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METHOD OF ELECTROPHORESING NUCLEIC ACIDS, METHOD OF
CONCENTRATING AND PURIFYING NUCLEIC ACIDS, CARTRIDGE
FOR NUCLEIC ACID ELECTROPHORESIS, AND METHOD OF

PRODUCING CARTRIDGE FOR NUCLEIC ACID ELECTROPHORESIS

DESCRIPTION
Technical Field
[000%] The pregent disclosure relates to methods of
electrophoresing nucleic acids, methods of
concentrating and purifying nucleic acids, cartridges
for nucleic acid electrophoresis and methods of
producing such cartridges. More specifically, the
praesent disclosure relates to cartridges, or the like,
which concentrate and purify nucleic acids by
electrophoresis in channels.
Background Axrt
{oco2] NMucleic acid amplification reactions such as
PCR (Polymerase Chain Reaction) and LAMP (Loop-Mediated
Isothermal Amplification) have been applied in various
fields in Biotechnology. For example, in the medical
field, diagnoses based on nucleotide sequences of DNAs
and RNAs have been conducted, and in the agriculitural
field, DNA tests have been utilized in techniques such
as determining genetically modified crops.
[C003] Nucleic acid amplification reactions enable

detecting nucleic acids in a small amount of sample by
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amplifying the nucleic acids with high efficiency.
However, if the amount of the nucleic acid contained in
the sample is very small, the amount may become less
than the detection limit. Further, if a concentration
of the nucleic acid in the sample is very small, the
nucleic acid may become undetectable because a nucleic
acid to be amplified may not be included in the sample
of a volume that can be introduced intc the reaction
field. In these cases, concentrating the nucleic acid
in the sample before introducing the sample into the
reaction field may be effective.

[6o04] From the past, as methods of concentrating
nucleic acids, a method using
phenol/chloroform/ethanol; a method using a column,
filter, or the like, for adsorbing nucleic acids; a
method using magnetic silica beads, and the like are
known. For example, Patent Document 1 discloses a
method of concentrating nucleic acids using a porous
carrier having the nucleic acid-adsorbing capability.
In Non-Patent Document 1, a method of concentrating
nucleic acids by a capillary electrophoresis is
described.

[0005] Patent Document 1: Japanese FPatent
Application Laid-open No. 2005-080555

[0006] Non-Patent Document 1: "On-line sample

preconcentration in capillary electrophoresis:
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Fundamentals and applications.® Journal of
Chromatography A., Vol.1184 (2008)p.504-541
Summary of Invention
Problem to be solved by the Invention
[6007] The method of the past using
phencl/chleoroform/ethanol had a necessity of using
harmful organic solvents and it took trouble for
centrifugation and the like. The method using a column,
filter, or the like, for adsorbing nucleic acids had a
problem that the column, filter, or the like is prone
to clogging, and it alsc had a problem in terms of ease
of operation.
[oocal] Accordingly, a main cobject of the present
disclosure is to provide a method of electrophoresing
nucleic acids, which is capable of highly efficiently
concentrating and purifying nucleic acids in a short
time by simple operation.
Means for solving the Problem
[0009] In order to solve the problems described
above, the present disclosure provides a method of
electrophoresing nucleic acids, which method incliudes
electrophoresing a nucleic acid in which an
intercalator having an anionic functicnal group has
been inserted.

In this step of the method of electrophoresing

nucleic acids, it is desirable that an acid
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dissociation constant cof the intercalator be more than
0 and 3 or less.

Further, in this method of electrophoresing
nucleic acids, it is desirable that the functional
group be a sulfo group.

Still further, in this method of electrophoresing
nucleic acids, it is desirable to include the steps of
applving a voltage across a channel filled with a
buffer sc that the nucleic acid intrcduced at a
predetermined position in the channel is
electrophoresed; and damming the nucleic acid moving to
a positive-electrode end.

As used herein, the insertion of an intercalator
to a nucleic acid mainly means that an intercalatcr is
inserted between complementary base pair(s) of a
double-stranded nucleic acid. Further, in the present
disclosure, the term "doukle-~stranded nucleic acidn
includes a nuclelc acid that is originally made up as a
single strand and has become double-stranded partially
bv self-hyvbridization.

Still further, it is desirable that a pH of the
buffer be 5 or less.

Still further, the present disclosure provides a
method of concentrating and purifying nucleic acids,
which method includes electrophoresing a nucleic acid

in which an intercalator having an anionic functional



group has been inserted.

[0010] $ti1ll further, thes presgent disclosure
provides a cartridge for nucleic acid electrophoresis,
inciuding a channel formed to be capable of introducing
a liquid; a damming portion, which dams substances,
disposed at a predetermined position of the channel;
electrodes disposed at both ends of the channel; an
intercalator that can be inserted to a nucleic acid,
having an anionic functional group; and a buffer; which
intercalator and the buffer are housed between the
damming portion and a negative-electrode end.

[0011] Furthermore, the present disclosure provides
a method of producing a cartridge, which method
includes allowing a monomer solution, introduced in a
channel formed on a substrate, to gel into a
predetermined shape, by photopolymerization, to form
the polymer gel formation or disposing a dialysis
membrane; and housing an intercalator that can be
ingserted to a nucleic acid, having an anionic
functional group, into the channel.

[o012] In order to solve the problems described
above, the present disclosure provides a method of
electrophoresing nucleic acids, which method includes
mixing a sample containing a nucleic acid, a compound
having a functional group which undergoes dehydration

condensation reaction with a carboxyl group included in



10

is

20

25

a substance contained in the sample and a condensing
agent of the dehydration condensation reaction; and
electrophoresing the nucleic acid.

In these steps of the method of electrophoresing
nucleic acids, 1t is desirable that the functional
group be an amino group.

Further, in this method cf eslectrophoresing
nucleic acids, it is desirable that the compound be
ethanolamine or ethylenediamine.

Still further, in this method of electrophoresing
nucleic acids, 1t is desirable that the condensing
agent include at least one selected from l-ethyl-3-{3-
dimethylaminopropyl) carbodiimide hydrochloride salt,
4-(4,6-dimethoxy-1,3,5-triazin~-2-y1l) -4~
methylmorpholinium chloride, dicyclchexylcarbodiimide
and diisopylcarbodiimide.

Still further, in this method of electrophoresing
nucleic acids, it is desirable that the compound have
at least a first cationic functiconal group which
undergoes dehydration condensation reaction with a
carboxyl group and a seccond cationic functional group
which exists in an ionic state during the
electrophoresis.

Still further, in this method of electrophoresing
nucleic acids, it is desirable tc include the steps of

applyving a voltage across a channel filled with a
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buffer sc that the nucleic acid introduced at a
predetermined position in the channel is
electrophoresed; and damming the nucleic acid moving to
a positive-electrode end. It is desirable that a pH of
the buffer be 8 or less.

Still further, in this method of electrophoresing
nucleic acids, it is desirable that the sample include
at least one of a living body-originated sample
containing at least one of throat swab, nasal swab,
vaginal swab, blood, plasma, serum, tissue, tissue
fragment, sputum, spinal fluid, urine, sweat, and
feces; or a sample containing at least one of cell
culture liguid, bacterial broth, liguid in food, and
soill.

