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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for detecting a target particle using an optical system of a confocal
microscope or multi-photon microscope and the like capable of detecting light from a microregion in a solution.

BACKGROUND ART

[0002] Due to progress made in the field of optical measurement technology in recent years, it has become possible
to detect and measure feint light at the level of a single photon or single fluorescent molecule using the optical system
of a confocal microscope and ultra-high-sensitivity photodetection technology capable of performing photon counting
(detecting individual photons). Therefore, various devices or methods have been proposed that detect interactions
between molecules such as biomolecules or coupling and dissociation reactions between molecules using such feint
light measurement technology. In particular, according to a method such as fluorescence correlation spectroscopy (FCS)
or fluorescence intensity distribution analysis (FIDA) that uses a technology for measuring fluorescence of a microregion
(confocal region where laser light of a microscope is focused; referred to as confocal volume) using the optical system
of a confocal microscope and photocounting technology, the sample required for measurement is only required to be at
an extremely low concentration and in an extremely small amount in comparison with that used in the past (since the
amount used for a single measurement is roughly only several tens of microliters), and measurement time is shortened
considerably (measurement of a duration on the order of several seconds for a single measurement is repeated several
times).
[0003] More recently, an optical analysis technology (scanning molecule counting method) employing a novel approach
has been proposed that individually detects luminescent particles (particles that emit light) traversing a photodetection
region in a sample solution in the form of a microregion while moving the location of the microregion using an optical
system capable of detecting light from a microregion in a solution, such as the optical system of a confocal microscope
or multi-photon microscope (see, for example, Patent Documents 1 to 3). More specifically, the scanning molecule
counting method is a technique that enables counting of luminescent particles, or acquiring information relating to
concentration or number density of luminescent particles in a sample solution, by detecting light emitted from the lumi-
nescent particles in a photodetection region to individually detect each of the luminescent particles in a sample solution
while moving the location of the photodetection region of an optical system of a confocal microscope or multi-photon
microscope in the sample solution using that optical system.
[0004] Since the photodetection mechanism per se of the scanning molecule counting method is composed so as to
detect light from a photodetection region of a confocal microscope or multi-photon microscope in the same manner as
in the case of optical analysis technologies such as FIDA, the amount of sample solution may also be an extremely
small amount (such as roughly several tens of microliters) and only a short measurement time is required in the same
manner as optical analysis technologies such as FIDA. On the other hand, the scanning molecule counting method
differs from FIDA and the like, which requires statistical processing involving calculation of fluctuations in fluorescent
intensity and the like, in that such statistical processing is not carried out. Consequently, optical analysis technology
employing the scanning molecule counting method can be applied to sample solutions in which the number density or
concentration of particles is considerably lower than the level required by optical analysis technologies such as FIDA.
In other words, by detecting a target particle (an observation target particle) in a sample solution labeled with a luminescent
probe using the scanning molecule counting method, the status or properties of the target particle can be detected and
analyzed even in the case the concentration or number density of the target particles in the sample solution is extremely
low (see, for example, Patent Document 4).

[Prior Art Documents]

[Patent Documents]

[0005]

[Patent Document 1] International Publication No. WO 2011/108369
[Patent Document 2] International Publication No. WO 2011/108370
[Patent Document 3] International Publication No. WO 2011/108371
[Patent Document 4] International Publication No. WO 2012/014778
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DISCLOSURE OF THE INVENTION

[Problems to be Solved by the Invention]

[0006] In the case of indirectly detecting a target particle by binding a luminescent probe to the target particle to be
detected, normally a single molecule of the luminescent probe is bound to a single molecule of the target particle. In
other words, in the case of detecting a target particle labeled with a luminescent probe using a single molecule photo-
detection technology such as the scanning molecule counting method, only one signal source is generated from a single
molecule of the target particle. Consequently, in the case the concentration of target particles in a sample solution is
extremely low, there is the problem of a long period of time being required for measurement or being unable to achieve
a high level of detection sensitivity due to the low signal level.
[0007] An object of the present invention is to provide a method for indirectly detecting a target particle using a
luminescent probe, wherein the target particle is detected with high sensitivity by using a single molecule photodetection
technology that uses the optical system of a confocal microscope or multi-photon microscope capable of detecting light
from a microregion in a sample solution.

[Means for Solving the Problems]

[0008] AS a result of conducting extensive studies to solve the aforementioned problems, the inventors of the present
invention found that a plurality of signal sources (luminescent probes) can be generated from a single molecule of a
target particle by repeating a plurality of times steps consisting of: recovering a luminescent probe bound to a target
particle by separating from free luminescent probe, and then recovering the luminescent probe by dissociating from the
target particle, thereby leading to completion of the present invention.
[0009] Namely, the method for detecting target particles of the present invention consists of that described in (1) to
(11) below.

(1) A method for indirectly detecting target particle dispersed and moving randomly in a solution using a luminescent
probe, that includes carrying out:

(a) a step for preparing a solution containing a target particle to be detected and one or more types of a
luminescent probe that directly or indirectly binds to the target particle;
(b) a step for forming a complex containing the target particle and the luminescent probe in the solution;
(c) a step for removing luminescent probe not bound to the target particle from the solution containing the
complex, thereby recovering the complex;
(d) a step for dissociating the luminescent probe from the recovered complex and separating the free luminescent
probe and the target particle, thereby separately recovering the free luminescent probe and the target particle;
(e) a step for repeating one or more times a cycle consisting of the following steps:

(a’) a step for preparing a solution by newly adding the luminescent probe to the target particle recovered
by separating from free luminescent probe in the step (d);
(b’) a step for forming a complex containing the target particle and the luminescent probe in the solution
following the step (a’);
(c’) a step for separating luminescent probes not bound to the target particle, thereby recovering the complex
from the solution, following the step (b’); and,
(d’) a step for dissociating the luminescent probe from the complex recovered in the step (c’) followed by
mutually separating and recovering free luminescent probes and the target particle;

followed by preparing a single measurement sample solution containing the total amount of free luminescent
probes recovered in the step (d) and the step (d’); and,
(f) a step for calculating the number of molecules of the luminescent probes in the measurement sample solution
by a method consisting of detecting light emitted from the luminescent probe in a photodetection region of an
optical system of a confocal microscope or multi-photon microscope while moving the location of the photode-
tection region in the measurement sample solution using the optical system.

(2) The method for detecting a target particle of (1) above, wherein dissociation of the luminescent probe from the
complex in the step (d’) is carried out in a solution containing free luminescent probes recovered in the step (d).
(3) The method for detecting a target particle of (1) above, wherein after mixing the entirety of the solutions containing
free luminescent probes recovered in each of the step (d) and the step (d’) in the step (e), a single measurement
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sample solution is prepared by carrying out concentration treatment.
(4) The method for detecting a target particle of any of (1) to (3) above, wherein a separation probe that binds to
the target particle independent of the luminescent probe is further added to the solution in the step (a),
a complex formed in the step (b) and the step (b’) contains the target particle, the luminescent probe and the
separation probe, and
the target particle in the state of a complex bound to the separation probe in the step (d) and the step (d’) is recovered
by separating from free luminescent probes.
(5) The method for detecting a target particle of any of (1) to (4) above, wherein the target particle is a nucleic acid
molecule.
(6) The method for detecting a target particle of (4) above, wherein the target particle is a nucleic acid molecule,
and the Tm value of a complex of the target particle and the separation probe is higher than the Tm value of a
complex of the target particle and the luminescent probe.
(7) The method for detecting a target particle of (6) above, wherein dissociation of the luminescent probe from the
complex is carried out in the step (d) and the step (d’) by making the temperature of a solution containing the complex
higher than the Tm value of a complex of the target particle and the luminescent probe and lower than the Tm value
of a complex of the target particle and the separation probe.
(8) The method for detecting a target particle of any of (4) to (7) above, wherein the luminescent probe is a naturally-
occurring oligonucleotide having a luminescent substance bound thereto and the separation probe is an oligonu-
cleotide composed of peptide nucleic acids.
(9) The method for detecting a target particle of (4) or (5) above, wherein a step for forming of at least one covalent
bond between the target particle and the separation probe in the complex formed in the step (b) is carried out prior
to the step (d).
(10) The method for detecting a target particle of any of (4) to (9) above, wherein recovery of the complex in the
step (c) and recovery of free luminescent probes in the step (d) and the step (d’) are carried out by solid-liquid
separation treatment using a solid phase carrier that directly or indirectly binds to the separation probe.
(11) The method for detecting a target particle of any of (1) to (10) above, wherein the one or more types of luminescent
probe are two or more luminescent probes.

[Effects of the Invention]

[0010] The method for detecting a target particle of the present invention is a method for indirectly detecting a target
particle using a luminescent probe, wherein by repeating steps consisting of: recovering a luminescent probe, that is
bound with a target particle, by dissociating the probe from the target particle, a signal source generated from a single
molecule of the target particle can be increased by a factor equal to the number of times the aforementioned step is
repeated. Consequently, according to the method for detecting a target particle of the present invention, since a high
signal is obtained even in the case the concentration of target particles is low, a target particle can be detected with high
sensitivity and in a shorter amount of time even in the case of detecting using a single molecule photodetection technology
such as the scanning molecule counting method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a drawing schematically showing one aspect of the method for detecting a target particle of the present
invention.
FIG. 2 is a drawing indicating the results of counting the number of peaks of each sample solution in Reference
Example 1.
FIG. 3 is a drawing showing the results of counting the number of peaks obtained by subtracting the number of
peaks of a measurement sample solution prepared from a reference sample solution (number of peaks in the
absence of target particles) from the number of peaks of a measurement sample solution prepared from a sample
solution (number of peaks in the presence of target particles).

