; =>?@\BCDEFe3e| yybbc no&y6\yTyn+ DESCRI PTION METHOD FOR AMPLI FYI NG
NUCLEI C ACI D SEQUENCE 5 Technical Field The present invention relates to a
met hod for synthesizing a DNA, which is useful in a field of net i

A Lomce as

engi neering. | Wﬂﬂlma nmet hod for anplifying a nucleott
a tenpl ate andmwm : 10 detecting a,nucleic acid anplified by said
met hod. Background, b« DNA synthesis is uséd for various purposes in '

studies in a field of genetic engineering. Mdst of the DNA 15 synthesis
with the exception of that of a short-chain DNA such as an oligonucl eoti de

is carried out by enzymatic nethods i I pol ynerase is utilized.
JRISRERY

An exanpl e of the nethods is the pol In reaction (PﬂmQWHMNMHmumm
described in United States Patent Nos. 4,683,195, 20 4,683, 202

4,800,159 in detail. Another exanple is the reverse transcri pti on-Rgf-
(RT-PCR) nethod, which is a combination of the PCR nethod and a reverse
transcri ptase reacti CNIETI'Z%D oé%%r%%&f%“ﬁ eﬁf&l’ﬂ\c @%%MW%%? 10: 146152
(1992). The devel opnent of the above-nentioned net hods 25 has enabl ed t he
anplification of a region of interest from 3 0 JUL 2003 2 a DNA or an
RNA. The_ above-nenti oned DNA synt hesis nmethods are conducted, for exanple,
usi ng a ?eactTePRiAL oHRI4ts of three steps. The three steps are a step
of dissociating 5 (denaturing) a doubl e-stranded DNA i nto single-stranded

DNAs, a step of anneal iThf aPEESRBE tdnYaRt 5emglrelatesnded BNAMghdod sfep of

synthesi zing (extending) a conplenentary strand fromthe prinmer in order to
anplify a regiichgsiging a DNA, which 'is useful in a field of genetic

engineering. It relates to a method for amplifying a
nucleotide sequence as a template and a method for

10 detecting a nucleic acid amplified by said method.

Background Art
DNA synthesis is used for various purposes in
studies in a field of genetic engineering. Most of the DNA
15 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
of the methods is the polymerase chain reaction (PCR)
method as described in United States Patent Nos. 4,683,195,
20 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 method and a reverse transcriptase
reaction, as described in Trends in Biotechnology, 10:146-
152 (1992). The development of the above-mentioned methods

25 has enabled the amplification of a region of interest from



DNA of interest. Alternatively, they are conducted using a 10 reaction
designated as "the shuttle PCR' ("PCR ho sai zensen" (Recent advances in PCR
met hodol ogy: Basi ¢ net hodol ogy and it's application), Tanpa@yﬁhhh§gm§akusan
Kouso,” Bessatsu, (Protein, Nucleic Acid and Enzyme, Supplenment),
41(5):425-428 (1996)) in which two of the 35 three steps, that is, the step
of annealing the priner and the step of extending are carried out at the
sanme tenperature. Alternatively, the ligase chain reaction (LCR) nethod as
described in EP 320,308 published on June 14, 20 1989 or the

transcriptio Qﬂ@? igwcati on system (TAS) net hod as described in PCR
Pr ot ocol s, Acrha em gogi%gsét?lﬁc 1990, pp. 245-252 nmay be used. The four

met hods as mentioned abgyge rgquide raneating @ e%&?lir“rglgsgtﬁ %QEEQ&*F (ate

tenperature and that at 'a | ow tenperature several

ot anpl {1 CTECESy CPOR AT, CHUETHE o BhachdoBe thitta Tt Uit rg
di scont i nuoustl_ph ) cycf, es Qggause t he reaction {;s restricted b

ases.or .
tenperature as Idee%c?'?‘:ﬁga‘ab o, PBETRUS IR AEFhGsSTEBuiG e ‘Elh%s%%’egﬁnﬁn
expensi ve the | _.cycler that can.strictly, ad a,wde ran of

t enper atr e o{fg?n‘ﬁ%n%rt%e%bel,e_ﬁ?eraﬁréféfi @ﬁ&\r ehﬁ*’?essﬂ" etfranded
adj usting the enperatgre ta the twf,or t hree predeterm ned ones. The | gss
of time incr ' ih 25°Pr Sora Rt g g BYEMETnIherhe NEEPRH R~ ST gnded
anplification met hocﬁis thgt can be carried out isothernally have. been

devel oped i n BHUeFNE 02 sEFFR Lffe SHRTRSSIZ I NS al B N PNFed  TORPLIMRSREREY
strand displaceneqi gnglificatiqn (SDA) nethod as described in JP 15 B
7-114718, t heé®SedHe stEPEi hPE RGddcel f ePrACAL itoh FTHBRY L Yref h&&9I1PRe GHHuckei ¢
aci d sequence ba;gfd ant];éi ficatiaon (NASBA%F met hod as described in Japanese
Patent No. 26315 dHeLi$sihscrd bEFERe hEte bY edt R8I 3¥¢ cePIRC My s g hdd,
the QB replicase nethod as described in gaganese Patent No. 20 2710159 and
the varibus mRAEIRN sDACFEOR8E8das afescr EBBd ishubtilteed BFBY es (BECEt h@.

5,824,517, WD 99/09211, WO 95/25180 and WO 99/49081. A nethod of isothernal

enzymatic syriHeESnS " an(REFHUCIEVANERS | sillesRER batevhodmiegy: StBaekc

Patent No. 5,916,777. Extension froma priner
methodology and it's application), Tanpakushitsu Kakusan

Kouso, Bessatsu, (Protein, Nucleic Acid and Enzyme,

Supplement), 41(5):425-428 (1996)) in which two of the

15 three steps, that is, the step of annealing the primer and

the step of extending are carried out at the same
temperature.

Alternatively, the 1ligase chain reaction (LCR)

method as described in EP 320,308 published on June 14,

20 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 require repeating a reaction at a high

temperature and that at a low temperature several times in

25 order to regenerate a single-stranded target molecule for



25 and/or annealing of a primer to a single-stranded extension 430JU
L 2003.product (or to an original target sequence) foll owed by extension
fromthe primer take place in parallel in a reaction m xture %ﬁqﬂﬁﬁgwg at a
constant tenperature in the reaction of these nethods of isothermal nucleic
acid 5 anplification or synthesis of an ol izgonucl eotide. Among the

i sothermal nucleic acid anplification nethods, the SDA nethod is an exanpl e
of systens in which a DNAis finally anplified. The SDA nethod is a nethod
for anplifying a target nucleic acid sequence (and a 10 conpl enentary

strand there i S L quﬁﬁﬁpt o] oyh| tra sin

pol yner ase aﬁj % I?%s r?@??‘gﬁqéﬁggﬁﬁcl ase.’ Thfghrgre#%g%trig&uir%gss ?%u?h%f‘f#érs
used for the Lf] ign, t Q i.ch shoul d be designed t.o contain a
recognition gﬁ?ﬁéé%?ﬁgﬁégrggéﬁgcfﬁﬁﬁggﬁgﬁﬁggﬁéaggés%% ?%ecﬁﬁﬁﬁﬁﬁ BEUiFes
the use of a nodified. deoxyribonucl eotjde triphaosphate as a_substrate for
DNA synt hesi 3{%1 Irgraé:é:l(ﬁ’l?anf'r’ti%%?tﬁhc{éﬁgnpq’bé g@“&r‘?ga%&ﬁefi 8g described
deoxyribonucI%%§ide tri phosphates is an (a-S) deoxyribonucl eotide

tri phosphat e 33 i ch the oxygen atom 20 of the phosphate group at the

a-position is repl aced a syl fur atom (S). The problem of running cost
associ at®d with the useﬁﬁ'fs't htg‘enﬂ%?tﬁ?%‘éis d’é%ﬁ%’f%oﬁi‘ﬁl‘é%?i‘a ??i%%%bﬁja‘f%
beconmes serious if the reactiqn . is routinely condycted, for, exanple, for
genetic test .tli'lﬁ.ﬁ“lar?er FrBFi,ert &5 Fﬁeorsﬁd:rlaf{q]dh BEJERE FodVifed HREdeeo?f de
such as the (a-S 3 0 JUL 2003 5 deoxyribonucl eotide into the anplified

DNA fragment GETHS MBIV Ry EaBBE i sFUdsdmosabithe wACHIRN aFpUnires
DNA fragment with a restrjction enzyme, for exanple, when it is subjected

to a restrictildif ehAS¥neAd e [tHifgt REBPBBRYHBE pHics nERRFAMC aRal yEhEee The

nodi fi ed SDA net hod as, described in United ,
predetermined ones. The loss of time increases in

10 proportion to the cycle number.

Nucleic acid amplification methods that can be
carried out isothermally have been developed in order to
solve the problems. Examples thereof include the strand
displacement amplification (SDA) method as described in JP-

15 B 7-114718, the self-sustained sequence replication (3SR)
method, the nucleic acid sequence based amplification
(NASBA) method as described in Japanese Patent No. 2650159,
the transcription-mediated amplification (TMA) method, the
QB rep;icase method as described in Japanese Patent No.

20 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
States Patent No. 5,916,777. Extension from a primer

25 and/or annealing of a primer to a single-stranded extension



States Patent No. 5,824,517 is a DNA anplification nethod that uses a
chinerLquriner that is conposed of an RNA and a DNA and has as an

essential elenment a structure in which 10 DNA is positioned g? I&?%hmat t he
3'-term nus. The nodified SDA nethod as described in WD 99/0 1i equi res
the use of a restriction enzynme that genergtes a 5' protruding end. The
nodi fi ed SDA net hod as described in WO 95/25180 requires the use of at

| east two pairs of priners. 15 The nodified SDA nethod as described in WO
99/ 49081 requires the use of at least two pairs of prinmers and at | east one

modi fied deoxysdpenudieottde Ay | phegehal e« Ay didesablieholindo {Nf, B! Bod

for synthesizing an oligonucleotide®as described In

No. 20 5,916 [ hesi.zj [ Qri i

M bonuct eot | SR SRSFRR S, b PEEREE SARE BT T8 BEfe LY b Ut e

i ntroduci ick bet th j ded, st d,.i .

pr mor - oxt artEH L PRALBF LR At SHEBRE| Bhse £O SERaFal SPRBAF ARGER: £AG a

t | ate 25 d i th i t Lt ired t .30
J UL, 2003 §°FSbIShe The BITRGr TropetRe PoactPORNEFLPLm BHALEREN aRAGal
it tot t | at e, ' i d to, th i in t thod. As
descri bBd abBUBLLEHEsCLARChF i BHAFOPSLEHOF maR S hECTaFLeaEtHoanpl i i cat i on
il cot i de. sequence. atATEIST G g UATTHHL WHC SACoNE 1S aBRBAL FEAAE ERN be
further geneticallg engi neered is qQbtai ned has been _desired.. 10 Objects of
| nventi on THBSHRPHS obflet Sk Tﬁ%hﬂaeéﬁn?niﬁﬁ@ﬂPiSnoﬁsSYBtﬁWEVPHeWQlCh a

conveni ent and_efficient nethod for anpl%ﬂyin%Aa nucl eoti de sequence

char act er i zeBNRniph&dng 1BNA aRfS S € SDA method is a method for

amplifyiﬁg a target  nucleic acid sequence (and a
10 complementary strand thereof) in 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
contain a recognition site for the restriction endonuclease.
15 The method requires the use of a modified
deoxyribonucleotide triphosphate as a substrate for DNA
synthesis in large quantities. An example of the modified
deoxyribonucleotide triphosphates is an (a=S)
deoxyribonucleotide triphosphate in which the oxygen atom
20 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
conducted, for example, for genetic test. Furthermore, the

25 incorporation of the modified nucleotide such as the (a-S)



15 reaction is carried out in the presence of an oligonucleotide prinmer and
a nmethod for producing an anplified DNA fragnent in |arge quantities for
supplying it. Summary of Invention 20 As a result of intensive studies, the
present inventors have constructed an excellent system for geng JuL 2003
anplification reaction. The construction s acconpl i shed by devel oping a
method in which a region of a DNA of interest is anplified in the presence
of a chineric 25 oligonucleotide priner having a ribonucl eoti de positioned
30 J UL 2Q03 at the 3" -termnus or on the 3" -termnal side, an

d I . I [ h t t ' b
compl ot ed. - TRECHEAE SR E BPe dnr B e L FEEG b EP e R R E
i soth | ' [ i . B d lifi ' f | ei Ld (]
method. i SRELBO8 A onBPLH S v heR EREL E8, Rl Wit afielEERefn R o
chinmeric oligonucleotide.priner, is used under isqthermal conditions. The
first. invent FEASBENERYIEogeAESFRIGHTE o CIB VS At s EFMPIEr hideFpRt 15
i fyi | eoti d haracteri zed in that_th t h
conpr i ses. (SFEIPEREFng Sonudl of FeRERICEAOR | RBFHFE Wi iFHESTeas N

prinmer that is_substantiall | epent,ary to the nucl eoti de sequence of

t he nucPeic BE#MmSEB% SBNAR¥§%Sg$9ﬁg§F§é'tO synt hesi ze a pri nmer - ext ended
strand that is conplementary to the tenplate, wherein the prinmer is a

chi meric ol i gonucl eot i d8eprifert k&ht 4PAi ML oRYr IdsGTFdbEst i Ho Hnd ted

ri bonucl eotide, the ribonuc|eotide being positioned at_the 3'-term nus or
on 20 the 3'SFéFﬁ§n£a§ﬁQﬂaNﬁ-tﬁeséﬁiﬁ%? fisx &| B agePh £ hcahiendseidiosase;

(b) cleaving the priner-extended strand of a
that uses a chimeric primer that is composed of an RNA and

a DNA aﬁd has as an essential element a structure in which
10 DNA 1is positioned at 1least at the 3'-terminus. The
modified SDA method as described in WO 99/09211 requires
the use of a restriction enzyme that generates a 5'-
protruding end. The modified SDA method as described in WO
95/25180 requires the use of at least two pairs of primers.
15 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
oligonucleotide as described in United States Patent No.
20 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
with an endonuclease to separate them, digesting a template

25 and recovering the primer to reuse it. It is required to



doubl e-stranded nucleic acid obtained in step (a) with the endonucl ease at
a site~that contains the ribonucl eotide~ 25 and 3 0 JU _ 2003 8 (c)
extendi ng a nucl eotide sequence that is conplenmentary to the tenplate using
a DNA pol ynerase having a strand di splacenent activity from t3hg J¥- 2083 m nus
of the primer portion of the double-strandgd nucleic acid in which 5 the
primer-extended strand is cleaved obtained in step (b) to effect a strand
di spl acenent. The second invention of the present invention relates to a
met hod for anplifying a nucl eotide sequence using at |east two priners,

e o | Zed s ol Drihd P 1k SHPI AR i) f SRR 10 AU Sl O

as a tenplaté wt st one priner that 1s sub conplenen

Synt hesi 26 o Ter CONC BRIRR“4Er e That 1 BE0B:CHR Nelley EPDETBLERE Lo

tenpl ate, mh%égin &he rimer is a chineric oligonucleotide prinmer
containing a O%V Pﬁ ucl eotide and a ribonucl eotide, the ribonucl eotide

bei ng positioned at the 3" sterm,nus ot on t 3'-term nal side of .the

it et Tor ol eavage w B aleSor LHInderdase The) CORERUEAGNERe 1o0therRal
pri mer - ext ended .st,rand aof, a doubl e- st r.anded cleic aci.d ohtained in step
() "t 5 ho Rl G638 ATl ECAHAT oGS ¢ i bomiiboMardous)
extending a nucleotide seguence that .is 25 _conplenentary to the tenplate
G5 ng o DNA BEOHISMESe habliG: < 3 GFeRICG08S%0. ATBLEAUNG: Sl AHARE ae
activity fromthe 3'-tern1nus of the priner portjon of the double-stranded
nucl ei ¢ aci d SEIXRREN dthel PYi FBRRAREer@SE &Y dhiF¢R 81 BYQedragmantedhat
step (b) to effect a_strand displacenent, wherein a doubl e-stranded 5

nucl ei ¢ aci d @R nfWEEReF cgepetbfablyr pREirERERACLE Sbtadaers hasukasen n

step (b); desired.

10
Objects of Invention
The main object of the present invention is to
provide a convenient and efficient method for amplifying a
nucleotide sequence characterized in that a DNA synthesis
15 reaction is carried out in the ©presence of an
oligonucleotide primer and a method for producing an

amplified DNA fragment in large quantities for supplying it.

Summary of Invention

20 As a result of intensive studies, the present
inventors have constructed an excellent system for gene
amplification reaction. The construction was accomplished
by developing a method in which a region of a DNA of
interest is amplified in the presence of a chimeric

25 oligonucleotide primer having a ribonucleotide positioned



(d) treating a rel eased di splaced strand obtained in step (c) as a tenplate
wWth at- | east one priner that is different fromthat used in step (a) and a
DNA pol ynmerase 10 to synthesize a priner-extended strand that is
conplementary to the displaced strand, wherein the priner that is different
fromthat used in step (a) is a chimeric ofigonucleotide pringr0 Uhlat2083s
substantially conplenentary to the nucl eoti de sequence of the displaced
strand and 15 contains a deoxyri bonucl eotide and a ribonucl eotide, the

ri bonucl eoti de being positioned at the 3'-term nus or on the 3'-term nal
side of the pgi Mg orscleayage.yi t §ran gndonyec! egsecefRingl eaxipg, they

pri mer ~ext ended strand of a 20 doubl e-stranded nucleic acid obtained in

step (d) wi thBBEu@@@QQ:éd sﬁge at sl %v%tlh)gft%tna%‘ér]t ai ngph e rdfhonucleabide;

and (f) extending a nucleotide sequenc is conpl ementary to“the

template usingyanPhBPHadTPREsE BRYLAGLER @ Sthantedrapl aGeTeRl Beklodily

fromthe 3" -termnus o 10 priner portion o

doubl e- ) S ) r ) s ol q

Ot ainea | ' S9gAEERR §s2fed ioRatiir Bel RED MR HA T Erakale bhifles®

double-gtranded ng%l contai_ni ar r-,ext d
in

I,G.acl.d ' 1ded |5
strand T's reHESS ps;lgﬁ%%g:)l.o%r%ér%qcfr;%e %faeeﬁge? ?{;gﬁ) ghlaggggbnggigﬁseﬂﬁ ons
f th t i [ duct ed i sot | ly. The nucl '
sequonce as AhE SRR F e nayHa = DA SohHERERs LA sPEH e Sorbat ThG e @
i ngl e-st ded cDNA b 10 t I pLi ti [
Cransori ptasEnaRATAR A Be LT ERHIe o Ay Be LbnBFFead BT or o8 Leeata)
of the first angéaecond i nventions. The single-stranded cDNA nmay be used as

the nucl eoti §8"E§&44E8REe as the tenplate. Both of a single-stranded DNA and

a doubl e-stranded DNA can be,15 preferaply use the DNA as the tenplate
in the first and secong'%lenvgﬁﬂ:?anlBYef‘EéXBre%’gn?tﬁ?$vé’rﬁﬁsc?ﬁ’st. F.pv§n§&l951| e
strand?g DNA is used as the tenBI%%F, t he net hod of thﬁ gre ent invention
may belfondufedtaft &° £ pFethed: hokt AR Bfiterfat BRFAGOFREe Sequence,

doubl e-stranded DNA into single 20 stranded DNAs.
characterized ingt%at tie meﬁ%od comprises:

(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 a 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
deoxyribonucleotide and a ribonucleotide, the
ribonucleotide being positioned at the 3'-terminus or on

20 the 3'-terminal side of the primer for cleavage with an
endonuclease;

(b) cleaving the primer-extended strand of a
double-stranded nucleic acid obtained in step (a) with the
endonuclease at a site that contains the ribonucleotide;

25 and



In the above-nentioned inventions, the extension fromthe priner is
conducted using a DNA pol ynerase having a strand di spl acenent activity. A
DNA pol ynmerase selected fromthe group consisting of Klenow fragnent of DNA
25 polynerase | from Escherichia coli, Bst DNA pol ynerase 30 JUUL 2903 11
| acking 5'-.3" exonucl ease from Bacillus sgearot hernophi |l us and Bca DNA

pol ynerase | acking 5 -3 exonucl ease from Bacil | us cal dotenax can be
preferably used in the present invention. Additionally, an endori bonucl ease
can be 5 preferably used as the endonucl ease. The endori bonucl ease that can

be used include, but ar‘acpotei%é’gl& r Itg%esamggeg{:% Loﬁgﬁggﬁ& T, aéhi{%

i nvention of the present 1 nvention ranpl Ifying

nucl eoti de se C h C [ j . t he rises._ (a
brepari ng a KEIBY SIS oy SRt Ak B i S P o BB PE e v s
deoxyri bonucl eot,i de triph hat a A | ynerase . hawy,ng a strand

di spl acenent adcﬂ%qcé/, dgfgiggg?ggﬁeagyﬁxggyaﬁogh%ﬁdﬁﬁu%%%%aqf 1&he

cl eaves an extended strand geperated fromthe prinmer, wherein the priper is
2 chi mori o olFGEMUCIRRR T HE" P11 ridhe (AaNP T STERTSRT i AT P Kora teter S 6l

t he nucl eoti sequence of the nuc|eic . acid gs the tenpl.ate and contains a
deoxyr i nuc&&lﬂi r&%’%x??%‘g%%cf beRdelst rdeayed Ggﬁhi‘éln?& i‘de HitgP)
positioned at, the 3 -termnus or on the 3' -termnal side of the prinmer for
cl eavage wit HFQ rﬂlc?te’é%'ééz AP ¥asenerlubati ng the reaction mixture for
a sufficient tine to generate a reaction Eroduct. 25 Exanples of the .

nucl eoti de sequences asiH%ie SeCORFYULNYEBELID RhplIthSesPERIENEant BERREERN i n
the third invention include a nucl eotide sequence sel ected fromthe group
consi sting offHaieyyl BOstd FRBRHOCBDNACTa IR NG af dPFBRR tdERat ILEFRFE 0
singl e-stranded DNAs-and a cDNA obtai ned by a reverse 5 transcrigtion
reaction froHHNRNAL THE3SE nbVe IMFHERFE: olGhgdinrliegdidede phi nehat nehee
contained in the reaction mxture. The DNA pol ynerase having a strand

di spl ackhent wathad (SRRl $9®: endonucl ease used in the first and second
inventions can be preferably used in this invention. 10 The prinmer used in
the first to third invef®) chscaiinhed RESEAIC | 3OERt3DA i terpisritth at

ol i gonucl eotide priner. For exanple, a chinmeric oligonucleotide having a
structure in Magh ene |IREEreHihahris es WS YRR WA bkY neRRP kRt Y/ dto the

ri bonucl eotide residues are attached at the 3
nucleotide sequence o0f the nucleic acid and a DNA

polymerase to synthesize a primer-extended strand that is

15 complementary to the template, wherein the primer is a
chimeric oligonucleotide primer containing a
deoxyribonucleotide and a ribonucleotide, the

ribonucleotide being positioned at the 3'-terminus or on
the 3'-terminal side of the primer for cleavage with an
20 endonuclease;

(b) cleaving the primer-extended strand of a
double-stranded nucleic acid obtained in step (a) with the
endonuclease at a site that contains the ribonucleotide;

(c) extending a nucleotide sequence that is

25 complementary to the template using a DNA polymerase having



15 terminus or on the 3 -termnal side of the prinmer can be used. The
tenplate used in the first to third inventions of the present invention my
be a nucleic acid that is anplified beforehand by a nucleic acid 20
anplification method. For exanple, the TAS nethod, the 3SR ne} holl 2062
NASBA net hod, the TMA nethod, the Q3 replécase met hod, the PCR nethod, the
ZCR et hod and the SDA nethod can be utiliZzed as the nucleic acid
anplification nethod although any nethods for anplifying a nucleic acid can
be 25 used without limtation. The nmethod of the present 30J UL 2003

13 invention_c u i4n..C i I it h.these nugleic _acid
anplificati of %;gtr%glgs.%ﬁ%ﬂla%nc&%éq{p{r]%ff%ﬁ% Eléﬁrgnngté Ekieﬁﬁlﬁnggnoge Bed
in the nucleic,acid anpl.ification reaction. For, 5 exanpl.e, w,thqut

[ tati on, REAPERePORRIORGSE ORISR bas e gt PHE G A0 b adudhie
| east at the 3 term nus or on the 3' -termnal side c be preferably used.
The four th | BN BROTSS SHRE THAc0 T AT ot | ohes e S8t abnalchnnerpe (B)

ol i gonucl eoti de priner that ca ge 10 used for the first to third

i nventions. ?Heeﬁﬁﬁﬁﬁ'§:§§ﬁ%ﬁgc LFP2REETRNE hathpEedBnRajdnibde-stranded
deoxyri bonucl eoti de and ,a ribonuc] eotide and has a structure in which the
ri bonucPeot i BBCL81FosiGiShe PRI WY - { 81 nFRIENEF 2B/t h@rimersentradesi de
of the prinmer. For exanple, a chimeric_15 oligonucleotide primer that
contains at B&¥aNdops, rpuees 4B FteRo (&Y ‘nore successive ribonucl eoti de
resi dues and enabl es the extension of a DNA strand fromthe 3'term nus
thereof may be used. SUER AIFACABY s r§dSiageed ddgeh acest sitrang eb&adagdoy
the action of a ribonuclease 20 such as RNase H at the 3'-term nus of the
ri bonucl eoti 48 FESPAUE) e af itrmpliadeemiitdn ot tieashr esenriimeenthan is
relates to a DNA polynerise having a strand di spl acenent activity, an

endonucl easediffgrgnki tf novatthoont asad themtzd d gt 2 hBNR| petl yme relser d

i nventi ons. 30J UL 2003 14
10 to synthesize a primer—extended strand that is

complementary to the displaced strand, wherein the primer
that i1s different from that used in step (a) is a chimeric
oligonucleotide primer that is substantially complementary
to the nucleotide sequence of the displaced strand and
15 contains a deoxyribonucleotide and a ribonucleotide, the
ribonucleotide being positioned at the 3'-terminus or on
the 3'-terminal side of the primer for cleavage with an
endonuclease;
(e) cleaving the primer-extended strand of a
20 double-stranded nucleic acid obtained in step (d) with the
endonuclease at a site that contains the ribonucleotide;
and
(f) extending a nucleotide sequence that is
complementary to the template using a DNA polymerase having

25 a strand displacement activity from the 3'-terminus of the



The sixth invention of the present invention relates to a nethod for
detecti-ng a target nucleic acid, characterized in that the nethod conprises
anplifying a target nucleic acid by the method for anplifying a 5
nucl eoti de sequence of the first to third inventions of the pS8dseui 2003
invention and then detecting the nucleic aghd. The nethods of detection
include a nethod in which the target nuclerc acid is detected using a
ri bonucl eoti de (RNA) probe |abeled with two or nore fluorescent dyes
positioned at a 10 distance that results in a quenching state. The seventh
i nvention of r . 1n hQn te | yinrer_ as.e, havi
strand di spl gt:rgﬁn‘g%t ?’g)%t% :]'\?llnt é%ngr?%er#(?g{r?ﬁlc }aé%rgdn%%qté@ﬁft%slcdo%nai‘ﬂ%%nem
used for the_net fQr__det i ge ' Ld.of ,the 15 Six
i nvention oftﬁ%e?%gg§§%fgﬁﬁ§%%¥f%ﬂgﬁ%ﬁ% %%gﬁ?%gﬁéée 5%%%889 ﬁﬁesgﬁ sé%g
i nvention relategFto a et hod %origrgducin teri,al _hayi a

i cﬂ R

| i | zed fidc FEEEhnial § e G SHEuflt, Woekeld & \afik§Tptranded

pr edef i ned region, characterized jn,that _the 20 netho% conprises arraying
and i rmobi | | 2PFGetFe A% CATH AT f Ped THYEIRE AECHo® ra'r?ﬁitierfxﬂy a
nucl eoti_de sequence . of the first to third inventions of the present

i nventi &n i nSXTANEdEFi FEYSESyiton S5&Pa Elbstrate. A nethod in which a

si ngl e-stranded nucleic_acid substantiall¥_free 25 of a conpl enentary
strand thereto is anpl FiedetdRf £% e Lizsp 3ng sesepd fmvengions of

i mmobi lized in the predefined region is particularl referable, The ninth
i nvention of Hfe RA&SSIHt TRVRREION Feraliss @%P%P?&ﬁ%rfﬁPtHQQWﬁbl&n The

i rmobi i zed nucleic acid in 5 which the nucleic acid is arrayed in a
predefined r &YCROBLEGUSERIRN S et MR dEBFPLAke ekt Bei AvENH Gewrenase
present invention. A material having an immobilized nucleic acid in which a
si ngl e- st randeSHRR I 6fc RESRRBHNSt antS ENgleTsieanded eBNPI akndagvaitsgend
thereto is 10 arrayed and i mobi|ized in the predefined region is

parti cdOar | y tFRaBeraptd ONTHeed-HIN | HFERTI PV Sehet RRS@MIPE 3SR NANEN an
relates to a nmethod for detecting a target nucleic acid in a sanple,

char act eri ze®Nfn ashat teme Ladehsdyudes aamwrisathirsdion teadtep o) mlibe zed
nucleic acid in which the nucleic acid is arrayed in a predefined region of
t he ninth i nfdmsitomnsk seronst esevent ot i ofheosdagéetrsiranded ¢DYG daphat
hybridi zes with the nucleic acid arrayed and i nmobilized in the predefined
regi on on th&®emaisad aas poeThucéeetdaen segrandeomfthetprpsane. i nBo¥ on
relates to a nethod for producing a nucleic acid in |arge quantities,
characteri ze®fi @ t$Englerestrea cBNpr iagigs a (dgubleast rapdetubNai caachbe as
a tenplate with at |east one priner that is substantially conplenmentary to
t he 25 lducl emtriefersbdiyencedor st idienidfeias ddiad tamplateNAn the first and

second inventions of the present inventions. If a double-
stranded DNA is used as the template, the method of the
present invention may be conducted after a pretreatment
step of denaturing the double-stranded DNA into single-
20 stranded DNAs.

In the above-mentioned inventions, the extension
from the primer is conducted using a DNA polymerase having
a strand displacement activity. A DNA polymerase selected
from the group consisting of Klenow fragment of DNA

25 polymerase I from Escherichia coli, Bst DNA polymerase



3 0J UL 2003 16 polynerase to synthesize a priner-extended strand that is
conpl erentary to the tenplate, wherein the prinmer is a chineric

ol i gonucl eoti de prinmer containing a deoxyribonucleotide and a

ri bonucl eotide, the 5 ribonucleotide being positioned at the $'-4 r@hﬂus or
on the 3'-termnal side of the priner for £{ eavage wi th an endonucl ease:

(b) cleaving the priner-extended strand of a doubl e-stranded nucleic acid
obtained in step (a) with the 10 endonucl ease at a site that contains the
ri bonucl eotide; and (c) extending a nucleotide sequence that is

conpl ement ary .9 4ike el aé)ﬁoerﬂgéi@aﬁe %Qobggﬁgg'?g fgq._\gar}g,t%e%r[og{]}lqb]fust he

di spl acenent "activirty fromt -termnus o primer porti

doubl e- st [ id 4 ' t ' ' I d
obtai ned | n Sfdy PErt BVAF el ArdBa£8 IERIMTIS S MO P Rl on
f th Is ti t f } |ei id

'n arge 20 Aositpres st dh oBp st ardhay dHEd (P ] e i

t he met hod co

i : t t, | ej i t | at ith at
| oast one pr AASPTERZE | o s BKELAHTA 1B conth enghbar yoPBUERB=AtcI £ati abe
ot i mor - Ot enBERTSEARIY e @ the hedrrEBetat 7 Bhny B TR e e
' late. whetein th . s . : i tid .
contai ni hg 8 CHBbXSAPDGRICINES! (G HAF 8 WFDCRER | G8F| BPLER FPboRdeseotde
bei ng positiqgned at the 3'-terminus or on 5 the 3" -termnal side o the

primer fox cFOAVEFE™RI€h an endonucl ease: (b) cleaving the primer-extended

strand of a 10 , , , . .
The third invention of the present invention

relates.to a method for amplifying a nucleotide sequence,
10 characterized in that the method comprises:

(a) preparing a reaction mixture by mixing a
nucleic acid as a template, a deoxyribonucleotide
triphosphate, a DNA polymerase having a strand displacement
activity, at least one primer and an endonuclease that

15 cleaves an extended strand generated from the primer,
wherein the primer i1is a chimeric oligonucleotide primer
that 1s substantially complementary to the nucleotide
sequence of the nucleic acid as the template and contains a
deoxyribonucleotide and a ribonucleotide, the

20 ribonucleotide being positioned at the 3'-terminus or on
the 3'-terminal side of the primer for cleavage with the
endonuclease; and

(b) incubating the reaction mixture for a
sufficient time to generate a reaction product.

25 Examples of the nucleotide sequences as the
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wherein a doubl e-stranded nucleic acid containing a

RleaAt s Ak oA BRA Yo Sl (i @il tl%r%dleoﬂ“[%\l%ﬂdé egst

hat “i s different fromthat used in step (a) an
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mixture. The DNA polymerase having a strand displacement
activity and the endonuclease used in the first and second
inventidns can be preferably used in this invention.

The primer used in the first to third inventions
of the present invention is a chimeric oligonucleotide
primer. For example, a chimeric oligonucleotide having a
structure in which at least one, preferably two or more
successive ribonucleotide residues are attached at the 3'-~
terminus or on the 3'-terminal side of the primer can be
used.

The template wused in the first to third
inventions of the present invention may be a nucleic acid
that is amplified beforehand by a nucleic acid
amplification method. For example, the TAS method, the 3SR
method, the NASBA method, the TMA method, the QB replicase
method, the PCR method, the LCR method and the SDA method
can be utilized as the nucleic acid amplification method
although any methods for amplifying a nucleic acid can be

used without limitation. The method of the present

to
d

°3 0

p
d



10 conplenentary to the tenplate using a DNA pol ynerase having a strand

di spl acenent activity fromthe 3 -termnus of the prinmer portion of the
doubl e-stranded nucleic acid in which the priner-extended strand is cl eaved
obtained in step (e) to effect a strand di spl acenent, wherefd dUL 2003

doubl e-stranded 15 nucleic acid containingf regenerated priner-extended
strand is reused in step (e). The thirteenth invention of the present
invention relates to a nmethod for producing a nucleic acid in |arge
quantities, characterized in that the nmethod conprises: 20 (a) preparing a

reaction m XF.HKr‘énSXOW XL Een;{%@%cﬁi %%@iﬁatt_fgﬂ?l i%n athe??ar%lcleic

deoxyri bonucl eotide tri phospha ynmerase having a s

displacenentaggbiéhgxiquakggﬁtmg@ﬁﬁagtner and an endonucl ease that cleaves

an extended stran enéerate romthe primer, 25 wherein the priner is a

chimeric oligonucleoti ge pél'?clggj.é grﬁmgr‘] ML 52093,d3 }Q@é ??&%%?Sﬁagy %Iel y

conpl enentary to the nucl'eo equence of the nuclerc a

I d i [ I [ nd ., b | ide, th
bonucl eot 1 HEoBer WG pAT ¢ IHOER  Ffecs SPBFTEhae EbPRont et heOs: - efial
i de of .th [ f it d I : d (b) i bat i
he 1 cadti on SHPAERPe 1 UF CHOSHT T HEPNEEEPRe. (5 GEHETSE o S VUUL ion SO
The fourteenth invention of the resent inventioné%?_relates %OIﬂﬁ¥Ethqg
for anplifyi SGIRGE BEi de Qéaﬁg‘ﬁc‘fé‘, SchePIBERPFzétF | ASEF&t Bhe TRA hod

conpri ses: anplifying a nucleic aci,d ¢ontajnin sequence to be
Aol £ e by CRRUBHS Brabrd thpP, rEEAMLOR L, S4ch STk BepPestes SN ERet
Sotained i oren () wit® abOREtA! daEn NSy ofnabhes REAARHNT LAVRRE ton

obtained in step (a) w _ _ _
compl erent ary 49, he gl eobide seauence ol f0s uel ehgad dand s oM
the 10 used for the first to third inventions. The primer is
characterized in that it contains a deoxyribonucleotide and
a ribonucleotide and has a structure in which the
ribonucleotide is positioned at the 3'-terminus or on the
3'-terminal side of the primer. For example, a chimeric
15 oligonucleotide primer that contains at least one,
preferably two or more successive ribonucleotide residues
and enables the extension of a DNA strand from the 3'-
terminus thereof may be used. Such a primer is designed
such that it is cleaved by the action of a ribonuclease
20 such as RNase H at the 3'-terminus of the ribonucleotide
residue.
The fifth invention of the present invention
relates to a DNA polymerase having a strand displacement

activity, an endonuclease, and a kit that contains them

25 used for the first to third inventions.



20 tenplate, wherein the primer is a chineric oligonucleotide priner

cont ai-ni ng a deoxyri bonucl eotide and a ribonucl eotide, the ribonucleotide
bei ng positioned at the 3'-terminus or on the 3" -termnal side of the
prinmer for cleavage with an endonucl ease; 25 (c) cleaving tgg JuL 2003
prinmer-extended strand of a ~0J UL 2008 20 doubl e-stranded nucl ei c
acid obtained in step (b) with the endonucl ease at a site that contains the
ri bonucl eoti de~ and (d) extending a nucl eoti de sequence that is 5
conplenmentary to the tenplate using a DNA pol ynerase having a strand

di spl acenent activity $hEM (0B’ -1 9¢&MtWUSH Of of NE Y i St | QR Rk
doubl e- stranded nucleic acid in which the %ri%nr-extegﬁgh stran% istgpghved

obtained in steprbs) tPf £f hethod %rar@eééé@iﬁgeae{g]aorﬁomﬁci%%e%@i&

invention of the present invention relates to a ne ranp ying a

nucl eot i de seﬂgfge&#igengl i%-;n!%ﬂaft tm?g&de'{%% 88@?@%8? %@&Llf'si%s,éiq the

met hod conpri ses: ying a nucleic acid containing a nce to

e qTPL! ! edeByqBe NURkEN 480! DA WY CHALT AEAELY N8 PLARRE By RnguCLe! €

acid as a tenp ) treating the-nuclelc aci e te obt ai'ned

in stepF(a) 'E*ﬂeSEihgaéégﬁggc%hHEEhFhﬂrE%. ngﬁéﬁgﬁ@kbénﬁﬁl%'se%‘%n%@%y to

the nucleoti de sequence o e nucleic aci ol'yrmerase

t hesi i - i I tao the t te,
Wherein the BEFRERT; EHLEHREARCRhAT R e BsE R EMENRRCYsiBartiny atne ©
d ib | i i | eotid th L b | eqt i i
posi 11 oned_ aFEEhaSs B Rrdatine’ fitehide 2 ohebbRi iR SEHAT oFhendagreter
f 30J UL,2003_21.cl it.h ar d I , I ' t
O o et oo BOB b SRR BB SRR el Sbos AR o
(b) with the, endon ple% e.at asite th?& contains the ribonqgjeot'de' S (d)
ext endi ng a ﬁﬁE?SS i fé*de ¥ tHigtei S HUONFEETEN SXPS P} afk @sing

a DNA pal yner.ase_havi stra g di, spl acenent ,acti vi fromthe 3'-term nus
of the B nef i BbRRFEn LR Ct RESHDABI SRoR, SHOBA™AUEI SEEtRei d i n whi ch t he
pri mer - extended strand hs clea%ﬁghobtained in %%eg éc) 10 to effect a
strand di spl acenent, whéfeiFF%E bFBYERFiRBe P ullEi PERIL L oAPEPRLEAG A
regener at ed gr& r - ext ended straqp is reused in step cg; ,
elates to a DNA polymerase having a strand displacement
activity, an endonuclease and a kit that contains them used
for the method for detecting a target nucleic acid of the
15 sixth invention of the present invention.

The eighth invention of the present invention
relates to a method for producing a material having an
immobilized nucleic acid in which the nucleic acid is
arrayed in a predefined region, characterized in that the

20 method comprises arraying and immobilizing the nucleic acid
amplified by the method for amplifying a nucleotide
sequence of the first to third inventions of the present
invention in a predefined region on a substrate. A method

in which a single-stranded nucleic acid substantially free

25 of a complementary strand thereto is amplified, and arrayed



(e) treating a rel eased di splaced strand obtained in step (d) as a tenpl ate
wth at | east one priner that is 15 different fromthat used in step (b)
and a DNA pol ynerase to synthesize a prinmer-extended strand that is
conplenentary to the displaced strand, wherein the priner thap g gudiZferent
fromthat used in step (b) is a chinmeric qlsi gonucl eotide prinmer that is
substantially conplenentary 20 to the nucl eoti de sequence of the displaced
strand and contai ns a deoxyri bonucl eoti de and a ribonucl eotide, the

ri bonucl eoti de being positioned at the 3'-term nus or on the 3'-term nal

side of the prinmen il Ravage Whih s sldonus! ea eonZFst(f%afkféM gg;{he.

prlner-extended strand of a 3 0 JUu_ 2D03 22 doubl e-stranded nuc elc’acid
obt ai ned |n ﬁg &ith the endonucl ease at a site that contains the
rlbonucleotlde %g) extendlng a nucl.-eoti de sequence that is 5

compl enentary io the LED! i NehrbrD PO ARE. BAKLOG R, PLEARM, oo

di spl acenent activity -termnus of the rportion o

Goubl e St1 angegale! EbCa ket S ADeLRT) r;véé%zm?@Smﬁ@%iéfgdaéfd%ﬁaved
Serand £3' PO R0, AR b Rt
char act or i 2ot P9 e e nogcEnS Iéé'gﬂglzsetiﬁﬁﬁéir}d\%ﬁ%&”e“C%c| the
acid containin equence, to be anplified b ucleic acid, a | cati on
reaction to %?%%%?é a-PUEPEF @R aci d As %?Y%ﬁb%ﬁteﬁaYb?gpr%%ar+ﬂﬁ iééﬁglon
B oy B oS48 8. B FER PSR e bt °

di spl acemant Cét‘:a}{ﬁéz}.’élfy Itertaset 8?6 aPrlchn{olgrrt]len%ary strand thereto is

10 arrayed and immobilized in the predefined region is
particularly preferable.

The tenth invention of the present invention
relates to a method for detecting a target nucleic acid in
a sample, characterized in that the method uses the

15 material having an immobilized nucleic acid in which the
nucleic acid is arrayed in a predefined region of the ninth
invention of the present invention to detect a nucleic acid
that  hybridizes with the nucleic acid arrayed and
immobilized in the predefined region on the material.

20 The eleventh invention of the present invention
relates to a method for producing a nucleic acid in large
quantities, characterized in that the method comprises:

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

least one primer that is substantially complementary to the

25 nucleotide sequence of the nucleic acid and a DNA



endonucl ease that cl eaves an extended strand generated fromthe priner,
wherein the prinmer is a chineric oligonucleotide prinmer that is
substantially conplenmentary 25 to the nucl eoti de sequence of the nucleic
acid as the 3 0 J UL 2003 23 tenplate and contains a deoxyqijgongd eoti de
and a ribonucl eotide, the ribonucleotide bggng positioned at the
3'-terminus or on the 3 -termnal side of the priner for cleavage wth the
endonucl ease~ and 5 (c¢) incubating the reaction mxture for a sufficient
time to generate a reaction product. In the fourteenth to sixteenth

inventions o pLESE g L9050 nggietité:r
to be anplif og S anpllc?edyﬁ9¢ore 3 el c aC|dé§% Fﬁglcgtlon
reaction. E rq,_qu_pt E c%e d as a
tenplate in ?ﬁﬁg&gk hgg&?ptﬁg flrstte p& ﬁ@%ﬁ %%ngﬂb F%e%%%ese%t
i nvention. le, t g the 3 hod, the NASBA net hod,
the TMA neth éiﬁ?%gqu, rggf‘-ﬁrﬁg‘égﬁ%? gﬁg’g]?ret hoacori TH'L cr m?thod
and the SDA Eethod an bge %39 as the nuclelc aci d,anpl i ti,on rrethgIe
Used in the FEARYESRPRUEGSEEH8ent n Th0enti Gns al  HOUBRCARSEHEhods
anplifying a_nucleic a %ﬁ n_ be used t hout ation. A random pri nmer
or a de&energt" OBPF;EP%& a%e”z‘bg UESEi\enrir g rﬂfcméfl@ aci FSRHMYS cafi on
reaction. For [imtat a prinmer. havin random
sequence or §h8e nefr%’fr%l%%guéﬁgé f tggt BitiMSe 39r¢ éilrﬁgaﬁ’tf‘georwbﬁhtﬁel
3'-termnal side can be preferably used The seventeenth invention of the
present endonuclease;
(b) cleaving the primer-extended strand of a
double—etranded nucleic acid obtained in step (a) with the
10 endonuclease at a site that contains the ribonucleotide;
and
(c) extending a nucleotide sequence that is
complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-terminus of the
15 primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (b)
to effect a strand displacement.
The twelfth invention of the present invention
relates to a method for producing a nucleic acid in large
20 quantities using at least two primers, characterized in
that the method comprises:
(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 a DNA

25 polymerase to synthesize a primer-extended strand that is



25 invention relates to a nethod for anplifying a nucl eotide ~0J UL
2003 24 sequence, characterized in that the nethod conprises: (a) treating
a nucleic acid as a tenplate with at |east one priner that ig substantial ly
conplementary to the nucl eotide sequence of the nucleic acid dhdUla 28A 5
pol ynmerase to synthesize a priner-extendedygtrand that is conplenentary to
the tenplate, wherein the priner is a chineric oligonucleotide priner
cont ai ni ng a deoxyri bonucl eoti de and a ribonucl eotide, the ribonucleotide
bei ng positioned at the 3'-terminus or on 10 the 3' -termnal side of the
prinmer; (b) LA \A I perzext an d e-Sl. e

nucl ei ¢ aci dcéo g@é’i%ﬁ%%t g?(%ﬁéwﬁ%ﬁrﬁéddogﬁgFgggeogt?éap}ltl’tnger}?hgfg a
contains the . eoti de: ext endi.g nucl j sequence
that is conpf%%bn a%% to g éggggﬁﬁgfgiﬁé ng agb%&egolyneggé%g§%§?%g a @
strand di spl a

enent..actiwity fromth "-term nus_of the.priner portigqn of
t he doubl e- stT%] &'erd‘%oﬁlcqcéecc}/talc % in §B|§ch t fe pri ﬁéLS’B}%Fé%aEEE& lroand tr'c}ée
cl eaved obtained in.st b), 20 to effect a strand,dis cenent. The
i ot eenth | VBRI SRS R B AR Fol 58S T e HE R P8 on
anplifyi a nucl gpt ] de sequence, usi t least t riners, characterized
inrrpt ha%/ ge rﬁgﬁwo QE{bﬁ‘B‘F‘fE%g: S3dle a?P?rtg‘zfti?lﬁ“&eﬁ\S%Pgi CRIPE é"(lttg‘rrpﬁrhte
with at 3 0 JUL 2003 25 | east one primer that is substantially

conpl enent ar VAP S/RrA%eot i de sequence of the nucleic acid and a DNA
pol ymerase to synthesize a priner-extended strand that .is conplenentary to
the tenplate, wherein tﬁ@ peRaVing a%%echpﬁéWPE_SFFSBHEGIeﬁggﬁ%dpr?ﬁeﬁ‘

containing a degxyribonucleotide and a ri bonucleotide, the ribonucleotide

bei ng positi g shrended diyR RIS RCth PRBasNed iR fEPPsi(@e ofitth&he

rinmer: -
P endonuclease at a site that contains the ribonucleotide;

10 (c) extending a nucleotide sequence that 1is

complementary to the template using a DNA polymerase having

a strand displacement activity from the 3'-~terminus of the

primer portion of the double-stranded nucleic acid in which

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

15 to effect a strand displacement, wherein a double-stranded

nucleic acid containing a regenerated primer-extended
strand is reused in step (b):

(d) treating a released displaced strand obtained

in step (c) as a template with at least one primer thgt is

20 different from that used in step (a) and a DNA polymerase

to synthesize a primer-extended strand that is

complementary to the displaced strand, wherein the primer

that is different from that used in step (a) is a chimeric

oligonucleotide primer that is substantially complementary

25 to the nucleotide sequence of the displaced strand and



(b) cleaving the prinmer-extended strand of a 10 doubl e-stranded nucl eic
acid obtained in step (a) with an endonucl ease at a site that contains the
ri bonucl eotide: (c) extending a nucl eotide sequence that is conpl enentary
to the tenplate using a DNA pol ynerase having a strand displgq?@gpqmm
activity fromthe 3 -termnus of the 15 prigger portion of the

doubl e-stranded nucleic acid in which the priner-extended strand is cl eaved
obtained in step (b) to effect a strand di spl acenent, wherein a
doubl e- stranded nucl ei c acid containing a regenerated prinmer-extended

strand is reussitkd Mmst ap dddxy2bétliciéSeiddg aad €4 eaIbrilicARAGRE StERA

obtained in step (c) as a tenplate with at |east one priner that 1s

di ff t f j & R | ’
i fferen rgg@dgégﬁ%}n%&?ldé‘ 5&%8%90@%&&1&\%90 DHE! §seté91a§xﬁg S’? Z§na

pri mer - exten hat Is ¢ | ementary to the displaced stra

chimeric 30 9UF 2565 280 1 GsrUcT ot He BF LheF thar TLoefReaie

conpl ement ary. egoti de sequence of the displaced strand and
contains a dé%&%%%ggﬂﬁ%%%btide and a ribonucl eotide, the ribonucl eotide

or i mor L 16 ol eaving { e br PR nds B Sr Sl oo BGat 2
| ei id j ' i, t aucl t j\te that

Cont i st he Florict sbtrded nGlelt ( #778, BRRAEHERCR sl BU' Selplfine

that i | t to the t L at ' | h

Strand di Sp) SORVENCIR1T%1 £ 3 oRfthe St cPAPREENS! tHho BITRRIC pOTET 3% of

t he doubl e- st ded | ei idin which th i -extended st d

cl eaved obtai#itl in step () 15 to effect a strand di splacenent, wherein a

Coubl -t randed nucl el ¢ 6| G OILALALNG, 3 LEIPISTALEY PLITE -2t gced
pvent) 99, 1ol Shes eS8 NS LT SBLI LN pLuClaRl 08 seduencs, 20
mxture by mXxing & U8 SbfadShdnfS a2t LS TRy S on? AR M Mo he
primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (e)
to effect a strand displacement, wherein a double-stranded

15 nucleic acid containing a regenerated primer-extended
strand is reused in step (e).

The thirteenth invention of the present invention
relates to a method for producing a nucleic acid in large
qguantities, characterized in that the method comp;ises:

20 {(a) preparing a reaction mixture by mixing a
nucleic acid as a template, a deoxyribonucleotide
triphosphate, a DNA polymerase having a strand displacement
activity, at least one primer and an endonuclease that

cleaves an extended strand generated from the primer,

25 wherein the primer is a chimeric oligonucleotide primer



tri phosphate, a DNA pol ynerase having a strand di spl acenent activity, at

| east one prinmer and an endonucl ease that 25 cl eaves an extended strand
generated fromthe prinmer, ~ 0 JUL 2003 27 wherein the primer is a
chimeric oligonucleotide priner that is substantially conpl endnd aty 2003 t he
nucl eoti de sequence of the nucleic acid asijghe tenplate and contains a
deoxyri bonucl eotide and a ri bonucl eotide, the 5 ribonucl eoti de bei ng
positioned at the 3' -termnus or on the 3 -termnal side of the priners and
(b) incubating the reaction mxture for a sufficient tinme to generate a

reaction progdugk. The Wpakisghh ainyentd el%{mietél'e%%srgq egent tih%ve%tdc%oﬂt‘ldg -

relates to a nethod for anplifying a nuc uence, characteri ze

that the et bad,eoNRl tethel Adibld LAl A AR ¢ RENd RS ahd RRAlG Sl N

at | east one priner that 1s substantially conplenentary to e nucleotide

Seclenee oL quok e acid s o IS p yrorceg i cuni gt ze

primer-exten that Ts conplenentary to the np
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deoxyri bonuc € -an cleoﬁ

positioped at.the 3' -termnus_or_on the 3.-termdnal side of the priner,
wher ei ngan eﬁ?agn?cl etaesrgr%rfaeav%%dﬁt 0523‘-[}}% Phattontai ls%aﬁ’eagr? thﬁEl &66 de:
(b) cl eaving tgen rige%-qxte ded strand of a doubl e-stranded nucleic acid

obt ai ned in §f 8 5} @ th BRE endonucl ease at the site that contains the

ribonucl eotide; 25 and(b) incubating the reaction mixture for a

sufficient time to generate a reaction product.

