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Description
TECHNICAL FIELD

[0001] The present invention relates to a method and
a system for quantitative or qualitative determination of
a target component in a liquid sample, in particular a bi-
ologic target component or optionally several target com-
ponents in the same liquid sample.

BACKGROUND ART

[0002] A plurality of methods and devices for quantita-
tive or qualitative determination of a target componentin
a liquid sample are known from the prior art. Many of
these prior art methods comprise complicated or time
consuming steps, such as washing steps. For many
years new and improved methods have constantly been
developed, and in particular methods using optical labe-
ling and read out systems.

[0003] The use of magnetic particles with capture
probes has also been explored in several methods.
[0004] A fluorimetric immunological assay with mag-
netic particles is described in US 4,731,337. In this doc-
ument it was suggested to perform a test using plastic
pearls comprising a magnetic substance and carrying
antigen for an antibody to be studied in a transparent test
tube. The pearls are put into the test tube together with
a sample containing the antibody to be studied as well
as an antibody marked with a fluorescent molecule. Upon
completion of the reaction, the quantity of the marked
antibody adhering to the antigen on the solid phase is
measured in a fluorometer, in which both the excitation
radiation is passed into the sample and the fluorescent
radiation is collected to the detector through the bottom
of the measurement vessel. Moreover, the fluorometer
is provided with means for generating a magnetic field,
and by its means the pearls are pulled against the bottom
of the measurement vessel for the time of the measure-
ment. Moreover, before the measurement, a coloring
agent is added to the sample to absorb intensively at the
wavelength of the excitation radiation or of the emission
radiation in order to reduce interference by the excess
tracer remaining in the liquid phase or by the background
radiation with the measurement.

[0005] The above method has, however, never been
used in practice.

[0006] WO 2010/042242 discloses for example a use
of magnetic particles in combination with a fluidic device.
The fluidic device disclosed herein has a main channel,
wherein a first inlet fluidly connects to an upstream end
of the main channel and the method comprises introduc-
tion of magnetic beads into the channel. The magnetic
beads are configured to bind to a target. A magnet is
applied to magnetically move the magnetic beads
through various sections of the fluidic device to allow the
magnetic beads to capture a target, to a washing step
and other steps required for obtaining a quantification of
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the target captured on the magnetic beads.

[0007] WO 2008/109675 discloses a device and meth-
od for the capture of magnetic beads in a rotary magnetic
bead trap. The device allows capture, washing, elution
and ejection of beads in an automated system. Analyte
is eluted in asmall volume in a capillary-scale fluid system
compatible with LC-MS/MS analysis.

[0008] US 2010/0248258 discloses a microfluidic chip
and method for rapid detection of different target proteins.
The microfluidic chip utilizes antibody-conjugated mag-
netic beads to bind to the target proteins to form a mag-
netic complex, and then use the signal labeled-antibodies
that can recognize the magnetic complex. The method
comprises purifying the magnetic complex by the micro-
magnetic field on biochip, and introducing the purified
magnetic complex into the fluorescent detection area on
the chip to detect the amount of the target protein in the
purified complex immediately.

[0009] US 4,347,312 discloses a method for detecting
the presence of antibiotics in milk which comprises the
steps of: (a) contacting a solid matrix having attached
thereto a purified immobilized antibody with a volume of
milk and an enzyme-labeled antibiotic, the antibody being
specific to the antibiotic; (b) separating the matrix from
the milk and rinsing the matrix with water to remove ex-
cess milk and enzyme-labeled antibiotic; (c) contacting
the rinsed matrix with a substrate, the substrate in the
presence of the enzyme-labeled antibiotic exhibiting a
color change the amount of which is quantitatively related
to the amount of enzyme-labeled antibiotic; and (d)
measuring the amount of antibiotic present in the milk by
comparing the color change in the substrate with a stand-
ard. Also provided is a method for producing purified an-
tibodies for use in the foregoing detection method by: (a)
covalently conjugating an antibiotic having a lactam-ring
in the molecule to a protein capable of binding thereto
through the lactam-ring; (b) injecting into a host animal
capable of raising antibodies specific to the antibiotic the
conjugate obtained in step (a) so as to raise the specific
antibodies; (c) covalently conjugating the same antibiotic
in step (a) to a second protein capable of binding thereto
through the lactam-ring and different than the protein
usedinstep (a) to form a second conjugate; (d) covalently
binding the second conjugate to a solid matrix to form an
affinity matrix for purifying the antibodies; (e) isolating
and purifying the specific antibodies raised in step (b) by
contacting the host animal serum with the affinity matrix;
and (f) recovering the specific antibodies in a pure form.
[0010] WO2007/092713 discloses a system for detec-
tion of cancer cells. The system comprises a microfluidic
cassette for sample preparation; continuous-flow, mag-
netic-bead assisted cell sorting and cytometry; cell lysis;
nucleic acid isolation and amplification, hybridization,
quantification, and analysis. In an embodiment the cell
sorting is based on the selective binding of magnetic
beads coated with an MCAP antibody to exfoliated pre-
cancerous and cancerous cells contained in saliva. The
bead-labeled precancerous and cancerous cells are then
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separated from other saliva components using a mag-
neticfield. Both labeled and unlabeled cells can be count-
ed using integrated detectors of several types, including
cell counters based on impedance measurements, and
cytometers based on Coulter particle counter principles.
In an alternative embodiment optical methods may be
used for read out and one MACP is used to bind with the
functionalized magnetic bead while other MACP may be
used to attach a label.

[0011] WO2012/032294 discloses a microfluidic
based assay system, comprising a disposable assay car-
tridge and associated reading device. The cartridge com-
prises one or more microfluidic channels disposed there-
in and comprising a binding agent disposed within said
channel(s) for binding any of said analyte within the sam-
ple; a sample port for introducing said fluid sample into
the cartridge; at least one fluid input port for allowing one
or more fluids to be introduced to the cartridge from an
associated reader device and transported through the
microfluidic channel(s); and a fluid outlet sink for remov-
ing fluid from said channel(s). The binding agent may be
a magnetic particle. The bound analyte may be detected
directly or it may be coupled to a detection agent which
is able to bind to a different portion of the analyte to which
the first binding agent binds.

[0012] FengJ et al: "FUNCTIONALIZED EUROPIUM
OXIDE NANOPARTICLES USED AS AFLUORESCENT
LAEL IN AN IMMUNOASSAY FOR ATRAZINE", Analyt-
ical chemistry, American chemical society, US, vol. 75,
no. 19, 1 October 20003, pages 5282-5286,
XP001184591 discloses a competitive assay performed
in a test tube. The target is Atrazine and the assay uses
a marker, a monoclonal anti-atrazine antibody and mag-
netic beads. The marker has a reaction site for the mon-
oclonal anti-atrazine antibody. The magnetic beads have
reaction sites for another moiety of the monoclonal anti-
atrazine antibody. After end reaction the magnetic parti-
cles are removed from the solution and optical examina-
tion is performed on the solution after the magnetic par-
ticles have been moved.

[0013] US2004/043512 discloses a self-calibrated,
magnetic binding assay for detecting the presence or
quantity of an analyte residing in a test sample. The mag-
netic binding assay includes detection probes capable
of generating a detection signal and calibration probes
capable of generating calibration signal. The assay is
performed of a lateral flow device, comprising a sampling
pad of porous material, a porous membrane, a conjugate
pad and a wicking pad. Between the conjugate pad and
the wicking pad the device has a detection zone where
a magnetic device captures fluorescent magnetic parti-
cle. In use sample, fluorescent non-magnetic particles
and fluorescent magnetic particle are added to the con-
jugate pad and the sample is added to the sampling pad
and passes to the conjugate pad, where the elements
react to form conjugates and the conjugates migrates
trough the porous membrane towards the wicking pad
such that the fluorescent magnetic particles are captured
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at the detection zone 31.

[0014] EP 2287 611 discloses a detecting method for
detection target substances within samples using mag-
net enveloping dielectric particles. It is mentioned that
sandwich type assays and competitive type assays may
be performed by the detecting method. However it is not
described how such competitive assay is performed. The
detection method is performed in a sample cell with a
metal film and magnetic property imparted binding sub-
stances and labelling binding substances are mixes into
the liquid sample in the sample cell. The labels are exited
using evanescent field technique.

DISCLOSURE OF INVENTION

[0015] An object of the present invention is to provide
anew method for quantitative or qualitative determination
of a target component in a liquid sample, which method
is simple and fast and where it is possible to perform
determinations of two or more target components simul-
taneously.

[0016] An object of the present invention is further to
provide a system for performing quantitative or qualitative
determination of a target component in a liquid sample
where the cost for each determination is relatively low.
[0017] In an embodiment of the invention it is further
an object to provide a method which does not require
time consuming washing steps and preferably where it
is possible to perform a determination relatively fast e.g.
in a few minutes.

[0018] These objects have been achieved by the
present invention and embodiments hereof as defined in
the claims and described below.

[0019] Theinvention has shown to provide a complete-
ly new approach for quantitative or qualitative determi-
nation of a target component in a liquid.

[0020] Further it has been found that very good and
accurate results can be obtained in a fastand simple way.
[0021] The invention is defined in the claims.

[0022] The method of the invention for quantitative or
qualitative determination of a target componentin aliquid
sample, comprises

e providing a plurality of magnetic particles comprising
one or more capture sites for the target component
on their respective surfaces;

e providing a plurality of fluorophores configured to
bind to the capture sites of the magnetic particles;

e arranging said fluorophores and said magnetic par-
ticles ata distance from each other in a flow channel
of a micro fluidic device;

» feeding the liquid sample into said flow channel and
mixing it with said fluorophores and said magnetic
particles; and
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* atleast temporally immobilizing the magnetic parti-
cles adjacent to a transparent window of the flow
channel using a magnet, emitting exciting electro-
magnetic beam(s) towards the immobilized magnet-
ic particles, reading signals emitted from fluoro-
phores captured by the immobilized magnetic parti-
cles and performing a quantitative or qualitative de-
termination of the target component based on the
read signal.

[0023] The method of the invention is highly suitable
for qualitative determination of one or more target com-
ponents and it has been found that the method can pro-
vide highly accurate results. However, the method of the
invention has also shown to be very suitable for qualita-
tive determinations e.g. for screening purposes. Exam-
ples of this will be described further below.

[0024] The "method." is also referred to by the term
"test" and a liquid which is subjected to the method of
the invention is tested/subjected to a test.

[0025] The term "at least temporally immobilizing the
magnetic particles adjacent to the transparent window"
should be taken to mean that the magnetic particles
should be immobilized for a sufficient time to excite pos-
sible fluorophores captured on the magnetic particles and
read signals emitted from such fluorophores. This will be
further described below.

[0026] The liquid sample, the fluorophores and the
magnetic particles are fed into the flow channel of the
micro fluidic device, such that they are in contact with
each other. In an embodiment two or all of the liquid sam-
ple, the fluorophores and the magnetic particles are
broughtinto contact before being fed into the liquid chan-
nel. Inanembodimentthe liquid sample, the fluorophores
and the magnetic particles are brought into contact within
the liquid channel

[0027] The transparent window is for example in the
form of a transparent wall section of the flow channel.
[0028] By performing the test using a micro fluid de-
vice, the method becomes very fast and only a small
amount of sample is required.

[0029] Heretofore when performing tests using mag-
netic particle for capturing marked components, it has
been an ordinary requirement that some kind of washing
was required or at least a masking of false positive was
required in order to obtain a useful determination. By us-
ing micro fluidic device for performing the test it has sur-
prisingly been found that washing is not required and not
even desired. In factit is preferred that after the magnetic
particles are immobilized, no further liquid should be add-
ed and in a preferred embodiment the liquid in the flow
channel is at standstill, meaning that there is no flow and
no turbulence within the flow channel. Further it is desired
that no light absorbing elements are added beyond what
is inherently in the sample. In an embodiment the sample
comprises no added light absorbing elements beyond
the fluorophores and the magnetic particles and what is
inherent in the liquid sample. In an embodiment the sam-
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ple comprises no elements absorbing light emitted by the
fluorophores beyond the fluorophores and the magnetic
particles.

[0030] The method has shown to give surprisingly re-
liable results even while determining two or more target
components simultaneously.

[0031] Preferred micro fluidic devices will be described
further below.
[0032] The term "liquid sample" means any liquid con-

taining sample including liquid sample comprising solid
parts, such ad dispersions and suspensions. The sample
comprises liquid at the time of performing the method.
[0033] In principle any liquid sample can be applied,
including but not limited to liquid samples comprising par-
ticles, such as dispersed particles. The liquid sample is
in one embodiment crushed food or tissue optionally
blended with water or it may be an extract thereof. Thus,
the method of the invention can for example be applied
for performing quantitative and/or qualitative tests on tis-
sue, vegetables, meat and etc.

[0034] In an embodiment the liquid sample comprises
human or animal faeces e.g. in an aqueous suspension.
[0035] In an embodiment the liquid sample comprises
waste water or water from a nature source e.g. a lake or
ariver.

[0036] The liquid sample should preferably have a suf-
ficiently low viscosity for being mixed with the fluoro-
phores and the magnetic particles preferably such as to
allow possible present target components to bind to the
magnetic particles. If the viscosity is too high, the sample
may be diluted with liquid, such as water prior to testing.
In an embodiment of the invention the liquid sample is
tested in several dilutions and e.g. in undiluted condition
for improving the accuracy of the determination.

[0037] In an embodiment the liquid sample comprises
a biological fluid or a fraction of a biological fluid. Exam-
ples of such biological fluids include human or animal or
vegetable fluids, such as blood, saliva, urine, milk, cy-
tosol (intracellular fluid), interstitial fluid (tissue fluid)
and/or one or more fractions and/or mixtures thereof.
[0038] The term "a target component" means one or
more molecules of a specific type of components. The
term "two or more or several target components" means
two or more or several different types of target compo-
nents"

[0039] A type of components comprises components
which can be captured by a specific capture site on the
magnetic particles. The components included in a type
of components can be identical components or it can be
components with a certain similarity including that they
can be captured by a specific capture site on the magnetic
particles.

[0040] In the following the term "target component" is
for simplification mainly used in singular, but it should
also include the plural version of the term "target com-
ponents" unless otherwise specified.

[0041] The term "target component" and "target ana-
lytes" are used interchangeably.
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[0042] The target component can in principle be any
kind of target component which can be determined in a
binding assay. The skilled person canin a simple manner
use knowledge from other types of binding assays to se-
lect suitable target components and corresponding cap-
ture sites to be provided on the magnetic particles.
[0043] In the following it should be understood that the
method for quantitative and/or qualitative determination
can be performed on one or more target components
simultaneously, and unless otherwise specified the sin-
gular term ’target component’ should be interpreted to
also include the plural term ‘target components’.

[0044] In an embodiment the target component is a
biomolecule, such as a single organic molecule or a struc-
ture of organic molecules e.g. an organic organism. Since
there are high needs in the industry e.g. the health care
industry, the food industry, the method of the invention
is highly suitable for use in quantitative and/or qualitative
determinations of biomolecules, in particular because the
method of the invention is both very fast and highly reli-
able.

[0045] In an embodiment of the invention, the target
component may for example be a mutant variant of a
molecule or an organic organism, such as a microorgan-
ism.

[0046] In an embodiment, the target component is or
comprises a microorganism such as at least one of bac-
terial, viral or fungal pathogens, e.g. E-coli E. coli, Citro-
bacter spp, Aeromonas spp., Pasteurella spp., non- se-
rogroup DI Salmonella, Camphylobacter Staphylococ-
cus spp and combinations thereof.

[0047] In an embodiment, the target component is or
comprises a cell, such as a blood cell, a stem cell or a
tumor cell.

[0048] In an embodiment, the target component is or
comprises proteins, nucleotides, carbohydrates, or lip-
ids, in particular an enzyme, an antigen or an antibody.
[0049] In an embodiment the target component is or
comprises a "happen". A hapten is a small molecule that
can elicit an immune response only when attached to a
large carrier such as a protein; the carrier may be one
that does not elicit an immune response by itself. The
hapten may for example be a steroid, a hormone, an
antibiotic or an inorganic constituent.

[0050] The skilled person will realize that the target
component can be any kind of component for which a
capture cite can be provided.

[0051] Targetcomponents and corresponding capture
sites are well known in the art. Also it is well known to
immobilize such capture sites on a surface such as mag-
netic particles.

[0052] Examples of capture sites and magnetic parti-
cles comprising such capture sites for microorganism tar-
get component can for example be found in
W02012016107.

