[DESCRIPTION]
[Invention Title]

METHOD FOR DETECTING ANALYTE PARTICLES PRESENT IN
TRACE AMOUNTS IN FLUID SAMPLE
[Technical Field]

The present invention relates to a method for detecting particles of an analyte,
and more particularly, to a method for detecting particles of an analyte present in trace
amounts in a fluid sample, which allows for easier calculation of a concentration of
molecules or particles present in trace amounts in the fluid sample.

[Background Art]

Most current techniques for quantifying molecules present at low
concentrations in fluid sample employ amplification methods that increase the number
of reporter molecules in order to provide a measurable signal. For example, a well-
known method includes the enzyme-linked immunosorbent assay (ELISA) for
amplifying antibody-based signals. An immuno-PCR technique that combines a gene
amplification technique with an immunoassay technology based on antigen-antibody
reactions is also available. The immuno-PCR method is capable of detecting ultratrace
amounts of protein but requires a complicated assay process and may produce false-
positive signals.

Korean Patent Application Publication No. KR10-2011-0024846 relates to a
‘quantitative analysis device and method for biomolecules using magnetic nanoparticles',
and discloses a configuration that improves the precision of quantitative analysis of
biomolecules by including flux concentrators that are magnetized by an external
magnetic field and concentrate magnetic flux in a gap region, a microchannel for

injecting a sample solution into the gap region, and a sensor unit including a magnetic
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sensor formed on a substrate in the gap region between the flux concentrators to detect a
change in the magnetic field in the gap region caused by magnetic nanoparticles.

However, in the related art, an output voltage of a GMR sensor changes by
utilizing the fact that magnetic nanoparticles induce a change in the magnetic field in
the gap region, a concentration of the magnetic nanoparticles is quantitatively analyzed
through the magnitude of the change in the output voltage, and a target molecule is
quantitatively analyzed. However, when the target molecule is present in trace
amounts in a fluid sample, the magnitude of the change in the output voltage is too low
to be measured. Therefore, there is a need to further increase the sensitivity of the
quantitative analysis of the target molecule.

[Disclosure]
[Technical Problem]

Accordingly, the problem to be solved by the present invention is to provide a
method for detecting particles of an analyte, which allows for easier calculation of a
concentration of molecules or particles present in trace amounts in a fluid sample.
[Technical Solution]

To achieve the above object, the present invention provides a method for
detecting an analyte present in trace amounts in a fluid sample, the method including:
causing a fluid sample containing an analyte to flow over a substrate having an array of
microchambers formed on a surface thereof, with a first capture substance that
specifically binds to the analyte immobilized in the microchambers; binding the analyte
to the first capture substance in each microchamber of the array of microchambers;
causing a second capture substance, which specifically binds to the analyte and binds to
a signal-generating substance, to flow over the substrate to react the analyte with the

second capture substance; causing the signal-generating substance to flow over the
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substrate to bind to the second capture substance; causing a substrate solution, which
reacts with the signal-generating substance to generate a fluorescence signal, to flow
over the substrate; causing a hydrophobic solvent to flow over the substrate to remove
the substrate solution present outside the microchambers when the signal-generating
substance and the substrate solution react in the microchambers; and counting and
detecting the number of microchambers in which the fluorescence signal is generated.

According to an exemplary embodiment of the present invention, preferably,
the inside of the microchamber with the first capture substance immobilized therein is
hydrophilic, and the outside of the microchamber is hydrophobic.

In addition, the method may further include calculating a first count value by
counting the microchambers, calculating a second count value by recognizing and
counting the microchambers in which a signal is generated due to mixing of the signal-
generating substance and the substrate solution, and estimating an amount of the analyte
in the fluid sample by calculating a ratio of the second count value to the first count
value.

According to another exemplary embodiment of the present invention,
preferably, the method may further include generating a calibration curve showing a
concentration of a standard substance with a known concentration for the fluid sample
and then correcting a concentration calculation of the analyte using the generated
calibration curve.

According to another exemplary embodiment of the present invention, the
method may further include estimating an amount of the analyte in the fluid sample by
calculating a first count value by counting the microchambers, and calculating a second
count value by capturing an image of a region of the microchambers, distinguishing the

microchambers in which the fluorescence signal is generated through image processing,
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and counting the number of the distinguished microchambers.
[Advantageous Effects]

According to the present invention, the concentration of molecules or particles
present in trace amounts in a fluid sample can be more easily calculated.

In addition, according to the present invention, the inside of the microchamber
is coated with a hydrophilic solvent, and the outside of the microchamber is coated with
a hydrophobic solvent, so that, when a hydrophobic solvent is caused to flow over the
substrate, the substrate solution present outside the microchamber can be removed,
thereby facilitating detection of the microchamber in which a fluorescence signal is
generated.

[Description of Drawings]

FIG. 1 is a schematic diagram of a device for detecting particles of an analyte
present in trace amounts in a fluid sample according to a first exemplary embodiment of
the present invention.

FIG. 2 is a diagram illustrating in more detail an analysis chip 300 according
to the first exemplary embodiment of the present invention.

FIG. 3 is a conceptual diagram illustrating a process for detecting an analyte
according to the first exemplary embodiment of the present invention.

FIG. 4 is a flowchart of a method for detecting particles of an analyte present
in trace amounts in a fluid sample according to the first exemplary embodiment of the
present invention.

FIG. 5 is a schematic diagram of a device for detecting particles of an analyte
present in trace amounts in a fluid sample according to a second exemplary embodiment
of the present invention.

FIG. 6 is a diagram illustrating in more detail an analysis chip 301 according
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to the second exemplary embodiment of the present invention.

FIG. 7 is a diagram illustrating a combined form of a microparticle, a first
capture substance, an analyte, and a signal-generating substance according to the second
exemplary embodiment of the present invention.

FIG. 8 is a diagram illustrating in detail a state in which microparticles are
captured in microchambers arranged in a detection space according to the second
exemplary embodiment of the present invention.

FIG. 9 is a conceptual diagram illustrating a process for detecting an analyte
according to the second exemplary embodiment of the present invention.

FIGS. 10 and 11 are diagrams illustrating a preprocessing process of a method
for detecting particles of an analyte according to the second exemplary embodiment of
the present invention.

FIG. 12 is a flowchart of a method for detecting particles of an analyte present
in trace amounts in a fluid sample according to the second exemplary embodiment of
the present invention.

FIG. 13 is a schematic diagram of a device for detecting particles of an
analyte present in trace amounts in a fluid sample according to a third exemplary
embodiment of the present invention.

FIG. 14 is a diagram illustrating in more detail an analysis chip 302 according
to the third exemplary embodiment of the present invention.

FIG. 15 is a diagram illustrating in more detail a microwell microparticle
according to the third exemplary embodiment of the present invention.

FIG. 16 is a conceptual diagram illustrating a process for detecting an analyte
according to the third exemplary embodiment of the present invention.

FIG. 17 is a flowchart of a method for detecting particles of an analyte present

-5 -



in trace amounts in a fluid sample according to the third exemplary embodiment of the
present invention.
[Best Mode]

The present invention relates to a method for detecting particles of an analyte
present in trace amounts in a fluid sample, and is characterized by including the steps
of: causing a fluid sample containing an analyte to flow over a substrate having an array
of microchambers formed on a surface thereof, with a first capture substance that
specifically binds to the analyte immobilized in the microchambers; binding the analyte
to the first capture substance in each microchamber of the array of microchambers;
causing a second capture substance, which specifically binds to the analyte and also
binds to a signal-generating substance, to flow over the substrate to react the analyte
with the second capture substance; causing the signal-generating substance to flow over
the substrate to bind to the second capture substance; causing a substrate solution, which
reacts with the signal-generating substance to generate a fluorescence signal, to flow
over the substrate; causing a hydrophobic solvent to flow over the substrate to remove
the substrate solution present outside the microchambers when the signal-generating
substance and the substrate solution react in the microchambers; and counting and
detecting the number of microchambers in which the fluorescence signal is generated.
[Best Mode]

Hereinafter, preferred exemplary embodiments of the present invention will
be described in detail with reference to the accompanying drawings so that one skilled
in the art to which the present invention pertains can readily implement the present
invention. However, the exemplary embodiments are to describe in more detail the
present invention, and it will be apparent to one skilled in the art that the scope of the

present invention is not limited thereto.



Configurations of the present invention to elucidate solutions for the problems
to be solved by the present invention will be described in detail with reference to the
accompanying drawings, based on the preferred exemplary embodiments of the present
invention. In attaching reference numerals to components of the drawings, the same
components are denoted by the same reference numerals even though the components
are present in other drawings, and in describing the drawings, it will be appreciated that
components of other drawings may be cited if necessary. Further, in describing in
detail an operation principle of preferred exemplary embodiments of the present
invention, when a detailed description of well-known functions or components relating
to the present invention and other matters may unnecessarily make unclear the gist of
the present invention, the detailed description thereof will be omitted.

In addition, throughout the specification, when a portion is described as being
"connected" to another portion, this includes not only being “directly connected” but
also being "indirectly connected" with one or more intervening elements. Unless
particularly stated otherwise in the present specification, a singular form also includes a
plural form. The terms such as "comprises”, "comprising”, "includes”, and/or
"including”, when used herein, do not exclude the presence or addition of one or more
other components, steps, operations, or elements other than the stated components, steps,

operations, or elements.

