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The invention is directed to a method and device for - N \ 4
simultaneously testing a sample for the presence, absence, - < |
and/or amounts of one or more a plurality of selected analytes. - 161 Sy
The invention includes, in one aspect, a device for detecting -’ ~ |
or quantitating a plurality of different analytes in a liquid
sample. The device includes a substrate which defines a sample- (\
distribution network having (i) a sample inlet, (ii) one or more N\
detection chambers, and (iii) channel means providing a dead-
| end fluid connection between each of the chambers and the

inlet. Each chamber may include an analyte-specific reagent
effective to react with a selected analyte that may be present in
the sample, and detection means for detecting the signal. Also
l disclosed are methods utilizing the device.
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DEVICE AND METHOD FOR MULTIPLE ANALYTE DETECTION

Field of the Invention

The present invention relates to devices and methods for detecting or quantifying one or more

selected analytes in a sample.
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Background of the Invention

Biochemical testing is becoming an increasingly important tool for detecting and monitoring
diseases. While tests have long been known for obtaining basic medical information such as blood
type and transplant compatibility, for example, advances in understanding the biochemistry
underlying many diseases have vastly expanded the number of tests which can be performed. Thus,
many tests have become available for various analytical purposes, such as detecting pathogens,
diagnosing and monitoring disease, detecting and monitoring changes in health, and monitoring
drug therapy.

An important obstacle which has limited exploitation of many biochemical tests has been cost.
Simultaneous testing of multiple samples for a single analyte has provided some savings. However,
simultaneous assays for a large number of analytes within a single sample have been less practical
because of the need for extended sample manipulation, multiple test devices, multiple analytical
instruments, and other drawbacks.

Ideally, a method for analyzing an individual sample using a single test device should provide
diagnostic information for a large number of potential analytes while requiring a small amount of
sample. The device should be small in size while providing high-sensitivity detection for the
analytes of interest. The method should also require minimal sample manipulation. Preferably,

the device will include pre-dispensed reagents for specific detection of the analytes.

Summary of the Invention

The present invention is directed generally to a method and device for simultaneously testing
a sample for the presence, absence and/or amount of one or more selected analytes.

The invention includes, in one aspect, a device for detecting or quantitating one or more ot
a plurality of different analytes in a liquid sample. The device includes a substrate which defines
a sample-distribution network having (i) a sample inlet, (ii) one or more detection chambers, and

(iii) channel means providing a dead-end fluid connection between each of the chambers and the
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inlet. Preferably, each chamber includes an analyte-specific reagent effective to react with a

selected analyte that may be present in the sample, and detection means for detecting the signal.

In one embodiment, the detection means for each chamber includes an optically transparent
window through which the signal can be detected optically. In another embodiment, the detection
means includes a non-optical sensor for detecting the signal.

The channel means of the device may be configured in numerous ways. For example, in one
embodiment, the channel means includes a single channel to which the detection chambers are
connected by dead-end fluid connections. In a second embodiment, the channel means includes
at least two different channels, each connected to a different group of detection chambers. In yet
another embodiment, the channel means includes an individual channel for each detection chamber.

The device may include a vacuum port for placing the detection chambers under vacuum prior
to the addition of sample. In one embodiment, the vacuum port is connected to the channel means
at a site between, and in fluid communication with, the sample inlet and the detection chambers.
In another embodiment, the vacuum port is connected to the channel means at a site downstream
of the detection chambers. In this configuration, the vacuum port is additionally useful for
removing liquid from the channel means after the detection chambers have been filled, to help
1solate the detection chambers from one another and further reduce cross-contamination.

The vacuum port may be incorporated in a multi-port valve (e.g., a 3-way valve) that permits
the network and associated detection chambers to be exposed alternately to a vacuum source, the

sample inlet, and a vent or selected gas source.

Alternatively, the device of the invention is prepared and sealed under vacuum when
manufactured, so that a vacuum port is unnecessary.

According to an important feature of the invention, the device is capable of maintaining a
vacuum within the sample-distribution network (low internal gas pressure, relative to the external,
ambient pressure outside the device) for a time sufficient to allow a sample to be drawn into the
network and distributed to the detection chambers by vacuum action. For this purpose, the sample-
distribution network may include a vacuum reservoir in fluid communication with, and downstream
of, the detection chambers, for preventing the build-up of back-pressure in the network while the
detection chambers are successively filled.

In one embodiment, the vacuum reservoir includes a non-flowthrough cavity connected
downstream of the last-filled detection chamber, for accumulating residual gas displaced from the

inlet and channel means. In another embodiment, the reservoir comprises the terminal end of the
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channel means connected to a vacuum source, allowing residual gas displaced by the sample to be
removed continuously until sample loading is complete.

The analyte-specific reagents in the detection chambers may be adapted to detect a wide
variety of analyte classes, including polynucleotides, polypeptides, polysaccharides, and small
molecule analytes, for example. In one embodiment, the analytes are selected-sequence
polynucleotides, and the analyte-specific reagents include sequence-selective reagents for detecting
the polynucleotides. The polynucleotide analytes are detected by any suitable method, such as
polymerase chain reaction, ligase chain reaction, oligonucleotide ligation assay, or hybridization
assay.