[0053] The capture sites are selected in relation to at
least one target component, such that the capture sites
bind to at least one target component.
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[0054] In an embodiment of the method of the inven-
tion, the magnetic particles are coated magnetic particles
comprising a coating comprising the captures sites,
wherein the capture sites are selected to be capture sites
for the target component, the coating for example com-
prises the capture sites in the form of antigen, antibody,
avidine, biotin or Goat anti-Mouse 1gG.

[0055] Inan embodiment the capture sites are specific
for the target component.

[0056] Ifthere are two or more target components there
may be several groups of capture sites or there may be
one type of capture sites that are capture sites for all
target components.

[0057] Inanembodiment where there are two or more
target components, the capture sites are specific for the
two or more target components e.g. for a group of similar
but not identical target components.

[0058] In an embodiment of the invention, the capture
sites are specific for a group of components comprising
one or more target components.

[0059] In an embodiment the capture sites are for ex-
ample binding sites for protein, the protein content can
thereby be determined. In an embodiment the capture
sites are binding sites for a pre-selected type or group of
proteins.

[0060] Inan embodiment the binding sites are binding
sites for haptens such as small organic molecules e.g.
steroid hormones, antibiotics or even other hapten mol-
ecules of other origin.

[0061] The magnetic particles may in principle have
any size which is suitable for handling in the micro fluidic
device.

[0062] The use of magnetic particle technology in
quantitative and qualitative biological tests, particularly
antibody-coated magnetic beads and immunomagnetic
beads have become widely used and magnetic particles
for such test are commercially available in many forms.
[0063] Methods for constructingimmunomagnetic par-
ticles are generally known in the art (e.g. Safarik, I. and
Safarikova, M. "Magnetic techniques for the isolation and
purification of proteins and peptides.: BioMagn. Res.
Technol. 2 (2004)).

[0064] The magnetic particles are preferably of micro
or nano size. Preferably the magnetic particles have an
average size of up to about 50 wm, more preferably up
to about 25 pm, such as from about 1 to about 20 pm.
[0065] The magnetic particles may be spherical ornon-
spherical. Some examples of magnetic particles include
Cortex Megacell™-Streptavidin magnetic particles, Cor-
tex Megabeads ™ -Streptavidin CM3454 (8.8 wm particle
size and coated with magnetizable polystyrene/iron ox-
ide particles), Cortex Megabeads™-Streptavidin CTM-C
MO019 (15.6 pm particle size and coated with polystyrene
copolymer/iron oxide particles), Dynabeads™ M-280-
Streptavidin  (3-4 wm particle size), and Genpoint
BugTrap™ magnetic beads.

[0066] Other examples of suitable magnetic particles
are the magnetic particles available from Spherotech,
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Inc. US. Ademtech, France including for example smaller
size magnetic beads size of 200-500 nm, i.e. functional-
ized with streptavidin, protein A or/and G plus a number
of different antibodies. Product 03152 MasterBeads
StreptAvidin (Mean Diameter: ~500 nm); product 03231
Bio-Adembeads StreptAvidin plus (Mean Diameter: ~300
nm); product 03221 Bio-Adembeads streptavidin plus
product (Mean Diameter: ~200 nm); 02650 Active-
Masterbeads (Mean Diameter: ~500 nm) for direct pro-
tein conjugation.

[0067] Banglabs Inc , US, BM549 BioMag® Goat anti-
Mouse IgG (Mean Diameter: ~1.5 pm); BM551/10272
BioMag® Streptavidin (Mean Diameter: ~1.5 pm);
BM553/9750 BioMag® Protein G (Mean Diameter: ~1.5
pm); PMS3N/10098 ProMag™ 3 Series-Streptavidin
(Mean Diameter: ~3.28 pum); CMO1N COMPEL™ Mag-
netic Streptavidin modified (Mean Diameter: ~8 pm).
[0068] Fluorophores are well known in the art and are
widely used within the technology of quantitative and
qualitative assays.

[0069] A fluorophore (also called a fluorochrome or a
florescent chromophore) is a molecule which can be ex-
cited by absorbing light energy and re-emits energy at a
specific wavelength. The wavelength, amount, and time
before emission of the emitted energy depend on both
the fluorophore and its chemical environment as the mol-
ecule in its excited state may interact with surrounding
molecules.

[0070] The excitation energy may be a very narrow or
abroaderband ofenergy, oritmay be all energies beyond
a cut-off level. The emission energy and wavelength is
usually more specific than the excitation energy, and it
is usually of a longer wavelength or lower energy. Exci-
tation energies range from ultraviolet through the visible
spectrum, and emission energies may continue from vis-
ible light into the near infrared region.

[0071] Generally it is desired to select fluorophores
with arelatively specific emission wavelength and energy
for a simpler qualitative or quantitative determination of
the target component. In particular it is desired that the
emission wavelength is relatively specific, i.e. it should
preferably have a wavelength band which in the method
of determination is sufficiently narrow to be distinguished
from other emissions.

[0072] The term "relative specific wavelength" means
thatthe wavelength can be distinguished from other emit-
ting wavelengths in the test.

[0073] In particular in situations where there are sev-
eral different fluorophores and optionally several target
components it is preferred that the fluorophores have rel-
atively specific emission wavelengths such that emission
from the respective fluorophores can be distinguished
from each other.

[0074] The fluorophores can be any type of fluoro-
phores which can be configured to bind to the capture
sites of the magnetic particles. Fluorophores are well
known to the skilled person and are commercially avail-
able.
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[0075] Examples of quantum dots are described in US
7498177 and the quantum dots available from Life Tech-
nologies Europe BV. include more than 150 different
product configurations with emission wavelength span-
ning in a broad wavelength range for examples quantum
dots with the respective emission wavelengths: 525, 545,
565, 585, 605, 625, 655 and IR 705 and 800 nm. In an
embodiment StreptAvidin, Biotin, antibodies and a
number of different functionalities have been conjugated
in the Invitrogen/life Technologies portfolio of Quantum
dot products.

[0076] Examples of quantum dots also include quan-
tum dots available from Ocean NanoTech, Springdale,
Arkansas 72764, including more than 40 different product
configurations with emission wavelength spanningin nm
and a functionalized outer core of PEG or other biological
compatible coating, forexample with the respective emis-
sion wavelengths: 530, 550, 580, 590, 600, 610, 620 and
630 nm. The quantum dots from Ocean NanoTech in-
clude quantum dots with different functional groups e.g.
amine, COOH, phenylboronic acid (PBA), as well as
quantum dots with amphiphilic polymer and PEG coating.
Other examples of quantum dots available from Ocean
NanoTech are quantum dots with a sole core e.g. pro-
vided in toluene and with only an octadecylamine coat
or with amphiphilic polymer and PEG coating.

[0077] In an embodiment the fluorophores are quan-
tum dots or aromatic probes and/or conjugated probes,
such as fluorescein, derivatives of benzene, metal-chal-
cogenide fluorophores or combinations thereof.

[0078] The fluorophores are preferably configured to
bind to the capture sites of the magnetic particles by being
coupled to a component which can bind to the capture
sites of the magnetic particles.

[0079] Inan embodimentthe componentis identical to
the target component. In most situations it is most simple
to configure the fluorophores to bind to the capture sites
by coupling the fluorophores to a component which is
identical to a target component.

[0080] In an embodiment the component is homolog
to the target component. If for example the target com-
ponent is a pathogen, an expensive or rare component
or in certain other situations it may be very beneficial to
configure the fluorophores to bind to the capture sites by
coupling the fluorophores to a target component ho-
molog.

[0081] The term "a component homolog to a target
component" means herein that the component should
have a homology to the target component such that at
least some of the homolog components will bind to the
capture sites of the magnetic particles when applied in a
competitive assay of equal molar amount of the target
component and the homolog component.

[0082] In a preferred embodiment of the invention the
fluorophores are quantum dots that emit one or more
discrete frequencies of light when stimulated by a light
source. In this embodiment several different quantum
dots can be excited with the same wavelength or at least
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with a light beam having a relatively small band width.
[0083] Preferably each quantum dot comprises a core
of an excitable material, such as a semiconductor nan-
oparticle or a rare earth doped oxide colloidal nanopar-
ticle.

[0084] In an embodiment, the quantum dots comprise
each a core with a size of up to about 25 nm, such as
from 2-10 nm. The quantum dots preferably are coated
with an organic coating, such as a polymer coating. Pref-
erably the coating is coupled to a component which can
bind to the capture sites of the magnetic particles e.g.
such as described above.

[0085] In an embodiment of the invention, each of the
quantum dots comprises a core of a binary semiconduc-
tor alloy, such as cadmium-selenide, cadmium-sulphide,
indium-arsenide or indium-phosphide, covered with a
transparent shell optionally comprising or consisting of
Zinc sulphide.

[0086] The liquid sample is brought into contact with
one or more of the fluorophores and the magnetic parti-
cles in the flow channel of the micro fluidic device.
[0087] Thefluorophores and the magnetic particles are
arranged in the flow channel of the micro fluidic device,
and the method comprises feeding the liquid sample into
the flow channel, the fluorophores and the magnetic par-
ticles are arranged in the flow channel at a distance from
each other.

[0088] The fluorophores and the magnetic particles
should preferably be applied in the flow channel of the
micro fluidic device such that the capture sites of the mag-
netic particles do not capture any substantial amount of
fluorophores prior to intermixing with the liquid sample.
The fluorophores and the magnetic particles may be ap-
plied by any method e.g. by drying out in sections of the
flow channel. In an embodiment the fluorophores and/or
the magnetic particles are applied by producing the micro
fluidic device in a substrate with a groove for the flow
channel and a lid and the fluorophores and/or the mag-
netic particles are applied prior to adding the lid to the
micro fluidic device.

[0089] In an embodiment the fluorophores and the
magnetic particles are temporally immobilized in the flow
channel of the micro fluidic device of the micro fluidic
device such that they cannot bind to each other prior to
the feeding of the liquid sample to the flow channel.
[0090] It is well known to temporally immobilize com-
ponents in micro fluidic devices and any of such well
known methods can be applied in the method of the in-
vention.

[0091] The magnetic particles may for example be tem-
porally immobilized by magnetic forces.

[0092] In an embodiment the fluorophores and/or the
magnetic particles are temporally immobilized by being
dried in the flow channel.

[0093] When the liquid sample comes in contact with
the temporally immobilized fluorophores and/or the tem-
porally immobilized magnetic particles the fluorophores
and/or the magnetic particles are resuspended. The term
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"resuspended" is herein used to mean that the fluoro-
phores/magnetic particles are dissolved or suspended in
the liquid.

[0094] In an embodiment the magnetic particles are
permanently immobilized by magnetic forces and the lig-
uid sample is forced to flow into contact with the magnetic
particles. Since only a small amount of possible target
components will come into reach of the capture sites of
the magnetic particles in this embodiment, it is generally
desired that the magnetic particles are free to intermix
with the liquid sample, i.e. the magnetic particles should
preferably not be permanently immobilized.

[0095] The liquid sample may be fed into the flow chan-
nel by any method and means, e.g. by pipetting, by using
a syringe, by dripping into the inlet or by being sucked
into the flow channel of the micro fluidic device in the
form of a fluidic device.

[0096] In an embodiment of the invention the liquid
sample is fed into the flow channel of the micro fluidic
device by being sucked into the flow channel, the suction
is provided by an actuator. The actuator is advantageous-
ly arranged to move a flexible wall section of the flow
channel or of a sink section in fluid connection with the
flow channel.

[0097] The actuator may preferably be arranged to
move the flexible wall section of the flow channel or the
sink section to provide a suction to suck the liquid sample
into the flow channel,. The flow channel preferably com-
prises a first feeding end and a second actuator end com-
prising the flexible wall section. In an embodiment the
flow channel in combination with a sink section in fluid
connection comprises a first feeding end and a second
actuator end comprising the flexible wall section, where
the second actuator end is a part of or all of the sink
section.

[0098] In order to obtain an accurate quantitative de-
termination, the method preferably comprises allowing
the capture sites of the magnetic particles to capture pos-
sible target component in the liquid sample and/or fluor-
ophores. The reaction time is usually very short e.g. from
seconds to a few minutes, such as about 10 minutes or
less. The reaction time is preferably about 1 minute or
less. In a preferred embodiment, the method comprises
stirring and/or pulsating the liquid sample in the flow
channel. Such pulsation can for example be provided
using an actuator. After a certain pre-selected reaction
time the magnetic particles are at least temporally immo-
bilized adjacent to the transparent window using a mag-
net.

[0099] In an embodiment where the magnet is a per-
manent magnet, the magnetic particles will immediately
be attracted to the magnet after the sample is introduced
into the flow channel. If the magnetic force is of a suitable
strength e.g. as described below, the magnetic particles
will be pulled towards the transparent window at a suit-
able speed such that the reaction with possible target
components and fluorophores will have taken place be-
fore immobilization for at least a part of the capture sites
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of the magnetic particles and preferably for most or sub-
stantially all of the capture sites. Ifthe testis a quantitative
test, the reaction time can usually be shorter than when
the test is a qualitative test.

[0100] The transparent window is advantageously a
window of the flow channel of the micro fluidic device.
[0101] The term "transparent” means herein that the
window is transparent for the excitation and emission
wavelengths of the fluorophores. Accordingly the win-
dows need not be transparent for visual inspection, how-
ever, generally it is desired that the window or preferably
the whole flow channel is transparent for visual inspec-
tion.

[0102] Generally it is known to produce micro fluidic
devices and examples of general production methods
and materials can be found ine.g. US 2010/0254858 and
EP 1 827 693.

[0103] In an embodiment a wall section or the whole
wall of the flow channel is preferably transparent.
[0104] Generally it is desired that the magnet has a
magnetic field sufficiently strong to at least temporally
immobilize the magnetic particles adjacent to the trans-
parent window.

[0105] Themagnetmayin principle be anytype of mag-
net with a suitable strength. In an embodiment the mag-
net is selected to generate a magnetic field adjacent to
the transparent window for immobilizing the magnetic
particles, which magnet field is from about 0.05 to about
1 tesla, such as from about 0.1 to about 0.5 tesla, such
as from about 0.15 to about 0.3 tesla.

[0106] The magnetic field need not be homogeneous.
In an embodiment the magnet provides a magnetic field
of from about 0.2 to about 0.3 tesla in a distance of about
1mm and a magnetic field of from about 0.01 to about
0.2teslainadistance of about 2.5 mm. In anembodiment
the magnet provides a magnetic field in a distance of 2.5
mm which is about from 1/3 to V2 the strength of the mag-
netic field in a distance of about 1mm.

[0107] If the magnet is undesirably strong it may pro-
vide a too fast immobilization of the magnetic particles
i.e. the capture sites of the magnetic particles may not
have suitable time to bind target component or fluoro-
phores prior to immobilization of the magnetic particles.
This is of course only relevant if the magnet is a perma-
nent magnet. If the magnet is undesirably weak, it may
not be able to immobilize a sufficient amount of magnetic
particles. By a few tests the skilled person can find a
suitable magnet strength adapted to a specific method
of the invention.

[0108] The magnet may preferably be a permanent
magnet, for the reason of simplification and low cost.
However, in an embodiment an electromagnet, such as
an adjustable electromagnet may be suitable e.g. if mag-
netic forces are applied in the mixing of the liquid sample
with the fluorophores and/or the magnetic particles.
[0109] The magnet may be movable or stationary de-
pending on the setup for performing the method of the
invention. Forasimple structureitis desired that the mag-
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netis stationary arranged toimmobilize the magnetic par-
ticles for excitation and read out adjacent to the trans-
parent window.

[0110] In a preferred embodiment the at least tempo-
rally immobilized magnetic particles are subjected to the
electromagnetic beam such that atleast a part of possible
fluorophores captured by the capture sites of the mag-
netic particles are excited, where after the emitted signal
from the possibly captured fluorophores are read and a
quantitative or qualitative determination of the target
component based on the read signal is performed.
[0111] It has been found that where the fluid in the flow
channel after the magnetic particles are immobilized us-
ing the magnet is at standstill, the at least temporally
immobilized magnetic particles remain immobilized at
least for a time such as up to several minutes after re-
leasing the magnetic particles from influence of the mag-
netic force of the magnet. Thereby the magnet can be
removed from the transparent window and making room
for an emitter to excite the fluorophores and a reader to
read out any signal from the fluorophores. Thereby the
emitter and/or reader can be positioned where the mag-
net previously was positioned which has shown to pro-
vide extremely reliable results. In an embodiment the
emitter is arranged to emit the electromagnetic beam via
one or more emitting optical fibers comprising output
ends arranged immediately adjacent to the transparent
window (e.g. where the magnet was arranged when im-
mobilizing the magnetic particles) In an embodiment the
receiver is arranged to receive the signal from the fluor-
ophores via one or more receiver optical fibers compris-
ing input ends arranged immediately adjacent to the
transparent window (e.g. where the magnet was ar-
ranged when immobilizing the magnetic particles).
[0112] The output ends of the emitting optical fibers
and the input ends of the receiver optical fibers are ad-
vantageously arranged in a pattern. In an embodiment
the output ends of the emitting optical fibers are arranged
in a circle surrounding the input ends of the receiver op-
tical fibers. In an embodiment the input ends of the re-
ceiver optical fibers are arranged in a circle surrounding
the output ends of the emitting optical fibers. In an em-
bodiment one or more lenses are arranged to collect the
signal and direct it to the input ends of the receiver optical
fibers.

