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(57) The present invention relates to a freeze-dried
conjugate structure for immunochromatography, an im-
munoassay kit comprising the freeze-dried conjugate
structure and an immunochromatographic strip, and a
method for qualitatively or quantitatively analyzing an an-
alyte in a sample using the immunoassay kit.

Because a sample is subjected to immunochroma-
tography after reacting uniformly with a freeze-dried con-
jugate structure separately prepared according to the
present invention externally, quantitative analysis can be
performed with high reproducibility and linearity depend-
ing on a concentration compared to a conventional assay
method which is performed using an immunochromato-
graphic strip comprising a conjugate pad prepared by
adsorbing a conjugate.

In addition, the freeze-dried conjugate structure of
the present invention can be provided in a state in which
it is received in a chamber additionally comprising a cap.
Thus, it can be stored without contamination and is easy
to carry. In addition, the freeze-dried conjugate structure
can be rapidly and uniformly dissolved so that it is imme-
diately allowed to react with a mixture of a buffer and a

sample and the reaction product can be analyzed by an
immunoassay kit. Thus, it is suitable for use in point-of-
care testing.
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Description

[Technical Field]

[0001] The present invention relates to a freeze-dried conjugate structure for immunochromatography, an immu-
noassay kit comprising the freeze-dried conjugate structure and an immunochromatographic strip, and a method for
qualitatively or quantitatively analyzing an analyte in a sample using the immunoassay kit.

[Background Art]

[0002] An immunochromatographic assay, also known as a rapid test method, is a method capable of qualitatively
and quantitatively analyzing a trace analyte within a short time using an antigen-antibody reaction and has been used
to diagnose or detect various diseases and in various fields, including medical, agricultural, livestock, food, military and
environmental fields. This immunochromatographic assay is typically performed using either an assay strip comprising
a reaction material, which can change in response to the analyte to be detected, or an assay device comprising the
assay strip mounted in a plastic case. FIG. 1 is a cross-sectional view of a conventional assay strip which is used in the
immunochromatographic assay. As shown in FIG. 1, the conventional assay strip includes: a sample pad for receiving
a liquid sample; a conjugate pad containing a conjugate, obtained by conjugating a label, which generates a signal that
can be sensed visually or by a sensor to a ligand such as an antigen or an antibody; a porous membrane pad having
immobilized thereon a binding substance (antibody or antigen) that binds specifically to an analyte in the sample and/or
the conjugate; and an absorbent pad for finally receiving the liquid sample. These functional pads are connected to each
other in the above order while partially overlapping each other, and attached to a solid support so that they are continuously
arranged. In the case that the assay strip is used in a form being mounted in the plastic case, a sample introduction port
for dropping the sample onto a position corresponding to the sample pad is formed on the case, and an observation
window for observing assay results is formed at a position corresponding to the binding agent immobilized on the porous
membrane pad. In the immunochromatographic assay that is performed using this assay strip, when a liquid sample is
dropped onto the sample pad, it moves through the conjugate pad and the porous membrane pad by a capillary phe-
nomenon, and is finally received in the absorbent pad. Herein, the conjugate in the conjugate pad also moves together
with the liquid sample, and if the analyte to be detected is present in the sample, the conjugate will bind to the binding
agent on the porous membrane pad through the analyte (generally referred to as a "sandwich reaction"), or the conjugate
and the analyte competitively bind to the binding agent (generally referred to as "competition reaction"), and thus the
presence of the analyte in the sample can be sensed visually or by a sensor.
[0003] However, this conventional assay strip has a problem in that the liquid sample that moves by a capillary
phenomenon does not uniformly bind to the dry conjugate immobilized on the conjugate pad, and thus there may be a
variation between the assay strips, suggesting that the accuracy and reproducibility of the quantitative analysis of the
sample can be reduced.
[0004] In addition, in a method employing liquid reagents, which is frequently used in biochemical assays, the accuracy
and reproducibility of sample analysis can be improved by mixing liquid reagents at a specific ratio in well-plate. However,
when liquid reagents including an antibody and an antigen are stored for a long period of time, the affinity of antigen-
antibody reactions will be reduced, or the antigen and the antibody will be denatured, suggesting that the liquid reagents
are problematic in terms of stability. For this reason, liquid reagents can be cold- or freeze-stored in order to improve
their long-term stability, but the cold- or freeze-stored liquid reagents are difficult to use in various measurement sites
for point-of-care testing such as rapid testing.
[0005] Accordingly, the present inventors have made extensive efforts to increase the stability of a conjugate and
improve the accuracy and reproducibility of sample analysis, and as a result, have developed a freeze-dried conjugate
bead and a sample pretreatment device including the same, in which the freeze-dried conjugate bead has high long-
term storage stability and is allowed to react uniformly with a sample in the sample pretreatment device to provide a
reaction product, which has a size and concentration suitable for quantitative analysis and is subjected into an assay
device, thereby completing the present invention.

[Disclosure]

[Technical Problem]

[0006] It is an object of the present invention to provide a freeze-dried conjugate structure for immunochromatography,
comprising a first conjugate comprising a first label for signal detection and a first ligand that reacts with an analyte,
wherein the first label and the first ligand are physically or chemically linked to each other, and the conjugate structure
is formed by rapidly freezing a dispersion, in which the first conjugate at a predetermined concentration is dispersed in
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a solvent, in the form of drops having a uniform volume, followed by freeze-drying, thereby removing the solvent, wherein
the space occupied by the solvent in the freeze-dried drops forms a porous space by removing the solvent.
[0007] Another object of the present invention is to provide an immunoassay kit comprising the above freeze-dried
conjugate structure and an immunochromatographic strip.
[0008] Still another object of the present invention provides a method for qualitatively or quantitatively analyzing an
analyte in a sample using the above immunoassay kit, the method comprising: simultaneously or sequentially adding a
buffer and a sample to a conjugate structure and simultaneously or sequentially performing the dissolution of the conjugate
structure and a reaction between the conjugate and the sample; loading a material resulting from the preceding step
onto an immunochromatographic strip and allowing the loaded material to migrate along the strip; and determining the
presence or absence and intensity of a signal generated from a first label on a test line.

