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(57) ABSTRACT

A method for reading a microfluidic microplate having a
plurality of cells is provided. The method includes deter-
mining target locations on the microfiuidic microplate, each
of the target locations being deviated from a center of each
of the cells, and directing a beam centered at each of the
target locations perpendicular to the microfluidic microplate,
the beam having a predetermined diameter. Each of the
plurality of cells includes a well structure including a side
wall for a loading well, a through hole at a center of a base
of the well structure, and a microfluidic channel formed in
a spiral pattern configured to start from a first end of the
microfluidic channel and end with a second end of the
microfluidic channel at the base of the well structure,
wherein the first end of the microfluidic channel is con-
nected to the through hole, and the second end of the
microfluidic channel includes an outlet hole.
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METHODS FOR OPTIMIZING DETECTION
OF IMMUNOASSAY REACTIONS
CONDUCTED WITHIN A MICROFLUIDIC
MICROPLATE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation-in-part applica-
tion of the U.S. patent application Ser. No. 13/384,963 filed
on Aug. 31, 2012 which is a national stage application of
International Patent Application No. PCT/US10/042506
filed on Jul. 20, 2010 which claims the benefits of U.S.
Provisional Application No. 61/226,764 filed on Jul. 20,
2009 and U.S. Provisional Application No. 61/297,221 filed
on Jan. 21, 2010.

FIELD

[0002] This invention relates to methods for optimizing
the detection of immunoassay reactions conducted within a
microfiuidic microplate.

BACKGROUND

[0003] Immunoassay techniques are widely used for a
variety of applications as described in “Quantitative Immu-
noassay: A Practical Guide for Assay Establishment,
Troubleshooting and Clinical Applications; James Wu;
AACC Press; 2000”. The most common immunoassay tech-
niques are 1) non-competitive assay: an example of such is
the widely known sandwich immunoassay, wherein two
binding agents are used to detect an analyte; and 2) com-
petitive assay: wherein only one binding agent is required to
detect an analyte.

[0004] In its most basic form, the sandwich immunoassay
(assay) can be described as follows: a capture antibody, as
a first binding agent, is coated (typically) on a solid-phase
support. The capture antibody is selected such that it offers
a specific affinity to the analyte and ideally does not react
with any other analytes. Following this step, a solution
containing the target analyte is introduced over this area
whereby the target analyte conjugates with the capture
antibody. After washing the excess analyte away, a second
detection antibody, as a second binding agent, is added to
this area. The detection antibody also offers a specific
affinity to the analyte and ideally does not react with any
other analytes. Furthermore, the detection antibody is typi-
cally “labeled” with a reporter agent. The reporter agent is
intended to be detectable by one of many detection tech-
niques such as optical (fluorescence or chemiluminescence
or large-area imaging), electrical, magnetic or other means.
In the assay sequence, the detection antibody further binds
with the analyte-capture antibody complex. After removing
the excess detection antibody; finally the reporter agent on
the detection antibody is interrogated by means of a suitable
technique. In this format, the signal from the reporter agent
is proportional to the concentration of the analyte within the
sample. In the so called “competitive” assay, a competing
reaction between detection antibody and (detection anti-
body+analyte) conjugate is caused. The analyte, or analyte
analogue is directly coated on the solid phase and the
amount of detection antibody linking to the solid-phase
analyte (or analogue) is proportional to the relative concen-
trations of the detection antibody and the free analyte in
solution.
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SUMMARY

[0005] In one embodiment, a method for reading a micro-
fluidic microplate having a plurality of cells is provided. The
method includes determining target locations on the micro-
fluidic microplate, each of the target locations being devi-
ated from a center of each of the cells, and directing a beam
centered at each of the target locations perpendicular to the
microfiuidic microplate, the beam having a predetermined
diameter. Each of the plurality of cells includes a well
structure including a side wall for a loading well, a through
hole at a center of a base of the well structure, and a
microfluidic channel formed in a spiral pattern configured to
start from a first end of the microfiuidic channel and end
with a second end of the microfiuidic channel at the base of
the well structure, wherein the first end of the microfluidic
channel is connected to the through hole, and the second end
of the microfluidic channel includes an outlet hole.

[0006] In another embodiment, a method for reading a
microfiuidic microplate having a plurality of cells is pro-
vided. The method includes determining a plurality of
reading locations for each of the plurality of cells, each of
the reading locations being deviated from a center of each of
the plurality of cells; and directing a beam centered at each
of the plurality of reading locations perpendicular to the
microfiuidic microplate, the beam having a predetermined
diameter. Each of the plurality of cells includes a well
structure including a side wall for a loading well, a through
hole at a center of a base of the well structure, and a
microfluidic channel formed in a spiral pattern configured to
start from a first end of the microfluidic channel and end
with a second end of the microfluidic channel at the base of
the well structure. The first end of the microfluidic channel
is connected to the through hole, and the second end of the
microfluidic channel includes an outlet hole.

[0007] In another embodiment, a method for reading a
microfiuidic microplate having a plurality of cells is pro-
vided. The method includes directing a beam at each of the
plurality of cells perpendicular to the microfluidic
microplate, obtaining assay signals for each of the plurality
of cells, and compensating the assay signals based on
timings of reading the plurality of cells. Each of the plurality
of cells includes a well structure including a side wall for a
loading well, a through hole at a center of a base of the well
structure, and a microfiuidic channel formed in a spiral
pattern configured to start from a first end of the microfluidic
channel and end with a second end of the microfluidic
channel at the base of the well structure. The first end of the
microfiuidic channel is connected to the through hole, and
the second end of the microfluidic channel includes an outlet
hole.