The fourteenth invention of the present invention

10 relates to a method for amplifying a nucleotide sequence,
characterized in that the method comprises:

(a) amplifying a nucleic acid containing a
sequence to be amplified by a nucleic acid amplification
reaction to prepare a nucleic acid as a template;

15 (b) treating the nucleic acid as the template
obtained in step (a) with at least one primer that is
substantially complementary to the nucleotide sequence of
the nucleic acid and a DNA polymerase to synthesize a
primer-extended strand that is complementary to the

20 template, wherein the primer is a chimeric oligonucleotide
primer containing a deoxyribonucleotide and a
ribonucleotide, the ribonucleotide being positioned at the
3'-terminus or on the 3'-terminal side of the primer for
cleavage with an endonuclease;

25 (¢} cleaving the primer-extended strand of a



30J U1 2003 28 (c) extending a nucl eotide sequence that is

conpl enentary to the tenplate using a DNA pol ynerase having a strand

di spl acenent activity fromthe 3 -termnus of the prinmer portion of the
doubl e-stranded nucleic acid in which 5 the priner-extended %tﬁr?ﬂ@fl knﬁa
cleaved obtained in step (b) to effect a sppand di spl acenent.

twenty-first invention of the present invention relates to a nethod for
anplifying a nucl eoti de sequence using at |east two prinmers, characterized
in that 10 the nmethod conprises: (a) treating a nucleic acid as a tenplate
with at |easty Qs dud tonal S i . ryiily0

nucl eot i de sedquencegréo trh(%a&gu% %%ﬁkgc%gﬂgngngﬁ)ﬁlﬁgggﬁﬁ%gse(bbo vssj{;\ﬁrf h%%?ze
a priner-ext r that Js C l.e o] e ein
the priner igggﬁgﬂﬁﬁggggao ?gé%u%%g%t% etpgﬁﬁégé%%%tgﬁgiHEEQBA@éféqugg’
deoxyribonucusﬁ%ide and a ribonucl eotide, the ribonucl eotide being

posi tioned at e 3 -termnus or on the 3' -termnal side of the priner,

wherei n an endonucl ease, 20 cl eaves, at a site that, contains the

ri bonucl eotide; (b) cl e¥Vind ett?él%ﬂ%ra- eﬂ%#:%%”s‘f‘? artFgfence that is
doubl e- st randed nucl ei.c aci.d tained in step (a) w.th the endonucl ease at
the s 18 { haC CHMSHATEARE 19 di RIS TEYIE N RE SiRia S e
sequence that is 25 conplenmentary, to the,tenpl ate usi a DNA pol ynerase
having - 302 RCTRMG S5SRISPPATAE dRSHEEL e ORCENG () “THAFALTS OF the
3'-termnus of the prinmer portiqn of the doubl e-stranded, nucl eic, acid, in
whi ch t he priﬂféfqee’;(twrgtq ?A%%ﬁﬂﬂﬁ%ﬁ SH TIPS GF¥D)1R ek hect
a strand di spl.acenment, wherei doubl e-stranded 5 nucl ei ¢ aci d cont ai nj ng
a regener at e&rﬁi%m%&'f%’ﬁ%bé] r%ﬁ“n’aa’f‘g +8uS Gai"ﬁdstog’ﬁafllﬁ‘)e.d @D shRatidg a
rel eased di splaced strand obtajned in step (c) as a tenplate with at | east
one primer tH® SR fereniangG shIMACRIY in step (a) and a DNA

pol ynmerase 10 to synthesize a priner-extended strand that is conplenentary
to the ¥l spl aced strandEhahkEiEterntle prRVABEIPRaPL $h@ FIEEMT finventhben
used in step (a) is a chimeric oligonucleotide prinmer that i s substantially
conpl enent ar ywalptafe hmma%@%%emwﬁﬂwstﬁ 3 phacd ot fgn B FENSE
contai ns a deoxyri bonucl eotide and a ribonucl eotide, the ribonuc|eotide
bei ng positi dHEN%t dthelsester WWAuP QTS t hErgracderizgd sife BRathethe

primer, wherein an endonucl ease cleaves at a site that contains the
ri bonucl eot i degethod comprises:

(a) amplifying a nucleic acid containing a
15 sequence to be amplified by a nucleic acid amplification
reaction to prepare a nucleic acid as a template;

(b) treating the nucleic acid as the template
obtained in step (a) with at least one primer that is
substantially complementary to the nucleotide sequence of

20 the nucleic acid and a DNA polymerase to synthesize a
primer-extended strand that is complementary to the
template, wherein the primer is a chimeric oligonucleotide
primer containing a deoxyribonucleotide and a
ribonucleotide, the ribonucleotide being positioned at the

25 3'-terminus or on the 3'-terminal side of the primer for



(e) cleaving the prinmer-extended strand of a 20 doubl e-stranded nucl eic
acid obtained in step (d) with the endonucl ease at the site that contains
the ribonucleotide: and (f) extending a nucl eoti de sequence that is
conplenmentary to the tenplate using a DNA pol ynerase having 25 a strand

di spl acenent activity fromthe 3'-terminus2af the s ¢ ~UL 2dbdUB0208r i ner
portion of the doubl e-stranded nucleic acid in which the priner-extended
strand is cleaved obtained in step (e) to effect a strand di spl acenent,
wherein a doubl e-stranded nucleic acid containing a regenerated

primer - ext endatdradd Ak Sar esRshidled£d; (). The twenty-second invention
of the present invention relates to a nethod for anplifying a nucl eotide

sequence, characterizedidyn thalaviiRy MehikodpeemBiLeRsenb@d PSEPRRENToR a
reaction mxture by mxing a 10 nucleic acid as a tenplate, a

deoxyr i bonucl gt die- 4o AasE Ml Sie fo DN RObYERIASE BAVIRELA My andn the

di spl acement activity, at least one primer and an endonuclease .
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10 to effect a strand displacement, wherein a double-stranded
nucleic acid containing a regenerated primer-extended
strand is reused in step (c):
(e) treating a released displaced strand obtained
in step (d) as a template with at least one primer that is
15 different from that used in step (b) and a DNA polymerase
to synthesize a primer-extended strand that is
complementary to the displaced strand, wherein the primer
that is different from that used in step (b) is a chimeric
oligonucleotide primer that is substantially complementary
20 to the nucleotide sequence of the displaced strand and
contains a deoxyribonucleotide and a ribonucleotide, the
ribonucleotide being positioned at the 3'-terminus or on
the 3'-terminal side of the primer for cleavage with an
endonuclease;

25 (f) cleaving the primer-extended strand of a



5 Brief Description of Dramngs Figure 1 is a flow chart that illustrates
an exanple of the nethod of the present invention in which a
single-stranded DNA is used. In the figure, the released 10 t LaRd
marked with the closed circle serves as a tenplate DNA in (6). FHgure 2
shows the results of agarose gel electrophgpgesis of DNA fragnents anplified
by the nethod of the present invention using varying reaction tine. 15
Det ai |l ed Description of the Invention As used herein, a deoxyribonucl eotide
(also referred to as a dN) refers to a nucl eoti de of which the sugar

portion i's coEIRIed Al dReRelleRnidibose. : 5, 201 e Xyki bOOC! 9t LSS the

I ncl ude, for exanple, ones having adeni ne, cytoslne, guan r thymne as

t he base port| d rei ri u j.de. ( o. eferr , an
N) refers togg’aﬁﬂgiégg;éi%%e %? \%hrbcﬂ% h{épggga(gr&g%drl’[ | oneillé (%(rir’ﬁ)glsuecg'%@fttq'aaes’
D-ri bose. Thgnaibonucleotides 25 include ones havi ng adeni ne, cytosine,
guani ne or uracil as 3 0J UL 2003 32 the base portion. The

ribonucleotides al so 'Q%BUd%x%%%HEE%d a nucleotide sequence that 1is

5 complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-terminus of the
primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (f)
to effeét a strand displacement, wherein a double-stranded

10 nucleic acid containing a regenerated primer-extended
strand is reused in step (f).

The sixteenth invention of the present invention
relates to a method for amplifying a nucleotide sequence,
characterized in that the method comprises:

15 (a) amplifying a nucleic acid containing a
sequence to be amplified by a nucleic acid amplification
reaction to prepare a nucleic acid as a template;

(b) preparing a reaction mixture by mixing the
nucleic acid as the template obtained in step (a), a

20 deoxyribonucleotide triphosphate, a DNA polymerase having a
strand displacement activity, at least one primer and an
endonuclease that cleaves an extended strand generated from
the primer, wherein the primer is a chimeric
oligonucleotide primer that is substantially complementary

25 to the nucleotide sequence of the nucleic acid as the



ri bonucl eoti des such as a nodified ribonucl eotide in which the oxygen atom
of the-phosphate group at the a-position is replaced by a sulfur atom (al so
referred to as an (a-S) 5 ribonucleotide or an (a-S) N) or oth@rdul 2003
derivatives. As used herein, a chineric oligonucleotide prinmer refers to a
prinmer that contains a deoxyribonucl eotide2gnd a ribonucl eotide. The priner
may contain an unnodified deoxyri bonucl eotide and/or a nodified

deoxyri bonucl eotide. 10 Alternatively, it may contain an unnodified

ri bonucl eoti de and/or a nodified ribonucl eotide. The chineric

ol i gonucl eot iwdandurdteer s angied tontAEnBr esent ddbugHildhudl@atdRieanyaflli Mesic
ol i gonucl eoti de priner that has a ribonucl eoti de being positioned at the 15

3'-term nus arig¥hddick td&f el rsbdueiebbeder beBhg 3 ke dneed 4t0 taxd end
a nucleic acid strand in the method of the present invention, can be

cleaved w th :n Gomnied ease onath&an beedseHal 0 Bl dr atREr mer fq
di spl acenent reaction. As used herein, a 3 -termnal side reférs to a fb

portion fromdhe ef1 diP £ Shadfidl duise Pfarfq nucl eic acid such as a
e 5 '

primer. Likew se, t "-termnal side refers to a portion fromthe center

to the!%-terninus of 8c) incubating the reaction mixture for a

sufficient time to generate a reaction product.

In the fourteenth to sixteenth inventions of the
present invention, a nucleic acid containing a sequence to
be amplified is amplified beforehand by a nucleic acid

10 amplification reaction. The amplification product is then
used as a nucleic acid as a template in the method of the
first to third inventions of the present invention. For
example, the TAS method, the 3SR method, the NASBA method,
the TMA method, the Qf replicase method, the PCR method,

15 the LCR method and the SDA method can be used as the
nucleic acid amplification method used in the fourteenth to
sixteenth inventions although any methods for amplifying a
nucleic acid can be used without limitation.

A random primer or a degenerate primer can be

20 used in the nucleic acid amplification reaction. For
example, without limitation, a primer having a random
sequence or a degenerate sequence at least at the 3'-
terminus or on the 3'-terminal side can be preferably used.

The seventeenth invention of the present

25 invention relates to a method for amplifying a nucleotide



nucl eic acid. As used herein, an endonucl ease nay be any one 25 that acts
on a doubl e-stranded DNA generated by extending a 3 0 JUL 2003 33 DNA
fromthe chinmeric oligonucleotide prinmer which have been annealed to a
nucleic acid as a tenplate, and specifically cleaves it at adpBoddli @fdof the
prinmer that contains a ribonucleotide. 5 Ay used herein, a DNA polynerise
refers to an enzyne that synthesizes a DNA strand de novo using a DNA
strand as a tenplate. The DNA pol ynerises include, but are not limted to,
pol 1-type DNA polynerises (e. g., Escherichia coli DNA polynerise I,

Kl enow fragngahuaide28hiaPhArROEANERI $8he RnkYREcRYA ra%w&rs'e%es (e.9., a
DNA pol yneri se 'from Pyrococcus furiosus (Stratagene), DNA “pol yneri se

(New Engl and Bi ol abs), { thPuétggtgyaEhue@eﬁ%e%) a%ma Q%ﬁ%lg%w% at

pol yneri se (New Engl an and non-a-, non-pol

pol ynmerises gsase-on@ leé\dmgmg' §ﬁb§%aﬂ%§.‘érl'll}eg:8?nga&%/ 224448) VA

pol yneri ses having a sP i spl'acement activity~i Iynerlses

fromthermDpnuhpgobﬁgeteglsgeq%gn%%nusoﬁacgkéus 30eRses Baald | us &a' got gha

(hereinafter reterre ca) and aci | FUs™ st ernnp H 1 us

h ft | t
bol yrer pses. PLkTRgePRerss SifyRafls & pblresSRA Y sthandr BrE done
DNA pol f st d di spl | ude, DNA ,
K enow |1 agnERtBEREEAAYe 5 SR Sﬁggasﬂe%%(ﬁe i e”a%wv.tsg‘%‘)aﬁ%?é'a?ﬁas hive a
5'-~3" 25 eonucIease actlyltg r agdltlon the DNA pol ri,se _may . 30
J UL 2003 357585 R xt ur 8L 0FODPGT P HRA polﬁﬁgpgﬁés su I i%hout @
limtation, f I h t I
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Botivity thaf LPHRCEHPEEECE ReLid BPSAFABBRAnaE { haf i ey oF 0oBed
DNA dupli cat | n %he bas s of th% Hcleotlde sequence as the tenplate
whil e Psplaegﬁg { RECERANE riﬁﬂetB r& gaB&*'fi&7conpl enentary strand that
h 10 b l ed t | at t d., | dditi t d
rgfeasedefpo%ngeﬁugl eogpgj Eiﬁggﬁggeaéh%a?%'i‘?:’f ge’é'!se%f?‘?%sﬁttra&‘dsarog{r &nd

di spl acenent eferred to as "a displaced strand" herein
P oubi -stranded nucleic J%ld obtained in step (a) with an

endonuclease at a site that contains the ribonucleotide;
and

15 (c) extending a nucleotide sequence that is
complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-terminus of the
primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (b)

20 to effect a strand displacement.

The eighteenth invention of the present invention
relates to a method for amplifying a nucleotide sequence
using at least two primers, characterized in that the
method comprises:

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



Hereinafter, the present invention will be 15 described in detail. (1)
Chi mer-i ¢ ol i gonucl eotide prinmer used in the present invention. The priner
used in the nethod of the present invention is a chinmeric oligonucleotide
primer that 20 contains a deoxyribonucl eotide and a ribonucl ebfidk. 268ch
primers include an oligoribonucleotide prig@er that contains an unnodified
ri bonucl eoti de and/or a nodified ribonucleotide. A chineric oligonucleotide
prinmer used in the 25 nmethod of the present invention may be any chineric
3 0 JUG 2003 35 oligonucleotide prinmer that has a nucl eoti de sequence
substanti al | t par.t | ' seaue f
nucl ei c acidxggggpgggggggé¥rtﬁg tcgﬁ gggﬁggﬁtggqégﬁgﬁﬁﬁé 1%%: a%g ?¥§%1
its 3'-termnus,.a hat 5 site th b= Lerm or t he
3'-term nal Qiﬂﬁéeg?qﬁ% chsetalﬁ‘lseenﬁcc?onu# eagéecl Zlél\%'s?&;éur iaﬂééf% Iﬁﬁ&sygt heDsI\IlAs
chi nmeri ¢

reaction. For exanple, | i gonucl.eotj de . pri havi n .

ri bonucl eot i Bgﬁggﬁgﬁasﬁo%q i %%%%h%ﬁf?%eg;ﬁﬁlg“ren% r?S(steélrdTeg% ﬁ]éa%@_ ?8?51 nal

si de can be used1 The prineg i§¥§§u%llﬁ 1% desi%ned.suqﬂhthat.it i s,

conpl enent ar $OFBLEMSBEATEN tPstPam-SFPLRESY egl BTETH b MimpPEFREH, that? is,
a portign 3' to the nucleotide sequepce corresponding to a region to be
anplifigd incngﬁEFEic achlggnﬁc ﬁﬂgFaFe. Aspﬁﬁ%%rhereiQEn'%é%ﬁdﬁ%tant@ally
conpl ement ary, nucl epti de _seqyence” 15 npeans a nucl eoti de, sequence th can
anneal to a DRRXYLL °P8§ﬁ@8&édﬁnder aRdctiof cond?f?%%%cﬁggﬁ?g%Uch a%Lne
chimeric oliganucleqtide prinmer or an,oLi%paucleo%Lde rimer can be

desi gned by EFHESBUSKEPLIAS PeIRE aPPSAELOREANF T ot RAowh TrotEdties®rt S
exanple, with reference to Laho Manual PCR 20 (Takara Shuzo, pp. 13-16,
1996) . A comwbfcParteriiadlasises Okt fdite PRdMeddsi gni ng a primer such as

OLI GOTM Pri nmer Anal ysis_software (Takara Shuzo) can be used. The chiperic
ol i gonucl eoti de priner (dedclBavhBInetRBd BFLReE-P¥ERRARLI RErATdNn Hay 2
contain one or nore 25 nodified ribonucl eoti de. used herein

As a,
ri bonudCeot | deuble-trandesonuwe ahy deldi phEr1RRIUARDA IR (R bEAERI &8t i de

or a nodified ribonucleotide that can be positioned at the 3'-tern nus or
endonuclease at a site that contains the ribonucleotide;

—

(c) extending a nucleotide sequence that is
complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-terminus of the

15 primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (b)
to effect a strand displacement, wherein a double-stranded
nucleic acid containing a regenerated primer-extended
strand is reused in step (b):

20 (d) treating a released displaced strand obtained
in step (c) as a template with at least one primer that is
different from that used in step (a) and a DNA polymerase
to synthesize a primer-extended strand that is
complementary to the displaced strand, wherein the primer

25 that is different from that used in step (a) is a chimeric



on the 3 -termnal side of a chineric oligonucleotide prinmer and that is
recognit-zed by or cleaved with an 5 endonucl ease. The ri bonucl eoti des

i nclude both of the unnodified ribonucleotide and the nodified

ri bonucl eoti de as described above. An unnodified ribonucl eotidg,Ju AR fied
ri bonucl eotide or a conbi nation thereof capgbe used for the chineric

ol i gonucl eoti de prinmer of the present 10 invention as long as it does not
abolish the function of the primer. Exanples of the nodified

ri bonucl eotides include, but are not limted to, an (a-S) ribonucleotide in

whi ch the ox phesphat e qgﬁﬁb
atom and a ??Eg%ﬁg?gﬁ??%gg.ﬁﬁdﬁ?ﬁh 15 thgghﬁgﬁggsngégggggt théQ%E§BS|€J

of the r1bosgqi sciephAcaddptdd MBLHALNCE WP HONAR pHLERH Cstran

ol i gonucl eotide prinmer contalning ified ribonuc & can be proéhced

by Using. [ of oSXaTRLe.. ARcbyShEhOAEan dend ! EPNPERBALE) cHBI6Y, | She

prepared by a met scrl n|t t at es atent

using a sul fgﬁgghaelggegggu@eggsg%sgegesae@rEHL P Y o

phosphoranldl reagent chimneric ol gonu | de” primer

that ca d4ihn i ati-o f. the present invention 25
may be §e5|gg§§ o] E%% lﬂg& SEdg %f '%%%&E?éotlde t hat 3 0 JuL 2003 37

f cl I ., Sugh
corfers Tes|Stance (o g chegkpagon il 9 et e S FRRRd ortorind e.f
duri lif t t h tid
or'i mor may bECHERA CHEERESHot Kot B ﬁ%f%r85&#”?93&%”?%#0%2&33?«% 3%4 ne

desired f t aft f t I t d
doubl 6-st 7 anBBHPRISKBBPPI 1 19, TATE chFREr (<6714 00nEP Bort He BTG 108 fused

when a single 10 stranded DNA is desired, whereas two priners are used when
a doubl e-str&fRfled DNA i s desired.

10 (f) extending a nucleotide sequence that is
complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-terminus of the
primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (e)

15 to effect a strand displacement, wherein a double-stranded
nucleic acid containing a regenerated primer-extended
strand is reused in step (e).

The nineteenth invention of the present invention
relates to a method for amplifying a nucleotide sequence,

20 characterized in that the method comprises:

(a) preparing a reaction mixture by mixing a
nucleic acid as a template, a deoxyribonucleotide
triphosphate, a DNA polymerase having a strand displacement
activity, at least one primer and an endonuclease that

25 cleaves an extended strand generated from the primer,



The |l ength of the chineric oligonucleotide priner used in the nethod of the
present invention is not specifically limted, but is preferably about 12
15 nucl eotides to about 100 nucl eotides, nore preferably about 15

nucl eoti des to about 40 nucleotides. It is preferable that th%ﬂnéw+égpide
sequence of the chineric oligonucleotide ig7substantially conplenentary to
a nucleic acid as a tenplate such that it anneals to the nucleic acid 20 as
the tenpl ate under reaction conditions used. The priner contains a seguence
recogni zed by an endonucl ease, which is utilized in a step as descri bed

bel ow, at theyirdaf Mehies gfirﬁ)é‘rt he 3a- t@ e c Sbid€gohtlc 1631l pAlimer
ol i gonucl eoti de having a 25 structure represented by the foll ow ng general

formila can ¢ 3 £3 JWupdlh e used éé}n{%f'&n%ﬁym{@“@h@mfﬁél%t%gs

present invention as a primer, although It 1s not T ntended to mt t

present i nvengécgj%r}@r@f alnd q{d%ﬁlféilé Oar‘5c'ic1 dNa- YBs Ao 1 e & aén&‘”cérg#&gﬁ%ré’f

11 or nore: b: an 1 nteger nore; c: 0 or an Integer

nore, provi deéie(;)lt%ge{ &o ‘rc?'el not gb@ul t angousl )figg gr@:lﬁg&iiﬂeéd the

deoxyri bonucl eot - unnodi f1ed ribonucl eoti de an

ri bonuclgot i dﬂb%rg@éléa‘@{%’é ebe.‘i‘nﬁgi;ﬁ‘ﬁm@#&%’dc'&% i 5’9—9&4&{%&&%8 or on

represented by t general fornu a = an I nteger o r nor e:

and b =1 andt e?'—%efm&dff%nfc}]e:oof &e: Sf:ﬁngﬂﬂaﬁlf 0, or b =2 and c

0-5 can be preferably used e present*Tnvention. The |length of the

ri bonucl eotides at the 3 -ternin or on.the 3'-termunal _side of the 15
chinmeric oligonucleotid briﬁ%?uﬁggﬁngn tHe met#od- ot t hE 5g8§8nt iFventi on

[ f bly 1: . 1 5¢ f bly 1- t0,.10- : t
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specifically limted, t a Y nunber that gan be UE$P in the nmethod of 20

the present invention yeb€ BT RAIIVERSIPY, O §PS ST BF T RbES]

Bet t | t bt ai di ti b | ecti 3 t th 4, 2

rather 19an FeEHPS Fat Aorsthan 2 =B PRy BEFT Pl e tmer 8PRF 41 ont
ti J d i f = 0. 25 Th hi i

o1 | gonucl oot I ST HEF 1RE G Pl the TEHARF [STRILERS br asent | nvent i on

has a structure in which an enqggyclease IeavqéHg DNA straqP extenﬂgd from

the primer using a DNA YIS & FETEF L @A THUARP B r B~ 3te W 5FE @t hat

contains a riponucleotide, In ther,morqg, a |
east one primer that is substantially complementary to the

nucleotide sequence of the nucleic acid and a 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

deoxyribonucleotide and a ribonucleotide, the

ribonucleotide being positioned at the 3'-terminus or on

20 the 3'~terminal side of the primer, wherein an endonuclease
cleaves at a site that contains the ribonucleotide;

(b) cleaving the primer-extended strand of a

double~-stranded nucleic acid obtained in step (a) with the

endonuclease at the site that contains the ribonucleotide;

25 and



5 ribonucleotide is positioned at the 3'-termnus or on the 3' -term nal
side of the chineric oligonucleotide prinmer for cleavage with an
endonucl ease. For exanpl e, when RNase H acts on a doubl e-stranded
generat ed by extending a DNA froma chineric oligonucl eotide gﬂlﬂﬂk 003
represented by the 10 general formnmula thatpogas been annealed to a nucleic
acid as a tenplate, the chineric oligonucleotide priner is cleaved at the
ri bonucl eoti de portion. A double-stranded DNA in which a nick is introduced
bet ween the ol igonucl eotide prinmer and a DNA strand synthesized by the

extension is 15 then geraratgd.enHi & St and g s awn faction widh a

DNA pol ynerase proceeds fromthe nicked site. Thus, a I meric

Fromhe o - CorERmeAzh e SRR SR ANGE G DILP L Sy
L M Y
nucl eoti de sé%d'g%%e%ﬁbﬁ (r?féj,n fod‘f tggrgﬁ%gbﬁe[_hset%&ﬁ%@ﬁeu%ﬁcsﬁﬁﬁg%e‘?hiﬁ}bm
0 UL 2603 467K BERE Vet iR, SRS PnELaaTRY SobACRNAtE (B )

nmet hod, an H _pho onat_e qftho éfnd a t hi ophosphonate nmet hod nay be used to
synt hesi ze t f& &Ht&S & ﬁ'ﬁiﬂﬁj ERYasE r. 5 (2) Endonucl ease used in

t he present invention. Any epdonucl ease thaj_ acts, on a _doub) e-stranded DNA
generated by DNA extenéfi%i% fEBﬁ{‘gHé%&ﬁFﬁeriw%ﬂ%%cl é’%ti deferi mhesght
descri bed abqve in (1) that has been annealed to a pnucleic acid as a .

ol At e and MIVERROM 0§ TRE S B aBA TURER £0F oFRBLLEHCRE  Bnd i8R Hckrent
reaction can be used-in the present invention. That is, the endonucl ease is
an enzyme thé@%ﬁﬁ%%%ﬂ@?ﬂﬁr%%kl?%SYhEWEhPﬁéWFESOIF&@ﬁ&@F@SPF&Q A gt
portion of the doubl estranded DNA. Exanpl es of endonucl eases that can be
used 138 n t AdSreddnd GRBRLSET % ncl ude, but are not linited to,

ri bonucl eases. Anong these, endoribonuclease H (RNase H) that acts on an
RNA portion of a doubl e8dt thfddd MA@ QUClEdiU adihSsed PR aHdhRtRNA

can be preferably used. Any ribonucl ease that has the above-nenti oned
activities 20-&&t LR REHgRIb Y alsd® ishRHEriedldit Gampmmegtashdudingg

mesophi I i c and heat-resistant ones. For exanple, RNase HfromE. coli_can
be used for &UBELATise atseWHRACSH0' eft o LASoUD USRS n ARk nedR8d &6f (&
present invention as described bel ow in Exanples. , A connerciall¥ avai | abl e
25 heat - r esi ROIMNIGASENUEP eB¥REDRFBERd s MMHETNeRARE FeaRd thag Jsu ~
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15 complementary to the template, wherein the primer is a
chimeric oligonucleotide primer containing a
deoxyribonucleotide and a ribonucleotide, the
ribonucleotide being positioned at the 3'-terminus or on
the 3'-terminal side of the primer, wherein an endonuclease
20 cleaves at a site that contains the ribonucleotide;

(b) cleaving the primer-extended strand of a
double-stranded nucleic acid obtained in step (a) with the
endonuclease at the site that contains the ribonucleotide;

(c) extending a nucleotide sequence that is

25 complementary to the template using a DNA polymerase having



H (Epi center Technol ogi es) can al so be preferably used. Furthernore, the

ri bonucl ease may be a naturally occurring one or a variant. The enzymatic
unit of RNase H indicated herein is a val ue expressed accordi 8¢ po. op3et hod
of 5 measuring an enzymatic unit as described in Referential Exanples. The
efficiency of the cleavage reaction w th agendonucl ease such as RNase H
used in the nethod of the present invention may depend on the nucl eotide
sequence 10 around the 3'-term nus of the priner and influence the
anplification efficiency of the desired DNA. Therefore, it is natural to

design the opt isHRanRr idM®Y) fﬂé?:ren{e‘?& RNassy 11 HSEHom ABnES 84 -BBERE Aust B t§ldM

"introducing a nick" or "ni cking" neans internally cleaving one of the

two strands gﬁ:iﬁ\eﬁ?oggg%l%hr e&d%ﬂenueh%u%-%er%nd%er n%@'@&'ce gclldai% Hads on

a hybrid double-str ed nucl eic acid conposed

ribonUC|60tigﬁé g&&ﬂe@Jgid@M%éd3§%¥éﬁa' ?lalgag%deoﬁeg ne%thhStep (b)

ri bonucl eot i ntalnlng strand anong t e two stran S

ribonuc'eot'gs RSN, ¢ d;&wrﬁg&e&rpaqta fhekein' | %b}i)ébrsltq:&nded

doubl e- st randed nuc €l C aci nmef ase use

|nvent|gn ﬁg@ﬁggly@%l eaéggg fhitrgndrgraglg%?ggnt a trvr endagij

can be Used P € present invention.? 25 Paf tPEU poI ras

substantrallgggggg Eg %gus%d018UEE§80§ 2 | acking 5' -~3 exonuclease
prefér €

activity can aply “dse "herei n, 'a strand di spl acenent
activity" refers to an tivity.that can effect |l .ac nent hat
is, that can proceed DN% dﬁﬁﬁ?ﬁapgoﬁ %ﬁﬂfﬁge a&%?p IEli5 % SOP A 1ne&
sequence as | ate whil e acin DNA s ran to rel ease ,
conplenentar§ sFEERd(FnaFShés 58, § %ﬁnga%@d & ﬁﬁ@s eﬁﬁ@apél@PFa%d?t 18
Addi tionally, nd r ased from a nucle tide seq ce 3s_a

templ ate as &% ?5§EFP%0f§?QH9 YD ABefETP | & r%ﬁ%gr%dgﬁg RoLYgetgse

di spl aced strand herei n., Any DNA pol ynerases having t r and

i Sl adBient tRer i G AR A0, udbd TRFAHEF PRECRMSd nuchEFORG xbhpes 15

t hereof include variants of o] ases Iackrn b'

exonucl ease &€ FFF8§ad¥HRéi¥%$ ﬂiﬁgiﬁﬁép &%ﬁ%ﬁ%%.BheQEEdger
Baci |l us such ,as Baci] |l us cal dot enax (herernafter referred,to as ,B. ca) and

Baci | | us steafnéf:hérsmﬁjdrﬁﬁelﬁ”(thefr@“ha'fqaér F283r1RaSEEPad2B, 18t P, CRIMRRILC as

| arge fragmen Kl enqw fragnent)) DNA pol ynmerase | from Escherichia coli
(E. coli). thrgSPuﬁé%’SHﬁler cprmrzotfr?etdtlr e§PQF5ﬁPtE}RIA1MoP9F?Q|l§§‘§§’té§H be

preferably used |n the present invention. B. ca is a thermgphilic bacterium
havi ng an optPnafhgr dWH anisler afaANEBFeandtit tAsC dBER1ARAI pot fFATIAs @16k om

this bacteriumis known to have_a DNA
15 contains a deoxyribonucleotide and a ribonucleotide, the

ribonucleotide being positioned at the 3'~terminus or on
the 3'-terminal side of the primer, wherein an endonuclease
cleaves at a site that contains the ribonucleotide;
(e) cleaving the primer-extended strand of a
20 double-stranded nucleic acid obtained in step (d) with the
endonuclease at the site that contains the ribonucleotide;
and
(f) extending a nucleotide sequence that is
complementary to the template using a DNA polymerase having

25 a strand displacement activity from the 3'-terminus of the



25 dependent DNA pol ynerase activity, an RNA-dependent DNA 3 0 J U L 2003
43 polynerase activity (a reverse transcription activity), a 5 -.3

exonucl ease activity and a 3'-.5" exonuclease activity. The gpz)eq gy be
either an enzyne purified fromits original source or a reconbinant protein
produced by 5 using genetic engineering teghniques. The enzyme may be
subjected to nodification such as substitution, deletion, addition or
insertion by using genetic engineering techni'ques or other neans. Exanples
of nodified enzynes include Bca BEST DNA pol ynerase (Takara Shuzo), which
is 10 Hca I r acki [ - ~3 I ACt ] Vil IV .
Conposi ti O%Feﬁﬁé 8g§?fjén%§ufqggr Hééle%&ei %ttr%)é%pgrégsrgjra]ct%‘%l%vgn J‘lc%)r{'.n %ﬂlCh
reaction buffer that contains byf f eri ng conponent magnesium.sal t, and
GNTPs 15 usediitn PERESFs S3eR8RE SHFETY oiF TRanpresBFatREcoars drieky ()
conponent s t hat e preferably, used include, but are not limted to,
Tricine, tri §9h§§raf%€%1 & i%‘ér%{hcg %ifﬁ’mﬁ%f)ﬂ’a?‘ég(s%ﬁrﬁénséldi b&ﬁa%‘l@o%d
pot assi um phosphate). Anong these, a buffer that contains Tricine or a
bhosphat 6 s THCREHFer A% 00 TUTOMENG | 52 pr SPEFRRFETESr  Bfemsesdriended

i nventign. The figaL concentration of the buffering conmponent ranges 5-100
mM  prePer abB} e85 SEUPRE pR S4FBed®8.:0-9.5, preferably 7.0-9.2. For
exanple, a buffer containing 22-46 MM Tricine at pH 7.5-9.2 or a buffer
cont ai ni ng 25-50 mV potd&si USRI e ANVEREFOD- 8.9f i stPRef AXGASNE
used. Exanples of . 3 0 J UL 2003 44 magnesium salts that can be ,
preferably udByentdrideciffiesare ndt methiode %, aMAYHERI IEh ahIdiGigotide
magnesi um acetate or magnesium sul fate. The final concentration of the
magnesi um salSedtgnges chagagterprereiaptpat. thenMethed sompygdises:
concentrations of dNTPs (dATP, dCTP, dGTP and dTTP) in a m xture as
substrates for a DNA eX@ensPBRPRBARYI of IHATHL iPN- Bigtyye pPBf srbbing a
0.2-1.2 nmM The anmount of the primers used in a reaction volunme of 50 u
ranges 10- 1000ugAeic precédablas 10a100tpmplataddi t# onaldorynifpenusdaatdifielo
m xture may contain an additive in order to stabilize the anplification
reaction, fotrépheppéatasAaabNa pPodamegarce Mavdtico ¢t @ gisHlagement

di met hyl sul foxide at a final concentration of 10% or |ess, putrescine

di hydrochl or iag¢éiatity,fi akl leafdenconat iprimer9 and opnl eerdompclease that

propyl enedi am ne
cleaves an extended strand generated from the primer,

wherein the primer is a chimeric oligonucleotide primer
15 that is substantially complementary to the nucleotide
sequence of the nucleic acid as the template and contains a
deoxyribonucleotide and a ribonucleotide, the
ribonucleotide being positioned at the 3'-terminus or on
the 3'-terminal  side of the primer, wherein the
20 endonuclease cleaves at a site that contains the
ribonucleotide; and
(b) incubating the reaction mixture for a
sufficient time to generate a reaction product.
The twenty-third invention of the present

25 invention relates to a method for determining a nucleotide



15 at a concentration of 0.01%or |ess may be added. Alternatively, NW
(1- met-hyl - 2-pyrrolidinone), glycerol, polyethylene glycol),
di et hyl sul f oxi de and/or formam de may be contained. It is ex$§thd ﬁ@@l
the addition of such an organic solvent reduces the non-specifi 5nea|ing
of 20 oligonucleotide prinmers. The amount pf RNase H fromE. coli as an
exanpl e of endonucl eases in a reaction volunme of 50 ~Z1 ranges preferably
3-200 U, nore preferably 15-60 U. The anmount of Bca BEST DNA pol ynerase as
an exanpl e of DNA polynerases in 25 a reaction volunme of 50 pl ranges
preferably Og Sab@flcl of3 & %u%léi%ooécié,”DéﬁaPéé’E@E@Ehé{ 1122 dfathepe
preferabl e nunbber of units of the endonuclease, anong these, nay presunably
vary dependi t h : £k R ASUC he it fyi.the
AgeABd! BBnbYBR eLNShEeh £y AgSUCRUEIRE 1kAC SERASE! LBROL LS

buffer and the anount enzyne“to-5 are adjusted suc

t he anmobunt of .a Lfi ] d b mes <t h j .0, any . e_ it is
natural to o%?ig?éé tﬁéé%gﬁpggftggﬁlogﬁghegFeag?ggﬁfgﬁ$%eﬂﬂﬁnéxyﬁgﬁlFPQ
dependi ng on_t he of. the y used., (5 thod for anplifying

nucl eoti de sgaﬂéﬁ%éggP %8 Eﬁggg§e§§ﬁ?gﬁn%ggﬁ%ggsn?he nmet hod of the present
inventign can be conducted by using at |east one oligonucl eotide priner as
descri bed above in (1) in conbination with the endonucl ease as descri bed
above in (2)Bamde§e DINA Eolﬁneraie as_15 described above in (3). dNTPs
used for thePPERINEERSA BFPReOFi REAA H#Pxt ure of dATP, dCTP, dGTP and
dTTP) can be preferably,used t.he nucleotide _triphosphates as substrates
in an extension reacti%ﬁgFﬁetﬁé et hdd. £ HqHe &§?5§ nggagoﬁt'quf 3Ral og
such as 7-deaza-dGIP 0 long as i rves as a substrate for the

ol yrror ase. UESATPACC RN BT TRRE e RPAToRRRE AN nif HEMRER had.
The prinmer can be prepared, for exanple, using DNA synt hesj zer accordi ng
to a convent PSR e§§ﬁ¥ﬁ8§?§ M&ﬁuﬁfrg%%%nbiﬁ&ﬂﬁi?(ﬁlqgéﬁchFﬂ%rFéleased

ol i gonucl eotide 25 priner and a naormal ol igonucl eotide primer can be used
in 318 J UPNA20®Brardt Her R hod' g t kBepr eseARdi nGbRETdn. SeMiEHudSei @
acid (DNA or RNA) used as . a tenplate in the nmethod of the present invention
may be prepaF&@PRtPsBNAt é8 fPdm any sanple that may contain a nucleic
acid. 5 Exanples of the sanples that may contain the nucleic acid include,
but are not linited toFigRABI e€ fSOAWS gdiliSsnsretitht &is Af whdParef8oddes

serum a huffi coat, a urine, feces, a cerebrospinal fluid, a semna
fluid, a sal PYECEEOPhe¥EE1EeO§. DNA ExAeBrBLs pMRihéEL6A RYI FhphmAbheY afd a

the present invention using varying reaction time.

15
Detailed Description of the Invention
As used herein, a deoxyribonucleotide {also
referred to as a dN) refers to a nucleotide of which the
sugar portion 1is composed of D-2-deoxyribose. The
20 deoxyribonucleotides include, for example, ones having

adenine, cytosine, guanine or thymine as the base portion.
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

25 include ones having adenine, cytosine, guanine or uracil as



10 cell culture (e. g., a mammalian cell culture or a bacterial cel
culture), sanples that contain a nucleic acid such as a viroid, a virus, a
bacterium a fungi, a yeast, a plant and an animal, sanples %yigﬁgﬁ?®3to be
contam nated or infected with a m croorgani smsuch as a virus Or

bacterium (e.g., a food or a biological fogpulation), and sanples that may
contain an organismsuch as a soil and a waste water. The sanple nmay be a
preparation containing a nucleic acid obtained by processing the sanples as
descri bed above according to a known nethod. Exanples of 20 the

prepar ations gt £00 RS- 1594, 1Thd heipsasend ot IHeat 4 P06 | NEL LEge an&@lEied
destruction product or a sanple obtained by fractionating the product, the
nucl ei ¢ aci d jihddife 58Pl e s OsusResE ! LC mda!ried agivh Al _tieR suchy

sanpl e in which nRNAs axe enriched. Furthernore, a nuclelic acid such as

2o%i gtradainn t e@ﬁ%%ﬁliig%@@w%% %gé‘%? e?t:rg%%;&-tégd&#%% is

preparation l?ra{;a | gy, Cgt‘fifu?da?oﬁtan(é)fs@r ?g"ﬂa?geﬁr 43 tgga ap, &"r"g%%t

above-nmenti one erialfs by using, for 5 exanp SI's Wt

soni cation, s i gy si.ng, gl &s eads h.press wthout
limtat i%n. Igr}'aé;doﬂngéfc%%%%%élﬁyiésrpab%a%t ZN eo(l?;}:gj ?%‘?Iﬁr{%}g]?&ap‘?%(’:%ss's t he
preparation to purity the

' d (e.0.. | wh . end

b oparation Lo purt Y, Ui MELSHereh 4 oLl GREINELE A ErdoEnans

t hod h heno| t ti h hy, , i h !
ol ectrophor e IS dhet ( PLAPEA! BHE Cc oM RIGa SO T aHS dnd o
anplify a nucleig, acid,hayi g a sgﬂuence.derived féon1an RNA, the hqg of
the 15 presert FADSREFSRONAS he coNfudtEtesi RGYas S tonp A UrEeReE S
YN nes1 200 e ol SRS RS | BLIOR. SPULAT LDELpuses LS B 89 .
nwont 1 Bh. i ek 1 Dt A £bi BBHI BEPALR 25 TIPSR rHVST T Ree e

rRNA in a sanpl e, as wel | .specjfic speci es.
rgké?or a modf'le ribonuc eotf e.

The chimeric oligonucleotide primers used in the
present invention include any chimeric oligonucleotide
primer that has a ribonucleotide being positioned at the

15 3'-terminus or on the 3'~terminal side of the primer, can
be used to extend a nucleic acid strand in the method of
the present invention, can be cleaved with an endonuclease,
and can be used to effect a strand displacement reaction.

As used herein, a 3'-terminal side refers to a

20 portion from the center to the 3'-terminus of a nucleic
acid such as a primer. Likewise, the 5'-terminal side
refers to a portion from the center to the 5'~terminus of a
nucleic acid.

As used herein, an endonuclease may be any one

25 that acts on a double-stranded DNA generated by extending a



Any prinmer that anneals to an RNA as a tenplate under reaction conditions
used can be used in the reverse transcription reaction. The prinmer may be a
primer having 25 a nucl eoti de sequence that is conplenentary to a specific
3 0 JLJL 2003 48 RNA as a tenplate (a specific primer), an glg QgL o3
(deoxythymi ne) prinmer and a prinmer having gsrandom sequence (a random
primer). In view of specific annealing, the length of the priner for
reverse transcription is 5 preferably 6 nucl eotides or nore, nore
preferably 9 nucl eotides or nore. In view of oligonucleotide synthesis, the

l'ength is prej a?EXmlaﬁqé‘P@hﬁﬁQﬁ%; g%lihgﬁﬁclgpf:?dgr SR Y RQcn ha¥e can

nucl eotides or |ess. Additiona , rrc I'gonucleot1'de primner

be used as abqaré' eraur{| AT EYerse ta[ar}ﬁ%i' {éonacTcgle £ in;rige@nié%a?g;%erﬁi de

primer can al'so I'zed as a prinmer for a Strand displact on

in the nethod for. ifyi cleotide se of th resent i nvention
using a cDNAscfbethiﬁienclc)#laJT e?gregggrgs r gscarigg?g%c‘lgﬁs ozft 1€h$e%ll§‘le§. QR
one that, has th operties as described above in (1) and

primer may be a D

that can be|ﬁﬁ§?%ﬁ?%a%%5&9?&??¥%§t&§?ption reaction froman RNA. Any
enzynme that has an actiyvity of nt hesi zin cDNA usi ng an as_a
tenpl at € can be used i A% hésﬁgva’es%elib tF‘a?@@i Bf’ilé’ﬁ‘elrég@t i%‘%\éAré(aﬁﬁl N
t her eof include reve{se tranigrigtases o&&gingting Q&gn1various sour ces
such as avia@qﬁXﬂﬁﬂ)?ﬁFo§W§_ Pragederd vEU r 8TEASE (FanRRY? pHasBI( AMPNA
B el ot T % | ekt & © USRS AR 28 4 RS 255 MY

not limited to, pol I-type DNA polymerases (e.qg.,
Escheriéhia coli DNA polymerase I, Klenow fragment and Taq
10 DNA polymerase), o-type DNA polymerases (e.g., a DNA
polymerase from Pyrococcus furiosus (Stratagene), VENT DNA
polymerase (New England Biolabs), KOD DNA polymerase
(Toyobo) and DEEP VENT DNA polymerase (New England
Biolabs)) and non-a-, non-pol I-type DNA polymerases (e.g.,
15 a DNA polymerase as described in WO 97/24444). DNA
polymerases having a strand displacement activity include
DNA polymerases from thermophilic bacteria of genus
Bacillus such as Bacillus caldotenax (hereinafter referred
to as B. ca) and Bacillus stearothermophilus (hereinafter
20 referred to as B. st) as well as variants of these DNA
polymerases lacking their 5'-3' exonuclease activities.
Furthermore, the DNA polymerases of strand displacement
type include DNA polymerases, e.g., Klenow fragment, that
have a strand displacement activity and do not have a 5'-3'

25 exonuclease activity. In addition, the DNA polymerase may



25 reverse transcriptase (RAV-2 RTase). In addition, a DNA 3 0 JUL 2003
49 polynerase that al so has a reverse transcription activity can be used.
An enzyme having a reverse transcription activity at a high tenperature
such as a DNA pol ymerase froma bacterium of genus Thermus (e §.JULT2M DNA 5
pol ynerase) and a DNA pol ynerase froma thgfnophilic bacterium of genus
Bacillus is preferable for the present invention. For exanple, DNA

pol ynmerases from thernmophilic bacteria of genus Bacillus such as a DNA

pol ymerase from B. st (Bst DNA pol ynmerase) and a DNA pol ynerase fromB. ca
10 (Beca DNA gal wrepagehcal P! S1GEAD! uupdl bOPURDCLELS difdh | 1 eNGad KR
limt the present 1 nvention. For exanple, Bca pol ynerase does not
require a ma phan for it VEE S n el i.on.

Fur't her mor o, TP EA6 LAY, RO Qo8 PR HHI LA RIS 2 53

15 secondary sLpyGEURER! UL :NR ASafa! STIbRA © pUAGRE DbANSIIRE BEULE pot

condi ti ons. naturally occdurring one an ari an e enzy

the activi tyreTh tneCaRphrHESEHFERNERE) =ERIMEL S0 o™y The 20 mot bod of

the present invention,_ a nucleic acid qf_ inierest ,nay.be a ified re
efficieﬁtly by anplifyPRgCRE MEHSHY aé?dsgga% tgﬁﬁgéﬁgeﬁgggrgﬁgﬁgggﬁgr
exanpl e, when nuc| eoti de _seguenc esent in a .trace _amgunt of a genomc
oNA TS ampl | FRORESEBRARS PRETENEY CEREL: Ry SERECHuG SLEREE 9bsBeqaenester
interest is fjrst anplified by an appropt.lat 3 0,J UL 2003 50 nucleic
acid anpl i fi{':é?ﬁoﬁsmet . GI"’}% Pﬁﬂ%ggﬂt ﬁ&he@e%qaftilé’d‘ 5N W?%g%ﬁ?si é’gt hen
used as a tepplate to conduct the anplification t hod of , f he present,
oventton.  THBETMEGLSRIY | SSHHERCEL @5 rbge bESEBHRIG dth byt ¢ L SROaRJA%s of
t he present igvention. Al ternati eI%; i& may be conducted by g known
nucl ei ¢ aci dBRpPNAi E5FPBA HBt hE4SEGENTAE CREPPERSRERRYDStERPENERASr 8253
speci fic nuc] eoti de sequence may be added on the 5' -term nal side of the
pri mer 1Po beb9§€daPHQAi§@ﬂﬁﬂi?h%af?%ﬁléF%pﬁtﬁﬁéﬁ-a gttt t 1N andl PNPed
using such a priner is used as a tenplate, ,the anplification nethod of the
present inveREFBRdcaRlBaseanfzeRed NEFAGOS1ERI FEAVENGRI §6nackempilatepaisner
havi ng the specific nucleotide seguenpe added to the abovenenti oned primer.
In other wor@s r8§3u4%s BEsst bEErapd1FimREINeMe rdcl e8EeEesY 5RpIadsi Cation
step in the nethod of the present invention, in which a DNA fragment
anpl i fi ed bydipRLpPERd| §t53Bd" " aBeseiBmpl ate, by using a comon chimeric

ol i gonucl eotide prine regardl ess of the nucleotide sequence of the region
to be anplified. This Hereena&Esipl i &l bPresABENi AgveRd 198 howt bt t

present invention and the PCR using a priner having a specific nucleotide
sequend@ addegsenibpe &n-defaihal side as described above.

(1) Chimeric oligonucleotide primer used in the
present invention.
The primer used in the method of the present
invention 1is a chimeric oligonucleotide primer that
20 contains a deoxyribonucleotide and a ribonucleotide. Such
primers include an oligoribonucleotide primer that contains
an unmodified ribonucleotide and/or a modified
ribonucleotide.
A chimeric oligonucleotide primer used in the

25 method of the present invention may be any chimeric



Usual Iy, one should produce a pair of primers 25 specific to a nucleotide
sequence of interest in order to 3 0 JUL 2003 51 anplify the sequence in
the first nucleic acid anplification step specifically. However, a nucleic
acid as a tenplate can be anplified.w thout the use of a prin$bn@$?§géic to
t he nucl eoti de sequence of interest by 5 ugglizing a random pYi , ich
non-specifically anplifies nucleic acid fragnents, or a pair of priners
selected froma set of ready-nmade degenerate prinmers. The nunber of priner
pairs required to anmplify plural nucleic acids as tenplates can be
decreased. The,decrease_ i.s, acconplish 0 utilizing, far, exanple, the
PCR net hod tﬁiﬂ'gﬁgélg 5%&9&0@5&?‘\?& %’g\ﬂjtng%st ad sé’ﬁ{?g‘r?cf’étl(q%clsg)%leﬁiﬁeds
Research, 24(19):.3778-3783 (199 or the degenerate olJ gonucl eot.i deprj ned
PCR et hod ( -SﬁERL i ‘%%‘PP%}‘%%@’?% YAL982)Pa % &% yoke PUFdsateds e
pri mer having a tag sequence. [Each 15(£I such gri rs ha; a random sequence
or a degener 3PUEBHBeRte RMIHEIE 3&hdi 2%s2 FPPPRBLENp DAL SBROPeNRISRSH of
the present invention is conducted using .a nucleic acid anpljified with a
primer havi n§aeki§nseudhiide siLagd dfahid s the tRMHeWSe &Kk thadsdas a

i nventign can be conducted by 20 using one chineric oligonucleotide prinmer.
Such chidneri 816Fi §6ntdieedt i FE LIPS OFadnt Hden i Idanddade fidiec @i gdvitgheal
with that of the tag sequence. By using such a prinmer, all of the nucleic
aci ds that haRe SRANURHPA5¢ e6le3VRG Lprim@r ahdlliihgsyneheass wagcdd@ience
are used as 25 tenplates. Thus, a variety of nucleotide sequences can be

3 0 Jug 2003FRZ seppnpie, atd v@hi«mﬁéﬁpc@{imfﬁlﬂm\i@% prdnert ikavbhyy a
conmbi ning the nethod of the present invention with a nucleic acid

anpl i fi cati offikenhedeotdideusesing r apgdimipniederator theddertarmminys | aer o156
Any DNA polynerase thhat synthesizes a DNA strand de novo using a DNA strand
as a tenpl at §hear 'petameicndln shdengeneilre agsedanplTie cpriner neshoaguaddah
DNA pol ynmerases include pol I-type DNA polynerases (e.g., E, coli DNA

pol yneddse | degighew f saghenthatd Td&q DRA ponpismesdprya IO t@e potAion

pol ymerases (e. g., a DNA polynerase from Pyrococcus furiosus, VENT DNA

pol yner ase, K@BtDRAmp @l fy erensmee gineh DEEPo&/EAMp DNALpdl yirbrasék , ard poart-izn,
nonpol |-type DNA pol ynerases (e.g., a DNA polynerase as described in WO
97/ 24444) . | B'addi tihen, nachectide séqaend® teasespondihd pol wnmeegides siech
as TaKaRa Ex Tagq DNA pol ynerase (Takara Shuzo) or KOD dash DNA pol ynerase
(Toyobo) canbee gmelefibddy insexd. nBodleher rozis] BNA potgmplates suBh aseal DNA
pol ynmerase from B, ca, a DNA polynerase fromB. st, variants of these DNA
pol yner ases R@rledcki Mg tsistahti.al'lyexmmpdlepese sant intdlieed, i d@N sEifsence”

pol ymerase, Pfu (exo-) DNA pol ynerase (Stratagene), Tth DNA pol ynerase
(Toyobdp andméihnsDNA ot lersr ade §&qoerga) thah loanpraafrezadbl o useONA as a

template under reaction conditions used. Such a chimeric

oligonucleotide primer or an oligonucleotide primer can be

designed by those skilled in the art according to known

procedures, for example, with reference to Labo Manual PCR

20 (Takara Shuzo, pp. 13-16, 1896). A commercially available

software for designing a primer such as OLIGO™ Primer
Analysis software (Takara Shuzo) can be used.

