
DESCRIPTION METHOD FOR SYNTHESIZING THE NUCLEIC ACID  Technical Field The
present invention relates to a method of synthesizing  nucleic acid
composed of a specific nucleotide sequence, which  is useful as a method of
amplifying nucleic acid. Background Art An analysis method based on
complementarity of a nucleic  acid nucleotide sequence can analyze genetic
traits directly.  Accordingly, this analysis is a very powerful means for
identification of genetic diseases, canceration,  microorganisms etc.
Further, a gene itself is the object of  detection, and thus time-consuming
and cumbersome procedures  such as in culture can be omitted in some cases.
Nevertheless, the detection of a target gene present in  a very small
amount in a sample is not easy in general so that  amplification of a
target gene itself or its detection signal  is necessary. As a method of
amplifying a target gene, the PCR  (polymerase chain reaction) method is
known (Science, 230,  1350-1354, 1985). Currently, the PCR method is the
most popular  method as a technique of amplifying nucleic acid in vitro.
This  method was established firmly as an excellent detection method  by
virtue of high sensitivity based on the effect of exponential 1
amplification. Further, since the amplification product can  



be recovered as DNA, this method is applied widely as an important  tool
supporting genetic engineering techniques such as gene  cloning and
structural determination. In the PCR method,  however, there are the
following noted problems: a special  temperature controller is necessary
for practice; the  exponential progress of the amplification reaction
causes a  problem in quantification; and samples and reaction solutions
are easily contaminated from the outside to permit nucleic acid  mixed in
error to function as a template. As genomic information is accumulated,
analysis of single  nucleotide polymorphism (SNPs) comes to attract
attention.  Detection of SNPs by means of PCR is feasible by designing a
primer such that its nucleotide sequence contains SNPs. That  is, whether a
nucleotide sequence complementary to the primer  is present or not can be
inferred by determining whether a reaction  product is present or not.
However, once a complementary chain  is synthesized in error in PCR by any
chance, this product  functions as a template in subsequent reaction, thus
causing  an erroneous result. In practice, it is said that strict control
of PCR is difficult with the difference of only one base given  at the
terminal of the primer. Accordingly, it is necessary  to improve
specificity in order to apply PCR to detection of  SNPs. On one hand, a
method of synthesizing nucleic acid by a 2 ligase is also practically used.
The LCR method (ligase chain  



reaction, Laffler TG; Garrino JJ; Marshall RL; Ann. Biol. Clin.  (Paris),
51: 9, 821-6, 1993) is based on the reaction in which  two adjacent probes
are hybridized with a target sequence and  ligated to each other by a
ligase. The two probes could not  be ligated in the absence of the target
nucleotide sequence,  and thus the presence of the ligated product is
indicative of  the target nucleotide sequence. Because the LCR method also
requires control of temperature f or separation of a complementary  chain
from a template, there arises the same problem as in the  PCR method. For
LCR, there is also a report on a method of  improving specificity by adding
the step of providing a gap  between adjacent probes and filling the gap by
a DNA polymerase.  However, what can be expected in this modified method is
specificity only, and there still remains a problem in that  control of
temperature is required. Furthermore, use of the  additional enzyme leads
to an increase in cost. A method called the SDA method (strand displacement
amplification) (Proc. Natl. Acad. Sci. USA, 89, 392-396, 1992]  [Nucleic
Acid. Res., 20, 1691-1696, 1992] is also known as a  method of amplifying
DNA having a sequence complementary to a  target sequence as a template. In
the SDA method, a special  DNA polymerase is used to synthesize a
complementary chain  starting from a primer complementary to the 31 -side
of a certain  nucleotide sequence while displacing a double-stranded chain
3 if any at the 51 -side of the sequence. In the present  



specification, the simple expression "51-side" or "3'-side"  refers to that
of a chain serving as a template. Because a  double-stranded chain at the
51-side is displaced by a newly  synthesized complementary chain, this
technique is called the  SDAmethod. The temperature-changing step essential
in the PCR  method can be eliminated in the SDAmethod by previously
inserting  a restriction enzyme recognition sequence into an annealed
sequence as a primer. That is, a nick generated by a restriction  enzyme
gives a 3'-OH group acting as the origin of synthesis  of complementary
chain, and the previously synthesized  complementary chain is released as a
single-stranded chain by  strand displacement synthesis and then utilized
again as a template for subsequent synthesis of complementary chain. this
manner, the complicated control of temperature essential  in the PCR method
is not required in the SDA method. In the SDA method, however, the
restriction enzyme  generating a nick should be used in addition to the
strand  displacement-type DNA Polymerase. This requirement for the
additional enzyme is a major cause for higher cost. Further,  because the
restriction enzyme is to be used not for cleavage  of both double-stranded
chains but for introduction of a nick  (that is, cleavage of only one of
the chains) , a dNTP derivative  such as a-thio dNTP should be used as a
substrate for synthesis  to render the other chain resistant to digestion
with the enzyme. 4 Accordingly, the amplification product by SDA has a
different  



structure from that of natural nucleic acid, and there is a limit  to
cleavage with restriction enzymes or application of the  amplification
product to gene cloning. In this respect too,  there is a major cause for
higher cost. In addition, when the  SDA method is applied to an unknown
sequence, there is the  possibility that the same nucleotide sequence as
the restriction  enzyme recognition sequence used for introducing a nick
may be  present in a region to be synthesized. In this case, it is
possible that a complete complementary chain is prevented from  being
synthesized. NASBA (nucleic acid sequence-based amplification, also  called
the TMA/transcription mediated amplification method) is  known as a method
of amplifying nucleic acid wherein the  complicated control of temperature
is not necessary. NASBA is  a reaction system wherein DNA is synthesized by
DNA polymerase  in the presence of target RNA as a template with a probe
having  a T7 promoter added thereto, and the product is formed with a
second probe into a double-stranded chain, followed by  transcription by T7
RNA polymerase with the formed  double-stranded chain as a template to
amplify a large amount  of RNA (Nature, 350, 91-92, 1991) . NASBA requires
some heat  denaturation steps until double-stranded DNA is completed, but
the subsequent transcriptional reaction by T7 RNA polymerase  proceeds
under isothermal conditions. However, a combination 5 of plural enzymes
such as reverse transcriptase, RNase H, DNA  



polymerase and T7 RNA polymerase is essential, and this is  unfavorable for
cost similarly to SDA. Further, because it is  complicated to set up
conditions for a plurality of enzyme  reaction, this method is hardly
widespread as a general  analytical method. In the known reactions of
amplification of  nucleic acid, there remain problems such as complicated
control  of temperature and the necessity for plural enzymes as described
above For these known reactions of synthesizing nucleic acid,  there are
few reports on an attempt for further improving the  efficiency of
synthesis of nucleic acid without sacrificing  specificity or cost. For
example, in a method called RCA  (rolling-circle amplification), it was
shown that  single-stranded DNA having a series of nucleotide sequences
complementary to a padlock probe can be synthesized continuously  in the
presence of a target nucleotide sequence (Paul M. Lizardi  et al., Nature
Genetics, L9, 225-232, July, 1998) In RCA, a  padlock probe having a
special structure wherein each of the  51- and 31-terminals of a single
oligonucleotide constitutes  an adjacent probe in LCR is utilized. Then,
the, continuous  reaction of synthesizing complementary chain with the
padlock  probe as a template which was ligated and cyclized in the presence
of a target nucleotide. sequence is triggered by combination with  a
polymerase catalyzing the strand displacement -type reaction 6 of
synthesizing complementary chain. Single-stranded nucleic  



acid having a structure of a series of regions each consisting  of the same
nucleotide sequence is thus formed. A primer is  further annealed to this
single-stranded nucleic acid to  synthesize its complementary chain and a
high degree of  amplification is thus realized. However, there still
remains  the problem of the necessity for a plurality of enzymes. Further,
triggering of synthesis of complementary chain depends on the  reaction of
ligating two adjacent regions, and its specificity  is basically the same
as in LCR. For the object of supplying 3' -OH, there is a known method  in
which a nucleotide sequence is provided at the 3' -terminal  with a
sequence complementary thereto and a hair pin loop is  formed at the
terminal (Gene, 71, 29-40, 1988) . Synthesis of  complementary chain with a
target sequence itself as a template  starts at the hairpin loop to form
single-stranded nucleic acid  composed of the complementary nucleotide
sequence. For example,  a structure in which annealing occurs in the same
chain at the  terminal to which a complementary nucleotide sequence has
been  linked is realized in PCT/FR95/00891. In this method, however,  the
step in which the terminal cancels base pairing with the  complementary
chain and base pairing is constituted again in  the same chain is
essential. It is estimated that this step  proceeds depending on a subtle
equilibrium state at the terminal  of mutually complementary nucleotide
sequences involving base 7 pairing. . That is, an equilibrium state
maintained between base  



pairing with a complementary chain and base pairing in the same  chain is
utilized and the only chain annealing to the nucleotide  sequence in the
same chain serves as the origin of synthesis  of a complementary chain.
Accordingly, it is considered that  strict reaction conditions should be
set to achieve high reaction  efficiency. Further, in this prior art, the
primer itself forms  a loop structure. Accordingly, once a primer dimer is
formed,  amplification reaction is automatically initiated regardless  of
whether a target nucleotide sequence is present or not, and  an unspecific
synthetic product is thus formed. This can be  a serious problem. Further,
formation of the primer dimer and  subsequent consumption of the primer by
unspecific synthetic  reaction lead to a reduction in the amplification
efficiency  of the desired reaction. Besides, there is a report that a
region not serving as  a template for DNA polymerase was utilized to
realize a  31 -terminal structure annealing to the same chain (EP713922) .
This report also has the same problem as in PCT/FR95/00891 supra  in
respect of the utilization of dynamic equilibrium at the  terminal or the
possibility of unspecific synthetic reaction  due to formation of a dimer
primer. Further, a special region  not serving as a template for DNA
polymerase should be prepared  as a primer. Further, in various signal
amplification reactions to 8 which the principle of NASBA described above
is applied, an  



oligonucleotide having a hairpin structure at the terminal  thereof is
often utilized to supply a double-stranded promoter  region (JP-A 5-211873)
. However, these techniques are not those  permitting successive supply of
31-OH for synthesis of a  complementary chain. Further, a hairpin loop
structure having  a 31-terminal annealed in the same chain is utilized for
the  purpose of obtaining a DNA template transcribed by RNA polymerase  is
utilized in JP-A 10-510161 (W096/17079). In this method,  the template is
amplified by using transcription into RNA and  reverse transcription from
RNA to DNA. In this method, however,  the reaction system cannot be
constituted without a combination  of a plurality of enzymes. Disclosure of
the Invention The object of the present invention is to provide a method
of synthesizing nucleic acid based on a novel principle. Amore  specific
object is to provide a method capable of realizing the  synthesis of
nucleic acid depending on sequence efficiently at  low costs. That is, an
object of the present. invention is to  provide a method capable of
achieving the synthesis and  amplification of nucleic acid by a single
enzyme even under  isothermal reaction conditions. Another object of the
present  invention is to provide a method of synthesizing nucleic acid
which can realize high specificity difficult to achieve in the 9 known
reaction principle of nucleic acid synthesis, as well as  a method of
amplifying nucleic acid by applying said synthetic  



method. The present inventors focused their attention on the fact  that the
utilization of a polymerase catalyzing strand  displacement-type synthesis
of complementary chain is useful  for nucleic acid synthesis not depending
on complicated control  of temperature. Such a DNA polymerase is an enzyme
utilized  in SDA and RCA. However, even if such an enzyme is used, another
enzyme reaction is always required for supplying 3' -OH as the  origin of
synthesis in the known means based on primers, such  as SDA. Under these
circumstances, the present inventors examined  supply of 3' -OH from a
completely different viewpoint from the  known approach. As a result, the
present inventors found that  by utilizing an oligonucleotide having a
special structure, 3'-OH  can be supplied without any additional enzyme
reaction, thereby  completing the present invention. That is, the present
invention relates to a method of synthesizing nucleic acid, a  method of
amplifying nucleic acid by applying said method of  synthesizing nucleic
acid and a novel oligonucleotide enabling  said methods, as follows: 10 1.
A method of synthesizing nucleic acid having complementary  nucleotide
sequences linked alternately in a single-stranded  chain, comprising: a)
the step of giving nucleic acid which is provided at the  31 -terminal
thereof with a region F1 capable of annealing to  



a part Flc in the same chain and which upon annealing of the  region F1 to
F1c, is capable of forming a loop containing a region  F2c capable of. base
pairing, b) the step of performing synthesis of a complementary chain
wherein the 31 -terminal of Fl having annealed to Flc serves as  the origin
of synthesis, c) the step of annealing, to a region F2c, of an
oligonucleotide  provided with the 3' -terminal thereof with F2 consisting
of a  sequence complementary to the region F2c, followed by synthesis,
with said oligonucleotide as the origin of synthesis, of a  complementary
chain by a polymerase catalyzing the strand  displacement reaction of
synthesizing a complementary chain to  displace the complementary chain
synthesized in step b), and  d) the step of annealing, to the complementary
chain displaced  in step c) to be ready for base pairing, of a
polynucleotide  provided at the 3' -terminal thereof with a sequence
complementary  to an arbitrary region in said chain synthesized in step c),
followed by synthesis, with said 3' -terminal as the origin of  synthesis,
of a complementary chain by a polymerase catalyzing  the strand
displacement reaction of synthesizing a complementary 11 chain to displace
the complementary chain synthesized in step  C) 2. The method according to
item 1, wherein in step d) , the origin  of synthesis is a region R1
present at the 31 -terminal in the  same chain and capable of annealing to
a region Rlc, and a loop  



containing the region R2c capable of base pairing is formed by  annealing
R1 to R1c. 3. An oligonucleotide composed of at least two regions X2 and
XIc below, and X1c is linked to the 51-side of X2, X2: a region having a
nucleotide sequence complementary to an  arbitrary region X2c in nucleic
acid having a specific nucleotide  sequence, and X1c: a region having
substantially the same nucleotide sequence  as in a region Xlc located at
the 51 -side of the region X2c in  nucleic acid having a specific
nucleotide sequence. 4. The method according to item 1, wherein the nucleic
acid in  step a) is second nucleic acid provided by the following steps:
i) the step of annealing, to a region F2c in nucleic acid serving  as a
template, of a region F2 in the oligonucleotide described  in item 3
wherein the region X2 is a region F2 and the region  Xlc is a region Flc,
ii) the step of synthesizing first nucleic acid having a  nucleotide
sequence complementary to the template wherein F2  in the oligonucleotide
serves as the origin of synthesis,  iii) the step of rendering an arbitrary
region in the f irst nucleic 12 acid synthesized in step ii) ready for base
pairing, and  iv) the step of annealing an oligonucleotide having a
nucleotide  sequence complementary to the region made ready for base
pairing  in the first nucleic acid in step iii) , followed by synthesizing
second nucleic acid with said oligonucleotide as the origin of  



synthesis and rendering F1 at the 31 -terminal thereof ready for  base
pairing. 5. The method according to item 4, wherein the region enabling
base pairing in step iii) is R2c, and the oligonucleotide in  step iv) is
the oligonuclectide described in item 3 wherein the  region X2c is a region
R2c and the region Xlc is a region Rlc.  6. The method according to item 4
or 5, wherein the step of  rendering base pairing ready in steps iii) and
iv) is conducted  by the strand displacement synthesis of complementary
chain by  a polymerase catalyzing the strand displacement reaction of
synthesizing complementary chain wherein an outer primer  annealing to the
31-side of F2c in the template and an outer  primer annealing to the 3'
-side of the region used as the origin  of synthesis in step iv) for the
first nucleic acid serve as  the origin of synthesis. 7. The method
according to item 6, wherein the melting temperature  of each
oligonucleotide and its complementary region in the  template used in the
reaction is in the following relationship  under the same stringency:
(outer primer/region at the 3' -side in the template) :!~ (F2c/F2 13 and
R2c/R2) :5 (Flc/Fl and Rlc/Rl). 8. The method according to any one of items
4 to 7, wherein the  nucleic acid serving as the template is RNA, and the
synthesis  of complementary chain in step ii) is conducted by an enzyme
having a reverse transcriptase activity. 