[0008] These and additional features provided by the
embodiments of the present disclosure will be more fully
understood in view of the following detailed description, in
conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The embodiments set forth in the drawings are
illustrative and exemplary in nature and not intended to limit
the disclosure. The following detailed description of the
illustrative embodiments can be understood when read in
conjunction with the following drawings, where like struc-
ture is indicated with like reference numerals and in which:
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[0010] FIG. 1 depicts a top view of a microfluidic
microplate according to one or more embodiments shown
and described herein;

[0011] FIG. 2 depicts a cross sectional view of a cell of the
microfluidic microplate according to one or more embodi-
ments shown and described herein;

[0012] FIG. 3 depicts a three-dimensional illustration of a
microfluidic microplate according to one or more embodi-
ments shown and described herein;

[0013] FIG. 4A depicts a cross sectional view of a cell of
the microfluidic microplate according to one or more
embodiments shown and described herein;

[0014] FIG. 4B depicts a cross sectional view of a cell of
the microfluidic microplate according to another embodi-
ment shown and described herein;

[0015] FIG. 5A depicts a microfluidic channel according
to one or more embodiments shown and described herein;
[0016] FIG. 5B depicts a microfluidic channel according
to another embodiment shown and described herein;
[0017] FIG. 6 depicts the effect of read time on assays
CV’s for a model Leptin assay according to one or more
embodiments shown and described herein;

[0018] FIG. 7 depicts reading cells of the microfluidic
microplate by a fluorescence reader according to one or
more embodiments shown and described herein;

[0019] FIG. 8A depicts reading a cell of the microfluidic
microplate by a fluorescence reader;

[0020] FIG. 8B depicts reading a cell of the microfluidic
microplate by a fluorescence reader according to one or
more embodiments shown and described herein;

[0021] FIG. 9 depicts an image of signals read from a cell
of the microfluidic microplate according to one or more
embodiments shown and described herein;

[0022] FIG. 10A depicts reading a cell of the microfluidic
microplate based on settings for a 96 well plate;

[0023] FIG. 10B depicts reading a cell of the microfluidic
microplate based on settings for a 384 well plate; and
[0024] FIG. 10C depicts reading a cell of the microfluidic
microplate based on settings for a 1536 well plate.

DETAILED DESCRIPTION

[0025] As referenced herein, uF96 or pf96, or the Opti-
miser™, refer to a 96 well microfluidic microplate wherein
each well is connected to at least one microfluidic channel.
Unless otherwise explicitly described, the microfluidic
microplate shall be assumed to be made of 3 functional
layers, namely the substrate layer (with the wells, through-
hole structures and microfluidic channels), the sealing tape
layer, and an absorbent pad layer; wherein the “96” refers to
a 96 well layout and similarly puf384 would refer to a 384
well layout and so forth. The term Optimiser™ is also used
to describe the present microfluidic microplate and similarly,
Optimiser™-96 shall refer to a 96 well layout, Optimiser™-
384 shall refer to a 384 well layout and so forth. Further-
more, “microfluidic channel” and “microfluidic channel”
and “channel” all refer to the same fluidic structure unless
otherwise dictated by the context. The term “interface hole”
or “through hole” or “via hole” all refer to the same structure
connecting the well structure to the microfluidic channel
structure unless dictated otherwise by the context. The term
“cell” is used to describe a functional unit of the microfluidic
microplate wherein the microfluidic microplate contains
multiple essentially identically “cells” to comprise the entire
microplate.
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[0026] FIG. 1 shows the top of view of the microfluidic
microplate 100 (e.g., microfluidic 96 well plate). The micro-
fluidic microplate 100 may include 96 cells 102. Each of the
cells 102 includes a loading well 104. The microfluidic
microplate 100 may match the dimensions of conventional
microplates (as defined by accepted ANSI standards). The
positions of the loading wells 104 also may match ANSI
standards. Each of the loading wells 104 includes a through
hole 108 at its center. The through hole 108 is connected to
a microfluidic channel 106 on the opposing face of the
microfiuidic microplate 100. FIG. 1 does not show a sealing
layer (for microfluidic channels) and an absorbent pad for
clarity. Also, selected wells in lower right hand corner of
FIG. 1 do not show microfluidic channel pattern for ease of
explanation. In the embodiment shown in FIG. 1, the loading
wells 104 and the microfluidic channels 106 are fabricated
on the same substrate layer. A noteworthy feature of the
present disclosure is understood from FIG. 1. The loading
position (for adding liquid reagents) and the detection region
are in the same vertical plane; which matches the conven-
tional microplate exactly.

[0027] FIG. 2 shows cross-sectional views of a portion of
the microplate showing 1 unit of 96 in exploded and
assembled views. Each loading well 104 is connected to the
microfiuidic channel 106 on the opposing face of the micro-
fluidic microplate 100. Microfluidic channels 106 are sealed
by a sealing layer 110 (e.g., a tape) which in turn has an
opening 114. The opening 114 on the sealing layer 110
connects one end of the microfluidic channel 106 to an
absorbent pad 112. When liquid is introduced in the well, it
is drawn into the microfluidic channels 106 by capillary
force. The liquid travels along the microfluidic channel 106
until it reaches the opening in the sealing layer 110. There-
upon, liquid front contacts the absorbent pad 112 which
exerts stronger capillary force and draws liquid until the
loading well 104 is emptied. Depending on the interface
configuration at well-microfiuidic channel interface, the
liquid will also be emptied from the microfluidic channel
106 or liquid motion will stop when rear end of liquid
column reaches well-microfluidic channel interface. In latter
case, the liquid is still filled in the microfluidic channel 106.