BEST MODE FOR CARRYING OUT THE INVENTION

[0012] The method for detecting a target particle of the present invention (to also be referred to as the "detection
method of the present invention") is characterized by having the following steps (a) to (f) in a method for indirectly
detecting a target particle dispersed and moving randomly in a solution using a luminescent probe:
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(a) a step for preparing a solution containing a target particle to be detected and one or more types of a luminescent
probe that directly or indirectly binds with the target particle;
(b) a step for forming a complex containing the target particle and the luminescent probe in the solution;
(c) a step for removing luminescent probes not bound to the target particle from the solution containing the complex,
thereby recovering the complex; and,
(d) a step for dissociating the luminescent probe from the recovered complex and separating the free luminescent
probe and the target particle, thereby separately recovering the free luminescent probe and the target particle;
(e) a step for repeating one or more times a cycle consisting of the following steps:

(a’) a step for preparing a solution by newly adding the luminescent probe to the target particle recovered by
separating from free luminescent probe in the step (d);
(b’) a step for forming a complex containing the target particles and the luminescent probe in the solution
following the step (a’);
(c’) a step for separating luminescent probes not bound to the target particle following the step (b’), thereby
recovering the complex from the solution; and,
(d’) a step for dissociating the luminescent probe from the complex recovered in the step (c’) followed by mutually
separating and recovering free luminescent probes and the target particle;
followed by preparing a single measurement sample solution containing the total amount of free luminescent
probes recovered in the step (d) and the step (d’); and,

(f) a step for calculating the number of molecules of the luminescent probes in the measurement sample solution
by a method consisting of detecting light emitted from the luminescent probe in a photodetection region of an optical
system of a confocal microscope or multi-photon microscope while moving the location of the photodetection region
in the measurement sample solution using the optical system.

