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[0001]

The present invention relates to a method for the sequence-specific purification of nucleic acids.
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[0002] Purification and recovery of a nucleic acid having a particular base sequence is one of the basic techniques
that are important in the field of genetic engineering. In the purification and recovery of a nucleic acid having a particular
base sequence, the formation of a hybrid (hybridization) with a nucleic acid probe having a base sequence that is
complementary to the particular sequence, has been long used as a fundamental principle which allows specific recognition of a particular base sequence (see, for example, Non-Patent Document 1).
[0003] However, under the actual conditions for the hybrid formation, it is difficult to induce the association with the
nucleic acid probe molecule only by means of the nucleic acid of the target base sequence that hybridizes as a complete
complementary chain. That is, it is known that even a nucleic acid having a non-target base sequence that is incomplete
as a complementary chain, undergoes incomplete hybridization including certain mismatches, and association with the
nucleic acid probe molecule occurs. Such an unintended association with the nucleic acid probe (error) will appear as
a noise (impurity) in the subsequent recovery stage. In order to increase the specificity of detection so as to prevent the
appearance of this noise, it is necessary to eliminate incomplete hybridization.
[0004] On the other hand, in order to reduce the noise (impurity), the treatment may be carried out under the conditions
which do not allow incomplete hybridization as far as possible; however, under such conditions, the intended hybridization
is also unstabilized. As a result, the recovery rate of a target nucleic acid is decreased.
[0005] However, the discrimination by hybridization makes use of the difference in the thermal stability in an equilibrium
system, and the difference between the complete hybridization and the incomplete hybridization is merely a difference
in the thermal stability. Therefore, the conditions appropriate for discriminating the two vary with the target base sequence,
and even under appropriate conditions, the conditions that alter the thermal stability act equally on both. Even under the
experimental conditions in which strict temperature management has been conducted, this fact does not change. That
is, as long as only the difference in the thermal stability of hybridization in an equilibrium system is used as the principle
of discrimination of the two, even if an experiment is performed under the experimental conditions with the conditions
of temperature management or the like strictly set, a certain noise (impurities) had to be put up with by making compromise
in the balance between the degree of purification and the recovery rate.
[0006] Moreover, in recent years, there is a demand for a technology intended to achieve the purification and recovery
of a nucleic acid having a single-base-substituted base sequence, for the purpose of new drug development or genetic
diagnosis. Particularly, a technology for typing single nucleotide polymorphism of DNA is under high expectation in the
field of medical diagnosis. Therefore, there is a special demand for a technology for purification and recovery, which
achieves a good balance between high sequence specificity to the extent capable of discriminating single base substitution, and a practically useful recovery rate.
[0007] In recent years, there is also a demand for a technology intended to achieve the purification and recovery of
an RNA that is not translated, which is generally referred to as non-coding RNA (ncRNA). This ncRNA includes one
group called microRNA (miRNA) because of the small size of the molecules, and furthermore, a significant portion of
the molecules which have been traditionally regarded as mRNA simply because the molecules have polyA and is
frequently subjected to splicing, is said to belong to a group called mRNA-like ncRNA. However, since these RNAs exist
in many species, with small numbers of molecules, and also since the RNAs are susceptible to degradation and shortlived, purification and recovery thereof must be carried out in a very short time. For this reason, a technology for sequencespecific purification and recovery of RNA, which can be carried out in a very short time, is especially in demand.
[0008] Non-Patent Literature 1: Lambert, K.N., Williamson, V.M. Nucleic Acids Res., 1993, 21, pp. 775-776.
[0009] The following documents relate to photo-reactive cross-linking of nucleic acids:
WO 2009/066447 A1 (JAPAN ADV INST SCIENCE & TECH [JP]; SC WORLD INC [JP]; FUJIMOTO KENZO) 28
May 2009 (2009-05-28); & EP 2 216 338 A1 (JAPAN ADV INST SCIENCE & TECH [JP]) 11 August 2010
YOSHIMURA, Y. ET AL.: "Ultrafast Reversible Photo-Cross-Linking Reaction: Toward in Situ DNA Manipulation",
ORG. LETT., vol. 10, no. 15, 2008, pages 3227-3230, XP008134569
FUJIMOTO, K. ET AL.: "A Light-Controlled Reversible DNA Photoligation via Carbazole-Tethered 5-Carboxyvinyluracil", ORG. LETT., vol. 10, no. 3, 2008, pages 397-400, XP008144747, published January 9, 2008
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PROBLEMS TO BE SOLVED BY THE INVENTION
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[0010] Therefore, it is an object of the present invention to provide a method for the purification and recovery of a
nucleic acid having a particular base sequence, which can be carried out in a very short time and achieves a good
balance between high sequence-specificity and high recovery rate.
MEANS FOR SOLVING THE PROBLEMS
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[0011] For the object described above, the inventors of the present invention conceived an idea of using the photoligating technology, which has long been a subject of thorough research and development. The inventors then found
that the novel artificial base (artificial nucleobase) developed by the present inventors is capable of photo-ligation and
photo-cleavage, and these processes can be achieved through light irradiation for a very short time. Thus, the inventors
found that when hybridization, photo-ligation and photo-cleavage of a nucleic acid are carried out in combination using
this artificial base (artificial nucleobase), the object described above can be achieved.
[0012] That is, a sample nucleic acid and a probe which are covalently linked through photo-ligation using a novel
artificial base by specifically performing photo-ligation only when complete hybridization has been achieved, now without
depending on the maintenance of the hybridization, are sufficiently washed under the conditions which lead to the
dissociation of a complementary double-strand, and then the covalently linked sample nucleic acid and the probe was
subjected to photo-cleavage. Thus, a good balance between high sequence-specificity and high recovery rate was
achieved, and thereby the purification and recovery of a nucleic acid having a particular base sequence could be carried
out. This purification and recovery can be carried out in a very short time by photo-ligating and photo-cleaving the novel
artificial base.
[0013] Thus, the present invention includes the following items [1] to [7].
[1] A method of purifying a target nucleic acid having a particular base sequence that is contained in a nucleic acid
mixture, the method comprising:
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hybridizing a photo-ligating nucleic acid including a nucleoside represented by the following formula (II) or (III):
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(wherein in the formula (II) and (III), Ra represents a cyano group, an amide group, a carboxyl group, a C2-C7
alkoxycarbonyl group or hydrogen; and
R1 and R2 each independently represent a cyano group, an amide group, a carboxyl group, a C2-C7 alkoxycarbonyl group or hydrogen),
with the target nucleic acid having a particular base sequence that is contained in a nucleic acid mixture;
irradiating the hybrid of the photo-ligating nucleic acid and target nucleic acid with light to induce photo-ligation
of the hybrid;
removing any un-photo-ligated nucleic acid by washing; and
irradiating the hybrid of the photo-ligating nucleic acid and the target nucleic acid with light to induce photocleavage of the hybrid.
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[2] The method according to item 1, wherein the step of removing any un-photo-ligated nucleic acid by washing is
carried out by washing under the washing conditions in which a complementary double strand is dissociated.
[3] The method according to any one of items 1 and 2, wherein the photo-ligating nucleic acid has a labeling site.
[4] The method according to any one of items 1 and 2, wherein the photo-ligating nucleic acid is immobilized onto
a support.
[5] The method according to any one of items 1 to 4, wherein the light irradiation of the step of inducing photo-ligation
is carried out by irradiation with light having a wavelength in the range of 350 to 380 nm.
[6] The method according to any one of items 1 to 5, wherein the light irradiation of the step of inducing photocleavage is carried out by irradiation with light having a wavelength in the range of 310 to 345 nm.
[7] The method according to any one of items 1 to 6, wherein the step of inducing photo-ligation is carried out in a
reaction solution containing a salt having a buffering action.
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EFFECTS OF THE INVENTION
[0014]