9. A method of amplifying nucleic acid having complementary  nucleotide
sequences linked alternately in a single-stranded  chain by repeatedly
conducting the following steps: A) the step of providing a template which
is provided at the  31- and 51-terminals there of with a region consisting
of a  nucleotide sequence complementary to each terminal region in  the
same chain and which upon annealing of these mutually  complementary
nucleotide sequences, forms a loop capable of base  pairing therebetween,
B) the step of performing the synthesis of complementary chain  wherein the
3' -terminal of said template annealed to the same  chain serves as the
origin of synthesis, C) the step of annealing, to the loop portion, of an
oligonucleotide provided at the 31 -terminal thereof with a  complementary
nucleotide sequence to a loop which among said  loops, is located at the 31
-terminal site. followed by synthesis,  with the oligonucleotide as the
origin of synthesis, of a  complementary chain by a polymerase catalyzing
the strand  displacement reaction of synthesizing a complementary chain to
displace the complementary chain synthesized in step B) to make 14 the
3'-terminal thereof ready for base pairing, and D) the step wherein the
chain with the 31 -terminal made ready  for base pairing in step C) serves
as a new template. 10. The method according to item 9, wherein the
oligonucleotide  in step C) is provided at the 5' -terminal thereof with a
nucleotide  



sequence complementary to the 31 -terminal serving as the origin  of
synthesis in step B). 11. The method according to item 10, further
comprising the step  where a complementary chain synthesized with the
oligonucleotide  in step C) as. the origin of synthesis is used as a
template in  step A). 12. The method according to item 9, wherein the
template in step  A) is synthesized by the method described in item 5. 13.
The method according to item 1 or 9, wherein the strand  displacement
reaction of synthesizing complementary chain is  carried out in the
presence of a melting temperature regulator.  14. The method according to
item 13, wherein the melting  temperature regulator is betaine. 15. The
method according to item 14, wherein 0. 2 to 3. 0 M betaine  is allowed to
be present in the reaction solution. 16. A method of detecting a target
nucleotide sequence in a sample,  which comprises performing an
amplification method described  in any one of items 9 to 15 and observing
whether an amplification  reaction product is generated or not. 17. The
method according to item 16, wherein a probe containing 15 a nucleotide
sequence complementary to the loop is added to the  amplification reaction
product and hybridization therebetween  is observed. 18. The method
according to item 17, wherein the probe is labeled  on particles and
aggregation reaction occurring upon  



hybridization is observed. 19. The method according to item 16, wherein an
amplification  method described in any one of items 9 to 15 is conducted in
the presence of a detector for nucleic acid, and whether an  amplification
reaction product is generated or not is observed  on the basis of a change
in the signal of the detector. 20. A method of detecting a mutation in a
target nucleotide  sequence by the detection method described in item 16,
wherein  a mutation in a nucleotide sequence as the subject of
amplification prevents synthesis of any one of complementary  chains
constituting the amplification method. 21. A kit for synthesis of nucleic
acid having complementary  chains alternately linked in a single-stranded
chain, comprising  the following elements: i) the oligonucleotide described
in item 3 wherein the region  F2c in nucleic acid as a template is X2c, and
Flc located at  the 51-side of F2c is Xlc; ii) an oligonucleotide
containing a nucleotide sequence  complementary to an arbitrary region in a
complementary chain  synthesized with the oligonucleotide in (i) as a
primer; 16 iii) an oligonucleotide having a nucleotide sequence
complementary to a region F3c located at the 31 -side of the region  F2c in
the nucleic acid serving as a template; iv) a DNA polymerase catalyzing the
strand displacement-type  reaction of synthesizing complementary chain; and



v) a nucleotide serving as a substrate for the element iv).  22. The kit
according to item 21, wherein the oligonucleotide  in ii) is the
oligonucleotide described in item 3 wherein an  arbitrary region R2c in a
complementary chain synthesized with  the oligonucleotide in i) as the
origin of synthesis is X2c,  and Rlc located at the 51 of R2c is Xlc. 23.
The kit according to item 22, further comprising: -vi) an oligonucleotide
having a nucleotide sequence  complementary to a region R3c located at the
3'-side of the  arbitrary R2c in a complementary chain synthesized with the
oligonucleotide in i) as the origin of synthesis. 24. A kit for detection
of a target nucleotide sequence,  comprising a detector for detection of a
product of nucleic acid  synthetic reaction additionally in a kit described
in any one  of items 21 to 23. The nucleic acid having complementary
nucleotide  sequences linked alternately in a single-stranded chain as the
object of synthesis in the present invention means nucleic acid  having
mutually complementary nucleotide sequences linked side  by side in a
single-stranded chain. Further, in the present 17 invention, it should
contain a nucleotide sequence for forming  a loop between the complementary
chains. In the present  invention, this sequence is called the loop-forming
sequence.  The nucleic acid synthesized by the present invention is
composed  substantially of mutually complementary chain's linked via the  



loop-forming sequence. In general, a strand not separated into  2 or more
molecules upon dissociation of base pairing is called  a single-stranded
chain regardless of whether it partially  involves base pairing or not. The
complementary nucleotide  sequence can form base pairing in the same chain.
An  intramolecular base-paired product, which can be obtained by
permitting the nucleic acid having complementary nucleotide  sequences
linked alternately in a single-stranded chain  according to the present
invention to be base-paired in the same  chain, gives a region constituting
an apparently double-stranded  chain and a loop not involving base pairing.
That is, the nucleic acid having complementary nucleotide  sequences linked
alternately in a single-stranded chain  according to the present invention
contains complementary  nucleotide sequences capable of annealing in the
same chain,  and its annealed product can be defined as single-stranded
nucleic acid constituting a loop not involving base pairing at  a bent
hinged portion. A nucleotide having a nucleotide sequence  complementary
thereto can anneal to the loop not involving base  pairing. The
loop-forming sequence can be an arbitrary 18 nucleotide sequence. The
loop-forming sequence is capable of  base pairing so as to initiate the
synthesis of a complementary  chain for displacement, and is provided
preferably with a  sequence distinguishable from a nucleotide sequence
located in  the other region in order to achieve specific annealing. For  



example, in a preferred embodiment, the loop-forming sequence  contains
substantially the same nucleotide sequence as a region  F2c (or R2c)
located at the 31-side of a region (i.e. Flc or  Rlc) derived from nucleic
acid as a template and annealed in  the same chain. In the present
invention, substantially the same  nucleotide sequence is defined as
follows. That is, when a  complementary chain synthesized with a certain
sequence as a  template anneals to a target nucleotide sequence to give the
origin of synthesizing a complementary chain, this certain  sequence is
substantially the same as the target nucleotide  sequence. For example,
substantially the same sequence as F2  includes not only absolutely the
same nucleotide sequence as  F2 but also a nucleotide sequence capable of
functioning as a  template giving a nucleotide sequence capable of
annealing to  F2 and acting as the origin of synthesizing complementary
chain.  The term "'anneal" in the present invention means formation of  a
double-stranded structure of nucleic acid through base pairing  based on
the law of Watson-Crick. Accordingly, even if a nucleic  acid chain
constituting base pairing is a single-stranded chain, 19 annealing occurs
if intramolecular complementary nucleotide sequences are base-paired. In
the present invention, annealing  and hybridization have the same meaning
in that the nucleic acid  constitutes a double-stranded structure through
base pairing. The number of pairs of complementary nucleotide sequences  



constituting the nucleic acid according to the present invention  is at
least 1. According to a desired mode of the present  invention, it may be 2
or more. In this case, there is  theoretically no upper limit to the number
of pairs of  complementary nucleotide sequences constituting the nucleic
acid. When the nucleic acid as the synthetic product of the  present
invention is constituted of plural sets of complementary  nucleotide
sequences, this nucleic acid is composed of repeated  identical nucleotide
sequences. The nucleic acid having complementary nucleotide  sequences
linked alternately in a single-stranded chain  synthesized by the present
invention may not have the same  structure as naturally occurring nucleic
acid. It is known that  if a nucleotide derivative is used as a substrate
when nucleic  acid is synthesized by the action of a DNA polymerase, a
nucleic  acid derivative can be synthesized. The nucleotide derivative
used includes nucleotides labeled with a radioisotope or  nucleotide
derivatives labeled with a binding ligand such as  biotin or digoxin. These
nucleotide derivatives can be used  to label nuclei c acid derivatives as
the product. Alternatively, 20 if fluorescent nucleotides are used as a
substrate, the nucleic  acid as the product can be a fluorescent
derivative. Further,  this product may be either DNA or RNA. Which one is
formed is  determined by a combination of the structure of a primer, the
type of a substrate for polymerization and polymerization  



reagents for carrying out polymerization of nucleic acid. Synthesis of the
nucleic acid having the structure  described above can be initiated by use
of a DNA polymerase having  the strand displacement activity and nucleic
acid which is  provided at the 3'-terminal thereof with a region F1 capable
of annealing to a part Fic in the same chain and which upon  annealing of
the region Fl to Fic, is capable of forming a loop  containing a region F2c
capable of base pairing. There are many  reports on the reaction of
synthesizing complementary chain  wherein a hairpin loop is formed and a
sample sequence itself  is used as a template, while in the present
invention the portion  of the hairpin loop is provided with a region
capable of base  pairing, and there is a novel feature on utilization of
this  region in synthesizing complementary chain. By use of this  region as
the origin of synthesis, a complementary chain  previously synthesized with
a sample sequence itself as a  template is displaced. Then, a region Ric
(arbitrary region)  located at the 3' -terminal of the displaced chain is
in a state  ready for base-pairing. A region having a complementary
sequence to this Rlc is annealed thereto, resulting in formation 21 of the
nucleic acid (2 molecules) having a nucleotide sequence  extending from Fl
to Rlc and its complementary chain linked  alternately via the loop-forming
sequence. In the present  invention, the arbitrary region such as Rlc above
can be selected  arbitrarily provided that it can be annealed to a
polynucleotide  



having a nucleotide sequence complementary to that region, and  that a
complementary chain synthesized with the polynucleotide  as the origin of
synthesis has necessary functions for the present  invention. In the
present invention, the term '"nucleic acid" is used.  The nucleic acid in
the present invention generally includes  both DNA and RNA. However,
nucleic acid whose nucleotide is  replaced by an artificial derivative or
modified nucleic acid  from natural DNA or RNA is also included in the
nucleic acid  of the present invention insofar as it functions as a
template  for synthesis of complementary chain. The nucleic acid of the
present invention is generally contained in a biological s ample.  The
biological sample includes animal, plant or microbial tissues,  cells,
cultures and excretions, or extracts therefrom. The  biological sample of
the present invention includes  intracellular parasitic genomic DNA or RNA
such as virus or  mycoplasma. The nucleic acid of the present invention may
be  derived from nucleic acid contained in said biological sample.  For
example, cDNA synthesized from mRNA, or nucleic acid  amplif ied on the
basis of nucleic acid derived f rom the biological 22 sample, is a typical
example of the nucleic acid of the present  invention. The nucleic acid
characteristic of the present invention  which is provided at the 31
-terminal thereof with a region Fl  capable of annealing to a part Flc in
the same chain and which  



upon annealing of the region Fl to F1c, is capable of forming  a loop
containing a region F2c capable of base pairing can be  obtained in various
methods. In the most preferable embodiment,  the reaction of synthesizing
complementary chain utilizing an  oligonucleotide having the following
structure can be used to  give the structure. That is, the useful
oligonucleotide in the present  invention consists of at least two regions
X2 and Xlc below wherein  Xlc is ligated to the 51-side of X2. X2: a region
having a nucleotide sequence complementary to a  region X2c in nucleic acid
having a specif ic nucleotide sequence.  Xlc: a region having substantially
the same nucleotide sequence  as a region Xlc located at the 51 -side of
the region X2c in nucleic  acid having a specific nucleotide sequence.
Here, the nucleic acid having a specific nucleotide  sequence by which the
structure of the oligonucleotide, of the  invention is determined refers to
nucleic acid serving as a  template when the oligonucleotide of the present
invention is  used as a primer. In the case of detection of nucleic acid
based  on the synthetic method of the present invention, the nucleic 23
acid having a specific nucleotide sequence is a detection target  or
nucleic acid derived from the detection target. The nucleic  acid having a
specific nucleotide sequence refers to nucleic  acid wherein at least a
part of the nucleotide sequence is revealed  or predictable. The part of
the nucleotide sequence revealed  



is the region X2c and the region lc located at the 51 -side thereof .  It
can be supposed that these 2 regions are contiguous or located  apart from
each other. By the relative positional relationship  of the two, the state
of a loop formed upon self-annealing of  nucleic acid as the product is
determined. The distance between  the two is preferably not very apart from
each other in order  that nucleic acid as the product is subjected to
self-annealing  preferentially over intermolecular annealing. Accordingly,
the positional relationship of the two is preferably that they  are
contiguous via a distance of usually 0 to 100 bases. However,  in the
formation of a loop by self-annealing described below,  there can be the
case where it would be disadvantageous for  formation of a loop in a
desired state that the two are too close  to each other. In the loop, there
is a need for a structure  f or annealing of a new oligonucleotide and f or
readily initiating  the strand-displacement reaction of synthesizing a
complementary chain with said oligonucleotide as the origin of  synthesis.
More preferably, the distance between the region  X2c and the region Xlc
located at the 5' -side of X2c is designed  to be 0 to 100 bases, more
desirably 10 to 70 bases. This numerical 24 value shows a length excluding
Xlc and X2. The number of bases  constituting the part of a loop is that of
this length plus a  region corresponding to X2. Both the terms ""same" and
"complementary" used for  characterization of the nucleotide sequence
constituting the  



oligonucleotide based on the present invention do not mean being
absolutely the same or absolutely complementary. That is, the  same
sequence as a certain sequence includes sequences  complementary to
nucleotide sequences capable of annealing to  a certain sequence. On the
other hand, the complementary  sequence means a sequence capable of
annealing under stringent  conditions to provide a 31 -terminal serving as
the origin of  synthesis of complementary chain. Usually, the regions X2
and Xlc constituting the  oligonucleotide of the present invention for the
nucleic acid  having a specific nucleotide sequence are located
contiguously  without being overlapped. If there is a common part in both
the nucleotide sequences, the two can be partially overlaid.  Because X2
should function as a primer, it should always be a  31-terminal. On the
other hand, Xlc should give the function  of a primer as described blow to
the 31 -terminal of a complementary  chain synthesized with the nucleic
acid as a template, and thus  it shall be arranged at the 51 -terminal. The
complementary chain  obtained with this oligonucleotide as the origin of
synthesis  serves a.s a template for synthesis of complementary chain in 25
the reverse direction in the next step, and finally the part  of the
oligonucleotide of the present invention is copied as  a template into a
complementary chain. The 3'-terminal  generated by copying has the
nucleotide sequence X1, which  anneals to Xlc in the same chain to form a
loop. 



