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Abstract

This invention is in the field of medical devices. Specifically, the present invention provides portable
medical devices that allow real-time detection of analytes from a biological fluid. The methods and
devices are particularly useful for providing point-of-care testing for a variety of medical applications.
In particular, the medical device reduces interference with an optical signal which is indicative of the

presence of an analyte in a bodily sample.
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REDUCING OFPTICAL INTERFERENCE IN A FLUIDIC DEVICE

BACKGROUND OF THE INVENTION

The discovery of a vast number of disease biomarkers and the establishment of miniaturized fluidic
systerns have opened up new avenues to devise methods and systems for the prediction, diagnosis and monitoring of
treatment of diseases in a point-of-care setting. Point-of-care testing is particularly desirable because it rapidly
delivers results to patients and medical practitioners and enables faster consultation between patients and health care
providers. Early diagnosis allows a practitioner to begin treatment sooner and thus avoiding unattended
deterioration of a patient’s condition. Frequent monitoring of appropriate parameters such as biomarker levels and
concentrations of therapeutic agents enables recognition of the effectiveness of drug therapy or early awareness that
the patient is being harmed by the therapy. Examples of point-of-care analyses include tests for glucose,
prothrombin time, drugs of abuse, serum cholesterol, pregnancy, and ovulation.

Fluidic devices can utilize a number of different assays to detect an analyte of interest in a sample of
bodily fluid from a subject. In ELISA assays (a preferred technique for clinical assays especially in a point-of care
context, if assay reagents such as enzyme-antibody conjugates and enzyme substrates remain on-board the fluidic
device after the assay is performed, reagents unbound to the assay capture surface or excess reagents, if collected in
the same fluidic device, can react with one another and create a signal that can interfere with the signal of interest
produced by the assay. This is especially the case in luminogenic assays in which the assay reagents generate light,
in contrast to assays that measure, for example, absorbance or fluorescence. Many luminogenic assays use an
enzyme to generate luminescence thus improving assay sensitivity by amplification of the measured species.
Moreover, in assay systems that contain all assay components, including waste washes in a small housing the
potential for glowing luminogenic waste materials is further enhanced. In such assay formats, the excess or
unbound enzyme-labeled reagent may react with enzyme substrate, thus creating undesired interfering signals.

Some fluidic device features may mitigate the problem of an interfering signal to a certain degree. For
example, the body of the fluidic device can be opaque, optically isolating the undesired glow, or the detection
system can be configured to reject light which does not originate from reaction sites within the fluidic device. These
mitigating features, however, may not sufficiently eliminate the interference as light can still travel through
transparent elements of the fluidic device and interfere with the signal of interest. This is especially the case in
assays requiring high sensitivity where the ratio between the signal generated from the assay may represent only a
small fraction, e.g., less than 1 part in 10,000, of the total signal generating reagent.

Thus, there remains a considerable need for improved fluidic devices, especially point-of-care devices,

designed to minimize interfering optical signals.

_ SUMMARY OF THE INVENTION
One aspect of the invention is a fluidic device for detecting an analyte in a sample of bodily fluid. The
fluidic device comprises a sample collection unit adapted to provide a sample of bodily fluid into the fluidic device,
an assay assembly in fluidic communication with the sample collection unit, wherein the assay assembly is adapted
to yield an optical signal indicative of the presence or quantity of the analyte in the sample of bodily fluid, and a
quencher assembly in fluidic communication with said assay assembly, wherein the quencher assembly is adapted to

reduce interference of the optical signal.
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In some embodiments the assay assembly includes reagent chambers comprising reagents used in the assay
and at Jeast one reaction site comprising a reactant that binds the analyte. The reagents can be an enzyme conjugate
and an enzyme substrate.

The quencher assembly can include quenching site in fluidic comnmnication with the reaction site and a
quenching agent at the quenching site. The quencher assembly can also include an absorbent material, which may
be, for example, glass fiber, silica, paper, polyacylamide gel, agarose, or agar.

The absorbent material can be impregnated with the quenching agent. The quenching agent can be adapted
to inactivate at least one reagent from the assay and thereby reduce the interfering optical signal. In some
embodiments the quenching agent is 4-amino-1,1-azobenzene-3, ¢ -disulfonic acid.

In some embodiments the assay asscmbly is adapted to run an immunoassay, which can be a
chemiluminescent assay. The quencher assembly can be adapted to substantially eliminate the interference.

In some embodiments the fluid device has a waste chamber, wherein the waste chamber includes the
quenching site.

Another aspect of the invention is a system for detecting an analyte in a sample. The system comprises a
fluidic device that has an assay assembly configured to yield an optical signal that is indicative of the presence of the
analyte, and a quencher assembly in fluidic communication with said assay assembly, wherein said quencher
assembly is adapted to reduce interference of said optical signal, and a detection assembly for detecting said optical
signal.

In some embodiments the system also includes a communication assembly for transmitting said optical
signal to an external device.

In some embodiments the assay assembly comprises reagent chambers that have at least one reagent used
in the assay and at least one reaction site comprising a reactant that binds the analyte. The at least one reagent can
include an enzyme conjugate and an enzyme substrate.