In one particular embodiment, for polynucleotide detection, the analyte-specific reagents
include an oligonucleotide primer pair suitable for amplifying, by polymerase chain reaction, a
target polynucleotide region in the selected analyte which is flanked by sequences complementary
to the primer pair. The presence of target polynucleotide, as indicated by successful amplification,
is detected by any suitable means.

In another embodiment, the analyte-specific reagents in each detection chamber include an
antibody specific for a selected analyte-antigen. In a related embodiment, when the analyte is an
antibody, the analyte-specific detection reagents include an antiben for reacting with a selected
analyte antibody which may be present in the sample.

In yet another embodiment, the device includes means for regulating the temperatures of the
detection chambers, preferably providing temperature control between 0°C and 100°C, for
promoting the reaction of the sample with the detection reagents. In one preferred embodiment,
the temperature regulating means includes a conductive heating element for each detection chamber,
for rapidly heating the contents of the chamber to a selected temperature. The temperature control
means is preferably adapted to regulate the temperatures of the detection chambers, for heating
and cooling the chambers 1n accordance with a selected assay protocol.

The device may be manufactured and packaged so that the sample-distribution network (e.g.,
sample inlet, detection chambers, and channel means) is provided under vacuum, ready for
immediate use by the user. Alternatively, the sample-distribution network is provided under
atmospheric pressure, so that the evacuation step is carried out by the end-user prior to sample
loading.

The invention also includes a substrate containing a plurality of sample-distribution networks
as described above, for testing a single sample or a plurality of samples for selected analytes.

In another aspect, the invention includes a method of making a device such as described

above.
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In another aspect, the invention includes a method for detecting or quantitating a plurality of
analytes in a liquid sample. In the method, there 1s provided a device of the type described above,
wherein the interior of the network is placed under vacuum. A liquid sample is then applied to
the inlet, and the sample is allowed to be drawn into the sample-distribution network by vacuum
action, delivering sample to the detection chambers. The delivered sample 1s allowed to react
with the analyte-specific reagent in each detection chamber under conditions effective to produce
a detectable signal when the selected analyte is present in the sample. The reaction chambers are
inspected or analyzed to determine the presence and/or amount of the selected analytes in the
sample.

The device of the invention may also be provided as part of a kit which additionally
includes selected reagents, sample preparation materials if appropriate, and instructions for using
the device.

These and other objects and features of the invention will be more apparent from the
following detailed description when read in light with the accompanying drawings.

In accordance with one aspect of the present invention a device for detecting or quantitating
a plurality of different analytes in a liquid sample, said device comprising

a substrate defining a sample-distribution network having (i) a sample inlet, (11) one or more
detection chambers, and (ii1) channel means providing a dead-end fluid connection between each
of said chambers, and said inlet, wherein each of said chambers includes an analyte-specific
reagent effective to react with a selected analyte that may be present in such sample, to produce a
detectable signal,

said substrate providing, for each chamber, detection means for detécting such signal,
whereby evacuation of said network, followed by application of the sample to said inlet, is
effective to draw sample by vacuum into each of said chambers.

In accordance with another aspect of the present invention, there is provided a method for
detecting or quantitating one or more of a plurality of analytes in a liquid sample, said method
comprising

providing a device in accordance with claim 1, wherein the interior of the network is under
vacuum,

applying a liquid sample to the sample inlet and allowing the sample to be drawn into the
network by vacuum action to deliver the sample to the detection chambers,

allowing the delivered sample to react with the analyte-specific reagents in each detection

chamber under conditions effective to produce a detectable signal in each detection chamber

when the selected analyte 1s present in the sample, and
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measuring the signals produced in the reaction chambers to determine which

selected analytes are present in the sample.

In accordance with a further aspect of the present invention, there is proved a
device for detecting or quantitating a plurality of different analytes in a liquid sample,
said device comprising:

a substrate defining a sample-distribution network having (i) a sample inlet,
(11) a plurality of detection chambers, and (iii) channel means providing a dead-end
fluid connection between each of said chambers and said inlet, wherein each of said
chambers includes an analyte-specific reagent effective to react with a selected
analyte that may be present in such sample, to produce a detectable signal,

said substrate providing, for each chamber, detection means for detecting such
signal,

whereby evacuation of said network, followed by application of the sample to
said inlet, is effective to draw sample by vacuum into each of said chambers.

In accordance with another aspect of the present invention, there is proved a
device for detecting or quantitating one or more of a plurality of different
polynucleotide sequences in a liquid sample, said device comprising:

a substrate defining a sample-distribution network having (i) a sample inlet,
(11) two or more detection chambers, and (iii) channel means providing a dead-end
fluid connection between each of said chambers and said inlet, wherein at least two of
said detection chambers each contain a different, sequence-specific polynucleotide
binding polymer for detecting or quantitating different polynucleotide sequences that
may be present in such sample, to produce a detectable signal,

whereby evacuation of said network, followed by application of such sample
to said inlet, 1s effective to draw such sample by vacuum into each of said chambers.

