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TITLE: ASSAY PREPARATION PLATES, FLUID ASSAY PREPARATION AND
ANALYSIS SYSTEMS, AND METHODS FOR PREPARING AND ANALYZING
ASSAYS

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention generally relates to methods, systems, and devices for processing and
analyzing assays and, more specifically, to methods, systems, and devices configured to allow
assays to be processed with magnetic particles within an assay preparation plate at a fluid assay

analysis system.

2. Description of the Related Art

[0002] The following descriptions and examples are not admitted to be prior art by virtue of
their inclusion within this section.

[0003] Analysis of fluid assays is used for a variety of purposes, including but not limited to
biological screenings and environmental assessments. In some cases, a fluid may be processed
prior to being analyzed to remove matter which is not of interest or which may conflict with
obtaining accurate analysis results. In addition or alternatively, a fluid may be processed prior to
being analyzed to offer results of greater sensitivity and/or specificity. Moreover, a fluid may, in
some embodiments, be processed prior to being analyzed to convert the fluid into a form that is
compatible with a particular analysis method, such as into an assay which is particle-based. In
any of such cases, the processing of fluid samples is generally conducted manually and,
consequently, the benefit of the preparation of a particular assay-type and/or obtaining results of
greater sensitivity and/or specificity may, in some cases, be jeopardized by the intrinsic
variability of manual processes. Although efforts to automate the preparation of fluid assays
have been attempted, such endeavors have met limited success due to difficulty in automating
the removal of reagents used to process the sample as well as portions of the sample which are
not of interest or which may conflict with obtaining accurate analysis results. Furthermore, most
of such systems are relatively bulky and are further cost prohibitive for many companies and

institutions due to their maintenance requirements and initial equipment costs.
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SUMMARY OF THE INVENTION

[0004] The following description of various embodiments of assay preparation plates, fluid
assay systems, and methods for preparing and analyzing assays is not to be construed in any way
as limiting the subject matter of the appended claims.

[0005] An embodiment of an assay preparation plate includes an array of wells, a magnet, and
an actuator configured to move the magnet proximate and remote relative to one or more select
wells of the array of wells.

[0006] An embodiment of a method for preparing and analyzing an assay includes injecting a
sample for analysis into a sample well of an assay preparation plate and inserting the assay
preparation plate into an assay plate receiving area of a fluid assay analysis system. The method
further includes establishing a position of the assay preparation plate within the assay plate
receiving area such that a particular well of the assay preparation plate is aligned with a pipette
of the fluid assay analysis system and aspirating a fluidic material disposed within the particular
well via the pipette. Moreover, the method includes moving the assay preparation plate within
the assay plate receiving area such that a different well of the assay preparation plate is aligned
with the pipette and dispensing the fluidic material into the different well. In general, the
method may include repeating the steps of establishing, aspirating, moving, and dispensing to
mix the sample with one or more reagents until preparation of an assay is complete. At least one
series of the steps of establishing, aspirating, moving, and dispensing includes mixing the sample
with a plurality of magnetic particles and, thereafter, immobilizing the plurality of magnetic
particles in a well of the assay preparation plate. The method includes aspirating the assay from
the assay preparation plate into an examination chamber of the fluid assay system via the pipette
and a fluidic line coupled between the pipette and the examination chamber. Moreover, the
method includes analyzing the assay within the examination chamber.

[0007] An embodiment of a fluid assay preparation and analysis system includes an assay plate
receiving area, a pipette disposed above the assay plate receiving area, and a magnet disposed
below the assay plate receiving area in approximate alignment with the pipette. In addition, the
fluid assay preparation and analysis system includes an actuator configured to move the magnet
to and from a position proximate the assay plate receiving area and a mechanism for moving an
assay plate disposed within the assay plate receiving area such that different wells of the assay

plate are aligned with the pipette at different times. The fluid assay preparation and analysis
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system further includes an examination chamber coupled to the pipette via a fluidic line and an
illumination system configured to illuminate the examination chamber. Moreover, the fluid
assay preparation and analysis system includes a detection system configured to collect light
emitted and/or scattered from assay particles introduced into the examination chamber via the
pipette and the fluidic line. The detection system is further configured to generate signals
representative of a degree of light gathered. The fluid assay preparation and analysis system

further includes an examination system for analyzing the generated signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Other objects and advantages of the invention will become apparent upon reading the
following detailed description and upon reference to the accompanying drawings in which:
[0009] Fig. I illustrates a perspective view of an exemplary fluid assay analysis system;
[0010] Fig. 2 illustrates a perspective view of an exemplary assay preparation plate;

[0011] Fig. 3 illustrates a perspective view of another exemplary assay preparation plate;
[0012] Fig. 4A illustrates a perspective view of the assay preparation plate depicted in Fig. 2
with its exterior casing removed;

[0013] Fig. 4B illustrates a top view of the assay preparation plate depicted in Fig. 4A;

[0014] Fig. 5A illustrates a partial schematic drawing of a fluid assay preparation and analysis
system having a magnet actuator disposed below a pipette of the system;

[0015] Fig. 5B illustrates a partial schematic view of the fluid assay preparation and analysis
system depicted in Fig. 5A in which the magnet actuator has moved a magnet in the vicinity of
an assay plate receiving area interposed between the pipette and the magnet actuator; and

[0016] Fig. 6 illustrates a flow chart of an exemplary method for preparing and analyzing an
assay.