In some embodiments the quencher assembly comprises a quenching site in fluidic communication with
the reaction site and a quenching agent at the quenching site. The quencher assembly can include an absorbent
material such as glass fiber, silica, paper, polyacylamide gel, agarose, or agar. The absorbent material can be
impregnated with the quenching agent, which be adapted to inactivate at least one reagent from said assay, thereby
reducing said interference of said optical signal. The quenching agent can be, for example, 4-amino-1,1 -
azobenzene-3, 4 -disulforuc acid.

In some embodiments of the systern, the assay assembly is adapted to run an immunoassay, and can further
be a chemiluminescent assay.

The quencher assemably can be adapted to substantially eliminate the interference.

In some embodiments of the system there is a wastc chamber, wherein the waste chamber comprises the
quenching site.

One aspect of the invention is 2 method of detecting an analyte in a sample. The method comprises
allowing a sample suspected to contain the analyte to react with reagents contained in a fluidic device that has an
assay asscmbly configured to yield an optical signal that is indicative of the presence of the analyte, and a quencher
assembly in fluidic communication with said assay assembly, wherein said quencher assembly is adapted to reduce
interference of said optical signal, and detecting said optical signal thereby detecting the analyte in the sample.

Onc aspect of the invention is a method of manufacturing a fluidic device having a quencher assembly. The

method includes providing a plurality of layers of the fluidic device, affixing said layers together to provide fora
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fluidic network between a sample collection unit, at Jeast one reagent chamber, at least one reaction site, and at least
one quencher assembly.
In some embodiments the affixing comprisicg ultrasonic welding the layers together,

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the invention are set forth with particularity in the appended claims. A better
understanding of the features and advantages of the present invention will be obtained by reference to the following
detailed description that sets forth illustrative embodiments, in which the principles of the invention are utilized, and
the accompanying drawings of which:

Figures 1 and 2 show top and bottom views of an exenplary fluidic device, illustrating the fluid
connectivity.

Figures 3 and 4 show a top and bottorn view, respectively, of an exemplary fluidic of the present invention.

Figure 5 illustrates the different components and layers of an exemplary fluidic device.

Figure 6 shows an exemplary system of the present invention.

Figure 7 shows a two-step assay.

Figure 8 depicts an exemplary chemiluminescent assay.

DETAILED DESCRIPTION OF THE INVENTION

Fluidie Device

WSGR Docket No. 30656-715.20 imolecular weight polyethylene, polyvinylidene flusride, cthylene-vinyl
acetate, polytetrafluoroethylene, stryene-acrylonitrile, polysulfone, polycarbopate, dextran, dry sephadex,
polyhthalate, silica, glass fiber, or other material similar to those included herein. Additionally, an absorbent
matcrial can be any combination of the materials described herein.

In general the absorbent material is bibulous and the volume fraction of air is generally about 10— 70 % of
the absorbent material. The absorbent material helps absorb waste liquids used in the assay and thercfore prevents
leakage of fluid from the fluidic device, as may be desirable to prevent contamination on or into a detection device
used in conjunction with the fluidic device to detect the optical signal

In soroe crubodi the absorbent material compriscs at least one quenching agent which reacts with at
least one reagent from said assay assembly to reduce interference of the optical signal indicative of the presence of
the analyts in the sample. The quenching ageat can inhibit the binding between reagents, or in preferred
embodiments the quenching agent inactivates at least one and more preferably alt reagents which may contribute 10

an interfering optical signal.

‘The reagent or reagents with which the quenching agent in the quencher assembly reacts to reduce the
interference can be, for example without limitation, an unbound cnzyme and/or an unbound substrate. The reagent
with which the quenching agent reacts to reduce the interference is generally not as important as the reduction of the
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interference itself. The quenching agent in the quencher assembly can vary depending on the type of assay that is
being performed in the fluidic device. Preferably a subject quenching agent reduces an interfering optical signal by
at least about 50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%, or more. Ina
preferred embodiment the quenching agent reduces an interfering optical signal by about 99%. In another preferred
embodiments the quenching assembly reduces optical interference by at least about 99.5%. In more preferred
embodiments the quenching agent reduces optical interference by at least about 99.9%.

In this way the quencher assembly can be produced with a specific assay or assays in mind and can
comprise quenching agents which will satisfactorily reduce the interfering signal.

In some embodiments the quenching agent can be a chemical that is a strong non-volatile acid such as
trichloroacetic acid or its salt sodium trichloracetate. The substance can also be a strong alkali such as sodium
hydroxide. Other strong non-volatile acids and strong alkalis can be used in accordance with the present invention.

In some embodiments the quenching agent reduces the optical interference by inhibiting the enzyme. Inan
ELISA, e.g., the quenching agent can interfere with the enzyme’s ability to convert the substrate to produce a
luminescent signal. Exemplary enzyme inhibitors include lactose which inhibits the action of 3-galactosidase on
luminogenic galactosides, and phosphate salts which inhibit phosphatases.

In some embodiments the quenching agent can reducc the interference by denaturing the enzyme. By
denaturing the enzyme it is unable to carry out it enzymatic function and the optical interference is suppressed or
reduced. Exemplary denaturants include detergents such as sodium dodecyl sulfate (SDS), heavy metal salts such as
mercuric acetate, or chelating agents such as EDTA which can sequester metal ions essential for activity of certain
enzymes such as alkaline phosphatase. All types of surfactants may be used including cationic (CTMAB) and
anionic (SDS).