Still further, the present disclosure provides a
method of concentrating and purifying nucleic acids,
which method includes mixing a sample containing a
nucleic acid, a compound having a functional group
which undergoes dehydration condensation reaction with
a carboxyl group included in a substance contained in
the sample and a condensing agent of the dehydration
condensation reaction; and electrophoresing the nucleic
acid.

[0013] Still further, the present disclosure
provides a cartridge for nucleic acid eslectrophoresis,

including a channel formed to be capable of introducing
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a ligquid; a polymer gel disposed at a predetermined
pesition of the channel; electrodes disposed at both
ends of the channel; a compound having a functional
group which undergoes dehydration condensation reactiocon
with a carboxyl group; a condensing agent of the
dehydration condensation ryeaction; and a buffer; which
compound, the condensing agent and the buffer are
housed in the channel.

fc014) Furthermore, the present disclosure provides
a method of producing a chip for concentrating and
purifying nucleic acids, which method includes allowing
a monomer sclution, introduced in a channel formed on a
substrate, to gel into a predetermined shape, by
photopelymerization, to form the polymer gel or dispose
a dialysis membrane; and housing a compound having a
functional group which undergoes dehydration
condensation reaction with a carboxyl group, a
condensing agent of the dehydration condensation
reaction, and a buffer, into the channel.

Effect of the Invention

[0015] hcecording to the present disclosure, there is
provided a method of electrophoresing nucleic acids,
which is capable of concentrating and recovering
nucleic acids with high efficiency in a short time by
simple operaticn.

Brief Description of Drawings
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[Fig. 1] A schematic diagram illustrating a
configuration of a cartridge for nucleic acid
electrophoresis, and the steps in a method of
electrophoresing nucleic acids using the cartridge,
according to an embodiment of the present disclosure.
[Fig. 2] A pH-charge curve for explaining an acid
dissociation constant according to a first embodiment
of the present disclosure.

[Fig. 3] A graph showing changes in flucorescence
intensity of a gel interface with the time elapsed from
the beginning of the electrophoresis (Example 1: Buffer
pH 2.2).

[Fig. 4] A graph showing changes in fluorescence
intensity of a gel interface with the time elapsed from
the beginning of the electrophoresis (Example 2: Buffer
pH 4.0).

[Fig. 5] & view showing a state where a protein [(BSA)
was electrophoresed (Example 3} .

[Fig. 6] A& view showing a state where a protein (AGP)
was electrophoresed (Example 4).

Mode {s) for Carrying Out the Invention

[0017] Hereinafter, some preferred embodiments for
carrying out the present disclosure will be described.
It should be noted that the embodiments described below

are merely an example of representative embodiments of
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the present disclosure and should not be interpreted as
narrowing the scope of the present disclosure. The
description will be given in the following order.

1. A cartridge for nucleic acid electrophoresis, a
method of electrophoresing nucleic acids, and a method
of producing a cartridge for nucleic acid
electrophoresis, according to a first embodiment of the
present disclosure

(1) Cartridge for nucleic acid electrophoresis

(2} Method of electrophoresing nucleic acids

(3} Method of producing a cartridge for nucleic acid
electrophoresis

2. A cartridge for nucleic acid electrophoresis, a
method of electrophoresing nucleic acids, and a method
of producing a cartridge for nucleic acid
electrophoresis, according to a second embodiment of
the present disclosure

(1} Cartridge for nucleic acid electrophoresis

(2} Method of electrophoresing nucleic acids

{3) Method of producing a cartridge for nucleic acid
electrophoresis

[co1s8] 1. A cartridge for nucleic acid
electrophoresis, a method of electrophoresing nucleic
acids, and a method of producing a cartridge for
nucleic acid electrophoresis, according to a first

embodiment of the present disclosure
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{1) Cartridge for nucleic acid electrophoresis

Fig. 1 is a schematic diagram illustrating a
configuration of a cartridge for nucleic acid
electrophoresis, and the steps in a method of
electrophoresing nucleic acids using the cartridge,
according to the first embodiment of the present
disclosure.
[0o19] A cartridge for nucleic acid electrophoresis
in (&) of Fig. 1, denoted by reference numeral 1, has a
channel 11 formed on a substrate; and a positive
electrode 12 and a negative electrode 13, disposed at
both ends of the channel 11. The channel 11 is
configured to be capable of introducing a liguid
therein. A polymer gel 14 is disposed, between the
positive electrode 12 and the negative electrode 13, in
the channel 11. Further, a power scurce V is connected
to the positive electrode 12 and the negative electrode
13 such that =z voltage can be applied across or removed
from the liguid introduced in the channel 11. BAn
intercalator that can be inserted to a nucleic acid;
and a buffer are housed in the channel 11.
[0020] A material of the substrate may be glass or
any of various plastics (polypropylene, polycarbonate,
cyclo-clefin polymer, polydimethylsiloxane).
{0021] As the positive electrode 12 and the negative

electrode 13, desirably, those including gold (Au) or
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platinum which is sputtered or deposited may be
enployed.

fon22] The pcelymer gel 14 is an example of the
damming portion of the present disclosure. The polymer
gel 14 is not especially limited as long as it 1is
capable of damming the nucleic acid in a sample during
electrophoresis, as will be degcribed later. In
addition, as the damming portion, a porous membrane
such as dialysis membrane, reverse osmosis membrane,
semipermeable membrane and ion exchange membrane; a
porous membrarne of a material such as c¢ellulose,
polyacrylonitrile, ceramic, zeclite, polysulfone,
polyimide and palladium; or the like may be employed.
In the following embodiment (the same applies to the
gecond embodiment of the present disclosure), the
damming portion of the present disclosure will be
described by way of example mainly using the polymer
gel 14.

(0023} As the polymer gel 14, a peolyacrylamide is
suitably employed. More desirably, a polyacrylamide
containing an anionic functicnal group may be employed.
Still more desirably, a pelyacrylamide containing an
anionic functional group whose acid dissociation
constant (pKa) is from 1 to 5 may be employed. In this
embodiment, "acrylamide" is intended to mean an

acrylamide or (meth)acrylamide.
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[0024] Examples of anionic functicnal groups
include, but are not limited to, carboxylic acids such
as acetic acid, propionic acid and butyric acid;
polybasic acids such as oxalic acid and phthalic acid;
hydroxy acids such as citric acid, glycelic acid and
lactic acid; unsaturated acids cor unsaturated polybasic
acids such as acrylic acid and methacrylic acid; amino
aclids such as glycine; partial esters of phosphoric
acid; partial esters of sulfuric acid; phosphoric acid;
sulfonic acid; and the like.

