1 DESCRI PTI ON METHOD OF FORM NG COWPLEX  *(@00002* 5 Technical Field The
present invention relates to a nethod for formng a conplex con%isting of

4~ doubl e-stranded nucleic acid and an ol i gonucl eotide, a
creating a replication origin on a nucleic acid, and a net @M@tﬂm mm“l
replicating a nucleic acid, which are useful in a field of

engi neering. Background Art Progresses it studies in a field of “'fdf*ecul ar

15 bi ol ogy have brought various research techni ques. Anong these, nucleic
acid hybridization techniques are quite wuseful techniques that allow

detection and quantification of nucleic acids of interest, mmww en
utilized in various fields in addi PE8RREBTIAY field of nol mmmmmwmm

bi ol ogy in manners suitable for the respective objects. Basicalg,

hybridi zation is a reaction of base pairing of single-stranded nuclelc
acids conplenentary to each other. Thus, it is necessary to first separate

(denature) a double-strandedMﬁEBDQi@FaEPBMﬂHEOCPNBLEKngIe 25 strands for
hybri di zati on between a doubl e-stranded nucleic

5 Technical Field
The present invention relates to a method for
forming a complex consisting of a double-stranded nucleic
acid and an oligonucleotide, a method for creating a
replication origin on a nucleic acié:l, and a method for
10 replicating a nucleic acid, which are useful in a field of

genetic engineering.

Background Art
Progresses in studies in a field of molecular
15 biology have brought various research techni@ues. Among
these, nucleic acid hybridization techniques are quite
useful techniques that allow detection and quantification
of nucleic acids of interest, and have been utilized in
various fields in addition to the field of molecular
20 biology in manners suitable for the respective objects.
Basically, hybridization 1is a reaction of base
pairing of single-stranded nucleic acids complementary to
each other. Thus, it 1is necessary to first separate
(denature) a double-stranded nucleic acid into two single

25 strands for hybridization between a double-stranded nucleic



2 acid and a single-stranded nucleic acid, or double-stranded nucleic
acids. Heating or alkali treatnent is used for the denaturation. However,
it is inpossible to carry out such treatnent in the presence of a protein
or the like without 5 abolishing the activity of the protein. 10
Furthernore, in the course of hybridizatioon using a double-stranded

nucleic acid, formation of the original'2doub|e-stranded nucl eic acid at

some frequency is inevitable. It is knowmn that a triple helix can be
formed between an undenatured doubl e-stranded nucleic acid and a
si ngl e-strande nugleic,acid gNUC|ﬁi§ Aci ds, Resear ch, 16:1&431-11440
(1988)). Hofeverangppl FEaPIBASbFaPARY PBFAEEFOACHR, sHENIAUP+EHPETABARY i s
limted to a region of 15 a doubl e-stranded nucleic acid formed by speci al
sequences, NPC&SicyagigiencBeBEiRg gt piit KAelchheaRPeRRdla Yegdehed &R high
pyrimdine content. |t is known that a conplex of a doubl e-stranded
nucl ei ¢ aci eBAEUA2ELABF e- SONENBE Adiclidi BRI IR T drHeRTDY AREepuch
nondenaturing conditions in the presence of a RecA 25 protein involved in
honol ogous EE&BBEBERAt LBn theoRE®SEnCe Kifs PHHEMIHEHbPT sthaiskikgnwihbout
activity of the RecA protein, and no technique for nonenzymatically
forming a 3Paliahipgnphexar§ikhbyinof the protein.
Furthermore, in the course of hybridization using

a double-stranded nucleic acid, formation of the original

double-stranded nucleic acid at some frequency 1is

inevitable.

10 It is known that a triple helix can be formed
between an undenatured double-stranded nucleic acid and a
single-stranded nucleic acid (Nucleic Acids Research,
16:11431-11440 (1988)). However, application of the
formation of such a triple helix is limited to a region of

15 a double-stranded nucleic acid formed by special sequences,
i.e., a sequence of high purine content and a sequence of
high pyrimidine content.

It is known that a complex of a double-stranded
nucleic acid and a single-stranded nucleic acid is formed

20 under nondenaturing conditions in the presence of a RecA
protein involved in homologous recombination. However,
this phenomenon 1is based on the activity of the RecA
protein, and no technique for nonenzymatically forming a

similar complex is known.

25 A technique for maintaining or amplifying an



A technique for maintaining or anplifying an 3 isolated nucleic acid

nol ecul e is indispensable to studies in a field of genetic engineering.
“The mai ntenance or anplification is usually acconplished by inserting the
i solated nucleic acid into an appropriate vector to make a 5 reconbi nant
DNA nol ecul e. Such a reconbi nant DNA nol gcul e can be stably naintai ned
being isolated or harbored in an appropriate host. Furthernore, it is
possible to increase the nunmber of nolecules by culturing the host
harboring the reconbinant DNA nol ecule to increase the cell nunber, if 10
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vector is to contain a gene encoding a product lethal to the host).
Anplif?catiBﬁCBPbénﬁﬂElgNé BN ecul a 245Gt Q%ﬂtw#W%oﬂ?f?%%le

medi ation of a host by replicating a , , ,
can be stdbly maintained being isolated or harbored in an

appropriate host. Furthermore, it is possible to increase

the number of molecules by culturing the host harboring the

recombinant DNA molecule to increase the cell number, if
10 necessary.

A number of vectors derived from plasmids, phagesﬁ
viruses and the 1like are known. In addition, vectors
artificially modified to have various functions suitable
for their uses have been developed and are commercially

15 availlable.

Utilization of a host is indispensable for
maintaining or amplifying a gene using a vector.
Accordingly, it is difficult to construct a recombinant DNA
molecule in which a nucleic acid molecule of interest is

20 incorporated into a vector, for example, if the nucleic
acid molecule of interest is harmful to the host (e.g., if
the vector is to contain a gene encoding a product lethal
to the host).

Amplifiéation of a nucleic acid molecule of

25 interest without the mediation of a host by replicating a



4 reconbi nant DNA nol ecul e outside a host cell (i.e., in vitro) may be
consi dered. However, since every known vector is replicated froma defined
feplication origin by an inherent mechani sm no general -purpose neans of 5
artificially replicating a nucleic acid nolecule is known. Cbjects of

| nvention The nain object of the present ,invention is to provide a nethod
for formng a conplex consisting of a 16 doubl e- st randed nucleic acid and
a single-stranded nucleic acid without denaturation, and a conveni ent
general - purpose nethod for replicating a nucleic acid nolecule w thout the

use of a host organi sm Su ry.of Invention a result of intensive
st udi es, th]éef)?’lé]gielh?nti r@%t’ﬁgggﬁé\]/g f%‘&ﬁfci%ata QE%ﬁJF et olceilQSnl’JcIJerbti de
containing a,ribonucleotide is aanealed t 0. an undenat,ured . doubl e- st randed
nucl ei ¢ aci WEECF oMY O6npFaRsitACYPPr o, FTPHHE TwomSEcst uREEF nskBRVYA
replication origin,on the, K nucleic acid,dggd tge nucl.ei ¢ ,aci d can, be

replicated YeohPrt hé rEPILiiCAGEGh BriWyi &, 4Redt FEPILEAEACT RigfiTorPhas

been conpleted. The first aspect of the present inpvention relates 25 to a
met hod for #Br nilifgesd SEnpl BXCRBAEFEt i ngCof ICTREMDI ePYTRPFEANdEERSGCl e aci d

and an_ol i gonucleoti de, the nmethod conprising: |, , _
5 artificially replicating a nucleic "acid molecule is known.

Objects of Invention
The main object of the present invention is to
provide a method for forming a complex consisting of a
10 double-stranded nucleic acid and a single-stranded nucleic
acid without denaturation, and a convenient general-purpose
method for replicating a nucleic acid molecule without the

use of a host organism.

15 Summary of Invention
As a result of intensive studies, the present
inventors have found that a chimeric oligonucleotide
containing a ribonucleotide is annealed to an undenatured
double-stranded nucleic acid to form a complex in vitro,
20 the complex functions as a replication origin on the
nucleic acid, and the nucleic acid can be replicated from
the replication origin. Thus, the present invention has
been completed.
The first aspect of the present invention relates

25 to a method for forming a complex consisting of a double-



(a) mxing a double-stranded nucleic acid and at |east one oligonucl eotide
to prepare a reaction mxture, 5 wherein the oligonucleotide is a chineric
Ol i gonucl eotide containing at |east a ribonucl eotide as well as a nenber
selected froma group consisting of a deoxyribonucleotide and a nucleotide
anal og, and has a sequence substantially: conplenentary to the nucleotide
sequence of one of the two 10 strands of the doubl e-stranded nucleic acid;
and (b) incubating the reaction m xture to forma conplex under conditions
under which the doubl e-stranded nucleic acid is not denatured. Exanpl es of

t he doubl e-stranded nucl.ei.c acid ed | J sp i : a
|'i near DNA, ° r%?&%%l&PClﬁﬁ& éﬁ&ig aégoggk E*gggﬁﬁ%igéﬁggﬁhc?g%%i %}ﬁgﬁ
function as_a priner for synthesizing a DNA conplenentary to one of the

bl " The second sspct of T g EROIL L ouenrion 1l e £ & geipoc
for asectng  doupl L PaAdEA AufPORE Al el iy s O nFtide
et Ao A NS
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containing at least a ribonucleotide as well as a member

selected from a group consisting of a deoxyribonucleotide

and a nucleotide analog, and has a sequence substantially

complementary to the nucleotide sequence of one of the two
10 strands of the double-stranded nucleic acid; and

(b) incubating the reaction mixture to form a
complex under conditions under which the double-stranded
nucleic acid is not denatured.

Examples of the double-stranded nucleic acids

15 used in the first aspect include a linear DNA, a circular
DNA and a genomic DNA.

The oligonucleotide may function as a primer for
synthesizing a DNA complementary to one of the two strands
of the double-stranded nucleic acid, and/or it may be

20 labeled.

The second aspect of the present invention
relates tb_a method for detecting a double—stfanded nucleic
acid having a target nucleotide sequence, the method
comprising:

25 (a) forming a complex consisting of a double-



ri bonucl eotide as well as a nenber selected froma group 5 consisting of a
deoxyri bonucl eotide and a nucl eoti de anal og, and has a sequence
Substantially conplenentary to a target nucl eoti de sequence; and (b)
detecting the oligonucleotide form ng the conplex. 10 The third aspect of
the present invention relates to a met hod for creating a replication origin
on a doubl e- stranded nucleic acid, the et hod conprising: (a) mxing a
doubl e-stranded nucleic acid and at |east one oligonucleotide to prepare a
reaction mxture, 15 wherein the oligonucleotide is a chineric

ol i gonucl eoti de containing at |east a ribonucl eotide as well as_ a nmenber

sel ected fréﬁianéﬁguﬁu§éﬁ§%HQQﬁ?cﬁn%.BEO%Qrqa&%%%%ﬁﬂHQ%aa%ﬁﬁF%ﬂ%%cF@otlde
anal og, allows extension fromits 3 term nus by a DNA yner ase, ,and has
a sequence 2besmﬁ§b9ﬁtpélF?ecéhﬁﬁénéﬁPaﬁyrtBh?ﬁélﬂuEh%oPE68°§86&8ﬁ§é dgf

one of the two strands of the doubl e-stranded nucleic acid; and (b

i ncubating the ﬁeaéﬂ¥¥ﬂ$ﬁhqqlﬂk§9Q9WQ%Qﬁ§%dQNNﬁﬂQ$@%ﬂﬂﬂﬂ‘ cdhdi LEBRE uAder
whi ch the doubl e-stranded 25 nucleic acid is not denatured. Exanples of

t he doubl e- sttbandedentdtei @sacielsl ased imemprRr t BRLachsPedtrathct uaéoap
linear DNA, a circular DNA and a genomic DNA. The fourth aspect of the

presen i nvennsentibor effapedepsyaihennodepsideepncat NRglachiereraadend,
t he

and has a sequence substantially complementary to a target
nucleotide sequence; and

(b) detecting the oligonucleotide forming the
complex.

10 The third aspect of the present invention relates
to a method for creating a replication origin on a double-
stranded nucleic acid, the method comprising:

(a) mixing a double-stranded nucleic acid and at
least one oligonucleotide to prepare a reaction mixture,

15 wherein the oligonucleotide is a chimeric oligonucleotide
containing at least a ribonucleotide as well as a member
selected from a group consisting of a deoxyribonucleotide
and a nucleotide analog, allows extension from its 3'
terminus by a DNA polymerase, and has a seguence

20 substantially complementary to the nucleotide sequence of
one of the two strands of the double-stranded nucleic acid;
and

(b) incubating the reaction mixture to form a
complex under conditions under which the double-stranded

25 nucleic acid is not denatured.



met hod conprising: synthesizing a DNA conpl enentary to one of the two
strands of a doubl e-stranded nucleic acid froma replication origin
created according to the nethod of the 10 third aspect in the presence of
a DNA pol ynerase. The DNA pol ynerase used in the fourth aspect is
exenplified by an enzyme that has a stragd di spl acenent activity. 15 Bri ef
Description of Drawings 20 Figure 1: a figure illustrating the results of
agarose gel electrophoresis of DNA fragnments anplified from replication
origins created according to the nmethod of the present invention. Figure

2: a figure illustrating the results of . agaros el, el ectropharesi s, of DNA
fragments anplified f#%%?pr%ili ti oPpﬁgﬂg'égéngg%acggFggﬁﬁ t 0 tH2

met hod of the  present invention. Figure 3: a figure illustrating the
resul ts of 98edgifoddegdiniditATRpHor eRFLUGE BN&quﬁf a%pF??F8£a¥ron18
replication_origins created according to the nethod of the present '

i nvention. PNBufBd4a geRPBuFePVPtustrating the results of agarose gel

el ectrophoresis of DNA fragnents anplified from 5 replication origins
created according to TRe mEPHE8of aSRECTyr Sfentthiivent§oft 1nvention

5 relates to a method for replicating a nucleic acid, the
method comprising:
synthesizing a DNA complementary to one of the
two strands of a double-stranded nucleic acid from a
replication origin created according to the method of the
10 third aspect in the presence of a DNA polymerase.
The DNA polymerase used in the fourth aspect 1is
exemplified by an enzyme that has a strand displacement

activity.

