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Technical Field [1] Apparatuses and methods consistent with embodiments
relate generally to a centrifugal micro-fluidic device and an immunoassay
method using the same and, more particularly, to a micro-fluidic device for
detection of analytes in a fluid sample using fluorescent nanoparticles, as
well as an immunoassay method using the same. Background Art [2] A
micro-fluidic device refers to a device used for conducting biological or
chemical reactions using a small amount of fluid. [31In general, a
micro-fluidic structure of a micro-fluidic device has at least one in-
dependent function and includes a chamber containing a fluid therein, a
channel through which the fluid flows and a valve for controlling fluid
flow. The micro-fluidic structure may be fabricated by combining these
components in different ways. In particular, a device referred to as a
"lab-on-a-chip" includes a micro-fluidic structure mounted on a substrate
in a chip-like platform. With the lab-on-a-chip, some experiments involving
biological or chemical reaction can be conducted on a small chip in order
to execute several experimental processes and/or operations on the
structure. In order to move a fluid within the micro-fluidic structure, a
driving pressure is generally required. The driving pressure may be a
capillary pressure or pressure generated using an additional pump. In
recent years, a disc-type micro-fluidic device referred to as a "Lab CD"
(compact disc) or "lab-on-a-disc," has been proposed. The lab-on-a-disc
includes a micro-fluidic structure mounted on a disc-type rotational
platform which uses centrifugal force to move a fluid in the micro-fluidic
structure in order to execute a series of tasks. Efforts are ongoing to
develop a variety of disc-type micro-fluidic devices capable of rapidly and
precisely conducting desired operations in disc-type platforms using
centrifugal force. [4]However, for immunoassays conducted in general
clinical laboratories using con- ventional disc-type micro-fluidic devices,
experimental procedures are typically complex and require a comparatively
long time for testing. Disclosure of Invention Technical Problem
[51Exemplary embodiments provide a micro-fluidic device for detection of
analytes in a 



fluid sample, such as a liquid specimen using fluorescent nanoparticles, as
well as an immunoassay method using the same.  2 WO
2011/136485PCT/KR2011/002563 Solution to Problem [6]Exemplary embodiments
provide a micro-fluidic device for detection of analytes in a fluid sample,
such as a liquid specimen. using fluorescent nanoparticles, as well as an
immunoassay method using the same. 1171According to an aspect of an
exemplary embodiment, there is provided a micro- fluidic device which
detects an analyte in a fluid sample, including: at least one micro-fluidic
structure with multiple chambers; including a sample chamber receiving a
fluid sample; a first reaction chamber connected with the sample chamber,
wherein the first reaction chamber contains at least one labeling
conjugate; a second reaction chamber connected with the first reaction
chamber, wherein the second reaction chamber contains a capture binder; a
buffer chamber connected with the second chamber, wherein the buffer
chamber contains an elution buffer; a detection chamber connected with the
second reaction chamber, wherein the detection chamber receives the at
least one labeling conjugate; a plurality of channels through which the
first reaction chamber, second reaction chamber, buffer chamber and
detection chamber are interconnected; and at least one valve positioned in
at least one of the plurality of channels, wherein the at least one valve
opens and closes the channel. 1181The labeling conjugate may include at
least one label selected from a group including: lanthanide (III) chelates
or nanoparticles containing lanthanide (III) chelates; colored polymeric
nanoparticles; fluorescent materials or nanoparticles containing the same;
phosphorescent materials or nanoparticles containing the same;
dye-containing liposomes; enzymes (HRP, ALP, etc.); super para-magnetic
materials or nanoparticles containing the same; metal nanoparticles; carbon
nanoparticles, etc. 1191The labeling conjugate may be in a dried solid
state. [10] The labeling conjugate may include a label causing expression
of optical signals of at least one analyte in the fluid sample, and wherein
the label is combined with the at least one analyte. 



