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DESCRIPTION
METHOD OF REPLICATING OR AMPLIFYING CIRCULAR DNA

TECHNIAL FIELD |

[0001] The present invention relates to a method for replicating or amplifying circular
DNA. More specifically, the present invention relates to a method capable of efficiently
replicating or amplifying circular DNA in a cell-free system. The present invention also
relates to a nucleic acid capable of being utilized as a functional cassette for preparing
circular DNA.

BACKGROUND ART

[0002] The DNA cloning technology on which biotechnological development was based is
a technique for amplifying circular DNA that had been prepared by cutting and pasting DNA
fragments as plasmid in cells of E. coli, etc. A use of a DNA cloning technology that uses
cells to amplify circular DNA necessitateé troublesome procedures such as cell cultivation,
extraction/purification of amplified products and the like. Also, the environment for
experimenting such DNA cloning is limited, since it is necessary to prepare genetically
modified organisms to perform DNA cloning that uses cells.

[0003] A common method used for amplifying DNA in vitro is polymerase chain reaction
(PCR). However, an in vitro DNA amplification using PCR does not allow circular DNA to
be amplified as it is.  In vitro amplification methods of circular DNA include the rolling
circle amplification (RCA) (NPL 1, PTL 1, PTL 2, PTL 3). However, if circular DNA is to
be amplified using the rolling circle amplification, éprimer specific to the target DNA would
need to be designed each time. Furthermore, the amplification product that directly results -
from the rolling circle amplification is a linear DNA, so it would be necessary to perform an
additional cyclization step to cyclize the obtained amplification product, such as incubating
with a recombination enzyme. Another reported method is a method of obtaining a
monomer replication product by replicating a minichromosome of E. coli (oriC circular

DNA) and then separating it to obtain a monomeric circular replication product has been
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reported (NPLs 2 to 5). However, with regard to the reaction conditions applied in these
publications, it has been experimentally demonstrated that the replication efficiency of
circular DNA molecules is only approximately 15 to 40% of the added template DNA, and
thus that the amplified amount does not reach even double (NPLs 3 to 6). Furthermore, the
size of circular DNA used as a template in these publications is only less than 10 kbp.
[0004] As shown above, amplification of circular DNA using the conventional in vitro
DNA amplification was disadvantageous in that it required primers to be bonded with the
template DNA, produced linear DNA as the amplification product, and limited the size of
DNA that can be amplified to within a few kbp.  Still further, there has been a problem that,
when a circular amplification product intends to be produced using an Escherichia coli
minichromosome replication system, template circular DNA cannot be amplified even to
double.
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SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0007] The present invention provides a method capable of efficiently replicating or

amplifying circular DNA in a cell-free system. The present invention also provides a
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nucleic acid capable of being utilized as a functional cassette for preparing circular DNA.
SOLUTION TO PROBLEM

[0008] The present inventors performed extensive studies to solve the above problem and
found that, when circular DNA having a replication origin sequence (origin of chromosome
(oriC)) is replicated or amplified by using the following enzyme groups:

(1) a first enzyme group that catalyzes replication of circular DNA;

(2) a second enzyme group that catalyzes an Okazaki fragment maturation and synthesizes
two sister circular DNAs constituting a catenane; and

(3) a third enzyme group that catalyzes a'separation of two sister circular DNAs, generation
of a DNA multimer as a by-product can be suppressed by utilizing a replication termination
mechanism using ter-Tus, and/or a DNA multimer separation mechanism using a site-specific
recombination system such as dif-XerCD. Moreover, the present inventors also found that
even in a case where circular DNA comprising no oriC is present in an extremely low
concentration, the circular DNA can be replicated or amplified by introducing oriC into the
circular DNA, using a transposon.

[0009] In the present description, the reaction of replicating or amplifying circular DNA by
using the above described enzyme groups (1), (2), and (3) is referred to as "RCR (replication-
cycle reaction)" in some cases.

[0010] Furthermore, in the present description, the term "DNA multimer" means multimeric
DNA generated upon replication or amplification of circular DNA. Herein, the multimeric
DNA means that the concerned DNA is multimerized, when the circular DNA used as a
template is defined as a monomer. In the present description, the DNA multimer is simply
referred to as a "multimer" at times.

[0011] In other words, the present application encompasses the following aspect without

. being limited thereby.

[0012] [1] A method for replicating circular DNA in a cell-free system, comprising the
following steps:

(1) forming a reaction mixture of circular DNA as a template with a reaction



solution comprising:

a first enzyme group that catalyzes replication of circular DNA,

a second enzyme group that catalyzes an Okazaki fragment maturation and
synthesizes two sister circular DNAs constituting a catenane, and

a third enzyme group that catalyzes a separation of two sister circular DNAs; and

) reacting the reaction mixture formed in step (1), wherein

the circular DNA includes a replication origin sequence (origin of chromosome
(oriC)) that can bind to an enzyme having DnaA activity, and further includes a pair of ter
sequences that are each inserted outward with respect to oriC, and/or a nucleotide sequence
recognized by a DNA multimer separation enzyme, wherein

when the circular DNA has the ter sequences, the reaction solution in step (1) further
comprises a protein having an activity of inhibiting replication by binding to the ter
sequences, and when the circular DNA has the nucleotide sequence recognized by a DNA
multimer separation enzyme, the reaction solution in step (1) further comprises the DNA
multimer separation enzyme.
[0013] [2] The method according to the above [1], wherein the DNA multimer separation
enzyme is Cre or XerCD.
[0014] [3] A method for replicating circular DNA in a cell-free system, comprising the
following steps:

€)) forming a reaction mixture of circular DNA as a template with a reaction
solution comprising:

a first enzyme group that catalyzes replication of circular DNA,

a second enzyme group that catalyzes an Okazaki fragment maturation and
synthesizes two sister circular DNAs constituting a catenane, and

a third enzyme group that catalyzes a separation of two sister circular DNAs; and

2) reacting the reaction mixture formed in step (1), wherein

the circular DNA includes a replication origin sequence (origin of chromosome

(oriC)) that can bind to an enzyme having DnaA activity, and further includes a pair of ter
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sequences that are each inserted outward with respect to oriC, and/or a nucleotide sequence
recognized by XerCD, wherein

when the circular DNA has the ter sequences, the reaction solution in step (1) further
comprises a protein having an activity of inhibiting replication by binding to the ter
sequences, and when the circular DNA has the nucleotide sequence recognized by XerCD,
the reaction solution in step (1) further comprises a XerCD protein.
[0015] [4] The method according to any one of the above [1] to [3], wherein the pair of ter
sequences that are each inserted outward with respect to oriC comprisés: a sequence
comprising any one of sequences shown in SEQ ID NOS: 1 to 14 which is inserted as one ter
sequence into the 5°-terminal side of oriC; and a sequence comprising a complementary
sequence to any one of sequences shown in SEQ ID NOS: 1 to 14 which is inserted as the
other ter sequence into the 3’-terminal side of oriC.
[0016] [5] The method according to any one of the above [1] to [4], wherein the protein
having an activity of inhibiting replication by binding to the ter sequences is a Tus protein or
an RTP protein.
[0017] [6] The method according to the above [2] or [3], wherein the nucleotide sequence
recognized by XerCD is a sequence comprising any one of sequences shown in SEQ ID
NOS: 15 to 24, or a complementary sequence thereto.
[0018] [7] The method according to the above [2], wherein nucleotide sequence recognized
by Cre is a sequence comprising any one of sequences shown in SEQ ID NOS: 30 to 35, or a
complementary sequence thereto.
[0019] [8] A nucleic acid, which is linear DNA having a length of 273 bp to 2.0 kb, and
comprises oriC, and a pair of ter sequences that are each inserted outward with respect to the
oriC and/or a nucleotide sequence recognized by a DNA multimer separation enzyme.
[0020] [9] A nucleic acid, which is linear DNA having a length of 273 bp to 2.0 kb, and
comprises oriC, and a pair of ter sequences that are each inserted outward with respect to the
oriC and/or a nucleotide sequence recognized by XerCD.

[0021] [10] A method for replicating circular DNA in a cell-free system, comprising the



following steps:

€)) prepare circular DNA comprising oriC by:

adding an oriC transposon and transposase into a buffer to form an oriC
transposome, wherein the oriC transposon is linear DNA comprising a replication origin
sequence (origin of chromosome (oriC)) that can bind to an enzyme having DnaA activity,
and comprising outside end (OE) sequences at both termini thereof; and
reacting the oriC transposome with circular DNA comprising no oriCin a

buffer to carry out a transfer reaction,

2) forming a reaction mixture of the circular DNA comprising oriC obtained
in step (1) with a reaction solution comprising:

a first enzyme group that catalyzes replication of circular DNA,

a second enzyme group that catalyzes an Okazaki fragment maturation and
synthesizes two sister circular DNAs constituting a catenane, and

a third enzyme group that catalyzes a separation of two sister circular DNAs; and

3) reacting the reaction mixture formed in step (2).
[0022] [11] The method according to the above [10], wherein the OE sequence comprises
the sequence shown in SEQ ID NO: 25 (5’-CTGTCTCTTATACACATCT-3") and a
complementary sequence thereto, and the OE sequence comprising the sequence shown in
SEQ ID NO: 25 is inserted into the 5’-terminus of the linear DNA in step (1), and the OE
sequence comprising a complementary sequence to the sequence shown in SEQ ID NO: 25 is
inserted into the 3’-terminus of the linear DNA.
[0023] [12] The method according to the above [10] or [11], wherein the circular DNA
comiarising oriC further comprises a pair of ter sequences that are each inserted outward with
respect to oriC, and/or a nucleotide sequence recognized by a DNA multimer separation
enzyme, wherein

when the circular DNA has the ter sequences, the reaction solution in step (2) further
comprises a protein having an activity of inhibiting replication by binding to the ter

sequences, and when the circular DNA has the nucleotide sequence recognized by a DNA
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multimer separation enzyme, the reaction solution in step (2) further comprises the DNA
multimer separation enzyme.
[0024] [13] The method according to the above [10] or [11], wherein the circular DNA
comprising oriC further comprises a pair of ter sequences that are each inserted outward with
respect to oriC, and/or a nucleotide sequence recognized by XerCD, wherein

when the circular DNA has the ter sequences, the reaction solution in step (2) further
comprises a protein having an activity of inhibiting replication by binding to the ter
sequences, and when the circular DNA has the nucleotide sequence recognized by XerCD,
the reaction solution in step (2) further comprises a XerCD protein.
[0025] [14] The method according to any one of the above [10] to [13], wherein the oriC
transposon in step (1) further comprises a pair of ter sequences that are each inserted outward
with respect to oriC, and/or a nucleotide sequence recognized by a DNA multimer separation
enzyme, wherein

when the linear DNA has the ter sequences, the reaction solution in step (2) further
comprises a protein having an activity of inhibiting replication by binding to the ter
sequences, and when the circular DNA has the nucleotide sequence recognized by a DNA
multimer separation enzyme, the reaction solution in step (2) further comprises the DNA
multimer separation enzyme.
[0026] [15] The method according to any one of the above [10] to [13], wherein the oriC
transposon in step (1) further comprises a pair of ter sequences that are each inserted outward
with respect to oriC, and/or a nucleotide sequence recognized by XerCD, wherein

when the linear DNA has the ter sequences, the reaction solution in step (2) further
comprises a protein having an activity of inhibiting replication by binding to the ter
sequences, and when the circular DNA has the nucleotide sequence recognized by XerCD,
the reaction solution in step (2) further comprises a XerCD protein.
[0027] [16] The method according to any one of the above [10] to [15], further comprising:

4) removing the oriC transposon from the circular DNA replicated or

amplified in the reaction product in step (3).
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[0028] [17] A nucleic acid, which is linear DNA having a length of 311 bp to 2.0 kb, and
comprises oriC, and a pair of ter sequences that are each inserted outward with respect to the
oriC and/or a nucleotide sequence recognized by a DNA multimer separation enzyme, and
also comprises outside end (OE) sequences at both termini thereof.
[0029] [18] A nucleic acid, which is linear DNA having a length of 311 bp to 2.0 kb, and
comprises oriC, and a pair of ter sequences that are each inserted outward with respect to the
oriC and/or a nucleotide sequence recognized by XerCD, and also comprises outside end
(OE) sequences at both termini thereof.
[0030] [19] A kit for replicating circular DNA, comprising a combination of:

a first enzyme group that catalyzes replication of circular DNA;

a second enzyme group that catalyzes an Okazaki fragment maturation and
synthesizes two sister circular DNAs constituting a catenane;

a third enzyme group that catalyzes a separation of two sister circular DNAs;

- an oriC transposon, which is linear DNA comprising a replication origin sequence
(origin of chromosome (oriC)) that can bind to an enzyme having DnaA activity, and
comprising outside end (OE) sequences at both termini thefeof; and

transposase.
[003 1] [20] The kit according to the above [19], wherein the oriC transposon further
comprises a pair of ter sequences that are each inserted outward with respect to oriC, and/or a
nucleotide sequence recognized by a DNA multimer Separation enzyme.
[0032] [21] The kit according to the above [20], further comprising:

a protein having an activity of inhibiting replication by binding to the ter sequences;
and/or

a DNA multimer separation enzyme.
[0033] [22] The kit according to the above [19], wherein the oriC transposon further
comprises a pair of ter sequences that are each inserted outward with respect to oriC, and/or a
nucleotide sequence recognized by XerCD.

[0034] [23] The kit according to the above [22], further comprising: a protein having an
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activity of inhibiting replication by binding to the ter sequences; and/or a XerCD protein.
ADVANTAGEOUS EFFECTS OF INVENTION

 [0035] According to the method of the present application, when circular DNA having a
replication origin sequence (origin of chromosome (oriC)) is replicated or amplified by using
the following enzyme groups: |

(1) a first enzyme group that catalyzes replication of circular DNA;

(2) a second enzyme group that catalyzes an Okazaki fragment maturation and synthesizes
two sister circular DNAs constituting a catenane; and

(3) a third enzyme group that catalyzes a separation of two sister circular DNAs, generation
of a DNA multimer as a by-product can be suppressed. Moreover, an extremely low
concentration of circular DNA can be replicated or amplified by introducing oriC into the
circular DNA by using a transposon. From these findings, a replication product or an
amplification product can be efficiently obtained according to the method of the present
application.

BRIEF DESCRIPTION OF DRAWINGS

[0036] Figure 1 shows a model of the replication cycle of circular DNA.

Figure 2 is an outline view showing oriC cassette introduction by utilizing a
transposon and the subsequent replication or amplification reaction.

Figure 3 includes an outline view (a) showing suppression of generation of a DNA
multimer by utilizing the termination sequence ter and a Tus protein, and a gel
electrophoretic photograph (b) showing the results thereof.

Figure 4 includes an outline view (a) showing suppression of generation of a DNA
multimer by utilizing the site-specific recombination sequences dif and XerCD, and a gel
electrophoretic photograph (b) showing the results thereof.

Figure 5 is a schematic view showing 15 kb ori-ter circular DNA and 15 kb ori-dif
circular DNA.

Figure 6 is a gel electrophoretic photograph showing the result of performing Tus

titration regarding suppression of generation of a DNA multimer by utilizing the termination
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sequence ter and a Tus protein.

Figure 7 is a gel electrophoretic photograph showing the result of performing DNA
titration regarding suppression of generation of a DNA multimer by utilizing the termination
sequence ter and a Tus protein.

Figure 8 is a gel electrophoretic photograph showing the result of suppression of
generation of a DNA multimer by XerCD.

Figure 9 is a gel electrophoretic photograph showing the result of amplification of a
15-kb plasmid by oriC transposon transfer. |

Figure 10 is a gel electrophoretic photograph showing the result of amplification of
a thermophile-derived 9.3-kb plasmid with a high GC content rate by oriC transposon
transfer.

Figure 11 is a gel electrophoretic photograph showing the result of amplification of
a 15-kb plasmid by oriC transposon transfer.

Figure 12 is a gel electrophoretic photograph showing the result of amplification of
a 15-kb plasmid by oriC transposon transfer, in a case where the amount of DNA used in the
oriC transposon transfer reaction is changed.

Figure 13isa gél electrophoretic photograph showing the result of amplification of
a thermophile-derived 9.3-kb plasmid with a high GC content rate by oriC transposon
transfer.

Figure 14 is a gel electrophoretic photograph showing the result of performing
restriction enzyme digestion (Kpnl and Nhel) on an amplification production of a
thermophile-derived 9.3-kb plasmid with a high GC content rate obtained by oriC transposon
transfer. ,

Figure 15 is a gel electrophoretic photograph showing the result of studying
cyclization of ADNA.

Figure 16 is a gel electrophoretic photograph showing the result of cyclization of
ADNA and amplification of circular DNA by oriC transposon transfer.

