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SPECIFICATION 

METHOD FOR ISOLATING NUCLEIC ACID, NUCLEIC ACID ISOLATION 

KIT, AND INSPECTION CHIP 

 

TECHNICAL FIELD 5 

[0001] 

 The present invention relates to a nucleic acid 

isolation method, a nucleic acid isolation kit and a test 

chip. 

 10 

BACKGROUND ART 

[0002] 

 Heretofore, as a method for isolating a nucleic acid, 

e.g., RNA and DNA, contained in a virus or a cell, a method 

is known in which a nucleic acid extracted from a virus or 15 

a cell is filtered through a filter and then impurities, 

e.g., a salt, adhered onto the filter are washed together 

with the nucleic acid.  As a washing solution to be used 

for the washing, an alcohol, e.g., ethanol, has been 

generally used. 20 

[0003] 

 For example, Patent Document 1 discloses a method in 

which a nucleic acid is bonded to a material which is 

placed vertically in a pipette chip and to which a nucleic 

acid can be bonded and then the material is washed with a 25 
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washing buffer.  In Patent Document 1, after the washing 

with the washing buffer, a drying step is carried out and 

then the nucleic acid is isolated with an eluent.  In 

Patent Document 1, as the washing buffer, an alcohol, e.g., 

ethanol, is used. 5 

 

Related Art Document 

Patent Document 

[0004] 

 Patent Document 1: JP 2018-524017 T 10 

 

SUMMARY OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0005] 

 However, when an alcohol is used as a washing 15 

solution as disclosed in Patent Document 1, there is a 

problem that the alcohol is likely to volatilize during the 

storage of the washing solution.  Furthermore, when an 

alcohol is used as the washing solution, it is needed to 

further provide a drying step as disclosed in Patent 20 

Document 1, and therefore there is a problem that the 

process becomes complicated.  When a drying step is not 

provided, if an alcohol is used in a test or an analysis in 

a later step, a reaction such as an enzymatic reaction may 

be inhibited. 25 
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[0006] 

 The object of the present invention is to provide a 

nucleic acid isolation method, a nucleic acid isolation kit 

and a test chip, whereby it becomes possible to extract a 

nucleic acid in a simple manner without the need to use an 5 

alcohol. 

 

MEANS FOR SOLVING THE PROBLEMS 

[0007] 

 In a broad aspect of the nucleic acid isolation 10 

method according to the present invention, the method 

comprises the steps of: 

 mixing a specimen containing a nucleic acid with an 

extraction solution to disperse the nucleic acid in the 

extraction solution; 15 

 bringing the extraction solution containing the 

nucleic acid into contact with an anionic adsorbent; 

 bringing a washing solution into contact with the 

anionic adsorbent; and 

 bringing a collection solution into contact with the 20 

anionic adsorbent, 

 wherein: 

 the extraction solution contains a protein 

denaturant; 
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 the washing solution contains a basic compound and 

has a pH value equal to or less than a pKa value of a 

conjugate acid of the basic compound; and 

 the collection solution has a pH value equal to or 

more than the pKa value of the conjugate acid of the basic 5 

compound. 

[0008] 

 In a specific aspect of the nucleic acid isolation 

method according to the present invention, the extraction 

solution further contains a metal cation having a valency 10 

of 2 or more. 

[0009] 

 In another broad aspect of the nucleic acid isolation 

method according to the present invention, the method 

comprises the steps of: 15 

 mixing a specimen containing a nucleic acid with an 

extraction solution to disperse the nucleic acid in the 

extraction solution; 

 bringing the extraction solution containing the 

nucleic acid into contact with an anionic adsorbent; and 20 

 bringing a collection solution into contact with the 

anionic adsorbent, 

 wherein: 

 the extraction solution contains a protein denaturant 

and a basic compound, and has a pH value equal to or less 25 
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than a pKa value of a conjugate acid of the basic compound; 

and 

 the collection solution has a pH value equal to or 

more than the pKa value of the conjugate acid of the basic 

compound. 5 

[0010] 

 In another specific aspect of the nucleic acid 

isolation method according to the present invention, the 

pKa value of the conjugate acid of the basic compound is 4 

or more and 6 or less. 10 

[0011] 

 In still another specific aspect of the nucleic acid 

isolation method according to the present invention, the 

basic compound has an amino group. 

[0012] 15 

 In still another specific aspect of the nucleic acid 

isolation method according to the present invention, the 

extraction solution further contains a zwitterionic 

compound. 

[0013] 20 

 In still another specific aspect of the nucleic acid 

isolation method according to the present invention, a step 

of bringing a solution containing an alcohol into contact 

with the anionic adsorbent is not included. 

[0014] 25 
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 In a broad aspect of the nucleic acid isolation kit 

according to the present invention, the kit comprises: 

 an extraction solution; 

 a washing solution; 

 a collection solution; and 5 

 an anionic adsorbent, 

 wherein: 

 the extraction solution contains a protein 

denaturant; 

 the washing solution contains a basic compound and 10 

has a pH value equal to or less than a pKa value of a 

conjugate acid of the basic compound; and 

 the collection solution has a pH value equal to or 

more than the pKa value of the conjugate acid of the basic 

compound. 15 

[0015] 

 In a specific aspect of the nucleic acid isolation 

kit according to the present invention, the extraction 

solution further contains a metal cation having a valency 

of 2 or more. 20 

[0016] 

 In another broad aspect of the nucleic acid isolation 

kit according to the present invention, the kit comprises: 

 an extraction solution; 

 a collection solution; and 25 
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 an anionic adsorbent, 

 wherein: 

 the extraction solution contains a protein denaturant 

and a basic compound and has a pH value equal to or less 

than a pKa value of a conjugate acid of the basic compound; 5 

and 

 the collection solution has a pH value equal to or 

more than the pKa value of the conjugate acid of the basic 

compound. 

[0017] 10 

 In a broad aspect of the test chip according to the 

present invention, the test chip comprises: 

 an extraction solution holding section in which an 

extraction solution containing a nucleic acid is held; 

 a washing solution holding section in which a washing 15 

solution is held; 

 a collection solution holding section in which a 

collection solution is held; 

 a collection section containing an anionic adsorbent; 

and 20 

 a nucleic acid analysis section, 

 wherein: 

 the extraction solution contains a protein 

denaturant; 
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 the washing solution contains a basic compound and 

has a pH value equal to or less than a pKa value of a 

conjugate acid of the basic compound; and 

 the collection solution has a pH value equal to or 

more than the pKa value of the conjugate acid of the basic 5 

compound. 

[0018] 

 In a specific aspect of the test chip according to 

the present invention, the extraction solution further 

contains a metal cation having a valency of 2 or more. 10 

[0019] 

 In another broad aspect of the test chip according to 

the present invention, the test chip comprises: 

 an extraction solution holding section in which an 

extraction solution containing a nucleic acid is held; 15 

 a collection solution holding section in which a 

collection solution is held; 

 a collection section containing an anionic adsorbent; 

and 

 a nucleic acid analysis section, 20 

 wherein: 

 the extraction solution contains a protein denaturant 

and a basic compound and has a pH value equal to or less 

than a pKa value of a conjugate acid of the basic compound; 

and 25 
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 the collection solution has a pH value equal to or 

more than the pKa value of the conjugate acid of the basic 

compound. 

