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SYSTEMS, DEVICES, AND METHODS FOR ULTRA-SENSITIVE DETECTION OF
MOLECULES OR PARTICLES

Field of the Invention

Described are systems, devices, and methods which related to various aspects of
assays for detecting and/or determining a measure of the concentration of analyte
molecules or particles in a sample fluid. In some cases, the systems employ an assay
consumable comprising a plurality of assay sites. The systems, devices, and/or methods,

in some cases, are automated.

Background of the Invention

Methods and systems that are able to quickly and accurately detect and, in certain
cases, quantify a target analyte molecule in a sample are the cornerstones of modern
analytical measurements. Such systems and/or methods are employed in many areas
such as academic and industrial research, environmental assessment, food safety,
medical diagnosis, and detection of chemical, biological, and/or radiological wartare
agents. Advantageous features of such techniques may include specificity, speed, and
sensitivity.

Most current techniques for quantifying low levels of analyte molecules in a
sample use amplification procedures to increase the number of reporter molecules in
order to be able to provide a measurable signal. One feature of many known methods
and/or systems for detecting or quantifying low concentrations of a particular analyte
in solution is that they are based on ensemble responses in which many analyte
molecules give rise to a measured signal. Most detection schemes require that a large
number of molecules are present in the ensemble for the aggregate signal to be above
the detection threshold. This requirement limits the sensitivity of most detection
techniques and the dynamic range (i.e., the range of concentrations that can be
detected). Many of the known methods and techniques are further plagued with
problems of non-specific binding, which is the binding of analyte or non-analyte
molecules or particles to be detected or reporter species non-specifically to sites other
than those expected. This leads to an increase in the background signal, and
therefore limits the lowest concentration that may be accurately or reproducibly
detected.

While various methods and/or systems are known in the art for detection
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and/or determining the concentration of analyte molecules in a sample fluid, there is
need for improved systems and/or methods which operated with accurate
quantification of low concentrations, and systems which are automated.

Accordingly, improved methods and/or systems are needed.

Summary of the Invention

In some embodiments, an apparatus for performing an assay is provided
comprising an assay consumable handler configured to be operatively coupled to an
assay consumable having a surface comprising a plurality of assay sites; a sealer
constructed and positioned to apply a sealing component to the surface of the assay
consumable; a sample loader configured to load an assay sample into at least a portion of
the plurality of assay sites of the assay consumable; an imaging system configured to
acquire an image of at least a portion of the assay sites of the assay consumable
containing assay sample; and a computer implemented control system configured to
automatically operate the sealer and receive information from the imaging system related
to the image.

In some embodiments, an apparatus for sealing a plurality of assay sites is
provided comprising an assay consumable handler configured to be operatively coupled
to an assay consumable having a surface comprising a plurality of assay sites; a sealer
constructed and positioned to apply a sealing component to the surface of the assay
consumable to form a plurality of sealed assay sites, wherein the contents of each sealed
assay site is substantially isolated from the contents of each of the other plurality of
sealed assay sites; and a controller configured to automatically operate the sealer to apply
the sealing component to the plurality of assay sites.

In some embodiments, an apparatus for inserting beads into assay sites on an
assay consumable is provided comprising an assay consumable handler configured to be
operatively coupled to an assay consumable having a surface comprising a plurality of
assay sites; a bead loader configured to insert individual beads into individual assay sites,
such that each assay site containing a bead will contain no more than one bead; and a
controller configured to automatically operate the bead loader to insert individual beads
into individual assay sites.

In some embodiments, an apparatus for performing an assay is provided
comprising an assay consumable handler configured to be operatively coupled to an
assay consumable having a surface comprising a plurality of assay sites; a sample loader

configured to load an assay sample containing analyte molecules or particles having an
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unknown concentration to be measured into at least a portion of the plurality of assay
sites, such that a plurality of assay sites into which assay sample is loaded contain either
zero or a single analyte molecule or particle; a detector configured to interrogate at least
a portion of the assay sites containing assay sample and determine a fraction of the
plurality of assay sites interrogated that contain an analyte molecule or particle; and a
computer implemented system configured receive information from the detector and
from the information determine a measure of the unknown concentration of the analyte
molecules or particles in the assay sample.

In some embodiments, an apparatus for inserting beads into assay sites on an
assay consumable is provided comprising an assay consumable handler configured to be
operatively coupled to the assay consumable, wherein the assay consumable comprises a
surface comprising a plurality of the assay sites; a bead applicator configured to apply a
plurality of magnetic beads to the surface of the assay consumable or place a plurality of
magnetic beads in close proximity to the surface; a bead loader comprising a magnetic
field generator positioned adjacent to the assay consumable and configured to create
relative motion between the magnetic beads and the assay sites; and a controller
configured to automatically operate the bead loader to create relative motion between the
magnetic beads and the assay sites and insert beads into assay sites.

In some embodiments, an apparatus for removing excess beads from an assay
consumable having a surface comprising a plurality of assay sites is provided comprising
a assay consumable handler operatively coupled to the assay consumable, wherein the
assay consumable comprises a plurality of beads, wherein a first portion of the beads are
contained in the assay sites and a second portion of the beads are positioned on the
surface of the assay consumable, but not contained within an assay site; a wiper
configured to remove substantially all of the second portion of beads from the surface;
and a controller configured to automatically operate the wiper to remove the second
portion of the beads.

In some embodiments, an assay consumable is provided comprising a surface
comprising a plurality of assay sites, wherein each of the assay sites has a volume
between about 10 attoliters and about 50 picoliters; and at least one channel formed in
the surface at least partially surrounding the plurality of assay sites that is positioned and
configured to collect excess assay sample liquid applied to the surface that overflows the
assay sites.

In some embodiments, an automated method for forming a plurality of sealed

assay sites for performing an assay is provided comprising operatively associating an
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assay consumable having a surface comprising a plurality of assay sites with a sealer
apparatus comprising a sealer and a controller; and applying a sealing component to the
plurality of assay sites with the sealer apparatus such that a plurality of sealed assay sites
are formed, wherein the contents of each sealed assay site is substantially isolated from
the contents of each of the other plurality of sealed assay sites.

In some embodiments, a method for inserting beads into reaction vessels on an
assay consumable is provided comprising generating a magnetic field in proximity to a
surface of the assay consumable comprising a plurality of the reaction vessels such that a
magnetic field vector of the magnetic field is directed from the surface towards a bottom
of the reaction vessels and/or towards the perimeter of the surface; delivering a plurality
of magnetic beads in proximity to the surface; and creating relative motion between the
magnetic beads and the reaction vessels.

In some embodiments, a method for forming a plurality of sealed reaction vessels
for performing an assay is provided comprising associating an assay consumable having
a surface comprising a plurality of assay sites with a sealing component by applying the
sealing component to the surface, wherein the contents of each assay site are
substantially isolated from the contents of each of the other plurality of assay sites
following association of the sealing component without maintaining any pressure applied
to the sealing component, and wherein each of the assay sites has a volume between
about 10 attoliters and about 50 picoliters.

In some embodiments, a method for forming a plurality of sealed reaction vessels
for performing an assay is provided comprising associating an assay consumable having
a surface comprising a plurality of assay sites with a sealing component by applying the
sealing component to the surface of the assay consumable and applying pressure to the
sealing component, wherein the contents of each assay site are substantially isolated
from the contents of each of the other plurality of assay sites following association of the
sealing component with the assay consumable; wherein the sealing component comprises
a pressure-sensitive adhesive such that the pressure-sensitive adhesive is activated upon
application of the pressure to the sealing component and the adhesive forms an adhesive
bond between the sealing component and the surface of the assay consumable; and
wherein each of the assay sites has a volume between about 10 attoliters and about 50
picoliters.

In some embodiments, a method for forming a plurality of sealed assay sites for
performing an assay is provided comprising providing an assay consumable having a

surface comprising a plurality of assay sites wherein each of the assay sites has a volume



10

15

20

25

30

35

WO 2012/103447 PCT/US2012/022923

-5-

between about 10 attoliters and about 50 picoliters; and applying a liquid that is
substantially immiscible with liquid contained in the plurality of assay sites to the
plurality of assay sites such that a plurality of sealed assay sites are formed, wherein the
contents of each sealed assay site is substantially isolated from the contents of each of
the other plurality of sealed assay sites.

In some embodiments, an apparatus for removing beads from a surface of an
assay consumable is provided comprising a first magnet, wherein the first magnet is
located adjacent to a surface of the assay consumable and is positioned opposite the
surface comprising the plurality of assay sites, a second magnet, a third magnet, and a
metal object, wherein the second magnet and third magnet are located adjacent the
surface comprising the plurality of assay sites and such that the opposite poles of the
second magnet and the third magnet are directed towards each other; and wherein the

metal object is positioned between the second magnet and the third magnet.

Brief Description of the Drawings

FIG. 1 is a block diagram showing the components of an embodiment of an
automated assay system comprising at least a sample loader, a sealer, and an imaging
system;

FIGS. 2A-2G are schematic diagrams showing non-limiting examples of assay
consumable configurations;

FIGS. 2H-2K are schematic diagrams showing non-limiting examples of assay
consumable configuration comprising channels and/or moat surrounding the assay sites;

FIG. 3A is a block diagram showing the components of another embodiment of
an automated assay system comprising at least a sample loader, a sealer, and an imaging
system;

FIG. 3B is a schematic diagram showing an embodiment of an automated assay
system using a disk-shaped assay consumable;

FIG. 3C is a schematic diagram showing another embodiment of an automated
assay system using a disk-shaped assay consumable;

FIG. 3D is a schematic diagram showing the sample and bead loader components
of the embodiment illustrated in FIG. 3C in greater detail;

FIG. 3E is a schematic diagram showing the bead wiper components of the
embodiment illustrated in FIG. 3C in greater detail;

FIG. 3F is a schematic diagram showing the sealer components of the

embodiment illustrated in FIG. 3C in greater detail;
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FIG. 3G is a schematic diagram showing the imaging system components of the
embodiment illustrated in FIG. 3C in greater detail;

FIGS. 4A-4E are schematic diagrams showing an embodiment of an automated
assay system using a linear assay consumable conveyor arrangement (FIG. 4A) and more
detailed views of subcomponents thereof (FIGS. 4B-4E);

FIGS. 5A-5F are schematic diagrams showing illustrating exemplary assay
consumable handlers, according to some embodiments;

FIG. 6A is a schematic diagram showing an embodiment of an assay system
employing a slide for moving an assay consumable;

FIG. 6B is a schematic diagram showing portions of the system of FIG. 6A with
the assay consumable positioned for sample loading;

FIG. 6C is a schematic diagram showing portions of the system of FIG. 6A with
the assay consumable positioned for sealing;

FIG. 6D is a schematic diagram showing portions of the system of FIG. 6A with
the assay consumable positioned for imaging;

FIGS. 7A-7C are schematic diagrams showing a non-limiting example of a
system comprising at least an assay consumable handler, a bead loader, and an imaging
system;

FIGS. 8A-8G is a schematic illustration showing various stages of a method and
system for applying a sealing component comprising a fluid;

FIGS. 9A-9C are schematic diagrams showing exemplary configurations which
may be used to provide relative motion between a magnet and an assay consumable
handler and/or an assay consumable;

FIGS. 10A-10B are schematic diagrams showing a non-limiting example of a
system comprising an imaging system, a wiper, and a sealing component;

FIG. 11 is a schematic diagram showing a non-limiting example of a wiper
comprising at least one magnet;

FIGS. 12A-12E are diagrams illustrating the magnetic field and forces applied by
a non-limiting example of a wiper comprising more than one magnet;

FIGS. 13A-13B are schematic diagrams showing a non-limiting example of a
sealer comprising an actuator;

FIGS. 14A-14D are schematic diagrams showing an exemplary embodiment of a
sealer of the present invention in various stages of sealing an assay consumable;

FIGS. 15A-15B are schematic diagrams showing a non-limiting example of an

imaging system;
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FIGS. 16A-16F are schematic diagrams showing exemplary approaches which
can be used for sealing and imaging an assay consumable substantially simultaneously;

FIGS. 17A-17N are schematic diagrams showing non-limiting examples of assay
consumable configurations;

FIG. 18 is a schematic diagram of a system for determining the presence or
absence of an air bubble in a fluid channel of an assay consumable;

FIG. 19A is a photographic image of an array comprising a plurality of beads in
reaction vessels in assay consumables sealed using a PDMS sealing component
comprising roller sealing device, according to one embodiment;

FIG. 19B is a photographic image of an array comprising a plurality of beads in
reaction vessels in assay consumables sealed using a PDMS sealing component using
pressure, according to one embodiment;

FIGS. 19C and 19D shows quantitative measurement of single enzyme kinetics
of individual assay sites from FIG. 19A and 19B, respectively;

FIG. 20A and 20B are photographic images of an array comprising a plurality of
beads in reaction vessels sealed with a liquid sealing component in an open channel;

FIGS. 21A-21C are photographic images of an array comprising a plurality of
beads in reaction vessels sealed with a liquid sealing component in a closed channel;

FIG. 21D shows a fluorescence photographic image of the array in FIG. 21C; and

FIG. 21E shows a calibration curve for an assay using a sealing fluid.

Other aspects, embodiments, and features of the invention will become apparent
from the following detailed description when considered in conjunction with the
accompanying drawings. The accompanying figures are schematic and are not intended
to be drawn to scale. For purposes of clarity, not every component is labeled in every
figure, nor is every component of each embodiment of the invention shown where
illustration is not necessary to allow those of ordinary skill in the art to understand the
invention. All patent applications and patents incorporated herein by reference are
incorporated by reference in their entirety. In case of conflict, the present specification,

including definitions, will control.

Detailed Description

Described herein are systems, apparatus, and methods for performing fluid and
sample manipulation. In certain embodiments, the systems, apparatus, and methods are
configured for use in assays relating to the detection and/or the quantification of analyte

molecules or particles in a sample fluid. In some cases, the systems, methods, and
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apparatus are automated. The subject matter of the present invention involves, in some
cases, interrelated products, alternative solutions to a particular problem, and/or a
plurality of different uses of one or more systems and/or articles.

The systems, apparatus, and methods may include at least a portion thereof
configured to be used to analyze a sample fluid comprising a plurality of analyte
molecules and particles. The systems, apparatus and methods, in some embodiments, are
directed towards determining the concentration of analyte molecules or particles in the
sample fluid. Various aspect or portions of the apparatus and systems may include one
or more of at least one controller, a sample loader, a sealer, an imaging system and/or a
computer control system associated with the imaging system. In addition, the apparatus
and systems may additionally comprise an assay consumable handler, a reagent loader, a
rinser, a wiper, a bead loader, and/or other components, examples of which are described
herein. In some embodiments, automated apparatus and systems may allow for fast
and/or precise input of samples and/or may reduce errors or variations due to human
error and/or manipulation of an assay sample, as compared to non-automated systems.

In some embodiments, an assay method performed by an apparatus or system
described herein may comprise at least the following steps. First a sample fluid is
provided comprising a plurality of analyte molecules or particles (i.e. molecules and/or
particles whose quantity and/or presence is desired to be determined). The sample fluid
is exposed to a plurality of beads, wherein at least a portion of the analyte molecules (or
particles) in the sample fluid associate with a bead. In some cases, the ratio of beads to
analyte molecules is such that statistically, zero or one analyte molecules associate with a
bead, as described herein. In some cases, the ratio of beads to analyte molecules is such
that statistically, multiple analyte molecules associate with a bead, as described herein.
The beads are then loaded into an assay consumable (e.g., associated with an assay
consumable handler). The assay consumable comprises a surface having a plurality of
assay sites. In some cases, the beads are magnetic or can be induced to be magnetic
(e.g., paramagnetic). In some cases, zero or one beads may be contained at/in individual
assay sites. In certain cases, essentially all of the assay sites will contain a bead(s),
whereas in other cases, only a portion of the assay sites will be loaded with beads. In
some embodiments where beads are not used and instead the analyte molecules and/or
particles are loaded directed into/onto assay sites, zero or one analyte molecules may be
located at/in any each assay site. The assay sites may be exposed to one or more reagent
fluids (e.g., to provide a precursor detection agent which is converted to a detection agent

upon exposure to an analyte molecule and allows for detection of an analyte molecule, as
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further described below). In some cases, the assay sites are sealed (e.g., using a sealing
component and a sealer apparatus) such that the contents of each assay site are fluidically
isolated from each other assay site. At least a portion of the assay sites may be
interrogated or analyzed (e.g., using an imaging system) to determine the number of
assay sites (or beads) containing at least one analyte molecule or particle. The imaging
system, and in certain embodiments other components of the system as well, may be
associated with a computer control system that is capable of acquiring and/or analyzing
the images obtained by the imaging system. A measure of the concentration of analyte
molecules may be determined based at least in part on the images obtained.

A non-limiting example of a system for performing an assay is shown in outline
in FIG. 1. In FIG. 1, system 1 comprises at least one controller 2 configured to control
and operate assay consumable handler 6, sample loader 4, sealer 8, and/or imaging
system 10. Assay consumable handler 6 is configured to be operatively coupled to an
assay consumable (not shown; e.g., comprising a plurality of assay sites). Sample loader
4 1s configured to load an assay sample (e.g., comprising a plurality of analyte molecule
and/or particles) into assay sites of an assay consumable (e.g., associated with assay
consumable handler 6). Sealer 8 is constructed and positioned to apply a sealing
component to the surface of the assay consumable comprising a plurality of assay sites.
Imaging system 10 is configured to acquire at least one image of at least a portion of the
assay sites of the assay consumable. Computer implemented control system 12 is
associated with at least imaging system 10 and is configured to automatically operate the
imaging system and receive information from the imaging system. Apparatus 1 may
optionally comprise additional components including, but not limited to, bead loader 14
separate from or associated with sample loader 4, rinser 13 configured to rinse the
surface of the assay consumable comprising a plurality of assay sites, reagent loader 15
configured to load a reagent into assay sites of the assay consumable, and, wiper 16
configured to remove excess beads from the surface of an assay substrate. Each of the
assay consumable handler, the sample loader, the sealer, the bead loader, the rinser, the
reagent loader, and/or the imaging system may be associated with the same or different
controllers (e.g., controller 2) configured to operate the component as described herein.
The controller may be configured such that the various stages of the assay methods are
performed automatically. In certain embodiments, one or more of the components or
their functions shown as being separate in FIG. 1 may be integrated into a single
component. For example, in certain cases, two or more of the functions of rinser 13,

reagent loader 15 and wiper 16 may be combined in a single component of the system.
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As another example, in certain embodiments, a single computer implemented control
system (e.g., computer implemented control system 12) may perform both operation of
the imaging system as well as perform the functions of controller 2 as described above.
Therefore, reference herein to any one of the components does not preclude such
component from performing other functions of the system unless specifically so
indicated. Similarly, reference to a system comprising a series of separately recited
components does not require the components to be physically distinct structural elements
unless specifically so illustrated or described as such (e.g., multiple components may
share the same structural elements or have structural elements in common but be
configured to function as multiple components of the overall system).

In certain embodiments, system 1 comprises only a single assay consumable
handler. It should be noted that more than one spatially separated chamber may be
present on an assay consumable, wherein each spatially separated chamber comprises a
plurality of assay sites and each spatially separated chamber may be used to analyze a
single assay sample, as described below (e.g., see FIGS. 2B and 2C).

The components of system 1 may be positioned in any suitable manner and order,
and there may be multiple copies of some components of the apparatus. For example, a
rinser may be present in sequence following a sample loader (e.g., such that the assay
consumable may be rinsed following application of a sample fluid to an assay
consumable) and another rinser may be positioned to operate on the assay consumable
following a reagent loader (e.g., such that the assay consumable may be rinsed following
application of a reagent fluid to an assay consumable). In some cases, the same device
used as a sample loader may also be and function as a rinser, reagent loader, etc.

In some embodiments, system 1 may be configured such that the assay
consumable may be moved relative to certain system components (e.g., the sample
loader, the sealer, the imaging system). As a first example, the assay consumable
handler may be associated with an assay consumable handler comprising or part of a
stage, wherein the stage and/or the assay consumable handler is configured to move the
assay consumable relative to other system components. For example, as shown in FIG.
3A, consumable handler 20 is associated with stage 22. Stage 22 is associated with and
configured to be controlled by stage controller 24 such that stage 22 (and thus
consumable handler 20) is movable with respect to sample loader 26, sealer 28, and
imaging system 30. That is, sample loader 26, sealer 28, and imaging system 30 are
located in a fixed position and consumable handler 20 is moved to/from each of the

sample loader 26, sealer 28, and imaging system 30. In this embodiment, each of the
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sample loader 26, sealer 28, and imaging system 30 is associated with a controller and/or
computer implements control system 32.

