; e3e* db*6*T*% DESCRI PTION 5 Technical Field The present invention
relates o a nethod for detecting a target nucleic acid which is useful in
a field‘bf clinical nmedicine and a nmethod for synthesizing a DNA which is
useful in a field of genetic engineering. It 10 relates to aldAefft®difor
anplifying a nucleic acid as a tenplate and a nethod for detecting a target

e a2 e e eackoroune, L 25 0% BN

Most of the DNA'synthesis with the exception of that of a short-chaipg,

- such as an oligonucleotide is carrie§E§@§Ip¥I§ﬁzynatic met hods in which a
DNA pol ynerase is utilized. An exanple 20 o e nethods is the I

chain reaction (PCR) nethod as described in United States.Patentmmmmmmmm’mwm

4,683, 195, 4,683,202 and 4,800,159 in detail. Another exanple is thegumm

reverse transcription- PCh e i i conbi nati on of the

PCR and a reverse transcrﬁgﬁgggqﬁiég§%on, E@Ea§&%g€£$i%%BDin Trends in

Bi ot echnol ogy, 10: 146-152 (1992). 1 11 FEB 2i;05 2 The devel opnent of

t he above-nenti oned net hods has enabled the anplification of a region of
intere5t froatanbNA10ki@QgRNA. The above-nentioned DNA synthesis nethods
are conducted, for exanple, using a reaction that consists of three steps.

The three steps are apgke issqciating (denaturing) a doubl e-stranded
DNA i nto si ngl e-strande% %\ﬁé‘?&?sﬁ Y Bt Hhe drilag o8 p%@rre?r methhd for

single-stra@g@gcgkﬁgagd p synt hesj zi ng, (extendi ng) a conpl enentary
10 strand fromthe priné%%gginéﬁﬁl%,ca%$+$fvgééheéﬁoﬁs Ugd DA affield
interest. Abtegnatiswghy, ey. are_caonducted using a reaction designated as
"the shuttle PCR' 6"P&RW%§F%%€éeﬁ§ n"e (RELBARE ne¥RthesPing a DNA

met hodol ogy)n 1 dianpak j Kakusan. Kouso, Bessatsu, (Protein, Nucleic
idi R u&?éfﬁ.‘f in 3 flelg of genetic engineering. It

10 relates to a method for amplifying a nucleic acid as a

template and a method for detecting a target nucleic acid

amplified by said method.

Background Art

15 ' DNA synthesis is used for various purposes in
studies in a field of genetic engineering. Most of the DNA
synthesis with the exception of that of a short-chain DNA
such as an oligonucleotide is carried out by enzymatic
methods in which a DNA polymerase is utilized. An example

20 of the methods is the polymerase chain reaction (PCR)
method as described in United States Patent Nos. 4,683,195,
4,683,202 and 4,800,159 in detail. Another example is the
reverse transcription-PCR (RT-PCR) method, which is a
combination of_the PCR and a reverse transcriptase reaction,

25 as described in Trends in Biotechnology, 10:146-152 (1992).



15 Acid and Enzyne, Supplenent), 41(5):425-428 (1996)) in which two of the
three steps, that is, the step of annealing the prinmer and the step of
extending are carried out at the sanme tenperature. Alternatively, the

| i gase chain reaction (LCR) 20 nethod as described in EP 320f308TEUQ%gShed
on June 14, 1989 or the transcription-based anplifjication system (TA

nmet hod as described in PCR Protocols, Academ c Press Inc., 1990, pp.

245- 252 may be used. The four met hods as mentioned above reqU|re repeati ng
a reaction a a hlgh 25 tenperature and that at a Iom1tenperature severa

times in T9e) derm omasnor der the 22FRALT, e-stranded target
nol ecul e for the next anplification cycle e rea g?%%h%Q%tEﬁﬁsﬁ@abdeUe

conduct ed u$hfy adslddhitdatuioars @ha§e§e ayQl ecause the reaction is
restricted bﬁ tenperature as descri be g a%§€§ t{ﬁﬁf’? ’%Feo’?reﬂh%& peqanre

the use of BHAPexpensive thermal cycler that can strictly adjust a wide
range of tenperature over tinme. Furthernore, the reaction requires tine for

adj usting the tenperafThee hBotBembWe hr redeternined ones. The
| oss of tine increases in proporti onltggle{dh B@f/\‘cl 8YREhBELs Noetkodsacage

anpl i fPcatiepndecheds toat S re Fg&gg Qut_isothermal |y have been
devel oped in order to solve the prob dAElsihefbat icoclside & her

strand 15 dikptacenept. anpthéi ¢atiQn A nethod as described in JPB
7-114718, the sel f-sustained sequéa(r%ces(i?s(P %l 246 éh B8R ofetdicod et intgl ei ¢

acid sequen@iaenmsm lid i by _(M,Séﬁ met hod as described in Japanese
Pat ent No. 2650159, the transcrlp%tlon- %ﬁ rrﬁFU:fq c @tiingr e-Ea riridhod,

t he 20 Qalﬂﬂﬁdpasesﬁeph@q ed in Japanese Pat ent No. 2710159 and
the various nodified SDA net hog aisﬁ eSc P8R T i Unthed s$natles sPatenie \O.

5,824,517, B DR 14t e MO9S/ and WO 99/49081. A nethod of i sothernal
enzymatic synthesis of a%\ogllgc%l;)l %%%ﬁﬁ%ﬁ?l@@%ﬁﬁﬁﬁl@@ﬂ ancUmpﬂe&e&ia@@ateS

Pat eA0 No. s§r@h6l, Hibm Ext,ensi froma pr.inmer
EN$ 9P 1norder to amplify a region of a

DNA of { i
f interest. Alternatlvely, they are conducted using a

r . .
eaction de31gnated as "the shuttle PCR" ("PCR hou

saizensen" . i
(Recent advances in PCR methodology),

Tan i
pakushitsu Kakusan Kouso, Bessatsu, (Protein, Nucleic

15 Aci
cid and Enzyme, Supplement), 41(5):425-428 (1996)) in
which two of the three steps, that

out at the same temperature.

Alternatively, the ligase chain reaction (LCR)

20 method as described in EP 320,308 published on June 14
’
1989 or the transcription-based amplification system (TAS)
method as described in PCR Protocols, Academic Press Inc.,
1990,- Pp. 245—252 may be used. The four methods as
mentioned above Teéquire repeating a reaction at a high

25



4 11 FEB 2005 and/or annealing of a priner to a single-stranded extension
product .{or to an original target sequence) followed by extension fromthe
prinmer take place in parallel in a reaction mxture incubate‘d Lai:t‘Ba const ant
tenperature in the 5 reaction of these nethods of isothernal ?1 &Bei0 aci d
anplification or synthesis of an oligonuclsotide. Anong the isothernal

nucl eic acid anplification nethods, the SDA nethod is an exanple of systens
in which a DNAis finally anplified. The SDA nethod is a nmethod for 10

anpl i fying egartar ge1t_— nucl eic acid sequence (and a conplenentary strand

t hereof) in %%p e byoensplazecrentinfidoyblkenghga usi ng. a DNA

pol yner ase S;nd a retstri ction endonucl ease. Thenm?hggﬁ:rgee%irg%@e?‘éh? Eroirmers
used for thé&lenprext campdnfitenioh whiich showhd signed to 15 contain a
recogniti OnéﬁSi te for the restriction endonuc?eas%%a%%éo%et%ﬂt?%qéhpéédt he
use of a no&Ef ihdevixgd i bentgl entd s i p as a substrate for DNA
synt hesi s ighl arge quantities. An exanple og tﬁzérg;%ﬁi Prefycles because
deoxyr i bonu€héot redectiophobphateas: 4 5 (3:S) .20_deoxyri bonucl eoti de

tri phosphate in which the oxygen atorﬁé(}% tHe Bﬁr&?ﬁﬁétt I§r o8p afieshpibed

a- posi Pi on fbovepl aced by a sulfur atom (S). The probl em of running cost
associated with the use of the nodified deoxyribonucl eotide triphosphate
becomes serious if thehugacth@Nmi$ hHiQUt | . 25 _conducted, for exanple, for
genetic test. Furthernore, the 11 F Br%?b‘érfi oﬁﬁ@r&ﬁmcﬁxn-wive

ol 1 15l DNA T agmont 1 1o mel kB e abol | SRAHE cPodutds | Fendef afe

bj ect od Lo & 1ootrT el ) on eniyes I GHEREIGDY EBol JROERRPOARERes
5. 324,517 5 & DA anpi 111 5ot on oot ROUPERAL dSesta (HeTobo pot mahddt | s
Wi ch DRA TS poey Toned 31 cact TAE RO - (@ misime Thocmodebsod DA

met hod as despicid¥ech: rtoV\Qh%‘B/&QCZl% reaui res the use of a restriction enzyne

t hat generates a 3' protrudi ng “en Ffodi fi ed SDA nethod as described in
WO 15 95/25180 requi igs-1the use; of at least two pairs of priners. The
nmodi fi ed SDA net hod as descri%&dgi i LRI  BgEhoss t heatiseaf abk

| east two pakkseal Qi ne | eqst _one nodified deoxyribonucl eoti de
tri phosphate. On the ot hé?tﬁggr&l%&ﬂ{e%‘f%oﬁeﬁar dgia i ig arder to

solve the problems. Examples thereof include the strand

15 displacement amplification-(SDA) method as described in Jp-
B 7-114718, the self-sustained Sequence replication (3SR)
@ethod, the nucleic acid Sedquence based amplification
(NASBA) method as described in Japanese Patent No. 2650159,
the transcription-mediated amplification (TMA) method, the

20 .

QB replicase method as described in Japanese Patent No

2710159 and the various modified SDA methods as described

in United States Patent No. 5,824,517, WO 99/09211 WO

95/25180 and WO 99/49081. A method of isothermal enzymatic

synthesis of an oligonucleotide is described in United

5 .
5 States Patent No. 5,916,777. Extension from a primer



20 oligonucl eotide as described in United States Patent No. 5,916, 777
conprises synthesizing a DNA using a priner having a ribonucleotide at the

3'-term nus, conpleting a reaction using the prinmer, introduiinpgf ni_ck
between the primer and an extended strand in an priner-exten ddF &l 2Ad 25
w th an endonucl ease to separate them digesting a tenplate 11 FEB 2005 6
and recovering the primer to reuse it. It Is required to isolate the priner
fromthe reaction systemand then anneal it to the tenplate again in order
to reuse the primer in the nmethod. Additionally, the Loop-nediated .

| sot her mal BnAMeIY fargeddlomd LAVR) seihOE as gdessribed_in \/\%00/ 28082
requires four priners for anplifiggfion and ?hggéb§§u8%§a5 i er&gnsdiong
the method &FedDiAs havi g vahyidwh $ig€r i B which the target regions for the
anplification are repeated. As desc?i bed ag\(%@lée?t t%%qﬁ‘aﬂegﬁt iftﬂﬂglo"?%%t ket mal
10 nucl ei ¢ &¥teénadpni f Eeami ophaethodss - sti i), haye various probl ens. Thus, a
net hod for amplifying a nucleic a%’:l%d At Ittgv]éer u%ryilaﬁﬁ cbBt Fhteh dn DRA

fragment thaeacahohenfistiher i9eRG1 |.v. engi neered i s obtained has been
desired. 15 bjects of Invention Tt;c(eé%inaa?/tn %%%%ﬁt%rftm@n@@@@@mei huehheon

is to provideaatiehhodf ok narpl i fy target, nucl ei c acid which
specifically anplifies with hi gh%&%fﬁ viOtle a Sebiyetmalicl rieletcd aoid
sanpl e by DMApBYAibesk snreacki,g i.ng 20 chi,neric oligonucleotide
primer, a nethod for de?ecting ghgﬁﬁ%ifgé&nff (U Ra rdel by said
ampl i 11 cat on met hod anda annet B AR BRI AT UcHS o BPA o o fort 1rese

anplification method and a chimerirc o
met hods. 25nethddSUMRE YsBA ﬁ@!ﬁQEiQQ an example of systems in which a
DNA is finally amplified. The sSDA method is' a method for
10 amplifying a target nucleic acid sequence (and a
complementary strand thereof) ih a sample'by displacement
of double strands using_a DNA polymerase and a restriction
endonuclease. The method requires four primers used for
the amplification, two of which should be designed to
15 contain a recognition site for the restriction endonuclease.
The method = requires the use of a modified
deoxyribonucleotide triphosphate as a substrate for DNA
synthesis in large quantities. An exXample of the modified
deoxyribonucleotide triphosphates is an (a=S)
20 deoxyribonucleotide triphosphate in which the oxygen atom
of the phosphate group at the o-position is replaced by a
sulfur atom {(S). The problem of running cost associated
with the use of the modified deoxyribonucleotide

triphosphate becomes serious if the reaction is routinely

25 '
conducted, for eéxample, for genetic test, Furthermore, the



.17 FEB 2005 As a result of intensive studies, the present inventors have
constructed an excellent systemfor gene anplification reaction. The
construction was acconpl i shed 5 by devel oping a nmethod in whjch a region of
a DNA of interest is anplified in the presence of a chineric 1 FEB 2005

ol i gonucl eotide prinmer having a ribonuclegtide positioned at the
3'-termnus or on the 3'-termnal side, an endonucl ease and a DNA

pol ymerase. Thus, the present 10 invention has been conpl eted. The nethod
is a msthodti}‘nor anplifying a nucleic acid in which a chineric :

ol i gonucl eotP§erpongdr ans afethandoberebn K I 0 | CAN (] sot her nal
andgChi mer i g pri m?;D-i nitiated Amplificati on%fg?%ﬁﬁgldtgi csqj}cr} oy ’%}é? hé&-S15
The first aSfesyrébonteleceders imyvEenthon, t t hod for
anplifying a target nucleic acid, the net ﬁ@%hgg%gi %N%‘gr?%aa%meﬁ’r%pla?i h§ea

reaction m Rethedbymay xahglashudiri ccagh§aBsact,e a .
deoxyri bonucl eotide 20 triphosphate, a DN,aA po?§ ;B;és?ﬁgviaﬂk?l&fé’terdanBNA

di spl acemenfragmentt yitht al east raRe iRL Ey Nase H, wherein the
priner_is a chineric oligonucleotide primsZ t af%lgs?e ey it is

conpl evrent afybiectae nuwd eotd dersequense of t cleig acid as the
tenpl ate and contains a 25 ribonucl eoti dg?las %Fpﬂgs atT#@RcRtonel ey elet ed

fromthe . l?qlsamcFE&QQ@S(@ngpugnggg}g'&%t.i ng of a deoxyribonucl eoti de and a
nucl eoti de anal og, the ribonucl eotide being positioned at the 3" term nus

or on the 3'-term nalTisé deo@fi ilagy P§pARL, d, (b) incubating the reaction
m xture for a 5 sufficient tine to geneEn:'(aettg‘%zgl r%%cﬂne(ﬁ?rdfht%ﬁc%ﬂ 1T it theed

first aspecitadfed heapegseNb.i Vet oy a, Leact| m xture that further
contains a chimeric oligonucleoti de'ogr;lr?l rr%% ﬁa\ﬁlﬁg AR eybéfeEiphamethod

subst ant i althathamd0goushigethe RUGC ti sequence of the 10 nucleic acid
as the tenplate can be used. TheBsgtnggdtglgﬁec]t% STOMRS 9 e3Eneni RV¥@ntarah

rel atlés thaDMﬁfKKHfKHsa§§|gﬁygggeﬂtq%il%f%ﬁggétatgfzggéggg ggﬁggfiﬁﬂy
DNA is positioned at least at the 3'~-terminus. The
modified SDA method as described in WO 99/09211 réquires
the use of 3 restriction enzyme that generates a 3'-
protruding end. The modified SDA method as described in wo
15 95/25180 requires the use of at least two pairs'of primers.
The modified SDA method as described in WO 99/49081
requires the use of at least two pairs of primers and at
least one modified deoxyribonucleotide triphosphate. On
the | other  hand, the method for synthesizing an
20 oligongcleotide as described in United States Patent No.
5,916,777 comprises synthesizing a DNA using a primer
having a ribonucleotide at the 3'-terminus, completing a
reaction using the primer, introducing a nick between the

primer and an extended strand in an primer-extended strand

25 ]
with an endonuclease to separate them, digesting a template



(a) treating a nucleic acid as a tenplate with at 15 | east one primnmer that
is substantially conplenentary to the nucl eotide sequence of the nucleic
acid andYa DNA pol ynerise to synthesize a priner-extended SLéqﬁﬁxh@?t is
conplenmentary to the tenplate and synthesize a doubl estrand C c acid,
wherein the primer is a chimeric 20 oligongicl eotide priner containing a

ri bonucl eotide as well as at | east one selected fromthe group consisting
of a deoxyri bonucl eoti de and a nucl eoti de anal og, the ribonucl eoti de being
positioned at the 3 -termnus or on the 3 -termnal side of the priner; 25
(b) extendi ffi% FRePeerive thquentedhatsiseysd 1.FEB 2005 9 conpl ementary
to the doubggéﬁ&ﬁggiggEnucleic acid as a tenplat & obt 4 netS | REERELBHeficous
step using &89 I r@asiendwa Ve Fgm ac 1§d I i spl acepent activity in the
presence of an RNase Hto effect a str%ng@%?g%égcgﬁﬁﬂgmaﬂ885tg?ﬁtﬁégﬁaé a

di spl aced stitarfP ahlle a templlag-estdaanged; QUG8 cid, and-(c) reusing in
step (b) the doubl e-stranded nucI%?c aéidQ%Ek%iﬁga Fﬁu§?e WﬂnPE&mQt in

Bl e e R
prinmer that is substantially conpl ement ar y 5t o“¢H rhﬁ%@edﬂldEOSQMQé&&@Sbf
Strand that | compl ament ary Te The Tonpl Lt LHELErn 2% BHemErodias
o e Olsmmrielce aear Lo o gl gy g benucl ol g o5 vell G
G ermnus or on The: 3o ErRePH BB R L B axeentitng .

nucl eoti de sequence tAat qies Rl tary t he doubl e-stranded nucleic
acid as a tenpl ate obtai ned | ngtgr?gn%gr]%\’/?bui:%ﬁ PP USE L anDNA 125 thelryagr ase

havi 3§ a SmMMﬂéﬂﬂ5“3é%6”“¥ﬁpf§%i¥i%¥b£n égghods' still

problems. Thus,

have various
a method for amplifying a nucleic acid at

1 . .
OW running cost by which a bDna fragment that can be

further genetically engineered is obtained has been desired

15 Objects of Invention

The main object of the present invention is to
rovi i i
provide a method for amplifying a target nucleic acid which

specifically amplifies with high sensitivity a target

nuclej ¥ '
€ic acid in a sample by DNA synthesis reaction using a

20 i i i i
Chimeric oligonucleotide primer, a method for detecting a

amplified fragment obtained by said method, a method for
14
producing a target nucleic acid using said amplification

m . . .
ethod and a chimeric oligonucleotide primer used for these

methods.

25



11 FEB 2005 10 presence of an RNase Hto effect a strand di spl acenent and
synt hesi.ze a di spl aced strand and a doubl e-stranded nucleic acid; (c)
reusi ng n step (b') the double-stranded 5 nucleic acid obtqiﬁeﬂﬂjgﬂ tep
(b) as a tenplate; (d) treating a displaced strand obtained in step (b) as
a tenplate with at |east one priner that i7s different fromthat used in
step (a) and a DNA pol ynerase to synthesize a priner-extended strand that
is 10 conplenentary to the displaced strand, wherein the priner that is
different fromthat used in step (a) is a chineric oligonucleotide .priner
that is subStEmaral lof compremnesy ary to the nucl eotide sequence of the
di spl aced strand and contains a ribonucleotide as well as at | east one
sel ected 15 fromthe group comsibti R Of nAHEOYYS i cleotide and a
nucl eoti de anal og, the ribonucl eotide being pos%ti%#géﬁ%ﬁ’tlF ©3' PEEFRTRUS
or on the 3invenfriomal kade aforidterWEid®r an €) Lng, a nucl eotide
sequence that is conplenentary to the do&%ﬁe.§§§;g§gédqﬁU¥V§?cf§Eidgﬁ§ea 20
tenpl ate obetmbhedicatibe MedtOUs St eppusi .pol ymer ase having a
strand di spl acement activity in the preseﬁ%%sgfggAlﬁﬂmﬂ?§4%?F%WPééﬁhﬁd
strand>di sphrceterdlanthgynt hesikzgqa displaced strand. and a_doubl e- stranded
nucleic acid; and 25 (f) reusing in s?gpg?gyﬁ?hé dbGBitestended DNAL 10 £EB
2005 11 nucieterastd obtahpgdikRegten(€),as a tenplate. In the second or
third aspect of the presentginveﬁtioﬁp a%BﬁA BV Ss e Havithg ehnenhd
di spl acementlagsnvtlyo€edle b Used ag Lhe DNA pol ynerase, 5 The fourth

B ﬁa&gg?o arre?h‘BémFS eqhpArf Ao taioned ei ¢

aspect of the present invention rel ates
acid, the rethodheondi-%ied%inus or on the 3'-terminal side,

an
endonuclease and a DNA polymerase. Thus, the present
10 invention has been completed. The method is a method for

amplifying a nucleic acid in which a chimeric
oligonucleotide primer is used and herein referred to as
ICAN (Isothermal and Chimeric primer-initiated

Amplification of Nucleic acids) method.

15 i
The first aspect of the present invention relates

to a method for amplifying a target nucleic acid, the
method comprising:

(a) preparing a reaction mixture by mixing -a

nucleic acid as a template, * a deoxyribonucleotide

20 triphosphate, a DNA polymerase having a strand displacement

activity, at least one pPrimer and an RNase H,-Qherein the

primer is a chimeric oligonucleotide primer that is

substantially complementary to the nucleotide sequence of

the 'nucleic. acid as the template and contains a

25 ribonucleotide as well as at least one selected from the



(a) treating a double-stranded nucleic acid as a tenplate with two priners
that are_substantially 10 conplenentary to the nucl eoti de sequences of the
respectiVe strands of the doubl e-stranded nucleic acid and a DNA pol ynerase
having a strand di splacenent activity to synthesize priner-edtlepdgdygt rands
that are conplenentary to the tenplate ang obtain a doubl e-stranded nucleic
acid 15 consisting of the synthesized priner-extended strands bei ng
anneal ed each other, wherein each prinmer is a chineric oligonucleotide
prinmer containing a ribonucleotide as well as at |east one selected from
the group cERSMSt icey wifsta rtpaxT b baBBRLEILHE AR ucl eotide apal og, the
20 ribonucl eotide being positioned at éyﬁe 3 -ter%‘it%l?s% oarn(gnat%‘écgeg’f:éidﬁi nal
side of theaprimer; th ctisvmnglébeidoubbers rgﬂ%ei nucl ei ¢ aci

consi sting gf t he prinmer-extended strands %bt%i e ﬁ:nlosrieecg (aé:) £h fhe
endonucl easkeamisiitesrt bat thentai-t dha 23 Id; tddes;, and 1 1 1 FEB
~~p~ 12 (c) extending nucl eoti de sequences tlﬁacaé'[]%?} g%ceor%qjé?ﬁa‘f'{t aﬁWto t he

tenpl ate using a DNA pb)yneEmasasd@mdg apstr i.spl acepent activity from
the 3' -termni of the respective pric'?rer portia]%(r%sf:de t hemUBRFe- sticdnded

nucl ei® 5 asufifioiehtchbihbetpr hERErEXLend r.ands _are cl eaved obtained in
step (b) to effect strand disp acerﬁentsga%%agztbtt 80 PZ Ofo\wHi e- st randed |

nucl eic acid consistipg ehet g fHML ng .t ri mer-extended strand. The
fifth aspect of the present inventi o#%% atgé“cs tRr S5 Fet hoavestiaml i4 yi ng

a nucl ei c amaktide nMetihad; CONPLLSiLNO: treating a, doubl e-stranded
nucleic acid as a tenplate with th\%g prifgr%g%gefhatc%gteaéﬁﬁstafhti &hiyeric

conpl enent arlyi ganudiee e £ot igdey uences. of the respective 15 strands of
t he doubl e-stranded nucl eic a%elﬁgﬁd gl%%ﬂ’%ol yirer &8EURAHg &hsttr and.s

di spl acenemtubastidnt a1 19 SYRLDES] ri nger-extended strands that are
conpl enentary to the te}?rpl ate gﬁ%égb{egi Fhg Likdandeauence epé ddied

consil$t i ng nefclteie Witdesd z6¢L prd -extended strands being 20 anneal ed
each other, wherein each pri neP{élng%a%%i%?i%e olll?%@nucl eoti de priner

containing a ribonuclegti |l _as at | east one selected fromthe group
consi sting of a deoxyri bogsﬁec €0 idésgﬁaga ﬁ%cl &61S dePrgRenly, Lheention

ri bonucl eotriedgtbei NG, PQsI L] at the 3' -termnus or on 25 the 3'-term nal
side of the prirrer; ! %S ltﬂéeﬂgg "L'or ampllfylng- a4 nucleic acid, the

method comprising:

(a) treating a nucleic acid as a template with at

15 least one primer that is substantially complementary to the
nucleotide sequence of the nucleic acid and a DNA
polymerase to synthesize a primerQextended strand that is
complementary to the template and synthesize a doﬁble—
stranded nucleic acid, wherein the primer is a chimeric

20

ol;gonucleotide bPrimer containing a ribonucleotide as well

as at least one selected from the group consisting of a

deoxyribonucleotide and a nucledtide analog the
’

ribonucleotide being positioned at the 3'-terminus or on

the 3'-terminal side of the primer;

25 ' ' '
(b) extending a nucleotide sequence that is



. . o of
1 1 FEB 2005 13 (b) cleaving Lhe_dogb!ﬁ-:tggn?g? arfLe;ﬁeaghgoﬁﬁgfgzg;ngt
ri mer-extended strands obtained i . .
gr?eg thdt contain the ribonucleotides; and (c) eXtegdlggb&ﬂﬂggﬁﬁigfase
P oo o agg CﬁnplenﬁPtg£¥ib?t;hfrgngLgtg'?fgr%ini of the respective
having a strand di spl acene _ termm ol the
i i bl e-stranded nucleic acid in
primer portions of the dou . ( t b o ot f ect
i : | eaved 10 obtained in step _ ct
Do e ot oo ot o doubl e- stranded nucl eic acid consisting
trand displacenents and obtain a double | ( ting
zf the pri ﬁEPmS%ﬁé‘ﬁdlé@ré’t r 4adsthei mw%gﬁ?ﬁ?égng}%?ln%hg‘%{%f glsg ect,
f the present invention pelates'to.a me | al . cid
?he netﬁod E5MRAABEI siofgaied t rieat i tigea g@gbhgugtrgﬂggp.gﬁgkg}fégfngg
tenplate with two priners that are substantially conpleme | to th
e o e e gt coeot kuadetd sodsabablte UM AN T3RIhe 1
| eic acid and a DNA 20 pol ynerase |
?Ecsim heSiEéeﬁﬁinﬁéroéxta@nmgr}agdg ébgfacﬁ(r:‘éa%;% l?o%fn'sf‘dlsg Irl%agéegqetthﬁeand
| ate and obtain a doubl e-stranded nucl ei  ach
tsgm)he%i zedSyrihesiezat &ndédpihbalﬂd%t_lighﬂlg aﬁ%%a%bg‘?eﬁ%ﬁgag%ﬁ%%e%&i oy
i is a chinmeric 25 oligonucl eotide pri ot i ¢
2;'32{| ACHEB 2095 14 as at | east one sel ected fron1pge grﬁggtfggskz}hgg
of a deoxyribonucl eoti de and a nucl eoti de anal og, the ribonuc

: ' ' i riner;
posi tioned at the 3'-ferm neasorgonihhesBept erghnal, i de of the primer,

nucleic acid obtained in step (b) as a template.
The third aspect of the present invention relates
10 to a method for amplifying a nucleic acid using at least
two primers, the method comprising:

(a) treating a nucleic acid as a template with at
least one primer that is substantially complementary-to the
nucleotide sequence of the nucleic acid and & DNA

15 polymerase to synthesize a primer-extended strand that is
complementary to the template, wherein the primer is a
chimeric oligonucleotide primer containing a ribonucleotide
as well as at least one selected from the group consisting
of a deoxyribonucleotide and a nucleotide analog, the

20 ribonucleotide being positioned at the 3'-terminus or on
the 3'—terminal side of the primer;

(b) extending a nucleotide sequence. that is
complementary to the double-stranded nucleic acid as a
template obtained in the previous step wusing a DNA

25 polymerase having a strand displacement activity in the



5 (b) cleaving the doubl e-stranded nucleic acid consisting of the
primer-extended strands obtained in step (a) wth the endonucl ease at sites
that contain the ri bonucl eoti des; (c) extending nucl eoti de, sequences that
are 10 conplenentary to the tenplate using a DNA polyneras$1h BB 2gpsa st rand
di spl acenent activity fromthe 3'-termni 1¢f the respective prinmer portions
of the doubl e-stranded nucleic acid in which the priner-extended strands
are cleaved obtained in step (b) to effect strand di spl acenents and 15
obtai n a doubl e-stranded nucl eic acid consisting of the priner-extended
strands bei PFesencal exf eachrROAHEr HaRE | e s, d,nucleic acid

consi sting of the tenplates being annegFggkghc %ﬁﬁ%&gt%lﬁmi%ﬁeWﬁEttﬁBd

prinmers in Svapheas)zer @ anngaledd 2 Ny i cl eoti de sequences
that are conplementary to the tenplate usﬁﬁgfggﬁﬁgygg?yﬁ%?%%éeaavpﬁéeéc
strand di spR&édrent activity fromthe 3'-ternini of the respective priner
portions of the double-stranded nucleic acid to which the two priners are
anneal ed obtained in gt¢p 22uGhqat 0 1§f f Sstrand di.spl agenents and obt ain
a doubée ~~l 1 1 FEB 2005 15 séﬁaﬁded%ﬁ%%fei@ﬂacﬁﬂugo YR} gigsbranged

pri mer-ext emdetestrands bstRgnapneal ed each other and a doubl e-stranded
nucl ei ¢ acid consisting of the tenpl%gg égpn Safnef™Rt-addh ot her to which
the two priners in stegq)(a)yeak n ..and (e) reusing in step. (d)

t he doubl e- st randed nuc?eiceacggét%:ﬁﬁ%ﬁ?%?ﬁgtﬁérﬁP?n€P§aéﬂ@damnuﬂmﬁp

obt ai ned i n(st ep dn. ThEpIgY¥ENt N pspect__of _the present invention 10
relates to a nethod for aﬁpli yiﬂbeg nuéﬁéi&eééFd,OPﬁe hElhed comdti sisg:

(a) treatinyiBraoid ersbnandg ic acid as a tenplate with two priners
that are substantially conple%eﬁ#%%@ 10 PhEPnUA et e sBYAe modymafr adwe

respective tkb stgamgise §f £ he doubl e-stranded nucleic acid and a DNA
pol ynmerase having a straﬁd digplaggﬁ%hrfﬁgﬁﬁﬂ %ﬂto gyhepdsi zehat is

pri mai0- ext exged estdrangds, t pat (aLe fonpl ementary to the tenplate and obtain a
doubl e- st randed nuclei ¢ ac?dtggnéﬁéqﬁﬁﬁ: FﬁéagﬁmtmﬁﬁnﬁﬂnFﬂhﬂegﬂémkﬂﬂded

strands beithgt2Q any ch_oth wherein each prinmer is a chineric
oligonucleotide'priazﬁég%laj€$%% gﬁéFbBﬁﬁélé&jﬁﬂﬁkw(mblisaa ahiheadic one

sel ected fpoAybRG K onsisting, of a deoxyribonucl eotide and a
nucl eoti de a%glogF F%gan Iﬁﬁhﬁ%&tFﬁétbé?néqﬁﬁﬁ%ﬁtﬁﬁkﬂﬁicbmplameheh&ynus

or on 25 thg 3}yxderm si de of the priner;
:%hé dﬂéfgotlé% sequence of the displaced strand and-

contains a ribonucleotide as well as at least one selected

1 o
5 from the group consisting of a deoxyribonucleotide and a

nucleotide analog, the ribonucleotide being positioned at

- . _
the 3'-terminus or on the 3'-terminal side of the primer;

(e) extending a nucleotide sequence that is

complementary to the double-stranded nucleic acid as a

20 template obtained in the previous step wusing a DNA

polymerase having a strand displacement activity in the
presence of an RNase H to effect 1 strand displacement and

synthesize a displaced strand and a double-~stranded nucleic

acid; and

25 - ' i |
(£) reusing in step (e) the double-stranded



~~ 7 F~~ L~~S 16 (b) cleaving the doubl e-stranded nucl eic acid consisting
of the priner-extended strands obtained in step (a) wth the endonucl ease

at sites)that contain the ribonucl eotides; (c) extending nqc; géidq
sequences that are conplenmentary to the tenplate using a DNA g f@@rase

having a strand displacenent activity fromthe 3 -termni of the respective
primer portions of the double-stranded nucleic acid in which the

pri nmer-extended strands are cleaved 10 obtained in step (b) to effect
strand di spl acenents and obtain a doubl e-stranded nucl eic acid consisting

of the pri méfieh&ehduidtobmasnbei ng apagalg c r_and a
doubl e- st randed nucl ei ¢ acid consi sting gf(tﬂegge%pﬁgﬂggaggrng anneal ed
each other to which thetwhepr 588b8di oSt &, 4 ( are anpeal ed; (d)

ext endi ng nucl eoti de sequences that are conﬁ%gke%%gsﬁ%too héNeenBEgEENtsi ng
a DNA pol yngéngsarthian,nga a DA apdl 'éggggeggﬂ;- tivity fromthe 3'-termni
of the respective priner portionsg%f the doubl -s?réﬁé@ﬁ‘ uet&Ptagemantd to

whi ch the t@actpriiter saar deanneal ed 0@{@%&%%&%@?%) to effect a strand

displagenent and obtain a doubl estrande tonsi sting of the
tenpl ape and the primheextfigat stfapd.+ (€) Cl eaving the doubl e-stranded
nucl ei ¢ acid 25 consisting of the teﬁ% %te éﬁd t%%‘g p&?rr?esre-ré'xt ehitfeensremnd
1 1 F E B 208laesbtai nedhiod FoeP a1 ;Wi J he endonucl ease at a site .that
contains the ribonucl eotide; and (f el;? en g AT seperehedat

i s conpl enembmpyisdnghe tenpl ate using a DNA pol ynerase having 5 a strand
di spl acenent activity fromthe 3 -term nus of the

(a) treating a double~-stranded nucleic acid as a

template with two primers that are substantially

10 complementary to the nucleotide sequences of the respective

strands of the double-stranded nucleic acid and a DNA

polymerase having a strand displacement activity to

synthesize primer-extended strands that are complementary

to the template and obtain a double-stranded nucleic acid

15 consisting of the synthesized primer-extended strands being

annealed each other, wherein each primer is a chimeric

oligonucleotide Primer containing a ribonucleotide as well

as ‘at least one selected from the group consisting of a

deoxyribonucleotide and a nucleotide analog, the

20 ribonucleotide being positioned at the 3'-terminus or én
the 3'-terminal side of the primer;

(b) cleaving the double-stranded nucleic acid

consisting of the primer-extended strands obtained in step

(a) with the endonuclease at sites that contain the

25 ribonucleotides; and



primer portion of the double-stranded nucleic acid in which the
priner-estended strand is cleaved obtained in step (e) to synthesize a

di spl aced strand. In the fourth to seventh aspect, an 10 endori bonucl ease
such as an RNase H can be used as the endonucl ease. In the fldStER agsevent h
aspect wherein an RNase H is used, an RNage H from Escherichia coli, a
bact eri um of genus Thernotoga, a bacterium of genus Thernus, a bacterium 15
of genus Pyrococcus, a bacterium of genus Archaeogl obus, a bacterium of
genus Bacillus or the like can be used. In the first to seventh aspect, an

exanmpl e of the suitable)l enggbenfiihe negiedttgde 55%59' ically apmplified
in the nucl eotide sequence of the target nucleic aci |éer 2o%h%€poﬁre

shorter. FoF°Mgéefientanyo tevend haspeste Ofisi r ni _invention, a.
chimeric oligonucleotide prinmer repr esen? ed's bf/@g%nglrggl 5?%%%%’358&6&/18% be

used: Gener@l Staramg adispladamdbtdNetd'vidR, (8 oAN+ 0t eger. of 11 or_nore; b:
an integer of 1 or nore; 11 FEB 2005 18 c: %ﬁthgn%ﬁ Nt EFBH TG af ofhfore:
dN: deoxyri beapereovedemmiOr pouek eaki der apglog,. N, unnodi f | ed '

ri bonucl eotide and/or nodified ribonucl eoti gfg‘é %ﬁélrlgélien 5 orr?élcjcﬁd dhN&ciaiaNa

may bedreplaedd bin Nswhasd ttige nust 8es i d 3' .5 terninus may be
modi fi ed such that extension f?oLntlgt he 3' ?}é?%’?ﬁgg bﬁtfﬂﬁgﬁct‘?ﬁ‘% o‘?ilgc‘%‘ée@)NA

pol ynerase @esimed tiakestppacg)) $uche£higeric ol igonucl eotide priners axe
exenplified by a priner in which cis Ofgéral ascr;trli <€ gﬁsﬁfgaﬁﬁméﬁtﬁheand

nucl eoti de @z oy ias deaxye-eei-Resicre i de_or deoxyri bouraci |
nucl eotide, and the nodified ribonucl e@??%gg%s a(%l-%) PR sot Pe.the

ext eni on reaction e conduct i St 5 ERACEH SKEFAR T eact i on 15t emper ature
suitable for the prinmefe fifth aspect of the bPresent invention relates
10 - to a method for amplifying a nucleic acid, the method
comprising:

(a) treating a double-stranded nucleic acid as a
template with two primers that are -substéntially
complementary to the nucleotide sequehces of the reséective

15 strands of the double-stranded nucleié acid and a DNA
polymerase ~having a strand displaéement activity to
synthesize primer-extended strands that are complementary
to the template and obtain a double-stranded nucléic écid
consisting of the synthesized primer—extended strands being

20 annealed each other, wherein each primer is a chimeric
oligonucleotide primer containing a ribonucleotide as well
as at least one selected from the group consisting of a
deoxyribonucleotide and a nucleotide analog, the
ribonucleotide being positioned at the  3'-terminus or on

25 the 3'-terminal side of the primer;



The anplification nmethod of the first to seventh aspect can conprise
annealing the nucleic acid as the tenplate to the chineric oligonucl eotide

priner tHat is substantially conplenentary to the nucleotide §§§5fﬁﬁe of 20
the nucleic acid in an annealing solution containing a substan {
enhances the annealing of the nucleic acidsto the prinmex. For exanple, the
anneal i ng sol ution nmay contain sperm di ne and/ or propyl enedi am ne. The
anneal i ng can be conducted by incubating the annealing solution 25
containing the nucleic acid as the tenplate and the 11 FEB 2005 .19

chimeric oligonucl eoti@d® polmavirhkat the subghantiall nplenmentary to the
nucl eoti de sequence of the nucleic acid at 90C or%ggéggganaugESﬁccoﬁFFﬁg

the sol uti of°h§iatiagperfatthe arimbicbxtbgqagpkiticati an reactjon is 5
conducted or below. The anplification reaction o%aﬁgites f?ri)rtsaltlri sEVeht AP

aspect can b8)coWdiibt ethien @nhidhfierl st aipi NG ; ffering conponent
sel ected fromthe group consisting of Bicine %nlg:%uEPl‘:@?aflo ’:f‘?f‘n'??ﬂenfi?%% to

sevent h aspeébonfoleexanpke, andDNA pol yneri se sel ected fromthe group
consi sting of Kl enow fragnent of DNA polynerise | from Escherichia coli,

Bst DNA pol yneri se | ack) ngextendiRXxonuel . from Bacillus
st ear ot her nophi |l us and Bca DNA pofﬁﬁerise iacﬁ%%g BEqU8NCes otbdfic| cure

from Baci | |@®wkénen eany tanthe degdi1asetne;, pal ynmerise having a strand
di spl acenent activity. In one enbod?nen? gslgﬁéafﬁb Bod Y&srarsen et

Bca DNA polgnetraed| adkipigcement £X age from Bacillus caldotenax is
used as the DNA pol ynerise having a g??%%g gﬁoﬁigﬁic%ﬁé%?r%b@¥vpfyténﬂ an

RNase H fromsgschtervehpaigelkl pi-dagier Lem, of nus. Pyrococcus or a
bact eri um of genus chhaeogloghs i's Jgegyag%ﬁhgﬁﬂﬂﬁB%U%Fé%%@?dTH@CRnge H

i s exenplificddi bynt yp@ilchRNage Hpofrgm Escherichia coli, or type Il RNase H

froma bacterium of genus Pyrocogcﬁs 5r%%tf§dﬁ§LtéFF@ﬁd§f g&guscleaved

Ar chafogl obbsained in step (b) to effect strand displacements and
obtain a double-stranded nucleic acid consisting of the

prlme;—extended strands being annealed each other

The sixth aspect of the present invention relates
t N
© a method for amplifying a nucleic acid, the method

15 comprising:

(a) treating a double-stranded nucleic acid as a

template with two primers that are substantially

- complementary to the nucleotide sequences of the respective
strands of the double-stranded nucleic acid and a DNA
20 polymerase having a strand - displacement activity to
synthesize primer-extended strands that are complementary
to the template and obtain a double-stranded nucleic acid
consisting of the synthesized primer-extended strands being

annea’ ]
ealed each other, wherein each primer is a chimeric

25 ] ' i
oligonucleotide primer containing a ribonucleotide as well



11 FEB 2005 20 In the first to seventh aspect,. a DNA pol ynerase havi ng an
endonucl-ase activity can be used. Bca DNA pol ynerase | acking 5 -.3

exonucl ease from Baci |l |l us cal dotenax can be used as such a1qN§ gol%?erase
and the 5 anplification reaction can be conducted in the pres REIBr a
substance that allows the endonucl ease actlivity of the DNA polynerase to
express. The substance that allows the endonucl ease activity of the Bca DNA
pol ymerase to express is exenplified by a manganese ion. 10 The nethod for
anplifying a targeﬁgnucleic acid of the first to seventh aspect can be

p

conduct ed i A5t HE S6fcePR? sedelvdteanceromat henhg Phts HRE o e
transcription activity of the DNA pol ynerase. Th2¢su6§ta%§glgégb%iﬁﬁ@b?ts

the rever seFPENEdPOpICde ddideyi t yads of at he nINA R sy1er ase_is_ exenp|jfied
by phosphonoform c_acid. The first to seventh aspecfng tH%n%ﬁ%%@nt Lhe

i nventi on cAnPBBUERAtdred sing piinglwred r and DNA o doubl e- st randed
DNA as the tenplate. If the nucleic acid 20 as tﬁgltenplg gm%gua or on

double-straﬁﬁ§d3DNMPrmheaanpﬁhH(ﬁﬂiﬁﬂbrﬁygﬂégylcan be conducted after
converéing it into singlestranded DNAs. The nucleic acid as the tenplate

may be”a cDNA obt ai nedbby e@leevénge thansgsupido ijon_usjng an RNA 25
as a tenpl ate. jntone aspect, the anplification ?gggﬁﬁéﬁ nﬂﬁi%%% 5 21
i s conduct e€gPR$ 8k ingnoliesiha ng SneONA YN Gadi € ranscri ptiaon reaction

using an RNA as a tenplate. A DNA polynefése hgggﬁgd% P§3§ﬁ§§dtﬁéh§8ﬁﬁbtase

activity caffle wihehl fohet hendemaeseakkangeri piQn reaction. For exanple, 5
the reverse transcription reaction and the. s%%?%%%i?ﬂﬁittﬁ9Q§&kﬂuk§he

strand thatrisroomeenedéary to the tenplate can be conducted using one DNA
pol ymerase having a reverse transcriptase activity and a strand

.gglss&%;::ggitomapi:m\:::::)SUCQx@eﬁHﬁnBC’l HIRNARG i CXEL tllézflégg b hg?:t %
Y to the template using a DNA polymerase having
a strand displacement activity from the 3'-termini of the
respective primer portions of the double-stranded nucleic
acid in which the primer-extended strands are cleavea
obtained in step (b) to effect strand -dispiacements and
15 obtain a double-stranded nucleic acid consisting of the
Primer-extended strands .being annealed each other and a
double-stranded nucleic acid consisting of the templates
being annealed each other to which the two primers in step

(a) are annealed;
20 (d)  extending nucleotide Sequences that are
complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-termini of the
respective primer portions of  the double-stranded nucleic

acid to which the two primers are annealed obtained in step

25 (c) to effect strand displacements and obtain a double-



10 I acking 5'-,3" exonuclease from Bacillus stearothernophilus or Bca DNA
pol ymera%e | acking 5'..-.3" exonuclease fromBacillus cal dotenax. In the
first tolJseventh aspect, the anplification reaction can be conducted under

i sothermal conditions. It 15 can be conducted in the presente¢ pfg ?1‘80
deoxynucl eoti de triphosphate anal og such ag deoxyuridine triphosp a% e or a
derivative thereof. The eighth aspect of the present invention relates to a
conposition for anplifying a nucleic acid 20 which contains: (a) at |east
one primer that is substantially conplenentary to a nucl eotide sequence of

a nucl ei c adtFai¥led newdledice, avtier etonk e PRENEL £ i chineric
ol i gonucl eot itgrerg{;;i mer that contains a ri bonugl eot i ?i:g%asgfén\?él_FX&?nng
| east one s&tE& f petmpheagioapegonsist | BYHE FEB 2005 22 a
deoxyr i bonucl e(iti de and a nucl eoti de anal og, t%e arlril%onjaucg%ggﬁésﬁé?ﬁ&ed
posi tioned auctlied c3' atedmidviss Dt t ke 3tpkerdu side.of, the prinmer; (b)
an endonucl ease; and 5 (c) a DNA%g?ynerase'Ehaﬁ\;glr&gi%t%fr d '@ splagemedt
activity. Tmechi nbhhaspeeb ofnhibg prgsent,dn jon relates to a
conposition for anplifying a nucleic aci Jv%;fagr{}trdceo;ﬁ ai'fs: S6P(a)aat pwsast
two prPmersanhetlade aubstantially conpl enentary to nucl eoti de sequences of
respective strands of a doubl e-stranded nucleic acid as a tenplate; wherein

each primer is a chingejc ekihgenucl goti [ that contains a
ribonucleotide as vell as at | eag;tC one %gtleg{:t g@{)lgkfe}}eomqq’%bqg?‘oﬁbranded
consisting @mCEEﬁeoayideBUthgh'QQea%%oaprimers are annealed obtained

in step (d).
The seventh aspect of the present invention
10 relates to a method for amplifying a nucleic acid, the
method comprising:

(a) treating a double-stranded nucleic acid as a
template with two primers that are substantially
complementary to the nucleotide sequences of the respective

15 strands of the double-stranded nucleic acid and a DNA
polymerase having a strand displacement activity to
synthesize primer-extended strands that are complementary
to the template and obtain a double-stranded nucleic acid
consisting of the synthesized primer-extended strands being

20 annealed each other, wherein each primer is a chimeric
oligonucleotide primer containing a ribonucleotide as well
as at least one selected from the group consisting .of a
deoxyribonucleotide and a nucleotide analog, the
ribonﬁcleotide being positioned at the 3'-terminus or on

25 the 3'-terminal side of the primer;



nucl eoti de anal og, the ribonucl eoti de being positioned at the 3'-term nus
or on the 3' -termnal side of the primer; (b) an endonucl ease; and (e) a
DNA pol yrerase having a strand di splacenment 20 activity. The tenth aspect

of the present invention relate s to a conposition for anplifyFRB inucl eic
acid obtained by mxing a nucleic acid as g tenplate, a deoxyribonucl eotide
tri phosphate, a DNA pol ynerase having a strand di spl acenent 25 activity, at
| east one prinmer and an endonucl ease, wherein 1 11 FEB 2005 23 the priner
is a chineric oligonucleotide prinmer that is substantially conplenentary to
the nucl eoti de sequencédlof dlemwnited eithaCigdhag 4 | at e and ,contains a
ri bonucl eotide as well as at |east one selecteéBt ré%§¥%§?5 CoAsist i ng
of a deoxyr i W&RIAtdatd def atide aprtglkeotixde AR the ribonucl eotide being
posi ti oned gt ét he 3'term nus or on the 3 -nt e?jlm%%a anquSdeo%tFaJt’Pn%d ptRnéEepThe
el eventh aspé@dt ofithhe tpreesasriddmverdd o rel at 0 a_conposition for
anpl i fying a nucleic acid 10 obtained by ﬁ?éingf%é%ucF%?E agPatasna the
tenpl ate, ardborycilleotrddesoti de tri phosphate, a DNA pol ynerase having a
strand _di spl acenent activity, at |least two prinmers and an endonuc. | ease,

wherei d each prime r i(s)a cv@{dG,o! | otide primer that is
substantial ly conpl enentary 15 tg'fﬁe %§§F§%?%88 sEGIEROEesSt duit stammd of

t he doubl estomptiedentgkei eoachd as tenpl.ate and contains a
ri bonucl eotide as wel | as at |east Egtseelrge%&negd i tRRL \jReAS & omsv St ng

of a deoxyra behunaheotdigs 13t C | anal og, the_ribonucl eoti de bei ng
ot _ﬁ%ﬂﬂlggg%bgﬁg THerth$aP ' stasmonit e priiever .

positioned at the 3' 20 term nus or o

The priner oespgetteee i Brihe C jtion aof the eighth to eleventh aspect of
the present invention ?5 exengll¥|%%$%yo éﬂFﬁe&PEbéPrgéﬁacﬂedtmmahﬂﬂdnﬂ

represent ecidid gelner ainfcd m'tlh% b?’/‘qu\%er—extended strands are cleaved

10 i j
obtained in step (b) to effect strand displacements and

obtain a double-stranded nucleic acid consisting of the
pPrimer-extended Strands being annealed each other ahd a
double-stranded nucleic acid consisting of the templates
beipg annealed each other to which the two primers in step
15 (a) are annealed;

(d) extending nucleotide Séquences that are
complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-termini of the

respective primer portions of the double-stranded nucleic

20 i i i
acid to which the two Primers are annealed obtained in Step
(c) to effect a strand displacement and obtain a double-
stranded nucleic acid consisting of thé template and the
Primer-extended strand;
(e) cleaving the double-stranded nucleic acid
25

consisting of the template and the primer-extended strand



25 CGeneral fornmula: 5" -dNa-Nb-dNc-3' 7 1 FED 2~~5 24 (a: an integer of
11 or noke; b: an integer of 1 or nore; c: O or an integer of 1 or nore;
dN: deoxyri bonucl eoti de and/ or nucl eotide anal og; N. unnodif; Pry r;
r=.""., .._y _ ~_ and/or nodified ribonucleotide, whereim{spg® o dNs in
dNa 5 may be replaced by Ns, and the nuclegotide at the 3' term nus may be
nodi fi ed such that extension fromthe 3'termnus by the action of the DNA
pol ymer ase does not take place). Such chineric oligonucleotide prinmers are
10 exenplified by %%priner in which cis O and a priner in which'the

nucl eoti de &Rf1dds S Heosyepbdidnosiigh negk e@hkde 0k Xy.r.i bour aci

nucl eotide, and the nodified ribonucleotide Is (gg fgggbgﬁﬁcTeﬁfFﬁth?ﬁe
conposi ti on CentEliaseitdgiet hr ithooral eMesit haaspesy 15 can' contain a buffering
conponent suitable for a nucleic acid anplification reaction. For exanple,
it can contain a buff drfi)ng s s¢l egt om the group consisting of
Bi ci ne and HEPES. The eighth to e?g%enth a§%§% {}géex YFRFed bhad 20s
conposi ti oncevpi emrntgry BNA BRI WERGASH S d f t he group consisting
of KIeQOM/fragnent of DNA polynerasgﬁi frg%1 §§H%r$&%ﬂ€9%¥W?FaﬁﬁthEMan
pol ynePase fagkirrgd5'didplexamesitease: {4 Bagi| | st.gar ot her nophi | us and
Bca DNA pol ynerase |acking 5'-.~3' exonﬁg]eggémfﬁﬁﬁléaﬂqqqﬂ%QHﬁcﬁﬂdbhenax
as the DNA poiyeerpsetbexmi 5g @h%tﬁ%%@le—stranded nucleic acid in which

the primer-extended strand is cleaved obtained in step (e)

to synthesize a displaced strand.

In the fourth to seventh aspect, an
10 endoribonuclease such as an RNase H can be used. as the
endonuclease.

In the fi;st to seventh aspect wherein an RNase H
is used, an RNase H from Escherichia coli, a bacterium of
genu$ Thermotoga, a bacterium of genus Thermus, a bacterium

15 of genus Pyrococcus, a bacterium of genus Ardhaeoglobus, a
bacterium of genus Bacillus or the like can be used.

In the first to seventh aspect, an example of the
suitable length of the region to be specifically amplified
in the nucleotide Séquence of the target nucleic acid is

20 200 bp or shorter.

For the first to seventh aspect of the present
invention, a chimeric oligonucleotide primer represented: by
general formula below can be used:

General formula: S'-dNa-Nb-dNe-3"

25 : '
(a: an integer of 11 or more; b: an integer of 1 or more;



25 1 1 FEa 2Q05 di spl acenent activity. An endoribonucl ease such as an RNase
H can be.used as the endonucl ease. The RNase His exenplified by an RNase H
from Escherichia coli, a bacterium of genus Thernotoga, a bacterium of
genus Thernus, 5 a bacterium of genus Pyrococcus, a bacteri cp‘iggg@gg;s
Archaeogl obus or a bacterium of genus Bacijld us. In one enbodi nent, the
conposition of the eighth to el eventh aspect contains Bca DNA pol yneri se

| acking 5'-:3" exonucl ease from Bacillus cal dotenax as the DNA O polynerise
havi ng a st randQ;di spl acenment activity and an RNase H from Escherichia coli,
a bacteri um<f ‘genus aPyricoegas of a bget gLi,um of, genus Ar chaeogl obus as

t he endonucggg;e. The RNase His exenplifigg 6y(%§beg?oﬁN§% Opuflgpiide
Escheri chi a i0r omuciee HilddRNage Fbd oy a [ipm 15 of genus
Pyrococcus orv& bact eri um of genus Ar%haeo'gl g@fﬁ’ésdﬁ'ﬁjee onpd8PRIGHeOEitRe
eighth to ePadénth mastietite dTay: O] 8o PAA neri se , having an
endonucl ease activity. Bca DNA polyner?%e 1a§§%%§l§'§§meeiﬁh fate dRaom
Baci | | us caindgt enax a8l e dls aggSuc 20 pol ymeri se, which can be
used in the presence of a subgi’ances'thg{lga%?\s r’t“ﬁ:eleé?fddiﬁjclaéiasmactsv{-ty

of the>DNA petmirrniSeal,0 XPRESSs; € stance that allows the
endonucl ease activity of the Bca Bﬁi 5%%3ne %ﬁa?%ﬁ%&ﬁ%@@sfrgmeﬁﬁanBf+ed

by a nanganesemionos B% The ML td f ei ghth to el eventh aspect 1
26 ,1 1 FEB 2uu;i can contain a%z{ubdsfgtnlgee {Jlﬁ‘gtpf’ﬁkﬂnﬁirﬁ§et e esevartsetake.

transcriptipha@efjvity of the DNA pol ynmerase. The substance that inhibits
the reverse transcription activity of the DNA polynerase is exenplified by

phosphonoform c 5 aciglycifurthg t he conposition may contain a
deoxynucl eoti de tri phosphate a%ﬁ?%gcsucﬂléggéﬁ}?%ild@e ripleasphata-or a

derivati ve ddeig0f£i dhept,wel f.1h. ect of the present invention relates to
a conposition for anpli f%i ng %Pln[ﬁié:feil@ d i Rised 180 § ornthes nethedrf am

anpl ilyi ng wnieucl & A6k H8E s fhe finst

analog is deoxyriboinosine nucleotide

or deoxyribouracil nucleotide, and the modified

ribonucleotide is (x=S) ribonucleotide. Furthermore, when
4

such a chimeric oligonuqleotide primer is used, the DNA
extens;on reaction is conducted at a DNA extension reaction
15 temperature suitable for the primer.

The amplification method of the first to seventh
aspect can comprise annealing the nucleic acid as the
template to the chimeric oligonucleotide primer that is
substantially complementary to the nucleotide sequence of

20 the nucleic acid in an annealing solution containing a
substance that enhances the annealing of the nucleic acid
to the primer. For example, the annealing solution may
contain spermidine and/or propylenediamine. The annealing
can be conducted by incubating the annealing solution

25 ini i
containing the nucleic acid as the template and the



to third aspect, which contains: (a) an RNase H, and (b) a DNA pol ynerase
havi ng a-strand di spl acenent activity. 15 The thirteenth aspect of the

pr esent Dnvention relates to a conposition for anplifying a nucleic acid
used for the nethod for anplifying a nucleic acid of the foyr{lgg omﬁgventh
aspect, which contains: (a) an endonucl easgy and 20 (b) a DNA polynerase
havi ng a strand di splacenent activity. An endoribonu. cl ease such as an
RNase H can be used as the endonucl ease for the conposition of the
thirteenth aspecCt. 25 An RNase H selected fromthose from Escherichia 1

1 FEB ~ 27 &dlimerddacoetgonuefcgenys Thermt og bact eri um of genus
Thernmus, a bacterium of genus Pyrococcugﬁﬁa Ihc?%ﬂ? m of géhbstantially

Ar chaeogl ob@ome lethem teant etbUMtI9E GRS cillus can be used as the RNase H
for the conposition of the twelfth 5 o?at |¢ e8RS ecPwikeh borteins an

RNase H Thecddnmosi 8000 efr tdwssaeliyh«qr. thirteenth aspect can further
contain a buffering conmponent suitaéﬁg F%f“a‘ﬁﬁ%f%?% 5BPd sedpitiifarcat oa

reaction. Foempeaspuee thgtcoRppsiyio y confaip a buffering conponent
sel ected 10 fromthe group conS|s€%ng@8 I&?WP&Q%ﬁEPPEPES.rﬁaauhaﬂfthsor

thirteenth aspdatted exepphisfied by a conposition that contains a DNA
pol ynerase sel ected fromthe group consisting of Klenow fragnent of DNA

pol ymerase | from Eschgei chi i st DNA pol ynerase 15 | acking 5 -.3'
exonucl ease from Bacillus s?gggg%ﬁgyﬁgﬁhiIﬂ%g%EHOBcaOQNAt@@Iydﬁnase laski ng

5'-.3" exonevessk bs@Lacillug cal dotenax as the DNA pol ynmerase having a
strand di spl acenment a%thity%AAgeeﬁﬁ%}‘ﬁﬁﬁﬂ%léﬁs@-§@éﬁfas aonfRiNdse ng can be

used as theoenionued eass R i 0 exenplified by an RNase H from
Escherichia coli, a bactg?ﬁ%ﬁFoggggﬂﬁgeéthﬁﬁt66&5 @rdaet epnshsafi nge s

Ther nus, aﬂxﬂidgiéﬂacﬁEﬁﬁ@us Pyrococcus, a bacterium of genus
Ar chaeogl obus or a bacterium of genus Bacill us.

10

In the first to seventh aspect, for example, a
DNA polymerase selected from the gfoup consisting of Klenow
fragment of DNA polymerase I from Escherichia coli, Bst DNA
polymerase lacking 5'=3" exonuclease from Bacillus

Stearothermophilus and Bca DNA polymerase lacking 5'43"

15 i
exonuclease from Bacillus caldotenax can be used as the DNA

polymerase having a strand displacement activity.
In one embodiment of the first to seventh aspect,
Bca DNA polymerase lacking 5'5,3° exonuclease from Bacillus
caldotenax is used as the DNA polymerase having a strand
20 displacement activity and an RNase H from Escherichia coli,
a bacterium of genus Pyrococcus or a bacterium of genus
Archaeoglobus is used as the endonuclease. The RNase H is
exemplified by type I RNase H from Escherichia coli, or
type II RNase H from a bac¢terium of genus Pyrococcus or a

25 bacterium of genus Archaeoglobus.



I n one enbodi ment, the conposition of the twelfth 25 or thirteenth aspect
cont ai ns\Bca DNA pol ynerase | acki ng .1 1 FEB 2005 28 5'-.3" exonucl ease
fron1BacDIIus cal dotenax as the DNA pol ynerase having a strand di spl acenent
activity and an RNase H from Escherichia, coli, a bacteriunt &fFEpea0s
Pyrococcus or a bacterium of genus Archaeggl obus as the 5 endonucl ease. The
RNase His exenplified by type | RNase H from Escherichia coli, or type II
RNase H from a bacterium of genus Pyrococcus or a bacterium of genus

Ar chaeogl obus. The conposition of the twelfth or thirteenth aspect .nmay

contain a DNA pol yner dse ttayi figr80 £8dQRY se 10 activity. Bca DNA
pol ynerase | acking 5 --.3" exonucl ease fr%b? agﬁqﬁéikxﬂcﬁﬁ%nﬁ?lﬁﬁﬁrbéeused

as such a DNAVpokynenasendohiEhe £3¢& - in_the presence of a substance
that allows the endonucl ease activitjggﬁf§§§§l]ﬁ&npopgne?%%%-to Bcpr eBEA The

subst ance thalymklawe thgadkigpdonygel gase activi of the Bca DNA
pol ynerase to express is exeinified gy a %ﬁﬁﬁﬂﬁié@sﬁon.f#ﬁ@ corpositusn of

the twel fthcaildbhenhrendn agpect n,contain a substance that inhibits the
reverse transcription activity §$§?h%§ Chyof y P¥PasRO L iRer 29 s aipst atice

that idhi biasplheicevesserbbaRsohl RIJ 0N activity of the DNA pol ynerase is
exenplified by phosphonofgrnicggéi%%q{h?rﬁﬁ?ﬂﬁé?e@héncéﬁﬁoﬂnﬁsnndﬁnbf

contain a deosybsehaebi dend¢ip ate anal such as deoxyuridine
tri phosphate or a derivative t22§ggﬁt ?ﬂggPHGF?éémﬂﬁQﬁﬁmiﬁyobftmMe

present i N\INK i 981lymerdsd EEBeggg? 9 relates to a kit for anplifying a
nucl ei ¢ aci d used ¥or t he nmet ho %é%anphgﬁw%ﬂ?%¥%ﬂﬁﬁethaachdloMﬁiﬁhéirst

to third &ﬁﬁﬂﬂndﬁléigéFES@P@It&“X%“EE%“BS@“é%kcggigagiése to express

1s exemplified by a manganese ion.

10 .
The method for amplifying a target nucleic acid

of the first to seventh aspect can be conducted in the

presence of a substance that inhibits the reverse

transcription activity of the DNA polymerase The

substance that inhibits the reverse transcription activity

15 _ .
of the DNA polymerase is exemplified by phosphonoformic

acid.

The first to seventh aspect of the present
invention can be conducted using a single-stranded DNA or a
double-stranded DNA as the template. If the nucleic acid
20 as the template is a double-stranded DNA, the amplification

reaction can be conducted after converting it into single-

stranded DNAs.

The nucleic acid as the template may be a cDNA

obtained by a reverse transcription reaction using an RNA

25
as a template. In one aspect, the amplification reaction



(a) an RNase H, and 5 (b) a DNA pol ynerase having a strand di spl acenent
activity, The fifteenth aspect of the present invention relates to a kit
for anpl i)fyi ng a nucleic acid used for the nethod for anplifying a nucleic
acid of the fourth to 10 seventh aspect of the present inveqntﬂpgb,ﬂng ich
contains: (a) an endonucl ease; and (b) a DNA pol ynerase having a §t?and

di spl acenent activity. An endoribonucl ease such as an RNase H can be 15
used as the endonucl ease for the kit of the fifteenth aspect. The kit of
the fourteenth or fifteenth aspect which contains an RNase His exenplified
by a kit codtSai mangluartdiNasertd sel he_gr i SISting O 20 an
RNase H from ESCheri Chla coli, an mﬁeﬁ?%ﬁ\ aaba%bgﬁi ut¥ of 2gefig¥erse

Ther not oga, t¥anRNasetH dn ore #cHasH ek Y pLOf s Thernmus, an RNase H from a
bact eri um of genus Pyrococcus, an Rl\lasng roma %%c?ertieﬂﬁléftegenu% DNA

Ar chaeogl obr9olyme raseRNasEL féorgea,el}a%e ' of . genus 25 Bacill us. )1
1 FEB 2005 30 The kit of thrzbfourteent o%félﬁq%?lébﬁFﬂsﬁsﬁﬁtlvﬁéy fean hee

contai n a bubédrifog GRS rSA r.a nucleic acid anplification
reacti on. For exanple, the coﬂpos%?lg)}&%c%gﬁt&%t PR 100 erfory evapphent

sel ect®d frohebreéhergeoup 6205 Sk; f Bi.cine and HEPES. The kit may
contain an anneal i ng sol ution. l? r#)gll (r?fier‘?&talosrht?é‘cdaﬁﬁhe- t$athethionoes the

anneal i ng oéxtdedsdclsei-anaciih the tenplate to the primer that is
substantial ly conpl enent gry toaat?h'répn&colm ei”l?é‘t?édue’#betbe tteapdadtleei caraci d.

For exanpl &e t kenkheal,isig SoLUL i ontai n spermi di ne and/ or
propyl enedi ami ne. The DNA Sol fm%#ée%ﬁﬁé’ Teffd Beyphgceaentewantdevi ty

contai ned itrdrneckipt piet herfgurteenth or fifteenth aspect of the present
invention is exerrpIF?fi ed byt%gggS’D%R dt yWEF#R@ déppéaeemenomadta wgroup

consi sting SafcHKl £nona f 139 f DNA polynerise I from Escherichia coli,
Bst DNA pol yneri se | ac&i ngﬁg&-a:gﬁ' & Rbislel ¢4 Jpy BRet| D¥a polymerase

st earl® hex-iRMiirdiss ang Bgg DNA,pol yneri se | acking 5'-.~3" exonucle. ase
from Baci | | us calg‘cdlllotenax.8§O Uc18asE Eron Bacillus stearothermophilus

or Bca DNA polymerase lacking 5'43" -exonuclease from

Bacillus caldotenax.

In the first to seventh aspect, the amplification
reaction can be conducted under isotherﬁal conditions. It

15 i
can be conducted in the presence of a deoxynucleotide

triphosphate analog such as deoxyuridine triphosphate or a

derivative thereof.