[Technical Solution]

[0009] In order to achieve the above objects, the present invention provides a freeze-dried conjugate structure for
immunochromatography, comprising a first conjugate comprising a first label for signal detection and a first ligand that
reacts with an analyte, wherein the first label and the first ligand are physically or chemically linked to each other, and
the conjugate structure is formed by rapidly freezing a dispersion, in which the first conjugate at a predetermined con-
centration is dispersed in a solvent, in the form of drops having a uniform volume, followed by freeze-drying, thereby
removing the solvent, wherein the space occupied by the solvent in the freeze-dried drops forms a porous space by
removing the solvent.
[0010] As used herein, the term "immunochromatography" refers to an assay method that uses a combination of the
immune reaction principle based on an antigen-antibody reaction and the chromatographic principle in which a sample
and a reagent are moved along a medium by a mobile phase. Briefly, the antibody or antibody to be analyzed are
dispensed and immobilized on a porous membrane in advance, and when blood sample migrates from one end of the
membrane to the immobilized antibody or antigen, the reaction with the antigen or antibody in the sample is observed.
In a general sense, the term "immune reaction" refers to an antigen-antibody reaction, but in a broader sense in the
present invention, it is meant to include not only an antigen-antibody reaction, but also a reaction between a receptor
and a ligand binding specifically thereto. Also, not limited thereto, it includes reactions between materials that specifically
recognize each other, such as an enzyme-substrate reaction.
[0011] A label may be used so that the antigen-antibody reaction can be easily detected visually or using a sensor.
In addition, a ligand capable of binding specifically to an analyte may be used in a state linked to the label so that the
label can bind to the analyte to be detected. As used herein, the term "conjugate" refers to a conjugate of the label with
the ligand. The label and the ligand can be physically or chemically linked to each other. Specifically, the label and the
ligand can be linked to each other by passive adsorption, or the label can be modified to have a reactive group and can
be covalently linked to the ligand, but is not limited thereto. In addition, linkage between the label and the ligand can be
performed using any method known to those skilled in the art.
[0012] As used herein, the term "label" refers to a substance that generates a signal that can be sensed visually or
using a sensor. Examples of the label that is used in the present invention include, but are not limited to, latex particles,
gold particles, colored polystyrene microparticles, enzymes, fluorescent dyes, conductive polymers, or magnetic particles.
In addition, the signal can be generated by the intrinsic characteristic (such as luminescence) of the label, or external
stimulus such as fluorescence.
[0013] As used herein, the term "ligand" refers to a substance that binds specifically to a specific substance. For
example, an antibody binding specifically to an antigen, or a ligand binding specifically to a specific receptor acts as a
ligand to each other in a broader sense. In addition, any substance may be used as the ligand in the present invention,
as long as it shows the above-described characteristics. In the context of the present invention, the term "ligand" refers
to a substance that binds specifically to a specific substance as described above, unless it is specified as a ligand that
binds specifically to a specific receptor.
[0014] The conjugate can be prepared by preparing a solution containing a predetermined concentration of the label
and a solution containing a predetermined concentration of the ligand, mixing these solutions together, and allowing the
mixed solution to react for a predetermined time. Herein, the concentrations of the solutions and the mixing ratio between
the solutions can be determined in view of the binding ratio between the label and the ligand. The binding of the ligand
to the label may be the binding of one ligand to one label, the binding of a plurality of ligands to one label, or the binding
of a plurality of labels to one ligand. A specific binding ratio is not critical to the present invention, but is preferably
maintained at a constant ratio. The binding ratio can change depending on the kinds of label and ligand and can be
estimated in view of the relative size thereof and the number of binding sites. For example, when a latex bead having
a size of several microns is used as the label and an antibody is used as the ligand, a plurality of antibodies can be
bound to one latex bead. Preferably, in order to allow a uniform number of antibodies to bind to the surface of each latex
bead, the concentrations and mixing ratio of the antibody and latex solutions can be controlled so that the antibodies
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are bound to the surface of the latex to saturate, but the scope of the present invention is not limited thereto.
[0015] As described above, a solution containing a predetermined concentration of the conjugate can be obtained by
mixing solutions containing predetermined concentrations of the label and the ligand, respectively, and allowing the
mixed solution to react. The conjugate solution is in the form of a dispersion in which the conjugate molecule is uniformly
dispersed in a solution at a predetermined concentration.
[0016] The conjugate solution may further contain another conjugate molecule, which comprises a label for signal
detection and a ligand that reacts with a reporter molecule immobilized on a control line, so that the conjugate molecule
can be used as an internal control. The additional conjugate can be prepared as a uniform dispersion in the same manner
as the method for preparing the above-described conjugate and may be mixed with the above-described conjugate
solution. The label that is used in the additional conjugate molecule may be the same as or different from that in the
above conjugate. The above terms and those for the internal control will be discussed in detail later.
[0017] In the present invention, for easy storage and uniform reactivity with a sample, the "freeze-dried conjugate
structure" can be prepared by rapidly freezing a dispersion of the conjugate in the form of drops having a uniform volume,
and freeze-drying the frozen drops. Specifically, a dispersion of conjugate molecules dispersed uniformly in a solvent
at a predetermined concentration can be frozen by spraying drops of the dispersion, which have a uniform volume, so
as to come into contact with an extremely-low-temperature liquid refrigerant. Herein, the drops of the dispersion are
rapidly frozen to provide solid spheres having a uniform size. The extremely-low-temperature liquid refrigerant that is
used in the present invention may be a liquid having an evaporation point between - 270 and -180°C. For example, it
may be liquid nitrogen, liquid helium, liquid oxygen, liquid hydrogen or the like and may be selected in view of cost and
safety. Preferably, it may be liquid nitrogen or liquid helium, but is not limited thereto.
[0018] The immunochromatography in the present invention can be used in qualitative or quantitative analysis. In
order to use the freeze-dried conjugate structure in quantitative analysis, each of the conjugate structures can be prepared
to include a specific number of conjugate molecules. As described above, this preparation can be performed by preparing
a uniform dispersion containing the conjugate at a predetermined concentration, and spraying drops of the dispersion,
which have a uniform volume, into an extremely-low-temperature liquid refrigerant so as to be rapidly frozen. In order
to spray the uniform conjugate dispersion in the form of drops having a uniform volume, a dispenser may be used. When
the dispenser is used, the dispersion can be sprayed in the form of drops having a uniform volume, and the variation in
the volume of the drops can be minimized. Herein, the volume of the dispersion drops being sprayed can be controlled
by controlling the nozzle hole size and dispensing pressure of the dispenser. In addition, the size of the conjugate drops
can be controlled depending on the composition and viscosity of the conjugate solution, the dropping rate and amount
of the solution, and the surface tension of the drops. The solution drop may be a sphere having a volume of 5-30 ml and
a diameter of 0.5-5 mm, but is not limited thereto.
[0019] The rapidly frozen conjugate structure can further be freeze-dried to provide a freeze-dried conjugate structure.
In the freeze drying process, the solvent is removed from the frozen conjugate structure, and thus the structure becomes
porous. The porous freeze-dried conjugate structure prepared as described above can be rapidly dissolved in a buffer
so that it can react uniformly with a sample. The freeze drying process can be performed using a freeze dryer, and the
cooling temperature in the freeze dryer may be -20°C or lower. Preferably, the cooling temperature may be -40°C or
below, but is not limited thereto. The freeze drying time and temperature can be changed depending on the characteristics