In accordance with a further aspect of the present invention, there is provided
a device for detecting or quantitating one or more of a plurality of different
polynucleotide sequences in a liquid sample, said device comprising a substrate
defining a sample-distribution network including (i) a sample inlet, (ii) two or more
detection chambers, and (i11) channel means providing a dead-end fluid connection
between each of said chambers and said inlet, wherein each dead-end fluid connection
provides the sole fluid access to its respective detection chamber such that fluid

cannot enter or exit the
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detection chamber by any other way than through the dead-end fluid connection, and
at least two of said detection chambers each contain a different, sequence-specific
polynucleotide binding polymer for detecting or quantitating different polynucleotide
sequences that may be present in such sample, to produce a detectable signal,
whereby, application of such sample to said inlet and a change in pressure within said
network, 1s effective to provide each of said chambers with a portion of said sample
therein.

In accordance with another aspect of the present invention, there is provided a
device for detecting or quantitating one or more of a plurality of different
polynucleotide sequences 1n a liquid sample, said device comprising:

a substrate defining a sample-distribution network having (1) a sample inlet,
(1) two or more detection chambers, and (i11) channel means providing a dead-end
fluid connection between each of said chambers and said inlet, wherein each dead-end
fluid connection provides the sole fluid access to its respective detection chamber
such that flud cannot enter or exit the detection chamber by any other way than
through the dead-end fluid connection, and at least two of said detection chambers
each contain a different, sequence-specific polynucleotide binding polymer for
detecting or quantitating different polynucleotide sequences that may be present in
such sample, to produce a detectable signal, whereby liquid sample is deliverable to a
plurality of said detectable chambers via a channel within said channel means.

In accordance with a further aspect of the present invention, there is provided
a device for detecting or quantitating one or more of a plurality of different
polynucleotide sequences 1n a liquid sample, said device comprising:

an 1nlet;

a plurality of detection chambers,

channel means in fluid communication with each of the plurality of detection
chambers and providing a dead-end fluid connection between each of said detection
chambers and the inlet, wherein each dead-end fluid connection provides the sole
fluid access to its respective detection chamber such that fluid cannot enter or exit the
detection chamber by any other way than through the dead-end fluid connection, and

non-immobilized detection reagents provided in each of the plurality of

detection chambers, the non-immobilized detection reagents comprising at least one
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binding polymer, wherein the non-immobilized detection reagents are effective to
selectively bind with a target nucleic acid sequence under conditions effective to
produce a detectable fluorescent signal when a target nucleic acid sequence is present
in a liquid sample in at least one of the plurality of detection chambers.

In accordance with another aspect of the present invention, there 1s provided a
device for detecting or quantitating one or more of a plurality of different
polynucleotide sequences in a liquid sample, said device comprising:

a sample inlet;

a plurality of detection chambers;

channel means 1n fluid communication with each of the plurality of detection
chambers and providing a dead-end connection between each of said detection
chambers and the inlet, wherein each dead-end fluid connection provides the sole
fluid access to its respective detection chamber such that fluid cannot enter or exit the
detection chamber by any other way than through the dead-end fluid connection; and

detection reagents provided in each of the plurality of detection chambers, the
detection reagents comprising

a first unlabeled oligonucleotide,

a second unlabeled oligonucleotide, wherein the first unlabeled
oligonucleotide and the second unlabeled oligonucleotide are each effective to bind
selectively to different regions of a target nucleic acid sequence, and

a fluorescently-labeled oligonucleotide.

In accordance with a further aspect of the present invention, there is provided
a system for detecting or quantitating a target polynucleotide sequence in a liquid
sample, comprising:

a device comprising a substrate defining a sample-distribution network
including (1) a sample inlet, (i1) two or more detection chambers, and (iii) channel
means providing a dead-end fluid connection between each of said two or more
detection chambers and said inlet, wherein each dead-end fluid connection provides
the sole fluid access to its respective detection chamber such that fluid cannot enter or
exit the detection chamber by any other way than through the dead-end fluid
connection, and said two or more detection chambers are each pre-loaded with a

primer pair suitable for reacting with a target polynucleotide sequence, and a
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sequence-specific fluorescently labeled oligonucleotide for detecting or quantitating
the target polynucleotide sequence in the respective detection chamber and adapted to
produce a detectable signal upon reacting with the target polynucleotide sequence;

means for modulating the temperature of the two or more detection chambers
to effect thermal cycling of the liquid sample within each detection chamber; and

a fluorescence detector configured for optical communication with one or
more of the two or more detection chambers, for detecting fluorescence produced
therein.

In accordance with another aspect of the present invention, there is provided a
method for detecting or quantitating one or more of a plurality of polynucleotide
sequences 1n a liquid sample, said method comprising:

providing a device comprising a substrate defining a sample-distribution
network having (i) a sample inlet, (ii) two or more detection chambers, and (iii)
channel means providing a dead-end fluid connection between each of said chambers
and said inlet, wherein at least two of said detection chambers each contain a
different, sequence-specific polynucleotide binding polymer for detecting or
quantitating different polynucleotide sequences that may be present in such sample, to
produce a detectable signal, wherein the interior of the network is under vacuum,

applying a liquid sample to the sample inlet and allowing the sample 'to be
drawn into the network by vacuum action to deliver the sample to the detection
chambers,

allowing the delivered sample to react with at least one sequence-specific
polynucleotide binding polymer in each detection chamber under conditions effective
to produce a detectable signal in each detection chamber when a specific sequence is
present in the sample, and

measuring the signals produced in the reaction chambers to detect or
quantitate specific target sequences in the sample.

