WD NO, a 5l g saent
intercalative dye as the | abel between "C' at position_ 16 fromthe

5 end and® " CIUEErEREtEieh AR, 4MPued MirRCERAPE SERFIEFMO ) had an
intercal ative _dye as t | ahel. bet ween "A', at sition 7 20 fromthe
5 end_ana. * CEORTSphLPtT bl TotegoREa hotr Syt LGt 1 Tah
with glycoli i ' T fl i i .
MIR- 1S ( SEQ ?bgﬁi%qﬁie‘%é}gdnﬁg ba e%fSSI%t%g Eggﬁé‘p%s)% %ﬁ#&ﬂﬁ%”i‘%ﬁ%@é&%
NO 10, from hasendatornscde 25ttheasscopd QFd qoHdE Al des MIR-1F
(SEQ ID NO 12, from base 153 to base 175) MYR-1F-10 (SEQ I D NO 13,
from base 70phospiaseudBtom il it THe bhilidkeri gmuet) eati des
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 cbviates the need for separation
25 analysis (Ishigurec, T. et al., (1996) Nucleic Acids Res.

24 (24) 4992-4997).

The sequence of the oligonucleotide is a seguence



MIR-7R (SEQ I D NG 14, from 444 to base 463) MYR- 3RT18 (SEQ I D
NG 2, from base 183 to base 200) The intercal ative dye-| abel ed

ol i gonucl eoti des 5YO MI' 16S-S-G (SEQ I D NGO 15, from base 183 to base
202) YO MYR-S-G (SEQ ID NO 9, frombase 147 to base 166) Table 2
Aci d-fast bacteriumsanple Rise time (mn) Conbination (a)

Combi nation (b) M marinumN.D. 11.6 M kansasii N.D. ND. M
intracellulare NND. NND. M gordonae N D1 N D

distinctive of a specific acid-fast bacterium or common
to acid-fast bacteria without particular restrictions.
But, it is preferably a sequence consisting of or
complementary to at least 10 consecutive bases in SEQ ID
5 NO:9. It is also preferred to chemically modify the
hydroxyl group at the 3° eﬁd of the oligonucleotide (for
example, by adding glycolic acid) to prevent elongation
reaction using the oligonucleotide as a primer.
Thus, amplification and detection of an RNA having
10 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
15 further detall by referring to Examples. waever, the
present invention is by no means restricted to these
specific Examples.

EXAMPLE 1

The specificity of the combinations (a} and (b) shown
20 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
um, Sigma} for 5 minutes. fThen, nucleic acid was

25 extracted from the cell suspensions with Extragen (Tosoh)
to obtain acid-fast bacterium nucleic acid extracts.

List of the test samples



M gastri ND. ND. M terrae NND. NND. M xenopi N.D. ND. M
mcroti 28.2 8.5 M nonchronogenicum N.D. N.D. M scroful aceum N. D.
N.D. M africanum30.6 9.1 M szul gai

- 12 -
marinum {(ATCC 927)
kansasii (ATCC 12478)
intracellulare (ATCC 13950)
gordonae (ATCC 14470)
gastri (ATCC 15754)
terrae (ATCC 15755}
xenopi (ATCC 18250)
microti (ATCC 19422)
nonchromogenicum (ATCC 19530)
10 scrofulaceum (ATCC 19%81)

africanum (ATCC 25420)

szulgai (ATCC 35799)

avium (clinical isolate)

Mycobacterium tuberculosis {(clinical isolate)

15 (2) 20 pL portions of reaction solutions of the
following compogsition were dispensed into PCR tubes
(capacity 0.5 mL: Gene Amp Thin-Walled Reaction Tubes,
Perkin Elmer), and 5 pL of the nucleic acid extracts were
added thereto. 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-HC1 buffer (pH 8.6)

17 mM Magnesium chloride

100 mM Potassium chloride



NND. ND. M aviumN.D. NND. M tuberculosis 17.3 6.2 Table 2 shows
the results of the anal yses of the 10 nucl eotide extracts from

aci d-fast bacteria using the respective oligonucleotide conbinations.
The results are represented in terns of rise tinme. NND. in the table
i ndi cates that the sanple gave no rise (was not detected) within 60
mnutes with the conbination (a) or within 20 15 mnutes with the
conbi nation (b). Wth the conbi nati on—-ap, -t ubercul ous aci d-f ast
bacteria (Mycobacteriumtuberculosis, M africanumand M mcroti)
were detected, -6 1B - and wRKa@se henhsidrisiorat (Tgirags) Bieuber cul ous

aci d-fast bacteri aF&'II(\]/ycobact eriumtuberculosis, M africanumand M
mcroti) and M um wer ePHet ect ed EXAMPLE 2 5Mycobact eri um

t ubercul osi s at varl ous cell c nce atio utum e detected
with the combinat’h-ér (@‘) usﬁ@c E]I%éggt' %@Tpaﬁﬁﬁe‘é ™Wth a
fluorescent inter c%l %M ve dy or recognl zing the specificity and the
conbi nation (b) of e prese 10 i nventi on. (1) Mycobacterium

tubercul osi s suspersi NS conégé}{ncggp;r‘[rr_o%ﬁ ogﬂglgﬁdcl?rﬁs in 1 nm of

control sputumwere used as sanples measur ement

sensitivity |imty her WCobaﬁﬂﬂ_ m@&@m&@ga@ in sput um The
sanpl es 15 were treat ed with NALC, and then with guanidine isocyanate

and gl ass beads (if.0omml50 t os@dghdrgl iSiogum)lecatidenucl eic acid was
extracted fromthe resulting solutions with Extragen (Tosoh).
(2) 20 pL portiodsOohMa reacthord sgligonwgeleptife

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 pL of an enzyme solution of the
15 following composition which was pre-incubated at 44°C for
2 minutes was added.
The compogition of the enzyme solution (in terms of the
concentrations in the final volume of 30 pL)
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



20 foll owi ng conmposition were dispensed into PCR tubes (capacity 0.5
m.: Gene Anp Thin-Wal |l ed Reaction Tubes, Perkin Elnmer), and 5 pL of
the nucleic acid extracts were added thereto. The solutions were
prepared so as to contain first, second and third ol igonucl eoti des
and the 25 oligonucleotide |abeled with an intercal ative dye in the
conbi nati ens shown in Table 1. The conposition of the reaction
solution (in terns of the - 19 - coneem#rations in the final vol une
of 30 pL) 60 mMIris-HCL buffer (pH 8.6) 17 mvagnesium chl oride 120
mVPot assi um ¢Hi &i0d8ms snERRR s &} Hif ¢t (VPRI Offi 6% 019RMVDTT 0. 25
mveach of dATP, P,.  dGIP and, dTTP 3.6 T?.3.0 mvkeach of ATP, CT?,
GTP and UTP to0. 15 plBer E156] 0% RAHe PECASIRTAFLY Sxtract (the

| i I i.d ML i | | de | abel ith a fl .
't o7 ool at | ve o LERDRRD TSPt ot PIY G il 6% FOPOySEaRES act OETRENY

(3) The reacge%%h%ﬁl Yt hops Yer e d NeHbaled 1Al 44600 avalaydt &g and S
pL of an enzyne Ssolution of the
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 specifically tuberculous acid-fast bacteria
(Mycobacterium tuberculosis, M. africanum and M. microti)
and the combination (b) using the oligonucleotide of the
present invention detected specifically tuberculous acid-
fast bacteria (Mycobacterium tuberculosis, M. africanum
15 and M. microti) and M. marinum.

