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Description

FIELD OF THE INVENTION

[0001] This invention is in the field of methods and
compositions to reduce interference in migration shift as-
says. The present invention provides, charged polymers
to block sample constituents which interfere with a mi-
gration shift assay, and corresponding methods of using
these polymers to reduce interference. This invention is
also in the field of methods to highly concentrate a sample
in a microfluidic device. The present invention also pro-
vides, e.g., charged carrier molecules and methods using
such molecules to concentrate the sample.

BACKGROUND OF THE INVENTION

[0002] Migration shift assays are useful methods to de-
tect and quantify associations between biomolecules. A
change in the retention time of a molecule in an electro-
phoretic or chromatographic assay, for example, can in-
dicate the presence of a binding molecule. Binding can
be specific, such as in the case of antibody-antigen in-
teractions, or non-specific, such as the ionic attraction of
a positively charged molecule to a negatively charged
polymer. Interference from non-specific interactions of
sample constituents in a migration shift assay should be
minimized to prevent biasing of assay results.
[0003] Migration shift analysis on separation media
can take many forms. For example, a change in retention
time of a free nucleic acid can be observed by size ex-
clusion chromatography (SEC) when it is bound to a pro-
tein. The SEC resin can include pores large enough for
the free nucleic acid to enter, but too small for the nucleic
acid/protein pair to enter. The nucleic acid/protein pair
flows quickly in the volume around the SEC resin while
the free nucleic acid flows more slowly through the total
volume inside and outside of the resin. There is a "shift"
in retention time between the free nucleic acid and the
nucleic acid/protein pair. In addition, the size of a detect-
ed nucleic acid/protein peak can be interpreted to quan-
tify the amount of the protein in me original sample. The
presence of an interfering sample constituent can inval-
idate the results of a shift detection or quantitative assay.
[0004] In another example of migration shift analysis,
free nucleic acid and a nucleic acid/protein pair can be
separated by capillary electrophoresis (CE) through a
separation media of a sieving polymer or gel which re-
stricts the migration of large molecules, but allows freer
flow of small molecules. In CE, an electroosmotic buffer
flow is created by a direct electric current through a cap-
illary tube. When current is applied, positively charged
ions, and their associated solvating water molecules, mi-
grate toward the cathode, creating an electroosmotic
flow. A sample can be transported by this flow through a
sieving polymer separation media in the lumen of a cap-
illary tube to separate sample molecules by size for de-
tection of a migration shift. The larger nucleic acid/protein

pair will be entangled and impeded more than the free
nucleic acid and thus exit the media later. A fluorescence
or absorbance detector, for example, can monitor elution
from the capillary tube to detect timed peaks which can
be plotted on a chart to measure the time difference or
"migration shift" between elution of the free nucleic acid
and the nucleic acid/protein pair.
[0005] Recently, significant progress has been made
in the application of microfluidics-based technologies
which utilize microscale channel devices in various fields,
for example, analysis of DNA, RNA, protein and metab-
olites. Advantages of such microfluidic technologies in-
clude reduction of reagent volume, higher resolution,
shorter operation time, and easier solution handling.
[0006] A problem arises with some complex samples,
such as samples derived from a human body such as
blood or cell lysates, which can contain interfering con-
stituents that bind non-specifically to assay components.
For example, when the specific binding interaction of in-
terest is the binding of a transcription factor to a specific
target DNA sequence, a non-specific binding sample
constituent can interfere with detection of the migration
shift measurement. The interfering constituent can bind
to the target DNA resulting in an insoluble complex that
will not migrate in the separation media. The interfering
constituent can create noisy background or false positive
peaks by binding to the target DNA. In any case, non-
specific binding of the target DNA can reduce the sensi-
tivity and/or accuracy of the migration shift analysis.
[0007] Non-specific binding has been a problem in
studies of DNA binding proteins. This problem was ad-
dressed in Brehm, BBRC 63: 24-31, 1975, where an an-
ion exchange resin (QAE-Sephadex) was used to adsorb
negatively charged blood serum proteins while washing
away positively charged proteins that could non-specifi-
cally bind to the negatively charged DNA molecule. Ad-
sorbed proteins were eluted from the QAE-Sephadex
then applied to DNA-cellulose.
[0008] Proteins that bound to the DNA cellulose were
identified as DNA binding proteins. Although this tech-
nique may have washed away some positively charged
proteins that would have bound non-specifically to the
DNA-cellulose, some of the proteins washed away were
probably unidentified DNA binding proteins.
[0009] Instead of removing all positively charged pro-
teins before a DNA binding assay, polyanion blocking
agents can be added to assay solutions to minimize non-
specific binding. In Carthew, et al., Cell 43: 439-448,
1985, poly dIdC was added to running buffers of a DNA
binding gel electrophoresis migration shift assay to re-
duce the effect of proteins that bind non-specifically to
the DNA. In such a strategy, poly-dIdC can compete with
the target DNA for the non-specific DNA binding mole-
cules, thereby reducing non-specific binding interference
while enhancing the migration shift signal of any specif-
ically bound proteins. Theoretically, DNA binding pro-
teins specific for the target DNA can be detected, even
if they are positively charged, since they can bind strong-
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er to the target DNA, having both electrostatic and spe-
cific binding affinities. Although this blocking technology
provides one way to enhance detection of DNA binding
proteins, it fails to describe methods to enhance detection
of migration shifts resulting from other types of specific
binding interactions.
[0010] Migration shifts can be observed in other inter-
actions of affinity molecules with analytes. Migration
shifts can be observed, for example, when an antibody
binds to an antigen, or when a " polysaccharide binds to
a lectin. However, chromatography or electrophoresis of
these molecules often provides broad and poorly re-
solved peaks due to multiple conformations and unstable
charge density in these molecules. The diversity of pos-
sible affinity molecule/analyte pairs can also require de-
velopment of a special migration shift assay for each pair.
These problems can be avoided if the affinity molecule
is linked to a carrier polymer that is highly resolved in
assays under a standard set of conditions. An example
of technology using a carrier/affinity molecule conjugate
is described, e.g., in WO 02/082083. Although use of
uniform carrier molecules for affinity molecules in migra-
tion shift analyses can improve resolution, a problem re-
mains with interference due to non-specific binding.
[0011] A need therefore remains for methods to block
the interference in migration shift assays, particularly in
assays utilizing affinity molecule carriers. Migration shift
assays of crude or complex samples can benefit from
compositions, methods and apparatus that can block in-
terference due to non-specific binding interactions with
the migrating molecules. The present invention provides
these and other features that will become apparent upon
review of the following.
[0012] As mentioned above, migration shift assays
provide very efficient separation and detection of the tar-
get analyte molecule (also referred to herein as the "an-
alyte of interest"). Moreover, the use of such migration
shift assays in combination with microfluidic devices in-
creases the efficacy of the assay. In order to increase
the sensitivity of migration shift assays which use micro-
fluidic devices, various methods for concentrating an an-
alyte of interest in a sample before applying the sample
to a separation region of the device where the migration
shift assay occurs, can be employed including, for exam-
ple, (i) Field Amplification Sample Stacking (FASS), a
method for concentrating the sample which utilizes the
difference of electrical conductivities of a concentration
domain and a separation domain (e.g., US Patent No: 6
695 009 for "Microfluidic Methods, Devices and Systems
for In Situ Material Concentration", Weiss, D.J., Saun-
ders, K., Lunte, C.E. Electrophoresis 2001, 22, 59-65;
Britz-McKibbin, P., Bebault, G.M., Chen, D.D.Y. Anal
Chem. 2000, 72, 1729-1735, Ross, D., Locascio, L.E.
Anal Chem. 2002, 71, 5137-5145), (ii) Field Amplification
Sample Injection (FASI), a method for concentrating the
sample by inserting a minute plug of water between the
concentration domain and the separation domain in the
FASS (e.g., "Field amplified sample injection in high-per-

formance capillary electrophoresis", Chien, R.L et al. J.
Chromatogr. 1991, 559, 141-148), (iii) Isotachophoresis
(TTP), a method for concentrating the sample which uti-
lizes the difference of mobilities of ions in the domain
sandwiched between a leading electrolyte solution and
a trailing electrolyte solution (e.g., Everaerts; F.M.,
Geurts, M. Mikkers, F.E.P., Verheggen, T.P.E.M J Chro-
matagr. 1976, 119, 129-155; Mikkers, F.E.P., Everaerts,
F.M., Peek, J.A.F. J. Chromatogr. 1979, 168, 293-315;
and Mikkers, F.E.P., Everaerts, F.M., Peek, J.A.F. J.
Chromatogr. 1979, 168, 317-332, Hirokawa, T, Okamo-
to, H. Ikuta, N., and Gas, B., "Optimization of Operational
Modes for Transient Isotachophoresis Preconcentration-
CZE," Analytical Sciences 2001, Vol. 17 Supplement
il85), (iv) Isoelectric Focusing (IF), a concentration/sep-
aration method which utilizes the difference of isoelectric
points between the substances (e.g., "High performance
isoelectric focusing using capillary electrophoresis in-
strumentation", Wehr T, et al. Am. Biotechnol. Lab. 1990,
8, 22, "Fast sand high-resolution analysis of human se-
rum transferring by high-performance isoelectric focus-
ing in capillaries", Kilar F. et al., Electrophoresis 1989,
10, 23-29), and (v) Solid Phase Extraction (SPE), a con-
centration separation method which utilizes a specific in-
teraction between a solid phase (e.g., a solid phase with
a bound adsorbent such as a receptor) and an analyte
to adsorb the analyte to the solid phase (e.g., "Microchip-
based purification of DNA from Biological Samples",
Breadmore M. et al. Anal. Chem. 2003, 75, 1880-1886).
[0013] US 6403338 discloses a microfluidic system for
biochemical analysis such as DNA fingerprinting, purifi-
cation of nucleic acid and genotyping.
[0014] US 6537433 discloses a method for concen-
trating a polar analyte in an alternating electric field by
causing a relative translation of the polar analyte and the
electric field.
[0015] CA 2443320 describes an electrophoretic
method of separating a substance which employs a con-
jugate of an affinity molecule capable of binding the sub-
stance linked to a nucleic acid molecule.
[0016] However, when the analyte is concentrated by
using the above-mentioned However, when the analyte
is concentrated by using the above-mentioned conven-
tional methods, unnecessary constituents (e.g., so-
called "noise constituents" which interfere with the de-
tection of the analyte) are often concentrated simultane-
ously with the analyte. As a result, when the sample con-
centrated by a conventional method is used as the sam-
ple for separation and detection, the detection sensitivity
may be limited due to the increased background and
noise levels. Furthermore, the conventional concentra-
tion methods which utilize electrophoresis such as FASS;
ITP and IF cannot efficiently and highly concentrate an
analyte having a very large molecular weight or relatively
low electrical charges
[0017] That is, in the above-mentioned concentration
methods, when the analyte is assumed to be spherical,
the mobility of the substance is shown by the following
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formula: 

wherein Pe is the electrophoretic mobility of a particular
ion, q is the electrical charge of the ion, is the viscosity
of a solution and is a radius of the ion. As is clear from
the above-mentioned formula, when the analyte has a
very large molecular weight and/or a small electrical
charge, the electrophoretic mobility (Pe) of the analyte is
reduced because r in the formula becomes large and/or
q in the formula becomes small. Accordingly, when using
such conventional concentration methods, it is difficult to
highly concentrate an analyte which has a very large mo-
lecular weight and/or a small electrical charge in a short
time. Additionally, in the conventional concentration
methods, in order to concentrate the analyte in the sam-
ple, optimization of the reaction condition is often difficult,
particularly when the analyte coexists in a complex sam-
ple with various unnecessary interfering constituents
(e.g., noise constituents) other than the analyte which
tend to get concentrated along with the analyte. This is
especially true in the case of serum samples used in the
clinical diagnostics field, which samples contain a variety
of substances to be measured with wide varieties of mo-
lecular weight and electrical charge distributions. As
mentioned above the development of a method to con-
centrate the analyte efficiently and highly to detect the
analyte with high sensitivity and without increasing the
[0018] background and noise levels, especially in con-
nection with the use of microfluidic devices, would be
advantageous. The present invention provides such
methods and other features that will become apparent
upon review of the following.

BRIEF SUMMARY OF THE INVENTION

[0019] The present invention provides methods e.g.,
to reduce sample constituent interference with separa-
tion of, e.g., a complex of an analyte and an affinity mol-
ecule from any free (e.g., unbound) affinity molecule, par-
ticularly separation of a complex of an analyte and a con-
jugate of an affinity molecule from any free (e.g., un-
bound) conjugate, which makes it possible to sensitively
and specifically detect or identify the analyte of interest
in a sample.
[0020] In one embodiment, the present invention pro-
vides a method of detecting or identifying an analyte of
interest in a sample, the method comprising:

(i) contacting the sample containing the analyte with
one or more conjugates of an affinity molecule and
a charged carrier molecule, wherein the affinity mol-
ecule is capable of binding to the analyte thereby to
form a complex of the analyte and the one or more
conjugates;

(ii) separating the complex and any unbound conju-
gate in the presence of a charged polymer using a
separation channel in a microfluidic device compris-
ing at least one separation channel having at least
one microscale dimension of between about 0.1 and
500 Pm; and
(iii) detecting the complex to identify the presence of
the analyte or to determine an amount of the analyte
in the sample, wherein the charged carrier molecule
is capable of causing a change in a migration time
of the analyte by binding to form a complex of the
analyte, the affinity molecule and the charged carrier
molecule; and

wherein the charged polymer has the same charge as
the charged carrier molecule so that the charged polymer
interferes with the binding of sample components having
an opposite charge to the charged carrier molecule.
[0021] In one embodiment of the invention, at least one
affinity molecule is labeled with a detectable marker such
as a fluorescent dye, a luminescent dye, a phosphores-
cent dye, a fluorescent protein, a luminescent protein or
particle, a radioactive tracer, a chemiluminescent com-
pound, a redox mediator, an electrogenic compound, an
enzyme, a colloidal gold particle, or a silver particle. Al-
ternatively, where the affinity molecule forms a conjugate
with a charged carrier molecule, at least one of the affinity
molecule and the charged carrier molecule forming the
conjugate is generally labeled by a detectable marker.
[0022] In some embodiments of the method, at least
one of the one or more conjugates is labeled by a detect-
able marker to form a complex containing the analyte
and the conjugate labeled by the detectable marker; and
step (ii) comprises separating the complex from unbound
labeled conjugate in a separation channel of a microflu-
idic device in the presence of a charged polymer;
step (iii) comprises:

(a) measuring an amount of the separated complex
or detecting a presence of the separated complex;
and
(b) determining an amount of the analyte in the sam-
ple on the basis of the measured amount in step (a)
or identifying a presence of the analyte in the sample
on the basis of the detected presence in step (a); and

wherein the affinity molecule in the conjugate is capable
of binding to the analyte and, when two or more conju-
gates are used, each affinity molecule in the conjugate
is capable of binding to the analyte at a different site from
the other affinity molecules.
[0023] In other embodiments of the method:

step (i) comprises contacting the sample containing
the analyte with one or more affinity molecules and
one or more conjugates of an affinity molecule and
a charged carrier molecule, wherein at least one of
the affinity molecules or at least one of the conju-
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gates is labeled by a detectable marker, to form a
complex containing the analyte and the affinity mol-
ecule or the conjugate;
step (ii) comprises separating the complex from un-
bound labeled affinity molecule or unbound labeled
conjugate in a separation channel of a microfluidic
device in the presence of a charged polymer;
step (iii) comprises:

(a) measuring an amount of the separated com-
plex or detecting a presence of the separated
complex; and
(b) determining an amount of the analyte in the
sample on the basis of the measured amount in
step (a) or identifying a presence of the analyte
in the sample on the basis of the detected pres-
ence in step (a); and

wherein the affinity molecule and the affinity molecule in
the conj ugate are capable of binding to the analyte, and
each affinity molecule is capable binding to the analyte
at a different site from other affinity molecules. In a further
embodiment, the present invention provides a method
for determining an analyte in a sample which comprises:

(i) contacting the sample containing the analyte with
(a) analyte labeled with a detectable marker or an
analogue of the analyte labeled with a detectable
marker and (b) one or more conjugates of an Affinity
molecule and a charged carrier molecule wherein
the affinity molecule is capable of binding to the an-
alyte or analyte analogue thereby to form a first com-
plex of the analyte in the sample and the conjugate
and a second complex of the labeled analyte or the
labeled analogue and the conjugate;
(ii) separating the first and second complexes from
any free labeled analyte or free labeled analogue
which is not involved in forming the second complex
in a separation channel of a microfluidic device in
the presence of a charged polymer;
(iii) measuring an amount of the separated second
complex; and
(iv) determining an amount of the analyte in the sam-
ple on the basis of the measured amount in step (iii);

wherein when two or more conjugates are used, each
affinity molecule in the conjugate is capable of binding
to the analyte in the sample and the labeled analyte or
labeled analogue at a different site from other affinity mol-
ecules; and
the charged carrier molecule is capable of causing a
change in a migration time of the labeled analyte or the
labeled analogue by binding to form a complex of the
labeled analyte or the labeled analogue, the affinity mol-
ecule and the charged carrier molecule; and
wherein the charged polymer has the same charge as
the charged carrier molecule so that the charged polymer
interferes with the binding of sample components having

an opposite charge to the charged carrier molecule.
[0024] In a further embodiment, the present invention
provides a method for determining an analyte in a sample
which comprises:

(i) contacting the sample containing the analyte with
(a) analyte bound to a charged carrier molecule or
an analogue of the analyte bound to a charged carrier
molecule and (b) one or more affinity molecules la-
beled by a detectable marker, wherein the affinity
molecule is capable of binding to the analyte or an-
alyte analogue thereby to form a first complex of the
analyte bound to the charged carrier molecule or the
analogue bound to a charged carrier molecule and
the labeled affinity molecule and a second complex
of the analyte in the sample and the labeled affinity
molecule;
(ii) separating the first complex from any second
complex in a separation channel of a microfluidic de-
vice in the presence of a charged polymer;
(iii) measuring an amount of the separated first com-
plex or an amount of the second complex;
(iv) determining an amount of the analyte in the sam-
ple on the basis of the measured amount in step (iii);
and

wherein, when two or more affinity molecules are used,
each affinity molecule is capable of binding to the analyte
in the sample and the analyte or analyte analogue bound
to the charged carrier molecule at a different site from
other affinity molecules and
wherein the charged carrier molecule is capable of caus-
ing a change in a migration time of the first complex by
binding to the analyte or the analogue to form a complex
of the analyte, the affinity molecule and the charged car-
rier molecule; and
wherein the charged polymer has the same charge as
the charged carrier molecule so that the charged polymer
interferes with the binding of sample components having
an opposite charge to the charged carrier molecule.
[0025] In a further embodiment, the present invention
provides a method of concentrating an analyte of interest
in a sample, comprising:

(i) contacting the sample containing the analyte with
one or more of a conjugates of an affinity molecule
and a charged carrier molecule to form a complex
of the analyte and the conjugate; and
(ii) concentrating the complex by using a concentra-
tion channel in a microfluidic device comprising at
least one concentration channel having at least one
macroscale dimension of between about 0.1 and 500
Pm in the presence of a charged polymer;
wherein the charged carrier molecule causes a
change in a migration property of the analyte by bind-
ing to form a complex of the analyte, the affinity mol-
ecule and the charged carrier molecule; and
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wherein the charged polymer has the same charge as
the charged carrier molecule so that the charged polymer
interferes with the binding of sample components having
an opposite charge to the charged carrier molecule.

BRIEF DESCRIPTION OF THE DRAWINGS ’

[0026]

Figure 1A shows a migration shift chart of an assay
without interfering sample constituents; Figure 1B
shows the assay with added sample interfering con-
stituents; and Figure 1C shows reduction of interfer-
ence by addition of a charged polymer.
Figure 2 is a schematic diagram of a microfluidic de-
vice for running a migration shift assay as used in
the Examples.
Figures 3A-K are schematic illustrations of various
immunoassay formats that can be used to detect an
analyte of interest in a sample using the methods of
the present invention.
Figure 4 shows a migration shift chart of an alpha-
feto protein assay with no charged polymer (e.g.,
heparin sulfate) in the sample or separation media
(e.g., gel) obtained in Example 1.
Figure 5A shows a migration shift chart of an alpha-
feto protein assay with 0.05% heparin in the sample
and 0.1 % heparin in the separation media; Figure
5B is an exploded view of a portion of the chart of
Figure 5A obtained in Example 1.
Figure 6A shows a migration shift chart of an alpha-
feto protein assay with 0.05% heparin in the sample
and 1% heparin in the separation media; Figure 6B
is an exploded view of a portion of the chart of Figure
6A obtained in Example 1.
Figure 7A shows a migration shift chart of an alpha-
feto protein assay with 5% serum and with and with-
out 0.01 % Poly dI-dC; Figure 7B is an exploded view
of a portion of the chart of Figure 7A obtained in
Example 2.
Figure 8 is a schematic diagram of an isotachophore-
sis microfluidic system.
Figure 9 is a schematic diagram of transient ITP con-
centrating an analyte at an interface with a leading
electrolyte.
Figure 10 is a schematic diagram of transient ITP
separation of analytes of interest and steady state
ITP juxtaposition of the analytes.
Figure 11 is a schematic diagram of selective remov-
al of sample constituents during ITP.
Figure 12A shows a migration shift chart of CA19-9
concentration using a sample of labeled anti-CA19-9
antibody (no. CA19-9) or a sample of a mixture of
the labeled anti-CA19-9 antibody and CA19-9 ob-
tained in Example 3; Figure 12B shows a migration
shift chart of CA19-9 concentration using a mixture
of labeled anti-CA19-9 antibody, DNA-labeled anti-
CA19-9 antibody and various concentrations of A

CA19-9 (0, 10 or 100 U/mL) obtained in Example 3.

DETAILED DESCRIPTION

I. Migration Shift Assay

[0027] The present invention can be applied to, e.g.,
so-called migration shift assays. Migration shift assays
are performed for the purpose of separating and analyz-
ing an analyte of interest and a substance having an af-
finity against the analyte (e.g., an affinity molecule),
which are contacted to form a complex of the analyte and
the affinity substance, after which the complex is sepa-
rated from the affinity substance which is not involved in
the complex (e.g., the free or unbound affinity substance)
on the basis of a migration rate difference between them
by using a microfluidic device, and the separated com-
plex or the free affinity substance is analyzed. That is,
migration shift assays include, e.g., detection of migration
rate differences, e.g., between an affinity molecule and
an affinity molecule/analyte complex, and in particular
between a charged carrier molecule/affinity molecule
conjugate with and without bound analyte using a micro-
fluidic device.
[0028] As a migration shift assay, there can be exem-
plified the following methods: (i) a method, which gener-
ally comprises contacting the sample containing the an-
alyte with the affinity molecule to form a complex con-
taining the analyte and the affinity molecule, separating
the complex from free affinity molecule which is not in-
volved in forming the complex in a separation channel of
a microfluidic device, measuring an amount of the sep-
arated complex or the free affinity molecule or detecting
a presence of the separated complex, and determining
an amount of the analyte in the sample on the basis of
the measured amount or identifying a presence of the
analyte in the sample on the basis of the detected pres-
ence; (ii) a method, which generally comprises contacting
the sample containing the analyte with a conjugate of the
affinity molecule and a charged carrier molecule to form
a complex containing the analyte and the conjugate, sep-
arating the complex from free conjugate which is not in-
volved in forming the complex in a separation channel of
the microfluidic device, measuring an amount of the sep-
arated complex or the free conjugate or detecting a pres-
ence of the separated complex, and determining an
amount of the analyte in the sample on the basis of the
measured amount or identifying a presence of the analyte
in the sample on the basis of the detected presence; (iii)
a method, which generally comprises contacting the
sample containing the analyte with (a) the affinity mole-
cule and (b) the conjugate of the affinity molecule the
charged carrier molecule to form a complex formed be-
tween the analyte and (a) and (b), separating the complex
from free affinity molecule and/or free conjugate which
is not involved in forming the complex in a separation
channel of a microfluidic device, measuring an amount
of the separated complex or the free affinity molecule
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(and/or free conjugate) or detecting a presence of the
separated complex, and determining an amount of the
analyte in the sample on the basis of the measured
amount or identifying a presence of the analyte in the
sample on the basis of the detected presence; (iv) a meth-
od, which generally comprises contacting the sample
containing the analyte with (a) an analyte labeled by a
detectable marker and (b) the conjugate of the affinity
molecule and the charged carrier molecule to form a com-
plex containing the labeled analyte and the conjugate,
separating the complex from free labeled analyte which
is not involved in forming the complex in a separation
channel of a microfluidic device, measuring an amount
of the separated complex or the free labeled analyte, and
determining an amount of the analyte in the sample on
the basis of the measured amount or identifying a pres-
ence of the labeled analyte; and (v) a method, which gen-
erally comprises contacting the sample containing the
analyte with (a) an analyte labeled by a charged carrier
molecule and (b) one or more affinity molecules which
have capabilities to bind both the analyte and the analyte
bound to the charged carrier molecules and at least one
of the affinity molecules is labeled by a detectable marker
to form a complex of the analyte labeled with the charged
carrier molecule and the affinity molecule labeled by a
detectable marker, separating the complex from free
form of the affinity molecule labeled by a detectable mark-
er, measuring an amount of the separated complex or
the free affinity molecule labeled by a detectable marker,
and determining an amount of the analyte in the sample
on the basis of the measured amount or identifying a
presence of the labeled affinity molecule. In methods (iv)
and (v), one can use a labeled analogue of the analyte
as long as the analogue of the analyte has a capability
to bind to the antibody.

II. Methods of the Invention

[0029] The present invention provides methods to re-
duce interference, e.g., in the above-described migration
shift assays. It is a characteristic of the present invention
that in the above-mentioned migration shift assays the
separation of the analyte/affinity substance complex and
the free affinity substance which is not involved in the
complex is conducted in the presence of a charged pol-
ymer, and the separated complex or the free affinity sub-
stance is analyzed. In the present invention, the term
"analyte" generally means a substance to be measured
or identified (e.g., in the sample), the term "affinity sub-
stance" generally means an affinity molecule and/or a
conjugate of an affinity molecule and a charged carrier
molecule, and the term "analyte/affinity substance com-
plex" means an analyte/affinity molecule complex, ana-
lyte/conjugate of an affinity molecule and a charged car-
rier molecule complex or an analyte/affinity molecule/
conjugate of an affinity molecule and a charged carrier
molecule complex.
[0030] If the sample contains an analyte which binds

specifically to the affinity substance (e.g., the affinity mol-
ecule or a conjugate of the affinity molecule and charged
carrier molecule), the complex will appear larger upon
separation. This apparent size shift or "migration shift"
indicates the presence of the analyte. However, in the
presence of sample constituents that bind non-specifi-
cally to the affinity substance (e.g., especially where the
affinity substance is conjugated with a carrier molecule),
a false positive migration shift can be observed or an
insoluble complex, which will not migrate in the separa-
tion channel, may be formed. The method of the invention
provides charged polymers which can reduce the inter-
ference caused by the interfering constituents.
[0031] For example, in a migration shift assay where
the charged carrier molecule is DNA, serum constituents
would interfere with the assay. Addition of a charged pol-
ymer such as heparin sulfate can reduce the interference.
Figure 1A shows an electropherogram chart of a migra-
tion shift in a separation media between conjugate peak
10 and conjugate/analyte complex peak 11. When serum
is added to the sample, interfering constituents change
the retention time, height, and area of complex peak 11,
as shown in Figure 1B. Addition of a charged polymer to
the assay can reduce the interfering changes, as shown
in Figure 1C.
[0032] The method can be carried out, for example, in
the following way(s). That is, a sample containing the
analyte is contacted with at least one affinity molecule to
form a complex of the analyte and the affinity molecule,
and the resulting complex is separated from any unbound
affinity molecule in the presence of a charged polymer
by using a separation channel in a microfluidic device
comprising at least one separation channel having at
least one microscale dimension of between about 0.1
and 500 Pm (microns). After that, it is possible to identify
the presence of the analyte or to determine an amount
of the analyte in the sample by detecting the complex.

A. Charged Polymer

[0033] The charged polymer of the invention can block
interference with the migration shift assay by interacting
with sample constituents that interfere with the assay.
Without being bound to a particular theory, it is believed
the charged polymer, having the same charge as the
charged carrier molecule in the conjugate, reduces inter-
ference in migration shift assays due to binding of oppo-
sitely charged interfering sample constituents that other-
wise would have bound to the charged carrier molecule
in the conjugate. Charged polymer binding to interfering
constituents can prevent, e.g., false positive migration
shifts due to non-specific binding of constituents to the
conjugate, or failed assays due to formation of an insol-
uble complex with the conjugate/constituent complexes.
[0034] The charged polymers of the invention can be,
e.g., a polymer with a net charge (positive or negative)
opposite to the sample constituent. The charged poly-
mers have the same type (positive or negative) of net
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charge as the corresponding conjugate. The charged pol-
ymer of the invention may comprise a polyanionic poly-
mer which can include, e.g., polysaccharides such as
heparin, heparin sulfate, chondroitin sulfate, dextran sul-
fate, polytungstic acid, phosphotungstic acid, hyaluronic
acid, dermatan sulfate and polyanethole sulfonic acid;
polynucleotides such as DNA (e.g., plasmid DNA, calf
thymus DNA, salmon sperm DNA, DNA coupled to cel-
lulose, synthetic DNA, etc.) and RNA; polypeptides such
as polyamino acid (e.g., polyaspartic acid, polyglutamic
acid, etc.) and synthetic polypeptide; synthetic macro-
molecular compounds such as poly-dIdC, polyvinyl sul-
fate, polyacrylate; ceramics such as glass particles, col-
loidal glass, and glass milk; and complexes thereof. The
charged polymer may also comprise a polycationic pol-
ymer which can include, e.g., polysaccharides such as
chitosan and derivatives thereof; polypeptides such as
polylysine, polyhistidine, polyarginine, protamine, his-
tone, ornithine; synthetic macromolecular compounds
such as polyallylamines, polyethyleneimine, polyvi-
nylamine; polyamines such as spermine and spermidin;
cationic lipids; ceramics; and complexes thereof. In a pre-
ferred embodiment of the invention, the charged polymer
comprises anionic polysaccharides, preferably heparin
sulfate.
[0035] In the present invention, the above-mentioned
charged polymer may be used singly or in proper com-
bination.
[0036] In order to separate the analyte/affinity sub-
stance complex (e.g., analyte/affinity molecule complex,
or analyte/conjugate complex or analyte/affinity mole-
cule/conjugate complex) and the free affinity substance
which is not involved in the complex (e.g., free affinity
molecule or free conjugate) in the presence of the
charged polymer, the separation is conducted in the pres-
ence of the charged polymer. For example, the charged
polymer is preferably present in a separation channel of
a microfluidic device comprising at least one separation
channel. Specifically, it is preferable to add the charged
polymer to the separation media packed in the separation
channel. The presence of the charged polymer in the
separation media can reduce carry-over of interfering
sample constituents between sample runs. Alternatively
or additionally, the charged polymer may be present in
the solution (e.g., water, a buffer such as tris-buffer, phos-
phate buffer, Veronal buffer, borate buffer, Good’s buffer,
SSC buffer, TBE buffer, TAE buffer, etc., used in hybrid-
ization assays, immunoassays, and the like) containing
the analyte and the analyte/affinity substance complex,
and the obtained solution containing the charged poly-
mer, the analyte and analyte/affinity substance complex
is then applied to the separation channel. Further, the
charged polymer may be present in a solution to be used
for applying a solution containing the analyte and the
analyte/affinity substance complex to the microfluidic de-
vice, e.g., an eluent and a running buffer to be used in
the separation (e.g., water, a buffer such as tris-buffer,
phosphate buffer, Veronal buffer, borate buffer, Good’s

buffer, SSC buffer, TBE buffer, TAE buffer, etc., used in
hybridization assays, immunoassays, and the like).
[0037] In the above-mentioned methods, in order that
the charged polymer is present in the solution containing
the analyte and the analyte/affinity substance complex,
the following methods are exemplified. (i) the charged
polymer is added to a sample containing the analyte or
a solution containing the sample, and the obtained solu-
tion containing the analyte and the charged polymer is
contacted with the affinity substance; (ii) the charged pol-
ymer is added to a solution containing the affinity sub-
stance, and the obtained solution containing the affinity
substance and the charged polymer is contacted with the
sample containing the analyte or the solution containing
the sample; (iii) the sample containing the analyte or the
solution containing the sample and the affinity substance
are added to a solution containing the charged polymer;
or (iv) the sample containing the analyte or the solution
containing the sample is contacted with the affinity sub-
stance and the obtained solution containing the analyte
and the analyte /affinity substance complex is mixed with
a solution containing the charged polymer. In the above-
mentioned methods, the charged polymer can be added
as a solution or as a dry powder.
[0038] In the present invention, by mixing the charged
polymer with the sample before contact with the affinity
substance (e.g., the affinity molecule, the conjugate of
the affinity molecule and the charged carrier molecule),
a kinetic advantage and/or precipitates of some interfer-
ing substances can be obtained. Such precipitates can
be removed by filtration or centrifugation. Having both
the charged polymer and the affinity substance (e.g., the
affinity molecule, the conjugate of the affinity molecule
and charged carrier molecule) in solution can allow the
affinity substance to bind an analyte with a high affinity
even if the analyte also binds non-specifically to the
charged polymer. Therefore, the charged polymer is pref-
erably present in at least the separation step (e.g., in the
separation media), but it additionally and/or alternatively
may be present in the contacting step of the sample con-
taining the analyte with the affinity substance (e.g., the
affinity molecule and/or the conjugate) for forming the
complex as well. In a preferred embodiment of the inven-
tion, the charged polymer is present in both the separa-
tion step (e.g., in the separation media) between the an-
alyte/affinity substance complex and the free affinity sub-
stance and the contacting step of the sample containing
the analyte and the affinity molecule for forming the com-
plex to increase the recovery of analyte existing in the
sample. In the above-mentioned methods, in order that
the charged polymer is present in the contacting step of
the sample containing the analyte with the affinity mole-
cule for forming the complex, the following methods are
exemplified: (i) The charged polymer is added to a sam-
ple containing the analyte or a solution containing the
sample, and the obtained solution containing the analyte
and the charged polymer is contacted with the affinity
substance; (ii) the charged polymer is added to a solution
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containing the affinity substance, and the obtained solu-
tion containing the affinity substance and the charged
polymer is contacted with the sample containing the an-
alyte or the solution containing the sample; and (iii) the
sample containing the analyte or the solution containing
the sample and the affinity substance are added to a
solution containing the charged polymer. In the above-
mentioned methods, the charged polymer can be added
as a solution or as a dry powder.
[0039] \ The sample solution can also contact the
charged polymer on a solid support to adsorb interfering
constituents before application to the separation media.
The charged polymer can optionally be attached to a solid
support for easy separation of the charged polymer from
the sample. The solid support can be, e.g., any solid ma-
trix compatible with adsorption interactions or linkage
chemistries necessary to attach the particular charged
polymer to the solid support. The solid support can be,
e.g., glass, plastic, cellulose, and the like. The solid sup-
port can be, e.g., in the form of beads, granules, porous
surfaces, or flat surfaces. In many cases, solid supports
with large surface to volume ratios can provide more ef-
ficient blocking of interfering constituents than those with
lower ratios. The attaching of the charged polymer to the
solid support may be conducted in a conventional man-
ner usually used in this field, for example, as shown by
Walsh MK et al. [J Biochem. Biophys. Methods (2001)
47(3):221-31].
[0040] In case of the charged polymer being present
in the separation between the analyte /affinity substance
complex and the free affinity substance, the concentra-
tion of the charged polymer in the separation step (e.g.,
in the separation media within the separation channel)
may be variable depending on the kind of the charged
polymer to be used. Generally, the concentration or the
charged polymer may be any concentration at which the
presence of the charged polymer reduces the sample
constituent interference with separation of an analyte/
affinity molecule complex and any free affinity molecule,
particularly separation of an analyte/conjugate of an af-
finity molecule and a charged carrier molecule complex
and the free conjugate in a migration shift assay. The
concentration of the charged polymer in the separation
channel (e.g., within the separation media) is usually be-
tween about 0.01 to 5% (w/v), preferably about 0.05 to
2% (w/v), more preferably about 0.5 to 1.5 % (w/v), for
example about 1% (w/v).
[0041] In case that the charged polymer is present in
the contacting step of the sample containing the analyte
with the affinity substance for forming the complex, the
concentration of the charged polymer present in the so-
lution (e.g., buffer) may be variable depending on the
kind of the charged polymer to be used. Generally, the
concentration of the charged polymer may be any con-
centration at which the presence of the charged polymer
can reduce the interference without affecting any inter-
action between the analyte and the affinity substance.
The concentration of the charged polymer in the solution

containing the analyte and the affinity substance (e.g.,
the affinity molecule, the conjugate of the affinity/carrier
molecule) is usually between about 0.001 to 2% (w/v),
for example between about 0.01 to 2% (w/v), preferably
between about 0.001 to 1% (w/v), for example between
about 0.02 to 1% (w/v), more preferably between about
0.001 to 0.05% (w/v), for example between about 0.025
to 0.5% (w/v), for example about 0.01% to 0.05% (w/v).