of the sample to be dried. The prepared freeze-dried conjugate structure has a porosity of 70-90% and can be completely
dissolved in a buffer immediately or within 5 seconds after the start of the dissolution process.
[0020] In another aspect, the present invention provides an immunoassay kit comprising the above-described freeze-
dried conjugate structure and an immunochromatographic strip.
[0021] As used herein, the term "immunoassay" refers to a method of detecting an analyte using a specific immune
reaction such as an antigen-antibody reaction. Herein, immunochromatography can be performed using the chromato-
graphic principle. Immunochromatographic analysis is performed while an analyte-containing sample is moved with a
mobile phase through a medium by a capillary phenomenon. Thus, as the medium for immunochromatography, a strip
can be prepared and used. The detailed elements and functions of this immunochromatographic strip will be described
later.
[0022] As described above, immunochromatography is based on the chromatographic principle in which a mobile
phase with an analyte moves along a medium. Thus, in order to perform an immunoassay using an immunochromato-
graphic strip, a mobile phase for moving an analyte-containing sample along the strip is required. Thus, the immunoassay
kit of the present invention may further include a buffer. The buffer functions not only as a mobile phase for moving a
sample along the immunochromatographic strip, but also as a solvent for dissolving the conjugate. If necessary, it may
also function as a diluent for diluting a sample. In addition, the immunoassay kit may further include a component for
lysing blood cells such as red blood cells in order to analyze whole blood. As the buffer, a conventional buffer, such as
10 mM to 1 M phosphate buffered solution (PBS), a nonionic or amphoteric surfactant or a mixture thereof, may be used
without limitation. The buffer can be suitably selected depending on the kind of desired reaction such as an antigen-
antibody reaction.
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[0023] Preferably, when the immunoassay kit of the present invention is used, a sample is allowed to react with a
uniform solution of the freeze-dried conjugate structure in a buffer before the sample is injected into an immunochro-
matographic column in order to ensure a uniform reaction between the conjugate and the sample, and then may be
analyzed using the assay strip.
[0024] For storage of the freeze-dried conjugate structure, it may be provided together with a chamber comprising a
cap, which is provided for its dissolution in a buffer and its reaction with a sample. A buffer and a sample may be added
directly to the freeze-dried conjugate structure kept in the chamber comprising the cap, so that the conjugate structure
can be dissolved and can react uniformly with the sample. When the chamber is used, the freeze-dried conjugate
structure can be stored in a state in which it is covered with the cap, the freeze-dried conjugate structure itself and/or a
mixture thereof with a buffer and a sample can be stored without contamination. Preferably, the chamber may be conical
in shape so that a reaction mixture solution can be easily loaded onto the strip using a device such as a pipette without
being lost, but is not limited thereto.
[0025] Because the freeze-dried conjugate structure is one obtained by freezing the dispersion of the conjugate at a
predetermined concentration as drops having a uniform volume, followed by freeze-drying the frozen drops, the structure
has a constant content of the conjugate molecule, and thus is suitable for use in the quantitative analysis of an analyte.
[0026] In addition, the immunoassay kit may further comprise, as an internal control, a second freeze-dried conjugate
structure comprising a second conjugate which comprises a second label for signal detection and a second ligand that
reacts with a reporter molecule, in which the second freeze-dried conjugate structure is provided according to the same
principle and preparation method as those for the above-described freeze-dried conjugate structure. As described above,
the internal control can be provided by adding the second conjugate structure to the conjugate dispersion during the
preparation of the freeze-dried conjugate structure to make a single structure. Alternatively, the second freeze-dried
conjugate structure may be separately prepared using the same method as described above and may be added to a
mixture of a sample and the conjugate. The internal control and the reporter molecule will be described later.
[0027] The immunochromatographic strip may comprise a porous membrane pad, which has formed thereon a test
line for capturing an analyte in a sample, and an absorbent pad which is provided at one end of the porous membrane
pad and serves to provide a driving force for transferring the analyte.
[0028] To detect an analyte in a sample, either a ligand capable of binding specifically to the analyte to selectively
capture the analyte, or the same substance as the analyte, or an analogue thereof, which detect the analyte by inducing
a competitive reaction with the analyte, is immobilized as a ligand on the porous membrane pad to form a "test line". On
the test line of the immunochromatographic strip of the present invention, either a substance capable of binding to an
analyte in a sample, or the same substance as the analyte, or an analogue thereof, which can induce a competitive
reaction with the analyte, may be immobilized as a third ligand. The type of third ligand can be selected depending on
the type of immunoassay used. The type of immunoassay will be described later. Like the ligand included in the conjugate,
the second ligand, which reacts with the reporter molecule, and the third ligand that binds to an analyte in a sample,
may be, for example, an antigen, an antibody, a receptor or a ligand that binds specifically to the receptor.
[0029] As a medium along which a mobile phase and a sample migrate, a porous membrane pad is used so that the
mobile phase and the sample can be moved by a capillary phenomenon. At one end of the porous membrane pad, an
absorbent pad that provides a driving force for transferring a sample is located. The absorbent pad may be located so
that it partially overlaps the porous membrane pad. The membrane that is used in the present invention may be a
nitrocellulose membrane, a glass fiber membrane, a polyethersulfone (PES) membrane, a cellulose membrane, a nylon
membrane, or a combination of two or more thereof. Preferably, a nitrocellulose membrane having a pore size of 5-15
mm may be used in the present invention, but is not limited thereto.
[0030] The immunochromatographic strip may further comprise a solid backing plate. The solid backing plate may be
made of a plastic material. When the strip is attached onto the solid backing plate, it can have increased durability and
can be easily handled and stored. In addition, the solid backing plate makes it easy to mount the strip in an outer case.
Examples of a plastic material that may be used for the solid backing plate include, but are not limited to, a polypropylene
film, a polyester film, a polycarbonate film, an acrylic film and the like.
[0031] The immunochromatographic strip may be mounted in a case unit. A lower case may comprise a plurality of
guides and/or strip support portions, which function to place and fix or press the immunochromatographic strip at a
suitable position. An upper case may have guides and strip support portions at positions corresponding to the guides
and strip support portions of the lower case. In other words, the guides and/or the strip support portions may be formed
only in the lower case or formed in both the upper case and the lower case. The upper case may have a sample
introduction port and an observation window for detecting a signal from the label at a position corresponding to the test
line. The sample introduction port may be formed in the form of a hole or a slit at one end of the porous membrane,
which is opposite to the absorbent pad, enough separated therefrom, with respect to the test line, so that a sample can
migrate along the membrane. The observation window may be formed at a location corresponding to the test line of the
porous membrane and/or a location including the test line and the control line (if formed) so as to have a size sufficient
for observing the test line and/or the control line visually or using a sensor. The size and shape of the observation window
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are not limited, as long as the test line and/or the control line can be observed through the observation window.
[0032] The upper and lower cases may be made of a conventional plastic material, for example, polycarbonate or
acrylonitrile butadiene styrene (ABS), but are not limited thereto. The upper and lower cases can be manufactured
separately and coupled to each other through conventional means such as coupling grooves and coupling protrusions.
In some cases, the upper and lower cases may be manufactured in an integral form.
[0033] When the immunoassay kit of the present invention is used, an analyte bound to the first conjugate, that is, an