According to the present invention, purification and recovery of a nucleic acid having a particular base sequence
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can be carried out while achieving a good balance between high sequence-specificity and high recovery rate. Therefore,
the purification and recovery of a nucleic acid having a single-base-substituted base sequence, which is attracting
attention for the purpose of new drug development or genetic diagnosis, can also be achieved.
[0015] Furthermore, the purification and recovery according to the present invention can be carried out in a very short
time, by photo-ligating (photo-linking) and then photo-cleaving an artificial base. Therefore, even an RNA which is
susceptible to degradation and is short-lived, can also be subjected to purification and recovery.
[0016] As such, since the purification and recovery according to the present invention can achieve a good balance
between high sequence-specificity and high recovery rate and can be carried out in a short time, a way to the isolation
and purification has been pioneered even for a non-coding RNA (ncRNA), which particularly exists in many species,
with small numbers of molecules, and which is susceptible to degradation and is short-lived. Particularly, the purification
and recovery according to the present invention can be widely applied even to an RNA that does not have the so-called
polyA, and therefore, the present invention is innovative.
BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 is a diagram showing the structural formula of 3-cyanovinylcarbazole-1’-β-deoxyriboside (CNVK), which is a
photoresponsive nucleic acid;
FIG. 2 is a diagram showing the results of an analysis by HPLC of a photo-cleavage product of ODN(ACNVK-GT);
FIG. 3 is a diagram showing the results of an analysis by HPLC of a photo-cleavage product of ODN(GCNVK-GC);
FIG. 4 is a diagram showing the changes over time in the photo-cleavage of a photo-crosslinked product;
FIG. 5 is a diagram showing the results of an analysis by HPLC of a photo-cleavage product of ODN(ACNVK-GT);
FIG. 6 is a diagram showing the changes over time in the photo-cleavage of a photo-crosslinked product;
FIG. 7 is an explanatory diagram schematically showing an example of the sequence-specific purification of a DNA;
FIG. 8 is a diagram showing the results of sequence-specific purification of a DNA;
FIG. 9 is a diagram showing the results of sequence-specific purification of a DNA;
FIG. 10 is a diagram showing the results of an analysis by HPLC of a product obtained by a photo-crosslinking reaction;
FIG. 11 is a diagram showing the results of an experiment to identify the bases of RNAs that are capable of photocrosslinking;
FIG. 12 is a diagram showing the results of an analysis by HPLC of a photo-cleavage product of ODN (ACNVK)
<>RNA (GU) ; and
FIG. 13 is a diagram showing the results of an analysis by HPLC of a photo-cleavage product of ODN(GCNVK)<>RNA
(GC).
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MODES FOR CARRYING OUT THE INVENTION
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[0018] The present invention will be described below in detail by way of an embodiment of the present invention. The
present invention is not intended to be limited to the embodiment illustrated below.
[0019] As a reference described is a method for purifying a target nucleic acid having a particular base sequence that
is contained in a nucleic acid mixture, the method including the steps of:
hybridizing a photo-ligating nucleic acid(wherein the nucleic acid includes a nucleic acid and a peptide nucleic acid)
having a group represented by the following formula (I) as a base moiety:
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(wherein in the formula (I), Ra represents a cyano group, an amide group, a carboxyl group, a C2-C7 alkoxycarbonyl
group or hydrogen; and
R1 and R2 each independently represent a cyano group, an amide group, a carboxyl group, a C2-C7 alkoxycarbonyl
group or hydrogen),
with the target nucleic acid having a particular base sequence that is contained in a nucleic acid mixture;
irradiating the hybrid of the photo-ligating nucleic acid and target nucleic acid with light to induce photo-ligation of
the hybrid;
removing any un-photo-ligated nucleic acid by washing; and
irradiating the hybrid of the photo-ligating nucleic acid and the target nucleic acid with light to induce photo-cleavage
of the hybrid.
[0020] The present invention relates to a method of purifying a target nucleic acid having a particular base sequence
that is contained in a nucleic acid mixture, the method comprising:
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hybridizing a photo-ligating nucleic acid including a nucleoside represented by the following formula (II) or (III):
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(wherein in the formula (II) and (III), Ra represents a cyano group, an amide group, a carboxyl group, a C2-C7
alkoxycarbonyl group or hydrogen; and
R1 and R2 each independently represent a cyano group, an amide group, a carboxyl group, a C2-C7 alkoxycarbonyl
group or hydrogen),
with the target nucleic acid having a particular base sequence that is contained in a nucleic acid mixture;
irradiating the hybrid of the photo-ligating nucleic acid and target nucleic acid with light to induce photo-ligation of
the hybrid;
removing any un-photo-ligated nucleic acid by washing; and
irradiating the hybrid of the photo-ligating nucleic acid and the target nucleic acid with light to induce photo-cleavage
of the hybrid.
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[0021] Through such processes, the purification and recovery according to the present invention can achieve a good
balance between high sequence specificity and a high recovery rate, and can be carried out in a short time.
[0022] Ra in the formula (I) represents a cyano group, an amide group, a carboxyl group, an alkoxycarbonyl group or
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hydrogen. Ra is preferably a cyano group, an amide group, a carboxyl group, an alkoxycarbonyl group or hydrogen,
and more preferably a cyano group, an amide group, a carboxyl group or an alkoxycarbonyl group. Regarding the
alkoxycarbonyl group, an alkoxycarbonyl group preferably having 2 to 7 carbon atoms, more preferably 2 to 6 carbon
atoms, even more preferably 2 to 5 carbon atoms, even more preferably 2 to 4 carbon atoms, still more preferably 2 to
3 carbon atoms, and particularly preferably 2 carbon atoms, can be used.
[0023] R1 and R2 in the formula (I) each independently represent a cyano group, an amide group, a carboxyl group,
an alkoxycarbonyl group, or hydrogen. R1 and R2 are preferably each a cyano group, an amide group, a carboxyl group,
an alkoxycarbonyl group, or hydrogen, and more preferably a cyano group, an amide group, a carboxyl group, or an
alkoxycarbonyl group. Regarding the alkoxycarbonyl group, an alkoxycarbonyl group preferably having 2 to 7 carbon
atoms, more preferably 2 to 6 carbon atoms, even more preferably 2 to 5 carbon atoms, even more preferably 2 to 4
carbon atoms, still more preferably 2 to 3 carbon atoms, and particularly preferably 2 carbon atoms, can be used.
[0024] The group represented by the formula (I) shown above is a novel artificial base (artificial nucleobase) according
to the present invention. A nucleic acid having this group as a base moiety acquires photo-ligating properties through
this group. Since such photo-ligating properties are imparted when a molecule carries the artificial nucleobase as a base
moiety, such photo-ligating properties can be imparted to a nucleic acid (DNA, RNA) or even to a peptide nucleic acid.
The photo-ligating nucleic acid can be produced according to a conventional method for the production of nucleic acid.
[0025] A nucleic acid that has been imparted with photo-ligating properties (photo-ligating nucleic acid) can be hybridized with a nucleic acid having a sequence complementary to the sequence of the foregoing nucleic acid, in the same
manner as in the case of conventional nucleic acids. That is, the photo-ligating nucleic acid can be hybridized with a
nucleic acid having a particular base sequence (target nucleic acid) among a mixture of a number of nucleic acids. In
other words, the photo-ligating nucleic acid is produced to serve as a nucleic acid having a base sequence that is
complementary to the base sequence of the target nucleic acid having a particular base sequence.
[0026] When the photo-ligating nucleic acid is hybridized with the target nucleic acid, the type of the base placed at
the position which forms a base pair with the artificial base represented by the formula (I) is not limited. Even though
any of A, T, C, G and U is placed at the position of the counterpart base that interacts with the artificial base (K) represented
by the formula (I), the photo-ligating nucleic acid and the target nucleic acid can satisfactorily form a hybrid. The artificial
base represented by the formula (I) may be placed at any position in the base sequence of a nucleic acid. The photoligating nucleic acid and the target nucleic acid may be nucleic acids of the same type, or may be nucleic acids of different
types, as long as they can form a hybrid.
[0027] The base in a counterpart nucleic acid with which a photo-ligating nucleic acid can be photo-ligated via the
artificial base represented by the formula (I), is a base having a pyrimidine ring. That is, the base may be T, C or U. As
such, since U is also subjected to photo-ligation, it should be noted that the present invention can be suitably carried
out using RNA as a target nucleic acid. As it is demonstrated in the Examples, the photo-ligation according to the present
invention occurs on the base that is placed at the position in the chain of the counterpart, only one base away toward
the 3’-terminus from the position of the counterpart base that interacts with the artificial base (K) represented by the
formula (I).
[0028] In a preferable embodiment, the photo-ligating nucleic acid may have a labeling site (a labeling moiety). For
the labeling site, various labels can be used, and examples that can be used include a biotin label, a dye label (including
a fluorescent dye label), an RI label, and an enzyme label (including a color developing enzyme label). When the photoligating nucleic acid has such a label site, the photo-ligating nucleic acid in the state of being crosslinked with the target
nucleic acid can be easily isolated and recovered.
[0029] Preferred as the label used for such a labeling moiety is a label that can endure sufficient washing that may
possibly occur in the present invention. From the viewpoint of the ease of handling and the resistance to the severe
washing conditions, a biotin label or a fluorescent dye label is preferred. The biotin label can be further recovered by
detecting through the biotin-avidin bond, or by immobilizing, using various labels having an avidin moiety. The addition
of these label moieties can be carried out according to conventional production methods. It is usually preferable for the
photo-ligating nucleic acid to have a label moiety near the terminals, but the photo-ligating nucleic acid may also have