In some embodiments the quenching agent can be a non-denaturing chemical that is incompatible with
enzyme activity. Exemplary chemicals include buffers and the like that change the pH to a value where the enzyme
becomes inactive and thus unable to catalyze the production of the interfering signal.

In other embodiments the quenching agent can be, for example, an organic charge-transfer molecule,
including 7,7,8,8-tetracyanoquinodimethane (TCNQ), 2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane
(TFTCNQ), carbon nanotubes, mordant yellow 10 (MY) and 4-amino-1,1-azobenzene-3,4-disulfonic acid (AB). In
preferred embodiments the azobenzene compounds are MY and AB, as they are considerably more water-soluble

than TCNQ, TFTCNQ and carbon nanotubes. The structure of AB is shown below in:

SO3NaH)

In some embodiments the quenching agent can be heavy atoms such as iodine which reduces the
interference by quenching a fluorescent species used to enhance a chemiluminescent signal. In other embodiments
the quenching agent can be an organic compound with an absorption spectrum overlapping the fluorescence
emission spectrum of a fluorescent species used to enhance a chemiluminescent signal. In some embodiments such
a quenching agent is a dark quencher such as a dispersion of carbon particles (e.g., carbon black, charcoal). Carbon
can inactivate chemiluminescence by absorbing actives species, and it is also a very good quenching agent that is
substantially incapable of emitting fluorescence.

In some embodiments the quenching agent can be an antioxidant, which can reduce the interference by

disrupting the chemiluminescent reaction. Quenching agents that may be used in some embodiments of the
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invention include but are not limited to Trolox, butylated hydroxytoluene (BHT), ascorbic acid, citric acid, retinol,
carotenoid terpenoids, non-carotenoid terpenoids, phenolic acids and their esters, and bioflavinoids.

In other embodiments, the quenching agent can be a singlet oxygen quencher, which can reduce the
interference by disrupting the chemiluminescent reaction. Some singlet oxygen quenchers include but are not
limited to 1, 4 diazabicyclo [2,2,2] octane, thiol containing compounds such as methionine or cysteine, and
carotenoids such as lycopene.

The substance used to impregnate or saturate the absorbent material is preferably highly concentrated,
typically in large molar excess of the assay reagents.

Generally the quencher assembly possesses desirable certain properties some of which, by way of example,
are now described. Tn embodiments in which the quencher assembly comprises an absorbent material, the
absorption of waste liquids is preferably fast relative to the duration of the assay. In preferred embodiments the
absorption of waste liquids occurs within a few minutes and more preferably within a few seconds.

The absorbent material preferably absorbs substantially all of the liquid waste in the fluidic device. In
preferred embodiments more than 99% of the liquid in the waste chamber is absorbed. In addition to reducing the
optical interference, this helps prevent liquid from leaking from the fluidic device after the assay is complete, which
helps prevent contamination of a detection device as may be used with the fluidic device as described herein.

The quencher assembly’s inhibition of enzyme activity should preferably be rapid, typically within a few
minutes and more preferably within a few seconds.

The inhibitory enzyme reaction should be as complete as possible to ensure the interference is reduced as
much as possible. In preferred embodiments the inactivation of the enzyme reaction should be more than 99 %
complete before the optical signal indicative of the presence of the analyte in the sample is detected by any detection
mechanism that may be used with the fluidic device as described herein.

In preferred embodiments the quencher assembly comprises an absorbent material, and as such, the
inactivating substance imbedded therein is preferably stable within the absorbent material. Furthermore, the
quenching agent preferably dissolves within seconds to minutes of being exposed to the waste liquids.

In some embodiments the quencher assembly comprises the waste chamber. A waste chamber is generally
a chamber or well in fluidic communication with the assay assembly in which assay reagents and sample which do
not bind to the reaction site in the assay assembly collect after the assay. As the waste fluids remain on-board the
fluidic device after the assay, the waste chamber is generally the area of the fluidic device in which any unbound or
excess reagents and sample collect after the assay. In embodiments in which the quencher assembly comprises an
absorbent material, the absorbent material may be adapted to be housed within the waste chamber. The absorbent
material may or may not fill up the entire waste chamber, and may expand when a fluid enters the waste chamber.

The quencher assembly may also comprise a stabilizing feature adapted to stabilize or secure the absorbent
material within the fluidic device. For example, a waste chamber adapted to house the absorbent material may also
comprise a pin or stake projecting from the top of the waste chamber to contact and stabilize or secure the absorbent
pad.

Figures 1 and 2 show a top and bottom view, respectively, of an exemplary fluidic device after the device
has been asscmbled. The different layers are designed and affixed to form a three dimensional fluidic channel
network. A sample collection unit 4 provides a sample of bodily fluid from a patient. As will be explained in
further detail below a reader assembly comprises actuating elements (not shown) can actuate the fluidic device to
start and direct the flow of a bodily fluid sample and assay reagents in the fluidic device. In some embodiments

actuating elements first cause the flow of sample in the fluidic device 2 from sample collection unit 4 to reaction
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sites 6, move the sample upward in the fluidic device fiom point G’ 1o point G, and then {o waste chamber 8 in
which absorbent material 9 is housed. The actuating elements then initiate the flow of reagents from reagent
chambers 10 1o point B°, point C', and point D", then upward to points B, C, and D, respectively, then to point A,
down to point A’, and then to waste chamber 8 in the same manner as the sample. When the sample and the
reagents eater the waste chamber § they encounter quencher agsembly 9.