analyte bound to the first label through the first ligand, is captured on the test line by the third ligand binding specifically
thereto, and the presence or absence, amount, or both, of the analyte in the sample can be determined by measuring
a signal generated from the first label on the test line. In other words, the analyte can be qualitatively analyzed based
on the presence or absence of a signal generated from the first label on the test line, and can also be quantitatively
analyzed by measuring the intensity of a signal generated from the first label on the test line.
[0034] Thus, the immunochromatographic strip may further comprise, before or after the test line, a control line for
determining whether the sample migrated. The control line may be formed by immobilizing a reporter molecule before
or after the test line on the porous membrane at a suitable distance from the test line.
[0035] As used herein, the term "control line" refers to a portion that generates a constant signal regardless of the
type of sample or the concentration of an analyte in a sample. The control line can be formed by a method similar to the
method for forming the test line. For example, the control line can be formed by immobilizing a ligand substance that
does not bind to the substance to be analyzed and, at the same time, can bind specifically to and capture the ligand of
the second conjugate, which is included as an internal control in the mixture of the sample and the conjugate and is
moved along the porous membrane together with the sample by a mobile phase, to emitting a constant signal regardless
of the concentration and presence or absence of the analyte in the sample. A ligand that may be used for the control
line is termed "reporter molecule" herein. Examples of a reporter molecule that is used in the present invention include
anti-rabbit IgG, anti-chicken IgY, streptavidin, etc. The sizes and positions of the test line and the control line can be
suitably selected depending on the antigen-antibody reaction used and the like. Whether the sample migrated can be
determined based on the presence or absence of a signal emitted from the control line, and the quantitative analysis of
the analyte can be performed by comparing the intensity of the signal of the test line with the intensity of the signal of
the control line.
[0036] Immunoassays can be largely classified, according to principle, into two categories: a sandwich assay and a
competitive or inhibition assay. In the case of the sandwich assay, the first ligand of the conjugate first immunologically
reacts with an analyte in a sample to form an immune complex. The immune complex is moved along the immunochro-
matographic strip by a mobile phase and immune-specifically binds to and is captured by the test line having immobilized
thereon a third ligand that binds specifically to the analyte. On the other hand, in the case of the competitive or inhibition
assay, a third ligand that binds specifically to the first ligand of the conjugate is immobilized on the test line of the porous
membrane. The third ligand may be the same substance as an analyte in a sample, or an analogue thereof, but any
substance may be used as the third ligand without limitation, as long as it can bind to the first ligand competitively with
the analyte. Because the intensity of a signal generated from the label of the conjugate captured by the test line through
an immune reaction is proportional or inversely proportional to the concentration of the analyte in the sample, the presence
or absence of the analyte can be qualitatively analyzed based on whether the signal is positive or negative, and the
analyte can be quantitatively analyzed by comparing the intensity of the signal with the standard colorimetric system or
the internal control.
[0037] In still another aspect, the present invention provides a method for qualitatively or quantitatively analyzing an
analyte in a sample using the above immunoassay kit, the method comprising: simultaneously or sequentially adding a
buffer and a sample to a conjugate structure and simultaneously or sequentially performing the dissolution of the conjugate
structure and a reaction between the conjugate and the sample; loading a material resulting from the preceding step
onto an immunochromatographic strip and allowing the loaded material to migrate along the strip; and determining the
presence or absence and intensity of a signal generated from a first label on a test line.
[0038] The principle in which an analyte in a sample is qualitatively and/or quantitatively analyzed using the immu-
noassay kit of the present invention is as described above.
[0039] The immunoassay method of the present invention can be performed in the following manner. First, the conjugate
structure is dissolved in a buffer, after which a sample is added to and uniformly mixed with the solution, and the mixture
is allowed to react for a predetermined time. Alternatively, a buffer and a sample may be simultaneously added to the
conjugate structure so that the conjugate structure is dissolved and, at the same time, can react with an analyte in the
sample. Preferably, the conjugate structure is completely dissolved in a buffer to form a uniform dispersion of the
conjugate molecules, and a sample is added to the dispersion so as to immunologically react with an analyte in the
sample. However, the order in which the conjugate structure, buffer and the sample are mixed or reacted with each
other is not limited, as long as the conjugate structure can be completely dissolved so that the conjugate molecules can
be dissolved uniformly in the solution and react sufficiently with the sample to form an immune complex. Then, the
solution containing the immune complex resulting from the dissolution and immune reaction step are loaded on the
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immunochromatographic strip and allowed to migrate along the strip, after which the qualitative or quantitative analysis
of an analyte in the sample can be performed by determining the presence or absence and intensity of a signal generated
from the first label on the test line.
[0040] As the solution containing the analyte that migrates along the porous membrane of the strip becomes more
uniform, the migration speed of the mobile phase and the antigen-antibody reaction time become more constant, and
thus the accuracy of sample analysis can be increased. Thus, the assay method of the present invention, which comprises
mixing a sample with a uniform solution of the conjugate in a buffer, allowing the mixture to react sufficiently, loading
the reaction mixture on the immunochromatographic strip and allowing the loaded mixture to migrate along the strip, is
suitable for increasing the accuracy of analysis.
[0041] In an Example of the present invention, the assay method of the present invention and a conventional assay
method employing an immunoassay strip further comprising a conjugate pad having a conjugate adsorbed thereon were
performed, and the results of the assay methods were compared with each other. As a result, it was shown that more
highly reproducible results could be obtained in the analysis of glycated hemoglobin using the method of the present
invention (Table 1). Further, it was shown that the glycated hemoglobin concentration and the measured intensity of a
signal in quantitative analysis were highly linearly correlated with each other (FIG. 6).
[0042] Examples of the sample that is used in the immunoassay of the present invention include all biological samples,
including whole blood, blood cells, serum, plasma, bone marrow, sweat, urine, tears, saliva, skin, mucosa and hair,
which are isolated from mammals, preferably humans. For example, the sample may be blood. The blood sample may
be blood cell-free serum or plasma. When whole blood is used, a buffer containing a component capable of lysing blood
cells may be used.
[0043] The immunoassay method of the present invention is useful for the analysis of blood glucose levels and the
diagnosis of diseases using whole blood as a sample. Examples of the diseases include malaria antigen (Ag), AIDS,
hepatitis C, hepatitis B, syphilis, gastric ulcer-causing microorganisms, cancer markers (AFP, PSA, CEA), tuberculosis,
SAS, dengue fever, and leprosy. Preferably, the analyte may be glycated hemoglobin, but is not limited thereto.
[0044] According to a specific embodiment of the present invention, the concentration of glycated hemoglobin in blood
can be measured by using blood as a sample, immobilizing anti-glycated hemoglobin antibody as the second ligand on
the test line, and measuring the intensity of a signal generated from the label of the conjugate captured by the test line.
For example, the measurement can be performed using a spectrophotometer as a sensor, but the detection method is
not limited thereto. The concentration of glycated hemoglobin is generally expressed as the percentage of the glycated
hemoglobin concentration relative to the total hemoglobin concentration. The percentage of the glycated hemoglobin
concentration (HbA1c) relative to the total hemoglobin concentration (TotalHb) can be calculated using the following
equation. When the percentage of the glycated hemoglobin concentration is 3-6.5%, the sample is judged to be normal,
and when the percentage is 6.5-20%, the sample is diagnosed as diabetes. 