In accordance with a further aspect of the present invention, there is provided
a method for detecting or quantitating one or more of a plurality of polynucleotide

sequences 1n a sample, said method comprising:
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providing a device comprising a substrate defining a sample-distribution
network including (1) a sample inlet, (i1) two or more detection chambers, and (i11)
channel means

providing a dead-end fluid connection between each of said chambers and said
inlet, wherein each dead-end fluid connection provides the sole fluid access to 1ts
respective detection chamber such that fluid cannot enter or exit the detection
chamber by any other way than through the dead-end fluid connection, and at least
two of said detection chambers each contain a different, sequence-specific
polynucleotide binding polymer for detecting or quantitating different polynucleotide
sequences that may be present in such sample, to produce a detectable signal,

applying a liquid sample to the sample inlet and delivering the sample to the
network by action of a force whereby the sample is delivered to the detection
chambers,

allowing the delivered sample to react with at least one sequence-specific
polynucleotide binding polymer in each detection chamber under conditions effective
to produce a detectable signal in each detection chamber when a specific sequence is
present in the sample, and

measuring the signals produced in the reaction chambers to detect or
quantitate specific target sequences in the sample.

In accordance with another aspect of the present invention, there is provided a
method for analyzing one or more polynucleotide sequences in a sample, said method
comprising:

providing a device comprising a substrate defining a (i) a sample inlet, (ii) a
plurality of detection chambers, and (iii) channel structure providing a dead-end fluid
connection between each of said chambers and said inlet, wherein each dead-end fluid
connection provides the sole fluid access to its respective detection chamber such that
fluid cannot enter or exit the detection chamber by any other way than through the
dead-end fluid connection, and two or more of said detection chambers contain one or
more sequence-specific polynucleotide binding polymers for the analysis of one or
more polynucleotide sequences that may be present in such sample, to produce a

detectable signal,
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applying a sample to the sample inlet and delivering the sample to the
detection chambers,

allowing the delivered sample to react with at least one sequence-specific
polynucleotide binding polymer in at least one of said detection chambers under
conditions effective to produce a detectable signal when a specific sequence is present
in the sample, and

detecting for said signal.

In accordance with a further aspect of the present invention, there is provided
a method, for analyzing one or more nucleic acid sequences, comprising:

introducing a liquid sample comprising a target nucleic acid sequence into a
chamber loaded with detection reagents, the detection reagents comprising a first
unlabeled oligonucleotide; a second unlabeled oligonucleotide; and a fluorescently-
labeled oligonucleotide; and

reacting the target nucleic acid sequence with both the first unlabeled
oligonucleotide and the second unlabeled oligonucleotide, under conditions effective
to selectively bind each of the first unlabeled oligonucleotide and the second
unlabeled oligonucleotide to the target nucleic acid sequence.

In accordance with another aspect of the present invention, there is provided a
method for analyzing one or more nucleic acid sequences, comprising:

introducing a sample comprising a target nucleic acid sequence into a chamber
loaded with detection reagents, the detection reagents comprising a first unlabeled
oligonucleotide; a second unlabeled oligunucleotide; and a fluorescently labelled
oligonucleotide; and

reacting the target nucleic acid sequence with both the first unlabeled
oligonucleotide and the second unlabeled oligonucleotide, under conditions effective
to selectively bind each of the first ublabeled oligunucleotide to the target nucleic acid
sequence.

In accordance with a further aspect of the present invention, there is provided
a method, comprising:

introducing a liquid sample comprising a target nucleic acid sequence into a

chamber loaded with detection reagents, the detection reagents comprising a first
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unlabeled oligonucleotide; a second unlabeled oligonucleotide; and a fluorescently-
labeled oligonucleotide; and

reacting the target nucleic acid sequence with both the first unlabeled
oligonucleotide and the second unlabeled oligonucleotide, under conditions effective
to selectively bind each of the first unlabeled oligonucleotide and the second
unlabeled oligonucleotide to the target nucleic acid sequence.

In accordance with another aspect of the present invention, there is provided a
method for detecting or quantitating one or more of a plurality of polynucleotide
sequences in a sample, said method comprising:

providing a device comprising a substrate defining a sample-distribution
network including (1) a sample inlet, (ii) two or more detection chambers, and (iii)
channel means providing a dead-end fluid connection between each of said chambers
and said inlet, wherein each dead-end fluid connection provides the sole fluid access
to 1ts respective detection chamber such that fluid cannot enter or exit the detection
chamber by any other way than through the dead-end fluid connection, and at least
two of said detection chambers each contain a different, sequence-specific
polynucleotide binding polymer for detecting or quantitating different polynucleotide
sequences that may be present in such sample, to produce a detectable signal,

applymng a hiquid sample to the sample inlet and delivering the sample to the
network by action of a force whereby the sample is delivered to the detection
chambers,

allowing the delivered sample to react with at least one sequence-specific
polynucleotide binding polymer in each detection chamber under conditions effective
to produce a detectable signal in each detection chamber when a specific sequence is
present in the sample, and

measuring the signals produced in the reaction chambers to detect or
quantitate specific target sequences in the sample.