[11] The labeling conjugate may contain at least one of various labeling
conjugates having individual label substances, so as to simultaneously
detect different analytes. [12] The labeling conjugate may include a binder
and a label, wherein the binder is selected from a group including: an
antibody, antigen, receptor, ligand, oligonucleotide, hapten or aptamer.
[13] The capture binder may be bonded to a reaction site of the analyte
different from another reaction site where the labeling conjugate reacts
with the analyte. [14] The capture binder may be selected from a group
including: an antibody, antigen, receptor, ligand, oligonucleotide, hapten
or aptamer. 11151The second reaction chamber may have a detection region in
which the capture  3 WO 2011/136485PCT/KR2011/002563 binder is fixed
thereto. [16] The micro-fluidic device may also have a separation chamber
connected with the first reaction chamber, wherein the separation chamber
separates a supernatant containing an analyte from the fluid sample. [17] A
detection unit may be positioned outside the micro-fluidic structure,
wherein the detection unit includes: a light emission unit emitting light
to the detection chamber of the micro-fluidic structure; a light receiving
unit receiving the light emitted from the light emitting unit which passed
through the detection chamber; and an analysis unit analyzing at least one
optical feature of the light received by the light receiving unit and
calculating a concentration of at least one analyte in the fluid sample.
[18] According to an aspect of another exemplary embodiment, there is
provided an immunoassay method using a centrifugal micro-fluidic device,
the method including the steps of: injecting a fluid sample into the
micro-fluidic device, centrifuging the fluid sample to obtain a
supernatant, and transferring the supernatant into a first reaction
chamber; combining an analyte contained in the supernatant with a labeling
conjugate contained in the first reaction chamber, in order to form a first
immune complex; combining the first immune complex with a capture binder
contained in a second reaction chamber to form a second immune complex;
transferring the second immune complex into a detection chamber;
disassociating the labeling conjugate from the second immune complex using
an elution buffer received from a buffer chamber; and determining
fluorescence of the labeling conjugate using a detection unit positioned
outside the micro-fluidic device, so that a concentration of the analyte
can be calculated. [19] The labeling conjugate may include at least one
label selected from a group including: lanthanide (III) chelates or
nanoparticles containing lanthanide (III) chelates; colored polymeric
nanoparticles; fluorescent materials or nanoparticles containing the same;
phosphorescent materials or nanoparticles containing the same;
dye-containing liposomes; enzymes (HRP, ALP, etc.); super para-magnetic
materials or nanoparticles containing the same; metal nanoparticles; carbon
nanoparticles, etc. [20] The labeling conjugate may be in a dried solid
state. [21] The labeling conjugate may include a label causing expression
of optical signals of at least one analyte in the fluid sample, and wherein
the label is specifically combined with the at least one analyte. 



[22] The labeling conjugate may be at least one of various labeling
conjugates having individual label substances, so as to simultaneously
detect different analytes. [23] The labeling conjugate may include a binder
and a label, wherein the binder may be selected from a group including: an
antibody, antigen, receptor, ligand, oligonucleotide, hapten or aptamer.  4
WO 2011/136485PCT/KR2011/002563 [24] The capture binder may be bonded to a
reaction site of the analyte different from another reaction site where the
labeling conjugate reacts with the analyte. [25] The capture binder may be
selected from a group including: an antibody, antigen, receptor, ligand,
oligonucleotide, hapten or aptamer. [26] The second reaction chamber may
further include a detection region in which the capture binder is fixed
thereto. [27] The fluid sample, supernatant or buffer may be transferred by
a driving pressure, such as centrifugal force generated by rotation of the
micro-fluidic structure. [28] Determination of fluorescence of the labeling
conjugate may be performed by time-resolved fluorescence measurement that
enables fine division (that is, resolution) of time, and which measures
fluorescence of light received by a light receiving unit during a resolved
time. [29] Fluorescence of the light received by the light receiving unit
is measured after a predetermined time delay. Advantageous Effects of
Invention [30] The micro-fluidic device and the immunoassay method
according to exemplary embodiments, have characteristics in that: i)
multiple labeling conjugates containing individual label substances may be
at the same time, in turn enabling simultaneous detection of multiple
analytes; ii) the labeling conjugate is used in a dried solid state and can
be stored at room temperature instead of cold storage, thus improving
applicability to actual clinical environments; iii) the number of washing
and the numbers of buffers and valves used for opening and closing the
channels are decreased, thus being simpler than conventional test
procedures; iv) lanthanide (III) chelate-containing nanoparticles with
considerable difference between excitation wavelength and emission
wavelength are used as the label substance, and fluorescence of the emitted
light is determined by time-resolved fluorescence measurement, thereby
remarkably enhancing accuracy and sensitivity in fluorescence measurement
of the label substance. Therefore, the micro-fluidic device and the
immunoassay method using the same according to exemplary embodiments may be
used as a rapid on-site inspection technology. Brief Description of
Drawings [31] The above and/or other aspects will become apparent and more
readily appreciated from the following description of the exemplary
embodiments, taken in conjunction with the accompanying drawings of which: 



[32] FIG. 1 is a schematic view illustrating the construction of a
micro-fluidic structure, according to an exemplary embodiment; 11331FIGS. 2
to 5 are conceptual views illustrating a process of combining an analyte
with  5 WO 2011/136485PCT/KR2011/002563 a labeling conjugate and a capture
binder, according to an exemplary embodiment; [34] FIG. 6 is a flowchart
illustrating an immunoassay method, according to an exemplary embodiment;
[35] FIG. 7 is a block diagram illustrating a detection unit, according to
an exemplary embodiment; [36] FIG. 8 is a graph depicting optical features
of a label substance, according to an exemplary embodiment; [37] FIG. 9 is
a graph illustrating a time-resolved fluorescence measurement method,
according to an exemplary embodiment; and [38] FIG. 10 is a graph depicting
a standard curve, according to an exemplary embodiment. Best Mode for
Carrying out the Invention [39] Hereinafter, the centrifugal micro-fluidic
device and the immunoassay method using the same according to exemplary
embodiments will be described with reference to the accompanying drawings.
[40] The same numerical symbols in the drawings refer to substantially the
same constitutional elements. Separate structures such as a chamber, a
channel, and the like are simply illustrated and dimensional ratios of the
same may be different from real scales thereof, instead being enlarged or
reduced. Expressions "micro-fluidic device," "micro-particle," etc.,
"micro" are not limitedly construed as a size unit but used in contrast
with "macro." [41] FIG. 1 is a schematic view illustrating the construction
of a micro-fluidic structure, according to an exemplary embodiment. 