15 Brief Description of Drawings
Figure 1: a figure illustrating the results of
agarose gel electrophoresis of DNA fragments amplified from
replication origins created according to the method of the
present invention.

20 Figure 2: a figure illustrating the results of
agarose gel electrophoresis of DNA fragments amplified from
replication origins created according to the method of the
present invention.

Figure 3: a figure illustrating the results of

25 agarose gel electrophoresis of DNA fragments amplified from



Det ai |l ed Description of the Invention As used herein, a conplex consisting
of a double- 10 stranded nucleic acid and an oligonucleotide refers to a
<conpl ex in which a doubl e-stranded nucleic acid and an oligonucl eotide are
non-coval ently bound each other. There 1is no specific limtation
concerning the formthereof. For exanplg, one formng a triple helix and
one in which an 15 oligonucleotide is base-pairing only wwth one of the two
strands of a doubl e-stranded nucleic acid are included. A conplex

consi sting of a double-stranded nucleic acid and an oligonucl eotide nay be

nerely referred, to as a " hereinafter. 20 According to the present
i nvention, Hg%F%B%?%eongnHEu&FﬁﬁtdeéﬁﬁﬁFﬁﬁBHU& e dt ?k?%ﬁkﬁé)op the

rlbonucleotlde Opt i onal | g, an analog or a derivative (nodification) of a
nucl eot i de Hﬁ?sﬁﬁtlh%Y%HEH NAs used herein, a deoxyribonucleotide refers to
a 25 nucleotide of which the sugar portion is qPosed of D2 9

deoxyri bose. The deox?}%g‘lﬁ’é‘ﬁuél ‘et éégulrﬁclldd]éls’“f Htianphe, resdd ha®fng
adeni ne, cytosine, guanine or thym ne as the base portion._Furthernore,

t he deoxyrlB@ﬁﬁ@?%o@?He%lﬁFEBOPFﬁEF§H§ %fd@%&y?F%@%ﬁEF%o?mH%lﬁhﬁﬁoﬁrﬂ%V|ng
a nodified base 5 such as 7-deazaguanosi ne or inosine as the base portion
As useé heré?ﬂllaaF%%%naéFgéﬂﬁdérﬁéﬁéﬁsaF§°§dlﬂ&ﬂQﬁn§QRaWﬁtWWﬁc%ﬁtE%esugar

portion is conposed of D ribose. The ribonucl eotides include ones having
adeni ne, present invention.

Detailed Description of the Invention
As used herein, a complex consisting of a double-

10 stranded nucleic acid and an oligonucleotide refers to a
complex 1in which a double-stranded nucleic acid and an
oligonucleotide are non-covalently bound each other. There
is no specific limitation concerning the form thereof. For
example, one forming a triple helix and one in which an

15 oligonucleotide is base-pairing only with one of the two
strands of a double-stranded nucleic acid are included. A
complex consisting of a double-stranded nucleic acid and an
oligonucleotide may be merely referred to as a "complex"
hereinafter.

20 According to the present invention, a nucleotide
is usually a deoxyribonucleotide or a ribonucleotide.
Optionally, an analog or a derivative (modification) of a
nucleotide may be included.

As used herein, a deoxyribonucleotide refers to a

25 nucleotide of which the sugar portion is composed of D-2-~



cytosine, guanine or uracil as the base portion., The 10 ri bonucl eoti des

al so include ribonucl eoti de anal ogs and 15 nodified ribonucl eoti des such as
a nodi fied ribonucleotide in which the oxygen atom of the phosphate group
at the a- position is replaced by a sulfur atom (an (a-S) ribonucleotide).
As used herein, a replication origin ref%rs to a site that can functions
as a reaction initiation point for replication of a double-stranded
nucleic acid, i.e., synthesis of a DNA having the nucl eotide sequence of
the nucleic acid. It is not limted to a site characterized by 20 a

certain nuc&g %ig Hereinafter,.  the, present. invention will_be

eqguenge. . b
descri bed in-de a??ssgg) ﬁﬁ?n%??§y5+ %%%%%?%5%&%% HRetde or UF ngEEBPLE he
present invention_25 The chineric oLigonucIeotide used iﬂ t he met hod 10 of
the present “FRvenfi'ol S LEEH frer FETBFLBnuTES I Te That "YBOREaiGTs Bf€| east
a ribonucleotide as well as_a nber selected froma grqup consisting of a
deo;yrigonug?%%tpﬁétlgﬁd a HHEFE%f?ﬁEean&ﬁSgA%ﬁﬁ¥§ﬂFQﬁ§q FAHﬁ%ﬁﬁnﬁi%%tides
5 include an oL%gonucleotide that_contains at | east, one selected fromthe

group consi SEFhYIDf 2 adRBEYFIRANUTI BONtLT e HRY BaVbay# gicdified base

deoxyrgbonucleotide a ribonucl eotide anal og and a deoxyri bonucl eoti de
anal og such as 7-deazaguanosine or inosine as the base portion.

As used herein, a ribonucleotide refers to a

nucleotide of which the sugar portion is composed of D-
ribose. The ribonucleotides include ones having adenine,
cytosine, guanine or wuracil as the base portion. The

10 ribonucleotides also include ribonucleotide analogs and
modified ribonucleotides such as a modified ribonucleotide

in which the oxygen atom of the phosphate group at the a-

position is replaced by a sulfur atom (an (a-95)
ribonucleotide).
15 As used herein, a replication origin refers to a

site that can functions as a reaction initiation point for
replication of a double-stranded nucleic acid, i.e.,
synthesis of a DNA having the nucleotide sequence of the
nucleic acid. It is not limited to a site characterized by
20 a certain nucleotide sequence.
Hereinafter, the present invention will be
described in detail.
(1) Chimeric oligonucleotide wused according to

the present invention

25 The chimeric oligonucleotide used in the method



For exanpl e, a nucleotide anal og having a base 10 such as inosine or
7-deazaguani ne as the base portion, or nucleotide anal og having a ribose
cerivative such as a |locked nucleic acid (LNA;, Proc. Natl. Acad. Sci. USA,
97:5633-5638 (2000); WD 99/14226) can be used as a nucl eotide anal og used
according to the present invention. 15 JE nodi fied ribonucl eotide is
exenplified by an (a-S) nucleotide in Ich the oxygen atom attached to
the phosphate group is replaced by a sulfur atom or a nucleotide to
which a | abeling conpound is added Furthernore, the chineric

I |l eotid di t t t i tid
oL gonucl eobf 4o, ACSPLT LR ??«Mw OO O b0, & et 0
limtation concerning.th chlnerlc ol i otlde us g %fcordl 0. t he
present |ﬂ9%%??b%sa%' ﬁ@aig it €an° 88 Ta 1% mn? a doubIe

m tation

%fe% 1de

stranded nucl interest. Al so ere dﬁgll S eC|f|

conce{ning fﬂglﬁngt 5ﬁma@'WHF%H’aCO?FbﬁﬁﬁE?e8F|db
b |.eotid d 3,
on the " 3" T8¢ mehantet ARt bRSL A itrer cHTE @at&‘&%rl‘%maih%?%%eo Egee

nunmber of the ribonucl eotjdes is not ecificall Limte
ollgonécleo%?ﬂeugﬁ mﬁncrpdﬁﬂanﬁlQQ£%§g)1£hﬁhe EBﬁgﬁﬁhﬁtiﬁg bﬁé@E gféﬁg

ri bonucl eotides is_ exenplified. As used herein "-term nal Sld rsto
a selected f;g% the group on51st1ng fn SdiEf g
ribonucleotide, a modified deoxyribonucleotide, a

ribonucleotide analog and a deoxyribonucleotide analog.
For example, a nucleotide analog having a base
10 such as inosine or 7-deazaguanine as the base portion, or
nucleotide analog having a ribose derivative such as a
locked nucleic acid (LNA; Proc. Natl. Acad. Sci. USA,
97:5633-5638 (2000); WO 99/14226) can be used as a
nucleotide analog used according to the present invention.
15 The modified ribonucleotide is exemplified by an (a-S)
nucleotide in which the oxygen atom attached to the
phosphate group is replaced by a sulfur atom, or a
nucleotide to which a 1labeling compound 1is added.
Furthermore, the chimeric oligonucleotide according to the
20 present invention may contaln a peptide nucleic acid (PNA;
Nature, 365:566-568 (19%3)).
There is no specific limitation concerning the
chimeric oligonucleotide used according to the present
invention as long as it can form a complex with a double-

25 stranded nucleic acid of interest. Also, there 1is no



10 portion fromthe center to the 3' termnus of a nucleic acid such as an
ol i gonucl eotide. Likewise, 5 termnal side refers to a portion fromthe

center to the 5 termnus of a nucleic acid. The chineric oligonucleotide:
used in the method 15 of the present invention has a nucl eotide sequence

substantially conplenentary to a portion,9f the nucleotide sequence of the
doubl e-stranded nucleic acid with which the chineric oligonucleotide is to
forma conplex. As used herein, "a substantially conplenentary. nucl eotide
sequence” 20 neans a nucl eotide sequence that can anneal to one of the two

uC ot o aci P ERR: BRSO A ot o CLLPSRALH 1o M ke, HHGE the
The | ongtn brohucERrhEo ol ERRALERY T ae dhot FIEERe REBnAR dR{tE £ 0"
i ot i dos LB R06- A Bt LReEoarabshITf (7o 15 “RRALESE) Bds 1D WeF
o1 gonuct ot QB TS RRT et e Ror Rt SLST g e nES SRk | oR BT TGRS der
Ul cobl de ARl BYRHaL Tan 5 mid RPN ArdEE pal i niobontStbh- 68 Bk 10

LNa 1o uset ylulor i ol y, fLicl ont formhion of, 3 SOMLEH na ol 8L ™1 ¢

of the constituting bases are ribonucleotides is
exemplified.
As used herein, 3'-terminal side refers to a
10 portion from the center to the 3' terminus of a nucleic
acid such as an oligonucleotide. Likewise, 5' terminal
side refers to a portion from the center to the 5' terminus
of a nucleic acid.
The chimeric oligonucleotide used in the method
15 of the ©present invention has a nucleotide sequence
substantially complementary to a portion of the nucleotide
sequence of the double-stranded nucleic acid with which the
chimeric oligonucleotide is to form a complex. As used
herein, "a substantially complementary. nucleotide sequence"
20 means a nucleotide sequence that can anneal to one of the
two strands of the double-stranded nucleic acid under
conditions under which a nucleic acid can assume a double-
stranded form, for example, under the conditions wunder
which the present invention is carried out.