Figure 17 is a gel electrophoretic photograph showing the result of cyclization of
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ADNA and restriction enzyme digestion (HindIII) performed on an amplification product of
circular DNA prepared by oriC transposon transfer.

Figure 18 is a schematic view showing the dissociation reaction of an oriC
transposon.

Figure 19 is a graph showing evaluation of the dissociation of an oriC transposon
comprising Km-oriC.

Figure 20 is a graph showing evaluation of an Amp resistance gene recovered after
the dissociation of an oriC transposon.

Figure 21 is a schematic view showing the dissociation reaction of an oriC
transposon and the removal reaction of the oriC transposon by cleavage.

Figure 22 is a gel electrophoretic photograph showing the result of suppression of
generation of a DNA multimer by Cre.
DESCRIPTION OF EMBODIMENTS
[0037] Hereafter, the present invention will be specifically described. However, the
present invention is not limited to the following descriptions. The scientific terms and
technical terms used with regard to the present invention have meanings, which are
commonly understood by a person skilled in the art, unless otherwise specified in the present
description.
[0038] <Circular DNA>

The circular DNA that is used as the template is preferably a double-strand.  The
circular DNA used as the template is not particularly limited as long as it includes a
replication origin sequence (origin of chromosome (oriC)) that can bind to an enzyme having
DnaA activity, and examples include natural circular DNA such as a circular chromosome of
microorganisms, circular DNA created by ligating natural circular DNA that had been cut off
by enzyme processing, etc. with another DNA fragment and cyclizing the ligated product,
circular DNA created by performing a circularization treatment on DNA existing in a linear
state in the nature, and circular DNA that had been artificially synthesized altogether. With

 regards to replication origin sequences (oriC) that can bind to an enzyme having DnaA
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activity (may be described hereinafter, simply as "replication origin sequence" or "oriC"),
publicly known replication origin sequences existing in bacterium, such as E. coli, Bacillus
subtilis, etc., may be obtained from a public database such as NCBI
(http://www.ncbi.nlm.nih.gov/). Of else, the replication origin sequence may be obtained
by cloning a DNA fragment that can bind to an enzyme having DnaA activity and analyzing
its base sequence.

[0039] The circular DNA that is to be used as a template in the present invention may be
circular DNA containing a replication origin sequence from the beginning, or circular DNA
originally lacking a replication origin sequence but later incorporating a replication origin
sequence.

[0040] As a method of preparing circular DNA used as a template by introducing a
replication origin sequence into circular DNA originally lacking a replication origin
sequence, a means known to a person skilled in the art can be applied. In one embodiment,
introduction of a replication origin sequence into circular DNA lacking such a replication
origin sequence may be carried out by adding transposon DNA comprising a replication
origin sequence, which is a 5’-terminus-phosphorylated linear DNA comprising a replication
origin sequence and also comprising outside end (OE) sequences at both termini thereof, and
transposase into a buffer to form a transposome comprising a replication origin sequence, and
then reacting the transposome comprising a replication origin sequence with the circular
DNA lacking such a replication origin sequence in a buffer to carry out a transfer reaction.
[0041] The circular DNA that is used as a template in the present invention may include
marker gene sequences that are resistant to drugs, such as kanamycin, ampicillin,
tetracycline, etc. according to the purpose.

[0042] Furthermore, the circular DNA that is used as a template in the present invention
may be in a purified state, or it may be in a form of a suspension of bacterial extraction
including circular DNA. A single type of circular DNA may be used as a template, but it is
also possible to use a mixture of several types of circular DNAs, such as a DNA library, in

one test tube as a template.
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[0043] There is no limit to the length of circular DNA used as a template in the present
invention, and the length may be 1 kb (1,000 base length) or longer, 5 kb (5,000 base length)
or longer, 8 kb (8,000 base length) or longer, 10 kb (10,000 base length) or longer, 50 kb
(50,000 base length) or longer, 100 kb (100,000 base length) or longer, 200 kb (200,000 base
length) or longer, 500 kb (500,000 base length) or longer, 1000 kb (1,000,000 base length) or
longer, or 2000 kb (2,000,000 base length) or longer.

[0044] < First, second and third enzyme groups >

1. First enzyme group

In the present description, the first enzyme group means an enzyme group that
catalyzes replication of circular DNA.
[0045] An example of a first enzyme group that catalyzes replication of circular DNA is an
enzyme group set forth in Kaguni JM & Kornberg A. Cell. 1984, 38:183-90.  Specifically,
examples of the first enzyme group include one or more enzymes or enzyme group selected
from a group consisting of an enzyme having DnaA activity, one or more types of nucleoid
protein, an enzyme or enzyme group having DNA gyrase activity, single-strand binding
protein (SSB), an enzyme having DnaB-type helicas¢ activity, an enzyme having DNA
helicase loader activity, an enzyme having DNA primase activity, an enzyme having DNA
clamp activity, and an enzyme or enzyme group having DNA polymerase III*  activity, and
a combinations of all of the aforementioned enzymes or enzyme groups.
[0046] The enzyme having DnaA activity is not particularly limited in its biological origin
as long as it has an initiator activity that is similar to that of DnaA, which is an initiator
protein of E. coli, and DnaA derived from E. coli may be preferably used. The Escherichia
coli-derived DnaA may be contained as a monomer in the reaction solution in an amount of
1 nM to 10 uM, preferably in an amount of 1 nM to 5 uM, 1 nM to 3 uM, 1 nM to 1.5 uM,
1 nM to 1.0 uM, 1 nM to 500 nM, 50 nM to 200 nM, or 50 nM to 150 nM, but without being
limited thereby. |
[0047] A nucleoid protein is protein in the nucleoid. The one or more types of nucleoid

protein used in the present invention is not particularly limited in its biological origin as long
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as it has an activity that is similar to that of the nucleoid protein of E. coli. For example,
Escherichia coli-derived IHF, namely, a complex of ThfA and/or IhfB (a heterodimer or a
homodimer), or Escherichia coli-derived HU, namely, a complex of hupA and hupB can be
preferably used. The Escherichia coli-derived IHF may be contained as a hetero/homo
dimer in a reaction solution in a concentration range of 5 nM to 400 nM. Preferably, the
Escherichia coli-derived IHF may be contained in a reaction solution in a concentration
range of 5 nM to 200 nM, 5 nM to 100 nM, 5 nM to 50 nM, 10 nM to 50 nM, 10 nM to

40 nM, or 10 nM to 30 nM, but the concentration range is not limited thereto. The
Escherichia coli-derived HU may be contained in a reaction solution in a concentration range
of 1 nM to 50 nM, and preferably, may be contained therein in a concentration range of 5 nM
to 50 nM or 5 nM to 25 nM, but the concentration range is not limited thereto.

[0048] An enzyme or enzyme group having DNA gyrase activity is not particularly limited
in its biological origin as long as it has an activity that is similar to that of the DNA gyrase of
E. coli. For example, a complex of Escherichia coli-derived GyrA and GyrB can be
preferably used. Such a complex of Escherichia coli-derived GyrA and GyrB may be
contained as a heterotetramer in a reaction solution in a concentration range of 20 nM to

500 nM, and preferably, may be contained therein in a concentration range of 20 nM to

400 nM, 20 nM to 300 nM, 20 nM to 200 nM, 50 nM to 200 nM, or 100 nM to 200 nM, but
the concentration range is not limited thereto.

[0049] A single-strand binding protein (SSB) is not particularly limited in its biological
origin as long as it has an activity that is similar to that of the single-strand binding protein of
E. coli. For example, Escherichia coli-derived SSB can be preferably used. Such
Escherichia coli-derived SSB may be contained as a homotetramer in a reaction solution in a
concentration range of 20 nM to 1000 nM, and preferably, may be contained therein in a
concentration range of 20 nM to 500 nM, 20 nM to 300 nM, 20 nM to 200 nM, 50 nM to

500 nM, 50 nM to 400 nM, 50 nM to 300 nM, 50 nM to 200 nM, 50 nM to 150 nM, 100 nM
to 500 nM, or 100 nM to 400 nM, but the concentration range is not limited thereto.

[0050] An enzyme having DnaB-type helicase activity is not particularly limited in its
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biological origin as long as it has an activity that is similar to that of the DnaB of E. coli.

For example, Escherichia coli-derived DnaB can be preferably used. Such Escherichia
coli-derived DnaB may be contained as a homohexamer in a reaction solution in a
concentration range of 5 nM to 200 nM, and preferably, may be contained therein in a
concentration range of 5 nM to 100 nM, 5 nM to 50 nM, or 5 nM to 30 nM, but the
concentration range is not limited thereto.

[0051] An enzyme having DNA helicase loader activity is not particularly limited in its
biological origin as long as it has an activity that is similar to that of the DnaC of E. coli.

For example, Escherichia coli-derived DnaC can be preferably used. Such Escherichia
coli-derived DnaC may be contained as a homohexamer in a reaction solution in a
concentration range of 5 nM to 200 nM, and preferably, may be contained therein in a
concentration range of 5 nM to 100 nM, 5 nM to 50 nM, or 5 nM to 30 nM, but the
concentration range is not limited thereto.

[0052] An enzyme having DNA primase activity is not particularly limited in its biological
origin as long as it has an activity that is similar to that of the DnaG of E. coli. For example,
Escherichia coli-derived DnaG can be preferably used. Such Escherichia coli-derived
DnaG may be contained as a monomer in a reaction solution in a concentration range of

20 nM to 1000 nM, and preferably, may be contained therein in a concentration range of

20 nM to 800 nM, 50 nM to 800 nM, 100 nM to 800 nM, 200 nM to 800 nM, 250 nM to

800 nM, 250 nM to 500 nM, or 300 nM to 500 nM, but the concentration range is not limited
thereto.

[0053] An enzyme having DNA clamp activity is not particularly limited in its biological
origin as long as it has an activity that is similar to that of the DnaN of E. coli. For example,
Escherichia coli-derived DnaN can be preferably used. Such Escherichia coli-derived
DnaN may be contained as a homodimer in a reaction solution in a concentration range of

10 nM to 1000 nM, and preferably, may be contained therein in a concentration range of

10 nM to 800 nM, 10 nM to 500 nM, 20 nM to 500 nM, 20 nM to 200 nM, 30 nM to 200 nM,

or 30 nM to 100 nM, but the concentration range is not limited thereto.
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[0054] An enzyme or enzyme group having DNA polymerase III* activity is not
particularly limited in its biological origin as long as it is an enzyme or enzyme group having
an activity that is similar to that of the DNA polymerase III* complex of E. coli.  For
example, an enzyme group comprising any of Escherichia coli-derived DnaX, HolA, HolB,
HolC, HolD, DnaE, DnaQ, and HolE, preferably, an enzyme group comprising a complex of
Escherichia coli-derived DnaX, HolA, HolB, and DnaE, and more preferably, an enzyme
comprising a complex of Escherichia coli-derived DnaX, HolA, HolB, HolC, HolD, DnaE,
DnaQ, and HolE, can be preferably used. Such an Escherichia coli-derived DNA
polymerase III* complex may be contained as a heteromultimer in a reaction solution in a
concentration range of 2 nM to 50 nM, and preferably, may be contained therein in a
concentration range of 2 nM to 40 nM, 2 nM to 30 nM, 2 nM to 20 nM, 5 nM to 40 nM,

5 nM to 30 nM, or 5 nM to 20 nM, but the concentration range is not limited thereto.

[0055] 2. Second enzyme group

In the present description, the second enzyme group means an enzyme group that
that catalyzes an Okazaki fragment maturation and synthesizes two sister circular DNAs
constituting a catenane.

[0056] In the present invention, the two sister circular DNAs constituting a catenane are
two circular DNAs synthesized by DNA replication, then joined together.

[0057] Examples of second enzyme groups that catalyze an Okazaki fragment maturation
and synthesize two sister circular DNAs constituting a catenane may include, for example,
one or more enzymes selected from the group consisting of an enzyme having DNA
polymerase I activity, an enzyme having DNA ligase activity, and an enzyme having
RNaseH activity, or a combination of these enzymes.

[0058] An enzyme having DNA polymerase I activity is not particularly limited in its
biological origin as long as it has an activity that is similar to DNA polymerase I of E. col.
For example, Escherichia coli-derived DNA polymerase I can be preferably used. Such
Escherichia coli-derived DNA polymerase I may be contained as a monomer in a reaction

solution in a concentration range of 10 nM to 200 nM, and preferably, may be contained
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therein in a concentration range of 20 nM to 200 nM, 20 nM to 150 nM, 20 nM to 100 nM, |
40 nM to 150 nM, 40 nM to 100 nM, or 40 nM to 80 nM, but the concentration range is not
limited thereto.

[0059] An enzyme having DNA ligase activity is not particularly limited in its biological
origin as long as it has an activity that is similar to DNA ligase of E. coli. For example,
Escherichia coli-derived DNA ligase or the DNA ligase of T4 phage can be preferably used.
Such Escherichia coli-derived DNA ligase may be contained as a monomer in a reaction
solution in a concentration range of 10 nM to 200 nM, and preferably, may be contained
therein in a concentration range of 15 nM to 200 nM, 20 nM to 200 nM, 20 nM to 150 nM,
20 nM to 100 nM, or 20 nM to 80 nM, but the concentration range is not limited thereto.
[0060] The enzyme having RNaseH activity is not particularly limited in terms of biological
origin, as long as it has the activity of decomposing the RNA chain of an RNA-DNA hybrid.
For example, Escherichia coli-derived RNaseH can be preferably used. Such Escherichia
coli-derived RNaseH may be contained as a monomer in a reaction solution in a
concentration range of 0.2 nM to 200 nM, and preferably, may be contained therein in a
concentration range of 0.2 nM to 200 nM, 0.2 nM to 100 nM, 0.2 nM to 50 nM, 1 nM to

200 nM, 1 nM to 100 nM, 1 nM to 50 nM, or 10 nM to 50 nM, but the concentration range is
not limited thereto.

[0061] 3. Third enzyme group

In the present description, the third enzyme group means an enzyme group that
catalyzes a separation of two sister circular DNAs
[0062] An example of a third enzyme group that catalyzes a separation of two sister circular
DNAs is an enzyme group set forth in, for exampIe, the enzyfne group described in Peng H &
Marians KJ. PNAS. 1993, 90: 8571-8575. Specifically, examples of the third enzyme gfoup
include one or more enzymes selected from a group consisting of an enzyme having
topoisomerase IV activity, an enzyme having topoisomerase III activity, and an enzyme
having RecQ-type helicase activity; or a combination of the aforementioned enzymes.

[0063] The enzyme having topoisomerase III activity is not particularly limited in terms of
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biological origin, as long as it has the same activity as that of the topoisomerase III of
Escherichia coli. For example, Escherichia coli-derived topoisomerase III can be
preferably used. Such Escherichia coli-derived topoisomerase Il may be contained as a
monomer in a reaction solution in a concentration range of 20 nM to 500 nM, and preferably,
may be contained therein in a concentration range of 20 nM to 400 nM, 20 nM to 300 nM,
20 nM to 200 nM, 20 nM to 100 nM, or 30 to 80 nM, but the concentration range is not
limited thereto.

[0064] The enzyme having RecQ-type helicase activity is not particularly limited in terms
of biological origin, as long as it has the same activity as that of the RecQ of Escherichia
coli. For example, Escherichia coli-derived RecQ can be preferably used. Such
Escherichia coli-derived RecQ may be contained as a monomer in a reaction solution in a
concentration range of 20 nM to 500 nM, and preferably, may be contained thereinvin a
cdncentration range of 20 nM to 400 nM, 20 nM to 300 nM, 20 nM to 200 nM, 20 nM to

100 nM, or 30 to 80 nM, but the concentration range is not limited thereto.

[0065] An enzyme having topoisomerase IV activity is not particularly limited in its
biological origin as long as it has an activity that is similar to topoisomerase IV of E. coli.
For example, Escherichia coli-derived topoisomerase IV that is a complex of ParC and ParE
can be preferably used. Such Escherichia coli-derived topoisomerase IV may be contained
as a heterotetramer in a reaction solution in a concentration range of 0.1 nM to 50 nMM, and
preferably, may be contained therein in a concentration range of 0.1 nM to 40 nM, 0.1 nM to
30 nM, 0.1 nM to 20 nM, 1 nM to 40 nM, 1 nM to 30 nM, 1 nM to 20 nM, 1 nM to IOnM,or
1 nM to 5 nM, but the concentration range is not limited thereto.

[0066] The first, second and third enzyme groups given above may be those that are
commercially available, or they may be extracted from microorganisms and purified as
necessary. Extraction and purification of enzymes from microorganisms may be performed
as necessary using means that are available to a person skilled in the art.