[0113] Methods of excitation of fluorophores are well
known in the art. The exciting wavelength is preferably
adjusted to the excitation peak of the fluorophores. In an
embodiment the excitation light is a relative band emis-
sion and preferably relatively low energy, such that the
excitation light does not result in an undesired heating of
the liquid sample or the elements therein.

[0114] In an embodiment the micro fluidic device is
kept at a controlled temperature to optimize the bonding
and ensuring that an undesired temperature does not
interfere with the binding assay.

[0115] In an embodiment of the invention, the plurality
of fluorophores is substantially identical.
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[0116] If only one target component is to be deter-
mined, it is often desired that the fluorophores applied
are substantially identical with respect to excitation and
emitting, however, itshould be understood that one target
component can in principle be detected using different
types of fluorophores in the same test.

[0117] In a preferred embodiment of the invention, the
plurality of fluorophores comprises two or more groups
of fluorophores, wherein the two or more groups of fluor-
ophores differ from each other with respect to types, siz-
es, coatings, shape and/or amounts.

[0118] If two or more groups of fluorophores are
present they may in principle be selected independently
of each other, but preferably such that they emit at dif-
ferent wavelengths. In this situation it is particularly pre-
ferred to apply quantum dots as fluorophores, because
quantum dots at different sizes emit at different wave-
lengths while they are excited at substantially the same
wavelength.

[0119] The amount of fluorophores is preferably se-
lected to provide an estimated competition for possible
target components on the liquid sample. The amount of
fluorophores can be determined by a few tests. A possible
outsetfor selecting the amount of fluorophoresis to select
an amount of about 0.02 to about 100 times the amount
which corresponds to the maximal estimated amount of
target componentin the liquid sample, such as an amount
of about 1 to about 50 times or an amount of about 10 to
about 50 times the amount which corresponds to the
maximal estimated amount of target component in the
liquid sample. For improved accuracy of the result, it is
often desired to repeat the determination of a target com-
ponentin aliquid sample using differentamounts of fluor-
ophores.

[0120] The amount of fluorephore may for example
vary from about 0.02 to about 50 nM (nano mol), prefer-
ably from about 0.1 to about 10 nM.

[0121] Themagnetic particles may be equal or different
from each other. In an embodiment the magnetic parti-
cles are substantially identical with respect to capture
sites and optionally with respect to number of capture
sites and/or size.

[0122] In an embodiment the plurality of magnetic par-
ticles comprises two or more groups of magnetic parti-
cles, wherein the two or more groups of magnetic parti-
cles differ from each other with respect to e.g. with re-
spect to size, capture sites number and/or type.

[0123] In an embodiment of the invention where the
method comprises quantitative or qualitative determina-
tion of two or more target components in a liquid sample,
the magnetic particle comprises one or more types of
capture sites for the two or more target components, the
capture sites for one target component preferably differs
from the capture sites for another target component. For
example one group of magnetic particles can comprise
one type of capture sites and another group of magnetic
particles can comprise another type of capture sites.
[0124] The plurality of fluorophores may e.g. comprise

10

15

20

25

30

35

40

45

50

55

10

at least one group of fluorophores configured to bind to
one capture site for one target component and at least
another group of fluorophores configured to bind to the
capture site for another target component.

[0125] By a few examples and based on the teaching
herein the skilled person can find suitable fluorophores
and magnetic particles for a given test according to the
method of the invention.

[0126] In a preferred embodiment of the invention, the
method comprises performing two or more parallel as-
says on the liquid sample for quantitative or qualitative
determination of the target component(s), each assay
comprises

e bringing a part of the liquid sample into contact with
the fluorophores and the magnetic particles in a mi-
cro fluidic device comprising a transparent window;
and

e at least temporally immobilizing the magnetic parti-
cles adjacentto the transparent window using a mag-
net, emitting exciting electromagnetic beam(s) to-
wards the immobilized magnetic particles, reading
signals emitted from fluorophores captured by the
immobilized magnetic particles.

[0127] Preferably the fluorophores used in one of the
two or more parallel assays differ from the fluorophores
used in another one of the two or more parallel assays.
[0128] For example the fluorophores used in one of
the two or more parallel assays differ from the fluoro-
phores used in another one of the two or more parallel
assays with respect to types, sizes, coatings, shape
and/or amounts.

[0129] Inanembodiment of the invention the magnetic
particles used in one of the two or more parallel assays
differ from the magnetic particles used in another one of
the two or more parallel assays. For example the mag-
netic particles used in one of the two or more parallel
assays differ from the magnetic particles in another one
of the two or more parallel assays with respect to types,
sizes, coatings, shape and/or amounts.

[0130] In an embodiment the two or more parallel as-
says are performed simultaneously in the same micro
fluidic device. The two or more parallel assays may e.g.
be performed in respective flow channels, such asin par-
allel flow channels of the same micro fluidic device.
[0131] In an embodiment of the invention, the quanti-
tative or qualitative determination of target component(s)
in a liquid sample is performed by comparing the read
signal(s) with a reference schedule.

[0132] The reference schedule can be any type of ref-
erence schedule which can be applied for calibrating the
read signal, for example such as it is generally known in
the art.

[0133] In an embodiment of the invention, the quanti-
tative or qualitative determination of target component(s)
in a liquid sample is performed by comparing the read
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signal(s) with signals obtained from liquid samples with
a known composition, e.g. by using an artificial intelligent
processor.

[0134] In an embodiment of the invention, the quanti-
tative or qualitative determination of target component(s)
in a liquid sample is performed by multiplexing the read
signal(s) from different groups of fluorophores e.g. from
the same assay, from fluorophores from parallel assays
and/or from fluorophores in reference tests of known or
unknown liquid samples.

[0135] The invention also comprises a system for
quantitative or qualitative determination of a target com-
ponent in a liquid sample.

[0136] The system of the invention for quantitative or
qualitative determination is specifically suitable for use
for performing the method of the invention, and accord-
ingly the system for quantitative or qualitative determi-
nation and embodiments thereof has atleast some of the
above mentioned benefits.

[0137] The system for quantitative or qualitative deter-
mination of a target component in a liquid sample com-
prises

* a micro fluidic device comprising at least one flow
channel with a transparent window and an inlet for
the liquid sample;

* a plurality of magnetic particles comprising one or
more capture sites for the target component on their
respective surfaces;

e a plurality of fluorophores configured to bind to the
capture sites of the magnetic particles;

* amagnet arranged to at least temporally immobilize
the magnetic particle adjacentto the transparent win-
dow;

* an emitter for exciting the fluorophores, and

* areader for reading signals emitted from the fluoro-
phores,

wherein the fluorophores and the magnetic particles are
arranged at a distance from each other in the flow chan-
nel.

[0138] Advantageously the micro fluidic device is as
described elsewhere herein. The magnetic particles, the
fluorophores and the magnet may e.g. be as described
above.

[0139] In an embodiment the micro fluidic device is of
polymer and or glass.

[0140] In an embodiment the micro fluidic device com-
prises a substrate with a groove for the flow channel and
a foil covering the flow channel.

[0141] The micro fluidic device comprises preferably
an excitation and read out zone which is also referred to
as a reading zone and which is provided in the form of
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the transparent window, which is preferably transparent
for at least the excitation and emitting wavelengths of the
fluorophores.

[0142] In an embodiment the excitation and read out
zone is identical to a zone where the magnetis positioned
when it is acting on the magnetic particle to immobilize
the magnetic particles. After the magnetic particles have
been immobilized using the magnet and any liquid in the
flow channel is at standstill, the magnet is removed while
the magnetic particles remain immobilized at least for a
sufficient time to excite the fluorophore and read the sig-
nal emitted from the fluorophore.

[0143] The emitter and the reader are advantageously
a common emitter and reader unit.

[0144] In an embodiment the emitter comprises emit-
ting optical fibers comprising output ends and the receiv-
er comprises one or more receiver optical fibers compris-
ing inputends. Advantageously fiber sections comprising
the optical fiber output ends of the emitter and fiber sec-
tions comprising the optical fiber input ends of the reader
are connected to each other to form a common emitting-
reading fiber bundle. The output ends of the emitting op-
tical fibers and the inputends of the receiver optical fibers
are advantageously arranged in a pattern e.g. as de-
scribed above.

[0145] The flow channel of the micro fluidic device may
in principle have any shape. In an embodiment the flow
channel comprises an elongate flow section and one or
more chamber sections (chamber sections that have a
substantially larger cross-section than the flow section).
The fluorophores and the magnetic particles may for ex-
ample be temporally immobilized in such chamber sec-
tions.

[0146] Inanembodiment of the system of the invention
for quantitative or qualitative determination the micro flu-
idic device is of polymer and or glass or a combination
thereof. In a preferred embodiment the micro fluidic de-
vice is of polymer. The polymer micro fluidic device is
easy and cost-effective to produce. The micro fluidic de-
vice preferably comprises a substrate with a groove for
the flow channel and a foil covering the flow channel.
[0147] Inan embodimentthe micro fluidic device com-
prises aninletto the flow channel. The inletis forexample
an opening for suction, a capillary inlet or a membrane
covered inlet.

[0148] In an embodiment of the invention the inlet of
the micro fluidic device is a membrane covered inlet. In
this embodiment the liquid sample can for example be
introduced into the flow channel using a syringe or similar
needle assisted device which can be used to penetrate
the membrane. The membrane may e.g. simultaneously
provide an escape for gas in the flow channel.

[0149] In an embodiment of the invention the inlet of
the micro fluidic device is a capillary inlet, meaning that
the liquid sample can be drawn into the flow channel us-
ing capillary forces. In this embodiment it is desired that
the inner surfaces of the flow channel, in particular adja-
cent to the inlet, have a relatively high surface tension
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and have sufficiently small dimensions for providing the
capillary forces. Itis well known in the art to provide micro
fluidic devices with a capillary inlet. Most polymers have
a relatively low surface tension and often it is required to
treat the surface of polymer micro fluidic device where
the inner surfaces of the flow channel should provide
capillary forces for a liquid e.g. an aqueous liquid.
[0150] In an embodiment of the invention the inlet of
the micro fluidic device is an opening for suction, i.e. the
micro fluidic device is configured such that the liquid sam-
ple is adapted to be sucked into the flow channel. In this
embodiment the inner surfaces of the flow channel need
not provide capillary forces and even when the micro
fluidic device is of a material with a low surface tension,
such surface need not be treated for increasing the sur-
face tension. The micro fluid device with a suction inlet
is therefore very simple to produce and can be provided
at relatively low cost.

[0151] Inanembodiment of the invention the micro flu-
idic device comprises an inlet for suction in the liquid
sample. Advantageously the micro fluidic device com-
prises a flexible wall section and the system can benefi-
cially comprise an actuator, where the actuator is ar-
ranged to move the flexible wall section. The actuator is
e.g. a step motor driven actuator.

[0152] In an embodiment of the invention where sys-
tem comprises an actuator and where the inlet of the
micro fluidic device comprises a flexible wall section and
the inlet is an opening for suction, the inlet and the actu-
ator are arranged such that the upon activation of the
actuator, the flexible wall section will be moved and air
will be pressed out of the flow channel where after the
flexible wall will return to its initial position and the liquid
sample will be sucked into the flow channel. Thereby a
simple and effective suction of the liquid sample into the
flow channel and a simple and effective mixing of the
sample with the fluorophores and magnetic particles can
be obtained.

[0153] Inanembodiment of the invention the micro flu-
idic device comprises a sink section and the flow channel
is in fluid communication with the sink section.

[0154] The sink section of the micro fluidic device is a
section whichis appliedin adistance from the transparent
window where the magnetic particle is at least temporally
immobilized for excitation and read out. The sink section
is inan embodiment applied to collect the sample or most
ofthe sample during or after the test has been completed.
By collecting the sample or most of the sample while
simultaneously immobilizing the magnetic particles ad-
jacent to the transparent window for excitation and read
out, the risk of obtaining false signals due to fluorophores
in the sample can be highly reduced.

[0155] Advantageously the sink section is positioned
remotely to the inlet to the flow channel. Preferably the
fluid introduced via the inlet must pass the transparent
window where the magnetic particle is at least temporally
immobilized for excitation and read out before the liquid
reaches the sink section.
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[0156] The terms "slink" and "slink section" are used
interchangeably

[0157] The flow channel may have any shape and is
preferably adapted for performing determinations on rel-
atively small volumes of liquid sample, such as from
about 1 pl to about 1 ml, preferably from about 5 ul to
about 0.5 ml. The flow channel can have any shape e.g.
with a cross sectional shape selected from round, ellip-
soidal, semi ellipsoidal, quadrilateral polygonal, square,
rectangular and trapezoidal shapes, where any edges
optionally being rounded. In one embodiment the micro-
fluidic device comprises two or more distinct flow channel
sections, e.g. a channel section for mixing the liquid sam-
ple with the fluorophores and/or the magnetic particles
and a channel section with a transparent window for at
least temporally immobilizing the magnetic particles for
excitation of optional captured fluorophores and for read-
ing out possible emission energy.

[0158] Inan embodiment of the invention the microflu-
idic device comprises at least one gas escape opening
for allowing gas to escape from the flow channel. The
gas escape opening may be of any type and shape e.g.
as known from prior art microfluidic devices. The gas
escape opening may for example be arranged to allow
gas to escape completely out of the microfluidic device
or it may allow the gas to escape into a gas collecting
chamber e.g. in the form of an inflatable unit.

[0159] Inan embodiment of the invention the microflu-
idic device comprises a flexible wall section which can
be used to create a suction at the inlet of the flow channel.
In this embodiment the inlet can function as a gas escape
opening.

[0160] Inan embodimentthe micro fluidic device com-
prises two or more flow channels, and the two or more
flow channels comprise a common section or are in fluid
connection with a common sink section, where the com-
mon section or the common sink section comprises a
flexible wall section which can be used to create a suction
at the inlets of the flow channels.

[0161] Inan embodimentthe micro fluidic device com-
prises two or more flow channels, and the two or more
flow channels or one or more sink sections in fluid con-
nection comprise each a flexible wall section which can
be used to create a suction at the respective inlets of the
flow channels. In this embodiment suction can be applied
individually in the respective flow channels. The flexible
wall section is in an embodiment applied as a wall section
of a sink section where the sample or parts thereof can
be collected after performing the test. The sink section
is e.g. as described above.

[0162] In an embodiment the flexible wall section is
used to pump out the sample after the magnetic particles
have been mixed with the sample and the fluorophores
while simultaneously immobilizing the magnetic particles
adjacent to the transparent window for excitation and
read out, thereby reducing the risk of obtaining false sig-
nals due to fluorophores remaining in the sample.
[0163] Inanembodimentwhere the microfluidicdevice
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comprises a flow channel in fluid connection with a sink
for collecting sample and optionally a flexible wall suitable
for pumping the sample into and out of the sink, a sample
modifier such as a surfactantis applied in the sink. When
the sample is pumped into the sink using the flexible wall
section or other pumping means the sample will be in-
termixed with the surfactant and accordingly the surface
tension of the sample is reduced. By reintroducing the
sample into the area of the flow channel comprising the
transparent window, the magnetic particles immobilized
adjacent to the transparent window will be washed with
the modified sample. The modifier applied in the sink may
e.g. be in a dry form such that it will not be mixed with
the sample until the sample is introduced into the sink.
[0164] In an embodiment the flexible wall section is
used to pump out the sample after termination of the test.
Whether it is preferred to collect the sample in the sink
section, to pump out the sample or to let the sample be
distributed in the flow channel depends largely on the
kind and the toxicity of the sample applied. If for example
there is risk of undesired contamination or if the sample
potentially comprises elements that are undesirable to
spread e.g. bacteria, viruses or similar, it may be desired
to collect the sample in the sink section during or after
performing the test.