25 Although the length of the chimeric



synt hesi zed to have a desired nucl eotide sequence, for exanple, using the
394 type DNA synthesizer from Applied Biosystens Inc. (ABI) according to a
phosphoram dite nmethod. 15 Alternatively, any nethods including a phosphate
triester nethod, an H phosphonate nethod and a thi ophosphonate nethod nay
be used to synthesize the chineric oIngQucIeotide. (2) Method for formng
tonpl ex of the present 20 invention The pfesent invention provides a nethod
for formng a conplex conposed of the chinmeric oligonucleotide as
described in (1) above and a doubl e-stranded nucleic acid having a

nucl eoti de sequence, substanti al | ) 5 conplepentary to the chjneric.
oligonucleo?fﬁ%9n3$%ﬁ%3+ en%s%%e{?f¢§9|T§§@%8i % E%%c%?%ﬁ?@fth% ention
doubl e- stranded nucleic.ﬁfi%lfsei.in tge t hod_of Ehe Qr esent invef%ion
The nethod tanT8& appTTEH oMY nédPiARE GYcufEP™BhEs. For t2xdami™, 1one
can create a replication 5 origjin on pl asm d DNA npm ¢ . a

fr agnent th%?%ﬁg?tl eT)WAtPYanght &Hﬁﬁ@PFé&eﬁy Pd%?%fe?ﬁgﬂYikéyo?he T2t hod
of the present invention can be_app|lied to either a naturally occurring
nucl ei ¢ aciHu6%e%ﬁl%?%i??cﬁglPycb?gbh?%ﬂ'nucleic acid. 10 According to the
present invention, it_is possible to forma cg%glex invitro only by

mi xi ngthe chi meric BNFYBRAERBLPR deChs Yestihrbeatife (1§1abdde HRHCa 2

doubl e- stranded nucl ei.¢ aci d_under_appropriate, conditions ,
chimeric oligonucleotide is effective for suppressing the

formation of high-order structure of the chimeric
oligonucleotide itself. Incorporation of a nucleotide
analog that can form a strong base-pairing bond such as an
10 LNA is useful for highly efficient formation of a complex.
Such a chimeric oligonucleotide can be
synthesized to have a desired nucleotide sequence, for
example, using the 394 type DNA synthesizer from Applied
Biosystems Inc. (ABI) according to a phosphoramidite method.
15 Alternatively, any methods including a phosphate triester
method, an H-phosphonate method and a thiophosphonate
method may be used to synthesize the chimeric
oligonucleotide.
(2) Method for forming complex of the present
20 invention
The present invention provides a method for
forming a complex composed of the chimeric oligonucleotide
as described in (1) above and a double-stranded nucleic
acid having a nucleotide sequence substantially

25 complementary to the chimeric oligonucleotide.



wi t hout denaturing the doubl e-stranded nucleic acid into 15 single strands.
Al t hough there is no specific limtation concerning the conditions,
<ondi ti ons under which a doubl e- stranded nucleic acid to be used is not
denatured into single strands are usually used. For exanple, a conplex

can be fornmed at a tenperature of O to 729 at pHof 6.0 to 20 9.5,
breferably 7.0 to 9.2. A reaction mxture>for forming a conplex may

contain a buffering conponent for keeping appropriate pH, a neutral salt
for adjusting ionic strength or other conponents Furthernore, it may
contain an enzyne to %e 25 al | owed t on.the forned conpl ex and varlous

conponents 1_ 14 requiP8ESfdS e&%lﬁﬂﬁq} 1§helﬁ%fF@F%9noF grgHiV%e

Furt her nore, i S ex ted that additigon of dineth sul f.ox 0O,

gl ycerol , p@??@%ﬁy?%ﬁg é??cd?l Sr 2S¢ 8r R ejfbdébﬁs 1H§ﬁi OF(EQEE

anneallng of a chineric ol i gonucl eot i 10, Al t hough there,is no

specific I|H¥?§?P6nln¥8ﬂEé9ﬁrngT?ﬁem%HB%%tcﬁ? ?ﬁeaEBrﬁ%?lEoo FﬁSﬁEcF%gtlde

used, for exanple, the anobunt in a reaction volune of 50 }i range

from1 to 1G®€CB%BF OpFér er Y %¥%m&&%'t8n$5ﬁﬂ&nﬂre%9%e%aﬁeg FﬁEéPQe a

DNA strand havi ng a sequence J 9nglenentary to_one of the two strands of a
pHN

doubl e? straﬁaéannBEIélelQEWH si AgIEREMEGnPNEx fof RREMEREOFBPRECEt 0 t he

nmet hod of the ﬁresent invention to synthesize a DNA
A fragment amplified by PCR or the like. The method of

the present invention can be applied to either a naturally
occurring nucleic acid or an artificially prepared nucleic
acid.

10 According to the present invention, it is
possible to form a complex in vitro only by mixing the
chimeric oligonucleotide as described in (1) above and a
double-stranded nucleic acid under appropriate conditions
without denaturing the double-stranded nucleic acid into

15 single strands. Although there is no specific limitation
concerning the conditions, conditions under which a double-
stranded nucleic acid to be used is not denatured into
single strands are usually used. For example, a complex
can be formed at a temperature of 0 to 70°C at pH of 6.0 to

20 9.5, preferably 7.0 to 9.2.

A reaction mixture for forming a complex may
contain a buffering component for keeping appropriate pH, a
neutral salt for adjusting ionic strength or other
components. Furthermore, it may conﬁain an enzyme to be

25 allowed to act on the formed complex and various components



fromthe 3' termnus of a chinmeric oligonucleotide. In 15 this case, it is
possible to forma conplex in a reaction mxture containing a DNA

pol yner ase, deoxynucl eotide triphosphates as substrates, a magnesi um salt
and the like for conducting DNA synthesis at the sane tinme. Although it is
not intended to limt the present 20 |n!§nt|on the method for formng a
tonpl ex of the present invention can be carried out in the presence of a
ri bonucl ease H (RNase H) . Both nesophilic ribonuclease H and

heat - resi stant ribonucl ease H can be preferably used according to the

resent inv Fo xa iti n S front coh
g conherC|af$§ ﬁ e%va? gblgE $B% ga eT heF%bs%ggs Eﬁg %jga(é%
Technol ogi e as n RNase fro 3 t herno h| bact eri nus
poat 1 us) ekalRetfbkeor Honas TRATAESY , THal bAp e}rn%e;?ngenﬁs%w .
bact eri um of nus 5 Th oga_or the li ke can_be used. Furt ernDr both
natural | y o%%gf?¥h8 rlﬁﬁwgg egs%gygﬁﬁoharl%% E%ﬁ?tﬁ? p?ef &7 bl?n%

heat - r esi st nt RNase rom Pyrococc furiosus can be refer used
according t tfﬂ@mtﬁeseﬁtdu?%%ent%ﬁpe%tecRl\%efée e P ot ol eRete F oo
Pyroco cus lgéfurlo N8638 Alternatively, it can be obtained

D!
utiIiz ng a°yeRe"eh Fh the enzyne as described in Referential Exanple

bel ow. If the present nvention is carried out in the,f resence, of a
ri bonuclease H, it is %F%?%?%ble Refear iy ouft®  specific imitation

concerning the amount of the chimeric oligonucleotide used,
for example, the amount in a reaction volume of 50 pl may
range from 1 to 1000 pmol, preferably from 10 to 150 pmol.
10 One can synthesize a DNA strand having a sequence
complementary to one of the two strands of a double-
stranded nucleic acid by using the complex formed according
to the method of the present invention to synthesize a DNA
from the 3' terminus of a chimeric oligonucleotide. In
15 this case, it is possible to form a complex in a reaction
mixture containing a DNA polymerase, deoxynucleotide
triphosphates as substrates, a magnesium salt and the like
for conducting DNA synthesis at the same time.
Although it is not intended to limit the present
20 invention, the method for forming a complex of the present
invention can be carried out in the presence of a
ribonuclease H (RNase H),. Both mesophilic ribonuclease H
and heat-resistant ribonuclease H can be preferably used
according to the present invention. For example, in

25 addition to an RNase H from E. coli, a commercially



15 it in a reaction mxture in which the ribonuclease Hto be used can
exhibit its activity. Although it depends on the type of RNase H to be
used, a reaction m xture containing an appropriate buffering conponent and
a magnesi um salt and/or a nmanganese 20 salt is usually used. Although it is
not intended to limt the present invention, for exanple, nmagnesium
thloride, magnesium acetate, nagnesi um Sul fate, nmanganese chl ori de,
manganese acetate or manganese sulfate can be preferably wused as a
magnesi um sal t/a manganese salt at a final 25 concentration of 1 nNIto 20

v f bly. to,l Ar

Bi ci g(rae ‘(Ia'; ?%Y%%Ea%ngy%‘Fﬂgl sgnb{:lea p%]gngop a lu€lisuc %gl gg{;?u@%{%{gp at e and
t buf f d.

it ar e contaERTAbSYhes burtbr g lcofsorent A% 5 %.anzfgco%%ééﬂﬁg%ﬁ%%@of 5

mMto 100 f blLy 10 nM_t H f 6. 0 bl

7.0 ?o 9.2 @CgégﬁgéaRF¥HSGPsl@ﬁFﬁ&gugn arﬁ§P§F§§éW1 |nv |on |gr§u$ g

limted onI% f ormati on of nB but enco es varlo S operations
10 conpri si Ag %a%*ieelb“a‘? dr rrigﬁautsh KEOGRCTRRE | e eTedied | Gt haTES
denaturatlon The net hod for forming ac l ex of th sent _inventjion
can beSuti| Fredmpbodat &% APRuctEfe §€quﬁ u3&Serib &Iﬁ SEHCTEs aBAFEi on,

by formng a conplex in a 15 region of a_nucleic agld t hat has a speC|f|c
function (en@turgé y occurring  ribonucleases variants

preferably used. A heat-resistant RNase H from Pyrococcus
furiosus can be preferably used according to the present
invention. This RNase H can be obtained from Pyrococcus

10 furiosus DSM3638. Alternatively, it can be obtained
utilizing a gene encoding the enzyme as described in
Referential Example below.

If the present invention is carried out in the
presence of a ribonuclease H, it is preferable to carry out

15 it in a reaction mixture in which the ribonuclease H to be
used can exhibit its activity.

Although it depends on the type of RNase H to be
used, a reaction mixture <containing an appropriate
buffering component and a magnesium salt and/or a manganese

20 salt is usually used. Although it is not intended to limit
the present invention, for example, magnesium chloride,
magnesium acetate, magnesium sulfate, manganese chloride,
manganese acetate or manganese sulfate can be preferably
used as a magnesium salt/a manganese salt at a final

25 concentration of 1 mM to 20 mM, preferably 2 mM to 10 mM.



a pronoter region), it is possible to suppress or inhibit the function.

(3) Method for detecting nucleic acid of the present invention Based on
fhe above-nentioned nmethod for formng a conplex, the present invention
provi des a nmethod for detecting a double-stranded nucleic acid having a
target nucleotide sequence. The chineriﬁ ol i gonucl eoti de as described in
{1) 25 above forns a conplex with a doub g-stranded nucl eic acid 17 having
a nucl eoti de sequence substantially conplenmentary to the chineric

ol i gonucl eoti de. Thus, a double-stranded nucleic acid having a nucl eotide

se tantjal | . I t .fot hi | i | £01 |
o5 det ook oEE By CRAMTHERGER REOT o LT On 51 (NE Rokpn et Ot 1 g e ftfe 72

mbodi t, it i f bl e t | abel ed _chi i N | eot i de.
There is nolSPBGTfLELS AR At IGH RONRER niRGeE 8t yio8 ot (HETEAbIS #7
exanpl e, radi oi sof opes fl yorescent su

32P etc.), dyes, stances, 10
| umi nescent PSEBSELHEeBNOFRARBGS %Fg3%%&ﬁﬁﬁﬁﬁﬁﬁmcomﬁ%ﬂ%ﬁﬁyﬁﬁﬂf% t'@s§d.

enzynmes and the |ike can be used. The, exi tence:égﬁxhe | abel ed chi reri c
ol i gonucl eobi 882EhHCBeMI&EHERr K@ LBy N Nde et iBH TRFIIEY CURAUBIE 137 ®he

|abel. In case of a ligand that cannot be detected directly, j na
5 final concentration of 5 mM to 100 mM, pregerabf§ ié mMyto

50 mM at pH of 6.0 to 9.5, preferably 7.0 to 9.2 is used,
without limitation.
The present invention is not limited only to
formation of a complex, but encompasses various operations
10 comprising a step of forming the above-mentioned complex
without denaturation.
The method for forming a complex of the present

invention can be utilized to detect a nucleic acid as

described below. In addition, by forming a complex in a
15 region of a nucleic acid that has a specific function (e.g.,
a promoter region), it is possible to suppress or inhibit

the function.

(3) Method for detecting nucleic acid of the
present invention

20 Based on the above-mentioned method for forming a

complex, the present invention provides a method for
detecting a double-stranded nucleic acid having a target
nucleotide sequence.