The chimeric oligonucleotide primer used in the

method of the present invention may contain one or more

25 modified ribonucleotide. As used herein, a ribonucleotide



If a linear DNA fragment (e. g., a PCR-anplified 25 fragnent) is used in
the anplification nethod of the 3 0 JU __ 2003 53 present invention as a
tenpl ate, introduction of a sequence designated as a spacer portion my
increase the anplification efficiency. The spacer portion is HPS?EQ@%
between the 3'-term nus of the linear DNA fragnent as the 5 ?enp ate and
the annealing site at the 5 -term nus of the prinmer used for the nethod of
the present invention. For exanple, it is preferable to design the priner
for the anplification nmethod of the present invention such that the length

f th ion,] i.th | im iogn, 1 10.ab 70 b .
or cf orably aBBd 15 (5 B6E B0 WHAITARL BrEeBRERPEtAGRAT oF BRRIEISH 1 he

spacer portion my yar ependi ng_on, t he sequence, of the prinmer for the
ool T bati oh RETHGHEOE 1ERa EAREOBAR DRy BRBLOHORFrE Soptals SHECE st GFon
can be determned with reference to the 15 disclosure in Exanples herein. A
fragment anpPPfikRepe oFEﬁ’é’ﬁﬂr,‘a*orSJe&%rrpﬂ , By PARGIG OtdeorRElepidste
portion is added 3' to the annealing region of the anplification priner of
the present PEYBREI oRANBantBRtuskd 2LGPIitfAt Y n Phe HRAVET catlitdh @& hod
of the present 20 invention. |In one enbodinent, a nucleic acid as a
tenpl at @ i s SREPPEFE82BER or eI By PSS €@ Tdidafer inShudeprbal s, tihe

5 -~3" direction, a region of the spacer portion, a region of the

anpl i ficati odnprRiéiedf pihopidsafiidavand| die apredhf edi aibonugdeoikdde
primer for anmplifying a nucleic 25 acid. The thus anplified fragnent can be
then used asag dgsgribgdl aboses4 t efipl atampedifiedanplibongatlieot iderho@ of
the present invention. The region of another priner for anplifying a

nucl ei ¢ aci dmpgjfhedanylhenioreatide pormes fanmbdinatdiat cthergodnptdni &&t i on
met hod such as the PCR nethod. 5 Alternatively, the region of another
primer for adpedf §pigthencbisesigcirdigapupbdeatidg priokrawsdt tbe present
anplification primer of the present invention. Both of a double-stranded
DNA sudf as anvestlianedsgehomy cabNAtordee PCRotr adpodritshartthes fingt kost cdnded
DNA 10 such as a cDNA prepared by a reverse transcription reaction froma
total RNA or the nRhbmean be Pxafpled| wilisdheas modidigdat eibNauvicdepliddes
present invention. The doubl e-stranded DNA is preferably used after
denaturing i tnchtdesi bytestreandtd LDMAsedl5oThenddnaiSur irddposuep ewiy dee in
elimnated in the anplification nethod of the present invention if a |inear
doubl e- st r andtbdcBNAEkeic loxagyem PERoanpbofind atticon teodphospatsedymasimm is
tenplate. The elimnation may be acconplished by | ocating the annealing
site for therppiiaeedotbyt he puéfemt atom, and a ribonucleotide in which

15 the hydroxy group at the 2-position of the ribose is
replaced by a methoxy group. Such a chimeric
oligonucleotide primer containing a modified ribonucleotide
can be produced by using, for example, an (x-8)
ribonucleotide triphosphate, which is prepared by a method

20 as described in United States Patent No. 5,003,097 using a
sulfuration reaction reagent (Glen Research), or a 2-OMe-
RNA~CE phosphoramidite reagent (Glen Research).

A chimeric oligonucleotide primer that can be
used in the amplification method of the present invention

25 may be designed to contain a modified ribonucleotide that



20 invention about 50 bases inside fromthe termnus of the DNA. If a
nucl ei-c acid having a sequence froman RNA is to be anplified, a reverse
transcription reaction using an RNA as a tenplate and a DNA anplification
reaction using a cDNA generated by the reverse transcription riaghjo%mis a
25 tenplate can be conducted with one DNA-pplynerase in the }
2003 55 DNA synthesis nethod of the present invention. Such DNA pol ynerase
has a reverse transcriptase activity and a strand di spl acenent activity.
The suitable length of the tenplate is one that 5 provides a sufficient
bi ndi ng of t Lger.s ence d th [ o t he whgle target
sequence or ggn?éggfﬁfégﬁgéhééwfgpg e(éh%%égfgrg&?hséaheﬁggopﬁc?ﬁ Se.
fragment. If_a DNA as a tenplate is doubl ez stranded DNA, the DNA i
denat ured i nt8°%i iyl EtVShdef DHR§ft%& aILPOV\Féa€O BT &2 o SHNE 9o ?’H@ DNA
strand as the,tenplate jn the nethod of ,the present, invention, .M ntaining
t he doublest?%ﬁﬁggg?»uﬁiﬁeza%ﬁ%#beﬁatLﬁ%ggﬁu ?%ﬁﬁi1¢W§&H@énaF8Fég?€eFlan,
about 95C) is preferable for the denaturation. Qther processes include one
in which an 5?595%88 PEFPS-used. 15 In this case, the pH should be | owered
in order to allow an oligonucl eotide priner _to bind to,a target in an
anplifieation reaction® g HECFEStFHgm§§&Geﬁ&éngugEE@E%QFVEF?mﬁﬁpWPYiBE
under isothermal conditions after denaturing a doubl e-stranded DNA into
si ngl e- st r anB88ADiRs Be ofethpda R IRNS sPE8ERNEs 1R ViedFdioR cdeRRRpERY ngNna
cDNA (a single-stranded DNA) by a reverse transcription reaction. .
"Successi vel yhenglasiratht f9eaefi dh PFNScebBaINRRho@f t@chamgelifhcahion
reaction tenperature or the conposition of the reaction mxture. As used
herein, 25 "i{sbpatenalirandads ondiotldssssragdeddst antSRAIficaddvant ones 0
JUL 2003 56 tenperature under which an enzynme and a nucleic acid strand
function in ehtRestep olWyPRUEleRtide r &timeakt edsbyusedhedign @t pingle-
considered that the foll ow ng steps successively and

stranded DNA is desired, whereas two primers are used when

a double-stranded DNA is desired.
The length of the chimeric oligonucleotide primer
used in the method of the present invention is not

specifically limited, but is preferably about 12

15 nucleotides to about 100 nucleotides, more preferably about
15 nucleotides to about 40 nucleotides. It is preferable
that the nucleotide sequence of the chimeric

oligonucleotide is substantially complementary to a nucleic
acid as a template such that it anneals to the nucleic acid
20 as the template under reaction conditions used. The primer
contains a sequence recognized by an endonuclease, which is
utilized in a step as described below, at the 3'-terminus

or on the 3'~terminal side.
For example, an oligonucleotide having a

25 structure represented by the following general formula can



5 repeatedly proceeds in parallel (e. g., under isothermal conditions) in
the nmethod for anplifying a nucl eotide sequence of the present invention:
[1) a step of annealing a DNA as a tenplate to at | east one oligonucl eotide
prinmer; 10 [2] a step of effecting a reaction of extending asqpﬁthﬂh IS
conplenmentary to the DNA as the tenplate ﬂ; mthe 3' -termnus o %he pri mer
[3] a step of cleaving the DNA strand extended in step [2] with an

endonucl ease~ 15 [4] a step effecting a reaction of extending a DNA from
the 3'-termnus of the site cleaved in step [3] while releasing the DNA

t d t dj t 2 it t d ding it th th

s ot oS ouDedLea! 2hnglLOGH GERRLES) ' bethel,: BF, P ek Bt
doubl e- st ded | | eotid bt ai i tep.[4]l. _Th bqve- i, oned
Feact | on may BEeROHIRCE AR aPF AMRDY A CLRHBEr AEuFS PRtgIntanasdnyouLiAgLa
mesophilic pol%nerase such,as Kl enow fragnent. It can al so be conducted

at a high tehPerRBFeFeNEetvenEpeor higher, or 25 60C or higher) by using
heat - r esi st ant enzynes éan 3.0J ? ~_ 2083 57 endonucl ease and a DNA
pol ynerase). In this c3SRerAbNEPERIIRE AnREM TgE3a priner is suppressed,
resulting in increase in the specificity of DNA anplification. Furthernore,
the probl em 62 f8RnilRged8ofarll sPEuBCERE &' 0 a0 PNANad nEatsHpIek el ST
solved, resulting in increase in the ability of extension of a DNA
pol ymer ase. PAreneCenBolirméft 1nkagerecde k randbern i BFOYEAed | Bhating apd
nucl eotide sequence anplification can be successively conducted in the
met hod. I n t&i $%8sBota TP HANeRUAL N0 0deqdlhc dapiyinidpriuadmad daNA Van be
anplified by conmbining the use of a reverse transcriptase with the
above-nentioh@@odéﬁ%@gohib@nﬁ9l§§th§eaaﬂﬁ%ppom9ﬁéfé§d habpnyciepbidese
transcription activity. The first aspect of the present invention is a 15
met hod for anplifying Bohud*esmnlde seéquentieetse ngld soinigllestrigiededrbnaras a
tenplate and at | east one chineric oligonucleotide priner. It is a method
for anpPifyi hgprenentedt bie tbeqaenesalc forastler iiZzedhiich hat=t ae Antagdr
conpri ses:

w of 11 or more; and b = 1 and ¢ =0, b =2 and ¢ = 0, b = 3-5

and ¢ = 0, or b = 2 and ¢ = 0-5 can be preferably used in
the present invention. The length of the ribonucleotides
at the 3'~-terminus or on the 3'-termunal side of the

15 chimeric oligonucleotide primer used in the method of the
present invention is preferably 1l-mer to 15-mer, more
preferably‘l—mer to 10-mer, most preferably l-mer to 5-mer.
The number of c¢ in the general formula is not specifically
limited, but any number that can be used in the method of

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

25 The chimeric oligonucleotide primer used in the



20 (a) treating a nucleic acid as a tenplate with at |east one prinmer that
I's substantially conplenentary to a part of the nucl eotide sequence of the
nucl eic acid and a DNA pol ynerase to synthesize a priner-extended strand
that is conplenmentary to the tenplate, wherein the priner issq3 gg»laczﬂj meric
ol i gonucl eotide prinmer containing a 58 3,6 JUL 2003 deoxyr I bonu Iegtide
and a ribonucl eotide, the ribonucl eotide b ng positioned at the
3'-termnus or on the 3" -termnal side of the priner for cleavage with an
endonucl ease~ 5 (b) cleaving the priner-extended strand of a
doubl e- stranded nucl ei ¢ aci,d obtained in step (a 1 th_ the endonucl ease at
a site that BOACEMhs {TNHENHEN %ﬂﬁi?ﬁf“%ﬁﬁﬁ%cﬁge&%éﬁaiﬁ& ENRRAVEIERSE
sequence that _is 10 conplenentary to the tenpl ate using a DNA pol ynmerase
having a st r&Fx&aafe%Iaaﬁ\l%bn?t%‘?gv?ﬁeﬁ@ﬁ'n trtLIPTQmB't-hteerRﬁJrFE%r ofSim@ Br DAy
portion of the_doubl e-stranded nucleic acid in which the priner-extended
strand is cl BaY¥BeEBES ndd i Rrimep-ewfFengess  stranddt r 8%d & ssiieemthet 15
The second aspect of the present invention is a nmethod for anplifying a
nucl eoti de sEQBEAREBSusi Ag ariPAgrelsptddged DNA &8 a PERBIat ewerdsat | @ast
two chineric oligonucleotide priners of the present invention. It is a

met hod Por aﬁﬁpppypﬁgo§lﬁ@dyﬁanﬁ;tioned at the 3'-terminus or on the

3'-terminal side of the chimeric oligonucleotide primer for

cleavage with an endonuclease. For example, when RNase H

acts on a double-stranded DNA generated by extending a DNA

from a Ehimeric oligonucleotide primer represented by the

10 general formula that has been annealed to a nucleic acid as

a template, the chimeric oligonucleotide primer is cleaved

at the ribonucleotide portion. A double-stranded DNA in

which a nick is introduced between the oligonucleotide

primer and a DNA strand synthesized by the extension is

15 then generated. Then, a strand displacement reaction with

a DNA polymerase proceeds from the nicked site. Thus, any

chimeric 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

20 DNA polymerase can effect a strand displacement reaction
can be used in the method of the present invention.

The chimeric oligonucleotide primer can be

synthesized to have any nucleotide sequence using, for

example, the 394 type DNA synthesizer from Applied

25 Biosystems Inc. (ABI) according to a phosphoramidite method.



20 sequence using at least two priners, characterized in that the nmethod
conprirses: (a) treating a nucleic acid as a tenplate with at | east one
prinmer that is substantially conplenmentary to a part of the nucleotide
sequence of the nucleic acid and a 25 DNA pol ynerase to synthg%igﬁ_§m3
pri nmer-extended strand that 130JUL 03 59 is conplenentary to the
tenpl ate, wherein the primer is a chineric oligonucleotide priner
cont ai ni ng a deoxyri bonucl eoti de and a ribonucl eotide, the ribonucleotide
bei ng positioned at the 3'-terminus or on 5 the 3" -termnal side of the

primer for c 4 with an _endaonucl ease. ¢leaving th rimer-extended
strand of a éggﬁggggﬁYSEXéd4§Ln%§§5%§?d18§?§9ﬁ8§iﬁwéh%ﬁﬁﬁg.eaﬁfﬁeﬁﬁsr
endonucl ease_at,a,site_that _gcontains, the_ ribonucleqtide: 10 extendi ng a
nucl eot | de. <BALBAde tRa HsPhOnBeRERtarpeFBSRheaRBmphar RacPRhEhERALe
pol ymer ase hav%Fg a strand gisplaceritegt activkgg fromthe 3'-term nus of
the prinmer pBPERBA of M¢Ke dBBbl eUSBfandEl nuB¥YBFRS8EF] i ntRAi chohAgeric
prinmer-extended strand is cl eayed obtained in step (b) 15 to effect a
strand di spl 9¢4FRRRCLGAREFSRNPELIABEDI e- st randed nucl ei ¢ acid containing a
regenerated priner-extended strand is reused,in step (b): (d) treating a
rel eased displaced strAfd BBEAPHELepResHERD (&R BReaPFRABNEL &NWRRKRIGN | east
one primer that is 20 different fromthat used in step (a) and a DNA

pol ynerase to synt hesi 2BYa gpdomsicleasendeiptst pah8 ©OFatd | doubApremEanded to
the displaced strand, wherein the primer that is different fromthat used
in step (a) PY¥Ra GRnEadtedl i B¥nucP¥eht | gxtenisien t hfxoms st aphiigeryc

conpl ement ary
oligonucleotide primer as described above in (1) that has

been anﬁealed to a nucleic acid as a template and cleaves
10 the extended strand to effect a strand displacement
reaction can be used in the present invention. That is,
the endonuclease is an enzyme that generates a nick in the
chimeric oligonucleotide primer portion of the double-
stranded DNA. Examples of endonucleases that can be used
15 in the present invention include, but are not limited to,
ribonucleases. Among these, endoribonuclease H (RNase H)
that acts on an RNA portion of a double-stranded nucleic
acid composed of a DNA and an RNA can be preferably used.
Any ribonuclease that has the above-mentioned activities
20 can be preferably used in the present invention, including
mesophilic and heat-resistant ones. For example, RNase H
from E. coli can be used for a reaction at about 50°C to
about 70°C in the method of the present invention as
described below in Examples. a commercially available

25 heat-resistant ribonuclease, Hybridase™ Thermostable RNase



25 to a part of the nucl eotide sequence of the displaced ~ JUL 2~ 60
strand- and contai ns a deoxyribonucl eotide and a ribonucl eotide, the

ri bonucl eoti de being positioned at the 3" -termnus or on the 3'-term nal
side of the prinmer for cleavage with an endonucl ease~ 5 (e) &l0edvi rfd03t he
primer-extended strand of a doubl e-strandegh nucl eic acid obtained in step
(d) with the endonucl ease at a site that contains the ribonucl eotide; and
(f) extending a nucleotide sequence that is 10 conplenentary to the

tenpl ate using a DNA pol ynerase having a strand di splacenment activity from

he 3' - : ) . . ; | i i d
?nemhichegﬂgﬁgff #%%ﬁﬁgﬁhg%%ggggﬁgq%?qcléggegﬁgﬁ%gPﬁgg In step (2F%Fg9
ffect t Lspl : ' - | el id
cont ai ning af LE5HeEReRes R SRR B A R 50 (BT HEE AR RYC PR Re B

anpl 11 cat i 081 OF Ruc e Saienel BEbHa Nt e e BN PRr ot o e ERsRA

t 20 duct ed [ i ngl e-st ded DNA, t | at bt ai ned
arler a pretPEREHEnt L6t ch O IMshabPERs 5 HoGBrESrHARdCH DA FiRERed - oF
single-gtranded DNAs. The fifth Qr sixthtas ect,_of t edpreseﬁt inventi&n IS
a method in BRPEHTERE oM SFRYBELST ofPAE 25 SubPEGFFEEdsedieREECLERS Aing

to the first_or sicond aspect -. . "1 80 JuUL 2003 61 is conducted using
a cDNA as a PEAPPAEE obtained after a step of preparing a singl e-stranded

cDNA by a reverse transcriptiagn . reaction using.an RNA as a tenpl at e.
y %ﬁe %ééﬁciency oP tﬁe %leavage reactigg)with an

endonuclease such as RNase H used in the method of the
present .invention. may depend on the nucleotide sequence
10 around the 3'-terminus of the primer and influence the
amplification efficiency of the desired DNA. Therefore, it

is natural to design the optimal primer for the RNase H

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

acts on a hybrid double-stranded nucleic acid composed of a

DNA and a ribonucleotide~containing DNA to selectively

cleave the ribonucleotide-containing strand among the two

20 strands at the ribonucleotide portion, thereby introducing
a nick into the hybrid double-stranded nucleic acid.

(3) DNA polymerase used in the present invention.

A DNA polymerase having a strand displacement

activity on a DNA can be used in the present invention.

25 Particularly, a DNA polymerase substantially lacking a



As used herein, "a regenerated priner-extended 5 strand” refers to a DNA
strand- conpl enentary to a nucl eoti de sequence as a tenplate which is
extended from an oligonucleotide priner newly utilized for duplication as a
result of a strand displacenent. As used herein, "reuse" mgaguLhzw3 a
doubl e 10 stranded DNA conposed of a nucl eghide sequence as a tenplate and
a regenerated priner-extended strand is utilized again in a step of strand
di spl acenent. In each of the above-nentioned aspects of the present
invention, a chineric oligonucleotide prinmer that 15 is conplenentary to a

s ompl ement RS the DNARE e s S Y R e e b g S

the 3 -tormnus of (heriTes By TRy achi S8720% S Ak R et (e
oubl o st andea A Gto 1 Grd It Va TG T G ARG 2 SN IS TTe
) S0P, S ) JRE L6 s o «

P ck i -t ha D o SFUR PASETIR, EREBAALF oAl They A WFRRICING & I ur e
of the doubl e-stranded conposed of the chineric oli$onucleotide pri mer

and the DNA &F t BRpl B8 €231 % hGugFoRRESBEBERRY | $VERRT ok RS nbes been

restricted 5 by a_theory. A DNA polynerase having a_strand displ acenent
activity re- &&dedh BRA Elf‘?antoé)r‘l‘ﬁéﬁ? hee&ancer ni nfiddofippally, a DNA

ni ck~i ntroduced in the doubl e-stranded DNA to generate a new

pri mer - ext endedatd Ffd 8aHa% LM £ iNYF et isie SRMRRGL AR 6F tamplate as
3'-term nus of the nick. Thus, the new 10 prinmer-extended strand repl aces
the previousldy 59dehbsicfedaptiancexdénatacsrenhd.is referred to as "a

10 displaced strand" herein.

Any DNA polymerases having the strand
displacement activity can be used in the present invention.
Examples thereof include variants of DNA ©polymerases
lacking their 5'-3' exonuclease activities derived from

15 thermophilic bacteria of genus Baclllus such as Bacillus
caldotenax (hereinafter referred to as B. ca) and Bacillus
stearothermophilus (hereinafter referred to as B. st), as
well as large fragment (Klenow fragment) of DNA polymerase
I from Escherichia coli (E. coli). Both of mesophilic and

20 heat~resistant DNA polymerases can be preferably used in
the present invention.

B. ca is a thermophilic bacterium having an
optimal growth temperature of about 70°C. Bca DNA
polymerase from this bacterium is known to have a DNA-

25 dependent DNA polymerase activity, an RNA-dependent DNA



The nethod for anplifying a nucleotide sequence of the present invention
can be carried out using two priners, i.e., a chineric oligonucleotide
primer that is 15 conplenentary to a nucleic acid as a tenpl atg gpdygot her
chimeric oligonucleotide priner that is conplenentary to a displaceg
strand. In this case, one primer binds to, DNA strand as a tenplate to
cause a strand displacenent reaction, whereas another prinmer binds to a

di spl aced 20 strand rel eased as a result of the strand di spl acenent
reaction to initiate another strand di splacenment reaction. It is clear that

a reaction pr Lt h_aqn imer_can functiQn _as a tenpl ate for. another
primer if trﬁéggééé%%éiS%ﬁggg??Th%Lr?ﬁaggﬁnﬁﬁﬁﬂﬁﬂﬁhﬁﬁﬁ (ﬁﬁ?%ﬁﬁiﬁ%ﬁuét

i ncreases 25.jh,a non-Ii?ear nange&.gs th amun ,of the %englate ,_.3,.0 JuL
2003 63 i ncrRades. SHRBACLARSRethba' oY & I?fyiﬁs a®HoBPESER AR BEHLEREY of
t he present invention &ﬁ conduct ed_using %ﬁgfuble-stranded DNA_as . a
tenplate, a chineric 5 0Fi GBAYREeBEYdESpAMREIEE fur S HRRS r PRbhEL o F OB

tri phosphat es édNTgE), DNAjfonnerase and ap endonucl egse are added to a
reaction m xtbf e OBRINE Lo SAUHESE ~ Phe A otRF YR FARH BTONR LN RESFHGREILY) f
heat treatnment is used for denaturing the doubl e-stranded DNA and a

heat - r eSi st ahti18 G§ARHE G CHHINIREIY | FEFBNAABLEr abl BNE 0 SRFI™MEnd BNz PRe
after the denaturation. As described above in (2), an endonucl ease used in
the method shdhlacheds&icediedt Lhgat 49t SHER c Ba VP St Kt at dgletion,

ri bonucl eotide portion of a priner. Preferably, 15 the strand is cl eaved at
a site 3' to2fAetiPBonH eotPgertieRe foul BS3BFectIR NG poLPELRESELIBACH
that it dissociates a nicked DNA strand at_a reasonable rate. The DNA

pol ymer ase uSe@hniadupe Sreseiey npeanfon Examples of modified enzymes

include Bca BEST DNA polymerase (Takara Shuzo), which is
10 Bca DNA polymerase lacking its 5'-3' exonuclease activity.
(4) Composition of the reaction buffer used in
the present invention.
A reaction buffer that contains a buffering
component, a magnesium salt and dNTPs 1is used in the
15 present invention. Examples of the buffering components
that can be preferably used include, but are not limited to,
Tricine, tris-hydrochloride and a phosphate (such as sodium
phosphate and potassium phosphate). Among these, a buffer
that contains Tricing or a phosphate as a buffering
20 component is preferable for the present invention. The
final concentration of the buffering component ranges 5-100
nM, preferably 20-50 mM. The pH ranges 6.0-9.5, preferably
7.0-9.2, For example, a buffer containing 22-46 mM Tricine
at pH 7.5-9.2 or a buffer containing 25-50 mM potassium

25 phosphate at pH 7.0-8.0 is preferably used. Examples of



shoul d synt hesi ze an extended strand fromthe nicked site 20 towards the
downstream whil e di splacing a previously extended DNA strand. It is

i nportant that the DNA pol ynerase should not exhibit a 5 --.3" exonucl ease
activity that may degrade the displaced strand. For exanpl el KU8ho03
fragnent, which is an exonuclease-deficiegh vari ant of DNA 25 pol ynerase |
fromE <coli, asimlar fragnent derived from 3 0 JUL 2003 64 Bst DNA
pol ynmer ase (New Engl and Bi ol abs), and Bca BEST DNA pol ynerase fromB. ca
(Takara Shuzo) are useful as such a DNA pol ynerase. Sequenase 1.0 and

S 2 i i ' : 29
DA 5 pol y mEPSTE LB SR P B (R MM “Bg) oy g 02 TS 8eE " REE ™ s
pol ynmer ase th

t no . s ,an onucl ease tivity can be .used in the DNA
synt hesi s néF%bdQ%¥n?%§X5?§s§n'f%%éﬁ%%%ﬁ#i?ﬁ§85¥ anngﬁﬁﬁ$ﬁﬂﬁn§ﬁ§§%ﬁ%
i nhibitor can inhibit.the activity. 1Q,The t hod for amplifyin
nucl eot i de §Ehugﬁggegﬁuphesﬁﬁ§§tﬁ¥ in&gﬁii &nﬁgy 88“88H538Fé§na?°€af5h%g
tenperatures or it, may be_conducted, i sot hernall Varyin nper at ures nean
that the re&@tglnt‘ﬁ‘?’tuérhpﬁ?g’furr@gﬁse Q:'Frg ggﬁ{'f oPr%/E%E%EiIYVg“@eﬁ%Msucﬁe}t%at
t he change does not 15 interfere wiith the reactions in the steps.
Speci f iftgl | EENAy VT ERHRE LT e8Fr Epgpst o(%gegqﬁpt eﬁﬁé"?aﬁ%rde 4 B hat
suitable for, for exanple, each_ of annealing of a priner, synthesis |,
reaction of i cBnPieiecar §S RS ratieski hot of PWonBrEFESEARY RFHrPhind a
di spl acenent reaction.. 20 On the other hand, jsothernmal means that the

reaction terfda fre 70 dBbh REsEpTaP thdhdiged dRE eddie ARt RbrdiRt ed

at a substantially constant tenperature. It is natural to select the

t enper at ur e RIGTS it 3t AB Peat?d oM ednUPLFBRs 9fh POt Hlcasagesosl GO0
feature of the nethod for anplifying a _ 3 0_JU _ 2003 _65 nucl eotide
sequence OfHﬂﬂiww@%ﬁﬁ@r$9¥bnip0¥0psHﬂ%k-thédﬁéfhgﬁaéé§s Fhe reapftion

adj usting the tenperature uE and down during the nucleic acid synthesis.
Thus, tthe pragdmre mant FORtaLBY RPde gl ifdiifodin oprdsst Ker mdiabyl 1dyaet Hdwe zi ng
a 5 nucl eotide sequence. Many of conventional nucleic acid anplification
met hods reqlﬁmé-l'efgqujiqm tea atdgper affore epagbdedown BEAdi &8ock atfelnal
target froma synthesized strand. These nethods require a special reaction
equi prent s eEntEatiamet rdierod dregshi dingpusksulHonelds at e figalod of
10 the present invention can be conducted only using an equi pnent that can

keep a consteancandimpdriaurel 108 dusdieSfod rRITBRS CinRe gt P ATl atiideradsent

invention can be conducted at a single tenperature. Preferably, it is
conduct ed bya stk i poneemrtrabibonopt 4 mM or less, or propylenediamine

)

15 at a concentration of 0.01% or 1less may be added.
Alternatively, NMP (l-methyl-2-pyrrolidinone), glycerol,
poly(ethylene glycol), dimethylsulfoxide and/or formamide
may be contained. It is expected that the addition of such
an organic solvent reduces the nog—specific annealing of

20 oligonucleotide primers.

The amount of RNase H from E. coli as an example
of endonucleases in .a reaction volume of 50 pl ranges
preferably 3-200 U, more preferably 15-60 U. The amount of
Bca BEST DNA polymerase as an example of DNA polymerases in

25 a reaction volume of 50 pl ranges preferably 0.5-100 U,



15 tenperature and the stringency |level such that non-specific annealing of
a prinmer is decreased and such that the prinmer specifically anneals to a
nucl eoti de sequence as a tenplate. Although it is not intended to limt the
present invention, the nethod of the present invention can Qe g@ﬂd éed
under 20 hi gh-tenperature conditions by uiing a heat-resi st &l zgﬁe as
descri bed above. In addition, it is preferable to conduct the nethod of the
present invention at an appropriate tenperature for sufficiently retaining
the activity of the enzyne used in order to nmaintain the 25 reaction
efficiency at _high level..Thus,.the reaction 3.0J UL 2003_66_.

t enperat ure ?%r%r%F%fSBP91¥b GFZZ@C t (ﬁﬁeﬁﬁﬁféiﬁn%yéﬁ%¥e?ng915508F 30C
to about 75C_, nost preferably about 50C tq about 70C although.it varies
dependi ng on‘¥fe @ﬁ‘f{?r?élq}fécf?é’v%eﬂm?ﬂ% ré%‘ceﬁedn i@agondﬁﬁsé‘g“mr KEgK s

tenperature conditions in particular, it is eferaple to use a | onge
primer than tRRE"FHI9a PBac?%&n Pg n&&ﬁﬁe npergghre§u??e Eéﬁﬁencégﬁnd
the length of the priner appropriate for {he reaction tenperature my be
det er mi ned, FEFPRXENPPR, Ofi & é?"gfé?fcea’?% Fhe fROVRLtUCT AhereniyRei o 10
a commercially avail able software for_designing a priner such_as OLl GOTM
Primer Anal yRfsad@edware ?#&RﬁFﬁdSﬁEEB)tﬁﬁg baeyagguntropferBRpLELCHRAANS
reaction tenperature of 55C to 60C or 65C is used, the primer used for the
nmet hod of thBrpeskenPerabent bR Hayipen. f of NekB¥pFasew Lhols 28LtREALt &P on,
12-100 nucleotides in | ength, preferably 14-50 nucleotides in length, nore
preferably 18PRbmhze| &bt deampasibhghh OfantbRafactdforef Puéfsrbrasighhthpy
the el evated_ reaction tenperature is the solution of a problemof form ng
secondary st#bkeufererdindnenathe F¥Rpl af ethaqhenzpme| ve8€ed reaction
tenperature enabl es "anplification of a desired nucleic acid even if a
nucl ei ¢ acid havi ng a hPyhMetheentfest amplidedngs ruckegt ke, seuvenes nofe,
it issimlarly effective in anplifying a region of a |long chain |ength.
Such efifect tBeoptesert inventaage between about 25 100 by and about 20
kbp, specifically between about 200 by 3 0 JUL 2003 and about 4.3 kbp,
more specifically abouTh@50meyhadd abouthe50prepentiseinvent DA pokpnebase
having a reverse transcriptase activity (e.g., Bca BEST DNA pol ynerase) in
5 the net hodcohdubke@r byentsiing ext i baaabkesnet nd igmlidliedtiiden pfirer as
nucl eoti de sequence from an RNA, which conprises a step of preparing a cDNA
from an RNA desceibedeabouastni pLi ohnr eambinalyiohewtbhveheeantignusohdaseed.
Al ternatively, a product obtained by independently 10 conducting a step of
preparing a ebNAdésonihbed RNtbovee.in a CDNAandan the uddd | polymemeskodasf
the present invention as the DNA as a tenpl ate.

15 described above in (3). dNTPs used for the PCR method or

the like (a mixture of dATP, dCTP, dGTP and dTTP) can be
preferably used as the nucleotide triphosphates as
substrates in an extension reaction in the method. The
dNTPs may contain a dNTP analog such as 7-deaza-dGTP as
20 long as it serves as a substrate for the DNA polymerase
used. A chimeric oligonucleotide primer is used in the
method. The primer can be prepared, for example, using a
DNA synthesizer according to a conventional synthesis
method. A combination of the chimeric oligonucleotide

25 primer and a normal oligonucleotide primer can be used in



In each case, the reaction in the nmethod of the present invention is
repeated until it is termnated by 15 appropri ate neans, for exanple, by

i nactivating the enzyme or by lowering the reaction tenperature, or until
the reaction is deprived of one of the reagents. Figure 1 illggfyetesojone
enbodi ment in which a single-stranded DNA a tenplate and two prinmers are
used. 20 Respective steps, which are successively conducted in parallel,
are described below. (1) a step of annealing a single-stranded DNA as a
tenplate to a chineric oligonucleotide prinmer; (2) a step of effecting a

DNA extensiog reac%hoa 23 %Lon1the 3£-terninus of the prinmer to forma

pri mer ReclBER0St PAnbe3PEesORt208YSP3}CR step of cleaving at a site
that contains a ribonuc|leotide in the prjner with an endognucl ease; (9) a
step of effecting a st&gﬁdnﬂFiﬁPébéﬁﬁﬁf Qﬂ§§i%@ %N@%MP%%&yﬂﬁréséeﬂp ftehe
cl eavage site in StﬁP (3); (g) a step of reusing .a doubl e-stranded DNA,

whi ch is conpBséf€o %;Q%Qqﬂ t BhBpPERSERTI A THEET IOD Maiy ke r ByeRaFates
primer-extended_strand, in step (3), while utilizing a rel eased displaced
strand in a L8R&REBA dToRt nviosaBlangheheMedl ISR st&pBUCE B} Caasien
anneal ing an_oligonucleotide priner that is different fromthat in step (1)
to the Pel eaBEamailspl &fedha redmplas stbpt( MRYasw tadmp| Hhe; npgieiheseepdof
effecting a DNA extension reaction 15 fromthe 3'-term nus of the priner to
forma primeinektdadedwt r ang; o8 Limisedp 9, cseapilrg afirem sipreanpams
contains a ribonucleotide in the prinmer with an endonucl ease; (9) a step of
effecting a sterhndwi gplvdrdienplood, a serum, a buffy coat, a urine,

feces, a cerebrospinal fluid, a seminal fluid, a saliva, a
tissue ke.g., a cancerous tissue or a lymph node) and a
10 cell culture (e.g., a mammalian cell culture or a bacterial
cell culture), samples that contain 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 wvirus or a
15 bacterium (e.g., a food or a biological formulation), and
samples that may contain an organism such as a soil and a
waste water. The sample may be a preparation containing a
nucleic acid obtained by processing the samples as
described above according to a known method. Examples of
20 the preparations that can be used in the present invention
include a cell destruction product or a sample obtained by
fractionating the product, the nucleic acid in the sample,
or specific nucleic acid molecules such as a sample in
which mRNAs are enriched. Furthermore, a nucleic acid such

25 as a DNA or an RNA obtained amplifying a nucleic acid



20 using a DNA polynerase fromthe cl eavage site in step (8); and (10) a
step of reusing a tenplate obtained in step (9) and a regenerated
prinmer-extended strand in step (8) . 25 Wen a doubl e-stranded DNA i s used
as a tenpl ate, 3 0J UL 2003 69 each of the single-stranddd DNA003
obt ai ned after denaturing the doubl e-stranged DNA serves as the tenplate in
step (1). Therefore, the anount of anplification product is nore than that
obtained with a single-stranded DNA as a tenplate. In 5 addition, detection
of the anplification product can be conducted in a shorter time than that

ampli 1y g aCAREREBRR R ERRCRAERUE b, Ypielh RenBER Bl ohn Bl esdabivt:

various 10 exper,i nental procedures that utilize anplification of a

nucl eoti de sggﬁgnce i ncludi ng detection, |abeling and sequencing of a

nucl ei ¢ acid. Further e, the nmethod for a in ucl eoti de sequence
rghec g £ Q%e

npl i f a ,

of the present invent gﬁﬁ&?ﬁiﬁ%?“ﬂFQQﬁaﬁﬂ}QQ:%i?ﬁcﬂﬁt?eﬁﬁlchén
anplification nethod, nmet hod for anplifying a nuclei¢c acid on,a solid
SUbstr ot e SBROBSPEnGE i Hie of BRVRTREY BREAy EIAbe Lok BipRPLRgar i46F
met hod iin which plural regiogns are sinultaneously anplified. One of the
features of EK8™ReEhod figsgﬁplifyﬂﬁ& 20 & nucF@%@F@@n§equen§@néFaFH8nr
present invention is its ability to prepare a single-stranded DNA. One or
two chi meri cSBRK4BAUSIAVERLAE pHiSABI cqRass udeaddsn Oke det FEENCHr PEESS
pur pose. For exanple, if two oligonucleotide prinmers are used, the nethod

of the preseHitPRVENtligH & a5 bEncGRNFct @¥SaPpl Hing S pAVAREAGREYS &

used for the so 3 0 ,JUG z003
further process the preparation to purify the nucleic acid

(e.g., in case where an endogenous nuclease exists). In
10 such cases, the nucleic acid is purified by a know method
such as phenol extraction, chromatography, ion exchange,
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
15 present invention may be conducted using as a template a
cDNA synthesized by a reverse transcription reaction that
uses the RNA as a template. Any RNA for which one can make
a primer for a reverse transcription reaction can be
applied to the method of the present invention, including
20 RNA molecules such as total RNA, mRNA, tRNA and rRNA in a
sample as well as specific RNA species.
Any primer that anneals to an RNA as a template
under reaction conditions used can be used in the reverse
transcription reaction. The primer may be a primer having

25 a nucleotide sequence that is complementary to a specific



70 called asymetric PCR nethod in which an anplification reaction is
carried out using an excess anount of one oligonucleotide priner relative
to another. As a result, the anount of the replacenent product from gne
strand 5 becones excessive relative to that from another. A@%@r&ﬂn&mﬁo t he
met hod for anplifying a nucl eotide sequenqﬁ;of the present invention, a
singl estranded DNA substantially free of a conplenentary strand thereto.
can be prepared. For exanple, a single-stranded 10 DNA for producing a

mat eri al having an i nmobilized nucleic acid such as a DNA chip, a

singl e-stran DNA probe for, detecying a tagget nucleic acid, or .a

nmega- pri ner gﬁg t fig I8ngﬁfﬂﬁﬂﬁgﬁtR &%th%ﬂe%éﬁgﬁe PEYERF{* pr 8Buc&d 94T
short tine. | y._ a_sense seguence or .an anti sense sequence can 15 be
selectively WEPKVFEHREYeloPhaREReahe: Rod ToMeEnDap B8en: TEAVER: FERTCTRSS,
the present inventipn is yseful as_a nethod for producing a nucleic acid
having a sen$d §§Hﬁ§ﬂ%ep6 mﬁrgntiséﬁbevﬁﬁﬁuéﬁge§BPGF hEr e 2 kg meth&ds
for anplifying a 20 nucl eotide sequence_of the preset invention does not
require the 48RIbR a9feactidn EFdMsFent fPhat TEYRTES) ustrans erbrt bomr elsver
time. Therefore, an anplification reaction can be conducted in a |arge

vol une 8f recREEEBAARLYt ufe. MHdSOtddaRc| Q% JBPEE( e.BOLEf oPrAEEFaALYUSS)
can 25 be industrially produced in_|large quantities. 3 0,JUL 2003 71 The
utilization BRELIePBRESSOPrIRErPri NP Uded A Phdgpeupdgotéddeamynithesig,a
nucl eoti de sequence of the present invention is about 100k which may be 5-
to 10f ol ds ht@@erlangfth t gt PrefetahlEntlYhanusdewsddeschons gms 5 RORe

met hod. (6) Kit for the nethod for anplifying nucl eotide sequence of the
present inveRrebaraghy pPebualephdensi oF pesvi-des a kit used for the nethod
for anplifying a nucleotide sequence of the first to 10 sixth aspects as
descri bed above. |n onBddibdanadhy, téheckimeirsci roklgnuukakrat fde npanger
contains instructions regarding the use of a DNA pol ynerase and an
endonudPeaseckn destvaed disspd apsiwar risct Feveraesd raasiariptiianm.conffaens a
DNA pol ynmerase having a strand di spl acenent 15 activity, an endonucl ease,
and a buf f erchbmeaist cddgodivspleadedentpr saet | oani slppefer al il imedtl &orat he
nmet hod of the present invention. Alternatively, a commercially avail able
DNA pol yner apeinavi igraasstaadddddpbaeesrmentacereitipnand/ theendthodl €ase
may be sel ected according to 20 the instructions and used. Additionally,
the kit nay ewoplafpiagr @agemtldaride r eggnsecer afsdiigptpoasertctineenthahn i s
used when an RNA is used as a tenplate. The DNA pol ynerase can be sel ected
fromthe DNAupbhgner as®NA oobtaised iaftdre pegeeste | tvanscoiptsonestyi bed

above in (3). 25 The endonucl ease can be sel ected fromthe endonucl eases as
15 template. Such primer may be any one that has the

properties as described above in (1) and that 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
20 transcription reaction. Examples thereof include reverse
transcriptases originating from various sources such as
avian myeloblostosis virus-derived reverse transcriptase
(AMV RTase), Molony murine leukemia virus-derived reverse
transcriptase (MMLV RTase) and Rous-associated virus 2

25 reverse transcriptase (RAV-2 RTase). In addition, a DNA



72 3 0 J UL 2003 described above in (2). One having the reaction buffer
conposition as descri bed above in (4) can be preferably used as the buffer
for the strand displacenent reaction. "Instructions" are printed nmatter
describing a 5 nethod of using the kit, for exanple, a netho%iggm Pygpari ng
a reagent solution fox a strand displ acene reacti on, recomren eé reaction
conditions and the |like. The instructions Ttclude an instruction manual in
a formof a panphlet or a leaflet, a |label stuck to the kit, and 10
description on the surface of the package containing the kit. The
i nstructions a#so inclug i_nf rnat%on di scl osed oL grovideg.throzgh ,
el ectroni ¢ nBA+&"§HeR®a riBE. Y ACTRIFOITFRPSEELRELPRg AT VadY de
sequence of the present invention and kit for the nethod. 15 A target,
nucl ei ¢ aci dSFR PSaNFrE can®Fe TRIVTEe, VNG Ag THETRR hG&aPéFréfg’;‘}llioF’yi ng
a nucl eoti de sequence of the present invention. The detection nethod
conpri ses: (Q?tél"rgFVf Whg2a highyebeRRRFBEBT8CiSt Py 2fie 2nebWdbdPPdymerase
anplifying a _nucl eotide sequence of the present 20 invention as descri bed
above; and (B¥°Het éct i PRCEHELYBr g8 nHSWIT a&NGTBHPI i fied-im tHehst OYA
above. The nethod can be utilized to detect or quantify a specific gene in
a sanpl 8. | nPelHerrageYs, aBdspaci PNA 2BCd¥Reréss b&Ergst eét edhermgphatiit ed
formall sanples 3 0 J UL 2003 73 suspected to contain a nucleic acid
such as a agEeshuURNRL Banys cBaeiline dsmurefanabhennien bhepeseseatgene
can be detected or quantified include, but are not limted to, sanples from
organi sms sughvastionhol &oy cranEleserid Bobybafrégesodromathermophiiddes, a
cerebrospinal fluid, a semnal fluid, a saliva, a tissue (e. g., a
cancerous tibsatestaaofygphuaocBarijhtsasushl asukt DN& pelygerasendmeml Ban
cell culture or a bacterial cell culture), sanples that contain a nucleic
acid such asst viBsdi dDNA wicdymerasigactardum RNAOpblpmeraaeydasim RB. plcant
and an ani mal, sanples suspected to be contam nated or infected with a
m coor d&ni sm(Baeh RN¥A apvilynerased [=ws epirefefeblyg,, alfhowlor i& bisl ogitcal
fornmul ation), and sanples that may contain an organi smsuch as a soil and a
wast e wat er. iRbendednploe limivi rdied predéntvi ingeniémngi Foa baempliewmBor
ot her m croorganisns in a sanple can be detected or quantified on the basis
of the presedba qroliymeamd edbesf rotspreghiregenemarganesde f iom t Hier vichei d,
the virus, the fungi, the bacteriumor the other mcroorganisns as a
target. Furtkevemse, thansetrhptioh theavrijpresent Fovehéroorean bée usad to
di stingui sh a genotype of an organismor to determ ne the expression |evel
of a gene. BewyhthEtsdmeRNA aiiAa Bhil\leansipepress @bltheusEdrastibe mift| @i c
acid as the tenplate in the detection nethod.

15 secondary structure of an RNA as a template under high-

temperature conditions. Both a naturally occurring one and

a variant of the enzyme having a reverse transcriptase
activity can be used as long as they have the activity.

In the amplification of a nucleic acid by the

20 method of the present invention, a nucleic acid of interest

may be amplified more efficiently by amplifying the nucleic

acid as a template beforehand. For example, when a

nucleotide sequence present in a trace amount of a genomic

DNA is amplified, a DNA fragment containing the nucleotide

25 sequence of interest is first amplified by an appropriate



Known nmet hods for detecting a nucleic acid can be 25 used for step (b).
Exanmptes of such methods include 3 0 JUL 2003 74 detection of a reaction
product having a specific size by electrophoresis, and detection b
hybridi zation with a probe. A fluorescent substance such as &P W
brom de is used in the detection by el ect ggphoresis. The 5 hybridization
with a probe may be conbined with the detection by el ectrophoresis. The
probe may be | abeled with a radioi sotope or with a non-radi oactive
substance such as biotin or a fluorescent substance. Additionally, use of a
| abel ed nuclaeli s | PP deh FEAAG | btlehddle 10748t eehhon Geained
anplification product. A fludrescence pol arization nethod, a fluorescence
energy transjt.l t i | sp_be Ll f t he Laon. . The
LRt A £200R0T Z8e ntibh 9, YT PERGERLE™ <

target nucl el ¢ ‘aci utomatical Ty or quanti

abel ed wi { EUBREr PO AP EOFLERs AL TR 82 Y et S e S Bhce
the. pr esent T T B R Ghe b eit ot e vt rrooreceenae mrehod
ol enent ar £ & the BAHHETE RN Hbost s RTESHRObE SR df St ATRE R ueen
e ssi on of FABFEERbIRe. = THRAM (RS CRFeorort rSUeLr SEHelS dueidt ofuche

target nucleic acid. | f RNase H s used in the nethod _for a ifying a
75 %D I A3 thsei BOR: dieGiironcet OFLERET BT Bsorm | PRICHERGn, TUb1 SotLe
nucl ei ¢ acid can be detected ly b ddi a probe to, the reaction,

T xtur e, ForSSARRRA®, MaY BRATRRT GR OFN% | 20T EebRAL SiiaRbsthe Priner

6- car boxyfluorescein (6-FAM and 5 N, N, N ,N -tetramet hyl - 6-carboxyrhodam ne
(TAVRA) , ~cart®ebfr SitfAbr] U PEPLELBEATAGN N2t obe. "% Aet FERETRRE
anpliffing a nuc| eoti de sequence under i sothermal conditions of the~present
i nvent}®n dAPHbiiedqupieIt FEclise® oPrafeEqdisprittRd sd8haad eanadiaral the
cycler. The nunber of prinmers used in the anplification method of the
present i nvedtR bhf ket B orfeetghod wrf whrled iRreeent t hhpveHatonseRr n ke
conventional nethod. Since reagents such as dNTPs_used for PCR and the |ike
can be appl i@PdeCEeRd MSLRGd df ChABeFics Pl igonent el de hBritgHi NepMENg ost
can be |lowered as conpared with a conventional nethod. Therefore, the

nmet hod of tHeEY9r eiREELEHGemikeRbiide seeuened| yadded it a §hel BRR¥ETdi ng

genetic test in which the detection is routinely conducted. The nethod of
the present Menekrned mifiedes a Far gethahowRr@d, adt 1s possible to

15 conduct the nucleic acid amplification step in the method
of the present invention, in which a DNA fragment amplified
by the PCR is used as a template, by using a common
chimeric oligonucleotide prime regardless of the nucleotide
sequence of the region to be amplified. This 1is

20 accomplished by combining the method of the present
invention and the PCR using a primer having a specific
nucleotide sequence added on the 5'-terminal side as
described above.