[0013] In the present invention and description of the present application, the phrase, "(a) particle(s) dispersed and
moving randomly in a solution", refers to (a) particle (s) such as (an) atom (s), (a) molecule (s) or (an) aggregate (s)
thereof dispersed or dissolved in a solution (and may be a particle that emit light or a particle that does not emit light)
that move about freely by Brownian movement in a solution without being immobilized on a substrate and the like.
[0014] The target particle to be detected by the detection method of the present invention refers to a particle that is
dispersed and moving randomly in a solution, and may be an arbitrary particle without any particular limitations thereon.
Examples of a target particle includes a biomolecule such as a protein, peptide, nucleic acid, nucleic acid-like substance,
lipid, saccharide, amino acid, or an aggregate thereof, a particulate biological target such as virus or bacteria, and a
non-biological particle (such as an atom, a molecule, a micelle or a metal colloid). Nucleic acid may be DNA or RNA, or
may be artificially amplified substances in the manner of cDNA. Examples of nucleic acid-like substance include sub-
stances in which side chains and the like of naturally-occurring nucleotide (nucleotide present in nature) in the manner
of DNA or RNA have been modified by functional groups such as an amino group, and a substance that has been labeled
with a protein or low molecular weight compound and the like. Specific examples of nucleic acid-like substances include
bridged nucleic acid (BNA), nucleotide in which an oxygen atom at position 4’ of a naturally-occurring nucleotide has
been substituted with a sulfur atom, nucleotides in which a hydroxyl group at position 2’ of a naturally-occurring nucleotide
has been substituted with a methoxy group, hexitol nucleic acid (HNA) and peptide nucleic acid (PNA).
[0015] The target particle in the detection method of the present invention is preferably a nucleic acid molecule or a
nucleic acid-like substance (and in the present description, these may be referred to as "a nucleic acid molecule and
the like"). The nucleic acid molecule or nucleic acid-like substance may be a double-stranded nucleic acid molecule or
single-stranded nucleic acid molecule. Specific examples thereof include a nucleic acid molecule having a base sequence
present in the chromosome of an animal or plant or in the gene of a bacterium or virus, and a nucleic acid molecule
having an artificially designed base sequence. Among these, the target particle is preferably micro RNA, siRNA, mRNA,
hnRNA, genomic DNA, synthetic DNA obtained by PCR or other amplification, or cDNA synthesized from RNA using a
reverse transcriptase.
[0016] In addition, a luminescent probe used in the present embodiment is a substance that specifically or non-
specifically binds (with binding to include absorption, and to apply similarly hereinafter) to a target particle, and there
are no particular limitations thereon provided it emits light that can be detected in the case of using the optical system
of a confocal microscope or multi-photon microscope. For example, the luminescent probe may be that in which a
luminescent substance is bound to a substance that specifically or non-specifically binds to a target particle. Although
the luminescent substance is typically a fluorescent substance, it may also be a substance that emits light by phospho-
rescence, chemiluminescence, bioluminescence or light scattering. There are no particular limitations on the fluorescent
substance provided it is a substance that releases fluorescence as a result of being irradiated with light of a specific
wavelength, and can be used by suitably selecting from among fluorescent dyes used in FCS or FIDA and the like.
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[0017] In addition, the luminescent probe used in the present invention may be that which binds directly to a target
particle or that which binds indirectly to a target particle. For example, in the case the target particle is a nucleic acid
molecule or nucleic acid-like substance, examples of the luminescent probe that bind directly to a target particle include
that in which a luminescent substance such as a fluorescent substance is bound to an oligonucleotide that hybridizes
with the target particle, a nucleic acid-binding substance bound with a luminescent substance such as a fluorescent
substance, and a dye molecule that binds to nucleic acid. The oligonucleotide may be DNA, RNA or an artificially amplified
substance in the manner of cDNA, or a substance that contains a portion or all of a nucleic acid-like substance capable
of forming a nucleotide chain and base pairs in the same manner as naturally-occurring nucleic acid bases. In addition,
in the case the target particle is a protein, a substance in which an antigen or antibody to the target particle or a ligand
or receptor for the target particle is labeled with a luminescent substance such as a fluorescent substance can be used
as a luminescent probe that binds directly to a target particle. Furthermore, binding of a luminescent substance to a
substance that specifically or non-specifically binds or absorbs to a target particle such as a nucleic acid or protein can
be carried out by ordinary methods.
[0018] Although the luminescent probe used in the present embodiment may be a substance that non-specifically
binds to a target particle, from the viewpoint of accuracy of detection and quantitative determination of a target particle,
a substance that binds specifically is preferable. Furthermore, the luminescent probe that specifically binds to a target
particle is only required to be a substance that preferentially binds to the target particle rather than binding to other
substances having physical or chemical properties similar to those of the target particle, and is not required to be a
substance that does not bind at all to substances other than the target particle. Thus, in the case the target particle is a
nucleic acid molecule, for example, an oligonucleotide labeled with a luminescent substance used as a luminescent
probe may have a base sequence that is completely complementary to the base sequence of the target particle, or may
have a base sequence that contains one or several base mismatches with a partial base sequence of the target particle.
[0019] In the present invention, a single molecule of a luminescent probe may be bound to a single molecule of a
target particle, or a plurality of molecules of a luminescent probe may be bound to a single molecule of a target particle.
In the case of a plurality of luminescent probes being bound to a single molecule of a target particle, these luminescent
probes can be designed so as to bind to a target particle mutually independently thereof. A plurality of molecules of one
type of luminescent probe may be bound to a single molecule of a target particle, or a plurality of types of luminescent
probes may be bound to a single molecule of a target particle. In the case of binding a plurality of types of luminescent
probes, although each luminescent probe may be a probe labeled with a substance having mutually different lumines-
cence properties of the released light, from the viewpoint of increasing detection sensitivity when a low concentration
of detection target is bound to the luminescent probe, it is preferably a probe bound with the same type of luminescent
substance.
[0020] More specifically, in step (a), a target particle and a luminescent probe are added to a solvent to prepare a
solution containing both. There are no particular limitations on the solvent provided it is a solvent that does not impair
the properties of the target particle and luminescent probe. Although water is typically used for the solvent, an organic
solvent such as formaldehyde or other arbitrary solvent may be used. More specifically, the solvent can be used by
suitably selecting from among buffers commonly used in the art. Examples of these buffers include Tris buffers or
phosphate buffers such as phosphate-buffered saline (PBS, pH 7.4).
[0021] Although there are no particular limitations on the concentration of the luminescent probe added to the solution,
a solution containing the luminescent probe and the target particle is preferably prepared so that the concentration of
the luminescent probe is higher than the predicted concentration of the target particle in order to enhance detection
sensitivity of the target particle in the detection method. In the method of the present invention, free luminescent probe
not bound to target particles is removed from the luminescent probe bound to the target particles in the subsequent step
(c). Consequently, the target particle can be accurately detected even in the case of having added an excess amount
of the luminescent probe in step (a).
[0022] Next, a complex containing the aforementioned target particle and the aforementioned luminescent probe is
formed in the aforementioned solution in step (b). In the case of being able to bind the target particle and the luminescent
probe by simply having them both present in the same solution, a complex containing the target particle and the lumi-
nescent probe can be formed in the solution simply by incubating the solution for a prescribed amount of time as necessary
after having prepared the solution containing both.
[0023] On the other hand, in the case the target particle and the luminescent probe are nucleic acid molecules or
nucleic acid-like substances having a double-stranded structure, the target particle and luminescent probe are preferably
associated after having denatured the nucleic acid molecules and the like in the solution. Furthermore, "denaturing
nucleic acid molecules and the like" refers to dissociating base pairs within a molecule such as a nucleic acid molecule.
For example, this refers to denaturing a double-stranded nucleic acid molecule to a single-stranded nucleic acid molecule.
Furthermore, in the case the luminescent probe is an oligonucleotide containing a nucleic acid like-substance such as
PNA, even if the target particle is a double-stranded nucleic acid molecule, a complex containing the luminescent probe
and the target particle may be able to be formed without having to carry out special denaturation treatment, and in this
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case, the complex can be formed without having to denature the nucleic acid molecule and the like.
[0024] Examples of denaturation treatment carried out on nucleic acid molecules and the like include denaturation by
high-temperature treatment (heat denaturation) and denaturation by low salt concentration treatment. In particular, heat
denaturation is preferable since the effects on fluorescent substances or other luminescent substances are comparatively
low and the procedure is simple. More specifically, in the case of heat denaturation, nucleic acid molecules and the like
in a solution can be denatured by subjecting the solution to high-temperature treatment. In general, although nucleic
acid molecules and the like can be denatured by warming at a temperature of 90°C for DNA or 70°C for RNA for several
seconds to about 2 minutes, since the denaturing temperature varies according to the base length of the target particle
in the form of a nucleic acid molecule and the like, the aforementioned warming temperature and warming time are not
limited thereto provided denaturation is possible. On the other hand, denaturation by low salt concentration treatment
can be carried out by, for example, adjusting the salt concentration of the solution to be sufficiently low by diluting with
purified water and the like.
[0025] After having denatured as necessary, the target particle in the form of a nucleic acid molecule and the like and
the luminescent probe in the aforementioned solution are associated to form a complex containing both. In the case of
having carried out heat denaturation of nucleic acid molecules and the like, both the target particle and luminescent
probe in the solution can be suitably associated by lowering the temperature of the solution to a temperature that allows
the target particle and luminescent probe to specifically hybridize (specific association conditions) following heat dena-
turation. The temperature of the solution containing both is preferably lowered to a temperature range of 63°C of the
Tm value of the region to be hybridized in the complex. In addition, in the case of having carried out denaturation by low
salt concentration treatment, the target particle and luminescent probe in the solution can be suitably associated by
raising the salt concentration of the solution to a concentration that allows specific hybridization between the target
particles and luminescent probe by adding a salt solution and the like.
[0026] Furthermore, the temperature at which two single-stranded nucleic acid molecules are able to specifically
hybridize can be determined from a melting curve of an association product of the target particle and luminescent probe.
A melting curve can be determined by, for example, changing the temperature of a solution containing only the target
particle and luminescent probe from a high temperature to a low temperature and measuring optical absorbance or
fluorescence intensity of the solution. The temperature range from the temperature at which the two denatured single-
stranded nucleic acid molecules begin to form an association product to the temperature at which the nucleic acid
molecules have nearly completely formed an association product as determined from the resulting melting curve can
be taken to be the temperature range over which both are able to specifically hybridize. The concentration at which two
single-stranded nucleic acid molecules can specifically hybridize can be determined by similarly determining a melting
curve by changing the salt concentration in the solution from a low concentration to a high concentration instead of
changing the temperature.
[0027] In this manner, although specific association conditions vary for each type of target particle and luminescent
probe and are determined experimentally, in the case the target particles are nucleic acid molecules and the like, the
conditions can normally be substituted with melting temperature (Tm). For example, the Tm value of a region that
hybridizes with a target particle (temperature at which 50% of double-stranded DNA dissociates to single-stranded DNA)
can be calculated from base sequence information of the luminescent probe by using commonly used primer/probe
design software and the like. Conditions in which the temperature is in the vicinity of the Tm value, and for example,
conditions in which the temperature is within about 63°C of the Tm value, can be used as specific association conditions.
More detailed specific association conditions can be determined by experimentally determining a melting curve at a
temperature in the vicinity of the calculated Tm value.
[0028] In addition, in order to suppress non-specific hybridization, the temperature of the aforementioned solution is
preferably lowered comparatively slowly when forming a complex. For example, after having denatured a nucleic acid
molecule by making the temperature of the aforementioned solution to be 70°C or higher, the liquid temperature of the
solution can be lowered at a temperature lowering rate of at least 0.05°C/second.
[0029] In addition, in order to suppress non-specific hybridization, a surfactant, formamide, dimethylsulfoxide or urea
and the like is preferably added to the aforementioned solution in advance. Only one type of these compounds may be
added or two or more types may be added in combination. The addition of these compounds makes it possible to make
it difficult for non-specific hybridization to occur in a comparatively low-temperature environment.
[0030] Following step (b), step (c) consists of removing luminescent probe not bound to the aforementioned target
particle from the aforementioned solution containing the aforementioned complex, and recovering the aforementioned
complex. In the method of the present invention that uses an optical analysis technology for individually detecting a
target particle labeled with a luminescent probe, if light from free luminescent probe that has not formed a complex with
the target particle ends up being detected without distinguishing from luminescent probe bound to the target particle,
detection sensitivity of the target particle becomes poor. Therefore, in step (c), the free luminescent probe and the like
(substances present in the solution other than the complex) are removed from the aforementioned solution.
[0031] In step (c), there are no particular limitations on the specific means used to remove luminescent probe not
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bound to target particle and recover the aforementioned complex, and can be suitably selected from among methods
used to separate substances normally carried out in the art when physically separating a plurality of substances utilizing
differences in size, molecular weight, affinity to an arbitrary substance or charged state and the like. Examples of these
separation methods include procedures that include adsorption, extraction or washing. Specific examples include chro-
matography (such as hydrophilic/hydrophobic interaction chromatography, affinity chromatography or ion exchange
chromatography), ultrafiltration, electrophoresis, phase separation, centrifugal separation, solvent extraction and filtra-
tion-adsorption.
[0032] In step (c), the aforementioned complex can be recovered by removing luminescent probe not bound to the
target particle utilizing a separation probe that binds to the target particle independently of the luminescent probe. More
specifically, a separation probe is further added to the aforementioned solution in step (a), and a complex containing
the target particle, luminescent probe and separation probe is formed in step (b). Next, in step (c), luminescent probe
not bound to the target particle is removed by selectively retaining the complex by utilizing interaction between the
separation probe and other substances in the complex.
[0033] There are no particular limitations on the separation probe provided it is a substance that specifically or non-
specifically binds (including adsorption, and to apply similarly hereinafter) to the target particle independently of the
luminescent probe. Although the separation probe may be that which binds to the target particle indirectly by having
another substance interposed there between, it preferably binds directly to the target particle. Examples of substances
able to be used as a separation probe that bind directly to the target particle either specifically or non-specifically include
those listed as examples in the previous explanation of the luminescent probe prior to being bound by a luminescent
substance. For example, an oligonucleotide that hybridizes with the target particle serves as a separation probe in the
case the target particle is a nucleic acid molecule and the like, while an antigen or antibody to the target particle or a
ligand or receptor for the target particle serves as a separation probe in the case the target particle is protein.
[0034] The separation probe used in the present invention has a site that binds to a solid phase carrier and further
binds directly or indirectly with the solid phase carrier in a state in which it is bound to target particle. In the case of using
the separation probe, recovery of the complex in step (c) and recovery of free luminescent probe in the subsequent step
(d) can be carried out more easily by solid-liquid separation treatment using a solid phase carrier that directly or indirectly
binds to the separation probe.
[0035] There are no particular limitations on the form or material and so forth of the solid phase carrier used for the
separation probe provided it is a solid provided with a site that binds to the separation probe. For example, the solid
phase carrier may consist of particles such as beads that can be suspended in water and are capable of being separated
from liquid by ordinary solid-liquid separation treatment, a membrane, a container or a chip substrate. Specific examples
of solid phase carriers include magnetic beads, silica beads, agarose gel beads, polyacrylamide resin beads, latex
beads, polystyrene and other plastic beads, ceramic beads, zirconia beads, silica membranes, silica filters and plastic
plates.
[0036] For example, in the case the separation probe is an oligonucleotide, beads or filters capable of binding the
oligonucleotide in a state in which a portion that hybridizes with a region other than the region that hybridizes with the
target particle is exposed on the surface thereof can be used as a solid phase carrier. In addition, in the case the
separation probe has biotin for the site that binds to the solid phase carrier, beads or filters that enable avidin or streptavidin
to bind to the surface while retaining binding properties with biotin can be used as a solid phase carrier. In addition, in
the case the site in the separation probe that binds to a solid phase carrier is glutathione, dinitrophenol (DNP), digoxigenin
(Dig), digoxin, a sugar chain composed of two or more sugars, a polypeptide composed of four or more amino acids,
an auxin, gibberellin, steroid, protein, hydrophilic organic compound, or analogue thereof; beads or filters having an
antibody, antigen, ligand or receptor for these substances bound to the surface thereof can be used as a solid phase
carrier. Furthermore, although the solid phase carrier may be that which binds non-specifically to the separation probe,
it preferably binds specifically from the viewpoint of accurate detection and quantitative determination of target particles.
[0037] More specifically, a complex containing target particle, a luminescent probe and a separation probe in the
aforementioned solution is bound to a solid phase carrier through the separation probe in the complex by contacting the
solid phase carrier with the solution containing the complex and incubating as necessary. Subsequently, the complex
bound to the solid phase carrier can be separated and recovered from luminescent probe not bound to the target particles
present in a liquid phase, such as free luminescent probe, by subsequently carrying out solid-liquid separation treatment.