[42] According to the exemplary embodiment in FIG. 1, there is provided a
centrifugal micro-fluidic device including: a rotational body 900 and at
least one micro-fluidic structure 1000. The at least one micro-fluidic
structure 1000 further includes a sample chamber 100 for receiving a fluid
sample; a separation chamber 200 for centrifugation of the fluid sample to
separate a supernatant containing an analyte; a first reaction chamber 300
containing at least one labeling conjugate; a second reaction chamber 400
containing a capture binder; a buffer chamber 500 containing an elution
buffer; a waste chamber 600 for receiving impurities including an excess of
a first immune complex as well as the analyte; a washer chamber 700
containing a washing solution; and a detection chamber 800 for ultimately
receiving the labeling conjugate. The micro-fluidic structure also includes
a plurality of channels 120 through which the multiple chambers are
interconnected; at least one valve (not shown) for opening and closing the
plurality of channels; and at least one detection unit 10 (see FIG. 4).
11431Referring to FIG. 1, the rotational body 900 used in the exemplary
embodiment may  6 WO 2011/136485PCT/KR2011/002563 include a circular
disc-type platform. However, a shape of the platform is not particularly
limited to such circular disc form. That is, the rotational body may be a
complete circular shape capable of rotating by itself or a rotatable sector
shape placed on a rotational frame. The platform may be formed using acryl
or other plastic materials, each of which is easily formed and has a
biologically inactive surface. However, a raw material for fabrication of
the rotational body is not particularly limited and may include any
materials with chemical or biological stability, optical transparency
and/or mechanical workability. [44] The platform may be fabricated using at
least one material selected from a variety of materials, such as plastic,
polymethylmethacrylate (PMMA), glass, mica, silica, or a silica wafer
material. The plastic material may be chosen in view of its economical
merits or simple workability. Commonly available plastic materials include
polypropylene, polyacrylate, polyvinylalcohol, polyethylene, PMMA,
polycarbonate, etc. [45] One or more micro-fluidic structures may be
provided on the platform. For instance, after partitioning the platform
into several sections, individual micro-fluidic structures may be placed
independently of one another on the sections, respectively. [46] Also, the
platform may include multiple layers of plates (not shown). If a relief
structure corresponding to a chamber or a channel is formed on a side at
which two plates face each other and two or more relief structures are
combined, an empty space and/or channel may be provided inside the
platform. Such combination of plates may be achieved using an adhesive,
two-sided adhesive tape, ultrasonic welding, etc. [47] The term
"micro-fluidic structure" as used herein refers to a general structure
which consists of a plurality of chambers, channels and valves designed to
induce a fluid flow, as opposed to a particular structural substance.
Therefore, the "micro-fluidic structure" may form a specific unit with
different functions or performances according to features provided by the
arrangement of chambers, channels and/or valves, and/or kinds of materials
contained in the structure. [48] Accordingly, the micro-fluidic device has
a wide variety of applications, such as detection of various chemical
compounds, environmentally harmful substances, blood analysis, urine
testing, antigen-antibody response-based immunoassay, novel drug candidate
searches based on ligand-receptor binding, DNA/RNA analysis, and so forth.
Further, the micro-fluidic device may simultaneously detect and analyze at
least two analytes. [49] A fluid sample such as a blood sample, a
supernatant of the fluid sample, a buffer solution, etc. may be transported
into separate chambers using centrifugal force generated by rotation of the
rotational body 900 as a driving pressure. 