In the present invention, the oligonucleotide means the  one that satisfies
the 2 requirements, that is, it must be able  to form complementary base
pairing and give an -OH group serving  as the origin of synthesis of
complementary chain at the  3'-terminal. Accordingly, its backbone is not
necessarily  limited to the one via phosphodiester linkages. For example,
it may be composed of a phosphothioate derivative having S in  place of P
as a backbone or a peptide nucleic acid based on peptide  linkages. The
bases may be those capable of complementary base  pairing. In the nature,
there are 5 bases, that is, A, C, T,  G and U, but the base can be an
analogue such as bromodeoxyuridine.  The oligonucleotide used in the
present invention functions  preferably not only as the origin of synthesis
but also as a  template for synthesis of complementary chain. The term
polynucleotide in the present invention includes  oligonucleotides. The
term "polynucleotide"is used in the case  where the chain length is not
limited, while the term  "oligonucleotide" is used to refer to a nucleotide
polymer having  a relatively short chain length. The oligonucleotide
according to the present invention 26 has such a chain length as to be
capable of base pairing with  a complementary chain and to maintain
necessary specificity under  the given environment in the various reactions
of synthesizing  nucleic acid described below. Specifically, it is composed
of  5 to 200 base pairs, more preferably 10 to 50 base pairs. The  



chain length of a primer recognizing the known polymerase  catalyzing the
sequence-dependent nucleic acid synthetic  reaction is at least about 5
bases, so the chain length of the  annealing part should be longer than
that. In addition, a length  of 10 bases or more is desired statistically
in order to expect  specificity as the nucleotide sequence. On the other
hand,  preparation of a too long nucleotide sequence by chemical  synthesis
is difficult, and thus the chain length described above  is exemplified as
a desired range. The chain length exemplified  here refers to the chain
length of a part annealing to a  complementary chain. As described below,
the oligonucleotide  according to the present invention can anneal finally
to at least  2 regions individually. Accordingly, it should be understood
that the chain length exemplified here is the chain length of  each region
constituting the oligonucleotide. Further, the oligonucleotide according to
the present  invention can be labeled with a known labeling substance. The
labeling substance includes binding ligands such as digoxin and  biotin,
enzymes, fluorescent substances and luminescent  substances, and
radioisotopes. The techniques of replacing a 27 base constituting an
oligonucleotide by a fluorescent analogue  are also known (W095/05391,
Proc. Natl. Acad. Sci. USA, 91,  6644-6648, 1994). Other oligonucleotides
according to the present invention  can also have been bound to a solid
phase. Alternatively, an  



arbitrary part of the oligonucleotide may be labeled with a  binding ligand
such as biotin, and it can be immobilized  indirectly via a binding partner
such as immobilized avidin.  When the immobilized oligonucleotide is used
as the origin of  synthesis, nucleic acid as the synthetic reaction product
is  captured by the solid phase, thus facilitating its separation.  The
separated product can be detected by a nucleic acid-specific  indicator or
by hybridization with a labeling probe. The target  nucleic acid fragments
can also be recovered by digesting the  product with arbitrary restriction
enzymes. The term "'template" used in the present invention means  nucleic
acid serving as a template for synthesizing a  complementary chain. A
complementary chain having a nucleotide  sequence complementary to the
template has a meaning as a chain  corresponding to the template, but the
relationship between the  two is merely relative. That is, a chain
synthesized as the  complementary chain can function again as a template.
That is,  the complementary chain can become a template. The
oligonucleotide useful in the present invention is  not limited to the 2
regions described above and can contain 28 an additional region. While X2
and Xlc are arranged at the 31 - and 51-terminals respectively, an
arbitrary sequence can be  interposed therebetween. For example, it can be
a restriction  enzyme recognition site, a promoter recognized by
RNApolymerase,  or DNA coding for ribozyme. By using it as a restriction
enzyme  



recognition sequence, the nucleic acid having a complementary  sequence
alternately linked in a single-stranded chain as the  synthetic product of
the present invention can be cleaved into  double-stranded nucleic acids of
the same length. By arranging  a promoter sequence recognized by RNA
polymerase, the synthetic  product of the present invention serves as the
template to permit  further transcription into RNA. By further arranging
DNA coding  for ribozyme, a system where the transcriptional product is
self-cleaved is realized. These additional nucleotide  sequences are those
functioning after formed into a  double-stranded chain. Accordingly, when
the single -stranded  nucleic acid according to the present invention has
formed a  loop, these sequences do not function. They do not function
until the nucleic acid is elongated and annealed in the absence  of a loop
to a chain having a complementary nucleotide sequence. When a promoter is
combined with the oligonucleotide based  on the present invention in such a
direction as to permit  transcription of the synthesized region, the
reaction product  based on the present invention where the same nucleotide
sequence  is repeated realizes a highly efficient transcriptional system.
29 By combining this system with a suitable expression system,  translation
into a protein is also feasible. That is, the system  can be utilized for
transcription and translation into protein  in bacteria or animal cells or
in vitro. The oligonucleotide of the present invention having the  



structure described above can be chemically synthesized.  Alternatively,
natural nucleic acid may be cleaved with e.g.  restriction enzymes and
modified so as to be composed of, or  ligated into, the nucleotide sequence
described above. The basic principle of the reaction for performing
synthesis by utilizing the useful oligonucleotide described  above in
combination with DNA polymerase having the strand  displacement activity in
the reaction of synthesizing nucleic  acid according to the present
invention is described by reference  to Figs. 5 to 6. The oligonucleotide
described above (FA in  Fig. 5) anneals at X2 (corresponding to F2) to
nucleic acid as  a template, to provide the origin of synthesis of
complementary  chain. In Fig. 5, a complementary chain synthesized from FA
as the origin of synthesis is displaced by synthesis of  complementary
chain (described below) from an outer primer (F3) ,  to form a
single-stranded chain (Fig. 5-A) When synthesis of  complementary chain to
the resulting complementary chain is  further conducted, the 31 -terminal
of nucleic acid synthesized  as complementary chain in Fig. 5-A has a
nucleotide sequence  complementary to the oligonucleotide of the present
invention. 30 That is, because the 5' -terminal of the oligonucleotide of
the  present invention has the same sequence as a region X1c
(corresponding to F1c) , the 3' -terminal of the nucleic acid thus
synthesized has a complementary sequence X1 (Fl) Fig. 5 shows  that the
complementary chain synthesized from R1 as the origin  



of synthesis is displaced by synthesis of complementary chain  by primer R3
as the origin of synthesis. once the 31 -terminal  portion is made ready
for base pairing by this displacement,  X1 (Fl) at the 31 -terminal anneals
to X1c (F1c) in the same chain,  and elongation reaction with itself as a
template proceeds (Fig.  5-B). Then, X2c (F2c) located at the 31-terminal
thereof is  left as a loop not involving base pairing. X2 (F2) in the
oligonucleotide according to the present invention anneals to  this loop,
and a complementary chain is synthesized with said  oligonucleotide as the
origin of synthesis (Fig. 5-B) . A product  of complementary chain
synthetic reaction with the previously  synthesized product as a template
is displaced by the strand  displacement reaction so that it is made ready
for base pairing. By the basic constitution using one kind of
oligonucleotide  according to the present invention and an arbitrary
reverse  primer capable of conducting nucleic acid synthesis where a
complementary chain synthesized with said oligonucleotide as  a primer is
used as a template, a plurality of nucleic acid  synthetic products as
shown in Fig. 6 can be obtained. As can  be seen from Fig. 6, (D) is the
desired nucleic acid product 31 of the invention having complementary
nucleotide sequence alternately linked in a single-stranded chain. Once
converted  into a single-stranded chain by treatment such as heat
denaturation, the other product (E) serves again as a template  for forming
(D) . If the product (D) as nucleic acid in the form  



of a double-stranded chain is converted into a single-stranded  chain by
heat denaturation, annealing occurs within the same  chain at high
probability without forming the original  double-stranded chain. This is
because a complementary chain  having the same melting temperature (Tm)
undergoes  intramolecular reaction preferentially over intermolecular
reaction. Each single-stranded chain derived from the product  (D) annealed
in the same chain is annealed in the same chain  and returned to the state
of (B) , and each chain further gives  one molecule of (D) and (E)
respectively. By repeating these  steps, it is possible to successively
synthesize the nucleic  acid having complementary nucleotide sequences
linked  alternately in a single-stranded chain. The template and the
product formed in 1 cycle are increased exponentially, thus  making the
reaction very efficient. To realize the state of Fig. 5 (A) , the initially
synthesized complementary chain should, in at least the portion  to which
the reverse primer anneals, should be ready for base  pairing. This step
can be achieved by an arbitrary method. That  is, an outer primer (F3),
which anneals to the first template 32 at a region F3c at the 3'-side of
the region F2c to which the  oligonucleotide of the present invention
anneals, is separately  prepared. If this outer primer is used as the
origin synthesis  to synthesize a complementary chain by a polymerase
catalyzing  the strand displacement-type synthesis of complementary chain,



the complementary chain synthesized from the F2c as the origin  of
synthesis in the invention is displaced, and as a result the  region Ric to
be annealed by R1 is made ready for base pairing  (Fig. 5) . By utilization
of the strand displacement reaction,  the reaction up to now can proceed
under isothermal conditions. When an outer primer is used, synthesis from
the outer  primer (F3) should be initiated after synthesis from F2c. In
the most simple method, the concentration of the inner primer  is made
higher than the concentration of the outer primer.  Specifically, the
primers are used at usually 2- to 50-fold,  preferably 4- to 10-fold
different concentrations, whereby the  reaction can proceed as expected.
Further, the melting  temperature (Tm) of the outer primer is set to be
lower than  the Tm of the X1 (corresponding to F1 and R1) in the inner
primer  whereby the timing of synthesis can be controlled. That is,  (outer
primer F3 : F3c) 5 F2c/F2) <_ (Fic/F1) or (outer  primer/region at the
3'-side in the template) <_ (X2c : X2):5  (Xlc : Xi). Here, the reason for
(F2c/F2) <_ (Flc/Fl) is for  annealing between Flc/F1 prior to annealing of
F2 to the loop.  The annealing between Fic/F1 is an intramolecular reaction
and 33 may thus proceed preferentially at high probability. However,  it is
meaningful to consider Tm in order to give more desired  reaction
conditions. As a matter of course, similar conditions  should be considered
even in the design of a reverse primer.  By using such a relationship,
statistically ideal reaction  



conditions can be achieved. If other conditions are fixed,  melting
temperature (Tm) can be theoretically calculated by a  combination of the
length of an annealing complementary chain  a nd bases constituting
base-pairing. Accordingly, those  skilled in the art can derive preferable
conditions on the basis  of the disclosure of this specification. Further,
the phenomenon called contiguous stacking can  also be applied for
controlling timing of annealing of the outer  primer. Contiguous stacking
is a phenomenon in which an  oligonucleotide not capable of annealing
independently is made  capable of annealing upon being contiguous to the
part of a  double-stranded chain (Chiara Borghesi-Nicoletti et al., Bio
Techniques, 12, 474-477 (1992) ) . That is, the outer primer is  designed
so as to be contiguous to F2c (X2c) and not to be able  to anneal
independently. By doing so, annealing of the outer  primer does not occur
until F2c (X2c) anneals, and thus the  annealing of F2c (X2c) occurs
preferentially. On the basis of  this principle, the Examples show setting
of the nucleotide  sequence of an oligonucleotide necessary as a primer for
a series  of reactions. This step can also be achieve d by denaturation 34
under heating or with a DNA helicase. If the template nucleic acid having
F2c (X2c) is RNA, the  state of Fig. 5- (A) can also be realized by a diff
rent method.  For example, if this RNA chain is decomposed, Rl is made
ready  for base pairing. That is, F2 is annealed to F2c in RNA and  



a complementary chain is synthesized as DNA by a reverse  transcriptase.
The RNA serving as a template is decomposed by  alkali denaturation orby
enzymatic treatment with a ribonuclease  acting on RNA in a double-stranded
chain of DNA/RNA whereby the  DNA synthesized from F2 is formed into a
single-stranded chain.  For the enzyme selectively decomposing.RNA in a
double-stranded  chain of DNA/RNA, the ribonuclease activity of RNase H or
some  reverse transcriptases can be utilized. In this manner, the  reverse
primer can be annealed to Rlc made capable of basepairing.  Accordingly,
the outer primer for rendering R1c ready for base  pairing becomes
unnecessary. Alternatively, the strand displacement activity of  reverse
transcriptase can be utilized for the strand displacement  by an outer
primer as described above. In this case, a reaction  system can be
constituted by a reverse trans criptase only. That  is, using RNA as a
template, it is made possible by a reverse  transcriptase to synthesize a
complementary chain from F2  annealing to F2c in the template and to
synthesize a complementary  chain f romthe outer primer F3 as the origin of
synthesis annealing  to F3c located at the 31 -side of F2c and to
simultaneously displace 35 the previously synthesized complementary chain.
When the  reverse transcriptase performs the reaction of synthesizing a
complementary chain with DNA as the template, all the reactions  of
synthesizing complementary chains including the synthesis  of a
complementary chain with Rl as the origin of synthesis  