[0165] Inan embodiment the flow channel of the micro
fluidic device comprises one or more chambers, e.g. for
mixing the liquid sample with the fluorophores and/or the
magnetic. In general it is desired that the flow channel
comprises at least one liquid flow channel section which
has at least one dimension (often the width dimension)
of at least about 100 pwm, such as at least 500 pm. In
practice it can be as wide as handling will allow. The other
dimension(s), e.g. the depth of the channel, is preferably
smaller than the width, such as half the width ore.g. down
to about 25 wm or down to about 10 um, if desired.
[0166] In this context a chamber of a flow channel
means a subsection of the flow channel that has at least
25 %, such as at least 50 %, larger cross-sectional area
than an adjacent section of the flow channel. The cham-
ber may for example have a larger cross sectional area
than an adjacent channel section by being wider. The
depth of the flow channel may be substantially constant
or it may vary.

[0167] Inanembodiment of the system of the invention
for quantitative or qualitative determination, the micro flu-
idic device comprises an excitation and read out zone in
the form of a length section comprising the transparent
window, the window is transparent for atleast the exciting
and emitting wavelengths of the fluorophores.

[0168] Inanembodiment of the system of the invention
for quantitative or qualitative determination, the micro flu-
idic device comprises an excitation and read out section
that has a length dimension of at least about 1 mm, such
as at least about 3 mm, such as at least about 5 mm.
[0169] The read out section is preferably formed as a
narrowed part of the flow channel or as an expanded part
ofthe flow channelin order to provide a simple positioning

10

15

20

25

30

35

40

45

50

55

13

of the micro fluidic device in relation to the emitter and
reader.

[0170] According to the system of the invention at least
the window of the micro fluidic device is of a transparent
material.

[0171] Inanembodimentthe whole flow channelis vis-
ible due to transparency of the material. In an embodi-
ment the whole micro fluidic device is of a transparent
material

[0172] In a preferred embodiment at least the trans-
parent window is transparent to the exciting wave-
length(s) and emitting wavelength(s) of the fluorophores.
In an embodiment at least the transparent window is
transparent to at least one wavelength selected from In-
frared light (about 700 nm to about 1000 wm), visible light
(about 400 nm to about 700 nm), UV light (about 400 nm
to about 10 nm) about and X-ray light (about 10 nm to
about 0.01 nm).

[0173] Itis in an embodiment desired to apply short
wave light for the determination, i.e. the fluorophores are
preferably excitable by short wavelength energy where
the heat generationis relatively smalland will notinterfere
with the determination.

[0174] Examples of materials which may be used for
the micro fluidic device comprise materials selected from
glass and polymer, preferably polymers selected from
cyclic oleofin copolymers (COC), acrylonitrile-butadiene-
styrene copolymer, polycarbonate, polydimethyl-si-
loxane (PDMS), polyethylene (PE), polymethylmethacr-
ylate (PMMA), polymethylpentene, polypropylene, poly-
styrene, polysulfone, polytetra-fluoroethylene (PTFE),
polyurethane (PU), polyvinylchloride (PVC), polyvinyli-
dene chloride (PVDC), polyvinylidine fluoride, styrene-
acryl copolymers polyisoprene, polybutadiene, polychlo-
roprene, polyisobutylene, poly(styrene-butadiene-sty-
rene), silicones, epoxy resins, Poly ether block amide,
polyester, acrylonitrile butadiene styrene (ABS), acrylic,
celluloid, cellulose acetate, ethylene-vinyl acetate (EVA),
ethylene vinyl alcohol (EVAL), fluoroplastics, polyacetal
(POM), polyacrylates (acrylic), polyacrylonitrile (PAN)
polyamide (PA), polyamide-imide (PAl), polyaryletherke-
tone (PAEK), polybutadiene (PBD), polybutylene (PB),
polybutylene terephthalate (PBT), polyethylene tereph-
thalate (PET), polycyclohexylene dimethylene tereph-
thalate (PCT), polyketone (PK), polyester/polythene/pol-
yethene, polyetheretherketone (PEEK), polyetherimide
(PEI), polyethersulfone (PES), polyethylenechlorinates
(PEC), polyimide (PI), polylactic acid (PLA), polymethyl-
pentene (PMP), polyphenylene oxide (PPO), polyphe-
nylene sulfide (PPS), polyphthalamide (PPA), and mix-
tures thereof.

[0175] Inanembodimentthe microfluidic device is pro-
vided from a base part of a rigid material - e.g. produced
by injection molding or by laser carving in a substrate.
The base part is covered with a foil which is bonded to
the base part to form the flow channel and optionally sink
section.

[0176] Inanembodiment of the invention the micro flu-
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idic device comprises two or more flow channels option-
ally for performing parallel tests, the two or more flow
channels optionally have a common inlet.

[0177] Inanembodiment of the system of the invention
for quantitative or qualitative determination, the system
comprises a temperature regulator for regulating the tem-
perature of the liquid sample in the flow channel. For
some tests the reaction between possible target compo-
nent and capture sites is temperature sensitive and ac-
cordingly it can be desirable to regulate the temperature.
The temperature regulator can for example comprise a
peltier element, a thin film heating element and/or other
resistive heating elements.

[0178] Inanembodiment of the system of the invention
for quantitative or qualitative determination, the magnetic
particles are coated magnetic particles comprising a
coating comprising the captures sites, wherein the cap-
ture sites are selected to be capture sites for the target
component, such as a biomolecule.

[0179] Inanembodiment of the system of the invention
for quantitative or qualitative determination, the fluoro-
phores are quantum dots or aromatic probes and/or con-
jugated probes, the fluorophores are preferably quantum
dots.

[0180] Inanembodiment of the system of the invention
for quantitative or qualitative determination, the fluoro-
phores are configured to bind to the capture sites of the
magnetic particles by being coupled to a component
which can bind to the capture sites of the magnetic par-
ticles, the component is preferably identical or homolog
to the target component.

[0181] Inanembodiment of the system of the invention
for quantitative or qualitative determination, the fluoro-
phores and the magnetic particles are temporally immo-
bilized in the flow channel of the micro fluidic device of
the micro fluidic device such that they cannotbind to each
other prior to the feeding of a liquid sample to the flow
channel.

[0182] Inanembodiment of the system of the invention
for quantitative or qualitative determination, the magnet
is arranged to atleasttemporally immobilize the magnetic
particle adjacent to the transparent wall section for a suf-
ficient time to excite at least a part of possible fluoro-
phores captured by the capture sites of the magnetic par-
ticles by the emitter and to read out possibly emitted sig-
nal from possibly captured fluorophores.

[0183] Emitters and readers for electromagnetic
waves are well known in the art, and when the fluoro-
phores have been selected the skilled person will in a
simple manner be able to select an emitter and reader
that are useful in combination with the fluorophores.
[0184] Inan embodiment of the system of the invention
for quantitative or qualitative determination, the emitter
is a light emitting diode or a laser which is capable of
emitting electromagnetic radiation comprising the excit-
ing wavelength of the fluorophores.

[0185] Inanembodiment of the system of the invention
for quantitative or qualitative determination, the emitter
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is configured to emit electromagnetic radiation directed
at the transparent window, the window has a planar sur-
face, the emitter is preferably configured to emit electro-
magnetic radiation directed at the transparent window
with an angle to the surface of the window which is from
about 20° to about 170°, such as from about 30° to about
150°. Preferably the surface of the window is substan-
tially plane in order to optimize the exciting and emitting
functions.

[0186] Inanembodiment of the system of the invention
for quantitative or qualitative determination, the reader
is configured for reading signals emitted from fluoro-
phores captured by magnetic particles which are tempo-
rally immobilized adjacent to the window.

[0187] The emitter and the reader are advantageously
a common emitter and reader unit.

[0188] In an embodiment the emitter comprises emit-
ting optical fibers comprising output ends and the receiv-
er comprises one or more receiver optical fibers compris-
ing inputends. Advantageously fiber sections comprising
the optical fiber output ends of the emitter and fiber sec-
tions comprising the optical fiber input ends of the reader
are connected to each other to form a common emitting-
reading fiber bundle. The output ends of the emitting op-
tical fibers and the inputends of the receiver optical fibers
are advantageously arranged in a pattern e.g. as de-
scribed above.

[0189] Inanembodiment of the system of the invention
for quantitative or qualitative determination, the system
comprises a computer for performing the quantitative or
qualitative determination of target component(s) in a lig-
uid sample based on the read signal(s). The computer
is preferably programmed to perform a quantitative
and/or qualitative determination of the target component
in the liquid sample based on the read signal.

[0190] In an embodiment the computer comprises a
memory for storing of read signal(s) and/or quantitative
or qualitative determinations performed.

[0191] In an embodiment the computer comprises a
memory, which memory comprises a reference schedule
for comparing the read signal(s) to perform the determi-
nation. The reference schedule may preferably comprise
sets of a quantitative or qualitative determination with
read signal(s), for example a set of data comprises a)
the result(s) of read signal(s) for a liquid sample with a
known content of the target component and b) the known
content of the target component.

[0192] In an embodiment the computer is an artificial
intelligent processor, programmed to compare read sig-
nal(s) with stored signals obtained from liquid samples
with known compositions.

[0193] In an embodiment the system comprises a sig-
nal processor comprising the computer wherein the sig-
nal processor is configured to multiplex signals from dif-
ferent groups of fluorophores, from fluorophores from
parallel assays and/or from fluorophores in reference
tests of known or unknown liquid samples.

[0194] In an embodiment the system comprises a sig-



25 EP 2 864 781 B1 26

nal processor comprising the computer wherein the sig-
nal processor is configured to multiplex signals from dif-
ferent groups of fluorophores applied in same assay.
[0195] Multiplexing of signals is well known in the art
and has also been applied in the art of analyzing test
samples to quantify two or more targets labeled with fluor-
ophores emitting different wavelengths. Reference is
made to for example US 2009/0270269 and WO
2010/141105 and further information about multiplexing
can also be found in "luminescent quantum dots for mul-
tiplexed biological detection and imaging" Chan et al.
Current Opinion in Biotechnology 2002, 13:40-46,Elsvier
Science.

[0196] When performing the quantitative or qualitative
determination using multiplexing it is preferred that the
fluorophores applied are quantum dots. According to the
invention it has been found that by using quantum dots
as fluorophores and multiplexing the signalsitis possible
to quantitatively determine a plurality of target compo-
nents simultaneously, e.g. 10 or more or even 50 or more.
[0197] Theemitter, thereaderandthe signal processor
comprising the computer are advantageously in form of
a common or at least interconnected unit.

[0198] The invention also relates to a micro fluidic de-
vice for use in preparing a liquid sample for optical anal-
ysis for quantitative or qualitative determination of a of
target component in the sample. The micro fluidic device
comprises at least one flow channel with a transparent
window and aninlet for the liquid sample, the micro fluidic
device further comprises in its flow channel

- a plurality of magnetic particles comprising capture
sites for the target component on their surfaces; and

- aplurality of fluorophores configured to bind the cap-
ture sites of the magnetic particles,

and wherein the fluorophores and the magnetic particles
are arranged at a distance from each other in the flow
channel.

[0199] The micro fluidic device is preferably a micro
fluidic device as described above.

[0200] In an embodiment the micro fluidic device for
use in preparing a liquid sample for optical analysis for
quantitative or qualitative determination of a of target
component in the sample which micro fluidic device com-
prises a substrate with a groove for a flow channel and
a foil covering the flow channel, the flow channel com-
prises a transparent window and an inlet for suction in
the liquid sample. The micro fluidic device comprises a
flexible wall section of the flow channel or of a sink section
in fluid connection with the flow channel. The flexible wall
section can be moved such that air will be pressed out
of the flow channel where after the flexible wall will return
to its initial position.

[0201] Inanembodiment of the invention the micro flu-
idic device comprises a sink section and the flow channel
is in fluid communication with the sink section.
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[0202] The sink section of the micro fluidic device is a
sectionwhichis appliedin adistance fromthe transparent
window where the magnetic particle is at least temporally
immobilized for excitation and read out. The sink section
isin an embodiment applied to collect the sample or most
of the sample during or after the testhas been completed.
Advantageously the sink section is positioned remotely
to the inlet to the flow channel.

[0203] Further preferred embodiments of the micro flu-
idic device are as described above.

[0204] Itshould be emphasized thatthe term "compris-
es/comprising" when used herein is to be interpreted as
an open term, i.e. it should be taken to specify the pres-
ence of specifically stated feature(s), such as element(s),
unit(s), integer(s), step(s) component(s) and combina-
tion(s) thereof, but does not preclude the presence or
addition of one or more other stated features.

[0205] All features of the inventions including ranges
and preferred ranges can be combined in various ways
within the scope ofthe invention, unless there are specific
reasons for not combining such features.

BRIEF DESCRIPTION OF DRAWINGS AND EXAM-
PLES

[0206] The invention will be explained more fully below
in connection with examples and preferred embodiments
and with reference to the drawings in which:

FIG. 1ais a schematic top view of a micro titer plate.

FIG. 1b is a schematic cross sectional view seen in
the line A-A’ of Fig.1.

FIG. 2is a schematic top view of a micro fluidic device
suitable for performing the method of the invention.

FIG. 3 is a schematic sectional side view seen in the
line B-B’ of FIG. 2.

FIG. 4 is a schematic top view of micro fluidic device
suitable for performing the method of the invention
and with temporally immobilized magnetic particles
and temporally immobilized fluorophores.

FIG. 5 is a schematic illustration of the system of the
invention comprising a micro fluidic device, an emit-
ter and a reader.

FIG. 6 is a schematic illustration of a fluorophore in
the form of a quantum dot suitable for use in the
invention.

FIG. 7a, 7b and 7c are schematic illustrations of a
performance of the method of the invention.

FIG. 8a, 8b and 8c are schematic illustrations of an-
other performance of the method of the invention.
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FIG. 9 is a schematic side view of an emitter-reader
assembly.

[0207] The figures are schematic and may be simpli-
fied for clarity. Throughout, the same reference numerals
are used for identical or corresponding parts.

[0208] FIGs. 1a and 1b show a test plate suitable for
performing some prior art methods. The shown test plate
is a micro titer plate with 12 x 8 wells 1.

[0209] Micro titer plates are well known in the art under
many names, such as well plates and micro plates. A
micro titer plate is a generally flat plate with multiple
"wells" used as small test tubes. The shown micro titer
plate comprises a thin cover film 2, which is peeled of
prior to use of the titer plate. The cover film 2 can be
divided into sections, such that it can be peeled off in
sections, e.g. such that only one or only a number less
than all wells are uncovered by removal of a section of
the cover film 2. The micro titer plate has an edge 4 for
reducing spill.

[0210] Each well 1 of a micro plate typically holds
somewhere between tens of nanolitres to several millili-
tres of liquid. Wells of a suitable micro titer plate can in
principle have any shape, such as circular or square, and
their respective bottom parts can be rounded or plane.
In the shown micro titer plate, the wells 1 are round and
with plane bottom parts 3. The round bottom parts 2 of
the respective wells 1 constitute the transparent window
usable for exciting and reading out. FIGs. 2 and 3 show
a test plate suitable for being applied in the present in-
vention. The shown test plate is a micro fluidic device.
Although any micro fluidic devices in principle could be
applied in the present invention, the micro fluidic device
shown is particularly designed for the purpose and pro-
vides additional benefits to the present invention as de-
scribed herein.

[0211] The micro fluidic device comprises a substrate
12 with three flow channels 11. The channels 11 are pro-
vided in the form of grooves covered with a foil 11a. Each
channel 11 comprises an inlet 13 and the channels 11 is
in fluid connection with a common sink 14.

[0212] Theinlet 13 is inthe form of a well shaped inlet.
[0213] The common sink 14 of the micro fluidic device
comprises a flexible wall section 15. The flexible wall sec-
tion 15 can be moved e.g. using a not shown actuator as
described above.

[0214] By pressing the flexible wall section 15 it will be
moved and air will be pressed out of the channels 11
where after the flexible wall section 15 will return to its
initial position and a liquid sample arranged in the inlet
will be sucked into the channel to a desired position. By
further manipulating the flexible wall section the liquid
sample can be drawn further into the channels 11 or it
can be pulsated in the channels. Finally the flexible wall
section 15 can be manipulated to collect the sample in
the sink and to reflush the sample into the channels, if
desired. The flexible wall section 15 thereby provides a
simple and cheap method of controlling the liquid sample
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in the micro fluidic device.