11501When the fluid sample is fed into the micro-fluidic structure 1000
through a sample  7 WO 2011/136485PCT/KR2011/002563 introduction inlet 110,
the fluid sample is substantially received by the sample chamber 100.
11511The sample chamber 100 may offer an empty space in which a fluid
sample such as a blood sample is contained. The sample chamber 100 has the
sample introduction inlet 110 through which the sample is provided to the
micro-fluidic structure 1000, and a sample receiving part (not shown). The
sample receiving part also has an outlet connected to the separation
chamber 200. Although not illustrated in the drawings, the outlet may have
a desired shape designed to create capillary pressure that prevents the
fluid sample from moving toward the separation chamber 200 when centrifugal
force is not being applied. Alternatively, the outlet may have a valve
mounted thereon in order to control a flow of the fluid sample.
Furthermore, the sample chamber 100 is fabricated to have a cross-section
diameter increasing from the sample introduction inlet 100 toward the
outlet, enabling the sample contained in the sample receiving part to
easily flow toward the separation chamber 200 by centrifugal force. In
order to facilitate flow of the sample into the sample receiving part by
injection pressure of the sample through the sample introduction inlet 110
and, an alternative structure to generate capillary pressure may be placed
between the sample introduction inlet 110 and the sample receiving part.
The alternative structure may be a capillary valve-type structure which
passes the sample through the same only when a desired pressure is applied,
and it may also serve to block reverse flow of the sample from the sample
receiving part toward the sample introduction inlet 110. 11521The fluid
sample is delivered toward the separation chamber 200 using centrifugal
force generated by rotation of the rotational body 900 as a driving
pressure. The separation chamber 200 is located radially outward from the
sample chamber 100; that is, further from a center 160 of the rotational
body 900 than the sample chamber 100. The sample separation chamber 200 may
enable centrifugation of the fluid sample into a supernatant (serum,
plasma, etc.) and a precipitate (blood cells). The fluid sample in the
separation chamber 200 is separated using centrifugal force into a
supernatant containing analytes and a precipitate containing other
materials. 11531The separation chamber 200 for centrifugation of the fluid
sample may be configured in different forms. Most particularly, the
separation chamber 200 may include a supernatant collector (not shown) and
a precipitate collector (not shown) as a space being formed at an end of
the supernatant collector to collect a precipitate with relatively high
specific gravity. The supernatant collector has a channel for dispensing
the centrifuged supernatant into the first reaction chamber 300. A valve
may control flow of the sample through the channel. Such a valve may be any
type of valve selected from different types of micro-fluidic valves. For
example, the valve may include a so-called "normally closed valve" wherein
a channel in which the valve is located is closed to  



8 WO 2011/136485PCT/KR2011/002563 prevent a fluid from flowing unless the
valve opens by external power. 11541A supernatant metering chamber (not
shown) may be placed on the separation chamber 200 to measure an amount of
the supernatant. The supernatant metering chamber may be designed with a
volume sufficient to carry an amount of the supernatant required for
testing. 11551The supernatant containing the analyte may be transported
from the separation chamber 200 to the first reaction chamber 300 through a
channel 150 using centrifugal force generated by rotation of the rotational
body 900 as a driving pressure. The first reaction chamber 300 contains a
labeling conjugate, as illustrated by the conceptual exploded view 310 of
the first reaction chamber 300 in FIG. 2 and described further below.
11561The first reaction chamber 300 is a structure for detecting specific
protein, glucose, cholesterol, uric acid, creatinine, alcohol, etc.,
contained in the supernatant. The detection may be accomplished by
antigen-antibody response, ligand-receptor binding, and so forth. 11571The
labeling conjugate consists of a label and a binder. Labels of the labeling
conjugate may include, for example, latex beads; metal colloids such as
gold colloids, silver colloids, etc.; enzymes (enzyme, HRP, ALP, etc.);
colored materials; fluorescent materials or nanoparticles containing the
same; phosphorescent materials or nanoparticles containing the same;
luminous materials; light emitting materials; dye-containing liposomes;
metal nanoparticles; carbon nanoparticles; colored polymeric nanoparticles;
super para-magnetic materials or nanoparticles containing the same;
lanthanide (III) chelates or nanoparticles containing the same; radioactive
isotopes; etc. However, the labels are not particularly limited thereto.
According to an exemplary embodiment, lanthanide (III) chelate-containing
nanoparticles are used as a label substance. Non-limiting examples of
lanthanide (III) chelates may include europium (Eu), samarium (Sm),
dysprosium (Dy), terbium (Tb), etc. The binder may include an antibody,
antigen, ligand, receptor, oligonucleotide, hapten or aptamer; each of
which can be specifically bonded to the analyte in the supernatant.
11581According to an exemplary embodiment, the first reaction chamber 300
of the micro- fluidic device may contain a single labeling conjugate
containing one kind of label substance in order to detect one analyte;
however, the first reaction chamber 300 may also contain several labeling
conjugates containing different label substances in order to simultaneously
detect plural analytes. For instance, in order to detect four types of
distinct analytes at the same time, four types of labeling conjugates
containing four different lanthanide (III) chelates as separate label
substances, such as Eu, Sm, Dy and Tb, may be contained together in the
first reaction chamber 300. 11591The above configuration may have
advantages in that a single micro-fluidic structure  