[0038] There are no particular limitations on the solid-liquid separation treatment provided a method is used that allows
separation and recovery of the solid phase carrier in the solution from liquid components, and can be suitably selected
from among known treatment methods used for solid-liquid separation treatment. For example, in the case the solid
phase carrier consists of beads and the like, centrifugal separation treatment may be carried out on a suspension
containing the solid phase carrier to precipitate the solid phase carrier followed by removing the supernatant, or the
solution may be filtered using filter paper or a filtration filter and recovering the solid phase carrier remaining on the
surface of the filter paper and the like. In addition, in the case the solid phase carrier consists of magnetic beads, a
magnet may be brought in close proximity to a container containing the solution to cause the solid phase carrier to
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converge at the surface of the container closest to the magnet followed by removing the supernatant. In the case a
container having an inner wall coated with a substance that binds to the separation probe is used for the solid phase
carrier, a solution containing the aforementioned complex is poured into the container followed by discharging the liquid
from the container after having incubated as necessary. Furthermore, in the case the solid phase carrier is a membrane
or filter, binding between the solid phase carrier and the aforementioned complex as well as separation and recovery
of the aforementioned complex from luminescent probe not bound to the target particles can be carried out in a single
procedure by allowing a solution containing the aforementioned complex to pass through the solid phase carrier.
[0039] In the present invention, the aforementioned complex bound to a solid phase carrier may be separated and
recovered from luminescent probe not bound to the target particle by preliminarily adding the solid phase carrier to a
solution together with the target particle, luminescent probe and separation probe in step (a), and then forming a complex
containing the target particle bound to the solid phase carrier, luminescent probe and separation probe and subsequently
subjecting the complex to solid-liquid separation treatment in step (b). In addition, in step (a), a solution may also be
prepared by adding a separation probe preliminarily bound to the solid phase carrier, a target particle and a luminescent
probe. Furthermore, the separation probe used at this time may be reversibly or irreversibly bound to the solid phase
carrier.
[0040] A solution containing a complex bound to the solid phase carrier is prepared by adding a suitable solvent to
the recovered solid phase carrier. A solution containing this is used in step (d). There are no particular limitations on the
solvent provided it is a solvent that does not impair detection of light released from the luminescent probe in a subsequent
step, and can be suitably selected from among buffers commonly used in the art. Examples of such buffers include Tris
buffers and phosphate buffers such as phosphate-buffered saline (PBS, pH 7.4).
[0041] The recovered solid phase carrier may be washed with a suitable solvent prior to step (d). Free luminescent
probe can be separated and removed from the complex bound to the solid phase carrier more rigorously as a result of
this washing. There are no particular limitations on the solvent used to wash the solid phase carrier provided it is that
which does not impair binding between the complex and solid phase carrier, and may be of the same type or different
type from the solvent used to prepare the solution containing complex bound to the solid phase carrier in step (d).
[0042] Subsequently, the aforementioned luminescent probe is dissociated from the complex recovered in step (c),
and the free luminescent probe and the target particles are separated and individually recovered in step (d). The recovered
free luminescent probe is used as a sample for measurement using a single molecule optical detection technology such
as the scanning molecule counting method in a subsequent step. In addition, the recovered target particle is again bound
with a new luminescent probe in a subsequent step.
[0043] There are no particular limitations on the method used to dissociate the luminescent probe in the complex
provided it is a method that is able to eliminate binding between the target particle and luminescent probe in the complex.
[0044] For example, in the case the target particle is an oligonucleotide composed of a nucleic acid molecule or a
nucleic acid-like substance, and the site in the luminescent probe that binds to the target particle is an oligonucleotide
composed of nucleic acid molecule or a nucleic acid-like substance that hybridizes with the target particle, binding
between the luminescent probe and the target particle can be eliminated and the luminescent probe can be dissociated
from the aforementioned complex by sufficiently raising the temperature of a solution containing the aforementioned
complex to a temperature higher than the specific association conditions of the target particle and luminescent probe,
or sufficiently lowering the salt concentration of a solution containing the aforementioned complex below the salt con-
centration of the specific association conditions of the target particle and luminescent probe.
[0045] In the case the complex recovered in step (c) contains a target particle, luminescent probe and separation
probe, the luminescent probe is preferably dissociated from the complex by eliminating only binding between the target
particle and luminescent probe in the complex in step (d). As a result of maintaining binding between the target particle
and separation probe, the target particle can be separated and recovered from free luminescent probe while in the form
of a complex bound to the separation probe. This applies similarly to the case in which the complex recovered in step
(c) contains target particle, luminescent probe and separation probe and is bound to a solid phase carrier.
[0046] For example, in the case the target particle is an oligonucleotide composed of a nucleic acid molecule or a
nucleic acid-like substance, and the site that binds with target particle in the luminescent probe and separation probe is
also an oligonucleotide composed of a nucleic acid molecule or a nucleic acid-like substance that hybridizes with the
aforementioned target particle, the luminescent probe and separation probe are preferably designed so that the Tm
value of the complex of target particle and separation probe is higher than the Tm value of the complex of the target
particle and luminescent probe. In this case, the luminescent probe can be dissociated from the target particle while
maintaining binding between the target particle and separation probe by using a temperature that is higher than the Tm
value of the complex of the target particle and luminescent probe but lower than the Tm value of the complex of the
target particle and separation probe.
[0047] An example of a method used to make the Tm value of the complex of the target particle and separation probe
higher than the Tm value of the complex of the target particle and luminescent probe consists of using a naturally-
occurring oligonucleotide having a luminescent substance bound thereto for the luminescent probe, and using an oligo-
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nucleotide containing in at least a portion thereof a nucleic acid-like substance capable of forming stronger base pairs
than the naturally-occurring nucleotide for the region in the separation probe that binds to the target particle. Examples
of nucleic acid-like substances capable of demonstrating more stable binding than naturally-occurring nucleotides include
BNA and PNA.
[0048] Among these, the luminescent probe is preferably a naturally-occurring oligonucleotide having a luminescent
substance bound thereto, and the separation probe is preferably an oligonucleotide composed of PNA. This is because
PNA does not have a negative charge, and even in the case salt concentration in a solution is so low that naturally-
occurring oligonucleotides have difficulty in forming an association product, there are cases in which an oligonucleotide
composed of PAN is able to bind with a naturally-occurring oligonucleotide and form an association product. Therefore,
in the case the target particle is a naturally-occurring oligonucleotide, and in the case a naturally-occurring oligonucleotide
having a luminescent substance bound thereto is used for the luminescent probe and an oligonucleotide composed of
PNA is used for the separation probe, the luminescent probe can easily be dissociated from the target particle bound
to the separation probe by lowering the salt concentration in the solution or removing salt from the solution after having
formed a complex of the target particle, luminescent probe and separation probe.
[0049] In addition, in the case of using a naturally-occurring oligonucleotide for the region that binds to target particle
in both a luminescent probe and separation probe, another example of a method that can be employed consists of
sufficiently making the length of the region in the separation probe that binds to the target particle greater than that of
the region that binds to the target particle, or increasing the GC content of the region in the separation probe that binds
to the target particle to a greater degree than the region that binds to the target particle; so that the Tm values of each
region are mutually significantly different.
[0050] At least one covalent bond can be formed, prior to step (d), between the target particle and the separation
probe in the complex formed in step (b). As a result of crosslinking the target particle and separation probe by covalent
bonding, binding between the target particle and separation probe in subsequent steps can be stabilized and the lumi-
nescent probe can be easily dissociated from the complex. In the case of having formed a covalent bond, the luminescent
probe can be dissociated while maintaining binding between the target particle and separation probe by, for example,
washing the complex containing the target particle, luminescent probe and separation probe under severely stringent
solution conditions to the extent that the luminescent probe is no longer able to completely hybridize with the target
particle. The formation of a covalent bond between the target particle and separation probe may be carried out before
step (c) or after step (c).
[0051] There are no particular limitations on the method used to form a covalent bond provided it allows the formation
of a covalent bond that links two single-stranded nucleic acid molecules forming base pairs, and can be suitably selected
from among known techniques used when crosslinking nucleic acid molecules. In the present invention, a covalent bond
is preferably formed by a photochemical reaction. A photochemical reaction refers to a reaction carried out by utilizing
light energy generated by irradiating with light of a specific wavelength. Since the method used to form a covalent bond
by a photochemical reaction is able to form a covalent bond between the nucleic acid chains of a double-stranded nucleic
acid molecule by irradiating a solution with light of a specific wavelength, it is not necessary to alter the composition or
other conditions of the solution. Consequently, effects on the complex in the solution other than that affecting covalent
bond formation can be suppressed and the procedure is simple.
[0052] For example, a covalent bond can be formed through a photoreactive base derivative between a target particle
and a separation probe by a photochemical reaction by using a separation probe in which at least one base in the region
that binds to the target particle is substituted for that photoreactive base derivative. There are no particular limitations
on the base substituted for the photoreactive base derivative in the separation probe provided it is a base present in a
region that hybridizes with the target particle. In addition, only one base may be substituted for the photoreactive base
derivative or two or more bases may be substituted for the photoreactive base derivative.
[0053] Here, a photoreactive base derivative refers to a base derivative capable of forming a nucleic acid chain in the
same manner as a naturally-occurring nucleotide that has a site where reactivity in an organic synthesis reaction is
activated as a result of irradiating with light of a specific wavelength (photoreactive site).
[0054] Examples of such photoreactive base derivatives include those in which psoralen has been added to thymine
(T) or adenine (A) through a linker (see, for example, Proc. Natl. Acad. Sci. U.S.A., Vol. 88, pp. 5602-5606, July 1991).
For example, after having formed a complex containing target particle, luminescent probe and separation probe using
a photoreactive base derivative obtained by adding psoralen to T or A through a linker in the region of the separation
probe that binds to the target particle, crosslinking occurs between the target particle and separation probe that form
base pairs through this psoralen when the complex is irradiated with near ultraviolet light at 254 nm and the like.
[0055] In addition, in the case the complex recovered in step (c) contains a target particle, luminescent probe and
separation probe and is bound to a solid phase carrier, by dissociating the luminescent probe from the complex and
subjecting to solid-liquid separation treatment, free luminescent probe and the complex containing the target particle
and separation probe and bound to the solid phase carrier can be separated and recovered. The separated and recovered
complex bound to the solid phase carrier may be washed with a suitable buffer and the like prior to using in the next step.
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[0056] Next, the following steps are carried out as steps (a’) to (d’): step (a’) for preparing a solution obtained by newly
adding a luminescent probe to the target particle recovered by separating from free luminescent probe in step (d) (or a
complex containing a separation probe and target particle in the case of using a separation probe); step (b’) for forming
a complex by allowing the aforementioned target particle and luminescent probe to bind in the solution; step (c’) for
separating luminescent probes not bound to the target particle, thereby recovering the complex; and, step (d’) for dis-
sociating the luminescent probe from the recovered complex followed by mutually separating and recovering the free
luminescent probe and target particles. These steps (a’) to (d’) can be carried out in the same manner as the previously
described steps (a) to (d).
[0057] Steps (a’) to (d’) are repeated at least once and preferably two or more times. In theory, an amount of luminescent
probe is recovered in step (d’) that is equal to the amount of luminescent probe recovered in step (d) each time steps
(a’) to (d’) are carried out. In other words, by repeating steps (a’) to (d’), the amount of luminescent probe recovered can
be increased by a factor equal to the number of times these steps are repeated.
[0058] The total amounts of free luminescent probes recovered in steps (d) and (d’) are combined for use as a single
measurement sample solution, which is then used in measurement using a single molecule optical detection technology
such as the scanning molecule counting method. Since the effect of increasing signal sensitivity is obtained by repeating
steps (a’) to (d’), the volume of the single measurement sample solution containing the total amount of free luminescent
probe recovered in steps (d) and (d’) is preferably roughly equal to the volume of the solution of the free luminescent
probes recovered in step (d).
[0059] For example, by dissociating luminescent probe from the complex containing target particle and luminescent
probe in each step (d’) in a solution containing the free luminescent probes recovered in step (d), the free luminescent
probes are recovered in the same solution in all steps (d) and (d’). More specifically, after having added a solution
containing free luminescent probes recovered in step (d) to the complex recovered in step (c’), the luminescent probe
is dissociated from the complex in the solution followed by mutually separating and recovering the free luminescent
probes and target particles in step (d’).
[0060] In addition, in the case of respectively and individually recovering free luminescent probes in the form of a
solution in each step (d’), by mixing all of the solutions and carrying out concentration treatment using a method such
as freeze-drying that does not impair luminescence from the luminescent probe, the volume of the single measurement
sample solution containing the total amount of free luminescent probes recovered in step (d) and step (d’) can be made
to be roughly equal to the volume of the solution of free luminescent probes recovered in step (d).
[0061] Subsequently, the number of molecules of the aforementioned luminescent probe in the resulting measurement
sample solution is calculated using a method by which light emitted from the aforementioned luminescent probe in the
photodetection region of an optical system of a confocal microscope or multi-photon microscope is detected while moving
the location of the photodetection region using the optical system of the confocal microscope or multi-photon microscope.
In other words, in the detection method of the present invention, a target particle is detected indirectly by detecting a
luminescent probe that has been dissociated by going through a prescribed treatment after having been temporarily
bound to the target particle.
[0062] In the present invention and description of the present application, a "photodetection region" of the optical
system of a confocal microscope or multi-photon microscope refers to a microregion in which light is detected in those
microscopes, and in the case illumination light is imparted from an object lens, the region where that illumination light
is focused corresponds to a microregion. Furthermore, this microregion is defined by the positional relationship between
the object lens and pinhole in a confocal microscope in particular.
[0063] A luminescent probe in a measurement sample solution can be detected by detecting the optical properties of
light emitted from the luminescent probe when irradiated with light of a wavelength optimal for the spectral properties
thereof. Furthermore, "detecting the optical properties of a luminescent probe" refers to detecting an optical signal of a
specific wavelength emitted from the luminescent probe. Examples of the optical signal include fluorescence intensity
and fluorescence polarization.
[0064] In the detection method of the present invention, the number of molecules of a luminescent probe in a meas-
urement sample solution is counted with the scanning molecule counting method.
[0065] In the scanning molecule counting method, since each particle dispersed or dissolved in a solution is detected
individually, counting of particles, determination of particle concentration or number density in a measurement sample
solution, or acquisition of information relating to concentration or number density, can be carried out quantitatively using
that information. Namely, according to the scanning molecule counting method, since a particle is detected one at a
time by creating a 1:1 correlation between a particle passing through a photodetection region and a detected optical
signal, particles dispersed and moving randomly in a solution can be counted, and the concentration or number density
of particles in a measurement sample solution can be determined more accurately than in the prior art. For example, in
the case of detecting free luminescent probe in the detection method of the present invention using the scanning molecule
counting method, and determining particle concentration by individually detecting particles in a measurement sample
solution and counting the number of particles based on light emitted from a luminescent probe, the luminescent probe
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can be detected even if the concentration of the luminescent probe in the measurement sample solution is lower than
a concentration able to be determined based on fluorescence intensity as measured with a fluorescence spectropho-
tometer or plate reader.
[0066] In the case of single molecule measurement or other forms of highly sensitive measurement, and particularly
in the case of the scanning molecule counting method, there are cases in which detection accuracy is low for luminescent
particles in which diffusion movement in a solution in the manner of a solid phase carrier and the like is comparatively
slow. In the present invention, as a result of targeting detection on a luminescent probe in a free state that has been
separated from a solid phase carrier during measurement according to the scanning molecule counting method, even
in the case of using a fluorescent single molecule measurement method, the luminescent probe can be detected with
high accuracy by removing the effects of the solid phase carrier.
[0067] FIG. 1 is a drawing schematically showing an aspect of the detection method of the present invention that uses
a separation probe and a solid phase carrier that binds to the separation probe. First, a target particle 1, a luminescent
probe 2, and a separation probe 3 are combined to form a complex. After binding the complex to a solid phase carrier
4 using the separation probe 3 and removing free luminescent probe 2 by washing, the luminescent probe 2 is dissociated
from the complex, and the luminescent probe 2 and the target particle 1 bound to the solid phase carrier 4 through the
separation probe 3 are separated and recovered. Subsequently, a new luminescent probe 2 is added to the recovered
complex containing the target particle 1, and after combining with the target particle 1 in the complex and washing, the
luminescent probe 2 is again dissociated, and the free luminescent probe 2 and the target particle 1 bound to the solid
phase carrier 4 through the separation probe 3 are separated and recovered. A plurality of luminescent probes 2 are
recovered from a single molecule of the target particle 1 by repeating these steps.