[0215] The micro fluidic device also comprises an in-
dent which provides a read out section 16 for the chan-
nels 11. In the read out sections 16 of the channels 11,
the channels comprise a transparent window and the
magnetic particles can be temporally immobilized using
a not shown magnet.

[0216] FIG. 4 shows another preferred micro fluidic de-
vice suitable for use in the invention.

[0217] The micro fluidic device comprises a substrate
22 withfive flow channels 21. Each channel 21 comprises
an inlet 23 and is in fluid connection with a sink 24 with
a not shown flexible wall section.

[0218] The micro fluidic device also comprises an in-
dent which provides a read out section 26 for the chan-
nels 21, where the channels comprise a transparent win-
dow and the magnetic particles can be temporally immo-
bilized using a not shown magnet.

[0219] Each channel 21 comprises temporally immo-
bilized magnetic particles and temporally immobilized
fluorophores. The micro fluidic device is divided into
zones comprising zone 0 which is the inlet zone, zone 1
and zone 2 which comprise temporally immobilized fluor-
ophores 18 and magnetic particles 17 arranged such that
they do not react until they are in contact with the liquid
sample, zone 3 which is the read out zone and zone 4
which is the sink zone.

[0220] Inanembodimentzone 1 comprises temporally
immobilized fluorophores and zone 2 comprises tempo-
rally immobilized magnetic particles.

[0221] Inanembodimentzone 1 comprises temporally
immobilized magnetic particles and zone 2 comprises
temporally immobilized fluorophores.

[0222] The micro fluidic device could comprise several
subzones of zone 1 and zone 2, if desired.

[0223] In use the liquid sample is fed to the inlet 23,
the sample is sucked into zone 1 of the channels using
the flexible wall section. Optionally the liquid sample is
pulsated in zone 1 to dissolve or resuspend the immobi-
lized elements 17 in zone 1. Thereafter the liquid sample
is drawn further into the channels 21 to zone 2 for dis-
solving or resuspending the immobilized elements 17 in
zone 2. After a preselected incubation time the liquid
sample is drawn fully into the sinks 24. The magnetic
particles are immobilized in the read out zone 3. If de-
sired, the liquid sample can be reintroduced into the chan-
nels 21 by using the flexible wall of the sinks 24 and the
immobilized magnetic particles can be flushed using the
liquid sample to remove not immobilized fluorophores
and other elements that could potentially provide noise.
[0224] FIG. 5 shows a system of the invention com-
prising a support element 32 supporting a micro fluidic
device 31, an emitter 38 and a reader 39 coupled to a
computer 34. The micro fluidic device comprises a read
out section 36. The support element 32 comprises a tem-
perature control element 35 for maintaining the liquid
sample ata desired temperature during the test. The sup-
port element 32 further comprises a magnet 33. The mi-
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cro fluidic device is arranged such that the magnet is
located adjacent the read out section 36 to thereby tem-
porally immobilize the magnetic particles in the read out
section 36. The emitter 38 is configured to emit electro-
magnetic radiation 38a directed at the read out section
36 to thereby excite fluorophores on the immobilized
magnetic particles. The reader 39 is configured to read
signals 39a emitted from fluorophores captures by the
immobilized magnetic particles and the read signals are
transmitted to the computer 34 for processing to quanti-
tative and/or qualitative determination of target com-
pound(s).

[0225] FIG. 6 shows a fluorophore in the form of a
quantum dot suitable for use in the invention. The quan-
tum dot comprises a core 41 of a binary semiconductor
alloy covered by a transparent shell 42 which is at least
transparent for the wavelength emitted by the core. The
shell 42 is further covered by an organic coating 43, such
as a polymer coating which is coupled to one or more
not shown components which can bind to the capture
sites of the magnetic particles e.g. such as described
above.

[0226] FIGs. 7a, 7b and 7c show a performance of the
method of the inventionin three steps. Step 1isillustrated
in FIG. 7a. Sample with the target component 51 is mixed
with fluorophores 52 coupled to homologue target com-
ponent 53. The relative amount of target component 51
to fluorophores 52 coupled to homologue target compo-
nent 53 is relatively low. Step 2 is illustrated in FIG. 7b.
The mixture of target component 51 and fluorophores 52
coupled to homologue target component 53 is further
mixed with magnetic particles 54 carrying capture sites
55 for the target component 51 and the homologue target
component 53 . Step 3 is illustrated in fig 7c. Target com-
ponent 51 and the homologue target component 53 are
captured by the capture sites 55 carried by the magnetic
particles 54. In the illustration shown, only the homologue
target component 53 is captured by the capture sites 55.
This is shown to illustrate that the amount of captured
homologue target component 53 is relatively high and
accordingly the amount of immobilized fluorophores 52
is relatively high. When the magnetic particles 54 are
immobilized using a magnet arranged adjacent to the
transparent window, and the fluorophores 52 are excited,
the emitted signal from the fluorophores 52 is relatively
high, and the amount of target component 51 can be
determined.

[0227] FIGs. 8a, 8b and 8c show another performance
of the method of the invention in three steps. Step 1 is
illustrated in FIG. 8a. Sample with the target component
61 is mixed with fluorophores 62 coupled to homologue
target component 63. The relative amount of target com-
ponent 61 to fluorophores 62 coupled to homologue tar-
get component 63 is relatively high. Step 2 is illustrated
in FIG. 8b. The mixture of target component 61 and fluor-
ophores 62 coupled to homologue target component 63
is further mixed with magnetic particles 64 carrying cap-
ture sites 65 for the target component 61 and the homo-
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logue target component 63 . Step 3 is illustrated in Fig
8c. Target component 61 and the homologue target com-
ponent 63 are captured by the capture sites 65 carried
by the magnetic particles 64. In the illustration only the
target component 61 captured by the capture sites 65 is
shown to illustrate that the amount of captured target
component 61 is relatively high and accordingly the
amount of immobilized fluorophores 62 is relatively low
or there may be none at all and when the magnetic par-
ticles 64 are immobilized using a magnet adjacent to the
transparent window and the fluorophores 62 have been
excited, the emitted signal from the fluorophores 62 is
relatively low or absent, and the amount of target com-
ponent 61 can be determined.

[0228] The emitter-reader assembly shown in FIG. 9
is comprises a casing 90 comprising a plurality of not
shown diodes with respective center wavelengths for ex-
citing the respective wavelengths of the fluorophores.
The emitter-reader assembly further comprises an emit-
ter fiber bundle 91 comprising a plurality of optical fibers
in light connection with the respective diodes for guiding
the light towards not shown fluorophores bound to tem-
porally immobilized magnetic particles in a micro fluidic
device. The emitter fiber bundle 91 has a length section
92 adjacent to emitter output ends 93 of the optical fibers
from where the light 99 is emitted.

[0229] In the length section 92 the emitter bundle 91
is merged with a reader fiber bundle 96 such that the
length section is a common emitter-reader length section
92. The common emitter-reader length section 92 is held
together by a sleeve 94. The reader fiber bundle 96 com-
prises a plurality of optical fibers having reader input ends
95 arranged to receive the light signal 99 from the fluor-
ophores. The reader fiber bundle 96 is fixed to a connec-
tor 97 where it is connected to a not shown reading unit
- e.g. a spectroscope, via a waveguide 98 e.g. in form of
another fiber bundle.

[0230] The emitter output ends 93 and the reader input
ends 95 are advantageously arranged in a predeter-
mined pattern. The predetermined pattern is advanta-
geously selected such as to obtain high exciting rate and
high reading rate. The emitter output ends 93 and the
reader input ends 95 are advantageously positioned im-
mediately adjacent to the transparentwindow, e.g. where
the magnet was arranged when immobilizing the mag-
netic particles and/ or immediately adjacent to the mag-
net.

Examples

Example 1

Screening tests

[0231] Milk samples are screened for the target analyte
Ampecillin.

[0232] A system as showninFIG. 5is used. The micro
fluidic device is in the form of a cartridge similar to the
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micro fluidic device of FIG. 4, but with the difference that
the 5 flow channels each have their respective inlet with
an inlet-well.

[0233] The magnet applied is a permanent magnet ar-
ranged to immobilize magnetic particles in the reading
zone.

[0234] The channels arein fluid connection to sink sec-
tions 4 and have together with the sink section 5 zones,
aninlet zone 0, a zone with temporally immobilized mag-
netic particles 1, a zone with temporally immobilized
fluorophores 2, areading zone with a transparent window
3 and a zone with flexible wall and sink sections 4.
[0235] By having 5 separate flow channels with sepa-
rate inlets it is possible to screen 5 different samples si-
multaneously.

[0236] The temporally immobilized magnetic particles
are 1.5 um Biomag Protein G magnetic particles from
Qiagen with Ampicillin antibody loaded onto Protein G.
1 pL of 0.4% by weight of the magnetic particles solution
in buffer is deposited in the channel (zone 1) and dried
down.

[0237] The temporally immobilized fluorophores are
Qdot 655 Biotin Conjugate from Invitrogen loaded with
Ampicillin. 1 L of 15 nM buffer solution of the Qdot 655
is deposited in the channel (zone 2) and dried down.
[0238] As aninternal reference signal Bio-Adembeads
Streptavidin magnetic beads from Ademtech are labeled
with Qdot 605 biotin conjugate from Invitrogen. The Bio-
Adembeads Streptavidin magnetic beads are deposited
in the fluorophores zone (zone 2).

[0239] The tests are performed as follows:

5 different milk samples are loaded in the 5 inlet-
wells on the cartridge. Each sample is drawn into the
respective channel of the cartridge and re-suspends
the magnetic particle in zone 1. Incubation is done
by cycling the flow for 20 seconds over the site com-
prising the immobilized magnetic particles to re-sus-
pend these and allow the magnetic particles to catch
target analytes in the exposed sample volume. The
sample is then drawn further into the channels of the
cartridge to zone 2 and re-suspends the Qdots.
Again incubation is done by cycling the flow for 20
seconds. Finally the sample is drawn into the sink
section 4 whereby the magnetic particles approach-
ing the magnet while the sample is passing are im-
mobilized in the reading zone.

[0240] The magnetic particles are subjected to exciting
wavelength(s) and the emitted signal is recorded.
[0241] The signals recorded at 655 nm can be normal-
ized with the signal recorded at 605 nm. The resulting
signal will show whether the respective sample compris-
es the target analyte.
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Example 2
Quantitative determination of one target analyte

[0242] Mouseserumistested for Mouse IlgG. The sam-
ples are prepared by dilution of the Mouse serum in buff-
er.

[0243] A system as showninFIG. 5is used. The micro
fluidic device is in the form of a cartridge similar to the
micro fluidic device of FIG. 4 but with the difference that
the micro fluidic device comprises 2 flow channels with
a common inlet with an inlet-well and the micro fluidic
device comprises a common sink section in fluid connec-
tion with the flow channels. The micro fluidic device fur-
ther comprises a flexible wall section which is common
for the flow channels. In this example it is important that
the flow channels and the deposition in the flow channels
are essentially identical.

[0244] The magnetapplied is a permanent magnet ar-
ranged to immobilize magnetic particles in the reading
zone.

[0245] The channels in flow connection with the sink
sections 4 have 5 zones, a common inlet zone 0, a zone
with temporally immobilized fluorophores 1, a zone with
temporally immobilized magnetic particles 2, a reading
zone with a transparent window 3 and a common zone
with flexible wall and sink section 4. It should be observed
that the magnetic particles zone and the fluorophores
zone in this example are reversed compared to the order
thereof in example 1.

[0246] By having 5 separate flow channels with sepa-
rate inlet it is possible to screen 5 different samples si-
multaneously.

[0247] The temporally immobilized magnetic particles
are 1.5 um Biomag Protein G magnetic particles from
Qiagen with mouse 1gG loaded onto Protein G. 1 pL of
0.4% by weight of the magnetic particles solution in buffer
is deposited in the channel (zone 2) and dried down.
[0248] The temporally immobilized fluorophores are
Qdot 655 Goat F(ab’)2 anti-Mouse 1gG Conjugate (H+L)
from Invitrogen. 1 pL of 15 nM buffer solution of the Qdot
655 is deposited in the channel (zone 1) and dried down.
[0249] Additionally a surfactant in the form of a deter-
gent is applied in the sink section.

[0250] The tests are performed as follows:

Sampleis appliedinthe welland drawninto the chan-
nels of the cartridge and re-suspends Qdots in zone
1. Incubation is done by cycling the flow for 20 sec-
onds over the site for the immobilized Qdots to re-
suspend these. The sample is then drawn further
into the channels of the cartridge and re-suspends
the immobilized magnetic particles in zone 2 and si-
multaneously the magnetic particles will catch ana-
lytes and Qdots. The analytes and Qdots will com-
pete about the capture sites of the magnetic parti-
cles. Again incubation is done by cycling the flow for
20 seconds. Finally the sample is drawn into the sink
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section whereby the magnetic particles approaching
the magnet while the sample is passing are immo-
bilized in the reading zone. In the sink section the
dried down detergent is dissolved and thereby the
surface tension of the sample is lowered. To reduce
background noise, the sample is finally pushed back
into the channels whereitis flushing the readingzone
of non-immobilized sample but leaving the magnetic
particles with the signal at the reading site. The de-
tergent improves the flushing of the fluidic system.

[0251] The magnetic particles are subjected to exciting
wavelength(s) and the emitted signal is recorded.
[0252] By comparing the obtained signals by a refer-
ence schedule as described above, e.g. a calibration
curve, the quantitative determination can be obtained.

Example 3
Quantitative determination of two target analytes

[0253] Milk sample tested for the target analyte Ampe-
cillin and the target analyte Tetracyclin.

[0254] A system as shown in FIG. 5 is used. The micro
fluidic device is in the form of a cartridge similar to the
micro fluidic device of FIG. 4 but with the difference that
the micro fluidic device comprises 2 flow channels with
a common inlet with an inlet-well, a common flexible wall
section and in fluid connection with a common sink sec-
tion. In this example it is desired that the flow channels
and the deposition in the flow channels are essentially
identical for improved precision.

[0255] The magnet applied is a permanent magnet ar-
ranged to immobilize magnetic particles in the reading
zone.

[0256] The channels in fluid connection with the sink
section 4 have 5 zones, a common inlet zone 0, a zone
with temporally immobilized magnetic particles 1, a zone
with temporally immobilized fluorophores 2, a reading
zone with a transparent window 3 and a common zone
with flexible wall and sink 4.

[0257] The temporally immobilized magnetic particles
are 1.5 um Biomag Protein G magnetic particles from
Qiagen with Ampicillin antibody loaded onto Protein G
and 1.5 pm Biomag Protein G magnetic particles from
Qiagen with Tetracyclin antibody loaded onto Protein G.
1 pL of 0.2% by weight of each of the magnetic particles
solution in buffer is deposited in the channel (zone 1) and
dried down.

[0258] The temporally immobilized fluorophores are
Qdot 655 Biotin Conjugate from Invitrogen loaded with
Ampicillin and Qdot 605 Biotin Conjugate from Invitrogen
loaded with Tetracyclin. 1 wL 7.5 nM buffer solutions of
both Qdots are deposited in the channel (zone 2) and
dried down.

[0259] The tests are performed as follows:

Sampleis appliedin the well and drawn into channels
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of the cartridge and re-suspends magnetic beads in
zone 1. Incubation is done by cycling the flow for 20
seconds over the site for the immobilized magnetic
particles to re-suspend these and allow the magnetic
particles to catch target analytes in the exposed sam-
ple volume. The sample is then drawn further into
the channels of the cartridge and re-suspends the
Qdots in zone 2. Again incubation is done by cycling
the flow for 20 seconds. Finally the sample is drawn
into the sink section whereby the magnetic particles
approaching the magnet while the sample is passing
are immobilized in the reading zone. The magnetic
particles are subjected to exciting wavelength(s) and
the emitted signal is recorded.

[0260] The recorded signal at 655 nm is related to the
content of Ampicillin in the sample. The recorded signal
at 605 nm is related to the content of Tetracyclin in the
sample.

Example 4

Quantitative determination of one target analyte in whole
blood

[0261] Whole blood is tested for CRP. The sample is
undiluted.
[0262] A system as showninFIG. 5is used. The micro

fluidic device is in the form of a cartridge similar to the
micro fluidic device of FIG. 4 but with the difference that
the micro fluidic device comprises 2 flow channels with
a common inlet with an inlet-well and with a common
flexible wall section and in fluid communication with a
common sink section. In this example it is important that
the flow channels and the deposition in the flow channels
are essentially identical.

[0263] The magnetapplied is a permanent magnet ar-
ranged to immobilize magnetic particles in the reading
zone.