{6) The regions of the RNA amplified in the reaction
were identified by agarose gel electrophoresis {agarose
concentration 4%) followed by staining with SYBR Green IT
(Takara Rio). 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.



foll owi ng conposition which was pre-incubated at 44C for 2 m nutes
was added. 20 The conposition of the enzynme solution (in terns of the
concentrations in the final volune of 30 pL) 2.0%Borbitol 3.6 pg

Bovi ne serum al bumin 142 U T7 RNA pol ynerase (I nvitrogen) 256.4 UAW
reverse transcriptase (Takara Bio) Distilled water for vol une

adj ust nent (4) Subsequently, the rﬁﬁction solutions in the PCR

- 20 - tubes were directly nonitored at “24C in a thernostatic

f1 uorescent specfrophdt fneter at an excitation wavel ength of 470 nm
and an em ssion ngt h of 520 nm (5) The tine courses of the
rati o of fluoresicencel|5}inptensities of the sanples (fluorescence
intensity at a cerEg% ti e/ background fl uorescence intensity) from
addition of the |en sofution at 0 mnute were shown in Fig. 3, and
the results obtali ne ifh|the respective sanples were shown in Table
3. The results s fhat 10 the sensitivity limt of the detection
using the oligonyciiegti de| conbi nation of the present invention [the
conbi nation (b)] a4 te ls/1 m. (sputun) and hi gher than that
usi ng the conbin%?mmn qu using an intercal ative dye-| abel ed
ol i gonucl eot i de %R @pgni tion 15 of specificity [4X103 cells/1 nL
(sputum]. The rEesutt3 obtai ned with the oligonucl eotide conbi nation
of the present ijnventiofn |[the conbination (b)] and the sensitivity
limt of a conmer&ial ly|lavailable kit (Product nane: Anplicore
Mycobact eri um t usercl ¢sis| Roche 20 Diagnostics) are conpared in
Table 3. It is canfdrmad that the sensitivity limt of the reagent
usi ng the oIigon&bﬁéot&de conmbi nation of the present invention is
hi gh as conpar ed vz &|&0@| conmercial |y available kit.
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- 21 - Table 3 Nunber of M tuberculosis cells (cells/1 nL of
sputun) Detectability Conbination (a) Conbination (b) Commercially
avai l abl e kit 4X106 Det ected Detected Detected 4X105 Detected

Det ect ed Det ected 4X104 Det ect ed

10

15

20

25

- 16 -

Table 1 shows the combinations of the first, second
and third oligonucleotides and the intercalative dye-
labeled oligonucleotide used in Examples 1 and 2 and the
lengths of the amplification products obtained by using
them as specific bands. The regions of the respective
combinations of oligonucleotides and the amplified
reglons are located on the 16S rRNA from Mycobacterium
tuberculosis as shown in Fig. 1. The base sequences of
the first oligonucleotides had aminated hydroxyl groups
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 subseguent enhancer segquence
Erom “G* at position 23 to “A” at position 28. 2among the
intercalative dye-labeled oligonucleotides, YO-MT 168-5-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-S-G (SEQ ID NO:%) had an
intercalative dye as the label between “A” at position 7
from the 5'end and “G” at position 8, and they had
hydroxyl groups modified with glvcolic acid at the 3¢’ end.
The first oligonucleotides

MTR-1S (SEQ ID NO:11, from base 135 to base 158)

MYR-15-10 (SEQ ID NO:10, from base 52 to base 75)
The second oligonucleotides

MTR-1F (SEQ ID NO:12, from base 153 to base 175)

MYR-1F-10 (SEQ ID NOC:13, from base 70 to base 92)



Det ect ed Detected 4X102 Detected Detected Detected 4X102 N. D.
Det ected Detected 4X101 N.D. Detected N.D. 4 N.D. Detected N.D. o
N.D. N.D. N.D.

_.17..
The third oligonucleotides
MTR-7R (SEQ ID NO:14, from 444 to base 463)
MYR-~3RT18 (SEQ ID NO:2, from base 183 to base 200)
The intercalative dye-labeled oligonuclecotides
5 YO-MT 165-5-G (SEQ ID NO:15, from base 183 to base

202)

YO-MYR-8-G (SEQ ID N0O: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. zxenopi 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 of the analyses of the
10 nucleotide extracts from acid-fast bacteria using the
respective oligonucleotide combinations. 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 60 minutes with the combination {a) or within 20
15 minutes with the combination (b). With the combination
{a), tubercﬁlous acid-fast bacteria (Mycobacterium

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



Tabl e 3 shows the results of the neasurenments of the Mycobacterium
tubercul osis cells in sputumusing the respective oligonucl eotide
conbi nations [the conbinations 5 (a) and (b)] and a comrercially
avail abl e kit (product nane: Anplicore Mycobacteriumtubercul osis).
The conbinations (a) and (b) are considered to have succeeded in
detection when they gave a rise within 30 mnutes. The sensitivity
limt was 4X102 cells/1 nL (sputun) fer 180-the conbination (a), 4
cells/ 1 nL (sputum) for the conbination (b) and_4X102 cells/1 nL
(sputun) for amnd wikndhe sempinghitablle) kitubareapus geid-fastThe
specificity of the oligonucleotide conbination of 15 the present

i nvention forbat‘?‘r'@%t(g@éfé?bé%%l%iﬁé? ulRsser Munfif ¢ 6BRER PRGN

avi um was conf rmézd. a (1%1 Col oni es é)f vtaercitg_3 bacteria shown
bel ow were sd&paded ARt P s et &< 57 T5%ct i on cont ai ni ng
guani di ne is%y tesand stirred with glass beads (from - 22 - 150
to 212 pm Si gma§ for 5 mnutes. Then, nucleic acid was extracted

fromthe gel |l SUSRRRPLERE Mkt EXEF AR (T QRORriBuabLal D aci d-f ast
bacteria nucleic acid extracts. 5 List of the test sanples M marinum

(ATCC 927) Mcdri¥dntiratioaATEE 68ddim Mok ifasidt ARCER184E8) M
intracel lulare (ATCC 13950) 10M peregrinum (ATCC 14467) M gordonae
(ATCC 14470) ddmigasitriion( AACCudbdd49n M1 iermad pATCE 18BE8bed Mriterspi
(ATCC 19250) 15M microti (ATCC 19422) M nonchronogeni cum (ATCC
19530) M abstarnescentCintonggiaive ciud ot d@FCEATEoNgoYizd) M

triviale (ATCC 23292). . )
specificdity and the combination (b) of the present

10 invention.

(1) Mycobacterium tuberculosis suspensions contalning
from 4 to 4X10% cells in 1 mL of control sputum were
used as samples for measurement of the gsensitivity 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 BExtragen (Tosoh).