[0045] In order to measure the concentrations of hemoglobin and glycated hemoglobin in human red blood cells, a
step of lysing red blood cells is required. Like the conventional analysis of glycated hemoglobin, the assay method of
the present invention may comprise a pretreatment step of lysing red blood cells. The lysis of red blood cells can be
performed simultaneously with the conjugate-sample reaction by adding a blood cell lysis buffer to a liquid buffer that is
used in the sample pretreatment step. Thus, the kit of the present invention is highly useful as a point-of-care testing kit.
[0046] Hereinafter, the present invention will be described in detail with reference to the accompanying drawings.
[0047] FIG. 3 is an exploded perspective view of an immunoassay device according to an embodiment of the present
invention; FIG. 4 is a photograph of a freeze-dried conjugate according to the present invention; and FIG. 5 sequentially
shows the steps of an immunoassay method according to the present invention. As shown in FIGS. 3 and 5, the
immunoassay device according to the present invention comprises: at least one membrane strip comprising a porous
membrane having formed thereon a test line which has immobilized thereon a binding agent (antigen, antibody or ligand)
that binds to a detectable analyte in a sample and/or a conjugate by an immune specific reaction, that is, an antigen-
antibody reaction, in order to qualitatively or quantitatively analyze the analyte by an immunochromatographic assay;
an upper case covering the upper part of the membrane strip and having a sample introduction port and an observation
window; a lower case covering the lower part of the membrane strip and having a sample reservoir; and a sample
pretreatment device (FIG. 5) which contains a freeze-dried conjugate comprising the conjugate and serves to mix the
sample, a liquid buffer and the conjugate with each other and introduce the mixture into the sample reservoir. Alternatively,
the immunoassay device may consist only of the membrane strip and the sample pretreatment device.
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[Advantageous Effects]