The eighth aspect of the present invention

relates to a composition for amplifying a nucleic acid

20 which contains:

(a) at least one primer that is substantially
complementary to a nu;leotide Seéquence of a nucleic acid as

a .
template, wherein the primer is a chimeric

oligonucleotide Primer that contains a ribonucleotide as

25 '
well as at least one selected from the group consisting of



20 I'n one enbodinent, the kit of the fourteenth or fifteenth aspect
cont ai ns\Bca DNA pol ynerise |acking 5 .-~3" exonucl ease from Bacill us

cal dot enax and an RNase H from Escherichi-a coli, a bacterium of genus
Pyrococcus or a bacterium of genus Archaeogl obus. The RNaselH FEB 285
exenplified by type | RNase H from Escherixghia coli, or 11 FEB 2005 31
type Il RNase H from a bacterium of genus Pyrococcus ~or a bacterium of

- genus Archaeogl obus. The kit of the fourteenth or fifteenth aspect of the
present invention may contain a DNA pol ynmerase having 5 an endonucl ease

activity. Béa DR#oppkybenasgebagkieng snq~3'y exgnuelease from Bacillus
cal dot enax can be used as such a DNA polyngrasggggﬁggﬁg? cfP R ai nthe

subst ance t Faboallcdws ttilue epdon clrasie astd yi f, the, DNA pol ynerase to
express. The substance that allgms the en S%U%¥eg§‘31§ atBriinsofox henBeca

DNA pol yner &be B0 -expmssl s iewers ided by g, anganese ion. The kit of the
fourteenth or fifteenth aspect can contdin a substance that inhibits the

reverse transcription (agt iav hdhddhe A Qﬁl nmerase. The substance that 15
inhibits the reverse transcription activity of the DNA pol ynerase is

exenpl $fied by phosphqoaof ar myg %igan rthernore, the kit nmay contain a
deoxynucl eoti de triphosphate anglé 5&5?%1 BB, f it rand rd pspbabenentr a

derivative adetedty.20 The sixteenth aspect of the present invention
relates to a kit for anplifying a nucleic acid used for the nethod for

anplifying a nucleic agkdhof+fh Lrst to third aspect of the present
invention, which is in a %ackaggaE%S?nPgnahgoﬁF§Fﬁ§qI%ﬁquﬂﬂqnnxelumes

direct the twse f cordy 35 HP! VEL as ving a strand di spl acenent activity
and an LAY e S nucleic acid which
contains:

10 i
(a) at least two Primers that are substantially

co i
mplementary to nucleotide sequences of respective strands

of a double-stranded nucleic acid as a template, wherein
’

each primer is a chimeric oligonucleotide primer that
contains g ribonucleotide as well as at least one sélected
15 from the group consisting of a deoxyribonucleotide and a
nucleotide analog, the ribonucleotide being positioned.at

- .
the 3'-terminus or on the 3'-terminal side of the primer;

(b) an endonuclease; and

| | (c) a DNA polymerase having a strand displécement
20 activity.

The tenth aspect of the pbresent invention relates:

to a composition for amplifying a nucleic acid obtained by

- mixing a nucleic acid as a template, a deoxyribonucleotide

?riphbsphate, a DNA polymerase having a strand displacement

25 activi i
ctivity, at least one primer and an endonuclease, wherein



.1 1 FEB 2005 32 RNase H The seventeenth aspect of the present invention
relates to a kit fQ anplifying a nucleic acid used for the nethod for

anplifyiﬁg a nucleic acid of the fourth to 5 seventh aspect qﬁlgggwﬁresent
invention, which is in a packaged form and contains instruction P

direct the use of a DNA polynerise having2a strand di spl acenent activity
and an endonucl ease. The ei ghteenth aspect of the present invention 10
relates to a product of a reagent for anplifying a nucleic acid consisting
"n The- pACKTRS nBFERea] suher cofi e & €anatiodan AL vi.0g. 8. MUSl ol ¢ -aci
containg a ENA polyqeriég havi ng a stfa%%q ié%?gégﬁgﬁ%ag%??@nyqi '%n&For
T ST A Bl
attached to the packaging material. 20 The ningtgenth %g%ecFQﬂt%4ﬁ§pwé$ent
ConsTSLing of & packi ng mat erl i and e Foagerrt o brpELPEERG LA Ehe
el el o ol d cont ol na 30" nag SR LE! Sy HIBERLA DS KBNS  Hnalabhae " °
elivily | SSagL RE ot aearuendayel egig 0 deoci pLion (ha
The packagi ng material or §Aetiuct!ohe Bl Cian gl f0a I BRAaging
for detesting a targer puc o e 2ehd T SCSan e, e RRRRY coMprans iap
relates to a composition for amplifying a nucleic acid

10 obtained by mixing a nucleic acid as a template, a
deoxyribonucleotide triphosphate, a DNA polymerése having a
strand displacement activity, at least two primérs and an
endonuclease, wherein each primer. is a chimeric

| oligonucleotide primer that is substantially complementary

15 to the nucleotide Sequence of each strand of the double-
stranded nucleic acid as the template and contains a
ribonucleotide as well as at least one selected from the
group consisting of a deoxyribonucleotide and a nucleotide
analog, the ribonucleotide being positioned at the 3'- |

20 terminus or on the 3'-terminal side of the primer.

The primer contained in the composition of the
eighth to eleventh aspect of the present invention is
exemplified by a chimeric oligonucleofide primer
représented'by general formula below:

25 General formula: 5'~dNa~Nb-dNec-3"'



(a) anplifying a nucleic acid by the nethod for 10 anplifying a nucleic
acid of the first to seventh aspect of the present invention; and (b)
detecting a target nucleic acid anplified in step (a) . The detection

nmet hod of the twentieth aspect of 15 the present invention chh FEBnmRs se
detecting the anplified nucleic acid usingga probe for detection. The probe
may be a probe that has been | abeled with a | abeling substance. For

exanpl e, an RNA probe | abeled with two or nore fluorescent substances
positioned at a distance that 20 results in a quenching state can he used.

The twenty- f(Rtserasipedgef bBe1pr FeHotdyegti gn ri%ltaet es to a chimeric

ol i gonucl eotide primer used for the twentieth aspéct"Ie Thihef¥cmore;

ol i gonucl eofid® prexmen iintexgapl bEi ad by AcGhi. j.c oligonucleotide primer
25 represent egléby general fornula bel ow OE%’T%HEB g%%gyéhb‘é%ﬂéiaptlde
formul a: 5' ad{aokb- dNeclgdot(iale ararjaqt@gg.e, r \pf re, b:,an integer of 1
or nore; c: O or an integer of 1 or m)re;[\P'dN?‘}nd@%#%%%nuﬂlé%@‘il@be@haﬂer
nucl eoti de amdlog; mbidiwaeedidfirech (4 honucheotide 5. and/or modified

ri bonucl eotide, wherein sone of dNs in ' ey be R efPREe @ hyiNGs, imndNahe
nucl eodi de raayt e 3'He@yIEJUS y nmodj f i such that extension fromthe
3'term nus by the action of t@ Dﬁl%’ po%%rer ® d¥&dsRdtidenkatpl hbe). 310
Such chi nertermingonuneledld dgo {4 s_ar enplified by a priner in which
c is 0 and a primer in'lyv\hi cht eﬂnr%r(jzl ggf:lgdz:%l%‘}e?%l%oﬁprbmmﬁhe
nucl eot i de toFrntig0xy rHPOHARACI|-+RUG/ ide t he nodified ribonucl eotide
is (a-S) ribonucl eotige. 15aThg%glr f‘ocrr%rtd%% l?ﬁg P%W?rﬁﬁ?sﬁoagpemt dfakde
present inydrddedn i s exenplified by a prinmer for detecting a pathogenic

m croorgani smor a di sease-related gene. A chineric oligonucleotide priner

for detecting a pathggec m ni sm such as enterohenorrhagic
Escherichia coli, CHLREEPE g}ngonUCleOtlde primers are

10 exemplified by a primer in which ¢ is 0 and a primer in
which the nucleotide analog is deoxyriboinosine nucleotide
or deoxyribouracil nucleotide, and the modified

ribonucleotide is (x—~S) ribonucleotide.

The composition of the eighth to eleventh aspect

15 ' i i
can’ contain a buffering component suitable for a nucleic
acid amplification reaction. For eéxample, it can contain a
buffering component selected from the group consisting of
Bicine and HEPES.
The eighth to eleventh aspect is exemplified by a
20

composition containing a DNA polymerase selected from the
group consisting of Klenow fragment of DNA polymerase I
from Escherichia coli, Bst DNA polymerase lacking 5'.3"
eéxXonuclease from Bacillus stearothermophilus and Beca DNA
polymérase lacking 5'L3" exonuclease from Bacillus

25 -
caldotenax as. the DNA polymerase having a strand



20 d ostridium botulinum Staphyl ococcus aureus, M/cobacterium
tubercul gsis, Chlanydia, papilloma virus, hepatitis Cvirus or a viroid is

enconpaséed by the present invention. The twenty-second asqﬁét of the
present invention relates to a chimeric oligonucl eotide pri'nkfEBot0s
detecting 25 enterohenorrhagi c Escherichi ascoli having a nucl eotide 11
FEB 2805 35 sequence selected fromthe group consisting of SEQ I D NCS:
31-34, 47, 48, 51-53, 64-72, 84, 85, 113, 114, 130 and 131. The
twenty-third aspect of the present invention relates to a chirrieri.c

oIigonucleoﬁi&élﬁﬁpmemtfoacd&beeyLng 5A§1\@ﬂd§f%§§§q a nucl eqti de
0 ‘gﬂ?\ﬁs@ 5591,0360,&181| gn

sequence seéﬁcted fromthe group consisting
120, 122 an@Ng38. HThean weat wskaurdd agpeeh, 4t present. invention rel ates
to a chineric oligonucleotide prinmer for det ec CJ|1$1ég‘ilsf(1 d %EFr RYied® bt 4si num

e E A St ST B T e M G 401
Sealenge epr esentca by S5 SE0 15 Ror B o 7 AT i g, o
g Wy e S Al M e L UL R
306, "The twont y_sevent s acpest 3T Tha Ry BedE Py BACLeA el ates (o a
2 il eot i de_sequence | cor ssonrad By EQ 15 NPMAGB b1onart 2beTRagntn
twenty- ei ghich adpeehtof ébﬁeEEessgﬁtLEXS“téSQ DNA polymerase lacking
5'-3"' exonuclease from Bacillus caldotenax as the DNA
10 polymerase having a strand displacement activity and an
RNase H from Escherichia coli, a bacterium of génus
Pyrococcus or a bacterium of genus Arﬁhaeoglobug as the
endonuclease. The RNase H is exemplified by t?pe I RNase H
from Escherichia coli, or type II RNase H from a bacterium
15 of genus Pyrococcus or a bacterium of genus Archaeoglobus.

The composition of the eighth to eleventh aspect
may contain a DNA polymerase 'having an endonuclease
activity. Bca DNA polymerase lacking 5'.3" exonuclease
from Bacillus caldotenax can be used as such. a. DNA

20 polymerase, which can be used in the presence of a
substance that allows the endonuclease activity of the DNA
polymerase to express. The substance that allows the
endonuclease activity of the Bca DNA pdlymerase to express

is exemplified by a manganese ion.

25 it
The composition of the eighth to eleventh aspect



,.1 1 FEB 2005 36 relates to a chinmeric oligonucl eotide priner for

det ecti ng Mycobacterium tubercul osis having a nucl eoti de sequence sel ected
fromthe group consisting of SEQ ID NOS: 155, 156, 159 to 162, 194 and | 95.
5 The twenty-ninth aspect of the present invention relates tblaFEmheweric

ol i gonucl eotide primer for detecting Chlamydia having a nucl eotide sequence
sel ected fromthe group consisting of SEQ ID NOS: 157, 158, 203 and 204.
The thirtieth aspect of the present invention 10 relates to a kit for
anplifying a nuCleic acid used for the nethod for anplifying a nucleic acid
of the firstcano fecéhhasspeet ofubBespegsent;, i.nvention, which contains the
chinmeric oligonucleotide priner of the tmg%Fv?finglgbtﬁmeﬁﬂviniﬁ@ﬁeaspect.
15 The t hi r tyahiscsti paspect §Etibftgre§%nt 'denb&gn relates to a kit for
detecting a target nucleic acid used tor t me d PS#YHQFééELng a Theget
nucl ei ¢ aci dubbtiheet warHd efhn fSPESt the present invention, which
contains the chineric. oligonucleotigggpﬁe%ﬁr%ﬁ 34ﬂ9%%ﬁﬁﬁﬁﬂqﬂr%ntivﬁﬂﬁ
twenty- ni nt bfasglect DNEhepd hinhEk¥z88CO spect. .of, the present invention
relates to a probe used ?n ?ﬁe ﬁe?hd%gogg%ﬂ?% q ebH pranhorhdormic
thirtysthiracagpect ofutbhgeprgSENt invention 25 relates to a probe which
hybri di zes to the nucleic acid g’l:L € FEE®PBO5 151 canpIngy edcbytate nmei hod

of the firsdedoyseveabpigspect; hirty-fqurth aspect of the present
invention relates to a Brobggéiﬁgﬁgkéﬁﬁ?cﬁ%REQQQJ éuﬁggi@ﬁleﬂquyﬁﬂmﬁﬂﬁﬁ ng

L chi e lexsihaguet eoL e BELTL oL, L Lugntye 117t Lo tuenty,ninth
probe weich fas been bapel syt o Label ing substance, for example, an Fn
o stance Ludlaled sl A peRching stale, The th Ly T1iLh aspect of
e o o O, LR D e, S

aspect of thetprese ention.relates to a method for anplifying a
nucl ei ¢ acid, wﬁich%% ﬁ%ﬁ?s@?ﬁﬁﬁrﬁf%¥q}@$bolynerase havi ng a strand

di spl acenent acti vi ty(at)oa%f fR%%tseaI_;tenpldat e switching 20 reaction.
. ; an

(b) a DNA polymerase having a strand displacement
activity.
15 i
.The thirteenth aspect of the present invention
relates to a composition for amplifying a nucleic acid used
for the method for.amplifying @ nucleic acid of the fourth
to seventh aspect, which contains:
(a) an endonuclease; and
20

(b) a DNA polymerase having a strand displacement
activity.

An endoribonuclease such as an RNase H can be
used as the endonuclease for the composition of the
thirteenth aspect. |

25

An RNase H selected from those from Escherichia



[ [ t activity used in the
: rase having a strand displ acenen .
IE?rEyésﬁglﬁngspect is exenplified by Kl enow fragment of DNA pol yneras

i ‘.3 | ease from

C i i ol ynerase | acking 5 -.3 exonucl ease
fron1EséBer|ch|a COLI, BSLiPE? gndyBca DNA pol yner ase Iacklnggﬁpgé rne 1
Bacl [l us 25 stearot her mop f Baci | | uprcal dotenax. The thirty-s&Penth
.1 1 FEB 2005 38 exonucl ease- romIates t? a method for producing a
aspect of the present invention reIeic acid in which the nucleic 5 acid is
material having an immobilized "the met hod conprising: (a) anplifying a
arrayed in a ppedef!ned region, oo {8 anpl j fying.a nucleic acid
nucl ei ¢_aci #é. be Ihﬁtﬁmaﬂsﬂpfﬁgb%?géfﬁgs g?t(lasen? |{ﬁ‘\a/é¥i %ﬁ, tﬁ%&lu?ﬂooébpenus
of the first to sevent | _ . . ified in step (a) in a
e ea on el PRCTRE I O o gRA WAL 5 Pt o
pr edef i ned region. The I R NN uclei¢c acid in which the
et e ool gemszﬁ?feﬁlr?ﬁeggﬂ)lr%:alciiaf(gg?%&n&ﬁogr g&hed Etﬁﬂ%lk@mchn?i 8];1
nucleic acid is . : - i t .of the present inven
t he thirty-bevesﬁuda?pe@m?O%ﬁ%f%ShéH%ﬁQ:€$% g%ﬁggﬁﬁtpapg@ Udre i tvesfthhe
relates to a method for produci ' i id by the method for 20
nEth0d5ConporStn?rtéahgﬁgEEFE¥E2%nggg%kgkéésé%gﬁlé@%ﬁ%& bf the pre)sentTh
anplifying a nucleic a ( el ele acid anplified in step (a) . e
et spnt o) ParacLeaRbecBUEl obF 20k ABLELSD o ronbrmont

fortieth aspect of the pres
anplifyimJ&BpH&ﬂebﬁna@d¥tHéF3contain a buffering component suitable
for a nucleic acid amplification reaction. For example,
the composition may contain a buffering component selected
10 from the group consisting of Bicine and HEPES.

The twelfth or thirteenth aspect is exemplified
by a composition that contains a DNA polymerase selected
from. the group éonsisting of Klenow fragment of DNA
polymerase I from Escherichia coli, Bst DNA polymerase

15 lacking 5',3" exonuclease from Bacillus stearothermophilus
and Bca DNA polymerase lacking 5;a3’ exonuclease from
Bacillus caldotenax as the DNA polymerase having a strand
displacement activity. An endoribonuclease such as an
RNase H can be used as the endonuclease. The RNase H is

20 exemplified by an RNase H from Escherichia coli, a
bacterium of genus Thermotoga, a bacterium of genus Thermus,
a bacterium of genus.'Pyrococcus, a bacterium of genus
Archaeoglobus or a bacterium of genus Bacillus.

In one embodiment, the composition of the twelfth

25 or thirteenth aspect contains Bca DNA polymerase lacking



Containi g o sequence to be ampl1T1ed Lo prepare 8 nuci e c acid as a
nt ai ni nce to be amplified to : . .
fggéﬁg?gggaﬁdsgqgg) anplifying the nucleic acid as the tenplate obtained in

e e oD e Ao Ol et HER 2 e 16
seventh aspect. The forty-first aspect of jghe prese USRS
a nethod for determ ning a nucl eotide sequence 10 of a nu ,

i Si i fyi i i ding to the nethod of the
ng anplifying a nucleic acid accor _ et h
P?:Q?dtgoggcgﬁ;ﬁ? tﬂ?rtyyninth or fortieth aspect. Brief Description of

; [ attern of
o TS DA £r mgmant o A B RS (R e ey coB
anpl i fied DNA fragments anplified according oresj s, pattern of

i i : r2sd | husthat o5 agalose gelk ghegtroph
;REF?E:gS-DEEP?TEBnéﬁis anpl?fied accordi ng Pgaﬁﬁm?ﬁg it hodl ey tamd peasent

i horesis pattern of
. : ¥ i Ifnesdt r AR AGAOSE 98l e,I ectr ,
;2¥F?$:23.D§§g$$:gnents anplifigggéccordlng To the MEtHBEI @R t@E pgesent

i ; I | el ectrophoresis 25 pattern of
invention. Pygorecéuisl |¢st matgs-agaLQ5¢e gehes hor pattern,
ggplified DNA fragments anplified according £8 ng TR Ppas
met hodSof taedpnesesksenNverhicORNase H is exemplified by type I RNase H

from Escherichia coli, or type II RNase H from a bacterium
of genus Pyrococcus or a bacterium of genus Archaeoglobus.

The composition of the twelfth or thirteenth
aspect may contain a DNA polymerase having an endonuclease

10 activity. Bca DNA polymerase lacking 5'53' exonuclease
from Bacillus caldotenax can be wused as such a DNA
polymerase, which can Dbe wused in the bresence of a
substance that allows the endonuclease activity of the DNA
polymerase to express. The éubstance that allows the

15 endonuclease activity of the Bca DNA polymerase to express
is exemplified by a manganese ion.

The composition of the twelfth or thirteenth
aspect can coritain a substaﬁce that inhibits the reverse
transcription activity of the DNA  polymerase. The

20 substance that inhibits the reverse transcription activity
of the DNA polymerase is exemplified by phosphonoformic
acid. Furthermore, the composition may contain a
deoxynucleotide triphosphate analog such as deoxyuridine

tripHosphate or a derivative thereof.

25 The fourteenth aspect of the present invention



el ectrophoresis pattern of anplified DNA

Figure 5 illustrates agarose gel _ _
fragments anplified according to the method of the present invention. 5
Figure 6 ) Ilustrates agarose gel electrophoresis pattern of anplified DNA
fragments anplified according to the method of the present-lnyqqﬁ¥pzmd
Figure 7 illustrates agarose gel el ectrophpgesis pattern of anpli |‘ﬂ DNA
fragnments anplified according to 10 the nethod of the present invention.

Figure 8 illustrates agarose gel electrophoresis pattern of anplified DNA
fragnents anplified according to.-the nethod of the present inventian.

SRR et L R
e Soments ampl 1160 scoardh ney vadt e ol BB SR B et ne Traberel bnisa
| CAN; B: PCRspect of the present invention, which contains:
(a) an RNase H; and
5 (b) a DNA polymerase having a strand displacement
activity.
The fifteenth aspect of the present invention
relates to a kit for amplifying a nucleic acid used for the
method for amplifying a nucleic acid of the fourth to

10 seventh aspect of the bresent invention, which contains:

(a) an endonuclease; and

(b) a DNA polymerase having a strand displacement

activity.
An endoribonuclease such as an RNase H can be
15 used as the endonuclease for the kit of the fifteenth
aspect.

The kit of the fourteenth or fifteenth aspect

which contains an RNase H 1is exemplified by a kit

20 an RNase H fropm Escherichia coli, an RNase H from a
bacterium of genus Thermotoga, an RNase H from a bacterium
of genus Thermus, an RNase K from a bacterium of genus
Pyrococcus, an RNase H from a bacterium of genus

Archaeoglobus and an RNase H from a bacterium of genus

25 Bacillus.



| ' i fied
20 Figure 11 illustrates agarose gel SLECtr?ﬁggrgflfhgagﬁgggn?fiﬁUEL{{gn.
DNA lified according to e ne . Vel DNA
FiguI;alnEPffugppates agarose gel el ectrophoresis pattern of anplified

' I on.
fragnents anplified according to 25 the nethod of the presqnfﬁgﬁé@&é

[ [ | electrop
| ure 13 illustrates agarose gel
éa?%e}ﬁ nggﬁpF???egl%NA fragnents anplif?gg according to the nethod of the

is 5
present invention. Figure 14 illustrates agarose gel el ectrophoresi

e Pfi according to the nethod of the
pattern of anplified DNA fragments anplified glectrophoresls

present invention. Fi Qe Hﬁ%idfL@ﬁéa%gér@ggﬁggeoge%ifteenth aspect may
further contain a buffering component suitable for g

nucleic acid amplification reaction. For example, the
composition can contain a buffering component selected from

5 the group'consisting of Bicine and HEPES. The kit may
contain an annealing solution.containing a substance that

enhances the annealing of the nucleic acid as the template

to the primer that is substantially complementary to the

nucleotide sequence of the nucleic acid. For example, the
10 annealing solution may contain spermidine and/or
propylenediamine.

The.DNA polymerase having a strand displacement
activity contained in the kit of the fourteenth or
fifteenth aspect of the present invention is exemplified by

15 a DNA polymerase selected from the group consisting of
Klenow fragment of DNA polymerase I from Escherichia coii,
Bst DNA polymerase lacking 5'53 exonuclease from Bacillus
stearothermophilus and Bca DNA polymerase lacking 5',3"
.éxonuclease from Bacillus caldotenax.

20 In one embodiment, the kit of the fourteenth or
fifteenth aspect contains Bca DNA polymerase lacking 553!
exonuclease from Bacillus caldotenax and an RNase H from
Escherichia coli, a bacterium of genus Pyrococcus or a
bacterium of genus Archaeoglobus. The RNase H is

25 exemplified by type I RNase H from Escherichia 'coli, or



I fi I fi ding to the nethod of the
lified DNA fragnments anplified accor
patggﬁ? ?LVZHPiBn. 10 Figure 15 illustrates agarose gel electroppﬁggsg? e
B;?tern bf anplified DNA fragnments anplified according to the ne

: resis
present invention. Figure 17 illustrates agarose gel el ectrnggréB W hod of

I fi I fi ding to M (
lified DNA fragnments anplifixd accor
?ﬁgtgﬁgsgatarﬁvention. Figure 18 illustrates agarose gel el ectrophoresis

i fi i fi ding to the nethod of the
lified DNA fragnents anplified accor (
B?LLEL? ?nggPién. Figure 19 illustrates agarose gel el ectrophoresi.s 20

FE ' to the nethod of the
&iptel T lecRIDNe f Hagiromt Sa apRb+ &+ 8gn 2580 N, od of
B?ELSL? ?Lvemﬁ(HL Figure 20 illustrates agarose gel (§§§Qﬁﬂﬁﬁ¥%l%

iefrii rAgTE i 1l ding to the nethod of the
efrilech ONA dfen chamyidihed accor
B?LLEL? ?ngﬁtp!tonl. 25 Fi S]:Jre 21 illustrates agarose gel el ectrophoresis

The kit of the fourteenth or fifteenth aspect of
the present invention may contain a DNA polymerase having
5 an endonuclease activity. Bca DNA polymerase lacking 5'-3!
exonuclease from Bacillus caldotenax can be used as such a
DNA polymerase. The kit can contain a substance that
allows the endonuclease activity of the DNA polymerase to
eéxpress. The substance that allows the endonuclease

10 activity of the Bca DNaA polymerase to express 1is
exemplified by a manganese ipn.

The kit of the. fourteenth or fifteenth aspect can
contain a substance that inhibits the reverse transcription
activity of the DNA polymerase. The substance that

15 inhibits the reverse transcription activity of the DNA
polymerase is exemplified by phosphonoformic acid.
Furthermore, the kit may contain a deoxynucleotide
triphosphate analog such as deoxyuridine triphosphate or a
derivative thereof.

20 The sixteenth aspect of the present invention
relates to a kit for amplifying a nucleic acid used for the
method for amplifying a nucleic acid of the first to third
aspect of the present invention, which is in a packaged
form and contains instructions that direct the use of a DNA

25 polymerase having a strand displacement activity and an



1 1 FEB 2005 42 pattern of anplified DNA fragnments anplified according to

l ' ' ' ' i1l ustrates agarose gel

f the present invention. Figure 22 i es :
érgcrfggggrgsis pa?tern. of anplified DNA fragggn?flﬁgPlgzggd agfggglgglto
5 the nmethod of the present invention. Figure 5@@&@Bd%ﬁb L

e ectrophoresis pattern of_anplirgﬁd Figu?%?g4 P}Fugtrgiggeggarose gel
me f the present inven . & :
érgctrggﬁgrgsis 10ppattern of anplified DNA fragnents anplified according

i i [ 25 illustrates agarose gel
hod of the present invention. Figure tre _
;FeEPfogﬁznaNasqxﬁiePn of anplified DNA fragnents anplified according to

the nmethod of the present inyention.
The seventeenth aspect of the present invention

relates to a kit for amplifying @ nucleic acid used for the
method for amplifying a nucleic acid of the fourth to
5 seventh aspect of the present invention, which is in a
packaged form and contains instructions that direct the use
of a DNA polymerase having a strand displacement activity

and an endonuclease.
The eighteenth aspect of the present invention

10 relates to a product of a reagent for amplifying a nucleic
acid consisting of a packing material and a reagent for
amplifying a nucleic acid enclosed in the packing material,
wherein the reagent for amplifying a nucleic acid contains
a DNA polymerase having a strand displacement activity

15 and/or an RNase H, and description that the reagent for
amplifying a nucleic acid can be used for nucleic acid
amplification under isothermal conditions is indicated in a
label stuck to the packaging material or instructions
attached to the packaging material.

20 The nineteenth aspect of the present invention
relates to a product of a reagent for amplifying a nucleic
acid consisting of a packing material and a reagent for
amplifying a nucleic acid enclosed in the packing material,
wherein the reagent for amplifying a nucleic acid contains

25 a DNA polymerase having a strand displacement . activity



15 Fiaure 26 illustrates agarose gel electrophoresis pattern of anplified

e ' he method of the present invention.
DNA fragnents anplified according to t . ttern of amolified DNA
Fi gure 27 il lustrates agarose gel electrophoresis pa 1PEEQQHBOH-

i fi [ f the presen
anplified according to 20 the method o &l
L{Sgrgngg irPustrates agar ose gel ﬁlectrgg§9r$5{ﬁepg£;§;2to{nsgﬁlzLhegngNA
I fi ' thod o
fragments anplified according to the ne 1 et P e g oee 4o
: hybri di zati on pattern. 25 Figure 29 illus _
g?écslgghoyesis‘ 1 11FEB 2G5 43 ' pattern of anplified DNA fragnents

anpl i fi ed acowitingano dfwoni ok of Lha RIESEN 4 Ivention. '(!_:Iilgurr%a%%nits 2
graph whi ch conpares the anounts
for amplifying a nucleic acid can be used for nucleic acid
amplification under isothermal conditions is indicated in a
label stuck to the packaging material or instructions
5 attached to the packaging material.

The twentieth aspect of the present invention
relates to a method for detecting a target nucleic acid in
a sample, the method comprising:

(a) amplifying a nucleic acid by the method for

10 amplifying a nucleic acid Of the first to seventh aspect of
the present invention; and

(b) detecting a target nucleic acid amplified in
step (a).

The detection method of the twentieth'aspect of

15 the present iﬁvention can comprise detecting the amplified
nucleic acid using a probe for detection. The probe may be
a probe that has been labeled with a labeling substance.
For example, an RNA probe labeled with two Or more
fluorescent substances positioned at a distance that
20 results in a quenching state can be used.

The twenty-first aspect of the present invention
relates to a chimeric oligonucleotide primer used for the
twentieth aspect. The chimeric oligonucleotide primer is
exemplified by a chimeric oligonucleotide primer

25 represented by general formula below:



of anplification products anplified according to the nethod 5 of the

' ' ' i1 lustrates agarose gel .
ntion and the PCR Figure 31 il ar ( O
g{gifpgﬁ$2¥:sis pattern of anplified DNA fragnents anplified according

[ [ [ am de
the met hod of the present invention. Figure 32 illustrates @qu%?g&k

[ I fi fragnents anpli
resis pattern of anplifieg, DNA ( !
ggLo}giﬁgefgrﬁﬁgonethodpof the present invention. Figure 33 illustrates one

i fyi [ id of the present _
thod for anplifying a nucleic aci _
?ﬁegﬁtiga_tgfggﬁe 34 illustrates one_aspeg; oI tge FFfzggr;?e;ogngnggbggLng
a nucleic acid of the gumsent f@¥ﬁﬂiépn5"§9§fﬁPﬁ§N5résent oenti o

i fyvi l erc aci , .
of the nmethod for anplifying a nuc i fvina a nucl ei ¢
acid of the prosent  myantton. B0 %% diTetE B ahoriHese mupk sboogemore,
acid of the present invention. 20 Figu nplified according to

el ectrophor esi 0 patt & Dit&gPLi Hiced DNA R%%%qEQh?:adeoxyribonucleotide
the nmethod of the present invention.
and/or nucleotide analog; N: unmodified ribonucleotide
5 and/or modified ribonucleotide, wherein some of dNs in dNa
may be replaced by Ns, and the nucleotide at the 3'-
terminus may be modified such that extension from the 3'-
terminus by the action of the DNA polymerase does not take
place).

10 Such chimeric oligonucleotide primers are
exemplified by a primer in which c.is 0 and a primer in
which the nucleotide analog‘is deoxyriboinosine nucleotide
or deoxyribouracil nucleotide, and the modified
ribonucleotide is (ct=9) ribonucleotide.

15 The primer of the twenty-first aspect of the
present invention is exemplified by a primer for detecting
& pathogenic microorganism or a disease-related gene. A
chimeric oligonucleotide primer for detecting a pathogenic
microorganism such as enterohemorrhagic Escherichia coli,

20 Clostridium botulinum, Staphylococcus aureus, Mycobacterium
tuberculosis, Chlamydia, papilloma virus, hepatitis C virus
or a viroid is encompassed by the present invention.

The twenty-second aspect of the present invention
relates to a chimeric oligonucleotide primer for detecting

25 enterohemorrhagic Escherichia coli having a nucleotide



Figure 38 illustrates agarose gel electrophoresis pattern of anplified. DNA
fragnments anplified according to 25 the nethod of the present invention.
') 1 FE)?» 2Q0 44 Figure 39 illustrates agarose gel el ectrophoresis pattern

of anplified DNA fragnents anplified according to the net ho;d1qn‘EBt§@5
present. invention. 5 Detailed Descriptionf the Invention As us her ei n,
a deoxyri bonucl eotide (also referred to as a dN) refers to a nucl eoti de of
whi ch the sugar portion is conposed of D 2-deoxyribose. The

deoxyri bonucl eofi des i nclude, for exanple, ones having 10 adeni ne, .

cyt 0si ne, guEETUE@Y S0 ey a e+has rtion. Furthernore, the.

deoxyri bonucl eoti des al so i ncl ﬁ(r:léﬂat go )ﬁ’&l orftTé1%ot5 Y rali $BR al RodDSited

base such asltddazagyanssi gl -2yl lepxyrgd bonucl ept i de_anal og such as
deoxyi nosi ne nucl eotide. 15 As u’sg%éjﬁﬁe)ér(’eién&,)’ aél$1' bg{%cl bt dég@aasd teterred

to as an N) refers tomadyglHAti.C which the sugar portion is conposed
of D-ribose. The ri bonucleotid@}sdliq?]%‘?%d%SBﬁgg R&VitAE REesvent Lyvesthen

guani ne or ueagtksatd he Hase tion. The ribonucleotides also include
modi 11 6d 20 1 boncl Sot] des Rich” a8 T AIRBUFLPEA 1 ArDGHIsleso iate detabt chgt he

oxygensat omaofyithe phasphate group .at the a-position is replaced by a
sul fur atom (al so referrggbt o‘gag&g e.o(t d@ PFEBANERedid dectord afrbar Syhdl) or

ot her deriv@tbygscolsiy herei a.chineric oligonucl eotide prinmer 25
refers to a prilgrer C)t hellt %gg‘ﬁt%fﬁsg@d@@xypisborﬁ%l idéland120, 4% and
123,

Thc twenty-fourth aspect of the present invention
relates to a chimeric oligonucleotide primer for detecting

1 - .
0 Clostridium botulinum having a nucleotide sequence

represented by SEQ ID NO: 116 or 117.

The twenty-fifth aspect of the present invention
relates to chimeric oligonucleotide primer for detecting
papilloma virus having a nucleotide S€équence represented by

15 SEQ ID NO: 96 or 97.

The twenty-sixth aspect of the present invention
relates to a chimeric oligonucleotide primer for detecting
hepatitis C wvirus having a nucleotide Sequence selected
from the group consisting of SEQ ID NOS: 101, 102, 138, 139,

20 200, 201, 205 and 20s.

The twenty-seventh aspect of the - present
invention relates to a chimeric oligonucleotide primer for
detecting Staphylococcus aureus having a nucleotide
sequence represented by SEQ ID NO: 136 or 137.

25 j
The twenty-eighth aspect of the present invention



1 1 rEa 2ao~ a ribonucl eotide. The prinmer may contain a nucl eoti de anal og
and/or a nodified ribonucleotide. The chineric oligonucleotide prinmers used
in the phesent i nvention include any chineric oligonucleotide 5 prinmer that
has a ribonucl eotide being positioned at the 3'-term nus or ¢n f

3'-termnal side of the prinmer, can be usetkto extend a nucleic ac?@mstrand
in the nethod of the present invention, can be cleaved with an

endonucl ease, and can be used to effect a strand di splacenent reaction. 10
As used hereiqj'B'-terninal side refers to a portion fromthe center to the
3' -terninus Sfladaruct @i & abiithesueh S Eorild TBS e 1 dd kewi opt gLminal side
refers to a portion fromthe center to the 5'-€érn¥§%%£§¥ goﬁugﬁéﬁg%éeﬁd.
15 As used Meicsibactar iemomiteasel ddys be, Anh one t sRn 2
doubl e- stranded DNA generated by extending a frgg%%%%%&ﬁﬁneFﬁguence

ol i gonucl eosiede cusidneRr oahitte hpvsup eesn a08edh 80 F 0 NG g 6. ackd as_a
tenpl ate, and specifically cleaves it at a po t?%nso #ﬁeﬁégrnibgthiPGZO
cont ai ns a &bBotoclléati de4 Amdisess herein, a DNA pol ynerase refers to an
enzynme that synthesizes a DNA strand de novo using a DNA strand as a

tenpl abe. The DNA pol yier asasn4 e n | y coccurring DNA pol ynerases
and variant enzynes 25 havingtﬁiﬁabovegﬁgég%o%gd%éﬁjRﬁ%%@”¢o%n§§%HbPé,

such 1rél1 &EEBs2@05 AGIWRYAES KRG DNA pol yner ase_havi ng a strand
di spl acement activity, a DNA polén%?gégqﬁgg Pﬁédg §%;§““%x%ﬁ%c¢%§%@tlng

activity andhaa®MNAi BoInAErase gy verse transcriptase activity or an
endonucl ease activity. 5 AﬁfugedIhgg%?%£§eas§€P§H&edF§ SeePRnf TRt | Yhe y"

refers to agreepi ¥bh¥yikhahqCar & I dgggtacenent, that is, that
can proceed DNA duplicatio% on tﬁgpgggﬁgﬁéfagﬁé erid® ¢nd b 4wucl ei ¢

acid as the tenpl ate whil ey ing the DNA strand to rel ease the
conpl enentary 10 strand thatiﬁgisggjéega% @l &fst BEFhep¥%ﬁ%Wét eLrenthken | n

addi timn, ardNA &S rahd,r gl ea .a nucleic acid as a tenplate as a
result of a strand displ a%grrgﬁg %angg]é‘%é{%Pgdat FUgdels diss assd! stamrtdte

herei n. Hengididd e t : i_nvention wil] be 15 described in detail.
(1) Chineric ol i%ofn%f:l 2@??%@’%&%& NWEPih 3%l présthe ifavest iton.£ifh

primer usedddrdihe geth of e _present invention is a chineric
oligonucleotfgz primer ?ﬂgt f%ggg%Fm|ﬁP¥F9?%ﬁmmcI%B%Fhe gonpelinsas tate

| east one <@ligEdad oligonucleotide primer of the twenty-first to

twenty-ninth aspect.

1 . .
5 The thirty-first aspect of the present invention

relates to a kit for detecting a target nucleic acid used
for the method for detecting a target nucleic acid of the

twentieth aspect of the present invention, which contains

the chimeric oligonucleotide primer of the twenty-first to

20 twenty-ninth aspect.

The thirty-second aspect of the present invention

relates to a probe used in the method of the twentieth

aspect.

The thirty—third aspect of the present invention

25 relates to a probe which hybridizes to the nucleic acid



fromthe group consisting of a deoxyribonucl eotide and a nucl eoti de anal og.
Such prinmers also include an oligoribonucl eotide priner that contains an
unnodi fi &d ri bonucl eotide and/or a nodified ribonucleotide. 25 A chineric
ol i gonucl eotide prinmer used in the ° 1 1 F E B 2005 47 nethogdggfygshe
present invention is a chinmeric oligonucleaagtide priner that has a

nucl eoti de sequence substantially conplenentary to a part of the nucl eotide
sequence of a nucleic acid as a tenplate. It can 5 contribute to extension
of a DNA strand under conditions used. Furthernore, a ribonucleotide is
posi tioned &mptlie iz®d ther Mimsmerhed éhetiBe - £er 8t nal §Eggn9h g%geggineric

ol i gonucl eotide priner. The prinmer is usually designed such that It is

conpl enentary to a poritieorthipsty-etdnofh t HepdO: r 681 PRt 8. .fied. that
is, a portion 3 to the nucleotide sequenﬁ% correspoﬁd?ﬁgg?ggghbgﬁpgﬁopo be

anplified i medates dic acpdobe aHiml RySrids Hsed herein, ;" bstantially
conpl enentary nucl eoti de sequence” nean% a nu%leotfd? ?%%%%ﬁ?egﬁﬁZ%%&ﬁﬂ

anneal to auBllAgastize t efphaird cl5 UDgshueeast i jtio ed. The
chimeric oligonucl eotide primer use% in the nggh %nghg%p% SenFYPRVERLI on

may coht ai nfometotomake ntydiningt 4 | eotide. As used herein, a
ri bonucl eoti de nay be an unnodified ribonucl eotide and/or a nodified 20

ri bonucl eoti de that C&hebﬁnﬂﬁﬁit59n3§mgttﬁf?géLé&ggg?ngﬁbq{%§£t§bgourth

3'-termnal side of a chineric oligonucleoti prime S

recogni zed aypectclmayedr,ai th andony se.. .The ribonucl eotides jnclude
both of the unnodified ribonuc?ggtide a% thgaﬁodﬁFﬁgd EF%SﬁGQIeB%FEe 25 as

descri bed abaveliAg domedizhiced rd o ide, a...1 1 FEB 2Q05 48 npdified
ri bonucl eoti de or a conbi nati on the?%glﬁgg%’b%nu§§é PEPRen - aRf drd i with

ol i gonucl eotwdlecprin8ee efubbespPegsent tion as long as it does not
abol i sh the function of tﬁe p?ingﬁ.g bg%%ﬁgfﬁﬂpqﬁﬁ§%ﬁﬁ% i%d @ distance

ri borugl eottles results in a quenching state.

The thirty-fifth aspect of the present invention
relates to a kit used for the detection of the target
nucleic acid in the method of the twentieth aspect, which
contains the probe of the thirty-second to thirty-fourth

15 aspect. |

The thirty-sixth aspect of the present invention
relates to a method for amplifying a nucleic acid, which
comprises using a DNA polymerase having a strand

displacement activity to effect a template switching

20 reaction.

The DNA polymerase having a strand displacement
activity used in the thirty-sixth aspect is exemplified by
Klenow fragment of DNA polymerase I from Escherichia coli,
Bst DNA polymerase lacking 5'-3"' exonuclease from Bacillus

25 stearothermophilus and Bca DNA polymerase lacking 5'53"



5 include, but are not limted to, an (a-S) ribonucleotide in which the
oxygen atom bound to the phosphate group is replaced by a sulfur atom and
a ribonudl eotide in which the hydroxy group at the 2-position of the ribose
is replaced by a nmethoxy group. Such a chineric 10 ol i gonucl e,oii‘%% i mer
containing a nodified ribonucl eotide can by produced by using, f npl e,
an (a-S) ribonucleotide triphosphate, which is prepared by a nethod using a
sul furation reaction reagent (G en Research) as described in United States
Patent No. 5,003,097, or a 2 15 OWe- RNA- CE phosphoram dite reagent -(d en
Research). AXsfiumdease|fgomeiedlide @5iaBFaLhat can be used in the
anplification nethod of the present invention nmay be designed to contain a
modi fi ed ribonucl eoti dhe hatthhonferse vasi st a fQq the cleayage with an
endonucl ease. 20 Such a primer is useful in ?’h tecgcne ?é‘cﬁ cgﬁﬁr ol PFR&ent

cl eavage si taveinthiocan eadenuel ease HupicRoAMPELL i on reaction steps. One
or two chineric oligonucleotide priner maf/) beﬂﬁéegjarlton 1H hrefhoBeberipg
present inveaviog depereimagiQn 222 t G H8SLr ed. f orm of a fragnent after
anplification © 1 1 F E B 2p05 49 ((s:deng e- scflrcgn&éld Widubhe skraheaid) .
Speci f bcal | ggidne ighi rerdagy ) | ggpuch eoti rimer is ysed when a

singl estranded DNA i s desired, wher easblf:g\gegﬁl r s T§% Wged §en method
doubl e- st r andedr DBl\ngs desired. 5 The length of the chinmeric

ol i gonucl eotide prinmer used in the nmethod of the present invention is not
specifically limted, (Byt dnfpiarRfi6{abLY ut. 12 nucl eoti des to about 100
nucl eoti des, nore prefer abln% about SAanP’gStle@s‘”tcg BBoke donmkd otedes.

It is prefedspbtiee loethal kB iy equence of the chineric
ol i gonucl eotide is subst ant ?a?ﬁ%hgg#ﬁﬂgéng&;@eﬁ? &5t Iod Ehecifdi ret &0

tenpl ate sundwdieh 4spaRPegksti nucleic aci.d as the tenpl ate under
reaction conditions _ul:s)ed. The _pgi érggsgglﬁt éf’ﬁ?ngl%‘ciuéﬁ@e recogni zed by an
3 termi nus or on thet 3 - FeFERET oPhE. PRI | Aheol Danhort atdids
havi ng a stampatiwed ey ed. py.the follow ng general fornula can be used
in the DNA wn%]lt helsi S rref%g%g o?afhlenp‘?e@’éﬁ?eﬁen?ﬁvéﬁw@n-as a priner,
although it is not int . 1o limt the present invention: General

formul a: 5'-dNa- Nb-d%crf\é;' _a%t%ne%ﬁ%e?sg?cﬁloﬁrth@rp,rebenanihmeﬁgaronof 1
or nore;, CreQa@ledd Rt f .1.or pore, dN. deoxyribonucl eotide 25 and/ or
nucl eoti de anal gg; N: %ug%ggcﬁﬁlald I HhiciRotebilized nucleic acid in

ie
which the nucleic acid is arrayed in a predefined region

15 produced by the method of the thirty-seventh aspect
The thirty-ninth aspect of the present invention
relates to a method for producing a nucleic acid in large
quantities, the method comprising:
(a) amplifying a nucleic acid by the method for
20 amplifying a nucleic acid of the first to seventh aspect of
the present invention; and
(b) collecting the nucleic acid amplified in step
(a).
The fortieth aspect of the present invention
25 .

relates to a method for amplifying a nucleic acid, the



1 1 FEB 2005 50 and/or nodified ribonucl eotide, wherein some of dNs in dNa
may be replaced by Ns, and the nucleotide at the 3'"term nus nay be nodified
such thatt extension fromthe 3'ternmnus by the action of the DNA pol ynerase
does not take 5 place). For exanple, a chimeric oligonucleotide priner
represented by the general fornmula in whiciga = an integer of N1 r&E8 o9 e;
and b =1 and ¢c =0, b =2 and ¢c =0, b =3-5andc - 0, or b - 2 and c -
0-5 can be preferably used in 10 the present invention. The length of the
ri bonucl eotides at the 3' -termnus or on the 3'-ternunal side of the

chi meric ol MfFMRd exmipel pingrer used in the method of the present invention
is preferably 1-nmer to 15-ner, nore preferably 1-ner to 10-ner, npst
preferably 1-nmer to 5-fer. dip1ike tnwye in the ral formula is not
specifically limted, but an?}J nurrbe?h@t)hgt 0%%?1 lg'er} ugreldgflsl\ﬂﬁt eI Df at he
present i nvéfdugmaraytde beel Bridiguald vy | ess is preferably. Better
results are obtained in a re?gﬁtbi on %@ ch: e%%?%’%% PatHeTt Hanag1d2 3t Ber
than 3, andtempaefter 2t han 2 for c. In particular, the nost efficient
reaction can be acconplished in case of ¢ = 0. The chineric oligonucl eotide

prinmer2used in the pr &€HgnNtangvens i b st.ructure, in which an
endonucl ease recogni zes or cleaveégg Dﬁ% sl¥§ﬁﬁiéx?%h@eésfﬁﬁﬁath%mplaher 25

using a DNAcpbaynmedasa Gaepl i(BBr 4 d tr at a site y ~1 1 FEB 51
that contains a ribonucl eotpi cig? wﬁfixfztﬁl%r ?%&?{chaén‘g% c?énH)]éiﬁ‘bglrgﬂ)sa thonkel at

the 3'-termaoid of ®Ret Ber3t- £ Er Qi ide_of the chi.nmeric oligonucleotide
primer. Although it is not inteng§8%%§%lﬁﬁpﬁcﬁhe present invention, for

exanpl e, when 5 an RNage HAG doubl e- st randed DNA gener ated by
extending a DNA from a chi ner ity(s:-fg]rllsgconétjgﬁj%@fi ¢ prisrePreepnssdntwshthior he

general formilatddatohas heaghan I to a nucleic acid as a tenplate, the
chineric oligonucl eotide priné? ?ggcﬁgéﬁﬁTaﬁlWQKﬁrPB@h@@Fédei@@qubnce '

portildh. Acdoubl engtnangded in_which a nick is introduced between the
ol i gonucl eoti de pri ner anda%’ Dl\ﬁ?i\gt r’%%@‘%‘}'nt%rzww tahwep Jeixft yeirsg o i S

then gener ated.eitheRciq strt i spl acengnt reaction with a DNA pol ymer ase
proceeds fromthe nicﬁéd sF?g§d$ﬁ€£,%8nytgﬁiH%?FEOd of the first to

seventh, thirty-ninth or fortieth aspect.

Brief Description of Drawings

15 i ' '
Figure 1 illustrates agarose gel electrophoresis

pattern of amplified DNA fragments amplifiéd according to
the method of the present invention.

Figure 2: illustrates agarose gel electrophoresis

pattern of amplified DNA fragments amplified according to

20 the method of the present invention.

Figure 3 illustrates-agarose gel electrophoresis
pattern of amplified DNA fragments amplified according to

the method of the present invention.

Figure 4 illustrates agarose gel electrophoresis

25 : - 1 £
battern of amplified DNA fragments amplified according to



15 ol igonucl eotide primer that can be used to extend a nucleic acid strand
fromthe 3" -termnus of the prinmer, that can be cleaved with an '
endonucl éase, and with which a DNA pol ynerase can effect a strand

di spl acenent reaction can be used in the qﬁthod of the present1ﬂﬂﬂ§hﬁm9n.
Furthernore, 20 the chineric oligonucleoti*de primers of the present

i nvention include one whose 3'-termnus is nodified such that extension by
the action of the DNA pol ynerase can not take place, and DNA extension
takes place froma.3 fermnus generated upon, cl eavage by the endonucl ease.
25 I'n additi-8f, “‘&%ﬂ"éﬁfg}t’}%éﬁeﬁﬁ%ﬂ? &H%&W- 11 FE B 2005 52

pol ynerase may be included on the 5 -termnal side of the chineric

ol i gonucl eoti de pri mef.>%Fch RNALpBPYEEF§Se 29RO S I} | B1RAt BYPIFPrRIAS

pol ymerase and SP6 RNA pol ynerase. Furthernore, the chineric

ol i gonucl eoPREESHN ik sMpsédipA (WP nEraguedtst kapdiddest aomerdinn hay
contain a nucl eotide anal og or other substances. That is, one or nore

nucl eoti de §H§I8§§Pq@aﬁﬁx¥ MEAFRAE i YRt PR neri ¢ ol i gonucl eotide priner
of the present invention as long as the function of the prinmer for

ef fect Png a pol yneri z&tigreLd ekl éHstsAtreacdas® e (¥t helgttrephpnasiby
the action of a DNA pol ynerase is not abolished. Plural types of the
nucl eot i de RA&CLEEE & dBPUSEHeHn idnhf naghent s Erawplidd edf admomrmich@otpde
anal ogs include, but are not limted to, deoxyinosine nucleotide,

deoxyur aci | thgcreshiogle 0fa the mud st denearat bon havi ng a nodi fi ed base such
as 7deazaguani ne, a nucl eoti de anal og having a ri bose derivative and the
like. Furthernore, thd&ighineerT cibdlugbnatksotrigdergse prls ededtrophbeeptssent
i nvention may contain deoxynucl eotides, ribonucleotides or nucl eotide 20
anal ogs havbagtean cous apdiifiadi O sfichgmsnasdiatipdd fakd ahetecd conpoedands
as long as they retain the functions as descri.bed above. |ncorporation of a
nucl edbi de &hel mgthoto of whengrdseraf fiantdmvei dror suppressing the formation
of high 25 order structure of the prinmer itself and stabilization of ~ 1
1 FEB 2005 53 Figure 8 illustrates agarose gel electrophoresis

pattern of amplified DNA fragments amplified according to
the method of the present invention.
Figure 9 illustrates agarose gel electrophoresis
15 pattern of amplified DNA fragments amplified according to
the method of the present invention.
Figure 10 illustrates agarose gei electrophoresis
pattern of amplified DNA fragments amplified according to
.the method of the present invention. A: ICAN; B: PCR.
20 Figure 11 illustrates agarose gel electrophoresis
‘pattern of amplified DNA fragments amplified according to
the method of the present invention.
Figure 12 illustrates agarose gel electrophoresis
pattérn of amplified DNA fragments amplified according to

25 the method of the present invention.



annealing formation with the tenplate. A ribonucleotide may be incorporated
into a p&iner for the same purpose. Although it is not intended to limt
the presént invention, a nodified ribonucleotide such as (a-9)

ri bonucl eotide can 5 be preferably used in order to prevent ﬂHbFEBgm@iion
of the priner by a non-specific endonucl edde (RNase). The chinmeric

ol i gonucl eoti de priner can be synthesized to have desired nucl eoti de
sequence using,_for exanple, the 394 type DNA synthesizer from Applied 10
Bi osystens Inc. (ABI) according to a phosphoram dite nethod. Alternatively,
- any met hods i ncl udi ng ¥4 996 griatie kystestteas g avweise ane H phesphophoeeseshod
and a thi ophosphonate nethod may be used to synthesize the chineric
oIigonucIeoPPngﬁﬁrﬁﬁ.a@Bl€Q}eﬁnéﬁﬁhcf@%%@enéédamﬁlﬁﬁée@r@mmnrdiW@ntbon
Any endonucl ease that can act on a doubl estranded DNA generated by DNA

ext ensi on f FBfM PREDERI Wér itdeobirgsandl dorventivnner as descri bed above in
(1) that has been annealed to a nucleic acid as a tenplate and cl eaves 20
t he extended strand t&igurectl da idthuatdratieplagpenese gehceloot rayhbeessed in
the present invention. That is, the endonucl ease is an enzyne that can
gener aPe a BREkern tfe anphifiedoDNgoncdguentde pmpieefipar tdcaorfiddeto
doubl estranded DNA. Exanpl es of endonucl eases that can be used 25 in the
present inveheivathad odetheupraseniotidveritieshto, |, 1 1 FEB 2005 54

ri bonucl eases. Anong these, endoribonuclease H (RNase H) that acts on an
RNA portion of a doubFégstreaided i taiat eaciayxmgospsi of 1 ectNpadde 8ns RNA
can be preferably used. Any ribonucl ease that has the above-nenti oned
activities Batharbe off edrep hbf yedseNA nftdengriteseainpl I¥eBHI Qitcd il pg
mesophilic and heat-resi stant ones. For exanple, an RNase H from E. col

can be usedthermathedcbifonhat pakesentSAGventalnut 70C in the net hod of the
present invention as described below in Exanples. A heat-resistant

ri bonliél ease 10 can bEipnetendbliy luseddted yamIdwGaf dIecPr&SEPtesis

i nvention. Exanples of the heat-resistant ribonucl eases which can be
preferably pseterncoddesmplifbé® DNR |irddnechi®, appORMBACIRIdrAvR) | 8bl e
ri bonucl ease, HybridaseTM Thernostabl e RNase H ( Epi center Technol ogl es) as

wel | as an e fAESedHoET emeapibeem@pPhidviea thast.eri um of genus Bacillus, a
bacteri um of genus Thernus, a bacterium of genus Pyrococcus, a bacterium of

genus Thernotoga, a bmegerbunmof 19eRes Aetharedl s Ol dhecd idshoresis
Furthernore, both of naturally occurring ribonucl eases and vari‘ants can be

preferably pseter?0cFhemgzymbdd CoNRI tr afgrRYase éﬁlﬁaﬂﬁ'kﬁé&e%&&%&‘éi’hc&{ 8

val ue expressed according to a nethod of ‘measuring an enzynmatic uni

descrided ithReferienti 8 ExanpkesenthenRlasa di.is not limted to a specific
one as long as it can be used in the nethod of .the present 25 invention.

For exanple, the RNasgifur8Rygbe1dekivedels @arose gel electrophoresis
pattern of amplified DNA fragments amplified according to
the method of the present invention.

Figure 19 illustrates agarose gel'electrophoresis

20 pattern of amplified DNA.- fragments amplified according to
the method of the present invention.

Figure 20 illustrates agarose gel electrophoresis

pattern of amplified DNA fragments amplified according to

the method of the present invention.

25 Figure 21 illustrates agarose gel electrophoresis



1 1 FEB 2005 55 various viruses, phages, prokaryotes or eukaryotes. It may
be either a cellular RNase Hor a viral RNase H The cellular RNase His
exenplifired by Escherichia coli RNase H and the viral RNase His

exenplified by HV-1. Type |, 5 type Il or type Il RNase H chi f&8 gg@ged in
the method of the present invention. For éfanple, RNase H from Escherichia
coli, or RNase HIIl froma bacterium of genus Pyrococcus or a bacterium of

genus Archaeogl obus is preferable, without limtation. 10 The efficiency of
t he cl eavage reaction_w th_an endonucl ease such as RNase H used in the

net hod of tﬁétgleéé‘erﬂfi AVRALf HRATRNA of yaarepehdi agpds filed matendine to
sequence around the 3'-termnus of the prinmer and influence the

anpl i fi cati GRCePRItEOEhQE dihe MEaRet en Nt idherefore, 15 it is natural to
design the optimal prinmer for the RNase H used. As used herein, the term
"introducing a nick" &rouficcidngl snsates exgmtdge chehve hgconephbrebhést wo
strands of a doubl e-stranded nucleic acid. For exanple, an RNase H 20 acts
on a hybri dPA&EEFe- X adeYlAlefeiliNAact vagnenbs edmpfl if iBNA sarebding to

ri bonucl eoti de-containing DNA to sel ectively cl eave the

ri bonuél eot the- Bekhadhiofy téer e serdngi tentimn st rands at t he
ribonucl eoti de portion, thereby introducing a nick into the hybrid

doubl e- stranded nucl eifd gagied 2323 1(13)s DA g | ageErase gsedelect bepps e6€Dk

i nvention. ° 1 1 FEB 20a5 56 A DNA pol ynerase having a strand

di spl acenenpaateirei tof ozmpl DNfedadNBe fissghémt$ heampregent iadetdiy to
~Particularly, a DNA pol ynerase substantially lacking a 5 -~3'" exonucl ease
activity cahhbemptbbdr alfl yhesedesenas iusethtiesei n, '.'a strand di spl acenent
activity" refers to an activity that can effect a strand di spl acenent, that
is, that can proceed Bh4ucepRidcadtlilastortddie LpstSsOfgdl SENMECNESpRbrdsis
nucleic acid as a tenplate while displacing a DNA strand to rel ease a

conpl &fent apgtserandft hatp hasideeDNRO fragedets t amphert 8APIaaic® Nt o
Additionally, a DNA strand released froma nucleic acid as a tenplate as a .

result of atkeérmethddsplfackeeptreisentefiernied iteh.as "a di spl aced strand”
her ei n. '

Figure 25 illustrates agarose gel electrophoresis
pattern of amplified DNA fragments . amplified according to
the method of the present invention.

15 Figure 26 illustrates agarose gel electrophoresis
pattern of amplified DNA fragments amplified according to
the method of the present invention.

Figure 27 illustrates agarose gel electrophoresis
pattern of amplified DNA fragments amplified according to

20 the method of the present invention.

Figure 28 illustrates agarose gel electrophoresis
pattern of amplified DNA fragments amplified according to
the method of the present invention and dot blot
hybridization pattern.

25 Figure 29 illustrates agarose gel electrophoresis



Any DNA pol ynerases having the strand 15 di spl acenent activity can be used
in the present invention. Exanples thereof include variants of DNA

pol ymerases | acking their 5 -~3" exonucl ease activities derived from

t hernophilic bacteria of genus Bacillus such as Bacillus cal dot erEgXygs
(hereinafter referred to as B. ca) and BaéPl|us 20 stearothernophil us
(hereinafter referred to as B. st), as well as large fragnent (Kl enow
fragnent) of DNA polynerase | fromE. scherichia coli (E coli). Both of
mesophi li ¢ and heat-resi stant DNA pol ynerases can be preferably used in the
present invEALIEGRD Bf pampaifded ﬂﬁ@¥nﬁbﬁgmﬁétBa@m@ﬁhﬁﬁqﬁnﬁ¢@peﬁing~L01
FEB 57 optimal growth tenperature of about 70C. Bca DNA pol ynerise from
this bacter ithf FeHRSWP Tt & htakres aNAdepesniehen DNA pol ynerise activity, an
RNA- dependent DNA pol ynerise activity (a reverse transcription activity), a
5 5'-.3" exonucl ease ddguwhe y3Gndsa a3 grdph exbhobl easpaants vilhy . afbeneszyne
may be either an enzyme purified fromits original source or a reconbi nant
protei n pro@ficemrby fisiatg cge petddnaryianet i fited esbodndesg Thetrazysehsay be
subj ected to nodification such as substitution, deletion, 1.0 addition or

i nsert Pon bypfushegprgesenitc iemgniden mpd teohnPCRies or ot her neans. Exanpl es
of such enzynes include BcaBEST DNA pol ynerise (Takara Shuzo), which is Bca
DNA pol yneri se | acki ngiiguge5'3la3d llexdmeti snseyacdsoi 9yl életSrkphvmethat
sonme DNA pol yneri ses have an 15 endonucl ease activity such as an RNase H
activity undértepecidfi camphif { ednHNASULa gnéiNbs palplefise cartdeds@dtbn
the method of the present invention. In one aspect, the DNA pol ynerise nmay
be used undéhecwathbdoons that paldsmmt hevvR¥asiot activity to express, e. g.

, In the presence of Mi2+. 20 In this case, the nethod of the present
invention can be cond@dyedew tfBRit theladdrhtes of g1 RNase dhiddie pgesent

i nventors have denonstrated that the Bca DNA pol ynerise exhibits an se
activi0y inedechubphorestiai npagtbha+ fof t hampliFstat i "Buaandrthghethps

met hod for anplifying a 25 nucleic acid of the present invention Can be

carried outanplified58ctotdERG 20f 1hed rcId WE Mnd Ys Lo SORE af b &Fc DOn .
enzyne ot her than the Bca DNA pol yneri se. The above-nentioned aspect Is not

limted to the use of FigarBcas DNAIpOYFRIte:e. ofdNA RYJTET b 8es Hahe 818
known to have an RNase H activity such as Tth DNA
for amplifying a nucleic acid of the present invention.
Figure 34 illustrates one aspect of the method
15 for amplifying a nucleic acid of the present invention.
Figure' 35 illustrates one aspect of the method
for amplifying a nucleic acid of the present invention.
Figure 36 illustrates one aspect of the method
for amplifying a nucleic acid of the present invention.

20 Figure 37 illustrates agarose gel electrophoresis
pattern of amplified DNA fragments amplified according to
the method of the present invention.

Figure 38 illustrates agarose gel electrophoresis
pattein of amplified DNA fragments amplified according to

25 the method of the present invention.



5 polynerise from Thernus thernophilus can be used in the present
inventign. (4) Conposition of reaction buffer used in the present
inventioh. A reaction buffer that contains a buffering 10 conponent, a
magnesi um salt or another netal salt and dNTPs is used in th¢ pFesem,
invention. Naturally, the type and the cofléentration of the salt are
optim zed depending on the netal requirenent or the |ike of the enzyne to
be used. Examples of the buffering conponents that can be preferably 15
used include, but are not limted to, Bicine, Tricine, HEPES, tris and a
phosphate (such as sodii@i5FhoshHat SR iRY 2 LIRS pheshhal et ranbageshisse,
a buffer that contains Bicine, Tricine, HEPES or a phosphate as a buffering
conponent igaﬁﬁgFQr e2FBL1fhedpMidentragmehs| omplifimd eeprdingstoot
intended to Linit he, present invention, for exanple, when the reaction

t enper at ur e tPE RE§RO% o Gihfe PRESEt dMm¥@telor he change in pH due to the
change in tenperature is little is preferably used. A HEPES buffer nmay be
pref erabl e dependi ng on the type of RNase H 25 used. Thus, the optimal
buffer .may be sel ected depending - 59 1 1 FEB Z005 on the reaction

t enper at ur ePetRéleddOrseIrdRsd oy athdBNA e yesmse to be used and t he

| i ke. The final concentration of the buffering conponent ranges 5-100 mM
preferably 20-50 nM #fe plsahngesrsin, 9.5, plehgrmailondtcled:d®. Falso
exanple, a buffer containing 22-46 MM Tricine at pH 7.5-9.2 or a buffer
cont ai ni ng 2$fsUramM pot ad3si amddHosphbees atopd TnleBeOtidepods ertahtly ured.
Exanpl es of nmagnesium salts that can be preferably used include, but are
not |imtedStgarma@eesiian chisri dempoegaesiafn abeRatieok§raboregnesi UThe
sul fate. The final concentration of the nmagnesium salt ranges 1-20 nM

pr ef er abl y - deerymiboThelebtakdesondentliuatd onsfaf d¥REpI@, M shes e BAvIAGP,
dCTP, dGIP and dTTP) in a m xture as substrates for a DNA extension
reacti®n raagendng, 3c@tobling,eferatine Go2- thgmihe 3% The asmsmtpeftibs.
priners used in a reaction volune of 50 ul ranges 1-1000 pnol, preferably
10- 150 prol Fuptdetrinonel, | y,thehe deagyirabomiatleod ity Coglabn amAadgdid i ve,
for exanple, in order to stabilize the anplification reaction. Bovine serum
al bumi n (BSA¢omyrabbhnalled@idencraviagi oa OhofitYear bgess, gi;ARthyk 7-
sul foxide (DMSO at a final concentration of 100 or |ess, putrescine

di hydrochl odeseagtancsinal Lwdcent Babk9i®orthdMAH1dESanag such as
propyl enedi am ne at a final concentration of O o or |ess may be added.

Addi ti onal | geodvPnédinet huktido25dpyrrolidinorie), glycerol, polyethylene
gl ycol , di net hyl
15 As used herein, a ribonucleotide (also referred
to as an N) refers to a nucleotide .of which the sugar
portion is composed ©of D-ribose. The ribonucleotides
include ones having adenine, cytosine, guanine or uracil as
the base portion. The ribonucleotides also include modified
20 ribonucleotides such as a modified ribonucleotide in which
the oxygen atom of the phosphate group at the o-position is
replaced by a sulfur atom (also referred to as an (a=8)
ribonucleotide or an (a-S) N) or other derivatives.