(2} 20 pI: portions of a reaction solution of the

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

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

The composition of the reaction solution (in terms of the



20N. simae (ATCC 25275) M africanum (ATCC 25420) M chel onae (ATCC
35752) M szulgai (ATCC 35799) M avium (clinical isolate)
25Mycobact eri um tuberculosis (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 Elnmer), and 5 pL of the nucleic acid extracts were
added thereto. The conposition of 4+ h® reaction solution (in terns
of the 5 concentrations in the final volune of 30 pL) 60 nmMIris-HCL
buffer (pit Sc®)cartraniegsedbuhenforzlevabaneng@ot3ds$ilim chl oride 6
URNase Inhibitor (Takara Bio_Co., Ltd.) 1 nVDIT 0.25 nmveach of dATP,
dCTP, dGTP and dPfP™ 6 nm TEr3SUimhvdatifsdt (RiPE-€t2?, GIP and UTP
0.16 pMFirst oli %qucl eotide (MYR-1S-1 n SEQ I D 15 NO 10, having an
ani nat ed hydroxyl-gfbup at tHRFEESTHY)CHLOTIEE o HvBecond
ol i gonucl eot i de %%RmhFA 10,P§ga%dsljlt:&m' 46, ..wherein the region from
en 0

"A" at position romthe 5 at” position 22 is the T7
promoter region, apd the subgequent +[:e3iQy faM. G @by position 23

1 mM DTT
0.25 mM each of dATP, dCTP, dGTP and d4dTTP
3.6 mM ITP
3.0 mM each of ATP, CTP, GTP and UTP
10 0.16 nM First oligonucle&tide
1.0 yM Third oligonuclectide
25 nM Oligonucleotide labeled with a

fluorescent intercalative dye
13% DMSO
i5 Distilled water for volume adjustment
(3) The reaction solutions were incubated at 44°C for
5 minutes, and 5 pL 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 wvolume of 30 uL)
2.0% Sorbitol
3.6 ug Boviﬁe serum albumin
142 U T7 RNA polymerase (Invitrogen)
25 6.4 U AMV reverse transcriptase (Takara Bio)
Distilled water for volume adjustment

(4) Subsequently, the reaction solutions in the PCR



20 to "A" at position 28 is the enhancer sequence) 1.0 pMrhird
ol i gonucl eoti de (MYR-3RA18, SEQ ID NO 4) 25 nMJigonucl eotide

| abeled with a fluorescent intercalative dye (YOMYRS- G SEQ ID
NGO 9, 25 having an intercalative dye as the | abel between "A" at
position 7 fromthe 5 end and "G' at position 8 and a hydroxyl group
nodified with glycolic acid at the 3 end) - 24 - 13%%OMS0 Distilled
wat er for volune adjustnment (3) The reai en sol utions were incubated
at 44C for 5 mnutes, and 5 pL of an enzyne solution of the 5

fol | owi ng conp8s werawdilceckdy m@lmm%aafecﬂ%ﬁc 48Caf sheznafhatbs
was added. The conposition of the enzyne solution (in terns of_the
concent r at i onSMYIFSSFENL SRPCEEPERBEORCETF Y ! GIHSHTBILOR Yodebepgth

Bovi ne serumalbymn 142 U T7 RNA pol ynerase (Il nvitrqgen) 6.4 UAW
reverse t_rans‘%l‘ri‘lgzmaé’ﬁl F?gkapaeﬁ?ﬁs&??/wi‘f%e)ng(ﬁh_sﬂfl I5§g drer for
vol ume adj ust ment 1564l SRICIUSPLLY o Nd $3RUOBSRLULLODSAL: tNe

5 intensities of the samples (fluorescence intensity at a
certain time/background fluorescence intensity) from
addition of the enzvme 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/l1 mlL (sputum) and higher
than that using the combination (a) using an
intercalative dye-labeled oligonucleotide for recognition

15 of sgpecificity [4X10° cells/l 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.



tubes were directly nonitored at 44Cin a thernostatic fluorescent
spectrophot oneter at an excitation wavel ength of 470 nm and an

em ssi on wavel ength of 520 nu.
acid extract (the 20 tine required until

(5) The rise time for each nucleic
the ratio of fluorescence

intensity reached 1.2 tines the sumof the negative average and

triple the standard devi ati on)

is shown in Table 4. These results

I ndi cate that the oligonucl eotide conbirdti-on of the present

i nvention specifically detects 25 M avium -

25 -

Tabl e 4 Aci d-f ast

bacteri um sanffeleRise time (min) M marinumN.D. M fortuitumN. D. M

kansasii N.

10

15

NI AIAGE TP are Detectability

tuberculosis

cells Combination Combination Commercially
{cells/1l mL {a) (b) available kit
of sputum)

4xX108 Detected Detected Detected
4X%X10° Detected Detected Detected
4x104 Detected Detected Detected
4x10°? Detected Detected Detected
4% 102 N.D. Detected Detected
4ax10?t 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 [the combinations

{a)

name: Amplicore Mycobacterium tuberculosis).

and (b)] and a commercially available kit (product

The

combinations (a) and (b) are considered to have succeeded

in detection when they gave a rise within 30 minutes.

The sensitivity limit was 4X10% cells/1 mL (sputum) for

the combination (a},

4 cells/ 1 ml (sputum) foxr the

combination (b) and 4X10% cells/1 mL (sputum) for the

commercially available kit.

EXAMPLE 3

The specificity of the oligonucleotide combination of

the present invention for the nontuberculous acid-fast

bacterium Mycobacterium avium was confirmed.

{1) Colonies of various bacteria shown below were

suspended in distilled water for injection containing

guanidine isocyanate and stirred with glass beads (from



N.D. M peregrinumN.D. M gordonae NND. M gastri ND. M terrae
N.D. M xenopi ND. M mcroti N.D.. M nonchronogeni cum N. D

10
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150 to 212 pm, Sigma) for 5 minutes. Then, nucleic acid
was extracted from the cell suspensions with Extragen
(Tosoh) to obtain acid-fast bacteria nucleic acid
extracts.
List of the test samples
marinum (ATCC 927)
fortuitum (ATCC 6841)

kansasii (ATCC 12478)

intracellulare (ATCC 13950}
peregrinum (ATCC 14467)

gordonae (ATCC 14470)

gastri (ATCC 15754)
terrae (ATCC 15755)
xenopi (ATCC 19250)
microti (ATCC 19422)
nonchromogenicum {(ATCC 19530)
abscessus (ATCC 19977)
scrofulaceum (ATCC 19581)
triviale (ATCC 23292}
gimiae (ATCC 25275}
africanum (ATCC 25420)
chelonae (ATCC 35752}

szulgai (ATCC 35799)

avium (clinical isoclate)
Mycobacterium tuberculosis (clinical isolate)
(2) 20 pL portiomns of a reaction solution of the

following composition were dispensed into PCR tubes



M abscessus N.D. M scrofulaceum N.D. M triviale ND. M sim ae
N.D. M africanumN.D. M chelonae N.D. M szulgai N.D. M

10

15

20

25

- 23 -
(capacity 0.5 mL; Gene Amp Thin-Walled Reaction Tubes,
Perkin Blmer), and 5 pLr of the nucleic acid extracts were
added thereto.
The composition of the reaction solution (in terms of the

concentrations in the final volume of 30 pL)

60 mM Tris-HCl buffer (pH B8.8)

17 mM Magnesium chloride

100 mM Potassium chloride

6 U RNase Inhibitor (Takara Bio Co., Ltd.)

1 mM DTT

0.25 mM each of 4ATP, 4CTP, dGTP and 4TTP

3.6 mM iTe

3.0 mM each of aTp, CTP, GTP and UTP

0.16 nM First oligonucleotide (MYR~1S-10, SEQ ID

NO:10, having an aminated hydroxyl group at the 3’ end)