[0017] While the invention is susceptible to various modifications and alternative forms,
specific embodiments thercof are shown by way of example in the drawings and will herein be
described in detail. It should be understood, however, that the drawings and detailed description
thereto are not intended to limit the invention to the particular form disclosed, but on the
contrary, the intention is to cover all modifications, equivalents and alternatives falling within

the spirit and scope of the present invention as defined by the appended claims.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] Turning to the drawings, exemplary embodiments of assay preparation plates, fluid
assay systems, and methods for preparing and analyzing assays are shown. In particular, Fig. 1
illustrates exemplary fluid assay analysis system 10 configured to receive assay preparation plate
14. As set forth in more detail below, assay preparation plate 14 and/or fluid assay analysis
system 10 may be configured to allow assays to be processed with magnetic particles within an
assay preparation plate at the fluid assay analysis system through the automated use of pipette 12
and a magnet actuator. As a result, labor required to manually prepare an assay as well as error
occurring from manual preparation may be reduced. Exemplary configurations of assay
preparation plate 14 allowing assays to be processed at fluid assay analysis system 10 are shown
in Figs. 2-4B and described in more detail below. An exemplary configuration of fluid assay
analysis system 10 allowing assays to be processed at the system is shown in Figs. 5A and 5B
and is described in more detail below. Fig. 6 illustrates a method for preparing and analyzing an
assay using any of such configurations. It is noted that the figures are not necessarily drawn to
scale. In particular, the scale of some elements in some of the figures may be greatly
exaggerated to emphasize characteristics of the elements. In addition, it is further noted that the
figures are not drawn to the same scale.

[0019] In general, fluid assay analysis system 10 may be configured to analyze a fluid assay.
Such configurations include an examination chamber and a detection system for generating data
representative of the presence, absence, and, in some embodiments, concentration of one or more
analytes in an assay. In order to introduce an assay into fluid assay analysis system 10, the
system may further include an assay plate receiving area and pipette 12 disposed above the assay
plate receiving area for aspirating an assay from an assay plate. It is noted that Fig. 1 shows
assay plate 14 only partially inserted into fluid assay analysis system 10 (i.c., the assay plate
receiving area of fluid assay analysis system is generally beneath pipette 12). In order to aspirate
an assay from assay plate 14 into fluid assay analysis system 10, the assay plate is inserted
further such that a well of the assay plate containing an assay is disposed directly beneath pipette
12. Thereafter, pipette 12 moves downward to aspirate the assay and route it to an examination
chamber of the fluid assay analysis system. In general, pipette 12 is coupled to the examination
chamber via a fluidic line internal to fluid assay analysis system 10. In many instances, multiple

assays are included in a single assay plate and, thus, fluid assay analysis system 10 may, in some
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embodiments, include a mechanism for moving an assay plate disposed within the assay plate
receiving area such that different wells of the assay plate are aligned with the pipette at different
times.

[0020] In some cases, fluid assay analysis system 10 may be an optical system and, thus, may
include an illumination system configured to illuminate an examination chamber of the analysis
system. In further embodiments, fluid assay analysis system 10 may be configured to optically
analyze a particle-based assay. In such cases, fluid assay analysis system 10 may include a
detection system configured to collect light emitted and/or scattered from assay particles and
generate signals representative of a degree of light gathered. In addition, fluid assay analysis
system 10 may include an examination system for analyzing the generated signals. Exemplary
optical analysis systems having such components and which may be particularly applicable for
the methods, systems, and devices described herein include flow cytometers and systems which
immobilize particles for examination, such as static imaging systems. Both types of systems
include a fluidic handling system for transporting a fluid assay and possibly other fluids to a
particle examination chamber (and, thus, may be referred to as fluid assay systems). A multitude
of flow cytometer configurations are known and may generally be applicable for the systems
described herein. Exemplary static imaging optical analysis systems are described in the U.S.
Patent Application 11/757,841 entitled “Systems and Methods for Performing Measurements of
One or More Materials” by Roth et al. filed on June 4, 2007, which is incorporated by reference
as if set forth fully herein.

[0021] As mentioned above, the methods, systems, and devices described herein generally
relate to configurations allowing assays to be processed with magnetic particles within an assay
preparation plate at a fluid assay analysis system. More specifically, the methods, systems, and
devices described herein relate to configurations which allow magnetic particles to be
immobilized in a well of an assay preparation plate at a fluid assay analysis system for the
purpose of preparing an assay. It is noted that the magnetic particles used to prepare an assay
may or may not be included in the final assay product. In particular, magnetic particles may, in
some cases, be discarded during the preparation of the assay. Alternatively, magnetic particles
used for the preparation of an assay may be retained in the assay. Such specificity may generally
depend on the specifications of the assay as well as the system used to analyze the assay. As

noted above, fluid analysis assay system 10 may, in some embodiments, be configured to
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optically analyze particles included in an assay. Such particles, however, may or may not be
magnetic particles. In particular, the specificity of whether particles in a final assay are magnetic
may generally depend on the specifications of the assay as well as the system used to analyze the
assay, regardless of whether magnetic particles are used to process a sample into an assay.
[0022] Regardless of whether a particle is magnetic or not, the term “particle” is used herein to
generally refer to microspheres, polystyrene beads, quantum dots, nanodots, nanoparticles,
nanoshells, beads, microbeads, latex particles, latex beads, fluorescent beads, fluorescent
particles, colored particles, colored beads, tissue, cells, micro-organisms, organic matter, non-
organic matter, or any other discrete substrates or substances known in the art. Any of such
terms may be used interchangeably herein. Exemplary magnetic microspheres which may be
used for the methods and systems described herein include xXMAP® microspheres, which may be
obtained commercially from Luminex Corporation of Austin, Texas.