a label moiety at any other site as long as the label moiety does not have adverse effects on photo-ligation and hybridization.
[0030] In a preferable embodiment, the photo-ligating nucleic acid may be immobilized onto a support (a carrier or a
base material). When a photo-ligating nucleic acid immobilized onto a support as such is used, the photo-ligated target
nucleic acid is immobilized onto the support and can be easily isolated and recovered. As the support, materials of
various qualities such as those used as solid phase supports in the field of biochemistry, can be used. Examples include
inorganic materials such as glass and porous glass; resins such as polystyrene (PS); and metals such as gold. Preferred
materials include a solid phase support having an adenosine residue (oligo-affinity support (OAS) or the like), aldehydemodified glass, and the like. A glass plate, CPG, polystyrene beads and the like are preferable. Conventional materials
that are used as the substrate of DNA chips can be suitably used. These materials can be fabricated into various shapes
that are conventionally used for such purposes, and can be fabricated into, for example, a bead shape, a particulate
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shape, a cylindrical shape, a fibrous shape, and a planar substrate shape.
[0031] In a preferable embodiment, the photo-ligating nucleic acid may be immobilized onto a support by being directly
bound thereto, but may also be immobilized onto a support via a linker moiety. The linker moiety may be a molecular
species, preferably linear in shape, which is inert to the chemical reactions of nucleic acids, and has 5 or more, and
preferably 10 or more, atoms. The linker moiety is preferably a nucleic acid such as DNA, RNA or PNA, polyethylene
glycol, an alkane, or the like. Polyethylene glycol is particularly preferable, and hexa (ethylene glycol) can be suitably
used. As the method for producing a nucleic acid immobilized onto a support, the immobilized nucleic acid can be
produced by bonding the terminal phosphoric acid group of the nucleic acid to the linker moiety. The linker moiety and
the nucleic acid may be bonded, and then the linker moiety may be bonded to the support, or on the contrary, the support
and the linker moiety may be first bonded, and then the linker moiety may be bonded to the nucleic acid. In regard to
the position at which the linker moiety is bonded to the nucleic acid, it is usually preferable to use the terminal phosphoric
acid group, but the position is not intended to be limited to this. For example, the linker moiety may be bonded to a
functional group of a base moiety present within the nucleic acid.
[0032] The process of hybridizing a photo-ligating nucleic acid and a target nucleic acid can be carried out under the
conventional conditions (temperature, pH, salt concentration, buffer solution and the like) appropriate for hybridization,
but it is preferable to carry out the process in the same reaction solution as that used in the subsequent process of
performing light irradiation to induce photo-ligation, from the viewpoint of workability.
[0033] The hybridized photo-ligating nucleic acid and target nucleic acid can be photo-ligated by performing light
irradiation. This photo-ligation corresponds to the crosslinking between molecules, since the photo-ligation occurs as
an intermolecular covalent bonding is formed between the photo-ligating nucleic acid molecule and the target nucleic
acid molecule as a result of a photoreaction of the artificial base moiety. A molecule and another molecule between
which a crosslink has been formed as such, are not merely associated based on simple thermal stability only, and
therefore, the molecules remain bonded without being dissociated, even in the case of being laid under the conditions
in which a complementary double strand is dissociated.
[0034] According to a preferable embodiment, the process of photo-ligating is carried out in a reaction solution containing a salt which has a buffering action. Examples of the salt which has a buffering action include cacodylate, phosphate,
and tris salt, but according to the present invention, it is preferable that the salt having a buffer action be cacodylate,
from the viewpoint of enhancing the fluorescent intensity. It is preferable that the concentration of the salt having a
buffering action be in the range of 5 to 250 mM, and particularly preferably in the range of 10 to 100 mM. According to
a preferable embodiment, the pH of the reaction solution is preferably in the range of 6.5 to 8.0, more preferably 6.5 to
7.5, and particularly preferably 6.7 to 7.3. According to a preferable embodiment, it is preferable that the reaction solution
contain the salts of an alkali metal and/or an alkaline earth metal. Examples of the salts of an alkali metal and/or an
alkaline earth metal include sodium chloride and magnesium chloride, and a preferred example is sodium chloride.
[0035] For the light irradiation in the process of performing photo-ligation, it is preferable to use light having a wavelength
in the range of generally 350 to 380 nm, preferably in the range of 360 to 370 nm, and more preferably 366 nm, and
particularly preferred is a laser light having a short wavelength of 366 nm. According to a preferable embodiment, the
photoreaction based on light irradiation is carried out for a reaction time within one second to several seconds, and
preferably within one second. However, the light irradiation can also be carried out over more time, while the container
is stirred, in consideration of the light transmission of the container and the solution.
[0036] After the process of photo-ligating, a process of removing any un-photo-ligated nucleic acid by washing is
carried out. A molecule and another molecule between which a crosslink has been formed as such, are not merely
associated based on simple thermal stability only, and therefore, the molecules remain bonded without being dissociated,
even in the case of being laid under the conditions in which a complementary double strand is dissociated. Accordingly,
the process of removing any un-photo-ligated nucleic acid by washing is carried out, preferably by washing under the
washing conditions in which a complementary double strand is dissociated.
[0037] As the washing conditions in which a complementary double strand is dissociated, the generally known conditions for the dissociation of complementary double strands can be used. For example, a temperature in the range of
80 to 100°C, preferably 90 to 100°C, and particularly preferably 95 to 100°C can be used. It is desirable if the temperature
ranges from the value of the boiling point to a higher temperature to an achievable extent as long as the covalent bond
is not broken down. The pH is not particularly limited as long as the covalent bond is not broken down, but since it is
difficult to induce hydrolysis of the covalent bond, a pH close to neutrality is preferred. The type of the salt and the salt
concentration are not particularly limited to an extent that a precipitation of the sample that is inadequate for the operation
does not occur, and in general, the presence of a salt at an appropriate concentration (for example, about 0.1 M NaCl)
is preferable so as to promote the dissociation of a complementary double strand. Furthermore, in order to promote the
dissociation of a complementary double strand, for example, urea can be added as a denaturing agent. Furthermore,
in order to promote the dissociation of a complementary double strand, for example, sodium dodecyl sulfate can be
added as a surfactant. In addition, the conditions known to be contributing to the dissociation of a complementary double
bond can be used.
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[0038] It is an excellent feature of the present invention that the process of removing any un-photo-ligated nucleic acid
by washing can be carried out by washing under severe washing conditions, but it is not always necessary to carry out
the washing under severe conditions, and adequate washing conditions can be selected based on the degree of expected
impurities (noise). For example, washing can be carried out using pure water, without using a salt, a surfactant, a
denaturing agent or the like.
[0039] After the process of removing any un-photo-ligated nucleic acid by washing, the target nucleic acid can be
recovered by carrying out a process of irradiating the hybridized photo-ligating nucleic acid and target nucleic acid with
light to induce photo-cleavage. Thereby, the target nucleic acid having a particular base sequence included in a nucleic
acid mixture can be finally purified and recovered. Since the photo-ligation and photo-cleavage induced by the photoligating nucleic acid of the present invention are reversible, the molecule of the target nucleic acid thus obtained is not
at all damaged as compared with the original state as was present in the nucleic acid mixture. Furthermore, since the
photo-ligation and photo-cleavage induced by the photo-ligating nucleic acid of the present invention are reversible, the
molecule of the photo-ligating nucleic acid is also not damaged as compared with the original state, and accordingly,
the photo-ligating nucleic acid according to the present invention can be repeatedly used.
[0040] For the light irradiation in the process of performing photo-cleavage, it is generally preferable to use light having
a wavelength in the range of 310 to 345 nm, preferably in the range of 310 to 340 nm, more preferably in the range of
310 to 330 nm, even more preferably in the range of 310 to 320 nm, and still more preferably 312 nm, and particularly
preferred is a laser light having a short wavelength of 312 nm. According to a preferable embodiment, the photoreaction
based on light irradiation is carried out for a reaction time within one second to several seconds, and preferably within
one second. However, the light irradiation can also be carried out over more time, while the container is stirred, in
consideration of the light transmission of the container and the solution. The target nucleic acid released into the reaction
solution by photo-cleavage can be recovered according to a known method.
[0041] A referential photo-ligating nucleic acid is a photo-ligating nucleic acid having a group represented by the
following formula (I) as a base moiety:
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(wherein in the formula (I), Ra represents a cyano group, an amide group, a carboxyl group, a C2-C7 alkoxycarbonyl
group or hydrogen; and
R1 and R2 each independently represent a cyano group, an amide group, a carboxyl group, a C2-C7 alkoxycarbonyl
group or hydrogen).
[0042] The photo-ligating nucleic acids according to the invention are a nucleic acid incorporated with a nucleoside
(ribonucleoside) represented by the following formula (II):
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(wherein in the formula (II), Ra, R1 and R2 have the same definitions as stated for the formula (I)), and
a nucleic acid incorporated with a nucleoside (deoxyribonucleoside) represented by the following formula (III) :
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(wherein in the formula (III), Ra, R1 and R2 have the same definitions as stated for the formula (I)).
EXAMPLES
45