[Examples]

[0068] Although the following provides a more detailed explanation of the present invention by indicating examples
thereof, the present invention is not limited to the following examples.

[Reference Example 1]

[0069] An experiment was conducted to demonstrate that a higher signal is obtained for a target particle during
measurement according to the scanning molecule counting method in the case of using a plurality of types of luminescent
probes than in the case of using one type of luminescent probe.
[0070] A polynucleotide composed of the base sequence shown in SEQ ID NO: 1 (to be referred to as Target Nucleic
Acid Molecule 1) was used for the target particle, oligonucleotides composed of the base sequences shown in SEQ ID
NOS: 2 to 5 and having a fluorescent substance in the form of ATTO® 647N (ATTO-TEC Gmbh) bound to the 5’-terminal
thereto (Probes 1 to 4) were used as luminescent probes, and an oligonucleotide composed of the base sequence
indicated in SEQ ID NO: 6 and having biotin bound to the 3’-terminal thereof (Biotinated Probe 1) was used for the
separation probe. Each of the base sequences are shown in Table 1. In the Target Nucleic Acid Molecule 1, underlines
indicate those regions that bind to the luminescent probes and biotinated probe, respectively. Furthermore, the Target
Nucleic Acid Molecule 1, Luminescent Probes 1 to 4 and Biotinated Probe 1 are all polynucleotides composed of naturally-
occurring nucleotides.

Sample Solution 1 (100 mL) was prepared using Tris buffer (10 mM Tris-HCl, 400 mM NaCl, 0.05% Triton X-100) so

[Table 1]

Base Sequence SEQ ID NO:

Target Nucleic Acid Molecule 1 1

Luminescent Probe 1 ATTO 647N-AGTTGAGGGGACTTTCCCAGGC 2

Luminescent Probe 2 ATTO 697N-TGTCCACACTGGCTCCCA 3

Luminescent Probe 3 ATTO 647N-AAGACTGGCTGCTCCCTGAT 4

Luminescent Probe 4 ATTO 697N-GCTAGTCTGTTTTTCATGGT 5

Biotinated Probe 1 CCACAAGTTTATATTCAGTC-Biotin 6



EP 2 818 850 B1

13

5

10

15

20

25

30

35

40

45

50

55

that the concentration of the target nucleic acid molecule was 1 pM, the concentration of Luminescent Probe 1 was 800
pM, the concentration of Biotinated Probe 1 was 200 pM, and the concentration of Poly(deoxyinosinic-deoxycytidylic)
acid (Sigma-Aldrich Corp.) was 0.1 U/mL (where, 1 U represents an amount that yields absorbance of 1.0 at 260 nm in
water (optical path length: 1 cm)). In addition, Sample Solution 2 was prepared in the same manner as the aforementioned
Sample Solution 1 with the exception of preparing so that the concentrations of Luminescent Probes 1, 2, 3 and 4 were
each 200 pM (total: 800 pM). Moreover, Control Sample Solutions 1 and 2 were also prepared in the same manner as
Sample Solution 1 and Sample Solution 2, respectively, with the exception of not containing the Target Nucleic Acid
Molecule 1.
[0071] The sample solutions were heated for 5 minutes at 95°C followed by lowering the liquid temperature to 25°C
at a rate of 0.1°C/minute. 1 mL of 0.1% bovine serum albumin (BSA) was added followed by the addition of streptavidin-
coated magnetic beads (Catalog No. 650-01, Invitrogen Corp.) and allowing to react while shaking for 90 minutes at
25°C. Continuing, after washing the magnetic beads preset in the sample solutions three times with 500 mL of wash
buffer (10 mM Tris-HCl, 400 mM NaCl, 0.05% Triton X-100) using a magnet, 100 mL of elution buffer (10 mM Tris-HCl,
0.05% Triton X-100) were added followed by heating for 30 seconds at 95°C and then rapidly cooling over ice. After
gathering the magnetic beads against the inner wall of the container using a magnet, the supernatant was recovered
and the number of molecules of luminescent probe contained in the sample solutions was measured according to the
scanning molecule counting method.
[0072] The MF20 Single Molecule Fluorescence Spectroscopy System (Olympus Corp.) equipped with the optical
system of a confocal fluorescent microscope and a photon counting system was used as an optical analysis device
during measurement. Chronological photon count data was acquired for the aforementioned supernatant. At that time,
laser light having a wavelength of 642 nm and irradiated at 1 mW was used as excitation light, and the detecting light
wavelength was set to 660 nm to 710 nm using a band pass filter. The movement speed of the location of the photodetection
region in the sample solutions was set to 90 mm/sec, BIN TIME was set to 10 ms, and measurement time was set to 2
seconds. In addition, measurements were carried out five times each followed by calculation of their mean and standard
deviation. Following measurement of light intensity, optical signals detected in chronological data were counted from
chronological photon counting data acquired for each supernatant. During data smoothing according to the moving
average method, the number of data points averaged at one time was set to 11, and moving average processing was
repeated five times. In addition, during fitting, a Gaussian function was fit to the chronological data using the least squares
method, and peak intensity, peak width (half width maximum) and correlation coefficient (in the Gaussian function) were
determined. During processing for evaluating the peaks, only those peak signals that satisfied the following conditions
were judged to be an optical signal corresponding to a luminescent probe:

20 msec < peak width < 400 msec;
peak intensity > 1 (photons/10 msec); and,
correlation coefficient > 0.90

while on the other hand, peak signals not satisfying the aforementioned conditions were ignored as noise, and the
number of signals judged to be optical signals corresponding to a luminescent probe was counted as the "number of
peaks".
[0073] The results of counting the number of peaks of each sample solution are shown in FIG. 2. In the drawing,
"Luminescent Probe x 1 (-) " indicates the result for Control Sample Solution 1 using one type of luminescent probe but
not containing Target Nucleic Acid Molecule 1, "Luminescent Probe x 1(+)" indicates the result for Sample Solution 1
using one type of luminescent probe and containing Target Nucleic Acid Molecule 1, "Luminescent Probe x 4(-)" indicates
the result for Control Sample Solution 2 using four types of luminescent probes but not containing Target Nucleic Acid
Molecule 1, and "Luminescent Probe x 4(+)" indicates the result for Sample Solution 2 using four types of luminescent
probes and containing Target Nucleic Acid Molecule 1. In comparison with the case of using one type of luminescent
probe, the signal was about 3.8 times higher in the case of using four types of luminescent probes (signal: (number of
peaks in the presence of Target Nucleic Acid Molecule 1) - (number of peaks in the absence of Target Nucleic Acid
Molecule 1)). This is thought to be the result of a plurality of signal sources having been generated from a single target
nucleic acid molecule due to having dissociated luminescent probes from the Target Nucleic Acid Molecule 1 after having
bound a plurality of luminescent probes to the Target Nucleic Acid Molecule 1 and removing free luminescent probe by
washing.

[Example 1]

[0074] The effect of the number of repetitions of steps (a’) to (d’) in the detection method of the present invention on
detection sensitivity of a target particle was investigated by setting the number of repetitions of the steps to 0 times, 1
time or 2 times.
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[0075] Naturally-occurring polynucleotide composed of the base sequence indicated in SEQ ID NO: 7 (to be referred
to as Target Nucleic Acid Molecule 2) was used for the target particle, Luminescent Probe 1 used in Reference Example
1 was used for the luminescent probe, and an oligonucleotide composed of the base sequence indicated in SEQ ID NO:
8 and having biotin bound to the 3’-terminal thereof (Biotinated Probe 2) was used for the separation probe. The base
sequences of the Target Nucleic Acid Molecule 2 and Biotinated Probe 2 are shown in Table 2. In the Target Nucleic
Acid Molecule 2, underlines indicate those regions that bind to the Luminescent Probe 1 and Biotinated Probe 2, re-
spectively. In addition, the base sequence of the PNA of the Biotinated Probe 2 is shown after substituting for the
naturally-occurring polynucleotide corresponding to PNA.

[0076] First, three sample solutions (100 mL) (Sample Solutions A to C) were prepared using Tris buffer (10 mM Tris-
HCl, 400 mM NaCl, 0.05% Triton X-100) so that the concentration of Target Nucleic Acid Molecule 2 was 1 pM, the
concentration of Luminescent Probe 1 was 200 pM, the concentration of Biotinated Probe 2 was 200 pM, and the
concentration of Poly(deoxyinosinic-deoxycytidylic) acid (Sigma-Aldrich Corp.) was 0.1 U/mL. In addition, three control
sample solutions (Control Sample Solutions A to C) were prepared in the same manner as Sample Solution 1 with the
exception of not containing the Target Nucleic Acid Molecule 2.
[0077] The sample solutions were heated for 5 minutes at 95°C followed by lowering the liquid temperature to 25°C
at a rate of 0.1°C/minute. 1 mL of 0.1% bovine serum albumin (BSA) was added followed by the addition of streptavidin-
coated magnetic beads (Catalog No. 650-01, Invitrogen Corp.) and allowing to react while shaking for 90 minutes at
25°C. Continuing, after washing the magnetic beads in the sample solutions three times with 500 mL of wash buffer (10
mM Tris-HCl, 400 mM NaCl, 0.05% Triton X-100) using a magnet, 100 mL of elution buffer (10 mM Tris-HCl, 0.05%
Triton X-100) were added followed by incubating for 5 minutes at 50°C. Next, after gathering the magnetic beads against
the inner wall of the container using a magnet, the supernatant was recovered. The recovered supernatant was designated
as "Supernatant 1", while the magnetic beads gathered on the inner wall of the container were designated as "Magnetic
Beads 1". The procedure was terminated at this point for Sample Solution A and Control Sample Solution A, and the
resulting Supernatant 1 was used as a measurement sample solution for measurement according to the scanning
molecule counting method. The procedure proceeded to the following steps for Sample Solutions B and C and Control
Sample Solutions B and C.
[0078] Next, a solution (100 ml) prepared using the aforementioned Tris buffer so that the concentration of Luminescent
Probe 1 was 200 pM, the concentration of Poly(deoxyinosinic-deoxycytidylic) acid (Sigma-Aldrich Corp.) was 0.1 U/mL
and the concentration of BSA was 0.001% was added to and mixed with Magnetic Beads 1, and the resulting sample
solution was allowed to react while shaking for 1 hour at 25°C. Continuing, after washing the magnetic beads in the
sample solution three times with 500 mL of the aforementioned wash buffer using a magnet, the aforementioned Super-
natant 1 was added followed by incubating for 5 minutes at 50°C. Next, after gathering the magnetic beads against the
inner wall of the container using a magnet, the supernatant was recovered. The recovered supernatant was designated
as "Supernatant 2", while the magnetic beads gathered on the inner wall of the container were designated as "Magnetic
Beads 2". The procedure was terminated at this point for Sample Solution B and Control Sample Solution B, and the
resulting Supernatant 2 was used as a measurement sample solution for measurement according to the scanning
molecule counting method. The procedure proceeded to the following steps for Sample Solution C and Control Sample
Solutions C.
[0079] Next, a solution (100 ml) prepared using the aforementioned Tris buffer so that the concentration of Luminescent
Probe 1 was 200 pM, the concentration of Poly(deoxyinosinic-deoxycytidylic) acid (Sigma-Aldrich Corp.) was 0.1 U/mL
and the concentration of BSA was 0.001% was added to and mixed with Magnetic Beads 2, and the resulting sample
solution was allowed to react while shaking for 1 hour at 25°C. Continuing, after washing the magnetic beads in the
sample solution three times with 500 mL of the aforementioned wash buffer using a magnet, the aforementioned Super-
natant 2 was added followed by incubating for 5 minutes at 50°C. Next, after gathering the magnetic beads against the
inner wall of the container using a magnet, the supernatant was recovered. The recovered supernatant was designated
as "Supernatant 3", while the magnetic beads gathered on the inner wall of the container were designated as "Magnetic
Beads 3". The procedure was terminated at this point, and the resulting Supernatant 3 was used as a measurement
sample solution for measurement according to the scanning molecule counting method.