[0023] It is noted that the processing or preparation of assays referred to herein may refer a
wide scope of processing steps. In particular, assay processing or preparation may, in some
embodiments, refer to converting a raw sample (e.g., blood or saliva) into a form that is
compatible with a desired assay. As one skilled in the art is aware, different fluids may
necessitate different processing steps and/or a different sequence of processing steps to achieve
an assay and, thus, conversion of a raw sample may refer to a wide scope of processing steps.
The processing steps may include any one or more of particle size filtering, centrifuging, analyte
isolation, analyte amplification, washing of the sample, cell lysing, clotting factor neutralization,
pH regulation, temperature cycling, reagent mixing, and assay reaction. Other processing steps
may be considered as well. In other embodiments, processing or preparing an assay may refer to
converting a partially-processed sample (i.e., a sample which one or more of the aforementioned
processing steps has been already performed) into an assay. In any case, the sample may include
any biological, chemical, or environmental fluid in which determination of the presence or
absence of one or more analytes of interest is desired.

[0024] As noted above, assay preparation plate 14 may, in some embodiments, be configured
to allow assays to be processed with magnetic particles within an assay plate receiving area of
fluid assay analysis system 10. In particular, assay preparation plate 14 may, in some
embodiments, may include an array of wells, a magnet, and an actuator configured to move the

magnet proximate and remote relative to one or more select wells of the array of wells.
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Exemplary embodiments of assay preparation plates having such configurations are shown in
Figs. 2-4B and described in more detail below. In such cases, fluid assay analysis system 10
may include an assay plate receiving area and a mechanism for moving an assay plate within the
assay plate receiving area such that different wells of the assay plate are vertically aligned with
the pipette at different times. In this manner, the pipette may be used to transfer fluidic material
(i.e., reagents and/or samples) among different wells of the assay plate to prepare one or more
assays.

[0025] It is noted that the components of a pipette, an assay plate receiving area, and a
mechanism for moving an assay plate within the receiving area may be common in conventional
systems. In particular, such a collection of components are generally used to aspirate multiple
assays from a single assay plate into a fluid assay analysis system. The distinction set forth in
the systems described herein is that such components are used for the preparation of an assay as
well as to aspirate assays into a fluid assay system. In general, fluidic assay analysis system 10
may include a storage medium with program instructions which are executable by a processor to
execute the movement of an assay plate (via the mechanism for moving an assay plate included
in the fluid assay analysis system) and the pipette to accomplish the assay preparation. In some
cases, the fluidic assay analysis system 10 may be retrofitted with the software to accommodate
assay preparation at its assay plate receiving area. In this manner, the assay preparation plates
described herein may be used with any existing fluid assay analysis systems having a pipette and
an assay plate receiving area.

[0026] Turning to Figs. 2 and 3, exemplary embodiments of exterior configurations of assay
preparation plates 20 and 30 are respectively shown. As shown in Fig. 2, assay preparation plate
20 includes circular sample wells 22, oblong reagent wells 24, and rectangular auxiliary wells
25. The shapes of the wells do not generally contribute to the preparation of an assay and, thus,
may be altered from what is depicted in Fig. 2. Sample wells 22 may generally serve to receive
sample fluids prior to the assay plate being placed in a fluid assay analysis system. Such sample
fluids may include raw sample fluids or partially processed sample fluids. Reagent wells 24 may
cach include a reagent for processing the sample fluids received in sample wells 22 and, in some
embodiments, may be dimensionally designed to store an amount of a reagent used for

preparation of a single assay. Auxiliary wells 25 may generally serve to store or receive
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relatively large amounts of fluidic material, such as reagents common to all assays prepared in
the plate (reagent bulk storage) and/or waste material resulting from the assay preparations.
[0027] The term “reagent” may generally be used herein to refer to a substance used to prepare
an assay, including but not limited to magnetic particles. In some cases, some of the reagents
may be lyophilized, particularly for field use where refrigeration is not available. In such cases,
it may be advantageous for reagent wells 24 to have a relatively small volume. In particular, a
more uniform and reliable re-suspension is possible using a smaller volume to re-suspend the
lyophilized reagents. In some embodiments, the sample fluids may be used to re-suspend the
reagents, which may advantageously keep consumables use down. In some embodiments,
however, the reagents held in assay preparation plate 20 may not be lyophilized. Such a scenario
may be particularly suitable for a laboratory environment where refrigerated storage is available.
[0028] As apparent to one skilled in the art, the number, size, and layout of wells 22, 24, and
25 may vary greatly and, thus, the depiction of the assay preparation plates described herein are
not limited to the depiction of Fig. 2. As described in more detail below in reference to Figs. 4A
and 4B, the general layout configuration of samples wells 22 and reagent wells 24 may, in some
embodiments, be advantageous for the type of magnet assembly system discussed in reference to
those figures. In particular, it may, in some cases, be advantageous for samples wells 22 and
reagent wells 24 to be arranged in rows with alternating position of the different wells.
However, various other magnet systems may be employed in the assay preparation plates
described herein and, thus, the plates are not restricted to the layout configuration depicted in
Fig. 2.
[0029] In addition to wells 22, 24, and/or 25, assay preparation plate 20 may include casing 26.
Casing 26 generally provides a case to hold wells 22, 24, and 25 and is dimensionally
configured to fit or mate into an assay plate receiving area of a fluid assay analysis system. In
some cases, casing 26 further serves a sheath over other components of the assay preparation
plate, such as those described in reference to Figs. 4A and 4B. In such cases, casing 26 may be
generally designed for reuse (e.g., formed of a durable material) since the underlying
components may be costly. In some cases, wells 22, 24, and/or 25 may be permanently fixed
within casing 26 (i.e., wells 22, 24, and/or 25 may be made of the same contiguous material as
casing 26 or the material comprising wells 22, 24, and/or 25 may be permanently fixed within