-As used herein, a chimeric oligonucleotide primer

25 refers to a primer that contains a deoxyribonucleotide and



1 1 FCB 2~ 60 sul foxide ,and/or formam de may be contained. It is expected
that the addition of such an organi c sol vent reduces the non-specific
annealiﬁb of oligonucleotide primers. 5 The nethod of the present invention
may be carried out by adding a substance that inhibits the f%iéﬁ@bﬂm5
transcription activity' of the DNA polyneﬁése such as phosphonoform c acid
(PFA). If a substance that inhibits the reverse transcription activity is
added, the 10 anplification of non-specific products other than the target
nucleic acid is,reduced. Ln another aspect, annealing of the nucleic acid
as the tenpPatE Y3 EH e%?ﬁ'@ri c diSoRGEMESt | BRY précRratised i RuUEheopidsent
invention before the anplification reaction 15 is effective to reduce
'non-specifiénaaﬁgaﬁp OFf 2afSiifgGid i RAN el Rt +@2- i n the detection
anplification or production nethod of the present invention. It is
preferable to conduct e FHmed i higebkgpguaheatndsl prgreaisutisad tmt the
contai ns a substance that enhances the 20 annealing such as a pol yam ne
(e.qg., sperRFRESBE speVendiled dngusisy| amdi .chimerier efbiabhyclebtide
anneal i ng sol uti on contajning the polyam ne also contains a salt. For
exanpl 8, wi PRelier| ithatat has, a nelhanealeagidsl deiom neystonbard sodi the
chloride, potassiumchloride, potassium?25 acetate, sodium acetate or the
like and a poTy8AhBUS of 10FEBhe0Es ¢BIMHidadnnehti¢ ngfi ¢hes =it ime rondact ed
by incubating the annealing solution containing the prinmer and the nucleic
aci d as theP€ewsicst Eat exteadper arueket whilch stmoubl asthandest ut| ef ¢
acid is denatured (e.g., 90C or 5 above) and then cooling the solution to a
reaction tehperarasentsédveotione metrhde aflddieedresentan needdhool ©ssdel ow
After annealing, the nucleic acid anplification reaction of the present
i nvention i&ngntenabedubgdf tiot kdifect a strand displacement reaction.

“10 As used herein, 3'-terminal side refers to a
portion from the center to the 3'-terminus of a nucleic
acid such as a primer. Likewise, 5'-terminal side refers
to a portion from the center to the 5'-terminus of a
nucleic acid.

15 As used herein, an endonuclease may be any one
that acts on a double-stranded DNA generated by extending a
DNA f;om the chimeric oligonucleotide primer which have
been annealed to a nucleic acid as a template, and
specifically cleaves it at a portion of the primer that

20 contains a ribonucleotide.

As used herein, a DNA polymerase refers to an
enzyme that synthesizes a DNA strand de novo using a DNA
strand as a template. The DNA polymerases include
natufally occurring DNA polymerases and variant enzymes

25 having the above-mentioned activity. For example, such



.10 addi ng ot her necessary conponents such as a DNA pol ynerase, an RNase H
and dNTRs to the m xture. The amount of an RNase H from Escherichia coli as
an exanﬁ)e of endonucl eases in a reaction volume of 50 ul rﬁ?qgﬁ %&gferably
3-200 U, nore preferably 15-60 U. 15 Simlarly, the anount o se H
froma bacterium of genus Pyrococcus or aBact eri um of genus Archaeogl obus
as an exanpl e of endonucl ease in a reaction volunme of 50 ul ranges
preferably 3-200 U, nore preferably 4-40 U The anpbunt of BcaBEST DNA
pol ymer ase (Takara Shuzoi as an 20 _exanpl e_. of DNA pol ynerases in a reaction
vol une of 587GM ™ FEngetpreferaty GN5- 10BCLYMRBRESpr dFaTHRIY B 225bramben
an endonucl gase.and a DNA pol ynerase is used in conbination in the nethod
of the presgﬁﬁp#ﬁﬁgﬁﬁpﬁn,agBFVéﬁﬁan%,DWﬁthBQ@YW?ﬁﬁﬁgti%ﬁﬁkBP@oﬁbiﬁéden of
an RNase H 25 from Escherichia coli, a bacterium of genus Pyrococcus or a
1 1 F E B 26887881638 Aqirh it yetid Ar BNAcogLlybes 2ol IBraBRSTa Didverse
pol ymerase is preferably used. It is considered that the preferable units
of the endohtéPégsériAget REHNA thivlgmemasmdanualkeaselepentvigyon the types
the enzynes. In such a case, the 5 conposition of the buffer used and the
amount 2of the enzynes?Aaddsecthedyebeind] st et rasidnglitdpel 4 ceneas eathidet gt i on
sensitivity or the anobunt of anplification product as an index. In either
case, it isTRaLHFaltot anopeitiivia nt Kdadomposial fiartofa téteramdcdi splboéhent and
the 10 |i ke depending on the type of the enzyne to be used. (5) Method for
anplifWIm)ﬁbéEeP@ra&hﬁtﬁcﬁhepppegedtDNﬁmﬁmplﬁcaﬂhennahhmmeﬁbaimspbesent
i nvention can be conducted by using at | east one oligonucleotide priner as
15 descri befiheamrauencg 104 ntbhenbiuwleion wictild t as erfdontehpdse caswhile
descri bed above in (2) and the DNA pol ynerase as descri bed above in (3).
Al ternat i vefyspaabiNAgpotyererié®e fenriarg! amoRNaseebisact tiet yeompl Sretisady
under. conditions that allow the RNas.e H activity to express as descri bed
20 abdlQe. dsfiPsndsctatorhaheb®ER anntheeli ke (hen xerpeadt ARNICTPrndGTP
and dTTP) can be preferably used as nucleotide triphosphates that serve as
substrat es addihioext enshii seaehtlonrdlreddw netbada Imuadsi¢i api gdEP gay
be 25 used as a substrate. The dNTPs may contain a dNTP °

template as a result of a strand displacement is referred

to as "a displaced strand" herein.
Hereinafter, the ©present invention will be
15 described in detail.
(1) Chimeric oligonucleotide primer used in the
present invention. |
The primer used in the method of the present
invention is a chimeric oligonucleotide primer that
20 contains a ribonucleotide as well as .at least one selected
from the group consisting of a deoxyribonucleotide and a
nucleotide analog. Such primers also include an
oligoribonucleotide ﬁrimer that contains an unmodified
ribonucleotide and/or a modified ribonucleotide.

25 A chimeric oligonucleotide primer used in the



1 1 FEB 2005 63 (deoxyribonucl eotide triphosphate) anal og such as
7-deazadGIP, triphosphate, of dITP or the like as long as it serves as a
substratk for the DNA pol ymerase used. A derivative of a dHTF or a dNTP
anal og.may be used. A derivative 5 having g functional group! S&En20B% a duTP
havi ng an am no group may be contai ned. A4éhineric ol i gonucl eoti de pri ner
is used in the method. The prinmer can be prepared, for exanple, using a DNA
synt hesi zer according to a conventional synthesis nethod. A conbination of
the 10 chinerig ﬁligo uclﬁg%jde prinmer and a nornal oligonucleotide priner
can be used™Fh™PHe n€thod t h@G5HEEnt WVt o | fighe actiohipesict he
enzyne used be Qecre sed in the course of the reaction, the enzyne can
be 15 furth8E§§8885 ARG t R iMeact itRE n hae met iec brothde presenence

i nvention. Aghggugh,iﬁ is not intended to limt the present invention, for
exanpl e, an® BhElaldm ESeRet PRANEARY| itPrayp bRAFEr tifer thedenudlerhide
reaction in which the RNase His used. The added enzynme nmay be the 20 sane
as that confSAHBBCPN PHe Peadticd®im xtamisl atas hea bergmmiate of t hBtreaghi on
or it may be a different enzyne that exhibits the same activity. Thus, the
type of theCPPrbpébufeofta hextargient @heaaddidd ssrant iinderedcdnd bt Spesi fic
one as long as the addition during the reaction 25 provides effects such as
i ncrease i NUEAE- detlEfilprmone ] F EiR2OGHE Bt isknsi i pbby tdpbniedcraasehén
the anount of anplification product. The nucleic acid (DNA or RNA) used as
a tenpl ate Ph-EREMHBEROdOBf Arhetpees@htténwénalorsidy hef pthparedinesr Sc
isolated fromany sanple that may contain the nucleic acid.. Alternatively,
the sanpl e fhygpeugsedtddeecptimen. t heThecleiimaci d sanpbukiligt idesigeagt i on
according to the present invention. Exanples of the sanples that may
cont ai n t heswakl thataditd lisnctangel eteritare ot al poirt-édnt wpstream of the
10 region to be amplified, that is, a portion 3' to the
nucleotide sequence corresponding to a region to be
amplified in a nucleic acid as a template. As used herein,
"a substantially complementary nucleotide sequence" means a
nucleotide sequence that can anneal to a DNA as a template
15 under reaction conditions used.

The chimeric oligonucleotide primer used in the
method of the present invention may contain one or more
modified ribonucleotide. As used herein, a ribonucleotide
may be an unmodified ribonucleotide and/or a modified

20 ribonucleotide that can be positioned at the 3'-terminus or
on the 3'-terminal side of a chimeric oligonucleotide
primer and that is recognized by or cleaved with an
endonuclease. The ribonucleotides include both of the

unmodified ribonucleotide and the modified ribonucleotide

25 as described above. An unmodified ribonucleotide, a



10 sanples fromorgani snms such as a whole blood, a serum a buffy coat, a
urine, feces, a cerebrospinal fluid, a semnal fluid, a saliva, a tissue
(e. g., )a cancerous tissue or a | ynph node) and a cell cultqrf gﬁ. @., a
mammal i an cell culture or a bacterial cell culture), sanples 3 Wnt ai n
15 a nucleic acid such as a viroid, a virﬁg, a bacterium a fungi, a yeast,
a plant and an ani mal, sanples suspected to be contam nated or infected
with a. mcroorgani smsuch as a virus or a bacterium(e. g., a food or a

bi ol ogi cal foan¥Lation and sanRIes t hat may contain an organi smsuch 20
as a soil aRq9ala&S: e HRPRHCIPREIEMAE BayCRELANBELAr athoReentzimi bg a
nucl eic acid oat%ined by processing the above-nentioned sanpl es according
to a known HEERodOTELRFIRL M the Pratakeonide harivan 66 tbedprasehs
present invention. nclude a cell destruction product or 25 a sanple

obt ai ned by PVEBEi8RatdhglPRE Frtodifet doeRe NRfc| @belish thREEF ROO6i6S aci d
in the sanple, or a sanple in which specific nucleic acid nol ecul es such as
NRNAs are ehPPchB8iMeEGrt her Rsp@Plasnuefei thacimodifheds nibhAuoleaniRNA
obtained anplifying a nucleic acid contained in the sanple by a known

met hod®can 5BéUBEef Bibpyeused. IHimd tadk gy atdon(codt ar Bbogualadathdeciaci d
can be prepared fromthe above-nentioned materials by using, for exanple,
lysis with YWhdeherfgent oxwgpratiton bhakdngtet itheé nphesipipty agxdogadssor a
French press, 10 without limtation. In sone cases, it is advantageous to
further prot@BiaERE prepar suildmn capemi f gnthe nutbehocaebdife. gin whiehse
wher e an endogenous nucl ease exists). In such cases, the nucleic acid is
purified bythAekneydrexodysoah ast phdrel 2extasddtiicon, ofhr emat ogrpply, ien
exchange, 15 gel electrophoresis or density-gradient centrifugation. Wen
it is desireéptacadpliby a aucheithacy d hedupg a seqgeree deri vediheemean
RNA, the nethod of the present invention nmay be conducted using as a
tenpl e a eDMNosyolhesiidedplryime r eoertsd iimanSCmdqdi Ped eachb@ic1 bat i 20
uses the RNA as a tenplate. Any RNA for which one can make a priner to be
used in a reserséd rapsodupekdon beactisdimggan berapmsitfeb1®, t henret hedspf
the present invention, including total RNA in a sanple, RNA nol ecul es such
as, MRNA, tRNfomudlehAdas twdiphcaphepesi fulei ANAL s0beepbaed2D S RECHEShod 1 1
F E B 2005 66 Any priner that anneals to an RNA as a tenpl ate under
reaction comsiingors sseéducanibe usedcthohherdfysise (diansCrieRELRH)eagki on.
The prinmer nay be a priner having a nucl eotide sequence that is

conpl ement adgstoibedpaei ficiDe®NBtased tmymbat enba SPaFd ) SoPri Ber )y

ol i go-dT (deoxythynine) primer and a priner having a random sequéence ?g
randars pri neMg-RNA-CE ephebphpeainh g tannealyend, (e engtdy ofyf he primer for
reverse transcription is preferably 6 nucleotides or nore, nore preferably

9 A chimeric oligonucleotide primer that can be
used in the amplification method of the present invention
may be designed to contain a modified ribonucleotide that
confers resistance to the cleavage with an endonuclease.

20 Such a primer is wuseful in that one can control the
cleavage site with an endonuclease during amplification
reaction steps.

One or two chimeric oligonucleotide primer may be

used in the method of the present invention depending on

25 the desired form of a DNA fragment after amplification



10 nucl eotides or nore. In view of oligonucleotide synthesis, the length is
preferably 100 nucl eotides or less, nore preferably 30 nucl eotides or |ess.
A chimeric oligonucleotide priner can be used as a priner f011rﬁﬂpﬁ®§
transcription. The chineric oligonucleotide primer can 15 also be 0tTlized
as a priner for a strand di spl acenent reatPion in the nethod for anplifying
a nucleic acid of the present invention using a cDNA , obtained after
reverse transcription as a tenplate. Such a priner may be any one that has
t he properties_as descri bed above in (1) and that 20 can be used in a '
reverse tranSefP FF&%IF€§E¥%oHrfr¥ﬁH TR apfed bnzy mSpeiat lsad lan aenevity
of synthesizbn&la.cDNA using an RNA as a tenplate can be used in the
reverse trafSe¢PptifonCtedePPeheCELERpl RELDAEr ebF URAddehesvepsesingle~
transcriptas%s originating fromvarious sources such as 25 avi an
myel obl ast 0SS 2PFEHs D48y i i e 2ikede VRARSEFI Pras@®TiMErS RES 20950 6@he AW
RTase), Modlony nurine | eukem a virus=derived reverse transcriptase (MWV
RTase) and. 2RIGEPAEsEETanded/iDVs iz cmadrrasd £ ranscri pt ase (RAV-2 RTase). In
addition, a DNA polynerase that al so has a reverse transcription activity 5
can bedused. An enzynBhgadiengtd rodvérse ahiamescird piliopmctleot ydat paihegh
tenperature such as a DNA pol ynerase from a bacterium of genus Thernus
(e.g., Tth BRRApoipnethse) metdical DMK pdiheremassesdrtom intdet tophi16C not
bacteriumof genus Bacillus is preferable for the present 10 invention. For
“exanpl e, DNAPPBL§AERAdes fLomithdr nophitki c bact eprafefagepus Baeukl usisuch
as a DNA polynerase fromB. st (Bst DNA pol ynerase) and Bca DNA pol ynerase
are preferabhelearifegghoi ebiowtnd00i mueridedt itded i mdrd herpfessmly i ayeati on
For exanpl e, Bca DNA pol ynmerase does 15 not require a nmanganese ion for the
reverse trah8chygtlieot idescti@nabfutt Hér morcedttide. symthesi zerarsENA whi | e
suppressing the formation of a secondary structure of an RNA as a tenpl ate
under 18i gh- tkaper atilree condiclieonsdeBot hsaquahueal | YpOCCUERENG Ofg; REEL @
vari ant of the enzyne 20 having a reverse transcriptase activity can be
used as | ongléagobheyehavdet he aabistiahyiall yarealerdsietty @& t&rnucleic
duplicating a DNA or an RNA contai ning a nucl eoti de sequence to be
anpl i fi ed betbdehand, tehpldupl soahed hproduc taniis ke tusathas & T8Ict ei &1 25
acid as a tenplate in the nmethod of the present invention. |,

as the template under reaction conditions used. The primer

contains a seqguence recognized by an endonuclease, which is
15 utilized in a step as described below, at the 3'-terminus
or on the 3'-terminal side.

For example, an oligonhucleotide having a
structure represented by the following general formula can
be used in the DNA synthesis method of the present

20 invention as a primer, although it is not intended to limif
the present invention:

General formula: 5'-dNa-Nb-dNc-3'

(a: an integer of 11 or more; b: an integer of 1 or more;
c: 0 or an integer of 1 or more; dN: deoxyribonucleotide

25 and/or nucleotide analog; N: unmodified ribonucleotide



~ ~ FEa 2e05 68 Exanpl es of the nethods for duplication include, but are
not limted to, a nethod in which an appropriate host is transfornmed with a
vector ihto which the nucleic acid fragnment contai ning the nucleotide
sequence to be anplified 5 is inserted, the resulting t r andf bFEBNNS S
cultured, the vector into which the nucleP€ acid fragment containing the
nucl eoti de sequence to be anplified is inserted is extracted therefrom and
used. Any vectors can be used as long as they are stably replicated in the
host. For 10 _exanple, pUC serjes, pBluescript series, pGEM series, cosmd
type vector 9“&%8’%%@ TEenrslapelpeef whabpjnuseme Afy dbstsncdNabe
used as long as they can maintain the vectors used. For exanple,

Escheri chi a8 i Pewhiehl3cef ekl | Y'oul BBfedthes rxekgttided.atlsthe addther
aspect of the dyplication nmethod, after an RNA having a nucl eotide sequence
to be anpli Fieéall?%*% M6 P bBEdGSileg HhFNAC Pt yRBESDSiand framuctied c34ei d
fragment containing the nucleotide sequence as a tenplate, the RNA may be
used as a t ERPMANESt &Y thihe mhben op Lt hEe20Ngr @sdnme mamntdors dhoectbieor
after converting it into a cDNA by reverse transcription reaction. The
nucl ei € aci BLAF&dment contai ni ng the nucl eotide sequence to be anplified is
not limted to a specific one as long as it has a pronoter sequence for an
RNA pol ynerase. |t nmayole 28ampdert edl iahtimes ivecbdighavicigoa iplkeonpt tier
sequence for an , 69 .1 1 FEB RNA pol ynerase, ligated with an adapter or
a cassette hapPrAageatpdod éhesegpmecel f foranl RNAnpethyirey ase- adn i 165t 8§&ror
enzymatically synthesized using a prinmer having a pronoter sequence for an
RNA pol yner@§elang@ranocapgpr epd &t e 5 teenplatel, Tus,2 aamdicd ek co ach d=f gagment
contai ning a nucl eoti de sequence to be anplified can be duplicated or
anplified i And formbf @n RNA @siamgl & pr 00Bb ecanegeenee fafadny RNed in

pol ynerase bei ng positioned as descri bed above. Any vectors can be used as
| ong &8 t heyhbapeeseniot ervarguences TH: fDsndNA pal WY asBSonEel e 8X8aBL €,
pUC series, pBluescript series, pGEM series, cosmd type vectors and phage
type vectoratareher ef eradnyimsed.odhenveacher Gartkempnefer abhy used iReits
circular formor after being linearized. Any RNA pol ynerases can be used
for the dupthimerpn oilibprarlddt ions i painet hadedFam exeaPhernSR6 NAhe

pol ymerase, T7 RNA polynerase, T3 RNA pol ynerase or the |ike can be

pref erabl y pseslenBot invénaidaubl e- sprendesb DNA sughrastgd genopie, DNASye

i sol ated as descri bed above or a PCR fragnent and a 20 singl e-stranded DNA
such as a qﬁb@f@r&bayed—hyratbqupﬁ@rgr@m@&rk@@f@}dg%ynjiwbgrégngLﬁgfgl
RNA or . an nRNA can be preferably used as a tenplate 'DNA in the present

invert$ on. The danbke- sitr anded TNA fenpreierabhyiused afdiers uripg, it
into single-stranded DNAs or w thout such denaturation. 25 The denaturYng

step may belihitédat Bdti Rodyhenumber that can be used in the method of

the present invention may be selected. Usually, 5 or less

is preferably. Better results are obtained in a reaction

by selecting 3 rather than 4, 2 rather than 3, and 1 rather

20 than 2 for c. In particular, the most efficient reaction
can be accomplished in case of c = 0.

The chimeric oligonucleotide primer used in the

present invention has a structure in which an endonuclease

recoghizes or cleaves a DNA strand extended from the primer

25 using alDNA polymerase (a primer-extended strand) at a site



1 1 FCB 2005 70 nucleic acid anplification nmethod of the present invention
if a linear doubl e-stranded DNA such as a PCR anplification product is used
as a terplate. The elimnation may be acconplished by |ocating the
annealing site for the primer 5 used in the nethod of the pieG&RB Medvention
about 50 bases inside fromthe ternminus oPlthe DNA. If a nucleic acid
havi ng a sequence froman RNA is to be anplified, anplification reaction
can be initiated by addi ng an RNAcDNA doubl e-stranded nucl ei ¢ aci d _obt ai ned
by reverse %gl transcription reaction using an RNA as a tenplate to the

anmpl i ficati dReed@NtEHH x@ ukébepucheopideentwhimient iloneoheat hilagbannBNase
H to digest the RNA strand and convert the nucleic acid into a
si ngl e- st r aRAEA LAPR&RD Rl tHher Mbretemnieveree o ablser 8 pttenmiratt sddeusifng
an RNA as a tenplate 15 and a DNA anplification reaction using a cDNA
gener at ed byhehehidlerse plagonvicdeiosn deeaprinaras aAlEmphglh e icani denot
conducted with one DNA polynerise in the DNA synthesis nethod of the
present invépteadedSich JairDNA potypeessethdnvanteaver,sef di amssamp D& AS®hen
activity and a strand di splacenent 20 activity. The suitable length of the
t enpl abe i savneR¥aae pf ovicdes ansudfidiwniteds nimgedf ONFe peheektsequBRce
due to the presence of the whole target sequence or at l|east a sufficient
part of theeraegedingeqaenAi rftde far agheneri2s Yitbornticlisitaki oprimkra
DNA as a tenplate is a 71 ~1 1 FEB 2~~
represented by the general formula that has been annealed
to a nucleic acid as a template, the chimeric
oligonucleotide primer is cleaved at the ribonucleotide
10 ‘portion. A double-stranded DNA in which a nick is
introduced between the oligonucleotide primer and the DNA
strand synthesized by the extension is then generated.
Then, a strand displacement reaction with a DNA polymerase
proceeds from the nicked site. Thus, any chimeric
15 oligonucleotide primer that can be used to extend a nucleic
acid strand from the 3'-terminus of the primer, that can be
cleaved with an endonuclease, and with which a DNA
polymerase can effect a strand displacement reaction can be
used in the method of the present invention. Furthermore,
20 the chimeric oligonucleotide primers of the present
invention include one whose 3'-terminus is modified such
that extension by the action of the DNA polymerase can not
take place, and DNA extension takes place from a 3'-

terminus generated upon cleavage by the endonuclease.

25 In addition, a promoter sequence for an RNA



doubl e-stranded DNA; the DNA can be denatured into singlestranded DNAs to
allow a.priner to bind to the DNA strand as the tenplate in the nethod of
t he pregent i nvention. Incubating the doubl e-stranded DNA aH fFiﬁnPerature
at 5 which it is denatured (e.g., about 95C) is preferable fo o200
denaturation. O her processes include onevi%n which an el evat ed pH i s used.
In this case, the pH should be | owered upon the anplification reaction in
order to allow an oligonucleotide priner to bind to a target. A nucleic 10

acid is successively anplifjed under isothermal conditions after denaturing
a doubl e- st ® iRY SfndinGldtdachael DRAs SorteirminglRiide ofedhas a
tenpl ate, preparing a cPNA (a_single-stranded DNA) by a reverse

transcripti GR-FEIUT oMt 1IGUECERRT YapyPriBgAs t faiCha AP bymprasesds res

wi t hout a change .i.n. the reaction tenperature or the conposition of the
reacti on m Lifdat Y et N PoLvreE? pal andedRe BBAdPOLyneretea
substantially constant_tenperature under which an enzyne and a nucleic acid
strand function in eadh&ihgrmane Thehauehdimerds o binpdridd ettt bae r padtiean of
the present invention may be conducted at a normal tenperature (e.g., 370
by usi Rg a MS§SpHIN i EheNAepbPymefastheupheasnkl énventiagnenty ¢oncannakso
be conducted at a high tenperature (e.g., 50C or higher, or 60C or higher)
by 25 usi ngh€deotdsiest anglegzyoresotharermdiradresse. andtatDNAs, ond 20t 1
FEB 2005 polynerase). In this case, non-specific annealing of a prinmer is
suppr essed, MegsuMUidEItiidecarakegi 8) t henspecidondaiyneaf DNAlapthiineatizon.
Furthernmore, the problem of form ng secondary structure of a DNA as a

tenpl ate i s°digenued categid thmignén ofAckbaseriesehite iahidrittiprofaext engi ag of
a DNA pol ynerase. A reverse transcription reaction and the nucleic acid
anpl i fi cati dhecdmrntisurcessithel yoromtucfed ief fiche imet hodpol pméhi sacasa, a
DNA having a sequence derived froman RNA can be anplified by conbining 10
the us€ of axtevernse tmemsctidrptfssemnwihé Bhetabkayeaugenti aned Jeacdh ogrop by
using a DNA pol ynerase having a reverse transcription activity. In each
aspect of tRBY¥Apreskmherasenti®onndi ebeoablshedd chipriigl oldgaicheot Lde
primer that is 15 conplenentary to a single-stranded DNA as a tenplate is

first anneahedleottihe BINAIloalst keughd tudsd Nt ddriended: 40, | i Pkimbhesppesent
invention. A DNA that is conplenentary to the DNA as the tenplate (a

pri mer - ext entled mickes)ids thenoyd endeduakondithe aemeised 19gquence:g9f the
DNA as the 20 tenplate fromthe 3' -termnus of the prinmer by the action of

a DNA pol yndeaggihossyet hesiwzel eotlinad) e- sheargadaPNA. A pndonuciease gets
on the doubl e-stranded DNA and begins to reextend a DNA fromthe priner

portibh of hhelpoiteeexizended Sh=anthgle Nowkdlf ane @spect @iyt hgs present
25 invention, the endonucl ease acts as a nicking enzyne that
deazaguanine, a nucleotide analog having a ribose
derivative and - the like. Furthermore, the chimeric
oligonucleotide primers used in the present invention may
contain deoxynucleotides, ribonucleotides or nucleotide
20 analogs having various modifications such as addition of

labeled compounds as long as they retain the functions as

described above.
Incorporation of a nucleotide analog into a

primef is effective for suppressing the formation of high-

25 order structure of the primer itself and stabilization of



1 1 FEB 2005 73 introduces a nick into the double-stranded DNA or it alters
t he strﬁcture of the doubl e-stranded DNA conposed of the chineric

ol i gonucl eotide prinmer and the DNA as the tenpl ate, although1nhﬁg§@ﬁﬁent
invention is not restricted by a 5 theory., A DNA pol ynerase having a strand
di spl acenent activity re-extends a DNA stPand fromthe 3'-termnus of the
ni ck introduced in the double-stranded DNA to generate a new

pri nmer-extended_strand whil e rel easing the DNA downstream fromthe
3'-termnus_o the new 10 priner-extended strand repl aces

f the nick. Thus, :
the previ ouP¥e8yitifest P82 bt PReridh ehbed tmidimte The Arerhbanngieotide
anplifying a nuggeic acid of the present invention can be carried out using
two prinersfay. £ ANERIFRELEESS | §BhacldeoPrdeepr ity that Samelspurpose.
conplenentarx go a nucleic acid as a tenplate and another chineric
ol i gonucl eoft88°PAPNEE £Faqts Ievdsitiaryinst otk spragedt sinuadtibn, t his
case, one priner binds to a DNA strand as a tenplate to cause a strand
di spl acemen® PGS TRzl eplotBer SpEhmes biomd® toikoniicheatide 20an
strand_rel eased as a result of the strand displacenent reaction to initiate
anot he? st r ARdPERSBrabdesoceddt iifien tta Prdweant tthae digeatidonopr bdact
with one priner can function as a tenplate for another priner if this
aspect is uBEdMeThRy, at henawpes fofc ansldrfucladon RMalset. i ncreases 25 in a
non-linear manner as the amount of the tenplate 74 increases. 1 1 FEB
2005 Wien the net hod fbe anphinmgrihg aocdugomivclzcitddd theipeesenrdar nvestion
i's conducted using a doubl e-stranded DNA as a tenplate, both strands can
serve as teaphbhesigad to have desired nucleotide sequence using, for
example, the 394 type DNA synthesizer from Applied
10 Biosystems Inc. (ABI) according to a phosphoramidite method.
Alternatively, any methods including a phosphate ﬁriester
method, an H-phosphonate method and a thiophosphonate
method may be used to synthesize the chimeric
oligonucleotide primer.
15 (2) Endonuclease used in the present invention.

Any endonuclease that can act on a double-
stranded DNA generated by DNA extension from the chimeric
oligonucleotide primer as described above in (1) that has
been annealed to a nucleic acid as a template and cleaves

20 the extended strand to effect a strand displacement
reaction may be used in the present invention. That 1is,
the endonuclease is an enzyme that can generate a nick in
the chimeric oligonucleotide primer portion of the double-

stranded DNA. Examples of endonucleases that can be used

25 in the present invention include, but are not limited to,



5 the anplification reaction by using chineric oligonucleotide primers that
anneal to the respective two strands. If the reaction is initiated after
denaturﬁng t he doubl e-stranded DNA, a chineric oIigonucIeotige rimer, four
deoxyri bonucl eoti de tri phosphates (dNTPs), a DNA 10 pol ynera d Eﬁ@

endonucl ease are added to a reaction mxt8fe before or after the

doubl e-stranded DNA is denatured. If heat treatnent is used for denaturing
t he doubl e-stranded DNA and w heat-resi stant enzyne is not used, it is
preferable to add the enzyne after the denaturation. 15 In the aspect of
the nucl ei cTABPRUSHBRSESCcat Mo Gettheor eREopiboateleaventt orl RNasshi Bh a
doubl e-stranded DNA as a tenpl ate and two chineric oligonucleotide priners
are used, sWEEhIATFOfCRedH RWS Baytdesurofndngould ereiplaacded xneatetc
strand internediates during the extension 20 reaction fromthe priners to
generate a 8648l €c8pesrdedhuel BN3 aoidd aronBiAt cay o e Symbiesi zedd.
primer-extended strands bei ng anneal ed each other, although it depends on

t he reacti oRN¥ordiRaislerse hahatkehaThé hboubbevetmantdédnedc| &tciatt tebas
chimeric oligonucleotide primers at both 25 ends. Then, reaction of

ext endPng ceapl bremrafieratrlandssed ifi. the7PresenEER RGO icanprist hgd shgand
di spl acenent can be initiated fromboth of the ends again. As a result of

t he reacti oR¢S@phakpri Bindatheat prasistaitavomgst he Fprri rvampdguenae Rilasae
end is generated. Furthernore, if switching of tenplates 5 occurs during
the reacti o, faodoBbl ecdtir mededauctedl cfaci d sieaickdont @tonrdduatsdesced bed
above is generated again. The present invention provides a nethod for
anpl i fyi ng abaut| €71¢° @ciih wilch cetgrdcsesfusithg apbbldepel yiRvaseibavisg a
strand di spl acenent activity to effect 10 a tenplate switching reaction. In
t he tenpl atdeseribaidngeleactinoBxiamptlee .pr @seénca -ofe i Ao er sdsaneeshse
nucleic acid as a tenplate, two chineric oligonucleotide priners

subst @t i al ¢tgncdopl epeafarybly theeducleotine sesuessesodl the respesitve
strands and a DNA pol ynerase having a strand 15 di spl acenent activity, two
pri mer - ext eioleensioands EQEpbesBNtGf Y the theaterplateante SHBAES] &8sk s
Tenpl ate switching of each of the priner-extended strands fromthe tenplate

to the ot hewhpeh meanexteensiesrstaieng tiakes iRlacRidurbng Lhe st hesiscof the
pri mer =ext ended strands. 20 As used herein, a tenplate switching reaction

refers to acepachi ogommewdich Wher EOMMATENt 31 ¥oRhEBES T € HiResized by
strand di spl acenent reactions fromthe both sides of a doubl estranded

nucl ei ¢ aciThetmdBalpDbYRRASECHSWEDS Bes thhe TemplAlR 1and synthesi zes &, 25
conpl ementary strand thereafter using the other
15. RNase H from a thermophilic bacterium of genus Bacillus, a
bacterium of genus Thermus, a bacterium of genus Pyrocoécus,
a bacterium of genus Thermotoga, a bacterium of genus
Archaeoglobus or the like. Furthermore, both of naturally
occurring ribonucleases and variants can be preferably used.
20 The enzymatic unit of RNase H indicated herein is a value
expressed according to a method of measuring an enzymatic
unit as described in Referential Examples.
The RNase H is not limited to a specific one as

long ‘as it can be used in the method of the present

25 invention. For example, the RNase H may be derived from



1 1 FEB 20D5 76 conpl enentary strand newl y synthesized by anot her DNA
polynerbse as a tenplate. In other words, a tenplate switching reaction
refers tto a reaction in which a double stranded nucleic acid as a tenplate
is treated with prinmers 5 and a DNA pol ynerise having a strnf pggspsacement
activity to generate extended strands conpPenmentary to the tenplate,
wherein a DNA pol yneri se that synthesized the prinerextended strands
actively switches the tenplate fromthe original tenplates to the other
prinmer-extended strands 10 during the synthesis of the extended strands.
The abilityVeFiPHE DBREYUSSSy mBYiages .0 REGREYteenpr atekanwothbng Eeaveion
can be determ ned, for exanple, according to the nethod as described in
Exanpl e 32 B8l &wthe¥ hdughetiuiarndiNass eHdedir t & | Vhfalt RdlameesBnt The
invention. 15_A DNA polynerise capable of an effect the tenplate sw tching
reacti on duffhdguderafdafis il adenmrenivbictienh bynEsehprdfodriabl goliseBNase t he
-present invention. For exanple, a variant enzyne of Bca DNA pol ynerise
| acki ng a 5HI. gndefdsudiicssle R¥asei Hyiks epeapdridliled ksediin-20 paypéch)ar.
Such an enzyne is conmmercially avail abl e as BcaBEST DNA pol yneri se (Takara
Shuzo)? It &xRealldo e prepadéd fRNEsEsBherinctiea codd HB1&Hep WA od FERM
BP- 3720) which contains the gene for the enzyne according to the nethod as
descri bed i hhgapamesenkat émved:i@978001Fo25 Exalmgrlieghi ®RN=dd HBIO01£ p&ih205
(FERM BP-3720) has been '

Escherichia coli, or RNase HII from a bacterium of genus

Pyrococcus or a bacterium of genus Archaeoglobus is
preferable, without limitation.

10 The efficiency of the cleavage reaction with an
endonuclease such as RNase H used in the method of the
present invention may vary depending on the nucleotide
sequence around the 3'-terminus of the primer and influence
the amplification efficiency of the desired DNA. Therefore,

15 it is natural to design the optimal primer for the RNase H
used.

As used herein, the term "introducing a nick" or
"nicking" means internally cleaving one of the two strands
of a double-stranded nucleic acid. For example, an RNase H

20 acts on a hybrid double-stranded nucleic acid composed of a
DNA and a ribonucleotide-containing DNA to selectively
cleave the ribonﬁcleotide—containing strand among the two
strands at the ribonucleotide portion, thereby introducing
a nick into the hybrid double-stranded nucleic acid.

25 (3) DNA polymerase used in the present invention.



1 1 FEa 2005 77 deposited at International Patent O gani sm Depositary,
Nat i on Institute of Advanced | ndustrial Science and Technol ogy, Al ST
Tsukuba’Central 6, 1-1, Hi gashi 1-chone, Tsukuba-shi, Ibaraii 305- 8566,
Japan since May 10, 1991 5 (date of origiggl deposit). Alth Jg@ﬁﬁﬁmﬁs not
intended. to limt the present invention, “fhe node of reaction of the
nmet hod for anplifying a nucleic acid of the present invention is considered
as follows, for_exanple. 10 I'n the nmethod for anplifying a nucleic acid of
t he present invention, a_doubl e-stranded nucleic acid as a tenplate is
treated in the presengb BHAaPRNERRT #FGi tHR T IRF c1f mSELEng) | §oRBERESTERE
primers that are substantially conplementary to the nucleotide sequences of
t he respect PFELYS LYt (*hdS aCBRNA ol YaBAadler hEben@resantanéindespiasenent
activity to_synthesize priner-extended strands that are conplenentary to
t he tenpl at 82TAIGHEBIrdYst r andBHAnNUBPéYEeEaEE cBHbSsENEGadf vt hdasyingesized
primer-extended strands being anneal ed each other and a doubl e-stranded
nucl ei ¢ 20 acird 'cBHONSCILIRGSE adie tidiih| R LD ¥R ermehy edsedeh ot her to
which the two priners _are annealed as a result of tenplate sw tching
reacti 8n can be obt ai A€d.USEf he¥edn, dbablsérandartiesd hartred et agctivstydused
as a tenplate. The doubl e-stranded nucl eic acid consisting of 25 the
primer - ext eH@EQLSt EQNAR BEILIY ldnhddladd earclebli¢rt @ sstrand, dispFEBementg
cleaved with an RNase H at sites that contain the ribonucl eotides. Nucleic
aci ds that &ahetcospl shest sey troddeed A aup breaekeenoedtiisi bgsasDdA a
pol ynerase having a strand di spl acenent activity fromthe 3'-termni of the
5 respectiveepgremee pdr i onslefid ke idbldd e stemmmbzide nulcl Bé cdaspilatongf ect
strand di spl acenents. A doubl e-stranded

DNA strand to release a complementary strand that has been

10 annealed. to the ‘template —strand. Additionally, a DNA
strand releaéed from a nucleic acid as a template as a
result of a strand displacement 1is referred to as "a
displaced strand" herein.

Any DNA polymerases having the strand

15 displacement activity can be used in the present invention.

'Examples thereof include variants of DNA polymerases
lacking their 5'-3' exonuclease activities derived from
thermophilic bacteria of genus Bacillus such as Bacillus
caldotenax (hereinafter referred to as B. ca) and Bacillus

20 stearothermophilus (hereinafter referred to as B. st), as
well as large fragment (Klenow ffagment) of DNA polymerase
I from Escherichia coli (E. coli). Both of mesophilic and
heat-resistant DNA polymerases can be preferably used in

the ﬁresent invention.

25 B. ca 1is a thermophilic bacterium having an



nucl eic acid consisting of the priner-extended strands bei ng anneal ed each
ot her and a doubl e-stranded nucleic acid consisting of the tenpl ates being
anneal ed each other 10 to which the two priners are anneal ed as a result of
tenpl ate switching reaction can be obtained. If the tenplat 1sﬁﬁEMng
reaction does not take place, two types oP7doubl e-stranded nucl ei c acids
each consisting of the tenplate and the priner-extended strand 15 can be
obt ai ned. Nucleic acids that are conplenentary to the tenplate are extended
to effect strand displacenents using a DNA pol ymerase having a strand

di spl acenmenPPEEFRY t FHIGH t Heempexakwrai of t REOMEspd&iGre priBe2 pBNA| ons
of the 20 doubl e-stranded nucleic acid to which the two priners are

anneal ed. ABCAYREEESE of reBnpitkt® BACCEHLNG r bactirmwn at@oubiee star abiad
nucl eic acid consisting of the prinmerextended strands bei ng anneal ed each
ot her and adé§ﬁﬁﬁ€§$ragﬁéd preYReBaSei (Rtorisitti ngrof RNAedepepbenés DBANg
25 anneal ed each other to which the two prinmers are annealed ~ "1 1 F EB
2005 79 canpbévabstraisgehctTitel thulibpe-raversedtnaskertpadpd taetuhiicty )t heat wo
priners are annealed is reused as a tenplate. If the tenplate sw tching
reacti &n do€s—Rot ekakwcllease, aoto wiypesrol alclble- Examdeease| cciattds
each 5 consisting of the tenplate and the priner-extended strand can be
obt ai ned. THhet wenzypes miydded| eisthaandedh neclzee apudd fare ckeawmediwkt h
an RNase H at sites that contain the ribonucleotides. Nucleic acids that
are conpl enentgipaio sthindse drenpl ateombénertepdedeisi my cludedl oy yoetage
havi ng a strand di spl acenent activity fromthe 3' -termni of the respective
primer portgenstof tlengioedeirst r andetnhigakei.c aciThéo ehkeak stand be

di spl acenents. In the nmethod for anplifying a nucleic acid of 15 the
present invenbjjented doubhedsttendednnunidi cagcistibat iautdmpl, atgeistispat ed
in the presence of an RNase Hw th two chineric oligonucleotide priners
that afe subdtiantbal | yoronminerertiary tByt heidiued eoyedetsequessesnObri he
respective strands and a DNA pol ynerase having a strand di spl acenent

technigques or other means. Examples of such enzymes
include BcaBEST DNA polymerase (Takara Shuzo), which is Bca

DNA polymerase lacking its 5'-3' exonuclease activity.
It is known that some DNA polymerases have an
15 endonuclease activity such as an RNase H activity under
specific conditions. Such a DNA polymerase can be used in
the method of the present invention. In one aspect, the
DNA polymerase may be used under conditions that allow the
RNase H activity to express, e.g., in the presence of Mn%.
20 In this case, the method of the present invention can be
conducted without the addition of an RNase H. The present
inventors have demonstrated that the Bca DNA polymerase
exhibits an RNase activity in a buffer containing Mn?' for
the first time, and that the method for amplifying a

25 nucleic acid of the present invention can be carried out in



20 activity, and priner-extended strands that are conplenentary to the
tenplats. are synthesized. If the tenplate swtching reaction does not take
pl ace, ?wo types of doubl e-stranded nucl ei ¢ acids each cons'." ﬂflE[éﬁ@Bg t he
tenpl ate and the priner-extended strand cgg be obtained. 25
anplification nmethod of the present "~)~80 ~1 ~ FEB invention, the
chinmeric oligonucl eotide priner-extended strand may be cleaved at a site
that contains the ribonucl eotide such that the 5 fragnent (priner portion)
resul ting fron1th%.cleama e._does not.contain the 5 ribqgnucleotide. A
priner-exteﬁd§§a§iféﬁﬂrﬁygﬂﬁﬂ%dc??Bﬁ%?ﬁagtﬁﬁseﬁéﬁgﬁat & i3 pbRei BRai s
no | onger Cbﬁ vedlb an endonycl ease. As a result, an anpjification_groduct
havi ng t he nmer &fce at' 71t s2BRYSTReEACNSCe R SPRS telst riPdl aBé&VEd an
anplificatiogn oduct 1Q wi.t hqQut the priner sequence_and a product having
SEcBbRCUS AT e o

the priner fic8Sf HAHN AR EARR M b ePYbYRe BR8ES| Bheke
nucl eic acid_anmplification nethod of the present invention. These products
are incl ude@Fn fHVANHY fRe¥ei G pRYRSEt sHhahiivits Anchxaapl dtdf DNA
met hod_for anplifying a nucleic acid of the present invention is

i |1 ust Pat edPPhYEREEPEs B20% o TR MU ot hermeprdd USFi ¢an ebe33used3@n the
illustrate an exenplary nucleic acid anplification in the nucleic acid
anpl i fi cati BReA€RRod"FEEREMr esent i nvention. 20 Figures 33 to 36
illustrate an exenplary nucleic acid anplification in the presence of a DNA
as a tenplate which id%a dRmpesistianded noedettoncibgf fermpansedf ichi heeic
ol i gonucl eotide priners synthesized on the basis of the nucleotide sequence
i nfor mat i onPEESERE DRESASioRe 25 tenplate (in the figures, the chineric
ol i gonucl eot i de , 1 1 FEB 2005 81 priners have three ribonucl eotides at
their 3'-termini; opeh ciregicddonn the fagurtdsmtr epraseaing hea buffering:
ri bonucl eoti des), a strand di spl acenent type DNA synt het ase (DNA
pol ymkPf ase) CABRPRGNE, sBr aadndisd piracedentomatriotiter, reet FMNasel tH avnil CHNTBs
is used in the present invention. Naturally, the type and
the concentration of the salt are optimized depending on
the metal requirement or the like of the enzyme to be used.
Examples of the buffering components that can be preferably
15 used include, but are not limited to, Bicine, Tricine,
HEPES, tris and a phosphate (such as sodium phosphate and
potassium phosphate). Among these, a buffer that contains
Bicine, Tricine, HEPES or a phosphate as a buffering
component is preferable for the present invention.
20 Although it is not intended to limit the present invention,
for example, when the reaction temperature is high, a
Bicine buffer of which the change in pH due to the change
in temperature is little is preferably used. A HEPES
buffer may be preferable depending on the type of RNase H

25 used. Thus, the optimal buffer may be selected depending



5 a ribonuclease that cleaves at a DNA-RNA hybrid site, and dNTPs which are
substr tes to be incorporated into the extended strands. As shown in Figure
33, elpair of the chinmeric oligonucleotide prinmers synthesngﬁ 8

baS|s of the 10 nucl eoti de sequence information of the DNA a ES¢
are anneal ed to the specific portions of ?Pe DNA as the tenpl ate. DNA
strands are extended fromthe 3" -termni of the respective chineric

ol i gonucl eotide_priners as a result of the strand displacenent reaction as
indicated with Step 15 1. Next, as shown in Figure 34, sone of the

pri mer ext enBBd & aﬁ@l@cEkPénG@c&lﬁq@ﬁ%t r 6hi @ndaruHsrasanar ehel Bided
fromthe original tenplates as a result of the tenplate switching reaction
as i ndi cat eBOWRBI8EEp X0 ThEe20 Yedrer aagt entleel stlidkeds ar e Thveneafiédadach
other at their 3' portions. Conplenentary strands are extended fromthe
anneal ed extengentsatands off okt njusd fesibioe-compormiett DNAngessiBst10M oM, t he
primer-extended strands bei ng anneal ed each other. Additionally, a

doubl e- st r apdedebralyondd 20 ngM25 ofThiehepdi sprepesd $t 0and$§ , bep ngf anapaled
each other to which ° | 71 F E B 2005 82 the above-nentioned pair of the
chi merbc ol 7gbnbcReot Fde priampils,akee barfifeal ecbritsa igeimey a2 2eM 6 T ST $cine
utilized as the starting material in Figure 34. As indicated with Step 3 in
Fi gure 35, @hl yroné.5-8t2amk cantaififieny annRiAndeg v29s-50 omM heoths stumc

ol i gonucl eotide prinmer of the double-stranded DNA in Figure 34 consisting
of the prinphoerhendedtstpiands 0b8i.0g snpakédrabdly aidwd. i s Bxapmilesk byft he
action of an RNase H at the DNA/RNA hybrid site of the doubl e-stranded DNA
resul ti ng 1@agnesntumodudiisonthéta dainckoé nplree edeitllve- sseanded 1M, but
Subsequently, the strand di splacenment reaction takes place fromthe nick in

the doubl e- steanded LI vadl aoPNidghedhigndcRSok Nk ¢ ategneistitinSt £8efat 8
Figure 35. Next, a tenplate switching reaction like that in Step 2 in

Fi gur2015 3drt akegnPb BER | $U NS JEgr B0 £aha3OMBoRALHLOras ibAdi G2t egdnyi th
Step 5 in Figure 35 resulting in a double-stranded DNA consisting of the

anpl i fi catimagpesdunt salit eranghe pr4aer mﬁxbﬁ»}d@@hﬁémwdg—h@ naM annegy, gd
each other. In addition, a doubl e-stranded consisting of 20 the .

di spl aced stfmads deideh tanneRded eachawtber (0 mhkehirtheabgxepnenytpped
pai r of chimeric oligonucleotide priners are anneal ed are generated. Next,

as shown i ndETRUr&nd6. BN stirands aneterended 3spatckgsukt ebrthg spyand
di spl acement reaction 25 fromthe 3'-termni of the respective chineric

extension reaction range 0.1-3.0 mM, preferably 0.2-1.2 mM.

Iate

15 The amount of the primers used in a reaction volume of 50
nl ranges 1-1000 pmol, preferably 10-150 pmol.
Additionally, the reaction mixture may contain an additive,

for example, in order to stabilize the amplification

reaction. Bovine serum albumin (BSA) at a final
20 concentration of 0.1% or less, dimethyl sulfoxide (DMSO) at
a final concentration of 10% or less, putrescine

dihydrochloride at a final concentration of 4 mM or less,
or propylenediamine at a final concentration of 0.01% or
less may be added. Additionally, NMP (l-methyl-2-

25 pyrrolidinone), glycerol, polyethylene glycol, dimethyl



1 1FEB2d5 83 oligonucleotide prinmers in the doubl e-stranded DNA in
Fi gure--35 whi ch consists of the displaced strands bei ng anneal ed each ot her
to which the pair of the chineric oligonucleotide prinmners a{i neal ed. A
tenplate switching 5 reaction simlar to that in Step 2 and t@ﬂ3§mﬁakes
pl ace in some degree, resulting in a doubPé&- st r anded DNA consi sting of the
pri mer =ext ended strands bei ng anneal ed each other. This doubl e-stranded DNA
is brought back_to Step 3 in Figure 35. The reaction starts on Step 3
again. 10 A dg%blehftrande DNA whi ch, consi sts of the displaced strands
bei ng anneaf¥dteE %ot FANYF wHi A HEDai P2 ¥ Phe EpRRBENEdel i goRticl &6ti de
primers are anneal ed i% enerated and utilized as a starting material in
Fi gure 36. ﬁ§p§cF§§th,ag ch8fn ?€dttieR, $h WHh tHesergamsiCe- §PLERBED 15
nucleic acids are repeatedly generated, takes place to specifically anplify
and produce F&WEGSon BWHINJRANDSPACHALE oRNEWAENSL o?F goRbibenurdeopidser s
In the nucleic acid anplification nethod of the present invention using a
chinmeric ol P§dRE&ISeoti de, a 20 polyner in which the regions to be anplified
are connected each other nay be generated. The polynmer has a structure in
whi ch Blural regions tidiche mafdldd | exf artehe eperesenin Lheeshiendi megti be.
The pol yners are observed upon el ectrophoretic analysis of anplification
product s ascagrigddendd yargsling i swustsinies ethahainhheiyenehat remeote 1
1 FEB 2005 84 such polyners is influenced by the region to be anplified,
the size of tERBSFEGPEACN haddignkivng afegiturs, Bfe npeleoneérdse segobncesof
the chinmeric oligonucleotide priner to be used, the reaction conditions and
the |ike. 5P¢hépg@p@ﬁ@¢md§ desiod | hBEAAbOVEL £ oat aiuhs tpingeal thagi bneibotbe
anplified. For exanple, the polyner is useful when detection of a nucleic
aci d cont ai ihag are¥grse t otbenanpliptiied i sachtiedded besauseddedhybrtHezes
to a nunber of probes upon hybridization using an appropriate 10 probe and
gener dfes aampiefiiced isngnalf. Hem-rgganfio bheredpttsi edtera pR&hiI 0Bhe
t hereof can be obtained fromthe polynmer. as a nonomer by using digestion
with .a restergetonuedzyne aarid e ldddudad. conbi nati on. The DNA pol yner ase
used in the present invention 15 should synthesize an extended strand from
the 3'-termnus of th@&npranmhepordspact pnandsathagdemdHeamadtéli® acid
di splacing a previously extended DNA strand. It is inportant that the DNA
pol ynerase shothd hempéxhiebitic ah% .chidie @ rsic] @avec Bedt Vié Ypi haér ma¥ed
di gest the displaced 20 strand. For exanple,. Kl enow fragnent, which is an
exonucl easeidethel eesaart aiivedt DDA pelfymer ase dmd Y0 &Eseheh | s8harcohi, a
simlar fragnent derived from Bst DNA pol ynmerase (New Engl and Bi ol abs), and
BcaBESY DNAipol wifgeasd vid orads. ﬁ@dtﬁ&'@kahansﬁgé@hfarce usafdd1 88y SUSH aagS
DNA pol ynerase. Sequenase 1.0 and Sequenase 2.0 (United

oligonucleotide primer in the detection, amplification or

production method of the present invention. It 1is
preferable to conduct the annealing using an annealing
solution that contains a substance that enhances the
20 annealing such .as a polyamine (e.g., spermine or
spermidine) or propylenediamine. Preferably, the annealing
solution containing the polyamine also contains a salt.
For example, without limitation, the annealing solution may
contain sodium chloride, potassium chloride, potassium

25 acetate, sodium acetate or the like and a polyamine.



.1 1 FEB 2005 85 States Biochemcal), and T5 DNA pol ynerase and cp29 DNA
pol ynerase as described in Gene, 97:13-19 (1991) can also be used. A

pol ymerase that normally has a 5'-.3" exonuclease activity cgm pg q@ﬁp in
the DNA synthesis 5 nethod of the present .invention if addition oP
appropriate inhibitor can inhibit the actﬁ%ity. The met hod for anplifying a
nucl eic acid of the present invention may be conducted at varying
tenperatures or_it nmay be conducted isothermally. Varying tenperatures 10.
nmeans that the reacti%n t enperatures, are changed for respective steps such
that the change does n&€ GG EE whhUeHE lidaarsictiad the srepbating
Specificall¥h var_ing tenperatures refers to change in tenperature to that
suitabl e foF2ef ofNELEAFNS, S tdrmnmRN RN 19 a B¢ nePringr syanfesthe
reaction of a conplenentary strand, njcking of a conplenentary strand and a
displacenenPuFiﬁéFiéﬁ?- aghénﬁrﬁﬁmﬁ%ﬁEﬁ PSotthek pEPChRbMESt BAt Yinech a
reaction tenperature for each step is unchanged and each step is conducted
at. a subst SREPAPrytesRdesntnyehperatid 29 Idenaturadir 46.go, sA®E ohe
tenperature to optimze the reaction conditions in both cases. One feature

of thednmet h8BOVEY afpid f \ihR) a ¢rRel e athe ofsolmdigmesdrt iaveneaohibs
that the nethod does not require adjusting the tenperature up and down 25
during the RE@Peraetagedusyrt Hodi $heTmeshaheprgdseprésentl iAnFEB: 2605086
invention provides a nethod for isothermally synthesizing a nucleic acid.
Many of conP&hfWenal nucleic acid anplification nethods require adjusting
the tenperature up and down to dissociate a target froma synthesi zed
st r and. After annealing, the nucleic acid amplification
reaction of the present invention is initiated by further
10 adding other necessary components such as a DNA polymerase,
an RNase H and dNTPs to the mixture.
The amount of an RNase H from Escherichia coli as
an example of endonucleases in a reaction volume of 50 pl
ranges preferably 3-200 U, more preferably 15-60 U.
15 Similarly, the amount of an RNase H from a bacterium of
genus Pyrococcus or a bacterium of genus Archaeoglobus as
an example of endonuclease in a reaction volume of 50 ul
ranges preferably 3-200 U, more preferably 4-40 U. The
amount of BcaBEST DNA polymerase (Takara Shuzo) as an
20 example of DNA polymerases in a reaction volume of 50 pl
ranges preferably 0.5-100 U, more preferably 1-22 U.
When an endonuclease and a DNA polymerase is used
in combination in the method of the present invention, for

examﬁle, without limitation, a combination of an RNase H

25 from Escherichia coli, a bacterium of genus Pyrococcus or a



5 These nethods require a special reaction equi pnment such as a thernal
cycler for this purpose. However, the nethod of the present invention can
be conddicted only using an equi prment that can keep a const nt ten?erature.
As descri bed above, the nethod of the pregsnt i nvention can' hdEBoBonduct ed
at a single tenperature. Preferably, it iS“conducted by selecting the
reaction tenperature and the stringency |evel such that non-specific
annealing of a priner is reduced and such that the prinmer specifically
anneals to % nucleic acid as a tenplate. Although it_is 15 not intended to
linmt the p 8§§ﬁtrliuﬁbé’ iU He %&Hﬁl%‘?‘lft RNPreSeRE ST bkt POhYRER2BE
conduct ed under__hi ght erature caonditions by using a heat-resistant enzyne
as descri bed®abd\e. ﬁ%ggkkWF?Gn,i%ti%?p?@PEFQBFEdt5WﬁﬁuﬁR§ Prefaeehéa of
t he present ingen%&?n at an aggrgpriate 20 tenperature for sufficiently
retai ni ng t HB&Et i/ tYPor eRARRERIPAS U | Bher BEA PO lyFenasen maw Vaartion
efficiency aqt high level. Thus, the reaction tenperature is preferably
about 20C t GSRBHGLNGOC nble Sversr Bl apsuReseC tHh apvgh BSGasmst the
preferably about 50C to about 70C 25 although it varies depending on the
enzyme>usedCOTRESithen of ghhel huffero-wsedacndn the cenduatedodndehe

hi gh-tenperature conditions in particular, it is preferable to use a |onger
priner thanePgiMeFor agldeshcimagh & a atbruftied enpeing uriehe Thensegasaceiand
the length of the priner appropriate for the reaction . 5 tenperature may
be det er mi neégtersioaxafans ittty ef @F entbet o amosintm \aff ueampl t Bk nativel y,
a commercially available software for designing a prinmer such as OLI GOTM
Primer Anal PEPSUSET tavar @n( Tak@gR. Shukw) efdyclre casd, RBdr ésamglteirathehoa
reaction tenperature of 55C to 60C or 65C is used, 10 the prinmer used for
the met hod 6Ptimazgr eeait domperstitdrenmagfbe;hd oreexanphe, bk féwutand the
limtation, 12-100 nucleotides in length, preferably 14-50 nucleotides in

| engt hO nor éipeetlepabldynp5-040 tingc Itagtd des tile lengine tAn lexam@@. of effects
brought by the el evated reaction tenperature is the 15 solution of a

probl em of form ng sedéndaMgtioduciar eanpla fPNAgasnaclenpl ateid The etryat ed
reaction tenperature enables anplification of a desired nucleic acid even

i f a nucl ei prasedthanivegtdaoni.gh GC content is used as a tenpl ate.
Furthernore, it is simlarly effective in anplifying a 20 region of a |ong
chain length. Such ef feet metbbserved ithea rargeiet waerermboslh 60aky Bad
about 20 kbp, specifically between about 110 by and about 4.3 kbp, nore
speci fi cal | goabooted3®byusing abeutlebsA0 dpe dhegampbiliebriicat ipnimefd i gkency
can be increased by 25 adjusting the-reaction tenperature in accordance
with 18e described above in (1) in combination with the endonuclease

as described above in (2) and the DNA polymerase as
described above in (3). Alternatively, a DNA polymerase
having an RNase H activity can be used under. conditions
that allow the RNase H activity to express as described
20 above.

dNTPs used for the PCR or the like (a mixture of
dATP, dCTP, dGTP and dTITP) can be preferably used as
nucleotide triphosphates that serve as substrates in the
extension reaction in the method. 1In addition, dUTP may be

25 used as a substrate. The dNTPs may contain a dNTP



1 88 1 1 FEB 205 GC content of the nucleic acid as the tenplate. For
exanple, if a nucleic acid having a low GC content is used as a tenpl ate,

t he anpjification reaction of the present invention can be1op@@3q&@p at 50
to 55C, although the 5 tenperature depends_on the chain | ength to be
anplified and the Tm val ue of the priner.6§5e of a DNA pol ynerase having a
reverse transcriptase activity (e.g., BcaBEST DNA pol ynerase) in the nethod
of the present invention can make the 10 anplification of a nucleic acid
froman RNA, which, conprises a step of preparing a cDNA froman RNA (a
reverse traﬁgéPFHFFgﬁggéééﬂgﬁ@ﬁ el RprRg bht | fRedrgucsd ¢ t erdaakeel v,
a product ogéained bg i ndependent |y conducting a step of preparing a cDNA
from an RNASGTFe tribhosphrEe ©4n Hd R the thidkereahiotons ahelpreseves
invention as the DNA as a tenplate. In each case, the reaction in the

met hod of th& fr SBRCIFRNEPENtRe MifeRetyerasei used.t erfri datédabyve
appropriate neans, for exanple, by inactivating the enzyne 20 or by
| owering thefr SactNR t@hpar ANFR, aoralast i mhayhéde easeidon i & deprivatioé one
of the_ substrates. The nmethod for anplifying a nucleic acid of the present
i nvent?on chavbegusedfyret ionabugrexpersuant ab pr ot@TRr eavtihat an i Amzeo
amplification of a nucleic acid 25 including detection, |abeling and
sequenci ng 8fodPnlelele ,contiaingdkEB 2B0Eh8Beadiod .o IRydrhernmstel, dd her tieé hod
for anplifying a nucleic acid of the present invention can be used for an
in situ nuctei @sgsl diranphief irnethon. metod, paimetrhadchrf obe applddapiery for
example,' using a DNA synthesizer  according to -a
conventional synthesis method. A combination of the
10 chimeric oligonucleotide primer and a normal
oligonucleotide primer can be used in the method of the
present invention.
If the activity of the enzyme used may be
decreased in the course of the reaction, the enzyme can be
15 further added during the reaction .in the method of the
present invention. Although it is not intended to limit
the present invention, for example, an RNase H from
Escherichia coli may be further added during a reaction in
which the RNase H is used. The added enzyme may be the
20 same as that contained in the reaction mixture at the
beginning of the reaction or it may be a different enzyme
that exhibits the same activity. Thus, the type or the
property of the enzyme to be added is not limited to a

specific one as long as the addition during the reaction

25 provides effects such as increase in the detection



5 a nucleic acid on a solid substrate such as a DNA chip, or a multiplex
nucl ei.¢ acid anplification nethod in which plural regions are

simul taneously anplified. One of the features of the nethodbﬁ azﬁéifying
a nucleic acid of the present invention is its ability to 1 8&%% a

si ngl e-stranded DNA. One or two chineric 6ﬂigonuc|eotide primers can be
used in the nethod for this purpose. For exanple, if two oligonucleotide
priners are used, the nethod of the present invention can be conducted
applying a simlar primer ratio to the so-called 15 asynmetric-PCR in which
an anpl i fi cAEPSALA¥AEN oRYi sincEapfpediDuttly asiovgtanodxcewplafbaatioh one
ol i gonucl eotide priner relative to another. The prinmer ratio is, wthout
limtation, PBPEPEtably in a range of 1:10 to 1:500, nore preferably in a
range of 1:10 to 1:100. As 20 a result, the anmount of the replacenent
product from one straf@ehevtsi @xaebdi VeNRebat RN&)t aisdthtas rantenplhee.
According to the nethod for anplifying a nucleic acid of the present

i nvention, ansith§ eusihethded DHRA Pusstentt i Bhventier vRya beonptepentdr pr
strand _thereto_can be 25 prepared. For exanple, a single-stranded DNA. for
producPng isgdated EERMEOY amgtler itdlathana ngcemt a imobhéi zedlaiel ebddaci d
such as a DNA chip, a single-stranded DNA probe for detecting a target
nucl ei ¢ aci 8lternatiwgdypri tbe f samphe |rmg- dwi nRCER cdnrees Ineadinl ythe
produced in a short tinme. Only a sense sequence 5 or an anti sense seguence
can be sel evticleliy amuliid i extibyi fiscargiohe rebbodosfl thedqydEsent tavesheon
Thus, the present invention is also useful as a nethod for producing a
nucl ei ¢ aci drhaentg ansenséosequenEgamplasanbifsesre sedmnpnee. tHad ragion
of a nucleic acid of interest can be anplified even froma trace anount of
a nucl ei ¢ acpdtasna thenphatkeby aohdudhnidlgdd)e et hagdeomndthel piesent to,
invention in a buffer of Bicine, Tricine, HEPES, phosphate or tris.

Fur t h&fnor esambeepetfreds boganiehsf wiurg aadusl eilo1Ed BTHEAPf at hee pEgSent

i nvention does not. require the specific reaction equipnment that can adj ust
a tenper at ubeffiyt hcohe, pagsageing, tifecedher gf oc€reBRodpRhili caliion, a
reaction can be conducted in a |large volune of reaction m xture. Thus, a
nucl ei ¢ aci gefitnag. £16heH, medisealividsel aahee | Ut il tyncOrphoducedykn

| arge quantities. The utilization efficiency of the priner .in the nethod
for anplifybhgaalprphenedadi dnef ot R@10r esERtuANVENLd ON 4 Snakest 1 4Q0ke i ch
may be 5- to 10-fold higher than that in a conventional nethod such as the

PCR. culture or a bacterial cell culture), samples that contain

15 . a nucleic acid such as a viroid, a virus, a bacterium, a
fungi, a yeast, a plant and an animal, samples suspected to
be contaminated or infected with a microorganism. such as a
virus or a bacterium (e.g., a food or a biological
formulation), and samples that may contain an organism such
20 as a soil and a waste water. = The sample may be a
preparation containing a nucleic acid obtained by
processing the above-mentioned samples according to a known
method. Examples of the_preparations that can be used in
the present invention include a cell destruction product or

25 a sample obtained by fractionating the product, the nucleic



25 The nucleic acid anplification nethod of the ° 1 1 FEB 2005 91 present
i nventi.on can produce an anplification product with high fidelity to the
nucl eot) de sequence of the tenplate nucleic acid. Wen the frequency of
error in the DNA synthesis in the method of the present invdrk FEB %8s 5
confirmed by anal yzing the nucl eotide seqéénces of resulting anplification
products, the frequency of error found in anplification products obtained
by the nethod of the present invention was equivalent to that by LA-PCR
which is known tq be able to anplify a nucleic acid with 10 high fidelity.
In other wofHdd tfe YR ndaMBLer hOTprasemiPlfvant i dhasspeeific ynagliedal ent
to that of the LA-PCR (6) Method for detecting target nucleic acid of the
present i nvBRtFofCAfFUdas foich hes nBRNBE. aket srgaichagt! ei Bunthermora, sanpl e
can be detected 15 by using the nethod for anplifying a nucleic acid of the
present i nvBHELBAC Fisd ettt idh arePNBdotompr iREs oktzd ime| afyl hfly angaaget
nucleic acid by the method for anplifying a nucleic acid of the present
i nventi on aBUBéSeFi Bed catsntaiamy 20n (bhedesrapilendpyt e krovwretmeniodei canci d
anplified in the step above. In step (a) above, if an RNAis used as a
tenpl afe, the pepéesabilyamsed-ption reaction and the nucleic acid
anplification reaction may be conducted in one 25 step. Although it is not
intended to linmt theTpeegarstparatidn 9@ontaining a nucleic acid can be
prepared from the above-mentioned materials by using, for
example, lysis with a detergent, sonication,
shaking/stirring using glass beads or a French press,
10 without limitation. In some cases, it 1is advantageous to
further process the preparation to purify the nucleic acid
(e.g., 1in case where an endbgenous nuclease exists). In
such cases, the nucleic acid is purified by a know'méthod
such as phenol extraction, chromatography, ion exchange,
15 gel electrophoresis or density-gradient centrifugation.
When it is desired to amplify a nucleic acid
having a sequence derived from an RNA, the method of the
present invention may be conducted using as a template a
cDNA synthesized by a reverse transcription reaction that
20 uses the RNA as a template. Any RNA for which one can make
a primer to be used in a reverse transcription reaction can
be applied to the method of the present invention,
including total RNA in a sample, RNA molecules such as,

mRNA,. tRNA and rxRNA as well as specific RNA molecular

25 species.