[0043] Hereinafter, the present invention will be described in detail by way of Examples. The present invention is not
intended to be limited to the following Examples.
[1. Photo-cleavage reaction of photo-crosslinked product using 312nm light]
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[0044] The structural formula of 3-cyanovinylcarbazole-1’-β-deoxyriboside (CNVK), which is a photoresponsive nucleic
acid, is presented in FIG. 1.
[0045] A photo-cleavage reaction was carried out with an aqueous solution (2 M aqueous urea:CH3CN=1:1) of ODN
(ACNVK-GT) (20 mM), which is a photo-crosslinked product with thymine (total volume: 30 mL). The product was irradiated
with light at 312 nm using a transilluminator at room temperature for 3 minutes (Scheme 1). The HPLC analysis results
of the photoreaction product are presented in FIG. 2. Similarly, a photo-cleavage reaction was carried out with an aqueous
solution (2 M aqueous urea:CH3CN = 1:1) of ODN(G CNVK-GC) (20 mM), which is a photo-crosslinked product with
cytosine (total volume: 30 mL). The product was irradiated with light at 312 nm using a transilluminator at room temperature
for 3 minutes (Scheme 2). The HPLC analysis results of the photoreaction product are presented in FIG. 3. The changes
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over time are presented in FIG. 4. It was found that for any of the photo-cleavage reactions, the reaction proceeded
efficiently on a basis of several minutes.
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[2. Photo-cleavage reaction of photo-crosslinked product using 312-nm light (heating at 70°C)]
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[0046] A photo-cleavage reaction was carried out with an aqueous solution of ODN(ACNVK-GT) (20 mM) (total volume:
30 mL). The product was irradiated with light at 312 nm using a transilluminator at 70°C for 30 minutes (Scheme 3). The
HPLC analysis results of the photoreaction product are presented in FIG. 5. The changes over time are presented in
FIG. 6. A photo-cleavage reaction in an aqueous solution was carried out, and a crosslinked product having T at the
crosslinking site underwent the reaction completely in 30 minutes.
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[3. Sequence-specific purification of DNA according to photo-genetic engineering method]
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[0047] An outline of an example of the sequence-specific purification of DNA is presented in FIG. 7.
[0048] In order to purify DNA sequence-specifically, two kinds of DNA shown below were synthesized at a scale of 1
mmol. After the DNAs were synthesized, polystyrene beads (PS) were taken out, aqueous ammonia was added thereto,
and the system was incubated at 55°C for 15 hours to deprotect the DNAs. The PS was washed 5 times with MilliQ to
adjust the pH to 7. Then, the products were dried over one hour with SpeedVac.
[0049]