 

EFFECT OF THE INVENTION 5 

[0020] 

 According to the present invention, it becomes 

possible to provide a nucleic acid isolation method, a 

nucleic acid isolation kit and a test chip whereby it 

becomes possible to extract a nucleic acid in a simple 10 

manner without the need to use an alcohol. 

 

BRIEF DESCRIPTION OF DRAWINGS 

[0021] 

 [Fig. 1] Fig. 1 is a schematic plan view showing a 15 

chip used in a nucleic acid collection method according to 

a first embodiment of the present invention. 

 [Fig. 2] Fig. 2 is a schematic sectional view of a 

part taken along line A-A in Fig. 1. 

 [Fig. 3] Fig. 3(a) is a schematic view 20 

illustrating a state where a nucleic acid is adsorbed onto 

an anionic adsorbent, and Fig. 3(b) is a schematic view 

illustrating a state where the nucleic acid is isolated 

from the anionic adsorbent, in the nucleic acid isolation 

method according to the present invention. 25 
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 [Fig. 4] Fig. 4 is a schematic plan view showing 

one example of a flow path structure in a test chip 

according to a first embodiment of the present invention. 

 [Fig. 5] Fig. 5 is a schematic sectional view of a 

part taken along line B-B in Fig. 4. 5 

 

MODES FOR CARRYING OUT THE INVENTION 

[0022] 

 Hereinbelow, the present invention is described in 

detail. 10 

[0023] 

[Nucleic acid isolation method] 

 The present invention relates to a nucleic acid 

isolation method.  Hereinbelow, the present invention is 

described clearly by explaining specific embodiments of the 15 

present invention. 

[0024] 

(Nucleic acid isolation method according to first 

embodiment) 

 The nucleic acid isolation method according to a 20 

first embodiment of the present invention comprises the 

steps of: 

 mixing a specimen containing a nucleic acid with an 

extraction solution to disperse the nucleic acid in the 

extraction solution; 25 
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 bringing the extraction solution containing the 

nucleic acid into contact with an anionic adsorbent; 

 bringing a washing solution into contact with the 

anionic adsorbent; and 

 bringing a collection solution into contact with the 5 

anionic adsorbent.  The extraction solution contains a 

protein denaturant.  The washing solution contains a basic 

compound and has a pH value equal to or less than the pKa 

value of a conjugate acid of a basic compound.  The 

collection solution has a pH value equal to or more than 10 

the pKa value of the conjugate acid of a basic compound.  

Hereinbelow, the steps are explained. 

[0025] 

(Extraction step) 

 The nucleic acid isolation method according to a 15 

first embodiment of the present invention includes a step 

of mixing a specimen containing a nucleic acid with an 

extraction solution to disperse the nucleic acid in the 

extraction solution.  This step is referred to as an 

“extraction step” and is explained hereinafter. 20 

[0026] 

 As the specimen containing a nucleic acid, a 

biological specimen containing a nucleic acid such as DNA 

and RNA.  Examples of the biological specimen include a 

virus, a cell, blood, a tissue fluid and feces.  The 25 
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specimen containing a nucleic acid may also be a specimen 

containing a nucleic acid occurring in the environment, 

such as soil, sea water and river water, and is not 

particularly limited. 

[0027] 5 

 The extraction solution contains a protein denaturant.  

The protein denaturant has a function to interact with a 

protein to disrupt the higher structure of the protein and 

dissolve a nucleic acid in the extraction solution.  As the 

protein denaturant, a surfactant, a reducing agent, a 10 

guanidine derivative, thiourea, urea, a salt of any one of 

these components or the like can be used.  As the 

surfactant, sodium dodecyl sulfate (SDS), polyoxyethylene 

sorbitan monolaurate (Tween20) or the like can be used.  As 

the reducing agent, 2-mercaptoethanol, dithiothreitol (DTT) 15 

or the like can be used.  As the salt, a salt such as 

guanidine hydrochloride can be used.  These protein 

denaturants may be used singly, or two or more of them may 

be used in combination. 

[0028] 20 

 The concentration of the protein denaturant in the 

extraction solution is not particularly limited, and is 

preferably 2 mol/L or more, more preferably 4 mol/L or more, 

still more preferably 8 mol/L or more, and is also 

preferably 10 mol/L or less.  By adjusting the 25 
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concentration of the protein denaturant to a value falling 

within the above-mentioned range, it becomes possible to 

extract the nucleic acid more reliably.  When two or more 

types of protein denaturants are used, it is preferred that 

the total concentration of the protein denaturants falls 5 

within the above-mentioned range. 

[0029] 

 It is preferred that the extraction solution contains 

a zwitterionic compound as the protein denaturant. 

[0030] 10 

 When a nonionic surfactant or the like is used as the 

protein denaturant in the extraction solution, although the 

collection rate of the nucleic acid can be improved, a 

reaction such as PCR may be inhibited in a test or an 

analysis in a later step.  Therefore, the extraction of the 15 

nucleic acid within a short time may become difficult to 

achieve as a result of reducing the amount of the nonionic 

surfactant or additionally providing a washing step.  On 

the other hand, when the protein denaturant like a nonionic 

surfactant is not used, the collection rate of the nucleic 20 

acid may not be increased sufficiently. 

[0031] 

 When the extraction solution contains a zwitterionic 

compound, a cationic functional group in a protein (e.g., 

histone) contained in the specimen containing the nucleic 25 
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acid interacts with an anionic functional group in the 

zwitterionic compound upon the contact of the specimen with 

the zwitterionic compound.  As a result, the bond between 

the protein and the nucleic acid can be cleaved and the 

nucleic acid can be extracted efficiently.  Therefore, it 5 

becomes possible to collect the nucleic acid more 

efficiently in a later step. 

[0032] 

 A zwitterionic compound has also a cationic 

functional group, and therefore can impart a charge-10 

dependent bonding point in the nucleic acid.  More 

specifically, an anionic functional group in the 

zwitterionic compound can also form a bond together with a 

base in the nucleic acid, and therefore it becomes possible 

to prevent the nucleic acid from becoming electrically 15 

neutral by the action of the cationic functional group in 

the zwitterionic compound.  When a nucleic acid becomes 

electrically neutral, the coagulation among molecules of 

the nucleic acid proceeds, resulting in the decrease in 

efficiency of a reaction such as PCR.  In contrast, when a 20 

zwitterionic compound is used, it becomes possible to 

prevent the nucleic acid from becoming electrically neutral 

by the action of the zwitterionic compound, and therefore 

analysis accuracy can be further improved in an analysis 
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which is required to be carried out within a short time, 

e.g., PCR. 

[0033] 

 It is preferred that the zwitterionic compound does 

not have a surface activity.  The wording “a component does 5 

not have a surface activity” as used herein refers to a 

fact that the HLB value of the component is 0 to 6 or 13 to 

20 as measured by a Griffin method.  In this case, the 

inhibition of a reaction such as PCR can be prevented more 

reliably and the nucleic acid can be extracted within a 10 

shorter time in a test or an analysis in a later step. 

[0034] 

 The zwitterionic compound is not particularly limited.  

As the zwitterionic compound, an amino acid or an amino 

acid derivative, a nucleotide, or a polymer having a 15 

repeating structural unit derived from any one of these 

monomers can be used.  Among these compounds, an amino acid 

or an amino acid derivative is preferred as the 

zwitterionic compound.  In this case, it becomes possible 

to collect the nucleic acid more efficiently within a 20 

shorter time. 