annealing to Rlc in the displaced complementary chain as the  template, the
synthesis of a complementary chain with R3 as the  origin of synthesis
annealing to R3c located at the 31 -side of  Rlc and the simultaneous
displacement reaction, proceed by the  reverse transcriptase. If it is not
possible to expect that  the reverse transcriptase exhibits the DNA/RNA
strand  displacement activity under given reaction conditions, a DNA
polymerase having the strand displacement activity described  above may be
combined. The mode of obtaining a first  single-stranded nucleic acid with
RNA as a template as described  above constitutes a preferable mode of the
present invention.  On the other hand, if a DNA polymerase such as Bca DNA
polymerase  having both strand displacement activity and reverse
transcriptase activity is used, not only synthesis of a first
single-stranded nucleic acid from RNA but also subsequent  reaction with
DNA as a template can proceed similarly by the  same enzyme. The reaction
system described above brings about various  variations inherent in the
present invention by utilization of  .the reverse primer having a specific
structure. The most 36 effective variation is described below. That is, the
oligonucleotide constituted as described in [5] is used as the  reverse
primer in the most advantageous mode of the present  invention. The
oligonucleotide in [5] is an oligonucleotide  wherein arbitrary regions R2c
and Rlc in a complementary chain  



synthesized with F2 as a primer are X2c and X1c respectively.  By use of
such a reverse primer, a series of reactions for forming  a loop and for
synthesizing and displacing a complementary chain  from this loop occur in
both the sense and antisense chains  (forward side and reverse side). As a
result, the reaction  efficiency f or synthesis of the nucleic acid having
complementary  nucleotide sequences linked alternately in a single-stranded
chain according to the present invention is greatly improved  while a
series of these reactions are feasible under isothermal  conditions.
Hereinafter, this mode is described in more detail  by reference to Figs. I
to 3 where this mode is summarized. In the following mode, 2 kinds of
oligonucleotides based  on the present invention are prepared. For
explanation, these  are designated FA and RA. The regions constituting FA
and RA  are as follows: X2X1C FAF2Flc RAR2Rlc Here, F2 is a complementary
nucleotide sequence to a region  F2c in nucleic acid as the template. R2 is
a nucleotide sequence 37 complementary to an arbitrary region R2c contained
in a  complementary chain synthesized with F2 as a primer. Flc and  Ric are
arbitrary nucleotide sequences located downward from  F2c and R2c
respectively. The distance between F2 and R2 may  be arbitrary. Even if its
length is about 1 kbp, sufficient  



synthesis is feasible under suitable conditions, though  depending on the
synthetic ability of DNA polymerase to perform  the synthesis of a
complementary chain. Specifically, when Bst  DNA polymerase is used, the
desired product is certainly  synthesized if the distance between F2 and
R2c is 800 bp,  preferably 500 bp or less. In PCR involving temperature
cycle,  the reduction in the enzyme activity by the stress of temperature
change is considered to reduce the efficiency of synthesis of  a long
nucleotide sequence. In a preferable mode of the present  invention, the
temperature cycle in the step of amplifying  nucleic acid is not required,
and thus the synthesis and  amplification of an even long nucleotide
sequence can be  certainly achieved. First, F2 in FA is annealed to nucleic
acid as a template  and used as the origin of synthesis of a complementary
chain.  The subsequent reaction steps until Fig. 1 (4) are the same as  in
the previously described basic mode (Fig. 5) in the present  invention. The
sequence annealed as F3 in Fig. 1 (2) is the outer  primer described above.
A DNA polymerase for conducting the  strand displacement-type synthesis of
a complementary chain with 38 this primer as the origin of synthesis is
used so that the  complementary chain synthesized from FA is displaced and
made  ready for base pairing. When R2c is made ready for base pairing in
(4), RA as a  reverse primer anneals thereto in the combination of R2c/R2.



Synthesis of a complementary chain with this site as the origin  of
synthesis proceeds until the chain reaches Flc at the  51-terminal of FA.
Following this reaction of synthesizing a  complementary chain, the outer
primer R3 f or displacement anneals  thereto to synthesize a complementary
chain, during which strand  displacement also proceeds so that the
complementary chain  synthesized from RA as the origin of synthesis is
displaced.  In the complementary chain thus displaced, RA is located at the
5" -side thereof and a sequence complementary to FA is located  at the
31-terminal thereof. At the 31 -side of the single-stranded nucleic acid
thus  displaced, there is a sequence F1 complementary to Flc in the  same
chain. F1 rapidly anneals to Flc in the same molecule to  initiate
synthesis of a complementary chain. When the  31 -terminal (Fl) anneals to
Flc in the same chain, a loop  containing F2c is formed. As is also evident
from Fig. 2-(7),  the part of this loop remains ready for base pai ring.
The  oligonucleotide FA of the invention having a nucleotide sequence
complementary to F2c anneals to the part of this loop and acts  as the
origin of synthesis of a complementary chain (7) . 39 Synthesis of a
complementary chain from the loop proceeds while  the reaction product in
the previously initiated complementary  chain synthesis from F1 is
displaced. As a result, the  complementary chain synthesized with itself as
the template is  made ready for base pairing again at the 31-terminal. This



31-terminal is provided with a region Rl capable of annealing  to Rlc in
the same chain, and the two are annealed preferentially  due to the rapid
intramolecular reaction. The same reaction  as the. above-described
reaction starting from the 31 -terminal  synthesized with FA as a template
proceeds in this region as  well. As a result, the nucleic acid having
complementary  nucleotide sequences linked alternately in the same
single-stranded chain according to the present invention is  continued to
be extended from R1 as the starting point at the  31-terminal by successive
synthesis of a complementary chain  and subsequent displacement thereof.
Because R2c is always  contained in the loop formed by intramolecular
annealing of the  3' -terminal Rl, the oligonucleotide (RA) provided with
R2 anneals  to the loop at the 31-terminal in the subsequent reaction. When
attention is paid to nucleic acid synthesized as  complementary chain from
the oligonucleotide annealing to the  loop in the single-stranded nucleic
acid elongated with itself  as the template, synthesis of the nucleic acid
having  complementary nucleotide sequences linked alternately in the  same
single-stranded chain according to the present invention 40 also proceeds
here. That is, synthesis of a complementary chain  from the loop is
completed when it reached RA in e. g. Fig. 2 - (7) .  Then, when the
nucleic acid displaced by this nucleic acid  synthesis initiates synthesis
of complementary chain (Fig.  3- (8) the reaction reaches the loop which
was once the origin  



of synthesis, and displacement is initiated again. In this  manner, the
nucleic acid initiated to be synthesized from the  loop is also displaced,
and as a result, the 3'-terminal R1 capable  of annealing in the same chain
is obtained (Fig. 3- (10) ) . This  31-terminal Rl anneals to R1c,in the
same chain to initiate  synthesis of complementary chain. This reaction is
the same  as in Fig. 2- (7) except that F is used in place of R.
Accordingly,  the structure shown in Fig. 3- (10) can function as a new
nucleic  acid which continues self-elongation and new nucleic acid
formation. Thereactionof synthesizing nucleic acid, initiatedfrom  the
nucleic acid shown in Fig. 3-(10), causes elongation from  the 31-terminal
F1 as the origin of synthesis, as opposed to  the reaction described above.
That is, in the present invention,  as one nucleic acid is elongated, the
reaction of continuing  to supply a new nucleic acid initiating elongation
separately  proceeds. Further, as the chain is elongated, a plurality of
loop-forming sequences are brought about not only at the terminal  but also
in the same chain. When these loop-forming sequences  are made ready for
base pairing by the strand displacement 41 synthetic reaction, an
oligonucleotide anneals thereto to serve  as a base for the reaction of
forming a new nucleic acid. Further  efficient amplification is achieved by
the synthetic reaction  starting not only at the terminal but also in the
chain. The  oligonucleotide RA based on the present invention is combined  



as the reverse primer as described above whereby elongation and  subsequent
formation of a new nucleic acid occur. Further, in  the present invention,
this newly formed nucleic acid itself  is elongated and brings about
subsequent formation of a new  nucleic acid. A series of these reactions
continue  theoretically permanently to achieve very efficient
amplification of nucleic acid. In addition, the reaction in  the present
invention can be conducted under isothermal  conditions. The reaction
products thus accumulated possess a structure  having a nucleotide sequence
between Fl and R1 and its  complementary sequence linked alternately
therein. However,  both the terminals of the repeating unit have a region
consisting  of the successive nucleotide sequences F2-F1 (F2c-Flc) and
R2-R1  (R2c-Rlc). For example, in Fig. 3-(9), the sequences
(R2-F2c)-(Fl-R2c)-(R1-Flc)-(F2-R2c) are linked in this order  from the
5'-side. This is because the amplification reaction  based on the present
invention proceeds on the principle that  the reaction is initiated from F2
(or R2) with an oligonucleotide  as the origin of synthesis and then a
complementary chain is 42 elongated by the synthetic reaction from Fl (or
Rl) with the.  31-terminal as the origin of synthesis. Here, in the most
preferable mode, oligonucleotides FA  and RA according to the present
invention were used as  oligonucleotides annealing to the part of a loop.
However, even  



if these oligonucleotide having a limited structure are not used,  the
amplification reaction according to the present invention  can be carried
out by use of an oligonucleotide capable of  initiating the synthesis of a
complementary chain from the loop.  That is, the elongating 31 -terminal,
once displaced by a  complementary chain synthesized from the loop, gives
the part  of a loop again. Because the nucleic acid having complementary
nucleotide sequences linked alternately in a single-stranded  chain is
always used as a template in the complementary chain  synthesis starting
from the loop, it is evident that the nucleic  acid desired in the present
invention can be synthesized.  However, the nucleic acid thus synthesized
performs synthesis  of a complementary chain by forming a loop after
displacement,  but there is-no 31 -terminal available for subsequent
formation  of a loop, and thus it cannot function as a new template.
Accordingly, the product in this case, unlike nucleic acid  initiated to be
synthesized by FA or RA, cannot be expected to  be exponentially amplified.
From this reason, an  oligonucleotide having the structure of FA or RA is
useful for  highly efficient synthesis of nucleic acid based on the present
43 invention.  A series of these reactions proceed by adding the following.
components to single-stranded nucleic acid as a template and  then
incubating the mixture at such a temperature that the  nucleotide sequence
constituting FA and RA can form stable base  



pairing with its complementary nucleotide sequence while the  enzyme
activity can be maintained. 4 kinds of oligonucleotides: FA,  RAJ,  outer
primer F3, and outer primer R3, DNA polymerase for performing the strand
displacement-type  synthesis of complementary chain, an oligonucleotide
serving as a substrate for DNA polymerase.  Accordingly, temperature cycle
such as in PCR is not  necessary. The stable base pairing referred to
herein means  a state in which at least a part of an oligonucleotide
present  in the reaction system can give the origin of synthesis of
complementary chain. For example, the desired condition for  bringing about
stable base pairing is to set lower than melting  temperature (Tm) .
Generally, melting temperature (Tm) is  regarded as the temperature at
which 50 % of nucleic acids having  mutually complementary nucleotide
sequences are base-paired.  Setting at melting temperature (Tm) or less is
not an essential 44 condition in the present invention, but is one of the
reaction  conditions to be considered for attaining high efficiency of
synthesis. If nucleic acid to be used as a template is a  double-stranded
chain, the nucleic acid should, in at least a  region to which the
oligonucleotide anneals, be made ready for  



base pairing. For this, heat denaturation is generally  conducted, and this
may be conducted only once as pretreatment  before the reaction is
initiated. This reaction is conducted in the presence of a buffer  giving
suitable pH to the enzyme reaction, salts necessary for  annealing or for
maintaining the catalytic activity of the enzyme,  a protective agent for
the enzyme, and as necessary a regulator  for melting temperature (Tm). As
the buffer, e.g. Tris-HC1  having a buffering action in a neutral to weakly
alkaline range  is used. The pH is adjusted depending on the DNA polymerase
used. As the salts, KC1, NaCl, (NH4) 2SO4 etc. are suitably added  to
maintain the activity of the enzyme and to regulate the melting
temperature (Tm) of nucleic acid. The protective agent for the  enzyme
makes use of bovine serum albumin or sugars. Further,  dimethyl sulfoxide
(DMSO) or formamide is generally used as the  regulator for melting
temperature (Tm) . By use of the regulator  for melting temperature (Tm),
annealing of the oligonucleotide  can be regulated under limited
temperature conditions. Further,  betaine (N,N,N-trimethylglycine) or a
tetraalkyl ammonium salt  is also effective for improving the efficiency of
strand 45 displacement by virtue of its isostabilization. By adding
betaine in an amount of 0.2 to 3.0 M, preferably 0.5 to 1.5 M  to the
reaction solution, its promoting action on the nucleic  acid amplification
of the present invention can be expected.  Because these regulators for
ormelting temperatuact for lowering  



melting temperature, those conditions giving suitable  stringency and
reactivity are empirically determined in  consideration of the
concentration of salts, reaction  temperature etc. An important feature in
the present invention is that a  series of reactions do not proceed unless
the positional  relationship of a plurality of regions is maintained. By
this  feature, unspecific synthetic reaction accompanied by  unspecific
synthesis of complementary chain is effectively  prevented. That is, even
if a certain unspecific reaction occurs,  the possibility for the product
to serve as a starting material  in the subsequent amplification step is
minimized. Further,  the regulation of the progress of reactions by many
regions brings  about the possibility that a detection system capable of
strict  identification of the desired product in analogous nucleotide
sequences can be arbitrarily constituted. This feature can be utilized for
detection of mutations  in a gene. In the mode of the invention where the
outer primer  is used, 4 primers, that is, 2 outer primers and 2 primers
consisting of the oligonucleotides of the present invention, 46 are used.
That is, unless the 6 regions contained in the 4  oligonucleotides work as
designed, the synthetic reaction of  the present invention do not proceed.
In particular, the  sequences of the 3'-terminal of each oligonucleotide as
the  origin of synthesis of complementary chain and of the 51 -terminal  