(1 1 FEB 2GC5 invention, for exanple, a conbination of AW RTase, MWV
RTase or RAV-2 RTase and Bca DNA pol ynerase can be preferably used as a
conbiné)ion of a reverse transcriptase and a strand di spl ace rE-t e DNA
pol ynmerase. 5 The nethod can be utilized to detect or quanti?@ é*%éﬁ%ific
gene in a sanple. In other words, a speci PPc gene can be detected or
quantified fromall sanples suspected to contain a nucleic acid such as a
DNA or an RNA. Exanpl es of the sanples fromwhich a specific gene can be 10
detected or quantified include, but are not Iimted to, sanples from

organi sms such as a whdWe BT SRE Bhakr @mnealisuffy apaRNAa af idetefpdete a
cerebrospinal fluid, a semnal fluid, a saliva, a tissue (e. g., a
cancerous t PBEGE deashipprcopderiana asesl Icatulbar used. ig | the nuawaksen
cell 15 culture or a bacterial cell culture), sanples that contain a
nucl ei ¢ aci 8T8NERTABRTAON FSHaFtiPvi r uBhe apbamesr M@y ke faingt jmer ykastnga

pl ant and an ani mal, sanples suspected to be contam nated or infected with
a i croor gafi SMCIESH ige aseavercer thasactercomplenegtarg ftoock ospacific

bi ol ogi.cal 20 formulation), and sanples that may contain an organi sm such
as a s8il aRNRa @ast @ wdieplaee exanpbseeca fiticr oipimen)i,r usana dlLhgb-da
bacterium or other m croorganisns in a sanple can be detected or quantified
on the basi $depxyhBypiasénpeiment ke entrenimenf reaeirerid i cagene deguwade
from 25 these mcroorganisns as a target. Particularly, a method 1 1 FEB
2005 93 for (detrandany prpathdgeni o cieer gafii spdai fisef ahniea lfingl, dstpé
sanitation. and environnent. Furthernore, the nethod of the present

i nventi on caanpthused t otHest i;gineah afgenotydes pée an teagaRirSPtAlfort 0 is
determ ne the expression 5 | evel of a gene. Particularly, detection or
confirmati opreferpblgxpressivristtatdenfl ardi mease- r eloateed e raoDy, @
gene related to canceration of cells is useful in a field of nmedicine. Both
of anl®NA andcaedbiddeanobemnprref.er abl wiksed A Thpmusl @i @i dymshébes,
tenplate in the detection. 10 The nethod for detecting a target nucleic

aci d of thetpeeslentgtimventi ppecarabeyusedot muisddnpadsh drheidiskfergpge in
t he nucl eoti de sequence of the target nucleic acid. In this aspect, the
chimeric ol pgefisebedyi de3pri neticl @obedesed bs designed suchathatpiheric
3'-termnal portion of 15 the prinmer is positioned close to the specific

base of theolagortichesteati geiseIuense BO Beedi sti ROW,ShRd: FoFr pxaOPLe, it
i s designed such that a hydrogen bond is fornmed between the base and the

3" -term nal tbasecoipthenpri mahe | trandirsiat ehigxhsld Bl ween thgepuclQti de
sequence of the 20 3'-term nal portion of the priner and the nucl eoti de

sequense ofalée twphaieizasplisi cat peAmbrongshe it aggehnAUCH £151 ke does
not take place and no anplification product is generated using the

above- nent i pagel Cbh MEH i €hel geRBEl eQld deinifBng o ARId{d cati o f eggti on.
25 Information concerning a specific base in"a gene such as a

present invention wusing a cDNA  obtained after reverse
transcription as a template. Such a primer may be any one
that has the properties as described above in (1) and that
20 can be used in a reverse transcription reaction from an RNA.
Any enzyme that has an activity of synthesizing a
CDNA using an RNA as a template can be used in the reverse
transcription reaction. Examples thereof include reverse

transcriptases originating from various sources such as

25 avian myeloblastosis virus-derived reverse transcriptase



11 FEB 2005 94 point mutation or a single nucleotide pol ynorphism (SNP) can
be obta;ned using the nethod. The nethod for detecting a target nucleic
acid of) the present invention can be conducted by anplifying t@ﬁBE t ar get
nucleic acid directly froma sanple containing the nucleic éi -8 i3t hi's
case, the chain length of the target nucl &c acid to be anplified is not
limted to a specific one. For exanple, a region of 200 by or shorter,
preferably 150 by or shorter is effective for sensitive 10 detection of the
t ar get nuclzhc acid. The target nucleic acid in the sanple can be detected
with high séftdVt iRiasply HedPgni myrine cherkeméaoMignfndeainiate pevesee of
the present invention to result in the chain length to be anplified as
descri bed abb#BSCISPERSEdditFBY, BETe&Edet andcl| BPEsaskdocanthd deteused2with
nore sensitivity even froma trace anmount of a nucleic acid sanple in the
det ecti on nEEMBESEf RrARNFFEERRPESE nUEAV-@n Bass) ng alnr eaddibhobuf faer DNA
containing Bicine, Tricine, HEPES, phosphate or tris as a buffering 20
conponent aR@liRezAgCaltaf solaei dwscont agvengespeanstimetoron activity
propyl enedi am ne as exenplified in (4) above. In this case, the
endonuél eas€2Bnd’¢ h&spdA polArheeagemeo bavised aar semetrski nitaus¢oispeonfic
ones. For exanple, a conbination of an RNase H from Escherichia coli; a 25
bact eri um ofCeHasYPyacacdusglor tempaciagringm sficlyemss a DNB REEL 20652 86
Ar chaeogl obus and BcaBEST DNA pol ynerase is preferable. It is considered
t hat the préfemablee uhacteofiumhe ehdogenlieas&hanthiishe DAAgpp! yImetas eDNAY
vary dependi ng on the types the enzynes., In such a case, the conposition
of the buffeplymdrBsehe amounta ofDNFhe perizymes sdldefkomy de itk xadeidi uséng
the increase in detection sensitivity or the anount of anplification
product as khactadéxm lof tdendet Betiddusetitodooéféhgbps egent HHw eptéoemt dUTP
may be incorporated as a substrate during 10 anplification of a target
nucl e1@ aci dnv&htseni.f dIEP ésamsks, abNa pohgieat@es tf ddin posstibghi Dic
prevent carry=over contam nation of anplification products by degrading
anpl i ficatibacpepdacbs genhisziBagilnac |sudglae esimas & d Lha r a K& oFo e hods
for detecting a nucleic acid can be 15 used for step (b). Exanples of such
nmet hods i ncsude (BetectONen qfolkynieredd on predustahavngg dSIRgddd e SiZLe - - DY
el ectrophoresis, and detection by hybridization with a probe. Furthernore,
a detecti onpretépdble, whathhoaghetie beadsnate copbhaed ced beimief efdly
used. A fluorescent 20 substance such as ethidiumbromde is usually used
in the detestéosnby iehrHyihor esicy: JREmPYE! | Bzat hien gbtl@n@r@rs%bedé@é! be
conbined with the detection by el ectrophoresis. The probe may be | abel ed
¥v:th 1a5radit VbS0repitie W tHaAgARAEadiiRACtfye SHESLRARES sSUCH ASsBEOLE QT a
uor escen

reaction. Furthermore, 1t can synthesize a cﬁNA while
suppressing the formation of a secondary structure of an
- RNA as a tempiate under high—temperaturé conditions. Both

a naturally occurring one and a variant of the enzyme

20 having a reverse transcriptase activity can be used as long
as they have the activity.

In another aspect, after duplicating a DNA or an

RNA containing a nucleotide sequence to be amplified

befofehand, the duplicated product may be used as a nucleic

25 acid as a template in the method of the present invention.



25 substance. Additionally, use of a |abeled nucleotide in, 11 FEB 2005
96 steph(a) may facilitate the detection of anplification product into

whi ch the | abel ed nucl eotide is incorporated, or may enhance the signal for
detection utilizing the I abel. A fluorescence polarization nétlhBER 2e5

fl uorescence energy 5 transition or the |®Be can also be utilized for the
detection. The target nucleic acid can be detected automatically or
quantified by constructing a suitable detection system In addition,
detection wi_th naked eyes by a hybrid chromat ography nethod can be
preferably GXE8ples APgi Esudrerode ERNA)Iyrbbeat bbrl édoliude,t viouor amer e
fl uorescent substances positioned at a distance that results in a quenching
state can b&9%%seditr-ehetdet actihobhadt hod WWiictheapr eppmopmiadrd i bost The
probe does not emt fluorescence. Wien it is annealed to a DNA anplified
from 15 a t &rgasigggies cwashd shavectoronpheoremttargh t dHehe noidled c Rasel H
di gests the probe. The di stance between the fluorescent substances on the
probe then ifregaesds congsulntiing tihe tihec ke ssi@nsefuéhoer esceacempIhtisedt he
em ssion reveals the presence of the target nucleic acid. 20 If RNase His
used i A t heisetieefoed anphief yraguat hngl dirarediarefnt hesprasentirddyentieon,
a target nucleic acid can be detected only by adding the probe to the
reacti on ni xegter Eortcexdniptle, theconbiledti acicf flamiascestntabsingcese
6car boxyfl uorescein (6-FAM and N,N,N ,N -tetranethyl -6 25 carboxyrhodam ne
(TAVRA), canubéeptéfer abdgqumsede f oto, be 1lamfEBi 20058 97 4 abetdéwg-dde peobe.
The present invention further provides a probe used in the above-nentioned
met hod for deteetiteg a&Hergtomusheai asaci.d. Ahe peeberefl dahe Hy esgal as
invention is not 5 1limted to specific one as long as it can hybridize to a
target nucl ébogacas anpdy fizatk bytha ynuekpils caeied ampl ifheatdisyt met hedof
the present invention under normal hybridi zation conditions. In view of
speci LDc deegamp@s, of papl isléirdald on gHiatikdri e Probei dhat Bybui dszescyunder

cosmid type vectors and phage type vectors are preférably
used. Any hosts can be used as long as they can maintain
the vectors used. For example, Escherichia coli, which is
readily cultured, is exemplified.

15 In another aspect of the duplication method,
after an RNA having a nucleotide sequence to be amplified
is transcribed using an RNA polymerase and a nucleic acid
fragment containing the nucleotide sequence as a template,
the RNA may be used as a template for the method of the

20 present invention directly or after converting it into a
CDNA Dby reverse transcription reaction. The nucleic acid
fragment containing the nucleotide sequence to be amplified
is not limited to a specific one as long as it has a
prométer sequence for an RNA polymerase. It may be

25 inserted into a vector having a promoter sequence for an



10 conditions, for exanple, known to those skilled in the art as being
stringept is preferable. The stringent hybridization conditions are
described in, for exanple, T. Maniatis et al. (eds.), Ml ecular Coning: A
Laboratory Manual 2nd ed., 1989, Cold Spring Harbor Labonﬂcty.E#S
Specifically, the stringent conditions ar&%xenplified by the JB | OW ng:

i ncubation at a tenperature about 25C | ower than the Tmof the probe to be
used for 4 hours to overnight in 6 x SSC (1 x SSC. 0.15 M NaC, 0.015 M
sodiumcitr , pH.7.0) containing 0.50 SDS, 5 x Denhardt's (0.1% 20 bovi ne
serum al buni B R}?m@Fﬁéepol}&Hﬁ%ﬁﬂeréthoﬂ@; PiARLFT colt 400Fasnette0
pg/ m sal non gpern1DNA. A probe having a | abel as descri bed above may be
used as t he JFVOBE PoPFMINSE aA§FHERFR FRE el | DA Opol pmerasgettniutkekad
acid. The nethod for anplifying a nucleic acid under 25 isothernal

condi tions &F t R FELErfta v ertymheezedotusingl #EBp2008r98haeduyr eat he
use of an equi pnent such as a thernmal cycler. The nunber of priners used in
the anplifi EFFEOTSFetIRANTICE hEObr @5eRNAI Podnticora sEarmd ameappropeiavsi ch
is less than that used in a conventional nethod. Since reagents such as 5
dNTPs dsed f&FPR@Reand t Reuki kea camdlee mpplacd! t & ralgmemet hednek inhegpr esent
invention, the running cost can be reduced as conpared with a conventi onal
net hod. TheP&Fdretidee seahercef toheogr espit firdentaronbeanidys jwef&d ablky
used, for exanmple, in a field of genetic test in which the 10 detection is
routinely céA@ddétfded Time ameidmod ooff arheRNA aseirig | Aviendrote pr ovhdesca gpeat er
anmount of an anplification product in a shorter tine than the PCR
Therefore, BheRMét podyoferase [redsentpd niveidrian Landdscibéd z88098.a Any
convenient, rapid and sensitive nethod for 15 detecting a gene. In genetic
anal ysi s onvacgemsmicen! beeluseat tamiticarase trse Hovaakeonhdee f e364HhoAC8YSt em
small and to increase the degree of integration in order to analyze a | arge
anmouni Oof ndokeBNAdecslgmmearcess . AnFsyseeampas, besr 20 wevel opedu £t BES
purpose by utilizing the | atest hyperfine processing techniques in which
basi ¢ processesebor pEEMNMBeanalsysi SofRidg.tLym@Xt Fastben ogn@l\lﬁhfa@%m g%gs,
DNA anplification reaction, electrophoresis, hybridization, detéction of
the DNA of wvatepest arel @refiadn} agiéed ed PRedv@o tWCIQENIYL O r SEYLER v

square centineters to fingertip size.

used in its circular form or after being linearized. Any
RNA polymerases can be wused for the duplication or
15 amplification method. For example, SP6 RNA polymerase, T7
RNA polymerase, T3 RNA polymerase or the 1like can be

preferably used. |
Both of a double-stranded DNA such as a genomic
DNA isolated as described above or a PCR fragment and a
20 single~stranded DNA such as a cDNA prepared by a reverse
transcription reaction from a total RNA or. an mRNA can be
preferably used as a template DNA in the present invention.
The double-stranded DNA is preferably used after denaturing

it into single-stranded DNAs or without such denaturation.

25 The denaturing step may be eliminated in the



1 1 FEB 2005 99 Such a systemis called as a nicrochip or a nanochi p.
Application of the PCRto the systemas a gene anplification reaction is
currentlly considered. However, since the PCRs requires nmeans for repeatedly
controlling 5 tenperature up and down over ti me, the systerl twRERdggRCcoNe
conplicated. By contrast, since the systeifOcan be sinplified using the

nmet hod of the present invention which can anplify a nucleic acid under

i sothermal conditions, the nmethod is quite suitably utilized for the

i nt egrated systen110 as descri bed above. A highly integrated system can be
const r uct ednBgledicl iadisy ampl i ftdat forsmethoHe off edentpevent | dnvehZLloki t

of the present invention The present invention provides a kit used for the
15 met hod f &£ énﬁﬂﬁﬁ@mn@qmbhﬁﬂsﬂnanquiDﬂkﬂsumhamsdboPcpr&mpDifLBdembhon
as descri bed above. In one enbodinent, the kit is in a packaged form and
cont ai ns i npredetitonss r egaddi ag Ehetamplatea DN&hpol ¢ et dset 808. Y be
endonucl ease in a strand di spl acenent reaction., Also, a kit that 20
contains a Emwpppﬂysbeds@juﬂudqpfn@ttb@dadhéahaﬁgﬁ%mtéﬂﬁdﬁ”ﬁmb Bhimer
endonucl ease, and a buffer for a strand displacenent reaction is preferably
used fbr thesest had thfe et psent thaveresent Anvemtaldn/elnsud sempesskal |y
. avai |l abl e DNA pol ynerase having a strand di splacenent 25 activity and/or
endonucl easénahgiebef el eched tanthivsad of 11 heEEMO05 100 aceididig t9-ihe
instructions. Additionally, the kit may contain a reagent for a reverse

transcri ptibavirgct aon sdepierice ustbhesnanrRANA iig used as a égﬁ?l?igd The

DNA pol ynerase can be sel ected fromthe DNA pol ynerases to be used in the

present invemploniasatdescrdied iaoVeah Nbe3)in ke @op CE%@%% caf} bena-
sel ected fromthe endonucl eases as descri bed above in g haV|ng the

reaction bu¢ber cesppsktieraasedeseiidied Abays d N dyha L ebfrei
used as the buffer for the strand di splacenent reaction nstructlons

are pIOntedtﬂ@ﬁ&@f5pd@§§“ﬂ¥éﬂifbﬁm%99gg0frPSR@ﬂ b ee¥'£em§19te %&ﬁ%ﬁgﬂ
for preparing a reagent solution for a Strand di splacenent™ reaction,

r econmendedat@BEE { 68t €6AJI £é 0081 3R tihe | ike. ofTh%hb”S%ﬂégéhen Axg&lryf'
instruction manual in a formof a 15 panphlet or | e uck

to the kit,camesdesssi Bhi aR2QR tmecow{@é@tO\t_h&hﬁwaa%@g%&%oa' Oﬂkgeéé‘e

kit. The instructions also include informtion disclose provi
through el eghg onhe1 8841 8c8HCINES LN81hBhe % anded cDNA. Furthermore,

a reverse transcription reaction using an RNA as a template
15 and a DNA amplification reaction using a cDNA generated by
the reverse transcription reaction as a template can be
conducted with one DNA polymerase in the DNA synthesis
method of the present invention. Such a DNA polymerase has
a reverse transcriptase activity and a strand displacement
20 activity.
The suitable length of the template is one that
provides a sufficient bihding of the primer sequence dué to
the presence of the whole target sequence or at least a
sufficient part of the target sequence in the fragment.

25 Without limitation, if a DNA as a template is a



The kit of the present invention may further 20 contain a reaction buffer.
containing Bicine, Tricine, HEPES, phosphate or tris as a buffering
conponemt and an anneal ing solution as exenplified in (4) abpqu
Additionally, it may contain a DNA pol ynerase having a st rand d|§%ﬂg@enent
activity and an RNase H. Furthernore, the’kit may contain 25 a nodified
deoxyri bonucl eoti de or a deoxynucl eoti de , 101 11 FEB 2005 tri phosphate
anal og. The kit_used in the method for detecting a target nucleic acid may
further contaig an ggpropriate_chineric ol i gonucl eotide priner for
anpl i fyi ng PREPLETSEL2RGeCeillAs ddhel BNA §2Rekgeferdrursst dnrtiqgsinele-
anplified tagget anIeic acid such as a probe in addition to the

i nstructi on8 “AABEHe MNE Sy it s2bPY adpBTMeER itoh PERdt ten the da8¥%er$beand
above. In addition, the kits of the present invention 10 include a kit
cont ai ni ng £Ae W1 nEPMEl8ERgoHUCEREt iMRENRG nef Uskel preskatprbsesntion.

i nvention and/or the probe of the present invention as descri bed above. (8)
Conposi ti onIBFUPRELIpPesERe idriEnte ot rahdedr d¥Wht dtnvent temppravides at
conposition used 15 for the nethod for anplifying a nucleic acid of the
present inveRiFBnisr ishdarsthoted ote det ecébagtadndic) eiic aniafafaihe psesent
i nvention as described above. For exanple, the conposition may contain the
endonucl easkh@sdgasgiirpédonn ( Dtheboveracessbe DNAlpdbywercase ash itescan bed
in (3) above. 20 The conposition may further contain a buffering conponent,
a magnesi unfsavetedNES dsd thedli ke Ias tbAponeass, f arheopducthagldn be
anplification reaction. Furthernore, it may contain a nodified.

deoxyri bonutPeerede upona tdeoxgmptl ébtatéonr inelatplat ein avabeg. tBhasEl &%
described in (4) above can 25 be used as the buffering conponent and ot her
additives. an oligonucleotide primer to bind to a target. A nucleic

10 acid is successively amplified under isothermal conditions
after denaturihg a double-stranded DNA into single-stranded
DNAs o;, if an RNA is used as a template, preparing a cDNA
(a single—stranded DNA) by a reverse transcription reaction.

"Successively" means that a reaction proceeds

15 without a <change in the reaction temperature or the
composition of the reaction mixture. As used herein,
"isothermal" means conditions of a substantially constant
temperature under which an enzyme and a nucleic acid strand
function in each step.

20 The nucleic acid amplification reéction of the
present invention may be conducted at a normal temperature
(e.g., 37°C) by using a mesophilic DNA polymerase such as
Klenow fragment. It can also be conducted at a high
température (e.g., 50°C or Higher, or 60°C or higher) by

25 using heat-resistant enzymes (an endonuclease and a DNA



11 FEB 2005 102 In a particularly preferable aspect, the conposition may
contain suitable anounts of the various conponents as |listed above for the
nucl ei ¢) aci d anplification 'nethod of the present invention.1% FEB 25
Amplification reaction can be conducted only by adding an appropriate
tenpl ate and chineric oligonucl eotide priﬁ%rs) to the conposition. If the
object to be anplified is known beforehand, the conposition preferably
contains chimeric oligonucleotide priners) suitable for anplifying the 10
object. (9) Material having i mopbilized nucleic acid arrayed in predefined
region of tReLPMEZERE)i-nverdti oknafd dRRSodnPBrspesdddicnganhealang. of DhA
chip (also referred to as a DNA microarray 15 or a DNA array) is a materi al
havi ng an i RF®BEEi zéf nuBlRPECESEd, i n BAsGH: fwar | obis f Eagmwenass ofimgentkeor
DNAs are arrayed and immobilized in a predefined region or at a predefined
 posi tion onSBeSéFigisybefr MG seH ifs catsidnde Jhusthe fier ONA Indi pro’slesed
for exanining the presence of 20 a nucleic acid in a nucleic acid sanple

t hat has a Séqi@icE nonpteprdrayy stauat ey aybdaamilNA nawbil itzedIBNA | hsa
predefi ned region on the DNA chip. The exam nation is carried out by
contacPi ng snevENA ¢lsisnlwiiny the mnoclelrseacird. tisanpbe lpteparfede £t ens fon
sanple, preferably a | abeled 25 nucleic acid sanple, for hybridization.
Since the DNA ehiDNVA polyhiezER: 2005 t6S8ecar heamsed ifa idet ecda®rispamdfy a
nunber of nucleic acids in a sanple in one procedure, it is a very useful
means that thematiwaldic praides ahpel afhtysisnof @ane BxpresstOssDyele
anal ysis of a nutation or polynorphism A DNA chip 5 in which a

doubl e- st r andeduntieteiim athd ‘inetwsdiyed Bnd thawohidsged ai ¥R phedehignes
region is used for hybridization after it is subjected to appropriate
denat ur at i oseqée DA dbirpvied witiceh #n SRNG| east bandesh 1DMA DI} eFBb 8 yng 0 a
target nucleic acid to be detected is 10 arrayed and i mmobilized in a
predeidned tlegi osei sfpar retul-ael ¥ rpneferialad ol drhe et 86t omoi + fort & get
nucl eic acid. As described above, a desired DNA can be anplified in a
singl e-strandedtionmdyy blye aBihgd 0f pivhe A5 presess iHmang op. Abydesgh
any nethod for purifying an anplification product can be used, purification
using i sopropanstrppeebhi katiats preferable. The thus obtai ned DNA,
preferably a single-stranded DNA substantially free of a conplenentary.

strand thereto, can benpreffiabl ¥syeed ascf the present invention,
preferably, a chimeric oligonucleotide primer that is

15 complementary to a single-stranded DNA as a template is
first annealed to the DNA, although it is not intended to

limit the present invention. A DNA that is complementary

to the DNA as the template (a primer-extended strand) is

then extended along the remained sequence of the DNA as the

20 template from the 3'-terminus of the primer by the action
of a DNA polymerase to synthesize a double-stranded DNA.

An endonuclease acts on the double-stranded DNA and begins

to reextend a DNA from the primer portién of the primer-
extended strand de novo. In one aspect of the present

25 invention, the endonuclease acts as a nicking enzyme that



20 DNA fragnent to be inmobilized onto a DNA chip. Thus, the nmethod of the
present invention is preferably used as a nethod for preparing a DNA to be
arrayed]and i mmobi lized in a predefined region for producinq ?fggﬁW&Pip'
Any insol uble substrate can be used as a substrate onto which t hus
obtained DNA is arrayed and i mobilized ih3a ° 104 11 FEB 2005
predefined region, but a plate-shaped substrate made from gl ass or plastic,
and a nmenbrane-shaped substrate nmade fromnitrocellul ose or nylon are
preferably used. A known nethod for imobilizing a nucleic acid can be used
for the 5 | MBBPAREEEI BnNiThe IDNR Hhe SO kertisandedbP¥A zey bht alhers
substrate. Alternatively, the DNA nmay be imobilized through a suitable

| i nker or abRer strgbuis pphir AheDNdowpl ecatesndedr ¥ nopBposedce @ the
nmodi fi ed deoxyri bonucl eotide can be incorporated into an anplified 10
nucl ei ¢ aci @hbyerhe plédasticdrotddeod rdmatharnt edentDNAvent tlon, tehelate,

mat eri al having an i mobilized nucleic acid can be produced utilizing the
nodi fi cat i oalghouph Ather getesert eiineanth dmatishylotdi zestwiitdteal Nbgl ekc
acid on a material having an i mmobilized nucleic 15 acid in which a DNA
anpl i fdPed byhedrymet hdd BRAt eolymseasei rheantngn a ssaraayedd bl & sembhti zed
in a predefined region (e. g., a DNA chip) can be detected or quantified.
Such det ect #oblvityuars-ehiteatdonacazbestacendplfirsiedt by GOrRttaatiingd her
material with a nucleic acid sanple prepared 20 froma sanple suspected to
cont ai n t hethargétkniciteioduasid frortinybdbdbzatsaenandeen@Nhese, gen®Nécghi p
~.n which a single-stranded DNA anplified by the nethod of the present
invention is aneayedramdri-erbbhbezied sitraadpr edgflined-d i oihal | €ms t bea
detection of a target nucleic acid with nore 25 conveni ent operati on,

hi gher sensd¢wnstyeamdfhoghehe 3'-t2@minus of the nick. Thus, the new

10 primer-extended strand replaces the previously synthesizéd
primer-extended stfaﬁd.

Thé method for amplifying a nucleic acid of the

present invention can be carried out using two primers,

i.e., a chimeric oligonucleotide primer that is

15 complementary to a nucleic acid as a template and another

chimeric oligonucleotide primer that is complementary to a

displaced strand. In this case, one primer binds to a DNA

strand as a .template to cause a strand displacement

reaction, whereas another primer binds to a displaced

20 strand released as a result of the strand displacement

reaction to initiate another strand displacement reaction.

It is clear that a reaction product with one primer can

function as a template for another primer if this aspect is

used. ‘Thus, the amount of amplification product increases

25 in a non-linear manner as the amount of the template



11 FEB 2005 reproducibility as conpared with a conventional material. (10)
Met hod for producing nucleic acid in large quantities of the present

i nventidn. As described above, one aspect of the present 5 jnvention

provi des a nethod for anplifying a nucleig,acid that can be ¢ 5B &85 out
under isothermal conditions. A desired nutfeic acid can be produced in the
met hod by mxing a nucleic acid as a tenplate for the nucleic acid to be
anplified and various conponents required for a reaction 10 and reacting
the m xture,under isothermal conditions. Since the PCR requires changing

t he t enper atUiFE€8f Phe reaction nixture over tine, the reaction volunme is
limted to one in mhicF the tenperature can be controlled (usually, 200 u
or less). Therefore, P'PePsther fstiiad tPscarelipyingt ke V6 . qnLq hef

ot her hand, t(here is no such limtation in the nethod of the present

i nvention. A'FaPgESERLUALYEN TR et GendueERdhESHRGdGe siPURL S TR EARYed t he
vol ume of the reaction mxture. In the nmethod of the present invention, the
volune is, PR éRafpleemiater abpihnstaangsn cam 2verve, agotemplaft@sably 300
ul or pore, and nost preferably 500 ul or nore, although it is not intended
to linPt thEh%reseﬁWthﬁéﬁﬁFéﬁn | n ERackiriod ooyt he prdigent | mbeiménic a
nunber of conpl enmentary strand nol ecul es are synthesized fromone tenplate
nmol ecul e. FoliBierwstecthdel drdmerisdsteah 25nbelsyin helsé z ed spsicg vicheseo
conpl ementary strand nol ecul es 11 FEB 2005 106 as tenplates. Thus, a
desired nuc$é¥%n@§id ¢anthe sfdctient Ly prnddieded mitamyelaneanty sty
suitably selecting the tenplate and the priner. Additionally, the fact

that, unlik@ogpeepeRrapfednebibd of tdlelnrmbentolsigavents o doepmioter,
require a special equipnent or a conplicated tenperature change nmakes it
advant ageousewh vieexyt ibhaucdsotdideequi i s mrat ener gUNTPher ef @r e, DNAe
nmethod is an excellent industrial nmethod for producing a nucleic acid in

| ar gel Quantpel gserdade Trendhuehnei endondcobabnt ezest ahtedetanphi fietttoion
produced even froma trace anount of a nucleic acid as a tenplate in the
product i on miextede of belferer esent afivent i aheby disilpe+drerseassi opNpuf fieg and
the annealing solution as exenplified in (4) above. In this case, the
endonucl easéerstanedt he TNAhpat y tereasendrt bes useddar® notiehblutredgt oche
specific ones. For exanple, a conbination of an RNase H from Escherichi a
coli and Bo&BESTeDNArpodydeDEAeahs prebarabked sktnits ceenaicdarsedidthatsddie
preferable units of the endonucl ease anal the DNA pol ynerase nmay vary
dependi ng 20t obs thee fypelslef tbhedanzyaesnzhfiesughead ¢a%e den?e 1GAMIQSI LI ON
of the buffer and the anount of the enzynmes added may be adjusted using the
maxi ey amount of anpinficbat ix¥pgroduct tas atudrslex. aFuat hemore, cddieon

met hod of the present invention 25 is useful as a nmethod for supplying a
variety of m¥hod of the present invention in which a double-stranded

DNA as a template and two chimeric oligonucleotide primers
are used, switching of templates may occur among the
template-extended strand intermediates during the extension
20 reaction from the primers to generate a double-stranded
nucleic acid consisting of the synthesized primer-extended
strands being annealed each other, although it depends on
the reaction conditions or the like. The double-stranded
nucleic acid has chimeric oligonucleotide primers at both

25 ends. Then, reaction of extending complementary strands



11 FEB 2005 107 fragnents in large quantities, such as those to be
i mmobi | ized onto the DNA chip. Specifically, DNA fragnments can be obtained
in Iafdh gquantities in sinple reaction steps in one enbodinezH.Fgg Eﬁother
enbodiment, a limted 5 nunber of prinmers_can be used to obtain v iety
of DNA fragnments. A step of anplifying th&nucleic acid that serves as the
tenplate in the nethod of the present invention beforehand by a known
nucleic acid anplification nmethod such as the PCR can be incorporated in
the latter 10 enbodi nent. All kinds of nucleic acids as tenplates can be
anpl i fied uSPRGEASENE 5éd afchbekSBiapPABESs CamorbexaRpkéatpasdaasn path
met hod for anplifying a nucleic acid using a random prinmer having a tag
sequence (NBEl ie AGRES Reg@dich, 2R6193 : IEFBLI378D L 1006) ) repcthen, an
degenerate oligpnucleotide 15 primed PCR (DOP-PCR; Genomics, 13:718-725
(1992)), whiBhltuSésahigegrreracs paiviag, Riidie cemieneamit forat ¢od
met hod of the present invention can be conducted using one or several
primers forlallo®rerpeefuc| eiBusichesmaset enpf at e¢ipehiugedofn témplates
above-nentioned step. This can 20 be acconplished by designing the priner
used i theoetierei duaéng &My ifeacttion net Hodbdke-sheapdesentudvint achdsuch
that it corresponds to the tag sequence added to the random or degenerate
primer. Thusimalavnbpnaneobhet desgirtidelde adtosre fir qurepartied) sgaruc! ei ¢ aci d
as a tenplate and the 25 nethod of the present invention can supply a
variety of DNA , 1Th#EBp2665nt08 ihvagments. iprdwardger quantethes afdrat a
| ower cost as conpared with a conventional nethod. A pharnaceuti cal
conposi ti onamwhi fiyhnag & mundledic aciad daywhdait acemprdewsl eustthgnded DA f or
expressing a 5 useful polypeptide in a cell or a single-stranded anti sense
DNA for suppelkgsengséheagipgessisiraid adjepkaotmentenestivisychta aficéetc
acid is admnistered into an organi smusing suitable neans, for exanple, a
carrik® forageaepfraesfsarittichhasréaposone. The tréha@ndpdratey aswitt Qgiag
nucl eic acid

reaction in the presence of a double-stranded nucleic acid

as a template, two chimeric oligonucleotide primers
substantially complementary to the nucleotide sequences of
the respecti&e strands and a DNA polymerase having a strand

15 displacement activity, two primer-extended strands
complementary to the template are synthesized. Template
switching of each of the primer-extended strands from the
template to the other primer-extended strand takes place
during the synthesis of the primer-extended strands.

20 As used herein, a template switching reaction
refers to a reaction in which when complementary strands
are synthesized by strand displacement reactions from the
both sides of a double-stranded nucleic acid, a DNA
polyﬁerase switches the template and synthesizes a

25 complementary strand thereafter using the other



10 of the present invention is preferable for producing a single-stranded
or doubl e-stranded nucleic acid for nedical use in large quantities.
Additidhally, a nucleic acid containing a dNTP anal og that, Hoi Eé | e,
suppresses the degradation of the nucleic_acid in vivo can be g %ﬂ% 15
produced by the nethod of the present i nvéftion. Since the DNA f ragnment
anplified in the present invention is conposed of normal nucl eotides, the
anplified DNA can be, for exanple, subcloned into a suitable vector
utilizing a res&riction enzyne site in the DNA. 20 Furthernore, the DNA can
be treated %PTR ﬁmF8§?FWCtF¥ﬁa§ﬁzyﬁ§W@% RMNERRSIRRA  PYpr obrefe s or DNA
exanpl e. Therefore, the DNA can be widely utilized in a field of genetic
test. In adBPt¥BRra§Sprdfotier t&BRIEEe f orIan L HoMprsisaseacahehelate
incorporated into the anplified fragnent. The anplified 25 fragnment can be
used as a tBNpFaRénfo r&RStHOS ZeTar RN a2 reactfpB 2005hiGh vhi ddukia-be
used as a probe, for exanple. O course, a fluorescence-|abel ed DNA probe
can be prod&EEANE§dcBRELEL NG e aFethd@mrdratanpld fitierted it kei pr fweds of

t he present invention using a fluorescence-| abel ed dNTP instead 5 of a

nor mal 2 dNTP2ngeat INAs Rl Wi aag Hoaving anplirByidnglispiecierientacadt by it he
present invention are listed below. 1. It can anplify a |arge anount of a
nucl ei ¢ aci Bof genraasaakktandadt sofaadse poimptlencitmmnid fileatiempldte,
product increases quadratically when two prinmers are used. 2. It can be
conduct ed | ¥beheinal &y.DNA tihdkyrmesese| ttiioes swpithegized ttiee user ofean
equi pnent such as a thermal cycler. Therefore, the reaction volune can be
readi | y scagstienpedlFtFandsuabtyivehy awltidheat the reagisotei $Sroandussed
using one or two chineric oligonucleotide prinmer and two enzynmes (a DNA

pol yner ase andganaéndoeryel @ase) .tod. t8encethenunbermef - sHeaNOSt Pids
synt hesi zed from one nol ecule of a priner, the anount of 20 the priner does
not r&@tri cduthegatbentyathielsd sand ifhcaékvanpeadeeiranbyrt hamwrapi 1 hey
primer utilization efficiency is about 100% which is very higher than that
of the PCRof the DNA polymerase to effect a template switching

reaction can be determined, for example, according to the
method as described in Example 32 below, although it is not
intended to limit the. present invention.

15 A DNA polymerase capable of an effect the
template switching reaction during strand displacement
reaction can be preferably used for the present invention.
For example, a variant enzyme of Bca DNA polymerase lacking
a 5'-3' exonuclease activity is preferably used in

20 particular. Such an enzyme is commercially available as
BcaBEST DNA polymerasé (Takara Shuzo). It can also be
prepared from Escherichia coli HB101/pU1205 (FERM BP-3720)
which contains the gene for the enzyme according to the
method as described in Japanese Patent No. 2978001.

25 Escherichia coli HB101/pU1205 (FERM BP-3720) has been



5. A single-stranded or doubl e-stranded DNA can 25 be selectively anplified
dependi ng on the purpose. 1.1 FEB 2005 110 6. Since it does not require
a dNTP hnal og such as an (a-S) dNTP for the anplification reaction, the
cost of reagents is low. Furthernmore, a. nucleic acid in a idtEERI20or m

wi t hout a dNTP anal og, can be obtained. 5 77 1t can supply an anplified DNA
fragnment at low cost and in large quantities by conbining the nethod of the
present invention with another nucleic acid duplication nmethod. 8. The
detection ngthod,of the present 10 invention has an equal or_higher

det ecti on sEREPELVPEy &8 cdmparedbiionsl nfatemta QrEaM $onPeres horlty The
detection nethod of the present invention can be conducted in a shorter
time than tRaF1PBELI r é8SFdi v ecoMfenBidifdICafet NoH YRR Rl t Neckepee and
sensitivity., 15 9, The nethod is suitable for anplification of a nucleic
aci d, aut omh®ednaérarri i STdet ekiba Coniradal$. ahvlnt Himdshiighl ychome,

integrated detection on a mcrochip or a nanochip. As described above, the
net hod of theupressahizo I%@éﬁkioé%ir%ﬁﬁﬁabpépﬁ@r geneet iMay oflOa gkheland
i ndustrial production of a nucleic acid. Exanples The foll ow ng Exanpl es
illustPate fAetprefenriphnest deposdtiore detail, but are not to be
construed to 25 Iimt the scope thereof. 11 FEB 2005 111
Although it is not intended to limit the present
invention, the mode of reaction of the method for
amplifying a nucleic acid of the present invention is
considered as follows, for example.
10 In the method for amplifying a nucleic acid of
the present invention, a double—stfanded nucleic acid as a
template is treated in the presence of an RNase H with two
chimeric oligonucleotide primers that are substantially
complementary to the nucleotide sequences of the respective
15 strands and a DNA polymerase having a strand displacement
activity to synthesize primer-extended strands that are-
complementary to the template. A double-stranded nucleic
acid consisting of the synthesized primer-extended strands
being annealed each other and a double-stranded nucleic
20 acid consisting of the templates being annealed each other
to which the two primers are annealed as a result of
template switching reaction can be obtained. The latter
double-stranded nucleic acid is reused as a template.

The double-stranded nucleic acid consisting of

25 the primer-extended strands being annealed each other is



Referential Exanple 1: Preparation of RNase H from thernophile Bacillus

cal dot enax Baci |l us cal dotenax YT-G (purchased from Deutsche Samm ung von

M kr oorpani smen; DSM406) was inoculated into 5 100 m of a nedy ynp
containing 0.2% Tryptone (Difco Laboratories) and 1.5~ yeast ext raEcB[ 2% fco
Laboratories) (pH 6.5), cultured at 60C ft Z40 ninutes with shaki ng and
used as a pre-culture. 30 M of the pre-culture was inoculated into 3 L of
a medi um havi ng the same conposition 10 and cultured with aeration at 2.5
L/mnute and stirring at 250 rpmat a tenperature of 60C for 5 hours. The
cells were ¢bteededvbihcentyi RitisRy tthe 2bl t aiteat 508¢ x apriterins the

m nutes. 402 g (wet weight) of the cells were suspended in 1000 M of 50 nM
tris-HCL 15%*9@%@1%1;118%) cHial el pgachdamiratc apreechapdlemedtm oy Na@ , 1
nmM EDTA and 20 uM PAPMSF and di srupted using M N Lab ( APV GAULI N RANNI E)

Cel | debri sthertenpheted dne centendedatconst @ rdddverlgmsuperndtaaning Aa

pol yet hyl ene i m ne solution was added to the 20 resulting supernatant at a
final concept¥andodisipladanen t @ctsviityi nfromhetng xBUreemasirdl | ofiedthe
stand for 1 hour. A supernatant was then recovered by centrifugation.

Ammoni ¥m su¥ ¢ spechbve agdedearo phet somper pdt drite t doBb¥%esaturatiedn.nicleic
preci pitate obtai ned by centrifugation was 25 dissolved in 20 mMtris-HCL
buffer (pHacHEl donteaiffieny 19trandl EER 12005t nM ner chptdet-hanmdnd®d 1 v
EDTA, 50 nM NaCl and 10% gl ycerol. The sol ution was di al yzed agai nst the

sane buffernudheidi dyzéd canpl etivws |oddechontpr imm2BEideddm? ool tHids
(What man) equilibrated with the sane buffer and non 5 adsorptive fractions

were col | edvethg Thewread luth washf usther washed widhb#20sptapfiel henbndd £
used for the equilibration and washing fractions were collected. The

non- adsor ptawed f cansi ensngnad ft thavasdnigigr f¢aché 0ng bhasullbe RTh cof e
chromat ography were 10 m xed together and | oaded onto a 240-m P-11 colum

(What@an) e witirat edhai t Bwd0 pMbeirs- HHe bufdrera (qaH &.s5) acopsahningp A0 M
mer capt oet hanol, 0.1 nM EDTA, 50 nM NaCl and 10% gl ycerol. Elution was then
carried outtemplgté hewetshingr athenibf teh senbaitained) to 0.5 M Nadl .
If the template switching reaction does not take
. place, two types of double-stranded nucleic acids each
consisting of the template and the primer-extended strand
15 can be obtained.
Nucleic acids that afe complementary to the
template are extended to effect strand displacements using
a DNA polymerase having a strand displacement activity from
the 3'-termini of the respective primer portions of the
20 double-stranded nucleic acid to which the two primers are
annealed. As a result of template switching reaction, a
double-stranded nucleic acid consisting of the primer-
extended strands being annealed each other and a double-

stranded nucleic acid consisting of the templates being

25 annealed each other to which the two primers are annealed



15 The resulting active fractions were placed in a dialysis tube. The tube
was pl.aced on solid polyethylene glycol 20000 for dehydration-concentration
at 4C. Yhe enzyme concentrate was then | oaded onto a 300-m ﬁnﬁqﬁﬂ£§¢§?200
col um. (Amer sham Pharnmaci a Biotech) equiljbrated with 20 25 I sHCL
buffer (pH 7.5) containing 5 nM ner capt oet hanol, 0.5 nM EDTA, 30 nM Nad
and 50~ glycerol. Elution was carried out using the buffer used for
equilibration to obtain active fractions. The active fractions were | oaded
onto a 15-m _Heparin: Se haros% col umm .25 (Amer sham Phar maci a, Bi ot ech)

equi | | brat cd®i PR 98T AVPERT o- The opb ehss TRsiEc T e DATER RpHTLE)
containing 10 nmer capt oet hanol, 0:1 nM EDTA, 50 nM NaCl and 10% gl ycer ol
El uti on wasttar FVRdPEateas| Age PRECEGED ISt RIS D AT & &M A ng 0 to 0.5
MNaCl. 5 The resulting active fractions were | oaded onto a 5-m Hitrap-SP
col um (Aner sham Phar facit@eBitGrRipt e otiv i Fer i@ draRERi20 Wvesy inptHG1akef f er
(pH 7.5) containing 10 mM nercaptoethanol, 0.1 mM EDTA, 50 mM NaCl and 10%
gl ycerol . EPLEF®N wWelkC cdivies aft deikéeriss rageield bnacilescl0apifisereach
containing 0 to 0.5 MNaCl. The resulting active fractions were | oaded onto
a 300-% Super8eXtErgoe fcothemt eRRtrERarARhat e Pa iBkest-exttenelgdi | § traned
wth 25 mMtrisHCO buffer (pH 7.5) containing 5 nM nercaptoethanol, 0.5 mM
EDTA, 30 nmMNacreapatsdmeglycerol again. The resulting 15 active fractions-
were used as an RNase H preparation (an enzyne solution). A heat-resistant
RNase H activity was HRasurwd &ypeesl | ofs dohbig-oft neoldgd Ahuol epol yailds

(both from Amersham 20 Pharmaci a Bi otech) was dissolved in 1 nl of 40 nM
tris-HO (pHr9. Dlesomdi miltg lamVEDYe t 8 paepaites pahptr Arosbhiihi othand a
pol y(dT) solution. The poly(rA) solution (to a final concentration of 20
ug/ M) and rheopety¢dridesl ut iNuciedcaatinal 2&Ecoacentoabilemenftai® ugsm )
were then added to 40 mMtris- °
10 the template are extended using a DNA polymerase having a
strand displacement activity from the 3'—termini of the
respective primer portions of the double-stranded nucleic
acid to effect strand displacements.
In the method for amplifying a nucleic acid of
15 the present invention, a double-stranded nucleic acid as a
template is treated in the presence of an RNase H with two
chimeric oligonucleotide primers that are substantially
complementary to the nucleotide sequences of the respective
strands and a DNA polymerase having a strand displacement
20 activity, and primer-extended strands that are
complementary to the template are synthesized. If the
template switching reaction does not take place, two types
of double-stranded nucleic acids each consisting of the

template and the primer—-extended strand can be obtained.

25 In the amplification method of the present



114 1 1 FEB 2005 HC1 (pH 7.7) containing 4 mM Mgl 2, 1 mM DTT, 0.003% BSA
and 4%.gl ycerol. The m xture was reacted at 37C for 10 m nutes and then
cool ed %0 4C at prepare a poly(rA) poly(dT) solution. 5 1 ulbl rEp ynme
solution was added to 100 ul of the poly(rA)-poly(dT) solution. The m xture
was reacted at 40C for 10 minutes. 10 ul 8f 0.5 M EDTA was added thereto to
termnate the reaction. Absorbance at 260 nm was then neasured. As a
control, 10 ul of 0.5 M E~DTA was added to 10 the reaction m xture, the
resulting mxture was reacted at 40C for. 10 m nutes, and the absorbance was

t hen neasur eBVeRLdQRue (dief f chameric absirornckgobde obpained-bytended
subtracting the absorbance for the control fromthe absorbance for the
reaction i nStER@Ngbs8RYe dfe EDTICaTeds, a5 she sédrecerthrat i orowtahms| ebhiede
rel eased from pol y(rA) poly(dT) hybrid by the enzymatic reaction was
det ermi ned BhPPRECHASIESdef qurh dbhkbr débee 5 h dbsgmbance(prOmetinpbrofoan
RNase H was defined as an anount of enzynme that increases AZSO
correspondi Agsudtipbeastron 1 tim ol cékaviehenucteesi dendtn 2@oh@ afinnut €Be
cal cul ated according to the follow ng equation. If a diluted enzynme
sol ution i srikeducihetideue @bioaiimed esitendde $otd o agt @gaed | DAomashe
corrected based on the dilution rate: Unit - [Dfference in Absorbance x
Reacti on 25tMesuigenemated PrOmé2 poktikkB 280hollXoRpder enthabdEXANPAE 2:
Cl oning of Bacillus cal dotenax RNase HI| gene (1) Preparation of genomc
DNA from Bagndidbusctakdet enas 5 Basiulltys aealzgilenmcal: & (DSMMOE) MESing
inoculated into 60 mM of LB nedium (1% Tryptone, 0.5% yeast extract and
0.5% NaCl, pit 7p2imandseybitnced aat i65Cener 120 e Sated.

As described above, an amplification product

10 without the primer sequence and a product having the primer
sequence(s) at one or both of the ends may be generated in
the nucleic acid amplification method of the present
invention. These products are included in the
amplification products herein.

15 An example of the method for amplifying a nucleic
acid of the present invention is illustrated in Figures 33
to 36. In other words, Figures 33 to 36 illustrate an
exemplary nucleic acid amplification in the nucleic acid
amplification method of the present invention.

20 Figures 33 to 36 illustrate an exemplary nubleic
acid amplification in the presence of a DNA as a template
which is a double-stranded nucleic acid, a pair of
chimeric oligonucleotide primers synthesized on the basis

of the nucleotide sequence information of the DNA as the

25 template (in the figures, the chimeric oligonucleotide



After culturing, the culture was centrifuged to collect cells. The cells
were suspended in 2 m of 25% sucrose and 10 50 MM tris-HC1L (pH 8.0). 0.2
m of 10 ng/ M |ysozynme chloride (Nacal ai Tesque) in water added
thereto. The mixture was reacted at 20C for 1 hour. After r\gﬁitﬁE@ngﬂﬂiz n
of a m xture containing 150 mM Nad , 1 MM EDTA and 20 nMtris-HCl (pH 8.0),
0.1 mM of 20 ng/ M proteinase K (Takara 15 Shuzo) and 1 m of a 10% agueous
solution of sodiumlauryl sulfate were added to the reaction m xture. The
m xture was_i ncubated at 37C for 1 hour. 2.1 m of 5 MNaCl and 2 m of a
CTAB-NaCl sBFUEFER [RDYE ciiias i AetIushrntiidar @ dehelacad hiteonTesque)
and 0.7 MNaCl] were_then added to the m xture and the resulting mxture
was m xed t ABFBuUGhFFLERdinnéisatd@uaie 653@FrEsaIt ilrrit ebhormne bepial dos) une
of a m xture of chlorofornisoanyl alcohol (24 . 1, v/v) was added thereto.
The resul tidgShERPdr dlivees apamant ntweel PBRA 3@nthetees alliNZR5dhenerase)
centrifuged for 10 m nutes at 10000 x g. After 11 FEB 2005 116
centri f ugat Paviingnaegiaiandoldirapr fcemen ikt activit phenal Rilatser at ach Mt hi 400
mMMtris-HC1L (pH 8.0)/chloroformisoanyl alcohol (25 . 24: 1, v/.v) was
added fo the rébgrtcagaseperheit anleaThe réswd tDMB-RIXt hybrwas sgerd,| yamd xed
for 10 5 mnutes and then centrifuged for 10 mnutes at 10000 x g. After
centrifugatd®hPs a Whisclvolee sfibgtpropanotowds addedriporiahed esntbi nghe
supernatant. The resulting, fibrous precipitate was wound using a gl ass
bar, washedeyiemndgdosetrhadel. in water, air-dried and then dissolved in 0.5
m of 10 TE buffer to obtain a genom ¢ DNA sol ution.

As shown in Figure 33, the pair of the chimeric

oligonucleotide primers synthesized on the basis of the
10 nucleotide sequence information of the DNA as the template
are annealed to the specific portions of the DNA as the
template. DNA strands are extended from the 3'-termini of
the respective chimeric oligonucleotide primers as a result
.of the strand displacement reaction as indicated with Step

15 1. |
Next, as shown in Figure 34, some of the primer-
extended strands extended from upstream and downstream are
released from the original templates as a result of the
template switching reaction as indicated with Step 2. The
20 primer—extended.strands are annealed each other at their 3
portions. Complementary strands are extended from the
annealed extended strands, forming a double-stranded DNA
consisting of the primer-extended strands being annealed
each.other. Additionally, a double-stranded DNA consisting

25 of the displaced strands being annealed each other to which



(2) doning of mddle portion of RNase HI I gene digonucl eotides Bsull-3
and Bsull-6 represented by SEQ ID NOS:1 and 2 were synthesized on the basis
of Motift I and Motif 111, portions conserved anong am no acid 15 sequences
of R Nase Hils fromvarious organi sns (Biochem stry, 38:605-16DFEBIHHO)). A
PCR was carried out in a.volume of 100 ul8d4sing 1 ul of the Bacillus
cal dot enax genom c DNA solution as prepared in Referential Exanple 2-(1) as
a tenplate, and_ 20 100 prnol of Bsull-3 and |00 prnol of Bsull-6 as priners.
TaKaRa Taq Eolyrrer ase (Takara Shuzo) was used as a DNA pol ynerase for the
PCR accor di hget FRIE Hienkheaedr dadcdol 0L THOPCRhas réar ré by outcbeot odé ows:
50 cycles of 94 C for 30 seconds, 45C for 30 seconds and 72C for 1 m nute.
25 After reRELTBRS PKHE pBACHIlSH MisxtapneifdsdubjBriedis outitized lds FEB: 2005
117 phenol treatment followed by ethanol precipitation to purify a DNA. The
resul ti ng DRAGHESNE| Batesdgdd lasifigure A pol ynerase (Takara Shuzo) and
then subjected to agarose gel el ectrophoresis to recover an anplified DNA
fragment of 5 about 0A& Kindiamhadchewgeh. SThe &bout Didgukd BEA foardgmeste was
ligated with pUCL19 (Takara Shuzo) digested with Sma | (Takara Shuzo) using
T4 DNA°| i gaser@ffidkacerSadzd)ng Than| | GA order ixterd e ¥asmusethet 0 dranst oF m
Escherichia coli JML09. The resulting transformants were cultured to obtain
10 a pl asnidlgonuciapbivki phritee aifouthe) .dbutdl <OINA nesiddhSENA ech KiJure
Cl oning of upstream portion of RNase Il gene The nucl eoti de sequence of the
i nserted fragneonsbstabgubfOthekiprimerhexeastsd lrshiioainedimedbed
Referential Exanple 2-(2) was determ ned. A igonucleotides RNIl-S1 and
RNl | - S2 repeasknbetdely iSEQ1EaNaS: Byanthe! settosyntrhesi zrtdaos thethasis of
t he determ ned nucl eoti de sequence. _

DNA/RNA hybrid site of the double-stranded DNA, resulting

10 in introduction of a nick in the double-stranded DNA.
Subsequently, the strand displacement reaction
takes place from the nick in the double-stranded DNA and a
DNA is extend as indicated with Step 4 in Figure 35. Next,
a template switching reaction like that in Step 2 in Figure
15 34 takes place in some degree or at some ratio as indicated
with Step 5 in Figure 35, resulting in a double-stranded
DNA consisting of the amplification products, i.e., the
primer-extended strands being annealed each other.
In addition, a double-stranded DNA consisting of
20 the displaced strands being annealed each other to which
the above-mentioned pair of chimeric oligonucleotide
primers are annealed are generated.
Next, as shown in Figure 36, DNA strands are
extended as a result of the strand displacement reaction

25 from the 3'-termini of the respective chimeric



The Bacil |l us cal dotenax genomi c DNA as prepared 20 in Referential Exanple
2-(1) was digested with BanH (Takara Shuzo) and ligated with a Sau3AT
cassetté (Takara Shuzo) using T4 DNA |igase. A procedure was carried out
according to the protocol attached to TaKaRa LA PCR in vitrbldiegeog kit
(Takara Shuzo) using the ligation mxture825 as a tenplate, RNII-S2 as a
prinmer for a primary PCR and ° 11 FEB 2005 118 RNII-S1 as a priner for a
secondary PCR A DNA was purified fromthe solution after the secondary PCR
by phenol extraction followed by ethanol precipitation. The DNA was
bl unt - ended®4iPRRUFACORALS0l PREFEIS andd: t Here 5 ekt erandedar bk géh
el ectrophoresis to recover an anplified DNA fragment of about 1.5 kb from
the gel. ThE1@B&ft 3B 5WRBChNACPRagREAt Aasthpgalietbliced psCragddi gesird
with Sma | using T4 DNA |igase. The ligation mxture was used to transform
Escheri chi a2BBER1SNL0BRCHO OtHee R edid t ng}cbr ab¢ orpait s ofer heul ¢luireerio
obtain a plasm d B25N16 into which the about 1.5-kb DNA was inserted. (4)
Cl oni ng of ehigpeuRNastife peisedls goreucnesialdes. RM |t S8 hande RW1 £ &6ing
represented 15. by SEQ ID NOS: S and 6 were synthesized on the basis of the
nucl eobi de segobher ofimifen rMsertleatfiageesp f abdustepd Kkirdked helptasm d
21-12 as determned in Referential Exanple 2-(3). A PCR was carried out
usi ng the plasnis¢mzl- Ideqse®@0 prepalédnign Ref er ent idaluteayirardig?) BsAa
tenplate, and RNII-S5 and RNII1-S6 as priners. TaKaRa Ex Taqg pol ynerase
(Takara ShuzopsihasingedfastaeDNY ot yrerasedédr ¢thmRGR dedaydi agndéléde
attached protocol. The PCR was carried out as follows: 25 cycles of 94C for
30 seconds,e&8C bahe25 30Thésonttsulale- F2aided 30Nseciandsrodfgher peactton,
t he ,

Step 3 in Figure 35. The reaction starts on Step 3 again.

10 A double-stranded DNA which consists of the displaced
strands being annealed each other to which the.pair of the
chimeric oligonucleotide primers are annealed.is generated
and utilized as a starting material in Figure 36. As a
result, a chain reaction, in which <these double-stranded

15 nucleic acids are repeatedly generated, takes place to
specifically amplify and producela region bounded by a pair
of chimeric oligonucleotide primers.

In the nucleic acid amplification method of the
present invention using a chimeric oligonucleotide, a

20 polymer in which the regions to be amplified are connected
each other may be generated. The polymer has a structure
in which plural regions to be amplified are repeated in the
same direction. . | The polymers are observed upon
elecfrophoretic analysis of amplification products as

25 laddered bands. It is considered that the generation of



1 1 1 FEB 2005 119 reaction m xture was subjected to agarose gel

el ectrophoresis. An anplified DNA fragnent of about 0.3 kb was recovered
fromthe¢ gel. The about O0.3-kb DNA fragnent was | abel ed mﬁt@1dkg92h enin
using DI G Hi gh-prine (Roche 5 Di agnosticsé. Sout hern hybri di zat7o S
carried out for digests of the Bacillus c@&dotenax genomic DNA as prepared
in Referential Exanple 2-(1) with Hndlll (Takara Shuzo), Sac | (Takara
Shuzo), or Hindlll and Sacl using the 10 di goxi genin-|abeled DNA as a
probe. Hybridization and detection were carried out using DI G Lumi nescent
Det ecti on KPBRCRBEA&TBIrggricstinE)uereed dbngthe tkgipnottordie aampthiied,
thereto. As a result, DNA fragnents of about 4.5 kb, about 5.8 kb and about
1.3 kb werethgbrisdizfed @f t hthRe pesti®rf,or tiset héldhiénys wiadiddmdl |the
Sacl, and Hindlll and Sacl, respectively. Based on these results, the
Baci | | us cahdolentikdgesadueDNA afisthe gebtme riict [ lHigudiudl entdi dubpethed to
agarose gel electrophoresis to recover DNAs of about 4.5 kb 20 fromthe
gel . The retal bengsBNA thagmeats iwer ectidjesitceds wirtch t3ec |l e, subj ected to
agarose gel electrophoresis to recover DNAs of about 1.3 kb fromthe gel.
The reSulting DNAs welkel igalwdeni tas pllesOr { BakarabShiizepndiagast eslwks h

H ndl Il and Sacl using T4 DNA |igase. The ligation mxture 25 was used to
transform Esebgonshittocddd HBPALfiedll FBER20@kakHlelhe thesupblipfler is
transformants were replica-plated onto Hybond- NTM ( Aner sham Phar naci a

Bi ot ech). GCobefiylhyhendbzaticedonasft kemwAldicdo dasitgidiey a region
abovenenti oned di goxi geni n-1 abel ed probe according to a 5 conventi onal

met hod. A ptasiad pibBlifdesi pfepairateridedn bheales obt aiy1ed Posdd | ve cione.
The nucl eoti de sequence of the DNA inserted into pRHBI was then determ ned.
Conpari son nfmbse @ nprabed Wnﬁgbagdmeadibhomé nuel eghd£le, sesuence
with the 10 am no acid sequence of the RNase HIl fromBacillus subtilis
suggested thadbe bedi Gerdfrahouta 40nb¥nkhe@ thedditi abhen eden Was be
mssing in the DNA in pRHBI. Then, the fulllength RNase H gene was
constructeda@s1{plbt@Wor a portion thereof can be obtained from the

polymer.as a monomer by using digestion with a restriction
enzyme or the like in combination.

The DNA polymerase used in the present invention

15 should synthesize an extended strand from the 3'-terminus

of the primer .portion towards the downstream while

displacing a previously extended DNA strand. .It is

important that the DNA polymerase should not exhibit a

5'-3" exonuclease activity that may digest the displaced

20 strand. For example, Klenow fragment, which i1is an

exonuclease~deficient variant of DNA polymerase I from

Escherichia coli, a similar fragment derived from Bst DNA

polymerase (New Engiand Biolabs), and BcaBEST DNA

polymerase from B. ca (Takara Shuzo) are useful as such a

25 DNA polymerase. Sequenase 1.0 and Sequenase 2.0 (United ‘



B25N16 as prepared in Referential Exanple 2-(3) 15 was digested with

H ndl Il .and subjected to agarose gel el ectrophoresis to recover a DNA
fragnenﬂ of about 160 by fromthe gel. The about 160-by E»Mﬂﬂrpgyﬂgpg was
ligated with pRHB1 digested with Hndlll using T4 DNA |igase. The lr1gation
m xture was used. to transform Escherichi85coli 20 HB101. Pl asnids were
prepared fromthe resulting transformants. Next, an oligonucl eotide
RNI I - Nde represented by SEQ ID NO: 7 was synt hesized on the basis of the
presunmed nucl eoti de sequence around the initiation codon. PCRs were 25
carried out SHFRG tHopheBiFad) pr ewed e S r ONAL Heolymdr&E8 2005 12D DNA
transformants_as tenplates, and RNII-Nde and RNIl-S6 as priners. A plasmd
from whi ch BOPXRerragma®t dFsabboedoin Genvas AhplBtied (ISP 13el @t edland
designated as pRHBI|. The nucl eoti de sequence of the DNA fragnment 5
inserted i nP® t Heefhus obkai Pedypleassied pRHBt 1 nasmdéfgr mhead. Anabysis of
the results reveal ed an open reading franme presunmably encodi ng RNase Hi |
Thi s nucl eotkeBustgaenaceactivhoyn canSHERE IUBdMD: &n ThéeanDNA asidtseguence
of RNase HI'l deduced fromthe nucleotide 10 sequence is shown in SEQ ID
NO: 9. Eschen¢thod colfi HBIO1 prasshor nechwirttidhe pFasaigdipRdBl | 45 an
desi gnated and indicated as Escherichia coli JMLO9/ pRHBI|, and deposited on
Sept enber 53pPOOPridueeiohibiigirnalanddpositilt athd ernatdpnal Patent
Organi sm 15 Depositary, National Institute of Advanced Industrial Science

and Technol ogy, Al ST ThekueahCentfet BmplifyiHggashhudiehenecifswabeanshi,
| bar aki 305-8566, Japan under accessi on nunber FERM BP-7655. (5) Expression

of Baci | | usprasent enaxeRNdse Ndyibé)geﬁﬁuESéheéECWéﬁyxﬂd t&8d0dratures
transfornmed with pRHBI | or pRHBI was inocul ated into m~ of LB nedi um

contai ni ng AO0itughal ol ampididied asdtRebhdled. W tashald Nembe Bdures

overnight. After cultivation, cells collected by 25 centrifugati on were

suspeh@led imedhd nthet TEheUfkeRcBAEn temperatures are changed for

respective steps such that the change does not interfere

with the reactions in the steps. Specifically, varying

temperatures refers to change in temperature to that

suitable for, for example, each of annealing of a primer,

15 synthesis reaction of a complementary strand, nicking of a
complementary strand and a displacement reaction.

On the other hand, isothermal means that the
reaction tempefature for each étep-is unchanged and each
step is conducted at a substantially constant temperature.