[0035] 

 The amino acid or the amino acid derivative is not 

particularly limited.  For example, a naturally occurring 

amino acid such as glycine, acetylcysteine, a D-amino acid, 25 
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a diamine, a �-amino acid, a �-amino acid, a �-amino acid, 

an aminophosphonic acid, and a polymer having a repeating 

structural unit derived from any one of these monomers can 

be used. 

[0036] 5 

 Examples of the commercially available zwitterionic 

compound include LIPIDURE (NOF Corporation) and PNA (Cosmo 

Bio Co. Ltd.). 

[0037] 

 These zwitterionic compounds may be used singly, or 10 

two or more of them may be used in combination. 

[0038] 

 When the extraction solution contains a zwitterionic 

compound, the concentration of the zwitterionic compound in 

the extraction solution is not particularly limited, and is 15 

preferably 0.5 mol/L or more, more preferably 1.0 mol/L or 

more, and is also preferably 10.0 mol/L or less, more 

preferably 8.0 mol/L or less.  When the concentration of 

the zwitterionic compound in the nucleic acid extraction 

solution falls within the above-mentioned range, it becomes 20 

possible to collect the nucleic acid more efficiently 

within a shorter time. 

[0039] 

 The extraction solution preferably contains a metal 

cation having a valency of 2 or more.  Examples of the 25 
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metal cation having a valency of 2 or more include a 

calcium ion and a magnesium ion.  When the extraction 

solution contains a metal cation having a valency of 2 or 

more, the collection rate of the nucleic acid can be 

further improved. 5 

[0040] 

 When the extraction solution contains a metal cation 

having a valency of 2 or more, the metal cation binds to 

the negatively charged nucleic acid via an ionic bond upon 

the addition of the specimen containing the nucleic acid to 10 

the extraction solution.  Upon the contact of the 

extraction solution from which the nucleic acid having the 

metal cation bonded thereto via an ionic bond has been 

extracted with the anionic adsorbent, the metal cation 

binds to the anionic adsorbent via an ionic bond, as shown 15 

in Fig. 3(a).  As a result, the nucleic acid can be 

adsorbed onto the anionic adsorbent through the metal 

cation. 

[0041] 

 The extraction solution may further contain a co-20 

precipitant.  Examples of the co-precipitant include tRNA, 

polyadenine, an acrylamide polymer and glycogen.  When the 

extraction solution further contains the co-precipitant, it 

becomes possible to allow the nucleic acid to be adsorbed 

onto the anionic adsorbent more efficiently. 25 
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[0042] 

 The metal cation cannot inhibit the extraction of the 

nucleic acid even when added in the extraction solution 

previously.  Therefore, any complicated step is not 

necessary for the extraction of the nucleic acid. 5 

[0043] 

 When the extraction solution contains a metal cation 

having a valency of 2 or more, the concentration of the 

metal cation having a valency of 2 or more in the 

extraction solution is not particularly limited, and is 10 

preferably 0.5 mol/L or more, more preferably 1.0 mol/L or 

more, and is also preferably 6.0 mol/L or less, more 

preferably 5.0 mol/L or less.  When the concentration of 

the metal cation having a valency of 2 or more in the 

extraction solution falls within the above-mentioned range, 15 

it becomes possible to collect the nucleic acid more 

efficiently within a shorter time. 

[0044] 

 In addition to the above-mentioned components, the 

extraction solution may further contain other components 20 

such as a pH modifier and a stabilizing agent. 

[0045] 

(Adsorption step) 

 Subsequently, the nucleic acid isolation method 

according to the first embodiment of the present invention 25 
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includes a step of bringing the extraction solution 

containing the nucleic acid into contact with an anionic 

adsorbent.  This step is referred to as an “adsorption step” 

and is explained hereinafter. 

[0046] 5 

 Fig. 1 is a schematic plan view showing a chip used 

in the nucleic acid isolation method according to the first 

embodiment of the present invention.  Fig. 2 is a schematic 

sectional view of a part taken along line A-A in Fig. 1.  

In the following explanation, the isolation of the nucleic 10 

acid is carried out using a microfluidic device equipped 

with a chip 1.  The isolation of the nucleic acid may also 

be carried out using other container.  The device to be 

used for the isolation is not particularly limited. 

[0047] 15 

 As shown in Figs. 1 and 2, the chip 1 is equipped 

with a flow path 2 through which a fluid can be fed.  In 

the middle of the flow path 2, a collection section 3 is 

provided.  Therefore, the flow path 2 has an upstream-side 

flow path 2a which is provided on the upstream side of the 20 

collection section 3 and a downstream-side flow path 2b 

which is provided on the downstream side of the collection 

section 3.  The chip 1 is provided with a plate-like 

substrate 5 and a cover member 6.  The cover member 6 is 

arranged on a main surface 5a of the substrate 5 so as to 25 
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close an opening of a depressed part 5b in the substrate 5.  

As a result, the upstream-side flow path 2a, the collection 

section 3 and the downstream-side flow path 2b are formed.  

The material constituting the substrate 5 is not 

particularly limited.  For example, a synthetic resin, a 5 

rubber or a metal can be used.  The cover member 6 can be 

formed from a material having flexibility, such as a resin 

film. 

[0048] 

 Anionic adsorbent; 10 

 In the collection section 3, an anionic adsorbent 4 

which can support the nucleic acid thereon and can help to 

collect the nucleic acid is arranged.  The anionic 

adsorbent 4 is a supporting body for supporting the nucleic 

acid thereon. 15 

[0049] 

 The form of the anionic adsorbent 4 is not 

particularly limited.  For example, the anionic adsorbent 4 

can be used in the form of a membrane, a filter, a plate, a 

fibrous material, a tube, particles or a porous body.  The 20 

form of the anionic adsorbent 4 is preferably a fiber, 

particles, or a porous body. 

[0050] 

 The anionic adsorbent 4 can be formed from, but is 

not particularly limited to, a silicon compound, a 25 
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phosphate mineral, a silicate mineral, an aliminosilicate 

mineral or the like.  Examples of the silicon compound 

include silica and glass.  An example of the phosphate 

mineral is hydroxyapatite.  Examples of the silicate 

mineral include talc and montmorillonite.  An example of 5 

the aluminosilicate mineral is zeolite.  These components 

may be used singly, or two or more of them may be used in 

combination. 

[0051] 

 The anionic adsorbent 4 is preferably a silica fiber 10 

or a glass fiber, more preferably a silica fiber.  In this 

embodiment, a silica fiber is used as the anionic adsorbent 

4.  The anionic adsorbent 4 may also be silica particles or 

a silica porous body. 

[0052] 15 

 In the adsorption step, the extraction solution 

obtained in the extraction step and containing the nucleic 

acid is fed to the collection section 3 from the upstream-

side flow path 2a to bring the extraction solution into 

contact with the anionic adsorbent 4.  By carrying out the 20 

adsorption step, the nucleic acid contained in the 

extraction solution can be adsorbed onto the anionic 

adsorbent 4. 

[0053] 

(Washing step) 25 



22 

 Subsequently, the nucleic acid isolation method 

according to the first embodiment of the present invention 

includes a step of bringing a washing solution into contact 

with the anionic adsorbent.  The washing solution contains 

a basic compound and has a pH value equal to or less than 5 

the pKa value of a conjugate acid of the basic compound.  

This step is referred to as a “washing step” and is 

explained hereinbelow. 