As a second example, as shown in FIG. 3B, assay consumable 38 is in the form
of a disk comprising a plurality of spatially separated chambers 39, wherein each of the
spatially separated chambers contains a surface comprising a plurality of assay sites.
Assay consumable 38 may be associated with an assay consumable handler (e.g., a
turntable - not shown) configured to rotate assay consumable 38 about the center 41 of
the assay consumable. Situated about the disc are sample loader 40, rinser 42, sealer 44,
and imaging system 46. Each of sample loader 40, sealer 44, and imaging system 46
may be associated with and/or configured to be operated by a controller and/or a
computer implemented control system (not shown). It should be noted that the system
may comprise additional components (e.g., a reagent loader, a second rinser, a bead
loader, etc.).

FIGS. 3C-3F show a more detailed view of an exemplary system similar to that
described in FIG. 3B, showing the system at varying stages of operation. In FIG. 3C,
sample loader 300, rinser 312, sealer 320, and imaging system 330 are shown. Each of
the sample loader and the sealer comprise an arm which is capable of moving between a
first position and a second position, wherein the first position comprises a fluid reservoir
(e.g., a sample fluid reservoir, a sealing fluid reservoir) wherein a fluid which is to be
applied to the assay consumable is provided. Position two is the location over or in
engaging proximity to the spatially separated chambers 39 on the assay consumable.
The assay consumable 298 is configured to be rotated about center 299 (e.g., through
association of the assay consumable with an assay consumable handler (not shown)), as
indicated by arrow 305. It should be understood that any of the components of this
system (e.g., sample loader, rinser, sealer, etc.), may be associated with a controller (not
shown) configured to control operation of the component. The controller(s) of the
components may be configured such that the apparatus operates automatically.

In FIG. 3D, a broadened view of the sample loader 300 is shown. In this
particular figure, sample loader 300 comprising a sample loader arm 302 (e.g., associated
with a disposable pipette tip) is used to aspirate the sample fluid from sample fluid
reservoir 304. Sample arm 302 moves about line 306 such that it may collect a fluid
from sample fluid reservoir 304 and then dispense the sample fluid onto spatially
separated chamber 301 (e.g., comprising a plurality of assay sites) present on the surface
of the assay consumable. In embodiments wherein the sample fluid contains magnet

beads, the system may further comprise a bead loader 308. For example, FIG. 3D shows
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a magnetic bead loader 308 positioned below the point of the assay consumable where
the sample fluid is provided to the assay consumable (see inset). In embodiments where
the sample arm is associated with a disposable pipette tip (e.g., 303, as shown in the
inset), the pipette tip may be disposed of after each sample loading. If no disposable tip
is used, the portion of the sample arm which had contacted the sample fluid may be
rinsed such that no cross contamination of samples occurs (e.g., by providing a rinsing
fluid). Following loading of the sample fluid onto/into the assay consumable, the assay
consumable disc may rotate at least one position, for example, such that a second
spatially separated chamber (e.g., 307) comprising a plurality of assay sites is positioned
at the sample loading station.

FIG. 3E shows an expanded view of the rinser 312, which is the next component
to which chamber 301 is positioned. In this figure, rinser 312 comprising rinser arm 314
is positioned over spatially separated chamber 301 of the assay consumable. The rinser
is capable of providing fluid to spatially separated chamber 301 of the assay consumable
298. In some cases, rinser arm 314 may be directly associated with a fluid pump (not
shown) which provides fluid to the rinser arm. In other cases, the rinser arm may
function similar to the sample arm described in FIG. 3D (e.g., wherein the system
comprises a rinser fluid reservoir (not shown)). Following rinsing of spatially separated
chamber 301 of the assay consumable, the assay consumable disc rotates at least one
position, for example, such that second spatially separated chamber 307 is positioned at
the rinsing station.

FIG. 3F shows an expanded view of the sealer 320, which is the next component
to which chamber 301 is positioned. In this exemplary embodiment, the sealer is
configured to apply a sealing component comprising a sealing fluid to the assay sites,
and the sealer comprises a fluid injector (e.g., pipette 326) configured to apply sealing
fluid to the plurality of assay sties in spatially separated chamber 301. The sealer in this
apparatus is configured to work in a similar fashion as the sample loader shown in FIG.
3D, wherein sealer arm 322 moves from a first position comprising sealing fluid
reservoir 324 along line 328 to spatially separated chamber 301. It should be
understood, that other variations of sealers and sealer components (e.g., as described
herein) may be substituted for sealer 320 (e.g., a sealer utilizing a roller and a sealing
film). In some cases, prior to sealing the assay sited in spatially separated chamber 301,
the apparatus may introduce a reagent into the spatially separated chamber via a reagent
loader station (not shown). In certain other embodiments, the system may further

comprise a second rinser (e.g., to rinse excess reagent from the spatially separated
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chamber), and/or a wiper (e.g., to remove any beads present on the surface of the assay
consumable but not located in reaction vessels on the surface). For example, in some
cases, a wiper, a second rinser, and/or a bead loader may be placed between the rinser
312 and sealer 320. Following sealing of spatially separated chamber 301 with sealing
fluid, the assay consumable disc rotates at least one position, for example, such that
second spatially separated chamber 307 is positioned at the sealer.

FIG. 3G shows an expanded view of the imaging system. After sealing, the disc
is rotated such that spatially separated chamber 301 is aligned with the imaging system
such that the assay sites of spatially separated chamber 301 may be imaged. Imaging
system 330 may be stationary (e.g., positioned below the disc) or may be movable (e.g.,
such that it moves into position for imaging). The imaging system may be associated
with a computer implemented control system (not shown). Following imaging of
spatially separated chamber 301, the assay consumable disc may rotate one position such
that second spatially separated chamber 307 is positioned at the imaging system and may
be imaged. Similarly, the disc may continue to be rotated until all of the chambers are
processed by each of the system component stations. In addition, following imaging of
the spatially separated chambers, the assay sites may be rinsed (e.g., using a rinser) and
reused or the disc may be disposed of following use of the disc (e.g., a disposable or a
recyclable assay consumable disc).

It should be understood, that for the system described in FIGS. 3B-3G, each of
the stations (e.g., sample loading station, rinsing station, sealing station, imaging station)
may operate simultaneously, or substantially simultaneously, thereby carrying out
functions on different spatially separated chambers at about the same time. For example,
in FIG. 3C, a sample loader may be applying a sample fluid to spatially separated
chamber 301 on assay consumable disc 298, which the rinser is rinsing spatially
separated chamber 307 on assay consumable disc 298, while the sealer is applying a
sealing fluid to spatially separated chamber 313 on assay consumable disc 298, and/or
while the imaging system is obtaining an image of spatially separated chamber 319 on
assay consumable disc 298. The timing of the rotation may be adjusted such that good
image quality and results are obtained (e.g., adjustment of ideal development time of an
assay substrate between sealing and imaging).

As yet another example, in some cases, a system may comprise an assay
consumable handler that is configured to be operatively coupled to a plurality of assay
consumables. For example, as shown in FIG. 4A, numerous assay consumables 60 are

shown, each associated with an assay consumable handler comprising a conveyer belt
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69. The assay consumable handler may be configured to move each assay consumable
on, for example, a conveyer belt type assembly such that each assay consumable is
moved sequentially through a plurality of stations. For example, in FIG. 4A, the assay
consumable handler comprises conveyer belt 69 configured to move assay consumables
60 from sample loader 62, to rinser 63, to sealer 66, and then to imaging system 68. In
some cases, a stack of assay consumables 61 is provided near the conveyor belt. Assay
consumables from the stack may be placed on the conveyor belt as needed or as
controlled by a mechanism configured to load assay consumables as necessary, for
example, see FIGS. 5E and 5F, as described herein. Additional aspects of this system are
described herein.

Yet another example of an apparatus is shown in FIGS. 6A-6D. FIG. 6A shows a
system comprising sample loader 80, sealer 82, assay consumable handler 78, imaging
system 86, and computer implemented control system 88. The system comprises at least
one controller, for example, controller 92 configured to control operation of sample
loader 80 and/or sealer 82. The controller may also be configured to control movement
of assay consumable handler 78 between the various components (e.g., sample loader,
sealer, imaging system, etc.). In this embodiment, the controller is configured to control
movement of assay consumable handler 78 on slide 90 between the various components
of the system. Imaging system 86 is associated with computer implemented control
system 88 (which in some embodiments may the same as or combined with controller
92). Sample loader 80 may be associated with a sample reservoir and/or pumping
system (not shown) and supported by and connected to the stage 84 by an appropriate
support means (not shown). FIG. 6B shows the system in operation with the assay
consumable 79 in a sample loading position. FIG. 6C shows the system in operation
with the assay consumable in a seal position. In this system, the sealer comprises a
roller, as described in more detail herein, and the sealer moves into position to apply a
sealing component in the form of, for example, a resilient membrane or pressure
sensitive adhesive, (not shown) to the assay consumable (e.g., along the direction shown
by arrow 91). FIG. 6D shows the system in operation with the assay consumable in an
imaging position.

In some embodiments, systems of the invention may be configured such that the
assay consumable(s) is held substantially stationary and the components/stations of the
apparatus (e.g., the sample loader, the sealer, the imaging system) are moved relative to
the assay consumable. For example, a similar apparatus as described in FIGS. 3B-3G is

shown in FIGS. 7A-7C. The system in FIG. 7A includes a fluid loading station 340
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comprising arm 354 which is capable of and/or configured to move along path 358. Arm
354 is configured to access sample fluid reservoir 342 (e.g., comprising a sample fluid),
reagent fluid reservoir 344 (e.g., comprising a reagent fluid), sealing fluid reservoir 346
(e.g., comprising a sealing fluid), and rinsing fluid reservoir 360 (e.g., comprising rinsing
fluid). In this example, the system comprises pipette tip 341 (e.g., see FIG. 7B) which is
configured to access each of the reservoirs and assay consumable 350. The system may
also include a waste reservoir 362, also positioned along path 358, configured to receive
excess fluids for disposal (e.g., rinsing fluid used to rinse the pipette between accessing
the different reservoirs). The depicted system also includes an assay consumable handler
351 associated with assay consumable 350, imaging system 348 position adjacent to
assay consumable 350/assay consumable handler 351, and bead loader 352 comprising a
magnet which is movable from a position underneath and adjacent the bottom surface of
the assay consumable opposite the upper surface comprising a plurality of reaction
vessels (e.g., in a position between the assay consumable and the imaging system) to a
second position in which the magnet is not between the assay consumable and the
imaging system (e.g., to allow for imaging of the assay sites — as illustrated). The system
thus includes components collectively forming a sample loader (i.e., fluid loading
station 340, arm 354, sample fluid reservoir 342), a rinser (i.e., fluid loading station 340,
arm 354, rinsing fluid reservoir 360), a reagent loader (i.e., fluid loading station 340, arm
354, reagent fluid reservoir 344), a sealer (i.e., fluid loading station 340, arm 354, sealing
fluid reservoir 346), a bead loader 352, and an imaging system 348. In this figure, the
bead loader (e.g., for use in embodiments wherein the sample fluid includes magnetic
beads) comprises a magnet 353 positioned on a movable stage capable of moving from a
first position below the assay consumable (e.g., as shown in FIG. 7B) to a second
position wherein the magnet is not located below the assay consumable (e.g., as shown in
FIG. 7C). In FIG. 7C, due to the retraction of the bead loader 352 comprising magnet
353, the imaging system optical path (e.g., as indicated by area 361) for imaging the
assay sites of the assay consumable 350 is unobstructed.

FIGS. 8A-8G depict another embodiment of an arrangement of a system of the
invention in which the sealing component is a sealing fluid and the assay sites are
contained in a closed channel of the assay consumable. It should be understood,
however, that all or at least a portion of the apparatus depicted in FIGS. 8A-8G may be
used with an assay consumable wherein the assay sites are not contained in a channel but
rather are contained in a surface that is not positioned in a closed channel or is positioned

in an open channel. FIG. 8A shows assay consumable 348 comprising a plurality of
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assay sites 358. The assay consumable may be coupled to or otherwise associated with
an assay consumable handler (not shown). Assay sites 358 are contained in
microchannel 350. Sample fluid 352 is applied to the assay sites (e.g., through an inlet
of the microchannel (not shown)). Sample fluid 352 in this embodiment comprises
plurality of beads 354, which in this embodiment, are magnetic. Also provided is bead
loader 360 comprising a magnet (or a magnetic field generator), wherein the magnet aids
in placing the beads in/on the assay sites (e.g., reaction vessels as illustrated). In FIG.
8B, a bi-directional flow is provided in the channel of sample fluid 352 as indicated by
arrow 361. The term “bidirectional flow” is meant to refer to flow such that the direction
of the flow in the channel is changing directions (e.g., by apply pulsating negative and
positive pressures to the inlet and/or outlet of the channel). The component capable of
providing bi-directional flow is a portion of the bead loader, where the bi-directional
flow causes relative motion between the beads and the assay consumable handler, and
hence, between the beads and the assay sites/assay consumable. After application of the
bi-direction flow for a suitable period of time, portion 362 of beads are not substantially
contained in an assay site and portion 364 of beads are substantially contained in the
assay sites. FIG. 8C shows addition of a reagent fluid 368 to the channel (e.g., using a
fluid injector at a channel inlet (not shown)). Flow is provided in a single direction, as
shown by arrow 366. FIG. 8D shows the system at a slightly later period of time
wherein reagent fluid 368 has substantially replaced sample fluid 348 from FIG. 8B in
the channel. FIG. 8E shows a similar set-up as in FIG. 8C, but in this embodiment,
reagent fluid 368 is being replaced by sealing fluid 370. FIG. 8F shows the system at a
later time at which sealing fluid 370 has substantially replaced reagent fluid 368 in the
channel. Generally, sealing fluid 370 should be substantially immiscible with reagent
fluid 368 and/or sample fluid 352 at least over the course of the time required to perform
the assay. In some cases, sealing fluid 370 may also function as a wiper and aid in
removing or substantially removing beads 372 not substantially contained in as assay
site, as shown in FIG. 8E. Magnet 360 in FIGS. 8E and 8F may optionally be removed.
A least a portion of the sealed assay sites of the assay consumable from FIG. 8F may
then be imaged, as shown in FIG. 8G. Assay sites which contain an analyte molecule or
particle may provide a different signal (e.g., assay sites 374) as compared to assay sites
which do not contain any analyte molecules or particles (e.g., assay sites 376). An
example of a system using an apparatus as described in FIGS. 8 A-8F is provided in

Example 3.
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The foregoing exemplary system and system components (e.g., assay
consumable, assay consumable handler, sample loader, rinser, sealer, bead loader,
imaging system, etc.) may take a variety of different forms and/or formats in different
embodiments of the invention, several examples of which are described herein. For
example, as mentioned and discussed above, in certain embodiments, a single structural
element or associated elements may perform multiple functions and constitute more
than one of the above-recited system components. Additional components may be
utilized as a substitute for and/or in combination with the exemplary systems described

herein within the scope of the invention.

Assay Consumable Handlers

An assay consumable handler is a component which is configured to be
operatively coupled to an assay consumable and/or to support and facilitate manipulation
and/or positioning of the assay consumable by or in the system. The assay consumable
handler may be stationary or may be movable, or at least parts thereof may be movable.
For example, the assay consumable handler may be operatively associated with or
comprise a stage, wherein the stage is movable. The stage may be associated with a
controller configured to automatically move the stage, and/or the assay consumable
handler. An assay consumable handler may be sized and/or shaped to mate with the
assay consumable in certain embodiments. For example, an assay consumable handler
may comprise a depressed area wherein the assay consumable may be situated and
secured. Alternatively, the assay consumable handler may comprise a substantially
planar surface that the assay consumable is placed upon. In some cases, the assay
consumable handler comprises a plurality of fasteners (e.g., snaps, clips, clamps, ring
clamps, etc.) which aid in attaching the assay consumable to the assay consumable
handler, such that there is little or no movement between the consumable and the
consumable handler during at least certain periods of operation of the system. As
another example, the assay consumable handler may utilize a vacuum or pneumatic
system for securing the assay consumable. In certain embodiments, the assay
consumable handler can comprise recognition elements which are complimentary to
recognition elements of an assay consumable to facilitate proper positioning and/or to
prevent use of improperly configured or counterfeit assay consumables. For example, an
assay consumable may comprise a plurality of notches and the assay consumable handler
may comprise a plurality of complimentary indentations. As another example, the assay

consumable may comprise an RFID chip or bar code reader and the assay consumable
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may be required to comprise an authorized RFID chip or bar code to permit coupling of
the assay consumable and the assay consumable handler without triggering an alarm
condition or causing the controller to shut down operation of the system.

Non-limiting examples of assay consumable handlers are depicted in FIGS. 5A-
SF. FIG. 5A shows assay consumable 500 and assay consumable handler 502. The
apparatus comprises a component capable of moving assay consumable 500 from a first
position not associated with the assay consumable handler to a position associated with
assay consumable handler (e.g., arm 501). Assay consumable 500, in this example,
comprises at least one notch or recognition element (e.g., notches 508) which interact
specifically with a key or recognition element (e.g., keys 506) on assay consumable
handler 502. Assay consumable handler 502 also comprises a plurality of holes 504
which through which a vacuum may be applied to the assay consumable. Once the assay
consumable is lowered into position (e.g., as shown in FIG. 5B), where notches 508 are
aligned with keys 506, vacuum may be applied to holes 504, which causes assay
consumable 500 to lie flat in a secured position on the assay consumable handler.
Following loading of the assay consumable on to the assay consumable handler, the
handler may be positioned such that the various components of the apparatus (e.g.,
sample loader, bead loader, sealer, wiper, imaging system, etc.), are in the appropriate
places. The vacuum may be maintained until the desired number of the individual
groups of assay sites have been analyzed. FIG. 5C shows an assay consumable
associated with the assay consumable handler via center mounting clamp 510. Center
mount clamp 510 secures and holds the assay consumable flat. FIG. 5D shows an assay
consumable associated with an assay consumable handler via first ring clamp 512 and
second ring clamp 516. The ring clamps are configured and positioned to hold the assay
consumable to the assay consumable handler by clamping the outer edges of the assay
consumable.

FIG. 5E and SF show another example of an assay consumable handler
comprising handler grabbing arm 556, cross arm 553 operatively connected with a
portion of the apparatus (not shown), assay consumable handler stage 555, and assay
consumable attachments 558. Also shown in the figure is imaging system 560. In FIG.
SE, single assay consumable 550 is configured to be moved from stack 552 to assay
consumable stage 555. Arm 556 is in position A such that arm 556 is positioned above
stack 552. Assay consumable attachments 558 (e.g., suction cups, clips, etc.) are
lowered so as to grab assay consumable 550. Handler arm 556 is moved from position A

in FIG. SE to position B in FIG. 5F along cross arm 553 such that assay consumable 550
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is positioned above assay consumable stage 555. FIG. SF shows the assay consumable
lowered so as to connect assay consumable 550 to assay consumable stage 555. In this
figure, assay consumable stage 555 comprises holes 554 in fluid communication with a
source of vacuum, so that a vacuum may be applied to the underside of assay
consumable 550 to hold it in position, as described herein (e.g., for similar, also see FIG.
5A (holes 504)).

In some cases, the assay consumable handler may comprise a conveyor belt type
assembly (e.g., see FIG. 4A (69)). Additional assay consumable handlers are depicted in
the figures described throughout, for example, see FIG. SA (502), FIG. 5A (502), FIG.
SE (555), FIG. 6B (78), etc.

Exemplary Sample Loaders, Rinsers, and Reagent Loaders

A variety of liquid injection/application systems useful or potential useful for use
as a sample loader, rinser and/or reagent loader are known to those skilled in the art.
Generally, the sample loader is configured to apply an assay sample to or into an assay
consumable to facilitate loading of the assay sample into assay sites of the assay
consumable. In some embodiments the assay sample comprises a fluid, and the sample
loader comprises a fluid injector. For example, the fluid injector may comprise a
pipettor, in certain embodiments an automated pipettor, an inkjet printer, blister pack,
microfluidic connectors, etc. The pipetting or liquid injection/application system may
also include a means for pressurizing the fluid for injection/application, e.g., a pump and
may be connected in fluid communication with a source of fluid to be injected via
appropriate tubes, valves, connectors, etc. In some cases, the sample loader is associated
with a controller configured to automatically control operation of the sample loader to
load the sample to each fluidically isolated area of an assay consumable.