20 It is natural to select the temperatufe to optimize the
reaction conditions in both cases.

One feature of the method for amplifying a
nucleic acid of the present invention is that the method
does not require adjusting the temperature up and down

25 during the nucleic acid synthesis. Thus, the present



11 FEB 2005 122 soni cated. A supernatant obtained by centrifugati on was
used as.a crude cell extract. 10 mMMtris-HCL (pH 8.f), 1 mMdithiothreitol
(hbcalaﬂ Tesque), 0.003% bovi ne serum al bum n (fraction V, 518Fg@q%m 4%

gl ycerol, 20 ug/m poly(dT) (Amersham Pharnaci a Bi otech) and 30 ~g/ m

pol y(rA) (Amersham Phar maci a Bi ot ech) wer86ni xed together. The nmixture was
i ncubated at 37C for 10 m nutes and used as a substrate solution for
measuring an RNase H activity. 10 | ul of 1 MMUO 2 was added to |00 ul of
the substrate solution. The m xture was incubated at 40C. 10 ul of a

10-fol d di | ¢PVERLEPNt PEOFiges ceinetdiad aftar wasotiueleual by t Bpnthas iz éntyoa
initiate a reaction. After reacting at 40C for 30 m nutes, 10 ul of 0.5 M
EDTA was 157R#€d€dct her@id-to t eManyat eof he gwactiwimnaibsomnaned cat 260dnm
was then neasured. As a result, the absorbance at 260 nmfroma reaction in
whi ch a cru@BPéeéfi cakdeac medrhasts ededv bne Eedhesitdéhiga tda i tdiRidiahardoupng
pRHBI | was used was clearly higher than that froma reaction in which a
crude 20 ceRhdegomactt prdimaeci dtena EsSehgeitciranca ds HBRIHEs hasdos ¢ AgneRHB1
was used. Thus, it was denonstrated that pRHBI 1 contai ned an RNase H gene
and that EsE€hesechiedhoolsi reanbiors ng pReBLAlexpuesded anmRMasthtH aedh Viky.
(6) Preparation of purified RNase HI preparation 25 Escherichia coli HB101-
transf or medawtherpREBlcycler florl HEBs 2p05pd23. obtiveed v n el eremddl of
Exanpl e 2-(4) was inoculated into 1 L of LB nmedium containing 100 ug/m of

anpicillin @hd cpkésertd witheshabhngcah 3BE febndbchedr sonMt ehising  an
cultivation, cells collected by centrifugation were 5 suspended in"52.3 i

of a soni caegohphahter the8@ niahri ked@l (E@HbrYtark "™ dnp@r saptoet hangl,
100 gl ycerol, 2 nM phenyl net hanesul fonyl fluoride] and sonicated. A

super nat antdebtaihed hpoeent thiugicrGodhe 5AHHL ok SUSPENEd ok & 120001 pm
for 10 mnutes was heated at 60C 10 for 15 mnutes. It was then centrifuged

at 12000 rpoohdncd®dm aut es agaigld Ot@emﬁ&%tt@féuper@%%@Eaﬁ?l}&iv‘éo-Ps”‘
of a heated supernatant was obtained. The sol ution was subjected to

RESOURSE Q eohaunt éAMessham BaaliiRei enBi %@&éﬁi&quitlein%@ta%f@tg uffed C
[50 15 mMtris-HCL (pH 8.0), 2 mM 2-nercaptoet hanol, 100 gl ycerofl?
stringency level such that non-specific annealing of a
primer is reduced and such that the primer specifically
anneals to a nucleic acid as a template. Although it.is
15 not intended to limit the present invention, the method of
the present invention «can be conducted under high-
temperature conditions by using a heat-resistant enzyme as
described above. In addition, it is preferable to conduct
the method of the present invention at an appropriate
20 temperature for sufficiehtly retaining the activity of the
enzyme used in order to maintain the reaction efficiency at
high level. Thus, the reaction temperature is preferably
about 20°C to about 80°C, more preferably about 30°C to

about 75°C, most preferably about 50°C to about 70°C

25 although it varies depending on the enzyme used. When the



and chromat ographed usi ng FPLC system (Arer sham Pharmaci a Bi otech). As a
result, RNase H| flowed through the RESOURSE Q colum.. 51 nml of the
rom#thDough RNase HI'l fraction was subjected to RESOURSE S,col umm

(Amer sham 20 Pharnmaci a Bi otech) equilibrated with Buffer C‘Aﬁd"—%ﬁ 808d with
a linear gradient of 0 to 500 mM Nad usi g FPLC system A fraction
containing RNase |l eluted with about 240 mM NaC was obtained. 3.0 m of
the RNase Il fraction was subjected in two portions to PD-10 col um
(Amersham 25 Pharnmacia Bi otech) equilibrated with Buffer C containing 50 ,
1 1 F E a 2865°t28nnis Ngdugted nhingps  hdgbi-ttiempealatatee wasndithj @cs efint o
Hi Trap- heparin col.um (Anrersham Pharnaci a Biotech) equilibrated with Buffer
C cont ai ni nB2501ANLREC dhdiel prafesaiiea tonese @ adlbegtrofprSindo 558n M
NaCl using FPLC 5 system A fraction containing RNase Il eluted with about
310 mM NaCl thas ébraianeactomi abfat horRNAséehpeimaantrican VEise congeshcat ed
by ultrafiltration using Centricon-10 (Am con). 280 ul of the concentrate
was subj ect-@ddt §hsugdeamnath 200 gble furiment | appropuimtéAfers e Phassecha 10
Bi otech) equilibrated with 50 mMtris-HCL (pH 8.0) containing 100 nM NaC
and 0.1 nM Eempeasatiuckurey wid e bersanedputber exAmpd o,esilth FNeseektd Was
eluted at a position corresponding to a nol ecul ar weight of 35 kil odalton.

This nol ecutar idwei gt vaiuvespordsdmathateDf, 15 thanRMase 1y dvaiheole
nononmeric form The thus eluted RNase H | was used as Bca RNase Hi |

prepar ati onsofheaeazyfimt i dectgviny of thanidiussobhai 88d GeecdMNase, Hhd »
preparation was neasured as follows. 100 ul of a reaction mxture [20 nM

HEPES20 pot&sslyeibydobkivdee( gHakadh, Shulo bhew nee sayddn al ik &y {rfekar a
Shuzo), 1% dini et hyl sul foxide, 10 mM nanganese chloride, 20 ug/m “pol y(dT)

(Aner sham Rhaemeei ae8cot eahtemde rughite RE FE°A) HAB hap RIBTdRcd §sed,
Bi otech)] which had been incubated at 40 C was added. to 1 ~1 of the Bca

RNasel®5 HTtherepanati 0Bed THErMtKeUn@thes bFaerRd Me40G fAvd® fon mayd 1
FEa 2005 125 minutes. The reaction was then term nated. by adding 10 of
0.5 M EDTA K¥¢H 808) exébx@Q@)aﬁﬁQrﬁiu@6pirﬁﬂt¥‘@§oﬁheﬁ!2—100 nucleotides in
length, preferably 14-50 nucleotides in length, more
preferably 15-40 nucleotides in length. An example of
effects brought by the elevated reaction temperature is the
15 solution of a problem of fOrming secondary structure of a
DNA as a ﬁemplate. The elevated reaction temperature
enables amplification of a desired nucleic acid even if a
nucleic acid having a high GC content is used as a template.
Furthermore, it is similarly effective in amplifying a
20 region of a long chain length. Such effect is observed in
a range between about 60 bp and about 20 kbp, specifically
between about 110 bp and about 4.3 kbp, more specifically
about 130 bp and about 1500 bp.

The amplification efficiency can be increased by

25 adjusting the reaction temperature in accordance with the



nmeasured. As a result, an RNase H activity was observed for 5 the Bca RNase
H I preparation. Referential Exanple 3: Coning of Bacillus cal dotenax
RNase HIN T gene (1) Coning of fragnent of RNase H Il gene PHigES 2005
Bsull1-1, Bsulll-3, Bsulll-6 and Bsulll-8_10 represented by SEQ I D NOS: 10
to 13 for screening a gene encoding RNaseBRI 11 were synt hesi zed based on
the am no acid sequences of regions well conserved anpng Bacillus subtilis
and other organisms deternined on the basis of the honol ogy anong the am no
acid sequences of RNase HIls from 15 Bacillus subtilis [Biochemstry,
38: 605- 608 F¥o999Ttanl dtherthsr ganicdmsic AaFilAstaPCR s teammrliadee out Fara
vol ume of 50 ul using 200 ng of the Bacillus cal dotenax genom c DNA as
prepar ed i neReFRLENt ildl Bl @-2aidabadingmpl diaw, GhdcQOtao pavlsef
Bsulll1-1 arid 100 pnol of Bsulll-8 as prinmers. A second PCR was then
carried out2fn % VerRhetes 1e urmpifgcatibnofradet reacoiortim xpueeeas a
tenpl ate, and 100 pnmol of Bsulll-3 and 100 pnol of Bsuj I1-6 as primners.
TaKaRa Taq pBV§RELQ%Se ¢amkdca shodorteds atedlasta NN @5 pdltyrergsether
the two PCRs according to the attached ~1 1 FEB ~ |26

5 temperature depends on the chain length to be amplified and

the Tm value of the primer.

Use of a DNA polymerase having a reverse
transcriptase activity (e.g., BcaBEST DNA polymerase) in
the method of the present invention can make the

10 amplification of a nucleic acid from an RNA, which
comprises a step of preparing a cDNA from an RNA (a reverse
transcription reaction), be conveniently conducted.
Alternatively, a product obtained by independently
conducting a step of preparing a cDNA from an RNA, i.e., a

15 CcDNA, can be used in the method of the present invention as
the DNA as a template.

In each case, the reaction in the method of the
present invention is repeated until it is terminated by
appropriate means, for example, by inactivating the enzyme

20 or by lowering the reaction temperature, or until the
reaction is deprived of one of the substrates.

The method for amplifying a nucleic acid of the
present invention can be used for various experimental

procedures that utilize amplification of a nucleic acid

25 including detection, labeling and sequencing of a nucleic



protocol. The PCRs were carried out as follows: 25 (the first PCR) or 30
(the second PCR) cycles of 94C for 30 seconds, 45C for 30 seconds and 72C
for 1 minute. An anplified DNA fragnment of about 450 by was §1bﬁﬁy -gnded
using T4 DNA pol ynerase (Takara Shuzo) and then subjected to agaro @ gel

el ectrophoresis to recover the anplified A fragment of about 450 bp. The
about 450-by DNA fragnent was ligated with pUCL19 (Takara Shuzo) digested
with Sma | (Takara Shuzo) using T4 DNA |igase 10 (Takara Shuzo). The
ligation mxtyure was used to transform Escherichia coli JML09. The

resul ting t#ghSformants were cultured to obtain a pl asm d pBCA3204 into
whi ch the about 450-bé DNA fragnment was inserted. (2) Coning of RNase HI ||
gene usi ng Sout hern 1Bulybeirtiorati drhergudtod hEonuahedtiifgd reequemeel ©fct he
DNA fragment inserted in pBCA3204 obtained in Referential Exanple 3-(1) was
det er mi ned. 2Piimefs tHM | PrS3eand iBoaRNlildn 3campbesernteet Hyr SEQ 11D NS 14
and 15 were synthesized on the 20 basis of the determ ned nucleotide
sequence. ANPCReddsacadr isepldufti dat i ahetieodf A08etthodsifiy R 11 531 a¢d
BcaRNI 11 -3 as primers and pBCA3204 as a tenplate. TaKaRa Z-Taq (Takara
Shuzo)Swas asedcisia BNAdpeinyrerssklid osubsierER aachr disng tDNA hehas t ashed
protocol. The PCR was 25 carried out as follows: 30 cycles of 98C for O
second, 427Ul tiREsx 200t 155 f aci@ sempid fardti126 fRetRBdsecANdshiAft er
reaction, the reaction m xture was subjected to phenol -chl orof orm

extracti on,pkthahotepienspatrat sdnuandnagasdse agell igieet.r ophoresis to
recover a DNA fragnent of about 0.4 kb 5 fromthe gel. The about 0.4-kb DNA
fragment was | abel ed oséngfDitGeDNAdmRheld ngr Kihe (ReCRBUNGRr MaPMEEYANG O
prepare a probe. 20 ug of the Bacillus cal dotenax genomi c DNA prepared in

Ref erent i ala Eraopbec2a(Clid was €oapbekeknt1Q iicgasicd it heBamgdi iEGORl
Hndlll, Pstl or Xbal (all from Takara Shuzo). The half of each of “the

di gesi® wasptérearsubject gl e-agannsedgebngl.ect replor esi s.tthe NAS Wer e
transferred fromthe agarose gel to a nylon nmenbrane using 0.4 N sodium

hydr oxi de asith foxecl @bt 128 ok ohedd WaRULRS.udey THe FREDHARS MRS o1 tq's
pre-incubated in a sealed bag containing 30 mM of a hybridization bu err

[43.4 g/L sedipwsehl oFode, edafndl &/ Li 80GM &Si 1A 81 dS cki e
.(Boehringer Mannheim, O Ieo I\Iknliﬁlaur o;l/l sar cosi née, OlOQZ.%;Eg%gl Er%ri SU?’yrgre

lfate (S t - i i
sul fate (SRBddAttBOGCnEehod B@urt%ear&éé@rrt'M@ﬁ{fgn'tggﬁp%%bzc%g{d?gb%ac?or

containing 5 m of a hybridization buffer contal ning
16 hours. applying a similar primer ratio to the so-called

15 'asymmetric—PCR in which an amplification reaction 1is
car;ied out by using an excess amount of' one
oligonucleotide primer relative to anothef. The primer
ratio is, without limitation, preferably in a range of 1:10
.to 1:500, more preferably in a rahge of 1:10 to 1:100. As

20 a result, the amount of the replacement pfoduct from one
strand becomes excessive relative to that from another.

According to the method for amplifying a nucleic
acid of the present invention, a single-stranded DNA
subsfantially free of a complementary strand thereto can be

25 prepared. For example, a single-stranded DNA . for producing



The menbrane was washed twice in 50 ml of 2 x SSC (17.5 g/L NaCl, 8.8 g/L
sodiunmgitrate) containing 0.1o SDS at roomtenperature, and twice in 50 m
of 0 . x SSC( 4 . 3 25 g/L sodiumchloride, 1.9 g/L sodiun1qi%ra3§%
contai ning ° 1 1 FEB 2005 128 0. 1% SDS at 45C. Then, an EcoRl FH nt of
about 8 kb, a Pstl fragnent of about 4.5 RB and a Hindlll fragment of about
1 kb whi ch have sequences conplenentary to the probe were detected using
DI G nucleic acid detection kit 5 (Boehringer Mannhein). The remaining half
of the Bacill us cal,d(it nax genom c DNA conpletely digested with Pstl was
subj ected t8 B§LFELE gglavélnéctaﬁ"oﬁﬁmlsu%mud eigrent 5d ofuahoas &. BNKb
were recovered fromthe gel. The DNA fragnments were 10 then ligated with a
pl asmi d vecEBrPpTAL19ANIWArERrARECBediNAl posbed fiet hdPsettand a target
dephosphoryl ated with al kali ne phosphat ase (Takara Shuzo). The ligation

mi xt ure wasPHSé81fo aGighsfoF n EBEFarpetimercofdr Jh69 1 oAgPCRaIMS KGR ried out
in a volune of 50 ul using 15 RNII1-S3 and ‘BcaRNII1-3 as priners, and one
of the col oRfeseadidyvt pphacec dnsel edtort dolneny pIrelynmbdgn har begiagean
RNase HI Il gene. TaKaRa-Z Taq (Takara Shuzo) was used for the PCR according
to thedattaehedpratbtotnsThescRORNES canr bed seiteasitolyowwipliFicleg of
98C for 0 second; 20 55C for 0 second and 72C for 20 seconds. As a result,
it was foundsihat the getdad oAt etkst masseont dimesht iod he cohasy Nene 88.
A PCR was carried out using a plasm d prepared fromthe colony No. 88 as a
tenpl ate, apHesepti iBvepailonRNES N gdTakes fuBhyzoh @it HBeRRNIY |pBo@icang

primer pair M4 (Takara ..l ~ 11 FEB 2005 |29 Shuzo) and RNII1-S3 to
exani ne whet haruskeimt adiel ehtiviegRNasesdlidd genpiatse comt ahnethd Nsd hee
plasmd. As a result, it was found that the entire RNase HI Il gene was

cont ai ned i seghenpéasm d, which was designated as pBCA3P88. 5 (3)
Determ nation of nucl eotide sequence of DNA fragnent containing RNase Hi ||

gene The nucl eoti de sRquencemfothe DhAcieagneid neertatkd o thgpliasmd
pBCA3P88 obtained in Referential Exanple 3-(2) was determ ned according to
a di deoxy mmthbidfied even from a trace amount of a nucleic acid as a
template by conducting the method of the present invention
in a buffer of Bicine, Tricine, HEPES, phosphate or tris.
Furthermore, the methods for amplifying a nucleic
15 acid of the present invention does not require the specific
reaction equipment that can adjust a temperature With the
Passage of time. Therefore, an amplification reaction can
" be conducted in a large volume of reaction mixture. Thus,
a nucleic acid (e.g., for medical use) can be industrially
20 produced in large quantities. -
The utilization efficiency of the primer in the
method for amplifying a nucleic acid of the present
invention is about 100%, which may be 5- to 10-fold higher

than that in a conventional method such as the PCR.

25 The nucleic acid amplification method of the



10 Anal ysis of the determ ned nucl eoti de sequence reveal ed the existence of
an open.reading frane encoding an am no acid sequence including the
N-ternifal amno acid sequence of RNase HII. The nucl eoti de sequence of
the open reading frame and the amino acid sequence of RNas& 11BEBI2i06 deduced
fromthe nucl eotide sequence are shown i n95EQ I D NO: 16 and SEQ I D NO: 17,
respectively. (4) Construction of plasmd.for expressing RNase H Il A PCR
was carried out_in a volunme of 100 ~Z1 using 20 the plasm d pBCA3P88 as
described in Referential Exanple 3 (2) as a tenplate, BcaRNI I Nde

repr esent edPb§SSED LBVRDLiQNdEaNgRE@ANAch arefamrdridd aat tdre meedientewiatbund
t he abovenenti oned open reading frame for RNase H Il and ML3 priner M-~
(Takara ShuRé¥n Midsddsty DhA ﬁgue)/r@m@%@owrdkarsaqsm;rm) @6 Wwas usedphsta DNA
pol ynerase for_the PCR according to the ° 1'" 11 FEB 2005 130 attached
protocol . TRBCPERCWaACHRrri eihent ke f dinesmenc30 ofclesrof 94C the 30NA
seconds, 55C for 30 seconds and 72C for 3 mnutes. An anplified DNA
fragment of SEBBRESiskbinastie gaseehoi tdf Ndehe ( TakesenShuzoyemntos ubjest ed
to agarose 5 gel electrophoresis to recover an Ndel fragnent of about 1.4
kb from t hecgefirmpd abuut 2nalkbBibhA frlagnemuolaeodidgat edegubhcpEVIIOND (a
plasmid in which the Ncol site in pTV119N is converted into a Ndel site)

whi ch had beesudtgegt ednpdiifi didel orang rdeploasphot yé atfad qdrital kal | eerdo
phosphat ase (Takara Shuzo). The ligation m xture was used to transform
Escheri chi afewhd JINLGGp INitGa tal RCRonaducasr iobd adufed by ¥BEURR tefob 0o £l
using one of the colonies as a tenplate, and RN-N ( Takara Shuzo) and

BcaRNI | | - 3 ‘alse primesyenti niaveart iom swaseredwival digt plasmicdaitn whi ctntber

RNase HI Il gene in the Ndel fragnment was |inked downstreamfromthe |ac
pronot er i mwhhehveést dngwiVIdONde Al oty Rmestfgbly harbeiingdike wNase
H 1l gene was then sel ected. TaKaRa-Z Taq (Takara Shuzo) was used as a DNA

pol ynkd ase Hfight hedBCRtgccort ngthert herade, atthac hesk s @t 8€0kheThe-SUR, Mas
carried out as follows: 30 cycles of 98C for 0 second, 55C for second and

72C for 20 mecamdsonAsas feadlityi bquasafiedndbhahaiche rcelieny ;N2
contained a plasmd in which the RNase HI Il gene in the Ndel fragnent was

linked downstream fropg} hBekaodpriymot 86t 286t iAgt he ryRet ofy PTYLLION JThi S
pl asm d was designated as , '
the present invention and kit for the method.
A target nucleic acid in a.sample-can be detected
15 by using the method for amplifying a nucleic acid of the
present invention. The detection method comprises:

(a) amplifying a target nucleic acid by the
method for amplifying a nucleic acid of the present
invention as described above; and

2Q (b) detecting the target nucleic acid amplified
in the step above.

In step (a) above, if an RNA is used as a

template, the reverse transcription reaction and the

nucleic acid amplification reaction may be conducted in one

25 step.  Although it is not intended to limit the present



131 pBCA3Nd2. 1 1 FEB 2005 The determ nati on of the nucl eotide sequence of
the DNA fragnment inserted into the plasmd by a di deoxy nethod reveal ed
that thére was no nutation due to the PCR 5 except that the,initiation
codon GIG was changed to ATG Escherichia coli JMLO9 t r ansf-3rnBEB PBh t he
pl asmi d pBCA3Nd2 i s designated and indi ca?ed as Escherichia col

JMLO9/ pBCA3Nd2, and deposited on Septenber 5, 2000 (date of original
deposit) at International Patent O ganism 10 Depositary, National Institute
of Advanced Industrial Science and Technol ogy, Al ST Tsukuba Central 6, 1-1,
Hi gashi 1-ch%ﬁ%?t¥§0kuﬁaﬂéh?%ambéﬁakﬁLk@@mbgﬁaBSGB,Qﬁad@ﬁvuﬂ&aﬁeacd§§EVon
nunber FERM BP-7653. (5) Preparation of purified RNase HI Il 15 preparation
Escheri chi aREaf¢ JREOIRAVarst Blmse wiamid pBCA3NINAobiai Inagnk rasRefaamenthal
Exanpl e 3-(4) was inoculated into 2 L of LB nedium containing 100 ug/m of
anpi ci | | i n phefeneblyedsedt Asshakiompiaatis@ fofr alGdwmrse tMfdrescPlptase
cultivation, cells collected by centrifugation were suspended in 39.6 nml of
a soni cati oanuéfetrpsd dikplbserEbttkp® DNB) pollymuMa=ElA, 2 nM
phenyl met hanesul fonyl fluoride] and sonicated. A supernatant obtained by
centri$ugi ng the soni theedeshopensirorbatul2DOPed poof detd@ tmgrut@samesty
heated 25 at 60C for 15 mnutes. It was then centrifuged at 12000 11 FEB
2005 132 rpan Bpeci@ici meres agaien dammiod | ectina ciiper nabaas, Bhusse 39t & ni
of a heated supernatant was obtai ned. The heated supernatant was subjected
t o RESOURSEy€reol oan (Beaer abascPkear neei a giiaotadedequiddmbr atled vdnp Fes
Buffer A[50 mMtris-HCL (pH 8.0), 1 nmM EDTA] and

suspected to contain a nucleic acid such as a DNA or an RNA.
Examples of the samples from which a specifid gene can be

10 detected or quantified include, but are not limited to,
samples from organisms such as a whble blood, a serum, a

buffy coat, a urine, fecgs, a cerebrospinal fluid, a
seminal fluid, a saliva, a tissue (e.g., a cancerous tissue

or a lymph node) and a cell culture (e.g., a mammalian cell

15 | culture or a bacterial cell culture), samples that contain
a nucleic acid such as a viroid, a virus, a_bécterium, a
fungi, a yeast, a plant and an animal, samﬁles'suspected to

be contaminated or infected with a microorganism such as a
virus or a bacterium (e.g., a food or a biological

20 formulation), and samples that may contain an organism such
as a soil and a waste water. For example, a viroid, a
virus, a fungi, a bacterium or other microorganisms in a
sample can be detected or quantified on the basis of the
presénce or the content of a. specific gene derived. from

25 these microorganisms as a target. Particularly, a method



chr omat ogr aphed usi ng FPLC system ( Aner sham Pharmaci a Bi otech). As a
result,- RNase H Il flowed through the RESOURSE Q columm. 45 m of the
rom#thﬁough RNase HI Il fraction was 10 dial yzed agai nst 2 H if$§§5fer B
[50 mMtris-HO (pH 7.0), 1 nMEDTA] for 2 hours. The dialysl{ Fs2%peat ed
for two more tinmes under the sane conditi®As. 55.8 m of the dialyzed
enzynme sol ution was subjected to RESOURSE S col um (Aner sham Phar naci a

Bi ot ech) equilibrated with Buffer B and 15 eluted with a |inear gradient of
0 to 500 mMLNaCl 'using FPLC system A fraction containing RNase H Il eluted
with about 165 nﬂ/PRﬁ@:Pg-lﬁﬁs Bbt R hBAYeRLFf epipreengarasng isM Maefudasiadded
to 7.0 nl of the fraction to make the NaCl concentration to 150 mM 20 The
m xture wastdBbfEct®E SEHitAtdRhepadi rertl tepmeREer shAnrPhermagiea Btbeech)
equilibrated with Buffer B containing 150 mMM NaCl. As a result, RNase HII

f1 owed t hr oBi§hRPHe Offi Trhep-Bierantin Eovemhion. 5am bef usted fiowlist bughiBase
H 1l fraction 25 was concentrated by ultrafiltration using Centricon-10

11 FEB 2005213%nCA&vnsondt 200 angailismeocortcendettemivas sy estpression
Superdex 200 gel filtration colum (Amersham Pharnaci a Bi ot ech)

equi | i brat etleWipl h o350 anwenes- HER (Wl )l gontat achgoh0@® i diaf] raationl nM
EDTA and eluted with the 5 sane buffer. As a result, RNase H Il was el uted
at a positioeh tber expasdisipn st efubadineagkt-reflai@dkideods! tong. Thas
mol ecul ar wei ght corresponds to that of the RNase HI Il in the nononeric
form The t#ercelketladelNdse ¢hntcenasiosedfaseBda RiNasesébull lih pr epaeadi on.
The enzymatic activity of the thus obtained Bca RNase HI Il preparation was
measur ed asofolmedisink00 uBobh afreactRWA mhxt wr eDNR0caM HEPESpOL @ssb U
hydr oxi de (pH 7.8), 0.01% bovine serum al bum n 15 (Takara Shuzo), 1~

di met hyl sub$edi de, tienhundghesiauidacet athe, t2ehple/td poloHe Qe d ARl Sham
Phar maci a Bi otech), 30 ug/m poly(rA) (Amersham Pharmaci a Bi otech)] which
had b&@n incubated at TA8Cnearoddded Wetkdtinef of heiBea RNaseeid ldcid of
preparation. The mi xture was reacted at 40C for 10 20 minutes. The reaction
was term natieel byrasethtg 1Qveht 06n0. SaM BETA (94 8.40) . Hbsor bancenat R0 nm
was then neasured. As a result, an RNase H activity was observed for the
Bca RNase Hiifferepaecaihodhe nucleotide sequence of the target nucleic

acid. In this aspect,.the chimeric oligonucleotide primer
to be used is designéd such that the 3'-terminal portion of
15 the primer is positioned close to the specific base of the
target nucleotide séquence to be distinguished. For
example, it is designed such that a hydrogen bond is formed
between the base and the 3'-terminal base of the primer.
If a mismatch exists between the nucleotide sequence of the
20 3'-terminal portion of the primer and the nucleotide
sequence of the template, amplificétion from the target
nucleic acid does not take place and no amplification
product 1is generated using the above-mentioned chimeric
oligdnuclebtide primer for amplification reaction.

25 Information concerning a specific base in a gene such as a



Ref erential Exanple 4: Coning of Pyrococcus 25 furiosus RNase H| gene

"1l 11 REB 2005 134 (1) Preparation o.f genom c DNA from Pyrococcus furiosus
2 L of medi um contai ning 1% Tryptone (Difco Laboratories), 0.5% yeast
extract (Difco Laboratories), 1% 5 soluble starch (Nacal ai ﬂe%cﬁf@) 2008. 5%
Jamarine S Solid (Jamarine Laboratory), 094% Jamarine S Liquid (Janarine
Laboratory) , 0 . 003 % MyS09, O . 001 % NaCl, 0. 0dO01 % FeS04 7H20, O.
0001 % CoS09, O . 0001 % CaC 2 7H20, 0. 0001 % ZnS09, O . 1 ppm CuS04
5H20, 0 . 1 ppmKAL ( S09 ) 2, O . 1 ppmH3B04, 0 . 1 ppm 10 NaZzMo09 2H, 0
and 0.25 ppRPAREl PuigHpiPWasrplaacednohea mutl entdiden bolymerphtieni |  2¥H) at
12QC for 20 m nutes, bubbled with nitrogen gas to renove dissol ved oxygen,
then PyrocofelsPeupPbaisedpusdngsddef mehdslt sche Sarmi ung von

M kr oor gani snmen; DSMB638) was inocul ated into the medium 15 and cul tured at
95C for 16 hours wit h8be mRikiodgfoAf dertemiliniovat iteggetelnsceie aoldested
by centrifugation. The resulting cells were then suspended in 4 mM of 25%
sucrose, 50th®] Priesetl {pre8tdPn Gah nbe okcobdunyed bysampie fefiney i tiee
(Nacal ai Tesque) in water was added 20 thereto. The m xture was reacted at
20C fo? 1 hbargenf necledactdamigd Qdrettdf &rnvmxtar eampbeaicdintg itEGgrvNad ,
1 mM EDTA and 20 nMtris-HC1 (pH 8. 0) , 0.2 m of 20 ing/m proteinase K
(Takara Shuze§land 2citl.of Ih0¥hagueass,sahet iozief 1sedjtindmuwnd wsatdat e
were added to the 25 reaction mxture. The m xture was incubated at 37C for
1, nucleic acid to be amplified is not limited to a specific

one. For example, a region of 200 bp or shorter,
preferably 150 bp or shorter is effective for sensitive

10 detection of the target nucleic acid. The taréet_nucleic
acid in the sample can be detected with high.sensitivity by
designing the chimeric oligonucleotide primers of the
present invention to result in the chain length to be
amplified as described above;

15 In addition, a target nucleic 'acid can be
detected with more sensitivity even from a trace amount of
a nucleic acid sample in the detection method of the
present invention by using .a reaction buffer containing
Bicine, Tricine, HEPES, phosphate or tris as a buffering

20 component and -an annealing soiution containing spermidine
or propylenediamine as exemplified in (4) above. In this
case, the endonuclease and the DNA polymerase to be used
are not limited to specific ones. For example, a
combination of an RNase H from Escherichia coli, a

25 bacterium of genus Pyrococcus or a bacterium of genus



r. .~ 11 FEB 2005 135 hour. After reaction, the m xture was subjected to
phenolG?Ioroforn1extraction foll owed by ethanol precipitation to prepare
about 1/ng of genomic DNA. (2) Cloning of RNase HIl gene 5 The entire
genoni ¢ sequence of Pyrococcus horikoshii was published [ DNA Ré&E@azogh,
5:55-76 (1998)]. The existence of one gen@encodi ng a honol ogue of RNase
H1 (PH1650) in the genone was known (SEQ ID NO: 19, the honme page of
Nat i onal Institute of Technol ogy and Eval uation: 10 _
http://ww. nite.go.jp/). Honol ogy between the PHL650 gene and the partially
publ i shed g@ﬁﬁﬁ?@ogléaﬁéﬁcén@f BopBEcdc AR fraliovrmsage s homef pagiel of It

Uni versity of Utah, U ah Genonme Center

htt p: / / www. §En6RBSLEEH c€dGhedqldee uafirables wedrehed. this difdenuebahte a
hi ghl'y honol ogous sequence was found. Priners 1650Nde (SEQ I D NO:20) and
1650Bam ( SEENEDERE: 2NA werlemamisresieedvanyt Hepbasiingofort hthehompd@gotise
sequence. A PCR was carried out in a volune of 100 ul using 200 ng of the
Pyrococcus €DEYBEEs g&nosiichDEAcaIstai ride iqor Hefiasrerdf athdEXampf€r 4afd) as
a tenplate, and 20 pnol of 1650Nde and 20 pnol of 1650Bam as pri mers.
TaKaRa® Ex Thbe(Fakani Stuzihe waszymed asicedepobymaugsetber ddiemdPChhe
according to the attached protocol. The PCR was carried out as follows: 30
cycl es of 9ixfeas80 decordstedShior s2Bhs3@isdegndsomndtKa8C faglouhtmi Nyt e.
An anplified DNA°- 11 FEB 2005 136 fragnent of about 0.7 kb was digested
wi th Ndel aampBaftHtatbonhpikpdoctakar anSHumzie)x. The resul ti ng DNA fragnment
was inserted between the Ndel site and the BanH site in a plasm d vector
pET3a (Novagen) to make ahpl dstiedtpBRURRBhd (63) dPRE JrE At Omwintion,
nucl eoti de sequence of DNA fragment containing RNase HI I gene The

nucl eoti de déTRenceaypf tie DNmdsagoEatednsessed 4 nt o pRRUR20. obt@ipedyin
Referential Exanple 4-(2) was determ ned according to a dideoxy nethod. 10

Anal ys0s ofambiei fletet fonedfnucl eotdsle sgauence Javeal efhfhe exi siipnce; of an
open readi ng frame presunmably encoding RNase H I. The nucl eoti de sequence

of the openuseadabdaf ramestsatshownti B sSERdN Nk 22, Eggﬁ%n%mﬁg_lz%&%ence

of RNase HI | deduced fromthe nucleotide sequence 15 is shown I1n-S

NO: 23. Escheshitdthingolbn IMEO taapsi or aBEivht h dhgipbasm d, pPR dfy
"designated and indicated as Escherichia coli JMLO9/ pPFU220; an eposft;ed

gpggﬁpgﬁrbam@ﬂiﬁi&&ki@ﬁiﬁr@auéféghﬂﬁhiQQBBSh&hc@ﬁ Nanealdindle Paheit
| Known methods for detecting a nucleic acid can be

15 used for step (b). Examples of  such methods include
detection of a reaction pfoduct having a specific size .by
electrophoresis, and detection by hybridization with a
probe. Furthermore, a detection method in which magnetic

beads are combined can be preferably used. A fluorescent

20 substance such as ethidium bromide is usually used in the
detection by electrophoresis. The hybridization with a

probe may be combined with the detection by electrophoresis.

The probe may be labeled with a radioisotope or with a non-

radioactive substance such as biotin or a fluorescent

25 substance. Additionally, use of a labeled nucleotide in



20 Depositary, National Institute of Advanced Industrial Science and
Technolagy, Al ST Tsukuba Central 6, 1-1, Higashi 1-chone, Tsukuba-shi,

| bar aki /305- 8566, Japan under accessi on nunber FERM BP—7654.1ggP 5
Preparation of purified RNase H| preparation 25 Escherichia Iﬁ 2005
HVS174( DE3) (Novagen) was - 11 FEB 20086137 transformed with pPFU220
obtained in Referential Exanple 4(2). The resulting Escherichia col

HVB174( DE3) harboring pPFU220 was inoculated into 2 L of LB nedium.
containing 100 ug/mM of anpicillin and cultured with shaking at 37C for 5
16 hours. APEEP clifii vadyorfacidlitatel tdet edelppctanty | bigabmpbi feeat ion
suspended in 66.0 m_ of a sonication buffer [50 MMtris-HCL (pH 8.0), 1 nM
EDTA, 2 nV BReAyciHetiiditesth¥@nythée| Lobrdel and lsartiicht eis Imsoppopataal
obtai ned by centrifuging the sonicated 10 suspension at 12000 rpm for 10
m nut es was©ReBf¥deahagle fibve B3 gmaiutfes: ddtewsi dhent CENt1hd ugled BsHd2000
rpmfor 10 minutes again to collect a supernatant. Thus, 6l.5 n of a

heat ed supeAné&MﬂraﬁﬁenﬁﬁapqédrinEibaam&dj&uperaa&ambﬁggtéﬁggegﬁggg%o
RESOURSE 15 Q col um (Amer sham Pharnaci a Bi otech) equilibrated with Buifer
A [50 AM trtsarEltipH 800), thenM.EREA] cand ebhsemabegr aphedza8i NngoFPLG e
system (Anmer sham Pharmaci a Biotech). As a result, RNase H'I flowed through

t he RESOURSEe®ecoliom. 20T6e. Oteirgeft t hexadleaw t ough ENasedl Iqdfactign
was subjected to RESOURSE S col um ( Aner sham Phar maci a Bi ot ech)

equi | i br at eduppnhtBobley Acandgehnt £€ivht b | EHRSF r@eadheNt 5 0f 5 Qi £ 95500 MM
NaCl using FPLC system A fraction containing RNase HI | eluted wth about

150 M NaCl deSemtsonbisyiseth. 2. Onmadefi thike RSt 4o/ F aethom e “eyed
FEB 2005 138 concentrated by ultrafiltration using Centricon-10 (AmTon).

250 ul of the sohgknldathronstsyRhealeeheatd oURHIYE %Q%ﬁ%%aﬁﬂJtdfgﬁpn
col um (Anmer sham Pharnmaci a Biotech) equilibrated wwth 50 mMtris-HCL (pH

8.0) tOntaining 100 nM N@Gbn@&de@tidé'ﬂﬂﬁﬂﬂﬁb?&ge?h55§§e$d%ﬁt%hﬁaﬁ%g§¥o a

buffer. As a result, RNase H I was eluted at ‘a position correéspo

nol ecul ar wep gt tho%%s'éiethasld}:‘ih’haﬁré’@§f g?%q?@'ﬂbﬁ%d‘mai@hé GALLERRANAS, L0

that of the RNase HI|l in the nononeric
results in a quenching state can be used in the detection

method of the present invention. The probe does not emit
fluorescence. When it is annealed to.a DNA amplified from
15 a target nucleic acid that is complementary to the probe,
RNase H digests the probe.  The diétance between the
fluorescent substances on the probe then increases,
resulting in the emission of fluorescence. Thus, the
emission reveals the presence of the target nucleic acid.
20 If RNase H is used in the method for amplifying a nucleic
acid of the present invention, a targét nucleic acid can be
detected only by adding the probe to the reaction mixture.
For example, a combination of fiuorescent substances, 6-
carbdxyfluorescein (6-FAM) and N,N,N',N'~tetramethyl-6-~

25 carboxyrhodamine (TAMRA), - can be preferably used for



The thus eluted RNase H I was used as Pfu RNase 10 HI | preparation. The
enzymat\ig activity of the thus obtained Pfu RNase H | preparation was
nmeasured’as described in Referential Exanple 3-(5). As a result, an RNase H
activity was observed for the Pfu RNase HI| preparation. 151RefFegespss al
Exanpl e 5: Cloning of Thernotoga mariti ma9RNase HI | gene ' (1) Preparation
of genom c DNA from Thernotoga nmaritinma 2 L of a nediumcontaining to
Tryptone, 0.50 20 yeast extract, to soluble starch, 3.5% Janarine S Solid,
0.50 Jamarine S_Licuid, 0.0030 MyS04, O Od o Nad, 0.00010 FeS09 7H20,

0. 0001% CoSbabedipgotireca@ore -7H20, 0.000. 1% ZnS04, 0 .1 ppm CuSOg 5HO, O
. 1 ppmKAL ( SOg ) 2, 0. 1 ppmH3B03, 0 .1 ppm Na2Mb04 2H20 and 0. 25 ppm
Ni G~ 6H20 was pl ace@hien prosest | imegintmdot fhethetrerptovedeat al20fohor 20
m nutes, - 11 FEB 2005 139 bubbled with nitrogen gas to renove dissol ved
oxygen, theHS¥Hediotya papivermentponedasest Hodnt Oeutietke tSagm ng: Yot

M kr oor gani snen and Zel |l kul turen GrbH, DSM3109) was inoculated into the

medi um and Bufieied atidB5C Toe IBrdodioafs thist hors sshakingenCebhs icol hset ed
by centrifugation from300 ml of the culture were then suspended in 3 m of
TE buf$er [10mitvedrito HRle¢pEHLT. Bhe harM&FAks 130 ¢hnohybeedagueaus
solution of sodiumlauryl sulfate (Nacalai Tesque) and 15 10 ul of 20 ng/m

prot ei nase KafJakar aShiuzio) waredaddatbli®ied 0. bihe th&t uhgcwas i ncabad ed
at 37C for 1 hour. After reaction, 0.5 n of 5 M NaC was added to the

m xture. Afamplifhoablghl yetinddigyf OtHe mbrebeat CLABeN&Glons fridd 0 d 40N
cetyl trinmethyl ammoni um brom de (Nacal ai Tesque), 0.7 M 15 Nad] was added
to the m xthyleridfitetibhoroudhly offisXi Ngn thiewrod WsMas: 4 nedthated, fto £5C
for 10 mnutes. 1.5 nm of a m xture of chlorofornmisoanyl alcohol (24:1,
v/v) was adsfegltfibcetdonThermiduct,e was gesbéy Fhxed Qi Qi imidut e, and

- centrifuged at 20000 x g for 5 mnutes. After 20 centrifugation, an equal

vol unk0 of aceomaiutensf @Ebenelxagpiw,atigthwi tHo 10Q00M tEis1HE i6PHpe

8.0)/chl orof ornli soanyl al cohol (25:24:1, v/v) was added to the r esut
super nat antas The&diing ur etwasqgeert | yigi x 1 nut es d then
centrifuged at 200(%; x g for g5 m nut es. %%é;%ra;kgl%ﬂem ri faggti on, zil%ei%t

volune_ofZhywﬁiwm@étMQﬁ-c@ﬂd@@ib%st@%e described in, for example, T.

t
];tlng

Maniatis et al. (eds.), Molecular Cloning: A Laboratory
Manuél 2nd ed., 1989, Cold Spring Harbor Laboratory.
15 Specifically, the stringent conditions are exemplified by
the following: incubation at a temperature about 25°C lower
than the Tm of the probe to be used for 4 hours to
overnight in 6 x SSC (1 x SSC: 0.15 M NaCl, 0.015 M sodium

citrate, pH 7.0) containing 0.5% SDS, 5 x Denhardt's (0.1

oo

20 bovine serum albumin (BSA), 0.1% polyvinylpyrrolidone, 0.1%

Ficoll 400) and 100 pg/ml salmon sperm DNA. A probe having

a label as described above may be used as the probe for
facilitating the detection of the targeﬁ nucleic acid.

The method for amplifying a nucleic'acid under

25 isothermal conditions of the present invention does not



-11 FEB 2005 140 supernatant. The precipitate obtained by centrifugation at
| 0000 x.g for 5 mnutes was washed with 70% ethanol in water, air-dried and
t hen dissolved in 200 ul of TE to obtain a genom c DNA solutlon é &E
Cloning of RNase HI'l gene A igonucl eotides 915-F1, 915-F2, ol5-FaB 3 915R2
represented by SEQ ID NOS:24 to 27 were s$8t hesized on the basis of the
nucl eoti de sequence of a portion that had been identified as an RNase H
gene in the nucleotide 10 sequence of the genom c DNA of Thernotoga
maritima (http: //v\Avatlgr org/ tdb/ CVMR/ bt n1 ht m s/ Spl ashPage. ht M) in order
to obtain aRSEHPFPSI itée DN f e EgABntedimrenti ngnain Rilase thegenel byyeastryi ng
out a PCR using the Thernotoga maritinma genom c DNA as a tenplate. 15 PCRs
were carri edhpunurbierg ehepTheenst ogednaln t the gepddifd cBNAcas mptapsd edfi n
Ref erential Exanple 5(1) as a tenplate, and 915-F1 and 915-R1', 915-F1 and
915- R2, 915tFg AAREsens- Rhyvemtions-cih @md%c@ta&,a witicﬂ’erl@aléss Telfan Ra
Ex Tag was used as a DNA pol ynerase for the PCRs 20 according to the
attached prbhatohsedhénPERseonwea tdanalethediiods foldawsee 2pewys! &5ciof 2 95C
for 0.5 mnute, 55C for 0.5 mnute and 72C for 1.5 mnute. After reactions,
the reSpectdNEPPCRgrddfolrs RER e asuth] ehkedl 1iee agamosBe gelprel 85d r @BhoFRS| S
to extract and purify anplified DNA 25 fragnents of about 0.7 kb. The DNAs
anplified uséngod of 1th&EBr28entl4inpshtesn pathed i randc846- RhrOrpe
915-F1 and 915-R2 were digested with Hindlll and Xbal (both from Takara
Shuzo) and tegated abtboppekeddivgest ed caintveriiindidll manthobal wusd AgrJhe DNA

| i gase. The ligation m xture was used to transform5 Escherichia col

JML09. The tlesuh¢thgdt bansher pretenteravertlivreddd B enal @ Rlssi s ONAS
into which the about 0.7kb DNAs were inserted. As a result, plasmds No. 1

and No. 2 hewing:RMWslenplidiad eseng 935- Eler%tdl@l%e%% and phashi d@hé\'o 3
and No. 4 having DNAs anplified using 915-F1 10 and 915-R2 were obtal ne

|n addhti ondetder DS 28P! idhetndsyNGcon@hEOBE . Pai 794 5- IE@% o4 93e-
915- F2 and 915-R2 were doubly digested with Ncol (Takara Shuzo) and

and |i gat edomé$dnOTVILEIN N hadar ?ﬂauzeksdow Yggég‘ééged é’iﬁ&ﬁhﬂ\'cobfa”daﬁ(bal
a

15 using T4 DNA ligase. The ligation m xture was used to transform

Escheri chi ag ifIMOonThers@sat ting tra nt re t t
prepare pl as%ﬂd DNAs |?1?0®\;\§1| ch thel abéatrjt ggfogrt%% Dﬁlismv\eir:%%ng{erg d}%%‘s a

| t I 5 I d
0T5-RLl hnd & plas ol d Roy T raR g oL DR anbl TProH Lty RGBT Ahd i, Re

were obtainggilized as a convenient, rapid and sensitive method for
15 detecting a gene.

In genetic analysis on a genomic level, attempts
are made to make the reaction system small and to increase
the degree of integration in order to analyze a large
amount of nucleotide sequences. .An system has been

20 developed for this purpose by utilizing the latest
hyperfine processing techniques in which basic processes
for genome'analysis (e.g., extfaction of DNA from cells,
DNA amplification reaction, electrophoresis, hybridization,
deteétion of the DNA of interest, etc.) are integrated on a

25 microchip of several square centimeters to fingertip size.



Escherichia coli JMLO9 transforned with the plasmd No. 7 is designated and
i ndi cated as Escherichia 25 coli JMLO9/ pTM RNH, and deposited on Septenber
5, 2000 142 11 FEB 2005 (date of original deposit) at I|nterpational '
Pat ent Organism Depositary, National Institute of Advanced Inddst&B 2005

Sci ence and Technol ogy, Al ST Tsukuba Cent®&l 6, 1-1, Higashi 1-chone,
Tsukuba-shi, |baraki 305-8566, Japan under 5 accession nunber FERM BP-7652.
(3) Expression of Thernotoga nmaritima RNase H I gene Escherichia coli JMLO9
transforned with one of the plasmids No. 1 to 7 or pUC 9 was inocul at ed
into 5 nl 18ueh EBsysterMiElEag/LedTryptond,crodiip east rextddaeip. 5 g/ L
NaCl, pH 7.2) containing 100 ug/m of anpicillin and cultured w th shaki ng
at 37C. Wien the absoPbpAdeagtio®6nntheadd® fo5the system as a gene

i sopropyl -~i - D-t hi ogal act opyranosi de was added thereto to a final .
concentrati @npdificatiend ndmctiorelbs averemillyt ucens ouersight .HAfdRsr,
cultivation, cells collected by centrifugation were suspended in 1 m of TE

buffer and sbateattére FABssaorequaiess smepassifyr waspheakad yatc NG 011 AP
m nute. A supernatant obtained by centrifugation was used as a crude cel

extrach. 20tewperbance was avensivwed oséngtihe, ceHde s¢alder@XMIAY BScome
described in Referential Exanple 2-(5). As a result, when reactions were

carried outcomplheapedsence B3f MuAZadhe a@ﬁ@é@anggeatS%@Qegninkgp1qﬁgh of
the reactions in which crude cell extracts prepared from Escherichia col

%(I\)%gglzzlg has hropl hgi dhieupliagnittheNmethod Sof 6tRE ArWBEatUSEF MRS on Wil dFB
can amplify a nucleic acid under isothermal conditions, the
method is quite suitably utilized for the integrated system

10 as described above. A highly integrated system can be
constructed by utilizing the techniques of the present
invention.

(7) Kit of the present invention
The present invention provides a kit used for the

15 method for amplifying or detecting a nucleic acid of
present invention as described above. In one embodiment,
the kit is in a packaged form and contains instructions
regarding the use of a DNA polymerase and. an endonuclease
in a strand displacement reactign.' Also, a kit that

20 contains a DNA polymerase having a strand displacement
activity, an endonuclease, and a buffer for a strand
displacement reaction is preferably used for the method of
the present invention. Alternatively, a commercially

available DNA polymerase having a strand displacement

25 activity and/or endonuclease may be selected and used



clearly higher than that froma reaction in which a crude extract prepared
from Escherichia coli JMLO9 harboring pUC 9 was used. Thus, it was
denonstrated that the plasmds No. 3, 5, 6 and 7 contai ned RiNgsepgi-ggnes
and that 5 Escherichia coli harboring one of these plasm ds expresséd an
RNase H activity. The partial nucleotide $8uences of the DNA fragnents
inserted into the plasm ds which were denonstrated to express RNase
activities in Escherichia 10 coli were determ ned. Analysis of the
det er mi ned nucl eoti de sequences reveal ed an open reading franme presumably
encodi ng RNBSECHALNGTHe ntlee edniste useduersce ohddheiopehlyeadineg ¥iwmneais
shown in SEQ I D NO: 143. The anmino acid sequence of RNase HI | deduced from
the 15 nucl eentdénsequeagenits fmwn iavesEe D Msdddpt Thenredét Nos £pupd

t hat one base substitution that was presunably generated upon the PCR was
observed inia posedomnwhen t lae nBNReot s derssetjuerceaof t éhel HNA fr agrent pya
inserted in the plasmd No. 7, resulting in the change in the encoded am no
20 aci d respdiymefdpePrepariat i salettpdr ifficed BNasENAl boR@RdaldON 6 be
Escherichia coli JMLO9 was transforned with pTMRNH obtai ned in Referenti al
Exanpl & 5- (@pedTha resel piregefschatveht Bogokls WD 38 pOELRGP M RN was
i noculated 25 into 1 L of LB nediumcontaining 100 ug/m of anpicillin ~
1 144 11 FEBh206Gdandcdeltser ethivibd sbaktpedatrr3fCeher didiaea s es
cultivation, cells collected by centrifugati on were suspended in 31.0 m of

a soni cati odebafibed] Hbod t ih. SeHCL (hS. BhviRg™ e ”E%%%Etigﬁt ;@ﬁ‘@ferl 00

glycerol, 2 mM 5 phenyl net hanesul fonyl fluoride] "and soni cate

super nat ant cobpas pedohy L£nteisbudied t MBo$oNIiGAt @d) suspension, Al ¢ rpm
for 10 m nutes was heated at 70C for 15 ninutes.le was t enq%entégggg%d at

12000 rpm fosedOasi oheeBudgairn rtbe &olel Qetr a3 R At en TS 32,0 M 10
of a heated supernatant was obtai ned. The heat ed supernatant was subj ected

to RESDURSE Q col um (Afretghamy BRam j [ ) ilibr At uf fer
" C[50 nMtris-HO (pH 8.0), 2 mM 2- rre%rcgp gg%ﬁgﬁol, o%*%ﬂ 9%%?5%%@55

h t apdegodisi i h [ [ .
osul ) Rase T Flowed Chr suan The’ RESSURSE O Sl dop 14, BX B Akt

f1 ot hr ough: Egsser H bofiagbhon s Suibj gek ey 0 RESGURSE 8 CoLUn, {Aer sham

Pharmaci a Bi otech) equilibrated with Bu uted Wwtha

gradi ent of yedrn&0Pe &M 2Q NG, JUST DG st A firactiopn contaifing
RNase |1 el uted mﬁtheabouta24OO#M é%%ég% ta?ggd.€¥§)r%lo?'the Se |

recton v ool s 5;80,40 ol um{Ager s By £ B eLeEh)

equilibrated with Buffer cont ai ni ng
el uates Was seCd€d d0 2 leaflet, a label stuck to the kit, and

description on the surface of the package containing the
kit. The instructions also include information disclosed

or provided through electronic media such as the Internet.
The kit of the present invention may further
20 contain a reaction buffer containing Bicine,.Triéine, HEPES,
phosphate or tris as a buffering component and an annealing
solution as exemplified in (4) above. Additionally, it ﬁay
contain a DNA polymerase having a strand displacement

activity and an RNase H. Furthermore, the kit may contain

25 a modified deoxyribonucleotide or a deoxynucleotide



25 Hi Trap-heparin col um (Arer sham Phar maci a Bi ot ech) 1 1FEB 2005 145
equilibrated wth Buffer C containing 50 MM NaC and eluted with a |inear
gr adi ent Jof 50 to 550 mM Nadl usi ng FPLC system As a result, ?Ff_ﬁractl on
containing RNase Il eluted with about 295 mM NaCl was obt ai ne Bellhus
eluted RNase 5 HIl was used as Tna RNase HDL preparation. The enzymatic
activity of the thus obtained Tna RNase HI | preparation was neasured as
described in Referential Exanple 2-(6). As a result, an RNase H activity
was observed for the Trma RNase HI | preparation. 10 Referential Exanple 6
d oni ng of RudPdAdphagenarfalong Pyrococcus horikoshii (1) Preparation of
genom ¢ DNA from Pyrococcus horikoshii 2 Lof a nediumcontaining to
Tryptone (Difcol5 Labdihat driites)sedl Sm yeestmetis@ctof Diéeect ahgr at ekirgs),
t osol ubl e starch(Nacal ai Tesque), 3.50 Janmarine S Solid(Jamari ne

Labor at or y) pugl%d claameid neay LEgutide £ J amardaiel aber alopnhp ri 4:008h 9mMy S04,
0. 001 o Nad, 0. 0001 FeSQg 7H20,0. 0001% CoS09,0. 0001 o Cad 2 7H20,

. 0001 0 ZnS04goducl el GuSdfer5HXY BmplipRan 1t16§04)ar%et0 nkcPBM:
H3BOg, 0. 1 ppnmNazM09 2H20 and 0.25 ppm Ni 0 z HO was placed in a

2- Lmedisum baictikle, sheri&i zesh @dnt 266 f 0He2Q JHiMd e%hebUQﬁE§g‘f“1EB nLfrggengas
to renove di ssol ved oxygen, thenPyrococcus horikoshii (purchased ™ from

the Institunecdkds Physidal saadChers cah Reseakch {RI KENK: +dENP97%4) wase.
1 1 FEQ 2Q05 146
instructions and the reagents for amplification reaction as
déscribed above.
In addition, the kits of the present invention
10 include a kit containing the chimeric oligdnucleotide
primer used in the present invention and/or the probe of
the present invention as described above.
(8) Composition of the present invention.
The present invention provides a composition used
15 for the method for amplifying a nucleic acid of the present
invention or the method for detecting a nucleic acid éf the
present invention as described above. For example, the
composition may contain the endonuclease as described in
(2) above and the DNA polymerase as described in (3) above.
20 The composition may further contain a buffering component,
a magnesium salt, dNTPs and the like as components for
conducting an amplification reaction. Furthermore, it may
contain a modified deoxyribonucleotide_or a deoxynucleotide
tripﬂosphate_analog. Those as described in (4) above can

25 be used as the buffering component and other additives.



i nocul ated into the nmediumand cultured at 95C for 16 hours w thout

shaki ng. After cultivation, cells were collected by centrifugation. The
cell's werle then suspended in 4 mM of 25%5 sucrose, 50 nMMtris-HCL (pH
8.0). 0.4 n of 10 my/m |ysozyne chloride (Nacal ai Tesque) 1ihFEBt 2805 was
added thereto. The m xture was reacted at120C for 1 hour. After reaction,
24 m of a mxture containing 150 nMM NaCl, 1 mM EDTA and 20 mMtris-HCL (pH
8.0), 0.2 mM of 20 ng/m 10 proteinase K (Takara Shuzo) and 2 m of 10%
aqueous sol ution of sodiumlauryl sulfate were added to the reaction

m xture. The mixture Was i acubptediatil3#Cyf or piehéﬂébléftegs%g@g;i ongnthe

m xture was subjected to 15 phenol -chl orof orm extraction foll owed by

et hanol precoppbatitdont ompy epsorec Aousul taw1f gepeRts RNA +62) gppﬁ,ﬁlg of
RNase HI'l gene The entire genom c sequence of the Pyrococcus hori koshii has
been publishedppbdAtBeseasch, 1566476 bd998)dr TheeeXi ghense of 90e 9ene
encodi ng a honol ogue of RNase HI I (PHL650) was known (SEQ I D NO: 145, t%e
home page oampatifanalkibnsti truéenheli Techwol ogyeand gygggggi ONinvent
http://ww. nite.go.jp/). Priners PhoNde (SEQ I D NO: 146) and PJhoBamJ(%E'Q I D
25 NO: 347) mmpeisynbheshzedoiide basi 5e0fcdhtisaquense, of adjd]if%Bar%OOS
147 the PH1650 gene (SEQ I D NO: 145). A PCR was carried out &lsi ng ng of
the Pyrococsepsrbprikeshiemgened G nRRared i re&a 4 6-(1)
as a tenpl atgl,3 aﬁd 20 pnol 9each of g;%gﬁlde anCSQDSll&o a%idgip% ré%&?ﬁgi)}nﬁ%)

| f 108 - ' SF 1 '
vol ume o the dakabaikXxohad Q-Ealﬁ%rearo?;;égcgcl) 'tvég%gu%ggls\l/;fslaec% Fe)%l%wrrer ase

for the PCR according to the attached p as

foll ows: 40pe¥6l-68 9 or, , 0 and .72C for 1
mnute. An anpli figgabNi&l% fcr%%ﬁcﬁ%agggge%gglgb égrg %?é%stce WH Ndel

d BanH Th ' P . t ted
by | ncor por a1 1 L ho- Sea i h B 17 agreh Chet weeh RctHd (SAM STi%s i n

by incorporating the resulting f rragnment
a plasg d vesies: pET3a (Novagen).

(9) Material having immobilized.nucleic acid
arrayed in predefined region of the. present invention and
method for producing the same.

A DNA chip (also referred to és a DNA microarray

15 or a DNA array) is a material having an immobilized nucleic
acid in which various fragments of genes or DNAs are
arrayed and immobilized in a predefined region or at a
predefined position on a solid substrate such as a slide
glass. The DNA chip is used for examining the presence of

20 & nucleic acid in a nucleic acid sample that has a sequence
complementary to an arrayed and immobilized DNA in a
predefined region on the DNA chip. The examination 1is
carried out by contacting the DNA chip with the nucleic
acid‘sample prepared from a sample, preferably a labeled

25 nucleic acid sample, for hybridization. Since the DNA chip



15 (3) Determ nation of nucleotide sequence of DNA fragnent containing
RNase HI I gene The nucl eoti de sequence of the DNA fragnent inserted into
pPH0238 dbt ai ned i n Referenti al Exanpl e 6-(2) was deternm nedl 1aEEB2005ng to a
di deoxy nethod. 20 Anal ysis of the determ ned nucl eoti de sequence reveal ed
an open reading frame presumably encodi nglBBlase Hi|. The nucl eoti de
sequence of the open reading frane is shown in SEQ I D NO: 148. The am no

aci d sequence of RNase HI | deduced fromthe nucl eotide sequence is shown in
SEQ I D 25 NO: 149. 11 FEB 2005 148 Escherichia coli JMLO9 transfornmed with
t he pl asmi dCcprRHDR38Sies! desidgptatcad andyuard iy edl asmiEse hef | ol Be £6! hcids
JMLO9/ pPHO238, and deposited on February 22, 2001 (date of original

deposi t) at ihnteraanpopalirPadeat p@ogadam,5 Depdsi tar yeratiserall |hsshkut e
of Advanced Industrial Science and Technol ogy, Al ST Tsukuba Central 6, 1-1,
Hi gashi 1- chbak, d¥swkthaadHiy, drhwarcedds A0fe 8RGO, yapasr unsies agsLSSE O8N,
nunber FERM BP-7692. (4) Preparation of purified RNase HI I preparation 10
Escheri chi aceoltheH¥RRA4(H3)o £ Noviageat 1 vas okl @@,&fyglbr%@i\gin{,h RPHAB8-hip
obtained in Referential Exanple 6(2). The resulting Escherichia coli
HVB174pDE3) ihariiot ¢ing pPHORBE ewas riateridl ahed1ent0 dcid ofi 4 Bapedi UM and
contai ning 100 ug/nl of anpicillin and cultured wth shaking at 37C for 15
16 hours. Altmobdlliziedati an, cell speebkeched byrﬁ%lmgfli fugati ops¥gre for
suspended in 34.3 m of a sonication buffer [50 tris-HC1L (pH 8.0), 1 nM

EDTA, 2 mM hpepybirethanesul {ppyt fliori de] angdni&at ed, A%%&?;E%?ﬁ;% 10

obt ai ned by centrifuging the . sonicated 20 suspension at 12

m nut es wasdbratedagtiod) Caf ONAlScHIPUL RS wHilces LHeR 1Lkt
12000 rpmfor 10 minutes again tc colﬂlgect a‘{vslucper nat anlt%. Thusrj,an%%g 1r%%Aof a

heat ed supeebabaghends robttad ngd+ theat petr.nat S j.ected. fo
RESOQURSE 25 Q %ol um (Agersham Pﬁgrar:enaci a@%?%%legﬁ)laegf{}% I %r éj%g%lc\;e\tn%tcﬁ lé 11

FEB 2005 149-Bu{ter AAPO mnbbi3sHCh (pH 8.Q), &MF@I ag)@gii@ EE

chr omat ogr aphed usi ng FPLC system ( Amer sham Pharmaci a Bi ot ec

result, RNasgertitulihewed Lheedghythe RESOURSE %89&89201&50?1538? TetraOJIBg%th .y

fl owthrough RNase HI | fraction was di al yzed agal nst
tris-HCL (phlid18)lc A EDTA) for 2 hours. The dialysis was repeated two
nore tinmes. 34.5 m of the dialyzed enzyne sol ution was subjected to '

B and ol uted with & | Rear Sradion o0 th 500 1TNEGS usP FPEE syl em
A fraction gt 8Fniag jBNase kb, gluted Weth AbQut, 155 ;M NaQl Jwas .obtai ned.
15 present invention. Although any method for purifying an
amplification  product can be used, purification using
isopropanol precipitation is preferable. The thus olbtained
DNA, preferably a single-stranded DNA substantially free of
a complementary strand thereto, can be preferably used as a
20 DNA fragment to be immobilized onto a DNA chip. Thus, the
method of the present invention is preferably used as a
method for preparing a DNA to be arrayed and immobilized in
a predefined region for producing a DNA chip. Any
insoluble substrate can be used as a substrate onto which

25 the thus obtained DNA is arrayed and immobilized in a



Buffer B was added to 4.0 ml of the fraction to 15 nmake the NaC
concentrﬁfion to 50 MM The m xture was subjected to Hi Trap-heparin col um
( Amer sham Phar maci a Bi otech) equilibrated with Buffer B cont ai i FgB 55V
NaCl and eluted with a linear gradient of 50 to 550 mM NaCl using FPLC
system As a result, a fraction containing020 RNase HI| eluted with about
160 mM NaCl was obtained. 6.9 ml of the RNase HI fraction was concentrated
by ultrafiltration using Centricon-10 (Am con). Two portions each separated
from 250 ul of the concentrate were subjected to Superose 6 gel filtration
col um (AmersKaatineshareaten, Boutech)peguet shapedd swiisit rad enhddé s£HER ( pH
; 11 FEB 2005 150 7.0) containing 100 mM NaCl and 0.1 nmM EDTA and el uted
with the saggassf faar Plastdgesnd a Riaser ¢ - slesped us elds atate pRstti Ghom
corresponding to a nol ecul ar weight of 24.5 kilodalton. This nol ecul ar

wei ght corr @dpaedsltimiidsst ofr SnyhenRNase Hbteferdhey nomoseri c for Rhowhe
RNase HI'I eluted as descri bed above was used as Pho RNase HI T preparation.
The enzymat metacd vidry iofmaiel 1 hirsg obt atinediPhacRN¥aseHIde piepar b 0apWas
measured as described in 10 Referential Exanmple 3-(5). As a result, an
RNase H act lwimbp ds adhiser.ved HeorDNAManRhodRNaseedt 1y preRshat i 984 onto a
Referential Exanple 7: Coning of RNase HI I gene from Archaeogl obus
ful gi dus (1lpuBsepartat.i on aftgenamiceDNA f ras Apghaempgl,obys 1omhdhgi d4¥sy
Cel |l s of Archaeogl obus ful gi dus (purchased from Deut sche Sanmm ung von

M kr oor gani shepughd Zeldkitdbren 1GHKdr DSV 138 e £0l1li0Giachd r gmu8anl Biiaa
culture was suspended in 100 ul of 25% sucrose, 50 MM tris-HCL (pH 8.0).