[0028] FIG. 3 shows 3-dimensional view of the microflu-
idic microplate 100, the sealing layer 110, and the absorbent
pad 112 in exploded view, and 3-dimensional view of the
microfiuidic microplate 100, the sealing layer 110, and the
absorbent pad 112, and a holder 304 in exploded view. Each
loading well 104 is connected to the corresponding micro-
fluidic channel 106 on the opposing face of the microfluidic
microplate 100. Microfluidic channels 106 are sealed by the
sealing layer 110 which in turn has an opening 114 at the
other end of the microfiuidic channel (as compared to the
end connected to the through hole 108 at the bottom of the
loading well 104). The opening 114 on the sealing layer 110
connects on the other side to the absorbent pad 112. In the
preferred embodiments, an array of absorbent pads 112 are
used such that the absorbent pads 112 are not in the same
vertical line of sight as the loading well 104 and the
microfiuidic channels 106. Alternately, as shown in FIG. 3,
the absorbent pad 112 can be a single continuous piece
connected to all the 96 microfluidic channel outlets. When
liquid is introduced in the loading well 104, it is drawn into
the microfluidic channels 106 by capillary force; the liquid
travels along the microfluidic channel 106 until it reaches
the opening 114 in the sealing layer 110. Thereupon, liquid
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front contacts the absorbent pad 112 which exerts stronger
capillary force and draws liquid until well is emptied. In
embodiments, the through hole 108, the microfiuidic chan-
nels 106 and the absorbent pad 112 are configured such that
as the liquid exits the loading well 104 the rear end of the
liquid column cannot move past the interface between the
through hole 108 and the microfluidic channel 106. Conse-
quently, the loading well 104 is completely emptied of its
liquid contents and the liquid is partially absorbed by the
absorbent pad 112 whereas a portion of the liquid still
occupies the complete microfluidic channel 106. This con-
figuration can be used as an incubation step for immunoas-
say based analysis.

[0029] When a second liquid is added to the well, the
second liquid makes contact with the rear end of the first
liquid at the interface of the through hole 108 and the
microfiuidic channel 106. At this stage, there is again a
continuous liquid column from the absorbent pad extending
via the microfluidic channel 106 and the through hole 108 to
the loading well 104. The lower surface tension of the liquid
column filling the loading well 104 will cause flow to
resume and the first liquid will be completely drawn out of
the microfluidic channel 106 and replaced by the second
liquid. The second liquid will also be drawn out of the
microfluidic channel 106 until the rear end of the second
liquid now reaches the interface between the through hole
108 and the microfiuidic channel 106 where the flow will
stop again. This sequence is continued until all steps
required for an immunoassay are completed. This also
illustrates a particularly advantageous aspect of the present
disclosure—namely the fact that the sequence of operation
only involves liquid addition steps. There is no need to
remove the liquid from the well since it is automatically
drained out. This considerably reduces the number of steps
required for operation and simplifies the operation of the
microfiuidic microplate. Also, as described earlier, in
embodiments, the absorbent pads 112 are positioned such
that the absorbent pads 112 are not in the same vertical line
of sight as the reaction chambers. In this scheme the
absorbent pads 112 can be integral to the microfluidic
microplate 100; whereas if desired, the absorbent pads 112
can be configured to a removable component that can be
discarded after the last liquid loading step, for example in
the case of the embodiment shown in FIG. 3.

[0030] In embodiments, the microfluidic microplate 100
containing the loading wells 104, the through holes 108 and
the microfluidic channels 106 may be transparent. This
allows for optical monitoring of the signal from the micro-
fluidic channel from the top as well as bottom of the
microplate; a feature that is common on a wide variety of
microplate readers used in the art. In other embodiments, the
microfiuidic microplate 100 may be an opaque material such
that the optical signal from the microfluidic channel 106
may only be read from the face containing the microfluidic
channel. For example, in the embodiment shown in FIG. 2,
the signal may only be read from the “bottom™ if the
microfiuidic microplate 100 were an opaque material. As
described later, yet another method may use rotation of an
insert layer to allow for top reading with an opaque substrate
material.

[0031] The microfluidic microplate 100 can be manufac-
tured by a conventional injection molding process and all
commonly used thermoplastics suitable for injection mold-
ing may be used as a substrate material for the microfluidic
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microplate. In embodiments, the microfluidic microplate
100 is made from a Polystyrene material which is well
known in the art as a suitable material for microplates. In
other embodiments, the microfluidic microplate 100 is made
from Cyclic Olefin Copolymer (COC) or Cyclic Olefin
Polymer (COP) materials which are known in the art to
exhibit a lower auto-fluorescence and consequently lower
background noise in fluorescence or absorbance based
detection applications.

[0032] An example assay sequence for a sandwich immu-
noassay is described next. By using well known techniques
in the art; a wide variety of such assays can be performed on
the microfluidic microplate 100. As is readily evident from
the description; all of the reagent addition steps can be
performed by automation systems designed to handle liquids
for current microplate formats without any changes.

[0033] In embodiments, the following sequence may
occur:
[0034] 1. To cause a flow sequence; the first liquid is

pipetted into the well.

[0035] 2. The volume of the liquid loaded into the well
should be at least slightly larger than the internal volume of
the channel.

[0036] 3. The liquid will be drawn into the microfluidic
channel and will continue to move due to capillary force.
[0037] 4. The liquid will flow from the well via the
channel till it reaches the outlet where it will touch the
absorbent pad.

[0038] 5. After this, the absorbent pad will continue to
draw the liquid till all the liquid in the well is emptied into
the channel and then into the pad. The liquid flow will stop
when the rear end of the liquid column reaches the interface
between the through hole at the base of the well and the
channel.

[0039] 6. The flow rate in this configuration is completely
controlled by (a) liquid type; (b) geometries of well and
channel and interface ports (namely the through hole) (c)
material properties of the microfluidic (or Optimiser™)
microplate; specifically surface properties; and (d) absorb-
ing characteristic of the pad.