9 WO 2011/136485PCT/KR2011/002563 1000 may be used to detect multiple
analytes. Multiple analytes may also be detected at the same time by using
only one micro-fluidic device having several micro-fluidic structures built
therein. This configuration is advantageous when compared to conventional
micro-fluidic devices required for detection of multiple analytes. [60] As
described above, the micro-fluidic device according to the exemplary
embodiment may simultaneously detect plural analytes which provides for
rapid inspection and economical merits, and is therefore applicable to
situations where rapid on-site inspection is desired. [61] The labeling
conjugate may be present in a liquid or a dried solid phase. Since a liquid
phase of the labeling conjugate requires cold transportation and storage in
order to retain stability thereof, these requirements make the liquid
labeling conjugate less available in practical clinical environments.
Therefore, the labeling conjugate is preferably present in a dried solid
phase. [62] When the labeling conjugate in a solid phase is present in the
reaction chamber 300, the labeling conjugate may be temporarily fixed to an
inner wall of the reaction chamber 300 or a porous support therein (not
shown). The labeling conjugate fixed to the reaction chamber 300 is lysed
by penetration of the supernatant, after which the lysed conjugate is
combined with an analyte contained in the supernatant to form a first
immune complex 170, as illustrated in FIG. 2. The first immune complex 170
becomes a movable product. In this case, in order to facilitate combination
of the labeling conjugate and the analyte in the supernatant, the
rotational body 900 may be preferably shaken several times to the right and
left. [63] Centrifugal force generated by rotation of the rotational body
900 is used as a driving pressure to transport the supernatant containing
the first immune complex 170 toward the second reaction chamber 400 through
a channel 150. [64] The second reaction chamber 400 is a structure for
detecting some materials contained in the supernatant including, for
example, specific protein, glucose, cholesterol, uric acid, creatinine,
alcohol, etc. The materials may be detected using antigen-antibody response
or ligand-receptor binding, and so forth. [65] The second reaction chamber
400 may contain the capture binder fixed in a detection region, wherein the
capture binder is specifically combined with the analyte contained in the
supernatant fed from the first reaction chamber 300. [66] The first immune
complex in the transported supernatant from the first reaction chamber 300
is combined with the capture binder placed in the detection region to form
a second immune complex 180, as illustrated by the conceptual exploded view
410 of the second reaction chamber 400 in FIG. 3. In this case, in order to
facilitate combination of the first immune complex 170 and the capture
binder, the rotational body 900 may be shaken several times to the right
and left. Un-reacted labeling  10 WO 2011/136485PCT/KR2011/002563 conjugate
in the reactive solution as well as reaction residues are transferred to
the waste chamber 600 together with a washing solution fed from the washer
chamber 700, while the second immune complex 180 remains in the second
reaction chamber 400, as illustrated by the conceptual exploded view 410 of
the second reaction chamber in FIG. 4. 



[67] When the second immune complex 180 remains after the washing process,
an elution buffer is delivered from the buffer chamber 500 located above
the second reaction chamber 400 to the second reaction chamber 400 by
centrifugal force as a driving pressure. The delivered elution buffer
dissociates antigen-antibody bonds or ligandreceptor bonds of the second
immune complex fixed to the detection region in the second reaction chamber
400, in turn enabling dissociation (or degradation) of the labeling
conjugate and the analytes from the fixed capture binder. In other words,
both the labeling conjugate and the capture binder are dissociated with
reference to the analytes, as illustrated by the conceptual exploded view
410 of the second reaction chamber in FIG. 5. [68] Conventional
technologies generally i) directly determine optical features of a label
substance without alternative dissociation of the labeling conjugate from
the immune complex; or ii) measure fluorescence of the label substance
after dissociating the label substance. [69] However, the exemplary
embodiments described herein provide dissociation of the label substance
and the capture binder from the second immune complex using the elution
buffer from the buffer chamber 500, with reference to the analyte in the
second immune complex (see FIG. 5). [70] Such procedures proposed by the
exemplary embodiments herein may improve sensitivity and accuracy in
measurement of label substances. Other methods for dissociation of a label
substance generally include attachment of at least one chemical material
corresponding to the label substance to a labeling conjugate and
dissociation thereof. These procedures may experience technical
difficulties and may not improve accuracy and sensitivity in measurement of
the label substance as compared to measurement of a group of various label
substances. [71] The process for direct determination of optical features
of the label substance contained in the immune complex without alternative
separation of the labeling conjugate from the immune complex duly entails
decreased accuracy and sensitivity in measurement of optical features,
compared to a conventional technique for measurement of optical features of
the label substance after removal of the labeling conjugate. For instance,
since a mechanical structure (i.e., beads) to which the immune complex is
attached can reflect the incident light to determine optical features of
the label substance, the structure may adversely influence measurement of
optical features  11 WO 2011/136485PCT/KR2011/002563 of the label
substance. [72] Accordingly, a method for determining optical features of a
label substance in a labeling conjugate after dissociation of the labeling
conjugate and capture binder from the analyte, as described in an exemplary
embodiment, may be easily embodied compared to conventional processes. The
label substance may include lanthanide (III) chelate (i.e., Eu) containing
nanoparticles as a label substance. The method may attain improvements in
accuracy and sensitivity in measurement. [73] The supernatant containing
the labeling conjugate dissociated from the second immune complex is
transported into the detection chamber 800 below the second reaction
chamber 400 using centrifugal force generated by rotation of the rotational
body 900 as a driving pressure. For the labeling conjugate fed into the
detection chamber 800, optical features are determined by the detection
unit 10 (see FIG. 7) placed outside the micro-fluidic structure 1000. This
process will be more apparent from the following description for a method
for immunoassay using the micro-fluidic device according to an exemplary
embodiment. [74] FIG. 6 is a flowchart illustrating an immunoassay method
using the micro-fluidic device according to an exemplary embodiment. In
this exemplary embodiment, a process for blood analysis is exemplified.
[75] For example, whole blood is injected into a sample chamber 100 (S10),
and a micro-fluidic structure is rotated to deliver the whole blood toward
a separation chamber 200. The whole blood is transported from the sample
chamber 100 to the separation chamber 200 using centrifugal force generated
by rotation of a rotational body 900 as a driving pressure. [76] The whole
blood fed into the separation chamber 200 is separated by high speed
revolution (S20) into a supernatant containing a serum or plasma and
precipitate containing blood cells. In this regard, blood cells thicker (or
heavier) than the serum or plasma may precipitate and move to a precipitate
collector, while the supernatant, which is lighter than the blood cells,
remains in the supernatant collector. [77] When opening a valve, the
separated supernatant is delivered to a first reaction chamber 300 through
a channel by a driving pressure, that is, centrifugal force generated by
rotation of the rotational body 900. The labeling conjugate is in a dried
solid state, is contained in the first reaction chamber 300 and is
re-dissolved by inflow of the supernatant and specifically combined with
the analyte contained in the supernatant to form a first immune complex
(S30). During this process, in order to facilitate combination of the
analyte and the labeling conjugate, the rotational body 900 may be shaken
several times to the right and left. 