The chimeric oligonucleotide as described in (1)

25 above forms a complex with a double-stranded nucleic acid



15 be used in conbination with a substance that is capable of binding to

the ligand and | abeled with a detectable |abel. For exanple, a target
nucl eic acid can be detected with high sensitivity by using a chineric

ol i gonucl eotide |labeled with a |igand and an anti-ligand anti body | abel ed
20 with an enzyne in conbination, and anHHifying the signal. Furthernore,

the method for detecting a target nucleic acid of the present invention
can be carried out in the presence of a ribonuclease H as described in (2)
above. (4) Method for creating replication origin of the 25 present

above. (4) Method for creating re origin of the 2t
| nvent | on cOFRFF9c8: "0a RFIhoe &Iaabr eS or ERbet hol Srfi SemahhRalLFs ™

| east one ol jgonucleotide to prepare .a reacti m xture wh t
oligonucleo%bge ?glﬁsﬁ}ﬁrmﬁ%%ééﬂqékﬁﬂﬁﬁéﬁnide%@gﬁfaiﬁin%og 1?é§§%5§dege

ri bonucl eotide.as well, as, a nenber selected.froma gro consisting,of a
deoxyr i bonuBPESErGe 2 % Y4B of i cféu%]ﬁea?tolgqe al’® %é:;,tjgﬁgﬁg gP&'%ﬁ?Hs 3
term nus by a ol ynerase, and has a sequence, 10 substanti al
corrplemsntaf:91“¥[3)5|®{“28t%E(?*fle?if’idéh§eq151%}1"6‘[2?]?Jl(flt (ﬁﬁ?Qﬁn%¢i§?§&§%trﬁ%ﬂs Bf the
doubl e-stranded nucl ei ¢ aci d; incubatinggthe react&on m xture to

; .and (b)
anneal 5t he 98FPGoRACPEoERABIRONENENBORBIFBAELPENAEd RECFETRIGE d under 15
In this embodiment, it is preferable to use a

condi ti ons under which the doubl e-stranded nucleic acid is

labeled chimeric oligonucleotide. There 1is no specific
limitation concerning the type of the label. For example,
radioisotopes (**P, etc.), dyes, fluorescent substances,
10 luminescent substances, various ligands (biotin,
digoxigenin, etc.), enzymes and the like can be used. The
existence of the labeled chimeric oligonucleotide can be
confirmed by a detection method suitable for the label. 1In
case of a ligand that cannot be detected directly, it may
15 be used in combination with a substance that is capable of
binding to the ligand and labeled with a detectable label.
For example, a target nucleic acid can be detected with
high sensitivity Dby wusing a chimeric oligonucleotide
labeled with a ligand and an anti-ligand antibody labeled

20 with an enzyme in combination, and amplifying the signal.
Furthermore, the method for detecting a target
nucleic acid of the present invention can be carried out in
the presence of a ribonuclease H as described in (2) above.
(4) Method for creating replication origin of the

25 present invention



hot denatured. There is no specific limtation concerning the

doubl e-stranded nucleic acid used in the nethod for <creating a replication
origin of the present invention. 20 Any one of those described in (2) above
may be used. Also, the reaction conditions used for the method for formng
a conplex of the present invention as d?%cribed in (2) above can be used.
‘The chimeric oligonucleotide that allows~"25 extension fromits 3" term nus
by a DNA pol ynerase as 19 described in (1) above can serve as a prinmer for
DNA synthesis by a DNA pol ynerase when it forns a conplex with a

doubl e-stranded nucleic acid. The DNA pol yperase synthesi zes a DNA

conpl enentary to one Gfet REtHRE idtan e%eljd?gtﬁer (CR O ffetf HucPEi ¢
acid fromthe 3" terminus of the chimeric oligonucleotide to replicate the
DNA. Thus, tPRePEBAPPEXIPUARELBRASCABPRLIFRPIication origin on the
doubl e- stranded nucl ei c_acid., According to the present_invention, it is 10
possible to create a f@pl MaFirgn 3oy %ﬂSQﬁ%P#%%ﬂ%WQﬂ?%ﬁ]a%ﬁd and at
doubl e-stranded nucl eic_acid depending on the nucl eotide sequence of the
chi meric ol Lg8Aticl¥Gt | dbiganechepbede oftO (PREREYS | Batithtordyi RSXEBBe
created is not limted to one. Plurality of replication origins can be
createf at whersape the t9heoeiateptidal i ey BofcleHIsErT cObLPgBHAEPEEEEe

prinmers. Furthernore,
containing at least a ribonucleotide as well as a member

selected from a group consisting of a deoxyribonucleotide
and a nucleotide analog, allows extension from its 3
terminus by a DNA polymerase, and has a sequence

10 substantially complementary to the nuéleotide sequence of
one of the two strands of the double-stranded nucleic acid;
and

(b) incubating the reaction mixture to anneal the
oligonucleotide to the double-stranded nucleic acid under

15 conditions under which the double-stranded nucleic acid is
not denatured.

There is no specific limitation concerning the
double-stranded nucleic acid wused 1in .the method for
creating a replication origin of the present invention.

20 Any one of those described in (2) above may be used. Also,
the reaction conditions used for the method for forming a
complex of the present invention as described in (2) above
can be used.

The chimeric oligonucleotide that allows

25 extension from its 3' terminus by a DNA polymerase as



the method for creating a replication origin of the present invention can
be carried out in the presence of a ribonuclease H as described in (2)
above. 20 (5) Method for replicating nucleic acid of the present invention
The nethod for replicating a nucleic acid of the present invention is
acconpl i shed by synthesizing a DNA strang conplenentary to one of the two
strands of a double 25 stranded nucleic acid fromthe 3' termnus of a
chinmeric 20 oligonucleotide contained in a replication origin created on

t he doubl e-stranded nucleic acid according to the nethod as described in

(4) above b eéggigﬁéi%ﬂlonlﬁ.E@%bpggg Idaﬁ%rvgheaQN%as¥QH %&jsf5§ iﬂﬁﬁiated

utilizing the i méri1c ol'i gonuc e as a priner, ‘and proceeds

bl or o oo SyRLRERPL AG: 2 2HRAT odTriell 8L LANHS O e OGS BLE ARTER

nucl ei ¢ aci & strand’ having _ de  “sequence substan
compl STt sy heyhDE SPIBLG, izl sae, 10ie B naLygseas, veee
190 b SRS € R SRy T, AR WY o sypLfe 2l no
D0 PoLYTer 08, 45, SRFICELe0L g, ok P poLyaPEeag. Lo PR AL AGERE: o
the chimeric oligonucleotide to replicate the DNA, Thus,
the complex functions as a replication origin on the
double-stranded nucleic acid.
According to the present invention, it is
10 possible to create a replication origin at any position on
a double-stranded nucleic acid depending on the nucleotide
sequence of the chimeric oligonucleotide. The number of
the replication origins to be created is not limited to one.
Plurality of replication origins can be created at the same
15 time using plurality of chimeric oligonucleotide primers.
Furthermore, the method for creating a
replication origin of the present invention can be carried
out in the presence of a ribonuclease H as described in (2)
above.
20 (5) Method for replicating nucleic acid of the
present invention
The method for replicating a nucleic acid of the
present invention is accomplished by synthesizing a DNA
strand complementary to one of the two strands of a double-

25 stranded nucleic acid from the 3' terminus of a chimeric



pol ymerase from Pyrococcus furiosus (Stratagene), VENT DNA pol ynerase (New
Engl and Bi ol abs), KOD DNA pol ynerase (Toyobo), DEEP VENT DNA pol ynerase
{New Engl and Bi ol abs)] 20 and non-a, non-Pol |-type DNA pol ynerases (the
DNA  pol ynerase as described in WO 97/24444) can be used according to the
present invention. Furthermore, pluralityy of DNA pol ynerases may be mi xed
and used. It is preferable to use a DNA polynerase |acking its 5 -3

exonucl ease 25 activity for replicating a linear double-stranded nucleic 21
aci d. A DNA pol ynerase having a strand di splacenent activity on a DNA can

be used acc rgdr %P%%&éi&rééf?@élnéﬁv%ti@” ??f‘lééff‘@ﬁi di-sBh ACeBIM ted

activity" e actrvity that can eftfect a strand di spl acenent,

that is, that, can eeeéjt% L \;}\#E{claéi oag aC| 5 A)&ﬁl afo thee segusnce of

t he nuclelc aC| e tenp strand to

(ol ease the,go asﬁﬁ%'éé%[)ﬁa 4 e e el oo perderul

I'on nd rel eas oma nuclel ¢ acid seguence

as a tenplate as a result J onz&b g%rreglaﬁgﬁgggatéa £{{ed L0 a5 "a

di spl aced strand” herei n. I ment, e nethod for

oLl CBL1 00 ARELELC GO phesell LBVerkiagel S dapcersiadon

SR SESS BV AR Sl £ SR era%nbéxyg DMAGPOLYJerAS8s,ler byed: fg om
double-stranded nucleic acid, a strand having a nucleotide
sequence substantially complementary to the chimeric
oligonucleotide.

10 The DNA polymerase used in the method for
replicating a nucleic acid of the present invention is not
limited to specific one as long as it has an activity of
synthesizing a new DNA strand using a DNA strand as a
template. For example, Pol 1I-type DNA polymerases

15 (Escherichia coli DNA polymerase I, Klenow fragment, Taq
DNA polymerase, etc.), o-type DNA polymerases [a DNA
polymerase from Pyrococcus furiosus (Stratagene), VENT DNA
polymerase (New England Biolabs), KOD DNA polymerase
(Toyobo), DEEP VENT DNA polymerase (New England Biolabs)]

20 and non-o, non-Pol I-type DNA polymerases (the DNA
polymerase as described in WO 97/24444) can be used'
according to the present invention. Furthermore, plurality
of DNA polymerases may be mixed and used. It 1s preferable
to use a DNA polymerase lacking its 5'-3' exonuclease

25 activity for replicating a linear double-stranded nucleic



bacteria of genus Bacillus such as Bacillus cal dotenax or Bacill us

st ear ot hernophilus as well as nutants of the DNA 20 pol ynerases | acking
their 51--+3" exonucl ease activities are used. These DNA pol ynerases have
t he above-nentioned strand displacenent activities. A replication reaction
can be carried out in a reaction nixturzlcontaining four dNTPs (dATP,

dCTP, dGIP, 25 dTTP) as substrates for DNA pol ynerase and ot her 22
conponents required for exhibiting the activity of the enzyne under
reaction conditions suitable for the enzyne to be used. Naturally, the
conpositions and concentrations of the respective conponents in the
reaction ni &Fife, the pH 5 of the reaction m xture, the reaction
tenperature, the reaction tine and the like can be a Rrop&iatglg adj ust ed
dependi ng on the enzyfre R bBOGYEE LSt NRAVRY eitc EEFE o SbEPFRHPTRAL ed.

The step of replication reaction may be conducted  ,10 subsgﬂuent to the

step of credFtAYLlEYr &3 i 2atldn 6RNgite UAPReArsrden? tRedd'StBPESHRY be

conducted at the same tinme. In this case, the DNA g%&qeras and_ot her

enzyne(s) i£BvBEtHERd ar'd steat@ddAfBleRemeRECELSA VeGHdI TS Sark® 4P

determ ned such that they exhibit their activities 15 sufficiﬁﬁély. The
step of repBcEavibh rid@dt i o c8ATBEtcohdBbTRYC SaEPEESETENY by AT n§Sa

nucl eic acid anmplification method in which a DNA poH¥nerase havi_ng g
st rand disptéééneﬂ@n proceed DNA replication on the basis of “the

sequence of the nucleic acid as the template while
displacing the DNA strand to release the complementary
strand that has been annealed to the template strand. In
10 addition, a DNA strand released from a nucleic acid
sequence as a template as a result of a strand displacement
is referred to as "a displaced strand" herein.
In one preferred embodiment, the method for
replicating a nucleic acid of the present invention is
15 carried out under high temperature conditions (e.g., 45 to
70°C). In this embodiment, heat-resistant DNA polymerases,
preferably DNA polymerases derived from thermophilic
bacteria of genus Bacillus such as Bacillus caldotenax or
Bacillus stearothermophilus as well as mutants of the DNA
20 polymerases lacking their 5'-3' exonuclease activities are
used. These DNA polymerases have the above-mentioned
strand displacement activities.
A replication reaction can be carried out in a
reaction mixture containing four dNTPs (dATP, dCTP, dGTP,

25 dTTP) as substrates for a DNA polymerase and other



activity and a ribonucl ease H are used in conbination. 20 Such a nethod is
described in WO 00/56877 and can be conducted using a DNA pol ynerase
having a strand displacenent activity and a ribonucl ease H as descri bed
above. In this case, it is preferable to nake a chinmeric oligonucleotide
i.n a formsuitable for this nethod. 25 In.addition, it is possible to
arrpllfy a nucleic 23 5 10 acid fragnent “om a regi on put between two
replication origins positioned to face each other by replicating a
nucleic acid fromthe replication origins at the sanme time. The present

i nvention enconpasses such an enbodi rren% | es, The follow n exgrrpl es
further ill GSPPINENERe TPHRLERE iTRFenfr FlbllﬁlB@t aFRep RS HE bt

construed to |imt the scope thereof. Referential Exanple Coning of

Pyr ococcus F&FV&@ugnﬂﬂéséeﬁiFFl@@néoPﬁi}tF’PEBaFHEFBHle L9EnShP cCBREMEr 5
Pyrococcus furiosus 2 L of a_medium containing 1% Tryptone (Difco
Labor at or i e®f, Vg5 yBasuratdvact PEDFPEBOEABOPRE0ANEsFONEER 18BN ELPE
starch (Nacal ai Tesque), 3.5% Jamarine S Solid (Jamarine Laboratory), 0 5%
Jamarine S I’Elhﬁwrffs(ﬁ%?d{‘ﬁ%ecom%%ﬁ%ﬁ%rw theoaescing S ik B Nelef |, P

0. 0001% FesS&4 7H201L
5 of the reaction mixture, the reaction temperature, the

reaction time and the like can be appropriately adjusted
depending on the enzyme to be used or the nucleic acid to
be replicated.

The step of replication reaction may be conducted

10 subsequent to the step of creating a replication origin.
Alternatively, these steps may be conducted at the same
timé. In this case, the DNA polymerase and other enzyme (s)
to be used are selected and the reaction conditions are
determined such that they exhibit their activities

15 sufficiently.

The step of replication reaction can be conducted
successively by using a nucleic acid amplification method
in which a DNA polymerase having a strand displacement
activity and a ribonuclease H are used in combination.

20 Such a method is described in WO 00/56877 and can be
conducted using a DNA polymerase having a strand
displacement activity and a ribonuclease H as described
above. In this case, it is preferable to make a chimeric
oligonucleotide in a form suitable for this method.