[0048] Because a sample is subjected to immunochromatography after reacting uniformly with a freeze-dried conjugate
structure separately prepared according to the present invention externally, quantitative analysis can be performed with
high reproducibility and linearity depending on a concentration compared to a conventional assay method which is
performed using an immunochromatographic strip comprising a conjugate pad prepared by adsorbing a conjugate.
[0049] In addition, the freeze-dried conjugate structure of the present invention can be provided in a state in which it
is received in a chamber additionally comprising a cap. Thus, it can be stored without contamination and is easy to carry.
In addition, the freeze-dried conjugate structure can be rapidly and uniformly dissolved so that it is immediately allowed
to react with a mixture of a buffer and a sample and the reaction product can be analyzed by an immunoassay kit. Thus,
it is suitable for use in point-of-care testing.

[Description of Drawings]

[0050]

FIG. 1 is a cross-sectional view of an assay strip which is used in a conventional immunochromatographic assay.
FIG. 2 is an exploded perspective view of a conventional immunoassay device.
FIG. 3 is an exploded perspective view of an immunoassay device according to an embodiment of the present
invention.
FIG. 4 shows the shape of a freeze-dried conjugate bead according to an embodiment of the present invention.
FIG. 5 shows a perspective view of a sample pretreatment device and an immunoassay method according to an
embodiment of the present invention. Specifically, FIG. 5(A) shows a sample pretreatment device, which is a chamber
equipped with a cap and containing a freeze-dried conjugate bead. FIG. 5(B) shows an immunoassay method
employing the sample pretreatment device.
FIG. 6 shows a comparison of the results of quantitative analysis of glycated hemoglobin, performed using immu-
noassay devices according to the Example of the present invention and the Comparative Example. The diamonds
indicate the measurement values obtained by the immunoassay device according to the Example of the present
invention, and the squares indicate the measurement values obtained by a conventional immunoassay device
according to the Comparative Example.
Fig. 7 shows changes of measured values for glycated hemoglobin depending on a volume of a freeze-dried conjugate
bead according to an embodiment of the present invention.

[Mode for Invention]

[0051] Hereinafter, the present invention will be described in further detail with reference to examples. It is to be
understood, however, that these examples are for illustrative purposes only and are not intended to limit the scope of
the present invention.

Example 1: Analysis of glycated hemoglobin using freeze-dried conjugate bead

A. Preparation of antibody-immobilized nitrocellulose pad

[0052] A monoclonal antibody to glycated hemoglobin was diluted in 0.1 M phosphate buffered solution (PBS) at a
concentration of 1 mg/ml, and then sprayed onto the test line position of a nitrocellulose pad (width: 25 mm; pore size:
10-12 mm) using a dispenser. Meanwhile, anti-rabbit immunoglobulin G antibody obtained by inoculating rabbit immu-
noglobulin G into a mouse was diluted in 0.1 M PBS at a concentration of 1 mg/ml, sprayed onto the control line position
of the nitrocellulose pad and dried in an incubator at 37°C so as to be immobilized. On the portion excluding the antibody-
immobilized portion of the nitrocellulose pad, a PBS containing 0.05 wt% bovine serum albumin, 4 wt% sucrose and
0.0625 wt% ionic surfactant was sprayed to block and dried in an incubator at 30°C for 60-120 minutes. The resulting
nitrocellulose pad was attached to a polypropylene backing plate having an adhesive applied thereon, and then an
absorbent pad (Millipore, USA) was attached onto the nitrocellulose pad so that it overlapped by 1 mm.

B. Preparation of freeze-dried conjugate beads comprising antibody-latex conjugate

[0053] A conjugate solution was prepared in the following manner. First, each of anti-glycated hemoglobin monoclonal
antibody and rabbit immunoglobulin G was added at various concentrations to 1 ml of an aqueous solution of latex in
0.1 M MES (2-(N-morpholino)ethanesulfonic acid) buffer (pH 6.0), and then allowed to react in an incubator at 37°C for
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1 hour. Each of the resulting conjugate solutions was centrifuged once at 12,000 rpm, and the supernatant was removed,
thus removing unreacted antibody. To the remaining material, a buffer containing 1wt% bovine serum albumin was
added and allowed to react for 24 hours, so that the unreacted latex surface was blocked with the bovine serum albumin.
The buffer used was 0.1 M PBS containing, in addition to 1 wt% bovine serum albumin, 0.5 wt% sucrose, 1 wt% PEG
(polyethylene glycol), 1 wt% PVA (polyvinyl alcohol) and the like.
[0054] The resulting conjugate-containing solution was added dropwise to liquid nitrogen using a dispenser in the form
of a drop having a volume of 20 ml so that it was rapidly frozen. This rapid freezing process was repeated to obtain
conjugate beads which were then freeze-dried in a freeze dryer for 20 hours.

C. Manufacture of immunoassay device

[0055] The strip prepared in step A was mounted in a lower case, and then covered with an upper cover, thereby
manufacturing an immunoassay strip device (FIG. 3) according to an embodiment of the present invention. Each of the
freeze-dried conjugate beads (FIG. 4) prepared in step B was placed in a pretreatment device (FIG. 5) which was then
covered with a cap. The manufactured immunoassay strip device and the pretreatment device were dehumidified, sealed,
packaged in single pouches and stored.

Comparative Example 1: Preparation of conventional assay strip comprising conjugate pad

A. Preparation of antibody-immobilized nitrocellulose pad

[0056] An antibody-immobilized nitrocellulose pad was prepared in the same manner as described in step A of Example
1.

B. Preparation of antibody-latex conjugate pad

[0057] An antibody-latex conjugate solution was prepared in the same manner as described in step B of Example 1.
The prepared conjugate solution was applied to the glass fiber pad shown in FIG. 1 at a density of 10 ml/25 mm2 using
a dispenser. The pad having the antibody-latex conjugate applied thereto was frozen rapidly with liquid nitrogen, and
then dried in a freeze dryer for 20 hours, and the dried pad was cut to a size of 7 mm330 mm.
[0058] The resulting conjugate pad was attached to a polypropylene backing plate having an adhesive applied thereon
so that 1 mm of the conjugate pad overlapped the lower side of the nitrocellulose pad attached to the backing plate.

C. Manufacture of immunoassay device

[0059] Pads, including the nitrocellulose pad and conjugate pad prepared in steps A and B of Comparative Example
1, were arranged as shown in FIG. 1 so that they overlapped each other. The arrangement was mounted in a lower
case and covered with an upper case, thereby manufacturing an immunoassay strip device (FIG. 2) according to the
Comparative Example. The manufactured immunoassay strip device was dehumidified, sealed, packaged in a single
pouch and stored.

Test Example 1: Comparison of measurement performance for glycated hemoglobin between assay strips em-
ploying conjugate pad and freeze-dried conjugate bead, respectively

[0060] In order to compare performance between the assay strips prepared in Example 1 and Comparative Example
1, the level of glycated hemoglobin in 10 blood samples was measured 10 times for each sample using each assay strip.
Also, the level of glycated hemoglobin in each of the 10 blood samples used in the above measurement was measured
using an automated testing system (Variant II Turbo; Bio-Rad Laboratories, Hervules, CA, USA) and compared with the
measurement results obtained using the assay strips prepared in Examples 1 and Comparative Example 1. The meas-
urement results obtained using the prepared assay strips were expressed as numerical values using a spectrophotometer
capable of measuring the intensity of light in the specific regions of the membrane, including the test line and the control
line. From the numerical values measured in the test line and the control line by the spectrophotometer, the glycated
hemoglobin level (HbA1c %) was calculated. The results of the calculation are shown in Table 1 below.
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[0061] As can be seen in Table 1 above, the measurement values obtained using the assay strip prepared in Example
1 had high reproducibility (low coefficient of variation; CV%) compared to the measurement values obtained using the
assay strip prepared in Comparative Example 1. In addition, when the measurement values were compared with the
measurement values obtained by the automated testing system, it could be seen that the measurement values obtained
using the assay strip of Example 1 had a low variation compared to the measurement values obtained using the assay
strip of Comparative Example 1. In other words, it was shown that the use of the method for measuring glycated
hemoglobin using the assay strip of the present invention showed high accuracy and reproducibility compared to the
use of the conventional method.