of the X1c region where the complementary chain serves as the  origin of
synthesis are important. Hence, these important  sequences is designed so
as to correspond to a mutation to be  detected, and the synthetic reaction
product of the present  invention is observed whereby the presence or
absence of a  mutation such as base deletion or insertion, or genetic
polymorphism such as SNPs can be comprehensively analyzed.  Specifically,
bases estimated to have a mutation or polymorphism  are designed so as to
correspond to the vicinity of the 3' -terminal  of an oligonucleotide as
the origin of synthesis of complementary  chain, or of 5' -terminal thereof
when a complementary chain is  the origin of synthesis. If a mismatch is
present at the  31-terminal as the origin of synthesis of complementary
chain  or in its vicinity, the reaction of synthesizing a complementary
chain to nucleic acid is significantly inhibited. In the present
invention, a high degree of amplification reaction is not  achieved unless
the structure of the terminals of a product in  the initial reaction brings
about repeated reactions.  Accordingly, even if erroneous synthesis occurs,
complementary  chain synthesis constituting amplification reaction is
always 47 interrupted in some of the steps, and thus a high degree of
amplification reaction does not occur in the presence of a  mismatch. As a
result, the mismatch effectively inhibits  amplification reaction, and an
accurate result is finally brought  about. That is, it can be said that the
amplification reaction  



of nucleic acid based on the present invention has a highly  completed
mechanism for checking the nucleotide sequence.  These features are an
advantage hardly expectable in e.g. the  PCR method where amplification
reaction is performed in mere  2 regions. The region X1c characterizing the
oligonucleotide used  in the present invention can serve as the origin of
synthesis  after a complementary sequence is synthesized, and this
complementary sequence anneals to the sequence Xl in the same  newly
synthesized chain whereby synthetic reaction with itself  as a template
proceeds. Therefore, even if the so-called primer  dimer which is often
problematic in the prior art is formed,  this oligonucleotide does not form
a loop. Accordingly,  unspecific amplification attributable to the primer
dimer cannot  occur theoretically, and thus the present oligonucleotide
contributes to an improvement in the specificity of the reaction. Further,
according to the present invention, the outer  primers shown as F3 (Fig. 1-
(2) ) or R3 (Fig. 2- (5) ) are combined  whereby a series of the reactions
described above can be conducted  under isothermal conditions. That is, the
present invention 48 provides a method of amplifying nucleic acid having
complementary  sequences linked alternately in a single-stranded chain,
which  comprises the steps shown in item 9 above. In this method,
temperature conditions where stable annealing occurs between  F2c/F2,
between R2c/R2, between F1c/F1, and between R1c/R1 are  



selected, and preferably F3c/F3 and R3c/R3 are set up to be  annealed by
the phenomenon of contiguous stacking facilitated  by annealing of F2c/F2
and R2c/R2, respectively. In the present invention, the terms "synthesis"
and  "amplification" of nucleic acid are used. The synthesis of  nucleic
acid in the present invention means the elongation of  nucleic acid from an
oligonucleotide serving as the origin of  synthesis. If not only this
synthesis but also the formation  of other nucleic acid and the elongation
reaction of this formed  nucleic acid occur continuously, a series of these
reactions  is comprehensively called amplification. The single-stranded
nucleic acid which is provided at the  31-terminal thereof with a region Fl
capable of annealing to  a part Flc in the same chain and which upon
annealing of the  region F1 to Flc in the same chain, is capable of forming
a loop  containing a region F2c capable of base pairing is an important
element of the present invention. Such a single-stranded  nucleic acid can
also be supplied on the following principle.  That is, the synthesis of a
complementary chain is allowed to  proceed on the basis of a primer having
the following structure. 49 51 - [region X1 annealing to region X1c located
in primer] - [loop  forming sequence ready for base pairing]- [region
Xlcl-[region  having a sequence complementary to a template]-31 As the
region having a sequence complementary to a template,  two nucleotide
sequences, that is, a nucleotide sequence (primer  



FA) complementary to Fl and a nucleotide sequence (primer RA)
complementary to R1c, are prepared. The nucleotide sequence  constituting
nucleic acid to be synthesized contains a nucleotide  sequence extending
from the region F1 to the region R1c and a  nucleotide sequence extending
from the region Rl having a  nucleotide sequence complementary to this
nucleotide sequence  to the region F1c. Xlc and X1 capable of annealing in
the inside  of the primer can be arbitrary sequences. However, in a region
between primers FA and RF, the sequence of the region Xlc/XI  is made
preferably different. First, the synthesis of a complementary chain by the
primer  FA from the region F1 in template nucleic acid is conducted.
Then., the region Rlc in the synthesized complementary chain is  made ready
f or base pairing, to which the other primer is annealed  to form the
origin of synthesis of complementary chain. The  3'-terminal of the
complementary chain synthesized in this step  has a nucleotide sequence
complementary to the primer FA  constituting the 51 -terminal of the
initially synthesized chain,  so it has been provided at the 31 -terminal
thereof with the region  Xl which anneals to the region X1c in the same
chain to form so a loop. The characteristic 31 -terminal structure
according to  the present invention is thus provided, and the subsequent
reaction constitutes the reaction system shown previously as  the most
preferable mode. The oligonucleotide annealing to the  portion of the loop
is provided at the 31 -terminal thereof with  



the region X2 complementary to the region X2c located in the  loop and at
the 51 -terminal thereof with the region X1. In the  previous reaction
system, primers FA and RA were used to  synthesize a chain complementaryto
template nucleic acidthereby  giving a loop structure to the 31 -terminal
of the nucleic acid.  In this method, the terminal structure characteristic
of the  present invention is provided by the short primers. In this  mode,
on the other hand, the whole of a nucleotide sequence  constituting a loop
is provided as a primer, and synthesis of  this longer primer is necessary.
If a nucleotide sequence containing restriction enzyme  recognition regions
is used as a reverse primer, a different  mode according to the present
invention can be constituted. The  reaction with a reverse primer
containing a restriction enzyme  recognition sequence is specifically
described by reference to  Fig. 6. When Fig. 6- (D) is completed, a nick is
generated by  a restriction enzyme corresponding to a restriction enzyme
recognition site in the reverse primer. The strand  displacement -type
reaction of synthesizing complementary chain  is initiated from this nick
as the origin of synthesis. Because 51 the reverse primers are located at
both the terminals of a  double-stranded nucleic acid constituting (D) ,
the reaction of  synthesizing complementary chain is also initiated from
both  the terminals. Though basically based on the SDA method  described as
the prior art, the nucleotide sequence serving as  



a template has a structure having complementary nucleotide  sequences
alternately linked according to the present invention  so that the nucleic
acid synthetic system unique to the present  invention is constituted. A
part serving as a complementary  chain of the reverse primer to be nicked
should be designed to  incorporate a dNTP derivative such that it is
rendered nuclease  resistance to prevent cleavage of the double-stranded
chain by  the restriction enzyme. It is also possible to insert a promoter
f or RNA polymerase  into the reverse primer. Transcription from both the
terminals  inFig. 6-(D) is performed by a RNA polymerase recognizing this
promoter in this case too similar to the previous mode where  the SDA
method was applied. The nucleic acid synthesized in the present invention
is  a single-stranded chain but is composed of partial complementary
sequences, and thus the majority of these sequences are  base-paired. By
use of this feature, the synthesized product  can be detected. By carrying
out the method of synthesizing  nucleic acid according to the present
invention in the presence  of a fluorescent pigment as a double-stranded
chain-specific 52 intercalater such as ethidium bromide, SYBR Green I or
Pico Green,  the increased density of fluorescence is observed as the
product  is increased. By monitoring it, it is possible to trace the
real-time synthetic reaction in a closed system. Application  of this type
of detection system to the PCR method is also  



considered, but it is deemed that there are many problems because  the
signal from the product cannot be distinguished from signals  from primer
dimers etc. However, when this system is applied  to this invention, the
possibility of increasing unspecific base  pairing is very low, and thus
high sensitivity and low noises  can be simultaneously expected. Similar to
use of the  double-stranded chain-specific intercalater, the transfer of
fluorescent energy can be utilized for a method of realizing  a detection
system in a uniform system. The method of synthesizing nucleic acid
according to the  present invention is supported by the DNA polymerase
catalyzing  the strand displacement-type reaction for synthesis of
complementary chain. During the reaction described above, a  reaction step
not necessarily requiring the strand  displacement -type polymerase is also
contained. However, for  simplification of a constitutional reagent and in
an economical  viewpoint, it is advantageous to use one kind of DNA
polymerase.  As this kind of DNA polymerase, the following enzymes are
known.  Further, various mutants of these enzymes can be utilized in  the
present invention insofar as they have both the 53 sequence -dependent
activity for synthesis of complementary  chain and the strand displacement
activity. The mutants  referred to herein include those having only a
structure bringing  about the catalytic activity required of the enzyme or
those  with modifications to catalytic activity, stability or  



thermostability by e.g. mutations in amino acids. Bst DNA polymerase Bca
(exo-)DNA polymerase DNA polymerase I Klenow fragment  Vent DNA polymerase
Vent (exo-)DNA polymerase (Vent DNA polymerase deficient in  exonuclease
activity) Deep Vent DNA polymerase Deep Vent(exo-)DNA polymerase (Deep Vent
DNA polymerase  deficient in exonuclease activity) 029 phage DNA polymerase
MS-2 phage DNA polymerase Z-Taq DNA polymerase (Takara Shuzo Co., Ltd.)
KOD DNA polymerase (Toyobo Co., Ltd.) Among these enzymes, Bst DNA
polymerase and Bca (exo-)  DNA polymerase are particularly desired enzymes
because they  have a certain degree of thermostability and high catalytic
activity. The reaction of this invention can be carried  isothermally in a
preferred embodiment, but because of the  adjustment of melting temperature
(Tm) etc., it is not always 54 possible to utilize temperature conditions
desired for the  stability of the enzyme. Accordingly, it is one of the
desired  conditions that the enzyme is thermostable. Although the
.isothermal reaction is feasible, heat denaturation may be  conducted to
provide nucleic acid as a first template, and in  



this respect too, utilization of a thermostable enzyme broadens  selection
of assay protocol. Vent (exo-) DNA polymerase is an enzyme having both
strand  displacement activity and a high degree of thermo stability. It  is
known that the complementary chain synthetic reaction  involving strand
displacement by DNA polymerase is promoted by  adding a single strand
binding protein (Paul M. Lizardi et al. ,  Nature Genetics, 19, 225-232,
July, 1998). This action is  applied to the present invention, and by
adding the single strand  binding protein, the effect of promoting the
synthesis of  complementary chain can be expected. For example, T4 gene 32
is effective as a single strand binding protein for Vent (exo-)  DNA
polymerase. For DNA polymerase free of 31-5' exonuclease activity,  there
is a known phenomenon where the synthesis of complementary  chain does not
stop at the 51 -terminal of a template, resulting  in generation of a
one-base protrusion. In the present invention,  this phenomenon is not
preferable because when synthesis of the  complementary chain reaches the
terminal, the sequence of the  31-terminal leads to initiation of next
synthesis of 55 complementary chain. However, because a base "'A" is added
at  high probability to the 3'-terminal by the DNA polymerase, the
sequence may be selected such that the synthesis from the  31-terminal
starts at "A", so that there is no problem if an  additional base is added
erroneously by dATP. Further, even  



if the 31 -terminal is protruded during synthesis of complementary  chain,
the 31-->51 exonuclease activity can be utilized for  digesting the
protrusion to make it blunt-ended. For example,  since natural Vent DNA
polymerase has this activity, this enzyme  may be used as a mixture with
Vent (exo-) DNA polymerase in order  to solve this problem. Various
reagents necessary for the method of synthesizing  or amplifying nucleic
acid according to the present invention  maybe previously packaged and
provided as a kit. Specifically,  a kit is provided for the present
invention, comprising various  kinds of oligonucleotides necessary as
primers for synthesis  of complementary chain and as outer primers for
displacement,  dNTP as a substrate for synthesis of complementary chain, a
DNA  polymerase for carrying out the strand displacement -type  synthesis
of complementary chain, a buffer giving suitable  conditions to the enzyme
reaction, and as necessary regents  necessary for detection of synthetic
reaction products. In  particular, the addition of reagents is necessary
during the  reaction in a preferable mode of the present invention, and
thus  the reagents necessary for one reaction are supplied after 56
pipetted into reaction vessel, whereby the reaction can be  initiated by
adding only a sample. By constituting a system  in which the reaction
product can be detected in situ in a reaction  vessel by utilizing a
luminescent signal or a fluorescent signal,  it is not necessary to open
and shut the vessel after reaction.  



This is very desirable for prevention of contamination. The nucleic acid
having complementary nucleotide  sequences alternately linked in a
single-stranded chain,  synthesized according to the present invention, has
e.g. the  following usefulness. The first feature is use of an advantage
resulting from the special structure having complementary  sequences in one
molecule. This feature can be expected to  facilitate detection. That is,
there is a known system for  detecting nucleic acid wherein its signal is
varied depending  on base pairing with a complementary nucleotide sequence.
For  example, by combination with the method of utilizing a
double-stranded chain-specific intercalater as a detector as  described
above, a detection system making full use of the  characteristics of the
synthetic product of the present invention  can be realized. If the
synthetic reaction product of the present  invention is once heat-denatured
in said detection system and  returned to the original temperature,
intramolecular annealing  occurs preferentially thus permitting
complementary sequences  to be rapidly base-paired. If there are unspecific
reaction  products, they have not complementary sequences in the molecule
57 so that after separated by heat denaturation into 2 or more  molecules,
they cannot immediately be returned to the original  double-stranded chain.
By providing the step of heat  denaturation before detection, noises
accompanying the  unspecific reaction can be reduced. If the DNA polymerase
not  



resistant to heat is used, the step of heat denaturation has  the meaning
of termination of the reaction and is thus  advantageous for the control of
reaction temperature. The second feature is to always form a loop capable
of  base pairing. The structure of a loop capable of base pairing  is shown
in Fig. 4. As can be seen from Fig. 4, the loop is  composed of the
nucleotide sequence F2c (X2c) which can be  annealed by the primer and a
nucleotide sequence intervening  between F2c-Flc (X1c) . The sequence
between F2c-Flc (or between  X2c-Xlc in a more universal f orm) is a
nucleotide derived sequence  derived from the template. Accordingly, if a
probe having a  complementary nucleotide sequence is hybridized with this
region,, .template-specific detection is feasible. In addition, this
region is always ready for base pairing, and therefore, heat  denaturation
prior to hybridization is not necessary. The  nucleotide sequence
constituting a loop in the amplification  reaction product in the present
invention may have an arbitrary  length. Accordingly, if hybridization with
a probe is desired,  a region to be annealed by the primer and a region to
be hybridized  by the probe are arranged separately to prevent their
competition, 58 whereby ideal reaction conditions can be constituted.
According to a preferable mode of the present invention, a large number of
loops capable of base pairing are given in  a single strand of nucleic
acid. This means that a large number  of probes can be hybridized with one
molecule of nucleic acid  