Usually, one should produce a pair of primers

25 specific to a nucleotide sequence of interest in order to



20 anplification product in a shorter time than the PCR nmet hod. Therefore,
the nmet hod of the present invention can be utilized as a convenient, rapid
and sensitive nethod for detecting a gene. The present invention further
provides a kit used 25 for the nethod for detecting a targqt Joucigs c acid.
The 30J UL 2003 76 kit for the nmethod,for anplifying a nucleotide
sequence of the present invention as described above can be used as this
kit. The kit nmay further contain a chinmeric oligonucleotide primer for
anplifying the target nucleic 5 acid and a reagent for detecting the
anplified t cl el,c aci S robhe.. (8 eri I.ng
CPDbi | | zed SR LEYC Sife S%Cé%%ea qﬁgfilr‘}zl&reg%g%%of ﬁkcfg‘ya geid

acl array In pre e presen

i nvention an tho p Ci t, 10 chip (al.so referred
to as a DNA%#égéégé%éiéﬁ éggﬁm%§%9£%?é%?¥?wmu%@Yé?gﬁavﬁn&%ﬁ%ﬁﬁﬁnﬁﬁi?zed
nucleic acid in ich,variqus f{ragnents.of, genes qr are arrayed and
Mmobi | sed #h 8 BrERLFPRefeReBRoRTBL LEa% SRR a0 D ELEsE o
substrate such as_a slide gl ass., The chip is used faor examni t he
presence of PHLTEFc 5[i8i dy a%ee?niii%i dSEINPrESt & hﬁ%%e%@
conplenentary to, an arrayed and iymobilized DNA in a predefjned regipn on
Che’ Db oht bR TRdE nRRai at (BRF) et Bk Boh confebt frR i her L EErp
with the nucleic 20 acj anpl e prepared froma sanple, preferably a

abol e nuo| BRELSET (S ShipE EABRERERy bPF df, HALdn 0B HIME4 HE TNACHRY Expmbe
used to detect or quantify a nunber of nucleic acids in a sanple_in one
procedure, i? F£&ta 9br yFaiiadfar8IEREralraREINSNY y pritbt BEMPRE of
anal ysis of gene expression, 25 or the analysis of a nmutation or

pol ynor phi sSlRFINENAPERFS TeHW LAY ©@0gmP2ify &l BBGhRECsECAffeds
nucleic acid is arrayed and inmobilized in a predefined region is used for
hybri di zat i ofee@tatest cp HebjdRIER IS appFBEr IdGCE edSFatih AFermP Il ghed chi p
in which a single-stranded DNA 5 conpl enentary to a target nucleic acid to
be detk@ted P¥ arddyiedrghd ERAKoLFXFEREE I n tder BEBS i FrENP@gitddt suses a
particularly preferable for the detection of a target nucleic acid. As
descrirbed abésdomn plekheedh®NNG ah BRI 19e@RPN¢e | BT ke kC A e-Re geaviel,
formby the nethod of the gresent i nvention. Although an{ nmet hod for
purifying artbhb?) F3TE8TINEPr 6ER2E) koo beh@sdegeperate catigrnucsiegtide-

i sopropanol precipitation is preferable. The thus obtained DNA preferably
a si ngl e- st rreed DRARs unetled | {IDOP-PCB¢ ofenomics, 13:718-725 (1992),

which uses a degenerate primer having a tag sequence. Each
15 of such primers has a random sequence or a degenerate
sequence at the 3'-~terminus. If the amplification method
of the present invention is conducted using a nucleic acid
amplified with a primer having a tag sequence as a template,
the method of the present invention can be conducted by
20 using one chimeric oligonucleotide primer. Such chimeric
oligonucleotide primer has the nucleotide sequence
identical with that of the tag sequence. By using such a
primer, all of the nucleic acids that have been amplified
using a primer having the same tag sequence are used as

25 templates. Thus, a variety of nucleotide sequences can be



15 a conplenentary strand thereto, can be preferably used as a DNA fragnent
to be-tmvbilized onto a DNA chip. Thus, the nethod of the present
invention is preferably used as a nethod for preparing a DNAHsO Ee rayed
and inmmobilized in a predefined region for producing a DNA o Hp Ay 20

i nsol ubl e substrate can be used as a substhate onto which the thus obtained
DNA is arrayed and imuobilized in a predefined region, but a plate--shaped
substrate nmade from gl ass or plastic, and a nmenbrane-shaped substrate made
fromnitrocellul ose or nylon are preferably used. A known 25 net hod for

[ bilizi [ [ f he: UL e

b 21 10 PAELR, SECLAA G USBGcT odni il $.9ML R0t jeo by

Al t tivel . ' bi 1 t h itable link

after 11 gati ORGP ChAY ot lbs. o ANhr G6 SA0G: ol vRBraoPnayLEn” 2
hybri di i t . | ei j d .materjal  havi [ bilized | ei
aeid in whi RGITAR St #Reht£ECe RLORoRRERodr CYRE P s o FRRGRA PEITRE
arrayed and i mobi,lized ipn a predefined region (e. g., a DNA chip) can be
det ected or %ﬁaﬁt??g%ﬂ?r%ﬁﬁhpgimﬁﬁtection or quantification can be

acconpl  shed by contacjing_the terial wth a nucleic acid sanple prepared
froma éanple suspecte%nYODﬁgnPS'HmﬁﬁésFaF t ﬁXﬂQQQ§%%9%j§cP£E stPanll

hybri di zati on. Anpbng these, a chip in whjch si ngl e- st randed, DNA
anplified byd% Hé°Yr%t‘ﬁ%Hn‘éfat%£g?AE§%ﬂ$ 3s ?n{:/%‘ﬁfi’f%?neiga%rp%y‘éﬂe mf the

i mmobilized in ﬁ%ﬁredetined region allows the detection of a target nucleic
acid with mofect®hvecett IPRIEITATIM gRethodnsi t PUFhy Didy e hwaerases
reproduci bility as conpared with a conventional material. (9) Method_for
produci ng nutPeledaciRPt n I-4v§e 28N4uPPLYR@E28eSt hee (Foselt: | APMt | BNA As
descri bed above, one aspect of the_ present inventionN%Lovides a nmethod for

anpl i fyi ng aPatRertfee lseddeney thragnent bandafAle PNOUPUIETL 3 SR he¥mral

conditions. A desired nucleic acid can be produced in the 25 nethod by
m xi ngl@ nuctepPe abN@ asPalyessrsg® fdf-fhe B ODNBYL POCITRFassc| efomci d
to be anplified and various conponents required for a reaction_and reacting
the m xture BY/REOFSSS herfiicdtidi ti FYT Si B¥R t RO lpCR4FRhod KOJui riedA

changi ng the tenperature of the reaction m xture over tine,
polymerase and DEEP VENT DNA polymerase) and non-o-, non-

pol I—typé DNA polymerases (e.g., a DNA polymerase as

described in WO 97/24444). In addition, a mixture of at

15 least two DNA polymerases such as TaKaRa Ex Taq DNA

polymerase (Takara Shuzo) or KOD dash DNA polymerase

(Toyobo) can be preferably used. Furthermore, DNA

polymerases such as a DNA polymerase from B. ca, a DNA

polymerase from B. st, variants of these DNA polymerases

20 lacking their 5'-3' exonuclease activities, 9°N DNA

polymerase, Pfu (exo-) DNA polymerase (Stratagene), Tth DNA

polymerase (Toyobo) and Tfl DNA polymerase (Promega) can be
preferably used.

If a linear DNA fragment (e.g., a PCR-amplified

25 fragment) is wused in the amplification method of the



5 the reaction volune is |limted to one in which the tenperature can be
controtled (usually, 200 ul or less). Therefore, it is difficult to scale
up the volunme. On the other hand, there is no such [imtation in the nethod
of the present invention. A |large anmount of nucleic acid car{] ol 803pr oduced
by increasing the volune of the reaction mixture. In the nethod of the
present invention, a nunber of conplenentary strand nol ecul es are

synt hesi zed from one tenplate nol ecul e. Furthernore, nucleic acids can be
synt hesi zed using these conpl enentary strand nol ecul es as 15 tenpl at es.

Thus, a desiggedsdie! fhGeRELGn CA8 e ehbigtent mtgsaﬁe&@gni 8¢l &' 98quence

quantities by suitably selecting the tenplate and the priner. Addrtionally,

the fact thajes ipld eyt he PORATEL badeethe SpLAOM, Of ffie PigseaL Lnvephon

does not require a speci equi pnent or a conplicated 20 fenmperature change
makes it adv, 0 | O Vi . Qf cos f ' d_energy.
Therefore,t%ﬁ??ﬁgwééF%gnaﬁ%g}%éﬁkg t ingggr$§58%€$ﬁé5%?§P %ﬁx%é?%@e%
nucl eic acid_j arge, guantities. Furthernore, th hod of the present

i nvention 2337‘@%%% gp&a? atﬁé’{“ﬁ-&l St oorpsgb?)l ;H}Sag \r@h gfﬁfg&‘fe S Bhg
JUl. 2003 80_fragnents_in _lLarge quantities, sugch,as those tq be i ilized
onto the DN TRESRRT 0 FrAnd LEhsh: SEChAeod CRaRTOTS ] SFie
quantities in_sinple reaction,steps , n,on odi nent. 1,n anqt.her

embodi nent , Qf*W%?tBﬁeg ﬁﬁﬁbgpﬁﬁégﬁq%%r%gcgﬁgbgFQi99§t%?%%ﬁﬁpﬁ%a\EﬁFety
DNA fragments. A step.of anplifying.the nucleic, acid that serves as the
tenplate in $HE" ?ho&%ofl?hé’rp#/%s%rﬁlq nant$%§+%f gP&haﬂﬁl%?/r a%QﬁovH‘e
nucleic acid anp)ification nethod such as the PCR net hod can be

oo por at ecPTRLY HECAbL R REF DeRERh| Hh DRSS k| HALSBFLHhcr BFR Hed tsthe
tenpl ates can be anplified using a |limted, nunber of priners, for exanple,
based on th %Q%SBFOFhﬁnﬁHaﬁﬁg‘hgp%rWe?‘ﬁ' a¥i o8 tnd B itatdERy pri ne?
havi ng_ a tag sequence (Nucl eic Acids Research, 24(19):3778-3783 (1996)) or
the defBner ad0us 4P BBAGEr eBPFBe PFRLFEAPRPER 3OS PCIEC GhRIHE &0 hzsedg- 725
(1992)), which uses a degenerate prinmer. The anplification nmethod of the
present i nveh?® oRTEARTBRICoMIRRSH] REi RGSESe A tRSeFRRCHEI ML oGy BAY of
t he nucleic acids as tenpl ates produced in the above-nentioned step. This
can 20 be actdfpl idGRaPB\HeSgnthE t BERIPLNABr Wedhs PRETEHp| FPF cathon
met hod of the present invention such that it corresponds to the tag
sequence add@RPlbfigatiemdBetrd defehier dPECpeR et nVeRELEON s CHRDI FREI®AL of a

suitable step for preparing a nucleic acid as a tenplate and the nmethod 25
of the presefR2¢9k eI AanC3BpPY AeFarmdmpchf W reference to the

15 disclosure in Examples herein. A fragment amplified
beforehand, for example, by PCR such that the spacer
portion is added 3' to the annealing region of the
amplification primer of the present invention can be used
as a template in the amplification method of the present

20 invention. In one embodiment, a nucleic acid as a template
is amplified beforehand by using a primer. Such primer has,
in 5'-3' direction, a region of the spacer portion, a
region of the amplification primer of the present invention,
and a region of another primer for amplifying a nucleic

25 acid. The thus amplified fragment can be then used as a



30,!" UL 2003 81 fragnents in larger quantities and at a |l ower cost as
conpared with a conventional nethod. A pharmaceutical conposition
containing a nucleic acid may contain a doubl e-stranded DNA mgr EﬁﬁﬁfSSing
a 5 useful polypeptide in a cell or a single-stranded antisén U or
suppressing the expression of a gene of imngrest. Such a nucleic acid is
adm ni stered into an organi smusing a suitable neans, for exanple, a
carrier for gene transfer such as |iposone. The nmethod for producing a
nucleic acid 10 of the present invention is preferable for producing a
singl e-stran ouble- stran | el aci di gal e in.l e
quantities. gg@???%%al?&, g%ﬁhc%@#gﬁggf%h§éﬂ?aﬁﬁ%§%°ged P gﬁglogqfﬁa%% for

exanp! e, SuPphgsREsohie 4G afAlI QN gF LRSCANY §a.A8l debh YhueiEgRabe,

readi ly 15 producéd by the ne € present inventT on. nce

nucleot | des. PP RbERs, At RS aRhRBE N D: TR r2h “Anbd Heal it & pasigic

b o S PEFES B STATRG A Rl R, LT ol oA oo
Coot” SPnce PRESBRAC PEbRentPEMSCHOR 4% TRt AFEoRFINEhy ERE| ST TI5ME0

¢éffosed
of normal nucl eoti.des, a pronoter sequence, for an RNA 25 pol rase c¢an be
i ncor por at ed®i MUS a‘?‘rﬁfﬁif ed f?%g%en’fe.glo% G%J G 8?m¥ﬂgféﬁﬁltilPPed

fragment can b? used agha tenglage,to synt hesi ze an RNA, which can be used
as a probe, POIM€Xaftfl EnePreEstntein¥epFdBPescence- | abel ed DNA probe can be
produced by conducting_t he thoaaf lifying_a_5 nucl eotide sequence of

the present invention BSFRgCh # PgiegggéﬁpgﬁgIBHAdﬂ?Phiﬁ§té§diéPlétﬁ9rwa

dNTP. Since the finally anplified fragment in the nethod of the present

i nvention do@?nﬁ{‘i%chﬂ‘é‘\ a%hud PR dEregHEE cAROMBI HEM R VS B ERRASH | REP for

anplifagatiogugg 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.

15 The denaturing step may be eliminated in the
amplification method of the present invention if a linear
double~-stranded DNA such as a PCR amplification product is
used as a template. The elimination may be accomplished by
locating the annealing site for the primer of the present

20 invention about 50 bases inside from the terminus of the
DNA. If a nucleic acid having a sequence from an RNA is to
be amplified, a reverse transcription reaction using an RNA
as a template and a DNA amplification reaction using a cDNA

generated by the reverse transcription reaction as a

25 template can be conducted with one DNA polymerase in the



10 both ends, contam nation due to the carry-over of an anplification
product can be reduced. Therefore, the nethod of the present invention is
useful in genetic test and the |ike in which the sane regionggsjB bopd 1 ed
routinely. 15 Features of the nethod for anplifying a nucl eot de Sequence
of the present invention are |listed belowsgl. It can anplify a |arge anount
of a nucleic acid froma snmall anount of a tenplate. The anplification 20
product increases quadratically when two prinmers are used. 2. It can be
conducted isothermally. In this case, it does not require the use of an

equi prent Suslh asyRchBEl FRetekeTor THRECLAERenkteL I RAGLI AN, VOISiTh Cai be

readily scaled up. 25 3. Usually, e anpfification reaction is LiL

2003 83 conqualL A0 e af LuRetlbMerlangbiagRugleolbdeypLminand, f wo

enzynes (a pol'yner ase and an endonucl ease). ncé a nunber 0

oty ands ar o MleN2ed JIARMAS I F e Of @ priner, (e anount of S the
i gher than' that of { R bae HERRLE. 18nokh A1 E, FafiLatEr faotmie.- B tnded
DA cak 10, SREA | Yelye ALY S0t SEREN 100 LG, U1 ROSEn & SOE!
natural for i tREGECRSENTE ofif ofPOLR RNl REaUeAsSy o S ateaspi§ an
method of 1 T RSRE MREN o (RN RS ST o 406 SRAATATCat i on
rethod, A Jescribed hpve phpe,teLlipd ol sthe B st 20 LIS by
following XD SRA ) Loy degatared Mo SindTe  SVFinddd bRal®Le Sibw 2 ™"

10 primer to bind to the DNA strand as the template in the
method of the present invention. Maintaining the double-
stranded DNA at a temperature at which it 1is denatured
(e.g., about 95°C) is preferable for the denaturation.
Other processes include one in which an elevated pH is used.

15 In this case, the pH should be lowered in order to allow an
oligonucleotide primer to bind to a target in an
amplification reaction. A nucleotide sequence is
successively amplified under isothermal conditions after
denaturing a double-stranded DNA into single-stranded DNAs

20 or, i1f 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
without a change in the reaction temperature or the

composition of the reaction mixture. As used herein,

25 "isothermal"” means conditions of a substantially constant



3 0 JUL 2003 84 Iimt the scope thereof. Referential Exanple Unit val ue of
RNase 'H used in the nethod of the present invention was neasured accordi ng
to the following 5 method. (1) Preparation of reagent sol utigmpsjys
Reaction m xture for determning activity: The foll ow ng substances at the
i ndicated final concentrations were contagged in sterile water: 40 niM
tris-hydrochloride 10 (pH 7.7 at 37'C), 4 nmM magnesium chloride, 1 nmM DTT,
0. 0030 BSA, 40 glycerol and 24 uM pol y(dT). Poly[8-3H adenylic acid
solution: 370 kBg of a pol y[8-3H adenylic acid solution was dissolved in

200 ul of steiides MalR -un%f%%aﬁ?%i&q%ﬁﬁéj S04 W 100e1 ok VAOEDYEE FaRgl d

was diluted to a concentration of 3 nMw sterile ultrapure water. Enzyne
di lution solgd¥onh& fldow substances at the indicated fina
concentrations were 20 contained in sterile water: 25 nMtris-hydrochl oride

(pH 7.5 at 37" Q. 5 MiABIcapadagdst At diM EYTA(PEhéozyal B¢ Qs 3O

a
nmM sodi um chl ori de and 500 gl ycerol”. Preparation of heat-dena

b e e e R T
concente ot uflscbll "ol HAoR SLh! DULTAT S eT BASE oDk iferma
for 10 m'““é%%&?%iéﬁglq E%Piq%% ngkggdinfgg i&%p?@%?ing a nucleotide
sequence of the present invention:
[1l] a step of annealing a DNA as a template to at
least oné oligonucleotide primer;
10 [2) a step of effecting a reaction of extending a
DNA that is complementary to the DNA as the template from
the 3'~terminus of the primer;
[3] a step of cleaving the DNA strand extended in
step [2] with an endonuclease;
15 [4] a step effecting a reaction of extending a
DNA from the 3'-terminus of the site cleaved in step [3]
while releasing the DNA strand extended in step [2] without
degrading it from the DNA as the template; and
[5] a step of repeating step [3] and step [4]
20 using a double~stranded polynucleotide obtained in step [4].
The above-mentioned reaction 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 temperature (e.g., 50°C or higher, or

25 60°C or higher) by using heat-resistant enzymes (an



5 (2) Method for neasuring activity 7 ul of the poly [8-3H adenylic acid
sol uti-oen was added to 985 ul of the reaction m xture for determ ning
activity prepared in (1) above. The m xture was incubated ataqygufquﬂo

m nutes. 8 ul of polyadenylic acid was 10 added to the m xture to‘rra?<e t he
final concentration to 24 uM The m xturegwas further incubated at 37C for
5 mnutes . Thus, 1000 ul of a poly [8-3Ff r A-pol y-dT reaction m xture was
prepared. 200 ul of the reaction m xture was then incubated at 30C for 5
mnutes. 1 ul of an 15 appropriate serial dilution of an enzynme sol ution
was added th t 0 h of I t aken fro he reaction

m xture overe%{c}eorPg’lcflgeraéjuésegﬁﬁ saubgggu r?t%‘%rrr“eas rement .fnTE%Bb%riC&fedf e in

inutes f t he addit | f th to th ling is defined as, X. 50
il of a reactiSi A AR B0 of aP TP ort ¥ BTG Sits THEbhTERS b

adding 1 ul of the enzynme djJution solution instead an_en so| ution.
100 ul of 100'THIETUI uﬁ]npyrtgbﬁospﬁﬁﬁcei,y%‘blw of° heDﬁéat -%‘Bﬁ‘lfa{gf%ﬂt{:%?f
t hymus DNA s Iq;ion and 300 ul of 1096%rich|oroacetic cid (300 ul of
ul trapure watHrCHOMOLE nettir PREP B aP L CARF Mid e Y tHeF e e, OFhe
m xture 3 0 JUL 2003 86 S inpubatedcft OC for, 5 mnutes, and then
centriflged atPMORD & iR D 1§ RABLDAIERTULERY | FUgHRFERRS O 50R LEhef
the resulting supernatant was pJaced in a vial. 10_m of Aquasol-2 (NEN
Li fe Sci encéPridduiet 9L walXERRIEHCR hePEt 02 5DNBM R YIREAAFd in B i Qs d
scintillation counter. (3) Calculation of units Unit value for each enzyne
was cal cul atePetidnting 2 0 ¥FRESFSR| oWFARSEHIRELGR. WUSaTtHon: (gnbastired
CPM - Dblank CPM x 1.2* x 20 x 1000 x_10 dilution rate} 200 (ul) / (total
CPM x Y (ni mycledidel )sgquenge 1 amplifdGAELPR nesn ofpe successively
pol y[ 8- 3H] r A-pol y-dT contained in total CPMper 50 ul. 9**: Correction
coef fi ci ent .caBlustamd| énl the myhhadsi s & (LHS a€@SONAdanBNdr haeisga a
singl e-stranded DNA of 99 bases as a tenplate and priners used in this
Exanpl B0 wer eseqMRIRS | ¥ VR4 nfrem 28n DREAs ganh &S Ampl(i4ssd &y Brosysnimg) .
The nucl eoti de

the use of a reverse transcriptase with the above-mentioned

reaction or by using a DNA polymerase having a reverse
transcription activity.
The first aspect of the present invention is a
15 method for amplifying a nucleotide sequence using a single-
stranded DNA as a template and at least one chimeric
oligonucleotide primer.
It is a method for amplifying a nucleotide
sequence, characterized in that the method comprises:
20 (a) treating a nucleic acid as a template with at
least one primer that is substantially complementary to a
part of the nucleotide sequence of the nucleic acid and a
DNA polymerase to synthesize a primer-extended strand that
is complementary to the template, wherein the primer is a

25 chimeric oligonucleotide primer containing a



sequence of the single-stranded DNA of 99 bases is shown in SEQ TD NO: 1 of

t he Sequence Listing. Basic nucleotide sequences of an upstream priner and

a downstream prinmer are shown in SEQ ID NOS: 2 and 3 of the Sequence

Li sting, 25 respectively. The structures of the priners used HPJBQiﬁm 3 U
J UL 2003 87 Exanple are described bel owgigh detail : Prinmer gal : R

conbi nation of priners having a nucl eoti dé sequence as shown in SEQ ID NO: 2
or 3 of the Sequence Listing and wholly conposed of 5 deoxyribonucl eoti des;
Primer Pair 2: A conbination of priners in which the first and second

d b f 3't laced by rihonucl eot

and the. phodare R SRR, | ToARNG) °f oo "or ERB B bonuct 8L de
10 f the 3/ -t | aced b t hi gat e _bond h of
the pri mor s TOUHE B RS PBFFTE TRk LR oot Fe-uaﬁ?‘gﬂulﬁP oS?Fﬁa?s

in which the dEOﬁ ri_bonucl otld tQﬁHS -termn ieglaced

ri bonucl eot i “tRETBRE pﬁﬁt ﬁd t RE1Bert &9 Eagﬁdé”dﬁitﬂg
rlbonucleotlde |s repl aced by a phosphorothloate bond i.n each of the
prinmers of t$Rd @¥%ir 1; Primer Pair ~: A conbination of prinmers in

which the first and second deoxyrlbonucleotldes fromthe 3' 20 term nus are
repl aced by ribonucl eofPHeLigfvddh sa hé’r&ﬂeﬁereé‘tﬁpd{eﬁe ptraBA Fafr 2;
and Primer Pair _i: A conbination of primers in which the third and fourth
deoxyrlbomuﬁ?%ﬁ#%ﬂﬁﬁ#?%ﬁﬁ@rﬁ#%ﬁ%%@n@ﬁhg gpEaiBprad8d SheR i onudi Bt Fhes
and the phosphate 25 bond on the 5 -termnal side of the fourth
ri bonucl eot i¥fdonuckeayse) ptodo3sber gt heontains nithes Fiberprheetidea
phosphorothlo%ge bond

an

(c) extending a nucleotide sequence that is

10 complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-terminus of the
primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (b)
to effect a strand displacement.

15 The second aspect of the present invention is a
method for amplifying a nucleotide sequence using a single-
stranded DNA as a template and at least two chimeric
oligonucleotide primers of the present invention.

It is a method for amplifying a nucleotide

20 sequence using at least two primers, characterized in that
the method comprises:

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

25 DNA polymerase to synthesize a primer-extended strand that



in each of the priners of the Prinmer Pair 1. (2) Anplification reaction Bca
BEST DNA pol ynerase (Takara Shuzo), which is 5 a DNA pol ynerase | acking a
'5'-.3" exonucl ease activity fromBacillus cal dotenax, and cl oned

ri bonucl ease H (Takara Shuzo), which is RNase H fromE. ga@l jy. vigg3e used to
exam ne the reaction systens of Mddedg¢ 1. to 7 as described bel ow. A
reaction mxture was prepared as follows. 10 35 nMtris-hydrochl oride
buffer (pH 7.5), 0.1 ng/m bovine serum al bumn (BSA), 2.7%glycerol, 5%

di met hyl sul foxide, 1.4 mM each of dNTPs, 10 mM nmagnesi um chl oride, 20 pnol

f : f h I4 | LS. d | bed ab
'n (1) 0 BtRa BerinE A STt O BB T Aty e S s ST et e. 5 1
of Beachbel DA Dol YIpasE- P08 PR Y OF slaned Tibanuelagag gt the Tina

reaction vo unelbelng [ Feaction nixture Was m'X héhngeneity,

nact | JepsPkiBBateabride™ 5 iR Mg Meact TR RIN S subfReted to

used | RLpRaceagpBled, Sngkt Bosr b AERR M ct Bl oo Theber® ar B o The

Pginertﬁgiggiké%£¥§5fsggde of the primer for cleavage with an
endonuclease;

(b) cleaving the primer-extended strand of a
double~stranded nucleic acid obtained in step (a) with the
endonucléase at a site that contains the ribonucleotide;

10 (c) extending a nucleotide sequence that is
complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'~terminus of the
primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (b)

15 to effect a strand displacement, wherein a double-stranded
nucleic acid containing a regenerated primer-extended
strand is reused in step (b):

(d) treating a released displaced strand obtained

in step (c) as a template with at least one primer that is
20 different from that used in step (a) and a DNA polymerase
to synthesize a primer—extended strand that is
complementary to the displaced strand, wherein the primer
that is different from that used in step (a) is a chimeric
oligonucleotide primer that is substantially complementary

25 to a part of the nucleotide sequence of the displaced



25 Model

6: Only the downstream primer of the Priner

Pair 2 was used; and Mddel 7: The Priner Pair 4 was used w t hout the

addi ti'en of RNase H. As a result, anplified fragnents having &Ei@fa f
rangi ng from about 40 base pairs (bp) to about 90 bya' 4
when the reaction mxtures of the Mddels 2 to 5 were used,

i nt er est

DNAs are anplified using these reaction sP8tenms. An anplified fragment

havi ng an expected size of about 70 bases (b) (a single-stranded DNA 10
fragment) was observed for the Mde

~0J UL 2003 89

5

erved
i ndi cating that

~ in which only one of the two priners

was used. No DNA anplification was observed for the reaction of the Mdel 1

or 7. (3) Costfranmhti anadf apitdinsti ob prdeoxysibppuckectide niandre a

obtai ned by the reaction of 15 the Mddel 4 as described in (2) was
filtrated ustitppridcrearoidd 00t idakabantbliezorite bedogerpes @inpldad iad EINA
fragnment entrapped on the filter. The nucl eoti de sequence of the DNA
fragment was3defexmdimesd by tome theledXyteehnthodl Aside reSulthe tgheirdemgfient
anplified by the above-nentioned 20 reaction was confirnmed to be a DNA
havi ng the sElneawigd eqttildears espdmoecbsaddiat of the DNA as the tenplate.
Exam nation of reaction tine The reaction m xture of the Mddel 2 as
descri bgd above in (2)(avas qireapamef ttheSt wayniche estanged nsthananognt 25 of
the anplification product when it was reacted for a

10

15

20

25

double-stranded nucleic acid obtained in step (d) with the
endonuclease at a site that contains the ribonucleotide;
and

(f) extending a nucleotide sequence that is
complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-terminus of the
primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (e)
to effect a strand displacement, wherein a double-stranded
nucleic acid containing a regenerated primer-extended
strand is reused in step (e).

The third or fourth aspect of the present
invention is a method in which the amplification of a
nucleotide sequence according to the first or second aspect
is conducted using a single-stranded DNA as a template
obtained after a pretreatment step of denaturing a double-
stranded DNA into single-stranded DNAs.

The fifth or sixth aspect of the present
invention is a method in which the amplification of a

nucleotide sequence according to the first or second aspect

(4)



3 0 JUL 2003 90 varying tinme. The reaction m xture was incubated for 0, 15,
30, 60, 90 or 120 m nutes at 55'C. The m xture was then treated at 90C fox
2 minufes to inactivate the enzymes. 8 ul of the reaction nixtur?*&as

anal yzed by el ectrophoresis 5 on 3~ NuSieve 3:1 agarose gel. The & &siilt 20%f
the el ectrophoresis are shown in Figure 2. Nunbers 1 to 6 in the figure
represent |anes to which the reaction m xtdre reacted for 0, 15, 30, 60, 90
or 120 m nutes was applied, respectively. Mrepresents a |lane to which 100
by DNA 10 | adder marker (Takara Shuzo) was applied as a nol ecul ar wei ght
mar ker. As shown in Figure 2, no anplification product was observed for a
reaction ti mksofondurhate usingnes gBNAi afed t RaRPLAEcamimingd takter a
anplification product 15 increased as the reaction tinme becane | onger from
15 minutes tot@® @f 6Prepariag. mowelrgletperandedt eHNA hdyanpl i Levarsen
product as observed by el ectrophoresis was al nost unchanged for a reaction
time of 60 nirmamesriptiomgeeact o casimg 2haRNAhasaaptémptateon in the
reaction 20 system used reached the plateau at about 60 m nutes. Exanple 2
(1) Preparation of RNA# N uR€d usedeas, a 'tenregeacratih spEkmapltextasdad
prepared from human cul tured cell HT29 (ATCC HTB- 38) 3 0 JUuL 2003 91

(Dai ni ppon Pharared'eut refkysusitng BRI ZDMAr eageahd( Lidomplestentlagy eho The
concentration of the resulting total RNA was adjusted to 1 ug/ul. The
OD260/ OD280 wat Leotbde 1séqueidce has nali cahphatdewispelt Lt opbrt on®édi Eromrahy of
the RNA. 5 (2) Anplification reaction Bca BEST DNA pol ynerise, which has a
reverse transtigeiioresitideipyinaed aelNd paliyieedsfactduplilcattioneds as
RNase H endonucl ease-were used to determne if a cDNA is anplified from an
RNA. 10 A repgiwDh of xd Usterdvey i difsp Tecaremppsi tion as described in Exanple 2
was prepared with the addition of 1 ug of the above-nentioned total RNA. A
targeted regi on encodizg Riywn headsherripehieseepimdan MBIk aCcC8SSHDE- NO.
X01060) was anplified using the Prinmer Pair 2 in Exanple 1 15 as pri mers.

10 stranded DNA composed of a nucleotide sequence as a
template and a regenerated primer-extended strand is
utilized again in a step of strand displacement.

In each of the above-mentioned aspects of the
present invention, a chimeric oligonucleotide primer that

15 is complementary to a single~stranded DNA as a template is
first annealed to the DNA. A DNA that is complementary to
the DNA as the template (a primer-extended strand) is then
extended along the remaining sequence of the DNA as the
template from the 3'~terminus of the primer by the action

20 of a DNA polymerase to synthesize a double-~stranded DNA.
An endonuclease acts on the double-stranded DNA to cleave
it at a site on the 3'-terminal side of the ribonucleotide
portion in the <chimeric oligonucleotide primer. The
endonuclease does not cleave the DNA at other sites. Thus,

25 the endonuclease acts as a nicking enzyme that introduces a



The reaction m xture was incubated at 55 C for 60 m nutes, and then heated
at 90C for 2 mnutes to inactivate the enzynes. Wien 8 ul of the reaction
m Xt ure was subj ected to el ectrophoresis on 3% NuSi eve 3:1 agdg@sguiz@Gel ,
an anplified fragnment having an expected size of 56 by was observed.

Furt hernore, Southern hybridization was carried out using a probe having
the targeted nucl eotide sequence. A DNA probe having a nucl eotide sequence
as shown in SEQ ID NO:4 of the Sequence Listing |labeled with 25 biotin at
the 5 -term nus was used to conduct Southern 30J UL 2003 92
hybri di zation. As a result, the probe hybridized with the above-nentioned
anplified frageentinteonthe nidogbilieats tivaadealr geNRd r ddieonendsneotease | may
anplified by the nmethod of the present invention. 5 Exanple 3 (1) Synthesis
of prinmers Thétampkhki catriuaturet lndd e t deuplesentande@nDNAncamposrdnmofed
usi ng a doubl e-stranded DNA as a tenplate. 10 Priners used were synthesized
usi ng a DNA shat hetsinerid Apiliigechubileotsitdarsprifasi camdic ltdet | OBASexpientes of
priners are shown in SEQ ID NOS: S-13 of the Sequence Listing. The

structures otemhpkapei rERthouged tihe t preasEnanineentd cthesis | hetl kelsewiched
detail. The pUC 9 DNA 15 (Takara Shuzo) was used as a tenplate for the

Primer Bairspé- k. thBergucl pobNAepsegierageohapliey9ai stavaid dikplbeefieat
dat abase (GenBank accession no. L09137). An anplified doubl e-stranded DNA

fragment wasausediey ad-@yledids for piae Stidmd Pabm @®helhs' i a@iEMis Vg
prepared fromthe human 20 total RNA obtained in Exanple 2 using priners

having a sequpecfiak ShewedutedEQH I MO ddbDé- é@&&ﬁdé@GDﬁﬁQHén@@nbkﬁ%bng
and TaKaRa RNA PCR Kit (AW) Ver. 2.1 (Takara Shuzo) according to the

attached stapdapdypr gtofek- eE{:laﬁaédPalsErénﬁaWhhﬁ.bedrfa'léﬁ@&ﬂb Ieﬂgthm\:@bout
25 450 bp): A conbination of priners having a nucleotide UL 2003
93 sequence asyHBEMEaiN oBE@HD IN0: e 81 Hu Of ot henSequence Thus, the new
10 primer-extended strand replaces the previously synthesized
primer-extended strand.

The method for amplifying a nucleotide sequence
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



Listing in which the first and second bases fromthe 3' term nus are

repl aced by ribonucleotides: Prinmer Pair B (anplified fragnment | ength:
about 5 250 bp): A conbination of prinmers having a nucl eoti de sequence as
shown in SEQ ID NO:5 or 7 of the Sequence Listing in which BheJULr263 and
second bases fromthe 3' termnus are replgged by ribonucl eotides: Priner
Pair C (anplified fragnment |ength: about 10 520 bp): A conbi nation of
prinmers having a nucl eoti de sequence as shown in SEQ ID NO:5 or 8 of the
Sequence Listing in which the first and second bases fromthe 3' term nus
are replacediﬁg'@ggggucleotldes Primer Pair D (anplified fragnment |ength:
about 15 890 f' conbi nation of prinmers having a nucl eotide sequence as

shown in SEQ ID NO:S oghgp tk@e ﬁ%q%%%FeéHfﬁl l&& W%!ch thf;lflrsltgrl%iﬁBE
er r

second bases fromthe nlnus are replaced el ot i
Pair E (anplified frag th a out 20 bp). A cqmbi nati on, of
primers haV|ﬁ8quHﬁglé% 368ﬁ88 l%%%ﬂ%l?n gﬁt)FEPﬁﬁ ﬁﬁg B  fhe
Sequence double-stranded DNA as a template, a chimeric

5 oligonucleotide primer, four deoxyribonucleotide

triphosphates (dNTPs), a DNA polymerase and an endonuclease
are added to a reaction mixture before or after the double-
stranded DNA is denatured. If heat treatment is used for
denaturing the double-stranded DNA and a heat-resistant
10 enzyme is not used, it is preferable to add the enzyme
after the denaturation.
As described above in (2), an endonuclease used
in the method should be selected such that it cleaves a
strand at a ribonucleotide portion of a primer. Preferably,
15 the strand is cleaved at a site 3' to the ribonucleotide.
One should select a DNA polymerase such that it dissociates
a nicked DNA strand at a reasonable rate.
The DNA polymerase used in the present invention
should synthesize an extended strand from the nicked site
20 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 degrade the displaced strand. For example, Klenow
fragment, which is an exonuclease-deficient variant of DNA

25 polymerase I from E. coli, a similar fragment derived from



Listing in which the first to third bases fromthe 3" termnus are repl aced
by ribonucl eotides~ Prinmer Pair F (anplified fragnent | ength: about 25 220
bp): A conbination of priners having a nucl eoti de 3 0 JUL 2003 9

sequence as shown in SEQ ID NO: 11 or 6 of the Sequence Listd BgdUbnZ®fich the
first to third bases fromthe 3' term nusg¢are replaced by ribonucl eoti des:
and Prinmer Pair G (anplified fragnent |ength: about 5 320 bp): A

conbi nati on of primers having a nucl eotide sequence as shown in SEQ ID

NO: 12 or 13 of the Sequence Listing in which the first to third bases from

the 3' termpgus e p@p&@@@ﬂs@y(neboauguaﬁw $es1abd)) ,Ampld fHCAtBESr rBREL i on
10 A reaction m xture was prepared as follows. 35 mM potassi um phosphat e

buffer (pH Hlymdkasdf PdmbpYi BE S@KAAH bswibzof BSAY . uBardiMsh¥duch a
sul foxide, 1.9 nNIeach of dNTPs, 10 mM magnesi um chl ori de, 60 pnol each of

the priners ri ag de b Ve | 0 ng
of the pUC 9‘9%‘NXIB S19h ﬁ‘ggtgggm gééq@%ﬁ?% 3,90, §gq‘]‘*é“§§§ ?neopagtiajé%%&)m U

of Rase H 1 fdd naliobaariika)yol sg ofs SO t%Jf%P%%' IhLopdotinng

were as follows he reaction nlxture W t hout neras

was 20 deat fgogq,g.g#%aaés%egcz% 4 dé&‘%‘ n@'vwgﬂlgoqh@@lsoc%% Gidoe

DNA polyner H were t
be used. A polymerase that normally has an exonuclease

activity can be used in the DNA synthesis method of the
present invention if addition of an appropriate inhibitor
can inhibit the activity.

10 The method for amplifying a nucleotide sequence
of the present invention may be conducted at varying
temperatures or it may be conducted isothermally. Varying
temperatures mean that the reaction temperatures are
changed for respective steps such that the change does not

15 interfere with the reactions in the steps. Specifically,
varying temperatures refer to change in temperature to that
suitable for, for example, each of annealing of a primer,
synthesis reaction of a complementary strand, nicking of a
complementary strand and a displacement reaction.

20 On the other hand, isothermal means that the
reaction temperature for each step is unchanged and each
step is conducted at a substantially constant temperature.
It is natural to select the temperature to optimize the
reaction conditions in both cases.

25 One feature of the method for amplifying a



thereto and the m xture was incubated at 55" C for 60 m nutes. After the
conpletion of the reaction, the m xture was heated at 90'C for 2 mnutes to
i nactivate the enzynmes. 25 8 ul of the reaction m xture was then subjected
to ~ 0 J UL 2003 95 el ectrophoresis on 3% NuSi eve 3:1 agaro %]%QL. @f a
result, it was confirmed that an anplifiegsfragnent of interest 20
obt ai ned using either of the Priner Pairs. Thus, it was confirned that a
doubl e s stranded DNA can be used as a tenplate to conduct an anplification
reaction in the anplification nethod of the present invention. (3)

Di gesti on oglmaéi&@t 5QBuBhedUT s WhD eidldn®t | Ol ENZYITR ig ge'fh%ﬁfem& of

an anplified fragment obtdined using the anplification netho .
DA was USed Ae o | BnaPar K D SpLET o SOET 1) P o PREeana-Buc Al ¢
rospect | vel 3O Mer A HeMh TR TRETRrrmerid dvRal ot HElee i llemt
e 3 L er I i ol St bYe BORUE 20k 8550 I PP E0 P14 e
aNTPS, D, 017 BRSBTS Prti o1y SH - SToc NG $RBH-of PPRESHE0 S hper
Steri L’ i ST B G 6O 0 e PRdt PBRCYGruRE gP ARSI S oHRF TS o
Then cool od 51 508 BB LSFOBLSEG| P ARISEH SR & o 01 T et 4R
then added thereto to make the, reaction volune tq 50 ul. ,The reaction
mxture nas THRADAEHATS C5eEELER 8 ROBC oA CRATHOT BT Grich as
a thermél cycler for this purpose. However, the method of
10 the present invention can be conducted only using an
equipment that can keep a constant temperature.

As described above, the method of the present
invention can be conducted at a single temperature.
Preferably, it 1is conducted by selecting the reaction

15 temperature and the stringency level such that non-specific
annealing of a primer is decreased and such that the primer
specifically anneals to a nucleotide sequence as a template.
Although it is not intended to limit the present invention,
the method of the present invention can be conducted undex

20 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 temperature for sufficiently retaining the

activity of the enzyme used in order to maintain the

25 reaction efficiency at high level. Thus, the reaction



5 the reaction, the mxture was heated at 90'C for 2 mnutes to inactivate
the enzynes. The reaction m xture was subjected to el ectrophoresis on 3~
agarose gel to purify the resulting anplification product. The recovered
anplification product was resupended in 100 ~zl of sterile 1®gdigt i2éoBed
wat er. The thus obtained DNA sol ution was gged for restriction enzyne

di gestion. Restriction enzynes used were AcclT (Takara Shuzo) and Bcnl
(Takara Shuzo). The conposition of the reaction mxture was as follows. 15
3 ul of the DNA solution, 1 ul of 10 x Accll buffer or 10 x Bcnl buffer

tt hed t Lct A

gcnﬁcaﬁd s?e?%@eg%%%??l g'zvgfezfretoba rgagtlgnjd\?g:l‘ L{r;rg l)?)%‘l’lgnu qu:l'hgﬁuceor
ti ' 7

| oadi ng but (orEEeB5LEeRBbRE 35027k Hingi L”eff”rﬁ soiogt pffztreBly Hobue

| ect h 3~ I

ey, i gect o DAR f PRaREm 2 & a%%?és%?% o5  arEt caehER AT RN oEhene

e 0
25 reStrlCtlonzfQéyﬁ%SdACCIWhandt %mreactlng&% %%%%d%%ed under high-

5 temperature conditions in particular, it 1is preferable to
use a longer primer than that for a reaction at a normal
temperature. The sequence and the length of the primer
appropriate for the reaction temperature may be determined,
for examble, with reference to its Tm value. Alternatively,

10 a commercially available software for designing a primer
sﬁch as OLIGO™ Primer Analysis software (Takara Shuzo) may
be used. For example, when a reaction temperature of 55°C
to 60°C or 65°C is used, the primer used for the method of
the present invention may be, for example, without

15 limitation, 12-100 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 1is the solution of a problem of
forming secondary structure of a DNA as a template. The

20 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 1is
similarly effective in amplifying a region of a long chain
length. Such effect is observed in a range between about

25 100 bp and about 20 kbp, specifically between about 200 bp



(4) Detection of nmutation Detection of a nutation using the anplification
nmet hod of the present invention was exam ned. pUC 9 was used as a tenplate.
Basi ¢ nucl eoti de sequences of pUC 9 5 upper (2) NN primer and puUd 9 | ower
NN primer are shown in SEQ ID NOS: S and 6 of the Sequence Liifég%
respectively. Both of these primers are clgiymeric oligonucl eot ﬁrgﬂ%rs I n
which the first and second bases fromthe 3'-term nus are replaced by

ri bonucl eic acids. Additionally, four 10 priners in which the base at the
3" -termnus of the pUC 9 upper (2) NN primer is replaced by U (which is

conpl enent ar cpr ndj b } Ay e e o}

(which is a aﬁ?&s?raat%g(}ﬁted‘pb"’gase ’dggclg%%aﬁ%c%gl%%g% %%%)gﬁ' %39 {ihAﬁng%"g’t
upper (2)|W&gbo 9 upper (2) 15 NN-C or puUd 9 upper (2) NN G
respectively,” were made. The conbinations of these priners were as foll ows.

LS et 15 PO S uager ) O hand Bl BeLaver MR T PatoRue
N\ C and PUD 2 A il e B PUL UG B2l 4l ChBgiPigh (BhyNeG A0 BUD
5 the method of the present invention makes the amplification
of a nucleotide sequence from an RNA, which comprises a
step of preparing a cDNA from an RNA (a reverse
transcription reaction), be conveniently conducted.
Alternafively, a product obtained by independently
10 conducting a step of preparing a cDNA from an RNA, i.e., a
cDNA, 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
15 appropriate means, for example, by inactivating the enzyme
or by lowering the reaction temperature, or until the
reaction is deprived of one of the reagents.,
Figure 1 illustrates one embodiment in which a
single-stranded DNA as a template and two primers are used.
20 Respective steps, which are successively conducted in
parallel, are described below:
(1) a step of annealing a single-stranded DNA as
a template to a chimeric oligonucleotide primer;

(2) a step of effecting a DNA extension reaction

25 from the 3'-terminus of the primer to form a primer-



30 nmM pot assi um phosphate buffer (pH 7.3), 0.01 bovine serum al bumi n (BSA),
5~ DMSO, 1 nM each of dNTPs, 8 nM nagnesi um acetate, 60 pnol each of the
prinmers, 50 ng of the DNA as the tenplate and sterile distilled water to a
S reaction volume of 48 ul. The reaction m xture was heat-dppajyreggat 98C
for 1 mnute, and then cooled to 55 C. 5.8gU of Bca BEST pol ymer ase and
60 U of E. coli RNase H were then added thereto and the reaction m xture
was i ncubated at 55" C for 10 60 m nutes. The m xture was then heated at
90" C for 2 mnutes to inactivate the enzynmes. 8 ul of the reaction m xture
was subj ect gt RIELEHpresis on 4~ NuSi eve 3:1 agarose (Takara Shuzo)
gel. As a result, .an anplified fragnent of about 450 by of interest was

detected only when 15 idye cophinabs o1 8hvifg BE Eersat@faéhaiﬁﬁféd&#&%éﬁ(eaz) N

primer having a conplenentary base at the 3"-term nus of pUC 9 upper

was used. Oy iR hhese iandn RSB Hindd 24 R AUEEn ISR, Ohselyed for the

conbi nati ons i ncl udi ng the prinmer having a m smat ched base at the

3'-termnus of pud 9 Z&)Upger‘?tf‘%a P gf?ﬁ%%%éé () sB?Q%Eli oy ;ﬁa{'&&ﬁ é’be

Reaction volunme for the ‘anpli tion me 25 the present”Tnvention
was ex neq. . [ n. trans i ]
ocept o vad il d b Bdtse Foll g iR ARL LS X &)

h i ' fes LSt d.
nthe pr i mors, The 0 And SERoNE baSH T n naCHOLe oF FF RGeS i

rfomt hée

repl aced b i;hQnuc| eot | des, r n a , amplified b - PCR

vvag used ag "ngj‘t%errp Sat%on:ﬁg%sedrﬁ%%r%gg??l ]ﬁg{:/& 5%5%29532%‘%5{%&’ t@%(ﬁryﬁcﬁ),

300 or 500 ul._Th onposi.t.ion of .the reaction m xture S a ol | .
Reaction M XA%#% e%:actf(rabu%r ]meg—%xstgémgieéilei Zc‘égafﬁl’buﬂ‘ers%V%S W’pot@'\éﬁi%m
hosphat e buff.er. (.pH 7.5 0.5 mM_.BSA , 2..50 Q),_ 4 ul of 100

ﬁagngsi um actth lez(l% 1 ")cﬁleftf e §ht I:glvrlslcﬂ Lﬁwwtﬁomlo%%

BEST pol ynerase (.22 1),..1 ul_of RNase H (60 Wul) and sterile

di sti 11bd vekdr at’k?‘eﬁl%%g%“ﬁé%ﬁttﬁ?ﬁ\ﬂ xture B: 3 pl each of 20 uM human

transferrin receptor S priner 2§EC%ID Ng;lZ) and ﬁo uM h;nag,transferrin

receptor priner (SEQ If5'N021HEeRpBOPe366THg &t PhEIPRACAEOFHEet dHpiNE% and

e b S B achbin b S HERpoTA S e Lol Bl
displaced strand in step (5) as a template;
(7) a step of effecting a DNA extension reaction
15 from the 3'-terminus of the primer to form a primer-
extended strand;
(8) a step of cleaving at a site that contains a -
ribonucleotide in the primer with an endonuclease;
(9) a step of effecting a strand displacement
20 using a DNA polymerase from the cleavage site in step (8);
and
(10) a step of reusing a template obtained in
step (9) and a regenerated primer-extended strand in step
(8).

25 When a double-stranded DNA is used as a template,



For an anplification reaction, the Reaction Mxture B was treated at 98C
for 2 mnutes, and then incubated at 55" C for 3 mnutes. The Reaction

M xture B was added to the Reaction Mxture A which had been pre 25

i ncubated in a 1S00-ul mcrotube at 55" C. After m Xxing, 3300 JuUL. 2089PD3 100
the reaction m xture was incubated at 55 @ofor 1 hour. After the conpletion
of the reaction, the mxture was transferred to an ice bath. 8 ul of the
reaction m xture was subjected to el ectrophoresis on 3% agarose gel. 5 As a
result, a fragnent of about 300 by of interest was efficiently anplified

using each ofadieoreanbi @1n¢okUERTankR AAHNNd Ubtd {indWsa £084 | HORLL L paLgan
anplified fragnent of interést can be obtained without a problemusing a

PCR-anpl i fi ethd r@@iBId - 861 Snd SAPHM €s ONe s 19s (e ReSRLL 9P| DnPSEL) ¢ish Use

of a Petri dish for preventing the heterogeneous tenperature in a reaction

m xture due 0. j DEL LASE, & eandi o0 YP! %&gﬁlﬁfc%% NSfoq eE ‘igé g‘ﬁ%ﬁ???@%‘qg

human transferrin receptor was sel ect as aregionto

Primers havigg@ SSABICE ecRNO0:ho) SEQ 1 HA04 18NRT 2 43, Of hfiP peauepge

Zi sting were used. prinmers, Second Dbase romth
3 -t ] : N I jd At rent of about 750 b
3 vermius 2 Lol aoul i khonuel Sald ghur e EROTRD! Blodbalt o120 BY
djusted to 10 .. Jhe . [ f t.h [ ] Xt WaS: foll
Remcti on M OIeiGE 98005 UR ot eFReEndiit | TRAMLrPer R T bores i
h hat e buf f 7.5). 4,0 [l BSA 2.5% 800 ul of 100 mM
gagzgs?uﬁ1ag%&ig%éfgkfﬁﬁéﬁpu?é%pgﬁduﬁﬁfdﬁﬁp% %ﬁﬁég%%ﬁlle d?st?lled water to
9.1 3 0 JuL 2003 10é?n1: R&gctio letuge B; 200 ul._each .of 60 uM hunman
transferrin receptor S pri Mg FgEéHﬁ)ﬁfP SEYLERY 8o T & r 3R3YEPTEn

receptor priner (PEQ IDN0:ES) . 5 8boHE; 4R

can be used for wvarious

10 experimental procedures that utilize amplification of a

nucleotide sequence including detection, labeling and
sequencing of a nucleic acid.

Furthermore, the method for amplifying a

nucleotide sequence of the present invention can be used

15 for an in situ nucleic acid amplification method, a method

for amplifying a nucleic acid on a solid substrate such as

a DNA chip, or a multiplex nucleic acid amplification

method in which plural regions are simultaneously amplified.

One of the features of the method for amplifying

20 a nucleotide sequence of the present invention 1is its

abllity to prepare a single-stranded DNA. One or two

chimeric oligonucleotide primer can be used in the method

for this purpose. For example, if two oligonucleotide

primers are used, the method of the present invention can

25 be conducted applying a primer ratio as used for the so-



5 ~Zg of the DNA as the tenplate and sterile distilled water to 500 ul.
Reaction Mxture C 200 ul of Bca BEST DNA pol ynerase (22 Uul) and 200 p
of RNase H (60 Wul). For an anplification reaction, the Reaction 10
Mxture B was treated at 98C for 1 minute, and then incubatedd 8tJ@5'2@3f or 3
m nutes. The Reaction M xture B was added $@ the Reaction Mxture A which
had been preincubated in a 60-nm (dianeter) plastic Petri dish at 55" C. The
Reaction M xture C was further added thereto. After 15 mi xing, the reaction
m xture was incubated at 55C for 1 hour. After the conpletion of the

reaction, Fh%aﬁ.‘?.%‘atiggﬁﬁﬂné&'i@ V\péattngerkz{o%rr%twhﬁehl cgnb 1% Wadlo

reaction mxture was then subjected ectrophore3|s on 3% agar ose ge

20 As a I eSullencdiLhA0NBNt A AhRULLI00,0Y gl IA! Ak, mshggclgf‘“

anplified even i f t reaction volune o ml was use itron

ves, oont | req 30,8 BRI 8 S AOPEDL  Pho | BLTER1AAN DepRbLa SR

w t hout a probl em using a |f|ed ragnent as tenpl ate

.Tﬂﬁimlén“’iint‘ﬁ%?%%‘?@gpﬁﬁ eraﬁfy el ormentk %réghs&fgﬁ%%,z U TR ¢ s
et hod. 5 BUARTES CHFSREIAE BRRCY B Rty ertoc?ffa%fﬁ & ;ﬁSaLnEﬁt of
Rase H used JEE Cxcam ABHS RS “@%wr'% tnyrﬁatk‘i%fif?ﬁf % ¢ a0fRh 8800 2y
oG 9- 911) werE GeRId TasiFares SRt -xy‘%?% EVEEEAGE pr f I TET

e {05 berab e DETER AR Bttt e Bl YRR A

thereto can be prepared. For example, a single-stranded
10 DNA for producing a material having an immobilized nucleic
acid such as a DNA chip, a single-stranded DNA probe for
detecting a target nucleic acid, or a mega-primer for the
long-chain PCR method can be readily produced in a short
time. Only a sense sequence or an antisense sequence can
15 be selectively amplified by using the method of the present
invention. Thus, the present invention is wuseful as a
method for producing a nucleic acid having a sense sequence

or a antisense sequence.
Furthermore, the methods for amplifying a
20 nucleotide sequence of the preset invention does not
require the use of a reaction equipment that can adjust a
temperature over 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

25 be industrially produced in large quantities.