FIG. 1 is a schematic diagram of a device for detecting particles of an analyte
present in trace amounts in a fluid sample according to a first exemplary embodiment of
the present invention.

FIG. 1(a) is a plan view of a device for detecting particles of an analyte

according to a first exemplary embodiment of the present invention, and FIG. 1(b) is a
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cross-sectional view of the device for detecting particles of an analyte according to the
first exemplary embodiment of the present invention.

Referring to FIG. 1, the device for detecting particles of an analyte present in
trace amounts in a fluid sample according to the first exemplary embodiment of the
present invention includes a cartridge 100.

The cartridge 100 includes a fluid sample chamber 200, a waste chamber 210,
a washing solution chamber 230, a second capture substance chamber 240, a signal-
generating substance chamber 250, a substrate solution chamber 260, and an analysis
chip 300.

An upper surface of the cartridge 100 is preferably sealed with an air-
impermeable film using thermal welding, UV bonding, ultrasonic welding, tape, or the
like in order to prevent contamination between the plurality of chambers and the
analysis chip 300 or contamination from external substances.

The fluid sample chamber 200 is configured to accommodate a predetermined
amount of fluid sample. The fluid sample chamber 200 may be configured to have a
capacity within a range of 50 pL to 10 mL. The fluid sample includes body fluids
such as blood, plasma, serum, and cerebrospinal fluid.

The waste chamber 210 is configured to provide a storage space for
accommodating waste that is generated when a fluid sample, a washing solution, a
second capture substance, a signal-generating substance, a substrate solution, and the
like introduced into the analysis chip 300 are discharged. The waste chamber 210 may
be configured to have a capacity of 1 to 15 mL. The waste chamber 210 of FIG. 1 is
included in the cartridge 100. However, the waste chamber 210 may be provided in a
separate space outside the cartridge 100.

The washing solution chamber 230 is configured to accommodate a washing
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solution for washing a detection space 330 in which microchambers 30 of the analysis
chip 300 are provided. The washing solution may be a solution such as phosphate
buffered saline (PBS), tris-buffered saline (TBS), PBS-T, TBS-T, or ultrapure water.

As an example, the washing solution of the washing solution chamber 230 may be
injected into an injection port 310 to wash away the fluid sample, the second capture
substance, the signal-generating substance, the substrate solution, and the like remaining
in the detection space 330 after reaction.

The second capture substance chamber 240 is configured to accommodate a
second capture substance that specifically binds to an analyte and also binds to a signal-
generating substance. The second capture substance has the characteristic of
specifically binding to each of the analyte and the signal-generating substance, and
functions to cause the signal-generating substance to bind to the second capture
substance that has specifically bound to the analyte, thereby generating a fluorescence
signal proportional to the amount of the analyte. For example, the second capture
substance may be a secondary antibody and may be provided in a form pre-bound to a
signal-generating substance.

Since the second capture substance binds to the analyte, and the first capture
substance immobilized in a plurality of microchambers 30 also binds to the analyte, it is
preferable that the first capture substance and the second capture substance bind to
different sites of the analyte.

The signal-generating substance chamber 250 is configured to accommodate a
signal-generating substance that specifically binds to the second capture substance
bound to the analyte. The signal-generating substance may be, for example, an
enzyme.

The signal-generating substance is, for example, a chromogenic, fluorescent,
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or chemiluminescent enzyme precursor, which is converted into a detectable label upon
contact with a substrate solution.

The signal-generating substance and the second capture substance may be
accommodated in a bound state in either the second capture substance chamber 240 or
the signal-generating substance chamber 250.

The signal-generating substance serves to generate a signal of a detectable
indicator, such as a fluorescence signal, by reacting with a substrate solution, and the
enzyme component may include B-galactosidase, horseradish peroxidase, or alkaline
phosphatase.

The substrate solution chamber 260 is configured to accommodate a substrate
solution that reacts with the signal-generating substance to generate a signal. The
substrate solution reacts with the signal-generating substance to generate a signal of a
detectable indicator, such as a fluorescence signal, and may include Resorufin -D-
galactopyranoside, or the like.

The analysis chip 300 includes the injection port 310 and the detection space
330.

The fluid sample, the washing solution, the second capture substance, the
signal-generating substance, the substrate solution, or a mixture thereof is injected
through the injection port 310.

The injection port 310 may further include a filter to separate and supply
plasma from whole blood. The filter filters out blood cells in the whole blood and
allows the fluid sample containing plasma components to pass through. The filter may
be formed of various materials with pores of various sizes to filter out biological cells,
inorganic particles, organic particles, or the like. The filter of the present exemplary

embodiment preferably has pores capable of filtering out cells or foreign substances
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larger than the analyte, and is preferably formed with pores capable of filtering out
blood cells having a size of approximately 5 to 10 um. Additionally, the filter may be
formed of a biologically inert material so that it can be applied to biological samples.

In the process of supplying the fluid sample to the injection port 310, an
output surface of the filter may be pre-wetted by wetting it with a buffer solution before
filtration. Therefore, the plasma of whole blood supplied to an inlet surface of the
filter can pass through the filter pores without surface resistance and be smoothly
filtered to the outlet surface of the filter.

The detection space 330 has a plurality of microchambers 30 arranged therein,
and a plurality of first capture substances are preferably immobilized inside each
microchamber.

The microchambers 30 are present in an array form on one surface of the
detection space 330 of the analysis chip 300 at regular intervals from each other, and the
size of each microchamber is the same. The number of microchambers is preferably
10,000 or more, and the number may vary depending on the concentration range of the
analyte to be measured. A first capture substance that specifically binds to the analyte
is immobilized on an inner surface of the microchamber 30. Additionally, to prevent
non-specific reactions, the remaining surface where the first capture substance is absent
is preferably coated with a blocking substance such as bovine serum albumin (BSA).

When a fluid sample is injected through the injection port 310, the analyte
contained in the fluid sample combine binds to the first capture substance immobilized
in the inner space of the microchamber 30 within the detection space 330.

Thereafter, when a washing solution is injected through the injection port 310,
the remaining fluid sample after the binding of the first capture substance and the

analyte can be removed, and washing can be performed.
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Note that, when the second capture substance accommodated in the second
capture substance chamber 240 that binds to the analyte and the signal-generating
substance is injected through the injection port 310, the second capture substance binds
to the analyte bound to the first capture substance. Subsequently, the remaining
second capture substance can be removed, and washing can be performed by the
washing solution injected through the injection port 310.

Next, when a signal-generating substance is injected through the injection port
310, the signal-generating substance binds to the second capture substance.

Finally, a substrate solution is injected through the injection port 310 to cause
the substrate solution to react with the signal-generating substance, thereby generating a
fluorescence signal, and a hydrophobic solvent is caused to flow through the injection
port 310 to remove the remaining substrate solution after the reaction with the signal-

generating substance. The hydrophobic solvent is preferably oil or gas.

FIG. 2 is a diagram illustrating in more detail an analysis chip 300 according
to the first exemplary embodiment of the present invention.

The fluid sample, the washing solution, the second capture substance, the
signal-generating substance, and the substrate solution, or a mixed solution thereof are
successively injected through the injection port 310. The second capture substance is a
capture substance for binding both an analyte and a signal-generating substance that
generates a signal of a detectable indicator, such as a fluorescence signal, and may be
provided with bound to the signal-generating substance, which can simplify the
procedure compared to when the second capture substance and the signal-generating
substance are provided separately.

When the fluid sample, the washing solution, the second capture substance,
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the signal-generating substance, and the substrate solution or a mixed solution thereof
are injected through the injection port 310, they diffuse and flow into the detection
space 330 and flow over the microchambers 30.

It is preferable that the first capture substance, which binds to the analyte contained in

the fluid sample, be immobilized in the microchambers 30.

FIG. 3 is a conceptual diagram illustrating a process for detecting an analyte
according to the first exemplary embodiment of the present invention.

FIG. 3(a) illustrates the microchambers 30 concavely formed in a lower
portion of the substrate, with a first capture substance 40 immobilized in the
microchambers 30. A size of each of the microchambers 30 is 0.5 to 15 pm, which is
the minimum size that allows for optical measurement.

The microchambers 30 are formed in an array along a bottom surface of the
detection space 330 with a spacing of at least 0.5 pum from each other, and may be
designed so that at least 10,000 microchambers are arranged in a uniform distribution.

The microchamber 30 is formed as a groove in the bottom surface of the
detection space 330, and the first capture substance 40 is immobilized to specifically
capture an analyte 50.

In an exemplary embodiment of the present invention, the microchambers 30
may be formed in a direction perpendicular to a fluid flow direction on the bottom
surface of the detection space 330. Accordingly, the microchambers 30 and the fluid
flow are arranged at right angles. Therefore, the particles inserted into the
microchambers 30 cannot easily escape from the microchambers 30 along the fluid flow.

In this way, the first capture substance 40 is stably inserted into and

immobilized in the microchamber 30, maintaining a uniform array in the detection
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space 330 regardless of the fluid flow.

