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Description

[0001] The present invention relates a system for
characterising a fluid, comprising a microfluidic device
and a measurement device, to the microfluidic device,
to the measurement device, to the method of character-
ising or analysing a concentration of a component.
[0002] Analytic detection of particles, molecules and
especially biomolecules, e.g., proteins, nucleic acids,
hormones and the like, is fundamental to diagnostics as
well as to molecular biology. In many applications, it is
desirable to detect the presence of at least one particu-
lar molecule in a sample. Analytic detection is also used,
e.g., in disease diagnosis and drug development, to de-
termine the presence of a particular antibody or protein,
e.g., in a blood sample or large chemical library. Detec-
tion of particles, molecules and biomolecules is there-
fore of fundamental value in, e.g., diagnostic medicine,
archaeology, anthropology and criminal investigation.
To meet these needs many techniques, e.g., DNA blot-
ting, RNA blotting, protein blotting, and ELISA assays,
have been developed to detect the presence of a par-
ticular molecule or fragment in the midst of a complex
sample containing similar molecules.

[0003] More recently, new and faster microfluidic
methods of performing biological assays in microfluidic
systems have been developed, such as those described
by the applications of Farce et al, "High Throughput
Screening Assay Systems in Microscale Fluidic Devic-
es" WO 98/00231 and in Knapp et al., "Closed Loop Bi-
ochemical  Analyzers" (WO  98/45481; PCT/
US98/06723). For example, high throughput methods
for analyzing biological reagents, including proteins, are
described in these applications.

[0004] Improved methods as well as the availability of
fast, simple reliable and cheap detection systems for af-
finity assays are, accordingly, desirable, particularly
those which take advantage of high-throughput, low
cost microfluidic systems.

[0005] US-A-6,444,461 discloses integrated sys-
tems, apparatus, software, and methods are provided
for performing biochemical analyses, including DNA se-
quencing, genomic screening, purification of nucleic ac-
ids and other biological components and drug screen-
ing. Microfluidic devices, systems and methods for us-
ing these devices and systems for performing a wide
variety of fluid operations are provided. The devices and
systems are used in performing fluid operations that re-
quire a large number of iterative, successive or parallel
fluid manipulations, in a microscale, or sealed and read-
ily automated format.

US-A-6,235,175 discloses microfluidic devices that in-
corporate improved recess and reservoir geometries, as
well as methods of using these devices in the analysis,
preparation, or other manipulation of fluid borne mate-
rials, to achieve higher throughputs of such materials
through these devices, with lower cost, material and/or
space requirements. It is mainly aimed at improved re-
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cess and reservoir geometries. This is necessary as the
dimensions are relatively small, that is in the order of
1-100um.

US-A-6,479,299 discloses microfluidic devices having
predisposed assay components for increased through-
put and prolonged shelf life. The methods involve flow-
ing a first component of a biochemical system in a first
of the at least two intersecting recesses. At least a first
test compound is flowed from a second recess into the
first recess whereby the test compound contacts the first
component of the biochemical system. An effect of the
test compound on the biochemical system is then de-
tected. It uses electrokinetic flow.

US-A-6,613,581 discloses methods of detecting a com-
ponent of interest, such as a protein, in a microfluidic
system. The methods include the use of a component-
binding moiety specific to the component of interest,
such as an antibody, to detect the component of interest.
Also included are microfluidic devices and integrated
systems for performing such assays, including devices
utilizing flowable or fixed particle sets.

US-A-6,644,944 discloses microfluidic fluid control de-
vices. One microfluidic fluid control device can be used
as a uni-directional valve within a microfluidic system.
Said US- A-6,644,944 also teaches a microfluidic pump
mechanism having two unidirectional valves separated
by an expandable reservoir. Such devices may be
formed in multiple layers and utilize flexible membranes.
US-A-6,408,878 discloses a method of fabricating an
elastomeric structure, comprising: forming a first elas-
tomeric layer on top of a first micromachined mold, the
first micromachined mold having a first raised protrusion
which forms a first recess extending along a bottom sur-
face of the first elastomeric layer; forming a second elas-
tomeric layer on top of a second micromachined mold,
the second micromachined mold having a second
raised protrusion which forms a second recess extend-
ing along a bottom surface of the second elastomeric
layer; binding the bottom surface of the second elasto-
meric layer onto a top surface of the first elastomeric
layer such that a control recess forms in the second re-
cess between the first and second elastomeric layers;
and positioning the first elastomeric layer on top of a
planar body such that a flow recess forms in the first
recess between the first elastomeric layer and the pla-
nar body.

US-A-6,086,740 discloses multiplexed microfluidic de-
vices including a plurality of modular microfluidic ele-
ments, all of which are attached to a common frame or
body, which itself includes one or more common input
elements that are connected to corresponding input el-
ements within several or each of the microfluidic mod-
ules for use in common control and/or common detec-
tion operations for each of the modules.

[0006] The state of the artis aimed at very small struc-
tures (containing typically less than 10 pl fluid). Disad-
vantages of such small structures are that fluids tend to
clog and/or that upon flow bubbles in the fluid may be
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formed.

[0007] Furthermore the volumes of samples and /or
the constituents therein are often too large to flow
through the small (nanoscale) structures. Not only im-
purities present in the sample but also components,
such as red blood cells, tend to clog the structures and/
or hinder the flow severely.

[0008] Furthermore, it is clear that the fabricating
techniques for very small structures are quite complicat-
ed.

[0009] Another disadvantage is that the body used
does not comprise recesses on several of its surfaces,
e.g. on both sides of a card-like body. This makes it dif-
ficult to separate or position functions, such as a pump-
ing function from a chamber function.

[0010] Anextdisadvantageisthatwhen electrokinetic
flow is applied, it will typically function sub-optimally, that
is the components do not flow according as intended.
Amongst others electroosmotic flow interferes with the
electrokinetic flow.

[0011] Another disadvantage is that the flow can not
be controlled sufficiently, especially the amount of fluid
to be flown as well as the velocity of the flow.

[0012] A nextdisadvantage is that the microfluidic de-
vices of the state of the art are so small that they are
difficult to handle.

[0013] A next disadvantage is that the characterisa-
tion of the components present in the microfluidic devic-
es are difficult to be determined, as it is difficult to get
access to components present and/or the measuring
device to be used is not optimised for microfluidic devic-
es.

[0014] Another disadvantage is that the microfluidic
devices are relatively static systems. They allow for sim-
ple operations, that is typically reacting one fluid with
another and typically only once.

[0015] Another disadvantage is that the microfluidic
devices are in general not supplied with fluids, that may
contain chemicals, and if so only a very limited set is
present.

[0016] An additional disadvantage is that the micro-
fluidic devices mentioned above are not dedicated to
specific uses. For instance they do not contain a moiety
to which a label or component present can be bound.

Detailed description of the invention

[0017] The present invention relates a system for
characterising a fluid, comprising a microfluidic device
and a measurement device, to the microfluidic device,
to the measurement device, to the method of character-
ising or analysing a concentration of a component.

[0018] In afirst embodiment the present invention re-
lates to a system for characterising or analysing a fluid,
which fluid is suspected to comprise at least one com-
ponent to be characterised or analysed, comprising a
microfluidic device, at least one pump for transporting
the fluid and a measurement device which is arranged
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to characterise or analyse the fluid in use present in the
microfluidic device,

which microfluidic device comprises at least one body
(11), wherein the body has at least one surface, wherein
the at least one surface has at least a part of the recess
for containing the fluid in the microfluidic device and/or
transporting the fluid in the microfluidic device through
at least a part of the microfluidic device,

wherein the body has at least one provision for an inlet
(15) and at least one provision for an outlet (18),
wherein at least a part of said recess (16) is a reaction
chamber, which reaction chamber comprises a moiety
that binds to the at least one component that is suspect-
ed to be present and that is to be characterised or ana-
lysed, which reaction chamber is arranged for charac-
terising or analysing the at least one component,
wherein at least a part of said recess is a fluid connection
(14) between the at least one provision for an inlet (15)
and the at least one provision for an outlet,

wherein at least a part of said recess (17) is a pump
chamber,

wherein at least the reaction chamber, pump chamber
and fluid connection are sealed from the environment
by at least one cover layer (12, 13).