15 shown in SEQ ID NO: 16 or 17 of the Sequence Listing are replaced by

ri bonucl eoti des, were used as priners. By using the conbination of these
prinmers, anplified fragnents of about 450 by and about 1100 by are obtai ned
for puUd 9249 and pUC 9-91Z, respectively. 20 A tris-hydrochloride buffer, a
pot assi um phosphat e buffer and Tricine buffjer were sel ected $8 Jlf pags
systens to be exam ned. The anpbunts of RNase H exam ned were no addition
and a final concentration ranging fromO0.3 to 1.2 Uul. The
tris-hydrochloride buffer systemwas 25 prepared as described in Exanple 1

2), t that 10 3,.0.9. . 200 .of pUCl 9-249 . 200 f.

bUG 9-911, 60 proi _eachiBr et prFHERs Shnd CiE G50l Lot HOR v B Bite 181

Bca BEST I ! t [ h hat e buf f

w5 preparcdths MRMIGH sERE| ATRBHEBLRE! gh. PHHCoBLHARe] SETBERFEr Xy CEBR vas
T T ci ne. BEFFERRE priRgeRELoR) Tt pBeHSe LT ENI BRFGE, MRY AF anfork Um0
nmM Tri ci ne p ) Si , a n B

|fate, 0.0 A . 1~ DMSQ 4 [ t d 0,5 nM h of

ANTPS. 10 ngF8608] hYEAEF Bt ol b OF EnEOBUEN5L288. 10°BhagPHCEr 8087 g/ 50
ul reaction volune of the pUC 9-911 plasm d, 60 pnol/50 ul reaction volune

each of5prin%?§,mﬁ$ﬁgg'H at a predeterm ned concentration and 11 U 50 ul
reacti on vol une of Bca BEST K DNA pol ynerase were added_to the buffer system
15 For an anplificati oh®tekdti &R ‘ﬁ>&Qﬁ¥9@ﬁfﬁﬁkfgpéhéyngpEEF@eQE}dQS a
tenpl ate and the respective prinmers was heat-denatured at 98'C for 1

m nute, and FREReRe8| @f thesBresenti ¥BVEBL&PDt he remmi ning reaction
conmponents was added thereto. The m xture was reacted at 20 55' C for 60
mnutes. After the conphetPsasentthevebhéenoRrovhdesi at ks wasdcéeretineo
4'C and 1/10 vol ume -of 0.5 M EDTA was added thereto to termnate the
reaction. 3 ©Wethedtferremplibningxdupechastidpj eeavanee efethpofhsrbsts on

3~ NuSi eve 3:1 agarose (Takara Shuzo) gel.
10 sixth aspects as described above. In one embodiment, the

kit 4is in a packaged form and contains instructions
regarding the use of a DNA polymerase and an endonuclease
in a strand displacement reaction. Also, a kit that
contains a DNA polymerase having a strand displacement
15 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
activity and/or endonuclease may be selected according to
20 the instructions and used. Additionally, the kit may
contain a reagent for a reverse transcription reaction that
is used when an RNA 1is used as a template. The DNA
polymerase can be selected from the DNA polymerases to be
used in the present invention as described above in (3).

25 The endonuclease can be selected from the endonucleases as



25 As a result, when pUC 9-249 was used as a 3 0 J UL 2003 104 tenpl ate,
increase in anplification efficiency was observed dependi ng on the buffer
systemused in the follow ng order: tris-hydrochloride < potassium
phosphate < Tricine. Wen pUC 9-911 was used as a tenpl ate, pqﬁhg ? in
anplification 5 efficiency was observed dgpending on theluﬁ er s?@ em used
inthe follow ng order: tris-hydrochloride < Tricine < potassium phosphat e.
The use of RNase H at a final concentration ranging from0.3 to 1.2 U ~1
resulted in the anplified fragnent of interest, although no anplified 10

fragment of &égéfﬁ%d‘é"?ﬁo%s%;n"f 2 or ”Bngﬁjé‘}iS{ﬁ nélr%é @égx@t %:n"ngﬂuf?%er

amount of primer ect o €’ anoun used on

anplificatiao . e i n i_on, xam hed. A cLio

Tt ur e oystORIOTE itk Bamserr thed | 4BRben I ah S0 PR EERE 28l
tenpl ate amon he ¢ sitions escribed.above. in (1), was_used. 60 U 50
ul reaction L{/%?(ijrﬁes o&%%éefﬁ—f v%cgéu%eed ?%a?%e&p%?]a%%?rﬂ?#%h%%%%ﬁf%n buffer
system whereas 30 U 50_~Zl r tion vol une_of, RNase H was wused.for the
tris-hydrochl oride or ﬁ?%‘ﬁ“é&gﬁ?q%r 36 SsyBF BRFeFhdab&h ndgSCEH0ERer ofi on
of the prinmer ranged from10 to ,100 pnol /50 ul. Reacfion conditions and
confirmati oﬁ“%tfh%cgrplq i AR iR égltd'esc PhePEHIRESI n F1)MethRd, 1%t
an anplified fragnent of intere%t 25 was observed using gach,of t he
reacti on bufREFPINENE reagent solution or a strand displacement

reaction, recommended reaction c¢onditions and the 1like.
The instructions include an instruction manual in a form of
a pamphiet or a leaflet, a label stuck to the kit, and

10 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.

(7) Method for detecting nucleotide sequence of
the present invention and kit for the method.

15 A target nucleic acid in a sample can be detected
by using the method for amplifying a nucleotide sequence of
the present invention. The detection method comprises:

(a) amplifying a target nucleic acid by the
method for amplifying a nucleotide sequence of the present

20 invention as described above; and

(b) detecting the target nucleic acid amplified
in the step above.

The method can be utilized to detect or quantify
a specific gene in a sample. In other words, a specific

25 gene can be detected or quantified form all samples



3 0 JUL 2003 105 containing the primer at a concentration ranging from 10
to 100 pnol /50 ul. (3) Effect of pH of reaction buffer The effect of the pH
of a reaction mxture on the 5 anplification nmethod of the pgi§3@; 0

i nventi on was exam ned. The conposition of the reaction m xttre 3035
descri bed above in (2). The pH exam ned vge 7.0-8.0 for the potassium
phosphate buffer system 7.5-9.2 for the Tricine buffer .system and
7.5-9.0 for the tris-hydrochloride 10 buffer system Reaction conditions
and confirmation of anplification were as described above in (1). As a

I t, [ ifi t.of _i t d at it hi

ange used PORPERESRLERORPTDALE, pr BhELETP ARTSUE) S8, AL R B A RS e
effec; of a ditign of diqftﬁyl sul f oxi de &%%ﬁ%? was_exam ned using tEF
reaction m REEPRIESMISsitorr PR pREEpHEEE D rEC Y stend$hE $98) Pgs

d i bed i 3). Additianal,l t ff f additi on, of 2

Dol yar ne waerSPEBLAE ABANt Hhac iRt SnoBiE ArEafiel D s Shas8f r om
no addition to 10~. On the other hand, K sperm ne tetrahydrochl oride (Sigm),
Rt T R A L AU I I AR s R R

t i di hyd hl ori d Nacal ai , trinmethyl 25 di
PNecal &1 TeSHAEY BpBhyl che i EiARe (ASEeie, deQARAPROSHIga | 15068 186 and

di am nonet hane di hydrochl ori de_(Nacal ai , Tesque) were used as a pol yam ne.
The anount sseRippdpflupddi anSAdiNAd &r LASENE dfe IdiraRi FENEEIOYSWELS SHEt hi n
the range between no addition and 2% O her polyam nies were used w thin
the 5 rangeobeBwe¥ipPhongdeit pA anged lnouliexet i(6n Yeondi FRBRaliRa cell
confirmation of anplification were as described above in (1% . As a result,
a DNA fragneniture srerreacierial ieekht cylbawpel fi eamRspAgthRE S@BitEILRe at
a concentration 10 within the indicated range: no addition to 5% of DMSO-
no additi onat @G atidperahnast & r ehydi8chPoriiddisor 3pkaatarhem, 4@ uM
to 40 mM of acetyl putrescine or putrescine di hydrochloride: 0.002%to 0.02%
of trilfet hylfangidi anyresto. eopiento ando ey enipedpy iséa@dicanisiepreshedote um

15 to 10 uM of di am nonet hane di hydrochl ori de.
be contaminated or infected with a micoorganism such as a

virus or a bacterium (e.g., a food or a biological

formulation), and samples that may contain an organism such

as a soll and a waste water. For example, a viroid, a

15 virus, a fungi, a bacterium or other microorganisms in a

sample can be detected or quantified on the basis of the

presence or the content of a specific gene derived from the

viroid, the virus, the fungi, the bacterium or the other

microorganisms as a target. Furthermore, the method of the

20 present invention can be used to distinguish a genotype of

an organism or to determine the expression level of a gene.

Both of an RNA and a DNA can be preferably used as the
nucleic acid as the template in the detection method.

Known methods for detecting a nucleic acid can be

25 used for step (b). Examples of such methods include



(5) Exam nation of type of magnesiumsalt The effect of the type of a
magnesi um salt on the anplification nethod of the present invention was
exam ned. The pUCI 9 DNA was used as a tenplate. pUd 9 upper. NN 2495§P
primer and pud 9 |ower NN priner having sequences as shown3ith J8EGHD Nos: 11
and 6 of the Sequence Listing, respectiveky, were used as priners. An
anplified fragnent of about 225 by is obtained using a pair of these
prinmers. Magnesi um chl ori de, nagnesi um acetate and nagnesi um sul fate 25
were used as nmagnesium salts. The conposition of the 3 U JUL 2003 107

reaction mjdus age | g' QU5.r 3R ) ci%gfrcﬁ;zzﬁék?rlargﬁoépgge%ﬁ#fcf YiddPhy-3)

8 mM (final concentration) magnesi um eSi um acefat e "or

magnesi um sul.f A (final, c ratio e . 5_dNIPs, 50 ng_of
the pud 9 D@&ég§¥%§§é%%giz OESF%68%§§%§%§$ 6§bu @?Efﬁéééa ,og.Sw{PQf ca
BEST DNA pol rase .and sterile distilled water, to a reaction volupe of 50
o Renct | o AEHRn ¢ ot SRS (SHAT A R 133 G DR R SR 8 e
above in (3). 10 As a re ult, ag agﬁkifie fra feng of, i nterest was
observed usitifbacHof tHE miRtEFIMPRal tBY (65 BRERYRAPTOR B The
concentratiqng of , magnesi um gnd dNTPs The effects of the copcentratiaqns of
magnesium 13‘3’}&}@@%&% t"ff(aatr}hnrﬁ i REORT ofhet i J° r]"He"“‘“pﬂ‘peé'ia']nt(hi nY&ht i on
wer e exam ned.. The conpositjon of the reaction m xtuye was as descriped
above i n (5)ASSERIGRN { Rt ST SANQIRS LU0l o T8, PEARSes PEm HARE tAErPs
at various concentrations, were used. Reaction conditions and 20

confirmati ot df aﬁpI’F?q?’c%&‘?%?P%r OTasWHkRcrd bBANERBGLORALLYF SuRstance
reaction systemin which the final_concentration of each of dNTPs was fi xed

at 1 mM an SHE i 35 eBiPEAGMORt SoffivRERESENhasUbStaANARd WKL konllvs

magnesi um concentrati on ranging from6 mMto 10 mM was used.
use of a labeled nucleotide in step (a) may facilitate the

10 detection of amplification product. A fluorescence
polarization method, a fluorescence energy transition or
the like can also be utilized for the detection. The
target nucleic acid can be detected automatically or
quantified by constructing a suitable detection system.

15 A ribonucleotide (RNA) probe labeled with two or
more fluorescent substances positioned at a distance that
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

20 a target nucleic acid that is complementary to the probe,
RNase H digests the probe. The distance 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.

25 If RNase H is used in the method for amplifying a



3 0 JUL 2003 108 In a reaction systemin which the final nagnesium
concentration of was fixed at 8 nM an anplified fragnent of interest was
obt ai ned when a final concentration of each of dNTPs ranging fromO0.6 mMto
1.2 MMwas used. 5 Furthernore, in a reaction systemin mhiq? t jpgral
concentration of each of dNTPs was fixed 3tg 0.5 mM an anpli f ragnment
of interest was obtai ned when a final nmnagnesi um concentration ranging from
2 Mto 6 mMMwas used. In a reaction systemin which the final magnesi um 10
concentration was fixed at 4 mMM an anplified fragment of interest was

Sbtsak&eﬁaihﬁéh%l%%ﬁ%ﬁ%ﬁ%' 87 Chafoer e etn e YAt it spokdedelm
Concentr at | i re £he b 880 b B RGPS Bive 2 ]Cf’dni}hgerﬁefzz?ﬁoééeom cFBen

the anplification, nethod th t i t d
corrpogPt : oln ik Icftﬁ]e rlleaé%xg'ﬁ‘rr‘ﬁ'gt 5; 2%\%}5 gg\ﬁgg‘?ég?b\gggagg\% qﬁ‘a(:f)onf or°%

Phosphat o bUFTRESTos s | HPTaHEERr atron oo a0 8 vamasrima 1R ERNS bBhfer
cont i 1t 1 omv ol M| T4 S RO b e oRE T TRt abug e, (TRMRR), ean” Be
preferably used for labeling the probe.

The method for amplifying a nucleotide sequence
under isothermal conditions of the '‘present invention does
not reqﬁire the use of an equipment such as a thermal

10 cycler. The number of primers used in the amplification
method of the present invention can be one or two, which is
less than that used in a conventional method. Since
reagents such as dNTPs used for PCR and the like can be
applied to the method of the present invention, the running

15 cost can be lowered as compared with a conventional method.
Therefore, the method of the present invention can be
preferably used in a field including genetic test in which
the detection is routinely conducted. The method of the
present invention provides a larger amount of an

20 amplification product in a shorter time than the PCR method.
Therefore, the method of the present invention can be
utilized as a convenient, rapid and sensitive method for
detecting a gene.

The present invention further provides a kit used

25 for the method for detecting a target nucleic acid. The



in (1) . 25 As aresult, an anplified fragnent of interest 3 0 JUL 2003
109 was obtai ned when the potassi um phosphate buffer at a final
concentration ranging from20 to 50 nMor the Tricine buffer at a final
concentration ranging from22 to 46 mMwas used. 5 (8) Exan§mapuloroodf
concentration of Bca BEST DNA pol ynerase ?ge effect of the concentration of
Bca BEST DNA pol ynerase on the anplification nethod of the present

i nvention was exam ned. The conposition of the reaction 10 m xture was as
descri bed above in (1) for a case where pUC 9-249 was used as a tenpl ate,
except that a pot assi,um phosphate buffer _.system or Tri,ci ne buffer tem
and Bca BESK Yol Her §5h§@ °Eoﬁ@8ﬁ%ﬁ¥¥P8nawPPﬁﬁﬁoélpﬁn@§QHeQB§2%f

~tl reaction volunme was ysed. Reaction condl |ons 15 and confirmation of
anmplificati &]i‘ev\eﬁ”ée%%nﬁe%"eﬁ‘é&oé‘bd%% AfSCribeda2RPYRsGRR, R HABAI fad
fragment of interest was obtained when Bca REST DNA pol ynerase was used at
a concent r atihd® wiklin a rEige Biti- @EYLvﬁﬁererZOCE%éﬁﬁPe @ chimeric

oligonucleotide primer for amplifying the target nucleic
5 acid and a reagent for detecting the amplified target
nucleic acid such as a probe.

(8) Material having immobilized nucleic acid
arrayed in predefined region of the present invention and
method fﬁr producing the same.

10 A DNA chip (also referred to as a DNA microarray
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

15 glass. The DNA chip is used for examining the presence of
a 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

20 acid sample prepared from a sample, preferably a labeled
nucleic acid sample, for hybridization. Since the DNA chip
can be used to detect or quantify a number of nucleic acids
in a sample in one procedure, it is a very useful means
that dramatically ﬁromotes the analysis of gene expression,

25 or the analysis of a mutation or polymorphism. A DNA chip



Conparison with the PCR method The anplification nethod of the present

i nvention was conpared with the PCR nethod. Ones in which a DNA 25 fragnent
of about 150 by or about 250 by is inserted intoa 3 0 JUL 2003 110
mufti-cloning site in the pUC 9 plasm d DNA were used as tFEpjuat 283 The
tenpl ates were prepared as follows. pUd 9 upper 150 prinmer, pUC 9 upper 249
primer and pUC 9 | ower NN prinmer, which ha{e sequences as shown in 5 SEQ ID
NCS: 10, 11 and 6 of the Sequence Listing, respectively, were used to
conduct a PCR reaction using 100 pg of the puUC 9 plasm d DNA as a tenpl ate.

An anplified fragpent of .abpyt 150 by s_obtajned by, using a conmhination
of the puO SMupBRT e sa prPHBLeaRE TRl MeChoL P oRE AN Reravaq And
anplified fra nt ,of about 250 by wa bt ai ned by, usi ng, a conbi nati on of
the pud 9 uﬁ-ﬂ‘g\ggz‘bc@zﬁfji mefMand®t hep’f)ﬁéfgl‘l‘%%er RpIHPR neris Eadie’ft t Hoke
anplified fragments was purified using Mcrocon-100, bluntended using DNA
bl unting ki hYPrikdzatdRnzo)aless t Hén 158 sulStibgeEFeicht ota HarPnoRsiitate n
the pUC 9 plasmd. Plasmds into which one of the anplified fragments is
i nserted wedengsagatdonr-anshoDWPE cltdp | igvpbd.chThee pésdleragrandads diNfant s
were cultivated and plasmds with inserted DNA were purified fromthe cells
usi ng & AGENCR@leresadynite &i taggedgariclefre arddmtes het detasteted sDNA
were used as tenpl ates. The sequences of the priners used in this Exanple
are shown | 8rsE@edD NO®i18impgbidigedt helrseqaend@radeasdiiingg Pregkes i rsnwhich
the first to third bases fromthe 3' 25 term nus are replaced by
ri bonucl eot pde$ imuierdyedprefernble for the detection of a target
nucleic acid.
As described above, a desired DNA can be
10 amplified in a single-stranded form by the method of the
present invention. Although any method for purifying an
amplification product can be used, purification using
isopropanol precipitation is preferable. The thus obtained
DNA, preferably a single-stranded DNA substantially free of
15 a complementary strand thereto, can be preferably used as a
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
20 insoluble substrate can be used as a substrate onto which
the thus obtained DNA 1is arrayed and immobilized in a
predefined region, but a plate-shaped substrate made from
glass or plastic, and a membrane-shaped substrate made from

nitrocellulose or nylon are preferably used. A known

25 method for immobilizing a nucleic acld can be used for the



1112 3 0 J UL 2003 anplification nethod of the present invention. The
conposition of the reaction mxture was as follows. 27 nmM phosphate buffer
(pH 7.3), 0.01 bovine serum al bum n (BSA), 5~ DMSO, 1 mM each of dNTPs, 8
mM 5 magnesi um acetate, 60 pnol each of the priners, 1 ng of @e DNA as the
tenplate and sterile distilled water to a./éeaction vol une of it 2663e
reaction m xture was heat-denatured at 98'C fox 1 mnute, and then cool ed
to 55'"C. 5.5 U of Bca BEST 10 DNA pol ynerase and 60 U of E. coli RNase H
were added thereto, and the m xture was incubated at 55 C for 60 m nutes.

Thereafter, the m.xture.was heatgd at ,90' C fox .2 mnutes.to_inactiyate the
enzynes. 3 uﬂmngbﬁizF§é8PFon i eurén&kslgﬂ%jé%?edlm%g§+£%?? ph8P£Qisaon
4~ NuSi eve 3:1, 15 agarose (Takara Shuz el ..On the other d,
anplificati oﬁueg'?*ﬁag?heaﬁCRlﬁet fhSd vvasglb'%’dﬂéf:éﬁe ¥ra %gﬁtrgﬁg pEay be
Amplification kit,(Takara .Shuzq), 10 |. each ,of priners having,a sequence
as shown in §@®°£’BS‘%6.E 8 o fath%‘?g’g%ﬁﬁ?lcg'lﬂkseﬁ ng* 23 k& hodt9ating

ri bonucl eotide, 1_ng of the DNA as the tenplate and sterile distilled water
to a reacti oRIYERUNENAf MBdeGH1REre used for the reaction. The reaction
conditions were 25 cycles of 99'C for 30 seconds, 55'C for 30 seconds and
72' C foP 40 seconds. APt cF2¥PRL cafi&@iionasiidt hehabadtyRridbaes Witdf &he
reaction m xture was subjected to 112 3 0 JUL 20Q8 el ectrophoresis on 4~
NuSi eve 3:1 BHELB3E ( ran SpuZtdteelal pBagings@n: | ikl hihtemt norlaic
fragment of interest was anplified fromeach of the plasm ds having an 5

insert of 1568Ch¢l én ¥hdchy QaPNR taslidtied Py Hhamethredaof okhaepPhsgent t he
present invention as conpared with the PCR nethod. 20 ul of the reaction

m xture was poventéanudsngrrpyedcandidomobidiend dnvanprefiefhped region
anplification product was quantified using Beckman DU-640 10

spect r ophot orfeét gr + ( BecRRANChiip)orern be agirasieduper deanty filed .anp8rehof
the anplification product. The anpunt of the fragment anplified fromthe

pl asm dOhavi dgtentinsertonf gBanbyficathent emimt eben tdwcqumplishiaht i by

met hod of the present invention was confirned to be about 60-fold higher 15
than that incohtaPERngethedmatheiahpwhathoh nheléiagashtl aspbilei pdeproerdt he
pl asm d having an insert of 250 by as the tenplate in the anplification

met hod of thé&rpmesesanpiwersuspeatas] donféomeriin ot bboget 40uedbedchaghdr
than that in the PCR nethods. Based on these results, it was 20 confirned
that the net fod diyhhiedimadsiant. | nemingontbanebe aroP¥Apradfigr abhy wsiech f er
maki ng a DNA chip, fox which a | arge anount of a DNA fragnment is required,
as conpar ed winhlehetcandedt D¥AalamBCR fietthdy t2te Exetipdd df the present

15 invention is arrayed and immobilized in a predefined region
allows the detection of a target nucleic acid with more
convenient operation, higher sensitivity and  Thigher
reproducibility as compared with a conventional material.

(9) Method for producing nucleic acid in large

20 quantities of the present invention.

As described above, one aspect of the present
invention provides a method for amplifying a nucleotide
sequence that can be carried out under isothermal
conditions. A desired nucleic acid can be produced in the

25 method by mixing a nucleic acid as a template for the



3 0 JUL 2003 113 (1) Preparation of RNA probe A nethod for detecting an
anplified fragnent obtained by the anplification nethod of the present

i nventi on was exam ned. A probe for detection conposed of 5 ribonucleotides
in which two different fluorescent substances are attached t8 0 HelL 2003

ri bonucl eoti des on both ends of the probesyeas prepared. The RNA probe for
detection was synthesi zed using a DNA synthesizer (Applied Biosystens). The
nucl eoti de sequence of the probe is shown in SEQ ID 10 NO: 20 of the
Sequence Listing. 6-FAM (d en Research) and TAMRA (d en Research) were used

fl hst t o, I t i '
3 term nus MGREE | MERS 15) B8 BRRIIEISR Mlarkd T st AId Mol S,
1 ft ‘ ; ' d
pUG 9 Toner EpPE Bt g R 13 2 2hBPLER S REC e PRI iR Nt OF
the S . LSt ively, i i_ch f RSt d b
fromtne 3 “rortHel RRERSSHS: ) O3Bl FIE .o b6 ROER3ET R PuEi e o
used as pri reaction mxture was as fol]ows. 27

i phosphal CHATHEY (A e e il el Sif BT o LRt Sanrt od
TRODSSIIM acetal o S RIPL GGREN L SPEPLLITTS, Gyt Bl (1S PN
Loty L1 o0 Vel St 822Gk OBy OLUIE. OF 48 ol Qi L1 2 O 25 e
heat-denalwaﬁgfgféggfiit is difficult to scale up the volume. On the
other hand, there is no such limitation in the method of
the preéent invention. A large amount of nucleic acid can
10 be produced by increasing the volume of the reaction
mixture. In the method of the present invention, a number
of complementary strand molecules are synthesized from one
template molecule. Furthermore, nucleic acids can be
synthesized using these complementary strand molecules as
15 templates. Thus, a desired nucleic acid can be efficiently
produced in large quantities by suitably selecting the
template and the primer. Additionally, the fact that,
unlike the PCR method, the method of the present invention
does not require a special equipment or a complicated
20 temperature change makes it advantageous in view of the
cost of equipment and energy. Therefore, the method is an
excellent industrial method for producing a nucleic acid in
large quantities.

Furthermore, the method of the present invention

25 is useful as a method for supplying a variety of DNA



5 for 1 mnute, and then cooled to 55" C. 22 U of Bca BEST DNA pol yneri se or
sterile water, and 60 U of E. coli RNase H were added thereto, and the

m xture was incubated at 55C for 60 mnutes. Thereafter, 5 ul, of 10~ sodium
dodecyl sulfate (SDS; Nacal ai Tesque) was added to the m xt urdel gL 12003
inactivate the enzynes. 50 ul of the reacgipon mixture was diluted with an
equal volune of sterile water and transferred to a mcroplate. An inage
analyzer FMBIO Il Milti-View (Takara Shuzo) was used for detection at an
excitation wavel ength of 505 nm 15 As a result, no fluorescent signal was

det ect ed usi ' of .th I Bca T | ynerise S not
added. Al so,ﬂgaogﬂ%r{l}g% es%:%ntfas%(gér:gl a\ﬁlxgétgggeggl’eds Eﬁ t%r B%‘ccilsieon tfﬁ’ xtUT e
cont ai ni ng T, i . 1 he . te te_was not
added. On tﬁgﬁ%?%igri%h%ﬁéﬁ R EH T YA s%%ffb\égﬁd}é‘t YA Er g @Rens ner
0.1 or 1 ng of the as_the tenmplate was_added. An anplified fragnent of
about 190 byF¥t P’ﬁt %?1%‘2 &%SRBEQ& vg‘daﬁglgfﬁﬁt r%%?‘@ghg LR ose
gel containing 0.00003 ethiduimbromde only when 0.1 or 1 ng of_ the DNA as
the 25 t onpl P Sheth A0REdSTHORHBCRF eserie SO HEF BESPAIISNT 115 Binttes
2003 pol ynerase. That is,, the sane results were obtained by the detection
met hod Usi nd" S FNACKT BEIBHES t K& coRPentfdhaltoel BRERPhGr eVrELIGEYe NN

met hod. Thus, a nethod for detecting an anpljfied fragnent, obtained by the
5 anplificatixAemRRtDd of At §ESPr e%%ntan}ﬂ?\ﬂgﬁ'pﬁli% GEENgUML A BESBe tRat
established. Exanple 8 Use of a prinmer conposed of deoxyribonucl eotides 10
as one of tREERS prarerd§ nteRPL#tEhod nof thee PREBRAL PAVERR® orPYREENt
exam ned. MRIN3 (30) having a sequence _as shown in SEQ ID NO:19 of the
Sequence Zi st¥RpEHRP MReEPFeland TAKafa kopwro)nushA ity af b enkel #easkomn in
SEQ I D NO: 58 of the -Sequence Zisting were used as prinmers. In the MRLN3 15

priner, the ¥ethadtsuehi a§ BdwesPER oRetheds carerhe ndigcareoraprdcda Hyhe

ri bonucl eoti des. The conposition of the reaction mxture was as fol |l ows.
10 latter embodiment. All kinds of nucleic aclds 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
15 oligonucleotide~primed PCR (DOP-~PCR; Genomics, 13:718-725
(1992)), which uses a degenerate primer. The 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
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 a nucleic acid as a template and the method

25 of the present invention can supply a variety of DNA



27 mM phosphate buffer (pH 7.3), 0.01 bovine serum al bum n (BSA), 5~ DVSO
1 mM each of dNTPs, 8 mM 20 magnesi um acetate, 30 pnol each of the priners,
1 ng of the DNA as the tenplate and sterile distilled water to a reaction
vol ume of 24 ul. The reaction mxture was heat-denatured at 9§ §yf 9fp32

m nutes, and then cooled to 55'C. 11 U of Bca BEST 25 DNA pol ynerase and 30
Uof E. coli RNase H were added 3 0J UL 2003 116 thereto to nmake the
reaction volune to 25 ul. The reaction m xture was incubated at 55' C for 60
m nutes. Thereafter, the m xture was heated at 90'C for 2 minutes to

i tivate t a5yl of th I i bj ected to 5
el oot r ophor eLTaSBRNER: 1S dredsr, TuaRBELLES AR F o8l POV it 1 i
fragment of interes% mag observed. Exangle %Thﬁ_nethod of the present

i nventi on waSCTRRAED16uER Bt CRRVEPFARRRL BT8R 0- 157. Sequences of the

primers used in this anpl ear esho {n_SEQ I D _NOS: 21-24,0f the Sequence
Zi sti ng. Acombi nati on E% ﬁﬁ?ﬁﬁ?geH5¥$ﬁ£ ﬁoggéﬁéﬁ&BnoFog ﬁf?ﬁpﬂnngngf}cand
a conbination of primers haying a,sequence of SEQL5] .23 or 24 were
construct ed ?6+dd€FﬁttFﬂﬁtélge%heﬂﬁggﬁﬁaaFﬁ@naé olpﬁ&P%°£<ﬁXRﬁﬁ§§¥Q&iﬁ 2
of 0-157 accordingtothe desc¢ription of R nsho Tg Bisei butsu _
(Clinical M c%Bfoo@9}¥P§8Fa§i?5@7-51@6%&9%) a PLpgepsStRanArEnaRELSeESEe: 0
third bases fromthe 3'-term nus are repl acedby20ribonucl eoti des were used
for the anpl PRRc&ProfuRiIesddohd i eo¥Rrephlent Ppén2 MenaitoExtpierest.
prepar edbyharvesting a_culture of henorrhagic E. coli 0-157 (ATCCaccession
no. 43895), SusheAdPHgleici Acddedis admindstrrefhpbroprant ergenissensiing and
treating it at 98' C for1025m nutes was used as a tenplate. The conposition
ofthe ~ 0 gusuzballelmepsset fOF SXaMe wads @RYFRT of@®r 99ne&VEpRBSERAL €
buffer (pH 7.3), 0.02% bovine serum al bum n_ (BSA), 5% DMSO, 1 nM each of
dNTPs, 8 nmM faghesBumireseare, Bhepmsithadhfof Phedpeim@ra, nuadebrNAagdds
the tenplate éthe heat - extract) corresponding to 10"-106 cells and sterile
distilled wao&r the apresentoniveenipkonf 148 pireferebleact®on prHoduaicavas
heat - denatured at 98' C for 1 mnute, and then cooled to 55 C. 5.5 U of Bca
BEST 10 DNA pdhgheratrandddeor HotbEe-sbranfRdsaupleéceaaiidefiorhmedicalThe

reaction m xture was i ncubated at 55C for 60
use in large gquantities. Additionally, a nucleic acid

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 subcloned into a suitable vector utilizing a
restriction enzyme site in the DNA. Furthermore, the DNA
20 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. Since the DNA
fragment amplified in the present invention is composed of
normal nucleotides, a promoter sequence for an RNA

25 polymerase can be incorporated into the amplified fragment.



m nutes. Thereafter, the m xture was heated at 90C for 2 mnutes to

i nactivate the enzynes. 3 ul of the reaction m xture was subjected to

el ectrophoresis on 4% NuSi eve 3:1 15 agarose (Takara Shuzo) gel. As a
result, 0-157 vero toxin 1 and 2 could be detected using eitBdr Jone0@¥ the
prinmer pairs and the DNA as the tenpl ate ggrrespondi ng to 104 cells,
confirmng that the nethod of the present "invention can be utilized as a 20
met hod for detecting a virulent bacterium Exanple 10 Anplification of a

| ong-chain DNA fragnent by the nethod of the present invention was

exam ned. A gdouble 25 stranded DNA.as a tenpl ate s_prepared as_fol |l ows.
First, 11 0 3JH- szg"tﬁf?a%eﬁ eﬂ}: wWE& T oSt rﬁé?gg FsorrgrrRﬁﬂmﬁi?{'@edt?r om
a nornmal gastrig tissue usi Uni - ZAP XR vector (Stratagene) accordi to a
convent i onalSYREYHGH:2hén | Bﬁéry WRACK o <8he et o"(’§%ﬁiecﬁsgclaon8§° 8vi nggﬁn

insert of about 2.1 kbp 5 or about 4 kbp. The clones were used to obtain
pBl uescri pt %ﬁ%méiﬁ'phggeQﬁHﬁ?ﬁ% %yffH°5$?FﬁnﬁiéiégﬁigdAﬁﬂﬁ1949??r%@%ents
of about 2.2 kbp and about 4.4 k were ohtained usjng the plasm ds as
tenpl ates, MR- %r&qqﬁﬁd and I\Eﬁl%gﬁﬁ-%r ﬁ‘éﬁ/i ﬁ&%e%@és EPshEYANEN BEQ

I D NOS: 25 and 10 26, of the Sequence_ Listing, respectjvely, and PCR

Anpl i fiZati dHadiaotad&karLBRASS . ThedPcPieRent VR el R BNy &
tenpl ates for. the anplification nethod of the present invention. M2N3 (24)
primer and NRMEF§3e8n¢Rthabelrti T Beieirad ok aHawah BRP4 D NOS: 27 and
28 of the 15 Sequence Listing, respectively, in which the first to third
bases fromthe 3'-ternfHu@e artehe eph ekl by FMDbhike@ot FERENSRE e iR edthe
primers. The conposition of the reaction mxture was as follows. 28 nM
phosphat e butgtdroq ppf 7tBg poeaendbbuvaat20Nsdegm aumiayyg BSA)ucheopivito,
0.5 mM each of dNTPs, 4 mM nmagnesi um acetate, 30 pnol each of the priners,
0.2 mM put r srRAYRNGAd con@lierendiagyi | ted avapeines Zpr5applifheatdant i om

m xture was treated at 92'C for 2 mnutes, and then cooled to 55 C. 30 U of
RNase H and Ith U esfdsBca RESRERatiempolduesr 9 Wbee addes-overetoft oamuke

t he reaction
amplification product can be reduced. Therefore, the

method of the present invention is useful in genetic test
and the 1like in which the same region is amplified
routinely.

15 Features of the method for amplifying a
nucleotide sequence of the present invention are listed
below.

1. It can amplify a large amount of a nucleic
acid from a small amount of a template. The amplification

20 product increases quadratically when two primers are used.

2. It can be conducted isothermally. In this
case, it does not require the use of an equipment such as a
thermal cycler. Therefore, the reaction volume can be
readily scaled up.

25 3. Usually, the amplification reaction is



3 0 JUL 200 119 volune to 25 ul. The reaction m xture was incubated for 1
hour . .-After the conpletion of the reaction, the m xture was cool ed at 4'C,
and 2.5 pl of a 0.5 M EDTA solution added thereto to term nate the
reaction. 5 ul of the 5 mixture was subjected to el ectrophoBdsusl q3l%
agarose gel. As a result, an anplified fragment of about 2.2 kbp or about
4.4 kbp was obtained by the nethod of the present invention, confirmng
that the nmethod of the present invention can be used to anplify a

| ong-chain DNA 10 fragment. Exanple 11 A DNA microarray onto which a 1~ DNA

f f 4 . | Lf.i h i fi i hod,of the 15

pigggﬁ?ti gve%??onc%%g ﬁgbﬁlgprglgﬁ%n&)s“%f 'lbiyc :i%?i]t'q(g%"bg%éo Jh%ﬁ(?i ?%é‘geﬁy

PCR tted d . | eotid f the 1~ i

bl | abre f o eSoa Rt aReEcls IR ROEYEEAES $54.88 Edbaidfeqte kboove,

The sequences of priners usgg in this Exanple are;,_ shﬁ%‘ei PBEEE‘ Igg) NCS: 25- 26
m

20 and 29-35 of the Sefuenc®*ifStirfy. AYEStio X are
anplification t hod of the present %gve tio% was gregared as follows. 34
mM Tri ci ne- S OEFbEEde THQFT ARG PPP8eYLe 18Em@ pBY HBRY untBRI &Rt 10f mv
ammoni um sul fate, 0.01% bovi ne 25 serum al bym n (BSA), 1% di net hyl

sul foxide, 4B mBFIESTUmM 90850 MRt 2068SEFGCHcet R, FUEPYAR ealR of LARTPS,
500 prol each of the prinmers, 100 ng_of the PCR anplification product as
the tenpl at 2MAYHE1CRELER P RESTCHNA FoFyRRFEcEC antiR8OBr LNeF erbhbgaRhaBe H
ina final reaction volunme of 500 ul. The reaction 5 m xture was mxed to
honogenei ty, efhtehRRed 2% aBeut ot 08, nihitRsls avRiry netoheht Beeatthat ¢br 2
mnutes to inactivate the enzynmes. This solution was used in the subsequent
steps. The spef tBeR OR@LRPAgment s were as

5. A single-stranded or double-stranded DNA can

10 be selectively amplified depending on the purpose.

6. Since it does not require a dNTP analog such
as an (o-S) dNTP for the amplification reaction, the cost
of reagents is low. Furthermore, a nucleic acid in a
natural form without a dNTP analog can be obtained.

15 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
amplification method.

As described above, the method of the present

20 invention is suitable for producing a nucleic acid on an

industrial scale.

Examples
The following Examples illustrate the present

25 invention in more detail, but are not to be construed to



follows. 10 1. Sanple: A PCR anplification product (300 bp) obtained by
using-a A DNA as a tenplate and a conbination of priners having a sequence
as shown in SEQ ID NO: 29 or 30 of the Sequence Listing was subcl oned into
the pud 9 vector. The subcl oned product was then PCR—aaniBup?Uygb@p
primers 15 having a sequence as shown in §FO I D NO: 25 or 26 of the Sequence
Listing. The thus obtained product as a tenplate and chineric

ol i gonucl eotide priners having a sequence as shown in SEQ ID NO: 31 or 32 of
t he Sequence Listing, in which the first and second bases fromthe

3'-termnus pl aced by ribonucl eotides, were used to
anplify a pr%%n£€ {?8 %&%§E4B§ég§5gy the anplification nethod of the

present invention to OﬁéﬁéPeBPf §a§Q£§ glve DNA solutlons i.e., the

reaction mxture at it’s ori g conce%%ratlon or 2-, 4-, 8- or 16-fold

dilutions of the 25 re@ﬁ O'{}a‘i'hét %rtréﬁashe alicggggn%ﬁet Uffertd‘cf%r b}cgﬁate

3 0 JUL 2003 121 buffer concen i on of Bi on

in each case)_ were used f spottln The DNA fra lified
b T above vESTFER: SEVsREROR San deadir A aRaRarahigore i, EPLhEVENENA

sol uti ons merqu par ed by adjustlng the concentrations to 0.125 ug/ul,

0. 25 uggul ‘Egiul .0 ug/ul and 2.0 ~g/ul with the 50 nNIcarbonate

buffer. 3. Positive COn CR, anpl iLficatio duct (300 hp) obtained
by using the 1~ DNA as(L éﬁ%?%f%thﬂﬂ %% reaqeng SoPutTon useg

Reaction mixture for determining activity: The
following substances at the indicated final concentrations
were contained in sterile water: 40 mM tris-hydrochloride

10 (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
poly[8-°Hladenylic acid solution was dissolved in 200 pl of
sterile water.

15 Polyadenylic acid solution: Polyadenylic acid was
diluted to a concentration of 3 mM with sterile ultrapure
water.

Enzyme dilution solution: The following
substances at the indicated final concentrations were

20 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.

Preparation of heat-denatured calf thymus DNA:
200 mg of calf thymus DNA was suspended and swelled in 100

25 ml of TE buffer. The solution was diluted to a



10 conbination of priners having a sequence as shown in SEQ ID NO:29 or 30

of the Sequence Listing was treated with M crocon-100." The

n, fi

ve DNA

sol utions were prepared by adjusting the concentrations to 0.125 ~g/ul,

0.25 ug/ul, 0.5 ug/ul, 1.0 ug/ul and 2.0 ug/ul with the 503
buffer. 4. Positive Control: A PCR anplifigation product (1

Dovti

rjponate 15
8 obt ai ned

by using the A DNA as a tenplate and a conbination of prinmers having a
sequences as shown in SEQ ID NO: 33 or 34 of the Sequence Listing was
treated with 20 M crocon-100. Then, four DNA solutions were prepared by

ug/ul with t R goﬁ/@?.%%w@gﬁﬁa%e%ﬁa%&éﬁg k-0
e oo RYCta b 0e OREALIEAPYaLSRY BBE I ONA AR 2 SRS

adj usting the

and a 25 conbi naf’ion priners having a sequence”as shown

ned i

oUCI 5 vect or S EThclaod BFbaIc: Hons e OB ahgl | FTA0CaRI A br (AR

havi ng a sequencglas shawn, i.n SEQ.TD NO: 25 or 26 of the Sequence Listing.

The thus obt &FRé&

B’r 58§ ‘Edasma""g1 tlecﬁplbﬁt ‘and priners having a sequence as

shown in SEQ I D NO: 31 or,,3 f ot Sequence .Listing.a rimers were used to
anpl i fy%a product of ab(&]t %458:6'%{;%&): ?q'?@sélrﬁ‘lqgf i@ ;}31"(}?? nmet hod of the

present invention to ohtain ativ%

t he, Neg
the reaction mxture at 1Lbli?£ 5PEgPRAY
16-fol d

Eoriatrae i g,

sohut

ions, i.e.,
S

ign ya

10

15

20

25

added to 985 pl of the reaction mixture for determining
activity prepared in (1) above. The mixture was incubated
at 37°d 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
mixture was prepared. 200 pl 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
period of time in minutes from the addition of the enzyme
to the sampling 1is defined as Y. 50 pyl of a reaction
mixture for total CPM or for blank was prepared by adding 1
pl of the enzyme dilution solution instead of an enzyme
solution. 100 pl of 100 mM sodium pyrophosphate, 50 ul of
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



dilutions of the reaction mxture with a carbonate buffer (a carbonate
buffer at a concentration of 50 mM were used for dilution in each case)
were used for spotting. 6. Negative Control: The DNA fragment obtained in
15 5 above was treated with Mcrocon-100. Then, five DNA so} gtignggger e
prepared by adjusting the concentrations to-0.125 ug/ul, 0.25 ~g/u?, 0.5
ug/ul, 1.0 ug/ul and 2.0 ug/~Z1 with the 50 nmM carbonate buffer. The
respective DNA solutions thus prepared were 20 spotted onto a slide glass
to which am no groups had been introduced (Matsunami d ass) using an
equi pnent fo ' chi.pge tiC I S ) and. wer
e B ey Bo EhR, SRRt s e TR

i mmobi |i zed usin rrradiation.

foll onwed by diskhh!l Led ter, ie nd 25 as_a.DNA a 0
3°U L5003 1330R0peR S o i s oo AT E s oRelEE Lo RRaRAER be Shetg of
conbi nati on prinmers .having a sequence_as_sho i,n SEQ | D NO: or 30 of
t he Sequencegf'}ieslrl’eﬁé;1 &9 a%g?eerd“\%qélm y3° ugiﬁag@aﬁgl 3 %@SR Ligef“ﬁ'ngfwt
(Takara Shuzg) 5 for_.us ,probe., Hybridi zati on was carried out using a
prehybri di za{’*ﬂaﬁsegratiﬁiﬁ\fmﬁl S hyH5H %tgsﬂg%}:ﬁiid“ﬁsasa%% r itHEFStR -t he
instructions _attached to InteLIiGEgﬁqLEgﬁ?ra Shﬁég)“ First, the DNA array
was subpPect eBF¥oVpReR§BFRARatNoR SCeMseratiieT 6PUBtREurs. The 10
hybri di zati on sol uti on containing the denatured Cy5-1abel ed probe was
dripped onto the DNA afPayCaACHdeEAof &&s URdESmount ed thereon. The sides of
the cover glass were sealed wth a film The sealed DNA array was incubated
at 65'C for 13 hours. HBPEEr (We4vefOfl asdChas §EHEVRd, YEhe BRACHS ageday
was washed in 2 x SSC at 65C for 5 minutes, in a solution containing 0.2 x
SSC and 0. 1~28pargingstof §pesfplAgdag gRgafifRl-ly in 0.2 x SSC at room
tenperature for 5 mnutes, and air-dried..  The DNA array was then subjected
to a nicroarPa}tEBanied (PepEpres SR yzank fERMY escbnt* 28 3PgKal00r &m
the respective spots. As a result, a fluorescent signal was observed at
each ofOthe HASPELORSTaRES RAPCHIL admdhos 2ambBH Med BPiPhd RCROMERAGAX(t he
Positive Controls as described above in 3 and 4) and the nethod of the

present inveAtfi*odn (the Sanpl es 25 as described above in 1 and 2) were

spotted. The 30J UL 2003 124
1.2%: Amount in nmol of poly[8~°H)rA-poly-dT

contained in total CPM per 50 pl.

9**: Correction coefficient.

15
Example 1
(1) Synthesis of template DNA and primers
A single-stranded DNA of 99 bases as a template
and primers used in this Example were synthesized using a
20 DNA synthesizer (Applied Biosystems). The nucleotide

sequence of the single-stranded DNA of 99 bases is shown in
SEQ ID NO:1 of the Sequence Listing. Basic nucleotide
sequences of an upstream primer and a downstream primer are
shown in SEQ ID NO0S:2 and 3 of the Sequence Listing,

25 respectively. The structures of the primers used in this



intensities of the signals were as follows: the Sanple 2 > the Positive
Control 4 > the Sanple 1 > the Positive Control 3. On the other hand, no
si gnal 'was observed at all for the Negative Controls 5 and 6. From t hese
results, 5it was confirmed that an unpurified or purified

anpllfled by the nethod of the present inygntion can be pre é%l?ﬁused as
a DNA fragnent to be immobilized to nmake a DNA chip. 10 Exanple 12 (1) The
designing of a primer used in the nethod of the present invention in which
a PCR-amplified fragment was used as a tenplate was exam ned. First,

pri mer's havi pg. gge. of - $eQUEBERS. A SIONN; hSEQ | D NCS: 36-41 of the 15

Sequence Lis wer e Synthestze accordlng ¢conventional nethod. The

structures of the respgctive prinpets fo Ioms R1-S1 rlner. From
the 5 -termnus, 7 basgg ) P@bﬁcér ?‘ %é 35 m%?im ?ﬁﬂggqﬁence

(or RV 20 seguence. . he nucl eoti de se uence of 3 T kar uzo))
and 20 bases"Bf & ogéaﬁesﬁﬂuﬁ‘é‘f:eseaq%eﬁ 8YForta %S%CBM? |‘?€l FeQeA3
pri nmer: Fron%the 5' -term 7 bases of a spacei sequence, gases of the
ML3RV sequen %q%ﬁHC?O 25 b%%%n%f an aRfi sensE"Bti¥er seﬁﬂ@ﬂﬁée or A°f

DNA- spegi fic f g} 2003 (1ii1) R2-S1 prinmer: Fromthe
5 -ter nus,dQ%xﬁﬁkggnB? SPLHARRF sequence, 17 bases of the ML3RV sequence

Primer Pair 2: A combination of primers in which
the first and second deoxyribonucleotides from the 3'-
terminus are replaced by ribonucleotides and the phosphate
bond on'the 5'-terminal side of the second ribonucleotide
10 from the 3'-terminus is replaced by a phosphorothioate bond
in each of the primers of the Primer Pair 1;
Primer Pair 3: A combination of primers in which
the deoxyribonucleotide at the 3'-terminus is replaced by a
ribonucleotide and the phosphate bond on the 5'-terminal
15 side of the ribonucleotide is replaced by a
phosphorothioate bond in each of the primers of the Primer
Pair 1;
Primer Pair 4: A combination of primers in which
the first and second deoxyribonucleotides from the 3'-
20 terminus are replaced by ribonucleotides in each of the
primers of the Primer Pair 1; and
Primer Pair %: A combination of primers in which
the third and fourth deoxyribonucleotides from the 3'-
terminus are replaced by ribonucleotides and the phosphate

25 bond on the 5'-terminal side of the fourth ribonucleotide



and 20 bases of a sense priner sequence for A DNA-specific 5 PCR (iv) R2-A3
primer: Fromthe 5 -term nus, 25 bases of a spacer sequence, 17 bases of

t he ML3RV sequence and 20 bases of an antisense primer sequence for 1,
DNA-specific PCR, 10 (v) R3-S1 primer: Fromthe 5' -termi nus, 038Lb#es of a
spacer sequence, 17 bases of the ML3RV seggence and 20 bases of a sense
primer sequence for A DNA-specific PCR and (vi) R3-A3 priner: Fromthe
5'-term nus, 58 bases 15 of a spacer sequence, 17 bases of the ML3RV
sequence and 20 bases of an antisense priner sequence for A DNA-specific

PCR ML3RV 2088 +has 32 -teqgnes fs ace;pqta%eoofbﬁ% BARRD HAH S Yonkd

bases of the ML3RV sequence and 3 basés at 20 the"5' -term nus. Theretore,

when MISRY 30 el 9360 1 1iaeSTRINAOfp iR PisENY [ nvention, the

| engt hs of the spacer sequences in the above-nentioned prinmers becone 4

D2 r®S o SRR SRR Skl er s Lhout s spacer
Bca BEST DNA polymerase (Takara Shuzo), which is
5 a DNA polymerase lacking a 5'-3' exonuclease activity from
Bacillus caldotenax, and cloned ribonuclease H (Takara
Shuzo), which is RNase H from E. coli, were used to examine
the reaction systems of Models 1 to 7 as described below.
A reaction mixture was prepared as follows.

10 35 mM tris-hydrochloride buffer (pH 7.5), 0.1
mg/ml bovine serum albumin (BSA), 2.7% glycerol, 5%
dimethyl sulfoxide, 1.4 mM each of dNTPs, 10 mM magnesium
chloride, 20 pmol of one or both of the primers of one of
the primer pairs as described above in (1), 0.6 ng of the

15 synthetic single-stranded DNA as the template, 5 U of Bca
BEST DNA polymerase and 60 U of cloned ribonuclease H, the
final reaction volume being 50 pl. The reaction mixture
was mixed to homogeneity, incubated at 55°C for 60 minutes,
and then heated at 90°C for 2 minutes to inactivate the

20 enzymes. 8 pul of the reaction mixture was subjected to
electrophoresis on 3% NuSieve 3:1 agarose (Takara Shuzo)
gel. The primers used in the respective Models are
described below:

Models 1-5: One of the Primer Pairs 1-5 was used;

25 Model 6: Only the downstream primer of the Primer



3 0 JUL 2003 126 For exanple, when the primer pair, RL-S1 priner/Rl-A3
primer, is used, an anplified fragnent of 348 by is obtained. 7, bases on
both ends of the anplified fragnent correspond to the spacer portions. The
RV 5 sequences are |ocated inside the spacer portions. The h Jeledi8nces
are located inside the RV sequences. Sinmlggly, when the prinmer pair, R2-Sl
primer/R2 A3 prinmer, is used, an anplified fragment of 384 by in which 25
bases on both ends of the anplified fragnent 10 correspond to the spacer
portions is obtained. In addition, when the prinmer pair, R3-S1 priner/R3-A3
priner, is upgdy 2n.@BPhiskiaedahgagnent of 450 by in which 58 bases on both
ends of the anplified fragment correspond to the spacer portions is
obtained. On the otheryaaad. 7 "rOBRInde PHRK! 4 &b dISh0Gd CALRBLEPIIHER! S
has no spacer portion. These PCR-anplified fragments were used as tenplates
for the foll guyng;exaliecnaii-Qe. yOne of two priners, ML3RV-2N | 7ner primer or
MIBRV. 2N 20merthes ng@g gtga%gnge as shown in SEQ | D NOS: 42 20 or 43 of the
Sequence Zisting was used.i i lse.: LN ri.ners, .the first a
second bases fromthe §StSr%Fﬁgg%é5§%§§5?§§gdfkgﬁFgﬁgﬁﬁgﬁgéﬁgaésﬁ e ©
reactiop was,carri fQll ows. ul, of m Xt ure O, uM_of th
primer, gabou%%gsgﬁégo%%%ﬁg%tge%loa eabéanc}_' Oécglb%%epPoJDW egéafaﬁongg\?/é‘% S0
denatured at,98' C for,2 mnute an 1 .0 JUL 2003 127 en cool.ed . to
S5C. Ther eat PBr "958 RRETFIEenE B0 PP FRACELPT. Mot S0 ts SPamHEREdR do.
10 mM amoni ym sul fate, 0.01 BSA,. 1~ .DVSO,, 4 gnesi um acetate, 0.5 mv
cach of NTPSS B USHE EReREsh A T 486 SNACIEAF of PRRRELSH S5
added theretg,to make the final _reacti vol u to 25 ul. The reaction
mxture was. CREABaCERiam: EAFEERAT o RrbdE sife” ErRsnaonh o hie an
reaction, the mxture was cqol ed to .4C and the .5 uyl of a,0.5 M EDTA

sol uti on was®<&H8& eghéﬁéﬁoﬁﬁgéiﬂqﬁr%ﬁep??@§réggt§8n§l§ggF"BFrﬁﬁgefODNA
reacti m xture was subjected to el ectrophoresis on 3~ NuSi eve 3:1 agarose
(Takar 30shus 6F 2GBFAEAS W35 GERPE Y fnE AT SR FOHEL7 fof indb A e AP WS Eade | n
anplification efficienc%,mas observed qipending Qn..the I%U%Lh of, t he spacer
sequence in CRE fEFPowPhYTEFlervadsntsed: 7neNS A5 gREPR LS r Was
sequence. \Wep ML3RV- 2N 20ger was used, _increase in_anplification

ef fici ency wRSSEEYERy 8rd§ggn69ﬁ&t6ﬁntﬁé F&ﬁg“ﬁdﬁﬁ th&¥sgacer sequence in
the follow ng order: 22ner > 4ner > 55mer. > nQ ,spacer, seguence.