to permit highly sensitive detection. It is thus possible to  realize not
only the improvement of sensitivity but also a method  of detecting nucleic
acid based on a special reaction principle  such as aggregation. For
example, a probe immobilized onto fine  particles such as polystyrene latex
is added to the reaction  product of the present invention, the aggregation
of latex  particles is observed as the hybridization of the product with
the probe proceeds. Highly sensitive and quantitative  observation is
feasible by optically measuring the strength of  the aggregation. Because
the aggregation can also be observed  w ith the naked eyes, a reaction
system not using an optical  measuring device can also be constituted.
Further, the reaction product of the present invention  permitting many
labels to be bound thereto per nucleic acid  molecule enables
chromatographic detection. In the field of  immunoassay, an analytical
method (immunochromatography) using  a chromatographic medium utilizing a
visually detectable label  is used practically. This method is based on the
principle that  an analyte is sandwiched between an antibody immobilized on
a  chromatographic medium and a labeled antibody, and the unreacted 59
labeled component is washed away. The reaction product of the  present
invention makes this principle applicable to analysis  of nucleic acid.
That is, a labeled probe toward the part of  a loop is prepared and
immobilized onto a chromatographic medium  to prepare a capturing probe for
trapping thereby permitting  



analysis in the chromatographic medium. As the capturing probe,  a sequence
complementary to the part of the loop can be utilized.  Since the reaction
product of the present invention has a large  number of loops, the product
binds to a large number of labeled  probes to give a visually recognizable
signal. The reaction product according to the present invention  always
giving a region as a loop capable of base pairing enables  a wide variety
of other detection systems. For example, a  detection system utilizing
surface plasmon resonance using an  immobilized probe for this loop portion
is feasible. Further,  if a probe f or the loop portion is labeled with a
double-stranded  chain-specific intercalater, more sensitive fluorescent
analysis can be conducted. Alternatively, it is also possible  to
positively utilize the ability of the nucleic acid synthesized  by the
present invention to form a loop capable of base pairing  at both the 31 -
and 5'-sides. For example, one loop is designed  to have a common
nucleotide sequence between a normal type and  an abnormal type, while the
other loop is designed to generate  a difference therebetween. It is
possible to constitute a  characteristic analytic system in which the
presence of a gene 60 is confirmed by the probe for the common portion
while the presence  of an abnormality is confirmed in the other region.
Because  the reaction of synthesizing nucleic acid according to the
present invention can also proceed isothermally, it is a very  important
advantage that real-time analysis can be effected by  



a general fluorescent photometer. Heretofore, the structure  of nucleic
acid to be annealed in the same chain is known. However,  the nucleic acid
having complementary nucleotide sequences  linked alternately in a
single-stranded chain obtained by the  present invention is novel in that
it contains a large number  of loops capable of base pairing with other
oligonucleotides. On the other hand, a large number of loops themselves
given  by the reaction product according to the present invention can  be
used as probes. For example, in a DNA chip, probes should  be accumulated
at high density in a limited area. In present  technology, however, the
number of oligonucleotides which can  be immobilized in a certain area is
limited. Hence, by use of  the reaction product of the present invention, a
large number  of probes capable of annealing can be immobilized at high
density.  That is, the reaction product according to the present invention
maybe immobilized as probes on a DNA chip. After amplification,  the
reaction product may be immobilized by any techniques known  in the art, or
the immobilized oligonucleotide is utilized as  the oligonucleotide in the
amplification reaction of the present  invention, resulting in generating
the immobilized reaction 61 product. By use of the probe thus immobilized,
a large number  of sample DNAs can be hybridized in a limited area, and as
a  result, high signals can be expected. Brief Description of the Drawings
Fig. 1 is an illustration of a part (1) to (4) of the reaction  



principle in a preferable mode of the present invention.  Fig. 2 is an
illustration of a part (5) to (7) of the reaction principle in a preferable
mode of the present invention.  Fig. 3 is an illustration of a part (8) to
(10) of the  reaction principle in a preferable mode of the present
invention. Fig. 4 is an illustration of the structure of a loop formed  by
the single-stranded nucleic acid according to the present  invention. Fig.
5 is an illustration of a part (A) to (B) in a basic  mode of the present
invention. Fig. 6 is an illustration of a part (C) to (D) in a basic  mode
of the present invention. Fig. 7 is a drawing showing the positional
relationship  of each nucleotide sequence constituting an oligonucleotide
in  the target nucleotide sequence of M13mpl8. Fig. 8 is a photograph
showing the result of agarose  electrophoresis of a product obtained by the
method of  synthesizing single-stranded nucleic acid with M13mpl8 as a
template according to the present invention. 62 Lane 1: XIV size marker
Lane 2: 1 fmol M13mp18 dsDNA  Lane 3: No target Fig. 9 is a photograph
showing the result of agarose gel  electrophoresis of a restriction
enzyme-digested product  obtained in Example 1 by the nucleic acid
synthetic reaction  



according to the present invention. Lane 1: XIV size marker Lane 2: BamHI
digest of the purified product  Lane 3: PvuII digest of the purified
product  Lane 4: HindIll digest of the purified product Fig. 10 is a
photograph showing the result of agarose gel  electrophoresis of a product
obtained by the method of  synthesizing single-stranded nucleic acid
according to the  present invention using M13mp18 as a template in the
presence  of betaine. 0, 0.5, 1 and 2 indicate the concentration (M) of
betaine added to the reaction solution. Nindicatesthenegative  control, and
-21 indicates the concentration 10-21 mol of template  DNA. Fig. 11 is a
drawing showing the positional relationship  of each nucleotide sequence
constituting an oligonucleotide in  a target nucleotide sequence derived
from HVB. Fig. 12 is a photograph showing the result of agarose gel
electrophoresis of a product obtained by the method of  synthesizing
single-stranded nucleic acid according to the 63 present invention wherein
HBV-M13mp18integrated in M13mp18 was  used as a template. Lane 1: XIV size
marker Lane 2: 1 fmol HBV-M13mp18 dsDNA  Lane 3: No target Fig. 13 is a
photograph showing the result of gel  



electrophoresis of an alkali-denatured product obtained by the  method of
synthesizing single-stranded nucleic acid according  to the present
invention. Lane 1: HindIll-digested fragment from lambda-phage  Lane 2: The
reaction product in Example 1. Lane 3: The reaction product in Example 3.
Fig. 14 is a photograph showing the result of agarose gel  electrophoresis
of a product obtained by the method of  synthesizing single-stranded
nucleic acid according to the  present invention wherein the concentration
of M13mp1B as a  target was varied. The upper and lower photographs show
the  result of the reaction for 1 and 3 hours respectively. Lane 1: M13mp18
dsDNA 1x10-15 mol/tube  Lane 2: M13mp18 dsDNA 1x10-16 mol/tube  Lane 3:
M13mp18 dsDNA 1x10-17 mol/tube  Lane 4: M13mp18 dsDNA 1x10-18 mol/tube
Lane 5: M13mp18 dsDNA 1x10-19 mol/tube  Lane 6: M13mp18 dsDNA 1x10-20
mol/tube  Lane 7: M13mp18 dsDNA 1x10-21 mol/tube 64 Lane 8: Ml3mp18 dsDNA
lXlo-22 mol/tube  Lane 9: No target Lane 10: XIV size marker Fig. 15 is a
drawing showing the position of a mutation  and the positional relationship
of each region toward a target  nucleotide sequence (target) . Underlined
guanine is replaced  



by adenine in the mutant. Fig. 16 is a photograph showing the result of
agarose gel  electrophoresis of a product according to the amplification
reaction of the present invention. M: 100 bp ladder (New England Biolabs)
N: No template (purified water) WT: 1 fmol wild-type template M13mpl8  MT:
1 fmol mutant template Ml3mp18FM Fig. 17 is a drawing showing the
positional relationship  of each nucleotide sequence constituting an
oligonucleotide in  a nucleotide sequence coding for target mRNA. Fig. 18
is a photograph showing the result of agarose  electrophoresis of a product
obtained by the method of  synthesizing single-stranded nucleic acid
according to the  present invention using mRNA as a target. Best Mode for
Carrying Out the Invention  Example 1. Amplification of a region in M13mp18
The method of synthesizing the nucleic acid having 65 complementary chains
alternately linked in a single-stranded  chain according to the present
invention was attempted using  M13mp18 as a template. Four kinds of
primers, that is, M13FA,  M13RA, M13F3, and M13R3, were used in the
experiment. M13F3  and M13R3 were outer primers for displacing the first
nucleic  acid obtained respectively with M13FA and M13RA as the. origin  of
synthesis. Because the outer primers are primers serving  



as the origin of synthesis of complementary chain after synthesis  with
M13FA (or M13RA) , these were designed to anneal to a region  contiguous to
M13FA (or M13RA) by use of the phenomenon of  contiguous stacking. Further,
the concentrations of these  primers were set high such that annealing of
M13FA (or M13RA)  occurred preferentially. The nucleotide sequence
constituting each primer is as  shown in the Sequence Listing. The
structural characteristics  of the primers are summarized below. Further,
the positional  relationship of each region toward the target nucleotide
sequence  (target) is shown in Fig. 7. Primer Region at the 5'-side/region
at the 3'-side  M13FA The same as region F1c in complementary chain
synthesized by M13FA/complementary to region F2c in M13mp18  M13RA The same
as region R1c in complementary chain  synthesized by M13RA/complementary to
region R2c in  complementary chain synthesized by M13FA M13F3 Complementary
to F3c contiguous to the 3'-side of 66 region F2c in M13mp18 M13R3
Complementary to R3c contiguous to the 31 -side of  region F2c in
complementary chain synthesized by M13FA By such primers, nucleic acid
wherein a region extending  from Flc to Rld in M13mp18, and its
complementary nucleotide  sequence, are alternately linked via a
loop-forming sequence  containing F2c in a single-stranded chain, is
synthesized. The  



composition of a reaction solution for the method of synthesizing  nucleic
acid by these primers according to the present invention  is shown below.
Composition of the reaction solution (in 25 ~tL)  20 mM Tris-HC1 pH8.8 10
mM KC1 10 mM (NH4) 2SO4 6 MM MgS04 0.1 % Triton X-100 5% dimethyl sulfoxide
-(DMSO)  0. 4 mM dNTP Primers:  800 nM M13FA/SEQ ID NO:1  800 nM M13RA/SEQ
ID NO:2  200 nM M13F3/SEQ ID NO:3  200 nM M13R3/SEQ ID NO:4 Target: M13mp18
dsDNA/SEQ ID NO:5 Reaction: The above reaction solution was heated at 95 67
C for 5 minutes, and the target was denatured into a  single-stranded
chain. The reaction solution was transferred  to ice-cold water, and 4 U of
Bst DNA polymerase (NEW ENGLAND  Biolabs) was added thereto and the mixture
was reacted at 65  C for 1 hour. After reaction, the reaction was
terminated at  80 C for 10 minutes and transferred again to ice-cold water.
Confirmation of the reaction: 1 l loading buffer was  



added to 5 l of the above reaction solution, and the sample  was
electrophoresed for 1 hour at 80 mV on 2 % agarose gel (0.5 %  TBE). As a
molecular-weight marker, XIV (100 bp ladder,  Boehringer Mannheim) was
used. The gel after electrophoresis  was stained with SYBR Green I
(Molecular Probes, Inc. ) to confirm  the nucleic acid. The results are
shown in Fig. 8. The  respective lanes correspond to the following samples.
1. XIV size marker. 2. 1 fmol M13mp18 dsDNA.  3. No target. In lane 3, no
band was confirmed except that the unreacted  primers were stained. In lane
2 in the presence of the target,  the products were confirmed as a low size
band ladder, as smeared  staining at high size and as a band hardly
electrophoresed in  the gel. Among the low-size bands, bands in the
vicinity of  290 by and 450 by agree with the products estimated in the
synthetic  reaction of this invention, that is, double-stranded chains of
SEQ ID NOS:11 and 12 (corresponding to double-stranded chains 68 formed as
shown in Figs. 2- (7) and 2- (10) ) and a single-stranded  chain of SEQ ID
NO: 13 (corresponding to the long single-stranded  chain in Fig. 3- (9) and
it was thus confirmed that the reaction  proceeds as expected. It was
estimated that the electrophoresis  results of the smeared pattern at high
size and the band not  electrophoresed were brought about because this
reaction was  basically a continuous reaction to permit varying molecular  



weights of the reaction product and further because the product  has a
complicated structure having a partially single-stranded  chain and a
double-stranded complex. Example 2. Confirmation of the reaction products
by digestion  with restriction enzymes For the purpose of clarifying the
structure of the nucleic  acid having complementary nucleotide sequences
linked  alternately in a single-stranded chain obtained in Example 1
according to the present invention, the digestion of the products  with
restriction enzymes was conducted. If fragments are  theoretically
generated by digestion thereof with restriction  enzymes and simultaneously
the smear pattern at high size and  the band not electrophoresed as
observed in Example 1 disappear,  then it can be estimated that any of
these products are the nucleic  acid having complementary sequences linked
alternately in a  single-stranded chain synthesized according to the
present  invention. The reaction solution (200 ~tl) from 8 tubes in Example
69 1 was pooled and purified by treatment with phenol and  precipitation
with ethanol. The resulting precipitates were  recovered and dissolved
again in 200 ~Ll TE buffer, and 10 41  aliquot was digested at 37 'C for 2
hours with restriction en zymes  BamHI, PvuII, and HindIII respectively.
The digest was  electrophoresed for 1 hour at 8 0 mV on 2 % agarose gel (0.
5 %TBE) .  As a molecular marker, Super Ladder-Low (100 bp ladder) (Gensura



Laboratories, Inc.) was used. The gel after electrophoresis  was stained
with SYBR Green I (Molecular Probes, Inc. ) to conf irm  the nucleic acid.
The results are shown in Fig. 9. The  respective lanes correspond to the
following samples. 1. XIV size marker 2. BamHI digest of the purified
product  3. PvuII digest of the purified product  4. HindIII digest of the
purified product It is estimated that nucleotide sequences constituting
relatively short amplification products are those of SEQ ID  NOS:13, 14, 15
and 16. From these nucleotide sequences, the  estimated size of each
fragment digested with the restriction  enzymes is as shown in Table 1. "L"
in the table indicates that  its position in electrophoresis is not
established because L  is a fragment containing a loop (single-stranded
chain).  Table 1. Restriction enzyme-digested fragments of the
amplification products according to the present invention SEQ ID NO BamHI
PVUII HindIII 70 13177 +L56 +L147 +L 1415+101 +L142 +L 15171+101 +L56
+L147+161 +L 1611+101+230+L237 +L142+170 +L Summary 101,177,230 56,237 