B. Sample

[0042] Samples of the present invention can be any
material potentially containing an analyte of interest.
Samples can include, e.g., a serum, a plasma, a whole
blood, a tissue extract, a cell extract, a nuclear extract,
a culture media, a microbial culture extract, members of
a molecular library, a clinical sample, a sputum speci-
men, a stool specimen, a cerebral spinal fluid, a urine
sample, a uro-genital swab, a throat swab, an environ-
mental sample, and/or the like. Where the analyte is not
free in solution, it can be released into a solution by grind-
ing, lysis, extraction, filtering, centrifugation, and other
appropriate techniques known in the art. In other words,
samples to which the invention is applicable may be ex-
emplified by the following: body fluids such as a serum,
a plasma, a cerebrospinal fluid, a synovial fluid, a lymph
fluid, etc., excretions such as urine, feces, etc., speci-
mens of biological origin such as an expectoration, a pu-
rulent matter, a dermal exfoliation, etc., environmental
specimens such as food, a beverage, tap water, seawa-
ter, water of lakes and marshes, river water, factory waste
water, washings for semiconductors, washings after
washing of medical instruments, etc., and their proc-
essed products reconstituted by dissolving in water or a
buffer usually used in this field, for example, tris-buffer,
phosphate buffer, Veronal buffer, borate buffer, Good’s
buffer, etc.

C. Analytes of Interest

[0043] Analytes can include, e.g., serum proteins such
as peptide chains (e.g., C-peptide, angiotensin I, etc.),
proteins [e.g., immunoglobulin A (IgA), immunoglobulin
E (IgE), immunoglobulin G (IgG), immunoglobulin M
(IgM), immunoglobulin D (IgD), β2-microglobulin, albu-
min, their degradation products], ferritin, etc.; enzyme
proteins such as amylase, alkaline phosphatase, γ-
glutamyl-transferase, acidic phosphatase, lipase (e.g.,
pancreatic, gastric, etc.), creatine kinase (e.g., CK-1, CK-
2, mCK, etc.), lactic acid dehydrogenase (e.g., LDH1 to
LDH5, etc.), glutamic acid-oxaloacetic acid transami-
nase (e.g., ASTm, ASTs, etc.), glutamic acid-pyruvic acid
transaminase (e.g., ALTm, ALTs, etc.), choline esterase
(e.g., ChE1 to ChE5, etc.), leucine aminopeptidase (e.g.,
C-LAP, AA, CAP, etc.), renin, protein kinase, tyrosine
kinase, etc.; proteins or peptides or glycosyl antigens de-
rived from microorganisms, for example, bacteria such
as tubercule bacillus, pneumococci, Corynebacterium
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diphteriae, Neisseria meningitidis, gonococci, staphylo-
cocci, streptococci, intestinal bacteria, Escherichia coli,
Helicobacter pylori, etc., viruses such as Rubella virus,
Herpes virus, Hepatitis viruses, ATL virus, AIDS virus,
influenza virus, adenovirus, enterovirus, poliovirus, EB
virus, HAV, HBV, HCV, HIV, HTLV, etc., fungi such as
Candida, Cryptococcus, etc., spirochaete such as lept-
ospira, Treponema pallidum, etc., chlamydia, mycoplas-
ma, and the like; a variety of allergens causing allergies
such as asthma, allergic rhinitis, atopic dermatitis, etc.,
for example, house dust, mites such as Dermatopha-
goides farinae, Dermatophagoides pteronyssinus, etc.,
pollen of Japanese cedar, Japanese cypress, Pasplum,
common ragweed, Phleum pratense, Anthoxanthum od-
oratum, rye, etc., animals such as cat, dog, crab, etc.,
food such as rice, albumen, etc., fungi, insects, wood,
drugs, chemicals, and the like; lipids such as lipoproteins,
etc.; proteases such as trypsin, plasmin, serine protease,
etc.; tumor marker protein antigens such as alpha feto
protein (AFP), prostate specific antigen (PSA), carci-
noembryonic antigen(CEA), PGI, PGII, α2-macroglobu-
lin, etc., sugar chains (e.g., CA19-9, PIVKA-II, CA125,
tumor marker glycosyl antigen sugar chain such as sugar
chain possessed by a material containing a special sugar
chain produced by cancer cells, e.g., ABO glycosyl anti-
gen, etc.); lectin (e.g., concanavalin A, lectin of Lens es-
culenta, lectin of Phaseolus vulgaris, stramonium lectin,
wheat germ lectin, etc.); phospholipids (e.g., cardiolipin,
etc.); lipopolysaccharides (e.g., endotoxin, etc.); chemi-
cal substances [for example, hormones such as steroid
hormones, human chorionic gonadotropin (hCG), PTH,
T3, T4, thyroid-stimulating hormone (TSH), insulin, lutei-
nizing hormone (LH), FSH, prolactin, etc., environmental
hormones such as tributyltin, nonylphenol, 4-octyl-phe-
nol, di-n-butyl phthalate, dicyclohexyl phthalate, benzo-
phenone, octachlorostyrene, di-2-ethylhexyl phthalate,
etc.]; receptors (e.g., receptors for estrogen, THS, etc.);
ligands (e.g., estrogen, TSH, etc.); nucleic acids; ana-
lytes conjugated to carrier proteins; analytes conjugated
to nucleic acids and antibodies thereto. In this connec-
tion, the antibodies used in the present invention as an
affinity molecule also include Fab, Fab’ or F(ab’)2 frag-
ments as degradation products produced by degradation
with a proteinase such as papain or pepsin or by chemical
degradation. The present invention is useful, for exam-
ple, in measuring the following analytes; e.g., alpha feto
protein, serum proteins, tumor markers, enzymes, hor-
mones, HCG, TSH, FSH, LH, analytes conjugated to car-
rier proteins, analytes conjugated to nucleic acids, and
the like.

D. Affinity Molecule

[0044] The affinity molecule (e.g., affinity substance)
may be any one which has a specific affinity for the an-
alyte of interest in the sample, and for example may be
selected from the group consisting of an antibody, an
Fab, F(ab’)2 or Fab’ fragment of an antibody, an antibody

variable region, a lectin, avidin, a receptor, an affinity
peptide, an aptamer, and a DNA binding protein. The
affinity molecules can have a specific affinity for ligands
such as, e.g. virus particles, bacterial cells, proteins, pep-
tides, carbohydrates, antigens, lipids, steroids, small
chemicals, and so on, which, e.g., function as enzymes,
antibodies, hormones, cytokines, structural components,
signaling molecules, and ligands to a certain receptor,
etc. and which are sometimes recognized as tumor mark-
ers, inflammation markers, and infectious disease mark-
ers. These include AFP, hCG, TSH, FSH, LH, interleukin,
Fas ligand, CA19-9, CA125, PSA, HBsAg, anti-HIV an-
tibody, T4, and/or like. Also they can include ligands con-
jugated to carrier proteins, ligands conjugated to nucleic
acids, intracellular proteins, signaling molecules, and/or
the like. The affinity molecule used in the invention in-
cludes, for example, those having a property capable of
binding to the analyte depending on a protein-protein in-
teraction, a protein-chemical substance interaction, or a
chemical substances-chemical substances interaction.
Specifically, those binding based on an antigen-antibody
interaction, a sugar chain-lectin interaction, an enzyme-
inhibitor interaction, a protein-peptide chain interaction,
a chromosome or nucleotide chain-nucleotide chain in-
teraction, a nucleotide-ligand interaction or receptor-lig-
and interaction are included. When one of the substances
in the above-mentioned pairs is the analyte the other is
the affinity molecule. For example, when the analyte is
an antigen, the affinity molecule is an antibody, and when
the analyte is an antibody, the affinity molecule is an an-
tigen (the same applied to the above other pairs). The
typical examples of the affinity molecule are the same as
the above-mentioned analytes.
[0045] Among them, it is preferable to use the following
affinity molecule, e.g., an antibody, an Fab, F(ab’)2 or
Fab’ fragment, an antibody variable region, a lectin men-
tioned above, avidin, a receptor, an affinity peptide, an
aptamer, and/or a DNA binding protein. In the present
invention, the above-mentioned affinity molecule can be
used singly or in proper combination. When two or more
affinity molecules are used, each affinity molecule binds
with the analyte at a different site on the analyte from
every other affinity molecule. And when the affinity mol-
ecule is used in the competitive assay method by using
the analyte labeled by the detectable marker or the an-
alogue of the analyte labeled by the detectable marker,
the affinity of the affinity molecule toward the analyte in
the sample and the labeled analyte is preferably the same
or the affinity of the affinity molecule toward the analyte
in the sample and the labeled analogue is preferably the
same.
[0046] In the above-mentioned methods of the present
invention, the concentration of the affinity molecule may
be variable depending on the detection limit of the ana-
lyte. Generally, it is desirable to maintain the affinity mol-
ecule at a concentration higher than that at which the
affinity molecule can bind completely to the analyte at a
concentration corresponding to the defined detection lim-
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it in the reaction mixture. The concentration in the reac-
tion mixture is preferably kept at 2-fold or more of the
detection limit, more preferably at 5-fold or more. When
two or more affinity molecules are used, the concentra-
tion of each affinity molecule is selected from the above-
mentioned concentrations range.
[0047] The affinity molecule used in the present inven-
tion is generally one which can be measured (e.g., de-
tected) or labeled by a detectable marker by some con-
ventional detection method. The use of a molecule hav-
ing such a property will make it possible to measure an
analyte in a sample. In the case where an analyte itself
can be detected by some method (e.g., an enzyme or
the like), or where an analyte can bind directly to a de-
tectable marker without an affinity molecule, the analyte
in the sample can be measured, even if the affinity mol-
ecule possesses no such detectable property described
above. Examples of an analyte that can be detected by
itself by some method are enzymes, dyes, fluorescent
substances, luminescent substances, substances hav-
ing absorption in the ultra-violet region (e.g., DNA), and
the like. When two or more affinity molecules are used,
it is not necessary for all affinity molecules to have such
a detectable property.
[0048] Where the affinity molecule (or conjugate of an
affinity molecule/carrier molecule) is labeled with a de-
tectable marker, the detectable marker can include those
used conventionally in the field of the present invention,
for example, enzyme immunoassays (EIA), radioimmu-
noassays (RIA), fluorescence immunoassays (FIA), hy-
bridization assays, and the like, may be used. Such a
substance includes, for example, enzymes such as al-
kaline phosphatase (ALP), β-galactosidase (β-Gal), per-
oxidase (POD), microperoxidase, glucose oxidase
(GOD), glucose-6-phosphate dehydrogenase (G6PDH),
malic acid dehydrogenase, luciferase, etc.; pigments
such as Coomassie Brilliant Blue R250, methyl orange,
etc.; radioactive tracer such as 99mTc, 131I, 125I,
14C, 3H, 32P, 35S, etc.; fluorescent dyes such as fluores-
cein, rhodamine, dansyl, fluorescamine, coumalin, naph-
thylamine, or their derivatives, cyanine type fluorescent
dyes or oxazine type fluorescent dyes [e.g., Cy series
dyes (Cy3, Cy5, and Cy5.5, etc.: Amersham Biosciences
Corp.), Alexa Fluor series dyes (Alexa Fluor 647, 488,
594, etc.: Molecular Probes, Inc.), DY series dyes (DY-
630, 633, 635, 640, 650, 655, 656, 780, 550, etc.: Mo-
BiTec GmbH, Goettingen Germany), EVOblue™30 (Mo-
BiTec GmbH, Goettingen Germany)]; rare earth fluores-
cent pigments [a combination of a rare earth metal, e.g.,
samarium (Sm), europium (Eu), terbium (Tb) or dyspro-
sium (Dy), with a chelate compound, e.g., 4,4’-bis(1",1",
1",2",2",3",3"-heptafluoro-4",6"-hexadion-6"-yl)chloro-
sulfo-o-terphenyl (BHHCT), 4,7-bis(chlorosulfonyl)-
1,10-phenanthroline-2,9-dicarboxylic acid (BCPDA), β-
naphthyltrifluoroacetic acid (β-NTA), etc.]; nucleic acid-
binding fluorescent pigment,; a fluorescent protein; lumi-
nescent dyes such as luciferin, isoluminol, luminol, bis
(2,4,6-trifluoro-phenyl)oxalate, etc., a luminescent pro-

tein or particle; UV absorbing substances such as phenol,
naphthol, anthracene, or their derivatives; substances
having a property of spin-labeling agent exemplified by
compounds having an oxyl group such as 4-amino-
2,2,6,6-tetramethyl-piperidin-1-oxyl, 3-amino-2,2,5,5-te-
tramethylpyrrolidin-1-oxyl, 2,6-di-t-butyl-α-(3,5-di-t-
butyl-4-oxo-2,5-cyclohexadien-1-ylidene)-p-tolyloxy, a
phosphorescent dye, a chemiluminescent compound, a
redox mediator, an electrogenic compound, a colloidal
gold particle, or a silver particle, etc.
[0049] The above-mentioned fluorescent pigment
binding to a nucleic acid emits strong fluorescence de-
pending on binding to the nucleic acid chain. Such a nu-
cleic acid-binding fluorescent pigment includes, for ex-
ample, so-called intercalator pigments which are incor-
porated between the bases of the nucleic acid chain [for
example, acridine pigments such as acridine orange,
ethidium compounds such as ethidium bromide, ethidium
homodimer 1 (EthD-1), ethidium homodimer 2 (EthD-2),
ethidium bromide monoazide (EMA), dihydroethidium,
etc., iodide compounds such as propidium iodide, hexy-
dium iodide, etc., 7-amino-actinomycin D (7-AAD), cya-
nine dimer pigments such as POPO-1, BOBO-1, YOYO-
1, TOTO-1, JOJO-1, POPO-3, LOLO-1, BOBO-3,
YOYO-3, TOTO-3, etc. (all are trade names of Molecular
Probes); cyanine monomer pigments such as PO-PRO-
1, BO-PRO-1, YO-PRO-1, TO-PRO-1, JO-PRO-1, PO-
PRO-3, LO-PRO-1, BU-YRO-3, YO-PRO-3, TO-PRO-3,
TO-PRO-5, etc. (all are trade names of Molecular Probes
Inc., Eugene, OR); SYTOX pigments such as SYBR
Gold, SYBR Green I and SYBR Green II, SYTOX Green,
SYTOX Blue, SYTOX Orange, etc. (all are trade names
of Molecular Probes)]; those binding to a minor group of
DNA double helix [for example, 4’,6-diamino-2-phenylin-
dole (DAPI: trade names of Molecular Probes), pentahy-
drate(bisbenzimide) (Hoechst 33258: trade names of
Molecular Probes), trihydrochloride (Hoechst 33342:
trade names of Molecular Probes), bisbenzimide pig-
ment (Hoechst 34580: trade names of Molecular
Probes), etc.]; those specifically binding to the sequence
of adenine-thymine (AT)[for example, acridine pigments
such as 9-amino-6-chloro-2-methoxyacridine (ACMA),
bis-(6-chloro-2-methoxy-9-acridinyl)spermine (acridine
homo-dimer), etc.; for example, hydroxystilbamidine,
etc.], and the like.
[0050] Labeling of an analyte or an affinity molecule
by a detectable marker can be performed by any one of
usual methods commonly used in the art, such as known
labeling methods commonly employed in EIA, RIA, FIA,
hybridization assays, or the like, which are known per se
[e.g., Ikagaku Zikken Koza (Methods in Medical and
Chemical Experiments) vol. 8, Edited by Y. Yamamura,
1st ed., Nakayama-Shoten, 1971; A Kawao, Illustrative
Fluorescent Antibodies, 1st ed., Softscience Inc., 1983;
Enzyme Immunoassay, Edited by E. Ishikawa, T. Kawai,
and K. Miyai, 3rd ed., Igaku-Shoin, 1987; Moleculer Clon-
ing: A Laboratory Manual, 2nd. ed., J. Sambrook, E. F.
Fritsch, and T. Maniatis, Cold Spring Harbor Laboratory
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Press, Nucleic Acid Res. (1988) 16, 3671, Chu, B.C., et
al., Nucleic Acid Res. (1986) 14, 6115, Jabloski, et al.,
Chemistry of Proteins and Crosslinking, Shan S. Wong,
(1991) Published by CRC Press, EP 1088592 A2, EP
1061370 A2 and the like], and usual methods employing
a reaction of avidin (or streptavidin) and biotin.

E. Contacting the Sample with An Affinity Molecule

[0051] In order to contact the sample containing the
analyte with the affinity molecule, the contacting step is
made to form a complex of the analyte and the affinity
molecule. There is no limitation in terms of how such a
complex may be produced. For example, a sample con-
taining an analyte and an affinity molecule can be dis-
solved, dispersed or suspended, respectively, e.g., in wa-
ter or buffers such as tris-buffer, phosphate buffer, Ve-
ronal buffer, borate buffer, Good’s buffer, SSC buffer,
TBE buffer, TAE buffer and the like to give liquid mate-
rials, and these liquid materials can be mixed and con-
tacted with one another. Alternatively, the sample and
affinity molecule may be dissolved, dispersed or sus-
pended at once. In the case where a sample containing
an analyte is a liquid, an affinity molecule can be directly
mixed with the sample. If the sample containing an ana-
lyte is a liquid, as described above, it may not be dis-
solved, dispersed or suspended, e.g., in water or the buff-
ers. In the above-mentioned method, a concentration of
the buffer is selected from the range usually used in the
field of the present invention.
[0052] In the method of the present invention, it is dif-
ficult to generally define the pH and the temperature for
contacting the sample with the affinity molecule, in other
words, for forming a complex of the analyte and the af-
finity molecule, since they depend on the properties of
the analyte or the affinity molecule. However, as far as
they do not disturb the formation of the complex, the con-
dition may be chosen according to a conventional man-
ner usually used in the field of the present invention, e.g.,
known EIA, RIA, FIA or hybridization assays. That is, the
contact (e.g., formation) may be conducted usually at a
pH between about 2 to 10, preferably at a pH between 5
to 9, and usually at a temperature of between 0 to 90°C,
preferably between 5 to 40°C. The reaction may be con-
ducted for a period of a few seconds to several hours
depending to the respective properties of the analyte and
the affinity molecule, since the reaction time required for
formation of the complex is varied depending on their
properties.
[0053] The contacting the sample containing the ana-
lyte with one or more conjugate can also be conducted
in various ways. That is, (i) the sample and the conjugate
are made to contact to form a complex of the analyte and
the conjugate independently without using a microfluidic
device, and then a solution containing the obtained com-
plex is applied to the microfluidic device to concentrate
the complex, or (ii) the sample and the conjugate are
applied to the microfluidic device and the contacting the

sample containing the analyte with one or more conju-
gate and the concentrating the obtained complex are per-
formed consecutively in the microfluidic device.
[0054] It is preferable to perform the contacting step
and the concentrating step consecutively and continu-
ously, and it is more preferable to be performed by the
method comprising contacting the sample containing the
analyte with one or more conjugate of an affinity molecule
and a charged carrier molecule to form a complex of the
analyte and the conjugate in a channel fluidically con-
nected to the concentration channel having at least one
microscale dimension of between about 0.1 and 500 Pm
(microns), and concentrating the complex by using a con-
centration technique in a microfluidic device comprising
at least one concentration channel having at least one
microscale dimension of between about 0.1 and 500 Pm
(microns). In the methods mentioned above, the channel
fluidically connected to the concentration channel may
have the same characteristics (materials, shapes, etc.)
as that of the separation channel described above.

F. Conjugate

[0055] In order to improve upon or raise the separation
efficiency of the analyte/affinity molecule complex and
the free affinity molecule, and analyze the analyte with
sufficient accuracy, an affinity molecule bound to a
charged carrier molecule, i.e. a conjugate of the affinity
molecule and the charged carrier molecule, is used in
the methods of the present invention according to claims
1-52. That is, a sample containing the analyte is contact-
ed with an affinity molecule/charged carrier molecule
conjugate to form a complex of the analyte and the con-
jugate, and the resulting complex is separated from any
unbound conjugate in the presence of a charged polymer
by using a separation channel in a microfluidic device
comprising at least one separation channel. After that, it
is possible to identify the presence of the analyte or to
determine an amount of the analyte in the sample by
detecting the complex.
[0056] When a conjugate of an affinity molecule (e.g.,
antibody) and a charged carrier molecule is used in the
assay format, the charged carrier molecule (e.g., a
charged polymer such as DNA or RNA) of the present
invention can carry the affinity molecule, and any bound
analyte, while providing high resolution and a detectable
signal in a sizing assay. The charged carrier molecule in
the conjugate provides, e.g., high resolution and sensi-
tivity while the affinity molecule provides, e.g., specificity
to the migration shift assays of the invention. The charged
carrier molecule can have a high charge to mass ratio,
and a minimum of conformational forms for high resolu-
tion on separation media. Using a charged carrier mole-
cule can have many benefits in a migration shift assay.
[0057] In a non-competitive assay method, the
charged carrier molecules of the present invention in-
clude a molecule which, by binding to the analyte through
the affinity molecule to form a complex of the analyte,
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the affinity molecule and the charged carrier molecule,
causes a change in a separation (e.g., migration) prop-
erty of the analyte.
[0058] In a competitive assay method, the charged car-
rier molecules of the present invention are used by bind-
ing to the analyte or an analogue of the analyte, if nec-
essary, through the affinity molecule. That is, an analyte
or an analogue of the analyte bound to a charged carrier
molecule can also be used to improve separation of a
complex of the analyte and affinity molecule.
[0059] Improved separation by using the charged car-
rier molecules is beneficial in the case of separating, for
example, the analyte, the analogue, the affinity molecule,
the charged carrier molecule, the conjugate of the affinity
molecule and the charged carrier molecule, a complex
of the analyte (or the analogue) and the affinity molecule,
the labeled analyte, the labeled analogue, the labeled
affinity molecule, the labeled conjugate, a complex of the
labeled analyte (or the labeled analogue) and affinity mol-
ecule, and/or a complex of the analyte (or the analogue)
and the labeled affinity molecule. In other words, the
charged carrier molecules of the present invention have
a property capable of causing a change in a separation
property of the analyte (or the analogue) and the affinity
molecule (or a complex thereof) by binding to the analyte
(or the analogue) to form a complex of the analyte (or
the analogue), the affinity molecule and the charged car-
rier molecule, and separating the complex of the analyte
(or the analogue), the affinity molecule and the charged
carrier molecule from the above mentioned analyte (or
the analogue) (e.g., one which does not contain both the
analyte or the analogue and the charged carrier mole-
cule) which is not involved in forming the complex of the
analyte (or the analogue), the affinity molecule and the
charged carrier molecule.
[0060] The charged carrier molecule may have a net
positive charge or a net negative charge, and a charged
carrier molecule having a net negative charge is prefer-
able. A charged carrier molecule having the same type
(positive or negative) of net charge as the corresponding
charged polymer is used.
[0061] The charged carrier molecules of the present
invention having the above-mentioned character are
chosen from e.g., inorganic metal oxides such as silica
and alumina; metals such as gold, titanium, iron, and
nickel; inorganic metal oxides and the like having func-
tional groups introduced by silane coupling processes
and the like; living things such as various microorganisms
and eukaryotic cells; polysaccharides such as agarose,
cellulose, insoluble dextran; synthetic macromolecular
compounds such as polystyrene latex, styrene-butadi-
ene copolymer, styrene-methacrylate copolymer, acro-
lein-ethylene glycol dimethacrylate copolymer, styrene-
styrenesulfonate latex, polyacrylamide, polyglycidyl
methacrylate, polyacrolein-coated particles, crosslinked
polyacrylonitrile, acrylic or acrylic ester copolymer, acry-
lonitrile-butadiene, vinyl chloride-acrylic ester and poly-
vinyl acetate-acrylate; biological molecules such as

erythrocyte, sugars, nucleotide chain (e.g., DNA, RNA),
polypeptides or derivatives thereof (e.g., sulfonated
polypeptides), proteins and lipids, and the like. A charged
carrier molecule having a net negative charge is prefer-
ably a nucleotide chain (e.g., DNA, RNA) or a sulfonated
polypeptide, more preferably DNA or RNA. A charged
carrier molecule having a net positive charge is prefera-
bly a cationic polymer. In the present invention, an anionic
molecule comprising a nucleotide chain (e.g., DNA, RNA)
or a sulfonated polypeptide is most preferable. DNA is
particularly suitable because of the stability of the mole-
cule and the abundant synthesis and linkage chemistry
experience in the art.
[0062] The nucleotide chain used in the present inven-
tion has nucleotide residues as basic units comprising
purine bases or pyrimidine bases, pentose as a sugar
portion, and phosphates. The respective nucleotides link
at the 3’ and 5’ carbons of the sugar portion through the
phosphates to form a chain polynucleotide, for example,
RNA in which the sugar portion is ribose and/or DNA in
which the sugar portion is deoxyribose. The nucleotide
chain may be of single strand, double strand, or more.
The nucleotide chain used in the invention may be pre-
pared in a per se conventional manner, for example,
chemical synthesis, a method for extraction and purifica-
tion of the cells derived from microorganisms, insects,
animals, plants, etc., a method using the above-men-
tioned cells into which has been introduced a suitable
vector gene such as plasmid, phage, cosmid, etc., in
which method the cells are incubated and the multiplied
vector is extracted and purified, and a method utilizing a
gene-multiplication technique such as PCR (Molecular
Cloning, A Laboratory Manual, 2nd Edition, J. Sambrook,
E.F. Fritsch, T. Maniatis, Cold Spring Harbor Laboratory
Press, etc.). The resulting nucleotide chain is destroyed
by chemical decomposition or with a nucleic acid-cleav-
age enzyme such as restriction enzymes and then op-
tionally purified to form a nucleotide chain of the desired
length. In the present invention, the above-mentioned
charged carrier molecule may be used singly or in proper
combination.
[0063] Any kinds of modified nucleotides which are
known to enhance the stability of the nucleotide, for ex-
ample, toward various nuclease activities, may be used
to generate the charged carrier molecule. For example,
a phosphorothioate analog of nucleotide, a nucleotide
that contains a methylene group in the place of oxygen
in the ribose ring, or a nucleotide which has a replace-
ment of the 2’-sugar deoxy substituent with 2’-fluoro, 2’-
O-methyl, 2-O-alkoxyl- and 2’-O-allyl modification can be
used. Such modifications are listed, for example, in Nu-
cleic Acids Res., 1997, 25, 4429-4443, Susan M Freier,
et al.
[0064] The charged carrier molecules can range in
size, e.g., usually from about 0.6 kDa to 70000 kDa, pref-
erably from about 3 kDa to 7000 kDa, more preferably
from about 6 kDa to about 400 kDa. The size of the carrier
molecule can be optimized depending, e.g., on the type
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of separation media, the resolution cut offs of the sepa-
ration media, the size of the analyte, the size of the affinity
molecule, etc., to provide useful sensitivity and resolu-
tion. Especially in the case of using the nucleotide chain
as the charged carrier molecule, the length of the nucle-
otide chain may be usually between about 1 bp to 100000
bp, preferably between 5 bp to 10000 bp, more preferably
between 10 bp to 1000 bp, most preferably between 10
bp to 500 bp, as far as the purpose of the invention can
be attained. The nucleotide chain used in the invention
may be modified properly with a suitable one within the
scope of attaining the purpose of the invention.
[0065] In the present invention, the binding of the
charged carrier molecule to the affinity molecule may be
carried out in the same manner as labeling of the analyte
or the affinity molecule by the detectable marker as men-
tioned above. For example, the binding of the charged
carrier molecule to the affinity molecule may be carried
out utilizing the respective functional groups of the affinity
molecule and of the charged carrier molecule directly or
through a linker [for example, sulfo-succinimidyl 4-(p-
maleimidophenyl)butyrate (Sulfo-SMPB), sulfosuccin-
imidyl 4-(N-maleimidomethyl)cyclo-hexane-1-carboxy-
late (Sulfo-SMCC), N-(ε-maleimido-caproyloxy)succin-
imide (EMCS), N-hydroxysuccinimide ester (NHS), etc.].
The binding may be conducted in a conventional manner
usually used in this field, for example, per se known la-
beling methods utilized in known EIA, RIA, FIA or hybrid-
ization assays [for example, Ikagaku Jikken Koza (Ex-
perimental Manual in Medical Chemistry), vol. 8, Edited
by Yuichi Yamamura, First edition, Nakayama Shoten,
1971; Zusetu (Illustrative Description) Fluorescent Anti-
bodies, Akira Kawao, First Edition, Soft Science, 1983;
Enzyme Immunoassay, Eiji Ishikawa, Tadashi Kawai, Ki-
yoshi Miyai, 3rd Edition, Igaku-Shoin, 1987; Molecular
Cloning, A Laboratory Manual, 2nd Edition, J. Sambrook,
E.F. Fritsch, T. Maniatis, Cold Spring Harbor Laboratory
Press, etc. EP 1088592 A2, EP 1061370 A2, and the
like, or in a conventional method utilizing the reaction of
avidin (or streptavidin) with biotin.
[0066] After preliminary introduction of a reactive func-
tional group to the charged carrier molecule, the affinity
molecule may be linked to the charged carrier molecule
containing the reactive functional group in the above-
mentioned binding method. Especially, in case of using
a nucleotide chain as the charged carrier molecule, the
introduction of a reactive functional group into the nucle-
otide chain may be conducted according to a per se
known method including, for example, a method for in-
troducing a reactive functional group using a compound
having a reactive functional group in the 5’ triphosphate
group located at the terminal of the nucleic acid (e.g., a
compound having an amino group such as N-tri-fluoro-
acetylaminoalkylamine, a compound having a thiol group
such as cystamine, a compound having biotin such as
N-biotinylaminoalkylamine, a compound having a male-
imido group such as maleimidoalkylamine, etc.) in for-
mation of a phosphoamidite bond in the presence of a