[0067] When enzymes other than the above described Escherichia coli-derived enzymes are

used as the first, second and third enzyme groups, they may be each used in a concentration
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range corresponding, as an enzyme activity unit, to the concentration range that is specified
with respect to the above described Escherichia coli-derived enzyme.
[0068] The reaction solution containing cell-free protein expression systems of the above
mentioned enzymes may be mixed as-is with the circular DNA that constitutes a template to
form a reaction mixture for replicating or amplifying circular DNA. The cell-free protein
expression system may be a cell-free translation system that comprises a total RNA
containing RNA consisting of a sequence that is complementary to the base sequence of
genes encoding the above enzymes, mRNA or in vitro transcription product as the template
RNA, or it may be a cell-free transcription/translation system that comprises genes encoding
different enzymes or expression vectors including genes that encode different enzymes as the
template DNA.
[0069] < Method for replicating circular DNA (A) >

In one aspect, the present application relates to a method for replicating or
amplifying circular DNA in a cell-free system, comprising the following steps:

(1) | forming a reaction mixture of circular DNA as a template with a reaction
solution comprising:

a first enzyme group that catalyzes replication of circular DNA,

a second enzyme group that catalyzes an Okazaki fragment maturation and
synthesizes two sister circular DNAs constituting a catenane, and

a third enzyme group that catalyzes a separation of two sister circular DNAs; and

2) reacting the reaction mixture formed in step (1), wherein

the circular DNA includes a replication origin sequence (origin of chromosome
(oriC)) that can bind to an enzyme having DnaA activity, and further includes a pair of ter
sequences that are each inserted outward with respect to oriC, and/or a nucleotide sequence
recognized by XerCD, wherein

when the circular DNA has the ter sequences, the reaction solution in step (1) further
comprises a protein having an activity of inhibiting replication by binding to the ter

sequences, and when the circular DNA has the nucleotide sequence recognized by XerCD,
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the reaction solution in step (1) further comprises a XerCD protein (hereinafter also referred
to as "Method (A)" in the present description).
[0070] Without being limited by theory, in Method (A), circular DNA is replicated or
amplified through the replication cycle shown in Figure 1 or by repeating this replication
cycle. In the present description, replication of circular DNA means that the same molecule
as the circular DNA used as a template is generated. Replication of circular DNA can be
confirmed by the phenomenon that the amount of circular DNA in the reaction product after
completion of the reaction is increased, in comparison to the amount of circular DNA used as
a template at initiation of the reaction. Preferably, replication of circular DNA means that
the amount of circular DNA in the reaction product is increased at least 2 times, 3 times,
5 times, 7 times, or 9 times, in comparison to the amount of circular DNA at initiation of the
reaction. Amplification of circular DNA means that replication of circular DNA progresses
and the amount of circular DNA in the reaction product is exponentially increased with
respect to the amount of circular DNA used as a template at initiation of the reaction.
Accordingly, amplification of circular DNA is one embodiment of replication of circular
DNA. In the present description, amplification of circular DNA means that the amount of
circular DNA in the reaction product is increased at least 10 times, 50 times, 100 times,
200 times, 500 times, 1000 times, 2000 times, 3000 times, 4000 times, 5000 times, or
10000 times, in comparison to the amount of the amount of circular DNA used as a template
at initiation of the reaction.
[0071] In the method of the present application, the phrase "in a cell-free system" means
that the replication reaction is not performed in cells. That is to say, the method of the
present application performed in a cell-free system is intended to mean that the present
method is carried out in vitro. The same applies to "Method (B)" described later.
[0072] Circular DNA to be mixed with the reaction solution is as described in the above
section < circular DNA >. The amount of template DNA used per reaction is not
particularly limited. For example, at the initiation of the reaction, the circular DNA may be

present in a concentration of 10 ng/pl or less, 5 ng/pl or less, 1 ng/ul or less, 0.8 ng/pl or less,
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0.5 ng/pl or less, 0.1 ng/ul or less, 50 pg/ul or less, 5 pg/pl or less, 0.5 pg/pl or less, 50 fg/ul
or less, 5 fg/ul or less, or 0.5 fg/ul or less, in the reaction solution. Moreover, at the
initiation of the reaction, one molecule of circular DNA per reaction is allowed to be present
as a template, so that it can be used in replication or amplification.

[0073] The circular DNA used as a template in Method (A) comprises a pair of ter
sequences that are each inserted outward with respect to oriC, and/or a nucleotide sequence
recognized by XerCD. When this circular DNA has the ter sequences, the reaction solution
in step (1) further comprises a protein having an activity of inhibiting replication by binding
to the ter sequences, and when the circular DNA has the nucleotide sequence recognized by
XerCD, the reaction solution in step (1) further comprises a XerCD protein.

[0074] As such a protein having an activity of inhibiting replication by binding to the ter
sequences and/or XerCD, a commercially available product may be used, or a product
extracted from microorganisms and the like, which is then purified as necessary, may also be
used. Extraction and purification of an enzyme from microorganisms may be carried out, as
appropriate, by using means available to a person skilled in the art.

[0075] A combination of ter sequences on the DNA and a protein having an activity of
inhibiting replication by binding to the ter sequences is a mechanism of terminating
replication. This mechanism was found in a plurality types of bacteria, and for example, in
Escherichia coli, this mechanism has been known as a Tus-ter system (Hiasa, H., and
Marians, K. J., J. Biol. Chem., 1994, 269: 26959-26968; Neylon, C., et al., Microbiol. Mol.
Biol. Rev., September 2005, p.501-526) and in Bacillus bacteria, this mechanism has been
known as an RTP-ter system (Vivian, et al., J. Mol. Biol., 2007, 370: 481-491). In the
method of the present application, by utilizing this mechanism, generation of a DNA
multimer as a by-product can be suppressed. The combination of the ter sequences on the
DNA and the protein having an activity of inhibiting replication by binding to the ter
sequences is not particularly limited, in terms of the biological origin thereof.

[0076] In a preferred embodiment, in the method of the present application, a combination

of ter sequences and a Tus protein is used. The ter sequence used in combination with the
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Tus protein may be a sequence comprising 5°-GN[A/G][T/A]JGTTGTAAC[T/G]A-3’ (SEQ
ID NO: 1), or more preferably, 5°-G[T/G]A[T/A]JGTTGTAAC[T/G]A-3’ (SEQ ID NO: 2),
5’-GTATGTTGTAACTA-3’ (SEQ ID NO: 3), 5’>-AGTATGTTGTAACTAAAG-3’ (SEQ ID
NO: 4), 5’-GGATGTTGTAACTA-3’ (SEQ ID NO: 5), 5’-GTATGTTGTAACGA-3’ (SEQ
ID NO: 6), 5°>-GGATGTTGTAACTA-3’ (SEQ ID NO: 7), 5°-GGAAGTTGTAACGA-3’
(SEQ ID NO: 8), or 5’-GTAAGTTGTAACGA-3’ (SEQ IDNO: 9). The origin of the Tus
protein is not particularly limited, but it is preferably a Tus protein derived from Escherichia
coli. The Tus protein may be comprised in a reaction solution in a concentration range of

1 nM to 200 nM, and may be preferably comprised in a concentration range of 2 nM to

200 nM, 2 nM to 100 nM, 5 nM to 200 nM, 5 nM to 100 nM, 10 nM to 100 nM, 20 nM to
100 nM, or 20 nM to 80 nM, but the concentration range is not limited thereto.

[0077] In another preferred embodiment, in the method of the present application, a
combination of ter sequences and an RTP protein is used. The ter sequence used in
combination with the RTP protein is a sequence with a length of 23 to 30 nucleotides,
comprising 5°-AC[T/A][A/GJANNNNN[C/TINATGTACNAAAT-3" (SEQ ID NO: 10), or
preferably 5°-ACTAATT[A/G]A[A/T]C[T/CIATGTACTAAAT-3’ (SEQ ID NO: 11), 5°-
ACTAATT[A/G]A[A/T]C[T/CJATGTACTAAATTTTCA-3’ (SEQ ID NO: 12), 5’-
GAACTAATTAAACTATGTACTAAATTTTCA-3’ (SEQ ID NO: 13), or 5°-
ATACTAATTGATCCATGTACTAAATTTTCA-3’ (SEQ ID NO: 14). When a sequence
with a length of 23 to 30 nucleotides, comprising any one of ‘sequences shown in SEQ ID
NOS: 10 to 12, is selected as a ter sequence, this sequence may have sequence identity of at
least 70%, at least 80%, at least 90%, or at least 95% to SEQ ID NO: 13 or 14. The origin
of the RTP protein is not particularly limited, but it is preferably an RTP protein derived from
Bacillus bacteria, and more preferably, an RTP protein derived. from Bacillus subtilis. The
Tus protein may be comprised in a reaction solution in a concentration range of 1 nM to

200 nM, and may be preferably comprised in a concentration range of 2 nM to 200 nM, 2 nM
to 100 nM, 5 nM to 200 nM, 5 nM to 100 nM, 10 nM to 100 nM, 20 nM to 100 nM, or

20 nM to 80 nM, but the concentration range is not limited thereto. Regarding the ter
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sequences, the phrase "inserted outward with respect to oriC" means that the ter sequences
are inserted, such that replication performed in the direction of heading outside of oriC is
allowed by the action of a combination with a protein having an activity of inhibiting
replication by binding to the ter sequences, whereas replication performed in the direction of
heading toward oriC is not allowed and is terminated. The arrows of the ter sequences
shown in Figure 3(a) and Figure 5 show a state in which a pair of ter sequences are each
inserted outward with respect to oriC. Accordingly, regarding the ter sequence, the phrase
"a pair of ter sequences are each inserted outward with respect to oriC" means that a
sequence comprising any one of sequences shown in SEQ ID NOS: 1 to 14 is inserted as one
ter sequence into the 5°-terminal side of oriC, and a sequence comprising a complementary
sequence to any one of sequences shown in SEQ ID NOS: 1 to 14 is inserted as the other ter
sequence into the 3’-terminal side of oriC.
[0078] The ter sequences may be present in any positions, as long as a pair of the ter
sequences is each inserted outward with respect to oriC. For example, a pair of the ter
sequences may be present in a region opposite to oriC, or may also be present in a region
“close to or adjacent to both sides of oriC.  When a pair of the ter sequences is present in a
region close to or adjacent to both sides of oriC, the oriC and a pair of the ter sequences can
be prepared as a functional cassette. Thus, it is advantageous in that introduction of oriC
and a pair of the ter sequences into DNA can be facilitated and the cost of preparing the
circular DNA used as a template can be reduced.
[0079] A combination of a sequence recognized by XerCD on the DNA and a XerCD
protein is a mechanism of separating a DNA multimer (Ip, S. C. Y., et al., EMBO J., 2003,
22:6399-6407). The XerCD protein is a complex of XerC and XerD. As such a sequence
recognized by XerCD, a dif sequence, a cer sequence, and a psi sequence have been known
(Colloms, et al., EMBO J., 1996, 15(5): 1172-1181; Arciszewska, L. K., et al., J. Mol. Biol.,,
2000, 299: 391-403). In the method of the present application, by utilizing this mechanism,
generation of a DNA multimer as a by-product can be suppressed. The combination of the

sequence recognized by XerCD on the DNA and the XerCD protein is not particularly
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limited, in terms of the biological origin thereof. Moreover, the promoting factors of
XerCD have been known, and for example, the function of dif is promoted by a FtsK protein
(Ip,S.C. Y., etal., EMBO J., 2003, 22: 6399-6407). In one embodiment, such a FtsK
protein may be comprised in a reaction solution used in the method of the present application.
[0080] The sequence recognized by XerCD may be a sequence comprising 5’-
GGTGCGI[C/T][A/G][T/CJAANNNNNNTTATG[T/G]TAAA[T/C]-3’ (SEQ ID NO: 15), 5°-
GGTGCG[C/T]A[T/CJAANNNNNNTTATG[T/G]TAAAT-3’ (SEQ ID NO: 16), 5’-
GGTGCGC[A/G][T/CJAANNNNNNTTATGTTAAA[T/C]-3’ (SEQ ID NO: 17), 5°-
GGTGCG[C/T][A/G]JCAANNNNNNTTATG[T/G]JTAAA[T/C]-3* (SEQ ID NO: 18), 5°-
GGTGCGCATAANNNNNNTTATGTTAAAT-3’ (SEQID NO: 19), 5°-
GGTGCGTACAANNNNNNTTATGGTAAAT-3’ (SEQ ID NO: 20), 5’-
GGTGCGCGCAANNNNNNTTATGTTAAAC-3’ (SEQ ID NO: 21), 5°-
GGTGCGCATAATGTATATTATGTTAAAT-3’ (SEQ ID NO: 22/dif sequence), 5°-
GGTGCGTACAAGGGATGTTATGGTAAAT-3’ (SEQ ID NO: 23/cer sequence), or 5°-
GGTGCGCGCAAGATCCATTATGTTAAAC-3’ (SEQ ID NO: 24/psi sequence), or a
complementary sequence to any one of these sequences. The nucleotide portion at positions
1to 11 in SEQ ID NOS: 15 to 24 is a XerC binding site, and the nucleotide portion at
positions 18 to 28 in SEQ ID NOS: 15 to 24 is a XerD binding site.  Since the nucleotide
portion at positions 12 to 17 in SEQ ID NOS: 15 to 21 (i.e., a 6-nucleotide portion consisting
of NNNNNN) is not a binding region to XerC or XerD, the sequence thereof is not
particularly limited. Preferably, the sequence of the nucleotides at positions 12 to 17 in
SEQ ID NOS: 15 to 21 (i.e., a 6-nucleotide portion consisting of NNNNNN) may have
sequence identity of at least 70%, at least 80%, at least 90%, or at least 95% to the sequence
of the nucleotides at positions 12 to 17 in SEQ ID NOS: 22 to 24.

[0081] The XerCD protein is preferably a XerCD protein derived from Escherichia coli.
The XerCD protein may be comprised in a reaction solution in a concentration range of 1 nM
to 200 nM, and may be preferably comprised in a concentration range of 5 nM to 200 nM,

5 nM to 150 nM, 10 nM to 200 nM, 10 nM to 150 nM, 20 nM to 200 nM, 20 nM to 150 nM,
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or 20 nM to 100 nM, but the concentration range is not limited thereto.

[0082] The sequence recognized by XerCD may be present in any position on circular
DNA. For example, the sequence recognized by XerCD may be present in a region
opposite to oriC, or may also be present in a region close to or adjacent to oriC. When the
sequence recognized by XerCD is present in a region close to or adjacent to oriC, the oriC
and the sequence recognized by XerCD can be prepared as a functional cassette. Thus, it is
advantageous in that introduction of oriC and the sequence recognized by XerCD into DNA
can be facilitated and the cost of preparing the circular DNA used as a template can be
reduced.

[0083] In the present description, the identity (%) between two nucleotide sequences can be
»determined by visual inspection and mathematical calculation. In addition, the identity (%)
can also be determined by using computer programs. Examples of such sequence
comparison computer programs may include BLASTN Program, which is available from the
website of United States National Library of Medicine
(http://www.ncbi.nlm.nih.gov/blast/bl2seq/bls.html) (Altschul et al. (1990) J. Mol. Biol. 215:
403-10); version 2.2.7 or WU-BLAST2.0 Algorithm. With regard to the standard default
parameters of WU-BLAST2.0, the default parameters described in the following internet site
(http://blast.wustl.edu) may be available.

[0084] The first, second and third enzyme groups contained in the reaction solution are as
described in the above section < First, second and third enzyme groups >.

[0085] In a certain embodiment, the first enzyme group used in the method of the present
application may include a combination of, an enzyme having DnaA activity, one or more
nucleoid proteins, an enzyme or an enzyme group having DNA gyrase activity, a single-
strand DNA binding protein (SSB), an enzyme having DnaB-type helicase activity, an
enzyme having DNA helicase loader activity, an enzyme having DNA primase activity, an
enzyme having DNA clamp activity, and an enzyme or an enzyme group having DNA
polymerase IIT* activity. Herein, the one or more nucleoid proteins may be IHF or HU, the

enzyme or the enzyme group having DNA gyrase activity may be a complex of GyrA and
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GyrB, the enzyme having DnaB-type helicase activity may be DnaB helicase, the enzyme
having DNA helicase loader activity may be a DnaC helicase loader, the enzyme having
DNA primase activity may be DnaG primase, the enzyme having DNA clamp activity may
be a DnaN clamp, and the enzyme or the enzyme group having DNA polymerase III* activity
may be an enzyme or an enzyme group comprising any of DnaX, HolA, HolB, HolC, HolD,
DnaE, DnaQ, and HolE.

[0086] In another embodiment, the second enzyme group used in the method of the present
invention may include a combination of an enzyme having DNA polymerase I activity and an
enzyme having DNA ligase activity. Otherwise, the second enzyme group may include a
combination of an enzyme having DNA polymerase I activity, an enzyme having DNA ligase
activity, and an enzyme having RNaseH activity.