20 ul of 0. molkEDIAsand 10 ~1 ofudthd®thdte) ysoz\gmm el oride (Nagahakieq
Tesque) in water was added thereto. The m xture was reacted at 20C for 1

hour. After deeagtridonu@l@othdel @aml KeUrigCHPHNW 150U Nagh,, 1 0} EDTA
and 20 MM trisHCL (pH 8.0), 10 ul of 20 ng/m protei nase K ( Takara Shuzo)

25 ando050 uhuefei@% agu@oupySOtHEi OPr8husedbHM hathyh SYkfatlfe present

20

invention, the material having an immobilized nucleic acid
can be produced utilizing the modification group.
A target nucleic acid that hybridizes with a
nucleic acid on a material having an immobilized nucleic
15 acid in which a DNA amplified by the method of the present
invention is arrayed and immobilized in a predefined region
(e.g., a DNA chip) can be detected or quantified. Such -
detection or quantification can be accomplished by
contacting the material with a nucleic acid sample prepared
20 from a sample suspected to contain the target nucleic acid
for hybridization. Among these, a DNA chip in which a
single-stranded DNA amplified by the method of the present
invention is arrayed and immobilized in a predefined region
allows the detection of a target nucleic acid with more

25 convenient operation, higher sensitivity and Thigher



11 FEB 2005 were added to the reaction m xture. The m xture was incubated
at 37C for 1 hour. After reaction, the mxture was subjected to

phenol - chl or of orm extraction, ethanol precipitation and air-df yipgg o@gd
then dissolved in 50 ~1 5 of TE to obtain a genom c DNA sol ution. %?
Cloning of RNase HI'l gene The entire genodDé& sequence of the Archaeoglobus
ful gi dus has been published [Nature, 390:364=370 (1997)]. The exi stence of
one gene encodi ng a honol ogue of RNase HIl 10 (AF0621) was known (SEQ ID
NO: 150, http://ww. tigr.org/tdb/ CVMR/ bt ni ht Ml s/ Spl ashPage. htl m). Priners

Af uNde ( SEQreDRrNRIEEDL ldrigy AfsuBamg8E |V 1D : 4 52)nveriei syal hestgedaon t he
basis of the sequence of the AF0621 gene (SEQ ID NO: 150). 15 A PCR was
carried out using 30 nd0of Mérehddclfaeoq mirlisc frid ghdobe generdiel DIVA pregar ed
in Referential Exanple 7-(1) as a tenplate, and 20 pnol each of AfuNdé and
Af uBam as pruaerts tiire sa ofoltiee pfe sk dnvdtytohrest DNA pol ynmer ase (Takara
Shuzo) was used as a DNA polynerase for 20 the PCR according to the

attached protocol. ThasPCRewesibatrigsoesll and ohkpust AcOfC)tfPﬂeeSpPés@f}Q for
30 seconds, 55C for 30 seconds and 72C for 1 minute. An anplified

fragnest of iabeutiGn6 gdpwiasedi gesicatou tio Ndehpandy BagHa (hethe & O%Tékar a
Shuzo). Then, a plasm d pAFU204 25 was constructed %y i ncorporating the

resul ting DNAatragnEnbe ddr FEEd 200%  15d et weer nildels 1andoBantl ogktes An a
pl asm d vector pTV119Nd (a plasmd in which the Ncol site in pTV119N is-

converted igeeigetidehusiéer. 43)d Dl Mopat hpBIQEeAUC] LOtdle ﬁm@ﬂH‘S@Cfﬂgf

DNA 5 fragnment containing RNase HI I gene The nucl eoti de sequence o

f ragnent lnfﬁ@kﬁ.ﬁg BNho RAKU2Q4 1ebtal @Qéﬂbl@é@r@}'@rle EXQOPL £ Tad 2y ¥BS

determ ned according to a dideoxy method
be amplified and various components required for a reaction

10 and reacting the mixture under isothermal conditions.
Since .the PCR requires changing the temperature of the
reaction mixture over time, the reaction volume is limited
to one in which the temperature can be controlled (usually,
200 pl or less). Therefore, it is difficult to scale up

15 the volume. On the other hand, there is no such limitation
in the method of the present invention. A large amount of
nucleic acid can be produced by increasing the volume of
the reaction mixture. In the method of the present
invention, the volume is, for example, preferably more than

20 200 ul, more preferably 300 pl or more, and most preferably
500 pl or more, although it is not intended to limit the
present invention. In the method of the present invention,
a number of complementary strand molecules are synthesized
from one template molecule. Furthermore, nucleic acids can

25 be synthesized using these complementary strand molecules



Anal ysis of the determ ned nucl eoti de sequence 10 reveal ed an open readi ng
frame presumably encodi ng RNase HI T. The nucl eoti de sequence of the open
readi ng firame is shown in SEQ ID NO:153. The anino acid sequ f f RNase
H | deduced fromthe nucleotide sequence is shown in SEQ ID ﬁB,?ﬁ%_mﬂb
Escherichia coli JMLO9 transforned with théépl asm d pAFU204 is designated
and indicated as Escherichia coli JML09/ pAFU204, and deposited on February
22, 2001 (date of original deposit) at International Patent O ganism
Depositary, National Institute of Advanced Industrial 20 Science and
Technol ogy, 2Al SteTpllattes .Cent reHus, 1a 1,débgashi Auchepe, Fswkubaaghi pe

| bar aki 305-8566, Japan under accessi on nunber FERM BP-7691. (4)

Prepar at i on edff imirirftilad RMasdudéd piepatlatigen Escheritchia ceyi d¥10Qpwes
transfornmed with 25 pAFU204 obtained in Referential Exanple 7-(2). The

11 FEB 2005st3gatdsy tilng Eempeatehiandotiie IMEQRehar batdd: PATIROG, Wage
inoculated into 2 L of LB nmediumcontaining 100 ug/m of anpicillin and

cultured w tflacshakhag,at ud7Ckkortaé heers. #d emealdd vald oRpeCellssent
coll ected by centrifugation were 5 suspended in 37.1 m of a sonlcation

buf fer 5[ 50 ivienitdorCl dold 8.  rdBMETA 5 2 sPbpheny! agLhanest! fopy! 4

fluoride] and sonicated. A supernatant obtained by centrifuging the

soni cat ed suspendican eat &8@?@réﬂﬂk&0rcﬂ9naénqﬂﬁﬁe¥ﬁ%xheéﬁﬁgn%% £0Gsf 05 15
mnutes. It was then centrifuged at 12000 10 rpmfor 10 nlnuteg again to

col l ect a swpewnaifanihe TBUst 42 2diipler heRgednsyper nat é/&%i@bt ,ged.
The heat ed supernatant was subjecfﬁ%l?i'RESCURSEnQ gglunn Aﬁers ah1@hg

Phar maci a Bietaeh) @flubhi nated aMtt hi Byhikeri 41l FegeHGL 8 P) 5 1
nmM EDTA] and 15 chronmat ographed usiné FPLC éé%t2%??%%%r£ﬁ5n$%harn§%Fg a

Biotech). AsyalegeubleidRase Jde Thwad dfyough the RESQURSE Q col utm. The
flowthrough RNase HI I fraction was subjected to RESOURSE S col um

(Aner gham Phar maci a Bipgl.ech)-120 £quid béﬁt %ﬂﬁﬁgggt&ga%erb A a"’md]:ig'%eq.jl or

chr omat ogr aphed usi ng FPLC system ( Aner sha rmaci a Biotec

result, RNa I t gh - colum.,40.0_nl, .of_ the
fIpm#throug%gaﬁgggaqéﬁéha%%@gnBw&ﬁ%ﬁ%ﬁ%ééﬁﬁgggFmﬁ EPil%%CBSF%Srﬁf(%o UM
tris-HCL (PHeAB14tQ) in LM EINCOM 2hOERG4 SN f0r 2 hours, . The

by using the reaction buffer and the annealing solution as

exemplified in (4) above. In this case, the endonuclease
15 and the DNA polymerase to be wused are not 1limited to
specific ones. For example, a combination of an RNase H

from Escherichia coli and BcaBEST DNA polymerase is

preferable. It is considered that the preferable units of

the endonuclease and the DNA polymerase may vary depending

20 on the types of the enzymes. . In such a case, the

composition of the buffer and the amount of the enzymes

added may be adjusted using the maximal amount of
amplification product as an index.

Furthermore, the method of the present invention.

25 is useful as a method for supplying a variety of DNA



11 FEB 2005 154 dialysis was repeated two nore tines. 40.2 nl of the

di al yzed-.enzyne sol uti on was subjected to Hi Trap-heparin colum (Amersham
Phar maci @ Bi otech) equilibrated with Buffer B containing 50 nM agl n&ﬁd
eluted with a linear 5 gradient of 50 to 550 nM NaCd using FPLC sys%em As
aresult, a fraction containing RNase H | 1@l7uted with about 240 mM NaC was
obtained. 7.8 ml of the RNase HII fraction was concentrated by
ultrafiltration using Centricon-10 (Am con). Four 10 portions each
separated from about 600 ul of the concentrate were subjected to Superose 6

gel filtratiforaguedntn (Amer shagePhananeiia 1Bisot eg)crequid | brgted weth 59 v
tris-HO (pH 7.0) containing 100 MM NaCl and 0.1 mM EDTA and eluted with

the sane bufifrerobiAs zed esidd , tiRNasen Hhidbd Weseel pledl ay, apRASELEGRent s
corresponding to a nol ecul ar wei ght of 30.0 kil odalton. Thi's nol edul ar

vei ght corresponde tebthatedf fhe1B¥ase Hhintntibgs mMNORBLIA of OLGYTh
RNase HI | eluted as descri bed abovgmaés gged as Afu RNase ﬁIF prepgragPon.

20 The enzynmatdp® aat i oméYe@boligehbus abf ajifad, Af %r@ﬁéﬁ@é Py efﬁ?{%ér?]“

was neasured as described in Referential Exanple a resu

RNase H act intintye Mast opsefrued T the AbdgRYas | P §PRL3L1.QN
Referential Exanple 8 25 Unit valnue of RNase He?gr-g)én%r&sghga?éﬁc&g co iDIf]Jéed

;clclolrdilng]:]- {:E@taﬁg%fgﬂsls.gvd nfhbt %Eteﬁﬁé@d Mp 1N, M LSERE TRV ON A NBRSKT ed
serves as the template in the method of the present
invention beforehand by a known nucleic acid amplification
method such as the PCR can be incorporated in the latter

10 embodiment. All kinds of nucleic acids as templates can be
amplified using a limited number of primers, for example,
based on the method for amplifying a nucleic acid using a
random primer having a tag sequence (Nucleic Acids Research,
24(19):3778-3783 (1996)) or the degenerate oligonucleotide-
15 primed PCR (DOP-PCR; Genomics, 13:718-725 (1992)), which
uses a degenerate primer. The nucleic aéid amplification
method of the present invention can be conducted using one
or several primers for .all of the nucleic acids as
templates produced in the above-mentioned step. This can
20 be accomplished by designing the primer used in the nucleic
acid amplification method of the present invention such
that it corresponds to the tag sequence added to the random
or degenerate primer, Thus, a combination of a. suitable
step-for preparing é nucleic acid as a template and the

25 method of the present invention can supply a variety of DNA



(1) Preparation of reagent solutions used 5 10 15 20 Reaction mxture for
determ nikng activity: The follow ng substances at the indicated final
concentradtions were contained in sterile water: 40 mMtris-hydrochl oride
(pH 7.7 at 37C), 4 nM magnesium chloride, 1 nM DTT, 0.0030 BSh! E&B glg§cer ol
and 24 uM pol y(dT). Poly[8-3H adenylic acild8sol ution: 370 kBq of a

pol y[ 8-3H adenylic acid solution was dissolved in 200 ul of sterile water.
Pol yadenylic acid solution: Polyadenylic acid was diluted to a
concentration of 3 mMMwith sterile ultrapure water. Enzyne dilution _

sol uti on: THeagsidrové ngnsubstgacesqaént heiendiaad edtf | nal Levacerdgsat | @RS
were contained in sterile water: 25 mMtris-hydrochloride (pH 7.5 at 37C),
5 nmM 2- ner capigetdethot 1 t10. &6 adt EOTAL dpddl 'm&tRdd37C), 30 nM sodi um chl ori de
and 500 glycerol. Preparation of heat-denatured calf thynus DNA: 200 ng of

cal f thymus DNA was susperatenh @andk btd Dvesmpos suebh £6nt8@nithqgob FEhufifer .
The solution was diluted to a concentration of 1 ng/m wth sterile

ul trapure waicdrd basgd aomtdin absaddante- seasudaed aNANF3E0 dyuprJde: ¢ | ut ed
25 solution was heated at 100C for 10 m nutes and then , ,) 11 FEB 2005
156 5 useful polypeptide in a cell or a single-stranded antisense
DNA for suppressing the expression of a gene of interest.
Such a nucleic acid is administered into an organism using
suitable meaﬁs, for example, a carrierlfor gene transfer
such as liposome. The method for producing a nucleic acid
10 of the present invention is preferable for producing a
single-stranded or double-stranded nucleic acid for medical
use in large quantities. Additionally, a nucleic aeid
containing a dNTP analog that, for example, suppresses the
degradation of the nucleic acid in vivo can be readily
15 produced by the method of the present invention.
Since the DNA fragment amplified in the present
invention is composed of normal nucleotides, the amplified
DNA can be, for example, subcloned into a suitable vector
utilizing a restriction enzyme site in the DNA.
20 Furthermore, the DNA can be treated with a restriction
enzyme for RFLP without a problem, for example. Therefore,
the DNA can be widely utilized in a field of genetic test.
In addition, a promoter sequence for an RNA polymerase can
be iﬂcorporated into the amplified fragment. The amplified

25 fragment can be used as a template to synthesize an RNA,



rapidly cooled in an ice bath. (2) Method for measuring activity 7 ~1 of
t he poly)[ 8-3H] adenylic acid solution was added to 985 ul of the reaction

m xture flor determning 5 activity prepared in (1) above. The qm S
i ncubated at 37C for 10 mnutes. 8 ul of polyadenylic acid vvaéfgégaﬁg{i?@}gﬂt he

m xture to make the final concentration ta0324 uM The m xture was further

i ncubated at 37C for 5 mnutes. Thus, 1000 ul of a poly[8-3H rA-poly-dT
reaction 10 m xture was prepared. 200 ul of the reaction m xture was then

i ncubated at 30C for 5 mnutes. 1 ul of an appropriate serial dilution of
an enzynme sohitdloncawasbadaeetd hes eboprobeyl ®acheRinsaapl epimasohaken £rom
the reaction m xture over tinme for use in subsequent neasurenent. The 15
peri od of tifiimdnesdendeesl fedned he Daddi t peabel thenenzEre peddi@esanPhing
is defined as Y. 50 ul of a reaction mxture for total CPMor for blank was

prepared by casdivag ihqulthod mhéiehetzyoe dinbatiifgA ngolautriydl d NSt L£ady of £ afne
enzyne solution. 100 ul of 100 nM sodi um pyrophosphate, 50 ul of 20 the

heat - denat upeesealtf itrymts JNAST LA oL @dEe 306h &b - DiHd D6 t Hiieh! gﬁgegsai c
acid (300 ul of ultrapure water for neasuring total CPM were added to the
sanpl e5 The ofi %t woemaas dNtgubated at 0OC for 5 mnutes, and then centrifuged
at 10000 rpmfor 10 mnutes. After centrifugation, 250 ul of 25 the

resul ting supernatant reasulcacessi Rha Welhod Ordt ah 11%%51%5% 20021494

Aquasol -2 (NEN Life Science Products) was added thereéto. was mnmeasured

in aliqui daseinifl ltald ec@ut anvdrdi &l £ ati O Ofpamifs Unit val ue for

each enzyne was calculated 5 according to the follow ng equation. Unit/m =

{(measured CPM - bl ank .CPMrtx dar* axp29£¥% 1000 X;dli bybipp watel g0Q14uL) /
(total CPMx Y (mn.) x 50 (ul) x
acid from a small amount of a template. The amplification

10 product increases quadratically when two primers are used.

2. It can be conducted isothermally. In this
case, it dqes not require the use of an equipment such as a
thermal cycler. Therefore, the reaction volume can be
readily scaled up.

15 3. Usually, the amplification reaction is
conducted using one or two chimeric oligonucleotide primer
and two enzymes (é DNA polymerase and an endonuclease).

4. Since a number of DNA strands are
synthesized from one molecule of a primer, the amount of

20 the ©primer does not restrict the amount of ‘the
amplification product. Furthermore, the primer utilization
efficiency is about 100%, which is very higher than that of
the PCR.

5. A single-stranded or double—stranded DNA can

25 be selectively amplified depending on the purpose.
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. 9**: Correction coefficient. Exanple 1 The nethod of the present
i nvention was used to detect ent erohenorrhagi c E. cold 0-157 q1FEESemiences
of the priners used in this Exanple are shown in SEQ ID NOS:31 to 34 of the
Sequence Listing. A conbination of prinmerdldach having a sequence of SEQ ID
NO: 31 or 32 were constructed for detecting a sequence encoding vero toxin
0-157, and a conbination of 20 priners each having a sequence of
SEQ ID NO:33 or 34 were constructed for detecting a sequence encoding vero

0-157. A hd. wat®inextiacdogs epat edeyiesal BUBNDG analog such
rhagic E. coli 0-157 (ATCC accession no. 43895), col l ecting
@vdiary (ReStedNS P rfcst ethé eanpllerf iakh tADnan-aPr g, atBeCelblst

treating it at 98C for 10 1 1 FEB 2(!' 158 m nutes was used

as a tenpl ated. Thegeotposisi dowof tHEureeethone i X UrG RS cAsak ol aws. 227
e buffer (pH 7.3), O do bovine serumal bumn (BSA), 50 dinethyl

DEBOrall fiovind weiadtouf «NIPsp Hnalbgegaeshempest akg, 60 pnol

7. It can supply an amplified DNA fragment at
low cost and in large quantities by combining the method of
the present invention with another nucleic acid duplication
method.

8. The detection method of the present
invention has an equal or higher detection sensitivity as
compared with that of a conventional method. The detecfion
method of the present invention can be conducted in. a
shorter time than that required for a conventional method
having the equal sensitivity.

9. The method is suitable for amplification of
a nucleic acid, automated detection, detection in a small
amount ahd highly integrated detection on a microchip or a
nanochip.

As described above, the method of the present
invention is suitable for detection of a gene and
industrial production of.a nucleic acid.

Examples

The following Examples illustrate the present
inveﬂtion in more detail, but are not to be construed to

limit the scope thereof.



priners, the DNA as the tenplate (the. hot water-extract) corresponding to
10-106 cells and sterile distilled water to a reaction volune of 48 ul. The
reaction’/m xture was heat-denatured at 98C for 1 m nute, and thgb led to
10 55C. 5.5 U of BcaBEST DNA pol ynerase and 60 U of E. coli‘ﬁNa re
added thereto. The reaction m xture was i Adubated at 55C for 60 m nutes.
Thereafter, the mxture was heated at 90C for 2 mnutes to inactivate the
enzymes. 3 ul each of the reaction m xtures was subjected to 15

el ect rophoresi s on 40 NuSi eve 3:1 agarose (Takara Shuzo) gel. As a result,
0-1'57 vero toxin 1 arRkfmofihlbe Edetredteed 14Si Pgepht Bl oaNes Of HNS I ymer
pairs and the DNA as the tenplate corresponding to 104 cells, confirm ng
that the netthoth dfhddregridserBadilen i enldarebgxutilized as a 20 nethod for
detecting a virulent bacterium Exanple 2 (1) The effect of the type of the
buffer used in the netthed lafud hey iEsEM | YWent | 9Ar ¥ASs8Y 2R BRIDe RELHRES
for anplifying 1~ DNA havi ng sequences represented by SEQ I D 25 NGCS: 39 and

40 were usedammlihics ¥anubierobhgangasidngn v@8406) 129l in &R 2005 ¢akpi ed
out as follows. Briefly, 10 ul of a m xture containing 120 pnol each of the

primers, 0.QD% agueoust sohutheaigh Pceptaradianineandri g tphg.af a
DNA as a tenplate was heat-dena.tured.at 98C for 2 mnutes, and 5 then

cool ed on i cabbeatRIgals)t hendr LMess Jiu dtheckernlat e fAVA. LE]
product (1005 bp) obtained by a PCRBﬁsing 2 DNA (Ta&aracgﬁ%%g§ngggggs)

tenpl ate andpprigTens entesed ad By SEQID i\lf:@:rgién@{‘é’s 4@i&%"‘£ﬁ§k¥‘§§e%§?t or

purified using Suprec02 (Takara Shuz.o), was us as the tenp

annealing, 4@edl 85 one e thy@e dypes ab buifers f#ﬁeBir g@gt_icﬂa&t(é%: 5,0V

Trici ne-potassi um hydroxi de buffer (pH 8.5), 42.5 i ne-potassi um

hydr oxi de bubben16rREB 13k and 142,5 Méﬁggéwpgﬁggggé %8%9&?89?&% (pH

15 7.8)), each containing 0.625 nmM each magnest um acetat e,

0.0125% bovipg senwmALYM M, (Mti%z% i.g‘legmin%{'ef %&g%tﬁegr“?g?hgsé U

of E. coli RNase H and 11 U of BcaBEST pol ynerase was a
m xture to pake, Lhe ki %alte%‘ﬁ'engcgrteo D dfc T; ulrse%%-‘%] m xtures 20 were

i ncubated at 60C for 1 hour. I reaction, each ©of the reaction

T xtures vas subj ect egylo ng}elﬁggr ORRELesLS, PBP 0" B0Ar 088, 02k LN the.,

confirmation. Then, the red fragnen rnte
oL, o AeSRTBUSkS 1 S0 LETPLALF, neRBLELEY! Mozt O FALE, Z5,RLP 0
the cells were suspended in 1000 ml of 50 mM tris-HC1
15 buffer (pH 7.5) containing 10 mM mercapteoethanol, 0.5 M
NaCl, 1 mM EDTA and 20 uM PAPMSF and disrupted using MINI-
Lab (APV GAULIN/RANNIE). Cell debris were removed by
centrifugation to recover a supernatant.
A polyethylene imine solution was added to the
20 resulting supernatant at a final concentration of .O.l%.
After stirring, the mixture was allowed to stand for 1 hour.
A  supernatant was then recovered by centrifugation.
Ammonium sulfate was added to the supernatant to 50%

saturation. A precipitate obtained by centrifugation was

25 dissolved in 20 mM tris-HCl buffer (pH 7.5) containing 10



.1 1 FEB 2005 160 reacti on system contai ning Bici ne-potassi um hydr oxi de
buf fer (BH 8.5 . (2) Inprovenent of reactivity by the use of

HEPES- pot/assi um hydr oxi de buffer was exam ned. pud 9 5 plasm_d .th a
DNA fragment of about 150 by being inserted into the nulti-cﬂdh?gé e was
used as a tenplate. This tenplate was prepaled as follows. A PCR was
carried out using pud9 upper 150 PCR priner and pud 9 | ower, PCR priner
havi ng sequences 10 represented by SEQ I D NOCS: 134 and 135, and 100 pg of
pUCl 9 plasm d DNA as a tenplate. The resulting anplified fragnment was
purified usimiy Megcepdeet®@®nddl,untt-.ended! ugiDTHR ,DNAODI mixt | NgCRi t ahdakang
Shuzo) and subcloned into a Hincll site of the plasmd pud 9. The plasmd
with the anpgllivideab1l.5 fr@dgeensobetihgni nezs t etl alasz atsedigad istansher Msame
Escherichia coli JMLO9. The transformant was cultured. The plasm d having
t he insertedudermas The idiabyiedmsthpleeklas UsiatgQAAMEN »| 260461 NDRB2KI t
(Q agen) and used as a tenplate. A DNA fragnent PCR-anplified using the
puUC 9- 150 2@cihuasiri ((WhaNAar)e pareldl s gest rv beld ehoveans Bufeapl ah8, nafd
prinmers MCS-F and MCS-R havi ng nucl eoti de sequences represented by SEQ ID

NOS: 355and 3@seaptused fasd ieplwdes &51T@EsedF2N3(24) and MRIN3(24)
havi ng nucl eoti de sequences represented by SEQ I D NOS: 37 and 38 were used

as chineric 25 ol i gonueleeaid denpris®r surfhersivaenet ey fiedsr L4eFEB
2005 161 fragment obtai ned using the conbination of these prinmers was about

350 bp. An BERESrpotessi WBhydnexi dgubuibeat s¥at RYRya38liee! eflr st 2oRUf fer
to be exam ned. A potassium phosphate 5 buffer systemand a"Tricine buffer

system wer eveged aplgentea.s. ThecCOABAShlEERL9L et Nerheacbhan Fhyturgs are
shown bel ow. Reaction m xture A: 10 ng of the PCR-anplified fragnent,. 50

prol each okabhengyr ifryc: IMrN3E24n 8nd bR sYRINA(AA) \c1if:- SHIL SstuaMls solytion
of propyl enedi am ne and

10 mixed together and loaded onto a 240-ml P-11 column
(Whatman) equilibrated.with 20 mM tris-HCl buffer (pH 7.5)
containing 10 mM mercaptoethanol, 0.1 mM EDTA, 50 mM NaCl
and 10% glycerol. Elution was then carried out using the
equilibration buffer_containing 0 to 0.5 M NaCl.

15 The resulting active fractioné were placed in a
dialysis tube. The tube was placed on solid polyethylene
glycol 20000 for dehydration-concentration at 4°C. The
enzyme concentrate was then loaded onto a 300-ml Superdex
G-200 column (Amersham Pharmacia Biotech) equilibrated with

20 25 mM tris-HCl  Dbuffer (pH 7.5) containing 5 mM
mercaptoethanol, 0.5 mM EDTA, 30 mM NaCl and 50% glycerol.
Elution was carried out wusing the buffer used for
equilibration to obtain active fractions. The active
fracfions were loaded onto a 15-ml Heparin-Sepharose column

25 (Amersham Pharmacia Biotech) equilibrated with 20 mM tris-



sterile distilled water to a reaction volume of 10 ul. Reaction m xtures B:
The follgmﬁng three types were prepared. Potassi um phosphate buffer system
40 ul a 15 reaction mxture containing, at final concenttatfEBh200535 nM
pot assi um phosphate buffer (pH 7.5), 1.250 DMSO, 0.012y BSA, 5 mM nmagnhesi um
acetate, 0.625 nmM each of dNTPs, 60 U of El3coli RNase H and 5.5 U of
BcaBEST DNA pol ynerase was prepared. 20 Tricine buffer system 40 ul of a
reaction m xture containing, at final concentrations, 42.5 nM Tri ci ne
buffer (pH 8.7), 12.5 nM potassiumchloride, 12.5 nM anmoni um sul f ate,

1. 25% DVSO, HEI10I2BE6BSA,(pB MM STagnest atn aicgt a0e mM). fHbc it eechand 1 ANGPs, 30
Uof E. coli 25 RNase H and 5.5 U of BcaBEST DNA pol ynerase was prepared.

162 1 1 FEBr2OOBRTHEPES palla¥sCumehydnoki da yaddfer. syslerliodOwdl ebraied
reaction m xture containing, at final concentrations, 25 mM HEPES- pot assi um

hydr oxi de buifterug ity 7t8)e, &b W0t Be5i bofdeet adsnt ali ¥ DYS@o Op 04250
BSA, 5 mM magnesium 5 acetate, 0.625 mM each of dNTPs, 30 U of E. coli
RNase H andNaC3 .U of . BcaBEST DNA pol ynerase was prepared. The reaction

m xture A was heat-denatured at 98C for 2 m nutes, cooled to 60C or 65C and

then alsl owed to stand Me ikesuldih@fadthers epestONoRE X8Fr8S18a488 8dded st o
10 the reaction m xture A on ice and m xed to make the reaction volune to

50 ul. The readti ORiMiEpHSES WBHE uliACUbLRE raha0C Pﬁa§§1§cf19r 1phguECnAf t er
reaction, they were cooled to 4C, and a 1/10 volune of 0.5 M EDTA was added

to each of lela@ 1 Miprares tWa dreray nat & AN Henchh PP r 3 (1R ﬂl aEBnQ%lBQﬁg
reaction m xtures was subjected to el ectrophoresis on 30 Nu i eve

agar ose gel 10Asm mRHWdpt gl foed fpagmpats ofgi gher fsé1 Vel gy OEE%rved

for the three buffer systens regardless of the réaction tenpérature used
In particul gnyckhell.ar aesit AoURLsObatRe 30 APl d i Gatd R0 Qg QEEBrQES‘E?
u

hi ghest react|V|ty wer e observed for the HEPES-potaSS|un1hy oxl de

systemoi n_t biug rorarmd e Exap! 8 34 1), $opdidans usf%@ s 4 b o ﬁhgét%et he

present 25 invention for annealing prinmers to a tenplate were am ned
fractions were loaded onto a 300-ml Superdex G-200 column

(Amersham Pharmacia Biotgch) equilibrated with 25 mM tris-
HCl buffer (pH 7.5) containing 5 mM mercaptoethanol, 6.5 mM
EDTA, 30 mM NaCl and 50% glycerol again. The resulting
15 ,ac.tive fractions were used as an RNase H preparation (an
enzyme solution).
A heat-resistant RNase H activity was measured as
follows. |
1 mg of poly(rA) or poly(dT) (both from Amersham
20 Pharmacia Biotech) was dissolved in 1 ml of 40 mM tris-HC1l
(pH 7.7) containing 1 mM EDTA to prepare a poly(rh)
solution and a poly(dT) solution.
The poly(rA) solution (to a final concentration
of 20 ng/ml) and the poly(dT) solution (to a final

25 - concentration of 30 ug/ml) were then added to 40 mM tris—



1 1 FEB 2005 163 Priners having nucl eoti de sequences represented by SEQ I D
NCS: 43 agd 44 based on the partial nucleotide sequence.of a bacterium

Fl avobacteri um sp. SA-0082 as described in WO 97/32010 (deposj { ¢¢pags
International Patent Organism5 Depositary, National Institute of Advanced
I ndustrial Science and Technol ogy, Al ST T$ukuba Central 6, 1-1, Hi gashi
1-chome, Tsukuba-shi, |baraki 305-8566, Japan on March 29, 1995 under
accessi on nunber FERM P-14872, and deposited at International Patent

Organi sm Depositary, 10 National Institute of Advanced Industrial Science
and Technol 8§y, @HT7TSukuvatGemtirg 6, m¥- MgdHi,gashimM - OE@Re,0 .TEud&baskhi
| bar aki 305-8566, Japan under accessi on nunber FERM BP-5402 (date of
request for andankim gsyoardd. i ntHreathirtaredepsasitedyredit Hor 37y c Febr uaoy
15, 1996)) 15 were used. An anplified product (573 bp) obtained by a PCR
using a genodnatBNA &ndm fhewohanilerd urospd - SA-DO8Drapaad erapl gbey apd) a
conbi nation of priners represented by SEQ I D NCS: 45 and 46, which was then
purified usbpdy3dmecdd utiaear a Shuzo), was used as the DNA as the tenplate
in this 20 Exanple. The reaction was carried out as follows. Briefly, 2 ul
of onesof two anneal i ng pSoldaft izenserHMe N\ N0t assiwde CA@Ed deo anglo 8, UM £
sperm di ne, or 0.05% propyl enedi am ne) was added to 120 pnol each of the

primers. A theabol@ (wm -@o1i0dT) Gfoleadtordf the MRS fak thesceoat agni ng
10 ng 25 or 1 ng of the PCR-anplified fragnent was heat-denatured at |,

1 FEB 2005 164c9%6rf an ZiMutdse. Afd gf1 denag Uy at imipa thes M addl eshyBE€o
rapidly cooled on ice to anneal the priners to the tenplate. After

anneal i ng, 48 Weredime ofnd hkegctYBSS UMH%HJHEﬁbé4gt52@M nm was then
Trici ne-potassi um hydroxi de buffer (pH5 8.5), 42.5 nM Bi ci ne-potassi um

hydroxi de buthtenrepH 8.3 @neoﬁ@rélmwldeﬁ’ﬁS-cppt@S@ MMeRyr Qg de, hyfd ef,(pH

7.8)) each containing 0.625 nM each of dNIPs, nmV nagnesi um acet at e,

0. 0125%0 bov £ A) 9 15 | f.0 U
of E. coli Eﬂgsg%ﬁwgrﬁjrgl{mﬁo#&?o %%%Bé%%%%kl%\ﬁ o?ﬁl#e%;dlrgey\ﬁa%g I(e%@%c% oggh

mxture to gake tehe figalh; ypldure £9d59hglab£%§baﬁ%%“d¥E HfSa L ES .

i ncubated at 52C for 1 hour. After reaction each of the reaction

moxtures wag Swhiiefd ed(§pr eLEEhEQPNALES 5 Qi3 %8 POAL, 98¢ YRea iR T ESY! tS

are shown in Figure 1
subtracting the absorbance for the <control from the

absorbance for the reaction in the absence of EDTA. Thus,

15 the concentration of nucleotide released from poly(ra)-

poly(dT) hybrid by the enzymatic reaction was determined on

the basis of the difference in absorbance. One unit of an

RNase H was defined as an amount of enzyme that increases

A, corresponding to release of 1 nmol of ribonucleotide in

20 10 minutes calculated according to the following equation.

If a diluted enzyme solution is used, the value obtained

using the following equation was corrected based on the
dilution rate:

Unit = [Difference 1in "Absorbance x Reaction

25 Volume (ml)] / 0.0152



15 Figure 1 illustrates the results of electrophoresis of reactions using

t he respﬁgtl ve conbi nations of the annealing solutions and the buffers.

Lane 1: | ecul ar wei ght marker (100 by |adder, Takara Shuzo); lane 2:
propyl enedi am ne/ Tricine (tenplate: 10 ng); |ane 3: 20

propyl enedi am ne/ HEPES (tenpl ate: 10 ng);lLane 4: propyl enedi am neE; IZEIEES
(tenmplate: 1 ng); lane 5: propyl enediamne/Bicine (tenplate: 10 ng); |ane
6: propyl enedi am ne/Bicine (tenplate: 1 ng); lane 7: 500 nmM potassi um
chloride and 8 uM sperm dine/Bicine (tenplate: 10 25 ng); |ane 8: 500 mM
pot assi um chl ori de an®sEepMntikhll FEBafpDS 165 speiondhge/ Bifti nBatleimpkat e:
1 ng); lane 9: nol ecul ar weight marker (100 by | adder); |ane 10:

propyl enedi srildeteniaci Rda(steefllTatgznel - ng); | ane 11: 500 nmM pot assi um
chloride and 8 uM sperm dine/Tricine (tenplate: 1 5 ng); |ane 12:

propyl enedi am ne/ HEPES 1()t e Pplepiaeratlong) ofl agendai cS0ONAM pebassSBasichheri de
and 8 uM sperm di ne/ HEPES (tenplate: 1 ng); |ane 14:

propyl enedi aailnetBineixne (tenplate: 1 ng); and |ane 15: 500 mM potassium
chloride and 8 uM sperm dine/Bicine (tenplate: 1 ng). 10 As shown in Figure
1, a gbeater ampunt oBadia lanplddiastdmix prodact pedoseress YasScQbLataed
when the annealing solution containing 500 mM potassiumchloride + 8 uM

sperm di ne wasousa f0r offhe.mnmeak iidg (af tms'ppicbﬂi@[sot g5t R dAMpLat 82 DNA
for either of the three buffers regardl ess 1 f the anmount of the DNA as

the tenpl at endl 0.3 tNaal arpHt he 2¢omhidnadi oyuadd t ie @Bﬁ@a|ﬂd19 50! 46498,
cont ai ni ng 500 MM pot assi um chl oride + 8 uM sperm di ne and the

Bi ci nepot asglfuakhycdﬁptz(uﬂﬁn?}lf frafe Yicahdad egopsls I et dsS m_ioé&' %oEXél&Pi@ct 20
(2) The effect of an annealing solution in case where CR-anplified

fragment frealAsDNATHaS cb38¢ aerd tRIPaiRIes 92(%‘1 nel. Zg@esﬁgf@é' Qnd
ol i gonucl eotide prinmers as described in Exanple 2(1) were used In

Exanphe. TheoPG ampliistived fragmentpas prepared |ngxla(m);n g& 21%309{,111% DNA
was used as a tenpl ate DNA. e reactl on was 1 1 FEB 20 166 carr out

as follows. cBibefiky, (Rada1fi @I'@scﬂfethfﬁew£¥gﬁsw9fs any Sl Oﬂﬁe(SOO
MM pot assi um chl ori de and 8 uM sperm di ne, 0.05% propy ne I am ne,
sterile vwatgixtups fddedehe 120 RMBlg -@ach, ,0f; the Pri ness, . jloeé"éztfcgn;[ hfZ
ml of a mixture containing 150 mM NaCl, 1 mM EDTA and 20 mM
tris~-HCl (pH 8.0), 0.1 ml of 20 mg/ml proteinaée K (Takara
15 Shuzo) and 1 ml of a 10% aqueous solution of sodium lauryl
sulfate were added to the reaction mixture. The mixture
was incubated at 37°C for 1 hour.
2.1 ml of 5 M NaCl and 2 ml of a CTAB-NaCl
solution [10% cetyltrimethylammonium bromide (Nacalai
20 Tesque) and 0.7 M NaCl] were then added to the mixture and
the resulting mixture was mixed thoroughly and incubated at
65°C for 10 minutes. An equal volume of a mixture of
chloroform/isocamyl alcohol (24 : 1, v/v) was added thereto.
The fesulting mixture was gently mixed for 10 minutes and

25 then centrifuged for 10 minutes at 10000 x g. After



5 mxtures further containing 10 ng or 1 ng of the PCRanplified fragnment
were preRared. The m xtures were heatdenatured at 98C for 2 m nutes, and

t hen rapidly cooled on ice to anneal the prinmers to the tenplate. After
anneal ing, 40 ul of one of three types of 10 buffers (42.5 ™4 1 FEB 2005
Trici ne-potassi um hydroxi de buffer (pH 8.83)16 42.5 nM Bi ci ne- pot assi um

hydr oxi de buffer (pH 8.3) and 42.5 mM HEPES- pot assi um hydr oxi de buffer (pH
7.8)) each containing 0.625 nM each of dNTPs, 5.0 nM nagnesium acetate,
0.0125% BSA, 1.25% DMSO, 30 U of E. coli RNase H and 11 U 15 of BcaBEST DNA
pol yner ase e taddayatoieme mirxt agealo wakent heof i aal myetuse tor 5@neho1The
reaction m xtures were incubated at 60C for 1 hour. After reaction, 3 ul
each of the sagaotdtoed myktr 260wast suhjeaEd {19H eBeol yeRNeregbemyA s3als 1
agarose gel. The results are shown in Figure 2. 20 Figure 2 illustratés the
results of ellecthradphdRési s showi ng t Revhesubks s@aeahet@xgrnéwaggggl@_gng
conbi nations of the anounts of the tenplate, the reaction buffers and the
anneal i ng sauptdmmstartane The mnessert {d9Onbyt hagddpsy; géﬁﬂ@yziﬁxé@ @%roﬁot he

tenpl ate, a conbination of Tricine/500 nM 25 potassi um chloride and 8 uM

sperm di ne; niaeeX dndigtBént kentriful@d (fod FEBm200%cLengd aigno@ « g.
conbi nation of Tricine/500 mM potassium chloride and 8 uM sperm di ne; | ane

4: 10 ng of Hfftert ergat Sfugs €M) NAt DOB &b 1Rl e/ aP&éPSv?éHW?SQEa” de
0

and 8 uM sperm dine; lane 5: 1 ng of the tenplate, a conbination
Bi ci ne/ 500 mM pethassides.ohi af deng%jrrgaMLSper m g ge; rééwgftﬁ'n 10f9%|r8[1st he
00 I de 8 u

tenpl ate, a conbi nati on of HEPES/ nMv pot assi um chl or an

-spermi di ne; drar@phtakeNQw®é WRAnkEMN &lE: 28 QYUY £9nw3fsh|éﬁpﬁﬂé907'w
I ht™ frar ker

pot assi um chl ori él)e and 8 uM sperm dine;” | ane 8. nol ecul ar weig

(100 10 by leagden); inaRgt®r,1Qing-o:ddetemlal eqi 89@%”@%%”50 1 of

Trici ne/ propyl enediam ne; |ane 10: 1 ng of the tenplate, i hation™of

Tricine/ propyl engdieTiRe oHtane, ]a13ge1r931{59% q%li]]_{ie%[e%fn\g{rg I{g:[ e, a conbi nation of

Bi ci ne/ propyl enedi am ne; lane 12: 1 ng o , a conbination. of

15 Bi ci ne/ propyl enedi aiiyng; P e 1 enpl nbi nati on
of HEPES/ pr opyl enedi aﬁ(‘i r%e; lldgﬁgl%lgf {rglgjgdh% cg%%q%ﬁrrp at%%g%e g%?rgi %atfon of

HEPES/ pr opy| enedi am ng;li'g%%%él@oéﬂ?ga%%@%lf\gé g?}]?nvsrslgﬁ}\(é?%gg?%%gggé? ; .

lane 16: 10 ng of the tenplate _ atton o ricinel
19.20,01 (heyt Sl ks, oeonbLgl on Bt TGl helapten: one, a8y g 10l
ooy eor PO OE B G AL kP80 d8ungh LB SRR i et
combi pgti onggf HRRES/ Walgr . gy de F EyBr2005, 1 various  organisms
(Biochemistry, 38:605-608 (1999)). |
A PCR was carried out in a volume of 100 ul using
1 pl of the Bacillus caldotenax genomic DNA solution as
prepared in Referential Example 2-(1) as a template, and
20 100 pmol of BsuII-3 and 100 pmol of BsulI-6 as primers.
TaKaRa Taqg polymerase (Takara Shuzo) was used as a DNA
polymerase for the PCR according to the attached protocol.
The PCR was carried out as follows: 50 cycles of 94°C for

30 seconds, 45°C for 30 seconds and 72°C for 1 minute.

25 After reaction, the reaction mixture was subjected to



168 As shown in Figure 2, the anplified fragnents of interest were observed
for the respective conbinations of the three buffers and the three

anneal i né sol utions regardl ess of the anobunt of the tenplate DNA. In 5
particular, it was confirnmed that a greater anount of the anpl 1fi egB 2005
fragnent was obtai ned using the conbinati di7f the Bicine buffer and the
anneal i ng sol.ution containing 500 nM potassi um chloride and 8 uM

sperm di ne. Exanple 4 10 The effect of the presence of an inhibitor of
reverse transcriptase (RTase) on the method of the present invention was
exam ned. Piasiohoftorentnent d {PF)weds bgedeahaanli npirbiciph tak iBhaseo
Primers represented by SEQ ID NOCS: 47 and 48 were used in this Exanple. An
anplified 1Pyridduca DBAG bpjheobtesuktiby ANRCRaSiBDust Gem@sd cuPNAGT rram
ent erohenorrhagi ¢ Escherichia coli 0-157 as a tenplate and priners
represent ed INA SEQ yniz NGSe 40T akalr §0Shubo Lhanasthbgnspehekied Ysi ggag;ggreecoz
(Takara Shuzo), was used as the tenplate DNA. The reaction was carried out
as follows. g2l BrlieftinopHlresioft@ peasusee @ﬁe@ﬁp@@fbédaéghngr&gﬂgn@ oehe
PCR-anmplified fragnent to 120 pnol each of the prinmers and 2 ul “of an
anneal isng saeloututons. £orbaifiiong 1) gad pot easi WBRY o | deang8 ¥M onent
sperm di ne was heat-denatured at 98C for 2 m nutes, and then rapidlfy cool ed

on ice to ameeallidweted wiinepsctoot heak@mal &zo) -di de By 2005, 189, Aft er
anneal ing, 40 ul of a m xture containing 0.625 nM each of dNTPs, 42.5 mM

Tri ci ne- pot ageikamahyshaxbde duifder Taphbdh 5) i gRs@ M BgAeSEY %ﬁg at g
0. 0l 25% bovi ne serum al bum n (BSA), 1.25% di net hyl sul f oxi deﬂ‘% O, 58 Ub

of E. coli RigzeidrangdiktubeofyBsaBiEIh DNA POl YIBFSSE 3 MR A5 PFALLS @

concentration of 500 ~g/m or 50 ug/m were added to the annealing mxfure

to meke theginal. valnared, 150 M4 -t AA6s £SARLH O9 Gﬁ%“é\ﬁ%t%&& Lgcypated at

55C for 1 hour. A systemwi thout™ the addition of al so prepared
as a gontrok. Ahbkgmiweachian, Inuh €3ERRf the about 0.4-kb DNA was

inserted.
(3) Cloning of upstream portion of RNase II gene
The nucleotide sequence of the inserted fragment
of about 0.4 kb in the plasmid 21-12 obtained in
15 Referential Example 2-(2) was determined. Oligonucleotides
RNII-S1 and RNII-S2 represented by SEQ ID NOS:3 and 4 were
synthesized on the basis of the determined nucleotide
sequence.
The Bacillus caldotenax genomic DNA as prepared
20 in Referential Example 2-(1) was digested with BamHI
(Takara Shuzo) and ligated with a Sau3AI cassette (Takara
Shuzo) using T4 DNA ligase. A procedure was carried out
according to the protocol attached to TaKaRa LA PCR in
vitro cloning kit (Takara Shuzo) using the ligation mixture

25 as a template, RNII-S2 as a primer for a primary PCR and



the reaction m xtures was subjected to el ectrophoresis on 3. o agarose gel.
The results are shown in Figure 3. Figure 3 illustrates the results of

el ectrophoresi s which shows the effect of the inhibitor of reverse
transcriptase 15 activity. Lane 1: nol ecul ar wei ght marker (1d01 I5gBI A@gider) ;
| ane 2: without the addition of PFA; |laneld38 with the addition of PFA at a
concentration of 500 ug/m; lane 4. with the addition of PFA at a
concentration of 50 ug/m. As shown in Figure 3, when PFA was added, non 20
specific anplification was suppressed and the anplified fragnent of

i nterest wafNdis&lveds |a parimenl afqr i o wasceaskirimedckhat thepNa was
non-specific anplification product which was observed in the system w t hout
the additi opusfi fREA wasomot thbsesvedthod tdetenplifd eddoagmant etri nher est
was 25 clearly anplified in the systemto which PFA was added at a - 11
FEB 2005 | 7pheonderdxtataoniof 5601ogedl byExathhgod Fhedighiatitqrshi p bgtween
the length of a fragnent to be anplified and the detection sensitivity in
the nethod B5Naf whe pbesamtendeant ue@inyasrexapNAedpol hePasBEr §nfOT then
anplifying Escherichia coli 0-157 vero toxin represented by SEQ ID NGB! '51
to 53 Gere sybteesiegedtoThegshbser i ge DI IQQMU ML LE 4 T By S N
Exanpl e 4 merebalso used. The Iengt??cﬁ %%'fraéﬁg%?qfﬁﬂieq%% g%%???ﬁedaﬂsing
each of theappubifiaki ONa Of rAh&BE SovasHasLl O lows, 2420y HESEQql D NEB. 51
and 48); 168 by (SEQ I D NOS:52 and 53); 206 by (SEQ I D NOS: 52 "and 48); 135
by (SEQ | D NE6u47 1amd KE3)oNANgr IR Y S5k 47 T L§i ed
PCR-anplified 576-by fragnment ﬁ%%pared in éigﬁple %éi%pa%§§%%%d@g%8§£é&
template DNALkR hiss Fxasphe. TINONECaGHd R, MasTagr nlied aly a5 QlIOga e
Briefly, 10 ul of a m xture containing 60 pnol each the prinmers, ul of

0. 050 aqueouse8okyt keanak RrORYBREdIAN N AN %&f g, to 10 ng of the
PCR-anmplified fragnent was heat-denatured at 98 or 2 20 m nutes and then

cool edoto 55C in Ther ml Cyelsen tRefsonals(akara uzfd, 4 0 aed 4 he. .

priners to the tenpl ate.
obtain a plasmid B25N16 into which the about 1.5-kb DNA was

inserted.
(4) Cloning of entire RNase.II gene
Oligonucleotides RNII-S5 and RNII-S6 represented
15 by SEQ ID NOS:5 and 6 were synthesized on the basis of the

nucleotide sequence of the inserted fragment of about 0.4

kb in the plasmid 21-12 as determined in Referential
Example 2-(3).

| A PCR was.carried out using the plasmid 21-12 as

20 prepared in Referential Example 2-(2) as a template, and

RNII-S5 and RNII-S6é as primers. TaKaRa Ex Tag polymerase

(Takara Shuzo) was used as a DNA polymerase for the PCR

according to the attached protocol. The PCR was carried

out as follows: 25 cycles of 94°C for 30 seconds, 55°C for

25 30 seconds and 72°C for 30 seconds. After reaction, the



After annealing, 40 ul of a reaction m xture containing 0.625 nM each of
dNTPs, 42.5 nmM Tri ci nepot assi um hydroxi de buffer (pH 8.5), 5.0 mM magnesi um
25 acetate, 0.0125% bovine serum al bumn (BSA), 1.25% di et hyl 1 1 FEB
2005 171 sul foxide (DMSO), 30 U of E. coli RNase H, 5.5 U of BtABEES 208A
pol ynerase and sterile water was added toltlge m xture to nmake the final
volunme to 50 ul. The reaction m xtures were incubated at 55C for 1 hour.
After reaction, 5 ul 5 each of the reaction m xtures was subjected to

el ectrophoresis on 3. 0o agarose gel. As a control, detection of 10 fg to 1
pg of the PCRamtpldrfi edmfragment w&&;carsmﬁﬂe@uédu5|ﬁg|mwggggb§@pre§gmted
by SEQ ID NOCS: 54 and 55. A 135-by fragnent is anplified using the

conbi nat i on edfecthegehqre stes s. Eﬁ)&h@lriladFﬁﬁhsﬂfyém@ﬁtcgﬂt§b8h8906§ RED!
each of the prinmers, 5 ~1 of 10 x Ex Taq buffer (Takara Shuzo), 1.25 U of

TaKaRa Ex TagsDWeqmtemed aseorm Tekar geShuz dheanthdh? M 886 gk 99@5&8%5]‘
or

prepared. The PCR was carried out as follows: 25 or 30 15 cycles o

30 seconds, wasC fabeBodsedandsdagdx7gentiar v3A rsecoNES HigHUJ 1 md $
/cycle) . After reaction, 1 ul (ICAN? or 5 ulr&ECR) eac%'o fhe regggpgn

m xt ur &s wa®isumjosatied)t.o el ectrophoresis on 3.0% agarose gel. The results
are shown in Figure 4 and Table 1. 20 1 1 FEB 2005 172 Table 1
Anplification size (bpoueiest i ORybkMht zation was carried out for
digests of the Bacillus caldotenax genomic DNA as prepared
in Referential Example 2-(1) with HindIII (Takara Shuzo),
Sac I (Takara Shuzo), or HindIII and SacI wusing the
10 digoxigenin-labeled DNA as a probe. Hybridization and
detection were carried out using DIG Lﬁminescent Detection
Kit (Roche Diagnostics) according to the protocol attached
thereto. As a result, DNA fragments of about 4.5 kb, about
5.8 kb and about 1.3 kb were hybridized with the probe for
15 the digests with HindIII, SacI, and HindIII and SaclI,
respectively.

Based on these results, the Bacillus caldotenax
genomic DNA was digested with HindIII and subjected to
agarose gel electrophoresis to recover DNAs of about 4.5 kb

20 from the gel. The resulting DNA fragments were digested
with SacI and subjected to agarose gel electrophoresis to
recover DNAs of about 1.3 kb from the gel. The resulting
DNAs were ligated with pUC19 (Takara Shuzo) digested with

HindIII and SacI using T4 DNA ligase. The ligation mixture

25 was used to transform Escherichia coli HB101.



| CAN (total time: 70 minutes) 247 100 pg 168 100 fg 206 100 pg 135 10 fg
173 100fg PCR (25 cycles; total tine: about 66 mnutes)~~ 135 100 fg
P.CR~~(§b cycles; total~tinme: about 80 minutes) 135 10 fg Figure 4 o
illustrates the results of electrophoresis which shows the dﬂtﬁ¢tBO@q imts
for 5 anplifying a chain length of 135 byla8conplished by the I CAN (17 50 of
the reaction m xture was | oaded) and the PCR (1/10 of the reaction m xture
was | oaded). Zane 1: nol ecul ar wei ght nmarker (100 by |adder); lane 2: |CAN
using 1 pg of the tenplate; lane 3: I CAN using 100 fg of the 10 tenpl ate;
| ane 4: | CAN using 10Thg ofeshitipgpltatasfamearks PERre25raylliesiplstag 1
pg of the tenplate; |ane q: PCR (25 cycles) using 100 fg of the tenplate;
| ane 7: PCROP2S cylihesid-uEl ng(ADefghan t Raareapliat e Bilceehs:. PCR ¢80ony
cycles) using 1 pg of the tenplate; lane 9: PCR (30 cycles) 15 using 100 fg
of the tenphabsiddzdtiiame ¥&s PCFhéB0 cyckés)y usumg UBifng ofthde ilespbate
As shown in Table 1, it was confirnmed that al nost ° | 73 11 1 FEB
mentioned digoxigenin-labeled probe according to a
5 conventional method. A plasmid pRHBl1 was prepared from the
thus obtained positive clone.
The nucleotide sequence of the DNA inserted into
PRHB1l was then determined. Comparison of the amino acid
sequencé deduced from the nucleotide sequence with the

10 amino acid sequence of the RNase HII from Bacillus subtilis
suggested that a region of about 40 bp from the initiation
codon was missing in the DNA in pRHBI. Then, the full-
length RNase H gene was constructed as follows.

B25N16 as prepared in Referential Example 2-(3)

15 was digested with HindIII and subjected to agarose gel
electrophoresis to recover a DNA fragment of about 160 bp
from the gel. The about 160-bp DNA fragment was ligated
with pRHB1 digested with HindIII using T4 DNA ligase. The
ligation mixture was used. to transform Escherichia coli

20 HB101. Plasmids were ©prepared from the resulting
transformants. |

Next, an oligonucleotide RNII-Nde represented by

SEQ ID NO:7 was synthesized on the basis of the presumed

nucleotide sequence around the initiation_codon. PCRs were

25 carried out using the ©plasmids prepared from the



the sanme detection sensitivity as that of the PCR was acconplished by the

| CAN. Furthernore, the total reaction tinme for the PCR was about 80

m nut es,’ whereas the reaction tinme required for acconplishi ng fgﬁs\?@@ge
detection 5 sensitivity using the nethod of the present inventi 70
mnutes, confirmng that the reaction tirkan be shortened by using the
nmet hod of the present invention. (2) Prinmers for anplifying 1~ DNA having
nucl eoti de sequences represented by SEQ ID NOS: 39, 40 and 10 56 were

synt hesi zed. The length of a fragment to be anplified using each of the
conbi nat i onsr FS PPTARRES WS asefplliedws, 1851dbRNISEQdD HOS: 3BNARRHSE0)ds and
125 by (SEQ I D NOS: 56 and 40). The tenplate DNA prepared in Exanple 2(1)
was used i rPEIHerExanpl @lavhddr s othiels zaPKRelragineas ©F fablouawd). 7
Briefly, 2 ul of an,annealing solution (500 mM potassiumchloride and 8 uM
sperm di ne)kP W3y amplifpedfwenesedaptatieandr deaddedted 120 pRmm1leach of
the primers and fill up to 10 ul by sterile water. The m xture was

heat denatured at 98C The 2nuthedtideandetihenceapiod! y theol &liroN 2Qdgneat 0
anneal the priners to the tenplate. After annealing, 40 ul of a m xture
cont ai i ng MB2E=edM eachoof tWNTPsthy2. 5obiaTmniedi nep Jpndmissi UPRABAL OX ivdes
buffer (pH 8.5), 5.0 mM nmagnesi um acetate, 0.01250 BSA, 1.25% DVsO, 30 U of

E. coli RNabetedtraimedl U ohaBoaBESToBNALRE poéyOPRE&ser&wsaBslechrt 0 de
m xture to make the final 174 1 1 F E B 2005 volune to 50 ul with

steril e wateradifhe rEaatheon prietunas] ywer entoguhgt e®NalsB0GITOr 1 hauyi.s
After reaction, 3 ul each of the reaction m xtures was subjected to

_eI_I glct rgphon&sd@cntrﬂdﬂe Oseagahese pel shthe rasubts. amre ROOWN 5 THe TaRig2-
e acid sequence of RNase HII deduced from the nucleotide
10 sequence is shown in SEQ ID NO:9.

Escherichia coli HB10l1 transformed with the
plasmid pRHB1l is designated and indicated as Escherichia
coli JM109/pRHB11, and deposited on September 5, 2000 (date
of original deposit) at International Patent Organism

15 Depositary, National 1Institute of Advanced Industrial
Science and Technology, AIST Tsukuba Central 6, 1-1,
Higashi l-chome, Tsukuba-shi, Ibaraki 305-8566, Japan under
accession number FERM BP-7655.

(5) Expression of Bacillus caldotenax RNase HIT

20 gene:

Escherichia coli HB10l transformed with pRHB11l or
PRHB1 was inoculated into 5 ml of LB medium containing 100
ng/ml of ampicillin and cultured with shaking at 37°C

overnight. After cultivation, cells collected Dby

25 centrifugation were suspended in 0.5 ml of TE buffer and



Anplification size (bp) Detection limt 125 10 fg 151 100 fg As shown in
Table 2,1t was confirnmed that, when 10 A DNA was used as a tenplate, a
detecti 0)1 sensitivity of as low as 10 fg could be al so acconpli shed by
examning the optinal region. (3) A plasnid was prepared by ilris€EBi2gH an
anplified fragnent (length: 340 bp) into &2plasm d T7Blue 15 T-Vector
(Takara Shuzo). The fragnment was prepared as described in JP-A 9-140383
using synthetic prinmers for anplifying a chrysanthenum viroid gene having
nucl eoti de sequences represented by SEQ I D NOS: 57 and 58, and an RNA from
chrysant henSenigeéeded Wit rsuprernatand abtainedpllay eced@rifegaltdsn dwsas
used to transform Escherichia coli JMLO9 conpetent cells (Takara Shuzo).
The transfornseadt asage culuder edliln extdacsf. LB medi um at 37C for 16 hour. The
plasm d was purified fromthe collected cells using Q AGEN 175 1 1 FEB
2005 Plasmid Mni Kit 10Q aden)rias€dCti ngpH o .19 ,manuahy RidtHi®nNsreitol
containing O fg, 1 fg, 10 fg, 100 fg, 1 pg, 10 pg, 100 pg or 1 ng of the

pl asmid in INakadkistlersdue )wat@ro @t ebpvepar edrhmasad bamihhe monaendd afj on
of the plasm d as 5 measured using Beckman DU- 600 (Beckman). 1 ul of one of
the thbs prépamed, pldadsyld/csatal,i 02 WeEmUSEd 1§ da)t el P Pdrid c £aCh
of I CAN reaction systens. Priners CSVD F2 and CSVD- R6 havi ng nucl eoti de
sequences rBpobeseh) ednbly 38EQgl/RINGD1SS rand GeharyrRint Stk otk d i S P £
The reaction 10 was carried out as follows. Briefly, 10 ul of a mxture

cont ai ni ng H8rpnmi xeachogkthle .pr MRS suixkude Gfad R dURRALE P! BB de gy
sol ution and propyl enediam ne at a final concentration of O d o was

prepared. The mixuted V@sd hesé@dadt D8 udOFr2t & BYL 881 0R0HRd Hh §0G ng
i ncubat ed at
an RNase H activity.

10 1 pl of 1 M MnCl, was added to 100 pl of the
substrate solution. The mixture was incubated at 40°C. 10
nl of a 10-fold dilutiqn of the crude cell extract was
added to the mixture to initiate a reaction. After
reacting at 40°C for 30 minutes, 10 upl of 0.5 M EDTA was

15 added thereto to terminate the reaction. Absorbance at 260

. nm waslthen measured. As a result, the absorbance at 260
nm from a reaction in which a crude cell extract prepared
from Escherichia coli HB10l harboring pRHBl1l was used was
clearly higher than that from a reaction in which a crude

20 cell extract prepared from Escherichia coli HB101 harboring
PRHB1 was used. Thus, it Was demonstrated that pRHB11
contained an RNase H gene and that Escherichia coli
harboring pRHB11l expressed an RNase H activity.

(6) Preparation of purified RNase HII preparation

25 Escherichia coli HB10l transformed with pRHB11



15 the tenperature for 1 mnute in Thermal Cycler Personal (Takara Shuzo),
and then}placed on ice. After annealing; at final concentrations, 20 nM
HEPES- pot assi um hydr oxi de buffer (pH 7.8), 100 mM pot assi um acetate, 1%
DVSO, 0.01% BSA, 4 nmM nagnesi um acetate, 500 ~aM 20 each of #NTFsR 25§ U of
E. coli RNase H and 5.5 U of BcaBEST DNA paBynerase were added to the

m xture to nake the final volume to 50 ul with sterile water. The reaction
m xtures were placed in Thermal Cycler Personal which had been set at 60C
and reacted for 60 m nutes. After reaction, 3 ul 25 each of the reaction
m xtures wadbsabpect dd Referential Faganiplle REB( 20062 | £ndcophbeesistoni3%
NuSi eve 3:1 agarose. As a result, the anplification products of interest
(about 90 bp, @boutB 7meagiivandcabtatn3@gbp)00eriey bk eofedanpingla inenghdt e
at a concentration of 10 fg. 5 Exanple 6 Prinmers to be used in the nethod
of the preséditiumednt wdrthwershaddiang nedt. (3)° Thefdam vBb uehofir&. pri neetand
the reaction tenperature were examned. Prinmers for anolifvina 10

Fl avobact er cudtdpat$anQ0B2chavsng eniclectéde I/queneasriepyaseshed PyrSEQ
| D NCS: 43 and 61-63 were synt hesized. These primers were constructed such
that abregi enspkntied By 62 .Shailt erf kaworg ¢atGorc ad £ r of s aheyt + 20% Mas
anplified. The length of a fragnent to be anplified using each of the 15
conbi nat i ongpdf PrDiprs2wamMas2fmétosstodBhahyl( SEQED ~430and 62)i 158
by (SEQ I D NOCS: 43 and 63) ; 91 by (SEQ I D NOS: 61 and 62); and 123 by (SEQ
| D NOS: 61 apHefig)lmethenBeR1lEmplyilfl i catlivdt ifedductaras prepares dd, Exanpl g
3(1) was used as a DNA as the tenplate in this Exanple. The 20 reaction was

carried out sapetobkans. Bobehliyedl0 Bl Of c@nfixEugengoNnt @hdi s dLD- PPDY
each of the prinmers, 2 ul of one of three types of annealing solutions (500

mV pot assi ususheasida and B 00 spekMrdirne,0 Qu 0% 8 walseﬂ%@lt%@ & 86°c

water) and 1 fg to 10 ng of the tenplate was prepared. The
10 for 15 minutes. It was then centrifuged at 12000 rpm for
10 minutes again to collect a supernatant. Thus, 50.0 ml

of a heated supernatant was obtained.
The solution was subjected to RESOURSE Q column
(Amersham Pharmacia Biotech) equilibrated with Buffer C [50
15 mM tris-HCl (pH 8.0), 2 mM 2-mercaptoethanol, 10% glycerol]
and chromatographed using FPLC system (Amersham Pharmacia
Biotech). As a result, RNase HII flowed through the
RESOURSE Q column. 51 ml of the flow-through RNase HII
fraction was subjected to RESOURSE S column (Amersham
20 Pharmacia Biotech) equilibrated with Buffer C and eluted
with a linear gradient of 0 to 500 mM NaCl using FPLC
system. A fraction containing RNase II eluted with about
240 mM NaCl was obtained. 3.0 ml of the RNase II fraction
was éubjected in two portions to PD-10 column (Amersham

25 Pharmacia Biotech) equilibrated with Buffer C containing 50



25 m xture was heat-denatured at 98C for 2 mnutes, and then , 1 1 FEB
2~5 177 .cool ed on ice to anneal the primers to the tenplate. After .
annealinb, 40 ul of one of three types of buffers (17 nM Tricine-potassi um
hydr oxi de buffer (pH 8.5), 17 nM Bi ci ne-potassi um hydroxi de bufifegs ¢ 8. 3)
and 20 nM 5 HEPES- pot assi um hydroxi de bufies (pH 7.8)) contai ning 0.625 nM
each of dNTPs, 5.0 nmM nmagnesi um acetate, 0.01250 bovi ne serum al bum n
(BSA), 1.25%dinethyl sulfoxide (DMSO, 30 U of E. coli RNase Hand 11 U of
BcaBEST DNA pol ynerase was added to the mixture to make the final volune to

50 ul. 10 Thd¥ rN=Clion &t mlesther edsididiaiedeatads, wbs OkuBgechk leour
After reaction, 3 ~1 each of the reaction m xtures was subjected to

el ect r ophor Esllsaprhapa¥iagar asel ged . AsamereRbht . tHMaRlild | edsfsagapnt of
i nterest was observed using the reaction tenperature of 52C. In particul ar,

a 15 great erqamiibtrackcamilchf Bed ferageitntofid e s tmvas @bt i ded) ¢siag
t he conbi nation of the annealing solution containing 500 nM pot assi um

chloride andi8huM spenshdi neradickrlt | eifnes®r +Bi cige bwf igdc1 Thespy "eprpai r,
the length of the anplified fragnent and the detection sensitivity for 20
the reacti osysesper atar er8¢t b3 abarshowng R S 15808 2R)18 13- about
310 mM NaCl was obtained. 4.4 ml of the RNase II fraction
was concentrated by ultrafiltration using Centricon-10
(Amicon) . 280 pl of the concentrate was subjected to
Superdex 200 gel filtration column (Amersham Pharmacia
10 Biotech) equilibrated with 50 mM tris-HCl (pH 8.0)
containing 100 mM NaCl and 0.1.mM EDTA and eluted with the
same buffer. As a ;esult, RNase HII was eluted at a
position corresponding to  a molecular weight of 35
kilodalton. This molecular weight corresponds to that of
15 the RNase HII in the monomeric form. The thus eluted RNase
HII was used as Bca RNase HII preparation.
The enzymatic activity of the thus obtained Bca
RNase HII preparation was measured as follows.
100 pl of a reaction mixture [20 mM HEPES-
20 potassium hydroxide (pH 7.8), 0.01% bovine serum albumin
(Takara Shuzo), 1% dimethyl sulfo#ide, 10 mM manganese
chloride, 20 pg/ml poly(dT) (Amersham Pharmacia Biotech),
30 pg/ml poly(rA) (Amersham Pharmacia Biotech)] which had
been incubated at 40°C was added to 1 pl of the Bca RNase

25 HII preparation. The mixture was reacted at 40°C for 10



1 1 FEB 2005 178 Table 3 Amplification size (bp) Detection limt
126100f g1581pg911f g123100fa Figure 5 illustrates the results of
el ectrophoresi s which shows the rel ationship between the 5 |l ength of the

anplified fragment and the anount of the DNA as the tenplate mﬁgggn
AT-rich region was anplified. Lane 1: nol eyl ar wei ght marker b§m5

| adder); lane 2: anplification of a fragnent of 91 by in length using 1 pg
of the tenplate; lane 3: anplification of a fragment of 91 10 by in length
using 100 fg of the tenplate; lane 4: anplification of a fragment of 91 by
in length usiimptkGs fg Dhet heatefphawes ltvee TemupldtfdLasy oad@ing foagment
of 91 by in length using 1 fg of the tenplate; |lane 6: anplification of a

fragment of cf230by M EBPTEt pdsi ®go L. pg ASs®fbdheet eRPl 2@, nhan® s then
anplification of a fragnent of 123 by in length using 100 fg of the

tenpl ate; | arasBireaanplification of a fragment of 123 by in length using 10
fg of the tenplate; lane 9: anplification of a fragnent of 126 by in length

using 1 pg of the tenate;rdame: 10in 2@N@£@|Hféé’é‘1{r99yoxtza§ 5]5@@9?5'& 95r126
by in length using 100 fg of the tenplate; lane 11: anplification

fragmemt of th26 Hya IRNARNGIT ysidigh Ad- fen Of the tenplate; lane 12: ~~I
17911 F E B 2005

Referential Example 3: Cloning of Bacillus
caldotenax RNase HIII gene

(1) Cloning of fragment of RNase HIII gene

Primers BsuIlI-1l, BsuIII-3, BsuIII-6 and BsuIII-8

10 represented by SEQ ID NO0OS:10 to 13 for screening a gene
éncoding RNase HIII were synthesized based on the amino
acid sequences of regions well conserved among Bacillus
subtilis and other organisms determined on the basis of the
homology among the amino acid sequences of RNase HIIIs from

15 Bacillus subtilis [Biochemistry, 38:605-608 (1999)] and
other organisms.

A first PCR was carried out in a volume of 50 pl
using 200 ng of the Bacillus caldotenax genomic DNA as
prepared in Referential Example 2-(1) as a template, and

20 100 pmol of BsuIII-1 and 100 pmol of BsuIlI-8 as primers.
A second PCR was then carried out in a volume. 6f 100 ul
using 1 pl of the reaction mixture as a template, and 100
pmol of BsuIII-3 and 100 pmol of BsulII-6 as primers.
TaKaRa Tag polymerase (Takara Shuzo) was used as a DNA

25 polymerase for the two PCRs according to the attached



anplification of a fragnent of 158 by in length using 1 pg of the tenplate;
| ane 13: anplification of a fragnment of 158 by in length using 100 fg of
the tenplate; and lane 14: anplification of a fragnent of 158 by in length
using 10 fg 5_of the tenplate. As shown in Figure 5 and Tabl élB,FE'Bth
denonstrated that good results were yiel degéby | ower the reaction
t enper ature depending on the Tmval ue of the prinmer when the nethod of the
present invention was carried 10 out using an AT-rich tenplate and a set of
AT-rich priners. (2) The higher-order structure of the primer may influence
the reactivbtryptoroflhe nBhbo®Crs twerr eaertetinwrit i 89. £ohedwsnodisf i ¢ahion
of the prinmer for avoiding the formation of the higher-order structure of
the primer f3rahd HGR) maki 18P t heher iseonceaptRy agegals tor t bg-ebjepti ye
tenpl ate was exam ned. Priners represented by SEQ ID NCS: 47, 48 and 64-69
were used. SpeohtisgaldlsyC @ opr i3lersdmdtidiy shducl eptigle SeguUanNce. represent ed
by SEQ ID NO: 47, prinmers 12014, 12115 and 12216 which are priners having 20
nucl eoti de sequences RepraseDiededy DREQ fPa%E@h§4_5p 860aRrd hayi pg an. o

or

i nosi ne deoxynucl eotide at the fourth, fift si xth base fromthe

3' -ter B nusplanpreABEdNaYing & 4nunireYd1demSR0UeNnce: k&P esan sd Sﬁ% b
NO: 104, and priners 12314, 12415 and@ldz | 6 whi chplgare pri rrers&)ha%}?/%g h

nucl eoti de sexgences reprasRHad b?ée§'£%i&:%k§gr 9; 89 tadﬂ'](cjlrvfatch%rl £

2005 180 having an inosine deoxynuCl eotide at the fourth, or sixth

pase f1om ! Bfp3i FLeAMDS MAIdhditedor TABHNA 2% 1, teHRLALS A PIspared T

Exanple 4 was used in this Exanple. The reaction s carried out

follows. BroRAl y£riQmehtof s N x§AH &4 COPt ajNi g@c%qt?png(!Tﬁg?aCA% ﬁ];s}%lg&ib ng

prinmers, 2 ul of 0.05% aqueous solution of propylenedia

of the DNA asgébeetienplat e sand st efy Clébldai Sghg'tzgﬁih‘é\@%gﬁ%wﬁ heghed, at  98C

for 2 mnutes, cooled to 55C, and incubate erature for 3% nute
us1 1018t hefKBkaycbgodp, (CHEATRGRCRA JHSI2000 AR £4 B Sryed IR
DUB0, 30 U a1 BT bt R RO e TR BAF L £ 2rP SRR ey e
ands s o0 Bk S o SRR 5 ™
i ncubat ed a?ég%flglﬁ§lfﬁéﬁér%}lgf Vé %858&?8@,' 5 ul each of the reaction

m xtures 20 was subje d 1.0 el ectrophoresis . 0% agarose gel. The
results are shown in Iglﬁgur%l%l.lrﬁ gﬁ%e %ﬁ?F?UMegef‘ﬁe Pesuft oPfthern

el ECti@phorkﬁ?‘éﬁc‘,{‘ﬂﬂ‘iéﬁ%’é%ﬁgs effects of chineric ol.igonucleotide

primers contal ning 1 noSi ne deoXynucl eotides 25 when E, coli RNase H and Tth

RNase H were used. Laﬂgg 2n1£81eotide sequence of the DNA fragment

inserted in pBCA3204 obtained in Referential Example 3-(1)
was  determined. Primers  RNIII-S3 and BcaRNIII-3
represented by SEQ ID NOS:14 and 15 were synthesized on the
20 basis of the determined nucleotide sequence. A PCR was
carried out in a volume of 100 pl wusing RNIII-S3 and
BcaRNIII-3 as primers and pBCA3204 as a template. TaKaRa.
Z4-Taq (Takara Shuzo) was used as a DNA polymerase for the
PCR -according to the attached protocoi. The PCR was

25 carried out as follows: 30 cycles of 98°C for 0 second,



1 1 FEB 2005 181 9 represent the results obtained using E. coli RNase H.
Lanes 10 to 17 represent the results obtained using Tth RNase H Lane 1:

mol ecul ar wei ght marker (100 by | adder); lane 2: a pair of prjpers
represented by SEQ ID NOS: 47 and 5 48, 1 ng of the tenplate;1l h&B3200% pair
of prinmers 12014 and 12314, 1 ng of the teoplate; lane 4: a pair of priners
12115 and 12475, 1 ng of the tenplate; lane 5: a pair of priners 12216 and
12516, 1 ng of the tenplate; lane 6: a pair of primers represented by SEQ

| D NOS: 47 and 48, 10 ng 10 of the tenplate; lane 7: a pair of prinmers 12014

and 12314, 56 °fg fofr tthedeml atre] 12T Bor R PaddcOIdPHr | MBF e d 234 Scenn,
12415, 10 ng of the tenplate; lane 9: a pair of priners 12216 and 12516, 1

ng of the téimel ateactana Ifixeupai rwaf RlubTRic eEPE S ept@sh bYCISEQ & B NES: 47
and 48, 1 ng of the 15 tenplate; lane 11: a pair of priners 12014 and

12314, 1 ngeaftrileivenpl atlsthdrvile 13reciigivatofonr i S 12ldarand 12415, 1
ng of the tenplate; lane 13: a pair of priners 12216 and 12516, 1 ng of the

tenpl ate; | alectdophopaisisoftPrraessetepr enant £k e SEQ EDNAG4 1 andy 48,
10 ng of the tenplate; 20 lane 15: a pair of priners 12014 and 12314, 10 ng

of thestenpltabe; dranegdb. a mad rapbupl icMBLKLLIZND apdgh4t5 . ,ak0 fgoé)%e& he
tenplate; and |lane 17: a pair of prinmers 12216 and 12%I6, 10 ng of the

tenpl ate. AssshewnIin DRAQW:® A, 1 neh et tPr (FRNH A N AR5 HNGS) Nes bel
incorporated at fourth or fifthrﬁgse from e ) PR e

a probe.