Furthernore, when the NF3RGOBELEBAELSN ALt REPHALAEAS 19D BESEHFHEd above in
(i) to (vi) were replaced by MLI3M4 sequences, a simlar tendency was
observed for the rel at F8fsKieF hdORe i e & RRG LI URhcBhangeareion of
anplification effjiciency. Thus, it was confirnmed that, when a |inear DNA
fragmeAf suchh§s HOPER afipl #%i eLIFEPRGt B | @lusdPSas T LitgRtiest e UsiRg

designing of primers used in the o
Microcon-100 (Takara Shuzo) to recover an amplified DNA

fragment entrapped on the filter. The nucleotide sequence
of the DNA fragment was determined by the dideoxy method.
As a result, the fragment amplified by the above-mentioned
20 reaction was confirmed to be a DNA having the same
nucleotide sequence as that of the DNA as the template.
(4) Examination of reaction time
The reaction mixture of the Model 2 as described
above in (2) was prepared to study the change in the amount

25 of the amplification product when it was reacted for a



,I 12 8 ,~ 0 JUL 20D3 net hod of the present invention to generate a spacer
sequence (portion) leads to an increased anplification efficiency. (2)
Amplification of a tenplate having a high GC 5 content in the nmethod for
anpl i fying a nucleotide sequence using an el evated reaction 3 gnugr afggr e was
exam ned. First, priners having a sequence, as shown in SEQ I D NO: 44 or 45
of the Sequence Listing for PCR anplification of a 307-by region (GC
content: 62.50 of CDC2-rel ated protein kinase 10 PISS LRE gene (GenBank
accessi on no. AA789328) were produced. In addition, priners having a
sequence as shown in_SEQ I D_NO: 46 _or .47 of the Sequence Listing for P

Al i1 cat ) oRSErTRISBITEy  IOPoRSEEEL B PARENTS: Va8 oRorbREer Lot Bekdbral
1 keratin ge (GenB acc ion no. 15 6022) were produced. P
anplificatioﬂgmag%cagﬂréﬂrogéaugaﬁﬁ%ﬁﬁe§ﬂﬁ€gg rs anf k% aVpy then
avai l able DNA fra agnts éBes arch GEnetics% ag tenpl ates. The respective
PCR-aanifieHr??Sg AEs°Bbtaf ABd2LPLOLFRT CRe1RBOTLBLE GREd SPRYRES -palr s
have spacer sequences and the ML3RV 20 sequences on both ends. The .
fragnments wehd 98edhgs HeafHiane it e'dt c3BALYERGRYi 6ASCHEIRVOZRS L Bner
primer having a sequence as shown in SEQ ID NO: 42 of the Sequence Listing
or ML3R¥Y- 2N 20ned?® priweievavi byl a adaRIR e I8! showTheh EOULYSNOO£3 &het he
25 Sequence Listing was used in this Exanple. In the priners, 3 0 JUL
2003 129 theelee5ropharseisnarBasdewry g t htggret ér ni Mwnkars rleptacédiby
ri bonucl eoti des. The reaction was carried out as follows. 10 ul of a

m xture of 1BBepfdiguste trePERSeRE , 120eAg W Vhéchemblaat keagkli on omdsture
propyl enedi am ne was 5 denatured at 98" C for 2 mnutes, and then cooled to
55C or 60C. Taarbafit dor U v Tr3Ci ne0pufPeroy pH®B. Minuli@s nvaKCappla eatiy
ammoni um sul fate, 0.01s BSA, 1% DMSO, 4 nM nmagnesi um acetate, 0.5 mM each
of dNTPs, llréspécBiueBEST DMA pepinesmrdse andl@80e Utof RNaste MOGerkp adiiad
thereto to make 10 the final reaction volunme to 50 ul. The reaction mxture
was i ntQbat etladdes5'm@ker50CTabard Ehwzo)Af wes tdpplionpl esi on mblehelar
reaction, the mxture was cooled to 4C. 3 ul of the reaction m xture was
subj ected t oweigbtrmph&eesi s on 3% agarose gel. The results are shown 15 in
Table 1 below. Table 1 Gene andresults

of anpl i fi cati onReact i oAPr istengCDO2- FélgatredT§peno amplification product

| It enper at ur eusedcyt oskel t al 55CML3RV- 2N | 7ner ++++ML3RV- 2N

20mer ++++600OvA SR\GINe etk r £olll IRVr2hcRAmar +iime+o0f 0 minute. It was

confirmed that the amount of the amplification product
15 increased as the reaction time became longer from 15
minutes to 30 or 60 minutes. However, the amount of the
amplification product as observed by electrophoresis was
almost unchanged for a reaction time of 60 minutes or
longer, indicating that the amplificafion in the reaction

20 system used reached the plateau at about 60 minutes.

Example 2
(1) Preparation of RNA
An RNA used as a template in this Example was

25 prepared from human cultured cell HT29 (ATCC HTB-38)



+ to ++++: The degree of anplification was scored in four grades. 20 . No
anpl i fication was observed. 3 0 JUL 2003 130 As shown in Table 1, the
region of interest was efficiently anplified even if a tenplate having a
hi gh GC content was used. This anplification was acconplish%ﬂ by 5

el evating the reaction tenperature (fron1§§ﬁ to 60C) and by Qhﬁ& 200pr i mer
havi ng a higher Tm val ue as conpared with optimal prinmer for a reaction
at 55C when the reaction was carried at 60C. (3) The relationship between
the length of an 10 anplified fragnent and the amount of the anplification

product in the pethod for anplifyin nucl eoti de, s ence under high
reaction tenﬁﬁ?éPhPB°Bon%ﬁﬁgﬁﬁ§e§&égéi&mlﬂﬂi“%qﬁi§f§%§paf?a%?nbri43F£e
havi ng a sequence as sho in SEQ I D NO:48 qr 49 of the Sequence Zisting
for amplifyi MGCAnaEOE0%hy  CBRONCORCERS TRiile DRAtHFakes S %) takd e
pair of priners havina,a sequence as ,shown in SEg I? NO: 50 or 51 of the
Sequence Zi sRNAgWa8r agdPpEesi kg 4 UG6OHLy r ERroRAPER0{ARZBAnBaAuUBNEaRere8 .
synt hesi zed according to a conventional nethod. PCR was conducted using one
of these privweichaindigatafadthnespepinopgobonehpiat Burbtybesi hhanRMApl ified
fragment. An anplified fragment of about 1.1 kbp was al so prepared using

t he puch9-911 plasnid ég)dg@EliﬁéﬁthOExéﬁppéign(1) as a tenplate and MF2
(24) primer and MRL (24) prinmer, which have sequences as shown in SEQ ID
NOS: 16 and 17 of 25 thBcSegBR$e DNAst PRgymesspect i velgh Thas PER- aapkiseed
3 D JUL 2003 131 fragnents obtai ned by using the above-nentioned priner

pai rs have spuaeescsiptiénneciidittye MERT WNAMPodyueness artbotitwndss

These fragnents were used as tenplates for the present invention.
well as RNase H endonuclease were used to determine if a

cDNA is.amplified from an RNA.

10 A reaction mixture having the composition as
described in Example 2 was prepared with the addition of 1
rg of the above-mentioned total RNA. A targeted region
encoding human transferrin receptor (GenBank accession no.
X01060) was amplified using the Primer Pair 2 in Example 1

15 as primers.

The reaction mixture was incubated at 55°C for 60
minutes, and then heated at 90°C for 2 minutes to
inactivate the enzymes. When 8 pl of the reaction mixture
was subjected to electrophoresis on 3% NuSieve 3:1 agarose

20 gel, an amplified fragment having an expected size of 56 bp
was observed. Furthermore, Southern hybridization was
carried out using a probe having the targeted nucleotide
sequence. A DNA probe having a nucleotide sequence as
shown in SEQ ID NO:4 of the Sequence Listing labeled with

25 biotin at the 5'-terminus was used to conduct Southern



5 ML3RV-2N | 7mer prinmer having a sequence as shown in SEQ I D NO: 42 of the
Sequence Listing or ML3RV-2N 20ner prinmer having a sequence as shown in SEQ
I D NO: 93 of the Sequence Listing was used as a priner in this Exanple. In
the priners, the first and second bases fromthe 3' 10 tergignys. ans
replaced by ribonucleotides. A conbinatiomof M3Mi-3N 20ner priner having
a sequence as shown in SEQ I D NO: 55 of the Sequence Listing and ML3RV- 3N
20mer prinmer having a sequence as shown in SEQ ID NO: 43 of the Sequence
Listing, and a conbination of ML3M4-3N 24mer prinmer and 15 ML3RV- 3N 24ner

primer havi S s [ I ; n 7..0f.1the Seguence

Li sting, regg%gfﬁég?§?fa§fe 3%2% F%Fégga:%%§né¥é§ée ﬂl%&z%ﬁoﬁfgﬁ Egﬁ. I n
the prinmers,_¢ fi . third bases.fromthe 3 -term.nus are eplaced by
ri bonucl eoti%l%‘gsl‘?e fﬂégﬁéég??oné%'{;l%%c}i &f Yo af gﬁr 9 165"6‘% ofggﬁ

m xture of 10_pnol of the prinmer, about, 20 n f, f.he, tenplate and 0,01%
propy| enedi a'?‘r"ilﬁ chad §&9 e St cggr&c}:iy f%fﬁq‘rﬁi"ttleesd k&%dtgﬁer{n% ¢doto
55' C or 60C. Thereafter,.,34 nngricine buffer (pH 8.7), 10 nM pot assi um
chl ori de, 1 OE Bt BRGDRR b REPE +87:0.01% BSA, 1% 25 DVBO, 4 nM nagnesi um
acetate, 0.5 nM each of dNTPs, 11 U of 132 3 0 J UL 2003 Bca BEST DNA
polynerése and 30 U of RNase H were added thereto to nmake the final
reaction volunme to 50 ul. The reaction mxture was incubated at 55' C or
60' C for 1 hour. AfterE¥®BPEBndletion of the reaction, the mixture was 5
cooled to 4C, and then 5 ul of a 0.5 M EDTA solution was added thereto to
termnate the reactionflB g¥ynbheshe PEaRFIBALH xture was subjected to

el ectrophoresis on 3~ NuSi eve_ 3.1 agarose (Takara Shuzo) gel. The results
are shown in Tabl es 2 Bhg ampeificagbon method of the present invention

was examined using a double-stranded DNA as a template.
10 Primers used were synthesized using a DNA synthesizer
(Applied Biosystems). Basic nucleotide sequences of
primers are shown in SEQ ID NOS:5-13 of the Sequence
Listing. The structures of the primers used in this
Example are described below in detail. The pUC19 DNA
15 (Takara Shuzo) was used as a template for the Primer Pairs
A-F. The nucleotide sequence of pUCl9 is available from a
database (GenBank accession no. L09137). An amplified
double-stranded DNA fragment was used as a template for the
Primer Pair G. The fragment was prepared from the human
20 total RNA obtained in Example 2 using primers having a
sequence as shown in SEQ ID NOS:14 or 15 of the Sequence
Listing and TaKaRa RNA PCR Kit (AMV) Ver. 2.1 (Takara
Shuzo) according to the attached standard protocol.
Primer Pair A (amplified fragment length: about

25 450 Dbp): A combination of primers having a nucleotide



Table 2 Zength of anplified fragnent and results Reaction Priners 400 by
800 by tenperature used 55C ML3RV-2N | 7ner ++ ++ ML3RV-2N 20ner ++ ++ 60C
ML3RV- 2N | 7mer + + ML3RV-2N 20mer ++++ ++++ + to ++++: The degree of
anplification was scored in four grades. . No anplification3§a®Jo?aa;ved.
15 As shown in Table 2, fragnments for regigps of 400 by and” 80 % xe
efficiently anplified by nmaking the length of the prinmer for anplification
froml7mer to 20mer and by elevating the reaction tenperature from55 Cto
60" C. 20 30J UL 20D3 133 Table 3 Reaction Prinmers Length of anplified

tenperature gggqehggg@gt A e8H Skq 1D NO:5 or 6 of the Sequence

Listing in which the first and second bases from the 3'-
terminus are replaced by ribonucleotides;

Primer Pair B (amplified fragment length: about

5 250 bp): A combination of primers having a nucleotide

sequence as shown in SEQ ID NO:5 or 7 of the Sequence

Listing in which the first and second bases from the 3'-
terminus are replaced by ribonucleotides;

‘ Primer Pair C (amplified fragment length: about

10 520 bp): A combination of primers having a nucleotide

sequence as shown in SEQ ID NO:5 or 8 of the Sequence

Listing in which the first and second bases from the 3'-
terminus are replaced by ribonucleotides;

Primer Pair D (amplified fragment length: about

15 890 bp): A combination of primers having a nucleotide

sequence as shown in SEQ ID NO:5 or 9 of the Sequence

Listing in which the first and second bases from the 3'-
terminus are replaced by ribonucleotides;

Primer Pair E (amplified fragment length: about

20 130 bp): A combination of primers having a nucleotide

sequence as shown in SEQ ID NO:10 or 6 of the Sequence

Listing in which the first to third bases from the 3'-
terminus are replaced by ribonucleotides;

Primer Pair F (amplified fragment length: about

25 220 bp): A combination of primers having a nucleotide



1034bp 55' C ML3RV- 3N 20nmer & ML3M4- 3N 20ner ++ ML3RV-3N 24nmer & ML3M4- 3N
24mer ++ &' C ML3RV-3N 20ner & ML3MA- 3N 20mer + ML3RV- 3N 24ner & ML3M4- 3N
24mer ++++ + to ++++: The degree of anplification was scored in four
grades. . No anplification was observed. 5 Furthernore, as3ghg MD:% ogy Tabl e3,
a fragment for a region of about 1 kbp wasogfficiently anplified by nmaking
the length of the primer for anplification from20ner .to 24ner and by

el evating the reaction tenperature from55 C 10 to 65' C. Addi tionally,
simlar results were obtained for anplification of a |ong-chain DNA

fragment as degGehbed 441 Exawnl 6irlOsky ush nBOk @N9&Sy PEI Y StRA siRInRat ed
reaction tenperature. Increase in anplification efficiency was observed

when a region;gtiagoutn 2wkBRHOrtAONGrsWastd 5 tATRld fhgsles Eraidn ecdd (kL Use
of a heat-resistanf DNA pol ynerase ot her than Bca BEST DNA pol ynmerase in

the method otelhenpseaeat r%BlhE\é@“b'yO&l%%u%&%@t&%@s,B%TndDNA pol yner ase
(New Engl and Bi ol abs) was used as a heat-resistant DNA polynerase. A 3 0

JUL 2003 Primer Pair G (amplified fragment length: about

5 320 bp): A combination of primers having a nucleotide
sequence as shown in SEQ ID NO:12 or 13 of the Sequence
Listing in which the first to third bases from the 3'-
terminus are replaced by ribonucleotides.

(2) Amplification reaction
10 A reaction mixture was prepared as follows.
35 mM potassium phosphate buffer (pH 7.5), 0.1
mg/ml bovine serum albumin (BSA), 5% dimethyl sulfoxide,
1.4 mM each of dNTPs, 10 mM magnesium chloride, 60 pmol
each of the primers of one of the primer pairs as described
15 above in (1), 100 ng of the pUCl9 DNA as the template, 5.5
U of Bca BEST DNA polymerase and 60 U of RNase H to a final
reaction volume of 50 pl.
The reaction conditions were as follows. The
reaction mixture without the DNA polymerase or RNase H was
20 heat-denatured at 98°C for 1 minute, and then cooled to
55°C. The DNA polymerase and RNase H were then added
thereto and the mixture was incubated at 55°C for 60
minutes. After the completion of the reaction, the mixture
was heated at 90°C for 2 minutes to inactivate the enzymes.

25 8 ul of the reaction mixture was then subjected to



134 pair of primers, 5 -1D primer and 3'-1D prinmer having sequences as
shown in SEQ ID NCS: 52 and 53 of the Sequence Listing, respectively, were
synt hesi zed according to a conventional nethod. PCR was carried out using
the primer 5 pair and a comrercially avail abl e DNA fragnenggfgm_gmﬁlin A
gene (Research Cenetics) as a tenplate, ressulting in an anplifie r agnent
of about 300 bp. The PCR-anplified fragnent obtained by using the priner
pair has the ML3RV sequences on both ends. The fragnent was used as a 10
tenplate for the present invention. ML3RV-2N | 7mer prinmer having a sequence
as shown in 8EQckPobBotdsalk bhe3FequsneseZisslli agaweseuged .as a priner in
this Exanple. In the prinmer, the first and second bases fromthe

3'-terminus are replacgd hy ddsii0onyel ¢alsi dasnr it d egied ¢ 0BnWakhpd d'eiieed
out as follows. 10 ul of a m xture of 20 uMof the prinmer, about 20 ng of

the tenpl at er28dn@n®l BEOPYhEHRLEAM LS V"%%t%@._’i\%kiurﬁgiﬁ? EhOF M Ryfees,.
and then cooled™to 55" C. Thereafter, 34 nM Tricine buffer (pH 8.7), 10 nM

pot assi um chkot ide, i fM 20 i umesulbate S %
magnesi um aclle??%%ng? 0?%1% each o 'dl\l'rl%z, h%fg B?Oﬁgggﬁe%GAaUh%% EQ/FQBR&J_@M

pol yner gse B¢ 3fqdddf pifassdl Wy euaddedad Nef et@nboalBkeL hechid&Péat an

reaction volune to 50 As a contr a reaction m xture havin

i . el owith = ab i : ‘ N
Chat 11 U or “HETE15a54sly st RIS RE AL AT ARC UG oflg, heP
reaction nixbg&gequi'ggﬁgq%%q at 55" C for 1 hour. After the conpletion of

t he reaction € mxture was ‘cooled to 4'C, and then 5 ul of a 0.5 M EDTA

sol uti on was added ther%Bo1ﬂ%§‘gﬁﬂ#%ﬂf%éhea%%{ffféég °nﬁu§¥8§écébiW&5§rose

reaction m xture was sdbjecte 0 "el'ectT'ophOoresrs on 3~

(Takara Shuzgq .. ,As. a result, an anplified fragnent of interest was
obt ai ned usiﬁésgg&ﬁtgéntﬁgg arious units of Bst DNA pol ynerase. Thus, it

19 SO e Dt e BT R0 SpeRaags BeCRLELE glingoel
pol ymerase i nythe, et o Af; SiPenBERSE of "WRLt b201AR RAALSSn Switn3a®XO
restriction enzyme was examined. The pUC19 plasmid DNA was
used as a template DNA. pUC19 upper (2) NN primer and
pUC1l9 lower NN primer as shown in SEQ ID NOS:5 and 6 of the
15 Sequence Listing, respectively, were used. In the primers,
the first and second bases from the 3'-terminus are
replaced by ribonucleotides. The composition of the
reaction mixture was as follows.
Reaction Mixture A: 35 mM potassium phosphate
20 buffer (pH 7.5), 10 mM magnesium chloride, 1.4 mM each of
dNTPs, 0.01% BSA, 5% DMSO, 2.7% glycerol, 100 pmol each of
the pUC19 upper (2) NN primer and the pUC19 lower NN primer,
500 ng of the pUC19 DNA and sterile distilled water to a
reaction volume of 48 ul.

25 The reaction mixture was heat-denatured at 98°C



activity (-) Klenow fragnent (Takara Shuzo) was used as a 15 nesophilic DNA
pol ynerase. The DNA prepared in (1) above was used a tenplate DNA for the
nmet hod of the present invention. ML3RV-2N | 6ner priner having a sequence as
shown in SEQ I D NO: 54 of the Sequence Zisting was used as a Fgmﬁgmaln
this Exanple. In the priner, the first andggecond bases fron1tﬂ

3'-termnus are replaced by ribonucl eotides. The reaction was carried out
as follows. 10 ul of a m xture of 20 uM of the prinmer, about 20 ng of the
tenpl ate and 0. 01 propyl enedi ami ne was denatured at 25 98' C for 2 m nutes,

and (hen cookgd o dilhu(ee Thenaktah, cioied Bod o-k.20080 130 M1 clode
buffer (pH 8. 7) 10 nNIpotaSS|un1chIor|de 10 mV anmoni um sul f at e,

BSA, 1~ DVEGuygs@Mymgess Uin G08iralsa OnBs M e2eh sflerdBa Ondrofo Boof 8

U of Kleno ragnent and 30 U of RNase H were a thereto to ethe b

final - eacti g KOLWIP 10 B0 o Ty o Thie! RACION,IT XU Uie Wisa LAYl 40" C

‘for 1 hgurh e ‘conple he react on the m Xt ure was €60

4' C, t McED t

oo o0, helag Yhofpaped 3ol mxthu:@&mig@:ﬁﬁéw ther ehglaciahmat e
| ect h Ny Si I

an anpl P cdcPfagiBRE ol i nhe BiFeRad 3B ad %12%62 GrEvs fratolfRsus

fragment wast §é”d£%a9€‘§ﬁ%t&?{t ”Zeﬂrb?ﬁ%#@h”? iy ae‘?é%ﬁ.“”?%&%@‘)sﬁk%mwas

I f t he th :
Banpl ¢ 14 CRARAPEECRT IgonTe Go oo TP Her 8% o beStetasFho5d iR RUERGH o
the present | ventlon wer e exam e DNA as _a . teppl ate ,and priners
synt hesi zed t € de$ES U i ?ﬁ%ﬁ?n TREOQPFgBtures i tHECBVFﬁga

used in this Ex n?Ies are descrl ed belowin q§ Pr.i ner
1 i

conbi nati on BFPHEFAERELIARYPEGW S Yk EDFRRD uéﬁc&ogs %ﬁ FHGSEéFID

NO: 2 0&03 Ofd&stllled water,

The thus obtained DNA solution was wused for
restriction enzyme digestion. Restriction enzymes used
were Accll (Takara Shuzo)'and BenI (Takara Shuzo). The
composition of the reaction mixture was as follows.

15 3 pl of the DNA solution, 1 ul of 10 x AcclI
buffer or 10 x BcnI buffer attached to each of the enzymes,
1 pl of the restriction enzyme AccIl or Bcnl and sterile
distilled water to a reaction volume of 10 ul. The
reaction mixture was reacted at 37°C for 30 minutes. 1.5

20 nul of 10 x loading buffer was added thereto. 6 pl of the
mixture was subjected to electrophoresis on 3% NuSieve
agarose gel,

As a result, restriction enzyme-digested DNA
fragments of interest were obtained using both of the

25 restriction enzymes AccII and BenlI.



3 0 JUL 2003 137 5 10 15 20 Sequence Listing and whol |y conposed of

deoxyri bonucl eotides; Prinmer Pair 2: A conbination of prinmers having a

nucl eoti de sequence as shown in SEQ I D NO:59 or 60 of the Sequence Listing
in which the sixth and seventh deoxyri bonucl eotides from thed 8 Jule@@nus
are replaced by ribonucl eotides; Priner Pa 3: A conbination of priners
havi ng a nucl eoti de sequence as shown in SEQ ID NO: 61 or 62 of the Sequence
Listing in which the fifth and si xth deoxyri bonucl eoti des fromthe

3'-term nus are replaced by ribonucleotides; Prinmer Pair 4: A conbination

of primers having a nughpopbeeceegyehgemasachoun in SEQ I D NO: 63 or 64 of
the Sequence Listing in which the fourth and fifth deoxyribonucl eoti des

fromthe 3'-term nus aﬁﬁté&@lé‘ﬁe@fbya rhBOALELROUISARY td ”ﬁﬁpfﬁﬂsc%'cli@q

conbi nati on of primers having a nucleotide sequence as shown I n SE

NO: 65 or 668ﬁ£t$8§e§%qqﬂﬂ§eﬁté%éﬁegiEQeWQH%R1%E%tgkégi€§g}{8 é&gﬁ%d¥?%es;

deoxyri bonucl eot| fromt -termnus are replace
rone b o T et T RGN Moty oSt eeRs
and thigd upper (2) NN primer and pUC1l9 lower NN primer are shown in
SEQ ID NOS:5 and 6 of the Sequence Listing, respectively.
Both of these primers are chimeric oligonucleotide primers
in which the first and second bases from the 3'-terminus
are replaced by ribonucleic acids. Additionally, four
10 primers in which the base at the 3'~terminus of the pUC19
upper (2) NN primer is replaced by U (which is
complementary to the corresponding base in the template),
or A, C or G (which is a mismatched base) designated as
pUC19 upper (2) NN-U, pUCl9 upper (2) NN-A, pUClS upper (2)
15 NN-C or pUC1l9 upper (2) NN-G, respectively, were made. The
combinations of these primers were as follows.
Primer Pair 1: pUC19 upper (2) NN-U and pUC19
lower NN;
Primer Pair 2: pUCl9 upper (2) NN-A and pUC19
20 lower NN;
Primer Pair 3: pUCl9 upper (2) NN-C and pUC19
lower NN; and
Primer Pair 4: pUC19 upper (2) NN-G and pUC19
lower NN.

25 A reaction mixture was prepared as follows.



3 0 JUL 2003 138 deoxyri bonucl eotides fromthe 3 -term nus are repl aced by
ri bonucl eotides~ Prinmer Pair 7: A conbination of prinmers having a

nucl eoti de sequence as shown in SEQ ID NO:2 or 3 of the 5 Sequence Listing
in which the first and second deoxyribonucl eotides fromthe 30 vBkmius are
repl aced by ribonucleotides~ and Prinmer Pag 8: A conbination of priners
havi ng a nucl eoti de sequence as shown in SEQ ID NO: 67 or 68 of the 10
Sequence Listing in which the second and third deoxyri bonucl eotides from
the 3 -termnus are replaced by ribonucl eoti des and t he phosphate bond on

epl aced by 8 phosphor o0 ntSate BoRd 1 R 1T £t o CoRRt ] bhe” and O1%

repl aced by a phosphor ot hi oa bo and

an anpl 11 o P rinbonfxiR, ATEERURCASh S A sl % a0Cea ) Lo oo Back o
ol 11 cat i onpradide b8 phafakte (B0 bkL "shber of BcRk PERanut oBE B35 at
product vas Eh8ePyEa Tor teRePPPREFepid 7 RORT LY ROoacOtsR DR dof Be at
the 3" -termpus.,. O thgbotherﬁgggeﬂ}no anplified fragnent was observed for

the 25 rine?e%%F%OT.v F'Re? he fact that anplified 3 0 JUuL 2003

139 fragments of intergst were qbserved for both.of the Priner, Pairsg_6 and
8 confirns that both ofﬁﬁ ﬁﬁ&FFF&ErW*ﬁ)%ﬁ?e8FFd@%%%TQ§Wﬁﬁﬂiﬁqié&i38 C

(1 bonucleol | e oan e, el SLably uoed,ancg L banugl eold de poni aunedena
DNA polymerase and 60 U of E. coli RNase H were then added
thereto.and the reaction mixture was incubated at 55°C for

10 60 minutes. The mixture was then heated at 90°C for 2
minutes to inactivate the enzymes. 8 pl of the reaction
mixture was subjected to electrophoresis on 4% NuSieve 3:1
agarose (Takara Shuzo) gel. As a result, an amplified
fragment of about 450 bp of interest was detected only when

15 the combination of the primers that included the primer
having a complementary base at the 3'-terminus of pUC19
upper (2) NN was used. On the other hand, no amplified
fragment was observed for the combinations including the
primer having a mismatched base at the 3'-terminus of pUC19

20 upper (2) NN.

Example 4
(1) Reaction in microtube
Reaction volume for the amplification method of

25 the present invention was examined. A region encoding



The present invention provides a convenient and efficient nmethod for
anplifying a nucl eotide sequence 10 characterized in that a DNA synthesis
reaction is carried out in the presence of a chinmeric oligonugleotjd
prinmer. Th present invention provides a nethod for supplying §H?éhglﬁw3ed
DNA fragment in large quantities. An effiagent nethod for anplifying a
nucl eoti de sequence is also 15 provided by conbining the nethod for
anplifying a nucl eoti de sequence of the present invention with another
nucl eic acid anplification nmethod. Furthernore, the present invention

provi des a nptifed ke&n@FeRGUNNGfedptdeOiislesaeaBeBae als0fa daIPIdA NPoObe
quantifying a 20 m croorgani smsuch as a virus, a bacterium 7a fungus and a

yeast, as welhp8$f@efet hosh {idrd eAbyihge sdei&Gld Ohgt aapl;i
f ragnment obt%#%ed bs t he nethé% of Yheagfésen ﬁﬁQZn%foﬁsolﬁpéé%i$g%EE6

resent inv i Vi ge engi od. 0J
) L5003 140 Rk iR R H o, tHE IS HiRrR el Dra Rl Wogad R0 g end

corr espondi ng{)ya g_ngrttg%%“:F%ﬁf\gf‘gﬁﬁng&r B%aQeEe%%%orfrgégcgdlggrﬁggﬂgnce

used as a tenpla st gned ol rgonucleoti pri mer

N0 3: | BRai GnehC oAb e oY e he e GTEER Ut 2 A S Rifan o0

PR e e e Lt e e o M.
oo RRERH Al V% 5 R O Yook 509
por 1o O PRRRTLABUELS, RESr TByN0L 81 Pesloned ol omguch sokLdBaLl T
'pgc,Ng; 7: Designed ollggauch eoLl qg; PLIIET A0 2671 Y o2 POTY) o0,8k; R §3Md
10 buffer (135 mM potassium phosphate buffer (pH 7.5), 0.5
mg/ml BSA, 2.5% DMSO), 4 ul of 100 mM magnesium acetate, 5
ul of 10 mM ANTPs, 10 pl of 10 pM ATP, 1 pl of Bca BEST DNA
polymerase (22 U/ul), 1 pl of RNase H (60 U/pl) and sterile
distilled water to 39 ul.
15 Reaction Mixture B: 3 pl each of 20 puM human
transferrin receptor S primer (SEQ ID NO:12) and 20 uM
human transferrin receptor primer (SEQ ID NO:13), about 100
ng of the DNA as the template and sterile distilled water
to 11 ul. If the volume became 50 pl or more, it was
20 scaled up to have the above-mentioned composition.
For an amplification reaction, the Reaction
Mixture B was treated at 98°C for 2 minutes, and then
incubated at 55°C for 3 minutes. The Reaction Mixture B

was added to the Reaction Mixture A which had been pre-

25 incubated in a 1500-pl microtube at 55°'C. After mixing,



SEQ I D NO: 8: Designed oligonucleotide prinmer designated as puUd 9 | ower 592
to anplify a portion of plasmd pud 9. 25 SEQ ID NO:9: Designed

ol i gonucl eotide prinmer to 3 DJUI_ 2003 141 anplify a porst@gp o&)p
plasmid pud 9. SEQ I D NO 10: Designed ol i gonucl eotide priner *d Ub Bd as

pUCl 9 upper 150 to anplify a portion of phagmd pUC 9. 5 SEQ ID NO: 11:

Desi gned ol i gonucl eotide prinmer designated as pUC 9 upper 249 to anplify a
portion of plasmd pud 9. SEQ ID NO:12: Designed oligonucleotide primer to
anplify a portion of human transferrin receptor-encoding 10 sequence. SEQ

| D NO: 13: Degigned iigonugh getibde wid r@ﬁchsaeaal Iéy %sp@rtfep qf hygen

transferrin receptor-encodlng sequence. SEQ | : 14: Desi gned

ol i gonucl eotg glg, or iviRS tc%mb‘flg%g&ﬁDf %a PREL |10é"h@gi$wnarh;er a{q&;&hr N wa

recept or - encodi ng sequence 15: ~ Desi gned ol i gonucl €oti de pri ?rer

EEQT‘F:B' o) 18 PR SR PUTRR, o FH BoPTiel S R0 SR8
EQ I D NO: 17
Desi gnéda?f’ﬁf%%ﬁﬁﬁéi%@*ﬁg#% ﬁa P SRR R s 1y a
2 2 2
porti onNc)) pl asm 50}9 9 %:%%luclr p gsnkgngg%g 93.%' |?t§/°14° §t| OHL 093

SEQ I D 18: Designe Ilgonuc eot’i de pri 0 anp

plasm d pLKjf%terest was efficiently amplified wusing each of the

reaction volumes. In addition, it was confirmed that an
amplified fragment of interest can be obtained without a
problem ﬁsing a PCR-amplified fragment as a template DNA.
10 {2) Reaction in Petri dish
Use of a Petri dish for preventing the
heterogeneous temperature in a reaction mixtufe due to
increased reaction volume was examined. A region encoding
human transferrin receptor was selected as a region to be
15 amplified. Primers having a sequence as shown in SEQ ID
NO:12 or 13 of the Sequence Listing were used. In the
primers, the first and second bases from the 3'-terminus
are replaced by ribonucleotides. A fragment of about 750
bp amplified by RT-PCR was used as a template DNA. The
20 reaction volume was adjusted to 10 ml. The composition of
the reaction mixture was as follows.
Reaction Mixture A: 2000 pl of 5 x specialized
buffer (135 mM potassium phosphate buffer (pH 7.5), 0.5
mg/ml BSA, 2.5% DMSO), 800 pl of 100 mM magnesium acetate,

25 1000 pl of 10 mM dNTPs and sterile distilled water to 9.1



SEQ I D NO: 19: Designed oligonucl eotide prinmer designated as MRIN3 to
anplify a portion of plasmd puUC 9. 5 SEQ ID NO: 20: Synthetic RNA used as a
probe for detecting an anplified portion of plasmd pud9. SEQ4 3B M 23
Desi gned ol i gonucleotide primer to anplify a portion of veto toxin
1-encodi ng sequence from henorrhagi c Eschggichia coli O 157. 10 SEQ ID

NO: 22: Designed oligonucleotide priner to anplify a portion of veto toxin
1- encodi ng sequence from henorrhagi c Escherichia coli O 157. SEQ I D NO: 23:
Desi gned ol i gonucleotide primer to anplify a portion of veto toxin
2-encodi ng sgguence from 15 henorrhagi c Escherichia coli 0-157. SEQID

NO: 24: Designed oligonucleotide prinmer to anplify a portion of veto tOXIn

2- encodi ng sequence1ﬁkégprlner ;gtgrgsgﬁeréG@lng§§ﬁ&)&?7608 Iﬁh

Desi gned ol i gonucl eot i esignated a to anpll ong

oA [ earentc 6624000 35 esyoned slaanupst e oo i ! i

Ong agnent
?'r;g?rg‘r‘]tc' eOtt!nPea t'r”ErﬁsPee{:S:': Qa}ggeg i %'%‘?.m(az“)(s%% afBO'ﬂJylﬁ DNA o

5 rg of the DNA as the template and sterile distilled water
to 500 nl.

Reaction Mixture C: 200 pl of Bca BEST DNA

polymerase (22 U/pl) and 200 pl of RNase H (60 U/ul).
' For an amplification reaction, the Reaction
10 Mixture B was treated at 98°C for 1 minute, and then
incubated at 55°C for 3 minutes. The Reaction Mixture B
was added to the Reaction Mixture A which had been pre-
incubated in a 60-mm (diameter) plastic Petri dish at 55°'C.

The Reaction Mixture C was further added thereto. After

15 mixing, the reaction mixture was incubated at 55°C for 1
hour. After the completion of the reaction, the reaction
mixture was transferred to an ice bath. 8 pl of the

reaction mixture was then subjected to electrophoresis on
3% agarose gel.

20 As a result, a fragment of about 300 bp of
interest was efficiently amplified even if the reaction
volume of 10 ml was used. In addition, it was confirmed
that an amplified fragment of interest can be obtained
without a problem using a PCR-amplified fragment as a

25 template DNA. Thus, it was confirmed that the method of



25 SEQ I D NO: 28: Desi gned ol i gonucl eoti de pri ner 30J UL 2003 143
designated as MRIN3 (24) to anplify a long DNA fragnent. SEQ I D NO: 29:

Desi gned ol i gonucleotide primer to anplify a portion of bacteriophage

| anbda DNA. SEQ I D NO: 30: Designed ol i gonucl eotide priner tg ® arplnfy a
portion of bacteriophage | anbda DNA. SEQ I3 NO: 31: Designed ol i gonucl eoti de
primer to anplify a portion of bacteriophage | anbda DNA. SEQ I D NO: 32:

Desi gned ol i gonucleotide primer to anplify a portion of bacteriophage

| ambda DNA. 10 SEQ I D NO: 33: Designed oligonucleotide primer to anplify a

porL ", o bafieipselate R, 60 £ Vsd, Fiore gl yugucisel o
Desi gned ol i gopychegtid, RISE! R1df 0B EYsAaPULY SlolircSH QPRYS

fragment, as compared to the conventional PCR method.

5 Example 5
(1) Relationship between type of buffer and
amount of RNase H used
The relationship between the type of buffer and
the amoﬁnt of RNase H used was examined. Plasmid DNAs, in

10 which a fragment of 249 bp or 911 bp was cloned into the
pUC19 vector (designated as pUC19-249 and pUC1l9-911l) were
used as templates. Chimeric oligonucleotide primers, in
which the first to third bases from the 3'~terminus of
MF2ZN3 (24) primer or MRIN3 (24) primer having a sequence as

15 shown in SEQ ID NO:16 or 17 of the Sequence Listing are
replaced by ribonucleotides, were used as primers. By
using the combination of these primers, amplified fragments
of about 450 bp and about 1100 bp are obtained for pUC19-
249 and pUC19-911, respectively.

20 A tris—hydrochloride buffer, a potassium
phosphate buffer and Tricine buffer were selected as buffer
systems to be examined. The amounts of RNase H examined
were no addition and a final concentration ranging from 0.3
to 1.2 U/upl. The tris~-hydrochloride buffer system was

25 prepared as described in Example 1 (2), except that 10 ng



SEQ | D NO: 36: Designed oligonucl eotide prinmer designated as R1-S1 to
anplify a portion of bacteriophage | anbda DNA. SEQ I D NO: 37: Desi gned

ol i gonucl eotide priner 20 designated as R1-A3 to anplify a portion %%e

bact eri ophage | anbda DNA. SEQ I D NO: 38: Designed ol i gonucl ect P d¥LpfPfrer
designated as R2-S1 to anplify a portion qfgacteriophage | anbda DNA. 25
SEQ I D NO: 39: Designed oligonucl eotide primner 3 0 JUL 2003 144 designated
as R2-A3 to anplify a portion of bacteriophage | anbda DNA. SEQ I D NO: 40:
Desi gned ol i gonucl eotide primer designated as R3-S1 to anplify a portion of

Sockghae b S2e EURTSRAE s EQ ! lNach g ot 8 SRR BEOIHEE,
I D NO: 42: DeggRéefs oldrgenye! eptgaien pri @i flesbirke b 2 pMSRESN biger -
polymerase were used. The potassium phosphate buffer
system was prepared to have a similar composition. The
5 Tricine buffer system was prepared to contain the following
at the indicated final concentration: 34 mM Tricine buffer
(pH 8.7), 10 mM potassium chloride, 10 mM ammonium sulfate,
0.01% BS3A, 1% DMSO, 4 mM magnesium acetate and 0.5 mM each
of dNTPé. 10 ng/50 pl reaction volume of the pUC19-249
10 plasmid or 200 ng/50 pl reaction volume of the pUC19-911
plasmid, 60 pmol/50 ul reaction volume each of primers,
RNase H at a predetermined concentration and 11 U/50 pnl
reaction volume of Bca BEST DNA polymerase were added to
the buffer system.
15 For an amplification reaction, a mixture of

pUC1l9-249 or pUCl%-911 as a template and the respective

primers was heat-denatured at 98°'C for 1 minute, and then

cooled to 55°C. A mnixture of the remaining reaction
‘components was added thereto. The mixture was reacted at
20 55°C for 60 minutes. After the completion of the reaction,

the mixture was cooled to 4°C and 1/10 volume of 0.5 M EDTA
was added thereto to terminate the reaction. 3 ul of the
reaction mixture was subjected to electrophoresis on 3%
NuSieve 3:1 agarose (Takara Shuzo) gel.

25 As a result, when pUCl9-249 was used as a



SEQ I D NO: 43: Designed oligonucl eotide priner designated as ML3RV-2N 20ner.
SEQ I D NO: 44: Designed oligonucleotide prinmer to anplify a portion of
CDC2-rel ated protein kinase PISSLRE 15 gene. SEQ I D NO: 45: Designed

ol i gonucl eotide prinmer to anplify a portion of CDC2-rel ated prdfeiiL RilBase
Pl SSLRE gene. SEQ I D NO: 46: Designed oligontgl eotide priner to 20 anplify a
portion of Type Il cytoskeltal 11 keratin gene. SEQ ID NO:47: Designed

ol i gonucl eotide priner to anplify a portion of Type Il cytoskeltal 11
keratin gene. SEQ I D NO: 48: Designed oligonucleotide priner to anplify a

portion of baehpliephagachkeabdaibNAmpdd fIEQtiRBNNE M4 cilRHyIRNREG observed
ol i gonucl eotide priner to 3 0J UL 2003 145 anplify a portion of

bact eri ophaggepandagDdp thEQoLPLNY: 8Yis tlaas vgred 19] itgRN U180kt Ridd@!; to
anplify a portion of bacteriophage'|l anbda DNA. SEQ I D NO: 51: Desi gned

ol i gonucl eot kgesphi/ARbCch 02 i8BPId fYofaPeLthophekphackerd opPagend anb%eq\'_A-
SEQ I D NO:52: Designed oligonucl eotide prinmer desSignated as 51D to anplify

a portion of pfigolo1h A u3ER LY M0rerp1bed 0nel RlldaonuClahiida e ge

designated a Dto anmplitfy a portion“of cyclin

S efficiency was observed depending on the buffer system used
in the following order: tris-hydrochloride < Tricine <
potaésium phosphate. The use of RNase H at a final
concentration ranging from 0.3 to 1.2 U/ul resulted in the
amplifiéd fragment of interest, although no amplified

10 fragment of interest was observed for no addition.
(2) Examination of amount of primer
The effect of the amount of a primer used on the
amplification method of the present invention was examined.
A reaction mixture system having a composition in which
15 pUC19-249 was used as a template among the compositions as
described above in (1) was used. 60 U/50 nl reaction
volume of RNase H was used for the potassium phosphate
buffer system, whereas 30 U/50 pl reaction volume of RNase
H was used for the tris-hydrochloride or Tricine buffer
20 system. The examined concentration of the primer ranged
from 10 to 100 pmol/50 wul. Reaction conditions and
confirmation of amplification were as described above in
(1).
As a result, an amplified fragment of interest

25 was observed using each of the reaction buffer systems



10 SEQ I D NO: 54: Designed oligonucl eotide priner designated as ML3RV-2N

| 6mrer. SEQ I D NO: 55: Designed oligonucl eotide prinmer designated as ML3M4- 3N
| 6ner. SEQ I D NO: 56: Designed ol i gonucl eotide prinmer 15 designated as
ML3M4- 3N 24mer. SEQ I D NO:57: Designed ol i gonucl eotide prinmeid Blesig?ies ed as
ML3RV- 3N 24mer. SEQ I D NO:58: Designed oliggaucl eotide prinmer designated as
ML3MA | 7rer. 20 SEQ I D NO: 59: Designed oligonucleotide prinmer to anplify a
portion of human transferrin receptor-encodi ng sequence. SEQ | D NO: 60:

Desi gned oligonucleotide primer to anplify a portion of human transferrin

{)nggﬁlﬁg[ 22?%356 pl’l I'TEI’ to a%ﬁ:.n]}exl port I on %Pﬁuiﬁgtngllgrbg r?%l’];il:%ﬁl ﬂ@ego

receptor-encqgkpg) qﬁﬁ SEQ | D NO: 62: Designed oligonucl eotide priner
to 5 anplify a portion of human transferrin receptor-encodi ng sequence. SEQ

| D NO: 63: Designed oli g@g%ffgdtdeoﬁ)éﬁ%ftPeé‘é"Pi&flyb@fPé’Et i on of human

transferrin receptor-encodi ng seqguen
The effect of the pH of a reaction mixture on the

5 amplification method of the present invention was examined.
The composition of the reaction mixture was as described
above in (2). The pH examined were 7.0-8.0 for the
potassium phosphate buffer system, 7.5-9.2 for the Tricine
buffer .system, and 7.5-9.0 for the tris-hydrochloride

10 buffer system. Reaction conditions and confirmation of
amplification were as described above in (1).

As a result, an amplified fragment of interest
was observed at pH within the range used for the respective
buffer systems.

15 (4) Effect of additive

The effect of addition of dimethyl sulfoxide
(DMSO) was examined using the reaction mixture composition
of the phosphate buffer system (pH 7.5) as described above
in (3). Additionally, the effect of addition of a

20 polyamine was also examined. The examined amount of added
DMSO ranged from no addition to 10%. On the other hand,
spermine tetrahydrochloride (Sigma), spermidine
trihydrochloride (Sigma), acetylputrescine (Nacalai Tesque),
putrescine dihydrochloride (Nacalai Tesque), trimethylene

25 diamine (Nacalai Tesque), propylenediamine (Nacalai Tesque)



10 SEQ I D NO: 64: Designed oligonucleotide primer to anplify a portion of
human transferrin receptor-encodi ng sequence. SEQ I D NO: 65: Desi gned

ol i gonucl eotide prinmer to anplify a portion of human transferrin
recept or - encodi ng 15 sequence. SEQ I D NO: 66:' Designed ol i gondch albti H#83
primer to anplify a portion of human transfggrin receptor-encodi ng
sequence. SEQ I D NO: 67: Designed oligonucleotide primer to 20 anplify a
portion of human transferrin receptor-encodi ng sequence. SEQ I D NO: 68:
Desi gned ol i gonucl eotide primer to anplify a portion of human transferr
recept or - encaingy SEMENEE hand Aida 2003 AL ALNEaLai A FELICD) T Glere
anplifying a nucleotide sequence, characterized in that the nethod
conpri ses:

used as a polyamine. The amounts of propylenediamine and
trimethylene diamine added were within the range between no
addition and 2%. Other polyaminies were used within the
5 range between no addition and 5 mM. Reaction conditions
and confirmation of amplification were as described above
in (1).
As a result, a DNA fragment of interest was
efficieﬁtly amplified using the additive at a concentration
10 within the indicated range: no addition to 5% of DMSO; no
addition to 200 pM of spermine tetrahydrochloride or
spermidine; 40 uyM to 40 mM of acetylputrescine or
putrescine dihydrochloride; 0.002% to 0.02% of trimethylene
diamine; 0.0001% to 0.01% of propylenediamine; and 0.1 uM
15 to 10 uM of diaminomethane dihydrochloride.
(5) Examination of type of magnesium salt
The effect of the type of a magnesium salt on the
amplification method of the present invention was examined.
The pUCl9 DNA was used as a template., pUCl9 upper NN 249
20 primer and pUCl9 lower NN primer having sequences as shown
in SEQ ID NOS:11 and 6 of the Sequence Listing,
respectively, were used as primers. An amplified fragment
of about 225 bp is obtained using a pair of these primers.
Magnesium chloride, magnesium acetate and magnesium sulfate

25 were used as magnesium salts. The composition of the



5 (a) treating a nucleic acid as a tenplate with at | east one priner that
is substantially conplenentary to the nucl eotide sequence of the nucleic
acid and a DNA polynerase to synthesize a priner-extended strand th&g is
conpl ementary to the tenplate, wherein the primer is a 10 chd fedilc?

ol i gonucl eotide priner containing a deoxyrigionucl eotide and a

ri bonucl eoti de, the ribonucl eotide being positioned at the 3'-term nus or
on the 3 -termnal side of the priner for cleavage with an endonucl ease~ 15
(b) cleaving the priner-extended strand of a doubl e-stranded nucleic acid

obtained in féé%kié? M%i@u%@ewgngQUfbfﬁéﬁs?t a site that contains the
. (&

ri bonucl eoti de~ an extendi ng a nucl eotide sequence that is 20

conpl ementary to the tsgph&t ﬁ:eo'"&%is%qu% %%yﬁ;ggﬁfggvi(%&ﬁ‘?r)r'apéltwg

gisglacenent activity from' He -pernlﬂus _ rinmer r 0 ;
obt ai 5{5 { ﬁ”Ef?ﬁﬁ%%é;@?#%#%%ﬁﬁ%s%P@L'fﬁ%é%ﬁ%?”%%gg?%%ﬁ% REEkGHS
[ iml, . [ 14 0 L 2003 .
2?2‘)26'(132:1% 9| @‘%‘%ﬁ@ﬁ@ﬁ%ﬁé?;x\emﬁnﬁd W *%rppfr fs?ﬁéee ettt Sefehfence
. . . . i g

(3O che i ngtrede) 8 FEcoE ERETAGLERI AR, \PoioRbr) Bach BRcthr i REIMERE: (s
and & DNA pof il 226 PRt fosiZ2e a0 piimePCaxttodDNt FRLITIEESS and
conpl enent argﬂ%}g.ihe f.enpl aﬁtﬁe wherein the priner,is a 10 chig1f=ri500 nl.

ol i gonucl eot ¢ méH- ontkEShi HELeT dddky Ai LERRBFEIR | ¥@ a
ri bonucl eotide, the ribonucl eotide being positioned at the 3 -termnus or
on the 3' -t cR%FEiOR| BERGF LEABS pARREC MAah AT T P hHE LralbHoR| HRSe: 15
(b) cleaving the prinper-extended strand of a doubl e-stranded nucleic acid
obt ai ned in %%eﬁeg%ElQF?haPﬂ%eehﬂoﬁﬁbrease at a site that contains the

ri bonucl eoti de~ (c) extending a nucleotide sequence that is conplenentary
to thelPenpl ate usi ng BSDRA FR3YHer ad8 MW hEE A a fsagmaatdiah| ABERERST
activity fromthe 3'-term nus of the prinmer portion of the double-stranded
nucl ei ¢ aci dWa® Qh$%ﬁv?ﬁeuﬁinﬁn?a§Rt%EdEHesmF§ﬁ§5F§mcﬁéh§§d obtained in
step (b) to effect a strand displacenent, wherein a doubl e-stranded nucleic
acid containing a regeh@l atferpmatdQrex Péndeenesn s 2 bkens s dfeusagneaiyiep

(b); i
and dNTPs

The effects of the concentrations of magnesium

15 and dNTPs on the amplification method of the present

invention were examined. The composition of the reaction

mixture was as described above in (5), except that 25 ng of

the pUC19 DNA, and magnesium and dNTPs at various

concentrations were used. Reaction conditions and

20 confirmation of amplification were as described above in
(1).

In a reaction system in which the final

concentration of each of dNTPs was fixed at 1 mM, an

amplified fragment of interest was obtained when a final

25 magnesium concentration ranging from 6 mM to 10 mM was used.