condensing agent, e.g., 1-ethyl-3-(3-dimethyl-aminopro-
pyl)carbodiimide (EDC), hydrochloride (WSC), etc. [Nu-
cleic Acid Res. (1988) 16, 3671, Chu, B.C., et al.]; a meth-
od for introducing a reactive functional group using a
compound having a reactive functional group in the 3’
hydroxyl group located at the terminal of the nucleic acid
(e.g., a compound having an amino group such as N-
trifluoroacetylaminoalkylcarboxylic acid, a compound
having biotin such as N-biotinylaminoalkyl-carboxylic ac-
id, a compound having a maleimido group such as male-
imidoalkylcarboxylic acid, etc.) in formation of an ester
bond in the presence of a condensing agent, e.g., 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide (EDC), hydro-
chloride (WSC), etc., or direct reaction with their active
esters [Nucleic Acid Res. (1986) 14, 6115, Jabloski, et
al.]; a method for introduction of an amino-reactive linker
into a restriction enzyme-cleaved fragment at the termi-
nal from which an amino-containing base (adenine, cy-
tosine) is protruded as a single strand (sticky end, co-
hensive end) [Chemistry of Proteins and Crosslinking
Shan S. Wong, (1991) Published by CRC Press]; a meth-
od for incorporation of a nucleotide monomer having a
reactive functional group in a restriction enzyme-cleaved
fragment forming a single strand-protruded end with a
blunting enzyme (T4 DNA polymerase, DNA blunting en-
zyme, etc.)(Molecular Cloning, A Laboratory Manual,
2nd Edition, J. Sambrook, E.F. Fritsch, T. Maniatis, Cold
Spring Harbor Laboratory Press, etc.); a method for uti-
lizing hybridization, wherein a reactive functional group
is introduced into the 5’ end of an oligonucleotide having
a complimentary sequence for the single stranded por-
tion of a restriction enzyme-cleaved fragment forming a
single strand-protruded end to hybridize at the single
strand-protruded end of the restriction enzyme-cleaved
fragment (Molecular Cloning, A Laboratory Manual, 2nd
Edition, J. Sambrook, E.F. Fritsch, T. Maniatis, Cold
Spring Harbor Laboratory Press, etc.); a method utilizing
PCR, wherein a PCR primer into which a reactive func-
tional group has been introduced at the 5’ end is used in
PCR to yield as a PCR product a nucleotide chain into
which a reactive functional group has been introduced
at the 5’ end (Molecular Cloning, A Laboratory Manual,
2nd Edition, J. Sambrook, E.F. Fritsch, T. Maniatis, Cold
Spring Harbor Laboratory Press, etc.). Thus, a reactive
functional group can be introduced into the terminal of
nucleic acids. When a single strand nucleic acid is used,
the nucleotide chain into which a reactive functional
group has been introduced may also be prepared ac-
cording to a method for hybridizing to the single strand
nucleic acid an oligonucleotide having a sequence com-
plimentary to the 5’ end of the nucleotide chain and a
reactive functional group introduced at 5’ end (Molecular
Cloning, A Laboratory Manual, 2nd Edition, J. Sambrook,
E.F. Fritsch, T. Maniatis, Cold Spring Harbor Laboratory
Press, etc.). The reactive functional group as mentioned
above includes, for example, a hydroxy group, halogen-
ated alkyl group, isothiocyanate group, avidin group, bi-
otin group, carboxyl group, ketone group, maleimido
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group, active ester group, sulfonic acid halide group, car-
boxylic acid halide group, amino group, sulfonic acid
group, piylidyldio group, aldehyde group, and the like.
[0067] When the number of the nucleotide chain to be
bound to the affinity molecule is uneven, the number of
the nucleotide chain existing in the formed complex be-
comes uneven to make separation of the complex non-
specific. Therefore, it is preferable to unify the number
of the nucleotide chain to be bound to the affinity mole-
cule. In the same reason, it is appropriate for the number
of the affinity molecule binding to one molecule of the
nucleotide chain to be one molecule.
[0068] In the above-mentioned binding method, when
the nucleotide chain has a functional group at both ends
to which an affinity molecule can be bound, the nucleotide
chain may preliminarily be cleaved enzymatically or
chemically so that the reactive functional group is intro-
duced at one end, and then allowed to bind to the affinity
molecule. Alternatively, the nucleotide chain is allowed
to bind to the affinity molecule so as to yield an interme-
diate to which the affinity molecule is bound at both ends,
and the nucleotide chain binding to the intermediate is
cleaved enzymatically or chemically to yield a product in
which the affinity molecule is bound at one end of the
nucleic acid.
[0069] Linkage chemistries can be used to attach the
affinity molecule to the charged carrier molecule to form
a conjugate of the invention. Linkage chemistries can be
based on reactions with amino groups, thiols, carboxyl
groups, imidazol groups, succinimide group, and the like.
For example, a DNA carrier including nucleotides modi-
fied to have an amine group can be mixed in solution with
the affinity molecule and a two-ended NHS linker, thereby
cross linking the DNA to the affinity molecule. Other tech-
niques for linking or associating or interacting an affinity
molecule with a carrier molecule are disclosed in detail
in WO 02/082083.
[0070] The conjugate of the affinity molecule and the
charged carrier molecule to be used in the present in-
vention is preferably a conjugate of at least one affinity
molecule selected from the group consisting of an anti-
body, an Fab, F(ab’)2 or Fab’ fragment, an antibody var-
iable region, a lectin, avidin, a receptor, an affinity pep-
tide, an aptamer and a DNA binding protein and at least
one charged carrier molecule selected from group con-
sisting of a nucleotide chain (e.g., DNA, RNA), cationic
polymers and a sulfonated polypeptide. A conjugate of
at least one affinity molecule selected from the group
consisting of an antibody, an Fab, F(ab’)2 or Fab’ frag-
ment, an antibody variable region and an affinity peptide
and at least one charged carrier molecule selected from
the group consisting of a nucleotide chain (e.g., DNA,
RNA) and a sulfonated polypeptide is more preferable,
and further a conjugate of at least one affinity molecule
selected from an antibody, an Fab or Fab’ fragment and
a nucleotide chain, particularly DNA as a charged carrier
molecule is most preferable.
[0071] In the present invention, the above-mentioned

conjugate can be used singly or in proper combination.
When two or more conjugates are used, each affinity
molecule in the conjugate binds with the analyte at a dif-
ferent site on the analyte from every other affinity mole-
cule.
[0072] In the above-mentioned methods, it is difficult
to generally define the concentration of the conjugate
because it is variable depending on the detection limit of
the analyte. However, it is desirable to maintain the con-
jugate at a concentration higher than that at which the
conjugate can bind completely to the analyte at a con-
centration corresponding to the defined detection limit in
the reaction mixture. The concentration in the reaction
mixture is preferably kept at 2-fold or more of the detec-
tion limit, more preferably at 5-fold or more. When two or
more conjugates are used, the concentration of each
conjugate is selected from the above-mentioned concen-
tration range.
[0073] Such a conjugate is generally one which can
be measured (e.g., detected) or labeled by a detectable
marker by some method. That is, at least one of the af-
finity molecule and the charged carrier molecule in the
conjugate is generally one which can be measured or
labeled by a detectable marker by some method. The
use of a conjugate having such a property will make it
easy to measure an analyte in a sample. In the case
where an analyte itself can be detected by some method
(e.g., an enzyme or the like), or where an analyte can
bind directly to a detectable marker without a conjugate,
the analyte in the sample can be measured, even if the
conjugate possesses no such detectable property de-
scribed above. When two or more conjugates are used,
it is not necessary for all conjugates to have such a prop-
erty.
[0074] The detectable marker is as described above,
and the labeling of the conjugate, e.g., the affinity mole-
cule and/or the charged carrier molecule by the detect-
able marker may be carried out in the same manner as
the labeling of the analyte or the affinity molecule by the
detectable marker or the binding of the charged carrier
molecule to the affinity molecule as mentioned above.
[0075] Especially, in case of the conjugate having the
nucleotide chain as the charged carrier molecule, the
marker may be bound directly to the nucleotide chain or
through a linker [e.g., Sulfo-SMPB, Sulfo-SMCC, EMCS,
NHS, etc.] or a nucleic acid (that is different from the
nucleotide chain to be labeled, attached to the affinity
molecule; hereinafter abbreviated to as "linker nucleotide
chain"), peptide, protein, sugar, and the like (hereinafter
abbreviated to as "linker substance"). When the nucle-
otide chain is bound to the marker through a linker sub-
stance, the binding of the nucleotide chain to the linker
substance or the binding of the linker substance to the
marker may be conducted in the same manner as in bind-
ing the nucleotide chain to the affinity molecule or in la-
beling the conjugate with the marker.
[0076] Alternately, linker chemistries can be used to
covalently attach detectable markers to the polymer. For
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example, DNA as a charged carrier molecule can be syn-
thesized using modified nucleotides which include link-
ers, such as an aliphatic chain with an N-hydroxysuccin-
imide ester NHS) end group. A detectable marker, such
as fluorescein amine, can become covalently attached
to the polymer after a nucleophilic attack by the NHS on
the marker amine group. Optionally, the modified nucle-
otide can include a linker reactive group, such as an
amine, that can be attacked by a linker group attached
to the marker. Other techniques for labeling or linking or
associating or interacting a conjugate with a detectable
marker are disclosed in detail in WO 02/082083.
[0077] In carrying out the labeling of the nucleotide
chain with the marker through a linker substance, a linker
substance preliminarily labeled with the marker may be
bound to the nucleotide chain, or alternatively the linker
substance may be bound to the nucleotide chain, fol-
lowed by linkage with the marker, or the nucleotide chain,
the linker substance and the marker are allowed to bind
all at once. Moreover, in the present invention, the labe-
ling of the nucleotide chain with the marker may be con-
ducted before or at the same time as or after formation
of the complex of the analyte/conjugate (nucleotide
chain)/marker according to the marker to be used. There
is no limitation for this modification. Particularly, it is pre-
ferred to bind the nucleotide chain to the linker substance
preliminarily labeled with the marker.
[0078] For example, biotin is bound to a nucleotide
chain and then to avidin (or streptavidin) preliminarily la-
beled with a marker. Thus, the nucleotide chain can easily
be labeled under control of the amount of the marker. In
another case, for example, biotin is first bound to a nu-
cleotide chain and then to a linker substance (for exam-
ple, linker nucleotide chain, etc.) labeled with a marker
preliminarily bound to biotin through avidin (or streptavi-
din). Thus, the nucleotide chain can easily be labeled
under control of the amount of the marker. Moreover,
since one molecule of avidin (or streptavidin) can make
4 molecules of biotin bind, it is possible to make 3 mol-
ecules of the labeled linker bind to raise the sensitivity of
measurement.
[0079] Use of a fluorescent pigment binding to a nu-
cleic acid as a marker may be carried out as follows.
According to a conventional manner (e.g., a method as
described in the Handbook of Fluorescent Probe and Re-
search Chemicals, 7th edition, Chapter 8; Molecular
Probes Inc.), a marker is made to contact with a nucle-
otide chain [including the nucleotide chain in a charged
carrier molecule (a nucleotide chain)/affinity molecule
conjugate or a complex of an analyte and a charged car-
rier molecule/affinity molecule conjugate] in a buffer so-
lution usually used in the field of hybridization assays or
immunoassays, for example, water or tris-buffer, phos-
phate buffer, Veronal buffer, borate buffer, Good’s buffer,
SSC buffer, TBE buffer, TAE buffer, etc., at a suitable
temperature for a suitable period of time. In the above-
mentioned method, the contact of the nucleotide chain
with the marker may be carried out by dissolving or dis-

persing or suspending the nucleotide chain, a sample
containing the analyte, the charged carrier molecule (the
nucleotide chain)/affinity molecule conjugate, the mark-
er, the complex of the charged carrier molecule (the nu-
cleotide chain)/affinity molecule conjugate and the mark-
er, etc., directly in water or a buffer as mentioned above,
or by dissolving or dispersing or suspending the respec-
tive components in water or a buffer as mentioned above
to give liquid products, followed by mixing them so as to
contact them with each other.
[0080] In the present invention, the step of contacting
the sample containing the analyte with the conjugate of
the charged carrier molecule and the affinity molecule
may be carried out in the same manner as contacting the
sample containing the analyte with the affinity molecule
as mentioned above. The reaction conditions (e.g., pH,
temperature, reaction time, etc.) are the same as for the
above-mentioned condition of contacting the sample and
the affinity molecule.

G. Use of Affinity Molecule and Conjugate

[0081] In order to improve upon or raise the separation
efficiency of the analyte/affinity molecule complex and
the free affinity molecule further and to provide higher
resolution of analyte detection, both an affinity molecule
and an affinity molecule bound to a charged carrier mol-
ecule, e.g., a conjugate of the affinity molecule and the
charged carrier molecule, can be used in the above-men-
tioned method. That is, a sample containing the analyte
is contacted with an affinity molecule and an affinity mol-
ecule/charged carrier molecule conjugate to form a com-
plex of the analyte, the affinity molecule and the conju-
gate, and the resulting complex is separated from any
unbound affinity molecule and/or conjugate in the pres-
ence of a charged polymer by using a separation channel
in a microfluidic device comprising at least one separa-
tion channel. After that, it is possible to identify the pres-
ence of the analyte or to determine an amount of the
analyte in the sample by detecting the complex.
[0082] In the present invention, two or more affinity
molecules and two or more conjugates can be used. In
this case, each affinity molecule (including the affinity
molecule in each conjugate) binds with the analyte at a
different site on the analyte from every other affinity mol-
ecule.
[0083] In case of using both the affinity molecule and
the conjugate, at least one of the affinity molecule and
the conjugate is generally one which can be measured
(e.g., detected) or labeled by a detectable marker by
some conventional method. The use of an affinity mole-
cule or a conjugate having such a property will make it
is easy to measure an analyte in a sample. In the case
where an analyte itself can be detected by some method
(e.g., an enzyme or the like), or where an analyte can
bind directly to a detectable marker without an affinity
molecule or a conjugate, the analyte in the sample can
be measured, even if the affinity molecule and the con-
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jugate possess no such detectable property described
above. When two or more affinity molecules or two or
more conjugates are used, it is not necessary for all af-
finity molecules or all conjugates to have such a property.
In the above-mentioned method, a detectable marker, a
labeling of an affinity molecule or a conjugate by the de-
tectable marker, etc. are as described above. There is
no limitation as far as how to contact the sample contain-
ing the analyte with the affinity molecule and the conju-
gate to form a complex of the analyte, the affinity mole-
cule and the conjugate. For example, a sample contain-
ing an analyte, an affinity molecule and a conjugate can
be dissolved, dispersed or suspended, respectively, e.g.,
in water or buffers such as tris-buffer, phosphate buffer,
Veronal buffer, borate buffer, Good’s buffer, SSC buffer,
TBE buffer, TAE buffer and the like to give liquid mate-
rials, and these liquid materials can be mixed and con-
tacted with one another. Alternatively, the sample, affinity
molecule and conjugate may be dissolved, dispersed or
suspended together at once. In the case where a sample
containing an analyte is liquid, an affinity molecule and/or
a conjugate can be directly mixed with the sample. If the
sample containing an analyte is liquid, as described
above, it may not be dissolved, dispersed or suspended,
e.g., in water or the buffers.
[0084] In the above-mentioned method, a concentra-
tion of the buffer is selected from the range usually used
in this field. The concentration of the affinity molecule
and the conjugate in the step of contacting the sample
with the affinity molecule and the conjugate is as men-
tioned above. The reaction conditions (e.g., pH, temper-
ature, reaction time, etc.) are the same as the above-
mentioned condition of contacting the sample and the
affinity molecule.

H. Separating Procedure

[0085] The resulting complex of the analyte and the
affinity substance (e.g., the analyte/affinity molecule
complex, the analyte/conjugate complex or the analyte/
affinity molecule/conjugate complex) is separated from
the free affinity substance not involved in the formation
of the complex (e.g., the affinity molecule and/or the con-
jugate). A separation method in which the complex and
the free affinity substance are separable based on the
difference in the migration rate of them can be applied.
In this separation, for example, a conventional method
used in this field, a so-called B/F separation procedure
can be used. Typical examples are an electrical separa-
tion utilizing electricity such as electrophoresis (e.g., iso-
electric focusing, SDS-polyacrylamide electrophoresis,
agarose gel electrophoresis, acrylamide electrophore-
sis), dielectrophoresis, etc., column analysis (e.g., gel
filtration column analysis, ion-exchange column analysis,
affinity column analysis), mass spectrometric analysis,
adsorption, micellar electrokinetic chromatography (ME-
KC) and the like. In particular, an electrical separation
including electrophoresis or dielectrophoresis such as

isoelectric focusing, SDS-polyacrylamide electrophore-
sis, agarose gel electrophoresis, acrylamide electro-
phoresis, etc., may preferably be used. More particularly,
it is preferable to use capillary electrophoresis or dielec-
trophoresis since they can be conducted in an efficient
cooling condition and under high voltage in high separa-
tion efficiency.
[0086] In addition, particularly when using microfluidic
devices and systems to perform the separation, it is often
the case that the analyte of interest may be present in
the sample at very low concentration and in very small
volumes. Often, the amount of analyte may fall at, near
or below the detection threshold for the microfluidic an-
alytical system. Accordingly, it may be preferable in cer-
tain situations to use one or more on-line sample con-
centration or sample stacking operations (such as de-
scribed above and below) in microfluidic devices to in-
crease the detection sensitivity for the analyte of interest.
A particularly useful example of an on-line sample con-
centration technique that can be used in practicing the
methods of the present invention is isotachophoresis
(ITP), such as described in Everaerts, F.M., Geurts, M.
Mikkers, F.E.P., Verheggen, T.P.E.M J Chromatagr.
1976, 119, 129-155; Mikkers, F.E.P., Everaerts, F.M.,
Peek, J.A.F. J. Chromatogr. 1979, 168, 293-315; and
Mikkers, F.E.P., Everaerts, F.M., Peek, J.A.F. J. Chro-
matogr. 1979, 168, 317-332. In ITP, samples are usually
inserted between leading and terminating electrolytes
with sufficiently higher and lower electrophoretic mobili-
ties, respectively. However, the leading and terminating
electrolytes can also be placed in other combinations as
well, either before or after the sample plug. See, e.g.,
Hirokawa, T, Okamoto, H. Ikuta, N., and Gas, B., "Opti-
mization of Operational Modes for Transient Isotacho-
phoresis Preconcentration-CZE," Analytical Sciences
2001, Vol. 17 Supplement i185. A steady-state configu-
ration is ultimately reached according to well known mov-
ing boundary principles and all sample zones migrate at
the same velocity. The sample concentration in each mi-
grating zone adjusts itself with respect to the concentra-
tion of the leading electrolytes. In the present invention,
ITP was used as a sample concentration method in Ex-
ample 2 described below to perform an AFP assay in
which Poly (dI-dC) was used to remove serum interfer-
ence. There are many other different sample concentra-
tion techniques used in capillary electrophoresis other
than ITP which can be used in practicing the methods of
the present invention, such as field amplified sample
stacking (FASS) and solid phase extraction (SPE). For
example, PASS on a microfluidic chip using simultane-
ous multiport pressure and electrokinetic fluid control is
described in US 6 695 009. In addition, a variety of other
recently developed sample concentration methods may
be used in practicing the methods of the current invention,
such as the use of pH changes to the leading/terminating
electrolytes to create sample stacking regions (see, e.g.,
Weiss, D.J., Saunders, K., Lunte, C.B. Electrophoresis
2001, 22, 59-65; Britz-McKibbin, P., Bebault, G.M., Chen,
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D.D.Y. Anal Chem. 2000, 72, 1729-1735), and/or by bal-
ancing the electrophoretic velocity of analytes against
the bulk flow of solution in the presence of a temperature
gradient (see, e.g., Ross, D., Locascio, L.E. Anal Chem.
2002, 71, 5137-5145). In the present invention, all of the
buffers, fillers, a variety of reagents such as processing
solutions, etc., conventionally used in the separation
methods as mentioned above may be utilized.. The con-
centration of these materials may be chosen optionally
according to the known separation methods. The condi-
tion for separation (e.g., pH, temperature, applied volt-
age, time, and so on) may properly be chosen according
to known methods.

I. Microfluidic Device

[0087] In the present invention, a separation of the
complex of the analyte and the affinity substance (e.g.,
the analyte/affinity molecule complex, the analyte/conju-
gate complex or the analyte/affinity molecule/conjugate
complex) from the free affinity substance not involved in
the formation of the complex (e.g., the affinity molecule
and/or the conjugate) can be conducted by using a mi-
crofluidic system generally including a microfluidic device
and a detector based on the above-mentioned separation
methods. The methods of the present invention are well
suited to application in microfluidic devices. Samples can
be introduced into microfluidic devices for quick, accurate
migration shift assays using minimal volumes of reagents
and samples. Mixtures of samples with an affinity sub-
stance (e.g., affinity molecule and/or conjugate) can be
introduced in low salt buffers while buffers in the sepa-
ration media have higher salt content to provide a "stack-
ing" effect of accumulating assay mixture components at
the front of the sample bolus for higher sensitivity and
better resolution. Samples can be screened in a high
throughput screening format, e.g., by sipping samples
from sample library chips or multiwell plates (e.g., stand-
ard 96, 384 or other larger multiwell plates) to microfluidic
devices (e.g., chips) for rapid screening, data acquisition
and data interpretation. The microfluidic device can have,
e.g., one or more separation channels containing the
separation media and flowing into a detection channel
region or separate detection channel where effluent is
monitored by a detector. The microfluidic devices of the
present invention can include, e.g., a detector to detect
the separated components in the sample. Such detectors
can include, e.g., gel scanners, fluorescence detectors,
or fluorescence polarization detectors.
[0088] The microfluidic device to be used in the present
invention typically has a body structure which includes
and/or contains at least one fluidic component, e.g., a
channel, chamber, well or the like, which has at least one
cross sectional dimension that is between about 0.1 and
about 500 Pm, with these channels and/or chambers of-
ten having at least one cross-sectional dimension be-
tween about 0.1 Pm and 200 Pm, in some cases between
about 0.1 Pm and 100 Pm, and often between about 0.1

Pm and 20 Pm. Such cross-sectional dimensions in-
clude, e.g., width, depth, height, diameter or the like. Typ-
ically, structures having these dimensions are also de-
scribed as being "microscale." Microfluidic devices in ac-
cordance with the present invention typically include at
least one, and preferably more than one channel and/or
chamber disposed within a single body structure. Such
channels/chambers may be separate and discrete, or al-
ternatively, they may be fluidly connected. Such fluid con-
nections may be provided by channels, channel intersec-
tions, valves and the like. Channel intersections may ex-
ist in a number of formats, including cross intersections,
"T" intersections, or any number of other structures
whereby two channels are in fluid communication.
[0089] The body structure of the microfluidic devices
described herein typically comprises an aggregation of
two or more separate components which when appropri-
ately mated or joined together, form the microfluidic de-
vice of the present invention, e.g., containing the chan-
nels and/or chambers described herein. Typically, the
microfluidic devices described herein are fabricated as
an aggregate of substrate layers. In particular, such pre-
ferred devices comprise a top portion, a bottom portion,
and an interior portion, wherein the interior portion sub-
stantially defines the channels and chambers of the de-
vice. A variety of substrate materials may be employed
as the bottom portion. Typically, because the devices are
microfabricated, substrate materials will be selected
based upon their compatibility with known microfabrica-
tion techniques, e.g., photolithography, wet chemical
etching, laser ablation, air abrasion techniques, injection
molding, embossing, and other techniques. The sub-
strate materials are also generally selected for their com-
patibility with the full range of conditions to which the
microfluidic devices may be exposed, including extremes
of pH, temperature, salt concentration, and application
of electric fields. Accordingly, in some preferred aspects,
the substrate material may include materials normally
associated with the semiconductor industry in which such
microfabrication techniques are regularly employed, in-
cluding, e.g., silica based substrates, such as glass,
quartz, silicon or polysilicon, as well as other substrate
materials, such as gallium arsenide and the like. In the
case ot semiconductive materials, it will often be desira-
ble to provide an insulating coating or layer, e.g., silicon
oxide, over the substrate material, and particularly in
those applications where electric fields are to be applied
to the device or its contents.
[0090] In additional preferred aspects, the substrate
materials will comprise polymeric materials, e.g., plas-
tics, such as polymethylmethacrylate (PMMA), polycar-
bonate, polytetrafluoroethylene (TEFLON™), polyvi-
nylchloride (PVC), polydimethylsiloxane (PDMS),
polysulfone, polystyrene, polymethylpentene, polypro-
pylene, polyethylene, polyvinylidine fluoride, ABS (acry-
lonitrile-butadiene-styrene copolymer), and the like.
Such polymeric substrates are readily manufactured us-
ing available microfabrication techniques, as described
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above, or from microfabricated masters, using well
known molding techniques, such as injection molding,
embossing or stamping or the like. Such polymeric sub-
strate materials are preferred for their ease of manufac-
ture, low cost and disposability, as well as their general
inertness to most extreme reaction conditions. Again,
these polymeric materials may include treated surfaces,
e.g., derivatized or coated surfaces, to enhance their util-
ity in the microfluidic system, e.g., provide enhanced fluid
direction, e.g., as described in U.S. Patent No. 5,885,470.
[0091] The microfluidic system of the present invention
preferably includes a detector. A detector monitoring elu-
tion from the separation channel can detect elution of the
affinity substance/analyte complex (e.g., affinity mole-
cule/analyte complex, conjugate/analyte complex or af-
finity molecule/conjugate/analyte complex) before the
free affinity substance (e.g., free affinity molecule and/or
free conjugate) reaches the detector. Microfluidic devic-
es, such as the Agilent DNA 500 LabChip®, can provide
quick analysis of multiple samples with high sensitivity
and resolution.
[0092] A detector can be positioned to detect free af-
finity substance and/or affinity substance/analyte com-
plex as they elute from the separation media in the sep-
aration channel. The affinity substance (e.g., conjugate)
can be detected without modification or detectable mark-
ers can be associated with the affinity substance (e.g.,
conjugate) for enhanced detection sensitivity. The affinity
substance (e.g., conjugate) can include certain charged
carrier molecules such as polymers which are detectable,
e.g., by their distinctive light absorbance characteristics.
For example, DNA as a charged carrier molecule can
have a strong absorbance at about 260 nm for detection
by a spectrophotometer as it elutes from the separation
media.
[0093] Detectors can be positioned, e.g., at the effluent
end of a separation channel to monitor the elution of de-
tectable peaks. Optionally, a detector can scan across,
a separation media, such as a polyacrylamide gel, to de-
tect the relative positions of separated complex and free
affinity substance (e.g., free affinity molecule and/or free
conjugate). The detector can be any type appropriate to
the detectable marker, such as an absorbance detector,
fluorescence detector, fluorescence polarization detec-
tor, spectrophotometer, phosphoimager, voltage meter,
scintillation counter, refractometer, and/or the like. Such
detectors can provide a digital or analog output signal
that can be interpreted to identify and/or quantify an an-
alyte.
[0094] Interpretation of detector output with time can
be used, e.g., to determine the presence of an analyte
and/or to quantitate the amount of the analyte present in
the sample. Peak parameters, such as retention time,
migration rate, peak height, peak location, and peak ra-
tios, can be interpreted to identify the presence of analyte
and/or quantify the amount of analyte in a sample. Stand-
ard analytical techniques, such as the use of reference
samples, standard samples, and regression analysis,

can be employed to interpret the results of analyses.
[0095] The microfluidic system and device (e.g., mi-
crofluidic chip) of the present invention, such as the Ag-
ilent Bioanalyzer 2100 using the DNA 500 LabChip, can
provide fast, high resolution separations using small
sample loads. As shown in Figure 2, microfluidic device
20 can have, e.g., sample wells and/or reagent wells 21
connected through flow controlled micro channels. The
device of the present invention can comprise, for exam-
ple, a microfluidic chip with wells for the blocker polymer
and affinity substance (e.g., affinity molecule and/or con-
jugate), and sipper capillary tube 22 to aliquot samples
from multi-well plate 23. The chip can include, e.g., merg-
ing microchannels for mixing assay components, incu-
bation channels 24 to allow time for reactions, and sep-
aration channels 25 filled with separation media. Flow
control systems can direct the contact of a charged pol-
ymer from a well and sample from the sipper through
merging microchannels followed by mixing with affinity
substance (e.g., affinity molecule and/or conjugate) from
the affinity substance well. After an adequate period flow-
ing in an incubation channel, the processed sample can
be applied to a separation media of, for example, poly-
N,N-dimethylacrylamide (pDMA) buffer where free affin-
ity substance (e.g., free affinity molecule and/or free con-
jugate) is separated from affinity substance/analyte com-
plex (e.g., affinity molecule/analyte complex, conjugate/
analyte complex or affinity molecule/analyte/conjugate
complex). The free affinity substance can exit the sepa-
ration channel first to be detected before any affinity sub-
stance/analyte complex. Detector 26, such as a fluores-
cence detector, monitors buffers exiting the separation
channel, to detect the fluorescent labeled affinity sub-
stance with high sensitivity, and sends an output signal
to a logic circuit. Information from the separation can be
interpreted to identify the presence of the analyte (e.g.,
affinity substance/analyte complex) and/or the quantity
of analyte.
[0096] A variety of material transport methods are op-
tionally used in accordance with such microfluidic devic-
es. For example, in one preferred aspect material move-
ment through the channels of a device is caused by the
application of pressure differentials across the channels
through which material flow is desired. This may be ac-
complished by applying a positive pressure to one end
of a channel or a negative pressure to the other end. In
complex channel networks, controlled flow rates in all of
the various interconnected channels may be controlled
by the inclusion of valves, and the like within the device
structure, e.g., to stop and start flow through a given
channel. Alternatively, channel resistances may be ad-
justed to dictate the rate, timing and/or volume of material
movement through different channels, even under a sin-
gle applied pressure differential, e.g., a vacuum applied
at a single channel port. Examples of such channel net-
works are illustrated in e.g., WO 00/45 712, US 6 511
853 and WO 00/58 719.
[0097] Alternately, for microfluidic applications of the
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present invention, controlled electrokinetic transport sys-
tems may be used. This type of electrokinetic transport
is described in detail in U.S. Patent No. 5,858,195. Such
electrokinetic material transport and direction systems
include those systems that rely upon the electrophoretic
mobility of charged species within the electric field ap-
plied to the structure. Such systems are more particularly
referred to as electrophoretic material transport systems.
Other electrokinetic material direction and transport sys-
tems rely upon the electroosmotic flow of fluid and ma-
terial within a channel or chamber structure which results
from the application of an electric field across such struc-
tures. In brief, when a fluid is placed into a channel which
has a surface bearing charged functional groups, e.g.,
hydroxyl groups in etched glass channels or glass micro-
capillaries, those groups can ionize. In the case of hy-
droxyl functional groups, this ionization, e.g., at neutral
pH, results in the release of protons from the surface and
into the fluid, creating a concentration of protons at near
the fluid/surface interface, or a positively charged sheath
surrounding the bulk fluid in the channel. Application of
a voltage gradient across the length of the channel, will
cause the proton sheath to move in the direction of the
voltage drop, i.e., toward the negative electrode.
[0098] "Controlled electrokinetic material transport
and direction," as used herein, refers to electrokinetic
systems as described above, which employ active control
of the voltages applied at multiple, i.e., more than two,
electrodes. Rephrased, such controlled electrokinetic
systems concomitantly regulate voltage gradients ap-
plied across at least two intersecting channels. In partic-
ular, the preferred microfluidic devices and systems de-
scribed herein, include a body structure which includes
at least two intersecting channels or fluid conduits, e.g.,
interconnected, enclosed chambers, which channels in-
clude at least three unintersected termini. The intersec-
tion of two channels refers to a point at which two or more
channels are in fluid communication with each other, and
encompasses "T" intersections, cross intersections,
"wagon wheel" intersections of multiple channels, or any
other channel geometry where two or more channels are
in such fluid communication. An unintersected terminus
of a channel is a point at which a channel terminates not
as a result of that channel’s intersection with another
channel, e.g., a "T" intersection. In preferred aspects, the
devices will include at least three intersecting channels
having at least four unintersected termini. In a basic cross
channel structure, where a single horizontal channel is
intersected and crossed by a single vertical channel, con-
trolled electrokinetic material transport operates to con-
trollably direct material flow through the intersection, by
providing constraining flows from the other channels at
the intersection. For example, assuming one was desir-
able of transporting a first material through the horizontal
channel, e.g., from left to right, across the intersection
with the vertical channel. Simple electrokinetic material
flow of this material across the intersection could be ac-
complished by applying a voltage gradient across the

length of the horizontal channel, i.e., applying a first volt-
age to the left terminus of this channel, and a second,
lower voltage to the right terminus of this channel, or by
allowing the right terminus to float (applying no voltage).
However, this type of material flow through the intersec-
tion would result in a substantial amount of diffusion at
the intersection, resulting from both the natural diffusive
properties of the material being transported in the medi-
um used, as well as convective effects at the intersection.
[0099] In controlled electrokinetic material transport,
the material being transported across the intersection is
constrained by low level flow from the side channels, e.g.,
the top and bottom channels. This is accomplished by
applying a slight voltage gradient along the path of ma-
terial flow, e.g., from the top or bottom termini of the ver-
tical channel, toward the right terminus. The result is a
"pinching" of the material flow at the intersection, which
prevents the diffusion of the material into the vertical
channel. The pinched volume of material at the intersec-
tion may then be injected into the vertical channel by
applying a voltage gradient across the length of the ver-
tical channel, i.e., from the top terminus to the bottom
terminus. In order to avoid any bleeding over of material
from the horizontal channel during this injection, a low
level of flow is directed back into the side channels, re-
sulting in a "pull back" of the material from the intersec-
tion.
[0100] In addition to pinched injection schemes, con-
trolled electrokinetic material transport is readily utilized
to create virtual valves which include no mechanical or
moving parts. Specifically, with reference to the cross
intersection described above, flow of material from one
channel segment to another, e.g., the left arm to the right
arm of the horizontal channel, can be efficiently regulat-
ed, stopped and reinitiated, by a controlled flow from the
vertical channel, e.g., from the bottom arm to the top arm
of the vertical channel. Specifically, in the ’off’ mode, the
material is transported from the left arm, through the in-
tersection and into the top arm by applying a voltage gra-
dient across the left and top termini. A constraining flow
is directed from the bottom arm to the top arm by applying
a similar voltage gradient along this path (from the bottom
terminus to the top terminus). Metered amounts of ma-
terial are then dispensed from the left arm into the right
arm of the horizontal channel by switching the applied
voltage gradient from left to top, to left to right. The
amount of time and the voltage gradient applied dictates
the amount of material that will be dispensed in this man-
ner. Although described for the purposes of illustration
with respect to a four way, cross intersection, these con-
trolled electrokinetic material transport systems can be
readily adapted for more complex interconnected chan-
nel networks, e.g., arrays of interconnected parallel chan-
nels.
[0101] Where affinity substance (e.g., affinity molecule
and/or conjugate) migration through separation media is
driven by a voltage potential, such as in electrophoresis,
large loads can be applied in low salt buffers to provide
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improved sensitivity while retaining adequate resolution.
If the sample contains only a low concentration of analyte
or if the mixture is highly diluted in handling, it can be
desirable to load a large sample onto the separation me-
dia for better sensitivity in migration shift analysis. How-
ever, a large sample can enter the separation media as
a broad bolus that elutes as broad, poorly resolved peaks.
This problem can be reduced by applying the sample in
a low salt buffer while running, the electrophoresis in a
higher salt running buffer. The low salt sample is relatively
deficient in charged carriers for the electrophoretic cur-
rent so the charged sample components move quickly
to stack at the front of the sample bolus. The charged
sample components accumulate in a sharp band at the
front of the sample bolus when they reach the higher salt
running buffer with the abundant charge carriers. In this
way, a large volume dilute sample can be applied to an
electrophoretic separation media for stronger peak de-
tection without substantial loss of resolution.
[0102] The detector of the system can include any de-
vice appropriate to the signal of interest. Where the af-
finity substance has a useful light absorbance spectrum,
the detector can be a spectrophotometer. Where the af-
finity substance has an associated detectable marker,
the detector can be a suitable type for the marker. For
example, a fluorometer for a fluorescent marker, a scin-
tillation counter for a radioactive marker, a photodiode
tube for a chemiluminescent marker, and the like. If the
separation is carried out by polyacrylamide gel electro-
phoresis (PAGE), the detector can includes, e.g., a scan-
ner which detects the extent of free affinity substance
and/or affinity substance/analyte complex band migra-
tion across the gel. If the separation is carried out by
chromatography or capillary electrophoresis, the detec-
tor can be, e.g., an appropriate detector focused on the
effluent stream from the separation media to detect free
affinity substance and/or affinity substance/analyte com-
plex as they elute over time. Such detectors can provide
analog or digital output signals that can be interpreted
by a logic circuit of the invention.
[0103] Logic circuits of the device can receive, e.g.,
quantitative signals from the detectors that vary of the
amount of affinity substance detected, e.g., at a gel lo-
cation or in a chromatographic effluent over time. The
logic circuit can be as simple as a chart recorder that
plots signal amplitude on a moving chart paper, or can
be a sophisticated digital computer/software system.
Commonly available software, such as Agilent Technol-
ogies 2100 Bioanalyzer - Biosizing [DNA 7500], can pro-
vide, e.g., peak identifications, peak heights, peak area
integrations, background subtraction, regression analy-
sis, to identify and quantitate analytes.