[0264] The channels in fluid connection with a sink sec-
tion 4 have 5 zones, a common inlet zone 0, a zone with
temporally immobilized fluorophores 1, a zone with tem-
porally immobilized magnetic particles 2, a reading zone
with a transparent window 3 and a common zone with
flexible wall and sink section4. By having 5 separate flow
channels with separate inlets it is possible to screen 5
different samples simultaneously.

[0265] The temporally immobilized magnetic particles
are 1.5 um Biomag Protein G magnetic particles from
Qiagen with CPR loaded onto Protein G. 1 pL of 0.4%
by weight of the magnetic particles solution in buffer is
deposited in the channel (zone 2) and dried down.
[0266] The temporally immobilized fluorophores are
Qdot 655 Biotin Conjugate from Invitrogen loaded with
CRP antibody. 1 pL of 15 nM buffer solution of the Qdot
655 is deposited in the channel (zone 1) and dried down.
[0267] The tests are performed as follows:
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Sample is applied in the well and is drawn into car-
tridge and re-suspends Qdots in zone 1. Incubation
is done by cycling the flow for 40 seconds over the
site for the immobilized Qdots. The sample is then
drawn further into channels of the cartridge and re-
suspends the immobilized magnetic beads and si-
multaneously the magnetic particles will catch ana-
lytes and Qdots. The analytes and Qdots will com-
pete about the capture sites of the magnetic parti-
cles. Again incubation is done by cycling the flow for
40 seconds. Finally, the sample is drawn into the
sink section whereby the magnetic particles ap-
proaching the magnet while the sample is passing
are immobilized in the reading zone.

[0268] The magnetic particles are subjected to exciting
wavelength(s) and the emitted signal is recorded.
[0269] By comparing the obtained signals by a refer-
ence schedule as described above, e.g. a calibration
curve, the quantitative determination can be obtained.

Example 5

[0270] Example 1 is repeated using an extract of
crushed beef diluted with water. Samples with different
degree of dilution are applied.

Example 6

[0271] Example 2 is repeated with the difference that
the sample is mixed with the magnetic particles and the
fluorophores before applying the sample to the well and
drawing it into the channels of the cartridge.

[0272] The mouse serum is diluted in a buffer and
mixed with magnetic particle solution and g-dot solution
in avial and is incubated for 5 minutes prior to application
in the well and introduction into the channels.

[0273] The sample can immediately be drawn into the
sink section whereby the magnetic particles approaching
the magnet while the sample is passing are immobilized
in the reading zone.

Example 7

[0274] Example 2 is repeated with the difference that
the system is flushed with the sample by pushing the
sample from the sink section into the channels to flush
the reading zone from non-immobilized sample but leav-
ing the magnetic particles with the signal at the reading
site.

[0275] When the system has been flushed, a read-out
module is positioned above one channel. The Qdots are
excited using a 420 LED and the emitted spectrum is
recorded. Analgorithm running ona PC finds and records
the peak light intensity at 655 nm and 605 nm. The read-
out module is then positioned above the next channel.
[0276] Some preferred embodiments have been
shown in the foregoing, but it should be stressed that the
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invention is not limited to these, but may be embodied in
other ways within the subject-matter defined in the fol-
lowing claims.

Claims

1. A method for quantitative or qualitative determina-
tion of a target component, such as a biomolecule
in a liquid sample, the method comprises
providing a plurality of magnetic particles (17, 54,
64) comprising one or more capture sites (55, 56)
for the target component (51, 61) on their respective
surfaces;
providing a plurality of fluorophores (18, 52, 62) con-
figured to bind to said capture sites (55, 66) of the
magnetic particles (17, 54, 64);
arranging said fluorophores (18, 52, 62) and said
magnetic particles (17, 54, 64) at a distance from
each otherin aflow channel (11, 21) of a micro fluidic
device (31) and downstream from an inlet (13, 23)
to the flow channel (11, 21);
feeding the liquid sample, into said flow channel (11,
21)viasaid inlet (13, 23) and mixing it with said fluor-
ophores (18, 52, 62) and said magnetic particles (17,
54, 64); and
at least temporally immobilizing said magnetic par-
ticles (17, 54, 64) adjacent to a transparent window
of the flow channel (11, 21) using a magnet (33),
emitting exciting electromagnetic beam (38a) to-
wards said immobilized magnetic particles (17, 54,
64), reading signals (39a) emitted from fluorophores
(18, 52, 62) captured by said immobilized magnetic
particles (17, 54, 64) and performing a quantitative
or qualitative determination of said target component
(51, 61) based on the read signals (39a), preferably
the liquid sample comprises a biological fluid or a
fraction of a biological fluid, such as human or animal
or vegetable fluids for example blood, saliva, urine,
milk, cytosol (intracellular fluid), interstitial fluid (tis-
sue fluid) and/or one or more fractions and/or mix-
tures thereof, and/or suspended biological solids,
such as tissue or solid food e.g. meat or vegetable.

2. The method of claim 1, wherein the target compo-
nent comprises a microorganism such as at least
one of bacterial, viral, or fungal pathogens, e.g. E-
coli E. coli, Citrobacter spp, Aeromonas spp., Pas-
teurella spp., non-serogroup DI Salmonella, Cam-
phylobacter Staphylococcus spp. and combinations
thereof and/or the target component comprises a
cell, such as a blood cell, a stem cell or a tumor cell
and/or the target component comprises proteins, nu-
cleotides, carbohydrates, or lipids, in particular an
enzyme, an antigen or an antibody.

3. The method of any of the preceding claims, wherein
capture sites (55, 66) are specific for said target com-
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ponent (51, 61) or specific for a group of components
comprising one or more target components (51, 61).

The method of any of the preceding claims, wherein
the magnetic particles are coated magnetic particles
comprising a coating comprising the captures sites,
wherein the capture sites are selected to be capture
sites for the target component, the coating for exam-
ple comprises the capture sites in the form of antigen,
antibody, avidine, biotin or Goat anti-Mouse 1gG.

The method of any of the preceding claims, wherein
the fluorophores are quantum dots or aromatic
probes and/or conjugated probes, preferably the
fluorophores are configured to bind to said capture
sites of the magnetic particles by being coupled to a
component which can bind to the capture sites of the
magnetic particles, the component is preferably
identical or homolog to said target component.

The method of any of the preceding claims, wherein
the fluorophores are quantum dots that emit one or
more discrete frequencies of light when stimulated
by a light source, wherein each quantum dot com-
prises a core of an excitable material, such as asem-
iconductor nanoparticle or a rare earth doped oxide
colloidal nanoparticle, preferably the quantum dots
each comprise a core with a size of up to about 25
nm, such as from 2-10 nm, the quantum dots pref-
erably comprise an organic coating, such as a poly-
mer coating, the coating is coupled to a component
which can bind to the capture sites of the magnetic
particles.

The method of claim 6, wherein said fluorophores
(18, 52, 62) and said magnetic particles (17, 54, 64)
are temporally immobilized in said flow channel (11,
21) of the micro fluidic device (31) such that they
cannot bind to each other prior to the feeding of said
liquid sample to said flow channel (11, 21).

The method of any of the preceding claims, wherein
the method comprises allowing the capture sites of
the magnetic particles (17, 54, 64) to capture possi-
ble target component in the liquid sample and/or
fluorophores (18, 52, 62), the method preferably
comprises pulsating said liquid sample in said flow
channel optionally using an actuator, where after the
magnetic particles (17,54, 64) are atleast temporally
immobilized adjacent to said transparent window us-
ing a magnet.

The method of any of the preceding claims, wherein
said at least temporally immobilized magnetic parti-
cles (17, 54, 64) are subjected to said electromag-
netic beam (38a) such that at least a part of possible
fluorophores (18, 52, 62) captured by said capture
sites (55, 65) of the magnetic particles (17, 54, 64)
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are excited, where after the emitted signal (39a) from
any captured fluorophores (18, 52, 62) is read and
a quantitative or qualitative determination of said tar-
get component (51, 61) based on the read signal
(30a) is performed, preferably said at least tempo-
rally immobilized magnetic particles (17, 54, 64) are
released from magnetic forces applied by the mag-
net (33) prior to being subjected to said electromag-
netic beam (38a).

The method of any of the preceding claims, wherein
said method comprises performing two or more par-
allel assays on the liquid sample for quantitative or
qualitative determination of the target component(s),
each assay comprises:

- bringing a part of the liquid sample into contact
with said fluorophores (18, 52, 62) and said mag-
netic particles (17, 54, 64) in a micro fluidic de-
vice (31) comprising a transparent window; and
- at least temporally immobilizing said magnetic
particles (17, 54, 64) adjacent to said transpar-
ent window using a magnet (33), emitting excit-
ing electromagnetic beam (38a) towards said
immobilized magnetic particles (17, 54, 64), and
reading signals (38b) emitted from fluorophores
(18, 52, 62) captured by said immobilized mag-
netic particles (17, 54, 64),

preferably the fluorophores and/or the magnetic par-
ticles used in one of the two or more parallel assays
differ from the fluorophores and/or the magnetic par-
ticles used in another one of the two or more parallel
assays, preferably the fluorophores and/or the mag-
netic particles used in one of the two or more parallel
assays differ from the fluorophores and/or the mag-
netic particles used in another one of the two or more
parallel assays with respect to type, size, coating,
shape and/or amount.

The method of any of the preceding claims, wherein
the quantitative or qualitative determination of target
component(s) (51, 61) in a liquid sample is per-
formed by comparing the read signal(s) with signals
obtained from liquid samples of known composition
and/or by multiplexing the read signal(s) from differ-
ent groups of fluorophores e.g. from the same assay
optionally using reference fluorophores with a differ-
ent exciting wavelength, from fluorophores from par-
allel assays and/or from fluorophores in reference
tests of known or unknown liquid samples.

A micro fluidic device for use in preparing a liquid
sample for optical analysis for quantitative or quali-
tative determination of a of target component (51,
61) in the sample, the micro fluidic device (31) com-
prising atleast one flow channel (11, 21) with a trans-
parent window and an inlet (13, 23) for the liquid
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sample, characterized in that the micro fluidic de-
vice (31) further comprises inits flow channel (11, 21)

- a plurality of magnetic particles (17, 54, 64)
comprising capture sites (55, 65) for the target
component (51, 61) on their surfaces; and

- a plurality of fluorophores (18, 52, 62) config-
ured to bind the capture sites (55, 65) of the mag-
netic particles (17, 54, 64),

wherein said fluorophores (18, 52, 62) and said mag-
netic particles (17, 54, 64) are arranged downstream
to said inlet (13, 23) and at a distance from each
other in said flow channel (11, 21), such that upon
feeding the liquid sample into the flow channel (11,
21)via said inlet (13, 23), said liquid sample is mixed
with said magnetic particles (17, 54, 64) and said
fluorophores (18, 52, 62).

A system for quantitative or qualitative determination
of a target component (51, 61) in a liquid sample,
the system comprises

- the micro fluidic device (31) according to claim
12;

- a magnet (33) arranged to at least temporally
immobilize said magnetic particles (17, 54, 64)
adjacent to said transparent window;

- an emitter (38) for exciting said fluorophores
(18, 52, 62), and

- areader (39), for reading signals emitted from
said fluorophores (18, 52, 62).

The system of claim 13, wherein the micro fluidic
device (31) is of polymer and/or glass. and the micro
fluidic device (31) comprises a substrate 12, 22) with
a groove for the flow channel (11, 21) and a foil (11a)
covering the flow channel (11, 21) and the micro flu-
idic device (31) comprises aninlet (13, 23) for suction
in the liquid sample, preferably the micro fluidic de-
vice (31) comprises a flexible wall section (15) of the
flow channel (11, 21) or a sink section (14, 24) in
fluid connection with the flow channel (11, 21), the
system preferably comprises an actuator, preferably
the actuator is arranged to move the flexible wall
section, the actuator optionally being a step motor
driven actuator.

The system of claim 14, wherein the flow channel
(11, 21) being in fluid communication with a sink sec-
tion (14, 24) of the micro fluidic device preferably the
micro fluidic device (31) comprises an excitation and
read out zone referred to as a reading zone (16, 26)
in the form of the transparent window, the window is
transparent for at least the exciting and emitting
wavelengths of the fluorophores (18, 52, 62).

The system of any of claims 13-15 wherein the sys-
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tem comprises a temperature regulator forregulating
the temperature of the liquid sample in the flow chan-
nel, the temperature regulator optionally comprises
a peltier element, a thin film heating element and/or
other resistive heating elements.

The system of any of claims 13-16, wherein the mag-
netic particles (17, 54, 64) are coated magnetic par-
ticles comprising a coating comprising the captures
sites, preferably the fluorophores are quantum dots
or aromatic probes and/or conjugated probes, the
fluorophores are preferably quantum dots, more
preferably the fluorophores are configured to bind to
said capture sites of the magnetic particles by being
coupled to a component which can bind to the cap-
ture sites of the magnetic particles, the component
is preferably identical or homolog to said target com-
ponent.

The system of any of claims 13-17 wherein said emit-
ter comprises at least one optical fiber (91) with an
output end (93) for emitting said electromagnetic ra-
diation and said reader comprises atleast one optical
fiber (96) with an input end (95) for receiving said
signals emitted from fluorophores (18, 52, 62) cap-
tured by magnetic particles (17, 54, 64), preferably
said optical fiber (91) of the emitter and said optical
fiber (96) of the reader are arranged adjacentto each
other in at least respective length sections (92) ad-
jacent to respectively the output end (93) and the
input end (95), preferably said emitter comprises a
plurality of optical fibers (91), each with an output
end (93) for emitting said electromagnetic radiation
and said reader comprises a plurality of optical fibers
(96), each with an input end (95) for receiving said
signals emitted from fluorophores (18, 52, 62) cap-
tured by magnetic particles, preferably said optical
fibers (91) of the emitter and said optical fibers (96)
of the reader are arranged adjacent to each other in
at least respective length sections (92) adjacent to
respectively the output end and the input, more pref-
erably the output ends and the input ends are ar-
ranged in a predetermined pattern.

The system of any of claims 13-18, wherein said sys-
tem comprises a signal processor comprising a com-
puter for performing the quantitative or qualitative
determination of target component(s) in aliquid sam-
ple based on the read signal(s), wherein the signal
processor is configured to multiplex signals from dif-
ferent groups of fluorophores, from fluorophores
from parallel assays and/or from fluorophores in ref-
erence tests of known or unknown liquid samples,
preferably the signal processor is configured to mul-
tiplex signals from different groups of fluorophores
applied in the same assay.

A micro fluidic device of claim 12, wherein the device
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comprises a substrate (12, 22) with a groove for the
flow channel (11, 21) and a foil (11a) covering the
flow channel (11, 21), the flow channel (11, 21) com-
prises the transparent window and the inlet (13, 23)
for suction in the liquid sample, the micro fluidic de-
vice (31) comprises a flexible wall section (15) of the
flow channel (11, 21) or of a sink section (14, 24) in
fluid connection with the flow channel (11, 21), the
flexible wall section (15) can be moved such that air
will be pressed out of the flow channel (11, 21) where
after the flexible wall (15) will return to its initial po-
sition, preferably the flow channel (11, 21) being in
fluid communication with a sink section (14, 24) of
the micro fluidic device (31).

Patentanspriiche

1.

Verfahren zur quantitativen oder qualitativen Be-
stimmung einer Zielkomponente, wie etwa eines Bi-
omolekiils in einer flissigen Probe, wobei das Ver-
fahren umfasst:

Bereitstellen einer Vielzahl von magnetischen
Partikeln (17,54, 64), die eine oder mehrere Ein-
fangstellen (55, 56) fir die Zielkomponente (51,
61) auf ihren jeweiligen Oberflachen aufweisen;
Bereitstellen einer Vielzahl von Fluorophoren
(18, 52, 62), die so konfiguriert sind, dass sie an
die Einfangstellen (55, 66) der magnetischen
Partikel (17, 54, 64) binden;

Anordnen der Fluorophore (18, 52, 62) und der
magnetischen Partikel (17, 54, 64) in einem Ab-
stand voneinander in einem Strdmungskanal
(11, 21) einer Mikrofluidvorrichtung (31) und
stromabwarts von einem Einlass (13, 23) in den
Strémungskanal (11, 21);

Zufuhren der flissigen Probe in den Strémungs-
kanal (11, 21) Gber den Einlass (13, 23) und Mi-
schen derselben mit den Fluorophoren (18, 52,
62) und den magnetischen Partikeln (17, 54,
64); und

zumindest zeitweises Immobilisieren der mag-
netischen Partikel (17, 54, 64) benachbart zu
einem transparenten Fenster des Strémungs-
kanals (11, 21) unter Verwendung eines Mag-
neten (33), Emittieren eines anregenden elek-
tromagnetischen Strahls (38a) in Richtung der
immobilisierten magnetischen Partikel (17, 54,
64), Auslesen der Signale (39a), die von Fluo-
rophoren (18, 52, 62), emittiert werden, die von
immobilisierten magnetischen Partikeln (17, 54,
64) eingefangen wurden, und Durchfiihren einer
quantitativen oder qualitativen Bestimmung der
Zielkomponente (51, 61) basierend auf den Le-
sesignalen (39a), wobei vorzugsweise

die flissige Probe ein biologisches Fluid oder
eine Fraktion eines biologischen Fluids auf-
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weist, wie etwa menschliche oder tierische oder
pflanzliche Fluide, zum Beispiel Blut, Speichel,
Urin, Milch, Cytosol (intrazellulare Flussigkeit),
interstitielle Flussigkeit (Gewebeflussigkeit)
und/oder eine oder mehrere Fraktionen
und/oder Mischungen davon, und/oder suspen-
dierte biologische Feststoffe, wie etwa Gewebe
oder feste Lebensmittel, z. B. Fleisch oder Ge-
muse.