To ensure that a given photon count produced at a reaction site correlates with an accurate concentration of
an analyte of interest in & sample, it is preferably advantageous 1 calibrate the fluidic device before detecting the
photons. Calibrating a fluidic device at the point of manufacturing for example may be insufficient to ensure an
accurate analyte concentration is determined because a fluidic device may be shipped prior 1o use and may undergo
changes in temperature, for cxample, so that a calibration performed at manufacturing does not take into effect any
subsequent changes to the structure of the fluidic device or reagents contained therein. Ina preferred embodiment
of the present invention, a fluidic device has a calibration assembly that mimics the assay assembly in components
and design cxcept that 8 sample is not introduced into the calibration assembly. Referring to Figures | and 2, »
calibration assembly occupies about haif of the fluidic device 2 and includes reagent chambers 32, reactions sites 34,
a waste chamber 36, fluidic channels 38, and absorbent matetial 9. Similar to the assay assembly, the number of
reagent chambers and reaction sites may vary depending on the assay being run on the fluidic device and the number
of analytes being detected.

Figure 3 ix 2 top view of another exemplary cmbodiment of a fiuidic device. A plurality of absorbent
materials § are shown. Figure 4 shows a bottom view of the embodiment from figure 3.

Figure 5 illustrates the plurality of layers of the exemplary fluidic device shown in figures 3 and 4. The
positioa of absorbent material 9 is shown relative to the other components and layers of the fluidic device.

A detection assembly as shown in Figure 6 then detects the optical signal indicative of the presence of the
analyte in the sample, and the detected sigoal can then be used to determine the concentration of the analyte in the
sample. Figure 6 illustrates the position of an exemplary detection assembly that can be used 1o detect an optical
signal from the fhuidic device that is indicative of the presence of an aoalyts of interest in the sample. The detection
assernbly may be above or below the fluidic device or at a different orentation ia relation to the fluidic device based
on, for example, the type of assay being performed and the detection mechaninm being employed.

In preferred embodiments an optical detector is used s the detoction device. Nou-limiting cxamples
include a photormuitiplier tube (PMT), photodiode, photon counting detector, or charge-coupled device (CCD).
Some assays may generate luminescence as described herein. [n some embodiments chemiluminescence is detoctod,
In some embodi 8 detection assembly could inchude » plurality of fiber optic cables cormected as 2 bundle to a
CCD detector of t0 8 PMT array. The fiber optic bundle could be constracted of discrete fibers of of many small
fibers fused together to form a solid bundle. Such solid bundles are commercially available and casily interfaced to

CCD detectors.
Exemplary detection assemblies that may be used with the Ruidic device are described in Patent

Application Sarial Number 11/389,409, filed March 24, 2006,

Interference, or optical interference, as described herein generally means an optical signal produced in the
fluidic device which interferes with the optical signal produced by bound reactants, which is indicative of the
presence of an analyte of interest. Typically, such an interfering signal is produced in the waste chamber where the
reagents which do not bind o the reaction sites accurmulate and encounter one another. The accumulation of waste
liquids can produce such interference when, for cxample, an enzyme used in an assay (o increase assay sensitivity
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reacts with an unbound substrare, creating an optical signal that interferes with the optical signal gencrated by bound

reactants.
Method of Use

Another aspect of the invention is a method of detecting an analyte in & sample. The method comprises
alJowing a bodily fluid sample suspecied to contain the analyte to react with reactants contained in a fluidic device
which has an assay assembly configured to yield an optical signal that is indicative of the presence of the analyte
and a quencher assembly adapted to reduce interference of said optical signal, and detecting the optical signal
thereby detecting the analyte in the sample.

Any sample of bodily fluids suspected to contain an analyte of interest can be used in conjunction with the
subject system or devices. Commonly employed bodily fluids include bat are not limited to blood, serum, saliva,
urine, gastric and digestive fluid, tears, stool, semen, vaginal fluid, interstitial fluids dertived from tamorous tissue,
and cerebrospinal fluid. In some embodiments, the bodily fluids are provided directly to the fluidic device without
further processing. In some embodiments, however, the bodily fluids can be pre-treated before performing the
analysis with the subject fluidic devices. The choice of pre-treatments will dcpend on the type of bodily fluid used
and/or the nature of the analyte under investigation. For instance, where the analyte is present at jow level in a
sample of bodily fluid, the sample can be concentrated via any conventional means to enrich the analyte. Where the
analyte is # nucleic acid, it can be extracted using various Iytic enzymes or chemical solutions according to the
procedures sct forth in Sambrook et al. (“Molecular Cloning: A Laboratory Manual™), or using nucleic acid binding
resins following the accompanying instructions provided by manufactures. Where the analyte is a molecule present
on or within a cell, extraction can be performed using lysing agents including but not limited to denaturing detergent
such as SDS or non-denaturing detergent such as Thesit ®, sodium deoxylate, triton X-100, and tween-20.