1.0 pM 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 region from “G” at position 23
to “*A” at position 28 is the enhancer sequence)

1.0 wM Third oligonucleotide {MYR-3RA18, SEQ ID
NO:4)

25 nM Oligonucleotide labeled with a
fluorescent intercalative dye (YO-MYR-S-G, SEQ ID NO:9,
having an intercalative dye as .the label bhetween “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)



avium 9.1 M tubercul osis N. D. Table 4 shows the results of the
measurenents of the nucleic acid extracts from aci d-fast bacteria
usi ng the oligonucl eotide conbination of the present invention. 5 The
results are represented in terns of rise time. NND. in the table

i ndi cates that the sanple gave no rise (was not detected) within 20
m nutes. Wth the oligonucl eotide conbination of the present
invention, M aviumwas detected specifiZfalHy. 10 EXAMPLE 4 The
specificity of the oligonucleotide conbination of the present

i nvention for thet#ontuber cuP¥8Q aci d-fast bacteri um Mycobact eri um

intracellul are . conf.i red 1) Col oni es of.variouys bacteria shown
bel ow were 15 snggﬁ% %4?%8F§%i%P£dvﬂ£Y%$ o145 i on cont ai ni ng

- . i di . ' it.h .
20 m gant ol ne 1PRaRnake R LbiLedou el As8 R2RAS GEF aRLdSPoL

212 gm Sigma) fo mnutes. nuclér c” aci d was ex

the cell suspengigise Lhabst LAJER gﬁOéﬁ?}ﬁ%&ﬂI@ﬂo@l %%: drkast

bacteria nucleic acid 5 extracts. List o e test sanples M nmari num

(ATCC 927); Mf&ﬁéﬂﬂé‘r@&%-gggt§§ﬂl%h%hk@i‘éaﬁféHi(rﬁ-ﬁggtéadfg@ 248M£or
intracel lulare (ATCC 13950)

2 minutes was added.
The composition of the enzyme solutlion (in terms of the
concentrations in the final wvolume of 30 ulL)
2.0% Sorbitol
10 3.6 pg Bovine sexrum albumin
142 U T7 RNA polymerase (Invitrogen)
6.4 U MMV reverse transcriptase {Takara Bio Co.,
Ltd.)
Distilled water for volume adjustment
15 (4) Subsecuently, 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.



M peregrinum (ATCC 14467) M gordonae (ATCC 14470) M gastri (ATCC
15754) M terrae (ATCC 15755) 15M xenopi (ATCC 19250) M mcroti
(ATCC 19422) M nonchronogeni cum (ATCC 19530) M abscessus (ATCC
19977) M scroful aceum (ATCC 19981) 20M triviale (ATCC 23292) M

sim ae (ATCC 25275) M africanum (ATCC 25420) M chel onae (ATCC
35752) M szulgai (ATCC 35799) 25M avium (clinical isolate)
Mycobacterium tubercul osis (clinical I© s@ﬁat‘e) (2) 20 pL portions of a
reaction solutiqn of the - 27 - follow ng conposition were dispensed
into PCR tubé‘?k( ﬁaci ty 0.5 nL: Gene Anp Thin-Wall ed Reaction Tubes,

Perki n El nmeraciandastpbaeterhennsahei €] RtEd Bxh¢ aghin)wer e added
thereto. 5 It}p GRAAPSK 1 on of the reacfion sg.giion (Th terms of the
concentrati qip TaL A clulyal, vOI'ume of B0 pL) 0@ TMITTS) HC1 buffer (pH
8.6) 17 n“Mg RﬂkdﬂgdgilgngiriUU'HWFULibeUHhﬁEﬂOFIUE 06 URNase
Lnhibitor (Tgkang ek 5 ThPET N.D

M. peregrinum N.D

M. gordonae N.D

M. gastri N.D

M. terrae N.D

M. xenopil 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. szulgail 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 invention.

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



0. 25 mveach of dATP, dCTP, dGIP and dTTP 3.6 mM TP 3.0 mveach of ATP,
CT?, GIP and UTP 150. 16 pMFirst oligonucl eotide (MYR 1S-10, SEQ ID

NG 10, having an am nated hydroxyl
pMsecond ol i gonucl eotide (MYR-1F
region from"A" at position 1 fromthe 5

is the T7 pronmoter 20 region, and the subsequent
position 23 to "A" at position 28 is the&benhancer sequence) 1.0

pMrhird ol igonucl.
nMO i gonucl e@4ede

(YO MYR-S-G

bet ween "A"

- 28 - hydro
13%OMS Distil

%'ﬁp&e. 2B { %%‘%%af"%f A - G

group at the 3' end) 1.0
-10, SEQ ID NO 17, wherein the
end to "A" at position 22

region from"G' at

otide (MYR-3R118, _ SE
&seFéécmﬁt% azfsdffr@oﬁr&éc\'o &Fg. ﬁi@ﬁﬁaPa%%e(%ﬁfgﬂ

e as the | abel

vl off §%4Rd a

%&% gl%k&ﬁune a JY%@%#%ngﬁbgsa%}EQgEgtr

ed ma or VO

stnme

he reaction

sol uti ons wer@dslawb%egbealﬂ%{c@lféé HHCUESS, ndBleScPhogd an

enzyne sol ution of the fol

| om ng conposition which

was pre-incubated

at 44C fos 2 JHcpakes.was added. The conposition of the enzyne
solution (in ternms of the concentrations in the final volume of 30
pL) 102. 0%Sonlistob£3thepygeBovsargpls=y um al bum n 142 U T7 RNA

pol ynerase (G bco)
M.

1Q

is

20

25

=

Mycobacterium tuberculosis

marinum (ATCC 927)
fortuitum (ATCC 6841)
kansasii (ATCC 12478)
intracellulare (ATCC 13950)
peregrinum (ATCC 14467)
gordonae (ATCC 14470)
gastri (ATCC 15754)

terrae (ATCC 15755)

xenopi (ATCC 19250)

microti (ATCC 19422)
nonchromogenicum (ATCC 19530)
abscessus (ATCC 19977)
scrofulaceum (ATCC 19981)
triviale (ATCC 23232)
simiae (ATCC 25275)
africanum (ATCC 25420)
chelonae (ATCC 35752)
szulgai (ATCC 35799)

avium (clinical isolate)

(clinical isoclate)

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



6.4 UAMW reverse transcriptase (Takara Bio Co., Ltd.) 15Distilled
wat er for vol une adj ustnent (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 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 reached2l 2 tines the sum of the

negati ve aver and triple the st andarg devi at jon). is _sho in Tabl e
S. “These r esut ¢ LLEAHIE AERATH R MG FoBHRTRERT dd S K RES on of

the present inventiaqn |f|cII et e eIIuIar - 29 -
Tabl e 5 Aci d- AR vt Zdr)%’lcjm sa%p é %1'%%?#%% q{ﬁ ﬁHPﬁISD M
fortUItunlN.Ebeﬁﬁh¥%ﬁ§%ﬁhh unB 5 puL of the nucleic acid extracts were

added thereto.