[0019] A general layout of the microfluidic device is
given in figure 1. It contains several recesses (14-17)
on a body (11). The recesses are formed on both sides
of the body. The fluid to be characterised or measured
is brought into the provision for an inlet (15). Then, it
flows to the reaction chamber (16). In the reaction cham-
ber, a component that is suspected to be present can
bind to a moiety, present in the reaction chamber (16).
It further contains a pump chamber (17), which can be
arranged to a pump (not visible). The pump forces the
fluid to flow from the pump chamber to the reaction
chamber or vice versa. The term "component" as used
herein refers to a component that itself binds to a label
or a moiety present in the microfluidic device, or to a
chemical part of that component, of which at least one
part binds to a label or a moiety present, or to a compo-
nent which is labeled in the microfluidic device, which
labeled component binds to the moiety present in the
microfluidic device, or to a component that causes a de-
tectable signal by itself, by a chemical reaction with an-
other component, or by a component formed here out,
whereby the detectable signal may be chemilumines-
cent flash or flow, colorimetric, fluorescent and time-re-
solved fluorescent.

[0020] The term "fluid" as used herein refers to liquid
compositions that flow at operating pressure and tem-
perature.

[0021] The term "pump" as used herein refers to a
combination of an actuator, a displacement volume and
at least one means for transferring the variation in pres-
sure of the actuator towards the displacement volume.
The means for transferring the variation can be a mem-
brane. The displacement volume is referred to as pump
chamber. The pump further comprises means for con-
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trolling the actuator. The pump chamber typically has a
volume of 1 -1000 pl, preferably of 10-100 pl.

[0022] The term "inlet" as used herein refers to a pro-
vision through which a fluid or a gas may pass. The di-
rection of the fluid or gas is intended to be from the en-
vironmentto arecess. It typically has a volume of 1-1000
ul, preferably of 1-10 pl.

[0023] Theterm "outlet" as used herein refersto a pro-
vision through which a fluid or a gas may pass. The di-
rection of the fluid or gas is intended to be from a recess
to the environment. It typically has a volume of 1-1000
ul, preferably from 1-10 pl.

[0024] The term "fluid connection" as used herein is
a recess sealed by a cover layer. It is to be interpreted
in a broad sense. Thus, itis not intended to be restricted
to elongated configurations where the transverse or lon-
gitudinal dimension greatly exceeds the diameter or
cross-sectional dimension. Rather, recesses are meant
to comprise cavities and/or tunnels of any desired shape
or configuration through which fluids may be directed.
A cavity may, for example, comprise a flow-through cell
where fluid is to be continuously passed or, alternatively,
a chamber for holding a specified, discrete amount of
fluid for a specified amount of time. A "fluid connection"
may be filled or may contain internal structures compris-
ing fluid diodes, valves or equivalent components. Its
volume is from 1 to 1000 pl, preferably from 10-100 pl.
[0025] The term "microfluidic" as used herein is to be
understood, without any restriction thereto, to refer to
structures or devices through which fluid(s) are capable
of being passed or directed, wherein one or more of the
dimensions is less than 500 microns.

[0026] The term "recess" as used herein refers to a
"fluid connection" type structure that is present on a sur-
face of the body of the microfluidic device. The body
substantially surrounds it. Arecess in use is at least part-
ly sealed by at least one cover layer, except for inlet and
outlet provisions. It may also refer to part of a recess,
especially in the case of chambers, meandering fluid
path and fluid connection.

[0027] The term "chamber" as used herein refers to
part of a covered recess in the body, which has a volume
of 1-1000 pl, preferably of 10-100 pl. It is capable of for
instance comprising a fluid, a binding-moiety etc. From
the above it is clear that a chamber is also used as a
fluid connection.

[0028] The term "reaction chamber" as used herein
refers to a chamber used for reacting components and/
or for binding at least one component to a moiety that is
presentin the reaction chamber. Furthermore, the reac-
tion chamber can be arranged with the measurement
device. It has a volume of 1-1000 pl, preferably of
10-100 pl, more preferably of 10-30 pl.

[0029] The term "meandering fluid path" as used
herein refers to part of a fluid connection. It is a channel
type part of a recess, which channel forms several
bends. Hereby a relatively long channel occupies only
a limited amount of surface on the microfluidic device.

10

15

20

25

30

35

40

45

50

55

It has a volume of 1 -1000 pl, preferably of 10-500 pl,
more preferably of 50-200 pl.

[0030] Theterm "body" as used herein referstoasolid
material. The solid material has at least one surface and
can be of any shape. A preferred shape has the dimen-
sions of a "credit-card". At least one surface of the body
comprises at least a part of arecess. In a preferred em-
bodiment of the present invention the top and bottom
side of the body comprise at least one recess. The at
least one recess of the topside is in fluid connection with
the at least one recess of the bottom side. The solid ma-
terial should allow for manufacturing techniques to form
recesses on the surface of the body. Such manufactur-
ing techniques are for instance moulding, injecting
moulding, hot embossing and lithographic processes,
optionally combined with etching techniques. Further,
the material preferably is stable and chemically resistent
to the fluids used in the microfluidic device. It further-
more preferably has the desired physical properties,
such as hydrophilicity and a smooth surface after man-
ufacturing. The material used as body is typically a pol-
ymer or silicon or glass. A suitable polymer is selected
from the group consisting of latex, rubber, polyesters,
polycarbonates, polyalkanes, polyalkenes, poly-
tetrafluoroethylenes,  polypropylenes, polyimides,
polymethylmethacrylates, silicones, polymethylmeth-
acrylate (PMMA), PEEK, polystyrene, PDMS, and pol-
yesters. A preferred material is polymethylmethacrylate
(PMMA).

[0031] The term "cover layer" as used herein refers to
a material that is used to seal recesses from the envi-
ronment. The material used as cover layer is typically a
polymer or silicon or glass. A suitable polymer is select-
ed from the group consisting of latex, rubber, polyesters,
polycarbonates, polyalkanes, polyalkenes, poly-
tetrafluoroethylenes,  polypropylenes,  polyimides,
polymethylmethacrylates, silicones, polymethylmeth-
acrylate (PMMA), PEEK, polystyrene, PDMS, and pol-
yesters. A preferred material is polymethylmethacrylate
(PMMA).

[0032] Typically the moiety that binds a component is
attached to the cover layer, covering the reaction cham-
ber. This has the advantage that the moiety can be de-
posited on the cover layer, prior to covering the reaction
chamber recess with this cover. In figure 2 this configu-
ration is shown. The cover layer (12) has an adhesive
(22) to which the moiety (23) is attached. The reaction
chamber itself (16) is a recess in the body (11). Further,
a second cover layer (13) is visible. In another embod-
iment the moiety can be present in the form of magnetic
and/or non-magnetic antibody coated particles. The
moiety that binds is chosen from the group consisting of
a nuclear receptor, an intracellular receptor, a solubi-
lized receptor, an antibody, an antigen, an enzyme, avi-
din, a polynucleotide and a polysaccharide.