J. Separation Media

[0104] In the present invention, it is preferable to use
a separation media such as a polymer having a molecular
sieving effect in a separation channel of the above-men-

tioned microfluidic device and to conduct the separation
through the separation media. There is no particular lim-
itation for the separation media (e.g., filler) packed in the
separation channel as far as it has been conventionally
used in the field of the present invention.
[0105] Specifically, separation of the free affinity sub-
stance and the analyte/affinity substance complex is pref-
erably performed by capillary gel electrophoresis in, e.g.,
a separation media disposed in a separation channel of
a microfluidic device. In capillary gel electrophoresis, the
separation media is, e.g., a restrictive matrix of linear or
cross-linked polymers which can impede the flow of large
molecules while allowing free flow of smaller molecules.
[0106] Such separation media can include, for exam-
ple, polyethers such as polyethylene oxide (PEO), poly-
ethylene glycol (PEG), polypropylene oxide, etc.; poly-
alkylenimines such as polyethylenimine, etc.; polyacrylic
acid-type polymers such as polyacrylic acid, polyacrylate
ester, methyl polyacrylate, etc.; polyamide type polymers
such as polyacrylamide, polymethacrylamide, poly-n,n-
dimethylacrylamide (pDMA) etc.; polymethacrylic acid-
type polymers such as polymethacrylic acid, poly-meth-
acrylate ester, methyl polymethacrylate, etc.; polyvinyl-
type polymers such as polyvinyl acetate, polyvinylpyrro-
lidone (PVP), polyvinyloxazolidone, etc.; water-soluble
hydroxyl polymers such as pullulan, yersinan, xanthan,
dextran, guar gum, agarose gel, etc.; water-soluble cel-
lulose such as methylcellulose, hydroxyethylcellulose
(HEC), hydroxypropylcellulose, etc.; water-soluble co-
polymers such as co-polymer of sucrose and epichloro-
hydrin [e.g., Ficoll (a trade name, Pharmacia)]; and their
derivatives, and co-polymers containing multiple kinds
of monomer units constituting their polymers. The sepa-
ration media may be used alone or in combination of two
or more members. Among them, a polyacrylamide gel,
polyethylene glycol (PEG), polyethyleneoxide (PEO), a
copolymer of sucrose and epichlorohydrin (Ficoll), poly-
vinylpyrrolidone (PVP), hydroxyethylcellulose (HEC),
poly-N,N-dimethylacrylamide (pDMA), agarose gel are
preferable. Poly-N,N-dimethylacrylamide (pDMA) is
most preferable.
[0107] Such media can be loaded into separation
channels of a microfluidic device to provide, e.g., rapid,
high throughput separations. In the present invention, it
is not necessary to use the above-mentioned separation
media, but the separation can also be conducted by using
only water or a buffer.
[0108] The molecular weight of the separation media
mentioned above is usually between about 500Da to
6,000kDa, preferably 1 to 1,000kDa, more preferably 100
to 1,000kDa. The concentration of the separation media
used as mentioned above is chosen optionally within the
range usually employed in field of the present invention,
that is, usually between about 0.01 to 40% (w/v), prefer-
ably 0.01 to 20% (w/v), more preferably 0.1 to 10% (w/v).
Usually, inside the separation channel of the microfluidic
device, the above-mentioned separation media is
packed together with a buffer.
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[0109] There is no particular limitation on the type of
buffer which can be used in practicing the methods of
the present invention. For example, the buffer to be used
can include many of those used in the field of hybridiza-
tion assays, immunoassays, and the like, such as for
example, tris-buffer, phosphate buffer, Veronal buffer,
borate buffer, Good’s buffer, SSC buffer, TBE buffer, TAE
buffer, etc. These buffers may be usually used in a con-
centration of between about 0.1mM to 10M, preferably
1mM to 5M, more preferably 5mM to 1M. The pH of the
buffer may be in any range where the substance sepa-
ration is not adversely affected and is usually between
about 2 to 13, preferably 4 to 11, more preferably 5 to 9.
Such parameters can be optimized to achieve field am-
plification stacking if desired. When the above-men-
tioned separation media is added to a buffer, the viscosity
of the buffer is usually between about 2 to 1,000 millipas-
cal second (centipoises), preferably 5 to 200 millipascal
second (centipoises), more preferably 10 to 100 millipas-
cal second (centipoises).
[0110] Separation can also be, e.g., by size exclusion
chromatography (SEC). SEC resin can have pores large
enough to receive the affinity substance (e.g., affinity
molecule and/or conjugate) but not large enough to re-
ceive the affinity substance /analyte complex (e.g., affin-
ity molecule/analyte complex, conjugate/analyte com-
plex or affinity molecule/analyte/conjugate complex).
When the mixture is pumped through a column of SEC
resin, the affinity substance/analyte complex flows only
in the volume outside the resin while the free affinity sub-
stance flows more slowly through the outside volume plus
the inner resin volume.

K. Detection

[0111] The analyte/affinity substance complex (e.g.,
the analyte/affinity molecule complex, the analyte/conju-
gate complex or the analyte/affinity molecule/conjugate
complex) or free affinity substance (e.g., free affinity mol-
ecule and/or free conjugate) which is not involved in form-
ing the complex separated by the above-mentioned sep-
aration method can be measured or detected by a meth-
od corresponding to the properties of the detectable prop-
erty of the molecules involved (e.g., the detectable mark-
er associated therewith). Thus, the amount of the analyte
in a sample can be determined or the presence of the
analyte in the sample can be identified. That is, the an-
alyte/affinity molecule complex is separated from the free
affinity molecule which is not involved in the formation of
the complex, the analyte/conjugate complex is separated
from the free conjugate which is not involved in the for-
mation of the complex, or the analyte/affinity molecule/
conjugate complex is separated from the free affinity mol-
ecule and/or conjugate which is not involved in the for-
mation of the complex, according to the above-men-
tioned separation. The resulting complex, or free affinity
molecule and/or free conjugate may be measured or de-
tected by a method corresponding to the properties of

these (e.g., the detectable marker). Thus, the amount of
the analyte in a sample can be determined or the pres-
ence of the analyte in the sample can be identified in high
sensitivity and in a short period of time.
[0112] Several specific embodiments of the present in-
vention are shown in Figures 3A to 3F. A variety of im-
munochemical assay techniques known in the art can be
used in practicing the present invention to detect an an-
alyte of interest in the sample, such as antibody sandwich
assays and enzyme-linked immunoassays (see, e.g.,
Bolton et al., Handbook of Experimental Immunology,
Weir, D.M., Ed., Blackwell Scientific Publications, Ox-
ford, 1986, vol. 1, Chapter 26, for a general discussion
on immunoassays), and other similar assay formats
known to those of ordinary skill in the art. For example,
as described above, and shown for example in Figure
3A, the assay format may be used to separate a complex
30 comprising an analyte 32 and a corresponding con-
jugate 31 comprising an affinity molecule 34 such as an
antibody or antigen linked (e.g., conjugated) to a labeled
charged carrier molecule 36, e.g., a fluorescently labeled
DNA molecule having one ore more fluorescent tags at-
tached thereto, from any free (unbound) antibody/
charged carrier molecule conjugate 31 (for convenience
and clarity, the separation step is represented by the sym-
bol "/" in the figures). Alternatively, a sandwich immu-
noassay format can be performed as shown in Figures
3B-F wherein a tagged (e.g., labeled) binding moiety/
analyte complex, such as a fluorescently labeled anti-
body/analyte complex, is utilized to detectably bind to
another binding moiety (e.g., a labeled or non-labeled
antibody or DNA-antibody conjugate).
[0113] A first example of a sandwich immunoassay is
illustrated schematically in Figure 3B, which illustrates
binding of the antigen/labeled antibody 31 complex to
another affinity molecule, e.g., antibody 39. The sample
containing the analyte of interest 32 is preferably prein-
cubated with the labeled conjugate 31 to form the binding
moiety/analyte complex. Figure 3C shows a sandwich
immunoassay format in which the second antibody 39
includes a fluorescent label and the DNA-antibody con-
jugate 31 is unlabeled. Figures 3D-F show a sandwich
immunoassay format in which two (or more) DNA-anti-
body conjugates 31, 31’ are used (Figure 3D), and in
which a third labeled or unlabeled affinity molecule 39 is
also used (Figures 3E-F). When two or more affinity mol-
ecules are used as shown in Figures 3B-F, for example,
each affinity molecule typically binds to the analyte at a
different site on the analyte from every other affinity mol-
ecule.
[0114] In the above-mentioned Figures 3A to 3F, one,
two, or more than two of each of the conjugate 31 and
31’, the labeled conjugate 31, the affinity molecule 39
and the labeled affinity molecule 39 may be used in prac-
ticing the methods of the present invention according to
claims 1-52. Specific, non-limiting examples of assays
employing the sandwich assay format are as follows: (a)
A method for determining or identifying an analyte in a
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sample is disclosed, which comprises: (i) contacting the
sample containing the analyte with one or more affinity
molecules, at least one of which is labeled by a detectable
marker, to form a complex containing the analyte and the
affinity molecule labeled by the detectable marker; (ii)
separating the complex from any free affinity molecule
labeled by the detectable marker which is not involved
in forming the complex in a separation channel of a mi-
crofluidic device in the presence of a charged polymer;
(iii) measuring an amount of the separated complex or
detecting a presence of the separated complex; and (iv)
determining an amount of the analyte in the sample on
the basis of the measured amount or identifying a pres-
ence of the analyte in the sample on the basis of the
detected presence; wherein the affinity molecule has a
property capable of binding to the analyte, and wherein
when two or more affinity molecules are used, each af-
finity molecule has a property capable of binding with the
analyte at a different site on the analyte from every other
affinity molecule:

(b) A method for determining or identifying an analyte
in a sample is disclosed, which comprises: (i) con-
tacting the sample containing the analyte with one
or more conjugates of an affinity molecule and a
charged carrier molecule, wherein at least one of the
one or more conjugates is labeled by a detectable
marker, to form a complex containing the analyte
and the conjugate labeled by the detectable marker;
(ii) separating the complex from the conjugate la-
beled by the detectable marker which is not involved
in the complex in a separation channel of a micro-
fluidic device in the presence of a charged polymer;
(iii) measuring an amount of the separated complex
or detecting a presence of the separated complex;
and (iv) determining an amount of the analyte in the
sample on the basis of the measured amount or iden-
tifying a presence of the analyte in the sample on
the basis of the detected presence; wherein the af-
finity molecule in the conjugate has a property ca-
pable of binding to the analyte, and when two or more
conjugates are used, each affinity molecule in the
conjugate has a property capable of binding with the
analyte at a different site on the analyte from every
other affinity molecule, and the charged carrier mol-
ecule has a property capable of causing a change
in a separation (e.g., migration) property of the an-
alyte by binding to the analyte through the affinity
molecule to form a complex of the analyte, the affinity
molecule and the charged carrier molecule. In other
words, the charged carrier molecule causes a
change in a separation (e.g., migration) property of
the analyte and enables a complex containing the
analyte and the conjugate labeled by the detectable
marker to separate from the conjugate labeled by
the detectable marker which is not involved in the
complex, by binding to the analyte through the affinity
molecule to form the complex containing the analyte

and the conjugate labeled by the detectable marker.
(c) A method for determining or identifying an analyte
in a sample is disclosed, which comprises: (i) con-
tacting the sample containing the analyte with one
or more affinity molecules and one or more conju-
gates of an affinity molecule and a charged carrier
molecule, wherein either at least one of the affinity
molecule or at least one of the conjugate is labeled
by a detectable marker, to form a complex containing
the analyte, the affinity molecule and the conjugate;
(ii) separating the complex from any free affinity mol-
ecule labeled by the detectable marker or the con-
jugate labeled by the detectable marker which is not
involved in forming the complex in a separation chan-
nel of a microfluidic device in the presence of a
charged polymer; (iii) measuring an amount of the
separated complex or detecting a presence of the
separated complex; and (iv) determining an amount
of the analyte in the sample on the basis of the meas-
ured amount or identifying a presence of the analyte
in the sample on the basis of the detected presence;
wherein the affinity molecule and the affinity mole-
cule in the conjugate have a property capable of bind-
ing to the analyte, and each affinity molecule has a
property capable of binding with the analyte at a dif-
ferent site on the analyte from every other affinity
molecule, and the charged carrier molecule has a
property capable of causing a change in a separation
(e.g., migration) property of the analyte by binding
to the analyte through the affinity molecule to form
a complex of the analyte, the affinity molecule and
the charged carrier molecule. In other words, the
charged carrier molecule causes a change in a sep-
aration (e.g., migration) property of the analyte and
enables a complex containing the analyte, the affinity
molecule and the conjugate to separate from the free
affinity molecule labeled by the detectable marker or
the free conjugate labeled by the detectable marker
which is not involved in the complex, by binding to
the analyte through the affinity molecule to form the
complex containing the analyte, the affinity molecule
and the conjugate.

[0115] Alternatively, the analyte in a sample can be
measured by so-called competitive assays in which la-
beled analyte or analyte bound with the charged carrier
molecule (or the labeled analogue of the analyte or an-
alyte analogue bound to the charged carrier molecule)
is employed for competitive reactions between the la-
beled analyte or analyte bound with the charged carrier
molecule (or the labeled analogue of the analyte or an-
alyte analogue bound to the charged carrier molecule)
and the analyte in the sample.
[0116] In competitive assays, the affinity molecule has
a property capable of binding to the analyte in the sample
and the labeled analyte (or the labeled analogue). When
two or more affinity molecules are used, each affinity mol-
ecule has a property capable of binding with the analyte
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in the sample and the labeled analyte at a different site
on the analyte in the sample and a different site on the
labeled analyte from every other affinity molecule, or
each affinity molecule has a property capable of binding
with the analyte in the sample and the labeled analogue
at a different site on the analyte in the sample and a
different site on the labeled analogue from every other
affinity molecule. Additionally, when the analyte exists in
both a form bound with a protein or other binding sub-
stance (e.g., the bound form) and a form unbound with
a protein or other binding substance (e.g., the unbound
form) in a sample, wherein the bound form and the un-
bound form are in equilibrium, the competitive assay us-
ing the analogue of the analyte can be used to analyze
the unbound form of analyte.
[0117] Other embodiments of the present invention
which use the competitive assay format are typically
shown in Figures 3G to 3K. In the embodiments shown
for example in Figures 3G-J, a competitive assay can be
used in which a labeled analyte or a labeled analogue of
the analyte (e.g., analyte 32’) competes with an analyte
of interest 32 in the sample for binding to one or more
non-labeled affinity molecule(s) such as an antibody or
a DNA-antibody conjugate (e.g., DNA-antibody conju-
gate(s) 31 and/or 31’). Multiple affinity molecules may
be used when it is desirable or necessary to provide high-
er resolution of the detectable signal in the sizing assay,
as shown for example in Figures 3H and 3I. In another
embodiment as shown for example in Figure 3K, a com-
petitive assay can be used in which an analyte or an
analyte analogue (e.g., analyte 32’) bound with a charged
carrier molecule (e.g., nucleotide chain) competes with
an analyte of interest 32 in the sample for binding to one
or more labeled affinity molecule(s) such as an antibody
(e.g., labeled antibody 39). In the above-mentioned Fig-
ures 3G to 3K, one, two or more than two of the conjugate
31 and 31’, the affinity molecule 39 and the labeled affinity
molecule 39 may be used in practicing the methods of
the present invention.
[0118] In the above-mentioned method of the present
invention, when the unbound form of analyte is deter-
mined by using the analogue of the analyte, it is prefer-
able that the analogue of the analyte dose not react sub-
stantially with proteins or other binding substances which
bind with the analyte to form the bound form. The labeled
affinity molecule in Figure 3K binds with at least the an-
alyte of the unbound form and the analogue. It is prefer-
able that the labeled affinity molecule binds with the an-
alyte of the unbound form and the analogue but does not
bind with the analyte of the bound form.
[0119] Specific examples of assays performed by us-
ing the competitive assay format are as follows: (a) A
method for determining an analyte in a sample is dis-
closed, which comprises: (i) contacting the sample con-
taining the analyte with the analyte (or the analogue) la-
beled by a detectable marker and one or more affinity
molecule to form a first complex of the analyte in the
sample and the affinity molecule and a second complex

of the labeled analyte (or the labeled analogue) and the
affinity molecule; (ii) separating the second complex from
any free labeled analyte (or free labeled analogue) which
is not involved in forming the second complex in a sep-
aration channel of a microfluidic device in the presence
of a charged polymer; (iii) measuring an amount of the
separated second complex or an amount of the separat-
ed free labeled analyte (or the separated free labeled
analogue); and (iv) determining an amount of the analyte
in the sample on the basis of the measured amount;
wherein the affinity molecule has a property capable of
binding to the analyte in the sample and the labeled an-
alyte or a property capable of binding to the analyte in
the sample and the labeled analogue, and wherein when
two or more affinity molecules are used, each affinity mol-
ecule has a property capable of binding with the analyte
in the sample and the labeled analyte at a different site
on the analyte in the sample and a different site on the
labeled analyte from every other affinity molecule or each
affinity molecule has a property capable of binding with
the analyte in the sample and the labeled analogue at a
different site on the analyte in the sample and a different
site on the labeled analogue from every other affinity mol-
ecule. The affinity of the affinity molecule toward the an-
alyte in the sample and the labeled analyte is preferably
the same or the affinity of the affinity molecule toward
the analyte in the sample and the labeled analogue is
preferably the same. In the above-mentioned method,
when the unbound form of analyte is analyzed by using
the analogue of the analyte, the analogue of the analyte
is needed to be substantially non-reactive with proteins
or other binding substances which bind with the analyte
to form the bound form.

(b) A method for determining an analyte in a sample
is disclosed, which comprises: (i) contacting the
sample containing the analyte with the analyte (or
the analogue) labeled by a detectable marker and
one or more conjugate of an affinity molecule and a
charged carrier molecule to form a first complex of
the analyte in the sample and the conjugate and a
second complex of the labeled analyte (or the la-
beled analogue) and the conjugate; (ii) separating
the second complex from any free labeled analyte
(or free labeled analogue) which is not involved in
forming the second complex in a separation channel
of a microfluidic device in the presence of a charged
polymer; (iii) measuring an amount of the separated
second complex or an amount of the separated free
labeled analyte (or the separated free labeled ana-
logue); and (iv) determining an amount of the analyte
in the sample on the basis of the measured amount;
wherein the affinity molecule in the conjugate has a
property capable of binding to the analyte in the sam-
ple and the labeled analyte or the analyte in the sam-
ple and the labeled analogue, and when two or more
conjugates are used, each affinity molecule in the
conjugate has a property capable of binding with the
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analyte in the sample and the labeled analyte at a
different site on the analyte in the sample and a dif-
ferent site on the labeled analyte from every other
affinity molecule or each affinity molecule in the con-
jugate has a property capable of binding with the
analyte in the sample and the labeled analogue at a
different site on the analyte in the sample and a dif-
ferent site on the labeled analogue from every other
affinity molecule, and the charged carrier molecule
has a property capable of causing a change in a sep-
aration (e.g., migration) property of the labeled an-
alyte (or the labeled analogue) by binding to the la-
beled analyte (or the labeled analogue) through the
affinity molecule to form a complex of the labeled
analyte (or the labeled analogue), the affinity mole-
cule and the charged carrier molecule. In other
words, the charged carrier molecule causes a
change in a separation (e.g., migration) property of
the labeled analyte (or the labeled analogue) and
enables a second complex of the labeled analyte (or
the labeled analogue) and the conjugate to separate
from the free labeled analyte (or free labeled ana-
logue) which is not involved in the complex, by bind-
ing to the labeled analyte (or the labeled analogue)
through the affinity molecule to form the second com-
plex of the labeled analyte (or the labeled analogue)
and the conjugate. The affinity of the affinity molecule
toward the analyte in the sample and the labeled
analyte is preferably the same or the affinity of the
affinity molecule toward the analyte in the sample
and the labeled analogue is preferably the same. In
the above-mentioned method of the present inven-
tion according to claim 27, when the unbound form
of analyte is analyzed by using the analogue of the
analyte, the analogue of the analyte is needed to be
substantially non-reactive with proteins or other
binding substances which bind with the analyte to
form the bound form.
(c) A method for determining an analyte in a sample
is disclosed, which comprises: (i) contacting the
sample containing the analyte with the analyte bound
to a charged carrier molecule (or the analogue bound
to a charged carrier molecule), one or more affinity
molecule labeled by a detectable marker to form a
first complex of the analyte bound to the charged
carrier molecule (or the analogue bound to a charged
carrier molecule) and the labeled affinity molecule
and a second complex of the analyte in the sample
and the labeled affinity molecule; (ii) separating the
first complex from any second complex in a separa-
tion channel of a microfluidic device in the presence
of a charged polymer; (iii) measuring an amount of
the separated first complex or an amount of the sec-
ond complex; and (iv) determining an amount of the
analyte in the sample on the basis of the measured
amount; wherein the affinity molecule has a property
capable of binding to the analyte in the sample and
the analyte bound to the charged carrier molecule

or the analyte in the sample and the analogue bound
to the charged carrier molecule, and wherein when
two or more affinity molecules are used, each affinity
molecule has a property capable of binding with the
analyte in the sample and the analyte bound to the
charged carrier molecule at a different site on the
analyte in the sample and a different site on the an-
alyte bound to the charged carrier molecule from
every other affinity molecule or each affinity molecule
has a property capable of binding with the analyte in
the sample and the analogue bound to the charged
carrier molecule at a different site on the analyte in
the sample and a different site on the analogue
bound to the charged carrier molecule from every
other affinity molecule, and the charged carrier mol-
ecule has a property capable of causing a change
in a separation (e.g., migration) property of the first
complex by binding to the analyte (or the analogue)
to form a complex of the analyte (or the analogue),
the affinity molecule and the charged carrier mole-
cule. In other words, the charged carrier molecule
causes a change in a separation (e.g., migration)
property of the labeled analyte (or the labeled ana-
logue) and enables a complex of the analyte (or the
analogue) which is not bound to the charged carrier
molecule and the labeled affinity molecule to sepa-
rate from the second complex of the analyte and the
labeled affinity molecule, by binding to the labeled
analyte (or the labeled analogue) to form the first
complex of the analyte bound to the charged carrier
molecule (or the analogue bound to a charged carrier
molecule) and the labeled affinity molecule. In the
above-mentioned method of the present invention
according to claim 28, the binding of the charged
carrier molecule to the analyte or the analogue of
the analyte may be carried out in the same manner
as the binding of the charged carrier molecule to the
affinity molecule as mentioned above. In the above-
mentioned method of the present invention accord-
ing to claim 28, when the unbound form of analyte
is analyzed by using the analogue of the analyte, the
analogue of the analyte is needed to be substantially
non-reactive with proteins or other binding substanc-
es which bind with the analyte to form the bound
form. The labeled affinity molecule binds with at least
the analyte of the unbound form and the analogue.
It is preferable that the labeled affinity molecule binds
with the analyte of the unbound form and the ana-
logue but does not bind with the analyte of the bound
form. When the labeled affinity molecule binds with
the analyte of the bound form, the analyte of the un-
bound form and the analogue, in the measuring step
(iii) mentioned above, an amount of the separated
first complex or a total amount of the second com-
plex, the free labeled affinity molecule and a complex
of the analyte of the bound form and the labeled af-
finity molecule is measured.

47 48 



EP 1 613 962 B1

26

5

10

15

20

25

30

35

40

45

50

55

[0120] The above-mentioned analogue of the analyte
to be used in the present invention has a property capable
of binding with the affinity molecule in the similar manner
as the analyte binds with the affinity molecule. That is,
the analogue has functional group(s) (e.g., binding site
(s)) in its structure which are functionally the same as the
functional group(s) of the analyte which interact with the
affinity molecule and the conjugate of the affinity mole-
cule and the charged carrier molecule. Introducing a de-
tectable marker and/or a charged carrier molecule in the
analogue molecule does not disturb the function of such
group(s) in the analogue structure in terms of interacting
with the affinity molecule. The analogue in the present
invention includes one which is modified, changed, de-
natured or has removed a part of the structure of the
analyte. Such analogues include, for example, a recom-
bination protein which introduced a variation into a part
of a protein of the analyte, peptides which modified or
changed a part of a sequence of peptides of the analyte,
nucleic, acids which modified or changed a part of a se-
quence of nucleic acids of the analyte and the like.
[0121] In the above mentioned case to analyze the un-
bound form of analyte, the analyte of interest is one which
exists in both a form bound with a protein or other binding
substance (e.g., the bound form) and a form unbound
with a protein or other binding substance (e.g., the un-
bound form) in a sample and wherein the bound form
and the unbound form are in equilibrium. Such analytes
include, for example, T4, cortisol, progesterone, estradi-
ol, testosterone, PSA, protein C, elastase, cathepsin G,
thrombin, C1-esterase, plasmin, tissue-type plasmino-
gen activator and the like. There is no particular limitation
for the protein or other binding substances in the bound
form as far as it has an affinity to the analyte and a prop-
erty capable of binding with the analyte. These protein
or other binding substances include, for example,
globurin, prealbumin or albumin in case of T4 as the an-
alyte of interest globurin or albumin in case of cortisol,
progesterone, estradiol or testosterone, α1-antichymot-
rypsin or α2-macrogloburin in case of PSA, protein C in-
hibitor in case of protein C, α1-trypsin inhibitor in case of
elastase, α1-antichymotrypsin in case of cathepsin G,
antithrombin III in case of thrombin, C1 inhibitor in case
of C1-esterase, α2-plasmin inhibitor in case of plasmin,
plasminogen activator inhibitor 1 in case of tissue-type
plasminogen activator and the like.
[0122] In the above-mentioned methods, in determin-
ing the amount of the analyte in a sample based on the
measured amount of the detectable marker of the sepa-
rated complex or the detectable marker which is not in-
volved in forming the complex, for example, another sam-
ple containing the analyte at a known concentration is
used in the same measurement as mentioned above to
prepare a calibration curve showing a relationship be-
tween the amount of the analyte thus obtained and that
of the detectable marker of the separated complex or the
detectable marker which is not involved in forming the
complex. To this working curve is adapted the measured

value of the detectable marker obtained by measurement
of a sample containing the analyte to determine the
amount of the intended analyte.
[0123] In addition, it is possible to calculate the relative
amount of the analyte contained in a sample by adding
a detectable substance as an internal standard at a
known concentration to a sample, followed by compari-
son of the amount of the substance added as an internal
standard with that of the detectable marker of the sepa-
rated complex or the detectable marker which is not in-
volved in forming the complex. In such a way, it becomes
possible to correct the error between the use of multiple
devices.
[0124] In the method of the present invention, meas-
urement of the detectable marker of the separated com-
plex or the detectable marker which is not involved in
forming the complex may be achieved according to a
conventional manner responding to the type of the de-
tectable marker used. For example, when the property
of the marker depends on enzymatic activity, the meas-
urement may be conducted in a conventional way of EIA
or hybridization as described in, for example, "Enzyme
Immunoassay" Protein, Nucleic Acid and Enzyme, Sup-
plementary Volume 31, Edited by Tsunehiro Kitagawa,
Toshio Nambara, Akio Tuji, and Eiji Ishikawa, pages
51-63, Kyoritsu Shuppan Co., Ltd., Published on Sep-
tember 10, 1987. When the analyte is a radioactive ma-
terial, it may be detected according to a conventional way
of RIA or hybridization using a suitable detector such as
a dipping-type GM counter, liquid scintillation counter,
well-type scintillation counter, etc., responding to the kind
and strength of the radiation emitted by the radioactive
material [see: Ikagaku Jikken Koza (Experimental Man-
ual in Medical Chemistry), vol. 8, Edited by Yuichi Yama-
mura, First edition, Nakayama Shoten, 1971; Seikagaku
Jikkenn Koza (Experimental Manual in Biochemistry), 2,
Experimental Procedure for Tracer, Last Volume, Akihiro
Takemura, Tasuku Honjo, pages 501-525, Tokyo Ka-
gaku Dojin, Published on February 25, 1977]. When the
property of the marker depends on fluorescence, the
measurement may be conducted in a conventional way
of FIA or hybridization using a detector such as a fluor-
ophotometer or confocal laser microscope as described
in Zusetu (Illustrative Description) Fluorescent Antibod-
ies, Akira Kawao, First Edition, Soft Science, 1983; Seik-
agaku Jikkenn Koza (Experimental Manual in Biochem-
istry), 2, Chemistry of Nucleic Acid III, Mineo Saneyoshi,
pages 299-318, Tokyo Kagaku Dojin, Published on De-
cember 15, 1977. When the property of the marker de-
pends on luminescence, the measurement may be con-
ducted in a conventional way using a detector such as a
photon counter according to a method as described in,
for example, "Enzyme Immunoassay" Protein, Nucleic
Acid and Enzyme, Supplementary Volume 31, Edited by
Tsunehiro Kitagawa, Toshio Nambara, Akio Tuji, and Eiji
Ishikawa, pages 252-263, Kyoritsu Shuppan Co., Ltd.,
Published on September 10, 1987. Further, when the
property is of absorbance in an ultraviolet region, detec-
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tion may be conducted in a conventional way using a
detector such as a spectrophotometer. When the prop-
erty is of coloring, the detection may be conducted in a
conventional way using a detector such as a spectropho-
tometer or microscope. In addition, when the analyte has
a property of spin, the detection may be conducted in a
conventional way using a detector such as an electron
spin resonance apparatus according to a method as de-
scribed in, for example, in "Enzyme Immunoassay" Pro-
tein, Nucleic Acid and Enzyme, Supplementary Volume
31, Edited by Tsunehiro Kitagawa, Toshio Nambara, Akio
Tuji, and Eiji Ishikawa, pages 264-271, Kyoritsu Shuppan
Co., Ltd., Published on September 10, 1987. The detec-
tion may also be by fluorescence polarization.
[0125] The method for determining or identifying in the
present invention may be conducted according to the
above-mentioned per se known methods using reagents
properly chosen in a per se conventional manner except
for the additional step of performing the separation in the
presence of the charged polymer, wherein the charged
polymer has the same charge as the charged carrier mol-
ecule so that the charged polymer interferes with the
binding of sample components having an opposite
charge to the charged carrier molecule, preferably per-
forming both the separation and contact of the sample
(the analyte) and the affinity substance for forming a com-
plex.
[0126] The presence of analyte in the sample can be
identified, e.g., by detecting either a migration shift of
labeled affinity molecule, a migration shift of the labeled
conjugate of the affinity molecule, a migration shift of la-
beled analyte or its labeled analogue and/or its complex
with the corresponding affinity molecule, or a migration
shift of labeled analyte or its labeled analogue and/or its
complex with its corresponding conjugate of the affinity
molecule, or their combination. Also a migration shift of
the complex of the analyte conjugated with a charged
carrier molecule and the corresponding affinity molecule,
or a migration shift of the complex of the analogue of the
analyte conjugated with a charged carrier molecule and
the corresponding labeled affinity molecule can be used
to identify the presence of the analyte. Analysis of neg-
ative control samples, without analyte, can be run in the
assay to determine such labeled molecule and/or its com-
plex peak elution time or migration rate through the sep-
aration media. Positive control samples, containing a de-
tectable amount of reference analyte, can be run in the
assay to determine the labeled molecule and/or its com-
plex peak elution time or migration rate through the sep-
aration media. When unknown samples are run in the
same assay, the presence of analyte can be identified
by detection of a peak with the same retention time or
migration rate as the labeled molecule and/or its complex
peak. To ensure that the identified peak is not just back-
ground noise in the assay, standard method validation
techniques can be used to determine a threshold value
of peak height or peak area giving statistical confidence
that an actual signal has been detected over background.