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

concentrations in the final volume of 30 pL)

60 mM Trig-HCl buffer (pH 8.6)
17 mM . Magnesium chloride
100 mM Potassium chloride
10 6 U RNase Inhibitor (Takara Bio)
1l mM DTT
0.25 mM each of daTP, dCTP, dGTP and 4ATTP
3.6 mM ITp
3.0 mM each of ATP, CTP, GTP and UTP
15 0.16 uM First oligonuclectide (MYR-18-10, SEQ ID

NO:10, having an aminated hydroxyl group at the 3’ end)
1.0 uM Second oligonucleotide (MYR~1FI-10, SEQ
ID NC: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 subsequent region from “G* at position 23
to “A” at-position 28 is the enhancer sequence)
1.0 pM Third oligonucieotide (MYR-3RI18, SEQ ID
NO:6)
25 nM Oligonucleotide labeled with a
25 fluorescent interxrcalative 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



M intracellulare 12.4 M peregrinum N.D. M gordonae N.D. M gastri
N.D. M terrae ND. M xenopi NND. M mcroti ND M

10

15

20
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hydroxyl group modified with glyceolic acid at the 3’ end)

13% DMSO

Distilled water foxr volume adjustment

(3) The reaction solutions were incubated at 44°C for
5 minutes, and 5 ulL of an enzyme 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 £inal volume of 30 uL)

2.0% Sorbitol

3.6 pg Bovine serum albumin

142 © T7 RNA polymerase (Gibco)

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

Distilled water for volume adjustment

(4) Subsequently, the reaction solutions in the PCR
tubes were directly monitored a£ 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 fox each nucleic acid extract (the
time iequired 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
combination of the present invention specifically detects

M. intracellulare.



nonchronogeni cum N. D. M abscessus N.D. M scrofulaceum N.D. M
ND. M simae ND. M africanumN. D. M chelonae N.D. M

triviale
szul gai

10

15

- 29 -

Table 5

Acid-fast bacterium sample |Rise time {(min)
M. marinum N.D.
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. microtl 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 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.
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.

EXAMPLE 5

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

(1} Colonies of various bacteria shown below were

suspended in distilled water for injection containing



N.D. M aviumN.D. M tuberculosis N D Table 5 shows the
results of the neasurenents of the nucleic acid extracts from

aci d-fast bacteria using the oligonucl eotide conbination of the
present invention. 5 The results are represented in terns of rise
time. NND. in the table that the sanple gave no rise (was not
detected) within 20 m nutes. Wth the oligonucl eotide conbi nati on of
the present invention, M intracellul aréOwas detected specifically.
10 EXAMPLE 5 . The specificity of the ol]jgonucl eotide cqnbipation
of the preserf aHERS FFOCYATERS ?f&%t%tb’e‘?’ﬁﬁgﬂé: @ﬁ&-sﬁ‘a Eafsct BFPBim

Mycobacteriu sasj.i, was gonfi d. (1). Cql oni es, of varipus .
bacteri o show? baioa el B 1E28te PRt B | ShShar e fie acia

i njection co | ni + 30--_guani di i?gpéy te.a t] i th

gl ass beads E&aféo%)%%ﬁl ctt(‘)aaZEO%mé%Si %érr% o g _mogﬁt QSFETE%EEQ%%\%I eic
acid was extraciedh)f romubhgifehl: SUSPENSL AN W RuBXEfa0gR:§Tosoh) to
obtain acid-fast bacteria nucleic acid 5 extracts. List of the test
sanpl es Ms MedsaraBdsATCC 927) M fortuitum (ATCC 6841) M kansasi i

(ATCC 12478) 10M intracellulare (ATCC 13950)
lList of the test samples

. marinum (ATCC 927)
fortultum (ATCC 6841)
kansasii (ATCC 12478)
10 intracellulare (ATCC 13950)
peregrinum (ATCC 14467)
gordonae (ATCC 14470)
gastri (ATCC 15754)

terrae (ATCC 15755}

15 xenopi (ATCC 18250)

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

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

szulgal (ATCC 35799)

25 avium {(clinical isolate)
Mycobacterium tuberculosis (c¢linical iscolate)

(2) 20 uL portions of a reaction scolution of the



M peregrinum (ATCC 14467) M gordonae (ATCC 14470) M gastri (ATCC
15754) M terrae (ATCC 15755) 15M xenopi (ATCC 19250) M mcroti
(ATCC 19422) M nonchronogeni cum (ATCC 19530) M abscessus (ATCC
19977) M scroful aceum (ATCC 19981) 20M triviale (ATCC 23292) M

sim ae (ATCC 25275) M africanum (ATCC 25420) M chel onae (ATCC
35752) M szul gai (ATCC 35799) 25M avium (clinical isolate)
Mycobact eri um tubercul osis (clinical isdlate) (2) 20 pL portions of a
reaction solution of the - 31.- follow,hg co sition were. dispensed
into PCR t ubes?¥tIp (5PmposLiion E’%ﬁ%m&\h%‘%ﬁ 1\ ¢ CRe &BPESN
Tubes, Perkin, El mer, 5.pL.of the nuclei cid _extracts re
2dded t her et o SERAEL Mo Bit GRs: AfnaHiuofa (e sk kb FHBRE s
of the conce j .t h igal Vv : LSt

buffor (pri 8. EFF EARds FE nl 5y She g e o R B FRc T8
URNase | nhi bij@ied TakdaaBi o) 1 n\VDTT

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

concentrations in the final wvolume of 30 pL)

60 mM Tris-HCl buffer (pH 8.6)
17 M Magnesium chloride
100 mM Potassium chloride
10 6 U RNase Inhibitor (Takara Bio)
1 mM DTT
0.25 mM each of 4aTp, 4dCTP, dGTP and 4TTP
3.6 mM ITP
3.0 mM each of ATP, CTP, GTP and UTP
15 0.16 uM First oligonucleotide (MYR-15-10, SEQ ID

NO:10, 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 5 end to “A” at position 22 is the T7 promoter
20 region, and the subsequent region from “G” at positioﬁ 23
to “A"” at position 28 is the enhancer sequence)
1.0 uM Third oligonuclectide (MYR-3RK18, SEQ ID
NO:8)
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 “A7 at

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



0. 25 mveach of dATP, dCTP, dGIP and dTTP 3.6 mM TP 3.0 mveach of ATP
CT?, GIP and UT? 150. 16 pMFirst oligonucl eotide (MR 1S-10, SEQ ID
NG 10, having an am nated hydroxyl group at the 3' end) 1.0
pMsecond ol i gonucl eotide (MYR-1FK-10, SEQ ID NO 18, wherein the
region from"A" at position 1 fromthe 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 th&Znrhancer sequence) 1.0
pMrhi rd ol i gonucl eotide (MYR-3RK18, SEQ ID NO _8) 25

nMJ i gonucl eokv@decxrebedeinninoeidfies wiGbr ebremtic Mt Atatihee 3dysnd)
(YOMR-S-G SEQ D NO 9, having an intercalative dye as the | abel
bet ween "A" at position 7 frBWﬁahe 5 end and "G' at position 8 and a

- 32 - hydroxyl , nodi fied with glycolic.acid at the 3' end
139000 D1 501 11 el VL E by B Ui allp BEEReAs (3" e roact i on

| uti i ngubated f i p L gf
nzyme ol Ut i on of L Rid GPswing Soraserly ore ek el g% AfiBafen

at 44C fors 2 gi putessasaddeds, Theaq0oRashd | Qi @l: dhe enpume
solution (in terns of the concentrations 1n the final volunme of 30

pL) 1() 2. O%S0Eb 1 Qkirdy ©RDBALiRE FRLLH BAOURLL HbhHd b4 BMAd4°C for
pol ynerase (G bco)
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 1ug Boviﬁe serum albumin
142 U T7 RNA polymerase (Gibco)
6.4 U MMV reverse transcriptase (Takara Bio)
Distilled water for wvolume adjustment
15 (4} Subseguently, 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 acld 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 6.
These results indicate that the oligﬁnucleotide
combination of the present invention specifically detects