[0040] a. The flow rate can be manipulated by varying any
one of the parameters.

[0041] b. The initial “filling” flow rate is independent of
the pad and is based only on channel properties

[0042] c. Thereafter the channel acts as a fixed resistance
(except at the very end when the liquid is emptying) and the
pad acts as a vacuum (or capillary suction) source.

[0043] d. If desired, the assay steps can be under static
incubation to ensure that there is minimal effect of flow rate
variation on assay response.

[0044] 7. After this a second liquid may be added and the
same sequence can be repeated.

[0045] a. Alternately, the second liquid can be loaded just
as the first liquid is emptying from the well. This will lead
to a continuous liquid column without a stop in flow between
the first and second liquid.

[0046] 8. After the last liquid that should be added is
passed through the system, the absorbent pad(s) may be
removed if desired. The lack of further capillary force will
guarantee a stop to the liquid motion.

[0047] 9. The plate can be read from the top of the well or
from the bottom side or if the well structure interferes with
optical signals, the uf96 (or Optimiser™) may be flipped
over and read from the channel side. If the latter is required,
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the plate configuration should be modified such that the plate
still fits a standard holder for SBS/ANSI 96 well plates.
[0048] Resulting assay, example:

[0049] 1. Add capture antibody and flow—capture anti-
body will non-specifically adsorb on channel surface.
Repeated injections of capture antibody solution can poten-
tially increase concentration on surface.

[0050] 2. Wait till the capture antibody solution is com-
pletely sucked through the well. The capture antibody solu-
tion is still completely filling the microfluidic channel.
Incubate to allow capture antibody conjugation to channel
surface.

[0051] 3. Add blocking buffer and flow; incubate to allow
blocking media to conjugate to remaining channel surface.
[0052] 4. Add sample and flow; incubate to allow target
analyte to link with capture antibody

[0053] a. Optionally, repeated injections of sample can
increase detection sensitivity

[0054] 5. (Optional) flush again

[0055] 6. Add labeled detection antibody and flow; incu-
bate to allow detection antibody to conjugate to captured
target analyte

[0056] 7. Flush with buffer

[0057] 8. For Fluorescence based assay, the plate can now
be transferred to reader

[0058] 9. For luminescence of chemifluorescence assay—
add substrate which will fill channel and allow it to incubate
[0059] 10. For luminescence or chemifluorescence assay,
the plate can now be transferred to reader

[0060] The well structure shown in FIG. 2 comprises a
straight (cylindrical) section 212 and a tapering (conical)
section 214. The tapering section 214 allows for complete
flushing out of well contents as opposed to having a small
through hall at the base of a cylindrical well structure. It will
be appreciated that a wide variety of configurations are
possible for this basic scheme; for instance when the through
hole 108 may not be at the center of the loading well 104 but
offset to one side; or wherein the microfluidic channel
pattern is of different configuration; or wherein the absor-
bent pad may be placed in a different position; or wherein
the relative depth and/or position of the well structure and
microfluidic channel with respect to total plate thickness (set
as 1435 mm by SBS/ANSI standards) is varied. Indeed,
although highly desirable for standardization, the microflu-
idic microplate 100 may also be made to dimensions not
confirming to the ANSI/SBS specs in certain examples. A
few of these are described as examples of embodiments
possible with this concept. The embodiments described
herein are merely to illustrate the flexibility of this concept
and are not intended to limit the present invention.

[0061] One embodiment is shown in the 3-dimensional
(3D) view of FIG. 3. As shown in FIG. 3, the loading well
104 does not have a straight section at the top, but only a
taper section. This minimizes the potential for any residue at
the transition point from the vertical wall to the tapered wall
of'the well. Also, as shown in FIG. 2 and FIG. 3, the loading
well 104 may be configured such that the microfluidic
microplate 100 completely surrounds the well or the sur-
rounding substrate may be created in the form of “lip”
structure. The latter minimizes the amount of polymer
material required for the part thereby reducing cost. The use
of the “lip” structure also makes the part more amenable to
injection molding operations since the lower amount of
material in this configuration exhibits less shrink during the
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molding process; which is advantageous since said shrink
may cause distortion of the well, through hole and micro-
fluidic channel patterns.

[0062] Another embodiment is shown in FIG. 4A. As
shown in FIG. 4A, the width of the through hole (w) may be
greater than, and at least equal to, the depth (d) of the
through hole 108. This ensures that when liquid is intro-
duced in the loading well 104, the front meniscus of the
liquid can “dip” and touch the surface of the sealing layer
110. The meniscus also touches all 4 “walls” of the micro-
fluidic channel 106 connected to one part of the through hole
108 (left hand side in above referenced figure). Thereafter,
capillary forces will draw the liquid from the well and fill the
microfiuidic channel 106. In order to ensure that the liquid
fills the microfluidic channel 106 at least one of the walls of
the microfluidic channel should be hydrophilic. In an
embodiment, the sealing layer 110 is an appropriate adhe-
sive film wherein the adhesive exhibits a hydrophilic behav-
ior. This will ensure that when the liquid is loaded into the
loading well 104 and the front meniscus touches the sealing
layer 110, the liquid will “spread” on the sealing layer 110;
touch the microfluidic channel 106 and thereafter continue
to be drawn into the microfluidic channel 106. In alternate
embodiments, the sealing layer 110 may be another plastic
that is similar to the one used to fabricate the well and
channel structures and the two are assembled using tech-
niques well known in the art such as thermal bonding,
adhesive film assisted bonding, laser or ultrasonic bonding
to name a few. In the alternate embodiment; the microfluidic
channel 106 may be “primed” by forcing a first liquid
through the microfluidic channel 106. This can be easily
accomplished by positioning a pipette tip or other suitable
liquid handling tool against the interface hole such that it
creates a reasonable seal. Then, injection of liquid will result
in at least a part of the liquid being injected in the channel
and thereafter capillary forces will ensure that the liquid
continues to fill the channel.