30

ODN1(CNVK)-PS: 5’-ATGACNVKGCGT-SSS-PS-3’
ODN2(CNVK)-PS: 5’-GTAACNVKTTCC-SSS-PS-3’
[0050]

Sequence-specific purification of DNA using a solid phase was carried out according to Scheme 4.
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[0051] ODN(10), ODN(15), ODN(20) and ODN(25) were irradiated with light in the presence of ODN1(CNVK)-PS. In
regard to the reaction conditions, ODN(10), ODN(15), ODN (20) and ODN (25) were respectively used at 25 mM, ODN1
(CVNK)-PS (32 nmol/mg) was used in amount of 2 mg, a 50 mM cacodylic acid buffer (pH 7.0) and 1 M NaCl were used,
and the total amount of solution was adjusted to 50 mL. The reaction solution prior to the light irradiation was analyzed
by capillary gel electrophoresis (CGE) (FIG. 8(a)).
[0052] This reaction solution was irradiated with light at 366 nm for 15 minutes (the reaction solution was stirred in
every 5 minutes) at 0°C using a UV-LED. The supernatant solution of this reaction solution was analyzed by CGE (FIG.
8(b)). The supernatant solution was taken out and washed 5 times with ultrapure water. Ultrapure water (50 mL) was
added to the solid phase support thus obtained, and the mixture was irradiated with light at 312 nm for 15 minutes and
then analyzed by CGE (FIG. 8(c)).
[0053] When ODN1 (CNVK)-PS was used, the desired ODN (20) could be recovered.
[0054] Sequence-specific purification of DNA using a solid phase was carried out according to Scheme 5.
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[0055] ODN(10), ODN(15), ODN(20) and ODN(25) were irradiated with light in the presence of ODN2(CNVK)-PS. In
regard to the reaction conditions, ODN(10), ODN(15), ODN (20) and ODN (25) were respectively used at 25 mM, ODN2
(CVNK)-PS (32 nmol/mg) was used in amount of 2 mg, a 50 mM cacodylic acid buffer (pH 7.0) and 1 M NaCl were used,
and the total amount of solution was adjusted to 50 mL. The reaction solution prior to the light irradiation was analyzed
by capillary gel electrophoresis (CGE) (FIG. 9(a)).
[0056] This reaction solution was irradiated with light at 366 nm for 15 minutes (the reaction solution was stirred in
every 5 minutes) at 0°C using a UV-LED. The supernatant solution of this reaction solution was analyzed by CGE (FIG.
9(b)). The supernatant solution was taken out and washed 5 times with ultrapure water. Ultrapure water (50 mL) was
added to the solid phase support thus obtained, and the mixture was irradiated with light at 312 nm for 15 minutes and
then analyzed by CGE (FIG. 9(c)).
[0057] When ODN2 (CNVK)-PS was used, the desired ODN (25) could be recovered.
[4. Photo-crosslinking reaction with RNA using ODN containing CNVK]
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[0058] A photo-crosslinking reaction was carried out using an ODN containing CNVK in a light irradiation time of one
second. A photo-crosslinking reaction between ODN(ACNVK) (20 mM) and RNA(GU) (20 mM) was carried out (sodium
cacodylate 50 mM, NaCl 100 mM, total volume: 30 mL). The product was irradiated with light at 366 nm for one second
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at 0°C using a UV-LED (Scheme 6). The HPLC analysis results of the photoreaction product are presented in FIG. 10.
A photo-crosslinking reaction was carried out in a time of one second using RNA(GU), and the reaction proceeded
efficiently with a yield of 86%. Thus, it was found that photomanipulation of RNA in a time of one second is possible.
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[5. Eight kinds of photo-crosslinking reactions using ODN containing CNVK]
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[0059] Photo-crosslinking reactions were carried out using an ODN containing CNVK. Photo-crosslinking reactions
between ODN(ACNVK) (10 mM) and RNA(XU) (X = A, G, C and U, 10 mM) were carried out (sodium cacodylate 50 mM,
NaCl 100 mM, total volume: 200 mL). The products were irradiated with light at 366 nm for 20 seconds at 0°C using a
UV-LED, and the products were analyzed using UPLC. The results are presented in FIG. 11(a). Similarly, photo-crosslinking reactions were carried out using an ODN containing CNVK in which C serves as the photo-crosslinking site. Photocrosslinking reactions between ODN(GCNVK) (10 mM) and RNA(XC) (X = A, G, C and U, 10m M) were carried out (sodium
cacodylate 50 mM, NaCl 100 mM, total volume: 200 mL). The products were irradiated with light at 366 nm for 20 seconds
at 0°C using a UV-LED, and the products were analyzed using UPLC. The results are presented in FIG. 11(b). From
these results, it was found that the photo-crosslinking reactions with RNA proceed efficiently when the object of crosslinking is U or C.
[6. Photo-cleavage reaction of photo-crosslinked products with RNA using 312nm light]
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[0060] A photo-crosslinked product ODN(ACNVK)<>RNA(GU) or ODN(G CNVK)<>RNA(GC), in which U or C is the
photo-crosslinking site, was prepared by a photoreaction, and was collected by preparatory HPLC. Then, the mass of
the photo-crosslinking product thus obtained was measured.
calcd. for ODN(ACNVK)<>RNA(GU): [(M+H)+] 5675.74, found 5675.25.
calcd. for ODN(GCNVK)<>RNA(GC): [(M+H)+] 5690.75, found 5690.68.
[0061] A photo-cleavage reaction was carried out with an aqueous solution of ODN(ACNVK)<>RNA(GU) (2 M aqueous
urea:CH 3CN = 1:1) (total volume: 30 mL). The product was irradiated with light at 312 nm using a transilluminator at
room temperature for one minute (Scheme 7). The HPLC analysis results of the photoreaction product are presented
in FIG. 12. Similarly, a photo-cleavage reaction was carried out with ODN(GCNVK)<>RNA(GC) (2 M aqueous urea:CH3CN
= 1: 1) (total volume: 30 mL). The product was irradiated with light at 312 nm using a transilluminator at room temperature
for 3 minutes (Scheme 8). The HPLC analysis results of the photoreaction product are presented in FIG. 13. A photocleavage reaction was carried out using light at 312 nm, and a crosslinked product having U at the crosslinking site
underwent the reaction completely in a time of one minute. Furthermore, a photo-cleavage reaction was carried out
using light at 312 nm, and a crosslinked product having C at the crosslinking site underwent the reaction completely in
a time of 3 minutes.
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[7. Synthesis of ODN carrying vinylcarbazole as base moiety]
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[0062] The synthesis was carried out according to the following Scheme 9. In the following explanation, a compound
may be represented by the reference numeral assigned to the compound.
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[3-Iodocarbazole (1)]
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[0063] To an ethanol solution (500 mL) of carbazole (2.50 g, 15.0 mmol), NaIO4 (0.80 g, 3.75 mmol) and I2 (1.89 g,
7.45 mmol) were sequentially added, and then an ethanol solution (100 mL) of H2SO 4 (1.60 mL, 30.0 mmol) was added.
The reaction solution was refluxed for one hour at 65°C. The loss of raw materials was confirmed by TLC (HexH:AcOEt
= 4:1), and an ethanol solution (100 mL) of NaOH (1.4 g) was added thereto to neutralize the system. Ethanol was
removed, and then the reaction solution was extracted two times with chloroform. The extract was washed two times
with water. The organic phase was dried over Na2SO 4, and the solvent was removed. The residue was purified by
column chromatography (HexH:AcOEt = 4:1), and thus compound 1 (3.06 g, 70%) was obtained as a white powder.
Thus, 3,6-diiodocarbazole (0.47 g, 7.5%) was obtained as a white powder.
1: 1H NMR (DMSO-d6) δ 11.4 (s, 1H), 8.49 (d, 1H, J = 1.7 Hz), 8.14 (d, 1H, J = 8.0 Hz), 7.62 (dd, 1H, J = 8.4, 1.7 Hz),
7.48 (d, 1H, J = 8.0 Hz), 7.40 (m, 1H), 7.33 (d, 2H, J = 8.4 Hz), 7.16 (m, 1H).
3,6-Diiodocarbazole: 1H NMR (DMSO-d6) δ 11.5 (s, 1H), 8.56 (d, 2H, J = 1.7 Hz), 7.65 (dd, 2H, J = 8.5, 1.7 Hz), 7.34
(d, 2H, J = 8.5 Hz).
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[3-Cyanovinylcarbazole (2)]
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[0064] To a dioxane solution (10 mL) of triphenylphosphine (139 mg, 0.53 mmol), palladium acetate (40.0 mg, 0.18
mmol) and triethylamine (0.59 mL, 4.23 mmol) were sequentially added, and the mixture was stirred for 5 minutes at
75°C. A dioxane solution (15 mL) of compound 1 (1.03 g, 3.52 mmol) and acrylonitrile (0.46 mL, 7.04 mmol) were added,
and the reaction solution was refluxed for 11.5 hours. The product was confirmed by TLC (HexH:AcOEt = 4:1), and then
the palladium powder was removed by cotton filtration. The product was purified by column chromatography (HexH:AcOEt
= 4:1), and compound 2 (0.14 g, 18%, trans:cis = 97:3) was obtained as a white powder, while compound 1 (0.37 g,
recovery rate 37%) was recovered as a white powder.
2: 1H NMR (DMSO-d6) δ 11.6 (s, 1H), 8.44 (s, 1H), 8.11 (d, 1H, J = 8.0 Hz), 7.75 (d, 1H, J = 16.7 Hz), 7.69-7.72 (m,
1H), 7.40-7.52 (m, 3H), 7.19-7.24 (m, 1H), 6.36 (d, 1H, J = 16.7 Hz).
[3-Cyanovinylcarbazole-1’-β-deoxyriboside-3’,5’-di-(p -toluoyl) ester (3)]
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[0065] To an acetonitrile solution (20 mL) of KOH (0.22 g, 3.87 mmol) and TDA-1 (11 mg, 34 mmol), compound 2 (0.26
g, 1.20 mmol) was added at room temperature, and the mixture was stirred for 20 minutes. Chlorosugar (0.53 g, 1.24
mmol) was added to the reaction solution, and the mixture was stirred for 20 minutes at room temperature, and the loss
of the raw materials was confirmed by TLC (HexH:AcOEt = 4:1). The precipitates were removed, and then the reaction
solution was purified by column chromatography (CHCl3). Thus, compound 3 (0.23 g, 33%) was obtained as a yellow oil.
3: 1H NMR (CDCl3) δ 8.09 (s, 1H), 8.02 (d, 2H, J = 8.4 Hz), 7.98 (d, 2H, J = 8.4 Hz), 7.62-7.65 (m, 1H), 7.62 (d, 1H, J
= 8.8 Hz), 7.49 (d, 1H, J = 16.5 Hz), 7.25-7.31 (m, 7H), 7.17-7.20 (m, 1H), 6.68 (dd, 1H, J = 9.3, 5.8 Hz), 5.78 (m, 1H),
5.76 (d, 1H, J = 16.5 Hz), 4.91 (dd, 1H, J = 12.4, 2.7 Hz), 4.78 (dd, 1H, J = 12.4, 3.3 Hz), 4.55-4.57 (m, 1H), 3.09-3.20
(m, 1H), 2.45-2.52 (m, 1H), 2.45 (s, 3H), 2.44 (s, 3H), HRMS (MALDI): calcd. for C36H30N2O5Na [(M+ Na)+] 593.2053,
found 593.2018.
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[3-Cyanovinylcarbazole-1’-β-deoxyriboside (4)]
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[0066] To a methanol solution (20 mL) of compound 3 (0.22 g, 0.39 mmol), 0.5 M methanolic NaOMe (2.3 mL, 1.2
mmol) and chloroform (5.0 mL) were added, and the reaction solution was stirred for 3.5 hours at room temperature.
The loss of the raw materials was confirmed by TLC (CHCl3:MeOH = 9:1). The solvent was removed, and then the
residue was purified by column chromatography (CHCl3:MeOH = 9:1). Thus, compound 4 (0.11 g, 81%) was obtained
as a white powder.
4: 1H NMR (CDCl3) δ 8.12 (d, 1H, J = 1.7 Hz), 8.06 (d, 1H, J = 7.7 Hz), 7.59 (d, 1H, J = 9.1 Hz), 7.43-7.57 (m, 4H),
7.26-7.31 (m, 1H), 6.64 (dd, 1H, J = 8.2, 6.9 Hz), 5.87 (d, 1H, J = 16.5 Hz), 4.77-4.82 (m, 1H), 3.95-4.06 (m, 3H), 2.95
(dt, 1H, J = 14.0, 8.2 Hz), 2.30 (ddd, 1H, J = 14.0, 6.9, 3.3 Hz), HRMS (MALDI): calcd. for C 20H18N2O3Na [(M+ Na)+]
357.1215, found 357.1265.
[5’-O-(4,4’-dimethoxytrityl)-3-cyanovinylcarbazole-1’ -β-deoxyriboside (5)]