142,147,161,170 (11,15; not confirmed) Because almost all bands before
digestion were changed  into estimated bands, it was confirmed that the
object reaction  products were amplified. Further, it was also shown that
there  were no or less unspecific products. Example 3. Promotion of
amplification reaction by addition of  betaine An experiment for examining
the effect of betaine  (N,N,N-trimethylglycine, Sigma) added to the
amplification  reaction solution on the amplification reaction of nucleic
acid  was conducted. Synthesis of the nucleic acid having  complementary
chains alternately linked in a single-stranded  chain according to the
present invention was conducted using  M13mp18 as a template similarly in
Example 1 in the presence  of betaine at various concentrations. The
primers used in the  experiment were identical to those used in Example 1.
The amount  of the template DNA was 10-21 mol (M13mp18) and water was used
as the negative control. Betaine was added at concentrations  of 0, 0.5, 1
and 2 M to the reaction solution. The composition  of the reaction solution
is shown below. Composition of the reaction solution (in 25 )iL)  20 mM
Tris-HC1 pH8.8 71 4 MM MgSO4  0.4 mM dNTPs  



10 mM KC1 10 MM (NH4) 2SO4 0.1% Triton X-100 Primers:  800 nM M13FA/SEQ ID
NO:1  800 nM M13RA/SEQ ID NO:2  200 nM M13F3/SEQ ID NO:3  200 nM M13R3/SEQ
ID NO:4 Target: M13mp18 dsDNA/SEQ ID NO:5 The polymerise, reaction
conditions, and conditions for  electrophoresis after the reaction were
identical to those  described in Example 1. The results are shown in Fig.
10. In the reaction in the  presence of betaine at a concentration of 0.5
or 1. 0 M, the amount  of the amplification product was increased. Further,
if its  concentration was increased to 2.0 M, no amplification was
observed. It was thus shown that the amplification reaction  was promoted
in the presence of betaine at a suitable  concentration. The estimated
reason that the amount of the  amplification product was decreased when the
concentration of  betaine was 2 M was that Tm was lowered too much. Example
4. Amplification of HBV gene sequence The method of synthesizing nucleic
acid according to the 72 present invention was attempted wherein M13mp18
dsDNA having  a partial sequence of HBV gene integrated therein was used as



a template. Four kinds of primers, HB65FA (SEQ ID NO: 6) , HB65RA  (SEQ ID
NO: 7) , HBF3 (SEQ ID NO: 8) and HBR3 (SEQ ID NO: 9) , were  used in the
experiment. HBF3 and HBR3 were outer primers for  displacement of the first
nucleic acid obtained respectively  with HB65FA and HB65RA as the origin of
synthesis. Because the  outer primers are primers serving as the origin of
synthesis  of complementary chain after synthesis with HB65FA (or HB65RA),
these were designed to anneal to a region contiguous to HB65FA  (or HB65RA)
by use of the phenomenon of contiguous stacking.  Further, the
concentrations of these primers were set high such  that annealing of
HB65FA (or HB65RA) occurred preferentially.  The target sequence (430 bp)
in this example, derived from HBV  integrated in M13mp18, is shown in SEQ
ID NO:10. The nucleotide sequence constituting each primer is shown  in the
Sequence Listing. The structural feature of each primer  is summarized
below. Further, the positional relationship of  each region toward the
target nucleotide sequence (target) is  shown in Fig. 11. Primer Region at
the 5' -side/region at the 3' -side  HB65FA The same as region Fic in
complementary chain  synthesized by HB65FA/complementary to region F2cin
HBV-M13mplB  HB65RA The same. as region Ric in complementary chain
synthesized by HB65RA/complementary to region R2c in 73 complementary chain
synthesized by HB65FA HBF3 Complementary to F3c contiguous to the 31 -side
of  



region F2c in HBV-Ml3mplB HBR3 Complementary to R3c contiguous to the 31
-side of  region F2c in complementary chain synthesized by HB65FA By such
primers, nucleic acid wherein a region extending  fromFlctoRlcinMl3mpl8
(HBV-Ml3mplB) having a partial sequence  of HBV gene integrated therein,
and its complementary nucleotide  sequence, are alternately linked via a
loop-forming sequence  containing F2c in a single-stranded chain, is
synthesized. The  reaction was conducted under the same conditions as in
Example  1 except that the primers described above were used, and the
reaction solution was analyzed by agarose electrophoresis. The  results are
shown in Fig. 12. The respective lanes correspond  to the following
samples. 1. XIV size marker 2. 1 fmol HBV-Ml3mpl8 dsDNA.  3. No target
Similar to Example 1, the products were confirmed only  in the presence of
the target as a low size band ladder, as smeared  staining at high size and
as a band hardly electrophoresed in  the gel (lane 2) . Among the low-size
bands, bands in the vicinity  of 310 bp and 480 bp agree with the products
estimated in the  synthetic reaction of this invention, that is,
double-stranded  chains of SEQ ID NOS: 17 and 18, and it was thus confirmed
that 74 the reaction proceeds as expected. As described in the results  in
Example 1, it was estimated that the smeared pattern at high  



size and the band not electrophoresed were caused by the structure  of the
synthetic product characteristic of the present invention.  From this
experiment, it was confirmed that the present invention  can be practiced
even if a different sequence (target) is used  for amplification. Example
5. Confirmation of the sizes of the synthetic reaction  products To confirm
the structure of the nucleic acid synthesized  according to the present
invention, its length was analyzed by  electrophoresis under
alkali-denaturing conditions. 1 ~Ll  alkaline loading buf f er was added to
5 ~Ll of each reaction solution  in the presence of the target in Example 1
or 4 and electrophoresed  at 50 mA in 0.7 % agarose gel (50 mM NaOH, 1 mM
EDTA) for 14  hours. As the molecular-weight size marker, HindI I I
-digested  lambda-phage fragments were used. The gel after  electrophoresis
was neutralized with 1 M Tris, pH 8 and stained  with SYBR Green I
(Molecular Probes, Inc. ) to conf irm the nucleic  acid. The results are
shown in Fig. 13. The respective lanes  correspond to the following
samples. 1. HindIII-digested fragments from lambda-phage.  2. The reaction
product in Example 1. 3. The reaction product in Example 4. When the
reaction product was electrophoresed under 75 alkali-denaturing conditions,
its size in a single-stranded state could be confirmed. It was confirmed
that the sizes of  



the major products in both Example 1 (lane 2) and Example 4 (lane  3) were
within 2 kbase. Further, it was revealed that the product  according to the
present invention had been extended to have  a size of at least 6 kbase or
more within the range capable of  confirmation by this analysis. In
addition, it was confirmed  again that bands not electrophoresed under
non-denaturing  conditions in Examples 1 and 4 were separated in a
denatured  state into individual single-stranded chains of smaller size.
Example 6. Confirmation of amplification depending on the  concentration of
a target in the amplification of a region in  M-13mp13 The influence of a
varying concentration of a target on  the method of synthesizing nucleic
acid according to the present  invention was observed. The method of
synthesizing nucleic acid  according to the present invention was carried
out under the  same conditions as in Example 1 except that the amount of
M13mpl8  dsDNA as the target was 0 to 1 fmol and the reaction time was  1
hour or 3 hours. Similar to Example 1, the sample was  electrophoresed in 2
% agarose gel (0. 5 % TBE) and stained with  SYBR Green I (Molecular
Probes, Inc.) to confirm the nucleic  acid. As a molecular size marker, XIV
(100 bp ladder, Boehringer  Mannheim) was used. The results are shown in
Fig. 14 (upper:  1-hour reaction, below: 3-hour reaction) . The respective
lanes 76 correspond to the following samples:  1. M13mp18 dsDNA 1x10-15
mol/tube. 



2. M13mp18 dsDNA 1x10-16 mol/tube.  3. M13mp18 dsDNA 1x10-17 mol/tube.  4.
M13mp18 dsDNA 1x10-18 mol/tube.  5. M13mp18 dsDNA 1x10-19 mol/tube.  6.
M13mp18 dsDNA 1x10-20 mol/tube.  7. M13mp18 dsDNA 1x10-21 mol/tube.  8.
M13mp18 dsDNA 1x10-22 mol/tube.  9. No target. 10. XIV size marker. A
common band among the respective lanes appears in a lower  part in the
electrophoretic profile and shows the unreacted  stained primers.
Regardless of the reaction time, no  amplification product is observed in
the absence of the target.  A staining pattern, depending on the
concentration of the target,  of the amplification product was obtained
only in the presence  of the target. Further, the amplification product
could be  confirmed at lower concentration as the reaction time was
increased. Example 7. Detection of a point mutation  (1) Preparation of
M13mp18FM (mutant) The target DNA used was M13mp18 (wild-type) and
M13mp18FM  (mutant) . For the construction of the mutant M13mpl8FM, LA
PCRTM in vitro Mutagenesis Kit (Takara Shuzo Co., Ltd.) was used to 77
replace one nucleotide for mutation. Thereafter, the sequence  was
confirmed by sequencing. The sequence of the Fl region is  



shown below: Wild-type: CCGGGGATCCTCTAGAGTCG (SEQ ID NO:19)  Mutant:
CCGGGGATCCTCTAGAGTCA (SEQ ID NO:20)  (2) Design of primers The FA primers
used for the wild-type and the mutant were  provided at the 5'-terminal of
the F1c region thereof with  different nucleotide sequences, respectively.
The location of  the mutation and the positional relationship of each
region  toward the target nucleotide sequence (target) are shown in Fig.
15. (3) Amplification reaction An experiment was conducted to examine
whether  template-specific amplification reaction occurs using a
combination of specific primers shown below by use of M13mplB  (wild-type)
and M13mp18FM (mutant) as primers. Primer set for wild-type amplification:
FAd4, RAd4, F3, R3  Primer set for mutant amplification: FAMd4, RAd4, F3,
R3  The nucleotide sequence of each primer is as follows: FAd4 :
CGACTCTAGAGGATCCCCGGTTTTTGTTGTGTGGAATTGTGAGCGGAT (SEQ  ID NO:21) FAMd4:
TGACTCTAGAGGATCCCCGGTTTTTGTTGTGTGGAATTGTGAGCGGAT(SEQ  ID NO:22) RAd4 :
CGTCGTGACTGGGAAAACCCTTTTTGTGCGGGCCTCTTCGCTATTAC (SEQ 78 ID NO: 23)  



F3: ACTTTATGCTTCCGGCTCGTA (SEQ ID NO:24)  R3: GTTGGGAAGGGCGATCG (SEQ ID
NO:25) (4) Detection of the point mutation in M13mpl8 The composition of
the reaction solution is as follows: D2W3.75 gLFinal concentration 1OX
Thermo pol buffer(NEB)2.5 gL20 mM Tris-HC1 pH 8.8 10 mM KC1 10 mm (NH4)2SO4
6 MM MgS04 0.1 % TritonX-100 2.5 mM dNTP4 ~M400 JiM 100 MM MgSO40.5 ~tL 4 M
Betaine6.25 ~LL1 M M13FAd4 primer (10 pmol/gL) or 2 ~LL800 nM M13FAMd4
primer (10 pmol/gL) M13RAd4 primer (10 pmol/gL)2 jiL800 nM M13F3 primer (10
pmol/gL)0.5 gL200 nM M13R3 primer (10 pmol/gL)0.5 gL200 nM Total amount .22
gL 1 fmol (2 ~Ll) of the target M13mpl8 or M13mpl8FM was added  to the
reaction solution and heated at 95 *C for 5 minutes whereby  the target was
denatured into a single-stranded chain. The  reaction solution was
transferred to ice-cold water, and 1 gl 79 



(8 U) of Bst DNA polymerase (NEW ENGLAND Biolab) was added thereto  and
reacted for 1 hour at 68 C or 68.5 C. After reaction, the  reaction was
terminated at 80 C for 10 minutes, and the reaction  solution was
transferred again to ice-cold water. As shown in Fig. 16, when FAd4 for
wild type was used as  the FA primer, effective amplification was observed
only in the  presence of the wild-type template. On the other hand, when
FAMd4 for mutant was used as the FA primer, effective  amplification was
observed only in the presence of the wild-type  [sic.) template. From the
results described above, it was shown that the  point mutation could be
detected efficiently by use of the  amplification reaction of the present
invention. Example 8. Amplification reaction of mRNA as a target The method
of synthesizing nucleic acid according to the  present invention was
attempted using mRNA as the target nucleic  acid. To prepare the target
mRNA, prostate cancer cell line  LNCaP cells (ATCC No. CRL-1740) expressing
prostate specific  antigen (PSA) were mixed with chronic myeloid leukemia
cell line  K562 cells (ATCC No. CCL-243) as non-expressing cells at 1 :
106 to 100 : 106, followed by extraction of the total RNA by  use of an
RNeasy Mini kit from Qiagen (Germany). Four kinds  of primers, that is,
PSAFA, PSARA, PSAF3 and PSAR3, were used  in the experiment. PSAF3 and
PSAR3 are outer primers for  displacing the first nucleic acid obtained
respectively with 80 



PSAFA and PSARA as the origin of synthesis. Further, the  concentrations of
these primers were set high such that annealing  of PSAFA (or PSARA)
occurred preferentially. The nucleotide  sequences constituting the
respective primers are as follows.  Primer: PSAFA:
TGTTCCTGATGCAGTGGGCAGCTTTAGTCTGCGGCGGTGTTCTG (SEQ ID  NO: 26) PSARA:
TGCTGGGTCGGCACAGCCTGAAGCTGACCTGAAATACCTGGCCTG (SEQ ID  NO: 27) PSAF3:
TGCTTGTGGCCTCTCGTG (SEQ ID NO: 28)  PSAR3: GGGTGTGGGAAGCTGTG (SEQ ID NO:
29) The structural features of the primers are summarized below.  Further,
the positional relationship of each primer toward the  DNA nucleotide
sequence coding for the target mRNA and  recognition sites of restriction
enzyme Sau3AI are shown in Fig.  17. Primer Region at the 51 -side/region
at the 31 -side  PSAFA The same as region Flc in complementary chain
synthesized by PSAFA/complementary to region F2c in the target  nucleotide
sequence PSARA The same as region R1c in complementary chain  synthesized
by PSARA/complementary to region R2c in  complementary chain synthesized by
PSAFA PSAF3 Complementary to F3c contiguous to the 31 -side of  region F2c
in the target nucleotide sequence 81 