[Table 2]

Base Sequence SEQ ID NO:

Target Nucleic Acid Molecule 2 7

Biotinated Probe 2 CCACAAGTTTATATTCAGTC-Biotin 8
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[0080] The number of molecules of Luminescent Probe 1 in the resulting measurement sample solutions (Supernatants
1 to 3) was measured according to the scanning molecule counting method. Measurement was carried out in the same
manner as Reference Example 1 with the exception of changing the measurement time to 20 seconds. The results of
counting the number of peaks of each measurement sample solution are shown in FIG. 3. In FIG. 3, "Supernatant 1" to
"Supernatant 3" respectively indicate the number of peaks obtained by subtracting the number of peaks of measurement
sample solutions prepared from control sample solutions (number of peaks in the absence of target particles) from the
number of peaks of measurement sample solutions prepared from sample solutions (number of peaks in the presence
of target particles). As a result, the number of peaks was greater for Supernatant 2 than Supernatant 1 and was greater
for Supernatant 3 than Supernatant 2. In other words, the resulting number of peaks was confirmed to increase dependent
upon the number of times steps (a’) to (d’) of the present invention were repeated. On the basis of these results, the
detection method of the present invention was clearly determined to result in the generation of a plurality of signal sources
from a single molecule of target particle, and accordingly shorten the detection time or further enhance the detection
sensitivity of target particles in comparison with the prior art.

INDUSTRIAL APPLICABILITY

[0081] According to the detection method of the present invention, since particles dispersed and moving randomly in
a solution can be detected with high sensitivity, the detection method of the present invention can be applied in fields
such as biochemistry, molecular biology or clinical laboratory testing involving the detection or quantitative determination
of particles in a

solution.

BRIEF DESCRIPTION OF THE REFERENCE SYMBOLS

[0082] 1: target particle, 2: luminescent probe, 3: separation probe, 4: solid phase carrier

[SEQUENCE LISTING]

SEQUENCE LISTING

[0083]

<110> OLYMPUS CORPORATION, Ltd.
<120> Method for detecting target particles
<130> 11P02830
<160> 8
<170> PatentIn version 3.1
<210> 1
<211> 104
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Target nucleic acid molecule 1.
<400> 1

<210> 2
<211> 22
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Luminescent probe1.
<400> 2
agttgagggg actttcccag gc 22
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<210> 3
<211> 18
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Luminescent probe2.
<400> 3
tgtccacact ggctccca 18
<210> 4
<211> 20
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Luminescent probe3.
<400> 4
aagactggct gctccctgat 20
<210> 5
<211> 20
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Luminescent probe4.
<400> 5
gctagtctgt ttttcatggt 20
<210> 6
<211> 20
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Biotin-binding probe1.
<400> 6
ccacaagttt atattcagtc  20
<210> 7
<211> 43
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Target nucleic acid molecule2.
<400> 7
gactgaatat aaacttgtgg agcctgggaa agtcccctca act  43
<210> 8
<211> 20
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: DNA sequence corresponding to PNA sequence of Biotin-binding probe2.
<400> 8
ccacaagttt atattcagtc  20

SEQUENCE LISTING

[0084]

<110> OLYMPUS CORPORATION, Ltd.
<120> Method for detecting target particles
<130> 11P02830
<160> 8
<170> PatentIn version 3.1
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<210> 1
<211> 104
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Target nucleic acid molecule1.
<400> 1

<210> 2
<211> 22
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Luminescent probe1.
<400> 2
agttgagggg actttcccag gc  22
<210> 3
<211> 18
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Luminescent probe2.
<400> 3
tgtccacact ggctccca  18
<210> 4
<211> 20
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Luminescent probe3.
<400> 4
aagactggct gctccctgat  20
<210> 5
<211> 20
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Luminescent probe4.
<400> 5
gctagtctgt ttttcatggt 20
<210> 6
<211> 20
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Biotin-binding probe1.
<400> 6
ccacaagttt atattcagtc  20
<210> 7
<211> 43
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Target nucleic acid molecule2.
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<400> 7
gactgaatat aaacttgtgg agcctgggaa agtcccctca act  43
<210> 8
<211> 20
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: DNA sequence corresponding to PNA
sequence of Biotin-binding probe2.
<400> 8
ccacaagttt atattcagtc  20

Claims

1. A method for indirectly detecting a target particle dispersed and moving randomly in a solution using a luminescent
probe, comprising:

(a) a step for preparing a solution containing a target particle to be detected and one or more types of a
luminescent probe that directly or indirectly binds to the target particle;
(b) a step for forming a complex containing the target particle and the luminescent probe in the solution;
(c) a step for removing luminescent probes not bound to the target particle from the solution containing the
complex, thereby recovering the complex;
(d) a step for dissociating the luminescent probe from the recovered complex and separating the free luminescent
probe and the target particle, thereby separately recovering the free luminescent probe and the target particle;
(e) a step for repeating one or more times a cycle consisting of the following steps:

(a’) a step for preparing a solution by newly adding the luminescent probe to the target particle recovered
by separating from free luminescent probe in the step (d);
(b’) a step for forming a complex containing the target particle and the luminescent probe in the solution
following the step (a’);
(c’) a step for separating luminescent probes not bound to the target particle, thereby recovering the complex
from the solution following the step (b’); and,
(d’) a step for dissociating the luminescent probe from the complex recovered in the step (c’) followed by
mutually separating and recovering free luminescent probes and the target particle;
followed by preparing a single measurement sample solution containing the total amount of free luminescent
probes recovered in the step (d) and the step (d’); and,

(f) a step for calculating the number of molecules of the luminescent probes in the measurement sample solution
by a method consisting of detecting light emitted from the luminescent probe in a photodetection region of an
optical system of a confocal microscope or multi-photon microscope while moving the location of the photode-
tection region in the measurement sample solution using the optical system.

2. The method for detecting a target particle according to claim 1, wherein dissociation of the luminescent probe from
the complex in the step (d’) is carried out in a solution containing free luminescent probes recovered in the step (d).

3. The method for detecting a target particle according to claim 1, wherein after mixing the entirety of the solutions
containing free luminescent probes recovered in each of the step (d) and the step (d’) in the step (e), a single
measurement sample solution is prepared by carrying out concentration treatment.

4. The method for detecting a target particle according to any of claims 1 to 3, wherein a separation probe that binds
to the target particle independent of the luminescent probe is further added to the solution in the step (a),
a complex formed in the step (b) and the step (b’) contains the target particle, the luminescent probe and the
separation probe, and
the target particle in the state of a complex bound to the separation probe in the step (d) and the step (d’) is recovered
by separating from free luminescent probes.

5. The method for detecting a target particle according to any of claims 1 to 4, wherein the target particle is a nucleic
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acid molecule.

6. The method for detecting a target particle according to claim 4, wherein the target particle is a nucleic acid molecule,
and the Tm value of a complex of the target particle and the separation probe is higher than the Tm value of a
complex of the target particle and the luminescent probe.

7. The method for detecting a target particle according to claim 6, wherein dissociation of the luminescent probe from
the complex is carried out in the step (d) and the step (d’) by making the temperature of a solution containing the
complex higher than the Tm value of a complex of the target particle and the luminescent probe and lower than the
Tm value of a complex of the target particle and the separation probe.

8. The method for detecting a target particle according to any of claims 4 to 7, wherein the luminescent probe is a
naturally-occurring oligonucleotide having a luminescent substance bound thereto, and the separation probe is an
oligonucleotide composed of peptide nucleic acids.

9. The method for detecting a target particle according to claim 4 or 5, wherein a step for forming at least one covalent
bond between the target particle and the separation probe in the complex formed in the step (b) is carried out prior
to the step (d).

10. The method for detecting a target particle according to any of claims 4 to 9, wherein recovery of the complex in the
step (c) and recovery of free luminescent probes in the step (d) and the step (d’) are carried out by solid-liquid
separation treatment using a solid phase carrier that directly or indirectly binds to the separation probe.

11. The method for detecting a target particle according to any of claims 1 to 10, wherein the one or more types of
luminescent probe are two or more luminescent probes.

Patentansprüche

1. Verfahren zum indirekten Detektieren eines in einer Lösung dispergierten und zufällig bewegenden Zielpartikels
unter Verwendung einer Lumineszenzsonde, umfassend:

(a) einen Schritt des Zubereitens einer Lösung, die ein zu detektierendes Zielpartikel und eine oder mehrere
Typen einer Lumineszenzsonde, die direkt oder indirekt an das Zielpartikel bindet, enthält;
(b) einen Schritt des Ausbildens eines das Zielpartikel und die Lumineszenzsonde enthaltenden Komplexes in
der Lösung;
(c) einen Schritt des Entfernens von Lumineszenzsonden, die nicht an das Zielpartikel gebunden sind aus der
den Komplex enthaltenden Lösung, dadurch Gewinnen des Komplexes;
(d) einen Schritt des Disoziierens der Lumineszenzsonde aus dem gewonnenen Komplex und Abtrennen der
freien Lumineszenzsonde und des Zielpartikels, dadurch getrenntes Gewinnen der freien Lumineszenzsonde
und des Zielpartikels;
(e) einen Schritt des Wiederholens ein oder mehrere Male eines Zyklus, bestehend aus den folgenden Schritten:

(a’) einen Schritt des Zubereitens einer Lösung durch erneutes Hinzufügen der Lumineszenzsonde zu dem
durch Abtrennen von freier Luminszenzsonde in Schritt (d) gewonnenen Zielpartikel;
(b’) einen Schritt des Ausbildens eines das Zielpartikel und die Lumineszenzsonde enthaltenden Komplexes
in der Lösung nach dem Schritt (a’);
(c’) einen Schritt des Abtrennens von nicht an das Zielpartikel gebundenen Lumineszenzsonden, dadurch
Gewinnen des Komplexes aus der Lösung nach dem Schritt (b’); und
(d’) einen Schritt des Dissoziierens der Lumineszenzsonde aus dem in dem Schritt (c’) gewonnenen Kom-
plex, gefolgt durch gegenseitiges Abtrennen und Gewinnen freier Lumineszenzsonden und des Zielparti-
kels;
gefolgt durch Zubereiten einer einzelnen Messprobenlösung, enthaltend die gesamte Menge an freien in
dem Schritt (d) und dem Schritt (d’) gewonnenen Lumineszenzsonden; und

(f) einen Schritt des Berechnens der Anzahl an Molekülen der Lumineszenzsonden in der Messprobenlösung
durch ein Verfahren, bestehend aus dem Detektieren von Licht, das von der Lumineszenzsonde emittiert wird,
in einem Photodetektionsbereich eines optischen Systems eines konfokalen Miskroskops oder Multiphotonen-
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mikroskops während des Bewegens der Stelle des Photodetektionsbereichs in der Messprobenlösung unter
Verwendung des optischen Systems.