In accordance with a further aspect of the present invention, there is provided
a method for analyzing one or more polynucleotide sequences in a sample, said
method comprising:

providing a device comprising a substrate defining a (i) a sample inlet, (ii) a

plurahty of detection chambers, and (iii) channel structure providing a dead-end fluid
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connection between each of said chambers and said inlet, wherein each dead-end fluid
connection provides the sole fluid access to 1ts respective detection chamber such that
fluid cannot enter or exit the detection chamber by any other way than through the
dead-end fluid connection, and two or more of said detection chambers contain one or
more sequence-specific polynucleotide binding polymers for the analysis of one or
more polynucleotide sequences that may be present in such sample, to produce a
detectable signal,;

applying a sample to the sample inlet and delivering the sample to the
detection chambers;

allowing the delivered sample to react with at least one sequence-specific
polynucleotide binding polymer in at least one of said detection chambers under
conditions effective to produce a detectable signal when a specific sequence is present
in the sample; and

detecting for said signal.

In accordance with another aspect of the present invention, there is provided a
device comprising:

a substrate comprising two or more layers and a plurality of wells firmed
therein, wherein at least one of the layers comprises a coated metal layer, the coated
metal layer comprises a beat-conducting metal layer and an inert material coating on
the heat-conducting metal layer, and the coated metal layer is sealably bonded to
another layer of the substrate.

In accordance with a further aspect of the present invention, there is provided
a device comprising:

a substrate;

a sample-distribution networlc defined by the substrate and comprising (i) a
sample 1nlet, (i1) two or more detection chambers, and (iii) a fluid communication
between the detection chambers and the inlet; and

detection reagents in the two or more detection chambers:

wherein the substrate comprises two or more layers and at least one of the two

or more layers comprises a heat-conducting metal.
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According to another aspect of the present invention, there 1s provided a
device for detecting or quantitating one or more of a plurality of different
polynucleotide sequences 1n a liquid sample, said device comprising:

a substrate;

a sample-distribution network defined by the substrate and comprising (1) a
sample 1nlet, (11) two or more detection chambers, and (i11) a fluid communication
between the detection chambers and the inlet and providing a dead-end fluid
connection between each of said detection chambers and said inlet, wherein each
dead-end fluid connection provides the sole fluid access to its respective detection
chamber such that fluid cannot enter or exit the detection chamber by any other way
than through the dead-end fluid connection; and

detection reagents in the two or more detection chambers;

wherein the substrate comprises two or more layers and at least one of the two
or more layers comprises a heat-conducting metal.

According to a further aspect of the present invention, there is provided a
method for detecting or quantitating one or more of a plurality of polynucleotide
sequences 1n a liquid sample comprising:

providing a device comprising a substrate defining a sample-distribution
network having (1) a sample inlet, (i1) two or more detection chambers, and (iii) a
channel structure in fluid communication with each of the detection chambers and the
sample inlet and providing a dead-end fluid connection between each of said detection
chambers and said inlet, wherein each dead-end fluid connection provides the sole
fluid access to its respective detection chamber such that fluid cannot enter or exit the
detection chamber by any other way than through the dead-end fluid connection, at
least one of the detection chambers contains a first sequence-specific polynucleotide
binding polymer for detecting or quantitating a polynucleotide sequence, and at least a
different one of the detection chambers contains a second sequence-specific
polynucleotide binding polymer for detecting or quantitating a polynucleotide
sequence, that differs from the first sequence-specific polynucleotide binding
polymer;

loading a liquid sample into the detection chambers;

1solating the detection chambers from one another; and
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allowing the loaded sample to react with at least one of the sequence-specific
polynucleotide binding polymers under conditions effective to produce a detectable
signal 1n at least one of the detection chambers.

According to a further aspect of the present invention, there is provided a
device for detecting or quantitating one or more of a plurality of different
polynucleotide sequences in a liquid sample, said device comprising:

a multi-layered substrate, the multi-layer substrate comprising a first layer and
a coated metal layer, the coated metal layer comprising a heat-conducting metal layer
and a plastic polymer coating on the heat-conducting metal layer for preventing
corrosion of the heat-conducting metal layer, wherein the first layer and the coated
metal layer are sealably bonded together;

a sample-distribution network defined by the multi-layered substrate and
comprising (1) a sample inlet, (ii) two or more detection chambers, and (iii) channels
providing dead-end fluid connections between the detection chambers and the inlet,
wherein each dead-end fluid connection provides the sole fluid access to its respective
detection chamber such that fluid cannot enter or exit the detection chamber by any
other way than through the dead-end fluid connection; and

detection reagents in the detection chambers.

According to another aspect of the present invention, there is provided a
device for detecting or quantitating one or more of a plurality of different
polynucleotide sequences in a liquid sample, said device comprising:

a substrate;

a sample-distribution network defined by the substrate and comprising (i) a
sample inlet, (i1) two or more detection chambers, and (iii) channel means providing
dead-end fluid connections between the detection chambers and the inlet, wherein
each dead-end fluid connection provides the sole fluid access to its respective

detection chamber such that fluid cannot enter or exit the detection chamber by any

other way than through the dead-end fluid connection; and
detection reagents in the two or more detection chambers;
wherein the substrate comprises two or more layers and at least one of the two

or more layers comprises a heat-conducting metal.
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Brief Description of the Drawings

Figs. 1A and 1B show a plan view (1A) and perspective view (1B) of an
exemplary assay device in accordance with the invention;