[0127] Internal markers can be added to each sample
to provide a frame of reference for identification of peaks
or to adjust elution times for inter-assay variability allow-
ing precise comparisons between assay runs. For exam-
ple, detectable high molecular weight and low molecular
weight markers can be added to samples to bracket the
conjugate peaks in a frame of reference. If the elution
times vary from run to run, conjugate peaks can still be
identified by their relative positions between the internal
markers, as is known by those skilled in the art.
[0128] The quantity of analyte present in a sample can
be determined by comparison of the identified conjugate/
analyte complex peak height or peak area to a standard
curve. The standard curve can be, e.g., an equation rep-
resenting the peak height or area values for one or more
standard samples having known amounts of analyte.
Peak height or area values from an unknown sample can
be input to the formula to determine the amount of analyte
in the sample. The peak height or area values can be
adjusted by subtraction of a negative control background
to increase the accuracy of the determination.
[0129] The analyte can be quantified by relating peak
height ratios or peak area ratios for free conjugate and
complex peaks to a formula or chart of values. The for-
mula or chart of concentrations versus analyte concen-
trations can be calculated or empirically derived for the
assay, as is known in the art. Addition of internal markers
can improve the quantification data by comparing with
results obtained from different run of assays with known
amount of the analyte.
[0130] In carrying out the method of the invention,
when a nucleotide chain is used and there is a possibility
of the existence of a nuclease or nucleases such as
DNase, RNase, etc., it is appropriate to add a nuclease
inhibitor such as ethylene glycol bis(2-aminoethyl ether)
tetraacetate (EGTA), ethylenediamine tetraacetate (ED-
TA), heparin, and the like to a solution containing a nu-
cleotide chain.
[0131] Briefly, when the nucleotide chain is made to
contact another substance (e.g., sample, affinity mole-
cule or conjugate) or when the analyte/affinity substance
complex is separated from the free affinity substance not
involved in the formation of the complex, it is appropriate
to add an inhibitor as mentioned above to a solution con-
taining the nucleotide chain or a solution which is made
to contact with the nucleotide chain in order to carry out
the contact in the presence of the inhibitor.
[0132] The reagents and other materials used for con-
ducting the present invention may be formulated into a
composition or kit for separating a free conjugate of a
charged carrier molecule and an affinity molecule, and a
complex of an analyte in the sample and the conjugate
so that the above-mentioned method of the present in-
vention can successively be carried out. Specifically, the
composition or kit for separating a free conjugate of a
charged carrier molecule and an affinity molecule, and a
complex of an analyte in the sample and the conjugate
of the present invention comprises a separation media
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and a charged polymer. In a preferred embodiment of
the above-mentioned composition or kit, the conjugate
is labeled by a detectable marker. The charged carrier
molecule in the conjugate is more preferably labeled by
the detectable marker. The above-mentioned composi-
tion or kit can further comprise the affinity molecule. In
this case, at least one of the affinity molecule and the
conjugate (e.g., the affinity molecule and/or the charged
carrier molecule in the conjugate) is preferably labeled
by the detectable marker. The preferred embodiment of
examples of the respective components are as men-
tioned above. The above-mentioned composition or kit
may be used in combination with a microfluidic device,
which may be sold as part of the kit.

III. Concentration Method

[0133] In the present invention, concentration methods
are performed for the purpose of concentrating an ana-
lyte of interest in the sample by using a microfluidic device
and applying a concentrated analyte of high concentra-
tion to the migration shift assay. A variety of concentration
methods can be used in the microfluidic device to con-
centrate an analyte in the sample, such as so-called on-
line sample concentration techniques. The on-line sam-
ple concentration or sample stacking operations can be
classified into two types: (i) electrophoretic concentration
techniques which utilize a difference in electrophoretic
mobilities of sample constituents in a capillary (e.g.,
FASS, FASI, ITP, IF, etc.) and (ii) chemical adsorption
concentration techniques which utilize adsorbents (e.g.,
SPE, etc.) (R. L. Chien, Electrophoresis, 24, 486-497,
2003).
[0134] For example, the following concentration meth-
ods can be used: (i) FASS (Field Amplification Sample
Stacking) which utilizes the difference of the electrical
conductivity of a concentration domain and a separation
domain (e.g., US 6 695 009, Weiss, D.J., Saunders, K.,
Lunte, C.E. Electrophoresis 2001, 22, 59-65; Britz-McK-
ibbin, P., Bebault, G.M., Chen, D.D.Y. Anal Chem.
2000,72,1729-1735, Ross, D., Locascio, L.E. Anal
Chem. 2002, 71, 5137-5145), (ii) FASI (Field Amplifica-
tion Sample Injection) whereby a minute plug of water is
inserted between the concentration domain and the sep-
aration domain in the FASS (e.g., "Field amplified sample
injection in high-performance capillary electrophoresis",
Chien, R.L et al. J. Chromatogr. 1991, 559, 141-148), (iii)
ITP (Isotachophoresis) which utilizes the difference of
the mobilities of ions in the domain sandwiched between
a leading solution and a trailing solution (e.g., Everaerts,
F.M., Geurts, M. Mikkers, F.E.P., Verheggen, T.P.E.M J
Chromatagr. 1976, 119, 129-155; Mikkers, F.E.P., Ever-
aerts, F.M., Peek, J.A.F. J. Chromatogr. 1979, 168,
293-315; and Mikkers, F.E.P., Everaerts, F.M., Peek,
J.A.F. J. Chromatogr. 1979, 168, 317-332, Hirokawa, T,
Okamoto, H. Ikuta, N., and Gas, B., "Optimization of Op-
erational Modes for Transient Isotachophoresis Precon-
centration-CZE," Analytical Sciences 2001, Vol. 17 Sup-

plement il85, (iv) IF (Isoelectric Focusing) which utilizes
the difference of the isoelectric point between the sub-
stances (e.g., "High performance isoelectric focusing us-
ing capillary electrophoresis instrumentation", Wehr T,
et al. Am. Biotechnol. Lab. 1990, 8, 22, "Fast sand high-
resolution analysis of human serum transferring by high-
performance isoelectric focusing in capillaries", Kilar F.
et al., Electrophoresis 1989, 10, 23-29), (v) SPE (Solid
Phase Extraction) which utilizes a specific interaction be-
tween a solid phase (e.g., a solid phase with bound ad-
sorbent such as a receptor) and an analyte to adsorb the
analyte to the solid phase (e.g., "Microchip-based purifi-
cation of DNA from Biological Samples", Breadmore M.
et al. Anal. Chem. 2003, 75, 1880-1886).

IV. Concentration Methods of the Invention

[0135] The present invention provides methods com-
prising concentrating the analyte which has not been con-
centrated efficiently by the above described known con-
centration methods with high concentration and detect-
ing the analyte in high sensitivity by reducing the inter-
ference in the objective operation (e.g., in the separation
and the detection step) by any unnecessary constituents
other than the analyte in the sample which are concen-
trated simultaneously with the analyte (e.g., "noise con-
stituents" which interfere in the detection of the analyte).
Further, the present invention also provides methods for
optimizing the reaction conditions to easily concentrate
the objective substance for the sensitive measurement
of the analyte.
[0136] It is a characteristic of the present invention that
in the above-mentioned concentration methods a com-
plex of the analyte and the conjugate or a complex of the
analyte, conjugate and affinity molecule formed by con-
tacting (e.g., reacting) the analyte in the sample with an
affinity molecule bound to a charged carrier molecule
(e.g., a conjugate of the affinity molecule and the charged
carrier molecule) is concentrated. That is, the concentra-
tion method of the present invention is accomplished for
solving the below mentioned problems: a) When the an-
alyte in the sample has a very large molecular weight
and/or a small electrical charge, the electrophoretic mo-
bility of the analyte becomes slow (e.g., is reduced). As
a result, it is difficult to highly concentrate such an analyte
in a short time, e.g., concentrating such a substance ef-
ficiently becomes difficult. b) When unnecessary constit-
uents (e.g., noise constituent) in the sample other than
the analyte migrate to the same region as the objective
substance, the unnecessary constituents are concentrat-
ed simultaneously with the analyte. As a result, when the
concentrated sample including the analyte is used as the
sample for separation and detection, background and
noise levels are elevated and reduction of the assay sen-
sitivity results (e.g., the assay sensitivity is reduced). c)
When the analyte coexists with noise constituents in the
sample such as is the case with a clinical serum sample,
it is very difficult to optimize reaction conditions so that
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the analyte is concentrated while the unnecessary noise
constituents are not concentrated simultaneously with
the analyte or are concentrated in a different region from
the analyte (e.g., in this case, optimization of the concen-
tration step is very important for the sensitive detection.
However, it is very time consuming and laborious to find
such an optimum condition).
[0137] The methods of the present invention thus use
a charged carrier molecule (e.g., a conjugate of the af-
finity molecule and the charged carrier molecule) which
can efficiently concentrate an analyte having a very large
molecular weight and/or a relatively small charge into
high concentration and can concentrate the analyte at a
migration region where the concentration of the unnec-
essary constituents (e.g., noise constituents) is lower or
approximately zero, or at a migration region where the
unnecessary noise constituents do not exist (e.g., a mi-
gration region where the concentration of noise constit-
uents is lower or by controlling the migration mobility of
the analyte by choosing a suitable charged carrier mol-
ecule and optimizing the reaction conditions for concen-
trating the analyte).
[0138] For example, when the analyte is present in se-
rum, the noise constituents (e.g., proteins which co-exist
in the sample, etc.) are migrated and concentrate at the
same region as the analyte. The complex formed by re-
acting the analyte and the affinity molecule/ charged car-
rier molecule conjugate, wherein the charged carrier mol-
ecule such as DNA is of suitable length (e.g., 50 to
3000bp), is migrated and concentrated at a different re-
gion from the noise constituents in the serum (e.g., a
region where the concentration of the noise constituents
is lower or about zero).
[0139] In the present invention, the term "unnecessary
constituents" (e.g., "noise constituents") generally refers
to substances other than the analyte which co-exist in
the sample or a solution containing the analyte, and which
are migrated and concentrated at the same region as the
analyte and which interfere in the separation or the de-
tection of the analyte when the electrophoresis is done
by conventional electrophoresis methods.
[0140] The unnecessary constituents (e.g., noise con-
stituents) include, for example, proteins, nucleic acids,
hemoglobin, metals, sugarbiological pigments, lipids,
electrolytes and the like. "Unnecessary constituents" also
generally refer to materials used in the labeling reaction
of the affinity molecule or the analyte (or its analogue)
and which remain in the labeled material preparations
even after purification steps. It also generally refers to
labeled affinity molecules which do not react with the an-
alyte and which remain as an unbound form, or labeled
analytes which do not react with the affinity molecule and
which remain as an unbound form in the reaction mixture.
The method of the present invention can be carried out,
for example, in the following way(s). That is, a sample
containing the analyte is contacted with a conjugate of
an affinity molecule and a charged carrier molecule to
form a complex of the analyte and the conjugate of an

affinity molecule and a charged carrier molecule, and the
resulting complex is migrated to the region of low or zero
noise constituent concentration (e.g., a region with few
noise constituents) and is concentrated by using a con-
centration (e.g., stacking) channel in a microfluidic device
comprising at least one concentration channel having at
least one microscale dimension of between about 0.1
and 500 Pm. After that, by applying this complex to the
migration shift assay, it is possible to identify the pres-
ence of the analyte or to determine an amount of the
analyte in the sample by detecting the complex with high
sensitivity.

A. Conjugate

[0141] By choosing a suitable charged carrier mole-
cule in the conjugate of the invention, it is possible to
control the migration property (e.g., mobility) of the ana-
lyte. The conjugate may be labeled by a detectable mark-
er as described above. The detectable marker, prefera-
ble examples of same, the labeling method used, etc.
are the same as described above. In the methods men-
tioned above, in order to concentrate the analyte/conju-
gate complex or the analyte/conjugate/affinity molecule
complex, a concentration (e.g., stacking) channel in a
microfluidic device is used. In order to concentrate such
molecules and their complexes in a microfluidic channel
by means of the concentration methods exemplified
above, such molecules to be concentrated are preferably
diluted in a suitable buffer with suitable pH and ionic
strength. For example, when a FASS concentration
method is chosen, such molecules to be concentrated
are diluted in low conductivity buffer, and then they are
contacted and subjected to the concentration step. For
example, a serum sample including an analyte of interest
and a conjugate of an affinity molecule which recognizes
the analyte specifically and the charged molecule are
diluted 10 times by 7.5mM HEPES buffer (pH7.5) includ-
ing 7.5mM NaCl.

B. Sample and Analyte

[0142] The sample and the analyte are the same as
described above. Especially, the concentration method
of the present invention is useful for an analyte which is
migrated and concentrated at the same region as the
noise constituents and for an analyte which generates a
complex together with an affinity molecule and/or its con-
jugate and which migrates and is concentrated at the
same region as the noise constituents using conventional
methods. In order to concentrate such analyte and its
complex in a microfluidic channel efficiently, by means
of the concentration methods exemplified above, such
an analyte to be concentrated is preferably diluted in a
suitable buffer with suitable pH and ionic strength. For
example, when a FASS concentration method is chosen,
the analyte to be concentrated is diluted in low conduc-
tivity buffer and then contacted and subjected to the con-
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centration step. For example, serum including an analyte
of interest is diluted 10 times with 7.5mM HEPES buffer
(pH7.5) including 7.5mM NaCl.

C. Contacting the Sample with a Conjugate

[0143] The contacting step is performed for contacting
the sample containing the analyte with the conjugate of
the affinity molecule and the charged carrier molecule to
form a complex of the analyte and the conjugate of the
affinity molecule and the charged carrier molecule. There
is no limitation in terms of how such a complex may be
formed. For example, a sample containing an analyte
and a conjugate of the affinity molecule and the charged
carrier molecule can be dissolved, dispersed or suspend-
ed, respectively, e.g., in water or buffers such as Tris-
buffer, phosphate buffer, Veronal buffer, borate buffer,
Good’s buffer, SSC buffer, TBE buffer, TAE buffer and
the like to give liquid materials, and these liquid materials
can be mixed and contacted with one another. Alterna-
tively, the sample and conjugate of the affinity molecule
and the charged carrier molecule may be dissolved, dis-
persed or suspended together at once. In the case where
a sample containing an analyte is a liquid, a conjugate
of the affinity molecule and the charged carrier molecule
can be directly mixed with the sample. If the sample con-
taining an analyte is a liquid, as described above, it may
not be dissolved, dispersed or suspended, e.g., in water
or the buffers. In the above-mentioned method, a con-
centration of the buffer is selected from the range usually
used in the field of the present invention. The pH of the
buffer is also selected from the range usually used in the
field of the present invention. For example, when a mix-
ture of a sample and a conjugate of an affinity molecule
and a charged carrier molecule are concentrated by a
FASS method, the contacting step is preferably carried
out in a buffer of lower conductivity. Further, when the
concentration method is conducted by a FASS method,
it is preferable to use a buffer having low electrical con-
ductivity such as a lower concentration of Hepes, Taps
and Tris buffer with lower salt concentration, and the like.
[0144] It is generally difficult to optimize the pH and
the temperature for contacting the sample with the affinity
molecule, in other words, for forming a complex of the
analyte and the affinity molecule, since they depend on
the properties of the analyte and the affinity molecule,
and the reaction conditions also affect the concentration
efficiency. However, in the method of the present inven-
tion, as far as they do not disturb the formation of the
complex, the reaction conditions may be chosen accord-
ing to a conventional manner usually used in the field of
the present invention, e.g., known EIA, RIA, FIA or hy-
bridization assays. That is, the contacting step may be
conducted usually at a pH between about 2 to 10, pref-
erably at a pH between 5 to 9, and usually at a temper-
ature of between 0 to 90°C, preferably between 5 to 40°C.
The reaction may be conducted for a period of a few
seconds to several hours depending on the respective

properties of the analyte and the conjugate of the affinity
molecule and the charged carrier molecule, since the re-
action time required for formation of the complex is varied
depending on their properties.

D. Affinity Molecule

[0145] In the present invention, one or more additional
affinity molecule(s) (e.g., as affinity molecule which has
not been bound to the charged carrier molecule) can be
used. One of the purposes for using one or more addi-
tional affinity molecules is to make the separation and
detection of the analyte easier. The characteristics of the
additional affinity molecule(s), examples of such mole-
cules, the concentration to be used, etc. are the same
as described above. The additional affinity molecule(s)
may be labeled by a detectable marker as described
above. The detectable marker, preferable examples of
same, the labeling method used, etc. are the same as
described above.

E. Use of Conjugate and Affinity Molecule

[0146] When a conjugate and an affinity molecule are
used, the sample containing the analyte is contacted with
an affinity molecule and an affinity molecule/charged car-
rier molecule conjugate to form a complex of the analyte,
the affinity molecule and the conjugate, and the resulting
complex is concentrated by using a concentration (e.g.,
stacking) channel in a microfluidic device comprising at
least one concentration (e.g., stacking) channel.
[0147] In the present invention, two or more affinity
molecules and two or more conjugates can be used. In
such case, each affinity molecule (including the affinity
molecule in each conjugate) binds with the analyte at a
different site on the analyte from every other affinity mol-
ecule. In case of using both the affinity molecule and the
conjugate, at least one of the affinity molecule and the
conjugate is generally one which can be measured (e.g.,
detected) or labeled by a detectable marker by some
conventional method. The use of an affinity molecule or
a conjugate having such a property will make it easier to
measure an analyte in a sample. In the case where an
analyte itself can be detected by some method (e.g., an
enzyme or the like), or where an analyte can bind directly
to a detectable marker without an affinity molecule or a
conjugate, the analyte in the sample can be measured,
even if the affinity molecule and the conjugate possess
no such detectable property described above. When two
or more affinity molecules or two or more conjugates are
used, it is not necessary for all affinity molecules or all
conjugates to have such a detectable property. In the
above-mentioned method, the detectable marker, the
method used to label an affinity molecule or a conjugate
by the detectable marker, etc. are as described above.
[0148] In order to contact the sample containing the
analyte with the affinity molecule and the conjugate to
form a complex of the analyte, the affinity molecule and

57 58 



EP 1 613 962 B1

31

5

10

15

20

25

30

35

40

45

50

55

the conjugate, there is no limitation as far as how such
a complex can be produced. For example, a sample con-
taining an analyte, an affinity molecule and a conjugate
can be dissolved, dispersed or suspended, respectively,
e.g., in water or buffers such as tris-buffer, phosphate
buffer, Veronal buffer, borate buffer, Good’s buffer, SSC
buffer, TBE buffer, TAE buffer and the like to give liquid
materials, and these liquid materials can be mixed and
contacted with one another. Alternatively, the sample,
affinity molecule and conjugate may be dissolved, dis-
persed or suspended together at once. In the case where
a sample containing an analyte is a liquid, an affinity mol-
ecule and/or a conjugate can be directly mixed with the
sample. If the sample containing an analyte is a liquid,
as described above, it may not be dissolved, dispersed
or suspended, e.g., in water or the buffers.
[0149] In the above-mentioned method, a concentra-
tion of the buffer is selected from the range usually used
in this field. The concentration of the affinity molecule
and the conjugate in the step of contacting the sample
with the affinity molecule and the conjugate is as men-
tioned above. The reaction conditions (e.g., pH, temper-
ature, reaction time, etc.) are the same as the above-
mentioned condition of the contacting the sample and
the affinity molecule.

F. Charged Polymer

[0150] In the concentration method of the present in-
vention according to claims 29-51, the above-described
charged polymer may be also used. Because a charged
polymer which can bind to interfering constituents can
prevent, e.g., false positive migration shifts due to non-
specific binding of constituents to the conjugate or the
conjugate and the affinity molecule, or failed assays due
to formation of an insoluble complex with the conjugate
or the conjugate and the affinity molecule /constituent
complexes, a charged polymer in the concentration
method of the present invention is used. The charged
polymer, its characteristics, examples of same, the con-
centration to be used, etc. are the same as described
above. When the charged polymer is used, the analyte/
conjugate complex or analyte/conjugate/affinity mole-
cule complex may be concentrated in the presence of
the charged polymer.
[0151] For example, the charged polymer is preferably
present in a concentration (e.g., stacking) channel of a
microfluidic device comprising at least one concentration
channel. Specifically, it is preferable to add the charged
polymer to the concentration (e.g., stacking) media
packed in the concentration channel. The presence of
the charged polymer in the concentration media can re-
duce carry-over of interfering sample constituents be-
tween sample runs. Alternatively or additionally, the
charged polymer may be present in the solution (e.g.,
water, a buffer such as tris-buffer, phosphate buffer, Ve-
ronal buffer, borate buffer, Good’s buffer, SSC buffer,
TBE buffer, TAE buffer, etc., used in hybridization as-

says, immunoassays, and the like) containing the analyte
and the analyte/conjugate complex or analyte/conjugate/
affinity molecule complex, and the obtained solution con-
taining the charged polymer, the analyte and the analyte/
conjugate complex or analyte/conjugate/affinity mole-
cule complex is then applied to the concentration chan-
nel. Further, the charged polymer may be present in a
solution to be used for applying a solution containing the
analyte and the analyte/conjugate complex or analyte/
conjugate/affinity molecule complex to the microfluidic
device, e.g., an eluent and a running buffer to be used
in the concentration (e.g., water, a buffer such as tris-
buffer, phosphate buffer, Veronal buffer, borate buffer,
Good’s buffer, SSC buffer, TBE buffer, TAE buffer, etc.,
used in hybridization assays, immunoassays, and the
like). In the methods mentioned above, the method for
making the charged polymer present in the solution con-
taining the analyte and the analyte/conjugate complex or
analyte/conjugate/affinity molecule complex is the same
as described above.
[0152] Further, in the concentration method of the
present invention, for reasons as described above, the
charged polymer is preferably present in at least the con-
centration step (e.g., in the concentration media), but it
additionally and/or alternatively may be present in the
contacting step of the sample containing the analyte with
the conjugate or the conjugate and the affinity molecule
for forming the complex. In a preferred embodiment of
the invention, the charged polymer is present in both the
concentration step (e.g., in the concentration media) of
the analyte/conjugate complex or the analyte/conjugate/
affinity molecule complex and the contacting step of the
sample containing the analyte and the conjugate or the
conjugate and the affinity molecule for forming the com-
plex to increase the recovery of analyte existing in the
sample.
[0153] In the methods mentioned above, the method
for making the charged polymer present in the contacting
step of the sample and the conjugate or the contacting
step of the sample, the conjugate and the affinity mole-
cule is the same as described above. The concentration
of the charged polymer to be used, etc. is the same as
described above.

G. Concentration Procedure

[0154] The resulting complex of the analyte (or the an-
alogue) and the conjugate, complex of the analyte (or
the analogue), the conjugate and the affinity molecule or
complex of the analyte (or the analogue), the charged
carrier molecule and the affinity molecule is concentrat-
ed. Typical examples are an on-line sample concentra-
tion or sample stacking operations such as an electro-
phoretic concentration utilizing a difference in an electro-
phoretic mobility in a capillary (e.g., FASS, FASI, ITP, IF,
etc.), a chemical adsorption concentration utilizing an ad-
sorbent (e.g., SPE, etc.) and the like. In particular, an
electrophoretic concentration may preferably be used.
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(R. L. Chien, Electrophoresis, 24, 486-497, 2003).
[0155] Among the electrophoretic concentration meth-
ods, the methods (e.g., ITP, FASS, FASI, etc.) based on
so-called electrokinetic focusing are preferable. Such
methods are, for example, based on the following prin-
ciples. By choosing and using a suitable buffer so that
the electrophoretic mobility of the analyte to be concen-
trated in the buffer zone for the migration in the concen-
tration channel becomes slower than that in a solution
zone before being applied to the concentration channel
containing the analyte, when the analyte moves to the
boundary between the solution zone containing the an-
alyte and the buffer zone for the migration in the concen-
tration channel, the migration speed of the analyte is
slowed down at the boundary and the analyte is concen-
trated (e.g., R. L. Chien, Electrophoresis, 24, 486-497,
2003, R. L. Chien, D. S. Burgi, Anal. Chem., 64,489A,
1992, D. S. Burgi, R. L. Chien, Anal. Chem.,
63,2042,1991, R. L. Chien, D. S. Burgi, J. Chromatogr.,
559,141,1991). For performing the concentration method
of the present invention by using the above-mentioned
method, the concentration of the resulting complex of the
analyte (or the analogue) and the conjugate, complex of
the analyte (or the analogue), the conjugate and the af-
finity molecule or complex of the analyte (or the ana-
logue), the charged carrier molecule and the affinity mol-
ecule is conducted by using a buffer for the migration in
the concentration channel, wherein the buffer has a prop-
erty that the electrophoretic mobility of the complex [e.g:,
analyte(or analogue)/conjugate complex, analyte(or an-
alogue)/conjugate/affinity molecule complex or analyte
(or analogue)/ charged carrier molecule/affinity molecule
complex] in the buffer for the migration in the concentra-
tion channel is slower than that in a solution which con-
tains the complex being applied to the concentration step.
As a result, when the complex moves to the boundary
between the solution containing the complex and the
buffer for the migration in the concentration channel, the
migration speed of the complex is slowed down at the
boundary and the complex is concentrated. Among them,
more particularly, it is preferable to use FASS, ITP, for
example, based on the following principle. ITP is a meth-
od based on the principle that by placing the analyte be-
tween two ions, a leading ion of an electrophoretic mo-
bility faster than the analyte and a trailing ion of an elec-
trophoretic mobility slower than the analyte, the analyte
is concentrated. And FASS is a method based on the
principle that electrophoretic mobility of the analyte is re-
duced when the substance in the concentration domain
reaches the boundary of a separation domain and a con-
centration domain and then the substance is concentrat-
ed, wherein the separation domain has higher conduc-
tivity than the concentration domain (e.g., US 6 695 009,
Weiss, D.J., Saunders, K., Lunte, C.E. Electrophoresis
2001, 22, 59-65; Britz-McKibbin, P., Bebault, G.M., Chen,
D.D.Y. Anal Chem. 2000, 72, 1729-1735, Ross, D., Lo-
cascio, L.E. Anal Chem. 2002, 71, 5137-5145). Among
the concentration methods mentioned above, it is pref-

erable to use the concentration method in which the com-
plex is concentrated based on the charge of the charged
carrier molecule in the conjugate bound with the analyte.
[0156] In the present invention, all of the buffers, fillers,
a variety of reagents such as processing solutions, etc.,
conventionally used in the concentration methods as
mentioned above may be utilized. The concentration of
these materials may be chosen optionally according to
known concentration methods. The condition for concen-
tration (e.g., pH, temperature, applied voltage, time, and
so on) may properly be chosen according to known meth-
ods.
[0157] Analytes of interest can be stacked (e.g., con-
centrated) into a volume less than the original analyte
sample by isotachophoresis (ITP) in a microfluidic de-
vice. For example, a sample bolus can be loaded be-
tween two different buffer systems in a channel and ex-
posed to an electric current to create a steady state of
solute zones migrating in order of decreasing mobility.
In the steady state, the zones can adopt the same con-
centration and migrate along the channel at the same
velocity as the leading electrolyte. Alternatively, a sample
bolus can be loaded adjacent to an electrolyte and
stacked in a dynamic (e.g., transient) condition at the
interface for injection, e.g., without having reached a
steady state equilibrium between ITP electrolytes. Stack-
ing can be practiced, e.g., in a concentration (e.g., stack-
ing) channel of a microfluidic device wherein a sample
is loaded between channel regions of a trailing electrolyte
and a leading electrolyte.
[0158] As shown in Figure 8A, analyte sample 80 can
be loaded to loading channel segment 81 by a differential
pressure between vacuum well 82 and sample well 83.
When an electric field is applied across stacking (e.g.,
concentration) channel segment 84, current is carried by
high mobility (e.g., high charge to mass ratio) leading
electrolytes 85, intermediate mobility analytes 86, and
low mobility trailing electrolyte 87, as shown in Figure
8B. As ITP proceeds, a steady state can be established
in which the volume of analyte 86 is reduced to the point
where the concentration of charged analyte 86 is equiv-
alent to the concentration of leading electrolyte 85. In the
steady state, the stacked analyte solution migrates along
stacking channel segment 84 at the same rate as the
leading 85 and trailing 87 electrolytes, as shown in Figure
8C, with the electrolytes and charged analytes carrying
the same amount of electric current per unit volume in
the stacking channel segment. Factors such as charge
density and transient differential migration rates of the
analytes and electrolytes, tend to focus the analytes and
electrolytes into zones during ITP. Stacking channel seg-
ments of the invention can be any size including micro-
scale channels having a dimension, such as width or
depth, ranging from about 500 Pm to about 0.1 Pm, or
from about 100 Pm to about 1 Pm, or about 10 Pm.
[0159] Stacking can also be practiced in a transient
state. For example, as shown in Figure 9A, initially dilute
and dispersed analyte molecules 90 can accumulate,
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e.g., at leading electrolyte interface 91 as shown in Figure
9B. This concentration of analyte at an interface can oc-
cur before establishment of steady state uniform analyte
and electrolyte carrier concentrations. Optionally, an an-
alyte can accumulate in a transient state, e.g., during
initial application of an electric field in ITP, at trailing elec-
trolyte interface 92. In other embodiments of transient
ITP, analytes can become concentrated in zones other
than interfaces of ITP electrolytes. Multiple analytes of
interest can accumulate in a steady state or transient
state, e.g., at one or both of the electrolyte interfaces.
For example, as shown in Figures 10A to 10C, sample
solution 100 with first analyte of interest 101 and second
analyte of interest 102 can be loaded between trailing
electrolyte solution 103 and leading electrolyte solution
104. In the case where the first analyte has a slower
mobility than the second analyte, but a faster mobility
than the trailing electrolyte, the first analyte can accumu-
late at the interface with the trailing electrolyte in the pres-
ence of an electric field. Meanwhile, in the transient state,
as shown in Figure 10B, the second analyte, with some-
what higher mobility than the first analyte, can accumu-
late at the other end of the sample bolus along the inter-
face with the faster mobility leading electrolyte. Such a
situation can provide the opportunity for separate se-
quential or parallel application of the first and second
analytes to one or more separation channel segments,
as can be appreciated by those skilled in the art. Once
a steady state has been established during ITP, as shown
in Figure 10C, charged first and second analytes can
become compressed into narrow adjacent bands, e.g.,
for application together for resolution in a separation
channel segment.
[0160] In methods of the invention, the mobilities of
trailing electrolytes and leading electrolytes can be ad-
justed to provide selective pre-concentration of an ana-
lyte of interest while separating sample constituents not
of interest from the analyte. For example, as shown in
Figure 11A, sample solution 110 containing analyte of
interest 111, slow mobility sample constituent not of in-
terest 112, and fast mobility sample constituent not of
interest 113, can be loaded between trailing electrolyte
114 and leading electrolyte 115. When an electric field
is applied to the channel, slow mobility sample constitu-
ents not of interest 112 can fall behind the trailing elec-
trolytes while fast mobility sample constituents not of in-
terest 113 can race ahead of the leading electrolytes, as
shown in Figure 11B. Continued ITP to a steady state
can, e.g., further separate sample constituents not of in-
terest from the analyte, as shown in Figure 11C. Removal
of sample constituents not of interest from analytes of
interest can provide an improved injection material for
separation in a separation channel segment. After sam-
ples have been pretreated by ITP to remove sample con-
stituents not of interest, analyses of analytes of interest
applied to a separation channel segment can have, e.g.,
reduced background noise, higher resolution due to low-
er injection volumes, more accurate quantitation due to

better baselines and fewer overlapping peaks, etc.
[0161] Trailing electrolytes and leading electrolytes
can be tailored, according to methods known in the art,
by adjusting electrolyte mobilities to provide highly spe-
cific retention and stacking (e.g., concentrating) of ana-
lytes of interest, while sample constituents not of interest
are removed. In one embodiment, the pH of electrolytes
is selected to bracket the pK of an analyte of interest so
that sample constituents not of interest having pKs out-
side the bracket will be removed in the ITP. The pK of
the analytes of interest can be determined, e.g., empiri-
cally or based on the known molecular structure of the
analytes. In other embodiments, the analyte of interest
can be, e.g., closely bracketed between selected trailing
and leading electrolyte compositions known to have
slower and faster mobilities than the analyte. Many ions
and buffers can be used in electrolytes to bracket ana-
lytes, such as, e.g., chloride, TAPS, MOPS, and HEPES.
Optionally, the mobility of electrolytes and/or analytes
can be modulated by adjusting the viscosity or size ex-
clusion characteristics of the sample solution, trailing
electrolyte solution, and/or leading electrolyte solution.
In another option for adjusting the mobility of ITP solu-
tions, mobility of analyte solutions and/or electrolyte so-
lutions can be moderated, particularly during transient
ITP migrations, by adjusting the concentration, ionic
strength, or conductivity of the solutions. The tempera-
ture of solutions can be selected in still other options to
adjust the mobility of analytes, electrolytes, or ITP solu-
tions.
[0162] A variety of immunochemical assay techniques
known in the art can be used in practicing the present
invention to concentrate for detecting an analyte of inter-
est in the sample, such as antibody sandwich assays and
enzyme-linked immunoassays (see, e.g., Bolton et al.,
Handbook of Experimental Immunology, Weir, D.M., Ed.,
Blackwell Scientific Publications, Oxford, 1986, vol. 1,
Chapter 26, for a general discussion on immunoassays),
and other similar assay formats known to those of ordi-
nary skill in the art. For example, in the assay format
described above and snown in figures 3A to 3K, me
present invention may be used to concentrate a complex
comprising an analyte or an analogue of the analyte and
a conjugate.
[0163] Specific examples of the sandwich assay for-
mat shown in the above-mentioned Figures 3A to 3F are
as follows: (a) A method for concentrating an analyte in
a sample is disclosed, which comprises: (i) contacting
the sample containing the analyte with one or more con-
jugates of an affinity molecule and a charged carrier mol-
ecule, wherein at least one of the one or more conjugates
is labeled by a detectable marker, to form a complex con-
taining the analyte and the conjugate labeled by the de-
tectable marker; (ii) concentrating the complex in a con-
centration channel of a microfluidic device; wherein the
affinity molecule in the conjugate has a property capable
of binding to the analyte, and when two or more conju-
gates are used, each affinity molecule in the conjugate
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has a property capable of binding with the analyte at a
different site on the analyte from every other affinity mol-
ecule, and the charged carrier molecule has a property
capable of causing a change in a migration property of
the analyte by binding to the analyte through the affinity
molecule to form a complex of the analyte, the affinity
molecule and the charged carrier molecule.