FIG. 6A illustrates a non-limiting example of a sample loader that comprises a
plurality of pipettes, wherein each pipette is configured to align with a spatially separated
group of assay sites on an assay consumable. In this example, multiple pipettes are
present as the assay consumable comprises a plurality of spatially separated groups of
assay sites, which can be fluidically isolated, e.g., by a seal component. Each pipette
may be used to apply the same or a different assay sample in certain embodiments.

In some embodiments, however, the sample loader may comprise only a single
injection point (e.g., a single pipette) to load only a single area of an assay consumable.
For example, as shown in FIG. 3B, the sample loader comprises a single pipette. As

another example, FIG. 4B shows a single pipette being used as the sample loader,
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wherein the sample pipette is capable of being moved from an intake position 102 (e.g.,
positioned over sample vial 100, wherein sample intake occurs) to an output position 104
(e.g., position over assay consumable 60), wherein the sample may be applied to the
assay consumable.

In some cases, a system of the invention may additionally include a rinser and/or
a reagent loader, which may be separate from the sample loader in certain cases. A
rinser may be a liquid injection system configured and positioned to rinse at least a
portion of the assay consumable, typically after the sample has been loaded. For
example, in some cases, the rinser provides a fluid to the surface of the assay consumable
comprising a plurality of reaction vessels, thereby diluting and/or removing any other
fluids present (e.g., fluids comprising analyte molecules, fluids comprising a reagent,
etc.). In some cases, the fluid may also act as a wiper to cause at least a portion of beads
present to be removed.

Similar to a sample loader, a reagent loader may be configured to load a reagent
that is not the sample into assay sites of an assay consumable. The rinser and/or the
reagent loader may be associated with a controller configured to automatically operate
the rinser/reagent loader. Rinsers and/or reagent loaders may utilize similar set-ups and
components as described for sample loaders. A non-limiting example of a rinser is
shown in FIG. 4C. FIG. 4C shows a single pipette, which would be interconnected with
a pump, aspiration system, etc (not shown) as appropriate, being used as the rinser (e.g.,
injecting a rinsing fluid). As illustrated, the pipette 64 is capable of being moved from
an intake position 111 (e.g., positioned over rinse fluid reservoir 110, wherein rinse fluid
intake occurs) to an output position 112 (e.g., positioned over assay consumable 60), in
which the rinsing fluid may be applied to the assay consumable. Another example of a
rinser 312 is illustrated in FIG. 3E.

The rinsers and the reagent loaders are positioned and/or operated in an
appropriate sequence with respect to other components of the system to aftect the steps
of a desired assay to be performed with the system. For example, an assay system of the
invention may be configured such that an assay consumable is exposed to the following
components in the following order (optionally with other operations intervening between
one or more of the enumerated steps): 1) sample loader (e.g., to load a sample into the
assay sites), 2) rinser (e.g., to remove any excess sample fluid from the surface of the
assay consumable), 3) reagent loader (e.g., to load a reagent into the assay sites), 4)
sealer, etc. Other variations will depend on the particular assay/use for which the system

is employed, as would be understood by those skilled in the art.
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Exemplary Bead Loaders and Bead Applicators

In some embodiments, an apparatus of the present invention may comprise a bead
loader to facilitate loading of assay beads into reaction vessels in an assay consumable.

A bead loader is a component which is configured to facilitate insertion of beads into
individual assay sites. In some cases, the bead loader may be configured such that
substantially all individual assay sites contain zero or one beads after loading (e.g., as
described in more detail below). In other cases, however, the bead loader may be
configured such that a substantial fraction of assay sites assay site contain more than one
bead. As with other components, the bead loader may be associated with a controller
configured to automatically operate the bead loader.

In some cases, the bead loader may function, at least in part, by causing relative
motion between the beads and the assay consumable handler, and thus, in some
embodiments, between the beads and a surface of an assay consumable (e.g., the surface
comprising a plurality of assay sites) associated with the assay consumable handler. In
some cases, the assay consumable handler may be configured to move (e.g., in circular
motions, side-to-side motion), thereby causing relative motion between the assay
consumable and a liquid containing the beads or just the beads themselves. In some
cases, the beads may be contained in a liquid on the surface of the assay consumable, and
the fluid in which the beads are contained may be moved (e.g., using a fluid pump, and
pipette, doctor blade, etc.) such that the beads contained in the fluid are moved relative to
a stationary assay consumable. In certain cases, both the assay consumable and the
beads/bead containing liquid are moved to create the relative motion.

In some embodiments, as described herein, the beads are magnetic. In such
embodiments, the bead loader may comprise at least one magnet or other magnetic field
generator. The magnetic field generator may be positioned such that appropriate
magnetic field gradients are present to draw the beads towards/into the assay sites. In
some cases, the bead loader comprises at least one magnetic field generator located or
positionable adjacent to the surface of the assay consumable handler (e.g., a bottom
surface). In a particular embodiment, the magnetic field generator is located opposite the
surface of the assay consumable in which a plurality of reaction vessels are formed (i.e.
underneath the wells). It should be understood, that in embodiments comprising or
describing a permanent magnet, an electromagnet or other magnetic field generator may
be substituted for the permanent magnet. Appropriate or potentially useful magnetic

field generators are known in the art. Non-limiting examples of magnetic field
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generators include permanent magnets, arrays of permanent magnets, arrangements of
two or more permanent magnets and various combinations of permanent and/or
electromagnets.

A non-limiting example of a bead loader comprising a magnet (or a magnetic
field generator) is shown in FIGS. 9A-9C. In FIG. 9A, assay consumable handler 232 is
associated with assay consumable 230 comprising a plurality of assay sites 236. Sample
fluid 238 comprising magnetic beads 235 are in contact with surface of assay
consumable 230 comprising plurality of assay sites 236 in the form of reaction vessels
(i.e. wells). Magnet 234 is positioned adjacent assay consumable handler 232 and
adjacent the underside of assay consumable 230. Assay consumable handler 232 is
moved (e.g., using a controller (not shown)) as indicated by arrow 240, thereby causing
relative motion between assay consumable handler 232 (e.g., associated with assay
consumable 230) and magnet 234. Alternatively, in a similar set-up, as shown in FIG.
9B, magnet 234 is moved (e.g., using a controller (not shown)) as indicated by arrow
240, thereby causing relative motion between assay consumable handler 232 (e.g.,
associated with assay consumable 230) and magnet 234. In another embodiment (not
depicted), both magnet 232 and assay consumable handler 232 may be moved
simultaneously to cause relative motion between the two components. Another
exemplary bead loader in shown in FIG 3D, as described herein.

Another example of a bead loader comprising a magnet is shown in FIG. 9C,
wherein the assay consumable comprises fluid channel 248 having fluid inlet 244 and
fluid outlet 246. Sample fluid 238, containing beads 247, is present in fluid channel 248.
In this example, magnet 234 is positioned adjacent assay consumable handler 232 and
adjacent the bottom surface of assay consumable 230. Fluid inlet 244 is associated with
fluid injector 241 which is associated with a fluid pump (not shown). The fluid pump is
configured to provide bi-directional (i.e. back and forth) flow (as described herein) as
indicated by arrow 242 such that sample fluid 238 is caused to move back in forth in the
channel, thus causing beads 247 in the sample fluid to move back and forth, thereby
providing relative motion between beads 247 and the assay sites, while magnet 234 tends
to pull the beads 247 into the reaction vessels 236.

It should be understood, that in some embodiments, an apparatus may comprise
more than one bead loader. For example, as shown in FIG. 4A, each assay consumable
60 is associated with a bead loader 61. In some cases, a magnet of the bead loader may
form part of the assay consumable handler. As another example, FIG. 4E shows assay

consumable 60 positioned over imaging system 68. Assay consumable 60 is associated
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with bead loader 61. In this figure, the bead loader is has been moved away from the
assay consumable to a position such that a clear imaging pathway (shown by area 109)
is present between imaging system 68 and assay consumable 60. In this figure, the bead
loader comprises magnet 107.

In some cases, a system of the present invention comprises a bead applicator
configured to apply a plurality of beads (e.g., magnetic beads) to the surface of an assay
consumable or to place a plurality of magnetic beads in close proximity to the surface of
an assay consumable. In some embodiments the bead applicator may be associated with
controller configured to automatically operate the bead applicator. In some cases, the
bead application comprises a liquid injector. Non-limiting examples of liquid injectors
have been described herein. In some cases, a bead applicator and a sample loader may
be the same device (e.g., wherein the sample fluid comprises beads). However, in some
cases, the beads may be providing separately to the assay consumable, such that sample
loader and bead applicator are different.

In some cases, for example where the assay consumable comprises a channel in
which a surface containing assay sites is contained, the bead application may comprise a
fluid pump capable of moving fluid containing the beads into and within/through the
channel. For example, as shown in FIG. 9C, the bead applicator comprises fluid injector
241 connected to a fluid pump (not shown) associated with fluid inlet 244 and fluid
channel 248 of assay consumable 230. In another example, the bead applicator
comprises a pipettor used to deliver beads to an entry port of a microfluidic channel
dispense it over the assay consumable. Other non-limiting examples of bead applicators
include an automated pipette associated with a fluid pump (e.g., a syringe pump, a

piston-action pump, membrane pump, etc.).

Exemplary Wipers

In certain embodiments of the present invention, particularly those employing
beads, the system may comprise a wiper which is configured to remove excess beads,
and in certain embodiments substantially all of the excess beads, from the surface of the
assay consumable that are not substantially contained in an assay site (e.g., well). In
some cases it is beneficial to remove excess beads on the surface of the assay
consumable that are not substantially contained in assay sites prior to sealing the assay
sites as a better seal may result between the surface of the assay consumable and a
sealing component. That is, beads on the surface of the assay consumable, in some

cases, may prevent and/or reduce the seal quality between the surface of the assay
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consumable and the sealing component. Therefore, in some cases, inventive assay
systems may comprise a wiper positioned and or used in sequence between (and/or
between operation of) a bead loader and a sealer to remove any excess beads.

A variety of components or systems known in the art may be suitable or may be
modified or adapted to be suitable to function as a wiper. In some cases, the wiper
comprises a blade, such as a doctor blade, and is configured to apply the edge of the
blade in wiping contact with the surface of the assay consumable comprising a plurality
of assay sites. The wiper may be configured to be operated manually (e.g., a squeegee
on a graspable handle). In some cases, however, the wiper may be associated with an
actuation system and controller which creates and controls movement of the wiper to
affect the wiping function. For example, the controller may control movement of a
wiper blade so that it contacts the surface of the assay consumable and moves from at or
near a first edge of the surface of the assay consumable containing the assay sites to or
near a second, opposite edge of the assay consumable, for example, as depicted in FIGS.
10A and 10B.

In FIG. 10A, edge 275 of wiper blade 272 is in contact with assay consumable
270 and, and the wiper blade is associated an actuator for moving the blade that is
controlled with a controller (not shown). Sample fluid 276 comprising beads 279 and
281 is in contact with the surface of assay consumable 270 comprising plurality of
reaction vessels/wells forming assay sites 271. At least some beads 281 are contained in
the wells 271 and at least a portion of the beads 279 are not contained in wells 271 and
are present on the top surface 273 of assay consumable 270. The controller/actuator is
configured to move wiper blade 272 from Position A (FIG. 10A) to Position B shown in
FIG. 10B. Substantially all of the beads (e.g., 279) which were not contained in wells
271 and were present on the surface 272 of assay consumable 270 are now present in
waste fluid 284. It should be noted, that in FIG. 10A, also shown is a portion of an
imaging system 278 associated with a computer implemented control system (not
shown).

In embodiments where the beads are magnetic, the wiper may comprise at least
one magnet (or at least one magnetic field generator). In a first exemplary embodiment,
a wiper comprising a magnet is positioned to generate a magnetic field imposing a force
on the magnetic beads having a component that is directed substantially perpendicular to
the surface of the assay consumable comprising a plurality of assay sites. For example,
FIG. 11 shows an embodiment of a portion of a system including an assay consumable

290 comprising a plurality of reaction vessels 291 positioned and secured by assay
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consumable handler 292. A bolus of sample fluid 294 comprising a plurality of beads
(not shown) is in contact with the surface of assay consumable 290 comprising the
plurality of reaction vessels 291. Wiper magnet 294 is positioned to generate a magnetic
field imposing a force on the magnetic beads having a component 298 that is directed
substantially perpendicular to the surface of assay consumable 290 comprising of
reaction vessels 291. The beads in the sample fluid are attracted to the magnetic wiper
magnet 294, as tend to move in the direction of the applied magnetic force (arrow 298).
In some cases, the system may additionally comprise a bead loader magnet 296
positioned under the assay consumable. Bead loader magnet 296 may aid in keeping any
beads which are substantially contained in the reaction vessels from being pulled out of
and away from the reaction vessels due to attraction to wiper magnet 294. Those of
ordinary skill in the art will be able to determine suitable strengths and positions of
magnets 294 and 296 to permit effective loading and wiping functions to occur.

In some cases, the wiper magnet(s) and the assay consumable may be movable
relative to each other. In certain cases, the wiper magnet(s) is positionable and movable
over the surface of the assay consumable containing reaction vessels. In certain such
embodiments, a magnet positioned adjacent to the surface of the assay consumable
opposite the surface in which the reaction vessels are formed (i.e. a bead loader magnet),
cooperates with the wiper magnet(s) to both load and wipe magnetic beads, in some
cases in a single step. In such embodiments, the bead loader magnet is considered part
of both the bead loader and wiper components. Furthermore, the wiper may be
associated with an actuator controlled by a controller capable of and/or configured to
move the magnet positionable and movable over the surface of the assay consumable
containing reaction vessels from at or near first edge of the assay consumable to at or
near a second, opposite edge of the surface of the assay consumable.

In an exemplary embodiment, the wiper comprises three magnets, wherein a first
magnet (also functioning as a bead loader) is located adjacent to the surface of the assay
consumable opposite the surface containing reaction vessels, and wherein a second
magnet and a third magnet are positionable adjacent the surface comprising the plurality
of reaction vessels. In one embodiment, a magnetizable metal separator (e.g., steel) may
be positioned between and in contact or in close proximity to the second and the third
magnets. In certain embodiments, the metal separator is in the form of a sheet or bar
having a thickness that is less than the height or width of the separator that is positioned
so that the second and third magnets are separated from each other by a smallest distance

substantially equal to the thickness of the separator. In certain embodiments, the second
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and the third magnets are aligned such that same pole of each magnet is oriented towards
the metal separator. Without wishing to be bound by any particular theory of operation,
the above wiper configuration may advantageously enable control the magnetic field
gradients generated by the arrangement, such that the field gradients increase with
distance away from the end/edge of the magnetized metal separator positioned closest to
the surface of the assay consumable, such that the wiper arrangement functions acts as a
sort of “magnetic squeegee.” The magnetic field generated by such an arrangement can
induce the beads to move side to side and down into the reaction vessels of an assay
consumable.

An example of such a “magnetic squeegee” is depicted in FIG. 12A, 12D and
12E. The wiper depicted in these figures includes a first magnet 300, second magnet
302, third magnet 304, metal sheet 306 positioned between the second and third magnets
and positioned above surface 308 of the assay consumable. In FIG. 12A, the darker
colors represent relatively higher magnetic field strengths. Beads present on the surface
308 of the assay consumable will experience a force exerted on them that will tend to
push the beads both down and towards the outer edges 309 of the assay consumable.
The field strength as a function of position across surface 308 is shown in the plot in
FIG. 12B. As will be understood by one of ordinary skill in th art, the force on a
paramagnetic particle is proportional to the magnetic field gradient. The gradient along
the line in FIG. 12B is a force away from the tip of the metal sheet 306 on either side of
the sheet. The gradient from the magnet results in a force vector toward the magnet 300.
The superposition of these two vectors means that a paramagnetic particle, in this field,
sitting at a point along line 300 would experience a force vector that is generally
perpendicular to the line on the plot in FIG. 12B pointing downward. It should be
understood that the magnetic field maintains the same general shape in the area between
the tip of the metal sheet and the first magnet, and thus, the consumable may be placed at
varying heights between the tip of the metal sheet and the first magnet and experience
similar magnetic field. For example, FIG. 12C shows a similar plot as to FIG. 12B,
except in this plot, the surface of the consumable is at a different height as compared to
in FIG. 12B (e.g., the surface in FIG. 12C is 0.5 mm above the surface in FIG. 12B).
FIGS. 12D and 12E depict the magnetic squeegie wiper in operation. Assay consumable
surface 308 includes magnetic beads 312 thereon, which are subject to magnetic force
vectors 314 based on the magnetic field at the location of the bead. FIGS. 12D and 12E

depict assay consumables with beads on the surface, placed at two different heights



10

15

20

25

30

35

WO 2012/103447 PCT/US2012/022923
-7 -
between the tip of the metal sheet and the first magnet, again showing that the forces
between the tip of the metal sheet and the first magnet are approximately equal.

In yet another embodiment, the wiper may comprise a fluid injector configured to
apply a fluid to the surface of the consumable containing the plurality of reaction vessels
in a manner capable of removing the excess beads positioned on the surface of the assay
consumable, but not contained within a reaction vessel. For example, as shown in FIG.
8E and 8F, and as described in more detail below, sealing fluid 370 may act as both a
sealing component and as a wiper to aid in the removal of beads 372 on the surface of
the assay consumable in certain embodiments.

In yet another example, the wiper may comprise an adhesive sheet, wherein the
adhesive sheet may be contacted with the surface of an assay consumable in a manner
such that excess beads on the surface of the assay consumable stick to and are removed

by the adhesive sheet.

Exemplary Sealers

In some embodiments, an assay system of the present invention may include a
component and/or sub-system that is configured to be used for sealing a plurality of
assay sites. In some cases the assay system comprises an assay consumable handler
(e.g., as described herein), a sealer, and a controller configured to control operation of
the sealer to apply a sealing component to the plurality of assay sites. The sealer may be
constructed and positioned to apply the sealing component to the surface of the assay
consumable, thereby forming a plurality of sealed assay sites. In some cases, following
sealing of the plurality of assay sites, the contents of each of the sealed assay sites may
be substantially fluidically isolated from the contents of each of the other plurality of
sealed assay sites, as described herein.

The sealing component is a material applied to a surface of the assay consumable
containing assay sites that is able to seal the assay sites and at least partially or
temporarily isolate the contents of one assay site from at least one other assay site. The
sealing component may be in solid, gel, and/or a liquid form and may be formed of any
suitable material. In some cases, the sealing component comprises a film. Non-limiting
examples films that a sealing component may comprise include solid films (e.g., of a
compliant material), fluid films (e.g., of fluids substantially immiscible with sample fluid
contained in the assay sites), or the like. Non-limiting examples of suitable materials for
a solid sealing component include elastomers, such as silicas or silica oxides (e.g.,

PDMS, etc.), polymers (e.g., polyurethanes, COP, COC), latex rubber, synthetic rubbers,
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various natural and synthetic gels, pressure-sensitive adhesives, and tapes. In some
cases, the surface of the solid materials are modified to produce better seal quality.

Depending on the characteristics of the sealing component, the sealer may be
configured appropriately to apply the sealing component to a plurality of assay sites
formed on a surface of an assay consumable. For example, for a sealing component that
comprises a film formed of a compliable solid material, the film may be applied to the
surface of the assay consumable by applying pressure, either uniformly or non-
uniformly, to the sealing component when it is in contact with the surface. Pressure may
be applied to the sealing component using any number of known methods. In a certain
embodiment, a sealing component may be applied using a movable stage such that the
sealing component and/or the consumable substrate are forced together to effect sealing.

As another example, a device, such as a pneumatic or hydraulic device, using a
fluid actuation medium may be employed. For example, as shown in FIGS. 13A and
13B, an assay system comprising assay consumable 250 comprising a plurality of assay
sites and sealing component 252 is shown, wherein sealing component 252 is not in
contact with the surface of assay consumable 250. The sealer comprising the sealing
component also includes a force generator, comprising an actuation medium 256, in
contact with sealing component 252, wherein actuation medium is capable of applying
force to the sealing component and moving it towards the assay consumable. In FIG.
13B, the sealer is activated via a controller (not shown), e.g., by pressurizing a fluid
comprising the actuation medium, so that the actuation medium 256 presses on and
forces sealing component 252 into sealing contact with the surface of assay consumable
250 comprising a plurality of assay sites.