A bodily fluid may be drawn from a patient and brought into the fluidic device in a variety of ways,
including but not limited to, lancing, injection, or pipetting. In some embodiments, a lancet punctures the skin and
draws the samplc into the fluidic device using, for example, gravity, capillary action, aspination, or vacuum force. In
another embodiment where no active mechanism is required, a patient can simply provide a bodily fluid to the
fluidic device, as for example, could occur with a blood or saliva sample. The collected fluid can be placed in the
sample collection unit within the fluidic device where the fluidic device can automatically detect the required
volume of sample (o be used in the sssay. In yet another embodiment, the fluidic device comprises at least one
microneedle which punctures the skin. The microneedle can be used with a fluidic device alone, or can puncture the
skin after the fluidic device is inscrted into a reader bly. Sample collocts hniques which may be used
hercin are described in Patent Applicetion Serial Number 11/389,409, filed March 24, 2006 .

In some embodiments a sample of bodily fluid can first be provided to the fluidic device by any of the
methods described herein. The fluidic device can then be inserted into a reader assembly as shown in Figure 6. An
identification detactor housed within the reader assembly can detect an identifier of the fluidic device and
communicate the identifier to a communication assembly, which is preferably housed within the reader assembly.
The communication assembly then transmits the identifier 10 a0 external device which transmits a protocol to run on
the fluidic device based on the identifier 10 the communication assembly. A controller preferably housed within the
reader assembly controls actuating clements including at least one pump and one valve which interact with the
fluidic device to control and direct fluid movement within the device. The rcader asserbly and its components
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illustrated in Figure 6 are more fully described in Patent Application Serial Number 11/389,409, filed March 24,
2006 .

The fluidic device is preferably initiatly calibrated using a calibration assembly by running the same
resgents a3 will be used in the assay through ti§ calibration reaction sites, and then an optical signs! from the

reactions sites is detected by the detecti , and the signal is used in calibratirg the fluidic device. Calibration
techniques that may be used in the fluidic device herein can be found in Patent Application Serial Number
11/389,409, filed March 24, 2006 . The sample containing

an analyte is introduced into the fluidic channel. The sample may be diluted, mixed, and/or and furtber separated
into plasma or other desired component using a filter. The sample then flows through the reaction sites and analytes
present therein will bind to reactants bound thercon. The sample fluid is thea flushed out of the reaction wells into &
waste chamber. Depending on the assay being run, appropriate reagents are directed through the reaction sites via
the channels to cury out the assay. Any wash buffers and other reagents used in the various steps, including the
calibration step, are collected in at least one waste chamber. The signal produced in the reation sites is then dotected
by any of the detection methods described berein.

A variety of assays may be performed in a fluidic device according to the present invention to delect an
analyte of interest in a sample.

The detection assay relies on luminescence and, in particular, chemiluminescence. In one ermbodiment, the
assay employs an enzyme conjugate comprising, e.g., 8 protein conjugated with an enzyme. The enzyme can react
with a substrate to generate a luminescent signal It is contemplated that the assay can be a direct assayors
competitive assay, in which a reactant not bound to an analyte is exposed to a reagent comprising an analyte
molecule conjugated to the enzyme. Further, a fluorescent compound may be used in tandem or coupled with the
chemiluminescent reaction, in order to linearly multiply the signal output of the reaction.

In an exemplary two-step assay shown in Figure 7, the sample containing analyte (“Ag™) first flows over a
resction site contsining antibodies (“Ab™). The antibodies bind the snalyte present in the sample. After the sample
passes over the surface, a solution with analyte conjugated to a marker (“labeled Ag™) at & high concentration is
passed over the surface. The conjugate saturstes any of the antibodies that have not yet bound the snalyte. Before
equilibrium is reached and any displacement of pre-bound unlabelled analyte occurs, the high-concentration
conjugaic solution is wasbed off. The amount of conjugatc bound 1o the surface is then measured by the appropriate
technique, and the detected conjugate is inversely proportional to the amount of analyte preseat in the sample.

An plary ing technique for & two-step assay is a chemiluminescence eazyme immunoassay as
shown in Figure 8. As is known in the field, the marker can be a cially availabl kor suchas a
dioxetane-phosphate, which is not lumi ¢ but b tumni; after hydrolysis by, for example, alkaline

phosphstase. An enzyme such as alkaline phosphatase is exposed to the conjugate to cause the substrate to
luminesce. In some embodiments the substrate solution is supplemented with enbancing ageats such aa, without
limitation, flucrescein in mixed micelles, soluble polymers, or PVC which create a much brighter signal than the
luminopbaore alone. The mechanism by which the quencher bly functions to reduce interference is not critical
to the functionality of the present invention, as long as the interference is reduced by a sufficient amount.