[0087] In a further embodiment, the third enzyme group used in the method of the present
application may include an enzyme having topoisomerase III activity and/or an enzyme
having topoisomerase IV activity. Otherwise, the third enzyme group may include a
combination of an enzyme having topoisomerase III activity and an enzyme having RecQ-
type helicase activity. Otherwise, the third enzyme group may also be a combination of an
enzyme having topoisomerase III activity, an enzyme having RecQ-type helicase activity,
and an enzyme having topoisomerase IV activity.

[0088] The reaction solution may comprise a buffer, ATP, GTP, CTP, UTP, dNTP, a
magnesium ion source, and an alkaline metal ion source.

[0089] The buffer contained in the reaction solution is not particularly limited, as long as it
is suitably used in a pH range of pH 7 to 9, and preferably at pH 8. Examples of the buffer
may include Tris-HCl, Hepes-KOH, a phosphate buffer, MOPS-NaOH, and Tricine-HCI. A
preferred buffer is Tris-HCl. The concentration of the buffer can be selected, as
appropriate, by a person skilled in the art, and thus, it is not particularly limited. In the case
of Tris-HCI, for example, a concentration of 10 mM to 100 mM, 10 mM to 50 mM, or

20 mM can be selected.

[0090] ATP means adenosine triphosphate. At the initiation of the reaction, the
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concentration of ATP contained in the reaction solution may be in a range of, for example,
0.1 mM to 3 mM, and preferably in a concentration range of 0.1 mM to 2 mM, 0.1 mM to
1.5 mM, or 0.5 mM to 1.5 mM.

[0091] GTP, CTP and UTP mean guanosine triphosphate, cytidine triphosphate and uridine
triphosphate, respectively. At the initiation of the reaction, the concentrations of GTP, CTP
and UTP contained in the reaction solution may independently be, for example, in a range of
0.1 mM to 3.0 mM, and preferably in a concentration range of 0.5 mM to 3.0 mM or 0.5 mM
to 2.0 mM. |

[0092] dNTP is a general term for deoxyadenosine triphosphate (dATP), deoxyguanosine
triphosphate (dGTP), deoxycytidine triphosphate (ACTP), and deoxythymidine triphosphate
(dTTP). At the initiation of the reaction, the concentration of dNTP contained in the
reaction solution may be, for example, in a range of 0.01 to 1 mM, and preferably in a
concentration range of 0.05 mM to 1 mM or 0.1 mM to 1 mM.

[0093] The magnesium ion source is a substance that gives magnesium ions (Mg**) into the
reaction solution. Examples of the magnesium ion source may include Mg(OAc),, MgCl,
and MgSOs. A preferred magnesium ion source is Mg(OAc). At the initiation of the
reaction, the concentration of the magnesium ion source contained in the reaction solution
may be, for example, a concentration that is necessary for giving 5 to 50 mM magnesium
ions into the reaction solution.

[0094] The alkali metal ion source is a substance that gives alkali metal ions into the
reaction solution. Examples of the alkali metal ion may include sodium ions (Na") and
potassium ions (K*). Examples of the alkali metal ion source may include potassium
glutamate, potassium aspartate, potassium chloride, potassium acetate, sodium glutamate,
sodium aspartate, sodium chloride, and sodium acetate. A preferred alkali metal ion source
is potassium glutamate. At the initiation of the reaction, the concentration of the alkali
metal ion source contained in the reaction solution may be a concentration that is necessary
for giving alkali metal ions in a range of 100 mM to 300 mM, into the reaction solution, but

the concentration is not limited thereto. Keeping a good balance with earlier applications,
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150 mM may be subtracted from the concentration of the above described alkali metal ion
source.

[0095] The reaction solution may further comprise a protein non-specific adsorption
inhibitor or a nucleic acid non-specific adsorption inhibitor. Preferably, the reaction
solution may further comprise a protein non-specific adsorption inhibitor and a nucleic acid
non-specific adsorption inhibitor. Because of the presence of such a protein non-specific
adsorption inhibitor and/or a nucleic acid non-specific adsorption inhibitor in the reaction
solution, non-specific adsorption between proteins and/or between a protein and circular
DNA, or adhesion of a protein and circular DNA onto the surface of a vessel can be
suppressed, so that the improvement of the reaction efficiency can be expected.

[0096] The protein non-specific adsorption inhibitor is a protein that is irrelevant to the
replication or amplification reaction in the method of the present application. Examples of
such a protein may include bovine serum albumin (BSA), lysozyme, gelatin, heparin, and
casein. The protein non-specific adsorption inhibitor may be contained in the reaction
solution in a concentration range of 0.02 to 2.0 mg/ml, and preferably in a concentration
range of 0.1 to 2.0 mg/ml, 0.2 to 2.0 mg/ml, or 0.5 to 2.0 mg/ml, but the concentration range
is not limited thereto.

[0097] The nucleic acid non-specific adsorption inhibitor is a nucleic acid molecule or a
nucleic acid-like factor that is irrelevant to the replication or amplification reaction in the
method of the present application. Examples of such a nucleic acid molecule or a nucleic
acid-like factor may include tRNA (transfer RN A),krRNA (ribosomal RNA), mRNA
(messenger RNA), glycogen, heparin, oligo DNA, poly(I-C) (polyinosine-polycytidine),
poly(dI-dC) (polydeoxyinosine;polydeoxycytidine), poly(A) (polyadenine), and poly(dA)
(polydeoxyadenine). The nucleic acid non-specific adsorption inhibitor may be contained in
the reaction solution in a concentration range of 1 to 500 ng/pl, and preferably in a
concentration range of 10 to 500 ng/ul, 10 to 200 ng/ul, or 10 to 100 ng/ul, but the
concentration range is not limited thereto. Keeping a good balance with earlier applications,

when tRNA is selected as such a nucleic acid non-specific adsorption inhibitor, 50 ng/ul may
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be subtracted from the concentration of tRNA.

[0098] The reaction solution may further comprise linear DNA-specific exonuclease or
RecG-type helicase. Preferably, the reaction solution may further comprise linear DNA-
specific exonuclease and RecG-type helicase.‘ Because of the presence of the linear DNA-
specific exonuclease and/or the RecG-type helicase in the reaction solution, reducing the
amount of linear DNA generated as a result of duplex cleavage or the like during the
replication or amplification reaction, and improving the yield of a supercoiled product of
interest can be expected.

[0099] The linear DNA-specific exonuclease is an enzyme that successively hydrolyzes
linear DNA from the 5’-terminus or 3’-terminus thereof. The linear DNA-specific
exonuclease is not particularly limited in terms of type or biological origin, as long as it has
the activity of successively hydrolyzing linear DNA from the 5’-terminus or 3’-terminus
thereof. For example, RecBCD, A exonuclease, exonuclease III, exonuclease VIII,

T5 exonuclease, T7 exonuclease, and Plasmid-Safe™ ATP-Dependent DNase (epicentre) can
be used. A preferred linear DNA-specific exonuclease is RecBCD. The linear DNA
exonuclease may be contained in the reaction solution in a concentration range of 0.01 to

1.0 U/uL, and preferably in a concentration range of 0.1 to 1.0 U/uL, but the concentration
range is not limited thereto. The enzyme activity unit (U) of the linear DNA exonuclease is
a unit obtained when the amount of enzyme necessary for converting 1 nmol
deoxyribonucleotide of linear DNA to be acid-soluble during a reaction at 37°C for

30 minutes is set at 1 U.

[0100] The RecG-type helicase is an enzyme that is considered to be helicase overcoming a
DNA structure generated as a by-product by collision between replication folks at the
termination of the elongation reaction. The RecG-type helicase is not particularly limited in
terms of biological origin, as long as it has the same activity as that of Escherichia coli-
derived RecG. For example, the Escherichia coli-derived RecG can be preferably used.
The Escherichia coli-derived RecG may be contained as a monomer in the reaction solution

in a concentration range of 100 nM to 800 nM, and preferably in a concentration range of
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100 nM to 500 nM, 100 nM to 400 nM, or 100 nM to 300 nM, but the concentration range is
not limited thereto. The RecG-type helicase may be used in a concentration range
corresponding, as an enzyme activity unit, to the concentration range that is specified with
respect to the above described Escherichia coli-derived RecG.

[0101] The reaction solution may further comprise an ammonium salt. Examples of the
ammonium salt may include ammonium sulfate, ammonium chloride, and ammonium
acetate. A particularly preferred ammonium salt is ammonium sulfate. The ammonium
salt may be contained in the reaction solution in a concentration range of 0.1 mM to 100 mM,
and preferably in a concentration range of 0.1 mM to 50 mM, 1 mM to 50 mM, or 1 mM to
20 mM, but the concentration range is not limited thereto.

[0102] When the Escherichia coli-derived DNA ligase that is an enzyme having DNA
ligase activity is used as an enzyme belonging to the second enzyme group, its cofactor,
NAD (nicotinamide adenine dinucleotide) is contained in the reaction solution. NAD may
be contained iﬁ the reaction solution in a concentration range of 0.01 mM to 1.0 mM, and
preferably in a concentration range of 0.1 mM to 1.0 mM, or 0.1 mM to 0.5 mM, but the
concentration range is not limited thereto.

[0103] The reaction solution used in the method of the present invention may further
comprise a reducing agent. Examples of a preferred reducing agent may include DTT, -
mercaptoethanol, and glutathione. A preferred reducing agent is DTT.

[0104] The reaction solution used in the method of the present invention may further
comprise an enzyme and a substrate, which are used for regeneration of ATP. Examples of
a combination of an enzyme and a substrate in an ATP regenerating system may include
creatine kinase and creatine phosphate, and pyruvate kinase and phosphoenolpyruvate. The
enzyme in the ATP regenerating system is, for example, myokinase. A preferred
combination of the enzyme and the substrate in the ATP regenerating system is creatine
kinése and creatine phosphate.

[0105] The above described step (2) is a step pf reacting the reaction mixture formed in step

(1). Step (2) may be, for example, a step of reacting the reaction mixture in a temperature
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range of 15°C to 80°C, 15°C to 50°C, or 15°C to 40°C. Preferably, step (2) may be a step
of retaining temperature under an isothermal condition. ~Such isothermal conditions are not
particularly limited, as long as the DNA replication reaction can progress under the
conditions. For example, the isothermal conditions may be a constant temperature included
in a range of 20°C to 80°C, or in a range of 25°C to 50°C, or in a range of 25°C to 40°C, or at
approximately 30°C, which is the optimal temperature of DNA polymerase. In the present .
description, the terms "retaining under an isothermal condition" and "reacting at an
isothermal condition" mean that the temperature is kept in the above described temperature
range during the reaction. The time for retaining temperature can be determined, as
appropriate, depending on the amount of a replication product or an amplification product of
circular DNA of interést. The retaining time can be set to be, for example, 1 to 24 hours.
[0106] Alternatively, the method of the present invention may comprise, as the above
described step (2), a step of incubating the reaction mixture formed in step (1) in a
temperature cycle of repeating incubation at 30°C or higher and incubation at 27°C or lower.
The incubation at 30°C or higher is not particularly limited, as long as the temperature is in a
temperature range capable of initiating’ the replication of circular DNA comprising oriC.
For example, the temperature may be 30 to 80°C, 30 to 50°C, 30 to 40°C, or 37°C. The
incubation at 30°C or higher may be carried out for 10 seconds to 10 minutes per cycle,
although it is not particularly limited thereto. The incubation at 27°C or lower is not
particularly limited, as long as it is a temperature, at which initiation of replication is
suppressed and the elongation reaction of DNA progresses. For example, the temperature
may be 10 to 27°C, 16 to 25°C, or 24°C. The incubation at 27°C or lower may be
| preferably determined depending on the length of circular DNA to be amplified, but is not
particularly limited thereto. For example, the incubation may be carried out for 1 to
10 seconds per 1000 bases in a single cycle. The number of temperature cycles is not
particularly limited, but may be 10 to 50 cycles, 20 to 40 cycles, 25 to 35 cycles, or 30 cycles.
[0107] The method of the present application may include, after completion of the step of

incubating the reaction mixture under the isothermal condition, a step of purifying the
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replication product or amplification product of circular DNA, as required according to the
purpose. The purification of circular DNA may be performed as necessary using means
available to a person skilled in the art.
[0108] The circular DNA that had been replicated or amplified using the method of the
present application may be put to use for subsequent purposes, such as transformation, in the
form of a reaction mixture after reaction as it is, or in a purified form of the reaction mixture.
[0109] < Method for replicating circular DNA (A”) >

It has been known that, as in the case of the combination of XerCD and dif, even in
the case of using a combination of Cre and its recognition sequence loxP, separation of a
DNA multimer can be carried out (Ip, S. C. Y., et al., EMBO J., 2003, 22: 6399-6407). The
present inventors found that generation of a DNA multimer as a by-product can be
suppressed even by using a combination of a DNA multimer separation enzyme and its
recognition sequence, instead of the combination of XerCD and dif in Method (A).
[0110] In one embodiment, the present application relates to a method for replicating or
amplifying circular DNA in a cell-free system, comprising the following steps:

¢)) forming a reaction mixture of circular DNA as a template with a reaction
solution comprising:

a first enzyme group that catalyzes replication of circular DNA,

a second enzyme group that catalyzes an Okazaki fragment maturation and
synthesizes two sister circular DN As constituting a catenane, and

a third enzyme group that catalyzes a separation of two sister circular DNAs; and

2) reacting the reaction mixture formed in step (1), wherein

the circular DNA includes a replication origin sequence (origin of chromosome
(oriC)) that can bind to an enzyme having DnaA activity, and further includes a pair of ter
sequences that are each inserted outward with respect to oriC, and/or a nucleotide sequence
recognized by a DNA multimer separation enzyme, wherein

when the circular DNA has the ter sequences, the reaction solution in step (1) further

comprises a protein having an activity of inhibiting replication by binding to the ter
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sequences, and when the circular DNA has the nucleotide sequence recognized by a DNA
multimer separation enzyme, the reaction solution in step (1) further comprises the DNA
multimer separation enzyme (hereinafter also referred to as "Method (A’)" in the present
description).

[0111] That is to say, Method (A’) is a method in which the "XerCD" in Method (A) is
extended to a "DNA multimer separation enzyme," and the "nucleotide sequence recognized
by XerCD" in Method (A) is extended to the "nucleotide sequence recognized by the DNA
multimer separation enzyme." Accordingly, the explanation made in the < Method for
replicating circular DNA (A) > regarding individual configurations of Method (A) is also
applied to Method (A”).

[0112] The DNA multimer separation enzyme is an enzyme that causes genetic
recombination so that separation of the DNA multimer can be achieved. A site-specific
recombination enzyme, which can recognize a specific nucleotide sequence and can generate
genetic recombination at the site of the nucleotide sequence, can be utilized as a DNA
multimer separation enzyme. .The specific nucleotide sequence recognized by the DNA
multimer separation enzyme is referred to as a "nucleotide sequence recognized by a DNA
multimer separation enzyme." By carrying out genetic recombination according to a
combination of a DNA multimer separation enzyme and a nucleotide sequence recognized by
tﬁe DNA multimer separation enzyme, a DNA multimer can be separated. In Method (A’),
by utilizing this mechanism, generation of a DNA multimer as a by-product can be
suppressed. As such a DNA multimer separation enzyme, a commercially available product
may be used, or an enzyme extracted from microorganisms and the like, which is then
purified as necessary, may also be used. Extraction and purification of an enzyme from
microorganisms may be carried out, as appropriate, by using means available to a person
skilled in the art.

[0113] Examples of the combination of the DNA multimer separation enzyme and the
nucleotide sequence recognized by the DNA multimer separation enzyme may include:

XerCD and a dif sequence; Cre and a loxP sequence (Siegel, R. W., et al.., FEBS Lett., 2001,
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499(1-2): 147-153; Araki, K., et al., Nucleic Acids Res.: 1997, 25(4): 868-872); budding
yeast (Saccharomyces verevisiae)-derived recombinant enzyme FLP and an FRT sequence
(Broach, J. R., et al., Cell, 1982, 29(1):227-234); bacteriophage D6-derived recombinant
enzyme DreO and a rox sequence (Anastassiadis, K., et al., Dis. Model. Mech., 2009, 2: 508-
515); Zygosacchromyces rouxii-derived recombinant enzyme R and an RS sequence (Araki,
H.,, et al., J. Mol. Biol., 1985, 182(2): 191-203); and a serine recombinant enzyme family (for
example, Gin, ¥5, Tn3, and Hin) and the recognition sequences thereof (Smith, M. C., et al.,
Mol. Microbiol., 2002, 44: 299), but are not limited thereto.