25 In addition, it is possible to amplify a nucleic



0- 0001% COsO41 0.0001% CaCl 2 7H201L 0.0001% ZnSO4, 0.1 CuSO4 5H201L 0. 1
ppm KA1 (SOQ 2, 0. 1 ppm H3BO41 0-1 ppm ppm 20 Na2MoO4 2H20 and 0. 25 ppm
Nicd2 6H20 was placed in a 2-L nediumbottle, sterilized at 120C for 20

m nutes, bubbled wth nitrogen gas to renove dissol ved oxygen, then
Pyrococcus furiosus (purchased fron1Deut§§he Samm ung von M kr oor gani snen;
DSM3638) was i nocul ated into the nedium and cultured at 95C for 16 hours
w t hout shaking. After 24 cultivation, cells were collected by
centrifugation. The resulting cells were then suspended in 4 mM of 25%
sucrose, 50 mM,trjs-HC1 buffer (pH8.0). 0.4 md of a 10 nmg/md.solution of
| ysozynme chforf dd ‘@i §g@q%b)r%g+ nmé?é? Qﬁgw%%%eﬁwPhe¥%?%}c%ﬁéon

m xture was reacted at , 20C Kgr 1 hour. After r ﬁcti n, 24 qt of .a m xture
Cont ai ni ng A5 HAF NRASL L GRTEDHR arRF D0 St r PEOFEL Bht FEPTLCA1B%0)3 0. 2
m of 20 nmg/m _protei pnase K (Takara Shuzo} and, 2. m of 1&96aqﬁeo S

sol uti on of M4BYPHM PabfyFrenl FAter D! We? bt AUdRHFH1E hat rERCt 7D en?%?ﬁre.
The m xture was incubated at 37C for 1 hour. After reaction, the mxture

was subj ect B@et BrepRBRoID¥ANEEBR OPATERPRBBET 0RVEDI 7B BYLBERENO

precipitation to prepare about 1 ng of genomc DNA. 15 (2) Coning of RNase
H | geRe The entire gEXBRPée8equence of Pyrococcus

The following examples further illustrate the
present invention in detail but are not to be construed to
limit the scope thereof.

Referential Example

10 Cloning of Pyrococcus furiosus RNase HII gene

(1) Preparation of genomic DNA from Pyrococcus

furiosus
2 L of a medium containing 1% Tryptone (Difco
Laboratories), 0.5% yeast extract (Difco Laboratories), 1%
15 soluble starch (Nacalai Tesque), 3.5% Jamarine S Solid

(Jamarine Laboratory), 0.5% Jamarine S Liquid (Jamarine
Laboratory), 0.003% Mgso,, 0.001% NaCl, 0.0001% FeSO, * 7H,0,
0.0001% CoSO,, 0.0001% cCaCl, * 7H,0, 0.0001% ZnSO,, 0.1 ppm
CusQ, * 5H,0, 0.1 ppm KAl(SO,),, 0.1 ppm H;BO,, 0.1 ppm
20 Na,MoO, * 2H,0 and 0.25 ppm NiCl, * 6H,0 was placed in a 2-L
medium bottle, sterilized at 120°C for 20 minutes, bubbled..
with nitrogen gas to remove dissolved oxygen, then
Pyrococcus furiosus (purchased from Deutsche Sammlung von
Mikroorganismen; DSM3638) was inoculated into the medium

25 and cultured at 95°C for 16 hours without shaking. After



hori koshii was published [ DNA Research, 5:55-76 (1998)]. The exi stence of
one gene encodi ng a honol ogue of RNase HII (PH1650) in the genone was
known (SEQ ID NO 1, the hone 20 page of National Institute of Technol ogy
and Evaluation: http://ww.nite.go.jp/). Honol ogy between the PHL650 gene
(SEQ ID NO: 1) and the partially publi sh«a%t genom ¢ sequence of Pyrococcus
furiosus (the hone page of University of ah, U ah Genone 25 Center:

htt p://ww. genone. ut ah. edu/ sequence. ht M) was 25 searched. As a result, a
hi ghl y honol ogous sequence was found. Prinmers 1650Nde (SEQ I D NG 2) and

1650Bam (SEQ I D, NG, 3) were.synthesiz on the basis pf the, honol ogous 5
sequence. A V\égleérr?:‘éal%u‘t’q?l %ogg? H@éo}PylﬁﬁnHl%‘é‘??}t@l%’Go ng of the
Pyrococcus furiosus genonm ¢ DNA obtai rl din Referential Ega | e (%) $S a
tenpl ate, and 20 pnol 1Bf TEEBORABIaF IS prefe ofNeBSEBIRER eglr)ijﬁbr . MFaKaRa
Ex Taq 10 (Takara Shuzo) was used as a DNA pol ynerase for the PCR

accor di ng t8ft Re®aftscreq prlt BLIEr IfTEBcR caH dtr Oout As4Bt1 Bhs: 30
cycles of 94C for 30 seconds, 55C for 30 seconds and 72C for, 1 mnute. An
anpl i fi ed DRALOf mgyieint S@Fulabdut 6. YRR ZNES Fyesticts w3kt 3R3IBENH 15
(both from Takara Shuzo). The resulting DNA fragment was incorporated

bet weeh t heiNdalat@iyd BasHRdsefestharetdl ashie WEEEoFe pEFSa (PN REnRtt o

make a plasm d pPFU220. '
20°C for 1 hour. After reaction, 24 ml of a mixture

containing 150 mM NaCl, 1 mM EDTA and 20 mM tris-HCl buffer
(pH 8.0), 0.2 ml of 20 mg/ml proteinase K (Takara Shuzo)
and 2 ml of 10% aqueous solution of sodium lauryl sulfate

10 were added to the reaction mixture. The mixture was
incubated at 37°C for 1 hour.

After reaction, the mixture was subjected to
phenol-chloroform extraction followed by ethanol
precipitation to prepare about 1 mg of genomic DNA.

15 (2) Cloning of RNase HII gene

The entire genomic sequence of Pyrococcus
horikoshii was published [DNA Research, 5:55-76 (1998)].
The existence of one gene encoding a homologue of RNase HII
(PH1650) in the genome was known (SEQ ID NO:1, the home

20 page of National Institute of Technology and Evaluation:
http://www.nite.go.jp/) .

Homology between the PH1650 gene (SEQ ID NO:1)
and the partially published genomic sequence of Pyrococcus
furiosus (the home page of University of Utah, Utah Genome

25 Center: http://www.genome.utah.edu/sequence.html) was



(3) Determ nation of nucleotide sequence of DNA fragnent containing RNase
H'1 gene 20 The nucl eoti de sequence of the DNA fragnent inserted into
PPFU220 obtained in Referential Exanple (2) was determined according to a
di deoxy nethod. Analysis of the determ ned nucl eotide sequence reveal ed an
open reading frame (ORF) presunably encoggng 25 RNase H 1. The nucl eotide
sequence of the open reading 26 frane is“shown in SEQ ID NO 4. The am no
aci d sequence of RNase HI| deduced fromthe nucl eotide sequence is shown
in SEQID NGO 5. Escherichia coli JML09 transformed with the 5 plasmd

pPFU220 is designated and indicated as Escherichia. coli JMQ9/ pPFU220, and
deposi t ed ofe&EFReRber 5 ?Oéﬁsuégat & of L1 Yi ﬁgfm&gﬁ&llst ) %%rgﬁeerﬁ% i onal

Pat ent Organism_ Depositary, National Institute of Advanced Industrial
Sci ence andf¥8Bfinol ogy, Al ST Tsukuba Central 6, 1-1, 10 Higashi 1-chone,

Tsukuba-shi, |baraki 305-8566, Japan under__accession.n FE P- 7654.
(4) Preparation of puPF%W%HSF$é§%B¢FI(ﬁF@pQPa§$bZ§ ﬁgéhgggﬁﬁ?g Z%%& f
HVS174( DE3) (Novagen) was transforned with pPFU220 obtained in Referential
Exanpl e 15 K9y 3) TheeFes AWt HF&skr i08hi ’éh%oﬂ?amlﬂ’fo%)e hBPBSFPRGYS
pPFU220 was inoculated into 2 L of LB nediumcontaining 100 pg/m of
anpi ci Pl i n ardu€okFfured with shaking at 37C for 16 hours. After

cultivation, cells collected by , .
A PCR was carried out in a volume of 100 ul using

200 ng of the Pyrococcus furiosus genomic DNA obtained in
Referential Example (1) as a template, and 20 pmol of
1650Nde and 20 pmol of 1650Bam as primers. TaKaRa Ex Tag
10 (Takara Shuzo) was used as a DNA polymerase for the PCR
according to the attached protocol. The PCR was carried
out as follows: 30 cycles of 94°C for 30 seconds, 55°C for
30 seconds and 72°C for 1 minute. An amplified DNA
fragment of about 0.7 kb was digested with NdelI and BamHI
15 (both from Takara Shuzo). The resulting DNA fragment was
incorporated between the NdeI and BamHI sites in a plasmid
vector pET3a (Novagen) to make a plasmid pPFU220.
(3) Determination of nucleotide sequence of DNA
fragment containing RNase HII gene
20 The nucleotide sequence of the DNA fragment
inserted into pPFU220 obtained in Referential Example (2)
was determined according to a dideoxy method.
Analysis of the determined nucleotide sequence
revealed an open reading frame (ORF) presumably encoding

25 RNase HIT. The nucleotide sequence of the open reading



centrifugation were suspended in 66.0 m of a sonication 20 buffer [50 nM
tris-HC1L (pH 8.0), 1 mM EDTA, 2 nM phenyl net hanesul fonyl fluoride (PMSF)]
and sonicated. A supernatant obtained by centrifuging the sonicated
suspension at 12000 rpmfor 10 m nutes was heated at 60C for 15 m nutes.
It was then centrifuged at 12000 rpmfor 25 10 minutes again to collect a
supernatant. Thus, 61.5 nml 27 of a heate@6supernatant was obtai ned. The
heat ed supernatant was subjected to RESOURSE Q col um ( Anersham Phar maci a
Bi otech) equilibrated with Buffer A[50 mMtris-HCL buffer (pH 8.0), 1 nM
EDTA] and 5 chromat ogr aphed usi ng FPLC system ( Amer sham Phar maci a

Bi ot ech). ASrameesal shoRNase HIEQ fIDowed 4.hr dligh amieno RESOURSEI (R woe uah.
60.0 mM of the flowthrough RNase HII fraction was subjected to RESOURSE S
col um (AnmeREhae Riidr meciuaed] @ meimottéeh))nwegia dt dxteat seiwartde Buf f ehownand
eluted with a linear gradient of 0 to 500 mMM NaCl using FPLC system A
fracti on coAEQi AbnyORBlase H | eluted with about 150 mM NaCl was obt ai ned.
2.0 M of the RNase HI'I fraction was concentrated 15 by ultrafiltration
using Centricon-10 (ARkseaByicR28 plkodfi tiva O0Soncerdnsaicermas subflect edet o
Superdex 200 gel filtration colum (Anmersham Pharmaci a Bi otech)

equi | i Brat eglawini p@ U0 i HEks ijfdterd (qrid 8ikjicord @i as nPsdNerirvhNaCl
and 0.1 nmM EDTA and eluted with the same buffer. As a

coli JM109/pPFU220, and deposited on September 5, 2000

(date of original deposit) at International Patent Organism

Depositary, National Institute of Advanced Industrial

Science and Technology, AIST Tsukuba Central 6, 1-1,

10 Higashi 1l-chome, Tsukuba-shi, Ibaraki 305-8566, Japan under
accession number FERM BP-7654.

(4) Preparation of purified RNase HII preparation

Escherichia coli  HMS174(DE3) (Novagen) was

transformed with pPFU220 obtained in Referential Example

15 (2). The resulting Escherichia coli HMS174(DE3) harboring

pPFU220 was inoculated into 2 L of LB medium containing 100

pg/ml of ampicillin and cultured with shaking at 37°C for

16 hours. After cultivation, cells collected by

centrifugation were suspended in 66.0 ml of a sonication

20 buffer [50 mM tris-HC1 (pH 8.0), 1 mM EDTA, 2 mM

phenylmethanesulfonyl fluoride (PMSF)] and sonicated. A

supernatant obtained by centrifuging the sonicated

suspension at 12000 rpm for 10 minutes was heated at 60°C

for 15 minutes. It was then centrifuged at 12000 rpm for

25 10 minutes again to collect a supernatant. Thus, 61.5 ml



20 result, RNase HIl was eluted at a position corresponding to 25 a

nol ecul ar wei ght of 17 kilodalton. This nol ecul ar weight corresponds to
that of the RNase H | in the nmonomeric form The thus eluted RNase HI | was
used as Pfu RNase HI|l preparation. The RNase H activity of the thus
obtained Pfu 28 RNase HI| preparation was asured as follows. 10 nmM
tris-HC1 buffer (pH 8.0), 1 nm di t hi ot hreed t ol (DTT, Nacal ai Tesque),

0. 003% bovi ne serum al bumn (fraction V, Slgna), 4% gl ycerol, 20 pg/n

pol y(dT) 5 (Amersham Pharnmaci a Biotech) and 30 pg/m poly(rA) (Arersham
Phar maci a Bi tech were m xed together. The,K m xture was incubated at 37C
for 10 m nuféssa &aﬁ§9ds§§e£na§6g§tWéFeOQGFﬁpﬁgn for measuring an RNase H
activity. 1 pl of 1 M MC1l2 was added to 100 pl of the 10 substrate

sol ution. The nixture TREs NeRCGshtRP NSt MAS apppoprted etai RESOVRSE! t he
Pfu RNase Hl | aration was added to the mixture to initiate a reaction.
After react 5 i@maodwr%@% fipggacig pBigkeohlb MIUITAbiateddgdgh
thereto to tergknate t he reaction. Absorbance at 260 15 nmwas then

measur ed. ASUETREsH t [59 hBNaf<dienhfde RHEDTD fpH 0BsB) ved ™brEPEA]r @adt i on

m xture to which the Pfu RNase Hi | éﬁ%garatlon was added was hi gher than
that obser vEGrPBRtORE aPhEsct iUSH N4 xt t oSVt eh 10APErshan. 5PREEDIAiAAS

added )
Biotech). As a result, RNase HII flowed through the

RESOURSE Q column.
60.0 ml of the flow-through RNase HII fraction
was subjected to RESOURSE S column (Amersham Pharmacia
10 Biotech) equilibrated with Buffer A and eluted with a
linear gradient of 0 to 500 mM NaCl using FPLC system. A
fraction containing RNase HII eluted with about 150 mM NaCl
was obtained.
2.0 ml of the RNase HII fraction was concentrated
15 by ultrafiltration using Centricon-10 (Amicon). 250 ul of
the concentrate was subjected to Superdex 200 gel
filtration column (Amersham Pharmacia Biotech) equilibrated
with 50 mM tris-HCl buffer (pH 8.0) containing 100 mM NacCl
and 0.1 mM EDTA and eluted with the same buffer. As a
20 result, RNase HII was eluted at a position corresponding to
a molecular weight of 17 kilodalton. This molecular weight
corresponds to that of the RNase HII in the monomeric form.
The thus eluted RNase HII was used as Pfu RNase
HII preparation.