[78] When opening a valve, the supernatant containing the first immune
complex is delivered to a second reaction chamber 400 using centrifugal
force generated by  12 WO 2011/136485PCT/KR2011/002563 rotation of the
rotational body 900 as a driving pressure. . The capture binder is
contained within the second reaction chamber 400 and may be fixed to the
detection region of the second reaction chamber 400. The capture binder is
specifically combined with the analyte to form a second immune complex
(S40). During this process, in order to facilitate combination of the first
immune complex and the capture binder, the rotational body 900 may be
shaken several times to the right and left. [79] In order to transfer an
un-reacted labeling conjugate and reaction residues into a waste chamber
600 positioned downstream of the second reaction chamber 400, a valve
connected to a washer chamber 700 upstream of the second reaction chamber
400 is opened, and a washing solution is fed into the second reaction
chamber 400 through a channel using centrifugal force generated by rotation
of the rotational body 900 as a driving pressure (S50). [80] After the
washing process, another valve connected to a buffer chamber 500 located
upstream of the second reaction chamber 400 is opened, and an elution
buffer of the buffer chamber is fed into the second reaction chamber 400
through a channel, using centrifugal force generated by rotation of the
rotational body 900 as a driving pressure. The elution buffer allows the
dissociation of the labeling conjugate from the second immune complex, with
reference to analytes contained in the second immune complex (S60). [81]
After dissociation of the labeling conjugate by the elution buffer, a valve
is opened and the supernatant containing the labeling conjugate is
transported into the detection chamber 800 through a channel using
centrifugal force generated by rotation of the rotational body 900 as a
driving pressure (S70). [82] After the supernatant containing the labeling
conjugate is fed into the detection chamber 800, the detection unit 10
placed outside the micro-fluidic structure 1000 starts measurement and
analysis of optical features of the label substance of the labeling
conjugate (S80). [83] Such measurement and analysis of optical features of
the label substance may be performed by irradiating the label substance
with light at a desired wavelength range, measuring fluorescence of the
light emitted from the label substance at a specific wavelength range,
analyzing the measured value, and calculating a concentration of an analyte
based on the analyzed result. [84] Measurement and analysis of optical
features of the label substance may be conducted using the detection unit
10 placed outside the micro-fluidic structure 1000, as illustrated in FIG.
7. [85] The detection unit 10 is substantially placed outside the
micro-fluidic structure 1000, and multiple units may be present. Such a
detection unit may include a light emission unit 11 to radiate light to the
detection chamber 800 of the micro-fluidic structure  13 