Test Example 2: Comparison of the ability to quantitatively analyzing glycated hemoglobin between immu-
noassay devices employing conjugate pad and freeze-dried conjugate bead, respectively

[0062] In order to compare the ability to quantitative analysis between the immunoassay devices manufactured in
Example 1 and Comparative Example 1, 12 blood samples containing various concentrations of glycated hemoglobin
were analyzed. In addition, the level of glycated hemoglobin in each of the 12 samples used in the above analysis was
measured using an automated testing system (Variant II; Bio-Rad Laboratories, Inc) as described in Test Example 1,
and its relationship with the glycated hemoglobin concentration was analyzed. The results of the analysis are shown in
FIG. 6. In FIG. 6, the diamonds indicate the signal values (intensities) measured by the immunoassay device manufactured
in Example 1 of the present invention, and the squares indicate the signal values (intensities) measured by the immu-
noassay device manufactured in Comparative Example 1. As can be seen in FIG. 6, the measurement values obtained
by the immunoassay device of the present invention were proportional to the concentration of glycated hemoglobin and
had high linearity over a wide concentration range including a range in which diabetes can be diagnosed (R2=0.996).
On the other hand, the measurement values obtained by the immunoassay device of Comparative Example 1, similar
to a conventional immunoassay device, showed a tendency to be generally proportional to the concentration of glycated
hemoglobin, but had low linearity (R2=0.919), and particularly showed an unreliable low linearity for the samples containing
glycated hemoglobin at a concentration of 5-8%, which includes 6.5%, a standard for diagnosing diabetes (R2=0.747;
data not shown). The glycated hemoglobin concentrations and measurement values for the samples used in the con-
centration dependence test are summarized in Table 2 below.

Table 1: Comparison of performance for measurement of glycated hemoglobin

Sample No. Automated testing system Example Comparative Example

Average of measurements Average of measurements CV% Average of measurements CV%

Sample 1 5.6% 5.4% 2.3 5.2% 9.7

Sample 2 6.5% 6.6% 3.1 5.6% 9.5

Sample 3 7.4% 7.2% 3.4 6.5% 7.6

Sample 4 7.9% 8.0% 2.5 8.3% 5.0

Sample 5 8.7% 8.8% 3.8 8.5% 5.5

Sample 6 9.5% 9.3% 2.6 9.7% 3.0

Sample 7 5.4% 5.4% 2.9 5.8% 4.8

Sample 8 6.1% 6.1% 2.6 6.7% 2.4

Sample 9 7.2% 7.1% 3.2 7.6% 5.1

Sample 10 7.9% 8.1% 3.2 7.6% 5.9

Table 2: Comparison of the ability to quantitatively analyze glycated hemoglobin

Sample No. HbA1c A (♦) B (j)

Sample 1 5.1% 0.85709 0.74213

Sample 2 5.4% 0.87160 0.77635

Sample 3 6.6% 0.93709 0.78221

Sample 4 6.7% 0.93586 0.79454
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Test Example 3: Change in glycated hemoglobin measurement value depending on the volume of the drop of 
a freeze-dried conjugate

[0063] In order to confirm that in the preparation of a freeze-dried conjugate structure uniformity in the volume of drops
is closely related to quantitative analysis ability, six different freeze-dried conjugate structures, each being made with
drops having a uniform volume of 5 ml, 10 ml, 15 ml, 20 ml, 25 ml, or 30 ml, were prepared and the quantitative analysis
of glycated hemoglobin was performed. Five samples having different glycated hemoglobin concentrations were in turn
applied to the six different freeze-dried conjugate structures, and then the levels of glycated hemoglobin were measured.
Table 3 below shows the glycated hemoglobin values of the samples and the measured values from the respective
freeze-dried conjugate structures applied thereto. Also, the resulting plot is shown in Fig. 7.

[0064] As can be seen in Table 3 and Fig. 7, in a freeze-dried conjugate structure made with drops having a uniform
volume, there was a high degree of linear correlation between the glycated hemoglobin concentration and the glycated
hemoglobin values. It was also confirmed through the test that in samples at the same concentration level, the glycated
hemoglobin values slightly increases as the volume of the drops of the freeze-dried conjugate increases. The results
show that the use of a freeze-dried conjugate structure made with drops having a uniform volume between 5-30 ml helps
enhance the accuracy and reproducibility of the quantitative analysis of an immunoassay kit, thereby allowing more
accurate qualitative and quantitative assays.
[0065] Meanwhile, it was also found that in a freeze-dried conjugate structure made with drops having different volumes,
the intensity of the signal may be affected not only by the concentration of glycated hemoglobin in samples, but even
by the volume of the drops of the freeze-dried conjugate. For example, a sample having a glycated hemoglobin con-
centration of 11.4% showed a glycated hemoglobin value of 1.1231 when a freeze-dried conjugate structure having a
volume of 15 ml was employed, and the same glycated hemoglobin value (1.1231) was obtained in a sample having a
glycated hemoglobin concentration of 9.5% employing a freeze-dried conjugate structure having a volume of 30 ml. This

(continued)

Sample No. HbA1c A (♦) B (j)

Sample 5 7.1% 0.96748 0.80414

Sample 6 8.0% 1.01602 0.93555

Sample 7 9.5% 1.09534 0.99538

Sample 8 11.1% 1.18901 1.02154

Sample 9 11.0% 1.18645 1.00212

Sample 10 5.6% 0.89845 0.75455

Sample 11 6.1% 0.91795 0.80114

Sample 12 6.8% 0.96111 0.85412

A: immunoassay device (Example 1) of the present invention; B: conventional immunoassay device (Comparative
Example 1).
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suggests that if a freeze-dried conjugate structure is made with drops having different volumes, the accuracy of sample
analysis cannot be guaranteed because it is unclear from what samples measurement values were obtained. This further
suggests that the accuracy and reproducibility of the quantitative analysis may be reduced if a freeze-dried conjugate
structure made with drops having different volumes is employed.