Figs. 2A-2C 1llustrate several exemplary sample distribution network
configurations in accordance with the invention;

Figs. 3A-3C illustrates a time sequence for the filling of the detection
chambers of a sample-distribution network with fluid sample;

Fig. 4 illustrates a sample-distribution network containing three sample
delivery

channels for delivering sample to three different sets of detection chambers;

Fig. 5 1llustrates a sample-distribution network having a separate delivery
channel for each detection chamber;

Figs. 6A-6C illustrate selected features of another sample-distribution network
in accordance with the invention; the device is shown in plan view (6A), perspective
view (6B), with a portion of the sample distribution network of the device shown in
Fig. 6C;

Fig. 7 shows an exploded view of a portion of a device in accordance with the
invention:

Fig. 8 shows an exploded view of a portion of another device in accordance
with the invention; and

Fig. 9 shows a perspective view of another device in accordance with the

invention.
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Detailed Description of the Invention

[. Definitions

The following terms and phrases as used herein are intended to have the meanings below.

"Dead-end fluid connection between a detection chamber and a sample inlet" refers to a fluid
connection which provides the sole fluid access to a detection chamber, such that fluid cannot enter
or exit the detection chamber by any other way than through the dead-end fluid connection.

In particular, "dead-end fluid connection" refers to a channel whose cross-section 1s
sufficiently narrow to preclude bi-directional fluid flow through the channel. That is, liquid cannot

flow through the channel in one direction while air or another liquid is flowing through the

channel in the opposite direction.

As used herein, "microdevice” means a device in accordance with the invention.

II. Assay Device

In one aspect, the present invention provides a device which 1s useful for testing one or more
fluid samples for the presence, absence, and/or amount of one or more selected analytes. The
device includes a substrate which defines a sample-distribution network having (i) a sample inlet,
(ii) one or more detection chambers (preferably a plurality of detection chambers), and (ii1)
channel means providing a dead-end fluid connection between each of the chambers and the inlet.
Each chamber includes an analyte-specific reagent effective to react with a selected analyte that
may be present in such sample.

In one embodiment, the substrate also provides, for each chamber, an optically transparent
window through which analyte-specific reaction products can be detected. In another embodiment,
the detection means for each chamber comprises a non-optical sensor for signal detection.

The present invention provides a number of advantages in an assay for multiple analytes in
a sample, as will be discussed below. In particular, the invention facilitates the transition from
a macro size sample to a micro-sized sample, wherein the device of the invention provides one-

step metering of reagents and sample in a multi-analyte detection assay.

A. Network Configurations

Figs. 1A and 1B show a plan view and perspective view, respectively, of an exemplary assay
device 30 in accordance with the invention. Device 30 includes a substrate 32 which defines a
sample-distribution network 34. With reference to Fig. 1B, the device also includes mount 36

containing a sample inlet 38 and optionally, vacuum port means 40 which is located downstream

of the detection chambers.
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Inlet 38 may be adapted to form a vacuum-tight seal with the end of a syringe, for sample
loading, or with a multi-port valve to provide fluid communication with the sample and one or
more liquid or gaseous fluids. The inlet may further include a septum cap, if desired, for
maintaining the network under vacuum and allowing introduction of sample by canula or needle.

Vacuum port 40 may be adapted for connection to a vacuum source, such as a vacuum
pump. The vacuum connection may include a valve for closing off the sample-distribution
network from the vacuum source, or a multi-port valve for connection to a vacuum source and
one or more selected gas supplies.

Substrate 30 further provides indentations or holes 42, which may be arranged
asymmetrically as illustrated in Fig. 1A, to engage corresponding pins or protrusions in a device-
holder, not shown, to immobilize and orient the device for analysis.

As noted in the Summary of the Invention, the sample-distribution network of the invention
may utilize any of a number of different channel configurations, or channel means, for delivering
sample to the individual detection chambers. With reference to Fig. 2A, distribution network 34a
includes sample inlet 38a, a plurality of detection chambers 44a, and channel means comprising a
single channel 46a to which the detection chambers are each connected by dead-end tluid
connections 48a. The detection chambers are distributed on either side of channel 46a with the
fluid connections branching off in pairs from opposite sides of the channel. Fig. 2B shows a
portion of an alternative network 34b having an inlet 38b and detection chambers 44B, wherein
fluid connections 48b branch off from channel 46b in a staggered manner.

The detection chambers in the device of the invention may be arranged to form a repeating
2-dimensional array which facilitates indexing and identification of the various chambers, as well
as allowing rapid measurement of an optical signal produced by each chamber upon reaction with
the sample, if optical detection is used.

Figs. 2A-2B, for example, show networks in which the detection chambers are arranged in
rows and columns along perpendicular axes, allowing the chambers to be identified by X and Y
indices if desired. This type of array (a perpendicular array) also facilitates successive
interrogations of the chambers in a chamber-by-chamber analysis mode. However, other
arrangements may be used, such as a staggered or a close-packed hexagonal array. Fig. 2C, for
example, shows part of a network 34c having inlet 38¢c and an array of staggered detection
chambers 44c. The detection chambers are connected to a common delivery-channel 46¢ by fluid
connections 48c.