[0063] In some embodiments, not just the initial but all
assay steps can also be easily performed by injecting solu-
tions directly in the microfluidic channels and wherein the
well structure is only used a guide for the pipette or other
fluid loading tool. In yet another embodiment, all the walls
of the microfluidic channel are treated to be hydrophilic by
appropriate choice of surface treatments that are well known
in the art. In yet another embodiment, the substrate material
including all microfluidic channel walls can be rendered
hydrophilic using techniques well known in the art; and a
hydrophobic sealing tape may be used. The choice of surface
treatment (i.e. final surface tension of the walls with respect
to liquids) depends on the intended assay application. In
most cases, it is preferred to have a hydrophobic surface to
allow for hydrophobic interaction based binding of biomol-
ecules to the surface. In other cases, a hydrophilic surface
may be more suitable for hydrophilic interactions of the
biomolecule with the binding surface; and in even other
cases; a combination of hydrophobic and hydrophilic sur-
face may be desired to allow both types of biomolecules to
bind.

[0064] Inyet another embodiment, a first “priming” liquid
is used to fill the microfluidic channel. Liquids such as
Isopropyl Alcohol exhibit an extremely low contact angle
with most polymers and exhibit very good wicking flow.
Such a liquid will fill the channel regardless of whether the
microfiuidic channel walls are hydrophilic or hydrophilic.
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Once the liquid contacts the absorbent pad a continuous path
is created to the loading well. Liquids added thereafter will
be automatically drawn into the microfluidic channel. In
combination with the microfluidic channel surface, the well
surface may also be modified to enhance or detract from the
capillary forces exerted on the liquid column. For example,
if a strongly hydrophilic treatment is rendered on the well
surface, the rear meniscus will have a strongly concave
shape wherein the bulge of the meniscus is directed towards
the bottom of the well. This meniscus shape will compete
with the meniscus shape at the front end of the liquid column
(before it touches absorbent pad) and ensure a slow fill. If on
the other hand the well surface is rendered strongly hydro-
phobic the rear meniscus may achieve a convex shape
wherein the bulge of the meniscus is towards the top of the
well. This meniscus shape will add to the capillary force
present at the front end of the liquid column and cause a
faster flow rate.

[0065] In another embodiment shown in FIG. 4B, the
through-hole structure itself may be tapered rather than a
cylindrical geometry with straight sidewalls as shown in
FIG. 4A. In FIG. 4B, the width of the through hole at the top
(w) shall be greater than, and at least equal to, the depth (d)
of'the hole; and furthermore the through-hole shall also have
tapered walls. The taper angle (with respect to horizontal) of
the walls of the through hole will be greater than or equal to
the taper angle on the walls at the base of the well structure
immediately preceding the through hole. This ensures that
when liquid is introduced in the well, the front meniscus of
the liquid can “dip” and touch the surface of the sealing tape.
The meniscus also touches all 4 “walls” of the microchannel
connected to one part of the hole (left hand side in above
figure). Thereafter, capillary forces will draw the liquid from
the well and fill the microchannel.

[0066] In yet other embodiments; the well and through-
hole structures shown in FIG. 4A or FIG. 4B may be
selectively treated to impart a different surface functionality.
For instance, the substrate layer may be substantially hydro-
phobic with only the inside surface of well and the through-
hole treated to be hydrophilic. The substrate layer is turn
sealed by a hydrophilic tape. Hence in this configuration;
there is a continuous hydrophilic path from the well to the
through hole to the base of the microfluidic channel (tape)
ensuring that the liquid consistently fills the microfluidic
channel without any intervening air bubbles.

[0067] Other embodiments for the microfluidic channel
106 are illustrated in FIGS. 5A and 5B. As shown in FIG.
5A; the microfluidic channel 106 has a composite geometry
wherein the microfluidic channel cross-sectional dimensions
at the highlighted end section are different compared to the
cross-sectional dimensions of the rest of the microfluidic
channel 106. The end microfluidic channel section 510 may
have at least one dimension larger than the comparable
dimension for the rest of the microfluidic channel 106. For
example, the end microfluidic channel section 210 may be
300 um widex200 um deep whereas the rest of the micro-
fluidic channel 520 may be 200 um widex200 um deep. As
another example, the end microfluidic channel section 210
may be 300 um widex300 um deep whereas the rest of the
microfiuidic channel 520 may be 200 um widex200 pm
deep. This ensures that the end microfiuidic channel section
210 has a lower flow resistance than the preceding channel.
This is useful in ensuring optimum flow performance for the
static incubation case. The embodiment shown in FIG. 5A
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may ensure that since the flow resistance for the front end of
the liquid column (closer to outlet of the microfluidic
channel 106) is lower than the flow resistance for the
rear-end of the liquid column (at through-hole interface), the
liquid will always retract backward from the outlet.

[0068] Another embodiment that can achieve is a similar
effect is shown in FIG. 5B. In FIG. 5B, the initial micro-
fluidic channel section 530 may be different compared to the
cross-sectional dimensions of the rest of the microfluidic
channel 540. The initial microfluidic channel section 530
may have at least one dimension smaller than the compa-
rable dimension for the rest of the microfiuidic channel 106.
For example, the initial microfluidic channel section 530
may be 100 um widex200 um deep whereas the rest of the
microfiuidic channel 106 may be 200 um widex200 pm
deep. As another example, the initial microfluidic channel
section 530 may be 100 pm widex100 um deep whereas the
rest of the microfluidic channel 106 may be 200 pm widex
200 um deep. This ensures that the initial section has a
higher flow resistance than the remainder. This will also
ensure that the liquid always retract backward; i.e. away
from the outlet rather than retracting into the microfluidic
channel; i.e. away from the inlet. Furthermore, the use of a
high resistance section at the start of the microfluidic chan-
nel is also advantageous for flow regulation for continuous-
flow or flow-through mode.