2. Verfahren zum Detektieren eines Zielpartikels nach Anspruch 1, wobei die Dissoziation der Lumineszenzsonde von
dem Komplex in Schritt (d’) in einer Lösung durchgeführt wird, die freie in dem Schritt (d) gewonnene Lumineszenz-
sonden enthält.

3. Verfahren zum Detektieren eines Zielpartikels nach Anspruch 1, wobei nach dem Mischen der Gesamtheit der
Lösungen, die freie Lumineszenzsonden enthalten, die in jedem Schritt (d) und Schritt (d’) in dem Schritt (e) gewonnen
wurden, eine einzelne Messprobenlösung durch Durchführen von Konzentrationsbehandlung zubereitet wird.

4. Verfahren zum Detektieren eines Zielpartikels nach einem beliebigen der Ansprüche 1 bis 3, wobei eine Abtren-
nungssonde, die an die Zielpartikel unabhängig von der Lumineszenzsonde bindet, des Weiteren zu der Lösung in
dem Schritt (a) hinzugefügt wird,
ein in Schritt (b) und dem Schritt (b’) gebildeter Komplex das Zielpartikel, die Lumineszenzsonde und die Abtren-
nungssonde enthält, und
das Zielpartikel in dem Zustand eines an die Abtrennungssonde gebundenen Komplexes in dem Schritt (d) und
dem Schritt (d’) durch Abtrennen von freien Lumineszenzsonden gewonnen wird.

5. Verfahren zum Detektieren eines Zielpartikels nach einem beliebigen der Ansprüche 1 bis 4, wobei das Zielpartikel
ein Nukleinsäuremolekül ist.

6. Verfahren zum Detektieren eines Zielpartikels nach Anspruch 4, wobei das Zielpartikel ein Nukleinsäuremolekül ist,
und der Tm-Wert eines Komplexes des Zielpartikels und der Abtrennungssonde höher ist als der Tm-Wert eines
Komplexes des Zielpartikels und der Lumineszenzsonde.

7. Verfahren zum Detektieren eines Zielpartikels nach Anspruch 6, wobei die Dissoziation der Lumineszenzsonde aus
dem Komplex in dem Schritt (d) und dem Schritt (d’) durchgeführt wird, durch höher machen der Temperatur einer
den Komplex enthaltenden Lösung als den Tm-Wert eines Komplexes des Zielpartikels und der Lumineszenzsonde
und niedriger als den Tm-Wert eines Komplexes des Zielpartikels und der Abtrennungssonde.

8. Verfahren zum Detektieren eines Zielpartikels nach einem beliebigen der Ansprüche 4 bis 7, wobei die Lumines-
zenzsonde ein natürlich vorkommendes Oligonukleotid mit einer daran gebundenen Luminesenzsubstanz ist, und
die Abtrennungssonde ein Oligonukleotid ist, das aus Peptidnukleinsäuren besteht.

9. Verfahren zum Detektieren eines Zielpartikels nach Anspruch 4 oder 5, wobei ein Schritt zum Ausbilden mindestens
einer kovalenten Bindung zwischen dem Zielpartikel und der Abtrennungssonde in dem in Schritt (b) gebildeten
Komplex vor dem Schritt (d) durchgeführt wird.

10. Verfahren zum Detektieren eines Zielpartikels nach einem beliebigen der Ansprüche 4 bis 9, wobei Gewinnen des
Komplexes in Schritt (c) und Gewinnen der freien Lumineszenzsonden in Schritt (d) und dem Schritt (d’) durch
festflüssig Trennungsbehandlung unter Verwendung eines Festphasenträgers, der direkt oder indirekt an die Ab-
trennungssonde bindet, durchgeführt wird.

11. Verfahren zum Detektieren eines Zielpartikels nach einem beliebigen der Ansprüche 1 bis 10, wobei der eine oder
die mehreren Typen von Lumineszenzsonde zwei oder mehr Lumineszenzsonden sind.

Revendications

1. Procédé pour détecter indirectement une particule cible dispersée et se déplaçant aléatoirement dans une solution
en utilisant une sonde luminescente, comprenant :

(a) une étape de préparation d’une solution contenant une particule cible devant être détectée et un ou plusieurs
type(s) d’une sonde luminescente qui se lie directement ou indirectement à la particule cible ;
(b) une étape de formation d’un complexe contenant la particule cible et la sonde luminescente dans la solution ;
(c) une étape d’élimination de sondes luminescentes non liées à la particule cible de la solution contenant le
complexe, recueillant ainsi le complexe ;
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(d) une étape de dissociation de la sonde luminescente du complexe recueilli et de séparation de la sonde
luminescente libre et de la particule cible, recueillant ainsi séparément la sonde luminescente libre et la particule
cible ;
(e) une étape de répétition une ou plusieurs fois un cycle consistant en les étapes suivantes :

(a’) une étape de préparation d’une solution en ajoutant à nouveau la sonde luminescente à la particule
cible recueillie par séparation de la sonde luminescente libre à l’étape (d) ;
(b’) une étape de formation d’un complexe contenant la particule cible et la sonde luminescente dans la
solution suite à l’étape (a’) ;
(c’) une étape de séparation de sondes luminescentes non liées à la particule cible, recueillant ainsi le
complexe de la solution suite à l’étape (b’) ; et
(d’) une étape de dissociation de la sonde luminescente du complexe recueilli à l’étape (c’), suivie d’une
séparation et d’un recueil mutuels de sondes luminescentes libres et de la particule cible ;
suivies par la préparation d’une solution échantillon unique de mesure contenant la quantité totale de
sondes luminescentes libres recueillies à l’étape (d) et l’étape (d’) ; et

(f) une étape de calcul du nombre de molécules des sondes luminescentes dans la solution échantillon de
mesure par un procédé consistant en la détection d’une lumière émise de la sonde luminescente dans une
région de photodétection d’un système optique d’un microscope confocal ou d’un microscope multiphotons tout
en déplaçant l’emplacement de la région de photodétection dans la solution échantillon de mesure en utilisant
le système optique.

2. Procédé pour détecter une particule cible selon la revendication 1, dans lequel la dissociation de la sonde lumines-
cente du complexe à l’étape (d’) est mise en oeuvre dans une solution contenant des sondes luminescentes libres
recueillies à l’étape (d).

3. Procédé pour détecter une particule cible selon la revendication 1, dans lequel, après mélange de la totalité des
solutions contenant des sondes luminescentes libres recueillies à chacune de l’étape (d) et de l’étape (d’) à l’étape
(e), une solution échantillon unique de mesure est préparée en mettant en oeuvre un traitement de concentration.

4. Procédé pour détecter une particule cible selon l’une quelconque des revendications 1 à 3, dans lequel une sonde
de séparation qui se lie à la particule cible indépendamment de la sonde luminescente est en outre ajoutée à la
solution à l’étape (a),
un complexe formé à l’étape (b) et l’étape (b’) contient la particule cible, la sonde luminescente et la sonde de
séparation, et
la particule cible dans l’état d’un complexe lié à la sonde de séparation à l’étape (d) et l’étape (d’) est recueillie par
séparation des sondes luminescentes libres.

5. Procédé pour détecter une particule cible selon l’une quelconque des revendications 1 à 4, dans lequel la particule
cible est une molécule d’acide nucléique.

6. Procédé pour détecter une particule cible selon la revendication 4, dans lequel la particule cible est une molécule
d’acide nucléique, et la valeur Tm d’un complexe de la particule cible et de la sonde de séparation est supérieure
à la valeur Tm d’un complexe de la particule cible et de la sonde luminescente.

7. Procédé pour détecter une particule cible selon la revendication 6, dans lequel la dissociation de la sonde lumines-
cente du complexe est mise en oeuvre à l’étape (d) et l’étape (d’) en rendant la température d’une solution contenant
le complexe supérieure à la valeur Tm d’un complexe de la particule cible et de la sonde luminescente et inférieure
à la valeur Tm d’un complexe de la particule cible et de la sonde de séparation.

8. Procédé pour détecter une particule cible selon l’une quelconque des revendications 4 à 7, dans lequel la sonde
luminescente est un oligonucléotide naturel ayant une substance luminescente liée à celui-ci, et la sonde de sépa-
ration est un oligonucléotide composé d’acides nucléiques peptidiques.

9. Procédé pour détecter une particule cible selon la revendication 4 ou 5, dans lequel une étape de formation d’au
moins une liaison covalente entre la particule cible et la sonde de séparation dans le complexe formé à l’étape (b)
est mise en oeuvre avant l’étape (d).
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10. Procédé pour détecter une particule cible selon l’une quelconque des revendications 4 à 9, dans lequel le recueil
du complexe à l’étape (c) et le recueil de sondes luminescentes libres à l’étape (d) et l’étape (d’) sont mises en
oeuvre par un traitement de séparation solide-liquide en utilisant un support en phase solide qui se lie directement
ou indirectement à la sonde de séparation.

11. Procédé pour détecter une particule cible selon l’une quelconque des revendications 1 à 10, dans lequel le ou les
type(s) de sonde luminescente sont deux sondes luminescentes ou plus.
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