25 M. kansasii and M. gastri (which has the same 165 rRNA as

M. kansasii).



6.4 UAW reverse transcriptase (Takara Bio) Distilled water for

vol une adj ustnent 15(4) Subsequently, the reaction solutions in the
PCR tubes were directly nonitored at 44C in a thernostatic

fl uorescent spectrophotoneter at an excitation wavel ength of 470 nm
and an em ssion wavel ength of 520 nu. (5) The rise time for each
nucleic acid extract (the 20 tine required until the ratio of
fluorescence intensity reached 1.2 time83the sum of the negative
average and triple the standard deviation) is shown in Table 6. These
resul ts indi &d& Rat the ol i gonucl eoti de conbi nati on of the present

i nvention sHedid-GalhY rEeteet SmZ8ahh1KPREAS] t':irﬁé‘d(nMn)g st _ri (whi ch
has the sanemm%as_m_ms‘aw It . KansasTT). T - 33y, plable 6| Aci d-f ast
bacter!ynls PreERGEce () M maTmom iy §—M—Fortuitum N.D. M
kansasi | M. kansasii 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. simiae N.D

M. africanum N.D

M. chelonae N.D

M. szulgai 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
oligonucleotide 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. gastrli 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 oligonuclectides of the present invention are not

15 restricted to the base sequences (consisting of 18 bases



13.4 M intracellulare NND. M peregrinumN.D. M gordonae N.D. M
gastri 11.9. M terrae ND. M xenopi NND. M mcroti N.D.

- 34 -
to 23 bases) shown in the Sequence Listing and may be
oligonucleotides consisting of at least 10 consecutive
bases in these sequences and have extremely high
specificity for the target nucleic acid. These

5 oligonucleotides or oligonuclectides 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 1%, 2002 including
specification, claims, drawings and summary is

15 incorporated herein by reference in its entirety.



M nonchronogeni cum N.D. M abscessus N.D. M scrofulaceum N.D. M
triviale ND. M simae NND. M africanumN.D. M chelonae NND. M
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The invention claimed is:

1. A method of detecting an acid-fast bacterium selected
from the group consisting of Mycobacterium tuberculosis,
Mycobacterium avium, Mycobacterium intracellulare and
Mycobacterium kansasii, comprising:

(a) performing a nucleotide amplification reaction on a

mixture comprising

(i) a test sample comprising rRNA, and

(i1) a pair of primers consisting of a first primer and a
second primer, wherein said primers specifically
amplify a region of rRNA sequence that is specific to
an acid-fast bacterium selected from the group con-
sisting of Mycobacterium tuberculosis, Mycobacte-
rium avium, Mycobacterium intracellulare and
Mycobacterium kunsasii, and

(b) detecting any resulting specifically amplified rRNA;

wherein said pair of primers 1s selected from the group

consisting of:

primer pair (i), wherein said first primer consists essen-

tially of at least 10 consecutive nucleotides of SEQ 1D
NO:1, or a complement thereof, and said second primer
consists essentially of at least 10 consecutive nucle-
otides of SEQ ID NO:2, or a complement thereof;
primer pair (ii), wherein said first primer consists essen-
tially of at least 10 consecutive nucleotides of SEQ ID
NO:3, or a complement thereof, and said second primer
consists essentially of at least 10 consecutive nucle-
otides of SEQ ID NO:4, or a complement thereof;
primer pair (iii), wherein said first primer consists essen-
tially of at least 10 consecutive nucleotides of SEQ ID
NQO:3, or a complement thereof, and said second primer
consists essentially of at least 10 consecutive nucle-
otides of SEQ ID NO:6, or a complement thereof; and
primer pair (iv), wherein said first primer consists essen-
tially of at least 10 consecutive nucleotides of SEQ ID
NO:7, or a comiplement thereof, and said second primer
consists essentially of at least 10 consecutive nucle-
otides of SEQ ID NO:8, or a complement thereof.



szulgai NND. M aviumN. D. M tuberculosis N. D, Tabl e 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. NND. in
the table that the sanple gave no rise (was not detected) within 20
m nutes. Wth the oligonucleotide contimati on of the present
“invention, M kansasii and M gastri were detected specifically. 10As
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have enough speci f i%4%¢ anskMyKebecteyetn karsasicaneitampdatey syer s or

probes at rel ativelthesiaing anfist zontEsmeptafye DIVAY sthafd veitd dohe use of
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egra e 16S rRNA in sald RNA-DNA doubl
stranded molecule of (a) using an enzyme having
ribonuclease H activity to thereby obtain a single-
stranded DNA molecule,

(¢) using said single-stranded DNA molecule of (b) as a
template, synthesizing a second complementary DNA
strand using a- DNA-dependent DNA polymerase to
thereby obtain a double-stranded DNA molecule hav-
ing a promoter sequence for a DNA-dependent RNA
polymerase,

(d) using said double-stranded DNA molecule of (c) as a
template, transcribing a complementary RNA. strand
using a DNA-dependent RNA polymerase to thereby
obtain an RNA transcript, and

(e) repeating (a)-(d) using said RNA transcript as a
template,

wherein said method is carried out using at least one
primer comprising a promoter sequence for DNA-
dependent RNA polymerase at the 5' end of said primer,
and

wherein said method is carried out using a pair of primers
consisting of a first primer and a second primer,

wherein said pair of primers is selected from the group
consisting of:

primer pair (i), wherein said first primer consists essen-
tially of at least 10 consecutive nucleotides of SEQ ID
NO:1, or a complement thereof, and said second primer
consists essentially of at least 10 consecutive nucle-
otides of SEQ ID NO:2, or a complement thereof;




No. 2002-368230 filed on Decenber 19, 2002 including specification,
clainms, draw ngs and sunmary is 15 incorporated herein by reference
inits entirety. - 35 - The invention clained is: 1. A nmethod of
detecting an acid-fast bacterium selected fromthe group consisting
of Mycobacterium tubercul osis, Mycobacterium avium Mcobacterium
intracel lul are and Mycobacterium kansa&gi-i, conprising: (a) performing
a nucl eotide anplification reaction on a mxture conprising (i) a
test sanpl e conpritdngypaENaL), svherein jaid firat prioferprdnsests esseisi sti ng of
a first primer and tmlbeobaidlepst 1 convérnsienmsdestides oESEQ@MDCi fical |y

anplify a region oiNORRBIRPRnédhetdfSRAPIAHSoL P Priferd- fast
bact eri um ;el ected cfo g @?s A § gﬁé%tngq_o g%(‘:‘qc acters um

t ubercul osis, Mycobacjeri ter i o rat) ac SPFifiTar e and
Mycobact eri um konsa@r €S Pets Phg comprleaanttheigodpeci fical |y
anplified rRNA  whranei pagdiid), pahereat spid fime prinsers@pidts dségrpm t he
group consisting ofiiaffy #Pit RakY 16 bhnsdifive) duciabflads SPSRRY IHer SEQ 1D