casing 26). In other embodiments, however, wells 22, 24, and/or 25 may be disposed in
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removable inserts fastened within casing 26. In such cases, the removable inserts may, in some
embodiments, be discarded after use and replacement inserts may be inserted into casing 26 for
subsequent assay preparation. Alternatively, the removable inserts (as well as casing 26) may be
cleaned and sanitized for reuse. In any case, wells 22, 24, and/or 25 may, in some embodiments,
be encapsulated with frangible covers prior to assay preparation to avoid the wells from being
contaminated with foreign substances and the reagents from spilling out of the assay plate. The
frangible covers may generally be pierce-able by any device used to introduce or draw out fluids
to and from the wells, such as pipette 12 of fluid assay analysis system 10.

[0030] As shown in Fig. 2, assay preparation plate 20 may further include probe sensor 28.
Probe sensor 28 may generally be used to activate one or more magnet actuators disposed within
assay preparation plate 20 such that magnetic particles within sample wells 22 and reagents wells
24 may be manipulated (i.e., immobilized and mobilized) for the preparation of an assay in the
wells. In particular, assay preparation plate 28 may include one or more circuits coupling probe
sensor 28 to the one or more magnet actuators, the one or more actuation circuits being
configured to respectively activate the magnet actuator/s to move one or more magnets in
proximity or remote to sample wells 22 and/or reagent wells 24 upon probe sensor 28 detecting a
probe (e.g., pipette 12 of fluid assay analysis system 10). The circuit may be disposed in a
printed circuit board assembly (PCBA) included in assay preparation plate 20 beneath casing 26,
such as PCBA 52 shown in Fig. 4B. In general, probe sensor 28 may include any number of
sensor technologies, such as but not limited to a capacitive proximity sensor, optical gate,
physical completion of an electrical circuit, acoustic reflections, or magnetic field perturbation.
Furthermore, although probe sensor 28 is illustrated as a slot in assay preparation plate 20, other
configurations are possible. Alternatively, probe sensor 28 and the actuation circuit/s may be
omitted from assay preparation plate 20 in some embodiments. In particular, a control line may
alternatively be used to couple assay preparation plate 20 to fluid assay analysis system 10 such
that the magnetic actuator may be directly activated via software included in the fluid assay
analysis system (i.e., similar to the software used to control the movement of pipette 12 and a
plate within its assay preparation plate receiving area).

[0031] The general operation of probe sensor 28 and the one or more actuation circuits to
activate the one or more magnet actuators may generally include moving assay preparation plate

20 within an assay preparation plate receiving area of fluid assay analysis system 10 so that
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probe sensor 28 is in alignment with pipette 12. An initialization routine, such as lowering and
raising pipette 12 twice rapidly, may be performed to ensure that the assay preparation plate 20
and pipette 12 are both in their proper positions. Once assay preparation plate 20 is in the
correct position, pipette 12 is lowered as though it were aspirating fluid. Probe sensor 28 detects
the proximity of the pipette and the position of a magnet actuator is changed via a circuit
coupling the probe sensor 28 to the magnet actuator. The process of lowering pipette 12
proximate to the probe sensor 28 is generally repeated each time a magnet position needs to be
changed. In some cases, assay preparation plate 20 may include a single actuation circuit, which
is either configured to activate a single magnetic actuator or a plurality of magnetic actuators at
the same time. In yet other cases, assay preparation plate 20 may include multiple actuation
circuits for respectively actuating different magnet actuators disposed beneath casing 26. Such
selectivity may be facilitated by incorporating multiple sensors within assay preparation plate 20
(i.e., in the vicinity of probe sensor 28 or in other locations of casing 26) that are respectively
coupled to the multiple actuation circuits and software within fluid assay analysis system 10 that
accurately positions pipette 12 relative to the different positions of the multiple sensors.

[0032] Although not shown in Fig. 2, assay preparation plate 20 may, in some embodiments,
include indicators or controls included within or sticking out through casing 26. The controls
may include configurations for scrolling through status messages and/or turning power to the
plate on and off. The indicators may be used to alert a user of fluid assay analysis system 10
regarding the status of assay preparation (e.g., in-process, completed, and/or if an error occurred)
and/or battery level (if applicable). The indicators may include any type of display known to
those in the art, including but not limited to light-emitting diodes (LED), an acoustic transducer,
or an alpha numeric display. In some cases, battery level and/or status notifications may be
additionally or alternatively passed up through a control line coupling assay preparation plate 20
to fluid assay analysis system 10. As such, assay preparation plate 20 may not include indicators
and/or controls in some embodiments.