[co25] Specific examples of the carboxylic acids
include aliphatic monocarboxylic acids guch as formic
acid (pKa: 3.55), acetic acid (pKa: 4.56), propionic
acid (pKa: 4.57), butanoic acid (pKa: 4.63), pentencic
acid (pKa: 4.68}), hexanoic acid {(pKa: 4.63), heptancic
acid (pKa: 4.66), paimitic acid (pKa: 4.64) and stearic
acid (pKa: 4.69); aliphatic or aromatic dicarboxylic
acids such as succinic acid (pKa;: 4.00, pKa,: 5.24},
glutaric acid {(pKa.: 4.13, pKa,: 5.03), adipic acid
(pKa;: 4.26, pKa,: 5.03), pimelic acid (pXa.: 4.31, pKa,:
5.08), suberic acid (pKa.: 4.35, pKa,: 5.10}, azelaic
acid (pKa,: 4.39, pKa:: 5.12), malic acid (pKa,: 3.24,
pKa,: 4.71) and terephthalic acid (pKa.: 3.54, pKas:
4.46); unsaturated carboxylic acids such as crotonic
acid (pKa: 4.69), acrylic acid {(pKa: 4.26) and

methacryvlic acid {(pKa: 4.86); substituted benzoic acids
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such as anigic acid (pKa: 4.09), m-amino benzoic acid
{(pKa;: 3.12, pKa;: 4.74), m- or p-chloro benzecic acid
(pKa,: 3.82, pKas: 3.3%9%9) and hydroxy benzoic acid (pKa.:
4.08, pKa,: 9.96); polycarboxylic acids such as citric
acid (pKa;: 2.87, pKa: 4.35, pKa:: 5.69), and
derivatives thereof.

[0028] As an acrylamide monomer contalining an
anionic functional group, an acrylamide alkanesulfonic
acid may be especially desirable. Examples of the
sulfonic acid include styrenesulfonic acid {(pKa: -2.8),
m-anilinesulfonic acid (pKa: 3.74), p-anilinegulfonic
acid {pKa: 3.23), 2-{meth)acrylamido~2-alkyl {(C,;-C4)}
propanesulfonic acid, and more specifically, 2-
acrylamido-2-methylpropanesulfonic acid (pKa: ~1.7},
and other sulfonic acids having a polymerizable
unsaturated group.

(00271 The concentration (wt%) of the anionic
functional groups in a polyacrylamide gel may desirably
be from 0 to 30%.

foo28g] The intercalator is not egpecially limited as
long as it is a compound capable of binding to nucleic
acids and has an anionic functional group. However,
desirably, an acid dissociation constant {(pKa) of the
intercalator is more than 0 and 3 or lesg. Ag used
herein, the term "intercalator" refers to a substance

to be inserted into the double-strand of the nucleic
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acid.

[0029] Examples of the anionic functional groups
contained in the intercalator include a carboxyl group
(-COOH group), a mercapto group (-SH group), a
phosphoric acid group (-PO3;H), a phosphate group (-
POH,), a sulfoc group (-80:;H}, a sulfate group (-SO4H),
and the like.

[0030] As an anionic functional group contained in
the intercalator, a sulfco group may be especially
desirable. Example of the intercalators containing a
sulfo group include 2,10-anthraguinone-2,6-disulfonic
acid, anthraguinone-l-sulfonic acid sodium,
anthragquinone-2, 7-disulfonic acid disodium,
anthraquinone-1,5-disulfonic acid disodium,
anthragquinone-2-sulfonic acid sodium, and the like.
[0031] A pH of the buffer is not especially limited,
but it is desirable to be from 2 to 3, for example. In
addition, the pH of the buffer of from 3 to 4 may also
be suitable. Furthermore, the pH of the buffer of from
4 to 5 may also be suitable. Examples of the buffers
include, but are not limited to, glycine-HCLl buffer
{pH: 2.0 to 2.0), citrate buffer {(pH: 3.0 to 6.0},
acetate buffer (pH: 3.0 to 5.5), citrate-phosphate
buffer (pH: 2.5 to 7.0), MES (pH: 5.0 to 7.0), Bis-Tris
{pH: 5.0 Lo 7.0), and the like.

[0032]
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(2) Method of electrophoresing nucleic acids

With reference to (B) to (D) of Fig. 1, the steps
in a method of electrophoresing nucleic acids using the
cartridge 1 for nucleic acid electrophoresis will be
described. The method of electrophoresing nucleic acids
mentioned here may be a method of concentrating and
purifying nucleic acids.
(0033} First, a sample containing a nucleic acid is
introduced into an area 113 between the polymer gel 14
and the negative electrode 13 c¢f the channel 11 (gsee
(8) of Fig. 1). By this time, the channel 11 should be
filled with a buffer for electrophoregis. Further, the
intercalator should be housed as well, in the area 113
between the polymer gel 14 and the negative electrode
13 of the channel 11.
fco34] At this time, the intercalator would be
inserted into the nucleic acid introduced in the area
113. The step of insertion of the intercalator to the
nucleic acid may either be inserting the intercalator
to the nucleic acid beforehand and then introducing the
nucleic acid into the area 113; or allowing the
intercalator housed beforehand in the area 113 to be
inserted into the nuclelc acid upon introducing the
nucleic acid.
[0035] Ag the sample containing a nucleic acid to be

used in the method of electrophoresing nucleic acids
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according to this embodiment, for example, a living
body-originated liquid such as throat swab, nasal swab,
vaginal swab, blood, plasma, serum, sputum, spinal
fluid, urine, sweat and feces may be employed. In
addition, as the sample, cell culture liguid, bacterial
broth, liguid in food, liguid in soil or the like may
also be employed. Because of this, various proteins,
sugars and other substances which are unwanted in
analyzing nucleic acids (hereinafter, the substances
will be referred to asg contaminants; and the same
applies to the second embodiment} may be contained in
the sample liguid. Therefore, in order to analyze a
nucleic acid with high efficiency, the nucleic acid is
demanded to be separated from the contaminants.

i0036] In thig respect, as a related art to the
present disclosure, there is a method of performing
electrophoresis under acid conditions of pH of the
buffer and the like (such as pH cf from 2 to 4} to
separate the nucleic acid and the contaminants, for
example. However, in such a method, there is a concern
that the electrophoretic velocity of the nucleic acid
would be low, and become difficult to concentrate the
nucleic acid. In addition, when sialic acid or the like
is centained in the contaminants, or when other
proteins whose isoelectric point is low are contained,

there is a concern that since the iscelectric points of
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the nucleic acid and the contaminants would be close to
each other, it ig difficult to separate the nucleic
acid and the contaminants even when the electrophoresis
is performed.

[0037] On the other hand, the intercalator used in
this embodiment has an anionic functional group. The
pKa of the nucleic acid, where such an intercalator has
been inserted, bhecomes lower, and thus the igscelectric
point of the nucleic acid is lowered. As a result, the
difference between the iscelectric points of the
nucleic acid and the contaminants can be increased, and
the electrophoretic velocity of the nucleic acid
becomes higher than the electrophoretic velocity of the
contaminants. Therefore, the electrophoresis according
to thisg embodiment, which will be described later,
enables stably separating the nucleic acid and the
contaminants.

[0038] Now, with reference Lo Fig. 2, an effect of
iscelectric points on electrophoresis will be described
in detail. Fig. 2 shows a graph of each pH-charge curve
corresponding to each base (adenine, guanine, thymine
and cytosine, abbreviated in Fig. 2 as A, G, T and C,
respectively) that composes a nucleic acid.