[0054] 

 In the nucleic acid isolation method according to the 10 

first embodiment of the present invention, the washing step 

is a step of feeding the washing solution from the 

upstream-side flow path 2a to the collection section 3 to 

bring the washing solution into contact with the anionic 

adsorbent 4.  By the washing step, a crosslinked structure 15 

is formed between the nucleic acid and the anionic 

adsorbent 4 through the basic compound contained in the 

washing solution.  Furthermore, by the washing step, 

contaminants adsorbed on the anionic adsorbent 4 can be 

washed off. 20 

[0055] 

 Basic compound; 

 The washing solution contains a basic compound and 

has a pH value equal to or less than the pKa value of a 

conjugate acid of the basic compound.  Therefore, in the 25 
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washing solution, some of molecules of the basic compound 

exist as positively-charged cations.  In this case, the 

nucleic acid can be adsorbed firmly onto the anionic 

adsorbent 4 by allowing the cations to form a crosslinking 

structure between the anionic adsorbent 4 and the nucleic 5 

acid (which is generally negatively charged) as shown in 

Fig. 3(a).  Furthermore, because the basic compound is 

dissolved in the form of a cation in the washing solution, 

a crosslinked structure can be formed between the basic 

compound and the nucleic acid uniformly, and thereby the 10 

collection rate of the nucleic acid can be more likely to 

be improved. 

[0056] 

 The term “basic compound” as used herein refers to a 

compound which can accept a proton (H+) in accordance with 15 

the Bronsted-Lowry definition, or an ion of the compound.  

When the basic compound can be ionized in multiple stages, 

the pKa value of a conjugate acid of the basic compound 

means an acid dissociation constant pKa1 of a conjugate 

acid of the basic compound when the basic compound is 20 

ionized in one stage. 

[0057] 

 The basic compound may be any one of a monomer, an 

oligomer and a polymer, or may be a combination thereof.  

When the washing solution is used in a microfluidic device, 25 
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the basic compound is preferably a monomer having a low 

thickening effect.  The weight average molecular weight of 

the monomer is preferably 700 or less.  The weight average 

molecular weight of the oligomer is preferably less than 

10,000.  The weight average molecular weight of the polymer 5 

is preferably 10,000 or more. 

[0058] 

 With respect to the basic compound, the pKa value of 

a conjugate acid thereof is preferably 4 or more, more 

preferably 4.5 or more, and is preferably 6 or less, more 10 

preferably 5.5 or less.  When the pKa value of the 

conjugate acid falls within the above-mentioned range, it 

becomes possible to extract the nucleic acid more 

efficiently. 

[0059] 15 

 The basic compound may be a monovalent base or a 

bivalent base, and is preferably a base having a valency of 

2 or more.  In this case, it becomes possible to adsorb the 

nucleic acid more firmly. 

[0060] 20 

 The basic compound preferably has an amino group.  

When the basic compound is a monomer having an amino group, 

examples of the monomer include a polyamine-based monomer, 

a radical-reactive amine monomer, a polycondensable amine 

monomer, an amino sugar, and a pyridine compound.  These 25 
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monomers may be used singly, or two or more of them may be 

used in combination. 

[0061] 

 Examples of the polyamine-based monomer include 

melamine, piperazine, 1,4-diazabicyclo[2.2.2]octane (DABCO), 5 

methoxyamine, dimethylhydroxyamine, 

trisdimethylaminoethylamine, diethylenetriamine, 

methylaminoacetonitrile, diethylaminoacetonitrile, 

nitrourea, aminoethylmorpholine, hexamethylenetetramine, 

triethylenediamine, dimethylhydroxyamine, isoquinoline, 10 

histidine, benzimidazole, biguanide, spermine, spermidine 

and putrescine. 

[0062] 

 Examples of the radical-reactive amine monomer 

include allylamine and acrylamine. 15 

[0063] 

 An example of the polycondensable amine monomer is 

polyethyleneimine. 

[0064] 

 Examples of the amino sugar include acarbose, N�20 

acetylneuraminic acid, phosphoribosylamine and glucosamine. 

[0065] 

 Examples of the pyridine compound include pyridine, 

nicotinic acid, nicotinic acid amide, isoniazid, nicotine, 

brucine and vitamin B6. 25 
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[0066] 

 When the basic compound is a polymer having an amino 

group, examples of the polymer include a long-chain 

polyamine (LCPA), an amino-sugar-based polysaccharide, a 

pyridine-based polymer, and a polymer having a repeating 5 

structural unit derived from any one of the above-mentioned 

monomers.  These polymers may be used singly, or two or 

more of them may be used in combination. 

[0067] 

 Examples of the long-chain polyamine (LCPA) include 10 

silaffin and silacidin. 

[0068] 

 An example of the amino-sugar-based polysaccharide is 

chitosan. 

[0069] 15 

 Examples of the pyridine-based polymer include 

polypyridine and a polyalkylpyridinium. 

[0070] 

 As the oligomer, an oligomer having a repeating 

structural unit derived from any one of the above-mentioned 20 

monomers can be used for example. 

[0071] 

 Among these compounds, from the viewpoint that the 

nucleic acid can be supported on the anionic adsorbent 4 

more reliably, the basic compound is preferably melamine, 25 
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piperazine or 1,4-diazabicyclo[2.2.2]octane (DABCO), more 

preferably melamine.  The pKa value of melamine in an 

aqueous solution is 5.0 to 5.1.  Therefore, in an aqueous 

solution having a pH value of 7, the basic compound becomes 

in a non-ionized state as shown in formula (1) below.  In 5 

an aqueous solution having a pH value of 4, some or all of 

molecules of the basic compound are ionized and are 

converted into cations each having a valency of 1 to 3, as 

shown in formulas (2) to (4).  Therefore, melamine can be 

used suitably as a compound having a pKa value of 4 or more 10 

and 6 or less. 

[0072] 

[Chemical 1] 

 

[0073] 15 

[Chemical 2] 

 

[0074] 

[Chemical 3] 

  ... Formula (1) 

  ... Formula (2) 
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[0075] 

[Chemical 4] 

 

[0076] 5 

 The pH value of the washing solution is not 

particularly limited, as long as the pH value is equal to 

or less than the pKa value.  From the viewpoint of more 

reliably supporting the nucleic acid on the anionic 

adsorbent 4 through the basic compound, the difference 10 

between the pKa value and the pH value of the washing 

solution is preferably 1 or more, more preferably 2 or more.  

The upper limit of the difference between the pKa value and 

the pH value of the washing solution is not particularly 

limited, and can be, for example, 5. 15 

[0077] 

 The concentration of the basic compound in the 

washing solution is not particularly limited, and is 

preferably 10 mmol/L or more, and is preferably 1 mol/L or 

less, more preferably 500 mmol/L or less.  When the 20 

concentration of the basic compound falls within the above-

  ... Formula (3) 

  ... Formula (4) 
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mentioned range, it becomes possible to support the nucleic 

acid on the anionic adsorbent 4 through the basic compound 

more reliably. 

[0078] 

 In the present invention, when the anionic adsorbent 5 

4 has the form of a fiber or a porous body, it is preferred 

that the compound is a monomer.  In this case, it becomes 

possible to achieve the contact of the anionic adsorbent 4 

with the compound with higher efficiency. 