When the first capture substance is an antibody particle, the size of the
antibody is generally 10 to 50 nm, so it is preferable that a large number of antibodies
be immobilized in the microchamber 30.

FIG. 3(b) illustrates that the analyte 50 is captured by the first capture
substance 40 as the fluid sample flows over the microchambers 30. It is preferable that
the remaining fluid sample containing the uncaptured analyte be washed by a washing
solution.

As can be seen in FIG. 3(b), since a plurality of first capture substances are
immobilized in the microchamber 30, the number of analytes 50 immobilized on the
first capture substances within one microchamber 30 may vary depending on the
number and properties of the analytes, such that either one analyte is captured per
microchamber, or the number of captured analytes differs from microchamber to
microchamber. For example, when the number of analytes is less than 60% of the
number of microchambers, there is a high probability that one analyte is captured in
each microchamber. However, when the number of analytes is equal to or greater than
60% of the number of microchambers, the number of analytes captured in each
microchamber may differ from microchamber to microchamber. Therefore, when the
number of analytes captured in each microchamber is the same, it is preferable to
estimate the number of analytes by calculating the number of microchambers in which a
signal of a detectable indicator, such as a fluorescence signal, is generated. When the
number of analytes captured in each microchamber is different, it is preferable to
estimate the number of analytes by calculating not only the number of microchambers
in which a signal of a detectable indicator, such as a fluorescence signal, is generated,

but also the intensity of the signal of the detectable indicator, such as a fluorescence
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signal, generated in the microchambers.

The remaining substances, other than the analytes inserted and immobilized or
captured in the microchambers 30, are removed from the detection space 330 by the
washing solution. During the washing process, since the substances inserted and
immobilized or captured in the microchambers are inserted and immobilized in the
microchambers 30 formed deep in a direction perpendicular to the flow direction of the
washing solution, they can remain immobilized without escaping from the
microchambers 30 by the flow of the washing solution. Accordingly, only the
remaining substances that are not bound to and immobilized by the first capture
substance inserted and immobilized in the microchambers 30 within the detection space
330 flow out from the detection space 330 along the flow of the washing solution and
are removed.

FIG. 3(c) illustrates a state in which, when a second capture substance 60 is
allowed to flow over the microchambers 30, the second capture substance 60 binds to
and reacts with the analyte 50. It is preferable that the remaining second capture
substance 60 be then washed away by a washing solution.

FIG. 3d illustrates that, when a signal-generating substance 70 is caused to
flow over the microchambers 30, the signal-generating substance 70 binds to and reacts
with the second capture substance 60. It is preferable that the remaining signal-
generating substance 70 be then washed away by a washing solution.

FIG. 3(e) illustrates that a substrate solution is caused to flow over the
microchambers 30, and the substrate solution reacts with the signal-generating
substance 70 to generate a signal of a detectable indicator, such as a fluorescence signal.
It is preferable that the remaining substrate solution be then washed away by a washing

solution.
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In FIG. 3(b), since the number of analytes 50 immobilized on the first capture
substance in one microchamber 30 differs, the number of signal-generating substances
70 that generate a signal of a detectable indicator, such as a fluorescence signal, also
differs from microchamber to microchamber.

Thereafter, a hydrophobic solvent is caused to flow over the substrate to
remove the substrate solution present outside the plurality of microchambers 30, and the
number of microchambers where the fluorescence signal is generated is counted and
detected. The inside of the plurality of microchambers 30 is coated with a hydrophilic
solvent, and the outside of the plurality of microchambers 30 is coated with a
hydrophobic solvent, so that, when the hydrophobic solvent is caused to flow over the
substrate, the substrate solution present outside the plurality of microchambers 30 can
be removed.

For more accurate detection of the analyte contained in the fluid sample, it is
preferable to correlate the number of particles of the analyte with the brightness of a
signal of a detectable indicator, such as a fluorescence signal, and to count the number
of particles of the analyte by considering the brightness of the signal of the detectable

indicator, such as a fluorescence signal, in each microchamber.

FIG. 4 is a flowchart of a method for detecting particles of an analyte present
in trace amounts in a fluid sample according to the first exemplary embodiment of the
present invention.

In step 400, a fluid sample containing an analyte is caused to flow over a
substrate having an array of microchambers formed on a surface thereof, with a first
capture substance that specifically binds to the analyte immobilized in the

microchambers.
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In step 410, the analyte binds to the first capture substance in each
microchamber of the array of microchambers 30.

In step 420, the remaining fluid sample after the binding of the first capture
substance and the analyte is removed, and washing can be performed.

In step 430, a second capture substance, which specifically binds to the
analyte and binds to a signal-generating substance, is caused to flow over the substrate
to react the analyte with the second capture substance.

In step 440, the remaining second capture substance after the reaction between
the analyte and the second capture substance is removed, and washing can be performed.

In step 450, the signal-generating substance is caused to flow over the
substrate to bind to the second capture substance.

In step 460, a substrate solution, which reacts with the signal-generating
substance to generate a signal of a detectable indicator, such as a fluorescence signal, is
caused to flow over the substrate.

In step 470, a hydrophobic solvent is caused to flow over the substrate to
remove the substrate solution present outside the microchambers, while the signal-
generating substance and the substrate solution remain bound in the microchambers.

It is preferable that the inside of the microchamber be hydrophilic and the
outside of the microchamber be hydrophobic.

In step 480, the number of microchambers in which the signal of the
detectable indicator, such as the fluorescence signal, is generated is counted and

detected.

FIG. 5 is a schematic diagram of a device for detecting particles of an analyte

present in trace amounts in a fluid sample according to a second exemplary embodiment
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of the present invention.

FIG. 5(a) is a plan view of a device for detecting particles of an analyte
according to a second exemplary embodiment of the present invention, and FIG. 5(b) is
a cross-sectional view of the device for detecting particles of an analyte according to the
second exemplary embodiment of the present invention.

Referring to FIG. 5, the device for detecting particles of an analyte present in
trace amounts in a fluid sample according to the second exemplary embodiment of the
present invention includes a magnetic device 150 and a cartridge 101.

The magnetic device 150 moves closer to or farther away from a reaction
chamber 205, thereby causing separation between magnetic particles, which are an
example of microparticles, within the reaction chamber 205, and a residual solution.
Thereafter, after removing the residual solution, a washing solution accommodated in a
washing solution chamber 231 may be injected into the reaction chamber 205 to wash a
wall surface of the reaction chamber 205 where the magnetic particles are located.

The cartridge 101 includes a fluid sample chamber 201, the reaction chamber
205, a waste chamber 211, a microparticle chamber 221, the washing solution chamber
231, a second capture substance chamber 241, a signal-generating substance chamber
251, a substrate solution chamber 261, and an analysis chip 301.

An upper surface of the cartridge 101 is preferably sealed with an air-
impermeable film using thermal welding, UV bonding, ultrasonic welding, tape, or the
like in order to prevent contamination between the plurality of chambers and the
analysis chip 301 or contamination from external substances.

The fluid sample chamber 201 is configured to accommodate a predetermined
amount of fluid sample. The fluid sample chamber 201 may be configured to have a

capacity within a range of 50 pL to 10 mL. The fluid sample includes body fluids
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such as blood, plasma, serum, and cerebrospinal fluid.

The reaction chamber 205 is configured to accommodate and mix a
predetermined amount of a fluid sample and microparticles with a first capture
substance immobilized thereon. The reaction chamber 205 may be configured to have
a capacity within a range of 50 pL to 15 mL.

The waste chamber 211 is configured to provide a storage space for
accommodating waste that is generated when a fluid sample, microparticles, a washing
solution, a second capture substance, a signal-generating substance, a substrate solution,
and the like introduced into the analysis chip 301 are discharged. The waste chamber
211 may be configured to have a capacity within a range of 1 to 30 mL. The waste
chamber 211 of FIG. 5 is included in the cartridge 101. However, the waste chamber
211 may be provided in a separate space outside the cartridge 101.

The microparticle chamber 221 is configured to accommodate microparticles
with a first capture substance immobilized thereon, and the microparticles are injected
into the reaction chamber 205. The microparticles may be polymer or magnetic
particles. The magnetic particles have a diameter of between 500 nm and 10 um, and
preferably contain a magnetic material such as iron oxide. The microparticles may be
spherical magnetic particles or donut-shaped microchamber particles.

It is preferable that the microparticles accommodated in the microparticle
chamber 221 have a first capture substance bound to their surfaces, the first capture
substance binding to an analyte. The first capture substance may include an antibody,
a nucleic acid molecule, a peptide, or the like.

The washing solution chamber 231 is configured to accommodate a washing
solution for washing a wall surface of the reaction chamber 205 and a detection space

331 in which microchambers 31 of the analysis chip 301 are provided. The washing
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solution may be a solution such as phosphate buffered saline (PBS), tris-buffered saline
(TBS), PBS-T, TBS-T, or ultrapure water.

As an example, the washing solution of the washing solution chamber 231
may be injected into an injection port 311 to wash away the fluid sample, the
microparticles, the second capture substance, the signal-generating substance, the
substrate solution, and the like remaining in the detection space 331 after reaction.