[0069] Detection of Immunoassay Reactions Conducted
within a Microfluidic Microplate

[0070] Hereinafter, methods for optimizing the detection
of immunoassay reactions conducted within a microfluidic
microplate 100 (e.g., the Optimiser™ microplates) are
described. For example, the microfluidic microplate 100
may consist of the tapered loading well 104 connecting to
the microfluidic channel 106 via the through hole 108 as
shown in FIG. 2. The microfluidic channel 106 on the
opposing face with respect to the loading well 104 may be
designed to match the footprint/pitch of ANSI-SBS speci-
fications for 96-well microplates.

[0071] The microfluidic microplate 100 may be used with
chemi-fluorescence and chemiluminescence modes of detec-
tion. Between these two methods, the chemi-fluorescence
method is more advantageous owing to the cumulative
nature of the chemi-fluorescence substrate as opposed to the
dynamic signal from a chemiluminescence substrate. The
present disclosure focuses in particular on chemi-fluores-
cence based signal detection—typically for an immunoassay
reaction—from microfluidic microplates, microfluidic strip
well plates and microfluidic partial strip well plates.
[0072] For immunoassay reactions, a critical performance
metric is the coefficient of variance (CV) of the assay
signals. This is typically computed as either (a) CV of the
raw optical signal acquired or (b) CV of the back calculated
concentrations tested via the immunoassay methods (also
referred to as assay CV). Of these computing methods, the
latter is of greater significance and concern. Unless specifi-
cally described as signal CV, all descriptions of CV in the
present disclosure describe the assay CV.

[0073] Inatypical immunoassay reaction—a capture mol-
ecule is first added to the microfluidic microplate 100 and
the capture molecule non-specifically adsorbs to the poly-
styrene surface of the microfluidic channels 106 (or micro-
channels). Note that commonly used methods such as cova-
lent attachment of capture molecule are also possible. Then,
the remaining sites are blocked by addition of an appropriate
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blocking buffer. When the block buffer is added to the
loading well, the block buffer flushes out the capture mol-
ecule solution within the microfiuidic channels 106 to the
absorbent pad 112 at the distal end of the microfluidic
channel 106 and the same process is repeated for subsequent
liquids. Next, the sample containing the analyte of interest in
added to the loading well. The capture (and detection)
molecules are chosen to have high degree of specificity to
the analyte of interest. As the sample is incubated within the
microfiuidic channel, the analyte of interest binds to the
capture molecule. After addition of wash buffer (to remove
unbound analyte), a detection molecule solution is added
next. The detection molecules are typically labeled with
either an enzyme label or a biotin label. If biotin labeled,
streptavidin-enzyme conjugate is added as an additional
solution after the detection molecule solution. After addition
of wash buffer, to remove unbound detection molecules/
streptavidin-enzyme conjugate—a chemi-fluorescence sub-
strate is added as the final solution. The enzyme label on the
detection molecule (typically but not limited to HRP or AP)
catalyzes the chemi-fluorescence substrate from a non-
fluorescent to a fluorescent format. The chemi-fluorescence
substrate continues to be catalyzed to the fluorescent format
in the presence of HRP or AP enzyme labels until a satura-
tion is reached where all the molecules of the substrate are
converted to a fluorescent stage. As a result, the signal for a
chemi-fluorescence reaction increases over time until it
reaches eventual saturation.

[0074] Four methods of reading a microfluidic microplate
are described with reference to FIGS. 6 through 10C.

[0075] Method 1: Read Time of a Microfluidic Microplate

[0076] Unlike conventional microplates, where the detec-
tion substrate reaction with catalyzing enzyme is stopped by
addition of (typically) an acid solution, the chemi-fluores-
cence reaction in a plurality of cells in the microfluidic
microplate 100 is a continuous reaction. This is because
mixing is very difficult to achieve in microfluidic channels
and specifically in the microfluidic microplate (e.g., Opti-
miser™ design), addition of a liquid flushes the previous
liquid out making use of a stop solution impossible. As a
result, the reaction keeps developing the substrate until
saturation. Owing to the differences in flow rates across 96
cells of the microfluidic microplate; the read time has a
significant effect on assay performance. For instance, if
substrate is added simultaneously to 2 adjacent wells (e.g.,
a first well 101 and a second well 103 as shown in FIG. 1)
of the microfluidic microplate 100, a substrate may displace
the wash buffer in the first well 101 and occupy the micro-
fluidic channel 106 in, for example, 30 seconds. On the other
hand, this same process may require, for example, 2 minutes
in the second well 103. In this case, the substrate in the first
well 101 will have a longer time to react with the enzyme
label in the microfluidic channel 106 as compared to the
second well 103 because the substrate in the first well 101
occupies the microfiuidic channel 106 faster than the sub-
strate in the second well 103 and is in ready for the reaction
with the enzyme label earlier than the substrate in the second
well 103. If the first well 101 and the second well 103 are
tested with the same sample, the first well 101 will report a
higher value than the second well 103 leading to increased
CV. FIG. 6 shows the effect of read time on assays CV’s for
a model Leptin assay (test concentration 4 ng/mL; spiked in
plasma).
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[0077] The assay CV was computed by running 24 iden-
tical concentrations of 4 ng/mL. Leptin spiked in plasma in
24 wells of the microfluidic microplate 100. A 7-pt standard
curve with a blank where two-fold dilutions of known
standard are used in the 7-pt calibration curve was used to
calibrate the signal. The standard concentrations and the
acquired signals were transformed to log 10 values. A
log-log cubic fit standard curve was generated using the
signals from the known standards. Signals from the 24
spiked wells were then used to calculate the concentration
(based on the signal) using GraphPad Prism software.
Unless otherwise noted, a similar method is used for all the
results described in the present disclosure.