Verfahren nach Anspruch 1, wobei die Zielkompo-
nente einen Mikroorganismus aufweist, wie etwa
mindestens eines von bakteriellen, viralen oder Pilz-
Pathogenen, z. B. E-coli E. coli, Citrobacter spp, Ae-
romonas spp., Pasteurella spp., Nicht-Serogruppe
DI Salmonella, Camphylobacter Staphylococcus
spp. und Kombinationen davon, und/oder die Ziel-
komponente eine Zelle aufweist, wie etwa eine Blut-
zelle, eine Stammzelle oder eine Tumorzelle,
und/oder die Zielkomponente Proteine, Nukleotide,
Kohlenhydrate oder Lipide, insbesondere ein En-
zym, ein Antigen oder einen Antikdrper, aufweist.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei die Einfangstellen (55, 66) flur die Ziel-
komponente (51, 61) spezifisch sind oder fiir eine
Gruppe von Komponenten, die eine oder mehrere
Zielkomponenten (51, 61) aufweist, spezifisch sind.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei die magnetischen Partikel beschichtete
magnetische Partikel sind, die eine Beschichtung
aufweisen, die die Einfangstellen aufweist, wobeidie
Einfangstellen als Einfangstellen fir die Zielkompo-
nente ausgewahlt sind, wobei die Beschichtung bei-
spielsweise die Einfangstellen in Form von Antigen,
Antikdrper, Avidin, Biotin oder Ziege-Anti-Maus-IgG
aufweist.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei die Fluorophore Quantenpunkte oder
aromatische Sonden und/oder konjugierte Sonden
sind, wobei vorzugsweise die Fluorophore so konfi-
guriert sind, dass sie an die Einfangstellen der ma-
gnetischen Partikel binden, indem sie an eine Kom-
ponente gekoppeltwerden, die an die Einfangstellen
der magnetischen Partikel binden kann, wobei die
Komponente vorzugsweise identisch oder homolog
zu der Zielkomponente ist.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei die Fluorophore Quantenpunkte sind, die
eine oder mehrere diskrete Lichtfrequenzen emittie-
ren, wenn sie durch eine Lichtquelle stimuliert wer-
den, wobei jeder Quantenpunkt einen Kern aus ei-
nem anregbaren Material aufweist, wie etwa einem
Halbleiter-Nanopartikel oder einem Seltenerd-do-
tiertem Oxid-Kolloid-Nanopartikel, wobei vorzugs-
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weise die Quantenpunkte jeweils einen Kern mit ei-
ner GroRRe von bis zu etwa 25 nm, wie etwa 2-10 nm,
aufweisen, wobei die Quantenpunkte vorzugsweise
eine organische Beschichtung aufweisen, wie etwa
eine Polymerbeschichtung, wobei die Beschichtung
mit einer Komponente gekoppelt ist, die an die Ein-
fangstellen der magnetischen Partikel binden kann.

Verfahren nach Anspruch 6, wobei die Fluorophore
(18, 52, 62) und die magnetischen Partikel (17, 54,
64) zeitweise in dem Strémungskanal (11, 21) der
Mikrofluidvorrichtung (31) derart immobilisiert sind,
dass sie vor dem Zuflihren der flissigen Probe in
den Stromungskanal (11, 21) nicht aneinander bin-
den kénnen.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei das Verfahren das Ermdglichen des Ein-
fangens einer moglichen Zielkomponente in der flis-
sigen Probe und/oder von Fluorophoren (18, 52, 62)
durch die Einfangstellen der magnetischen Partikel
(17, 54, 64) umfasst, wobei das Verfahren vorzugs-
weise das Pulsieren der fliissigen Probe in den Stro-
mungskanal, wahlweise unter Verwendung eines
Aktuators, umfasst, wonach die magnetischen Par-
tikel (17, 54, 64) mindestens zeitweise benachbart
zudem transparenten Fenster unter Verwendung ei-
nes Magneten immobilisiert werden.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei die mindestens zeitweise immobilisierten
magnetischen Partikel (17, 54, 64) dem elektroma-
gnetischen Strahl (38a) derart ausgesetzt werden,
dass mindestens ein Teil moglicher Fluorophore (18,
52, 62), die von den Einfangstellen (55, 65) der ma-
gnetischen Partikel (17, 54, 64) eingefangen wer-
den, angeregt werden, wonach das emittierte Signal
(39a) von jeglichen eingefangenen Fluorophoren
(18, 52, 62) ausgelesen wird und eine quantitative
oder qualitative Bestimmung der Zielkomponente
(51, 61) basierend auf dem Lesesignal (30a) durch-
gefluihrt wird, wobei vorzugsweise die mindestens
zeitweise immobilisierten magnetischen Partikel
(17, 54, 64) von durch den Magneten (33) angewen-
deten magnetischen Kraften freigegeben werden,
bevor sie dem elektromagnetischen Strahl (38a)
ausgesetzt werden.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei das Verfahren das Durchflinren von zwei
oder mehr parallelen Assays an der fliissigen Probe
zur quantitativen oder qualitativen Bestimmung der
Zielkomponente(n) umfasst, wobei jeder Assay um-
fasst:

- Inkontaktbringen eines Teils der fliissigen Pro-
be mit den Fluorophoren (18, 52, 62) und den
magnetischen Partikeln (17, 54, 64) in einer Mi-
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krofluidvorrichtung (31), die ein transparentes
Fenster aufweist; und

- mindestens zeitweises Immobilisieren der ma-
gnetischen Partikel (17, 54, 64) benachbart zum
transparentem Fenster unter Verwendung ei-
nes Magneten (33), Emittieren eines anregen-
den elektromagnetischen Strahls (38a) in Rich-
tung der immobilisierten magnetischen Partikel
(17, 54, 64), und Auslesen von Signalen (38b),
die von Fluorophoren (18, 52, 62) emittiert wer-
den, die von den immobilisierten magnetischen
Partikeln (17, 54, 64) eingefangen wurden,

wobei sich vorzugsweise die Fluorophore und/oder
die magnetischen Partikel, die in einem der zwei
oder mehr parallelen Assays verwendet werden, von
den Fluorophoren und/oder den magnetischen Par-
tikeln, die in einem weiteren der zwei oder mehr pa-
rallelen Assays verwendet werden, unterscheiden,
wobei sich vorzugsweise die Fluorophore und/oder
die magnetischen Partikel, die in einem der zwei
oder mehr parallelen Assays verwendet werden, von
den Fluorophoren und/oder den magnetischen Par-
tikeln, die in einem weiteren der zwei oder mehr pa-
rallelen Assays verwendet werden, in Bezug auf Art,
GrolRe, Beschichtung, Form und/oder Menge unter-
scheiden.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei die quantitative oder qualitative Bestim-
mung der Zielkomponente(n) (51, 61) in einer flis-
sigen Probe durchgefiihrt wird, indem das/die Lese-
signal/e mit Signalen verglichen werden, die aus
flissigen Proben von bekannter Zusammensetzung
erhalten werden, und/oder durch Multiplexen
des/der Lesesignals/e aus verschiedenen Gruppen
von Fluorophoren, z. B. aus dem gleichen Assay,
gegebenenfalls unter Verwendung von Referenzflu-
orophoren mit einer anderen Anregungswellenlan-
ge, von Fluorophoren aus parallelen Assays
und/oder von Fluorophoren in Referenztests be-
kannter oder unbekannter fliissiger Proben.

Mikrofluidvorrichtung zur Verwendung bei der Her-
stellung einer flissigen Probe zur optischen Analyse
zur quantitativen oder qualitativen Bestimmung ei-
ner Zielkomponente (51, 61) in der Probe, wobei die
Mikrofluidvorrichtung (31) mindestens einen Stro-
mungskanal (11, 21) mit einem transparenten Fens-
ter und einen Einlass (13, 23) fiir die flissige Probe
aufweist, dadurch gekennzeichnet, dass die Mi-
krofluidvorrichtung (31) ferner in ihrem Strémungs-
kanal (11, 21)

- eine Vielzahl von magnetischen Partikeln (17,
54, 64), die Einfangstellen (55, 65) fur die Ziel-
komponente (51, 61) auf ihren Oberflachen auf-
weisen; und



13.

14.

15.

16.

45

- eine Vielzahl von Fluorophoren (18, 52, 62)
aufweist, die so konfiguriert sind, dass sie die
Einfangstellen (55, 65) der magnetischen Parti-
kel (17, 54, 64) binden,

wobei die Fluorophore (18, 52, 62) und die magne-
tischen Partikel (17, 54, 64) stromabwarts vom Ein-
lass (13, 23) und in einem Abstand voneinander in
dem Strémungskanal (11, 21) angeordnet sind, so
dass die flissige Probe nach Zuflihrung der flissi-
gen Probe in den Strémungskanal (11, 21) Gber den
Einlass (13, 23) mit den magnetischen Partikeln (17,
54, 64) und den Fluorophoren (18, 52, 62) gemischt
wird.

System zur quantitativen oder qualitativen Bestim-
mung einer Zielkomponente (51, 61) in einer flissi-
gen Probe, wobei das System

die Mikrofluidvorrichtung (31) nach Anspruch 12;
einen Magneten (33), der so angeordnet ist, dass er
mindestens zeitweise die magnetischen Partikel (17,
54, 64) benachbart zum transparenten Fenster im-
mobilisiert;

einen Emitter (38) zum Anregen der Fluorophore
(18, 52, 62), und

einen Leser (39) zum Auslesen von von den Fluo-
rophoren (18, 52, 62) emittierten Signalen aufweist.

System nach Anspruch 13, wobei die Mikrofluidvor-
richtung (31) aus Polymer und/oder Glas besteht,
und die Mikrofluidvorrichtung (31) ein Substrat (12,
22) mit einer Nut fur den Strémungskanal (11, 21)
und eine den Stromungskanal (11, 21) abdeckende
Folie (11a) aufweist, und die Mikrofluidvorrichtung
(31) einen Einlass (13, 23) zum Einsaugen der flis-
sigen Probe aufweist, wobei vorzugsweise die Mi-
krofluidvorrichtung (31) einen flexiblen
Wandabschnitt (15) des Strémungskanals (11, 21)
oder einen mit dem Strémungskanal (11, 21) in Flu-
idverbindung stehenden Senkabschnitt (14, 24) auf-
weist, wobei das System vorzugsweise einen Aktu-
ator aufweist, wobei vorzugsweise der Aktuator an-
geordnet ist, um den flexiblen Wandabschnitt zu be-
wegen, wobei der Aktuator optional ein durch einen
Schrittmotor angetriebener Aktuator ist.

System nach Anspruch 14, wobei der Stromungska-
nal (11, 21) mit einem Senkabschnitt (14, 24) der
Mikrofluidvorrichtung in Fluidverbindung steht, wo-
bei vorzugsweise die Mikrofluidvorrichtung (31) eine
Anregungs- und eine als Auslesezone (16, 26) be-
zeichnete Auslesezone in Form des transparenten
Fensters aufweist, wobei das Fenster fiir mindes-
tens die anregenden und emittierenden Wellenlan-
gen der Fluorophore (18, 52, 62) transparent ist.

System nach einem der Anspriiche 13 bis 15, wobei
das System einen Temperaturregler zur Regelung
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der Temperatur der flissigen Probe im Strémungs-
kanal aufweist, wobei der Temperaturregler optional
ein Peltierelement, ein Dulnnfilmheizelement
und/oder andere Widerstandsheizelemente auf-
weist.

System nach einem der Anspriiche 13 bis 16, wobei
die magnetischen Partikel (17, 54, 64) beschichtete
magnetische Partikel sind, die eine Beschichtung
aufweisen, die die Einfangstellen aufweist, wobei
vorzugsweise die Fluorophore Quantenpunkte oder
aromatische Sonden und/oder konjugierte Sonden
sind, wobeidie Fluorophore vorzugsweise Quanten-
punkte sind, wobei bevorzugter die Fluorophore so
konfiguriert sind, dass sie an die Einfangstellen der
magnetischen Partikel binden, indem sie an eine
Komponente gekoppelt sind, die an die Einfangstel-
len der magnetischen Partikel binden kann, wobei
die Komponente vorzugsweise identisch oder homo-
log zu der Zielkomponente ist.

System nach einem der Anspriiche 13 bis 17, wobei
der Emitter mindestens eine optische Faser (91) mit
einem Ausgangsende (93) zum Emittieren der elek-
tromagnetischen Strahlung aufweist, und der Leser
mindestens eine optische Faser (96) mit einem Ein-
gangsende (95) zum Empfangen der von den von
magnetischen Partikeln (17, 54, 64) eingefangenen
Fluorophoren (18, 52, 62) emittierten Signale auf-
weist, wobei vorzugsweise die optische Faser (91)
des Emitters und die optische Faser (96) des Lesers
in mindestens den jeweiligen Langsabschnitten (92)
benachbart jeweils zum Ausgangsende (93) und
zum Eingangsende (95) benachbart zueinander an-
geordnet sind, wobei der Emitter vorzugsweise eine
Vielzahl von optischen Fasern (91) aufweist, jeweils
mit einem Ausgangsende (93) zum Emittieren der
elektromagnetischen Strahlung, und der Leser eine
Vielzahl von optischen Fasern (96) aufweist, jeweils
mit einem Eingangsende (95) zum Empfangen der
von den von magnetischen Partikeln eingefangenen
Fluorophoren (18, 52, 62) emittierten Signale, wobei
vorzugsweise die optischen Fasern (91) des Emit-
ters und die optischen Fasern (96) des Lesers in
mindestens den jeweiligen Langsabschnitten (92)
benachbart jeweils zum Ausgangsende und zum
Eingangsende benachbart zueinander angeordnet
sind, wobei vorzugsweise die Ausgangsenden und
die Eingangsenden in einem vorbestimmten Muster
angeordnet sind.

System nach einem der Anspriiche 13 bis 18, wobei
das System einen Signalprozessor aufweist, der ei-
nen Computer zum Durchflihren der quantitativen
oder qualitativen Bestimmung der Zielkomponen-
te(n) in einer flissigen Probe basierend auf dem/den
Lesesignal/en aufweist, wobei der Signalprozessor
zum Multiplexen von Signalen aus verschiedenen
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Gruppen von Fluorophoren, von Fluorophoren aus
parallelen Assays und/oder von Fluorophoren in Re-
ferenztests bekannter oder unbekannter fllissiger
Proben konfiguriert ist, wobei vorzugsweise der Si-
gnalprozessor zum Multiplexen von Signalen aus
verschiedenen Gruppen von Fluorophoren, die in
dem gleichen Test verwendet werden, konfiguriert
ist.

Mikrofluidvorrichtung nach Anspruch 12, wobei die
Vorrichtung ein Substrat (12, 22) mit einer Nut fiir
den Strémungskanal (11, 21) und eine den Stro-
mungskanal (11, 21) abdeckende Folie (11a) auf-
weist, der Stromungskanal (11, 21) das transparente
Fenster und den Einlass (13, 23) zum Einsaugen der
flissigen Probe aufweist, wobei die Mikrofluidvor-
richtung (31) einen flexiblen Wandabschnitt (15) des
Strémungskanals (11, 21) oder eines mit dem Stro-
mungskanal (11, 21) in Fluidverbindung stehenden
Senkabschnitts (14, 24) aufweist, wobei der flexible
Wandabschnitt (15) derart bewegt werden kann,
dass Luft aus dem Strémungskanal (11, 21) heraus-
gedriickt wird, wonach die flexible Wand (15) in ihre
Ausgangsposition zurtickkehrt, wobei vorzugsweise
der Strémungskanal (11, 21) mit einem Senkab-
schnitt (14, 24) der Mikrofluidvorrichtung (31) in Flu-
idverbindung steht.