[0114] The XerCD and the dif sequence are as described above in the section < Method for
replicating circular DNA (A) >.

[0115] The combination of Cre and a loxP sequence is not particularly limited, in terms of
the biological origin thereof. Cre is preferably a bacteriophage P1-derived Cre protein.

Cre may be comprised in a reaction solution in a concentration range of 0.01 to 200 mU/pl,
and may be preferably comprised in a concentration range of 0.1 to 150 mU/pl, 0.1 to

100 mU/pl, 0.5 to 100 mU/pl, 0.5 to 80 mU/pl, 0.1 to 50 mU/pl, 1 to 50 mU/pl, or 1 to

30 mU/ul, but the concentration range is not limited thereto.

[0116] The loxP sequence recognized by Cre may be a sequence comprising 5’-
ATAACTTCGTATAGCATACATTATACGAAGTTAT-3’ (SEQ ID NO: 30) that is a loxP
consensus, or 5’-ATAACTTCGTATAGtATACATTATACGAAGTTAT-3’ (SEQ ID NO:
31/10x511), 5>-ATAACTTCGTATAGgATACITTATACGAAGTTAT-3’ (SEQ ID NO:
32/10x2272), 5>-ATAACTTCGTATAtacctttcTATACGAAGTTAT-3’ (SEQ ID NO:
33/10xFAS), 5’-ATAACTTCGTATAGCATACATTATACGAAcggta—3’ (SEQ ID NO:
34/lox RE), 5’-taccgTTCGTATAGCATACATTATACGAAGTTAT-3’ (SEQ ID NO: 35/lox
LE), that are mutant loxP sequences (wherein the small letter indicates a mutant nucleotide to
the consensus), or a complementary sequence to any one of these sequences.

[0117] The budding yeast (Saccharomyces verevisiae)-derived recombinant enzyme FLP
may be comprised in a reaction solution in a concentration range of 1 nM to 200 nM, and

may be preferably comprised in a concentration range of 5 nM to 200 nM, 5 nM to 150 nM,
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10 nM to 200 nM, 10 nM to 150 nM, 20 nM to 200 nM, 20 nM to 150 nM, or 20 nM to

100 nM, but the concentration range is not limited thereto. The FRT sequence recognized
by FLP may be a sequence comprising 5’°-
GAAGTTCCTATTCTCTAGAAAGTATAGGAACTTC-3’ (SEQ ID NO: 36), ora
complementary sequence thereto.

[0118] The bacteriophage D6-derived recombinant enzyme DreO may be comprised in a
reaction solution in a concentration range of 1 nM to 200 nM, and may be preferably
comprised in a concentration range of 5 nM to 200 nM, 5 nM to 150 nM, 10 nM to 200 nM,
10 nM to 150 nM, 20 nM to 200 nM, 20 nM to 150 nM, or 20 nM to 100 nM, but the
concentration range is not limited thereto. The rox sequence recognized by DreO may be a
sequence comprising 5’-TAACTTTAAATAATGCCAATTATTTAAAGTTA-3’ (SEQ ID
NO: 37), or a complementary sequence thereto.

[0119] The Zygosacchromyces rouxii-derived recombinant enzyme R may be comprised in
a reaction solution in a concentration range of 1 nM to 200 nM, and may be preferably
comprised in a concentration range of 5 nM to 200 nM, 5 nM to 150 nM, 10 nM to 200 nM,
10 nM to 150 nM, 20 nM to 200 nM, 20 nM to 150 nM, or 20 nM to 100 nM, but the
concentration range is not limited thereto. The RS sequence recognized by the enzyme R
may be a sequence comprising the sequence disclosed in Araki, H. et al. (J. Mol. Biol., 1985,
182(2): 191-203) or a complementary sequence thereto.

[0120] The serine recombinant enzyme family (y8, Tn3, Gin, and Hin) may be comprised in
a reaction solution in a concentration range of 1 nM to 200 nM, and may be preferably
comprised in a concentration range of 5 nM to 200 nM, 5 nM to 150 nM, 10 nM to 200 nM,
10 nM to 150 nM, 20 nM to 200 nM, 20 nM to 150 nM, or 20 nM to 100 nM, but the
concentration range is not limited thereto. The serine recombinant enzyme family y8 and
Tn3, and their recognition sequence res may each be a sequence comprising the sequence
disclosed in Grindley N. D. F. et al. (Cell, 1982, 30: 19-27) or a complementary sequence
thereto. The serine recombinant enzyme family Gin and its recognition sequence may each

be a sequence comprising the sequence disclosed in Kahmann. R. et al. (Cell, 1985, 41: 771-
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780) or a complementary sequence thereto. The serine recombinant enzyme family Hin and
its recognition sequence may each be a sequence comprising the sequence disclosed in
Glasgow. A. C. et al. (J. Biol. Chem., 1989, 264: 10072-10082) or a complementary
sequence thereto.
[0121] The sequence recognized by the DNA multimer separation enzyme may be present
in any position on circular DNA. For example, the sequence recognized by the DNA
multimer separation enzyme may be present in a region close to or adjacent to oriC, or may
also be present in a region opposite to oriC.
[0122] < Method for replicating circular DNA (B) >

In one embodiment, the present application relates to a method for replicating or
amplifying circular DNA in a cell-free system, comprising the following steps:

(1) preparing circular DNA comprising oriC by:

adding an oriC transposon and transposase into a buffer to form an oriC
transposome, wherein the oriC transposon is linear DNA comprising a replication origin
sequence (origin of chromosome (oriC)) that can bind to an enzyme having DnaA activity,
and comprising outside end (OE) sequences at both termini thereof; and
reacting the oriC transposome with circular DNA comprising no oriC in a

buffer to carry out a transfer reaction,

2) forming a reaction mixture of the circular DNA comprising oriC obtained
in step (1) with a reaction solution comprising:

a first enzyme group that catalyzes replication of circular DNA,

a second enzyme group that catalyzes an Okazaki fragment maturation and
synthesizes two sister circular DNAs constituting a catenane, and

a third enzyme group that catalyzes a separation of two sister circular DNAs; and

3) reacting the reaction mixture formed in step (2) (hereinafter also referred to
as "Method (B)" in the present description).
[0123] Without being limited by theory, in Method (B), oriC is introduced into circular

DNA comprising no oriC, by using a transposon, so as to prepare circular DNA comprising
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oriC, and thereafter, the preseht circular DNA comprising oriC is replicated or amplified.

An outline view is shown in Figure 2. The step indicated with the terms "Transposome
formation" and "Transfer reaction" in Figure 2 corresponds to the above described step (1).
With regard to replication or amplification, iﬁ the above described steps (2) and (3), circular
DNA is replicated or amplified through the replication cycle shown in Figure 1, or by
repeating this replication cycle. The definitions of replication and amplification of circular
DNA are as described above.

[0124] The circular DNA comprising oriC to be mixed with the reaction solution is as
described in the above section< Circular DNA >.  The amount of the circular DNA
comprising oriC used in a single reaction is as described above regarding the amount of
template DNA used in Method (A).

[0125] Moreover, the explanation regarding the enzyme groups comprised in the reaction
solution and other components optionally comprised in the reaction solution is the same as
that for Method (A). Furthermore, the above described step (3) is carried out in the same
manner as step (2) in Method (A). The method further comprising a step of purifying the
replication product or amplification product of the circular DNA and utilization of the
circular DNA replicated or amplified by applying the method of the present application are
also the same as those in Method (A).

[0126] The OE sequences at both termini of the oriC transposon may be any sequences, as
long as it has been known to a person skilled in the art that the sequences are recognized by
transposase and can be used as OE sequences. In a preferred embodiment, the OE sequence
comprises the sequence shown in SEQ ID NO: 25 (5’-CTGTCTCTTATACACATCT-3’) or a
complementary sequence thereto, and the OE sequence comprising the sequence shown in
SEQ ID NO: 25 is inserted into the 5’-terminus of the linear DNA in step (1), and the OE
sequence comprising a complementary sequence to the sequence shown in SEQ ID NO: 25 is
inserted into the 3’-terminus of the linear DNA.

[0127] In the above described step (1), the concentration of the oriC transposon used in

formation of the oriC transposome may be 20 to 200 nM, and may be preferably 40 to
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160 nM.

[0128] The biological origin of the transposase is not particularly limited, as long as it is an
enzyme that recognizes the OE sequence,'forms a transposome, and transfers transposon
DNA into circular DNA. For example, Escherichia coli-derived transposase can be
preferably used. A highly active Tn5 mutant (E54K, L372P) protein is particularly
preferable (Goryshin, I. Y., and Reznikoff, W. S., J. Biol. Chem., 1998, 273: 7367—7374).

As such transposase, a commercially available product may be used, or an enzyme extracted
from microorganisms, which is then purified as necessary, may also be used. Extraction
and purification of the enzyme from microorganisms may be carried out, as appropriate, by
using means available to a person skilled in the art. When a highly active Tn5 mutant
(E54K, L372P) protein is used as such transposase, the concentration of the protein used in
the formation of the oriC transposome in the above described step (1) may be 50 to 200 nM,
and may be preferably 80 to 150 nM.

[0129] The buffer used in step (1) is not particularly limited, as long as it is suitable to be
used at pH 6 to 9, and preferably at pH 7.5. Examples of the buffer may include Tris-acetic
acid, Tris-HCI, Hepes-KOH, a phosphate buffer, MOPS-NaOH, and Tricine-HCI. The
preferred buffer is Tris-acetic acid or Tris-HCl. The concentration of the buffer is not
particularly limited, and can be selected, as appropriate, by a person skilled in the art. When
the buffer is Tris-acetic acid or Tris-HCI, for example, a concentration of 10 mM to 100 mM,
10 mM to 50 mM, or 20 mM may be selected.

[0130] In step (1), the step of forming an oriC transposome is carried out by incubation at a
temperature of approximately 30°C for approximately 30 minutes.

[0131] The transfer reaction in step (1) is carried out at an optimal temperature of
transposase, which is, for example, 37°C. The time required for the transfer reaction can be
selected, as appropriate, by a person skilled in the art, and it may be, for example,
approximately 15 minutes. Moreover, in the transfer reaction in step (1), tRNA may be
added. With regard to the concentration of the tRNA added in the transfer reaction in step

(1), for example, a concentration of 10 to 200 ng/ul, 30 to 100 ng/ul, or 50 ng/pl may be
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selected.

[0132] In one embodiment, the circular DNA comprising oriC in step (2) may further
comprise a pair of ter sequences that are each inserted outward with respect to oriC, and/or a
nucleotide sequence recognized by a DNA multimer separation enzyme such as XerCD or
Cre. In this case, when the circular DNA has the ter sequences, the reaction solution in step
(2) further comprises a protein having an activity of inhibiting replication by binding to the
ter sequences, and when the circular DNA has the nucleotide sequence recognized by a DNA
multimer separation enzyme such as XerCD or Cre, the reaction solution in step (2) further
comprises the DNA multimer separation enzyme such as XerCD or Cre.

[0133] Otherwise, in another embodiment, a pair of ter sequences that are each inserted
outward with respect to oriC, and/or a nucleotide sequence recognized by a DNA multimer
separation enzyme such as XerCD or Cre are prepared such that they are comprised in a part
of the oriC transposon, so that a pair of the ter sequences and/or the nucleotide sequence
recognized by the DNA multimer separation enzyme such as XerCD or Cre may also be
introduced into circular DNA by utilizing the transposon. Specifically, in this embodiment,
the linear DNA in step (1) further comprises a pair of ter sequences that are each inserted
outward with respect to oriC, and/or a nucleotide sequence recognized by a DNA multimer
separation enzyme such as XerCD or Cre; and when the linear DNA has the ter sequences,
the reaction solution in step (2) further comprises a protein having én activity of inhibiting
replication by binding to the ter sequences; and when the circular DNA has the nucleotide
sequence recognized by a DNA multimer separation enzyme such as XerCD or Cre, the
reaction solution in step (2) further comprises a XerCD protein.

[0134] Herein, definitions and explanations regarding a pair of the ter sequences that are
each inserted outward with respect to oriC, and/or the nucleotide sequence recognized by a
DNA multimer separation enzyme such as XerCD or Cre, and the protein having an activity
of inhibiting replication by binding to the ter sequences and/or the DNA multimer separation
enzyme such as XerCD or Cre are the same as those described above regarding Method (A)

or Method (A”).
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[0135] In one embodiment, Method (B) may further comprise a step (4) of removing the
oriC transposon from the circular DNA replicated or amplified in the reaction product in step
).
[0136] The step of removing the oriC transposon may comprise a treatment with
transposase in a concentration of 0.1 to 30 nM, preferably 1 to 20 nM, and more preferably
3 to 10 nM, and a treatment of converting the terminus of DNA to a single strand by using
straight-chain double-stranded DNA dependent single-stranded DNA exonuclease, such as
Exolll. The buffer used in the treatment with transposase may be the buffer used in step
(1). The buffer used in the treatment with the single-stranded DNA exonuclease may be a
buffer with any composition, as long as the single-stranded DNA exonuclease can act therein.
[0137] Moreover, the step of removing the oriC transposon may further comprise a
treatment using a restriction enzyme corresponding to a restriction enzyme site comprised in
the sequence of the oriC transposon. This treatment is directed towards specifically
cleaving the oriC transposon. Therefore, in this case, a restriction enzyme corresponding to
a restriction enzyme site, which is comprised in the oriC tfansposon but is not comprised in a
region other than the oriC transposon region in the replicated and/or amplified circular DNA,
is selected. For the double strand cleavage that is specific to the region comprised in the
oriC transposon, CRISPR-Cas9 may be used instead of the restriction enzyme. In this case,
a sequence specific to the region comprised in the oriC transposon is designated as guide
RNA.
[0138] < Functional cassette (nucleic acid) >

In one aspect, the present application relates to a nucleic acid comprising oriC, and a
pair of ter sequences that are each inserted outward with respect to the oriC and/or a
nucleotide sequence recognized by a DNA multimer separation enzyme such as XerCD or
Cre. The nucleic acid is preferably linear DNA, and is more preferably a double-stranded
nucleic acid. The length of the nucleic acid is not particularly limited, as long as the nucleic
acid can be utilized in preparation of circular DNA. In a preferred embodiment, the length

of the nucleic acid is 273 bp to 2.0 kb, 273 bp to 1.5 kb, or 273 bp to 1.0 kb.  The shortest
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length of the nucleic acid is 273 bp.  Since the length of the oriC is 245 bp, and the length of
a dif sequence that is the shortest sequence among a pair of the ter sequences and the DNA
multimér separation enzyme recognition sequence is 28 bp, the length of 273 bp is a length
obtained by directly connecting the two above sequences with each other.

[0139] The above described nucleic acid can be utilized as a functional cassette for
preparing the circular DNA used as a template in the method (A) of the present application.
[0140] In another embodiment, the present application relates to a nucleic acid comprising
oriC, and a pair of ter sequences that are each inserted outward with respect to the oriC
and/or a nucleotide sequence recognized by a DNA multimer separation enzyme such as
XerCD or Cre, and further, outside end (OE) sequences at both termini thereof. The nucleic
acid is preferably linear DNA, and is more preferably a double-stranded nucleic acid. The
length of the nucleic acid is not particularly limited, as long as the nucleic acid can be utilized
in preparation of circular DNA. In a preferred embodiment, the length of the nucleic acid is
311 bpto2.0kb,311 bpto 1.5kb, or 311 bp to 1.0 kb. The shortest length of the nucleic
acidis 311 bp. The length of the oriC is 245 bp, and the length of a dif sequence that is the
shortest sequence among a pair of the ter sequences and the DNA multimer separation
enzyme recognition sequence is 28 bp, and further, the length of the two OE sequences is

38 bp. Thus, the length of 311 bp is a length obtained by directly connecting these
sequences with one another.

[0141] The above described nucleic acid can be utilized as a functional cassette that acts as
an oriC transposon in the method (B) of the present application.

[0142] Herein, definitions and explanations regarding a pair of the ter sequences that are
each inserted outward with respect to oriC, and/or the nucleotide sequence recognized by a
DNA multimer separation enzyme such as XerCD or Cre, and the protein having an activity
of inhibiting replication by binding to the ter sequences and/or the DNA multimer separation
enzyme such as XerCD or Cre are the same as those described above regarding Method (A)
or Method (A”).