[0033] In many of the above described embodiments
it has been a goal to miminise the dimensions. The in-
ventors of the present invention have found however
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that such a minimization encompasses all sorts of prob-
lems, such as clogging, bubble-formation, manufactur-
ing problems and so on.

[0034] The present invention has a first advantage
that it can optimally use the surface of the body, e.g.
both sides of a credit-card shaped body, to form recess-
es. This makes it possible to separate various functions
of the system, such as the pump function and the re-
ceiving function. In a preferred embodiment of the in-
vention the energy transfer (pump function) is located
at one side of the body and the provision for an inlet and
the reaction chamber are located on the other side. The
pump function generally requires a relative large
amount of space, even with the micro-sized pumps that
now become available.

[0035] The presentinvention is not particularly aimed
at reducing the size; it rather provides a microfluidic de-
vice that is easy to operate. For instance in a preferred
embodiment of the invention the microfluidic device has
size of that is similar to that of a credit card, e.g. 85 by
60 by 1 mm3.

[0036] The present invention further has the advan-
tage that it provides a combination of a microfluidic de-
vice with a compatible measurement device. For in-
stance the microfluidic device is filled with a fluid to be
characterised or analysed. After the pump forces the flu-
id to flow from the pump chamber to the reaction cham-
ber, the fluid can be characterised by the measuring de-
vice by arranging the microfluidic device with the meas-
uring device.

[0037] In a preferred embodiment the system of the
invention comprises a measurement device for charac-
terising the fluid, wherein the measurement device is ar-
ranged to obtain information based on an optical tech-
nique selected from the group consisting of fluores-
cence, chemiluminescence, time resolved fluores-
cence, time resolved chemiluminescence, colorimetry
or a combination thereof, or from the group consisting
of magnetic measurements, resistivity measurements,
capacity measurements, surface plasma resonance
(SPR) measurements, or a combination thereof. This
embodiment has the advantage that the measurement
device can easily be arranged to the microfluidic device.
A preferred embodiment radiates the reaction chamber
and detects emitted radiation. An optical measurement
device is arranged to obtain information based on a
technique selected from the group consisting of fluores-
cence, chemiluminescence, time resolved fluores-
cence, or a combination thereof. A preferred embodi-
ment uses a fluorescence technique.

[0038] In another embodiment the system of the in-
vention characterises the concentration of at least one
component present in the fluid. Preferably it is used to
characterise one component, which has the advantage
that the system can be fully optimised to characterise
this one component. For instance the moiety present in
the reaction chamber, the wash fluid, the detection are
optimised. It provides microfluidic devices comprising all
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necessary material in the device.

[0039] In a preferred embodiment the system of the
invention comprises at least one pump. This pump can
be present on the microfluidic device or in the measure-
ment device. Preferably this pump is a piezo-pump. The
present invention makes use of a piezo pump in a struc-
ture, which has as further advantage that it enables the
fluid to be directed from a part of the recess to another
recess. The present invention further uses the piezo
pump in order to perform all kinds of pumping functions,
for instances to move fluids in controlled amounts form
a part of the recess tot the other, to perform pumping
cycles, to optimise piezo frequencies with respect to the
dimensions of the recesses, to permit time intervals in
between pumping etc. The at least one piezo-pump
preferably operates at a frequency up to 40 kHz. The
frequency may also be used to reverse the preferred
flow direction of the fluid diode. The man skilled in the
art will appreciate the possibilities of such a pump and
will apply the pump in such a way to fulfil the require-
ments of the specific application.

[0040] In another embodiment the system is dispos-
able all together. In extreme situations, such as emer-
gency or war, there may be a need to identify the status
of a patient on short notice, whereas the desire to main-
tain the measurement device is not an issue. Such a
disposable system has in such a situation the advantage
of providing a dedicated and quick answer to the status
of a patient.

[0041] In a next embodiment of the invention a micro-
fluidic device arranged for use in the system of the in-
vention is used, which microfluidic device comprises at
least one body (11), wherein the body has at least one
surface, wherein the at least one surface has at least a
part of the recess for containing the fluid in the microflu-
idic device and/or transporting the fluid in the microflu-
idic device through at least a part of the microfluidic de-
vice,

wherein the body has at least one provision for an inlet
(15) and at least one provision for an outlet (18),
wherein at least a part of said recess (16) is a reaction
chamber, which reaction chamber comprises a moiety
that binds to the at least one component that is suspect-
ed to be present and that is to be characterised or ana-
lysed, which reaction chamber is arranged for charac-
terising or analysing the at least one component,
wherein atleast a part of said recess is a fluid connection
(14) between the at least one provision for an inlet (15)
and the at least one provision for an outlet,

wherein at least a part of said recess (17) is a pump
chamber,

wherein at least the reaction chamber, pump chamber
and fluid connection are sealed from the environment
by at least one cover layer (12, 13).

[0042] In a preferred embodiment of the microfluidic
device two cover layers form one part, which make it
easier to seal the microfluidic device. This is an advan-
tage in the manufacture of the microfluidic device.
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[0043] Inanextembodiment of the microfluidic device
it further comprises a filter in at least one provision for
an inlet. The filter is used to hold particles and/or com-
ponents that adversely interfere in the characterisation
or analyses of the fluid in the measurement device. The
filter is for instance a particle filter, such as a Millipore™
filter with an intended hole-size, or a chemical com-
pound that reacts or binds to undesired components,
thereby immobilising these components.

[0044] Inanextembodiment of the microfluidic device
it further comprises at least a part of the recess for a
washing fluid and at least a part of the recess for col-
lecting waste fluid. This has the advantage that after
moving the fluid from the provision for an inlet to the re-
action chamber and after reaction in the reaction cham-
ber, the reaction chamber is washed with a washing flu-
id. Hereby is the reaction chamber cleaned, which has
the advantage that the subsequent measurement is not
or less adversely effected by other components present
in the fluid to be characterised.

[0045] Inanextembodiment of the microfluidic device
it further comprises at least a part of the recess which
comprises at least one label fluid, which label binds to
the moiety in the reaction chamber and/or to the at least
one component to be characterised or analysed. In fig-
ure 3 such a layout is given. It shows a top view of the
microfluidic device. It should be noted that the bottom
side of the microfluidic device comprises also a number
of recesses. The bottom side is brought into an arrange-
ment with the pump-actuator. A first glance at the figure
immediately indicates the intense use of the surface of
the body. Not only do reaction chamber(s) occupy
space, but also the meandering fluid path type recesses
do. These meandering fluid path type structures have
the advantage that they contain a relative large volume
on the side, which is combined with the possibility to flow
very well controlled amounts of fluid on the other side.
In a preferred embodiment a meandering fluid path type
structure contains from 1-1000 pl of fluid. A further ad-
vantage with respect to a chamber is that the meander-
ing fluid path can be emptied almost completely, where-
as a chamber always has some residual liquid. Further,
the meandering fluid path has less leakage as com-
pared to a chamber. The fluid to be characterised is
transferred to the provision for an inlet (15). This provi-
sion for an inlet is in fluid connection with the central
reaction chamber (16). It is optional to have other reac-
tion chambers present (16), which serve similar func-
tions as the first chamber. Not visible in the layout of
figure 3 are various measures taken to improve the flow
of the fluid to be characterised and analysed and the
other fluids used. These measures are amongst others
a special design of the provision for an inlet and of the
fluid connection between the provision for an inlet and
the reaction chamber, as well as measures taken to im-
prove the fluid flow in reaction chamber. This has the
advantage that the fluids in the reaction chamber mix
better, thereby improving the reaction-rate and minimis-
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ing the required amount of fluid to the obtained an in-
tended result. The recesses that contain wash fluid, la-
bel fluid, sample fluid (fluid to be characterised or ana-
lysed) and waste fluid are associated with a pump, such
as a piezo-pump. The fluid flows through one of the fluid
connections. The provision for an inlet (15) is used to
insert the fluid to be characterised or analysed. Fluid
connections (33-35) are used to transfer the label fluid.
Fluid connections (36-38) are used to transfer the wash
fluid. Fluid connection (39) is used to collect the waste
fluid. This embodiment has the advantage that it com-
prises all necessary fluids in one single body. Further-
more the fluid connections and the arrangement of the
pump enable complicated reaction sequences, involv-
ing one or more label steps and one or more washing
steps.