25 The RNase H activity of the thus obtained Pfu



20 before the addition of the Pfu RNase H I preparation. Thus, it was
shown that this preparation had an RNase H activity. Exanple 1 (1)
RAW264.7 cells (ATCC TIB 71) were suspended in Dul becco's nodified Eagle's
medi um (Bi o Whittaker, 12- 25 604F) containing 10%fetal calf serum (G bco)
at a 29 concentration of 1.5 x 105 cellsbgl. 5 nl of the suspension was
added to each well of a 6-well mcrotiter plate and the plate was

i ncubated at 37C overnight in the presence of 5% CO2. 50 pl of 100 pg/n
solution of 5 |ipopolysaccharide (LPS, Sigma, L-2012) in water and 50 pl

of 1000 U Plyselthiorcle merlerofe Rk Sereyie, Jechne, 309) i

was i ncu additional 4

hours. An RNA was the pr.epar f the |l u5| a M n K
(Q agen, 10 74104) acfcl%r d.“ﬁg tgcq:t E‘Iq{enstrt?glt%lfgﬁ:s at Pache % theiklt

Chus. pr opar G0 RRA A0 TRA 1 PEas nydbontor eadidh 1 of - £ %“a'h%;‘f“%eﬁo?%&cihes

ﬂ“bgﬁﬁifias%l%?%fh beg Tl sﬁhezr@g%g%mé Q%%r”é "Rl e

or 1 hour  SRBPFRGAMOOET NS Lomi AT REorhl 1 ALCh i vATi ngorAE erBYrEiiRi ng a

Pr i mors N HEETSHE NTBCRA A | R SCraot FBES. AL S (3,
mixture was incubated at 37°C for 10 minutes and used as a
substrate solution for measuring an RNase H activity.

1 pl of 1 M MnCl, was added to 100 upl of the

10 substrate solution. The mixture was incubated at 40°C. An
appropriate dilution of the Pfu RNase HII preparation was
added to the mixture to initiate a reaction. After
reacting at 40°C for 30 minutes, 10 pl of 0.5 M EDTA was
added thereto to terminate the reaction. Absorbance at 260

15 nm was then measured.

As a result, the absorbance aﬁ 260 nm observed
for the reaction mixture to which the Pfu RNase HII
preparation was added was higher than that observed for the
reaction mixture to which 10 ul of 0.5 M EDTA was added

20 before the addition of the Pfu RNase HII preparation. Thus,
it was shown that this preparation héd an RNase H activity.

Example 1

(1) RAW264.7 cells (ATCC TIB 71) were suspended
in Dulbecco's modified Eagle's medium (Bio Whittaker, 12-

25 604F) containing 10% fetal <calf serum (Gibco) at a



sequences represented by SEQ ID NOS: 6 and 7, respectively, were

synt hesi zed based on the nucl eotide sequence of the nRNA for nouse

i nduci bl e NO synthase (i NOS) (GeneBank accession no. NM 010927). A PCR was
carried out using the 25 pair of prinmers and the cDNA prepared in Exanple
1:(1) as a 30 tenplate to anplify a 741-hg DNA fragnent. The fragnent was
purified using Suprec02 (Takara Shuzo) and then used for the follow ng
experinments. (3) Chimeric oligonucleotide priners NS5 and NS6 5
represented by SEQ I D NOCS: 8 and 9, respectively, were synthesi zed based on

the nucl eot L dg.seopepss,, of Ehey MRNA, fgp sd& ﬂ9P0|bI NQ,$ yné?aseh 50 p

of a reaction mxture contal ni ng 1 pl (0] ution con al ni ng
oy Lo A ol O Sl ggmapraigt o
e S 5 A ngﬁyzﬁdziemﬁﬁ%sv LT e
seet e, 0 QLIRS o L0 g S, o, 0 8158 o
it i b el
gregl?gngfgg{gféiosﬁﬁaﬁp?%g %h%i%l %&"intgg%éggkﬁeh ?EF&by, Genzyme
Techne, 3485) in water were added to the well. The plate
was incubated for additional 4 hours. An RNA was then
prepared from the cells using RNeasy Mini Kit (Qiagen,
10 74104) according to the instructions attached to the kit.
A CcDNA was prepared by incubating 60 upl of a
mixture containing 3 ug of the thus prepared RNA, 10 mM
tris-hydrochloride buffer (pH 8.3), 50 mM KCl, 5 mM MgCl,,
1 mM each of dNTPs, 150 pmol of random 6mers primer, 60 U
15 of ribonuclease inhibitor (Takara Shuzo, 2310A) and 15 U of
Reverse Transcriptase XL (AMV) (Takara Shuzo, 2620A) at
30°C for 10 minutes, 42°C for 1 hour and then 99°C for 5
minutes for inactivating the enzyme using a thermal cycler
(GeneAmp PCR System 9600, Applied Biosystems).
20 (2) Primers NS-PCR1 and NS-PCR2 having nucleotide
sequences represented by SEQ ID NOS:6 and 7, respectively,
were synthesized based on the nucleotide sequence of the
mRNA for mouse inducible NO synthase (iNOS) (GeneBank

accession no. NM-010927). A PCR was carried out using the

25 pair of primers and the cDNA prepared in Example 1-(1) as a



Figure 1. Figure 1 is a photograph of the el ectrophoresis of the reaction
products. Lane 1: 100 bp DNA | adder 25 marker; |ane 2: negative control
{water); lane 3: 10 fg of 31 the tenplate; lane 4: 100 fg of the tenplate;
lane 5: 1 pg of the tenplate; lane 6: 10 pg of the tenplate; and | ane 7:
100 pg of the tenplate. As shown in Figugg 1, it was shown that a DNA 5
fragment corresponding to the region of the tenplate between the chimeric
oligonucleotide prinmers was anplified when 1 pg or nore of the tenplate
was used in the reaction. These results show that replication origins were

was us _ how that ! |
o the temprale T 5Pt AEgh “Phe { Lipl SPe TRA Weac L8 ot denat ur st and

e tenpl ate DNA was™ 15 not denatured, and

Lhal the Dl PoLyIRiass, S4SH SO synsie 19amdeshapliraal| oged

EL;%LPZ go(? i me if ol i onu§l 'ggetrfﬁgrghgt£§fk;?itlgzdorkE;PZi-z
?ﬁghnngrgggiiﬁfggeﬁia‘}%%f%%?%e%§§%ﬁe %Q. termnus were synphegized based
e el ool SN, O A BEEATA 00O e RgBoRene i R el
SEQ IDSNCS:%gp?gge%%éd by SEQ ID NOS:8 and 9, respectively, were
synthesized based on the nucleotide sequence of the mRNA
for mouse inducible NO synthase.
50 pl of a reaction mixture containing 1 ul of a
solution containing the PCR-amplified DNA fragment obtained
10 in Example 1-(2) at a concentration of 10 fg to 100 pg/ul
or water (negative control), 50 pmol each of the primers
NS5 and NS6, 0.5 mM each of dNTPs, 32 mM HEPES-potassium
hydroxide buffer (pH 7.8), 100 mM potassium acetate, 4 mM
magnesium acetate, 0.01% bovine serum albumin, 1% dimethyl
15 sulfoxide, 0.0156 ug of Pfu RNase HII as described in
Referential Example and 1 U of BcaBEST DNA polymerase
(Takara Shuzo) was incubated at 60°C for 1 hour in a

thermal cycler.

After reaction, 5 ul each of the «reaction

20 mixtures was analyzed by electrophoresis on 3.0% agarose
gel. A photograph of the electrophoresis 1s shown in
Figure 1.

Figure 1 is a photograph of the electrophoresis
of the reaction products. Lane 1: 100 bp DNA ladder

25 marker; lane 2: negative control (water); lane 3: 10 fg of



(2) 50 pl of a reaction m xture containing 1 pl of a solution containing
pDON- Al DNA (circular) at a concentration of 10 fg to 1 ng/pl or water
{hegative control), 50 pnol each of the priners pDON-Al-I and pDON 25

Al -2, 0.5 nmM each of dNTPs, 32 mM HEPES- pot assi um hydr oxi de 32 buffer (pH
7.8), 100 nM potassium acetate, 4 nM nmagnesi um acetate, 0.01% bovine serum
al bunmin, 1% di net hyl sul foxi de, 0.0156 §3 of Pfu RNase H as described in
Ref erential Exanple and 1 U of BcaBEST DNA pol ynerase was incubated at 5
60C for 1 hour in a thermal cycler. 5 pl each of the reaction m xtures was

anal yzed by electr oresis on 3.0% agarQ el. The results are ,shown in
Figure 2. F }@%rEelﬁpgggﬁ"pEBPSggapP{%éf %h@%&é%t rtoeﬁwg'raetsq’stiaftﬁ %?F' t hePd
reaction products. Lane 1. 100 bp I | adde rker;.lane 2: negatiye
control (ma?grﬁ?elﬁﬁ@pg?tib ?@n%f6F?ﬁg Pgnﬁ%aFgg F%ﬂ%lﬁeeloﬁn?gfg?et &
tenplate; lane 5. 1 p of the tenplate; lane 6: 10 pg of the tenpl ate;

| ane 7: 100109998fOthhFeHﬁWE%%Feand lane 8: 1 ng of the tenplate. 15 As
shown in Figure 2, a DNA fragnent _corresponding to the regiﬁg bet ween t he
chimeric ol i gonucl eofFdédREed adTHpFi f1edlh&?S105RY dr thdte df PNBhe
tenpl ate was used. Thus, it was shown that a replication origin is created
on a cPrcul AF2ORANFD| €0GFESPODNALBIngtan RREserfYAAR aCE&hi hgpi ctemplate

ol i gonucl eotide priner. Exanple 3 . , , .
between the chimeric oligonucleotide primers was amplified

when 1 pg or more of the template was used in the reaction.
These results show that replication origins were formed as
a result of annealing of the chimeric oligonucleotide
10 primers to the template DNA although the template DNA was
not denatured, and that the DNA polymerase effected DNA
synthesis from the replication origins to amplify the DNA
fragment between the replication origins.
Example 2
15 (1) Chimeric oligonucleotide primers pDON-AI-1
and pDON-AI-2 each having three RNA residues at the 3'
terminus were synthesized based the nucleotide sequence of
the packaging region in a plasmid pDON-AI DNA (Takara
Shuzo) . The nucleotide sequences of these primers are
20 shown in SEQ ID NOS:10 and 11.
(2) 50 pl of a reaction mixture containing 1 pl
of a solution containing pDON-AI DNA (circular) at a
concentration of 10 fg to 1 ng/pl or water (negative
control), 50 pmol each of the primers pDON-AI-1 and pDON-

25 AI-2, 0.5 mM each of dNTPs, 32 mM HEPES-potassium hydroxide



(1) Chinmeric oligonucleotide priners SEA-1 and SEA-2 each having three RNA
residues at the 3" termnus were synthesized based on the nucl eotide
Sequence of the 25 enterotoxin A gene region of Staphylococcus aureus. The
C- 335 prinmer SEA-1 is a sense priner, whereas the prinmer SEA-2 is an
antisense priner. The nucleotide sequencgz of the primers SEA-1 and SEA-2
are shown in SEQ ID NCS: 12 and 13, respéc€tively. (2) 50 pl of a reaction

m xture containing 1 pl of a solution containing 0.115 ng or 1.15 ng of a
genom ¢ DNA from St aphyl ococcus aureus (ATCC 13565) or 1 pl of water for

a negative copntrol, 50_pnol each of the priners EA-1 and SEA-2, 0,5 nM
Sach ot UNTRUEEES RRPEPES 10 b R sPare RS WX ROEERERT off (BT 832S 480 mv
potassium acetate, 4 nM nagnesium acetate, 0.01% bovine serum al bumin, 1%
di net hyl suPfBkPbe: ©:HI56PPHLRF PREUVRNRSRUM Bs 1HeSHPe bow! i fUuREPEI et i al

Exanpl e and 1 U of BcaBEST DNA ﬁoggnerase (Takara Shuzg) was_prepared. The
a

reaction 150nP%Plr el nEdbat B o8+ @ odesCkdhed nih tRefraPntigtl er.