[0143] The above described functional cassette is advantageous in that the cost of preparing
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circular DNA comprising oriC, which is used as a template in Methods (A), (A’) and (B), can
be reduced.
[0144]< Kit >

In one aspect, the present application relates to a kit for replicating or amplifying
circular DNA, comprising a combination of: |

a first enzyme group that catalyzes replication of circular DNA;

a second enzyme group that catalyzes an Okazaki fragment maturation and
synthesizes two sister circular DNAs constituting a catenane;

a third enzyme group that catalyzes a separation of two sister circular DNAs;

linear DNA comprising oriC, and a pair of ter sequences that are each inserted
outward with respect to the oriC and/or a nucleotide sequence recognized by a DNA
multimer separation enzyme such as XerCD or Cre; and

when the linear DNA has the ter sequences, a protein having an activity of inhibiting
replication by binding to the ter sequences, and/or when the linear DNA has the nucleotide
sequence recognized by a DNA multimer separation enzyme such as XerCD or Cre, the DNA
multimer separation enzyme corresponding to the sequence, such as XerCD or Cre
(hereinafter also referred to as "Kit (A)" in the present description). Kit (A) is a kit for
carrying out the method (A) or (A’) of the present application.
[0145] Specific ingredients and concentrations of individual components included in the Kit
(A) of the present invention are the same as those described in the above sections < First,
second, and third enzyme groups >, <Method for amplifying circular DNA (A) >, and
<Method for amplifying circular DNA (A’) >.
[0146] In another embodiment, the present application relates to a kit for replicating or
amplifying circular DNA, comprising a combination of:

a first enzyme group that catalyzes replication of circular DNA;

a second enzyme group that catalyzes an Okazaki fragment maturation and
synthesizes two sister circular DNAs constituting a catenane;

a third enzyme group that catalyzes a separation of two sister circular DNAs;
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an oriC transposon, which is linear DNA comprising a replication origin sequence
(origin of chromosome (oriC)) that can bind to an enzyme having DnaA activity, and
comprising outside end (OE) sequences at both termini thereof; and

transposase (hereinafter also referred to aé "Kit (B)" in the present description).
Kit (B) is a kit for carrying out the method (B) of the present application.
[0147] In a certain embodiment, the oriC transposon included in Kit (B) may further
comprise a pair of ter sequences that are each inserted outward with respect to oriC, and/or a
nucleotide sequence recognized by a DNA multimer separation enzyme such as XerCD or
Cre. Inthis case, Kit (B) may further include a protein having an activity of inhibiting
replication by binding to the ter sequences, and/or a DNA multimer separation enzyme
corresponding to the sequence recognized by the DNA multimer separation enzyme inserted
into the oriC transposon.
[0148] The specific component and concentration of each constitutional component
included in the kit (B) of the present invention are as described in the above sections < First,
second and third enzyme groups >, and < Method for amplifying circular DNA (B) >.
[0149] The kits (A) and (B) of the present application may be one kit comprising all of the
above described constitutional components. Otherwise, if the kit of the present application
is a kit for the purpose of being utilized in the method of the present application, it may not
comprise some of the above described constitutional components. When the present kit is a
kit that does not comprise some of the above described constitutional components, a
practitioner may add necessary components to the kit upon amplification, so as to carry out
the amplification methods (A) and (B) of the present application.
[0150] The kits (A) and (B) of the present invention may further comprise additional
constitutional components comprising one or more components selected from a protein non-
specific adsorption inhibitor, a nucleic acid non-specific adsorption inhibitor, linear DNA-
specific exonuclease, RecG-type helicase, an ammoni‘um salt, NAD, a reducing agent, and a
combination of an enzyme and a substrate in the ATP regenerating system. Such additional

constitutional components may be included as a single kit in the kit of the present application,
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or they may be provided as another kit, which is on premise of being used together with the
kit of the present application.

[0151] The kits (A) and (B) of the present application may include a mixture of the above
described constitutional components, which is packaged as a single item. Otherwise, the kit
of the present invention may include the above described constitutional components, which
are each packaged separately, or the kit of the present invention may also include several
types of constitutional components, which are gathered or mixed, and then packaged.
Furthermore, the kits (A) and (B) of the present invention may include an instruction manual
including instructions for carrying out the methods (A) and (B) for amplifying circular DNA
of the present application.

EXAMPLES

[0152] The present invention is explained specifically based on the EXAMPLES. Note
that the present invention is not limited to the range set forth in the following Examples.

[0153] Example 1: Replication of circular DNA associated with suppression of DNA

multimer by utilizing termination sequence ter and Tus protein

< Materials and methods >
Circular DNA to be used as a template was prepared as follows. An oriC fragment
was inserted into an M13mp18 plasmid vector to produce 8.0-kb circular DNA. Into a

region opposite to oriC in this 8.0-kb circular DNA, a DNA fragment comprising two ter

sequences (underlined) facing to each other (5’~-ACTTTAGTTACAACATACTTATT-Ni76-
AATAAGTATGTTGTAACTAAAGT-3’ (SEQ ID NO: 26)) was inserted, to produce ter-

inserted 8.0-kb circular DNA (Figure 3(a)). This ter-inserted 8.0-kb circular DNA was used
as template DNA, and the aforementioned 8.0-kb circular DNA was used as control DNA
that did not comprise a ter sequence.

[0154] Tus was prepared by generating it from a Tus-expressing Escherichia coli strain
according to a step comprising affinity column chromatography and gel filtration column

chromatography.
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[0155] A reaction solution having the composition shown in Table 1, and a reaction
solution having the composition shown in Table 1, to which Tus was added to a final
concentration of 2 nM or 5 nM, were prepared. To each of these reaction solutions,
template DNA or control DNA was added to a final concentration of 0.8 ng/pl, and they were
then mixed with each other on ice. Thereafter, the obtained mixture was incubated in an
incubator at 30°C for 1 hour for reaction. The total volume for a single reaction was set at
10 microliter. To the reaction solution, [a->?P]dATP had been added, and after completion
of a DNA replication reaction, an aliquot of the reaction solution was subjected to agarose gel
electrophoresis (0.5% 1 x TAE, 150 V, 100 minutes, 14°C). Thereafter, a **P incorporated
product was detected with BAS Imaging Plate, thereby confirming generation of a

supercoiled structure of interest.
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[0156] [Table 1]

Reaction buffer
Tris-HCI (pHS.0) 20 mM
Dithiothreitol 8 mM
Potassium glutamate 150 mM
Mg(OAc)2 10 mM
Creatine phosphate 4 mM
ATP 1 mM
GTP, CTP, UTP 1 mM each
dNTPs 0.1 mM each
tRNA 50 ng/uL
NAD 0.25 mM
Ammonium sulfate 10 mM
Bovine serum albumin (BSA) 0.5mg/ml
Creatine kinase 20 ng/uL.

Enzyme group
SSB 400 nM
IHF 20 nM
DnaG 400 nM
DnaN 40 nM
PollIT* 5 nM
DnaB, DnaC 20 nM
DnaA 100 nM
RNaseH 10 nM
Ligase 50 nM
Poll 50 nM
GyrA, GyrB |50 nM
Topo IV S nM
Topo 111 50 nM
RecQ 50 nM

[0157] In the table, SSB indicates SSB derived from E. coli, IHF indicates a complex of
IhfA and IhfB derived from E. coli, DnaG indicates DnaG derived from E. col, DnaN
indicates DnaN derived from E. coli, Pollll* indicates DNA polymerase III* complex
consisting of a complex of DnaX, HolA, HolB, HolC, HolD, DnaE, DnaQ, and HolE, DnaB
indicates DnaB derived from E. coli, DnaC indicates DnaC derived from E. coli, DﬁaA
indicates RNaseH derived from E. coli, Ligase indicates DNA ligase derived from E. coli,

Poll indicates DNA polymerase I derived from E. coli, GyrA indicates GyrA derived from E.
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coli, GyrB indicates GyrB derived from E. coli, Topo IV indicates a complex of ParC and
ParE derived from E. coli, Topo III indicates topoisomerase III derived from E. coli, and
RecQ indicates RecQ derived from E. coli.

[0158] SSB was prepared by purifying an E. coli strain expressing SSB by steps that
include ammonium sulfate precipitation and ion-exchange column chromatography.

[0159] IHF was prepared by purifying an E. coli strain coexpressing IhfA and ThfB by steps
that include ammonium sulfate precipitation and affinity column chromatography.

[0160] DnaG was prepared by purifying an E. coli strain expressing DnaG by steps that
include ammonium sulfate precipitation and anion-exchange column chromatography and gel
filtration column chromatography.

[0161] DnaN was prepared by purifying an E. coli strain expressing DnaN by steps that
include ammonium sulfate precipitation and anion-exchange column chromatography.

[0162] Pollll* was prepared by purifying an E. coli strain coexpressing DnaX, HolA, HolB,
HolC, HolD, DnaE, DnaQ, and HolE by steps that include ammonium sulfate precipitation,
affinity column chromatography and gel filtration column chromatography.

[0163] DnaB and DnaC were prepared by purifying an E. coli strain coexpressing DnaB
and DnaC by steps that include ammonium sulfate precipitation, affinity column
chromatography and gel filtration column chromatography.

[0164] DnaA was prepared by purifying an E. coli strain expressing DnaA by steps that
include ammonium sulfate precipitation, dialysis precipitation, and gel filtration column
chromatography.

[0165] GyrA and GyrB were prepared by purifying a mixture of an E. coli strain expressing
GyrA and an E. coli strain expressing GyrB by steps that include ammonium sulfate
precipitation, affinity column chromatography and gel filtration column chromatography.
[0166] Topo IV was prepared by purifying a mixture of an E. coli strain expressing ParC
and an E. coli strain expressing ParE by steps that include ammonium sulfate precipitation,

affinity column chromatography and gel filtration column chromatography.
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[0167] Topo III was prepared by purifying an E. coli strain expressing Topo III by steps

that include ammonium sulfate precipitation, and affinity column chromatography.

[0168] RecQ was prepared by purifying an E. coli strain expressing RecQ by steps that

include ammonium sulfate precipitation, affinity column chromatography and gel filtration

column chromatography.

[0169] Commercially available enzymes derived from E. coli were used for RNaseH,

Ligase and Poll (Takara Bio Inc.).

[0170] <Results>

The detection result of a replication product is shown in Figure 3.

[0171] It could be confirmed that, when the ter-inserted 8.0-kb circular DNA was used as a

template and Tus was comprised in the reaction solution, circular DNA having a supercoiled
“structure of interest was replicated or amplified, while suppressing generation of a multimer

as a by-product. On the other hand, when the 8.0-kb circular DNA not comprising a ter

sequence was used as a template and the reaction solution did not comprise Tus, generation

of circular DNA having a supercoiled structure of interest was observed, but at the same

time, generation of a multimer as a by-product was also observed.

[0172] The Tus-ter system is a mechanism of terminating replication of a circular

chromosome. According to the experimental results shown in the present example, it was

confirmed that generation of a non-specific DNA multimer can be suppressed by

incorporating this system into a reaction of replicating or amplifying circular DNA.

[0173] Example 2: Replication of circular DNA associated with suppression of DNA

multimer by utilizing site-specific recombination sequences dif and XerCD

< Materials and methods >

dif-inserted 12-kb circular DNA to be used as a template was prepared by
performing a recombination reaction in Escherichia coli cells so that the dif sequence (SEQ
ID NO: 22) was comprised in a region opposite to the oriC of the circular DNA (Figure 4(a)).
Specifically, using Escherichia coli expressing a recombination protein group of A phage, an

intracellular recombination reaction was carried out to prepare circular DNA with a desired
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length including a cassette comprising oriC and a kanamycin resistance gene, and a 4.2 kb
region upstream and a 6.0 kb region downstream of dif in the Escherichia coli chromosome.
[0174] As control DNA not comprising a dif sequence, the 8.0-kb circular DNA described
in Example 1 was used.
[0175] XerCD was prepared by purifying it from a XerC and XerD co-expressing
Escherichia coli strain according to a step comprising ammonium sulfate precipitation and
affinity column chromatography.
[0176] A reaction solution having the composition shown in Table 1 of Example 1, and a
reaction solution having the composition shown in Table 1, to which XerCD was added to a
final concentration of 3.5 nM, 7 nM, 14 nM, or 35 nM, were prepared. To each of these
reaction solutions, template DNA or control DNA was added to a final concentration of
0.8 ng/pl, and they were then mixed with each other on ice. Thereafter, the obtained
mixture was incubated in an incubator at 30°C for 1 hour for reaction. The total volume for
a single reaction was set at 10 microliter. To the reaction solution, [a->*P]dATP had been
added, and after completion of the reaction, a by-product was detected in the same manner as
that of Example 1. Thereafter, the structure thereof was confirmed.
[0177] <Results>

The detection result of a replication product is shown in Figure 4(b).
[0178] It could be confirmed that, when a dif-inserted 12-kb circular DNA was used as a
template and XerCD was comprised in the reaction solution, circular DNA having a
supercoiled structure of interest was replicated or amplified, while suppressing generation of
a multimer as a by-product. On the other hand, when the 8.0-kb circular DNA not
comprising a dif sequence was used as a template and the reaction solution did not comprise
XerCD, generation of circular DNA having a supercoiled structure of interest was observed,
but at the same time, generation of a multimer as a by-product was also observed.
[0179] The XerCD-dif system is a mechanism of conducting chromosome disjunction in a
circular chromosome. That is, the XerCD-dif system is a mechanism of conducting

separation of a DNA multimer. According to the experimental results shown in the present
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example, it was confirmed that generation of a non-specific DNA multimer can be
suppressed by incorporating this system into a reaction of replicating or amplifying circular
DNA.

[0180] Example 3: Influence of position of ter sequence or dif sequence in circular DNA

In Examples 1 and 2, template DNA was prepared such that the ter sequence or the
dif sequence was positioned in a region opposite to oriC in the circular DNA. In Example
3, a replication and/or amplification reaction was carried out on circular DNA, in which the
ter sequence or the dif sequence was disposed in a position close to or adjacent to oriC.
[0181] < Materials and methods >

In order to construct 15-kb circular DNA, using Escherichia coli genome as a
template, a 15-kb DNA fragment not comprising oriC was amplified and prepared.

[0182] As circular DNA in which the ter sequences were disposed close to oriC, 15 kb ori-
ter circular DNA was prepared as follows. An ori-ter cassette was connected with the above
described 15-kb DNA fragment, followed by circularization, to produce the ori-ter circular
DNA (Figure 5). The sequence of the ori-ter cassette (0.38 kb) was as follows, and the ter
sequences facing outward (underlined portions) were present at both termini of the oriC
cassette (small letters).

ori-ter cassette: 5°-

AGTATGTTGTAACTAAAGATAACTTCGTATAATGTATGCTATACGAAGTTATacaga

tcgtgegatctactgtggataactetgtcaggaagcetiggatcaaccggtagttatccaaagaacaactgttgttcagtttttgagtigtgta
taaccccteattctgatcccagcttatacggtccaggatcaccgateattcacagttaatgatectttccaggttgttgatcttaaaagecgg
atccttgttatccacagggcagtgcgatcctaataagagatcacaatagaacagatctctaaataaatagatctictitttaatacccagga

tccATTTAACATAATATACATTATGCGCACCTTTAGTTACAACATACT-3’ (SEQ ID

NO: 27)

[0183] As circular DNA in which the dif sequence was disposed close to oriC, 15 kb ori-dif
circular DNA was prepared as follows. An ori-dif cassette was connected with the above
described 15-kb DNA fragment, followed by circularization, to produce the ori-dif circular

DNA (Figure 5). The sequence of the ori-dif cassette (0.32 kb) was as follows, and the dif
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sequence (underlined portion) was present adjacent to the side upstream of the oriC cassette
(small letters).

ori-dif cassette: 5°-

ATTTAACATAATATACATTATGCGCACCAAGTATacagatcgtgegatctactgtggataactetgtea

ggaagcttggatcaaccggtagttatccaaagaacaactgttgttcagtttttgagttgtgtataaccecteattctgatcccagettatacg
gtccaggatcaccgatcattcacagttaatgatectttccaggttgttgatcttaaaagecggatecttgttatccacagggeagtgegate
ctaataagagatcacaatagaacagatctctaaataaatagatettctttttaatacccaggatee-3’ (SEQ ID NO: 28)
[0184] In order to study suppression of generation of a DNA multimer that was dependent
on ter and Tus, Tus was added to a reaction solution with the composition shown in Table

2 below to a final concentration of 0, 2, 6, 20, or 60 nM, and thereafter, circular DNA was
added to the reaction mixture to a final concentration to 0.5 ng/pl, 5 pg/pl, 50 fg/ul, or

0.5 fg/ul.  The thus obtained mixture was reacted at 30°C for 3 hours or 17 hours.

[0185] In order to study suppression of generation of a DNA multimer by XerCD, XerCD
was added to a reaction solution with the composition shown in Table 2 below to a final
concentration of 0, 30, or 60 nM, and thereafter, circular DNA was added to the reaction
mixture to a final concentration to 0.5 ng/pl.  The thus obtained mixture was reacted at 30°C
for 2 hours.