[0033] An alternative configuration of an assay preparation plate is shown in Fig. 3. In
particular, Fig. 3 illustrates assay preparation plate 30 including sample wells 32, reagent wells
34, and waste well 35 disposed within casing 36. In general, the characteristics of casing 36 and
wells 32, 34, and 35 may be similar to those described for casing 26 and wells 22, 24, and 25 of

assay preparation plate 20 in Fig. 2. The descriptions are not reiterated for the sake of brevity
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and, thus, are referenced herein as if set forth in full. As discussed with respect to assay
preparation plate 20 depicted in Fig. 2, the shape, size, number, and layout of wells 32, 34, and
35 may vary widely and, thus, the assay preparation plates discussed herein should not be limited
to the illustration of Fig. 3. Although not necessarily so limited, assay preparation plate 30 is
generally configured to process assays sequentially in each row of sample wells 32. In
particular, each of sample wells 1-12 may be used to process a sample with a different reagent
and each row of sample wells A-D is used to process a different sample, resulting in a different
assay for each of rows A-D. Alternatively, assays may be processed in a subset of the sample
wells in a row or in a column of wells 32. In yet other embodiments, assays may be processed in
a single well within assay preparation plate 30. Assay preparation plate 20 depicted in Fig. 2
may be used in similar manners and, in some embodiments (although not necessarily so limited),
may be particularly applicable for processing an assay in a single well.

[0034] In addition to casing 36 and wells 32, 34, and 35, assay preparation plate 30 may
include other components, such as but not limited to the components described above and below
for assay preparation plate 20. In particular, assay preparation plate 30 may include components
underlying casing 36, such as but not limited magnet/s, magnet actuator/s, a battery, a PCBA,
and a control switch. In addition, assay preparation plate 30 may include indicators, controls,
probe sensor/s and accompany actuation circuit/s. The descriptions are not reiterated for the
sake of brevity and, thus, are referenced herein as if set forth in full.

[0035] As noted above, exemplary configurations of the interior components of assay
preparation plate 20 are illustrated in Figs. 4A and 4B. In particular, Figs. 4A and 4B depict an
exemplary layout of three magnet assemblies each including magnets 42 and common bar 44.
Fig. 4A illustrates a perspective view of assay preparation plate 20 with casing 26 removed and
Fig. 4B illustrates a top view of assay preparation plate 20 with casing 26 removed. Magnets 42
generally extend beneath or juxtapose to a neighboring row of wells such that magnetic particles
therein may be immobilized. The three magnet assemblies are respectively coupled to magnet
actuators 45-47, which are configured to move magnets 42 of each assembly proximate and
remote relative to select sample wells. In particular, as shown in Fig. 4B, magnet actuators 45
and 47 are retracted such that magnets 42 of the magnet assemblies attached thereto are aligned
with select sample wells and, thus, the magnets are in position to immobilize magnetic particles

in the select sample wells. On the contrary, magnet actuator 46 is extended such that magnets 42
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of the magnet assembly attached thereto are offset from select sample wells and, more
specifically, aligned with neighboring reagent wells. In such cases, magnetic particles in the
select sample wells are not immobilized. It is noted that the positions of magnets 42 depicted in
Fig. 4B to be aligned with sample wells or reagents wells relative to whether magnet actuators
45-47 are extended or retracted may be reversed. In either case, as shown in Fig. 4B, magnets 42
may be uniformly arranged relative to the spacings of sample wells 22. In this manner, magnets
42 of a single magnet assembly may be moved in unison proximate and remote to the sample
wells.

[0036] Although assay preparation plate 20 is shown in Fig. 4B to include three distinct
magnet assemblies and three distinct magnet actuators, the assay preparation plates described
herein are not necessarily so limited. In particular, the assay preparation plates described herein
may include fewer or more magnet assemblies and/or magnet actuators. For example, assay
preparation plate 20 may be modified to include a single magnet actuator coupled to each of the
three magnet assemblies such that the magnets of the magnet assemblies may be moved
collectively. Alternatively, the magnet assemblies of assay preparation plate 20 may be modified
to be a single magnet assembly. In particular, magnets 42 may include rods extending through
the three common bars shown. In such cases, a single magnet actuator may be used to
collectively move magnets 42 proximate and remote to sample wells 22.

[0037] In yet other embodiments, assay preparation plate 20 may not include magnet
assemblies. Rather, assay preparation plate 20 may include one or more individual magnets with
one or more corresponding magnet actuators. Furthermore, the assay preparation plates
described herein are not necessarily limited to having magnet actuators arranged to horizontally
displace magnets relative to wells of the assay preparation plate as depicted in Fig. 4B. In
particular, the assay preparation plates described herein may include configurations of magnet
actuators which move magnets in a vertical direction. In such cases, when the magnet actuators
are retracted, the magnets may be disposed a sufficient distance below the sample wells of the
assay preparation plate such that magnetic particles disposed therein are not immobilized.
Conversely, when the magnet actuators are extended, the magnets may be proximate to the
sample wells such that magnetic particles disposed therein are mobilized.

[0038] In general, the magnet actuators included in the assay preparation plates described

herein may include any type of actuator, including but not limited to ones driven by mechanical
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means, electrical means, pneumatic means, or magnetic means. An exemplary solenoid magnet
actuator which may be used for the assay preparation plates and systems discussed herein is

described in U.S. Patent Application entitled “Solenoid Actuator” by Adam

Schilffarth filed on January 26, 2009, which is incorporated by reference as if set forth fully
herein.