(0039] As used herein, the term "isoelectric point"®
refers to a pE at which the charge is 0, as shown in

Fig. 2. In any base, a higher pH relative to the
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iscelectric point gives larger negative charge.
Therefore, a substance of lower iscelectric point is
able to increase the electrophoretic velocity of the
nucleic acid to make the electrophoresis faster. As
described above, by inserting the intercalator having
an anionic functicnal group into the nucleic acid, the
pH-charge curve of each bage ghifts tc the acid gide
and lowers the iscelectric point. Regarding each
igsoelectric point of the corresponding base, for
example, the iscelectric point of cytosine (C), which
is about from 2.5 to 3, is higher than that of cother
baseg; and therefore, especially with the acid
dissociation constant of the intercalator of 3 or less,
the electrophoretic velocity of the nucleic acid may be
further increased when the nucleic acid is subjected to
the insertion of the intercalator.

[0040] In addition, by using the buffer having a pH
of from 2 te 3, it becomes easier to suppress
electrophoresis of the proteins contained in the
contaminants, and allows the nucleic acid to be
electrophoresed. Therefore, it enables separating the
nucleic acid and the contaminants more stably, and
purifying the nuclelc acid efficiently.

[0041] Referring to Fig. 1 again, the method of
electrophoresing nucleic acids according to this

embodiment, the method ¢f electrophoresing nucleic
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acids will be described. Asg described with reference to
(B} of Fig. 1, the electrophoresis of the nucleic acid
is performed after introducing the nucleic acid into
the area 113, by applying a voltage acrosg the positive
electrode 12 and the negative electrode 13 so that the
voltage is applied to the buffer. The nucleic acid,
being negatively charged, is electrophoresed to move
within the channel 11 toward the positive electrode 12.
At this time, the polymer gel 14 blocks the migration
of the nucleic acid, and by damming the nucleic acid,
the nucleic acid becomes concentrated at an interface
of the polymer gel 14 and in the vicinity thereof (sse
(C} of Fig. 1). The electrophoresis time may be set as
desired depending on the size of the channel 11, and
can be, for example, about 10 seconds to 10 minutes. It
is to be noted that the term "interface" of the polymer
gel means a plane of contact between the polymer gel 14
and the buffer filled in the area 113 side.

[C042] Finally, the buffer in the vicinity of the
polymer gel 14 in the area 113 is taken up by a
micropipette 2 or the like to recover the concentrated
nucleic acid {see (D) of Fig. 1).

[06043] Thus, according to the method of
electrophoresing nucleic acids of this embodiment, the
intercalator having an anionic functional group is

inserted into the nucleic acid. Further, desirably, the
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acid dissociation constant of the intercalator is more
than 0 and 3 or less. As a result, the negative charge
of the nucleic acid becomes strong and the iscelectric
peint of the nucleic acid becowes lower. In particular,
in cases where the intercalator has the functional
group with extremely low acid dissociation constant
such as sulfo greup, the iscelectric point of the
nucleic acid in which the intercalator has been
inserted becomes significantly lower. Therefore,
according to the method of electrophoresing nucleic
acids of this embodiment, the electrophoretic velocity
of the nucleic acid can be increased, and it can
concentrate and purify the nucleic acid in a short
time. It should be noted that "inserting an
intercalator into a nucleic acid", in the present
disclosure, means inserting an intercalator, cr in
other wordeg, intercalating an intercalator, betwsen
complementary base pair{s} of a double-stranded nucleic
acid. In addition, in the present disclosure, the term
"double-stranded mucleic acid" includes a nucleic acid
that is originally made up as a single strand and has
become double-stranded partially by self-hybridization.
[0044] Furthey, according tce the method cof
electrophoresing nucleic acids of this embodiment, by
lowering the isocelectric peint of the nucleic acid as

described above, the difference between the ilsoelectric
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points of the nucleic acid and the contaminantsg
contained in the sample liguid can be increased. 2As a
result, it can suppress electrophoresis of the
contaminants while allowing the nucleic acid to be
electrophoresed, and thus it can stably separate the
nucleic acid and the contaminants. Therefore, according
to the method of electrophoresing nucleic acids of this
embodiment, a nucleic acid can be purified with higher
purity.

[0C45] In addition, with the lower pH (such as from
2 to 3) of the buffer Lo ke introduced in the area 113,
the electrophoresis of nucleic acids can be performed
in a state where the nucleic¢ acid has a negative charge
while the negative charge of the contaminants is
weakened, which enables separating the nucleic acid and
the contaminants with better accuracy.

i004¢] Further, with the polymer gel 14 containing
an anionic functional group, it can prevent the nucleic
acid from moving into the polymer gel 14, by an
electrical repulsion force between the negatively-
charged nucleic acid and the anioconic functional group.
If the nucleic acid moved into the polymer gel 14, or
if it further moved through the polymer gel 14 to reach
an area 112 at the positive electrode 12 side, less
nucleic acid would be recovered. As the anionic

functional group, one with an acid dissociation
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constant (pKa) of fxom 1 to 5 may be desirable. Lower
pKa and larger negative charge of the functional group
provides greater effect of the electrical repulsion
force which prevents the nucleic acid from moving into
the polymer gel 14.
[0047] In addition, for the recovery of the nucleic
acid in a greater amcunt, it is also effective to apply
a reverse voltage between the positive electrode 12 and
the negative electrode 13 for a short time upon taking
up the buffer in the vicinity of the polymer gel 14 in
the area 113. The applicatiocn of the reverse voltage
for a short time at the time of the recovery of the
nucleic acid makes it possible to move the nucleic acid
which exists at the interface of the gel, and the
nucleic acld which exists inside the gel near the gel's
interface, to the vicinity of the polymer gel 14 in the
region 113 go that the nucleic acid can be taken up by
the micropipette 2 to be recovered. The application
time of the reverse voltage may be get as desired
depending on the gize of the channel 11, and can be,
for example, about 1 to 10 seconds.
[0048]

(3) Method of producing & cartridge for nucleic
acid electrophoresis

The cartridge for nucleic acid electrophoresis

according to this embodiment can be produced by
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allowing a monomer solution, introduced in the channel
11 formed on the gubstrate, to gel into a predetermined
shape, by photopolymerization, to form the polymer gel
14; and housing the intercalator intc the channel 11.
{0Cc49] The formation of the channel 11 on the
substrate can be conducted, for example, by subjecting
a glass substrate layer to wet etching or dry etching,
or by subjecting a plastic substrate layer to
nancimprint lithography, intection-molding cor cutting.
It should be noted that one or more channels 11 can be
formed on the cartridge 1.

[0050] As the monomer solution, an acrylamide
monomer is sultably employed. More desirably, an
acrylamide monomer ccontaining an anionic functional
group may be emploved. Still more desirably, an
acrylamide menomer containing an anionic functiocnal
group whose acid dissociation constant {pKa) is from 1
to 5 may be employed. 2As the moncomer solution,
specifically, an acrylamide alkanesulfonic acid may be
especially desirable.