20 pg of the Bacillus caldotenax genomic DNA

prepared in Referential Example 2-(1) was coméletely

10 digested with BamHI, EcoRI, HindIII, PstI or Xbal (all from

Takara Shuzo). The half of each of the digests was then

_subjected to agarose gel electrophoresis. The DNAs were

transferred from the agarose gel to a nylon membrane using

0.4 N sodium hydroxide and fixed at 120°C for 30 minutes.

15 The membrane was pre-incubated in a sealed bag containing

30 ml of a hybridization buffer [43.4 g/L sodium chloride,

17.6 g/L sodium citrate, 1% blocking agent (Boehringer

Mannheim), 0.1% N-lauroyl sarcosine, 0.02% sodium lauryl

sulfate (SDS)] at 60°C for 4 hours and then incubated in a

20 sealed bag containing 5 ml of a hybridization buffer
containing the probe at 60°C for 16 hours.

The membrane was washed twice in 50 ml of 2 x SSC

(17.5 g/L NaCl, 8.8 g/L sodium citrate) containing 0.1% SDS

at room temperature, and twice in 50 ml of 0.5 x SSC (4.3

25 g/L sodium chloride, 1.9 g/L sodium citrate) containing



182 1 1 FEB 2005 the 3'-termini of the priners were used, increase. in the
arnplifi.cation product of interest was observed using either of E. cold
RNase Hland the heat:resistant RNase H from Ther nus t her mophi | us regardl ess
of the anount of the 5 tenplate. These results denonstrate that 1tFgs 2005
reactivity of the ICAN is inproved by incaggorating inosine at an
appropriate position. (3) Priners were exam ned for the sane purpose as
that in (2) above. Aigonucleotide primers 1S and 4S 10 havi ng nucl eoti de
sequences represented by SEQ I D NOS: 84 and 85 in which the three bases at
the 3'-terniOnd$ Wdse ad- 35'&. alPhen t him)EcoRONEchgathdess bbSut Bhish had
5' phosphot hi oate bonds in the RNA noieties, were synthesized. In addition,
ol i gonucl eofis¢é pfraenendNSN3 aincu@NANS hiayi agdl% nuehaotirder seguancess
represented by SEQ I D NOS: 70 and 71 and having ri bonucl eotides at the three

bases from ebeud' tlerkh nuisieimdhaneaspeiiene® sofcdnfal of the probe
deoxyri bonucl eotide noiety, i.e., ribonucleotides at eleventh to.

thirteenth bases fdetradtwd 3' ubehfi Nus @l 406120 Pr bEBL, WaY ni.hesj zed.
The tenplate DNA as prepared in Exanple 4 was u%ed. The reat(;eetcis%lnrgr\b/vaskEE

carri ed out (Bsehelinges. MBningfdiyn) .10 pl of a m xture containing 50 pnol each
of the prinmers, 2 ul of 0.05% aqueous solution of propylenediamne, 10 ng

of the DNA as the tenphat erandid®ngt enhle Wt erpaasghea at
m nutes using a 1 1 FEB 2005 183§t hermal cycler, ans ?Egﬁ p?%%g%l{%%a%ce

S e e ot S U
magnesi um agghabte Q1250685 ophoresis. PstI fragments of about 4.5
kb were recovered from the gel. The DNA fragments were
10 then ligated with a plasmid vector pTV119N, which had been
digested with PstI and dephosphorylated with alkaline
phosphatase (Takara Shuzo). The ligation mixture was used
to transform Escherichia coli JM109. |
A PCR was carried out in a volume. of 50 pl using
15 RNIII-S3 and BcaRNIII-3 as primers, and one of the colonies
as a template to select a colony presumably harboring an
RNase HIII gene. TaKaRa-Z Taqg (Takara Shuzo) was used for
the PCR according to the attached protocol. The PCR was
carried out as follows: 30 cycles of 98°C for 0 second,
20 55°C for 0 second and 72°C for 20 seconds. As a result, it
was found that the gene of interest was contained in the
colony No. 88.
A PCR was carried out using a plasmid prepared
from the colony No. 88 as a template, and a primer pair RN-

25 N (Takara Shuzo) and BcaRNIII-3 or a primer pair M4 (Takara



5 1.25% DVsO, 30 Uof E. coli RNase Hor 5 U of Tth RNase H and 5.5 U of
BcaBEST. DNA pol ynerase was added to the m xture to nake the final volune to
50 ~Z1 With sterile water. The reaction mxtures were incubated at 55C for
1 hour in a thermal cycler. 10 After reaction, 5 ul each of tht FEBa¥# on

m xtures was subjected to el ectrophoresi sl@f 3. 0% agarose gel. As a result,
the anplification product was clearly observed at the expected position

usi ng the conbination of prinmers 1S and 4S or 1N3N3 and 4N3N3 regardl ess of
the type 15~ of the RNase H used. These results confirmed that nodification
of a prinmer S&uzis Sdt BNALAuS3wittdh Ekphophotdhieddicer was ebkeaiHa/eefiofréhe
nmet hod of the present invention. Additionally, it was confirned that

subst i t ut i oRNg@isteh Hd I teemuec Iwecet | ahen tet 1 reed ajoproipe i @t @s20d i nt&s nal reesiti on
in addition to the 3'-termnus of a prinmer was effective for inproving the
reactivity ot wees nigurodl Oiat heher esettrei R¥eBE LI IEXPIHY evds Usen 0f i Re ONA
pol ynerase having E. coli RNase H 25 activity in the presence of a specific
metal ion idnthée plasmitf 4hlich RER 2005 greited ©f fheappesent invention
was exam ned. 10 ul of a m xture containing 120 pnol each of the chineric
ol i gonécl eoti de pri mer(Q)uskskérmbxarpbe E1)nudl abt Me aBea0B8aLI NG SHYALI ON
contai ni ng 500 mM potassiumchloride and 5 8 uM sperm dine, 1 ng of the DNA
as the tenplfabgmened contEXaiple Rzbe aid Stgdrd e water was heat-denatured
at 98C for 2 mnutes, and then rapidly cooled on ice to anneal the priners

to the tenplate. Afterhannealdlr®tide Ulsefuehdd Xtdl e ot ahm ”QfPa&%n{'M
each of dNTPs, 42.5 nM Tricine 10 potassium hydroxide buffer (pH 85), 5.0

mVl magnesi uthaeetate,indDk2h0 Bfsmid OYnBNEOsaNd Lk i\ <Rf i@?%ﬁ’%@r%al
na

pol ymerase, and nanganese chl oride (Nacal ai Tesque) at a fi

concentrati 8Rafble. 3~ (2)5wa? Qe@lerkl HEY WRIE Lk gé’é*ﬁﬁé@&%&”ﬁ%ﬁﬁbﬁﬁke

the final volune to 50 ul with sterile 15 water. he reacti on m xtures were

i ncubaped at 60C for An@@?%is'noﬁdQHkiant%r%ﬁ%&%!enﬁ%&@??&ﬂhgggﬁﬂﬂ%gégn of

manganese chloride, and a m xture to which 30 U of E co

added but mesgamese ¢hkoeikderwas nelr added Mers pygpar ols-aAfter
reaction, 3 ul each of the 20 reaction ni teurergeaqvxf/als su%]daen(?:{ee CF%CEMLS atl

el ect r ophor ggiii 00 3 D%:RGHPTR 9?&1%%%6%& S Na—rt%éﬂ%‘ghl i Qmﬁhggreaeqj&hl

Figure 7 illustrates electrophoresis I ch shows the results o
et o SETRAEE RCHMELY T, DHACROLUIRE' B e Lo e
open reading frame and the amino acid sequence of RNase
15 HIII deduced from the nucleotide sequence are shown in SEQ
ID NO:16 and SEQ ID NO:17, respectively.
(4) Construction of plasmid for expressing RNase
HIII
A PCR was carried out in a volume of 100 ul using
20 the plasmid pBCA3P88 as described in Referential Example 3-
(2) as a template, BcaRNIIINde represented by SEQ ID NO:18
designed with reference to the sequence around the above-
mentioned open reading frame for RNase HIII and M13 primer

M4 (Takara Shuzo). Pyrobest DNA polymerase (Takara Shuzo)

25 was used as a DNA polymerase for the PCR according to the



185 1 1 FE8 chloride/wth the addition of E. coli RNase H, |ane 3: w thout
the addj.tion of manganese chloride/w thout the addition of E coli RNase H
| ane 4: With the addition of 0.5 mM manganese chloride/without the addition
of E. coli 5 RNase H, lane 5: with the addition of 2.5 mM manghiesgs 25
chloride/w thout the addition of E coli RS8se H, lane 6: with the addition
of 5.0 mM nmanganese chloride/w thout the addition of E. coli RNase H and
lane 7: with the addition of 10.0 nmM nanganese chloride/w thout the
addition of E. 10 coli RNase H. As shown in Figure 7, the anplification
product of @ﬁﬁ@ﬁ@ﬁd\MﬁpﬁﬂﬁmﬁvedTherPﬁRr@a@tmmrnmedEﬁnﬁOamhfﬁhlaﬁﬁgaBese
chl oride was added at a concentration of 2.5 nMin the absence of E. coli
RNase H. 15CEramsl @18 IFhE metthciD ofe¢dredpr eSBNC foveBdi S8cvAgsexani ngdc
using a practical biological sanple. ( 1 ) Detection was carried out using

a hot wat er fext Bact nprtepar edhrf raomp i £ d UDNA of r &fhen OheFOEPHAgI £ 20 was
Escherichia coli 0-157 (ATCC accession nunber 43895y as a tenpl ate.

Ent er oheror dliggist-eBs ehierh didel coTakOrd5Ehwas ) Cuidirdh{ do vl f8diyiose
cont ai ni ng novobi ocin at 42C for 18 hours, and t hen heated at 95C for 10

M nut eS. Hogelaterextramicrodi §- to7 corsesPORa Nid O @raémeik@ 251,493, 10
25 or 105 cells were prepared by diluting the extract wt
1.4 kb from the gel. The about 1.4-kb DNA fragment was
ligated with pTV119Nd (a plasmid in which the NcoI site in
pPTV119N is converted into a Ndel site) which had been
digested with NdeI and dephosphorylated with alkaline
10 phosphatase (Takara Shuzo). The ligation mixture was used
to transform Escherichia coli JM109.
Next, a PCR was carried out in a volume of 50 ul
using one of the colonies as a template, and RN-N (Takara
Shuzo) and BcaRNIII-3 as primers in order to screen for a
15 plasmid in which the RNase HIII gene in the Ndel fragment
was linked downstream.from the lac promoter in the vector
PTV119Nd. A colony presumably harboring the RNase HIII
gene was then selected. TaKaRa~-Z Taqg (Takara Shuzo) was
used as a DNA polymerase for the PCR according to the
20 attached protocol. The PCR was carried out as follows: 30
cycles of 98°C for 0 second, 55°C for 0 second and 72°C for
20 seconds. As a fesult, it was found that the colony No.
2 contained a plasmid in which the RNase HIII gene in the

NdeI fragment was linked downstream from the lac promoter

25 in the vector pTV119Nd. This plasmid was designated as



1 1 FEB ZG-; i

of t hesehot

Exanpl e 5(1). In addition, a PCR was carried out using the sane tenpl ate

wat er - extract sof O 157under thesane conditions as those in

under the 5 conditions as described in Exanple 5(1) as a cpntﬂdlfamimﬂ
reaction, 1 ul (ICAN) or 5 ul (PCR) each éBlthe reaction mixtures was
0 el ectrophoresis on 3. Co agarose gel. The results are shown in

subj ected t

Table 4 and Figure 8. 10 Table 4 Anplification size (bp) Detection limt

186 sterilewater.Vero toxin 2 (VT2)gene wasanplifi edusi ngone

(cells) ICAN (total tinme: 70 m nutes) 135 102 173 103 PCR (25 cycles; total

ti me: about

AdNei#t-es) 135 103 PCR~(30 cycles; total tine: about 80

mnutes) 135 10z Figure 8 illustrates the results of el ectrophoresis which
'shows the detection off'Bscheterhinatbbn EI57thsi ngcléalice RGRyudmee cbain

length to be 15 anplified was 135 bp. Lane 1: nol ecul ar wei ght marker (100
by |adder); theneP¥h [Fecanmemt 109sested; irdrme 8hel @ANdmid 188 cel Hsdebape 4:
| CAN for 102 cells; lane 5: PCR of 25. cycles for 109 cells; lane 6: PCR of
25 cycl es f oethog revealed that there was no mutation due to the PCR

5

10

15

20

25

except that the initiation codon GTG was changed to ATG.

Escherichia coli JM109 transformed with the
plasmid pBCA3Nd2 is designated and indicated as Escherichia
coli JM109/pBCA3Nd2, and deposited on September 5, .2000
(date of original deposit) at International Patent Organism
Depositary, National 1Institute of Advanced 1Industrial
Science and Technoldgy, AIST Tsukuba Central &6, 1-1,
Higashi 1l-chome, Tsukuba-shi, Ibaraki-ken 305-8566, Japan
under accessién number FERM BP-7653.

(5) Preparation of purified RNase HITII
preparation

| Escherichia coli JM109 transformed with pBCA3Nd2

obtained in Referential Example 3-(4) was inoculated into 2
L of LB medium containing 100 ng/ml of ampicillin and
cultured with shaking at 37°C for 16 hours. After
cultivation, cells collected Dby centrifugation were
suspended in 39.6 ml of a sonication buffer [50 mM tris-HC1
(pH 8.0), 1 mM EDTA, 2 mM phenylmethanesulfonyl fluoride]
and sonicated. A supernatant obtained by centrifuging the
sonicated suspension at 12000 rpm for 10 minutes was heated

at 60°C for 15 minutes. It was then centrifuged at 12000



187 1 1 FEB 2005 cells; lane 7: PCR of 25 cycles for 102 cells; |lane 8: PCR
of 30 cycles for 104 cells; lane 9: PCR of 30 cycles for 103 cells; and

| ane 10:)PCR of 30 cycles for 102 cells. As shown in Table 4 and Figure 8,
it was 5 confirmed that the detection sensitivity of the detk¢tpgggget hod
of the present invention was equival ent té3€hat of the PCR and that the
nmet hod of the present invention required shorter tine for detection as
conpared with that required for the PCR 10 (2) 1~ DNA was detected using
the prinmers represented by SEQ I D NOS: 40 and 56 used in Exanples 2-and 4.
The reacti oAPRast@ar? ediputess agaliloviso Boieéty, alGudeafattani Xt UTRYS,
containing 120 pnol each of the priners, 2 ul of an annealing solution

cont ai ni ng 560 8nvlpstfassiheatEsl chiprimdetand WwauMispermédi ne, 10 fg to 1 ng
of 1~ DNA (Takara Shuzo) and sterile water was prepared. The m xture was
heat - denat ured at 98CTher Ieatierit sspeandtahenwaapistiby o ®dc ®NRESOURSE
anneal the priners to the tenplate. After annealing, 40 ul of a mxture
cont ai ni ng 20 00628 MM Aveehs lndm dFFRs;maA2. 5 BVoERicei)Neepat as Sirumehy dy, 0xi de
buffer (pH 8.5), 5.0 mM nmagnesi um acetate, 0.0125% BSA, 1.250 DVSO, 30 U of
E. col ® RNaBaflfeandAll [B0of rBcaBESE-HA polpHreras® was] adaed terihe ghxture
to make the final volune to 50 ul with sterile water. The reactionh m xtures

25 wer e i ncobabedtagra@Gebor dsirapr . FALEeEr s g@ghioqﬁﬁ%ﬂghamj.gﬁﬁ ﬁé@baOf
the reaction m xtures el ectrophoresis on 3.0% agarose gel. in Ta fe . 5

Table 5 1 1BEBBe2Bp5 wassubj egbedlty TReasesURsr ara csemnATBLLH cation
size (bp) Detection limt
RESOURSE Q column.
45 ml of the flow-through RNase HIII fraction was
10 dialyzed against 2 L of Buffer B [50 mM tris-HC1 (pH 7.0),
1 mM EDTA] for 2 hours. The dialysis was repeated for two
more times under the same conditions. 55.8 ml of the
dialyzed enzyme solution was subjected to RESOURSE S column
(Amersham Pharmacia Biotech) equilibrated with Buffer B and
15 eluted with a linear gradient of 0 to 500 mM NaCl using
FPLC system. A fraction containing RNase HIII eluted with
about 105 mM NaCl was obtained.
Buffer B containing 1 M NaCl was added to 7.0 ml
of the fraction to make the NaCl concentration to 150 mM.
20 The mixture was subjected to HiTrap-heparin column
(Amersham Pharmacia Biotech) equilibrated with Buffer B
containing 150 mM NaCl. As a result, RNase HIII flowed
through the HiTrap-heparin column.

7.5 ml of the flow-through RNase HIII fraction

25 was concentrated by wultrafiltration using Centricon-10



125 1 pg As shown in Table 5, it was confirnmed that the nethod of the
present .jnvention was effective in detecting A DNA. 10 (3) Detection was
carried but using a genonmic DNA from a bacteriun1FIavobactequgg§p SA- 0082
as a tenplate and the priners represented by SEQ I D NCS: 61 and @g%d in
Exanpl e 6(1). The genom c DNA as a tenpl até&3was prepared according to a
conventional nmethod fromthe bacteriumof 15 genus Fl avobacterium cul tured
as described in WO 97/32010. The reaction was carried out as foll ows.
Briefly, 10 pl of a mixture containing 120 pnol each of the priners, 2 ul
of an anneal(Prgcsalut i onl 2ontial niofg 588 ndbposessiatid) GO isddand By UM
spermdine, 10 fg to 1 ng of the genom c DNA and 20 sterile water was
prepared. THepeindear e 28@s beat - edatarednat cO8Gmhor (BmBirBHERS, pAREmLRER
rapidly cooled on ice to anneal the prinmers to the tenplate. After
anneal i ng, 2Qotlecd) a equdlilersoedai ping 50 -mirEBt29Q54E89 0§25 AMpeach
of dNTPs, 42.5 nmM Tri ci ne-pot assi um hydroxi de buffer (pH 8.5), 5.0 nM

nmagnesi um acenabenitg) N2EVrBEATad] 2586 DYSD, md0 rPTof é%d‘%ﬂé}é@béf ) @ﬁg 11
U of BcaBEST DNA pol ynerase was added to the m xture to nmake the ?lna 5

vol ume5t o 58atk vibhbhreteril Bswal eresthe ,r eRGLLON HH pd ULES Wel grifcuhat gd at
52C for 1 hour. After reaction, 3 ul each of the reaction m xtures was

subj ect ed t posliedbhophaysd SoHU B d% agar @se gel ecdher r esilitgirar 6, shoyn in
Table 6 and Figure 9. 10 Table 6 A%p|ification size (bp) b ol T o1

100 fg Fi gukel8dhlkostratesishponesulbs ofe §)1RCt EQPPOLESHSs WL Ehovst he
detection of a bacterium of
the RNase HIII in the monomeric form.
The thus eluted RNase HIII was used as Bca RNase
10 HIII preparation.
The enzymatic activity of the thus obtained Bca
RNase HIII preparation was measured as follows.
100 pl of a reaction mixture [20 mM HEPES-
potassium hydroxide (pH 7.8), 0.01% bovine serum albumin
15 (Takara Shuzo), 1% dimethyl sulfoxide, 4 mM magnesium
acetate, 20 pg/ml poly(dT) (Amersham Pharmacia Biotech), 30
ug/ml poly(rA) (Amersham Pharmacia Biotech)] which had been
incubated at 40°C was added to 1 ul of the Bca RNase HIII
preparation. The mixture was reacted at 40°C for 10
20 minutes. The reaction was terminated by adding 10 ul of
0.5 M EDTA (pH 8.0). Absorbance at 260 nm was then
measured. As a result, an RNase H activity was observed
for the Bca RNase HIII preparation.
Referential Example 4: Cloning of Pyrococcus

25 furiosus RNase HII gene



15 genus Fl avobacterium Lane |: nblecul ar weight marker (100 by | adder);
lane 2; 4 ng of the tenplate; lane 3: 10 pg of the tenplate; lane 4. 1 pg
of the ténplate; lane 5: 100 fg of the tenplate; and lane 6: 10 fg of the
tenplate. As shown in Table 6 and Figure 9, it was 20 confi r el REBa200% he
nmet hod of the present invention was effectli3de i n detecting a bacterium
Exanple 9 A nethod for detecting a target nucleic acid in 190 1 1 FEB
2005 ‘which the anplification met hod of the present invention and a

hybri di zati on met hod were conbi ned was exami ned. Enterohenorrhagic
Escherichia coli 0-157(MasPgebectédoas aft aregeimicThENDNA msn t be rbesplatse
was prepared as described 5 in Exanple 8(1). A region of about 100 by
havi ng a GC fdunitasus of about 40% was sel ected as a fragment to be
anplified. Primers VT2-1F20 and VT2-1R20-2 havi ng nucl eoti de sequences
represented by SEQ | DNGS: ®f and m&divem e cosed iad npr | I'Br Stryweagbiigaonas
carried out as 10 follows. Briefly, 10 ul of a m xture containing 50 pnol

each of the Iptiorerto\ES), F2D, Bdyydat | B2@ractan mimesl Lagosototi68) , 13
cont ai ni ng propyl enedi am ne at a final concentration of 0.01k one of t he

hot water - extalattle cetaeshondiagaleil tesdQd) celd ssandsifide wat apwas 15
prepared. The m xture was heat-denatured at 98C for 2 mnutes, cooled to

55C and i ncultated: iafe t hebbeaReEgy yr eof 98 Lramamige i s Thegmly Oy§ fﬁérlne
Personal (Takara Shuzo), and then placed on ice for anneal ing. Aft

I . alark | t 20 Q t ro
bUrfor (BH 7 8) 00 S notaeel ege0d, oA} s " %(?L%”%&Qg% 8,

nagnesi um agebaa.s Hsel ercho®fs ANIRS, 39ulb of oEqopal SR
of BcaBEST DNA pol yner ase was added to %he nf xt ur é tgqrrak ¢ f1nal p?;ol une

ervel! ool SR, T RGO, TLX 0190 ERntelg] 2081 o

10 | Na,MoO, * 2H,0 and 0.25 ppm NiCl, * 6H,0 was placed in a 2-L

medium bottle, sterilized at 120°C for 20 minutes, bubbled

with nitrogen gas to remove dissolved oxygen, then

Pyrococcus furiosus (purchased from Deutsche Sammlung von

Mikroorganismen; DSM3638) was inoculated into the medium

15 and cultured at 95°C for 16 hours without shaking. After
cultivation, cells were collected by centrifugation.

The resulting cells were then suspended in 4 ml

of 25% sucrose, 50 mM tris-HCl (pH 8.0). 0.4 ml of 10

mg/ml lysozyme chloride (Nacalai Tesque) in water was added

20 thereto. The mixture was reacted at 20°C for 1 hour.

After reaction, 24 ml of a mixture containing 150 mM NacCl,

1 mM EDTA and 20 mM tris-HCl (pH 8.0), 0.2 ml of 20 mg/ml

proteinase K (Takara Shuzo) and 2 ml of 10% aqueous

solution of sodium lauryl sulfate were added to the

25 reaction mixture. The mixture was incubated at 37°C for 1



1 1 FEB 2005 _. 191 at 55C and incubated at the tenperature for 60 m nutes.
As a CF- rol, a PCR was carried out using 0-157 Typing Set (Takara Shuzo)
accord RE to the manual using Thermal Cycler Personal. The PCR was carried
out as follows; 35 cycles 5 of 94C for 1 minute, 55C for 1 nilnufé&Balsgs 72C
for 1 mnute. This reaction required aboutl3s m nutes per cycle and a total
time of about 145 m nutes. The expected size of the anplification product
was 404 bp. After reaction, 3 ul each of the reaction m xtures was
subjected to 10 el ectrophoresis on 30 NuSieve 3:1 agarose. The results are
shown in Fi dune .28 AftRgures ABifoshowise thextesal vasokubleeteapher paksofior
the detection of enterohenorrhagi c Escherichia coli 0157 vero toxin Il gene

using the | @Nlagrofichan RER raantoMl folbbeed! aty wairghio Mapkesif 5022000 bB)
15 lane M2: nol ecul ar wei ght marker (100 by | adder); |ane N negative

control; | apereparteheaieanpllatrey cof regspanitt noNAO 1 cell; lane 2: the tenplate
corresponding to 10 cells; lane 3. the tenplate corresponding to 102 cells;

lane 4: the tenplate c@)reSpondingt RNHSe cett sgesad |ane 5: the 20
tenpl ate corresponding to 10' cells. Furthernore, results of conparison

betweed the anplificatilen | evelseaccgapbhsbed gquém&x;CAufandP%QgcggEhgor
cell or 10 cells are shown in Table 7. ~| . 1 FEB 2005 192 Tabl e

Nurmber of Ehoadlkdosbriib7wee! i) dsHdl | CANA- R‘eé‘é‘é‘r&@R 5:55t5d10(1998) 7.
anplification; + to +++ indicate the degree of anplification in t ree

grades. 5 Aghshewl stRridWre ZRA Kk T@rt&&dmgt@%é&ﬁ@ié&ﬁ&a&foﬁN%QdH’fEs of

interest were obtained for the reaction systens using a wat er - extract
correspondi n@HU@sb)Cceld BBEOIENEhd 0 DOt Rbhe d@Eﬂftth NeELROd Qi thEme
was

present invention and the P Dot bl ot hybridization
page of National Instltute of Technology and Evaluation:
10 http://www.nite.go.ip/)
Homology between the PH1650 gene and the
partially published genomic sequence of Pyrococcus furiosus
(the home page of University.of Utah, Utah Genome Center:
http://www.genome.utah.edu/sequence.html) was searched. As
15 a result, a highly homologogs sequence was found. Primers
1650Nde (SEQ ID NO:20) and 1650Bam (SEQ 1ID NO:21)  were
synthesized on the basis of the homologous sequence;
A PCR was carried out in a volume of 100 pl using
200 ng of the Pyrococcus furiosus genomic DNA obtained in
20 Referential Example 4-(1) as a template, and 20 pmol of
1650Nde and 20 pmol of 1650Bam as primers. TaKaRa Ex Tag
(Takara Shuzo) was used as a DNA polymerase for the PCR
according to the attached protocol. The PCR was carried

out as follows: 30 cycles of 94°C for 30 seconds, 55°C for

25 30 seconds and 72°C for 1 minute. An amplified DNA



10 further carried out for the anplification product obtained according to
the I CAN using an ol igonucl eotide VT2 having a nucl eoti de sequence
represenied by SEQ ID NO: 73 | abeled with biotin at the 5 -term nus as a
probe. Hybridization was carried out under as follows. Briefly1 AEBIbgef a
15 reaction m xture was denatured at 98C fi®e 5 m nutes, rapidly cool ed on
ice, and spotted onto Hybond- NTM (Amersham Pharmaci a Bi otech). After
exposure to UV, the nmenbrane was placed in a hybridization bag. 10 nl of a
hybri di zati on sol ution containing 0.5 M disodi um 20 hydrogenphosphate (pH

7.2), 1 nM Smmpmemddi afii aboetr dadethls was 183gdsteBEQ12Q0N At daaR0R2%nT
sodium |l auryl sulfate was added thereto. Prehybridization was then carried

out at 42C f(bot30 fromut Bskatd Whuwefo)t.he BBEUtie@n18f nshe AT 2¢ P %}g&?@n@t wis
concentration of 100 ng/)al was heat-denatured and added to t pre vy

hybri di zat i dmsegdeid obesystamt i t Rechybsi € zakhionc gt 42GH0r Fﬂﬁgﬂge '-nryt gs,
t he menbrane was washed twice in a solution. containing 66.6

chloride, 661@&smildsegiotiorCidiEsL awv{yd0) s&dwméayr iaglld% ?F@% oom
tenperature for 5 mnutes, incubated in 6 m of a was I ng 3 M 10

sodi umschl ori de,. 17. 3301\4 D’éﬁ@ﬁhﬂﬁ&bygﬁog,@nmpép@@tg e
EDTA, Ol o sodi um | auryl sulfate) to which of Jgdg /h)ggﬁl%g??er%fgl gwl‘

per oxi dase £ragpeoaVicdint aGanjnddaing (PIHERCHe M@S added at 42C for 12
m nutes, and then washed twice in the washing buffer at roomterrperature

15 The nenmbrane was t rer washadd it fe

at room tenperature and reacted |t2dzjieomrgxetcﬁl}{eerpco(—%:L I\éLE {l?é % ff%‘g

buffer, 5 ulinetrB8@dhydregp® rRENOXidiR AN %%Fﬂ ea}?éﬂi“ ol ?E‘@ég‘
a

tetrarret hyl benzi di ne (TMB, Nacal ai Tesque) in e
about 10 mnuzseaetéﬁﬁheaola%o%\i%ﬁ%@!}i toﬂeeo;!jgxgeéi Y has te”“ nated w th

dei oni zed water. The results are shown |n I gur h(ﬁigure 28B shows t he

resultg of dot blot hyhehdiszati fl fq[ d@%@&%ﬂqggdb ggﬁéfg ver%%gﬁq%gﬁqlals

from ent erohenorrhagi ¢ EsCheri c la co
were consi si&pbaNelhthBO%%istlerice X an open reading frame presumably

encoding RNase HII. The nucleotide sequence of the open
reading frame is shown in SEQ ID NO:22. The amino acid
sequence of RNase HII deduced from the nucleotide sequence
15 is shown in SEQ ID NO:23.
Escherichia coli JM109 transformed with the
plasmid pPFU220 is designated and indicated as Escherichia
coli JM109/pPFU220, and deposited on September 5, 2000
(date of original deposit) at International Patent Organism
20 Depositary, National 1Institute of Advanced Industrial
Science and Technology, AIST Tsukuba Central 6, 1-1,
Higashi l~chome, Tsukuba-shi, Ibaraki 305-8566, Japan under
accession number FERM BP-7654,
(4) Preparatién of purified RNase HII preparation

25 Escherichia coli HMS174 (DE3) (Novagen) was



1 1F E B 2005 obtained for the above-nentioned el ectrophoresis. Thus, the
detection sensitivity of the nethod of the present invention was equival ent
to that bf the PCR The total tine required for the anplification reaction
using the 1CAN 5 of the present invention was 1/2 or shorter h3 KEBvpsed
with that required for the PCR Thus, thelBTAN of the present invention was
confirnmed to be effective as a nethod for detecting a pathogen and the
| i ke. Exanple 10 10 (1) Conbi nation of a reverse transcription reaction and
the met hod of the preset invention was exam ned using an RNA from cul tured
cells as a témpisficemeTheirtda@HBR Ao inet DutRase foht DoE. ERshelby4-
RAW264. 7 cells (ATCC TIB 71) were suspended in Dul becco's nodified 15
Eagl e''s nedi(@h-( Bithahiesakeing 12s6B4E) chaat aioliingiMOY £ el ) crb FHS L HY
(G bco) at a concentration of 1.5 x 105 cells/m. 5 m of the suspension
was added t @PEHEROwelds dhcaBateld iMtey & il &5f [lRtnee @NEh tE6n P4 8 En¥as00
i ncubated at 37 C overnight in the presence of 5 0-COz. 50 ul of a 100 20
ug/ m sol ut bgrimdf dfi popol yshtthaehde (IRSred gmedh | Sh¥RigE ard POl £9f a
1000 Wul solution of interferon-Y (IFNY, Genzynme Techne) in water were
added 6o thééwelhoufihe pl atRfves i nédbeiestion, addidianal c41haursy An,RNA
was then prepared fromthe cells using RNeasy Mni Kit (Q agen) 25
accor di ng t oehheiifoghrien onsrat bagpeddka tihe kito A8 aor sl 1o FER,2005
195 negative control, a group to which LPS or IFN-Y was not added was
provi ded. AbcBR&rwaqsor epM et Bysimeubathimg §0oyl of a i xtyme conyaini,ng 3
pg of the thus prepared RNA, 10 M 5 tris-hydrochloride buffer ’'(p 8.@#, 50
MM KCL, 5 nivhdhClmethanMseagbngfl dNERS, 132 jprol, f r%rgjrgrgﬁtgégars pringr,

0

60 U of ribonucl ease inhibitor (Takara Shuzo) and 15 ever'se

Transcri pt asepXknaAbMr ( TakeranShuzop 2629@%t§£f§?§% or 40, m nuytes. f2¢ for

1 hour and then 99C for 5 10 mnutes Tor inactiva the enzyne using a

t her mab cycbeépéﬁgmeﬁwﬁtP@@db@t§ﬁh9§99’1%P%Hﬂﬂ%é%éi%%;ﬁ%%ﬁegggﬁgéﬁ°C

havi ng nucl eoti de sequences represented by SEQ I D

synt hesi zedrfbased \ucl ept | e : use
i %duci bl e NO 15 syﬁ{lﬁg}%% NC%? !fq%esne%%%ﬁk%e?cgslsfldﬁe%?@N&/?mggfﬂm %ra

control, prigefsntieesPEdiePresent edehy FEQIRNR MG andpfi vers al so
synt hesi zed. !
of a heated supernatant was obtained.
The heated supernatant was subjected to RESOURSE
15 Q column (Amersham Pharmacia Biotech) equilibrated with
Buffer A [50 mM tris-HC1l (pH 8.0), 1 mM EDTA] and
chromatographed wusing FPLC system (Amersham Pharmacia
Biotech). As a result, RNase HII flowed through the
RESOURSE Q column.
20 60.0 ml of the flow-through RNase HII fraction
was subjected to RESOURSE S column (Amersham Pharmacia
Biotech) equilibrated with Buffer A and eluted with a
linear gradient of 0 to 500 mM NaCl using FPLC system. A

fraction containing RNase HIT eluted with about 150 mM NaCl

25 was obtained. 2.0 ml of the RNase HII fraction was



10 ~Z1 of a m xture containing 50 pnol each of the prinmers, 2 ul of an
aqueous sol ution of propyl enediam ne at 20 a concentration of 0.050, 1 ul
of the ¢ as a tenplate (corresponding to 50 ng of the RNA) and sterile
wat er was prepared. The m xture was heat-denatured at 98C fqrq ?Egi%q%t es,
cooled to 55C and incubated at the tenperdB8re for 1 minute in a thernal
cycler to anneal the prinmers to 25 the tenpl ate. 1 1 FEB 2005 196 After
anneal ing, 40 ul of a mixture containing 0.625 nM each of dNTPs, 42.5 nM
Trici ne-potassi um hydroxi de buffer (pH 8.5), 5.0 nmM nagnesi um acet at e,

0. 0125% BSACORCEERINGA bns Wl tofafE 1 tod {1 RNasei i abend2itbef 1 BcaBaSEoPNA 5
pol ynerase was added to the m xture to nmake the final volune to 50 ~1 with
sterile wat @60 THe afeddtd ronmertiurase weae swciweated o' sBBErdex dobogeiin a
thermal cycler. The reacted sanples were stored by freezing at -20C until
anal ysi s. THé1RCRtdora codnimo| (Angsr ciedm | Bith etiic 86 B0btows) dQuBLigthyed50
ul of a reaction m xture containing 50 pnol each of the prinmers, 1 ul of

the cDNA (c@itbspOnding rtic-B5TIng o &1 RWYta S hg of 0d Ot ¥ Tagnhupf er
(Takara Shuzo), |.25 U of TaKaRa Ex Taq DNA pol ynmerase (Takara Shuzo) and

0.2 mvBeachmiyf RINTPs awals ekbacé@dwitha ther mimeCyshefer The A5 Rrogramyas as
follows: 1 cycle of 94C for 2 minutes: 30 cycles of 94C for 30 seconds! 55C

for 30 secoRssendi72Cway 3Quseednds; anthds VR @horidG dRlaihdn RYt es-
The reacted sanples were stored by freezing at -20C until "analysis. After

reaction, Smoleeathrofwdithtr e€t 10N KAQ JHXIHHES Wa : SURAG e
el ectrophoresis on 3.0% agarose gel. The results ari.aL shown Qﬁ%ﬂt‘fgﬁ?%agqg.

Figure 10 itbustepbasst he reswl b ofhLl@Gidonhor esi i S, t
conpari son between the RTICAN (A). and t he RT-PCR (%{B)St arﬁiho%{{é)yrr%f e%c]cg Bt

wei ght 25 marker (100 I rai enRks Aegatd o | _aqr . and
19;91 1 “PEB 2005 ( Thy ladderdiut &9erRash gl W & HE£8 a8 By ﬁNasé

10 HII preparation.
The eﬁzymatic activity of the thus obtained Pfu
RNase HII pPreparation was measured as described in
Referential Example 3-(5). As a result, an RNase H
activity was observed for the Pfu RNase HII preparation.
15 Referential Example 5: Cloning of Thermotoga
maritima RNase HII gene
(1) Preparation of genomic DNA from Thermotoga
maritima
2 L of a medium containing 1% Tryptone, 0.5%
20 yeast extract, 1% soluble starch, 3.5% Jamarine S Solid,
0.5% Jamarine S Licuid, 0.003% MgSO,, 0.001% NaCl, 0.0001%
FeSO, * 7H,0, 0.0001% CoSO,, 0.0001% CaCl,* 7H,0, 0.0001% ZnS0,,
0.1 ppm CuSO, * 5H.0, 0.1 ppm KAl (8O,),, 0.1 ppm H,BO,, 0.1
ppm N.'azMoO‘1 * 2H,0 and 0.25 ppm NiCl, * 6H,0 was placed in a 2-

25 L medium bottle, sterilized at 120°C for 20 minutes,



| ane 3: a group treated with LPS and IFN-Y. As shown in Figure 10, the
anplification products were observed for both of the nethod of the present
inventioh and the PCR only when the cDNA prepared from5 cells treated with
LPS and I FN-y was used as a tenplate. Thus, it was confi r med! dhEEB 2805nce
the nethod of the present invention requilé® a shorter period of time for
reaction as conpared with the PCR, the nethod of the present invention was
more effective as a DNA anplification 10 method after reverse
transcriptiQn. Exanple 11 E. coli RNase H of which the optimal tenperature
is 37C may B¥EGMeed ridkth vatedodeni ogsarpl ifdreatd ofi s esbtédnoRigéhe phesent
dinvention. Then, the effect of 15 addition of E. coli RNase Hto the
reaction m xHFEfRIngne et tmpl | (iucathiaered efcon oDewas cexani edluf) von
anplified fragnent (1071 bp) obtained by a PCR using priners GO PCRF and

GVO- PCR- R r ¢Brkesemaan imnesEQ LBANOSZEBLRndtiE9ehr orambigenomss 3R jext pagt ed
fromreconbi nant soybeans into which 20 caulifl ower nobsaic virus 35S

pronot er andrERSRStgeheihad bgen medieduceddwas usebds a2 t@eREate ,DNA: I n
addition, prinmers GO S1, S2, Al and A2 havi ng nucl eoti de sequences

r epr esént ed Hop rSE@ It NGS B HimB3 were used. The reaction was carried out
as follows. Briefly, 10 ul of a m xture 25 containing 50 pnol each of the

primers, propylenedi atield satcqglledtdd AP 20A%r188gathbRals cancaiy rati ge of
0.01o, 1 pg to 10 ng of the DNA as the tenplate and sterile water was

prepared. Thaencxtline evae reeath<denaidyatiad 98G for 2 r‘i‘ﬁ‘%@ﬁfé‘%d £80jd to
55C for annealing. 5 After annealing, at final concentrations, Ob uM each

of dNTPs, 34rad-RClci (eHpat.@ssi um hwdr exirde buf fie5o (pid 8,4) 704 0
magnesi um acetate, 0.01% BSA, 1% DVSO, 30 U of E. coPi RNaseOH a%(g%?gsu of
nme
{L 55

BcaBEST DNAspaLytenases wesei @ddedurg1t e maddir ey o, ke £ihn 0
to 50 ul with 10 sterile water. Thegreacti on n‘ig}t]uraéggaer'rtgg%ﬁg&ba ned a

Covei Proral 525 0, PRI peRberaad B el A HER LAY
was incubat eHe2btd3C f Ohe 3GhiRUHLSwa AS i{LHYLTRY o8 AT | PO, WaS I?Oa'lli{‘l ed
After reaction, 0.5 ml of 5 M NaCl was added to the mixture.
After. thoroughly mixing, O..4 ml of a CTAB-NaCl solution |
[10% cetyltrimethylammonium bromide (Nacalai Tesque), 0.7 M
15 NaCl] was added to the mixture. After thoroughly mixing,
the mixture was incubated at 65°C for 10 minutes. 1.5 ml
of a mixture of chloroform/isoamyl alcohol (24:1, v/v) was
added thereto. The mixture was gently mixed for 10 minutes
and centrifuged at 20000 x g for 5 minutes. After
20 centrifugation, an equal volume of a mixture of phenol
saturated with 100 mM tris-HCl (pH 8.0) /chloroform/isocamyl
alcohol (25:.24:1, v/v) was added to the resulting
supernatant. The mixture was gently mixed for 10 minutes

‘and then centrifuged at 20000 x g for 5 minutes. After

25 centrifugation, a 0.6 volume of 2-propanol was added to the



15 out by incubating the m xture at 55C for 55 m nutes. After reaction, 3
ul each.of the reaction m xtures was subjected to el ectrophoresis on 30
agarose.)As aresult, it was confirned that the anplification efficiency
was i nproved by the .addition of E. coli RNase H during the is %@aﬁ#‘] on
regardl ess of the concentration of the terpgllate DNA for eith

conbi nations of the priners, S1/Al, S1/A2, S2/ Al and S2/ A2. Exanple 12 The
conbi nation of a nmethod for anplifying or 25 duplicating a nucleic acid to
be used as a tenplate in the 7 1 FEB 2005 199 present invention and the
met hod of tHAIAKIERGRANY nvEMe qrevasp ekabe nedtaThedr bactenbrieageal bhedout
as follows. Briefly, in vitro transcription was carried out using a plasmd
cont ai ni ng & 0hr ysant fienurh vini niitlegeneasaswispeapariach i noExamle.5( 3k n
whi ch was duplicated in Escherichia coli as a tenplate and T7 RNA

pol ymer ase (WRdlear,a Shuzdyied ahidi mhanf ragssolvedplincaed fyiomyan fENALLA
cDNA was synt hesi zed using prinmers having nucl eoti de sequences represented
by SEQ | D NOBtEZArard dsthcamich A < stytndhesi s kit (Takara Shuzo). An
anplification reaction was carried out as described in Exanple 5(3) using
the cDSA fragment or t(% dupriicnj esf Riaesse HBES gehgnpl ate. As a result, it
was confirmed that both a nucleic acid duplicated in a formof a plasmd
and a nucleic acid i nGdibprfyisdices DNAs dppl | oaked f r gsak RN, sy pg_an
RNA pol ynmerase can be used as tenplates for the 'method of t he pr esent

i nvention. ERamplpres®r(tidd Jypt BEei SN i fEr+2026) i U%ﬁﬁl i AL4 MBS
NS1 and NS2 represented by SEQ I D NCS: 86 and 87 were gjy%nt eS|Hze é(;éndgﬁlé

et e (1 ST o S eneen 1, Mo BROSE R IAAY e
using PCR pbeducti@nt£fPeé@t &@s an RNase HII gene in the nucleotide
10 sequence of the genomic DNA of Thermotoga maritima
(http://www.tigr.org/tdb/CMR/btm/htmls/SplashPage.html) in
prder to obtain an amplified DNA fragment containing an
RNase H gene by carrying out a PCR using the Thermotoga

maritima genomic DNA as a template.
15 PCRs were <carried out wusing the Thermotoga
maritima genomic DNA as prepared in Referential Example 5-
(1) as a template, and 915-F1 and 915-R1, 915-F1 and 915-R2,
915-F2 and 915-R1l, or 915-F2 and 915-R2 as a primer pair.
- TaKaRa Ex Tag was used as a DNA polymerase for the PCRs
20 according to the attached protocol. The PCRs were carried
out as follows: 25 cycles of 95°C for 0.5 minute, 55°C for
0.5 minute and 72°C for 1.5 minute. After reactions, the
respective PCR products were subjected to agarose gel
electrophoresis to extract and purify émplified DNA

25 fragments of about 0.7 kb. The DNAs amplified using a



200 1 1 FEB .2005 10 ul of a m xture containing 50 pnol each of the
synthetiic ol i gonucl eotide prinmers, 2 ul of a 0.05% aqueous sol ution of
propyl er)edl amne and 10 fg to 10 pg of the tenplate was heated at 98C for 2
m nutes and then 60C for 5 2 minutes using a thermal cycler ? deRBRRM5PCR
System 9600, Applied Biosystens) to anneal4ihe priners to the tenplate.

i NOS cDNA (741 bp) anplified using prinmers NS-PCRL and NSPCR2 represented
by SEQ I'D NOS: 132 and 133, which was then purified using Suprec02 (Takara
Shuzo), was used as the 10 tenplate. 40 ul of a reaction mxture containing
0. 625 MV eaBRiBerdNpEsT 46 SmfilHERES- P65 uor hpdiSexldeahaf foars-FeH @e8},

125 mM pot assi um acetate, 5.0 nM nagnesi um acetate, 0.0125% BSA, 1.25%
DVBO, 0. 01561g§S68dPHG tRNES @ Tincril 6%dl ofo Bra BESTn [N ped YIREASE $A8
added to the heated 15 solution. The m xtures were at incubated at 60C for
1 hour in altpatedl wiydl @UCH® uligastedf wibh HeadUIEN aMdXNHES WeSH@nakyzed
by el ectrophoresis on 3.0% agarose gel. The results are shown in Figure 11.
Figure 11 rBphesdigase he rEsaul tdgativhe hGANits| nasPlusdNase Hriaoeo2Q 1
nol ecul ar wei ght marker ( 100 bp) ~ lane 2 : 10 fg. of the tenplates |ane
3: 1005fg oEstheriehphatceilil amelds. 1 mheof rébeltenpl atensaRdn-2n 5we£LQ Pg
of the tenplate. As shown in Figure 11, the anplification product of
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é%géozgg_dg—#%%f%cgg 10%@%%}0§(Yeﬁeléu5ﬁ?nded in 1 ml of TE

buffer and sonicated. The sonicated suspension was heated
at 80°C for 10 minute. A  supernatant obtained by
centrifugation was used as a crude cell extract.
20 Absorbance was measured using the crude cell extract as
described in Referential Example 2-(5). As a result, when
reactions were carried out in the presence of MnCl,, the
absorbance at 260 nm from each of the reactions in which
crude cell extracts prepared from Escherichia coli JM109

25 harboring the plasmid No. 3, 5, 6 or 7 were used was
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| * $940%H8 Cleardsd 0ugsHer thantd@¥R' (Drdm LA 08EERI6M- in which a crude
extract prepared from Escherichia coli JM109 harboring
pUC1l9 was used. Thus, it was demonstrated that the
plésmids No. 3, 5, 6 and 7 contained RNase H genes and that
5 Escherichia coli harboring one of these plasmids expressed
an RNase H activity.

The partial nucleotide sequences of the DNA
fragments inserted into the plasmids which were
demonstrated to express RNase activities in Escherichia

10 coli were determined. Analysis of the determined
nucleotide sequences revealed an open reading frame
presumably encoding RNase HII. The n.ucleotid'e sequence of
the open reading frame is shown in SEQ ID NO:143. The
amino acid sequence of RNése HIT deduced from the

15 nucleotide se.quence is shown in SEQ ID NO:144. Then, it
was found that one base substitution that was presumably
generated upon the PCR was observed in a portion of the
nucleotide sequence of the DNA fragment inserted in the.
plasmid No. 7, resulting in the change in the encoded amino

20 acid residue.

(4) Preparation of purified RNase HII preparation

Escherichia coli JM109 was transformed with pTM-
RNH obtained in Referential Example 5-(2). The resulting

Escherichia coli JM109 harboring pTM-RNH was inoculated

25 into 1 L of LB medium containing 100 ng/ml of ampicillin
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suspended in 31.0 ml of a sonication buffer [50 mM tris-HC1
(pH 8.0), 2 mM 2-mercaptoethanol, 10% glycerol, 2 mM
5 phenylmethanesulfonyl fluoride] and’ sonicated. A
supernatant obtained by centrifuging the sonicated

suspension at 12000 rpm for 10 minutes was heated at 70°C

for 15 minutes. It was then centrifuged at 12000 rpm for
10 minutes again to collect a supernatant. Thus, 32.0 ml
10 of a heated supernatant was obtained.

The heated supernatant was subjected to RESOURSE

Q column (Amersham Pharmacia Biotech) equilibrated with
Buffer C [50 mM tris-HCl (pH 8.0), 2 mM 2-mercaptoethanol,

10% glycerol] and chromatographed using FPLC system

15 (Amersham Pharmacia Biotech). As a result, RNase HII
flowed through the RESOURSE Q column. 32.5 ml of the flow-
through RNase HII fraction was subjected to RESOURSE S
column (Amersham Pharmacia Biotech). equilibrated with
Buffer C and eluted with a linear gradient of 0 to 500 mM

20 NaCl using FPLC system. A fraction containing RNase II
| eluted with about 240 mM NaCl was obtained. 2.0 ml of the
RNase II fraction was subjected to PD-10 column (Amersham
'Pharmacia Biotech) equilibrated with Buffer C containing 50

mM NaCl. 3.5 ml of the resulting eluate was subjected to

25 HiTrap-heparin column (Amersham Pharmacia Biotech)
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5 HII was used as Tma RNase HII preparation.
The enzymatic activity of the thus obtained Tma
RNase HII preparation was measured as described in
Referential Example 2-(6). As a result, an RNase H
activity was observed for the Tma RNase HITI preparation.
10 Referential Example 6: Cloning of RNase HII gene
from Pyrococcus horikoshii |
(1) Preparation of genomic DNA from Pyrococcus
horikoshii
2 L of a medium containing 1% Tryptone (Difco
15 Laboratories), 0.5% yeast extract (Difco Laboratories), 1%
soluble starch (Nacalai Tesque), 3.5% Jamarine S Solid
(Jamarine Laboratory), 0.5% Jamarine S Liquid (Jamarine
Laboratory), 0.003% MgSoO,, 0.001% NaCl, 0.0001% FeSO4; 7H,0,
0.0001% CosO,, 0.0001% cCaCl, * 7H,0, 0.0001% Znso,, 0.1 ppm
20 CusSO, * 5H,0, 0.1 ppm KAl(SO,),, 0.1 ppm H;BO,, 0.1 ppm
Na;MoO, * 2H,0 and 0.25 ppm NiCl, * 6H,0 was placed in a 2-L
‘medium bottle, sterilized at 120°C for 20 minutes, bubbled
with nitrogen gas to remove dissolved oxygen, then
PYroéoccus horikoshii OT3 (purchased from the Institute of

25 Physical and Chemical Research (RIKEN); JCM9974) was
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&10%& ()-/!&P@culated into the medium and cultured at 95°C for 16
hours without shaking. After cultivation, cells were
collected by centrifugation.
The cells were then suspended in 4 mi of 25%
5 sucrose, 50 mM tris-HCl (pH 8.0). 0.4 ml of 10 mg/ml
lysozyme chloride (Nacalai Tesgue) in water was added
thereto. The mixture was reacted at 20°C for 1 hour.
After reaction, 24 ml of a mixture Containing 150 mM NacCl,
1 mM EDTA and 20 mM tris-HCl (pH 8.0), 0.2 ml of 20 mg/ml
10 proteinase K (Takara Shuzo) and 2 ml of 10% agueous
solution of sodium lauryl sulfate were added to the
reaction mixture. The mixture was incubated at 37°C for 1
hnur.
After reaction, the mixture was subjected to
15 phenol-chloroform extraction followed by ethanol
precipitation to prepare about 1 mg of genomic DNA.
(2) Cloning of RNase HII gene
The entire .genomic sequence of the Pyrococcus
horikoshii has been published [DNA Research, 5:55-76
20 (1998)]. The existence of one gene encoding a homologue of
RNase HII (PH1650) was known (SEQ ID NO:145, the home page
of National Institute of Technology and Evaluation:
http://www.nite.go.jp/).
Primers PhoNde (SEQ ID NO:146) and PhoBam (SEQ ID

25 NO:147) were synthesized on the basis of the sequence of



o8& ()-/1v9 &10%=& ()-/!P9 &L0%& () -/ UXXYBYCYDYEYFYRY{\ =0 !
8&8%&'())-3‘ 1096& ()-F()10m 10m 10m 9 &10%m& ()-/!'+ 9 &L0%& ()-/'!9
&10%H&)() - / RYUY5ZZ[ 2\ 2\ zX7{\=0 | @ &10% & ()-#!8 |
@ &10%WEY58: () - #! @ &10% 5{5&' () - #! [ $109%65& ()- | $109%65& ()11 Fep 25
y1096& () -7\ 3] NMAAAAAAGN =0 | " F@LO% & () - 18T09% & ()-G 10 10 |
10@ &109%& ()-# @ &10% } & () - #! P@ &109B5& ()-#?__ 8 Caa}[9{\ =0 !

| &&109& () - +! $EEL0& () - +! V&E10%P" P" & () -+ 0&&10% " & () -+ 10% & () -

% & ()-agbcccccecec{\=0 ! !"10%& ()-&10%& ()-3 10" 10"
y10% & () a%he PH16§6 gene (SEQ ID NO:145).

A PCR was carried out using 100 ng of

the

Pyrococcus horikoshii genomic DNA prepared in Referential

Example 6-(1) as a template, and 20 pmol each of PhoNde and

5 PhoBam as primers in a volume of 100 nl. TaKaRa Ex

(Takara Shuzo) was used as a DNA polymerase for the

Taqg

PCR

according to the attached protocol. The PCR was carried

out as follows: 40 cycles of 94°C for 30 seconds, 55°C for

30 seconds and 72°C for 1 minute. An amplified DNA
10 fragment of about 0.7 kb was digested with NdeI and BamHI
(both from Takara Shuzo). Then, a plasmid pPHO238 was

constructed by incorporating the resulting DNA fragment

between NdeI and BamHI sites in a plasmid vector pET3a

(Novagen) .
15 (3) Determination of nucleotide sequence of

fragment containing RNase HII gene

DNA

The nucleotide sequence of the DNA fragment

inserted into pPH0238 obtained in Referential Example 6-(2)

was determined according to a dideoxy method.

20 Analysis of the determined nucleotide seguence

revealed an open reading frame presumably encoding RNase

HII. The nucleotide sequence of the open reading frame is

shown in SEQ ID NO:148. The amino acid sequence of RNase

HIT deduced from the nucleotide sequence is shown in SEQ ID

25 NO:149.
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P11 1109 () - Ml nP@H9A0%&' () -! @%d0% & () -! @Yd0%& (?-!+ 3 .
%0%& () - 0! POEMiK PRHO23E ris_ @sh bHatOUah) #EOMR {ded  $I0PELL 5 9410
109L3%0%& ()-!]| 9L3%0%C& () -rss' ttuvzXe~_ @
'l sf &1LOUCCE'CE)L- | gMEDOYPPROLRS- ! &and deposited on February , 2001
sf&lO%@e&f()--!YRSf&lO%&f()--!sf&lO%&f()--!lO%& ()-vvaMMMMMh_éﬁ
I @10% & ()(d3teynd @kﬂ@iﬂﬁlfHHp&éHtﬁfﬁﬂoﬂﬁéeﬁﬂa%ié%q% E?se?$ Organism
sf&lO%&'()--sf&lO%@&'()--mmuyyy]z}[9~_@D !!!? . 0% "& ()-FI+
%40% " & () - Bepb@Uitauts ()NdOSH0 " &1ht 1408 &) - Havanced Tndustrial
Science and Technology, AIST Tsukuba Central 6, 1-1,
Higashi l-chome, Tsukuba-shi, Ibaraki 305-8566, Japan under
accession number FERM BP-7692.
(4) Preparation of purified RNase HII preparation
10 Escherichia coli HMS174 (DE3) (Novagen) was
transformed with pPH0238 obtained in Referential Example 6-
(2). The resulting Escherichia coli HMS174 (DE3) harboring
pPHO238 was inoculated into 1 I of LB medium containing 100
png/ml of ampicillin and cultured with shaking at 37°C for
15 16 hours. After cultivation, cells collected by
centrifugation were suspended in 34.3 ml of a sonication
buffer [50 mM tris-HCl (pH 8.0), 1 mM EDTA, 2 mM
phenylmethanesulfonyl fluoride] and sonicated. A
supernatant obtained by centrifuging the = sonicated
20 suspension at 12000 rpm for 10 minutes was heated at 80°C
for 15 minutes. It was then centrifuged at 12000 rpm for
10 minutes again tc collect a supernatant. Thus, 33.5 ml
of a heated supernatant was obtained.

The heated supernatant was subjected to RESOURSE

25 Q column (Amersham Pharmacia Biotech) equilibrated with
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chromatographed using FPLC system (Amersham Pharmacia
Biotech). As a result, RNase HII flowed through the
RESOURSE Q column.

5 35.0 ml of the flow-through RNase HII fraction
was dialyzed against 2 1L of Buffer B (50 mM tris-HCl (pH
7.0), 1 mM EDTA) for 2 hours. The dialysis was repeated
two more times. 34.5 ml of the dialyzed enzyme solution
was subjected to RESOURSE S column (Amersham Pharmacia

10 Biotech) equilibrated with Buffer B and eluted with a
linear gradient of 0 to 500 mM NaCl using FPLC system. A
fraction containing RNase HII eluted with about 155 mM NaCl
was obtained.

Buffer B was added to 4.0 ml of the fraction to

15 make the NaCl concentration to 50 mM. The mixture was
subjected to HiTrap-heparin column (Amersham Pharmacia
Biotech) equilibrated with Buffer B containing 50 mM NaCl
and eluted with a linear gradient of 50 to 550 mM NaCl
using FPLC system. As a result, a fraction containing

20 RNase HII eluted with about 160 mM NaCl was obtained.
6.9 ml of the RNase HII fraction was coﬁcentrated
by ultrafiltration using Centricon-10 (Amicon). Two
portions each separated from 250 pl of the concentrate were

subjected to Superose 6 gel filtration column (Amersham

25 Pharmacia Biotech) equilibrated with 50 mM tris-HCl (pH
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the same buffer. As a result, RNase HII was eluted at a
position corresponding to a molecular weight of 24.5
kilodalton. This molecular weight correSponds to that of
5 the RNase HII in the monomeric form.
The RNase HII eluted as described above was used
as Pho RNase HII preparation.
The énzymatic activity of the thus obtained Pho
RNase HII preparation was measured as described 1in
10 Referential Example 3-(5). As a result, an RNase H
activity was observed for the Pho RNase HII preparation.
Referential Example 7: Cloning of RNase HII gene
from Archaeoglobus fulgidus
(1) Preparation of genomic DNA from Archaeoglobus
15 fulgidus
Cells of Archaeoglobus fulgidus (purchased from
Deutsche Sammlung von Mikroorganismen und Zellkulturen
GmbH; DSM4139) collected from 8 ml of a culture was
suspended in 100 pl of 25% sucrose, 50 mM tris-HC1 (pH 8.0).
20 20 ul of 0.5 M EDTA and 10 pl of 10 mg/ml lysozyme chloride
(Nacalai Tesque) in water was added thereto. The mixture
was reacted at 20°C for 1 hour. After reaction, 800 rl of
a mixture containing 150 mM NaCl, 1 mM EDTA and 20 mM tris-
HC1l (pH 8.0), 10 pl of 20 mg/ml proteinase K (Takara Shuzo)

25 and 50 pl of 10% aqueous solution of sodium lauryl sulfate
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were added to the reaction mixture. The mixture was
incubated at 37°C for 1 hour. After reaction, the mixture
was subjected to phenol-chloroform exXtraction, ethanol
precipitation and air-drying, and then dissolved in 50 pl
5 of TE to obtain a genomic DNA solution.
(2) Cloning of RNase HII gene

The entire genomic sequence of the Archaeoglobus

fulgidus has been published [Nature, 390:364-370 (1997)1.

The existence of one gene encoding a homologue of RNase HIT

10 (AF0621) was known (SEQ ID NO:150,

http://www.tigr.org/tdb/CMR/btm/htmls/SplashPage.htlm).

Primers AfuNde (SEQ ID NO:151) aﬁd AfuBam (SEQ ID
NO:152) were synthesized on the basis of the sequence of
the AF0621 gene (SEQ ID NO:150).