40

45

50

[0067] Pyridine (0.5 mL) was added to compound 4 (97 mg, 0.29 mmol) which had been azeotropically boiled with
pyridine (1.0 mL 3 2). A pyridine solution (1.0 mL) of 4,4’-dimethoxytrityl chloride (118 mg, 0.35 mmol) and 4-(dimethylamino)pyridine (7.0 mg, 58 mmol) was added to the reaction solution, and the reaction solution was stirred for 18 hours
at room temperature. The product was confirmed by TLC (CHCl3:MeOH = 95:5), and then pyridine was removed. The
residue was purified by column chromatography (CHCl3:MeOH = 98:2), and thus compound 5 (113 mg, 61%) was
obtained as a yellow powder.
5: 1H NMR (CDCl3) δ 8.07 (d, 1H, J = 1.7 Hz), 8.02-8.05 (m, 1H), 7.71 (d, 1H, J = 8.5 Hz), 7.62-7.65 (m, 1H), 7.45-7.52
(m, 3H), 7.33-7.37 (m, 4H), 7.25-7.28 (m, 4H), 7.12 (dd, 1H, J = 8.8, 1.7 Hz), 6.81 (dd, 4H, J = 8.8, 1.7 Hz), 6. 61 (dd,
1H, J = 8.2, 6.3 Hz), 5.77 (d, 1H, J = 16.7 Hz), 4.80-4.82 (m, 1H), 4.05-4.07 (m, 1H), 3.77 (s, 3H), 3.76 (s, 3H), 3.56-3.58
(m, 2H), 2.89 (dt, 1H, J = 13.8, 8.2 Hz), 2.23 (ddd, 1H, J = 13.8, 6.3, 2.7 Hz), 1. 98 (d, 1H, J = 3.6 Hz), HRMS (MALDI) :
calcd. for C41H36N2O 5Na [(M+ Na)+] 659.2522, found 659.2485.
[5’-O-(4,4’-dimethoxytrityl)-3-cyanovinylcarbazole-1’ -β-deoxyriboside-3’-O-(cyanoethoxy-N,N-diiospropylamino)pho
sphoramidite (6)]

55

[0068] Acetonitrile (1.5 mL) was added to compound 5 (0.11 g, 0.17 mol) which had been azeotropically boiled with
acetonitrile (1.5 mL). An acetonitrile solution (0.37 mL, 0. 17 mol) of 2-cyanoethyl-N,N,N’,N’-tetraisopropylphosphorodiamidite (52 mL, 0.17 mol) and 0.45 M tetrazole was added to the reaction solution, and the reaction solution was stirred
for 1.0 hour at room temperature. The reaction solution was extracted two times with deacetation-treated ethyl acetate,
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and the extract was washed with saturated aqueous NaHCO3 and H2O. The organic phase was dried over MgSO4, and
the solvent was removed. Compound 6 (0.12 g), which was a crude product as a yellow oil, was transferred into acetonitrile
in a rubber-sealed bottle and was azeotropically boiled three times. Subsequently, the resultant was used in the DNA
synthesis without further purification.
5

[Synthesis of ODN containing 3-cyanovinylcarbazole-1’-β-deoxyriboside (CNVK)]
[0069]
10

The ODNs containing CNVK as shown below were synthesized.

ODN(ACNVK): 5’-TGCACNVKCCGT-3’
ODN(GCNVK): 5’-TGCGCNVKCCGT-3’
ODN(CCNVK): 5’-TGCCCNVKCCGT-3’
ODN(TCNVK): 5’-TGCTCNVKCCGT-3’
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[0070]

The syntheses were carried out according to the following Scheme 10.
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[3-Methoxycarbonylvinylcarbazole (7)]
[0071] To a DMF solution (0.25 mL) of palladium acetate (38.0 mg, 0.17 mmol), compound 1 (0.50 g, 1.71 mmol),
tributylamine (0.41 mL, 1.71 mmol), methyl acrylate (0.38 L, 4.27 mmol), and H2O (1.0 mL) were sequentially added.
The reaction solution was allowed to react at 160°C for 10 minutes using microwaves, and the reaction was traced by
TLC. Thereby, the loss of compound 1 was confirmed. The palladium powder was removed by Kiriyama filtration, and
then the reaction solution was purified by column chromatography (HexH:AcOEt = 3:1), and thus compound 7 (0.26 g,
62%) was obtained as a white powder.
7: 1H NMR (CDCl3) δ 8.26 (s, 1H), 8.21 (s, 1H), 8.07 (d, 1H, J = 8.0 Hz), 7.89 (d, 1H, J = 15.9 Hz), 7.61 (dd, 1H, J = 1.7,
8.5 Hz), 7.39-7.44 (m, 3H), 7.23-7.29 (m, 1H), 6.47 (d, 1H, J = 15.9 Hz), 3.81 (s, 3H).
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[3-Methoxycarbonylcarbazole-1’-β-deoxyriboside-3’,5’-di-(p-toluoyl) ester (8)]