In certain embodiments, the sealer may comprise at least one roller. The roller
may be moved across the surface of the sealing component such that the sealing
component is progressively contacted with the entirety of the surface of the assay
consumable containing assay sites. In some cases, the sealer may comprise more than
one roller.

For example, as shown in FIG. 14A, sealer 130 comprises first roller assembly
126 and second roller assembly 128. First roller assembly 126 and second roller
assembly 128 each comprising a roller (127 and 129) which are biased to be forced into
contact with and extend across the width of (into the plan of the figure as drawn) sealing
component 124. Sealing component 124 is positioned in adjacent to the upper surface of
assay consumable 122, which is position and secured by consumable handler 120. The

sealer may be moved in a direction, for example as shown by arrow 132, such that rollers
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127 and 129 create sealing contact between sealing component 124 and assay
consumable 122. In another example, sealer 130 may be stationary and assay
consumable handler 120 associated with assay consumable 122 may be moved laterally,
thereby causing rollers 127 and 129 to create sealing contact between sealing component
124 and assay consumable 122. FIG. 14D shows another view of the sealer in FIG. 14A,
wherein a portion of the roller assemblies 126 and 128 are not shown so that the rollers
127 and 129 are shown extending across sealing component 122.

FIG. 14B shows a second configuration in which sealer 130 has already been
moved relative to assay consumable handler 120 such that sealer component 124 is in
substantially full contact with assay consumable 122 but roller 127 is still in contact with
sealing component 124. FIG. 14C shows the configuration after the sealer has traversed
its full range of sealing motion, in which rollers 129 and 127 are both no longer in
contact with sealing component 124. Those of ordinary skill in the art will understand
that sealer may comprise more or less than two rollers (e.g., one roller, three rollers, four,
rollers, five rollers, etc.).

It should be noted, that in embodiments where the sealer comprises rollers which
are moved across a sealing component in contact with an assay consumable surface, any
excess fluid and/or beads not contained within wells on the surface may be pushed to one
side of the sealing component (i.e. the sealer may also act as the wiper in some
instances). In such embodiments, it may be beneficial to provide channels and/or
openings in the surface of the assay consumable in contact with the sealing component,
which may contain and channel away any excess fluids and/or beads which are removed
while applying the sealing component.

In some cases, a sealing component comprises a pressure-sensitive adhesive. For
example, the pressure-sensitive adhesive may be formed on one or more surfaces of a
film. The pressure-sensitive adhesive may be activated upon application of the sealing
component to the surface of the assay consumable containing the plurality of assay sites.
The pressure-sensitive adhesive may form an adhesive bond between the sealing
component and the surface of the assay consumable so that a seal is maintained even
after force applied by the sealer is released (e.g., see the configuration of FIG. 14C).

In some embodiments, the sealing component may be a fluid. The fluid
comprising the sealing component is advantageously substantially immiscible with the
fluid contained in the assay sites. As used herein, a “fluid" is given its ordinary meaning,
i.e., aliquid or a gas. The fluid may have any suitable viscosity that permits flow. If two

or more fluids are present, the fluids may each be substantially miscible or substantially
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immiscible. In some cases, the fluid(s) comprising the sealing component can miscible
or partially miscible with the assay sample fluid at equilibrium, but may be selected to be
substantially immiscible with the assay sample fluid within the time frame of the assay
or interaction. Those of ordinary skill in the art can select suitable sealing fluids, such as
fluids substantially immiscible with sample fluids, using contact angle measurements or
the like, to carry out the techniques of the invention. In some cases, the sample fluid
and/or rinsing fluid and/or reagent fluid is an aqueous solution and the sealing
component comprises a non-aqueous fluid. Non-limiting examples of potentially
suitable non-aqueous fluids include fluorous liquids, oils (e.g., mineral oils, fluorinated
oils), ferrofluids, non-aqueous polymer solutions (e.g., thickeners), and the like. In other
cases, the sample fluid and/or rinsing fluid and/or reagent fluid is a non-aqueous solution
and the sealing component comprising an aqueous fluid. In some cases, the sample fluid
is a hydrogel whose viscosity changes upon temperature or other physicochemical
triggers.

A fluid sealing component may be applied using a sealer which is configured and
adapted to apply the fluid to a surface of an assay consumable containing assay sites.
For example, the sealer may comprise a suitable liquid injection system, such as
described above. In some cases, the sealer comprises a pipette, an automatic pipettor, an
inkjet printer, or the like.

The example shown in FIG. 10 illustrates the use of a fluidic sealing component
in combination with a wiper. In the illustrated system, a fluidic sealing component 274
is applied to the assay sites substantially immediately after removing excess beads from
the surface of the assay consumable by wiper blade 272. Wiper blade 272 is in contact
with assay consumable 270, and on one side of the wiper is sample fluid 276, while on
the other side of the wiper is sealing liquid 274. As wiper blade 272 is moved from first
Position A in FIG. 10A to second Position B in FIG. 10B, the sealing liquid is also
applied.

The sealing component may be provided in such a set-up using any of the
apparatus as described herein (e.g., fluid injected associated with a fluid pump). For
example, a similar example is shown in FIG. 8E and 8F. In FIG. 8E, assay consumable
348 comprising a plurality of assay sites 364 is positioned in a channel as indicated by
roof of channel 356. Sealing fluid 370 is provided through an inlet (not shown), thereby
substantially replacing sample fluid 368. The flowing of sealing fluid 370 may also act
as a wiper. In FIG. 8F, sealing fluid 370 has substantially replace the sample fluid, and

assay sites are sealed.
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Other non-limiting examples of apparatus comprising a sealer for use with a
sealing component comprising a liquid (also referred to as a sealing liquid) are shown in
FIG. 3F (320) and FIG. 4A (60).

The use of a sealing fluid may be advantageous for the use of assay consumable
shapes having substantially non-planar surfaces containing assay sites. Other potential
beneficial features of fluid sealing components include: 1) substantial immiscibility of
the sealing fluid and an assay fluid may allow for a creation of a total or near total barrier
between assay sites preventing diffusion of a detecting molecule (e.g., a fluorophore)
between assay sites; 2) the sealing fluid may be better at conforming to the surface of the
certain assay consumables as compared to a certain solid sealing components; and 3)
optical properties of the sealing fluid may cause less optical interference/distortion with

certain imaging system.

Exemplary Imaging Systems

A variety of imaging systems potentially useful for practice of certain
embodiments and aspects of the invention are known in the art and commercially
available. Such systems and components may be adapted based upon the needs and
requirements of a selected assay method being performed by the system and the
technique used for detecting the analyte molecules and/or particles. For example, in
some assays, the analyte molecules and/or particles are not directly detectable and
additional reagents (e.g., detectable labels) are used aid in the detection. In such
instances, components of the imaging system would be selected to detect such reagents.

In certain embodiments, the imaging system is configured to optically interrogate
the assay sites. The sites exhibiting changes in their optical signature may be identified
by a conventional optical train and optical detection system. Depending on the species to
be detected and the operative wavelengths, optical filters designed for a particular
wavelength may be employed for optical interrogation of the locations, as will be
understood by those of ordinary skill in the art.

In embodiments where optical interrogation is used, the imaging system may
comprise more than one light source and/or a plurality of filters to adjust the wavelength
and/or intensity of the light source. Examples of light sources include lasers, continuous
spectrum lamps (e.g., mercury vapor, halogen, tungsten lamps), and light-emitting diodes
(LED). For example, in some cases, a first interrogation of the assay sites may be
conducted using light of a first range of wavelengths, whereas a second interrogation is

conducted using light of a second, differing range of wavelengths, such that the plurality
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of detectable molecules fluoresce. An exemplary system configuration is described
below (see FIG. 15).

In some embodiments, the optical signal from a plurality of assay sites is
captured using a CCD camera. Other non-limiting examples of devices that can be used
to capture images include charge injection devices (CIDs), complimentary metal oxide
semiconductors (CMOSs) devices, scientific CMOS (sCMOS) devices, time delay
integration (TDI) devices, photomultiplier tubes (PMT), and avalanche photodiodes
(APD). Camera variety of such devices are available from a number of commercial
vendors. The detection devices (e.g., cameras) can be fixed or scanning.

In one embodiment, the assay consumable comprises a fiber optic bundle, and a
plurality reaction vessels is formed in an end of the fiber optic bundle. According to one
embodiment, the array of assay sites for the present invention can be used in conjunction
with an optical detection system such as the system described in U.S. Publication No.
2003/0027126.

FIGS. 15A and 15B show a non-limiting example of an imaging system. The
system comprises a light source 452, excitation filter 454, dichromatic mirror 458,
emission filter 460 and objective 470. The objective is positioned to interrogate assay
sites on assay consumable 472. Light 453 from light source 452 passes through
excitation filter 454. The light reflects off dichromatic mirror 458, passes through
objective 470 and shines on the assay consumable surface comprising a plurality of assay
sites. In some cases, stray light 464 may be reduced by a stray light reducing component
468, such as an iris or aperture. Light 471 emitted from the assay consumable passes
through objective 470 and emission filter 460 to produce a processed light signal 462,
which is observed, processed and/or recorded. The system may comprise additional
components (e.g., additional filters, mirrors, magnification devices, etc.) as needed for
particular applications, as would be understood by those of ordinary skill in the art.

The system shown in FIG. 15A may additionally comprise components which aid
in the determination of the number of assay sites which contain a bead (e.g., using white
light or a turret containing filters capable of measuring the fluorescence of different
fluorescently labeled beads). Additional components may also be used to determine the
total number of assay sites and/or provide spatially information regarding the position of
the assay sites (e.g., those containing or not containing a bead), which may help
corroborate signals observed under different light regimes (e.g., fluorescence, white
light) corresponding with the position of a reference location (e.g., a mask may be

created).
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In FIGS. 15A and 15B, excitation light is emitted from source 452 and collimated
into a beam 453. The excitation filter 454 may be configured to transmit only the
wavelength band that excites a particular fluorophore (e.g., 575 nm +/- 10 nm for
resorufin). The excitation light is reflected downward by the dichroic filter 458 and
illuminates the assay consumable surface comprising a plurality of assay sites containing
the sample through the objective lens 470. The emitted image light is collected by the
objective lens 470, collimated into a beam 471 and transmitted through the dichroic filter
458. Only the image light corresponding to the fluorescence wavelength band (e.g., 620
nm +/- 30 nm for resorufin) is transmitted through the emission filter 460. The
remaining collimated beam 462 contains only the emitted fluorescence wavelengths
which will subsequently be imaged through the camera system.

The same imaging system may be used to determine the positioning of the assay
sites on the consumable surface (e.g., reaction vessels) containing sample. The assay
sites containing beads may be illuminated with a “bright field” white light illumination.
The assay consumable surface comprising a plurality of assay sites may be illuminated
(e.g., using light source 475 shown in FIG. 15A) by directing a pseudo-collimated white
light (e.g., white light LED) onto the assay consumable surface comprising a plurality of
assay sites from an angle (e.g., 8; in FIG. 15A may be about 20 degrees, about 25
degrees, about 30 degrees, about 35 degrees, about 40 degrees, or greater) just outside
the numerical aperture of the collection objective. Light that hits the assay consumable
surface comprising a plurality of assay sites 472 (e.g., light 476) is reflected (and
scattered) off the surface, collimated 471, and collected by the objective lens (470). The
collimated beam is subsequently imaged through the camera system.

The same imaging system may also be used to determine which assay sites
contain a bead. It should be understood, that in some embodiments, more than one type
of bead may be employed (e.g., a first type of bead and a second type of bead, wherein
the first type of bead has a fluorescence emission different from the second type of bead)
and in certain of such embodiments, the inventive assay systems are configured to
perform multiplexed assays. Any particular bead may or may not be associated with an
analyte molecule. The assay consumable surface comprising a plurality of assay sites
may be illuminated (e.g., using light source 473 as shown in FIG. 15A) with a “dark
field” white light illumination. The assay consumable surface comprising a plurality of
assay sites may be illuminated by aiming a pseudo-collimated white light (e.g., white
light LED 473) onto the surface of the assay consumable comprising a plurality of assay

sites from an angle (e.g., 6, in FIG. 15A is about 65 degrees, about 70 degrees, about 75
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degrees, about 80 degrees, about 85 degrees) substantially outside the numerical aperture
of the collection objective. Light that hits the surface of the assay consumable
comprising a plurality of assay sites 472 (e.g., light 474) is reflected (and scattered) off
the surface, collimated 471, and collected by the objective lens 470. The collimated
beam is subsequently imaged by the camera system 479.

In some embodiments, an optical detection system may be employed that is
similar to that described in U.S. Publication No. 2003/0027126, herein incorporated by
referenced. In an exemplary system, light returning from an array of reaction vessels
formed at the distal end of an assay consumable comprising a fiber optic bundle is
altered via use of a magnification changer to enable adjustment of the image size of the
fiber's proximal or distal end. The magnified image is then shuttered and filtered by a
shutter wheel. The image is then captured by charge coupled device (CCD) camera. A
computer implemented system may be provided that includes and executes imaging
processing software to process the information from the CCD camera and also optionally
may be configured to control shutter and filter wheels.

Those of ordinary skill in the art will be aware that various components of the
imaging system can be adapted and/or configured to provide a good image. For
example, in some cases, the assay consumable is imaged through a sealing component,
and thus, the imaging system can be adapted and/or configured to account for the
presence of the sealing component in the optical path. As will be known to those of
ordinary skill in the art, certain thickness of material may lead to spherical aberration and
loss of resolution of the arrays. Therefore, if the sealing component is of a thickness
where such aberrations occur, the optical portion of the imaging system may be designed
to correct for this increased thickness. Designing the optics such that fluid that matches
the index of the seal material may be placed between the objective and the assay
consumable is used so that differences in the material between the objective and the seal
do not lead to blurring.

As another example of an aspect of the imaging system which may be configured
and/or adapted to improve performance is the speed and quality of focus of the imaging
system. In some cases, focusing may involve using a laser focusing system based on
reflection off the assay consumable surface. Laser focusing systems are commercially
available. In other cases, the surface of the assay consumable comprising assay sites
(which may be similar in size as the wavelength of light being processed) may include

structures/fiducials built in to the assay consumable that may be used to focus the image
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via diffraction, refraction, absorption, reflection, fluorescence, or a combination of these
and other optical phenomena.

In some cases, all of the surface or essentially all of the surface of the assay
consumable comprising assay sites may be imaged at a single time. In some cases,
however, only a portion of the surface of the assay consumable comprising assay sites
may be imaged at a time, and other portions may be imaged in a sequential fashion to
build an image of the entire surface.

In some embodiments (e.g., wherein the sealing component is applied to the
surface of the assay consumable in a progressive fashion, for example as described above
in the context of the embodiment illustrated in FIGS. 14A-14C when applying a sealing
component using a roller or when the sealing component is a moving front of a bolus of
sealing liquid), sequential imaging may allow reduction in the time between sealing of
the assay sites and imaging of the sealed assay sites. In such cases, for example, imaging
of an assay site may be completed immediately following sealing of an assay site (e.g.,
by application of a sealing component) by scanning the imaging system across the array
of assay sites as they are sealed (e.g., like a photographic line scanner) as opposed
waiting until sealing of the entire array is completed to interrogate all or substantially all
of the assay sites at one time.

As an non-limiting example, FIGS. 16A-16F depict such a technique in action.
These figures depict a cartoon of a system comprising an imaging system 200, roller 202
(e.g., a portion of a sealer), sealing component 204, and assay consumable 206. In this
system, assay consumable 206 is held stationary, and imaging system 208 and roller 202
are configured such that substantially immediately after roller 202 has applied sealing
component 204 to assay sites on a particular portion of assay consumable 206, imaging
system 200 obtains an image of those assay sites. Thus, imaging system 202 and roller
202 move substantially simultaneously (e.g., see arrow 208) across the array of assay
sites. In another embodiment, shown in FIG. 16C and FIG. 16D imaging system 200 and
roller 202 are held stationary and assay consumable 210 is moved (e.g., see arrow 210)
to achieve the same result. In still yet another embodiment depicted in, FIG. 16E and
FIG. 16F sealing component 212 is a liquid. This system is configured so that imaging
system 200 moves at a similar speed at does sealing fluid 212. The synchronized motion
of the imaging system 200 and the sealing fluid 212 can allow for the sealing and
imaging to occur substantially simultaneously. In this example, the assay consumable is

held stationary.
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The imaging system may be associated with a computer implemented control
system that may be separate from or the same as other of the controllers of the system.
The computer implemented control system can perform or be configured to control a
variety of components, including being configured to automatically operate the sealer
(and optionally one, several or all of the other components of the overall system
associated with a controller) and receive information from the imaging system related to
the image. In some cases, the computer is further configured to determine a measure of
the unknown concentration of the analyte molecule in the assay sample. The controller
may be able to determine a measure of the unknown concentration of analyte molecules
or particles in the assay sample, at least in part, based on the fraction of the at least a
portion of the assay sites interrogated which contain zero or one analyte molecules or
particles. Further information regarding the structure and configuration of the computer

implemented control systems is provided below.

Exemplary Assay Consumables

The assay consumable may be configured in a wide variety ways. The particular
shape, size, and other parameters of the assay consumable can be selected to function
well within the constraints of the configurations of the other components of the assay
system with which the assay consumable is to be used, for example the configuration and
design of the assay consumable handler, the sample loader, the rinser, the sealer, the
bead loader, the imaging system, etc. Similarly, the configurations of other assay system
components should be selected to be compatible with the design characteristics of the
assay consumable. Several exemplary assay consumable configurations were discussed
previously in the context of the description associated with the systems of FIG. 3B (38),
FIG. 4C (60), FIG. 2A (398), FIG. 2B (410), FIG. 2C (432), FIG. 2D (439), FIG. 5SA
(500), FIG. 5E (550), etc. In some assay consumable embodiments, the plurality of
assay sites comprises a plurality reaction vessels/wells on a substrate. The reactions
vessels, in certain embodiments, may be configured to receive and contain only a single
bead (e.g., as described below) or more than one bead. In some embodiments of the
assay consumable, the plurality of reaction vessels may be sealed using a sealer
comprising a seal component that is separate from or integrated into the structure of the
assay consumable itself. The sealing of the reaction vessels may be such that the
contents of each reaction vessel cannot escape the reaction vessel during the remainder

of the assay. In some cases, the reaction vessels may be sealed after the addition of
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sample, assay beads and, optionally, additional reagents (e.g., to facilitate detection of
the analyte molecules and/or particles in the sample).

A plurality of reaction vessels may be formed on a surface of the assay
consumable using a variety of methods and/or materials. In some cases, the plurality of
reaction vessels is formed as an array of depressions on a surface. In other embodiments,
the portions of the surface of the assay consumable surrounding the assay sites may be
on the same level as the assay sites. For example, in some cases, the assay consumable
includes a surface that is substantially planar and the assay sites formed on the surface
and the area surrounding the assay sites are at substantially similar levels.

In some cases, the areas surrounding the surface containing assay sites or reaction
vessels/wells is raised, such that the assay sites/wells are contained in a channel on or in
the assay consumable. The channel may be an open (e.g., uncovered like a trough) or
closed (e.g., enclosed like a tube or conduit).

Any of the assay consumable components, for example, the surface containing
assay sites or any sealing component, may be fabricated from a compliant material, e.g.,
an elastomeric polymer material, to aid in sealing. The surfaces may be or made to be
hydrophobic or contain hydrophobic regions to minimize leakage of aqueous samples
from the assay sites (e.g., microwells).

Sealing component may be essentially the same size as the surface containing
assay sites or may be different in size. In some cases, the sealing component is
approximately the same size as the surface containing assay sites and mates with
substantially the entire surface of the surface containing assay sites. In other cases, the
sealing component is smaller than the surface containing assay sites and/or the sealing
component only mates with a portion of the surface containing assay sites.