In another exemplary embodiment, when the magnetic device 150 comes
close to the reaction chamber 205 and separation occurs between the magnetic particles,
which are an example of microparticles, within the reaction chamber 205, and the
residual solution, after removing the residual solution, the washing solution
accommodated in the washing solution chamber 231 may be injected into the reaction
chamber 205 to wash the wall surface of the reaction chamber 205 where the magnetic
particles are located.

The second capture substance chamber 241 is configured to accommodate a
second capture substance that specifically binds to an analyte and also binds to a signal-
generating substance. The second capture substance has the characteristic of
specifically binding to each of the analyte and the signal-generating substance, and
functions to cause the signal-generating substance to bind to the second capture
substance that has specifically bound to the analyte, thereby generating a fluorescence
signal proportional to the amount of the analyte. The second capture substance may be,
for example, a secondary antibody and may be provided in a form pre-bound to the
signal-generating substance.

Since the second capture substance binds to the analyte, and the first capture
substance immobilized on the microparticles also binds to the analyte, it is preferable

that the first capture substance and the second capture substance bind to different sites
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of the analyte.

The signal-generating substance chamber 251 is configured to accommodate a
signal-generating substance that specifically binds to the second capture substance
bound to the analyte. The signal-generating substance may be, for example, an
enzyme.

The signal-generating substance is, for example, a chromogenic, fluorescent,
or chemiluminescent enzyme precursor, which is converted into a detectable label upon
contact with a substrate solution.

The signal-generating substance and the second capture substance may be
accommodated in a bound state in either the second capture substance chamber 241 or
the signal-generating substance chamber 251.

The signal-generating substance serves to generate a signal of a detectable
indicator, such as a fluorescence signal, by reacting with a substrate solution, and the
enzyme component may include P-galactosidase, horseradish peroxidase, or alkaline
phosphatase.

The substrate solution chamber 261 is configured to accommodate a substrate
solution that reacts with the signal-generating substance to generate a signal. The
substrate solution reacts with the signal-generating substance to generate a signal of a
detectable indicator, such as a fluorescence signal, and may include Resorufin R-D-

galactopyranoside, or the like.

The analysis chip 301 includes the injection port 311 and the detection space
331.
Since a predetermined amount of fluid sample and the microparticles with the

first capture substance immobilized thereon are accommodated and mixed in the
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reaction chamber 205, the analyte is bound to the first capture substance immobilized on
the microparticles.

The fluid sample, the microparticles, the washing solution, the second capture
substance, the signal-generating substance, and the substrate solution, or a mixture is
injected through the injection port 311.

The injection port 311 may further include a filter to separate and supply
particles larger than microparticles from a mixed solution of the microparticles and the
fluid sample. The filter may be formed of various materials with pores of various sizes
to filter out biological cells, inorganic particles, organic particles, or the like. It is
preferable that the filter of the second exemplary embodiment be formed with pores
capable of filtering out particles or foreign substances larger than microparticles.
Additionally, the filter may be formed of a biologically inert material so that it can be
applied to biological samples.

In the process of supplying the fluid sample to the injection port 311, an
output surface of the filter may be pre-wetted by wetting it with a buffer solution before
filtration. Therefore, the mixed solution of microparticles and fluid sample supplied to
an inlet surface of the filter can pass through the filter pores without surface resistance
and be smoothly filtered to the outlet surface of the filter.

The detection space 331 has a plurality of microchambers 31 arranged therein,
and when the mixed solution of microparticles and fluid sample is injected through the
injection port 311, the microparticles are captured in the inner spaces of the
microchambers 31 within the detection space 331. By placing a magnetic body 15
under the microchambers 31, microparticles, if the microparticles are magnetic particles,
can be easily captured in the inner spaces of the microchambers 31.

The microparticles captured in the microchambers 31 are a mix of
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microparticles where the analyte is captured by the first capture substance and
microparticles where it is not captured. The size of the microchamber 31 is preferably
larger than the diameter of the microparticles and smaller than twice the diameter of the
microparticles.

Thereafter, when a washing solution is injected through the injection port 311,
the remaining fluid sample after the binding of the first capture substance and the
analyte can be removed, and washing can be performed.

Note that, when the second capture substance accommodated in the second
capture substance chamber 241 that binds to the analyte and the signal-generating
substance is injected through the injection port 311, the second capture substance binds
to the analyte bound to the first capture substance. Subsequently, the remaining
second capture substance can be removed, and washing can be performed by the
washing solution.

Next, when a signal-generating substance is injected through the injection port
311, the signal-generating substance binds to the second capture substance.

Finally, a substrate solution is injected through the injection port 311 to cause
the substrate solution to react with the signal-generating substance, thereby generating a
signal of a detectable indicator, such as a fluorescence signal, and a hydrophobic solvent
is caused to flow through the injection port 311 to remove the remaining substrate
solution after the reaction with the signal-generating substance. The hydrophobic

solvent is preferably oil or gas.

FIG. 6 is a diagram illustrating in more detail an analysis chip 301 according
to the second exemplary embodiment of the present invention.

The mixed solution of fluid sample and microparticles, the washing solution,
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the second capture substance, the signal-generating substance, and the substrate solution,
or a mixed solution thereof are successively injected through the injection port 311.
The second capture substance is a capture substance for binding both an analyte and a
signal-generating substance that generates a signal of a detectable indicator, such as a
fluorescence signal, and may be provided with bound to the signal-generating substance,
which can simplify the procedure compared to when the second capture substance and
the signal-generating substance are provided separately.

When the mixed solution of fluid sample and microparticles, the washing
solution, the second capture substance, the signal-generating substance, and the
substrate solution or a mixed solution thereof are injected through the injection port 311,
they diffuse and flow into the detection space 331 and flow over the microchambers 31.

The size of the microchamber 310 is preferably larger than the diameter of the

microparticle and smaller than twice the diameter of the microparticle.

FIG. 7 is a diagram illustrating a combined form of a microparticle, a first
capture substance, an analyte, and a signal-generating substance according to the second
exemplary embodiment of the present invention.

Referring to FIG. 7(a), it illustrates that a first capture substance 41 is
immobilized on a microparticle 1, and referring to FIG. 7(b), it illustrates that an analyte
51 is bound to the first capture substance 41, a second capture substance 61 is bound to
the analyte 51, and a signal-generating substance 71 is bound to the second capture
substance 61. When the substrate solution reacts with the signal-generating substance

71, a signal of a detectable indicator, such as a fluorescence signal, is generated.

FIG. 8 is a diagram illustrating in detail a state in which microparticles are
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captured in microchambers arranged in a detection space according to the second
exemplary embodiment of the present invention.

Referring to FIG. 8, it illustrates a state in which the magnetic body 15 is
placed below the inner spaces of the microchambers 31, thereby forming a magnetic
field, and capturing magnetic particles as an example of the microparticles 1 in the

mixed solution.

FIG. 9 is a conceptual diagram illustrating a process for detecting an analyte
according to the second exemplary embodiment of the present invention.

FIG. 9(a) illustrates a state in which the magnetic particles 1 with the first
capture substance 41 immobilized thereon, after being mixed and reacted with a fluid
sample in the reaction chamber 205 and injected through the injection port 311, are
captured in the respective microchambers 31 by the magnetic body 15. The first
capture substance 41 is immobilized on the magnetic particle 1.

As the mixed solution coming out of the injection port 311 flows over the
plurality of microchambers 31, the magnetic particles are captured in each receiving
portion by the magnetic body placed below the plurality of microchambers 31.

The size of the microchamber 31 is preferably larger than the diameter of the
magnetic particle 1 and smaller than twice the diameter of the magnetic particle.
Therefore, the receiving portion, which is an inner space of the microchamber 31, is
larger than the size of the magnetic particle 1 and has a size that allows at most one
magnetic particle to be accommodated.

The microchambers 31 are formed in an array at intervals along a bottom
surface of the detection space 331, and may be designed to be arranged in a uniform

distribution.
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In an exemplary embodiment of the present invention, a depth of the
microchamber 31 may be d < h <2d. Here, h is the depth of the microchamber 31 and
d is the diameter of the microparticle. The depth h of the microchamber 31 is a
distance from the bottom surface of the microchamber 31 to the inner upper edge of the
microchamber 31. Additionally, a width of the microchamber 31 may be d < w < 2d.
Here, w is the width of the microchamber 30, and d is the diameter of the microparticle.

If the depth h of the microchamber 31 is smaller than the diameter d of the
microparticle, the microparticle is not stably immobilized, which may cause the
microparticle to escape from the microchamber 31 due to the flow of the fluid sample
flowing along the detection space 331. If the depth h of the microchamber 31 exceeds
twice the diameter d of the microparticle, two or more microparticles may be captured
in one chamber, thereby lowering analysis accuracy, and the diffusion of the washing
solution for washing the microparticles and the detection space 331 may take a long
time.

Further, in an exemplary embodiment of the present invention, the
microchambers 31 may be formed in a direction perpendicular to a fluid flow direction
on the bottom surface of the detection space 331. Accordingly, the microchambers 31
and the fluid flow are arranged at right angles. Therefore, the microparticles inserted
into the microchambers 31 cannot easily escape from the microchambers 31 along the
fluid flow.