[0078] As shown in FIG. 6, the CVs initially drops rapidly
and then slowly start rising. The initial drop is a result of the
fact that longer times smooth the slight differences in flow
rate (and hence the time it takes the substrate to fill the
channel and start reacting with the HRP on the detection
antibody). However, as the substrate reaches saturation the
cells start exhibiting uneven signals with different cells
reaching saturation at different times thus leading to
increased CV’s.

[0079] Note that assay CV is one of the key metrics. The
other assay metric that is also affected by read time may be
a recovery ratio. For high concentration samples, the higher
HRP ratio bound to the sandwich leads to rapid development
of'the substrate whereas for lower concentration samples the
signals develop at a slower rate. When the read times are
extended, higher concentration samples reach saturation
levels and depending on the range used for the standard
curve can even exceed the top standard leading to poor
recoveries. Read times within 30-35 min (from substrate
addition) may be selected as read times for the microfluidic
microplate 100.

[0080] Method 2: Use of a Compensating “Mask™ to
Account for Read Time Delays.

[0081] As noted above, the chemi-fluorescence reaction in
cells 102 of the microfluidic microplate 100 progresses with
increasing time. Most fluorescence readers are single probe
readers—i.e. they read 1 well at a time—and a single read
head scans the entire plate—typically in a snake-like pattern.
FIG. 7 depicts a fluorescence reader 710 reading the cells
102 of the microfluidic microplate 100. The microfluidic
microplate 100 extends along the +x axis direction (i.e.,
longitudinal direction) and the +y axis direction (i.e., lateral
direction) as shown in FIG. 7. The fluorescence reader 710
is positioned above (i.e., +z direction) the microfluidic
microplate 100.

[0082] As shown in FIG. 7, a fluorescence reader 710
reads the cells 102 in the order as indicated by arrows (i.e.
read from well Al to A12; then B12 to B1; C1 to C12; D12
to D1 and so forth). The read times for fluorescence reader
710 (e.g., a BioTek F1x800 and Tecan M200) to read a
96-well microplate are timed at about 51 seconds and 1:23
minute respectively. The read times may be in turn depen-
dent on the number of “flashes” used to read a single well
location. Typically, most fluorescence readers will read each
well multiple times and the signals from these multiple reads
are averaged to reduce any errors from the optical system of
the reader (where each read is a “flash™). As one example,
Tecan reader recommends using 25 flashes per well in
fluorescence mode. If the number of flashes is increased or
decreased, the total read time will increase or decrease
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accordingly. The durations listed above are based on the
default settings for each manufacturer.

[0083] The interview of 51 seconds or 1:23 minute is a
non-trivial (2.5% through 4%) fraction of the total read time
(35 minutes). As a result, when a single concentration is
tested across the entire plate, the signal from the lower rows
(e.g. Rows G and H of the microfluidic microplate 100) is
noticeably higher than the signal from the top rows (e.g.,
Rows A and B of the microfluidic microplate 100). This
leads to increase in assay imprecision. To counter this effect,
a compensation mask may be provided. The compensation
mask divides raw signal values obtained from the cells to
adjust for the delay in read times for the 96 individual cells
of the microfluidic microplate 100. Three different concen-
trations of HRP (directly coated on a full plate) were read at
different times and the rate of signal change was monitored
for various concentrations at different times. A time based
compensation mask was developed by averaging the rate of
change at the various concentrations. As one example, the
“reader mask” for the Tecan M200 for 30 minute reads is
shown in Table 1 below.
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excitation beam (for fluorescence mode) is about 3 milli-
meter diameter (or smaller if the reader is also designed to
read 1536 well plates) and is usually centered for 96 wells.
For example, as shown in FIG. 8A, the fluorescence reader
710 emits excitation beam 810 having about 3 millimeter
diameter to an area 820 on the cell 102. The area 820 may
be a circled area co-centered with the cell 102 and having a
diameter of about 3 millimeter or less.

[0087] The manufacturing process for microfluidic
microplates involves a proprietary surface treatment step for
the loading well. We hypothesize that the surface treatment
could affect the inlet portion of the microfluidic channels in
some cases and affect the hydrophobic binding mechanism
for the capture molecule. This could to slight changes in
signal from the affected cells when compared to adjacent
unaffected cells leading to inaccuracy and increased impre-
cision.

[0088] FIG. 8B depicts the fluorescence reader 710 emit-
ting excitation beams according to one or more embodi-
ments of the present disclosure. FIG. 8B depicts a partial
view of the microfiuidic microplate 100 in FIG. 7. In

TABLE 1
Column
Row 1 2 3 4 5 6 7 9 10 11 12
A 1.0000 1.0009 1.0018 1.0027 1.0036 1.0046 1.0055 1.0064 1.0073 1.0082 1.0091 1.0100
B 10209 1.0200 10191 10182 10173 10164 10155 10146 1.0137 10127 1.0118 1.0109
C 10219 1.0228 1.0237 10246 1.0255 10264 1.0273 10282 1.0291 10301 1.0310 1.0319
D 10428 1.0419 1.0410 1.0401 1.0392 1.0382 10373 1.0364 1.0355 1.0346 1.0337 1.0328
E  1.0437 10446 1.0455 1.0464 1.0474 1.0483 1.0492 1.0501 1.0510 1.0519 1.0528 1.0537
F 10647 1.0637 10628 1.0619 10610 1.0601 10592 1.0583 1.0574 1.0565 1.0556 1.0546
G 10656 1.0665 1.0674 1.0683 10692 1.0701 10710 1.0719 10729 1.0738 1.0747 1.0756
H 10865 1.0856 1.0847 1.083%8 1.0829 1.0820 10811 1.0801 1.0792 1.0783 1.0774 1.0765
[0084] The use of the read time delay compensation mask embodiments, the fluorescence reader 710 emits excitation

improves the assay precision and has been verified with
multiple experiments as shown in Table 2 below. For each
experiment shown in Table 2; 24 replicates of each listed
concentration were tested on a plate (3 concentrations tested
per plate) and the CV’s are reported for singlet analysis.