15 A PCR was carried out wusing 30 ng of the
Archaeoglobus fulgidus genomic DNA prepared in Referential
Example 7-(1) as é template, and 20 pmol each of AfuNde and
AfuBam as primers in a volume of 100 nl. Pyrobest DNA
polymerase (Takara Shuzo) was used as a DNA polymerase for

20 the PCR according to the attached protocol. The PCR was
carried out as follows: 40 cycles of 94°C for 30 seconds,
55°C for 30 seconds and 72°C for 1 minute. An amplified
DNA fragment of about 0.6 kb was digested with NdeI and

BamHI (both from Takara Shuzo). Then, a plasmid pAFU204

25 was constructed by incorporating the resulting DNA fragment
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(2 plasmid in which the NcoI site in PTV119N is converted
into a NdelI site).
(3) Determination of nucléotide sequence of DNA
5 fragment containing RNase HII gene
The nucleotide sequence of the DNA fragment
inserted into pAFU204 obtained in Referential Example 7-(2)
was determined according to a dideoxy method.
Analysis of the determined nucleotide sequencé
10 revealed an open reading frame presumably encoding RNase
HII. The nucleotide sequence of the open reading frame is
shown in SEQ ID NO:153. The amino acid sequence of RNase
HII deduced from the nucleotide sequence is shown in SEQ ID
NO:154.
15 Escherichia coli JUM109 transformed with the
plasmid pAFU204 is designated and  indicated as Escherichia
coli JM109/pAFU204, and deposited on February 22, 2001
(date of original deposit) at International Patent Organism
Depositary, National Institute of Advanced Industrial
20 Science and Technology, AIST Tsukuba Central 6, 1-1,
Higashi l-chome, Tsukuba-shi, Ibaraki 305-8566, Japan under
accession number FERM BP-7691.
(4) Preparation of purified RNase HII preparation

Escherichia coli JM109 was transformed with

25 pPAFU204 obtained in Referential Example 7-(2). The
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resulting Escherichia coli JM109 harboring pAFU204 was
inoculated into 2 L of LB medium containing 100 pg/ml of
ampicillin and cultured with shaking at 37°C for 16 hours.
. After cultivation, cells collected by centrifugation were
5 suspended in 37.1 ml of a sonication buffer [50 mM tris-HC1l
(pPH 8.0), 1 mM EDTA, 2 mM phenylmethanesulfonyl fluoride]
and sonicated. A supernatant. obtained by centrifuging the
sonicated suspension at 12000 rpm for 10 minutes was heated
at 70°C for 15 minutes. It was then centrifuged at 12000
10 repm for 10 minutes again to collect a supernatant. Thus,
40.3 ml of a heated supernatant was obtained.
The heated supernatant was subjected to RESOURSE
Q column (Amersham Pharmacia Biotech) equilibrated with
Buffer A [50 mM tris-HC1 (pH 8.0), 1 mM EDTA] and
15 chromatographed wusing FPLC system (Amersham Pharmacia
Biotech) . As a result, RNase HII flowed through the
RESOURSE Q column.
The flow-through RNase HII fraction was subjected
to RESOURSE S column (Amersham Pharmacia Biotech)
20 equilibrated with Buffer A and chromatographed using FPLC
system (Amersham Pharmacia Biotech). As a result, RNase
HII flowed through the RESOURSE S column.
40.0 ml of the flow-through RNase HII fraction
was dialyzed against 2 L of Buffer B (50 mM tris-HCl (pH

25 7.0), 1 mM EDTA) containing 50 mM NaCl for 2 hours. The
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dialyzed enzyme solution was subjected to HiTrap-heparin
column (Amersham Pharmacia Biotech) equilibrated with
Buffer B containing 50 mM NaCl and eluted with a linear
5 gradient of 50 to 550 mM NaCl using FPLC system. As a
result, a fraction containing RNase HII eluted with about
240 mM NaCl was obtained.
7.8 ml of the RNase HII fraction was concentrated
by wultrafiltration using Centricon-10 (Amicon). Four
10 portions each separated from about 600 rl of the
concentrate were subjected to Supefose 6 gel filtration
column (Amersham Pharmacia Biotech) equilibrated with 50 mM
tris-HCl (pH 7.0) containing 100 mM NaCl and 0.1 mM EDTA
and eluted with the same buffer. As a result, RNase HII
15 was eluted at a position corresponding to a molecular
weight of 30.0 kilodalton. This molecular weight
corresponds to that of the RNase HII in the monomeric form.
The RNase HII eluted as described above was used
as Afu RNase HIT preparationp
20 The enzymatic activity of the thus obtained Afu
RNase HII preparation was measured as described in
Referential Example 3-(5). As a result, an RNase H
activity was observed for the Afu RNase HII preparation.

Referential Example 8

25 Unit value of RNase H from Escherichia coli used
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in the method of the present invention was measured
according to the following method.

(1) Preparation of reagent solutions used

Reaction mixture for determining activity: The

5 following substaﬁces at the indicated final concentrations
were contained in sterile water: 40 mM tris-hydrochloride
(pH 7.7 at 37°C), 4 mM magnesium chloride, 1 mM DTT, 0.003%
BSA, 4% glycerol and 24 uM poly(dT).

Poly[8-°H]adenylic acid solution: 370 kBg of a

10 poly[8-°H]adenylic acid solution was dissolved in 200 rl of
sterile water.

Polyadenylic acid solution: Polyadenylic acid was
diluted to a concentration of 3 mM with sterile ultrapure
water.

15 Enzyme dilution solution: The following
substances at the indicated final concentrations were
contained in sterile water: 25 mM tris-hydrochloride (pH
7.5 at 37°C), 5 mM 2-mercaptoethanol, 0.5 mM EDTA (pH 7.5
at 37°C), 30 mM sodium chloride and 50% glycerol.

20 Preparation of heat-denatured calf thymus DNA:
200 mg of calf thymus DNA was suspended and allowed to
swell in 100 ml of TE buffer. The solution was diluted to
a concentration of 1 mg/ml with sterile ultrapure water
based on the absorbance measured at UV 260 nm. The diluted

25 solution was heated at 100°C for 10 minutes and then
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rapidly cooled in an ice bath.
(2) Method for measuring activity
7 pl of the poly[8-°H]adenylic acid solution was
added to 985 pl of the reaction mixture for determining
5 activity prepared in (1) above. The mixture was incubated
at 37°C for 10 minutes. 8 pl of polyadenylic acid was
added to the mixture to make the final concentration to 24
HM. The mixture was further incubated at 37°C for 5
minutes. Thus, 1000 pl of a poly[8-*H]rA-poly-dT reaction
10 mixture was prepared. 200 upl of the reaction mixture was
then incubated at 30°C for 5 minutes. 1 pl of an
appropriate serial dilution of an enzyme solution was added

thereto. 50 pl each of samples was taken from the reaction

mixture over time for use in subsequent measurement. The
15 period of time in minutes from the addition of the enzyme
to the sampling is defined as Y. 50 pl of a reaction

mixture for total CPM or for blank was prepared by adding 1
Bl of the enzyme dilution solution instead of an enzyme
solution. 100 pl of 100 mM sodium pyrophosphate, 50 pl of
20 -the heat-denatured calf thymus DNA solution and 300 ul of
10% trichloroacetic acid (300 pl of ultrapure water for
measuring total CPM) were added to the sample. The mixture
was incubated at 0°C for 5 minutes, and then centrifuged at
10000 rpm for 10 minutes. After centrifugation, 250 pl of

25 the resulting supernatant was placed in a vial. 10 ml of
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Aquasol-2 (NEN Life Science Products) was added thereto.
CPM was measured in a liquid scintillation counter.
(3) Calculation of units
Unit value for each enzyme was calculated
5 according to the following equation.
Unit/ml = {(measured CPM - blank CPM) x 1.2* x 20 x 1000 x
dilution rate} 200 (ul) / (total CPM x Y (min.) x 50 (pl) x
gk *)
1.2*: Amount in nmol of poly[8-°H]rA-poly-dT

10 contained in total CPM per 50 ul.

9**: Correction coefficient.

Example 1

The method of the present invention wés used to
detect enterohemorrhagic E. coli 0-157.

15 Sequences of the primers used in this Example are
shown in SEQ ID NOS:3i to 34 of the Sequence Listing. A
combination of primers each having a sequence of SEQ 1ID
NO:Bl or 32 were constructed for detecting a sequence
encoding vero toxin (VT) 1 of 0-157, and a combination of

20 primers each having a sequence of SEQ ID NO:33 or 34 were
constructed for detecting a sequence encoding vero ﬁoxin 2
of 0-157. A hot water-extract prepared by culturing
enterohemorrhagic E. coli 0-157 (ATCC accession no. 43895),

collecting wcells, suspending the cells in sterile water at

25 an appropriate cell density and treating it at 98°C for 10



109%& () - (’;YaB~ @PF!1$"109& ()- #10%&' ()- 310%&' ()- 10%& ()-s!10%& () -

|+ 940%&\ () -

. *bdE~_@PF! 1! 109 ()- F.3%0% ()- - GLO% () -

+109& () -(4109& ()- ' 109%& ()- (bxnbC+PF! 10% & ()-4 10 10 103 S19%&' (

70 10%&' () -1

810%K () -

EB

, 5 109%& ()-3z109%& ()-1Y'!8xVAnbC+PF!  &10%HyH&' (
S)I &10909& ()-S) &10%& () - s,}581100/o((&'()-I

109% (& () - Y8r SA+PF#- 109% & ()- 109% & ()-10% & ()-3 10[[

10

15

20

25

minutes was used as a template. The composition of the
reaction mixture was as follows.

27 mM phosphate buffer (pH 7.3), 0.01% bovine
serum albumin (BSA), 5% dimethyl sulfoxide (DMSQC), 1 mM
each of dNTPs, 8 mM magnesium acetate, 60 pmol each of the
primers, the DNA as the template (the hot water-extract)
corresponding to 10‘-10° cells and sterile distilled water
to a reaction volume of 48 ul. The reaction mixture was
heat-denatured at 98°C for 1 minute, and then cooled to
55°C. 5.5 U of BcaBEST DNA polymerase and 60 U of E. coli
RNase H were added thereto. The reaction mixture was
incubated at 55°C fo; 60 minutes. Thereafter, the mixture
was heated at 90°C for 2 minutes to inactivate the enzymes.
3 ul each of the reaction mixtures was subjected to
electrophoresis on 4% NuSiéve 3:1 agarose (Takara Shuzo)
gel. As a result, 0-157 vero toxin 1 and 2 could be
detected using either one of the primer pairs and the DNA
as the template corresponding to 10‘ cells, confirming that
the method of the present invention can be utilized as a
method for detecting a virulent bacterium.

Example 2

(1) The effect of the type of the buffer used in
the method of the present invention was examined. Primers
for émplifying A DNA having sequences represented by SEQ ID

NOS:39 and 40 were used in this Example. The reaction was
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' a template was heat-denatured at 98°C for 2 minutes, and
5 then cooled on ice to anneal the primers to the template
DNA. An amplified product (1005 bp) obtained by a PCR
using A DNA (Takara Shuzo) as a template and primers
represented by SEQ ID NOS:41 and 42, which was then
purified using Suprec02 (Takara Shuzo), was used as the
10 template.

After annealing, 40 pl of one of three typés of
buffers for reaction (42.5 mM Tricine-potassium hydroxide
buffer (pH 8.5), 42.5 mM Bicine-potassium hydroxide buffer
(pH 8.3) and 42.5 mM HEPES-potassium hydroxide buffer (pH

15 7.8))' each containing 0.625 mM each of dNTEs, 5.Q mM
magnesium acetate,” 0.0125% bovine serum albumin (BSA),
1.25% dimethyl sulfoxide (DMSO), 30 U of E. coli RNase H
and 11 U of BcaBEST DNA polymerase was added to the mixture
to make the final volume to 50 pl. The reaction mixtures

20 were incubated at 60°C for 1 hour. After reaction, 3 nl
each of the reaction mixtures was subjected to
electrophoresis on 3.0% agarose gel for confirmation. Then,
the amplified fragments of interest were observed for both

of the amounts of the template. In particular, a greater

25 amount of amplification product was obtained for the
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buffer (pH 8.5).
(2) Improvement of reactivity by the use of
HEPES-potassium hydroxide buffer was examined. pUC19
5 plasmid DNA with a DNA fragment of about 150 bp being
inserted into the multi-cloning site was used as a template.
This template was prepared as follows.
A PCR was carried out using pUCl9 upper 150 PCR
primer and pUCl9 lower PCR primer having sequences
10 represented by SEQ ID NOS:134 and 135, and 100 pg of pUCL19
plasmid DNA as a template. The resulting amplified
fragment waé purified using Microcon-100, blunt-ended using
DNA blunting kit (Takara Shuzo) and subcloned into a HincII
site of the plasmid pUCl9. The plasmid with the amplified
15 fragment being inserted was used to transform Escherichia
coli JM109. The transformant was cultured. The plasmid
‘having the inserted DNA was purified from the cells using
QIAGEN plasmid mini kit (Qiagen) and used as a template.
A DNA fragment PCR-amplified using the pUC19-150
20 plasmid DNA prepared as described above as a templéte, and
primers MCS-F and MCS-R having nucleotide sequences
represented by SEQ ID NOS:35 and 36 was used as a template.
Primers MF2N3(24) and MRIN3(24) having nucleotide sequences
represented by SEQ ID NOS:37 and 38 were used as chimeric

25 oligonucleotide primers. The size of the amplified
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fragment obtained using the combination of these primers
was about 350 bp.

An HEPES-potassium hydroxide buffer system was
selected as a buffer to be examined. A potassium phosphate
buffer system and a Tricine buffer system were used as
controls. The compositions of the reaction mixtures are
shown below.

Reaction mixture A: 10 ng of the PCR-amplified
fragment, 50 pmol each of the primers MF2N3(24) and
MRIN3(24), 0.01% aqueous solution of propylenediamine and
sterile distilled water to a reaction volume of 10 pl.

Reaction mixtures B: The following three types
were prepared.

Potassium phosphate buffer system: 40 pl of a
reaction mixture containing, at final concentrations, 35 mM
potassium phosphate buffer (pH 7.5), 1.25% DMSO, 0.0125%
BSA, 5 mM magnesium acetate, 0.625 mM each of dNTPs, 60 U
of E. coli RNase H and 5.5 U of BcaBEST DNA polymerase was
prepared.

Tricine buffer system: 40 pl of a reaction
mixture containing, at final concentrations, 42.5 mM
Triciné'buffer (pH 8.7), 12.5 mM potassium chloride, 12.5
mM ammonium sulfate, 1.25% DMSO, 0.0125% BSA, 5 mM
magnesium acetate, 0.625 mM each of dNTPs, 30 U of E. coli

RNase H and 5.5 U of BcaBEST DNA polymerase was prepared.
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pota831um acetate, 1.25% DMSO, 0.0125% BSA, 5 mM magnesium
5 acetate, 0.625 mM each of dNTPs, 30 U of E. coli RNase H
and 5.5 U of BcaBEST DNA polymerase was prepared.

The reaction mixture A was heat-denatured at 98°C
for 2 minutes, cooled to 60°C or 65°C and then allowed to
stand on ice. One of the reaction mixtures B was added to

10 the reaction mixture A on ice and mixed to make the
reaction volume to 50 nl. The reaction mixtures were
incubated at 60°C or 65°C for 1 hour. After reaction, they
were cooled to 4°C, and a 1/10 volume of 0.5 M EDTA was
added to each of the mixtures to terminate the reaction. 3

15 Bl each of the reaction mixtures was subjected to
electrophoresis on 3% NuSieve 3:1 agarose gel. As a result,
the amplified fragments of interest were observed for the
three buffer systems regardless of the reaction temperature
used. In particular, the largest amount of the

20 amplification product ahd the highest reactivity were
observed for the HEPES-potassium hydroxide buffer system in
this Example.

Example 3

(1) Conditions used in the method of the present

6;

25 invention for annealing primers to a template were examined.



105 105

105YQA0%& ()-T) ! sYRAO%&' ()-T)#778i 89%: : wU3~_=0! FZ%0%@g&’ () - @' FZ%d 0%aok
() - @ YA09NNE' () - @ FZYA09XX&' () - @ FZ9d0% f & () - @# D, %O%Qg%hﬁ)-:;
vz w0 0% & () - 1109 () -t 109 ()- 10 101

FZY409%& () - @ XFZY409R28&' () - @w<===>?2m@ Y1€8: 0! | nYO@L10%&' () -
sl GA0%& ()-'!0 .
| A0 ()-'!'nl QAOYR ()-'| A0 ()-'!'d A0 (& () - HEEEEEEE%B_;O!!n!:Z&
10%??&'()-,2!;&10%55&'()-,ZIO%K&'()-"‘10%K&'()- 10 10 .
10YO@10%&' EriBeCSDHEEEEWXVBRCL ed0ide0 sekfiaddd®s epreseht2&1 xpespd (-, 2!
zZ&10%WMVE ()-,2!'s z&LOW\ & ()-, 2! z&L0W\ & () -, 2EFFLFFGH*<MB70! 10! YS&10% -
& ()-:-!'C NOS:43 and 44 based on the partial nucleotide sequence. of a
YS&L0YR2& () -:-!YS&L0%0& ()-:-110%& ()-10%& ()-"10%& () - HI1KpKgKr KsKKL{ Y70
I FZY%409%&' ( acZeXist0oRlayobaBté@ium sp. SA-0082 as described in WO
97/32010 (deposited at International Patent Organism
5 Depositary, National 1Institute of Advanced Industrial
Science and Technology, AIST Tsukuba Central 6, 1-1,
Higashi 1l-chome, Tsukuba-shi, Ibaraki 305-8566, Japan on
March 29, 1995 under accession number FERM P-14872, and
deposited at International Patent Organism Depositary,

10 National Ihstitute of Advanced Industrial Science and
Technology, AIST Tsukuba Central 6, 1-1, Higashi 1l-chome,
Tsukuba-shi, Ibaraki 305—8566, Japan under accession number
FERM BP-5402 (date of request for transmission to
international depositary authority: February 15, 1996))

15 were used. An amplified product (573 bp) obtained by a PCR
using a genomic DNA from Flavobacterium sp. SA-0082 as a
template and a combination of primers represented by SEQ ID
NOS:45 and 46, which was then purified using Suprec02
(Takara Shuzo), was used as the DNA as the template in this

20 Example. The reaction was. carried out as follows. Briefly,

2 pul of one of two annealing solutions (500 mM potassium
chloride and 8 uM spermidine, or 0.05% propylenediamine)
was added to 120 pmol each of the primers. A final volume

of 10 rl of each of the mixtures further containing 10 ng

25 or 1 ng of the PCR-amplified fragment was heat-denatured at
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rapidly cooled on ice to anneal the primers to the template.
After annealing, 40 ul of one of three types of
buffers (42.5 mM Tricine-potassium hydroxide buffer (pH
5 8.5), 42.5 mM Bicine-potassium hydroxide buffer (pH 8.3)
and 42.5 mM HEPES-potassium hydroxide buffer (pH 7.8)) each
containing 0.625 mM each of dNTPs, 5.0 mM magnesium acetate,
0.0125% bovine serum albumin (Bsa), 1.25% dimethyl
sulfoxide (DMSO), 30 U of E. coli RNase H and 11 U of
10 BcaBEST DNA polymerase was added to the mixture to make the
final volume to 50 'ul. The reaction mixtures were
incubated at 52°C for 1 hour. After reaction, 3 Bl each of
the reaction mixtures was subjected to electrophoresis on
3.0% agarose gel. The results are shown in Figure 1.
15 Figure 1 illustrates the results of electrophoresis of
reactions using the respective combinations of the

annealing solutions and the buffers. Lane 1l: molecular

weight marker (100 bp ladder, Takara Shuzo); lane 2:

propylenediamine/Tricine (template: 10 ng) : lane 3:
20 propylenediamine/HEPES (template: 10 ng) ; lane 4
propylenediamine/HEPES (template: 1 ng) ; lane 5:
propylenediamine/Bicine (template: 10 ng) ; lane 6:

propylenediamine/Bicine (template: 1 ng); lane 7: 500 mM
potassium chloride and 8 pM spermidine/Bicine (template: 10

25 ng) ; lane 8: 500 mM potassium chloride and 8 M
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welg&t marker (100 bp ladder) ; lane 10:
propylenediamine/Tricine (template: 1 ng); lane 11: 500 mM

potassium chloride and 8 pM spermidine/Tricine (template: 1

ng); lane 12: propylenediamine/HEPES (template: 1 ng); lane

13: 500 mM potassium chloride and 8 uM spermidine/HEPES
(template: 1 ng) ; lane 14: propylenediamine/Bicine
(témplate: 1l ng); and lane 15: 500 mM potassium chloride
and 8 uM spermidine/Bicine (template: 1 ng).

As shown 1in Figure 1, a greater amount of the
amplification product of interest was obtained when the
annealing solution containing 500 mM potassium chloride + 8
UM spermidine was used for the annealing of the primers to
the template DNA for either of the three buffers regardless
of the amount of the DNA as the template. In particular,
the combination of the annealing solution containing 500 mM
potassium chloride + 8 pM spermidine and the Bicine-
potassium hydroxide buffer yielded good results in this
Example.

(2) The effect of an annealing solution in case
where a PCR-amplified fragment from A DNA was used as a
template was examined. The chimeric oligonucleotide
primers as described in Example 2(1) were used i1in this
Ekamble. The PCR-amplified fragment as prepared in Example

2(1l) or A DNA was used as a template DNA. The reaction was '
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103 @10%&' (Q2r@ia8 @Bt0%ss; &&1(1pw@l! | 3Briefly, 2 ul of one of three
types of annealing solutions (500 mM potassium chloride and
8 uM spermidine, 0.05% propylenediamine, or sterile water)
was added to 120 pmol each of the primers. 10 pl of the
5 mixtures further containing 10 ng or 1 ng of the PCR-~
amplified fragment were prepared. The mixtures were heat-
denatured at 98°C for 2 minutes, and then rapidly cooled on
ice to anneal the primers to the template.
After annealing, 40 pl of one of three types of
10 buffers (42.5 mM Tricine-potassium hydroxide buffer (pH
8.5), 42.5 mM Bicine—potassium hydroxide buffer (pH 8.3)
and 42.5 mM HEPES-potassium hydroxide buffer (pH 7.8)) each
containing 0.625 mM each of dNTPs, 5.0 mM magnesium acetate,
0.0125% BSA, 1.25% DMSO, 30 U of E. coli RNase H and 11 U
15 of BcaBEST DNA polymerase was added to the mixture to make
the final volume to 50 nl. The reaction mixtures were
incubated at 60°C for 1 hour. After reaction, 3 nl each of
the reaction mixtures was subjected to electrophoresis on
3.0% agarose gel. The results are shown in Figure 2.
20 Figure 2 illustrates the results of électrophoresis showing
the results for the examination of combinations of the
amounts of the template, the reaction buffers and the
annealing solutions. Lane 1: marker (100 bp ladder); lane

2: 10 ng of the template, a combination of Tricine/500 mM

25 potassium chloride and 8 pM spermidine; lane 3: 1 ng of the
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template, a combination of Tricine/500 mM potassium
chloride and 8 uM spermidine; lane 4: 10 ng of the template,

a combination of Bicine/500 mM potassium chloride and 8 1M
spermidine; lane 5: 1 ng of the template, a combination of

5 Bicine/500 mM potassium chloride and 8 uM spermidine; lane
6: 10 ng of the template, a combination of HEPES/500 mM
potassium chloride and 8 uM spermidine; lane 7: 1 ng of the
template; a combination of HEPES/500 mM potassium chloride

and 8 pM spermidine; lane 8: molecular weight marker (100

10 bp ladder); lane 9: 10 hg of the template, a combination of
Tricine/propylenediamine; lane 10: 1 ng of the template, a
combination of Tricine/propylenediamine; lane 11: 10 ng of

the template, a combination of Bicine/propylenediamine;

lane 12: 1 ng of the template, a combination of

15 Bicine/propylenediamine; lane 13: 10 ng of the template, a
combination of HEPES/propylenediamine; lane 14: 1 ng of the
template, a combination of HEPES/propylenediamine; lane 15:
molecular weight marker (100 bp ladder); lane 16: 10 ng of

the template, a combination of Tricine/water; lane 17: 1 ng

20 of the template, a combination of Tricine/water; lane 18:
10 ng of the template, a combination of Bicine/water; lane

19: 1 ng of the template, a combination of Bicine/water;

lane 20: 10 ng of the template, a combination of
HEPES/water; and lane 21: 1 ng of the template, a

25 combination of HEPES/water.
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lnterest were observed for the respective combinations of
the three buffers and the three annealing solutions
regardless of the amount of the template DNA. In
particular, it was confirmed that a greater amount of the
amplified fragment was obtained using the combination of
the Bicine buffer and the annealing solution containing 500
mM potassium chloride and 8 uM spermidine.

Example 4

The effect of the presence of an inhibitor of
reverse transcriptase (RTase) on the method of the present
invention was examined. Phosphonoformic acid (PFA) was
used as an inhibitor of RTase. Primers represented by SEQ
ID NOS:47 and 48 were used in this Example. An amplified
product (576 bp) obtained by a PCR using a genomic DNA from
enterohemorrhagic Escherichia coli 0-157 as a template and
primers represented by SEQ ID NOS:49 and 50, which was then
purified using Suprec02 (Takara Shuzo), was used as the
template DNA. The reaction was carried out as follows.
Briefly, 10 pl of a mixture prepared by adding 1 ng of the
PCR-amplified fragment to 120 pmol each of the primers and
2 pl of an annealing solutions containing 500 mM potassium
chloride and 8 puM spermidine was heat-denatured at 98°C for
2 ‘minutes, and then rapidly cooled on ice to anneal the

primers to the template.
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0.625 mM each of dNTPs, 42.5 mM Tricine-potassium hydroxide

buffer (pH 8.5), 5.0 mM magnesium acetate, 0.0125% bovine

serum albumin (BSA), 1.25% dimethyl sulfoxide (DMSO), 30 U

5 of E. coli RNase H and 11 U of BcaBEST DNA polymerase as

well as PFA to a concentration of 500 ug/ml or 50 npg/ml

were added to the annealing mixture to make the final

volume to 50 ul. The reaction mixtures were incubated at

55°C for 1 hour. A system without the addition of PFA was

10 also prepared as a control. After reaction, 9 ul each of

the reaction mixtures was subjected to electrophoresis on

3.0% agarose gel. The results are shown in Figure 3.

Figure 3 illustrates the results of electrophoresis which

shows the effect of the inhibitor of reverse transcriptase

15 activity. Lane 1: molecular weight marker (100 bp ladder):

lane 2: without the addition of PFA; lane 3: with the

addition of PFA at a concentration of 500 ng/ml; lane 4:

with the addition of PFA at a concentration of 50 pg/ml.

As shown in Figure 3, when PFA was added, non-

20 specific amplification was suppressed and the amplified
fragment of interest was observed. In particular, it was

confirmed that the non-specific amplification product which

was observed in the system without the addition of PFA was

not observed and the amplified fragment of interest was

25 clearly amplified in the system to which PFA was added at a
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The relationship between the length of a fragment
to be amplified and the detection sensitivity in the method

5 of the present invention was examined.

(1) Primers for amplifying Escherichia coli 0-157
vero toxin represented by SEQ ID NOS:51 to 53 were
synthesized. The chimeric oligonucleotide primers used in
Example 4 were also used. The length of a fragment to be

10 amplified using each of the combinations of primers was as
follows: 247 bp (SEQ ID NOS:51 and 48); 168 bp (SEQ ID
NOS:52 and 53); 206 bp (SEQ ID NOS:52 and 48); 135 bp (SEQ
ID NOS:47 and 53); and 173 bp (SEQ ID NOS:47 and 48). The
purified PCR-amplified 576-bp fragment prepared in Example

15 4 was used as a template DNA in this Example. The reaction
was carried out as follows. Briefly, 10 pl of a mixture
containing 60 pmol each of the primers, 2 pl of 0.05%
aqueous solution of propylenediamine and 10 fg to 10 ng of
the PCR-amplified fragment was heat-denatured at 98°C for 2

20 minutes and then cooled to 55°C in Thermal Cycler Personal
(Takara Shuzo) to anneal the primers to the template.

After annealiﬁg, 40 npl of a reaction mixture
containing 0.625 mM each of dNTPs, 42.5 mM Tricine-
potassium hydroxide buffer (pH 8.5), 5.0 mM magnesium

25 acetate, 0.0125% bovine serum albumin (BSA), 1.25% dimethyl
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sulfoxide (DMSO), 30 U of E. coli RNase H, 5.5 U of BcaBEST
DNA polymerase and sterile water was added to the mixture
to make the final volume to 50 upl. The reaction mixtures
were incubated at 55°C for 1 hour. After reaction, 5 ul
5 each of the reaction mixtures was subjected to
electrophoresis on 3.0% agarose gel. As a control,
detection of 10 fg to 1 pg of the PCR-amplified fragment
was carried out using primers represented by SEQ ID NOS:54
and 55, A 135-bp fragment is amplified using the
10 combination of these primers. 50 pl of a PCR solution
containing 60 pmol each of the primers, 5 pl of_lO x Ex Taq
buffer (Takara Shuzo), 1.25 U of TaKaRa Ex Tag DNA

polymerase (Takara Shuzo) and 0.2 mM each of dNTPs was

prepared. The PCR was carried out as follows: 25 or 30
15 cycles of 94°C for 30 seconds, 55°C for 30 seconds and 72°C
for 30 seconds (2 min. 38 sec./cycle). After reaction, 1

pl (ICAN) or 5 ul (PCR) each of the reaction mixtures was
subjected to electrophoresis on 3.0% agarose gel. The-

results are shown in Figure 4 and Table 1.

20
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Detection limit

ICAN (total time: 70 minutes)

247 100 pg

168 100 fg

206 100 pg

135 10 fg

173 100 fg
"BCR (25 cycles; total time: about 66 minutes) —~ T

135 100 fg
"BCR (30 cycles; total fime: about 80 minutes) ~—~ T

135 10 fg
Figure 4 illustrates the resﬁlts of

electrophoresis which shows the dete;tion limits for

5 amplifying a chain length of 135 bp accomplished by the

ICAN (1/50 of the reaction mixture was loaded) and the PCR

(1/10 of the reaction mixture was loaded). Lane l:

molecular weight marker (100 bp ladder); lane 2: ICAN using

1l pg of the template; lane 3: ICAN using 100 fg of the

10 template; lane 4: ICAN using 10 fg of the template; lane 5:

PCR (25 cycles) using 1 pg of the template; lane 6: PCR (25

cycles) wusing 100 fg of the template; lane 7: PCR (25

cycles) wusing 10 fg of the template; lane 8: PCR (30

cycles) using 1 pg of the template; lane 9: PCR (30 cycles)

15 using 100 fg of the template; and lane 10: PCR (30 cycles)
using 10 fg of the template.

As shown in Table 1, it was confirmed that almost
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accomplished by the ICAN. Furthermore, the total reaction
time for the PCR was about 80 minutes, whereas the reaction
time required for accomplishing the same detection
5 sensitivity using the method of the present invention was
70 minutes, confirming that the reaction time can be

shortened by using the method of the present invention.
(2) Primers for amplifying A DNA having
nucleotide sequences represented by SEQ ID NOS:39, 40 and
10 56 were synthesized. The length of a fragment to be
ampiified using each of the combinations of primers was as
follows: 151 bp (SEQ ID NOS:39 and 40); and 125 bp (SEQ ID
NOS:56 and 40). The template DNA prepared in Example 2(1)
was used in this Example. The reaction was carried out as
15 follows. Briefly, 2 ul of an‘annealing solution (500 mM
potassium chloride and 8 pM spermidine), 1 fg to 1 ng of
the template were added to 120 pmol each of the primers and
fill up to 10 ul by sterile water. The mixture was heat-
denatured at 98°C for 2 minutes, and then rapidly cooled on

20 ice to anneal the primers to the template.

After annealing, 40 pl of a mixture containing
0.625 mM each of dNTPs, 42.5 mM Triéine—potassium hydroxide
buffer (pH 8.5), 5.0 mM magnesium acetate, 0.0125% BSA,
1.25% DMSO, 30 U of E. coli RNase H and 11 U of BcaBEST DNA

25 polymerase was added to the mixture to make the final
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each of the reaction mixtures was subjected to

electrophoresis on.3.0% agarose gel. The results are shown

5 in Table 2.

Table 2
Amplification size (bp) Detection limit
125 10 fg
151 _ 100 fg
As shown in Table 2, it was confirmed that, when
10 A DNA was used as a template, a detection sensitivity of as

low as 10 fg could be also accomplished by examining the
optimal region. |

(3) A plasmid was prepared by inserting an

amplified fragment (length: 340 bp) into a plasmid T7Blue

15 T-Vector (Takara Shuzo). The fragment was prepared as

described in JP-A 9-140383 using synthetic primers for

amplifying a chrysanthemum viroid gene having nucleotide

sequences represented by SEQ ID NOS:57 and 58, and an RNA

from chrysanthemum infected with the viroid as a template.

20 The plasmid was used to transform Escherichia coli JM109

competent cells (Takara Shuzo). The transformant was

cﬁltﬁred in 5 ml of LB medium at 37°C for 16 hour. The

plasmid was purified from the collected cells using QIAGEN
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. 100 pg or 1 ng of the plasmid in 1 ul of sterile water were

prepared based on the concentration of the plasmid as

5 measured using Beckman DU-600 (Beckman). 1 ul of one of

the thus prepared plasmid solutions was uséd as a template

for 50 pl each of ICAN reaction systems. Primers CSVD-F2

and CSVD-R6 having nucleotide sequences represented by SEQ

ID NOS:59 and 60 were used in this Example. The reaction.

10 was carried out as follows. Briefly, 10 ul of a mixture

containing' 50 pmol each of the primers, 1 ul of the

prepared plasmid solution and propylenediamine at a final

concentration of 0.01% was prepared. The mixture was

heated at 98°C for 2 minutes, cooled to 60°C, incubated at

15 the temperature for 1 minute in Thermal Cycler Personal

(Takara Shuzo), and then placed on ice.

After annealing, at final concentrations, 20 mM
HEPES-potassium hydroxide buffer (pH 7.8), 100 mM potassium
acetate, 1% DMSO, 0.01% BSA, 4 mM magnesium acetate, 500 1M

20 each of dNTPs, 30 U of E. coli RNase H and 5.5 U of BcaBEST
DNA bolymerase were added to the mixture to make the final
volume to 50 pl with sterile water. The reaction mixtures
were placed in Thermal Cycler Personal which had been set

at 60°C and reacted for 60 minutes. After reaction, 3 ul

25 each of . the reaction mixtures was subjected to
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70 bp "and about 50 bp) were observed using a template at a
concentration of 10 fgqg.
5 Example 6
Primers to be used in the method of the present
invention were examined.
(1) The Tm value of a primer and the reaction
temperature were examined. Primers for amplifying
10 Flavobacterium sp. SA-0082 having nucleotide seqguences
represented by SEQ ID NOS:43 and 61-63 were synthesized.
These primers were constructed such that a region of 160 bp
or shorter having a GC content of about 20% was amplified.
The length of a fragment to be amplified using each of the
15 combinations of primers was as follows: 126 bp (SEQ 1ID
NOS:43 and 62); 158 bp (SEQ ID NOS:43 and 63); 91 bp (SEQ
ID NOS:61 and 62); and 123 bp (SEQ ID NOS:61 and 63). The
PCRfamplification product as prepared in Example 3(1) was
used aé a DNA as the template in this Example. The
20 reaction was carried out as. follows. Briefly, 10 pl of a
mixture containing 120 pmol each of the primers, 2 ul of
one of three types of annealing solutions (500 mM potassium
chloride and 8 uM spermidine, 0.05% propylenediamine, or

watei) and 1 fg to 10 ng of the template was prepared. The

25 mixture was heat-denatured at 98°C for 2 minutes, and then
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After annealing, 40 pl of one of three types of
buffers (17 mM Tricine-potassium hydroxide buffer (pH 8.5),
17 mM Bicine-potassium hydroxide buffer (pH 8.3) and 20 mM
HEPES-potassium hydroxide buffer (pH 7.8)) containing 0.625
mM each of dNTPs, 5.0 mM magnesium acetate, 0.0125% bovine
serum albumin (BSA), 1.25% dimethyl sulfoxide (DMSO), 30 U
of E. coli RNase H and 11 U of BcaBEST DNA polymerase was
added to the mixture to make the final volume to 50 nl.
The reaction mixtures were incubated at 52, 55 or 60°C for
1 hour. After reaction, 3 pl each of the reaction mixtures
was-subjected to electrophoresis on 3.0% agarose gel. As a
result, the amplified fragment of interest was observed
using the reaction temperature of 52°C. In éarticular, a
greater amount of amplified fragment of interest was
obtained using the combination of the annealing solution
containing 500 mM potassium chloride and 8 uM spermidine
and Tricine or Bicine buffer. The primer pair, the length
of the amplified fragment and the detection sensitivity for
the reaction temperature of 52°C are shown in Figure 5 and

Table 3.

*s109& () - 4ABXCCCpDgDr Dz XJ<=0! !
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Table 3
Amplification size (bp) Detection limit
126 ' 100 fg
158 1 pg
91 1 fg
123 100 fg
Figure 5 illustrates the results of

electrophoresis which shows the relationship between the

5 length of the amplified fragment and the amount of the DNA
as the template when an AT-rich region was amplified. Lane

l: molecular weight marker (100 bp ladder); lane 2:
amplification of a fragment of 91 bp in length using 1 pg

of the template; lane 3: amplification of a fragment of 91

10 bp in length usiﬁg 100 fg of the template; lane 4:
amplification of a fragment of 91 bp in length using 10 fg

of the template; lane 5: amplification of a fragment of 91

bp in length wusing 1 fg of the template; lane 6:
amplification of a fragment of 123 bp in length using 1 pg

15 of the template; lane 7: amplification of a fragment of 123
bp in length using 100 fg of the template; lane 8:
amplification of a fragment of 123 bp in length using 10 fg

of the template; lane 9: amplification of a fragment of 126

bp in length wusing 1 pg of the template; lane 10:

20 amplification of a fragment of 126 bp in length using 100
fé of the template; lane 11: amplification of a fragment of

126 bp in length using 10 fg of the template; lane 12:
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amplification of a fragment of 158 bp in length using 1 jole!
of the template; lane 13: amplification of a fragment of
158 bp in length using 100 fg of the template; and lane 14:.
amplification of a fragment of 158 bp in length using 10 fg
of the template. |

As shown in Figure 5 and Table 3, it was
demonstrated that good results were yielded by lower the
reaction temperature depending on the Tm value of the
primer when the method of the present invention was carried
out using an AT-rich template and a set of AT-rich primers.

(2) The higher-order structure of the primer may
influence the reactivity in the method of the present
invention. Then, modification of the primer for avoiding
the formation of the higher-order structure of the primer
and for making the primer readily anneal to the objective
template was examined. Primers represented by SEQ 1ID
NOS:47, 48 and 64-69 were used. Specifically, a primer
having a nucleotide sequence represented by SEQ ID NO:47,
primers 120I4, 121I5 and 122I6 which are primers having
nucleotide sequences represented by SEQ ID NOS:64 to 66 and
having an inosine deoxynucleotide at the fourth, fifth or
sixth base from the 3'-terminus, a primer having a
nucleotide sequence represented by SEQ ID NO:104, and
pfimérs 12314, 12415 and 125I6 which aré primers hawving

nucleotide sequences represented by SEQ ID NOS:67 to 69 and
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template as prepared in Example 4 was used in this Example.

The reaction was carried out as follows. Briefly, 10 ul of
5 a mixture containing 50 pmol each of the primers, 2 ul of

0.05% aqueous solution of propylenediamine, 1 ng to 10 ng

of the DNA as the template and sterile distilled water was

heated at 98°C for 2 minutes, cooled to 55°C, and incubated

at the temperature for 1 minute using a thermal cycler
10 (GeneAmp PCR System 9600, Applied Biosystems).

After annealing, 0.625 mM each of dNTPs, 42.5 mM
Tricine-potassium hydroxide buffer (pH 8.5), 5.0 mM
magnesium acetate, 0.0125% BSA, 1.25% DMSO, 30 U of E. coli
RNase H or 5 U of a heat-resistant RNase H from Thermus

15 thermophilus (Tth) (Toyobo, hereinafter referred to as Tth
RNase H) and 5.5 U of BcaBEST DNA polymerase were added to
the mixture to make the final volume to 50 pl with sterile
water. The reaction mixtures were incubated at 55°C for 1
hour. After reaction, 5 pl each of the reaction mixtures

20 was subjected to electrophoresis on 3.0% agarose gel. The
results are shown in Figure 6.

Figure 6 illustrates the results of
electrophoresis which shows the effects of chimeric
oligonucleotide primers containing inosine deoxynucleotides

25 when E. coli RNase H and ‘Tth RNase H were used. Lanes 2 to
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RNase H. Lane 1: molecular weight marker (100 bp ladder);

lane 2: a pair of primers represented by SEQ ID NOS:47 and

5 48, 1 ng of the template; lane 3: a pair sf primers 120I4

and 123I4, 1 ng of the template; lane 4: a pair of primers

121I5 and 12415, 1 ng of the template; lane 5: a pair of

primers 12216 and 125I6, 1 ng of the template; lane 6: a

pair of primers represented by SEQ ID NOS:47 and 48, 10 ng

10 of the template; lane 7: a pair of primers 120I4 and 12314,

10 ng of the template; lane 8: a pair of primers 121I5 and

12415, 10 ng of the template; lane 9: a pair of primers

12276 and 12516, 1 ng of the template; lane 10: a pair of

primers represented by SEQ ID NOS:47 and 48, 1 ng of the

15 template; lane 11: a pair of primers 120I4 and 123I4, 1 ng

of the template; lane 12: a pair of primers 121I5 and 12415,

1 ng of the template; lane 13: a pair of primers 122I6 and

125I6, 1 ng of the template; lane 14: a pair of primers

represented by SEQ ID NOS:47 and 48, 10 ng of the template;

20 lane 15: a pair of primers 120I4 and 123I4, 10 ng of the

template; lane 16: a pair of primers 121I5 and 12415, 10 ng

of the template; and lane.17: a pair of primers 122I6 and
12516, 10 ng of the template.

As shown in Figure 6, when primers having

25 inosines being incorporated at fourth or fifth base from
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5 template. These results demonstrate that the reactivity of
the ICAN 1is dimproved by incorporating inosine at an
appropriate position.
(3) Primers were examined for the same purpose as
that in (2) above. Oligonucleotide primers 1S and 45
10 having nucleotide sequences represented by SEQ ID NOS:84
and 85 in which the three bases at the 3'-terminus were o-$
(or alpha-thio) ribonucleotides, i.e., which had 5'-
phosphothiocate bonds in the RNA moieties, were synthesized.
In addition, oligonucleotide primers 1N3N3 and 4N3N3 having
15 nucleotide sequences represented by SEQ ID NOS:70 and 71
and having ribonucleotides at the three bases from the 3'-
terminus and in a portion of the sequence of the
deoxyribonucleotide moiety, i.e., ribonucleotides at
eleventh to thirteenth bases from the 3'~terminus of the
20 primer, were synthesized. The template DNA as prepared in
Example 4 was used. The reaction was carried out as
follows. Briefly, 10 pl of a mixture containing 50 pmol
each of the primers, 2 pl of 0.05% aqueous solution of

pfopylenediamine, 10 ng of the DNA as the template and

25 sterile water was heated at 98°C for 2 minutes using a



10 10YL-3%40% ()- !sSYL-3%09%& ()- !YL-39%0%& ()- 3+! 109& () -
@ 109& ()-WU3SH=0! |9409% (f(& ()-y2! |19%40% (& ()-y2! 1940% (& ()-y2!u
| 9%00% (&)()-y2! |%40% (& ()-y2! 910%(~(& ()- @ #10% ()

L 109%' ()- 10% ()- 10( 10( 10( |9%0% & ()-y2!| 1 FEB 2008
| 0% (1 (& ()-y2") W~ @I 3, @L0%>S& () 181 3, @1L09S9S9& () - @ 3, @L0%! p!
@13, @109 ()~ @T> " S10%: ()- !, $10% ()~ ovwyb{Y70!!

%.O%{(&'() f2l %40% (& ()-f2!" O%(t(&'()
thermal cycler, and then placed on ice for cooling.
After annealing, 40 pl of a mixture containing
0.625 mM each of dNTPs, 42.5 mM Tricine-potassium hydroxide
buffer (pH 8.5), 5.0 mM magnesium acetate, 0.0125% BSA}
5 1.25% DMSO, 30 U of E. coli RNase H or 5 U of Tth RNase H
and 5.5 U of BcaBEST DNA polymerase was added to the
mixture to make the final volume to 50 ul with sterile
water. The reaction mixtures were'incubated at 55°C for 1
hour in a thermal cycler.

10 _ After reaction, 5 ul each of the reaction
mixtures was subjected to electrophoresis on 3.0% agarose
gel. As a result, the amplification product was clearly
observed at the expected position using the combination of
primers 1S and 4S or 1N3N3 and 4N3N3 regardless of the type

15 of the RNase H used. These results confirmed that
modification of a primer at its 3'-terminus with 5'-
phophothioate was effective for the method of the present
invention. Additionally, it was confirmed that
substitution with a ribonucleotide at an appropriate

20 internal position in addition to the 3'-terminus of a
primer was effective for improving the reactivity of the
method of the present invention.

Example 7
Use of a DNA polymerase having E. coli RNase H

25 activity in the presence of a specific metal ion in the
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mixture containing . 120 pmol each of the chimeric

oligonucleotide primers used in Example 2(1), 2 pl of an

annealing solution containing 500 mM potassium chloride and

5 8 pM spermidine, 1 ng of the DNA as the template used in

Example 2(1) and sterile water was heat-denatured at 98°C

for 2 minutes, and then rapidly cooled on ice to anneal the

primers. to the template. After annealing, 40 upl of a

mixture containing 0.625 mM each of dNTPs, 42.5 mM Tricine-

10 potassium hydroxide buffer (pH 8.5), 5.0 mM magnesium

acetate, 0.0125% BSA, 1.0% DMSO and 11 U of BcaBEST DNA

polymerase, and manganese chloride (Nacalai Tesque) at a

final concentration of 0.5, 2.5, 5.0 or 10 mM were added to

the mixture to make the final volume to 50 pl with sterile

15 water. The reaction mixtures were incubated at 60°C for 1

hour. In addition, a mixture without the addition of

manganese chloride, and a mixture to which 30 U of E. coli

RNase H was added but manganese chloride was not added were

prepared as controls. After reaction, 3 ul each of the

20 reaction mixtures was subjected to electrophoresis on 3.0%
agérose gel. The results are shown in Figure 7. |

Figure 7 illustrates electrophoresis which shows

the results of the ICAN utilizing the RNase H activity of

BcaBEST DNA polymerase. Lane 1: molecular weight marker

25 (100 bp ladder); lane 2: without the addition of manganese
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hloride/with the addition of E. coli RNase H; lane 3:
without the addition of manganese chloride/without the
addition of E. coli RNase H; lane 4: with the addition of
0.5 mM manganese chloride/without the addition of E. coli
RNase H; lane 5: with the addition of 2.5 mM Inangaﬁese
chloride/without the addition of E. coli RNase H; lane 6:
with the addition of 5.0 mM manganese chloride/without the
addition of E. coli RNase H; and lane 7: with the addition
of 10.0 mM manganese chloride/without the addition of E.
coli RNase H.

As shown in Figure 7, the amplification product

of interest was observed for a reaction system to which

manganese chloride was added at a concentration of 2.5 mM

in the absence of E. coli RNase H.

Example 8

The method of the present invention was examined
using a practical biological sample.

(1) Detection was carried out using a hot water-
extract prepared from a culture of enterohemorrhagic
Escherichia coli 0-157 (ATCC accession number 43895) as a
template. Enterohemorrhagic Escherichia coli 0-157 was
cultured in mEC medium containing novobiocin at 42°C for 18
hours, and then heated at 95°C for 10 minutes. Hot water-
extracts of 0-157 corresponding to 0, 1, 10, 102, 10%° 10¢

or 10° cells were prepared by diluting the extract with
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conditions as those in Example 5(1). In addition, a PCR
was carried out wusing the same template under the
5 conditions as described in Example 5(1) as a control.
After reaction, 1 pl (ICAN) or 5 ul (PCR) each of the
reaction mixtures was subjected to electrophoresis on 3.0%
agarose gel. The results are shown in Table 4 and Figure 8.
10 Table 4
Amplification size (bp) Detection limit (cells)
ICAN (total time: 70 minutes)
135 102
173 103
"PCR (25 cycles; total time: about 66 minutes) ~—~~ T
135 10°
PCR (30 cycles; total time: about 80 minutes) ~—~TTTTTTTIIT
135 102
Figure illustrates the results of
electrophoresis which shows the detection of Escherichia
coli 0157 wusing ICAN or PCR. The chain length to be
15 amplified was 135 bp. Lane 1: molecular weight marker (100

bp ladder); lane 2:

103 cells; lane 4: ICAN for 10%? cells; lane 5:

cycles for 10' cells; lane 6: PCR of 25 cycles for 10° ‘

ICAN for 10 cells; lane 3: ICAN for

PCR of 25.
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cells; lane 7: PCR of 25 cycles for 102 cells; lane 8: PCR
of 30 cycles for 10* cells; lane 9: PCR of 30 cycles for
10° cells; and lane 10: PCR of 30 cycles for 10? cells.

As shown 1in Table 4 and Figure 8, it was
confirmed that the detection sensitivity of the detection
method of the present invention was equivalent to that of
the PCR, and that the method of the present invention
required shorter time for detection as compared with that
required for the PCR.

(2) A DNA was detected using the primers
represented by SEQ ID NOS:40 and 56 used in Examples 2 and
4, The reaction was carried out as follows. Briefly, 10
ul of a mixture containing 120 pmol each of the primers, 2
pi of an annealing solution containing 500 mM potassium
chloride and 8 uM spermidine, 10 fg to 1 ng of A DNA
(Takara Shuzo) and sterile water was prepared. The mixture
was heat-denatured at 98°C for 2 minutes, and then rapidly
cooled on ice to anneal the primers to the template.

After annealing, 40 pl of a mixture containing
0.625 mM each of dNTPs, 42.5 mM Tricine—potéssium hydroxide
buffer (pH 8.5), 5.0 mM magnesium acetate, 0.0125% BSA,
1.25% DMSO, 30 U of E. coli RNase H and 11 U of BcaBEST DNA
polymerase was added to the mixture to make the final
volume to 50 pl with sterile water. The reaction mixtures

were incubated at 60°C for 1 hour. After reaction, 3 pl
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5 Table 5

Amplification size (bp) _ Detection limit

125 1l pg

As shown in Table 5, it was confirmed that the
method of the present invention was effective in detecting
A DNA.

10 (3) Detection was carried out using a genomic DNA
from a bacterium Flavobacterium sp. SA-0082 as é template
and the primers represented by SEQ ID NOS:61 and 62 used in
Example 6(1). The genomic DNA as a template was prepared
according to a conventional method from the bacterium of

15 genus Flavobacterium cultured as described in WO 97/32010.
The reaction was carried out as follows. Briefly, 10 ul of
a mixture containing 120 pmol each of the primers, 2 pl of
an annealing solution containing 500 mM potassium chloride
and 8 pM spermidine, 10 fg to 1 ng of the genomic DNA and

20 sterile water was prepared. The mixture was heat-denatured
at 98°C for 2 minutes, and then rapidly cooled on ice to
aﬁneél the primers to the template.

After annealing, 40 pl of a mixture containing
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N electrophoresis on 3.0% agarose gel. The results are shown

in Table 6 and Figure 9.

10
Table 6
Amplification size (bp) Detection limit
91 100 fg
Figure 9 illustrates the results of
electrophoresis which shows the detection of a bacterium of
15 genus Flavobacterium. Lane 1: molecular weight marker (100
bp ladder); lane 2: 1 ng of the template; lane 3: 10 pg of
the template; lane 4: 1 pg of the template; lane 5: 100 fg
of the template; and lane 6: 10 fg of the template.
As shown in Table 6 and Figure 9, it was
20 confirmed that the method of the present invention was

effective in detecting a bacterium.
Example 9

A method for detecting a target nucleic acid in
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solution containing propylenediamine at a final
concentration of 0.01%, one éf the hot water-extracts
corresponding to 0 to 10! cells and sterile water was
15 prepared. The mixture was heat-denatured at 98°C for 2
minutes, cooled to 55°C and incubated at the temperature
for 1 minute in Thermal Cycler Personal (Takara Shuzo), and

then placed on ice for annealing.
After annealing, at final concentratioﬁs, 20 mM
20 HEPES-potassium hydroxide buffer (pH 7.8), 100 mM potassium
acetate, 1% DMSO, 0.01% BSA, 4 mM magnesium acetate, 500 uM
each of dNTPs, 30 U of E. coli RNase H and 5.5 U of BcaBEST
DNA polymerase was added to the mixture to make the final
volume to 50 pl with sterile water. The reaction mixtures

25 were placed on Thermal Cycler Personal which had been set



3 9%40999& ()-J/ 3 %0%R& ()-J/3 3 %0%R& ()-J/3 3 WOURS ()-J/ # 3
YL09R& {)-J/ 3 0% & ()-J/ =f>>>>>>>>vU410 3"s10%R& ()-3 s1098& ()
3 ylo%a& ()-310810&10& 33 %0%R&' ()-J/ 3 %0% & & ()- J/>’7q\BCDD| . -410%3
33S&109$& () - .3S&10% % & ()-3 3S&10%B&' ()- 3S&10%B&' ( o 2005 -
%4 0%&x &' () - DDDD#Dj DEj EbA410$3 3 Y94 098&1E)L- S2 Y‘V&OW&' ()-S2
YV 098& ()-S2 31098& ()- 3#- 10984& ()-10$10$j EFFGGI | I m nlol | [ NA41010%40%4.0%
3Y% 0% ()-S2 3& YUO%W& ()-S2 YYXdOWW& ()-S2 Y%O%s%&' ()-S2 3Q
YYL0%&E ()-S201T1pJIXKK| [: NA41010 v %40%) & () - %0%s~) s& () -
%0%) & ()- aF D80%-pRI()incudawed gat) the 1‘0@&@&:@#1&1@ L EENBN: 60 Nlﬁﬁslﬁhllt@bU410
3'y109%4& ()-310'10'10' .)10% & ()-@.)10% m(Y & ()- @ v#%0%) & () -
3HYA 0% ~) s&AS) 2 <NANNNHOOP®YELR: b4 1@ a3 ri%H0 Bd-81 { Ind310- 1 94 094 B4 85 ( =€l
91 %40%%8& ()-GlL | %0%%& ()-GlL 3"10%& ()-3
31098&' () - YQSRRRSN StSpS}) S{areckadli i) 10 98iké (nad®dd 094044 BNermal Cycler
| 940998 ()-GL1!' T 19%0%z& ()-GL | %0%%& ()- Gl
| %.0% % & (Pe@BBSATY UVINKE [ PAR3WAS3 CLERANIC! S8 h)- @1{@wmw¢@s
Y@L0%$n&' () - @ CY@LOW X&' ()- @ Y@RIOWE ()-@ " 10%%& ()
Y1YYMZ\BU410 ofy Mcmw&'r()} @iIRUL8YW B { )C @ o FlRYnUE (Ind 72°C for 1
3&y109%9&' () - G10%0%4.0% 3Y@L0%&' () - @M/ [ I\ W erAAA| [ NA4L0 10 _9%0 %40 %
3FYA.0% Y& (@Rt 0%8h YEirehec@BnFURNEA%E 4D0 @ EYRAUINE S )pd@ ¢ cle
FOA0%& ()- @ " _"ab|[: NAAL0 10 $10%&" ()- % $109%84& () - % 0$109%/& () -
$109%& () - %ant0BE ¢Hal 3¢sHOIRE (abdiﬁCCP@SCﬂYMﬂQs Y@L ddet¥d size
, 109 & () - 3#1098&' ()-109%40%0% 3/ % 0%& () -

94 090& () - degdlblel iaivipl[iNAGEE: 1 EOVAMANS3 Y@l 0P k£ ; SBe YEBIPIVBVELf ) - §2
Y@&10% $j & ()-S2 3[ Y@L0% 9%&' ()-S2 >Y@L09%&' ()-S2iiiijki[[:NAAIO 10
Y0 9n& (12 HEA0% % & the23 PEOAQMK ()mzxéﬁ@QW“&a(s) ,&%"é{:@/é%()to
3s° 1099&' () -4l n= o>o'>o@>0050#pvu41((3q)us\2/l- 8109 %& () - GL 310984
3@&LAWE ( p1etQULBULIUsI KV eve arose. . The re
Y‘%O%—I%—l& 83 2#ppq%Dstttt{ZI\/@1010$10$&10$ Y- EEE () - VRS ¥ - @
Y- &109%6& () sEﬁ&;hnY-&lo%ﬂd&gr@ SoaVY- &H0%& ) oGt téﬁwyult[hé\/@é%gts of
3,110%& ()- 3! 10%W& ()-

electrophore51s for the detection of enterohemorrhagic

Escherichia coli 0157 vero toxin II gene using the ICAN or
the PCR. Lane Ml: molecular weight marker (50-2000 bp);
15 lane M2: molecular weight marker (100 bp iadder); lane N:
negative control; lane 1: the template corresponding to 1
cell; lane 2: the template corresponding to 10 cells; lane
3: the template corresponding to 10% cells; lane 4: the
template corresponding to 10® cells; and lane 5: the
20 template corresponding to 10° cellé. Furthermore, results
of comparison between the amplification levels accomplished
by the ICAN and the PCR for 1 cell or 10 cells are shown in

Table 7.
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PCR - + + 4

-t no amplification; + to +++ indicate the degree of

amplification in three grades.

5 As shown in Figure 28A and Table 7, the
amplification products of interest were obtained for the
reaction systems using a hot water—extract.corresponding to
1 cell according to both the detection method of the
present invention and the PCR. Dot blot hybridization was

10 further carried out for the amplification product obtained
according to the ICAN using an oligonucleotide VT2 having a

nucleotide sequence represented by SEQ ID NO:73 labeled

with biotin at the 5'-terminus as a probe. Hybridization
was carried out under as follows. Briefly, 1 ul of a
15 reaction mixture was denatured at 98°C for 5 minutes,

rapidly cooled on ice, and spotted onto Hybond-N™

(Amersham Pharmacia Biotech). After exposure to UV, the
membrane was placed in a hybridization bag. 10 ml of a
hybridization solution containing 0.5 M disodium

20 hydrogenphosphate (pH 7.2), 1 mM ethylenediaminetetraacetic
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h"109%9& ()- for 60 minutes, the membrane was washed twice in a solution
containing 66.6 mM sodium chloride, 66.6 mM sodium citrate
and 0.1% sodium lauryl sulfate at room temperature for 5
minutes, incubated in 6 ml of a washing buffer (0.3 M
10 sodium chloride, 17.3 mM disodium hydrogenphosphate
dihydrate, 2.5 mM EDTA, 0.1% sodium lauryl sulfate) to
which 2 ul of 5 mg/ml horseradish peroxidase streptoavidin
conjugate (PIERCE) was added at 42°C for 12 minutes, and
then washed twice in the washing buffer at room temperature.
15 The membrane was then washed in 10 ml of 0.1 M citrate
buffer (pH 5.0) at room temperature and reacted in a
mixture of 5 ml of 0.1 M citrate buffer, 5 rl of 3%
hydrogen peroxide and 250 upul of a solution of 2 mg/ml
tetramethylbenzidine (TMB, Nacalai Tesque) in ethanol in
20 the dark for about 10 minutes. After color development,
the reaction was terminated with deionized water. The
results are shown in Figure 28B. Figure 28B shows the
results of dot blot hybridization for detecting a gene for

vero toxin II from enterohemorrhagic Escherichia coli 0-157

25 by the ICAN. The results were consistent with those
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present invention was confirmed to be effective as a method

for detecting a pathogen and the like.

Example 10 |

10 (1) Combination of a reverse transcription
reaction and the method of the preset invention was
examined using an RNA from cultured cells as a template.
The reaction was carried out as follows. Briefly, RAWZ264.7
cells (ATCC TIB 71) were suspended in Dulbecco's modified
15 Eagle's medium (Bio Whittaker, 12-604F) containing 10%
fetal calf serum (Gibco) at a concentration of 1.5 x 10°
cells/ml. 5 ml of the suspension was added to each well of
a 6-well microtiter plate and the plate was incubated at
37°C overnight in the presence of 5% CO,. 50 pl of a 100
20 pug/ml solution of lipopolysaccharide (LPS, Sigma) in water
and 50 pl of a 1000 U/pl solution of interferon-y (IFN-vy,
Genzyme Techne) in water were added to the well. The plate
was incubated for additional 4 hours. An RNA was then
pfepéred from the cells using RNeasy Mini Kit (Qiagen)

25 according to the instructions attached to the kit. As a
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Y@10% $& (docPbotide sequence of the mRNA for mouse inducible NO
15 synthase (iNOS) (GeneBank accession no. NM-010927). As a
control, primers for PCR represented by SEQ ID NOS:76 and
77 were also synthesized.

10 pl of a mixture containing 50 pmol each of the

primers, 2 pl of an aqueous solution of propylenediamine at

20 a concentration of 0.05%, 1 ul of the cDNA as a template
(corresponding to 50 ng of the RNA) and sterile water was

prepared. The mixture was heat-denatured at 98°C for 2

minutes, cooled to 55°C and incubated at the temperature

for 1 minute in a thermal cycler to anneal the primers to

25 the template.
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| 11099q%0& (1258 ®MSO, 15 U of E. coli RNase H and 11 U of BcaBEST DNA
5 polymerase was added to the mixture to make the final
volume to 50 pl with sterile water. The reaction mixtures
were incubated at 55°C for 1 hour in a thermal cycler. The
reacted samples were stored by freezing at -20°C until
analysis. The PCR as a control was carried out as follows.
10 Briefly, 50 pl of a reaction mixture containing 50 pmol
each of the primers, 1 ul of the cDNA (corresponding to 50
ng of the RNA), 5 ul of 10 x Ex Taqg buffer (Takara Shuzo),
1.25 U of TaKaRa Ex Tag DNA polymerase (Takara Shuzo) and
0.2 mM each of dNTPs was reacted in a thermal cycler. The
15 program was as follows: 1 cycle of 94°C for 2 minutes; 30
cycles of 94°C for 30 seconds, 55°C for 30 seconds and 72°C
for 30 seconds; and 1 cycle of 72°C for 5 minutes. The
reacted samples were stored by freezing at =-20°C until
analysis. After reaction, 5 nl each of the reaction
20 mixtures was subjected to electrophoresis on 3.0% agarose
gel. The results are shown in Figure 10.
Figure 10 illustrates the results of
electrophoresis which shows the comparison between the RT-

ICAN () and the RT-PCR (B). Lane 1: molecular weight

25 marker (100 bp ladder); lane 2: negative control group; and
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present invention required a shorter period of time for
reaction as compared with the PCR, the method of the
present invention was more effective as a DNA amplification
10 method after reverse transcription.
Example 11
E. coli RNase H of which the optimal temperature
is 37°C may become inactivated during amplification
reaction of the present invention. Then, the effect of
15 addition of E. coli RNase H to the reaction mixture during
the amplification reaction was examined. An amplified
fragment (1071 bp) obtained by a PCR using primers GMO-PCR-
F and GMO-PCR-R represented by SEQ ID NOS:78 and 79 from a
genomic DNA extracted from recombinant soybeans into which
20  cauliflower mosaic virus 355 promoter and EPSPS gene had
been introduced was used as a template DNA. In addition,
primers GMO-S1, S2, Al and A2 having nucleotide sequences
represented by SEQ ID NOS:80 to 83 were ﬁsed. The reaction
was carried out as follows. Briefly, 10 pl of a mixture

25 containing 50 pmol each of the primers, propylenediamine at
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5 After annealing, at final concentrations, 500 1M
each of dNTPs, 34 mM Tricine-potassium hydroxide buffer (pH
8.7), 4.0 mM magnesium acetate, 0.01% BSA, 1% DMSO, 30 U of
E. coli RNase H and 5.5 U of BcaBEST DNA polymerase were
added to the mixture to make the final volume to 50 pl with
10 sterile water. The reaction mixtures were incubated at
55;C for 25 minﬁtes in a thermal cycler. 30 U 6f E. coli
RNase H was further added thereto 25 minutes after the
initiation of the reaction. The mixture was incubated at
55°C for 30 minutes. As a control, a reaction was carried
15 out by incubating the mixture at 55°C for 55 minutes.
After reaction, 3 pl each of the reaction mixtures was
subjected to electrophoresis on 3% agarose. As a result,
it was confirmed that the amplification efficiency was
improVed by the .addition of E. coli RNase H during the
20 reaction regardless of the concentration of the template
DNA for either of the combinations of the primers, S1/A1l,
S1/A2, S2/Al and S2/A2.
Example 12

The combination of a method for amplifying or

25 duplicating a nucleic acid to be used as a template in the
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present invention and the method of the present invention
was examined. The reaction was carried.out as follows.
Briefly, in wvitro transcribtion was carried out using a
plasmid containing the chrysanthemum viroid gene as
prepared in Example 5(3) which was duplicated in
Escherichia coli as a template and T7 RNA polymerase
(Takara Shuzo) td obtain a fragment duplicated from an RNA.
A cDNA was synthesized using primers having nucleotide
sequences represented by SEQ ID NOS:57 and 58 and cDNA
synthesis kit (Takara Shuzo). An amplification reaction
was carried out as described in Example 5(3) using the cDNA
fragment or the duplicated blasmid as a template. As a
result, it was confirmed that both a nucleic acid
duplicated in a form of a plasmid and a nucleic acid in a
form of a ccDNA duplicated from an RNA using an RNA
polymerase can be used as templates for the method of the
present invention.

Example 13

(1) Synthesis of primer

Oligonucleotide primers NS1 and NS2 represented
by SEQ ID NOS:86 and 87 were synthesized on the basis of
the nucleotide sequence of the mRNA for mouse inducible NO
synthase (iNOS).

(2) Amplification of DNA fragment according to

ICAN using PCR product as template
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10 pl of a mixture containing 50 pmol each of the
synthetic oligonucleotide primers, 2 pl of a 0.05% aqueous
solution of propylenediamine and 10 fg to 10 pg of the
template was heated at 98°C for 2 minutes and then 60°C for
2 minutes using a thermal cycler (GeneAmp PCR System 9600,
Applied Biosystems) to anneal the primers to the template.
iNOS cDNA (741 bp) amplified using primers NS-PCR1 and NS-
PCR2 represented by SEQ ID NO0S:132 and 133, which was then
purified using Suprec02 (Takara Shuzo), was used as the
template. 40 ul of a reaction mixture containing 0.625 mM
each of dNTPs, 40 mM HEPES—potassium hydroxide buffer (pH
7.8), 125 mM potassium acetate, 5.0 mM magnesium acetate,
0.0125% BSA, 1.25% DMSO, 0.0156 ug of Pfu RNase H and 0.66
U of BcaBEST DNA polymerase was added to the heated
solution. The mixtures were at incubated at 60°C for 1
hour in a thermal cycler. 5 pl each of the reaction
mixtures was analyzed by electrophoresis on 3.0% agarose
gel. The results are shown in Figure 11. Figure 11
represents the results of the ICAN using Pfu RNase H. Lane
1: molecular weight marker (100 bp); lane 2: 10 £fg. of the
template; lane 3: 100 fg of the template; lane 4: 1 pg of
the template; and lane 5: 10 pg of the template.

As shown in Figure 11, the amplification product
of interest was observed using 100 fg of the template.

Example 14