[0079] 10 

 When the anionic adsorbent 4 has the form of 

particles, it is preferred that the amine-based compound is 

a polymer.  In this case, it becomes possible to achieve 

the contact ow the anionic adsorbent 4 with the amine-based 

compound with higher efficiency. 15 

[0080] 

(Collection step) 

 Subsequently, the nucleic acid isolation method 

according to the first embodiment of the present invention 

includes a step of bringing a collection solution into 20 

contact with the anionic adsorbent.  This step is referred 

to as a “collection step” and is explained hereinbelow. 

[0081] 

 In the nucleic acid isolation method according to the 

first embodiment of the present invention, the collection 25 
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step is a step of feeding the collection solution from the 

upstream-side flow path 2a to the collection section 3 to 

bring the collection solution into contact with the anionic 

adsorbent 4.  In this regard, the pH value of the 

collection solution is more than the pKa value of the basic 5 

compound, and therefore most of molecules of the basic 

compound become in a non-ionized state.  Therefore, when 

the collection solution is fed to the collection section 3, 

ionic bonds formed between the negatively charged nucleic 

acid and the basic compound and between the anionic 10 

adsorbent 4 and the basic compound are broken as shown in 

Fig. 3(b).  Therefore, by feeding the collection solution 

to the collection section 3, the nucleic acid can be 

isolated from the anionic adsorbent 4 and can be collected 

from a collection port 7.  The difference between the pH 15 

value of the collection solution and the pKa value is 

preferably 1 or more, more preferably 2 or more.  The upper 

limit of the difference between the pH value of the 

collection solution and the pKa value is not particularly 

limited, and can be, for example, 3. 20 

[0082] 

 As mentioned above, in the nucleic acid isolation 

method according to this embodiment, the nucleic acid can 

be adsorbed onto the anionic adsorbent 4 firmly by using 

the extraction solution and the washing solution containing 25 
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the basic compound and having a pH value equal to or less 

than the pKa value of a conjugate acid of the basic 

compound.  The nucleic acid can also be isolated from the 

anionic adsorbent 4 and collected by using the collection 

solution having a pH value equal to or more than the pKa 5 

value of a conjugate acid of the basic compound.  

Accordingly, in the nucleic acid isolation method of this 

embodiment, the nucleic acid can be collected more easily 

using the extraction solution, the washing solution and the 

collection solution without the need to use an alcohol. 10 

[0083] 

 The pH value of the collection solution is only 

required to be equal to or more than the pKa value of a 

conjugate acid of the basic compound, and the collection 

solution may be neutral.  Therefore, because the nucleic 15 

acid can be isolated and collected with a neutral 

collection solution, the inhibition of a reaction, e.g., an 

enzymatic reaction, can also be prevented in a test or an 

analysis in a later step. 

[0084] 20 

(Other step) 

 The nucleic acid isolation method according to the 

first embodiment of the present invention may further 

include a step other than the above-mentioned steps, if 

necessary.  For example, the method may further include 25 
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other step, e.g., a drying step, subsequent to the 

adsorption step. 

[0085] 

(Nucleic acid isolation method according to second 

embodiment) 5 

 The nucleic acid isolation method according to a 

second embodiment of the present invention comprises the 

steps of: 

 mixing a specimen containing a nucleic acid with an 

extraction solution to disperse the nucleic acid in the 10 

extraction solution; 

 bringing the extraction solution containing the 

nucleic acid into contact with an anionic adsorbent; and 

 bringing a collection solution into contact with the 

anionic adsorbent.  The extraction solution contains a 15 

protein denaturant and a basic compound, and has a pH value 

equal to or less than a pKa value of a conjugate acid of 

the basic compound.  The collection solution has a pH value 

equal to or more than the pKa value of the conjugate acid 

of the basic compound. 20 

[0086] 

 The nucleic acid isolation method according to the 

second embodiment is different from the nucleic acid 

isolation method according to the first embodiment in that 

the extraction solution contains the basic compound and has 25 
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a pH value equal to or less than the pKa value of a 

conjugate acid of the basic compound. 

[0087] 

 In the nucleic acid isolation method according to the 

second embodiment, the same steps as those employed in the 5 

nucleic acid isolation method according to the first 

embodiment can be employed, except the above-mentioned 

point.  In the nucleic acid isolation method according to 

the second embodiment, it is not necessarily required to 

provide the washing step.  When the washing step is not 10 

provided in the nucleic acid isolation method according to 

the second embodiment, it becomes possible to isolate the 

nucleic acid more easily and more rapidly.  On the other 

hand, when the washing step is provided in the nucleic acid 

isolation method according to the second embodiment of the 15 

present invention, it becomes possible to isolate the 

nucleic acid that contains a smaller amount of contaminants.  

In the nucleic acid isolation method according to the 

second embodiment, the washing solution is only required to 

have a pH value equal to or less than the pKa value of the 20 

basic compound.  In this case, the contaminants or the like 

can be washed off while keeping the nucleic acid adsorbed 

on the anionic adsorbent. 

[0088] 
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 According to the nucleic acid isolation method of the 

second embodiment of the present invention, the nucleic 

acid can be collected more easily using the extraction 

solution and the collection solution without the need to 

use an alcohol. 5 

[0089] 

[Nucleic acid isolation kit] 

 The present invention also relates to a nucleic acid 

isolation kit. 

[0090] 10 

(Nucleic acid isolation kit according to first embodiment) 

 The nucleic acid isolation kit according to a first 

embodiment of the present invention comprises an extraction 

solution, a washing solution, a collection solution and an 

anionic adsorbent.  The extraction solution contains a 15 

protein denaturant.  The washing solution contains a basic 

compound and has a pH value equal to or less than a pKa 

value of a conjugate acid of the basic compound.  The 

collection solution has a pH value equal to or more than 

the pKa value of the conjugate acid of the basic compound.  20 

According to the nucleic acid isolation kit of the first 

embodiment, by employing the nucleic acid isolation method 

according to the first embodiment as mentioned above, the 

nucleic acid can be isolated more easily using the 
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extraction solution, the washing solution and the 

collection solution without the need to use an alcohol. 

[0091] 

 In the nucleic acid isolation kit according to the 

first embodiment, as the extraction solution, the washing 5 

solution, the collection solution and the anionic adsorbent, 

the same ones as those described in the nucleic acid 

isolation method according to the first embodiment as 

mentioned above can be used. 

[0092] 10 

(Nucleic acid isolation kit according to second embodiment) 

 The nucleic acid isolation kit according to a second 

embodiment of the present invention comprises an extraction 

solution, a collection solution and an anionic adsorbent.  

The extraction solution contains a protein denaturant and a 15 

basic compound, and has a pH value equal to or less than 

the pKa value of a conjugate acid of the basic compound.  

The collection solution has a pH value equal to or more 

than the pKa value of the conjugate acid of the basic 

compound.  According to the nucleic acid isolation kit of 20 

the second embodiment, by employing the nucleic acid 

isolation method according to the second embodiment as 

mentioned above, the nucleic acid can be isolated more 

easily using the extraction solution and the collection 

solution without the need to use an alcohol. 25 
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[0093] 

 In the nucleic acid isolation kit according to the 

second embodiment, as the extraction solution, the 

collection solution and the anionic adsorbent, the same 

ones as those described in the nucleic acid isolation 5 

method according to the second embodiment as mentioned 

above can be used.  The nucleic acid isolation kit 

according to the second embodiment may further include a 

washing solution.  As the washing solution, the same one as 

described in the nucleic acid isolation method according to 10 

the second embodiment can be used. 