An ELISA is another excmplary assay for which an optical quencher can be used 1o remave an interfering
signs! generated by reactanss to a reaction site. In a typical ELISA, a sample containing an antigen of interest is
passed over the reaction site, to which analytes of interest in the sample will bind by virtue of antibody molecules
(directed 1o the antigen) adsorbed to the reaction site. Then, enzyme-labeled antibody conjugate (directed to the
antigen and selected such that the antibody bound to the reaction site does vot block binding of the conjugate) is
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passed over the reaction site, allowed to bind, then displaced by the substrate. Enzyme causes the substrate to
produce an optical signal. Unbound reagents which end up in the waste chamber can similarly produce interfering
signals.

In some embodiments the label is coupled directly or indirectly to a molecule to be detected such as a
product, substrate, or enzyme, according to methods well known in the art. As indicated above, a wide variety of
labels are used, with the choice of label depending on the sensitivity required, ease of conjugation of the compound,
stability requirements, available instrurentation, and disposal provisions. Non radioactive labels are often attached
by indirect means. Generally, a ligand molecule is covalently bound to a polymer. The ligand then binds to an anti-
ligand molecule which is either inherently detectable or covalently bound to a signal system, such as a detectable
enzyme, or a chemiluminescent compound. A number of ligands and anti-ligands can be used. Where a ligand has
a natural anti-ligand, for example, biotin, thyroxine, and cortisol, it can be used in conjunction with labeled, anti-
ligands. Alternatively, any haptenic or antigenic compound can be used in combination with an antibody.

In some embodiments the label can also be conjugated directly to signal generating compounds, for
example, by conjugation with an enzyme. Enzymes of interest as labels will primarily be hydrolases, particularly
phosphatases, esterases and glycosidases, or oxidoreductases, particularly peroxidases. Chemiluminescent
compounds include luciferin, and 2,3-dihydrophthalazinediones, such as luminol, dioxetanes and acridinium esters.

Mecthods of detecting labels are well known to those of skill in the art. Detection can be accomplished
using of electronic detectors such as digital cameras, charge coupled devices (CCDs) or photornultipliers and
phototubes, or other detection devices. Similarly, enzymatic labels are detected by providing appropriate substrates
for the enzyme and detecting the resulting reaction product. Finally, simple colorimetric labels are often detected
simply by observing the color associated with the label. For example, conjugated gold often appears pink, while
various conjugated beads appear the color of the bead.

Suitable chemiluminescent sources include a compound which becomes electronically excited by a
chemical reaction and may then emit light which serves as the detectible signal. A diverse number of families of
compounds have been found te provide chemiluminescence under a variety or conditions. One family of
compounds is 2,3-dihydro-1,4-phthalazinedione. A frequently used compound is luminol, which is a 5-amino
compound. Other members of the family include the 5-amino-6,7,8-trimethoxy- and the dimethylamino[ca]benz
analog. These compounds can be made to luminesce with alkaline hydrogen peroxide or calcium hypochlorite and
base. Another family of compounds is the 2,4,5-triphenylimidazoles, with lophine as the common name for the
parent product. Chemiluminescent analogs include para-dimethylamino and -methoxy substituents.
Chemiluminescence may also be obtained with oxalates, usually oxalyl active esters, for example, p-nitrophenyl and
a peroxide such as hydrogen peroxide, under basic conditions. Other useful chemiluminescent compounds that are
also known include -N-alkyl acridinum esters and dioxetanes. Alternatively, luciferins may be used in conjunction
with luciferase or lucigenins to provide bioluminescence.

In some embodiments immunoassays are run on the fluidic device. While competitive binding assays,
which are well known in the art, may be run in some embodiments, in some embodiments a two-step method is used
which eliminates the need to mix a conjugate and a sample before exposing the mixture to an antibody, which may
be desirable when very small volumes of sample and conjugate are used, as in the fluidic device of the present
invention. A two-step assay has additional advantages over the competitive binding assays when use with a fluidic
device as described herein. It combines the ease of use and high sensitivity of a sandwich (competitive binding)

immunoassay with the ability to assay small molecules.
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An exemplary two-step assay shown in Figure 8 has been described herein, as has an exemplary measuring
technique for the two-step assay —a chemiluminescence enzyme immunoassay as shown in Figure 8.

The term "analytes™ according to the present invention includes without limitation drugs, prodrugs,
pharmaceutical agents, drug metabolites, biomarkers such as cxpressed proteins and cell markers, antibodies, serum
proteins, chalesterol, polyzaccharides, nulceic acids, biological analytes, biomarkers, genes, protein, or hormones, or
any combination thereof. At a molecular level, the analytes can be polypeptide, proteins, glycoprotein,
polysaccharide, lipid, nucleic acid, and combinations thereof. .

A more complete list of analytes which can be detected using a fluidic device and methods described herein
are included in Patent Application Serial Number 11/389,409, filed March 24, 2006 ,

One aspect of the invention is a method of manufacturing a fluidic device having a quencher assembly.
The method comprises providing a plurality of layers of the fluidic device, and affixing the layers to provide for &
fluidic network between a sample collection unit, at least one reagent chamber, at least ane reaction site, and at least
one waste chamber comprising an quencher assembly.

In some embodiments st least one of the different layers of the fluidic device may be constructed of
polymeric substrates. Non limiting examples of polymeric materials include polystyrene, polycarbonate,
polypropylene, polydimethysiloxanes (PDMS), polyurethane, polyvinylchloride (PVC), polymethylmethacrylate
and polysulfone.