(b) A method for concentrating an analyte in a sample
is disclosed, which comprises: (i) contacting the
sample containing the analyte with one or more af-
finity molecules and one or more conjugates of an
affinity molecule and a charged carrier molecule,
wherein either at least one of the affinity molecule or
at least one of the conjugate is labeled by a detect-
able marker, to form a complex containing the ana-
lyte, the affinity molecule and the conjugate; (ii) con-
centrating the complex in a concentration channel
of a microfluidic; wherein the affinity molecule and
the affinity molecule in the conjugate have a property
capable of binding to the analyte, and each affinity
molecule has a property capable of binding with the
analyte at a different site on the analyte from every
other affinity molecule, and the charged carrier mol-
ecule has a property capable of causing a change
in a migration property of the analyte by binding to
the analyte through the affinity molecule to form a
complex of the analyte, the affinity molecule and the
charged carrier molecule.

[0164] Specific examples of the competitive assay for-
mat shown in the above-mentioned Figures 3G to 3K are
as follows: (a) A method for concentrating an analyte in
a sample is disclosed, which comprises: (i) contacting
the sample containing the analyte with the analyte (or
the analogue) labeled by a detectable marker and one
or more conjugate of an affinity molecule and a charged
carrier molecule to form a first complex of the analyte
and the conjugate and a second complex of the labeled
analyte (or the labeled analogue) and the conjugate; (ii)
concentrating the second complex; wherein the affinity
molecule in the conjugate has a property capable of bind-
ing to the analyte in the sample and the labeled analyte
or the analyte in the sample and the labeled analogue,
and when two or more conjugates are used, each affinity
molecule in the conjugate has a property capable of bind-
ing with the analyte in the sample and the labeled analyte
at a different site on the analyte in the sample and a
different site on the labeled analyte from every other af-
finity molecule or each affinity molecule in the conjugate
has a property capable of binding with the analyte in the
sample and the labeled analogue at a different site on
the analyte in the sample and a different site on the la-
beled analogue from every other affinity molecule, and
wherein the charged carrier molecule has a property ca-
pable of causing a change in a migration property of the
labeled analyte or the labeled analogue by binding to the
labeled analyte or the labeled analogue through the af-

finity molecule to form a complex of the labeled analyte
or the labeled analogue, the affinity molecule and the
charged carrier molecule.

(b) A method for concentrating an analyte in a sample
is disclosed, which comprises: (i) contacting the
sample containing the analyte with the analyte (or
the analogue) labeled by a detectable marker, one
or more affinity molecule and one or more conjugate
of an affinity molecule and a charged carrier mole-
cule to form a first complex of the analyte, the affinity
molecule and the conjugate and a second complex
of the labeled analyte (or the labeled analogue), the
affinity molecule and the conjugate; (ii) concentrating
the second complex; wherein the affinity molecule
and the affinity molecule in the conjugate have a
property capable of binding to the analyte in the sam-
ple and the labeled analyte or the analyte in the sam-
ple and the labeled analogue, and each affinity mol-
ecule has a property capable of binding with the an-
alyte in the sample and the labeled analyte at a dif-
ferent site on the analyte in the sample and a different
site on the labeled analyte from every other affinity
molecule or each affinity molecule has a property
capable of binding with the analyte in the sample and
the labeled analogue at a different site on each of
the analyte in the sample and a different site on the
labeled analogue from every other affinity molecule,
and wherein the charged carrier molecule has a
property capable of causing a change in a migration
property of the labeled analyte or the labeled ana-
logue by binding to the labeled analyte or the labeled
analogue through the affinity molecule to form a com-
plex of the labeled analyte or the labeled analogue,
the affinity molecule and the charged carrier mole-
cule.
(c) A method for concentrating an analyte in a sample
is disclosed, which comprises: (i) contacting the
sample containing the analyte with the analyte bound
to a charged carrier molecule (or the analogue bound
to a charged carrier molecule), one or more affinity
molecule labeled by a detectable marker to form a
first complex of the analyte bound to the charged
carrier molecule (or the analogue bound to a charged
carrier molecule) and the labeled affinity molecule
and a second complex of the analyte and the labeled
affinity molecule; (ii) concentrating the first complex;
wherein the affinity molecule has a property capable
of binding to the analyte in the sample and the ana-
lyte bound to the charged carrier molecule or the
analyte in the sample and the analogue bound to the
charged carrier molecule, and wherein when two or
more affinity molecules are used, each affinity mol-
ecule has a property capable of binding with the an-
alyte in the sample and the analyte bound to the
charged carrier molecule at a different site on the
analyte in the sample and a different site on the an-
alyte bound to the charged carrier molecule from
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every other affinity molecule or each affinity molecule
has a property capable of binding with the analyte in
the sample and the analogue bound to the charged
carrier molecule at a different site on the analyte in
the sample and a different site on the analogue
bound to the charged carrier molecule from every
other affinity molecule, and wherein the charged car-
rier molecule has a property capable of causing a
change in a migration property of the first complex
by binding to the analyte or the analogue to form a
complex of the analyte, the affinity molecule and the
charged carrier molecule.

H. Microfluidic Device

[0165] In the present invention, a concentration of an-
alyte/conjugate complex or analyte/conjugate/affinity
molecule complex can be conducted by using a micro-
fluidic system generally including a microfluidic device
based on the above-mentioned concentration methods.
The microfluidic device to be used in the concentration
method of the present invention has at least one or more
concentration (e.g., TIP stacking) channels which may
contain a concentration media. It is preferable to use a
microfluidic device in the concentration method of the
present invention having at least one or more concentra-
tion channels which may contain a concentration media
and a channel fluidically connected to the concentration
channel. The concentration channel and the channel flu-
idically connected to the concentration channel have the
same characteristics as that of the separation channel
described above. When the separation and measure-
ment of the analyte is performed consecutively after car-
rying out the concentration method of the present inven-
tion, it is preferable to use the microfluidic device further
including one or more separation channel, sample load-
ing channel, sample mixing channel, detector, etc. as
described above.

I. Concentration Media

[0166] The concentration media may be the same as
the separation media described above. The concentra-
tion media is suitably selected according to the concen-
tration method to be used. The concentration of the con-
centration media to be used is suitably selected from the
range mentioned above according to the concentration
method to be used. It is not necessary to use such con-
centration media, depending on the concentration meth-
od to be used.

J. Separation and Detection

[0167] The resulting concentrated analyte in the sam-
ple (e.g., the complex comprising the analyte or the an-
alogue of the analyte and the conjugate) is applied to the
migration shift assay described above. By applying the
analyte concentrated by the concentration method of the

present invention to the migration shift assay, it is possi-
ble to measure (e.g., identify or detect) the analyte with
high sensitivity. The analyte concentrated by the concen-
tration method of the present invention can be used with
any migration shift assay described above. That is, the
resulting concentrated complex comprising the analyte
and the conjugate of the charged carrier molecule and
the affinity substance (e.g., the analyte/conjugate com-
plex or the analyte/affinity molecule/conjugate complex)
is separated from the free affinity substance not involved
in the formation of the complex (e.g., the affinity molecule
and/or the conjugate) based on the difference in the mi-
gration rate between the complex and the free affinity
substance. And then, the analyte/affinity substance com-
plex (or the analyte/conjugate complex or the analyte/
affinity molecule/conjugate complex) or the free affinity
substance (e.g., free affinity molecule and/or free conju-
gate) which is not involved in forming the complex sep-
arated by the above-mentioned separation method can
be measured or detected by a method corresponding to
the properties of the detectable property of the molecules
involved (e.g., the detectable marker associated there-
with). Thus, the amount of the analyte in a sample can
be determined or the presence of the analyte in the sam-
ple can be identified. That is, the analyte/conjugate com-
plex is separated from the free conjugate which is not
involved in the formation of the complex, or the analyte/
affinity molecule/conjugate complex is separated from
the free affinity molecule and/or conjugate which is not
involved in the formation of the complex, according to
the above-mentioned separation. The resulting complex,
or free affinity molecule and/or free conjugate may be
measured or detected by a method corresponding to the
properties of these (e.g., the detectable marker). The
separation procedure, separation media, detection, etc.
is the same as the described above.
[0168] If the analyte concentrated by the concentration
method of the present invention is applied to the sepa-
ration and detection method of the present invention de-
scribed above, highly sensitive and accurate measure-
ment of the analyte can be achieved. When the analyte
concentrated by the concentration method of the present
invention is applied to the migration shift assay, the prin-
ciple of the migration shift assay to be applied may be
the same as the principle of the concentration method
for concentrating the analyte or may differ from the prin-
ciple of the concentration method for concentrating the
analyte. In order to separate and measure the analyte
with high accuracy, it is preferable that the principle of
the migration shift assay differs from the principle of the
concentration method for concentrating the analyte. For
example, when ITP is used for concentrating the analyte,
the migration shift assay for separating and measuring
is suitably selected from methods other than ITP such
as FASS, FASI, IF and the like.
[0169] A specific, non-limiting example of the method
mentioned above is as follows: a method of detecting or
identifying an analyte of interest in a sample is disclosed,

67 68 



EP 1 613 962 B1

36

5

10

15

20

25

30

35

40

45

50

55

which comprises: (i) contacting the sample containing
the analyte with one or more a conjugate of an affinity
molecule and a charged carrier molecule to form a com-
plex of the analyte and the conjugate; (ii) concentrating
the complex by using a concentration channel in a mi-
crofluidic device comprising at least one concentration
channel having at least one microscale dimension of be-
tween about 0.1 and 500 Pm; (iii) separating the complex
and any unbound conjugate, in the presence of a charged
polymer, by using a separation channel in a microfluidic
device comprising at least one separation channel having
at least one microscale dimension of between about 0.1
and 500 Pm; and (iv) detecting the complex to identify
the presence of the analyte or to determine an amount
of the analyte in the sample; wherein the charged polymer
has the same charge as the charged carrier molecule so
that the charged polymer interferes with the binding of
sample components having an opposite charge to the
charged carrier molecule and reduces interference with
detecting; and wherein the charged carrier molecule
causes a change in a migration property of the analyte
by binding to the analyte through the affinity molecule to
form a complex of the analyte, the affinity molecule and
the charged carrier molecule.
[0170] The following non-limiting Examples illustrate
the various uses and methods of the present invention
to reduce interference in migration shift assays.

EXAMPLE

[0171] Example 1: The following non-limiting Example
illustrates the use of heparin sulfate as the charged pol-
ymer for blocking serum interference in an alpha-feto pro-
tein immunoassay.

Reagents:

[0172] Gel: 2.5%pDMA /3% glycerol /0.05%Tween20
/0.1%BSA /150mMHEPES/NaCl/ 2.5 mg/ml LCA (pH:
7.5).
[0173] Buffer for serum samples (hereinafter abbrevi-
ated as sample buffer): 7.5mM HEPES/0.025%Tween-
20/0.1%BSA + 20nM anti-APP monoclonal antibody WA-
2 IgG (pH: 7.5). The monoclonal antibody was prepared
in house.H. Katoh et al., Anal. Chem. (1998) 70,
2110-2114).
[0174] Butter for antibody (hereinafter abbreviated as
antibody buffer): 7.5mM HEPES/NaCl/0.025%Tween-
20/0.01%BSA (pH: 7.5).
[0175] Labeled anti-AFP antibody/DNA conjugate:
3nM of 4Alexa Fluor 647 anti-APP monoclonal antibody
WA-1 -140bp DNA conjugate; Alexa Fluor 647 dye was
purchased from Molecular Probes, Inc. (Eugene, Ore-
gon), and the DNA charged carrier molecule was pre-
pared by PCR reaction. The anti-AFP monoclonal anti-
body WA-1 recognizes a different epitope of AFP from
WA-2. The conjugate was prepared according to the
methods described in WO 02/082083. The monoclonal

antibody was prepared in house (H. Katoh et al, Anal.
Chem. (1998) 70, 2110-2114). The 140 bp DNA was pre-
pared as follows: PCR reaction was carried out by em-
ploying a synthesized sequence of 5’-GGTTAGCAACT-
TACTACCGGATTTTG-3’ as a forward primer, a synthe-
sized sequence of 5’-CCTAGCAAACTCGGAA-
GATTTTTTCAGA-3’ as a reverse primer and lambda
DNA (from New England Bio Labs, Inc., Beverly, MA) as
a template. The annealing temperature was 60 degrees
C. After amplification, the amplified DNA fragment was
purified and was confirmed to be a length of 140bp by
using an Agilent Bioanalyzer 2100 DNA kit (Agilent Tech-
nologies, Inc., Palo Alto, CA).
[0176] Charged polymer: Heparin sulfate (Sigma-
Aldrich)

Migration Shift Assays:

[0177] Serum sample was diluted 1:10 with the sample
buffer containing no heparin sulfate (Figure 4) and 0.05%
heparin sulfate (Figures 5A-B and 6A-B, respectively),
and mixed on chip (using a microfluidic chip 20 similar
to that shown in Figure 2) with labeled anti-AFP antibod-
yDNA conjugate. The conjugate complex was formed
during 1 min incubation on the chip (e.g., in incubation
channel 24 of chip 20 of Figure 2). Following incubation
(e.g., in incubation channel 24 of microfluidic chip 20 of
Figure 2), the resultant mixture was electrophoretically
stacked, and injected into the separation channel (e.g.,
separation channel 25 of chip 20 of Figure 2) filled with
pDMA polymer containing no heparin sulfate (Figure 4),
0.1% heparin sulfate (Figure 5), and 1% heparin sulfate
(Figure 6), respectively. Voltage was applied to separa-
tion channel 25 of chip 20 of Figure 2 to separate the free
conjugate and the complex with different mobilities.
Heparin sulfate in the sample buffer and the gel acted to
prevent nonspecific binding of serum components to the
DNA portion of the conjugate, and also acted for blocking
serum interference in the gel during the separation. For
example, Figure 4 shows a migration shift chart of an
alpha-feto protein assay in a separation media between
conjugate peak 40 (e.g., DNA-antibody-alexa dye con-
jugate) (e.g., without serum) and 40’ (e.g., with 10% se-
rum) and conjugate/AFP complex peak 42 (without se-
rum) and 42’ (with 10% serum) with no charged polymer
(e.g., heparin sulfate) in the sample or separation media
(e.g., gel).
[0178] When serum was added to the sample, inter-
fering constituents change the retention time, height, and
area of complex peak 40 and 42, as shown by reference
numerals 40’ and 42’ in Figure 4. Addition of charged
polymer (e.g., heparin sulfate) to the assay can reduce
the interfering changes, as shown in Figures 5A-B and
6A-B. Figures 5A-B show a migration shift chart of an
alpha-feto protein assay with 0.05% heparin sulfate in
the sample and 0.1% heparin sulfate in the separation
media, showing the effect of heparin sulfate in reducing
interference with detecting by binding to sample constit-
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uents which bind non-specifically to the DNA polymer
(e.g., showing about 60% recovery of AFP from the se-
rum sample). Figures 6A-B show a migration shift chart
of an alpha-feto protein assay with 0.05% heparin sulfate
in the sample and 1% heparin sulfate in the separation
media, showing approximately 100% recovery of AFP
from the serum sample as shown by the approximately
overlying conjugate peaks 40 and 40’ and AFP/conjugate
complex peaks 42 and 42’, respectively. Thus, the addi-
tion of heparin sulfate as a charged polymer to the sep-
aration media and sample buffer has a profound effect
in reducing interference with analyte detection by binding
to sample constituents which bind non-specifically to the
carrier molecule.
[0179] Example 2: The following non-limiting Example
illustrates the use of ITP in an AFP assay with serum,
and an example of an electrophoregram showing the re-
sults with 5% serum with and without 0.01 % Poly dI-dC.
In this Example, poly(dI-dC) was used instead of heparin
sulfate as a charged polymer to remove serum interfer-
ence. The concentration of poly(dI-dC) was approximate-
ly 0.01% (w/v).

Leading buffer: 15mum Tris/50mM NaCl/0.9% pD-
MA/0.05% Tween-20/0.01 %BSA
Trailing buffer: 15mM Tris/25mM HEPES/ 0.9% pD-
MA/0.05% Tween-20/0.01%BSA

[0180] Sample in a leading buffer with 10% serum and
100nM anti-AFP monoclonal antibody WA-2 IgG,
100ug/ml poly(dIdC). The monoclonal antibody was pre-
pared in house (H. Katoh et al., Anal. Chem. (1998) 70,
2110-2114).
[0181] Binding reaction was performed off chip, by mix-
ing a sample with Ab solution 1:1.
[0182] Labeled anti-AFP antibody/DNA conjugate:
500pM of 2Alexa Fluor 647 anti-AFP monoclonal anti-
body WA-1 -140bp DNA conjugate; Alexa Fluor 647 dye
was purchased from Molecular Probes, Inc. (Eugene, Or-
egon), and the DNA charged carrier molecule was pre-
pared by PCR reaction. The anti-AFP monoclonal anti-
body WA-1 recognizes a different epitope of AFP from
WA-2. The conjugate was prepared according to the
methods described in WO 02/082083. The monoclonal
antibody was prepared in house (H. Katoh et al, Anal.
Chem. (1998) 70, 2110-2114). The 140 bp DNA was pre-
pared as follows: PCR reaction was carried out by em-
ploying a synthesized sequence of 5’-GGTTAGCAACT-
TACTACCGGATTTTG-3’ as a forward primer, a synthe-
sized sequence of 5’-CCTAGCAAACTCGGAA-
GATTTTTTCAGA-3’ as a reverse primer and lambda
DNA (from New England Bio Labs, Inc., Beverly, MA) as
a template. The annealing temperature was 60 degrees
C. After amplification, the amplified DNA fragment was
purified and was confirmed to be a length of 140bp by
using an Agilent Bioanalyzer 2100 DNA kit (Agilent Tech-
nologies, Inc., Palo Alto, CA).

Charged polymer: Poly (dI-dC) (Sigma-Aldrich).

[0183] Figures 7A-B show migration shift charts of rel-
ative fluorescence (Y-axis) versus time (X-axis) of an al-
pha-feto protein assay performed in a separation media
in a separation channel of a microfluidic device similar
to that used in Example 1 above between conjugate peak
50 (e.g., DNA-antibody-alexa dye conjugate) (with 5%
serum and no Poly dI-dC) and 50’ (with 5% serum and
approximately 0.01 % Poly dI-dC) and conjugate/AFP
complex peak 52 (with 5% serum and no Poly dI-dC) and
52’ (with 5% serum and approximately 0.01% Poly dI-
dC). As shown in Figures 7A-B, addition of charged pol-
ymer (e.g., Poly dI-dC) to the assay can reduce interfer-
ence with detecting by binding to sample constituents
which bind non-specifically to the DNA polymer (e.g.,
showing about 60% recovery of AFP from the serum sam-
ple). The use of the ITP technique can increase the sen-
sitivity of the assay (e.g., as shown by the relative peak
height in the figures) by approximately 100 times or more
over a conventional capillary electrophoresis assay that
does not employ a sample concentration or stacking
technique.
[0184] Example 3: The following non-limiting Example
illustrates the use of DNA as the charged carrier molecule
for concentrating a CA19-9 sample.

Leading buffer: 15mM Tris/50mM NaCl/0.2% pDMA/
0.05% Tween-20/0.01%BSA
Trailing buffer: 15mM Tris/25mM HEPES/ 0.2% pD-
MA/0.05% Tween-20/0.01 %BSA

[0185] Labeled anti-CA19-9 antibody: anti-CA19-9
monoclonal antibody (IgG) (Biodesign international) was
labeled with Alexa by mixing the antibody and Alexa647
succinimide (Molecular probes, Inc., Eugene, Oregon,
USA) in 0.2M Sodium bicarbonate buffer (pH8.3) for 2
hours, and then unbound Alexa dye was removed from
the mixture by applying the reaction mixture to Gel filtra-
tion and DEAE-ion exchange chromatography.
[0186] Anti-CA19-9 antibody/DNA conjugate: conju-
gate of anti-CA19-9 monoclonal antibody (IgG) (Biode-
sign international) and 250bp DNA was prepared accord-
ing to the methods described in WO 02/082083. The
250bp DNA was prepared as follows: PCR reaction was
carried out by employing a synthesized sequence of se-
quence 5’-ATCTATGACTGTACGCCACTGTCCCTAG-
3’ as a forward primer which has a NH2 group at the 5’
end, a synthesized sequence of 5’-CCTAGCAAACTCG-
GAAGATTTTTTCAGA-3’ as a reverse primer and lamb-
da DNA (from New England Bio Labs, Inc., Beverly, MA)
as a template. The annealing temperature was 60 de-
grees C. After amplification, the amplified DNA fragment
was purified and was confirmed to be a length of 250bp
by using an Agilent Bioanalyzer 2100 DNA kit (Agilent
Technologies, Inc., Palo Alto, CA).
[0187] Sample: the labeled anti-CA19-9 antibody (no.
CA19-9), the mixture containing the complex of the la-
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beled anti-CA19-9 antibody and the CA19-9, and the mix-
ture containing the complex of the Anti-CA19-9 anti-
body/DNA conjugate, the CA19-9 and the labeled anti-
CA19-9 antibody, which were obtained by the method
described below, were used as a sample.
[0188] Labeled anti-CA19-9 antibody (no. CA19-9):
2nM of purified Alexa-labeled anti-CA19-9.
[0189] The mixture containing the complex of the la-
beled anti-CA19-9 antibody and the CA19-9: 2nM of pu-
rified Alexa-labeled anti-CA19-9 was mixed with
1000U/mL of CA19-9 (Biodesign international) and the
mixture was held at room temperature for 30 min to gen-
erate antigen-antibody complex. The mixture containing
the complex of the Anti-CA19-9 antibody/DNA conjugate,
the CA19-9 antigen and the labeled anti-CA19-9 anti-
body: the prepared anti-CA19-9 antibody/DNA conjugate
was mixed with various concentrations (0, 10 or 100
U/mL) of CA19-9 and 2nM of Alexa-labeled anti-CA19-9
antibody, and the mixture was incubated at room tem-
perature for 30 min.
[0190] Concentration Procedure: The sample was
then applied to a loading channel which is fluidically con-
nected to a concentration channel which was down-
stream of the loading channel and was filled with leading
buffer and a trailing buffer channel which was upstream
of the concentration channel and filled with trailing buffer.
After the loading channel was filled with the sample, an
electrical field was applied and concentration was con-
ducted according to ITP principles. Figures 12A-B show
migration shift charts of relative fluorescence (Y-axis)
versus time (X-axis) of a CA19-9 concentration per-
formed in a concentration channel of a microfluidic de-
vice.
[0191] Figure 12A shows the results from experiments
with the labeled anti-CA19-9 antibody (no CA19-9) (la-
beled antibody peak 121: e.g., labeled anti-CA19-9 an-
tibody) and with a mixture of the labeled anti-CA19-9 an-
tibody and CA19-9 (labeled antibody/antigen complex
peak 121’: e.g., complex of the labeled anti-CA19-9 an-
tibody and the CA19-9 antigen).
[0192] Figure 12B shows the results from a mixture of
the labeled anti-CA19-9 antibody, the DNA-labeled anti-
CA19-9 antibody and CA19-9 (conjugate/antigen/la-
beled antibody peak 122: e.g., conjugate of anti-CA19-9
antibody and DNA/CA19-9 antigen/labeled anti-CA19-9
antibody obtained by using 0 U/mL of CA19-9); conju-
gate/antigen/labeled antibody peak 122’: e.g., conjugate
of anti-CA19-9 antibody and DNA/CA19-9 antigen/la-
beled anti-CA19-9 antibody obtained by using 10 U/mL
of CA19-9; and conjugate/antigen/labeled antibody peak
122": e.g., conjugate of anti-CA19-9 antibody and
DNA/CA19-9 antigen/labeled anti-CA19-9 antibody ob-
tained by using 100 U/mL of CA19-9).
[0193] As shown in Figure 12A, the complex of the
analyte (e.g., CA19-9) and the affinity molecule (e.g., the
labeled anti-CA19-9 antibody) migrated a little faster than
the free (unbound) affinity molecule but was not concen-
trated. On the other hand, as shown in Figure 12B, the

complex of the analyte (e.g., CA19-9 antigen), the affinity
molecule (e.g. Alexa-labeled anti-CA19-9 antibody), and
the conjugate of the affinity molecule and the charged
carrier molecule (e.g., the anti-CA19-9 antibody/DNA
conjugate) was concentrated very effectively, resulting
in a very sharp peak of the complex. Further, the peak
was well correlated to CA19-9 antigen concentrations.
That is, the use of the charged carrier molecule (e.g.,
DNA) in the concentration step can concentrate the an-
alyte into very high concentration.
[0194] It is understood that the examples and embod-
iments described herein are for illustrative purposes only
and that various modifications or changes in light thereof
will be suggested to persons skilled in the art and are to
be included within the scope of the appended claims.

Claims

1. A method of detecting or identifying an analyte of
interest in a sample, the method comprising:

(i) contacting the sample containing the analyte
with one or more conjugates of an affinity mol-
ecule and a charged carrier molecule, wherein
the affinity molecule is capable of binding to the
analyte thereby to form a complex of the analyte
and the one or more conjugates;
(ii) separating the complex and any unbound
conjugate in the presence of a charged polymer
using a separation channel in a microfluidic de-
vice comprising at least one separation channel
having at least one microscale dimension of be-
tween about 0.1 and 500 Pm; and
(iii) detecting the complex to identify the pres-
ence of the analyte or to determine an amount
of the analyte in the sample, wherein the
charged carrier molecule is capable of causing
a change in a migration time of the analyte by
binding to form a complex of the analyte, the
affinity molecule and the charged carrier mole-
cule; and

wherein the charged polymer has the same charge
as the charged carrier molecule so that the charged
polymer interferes with the binding of sample com-
ponents having an opposite charge to the charged
carrier molecule.

2. The method of claim 1, wherein the charged polymer
is a polyanionic polymer or a polycationic polymer.

3. The method of claim 1 or claim 2, wherein:

(a) the charged polymer is a polyanionic polymer
selected from the group consisting of polysac-
charides, polynucleotides, polypeptides, syn-
thetic macromolecular compounds, ceramics
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and a complexe thereof; or
(b) the charged polymer is a polyanionic polymer
selected from the group consisting of poly-dIdC,
heparin sulfate, dextran sulfate, polytungstic ac-
id, polyanethole sulfonic acid, polyvinyl sulfate,
polyacrylate, chondroitin sulfate, plasmid DNA,
calf thymus DNA, salmon sperm DNA, DNA cou-
pled to cellulose, glass particles, colloidal glass,
and glass milk; or
(c) the charged polymer is a polycationic poly-
mer selected from the group consisting of poly-
allylamines, polylysine, polyhistidine, chitosan,
protamine, polyethyleneimine and polyarginine.

4. The method of claim 1, wherein the charged polymer
comprises net negative charge or net positive
charge.

5. The method of claim 4, wherein the charged polymer
has a net negative charge and comprises heparin
sulfate.

6. The method of any one of the preceding claims,
wherein:

(a) the affinity molecule is one which binds to
the analyte by a protein-protein interaction, a
protein-chemical interaction or a chemical-
chemical interaction; or
(b) the affinity molecule is one which binds to
the analyte by an antigen-antibody interaction,
a sugar chain-lectin interaction, an enzyme- in-
hibitor interaction, a protein-peptide chain inter-
action, a chromosome or nucleotide chain- nu-
cleotide chain interaction, a nucleotide-ligand in-
teraction or a receptor-ligand interaction; or
(c) the affinity molecule is selected from the
group consisting of an antibody, an Fab, F (ab’)
or Fab’ fragment of an antibody, an antibody var-
iable region, a lection, avidin, a receptor, an af-
finity peptide, an aptamer, and a DNA binding
protein.

7. The method of claim 1, wherein the charged carrier
molecule is an anionic molecule or a cationic mole-
cule.

8. The method of claim 7, wherein the charged carrier
molecule is an anionic molecule comprising a nucle-
otide chain or a sulfonated polypeptide.

9. The method of claim 1, wherein the charged carrier
molecule comprises DNA, RNA, a cationic polymer,
or a sulfonated polypeptide.

10. The method of claim 9, wherein the charged carrier
molecule comprises DNA comprising one or more
synthetic sequences.

11. The method of claim 10, wherein the one or more
synthetic sequences comprise one or more nucle-
otide analogs comprising a linker group or a linker
reactive group.

12. The method of claim 11, wherein the linker group or
linker reactive group comprises an amino group, a
thiol, a carboxyl group, an imidazol group, or a suc-
cinimide group.

13. The method of claim 12, further comprising covalent-
ly bonding a detectable marker to the linker group or
linker reactive group.

14. The method of claim 1, wherein at least one conju-
gate is labeled with a detectable marker.

15. The method of claim 1, wherein:

(a) the charged carrier molecule in the conjugate
is labeled by a detectable marker; or
(b) the affinity molecule in the conjugate is la-
beled by a detectable marker.

16. The method of any one of claims 13 to 15, wherein
the detectable marker is a fluorescent dye, a lumi-
nescent dye, a phosphorescent dye, a fluorescent
protein, a luminescent protein or particle, a radioac-
tive tracer, a chemiluminescent compound, a redox
mediator, an electrogenic compound, an enzyme, a
colloidal gold particle, or a silver particle.

17. The method of claim 1, wherein separating compris-
es electrophoretic separation of the conjugate or the
complex through a separation media in the separa-
tion channel.