NG 1, Sor & compl ety i ecFRlemehifrotmd il et bt

essential |y of at ICORSIStS gssemtially of A&t lgast L iqonsecwivespecles No 2, or
a conpl enent t her edftides aiEQuE» NQ16,)or avpemglement thet¢ofsandr i mer

consi st s gsig% | PrivheP pait! (¥ £ 3herth SARSESH phfer WHlsRAL kdgsm Of SEQ 1D
eséehti ally of at ”ﬁ{%l @ﬁ%t C %ts §9ﬁ€ cq“ﬁ’ s ?(gté So?f E@st NG 4, or
a conpl enent thereﬁ,: (X AGOIRR S thEr Ad§GENG PHEETpr | ner

consi sts essenti al [opnsistsessesdiedly1of abrleastul 0 wonseautin inele-of SEQ I D

NG 5, or a conpl eneridesodt 88O, [AN0s8] or aawenplepidntaheafsi st s

 campl oment hZ?”‘e-%é 2 08-"#%?9%?@20{49 ne G e W%%E%Eﬁ?i rer

a Fi
consi sts essent3PEFHIF 8F -ﬁ;p psterid is JMyeebasiouun évlacipsis.of SEQ I D
NO ?, or a cony# reinctasd prinaerdpairi il evengapriier consi sts
essentially of a4 |'PRsndfiol R8I R BREHEPL402S wifersinQdiR NO 8, or
e coml oo gl o o S Mg Ul R S
Mycobact eri um t‘ﬁ%‘%ﬁe&%ts BUMGr 35 &% BFIGH E’WL(HK Mycobact eri um

i E}\Lré\ a](c:el lul are ;&@IM@%@bdr@dﬁ@r&ﬁ@@@%&nﬁqﬁbfr}%’;ﬁﬁéﬂiﬁ)thﬁs! ng 16S
r rom an aGheeifShc P&sf%d&@ér%ﬁ&?e?st JBUEé gkg}’cp gANsI sting
of Mycobacteri I S..: Mcobact er.um avi um . Mic (f)act erium
intracel | ul ar qu}ﬁ%%%aeg%%r%aﬁ%{%ﬂ LT lgéﬂgn?]é%}ra ’é?‘ synt hesi zi ng
a first conpl enerftaFke DMthed ramedrdiinghtoanlaiiiAl dap2nedmrreidNgaifdol yner ase
to thereby obt apeciiv Rid-fbrbataeber B 1H00bdcePhat hRsasthhndegr adi ng

the 165 rRNA i i ] Hh?é}dﬁﬂ ecul e of "(a) using an
enzyme havi ng W%?rﬁ%g‘%gwtﬁé to t e%g_g})} obtain a '
si ngl e-stranded DNA‘IH@'n%&?ig&a&S}diﬁ | 3%c15fth &, ShRZheAFHeaRAG DNA

mol ecul e of (b) as a.te te, synthesizing 3 second conpl enentary
DNA strand usi nigHseS BRASERBfdndent DNA pol ynerase to thereby obtain a

gﬁf\ ng- Z tn (rj 22?6%@%@%&&@ s@ileNﬂ@r@s@ﬁpﬂ?éiﬁégﬁaﬂsﬁgﬁﬁlé@fdeam
nol eculoe of (c) as%%%ﬁ%ﬁesé@%%zwgﬁgﬂa &%%I&%@E@Q’RNA
strand using a DNAhdegirnsiedt oR¥dnpoleptideapmiieo is Habeled ofitlnian an RNA

transcript, and (e)gisReddtNdtdRirntds &?é ng said RNA transcript as a
t enpl at e, ’

wherein said oligenucleotide probe has a sequence dif-
ferent from that of said first primer and said second
primer, and

wherein said detecting is carried out by measuring a
change in fluorescence of said oligonucleotide probe.



wherein said nethod is carried out using at |east one priner
conprising a pronoter sequence for DNA-dependent RNA p ol ynerase at
the 5° end of said prinmer, and wherein said nethod is carried out
using a pair of primers consisting of a first priner and a second
prinmer, wherein said pair of prinmers is selected fromthe group
consisting of: primer pair (i), wher eiP8 =sai d first prinmer consists
essentially of at |east 10 consecutive nucl eotides of SEQ ID NO 1, or

a conpl enent t her @fThean@tlsed gc éﬂlssa?&%‘ﬁ plal ly of
at least 10 CO”%%%}Edt}’cfe %ee ! %f%ﬁ ﬁ 91'85?‘{13@{1{ ?ql rTgI enment

t hereof; - consi sts
essential |y of éity%lw gge 06%‘%%8@9% eFﬁﬂ:PB@ﬂlhi@‘leiathQ I D NO. 3, or
a conpl enent ther and sajd second priner consists essentially of
at least 10 consecut h?emﬁﬂtqia@wéylgﬁo skdm 8, Whezeinaaic otigop! ement

t hereof; pri mer nygleotids probevtmsists essendialliyrsh atdehser0 @@xﬁ\ﬁcﬁts

essentially of atvelmaﬂéoﬂtﬂbsi@ﬂSEQJIDWCdlee%bﬁ?} riﬁfen NIOI 5, ](c)r
hs esse ally o

a conpl enent ther ggf Th@’lﬂe C—'%S}b
e, Mgl s R o] Sl hon
essentially of at g? @r@é@ﬁ@mgetorﬂjalmam a3, wﬁleﬁ&@sla[d 140: 7,

or a conpl ement Priseerepair @hdcensistssef GRQPHD ¥O: Q@rﬁiicBSE@SI{)?ntl ally
of at |east 10 dtNslecutive nucl eoti des of SEQ ID NO8, or a

conpl enent thereof?. Ihﬁgneﬁhﬁiﬂﬁbﬂﬂﬁ cl n11 el

wherein said sp i %ra@ gé%";%@%

t uber cul osi s, E&;‘?? %lﬁ-nanja%g’&lﬁ’rsfsr@ %ﬁ@ ﬁ? g} §|EQ(D 4.
The met hod acco g to cla|n11 or 2, wherein said specific acid-fast
bacteriumis Mycobdcibeim |ampr®mg tohelarn 1sed 2|, whiereh sBRir i S
priner pair (iiprimer pairTfie) cehkett @ﬁ(SE(gl][g Ko Y ajra ?SEQ? wher ei n
the specific acNBRBast bacteriumis Mycobacteriumintracerlulare, and
wherein said prinmer pair is prinmer pair (iii). 6. The net hod
according to claim1 or 2, wherein said specific acid-fast bacterium
is Mycobacterium kansasii, and wherein said prinmer pair is priner
pair (iv). 7. The nethod according to claim2, which further
conprises the step of: (f) detecting said RNA transcript using an

ol i gonucl eoti de probe which specifically binds to said RNA
transcript, wherein said oligonucleotide probe is |abeled with a
fluorescent intercalative dye, wherein said oligonucl eoti de probe has
a sequence different fromthat of said first priner and said second
primer, and wherein said detecting is carried out by nmeasuring a
change in fluorescence of said oligonucleotide probe. -38 - 8. The
nmet hod according to claim7, wherein said oligonucleotide probe is

| abel ed with a fluorescent intercal ative dye whose fluorescence is

al tered upon hybridi zati on. 9. The nethod according to claimS8,
wherein said oligonucl eotide probe consists essentially of at

| east. 10 consecutive nucl eotides of SEQ ID NO 9, or a conpl enent

t her eof .