In some embodiments, the assay sites are wells that may all have approximately
the same volume. In other embodiments, the wells may have differing volumes. The
volume of each individual well may be selected to be appropriate to facilitate any
particular assay protocol. For example, in one set of embodiments where it is desirable
to limit the number of beads per well, the volume of the wells may range from attoliters
or smaller to nanoliters or larger depending upon the size and shape of the beads, the
detection technique and equipment employed, the number and density of the assay sites
on the substrate, and the expected concentration of beads in the fluid applied to the
surface containing the wells, etc. In one embodiment, the size of the wells may be
selected such only a single bead used for analyte capture can be fully contained within

the well. In accordance with one embodiment of the present invention, the assay sites
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(e.g., reaction vessels/ wells) may have a volume between about 1 femtoliter and about 1
picoliter, between about 1 femtoliters and about 100 femtoliters, between about 10
attoliters and about 100 picoliters, between about 1 picoliter and about 100 picoliters,
between about 1 femtoliter and about 1 picoliter, or between about 30 femtoliters and
about 60 femtoliters. In some cases, the assay sites (e.g., reaction vessels) have a volume
of less than about 1 picoliter, less than about 500 femtoliters, less than about 100
femtoliters, less than about 50 femtoliters, or less than about 1 femtoliter. In some cases,
the reaction vessels have a volume of about 10 femtoliters, about 20 femtoliters, about 30
femtoliters, about 40 femtoliters, about 50 femtoliters, about 60 femtoliters, about 70
femtoliters, about 80 femtoliters, about 90 femtoliters, or about 100 femtoliters.

In embodiments where the plurality of assay sites comprise a plurality of reaction
vessels/ wells having a shape that is essentially that of a circular cylinder, the size of the
assay sites may be based upon the size of any beads that will be used in an assay protocol
and may be designed so as to ensure that the number of wells containing more than a
single bead is minimal. In some cases, the maximum permissible well (e.g., assay site)

diameter may be calculated according to Equation 3:

2 * BeadRadius + \/ (3* BeadRadius* —WellDepth* + 2* WellDepth * BeadRadius ) (Eq. 3)

and/or the maximum permissible well (e.g., assay site) depth may be calculated

according to Equation 4:

BeadRadius + \/ (4 * BeadRadius * WellDiameter — WellDiameter® ) (Eq. 4)

The minimum permissible well (e.g., assay site) depth and the minimum permissible well
diameter (e.g., assay site) to assure that a single bead can be contained in the well (e.g.,
assay site), in most embodiments, will not be less than the average diameter of the bead.
Having a properly sized reaction vessel which allows for no more than a single bead to
be present in a reaction vessel may provide better ability to resolve individual beads
allowing for more accuracy with regard to determining a measure of the concentration of
analyte molecules in a sample fluid in certain assays.

In some embodiments, the average depth of the wells is between about 1.0 and
about 1.7 times, between about 1.0 times and about 1.5 times, between about 1.0 times
and about 1.3 times, or between about 1.1 times and about 1.4 times the average diameter
of the beads. In some embodiments, the average diameter of the assay sites is between
about 1.0 times and about 1.9 times, between about 1.2 times and about 1.7 times,
between about 1.0 times and about 1.5 times, or between about 1.3 times and about 1.6

times the average diameter of the beads. In a particular embodiment, the average depth
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of the assay sites is between about 1.0 times and about 1.5 times the average diameter of
the beads and the average diameter of the assay sites is between about 1.0 times and
about 1.9 times the average diameter of the beads.

The total number of assay sites and/or density of assay sites present on the
surface of an assay consumable can depend on the composition and end use of the assay
consumable. For example, the number of assay sites employed may depend on the
whether beads are employed in the assay to be performed, if so the number of beads to
be used, the suspected concentration range of analyte in the sample(s) to be tested with
the assay, the method of detection, the size of any beads, the type of detection entity
(e.g., free labeling agent in solution, precipitating labeling agent, etc.). Assay
consumables containing from about 2 to many billions of assay sites (or total number of
assay sites) can be made by utilizing a variety of techniques and materials. The assay
consumable may comprise between one thousand and one million assay sites per sample
to be analyzed. In some cases, the assay consumable comprises greater than one million
assay sites. In some embodiments, the assay consumable comprises between about 1,000
and about 50,000, between about 1,000 and about 1,000,000, between about 1,000 and
about 10,000, between about 10,000 and about 100,000, between about 100,000 and
about 1,000,000, between about 100,000 and about 500,000, between about 1,000 and
about 100,000, between about 50,000 and about 100,000, between about 20,000 and
about 80,000, between about 30,000 and about 70,000, between about 40,000 and about
60,000, or the like, assay sites. In some embodiments, the assay consumable comprises
about 10,000, about 20,000, about 50,000, about 100,000, about 150,000, about 200,000,
about 300,000, about 500,000, about 1,000,000, or more, assay sites.

The array of assay sites may be arranged on a substantially planar surface or in a
non-planar three-dimensional arrangement. The assay sites may be arrayed in a regular
pattern or may be randomly distributed. In a specific embodiment, the assay consumable
is a regular pattern of sites on a substantially planar surface permitting the assay sites to
be addressed in the X-Y coordinate plane. The array may also contain fiducial features
(e.g., unique shapes of wells, fluorescently doped wells, etc.) that enable multiple images
and arrays to be aligned.

In some cases, a plurality of assay sites on an assay consumable may be partially
surrounded or completely surrounded by at least one channel and/or moat. The channel
and/or moat may help to contain liquid (e.g., a sample fluid) that overflows from the
array, and/or may aid in directing excess fluid removal and/or flow (e.g., during sealing

of the array with a sealing component). For example, FIG. 2H shows open
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channel/trough 33 partially surrounding array 34 on a single side thereof, FIG. 2I shows
channel 33 partially surrounding array 34 on three sides, and FIG. 2J shows channel 33
completely surrounding array 34. A portion of the assay consumable not comprising any
assay sites may or may not be present between the channel and the assay sites. In FIGS.
2H-2K, a area 53 is present between channel 33 and the area comprising assay sites 34.
The size of the channel (e.g., width, depth, length), the shape of the channel, and/or the
proximity of the channel to the array (e.g., how much distance is between the assay sites
and the channel) may be selected based on the parameters of the specific set-up of the
system (e.g., based on the amount of fluid provided, etc.). The channel may or may not
have the same shape (e.g., width, depth) throughout the entire length of the channel. For
example, FIG. 2K shows channel 33 partially surrounding array 25, wherein segment 36
of the channel are narrower and/or shallower than segment 37. Those of ordinary skill in
the art will be able to determine other appropriate variations, for example, segments 36
may be wider/deeper than segment 37. Arrow 35 in FIGS. 2H-2K indicate the direction
of application of a sealing component, in some cases. In embodiments where the sealing
component is applied directionally (e.g., as indicated by arrow 35), the channel/trough
segment on the side of the array where the sealing component is last applied (e.g., 51)
can be larger (e.g., wider, deeper, etc.) as compared to the other segments of the channel
(e.g., such that any fluid being forced across the array due to application of the sealing
component is channeled into and fully contained that segment of the channel). In some
cases, the channel may be fluidically connected to a waste collection receptacle (e.g.,
such that there is not build-up of liquid in the channel).

In some embodiments, the assay sites are formed in a solid material. As will be
appreciated by those skilled in the art, the number of potentially suitable materials in
which the assay sites can be formed is very large, and includes, but is not limited to,
glass (including modified and/or functionalized glass), plastics (including acrylics,
polystyrene and copolymers of styrene and other materials, polycarbonate,
polypropylene, polyethylene, polybutylene, polyurethanes, cyclic olefin copolymer
(COCQ), cyclic olefin polymer (COP), poly(ethylene terephthalate) (PET), Teflon®,
polysaccharides, nylon or nitrocellulose, etc.), elastomers (such as poly(dimethyl
siloxane) and poly urethanes), composite materials, ceramics, silica or silica-based
materials (including silicon and modified silicon), carbon, metals, optical fiber bundles,
or the like. In certain embodiments, the substrate material may be selected to allow for
optical detection without appreciable autofluorescence. In certain embodiments, the

assay sites may be formed in a flexible material.
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Assay sites in a surface may be formed using a variety of techniques known in
the art, including, but not limited to, photolithography, embossing/stamping techniques,
molding techniques, etching techniques, micromachining, or the like. As will be
appreciated by those skilled in the art, the technique used can depend on a variety of
factors such as the composition and shape of the material(s) forming the assay
consumable and the size, number, shape, density and pattern/distribution of assay sites.

In a particular embodiment, an assay consumable comprising a plurality of assay
sites is formed by creating microwells on one end of a fiber optic bundle and utilizing a
planar compliant surface as a sealing component. Those of skilled in the art will be
aware of methods for creating reaction vessels in the end of a fiber optic bundle. For
example, the diameter of the optical fibers, the presence, size and composition of core
and cladding regions of the fiber, and the depth and specificity of the etch may be varied
by the etching technique chosen so that microwells of the desired volume may be
formed. In certain embodiments, the etching process creates microwells by
preferentially etching the core material of the individual glass fibers in the bundle such
that each well is approximately aligned with a single fiber and isolated from adjacent
wells by the cladding material. Potential advantages of the fiber optic array format is
that it can produce thousands to millions of reaction vessels without complicated
microfabrication procedures and that it can provide the ability to observe and optically
address many reaction vessels simultaneously. Methods of forming and advantage
regarding fiber optic arrays will be know to those of ordinary skill in the art, for
example, as described in those described in U.S. Patent Application Publication No. US-
2007-0259448 (Serial No. 11/707,385), filed February 16, 2007, entitled “METHODS
AND ARRAYS FOR TARGET ANALYTE DETECTION AND DETERMINATION
OF TARGET ANALYTE CONCENTRATION IN SOLUTION,” by Walt et al.; U.S.
Patent Application Publication No. US-2007-0259385 (Serial No. 11/707,383), filed
February 16, 2007, entitled “METHODS AND ARRAYS FOR DETECTING CELLS
AND CELLULAR COMPONENTS IN SMALL DEFINED VOLUMES,” by Walt et
al.; U.S. Patent Application Publication No. US-2007-0259381 (Serial No. 11/707,384),
filed February 16, 2007, entitled “METHODS AND ARRAYS FOR TARGET
ANALYTE DETECTION AND DETERMINATION OF REACTION COMPONENTS
THAT AFFECT A REACTION,” by Walt et al.; International Patent Application No.
PCT/US2007/019184, filed August 30, 2007, entitled “METHODS OF DETERMINING
THE CONCENTRATION OF AN ANALYTE IN SOLUTION,” by Walt et al.; U.S.
Patent Application Publication No. US-2010-0075862 (Serial No. 12/236484), filed
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September 23, 2008, entitled “HIGH SENSITIVITY DETERMINATION OF THE
CONCENTRATION OF ANALYTE MOLECULES OR PARTICLES IN A FLUID
SAMPLE,” by Duffy et al.; U.S. Patent Application Publication No. US-2010-00754072
(Serial No. 12/236486), filed September 23, 2008, entitled “ULTRA-SENSITIVE
DETECTION OF MOLECULES ON SINGLE MOLECULE ARRAYS,” by Dufty et
al., U.S. Patent Application Publication No. US-2010-0075439 (Serial No. 12/236488),
filed September 23, 2008, entitled “ULTRA-SENSITIVE DETECTION OF
MOLECULES BY CAPTURE-AND-RELEASE USING REDUCING AGENTS
FOLLOWED BY QUANTIFICATION,” by Duffy et al.; U.S. Patent Application
Publication No. US-2010-0075355 (Serial No. 12/236490), filed September 23, 2008,
entitled “ULTRA-SENSITIVE DETECTION OF ENZYMES BY CAPTURE-AND-
RELEASE FOLLOWED BY QUANTIFICATION,” by Duffy et al.; U.S. Patent
Application Serial No. 12/731130, filed March 24, 2010, entitled “ULTRA-SENSITIVE
DETECTION OF MOLECULES OR PARTICLES USING BEADS OR OTHER
CAPTURE OBIJECTS,” by Dufty et al.; U.S. Patent Application Serial No. 12/731135,
filed March 24, 2010, entitled “ULTRA-SENSITIVE DETECTION OF MOLECULES
USING DUAL DETECTION METHODS,” by Duffy et al.; of U.S. Patent Application
Serial No. 12/731136, filed March 24, 2010, entitled “METHODS AND SYSTEMS
FOR EXTENDING DYNAMIC RANGE IN ASSAYS FOR THE DETECTION OF
MOLECULES OR PARTICLES,” by Dutffy et al.; each herein incorporated by reference
Alternatively, reaction vessels may be spotted, printed or photolithographically
fabricated onto an assay consumable surface by techniques known in the art; see for
example W0O95/25116; W0O95/35505; PCT US98/09163; U.S. Patent Nos. 5,700,637,
5,807,522, 5,445,934, 6,406,845, and 6,482,593, each herein incorporated by reference.
In certain embodiments, an assay consumable of the invention may be configured
to comprise a plurality of surfaces containing a group of assay sites, wherein each
plurality of surfaces containing a group of assay sites is spatially separated from other
such surfaces, for example by being contained in a series of spatially isolated chambers
(e.g., such that each group of assay sites may be fluidically isolated from each other
group of assay sites and/or such that each group of assay sites contains a distinct
sample). In some such embodiments, an assay consumable may comprise a plurality of
spatially separated chambers, wherein each of the spatially separated chambers contains
a surface comprising a plurality of assay sites. That is, the assay consumable comprises

a plurality of areas wherein each area contains a plurality of assay sites.



10

15

20

25

30

35

WO 2012/103447 PCT/US2012/022923

-43 -

For example, FIG. 2A shows assay consumable 398 comprising a plurality of
spatially separated chambers 400, wherein each spatially separated chamber comprises a
surface 402 containing a plurality of assay sites. In this example, the assay consumable
may optionally includes a lid 404 comprising sealing components 405 constructed and
positioned to be engagable with and disengagable from the spatially separated chambers
400. Upon engagement of the sealing components 405, each of spatially separated
chambers become fluidicially isolated from the other chambers and each of the assay
sites in each of the fluidically isolated chambers becomes fluidically isolated from the
other assay sites in the same fluidically isolated chamber.

Another example of an assay consumable comprising a plurality of spatially
isolated chambers and configured in the form of a disc is shown in FIG. 2B. Such discs
may be manufactured by high volume processes such as injection molding and
embossing that are used to manufacture CDs and DVDs. The assay consumable disc 410
includes a plurality of chambers 412, each comprising a surface containing a plurality of
assay sites, which chambers are situated about disc 410. The disc may be configured to
associate with an assay consumable handler, as described herein (e.g., such that the disc
can rotate about center 414). Each chamber 412 comprises a channel, wherein the assay
sites are positioned within the channel (e.g., an open or closed channel) on surfaces 420.
In a particular embodiment, the channel is closed. The expanded portion of FIG. 2B
shows a detail view of a single chamber 412 comprising a first opening 416, second
opening 418, and a plurality of assay sites formed in surface 420. The sample as well as
other fluids, e.g., bead containing fluids, rinsing fluids, sealing fluids, reagents, etc. may
be introduced into the channel through the openings. The sizing of the channel may be
selected based upon the particular needs of the assay and/or other system components,
bead size, etc. In some cases, the channel has a width 422 and/or depth of between about
1 mm and about 100 mm, between about 1 mm and about 50 mm, between about 1 mm
and about 20 mm, between about 1 mm and about 10 mm, or about 1 mm, about 2 mm,
about 3 mm, about 4 mm about 5 mm, about 6 mm, about 7 mm, about 8 mm, about 9
mm, about 10 mm, or greater. The channel may have a length 424 between about 1 mm
and about 100 mm, between about 10 mm and about 50 mm, between about 10 mm and
about 20 mm, between about 1 mm and about 20 mm, or about 10 mm, about 11 mm,
about 12 mm, about 13 mm, about 14 mm about 15 mm, about 16 mm, about 17 mm,
about 18 mm, about 19 mm, about 20 mm, or greater. The shape of the channels may
vary or may be constant along its length and/or width and may be substantially square,

rectangular, oval, spherical, etc. in cross section The diameter of the inlets may be
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between about 1 mm and about 10 mm, or about 1 mm, about 2 mm, about 3 mm, about
4 mm about 5 mm, about 6 mm, about 7 mm, about § mm, about 9 mm, about 10 mm, or
greater.

FIGS. 17A-17N illustrate embodiments of alternative arrangements of the assay
consumable shown in FIG. 2B. For example, the chambers of assay consumables in
various embodiments may vary with respect to one or more of the following features: the
shape of the chamber, the location of assay sites in the chamber, the location, presence
and/or absence of, and/or size of the inlet and/or outlet ports, the presence of a fluid
reservoir, etc. For example, in FIG. 17A chamber 600 comprises an inlet 602, outlet
604, and plurality of assay sites in region 606. In this embodiment, as is shown in the
side view, the plurality of assay sites 606 are formed in bottom material layer 612 and
are contained in channel 614. Channel 614 is formed between bottom material layer 612
and top material layer 610, wherein inlet 602 and outlet 604 are also formed in top
material layer 610.

FIG. 17B shows a similar arrangement as FIG. 17A, except inlet 602 and outlet
604 are formed in bottom surface layer 612. FIG. 17C shows another similar
arrangement, except channel 614 comprises a fluid reservoir 616 which is designed as a
reservoir for fluids used in an assay. In this figure, fluid reservoir 616 is associated with
air vent 618 which allows for displacement of the air from fluid reservoir 616. The size
of the fluid reservoir may be designed such that the fluid reservoir is capable of holding a
required quantity of excess fluid based upon the specifics of an assay conducted using
the assay consumable. FIG. 17D shows a similar arrangement as FIG. 17C, except inlet
602 and air vent 618 is formed in bottom surface layer 612. FIGS. 17E and 17F show
similar arrangements as shown in FIGS. 17A and 17B respectively, except the shape and
size of the chambers, channels, and assay site region are different. Similarly, FIGS. 17H
and 171 show similar arrangements as shown in FIGS. 17A/17E and 17B/17F
respectively, except the shape and size of the chambers, channels, and assay site region
are different. FIG. 17G shows a similar arrangements as shown in FIG. 17E, except fluid
reservoir 616 is differently configured.

FIGS. 17J-17N show disc shaped assay consumables having various distribution
of chambers 600 thereon, similar to as the assay consumable shown in FIG. 17B. In
particular, FIGS. 17J and 17K illustrate that a variable number of chambers may be
present on the disc (e.g., FIG. 17] illustrates a disc with a fewer number of chambers as
compared to FIG. 17K). FIGS. 17J/17K, 17L, 17M, and 17N illustrate the different

shapes and sizes of chambers on a disc (e.g., FIGS 17J/17K illustrate narrower chambers
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as compared to FIGS. 17L or 17M), different locations of inlets and/or outlets (e.g., FIG.
17L illustrates inlet 602 closer to the center of the disc and FIG. 17M illustrates inlet 602
closer to the outer edge of the disc), and/or the presence of a fluid reservoir (e.g., see
FIG. 17N).

The discs illustrated in FIGS. 17L-17N also comprise a computer readable
identifier tag 613 thereon. Non-limiting examples of suitable identifier tags may bar
codes or radio frequency identification (RFID) chips. The identifier tag may be used for
a variety of purposes, such as to authentication and/or verification of identity, type, lot
number, expiration date, etc. of the assay consumable and/or its contents. Verification
can be achieved, for example, via an optical scanner or RFID proximity reader
(depending on the type of identifier tag(s) employed) that provided in suitable locations
on an assay consumable handler and/or imaging system for use with assay consumable
600. In certain embodiments, the information from an identifier can be stored for future
reference and record-keeping purposes. Any suitable identifier such as a radio frequency
identification (RFID) tag, a bar code, a serial number, a color tag, a fluorescent or optical
tag (e.g., using quantum dots), chemical compounds, a radio tag, or a magnetic tag can
be used. Detection of identifiers can be accomplished by a variety of methods known to
those of ordinary skill in the art. The detection method depends in part on the particular
identifier and can include, for example, imaging, fluorescence detection, spectroscopy,
microscopy, etc. In one embodiment, a RFID tag is used as an identifier. The RFID tag
can include an integrated circuit (e.g., for storing and processing information, modulating
and demodulating a radio frequency (RF) signal) and an antenna for receiving and
transmitting the signal. The RFID tag may be passive, semi-passive (e.g., battery-
assisted), or active. It should be understood that RFID tags are known in the art and that
any suitable RFID tag can be incorporated into components of an assay consumable
described herein.