199 3 0 J UL 2003 (d) treating a rel eased displaced strand obtained in
step () as a tenplate with at |least one priner that is different fron1that
used in step (a) and a DNA pol ynerase to synthesize a priner

strand that is 5 conplenentary to the displaced strand, mheré%ﬁ ﬁhe pri mer
that is different fromthat used in step (a@g8is a chineric ol i gonucl eoti de
primer that is substantially conplenentary to the nucl eotide sequence of

t he di splaced strand and contai ns a deoxyri bonucl eotide and a

ri bonucl eotide, the 10 ri bonucl eotide being positioned at the 3'-term nus

or on the 3' -1hernd nalestdeoff ERBLRM MM f afhLéigavage Weihadn eRipuid grse~
(e) cleaving the priner-extended strand of a double-stranded nucleic acid

obtai ned in H@Rd®raWildh tde J&s eRUQBHCIRATE R, Aadl bediNal GO A difed e

rlbonucleotlde and (f) extending a nucl eotide sequence that is

conpl ement ar y, ¢ q s BRI AL S 1HE R AV RO! SATRIA S T 11 8 o rc?fﬂ%a}c

di spl acenent act|V|ty fromthe 3" -termnus of the 20 priner portion o
doubl e-stran § WiGh tHegprider ¢gxt gnged i r [ aved
obtained in g)t ep %‘#ect a strand di spl acenent, Whermgllt nquélﬁ(é LRS!

doubl e-gf ran (}%ﬂn?dfe aca)qk cg 2e8LRYOA rﬁggeeﬁat fg PIALES - Stendathay

strand i's reuséd i n steg (é according To any on

Conove s 1 SRR RA2 A OBECAAE ISR SO 20, g,

e %:%na%pzéczg%&ﬁgn@s%;z&%ne% g.s‘:;o%@a%%%%ﬁ%mna%m

o yrer a5 SRR R S SRR f 0 Rl OV
In a reactlon system in which the final magnesium

10 concentration was fixed at 4 mM, an amplified fragment of
interest was obtained when a final concentration of each of
dNTPs ranging from 0.2 mM to 0.8 mM was used.

(7) Examination of change in concentration of
potassium phosphate buffer or Tricine buffer and reactivity

15 The effect of the concentration of the potassium
phosphate buffer or the Tricine buffer on the amplification
method of the present invention was examined. The
composition of the reaction mixture was as described above
in (1) for a case where pUC1l9-249 was used as a template,

20 except that a potassium phosphate buffer at a final
concentration of 20-50 mM or a Tricine buffer at a final
concentration of 22-46 mM was used. . Reaction conditions
and confirmation of amplification were as described above
in (1).

25 As a result, an amplified fragment of interest



10 exonucl ease from Bacillus stearothernophilus and Bca DNA pol ynerase

| acki ng 5' ->3" exonucl ease from Bacillus cal dotenax. 7. The net hod
according to any one of clains 1 to 6, wherein the endonucl ease is an
endori bonucl ease. 15 8. The nethod according to claim?7, wher & Jubhe2003
endori bonucl ease is RNase H 9. The nethodiagcording to any one of clains 1
to 8, wherein the chineric oligonucleotide prinmer contains two or nore
successi ve ribonucl eoti de residues. 20 10. The nethod according to any one
of clainmse 1 to 9, wherein the chimeric oligonucl eotide priner contains one
or nmore nmodi fiagd obithamed eaidrithel botHus il b Al digigr #r d@idn dihal
wherein the chineric oligonucleotide prinmer contains an (a-S) 25

ri bonucl eoti @@ridentia@h die raxy98g af fshbaundebo s6e my 3 o2 J{:'ﬂ'rezolq;gicf;i%ile
phosphorous atom at the a-posifion of the ribonucleotide is replaced by a
sul fur atom . h C I o] | & 0,11, heh
i's conducted bi]ﬂ%fgxgﬁa%?g% ?ﬁ'gt%chén%%g%%%f ?g?ggaac?ﬁpﬁn?& Eél écG}tMg'g\?
fromthe groypconsisting of Tricine, a phosphate and tris. 13. A nethod
for anplifying a nucleotide sequence, characterized in that the nethod

conprises: (a) prepari a geagt | r L X1 (=Y g, as

a tenpl g’t e, a deoxyri bg%JcI%otl d{e%‘fﬁp)r%fslpﬁ%%?ﬁg%ﬁ&ﬁo%’gn@#%s?%&sﬁn% a

strand displgﬁﬁﬁﬁg%a%%;ivity, at | east one priner and an endonucl ease t hat
e

cl eaves an exte strand generated fromthe prinmer,
The effect of the concentration of Bca BEST DNA

polymerase on the amplification method of the present
inventién was examined. The composition of the reaction
10 mixture was as described above in (1) for a case where
pUC19-249 was used as a template, except that a potassium
phosphate buffer system or a Tricine buffer system and Bca

BEST DNA polymerase at a concentration within a range of 1-

22 U/50 pul reaction volume was used. Reaction conditions
15 and confirmation of amplification were as described above
in (1).

As a result, an amplified fragment of interest
was obtained when Bca BEST DNA polymerase was used at a
concentration within a range of 1-22 U/50 nul.

20

Example 6

Comparison with the PCR method

The amplification method of the present invention
was compared with the PCR method. Ones in which a DNA

25 fragment of about 150 bp or about 250 bp is inserted into a



wherein the primer is a chinmeric oligonucleotide primer 15 that is
substantially conplenentary to the nucl eoti de sequence of the nucleic acid
as the tenplate and contains a deoxyribonucl eoti de and a ri bonucl eoti de,
the ribonucl eotide being positioned at the 3'-termnus or on @ghe JuL 2003
3'-termnal side of the priner for cleavaggqigyith the 20 endonucl ease; and
(b) incubating the reaction mxture for a sufficient tine to generate a
reaction product. 14. The nethod according to claim 13, wherein the
reaction mxture is incubated isothermally. 25 15. The method according to

claim13 or lgy)tilororify I te20ds mi@;gpelbhﬁ)fmci OBNAT Yol (fdUd .hg%l y

contains a chineric oligonhucleotide pri havi'ng a sequence substantia
516, The et PO Hecer di rer s o ST aces opety rebafRd Y FoBRabdl T BNA
ol ymer ase | from Eschetyehy ateBrr. paf "BRARSEr R “Pl¥er gt Byfhe
Cacking 5 . RO HEust Al BEar T bt er e Sehehare "Rl FoaRA tn
endor i bonucl Cang. 18, “FRE A% nod e ¥ b« Bocl &TTh 17 SHIRIGA n Tk EHES

153 T0 16, her STRECFLVERY nefTES of T Gorkiel SOTFUEe o | Fef EORFaIPe Facrer L idr o
cl'ai mo 15 20 RO 36, Sfer LS HeLEriHEr PYAOR O UEFEBLALE. pr fbr AEOLE EFFR
one or nore dified ribgnucleotide.. 21.. The nethod ac¢cording to clai m 20,
wherein the gﬁ??‘%’?‘?’&tolf’ onﬁ‘gPB t %%ri%r 3%t aP §aéﬁe€a-§‘g’ using a
ARG SIRRTE R T LR St

10 lower NN primer. An amplified fragment of about 250 bp was
obtained by using a combination of the pUC1l9 upper 249
primer and the pUClY9 lower NN primer. Each of these
amplified fragments was purified using Microcon-100, blunt-
ended using DNA blunting kit (Takara Shuzo), and then

15 subcloned 1into a HincII site in the pUC1l9 plasmid.
Plasmids into which one of the amplified fragments is
inserted were used to transform E. coli JM109. The
resulting transformants were cultivated and plasmids with
inserted DNA were purified from the cells using QIAGEN

20 plasmid mini kit (Qiagen). The plasmids with inserted DNA
were used as templates.

The sequences of the primers used in this Example
are shown in SEQ ID NOS:18 and 19 of the Sequence Listing.
Primers in which the first to third bases from the 3'-

25 terminus are replaced by ribonucleotides were used for the



153 a 0 ~u~ zoos replaced by a sulfur atom 22. The nmet hod according to any
one of- clainms 13 to 21, which is conducted in a buffer that contains a
buffering conponent selected fromthe group consisting of 5 Tricine,
phosphate and tris. 23. The nethod accordi ng any one of claigghiuﬁqmﬁg,
wherein the nucleic acid as the tenplate ijgqa singlestranded or a
doubl e- stranded DNA. 24. The nethod according to claim23, which is 10
conducted after converting a doubl e-stranded DNA as the tenplate into

si ngl e-stranded DNAs) 25. The nethod according to claim23 or 24, wherein

the nucleic Qﬁ-gificégﬁoﬁenﬂkﬂhgding'C%m%:¥§{§§@ﬁkfrfﬂ?ﬁgtﬁmé by The

reverse transctription reaction. 15 od acco to claim

whi ch s condygbed BLR! ofYPhECELZERYSH FAPREURY RaLeUer §ghbamscription

reaction using as a tenp et | according to claim 26,
shereln 2 prirmer sel ochid fht O PUBAERUALCPRSL LD ALap IO ToRlng,
(overse L anSRLLRt G LEAT (B8 20 oy EB! M RO RLANT Rl 2 2, 27
pver oL aSGLL gL 00 REBELLEN oBCuhTs FUERBE NP AeERRE L0 om0 BR
reverse trangghi PLase actiodiiy ks VSRR 8¢ 2 1P LIS AR o
reaction volume of 48 ul.
The reaction mixture was heat-denatured at 98°C
for 1 minute, and thén cooled to 55°C. 5.5 U of Bca BEST
10 DNA polymerase and 60 U of E. coli RNase H were added
thereto, and the mixture was incubated at 55°C for 60
minutes. Thereafter, the mixture was heated at 90°C for 2
minutes to inactivate the enzymes. 3 pl of the reaction
mixture was subjected to electrophoresis on 4% NuSieve 3:1
15 agarose (Takara Shuzo) gel.
On the other hand, amplification using the PCR
method was conducted as a control. PCR Amplification kit
(Takara Shuzo), 10 pmol each of primers having a sequence
as shown in SEQ ID NO:18 or 192 of the Sequence Listing
20 without a ribonucleotide, 1 ng of the DNA as the template
and sterile distilled water to a reaction volume of 50 npl
were used for the reaction. The reaction conditions were
25 cycles of 94°C for 30 seconds, 55°C for 30 seconds and

72°C for 40 seconds. After the completion of the reaction,

25 3 pl of the reaction mixture was subjected to



30. The nethod according to any one of clains 26 to 29, wherein the reverse
transeription reaction and the 5 synthesis of the extended strand that is
conplenmentary to the tenplate are conducted usi ng one DNA pol ynerase havi ng
a reverse transcriptase activity and a strand di spl acenent activity. 31.
The met hod according to claim 28, wherein {{,the DNA pol ynegapgui s2085t DNA
pol ynerase lacking 5 .-.3" exonuclease from Bacill us stearothernophilus or
Bca DNA pol ynerase | acking 5 -.3" exonucl ease from Bacillus cal dotenax. 32.
The met hod according to any one of clainms 25 15 to 31, wherein the RNA as

the templ ateghBokhehpyetis Ianasr alddvd eacti AR d i 59,0y a

nucl eic acid anpliffcation reaction. e neth according to éia|n132,
which is con ted after synthesizing an anplified RNA fragnment by a 20
nucl ei ¢ acid®amplification reaction using an RNA as a tenplate. 34. The
met hod according to Cl? m

reaction is selected f Snlgﬁegéﬁggﬁ’ggﬁé?%?i%3%83%$L§itr%ﬁL%Fgg%%b%[ggtégn
sequonce roptTeRtEEy FRSRATRIIRY (HROMRA St ohe TRE sBUAERLEsphBgdna an
[T S hostabEEec ol S LR TR LT G

by & mucl of oSBT SRR FPO RS RS <51 FBR. P¥6=SMie TRTTHG S cRP AFREPRSSH ai m

35, which is gonducted_after synthesizing an_anplified DNA fragnent by a 10
nucl ei ¢ aci d¥& I:ﬁ %a?'%nmﬁéiéawnlgéihg-a Dgﬁea§€fQQ%ﬁﬂzﬂ‘.t%§? RE
net hod according to claim36, wherein the nucleic acid anplification
reaction i s BEFEEEEd f e MFeXQRCRRTE? e i ngnef tHe pAYRHaseCEhaithe
reaction (PCR) 15 nethod, the |igase chain reaction (LCR) nethod and the
strand di spl 88ehdAt CARAOPT iIREAGUHT ('OBR) dNenhddieds using nBepkaancOSréidAg to
any one of clainms 32 to 37, wherein a random priner or a degenerate primer
i s used0f or ERECREEOPEPECEELGrakPRCKIERY | R PELELi §R. eXPregs NHECFACASAY
according to claim38, wherein the random priner or the degenerate primner
is a priner h&¢ AgCRNtardofnScaiPRdéisptiogependiste s&fgenmpuat pPéasheat
the 3'-termnus or on the 3' -termnal side. 40. A chimeric oligonucleotide
primer used f&RIPSNthampaidgds Sk oBnpsihef plagradnhevdsgi aa degeshcet 150
accordin
g bp as the template in the amplification method of the
present invention was confirmed to be about 60-fold higher
15 than that in the PCR method. The amount of the fragment
amplified from the plasmid having an insert of 250 bp as
the template in the amplification method of the present
invention was confirmed to be about 40-fold higher than
that in the PCR methods. Based on these results, it was
20 confirmed that the method of the present invention can be
more preferably used for making a DNA chip, for which a

large amount of a DNA fragment is required, as compared

with the conventional PCR method.

25 Example 7



~0J UL 2003 156 to any one of clainms 1 to 39, which contains a

deoxyr+i bonucl eotide and a ri bonucl eotide, and has a structure in which the
ri bonucl eotide is position at the 3'-termnus or on the 3" -term nal side of
the primer. 5 41. The chineric oligonucleotide primer according to claim
40, which contains two or nore successivejnigoonucl eotide resh Qubs. 2009. The
chinmeric oligonucleotide prinmer according to claim40 or 41, which contains
one or nore 10 nodified ribonucleotide. 43. The chineric oligonucleotide
prinmer according to claim42, which contains an (a-S) ribonucleotide in

whi ch t he oxygen aton1?9 nﬁ éﬁ%i@ag@ogghgﬁgu gggn1at the a-position of

the ribonucl eoti de 15 ate 1s replace y a sulfur atomas the

nodi fi ed ribonucleotl ﬁ?ﬁP#§JJ¥%IpO| RIASE, a% ngeﬁai&%?@g d%§gé%§§

activity used for-the net r anpll ying a e sequen

to any one 2 ndonu se, us t he_net hod
for anpli fyl % g%l Y i gggqueﬁce acgggg} %{&% o3 (hg t?n%l aPRES eng
39. 46. A ki} _used, for the nmet hod .f or ucl.eotide sequence
accor di ng tcﬁ%ﬂﬁpEﬁ@PoVaﬁlﬁfﬁ@lﬂego 3§IB%§R52€§¥ %r% PhckIGRASEDr Rf and
contains instructio h 57 3 03 dire the use_of a

pol ymergse AP Y ‘éﬁ J(J%F%as T &hd Q:(‘ﬂ’i Ospl Q&gh@ﬁFnFeacﬁ-Bﬂreﬂ?en‘?he
kit according to claim46, contains a DNA p ner ase and or
endonucleasegu%§9@PCQ%eaR?tm@%%%h?éﬁﬁft%h%lE}H?QWCléﬁ?% e3P sOp %tBaERgﬁe
form and containg; (@& PN¥ PRLYTELES® DAY A% % 2LEanE SRLECETEN o

synthesized using a DNA synthesizer (Applied Biosystems).

|ng

The nucieotide sequence of the probe is shown in SEQ ID
10 NO:20 of the Sequence Listing. 6-FAM (Glen Research) and
TAMRA (Glen Research) were used as fluorescent substances
to label the probe at the 5'-terminus and the 3'-terminus,
respectively.
(2) Amplification reaction and detection
15 0.1 or 1 ng of the pUCl9 DNA was used as a
template. pUC19 upper 150 primer and pUCl9 lower 542
primer having sequences as shown in SEQ ID NOS:10 and 8 of
the Sequence Listing, respectively, in which the first and
second bases from the 3'-terminus of the primer are
20 replaced by ribonucleotides were used as primers.
The composition of the reaction mixture was as
follows.
27 mM phosphate buffer (pH 7.3), 0.01% BSA, 5%
DMSO, 1 mM each of dNTPs, 8 mM magnesium acetate, 60 pmol

25 each of the primers, 0.1 or 1 ng of the DNA as the template,



activity (b) an endonucl ease: and 10 (c) a buffer for a strand displ acenent
reaction. 49. A kit used for the nethod for anplifying a nucl eotide
sequence according to any one of clainms 1 to 39, which contains the DNA

pol ymerase having the strand di spl acenment activity according t@ @L%@&L44
and/ or the 15 endonucl ease according to claia 45. 50. The ki@ 8 r gto
any one of clainms 47 to 49, which contains a DNA pol ynerase selected from
the group consisting of Klenow fragment of DNA pol ynerase | from
Escherichia coli, Bst DNA polynerase |acking 5 -.3" 20 exonucl ease from

Baci | I us stegr qt nephithus rid B ONAnROlw IR a%e dBok NG P gater to. a
exonucl ease from Bacillus cal dotenax as the DNA pol ynerase. 51. The kit

¢l eass > 8y 5 oo : s
accordi ng to,aRktqRe Zb@lxﬁlﬁe %%0461 pav !Cfbr?@nﬁ‘tﬂ%u%'\‘affﬁe DR% Lh€ £he J.

endonucl ease. 25 52. met hod r detecting a target nucleic acid

2003 158 in %eﬁ%qgkg,w%@akggggﬁgéggrkﬁe%%gkho S cmihod conprises: (a)

anplifying a target nucl ei for anplifying a nucl eotide

sequence accordi ng torrpébPll)éf iolte\%%iﬁ ggg%gérggﬁ%_r 1k 5%%%t&eé§cgicn%8t.r&e

target nucleic acid a he et according to

Fi bonucioeot i A8H AT HiERe Phfcicbiraas i e 356 10 A U dEceky Bt

A DNA pol yrmer R RIS ae % (P i darene 4% Brep HECE"T Honke MBarod
Lo det et 6, Bkl Ao Ehpa s A 2 LA R B3R, S 80
C g S R eBh B, hnr b bR S B Y e’ °

form and contanls e LO0SHIP pdligel 20, e dor of B D RRLITISSe

10 inactivate the enzymes. 50 pl of the reaction mixture was
diluted with an equal volume of sterile water and
transferred to a microplate. An image analyzer FM BIO II
Multi-View (Takara Shuzo) was used for detection at an
excitation wavelength of 505 nm.

15 As a result, no fluorescent signal was detected
using either of the templates when Bca BEST DNA polymerase
was not added. Also, no fluorescent signal was detected
for the reaction mixture containing Bca BEST DNA polymerase
when the DNA as the template was not added. On the other

20 hand, a fluorescent signal was detected when either 0.1 or
1 ng of the DNA as the template was added. An amplified
fragment of about 190 bp of interest was also observed by
electrophoresis on 3% agarose gel containing 0.00003%
ethiduim bromide only when 0.1 or 1 ng of the DNA as the

25 template was added in the presence of Bca BEST DNA



57. The kit according to claimb56, which contains a DNA pol ynerase and/ or
an endonucl ease. 58. The kit according to claim57, whichis in a 25
package form and cont ai ns: ~ 0 JUL 2003 159 (a) a DNA polynerise having a
strand di spl acenent activity; (b) an endonucl ease; and (c) a3QyUDErZﬁ r a
strand di spl acenent reaction. 5 59. The Hflifcording to any one of clains
56 to 58, which contains the DNA pol ynerise having the strand di spl acenent
activity according to claimb54 and/or the endonucl ease according to claim
55. 60. The kit according to any one of clainms 57 to 10 59, which contains

DNA I i ted .h iShi f Kl f
DNA pol yror § BREFmEER S8 CCRhRl Lh ) LR AR e B R B0 el BRI EC BT Rl
I il t i B I i | acki

O CaonteF BRELEh, SR T O T M e pR0R e S R st R B o2
The kit i t |l ainp, 57 t whi t ai H th
endonucl easee B8LraBRBPREACT FeBrRARE 1o RatRaRbr i ol HOAH Gt aMSCARGb! Fo%ed

| ei id.i ich th leic.acid is 20 d | defi ned
fogi on. char SEFEFELEE | narhat SPRLLREEHou CSRGRPOLY . CHEALHBR fyPHg athe

| ei idto_be.,i bili t t hod f lifyi . | eoti d
Coquance accBPBLAEIPELARY BREGR O e FAPES LREEDEIehSudtiay phoRlAG
i mmobi li zing the nucl eic agid g D JUL 2003 160

probe was estagalshe .

Example 8
Use of a primer composed of deoxyribonucleotides
10 as one of the two primers in the method of the present
invention was examined. MRIN3 (30) having a sequence as
shown in SEQ ID NO:19 of the Sequence Listing and M4 primer
(Takara Shuzo) having a sequence as shown in SEQ ID NO:58
of the Sequence Listing were used as primers. In the MRIN3
15 primer, the first to third bases from the 3'-terminus are
replaced by ribonucleotides. The composition of the
reaction mixture was as follows.
27 mM phosphate buffer (pH 7.3), 0.01% bovine
serum albumin (BSA), 5% DMSO, 1 mM each of dNTPs, 8 mM
20 magnesium acetate, 30 pmol each of the primers, 1 ng of the
DNA as the template and sterile distilled water to a
reaction volume of 24 pl.
The reaction mixture was heat-denatured at 98°C
for 2 minutes, and then cooled to 55°C. 11 U of Bca BEST

25 DNA polymerase and 30 U of E. coli RNase H were added



anplified in step (a) in a predefined region on a substrate. 63. The nethod
according to claim®62, wherein a single-stranded nucleic acid substantially
free of a conplenmentary strand thereto is anplified, and arrayed and 5
imobilized in the predefined region on the substrate. 69. A grayer el
havi ng an i mobilized nucleic acid in mhigEGthe nucleic acid is arrayed in
a predefined region produced by the nethod according to claim62 or 63. 65.
The material according to claim®64, wherein 10 a single-stranded nucleic
acid is arrayed’ and imobilized in the predefined region. 66. The nmateri al

accordi ng tac}ﬁ%zaé-ﬂ’g quo mhd kW o0 fcj:%xf'w%%@r{x"%ego ryglﬁc a'f‘:lizgdreaction

substantially Tree of a conpl'enentary Stran ereto i's arrayed and
arget nucl A, Vaf  EAEAEda O 88 : o fort e i oY Rt e,
Carget nucl & B RETH Sy Es chRaFat 55 B6) Esad TG i Bty ate
detect i ng tHIE AR of ULt h VI CFEAEETR LU ot wibierted £ ©
o o oo SRS S NS Shianta P A8 WL LSKne,

an amplified fragment of interest was observed.

Example 9
The method of the present invention was used to
10 detect hemorrhagic E. coli 0-157.
Sequences of the primers used in this Example are
shown in SEQ ID NOS:21-24 of the Sequence Listing. A
combination of primers having a sequence of SEQ ID NO:21 or
22, and a combination of primers having a sequence of SEQ
15 ID NO:23 or 24 were constructed for detecting a sequence
encoding vero toxin 1 or vero toxin 2 of 0-157 according to
the description of Rinsho To Biseibutsu (Clinical
Microbiology), 18(4):507-513 (1991). Primers in which the
first to third bases from the 3'-terminus are replaced by
20 ribonucleotides were used for the amplification method of
the present invention. A heat-extract prepared by
harvesting a culture of hemorrhagic E. coli 0-157 (ATCC
accession no. 43895), suspending it in sterile water at an
appropriate cell density and treating it at 98°C for 10

25 minutes was used as a template. The composition of the



| arge quantities, characterized in that the nethod conprises: (a) treating
a nucl-eic acid as a tenplate with at | east one priner that is substantially
conplementary to the nucl eotide sequence of the nucleic acid and a DNA

pol ynmerase to synthesize a priner-extended strand that is cogpbe géﬁgy to
the tenplate, wherein the priner is a chingy{c oligonucleotide pEE
contai ni ng a deoxyri bonucl eotide and a ribonucl eotide, the ribonucl eotide
bei ng positioned at the 3'-terminus or on the 3" -termnal side of the
prinmer for cleavage with an endonucl ease; (b) cleaving the priner-extended
strand of a do -Str ed _nucl ei Ld obtained in step (a) wth the
endonucleasergggg$gptQﬁggggecgﬁfaﬁgs%ﬁagowgbonucIeotide: and (c) extending
a nucl eoti de sequence at_is_co enentary_to the t at ing. a DNA

pol yner ase having a st%an‘Whi ?%P%Ebﬁé‘ﬁt %‘&%{F%t)/p?{r oZTane ;'ﬁfe{]npﬁﬁf%n&f
the primer portion af the d - str.an nuclei¢c acid in i t he

pri mer - ext end&H"8t R Rh c?ggégd % aﬁﬁga’i rc} pe(at??‘ t%f\é%ggts'a &t F¥hd
di spl acenent. 69. A nethod for %roducin a.nuclei.c acid in Iarg%pguantities

using at | eaBRIRGBLIPRI AEPSAtENAPI PERL &FGth Yhathe REHRehed NBegs 3

0 JUL 2003 162 (a) treating nucleic acid as a tenplate with at | east one
primer Phat FBes ¥IRAATS I(}?‘Eon]ﬂﬁéﬁﬁﬁi‘ﬁ’r?cf- tFRE MAIRE §@quéﬂg‘ew)sf

the nucleic acid and a DNA pol ynerase to synthesize a priner-extended
strand that F8LEScaRfl eihsiidld dbsthbledniphes, thner SierehECHr YokEme s 0Ff
chinmeric oligonucleotide primer containing a deoxyribonucl eotide and a

ri bonucl eoti 88, Bthe ribonucl eoti de bei ng positioned at the 3'-term nus or
on the 3'-termnal side of the primer for cleavage with an 10 endonucl ease;
(b) cleaving the prinmefhext@sddd o rakytwre awasubieatsidentdarasucati 88a€i d
obtained in step (a) with the endonucl ease at a site that contains the

ri bonucl eoti §er {cpidutendiang thrr| eeplied §eqbénfe t Hatd % a6 Bca BEST

conplementary to the tenplate using a DNA pol ynerase having a strand

di spl aé@ment DH&t irakymdrase t BAA3' 6Q elUni 9fis Fof €kl phANasge pbr tiase ofddre
doubl e-stranded nucleic acid in which the priner-extended strand i s cl eaved
obtai ned in thepetp) tBhef resctiost mandudiespracénenbatedersi A53C for 60
doubl e- stranded 20 nucleic acid containing a regenerated priner-extended
strand i s reunspdtea.st dheepited) ttheamikiure slamdehiRdpracte 6t Fand2
obtained in step (c) as a tenplate with at |east one primer that is
different froinphes dsediiractteptd afhanénzyDRA.pol ynelasiE 2Bhe orepatheni ze

a prinmer-extended strand that is 3 0 JUL 2003 163
mixture was subjected to electrophoresis on 4% NuSieve 3:1

15 agarose (Takara Shuzo) gel.

As a result, 0-157 wvero 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

20 method for detecting a virulent bacterium.

Example 10
Amplification of a long-chain DNA fragment by the
method of the present invention was examined. A double-

25 stranded DNA as a template was prepared as follows. First,



conplenmentary to the displaced strand, wherein the priner that is different
fromthat used in step (a) is a chineric oligonucleotide prinmer that is
substantially conplenentary to the nucl eotide sequence of the displaced
strand and 5 contains a deoxyribonucl eotide and a ribonucl eotide, the

ri bonucl eotide being positioned at the 3'-{fgm nus or on the33juhgr¥@pal
side of the priner for cleavage with an endonucl ease~ (e) cleaving e

pri ner-extended strand of a 10 doubl e-stranded nucleic acid obtained in
step (d) with the endonucl ease at a site that contains the ribonucl eotide;

and (f) extending %%t&gﬁsﬁﬁﬂeégﬁefg%?S'R?«JACSAT%J,SD talynt g Eﬁ%maly

tenpl ate using a pol ymer ase havi ng ran acenment activit

Lo the 3 HBEEkaUs, Auddig, bridengPOTRI0nY Hhe doublers! Rudal ausg) ¢

acid in whic pri mer - trand i s cl eaved obrar ne ) to

ff Lsql , D, a d .ei i d
cont ai ning naragenERe B b OE B B R Tt S a R e

70. A nethod _f duci l,ei id.n | titi
char act o i 26T ROTRAL Toh& o o0 TEE4nd &1 BPSSAri 0§ A0PMkcR:dn kbP
i xt b i Xi 5 | ei id t | at e, d ib | eoti.d
30 U 52003°%649P BB oA Rat £5Pa DNALS y FUPRSE niFiRy LOEEr and  OBtain
di spl acenent tivit at %ea_} ong Briner and an endonuc) ease that cl eaves
an ext ended ggﬁ&ﬁﬁ°§éﬁ§ra§ d ¥PonPPRECpr YRBFOr Shdi¥ei At HEM RS meXCisign.

chimeric oligon cleotige prinmer 5 that is_substantially conplenentary to

t he nucleotig@piéaﬁgﬂc LATER Sn&élé%@“&c@d%ai Ptﬁé%té P&té'éggbeowﬁ§ﬁns a

deoxyribonuclggttdedand,a ri honuc]l eotj de, the riionucleotide bei ng

posi ti oned aPPERENSI USRNSSR AP 323 t BpPhaFesi dlCBT 't RELBRENERds or

cl eavage with the 10 endonucl ease; and (b) incubating the reaction m xture

for a sufficMERTR: PReMES GeNeNng: SSHUCHLES 65 SPodRcin $EQ ADhdPRsd St and

anplifiing a_nucl eoti de sequence, characterized in that the nethod

conpri $8s: 186(a)efampkhfyi MPESNRS ei E18E1BY conttASpesf i¥eddquerritd t o PER

anplified by a nucleic acid anplification reaction to prepare a nucleic

acid as a tefppaiéication kit (Takara Shuzo). These PCR fragments were
used as templates for the amplification method of the
present invention. MF2N3 (24) primer and MRIN3 (24) primer
having sequences as shown in SEQ ID NOS:27 and 28 of the

15 Sequence Listing, respectively, in which the first to third
bases from the 3'-terminus are replaced by ribonucleotides
were used as primers, The composition of the reaction
mixture was as follows.
28 mM phosphate buffer (pH 7.5), 0.01% bovine
- 20 serum albumin (BSA), 1% DMSO, 0.5 mM each of dNTPs, 4 mM

magnesium acetate, 30 pmol each of the primers, 0.2 mM
putrescine and sterile distilled water to 24.25 pl. The
reaction mixture was treated at 92°'C for 2 minutes, and

then coocled to 55°C. 30 U of RNase H and 5.5 U of Bca BEST

25 DNA polymerase were added thereto to make the reaction



(b) treating the nucleic acid as the tenplate obtained in step (a) with at

| east--one prinmer that is 20 substantially conplenentary to the nucl eotide
sequence of the nucleic acid and a DNA pol ynerase to synt hesize a
primer-extended strand that is conplenentary to the tenplategd gyl epgst he
primer is a chinmeric oligonucleotide prinmegigontaining a

deoxyri bonucl eotide and a 25 ri bonucl eotide, the ribonucl eoti de being
positioned at the 3 0 JUL 2003 165 3'-termnus or on the 3" -term nal side
of the primer for cleavage with an endonucl ease~ (c) cleaving the

primer - ext ended y3id and £f @ doubhe- stherded RYkahe aeisd iRLANY 4L StEP

(b) with the 5 endonucl ease at a site that contains the ribonucl eotide~ and

(d) extendi ng g ucl getide FRAUCHRS1 DR T FCUHY CPBALAS Yn! Otgqee ﬂ:?{?eﬂraé e

using a DNA pol ynerase having a strand di spi acement activity from

3 -termnus Gfsd Neodfedr G#er ROrLLAR o § he1 doubdl &- gt.rsarbﬁi%@glg')s%tlgx@ﬁrﬁ in

whi ch the priner-extended strand i s cleaved obtained in step ect

a strand di SplaeeiephorZ2, AdELRoN bak ATLLT Yidig.a el ol de seugce

using at |eas priners, cterized n e ne d comnprises:

utl o ¢ Shel o MY T AR I IR ARHNE A S U e L

(3 uith at 1east one fi er eRatEr & bl BT ST Y RRHT SR T afyors (e

- or i mor - ext SRodo Bt ARRLE HAt Y| FBort bnEL ALy to ke ‘EMITSKIEY e ATF ( he

primer is a‘%ﬁégggé:(¥Aé¥%yfgﬁanié¥%firming that the method of the
present invention can be used to amplify a long-chain DNA

10 fragment.

Example 11
A DNA ﬁicroarray onto which a A DNA fragment of
about 400 bp amplified by the amplification method of the
15 present invention and A DNA fragments of 300 bp and 1000 bp
amplified by PCR were spotted was produced. The nucleotide
sequence of the A DNA is available from GenBank accession
nos. V00636, J02459, M17233 and X00906. The sequences of
primers used in this Example are shown in SEQ ID NOS:25-26
20 and 29-35 of the Sequence Listing. A reaction mixture for
the amplification method of the present invention was
prepared as follows.
34 mM Tricine-hydrochloride buffer (pH 8.7), 10
mM potassium chloride, 10 mM ammonium sulfate, 0.01% bovine

25 serum albumin (BSA), 1% dimethyl sulfoxide, 4 mM magnesium



25 prinmer containing a deoxyribonucleotide and a 3 0 JUL 2003 166

ri bonucl eoti de, the ribonucl eotide being positioned at. the 3'-term nus or
on the 3 -termnal side of the priner for cleavage with an~endonucl ease;

(c) cleaving the priner-extended strand of a 5 double-strandgq]ggglmﬁp acid
obtained in step (b) with the endonucl ease1gap a site that contains the

ri bonucl eoti de; (d) extending a nucleotide sequence that is conplenentary
to the tenplate using a DNA pol ynerase having a strand di spl acenent
activity fromthe 3 -termnus of the 10 priner portion of the

doubl e- st rangdedtayel, i sagiMl dalknVy € RINTES PrY R ionidt @ded ot rafd S ol Raved

obtained in step (c) to effect a strand di spl acénent, wherein a
I

doubl e- st r andgg Q#ﬁ Skcﬁ%gCb@@ggﬁg?ﬁﬁgcﬁtﬁgﬁe Iﬁﬁd%tF%.”Eﬁéeg%ggﬁgﬂﬁand

strand is reused step (c); treating el eased disp

obtained in s4@p i Y as%cdaai%ﬁg{e%&z?b%ﬁ&%g@égaﬁahdoa@opbi B HRAed RNase

different fromthat use pol ynerase to synthesize a

pri mer - ext engleds 31 LANE; kAR ek AOBH CUBALALY L 49 dieP! aCfe%SE%e)aa ion

wherein the primer 20 erent from used In s s a

chi mer ! & 0l 8904eh 804 /de I IPT 4 Ml e RUbsY ANt halL ¥ CTRECRRAEATL! g e

nucl eoti"de sequence o ( stran d-contarns a .
posi 11 oned ol LRSSt SR nuBg gRe AT A57 PR R nEPES: G BRRAR S e
b mor - oxt endBACSAPATE of N6 GBTBMECt 1 arHIot® ndBAr e Shei tF bEa Aec i e
(e) with the opdonyelgase ahd Sitanthal gepLal nsyh e fihonudl eqtlde: 5 and
follows:
10 1. Sample: A PCR amplification product (300 bp)
obtained by using a A DNA as a template and a combination
of primers having a sequence as shown in SEQ ID NO:29 or 30
of the Sequence Listing was subcloned into the pUCl9 vector.
The subcloned product was then PCR-amplified using primers
15 having a sequence as shown in SEQ ID NO:25 or 26 of the
Sequence Listing. The thus obtained product as a template
and chimeric oligonucleotide primers having a sequence as
shown in SEQ ID NO:31 or 32 of the Sequence Listing, in
which the first and second bases from the 3'-terminus of
20 the primer are replaced by ribonucleotides, were used to
amplify a product of about 400 bp by the amplification
method of the present invention to obtain the Sample. Five
DNA solutions, i.e., the reaction mixture at its original

concentration or 2-, 4-, 8- or 16-fold dilutions of the

25 reaction mixture with a carbonate buffer (a carbonate



(g) extending a nucl eotide sequence that is conplenentary to the tenplate
using a DNA pol ynerase having a strand di spl acenent activity fromthe
3'-termnus of the primer portion of the doubl e-stranded nucleic acid in
whi ch 10 the priner-extended strand is cleaved obtained in sgqug[)z&p
effect a strand di splacenent, wherein a doup] e-stranded nucl eic acig
containing a regenerated priner-extended strand is reused in step (f). 73.
A nmethod for anmplifying a nucleotide 15 sequence, characterized in that the
met hod conprises: (a) anplifying a nucleic acid containing a sequence to be

anmplified byparasg! @C ACkshdm #dt LMt i 88 @@aﬁw<%b£é>&%@@afsradgqaggba

acid as a tenplate: (b) preparing a reaction mxture by mxing the

nucl ei c aci d;gsekpPg Egggha&grgbﬁggaegognsﬁggQ&ggl, a deoxyri bonucl eoti de
oly

tri phosphate, a DNA p merase having a stran i spl acenent activity, at

| east one priner and ap eadgayelease al AleavSs: Al s eded 3t 1Al oy

generated fromthe priner, erein the priner~irs a chine

T68°co the. nieFebr A seanaie a FRRETL D S RARS RN cidve dha®
bei ng pisi 11 DNByeaEaERang heEE, BRledspu Y RISSLiEn I, CorRNEroERenE
Feact on m xFar D-Tar AGHM cheht SRRBTo Gohoba(BIA Polerieihin MR  07a.
aci d ampl 1 11 G40 PonPECER BN Pt 62 EPRRAFPAB|ERE nlcl 61 ¢ acid &S the

tenplate is selected fromthe, group, cqnsi.sti t he, TAS net hod, the 3SR
ot hod Cthe NaSha not had FORGCTRR MATIOR Lt b CBEh PRRH ELCAEHBENBECIPRE POR

nmet hod, the t hod ,and, t he SDA net hod. 75, nmet hod accordin o]

clai m 74, \/\hk?gpggg)lE)oq’araarfd'berﬂep?Y nBri8e g:hﬁeééngggt 8Spfi rFﬁ“H%sa’ifse%n‘%oP t he
nuclei¢c_acid a Lificatio? reaction, 76. The net hod accorgin to claim75,
wher of 0t he FaRRORRBLPRePoPEtREY chaNLPaL 8 SPRHERCESas BRPHEr iRaSEAgIR

random sequence_Qr a degenerate sequence at | east
g NO:28 or §% of the qSequence Lféting was treated with

Microcon-100.  Then, five DNA solutions were prepared by
adjusting the concentrations to 0.125 upg/pl, 0.25 ug/ul,
0.5 pg/pl, 1.0 pg/pl and 2.0 pg/pl with the 50 mM carbonate
15 buffer.
4. Positive Control: A PCR amplification product
(1000 bp) obtained by using the A DNA as a template and a
combination of primers having a sequences as shown in SEQ
ID NO:33 or 34 of the Sequence Listing was treated with
20 Microcon-100. Then, four DNA solutions were prepared by
adjusting the concentrations to 0.125 ng/pl, 0.25 pg/upl,
0.5 pg/pl and 1.0 ug/pl with the 50 mM carbonate buffer.
5. Negative Control: A PCR amplification product
(300 bp) obtained by using the A DNA as a template and a

25 combination of primers having a sequence as shown in SEQ ID



20 at the 3'-termnus or on the 3 -termnal side. 77. A nethod for
anplifying a nucl eoti de sequence, characterized in that the nethod
conprises: (a) treating a nucleic acid as a tenplate with at |east one
prinmer that is substantially conplenmentary to the 25 nucleot;ﬂﬁ sequence of
the nucleic acid and a DNA 3 0 JUL 200 L6§€, pol ynerase to s héldi 28033
primer-extended strand that is conplenentary to the tenplate, wherein the
prinmer is a chimeric oligonucleotide priner containing a

deoxyri bonucl eoti de and a ribonucl eotide, the 5 ribonucleotide bei ng

C) cavi ng t hel B Vel Zextenod S 1 Bl % Hothl M ofPandcaCRnere: 4nke) fhet
obtai ned 1n. heP (BLMLED gggggg%%ﬁsaeggze;gtalcgem%st Rk COREAEN1 405 o

r|bonucleot| I'ng a nu Seque

conpl enent ar I a a

digBIacenentggigg ?§&§?§n$%$lH tsgﬂﬁgﬁggoﬁ ?ﬁé %Siﬁgvbggrﬂpohb'ggtﬁé

double-stran? Pu h aC|d |nL which 15 ége =1 xten ed _st.rand

cl eaved obt a ﬁ qFB?cFo éFFéE? a Paﬁ u&l?B 8¢8 nPr°?§CtAaﬁthod

for a i f cleot de se ce_us n at | east two pr

charagP LiﬁeggFﬂl?ﬁﬁt Pﬁé Qie sfgufafetﬁééfﬁﬁéuhZHacﬁgpcIled

as a tenpl ate h a t pne priner that i,s substantiall ntar

to the gﬁcleﬁ?m%i QEqaé % getﬁquEEFﬁigléEF&gaﬁé Rrbﬂﬁrﬁoﬁﬁ ?g y
th t ended st d t hat | t to the t | t

wher o n the BRPREEY: & aP36aUREmA T o BBPTGonBes o dBYprtl ra%m%aﬁsﬁgog "3

0 JUL 2003 170 deoxyribonucl eotide and a ribonucl eotjde, the ribonucl eotide

bei ng posi t i BREACEL %etee tBFRFRLE oMANGIRN 3t ePRERdR Ghee Dedakdve

I’IITEI’
P Control. Five DNA solutions, i.e., the reaction mixture at

10 its original concentration or 2-, 4-, 8- or 16-fold
dilutions of the reaction mixture with a carbonate buffer
(a carbonate buffer at a concentration of 50 mM were used
for dilution in each case) were used for spotting.
6. Negative Control: The DNA fragment obtained in
15 5 above was treated with Microcon-100. Then, five DNA
solutions were prepared by adjusting the concentrations to
0.125 pg/pl, 0.25 pg/pl, 0.5 pg/pl, 1.0 pg/pl and 2.0 pg/pl
with the 50 mM carbonate buffer.
The respective DNA solutions thus prepared were
20 spotted onto a slide glass to which amino groups had been
introduced (Matsunami Glass) using an equipment for making
DNA chips (Genetic Microsystems (GMS)), and were
immobilized wusing UV irradiation. The slide was washed
with 0.2% SDS followed by distilled water, dried, and then

25 used as a DNA array.



(b) cleaving the prinmer-extended strand of a 5 doubl e-stranded nucleic acid
obtained in step (a) with an endonucl ease at a site that contains the

ri bonucl eotide; (c) extending a nucl eotide sequence that is conpl enentary
to the tenplate using a DNA pol ynerase having a strand diSplaQ%”qu
activity fromthe 3 -termnus of the 10 pripgr portion of the UL 2003
doubl e-stranded nucleic acid in which the priner-extended strand is cl eaved
obtained in step (b) to effect a strand di spl acenent, wherein a
doubl e- stranded nucl ei c acid containing a regenerated prinmer-extended

strand is reused in step Kdﬁiarﬂﬁliﬂicéﬁﬁ@ﬁi?goéué@ ¢396d ) SRR rsynd
obtained in step (c) as a tenplate with at |[east one priner that is

different freminkata UsSEHbiNaEieR 6&) prithed sPWAPHY EBr 38gubAceY Rlshesis @

priner-extended strand that is conpleéenmentary to the displaced strand,
wherein the EH'EﬁQiﬁbtﬁ6229SoQ'%beM%“tﬁéOﬁéﬁﬁéﬁcéfigsk@nﬁtw&%fﬁaﬂéiéa

chineric oligonucleotide priner that is substantially conpfenentary to the

nucl eoti de sgquence,of u%liﬁlgdiLsatﬂ CeflT_SSf "‘%%'%‘é,l%%akfé Arakara Shuzo)

deoxyri bonucl eoti de” and a ri bonucl eoti dé, the ribonucl eoti el ng

ositionred a , -Jergm ro i iabhegatnal, .Si; t he sprd ner;
D 5 0L Isha Y Af A phoey CRyBLaEeBLohohanBL iR Get WRahly P

iic Chat coRtarNEiRa ashucT et aet and & (PR FIaaTUEER R °
peanence (Al am o | SRS © VB OO PO SR
Crrand i< ol Q37 tant STREA T sPEEoLe) B0 ¢ BEY 1RKEA% SBaroLn) &5 Sderiht
b ot - ext on e SEP AN TSR (U oS SLERTSFOLA REEnG PEFTSrpl | Mg a
or opar it o PORELCO SRR s T R O P S AR e
i 5p! acomont SSREA 1 FPERE: SBRE PISERArar GRYcnachuce BSe tAAP ffaves
i mor ol | AOEES AT 7 ror het 185 cObs FARL PAPRY. SURSPCHBREMAP A he
nucl eot de seaugnce plihe, el clga s 1o, Lhe Lol 8! £uand egl sl g
positioned at, Lhe 3 term nug pr 0,25 the 3'cfermnal side of the prijer:
15 array was washed in 2 x SSC at 65°C for 5 minutes, in a
solution containing 0.2 x SSC and 0.1% SDS at 65°C for 5
minutes, and finally in 0.2 x SSC at room temperature for 5
minutes, and air-dried. The DNA array was then subjected
to a microarray scanner (GMS) to analyze the fluorescent
20 signals from the respective spots.
As a result, a fluorescent signal was observed at
each of the positions onto which fragments amplified by the
PCR method (the Positive Controls as described above in 3

and 4) and the method of the present invention (the Samples

25 as described above in 1 and 2) were spotted. The



(b) incubating the reaction mxture for a sufficient time to generate a
reaction product. 80. A nethod for anplifying a nucl eotide sequence,
characterized in that the nmethod conprises: 5 (a) treating a nucleic acid
as atenplate with at |east one priner that is substantially @gqnhgg@gtary
to the nucl eoti de sequence of the nucleic Bg4d and a DNA pol ynerase to0
synt hesi ze a priner-extended strand that is conplenentary to the tenplate,
wherein the priner is a 10 chinmeric oligonucleotide priner containing a
deoxyri bonucl eoti de and a ribonucl eotide, the ribonucl eotide being
positioned atintbas3tiker GifNutheorsighdlng werd ea8i pal16wde ehet Bampniner >
wherei n an endonucl ease cleaves at a site that contains the ribonucl eotide:
15 (b) cleavipg thesptiver -cosdtersted st sanghof gungub! 8- spr aprled pauchaive
acid obtained in step (a) with the endonucl ease at the site that contains

the ribonucl gghides and (6h exeersling: anhangl eabl da GRAVEHSS 58.%::5@32%1:
conplenentary to the tenplate using a DNA pol ynerase having a stran

di spl acement 82? E¥lt ¥nbr QEGLRS 3 Cbﬁﬁ'fitog‘és 50fnking , Pr e Ry Q%%%ieoge%ﬁllﬁ:@e

doubl e-stran nuclerc acird in whic e prinmer-extended strand is cléaved
bt ai [ ; di . 8 h
anpli fying atbuclsati GenT F5eY SeB=Fiy P03 e neass u&tng PaF IR PN
. eh . o : h . _ ‘i | oi
el O a5 a totaf Areng AL 1Rk B ERENACCRORE S Ene | BLbERP, [peRields! €1 €
conpl ement ar ¥ ,10pLh rf%f’é‘f%bﬂ?} Wl $ ea(‘CIgNRf fLnggﬁE' ELC paCl; fhr3Rd 13 ,RNA
pol ymerase t0 synthesize a prinmer-extended stran at ‘rs conplenentary to

the tenplate i ibmer is a chimeric oligonucl eotide priner
cont ai ni ng at82g§§§i%opgglgé# de and a ribonucl eotide, the 10

ri bonucl eoti de being positioned at the 3'-ternmnus or on the 3'-term nal
side of the prinmer, wherein an endonucl ease cleaves at a site that contains
t he riggnucleotide; (b xcIe %igg the primer-extended strand of a

doubl e$tranded nucl ei 6*8CPd obfai ned in step (a) with the 15 endonucl ease

t th ite that t ai h ib I ti : t di I i
Sequonce that Ts compi endn R, AR BB RS @ SEtreh BtTporDhereRhod”
havi t d. di spl t, activity f the 3'- i f t i
bortion of 1 e EoEoRe e dut anrdan AAOPhLER 3 PER-SEBIR £ 5e HErbhelEngea
stranq is cleaved ohtained,in st % gb% to etfe%t agstr nd dLspIac%nent,
sherein a doliBFeUSERaRted HERPAPE alPl ESAFATRCng & irSendrdrsqe having

o e oxtended siE ek isoateodd nRbeR (B ) LeRiBong fFl ety
prinerlghat E%quence Listing were synthesized according to a
conventional method. The structures of the respective

primers are as follows.
(i) R1-S1 primer: From the 5'~terminus, 7 bases
of a spacer sequence, 17 bases of a M1I3RV sequence (or RV
20 sequence; the nucleotide sequence of M13RV primer (Takara
Shuzo)) and 20 bases of a sense primer sequence for A DNA-

specific PCR;

(ii) R1-A3 primer: From the 5'~terminus, 7 bases

of a spacer sequence, 17 bases of the M13RV sequence and 20

25 bases of an antisense primer sequence for A DNA-specific



3 0 JUL 2003 174 different fromthat used in step (a) and a DNA pol ynerase
to synthesize a priner-extended strand that is conplenentary to the

di spl ated strand, wherein the primer that is different fromthat used in
step (a) is a chinmeric 5 oligonucleotide primer that is subségng&algﬁ
conpl ementary to the nucl eotide sequence of2% he di splaced stran la%
contai ns a deoxyri bonucl eoti de and a ribonucl eoti de, the ribonucl eotide
bei ng positioned at the 3'-terminus or on the 3" -termnal side of the
primer, wherein an endonucl ease 10 cleaves at a site that contains the

ri bonucl eoti ggg;(e) cleaving the priner-extended strand of a
doubl e- stranded nucleic acid obtained in step (d) with the endonucl ease at

the site that contains ghe)rigengel egtifder. anskdp ({1-)? extending nis

. 25
nucl eoti de sequence that is conplementary to the tenplate using a DNA

poLvTerese lhag serhl MU 1 a2 BT g

the prinmer portion of t ucl el c aci

pri mer -ext endgq 55! 8adeles of SR AU IR, | D SUERCE X020 BNRLEBEE 184

strand di spl acénent, wherein a -stranded”nuclei c "aci d contarning a
regenergted p&hner-extended strand is reused in step (e). 82. A nethod for
anpl i fyi'ng a nucl eoti de sequence, characterized in that the nethod

‘i‘;gp” ses: 25 (a) prepgiLRgr3-ASELiRa, T XLURELRY BhXikag 3nysd 95 HLs2003
of a spacer sequence, 17 bases of the M13RV sequence and 20
bases of an antisense primer sequence for A DNA-specific
PCR;

10 (v) R3-S1 primer: From the 5'-terminus, 58 bases
of a spacer sequence, 17 bases of the M13RV sequence and 20
bases of a sense primer sequence for A DNA-specific PCR;
and

(vi) R3-A3 primer: From the 5'-terminus, 58 bases

15 of a spacer sequence, 17 bases of the M13RV sequence and 20
bases of an antisense primer sequence for A DNA-specific
PCR.