Manufacturing of the fluidic channels may generally be carried out by any number of microfabrication
techniques that are well known in the art. For example, lithographic techniques are optionally employed in
fabricating, for example, glass, quartz or silicon substrates, using methods well known in the semiconductor
manufacturing industries such as photolithographic etching, plasma etching or wet chemical etching. Altzrmatively,
micromachining methods such as laser drilling, micromilling and the like are optionally employed. Similarly, for
polymeric substrates, well inown manufacturing techniques may also be used. These techniques include injection
molding. Stamp molding and embossing methods where large numbers of substrates are optionally produced using,
for example, rolling stamps to produce large sheets of microscale substrates or polymer microcasting techniques
where the substrate is polymerized within 2 micromachined mold. Dye casting may also be used.

In preferred embodiments the different Iayers of the fluidic device are ultrasonically welded together
sccording to methods known in the art. The layers may also be coupled together using other methods, including
without limitation, stamping, therma) bonding, adhesives or, in the case of certain substrates, ¢.g., glass, or semi-
rigid and oon-rigid polymeric substrates, a natural adhesion between the two components.

Figure 5 shows an embodiment of the invention in which a fluidic device 2 is comprised of a plurality of
different layers of material. Features 2s shown are, for cxample, cut in the polymeric substrate such that when the
layers arc properly positioned when assembly will form a fluidic network. In some embodiments more or fewer
layers may be used to coastruct a fluidic device to carry out the purpose of the invention.

The quencher 2ssembly has been described berein and in some embodiments can comprise an absorbent
material. In such embodiments the quencher assembly can be produced by spplying the quenching agent into the
absorbent material. This can be accormplished by any number of techniques well known in the art, such as pipetting
the liquid onto the absorbent material until the absorbent material is substantially imbedded in the absorbent
material, or simply allowing the absorbent material to absorb the quenching agent. The amount of saturation of the
absorbent material may vary, as long as a sufficient amount of the quenching agent is incorporated nto the
absorbent material to produce an inhibitory effect on at least assay reagent.
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After the quenching agent is added to the absorbent material, the absorbent material is then dried. The
drying step can be accomplished by any suitable technique such as freeze drying, drying under flowing gas with
temperature elevation, or simply passive drying by allowing water in the absorbent material to evaporate.

Once dry, the absorbent material incorporating the quenching agent can then be placed into a fluidic device
as described during the manufacturing process where it can be used to reduce optical interference in an assay
performed within the fluidic device. The placement inside the fluidic device can be by any known technique and
can simply be manually placing it into the fluidic device. As described above, the absorbent material is preferably

placed in a waste chamber adapted to collect unbound liquids used inside the fluidic device.

Example

A 1 x 0.5 inch piece of Whatman #32 glass fiber mat (item 10 372 968) was impregnated with 50 uL of 15
% w/v 4- amino-1,1-azobenzene-3,4-disulfonic acid (0.4 M) in water then dried in a “dry box”.

In assays using alkaline-phosphatase (from bovine intestine)-labeled reagents (APase coupled to haptens or
to antibodies at concentrations of up to about 10 ug/mL in a dilute tris buffer) and either Lumigen’s LumiphosTM
530, or KPL PhosphoglowTM AP substrates (both are dioxetanes and have an esterified phosphate residue on which
the enzyme acts) used as supplied by the vendors (100 uM in dioxetane), the result was about 200 uLL of enzyme and
200 uL of substrate in the waste chamber, thus exposed to the adsorbent material.

After an initial glow rate of 38,550 counts/second (observed by placing the fluidic device in a Molecular
Devices M5 luminometer such that the waste chamber was being interrogated), the intensity dropped to about 100
counts/second within a few seconds after adding the adsorbent material (the noise level of the luminometer was
about 100 counts/second). In other words, more than 99% of the optical interference was eliminated.

The azobenzene acted in an inhibitory manner on both the enzyme and the substrate. The enzyme was
inactivated by the acidity of the reagent, and likely by other mechanisms as well. The substrate was chemically
modified by the azobenzene such that it is no longer a substrate for alkaline phosphatase.

While preferred embodiments of the present invention have been shown and described herein, it will be
obvious to those skilled in the art that such embodiments are provided by way of example only. Numerous
variations, changes, and substitutions will now occur to those skilled in the art without departing from the invention.
It should be understood that various altematives to the embodiments of the invention described herein may be
employed in practicing the invention. It is intended that the following claims define the scope of the invention and

that methods and structures within the scope of these claims and their equivalents be covered thereby.
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CLAIMS
WHAT IS CLAIMED IS:

1. A method of detecting an analyte in a sample of bodily fluid, the method comprising:

providing the sample of bodily fluid into a fluidic device having a housing for running an
assay to detect the analyte in the sample, wherein the fluidic device comprises a sample collection
unit, an assay assembly, and a waste chamber;

inserting the fluidic device into a reader assembly, wherein the reader assembly comprises
an identification detector, a communication assembly, and a detection assembly;

detecting an identifier of the fluidic device by the identification detector;

transmitting, by the identification detector, the identifier to the communication assembly;

transmitting, by the communication assembly, the identifier to an external device;

receiving, from the external device, a protocol to execute on the fluidic device based on the
identifier, wherein the protocol comprises instructions to the controller to run the assay;

allowing the sample of bodily fluid to react with a reactant immobilized in the assay
assembly of the fluidic device, wherein the assay assembly is configured to yield a fluorescent
signal indicative of the presence of the analyte in the sample of bodily fluid; and

detecting, by the detection assembly, the analyte in the sample by detecting the fluorescent

signal based on the instructions in the protocol received from the external device.
2. The method of claim 1, further comprising:
detecting a concentration of the analyte in the sample based on the fluorescent signal with

the detection assembly.