[0046] In figure 4 another layout is given. The dimen-
sion of this layout is 60 mm by 49 mm. The recess on
the bottom surface as well as the contact area of the
pump actuator is projected onto the front side. Figure 4
shows a provision for an inlet (15), wherein the fluid to
be characterised or analysed is injected. The fluid is
moved from the inlet (15) towards the reaction chamber
(16) by means of a pump (17), located on the bottom
side, in fluid connection with the front side. The fluid di-
odes (40) provide for the desired flow direction of the
fluids used. Further visible are meandering fluid path
type structures (14) containing other fluids, such as
washing fluid and label fluid. These fluids are directed
towards the pump chamber by means of the pump.
Thereto the at least one provision for the outlet (18) is
opened, in order to compensate for the volume of fluid
moved. The design of the provision for the inlet and the
fluid connection towards the reaction chamber limit the
back flow. The design of the reaction chamber is such
that it provides for optimal flow profiles, with minimised
dead volume and optimised contact with the moiety
present. Furthermore a large meandering fluid path is
present for collecting the waste fluid from the reaction
chamber. Also visible are fluid connections (19) be-
tween the bottom side and the top side of the microfluidic
device.

[0047] The term "label" as used herein refers to a
compound that can be detected directly or indirectly by
the measuring the device. So it can also be a particle
containing a label, such as a 3-dimensional structure
with a label inside. Or it may be an enzyme that first may
react with another component present. It also can form
a bond with the moiety and/or at least one of the com-
ponents present in the fluid. Preferred one or more of
the following typically characterizes labels: high sensi-
tivity, high stability, causing a low background signal up-
on detection, low environmental sensitivity and high
specificity in labelling.

[0048] A preferred embodiment of the microfluidic de-
vice further comprises at least one provision for an inlet
(15) which is arranged to receive the fluid, said inlet be-
ing sealed by a seal from the environment, which seal



11 EP 1 561 507 A1 12

is to be removed upon use, thereby opening at least one
entrance to the at least one provision for an inlet and/or
which comprises at least one provision for an outlet (18)
that is prior to use sealed from the environment by a
seal, which seal is to be removed upon use. This has
the advantage that the microfluidic device has a pro-
longed shelf life. Typically the at least one provision for
an outlet and the least one provision for an inlet will also
be opened prior to use, the first to enable a fluid to flow,
the latter to enable a sample to be inserted into the mi-
crofluidic device. This has the advantage that the micro-
fluidic device has a prolonged shelf life. Furthermore it
is ready to use. And it can be used once and then dis-
posed of. As it comprises a minimal amount of fluids the
environmental impact is small. A preferred embodiment
of the microfluidic device further comprises at least one
soft seal that closes at least a part of the recess.
[0049] The term "soft seal" as used herein refers to a
seal that closes a part of the recess, thereby preventing
liquid and/or gas to flow from this apart to another part.
The soft seal is broken upon applying a limited amount
of force, such as the pressure or energy transferred by
a pump. Typically the soft seal is selected from the group
of fluids with relatively high viscosity. Soft seal material
can e.g. be selected from the group of silicones and sil-
icone oils. The advantage of such a seal is clearly that
is prevents leakage, not only in normal circumstances,
but also for instance during transport of the device.
[0050] A preferred embodiment of the microfluidic de-
vice characterized in that at least one of the fluid con-
nection(s) is equipped with fluid diodes for resisting a
flow of the fluid through the fluid connections in one di-
rection. This fluid diodes (40) are also shown if figure 3.
A clear advantage of the use of such diodes it that it
directs the flow of fluids in a desired direction, whereas
it reduces the flow in the other direction significantly.
This has the further advantage that it enables the per-
formance of more complicated reaction programs. Fur-
thermore in these reaction programs or reaction
schemes various fluids can be used, whereas without
the diodes this would be much more complicated or
even impossible. A further advantage is that it allows for
much more complex structures on (both sides) of the
body, whereby many more fluid connections are made,
without the fluids being undesirably mixed or flowed. A
further advantage is that recesses and/or chambers that
comprise different fluids can be separated if required in
one flow direction.

[0051] The term "fluid diode" as used herein refers to
a structure within arecess, which is characterized in that
the resistance to a fluid flow is significantly larger in one
direction compared to the other and which has no mov-
ing parts. In other words, the resistance towards a fluid
flow changes significantly with change in the direction
of the flow. It further has the advantage that applying a
different frequency from the actuator of the pump may
reverse the preferred flow direction. In a preferred em-
bodiment the fluid diodes have a brush-like or valve-like
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structure. The proper orientation of the brush structures
is not intuitively obvious even to one skilled in the art. It
rather must be determined with mathematical modelling
of the fluid flow and by experimentation. Figure 5 shows
top view of a preferred embodiment of a fluid diode in a
body (11). The recess (14) contains brush like structures
(51), which act as a resistance to the flow in one direc-
tion. The arrow (53) indicates the flow direction that is
not hindered. In that case, the fluid enters the fluid diode
indicated with (52). The fluid diode has a width of 1 mm.
The brushes are 0,5 mm long and 70 pm wide.

[0052] Inanextembodimentof the microfluidic device
it further comprises further elements for directing the flu-
id. Such elements are for instance valves. This has the
advantage that even more complex pumping operations
and reaction sequences can be performed.

[0053] Inyetanother embodiment the microfluidic de-
vice further comprises a readable information carrier. In
a preferred embodiment the readable information carri-
eris an optically or electrically readable information car-
rier, most preferably it is an electrically readable infor-
mation carrier. The information carrier may be detacha-
ble from the microfluidic device. As for example in emer-
gency situations a measurement would be performed,
thereby using a microfluidic device according to the in-
vention. The result of the measurement may need to be
logged into a central computer; therefore the results
need to be transferred from the microfluidic device to
the computer. The device itself may be contaminated
and therefore needs to be disposed. A detachable infor-
mation carrier thus allows for the desired transfer. The
readable information carrier contains data that is for in-
stance relating to the microfluidic device and/or relating
to a method of operating the microfluidic device and/or
the system for characterising a fluid. It further provides
operating instructions, such as pump frequencies.
These instructions optimise the use of materials con-
tained in the device, the time necessary to label the com-
ponents of interest, the accuracy of the result obtained.
It also provides measurement instructions, such as a
pump times, intervals etc. It also contains data relevant
to the device, such as intended use, and it contains data
relevant to the measurement, such as type of device and
calibration curve respectively. In another embodiment
the information carrier just provides the measurement
system with the intended use. This reference allows the
measurement system then to retrieve and/or calculate
the above-mentioned data and use it accordingly. This
information presentin the information carrier has the ad-
vantage that the use of the microfluidic device, in com-
bination with the measurement device is very easy and
can be performed by persons with limited skills and
knowledge.