5 pl each of the reaction m xtures was anal yzed by el ectrophoresis on 3%
agarose gel Ex3feleednftd Hr ofsRGAPEST AMNMuReymexnss giae 3¢ePatehotbgr aph

of the el ectrophoresis of the reaction products. Lane 1: 100 bp DNA | adder
5 60 for 1 hour in a thermal cycler.

5 pl each of the reaction mixtures was analyzed
by electrophoresis on 3.0% agarose gel. The results are
" shown in Figure 2.

Figure 2 is a photograph of the electrophoresis

10 of the reaction products. Lane 1: 100 bp DNA ladder
marker; lane 2: negative control (water); lane 3: 10 fg of
the template; lane 4: 100 fg of the template; lane 5: 1 pg
of the template; lane 6: 10 pg of the template; lane 7: 100
pg of the template; and lane 8: 1 ng of the template.

15 As shown in Figure 2, a DNA fragment
corresponding to the region between the chimeric
oligonucleotides used was amplified when 10 fg or more of
the template was wused. Thus, 1t was shown that a
replication origin is created on a circular DNA molecule

20 using an RNase H and a chimeric oligonucleotide primer.

Example 3

(1) Chimeric oligonucleotide primers SEA-1 and
SEA-2 each having three RNA residues at the 3' terminus
were synthesized based on the nucleotide sequence of the

25 enterotoxin A gene region of Staphylococcus aureus. The



mar ker; |l ane 2: negative control (water); lane 3: 0.115 ng of the
tenplate; and lane 4: 1. 15 ng of the tenplate. it was confirned that a
Specific anplification product was 25 generated when 1.15 ng of the

tenpl ate DNA was used in the 34 reaction. Thus, it was shown that it is
possible to create a replication origin3§n a genom c DNA according to the
‘et hod of the present invention. Exanple 5 (1) An ecotropic retrovirus
was prepared froma culture supernatant of a packagi ng cell GP+E-86 (ATCC
CRL- 9642) into which a plasm d pDON-Al had been introduced by a cal cium
phosphate nethod. NLH 3T3 cell (ATCC CRL-1658) was _infected w he
retrovirus Eﬁamﬁﬁly ed tHh 4 7k F%n?ﬁﬁm%ﬁhtg?%¥%%s(ﬂa% ?5+miﬁm%%£§§t%s

prepare a transforped cell. . 27 pg of a genanic ., was prepared_from4 x
104 of the 2Pet3¥viTUIET nFEES cel Iih%cgﬁf%i%og“t £ a SEETESonSE E@?hod.

(2) Preparation of primers 15 Two _chineric oli,go i | mer

pDON- Al - 68- Erl’(‘géﬁngﬁgﬁ nePf 24 -gDAReASheE Ny ﬁhﬁﬁgﬁie‘gﬁ ﬁ%rﬁnia&%r
having three RNA bases at the 3' term nus were synthesized based on the
nucl eot i de $B§BBAE&VBEYthe packaging region in a plasnid pDON-Al. The
nucl eoti de sequences of pDON-Al-68 20 1 and pDON- Al -68-2 are shown i n_ SEQ

p DU
| D NOS514 and 15, reépécPlveélly of 33 ARPFELPRaifigh B MR Fdymsht! wit hout -

of a solution containing 0.115 ng or 1.15 ng of a genomic
DNA from Staphylococcus aureus (ATCC 13565) or 1 ul of
water for a negative.control, 50 pmol each of the primers
SEA-1 and SEA-2, 0.5 mM each of dNTPs, 32 mM HEPES-
10 potassium hydroxide buffer (pH 7.8), 100 mM potassium
acetate, 4 mM magnesium acetate, 0.01% bovine serum albumin,
1% dimethyl sulfoxide, 0.0156 npg of Pfu RNase H as

described in Referential Example and 1 U of BcaBEST DNA

polymerase (Takara Shuzo) was prepared. The reaction
15 mixture was incubated at 58°C for 1 hour in a thermal
cycler.

5 pl each of the reaction mixtures was analyzed
by electrophoresis on 3% agarose gel. The results are

shown in Figure 3.

20 Figure 3 is a photograph of the electrophoresis
of the reaction products. Lane 1: 100 bp DNA ladder
marker; lane 2: negative control (water); lane 3: 0.115 ng

of the template; and lane 4: 1.15 ng of the template. It
was confirmed that a specific amplification product was

25 generated when 1.15 ng of the template DNA was used in the



denaturation of tenplate 50 pl of a reaction mxture containing 1 pl of a
25 solution containing 10 fg or 1 ng of pDON-AI, 1 pl of a 35 solution
containing 1 ng, 10 ng or 100 ng of the genomic DNA from N H 3T3 cells
havi ng pDON- Al being introduced, or 1 pl of water for a negative control,

50 pnol each of the priners prepared in gxarrpl e 4-(2) above, 0.5 nmM each
of 5 dNTPs, 32 nM HEPES-potassiun1hydrox? e buffer (pH 7.8), 100 mM

pot assi um acetate, 4 mM nmagnesi um acetate, 0.01% bovine serum albumn, 1%
di ret hyl sulfoxide, 18.5 U of Pfu RNase HI|I as described in Referenti al

Exanmpl e and 4 U of BcaBEST DNA pol yneras Takara Shuzo), was,_prepared. The
reaction 1Orﬁ?§Yh?%'maghPﬁCUbBtﬁgsagh%%%:?%étll oti? ??F%g?%%r cg%@ Fer
After reaction, 5 pl each of ;the reaction nixturﬁz was subj ect ed tg

el ect r ophor si*SRIrt S8 ar 8569¢RI O1 02c TP M ¢ h& FeattT o %d%é’t. Hhe
results are shown in 15 Figure 4, Figure 4 is a photograph of the

el ect r ophor B8FROdoptt RS, BEEEFDR HRBERESD - Lane M 100 bp DNA | adder

mar ker; lane 1. negative control (water); lane 2: 10 fg of pDON-Al as a
tenplate; lane 3: 1 pE*BPPHBON- Al as a 20 tenplate; lane 4: 1 ng of the
genomi c DNA from NIH 3T3 cells having pDON-Al as a tenplate; |ape 5: 10 ng
of the5 genonic DNA fAém RPHSFEFIRAIS FRAVF PG PEONYAF &< R2 et 5i®; 2and

| ane 6: 100 ng of the genomic DNA from ,
culture supernatant of a packaging cell GP+E-86 (ATCC CRL-

9642) into which a plasmid pDON-AI had been introduced by a
calcium phosphate method. NIH/3T3 cell (ATCC CRL-1658) was
infected with the retrovirus and cultured in a medium
10 containing G418 for 14 days to prepare a transformed cell.
27 ng of a genomic DNA was prepared from 4 x 10 of the
retrovirus-infected <cells according to a conventional
method.
(2) Preparation of primers
15 Two chimeric oligonucleotide primers pDON-AI-68-1
(sense primer) and pDON-AI-68-2 (antisense primer) each
having three RNA bases at the 3' terminus were synthesized
based on the nucleotide sequence of the packaging region in
a plasmid pDON-AI. The nucleotide sequences of pDON-AI-68-
20 1 and pDON-AI-68-2 are shown in SEQ ID NOS:14 and 15,
respectively.
(3) Amplification of DNA fragment without
denaturation of template
50 pl of a reaction mixture containing 1 npl of a

25 solution containing 10 fg or 1 ng of pDON-AI, 1 pl of a



NIH 3T3 cells having pDON-Al as a tenplate. 25 As shown in Figure 4
;peC|f|c anplification of a 36 DNA fragment was observed using eithér :

‘PDON- Al or the genomic DNA containing pDON-Al being integrated. Thus, it
was shown that it is possible to anplify a DNA fragnment of interest ’

wi t hout denaturing a tenplate DNA prior ?g the 5 reaction even if a

genom ¢ DNA is used as a tenplate. Exanplé 5 (1) Synthesis of chimeric

ol i gonucl eotide and priner A chineric oligonucleotide k-ras-X having three
iOrENQ r¢S|dyestﬁp the 3' termnus and | abeled at the 5 termnus with
-rhodam ne i sot hi ocyanate (XRI TC) was. .designe d |

t he nucIeot?%éugéﬁﬁeHEEtaépgﬁﬂ n%EbKilPaggggﬁbglqﬂen ﬁgﬁggﬁkﬁggggﬁﬁgﬁcgg

of k-ras- X is shown in SEQ D NO16. .15 Pri{ers; ras- ras-R
|(o ?glto |a ?iezzeéwléagrf?@ YR ﬁé"tgl ?f&lés%vﬁ'ﬁgr pol#d%_rp‘l%rrek?e:lrr%g a E’%u%érﬂ’ 82
ragnen 0 be used as a tenplate. T uc i
sequenfgs Fi P%sfﬁ QWEQQn§¢¥a?engﬂaﬁhvﬁncgﬁgEPg’Nag:%%é%u#éﬁﬁlgg the
respectively. (2) Reaction of chinericg oli ucl eotide with ’
was carri edpobfensi myePafeDhf 18 ﬁﬂﬁﬁﬁﬁﬁbn %?g) °§§’a(rg%ppgfgggﬁge?ﬁePCR
prinmers ras-F and ras-R
5 dNTPs, 32 mM HEPES-potassium hydroxide buffer (pH 7.8), 100
mM potassium acetate, 4 mM magnesium acetate, 0.01% bovine

serum albumin, 1% dimethyl sulfoxide, 18.5 U of Pfu RNase

HIT as described in Referential Example and 4 U of BcaBEST

DNA polymerase (Takara Shuzo) was prepared. The reaction
10 mixture was incubated at 64°C for 1 hour in a thermal
cycler.

After reaction, 5 pl each of the reaction
mixtures was subjected to electrophoresis on 3% agarose gel
to confirm the reaction product. The results are shown in

15 Figure 4.

Figure 4 is a photograph of the electrophoresis
of the reaction products. Lane M: 100 bp DNA ladder
marker; lane 1: negative control (water); lane 2: 10 fg of
pDON-AI as a template; lane 3: 1 pg of pDON-AL as a

20 template; lane 4: 1 ng of the genomic DNA from NIH/3T3
cells having pDON-AI as a template; lane 5: 10 ng of the
genomic DNA from NIH/3T3 cells having pDON-AI as a
template; and lane 6: 100 ng of the genomic DNA from
NIH/3T3 cells having pDON-AI as a template.

25 As shown in Figure 4, specific amplification of a



to synthesize a DNA fragnent to be used as a tenplate which 25 had a
sequence conplenentary to k-ras-X. 50 pl of a reaction mxture wth the
foll owi ng conposition containing 270 ng of this DNA fragnent and 25 pnol
of k-ras-X was prepared: 0.5 nM each of dNTPs, 32 nmM HEPES- pot assi um

hydr oxi de buffer (pH 7.8), 100 nmM potassiym acetate, 4 nM 5 magnesi um
acetate, 0.01% bovi ne serum al bum n and $6% di net hyl sul f oxi de. The
reaction m xture was i ncubated at 52C for 5 minutes in a thermal cycler. A
reaction mxture to which a 200-bp PCR-anplified fragnment w thout a
sequence conplenentary to k-ras-X was added was, prepared as _a 10 negati ve
control , anBNfastFa@igitt edaisn QPSPEVREr Wehn@r .S %f éﬁxpﬁélreSEtiBﬂe

m xture was subjected to electrophoresis on 5% nondenaturing ,

pol yacryl antdaogef. DNAf ceptaiasngophoNadils beipg gt abid thifl yzEausisi b
FMBIO-11  Milti-View (Takara Shuzo) to confirmthe el ectrophoretic 15
position of wksrgboXn Abas dA&sdist passiddse t6F amRlidat i dnPNAy t hagReN bNAL
fragnent having the conpl enentary nucl eotide sequence, fluorescence from
k-ras- X wasiobsgessd witthavt eflenefophbeetd ctpBRI2EBn RNk r BEHBRdItRy £BSt he
size of the DNA fragment, confirmng that the chineric oligonucleotide 20
formed5a comphexinint AveheiDNA gengmiéat DNBnishesedhaf Rah@8MPLlAGSsuch bi nding
of the prinmer to the DNA fragnent was observed for the negative control.
Thus, it was shown th&kamplehbneric ol i gonucl eotide having a nucl eotide
sequence conplenentary to a DNA fragnment specifically binds to the 25
nucl eoti de sequence of(1f) heSiNthésagment wittimaniadewdtigomgleotide and

primer
A chimeric oligonucleotide k-ras-X having three
10 RNA residues at the 3' terminus and labeled at the 5
terminus with X-rhodamine isothiocyanate (XRITC) was

designed and synthesized based on the nucleotide sequence
of human c-Ki-ras gene. The nucleotide sequences of k-ras-
X is shown in SEQ ID NO:16.