FIG. 2C shows yet another non-limiting example of an assay consumable. In this
figure, assay consumable 431 comprises a plurality of spatially separated chambers
which are fluidically isolatable from the other spatially separated chambers. A group of
assay sites is located in each spatially separated chamber 434, which comprises a channel
having first opening 433 and second opening 435. Various fluids and other component
may be provided through the openings. In this embodiment, the lid is configured to slide
onto the body of the assay component. In addition, the lid carries sealing component(s)
that move relative to the spatially separated chambers upon moving the lid between an

open position (e.g., as shown in FIG. 2D) and a closed position (e.g., as shown in FIG.
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2E). In the open position, there is at least one opening to access each of the fluidically
isolated chambers, while with the lid in the closed position, the sealing components
fluidically seal the chambers. In this example, each fluidically isolated chamber also
comprises at least one wiper 430, wherein the wiper is constructed and positioned so that
upon movement of the lid an open to a closed position, each wiper moves in sliding
contact with the surface comprising a plurality of assay sites contained in each of the
spatially separated chambers (e.g., thereby removing any beads present on the surface of
the assay consumable comprising a plurality of reaction vessels and not substantially
contained in an assay site).

Yet another exemplary embodiment is shown in FIG. 2F. In this figure, assay
consumable 439 comprises a plurality of spatially separated chambers 436 which are
fluidically isolated from the other spatially separated chambers. A group of assay sites
444 is located in each spatially separated chamber 436, which comprises a channel
having first opening 437 and second opening 438. FIG. 2G depicts function of the
channel, including use of a sample loader, a reagent loader, a sealer/wiper, and an
imaging system. The use and function of the channel may be similar to t that of the
embodiment in FIGS. 8A-8G. In FIG. 2G, inlet tip 440, outlet tip 442, comprise at least
a portion of the sample loader, reagent loader, sealer and wiper of the illustrated by
sequentially injecting at different times during the course of an assay sample fluid 446
(left), reagent fluid 448 (second from left), and an sealing/wiping fluid 450 (second from
right) over assay sites 444, and then interrogating the assay sites with imaging system
452 (right).

In some embodiments, systems employing an assay consumable comprising a
fluid channel (e.g., comprising a plurality of assay sites) may include an air bubble
detector system configured to determine the presence and/or absence of air in fluid
channel(s) of the assay consumable (e.g., an air bubble in the channel above the plurality
of assay sites). It may be important to detect the presence of an air bubble as an air
bubble positioned above the plurality of assay sites may affect the ability to determine
and accurate signal from all or a portion of the assay sites, and thus may, for example,
skew or alter the results of the determination of a concentration an analyte molecule or
particle in an assay sample.

For example, if the imaging system is configured to process a signal accounting
for the presence of a certain thickness of fluid above the assay sites, the presence of air

may alter the signal such that determination of the signal provides incorrect and/or
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inaccurate results. Those of ordinary skill in the art will be aware of suitable methods
and systems for determining the presence of an air bubble in a channel.

FIG. 18 depicts a non-limiting example of an air bubble detector system.
Chamber 620 of an assay consumable comprises inlet 630, fluid reservoir 634, air vent
632, and an array 622 of assay sites contained in channel 627. Air bubble detector
system comprises first reflector 624 and second reflector 626 on assay consumable 600,
that interacts with a light source 636 (e.g., LED) and detector 638 of the assay system.
Light emitted by light source 636 is reflected by first reflector 624 such that light (e.g., as
indicated by line 640) passes through channel 622 above the array 622 of assay sites and
impinges upon second reflector 626, which redirects it to a detector 638. The presence
of an air bubble in channel 627 may be determined based on the signal detected by
detector 638. For example, the presence of an air bubble in channel 627 may reduce the

intensity and/or quantity of the light transmitted from light source 636 to detector 638.

Exemplary Beads

As described above, certain of the systems provided by the invention are
particularly suited for assays using beads for analyte capture (e.g., systems including
bead loaders and/or wipers). Beads which may be used for analyte capture may be of
any suitable size or shape. Non-limiting examples of suitable shapes include spheres
(i.e. essentially spherical), cubes (i.e. essentially cubic), ellipsoids (i.e. essentially
ellipsoidal), tubes, sheets, irregular shapes, etc. In certain embodiments, the average
diameter (if substantially spherical) or average maximum cross-sectional dimension (for
other shapes) of a bead may be greater than about 0.1 um (micrometer), greater than
about 1 um, greater than about 10 um, greater than about 100 um, greater than about 1
mm, or the like. In other embodiments, the average diameter of a bead or the maximum
dimension of a bead in one dimension may be between about 0.1 um and about 100 um,
between about 1 um and about 100 um, between about 10 um and about 100 um,
between about 0.1 um and about 1 mm, between about 1 um and about 10 mm, between
about 0.1 um and about 10 um, or the like. The “average diameter” or “average
maximum cross-sectional dimension” of a plurality of beads, as used herein, is the
arithmetic average of the diameters/maximum cross-sectional dimensions of the beads.
Those of ordinary skill in the art will be able to determine the average
diameter/maximum cross-sectional dimension of a population of bead, for example,

using laser light scattering, microscopy, sieve analysis, or other known techniques. For
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example, in some cases, a Coulter counter may be used to determine the average
diameter of a plurality of beads.

The beads used for analyte capture may be fabricated from one or more suitable
materials, for example, plastics or synthetic polymers (e.g., polyethylene, polypropylene,
polystyrene, polyamide, polyurethane, phenolic polymers, or nitrocellulose etc.),
naturally derived polymers (latex rubber, polysaccharides, polypeptides, etc), composite
materials, ceramics, silica or silica-based materials, carbon, metals or metal compounds
(e.g., comprising gold, silver, steel, aluminum, copper, etc.), inorganic glasses, silica, and
a variety of other suitable materials.

In some embodiments, more than one type of bead for analyte capture may be
employed. In some cases, each type of bead may include a surface with differing
binding specificity. In addition, each type of bead may have a unique optical (or other
detectable) signal, such that each type of bead is distinguishable for each of the other
types of beads, for example to facilitate multiplexed assays. In these embodiments, more
than one type of analyte molecule may be quantified and/or detected in a single,
multiplexed assay method. Of course, as discussed previously, in certain embodiments,

the beads are magnetic beads.

Exemplary Methods

The systems and devices of the invention may be employed for use in practicing
a wide variety of methods, such as assay methods, as would be apparent to those skilled
in the art. In some cases, use of the inventive systems or other systems permit the
methods of the invention to be automated. That is, the methods may be conducted using
systems which are configured to carry out the steps (or at least one step) with little or no
human intervention once the method has begun.

In some embodiments, the present invention provides an automated method for
forming a plurality of sealed assay sites which can be used for performing an assay. In
some cases, the method comprises the steps of operatively associating an assay
consumable having a surface comprising a plurality of assay sites with a sealer apparatus
comprising a sealer (e.g., as described above) and a controller (e.g., configured to operate
the sealer automatically) and applying a sealing component (e.g., as described herein
and including, but not limited to, a sealing fluid, a pressure-adhesive layer, a film, etc.) to
the plurality of assay sites with the sealer apparatus. Following application of the sealing
component, a plurality of sealed assay sites may be formed, wherein the contents of each

sealed assay site is substantially isolated from the contents of each of the other plurality
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of sealed assay sites. In some cases, a plurality of beads is provided to the plurality of
assay sites such that at least some of the assay sites contain at least one bead. The beads
may be provide and/or contained in the assay sites using a bead loader (e.g., as described
herein). The beads may or may not be associated with an analyte molecule or particle.
In some cases, substantially all of the beads which are on the surface of the assay
consumable containing the plurality of assay sites which are not substantially contained
in an assay site may be removed (e.g., using a wiper, as described herein).

In another embodiment, a method for inserting beads into reaction vessels on an
assay consumable is provided. The method may comprise generating a magnetic field in
proximity to a surface of the assay consumable comprising a plurality of the reaction,
wherein the magnetic field vector of the magnetic field is directed from the surface
towards a bottom of the reaction vessels and/or towards the perimeter of the surface. A
plurality of magnetic beads may be delivered proximate the surface. The beads may be
inserted into the reaction vessels by causing relative motion between the magnetic beads
and the reaction vessels (e.g., using a bead loader, as described herein). Creation of
relative motion is described herein and may be caused by moving a magnetic field
relative to the surface of the assay consumable containing the plurality of assay sites or
moving the assay consumable relative to the magnetic field, by causing motion of a fluid
substantially surrounding the beads, or the like. In some cases, following the creating
step, a first portion of the magnetic beads are contained in the reaction vessels and a
second portion of the magnetic beads are positioned on the surface of the assay
consumable, but not contained within an reaction vessel. The second portion of beads
may be removed (e.g., using a wiper, as described herein).

In yet another embodiment, a method for forming a plurality of sealed reaction
vessels for performing an assay is provided. The method may first comprise associating
an assay consumable having a surface comprising a plurality of assay sites with a sealing
component (e.g., liquid, film, etc.) by applying the sealing component to the surface
(e.g., using a sealer, as described herein). Upon application of the sealing component,
the contents of each assay site may be substantially isolated from the contents of each of
the other plurality of assay sites without maintaining any pressure applied to the sealing
component.

In still yet another embodiment, a method for forming a plurality of sealed
reaction vessels for performing an assay is provided. Initially, an assay consumable
having a surface comprising a plurality of assay sites may be associated with a sealing

component by applying the sealing component to the surface of the assay consumable
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and applying pressure to the sealing component. Following application of the sealing
component, the contents of each assay site may be substantially isolated from the
contents of each of the other plurality of assay sites. In this method, the sealing
component comprises a pressure-sensitive adhesive wherein the pressure-sensitive
adhesive is activated upon application of the pressure to the sealing component and the
adhesive forms an adhesive bond between the sealing component and the surface of the
assay consumable.

Certain methods of the present invention may be useful for characterizing analyte
molecules (or particles) in a sample. In some cases, the methods and/or systems may be
useful for detecting and/or quantifying analyte molecules in a fluid sample which is
suspected of containing at least one type of analyte molecule. In some cases, the
methods and/or system may be designed such that the number (or equivalently fraction)
of interrogated assay sites (e.g., reaction vessels) which contain an analyte molecule or
an analyte molecule associated with a bead can be correlated to the concentration of
analyte molecules in the fluid sample. Certain embodiments thus can provide a measure
of the concentration of analyte molecules in a fluid sample based at least in part on the
number or fraction of assay sites which contain an analyte molecule (or analyte molecule
associated with a capture component). In embodiments where beads are employed, this
number/fraction may be related to the total number of assay sites comprising a bead (e.g.,
with or without an associated analyte molecule or labeling agent) and/or to the total
number of assay sites interrogated.

In certain embodiments, a method for detection and/or quantifying analyte
molecules (or particles) in a sample fluid comprises immobilizing a plurality of analyte
molecules with respect to a plurality of beads that each include a binding surface having
affinity for at least one type of analyte molecule (or particle) is performed by the systems
described herein. For example, the beads may comprise a plurality of capture
components (e.g., an antibody having specific affinity for an analyte molecule of interest,
etc.). At least some of the beads (e.g., at least some associated with at least one analyte
molecule) may be spatially separated/segregated into a plurality of assay sites (e.g., on an
assay consumable), and at least some of the assay sites may be addressed/interrogated
(e.g., using an imaging system). A measure of the concentration of analyte molecules in
the sample fluid may be determined based on the information received when addressing
the assay sites (e.g., using the information received from the imaging system and/or
processed using a computer implemented control system). In some cases, a measure of

the concentration of analyte molecules in the sample fluid may be based at least in part
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on the number of assay sites determined to contain a bead that is or was associated with
at least one analyte molecule. In other cases and/or under differing conditions, a measure
of the concentration may be based at least in part on an intensity level of at least one
signal indicative of the presence of a plurality of analyte molecules and/or beads
associated with an analyte molecule at one or more of the assay sites.

In embodiments where beads are employed, the partitioning of the beads can be
performed, for example in certain embodiments by the sample loader and/or bead loader,
such that at least some (e.g., a statistically significant fraction) of the assay sites
comprise at least one or, in certain cases, only one bead associated with at least one
analyte molecule and at least some (e.g., a statistically significant fraction) of the assay
sites comprise a bead not associated with any analyte molecules. The beads associated
with at least one analyte molecule may be quantified in certain embodiments, thereby
allowing for the detection and/or quantification of analyte molecules in the sample fluid
using techniques known to those of ordinary skill in the art.

An exemplary assay method is as follows. A sample fluid containing or
suspected of containing analyte molecules or particles are provided. An assay
consumable comprising a plurality of assay sites is exposed to the sample fluid. In some
cases, the analyte molecules are provided in a manner (e.g., at a concentration) such that
a statistically significant fraction of the assay sites contain a single analyte molecule and
a statistically significant fraction of the assay sites do not contain any analyte molecules
(e.g., using a sample loader). The assay sites may optionally be exposed to a variety of
reagents (e.g., using a reagent loader) and or rinsed (e.g., using a rinser). The assay sites
are then sealed (e.g., using a sealer) and imaged (e.g., using an imaging system). The
images are then analyzed (e.g., by the computer implemented control system) such that a
measure of the concentration of the analyte molecules in the fluid sample may be
obtained, based at least in part, by determination of the number of assay sites which
contain an analyte molecule and/or the number of sites which do not contain any analyte
molecules. In some cases, the analyte molecules are provided in a manner (e.g., at a
concentration) such that at least some assay sites comprise more than one analyte
molecule. In such embodiments, a measure of the concentration of analyte molecules or
particles in the fluid sample may be obtained at least in part on an intensity level of at
least one signal indicative of the presence of a plurality of analyte molecules at one or
more of the assay sites

In some cases, the methods optionally comprise exposing the fluid sample to a

plurality of beads. At least some of the analyte molecules are immobilized with respect
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to a bead. In some cases, the analyte molecules are provided in a manner (e.g., ata
concentration) such that a statistically significant fraction of the beads associate with a
single analyte molecule and a statistically significant fraction of the beads do not
associate with any analyte molecules. At least some of the plurality of beads (e.g., those
associated with a single analyte molecule or not associated with any analyte molecules)
may then be spatially separated/segregated into a plurality of assay sites of the assay
consumable. The assay sites may optionally be exposed to a variety of reagents (e.g.,
using a reagent loader) and or rinsed (e.g., using a rinser). At least some of the assay
sites may then be addressed (e.g., using an imaging system) to determine the number of
assay sites containing an analyte molecule. In some cases, the number of assay sites
containing a bead not associated with an analyte molecule, the number of assay sites not
containing a bead and/or the total number of assay sites addressed may also be
determined. Such determination(s) may then be used to determine a measure of the
concentration of analyte molecules in the fluid sample. In some cases, more than one
analyte molecule may associate with a bead and/or more than one bead may be present in
an assay site.
In some embodiments, the analyte molecules (e.g., optionally associated with a

bead) may be exposed to at least one reagent. In some cases, the reagent may comprise a
plurality of binding ligands which have an affinity for at least one type of analyte
molecule (or particle). A “binding ligand,” is any molecule, particle, or the like which
specifically binds to or otherwise specifically associates with an analyte molecule to aid
in the detection of the analyte molecule. Certain binding ligands can comprise an entity
that is able to facilitate detection, either directly (e.g., via a detectable moiety) or
indirectly. A component of a binding ligand may be adapted to be directly detected in
embodiments where the component comprises a measurable property (e.g., a
fluorescence emission, a color, etc.). A component of a binding ligand may facilitate
indirect detection, for example, by converting a precursor labeling agent into a labeling
agent (e.g., an agent that is detected in an assay). Accordingly, another exemplary
reagent is a precursor labeling agent. A “precursor labeling agent” is any molecule,
particle, or the like, that can be converted to a labeling agent upon exposure to a suitable
converting agent (e.g., an enzymatic component). A “labeling agent” is any molecule,
particle, or the like, that facilitates detection, by acting as the detected entity, using a
chosen detection technique. In some embodiments, the binding ligand may comprise an

enzymatic component (e.g., horseradish peroxidase, beta-galactosidase, alkaline
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phosphatase, etc). A first type of binding ligand may or may not be used in conjunction
with additional binding ligands (e.g., second type, etc.).

Those of ordinary skill in the art will be aware of additional components and
information relating to methods of quantifying analyte molecules in a sample fluid, for
example, those described in U.S. Patent Application Publication No. US-2007-0259448
(Serial No. 11/707,385), filed February 16, 2007, entitled “METHODS AND ARRAYS
FOR TARGET ANALYTE DETECTION AND DETERMINATION OF TARGET
ANALYTE CONCENTRATION IN SOLUTION,” by Walt et al.; U.S. Patent
Application Publication No. US-2007-0259385 (Serial No. 11/707,383), filed February
16, 2007, entitled “METHODS AND ARRAYS FOR DETECTING CELLS AND
CELLULAR COMPONENTS IN SMALL DEFINED VOLUMES,” by Walt et al.; U.S.
Patent Application Publication No. US-2007-0259381 (Serial No. 11/707,384), filed
February 16, 2007, entitled “METHODS AND ARRAYS FOR TARGET ANALYTE
DETECTION AND DETERMINATION OF REACTION COMPONENTS THAT
AFFECT A REACTION,” by Walt et al.; International Patent Application No.
PCT/US2007/019184, filed August 30, 2007, entitled “METHODS OF DETERMINING
THE CONCENTRATION OF AN ANALYTE IN SOLUTION,” by Walt et al.; U.S.
Patent Application Publication No. US-2010-0075862 (Serial No. 12/236484), filed
September 23, 2008, entitled “HIGH SENSITIVITY DETERMINATION OF THE
CONCENTRATION OF ANALYTE MOLECULES OR PARTICLES IN A FLUID
SAMPLE,” by Duffy et al.; U.S. Patent Application Publication No. US-2010-00754072
(Serial No. 12/236486), filed September 23, 2008, entitled “ULTRA-SENSITIVE
DETECTION OF MOLECULES ON SINGLE MOLECULE ARRAYS,” by Dufty et
al., U.S. Patent Application Publication No. US-2010-0075439 (Serial No. 12/236488),
filed September 23, 2008, entitled “ULTRA-SENSITIVE DETECTION OF
MOLECULES BY CAPTURE-AND-RELEASE USING REDUCING AGENTS
FOLLOWED BY QUANTIFICATION,” by Duffy et al.; U.S. Patent Application
Publication No. US-2010-0075355 (Serial No. 12/236490), filed September 23, 2008,
entitled “ULTRA-SENSITIVE DETECTION OF ENZYMES BY CAPTURE-AND-
RELEASE FOLLOWED BY QUANTIFICATION,” by Duffy et al.; U.S. Patent
Application Serial No. 12/731130, filed March 24, 2010, entitled “ULTRA-SENSITIVE
DETECTION OF MOLECULES OR PARTICLES USING BEADS OR OTHER
CAPTURE OBIJECTS,” by Dufty et al.; U.S. Patent Application Serial No. 12/731135,
filed March 24, 2010, entitled “ULTRA-SENSITIVE DETECTION OF MOLECULES
USING DUAL DETECTION METHODS,” by Duffy et al.; and U.S. Patent Application



10

15

20

25

30

35

WO 2012/103447 PCT/US2012/022923
-54 -

Serial No. 12/731136, filed March 24, 2010, entitled “METHODS AND SYSTEMS
FOR EXTENDING DYNAMIC RANGE IN ASSAYS FOR THE DETECTION OF
MOLECULES OR PARTICLES,” by Duffy et al.; each herein incorporated by

reference.

Computer Implemented Control Systems

As described above, certain embodiments of the inventive systems include one or
more controllers/computer implemented control systems for operating various
components/subsystems of the system, performing data/image analysis, etc. (e.g.,
controller 2/computer implemented control system 12 shown in FIG. 1, controller
24/computer implemented control system 32 shown in FIG. 3A, and controller
92/computer implemented control system 88 shown in FIG. 6A). In general, any
calculation methods, steps, simulations, algorithms, systems, and system elements
described herein may be implemented and/or controlled using one or more computer
implemented control system(s), such as the various embodiments of computer
implemented systems described below. The methods, steps, control systems, and control
system elements described herein are not limited in their implementation to any specific
computer system described herein, as many other different machines may be used.

The computer implemented control system(s) can be part of or coupled in
operative association with an image analysis system and/or other automated system
components, and, in some embodiments, is configured and/or programmed to control and
adjust operational parameters, as well as analyze and calculate values, for example
analyte molecule or particle concentrations as described above. In some embodiments,
the computer implemented control system(s) can send and receive reference signals to set
and/or control operating parameters of system apparatus. In other embodiments, the
computer implemented system(s) can be separate from and/or remotely located with
respect to the other system components and may be configured to receive data from one
or more remote assay systems of the invention via indirect and/or portable means, such
as via portable electronic data storage devices, such as magnetic disks, or via
communication over a computer network, such as the Internet or a local intranet.