55

[0072] To an acetonitrile solution (49 mL) of compound 7 (0.55 g, 2.22 mmol), NaH (92.0 mg, 2.31 mmol) was added
at room temperature, and the mixture was stirred for 10 minutes. Chlorosugar (1.14 g, 2.66 mmol) was added to the
reaction solution, and the mixture was stirred for 60 minutes at room temperature. The loss of the raw materials was
confirmed by TLC (HexH:AcOEt = 4:1). After the precipitates were removed, the reaction solution was purified by column
chromatography (HexH:AcOEt = 4:1), and thus compound 8 (0.98 g, 71%) was obtained as a white powder.
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[3-Methoxycarbonylcarbazole-1’-β-deoxyriboside (9)]
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[0073] To a methanol solution (46 mL) of compound 8 (0.96 g, 1.59 mmol), 0.5 M methanolic NaOMe (9.6 mL, 4.8
mmol) and dichloromethane (12 mL) were added, and the reaction solution was stirred for one hour at room temperature.
The loss of the raw materials was confirmed by TLC (CHCl3:MeOH = 9:1). After the solvent was removed, the residue
was purified by column chromatography (CHCl3:MeOH = 9:1), and thus compound 9 (0.28 g, 48%) was obtained as a
white powder.
9: 1H NMR (CDCl3) δ 8.20 (s, 1H), 8.06 (d, 1H, J = 7.7 Hz), 7.86 (d, 1H, J = 15.9 Hz), 7.53-7.61 (m, 3H), 7.44 (t, 1H, J
= 7.1 Hz), 7.24-7.27 (m, 1H), 6.63 (dd, 1H, J = 8.2, 7.0 Hz), 6.46 (d, 1H, J = 15.9 Hz), 4.75-4.80 (m, 1H), 3.95-4.04 (m,
3H), 3.81 (s, 1H), 2.95 (dt, 1H, J = 14.0, 8.2 Hz), 2.28 (ddd, 1H, J = 14.0, 7.0, 3.6 Hz).
[5’-O-(4,4’-dimethoxytrityl)-3-methoxycarbonylvinylca rbazole-1’-β-deoxyriboside (10)]
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[0074] Pyridine (0.5 mL) was added to compound 9 (0.23 g, 0.63 mmol) which had been azeotropically boiled with
pyridine (1.0 mL 3 2). A pyridine solution (2.2 mL) of 4,4’-dimethoxytrityl chloride (0.26 g, 0.75 mmol) and 4-(dimethylamino)pyridine (15.0 mg, 0.13 mmol) was added to the reaction solution, and the reaction solution was stirred for 16
hours at room temperature. The product was confirmed by TLC (CHCl3:MeOH = 95:5), and then pyridine was removed.
The residue was purified by column chromatography (CHCl3:MeOH = 99:1), and thus compound 10 (0.21 g, 51%) was
obtained as a yellow powder.
10: 1H NMR (CDCl3) δ 8.17 (s, 1H), 8.02-8.05 (m, 1H), 7.83 (d, 1H, J = 15. 9 Hz), 7.62-7.66 (m, 3H), 7.46-7.49 (m, 2H),
7.34-7.38 (m, 4H), 7.25-7.28 (m, 4H), 7.15 (d, 1H, J = 8.8 Hz), 6.81 (dd, 4H, J = 8.8, 1.4 Hz), 6.61 (dd, 1H, J = 8.5, 6.3
Hz), 6.40 (d, 1H, J = 15.9 Hz), 4.76-4.80 (m, 1H), 4.05-4.09 (m, 1H), 3.80 (s, 3H), 3.77 (s, 3H), 3.76 (s, 3H), 3.56-3.57
(m, 2H), 2.89 (dt, 1H, J = 14.0, 8.5 Hz), 2.18 (m, 1H), 2.17 (d, 1H, J = 3.8 Hz).
[5’-O-(4,4’-dimethoxytrityl)-3-methoxycarbonylvinylca rbazole-1’-β-deoxyriboside-3’-O-(cyanoethoxy-N,N-diisopropy
lamino)phosphoramidite (11)]
[0075] Acetonitrile (1.3 mL) was added to compound 10 (0.20 g, 0.29 mmol) which had been azeotropically boiled with
acetonitrile (1.0 mL). An acetonitrile solution (0. 65 mL, 0.29 mmol) of 2-cyanoethyl-N,N,N’,N’-tetraisopropylphosphorodiamidite (92 mL, 0.29 mmol) and 0.45 M tetrazole was added to the reaction solution, and the reaction solution was
stirred for 2 hours at room temperature. The reaction solution was extracted two times with deacetation-treated ethyl
acetate, and the extract was washed with saturated aqueous NaHCO3 and H2O. The organic phase was dried over
MgSO4, and the solvent was removed. Compound 11 (0.25 g), which was a crude product as a yellow oil, was transferred
into acetonitrile in a rubber-sealed bottle and was azeotropically boiled three times. Subsequently, the resultant was
used in the DNA synthesis without further purification.
[Synthesis of modified ODN]
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[0076] ODN(AX) (5’-TGCAXCCGT-3’, X = 9) and ODN(GX) (5’-TGCGXCCGT-3’, X = 9) were synthesized using ABI
3400 DNA synthesizer. The CPG of each of the reaction mixtures thus obtained was divided into two, and one of the
reaction mixtures was incubated at 37°C for 17 hours using 0.4 M NaOH in H2O:CH3OH = 1:4 to deprotect the product,
neutralized with 2 M TEAA, and then freeze-dried. The other reaction mixture was incubated at room temperature for
17 hours using 0.05 M K2CO3 in CH3OH to deprotect the product, neutralized with 2 M TEAA, and then freeze-dried.
The DNAs of ODN (AOHVK), ODN (GOHVK), ODN (AOMeVK) and ODN(G OMeVK) were purified by reverse phase HPLC.
The DNAs were respectively subjected to enzymatic degradation. The isolation yield was 5, 10, 11 and 13%, respectively.
The molecular weights were measured by MALDI-TOF-MS.
calcd. for ODN (AOHVK), 5’-TGCA OHVKCCGT-3’: [(M+H)+] 2801.93, found 2802.12.
calcd. for ODN(GOHVK), 5’-TGCGOHVKCCGT-3’: [(M+H)+] 2817.93, found 2818.08.
calcd. for ODN (AOMeVK), 5’-TGCAOMeVKCCGT-3’: [(M+H)+] 2815.95, found 2816.07.
calcd. for ODN(GOMeVK), 5’-TGCGOMeVKCCGT-3’: [(M+H)+] 2831.95, found 2831.98.
[0077] The ODNs containing NH2VK as shown below were synthesized.
ODN(ANH2VK): 5’-TGCANH2VKCCGT-3’
ODN(GNH2VK): 5’-TGCG NH2VKCCGT-3’
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INDUSTRIAL APPLICABILITY

15

20

[0078] According to the present invention, purification and recovery of a nucleic acid having a particular base sequence
can be carried out by achieving a good balance between high sequence-specificity and a high recovery rate. Purification
and recovery of a nucleic acid having a single-base-substituted base sequence, which is attracting attention for the
purpose of new drug development or genetic diagnosis, is also possible, and thus the present invention is industrially
useful. Furthermore, the purification and recovery according to the present invention can be carried out in a very short
time by subjecting an artificial base to photo-ligation and photo-cleavage. Accordingly, purification and recovery can
also be achieved using an RNA which is susceptible to degradation and is short-lived, and thus the present invention is
industrially useful.
SEQUENCE LISTING
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<220>
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10

<210>
<211>
<212>
<213>

3
20
DNA
Artificial Sequence

<220>
<223> ODN(20)
<400> 3
cacgcttcat cccatttcga 20

15

<210>
<211>
<212>
<213>

20

4
25
DNA
Artificial Sequence

<220>
<223> ODN(25)
25

<400> 4
gcggaagtta ctcgataaag ggtat 25
<210>
<211>
<212>
<213>

30

5
10
DNA
Artificial Sequence

<220>
<223> ODN(10) in Scheme 5

35

<400> 5
cgcgtttcct 10
40

Claims
1.