WO 2011/136485PCT/KR2011/002563 1000, a light receiving unit 12 to receive
light emitted from the detection chamber 800 which absorbs the light
emitted from the light receiving part 12, and an analysis part to analyze
optical features of the light received by the light receiving part 12 and
calculate a concentration of an analyte based on the analyzed result. [86]
The light emission part 11 may be a light source flashing at a specific
frequency including, for example, a semiconductor light emitting device
such as an LED or a laser diode (LD), a gas discharge lamp such as a
halogen lamp or a xenon lamp, etc. [87] The light receiving part 12
generates electrical signals according to an intensity of the light emitted
from the detection chamber 800 and may include, for example, a depletion
layer photodiode, avalanche photodiode (APD), photomultiplier tube (PMT),
etc. [88] In the present exemplary embodiment, the light emission part 11
is located above the micro-fluidic structure 1000 while the light receiving
part 12 is positioned below the micro-fluidic structure 1000, however, the
positions of these parts may be switched. Also, a light path may be
adjusted using a reflecting minor or a light guide member. [89] The
analysis part 13 determines fluorescence of the light received by the light
receiving part and calculates a concentration of an analyte using a
pre-determined standard curve identifying the determined fluorescence of
the received light,. [90] In an exemplary embodiment, lanthanide (III)
chelate containing nanoparticles are used as a label substance. The
following description will be given of using Eu as an example of the
lanthanide (III) chelate. Eu exhibits a specific optical feature of
providing a considerable difference between excitation wavelength and
emission wavelength, as illustrated in the graph in FIG. 8. [91] Such an
optical feature of Eu that is excited by light at a specific wavelength and
discharges light at another wavelength considerably different from the
excitation wavelength may remarkably improve accuracy in measurement of
fluorescence of the emitting light. [92] Other than Eu as the label
substance, foreign materials contained in the detection chamber 800 also
absorb and emit the incident light. Therefore, the optical feature of Eu,
that is, emission of light at a wavelength considerably different from a
wavelength of the incident light may prevent interference of the foreign
materials to the emitting light in measurement of the light emitted from
the label substance. As a result, fluorescence of the light emitted from
the label substance may be more precisely determined. [93] Based on such
features of Eu, influences of the light emitted by foreign materials can be
eliminated and fluorescence of the emitting light can be determined by
time-resolved fluorescence measurement, in turn enhancing accuracy in
measurement of fluorescence.  14 WO 2011/136485PCT/KR2011/002563 [94]
Herein, 'time-resolved fluorescence measurement' refers to a method of
finely resolving a constant period of time for measurement and measuring
fluorescence per resolved time. For instance, as to measurement of
fluorescence of the light emitted for 1 second, the fluorescence may be
measured at every ms. Therefore, the same cycle may be repeated 1000 times
per second (see FIG. 9). 



[95] Referring to FIG. 9, it can be seen that fluorescence measurement is
executed in the range of 400 microseconds (js) to 800,cts . That is,
fluorescence measurement is performed after a constant delay time, instead
of direct measurement. Indeed, since the detection chamber 800 containing
the label substance and/or foreign materials possibly fed into the
detection chamber 800, other than the label substance, may also absorb the
incident light and emit the absorbed light, the foregoing delay time is
required to eliminate influence of the foreign materials and/or the
detection chamber. [96] By fluorescence measurement, influence of the light
emitted by some materials other than the label substance may be eliminated,
thereby enhancing accuracy and sensitivity in measurement of fluorescence.
[97] Exemplary embodiments propose a method of noticeably improving
accuracy and sensitivity in measurement of fluorescence of a label
substance by: i) using lanthanide (III) chelate containing nanoparticles
(i.e., Eu) as the label substance; and ii) applying time-resolved
fluorescence measurement. Briefly, an exemplary embodiment describes an
immunoassay method of analytes with superior accuracy and sensitivity by
combination of the foregoing procedures, compared to conventional methods
for measurement of analytes in fluid specimens. [98] Based on fluorescence
of the label substance determined according to the foregoing method, a
concentration of an analyte may be calculated using a pre-determined
standard curve that shows a concentration of the analyte relative to
fluorescence of the label substance, as illustrated in FIG. 10.  15 WO
2011/136485PCT/KR2011/002563 Claims [Claim 11A micro-fluidic device
comprising at least one micro-fluidic structure, the micro-fluidic
structure comprising: a sample chamber receiving a fluid sample; a first
reaction chamber which is connected with the sample chamber and contains at
least one labeling conjugate; a second reaction chamber which is connected
with the first reaction chamber and contains a capture binder; a buffer
chamber which is connected with the second reaction chamber and contains an
elution buffer; a detection chamber which is connected with the second
reaction chamber and receives the at least one labeling conjugate; 



a plurality of channels through which the first reaction chamber, second
reaction chamber, buffer chamber and detection chamber are interconnected;
and at least one valve which is positioned in at least one of the plurality
of channels, and opens and closes the channel. [Claim 21The micro-fluidic
device according to claim 1, wherein the labeling conjugate comprises at
least one label selected from a group comprising: lanthanide (III) chelates
or nanoparticles containing the same; colored polymeric nanoparticles;
fluorescent materials or nanoparticles containing the same; phosphorescent
materials or nanoparticles containing the same; dye-containing liposomes;
enzymes ; super para-magnetic materials or nanoparticles containing the
same; metal nanoparticles; and carbon nanoparticles. [Claim 31The
micro-fluidic device according to claim 1, wherein the labeling conjugate
is in a dried solid state. [Claim 41The micro-fluidic device according to
claim 1, wherein the labeling conjugate comprises a label causing
expression of optical signals of at least one analyte in the fluid sample,
and the label is combined with the at least one analyte. [Claim 51The
micro-fluidic device according to claim 1, wherein the labeling conjugate
is at least one of various labeling conjugates containing individual label
substances. [Claim 61The micro-fluidic device according to claim 1, wherein
the labeling conjugate comprises a binder and a label, and the binder is
selected from a group comprising: antibody, antigen, receptor, ligand,
oligonu-  16 WO 2011/136485PCT/KR2011/002563 