In this way, the microparticles are stably inserted in the microchambers 31,
maintaining a uniform array in the detection space 331 regardless of the fluid flow.
When the washing solution is injected through the injection port 311, the fluid sample
containing the uncaptured analyte after binding of the first capture substance 41 and the

analyte 51 can be removed, and washing can be performed. The magnetic particles 1
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are not washed away because they are immobilized in the respective receiving portions
of the microchambers 31 by the magnetic body.

The remaining substances, other than the magnetic particles inserted and
immobilized or captured in the microchambers 31, are removed from the detection
space 331 by the washing solution. During the washing process, since the substances
inserted and immobilized or captured in the microchambers are inserted in the
microchambers 31 formed deep in a direction perpendicular to the flow direction of the
washing solution, they can remain immobilized without escaping from the
microchambers 31 by the flow of the washing solution. Accordingly, only the
remaining substances that are inserted into the microchambers 31 within the detection
space 331 but not bound to and immobilized by the analyte flow out from the detection
space 331 along the flow of the washing solution and are removed.

As can be seen in FIG. 9(b), when the second capture substance 61
accommodated in the second capture substance chamber 241 that binds to the analyte
and the signal-generating substance is injected through the injection port 311, the
second capture substance 61 binds to the analyte 51 bound to the first capture substance
41. Subsequently, the remaining second capture substance 61 can be removed, and
washing can be performed by the washing solution.

In FIG. 9(c), when the signal-generating substance 71 is injected through the
injection port 311, the signal-generating substance 71 binds to the second capture
substance 61. It is preferable that the remaining signal-generating substance 71 be
then washed away by a washing solution.

In FIG. 9(d), a substrate solution is injected through the injection port 311 to
cause the substrate solution to react with the signal-generating substance 71, thereby

generating a signal of a detectable indicator, such as a fluorescence signal, and a
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hydrophobic solvent is caused to flow through the injection port 311 to remove the
remaining substrate solution after the reaction with the signal-generating substance 71.

Then, a hydrophobic solvent is caused to flow over the substrate to remove
the substrate solution present outside the plurality of microchambers 31, and the number
of microchambers where a signal of a detectable indicator, such as a fluorescence signal,
is generated is counted and detected. The inside of the plurality of microchambers 31
is coated with a hydrophilic solvent, and the outside of the plurality of microchambers
31 is coated with a hydrophobic solvent, so that, when the hydrophobic solvent is
caused to flow over the substrate, the substrate solution present outside the plurality of
microchambers 31 can be easily removed.

For more accurate detection of the analyte contained in the fluid sample, the
number of particles of the analyte may be correlated with the brightness of a signal of a
detectable indicator, such as a fluorescence signal, and the number of particles of the
analyte may be counted by considering the brightness of the signal of the detectable
indicator, such as a fluorescence signal, in each microchamber.

Referring again to FIG. 9(d), it can be seen that the number of signal-
generating substances that generate a signal of a detectable indicator, such as a
fluorescence signal, differs from microchamber to microchamber, and the brightness of
the fluorescence signal is different accordingly.

Therefore, when the number of signal-generating substances captured in each
microchamber is the same, it is preferable to estimate the number of analytes by
calculating the number of microchambers in which a fluorescence signal is generated.
When the number of signal-generating substances captured in each microchamber is
different, it is preferable to estimate the number of analytes by calculating not only the

number of microchambers in which a fluorescence signal is generated, but also the
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intensity of the fluorescence signal generated in the microchambers.

According to another exemplary embodiment of the present invention, a first

capture substance immobilized on microparticles and an analyte in a fluid sample may
be reacted within the reaction chamber 200, the magnetic device may be brought close
to the reaction chamber 200 to separate the microparticles from the fluid sample, and
then the fluid sample not bound to the microparticle may be removed, and washing can
be performed.
Thereafter, a second capture substance that specifically binds to the analyte bound to the
first capture substance may be injected into and reacted in the reaction chamber 200,
and a signal-generating substance that specifically binds to the second capture substance
may be injected into and reacted in the reaction chamber 200.

Next, a substrate solution that reacts with the signal-generating substance to
generate a signal is injected into and mixed in the reaction chamber 205, and magnetic
particles in the mixed substrate solution are captured in the microchambers 31 within
the detection space 331 using the magnetic body 15.

Finally, it is preferable that a device for detecting particles of the analyte
perform detection by counting the number of microchambers 31 in which a signal is
generated due to the mixing of the signal-generating substance and the substrate

solution.

FIGS. 10 and 11 are diagrams illustrating a preprocessing process of a method
for detecting particles of an analyte according to the second exemplary embodiment of
the present invention.

First, as illustrated in FIG. 10(a), a magnetic device driving unit 160 may

move the magnetic device 150 into contact with the reaction chamber 205 for 20
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minutes. The reaction chamber 205 accommodates a mixed solution (S) in which a
predetermined amount of a fluid sample and microparticles with the first capture
substance immobilized thereon are mixed.

As a result, as illustrated in FIG. 10(b), separation between the magnetic
particles S1 and the residual solution W may occur in the reaction chamber 205.

Next, as illustrated in FIG. 11(a), the residual solution W is removed from the
reaction chamber 205, and the washing solution accommodated in the washing solution
chamber 231 is injected into the reaction chamber 205, thereby washing the wall surface
of the reaction chamber 205 where the magnetic particles S1 are located. Thereafter,
the magnetic device driving unit 160 may move the magnetic device 150 again to
separate the magnetic device 150 from the reaction chamber 205.

Next, as illustrated in FIG. 11(a), the magnetic particles S1 remain in the
reaction chamber 205, and as illustrated in FIG. 11(b), it is preferable to prepare a
mixed solution S2 with a separate buffer solution added thereto for injection into the

injection port 311.

FIG. 12 is a flowchart of a method for detecting particles of an analyte present
in trace amounts in a fluid sample according to the second exemplary embodiment of
the present invention.

In step 1200, a first capture substance is mixed with microparticles so that the
first capture substance is immobilized on the microparticles. The first capture
substance may include an antibody, a nucleic acid molecule, a peptide, or the like. The
microparticles are preferably magnetic particles.

The magnetic particles have a diameter of between 500 nm and 10 um, and

preferably contain a magnetic material such as iron oxide. According to an exemplary
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embodiment of the present invention, the mixing may be performed using a method
such as vibration, ultrasound, or pipetting.

In step 1210, the first capture substance immobilized on the microparticles is
reacted with an analyte in a fluid sample in the reaction chamber 200.

The fluid sample includes body fluids such as blood, plasma, serum, and
cerebrospinal fluid.

In step 1220, the magnetic device is brought close to the reaction chamber 200
to separate the microparticles from the fluid sample, and the fluid sample not bound to
the microparticles is removed, and washing can be performed.

After removing the fluid sample not bound to the microparticles, a washing
solution is injected and mixed with the microparticles, then the magnetic body is
brought close to the reaction chamber 200 to separate the magnetic particles from the
washing solution, and the washing solution is removed, thereby performing washing of
the microparticles.

In step 1230, a second capture substance that specifically binds to the analyte
bound to the first capture substance is injected into and reacted in the reaction chamber
200. The second capture substance not bound to the analyte is removed, and washing
can be performed.

Since the second capture substance binds to the analyte, and the first capture
substance immobilized on the microparticles also binds to the analyte, it is preferable
that the first capture substance and the second capture substance bind to different sites
of the analyte.

In step 1240, a signal-generating substance that specifically binds to the
second capture substance is injected into and reacted in the reaction chamber 200. The

signal-generating substance not bound to the second capture substance is removed, and
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washing can be performed. The signal-generating substance may be, for example, an
enzyme.

The signal-generating substance is, for example, a chromogenic, fluorescent,
or chemiluminescent enzyme precursor, which is converted into a detectable label upon
contact with a substrate solution.

The signal-generating substance serves to generate a signal of a detectable
indicator, such as a fluorescence signal, by reacting with a substrate solution, and the
enzyme component may include B-galactosidase, horseradish peroxidase, or alkaline
phosphatase.

In steps 1230 and 1240, the device for detecting particles of the analyte
washes the microparticles in the same manner as in step 1220.

In step 1250, the device for detecting particles of the analyte injects a
substrate solution, which reacts with the signal-generating substance to generate a signal,
into the reaction chamber 205 and mixes them. It is preferable to dry the
microparticles remaining in the reaction chamber 205 and then mix them with the
substrate solution.

The substrate solution reacts with the signal-generating substance to generate
a signal of a detectable indicator, such as a fluorescence signal, and may include
Resorufin [3-D-galactopyranoside, or the like.

In step 1260, the device for detecting particles of the analyte injects the mixed
substrate solution through the injection port 301, and captures magnetic particles in the
mixed substrate solution in the microchambers 31 within the detection space 331 using
the magnetic body 15.

In order to isolate the substances in the microchambers 31 arranged within the

detection space 331 of the analysis chip 301 so that they do not communicate with each

- 32 -



other, a fluid with properties that do not mix with the substrate solution may be injected,
the fluid preferably including oil or air. It is preferable that the microchamber be
larger than the size of the microparticle and have a size that allows at most one magnetic
particle to be accommodated.