3. The method of claim 1, wherein the detection assembly comprises one of a digital camera,

a charge coupled device (CCD), a photomultipliers, and a phototube.

4. The method of claim 1, wherein the assay assembly further comprises a reagent chamber,
a reaction site, and an additional fluidic channel that connects the reagent chamber with the

reaction site, wherein the reactant is immobilized in the reaction site of the assay assembly.
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5. The method of claim 1, wherein the waste assembly comprises a quenching site and a
quenching agent that inhibits an enzymatic reaction between the at least one reagent and a second

reagent, thereby reducing interference of the fluorescent signal.

6. The method of claim 5, wherein the quenching site further comprises an absorbent material

saturated with the quenching agent.

7. The method of claim 1, further comprising:
controlling movements of the sample within the fluidic device by an actuating element in

the reader assembly, wherein the actuating element includes one of a pump and a value.

8. A system for detecting an analyte in a sample of bodily fluid, the system comprising:

a fluidic device having a housing for running an assay to detect the analyte in the sample,
the fluidic device further comprising: at least one sample collection unit, an assay assembly, and a
waste assembly,

wherein the assay assembly comprises at least one reagent for generating a fluorescent
signal indicative of the presence of the analyte in the sample of bodily fluid,;

a reader assembly comprising an identification detector, a communication assembly, a
controller, and a detection assembly, wherein the fluidic device is configured to be inserted into
the reader assembly, and

wherein the identification detector is configured to:

detect an identifier of the fluidic device; and
transmit the identifier to the communication assembly,
wherein the communication assembly is configured to:
receive, from an external device, a protocol to execute on the fluidic device based
on the identifier, wherein the protocol comprises instructions to the controller to run the
assay; and

wherein the detection assembly is configured to detect the analyte in the sample by

detecting the fluorescent signal based on the instructions in the protocol received from the external

device.
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9. The system of claim 8, wherein the communication assembly is further configured to:
receive the protocol from the external device in response to transmitting the identifier to

the external device,

10. The system of claim 8, wherein the communication assembly is further configured to:

transmit the fluorescent signal to the external device.

11. The system of claim 8, wherein the detection assembly comprises one of a digital camera,

a charge coupled device (CCD), a photomultiplier, and a phototube.

12. The system of claim 8, wherein the assay assembly further comprises a reagent chamber,
a reaction site, and an additional fluidic channel that connects the reagent chamber with the

reaction site.

13.  The system of claim 8, wherein the waste assembly comprises a quenching site and a
quenching agent that inhibits an enzymatic reaction between the at least one reagent and a second

reagent, thereby reducing interference with the fluorescent signal.

14.  The system of claim 13, wherein the quenching site further comprises an absorbent material

saturated with the quenching agent.

15. A system for detecting an analyte in a sample of bodily fluid, the system comprising:
a fluidic device having a housing for running a immunoassay to detect an analyte in a
sample of bodily fluid within the housing, the fluid device comprising:
at least one sample collection unit;
an assay assembly in fluidic communication with the at least one sample collection
unit, wherein the assay assembly comprises at least one reagent for generating a fluorescent signal
indicative of the presence of the analyte in the sample of bodily fluid; and

a waste chamber, and
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a reader assembly comprising an identification detector, a communication assembly, a
controller, and a detection assembly, wherein the fluidic device is configured to be inserted into
the reader assembly,

wherein the identification detector is configured to:

detect an identifier of the fluidic device; and
transmit the identifier to the communication assembly,
wherein the communication assembly is configured to:
receive, from an external device, a protocol to execute on the fluidic device based
on the identifier, wherein the protocol comprises instructions to the controller to run the
immunoassay; and

wherein the detection assembly is configured to detect the analyte in the sample by

detecting the fluorescent signal based on the instructions in the protocol received from the external

device.

16.  The system of claim 15, wherein the communication assembly is further configured to:
receive the protocol from the external device in response to transmitting the identifier to

the external device.

17. The system of claim 15, wherein the detection assembly comprises one or more digital

cameras, charge coupled devices (CCDs), photomultipliers, or phototubes.

18.  The system of claim 15, wherein the assay assembly further comprises at least one reagent
chamber, at least one reaction site, and at least one fluidic channel that connects the at least one

reagent chamber with the at least one reaction site.

19. The system of claim 15, wherein the waste chamber comprises a quenching site and a
quenching agent that inhibits an enzymatic reaction between the at least one reagent and a second

reagent, thereby reducing interference of the fluorescent signal.

20.  The system of claim 15, wherein the detection assembly is further configured to:

detect a concentration of the analyte in the sample based on the fluorescent signal.
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