18. The method of claim 17, wherein:

(a) the separation media comprises a size ex-
clusion resin, a polyacrylamide, gel, polyethyl-
ene glycol (PEG), polyethyleneoxide (PEO), a
co-polymer of sucrose and epichlorohydrin, pol-
yvinylpyrrolidone (PVP), hydroxyethylcellulose
(HEC), poly-N,N-dimethylacrylamide (pDMA),
or an agarose gel; or
(b) the separation media further comprises the
charged polymer.

19. The method of claim 18(b), wherein:

(a) the charged polymer is present in the sepa-
ration media at a concentration of between
about 0.01 to 5%; or
(b) the charged polymer is present in the sepa-
ration media at a concentration of between
about 0.05 to2%.
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20. The method of claim 17, further comprising introduc-
ing a charged polymer into a buffer which comprises
the sample, and preferably wherein the charged pol-
ymer is present in the sample buffer at a concentra-
tion of between about 0.001 to 2 %.

21. The method of claim 1, wherein the separation chan-
nel has at least one cross-sectional microscale di-
mension of between about 0.1 and 200 Pm.

22. The method of claim 1, wherein:

at least one of the one or more conjugates is
labeled by a detectable marker to form a com-
plex containing the analyte and the conjugate
labeled by the detectable marker;
step (ii) comprises separating the complex from
unbound labeled conjugate in a separation
channel of a microfluidic device in the presence
of a charged polymer;
step (iii) comprises:

(a) measuring an amount of the separated
complex or detecting a presence of the sep-
arated complex; and
(b) determining an amount of the analyte in
the sample on the basis of the measured
amount in step (a) or identifying a presence
of the analyte in the sample on the basis of
the detected presence in step (a); and

wherein the affinity molecule in the conjugate is ca-
pable of binding to the analyte and, when two or more
conjugates are used, each affinity molecule in the
conjugate is capable of binding to the analyte at a
different site from the other affinity molecules.

23. The method of claim 1, wherein:

step (i) comprises contacting the sample con-
taining the analyte with one or more affinity mol-
ecules and one or more conjugates of an affinity
molecule and a charged carrier molecule,
wherein at least one of the affinity molecules or
at least one of the conjugates is labeled by a
detectable marker, to form a complex containing
the analyte and the affinity molecule or the con-
jugate;
step (ii) comprises separating the complex from
unbound labeled affinity molecule or unbound
labeled conjugate in a separation channel of a
microfluidic device in the presence of a charged
polymer;
step (iii) comprises:

(a) measuring an amount of the separated
complex or detecting a presence of the sep-
arated complex; and

(b) determining an amount of the analyte in
the sample on the basis of the measured
amount in step (a) or identifying a presence
of the analyte in the sample on the basis of
the detected presence in step (a); and

wherein the affinity molecule and the affinity mole-
cule in the conjugate are capably of binding to the
analyte, and each affinity molecule is capable bind-
ing to the analyte at a different site from other affinity
molecules.

24. The method of claim 1, wherein the sample compris-
es a serum, a plasma, a whole blood, a tissue extract,
a cell extract, a nuclear extract, a culture media, a
microbial culture extract, members of a molecular
library, a clinical sample, a sputum specimen, a stool
specimen, a cerebral spinal fluid, a urine sample, a
uro-genital swab, a throat swab, or an environmental
sample.

25. The method of claim 1, wherein the analyte compris-
es AFP, hCG, TSH, FSH, LH, interleukin, Fas ligand,
CA19-9, CA125,PSA, HBsAg, anti-HIV antibody, or
T4.

26. The method of claim 1 which comprises before the
separation step (ii), the further step of concentrating
the complex by using a concentration channel in a
microfluidic device comprising at least one concen-
tration channel having at least one microscale di-
mension of between about 0.1 and 500 Pm.

27. A method for determining an analyte in a sample
which comprises:

(i) contacting the sample containing the analyte
with (a) analyte labeled with a detectable marker
or an analogue of the analyte labeled with a de-
tectable marker and (b) one or more conjugates
of an affinity molecule and a charged carrier mol-
ecule wherein the affinity molecule is capable of
binding to the analyte or analyte analogue there-
by to form a first complex of the analyte in the
sample and the conjugate and a second com-
plex of the labeled analyte or the labeled ana-
logue and the conjugate;
(ii) separating the first and second complexes
from any free labeled analyte or free labeled an-
alogue which is not involved in forming the sec-
ond complex in a separation channel of a micro-
fluidic device in the presence of a charged pol-
ymer;
(iii) measuring an amount of the separated sec-
ond complex; and
(iv) determining an amount of the analyte in the
sample on the basis of the measured amount in
step (iii);
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wherein when two or more conjugates are used,
each affinity molecule in the conjugate is capable of
binding to the analyte in the sample and the labeled
analyte or labeled analogue at a different site from
other affinity molecules; and
the charged carrier molecule is capable of causing
a change in a migration time of the labeled analyte
or the labeled analogue by binding to form a complex
of the labeled analyte or the labeled analogue, the
Affinity molecule and the charged carrier molecule;
and
wherein the charged polymer has the same charge
as the charged carrier molecule so that the charged
polymer interferes with the binding of sample com-
ponents having an opposite charge to the charged
carrier molecule.

28. A method for determining an analyte in a sample
which comprises:

(i) contacting the sample containing the analyte
with (a) analyte bound to a charged carrier mol-
ecule or an analogue of the analyte bound to a
charged carrier molecule and (b) one or more
affinity molecules labeled by a detectable mark-
er, wherein the affinity molecule is capable of
binding to the analyte or analyte analogue there-
by to form a first complex of the analyte bound
to the charged carrier molecule or the analogue
bound to a charged carrier molecule and the la-
beled affinity molecule and a second complex
of the analyte in the sample and the labeled af-
finity molecule;
(ii) separating the first complex from any second
complex in a separation channel of a microfluidic
device in the presence of a charged polymer;
(iii) measuring an amount of the separated first
complex or an amount of the second complex;
(iv) determining an amount of the analyte in the
sample on the basis of the measured amount in
step (iii); and

wherein, when two or more affinity molecules are
used, each affinity molecule is capable of binding to
the analyte in the sample and the analyte or analyte
analogue bound to the charged carrier molecule at
a different site from other affinity molecules and
wherein the charged carrier molecule is capable of
causing a change in a migration time of the first com-
plex by binding to the analyte or the analogue to form
a complex of the analyte, the affinity molecule and
the charged carrier molecule; and
wherein the charged polymer has the same charge
as the charged carrier molecule so that the charged
polymer interferes with the binding of sample com-
ponents having an opposite charge to the charged
carrier molecule.

29. A method of concentrating an analyte of interest in
a sample, comprising:

(i) contacting the sample containing the analyte
with one or more of a conjugates of an affinity
molecule and a charged carrier molecule to form
a complex of the analyte and the conjugate; and
(ii) concentrating the complex by using a con-
centration channel in a microfluidic device com-
prising at least one concentration channel hav-
ing at least one microscale dimension of be-
tween about 0,1 and 500 Pm in the presence of
a charged polymer;

wherein the charged carrier molecule causes a
change in a migration property of the analyte by bind-
ing to form a complex of the analyte, the affinity mol-
ecule and the charged carrier molecule; and
wherein the charged polymer has the same charge
as the charged carrier molecule so that the charged
polymer interferes with the binding of sample com-
ponents having an opposite charge to the charged
carrier molecule.

30. The method of claim 29, wherein contacting the sam-
ple containing the analyte with one or more conju-
gate of an affinity molecule and a charged carrier
molecule to form a complex of the analyte and the
conjugate is conducted in a microchannel fluidically
connected to the concentration channel having at
least one microscale dimension of between about
0.1 and 500 Pm.

31. The method of claim 29, wherein:

(a) concentrating the complex is conducted by
utilizing the difference in an electrophoretic mo-
bility between the complex and the noise con-
stituents on the basis of charge of the charged
carrier molecule; or
(b) concentrating the complex is conducted by
utilizing the difference in an adsorption property
between the complex and the noise constituents
on the basis of charge of the charged carrier
molecule; or
(c) concentrating the complex is conducted ac-
cording to a concentration method selected from
the group consisting of field amplification sam-
ple stacking (FASS), field amplification sample
injection (FASI), isotachophoresis (ITP), isoe-
lectric focusing (IF) and solid phase extraction
(SPE); or
(d) concentrating the complex is conducted ac-
cording to a concentration method selected front
the group consisting of field amplification sam-
ple stacking (FASS) and isotachophoresis (ITP).

32. The method of claim 29, wherein:
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(a) the charged carrier molecule is an anionic
molecule or a cationic molecule; or
(b) the charged carrier molecule is an anionic
molecule comprising a nucleotide chain or a sul-
fonated polypeptide; or
(c) the charged carrier molecule comprises
DNA, RNA, a cationic polymer, or a sulfonated
polypeptide; or
(d) the charged carrier molecule comprises DNA
comprising one or more synthetic sequences.

33. The method of claim 32(d), wherein the one or more
synthetic sequences comprise one or more nucle-
otide analogs comprising a linker group or linker re-
active group.

34. The method of claim 33, wherein the linker group or
linker reactive group comprises an amino group, a
thiol, a carboxyl group, an imidazol group, or a suc-
cinimide group.

35. The method of claim 34, further comprising covalent-
ly bonding a detectable marker to the linker group or
the linker reactive group.

36. The method of claim 32(d), wherein the one or more
synthetic sequence consists of one selected from a
phosphorothioate analog of nucleotide, a nucleotide
that contains a methylene group in the place of the
oxygen in the ribose ring, or a nucleotide which has
a replacement of the 2’-sugar deoxy substituent with
2-fluoro, 2’-O-methyl, 2-O-alkoxyl- and 2’-O-allyl
modification.

37. The method of claim 29, wherein the contacting step
further comprises contacting the sample with one or
more affinity molecule to form a complex of the an-
alyte, the conjugate and the affinity molecule.

38. The method of claim 29 or claim 37, wherein:

(a) the affinity molecule is one which binds to
the analyte by a protein-protein interaction, a
protein-chemical interaction or a chemical inter-
action; or
(b) the affinity molecule is one which binds to
the analyte by an antigen-antibody interaction,
a sugar chain-lectin interaction, an enzyme-in-
hibitor interaction, a protein-peptide chain inter-
action, a chromosome or nucleotide chain-nu-
cleotide chain interaction, a nucleotide-ligand in-
teraction or a receptor-ligand interaction; or
(c) the affinity molecule is selected from the
group consisting of an antibody, an Fab, F(ab’)2
or Fab’ fragment of an antibody, an antibody var-
iable region, a lectin avidin, a receptor, an affinity
peptide, an aptamer, and a DNA binding protein.

39. The method of claim 37, wherein at least one con-
jugate or at least one affinity molecule which does
not form a conjugate is labeled with a detectable
marker.

40. The method of claim 29, wherein:

(a) the charged carrier molecule in the conjugate
is labeled by a detectable marker; or
(b) the affinity molecule in the conjugate is la-
beled by a detectable marker.

41. The method of claim 39 or claim 40, wherein the
detectable marker is a fluorescent dye, a lumines-
cent dye, a phosphorescent dye, a fluorescent pro-
tein, a luminescent protein or particle, a radioactive
tracer, a chemiluminescent compound, a redox me-
diator, an electrogenic compound, an enzyme, a col-
loidal gold particle, or a silver particle.

42. The method of claim 29 or claim 37, wherein the
contacting step and/or the concentrating step is con-
ducted in the presence of a charged polymer.

43. The method of claim 42, wherein the charged poly-
mer is a polyanionic polymer or a polycationic poly-
mer.

44. The method of claim 43, wherein:

(a) the charged polymer is a polyanionic polymer
selected from the group consisting of polysac-
charides, polynucleotides, polypeptides, syn-
thetic macromolecular compounds, ceramics
and complexes thereof; or
(b) the charged polymer is a polyanion selected
from the group consisting of poly-dIdC, heparin
sulfate, dextran sulfate, polytungstic acid, poly-
anethole-sulfonic acid, polyvinyl sulfate, poly-
acrylate, chondroitin sulfate, plasmid DNA, calf
thymus DNA, salmon sperm DNA, DNA coupled
to cellulose, glass particles, colloidal glass, and
glass milk; or
(c) the charged polymer is a polycation selected
from the group consisting of polyallylamine,
polylysine, polyhistidine, chitosan, protamine,
polyethyleneimine and polyarginine.

45. The method of claim 42, wherein the charged poly-
mer comprises net negative charge or the charged
polymer comprises net positive charge.

46. The method of claim 45, wherein the charged poly-
mer comprises heparin sulfate.

47. The method of claim 29 or claim 37, wherein the
concentrating step comprises electrophoretic con-
centration of the conjugate or the complex through
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a concentration media in the concentration channel,
wherein the concentration media comprises (a) a
compound selected from the group consisting of a
size exclusion resin, a polyacrylamide gel, polyeth-
ylene glycol (PEG), polyethyleneoxide (PEO), a co-
polymer of sucrose and epichlorohydrin, polyvi-
nylpyrrolidone (PVP), hydroxyethylcellulose (HEC),
poly-N, N-dimethylacrylamide (pDMA), or an agar-
ose gel; or (b) the compound (a) and a charged pol-
ymer.

48. The method of claim 42, wherein:

(a) the charged polymer is present in the con-
centration media at a concentration of between
about 0.01 to 5%; or
(b) the charged polymer is present in the con-
centration media at a concentration of between
about 0.05 to 2%.

49. The method of claim 47, further comprising introduc-
ing a charged polymer into a buffer which comprises
the sample.

50. The method of claim 49, wherein the charged poly-
mer comprises heparin sulfate which is present in
the sample buffer at a concentration of between
about 0.001 to 2%.

51. The method of claim 29, wherein the concentration
channel has at least one crosssectional microscale
dimension of between about 0.1 and 200 Pm.

52. The method of claim 1 which comprises before the
separation step (ii), the further step of concentrating
the complex by using a concentration channel in a
microfluidic device comprising at least one concen-
tration channel having at least one microscale di-
mension of between about 0.1 and 500 Pm.

Patentansprüche

1. Verfahren zum Detektieren oder Identifizieren eines
Analyts von Interesse in einer Probe, wobei das Ver-
fahren Folgendes umfasst:

(i) das Kontaktieren der den Analyt enthaltenden
Probe mit einem oder mehreren Konjugaten aus
einem Affinitätsmolekül und einem geladenen
Trägermolekül, wobei das Affinitätsmolekül in
der Lage ist, an den Analyt zu binden, wodurch
ein Komplex aus dem Analyt und dem einen
oder den mehreren Konjugaten gebildet wird;
(ii) das Abtrennen des Komplexes und von jeg-
lichem ungebundenem Konjugate in Gegenwart
eines geladenen Polymers unter Einsatz eines
Trennkanals in einer Mikrofluidvorrichtung, die

zumindest einen Trennkanal mit zumindest ei-
ner Kleinmaßstabsdimension zwischen etwa
0,1 und 500 Pm umfasst; und
(iii) das Detektieren des Komplexes zum Iden-
tifizieren der Gegenwart des Analyts oder zum
Bestimmen einer Menge des Analyts in der Pro-
be, worin das geladene Trägermolekül in der La-
ge ist, eine Veränderung der Migrationszeit des
Analyts durch Binden, um einen Komplex aus
dem Analyt, dem Affinitätsmolekül und dem ge-
ladenen Trägermolekül zu bilden, zu bewirken;
und
worin das geladene Polymer die gleiche Ladung
wie das geladene Trägermolekül aufweist, so-
dass das geladene Polymer die Bindung von
Probenkomponenten mit entgegengesetzter
Ladung an das geladene Trägermolekül stört.

2. Verfahren nach Anspruch 1, worin das geladene Po-
lymer ein polyanionisches Polymer oder ein polyka-
tionisches Polymer ist.

3. Verfahren nach Anspruch 1 oder 2, worin:

(a) das geladene Polymer ein aus der aus Po-
lysacchariden, Polynucleotiden, Polypeptiden,
synthetischen makromolekularen Verbindun-
gen, Keramiken und einem Komplex davon be-
stehenden Gruppe ausgewähltes polyanioni-
sches Polymer ist; oder
(b) das geladene Polymer ein aus der aus Poly-
dldC, Heparinsulfat, Dextransulfat, Polywolf-
ramsäure, Polyanetholsulfonsäure, Polyvinyl-
sulfat, Polyacrylat, Chondroitinsulfat, Plasmid-
DNA, Kalbsthymus-DNA, Lachssperma-DNA,
an Cellulose gebundener DNA, Glasteilchen,
Kolloidglas und Milchglas bestehenden Gruppe
ausgewähltes polyanionisches Polymer ist;
oder
(c) das geladene Polymer ein aus der aus Po-
lyallylaminen, Polylysin, Polyhistidin, Chitosan,
Protamin, Polyethylenimin und Polyarginin be-
stehenden Gruppe ausgewähltes polykationi-
sches Polymer ist.

4. Verfahren nach Anspruch 4, worin das geladene Po-
lymer eine negative oder positive Nettoladung auf-
weist.

5. Verfahren nach Anspruch 4, worin das geladene Po-
lymer eine negative Nettoladung aufweist und He-
parinsulfat umfasst.

6. Verfahren nach einem der vorangegangenen An-
sprüche, worin:

(a) das Affinitätsmolekül eines ist, das durch ei-
ne Protein-Protein-Wechselwirkung, Protein-
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Chemikalien-Wechselwirkung oder eine Chemi-
kalien-Chemikalien-Wechselwirkung an den
Analyt bindet; oder
(b) das Affinitätsmolekül eines ist, das durch ei-
ne Antigen-Antikörper-Wechselwirkung, eine
Zuckerketten-Lectin-Wechselwirkung, eine En-
zym-Inhibitor-Wechselwirkung, eine Protein-
Peptidketten-Wechselwirkung, eine Chromoso-
men- oder Nucleotidketten-Nucleotidketten-
Wechselwirkung, eine Nucleotid-Liganden-
Wechselwirkung oder eine Rezeptor-Liganden-
Wechselwirkung an den Analyt bindet; oder
(c) das Affinitätsmolekül aus der aus einem An-
tikörper, einem Fab, F(ab’)2 oder Fab’-Fragment
eines Antikörpers, einer variablen Antikörper-
Region, einem Lectin, Avidin, einem Rezeptor,
einem Affinitätspeptid, einem Aptamer und ei-
nem DNA-Bindungsprotein bestehenden Grup-
pe ausgewählt ist.

7. Verfahren nach Anspruch 1, worin das geladene Trä-
germolekül ein anionisches oder ein kationisches
Molekül ist.

8. Verfahren nach Anspruch 7, worin das geladene Trä-
germolekül ein anionisches Molekül ist, das eine Nu-
cleotidkette oder ein sulfoniertes Polypeptid um-
fasst.

9. Verfahren nach Anspruch 1, worin das geladene Trä-
germolekül DNA, RNA, ein kationisches Polymer
oder ein sulfoniertes Polypeptid umfasst.

10. Verfahren nach Anspruch 9, worin das geladene Trä-
germolekül DNA umfasst, die eine oder mehrere
synthetische Sequenzen umfasst.

11. Verfahren nach Anspruch 10, worin die eine oder die
mehreren synthetischen Sequenzen ein oder meh-
rere Nucleotidanaloge umfassen, die eine Linker-
gruppe oder eine reaktive Linkergruppe umfassen.

12. Verfahren nach Anspruch 11, worin die Linkergrup-
pe oder die reaktive Linkergruppe eine Aminogrup-
pe, ein Thiol, eine Carboxylgruppe, eine Imida-
zolgruppe oder eine Succinimidgruppe umfasst.

13. Verfahren nach Anspruch 12, das weiters das kova-
lente Binden eines detektierbaren Markers an die
Linkergruppe oder an die reaktive Linkergruppe um-
fasst.

14. Verfahren nach Anspruch 1, worin zumindest ein
Konjugat mit einem detektierbaren Marker markiert
wird.

15. Verfahren nach Anspruch 1, worin:

(a) das geladene Trägermolekül im Konjugat mit
einem detektierbaren Marker markiert wird; oder
(b) das Affinitätsmolekül im Konjugat mit einem
detektierbaren Marker markiert wird.

16. Verfahren nach einem der Ansprüche 13 bis 15, wor-
in der detektierbare Marker ein Fluoreszenzfarbstoff,
ein Lumineszenzfarbstoff, ein Phosphoreszenzfarb-
stoff, ein fluoreszierendes Protein, ein lumineszie-
rendes Protein oder Teilchen, ein radioaktiver Tra-
cer, eine chemolumineszierende Verbindung, ein
Redoxmediator, eine elektrogene Verbindung, ein
Enzym, ein kolloidales Goldteilchen oder ein Silber-
teilchen ist.

17. Verfahren nach Anspruch 1, worin das Abtrennen
die elektrophoretische Abtrennung des Konjugats
oder des Komplexes durch ein Trennmedium im
Trennkanal umfasst.

18. Verfahren nach Anspruch 17, worin:

(a) das Trennmedium ein Größenausschlus-
sharz, ein Polyacrylamidgel, Polyethylenglykol
(PEG), Polyethylenoxid (PEO), ein Copolymer
von Saccharose mit Epichlorhydrin, Polyvinyl-
pyrrolidon (PVP), Hydroxyethylcellulose (HEC),
Poly-N,N-dimethylacrylamid (pDMA) oder ein
Agarosegel umfasst; oder
(b) das Trennmedium weiters das geladene Po-
lymer umfasst.

19. Verfahren nach Anspruch 18(b), worin:

(a) das geladene Polymer im Trennmedium in
einer Konzentration zwischen etwa 0,01 und 5
% vorliegt; oder
(b) das geladene Polymer im Trennmedium in
einer Konzentration zwischen etwa 0,05 und 2
% vorliegt.

20. Verfahren nach Anspruch 17, das weiters das Ein-
führen eines geladenen Polymers in einen Puffer,
der die Probe umfasst, umfasst, worin das geladene
Polymer im Probenpuffer vorzugweise in einer Kon-
zentration zwischen etwa 0,001 und 2 % vorliegt.

21. Verfahren nach Anspruch 1, worin der Trennkanal
zumindest eine Querschnitts-Kleinmaßstabsdimen-
sion zwischen etwa 0,1 und 200 Pm aufweist.

22. Verfahren nach Anspruch 1, worin:

zumindest eines des einen oder der mehreren
Konjugate mit einem detektierbaren Marker
markiert ist, um einen Komplex zu bilden, der
den Analyt und das mit dem detektierbaren Mar-
ker markierte Konjugat enthält;

85 86 



EP 1 613 962 B1

45

5

10

15

20

25

30

35

40

45

50

55

Schritt (ii) die Abtrennung des Komplexes von
ungebundenem markiertem Konjugat in einem
Trennkanal einer Mikrofluidvorrichtung in Ge-
genwart eines geladenen Polymers umfasst;
Schritt (iii) Folgendes umfasst:

(a) das Messen einer Menge des abge-
trennten Komplexes oder das Nachweisen
der Gegenwart des abgetrennten Komple-
xes; und
(b) das Bestimmen einer Menge des Ana-
lyts in der Probe auf Basis der in Schritt (a)
gemessenen Menge oder das Identifizieren
der Gegenwart des Analyts in der Probe auf
Basis der in Schritt (a) nachgewiesenen Ge-
genwart; und

worin das Affinitätsmolekül im Konjugat in der Lage
ist, an den Analyt zu binden, und wenn zwei oder
mehr Konjugate verwendet werden, jedes Affinitäts-
molekül im Konjugat in der Lage ist, an einer sich
von den anderen Affinitätsmolekülen unterscheiden-
den Stelle an den Analyt zu binden.

23. Verfahren nach Anspruch 1, worin:

Schritt (i) das Kontaktieren der den Analyt ent-
haltenden Probe mit einem oder mehreren Affi-
nitätsmolekülen und einem oder mehreren Kon-
jugaten aus einem Affinitätsmolekül und einem
geladenen Trägermolekül umfasst, worin zu-
mindest eines der Affinitätsmoleküle oder zu-
mindest eines der Konjugate mit einem detek-
tierbaren Marker markiert ist, um einen Komplex
zu bilden, der den Analyt und das Affinitätsmo-
lekül oder das Konjugat enthält;
Schritt (ii) das Abtrennen des Komplexes von
ungebundenem markiertem Affinitätsmolekül
oder ungebundenem markiertem Konjugat in ei-
nem Trennkanal einer Mikrofluidvorrichtung in
Gegenwart eines geladenen Polymers umfasst;
Schritt (iii) Folgendes umfasst:

(a) das Messen einer Menge des abge-
trennten Komplexes oder das Nachweisen
der Gegenwart des abgetrennten Komple-
xes; und
(b) das Bestimmen einer Menge des Ana-
lyts in der Probe auf Basis der in Schritt (a)
gemessenen Menge oder das Identifizieren
der Gegenwart des Analyts in der Probe auf
Basis der in Schritt (a) nachgewiesenen Ge-
genwart; und

worin das Affinitätsmolekül und das Affinitätsmolekül
im Konjugat in der Lage sind, an den Analyt zu bin-
den, und jedes Affinitätsmolekül in der Lage ist, an
einer sich von anderen Affinitätsmolekülen unter-

scheidenden Stelle an den Analyt zu binden.

24. Verfahren nach Anspruch 1, worin die Probe Serum,
Plasma, Vollblut, einen Gewebeextrakt, einen Zell-
extrakt, einen Kernextrakt, ein Kulturmedium, einen
mikrobiellen Kulturextrakt, Elemente einer Molekül-
bibliothek, eine klinische Probe, eine Sputumprobe,
eine Stuhlprobe, Zerebrospinalflüssigkeit, eine Urin-
probe, einen urogenitalen Abstrich, einen Rachen-
abstrich oder eine Umgebungsprobe umfasst.

25. Verfahren nach Anspruch 1, worin der Analyt AFP,
hCG, TSH, FSH, LH, Interleukin, Fas-Ligand,
CA19-9, PSA, HBsAg, Anti-HIV-Antikörper oder T4
umfasst.

26. Verfahren nach Anspruch 1, das vor dem Abtren-
nungsschritt (ii) den weiteren Schritt des Einengens
des Komplexes unter Verwendung eines Einen-
gungskanals in einer Mikrofluidvorrichtung umfasst,
die zumindest einen Einengungskanal mit zumin-
dest einer Kleinmaßstabsdimension zwischen etwa
0,1 und 500 Pm umfasst.

27. Verfahren zum Bestimmen eines Analyts in einer
Probe, das Folgendes umfasst:

(i) das Kontaktieren der den Analyt enthaltenden
Probe mit (a) einem mit einem detektierbaren
Marker markierten Analyt oder einem Analog
des mit einem detektierbaren Marker markierten
Analyts und (b) einem oder mehreren Konjuga-
ten aus einem Affinitätsmolekül und einem ge-
ladenen Trägermolekül, worin das Affinitätsmo-
lekül in der Lage ist, an den Analyt oder an das
Analytanalog zu binden, wodurch ein erster
Komplex aus dem Analyt in der Probe und dem
Konjugat und ein zweiter Komplex aus dem mar-
kierten Analyt oder dem markierten Analog und
dem Konjugat gebildet wird;
(ii) das Abtrennen des ersten und des zweiten
Komplexes von jeglichem freiem markiertem
Analyt oder freiem markiertem Analog, die nicht
an der Bildung des zweiten Komplexes beteiligt
sind, in einem Trennkanal einer Mikrofluidvor-
richtung in Gegenwart eines geladenen Poly-
mers;
(iii) das Messen einer Menge des abgetrennten
zweiten Komplexes; und
(iv) das Bestimmen einer Menge des Analyts in
der Probe auf Basis der in Schritt (iii) gemesse-
nen Menge;

worin, wenn zwei oder mehr Konjugate verwendet
werden, jedes Affinitätsmolekül im Konjugat in der
Lage ist, an den Analyt in der Probe und den mar-
kierten Analyt oder an das markierte Analog an einer
sich von anderen Affinitätsmolekülen unterschei-
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denden Stelle zu binden; und
das geladene Trägermolekül in der Lage ist, eine
Veränderung der Migrationszeit des markierten Ana-
lyts oder des markierten Analogs durch Binden zu
bewirken, um einen Komplex aus dem markierten
Analyt oder dem markierten Analog, dem Affinitäts-
molekül und dem geladenen Trägermolekül zu bil-
den; und
worin das geladene Polymer die gleiche Ladung wie
das geladene Trägermolekül aufweist, sodass das
geladene Polymer die Bindung der Probenkompo-
nenten mit entgegengesetzter Ladung an das gela-
dene Trägermolekül stört.

28. Verfahren zum Bestimmen eines Analyts in einer
Probe, das Folgendes umfasst:

(i) das Kontaktieren der den Analyt enthaltenden
Probe mit (a) einem an ein geladenes Träger-
molekül gebundenen Analyt oder einem Analog
des an ein geladenes Trägermolekül gebunde-
nen Analyts und (b) einem oder mehreren mit
einem detektierbaren Marker markierten Affini-
tätsmolekülen, worin das Affinitätsmolekül in der
Lage ist, an den Analyt oder an das Analytana-
log zu binden, wodurch ein erster Komplex aus
dem an das geladene Trägermolekül gebunde-
nen Analyt oder dem an ein geladenes Träger-
molekül gebundenen Analog und dem markier-
ten Affinitätsmolekül und ein zweiter Komplex
aus dem Analyt in der Probe und dem markier-
ten Affinitätsmolekül gebildet wird;
(ii) das Abtrennen des ersten Komplexes von
jeglichem zweitem Komplex in einem Trennka-
nal einer Mikrofluidvorrichtung in Gegenwart ei-
nes geladenen Polymers;
(iii) das Messen einer Menge des abgetrennten
ersten Komplexes oder einer Menge des zwei-
ten Komplexes;
(iv) das Bestimmen einer Menge des Analyts in
der Probe auf Basis der in Schritt (iii) gemesse-
nen Menge; und

worin, wenn zwei oder mehr Affinitätsmoleküle ver-
wendet werden, jedes Affinitätsmolekül in der Lage
ist, an einer sich von anderen Affinitätsmolekülen
unterscheidenden Stelle an den Analyt in der Probe
und den an das geladene Trägermolekül gebunde-
nen Analyt oder das Analytanalog zu binden, und
worin das geladene Trägermolekül in der Lage ist,
eine Veränderung der Migrationszeit des ersten
Komplexes durch Binden an den Analyt oder das
Analog zu bewirken, um einen Komplex aus dem
Analyt, dem Affinitätsmolekül und dem geladenen
Trägermolekül zu bilden; und
worin das geladene Polymer die gleiche Ladung wie
das geladene Trägermolekül aufweist, sodass das
geladene Polymer die Bindung der Probenkompo-

nenten mit entgegengesetzter Ladung an das gela-
dene Trägermolekül stört.

29. Verfahren zum Einengung eines Analyts von Inter-
esse in einer Probe, das Folgendes umfasst:

(i) das Kontaktieren der den Analyt enthaltenden
Probe mit einem oder mehreren Konjugaten ei-
nes Affinitätsmoleküls und eines geladenen Trä-
germoleküls zur Bildung eines Komplexes aus
dem Analyt und dem Konjugat; und
(ii) das Einengen des Komplexes unter Verwen-
dung eines Einengungskanals in einer Mikro-
fluidvorrichtung, die zumindest einen Einen-
gungskanal mit zumindest einer Klein-
maßstabsdimension zwischen etwa 0,1 und 500
Pm umfasst, in Gegenwart eines geladenen Po-
lymers;

worin das geladene Trägermolekül eine Verände-
rung der Migrationseigenschaften des Analyts durch
Binden bewirkt, um einen Komplex aus dem Analyt,
dem Affinitätsmolekül und dem geladenen Träger-
molekül zu bilden; und
worin das geladene Polymer die gleiche Ladung wie
das geladene Trägermolekül aufweist, sodass das
geladene Polymer die Bindung der Probekompo-
nenten mit entgegengesetzter Ladung an das gela-
dene Trägermolekül stört.

30. Verfahren nach Anspruch 29, worin das Kontaktie-
ren der den Analyt enthaltenden Probe mit einem
oder mehreren Konjugaten aus einem Affinitätsmo-
lekül und einem geladenen Trägermolekül zur Bil-
dung eines Komplexes aus dem Analyt und dem
Konjugat in einem Mikrokanal durchgeführt wird, der
in Fluidkontakt mit dem Einengungskanal mit zumin-
dest einer Kleinmaßstabsdimension zwischen etwa
0,1 und 500 Pm steht.

31. Verfahren nach Anspruch 29, worin:

(a) das Einengen des Komplexes durch die
Nutzbarmachung der Differenz zwischen dem
Komplex und den Rauschbestandteilen in ihrer
elektrophoretischen Mobilität auf Basis der La-
dung des geladenen Trägermoleküls durchge-
führt wird; oder
(b) das Einengen des Komplexes durch die
Nutzbarmachung der Differenz zwischen dem
Komplex und den Rauschbestandteilen in ihren
Adsorptionseigenschaften auf Basis der La-
dung des geladenen Trägermoleküls durchge-
führt wird; oder
(c) das Einengen des Komplexes gemäß einem
aus der aus Feldverstärkungs-Probenfokussie-
rung (FASS), Feldverstärkungs-Probeninjekti-
on (FASI), Isotachophorese (ITP), isoelektri-
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scher Fokussierung (IF) und Festphasenextrak-
tion (SPE) bestehenden Gruppe ausgewählten
Einengungsverfahren durchgeführt wird; oder
(d) das Einengen des Komplexes gemäß einem
aus der aus Feldverstärkungs-Probenfokussie-
rung (FASS) und Isotachophorese (ITP) beste-
henden Gruppe ausgewählten Einengungsver-
fahren durchgeführt wird.