M13RV 20mer has a sequence of a total of 20 bases
consisting of 17 bases of the M13RV sequence and 3 bases at

20 the 5'~terminus. Therefore, when M13RV 20 mer is used in
the method of the present invention, the lengths of the
spacer sequences in the above-mentioned primers become 4
bases, 22 bases and 55 bases, respectively. Primers

without a spacer sequence were also made as controls for

25 the above-mentioned primers.



nucleic acid as a tenplate, a deoxyribonucl eotide triphosphate, a DNA

pol ynerase having a strand displacenent activity, at |east one priner and
an endonucl ease that cl eaves an extended strand generated fromthe priner,
5 wherein the priner is a chimeric oligonucleotide priner thatg hs UL 2003
substantially conplenentary to the nucl eotjixde sequence of the nuc'1 eic acid
as the tenplate and contains a deoxyribonucl eotide and a ri bonucl eoti de,

t he ri bonucl eoti de being positioned at the 3" -term nus or on 10 the
3'-termnal side of the priner, wherein the endonucl ease cleaves at a site
that contains the ribopygl eqigdeyAnd {Rinl NGUYRat i ng r Lon ghxture
for a sufficient tinme to generaa e d reactflon produgt 1&%? 83. IL’met El(])'dgltior
determ ni ng L ce,;Qf clejc j de. cha jzed i hat
the. ot hod cormirLE8l (A4S, PRINEESD 18 sfd ol il fes SACEREGRLAE PEr, Ba

Tet hod accorghnd sl 28EWi 8. OF F! BaBRs! 4 BN brlds | 8r5%he AbpLified
CA@. A[ 3 AL AL AL AFn2, Afn2. ASY. AL Af 3 AHY. AS. Al Al 2. Afn. Al 2. AS. Af p,,AS. A
At ro, nyhEadienty CBabt eSOl ko ok R Rer, adrRions: N e Ry

. A3. A@-%q.2 A AgASF. AS. AS. ASE@A 'tA3 Ai' A, . AS. % .A&2. As. A. A. A, . AN. AS, ASH

CAE. A AT 3. ASCSRIEUCHS AR AGRTUA AlBSHACAEIR SHAGETH REELACDA: A FIAyAY. AS
. A@ A. AS. A@Dﬁ)-‘?[sA . Af L AF 32, Ai5FE é&@?légég@ @@eAR§ AHL. AGF. A@ Af 2. A. Af . A@GH

.A[ _ A[ equéncés are locat sequerices.

. AB3. A@ . Af . A, n. Ayn. Af _ AF, AS. AST. Ay3. AyF2. A@ . A, . Af n2. Y. .AS. A@l . AL, AnS. A
{5 AF. AS. ASH?. ASHFI .Af%%‘)&hf%f)&@@?i\f.ﬁ? pfuer palf, A5 Y51 2 her ko
.A@ A@ . A@. AS. ATE. A@ A@ Ayn32. A. Al F. AynE. A, . AS. A, 2. A. A, ASH3E,_ Al 3. AE. An. Ayn
A LA@ . A F.é\g REL .rAQ?XfU.SEFﬁ. Ag[’/ﬂ. H%J&@GEHFF;@\EFGPE] bdB8mPR¢ in g
DEYf h} xsni d_Z] ca] ca] ca] ca] ca] ca] cal.ca] ca] ca] ca] cal] ca] cal.calca]ca]ca]ca]ca]c
a] ca] ca] ca] c‘&l}‘i‘éﬁl‘c Eta}’ééF@Za?%SBak] ] &3d%)1 2F8he | 'QW#MW%FQ nid_
Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caL(.:a] cal ca] ca] ca] ca] ca] ca] caj ca]ca]c
a] ca] Cﬁ%’ca] Cg_?’é]é_?%?@g_] tQi khe spacer portions 1s obtained. In addition,

& &0&))) +6+8+y, z, / [/ KOXO[ 0C11~2334455: ; : ">>@ @4 w nhc”Y] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] Yig Bafkg) i AT caféaféapLdfe &3] RYiefa] £8] ¥88fca] ca
] ca] ca! %@NAl DBEJEJJJ X TTUV" VO/( V+Vf VWWBW XXZZRZZ[ t [ } xsni d_Z] ] ca] ca] ca] ca
] ca] ca] ca] cajRapBR}iafed] LAREEREE &f chtaPRalRapddrdal 3 Rafen] @R Ea]iﬁa] ca
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cooled to 4°C, and then 2.5 ul of a 0.5 M EDTA solution was
added thereto to terminate the reaction. 3 pl of the
10 reaction mixture was subjected to electrophoresis on 3%
NuSieve 3:1 agarose (Takara Shuzo) gel. As a result, when
M13RV-2N 17mer was used, increase in amplification
efficiency was observed depending on the length of the
spacer sequence in the following order: 25mer > 7Tmer >
15 58mer > no spacer sequence. When M13RV-2N 20mer was used,
increase in amplification efficiency was observed depending
on the length of the spacer sequence in the following
order: 22mer > 4mer > 55mer > no Sspacer sequence.
Furthermore, when the M13RV sequences in the primers
20 described above in (i) to (vi) were replaced by M13M4
sequences, a similar tendency was observed for the
relationship between the spacer sequence and the
amplification efficiency. Thus, it was confirmed that,

when a linear DNA fragment such as a PCR-amplified fragment

25 is used as a template, the designing of primers used in the
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efficiency.
(2) Amplification of a template having a high GC
5 content in the method for amplifying a nucleotide sequence
using an elevated reaction temperature was examined. First,
primers having a sequence as shown in SEQ ID NO:44 or 45 of
the Sequence Listing for PCR amplification of a 307-bp
region (GC content: 62.5%) of CDC2-related protein kinase
10 PISS LRE gene (GenBank accession no. AA789328) were
prodﬁced. In addition, primers having a sequence as shown
in SEQ ID NO:46 or 47 of the Sequence Listing for PCR
amplification of a 284-bp region (GC content: 61.3%) of
Type II cytoskeltal 1 keratin gene (GenBank accession no.
15 ARA706022) were produced. PCR amplification was carried out
using these primers and commercially available DNA
fragments (Research Genetics) as templates. The respective
PCR-amplified fragments obtained by wusing the above-
mentioned primer pairs have spacer sequences and the MIL3RV
20 sequences on both ends. The fragments were used as
templates for the present invention.
M13RV-2N 17mer primer having a sequence as shown
in SEQ ID NO:42 of the Sequence Listing or M13RV-2N Z20mer
primer having a sequence as shown in SEQ ID NO:43 of the

25 Sequence lListing was used in this Example. In the primers,
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as follows. 10 p of a mixture of 100 pmol of the primer,

20 ng of the template and 0.01% propylenediamine was
5 denatured at 98°'C for 2 minutes, and then cooled to 55°C or
60°C. Thereafter, 34 mM Tricine buffer (pH 8.7), 10 mM KCl,
10 mM ammonium sulfate, 0.01% BSA, 1% DMSO, 4 mM magnesium
acetate, 0.5 mM each of dNTPs, 11 U of Bca BEST DNA
polymerése and 30 U of RNase H were added thereto to make
10 the final reaction volume to 50 pl. The reaction mixture
was incubated at 55°C or 60°C for 1 hour. After the
completion of the reaction, the mixture was cooled to 4°C.
3 pl of the reaction mixture was subjected to
electrophoresis on 3% agarose gel. The results are shown

15 in Table 1 below.

Table 1
Gene and
results of amplification
Reaction Primers CDC2-related Type II
temperature used cytoskeltal
55°C M13RV-2N 1l7mer ++ ++
M13RV-2N 20mer ++ ++
60°C M13RV-2N 17mer + +
M13RV~-2N 20mer ++++ +++4+

+ to ++++: The degree of amplification was scored in four
grades.

20 ~: No amplification was observed.
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content was used. This amplification was accomplished by

5 elevating the reaction temperature (from 55°C to 60°C) and
by using a primer having a higher Tm value as compared with

an optimal primer for a reaction at 55°C when the reaction

was carried at 60°C.

(3) The relationship between the length of an

10 amplified fragment and the amount of the amplification
product in the method for amplifying a nucleotide sequence
under high reaction temperature conditions was examined.
First, a pair of primers having a sequence as shown in SEQ

ID NO:48 or 49 of the Sequence Listing for amplifying a

15 800-bp region of the lambda DNA (Takara Shuéo) and a pair
of primers having a sequence as shown in SEQ ID NO:50 or 51

of the Sequence Listing for amplifying a 400-bp region of

the lambda DNA were synthesized according to a conventional
method. PCR was conducted using one of these primer pairs
20 and the A DNA as a template to obtain an amplified fragment.
An amplified fragment of about 1.1 kbp was also prepared
using the pUC19-911 plasmid as described in Example S5 (1)

as a template and MF2 (24) primer and MR1 (24) primer,
which have sequences as shown in SEQ ID NOS:16 and 17 of

25 the Sequence Listing, respectively. The PCR-amplified
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fragments obtained by using the above-mentioned primer
pairs have spacer sequences and the M13RV or M4 sequences
on both ends. These fragments were used as templates for
the present invention.

M13RV-2N 1l7mer primer having a sequence as shown
in SEQ ID NO:42 of the Sequence Listing or M13RV-2N 20mer
primer having a sequence as shown in SEQ ID NO:43 of the
Sequence Listing was used as a primer in this Example. In
the priﬁers, the first and second bases from the 3'-
terminus are replaced by ribonucleotides. A combination of
M13M4-3N 20mer primer having a sequence as shown in SEQ ID
NO:55 of the Sequence Listing and M13RV-3N 20mer primer
having a sequence as shown in SEQ ID NO:43 of the Sequence
Listing, and a combination of M13M4-3N 24mer primer and
M13RV~-3N 24mer primer having sequences as shown in SEQ ID
NO:56 and 57 of the Sequence Listing, respectively, were
used for amplifying a region of about 1 Kkbp. In the
primers, the first to third bases from the 3'~terminus are
replaced by ribonucleotides. The reaction was carried out
as follows. 10 pl of a mixture of 10 pmol of the primer,
about 20 ng of the template and 0.01% propylenediamine was
denatured at 98°C for 2 minutes, and then cooled to 55°'C or
60°C. Thereafter, 34 mM Tricine buffer (pH 8.7), 10 mM
potassium chloride, 10 mM ammonium sulfate, 0.01% BSA, 1%

DMSO, 4 mM magnesium acetate, 0.5 mM each of dNTPs, 11 U of
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5 cooled to 4°C, and then 5 pl of a 0.5 M EDTA solution was
added thereto to terminate the reaction. 3 pl of the
reaction mixture was subjected to electrophoresis on 3%
NuSieve 3:1 agarose (Takara Shuzo) gel. The results are

shown in Tables 2 and 3 below.

10
Table 2
Length of amplified fragment
and results
Reaction Primers 400 bp 800 bp
temperature used
55°C M13RV-2N l7mer ++ ++
M13RV~2N 20mer ++ ++
60°C M13RV-2N 1l7mer + +
M13RV-2N 20mer +4+++ ++++
+ to ++++: The degree of amplification was scored in four
grades.
-: No amplification was observed.
15

As shown in Table 2, fragments for regions of 400
bp and 800 bp were efficiently amplified by making the
length of the primer for amplification from l7mer to 20mer
and by elevating the reaction temperature from 55°C to 60°C.

20
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Reaction Primers Length of amplified
temperature used fragment and results
1034bp
55'C MI13RV-3N 20mer & M13M4-3N 20mer ++
M13RV-3N 24mer & M13M4-3N 24mer ++
65'C MI13RV-3N 20mer & M13M4-3N 20mer +
M13RV-3N 24mer & M13M4-3N 24mer ++++

+ to ++++: The degree of amplification was scored in four
grades.

—-: No amplification was observed.

5
Furthermore, as shown in Table3, a fragment for a
region of about 1 kbp was efficiently amplified by making
the length of the primer for amplification from 20mer to
24mer and by elevating the reaction temperature from 55°C
10 to 65'C. Additionally, similar results were obtained for

amplification of a long-chain DNA fragment as described in
Example 10 by using longer primers and an elevated reaction
temperature. Increase in amplification efficiency was
observed when a region of about 2 kbp or longer was

15 amplified.

Example 13
(1) Use of a heat-resistant DNA polymerase other
than Bca BEST DNA polymerase in the method of the present
20 invention was examined. Bst DNA polymerase (New England

Biolabs) was used as a heat-resistant DNA polymerase. A
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sequences as shown in SEQ ID NOS:52 and 53 of the Sequence
Listing, respectively, were synthesized according to a
conventional method. PCR was carried out using the primer
5 pair and a commercially available DNA fragment for cyclin A
gene (Research Genetics) as a template, resulting in an
amplified fragment of about 300 bp. The PCR-amplified
fragment obtained by using the primer pair has the M13RV
sequencés on both ends. The fragment was used as a

10 template for the present invention.
M13RV-2N 17mer primer having a sequence as shown
in SEQ ID NO:42 of the Sequence Listing was used as a
primer in this Example. In the primer, the first and
second Dbases from the 3'~terminus are <replaced by
15 ribonucleotides. The reaction was carried out as follows.
10 pl of a mixture of 20 uM of the primer, about 20 ng of
the template and 0.01% propylenediamine was denatured at
98°C for 2 minutes, and then cooled to 55°C. Thereafter, 34
mM Tricine buffer (pH 8.7), 10 mM potassium chloride, 10 mM
20 ammonium sulfate, 0.01% BSA, 1% DMSO, 4 mM magnesium
acetate, 0.5 mM each of dNTPs, 4, 8, 12 or 16 U of Bst DNA
polymerase and 30 U of RNase H were added thereto to make
the final reaction volume to 50 ul. As a control, a
reaction mixture having a composition identical with the

25 above-mentioned one was prepared, except that 11 U of Bca
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reaction, the mixture was cooled to 4°C, and then 5 ul of a
0.5 M EDTA solution was added thereto to terminate the

5 reaction. 3 pl of the reaction mixture was subjected to
electrophoresis on 3% NuSieve 3:1 agarose (Takara Shuzo)
gel. As a result, an amplified fragment of interest was
obtained wusing each of the wvarious units of Bst DNA
polymerése. Thus, it was confirmed that heat-resistant DNA

10 polymerases can be preferably used in the method of the
present invention.

(2) Use of a mesophilic DNA polymerase in the
method of the present invention was examined. 5'-3"exo
activity (-) Klenow fragment (Takara Shuzo) was used as a

15 mesophilic DNA polymerase. The DNA prepared in (1) above
was used a template DNA for the method of the present
invention.

M13RV-2N lémer primer having a sequence as shown
in SEQ ID NO:54 of the Sequence Listing was used as a

20 primer in this Example. In the primer, the first and
second bases from the 3'-terminus are replaced by
ribonucleotides. The reaction was carried out as follows.
10 pl of a mixture of 20 pM of the primer, about 20 ng of
the template and 0.01% propylenediamine was denatured at

25 98°'C for 2 minutes, and then cooled to 40°C. Thereafter, 34
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S- $10% () fragment and 30 U of RNase H were added thereto to make the

5 final reaction volume to 50 pl. The reaction mixture was
incubated at 40°'C for 1 hour. After the completion of the
reaction, the mixture was cooled to 4°C, and then 5 pl of a
0.5 M EDTA solution was added thereto to terminate the
reactioﬁ. 3 pl of the reaction mixture was subjected to

10 electrophoresis on 3% NuSieve 3:1 agarose (Takara Shuzo)
gel. As a result, an amplified fragment of interest was
obtained in cases where the various units of Klenow
fragment were used excluding the case where no Klenow
fragment was added. Thus, it was confirmed that mesophilic

15 DNA polymerases can be preferably used in the method of the

present invention.

Example 14
Chimeric oligonucleotide primers to be used in
20 the method of the present invention were examined. A DNA
as a template and primers were synthesized as described in
Example 1 (1). The structures of the primers used in this
Examples are described below in detail:
Primer Pair 1l: A combination of primers having a

25 nucleotide sequence as shown in SEQ ID NO:2 or 3 of the
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Primer Pair 2: A combination of primers having a
nucleotide sequence as shown in SEQ ID NO:59 or 60 of the
Sequence Listing in which the sixth and seventh
deoxyribonucleotides from the 3'-terminus are replaced by
ribonucleotides;

Primer Pair 3: A combination of primers having a
nucleotide sequence as shown in SEQ ID NO:61 or 62 of the
Sequence Listing in which the fifth and sixth
deoxyribonucleotides from the 3'-terminus are replaced by
ribonucleotides;

Primer Pair 4: A combination of primers having a
nucleotide sequence as shown in SEQ ID NO:63 or 64 of the
Sequence Listing in which the fourth  and fifth
deoxyribonucleotides from the 3'~terminus are replaced by
ribonucleotides;

Primer Pair 5: A combination of primers having a
nucleotide sequence as shown in SEQ ID NO:65 or 66 of the
Sequence Listing in which the third and fourth
deoxyribonucleotides from the 3'-terminus are replaced by
ribonucleotides;

Primer Pair 6: A combination of primers having a
nucleotide sequence as shown in SEQ ID NO:67 or 68 of the

Sequence  Listing in which the second and third

Y5$100& ()-mi! [ ys$100%& () - il [ 9y
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Primer Pair 7: A combination of primers having a
nucleotide sequence as shown in SEQ ID NO:2 or 3 of the
5 Sequence Listing in which the first and second
deoxyribonucleotides from the 3'-terminus are replaced by
ribonucleotides; and
Primer Pair B: A combination of primers having a
nucleotide sequence as shown in SEQ ID NO:67 or 68 of the

10 Sequence Listing in which the second and third
deoxyribonucleotides from the 3'-terminus are replaced by
ribonucleotides and the phosphate bond on the 5'-~terminal
side of the third ribonucleotide from the 3'-terminus is
replaced by a phosphorothioate bond.

15 Amplification conditions and detection method
were as described in Example 1 (2) and (3). As a result,
an amplified fragment having a length of interest was
observed for each of the Primer Pairs 2-8. For the Primer
Pairs 2-7, the amount of the amplification product

20 increased as the number of deoxyribonucleotides at the 3'-
terminus decreased. Particularly, the most abundant
amplification product was observed for the Primer Pair 7
having no deoxyribonucleotide at the 3'-terminus. On the
other hand, no amplified fragment was observed for the

25 Primer Palir 1. Furthermore, the fact that amplified
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ribonucleotide and a unmodified ribonucleotide can be
preferably used as a ribonucleotide contained in a primer

5 in the method of the present invention.

Industrial Applicability
The present invention provides a convenient and
efficient method for amplifying a nucleotide sequence
10 characterized in that a DNA synthesis reaction is carried
out in the presence of a chimeric oligonucleotide primer.
Th present invention provides a method for supplying an
amplified DNA fragment in large quantities. An efficient
method for amplifying a nucleotide sequence is also
15 provided by combining the method for amplifying a
nucleotide sequence of the present invention with another
nucleic acid amplification method. Furthermore, the
present invention provides a method for detecting a
nucleotide sequence for detecting or quantifying a
20 microorganism such as a virus, a bacterium, a fungus and a
yeast, as well as a method for real-time detection of the
amplified DNA fragment obtained by the method of the
present invention. In addition, present invention provides
a large-scale gene sequencing method.

25
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SEQ ID NO:1: Synthetic DNA corresponding to a
portion of human transferrin receptor-encoding sequence
used as a template.

5 SEQ ID NO:2: Designed oligonucleotide primer to
amplify a portion of human transferrin receptor-encoding
sequence.

SEQ ID NO:3: Designed oligonucleotide primer to
amplifyr‘a portion of human transferrin receptor-encoding

10 sequence.

SEQ ID NO:4: Designed oligonucleotide used as a
probe for detecting an amplified portion of human
transferrin receptor-encoding sequence.

SEQ ID NO:5: Designed oligonucleotide primer

15 designated as pUClY8 upper (2) NN to amplify a portion of
plasmid pUC19.

SEQ ID NO:6: Designed oligonucleotide primer
designated as pUCl9 lower NN to amplify a portion of
plasmid pUC19.

20 SEQ ID NO:7: Designed oligonucleotide primer to
amplify a portion of plasmid pUC189.

SEQ ID NO:8: Designed oligonucleotide primer
designated as pUCl9 lower 542 to amplify a portion of
plasmid pUC19.

25 SEQ ID NO:9: Designed oligonucleotide primer to
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SEQ ID NO:10: Designed oligonucleotide primer
designated as pUC1l9 upper 150 to amplify a portion of
plasmid pUC19.

5 SEQ ID NO:11: Designed oligonucleotide primer
designated as pUC1l9 upper 249 to amplify a portion of
plasmid pUC19.

SEQ ID NO:12: Designed oligonucleotide primer to
amplify'za portion of human transferrin receptor-encoding

10 sequence.
SEQ ID NO:13: Designed oligonucleotide primer to

amplify a portion of human transferrin receptor-encoding

sequence.
SEQ ID NO:14: Designed oligonucleotide primer to
15 amplify a portion of human transferrin receptor-encoding
sequence.

SEQ ID NO:15: Designed oligonucleotide primer to
amplify a portion of human transferrin receptor-encoding
sequence.

20 SEQ ID NO:16: Designed oligonucleotide primer
designated as MF2N3 (24) to amplify a portion of plasmid
pUC19-249 or plasmid pUC19-911.

SEQ ID NO:17: Designed oligonucleotide primer
designated as MRIN3 (24) to amplify a portion of plasmid

25 pUC19-249 or plasmid pUC19-911.
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SEQ ID NO:18: Designed oligonucleotide primer to
amplify a portion of plasmid pUC109.

SEQ ID NO:19: Designed oligonucleotide primer
designated as MRIN3 to amplify a portion of plasmid pUC19.

5 SEQ ID NO:20: Synthetic RNA used as a probe for
detecting an amplified portion of plasmid pUC19.

SEQ ID NO:21: Designed oligonucleotide primer to
amplify a portion of vero toxin l-encoding sequence from
hemorrhégic Escherichia coli 0-157.

10 SEQ ID NO:22: Designed oligonucleotide primer to
amplify a portion of vero toxin l-encoding sequence from
hemorrhagic Escherichia coli 0-157.

SEQ ID NO:23: Designed oligonucleotide primer to
amplify a portion of vero toxin 2-encoding sequence from

15 hemorrhagic Escherichia coli 0-157.

SEQ ID NO:24: Designed oligonucleotide primer to
amplify a portion of vero toxin 2-encoding sequence from
hemorrhagic Escherichia coli 0-157.

SEQ ID NO:25: Designed oligonucleotide primer

20 designated as MCR~F to amplify a long DNA fragment.

SEQ ID NO:26: Designed oligonucleotide primer
designated as MCR-R to amplify a long DNA fragment.

SEQ ID NO:27: Designed oligonucleotide primer
designated as MF2N3 (24) to amplify a long DNA fragment.

25 SEQ ID NO:28: Designed oligonucleotide primer
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SEQ ID NO:30: Designed oligonucleotide primer to

5 amplify a portion of bacteriophage lambda DNA.

SEQ ID NO:31: Designed oligonucleotide primer to
amplify a portion of bacteriophage lambda DNA.

SEQ ID NO:32: Designed oligonucleotide primer to
amplify.a portion of bacteriophage lambda DNA.

10 SEQ ID NO:33: Designed oligonucleotide primer to
amplify a portion of bacteriophage lambda DNA.

SEQ ID NO:34: Designed oligonucleotide primer to
amplify a portion of bacteriophage lambda DNA.

SEQ ID NO:35: Designed oligonucleotide primer to

15 amplify a portion of bacperiophage lambda DNA.

SEQ ID NO:36: Designed oligonucleotide primer
designated as R1-S1 to amplify a portion of bacteriophage
lambda DNA.

SEQ ID NO:37: Designed oligonucleotide primer

20 designated as R1-A3 to amplify a portion of bacteriophage
lambda DNA.

SEQ ID NO:38: Designed oligonucleotide primer
designated as R2-S1 to amplify a portion of bacteriophage
lambda DNA.

25 SEQ ID NO:39: Designed oligonucleotide primer
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SEQ ID NO:40: Designed oligonucleotide primer

designated as R3-S1 to amplify a portion of bacteriophage
5 lambda DNA.

SEQ ID NO:41: Designed oligonucleotide primer
designated as R3-A3 to amplify a portion of bacteriophage
lambda DNA.

' SEQ ID NO:42: Designed oligonucleotide primer
10 designated as M13RV-2N 17mer.

SEQ ID NO:43: Designed oligonucleotide primer
designated as M13RV-2N 20mer.

SEQ ID NO:44: Designed oligonﬁcleotide primer to
amplify a portion of CDC2-related protein kinase PISSLRE

15 gene.

SEQ ID NO:45: Designed oligonucleotide primer to
amplify a portion of CDC2-related protein kinase PISSLRE
gene,

SEQ ID NO:46: Designed oligonucleotide primer to

20 amplify a portion of Type II cytoskeltal 11 keratin gene.

SEQ ID NO:47: Designed oligonucleotide primer to
amplify a portion of Type II cytoskeltal 11 keratin gene.

SEQ ID NO:48: Designed oligonucleotide primer to
amplify a portion of bacteriophage lambda DNA.

25 SEQ ID NO:49: Designed oligonucleotide primer to
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amplify a portion of bacteriophage lambda DNA.
SEQ ID NO:50: Designed oligonucleotide primer to
amplify a portion of bacteriophage lambda DNA.
SEQ ID NO:51: Designed oligonucleotide primer to
5 amplify a portion of bacteriophage lambda DNA.
SEQ ID NO:52: Designed oligonucleotide primer
designated as 5'ID to amplify a portion of cyclin A DNA.
SEQ ID NO:53: Designed oligonucleotide primer
designated as 3'ID to amplify a portion of cyclin A DNA,.

10 SEQ ID NO:54: Designed oligonucleotide primer
designated as M13RV-2N l6mer.

SEQ ID NO:55: Designed oligonucleotide primer
designated as M13M4-3N lémer.
SEQ ID NO:56: Designed oligonucleotide primer

15 designated as M13M4-3N 24mer.

SEQ 1ID NO:57: Designed oligonucleotide primer
designated as MI3RV-3N 24mer.

SEQ ID NO:58: Designed oligonucleotide primer
designated as M13M4 l7mer.

20 SEQ ID NO:59: Designed oligonucleotide primer to
amplify a portion of human transferrin receptor-encoding
sequence.

SEQ ID NO:60: Designed oligonucleotide primer to
amplify a portion of human transferrin receptor-encoding

25 sequence.
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SEQ ID NO:62: Designed oligonucleotide primer to

5 amplify a portion of human transferrin receptor-encoding
sequence.

SEQ ID NO:63: Designed oligonucleotide primer to
amplify a portion of human transferrin receptor-encoding
sequencé.

10 SEQ ID NO:64: Designed oligonucleotide primer to
amplify a portion of human transferrin receptor-encoding
sequence.

SEQ ID NO:65: Designed oligonucleotide primer to
amplify a portion of human transferrin receptor-encoding

15 sequence.

SEQ ID NO:66: Designed oligonucleotide primer to

amplify a portion of human transferrin receptor-encoding

sequence.
SEQ ID NO:67: Designed oligonucleotide primer to
20 amplify a portion of human transferrin receptor-encoding
sequence.

SEQ ID NO:68: Designed oligonucleotide primer to
amplify a portion of human transferrin receptor-encoding

sequence.
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1. A method for amplifying a nucleotide
sequence, characterized in that the method comprises:

5 (2a) 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 a DNA
polymerase to synthesize a primer-extended strand that is
compleméntary to the template, wherein the primer is a

10 chimeric oligonucleotide primer containing a
deoxyribonucleotide and a ribonucleotide, the
ribonucleotide being positioned at the 3'~terminus or on
the 3'-terminal side of the primer for cleavage with an
endonuclease;

15 (b) cleaving the primer-extended strand of a
double-stranded nucleic acid obtained in step (a) with the
endonuclease at a site that contains the ribonucleotide;
and

(c) extending a nucleotide sequence that is

20 complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'~terminus of the
primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (b)
to effect a strand displacement.

25 2. The method according to claim 1, wherein
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step (b) and step (c) are sequentially repeated.

3. A method for amplifying a nucleotide
sequence using at least two primers, characterized in that
the method comprises:

5 (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 a DNA
polymerase to synthesize a primer-extended strand that is
compleméntary to the template, wherein the primer is a

10 chimeric oligonucleotide primer containing a
deoxyribonucleotide and a ribonucleotide, the
ribonucleotide being positioned at the 3'-terminus or on
the 3'~terminal side of the primer for cleavage with an
endonuclease;

15 (b) cleaving the primer-extended strand of a
double-stranded nucleic acid obtained in step (a) with the
endonuclease at a site that contains the ribonucleotide;

(c) extending a nucleotide sequence that is
complementary to the template using a DNA polymerase having

20 a strand displacement activity from the 3'-terminus of the
primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (Db)
to effect a strand displacement, wherein a double-stranded

nucleic acid containing a regenerated primer-extended

25 strand is reused in step (b);
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different from that used in step (a) and a DNA polymerase
to synthesize a primer-extended strand that is

5 complementary to the displaced strand, wherein the primer
that is different from that used in step (a) is a chimeric
oligonucleotide primer that is substantially complementary
to the nucleotide sequence of the displaced strand and
containé a deoxyribonucleotide and a ribonucleotide, the

10 ribonucleotide being positioned at the 3'-terminus or on
the 3'-terminal side of the primer for cleavage with an
endonuclease;
(e) cleaving the primer-extended strand of a
double~-stranded nucleic acid obtained in step (d) with the
15 endonuclease at a site that contains the ribonucleotide;
and
(f) extending a nucleotide sequence that is
complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-terminus of the
20 primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (e)
to effect a strand displacement, wherein a double-stranded
nucleic acid containing a regenerated primer-extended
strand is reused in step (e).

25 4. The method according to any one of claims 1



10 10 10

y' $é6%&' ()- Y1y $10% ()- Y1l Q/ $10% ()- Y1! [y $10%& ()- Y1gqTrr Us. t Fu’ vwlU3dY
70!

@B10%8¢ ()-31! [ @10 () -3 [ @L0%: ()-31 BLO ()- 31! [ @L0% (% 3D 10%
& ()-31 vvvvvvv[wx_=0'd !s$10% /& ()--)! c$x8¥8/ 8/ & ()--)"1 109 gﬁ g-y

10% & ()- 10 10 10 @10%' () - 31xWyy] zz{/ { W2 =0!

L@s$109838 () -1 >s$10906 % & ()--) ! 95$10% / & ()--)! [ S$L0%B/ B/ & ()--)! s$10%G
Idq & ()hé‘)!(;smggﬁ G & ()--) 1 {{{{{{{]}uS10 9C10%MYh& ()Ll 0$10%PhPhE ()-
ML 10% h&' () - 10% h&' () .

10/ /| @as$10%t;é’&' ( 5}8#%%%@%8“%(h%§$p?[8tﬁvﬁ 18 TR 102K %n: FipeHcted

h& ()-ni!d

$1ogmh&' () - rE I ERSHRI S () - il >$1000hAh& () - nLu} [ 9MLO! 9C! Qs $109KBKBE: () - F1
| Q5 $10%KBKBS&! () - F1! V>s$109%PRPBE ().~ F1! Ls$10%BEB&. () - F1y1098& () -." 10%B&' () -
~§:0! 9CI 19, s$(12)% & ()- 1S#Fif)hf00%gf(’)9‘§/ g %r?}r-‘gllﬁé) fB%yfﬁﬁsﬁ’fngéé’(“ﬁF |(I)
s$10%BcB& ().- F1T, Zwl3~ =0L.!, sS10%& ()- Y1l L $$10% .

& ()- Y1l C, s§$)lt(9’/&' - YYPEF?%foos/es‘E’ti - Yé.elé, S ‘Eﬂf)@;“e(’ia‘-sﬁl oRREERPy, @ strand

5 displacement activity is used.

6. The method according to any one of claims 1
to 5, wherein the DNA polymerase is selected from the group
consisting of Klenow fragment of DNA polymerase I from
Escheriéhia coli, Bst DNA polymerase lacking 5'-3!

10 exonuclease from Bacillus stearothermophilus and Bca DNA
polymerase lacking 5'-3" exonuclease from Bacillus
caldotenax.

7. The method according to any one of claims 1
to 6, wherein the endonuclease is an endoribonuclease.

15 8. The method according to claim 7, wherein the
endoribonuclease is RNase H.

9. The method according to any one of claims 1
to 8, wherein the chimeric oligonucleotide primer contains
two or more successive ribonucleotide residues.

20 10. The method according to any one of claims 1
to 9, wherein the chimeric oligonucleotide primer contains
one or more modified ribonucleotide.

11. The method according to claim 10, wherein
the chimeric oligonucleotide primer contains an (a-S)

25 ribonucleotide in which the oxygen atom bound to the
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phosphorous atom at the a-position of the ribonucleotide is
replaced by a sulfur atom.
12. The method according to any one of claims 1
to 11, which is conducted in a buffer that contains a
5 buffering component selected from the group consisting of
Tricine, a phosphate and tris.
13. A method for amplifying a nucleotide
sequence, characterized in that the method comprises:
| (a) preparing a reaction mixture by mixing a
10 nucleic acid as a template, a deoxyribonucleotide
triphosphate, a DNA polymerase having a strand displacement
activity, at least one primer and an endonuclease that
cleaves an extended strand generated £from the primer,
wherein the primer is a chimeric oligonucleotide primer
15 that is substantially complementary to the nucleotide
sequence of the nucleic acid as the template and contains a
deoxyribonucleotide and a ribonucleotide, the
ribonucleotide being positioned at the 3'-~terminus or on
the 3'-terminal side of the primer for cleavage with the
20 endonuclease; and
(b) incubating the reaction mixture for a
sufficient time to generate a reaction product.
14. The method according to claim 13, wherein
the reaction mixture is incubated isothermally.

25 15. The method according to claim 13 or 14,
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S éﬂe template.

16. The method according to any one of claims 13
to 15, wherein the DNA polymerase is selected from the
group consisting of Klenow fragment of DNA polymerase I
from Escherichia coli, Bst DNA polymerase lacking 5'-3'
exonucléase from Bacillus stearothermophilus and Bca DNA
polymerase lacking 5'=3" exonuclease from Bacillus
caldotenax.

17. The method according to any one of claims 13
to 16, wherein the endonuclease is an endoribonuclease.

18. The method according to claim 17, wherein
the endoribonuclease is RNase H.

19. The method according to any one of claims 13
to 18, wherein the chimeric oligonucleotide primer contains
two or more successive ribonucleotide residues.

20. The method according to any one of claims 13
to 19, wherein the chimeric oligonucleotide primer contains
one or more modified ribonucleotide.

21. The method according to claim 20, wherein
the chimeric oligonucleotide primer contains an (c-8)
ribonucleotide in which the oxygen atom bound to the

phosphorous atom at the a-position of the ribonucleotide is
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buffering component selected from the group consisting of
5 Tricine, a phosphate and tris.

23. The method according any one of claims 1 to
22, wherein the nucleic acid as the template is a single-
stranded DNA or a double-stranded DNA.

| 24. The method according to claim 23, which is

10 conducted after converting a double-stranded DNA as the
template into single-stranded DNAs,

25. The method according to claim 23 or 24,
wherein the nucleic acid as the template is a cDNA obtained
from an RNA by a reverse transcription reaction.

15 26. The method according to claim 25, which is
conducted after synthesizing a <c¢DNA by a reverse
transcription reaction using an RNA as a template.

27. The method according to claim 26, wherein a
primer selected from the group consisting of an oligo-dT

20 primer, a random primer and a specific primer is used as a
primer for the reverse transcription reaction.

28. The method according to claim 26 or 27,
wherein a chimeric oligonucleotide primer is used as a
primer for the reverse transcription reaction.

25 29. The method according to any one of claims 26
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30. The method according to any one of claims 26
to 29, wherein the reverse transcription reaction and the
5 synthesis of the extended strand that is complementary to
the template are conducted using one DNA polymerase having
a reverse transcriptase activity and a strand displacement
activity.
31. The method according to claim 28, wherein
10 the DNA polymerase is Bst DNA polymerase lacking 5'-3"
exonuclease from Bacillus stearothermophilus or Bca DNA
polymerase lacking 5'-3" exonuclease from Bacillus
caldotenax.
32. The method according to any one of claims 25
15 to 31, wherein the RNA as the template in the reverse
transcription reaction is an RNA amplified by a nucleic
acid amplification reaction.
33. The method according to claim 32, which is
conducted after synthesizing an amplified RNA fragment by a
20 nucleic acid amplification reaction using an RNA as a
template.
34. The method according to claim 32 or 33,
wherein the nucleic acid amplification reaction is selected
from the group consisting of the transcription-based

25 amplification system (TAS) method, the self-sustained
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C 9110% 10 sequence-based amplification (NASBA) method, the
transcription-mediated amplification (TMA) method and the
QB replicase method.

5 35. The method according to claim 23 or 24,
wherein the nucleic acid as the template is a DNA obtained
by a nucleic acid amplification reaction.

36. The method according to claim 35, which is
conducted after synthesizing an amplified DNA fragment by a

10 nucleic acid amplification reaction using an DNA as a
template.

37. The method according to claim 36, wherein
the nucleic acid amplification reaction is selected from
the group consisting of the polymerase chain reaction (PCR)

15 method, the 1ligase chain reaction (LCR) method and the
strand displacement amplification (SDA) method.

38. The method according to any one of claims 32
to 37, wherein a random primer or a degenerate primer is
used for the nucleic acid amplification reaction.

20 39. The method according to claim 38, wherein
the random primer or the degenerate primer is a primer
having a random sequence or a degenerate sequence at least
at the 3'-terminus or on the 3'-terminal side.

40. A chimeric oligonucleotide primer used for

25 the method for amplifying a nucleotide sequence according
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structure in which the ribonucleotide is position at the
3'-terminus or on the 3'~-terminal side of the primer.

41. The chimeric oligonucleotide primer
according to claim 40, which contains two or nmore
successive ribonucleotide residues.

42. The chimeric oligonucleotide primer
accordiné to claim 40 or 41, which contains one or more
modified ribonucleotide.

43. The chimeric oligonucleotide primer
according to claim 42, which contains an (a-8)
ribonucleotide in which the oxygen atom bound to the
phosphorous atom at the o-position of the ribonucleotide
triphosphate is replaced by a sulfur atom as the modified
ribonucleotide.

44, A DNA polymerase having a strand
displacement activity used for the method for amplifying a
nucleotide sequence according to any one of claims 1 to 39.

45, An endonuclease used for the method for
amplifying a nucleotide sequence according to any one of
claims 1 to 39.

46. A kit used for the method for amplifying a
nucleotide sequence according to any one of claims 1 to 39,

which is in a packaged form and contains instructions that

10
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direct the use of a DNA polymerase and an endonuclease in a
strand displacement reaction.

47. The kit according to «claim 46, which
contains a DNA polymerase and/or an endonuclease.

48. The kit according to claim 47, which is in a
package form and contains:

(a) a DNA polymerase having a strand displacement
activity;

(b) an endonuclease; and

(c) a buffer for a strand displacement reaction.

49, A kit used for the method for amplifying a
nucleotide sequence according to any one of claims 1 to 39,
which contains the DNA polymerase having the strand
displacement activity according to claim 44 and/or the
endonuclease according to claim 45.

50. The kit according to any one of claims 47 to
49, which contains a DNA polymerase selected from the group
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'-3' exonuclease from Bacillus
caldotenax as the DNA polymerase.

51. The kit according to any one claims 47 to 49,
which contains RNase H as the endonuclease.

52. A method for detecting a target nucleic acid
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(a) amplifying a target nuclelc acid by the

method for amplifying a nucleotide sequence according to
any one of claims 1 to 39; and
5 (b) detecting the target nucleic acid amplified
in step (a).
53. The method according to claim 52, wherein
the amplified target nucleic acid 1is detected using a
ribonucieotide (RNA) probe 1labeled with two or more
10 fluorescent substances positioned at a distance that
results in a quenching state.
54. A DNA polymerase having a strand
displacement activity used in the method for detecting a
target nucleic acid according to claim 52 or 53.
15 55. An endonuclease used in the method for
detecting a target nucleic acid according to claim 52 or 53,
56. A kit used for the method for detecting a
target nucleic acid according to claim 52 or 53, which is
in a packaged form and contains instructions that direct
20 the use of a DNA polymerase and an endonuclease in a strand
displacement reaction.
57. The kit according to claim 56, which
contains a DNA polymerase and/or an endonuclease.
58. The kit according to claim 57, which is in a

25 package form and contains:
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(b) an endonuclease; and
(c) a buffer for a strand displacement reaction.
5 59. The kit according to any one of claims 56 to
58, which contains the DNA polymerase having the strand
displacement activity according to claim 54 and/or the
endonuclease according to claim 55.
60. The kit according to any one of claims 57 to
10 59, which contains a DNA polymerase selected from the group
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'-3" exonuclease from Bacillus
15 caldotenax as the DNA polymerase.
61. The kit according to any one claims 57 to 59,
which contains RNase H as the endonuclease.
62. A method for producing a material having an
immobilized nucleic acid in which the nucleic acid 1is
20 arrayed in a predefined region, characterized in that the
method comprises:
(a) amplifying a nucleic acid to be immobilized
by the method for amplifying a nucleotide sequence

according to any one of claims 1 to 39; and

25 (b} arraying and immobilizing the nucleic acid
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amplified in step (a) in a predefined region on a substrate.

63. The method according to claim 62, wherein a
single-stranded nucleic acid substantially free of a
complementary strand thereto is amplified, and arrayed and
immobilized in the predefined region on the substrate.

64. A material having an immobilized nucleic
acid in which the nucleic acid is arrayed in a predefined
region produced by the method according to claim 62 or 63.

‘ 65. The material according to claim 64, wherein
a single-stranded nucleic acid is arrayed' and immobilized
in the predefined region.

66. The material according to claim 65, in which
a single-stranded nucleic acid substantially free of a
complementary strand thereto is arrayed and immobilized in
the predefined region,

67. A method for detecting a target nucleic acid
in a sample, characterized in that the method comprises:

(a) preparing a nucleic acid sample suspected to
contain a target nucleic acid from a sample;

(b) contacting the nucleic acid sample with the
material according to any one of claims 64 to 66; and

(c) detecting the target nucleic acid in the
nucleic acid sample that hybridizes with the nucleic acid
on the material.

68. A method for producing a nucleic acid in
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least one primer that is substantially complementary to the
5 nucleotide sequence of the nucleic acid and a DNA
polymerase to synthesize a primer-extended strand that is

complementary to the template, wherein the primer is a

chimeric oligonucleotide primer containing a
deoxyribonucleotide and a ribonucleotide, the
10 ribonucleotide being positioned at the 3'~terminus or on

the 3'-terminal side of the primer for cleavage with an
endonuclease;
(b) cleaving the primer-extended strand of a
double-stranded nucleic acid obtained in step (a) with the
15 endonuclease at a site that contains the ribonucleotide;
and
(c) extending a nucleotide sequence that 1is
complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-terminus of the
20 primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (b)
to effect a strand displacement.
69. A method for producing a nucleic acid in
large quantities using at least two primers, characterized

25 in that the method comprises:
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(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 a DNA

polymerase to synthesize a primer-extended strand that is

5 complementary to the template, wherein the primer is a
chimeric oligonucleotide primer containing a
deoxyribonucleotide and a ribonucleotide, the

ribonucleotide being positioned at the 3'-terminus or on
the 3'—£erminal side of the primer for cleavage with an
10 endonuclease;

(b) cleaving the primer-extended strand of a
double-stranded nucleic acid obtained in step (a) with the
endonuclease at a site that contains the ribonucleotide;

(c) extending a nucleotide sequence that is

15 complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-terminus of the
primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (b)
to effect a strand displacement, wherein a double-stranded

20 nucleic acid containing a regenerated primer-extended
strand is reused in step (b);

(d) treating a released displaced strand obtained
in step (c) as a template with at least one primer that is
different from that used in step (a) and a DNA polymerase

25 to synthesize a primer-extended strand that is
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complementary to the displaced strand, wherein the primer
that is different from that used in step (a) is a chimeric
oligonucleotide primer that is substantially complementary
to the nucleotide sequence of the displaced strand and

5 contains a deoxyribonucleotide and a ribonucleotide, the
ribonucleotide being positioned at the 3'-terminus or on
the 3'-terminal side of the primer for cleavage with an
endonuclease;

(e} cleaving the primer-extended strand of a

10 double-stranded nucleic acid obtained in step (d) with the
endonuclease at a site that contains the ribonucleotide;
and

(f) extending a nucleotide sequence that is
complementary to the template using a DNA polymerase having

15 a strand displacement activity from the 3'-terminus of the
primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (e)
to effect a strand displacement, wherein a double-stranded
nucleic acid containing a regenerated primer-extended
20 strand is reused in step (e).

70. A method for producing a nucleic acid in
large quantities, characterized in that the method
comprises:

(a) preparing a reaction mixture by mixing a

25 nucleic acid as a template, a deoxyribonucleotide
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triphosphate, a DNA polymerase having a strand displacement
activity, at least one primer and an endonuclease that
cleaves an extended strand generated from the primer,
wherein the primer is a chimeric oligonucleotide primer

5 that 1is substantially complementary to the nucleotide

sequence of the nucleic acid as the template and contains a
deoxyribonucleotide and a ribonucleotide, the
ribonucleotide being positioned at the 3'-terminus or on
the 3'~terminal side of the primer for cleavage with the

10 endonuclease; and

(b) incubating the reaction mixture for a
sufficient time to generate a reaction product.

71. A method for amplifying a nucleotide
sequence, characterized in that the method comprises:

15 (a) amplifying a nucleic acid containing a
sequence to be amplified by a nucleic acid amplification
reaction to prepare a nucleic acid as a template;

(b) treating the nucleic acid as the template
obtained in step (a) with at least one primer that is

20 substantially complementary to the nucleotide sequence of
the nucleic acid and a DNA polymerase to synthesize a
primer-extended strand that is complementary to the
template, wherein the primer is a chimeric oligonucleotide

primer containing a deoxyribonucleotide and a

25 ribonucleotide, the ribonucleotide being positioned at the
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(d) extending a nucleotide sequence that is
complementary to the template using a DNA polymerase having
a strana displacement activity from the 3'-terminus of the

10 primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (c)
to effect a strand displacement.

72. A method for amplifying a nucleotide
sequence using at least two primers, characterized in that

15 the method comprises:

(a) amplifying a nucleic acid containing a
sequence to be amplified by a nucleic acid amplification
reaction to prepare a nucleic acid as a template;

(b) treating the nucleic acid as the template

20 obtained in step (a) with at least one primer that is
substantially complementary to the nucleotide sequence of
the nucleic acid and a DNA polymerase to synthesize a
primer-extended strand that is complementary to the
template, wherein the primer is a chimeric oligonucleotide

25 primer containing a deoxyribonucleotide and a
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complementary to the template using a DNA polymerase having
a strana displacement activity from the 3'-terminus of the

10 primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (c)
to effect a strand displacement, wherein a double-stranded
nucleic acid containing a regenerated primer-extended
strand is reused in step (c):;

15 (e) treating a released displaced strand obtained
in step (d) as a template with at least one primer that is
different from that used in step (b) and a DNA polymerase
to synthesize a primer-extended strand that is
complementary to the displaced strand, wherein the primer

20 that is different from that used in step (b) is a chimeric
oligonucleotide primer that is substantially complementary
to the nucleotide sequence of the displaced strand and
contains a deoxyribonucleotide and a ribonucleotide, the
ribonucleotide being positioned at the 3'-terminus or on

25 the 3'-terminal side of the primer for cleavage with an
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sequence to be amplified by a nucleic acid amplification
reaction to prepare a nucleic acid as a template;

(b) preparing a reaction mixture by mixing the

20 nucleic acid as the template obtained in step (a), a

deoxyribonucleotide triphosphate, a DNA polymerase having a

strand displacement activity, at least one primer and an

endonucleasé that cleaves an extended strand generated from

the primer, wherein the primer is a chimeric

25 oligonucleotide primer that is substantially complementary
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the group consisting of the TAS method, the 3SR method, the

NASBA method, the TMA method, the QB replicase method, the
PCR method, the LCR method and the SDA method.
75. The method according to claim 74, wherein a
15 random primer or a degenerate primer is used for the
nucleic acid amplification reaction.

76. The method according to claim 75, wherein
the random primer or the degenerate primer is a primer
having a random sequence or a degenerate sequence at least

20 at the 3'-terminus or on the 3'-terminal side.

77. A method for amplifying a nucleotide
sequence, characterized in that the method comprises:

(a) treating a nucleic acid as a template with at
least one primer that is substantially complementary to the

25 nucleotide sequence of the nucleic acid and a DNA
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(c) extending a nucleotide sequence that 1is
complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-terminus of the
primer portion of the double-stranded nucleic acid in which

15 the primer-extended strand is cleaved obtained in step (b)
to effect a strand displacement.

78. A method for amplifying a nucleotide
sequence using at least two primers, characterized in that
the method comprises:

20 (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 a DNA
polymerase to synthesize a primer-extended strand that is

complementary to the template, wherein the primer is a

25 chimeric oligonucleotide primer containing a
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to effect a strand displacement, wherein a double-stranded

nucleic acid containing a regenerated primer-extended
strand is reused in step (b):

15 (d) treating a released displaced strand obtained
in step (c) as a template with at least one primer that is
different from that used in step (a) and a DNA polymerase
to synthesize a primer-extended strand that is
complementary to the displaced strand, wherein the primer

20 that is different from that used in step (a) is a chimeric
oligonucleotide primer that is substantially complementary
to the nucleotide sequence of the displaced strand and
contains a deoxyribonucleotide and a ribonucleotide, the
ribonucleotide being positioned at the 3'-terminus or on

25 the 3'-terminal side of the primer:;
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primer portion of the double~stranded nucleic acid in which

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

10 to effect a strand displacement, wherein a double-stranded
nucleic acid containing a regenerated primer-extended
strand is reused in step (e).

79. A method for amplifying a nucleotide
sequence, characterized in that the method comprises:

15 (a) preparing a reaction mixture by mixing a
nucleic acid as a template, a deoxyribonucleotide
triphosphate, a DNA polymerase having a strand displacement
activity, at least one primer and an endonuclease that
cleaves an extended strand generated from the primer,

20 wherein 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
deoxyribonucleotide and a ribonucleotide, the
ribonucleotide being positioned at the 3'-terminus or on

25 the 3'~terminal side of the primer; and
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and
(c) extending a nucleotide sequence that is
20 complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-terminus of the
primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (b)
to effect a strand displacement.

25 8l. A method for amplifying a nucleotide
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the 3'-terminal side of the primer, wherein an endonuclease
cleaves at a site that contains the ribonucleotide;
(b) cleaving the primer-extended strand of a
double-stranded nucleic acid obtained in step (a) with the
15 endonuclease at the site that contains the ribonucleotide;
(c) extending a nucleotide sequence that is
complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-terminus of the
primer portion of the double-stranded nucleic acid in which
20 the primer-extended strand is cleaved obtained in step (b)
to effect a strand displacement, wherein a double-stranded
nucleic acid containing a regenerated primer-extended
strand is reused in step (b);

(d) treating a released displaced strand obtained

25 in step (c) as a template with at least one primer that is
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different from that used in step (a) and a DNA polymerase
to synthesize a primer-extended strand that is
complementary to the displaced strand, wherein the primer
that is differen£ from that used in step (a) is a chimeric
oligonucleotide primer that is substantially complementary
to the nucleotide sequence of the displaced strand and
contains a deoxyribonucleotide and a ribonucleotide, the
ribonucleotide being positioned at the 3'-terminus or on
the 3'—ferminal side of the primer, wherein an endonuclease
cleaves at a site that contains the ribonucleotide;

(e) cleaving the primer-extended strand of a
double-stranded nucleic acid obtained in step (d) with the-
endonuclease at the site that contains the ribonucleotide;
and

(f) extending a nucleotide sequence that is
complementary to the template using a DNA polymerase having
a strand displacement activity from the 3'-terminus of the
primer portion of the double-stranded nucleic acid in which
the primer-extended strand is cleaved obtained in step (e)
to effect a strand displacement, wherein a double-stranded
nucleic acid containing a regenerated primer-extended
strand is reused in step (e).

82. A method for amplifying a nucleotide
sequence, characterized in that the method comprises:

(a) preparing a reaction mixture by mixing a
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nucleic acid as a template, a deoxyribonucleotide
triphosphate, a DNA polymerase having a strand displacement
activity, at least one primer and an endonuclease that
cleaves an extended strand generated from the primer,
wherein 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
deoxyribonucleotide and a ribonucleotide, the
ribonucieotide being positioned at the 3'-terminus or on
the 3'-terminal side of the primer, wherein the
endonuclease cleaves at a site that contains the
ribonucleotide; and

(b) incubating the reaction mixture for a
sufficient time to generate a reaction product.

83. A method for determining a nucleotide
sequence o©f a nucleic acid, characterized in that the
method comprises amplifying a nucleotide sequence according
to the method according to any one of claims 1 to 39 and 71

to 82.