According to another exemplary embodiment of the present invention, instead
of reacting the microparticles with the second capture substance in the reaction chamber
200, the first capture substance immobilized on the microparticles may bind to the
analyte, and then the microparticles may be injected through the injection port 311 so
that the microparticles are captured in the respective microchambers 31.

Thereafter, when the second capture substance 61 that binds to the analyte and
the signal-generating substance is injected through the injection port 311, the second
capture substance 61 binds to the analyte 51 bound to the first capture substance 41, and
as a next step, when the signal-generating substance 71 is injected through the injection
port 311, the signal-generating substance 71 binds to the second capture substance 61.

In addition, a substrate solution may be injected through the injection port 311
to cause the substrate solution to react with the signal-generating substance 71, thereby
generating a signal of a detectable indicator, such as a fluorescence signal, and a
hydrophobic solvent may be caused to flow through the injection port 311 to remove the
remaining substrate solution after the reaction with the signal-generating substance 71.

In step 1270, the device for detecting particles of the analyte counts and
detects the number of microchambers 31 in which a signal is generated due to the
mixing of the signal-generating substance and the substrate solution.

As an exemplary embodiment, a first count value is calculated by recognizing
and counting the microchambers in which the magnetic particles are accommodated,

and a second count value is calculated by recognizing and counting the microchambers
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in which the signal is generated due to the mixing of the signal-generating substance
and the substrate solution.

An amount of the analyte in the fluid sample may be estimated by calculating
a ratio of the second count value to the first count value.

As another exemplary embodiment, a region including the plurality of
microchambers may be photographed using a microscope, a digital camera, or the like, a
first count value may be calculated by distinguishing the microchambers in which the
magnetic particles are accommodated through image processing and counting the
distinguished microchambers, and a second count value may be calculated by
distinguishing the microchambers in which a signal of a detectable indicator, such as a
fluorescence signal, is generated through image processing and counting the number of
the distinguished microchambers.

As an exemplary embodiment of estimating the amount of particles of the
analyte, the amount may be estimated by calculating a ratio of the number of
microchambers in which the fluorescence signal is generated to the number of
microchambers in which the magnetic particles are accommodated, and the greater the
amount of the analyte in the fluid sample, the higher the ratio, and the smaller the
amount of the analyte, the lower the ratio.

As another exemplary embodiment of estimating the amount of particles of
the analyte, the device for detecting particles of an analyte according to an exemplary
embodiment of the present invention may include three or more standard substances
with known concentrations in a cartridge, generate a calibration curve showing the
concentrations of the standard substances, and then correct the concentration calculation

of the analyte using the generated calibration curve.
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FIG. 13 is a schematic diagram of a device for detecting particles of an
analyte present in trace amounts in a fluid sample according to a third exemplary
embodiment of the present invention.

FIG. 13(a) is a plan view of a device for detecting particles of an analyte
according to a third exemplary embodiment of the present invention, and FIG. 13(b) is a
cross-sectional view of the device for detecting particles of an analyte according to the
third exemplary embodiment of the present invention.

Referring to FIG. 13, the device for detecting particles of an analyte present in
trace amounts in a fluid sample according to the third exemplary embodiment of the
present invention includes a magnetic device 152 and a cartridge 102.

The magnetic device 152 moves closer to or farther away from a reaction
chamber 206, thereby causing separation between microwell microparticles 4 within the
reaction chamber 206 and a residual solution. Thereafter, after removing the residual
solution, a washing solution accommodated in a washing solution chamber 232 may be
injected into the reaction chamber 206 to wash a wall surface of the reaction chamber
206 where the microwell microparticles 4 are located. A magnetic material is
preferably formed at a lower portion of the microwell microparticle 4.

The cartridge 102 includes a fluid sample chamber 202, the reaction chamber
206, a waste chamber 212, a microwell microparticle chamber 222, the washing
solution chamber 232, a second capture substance chamber 242, a signal-generating
substance chamber 252, a substrate solution chamber 262, and an analysis chip 302.

The cartridge 102 is preferably sealed with an air-impermeable film using
thermal welding, UV bonding, ultrasonic welding, tape, or the like in order to prevent
contamination of the plurality of chambers and the analysis chip 302.

The fluid sample chamber 202 is configured to accommodate a predetermined
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amount of fluid sample. The fluid sample chamber 202 may be configured to have a
capacity within a range of 50 pL to 10 mL. The fluid sample includes body fluids
such as blood, plasma, serum, and cerebrospinal fluid.

The reaction chamber 206 is configured to accommodate and mix a
predetermined amount of a fluid sample and microwell microparticles with a first
capture substance immobilized therein. The reaction chamber 206 may be configured
to have a capacity within a range of 50 pL to 15 mL.

The waste chamber 212 is configured to provide a storage space for
accommodating waste that is generated when a fluid sample, microwell microparticles,
a washing solution, a second capture substance, a signal-generating substance, a
substrate solution, and the like introduced into the analysis chip 302 are discharged.
The waste chamber 212 may be configured to have a capacity within a range of 1 to 15
mL. The waste chamber 212 of FIG. 13 is included in the cartridge 102. However,
the waste chamber 212 may be provided in a separate space outside the cartridge 102.

The microwell microparticle chamber 222 is configured to accommodate
microwell microparticles with a first capture substance immobilized therein, and the
microwell microparticles are injected into the reaction chamber 206.

It is preferable that the microwell microparticles accommodated in the
microwell microparticle chamber 222 have a first capture substance bound to their
surfaces, the first capture substance binding to an analyte. The first capture substance
may include an antibody, a nucleic acid molecule, a peptide, or the like.

The washing solution chamber 232 is configured to accommodate a washing
solution for washing a wall surface of the reaction chamber 206 and a detection space
332 of the analysis chip 302. The washing solution may be a solution such as

phosphate buffered saline (PBS), tris-buffered saline (TBS), PBS-T, TBS-T, or
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ultrapure water.

As an example, the washing solution of the washing solution chamber 232
may be injected into an injection port 312 to wash away the fluid sample, the
microparticles, the second capture substance, the signal-generating substance, the
substrate solution, and the like remaining in the detection space 332 after reaction.

In another exemplary embodiment, when the magnetic device 152 comes
close to the reaction chamber 205 and separation occurs between the microwell
microparticles within the reaction chamber 205 and the residual solution, after removing
the residual solution, the washing solution accommodated in the washing solution
chamber 232 may be injected into the reaction chamber 205 to wash the wall surface of
the reaction chamber 205 where the microwell microparticles are located. In this case,
a magnetic material is preferably formed at a lower portion of the microwell
microparticle.

The second capture substance chamber 242 is configured to accommodate a
second capture substance that specifically binds to an analyte and also binds to a signal-
generating substance. The second capture substance has the characteristic of
specifically binding to each of the analyte and the signal-generating substance, and
functions to cause the signal-generating substance to bind to the second capture
substance that has specifically bound to the analyte, thereby generating a fluorescence
signal proportional to the amount of the analyte. The second capture substance may be,
for example, a secondary antibody and may be provided in a form pre-bound to the
signal-generating substance.

Since the second capture substance binds to the analyte, and the first capture
substance immobilized on the microwell microparticles also binds to the analyte, it is

preferable that the first capture substance and the second capture substance bind to
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different sites of the analyte.

The signal-generating substance chamber 252 is configured to accommodate a
signal-generating substance that specifically binds to the second capture substance
bound to the analyte. The signal-generating substance may be, for example, an
enzyme.

The signal-generating substance is, for example, a chromogenic, fluorescent,
or chemiluminescent enzyme precursor, which is converted into a detectable label upon
contact with a substrate solution.

The signal-generating substance and the second capture substance may be
accommodated in a bound state in either the second capture substance chamber 242 or
the signal-generating substance chamber 252.

The signal-generating substance serves to generate a signal of a detectable
indicator, such as a fluorescence signal, by reacting with a substrate solution, and the
enzyme component may include P-galactosidase, horseradish peroxidase, or alkaline
phosphatase.

The substrate solution chamber 262 is configured to accommodate a substrate
solution that reacts with the signal-generating substance to generate a signal. The
substrate solution reacts with the signal-generating substance to generate a signal of a
detectable indicator, such as a fluorescence signal, and may include Resorufin R-D-
galactopyranoside, or the like.

The analysis chip 302 includes the injection port 312 and the detection space
332.

Since a predetermined amount of fluid sample and the microwell
microparticles with the first capture substance immobilized therein are accommodated

and mixed in the reaction chamber 206, the analyte is bound to the first capture

- 38 -



substance immobilized on the microwell microparticles.

The fluid sample, the microwell microparticles, the washing solution, the
second capture substance, the signal-generating substance, and the substrate solution, or
a mixture is injected through the injection port 312.

The injection port 312 may further include a filter to separate and supply
particles larger than microwell microparticles from a mixed solution of the microwell
microparticles and the fluid sample. The filter may be formed of various materials
with pores of various sizes to filter out biological cells, inorganic particles, organic
particles, or the like. It is preferable that the filter of the third exemplary embodiment
be formed with pores capable of filtering out particles larger than the microwell
microparticles. Additionally, the filter may be formed of a biologically inert material
so that it can be applied to biological samples.