[0186] The reaction product was subjected to agarose gel electrophoresis (0.5% 1 x TBE,
60 V, 60 minutes), and was then stained with SybrGreen I (Takara Bio Inc.), so that DNA

was detected.
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[0187] [Table 2]

Reaction buffer
Tris-HCI (pHS.0) 20 mM
Dithiothreitol 8 mM
Potassium acetate 150 mM
Mg(OAc)2 10 mM
Creatine phosphate 4 mM
ATP 1 mM
GTP, CTP, UTP 1 mM each
dNTPs 0.1 mM each
tRNA 50 ng/uL
NAD 0.25 mM
Ammonium sulfate 10 mM
Bovine serum albumin (BSA) 0.5 mg/ml
Creatine kinase 20 ng/uL

Enzyme group
SSB 400 nM
IHF 20 nM
DnaG 400 nM
DnaN 40 nM
PolllI* S5 nM
DnaB, DnaC 20 nM
DnaA 100 nM
RNaseH 10 nM
Ligase 50 nM
Poll 50 nM
GyrA, GyrB 50 nM
Topo IV 5 nM
Topo 1l 50 nM
RecQ 50 nM

[0188] Individual enzymes shown in the table are the same as those described in Example
1, and these enzymes were prepared or acquired by the methods described in Example 1.
[0189] <Result 1> Suppression of generation of DNA multimer that depends on ter
and Tus

(1) Tus titration

The detection result of a replication/amplification product is shown in Figure 6.

The amount of the template DNA was 0.5 ng/pl, Tus was used in the amount as shown in
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Figure 6, and the reaction was carried out at 30°C for 3 hours.
[0190] When the 15 kb ori-ter circular DNA was used as a template and Tus was comprised
in the reaction solution, it could be confirmed that circular DNA having a supercoiled
structure of interest was replicated or amplified, while suppressing generation of a multimer
as a by-product. In addition, as the concentration of Tus in the reaction solution was
increased, the effect of suppressing generation of a multimer was increased. Specifically,
when Tus was present in a concentration of 20 nM or 60 nM, generation of a multimer was
reduced to a level at which generation of the multimer could hardly be confirmed.
[0191] On the other hand, when the 15 kb ori-dif circular DNA was used as a template and
Tus was comprised in the reactioh solution, the effect of suppressing generation of a
multimer was not observed. This result shows that the Tus-ter system contributes to the
effect of suppressing generation of a multimer.
[0192] Moreover, the aforementioned result shows that even in a case where the ter
sequences are disposed in positions close to or adjacent to oriC in the circular DNA used as a
template, the effect of suppressing generation of a multimer is obtained. That is to say, the
positions of the ter sequences inserted into the circular DNA do not have influence on the
effect of suppressing generation of a multimer.
[0193] (2) DNA titration

The detection result of a replication/amplification product is shown in Figure 7.
The template DNA and Tus were used in each amount as shown in Figure 7, and the reaction
was carried out at 30°C for 17 hours.
[0194] When the 15 kb ori-ter circular DNA was used as a template and Tus was comprised
in the reaction solution, it could be confirmed that circular DNA having a supercoiled
structure of interest was replicated or amplified, while suppressing generation of a multimer
as a by-product. In particular, it was confirmed that even though the amount of the template
DNA was reduced to 0.5 fg/pl, this effect could be observed.
[0195] <Result2> Suppression of generation of DNA multimer by XerCD

The detection result of a replication/amplification product is shown in Figure 8.
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The amount of the template DNA was 0.5 ng/pl, XerCD was used in the amount as shown in
Figure 8, and the reaction was carried out at 30°C for 2 hours.

[0196] When the 15 kb ori-dif circular DNA was used as a template and XerCD was
comprised in the reaction solution, it could be confirmed that circular DNA having a
supercoiled structure of interest was replicated or amplified, while suppressing generation of
a multimer as a by-product. In addition, as the concentration of XerCD in the reaction
solution was increased, the effect of suppressing generation of a multimer was increased.
[0197] Moreover, the aforementioned result shows that even in a case where the dif
sequence is disposed in a position close to or adjacent to oriC in the circular DNA used as a
template, the effect of suppressing generation of a multimer is obtained. ~That is to say, the
position of the dif sequence inserted into the circular DNA does not have influence on the
effect of suppressing generation of a multimer.

[0198] From the aforementioned results 1 and 2, it was found that even in a case where the
ter sequences and the dif sequence were disposed close to or adjacent to oriC, the sequences
efficiently functioned and suppressed generation of a DNA multimer. The ter sequences
and the dif sequence that can be disposed close to oriC mean that these sequences, together
with oriC, can be utilized as a functional cassette in construction of circular DNA.

[0199] Example 4: Introduction of oriC cassette by utilizing transposon (1)

In order to replicate or amplify circular DNA according to the method of the present
application, oriC needs to be introduced into the circular DNA used as a template. In
Example 4, introduction of an oriC cassette by utilizing a transposon was studied (Figure 2).
[0200] < Materials and methods >

As a transposase (Tnp), a highly active TnS mutant (E54K, L372P) protein was
used. This protein was prepared by purifying it from an Escherichia coli strain expressing it
according to a step comprising ammonium sulfate precipitation and affinity column
chromatography.

[0201] As an oriC transposon, a DNA fragment consisting of the following sequence, in

which outside end (OE) sequences (underlined portions) are present at both termini of a
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sequence comprising oriC, which was then 5°-phosphorylated, was used.
oriC transposon: 5’-

CTGTCTCTTATACACATCTgaagatccggecagaagaatggetgggatcgtgggttaatttactcaaataagtatacag

atcgtgegatctactgtggataactctgtcaggaagcettggatcaaccggtagttatccaaagaacaactgtigttcagtttitgagttgtgt
ataaccccteattetgatcccagettatacggtccaggatcaccgatcattcacagttaatgatectttccaggttgttgatettaaaageeg
gatccttgttatccacagggceagtgcgatcctaataagagatcacaatagaacagatctctaaataaatagatctictitttaatacccagg

atcccaggtctttctcaagecgacAGATGTGTATAAGAGACAG-3’ (SEQ ID NO: 29)

- [0202] The oriC transfer reaction was carried out by incubating 116 nM Tnp and 48 nM
oriC transposon in a buffer (10 mM Tris-acetic acid [pH 7.5], 15% glycerol, 50 mM
potassium glutamate, 1 mM DTT, and 0.1 mM EDTA) at 30°C for 30 minutes, thereby
obtaining an oriC transposome. The oriC transposome (0.5 pl) and target DNA (10 fM)
were incubated in a buffer (5 ul; 10 mM Tris-HCI [pH 7.5], 150 mM potassium glutamate,
and 10 mM Mg(oAc),) at 37°C for 15 minutes to perform a transfer reaction. ~As such target
DNA, a 15-kb Escherichia coli gene expression plasmid (pTT8 plasmid), or a 9.3-kb plasmid
extracted from a high thermophile Thermus thermophilus HB8 strain was used. Thereafter,
a heat inactivation treatment was carried out at 70°C for 5 minutes.
[0203] An aliquot (0.5 pl) of the reaction mixture obtained from the above described oriC
transfer reaction was added to the reaction solution with the composition shown in Table 2 of
Example 3, and the thus obtained mixture was then reacted at 30°C for 3 hours. The
reaction product was subjected to agarose gel electrophoresis (0.5% 1 x TBE, 60 V,
60 minutes), and was then stained with SybrGreen (Takara Bio Inc.), so that DNA wés
detected.
[0204] < Results >

The result obtained in the case of using the 15-kb Escherichia coli gene expression
plasmid as target DNA is shown in Figure 9, and the result obtained in the case of using the
9.3-kb plasmid (pTT8 plasmid) extracted from a high thermophile Thermus thermophilus
HBS strain as target DNA is shown in Figure 10.

[0205] When an aliquot of the reaction mixture obtained from the oriC transfer reaction, in
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which Tnp was present, was used in the method for replicating or amplifying circular DNA, a
supercoil that was a replication product/amplification product was found. On the other
hand, when Tnp was not present in the oriC transfer reaction, such a replication
product/amplification product was not found, even after the method for replicating or
amplifying circular DNA had been carried out.

[0206] Moreover, the aforementioned result shows that oriC could be efficiently introduced
into target DNA, in particular, in an extremely low concentration that was 10 fM (0.1 pg/ul),
and that the target DNA could be amplified according to the method for replicating or
amplifying circular DNA of the present application. This result shows that introduction of
oriC into the target DNA can be easily achieved with high efficiency by utilizing a
transposon for an oriC cassette, and that the thus obtained circular DNA comprising oriC can
also be efficiently amplified according to the method for replicating or amplifying circular
DNA of the present application.

[0207] Example 5: Introduction of oriC cassette by utilizing transposon (2)

The same transposase (Tnp) and oriC transposon as those in Example 4 were used.
[0208] The oriC transfer reaction was carried out by incubating 116 nM Tnp and 144 nM
oriC transposon in a buffer (10 mM Tris-acetic acid [pH 7.5], 15% glycerol, 50 mM
potassium glutamate, 1 mM DTT, and 0.1 mM EDTA) at 30°C for 30 minutes, thereby
obtaining an oriC transposome. The oriC transposome (0.5 pl), target DNA (1 pM (50 pg
(3 x 10°molecules)/5 ul), and tRNA (50 ng/pl) were incubated in a buffer (5 pl; 10 mM Tris-
HCI [pH 7.5], 150 mM potassium glutamate, and 10 mM Mg(oAc)2) at 37°C for 15 minutes
to perform a transfer reaction. As such target DNA, a 15-kb Escherichia coZi gene
expression plasmid was used. Thereafter, a heat inactivation treatment was carried out at
70°C for 5 minutes.
[0209] An aliquot (0.5 ul) of the reaction mixture obtained from the above described oriC
transfer reaction was added to 5 pl of the reaction solution with the composition shown in
Table 2 of Example 3, and the thus obtained mixture was then reacted at 30°C for 4 hours.

The reaction product was subjected to agarose gel electrophoresis (0.5% 1 x TBE, 60 V,
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55 minutes), and was then stained with SybrGreen I (Takara Bio Inc.), so that DNA was
detected. The result is shown in Figure 11.  As with Example 4, when an aliquot of the
reaction mixture obtained from the oriC transfer reaction, in which Tnp was present, was
used in the reaction of replicating or amplifying circular DNA, a supercoil that was a
replication product/amplification product was found. On the other hand, when Tnp was not
present in the oriC transfer reaction, such a replication product/amplification product was not
found, even after the reaction of replicating or amplifying circular DNA had been carried out.
[0210] Furthermore, the additive amount of the target DNA in the oriC transfer reaction
was changed to 1 pM (50 pg (3 x 10% molecules)/5 ul), 0.1 pM (5 pg (3 x

10° molecules)/5 ul), 10 fM (500 fg (3 x 10* molecules)/5 ul), and 1 fM (50 fg (3 x

103 molecules)/5 pl), and the same reaction as that described above was carried out. The
result is shown in Figure 12. The result shows that oriC could be efficiently introduced into
the target DNA in an extremely low concentration that was 1 fM (50 fg

(3000 molecules)/5 ul), and that the target DNA could be amplified according to the method
for replicating or amplifying circular DNA of the present application.

[0211] Example 6: Amplification of thermophile plasmid by oriC transposon transfer

The oriC transfer reaction and the reaction of replicating or amplifying circular
DNA were carried out in the same manner as that in Example 5, with the exception that a 9.3-
kb plasmid (pTT8 plasmid) extracted from a high thermophile Thermus thermophilus
HBS8 strain was used in an amount of 50 fg as target DNA in the OriC transfer reaction. The
result is shown in Figure 13.
[0212] When the pTT8 plasmid is digested with Kpn I and Nhe I, 5.3 kb, 1.7 kb, 1.3 kb and
1.0 kb fragments are generated, as shown in the plasmid map of Figure 14. The replication
product/amplification product obtained by the above described reaction were digested with
the restriction enzymes Kpn I and Nhe I.  The result is shown in Figure 14. When the
replication product/amplification product obtained by the above described reaction were
digested with Kpn I and Nhe I, generation of 5.3 kb, 1.7 kb, 1.3 kb, and 1.0 kb fragments was

confirmed, as in the case of the pTT8 plasmid. This result shows that the replication
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product/amplification product obtained by the above described reaction is circular DNA,
which was obtained by performing oriC transposon transfer on the pTT8 plasmid, and then
replicating and/or amplifying the resultant.

[0213] These results show that, even in the case of using a 9.3-kb plasmid with a high GC
content percentage (GC content percentage: approximately 70%), which was derived from
heterologous cells, oriC could be efficiently introduced into target DNA in an extremely low
concentration, as with Example 5, and the target DNA could be amplified according to the
method for replicating or amplifying circular DNA of the present application.

[0214] Example 7: Amplification of ADNA by oriC transposon transfer

ADNA is bacteriophage-derived linear DNA. This DNA was circularized, and
oriC was then introduced therein by oriC transposon transfer, thereby preparing circular
DNA. Thereafter, the method for replicating or amplifying circular DNA of the present
application was carried out onkthe circular DNA.

[0215] (1) Annealing and gap repair reaction

An annealing reaction was carried out as follows. 160 ng/ul ADNA (48 kb/Toyobo
Co., Ltd.) was added into a buffer (10 mM Tris-HCL (pH 7.5), 50 mM NaCl, and 1 mM
EDTA) to obtain 5 pl of solution. This solution was incubated at 65°C for 5 minutes, and
was then cooled to 4°C at a temperature-decreasing rate of -0.5°C/30 sec, and the COS sites
at both termini of the ADNA were connected with each other for circularization.
[0216] A gap repair reaction was carried out as follows. After completion of the annealing
reaction, 0.5 pl of the obtained solution was added to a reaction solution comprising 50 nM
ligase, 50 nM Pol I, 20 mU/pl Exo III, 5 nM Gyrase, and 0.1 mg/ml BSA (wherein, as a
reaction buffer, the reaction buffer with the composition shown in Table 2 was used (i.e., the
reaction buffer not comprising the enzyme group shown in Table 2)), and the thus obtained
mixture was then reacted at 30°C for 16 hours.
[0217] The reaction product obtained as a result of the gap repair reaction was subjected to
agarose gel electrophoresis (0.5% 1 x TBE, 60 V, 55 minutes), and was then stained with

SybrGreen I (Takara Bio Inc.), so that DNA was detected. The result is shown in Figure 15.
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In the reaction product obtained as a result of the gap repair reaction, a band of a supercoil
showing the presence of circularized DNA with no gaps was observed.

[0218] (2) oriC transposon transfer and amplification of ADNA

The reaction product (1 pl) obtained as a result of the gap repair reaction was used
as a solution comprising target DNA, the oriC transfer reaction and the reaction of replicating
or amplifying circular DNA were carried out in the same manner as that in Example 5.
Herein, for the reaction of replicating or amplifying circular DNA, the reaction solution with
the composition shown in Table 2 of Example 3, to which 60 nM RecG and 0.5 U/ul RecJf
(NEB) were further added, was used. RecG was prepared by generating it from a RecG-
expressing Escherichia coli strain according to a step comprising ammonium sulfate
precipitation and affinity column chromatography. The result is shown in Figure 16.
[0219] When the ADNA is digested with the restriction enzyme HindlII, 27 kb, 9.4 kb,

6.6 kb, 2.3 kb and 2.0 kb fragments are generated. The replication product/amplification
product obtained by the above described reaction were digested with the restriction enzyme
HindIII (37°C, 3 hours). The result is shown in Figure 17. When the replication
product/amplification product obtained by the above described reaction were digested with
HindIII, 7 kb, 9.4 kb, 6.6 kb, 2.3 kb and 2.0 kb fragments were confirmed, as in the case of
the ADNA. This result shows that the replication product/amplification product obtained by
the above described reaction is circular DNA, which was obtained by performing oriC
transposon transfer on circularized ADNA, and then replicating and/or amplifying the
resulting ADNA.

[0220] These results show that, even in the case of linear DNA, the reaction of replicating
or amplifying circular DNA of the present application can be utilized by performing an oriC
transfer reaction after circularization of the linear DNA.

[0221] Example 8: Removal of oriC transposon (1)

Whether or not the oriC introduced into circular DNA according to an oriC transfer
reaction can be removed was studied.

[0222] (1) Circular DNA
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The oriC transposon of Example 5 comprises a kanamyciny (Km) resistance gene and
oriC. On the other hand, a 15-kb Escherichia coli gene expression plasmid comprises an
ampicillin (Amp) resistance gene. Circular DNA (referred to as "p15k::Km-oriC"), in
which an oriC transposon had been transferred into a region encoding the ampicillin
resistance gene of a 15-kb Escherichia coli gene expression plasmid, among the plasmids
obtained by the oriC transfer reaction of Example 5, was selected and recovered.