The computer implemented control system(s) may include several known
components and circuitry, including a processing unit (i.e., processor), a memory system,
input and output devices and interfaces (e.g., an interconnection mechanism), as well as
other components, such as transport circuitry (e.g., one or more busses), a video and

audio data input/output (I/0O) subsystem, special-purpose hardware, as well as other
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components and circuitry, as described below in more detail. Further, the computer
system(s) may be a multi-processor computer system or may include multiple computers
connected over a computer network.

The computer implemented control system(s) may include a processor, for
example, a commercially available processor such as one of the series x86, Celeron and
Pentium processors, available from Intel, similar devices from AMD and Cyrix, the
680X0 series microprocessors available from Motorola, and the PowerPC
microprocessor from IBM. Many other processors are available, and the computer
system is not limited to a particular processor.

A processor typically executes a program called an operating system, of which
WindowsNT, Windows95 or 98, Windows XP, Windows Vista, Windows 7, UNIX,
Linux, DOS, VMS, MacOS and OS8 are examples, which controls the execution of other
computer programs and provides scheduling, debugging, input/output control,
accounting, compilation, storage assignment, data management and memory
management, communication control and related services. The processor and operating
system together define a computer platform for which application programs in high-level
programming languages are written. The computer implemented control system is not
limited to a particular computer platform.

The computer implemented control system(s) may include a memory system,
which typically includes a computer readable and writeable non-volatile recording
medium, of which a magnetic disk, optical disk, a flash memory and tape are examples.
Such a recording medium may be removable, for example, a floppy disk, read/write CD
or memory stick, or may be permanent, for example, a hard drive.

Such a recording medium stores signals, typically in binary form (i.e., a form
interpreted as a sequence of one and zeros). A disk (e.g., magnetic or optical) has a
number of tracks, on which such signals may be stored, typically in binary form, i.e., a
form interpreted as a sequence of ones and zeros. Such signals may define a software
program, e.g., an application program, to be executed by the microprocessor, or
information to be processed by the application program.

The memory system of the computer implemented control system(s) also may
include an integrated circuit memory element, which typically is a volatile, random
access memory such as a dynamic random access memory (DRAM) or static memory
(SRAM). Typically, in operation, the processor causes programs and data to be read

from the non-volatile recording medium into the integrated circuit memory element,
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which typically allows for faster access to the program instructions and data by the
processor than does the non-volatile recording medium.

The processor generally manipulates the data within the integrated circuit
memory element in accordance with the program instructions and then copies the
manipulated data to the non-volatile recording medium after processing is completed. A
variety of mechanisms are known for managing data movement between the non-volatile
recording medium and the integrated circuit memory element, and the computer
implemented control system(s) that implements the methods, steps, systems control and
system elements control described above is not limited thereto. The computer
implemented control system(s) is not limited to a particular memory system.

At least part of such a memory system described above may be used to store one
or more data structures (e.g., look-up tables) or equations such as calibration curve
equations. For example, at least part of the non-volatile recording medium may store at
least part of a database that includes one or more of such data structures. Such a
database may be any of a variety of types of databases, for example, a file system
including one or more flat-file data structures where data is organized into data units
separated by delimiters, a relational database where data is organized into data units
stored in tables, an object-oriented database where data is organized into data units stored
as objects, another type of database, or any combination thereof.

The computer implemented control system(s) may include a video and audio data
I/O subsystem. An audio portion of the subsystem may include an analog-to-digital
(A/D) converter, which receives analog audio information and converts it to digital
information. The digital information may be compressed using known compression
systems for storage on the hard disk to use at another time. A typical video portion of
the 1/0 subsystem may include a video image compressor/decompressor of which many
are known in the art. Such compressor/decompressors convert analog video information
into compressed digital information, and vice-versa. The compressed digital information
may be stored on hard disk for use at a later time.

The computer implemented control system(s) may include one or more output
devices. Example output devices include a cathode ray tube (CRT) display, liquid
crystal displays (LCD) and other video output devices, printers, communication devices
such as a modem or network interface, storage devices such as disk or tape, and audio
output devices such as a speaker.

The computer implemented control system(s) also may include one or more input

devices. Example input devices include a keyboard, keypad, track ball, mouse, pen and
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tablet, communication devices such as described above, and data input devices such as
audio and video capture devices and sensors. The computer implemented control
system(s) is not limited to the particular input or output devices described herein.

It should be appreciated that one or more of any type of computer implemented
control system may be used to implement various embodiments described herein.
Aspects of the invention may be implemented in software, hardware or firmware, or any
combination thereof. The computer implemented control system(s) may include
specially programmed, special purpose hardware, for example, an application-specific
integrated circuit (ASIC). Such special-purpose hardware may be configured to
implement one or more of the methods, steps, simulations, algorithms, systems control,
and system elements control described above as part of the computer implemented
control system(s) described above or as an independent component.

The computer implemented control system(s) and components thereof may be
programmable using any of a variety of one or more suitable computer programming
languages. Such languages may include procedural programming languages, for
example, LabView, C, Pascal, Fortran and BASIC, object-oriented languages, for
example, C++, Java and Eiffel and other languages, such as a scripting language or even
assembly language.

The methods, steps, simulations, algorithms, systems control, and system
elements control may be implemented using any of a variety of suitable programming
languages, including procedural programming languages, object-oriented programming
languages, other languages and combinations thereof, which may be executed by such a
computer system. Such methods, steps, simulations, algorithms, systems control, and
system elements control can be implemented as separate modules of a computer
program, or can be implemented individually as separate computer programs. Such
modules and programs can be executed on separate computers.

Such methods, steps, simulations, algorithms, systems control, and system
elements control, either individually or in combination, may be implemented as a
computer program product tangibly embodied as computer-readable signals on a
computer-readable medium, for example, a non-volatile recording medium, an integrated
circuit memory element, or a combination thereof. For each such method, step,
simulation, algorithm, system control, or system element control, such a computer
program product may comprise computer-readable signals tangibly embodied on the
computer-readable medium that define instructions, for example, as part of one or more

programs, that, as a result of being executed by a computer, instruct the computer to
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perform the method, step, simulation, algorithm, system control, or system element
control.
These and other aspects of the present invention will be further appreciated upon
consideration of the following Examples, which are intended to illustrate certain
particular embodiments of the invention but are not intended to limit its scope, as defined

by the claims.

Example 1

The following example describes quantitative measurement of enzyme molecules
in an array consumable sealed with an elastomeric film using a sealer comprising a roller
configuration

The assay consumable used in this example was obtained from Edge Embossing
(Medford, MA) and was a COC chip wherein the wells were made using self-embossing
techniques. The assay consumable comprised an array of five hundred thousand 50-
femtoliter wells. The array consumable was placed on as array consumable handler. 10
ul of an enzyme (SPG) at 8 pM were mixed with 10 pl aqueous fluorogenic substrate
(RGP) on top of the array of wells, resulting in a final enzyme concentration of 4 pM.
The mixture was allowed to fill the array of wells. An elastomeric film, namely a PDMS
gasket, was placed on the surface of the array consumable. The sealer moved a roller
assembly laterally across PDMS gasket in contact with the array consumable surface to
seal the array of wells. During the sealing process, the excess fluid that was not
contained within the wells was pushed to the side by the elastomeric film. Five
fluorescence images (at 30-second intervals) were acquired (577 nm excitation; 620 nm
emission) with an exposure time of 337 ms using a 10x objective to detect enzymatic
activity in the wells. The images were then analyzed to determine the fraction of wells
that had associated enzymatic activity and the corresponding enzymatic kinetics.

FIG. 19A shows an example of a fluorescence image of single enzymes associate
with the array of wells, illustrating the sealability and enzymatic activity using the
protocol and device described above. FIG. 19B shows a fluorescence image acquired
using the current standard method (arrays made from glass fiber bundle arrays and sealed
using a PDMS gasket). FIGS. 19C and 19D illustrate the quantitative measurement of
enzyme kinetics using the protocol and device described above, compared to using the
current standard method (arrays made from glass fiber bundle arrays and sealed using a

PDMS gasket).
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Example 2

The following example describes assay bead loading, bead removal, and sealing
with a sealing liquid using an open channel assay consumable.

The assay consumable used in this example was obtained from Edge Embossing
(Medford, MA) and was a COC chip wherein the wells were made using self-embossing
techniques. The assay consumable comprised an array of five hundred thousand 50-
femtoliter wells. The assay consumable was placed on an assay consumable holder in an
orbital shaker with a magnet located directly underneath the array of wells. Assay beads
were prepared by capturing prostate specific antigen (PSA) at 10 pg/ml followed by
labeling with a biotinylated detection antibody and an enzyme (SBG). 50 pl of assay
beads were applied on the surface of the array of wells using a liquid injector. The assay
beads were allowed to fall into the wells when a relative motion was created following
an orbital track between the assay consumable and the magnet at 100 rpm for 5 minutes.
Excess beads were removed by a wiper comprising a rubber doctor blade, followed by
the introduction of 50 pl aqueous fluorogenic substrate (RGP) on top of the loaded array
of wells. The magnet was then removed, followed by removing the aqueous RGP using
the wiper. A fluorocarbon sealing liquid was applied to the array along the trailing end
of the doctor blade to seal the array of wells, as schematically illustrated in Figure 10. In
this example, the liquid sealing component 274 comprised a fluorocarbon immiscible
with aqueous RGP. The motion of wiper 274 removed the excess RGP and created a
seal to seal the wells on the assay consumable. In this example, however, both the
optical component 278 of the imaging system and the assay consumable remained
stationary. Five fluorescence images (at 30-second intervals) were acquired (577 nm
excitation; 620 nm emission) with an exposure time of 337 ms using a 10x objective to
detect enzymatic activity in the wells. A white light image was then acquired to identify
which wells contained a bead.

FIG. 20A shows an example of a fluorescence image of single enzymes
associated with the beads, illustrating the sealability and enzymatic activity using the
procedure described above; while the corresponding white light image indicating the

locations of beads is presented in FIG. 20B.

Example 3

The following examples describes use of a system comprising a bead loader, a
wiper, and a sealer using an assay consumable comprising a plurality assay sites in a

closed channel.
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In this example, a molded assay consumable was used having an array of five
hundred thousand 50-femtoliter wells with a molded lid thermally bonded to the chip
containing the array, together forming a 500-um (micrometer) deep closed channel
having two access holes (e.g., an inlet and an outlet), (e.g., similar to the configuration
shown in FIG. 8A). The assay consumable was placed on an assay consumable handler
stage with a magnet located directly underneath the array of wells (e.g., part of the bead
loader). Assay beads were prepared by capturing prostate specific antigen (PSA) at 0
pg/ml, 10 pg/ml and 20 pg/ml followed by labeling with a biotinylated detection
antibody and an enzyme (SPG). 50 ul (microliters) of assay beads (in the sample fluid)
were loaded into the microchannel through one of the access holes using a liquid
injector. A bi-directional (back and forth) flow at a flow rate of approximately 3 ml/min
was generated using the same liquid injector for one minute (e.g., through suction/release
action of a pipette). This was followed by the introduction of 50 ul aqueous fluorogenic
substrate (RGP) (e.g., reagent fluid) to replenish the assay beads medium. The magnet
was then removed, followed by the injection of a fluorocarbon sealing liquid (which was
substantially immiscible with the reagent fluid and sample fluid) into the microchannel
to replace the aqueous medium, wipe the excess beads from the consumable surface, and
to seal the wells. Five fluorescence images (at 30-second intervals) were acquired (577
nm excitation; 620 nm emission) with an exposure time of 337 ms using a 10x objective
to detect enzymatic activity in the wells. A white light image was then acquired to
identify which wells contained a bead. The images were then analyzed to determine the
fraction of beads that had associated enzymatic activity.

FIGS. 21A, 21B, and 21C illustrate the results of bead loading into the wells of
the array inside the microchannel and the effect of injecting the fluorocarbon sealing
liquid into the closed channel filled with the aqueous bead solution. In FIG. 21A, the
assay beads were loaded into the 50-femtoliter wells; excess beads were observed on the
assay consumable surface. FIG. 21B shows the aqueous/organic interface 384 during
injection of the sealing fluid 380, where the excess beads on the surface were being
pushed towards the aqueous phase (e.g., sample fluid 382). FIG. 21C shows the assay
sites after addition of fluorocarbon seal liquid, where excess beads were removed while
assay beads that were loaded were retained in the 50-femoliter wells. FIG. 21D provides
a fluorescence image of the assay sites illustrating the sealability and enzymatic activity
as a result of assay bead loading, bead removal, and sealing in one automated step using
the closed microchannel approach. FIG. 21E provides a 3-point calibration curve of a

PSA (prostate specific antigen) assay using the protocol and device described in this
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example. In FIG. 21E: Plots of % active beads against [PSA] showing a 3-point
calibration curve of a PSA assay using the protocol and device described. The diamonds
represent data acquired using liquid sealing in a flow channel. The squares represent
data acquired using the method described previously (e.g., arrays made from glass fiber

bundle arrays and sealed using a PDMS gasket) on the same bead populations.

While several embodiments of the present invention have been described and
illustrated herein, those of ordinary skill in the art will readily envision a variety of other
means and/or structures for performing the functions and/or obtaining the results and/or
one or more of the advantages described herein, and each of such variations and/or
modifications is deemed to be within the scope of the present invention. More generally,
those skilled in the art will readily appreciate that all parameters, dimensions, materials,
and configurations described herein are meant to be exemplary and that the actual
parameters, dimensions, materials, and/or configurations will depend upon the specific
application or applications for which the teachings of the present invention is/are used.
Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention
described herein. It is, therefore, to be understood that the foregoing embodiments are
presented by way of example only and that, within the scope of the appended claims and
equivalents thereto, the invention may be practiced otherwise than as specifically
described and claimed. The present invention is directed to each individual feature,
system, article, material, kit, and/or method described herein. In addition, any
combination of two or more such features, systems, articles, materials, kits, and/or
methods, if such features, systems, articles, materials, kits, and/or methods are not
mutually inconsistent, is included within the scope of the present invention.

The indefinite articles “a” and ““an,” as used herein in the specification and in the
claims, unless clearly indicated to the contrary, should be understood to mean “at least
one.”

The phrase “and/or,” as used herein in the specification and in the claims, should
be understood to mean “either or both™ of the elements so conjoined, i.e., elements that
are conjunctively present in some cases and disjunctively present in other cases. Other
elements may optionally be present other than the elements specifically identified by the
“and/or” clause, whether related or unrelated to those elements specifically identified
unless clearly indicated to the contrary. Thus, as a non-limiting example, a reference to

“A and/or B,” when used in conjunction with open-ended language such as “‘comprising”
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can refer, in one embodiment, to A without B (optionally including elements other than
B); in another embodiment, to B without A (optionally including elements other than A);
in yet another embodiment, to both A and B (optionally including other elements); etc.
As used herein in the specification and in the claims, “or” should be understood
to have the same meaning as “and/or” as defined above. For example, when separating
items in a list, “or’”” or “and/or” shall be interpreted as being inclusive, i.e., the inclusion
of at least one, but also including more than one, of a number or list of elements, and,
optionally, additional unlisted items. Only terms clearly indicated to the contrary, such
as “only one of” or “exactly one of,” or, when used in the claims, “consisting of,” will
refer to the inclusion of exactly one element of a number or list of elements. In general,
the term “or”” as used herein shall only be interpreted as indicating exclusive alternatives
(i.e. “one or the other but not both™) when preceded by terms of exclusivity, such as

2% <

“either,” “one of,” “only one of,” or “exactly one of.” “Consisting essentially of,” when
used in the claims, shall have its ordinary meaning as used in the field of patent law.

As used herein in the specification and in the claims, the phrase “at least one,” in
reference to a list of one or more elements, should be understood to mean at least one
element selected from any one or more of the elements in the list of elements, but not
necessarily including at least one of each and every element specifically listed within the
list of elements and not excluding any combinations of elements in the list of elements.
This definition also allows that elements may optionally be present other than the
elements specifically identified within the list of elements to which the phrase “at least
one” refers, whether related or unrelated to those elements specifically identified. Thus,
as a non-limiting example, “at least one of A and B” (or, equivalently, “at least one of A
or B,” or, equivalently “at least one of A and/or B”) can refer, in one embodiment, to at
least one, optionally including more than one, A, with no B present (and optionally
including elements other than B); in another embodiment, to at least one, optionally
including more than one, B, with no A present (and optionally including elements other
than A); in yet another embodiment, to at least one, optionally including more than one,
A, and at least one, optionally including more than one, B (and optionally including other
elements); etc.

In the claims, as well as in the specification above, all transitional phrases such as

29 Cel

“comprising,” “including,

2% << 2% << 29 CCl

carrying,” “having,” “containing,” “involving,” “holding,”
and the like are to be understood to be open-ended, i.e., to mean including but not limited
to. Only the transitional phrases “consisting of”” and “consisting essentially of”” shall be

closed or semi-closed transitional phrases, respectively.
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Claims

1. An apparatus for performing an assay, comprising:

an assay consumable handler configured to be operatively coupled to an assay
consumable having a surface comprising a plurality of assay sites;

a sealer constructed and positioned to apply a sealing component to the surface of
the assay consumable;

a sample loader configured to load an assay sample into at least a portion of the
plurality of assay sites of the assay consumable;

an imaging system configured to acquire an image of at least a portion of the
assay sites of the assay consumable containing assay sample; and

a computer implemented control system configured to automatically operate the

sealer and receive information from the imaging system related to the image.

2. The apparatus of claim 1, further comprising the assay consumable operatively

coupled to the assay consumable handler.

3. The apparatus of claim 2, wherein the assay consumable contains the assay
sample and the assay sample comprises an unknown concentration of an analyte

molecule.
4. The apparatus of claim 3, wherein the computer implemented control system is
configured to determine a measure of the unknown concentration of the analyte molecule

in the assay sample.

5. The apparatus of claim 1, wherein the computer implemented control system is

configured to automatically operate the sample loader.

6. The apparatus of claim 1, wherein the sealing component comprises a film.

7. The apparatus of claim 1, wherein the sealer comprises a roller configured to
contact and apply pressure to the sealing component during application to the surface of

the assay consumable.

8. The apparatus of claim 6, wherein the film is formed of PDMS.
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0. The apparatus of claim 6, wherein the film comprises a pressure-sensitive
adhesive, wherein the pressure-sensitive adhesive is activated upon application of
pressure to the surface of the sealing component such that an adhesive forms an adhesive

bond between the sealing component and the surface of the assay consumable.

10. The apparatus of claim 2, wherein the assay sites have a volume between about

10 attoliters and about 50 picoliters.

11. The apparatus of claim 2, wherein the assay sites comprise a plurality of reaction

vessels formed in the surface of the assay consumable.

12. The apparatus of claim 1, further comprising at least one magnetic field generator

positionable adjacent to the consumable handler.

13. The apparatus of claim 12, wherein the sample loader is configured to cause

relative motion between the magnetic field generator and the assay consumable.

14. The apparatus of claim 1, wherein the sealing component comprises a sealing
liquid.
15. The apparatus of claim 14,wherein the sealing liquid is substantially immiscible

with a liquid contained in each assay site.

16. The apparatus of claim 1, further comprising a wiper capable of removing beads

from the assay consumable which are not substantially contained in an assay site.

17. The apparatus of claim 16, wherein the wiper comprises at least one magnet.

18. The apparatus of claim 16, wherein the wiper comprises a first magnet and a
second magnet, wherein the first magnet is located adjacent to a surface of the assay
consumable which is positioned opposite the surface comprising the plurality of assay
sites, and wherein the second magnet is located adjacent the surface comprising the

plurality of assay sites.
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19. The apparatus of claim 2, wherein the assay consumable comprises a plurality of

fluidically isolated areas, each isolated area comprising a plurality of assay sites.

20. The apparatus of claim 19, wherein the plurality of fluidically isolated areas are

situated on a disc.

21. The apparatus of claim 20, wherein the sealer, the sample loader, and the imaging
system are positioned about the disc, and wherein the apparatus is capable of providing
rotational relative motion between the disc and the sealer, the sample loader, and the

imaging system.

22. An apparatus for sealing a plurality of assay sites, comprising:

an assay consumable handler configured to be operatively coupled to an assay
consumable having a surface comprising a plurality of assay sites;

a sealer constructed and positioned to apply a sealing component to the surface of
the assay consumable to form a plurality of sealed assay sites, wherein the contents of
each sealed assay site is substantially isolated from the contents of each of the other
plurality of sealed assay sites; and

a controller configured to automatically operate the sealer to apply the sealing

component to the plurality of assay sites.