[0054] Inafurther embodimentthe microfluidic device
further comprises labels. In a preferred embodiment
these labels are selected from fluorescent labels,
chemiluminescent labels and colorimetric labels.
[0055] In afirstembodiment the measurement device
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suitable for use in a system characterises a fluid in the
microfluidic device of the present invention, which fluid
is suspected to comprise at least one component to be
characterised or analysed, which measurement device
is associated to the microfluidic device Figure 6 repre-
sents a schematic layout of the actual detection in the
measurement device. A light source (41) is used to ra-
diate (42) a component present in the reaction chamber
(16). In the figure the light source is a laser. In order to
optimise the radiation a lens (43) may be used. If a com-
ponentis presentin the reaction chamber (16) that emits
radiation (45), this radiation can optionally be passed
through a filter (46). In the figure it is assumed that the
component is or comprises a fluorescent label. If light is
emitted it is detected by a detection unit (47).

[0056] Inasecond embodimentthe measurementde-
vice further comprises, at least one communication port
for transferring data, at least one read-out unit for read-
ing in characteristics of the microfluidic device, at least
one light source illuminating the reaction chamber in the
microfluidic device, at least one detection element for
detecting the radiation emitted from the reaction cham-
ber, an information unit displaying characteristics of the
fluid. This measurement has the advantage that it is sim-
ple in use in combination with the microfluidic device of
the invention and can be performed by persons with lim-
ited skills and knowledge. Furthermore the measure-
ment device itself is simple and can be constructed eas-
ily. It further contains no expensive elements, which al-
lows for the measurement to be very economical. It fur-
ther makes use of readily available elements, which
makes the manufacture of it easy, economical and reli-
able. It also has the advantage that the result of a meas-
urementis available within a limited amount of time. Typ-
ically a measurement from start to finish takes 1-15 min-
utes. The results can be transferred to a data-collecting
system, such as a computer, using the communication
port. The read-out unit allows for the information relating
to the microfluidic device and the type of measurement
to be transferred to the measuring device and subse-
quently to the data-collecting device, without any bur-
den. The information safeguards the correct use of the
measurement device and therefore also of the results
obtained. The unitthatis associated with the microfluidic
device furthermore provides for a simple to perform
measurement.

[0057] The information unit provides for the opportu-
nity to directly obtain a visual result that can be used in
a subsequent action, such as treatment.

[0058] The measurement device will typically be used
to characterise or analyse a component that is selected
from the group consisting an antibody, a cell receptor,
an antigen, a receptor ligand, an enzyme, a body, an
immunochemical, an immunoglobulin, a virus, a virus
binding component, a protein, a cellular factor, hor-
mones, allergenics, a growth factor, an cell-inhibitor,
DNA, RNA, antigen to be bound to an antibody or re-
ceptor or a combination thereof
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[0059] In a further embodiment the measurement de-
vice further comprises a communication port of an USB-
type. This is a standard interface for electronic devices,
which allows for easy installation and easy data transfer.
And it is economical.

[0060] In another embodiment the measurement de-
vice further comprises a chip-reader as the read-out
unit. This is a standard interface for reading information
on chips, which allows for easy installation and easy da-
ta transfer. Typically the read-out unit can also be used
to write data on the chip. This data comprises the result
or results of the characterisation or analysis. This has
the advantage that the information can later on be
logged, for instance to a central computer facility. It can
further comprise sample information and patient infor-
mation. And it is economical.

[0061] In a further embodiment the measurement de-
vice further comprises a laser as the light source. A laser
has the advantage of emitting nearly monochromatic
light, though an option may be to use polychromatic (la-
ser) light and use filters. The latter is preferably used in
the case that the measurement device has a multipur-
pose use and/or is used to detect various wavelengths
of emitted light at the same time. Also a laser can be
easily replaced if necessary. It also is a reliable light
source that consumes a low amount of energy.

[0062] In a further embodiment the measurement de-
vice comprises a photodiode, a CCD, a photo multiplier
tube (PMT) or a series of photodiodes as the detection
element. The detection element is capable of detecting
the light that is emitted by the at least one component
to be characterised or analysed. The advantage of pho-
todiodes or CCD is that they are quite specific with re-
spect to the wavelength chosen.

[0063] In a further embodiment the measurement de-
vice further comprises software. The software is used
for at least directing the at least one pump to transfer an
external pressure to at least one of the chambers of the
microfluidic device of the invention. The software further
provides for the information on the microfluidic device
to be transferred to the measurement device and sub-
sequently to perform the reaction sequence. It provides
for the determination of the concentration of the at least
one component suspected to be present in the fluid. It
therefore provides for a simple operation procedure and
minimises the risk for mistakes.

[0064] Alsothe measurement device may comprise a
local memory and/or computing chip, in order to store
and retrieve data as well as to perform calculations and
to control the other components present.

[0065] For the man skilled in the art it is a routine job
to construct such a measurement device out of widely
available parts.

[0066] Further the invention describes a method for
characterising or analysing characterising or analysing
at least one component that is suspected to be present
in a fluid comprising,



15 EP 1 561 507 A1 16

a. introducing a fluid to be characterised or ana-
lysed in a microfluidic device according to the in-
vention,

b. moving the fluid to a reaction chamber,

c. reacting the fluid with the moiety that binds,

d. moving a washing fluid to the reaction chamber
and washing the reaction chamber,

e. illuminating the reaction chamber to a light source
emitting radiation,

f. detecting the radiation emitted.

[0067] Typically, the method comprises separating a
mixture of components, which mixture of components
may contain the components of interest. To detect the
component of interest, the mixture of components or the
separated components are contacted to a component-
binding moiety specific to the component of interest. The
component-binding moiety binds to the component of
interest and is detected, thereby detecting the compo-
nent of interest, either by measuring the component-
bonding moiety directly or by measuring the result of
competition with other components, that have been re-
placed by the component of interest. The embodiment
of the present invention has the further advantage that
the complete procedure can be performed on one mi-
crofluidic device and the measurement result can be ob-
tained directly from the measurement device associated
with it.

[0068] Inasecond embodimentforamethod for char-
acterising or analysing characterising or analysing at
least one component that is suspected to be present in
a fluid comprising,

a. introducing a fluid to be characterised or ana-
lysed in a microfluidic device according to the in-
vention,

b. moving the fluid to a reaction chamber,

c. reacting the fluid with the moiety that binds,

d. moving a label fluid to the reaction chamber and
reacting the label with the moiety that binds and/or
with the component to be characterised or ana-
lysed,

e. washing the reaction chamber with a washing flu-
id,

f. illuminating the reaction chamber to a light source
emitting radiation,

g. detecting the radiation emitted.

[0069] In this embodiment, a component of interest is
labelled with a detectable label, subsequently bound to
the binding moiety and then detected. The detection sig-
nal is then calculated to a concentration, using a cali-
bration curve of the label.

[0070] In a preferred embodiment the microfluidic de-
vice is in arrangement with a piezo-pump. The piezo-
pump is instructed to perform complicated pumping cy-
cles, involving pumping a fluid, leaving the fluid to react
and repeating such steps. In a further embodiment com-
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plex pumping cycles of one fluid are alternated with
complex pumping cycles of another fluid. For instance,
first a label fluid is moved to the reaction chamber with
such a pumping cycle and subsequently a wash fluid,
which steps are repeated if required. This clearly has
the advantage that the reaction in the chamber can be
optimised by controlling the amount of fluid moved to
the reaction chamber. This is important as the reaction
is mainly determined by fluid dynamics. By supplying an
amount of fluid each time the fluid dynamics cause ex-
haustion, the reaction rate is significantly enhanced.
Therefore the reaction rate is to a large extend deter-
mined by the kinetics of the pumping, rather than by the
movement of components in the fluid due to concentra-
tion gradients. This improves the reaction time as well
as the sensitivity. A further advantage is that the amount
of fluid used are minimised with such a procedure. This
has the further advantage that even more complicated
pumping operations and reaction sequences can be
performed.