In the process of supplying the fluid sample to the injection port 312, an
output surface of the filter may be pre-wetted by wetting it with a buffer solution before
filtration. Therefore, the mixed solution of microwell microparticles and fluid sample
supplied to an inlet surface of the filter can pass through the filter pores without surface
resistance and be smoothly filtered to the outlet surface of the filter.

When the mixed solution of microwell microparticles and the fluid sample is
injected into the detection space 332 through the injection port 312, the microwell
microparticles are arranged in the inner space within the detection space 332. By
placing a magnetic body 16 below the microwell microparticles 4, the microwell
microparticles can be easily immobilized in the inner space of the detection space 332.

Thereafter, when the washing solution is injected through the injection port
312, the microwell microparticles not immobilized in the inner space of the detection

space 332, the first capture substance not immobilized on the microwell microparticles
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4, and the fluid sample not bound to the first capture substance can be removed, and
washing can be performed.

Note that, when the second capture substance accommodated in the second
capture substance chamber 242 that binds to the analyte and the signal-generating
substance is injected through the injection port 312, the second capture substance binds
to the analyte bound to the first capture substance. Subsequently, the remaining
second capture substance can be removed, and washing can be performed by the
washing solution.

Next, when a signal-generating substance is injected through the injection port
312, the signal-generating substance binds to the second capture substance.

Finally, a substrate solution is injected through the injection port 312 to cause
the substrate solution to react with the signal-generating substance, thereby generating a
signal of a detectable indicator, such as a fluorescence signal, and a hydrophobic solvent
is caused to flow through the injection port 312 to remove the remaining substrate
solution after the reaction with the signal-generating substance. The hydrophobic

solvent is preferably oil or gas.

FIG. 14 is a diagram illustrating in more detail an analysis chip 302 according
to the third exemplary embodiment of the present invention.

The mixed solution of fluid sample and microwell microparticles, the washing
solution, the second capture substance, the signal-generating substance, and the
substrate solution, or a mixed solution thereof are successively injected through the
injection port 312. The second capture substance is a capture substance for detecting a
signal of a detectable indicator, such as a fluorescence signal, and may be provided with

bound to the signal-generating substance, which can simplify the procedure compared to
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when the second capture substance and the signal-generating substance are provided
separately.

When the mixed solution of the fluid sample and the microwell microparticles
4, the washing solution, the second capture substance, the signal-generating substance,
and the substrate solution or the mixed solution thereof are injected through the
injection port 312, they diffuse and flow into the detection space 332, and pillars 5 are
formed at one end of the detection space 332 so that the microwell microparticles 4 can
collect into the detection space 332.

As illustrated in FIG. 14, the microwell microparticles 4 are collected in the
detection space 302, and include a mix of microwell microparticles where the first
capture substance immobilized in the inner spaces of the microwell microparticles 4 and
the analyte in the fluid sample are bound and microwell microparticles where they are

not bound.

FIG. 15 is a diagram illustrating in more detail a microwell microparticle
according to the third exemplary embodiment of the present invention.

Referring to FIG. 15, the microwell microparticle 4 has a hexagonal upper
surface, and a receiving portion 6, which is the inner space of the microwell
microparticle 4, may be open on one surface, or may have a through shape with both
surfaces open in a donut form.

The receiving portion 6 of the microwell microparticle 4 may have a
cylindrical shape with one surface closed (FIG. 15(b)) or a cylindrical shape with both
surfaces open (FIG. 15(c)).

Note that the first capture substance may be immobilized in the receiving portion 6 of

the microwell microparticle 4 and may bind to an analyte.
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The receiving portion 6, which is the inner space of the microwell
microparticle 4, and the first capture substance, are coated with a hydrophilic solvent,
and an outer space 7 of the microwell microparticle 4 is coated with a hydrophobic
solvent, so that, when a hydrophobic solvent is caused to flow over the substrate, a
substrate solution in the outer space 7 of the microwell microparticle 4 can be removed.

Comparing FIG. 7 and FIG. 15, the difference is that in FIG. 15, the first
capture substance is immobilized in the inner space of the microwell microparticle 4,

whereas in FIG. 7, the first capture substance is immobilized on the microparticle.

FIG. 16 is a conceptual diagram illustrating a process for detecting an analyte
according to the third exemplary embodiment of the present invention.

The mixed solution of fluid sample and microwell microparticles 4, the
washing solution, the second capture substance, the signal-generating substance, and the
substrate solution, or a mixed solution thereof are successively injected through the
injection port 312,

FIG. 16(a) illustrates a state in which the microwell microparticles 4 with the
first capture substance 42 immobilized therein, after being mixed and reacted with a
fluid sample in the reaction chamber 206 and injected through the injection port 312, are
arranged and immobilized by the magnetic body 16. A first capture substance 42 is
immobilized in the microwell microparticles 4 to specifically capture an analyte 52.

The fluid sample and the microwell microparticles 4 may be mixed in the
reaction chamber 206. In the inner space of the microwell microparticle 4, the first
capture substance is immobilized, and the analyte in the fluid sample is bound to the
first capture substance.

When the mixed solution of the fluid sample and the microwell microparticles
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4 is injected through the injection port 312, it diffuses and flows into the detection space
332. The mixed solution of the fluid sample and the microwell microparticles 4 that
has passed through the detection space 332 is blocked by the plurality of pillars 5
formed on an end opposite to the injection port 312 and is collected in the detection
space 332.

Thereafter, when the washing solution is injected through the injection port
312, the fluid sample containing the analyte that has not been captured by the binding
between the first capture substance and the analyte or by the first capture substance can
be removed, and washing can be performed.

As can be seen in FIG. 16(b), when the second capture substance 62
accommodated in the second capture substance chamber 242 that binds to the analyte
and the signal-generating substance is injected through the injection port 312, the
second capture substance 62 binds to the analyte 52 bound to the first capture substance
42. Subsequently, the remaining second capture substance 62 can be removed, and
washing can be performed by the washing solution.

In FIG. 16(c), when the signal-generating substance 72 is injected through the
injection port 312, the signal-generating substance 72 binds to the second capture
substance 62. It is preferable that the remaining signal-generating substance 72 be
then washed away by a washing solution.

In FIG. 16(d), a substrate solution is injected through the injection port 312 to
cause the substrate solution to react with the signal-generating substance 72, thereby
generating a signal of a detectable indicator, such as a fluorescence signal, and a
hydrophobic solvent is caused to flow through the injection port 312 to remove the
remaining substrate solution after the reaction with the signal-generating substance 72.

Then, a hydrophobic solvent is caused to flow over the substrate to remove
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the substrate solution present outside the microwell microparticles 4, and the number of
microwell microparticles 4 where a signal of a detectable indicator, such as a
fluorescence signal, is generated is counted and detected. The inside 6 of the
microwell microparticle 4 is coated with a hydrophilic solvent, and the outside 7 of the
microwell microparticle 4 is coated with a hydrophobic solvent, so that, when the
hydrophobic solvent is caused to flow over the substrate, the substrate solution present
on the outside 7 of the microwell microparticle 4 can be easily removed.

For more accurate detection of the analyte contained in the fluid sample, the
number of particles of the analyte may be correlated with the brightness of a signal of a
detectable indicator, such as a fluorescence signal, and the number of particles of the
analyte may be counted by considering the brightness of the fluorescence signal of each
microwell microparticle 4.

Referring again to FIG. 16(d), it can be seen that the number of signal-
generating substances that generate a signal of a detectable indicator signal, such as a
fluorescence signal, differs from microwell microparticle 4 to microwell microparticle 4,

and the brightness of the fluorescence signal is different accordingly.

FIG. 17 is a flowchart of a method for detecting particles of an analyte present
in trace amounts in a fluid sample according to the third exemplary embodiment of the
present invention.

In step 1700, the fluid sample is mixed with the microwell microparticles 4 in
which the first capture substance that specifically binds to the analyte is immobilized, in
the reaction chamber 206.

The mixed fluid sample and microwell microparticles 4 are injected through

the injection port 312, and the first capture substance 42 is immobilized in the inner
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spaces 6 of the microwell microparticles 4.

In step 1710, the mixed solution of the microwell microparticles 4 and the
fluid sample is caused to flow into the detection space 332. The microwell
microparticles 4 flow over the detection space 332 with the analyte 52 in the fluid
sample bound to the first capture substance 42.

In step 1720, the remaining fluid sample after the binding of the first capture
substance 42 and the analyte 52 is removed, and washing can be performed.

In step 1730, the second capture substance 62 that specifically binds to the
analyte 52 and binds to the signal-generating substance 72 is caused to flow into the
microwell microparticles 4, thereby reacting the second capture substance 62 with the
analyte 52.

In step 1740, the remaining second capture substance 62 after the reaction
between the analyte 52 and the second capture substance 62 is removed and washed.

In step 1750, the signal-generating substance 72 is caused to flow into the
microwell microparticles 4 so as to bind to the second capture substance 62.

In step 1760, a substrate solution that reacts with the signal-generating
substance 72 to generate a signal of a detectable indicator, such as a fluorescence signal,
is caused to flow into the microwell microparticles 4.