[0039] In any case, in addition to magnets and magnet actuators, assay preparation plate 20
includes PCBA 50, battery 52, control switch 54, and indicators 56. Onboard battery 52 can be
supplemented or substituted by a power line coupled between assay preparation plate 20 and
fluid assay analysis system 10. PCBA 50 includes but is not limited to a circuit for controlling
the magnet actuators 35-37 and a circuit for charging battery 50 (when applicable). Battery
charging can be performed through direct conduction through electrodes, a charging cable, or an
inductive coil. Control switch 42 may generally be used to turn power to the plate on and off.
Indicators 56 are shown to specifically denote light emitting diodes, but other types of indicators
may additionally or alternatively be employed as described above in reference to Fig. 2.

[0040] As noted above, fluid assay analysis system 10 may, in some embodiments, be
configured to allow assays to be processed with magnetic particles within an assay preparation
plate area of the system (i.c., rather than an assay preparation plate being configured to do so).
Partial schematic drawings of an exemplary fluid assay analysis system having such a
configuration are illustrated in Figs. 5A and 5B. In particular, Fig. 5A illustrates a partial
schematic drawing of fluid assay preparation and analysis system 60 having magnet actuator 66
disposed below and in approximate alignment with pipette 62, having magnet 68 retracted within
magnet actuator 66. Fig. 5B illustrates a partial schematic view of fluid assay preparation and
analysis system 60 in which magnet actuator 66 has moved magnet 68 in the vicinity of assay
plate receiving area 64 interposed between pipette 62 and magnet actuator 68. In this manner,
magnet actuator 66 is configured to move magnet 68 to and from a position proximate assay
plate receiving area 64. Consequently, magnetic particles disposed within a well of an assay
preparation plate which is aligned with pipette 62 and magnet 68 may be immobilized as well as
released from immobilization. In particular, with the placement and orientation of magnet
actuator 66 and magnet 68, magnetic particles may be immobilized at the bottom of a well. As a

consequence, excess fluid can be aspirated from the well.
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[0041] As set forth above for fluid assay analysis system 10, fluid assay analysis system 60
may further include a mechanism for moving an assay plate disposed within assay plate
receiving area 64 such that different wells of the assay plate are aligned with pipette 12 at
different times. Such a configuration may allow multiple reagents to be mixed with a sample for
preparation of an assay. In addition, the mechanism for moving an assay plate within assay plate
receiving area 64 may allow multiple assays to be prepared in a single assay plate. In general,
fluidic assay analysis system 60 may include a storage medium with program instructions which
are executable by a processor to execute the movement of an assay plate within assay plate
receiving area 64 (via the mechanism for moving an assay plate arranged in the receiving area )
as well as movement of pipette 12 to accomplish the assay preparation. In addition, the storage
medium may include program instructions for selectively activating magnet actuator 66.

[0042] In addition to having the ability to prepare one or more assays through the
incorporation of magnet actuator 66 and magnet 68, fluid assay analysis system 60 is also
configured to analyze fluid assays. In this manner, fluid assay analysis system is configured to
both prepare and analyze a fluid assay and, thus, may be referred to as a fluid assay preparation
and analysis system. As such, fluid assay analysis system 60 may further include (as discussed
with respect to fluid assay analysis system 10 in Fig. 1) an examination chamber coupled to
pipette 12 via a fluidic line and a detection system for generating data representative of the
presence, absence, and, in some embodiments, concentration of one or more analytes in an assay.
In some cases, fluid assay analysis system 60 may be an optical system and, thus, may include
an illumination system configured to illuminate the examination chamber. In further
embodiments, fluid assay analysis system 60 may be configured to optically analyze a particle-
based assay. In such cases, fluid assay analysis system 60 may include a detection system
configured to collect light emitted and/or scattered from assay particles and generate signals
representative of a degree of light gathered. In addition, fluid assay analysis system 60 may
include an examination system for analyzing the generated signals. Exemplary optical analysis
systems having such components and which may be particularly applicable for fluid assay
analysis system 60 include flow cytometers and systems which immobilize particles for
examination, such as static imaging systems. Both types of systems include a fluidic handling
system for transporting a fluid assay and possibly other fluids to a particle examination chamber

(and, thus, may be referred to as fluid assay systems).
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[0043] As discussed with regard to magnet actuators 45-47 in Fig. 4B, magnet actuator 66 may
include any type of actuator, including but not limited to ones driven by mechanical means,
electrical means, pneumatic means, or magnetic means. An exemplary solenoid magnet actuator
which may be used for fluid assay analysis system 60 is described in U.S. Patent Application

entitled “Solenoid Actuator” by Adam Schilffarth filed on January 26, 2009,

which is incorporated by reference as if set forth fully herein. However, magnet actuator 66
should not be construed to necessarily be limited to such an actuator. Furthermore, magnet
actuator 66 is not limited to an orientation which facilitates vertical movement of magnet 66 in
proximity and remote to assay receiving plate area 64. In particular, magnet actuator 66 may
alternatively be employed to cause horizontal movement of magnet to immobilize magnetic
particles within a well of an assay preparation plate.