[0094] 

 In each of the nucleic acid isolation kits according 

to the first and second embodiments, it is preferred that 

the extraction solution, the washing solution and the 15 

collection solution are contained in a first container, a 

second container and a third container, respectively.  It 

is also preferred that the anionic adsorbent is held in the 

inside of a column of which an upper part and a lower part 

are opened.  Furthermore, it is also preferred that the 20 

first container, the second container, the third container 

and the column are provided in such a form that these items 

are contained in a box.  Furthermore, it is also preferred 

that a package insert for explaining the usage and the like 
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of the nucleic acid isolation kit is also contained in the 

box. 

[0095] 

[Test chip] 

 The present invention also relates to a test chip. 5 

[0096] 

(Test chip according to first embodiment) 

 The test chip according to a first embodiment of the 

present invention comprises: 

 an extraction solution holding section in which an 10 

extraction solution containing a nucleic acid is held; 

 a washing solution holding section in which a washing 

solution is held; 

 a collection solution holding section in which a 

collection solution is held; 15 

 a collection section containing an anionic adsorbent; 

and 

 a nucleic acid analysis section.  The extraction 

solution contains a protein denaturant.  The washing 

solution contains a basic compound and has a pH value equal 20 

to or less than a pKa value of a conjugate acid of the 

basic compound.  The collection solution has a pH value 

equal to or more than the pKa value of the conjugate acid 

of the basic compound. 

[0097] 25 
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 In the test chip according to the first embodiment, 

as the extraction solution, the washing solution, the 

collection solution and the anionic adsorbent, the same 

ones as those described in the nucleic acid isolation 

method according to the first embodiment as mentioned above 5 

can be used. 

[0098] 

 Fig. 4 is a schematic view showing one example of a 

flow path structure in the test chip according to the first 

embodiment of the present invention.  Fig. 5 is a front 10 

sectional view of a part taken along line B-B in Fig. 4. 

[0099] 

 In Figs. 4 and 5, the test chip 11 comprises a 

substrate 12 and a sealing sheet 13.  The substrate 12 is 

not particularly limited.  In this embodiment, the 15 

substrate 12 has a rectangular sheet-like shape.  The 

substrate 12 has a first surface 12a that is located on the 

side of the sealing sheet 13 and a second surface 12b that 

is opposed to the first surface 12a.  In the test chip 11, 

a plurality of groove parts provided on the first surface 20 

12a side are sealed with the sealing sheet 13 to form first 

to fifth flow paths 24A to 24E and a collection section 28.  

In the collection section 28, the anionic adsorbent 14 is 

provided. 

[0100] 25 
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 As the material constituting the substrate 12, an 

appropriate material such as a synthetic resin can be used.  

An example of the material constituting the sealing sheet 

13 is a resin film. 

[0101] 5 

 Upstream ends of the first to third flow paths 24A to 

24C are respectively connected to micro pumps 23A to 23C, 

and downstream ends thereof are connected to the collection 

section 28.  In the middle of the first flow path 24A, an 

extraction solution holding section 25 is provided.  In the 10 

middle of the second flow path 24B, a washing solution 

holding section 26 is provided.  In the middle of the third 

flow path 24C, a collection solution holding section 27 is 

provided. 

[0102] 15 

 Each of the micro pumps 23A to 23C is not 

particularly limited, and an example thereof is a light gas 

generation tape.  The term “light gas generation tape” 

refers to a tape which can generate a gas upon being 

irradiated with light. 20 

[0103] 

 An upstream end of the fourth flow path 24D is 

connected to the collection section 28, and a downstream 

end thereof is connected to a waste fluid section 29.  In 

the middle of the fourth flow path 24D, a valve section 21A 25 
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is provided so as to open and close the fourth flow path 

24D. 

[0104] 

 An upstream end of the fifth flow path 24E is 

connected to the collection section 28, and a downstream 5 

end thereof is connected to a nucleic acid analysis section 

22.  In the middle of the fifth flow path 24E, a valve 

section 21B is provided so as to open and close the fifth 

flow path 24E. 

[0105] 10 

 Nucleic acid analysis section; 

 After the nucleic acid is isolated with the 

collection solution, the analysis of the nucleic acid is 

carried out in the nucleic acid analysis section 22.  The 

method for analyzing the nucleic acid which is carried out 15 

in the nucleic acid analysis section 22 is not particularly 

limited.  An example of the method is PCR (Polymerase Chain 

Reaction).  In order to achieve the isolation and analysis 

of the nucleic acid rapidly, it is preferred that a reagent 

to be used for the analysis of the nucleic acid is provided 20 

in the nucleic acid analysis section 22 previously.  

Examples of the reagent to be used for the analysis of the 

nucleic acid include a primer and a polymerase for use in 

PCR. 

[0106] 25 
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 Next, one example of the nucleic acid isolation 

method using the test chip according to the first 

embodiment is explained hereinbelow. 

[0107] 

 Firstly, in the outside of the system of the test 5 

chip 11, the extraction solution and the specimen 

containing the nucleic acid as mentioned above are mixed 

together to prepare the extraction solution containing the 

nucleic acid (extraction step).  Subsequently, the 

extraction solution containing the nucleic acid is injected 10 

into the extraction solution holding section 25 through an 

injection port (not shown).  Subsequently, a micro pump 23A 

is driven to bring the extraction solution injected to the 

extraction solution holding section 25 into contact with 

the anionic adsorbent 14 in the collection section 28 and 15 

is then fed to the waste fluid section 29 (adsorption step).  

At this time, the valve section 21A is opened and the valve 

section 21B is closed.  Subsequently, a micro pump 23B is 

driven to bring the washing solution held in the washing 

solution holding section 26 into contact with the anionic 20 

adsorbent 14 in the collection section 28 and is then fed 

to the waste fluid section 29 (washing step).  Subsequently, 

the valve section 21A is closed and the valve section 21B 

is opened.  Subsequently, a micro pump 23C is driven to 

bring the collection solution held in the collected 25 
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solution holding section 27 into contact with the anionic 

adsorbent 14 to isolate the nucleic acid, and then the 

collection solution containing the nucleic acid is fed to 

the nucleic acid analysis section 22 (collection step). 

[0108] 5 

 According to the test chip of the first embodiment, 

the nucleic acid can be isolated and analyzed more easily 

using the extraction solution, the washing solution and the 

collection solution without the need to use an alcohol by 

employing the nucleic acid isolation method according to 10 

the first embodiment. 

[0109] 

 The configuration of the test chip according to the 

first embodiment and the nucleic acid isolation method 

using the test chip are just one example, and the 15 

configuration and the nucleic acid isolation method may be 

modified appropriately within the scope in which the object 

of the present invention can be achieved. 

[0110] 

(Test chip according to second embodiment) 20 

 The test chip according to a second embodiment of the 

present invention comprises: 

 an extraction solution holding section in which an 

extraction solution containing a nucleic acid is held; 
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 a collection solution holding section in which a 

collection solution is held; 

 a collection section containing an anionic adsorbent; 

and 

 a nucleic acid analysis section.  The extraction 5 

solution contains a protein denaturant and a basic compound, 

and has a pH value equal to or less than a pKa value of a 

conjugate acid of the basic compound.  The collection 

solution has a pH value equal to or more than the pKa value 

of the conjugate acid of the basic compound. 10 

[0111] 

 In the test chip according to the second embodiment, 

as the extraction solution, the collection solution and the 

anionic adsorbent, the same ones as those described in the 

nucleic acid isolation method according to the second 15 

embodiment as mentioned above can be used. 