[0051] The positive electrode 12 and the negative
electrode 13 are prepared desirably by sputtering or
deposition of gold (Au) or platinum (Pt}. In this
respect, cartridges according to a related art include
those making use of platinum wires as electrodes. In

this case, it would be necessary toc arrange the
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platinum wires in the cartridge for nucleic acid
electropheoresis whenever an experiment is performed.
Moreover, in view of the high price of the platinum
wires, the cartridge has not been provided as a
disposable one. On the other hand, as described above,
in the cartridge 1 for nucleic acid electrophoresis
according to this embodiment, the positive electrode 12
and the negative electrode 13 have been prepared by
sputtering or deposition of gold, and as these
electrodes have been formed beforehand in the cartridge
1, the cartridge 1 can be handled with esase. Moreover,
such a cartridge 1 for nucleic acid electrophoresis can
be provided as a disposable one, as comparsed to the
cartridge for nucleic acid electrophoresis according to
the related art. Therefore, with the cartridge 1 for
nucleic acid electrophoresis, it 1s possible to avoid
contamination of a sample upon 1lts concentration.
[0052] 2. A cartridge for nucleic acid
electrophoresis, a method of electrophoresing nucleic
acids, and a method of producing a cartridge for
nucleic acid electrophoresis, according Lo a second
embodiment of the present disclosure
[0053]

(1) Cartridge for nucleic acid electrophoresis

Fig. 1, in the same way as one described in the

first embodiment of the present disclosure, 1is a
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schematic diagram illustrating a configuration of a
cartridge for nucleic acid electrophoresis, and the
steps in a method of electrophoresing nucleic acids
using the cartridge, according to the second embodiment
of the present disclosure. First, the configuration of
the cartridge for nucleic acid electrophoresis
according to the second embodiment of the present
disclosure will be described with reference to {(A) of
Fig. 1.

[0054] A cartridge for nucleic acid electrophoresis
in (&} of Fig. 1, denoted by reference numeral 1, has a
channel 11 formed on a substrate; and a positive
electrode 12 and a negative electrode 13, disposed at
both ends of the channel 11. The channel 11 is
configured to be capable of introducing a ligquid
therein. A polymer gel 14 ig disposed, between the
positive electrode 12 and the negative electrode 13, in
the channel 11. Further, a power source V is connected
to the positive electrcode 12 and the negative electrode
13 such that a voltage can be applied across or removed
from the liguid intrcoduced in the channel 11. A
compound which undergoes dehydration condensation
reaction with a carboxyl group in contaminants in the
sample ligquid containing a nucleic acid; and a buffer
are housed in the channel 11. Thus, the channel 11, the

positive electrode 12, the negative glectrode 13 and
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the polymer gel 14 of the cartridge for nucleic acid
electrophoresis according to this embodiment are
substantially the same as those in the first embodiment
of the present disclosure described above. Therefore,
in the cartridge for nucleic acid electrophoresis
according to this embodiment, mainly, the compound
which undergoes the dehydration condensation reaction
and the buffer will be described.

[0055] The compound which undergoes the dehydration
condensation reaction is not especially limited as long
as it is a compound capable of undergoing dehydration
condensation reaction with a carboxyl group of a
protein in the contaminants in the nucleic acid-
containing sample. The compound desirably has at least
a first cationic functional group which undergoes
dehydration condensation reaction with a carboxyl
group; and a second cationic functional group which
exists in an icnic state during nucleic acid
electrophoresis. That is, it is desirable that a part
of the functicnal groups of the compound can be
electrophoresed in an ionic state, also after the
dehydration ccndensation reaction of the compound and
the proteing or the like in the contaminants.

[0056] Further, 1t is desirable that the compound
contain one or more aminc groups to be amide-linked to

the carboxyl group in the proteins of the contaminante.
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[6057] Specific examples of the compounds include N-
hydroxysuccinimide (NHS), ethanolamine, ethylenediamine
and the like.

i0058] Further, it is degirable that a condensing
agent for the dehydration condensation reaction be
housed in the channel 11. The condensing agent may
desirable be a carbodiimide compound. Specific examples
of the condensing agentg include l-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (EDC),
4~(4,6~dimethoxy~-1,3,5~triazin-2-yl) ~4~
methylmorpholinium chloride (DMT-MM),
dicyclohexylcarbodiimide (DCC), diiscopylcarbodiimide
(DIC) and the like.

[0059] In the channel 11 of the cartridge for
nucleic acid electrophoresgis, 1t is desirable t£o house
a buffer in addition. A pH cf the buffer is not
egpecially limited, but it is desirable to be from 2 to
4., In addition, the pH of the buffer of from 4 to 5 may
also be suitable. Furthermore, the pH of the buffer of
from 5 to 6 may also be sultable. Still further, the pH
of the buffer of from 6 to 7 may also be suitable.

£ill further, the pH of the buffer of from 7 Lo 8 may
also be sultable., In addition, 1t ig desirable that the
buffer do not contain carboxyl or amino groups.
Ixamples of the buffers include glycine-HCL buffer (pH:

2.0 to 3.0), citrate buffer (pH: 3.0 to 6.0}, acetate
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buffer (pH: 3.0 to 5.5}, citrate-phosphate buffer (pH:
2.5 to 7.0), Tris (pH: 7.2 to 9.0), MES (pH: 3.0 to
7.0}, Big-Tris (pH: 5.0 to 7.0), PBS {(pH: 5.0 to 8.0}
and the like.
[0060]

(2) Method of electrophoresing nucleic acids

Next, the steps in a method of electrophoresing
nucleic acids using the cartridge 1 for nucleic acid
electrophoresis will be described with reference to (B)
to (D) of Fig. 1.
[0061] First, a sample containing a nucleic acid is
introduced intc an area 113 between the polymer gel 14
and the negative electrode 13 of the channel 11 (see
(B} of Fig. 1). By this time, the channel 11 should be
fiiled with a buffer for electrophoresis. Further, the
compound described above should be housed, as well, in
the area 113 between the polymer gel 14 and the
negative electrode 13 of the channel 11.
[0062] At this time, there are contaminants
contained in the sample liguid containing the nucleic
acid introduced in the area 113, and a carboxyl group
of a protein in the contaminants undergoes dehydration
condensation reaction with the compound described
above. The step of allowing the sample liquid and the
compound to undergo dehydration condensation reaction

may either be performed by introducing the sample
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iiguid t£o the compound housed beforeshand in the area
113; or allowing the compound and the sample liquid to
react with each other befcrehand and then introducing
the sample liguid into the area 113.

[0083] Thus, by dehydration condensation reaction of
the protein of the contaminants contained in the sample
ligquid and the compound described above, the negative
charge of the protein becomes in a weakened state; and
the iscelectric point becomes higher. Therefore,
according to the method of electrophoresing nucleic
acidg of this embodiment, in the same way as the method
of electrophoresing nucleic acids of the first
embodiment of the present disclosure, the difference
between the isocelectric points of the nucleic acid and
the contaminants contained in the sample liguid can be
increased.

[0064] Subksecuently, a method of concentrating and
purifving nucleic acids as shown in () and (D} of Fig.
1 may be made in a manner substantially the same as the
method of concentrating and purifyving nucleic acids
according to the first embodiment of the present
disclosure described above.