[0044] A flowchart of a method for preparing and analyzing an assay is outlined in Fig. 6. As
shown in block 70 of Fig. 6, the method includes injecting one or more samples for analysis into
respective sample wells of an assay preparation plate. The one or more samples may include any
biological, chemical, or environmental fluid in which determination of the presence or absence
of one or more analytes of interest is desired. The process of injecting the one or more samples
may be performed manually or through automation, but in either case is generally conducted
prior to inserting the assay preparation plate into an assay plate receiving area of a fluid assay
analysis system, a process of which is shown in block 72. After the assay preparation plate is
placed into the assay plate receiving area, the method continues to block 74 at which a position
of the assay preparation plate within the assay plate receiving area is established such that a
particular well of the assay preparation plate is aligned with a pipette of the fluid assay analysis
system. In some cases, the particular well may a reagent well. In other embodiments, however,
the particular well may be one of the sample wells injected with the one or more samples,
particularly in embodiments in which a sample well includes a reagent (e.g., magnetic particles
or dilution agent) prior to the injection of a sample therein.

[0045] In cither case, the method includes aspirating a fluidic material disposed within the
particular well via the pipette and moving the assay preparation plate within the assay plate
receiving area such that a different well of the assay preparation plate is aligned with the pipette
as shown respectively in blocks 76 and 78. Thereafter, the method continues to block 80 in

which the fluidic material is dispensed into a different well. The different well may be the
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sample well (i.e., the well having the originally injected sample) or may be a reagent well or a
different sample well. In any case, the processes delineated in blocks 74, 76, 78, and 80 include
mixing the sample with a reagent specific for an assay as denoted in block 82. As noted by the
dotted line extension from block 82, the reagent may include a plurality of magnetic particles
and, thus, the processes delineated in blocks 74, 76, 78, and 80 may include mixing the sample
with magnetic particles shown in block 84. In such cases, as noted by block 86, the method may
include immobilizing the magnetic particles, particularly at some point when the processes
delineated in blocks 74, 76, 78, and 80 are performed. In some cases, as discussed above in
reference to Fig. 2, the immobilization process may include moving the assay preparation plate
within the assay plate receiving area such that the pipette is aligned with a probe sensor of the
assay preparation plate and lowering the pipette down to the probe sensor. Upon detecting the
pipette with the probe sensor, the assay preparation plate may be moved within the assay plate
receiving area such that the pipette is aligned with a well of the assay preparation plate
comprising the magnetic particles and a magnet actuator may actuate a magnet in proximity to
the well comprising the magnetic particles.

[0046] At Dblock 88, a determination is made as to whether the assay is complete. If the assay
is not complete the method returns to block 74 and repeats the processes delineated in blocks 74,
76, 78, and 80 until preparation of the assay is complete. It is noted that each pass through the
processes delineated in blocks 74, 76, 78, and 80 need not necessarily include immobilizing
magnetic particles or even mixing the sample with magnetic particles. In particular, the
processing or preparation of an assay may refer a wide scope of processing steps and associated
reagents. Other reagents which may additionally or alternatively be mixed into the sample may
include those used for centrifuging, analyte isolation, analyte amplification, washing of the
sample, cell lysing, clotting factor neutralization, pH regulation, temperature cycling, reagent
mixing, and assay reaction. Reagents for other processing steps may be considered as well.
Furthermore, it is noted that the processes delineated in blocks 74, 76, 78, and 80 may include
preparing an assay in a single well, such as the sample well the sample was originally injected
into, or may include preparing an assay using a plurality of wells and, in some embodiments, a
series of sample wells aligned in an assay preparation plate.

[0047] Upon determining an assay is complete at block 88, the method may optionally return

to block 74 as denoted by the dotted arrow line to prepare another assay with one of the other
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samples that was injected into the assay preparation plate at block 70. In this manner, the
method may include serially preparing respective assays for each of samples injected into the
assay preparation plate. In other embodiments, however, the method may include preparing
respective assays for several samples injected into the assay preparation plate in parallel. Such
an embodiment may be more efficient if the same assay preparation procedure is being
conducted for several assays. In particular, the pipette of the fluid assay analysis system may be
used to aspirate a relatively large quantity of reagent and distribute it to each of the samples.
[0048] In any case, the method further includes analyzing the one or more fluid assays and,
thus, includes aspirating a prepared assay from the assay preparation plate into an examination
chamber of the fluid assay system via the pipette and a fluidic line coupled between the pipette
and the examination chamber and analyzing the prepared assay within the examination chamber
as denoted in blocks 90 and 92. Such a sequence of steps may be repeated for each assay
prepared.

[0049] It will be appreciated to those skilled in the art having the benefit of this disclosure that
this invention is believed to provide assay preparation plates, fluid assay systems, and methods
for preparing and analyzing assays which allow assays to be processed within an assay
preparation plate by components of a fluid assay analysis system. Further modifications and
alternative embodiments of various aspects of the invention will be apparent to those skilled in
the art in view of this description. For example, any type of magnet actuators may be used in the
devices, systems, and methods described herein to move a magnet proximate and remote from a
well of an assay preparation plate and, thus, the devices, systems, and methods described herein
should not be limited to the depictions of magnet actuators in the figures. Accordingly, this
description is to be construed as illustrative only and is for the purpose of teaching those skilled
in the art the general manner of carrying out the invention. It is to be understood that the forms
of the invention shown and described herein are to be taken as the presently preferred
embodiments. Elements and materials may be substituted for those illustrated and described
herein, parts and processes may be reversed, and certain features of the invention may be utilized
independently, all as would be apparent to one skilled in the art after having the benefit of this
description of the invention. Changes may be made in the elements described herein without

departing from the spirit and scope of the invention as described in the following claims.
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WHAT IS CLAIMED IS:

1. An assay preparation plate, comprising:
an array of wells;
a magnet; and
an actuator configured to move the magnet proximate and remote relative to one or more

select wells of the array of wells.