23. The apparatus of claim 22, further comprising the assay consumable operatively

coupled to the assay consumable handler.

24. The apparatus of claim 22, wherein the sealing component comprises a film.

25. The apparatus of claim 22, wherein the sealer comprises a roller configured to
contact and apply pressure to the sealing component during application to the surface of
the assay consumable.

26. The apparatus of claim 24, wherein the film is formed of PDMS.

27. The apparatus of claim 24, wherein the film comprises a pressure-sensitive

adhesive, wherein the pressure-sensitive adhesive is activated upon application of
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pressure to the surface of the sealing component such that an adhesive forms an adhesive

bond between the sealing component and the surface of the assay consumable.

28. The apparatus of claim 28, wherein the sealing component is placed proximate

the assay consumable handler.

29. The apparatus of claim 23, wherein the assay sites have a volume between about

10 attoliters and about 50 picoliters.

30. The apparatus of claim 23, wherein the assay sites comprise a plurality of

reaction vessels formed in the surface of the assay consumable.

31. The apparatus of claim 22, further comprising at least one magnetic field

generator positionable adjacent to the consumable handler.

32. The apparatus of claim 31, further comprising a sample loader configured to

cause relative motion between the magnetic field generator and the assay consumable.

33. The apparatus of claim 22, wherein the sealing component comprises a sealing
liquid.
34. The apparatus of claim 22, wherein the plurality of assays sites are contained in a

channel on the assay consumable.

35. The apparatus of claim 33, wherein the assay consumable is free of any channels
or the plurality of assay sites are not contained within any channel on the assay
consumable, and wherein the sealer is configured to inject the sealing liquid onto the

surface of the assay consumable containing the plurality of assay sites.

36. The apparatus of claim 23, wherein the assay sites are sized and/or shaped to each

contain only zero or one bead.

37. The apparatus of claim 23, further comprising a wiper configured to remove
beads from the surface of the assay consumable containing the plurality of assay sites

which are not substantially contained in an assay site.
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38. The apparatus of claim 37, wherein the wiper comprises at least one magnet.
39. The apparatus of claim 37, wherein the wiper comprises a first magnet and a

second magnet, wherein the first magnet is located proximate the surface opposite the
surface comprising a plurality of assay sites and the second magnet is located proximate

the surface comprising a plurality of assay sites.

40. An apparatus for inserting beads into assay sites on an assay consumable,
comprising:

an assay consumable handler configured to be operatively coupled to an assay
consumable having a surface comprising a plurality of assay sites;

a bead loader configured to insert individual beads into individual assay sites,
such that each assay site containing a bead will contain no more than one bead; and

a controller configured to automatically operate the bead loader to insert

individual beads into individual assay sites.

41. The apparatus of claim 40, further comprising the assay consumable operatively

coupled to the assay consumable handler.

42. The apparatus of claim 41, wherein the assay sites have a volume between about

10 attoliters and about 50 picoliters.

43. The apparatus of claim 41, wherein the assay sites comprise a plurality of

reaction vessels formed in the surface of the assay consumable.

44. The apparatus of claim 40, wherein the bead loader comprises at least one

magnetic field generator located adjacent to the assay consumable handler.

45. The apparatus of claim 44, wherein the bead loader is configured to cause relative

motion between the magnet field generator and the assay consumable handler.

46. The apparatus of claim 40, further comprising a sealer constructed and positioned

to apply a sealing component to the surface of the assay consumable handler.
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47. The apparatus of claim 46, wherein the sealer comprises a roller configured to

contact and apply pressure to the sealing component during application to the surface of

the assay consumable.

48. The apparatus of claim 46, wherein the sealing component comprises a sealing
liquid.
49. The apparatus of claim 41, further comprising a wiper configured to remove

beads from the surface of the assay consumable containing the plurality of assay sites

which are not substantially contained in an assay site.

50. The apparatus of claim 49, wherein the wiper comprises at least one magnet.

51. The apparatus of claim 49, wherein the wiper comprises a first magnet and a
second magnet, wherein the first magnet is located adjacent to a surface of the assay
consumable which is positioned opposite the surface comprising the plurality of assay
sites, and wherein the second magnet is located adjacent the surface comprising the

plurality of assay sites.

52. The apparatus of claim 40, wherein the apparatus is capable of fluidically

isolating individual beads in individual assay sites.

53. An apparatus for performing an assay, comprising:

an assay consumable handler configured to be operatively coupled to an assay
consumable having a surface comprising a plurality of assay sites;

a sample loader configured to load an assay sample containing analyte molecules
or particles having an unknown concentration to be measured into at least a portion of
the plurality of assay sites, such that a plurality of assay sites into which assay sample is
loaded contain either zero or a single analyte molecule or particle;

a detector configured to interrogate at least a portion of the assay sites containing
assay sample and determine a fraction of the plurality of assay sites interrogated that
contain an analyte molecule or particle; and

a computer implemented system configured receive information from the detector
and from the information determine a measure of the unknown concentration of the

analyte molecules or particles in the assay sample.
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54. The apparatus of claim 53, further comprising the assay consumable operatively
coupled to the assay consumable handler.
55. The apparatus of claim 53, wherein the computer implemented system is

configured to automatically operate and control the sample loader and/or the detector.

56. The apparatus of claim 53, further comprising a sealer constructed and positioned

to apply a sealing component to the surface of the assay consumable.

57. The apparatus of claim 53, wherein the computer implemented system is

configured to automatically operate and control the sealer.

58. The apparatus of claim 57, wherein the sealing component comprises a film.

59. The apparatus of claim 57, wherein the sealer comprises a roller configured to
contact and apply pressure to the sealing component during application to the surface of

the assay consumable.

60. The apparatus of claim 58, wherein the film is formed of PDMS.

61. The apparatus of claim 57, wherein the film comprises a pressure-sensitive
adhesive, wherein the pressure-sensitive adhesive is activated upon application of
pressure to the surface of the sealing component such that an adhesive forms an adhesive

bond between the sealing component and the surface of the assay consumable.

62. The apparatus of claim 54, wherein the sealing component is placed proximate

the assay consumable handler.

63. The apparatus of claim 53, wherein the sample loader comprises at least one

magnetic field generator positionable adjacent to the consumable handler.

64. The apparatus of claim 63, further comprising a sample loader configured to

cause relative motion between the magnetic field generator and the assay consumable.
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65. The apparatus of claim 56, wherein the sealing component comprises a sealing
liquid.
66. The apparatus of claim 54, further comprising a wiper capable of removing beads

from the assay consumable which are not substantially contained in an assay site.

67. The apparatus of claim 66, wherein the wiper comprises at least one magnet.

68. The apparatus of claim 66, wherein the wiper comprises a first magnet and a
second magnet, wherein the first magnet is located adjacent to a surface of the assay
consumable which is positioned opposite the surface comprising the plurality of assay
sites, and wherein the second magnet is located adjacent the surface comprising the

plurality of assay sites.

69. The apparatus of claim 53, wherein the sample loader comprises a liquid injector.

70. The apparatus of claim 53, wherein the computer implemented system is
configured to determine the fraction of the at least a portion of the assay sites

interrogated which contain zero or one analyte molecule or particle.

71. The apparatus of claim 70, wherein the measure of the unknown concentration of
analyte molecules or particles in the assay sample is determined, at least in part, based on
the fraction of the at least a portion of the assay sites interrogate which contain zero or

one analyte molecule or particle.

72. The apparatus of claim 53, wherein the detector comprises at least one shutter, at

least one LED, and/or at least one camera.

73. An apparatus for inserting beads into assay sites on an assay consumable,
comprising:

an assay consumable handler configured to be operatively coupled to the assay
consumable, wherein the assay consumable comprises a surface comprising a plurality of

the assay sites;
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a bead applicator configured to apply a plurality of magnetic beads to the surface
of the assay consumable or place a plurality of magnetic beads in close proximity to the
surface;

a bead loader comprising a magnetic field generator positioned adjacent to the
assay consumable and configured to create relative motion between the magnetic beads
and the assay sites; and

a controller configured to automatically operate the bead loader to create relative

motion between the magnetic beads and the assay sites and insert beads into assay sites.

74. The apparatus of claim 73, further comprising the assay consumable operatively

coupled to the assay consumable handler.

75. The apparatus of claim 73, wherein the bead applicator comprises a liquid
injector.
76. The apparatus of claim 73, wherein the assay consumable comprises a channel

and a bead applicator comprises a fluid pump capable of moving fluid in the channel.

7. The apparatus of claim 73, wherein the controller is configured to automatically

operate the bead applicator.

78. The apparatus of claim 73, wherein the magnetic field generator comprises a

permanent magnet.

79. The apparatus of claim 73, wherein the permanent magnet is positioned adjacent

to the assay consumable handler.

80. The apparatus of claim 73, wherein the magnetic field generator is configured to

move with respect to the assay consumable handler.

81. The apparatus of claim 73, wherein the assay consumable handler is configured

to move with respect to the magnetic field generator.

82. The apparatus of claim 73, wherein the bead loader further configured to create a

flow of a fluid in contact with the surface comprising the plurality of beads.
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83. The apparatus of claim 82, where the flow of the fluid creates the relative motion

between the magnetic beads and the assay sites.

84. An apparatus for removing excess beads from an assay consumable having a
surface comprising a plurality of assay sites, comprising:

a assay consumable handler operatively coupled to the assay consumable,
wherein the assay consumable comprises a plurality of beads, wherein a first portion of
the beads are contained in the assay sites and a second portion of the beads are
positioned on the surface of the assay consumable, but not contained within an assay site;

a wiper configured to remove substantially all of the second portion of beads
from the surface; and

a controller configured to automatically operate the wiper to remove the second

portion of the beads.

85. The apparatus of claim 84, wherein the beads are magnetic beads.
86. The apparatus of claim 85, wherein the wiper comprises at least one magnet.
87. The apparatus of claim 85, wherein the wiper comprises a first magnet and a

second magnet, wherein the first magnet is located adjacent to a surface of the assay
consumable which is positioned opposite the surface comprising the plurality of assay
sites, and wherein the second magnet is located adjacent the surface comprising the

plurality of assay sites.

88. The apparatus of claim 85, wherein the controller is capable of moving the
second magnet from at or near first edge of the surface of the assay consumable to at or

near a second, opposite edge of the surface of the assay consumable.

89. The apparatus of claim 84, wherein the wiper comprise a blade, and wherein the

wiper is configured to apply a first edge of the blade in contact with the surface.

90. The apparatus of claim 89, where the controller is configured to control
movement of the blade from at or near a first edge of the surface of the assay consumable

containing the assay sites to or near a second, opposite edge of the assay consumable.
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91. The apparatus of claim 84, wherein the plurality of assay sites comprise a
plurality of reaction vessels.
92. The apparatus of claim 84, wherein the assay sites have a volume between about

10 attoliters and about 50 picoliters.

93. An assay consumable, comprising:

a surface comprising a plurality of assay sites, wherein each of the assay sites has
a volume between about 10 attoliters and about 50 picoliters; and

at least one channel formed in the surface at least partially surrounding the
plurality of assay sites that is positioned and configured to collect excess assay sample

liquid applied to the surface that overflows the assay sites.

94. The assay consumable of claim 93, further comprising at least on fiducial.

95. The assay consumable of claim 93, wherein the plurality of assay sites comprise a

plurality of reaction vessels.

96. The assay consumable of claim 93, wherein the channel substantially surrounds

the plurality of assay sites.

97. The assay consumable of claim 93, further comprising a sealing component

associated with the surface comprising a plurality of assay sites.

98. An automated method for forming a plurality of sealed assay sites for performing
an assay, comprising:
operatively associating an assay consumable having a surface comprising a
plurality of assay sites with a sealer apparatus comprising a sealer and a controller; and
applying a sealing component to the plurality of assay sites with the sealer
apparatus such that a plurality of sealed assay sites are formed, wherein the contents of
each sealed assay site is substantially isolated from the contents of each of the other

plurality of sealed assay sites.
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99. The method of claim 98, further comprising providing a plurality of beads to the

plurality of assay sites such that at least some of the assay sites contain at least one bead.

100. The method of claim 99, wherein at least a portion of the beads are associated

with at least one analyte molecule or particle.

101.  The method of claim 99, further comprising the step of removing substantially all
of the beads from the surface of the assay consumable containing the plurality of assay

sites which are not substantially contained in an assay site.

102.  The method of claim 101, wherein the beads are removed using a wiper.

103.  The method of claim 102, wherein the wiper comprises at least one magnet.

104.  The method of claim 103, wherein the wiper comprises a first magnet and a
second magnet, wherein the first magnet is located adjacent to a surface of the assay
consumable which is positioned opposite the surface comprising the plurality of assay
sites, and wherein the second magnet is located adjacent the surface comprising the

plurality of assay sites.

105.  The method of claim 104, wherein at least a portion of the beads are removed by
moving the first second magnet relative to the surface comprising the plurality of assay

sites.

106.  The method of claim 98, wherein the sealing component comprises a film.

107.  The method of claim 98, wherein the sealing component is applied using a roller

within the sealer.

108.  The method of claim 106, wherein the film is formed of PDMS.

109.  The method of claim 107, comprising placing the sealing component in contact
with the surface comprising a plurality of assay sites, followed by applying pressure to
the sealing component using the roller and moving the roller over a surface of the sealing

component.
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110.  The method of claim 107, wherein the roller aids in removing any excess fluid
contained in the assay sites and/or on the surface of the assay consumable containing the

plurality of assay sites.

111.  The method of claim 98, wherein the assay sites have a volume between about 10

attoliters and about 50 picoliters.

112. The method of claim 98, wherein the assay sites comprise a plurality of reaction

vessels formed in the surface of the assay consumable.

113.  The method of claim 98, wherein the assay sites comprise a plurality of reaction

vessels formed in the sealing component.

114.  The method of claim 99, wherein the beads are magnetic.

115.  The method of claim 114, wherein the beads are positioned within the assay sites

using a magnetic field.

116. The method of claim 114, wherein the beads are positioned within the assay sites
at least in part by causing motion of the beads relative to the surface of the assay

consumable containing the plurality of assay sites.

117.  The method of claim 116, wherein the relative motion is caused by causing

motion of a fluid substantially surrounding the beads.

118.  The method of claim 116, wherein the relative motion is caused by causing

motion of the assay sites and/or the magnetic field.

119.  The method of claim 114, wherein the magnetic field is caused by a magnet

located adjacent to the assay sites.

120.  The method of claim 119, wherein the magnet is placed adjacent the surface

opposite the surface comprising a plurality of assay sites.
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121.  The method of claim 98, wherein substantially all of the sealed assay sites

contain zero or one analyte molecule.

122.  The method of claim 121, wherein each analyte molecule is associated with at

least one bead.

123.  The method of claim 98, wherein the sealing component comprises a sealing

liquid which is substantially immiscible with a liquid contained in each assay site.

124.  The method of claim 98, wherein the sealing component comprises a pressure-

sensitive adhesive.

125.  The method of claim 124, wherein the pressure-sensitive adhesive is formed on

one surface of a film.

126.  The method of claim 124, wherein the pressure-sensitive adhesive is activated
upon application of the sealing component to the surface of the assay consumable

containing the plurality of assay sites.

127.  The method of claim 126, wherein the pressure-sensitive adhesive is applied

using a roller within the sealer.

128. A method for inserting beads into reaction vessels on an assay consumable,
comprising:

generating a magnetic field in proximity to a surface of the assay consumable
comprising a plurality of the reaction vessels such that a magnetic field vector of the
magnetic field is directed from the surface towards a bottom of the reaction vessels
and/or towards the perimeter of the surface;

delivering a plurality of magnetic beads in proximity to the surface; and

creating relative motion between the magnetic beads and the reaction vessels.

129.  The method of claim 128, wherein the magnetic field is generated by a permanent

magnet.
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130. The method of claim 128, wherein the relative motion between the magnetic
beads and the reaction vessels is caused by moving the magnetic field relative to the
surface of the assay consumable containing the plurality of assay sites or moving the

assay consumable relative to the magnetic field.

131.  The method of claim 128, wherein the relative motion is caused by causing

motion of a fluid substantially surrounding the beads.

132.  The method of claim 128, wherein following the creating step, a first portion of
the magnetic beads are contained in the reaction vessels and a second portion of the
magnetic beads are positioned proximate to the surface of the assay consumable, but not

contained within an reaction vessel.

133.  The method of claim 132, further comprising substantially removing all of the

second portion of magnetic beads from the surface.

134.  The method of claim 133, wherein substantially all of the second portion of the
magnetic beads are removed from the surface using a wiper configured to remove

substantially all of the second portion of beads from the surface.

135.  The method of claim 134, wherein the wiper is automatically operated using a

controller.

136. A method for forming a plurality of sealed reaction vessels for performing an
assay, comprising:
associating an assay consumable having a surface comprising a plurality of assay
sites with a sealing component by applying the sealing component to the surface,
wherein the contents of each assay site are substantially isolated from the
contents of each of the other plurality of assay sites following association of the sealing
component without maintaining any pressure applied to the sealing component; wherein
each of the assay sites has a volume between about 10 attoliters and about 50

picoliters.

137.  The method of claim 136, wherein the sealing component is applied to the

surface using a sealer apparatus comprising a controller.
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138.  The method of claim 136, wherein the sealing component comprises a film.

139.  The method of claim 137, wherein the sealer apparatus comprises a roller
configured to contact and apply pressure to the sealing component during application to

the surface of the assay consumable.

140. The method of claim 138, wherein the film is formed of PDMS.

141.  The method of claim 136, wherein the assay sites comprise a plurality of reaction

vessels formed in the surface of the assay consumable.

142.  The method of claim 137, wherein the sealing component comprises a sealing

liquid.

143. A method for forming a plurality of sealed reaction vessels for performing an
assay, comprising:

associating an assay consumable having a surface comprising a plurality of assay
sites with a sealing component by applying the sealing component to the surface of the
assay consumable and applying pressure to the sealing component, wherein

the contents of each assay site are substantially isolated from the contents of each
of the other plurality of assay sites following association of the sealing component with
the assay consumable;

wherein the sealing component comprises a pressure-sensitive adhesive such that
the pressure-sensitive adhesive is activated upon application of the pressure to the
sealing component and the adhesive forms an adhesive bond between the sealing
component and the surface of the assay consumable; and

wherein each of the assay sites has a volume between about 10 attoliters and

about 50 picoliters.

144.  The method of claim 143, wherein the pressure is applied using a sealer apparatus

comprising a controller.

145.  The method of claim 144, wherein the sealer apparatus comprises a roller.
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146. The method of claim 143, wherein the assay sites comprise a plurality of reaction

vessels formed in the surface of the assay consumable.

147. A method for forming a plurality of sealed assay sites for performing an assay,
comprising:

providing an assay consumable having a surface comprising a plurality of assay
sites wherein each of the assay sites has a volume between about 10 attoliters and about
50 picoliters; and

applying a liquid that is substantially immiscible with liquid contained in the
plurality of assay sites to the plurality of assay sites such that a plurality of sealed assay
sites are formed, wherein the contents of each sealed assay site is substantially isolated

from the contents of each of the other plurality of sealed assay sites.

148.  An apparatus for removing beads from a surface of an assay consumable,
comprising:

a first magnet, wherein the first magnet is located adjacent to a surface of the
assay consumable and is positioned opposite the surface comprising the plurality of
assay sites;

a second magnet,

a third magnet, and

a metal object,

wherein the second magnet and third magnet are located adjacent the surface
comprising the plurality of assay sites and such that the opposite poles of the second
magnet and the third magnet are directed towards each other; and

wherein the metal object is positioned between the second magnet and the third

magnet.

149.  The apparatus of claim 148, wherein the metal object is in the form of a bar or
sheet positioned between the second magnet and the third magnet such that the second
magnet and the third magnet are separated from each other by a smallest distance
substantially equal to the thickness of the metal object, which thickness is less than a

length and height of the metal object.

150.  The apparatus of claim 14, wherein the sealer comprises a liquid injector.
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151.  The apparatus of claim 150, wherein the sample loader comprises a liquid

injector.

152.  The apparatus of claim 151, wherein the sample loader and the sealer comprise

different liquid injectors.

153. The apparatus of claim 151, wherein the sample loader and the sealer comprise the

same liquid injector.
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applicator and a magnetic field generator.

5. claims: 84-97, 148-153

r@]ated to an apparatus for removing excess beads having a
wiper.
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