[0065] Thus, according to the method of
electrophoresing nucleic acids of this embodiment,
proteins that are contained in the contaminants in the

sample liguid containing the nucleic acid have
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undergone dehydration condensation reaction with the
compound described above. As a result, the negative
charge of the proteins after the dehydration
condensation reaction becomes weak and the isocelectric
point of the nuclelc acid becomes higher. In
particular, in cases where the compound contains a
plurality ©f cationic functional groups, the
isoelectric point of the proteins which have undergone
the dehydration condensation reaction with the compound
becomes significantly higher. Therefore, even when the
electrophoresis of the nucleic acid is performed,
migration ¢f the contaminants from negative electrode-
side to positive electrode-side becomes difficult. In
this way, according to the method of electrophoresing
nucleic acids of this embodiment, the difference
between the iscelectric points of the nucleic acid and
the contaminants contained in the sample liquid can be
increased. Thus, by eslectrophoresing the nucleic acid
in the sample, it can stably separate the nucleic acid
and the contaminants. Therefore, according to the
method of electrophoresing nucleic acids of this
embodiment, a nucleic acid can be purified with higher
purity.

i0066] In addition, also with the lower pH of the
buffer to be introduced in the area 113, the

electrophoresis can be performed in a state where the
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nucleic acid has a negative charge and the contaminants
do not have the negative charge, which enables
geparating the nucleic acid and the contaminants with
better accuracy. Therefore, according to the method of
electrophoresing nucleic acids of this embodiment,
concentration factor of nucleic acid can be further
increased. Further, acceording to the method of
electrophoreging nucleic acids of this embodiment, the
time to be taken for concentrating can be shortened. By
using such a method of electrophoresing nucleic acids,
a nucleic acid amplification reaction can be performed
with gocd accuracy.
i0067] In addition, in cases where a proteln in the
contaminants has formed an amide linkage by reacting
with N-hydroxysuccinimide, other compounds having amine
functional group such as ethanclamine can further
gsubstitute N-hydroxysuccinimide to bind to the protein.
Since the protein and N-hydroxysuccinimide are
relatively weakly bound te each other, the above-
mentioned other compounds having amine functional group
may be selected as desired.
[0068]

{2} Method of producing a cartridge for nucleic
acld electrophoresis

The cartridge for nucleic acid concentration and

purification according to this embodiment can be
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produced by allowing a monomer sclution, introduced in
the channel 11 formed on the substrate, to gel into a
predetermined shape, by photopolymerization, to form
the polymer gel 14; and housing the compound described
above into the channel 11. Other part such as the
formation of the channel 11 may be made in a manner
substantially the same as the method of producing the
cartridge for nucleic acid electrophoresis according to
the above-described first embodiment of the present
disclosure.

[0068] As described above, a description of each
embodiment has been made. The intercalator described in
the first embodiment and dehydration condensing
material described in the second embodiment may be used
in combination in the present disclosure. That is, the
electrophoresis may be performed and the nucleic acid
may be concentrated by allowing the nucleic acid to be
bound with the intercalator, and, by allowing the
proteins of the contaminants in the sample solution to
be bound with N-hydroxysuccinimide or the like. By
using the intercalator and the compound which undexrgoses
the dehydration condensation reaction in combination,
it can increase both the removal efficiency of
contaminants and the nucleic acid concentration
efficiency. Thus, the nucleic acid can be concentrated,

and the like, with higher efficiency in a shorter time.
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[0070] The present disclosure can take the following
configurations.
(1) A& method of electrophoresing nucleic acids, the
method including:

electrophoresing a nucleic acid in which an
intercalator having an anionic functicnal group has
been inserted.
{2} The method according to (i), in which

an acid dissoclation constant of the intercalator
i1s more than 0 and 3 or less.
(3} The method accoxrding to (1) or (2), in which

the functional group is a sulfo group.
(4} The method according to any one of (1) to (3},
further including:

applying a voltage acress a channel filled with a
buffer sc that the nucleic acild introduced at a
predetermined position in the channel is
electrophoresed; and

damming the nucleic acid moving to a positive-
electrode end.
{(5) The method according to any one of (4), in which

a pH of the buffer is 5 or legs.
{(6) A method of concentrating and purifyving nucleic
acids, the method including:

electrophoresing a nucleic acid in which an

intercalator having an anionic functional group has
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been inserted.
(7} A cartridge for nucleic acid electrophoresis,
including:

a channel formed to be capable of introducing a
liguid;

a damming portion, which dams substances, disposed
at a predetermined position of the channel;

electrodes disposed at both ends of the channel;

an intercalator that can be inserted to a nucleic
acid, having an anionic functional group; and

a buffer;

the intercalator and the buffer being housed

between the damming portion and a negative-electrode
end.
(87} A method of producing a cartridge for nucleic acid
electrophoresis, the method including:

allowing a monomer solution, introduced in a
channel formed on a substrate, to gel into a
predetermined shape, by photopolymerization, to form a
pelymer gel; and

housing an intercalator that can be ingerted to a
nucleic acid, having an anionic functicnal group, into
the channel.
{9} A method of electrophoresing nucleic acids, the
method including:

mixing a sample containing a nucleic acid, a
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compound having a functional group which undergoes

dehydration condensation reaction with a carboxyl group

included in a substance contained in the sample, and a

condensing agent of the dehydration condensation
reaction; and

electrophoresing the nucleic acid.
(10) The method according to (9), in which

the functional group 1s an amino group.

(11) The method according to (9) or {(10), in which

the compound 1s ethanolamine or ethylenediamine.

(12) The method accoxding to (3), in which

the condensing agent includesg at least one
selected from l-ethyl-3-{(3-dimethylaminopropyl)
carbediimide hydrochloride salt, 4-(4,6-dimethoxy-
1,3,5-triazin-2-yl) ~4-methyimorpholinium chloride,
dicyclohexylcarbodiimide and diisopylcarbodiimide.
{13} The method according to any one of (%) to {12},
which

the compound has at least

a first caticonic functional group which

undergoes dehydration condensation reaction with a
carboxyl group and

a second cationic functional group which

exists in an ionic state during the electrophoresis.

{14} The method acceording to any one of (9) to (13},

further including:

in
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applyving a voltage across a channel filled with a
buffer so that the nucleic acid introduced at a
predetermined position in the channel is
electrophoresed; and

damming the nucleic acid moving to a positive-
electrode end.

(15) The method according to (14}, in which

a pH of the buifer is 8 or less.

(16) The method according to any one of (9) to {(15), in
which

the sample includes at least one of

a living body-originated sample containing at
least one of throat swab, nasal swab, vaginal swab,
blood, plasma, serum, tissue, tissue fragment, sputum,
spinal fluid, urine, sweat, and feces; or

a sample containing at least one of cell
culture liguid, bacterial broth, ligquid in food, and
soil.

{17) & method of concentrating and purifyving nucleic
acids, the method including:

mixing a sample containing a nucleic acid, a
compound having a functional group which undergoes
dehydration condensation ryeaction with a carboxyl group
included in a substance contained in the sample and a
condensing agent of the dehydration condensation

reaction; and
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electrophoreging the nucleic acid.