Revendications

1.

Procédé de détermination quantitative ou qualitative
d’un composant cible, comme une biomolécule dans
un échantillon liquide, le procédé comprenant :

la fourniture d’'une pluralité de particules magné-
tiques (17, 54, 64) comprenant un ou plusieurs
sites de capture (55, 56) pourle composant cible
(51, 61) sur leurs surfaces respectives ;

la fourniture d’une pluralité de fluorophores (18,
52, 62) configurés pour se lier aux dits sites de
capture (55, 66) des particules magnétiques
(17, 54, 64) ;

'agencement desdits fluorophores (18, 52, 62)
et desdites particules magnétiques (17, 54, 64)
a une distance l'un de l'autre dans un canal
d’écoulement (11, 21) d’un dispositif microflui-
dique (31) et en aval d’'une entrée (13, 23) au
canal d’écoulement (11, 21) ;

I'alimentation de I'échantillon liquide dans ledit
canal d’écoulement (11, 21) par l'intermédiaire
de ladite entrée (13, 23) et le mélange de celui-
ci aux dits fluorophores (18, 52, 62) et aux dites
particules magnétiques (17, 54, 64) ; et
limmobilisation au moins provisoire desdites
particules magnétiques (17, 54, 64) adjacentes
a une fenétre transparente du canal d’écoule-
ment (11, 21) en utilisant un aimant (33), I'’émis-
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sion d’un faisceau électromagnétique excitant
(38a) vers lesdites particules magnétiques im-
mobilisées (17, 54, 64), la lecture de signaux
(39a) émis depuis des fluorophores (18, 52, 62)
capturés par lesdites particules magnétiques
immobilisées (17, 54, 64) et I'exécution d'une
détermination quantitative ou qualitative dudit
composantcible (51, 61) surla base des signaux
lus (39a), de préférence

I’échantillon liquide comprend un fluide biologi-
que ou une fraction d’un fluide biologique, com-
me des fluides humains ou animaux ou végé-
taux, par exemple du sang, de la salive, de I'uri-
ne, du lait, du cytosol (fluide intracellulaire), du
fluide interstitiel (fluide de tissu) et/ou une ou
plusieurs fractions et/ou des mélanges de ceux-
ci, et/ou des solides biologiques en suspension,
comme un tissu ou un aliment solide, par exem-
ple de la viande ou un légume.

Procédé selon la revendication 1, dans lequel le
composant cible comprend un micro-organisme
comme au moins I'un de pathogénes bactériens, vi-
raux ou fongiques, par exemple E-coli E. coli, Citro-
bacter spp, Aeromonas spp., Pasteurella spp., Sal-
monelle DI non-sérogroupe, Camphylobacter Sta-
phylococcus spp et des combinaisons de ceux-ci
et/oule composant cible comprend une cellule, com-
me une cellule sanguine, une cellule souche ou une
cellule de tumeur et/ou le composant cible comprend
des protéines, des nucléotides, des carbohydrates
ou des liquides, en particulier une enzyme, un anti-
géne ou un anticorps.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel des sites de capture (55,
66) sont spécifiques au dit composant cible (51, 61)
ou spécifiques a un groupe de composants compre-
nant un ou plusieurs composants cibles (51, 61).

Procédé selon 'une quelconque des revendications
précédentes, dans lequel les particules magnéti-
ques sontdes particules magnétiques enduites com-
prenant un enduit comprenant les sites de capture,
dans lequel les sites de capture sont sélectionnés
pour étre des sites de capture pour le composant
cible, I'enduit comprenant par exemple les sites de
capture sous la forme d’antigéne, d’anticorps, d’avi-
dine, de biotine ou de chévre anti-souris IgC.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel les fluorophores sont des
points quantiques ou des sondes aromatiques et/ou
des sondes conjuguées, de préférence les fluoro-
phores sont configurés pour se lier aux dits sites de
capture des particules magnétiques en étant cou-
plés a un composant qui peut se lier aux sites de
capture des particules magnétiques, le composant
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étant de préférence identique ou homologue au dit
composant cible.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel les fluorophores sont des
points quantiques qui émettent une ou plusieurs fré-
quencesdiscrétes de lumiére lorsqu’ils sont stimulés
par une source lumineuse, dans lequel chaque point
quantique comprend un noyau d’'une matiere exci-
table, comme une nanoparticule semiconductrice ou
une nanoparticule colloidale d’oxyde dopée aux ter-
res rares, de préférence chacun des points quanti-
ques comprend un noyau d’une taille jusqu’a environ
25 nm, comme de 2 a 10 nm, les points quantiques
comprenant de préférence un enduit organique,
comme un enduit polymeére, 'enduit étant couplé a
un composant qui peut se lier aux sites de capture
des particules magnétiques.

Procédé selon larevendication 6, dans lequel lesdits
fluorophores (18, 52, 62) et lesdites particules ma-
gnétiques (17, 54, 64) sont provisoirement immobi-
lisés dans ledit canal d’écoulement (11, 21) du dis-
positif microfluidique (31) de maniére a ne pas pou-
voir se lier 'un a l'autre avant l'alimentation dudit
échantillon liquide dans ledit canal d’écoulement
(11, 21).

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le procédé comprend
I'autorisation aux sites de capture des particules ma-
gnétiques (17, 54, 64) de capturer un composant
cible possible dans I'échantillon liquide et/ou des
fluorophores (18, 52, 62), le procédé comprenant de
préférence la pulsation dudit échantillon liquide dans
ledit canal d’écoulement facultativement en utilisant
un actionneur, aprés quoi les particules magnéti-
ques (17, 54, 64) étant au moins provisoirement im-
mobilisées adjacentes a ladite fenétre transparente
en utilisant un aimant.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel lesdites particules magné-
tigues au moins provisoirement immobilisées (17,
54, 64) sont soumises au dit faisceau électromagné-
tique (38a) de sorte qu'au moins une partie de fluo-
rophores possibles (18, 52, 62) capturés par lesdits
sites de capture (55, 65) des particules magnétiques
(17, 54, 64) soient excités, aprés quoi le signal émis
(39a) depuis des fluorophores capturés (18, 52, 62)
estlu et une détermination quantitative ou qualitative
dudit composant cible (51, 61) sur la base du signal
lu (30a) est effectuée, de préférence lesdites parti-
cules magnétiques au moins provisoirement immo-
bilisées (17, 54, 64) sont libérées sous I'effet de for-
ces magneétiques appliquées par I'aimant (33) avant
d’étre soumises au dit faisceau électromagnétique
(38a).
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Procédé selon 'une quelconque des revendications
précédentes, dans lequel ledit procédé comprend
I'exécution d’au moins deux essais paralléles sur
I’échantillon liquide pour une détermination quanti-
tative ou qualitative du ou des composants cibles,
chaque essai comprenant :

- la mise d’'une partie de I'échantillon liquide en
contact avec lesdits fluorophores (18, 52, 62) et
lesdites particules magnétiques (17, 54, 64)
dans un dispositif microfluidique (31) compre-
nant une fenétre transparente ; et

- 'immobilisation au moins provisoire desdites
particules magnétiques (17, 54, 64) adjacentes
a ladite fenétre transparente en utilisant un
aimant (33), 'émission d’un faisceau électroma-
gnetique excitant (38a) vers lesdites particules
magnétiques immobilisées (17, 54, 64) et la lec-
ture de signaux (38b) émis depuis des fluoro-
phores (18, 52, 62) capturés par lesdites parti-
cules magnétiques immobilisées (17, 54, 64),

de préférence les fluorophores et/ou les particules
magnétiques utilisés dans I'un des au moins deux
essais paralléles sont différents des fluorophores
et/ou des particules magnétiques utilisés dans un
autre des au moins deux essais paralléles, de pré-
férence les fluorophores et/ou les particules magné-
tiques utilisés dans I'un des au moins deux essais
paralléles sont différents des fluorophores et/ou des
particules magneétiques utilisés dans un autre des
au moins deux essais paralléles en ce qui concerne
le type, la taille, 'enduit, la forme et/ou la quantité.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel la détermination quantita-
tive ou qualitative d’'un ou plusieurs composants ci-
bles (51,61) dans un échantillon liquide est effectuée
par la comparaison du ou des signaux lus a des si-
gnaux obtenus a partir d’échantillons liquides de
composition connue et/ou par le multiplexage du ou
des signaux lus a partir de groupes différents de fluo-
rophores, par exemple a partir du méme essai, en
utilisant facultativement des fluorophores de réfé-
rence avec une longueur d’onde d’excitation diffé-
rente, a partir de fluorophores d’essais paralléles
et/ou a partir de fluorophores dans des tests de ré-
férence d’échantillons liquides connus ou inconnus.

Dispositif microfluidique destiné a étre utilisé dans
la préparation d’un échantillon liquide en vue d’'une
analyse optique pour une détermination quantitative
ou qualitative d’'un composant cible (51, 61) dans
I’échantillon, le dispositif microfluidique (31) compre-
nant au moins un canal d’écoulement (11, 21) avec
une fenétre transparente et une entrée (13, 23) pour
I’échantillon liquide, caractérisé en ce que le dis-
positif microfluidique (31) comprend en outre dans
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son canal d’écoulement (11, 21) :

- une pluralité de particules magnétiques (17,
54, 64) comprenant des sites de capture (55,
65) pour le composant cible (51, 61) sur leurs
surfaces ; et

- une pluralité de fluorophores (18, 52, 62) con-
figurés pour se lier aux sites de capture (55, 65)
des particules magnétiques (17, 54, 64),

dans lequel lesdits fluorophores (18, 52, 62) et les-
dites particules magnétiques (17, 54, 64) sont agen-
cés en aval de ladite entrée (13, 23) et a une distance
I'un de I'autre dans ledit canal d’écoulement (11, 21),
de sorte que, lors de I'alimentation de I'échantillon
liquide dans le canal d’écoulement (11, 21) par I'in-
termédiaire de ladite entrée (13, 23), ledit échantillon
liquide soit mélangé aux dites particules magnéti-
ques (17,54, 64) et aux dits fluorophores (18,52, 62).

Systeme de détermination quantitative ou qualitative
d’'un composant cible (51, 61) dans un échantillon
liquide, le systéme comprenant

- le dispositif microfluidique (31) selon la reven-
dication 12 ;

- un aimant (33) agencé pour immobiliser au
moins provisoirement lesdites particules ma-
gnétiques (17, 54, 64) adjacentes a ladite fené-
tre transparente ;

- un émetteur (38) pour exciter lesdits fluoropho-
res (18, 52, 62), et

- un lecteur (39) pour lire des signaux émis de-
puis lesdits fluorophores (18, 52, 62).

Systeme selon la revendication 13, dans lequel le
dispositif microfluidique (31) est en polymeére et/ou
enverre, etle dispositif microfluidique (31) comprend
un substrat (12, 22) avec une rainure pour le canal
d’écoulement (11, 21) et une feuille (11a) recouvrant
le canal d’écoulement (11, 21) et le dispositif micro-
fluidique (31) comprend une entrée (13, 23) pourune
aspiration dans I'échantillon liquide, de préférence
le dispositif microfluidique (31) comprend une sec-
tion de paroi souple (15) du canal d’écoulement (11,
21)ouune section d’évier (14, 24) enliaison fluidique
avecle canald’écoulement(11,21), le systeme com-
prend de préférence un actionneur, I'actionneur est
de préférence agencé pour déplacer la section de
paroi souple, I'actionneur étant facultativement un
actionneur entrainé par un moteur pas a pas.

Systeme selon la revendication 14, dans lequel le
canal d’écoulement (11, 21) est en communication
fluidique avec une section d’évier (14, 24) du dispo-
sitif microfluidique, de préférence le dispositif micro-
fluidique (31) comprend une zone d’excitation et de
lecture alaquelle il est fait référence en tant que zone
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de lecture (16, 26) sous la forme de la fenétre trans-
parente, la fenétre étant transparente pendant au
moins les longueurs d’onde d’excitation et d’émis-
sion des fluorophores (18, 52, 62).

Systéme selon I'une quelconque des revendications
13 a 15, dans lequel le systeme comprend un régu-
lateur de température pour réguler la température
de I'échantillon liquide dans le canal d’écoulement,
le régulateur de température comprenant facultati-
vement un élément Peltier, un élément chauffant a
film mince et/ou d’autres éléments chauffants résis-
tifs.

Systéme selon I'une quelconque des revendications
13 a 16, dans lequel les particules magnétiques (17,
54, 64) sont des particules magnétiques enduites
comprenant un enduit comprenant les sites de cap-
ture, de préférence les fluorophores sont des points
quantiques ou des sondes aromatiques et/ou des
sondes conjuguées, les fluorophores sont de préfé-
rence des points quantiques, avec plus de préféren-
ce les fluorophores sont configurés pour se lier aux
dits sites de capture des particules magneétiques en
étant couplés a un composant qui peut se lier aux
sites de capture des particules magnétiques, le com-
posant étant de préférence identique ou homologue
au dit composant cible.

Systéme selon I'une quelconque des revendications
13 a 17, dans lequel ledit émetteur comprend au
moins une fibre optique (91) avec une extrémité de
sortie (93) pour émettre ledit rayonnement électro-
magnétique et ledit lecteur comprend au moins une
fibre optique (96) avec une extrémité d’entrée (95)
pour recevoir lesdits signaux émis depuis des fluo-
rophores (18, 52, 62) capturés par des particules
magnétiques (17, 54, 64), de préférence ladite fibre
optique (91) de I'émetteur et ladite fibre optique (96)
du lecteur sont agencées adjacentes I'une a I'autre
dans au moins des sections de longueurs respecti-
ves (92) adjacentes respectivement a I'extrémité de
sortie (93) et a I'extrémité d’entrée (95), de préféren-
ce ledit émetteur comprend une pluralité de fibres
optiques (91), chacune d’elles comportant une ex-
trémité de sortie (93) pour émettre leditrayonnement
électromagnétique et ledit lecteur comprend une plu-
ralité de fibres optiques (96), chacune d’elles com-
portant une extrémité d’entrée (95) pour recevoir les-
dits signaux émis depuis des fluorophores (18, 52,
62) capturés par des particules magnétiques, de pré-
férence lesdites fibres optiques (91) de I'émetteur et
lesdites fibres optiques (96) du lecteur sont agen-
cées adjacentes I'une a 'autre dans au moins des
sections de longueurs respectives (92) adjacentes
respectivement a I'extrémité de sortie eta l'extrémité
d’entrée, avec plus de préférence les extrémités de
sortie et les extrémités d’entrée sont agencées dans
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un motif prédéterminé.

Systeme selon I'une quelconque des revendications
13 a2 18, dans lequel ledit systéme comprend un pro-
cesseur de signal comprenant un ordinateur pour
effectuer la détermination quantitative ou qualitative
d’un ou plusieurs composants cibles dans un échan-
tillon liquide sur la base d’un ou plusieurs signaux
lus, dans lequel le processeur de signal est configuré
pour multiplexer des signaux de différents groupes
de fluorophores, de fluorophores d’essais paralléles
et/ou de fluorophores dans des tests de référence
d’échantillons liquides connus ou inconnus, de pré-
férence le processeur de signal est configuré pour
multiplexer des signaux de différents groupes de
fluorophores appliqués au méme essai.

Dispositif microfluidique selon la revendication 12,
dans lequel le dispositif comprend un substrat (12,
22)avec une rainure pour le canal d’écoulement (11,
21) et une feuille (11a) recouvrant le canal d’écou-
lement (11, 21), le canal d’écoulement (11, 21) com-
prend lafenétre transparente etl'entrée (13, 23) pour
I'aspiration dans I'’échantillon liquide, le dispositif mi-
crofluidique (31) comprend une section de paroi sou-
ple (15) du canal d’écoulement (11, 21) ou d’'une
section d’évier (14, 24) en liaison fluidique avec le
canal d’écoulement (11, 21), la section de paroi sou-
ple (15) peut étre déplacée de sorte que lair soit
pressé hors du canal d’écoulement (11, 21), aprés
quoi la section de paroi souple (15) reprend sa po-
sition initiale, de préférence le canal d’écoulement
(11, 21) étant en communication fluidique avec une
section d’évier (14, 24) du dispositif microfluidique
(31).
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