cleotide, hapten and aptamer. [Claim 7]The micro-fluidic device according
to claim 1, wherein the capture binder is bonded to a reaction site of an
analyte in the fluid sample that is different from another reaction site
where the labeling conjugate reacts with the analyte. [Claim 8]The
micro-fluidic device according to claim 1, wherein the capture binder is
selected from a group comprising: antibody, antigen, receptor, ligand,
oligonucleotide, hapten or aptamer. [Claim 9]The micro-fluidic device
according to claim 1, wherein the second reaction chamber comprises a
detection region in which the capture binder is fixed thereto. [Claim
10]The micro-fluidic device according to claim 1, wherein the micro-
fluidic structure further comprises a separation chamber connected with the
first reaction chamber, wherein the separation chamber separates a
supernatant containing an analyte from the fluid sample. [Claim 11]The
micro-fluidic device according to claim 1, further comprising a detection
unit positioned outside the micro-fluidic structure, the detection unit
comprising: a light emission unit that emits light to the detection chamber
of the micro-fluidic structure; a light receiving unit that receives the
light emitted from the light emitting unit which passed through the
detection chamber;, and an analysis unit that analyzes at least one optical
feature of the light received by the light receiving unit and calculates a
concentration of at least one analyte in the fluid sample. [Claim 12]An
immunoassay method using a centrifugal micro-fluidic device, the 



immunoassay method comprising: injecting a fluid sample into the
micro-fluidic device, centrifuging the fluid sample to obtain a
supernatant, and transferring the supernatant into a first reaction chamber
of the micro-fluidic device; combining an analyte contained in the
supernatant with a labeling conjugate contained in the first reaction
chamber to form a first immune complex; combining the first immune complex
with a capture binder contained in a second reaction chamber to form a
second immune complex; transferring the second immune complex into a
detection chamber of the micro-fluidic device; disassociating the labeling
conjugate from the second immune complex  17 WO
2011/136485PCT/KR2011/002563  using an elution buffer received from a
buffer chamber of the micro-fluidic device; and determining fluorescence of
the labeling conjugate using a detection unit positioned outside the
micro-fluidic device, so that a concentration of the analyte can be
calculated. The immunoassay method according to claim 12, wherein the
labeling conjugate includes at least one label selected from a group
comprising: lanthanide (III) chelates or nanoparticles containing the same;
colored polymeric nanoparticles; fluorescent materials or nanoparticles
containing the same; phosphorescent materials or nanoparticles containing
the same; dye-containing liposomes; enzymes; super paramagnetic materials
or nanoparticles containing the same; metal nanoparticles; and carbon nanop
articles. The immunoassay method according to claim 12, wherein the
labeling conjugate is in a dried solid state. The immunoassay method
according to claim 12, wherein the labeling conjugate comprises a label
causing expression of optical signals of at least one analyte in the fluid
sample, and the label is combined with the at least one analyte. 



The immunoassay method according to claim 12, wherein the labeling
conjugate is at least one of various labeling conjugates containing
individual label substances. The immunoassay method according to claim 12,
wherein the labeling conjugate comprises a binder and a label, and the
binder is selected from a group comprising: antibody, antigen, receptor,
ligand, oligonucleotide, hapten or aptamer. The immunoassay method
according to claim 12, wherein the capture binder is bonded to a reaction
site of the analyte that is different from another reaction site where the
labeling conjugate reacts with the analyte. The immunoassay method
according to claim 12, wherein the capture binder is selected from a group
comprising: antibody, antigen, receptor, ligand, oligonucleotide, hapten or
aptamer. The immunoassay method according to claim 12, wherein the second
reaction chamber comprises a detection region in which the capture binder
is fixed thereto. The immunoassay method according to claim 12, wherein the
fluid sample, the supernatant or the buffer is transferred by a centrifugal
18 WO 2011/136485PCT/KR2011/002563 [Claim 22] [Claim 23] force generated by
rotation of the micro-fluidic structure. The immunoassay method according
to claim 12, further comprising determining fluorescence of the labeling
conjugate using time-resolved fluorescent measurement that measures
fluorescence of light received by a light receiving unit of the detection
unit during a resolved time. The immunoassay method according to claim 22,
wherein fluorescence of the light received by the light receiving unit is
measured after a predetermined time delay.  