The device may also include identifying symbols adjacent the detection chamber to facilitate

identification or confirmation of the analytes being detected.
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Preferably, the detection chambers of the device are each provided with analyte-specific
reagents which are effective to react with a selected analyte which may be present in the sample,
as discussed further below. Reaction of the sample with the analyte-specific reagents results in
production of a detectable signal which indicates that the selected analyte is present.

According to an important feature of the invention, the sample is delivered to the detection
chambers by vacuum action. Prior to loading with sample, the interior of the sample-distribution
network is placed under vacuum so that the residual gas pressure in the network is substantiaily
below atmospheric pressure (i.e., substantially less than 760 mm Hg). One advantage of this
feature of the invention 1s that a pump for pushing fluid through the network is not required.
Instead, the device exploits ambient atmospheric pressure to push the sample through the sample
inlet and into the sample-distribution network. This allows the sample to be delivered quickly and
efficiently to the detection chambers.

Figs. 3A-3A illustrate the filling process for a sample-distribution network 34 in accordance
with Fig. 2A. The network includes sample inlet 38, detection chambers 44, and sample delivery
channel 46 which is connected to the various detection chambers by dead-end fluid connections
48. The network further includes a vacuum reservoir 40 at the terminus of the delivery channel.
A plurality of the detection chambers 44 contain dried detection reagents for detecting a different
selected analyte in each chamber, with one or more chambers optionally being reserved as controls.

Fig. 3A shows the device before sample loading is initiated. The network is evacuated to
establish an internal pressure within the network that is substantially below atmospheric pressure
(e.g., 1 t0 40 mm Hg). The interior of the network should also be substantially liquid-free to
minimize vapor pressure problems. Fig. 3B shows the network after sample fluid 50 has entered
the network through inlet 38 (Fig. 3B). As the sample moves through channel 46, the sample
sequentially fills each of the detection chambers (Fig. 3B) until all of the chambers have been filled
(Fig. 3C). With continued reference to Fig. 3C, once the detection chambers have all been filled,
sample fluid may continue to flow through channel 46 into vacuum reservoir 40 until the reservoir
becomes full or the flow is otherwise terminated (e.g., by closing a valve associated with the
vacuum reservoir).

According to one advantage of the invention, continued sample flow through the channel
means does not substantially disturb the contents of the detection chambers that have already been
filled, because further flow into or out of each filled detection chamber is restricted by the dead-end
fluid connections, such as connections 48. Cross-contamination between different detection
chambers is therefore reduced, so that erroneous signals due to cross-contamination can be avoided.

A further advantage of the invention is that the sample can be mixed with the analyte-specific
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detection reagents and detected all in the same chamber, without requiring movement of the sample
from each chamber to another site. Moreover, since the sample and detection reagents can remain
in the chamber for signal detection, the detection reagents need not be immobilized on or adhered
to the inner surfaces of the detection chambers.

The components of the sample-distribution network are designed to ensure that an adequate
volume of sample will be delivered to the detection chambers to allow accurate analyte detection
and/or quantitation. In general, the percent-volume of a detection chamber that must be occupied
by the sample will vary according to the requirements of the reagents and the detection system used.
Typically, the volume-percent will be greater than 75%, preferably greater than 90%, and more
preferably greater than 95%. In assay formats in which the detection chambers are heated, par-
ticularly to temperatures of between about 60°C and about 95°C, the volume-percent filling of the
chambers is preferably greater than 95%, and more preferably is at least 99%.

The degree to which the detection chambers are filled with sample will generally depend upon
(1) the initial ratio of the external (atmospheric) pressure to the initial pressure within the network,
(2) the individual and total volumes defined by the detection chambers, (3) the volume defined by

the channel means, and (4) the nature of the network downstream of the last detection chamber.

For example, in the case of a detection chamber which is nearest the sample inlet, and which
will be filled first, the percentage occupancy (volume-percent) of sample fluid in the chamber after

sample loading (V, ) will be related to the external atmospheric pressure (P,.) and the initial

internal pressure within the network before sample loading (P,,) by the expression:

Va,% =~ (Pen)/ (Pext + Pml.)

Thus, if the initial pressure within the network (P.,) is 10 mm Hg, and the external pressure
(P..) 1s 760 mm Hg, about 99% of the first detection chamber will be filled with sample fluid (V.«
=~ 99%), with the remaining volume (= 1.3%) being filled by residual gas (e.g., air) displaced
by the sample. (This calculation assumes that, by the time the sample reaches the chamber, the
internal network pressure has not increased appreciably due to displacement of gas upstream of

the chamber.) Similarly, if P,,, is 760 mm Hg and P, is only 40 mm Hg, the volume-percent of
the chamber that becomes occupied with sample will still be very high (about 95%).

It will be appreciated that as the sample fluid reaches and fills successive detection chambers,

the residual gas displaced from the channel means will gradually accumulate in the remaining

network volume, so that the internal pressure will gradually increase. The resultant increase in
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back-pressure can lead to a reduction in V, 4 for each successive chamber, with V, 4 for the last-
filled detection chamber being significantly lower than the V, 4 for the first-filled chamber.