A method of purifying a target nucleic acid having a particular base sequence that is contained in a nucleic acid
mixture, the method comprising:

45

hybridizing a photo-ligating nucleic acid including a nucleoside represented by the following formula (II) or (III)

50
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(wherein in the formula (II) and (III), Ra represents a cyano group, an amide group, a carboxyl group, a C2-C7
alkoxycarbonyl group or hydrogen; and
R1 and R2 each independently represent a cyano group, an amide group, a carboxyl group, a C2-C7 alkoxycarbonyl group or hydrogen),
with the target nucleic acid having a particular base sequence that is contained in a nucleic acid mixture;
irradiating the hybrid of the photo-ligating nucleic acid and target nucleic acid with light to induce photo-ligation
of the hybrid;
removing any un-photo-ligated nucleic acid by washing; and
irradiating the hybrid of the photo-ligating nucleic acid and the target nucleic acid with light to induce photocleavage of the hybrid.
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2.

The method according to claim 1, wherein the step of removing any un-photo-ligated nucleic acid by washing is
carried out by washing under the washing conditions in which a complementary double strand is dissociated.

3.

The method according to any one of claims 1 and 2, wherein the photo-ligating nucleic acid has a labeling site.

4.

The method according to any one of claims 1 and 2, wherein the photo-ligating nucleic acid is immobilized onto a
support.

5.

The method according to any one of claims 1 to 4, wherein the light irradiation of the step of inducing photo-ligation
is carried out by irradiation with light having a wavelength in the range of 350 to 380 nm.

6.

The method according to any one of claims 1 to 5, wherein the light irradiation of the step of inducing photo-cleavage
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is carried out by irradiation with light having a wavelength in the range of 310 to 345 nm.
7.

The method according to any one of claims 1 to 6, wherein the step of inducing photo-ligation is carried out in a
reaction solution containing a salt having a buffering action.

5

Patentansprüche
1.
10

Verfahren zur Reinigung einer Zielnucleinsäure mit einer bestimmten Basensequenz, welche in einer Nucleinsäuremischung enthalten ist, wobei das Verfahren umfasst:
Hybridisieren einer photoligierenden Nucleinsäure, einschließlich eines Nucleosids, welches durch die folgende
Formel (II) oder (III) dargestellt ist:
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(wobei in der Formel (II) und (III) Ra eine Cyanogruppe, eine Amidgruppe, eine Carboxylgruppe, eine C2-C7Alkoxycarbonylgruppe oder Wasserstoff darstellt; und
R1 und R2 jeweils unabhängig voneinander eine Cyanogruppe, eine Amidgruppe, eine Carboxylgruppe, eine
C2-C7-Alkoxycarbonylgruppe oder Wasserstoff darstellen),
mit der Zielnucleinsäure mit einer bestimmten Basensequenz, die in einer Nucleinsäuremischung enthalten ist;
Bestrahlen des Hybrids aus der photoligierenden Nucleinsäure und der Zielnucleinsäure mit Licht, um Photoligation des Hybrids zu induzieren;
Entfernen jeglicher nicht-photoligierter Nucleinsäure durch Waschen;
und
Bestrahlen des Hybrids der photoligierenden Nucleinsäure und der Zielnucleinsäure mit Licht, um Photospaltung
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des Hybrids zu induzieren.
2.

Verfahren gemäß Anspruch 1, wobei der Schritt des Entfernens jeglicher nicht-photoligierter Nucleinsäure durch
Waschen durch Waschen unter den Waschbedingungen durchgeführt wird, bei denen ein komplementärer Doppelstrang dissoziiert.

3.

Verfahren gemäß einem der Ansprüche 1 und 2, wobei die photoligierende Nucleinsäure eine Markierungsstelle
besitzt.

4.

Verfahren gemäß einem der Ansprüche 1 und 2, wobei die photoligierende Nucleinsäure auf einem Träger immobilisiert wird.

5.

Verfahren gemäß einem der Ansprüche 1 bis 4, wobei die Lichtbestrahlung des Schritts der Induzierung der Photoligation durch Bestrahlung mit Licht mit einer Wellenlänge im Bereich von 350 bis 380 nm durchgeführt wird.

6.

Verfahren gemäß einem der Ansprüche 1 bis 5, wobei die Lichtbestrahlung des Schritts des Induzierens der Photospaltung durch Bestrahlung mit Licht mit einer Wellenlänge im Bereich von 310 bis 345 nm durchgeführt wird.

7.

Verfahren gemäß einem der Ansprüche 1 bis 6, wobei der Schritt des Induzierens der Photoligation in einer Reaktionslösung durchgeführt wird, die ein Salz mit Pufferwirkung enthält.
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Revendications
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1.

Procédé de purification d’un acide nucléique cible ayant une séquence de bases particulière qui est contenu dans
un mélange d’acides nucléiques, le procédé comprenant :
l’hybridation d’un acide nucléique de photo-ligature comprenant un nucléoside représenté par la formule (II) ou
(III) ci-après :
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(dans lequel dans les formules (II) et (III), Ra représente un groupe cyano, un groupe amide, un groupe carboxyle,
un groupe alcoxycarbonyle en C2-C7 ou un atome d’hydrogène ; et
R1 et R2 représentent chacun indépendamment un groupe cyano, un groupe amide, un groupe carboxyle, un
groupe alcoxycarbonyle en C2-C7 ou un atome d’hydrogène),
avec l’acide nucléique cible ayant une séquence de bases particulière qui est contenu dans un mélange d’acides
nucléiques ;
l’exposition de l’hybride de l’acide nucléique de photo-ligature et de l’acide nucléique cible à une lumière pour
induire la photo-ligature de l’hybride ;
le retrait de tout acide nucléique non photo-ligaturé par lavage ; et
l’exposition de l’hybride de l’acide nucléique de photo-ligature et de l’acide nucléique cible à une lumière pour
induire le photo-clivage de l’hybride.
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2.

Procédé selon la revendication 1, dans lequel l’étape de retrait de tout acide nucléique non photo-ligaturé par lavage
est réalisée par lavage dans les conditions de lavage dans lesquelles un double brin complémentaire est dissocié.

3.

Procédé selon l’une quelconque des revendications 1 et 2, dans lequel l’acide nucléique de photo-ligature a un site
de marquage.

4.

Procédé selon l’une quelconque des revendications 1 et 2, dans lequel l’acide nucléique de photo-ligature est
immobilisé sur un support.
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5.

Procédé selon l’une quelconque des revendications 1 à 4, dans lequel l’exposition à une lumière de l’étape d’induction
de photo-ligature est réalisée par exposition à une lumière ayant une longueur d’onde dans la plage de 350 à 380 nm.

6.

Procédé selon l’une quelconque des revendications 1 à 5, dans lequel l’exposition à la lumière de l’étape d’induction
de photo-clivage est réalisée par exposition à une lumière ayant une longueur d’onde dans la plage de 310 à 345 nm.

7.

Procédé selon l’une quelconque des revendications 1 à 6, dans lequel l’étape d’induction de photo-ligature est
réalisée dans une solution de réaction contenant un sel ayant une action tampon.
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