[0071] In another embodiment the moiety can be
present in the form of (magnetic and/or non-magnetic
antibody) coated particles. The particles are optionally
stacked in a detection region. The component-binding
moiety thereby binds to the component of interest, thus
providing detection of the component of interest.
[0072] In a further aspect, the method comprises pro-
viding a body structure having a plurality of recesses dis-
posed therein, the plurality comprising a microfluidic
separation recess and at least one side recess intersect-
ing the separation recess, wherein the separation re-
cess and the side recess are fluidly coupled. A mixture
of components is flowed through the separation recess,
resulting in separated components. A labelled compo-
nent-binding moiety is subsequently flown through a
side recess and into the separation recess, wherein it
binds to the component of interest. The component-
binding moiety is then detected, thereby detecting the
component of interest.

[0073] In a further embodiment the steps d and e are
repeated a number of times.

[0074] This has the advantage that more label (step
d) is bound to the moiety and thereby the emitted radi-
ation in the detection steps is increased. Furthermore it
allows to optimise the use of label fluid.

[0075] In a further embodiment the method for char-
acterising or analysing at least one component that is
suspected to be present in a fluid comprises,

a. introducing a fluid to be characterised or ana-
lysed in a microfluidic device according to the in-
vention,

b. moving the fluid towards a reaction chamber,

¢. combining the fluid with at least one label fluid
forming a combined fluid before the reaction cham-
ber,

d. reacting the label with the component to be char-
acterised or analysed,
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e. moving the combined fluid to the reaction cham-
ber and reacting the label with the moiety that binds,
f. washing the reaction chamber with a washing flu-
id,

g.illuminating the reaction chamberto alight source
emitting radiation, detecting the radiation emitted.
This embodiment has the advantage that the label
and component to be characterised or analysed mix
and react in the fluid flow towards the reaction
chamber an further inside the reaction chamber.
Thereby the amount of label and/or component re-
acted is increased, due to improved kinetics in the
flow. Further the incubation time is reduced, result-
ing in a shorter overall measurement time.

[0076] In anextembodimentthe characterising or an-
alysing method further comprises the use of a fluores-
cent of chemiluminescent label.

[0077] The separated components are typically la-
belled components that are optionally detected simulta-
neously with the component-binding moiety. This em-
bodiment optionally includes deconvoluting the detec-
tion signal to identify the separated components and the
component of interest. This embodiment includes two
detectably different label moieties having detectably dif-
ferent spectral characteristics, such as different excita-
tion or emission maximum. The different labels include,
but are not limited to fluorescent labels, chemilumines-
cent labels and colorimetric labels. For example, the
separated components are optionally labelled with a first
fluorescent dye and the component-binding moiety is la-
belled with a second fluorescent dye. These two dyes
are typically detectably different. In another embodi-
ment, the component of interest and the component-
binding moiety are optionally labelled with detectably
different colorimetric labels. In another embodiment, the
component of interest is labelled with one type of label,
e.g., chemiluminescent, and the component-binding
moiety is labelled with a second type of label, e.g., flu-
orescent.

[0078] In a further embodiment the characterising or
analysing method the component to be characterised or
analysed is selected from the group consisting an anti-
body, a cell receptor, an antigen, a receptor ligand, an
enzyme, a body, an immunochemical, an immunoglob-
ulin, a virus, a virus binding component, a protein, a cel-
lular factor, hormones, allergenics, a growth factor, an
cell-inhibitor, DNA, RNA, antigen to be bound to an an-
tibody or receptor or a combination thereof. The fluid is
preferably a body fluid, such as a blood, serum, urine,
saliva, or extracts, such as plant-extracts.

[0079] In anextembodimentthe characterising or an-
alysing method further comprises the use of a laser as
the light-source.

[0080] The following examples are merely meant to
illustrate the invention and are not intended to limit the
scope of invention in any way.
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Example 1.

[0081] This example describes the measurement of
myoglobin concentration in a blood sample.

[0082] A polymethylmethacrylate (PMMA)-microfluid-
ic device containing Piezo-pumps is cleaned with etha-
nol (70%) followed by demineralised water. The micro-
fluidic device is completely dried by applying com-
pressed air. A piece of transparent foil with the same
size as the microfluidic device (seals the recesses in the
PMMA structure from the environment. The foil is from
Permacel, a Nitto Denko company). This way the micro-
recesses are closed. A window in the foil was cut just
over the reaction area, in order to be able to detect the
light emitted by the label. The diameter of the window is
3,6 mm, of which 3,5 mm is covered with nitrocellulose.
The depth of the chamber is about 450 pm.

[0083] Strips of polyester supported nitrocellulose
(from Whatman) were coated with Monoclonal mouse
IgG anti human Myoglobin (Medix, Finland). Spots of 1
ul (1 ug Ab/ul HEPES buffer pH 8) were dropped on to
the nitrocellulose. The spots are dried at room temper-
ature for 30 minutes. After this the nitrocellulose strips
are blocked with a HEPES buffer + 0.1% Tween 20™
(from ICI, USA) at pH 8 for one hour. An additional drying
step (4 hours at room temperature) is required before
the strips are ready to use.

[0084] The polyester support of the nitrocellulose strip
was mounted on a double-sided adhesive tape. After
that the nitrocellulose side is covered with a transparent
plastic foil to avoid any damage. From these strips dots
of 35 mm are prepared by using a revolver punch gripper
from Conrad. It should be taken into consideration that
the coated antibody is in the centre of the 35 mm dot of
nitrocellulose. The protection foil and the double side
adhesive tape are removed, and the polyester support
side is put in the centre of to a 15x10 mm piece of Per-
macel foil. This foil is put in the window where the reac-
tion area is located. The nitrocellulose should face the
PMMA structure, and it is located as close as possible
to the outlet of the microrecess. The PMMA reaction ar-
ea has a diameter of 36 mm. The reaction area is sealed
with the Permacel foil containing the piece of nitrocellu-
lose.

[0085] Using 1 ml syringes, the label and wash reser-
voirs are filled with their respective buffers. Both reser-
voirs are consisting of the chamber under the piezo-
pump, the fluid diodes and the microrecesses, which are
needed for a proper functioning. The label solution is a
HEPES based buffer (pH8) containing a biotinylated
monoclonal antibody (anti Myoglobin) with the fluores-
cence labelled streptavidin (Molecular Probes). The flu-
orescence signal is generated by a so-called Fluores-
cence Resonance Energy Transfer system. When the
complex is excited at 635 nm it emits light at 778 nm.
[0086] After filling the reservoirs, a syringe is filled
with sample (Myoglobin Std from SCIPAC (Scipac Ltd.
Kent UK) diluted with HEPES buffer pH 8, at a concen-
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tration of 0 ng/ml, 100 ng/ml or 1000 ng/ml respectively
and connected to the sample inlet from the microfluidic
device.

[0087] Piezo pumps are connected to the amplifier
and the wash and label syringes were removed from the
microfluidic device. At this stage, the microfluidic device
was ready-to-use.

[0088] Subsequently the following steps are carried
out. The syringe pump injects the sample in with 100
mseconds breaks. After 300 seconds of sample incuba-
tion the label fluid pump starts working at 3.5V (times
-150) and a 0 offset with a counter pumping of the wash-
buffer (amplitude 1.1V, magnification -150 times), offset
= 0, no phase shift). After 4 seconds pumping the label
fluid the reaction area is incubated during 75 seconds
with the label. The label fluid is refreshed seven times.
This is achieved by pumping for 0,5 seconds with a 75
seconds incubation time in between each time. After the
last label interval the washing pump starts to work at 3,5
V (times -150) and a 0 V offset with a counter pumping
of the label (amplitude 1.0 V (times -150), offset = 0V,
no phase shift). After 5 seconds of pumping the wash-
buffer the reaction area is soaked during 15 seconds.
The label fluid is refreshed eight times by 0,5 seconds
pumping with 15 seconds diffusion in between. The
washing interval ends with 15 seconds of diffusion.
[0089] When the programiis finished, the openings for
the wash, label and waste fluids are sealed with Perma-
cel foil. The sample syringe is removed and the sample
inlet is also sealed with Permacel foil. The piezo-pumps
are disconnected and the piece of nitrocellulose includ-
ing the labelled component is removed from the reaction
chamber.