Specifically, the plasmids obtained by the oriC transfer reaction of Example 5 were
transformed into Escherichia coli, and the transformants, which became sensitive to Amp and
resistant to Km, were cloned by screening.

[0223] (2) Dissociation of oriC transposon

The region corresponding to the oriC transposon transferred by the oriC transfer
reaction is dissociated using transposase. In addition, 9-bp regions are duplicatedly formed
on both termini of the oriC transposon when the oriC transposon is transferred by the oriC
transfer reaction. Thus, upon the removal of the oriC transposon, it is necessary to treat
these 9-bp regions after completion of the connection, so that the regions cannot be
duplicatedly present. The DNA terminus comprising the 9-bp region, which was generated
by extraction of the oriC transposon, was converted to a single-stranded terminus by using
ExollI that was straight-chain double-stranded DNA dependent single-stranded DNA
exonuclease. Thereafter, by utilizing the duplicated portion of 9-bp regions, single strands
were annealed to each other and were circularized. Figure 18 shows a schematic view
thereof.

[0224] Specifically, the following reaction was carried out.

[0225] The oriC transposon dissociation reaction was carried out by incubating 0 to 30 nM
(0 nM, 3 nM, 10 nM and 30 nM) transposase and 2 ng/ul p15vk::Km-oriC in a buffer (5 ul;

10 mM Tris-HCI [pH 7.5], 150 mM potassium glutamate, and 10 mM Mg(oAc)2) at 37°C for
16 hours. Thereafter, a heat inactivation treatment was carried out at 70°C for 5 minutes.
[0226] Takara Exolll buffer (50 mM Tris-HCI (pH 8.0), 5 mM MgCl,, and 1 mM DTT) and

20 mU/pl Exolll (Takara) were added to 1 pl of the oriC transposon dissociation reaction
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product to result in a final volume of 5 pl.  This mixture was reacted at 30°C for 10 minutes,
so that it was treated with ExolIl.

[0227] The reaction product treated with Exolll was incubated at 65°C for 5 minutes, and
was then cooled to 4°C at a temperature decreasing rate of -0.5°C/30 sec to perform
annealing.

[0228] (3) Confirmation of dissociation of oriC transposon by transformation

Escherichia coli was transformed using 2 pl of the sample obtained in the above (2)
and chemical competent cells (Escherichia coli DH5a) 50.  The transformed cells were
seeded on a plate including 25 pl of 100 pg/ml ampicillin, 25 pl of 25 pg/ml kanamycin, and
were then incubated at 37°C overnight.

[0229] The colony formation when transposase was not added in the above (2) (0 nM) was
set at 100, and the relative colony formation unit (%) when the concentration of transposase
was changed was then calculated.

[0230] (4) Results

The results are shown in Figure 19 and Figure 20.

[0231] From the result shown in Figure 19, it became clear that the kanamycin resistance
transformed cells were reduced depending on the concentration of the added transposase.
When 30 nM transposase was added, almost no kanamycin resistance transformed cells were
present. This result shows that the oriC transposon can be dissociated by addition of
transposase.

[0232] In addition, from the result shown in Figure 20, it became clear that once destructed
ampicillin gene could be returned by insertion of the oriC transposon, depending on the
ExollI treatment.

[0233] Example 9: Removal of oriC transposon (2)

The removal of the oriC transposon by performing a treatment using a restriction
enzyme corresponding to the restriction enzyme site comprised in the sequence of the oriC
transposon, in parallel with performing an Exolll treatment, was studied. Figure 21 shows a

schematic view thereof.
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[0234] (1) Circular DNA

The same circular DNA as that of Example 8 was used.

[0235] (2) Dissociation of oriC transposon

The oriC transposon dissociation reaction was carried out in the same manner as that
in Example 8 with the exception of the use of 10 nM transposase.
[0236] Takara Exolll buffer (50 mM Tris-HCl (pH 8.0), 5 mM MgCl,, and 1 mM DTT),
and 20 mU/ ul Exolll (Takara) alone, or 20 mU/ul Exolll (Takara) and 0.6 U/ul Nhel (NEB),
were added to 1 pul of the oriC transposon dissociation reaction product, so as to result in a
final volume of 5 ul.  This mixture was reacted at 30°C for 10 minutes, so as to perform an
Exolll treatment.
[0237] The reaction product treated with ExoIll and Nhel was incubated at 65°C for
5 minutes, and was then cooled to 4°C at a temperature decreasing rate of -0.5°C/30 sec to

perform annealing.

[0238] (3) Confirmation of dissociation of oriC transposon by transformation
Transformation was carried out in the same manner as that in Example 8.

Thereafter, the colony formation unit was calculated.

[0239] (4) Result

The result is shown in Table 3

[0240]
[Table 3]
Colony formation unit
Amp resistance Km resistance
Exolll + / Nhel - 155 75
Exolll + / Nhel + 157 20

[0241] This result shows that the problem that a plasmid containing transposons that has not
been dissociated from the circular DNA even by using transposase remains as a background
can be reduced by cleaving the transposon DNA site with the restriction enzyme (Nhel).

[0242] Example 10: Suppression of generation of DNA multimer by Cre

< Materials and methods >
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Using pUC19 (Takara Bio Inc.) as a template, PCR was carried out with the primers
SUE1156: 5°’-CTATGCGGCATCAGAGCAG-3’ (SEQ ID NO: 38) and SUE1361: 5'-
GTTAAGCCAGCCCCGACAC-3’ (SEQ ID NO: 39), so as to prepare a 2.6-kb pUC DNA
fragment.

[0243] As circular DNA in which a loxP sequence was disposed in a position close to oriC,
pUCI19-OLDT circular DNA was prepared as follows. A pUC DNA fragment was
connected with an OLDT cassette for circularization, thereby producing the pUC19-OLDT
circular DNA. The sequence of the OLDT cassette (0.41 kb) is as follows, and the OLDT
cassette has a loxP sequence (underlined portion) adjacent to the side upstream of the oriC
cassette (small letter portion).

OLDT cassette: 5°-
CGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACAGTATGTTGTAACTA
AAGATAACTTCGTATAATGTATGCTATACGAAGTTATACAGATCGTGCgatctactgtgg

ataactctgtcaggaagcttggatcaaccggtagttatccaaagaacaactgttgttcagtttttgagttgtgtataaccectcattctgate
ccagcttatacggtccaggatcaccgatcattcacagttaatgatectttccaggttgtigatcttaaaagecggatccttgttatccacag
ggcagtgcgatcctaataagagatcacaatagaacagatctctaaataaatagatcttctttttaatacCCAGGATCCATTTA
ACATAATATACATTATGCGCACCTTTAGTTACAACATACTATGCGGCATCAGAGC
AGATTGTACTGAGAGTGCACCAT-3’ (SEQ ID NO: 40)

[0244] As control circular DNA not having such a loxP sequence, pUC-OriC300 circular
DNA was prepared as follows. A pUC DNA fragment was connected with an

oriC300 cassette for circularization, thereby producing the pUC-oriC 300 circular DNA.

The sequence of the oriC 300 cassette (0.41 kb) is as follows, and the oriC 300 cassette has
an oriC cassette (small letter portion).

~ oriC 300 cassette: 5°-
CGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACAGTATGTTGTAACTA
AAgatctactgtggataactctgtcaggaagcttggatcaaccggtagttatccaaagaacaactgttgttcagtttttgagttgtgtata
acccctcattctgétcccagcttatacggtccaggatcaccgatcattcacagttaatgatcctttccaggttgttgatcttaaaagccggat

ccttgttatccacagggceagtgcgatcctaataagagatcacaatagaacagatctctaaataaatagatcttctttttaatacTTTAG
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TTACAACATACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCAT-3’
(SEQID NO: 41)
[0245] Cre was purchased from NEB and was used.
[0246] A reaction solution with the composition shown in Table 2 of Example 3, and a
reaction solution with the composition shown in Table 2 of Example 3, to which Cre had
been added to a final concentration of 1 mU/ul, 3 mU/ul, 10 mU/pl or 30 mU/ul, were
prepared. To each of these reaction solutions, pUC19-OLDT circular DNA or pUC-
OriC300 circular DNA was added to a final concentration of 0.01 ng/pl, and they were then
mixed with each other onice. Thereafter, the obtained mixture was incubated in an
incubator at 33°C for 3 hours for reaction.
[0247] The reaction product was subjected to agarose gel electrophoresis (0.5% 1 x TBE,
60 V, 60 minutes), and was then stained with SybrGreen I (Takara Bio Inc.), so that DNA
was detected.
[0248] <Results >

The result of detection of a replication/amplification product is shown in Figure 22.
[0249] It could be confirmed that, when the pUC-OLDT circular DNA in which a loxP
sequence was disposed close to oriC was used as a template and Cre was comprised in the
reaction solution, circular DNA having a supercoiled structure of interest was replicated or
amplified, while suppressing generation of a multimer as a by-product. At this time, the
appearance of an intermediate product during separation from a multimer to a monomer was
also found. Moreover, by increasing the concentration of Cre in the reaction solution, the
effect of suppressing generation of a multimer was increased.
[0250]

When the pUC19-OriC 300 circular DNA not having a loxP sequence was used as a
template, the effects of Cre were not observed.
INDUSTRIAL APPLICABILITY
[0251] According to the present invention, there can be provided a method capable of

simply and efficiently replicating or amplifying circular DNA, and particularly, long-chain
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SEQUENCE LISTING FREE TEXT

[0252]

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

1:
2
3
4
5
6:
7
8
9:

10
11

12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:

ter sequence (consensus)

: ter sequence (consensus)
: ter sequence (terA, B, D, E, or H)
: ter sequence (terA, B, D, E, or H)

: ter sequence (terC)

ter sequence (terF)

: ter sequence (terQG)

: ter sequence (terl)

ter sequence (tar])

: ter sequence (Bacillus, consensus)

: ter sequence (Bacillus subtilis, consensus)

ter sequence (Bacillus subtilis, consensus)

ter sequence (terVII)

ter sequence (terIX)

sequence recognized by XerCD (consensus)

sequence recognized by XerCD (consensus, dif and cer)
sequence recognized by XerCD (consensus, dif and psi)
sequence recognized by XerCD (consensus, cer, and psi)
dif sequence

cer sequence

psi sequence

dif sequence

cer sequence

psi sequence

Outside End(OE) sequence



SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
41:
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DNA fragment comprising a pair of ter sequences
ori-ter cassette
ori-dif cassette
oriC transposon
loxP consensus
lox511 sequence
lox2272 sequence
loxFAS sequence
lox RE sequence
lox LE sequence
FRT sequence
roxX sequence
primer SUE1156
primer SUE1361
OLDT cassette

OriC300 cassette
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CLAIMS
1. A method for replicating circular DNA in a cell-free system, comprising the
following steps:
1) forming a reaction mixture of circular DNA as a template with a reaction

solution comprising:

a first enzyme group that catalyzes replication of circular DNA,

a second enzyme group that catalyzes an Okazaki fragment maturation and
synthesizes two sister circular DNAs constituting a catenane, and

a third enzyme group that catalyzes a separation of two sister circular DNAs; and

2) reacting the reaction mixture formed in step (1), wherein

the circular DNA includes a replication origin sequence (origin of chromosome
(oriC)) that can bind to an enzyme having DnaA activity, and further includes a pair of ter
sequences that are each inserted outward with respect to oriC, and/or a nucleotide sequence
recognized by a DNA multimer separation enzyme, wherein

when the circular DNA has the ter sequences, the reaction solution in step (1) further
comprises a protein having an activity of inhibiting replication by binding to the ter
sequences, and when the circular DNA has the nucleotide sequence recognized by a DNA
multimer separation enzyme, the reaction solution in step (1) further comprises the DNA

multimer separation enzyme.

2. The method according to claim 1, wherein the DNA multimer separation enzyme is
Cre or XerCD.
3. The method according to claims 1 or 2, wherein the pair of tér sequences that are

each inserted outward with respect to oriC comprises: a sequence comprising any one of
sequences shown in SEQ ID NOS: 1 to 14 which is inserted as one ter sequence into the 5°-
terminal side of oriC; and a sequence comprising a complementary sequence to any one of
sequences shown in SEQ ID NOS: 1 to 14 which is inserted as the other ter sequence into the

3’-terminal side of oriC.
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4, The method according to any one of claims 1 to 3, wherein the protein having an
activity of inhibiting replication by binding to the ter sequences is a Tus protein or an RTP
protein.
5. The method according to claim 2, wherein the nucleotide sequence recognized by
XerCD is a sequence comprising any one of sequences shown in SEQ ID NOS: 15 to 24, or a
complementary sequence thereto.
6. The method according to claim 2, wherein nucleotide sequence recognized by Cre is
a sequence comprising any one of sequences shown in SEQ ID NOS: 30 to 35, ora
complementary sequence thereto.
7. A nucleic acid, which is linear DNA having a length of 273 bp to 2.0 kb, and
comprises oriC, and a pair of ter sequences that are each inserted outward with respect to the
oriC and/or a nucleotide sequence recognized by a DNA multimer separation enzyme.
8. A method for replicating circular DNA in a cell-free system, comprising the
following steps:

1 preparing circular DNA comprising oriC by:

adding an oriC transposon and transposase into a buffer to form an oriC
transposome, wherein the oriC transposon is linear DNA comprising a replication origin
sequence (origin of chromosome (0riC)) that can bind to an enzyme having DnaA activity,
and comprising outside end (OE) sequences at both termini thereof; and
reacting the oriC transposome with circular DNA comprising no oriC in a

buffer to carry out a transfer reaction,

2) forming a reaction mixture of the circular DNA comprising oriC obtained
in step (1) with a reaction solution comprising:

a first enzyme group that catalyzes replication of circular DNA,

a second enzyme group that catalyzes an Okazaki fragment maturation and
synthesizes two sister circular DNAs constituting a catenane, and

a third enzyme group that catalyzes a separation of two sister circular DNAs; and

3) reacting the reaction mixture formed in step (2).
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9. The method according to claim 8, wherein the OE sequence comprises the sequence
shown in SEQ ID NO: 25 (5’<CTGTCTCTTATACACATCT-3") and a complementary
sequence thereto, and the OE sequence comprising the sequence shown in SEQ ID NO: 25 is
inserted into the 5’-terminus of the linear DNA in step (1), and the OE sequence comprising a
complementary sequence to the sequence shown in SEQ ID NO: 25 is inserted into the 3’-
terminus of the linear DNA.
10. The method according to claim 8 or 9, wherein the circular DNA comprising oriC
further comprises a pair of ter sequences that are each inserted outward with respect to oriC,
and/or a nucleotide sequence recognized by a DNA multimer separation enzyme, wherein

when the circular DNA has the ter sequences, the reaction solution in step (2) further
comprises a protein having an activity of inhibiting replication by binding to the ter
sequences, and when the circular DNA has the nucleotide sequence recognized by a DNA
multimer separation enzyme, the reaction solution in step (2) further comprises the DNA
multimer separation enzyme.
11. The method according to any one of claims 8 to 10, wherein the oriC transposon in
step (1) further comprises a pair of ter sequences that are each inserted outward with respect
to oriC, and/or a nucleotide sequence recognized by a DNA multimer separation enzyme,
wherein

when the linear DNA has the ter sequences, the reaction solution in step (2) further
comprises a protein having an activity of inhibiting replication by binding to the ter
sequences, and when the circular DNA has the nucleotide sequence recognized by a DNA
multimer separation enzyme, the reaction solution in step (2) further comprises the DNA
multimer separation enzyme.
12. The method according to any one of claims 8 to 11, further comprising:

4) removing the oriC transposon from the circular DNA replicated or
amplified in the reaction product in step (3).
13. A nucleic acid, which is linear DNA having a length of 311 bp to 2.0 kb, and

comprises oriC, and a pair of ter sequences that are each inserted outward with respect to the
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oriC and/or a nucleotide sequence recognized by a DNA multimer separation enzyme, and
also comprises outside end (OE) sequences at both termini thereof.
14. A kit for replicating circular DNA, comprising a combination of:

a first enzyme group that catalyzes replication of circular DNA;

a second enzyme group that catalyzes an Okazaki fragment maturation and
synthesizes two sister circular DNAs constituting a catenane;

a third enzyme group that catalyzes a separation of two sister circular DNAs;

an oriC transposon, which is linear DNA comprising a replication origin sequence
(origin of chromosome (oriC)) that can bind to an enzyme having DnaA activity, and
comprising outside end (OE) sequences at both termini thereof; and

transposase.
15. The kit according to claim 14, wherein the oriC transposon. further comprises a pair
of ter sequences that are each inserted outward with respect to oriC, and/or a nucleotide
sequence recognized by a DNA multimer separation enzyme.
16. The kit according to claim 15, further comprising:

a protein having an activity of inhibiting replication by binding to the ter sequences;
and/or

a DNA multimer separation enzyme.