(18) A cartridge for nucleic acid electrophoresis,
including:

a channel formed to be capable of introducing a
liquid;

a damming porticn, which dams substances, disposed
at a predetermined pcsition of the channel;

electrodes disposed at both ends of the channel;

a compound having a functional group which
undergoes dehydration condensation reaction with a
carboxyl group;

a condensing agent of the dehydration condensation
reaction; and

a buffer;

the compound, the condensing agent and the
buffer being housed between the damming portion and a
negative-electrede end.
(12) A method cf producing a chip for nucleic acid
electrophoresis, the method including:

allowing a monomer scolution, introduced in a
channel formed on a substrate, to gel into a
predetermined shape, by photopolymerization, to form a
polymer gel; and

housing a compound having a functicnal group which
undergoes dehyvdration condensation reaction with a

carboxyl group, a condensing agent of the dehydration
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condensation reaction, and a buffer, intoc the channel.

Examples
[6o71] 1. Production of a cartridge for nucleic acid
electrophoresis

On a PMMA substrate, a channel of 5 mm wide, 60 mm
long and 2 mm deep was formed. At opposite ends of the
channel, a positive electrode and a negative electrode
formed of platinum wires (diameter: 0.5 mm, length: 10
mm, product of The Nilaco Corporation) were disposed,
respectively. The channel was filled with an acrylamide
solution (Solution 2) prepared in accordance with Table
1 and Table 2. Using a confocal laser scanning
microscope ("FV1000" by Olympus Corporation),
photopolymerization of the acrylamide was conducted to
form a polymer gel of 5 mm wide and 3 mm long in the
channel. Subseguently, the unpolymerized acrylamide

solution was replaced with an electrophoresis buffer

(1xTBE) .

[0072] [Table 1}

Acrylamide 1.67 g {(16.7%)
Bisacrylamide 0.53 g {5.3%)

Aerylamidomethylpropanesulfonic acid  0.39 g {3.9%)

{pKa 1}
x10 TBE (pH 8.3) 1wk
Distilled water £.41 mL

Solution 1 10 mL
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[0073] [Table 2]

Solution 1 1 mL
Riboflavin 0.02 mL
TEMED 0.02 mL
Solution 2 Approx. 1 mL
(00741 2. Preparation of sample liguids

A sample liguid (Example 1) to be introduced in
the produced cartridge for nucleic acid electrophoresis
was prepared in a condition shown in Table 3. As the
nucleic acid, a salmon sperm (final concentration: 0.1
mg/mL) was employed. As the buffer, glycine-HCl buffer
(pH: 2.2) {final concentration: 50 mM)} was used.
Further, anthraquinone-2z,é6-disulfonic acid disodium was
used as an intercalator. In addition, SYBR (registered
trademark) GREEN I was used as a fluorescent reagent.
Besides, asg Comparative Example 1, a sample liquid was
prepared in the same conditiocn as in Example 1 except
that distilled watey was used in place of
anthraguinone-2, 6-disulfonic acid discdium.

(00751 Further, as Example 2, a sample liguid was
prepared in the same condition as in Example 1 exXcept
that acetate buffexr {(pH: 4.0} (final concentration: 50
mM) was used in place of glycine-HCI buffer (pH: 2.2)

{final concentration: 50 mM}. In addition, as
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Comparative Example 2, a sample liquid was prepared in
the same condition as in Example 2 except that
distilled water was used in place of anthragquinone-2,6-

disulfonic acid disodium.

[0076] [Table 3]

Nucleic acid 10 uL

Buffer 500 ul
Anthraquincne-2,6-digulfonic acid 100 ul
disodium

SYBR GREEN T 1 ul
Distilled water ‘ 289 ul

Total 1000 ni

[0077] 3. Electrophoresis of the nucleic acid (1)

Using produced cartridge for nucleic acid
electrophoresis, concentration of a nucleic acid was
conducted. Between the polymer gel and the negative-
electrode side in the channel, 500 ul of the prepared
sample liguid (of the four sample liquids prepared in
the conditions of Examples 1, 2 and Comparative
Examples 1, 2} was introduced. A voltage was applied
between the positive electrode and the negative
electrode to conduct electrophoresis at 75 V and 1 mA.
The moving sample was observed under the confocal laser
scanning microscope.

[0078] Fig. 3 is a graph showing changes in
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fluorescence intensity of a gel interface with the time
elapsed from the beginning of the electrophoresis using
the sample liquids of Example 1 (shown as "pH 2.2
Anthraguinone-2,6-disulfonate" in the figure) and
Comparative Example 1 (shown as "pH 2.2 nsgative
control" in the figure). In Fig. 3, the abscissa
represents a time {(minutes), and the ordinate
represents the fluorescence intensity. Fig. 4 is a
graph showing changes in fluorescence intensity of a
gel interface with the time elapsed from the beginning
of the electrophoresis using the sample liguids of
Example 2 {(shown as "pH 4.0 Anthraguinone-2,6-
disulfonate" in the figure) and Comparative Example 2
{shown as "pH 4.0 negative control" in the figure)}. In
Fig. 4, in the same way as in Fig. 3, the abscissa
represents a time (minutes), and the ordinate
represents the fluorescence intensity.

[0079] As shown in Fig. 3, when the buffer with the
pH of 2.2 was used, Example 1 using the intercalator
was able to realize the concentration rate of
approximately twice as high as Comparative Example 1
which did not use the intercalator, after 1 minute from
the beginning of the nucleic acid electrophoresis. In
addition, as shown in Fig. 4, when the buifer with the
pH of 4.0 was used, Example 2 using the intercalator

was able to realize the concentration rate of
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approximately twice as high as Comparative Example 1
which did not use the intercalator, after 1 minute from
the beginning of the nucleic acid electrophoresis as
well. Thug, it was demonstrated that the insertion of
an intercalator having a negative charge intc a nucleic
acid enables to realize high concentration rate of the
nucleic acid in the acid buffer in a short time.
Further, 1t was also demonstrated that by increasing
the electrophoretic velocity of the nucleic acid, the
difference between the electrophoretic velocities of
the nucleic acid and the proteins in the contaminants
can be increased, and it can stably separate the
nucleic acid and the contaminants.

{c080] After finishing the electrophoresis, a
reverse voltage (75 V, 1 mA} was applied for 10 seconds
between the positive electrode and the negative
electrode to liberate the concentrated sample from the
gel interface. By bringing a micropipette cartridge,

the interior of which was controlled at a negative

1

praessure, inte contact with the gel interface, 10 pl of

K4

the concentrated sample was recovered.
[0081] 4. Electrophoresis of the nucleic acid (2)

In Examples 3 and 4, after subjecting a protein to
dehydration condensation reaction, a change in the
isoelectric point of the protein was analyzed based on

isoelectric focusing. As the protein, Bovine Sexrum
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Albumin (BSA) (pI=4.9) 1 mg/mL (Example 3) or ol-acid
glyceoprotein (AGP} (pI=2.7) 1 mg/mL (Example 4} wasg
employed. As materials which are necessary for the
dehydration condensation reaction, NHS 5 mM; EDC 20 mM;
and ethanolamine 50 mM or ethylenediamine 50mM; were
used. As the buffer, TBE (pH8.5), MES (pH4.0), MES
(pH5.0), Bis-Tris (pH6.5) or Bis-Tris (pH5.5) was
employed.