To help avoid this problem, the dimensions of the channel and dead-end fluid connections
are preferably selected to define a total volume that is substantially less than the total volume
defined by the detection chambers. Preferably, the collective volume of the channel means is less
than 20% of the total collective volume of the detection chambers, and more preferably less than
5%. Similarly, the volume of each dead-end fluid connection should be substantially less than the
volume of the associated detection chamber. Preferably, the volume of each dead-end connection
is less than 20%, preferably less than 10%, and more preferably less than 5% of the volume of
the associated detection chamber.

The problem of back-pressure can be further diminished by including a vacuum reservoir
downstream of the last detection chamber to be filled. In one embodiment, the vacuum reservoir
is a non-flowthrough cavity in which gas displaced by the sample fluid can collect. The volume
of the reservoir will vary according to the configuration and needs of the particular device. For
example, the volume of the reservoir can be selected to be equal in volume to one or more detection
chambers volumes, or alternatively, is one- to five-fold as great as the total collective volume of
the channel means.

In another embodiment, the vacuum reservoir is connected to a vacuum source, so that
residual gas can be removed continuously until sample loading into the detection chambers 1s
complete, as discussed further below.

Fig. 4 shows another sample-distribution network in accordance with the invention, wherein
the channel means of the network includes at least two different sample delivery channels, each
connected to a different group of detection chambers. Fig. 4 shows a sample-distribution network
60 having a sample inlet 62, three different groups of detection chambers 64a, 64b, and 64c, and
channel means 66 which include corresponding channels 66a, 66b, and 66¢ associated with the three
chamber groups. The chambers are connected to channels 64a-64c via dead-end fluid connections
68a-68c, which provide uni-directional flow of the sample into the detection chambers.

One advantage of using multiple delivery channels is that the time needed to fill the detection
chambers with the sample can be significantly reduced relative to the time needed to fill the same
number of detection chambers using a single delivery channel. For example, the loading time for
a network in accordance with Fig. 4 will be about one-third of that needed to fill an identical
number of detection chambers via the single channel format illustrated in Fig. 2A, all other factors

being equal. More generally, for a given number of detection chambers, the filling time will vary

inversely with the number of delivery channels used.
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The sample-distribution network in Fig. 4 further includes separate vacuum reservoirs 70a-70c
which are connected to the termini of sample delivery channels 64a-64c, downstream of the
detection chambers. The vacuum chambers are dimensioned to help maintain a low internal gas
pressure during sample loading.

In another embodiment, the channel means includes an individual channel for each detection
chamber, as iliustrated in Fig. 5. Network 80 includes an inlet 82, detection chambers 84, and
associated with each detection chamber, a dead-end fluid connection 86, which may also be referred
to as channel means, for delivering sample to each chamber. Each dead-end fluid connection is
dimensioned to define a volume that is substantially less than the volume of the associated detection
chamber, to ensure that each detection chamber is sufficiently filled with sample. This embodiment
provides rapid filling of the detection chambers with minimal cross-contamination.

The device of the invention may also include a vacuum port communicating with the sample-
distribution network, for applying a vacuum to the network before or during sample loading. In
one embodiment, the vacuum port is connected to the channel means at a site between, and in fluid
communication with, the sample inlet and the detection chambers. An illustration of this can be
found in Fig. 9. The vacuum port thus provides a convenient way to reduce the internal pressure
within the network to a selected residual pressure prior to sample loading. In particular, when the
sample is introduced into the network using a syringe barrel connected to the sample inlet, the
vacuum port can be used to remove air from the space between the syringe and the inlet, before
the sample 1s admitted into the network.

In another embodiment, the vacuum port is connected to the channel means at a site
downstream of the sample inlet and detection chambers (e.g., Fig. 6A). In this configuration, the
vacuum port may additionally be used to remove liquid from the channel means after the detection
chambers have been filled, to help isolate the detection chambers from one another and further
reduce cross-contamination. In this configuration, the vacuum port constitutes a part of the vacuum
reservoir described above, where the reservoir includes a vacuum source linked to the terminal
end of a sample delivery channel. The vacuum port may be kept open to the network during

sample loading, to continuously remove residual gas from the network until all of the detection
chambers have been filled.

The vacuum port may include a multi-port valve (e.g., 3-way valve) that permits the network

and associated detection chambers to be exposed alternately to a vacuum source, the sample inlet,

and a vent or gas source. Such a valve may be used to alternately expose the network to vacuum

and a selected gas source, to replace residual air with the selected gas. Such gas replacement in
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the network may be useful to remove molecular oxygen (O,) or other atmospheric gases which

might otherwise interfere with the performance of the detection reagents.

Argon and nitrogen are inert gases which may be suitable for most situations. Another gas
which may be used is carbon dioxide (CO,), which is highly soluble in water due to its ability to
form carbonate and bicarbonate 1ons. When the sample fluid is an aqueous solution, bubbles of
carbon dioxide which may form in the network during sample loading may be eliminated via
dissolution in the sample fluid. The degree of sample filling in the detection chambers is therefore
enhanced. Of course, carbon dioxide should not be used if it interferes with the detection reagents.

A multi-port valve such as noted above can also be used to supply a gas which is required
for detection of the selected analytes. For example, it may be desirable to provide molecular
oxygen or ozone where the detection reagents involve an oxidation reaction. Other gases, such

as hydrocarbons (ethylene, methane) or nitrogenous gases, may also be introduced as appropriate.

B. Device Fabrication

The device of the invention is designed to allow testing of a sampl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>