10. The method according to clains 1 or 2, wherein said primer pair
(i) consists of SEQID NO 13 and SEQ I D NO 2. 11. The met hod
according to clains 1 or 2, wherein said prinmer pair (ii) consists of
SEQ ID NGO 16 and SEQ I D NG 4. 12. The method according to clains 1
or 2, wherein said primer pair (iii) consists of SEQ ID NO 17 and SEQ
I D NO 6. 13. The method according tq claims 1 or 2, wherein said
primer pair (iv) consists of SEQ ID NO™18 and SEQID NO8. - 1 -
SEQUENCE LI STI NG <110> TOSOH cor porati on <120> METHOD OF DETECTI NG
ACI D- FAREURRACEERRATYRENG RIBOSOVAL  RNA AS TARGET <130> 211- 0934
<160> 18 <210> 1 <211> 23 <212> DNA <213> Artificial Sequence

<110> TOSOH corporation .

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

<130> 211-0934

<160> 18

<210> 1
<211> 23
«<212> DNA

<2135 Artificial Seguence

<220>
<223> MYR—1F—10—T7

<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
<21i>» 23
«<212> DNA



<220> <223> MYR-1F-10 -T7 <400> 1 cggaaaggtc tcttcggaga tac23 <210> 2
<211> 18 <212> DNA <213> Artificial Sequence <220> <223> MYR-3RT18
<400> 2 acaagacatg catcccgt1l8 <210> 3 <211> 23 <212> DNA - 2 - <213>
Artificial Sequence <220> <223> MYR- 1FA-10-T7 <400> 3 cggaaaggcc
tcttcggagg tac-23 <210> 4

<213> Artificial Sedquence

<220>
<223> MYR—1FA—10—T7

<400> 3

cggaaaggcce tcttcecggagg tac: 23

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

«213> Artificial Sequence

<220>
<223> MYR—3RAI18

<400> 4

agaagacatg cgtecttga 18
<210> 5

<211> 23

<212> DNA

<213> Artificial Seguence

<220>
<223>» MYR~1FI—10—-T7

<400> 5

cggaaaggcc ccttcggggg tac 23

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



<211> 18 <212> DNA <213> Artificial Sequence <220> <223> MYR-3RA18
<400> 4 agaagacatg cgtcttgal8 <210> 5 <211> 23 <212> DNA <213>,
Artificial Sequence <220> <223> MYR-1FI-10-T7 <400> 5 cggaaaggcc
ccttcggggg tac23 <210> 6 <211> 18 <212> DNA - 3 - <213> Artificial
Sequence <220> <223>MYR- 3R118 <400> 6

-3 -

<213> Artificial Sequence

<220>
<223>MYR—3RI18

<400> 6

taaagacatg cgcctaaz 18

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

<213> artificial Seqguence

<220>
<223>MY¥R—1FK—10—T7

<400> 7
cggaaaggte tcttcggaga cac 23

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

<213> Artificial Sequence

<220>
<223>MYR—3RK18

<400> 8
acaaggcatg cgccaagt 18

<210> &
<211> 20
<212> DNA



t aaagacat g cgcctaaal8 <210> 7 <211> 23 <212> DNA <213> Artificial
Sequence <220> <223>MYR- 1FK- 10-T7 <400> 7 cggaaaggtc tcttcggaga
cac23 <210> 8 <211> 18 <212> DNA <213> Artificial Sequence <220>
<223>MYR- 3RK18 <400> 8 acaaggcatg cgccaagt1l8 <210> 9' <211> 20 <212>
DNA - 4 - <213> Artificial Sequence <220> <223>Y0-1VI YR-S-G

- 4 -

<213> Artificial Sequence

<220>
<223>YO—MYR—53—G

<400> D
agacccagtt tcccaggcett 20

<210> 10

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223>MYR—15—10

<400> 10
tttcegttecg acttgcecatgt gtta 24

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

<213> Artificilal Seguence

<220>
<223>MTR—1S

<400> 11
ttteccagge ttatcecegaa gtge 24

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



<400> 9 agacccagtt tcccaggctt20 <210> 10 <211> 24 <212> DNA <213>
Artificial Sequence <220> <223>MYR-1S--10 <400> 10 tttccgttcg
acttgcatgt gtta24 <210> 11 <211> 24 <212> DNA <213> Artifici al
Sequence <220> <223>MIR- 1S <400> 11 tttcccaggc ttatcccgaa gtgcz4
<210> 12 <211> 51 <212> DNA - 5 - <213> Artificial Sequence <220>
<223>MIR- 1F <400> 12 aattctaata cgactcacta tagggagagg gaaact gggt
ctaataccgg ab51 <210> 13 <211> 51 <212>"DNA <213> Artificial Sequence

<213> Artificial Sequence

<220>
<223>MTR—1F

<400> 12
aattctaata cgactcacta tagggagagg gaaactgggt ctaataccgg a 51

<210> 13
<21i> 51
<212> DNA

<213> Artificial Seguence

<220>
<223>MYR—1F—10

<400> 13
aattctaata cgactcacta tagggagacyg gaaaggtctc ttcggagata c© 51

<210> 14

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223>MTR—7R

<400> 14

agaacccgga ccttegtega 20

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



<220> <223>MYR- 1F- 10 <400> 13 aattctaata cgactcacta tagggagacg
gaaaggtctc ttcggagata c51 <210> 14 <211> 20 <212> DNA <213>
Artificial Sequence <220> <223>MIR- 7R <400> 14 agaacccgga
dcttcgtcga20 <210> 15 <211> 20 <212> DNA - 6 - <223> Artificial
Sequence <220> <223>Y0- MI' 16S- S- G <400> 15 ccacaagaca tgcatcccgt 20
<210> 16 <211> 51 <212> DNA <213> Arti gi cial Sequence <220>
<223>MYR- 1FA- 10 <400> 16

<213> Artificial Sequence

<220>
<223>YO—MT 185-5S—G

<400> 15

ccacaagaca tgcatccegt 20

<210> 16

<211> 51

<Z212> DNA

<213> Artificial Secuence

<220>
<223>MYR—1FA—10

<400> 16
aattctaata cgactcacta tagggagacg gaaaggectc tteggaggta ¢ 51

<210> 17
<211> 51
<Z212> DNA

<213> Artificial Seguence

<220>
<223>MYR—1FI~10

<400> 17
aattctaata cgactcacta tagggagacg gaaaggcccc ttecgggggta C 51

<210> 18
<211> 51
<212> DNa



aattctaata cgactcacta tagggagacg gaaaggcctc ttcggaggta c51 <210> 17
<211> 51 <212> DNA <213> Artificial Sequence <220> <223>MYR- 1F1-10
<400> 17 aattctaata cgactcacta tagggagacg gaaaggcccc ttcgggggta c51
<210> 18 <211> 51 <212> DNA - 7 - <213> Artificial Sequence <220>
<223 >MYR- 1FK-10 <400> 18 aattctaata cgactcacta tagggagacg gaaaggtctc
ttcggagaca c51 ST -

<213> Artificial Seguence

<220>
<223>MYR—1FK—10

<400> 18
aattctaata cgactcacta tagggagacg gamaggtctc ttcggagaca C

51