[0112] 

 The test chip according to the second embodiment may 

further include a washing solution holding section in which 

a washing solution is held.  As the washing solution, the 20 

same one as described in the nucleic acid isolation method 

according to the second embodiment as mentioned above can 

be used. 

[0113] 
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 As the test chip according to the second embodiment, 

a test chip having the same configuration as that of the 

test chip according to the first embodiment can be used.  

In the test chip according to the second embodiment, it is 

not necessarily required to provide the washing solution 5 

holding section.  When the washing solution holding section 

is not provided in the test chip according to the second 

embodiment, it becomes possible to isolate the nucleic acid 

more easily and more rapidly.  When the washing solution 

holding section is provided in the test chip according to 10 

the second embodiment, it becomes possible to isolate the 

nucleic acid that contains a smaller amount of contaminants. 

[0114] 

 As the nucleic acid isolation method using the test 

chip according to the second embodiment, the same method as 15 

the nucleic acid isolation method using the test chip 

according to the first embodiment can be employed.  In the 

nucleic acid isolation method using the test chip according 

to the second embodiment, it is not necessarily required to 

provide the washing step.  In the test chip according to 20 

the second embodiment, when the washing step is not 

provided, it becomes possible to isolate the nucleic acid 

more easily and more rapidly.  On the other hand, in the 

test chip according to the second embodiment, when the 

washing step is provided, it becomes possible to isolate 25 
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the nucleic acid that contains a smaller amount of 

contaminants. 

[0115] 

 According to the test chip of the second embodiment, 

the nucleic acid can be isolated and analyzed more easily 5 

using the extraction solution, the washing solution and the 

collection solution without the need to use an alcohol by 

employing the nucleic acid isolation method according to 

the second embodiment as mentioned above. 

[0116] 10 

 The configuration of the test chip according to the 

second embodiment and the nucleic acid isolation method 

using the test chip are just one example, and the 

configuration and the nucleic acid isolation method may be 

modified appropriately within the scope in which the object 15 

of the present invention can be achieved. 

 

EXAMPLES 

[0117] 

 Hereinbelow, the present invention is described 20 

clearly with reference to specific examples and comparative 

examples of the present invention.  However, the present 

invention is not limited to the following examples. 

[0118] 

(Example 1) 25 
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 In Example 1, a chip 1 shown in Figs. 1 and 2 was 

produced as follows. 

[0119] 

 A cycloolefin polymer was used as a material 

constituting a substrate 5, and the cycloolefin polymer was 5 

injection-molded to produce a substrate 5 having a 

depressed part 5b.  A sealing tape was used as a cover 

member 6, and the depressed part 5b in the substrate 5 was 

closed with the sealing tape.  In this manner, the chip 1 

was produced.  In a collection section 3, silica fibers 10 

(“GF/D” manufactured by GE Healthcare, 2 mm�, thickness 0.8 

mm) was placed as an anionic adsorbent 4.  The width and 

depth of a flow path 2 were 0.8 mm and 0.5 mm, respectively. 

[0120] 

 The collection rate of RNA was measured using the 15 

chip 1. 

[0121] 

 Isolation of RNA; 

 In the outside of the system of the chip 1, a virus 

(FluA H1N1 manufactured by ATCC; 5000 copies) was added to 20 

an extraction solution (500 �L) having the composition 

shown in Table 1 to produce an extraction solution having a 

nucleic acid (RNA) dispersed therein.  A co-precipitant 

(polyadenine) shown in Table 1 was added in an amount of 3 

�g per 500 �L of the extraction solution.  Subsequently, 25 
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the extraction solution (150 �L) containing the RNA was fed 

to a collection section 3 to allow the RNA to be adsorbed 

on the silica fibers.  After the feeding of the extraction 

solution containing the RNA, a washing solution (200 �L) 

shown in Table 1 was fed to the collection section 3 to 5 

wash the silica fibers. 

[0122] 

 Subsequently, Tris-HCl Buffer (50 mM, pH 8.5) (30 �L) 

which served as a collection solution was fed to the 

collection section 3 to isolate the RNA supported on the 10 

collection section 3, and the RNA was then collected. 

[0123] 

(Calculation of RNA collection rate) 

 Subsequently, an aliquot (2 �L) was removed from the 

collection solution in which the nucleic acid was collected, 15 

and then a PCR reaction solution was prepared using TaqPath 

qPCR and RT-qPCR Master Mixes (manufactured by 

Thermofisher).  As a PCR primer, a PDM 2009 H1N1 detection 

primer (InfA, Universal Influenza a Primer) manufactured by 

Biosearch Technologies, Inc. was used. 20 

[0124] 

 As standards, PCR reaction solutions in each of which 

a solution (2 �L) prepared by extracting and purifying the 

same virus using QIAamp Viral RNA Mini Kit (manufactured by 

QIAGEN) were also prepared (the concentration of the 25 
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nucleic acid: 4 kinds of standards, i.e., 100,000 copies/�L, 

50,000 copies/�L, 5,000 copies/�L, and 500 copies/�L). 

[0125] 

 Subsequently, each of the PCR reaction solution 

prepared from the collection solution and the standard PCR 5 

reaction solutions was amplified using a thermal cycler 

“LightCycler (manufactured by Roche)”.  For the 

amplification, heating was carried out at 95� for 20 

seconds, and then 45 cycles of 95� for 3 seconds and 60� 

for 5 seconds were carried out. 10 

[0126] 

 After the amplification, the RNA collection rate 

(nucleic acid collection rate) was calculated from the 

amount of the nucleic acid which was automatically 

calculated by LightCycler on the basis of the standards, in 15 

accordance with the following equation. 

[0127] 

 Nucleic acid collection rate (%) = {((amount of 

nucleic acid calculated by LightCycler)×(volume of 

collected solution)/2)×100}/5,000 20 

[0128] 

(Examples 2 to 7) 

 The same procedure as in Example 1 was carried out, 

except that the types and addition amounts of the compounds 

contained in the extraction solution and the washing 25 
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solution were changed to those shown in Table 1 and that 

the washing step was not provided in Example 6.  In this 

manner, RNA collection rates were determined.  The results 

are shown in Table 1.  The pKa value of a conjugate acid of 

DABCO in Example 2 was 4.2, and the pKa value of a 5 

conjugate acid of piperazine in Example 3 was 5.7.  In 

Table 1, the unit “mol/L” is expressed in “M”. 

[0129] 

(Comparative Example 1) 

 In Comparative Example 1, the RNA collection rate was 10 

determined in the same manner as in Example 1, except that 

ethanol (200 �L) was used as the washing solution. 

[0130] 

(Comparative Example 2) 

 In Comparative Example 2, the RNA collection rate was 15 

determined in the same manner as in Example 1, except that 

the washing solution was not fed after the feeding of the 

extraction solution containing the RNA. 