Claims

1. A freeze-dried conjugate structure for immunochromatography, comprising a first conjugate comprising a first label
for signal detection and a first ligand that reacts with an analyte, wherein the first label and the first ligand are
physically or chemically linked to each other, and the conjugate structure is formed by rapidly freezing a dispersion,
in which the first conjugate at a predetermined concentration is dispersed in a solvent, in the form of drops having
a uniform volume, followed by freeze-drying, thereby removing the solvent, wherein the space occupied by the
solvent in the freeze-dried drops forms a porous space by removing the solvent.

2. The freeze-dried conjugate structure of claim 1, wherein the first label is selected from the group consisting of latex
particles, gold particles, colored polystyrene microparticles, enzymes, fluorescent dyes, conductive polymers, and
magnetic particles.

3. The freeze-dried conjugate structure of claim 1, further comprising a second conjugate comprising a second label
for signal detection and a second ligand that reacts with a reporter molecule, in which the second label and the
second ligand are physically or chemically linked to each other, and the second label is the same as or different
from the first label.

4. The freeze-dried conjugate structure of claim 1, wherein the ligand is an antigen, an antibody, a receptor or a ligand
of the receptor.

5. The freeze-dried conjugate structure of claim 1, wherein the rapid freezing is performed by adding the dispersion
dropwisely to a liquid having an evaporation point between - 270 °C and -180 °C.

6. The freeze-dried conjugate structure of claim 5, wherein the liquid is liquid nitrogen or liquid helium.

7. The freeze-dried conjugate structure of claim 1, wherein the rapid freezing is performed by adding the drops having
a uniform volume using a dispenser.

8. The freeze-dried conjugate structure of claim 1, wherein the immunochromatography is for qualitative or quantitative
analysis.

9. The freeze-dried conjugate structure of claim 1, wherein the drop has a volume of 5-30 ml.

10. The freeze-dried conjugate structure of claim 1, wherein the conjugate structure has a porosity of 70-90%.

11. The freeze-dried conjugate structure of claim 1, wherein the conjugate structure is completely dissolved in a buffer
immediately or within 5 seconds.

12. An immunoassay kit comprising the freeze-dried conjugate structure of any one of claims 1 to 11 and an immuno-
chromatographic strip.

13. The immunoassay kit of claim 12, further comprising a buffer for dissolving the freeze-dried conjugate structure.

14. The immunoassay kit of claim 13, wherein the buffer serves as either a solvent for dissolving the conjugate or a
mobile phase for chromatography.

15. The immunoassay kit of claim 13, wherein the buffer functions to dilute a sample or lyse blood cells.

16. The immunoassay kit of claim 12, further comprising a freeze-dried conjugate structure comprising a second con-
jugate comprising a second label for signal detection and a second ligand that reacts with a reporter molecule,
wherein the second label and the second ligand are physically or chemically linked to each other, and the conjugate
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structure is formed by rapidly freezing a dispersion, in which the second conjugate is dispersed in a solvent, in the
form of drops having a uniform volume, followed by freeze-drying, thereby removing the solvent, wherein the space
occupied by the solvent in the freeze-dried drops forms a porous space by removing the solvent.

17. The immunoassay kit of claim 12, wherein the immunochromatographic strip comprises a porous membrane pad,
which has formed thereon a test line for capturing an analyte in a sample, and an absorbent pad which is provided
at one end of the porous membrane pad and serves to provide a driving force for transferring the analyte.

18. The immunoassay kit of claim 17, wherein the immunochromatographic strip further comprises an underlying solid
backing plate.

19. The immunoassay kit of claim 17, wherein the immunochromatographic strip is mounted in a case unit comprising
an upper case and a lower case, in which the lower case comprises a guide and a strip support portion, and the
upper case comprises a sample introduction port and an observation window at a position corresponding to a test line.

20. The immunoassay kit of claim 17, wherein the test line has immobilized thereon a third ligand that binds specifically
to the analyte in the sample.

21. The immunoassay kit of claim 20, wherein the analyte bound to the first label by the first ligand is captured by the
third ligand on the test line, and the presence, amount, or both, of the analyte in the sample is determined by
measuring a signal generated from the first label on the test line.

22. The immunoassay kit of claim 17, wherein the immunochromatographic strip further comprises, before or after the
test line, a control line for determining whether the sample migrated, in which the control line has immobilized thereon
a reporter molecule.

23. A method for qualitatively or quantitatively analyzing an analyte in a sample using the immunoassay kit of claim 12,
the method comprising:

simultaneously or sequentially adding a buffer and a sample to a conjugate structure and simultaneously or
sequentially performing the dissolution of the conjugate structure and a reaction between the conjugate and
the sample;
loading a material resulting from the preceding step onto an immunochromatographic strip and allowing the
loaded material to migrate along the strip; and
determining the presence or absence and intensity of a signal generated from a first label on a test line.

24. The method of claim 23, wherein the sample is whole blood, serum or plasma, and the analyte is glycated hemoglobin.
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摘要(译)

本发明涉及用于免疫层析的冻干缀合物结构，包含冷冻干燥的缀合物结
构和免疫层析条带的免疫测定试剂盒，以及使用免疫测定试剂盒定性或
定量分析样品中的分析物的方法。因为样品在与根据本发明单独制备的
冷冻干燥的缀合物结构外部均匀反应后进行免疫层析，所以可以以高重
复性和线性度进行定量分析，这取决于与使用常规测定方法进行的浓度
相比的浓度。免疫层析条带，其包含通过吸附缀合物制备的缀合物垫。
另外，本发明的冷冻干燥的共轭结构可以在其被容纳在另外包括帽的腔
室中的状态下提供。因此，它可以在没有污染的情况下储存并且易于携
带。另外，冷冻干燥的缀合物结构可以快速和均匀地溶解，以使其立即
与缓冲液和样品的混合物反应，并且可以通过免疫测定试剂盒分析反应
产物。因此，它适用于即时检验。
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