15 Primers ras-F (sense) and ras—-R (antisense) were
synthesized as a pair of primers for a PCR for preparing a
PCR fragment to be used as a template. The nucleotide
sequences of ras-F and ras-R are shown in SEQ ID NOS:17 and
18, respectively.

20 (2) Reaction of chimeric oligonucleotide with
template

A PCR was carried out using 1 upl of a human

genomic DNA as a template and the primers ras-F and ras-R
to synthesize a DNA fragment to be used as a template which

25 had a sequence complementary to k-ras-X. 50 pl of a



38 the DNA fragnent in an enzyme-i ndependent manner. | ndustri al
Applicability The present invention provides a nethod for 5 artificially
Creating a replication origin on a nucleic acid nolecule and replicating
the nucleic acid nolecule wutilizing the replication origin. According to
t he method of the present invention, a npucleic acid nolecule can be
tonveniently replicated in 10 vitro wi t Rdut inserting it into a vector.

Furthernore, since a replication origin can be positioned at will, it is
possible to specifically replicate only a necessary portion of a nucleic
acid, or to conduct replication reactions from plurality of repljcation

origins at ¥PRCEhMR PirBUresvwashiudhee GO IFrEdPRIA T IS0 FU3 NS L PCR
primer 1650Nde for cloning a gene encoding a polypeptide having a RNase
HI | activitg’0f pPem¥yr BdEcUNA ufragnenbo a5en E@) R PERKprafer 1%%9Bam
for cloning a 25 gene encodi ng aﬁﬁflxgeptide having a RNase H| activity
from Pyr ocoreeR2¥ef | oS SEYY | BaND 62L DI Tfifed 14 gBMuciedts e FFRYMt 0

amplify a portion of iNGCS-encoding sequence from nmouse SEQ I D NO 7;
Desi gned ol hygdnoxidot Puéfpri ot tlo &9 100 mM potassium acetate, 4 mM

5 magnesium acetate, 0.01% bovine serum albumin and 1%
dimethyl sulfoxide. The reaction mixture was incubated at
52°C for 5 minutes in a thermal cycler. A reaction mixture
to which a 200-bp PCR-amplified fragment without a sequence
complementary to k-ras-X was added was prepared as a

10 negative control, and was incubated in a similar manner.

20 ul of ﬁhe reaction mixture was subjected to
electrophoresis on 5% nondenaturing polyacrylamide gel.
After electrophoresis, the gel was analyzed using FMBIO-II
Multi-View (Takara Shuzo) to confirm the electrophoretic

15 position of k-ras-X. As a result, in case of incubation
with the DNA fragment having the complementary nucleotide
sequence, fluorescence from k-ras-X was observed at an
electrophoretic position corresponding to the size of the
DNA fragment, confirming that the chimeric oligonucleotide

20 formed a complex with the DNA fragment. On the other hand,
no such binding of the primer to the DNA fragment was
observed for the negative control. Thus, it was shown that
a chimeric oligonucleotide having a nucleotide sequence
complementary to a DNA fragment specifically binds to the

25 nucleotide sequence of the DNA fragment without denaturing



anplify a portion of i NGCS-encoding sequence from nouse SEQ | D NO 8:

Desi gned chimeric oligonucleotide primer to anplify a portion of

i NOS- encodi ng sequence from nmouse. "nucl eotides 21 to 23 are

ri bonucl eoti des-other 5 nucleotides are deoxyri bonucl eoti des” SEQ ID NGO 9:
Desi gned chineric oligonucl eotide prine? to anplify a portion of

1 NOS- encodi ng sequence from nouse. "nuc Botides 19 to 22 are

ri bonucl eoti des-ot her nucl eoti des are deoxyri bonucl eoti des” 10 SEQ I D
NO 10: Designed chinmeric oligonucleotide priner to anplify a portion of
pl asm d pEK)t "pucl eotides 17 to 19 are rlbonucleotldes ot her

nucl eoti de %r@N%e5§99W%BEuE?e%@|%%%ym%Ii?Q??ﬁﬁﬁ Besighed chineric

ollgonucleotlde 15 primer to anplify a portion of plasnld pDON- Al .

"nucl eotides 19 to 21 are ribonucl eoti des-other nucleotides are

deoxyri bonucl eotides” SEQ | D NO 12: Designed chimeric oligonucleotide

primer to aﬁ%@??QréaboﬁPpéhcéblE%EBnlc DNA of 20 Staphyl ococcus aur eus.
"nucl eotides 19 to 21 are ribonucl eptides-other nucleotides are

deoxyrlbonucleotldes"T SECPFEﬁRE?lBlnténgﬂ%d BRPYEFEE of i gBRbRPEot FarE

primer to anmplify gortlon of Genom c DNA of Staphyl ococcus aureus,
"nucl ebt i deér’igf%'élé L¥r eLeptrigbnac| B0} Heat Mithe PTAGdPedt dés BREleic
deoxyri bonucl eotides” j ~ 40

acid molecule and replicating the nucleic acid molecule
utilizing the replication origin.

According to the method of the present invention,

a nucleic acid molecule can be conveniently replicated in

10 vitro without inserting it into a vector. Furthermore,

since a replication origin can be positioned at will, it is

possible to specifically replicate only a necessary portion

of a nucleic acid, or to conduct replication reactions from

plurality of replication origins at the same time.

15
Sequence Listing Free Text
SEQ ID NO:2: PCR primer 1650Nde for cloning a
gene encoding a polypeptide having a RNase HII activity
from Pyrococcus furiosus
20 SEQ ID NO:3: PCR primer 1650Bam for cloning a

gene encoding a polypeptide having a RNase HII activity
from Pyrococcus furiosus

SEQ ID NO:6: Designed oligonucleotide primer to
amplify a portion of iNOS-encoding sequence from mouse

25 SEQ ID NO:7: Designed oligonucleotide primer to



CLAIMS 1. A nethod for formng a conplex consisting of a doubl e-stranded
nucl eic acid and an ol i gonucleotide, the 5 nethod conprising: (a) mxing a
ddoubl e- stranded nucleic acid and at |east one oligonucleotide to prepare a
reaction m xture, wherein the oligonucleotide is a chinmeric

ol i gonucl eotide containing at |east a rigonucleotide as well as a nenber
10 selected froma group consisting of a3 eoxyri bonucl eotide and a

nucl eoti de anal og, and has a sequence substantially conplenentary to the
nucl eoti de sequence of one of the two strands of the double-stranded
nucl ei ¢ aci d; ng (b) incubating,the reactjon mxture to forma 15 conpl ex
under condi #FBASIUNAPORhieh Phel HUBFRSS +%%d%§ﬂu?ﬁﬁ$e$%°@mW?P?§ not
denatured. 2. The nmethod according to claim1, wherein t£e dou Ie-séranded
nucleic acid is a nucPERc Hdti HOsEF e R IRFDMCLHBSGLEUpC tHARPLETRgE bR a

|l inear DNA, a circular DNA 20 and a genom ¢ DNA. 3. The net hod according
to claim 1, PREBRE KOt REPLAEYgEn RATEGOTd e L alVIIRAGUN G SCPIERE? FoPm
synthesizing a DNA conplenentary to one of the two strands of the doubl e-
stranded nu@PBFe-aci dnugdeatiqpg net hd@ agdordiengr HHOoRREI APE1dRAPENATt he

}- 41 5 oligonucleotide is |abeled.
5 nucleotides are deoxyribonucleotides"

SEQ ID NO:9: Designed chimeric oligonucleotide
primer to amplify a portion of iNOS-encoding sequence from
mouse. "nucleotides 19 to 22 are ribonucleotides-other
nucleotides are deoxyribonucleotides"

10 SEQ ID NO:10: Designed chimeric oligonucleotide
primer to amplify a portion of plasmid pDON-AT,
"nucleotides 17 to 19 are ribonucleotides-other nucleotides
are deoxyribonucleotides"

SEQ ID NO:11: Designed chimeric oligonucleotide

15 primer to amplify a portion of plasmid pDON-AI.
"nucleotides 19 to 21 are ribonucleotides-other nucleotides
are deoxyribonucleotides"

SEQ ID NO:12: Designed chimeric oligonucleotide
primer to amplify a portion of Genomic DNA of

20 Staphylococcus aureus. "nucleotides 19 to 21 are
ribonucleotides-other nucleotides are deoxyribonucleotides"

SEQ ID NO:13: Designed chimeric oligonucleotide
primer to amplify a portion of Genomic DNA of
Staphylococcus aureus. "nucleotides 19 to 21 are

25 ribonucleotides-other nucleotides are deoxyribonucleotides"”



5. A nethod for detecting a double-stranded nucleic acid having a target
nucl eoti de sequence, the nethod conprising: (a) formng a conpl ex
tonsisting of a double- stranded nucleic acid and an ol i gonucl eoti de
according to the nethod defined by claim1, wherein the oligonucleotide
is a chineric oligonucleotide containing at least a ribonucleotide as well
as a menber selected froma group 10 conélstlng of a deoxyri bonucl eoti de
and a nucl eotide anal og, and has a sequence substantially conplenentary to
a target nucleotide sequence; and (b) detecting the oligonucleotide
formng the conplex. 15 6. A nethod for creating a replication origin on a
doubl e- stranded nucleic acid, the netﬁ&@%y§nprising: (a) mxing a
doubl e-stranded nucleic acid and at |east one oligonucleotide to prepare a
reaction mxture, wherein the oligonucleotide is a chimeric
ol i gonucl eoti de 20 contalnlng at least a ribonucleotide as well as a nenber
sel ected froma group consﬁs??ﬁ@ogff%rdé%&@%?%o%u%?@%%?ﬂeco%ﬁHSEl%%cPéot|de
anal og, allows extension fromits 3 termnus by a pol ynerase, and has
a sequence 3s@B§PaRrEaFEPdegnprEfeitadFico anse %&Jeb%?@écls%%%e bRre2s
one of the two strands of the doubl e-stranded nucleic acid; 42 and (b)
i ncubabi ng MREhpdaceMBAiAiREUre to forma
(a) mixing a double-stranded nucleic acid and at
least one oligonucleotide to prepare a reaction mixture,
wherein the oligonucleotide is a chimeric oligonucleotide
containing at least a ribonucleotide as well as a member
10 selected from a group consisting of a deoxyribonucleotide
and a nucleotide analog, and has a sequence substantially
complementary to the nucleotide sequence of one of the two
strands of the double-stranded nucleic acid; and
(b) incubating the reaction mixture to form a

15 complex under conditions under which the double-stranded
nucleic acid is not denatured.

2. The method according to claim 1, wherein the
double-stranded nucleic acid is a nucleic acid selected
from the group consisting of a linear DNA, a circular DNA

20 and a genomic DNA.

3. The method according to claim 1, wherein the
oligonucleotide can function as a primer for synthesizing a
DNA complementary to one of the two strands of the double-
stranded nucleic acid.

25 4, The method according to claim 1, wherein the



conpl ex under conditions under which the doubl e-stranded nucleic acid is
not denatured. 5 7. The nethod according to claim6, wherein the

‘doubl e-stranded nucleic acid is a nucleic acid selected fromthe group
consisting of a linear DNA, a circular DNA and a genomc DNA. 8. A nethod
for replicating a nucleic acid, the ?Ethod conprising: 15 synthesizing
a DNA conpl enentary to one of the tmn strands of a doubl e-stranded nucl eic
acid froma replication origin created according to the nmethod defined by
claim6 in the presence of a DNA polynerase. 9. The nethod according to

claim8, wherein the DNA polymerase is an enzyme that has a strand
diSplacenen? l%%@y%f%atlde 1is fgbgfed.

5. A method for detecting a double-stranded
nucleic acid having a target nucleotide sequence, the
method comprising:

5 (a) forming a complex consisting of a double-
stranded nucleic acid and an oligonucleotide according to
the method defined by claim 1, wherein the oligonucleotide
is a chimeric oligonucleotide containing. at least a
ribonucleotide as well as a member selected from a group

10 consisting of a deoxyribonucleotide and a nucleotide analog,
and has a sequence substantially complementary to a target
nucleotide sequence; and

(b) detecting the oligonucleotide forming the
complex.

15 6. A method for creating a replication origin
on a double-stranded nucleic acid, the method comprising:

(a) mixing a double-stranded nucleic acid and at
least one oligonucleotide to prepare a reaction mixture,
wherein the oligonucleotide is a chimeric oligonucleotide

20 containing at least a ribonucleotide as well as a member
selected from a group consisting of a deoxyribonucleotide
and a nucleotide analog, allows extension from its 3'
terminus by a DNA polymerase, and has a sequence
substantially complementary to the nucleotide sequence of

25 one of the two strands of the double-stranded nucleic acid;



10

15

42

and

(b) incubating the reaction mixture to form a
complex under conditions under which the double-stranded
nucleic acid is not denatured.

7. The method according to claim 6, wherein the
double-stranded nucleic acid is a nucleic acid selected
from the group consisting of a linear DNA, a circular DNA
and a genomic DNA.

8. A method for replicating a nucleic acid, the
method comprising:

synthesizing a DNA complementary to one of the
two strands of a double-stranded nucleic acid from a
replication origin created according to the method defined
by claim 6 in the presence of a DNA polymerase.

9. The method according to claim 8, wherein the
DNA polymerase is an enzyme that has a strand displacement

activity.