[0090] The piece of nitrocellulose is placed in a strip-
holder (centre position, always in the same place) of the
fluorescence reader from LRE Technology Partner Gm-
bH and kept in the dark. After drying the nitrocellulose
for 30 minutes it was read out with the LRE-Reader. The
reader excites the fluorescent label with a laser diode
that emits at 642 nm, and a photodiode collecting the
emitted light from the dye above 725 nm. The slight dif-
ference in wavelength is caused by the difference be-
tween the theoretical value and the value actually used
and/or obtained. When scanning the piece of nitrocellu-
lose the fluorescence scanner obtains one value (in ar-
bitrary fluorescence units) every 0.054 mm.

[0091] In figure 7 the results of the measurement are
shown. The first three peaks are three assays done on
the same body, which were incubated with 0, 100, and
1000 ng/ml of Myoglobin, successively. The second part
of the figure shows a group of three peaks under iden-
tical conditions but on another body. The detector de-
termines the peak width. The detector scans the nitro-
cellulose, each time generating a signal.

[0092] Going from left to right the maximum peak level
increases with Myoglobin concentration. As the spots
used were placed as a liquid on the nitrocellulose the
peaks can be somewhat o-symmetrical. The second se-
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ries is somewhat different with respect to peak (height
and width) as compared to the first series, which is due
to statistical variation and reproducibility.

Example 2.

[0093] The microfluidic device according to the
present invention is produced by methods known to the
person skilled in the art.

[0094] An embodiment according to the invention
consists out of a PMMA body (see figure 4). Figure 4
shows the layout, though the dimensions shown herein
are different in reality. The size of this body is 60 by 47
by 1 mm3. The recesses in the front side and back side
of the body are manufactured by injection-moulding the
PMMA body. Also the fluid diodes are made by injection
moulding. The width of the fluid connections is about 1
mm, the depth is approximately 450 um. The diameter
of the reaction chamber is about 4 mm.

[0095] The body consists out of one provision for an
inlet. Also three provisions for an outlet are present, the
first in connection with the meandering fluid path with
the wash fluid, the second in connection with the mean-
dering fluid path for collecting the waste fluid, and the
third in connection with the meandering fluid path with
the label fluid. It further contains fluid connections be-
tween the provision for the inlet and the reaction cham-
ber, between the meandering fluid path for collecting the
waste fluid and the reaction chamber, between the me-
andering fluid path with the wash fluid and the reaction
chamber and between the meandering fluid path with
the label fluid and the reaction chamber. Also is contains
two pump chambers, one for pumping the label fluid and
one for pumping the wash fluid. These pump chambers
are connected to the wash fluid and label fluid by a fluid
connection from one side of the body to the other. Fur-
ther four fluid diodes are present for directing the fluid.
[0096] The cover layers are connected to the body by
hot-welding PMMA. Before this hot-welding step a strip
of nitrocellulose was place on the covering PMMA layer,
in a location that it coincides with the reaction chamber.
The reaction chamber contains as a moiety monoclonal
mouse IgG anti human Myoglobin.

[0097] This moiety was deposited on the cover layer
prior to the hot-welding step. A drop of fluid containing
the moiety was dripped on the nitrocellulose strip, of
which the location also coincides with the reaction
chamber.

[0098] The pumps used are readily available piezo-
pumps.

[0099] The wash fluid used is demineralised water.
The label fluid solution is a HEPES based buffer (pH 8)
containing a biotinylated monoclonal antibody (anti My-
oglobin) with the fluorescence labelled streptavidin (Mo-
lecular Probes).
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Example 3

[0100] A preferred embodiment of the characterising
or analysing device is constructed out of components
that are readily available.

[0101] The housing of the measurement device can
be constructed by injection-moulding. The material used
in the housing can be typically a polymer.

[0102] The communication ports used can be stand-
ard USB-interfaces, consisting out of USB-plugs and
USB-sockets.

[0103] The read-in unit can be a standard chip-read-
out unit, used for instance for banking-cards, which is
widely available.

[0104] The receiving device can be a standard receiv-
ing unit, used for instance for the intake of banking-cards
in an ATM, which is widely available.

[0105] Typically the measurement device contains a
laser. A preferred laser can be a standard 635 nm laser,
which is widely available. The type of laser and frequen-
cy used will clearly depend on the component that is
suspected to be present and/or the label used.

[0106] The detection unit can be a standard 778 nm
detection unit, which is widely available.

[0107] Typical voltage amplitudes applied to the pie-
zo-pump are 150V and 300V. The achieved pressure is
from 200 to 4000 Pa, but may vary upon the piezo-pump
used, the type of fluid diode and pumping altitude.
[0108] The information unit can be a standard LCD-
display, which is widely available.

Claims

1. System for characterising or analysing a fluid, which
fluid is suspected to comprise at least one compo-
nent to be characterised or analysed, comprising a
microfluidic device, at least one pump for transport-
ing the fluid and a measurement device which is ar-
ranged to characterise or analyse the at least one
component in the microfluidic device,
which microfluidic device comprises at least one
body(11), wherein the body has at least one sur-
face, wherein the at least one surface has at least
a part of the recess for containing the fluid in the
microfluidic device and/or transporting the fluid in
the microfluidic device through at least a part of the
microfluidic device,
wherein the body has at least one provision for an
inlet (15) and at least one provision for an outlet
(18),
wherein at least a part of said recess (16) is a reac-
tion chamber, which reaction chamber comprises a
moiety that binds to the at least one component that
is suspected to be present and that is to be charac-
terised or analysed, which reaction chamber is ar-
ranged for characterising or analysing the at least
one component,
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wherein at least a part of said recess is a fluid con-
nection (14) between the at least one provision for
an inlet (15) and the at least one provision for an
outlet,

wherein at least a part of said recess (17) is a pump
chamber,

wherein at least the reaction chamber, pump cham-
ber and fluid connection are sealed from the envi-
ronment by at least one cover layer (12, 13).

A system according to claim 1, where the measure-
ment device comprises a measurement device for
characterising the fluid, wherein the measurement
device is arranged to obtain information based on
an optical technique selected from the group con-
sisting of fluorescence, chemiluminescence, time
resolved fluorescence, time resolved chemilumi-
nescence, colorimetry or a combination thereof, or
from the group consisting of magnetic measure-
ments, resistivity measurements, capacity meas-
urements, surface plasma resonance (SPR) meas-
urements, or a combination thereof.

A system according to anyone of claims 1-2, where-
in the characteristics of the fluid comprise a concen-
tration of at least one of the components of the fluid.

A system according to anyone of claims 1-3, where-
in the at least one pump is a piezo-pump.

A system according to anyone of claims 1-4, which
is a disposable.