PSAR3 Complementary to R3c contiguous to the 31 -side of  region R2c in
complementary chain synthesized by PSAFA The composition of a reaction
solution for the method of  synthesizing nucleic acid according to the
present invention  is as follows: Composition of the reaction solution (in
25 ~tL)  20 mM Tris-HC1 pH 8.8 4 MM MgS04 0.4 mM dNTPs  10 mM KC1 10 mm
(NH4) 2SO4 0.1 % Triton X-100  0.8 M betaine 5 mM DTT 1600 nM PSAFA & PSARA
primer  200 nM PSAF3 & PSAR3 primer  8 U Bst DNA polymerase 100 U Rever Tra
Ace (Toyobo Co., Ltd., Japan)  5 4g total RNA .All ingredients were mixed
on ice. In this experiment,  mRNA (s ingle- stranded chain) is used as a
target . , and thus the  step of making single-stranded chain by heat
denaturation is  not necessary. The reaction was conducted at 65'C for 45
minutes,  and the reaction was terminated at 85 'C for 5 minutes. After
reaction, 5 ~Ll of the reaction solution was electrophoresed in 82 



2 % agarose and detected by SYBR Green I. The results are shown in Table
18. The respective lanes  correspond to the following samples. Lane  1 2 3
Bst RTNumber of LNCaP cells/106 K562 cells - +0 - +10 +0 + -10 + +0 + +1 +
+10 8 Sau3AI digest of 1 L aliquot of the reaction solution in  lane 6 9
Sau3AI digest of 1 L aliquot of the reaction solution in  lane 7 10 Size
maker, 100 bp ladder (New England Biolabs) In the absence of either Bst DNA
polymerase or Rever Tra  Ace, no amplification product could be obtained
(lanes 1 to 4)  In the presence of both the enzymes, an amplification
product  was detected (lanes 5 to 7) if RNA derived from LNCaP was present.
RNA extracted from one LNCaP cell/one million K562 cells could  be detected
(lane 6). When the amplification product was  



digested at the restriction enzyme site Sau3AI located in the  inside of
the target, the product was digested into a fragment  of estimated size
(lanes 8 and 9). 83 From the results described above, it was confirmed that
the desired reaction product can be obtained in the method of  synthesizing
nucleic acid according to the present invention  even if RNA is used as a
target. Industrial Applicability According to the novel oligonucleotide
according to the  present invention and the method of synthesizing nucleic
acid  by using said oligonucleotide, there is provided a method of
synthesizing nucleic acid having complementary nucleotide  sequences linked
alternately in a single-stranded chain, without  requiring any complicated
control of temperature. A  complementary chain synthesized with the
oligonucleotide as a  primer based on the present invention serves as the
origin of  synthesizing a new complementary chain with the 3' -terminal of
said synthesized chain as a template. This is accompanied by  formation of
a loop causing annealing of a new primer, and a  product of the reaction of
synthesizing complementary chain with  the previously synthesized chain as
a template is displaced again  by synthesis of complementary chain from the
loop and made ready  for base pairing. The thus obtained nucleic acid
synthesized  with itself as a template is combined with e.g. a known
nucleic  acid synthesizing method such as SDA, to contribute the  



improvement of efficiency of nucleic acid synthesis. According to an
additional preferred mode of the present 84 invention, there is provided a
novel method of synthesizing  nucleic acid, which achieves the improvement
of efficiency of  the known method of synthesizing nucleic acid, does not
require  complicated control of temperature, can be expected to attain
high efficiency of amplification and can achieve high specificity.  That
is, the oligonucleotide based on the present invention is  applied to a
template chain and its complementary chain whereby  nucleic acid having
complementary sequences linked alternately  in a single-stranded chain can
be successively synthesized.  This reaction continues theoretically until
the starting  materials necessary for synthesis are exhausted, during which
new nucleic acid initiated to be synthesized from the loop  continues to be
formed. The elongation from the oligonucleotide  having annealed to the
loop performs strand displacement for  supplying 3'-OH for elongation of
long single-stranded nucleic  acid (that is, nucleic acid having plural
pairs of complementary  chains linked therein). On the other hand, the
3'-OH of the  long single-stranded chain performs the reaction of
synthesizing  complementary chain with itself as a template whereby its
elongation is achieved, during which a new complementary chain  whose
synthesis is initiated from the loop is displaced. Such  an amplification
reaction step proceeds under isothermal  conditions while maintaining high
specificity. 



The oligonucleotides in the present invention can, when  two contiguous
regions are arranged as designed, function as 85 primers for the reaction
of synthesizing nucleic acid according  to the present invention. This
contributes significantly to  the preservation of specificity. By
comparison with e.g. PCR  where unspecific amplification reaction is
initiated by  unspecific missannealing regardless of the intended
positional  relationship of 2 primers, it can be easily explained that high
specificity can be expected in the present invention. This  feature can be
utilized to detect SNPs highly sensitively and  accurately. The
characterizing feature of the present invention lies  in that such reaction
can be easily achieved by a very simple  constitution of reagents. For
example, the oligonucleotide  according to the present invention has a
special structure, but  this is a matter of selection of nucleotide
sequence, and it  is a simple oligonucleotide as substance. Further, in a
pref erred mode, the reaction can proceed by only a DNA polymerase
catalyzing the strand displacement-type reaction of  synthesizing
complementary chain. Further, if the present  invention is carried out with
RNA as a template, a DNA polymerase  such as Bca DNA polymerase having both
reverse transcriptase  activity and strand displacement-type DNA polymerase
activity  is used so that all enzyme reactions can be conducted by the
single enzyme. The reaction principle of realizing a high degree  



of nucleic acid amplification reaction by such simple enzyme  reaction is
not known. Even for the application of the present 86 invention to a known
nucleic acid synthesizing reaction such  as SDA, no additional enzyme is
necessary for their combination,  and such a simple combination with the
oligonucleotide based  on the present invention can be applied to various
reaction  systems. Accordingly, it can be said that the method of
synthesizing nucleic acid according to the present invention  is also
advantageous in respect of cost. As described above, the method of
synthesizing nucleic  acid according to the present invention and the
oligonucleotide  therefor provide a new principle of simultaneously solving
a  plurality of difficult problems such as operativeness  (temperature
control is not necessary), improvement of  efficiency of synthesis,
economization, and high specificity. 87 CLAIMS  1. A method of synthesizing
nucleic acid having complementary  nucleotide sequences linked alternately
in a single-stranded  chain, comprising: a) the step of giving nucleic acid
which is provided at the  31-terminal thereof with a region Fl capable of
annealing to  a part Flc in the same chain and which upon annealing of the
region Fl to Flc, is capable of forming a loop containing a region  F2c
capable of base pairing, 



b) the step of performing synthesis of a complementary chain  wherein the
3' -terminal of Fl having annealed to Flc serves as  the origin of
synthesis, c) the step of annealing, to a region F2c, of an oligonucleotide
provided with the 31 -terminal thereof with F2 consisting of a  sequence
complementary to the region F2c, followed by synthesis,  with said
oligonucleotide as the origin of synthesis, of a  complementary chain by a
polymerase catalyzing the strand  displacement reaction of synthesizing a
complementary chain to  displace the complementary chain synthesized in
step b), and  d) the step of annealing, to the complementary chain
displaced  in step c) to be ready for base pairing, of a polynucleotide
provided at the 31 -terminal thereof with a sequence complementary  to an
arbitrary region in said chain synthesized in step c),  followed by
synthesis, with said 31 -terminal as the origin of  synthesis, of a
complementary chain by a polymerase catalyzing 88 the strand displacement
reaction of synthesizing a complementary  chain to displace the
complementary chain synthesized in step  C) 2. The method according to
claim 1, wherein in step d) the origin  of synthesis is a region R1 present
at the 31 -terminal in the  same chain and capable of annealing to a region
R1c, and a loop  containing the region R2c capable of base pairing is
formed by  annealing Rl to R1c. 3. An oligonucleotide composed of at least
two regions X2 and  



X1c below, and X1c is linked to the 51-side of X2, X2: a region having a
nucleotide sequence complementary to an  arbitrary region X2c in nucleic
acid having a specific nucleotide  sequence, and X1c: a region having
substantially the same nucleotide sequence  as in a region X1c located at
the 5' -side of the region X2c in  nucleic acid having a specific
nucleotide sequence. 4. The method according to claim 1, wherein the
nucleic acid  in step a) is second nucleic acid provided by the following
steps:  i) the step of annealing, to a region F2c in nucleic acid serving
as a template, of a region F2 in the oligonucleotide described  in claim 3
wherein the region X2 is a region F2 and the region  Xlc is a region F1c,
ii) the step of synthesizing first nucleic acid having a  nucleotide
sequence complementary to the template wherein F2  in the oligonucleotide
serves as the origin of synthesis, 89 iii) the step of rendering an
arbitrary region in the f irst nucleic  acid synthesized in step ii) ready
for base pairing, and  iv) the step of annealing an oligonucleotide having
a nucleotide  sequence complementary to the region made ready for base
pairing  in the f irst nucleic acid in step iii) , followed by synthesizing
second nucleic acid with said oligonucleotide as the origin of  synthesis
and rendering Fl at the 31 -terminal thereof ready for  base pairing. 5.
The method according to claim 4, wherein the region enabling  



base pairing in step iii) is R2c, and the oligonucleotide in  step iv) is
the oligonucleotide described in claim 3 wherein  the region X2c is a
region R2c and the region Xlc is a region  R1c. 6. The method according to
claim 4 or 5, wherein the step of  rendering base pairing ready in steps
iii) and iv) is conducted  by the strand displacement synthesis of
complementary chain by  a polymerase catalyzing the strand displacement
reaction of  synthesizing complementary chain wherein an outer primer
annealing to the 3'-side of F2c in the template and an outer  primer
annealing to the 3' -side of the region used as the origin  of synthesis in
step iv) for the first nucleic acid serve as  the origin of synthesis. 7.
The method according to claim 6, wherein the melting  temperature of each
oligonucleotide and its complementary region  in the template used in the
reaction is in the following 90 relationship under the same stringency:
(outer primer/region at the 31 -side in the template) :5 (F2c/F2  and
R2c/R2) :~ (Flc/Fl and Rlc/Rl). 8. The method according to any one of
claims 4 to 7, wherein  the nucleic acid serving as the template is RNA,
and the synthesis  of complementary chain in step ii) is conducted by an
enzyme  having a reverse transcriptase activity. 9. A method of amplifying
nucleic acid having complementary  nucleotide sequences linked alternately
in a single-stranded  



chain by repeatedly conducting the following steps: A) the step of
providing a template which is provided at the  3'- and 51-terminals thereof
with a region consisting of a  nucleotide sequence complementary to each
terminal region in  the same chain and which upon annealing of these
mutually  complementary nucleotide sequences, f orms a loop capable of base
pairing therebetween, B) the step of performing the synthesis of
complementary chain  wherein the 31-terminal of said template annealed to
the same  chain serves as the origin of synthesis, C) the step of
annealing, to the loop portion, of an  oligonucleotide provided at the
31-terminal thereof with a  complementary nucleotide sequence to a loop
which among said  loops, is located at the 31 -terminal site, f ollowed by
synthesis,  with the oligonucleotide as the origin of synthesis, of a
complementary chain by a polymerase catalyzing the strand 91 displacement
reaction of synthesizing a complementary chain to  displace the
complementary chain synthesized in step B) to make  the 31-terminal thereof
ready for base pairing, and D) the step wherein the chain with the 31
-terminal made ready  for base pairing in step C) serves as a new template.
10. The method according to claim 9, wherein the oligonucleotide  in step
C) is provided at the 51 -terminal thereof with a nucleotide  sequence
complementary to the 3' -terminal serving as the origin  of synthesis in
step B). 



11. The method according to claim 10, further comprising the  step where a
complementary chain synthesized with the  oligonucleotide in step C) as the
origin of synthesis is used  as a template in step A). 12. The method
according to claim 9, wherein the template in  step A) is synthesized by
the method described in claim 5.  13. The method according to claim 1 or 9,
wherein the strand  displacement reaction of synthesizing complementary
chain is  carried out in the presence of a melting temperature regulator.
14. The method according to claim 13, wherein the melting  temperature
regulator is betaine. 15. The method according to claim 14, wherein 0. 2 to
3. 0 M betaine  is allowed to be present in the reaction solution. 16.
Amethod of detecting a target nucleotide sequence in a sample,  which
comprises performing an amplification method described  in anyone of claims
9 to 15 and observing whether an amplification 92 reaction product is
generated or not. 17. The method according to claim 16, wherein a probe
containing  a nucleotide sequence complementary to the loop is added to the
amplification reaction product and hybridization therebetween  is observed.
18. The method according to claim 17, wherein the probe is labeled  on
particles and aggregation reaction occurring upon  hybridization is
observed. 19. The method according to claim 16, wherein an amplification  



method described in any one of claims 9 to 15 is conducted in  the presence
of a detector for nucleic acid, and whether an  amplification reaction
product is generated or not is observed  on the basis of a change in the
signal of the detector. 20. A method of detecting a mutation in a target
nucleotide  sequence by the detection method described in claim 16, wherein
a mutation in a nucleotide sequence as the subject of  amplification
prevents synthesis of any one of complementary  chains constituting the
amplification method. 21. A kit for synthesis of nucleic acid having
complementary  chains alternately linked in a single-stranded chaint
comprising  the following elements: i) the oligonucleotide described in
claim 3 wherein the region  F2c in nucleic acid as a template is X2c, and
Flc located at  the 51-side of F2c is Xlc; ii) an oligonucleotide
containing a nucleotide sequence 93 complementary to an arbitrary region in
a complementary chain  synthesized with the oligonucleotide in (i) as a
primer;  iii) an oligonucleotide having -a nucleotide sequence
complementary to a region F3c located at the 31 -side of the region  F2c in
the nucleic acid serving as a template; iv) a DNA polymerase catalyzing the
strand displacement-type  reaction of synthesizing complementary chain; and
v) a nucleotide serving as a substrate for the element iv).  22. The kit
according to claim 21, wherein the oligonucleotide  



in ii) is the oligonucleotide described in claim 3 wherein an  arbitrary
region R2c in a complementary chain synthesized with  the oligonucleotide
in i) as the origin of synthesis is X2c,  and Rlc located at the 51 of R2c
is Xlc. 23. The kit according to claim 22, further comprising: vi) an
oligonucleotide having a nucleotide sequence  complementary to a region R3c
located at the 3'-side of the  arbitrary R2c in a complementary chain
synthesized with the  oligonucleotide in i) as the origin of synthesis. 24.
A kit for detection of a target nucleotide sequence,  comprising a detector
for detection of a product of nucleic acid  synthetic reaction additionally
in a kit described in any one  of claims 21 to 23. 94 