[0082] Incubation was conducted for 1 hour at room
temperature. Then, 10 pl of the samples (Examples 3 and
4) after the dehydration condensation reaction;
proteins, as negative controls without undergoing the
dehydration condensation reaction, of 1 mg of BSA, 1 mg
of AGP {(Examples 3 and 4); and IEF Marker pl 3-10
{Invitrogen) were isoelectric-focused.

[ocgz] Fig. 5 shows a result of the iscelectric
focusing using BSA {Example 3). Fig. 6 shows a result
of the iscelectric focusing using AGP (Example 4.
foos4] As shown in Figs. 5 and 6, in the negative
controls without undergoing the dehydration
condensation reaction, the protein bands were observed
at a predetermined position. On the other hand, in the
samples after the dehydration condensaticon reaction,
there were bands at the predetermined position, with
lower density as compared to the proteins without

undergoing the dehydration condensation reaction; bands
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at the position that was moved to the upper side of the
gel; and thcse that were not electrophoresed in the
isoelectric focusing gel and could not be observed.
From these results, it was demonstrated that the
isoelectric points of the proteins were increased by
the dehydration condensation reaction. Therefore, it
was demonstrated that the difference between the
electrophoretic velocities of the nucleic acid and the
proteins in the contaminants can be increased, and it
can stably separate the nucleic acid and the
contaminants.

[0085] In addition, when the electrophoresis is
performed with the electrophoresis buffer used for
usual nucleic acid electrophoresis (pH: 6.0 to 2.0), a
sample which has undergone dehydration condensation
reaction is electrophoresed to the cathode because of
its positive charge. Meanwhile, since a nucleic acid in
which the dehydration condensation reaction did not
occur has a negative charge, the nucleic acid would be
electrophoresed to the ancde and thus can be purified.
In particular, by setting the pH of the electrophoresis
buffer to 6.0 or less, desirably 5.0 or less, and more
desirably to more acidic pH, the proteins which have
not undergone the dehydration condensation reaction are
also able to be separated from the nucleic acid. Thus,

the degree of purification of the nucleic acid can be
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increased.

Industrial Applicability

fooges] A method of electrophoresing nucleic acids
according to the present disclosure is capable of
concentrating and purifying nucleic acids with high
efficilency in a short time by simple operation.
Therefore, 1t can be applied to the concentration
treatment of a nucleic acid for nucleic acid
amplification reactions such as PCR (Polymerase Chain
Reaction) and LAMP (Loop-Medlated Isothermal
Amplification), and can be used in order to detect the
nucleic acid contained even in a trace amount or at a
very low concentration in a sample.

Description of Reference Numerals

(o087}

1 cartridge

2 micropipette

11 channel

12 positive electrode
13 negative electrode

14 polymer gel
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Claims

(1] A method of electrophoresing nucleic acids, the
method comprising:

electrophoresing a nucleic acid in which an
intercalator having an anionic functional group has
been inserted.
[2] The method according to claim 1, wherein

an acid dissociation constant of the intercalator
is more than 0 and 3 or less.
[3] The method according to claim 2, wherein

the functional group is a sulfo group.
[4] The method according to claim 1, further
comprising:

applying a veltage across a channel filled with a
buffer so that the nucleic acid introduced at a
predetermined position in the channel is
electrophoresed; and

damming the nucleic acid moving to a positive-
electrode end.
[5] The method according fo claim 4, wherein

a pH of the buffer is 5 or less.
[6] A method of concentrating and purifying nucleic
acids, the method comprising:

electrophoresing a nucleic acid in which an
intercalator having an anionic functional group has

been inserted.
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{7] A cartridge for nucleic acid electrophoresis,
comprising:

a channel formed to be capable of introducing a
liquid;

a damming porticon, which dams substances, disposed
at a predetermined position of the channel;

electrocdes disposed at both ends of the channel;

an intercalatcocr that can be inserted to a nucleic
acid, having an anionic functional group; and

a buffer;

the intercalator and the buffer besing housed

between the damming portion and a negative-electrode
end.
[8] A method of producing a cartridge for nucleic acid
electrophoresis, the method comprising:

allowing a monomer gsolution, introduced in a
chammel formed on a substrate, to gel into a
predetermined shape, by photopolymerization, to form a
polymer gel; and

housing an intercalator that can be inserted to a
nucleic acid, having an anionic functional group, into
the channel.
[8] A method of electrophoresing nucleic acids, the
method comprising:

mixing a sample containing a nucleic acid, a

compound having a functional group which undergoes
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dehydration condensation reaction with a carboxyl group

incliuded in a substance contained in the sample, and a
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condensing agent of the dehydration condensation
reaction; and

electrophoresing the nucleic acid.
[10] The method according to claim 9, wherein

the functional group is an amino group.
[11] The method according to claim 10, wherein

the compound is ethanoclamine or ethylenediamine.
[12] The method according to claim 11, wherein

the condensing agent includes at least one
selected from l-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride salt, 4-{4,6-dimethoxy-
1,3,5-triazin-2-vl}-4-methylmorpholinium chloride,
dicyclohexylcarbodiimide and diisopylcarbodiimide.
[13] The method according to claim 9, wherein

the compound has at least

a first cationic functicnal group which
undergoes dehydration condensation reaction with a
carboxyl group and
a second cationic functional group which

exists in an ionic state during the electrophoresis.
[14] The method according to claim 9, further

comprising:

applying a vcltage across a channel filled with a

buffer =o that the nucleic acid introduced at a
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predetermined position in the channel is
electrophoresed; and

damming the nucleic acid moving to a peositive-
electrode end.
[15] The method according to claim 14, wherein

a pH of the buffer is B8 or less.
[16] The method according to claim 9, wherein

the sample includes at least one of

a living body-originated sample containing at
least one of throat swab, nasal swab, vaginal swab,
blood, plasma, serum, tissue, tissue fragment, sputum,
spinal fluid, urine, sweat, and feces; or
2 sample containing at least one of cell

culture liguid, bacterial broth, liguid in food, and
soil.
[17] A method of concentrating and purifying nucleic
acids, the method comprisging:

mixing a sample containing a nucleic acid, a
compound having a functional group which undergoes
dehydration condensation reaction with a carboxyl group
included in a substance contained in the sample and a
condensing agent of the dehydration condensation
reaction; and

electrophoresing the nucleic acid.
[18] A cartridge for nucleic acid electrophoresis,

comprising:
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a channel formed to be capable of intreducing a
liguid;

a damming portion, which dams substances, disposed
at a predetermined position of the channel;

electrodes disposed at boeth ends of the channel;

a compound having a functicnal group which
undergoes dehydration condensation reaction with a
carboxyl group;

a condensing agent of the dehydration condensation
reaction; and

a buffer;

the compound, the condensing agent and the
buffer being housed between the damming portion and a
negative-slectrode end.
[1%] A method of producing a cartridge for nucleic acid
electrophoresis, the method comprising:

allowing a monomer sclution, introduced in a
channel formed on a substrate, to gel into a
predetermined shape, by photopolymerization, to form a
polymer gel; and

housing a compound having a functional group which
undergoes dehydration condensation reaction with a
carboxyl group, a condensing agent of the dehydraticn

condensation reaction, and a buffer, into the channel.