32. Verfahren nach Anspruch 29, worin:

(a) das geladene Trägermolekül ein anionisches
oder kationisches Molekül ist;
(b) das geladene Trägermolekül ein anionisches
Molekül ist, das eine Nucleotidkette oder ein sul-
foniertes Polypeptid umfasst; oder
(c) das geladene Trägermolekül DNA, RNA, ein
kationisches Polymer oder ein sulfoniertes Po-
lypeptid umfasst; oder
(d) das geladene Trägermolekül DNA umfasst,
die eine oder mehrere synthetische Sequenzen
umfasst.

33. Verfahren nach Anspruch 32(d), worin die eine oder
die mehreren synthetischen Sequenzen ein oder
mehrere Nucleotidanaloge umfassen, die eine Lin-
kergruppe oder eine reaktive Linkergruppe umfas-
sen.

34. Verfahren nach Anspruch 33, worin die Linkergrup-
pe oder die reaktive Linkergruppe eine Aminogrup-
pe, ein Thiol, eine Carboxylgruppe, eine Imida-
zolgruppe oder eine Succinimidgruppe umfasst.

35. Verfahren nach Anspruch 34, das weiters das kova-
lente Binden eines detektierbaren Markers an die
Linkergruppe oder an die reaktive Linkergruppe um-
fasst.

36. Verfahren nach Anspruch 32(d), worin die eine oder
die mehreren Sequenzen aus einer bestehen, die
aus einem Thiophosphatanalog des Nucleotids, ei-
nem Nucleotid, das anstelle des Sauerstoffs im Ri-
bosering eine Methylengruppe enthält, und einem
Nucleotid, bei dem der 2’-Zuckerdeosxysubstituent
durch eine 2’-Fluor-, 2’-O-Methyl-, 2-O-Alkoxy- und
2’-O-Allylmodifikation ersetzt ist, ausgewählt ist.

37. Verfahren nach Anspruch 29, worin der Kontaktie-
rungsschritt weiters das Kontaktieren der Probe mit
einem oder mehreren Affinitätsmolekülen zur Bil-
dung eines Komplexes aus dem Analyt, dem Kon-
jugat und dem Affinitätsmolekül umfasst.

38. Verfahren nach Anspruch 29 oder 37, worin:

(a) das Affinitätsmolekül eines ist, das durch ei-
ne Protein-Protein-Wechselwirkung, Protein-

Chemikalien-Wechselwirkung oder eine Chemi-
kalien-Wechselwirkung an den Analyt bindet;
oder
(b) das Affinitätsmolekül eines ist, das durch ei-
ne Antigen-Antikörper-Wechselwirkung, eine
Zuckerketten-Lectin-Wechselwirkung, eine En-
zym-Inhibitor-Wechselwirkung, eine Protein-
Peptidketten-Wechselwirkung, eine Chromoso-
men- oder Nucleotidketten-Nucleotidketten-
Wechselwirkung, eine Nucleotid-Liganden-
Wechselwirkung oder eine Rezeptor-Liganden-
Wechselwirkung an den Analyt bindet; oder
(c) das Affinitätsmolekül aus der aus einem An-
tikörper, einem Fab, F(ab’)2 oder Fab’-Fragment
eines Antikörpers, einer variablen Antikörper-
Region, einem Lectin, Avidin, einem Rezeptor,
einem Affinitätspeptid, einem Aptamer und ei-
nem DNA-Bindungsprotein bestehenden Grup-
pe ausgewählt ist.

39. Verfahren nach Anspruch 37, worin zumindest ein
Konjugat oder zumindest ein Affinitätsmolekül, das
kein Konjugat bildet, mit einem detektierbaren Mar-
ker markiert wird.

40. Verfahren nach Anspruch 29, worin:

(a) das geladene Trägermolekül im Konjugat mit
einem detektierbaren Marker markiert wird; oder
(b) das Affinitätsmolekül im Konjugat mit einem
detektierbaren Marker markiert wird.

41. Verfahren nach Anspruch 39 oder 40, worin der de-
tektierbare Marker ein Fluoreszenzfarbstoff, ein Lu-
mineszenzfarbstoff, ein Phosphoreszenzfarbstoff,
ein fluoreszierendes Protein, ein lumineszierendes
Protein oder Teilchen, ein radioaktiver Tracer, eine
chemolumineszierende Verbindung, ein Redoxme-
diator, eine elektrogene Verbindung, ein Enzym, ein
kolloidales Goldteilchen oder ein Silberteilchen ist.

42. Verfahren nach Anspruch 29 oder 37, worin der Kon-
taktierungsschritt und/ oder der Einengungsschritt in
Gegenwart eines geladenen Polymers durchgeführt
wird.

43. Verfahren nach Anspruch 42, worin das geladene
Polymer ein polyanionisches Polymer oder ein po-
lykationisches Polymer ist.

44. Verfahren nach Anspruch 43, worin:

(a) das geladene Polymer ein aus der aus Po-
lysacchariden, Polynucleotiden, Polypeptiden,
synthetischen makromolekularen Verbindun-
gen, Keramiken und Komplexen davon beste-
henden Gruppe ausgewähltes polyanionisches
Polymer ist; oder
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(b) das geladene Polymer ein aus der aus Poly-
dldC, Heparinsulfat, Dextransulfat, Polywolf-
ramsäure, Polyanetholsulfonsäure, Polyvinyl-
sulfat, Polyacrylat, Chondroitinsulfat, Plasmid-
DNA, Kalbsthymus-DNA, Lachssperma-DNA,
an Cellulose gebundener DNA, Glasteilchen,
Kolloidglas und Milchglas bestehenden Gruppe
ausgewähltes Polyanion ist; oder
(c) das geladene Polymer ein aus der aus Po-
lyallylamin, Polylysin, Polyhistidin, Chitosan,
Protamin, Polyethylenimin und Polyarginin be-
stehenden Gruppe ausgewähltes Polykation ist.

45. Verfahren nach Anspruch 42, worin das geladene
Polymer eine negative oder positive Nettoladung
umfasst.

46. Verfahren nach Anspruch 45, worin das geladene
Polymer Heparinsulfat umfasst.

47. Verfahren nach Anspruch 29 oder 37, worin der Ein-
engungsschritt die elektrophoretische Einengung
des Konjugats oder des Komplexes durch ein Ein-
engungsmedium im Einengungskanal umfasst, wor-
in das Einengungsmedium (a) eine aus der aus ei-
nem Größenausschlussharz, einem Polyacrylamid-
gel, Polyethlyenglykol (PEG), Polyethylenoxid
(PEO), einem Copolymer von Saccharose mit Epi-
chlorhydrin, Polyvinylpyrrolidon (PVP), Hydroxye-
thylcellulose (HEC), Poly-N,N-dimethylacrylamid
(pDMA) und einem Agarosegel bestehenden Grup-
pe ausgewählte Verbindung umfasst; oder (b) die
Verbindung (a) und ein geladenes Polymer umfasst.

48. Verfahren nach Anspruch 42, worin:

(a) das geladene Polymer im Einengungsmedi-
um in einer Konzentration zwischen etwa 0,01
und 5 % vorliegt; oder
(b) das geladene Polymer im Einengungsmedi-
um in einer Konzentration zwischen etwa 0,05
und 2 % vorliegt.

49. Verfahren nach Anspruch 47, das weiters das Ein-
führen eines geladenen Polymers in einen Puffer,
der die Probe umfasst, umfasst.

50. Verfahren nach Anspruch 49, worin das geladene
Polymer Heparinsulfat umfasst, das im Probenpuffer
in einer Konzentration zwischen etwa 0,001 und 2
% vorliegt.

51. Verfahren nach Anspruch 29, worin der Einengungs-
kanal zumindest eine Querschnitts-Kleinmaßstabs-
dimension zwischen etwa 0,1 und 200 Pm aufweist.

52. Verfahren nach Anspruch 1, das vor dem Trenn-
schritt (ii) den weiteren Schritt des Einengens des

Komplexes unter Verwendung eines Einengungska-
nals in einer Mikrofluidvorrichtung umfasst, die zu-
mindest einen Einengungskanal mit zumindest einer
Kleinmaßstabsdimension zwischen etwa 0,1 und
500 Pm umfasst.

Revendications

1. Procédé de détection ou d’identification d’une subs-
tance à analyser d’intérêt dans un échantillon, le pro-
cédé comprenant les étapes consistant à :

(i) mettre en contact l’échantillon contenant la
substance à analyser avec un ou plusieurs con-
jugués d’une molécule d’affinité et d’une molé-
cule porteuse chargée, dans lequel la molécule
d’affinité est capable de se lier à la substance à
analyser pour former ainsi un complexe de la
substance à analyser et des uns ou plusieurs
conjugués ;
(ii) séparer le complexe et tout conjugué non lié
en présence d’un polymère chargé en utilisant
un canal de séparation dans un dispositif micro-
fluidique comprenant au moins un canal de sé-
paration ayant au moins une dimension de mi-
croscopique comprise entre 0,1 et 500 Pm ; et
(iii) détecter le complexe pour identifier la pré-
sence de la substance à analyser ou pour dé-
terminer une quantité de la substance à analyser
dans l’échantillon, dans lequel la molécule por-
teuse chargée est capable de provoquer un
changement du temps de migration de la subs-
tance à analyser par liaison pour former un com-
plexe de la substance à analyser, de la molécule
d’affinité et de la molécule porteuse chargée ; et

dans lequel le polymère chargé a la même charge
que la molécule porteuse chargée de sorte que le
polymère chargé interfère avec la liaison de compo-
sant d’échantillon ayant une charge opposée à la
molécule porteuse chargée.

2. Procédé selon la revendication 1, dans lequel le po-
lymère chargé est un polymère polyanionique ou un
polymère polycationique.

3. Procédé selon la revendication 1 ou la revendication
2, dans lequel :

(a) le polymère chargé est un polymère polya-
nionique choisi dans le groupe constitué de po-
lysaccharides, de polynucléotides, de polypep-
tides, de composés macromoléculaires synthé-
tiques, de céramiques et d’un complexe de
ceux-ci ; ou
(b) le polymère chargé est un polymère polya-
nionique choisi dans le groupe constitué de poly-
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dIdC, de sulfate d’héparine, de sulfate de dex-
tran, d’acide polytungstique, d’acide polyané-
thole sulfonique, de poly(sulfate de vinyle), de
poly(acrylate), de sulfate de chondroïtine,
d’ADN plasmidique, d’ADN de thymus de veau,
d’ADN de sperme de saumon, d’ADN couplé à
de la cellulose, de particules de verre, de verre
colloïdal et de lait de verre ; ou
(c) le polymère chargé est un polymère polyca-
tionique choisi dans le groupe constitué de poly
(allylamines), de poly(lysine), de poly(histidine),
de chitosan, de protamine, de poly(éthylèneimi-
ne) et de poly(arginine).

4. Procédé selon la revendication 1, dans lequel le po-
lymère chargé comprend une charge négative nette
ou une charge positive nette.

5. Procédé selon la revendication 4, dans lequel le po-
lymère chargé a une charge négative nette et com-
prend du sulfate d’héparine.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel :

(a) la molécule d’affinité est une molécule qui
se lie à la substance à analyser par une interac-
tion protéine-protéine, une interaction protéine-
produit chimique ou une interaction produit chi-
mique-produit chimique ; ou
(b) la molécule d’affinité est une molécule qui
se lie à la substance à analyser par une interac-
tion antigène-anticorps, une interaction chaîne
de sucres-lectine, une interaction enzyme-inhi-
biteur, une interaction protéine-chaîne peptidi-
que, une interaction chaîne de chromosomes
ou de nucléotide-chaîne de nucléotides, une in-
teraction nucléotide-ligand ou une interaction
récepteur-ligand ; ou
(c) la molécule d’affinité est choisie dans le grou-
pe constitué d’un anticorps, d’un fragment de
Fab, de F(ab’)2 ou de Fab’ d’un anticorps, d’une
région variable d’anticorps, d’une lectine, d’une
avidine, d’un récepteur, d’un peptide d’affinité,
d’un aptamère et d’une protéine de liaison
d’ADN.

7. Procédé selon la revendication 1, dans lequel la mo-
lécule porteuse chargée est une molécule anionique
ou une molécule cationique.

8. Procédé selon la revendication 7, dans lequel la mo-
lécule porteuse chargée est une molécule anionique
comprenant une chaîne de nucléotides ou un poly-
peptide sulfoné.

9. Procédé selon la revendication 1, dans lequel la mo-
lécule porteuse chargée comprend de l’ADN, de

l’ARN, un polymère cationique ou un polypeptide sul-
foné.

10. Procédé selon la revendication 9, dans lequel la mo-
lécule porteuse chargée comprend de l’ADN com-
prenant une ou plusieurs séquences synthétiques.

11. Procédé selon la revendication 10, dans lequel les
unes ou plusieurs séquences synthétiques com-
prennent un ou plusieurs analogues de nucléotide
comprenant un groupe de liaison ou un groupe réac-
tif de liaison.

12. Procédé selon la revendication 11, dans lequel le
groupe de liaison ou le groupe réactif de liaison com-
prend un groupe amino, un thiol, un groupe carboxy-
le, un groupe imidazole ou un groupe succinimide.

13. Procédé selon la revendication 12, comprenant en
outre la liaison de manière covalente d’un marqueur
détectable au groupe de liaison ou au groupe réactif
de liaison.

14. Procédé selon la revendication 1, dans lequel au
moins un conjugué est marqué avec un marqueur
détectable.

15. Procédé selon la revendication 1, dans lequel :

(a) la molécule porteuse chargée dans le con-
jugué est marquée par un marqueur détectable ;
ou
(b) la molécule d’affinité dans le conjugué est
marquée par un marqueur détectable.

16. Procédé selon l’une quelconque des revendications
13 à 15, dans lequel le marqueur détectable est une
teinte fluorescente, une teinte luminescente, une
teinte phosphorescente, une protéine fluorescente,
une protéine ou une particule luminescente, un tra-
ceur radioactif, un composé chimiluminescent, un
médiateur redox, un composé électrogène, une en-
zyme, une particule d’or colloïdal, ou une particule
d’argent.

17. Procédé selon la revendication 1, dans lequel la sé-
paration comprend une séparation électrophoréti-
que du conjugué ou du complexe à travers un milieu
de séparation dans le canal de séparation.

18. Procédé selon la revendication 17, dans lequel :

(a) le milieu de séparation comprend une résine
d’exclusion-diffusion, un gel de poly(acrylami-
de), du poly(éthylène glycol) (PEG), du poly
(oxyde d’éthylène) (PEO), un copolymère de
saccharose et d’épichlorohydrine, de la poly(vi-
nylpyrrolidone) (PVP), de l’hydroxyéthylcellulo-
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se (HEC), du poly-N,N-diméthylacrylamide (pD-
MA), ou un gel d’agarose ; ou
(b) le milieu de séparation comprend en outre
le polymère chargé.

19. Procédé selon la revendication 18 (b), dans lequel :

(a) le polymère chargé est présent dans le milieu
de séparation à une concentration comprise en-
tre 0,01 et 5 % ; ou
(b) le polymère chargé est présent dans le milieu
de séparation à une concentration comprise en-
tre environ 0,05 et 2 % .

20. Procédé selon la revendication 17, comprenant en
outre l’introduction d’un polymère chargé dans un
tampon qui comprend l’échantillon et, de préférence,
dans lequel le polymère chargé est présent dans le
tampon échantillon à une concentration comprise
entre environ 0,001 et 2 %.

21. Procédé selon la revendication 1, dans lequel le ca-
nal de séparation a au moins une dimension de mi-
croscopique en coupe transversale comprise entre
0,01 et 200 Pm.

22. Procédé selon la revendication 1, dans lequel :

au moins l’un des un ou plusieurs conjugués est
marqué par un marqueur détectable pour former
un complexe contenant la substance à analyser
et le conjugué marqué par le marqueur
détectable ;
l’étape (ii) comprend la séparation du complexe
d’un conjugué marqué non lié dans un canal de
séparation d’un dispositif microfluidique en pré-
sence d’un polymère chargé ;
l’étape (iii) comprend les étapes consistant à :

(a) mesurer une quantité du complexe sé-
paré ou détecter une présence du complexe
séparé ; et
(b) déterminer une quantité de la substance
à analyser dans l’échantillon sur la base de
la quantité mesurée à l’étape (a) ou identi-
fier une présence de la substance à analy-
ser dans l’échantillon sur la base de la pré-
sence détectée à l’étape (a) ; et

dans lequel la molécule d’affinité dans le conjugué
est capable de se lier à la substance à analyser et,
lorsque deux conjugués ou plus sont utilisés, chaque
molécule d’affinité dans le conjugué est capable de
se lier à la substance à analyser au niveau d’un site
différent des autres molécules d’affinité.

23. Procédé selon la revendication 1, dans lequel :

l’étape (i) comprend la mise en contact de
l’échantillon contenant la substance à analyser
avec une ou plusieurs molécules d’affinité et un
ou plusieurs conjugués d’une molécule d’affinité
et d’une molécule porteuse chargée, où au
moins l’une des molécules d’affinité ou au moins
l’un des conjugués est marqué par un marqueur
détectable, pour former un complexe contenant
la substance à analyser et la molécule d’affinité
ou le conjugué ;
l’étape (ii) comprend la séparation du complexe
de la molécule d’affinité marquée non liée ou du
conjugué marqué non lié dans un canal de sé-
paration d’un dispositif microfluidique en pré-
sence d’un polymère chargé ;
l’étape (iii) comprend les étapes consistant à :

(a) mesurer une quantité de complexe sé-
paré ou détecter une présence du complexe
séparé ; et
(b) déterminer une quantité de la substance
à analyser dans l’échantillon sur la base de
la quantité mesurée à l’étape (a) ou identi-
fier une présence de la substance à analy-
ser dans l’échantillon sur la base de la pré-
sence détectée à l’étape (a) ; et

dans lequel la molécule d’affinité et la molécule d’af-
finité dans le conjugué sont capables de se lier à la
substance à analyser, et chaque molécule d’affinité
est capable de se lier à la substance à analyser au
niveau d’un site différent des autres molécules d’af-
finité.

24. Procédé selon la revendication 1, dans lequel
l’échantillon comprend un sérum, un plasma, du
sang total, un extrait de tissu, un extrait de cellule,
un extrait nucléaire, un milieu de culture, un extrait
de culture microbienne, des membres d’une biblio-
thèque moléculaire, un échantillon clinique, un spé-
cimen de crachat, un spécimen de selle, un fluide
céphalorachidien, un échantillon d’urine, un tampon
urogénital, un tampon de gorge ou un échantillon
environnemental.

25. Procédé selon la revendication 1, dans lequel la
substance à analyser comprend AFP, hCG, TSH,
FSH, LH, une interleukine, un ligand de Fas, CA19-9,
CA125, PSA, HBsAg, un anticorps anti-VIH ou T4.

26. Procédé selon la revendication 1, qui comprend
avant l’étape de séparation (ii), l’étape supplémen-
taire consistant à concentrer le complexe en utilisant
un canal de concentration dans un dispositif micro-
fluidique comprenant au moins un canal de concen-
tration ayant au moins une dimension de microsco-
pique comprise entre environ 0,1 et 500 Pm.
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27. Procédé destiné à déterminer une substance à ana-
lyser dans un échantillon qui comprend les étapes
consistant à :

(i) mettre en contact l’échantillon contenant la
substance à analyser avec (a) la substance à
analyser marquée avec un marqueur détectable
ou un analogue de la substance à analyser mar-
qué avec un marqueur détectable et (b) un ou
plusieurs conjugués d’une molécule d’affinité et
d’une molécule porteuse chargée où la molécu-
le d’affinité est capable de se lier à la substance
à analyser ou à l’analogue de substance à ana-
lyser pour former ainsi un premier complexe de
la substance à analyser dans l’échantillon et le
conjugué et un second complexe de la substan-
ce à analyser marquée ou de l’analogue marqué
et du conjugué ;
(ii) séparer les premier et second complexes de
toute substance à analyser marquée libre ou de
tout analogue marqué libre s’il n’est pas impliqué
dans la formation du second complexe dans un
canal de séparation d’un dispositif microfluidi-
que en présence d’un polymère chargé ;
(iii) mesurer une quantité du second complexe
séparé ; et
(iv) déterminer une quantité de la substance à
analyser dans l’échantillon sur la base de la
quantité mesurée à l’étape (iii) ;

dans lequel lorsque deux conjugués ou plus sont
utilisés, chaque molécule d’affinité dans le conjugué
est capable de se lier à la substance à analyser dans
l’échantillon et la substance à analyser marquée ou
l’analogue marqué au niveau d’un site différent des
autres molécules d’affinité ; et
la molécule porteuse chargée est capable de provo-
quer un changement du temps de migration de la
substance à analyser marquée ou de l’analogue
marqué par liaison pour former un complexe de la
substance à analyser marquée ou de l’analogue
marqué, de la molécule d’affinité et de la molécule
porteuse chargée ; et
dans lequel le polymère chargé a la même charge
que la molécule porteuse chargée de sorte que le
polymère chargé interfère avec la liaison de compo-
sant d’échantillon ayant une charge opposée à la
molécule porteuse chargée.

28. Procédé pour déterminer une substance à analyser
dans un échantillon qui comprend les étapes con-
sistant à :

(i) mettre en contact l’échantillon contenant la
substance à analyser avec (a) une substance à
analyser liée à une molécule porteuse chargée
ou un analogue de la substance à analyser liée
à une molécule porteuse chargée et (b) une ou

plusieurs molécules d’affinité marquées par un
marqueur détectable, où la molécule d’affinité
est capable de se lier à la substance à analyser
ou l’analogue de substance à analyser pour for-
mer ainsi un premier complexe de la substance
à analyser liée à la molécule porteuse chargée
ou de l’analogue lié à une molécule porteuse
chargée et à la molécule d’affinité marquée et
un second complexe de la substance à analyser
dans l’échantillon et de la molécule d’affinité
marquée ;
(ii) séparer le premier complexe de tout second
complexe dans un canal de séparation d’un dis-
positif microfluidique en présence d’un polymè-
re chargé ;
(iii) mesurer une quantité du premier complexe
séparé ou une quantité du second complexe ;
(iv) déterminer une quantité de la substance à
analyser dans l’échantillon sur la base de la
quantité mesurée à l’étape (iii) ; et

dans lequel, lorsque deux molécules d’affinité ou
plus sont utilisées, chaque molécule d’affinité est ca-
pable de se lier à la substance à analyser dans
l’échantillon et à la substance à analyser ou l’analo-
gue de substance à analyser lié à la molécule por-
teuse chargée au niveau d’un site différent des
autres molécules d’affinité et dans lequel la molécule
porteuse chargée est capable de provoquer un chan-
gement du temps de migration du premier complexe
par liaison à la substance à analyser ou à l’analogue
pour former un complexe de la substance à analyser,
de la molécule d’affinité et de la molécule porteuse
chargée ; et
dans lequel le polymère chargé a la même charge
que la molécule porteuse chargée de sorte que le
polymère chargé interfère avec la liaison de compo-
sant d’échantillon ayant une charge opposée à la
molécule porteuse chargée.

29. Procédé de concentration d’une substance à analy-
ser d’intérêt dans un échantillon, comprenant les éta-
pes consistant à :

(i) mettre en contact l’échantillon contenant la
substance à analyser avec un ou plusieurs con-
jugués d’une molécule d’affinité et d’une molé-
cule porteuse chargée, pour former un comple-
xe de la substance à analyser et du conjugué ; et
(ii) concentrer le complexe en utilisant un canal
de concentration dans un dispositif microfluidi-
que comprenant au moins un canal de concen-
tration ayant au moins une dimension de micros-
copique comprise entre environ 0,1 et 500 Pm
en présence d’un polymère chargé ; et

dans lequel la molécule porteuse chargée provoque
un changement de la propriété de migration de la
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substance à analyser par liaison pour former un com-
plexe de la substance à analyser, de la molécule
d’affinité et de la molécule porteuse chargée ; et
dans lequel le polymère chargé a la même charge
que la molécule porteuse chargée de sorte que le
polymère chargé interfère avec la liaison de compo-
sant d’échantillon ayant une charge opposée à la
molécule porteuse chargée.

30. Procédé selon la revendication 29, dans lequel la
mise en contact de l’échantillon contenant la subs-
tance à analyser avec un ou plusieurs conjugués
d’une molécule d’affinité et d’une molécule porteuse
chargée pour former un complexe de la substance
à analyser du conjugué est réalisée dans un micro-
canal raccordé fluidiquement au canal de concen-
tration ayant au moins une dimension de microsco-
pique comprise entre 0,1 et 500 Pm.

31. Procédé selon la revendication 29, dans lequel :

(a) la concentration du complexe est réalisée en
utilisant la différence d’une mobilité électropho-
rétique entre le complexe et les constituants de
bruit sur la base de la charge de la molécule
porteuse chargée ; ou
(b) la concentration du complexe est réalisée en
utilisant la différence d’une propriété d’adsorp-
tion entre le complexe et le constituant de bruit
sur la base de la charge de la molécule porteuse
chargée ; ou
(c) la concentration du complexe est réalisée
selon un procédé de concentration choisi dans
le groupe constitué de la superposition d’échan-
tillon par amplification de champ (FASS), l’injec-
tion d’échantillon par amplification de champ
(FASI), l’isotachophorèse (ITP), la focalisation
isoélectrique (IF) et l’extraction en phase solide
(SPE) ; ou
(d) la concentration du complexe est réalisée
selon un procédé de concentration choisi dans
le groupe constitué de la superposition d’échan-
tillon par amplification de champ (FASS) et l’iso-
tachophorèse (ITP).

32. Procédé selon la revendication 29, dans lequel :

(a) la molécule porteuse chargée est une molé-
cule anionique ou une molécule cationique ; ou
(b) la molécule porteuse chargée est une molé-
cule anionique comprenant une chaîne de nu-
cléotides ou un polypeptide sulfoné ; ou
(c) la molécule porteuse chargée comprend de
l’ADN, de l’ARN, un polymère cationique ou un
polypeptide sulfoné ; ou
(d) la molécule porteuse chargée comprend de
l’ADN comprenant une ou plusieurs séquences
synthétiques.

33. Procédé selon la revendication 32(d) dans lequel les
une ou plusieurs séquences synthétiques compren-
nent un ou plusieurs analogues de nucléotide com-
prenant un groupe de liaison ou un groupe réactif de
liaison.

34. Procédé selon la revendication 33, dans lequel le
groupe de liaison ou le groupe réactif de liaison com-
prend un groupe amino, un thiol, un groupe carboxy-
le, un groupe imidazole ou un groupe succinimide.

35. Procédé selon la revendication 34, comprenant en
outre la liaison de manière covalente d’un marqueur
détectable au groupe de liaison ou au groupe réactif
de liaison.

36. Procédé selon la revendication 32(d), dans lequel
les unes ou plusieurs séquences synthétiques sont
constituées d’un élément choisi parmi un analogue
phosphorothioate de nucléotide, un nucléotide qui
contient un groupe méthylène à la place de l’atome
d’oxygène dans le cycle de ribose, ou un nucléotide
qui a un remplacement du substitué désoxy sur la
position 2’ du sucre par une modification 2’-fluoro,
2’-O-méthyle, 2-O-alcoxyle- et 2’-O-allyle.

37. Procédé selon la revendication 29, dans lequel l’éta-
pe de mise en contact comprend en outre la mise
en contact de l’échantillon avec une ou plusieurs mo-
lécules d’affinité pour former un complexe de la
substance à analyser, du conjugué et de la molécule
d’affinité.

38. Procédé selon la revendication 29 ou la revendica-
tion 37, dans lequel :

(a) la molécule d’affinité est une molécule qui
se lie à la substance à analyser par une interac-
tion protéine-protéine, une interaction protéine-
produit chimique ou une interaction de produit
chimique ; ou
(b) la molécule d’affinité est une molécule qui
se lie à la substance à analyser par une interac-
tion antigène-anticorps, une interaction chaîne
de sucres-lectine, une interaction enzyme-inhi-
biteur, une interaction protéine-chaîne peptidi-
que, une interaction de chaîne chromosomes
ou de nucléotide-chaîne de nucléotides, une in-
teraction nucléotide-ligand ou une interaction
récepteur-ligand ; ou
(c) la molécule d’affinité est choisie dans le grou-
pe constitué d’un anticorps, d’un fragment de
Fab, de F(ab’)2 ou de Fab’ d’un anticorps, d’une
région variable d’anticorps, d’une lectine, d’une
avidine, d’un récepteur, d’un peptide d’affinité,
d’un aptamère et d’une protéine de liaison
d’ADN.
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39. Procédé selon la revendication 37, dans lequel au
moins un conjugué ou au moins une molécule d’af-
finité qui ne forme pas un conjugué est marqué avec
un marqueur détectable.

40. Procédé selon la revendication 29, dans lequel :

(a) la molécule porteuse chargée dans le con-
jugué est marquée par un marqueur détectable ;
ou
(b) la molécule d’affinité dans le conjugué est
marquée par un marqueur détectable.

41. Procédé selon la revendication 39 ou la revendica-
tion 40, dans lequel le marqueur détectable est une
teinte fluorescente, une teinte luminescente, une
teinte phosphorescente, une protéine fluorescente,
une protéine ou une particule luminescente, un tra-
ceur radioactif, un composé chimiluminescent, un
médiateur redox, un composé électrogène, une en-
zyme, une particule d’or colloïdal, ou une particule
d’argent.

42. Procédé selon la revendication 29 ou la revendica-
tion 37, dans lequel l’étape de mise en contact et/ou
l’étape de concentration est réalisée en présence
d’un polymère chargé.

43. Procédé selon la revendication 42, dans lequel le
polymère chargé est un polymère polyanionique ou
un polymère polycationique.

44. Procédé selon la revendication 43, dans lequel :

(a) le polymère chargé est un polymère polya-
nionique choisi dans le groupe constitué de po-
lysaccharides, de polynucléotides, de polypep-
tides, de composés macromoléculaires synthé-
tiques, de céramiques et de complexes de ceux-
ci ; ou
(b) le polymère chargé est un polyanion choisi
dans le groupe constitué de poly-dIdC, de sul-
fate d’héparine, de sulfate de dextran, d’acide
polytungstique, d’acide polyanéthole sulfoni-
que, de poly(sulfate de vinyle), de poly(acryla-
te), de sulfate de chondroïtine, d’ADN plasmidi-
que, d’ADN de thymus de veau, d’ADN de sper-
me de saumon, d’ADN couplé à de la cellulose,
de particules de verre, de verre colloïdal et de
lait de verre ; ou
(c) le polymère chargé est un polycation choisi
dans le groupe constitué de poly(allylamines),
de poly(lysine), de poly(histidine), de chitosan,
de protamine, de poly(éthylèneimine) et de poly
(arginine).

45. Procédé selon la revendication 42, dans lequel le
polymère chargé comprend une charge négative

nette ou le polymère chargé comprend une charge
positive nette.

46. Procédé selon la revendication 45, dans lequel le
polymère chargé comprend du sulfate d’héparine.

47. Procédé selon l’une la revendication 29 ou la reven-
dication 37, dans lequel l’étape de concentration
comprend la concentration électrophorétique du
conjugué ou du complexe à travers un milieu de con-
centration dans le canal de concentration, dans le-
quel le milieu de concentration comprend (a) un com-
posé choisi dans le groupe constitué d’une résine
d’exclusion-diffusion, d’un gel de poly(acrylamide),
du poly(éthylène glycol) (PEG), de poly(oxyde
d’éthylène) (PEO), d’un copolymère de saccharose
et d’épichlorohydrine, de la poly(vinylpyrrolidone)
(PVP), de l’hydroxyéthylcellulose (HEC), du poly-N,
N-diméthylacrylamide (pDMA), ou un gel d’agarose ;
ou (b) le composé (a) est un polymère chargé.

48. Procédé selon la revendication 42, dans lequel :

(a) le polymère chargé est présent dans le milieu
de concentration à une concentration comprise
entre 0,01 et 5 % ; ou
(b) le polymère chargé est présent dans le milieu
de concentration à une concentration comprise
entre environ 0,05 et 2 %.

49. Procédé selon la revendication 47, comprenant en
outre l’introduction d’un polymère chargé dans un
tampon qui comprend l’échantillon.

50. Procédé selon la revendication 49, dans lequel le
polymère chargé comprend du sulfate d’héparine qui
est présent dans le tampon échantillon à une con-
centration comprise entre 0,001 et 2 %.

51. Procédé selon la revendication 29, dans lequel le
canal de concentration a au moins une dimension
de microscopique en coupe transversale comprise
entre 0,1 et 200 Pm.

52. Procédé selon la revendication 1, qui comprend
avant l’étape de séparation (ii), l’étape supplémen-
taire de concentration du complexe en utilisant un
canal de concentration dans un dispositif microflui-
dique comprenant au moins un canal de concentra-
tion ayant au moins une dimension de microscopi-
que comprise entre 0,1 et 500 Pm.
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提供了以高浓度浓缩目标分析物并以高灵敏度检测分析物的方法，并进
一步优化反应条件以容易地浓缩分析物。本发明的这些目的例如通过浓
缩分析物和缀合物的复合物来实现，所述缀合物通过使样品中的分析物
与结合于带电载体分子例如DNA的亲和分子接触而形成。
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