Microfluidic device arranged for use in the system
of anyone of the preceding claims, which microflu-
idic device comprises at least one body (11), where-
in the body has at least one surface, wherein the at
least one surface has at least a part of the recess
for containing the fluid in the microfluidic device
and/or transporting the fluid in the microfluidic de-
vice through at least a part of the microfluidic de-
vice,

wherein the body has at least one provision for an
inlet (15) and at least one provision for an outlet
(18),

wherein at least a part of said recess (16) is a reac-
tion chamber, which reaction chamber comprises a
moiety that binds to the at least one component that
is suspected to be present and that is to be charac-
terised or analysed, which reaction chamber is ar-
ranged for characterising or analysing the at least
one component,

wherein at least a part of said recess is a fluid con-
nection (14) between the at least one provision for
an inlet (15) and the at least one provision for an
outlet,

wherein at least a part of said recess (17) is a pump
chamber,
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wherein at least the reaction chamber, pump cham-
ber and fluid connection are sealed from the envi-
ronment by at least one cover layer (12, 13).

Microfluidic device according claim 6, wherein one
cover layer and another cover layer form together
one part.

Microfluidic device according to anyone of claims 6
or 7, which further comprises a filter in the at least
one provision for an inlet.

Microfluidic device according to anyone of claims
6-8, further comprising

a. at least a part of the recess for a washing
fluid, and

b. at least a part of the recess for collecting
waste fluid.

Microfluidic device according to anyone of claims
6-9, which further comprises at least a part of the
recess which comprises at least one label fluid,
which label binds to the moiety in the reaction cham-
ber and/or to the at least one component to be char-
acterised or analysed.

A microfluidic device according to anyone of claims
6-10, which comprises at least one provision for an
inlet (15) which is arranged to receive the fluid, said
inlet being sealed by a seal from the environment,
which seal is to be removed upon use, thereby
opening at least one entrance to the at least one
provision for an inlet and/or which comprises at
least one provision for an outlet (18) that is prior to
use sealed from the environment by a seal, which
seal is to be removed upon use.

A microfluidic device according to anyone of claims
6-11, which comprises at least one soft seal that
closes at least a part of the recess.

The microfluidic device according to anyone of the
claims 6-12, characterized in that at least one of
the fluid connection(s) is equipped with fluid diodes
for resisting a flow of the fluid through the fluid con-
nections in one direction.

The microfluidic device according to claim 13,
wherein the fluid diodes have a brush-like or a
valve-like structure.

The microfluidic device according to anyone of the
claims 6-14, wherein the moiety that binds is cho-
sen from the group consisting of a nuclear receptor,
an intracellular receptor, a solubilized receptor, an
antibody, an antigen, an enzyme, avidin, a polynu-
cleotide and a polysaccharide.
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17.

18.

19.

20.
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22,

23.
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26.
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The microfluidic device according to anyone of the
claims 6-15, which further comprises elements for
directing the fluid.

The microfluidic device according to anyone of the
claims 6-16, which further comprises a readable in-
formation carrier.

The microfluidic device according to anyone of the
claim 10 or claims 11-17 dependent thereon, where-
in the at least one label is selected from the group
consisting fluorescent labels, chemiluminescent la-
bels and colorimetric labels.

Measurement device suitable for use in a system
according to anyone of claims 1-5, for characteris-
ing or analysing a fluid in the microfluidic device of
anyone of claims 6-18, which fluid is suspected to
comprise at least one component to be character-
ised or analysed, comprising a characterising or an-
alysing apparatus to be associated to the microflu-
idic device.

The measurement device according to claim 19,
which further comprises,

a. at least one communication port for transfer-
ring data,

b. at least one read-out unit for reading in char-
acteristics of the microfluidic device,

c. at least one light source illuminating the re-
action chamber in the microfluidic device,

d. at least one detection element for detecting
the radiation emitted from the reaction cham-
ber,

e. an information unit displaying characteristics
of the fluid.

Measurement device according to claim 20, where-
in the communication port is of an USB-type.

Measurement device according to anyone of the
claims 20-21, wherein the read-out unit is of a chip-
reader

Measurement device according to anyone of the
claims 20-22, wherein the light source is a laser.

Measurement device according to anyone of the
claims 20-23, wherein the detection element is a
photodiode is, a CCD, a photo multiplier tube (PMT)
or a series of photodiodes.

Measurement device according to anyone of the
claims 20-24, which comprises software.

Method for characterising or analysing at least one
component that is suspected to be present in a fluid
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comprising,

a. introducing a fluid to be characterised or an-
alysed in a microfluidic device according to an-
yone of claims 6-18,

b. moving the fluid to a reaction chamber,

c. reacting the fluid with the moiety that binds,
d. moving a washing fluid to the reaction cham-
ber and washing the reaction chamber,

e. illuminating the reaction chamber to a light
source emitting radiation,

f. detecting the radiation emitted.

Method for characterising or analysing at least one
component that is suspected to be present in a fluid
comprising according to claim 26, which further
comprises between steps c) and d), the step

a. moving a label fluid to the reaction chamber
and reacting the label with the moiety that binds
and/or with the component to be

characterised or analysed.

A characterising or analysing method according to
claim 27, wherein steps d and e are repeated a
number of times.

Method for characterising or analysing at least one
component that is suspected to be present in a fluid
comprising,

a. introducing a fluid to be characterised or an-
alysed in a microfluidic device according to an-
yone of claims 6-18,

b. moving the fluid towards a reaction chamber,
c. combining the fluid with at least one label flu-
id forming a combined fluid before the reaction
chamber,

d. reacting the label with the component to be
characterised or analysed,

e. moving the combined fluid to the reaction
chamber and reacting the label with the moiety
that binds,

f. washing the reaction chamber with a washing
fluid,

g. illuminating the reaction chamber to a light
source emitting radiation,

h. detecting the radiation emitted.

A characterising or analysing method according to
anyone of claims 26-29, wherein the label is fluo-
rescent, colorimetric or chemiluminescent.

A characterising or analysing method according an-
yone of the claims 26-30, wherein the light-source
is a laser.
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32.

33.

34.

26

A characterising or analysing method according an-
yone of the claims 26-31, where the component to
be characterised or analysed is selected from the
group consisting an antibody, a cell receptor, an an-
tigen, a receptor ligand, an enzyme, a body, an im-
munochemical, an immunoglobulin, a virus, a virus
binding component, hormones, allergenics, a pro-
tein, a cellular factor, a growth factor, an cell-inhib-
itor, DNA, RNA, antigen to be bond to an anti-body
or receptor or a combination thereof.

Method of pumping, applicable in anyone of claims
27-32, which comprises the step of

a. at least two intervals of pumping of at least
a fluid and a pause time in between pumping.

A method of pumping according to claim 33, which
further comprises a sequence of pumping of at least
a fluid and at least another fluid.
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-7,9-12,15-20,23-32

a microfluidic device comprising at least one body wherein -
the body has at least one surface wherein the at least one
surface has at least a part of a recess for containing the
fluid in the device and transporting the fluid in said
device through at least a part of said device wherein the .
body has at least one provision for an inlet and at least
one provision for an cutlet wherein part of the recess is a
reaction chamber, which comprises a moiety that binds to the
component(s) suspected to be present and to be characterised
or analysed, the reaction chamber is arranged for
characterising or analysing the component, at least a part
of the recess is a fluid connection between the at least. one
provision for-an inlet and the at lTeast one provision for an
outlet, at least a part of the recess is a pump chamber and
the reaction chamber, pump chamber and fluid connection are
sealed from the environment by at least one cover layer.
System and method using the device. Measurement device for
said microfluidic device.

2. claim: 8

A microfluidic device comprising a filter in the provision
for an inlet.

3. claims: 13, 14 (e.g. when dependent'on claims 6 and 7)

The fluid connection(s) on a microfluidic device are
equipped with fluid diodes

4, claim: 21

The communication port of a measurement device is a USB port

5. claim: 22

The read out unit is a‘chip reader

6. claims: 33,34

a method of pumping comprising the step of at least two
intervals of pumping of at least a fluid and a pause time in
‘between pumping.
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