In step 1770, a hydrophobic solvent is caused to flow into the microwell
microparticles 4, thereby removing the substrate solution present outside the microwell
microparticles 4, while the signal-generating substance 72 and the substrate solution
remain bound inside the microwell microparticles 4.

It is preferable that the inside 6 of the microwell microparticle 4 be
hydrophilic, and the outside 7 of the microwell microparticle 4 be hydrophobic.

In step 1780, the number of microwell microparticles 4 in which the signal of
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the detectable indicator, such as the fluorescence signal, is generated is counted and
detected.

As an exemplary embodiment, a first count value is calculated by recognizing
and counting the microwell microparticles 4, and a second count value is calculated by
recognizing and counting the microwell microparticles 4 in which the signal is mixed
due to the mixing of the signal-generating substance and the substrate solution.

An amount of the analyte in the fluid sample may be estimated by calculating
a ratio of the second count value to the first count value.

As another exemplary embodiment, a region including the microwell
microparticles 4 may be photographed using a microscope, a digital camera, or the like,
a first count value may be calculated by distinguishing the microwell microparticles 4
through image processing and counting the distinguished microwell microparticles 4,
and a second count value may be calculated by distinguishing the microwell
microparticles 4 in which the fluorescence signal is generated through image processing
and counting the number of the distinguished microwell microparticles 4.

As an exemplary embodiment of estimating the amount of particles of the
analyte, the amount may be estimated by calculating a ratio of the number of microwell
microparticles 4 generating a signal of a detectable indicator, such as a fluorescence
signal, to the total number of microwell microparticles 4, and the greater the amount of
the analyte in the fluid sample, the higher the ratio, and the smaller the amount of the
analyte, the lower the ratio.

As another exemplary embodiment of estimating the amount of particles of
the analyte, the device for detecting particles of an analyte according to an exemplary
embodiment of the present invention may include three or more standard substances

with known concentrations in a cartridge, generate a calibration curve showing the
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concentrations of the standard substances, and then correct the concentration calculation

of the analyte using the generated calibration curve.

FIG. 18 is a diagram showing microchambers including microparticles and
microchambers generating a fluorescence signal, according to the second exemplary
embodiment of the present invention.

A microchamber including a microparticle to which an analyte is not bound is
represented as a dark cell, and a microchamber generating a fluorescence signal is
represented as a bright cell.

Instead of counting the number of cells to calculate the ratio of the number of
microchambers including microparticles to which an analyte is not bound to the number
of microchambers generating the fluorescence signal, the ratio of the second count value
to the first count value may be calculated by collecting bright cells and calculating the
area of the bright cell region or by collecting dark cells and calculating the area of the

dark cell region, thereby estimating the amount of the analyte in the fluid sample.

When micro-beads (small, bead-like proteins) coated with an antibody as the
first capture substance are the microparticles according to the second exemplary
embodiment of the present invention, a bead in which a signal is generated by a second
capture substance bound to a desired protein (an analyte) in a serum or plasma sample
that has been captured by the first capture substance, and by an enzyme (signal-
generating substance) bound to the second capture substance, may be referred to as an
"on" bead.

When determining the concentration of the analyte according to the second

exemplary embodiment of the present invention, the concentration of the enzyme (AEB)
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is determined using a digital and analog analysis system, and the concentration is
preferably determined by the number of "on" beads (activated proteins).

The concentration of the desired protein (analyte) in a serum or plasma
sample may be obtained by converting the proportion of active beads into the
concentration of enzyme (AEB) using a Poisson distribution when the ratio of enzyme
(signal-generating substance) to beads (microparticles) is low or when there are no
beads that generate a signal by the enzyme.

The Poisson distribution can describe the likelihood of multiple events
occurring when the mean number of events is known. If the expected mean number of
occurrences is [, the probability that exactly v occurrences can be expressed as the
following mathematical expression 1 (v is a non-negative integer, v=0, 1, 2, 3, --*).

[Mathematical Equation 1]

Pm=e (=5

u is equal to the proportion of proteins bound to the beads, and v is equal to
the number of enzyme-labeled proteins carried by each subpopulation of beads (i.e., 0, 1,
2, 3, etc.).

According to the second exemplary embodiment of the present invention, L,
which is equal to the concentration of the enzyme (AEB), may be determined and used
as a quantitative parameter to determine the protein concentration.

A bead associated with one enzyme is indistinguishable from a bead
associated with two enzymes, where the population of beads associated with one
enzyme exhibits a distribution of up to sevenfold during the activation step. Due to
this wide distribution, a portion of the "off" beads (inactivated proteins) can be

identified when v=0 (Pp(0)).
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By determining Pu(0) using Mathematical Equation 1, and using the fact that
the proportion of "off" beads is equal to 1 minus the proportion of "on" beads, AEBuigital
(AEB determined digitally) can be determined from fon (the proportion or % activity of
"on" beads).

[Mathematical Equation 2]

u=AEB ;= In[1-1,,]

The concentration of the protein (analyte) in a plasma sample can be
accurately measured through Mathematical Equation 2.

Concentration quantification using the Poisson distribution is reliably
measured when the activated beads are less than 70%, but has a limitation in that when
the proportion of activated beads exceeds approximately 70%, the change in AEB with
concentration decreases, leading to increased inaccuracy in concentration measurement.

To overcome this, AEB can be determined from the average fluorescence

intensity value of the activated beads ( ! head) and the average fluorescence intensity

generated by a single enzyme ( ! sing/)) - The AEB of an array in the analog range
(AEBanaiog) is defined as in Mathematical Equation 3.

[Mathematical Equation 3]

fOHX

bead

AEB ancilo, g=

1

single

To determine the fluorescence intensity of ! single jt is desirable to equate

the AEB values of Mathematical Equations 2 and 3 at the proportion of activated beads.
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[Mathematical Equation 4]

f on X J
bead

i =—————— in arrays where [ <0.1
! single -In [1 _fon]

In this case, it is preferable to select an array of "on" beads < 0.1 that satisfies
the criterion of Mathematical Equation 4.

Therefore, the concentration of the enzyme (AEB) can be configured for both
digital and analog ranges.

FIG. 19 is a graph showing the relationship between the concentration of
phosphorylated tau 181 (pg/mL) and the signal (a.u.).

Phosphorylated tau 181 protein is a protein used in the diagnosis of
Alzheimer's disease and corresponds to the analyte of the present invention.

A second capture substance binds to the phosphorylated tau 181 protein, and
an enzyme (signal-generating substance) binds to the second capture substance. Then,
a signal is generated by a substrate solution. FIG. 19 shows the relationship between
the concentration of phosphorylated tau 181 protein and the signal generation intensity.

Referring to FIG. 19, it can be confirmed that the concentration of

phosphorylated tau 181 protein and the signal generation intensity are proportional.

Hereinabove, although the present invention has been described by specific
matters such as specific components, the non-limiting exemplary embodiments, and the
drawings, they have been provided only for assisting in the more general understanding
of the present invention. Therefore, the present invention is not limited to the
exemplary embodiments, and various modifications and changes can be made by one

skilled in the art to which the present invention belongs from the above description.
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Therefore, the spirit of the present invention should not be limited to the
aforementioned exemplary embodiments, and the following claims as well as all
modifications equal or equivalent to the claims are intended to fall within the scope and

spirit of the present invention.
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[CLAIMS]
[Claim 1]

A method for detecting an analyte present in trace amounts in a fluid sample,
the method comprising:

causing a fluid sample containing an analyte to flow over a substrate having
an array of microchambers formed on a surface thereof, with a first capture substance
that specifically binds to the analyte immobilized in the microchambers;

binding the analyte to the first capture substance in each microchamber of the
array of microchambers;

causing a second capture substance, which specifically binds to the analyte
and binds to a signal-generating substance, to flow over the substrate to react the analyte
with the second capture substance;

causing the signal-generating substance to flow over the substrate to bind to
the second capture substance;

causing a substrate solution, which reacts with the signal-generating substance
to generate a fluorescence signal, to flow over the substrate;

causing a hydrophobic solvent to flow over the substrate to remove the
substrate solution present outside the microchambers when the signal-generating
substance and the substrate solution react in the microchambers; and

counting and detecting the number of microchambers in which the
fluorescence signal is generated.
[Claim 2]

The method of claim 1, wherein the inside of the microchamber with the first
capture substance immobilized therein is hydrophilic, and the outside of the

microchamber is hydrophobic.
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[Claim 3]

The method of claim 1, further comprising calculating a first count value by
counting the microchambers, calculating a second count value by recognizing and
counting the microchambers in which a signal is generated due to mixing of the signal-
generating substance and the substrate solution, and estimating an amount of the analyte
in the fluid sample by calculating a ratio of the second count value to the first count
value.

[Claim 4]

The method of claim 1, further comprising generating a calibration curve
showing a concentration of a standard substance with a known concentration for the
fluid sample, and then correcting a concentration calculation of the analyte using the
generated calibration curve.

[Claim 5]

The method of claim 1, further comprising estimating an amount of the
analyte in the fluid sample by calculating a first count value by counting the
microchambers, and calculating a second count value by capturing an image of a region
of the microchambers, distinguishing the microchambers in which the fluorescence
signal is generated through image processing, and counting the number of the

distinguished microchambers.
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