[0131] 

 The results are shown in Table 1. 20 

[0132] 
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[Table 1] 

 
Example 

1 

Example 

2 

Example 

3 

Example 

4 

Example 

5 

Example 

6 

Example 

7 

Comparative 

Example 1 

Comparative 

Example 2 

Extraction 

solution 

Urea 4M 4M 4M 4M 4M 4M 4M 4M 4M 

Guanidine hydrochloride 4M 4M 4M 4M    4M 4M 

Calcium chloride 2M 2M 2M 2M    2M 2M 

Glycine    1M 1M     

Melamine (pKa = 5.0 – 5.1)      50 mM 50 mM   

Co-precipitant (polyadenine) 3 �g 3 �g 3 �g 3 �g 3 �g 3 �g 3 �g 3 �g 3 �g 

pH 7 7 7 7 4 4 4 7 7 

Washing 

solution 

Melamine (pKa = 5.0 – 5.1) 50 mM   50 mM 50 mM 

Without 

washing 

 

Washed with 

ethanol 

Without 

washing 

DABCO (pKa = 4.2)  50 mM     

Piperazine (pKa = 5.7)   50 mM    

pH 4 4 4 4 4 4 

Collection 

solution 

Tris-HCl Buffer (50 mM, pH 

8.5) 
� � � � � � � � � 

Evaluation RNA collection rate (%) 70 60 55 75 70 60 65 0 0 
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INDUSTRIAL APPLICABILITY 

[0133] 

 According to the present invention, it becomes 

possible to provide a nucleic acid isolation method, a 

nucleic acid isolation kit and a test chip whereby it 5 

becomes possible to extract a nucleic acid in a simple 

manner without the need to use an alcohol. 

 

EXPLANATION OF SYMBOLS 

[0134] 10 

 1: chip 

 2: flow path 

 2a: upstream-side flow path 

 2b: downstream-side flow path 

 3: collection section 15 

 4: anionic adsorbent 

 5: substrate 

 5a: main surface 

 5b: depressed part 

 6: cover member 20 

 7: collection port 

 11: test chip 

 12: substrate 

 12a,12b: first and second surfaces 

 13: sealing sheet 25 
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 14: anionic adsorbent 

 21A,21B: first and second valve sections 

 22: nucleic acid analysis section 

 23A~23C: micro pumps 

 24A~24E: first to fifth flow paths 5 

 25: extraction solution holding section 

 26: washing solution holding section 

 27: collected solution holding section 

 28: collection section 

 29: waste fluid section 10 
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CLAIMS 

 

 Claim 1. A nucleic acid isolation method, comprising 

steps of: 

 mixing a specimen containing a nucleic acid with an 5 

extraction solution to disperse the nucleic acid in the 

extraction solution; 

 bringing the extraction solution containing the 

nucleic acid into contact with an anionic adsorbent; 

 bringing a washing solution into contact with the 10 

anionic adsorbent; and 

 bringing a collection solution into contact with the 

anionic adsorbent, 

 the extraction solution containing a protein 

denaturant, 15 

 the washing solution containing a basic compound and 

having a pH value equal to or less than a pKa value of a 

conjugate acid of the basic compound,  

the basic compound containing at least one selected 

from the group consisting of melamine, piperazine, and 1,4-20 

diazabicyclo[2.2.2]octane, and 

 the collection solution having a pH value equal to or 

more than the pKa value of the conjugate acid of the basic 

compound. 

 25 
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 Claim 2. The nucleic acid isolation method according 

to claim 1, wherein the extraction solution further contains 

a metal cation having a valency of 2 or more. 

 

 Claim 3. A nucleic acid isolation method, comprising 5 

steps of: 

 mixing a specimen containing a nucleic acid with an 

extraction solution to disperse the nucleic acid in the 

extraction solution; 

 bringing the extraction solution containing the 10 

nucleic acid into contact with an anionic adsorbent; and 

 bringing a collection solution into contact with the 

anionic adsorbent, 

 the extraction solution containing a protein 

denaturant and a basic compound, and having a pH value equal 15 

to or less than a pKa value of a conjugate acid of the basic 

compound,  

the basic compound containing at least one selected 

from the group consisting of melamine, piperazine, and 1,4-

diazabicyclo[2.2.2]octane, and 20 

 the collection solution having a pH value equal to or 

more than the pKa value of the conjugate acid of the basic 

compound. 
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 Claim 4. The nucleic acid isolation method according 

to any one of claims 1 to 3, wherein the pKa value of the 

conjugate acid of the basic compound is 4 or more and 6 or 

less. 

 5 

 Claim 5. The nucleic acid isolation method according 

to any one of claims 1 to 4, wherein the basic compound is 

melamine. 

 

 Claim 6. The nucleic acid isolation method according 10 

to any one of claims 1 to 5, wherein the extraction solution 

further contains a zwitterionic compound. 

 

 Claim 7. The nucleic acid isolation method according 

to any one of claims 1 to 6, wherein a step of bringing a 15 

solution containing an alcohol into contact with the anionic 

adsorbent is not comprised. 

 

 Claim 8. A nucleic acid isolation kit, comprising: 

 an extraction solution; 20 

 a washing solution; 

 a collection solution; and 

 an anionic adsorbent, 

 the extraction solution containing a protein 

denaturant, 25 
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 the washing solution containing a basic compound and 

having a pH value equal to or less than a pKa value of a 

conjugate acid of the basic compound,  

the basic compound containing at least one selected 

from the group consisting of melamine, piperazine, and 1,4-5 

diazabicyclo[2.2.2]octane, and 

 the collection solution having a pH value equal to or 

more than the pKa value of the conjugate acid of the basic 

compound. 

 10 

 Claim 9. The nucleic acid isolation kit according to 

claim 8, wherein the extraction solution further contains a 

metal cation having a valency of 2 or more. 

 

 Claim 10. A nucleic acid isolation kit, comprising: 15 

 an extraction solution; 

 a collection solution; and 

 an anionic adsorbent, 

 the extraction solution containing a protein 

denaturant and a basic compound and having a pH value equal 20 

to or less than a pKa value of a conjugate acid of the basic 

compound,  

the basic compound containing at least one selected 

from the group consisting of melamine, piperazine, and 1,4-

diazabicyclo[2.2.2]octane, and 25 
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 the collection solution having a pH value equal to or 

more than the pKa value of the conjugate acid of the basic 

compound. 

 

 Claim 11. A test chip comprising: 5 

 an extraction solution holding section in which an 

extraction solution containing a nucleic acid is held; 

 a washing solution holding section in which a washing 

solution is held; 

 a collection solution holding section in which a 10 

collection solution is held; 

 a collection section containing an anionic adsorbent; 

and 

 a nucleic acid analysis section, 

 the extraction solution containing a protein 15 

denaturant, 

 the washing solution containing a basic compound and 

having a pH value equal to or less than a pKa value of a 

conjugate acid of the basic compound,  

the basic compound containing at least one selected 20 

from the group consisting of melamine, piperazine, and 1,4-

diazabicyclo[2.2.2]octane, and 

 the collection solution having a pH value equal to or 

more than the pKa value of the conjugate acid of the basic 

compound. 25 
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 Claim 12. The test chip according to claim 11, wherein 

the extraction solution further contains a metal cation 

having a valency of 2 or more. 

 5 

 Claim 13. A test chip comprising: 

 an extraction solution holding section in which an 

extraction solution containing a nucleic acid is held; 

 a collection solution holding section in which a 

collection solution is held; 10 

 a collection section containing an anionic adsorbent; 

and 

 a nucleic acid analysis section, 

 the extraction solution containing a protein 

denaturant and a basic compound and having a pH value equal 15 

to or less than a pKa value of a conjugate acid of the basic 

compound,  

the basic compound containing at least one selected 

from the group consisting of melamine, piperazine, and 1,4-

diazabicyclo[2.2.2]octane, and 20 

 the collection solution having a pH value equal to or 

more than the pKa value of the conjugate acid of the basic 

compound. 

  