2. The assay preparation plate of claim 1, wherein the magnet is one of a plurality of

magnets comprising the assay preparation plate.

3. The assay preparation plate of claim 2, wherein at least some of the plurality of magnets

are uniformly positioned relative to the select wells.

4. The assay preparation plate of claim 2, wherein the actuator is one of a plurality of
actuators respectively configured to move the plurality of magnets proximate and remote relative

to the select wells.

5. The assay preparation plate of claim 2, wherein the plurality of magnets comprise one or

more assemblies of magnets.

6. The assay preparation plate of claim 5, wherein the actuator is configured to collectively
move the one or more assemblies such that the plurality of magnets are proximate or remote

relative to the select wells.

7. The assay preparation plate of claim 1, wherein the magnet is disposed below the array of
wells.
8. The assay preparation plate of claim 1, wherein the magnet is juxtapose to one or more

wells of the array of wells.
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9. The assay preparation plate of claim 1, further comprising:
a probe sensor; and
a circuit coupling the probe sensor to the actuator, wherein the circuit is configured to

activate the actuator when a probe is detected by the probe sensor.

10. The assay preparation plate of claim 1, wherein some of the wells of the array of wells

comprise reagents for preparing an assay.

11. The assay preparation plate of claim 10, wherein at least one of the reagents is a set of

magnetic particles.

12.  The assay preparation plate of claim 1, wherein the array of wells is disposed in

removable inserts fastened within the assay preparation plate.

13. A method for preparing and analyzing an assay, comprising:

injecting a sample for analysis into a sample well of an assay preparation plate;

inserting the assay preparation plate into an assay plate receiving area of a fluid assay
analysis system;

establishing a position of the assay preparation plate within the assay plate receiving area
such that a particular well of the assay preparation plate is aligned with a pipette
of the fluid assay analysis system;

aspirating a fluidic material disposed within the particular well via the pipette;

moving the assay preparation plate within the assay plate receiving area such that a
different well of the assay preparation plate is aligned with the pipette;

dispensing the fluidic material into the different well, wherein the steps of establishing,
aspirating, moving, and dispensing comprise mixing the sample with a reagent
specific for an assay;

repeating the steps of establishing, aspirating, moving, and dispensing to mix the sample
with one or more additional reagents until preparation of the assay is complete,
wherein at least one series of the steps of establishing, aspirating, moving, and

dispensing comprises mixing the sample with a plurality of magnetic particles;
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immobilizing the plurality of magnetic particles in a well of the assay preparation plate
subsequent to mixing the sample with the plurality of magnetic particles;

aspirating the assay from the assay preparation plate into an examination chamber of the
fluid assay system via the pipette and a fluidic line coupled between the pipette
and the examination chamber; and

analyzing the assay within the examination chamber.

14. The method of claim 13, wherein the steps of establishing, aspirating, moving, and

dispensing comprise preparing the assay in the sample well.

15. The method of claim 13, wherein the steps of establishing, aspirating, moving, and

dispensing comprise preparing the assay in a series of wells within the assay preparation plate.

16. The method of claim 13, wherein the step of immobilizing the plurality of magnetic
particles comprises:
moving the assay preparation plate within the assay plate receiving area such that the
pipette is aligned with a probe sensor of the assay preparation plate;
lowering the pipette down to the probe sensor; and
upon detecting the pipette with the probe sensor:
moving the assay preparation plate within the assay plate receiving area such that
the pipette is aligned with the well of the assay preparation plate
comprising the magnetic particles; and

actuating a magnet in proximity to the well comprising the magnetic particles.

17. The method of claim 13, further comprising respectively injecting one or more additional
samples for analysis into other sample wells of the assay preparation plate prior to the step of

inserting the assay preparation plate into an assay plate receiving area.
18. The method of claim 17, wherein the steps of establishing, aspirating, moving, and

dispensing further comprise preparing respective assays for each of one or more additional

samples in parallel with the preparation of the assay.
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The method of claim 17, reiterating the steps of establishing, aspirating, moving, and

dispensing to serially prepare respective assays for each of one or more additional samples.

20.

21.

A fluid assay preparation and analysis system, comprising:

an assay plate receiving area;

a pipette disposed above the assay plate receiving area;

a magnet disposed below the assay plate receiving area in approximate alignment with
the pipette;

an actuator configured to move the magnet to and from a position proximate the assay
plate receiving area;

a mechanism for moving an assay plate disposed within the assay plate receiving arca
such that different wells of the assay plate are aligned with the pipette at different
times;

an examination chamber coupled to the pipette via a fluidic line;

an illumination system configured to illuminate the examination chamber;

a detection system configured to collect light emitted and/or scattered from assay
particles introduced into the examination chamber via the pipette and the fluidic
line, wherein the detection system is further configured to generate signals
representative of a degree of light gathered; and

an examination system for analyzing the generated signals.

The fluid assay preparation and analysis system of claim 20, further comprising a storage

medium with program instructions which are executable by a processor for selectively activating

the actuator.

22.

The fluid assay preparation and analysis system of claim 20, wherein the fluid assay

preparation and analysis system comprises a flow cytometer or a static imaging optical system.
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