TABLE 2
Sample
dilution  Leptin Conec. (ng/mL) Assay CV w/o mask Assay with mask
Neat 2.1 12.5% 11.0%
3.9 4.4% 3.8%
96.0 18.4% 9.5%
2-fold 4.0 8.3% 7.3%
6.1 9.1% 8.9%
100.0 65.6% 13.6%
4-fold 6.17 13.9% 11.9%
11.9 4.8% 3.8%
28.3 5.7% 4.7%
20-fold 39.2 8.8% 7.8%
523 9.9% 8.2%
93.6 15.2% 14.2%
[0085] Method 3: Offset Read Location
[0086] Most modern 96-well readers are also designed to

read 384 well plates and in some cases 1536 well plates as
well. In order to achieve this, the beam diameter for the

beam 810 to an area 830. The area 830 may be a circled area
focusing on a target location 840, and the target location 840
is deviated from the center of the cell 102. The area 830 may
not overlap with the through hole 108 of the cell 102. For
example, the target location 840 may be more than 1.5
millimeters away from the center of the cell 102. As shown
in FIG. 8B, if the cell 102 is read at an offset such that the
read window corresponding to the area 830 does not include
the through hole 108 the variance due to inconsistent behav-
iors at the through hole 108 can be avoided and thus, leading
to improved precision. In embodiments, the target location
840 may be located about 1.5 millimeters from the center of
the cell 102 in a direction rotated clockwise by 45 degrees
from the +x axis direction.

[0089] Multiple offset positions were tested to evaluate
this effect and the offset position shown in FIG. 8B was
selected as one of the optimal positions. Table 3 shows the
results for 3 experiments (2-fold dilution) for Leptin assay
precision where the plates were read with the conventional
(centered) and new offset read locations. A significant and
consistent improvement is noted in assay CV for all cases.
The offset read window is located such that the center of the
read window is located 1.5 millimeters away from the center
of the through hole 108 at a —45 degree angle from the +x
axis direction.
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TABLE 3

Leptin Con. (ng/mL)

Read location 5 45 100

center 8.6% 5.5% 10.9%
offset 4.8% 5.0% 4.8%
center 7.3% 12.8% 3.9%
offset 4.3% 4.0% 6.5%
center 5.0% 4.2% 9.4%
offset 3.6% 3.1% 5.3%

[0090] The method for identifying the optimal read win-

dows is as follows: the microfiuidic microplate 100 is
imaged using a Typhoon 8600 scanner (e.g., Amersham).
Fully developed chemi-fluorescence substrate was prepared
by mixing a small volume of 2 ug/ml. HRP with the
substrate solution. The substrate develops to full signal in
about 2 minutes. Then, the substrate was diluted at varying
concentrations to determine 2 dilutions that yielded a strong
signal with the Typhoon scanner. The microfluidic
microplate 100 was read with a scan setting of 50 microm-
eters, 100 micrometers, and 200 micrometers. The 200
micrometers scan provides a very coarse image and was
rejected. The 50 micrometers scan provides the best quality
image but the imaging time per plate (about 28 minutes) is
too long to be practically useful. As a practical compromise
100 micrometer scan setting was used. Scanning the entire
plate at 100 micrometers setting yields 1,400x1,000=1.4
million data points per plate. Images were analyzed using
the Image J software (NIH) and the analyzed results were
exported as data tables to MS Excel.

[0091] A closer analysis of an individual cell shows some
interesting trends. As shown in FIG. 9, the signal is con-
centrated in the spiral microfluidic channels as expected. In
embodiments, the microfluidic channel 106 may include two
different channel widths—a narrower section near the inlet
and a wider section near the outlet, for example, as shown
in FIG. 5A. In embodiments, the channel 1 through channel
5 in FIG. 9 are signal channels having a narrower section
(e.g., 200 um widex200 um deep), and the channel 6 through
channel 7 in FIG. 9 are drain channels having a wider section
(e.g., 300 um widex300 um deep). A cross-sectional sweep
of the signal shows that the larger area/volume wider chan-
nels contribute a significant percentage of the overall signal.
Also, due to the sloping well design—an optical artifact 910
(i.e., refracting image of channel 7) is created and reading
this would lead to spuriously high signals. Note that the
orientation of the cell 102 shown in FIG. 9 is a mirror image
of the actual orientation of the cells as shown in FIG. 8B.
Note also that read windows with lower variance (than
center reads) were identified by analysis of raw signal
variance.

[0092] The operation of readers allows for 2 different
methods to achieve the offset reads. One option is to
configure the fluorescence reader 710 to read the microflu-
idic microplate with the settings for a 384 (or 1536) well
plate. This is illustrated in FIGS. 10A, 10B, and 10C. As
shown in FIGS. 10A, 10B, and 10C, by changing the plate
definition from 96 to 384 or 1536 well plate automatically
changes the read location. FIG. 10A depicts reading the cell
102 of the microfluidic microplate 100 based on settings for
a 96 well plate. In FIG. 10A, one area 1002 may be read with
respect to the single cell 102. FIG. 10B depicts reading the
cell 102 of the microfluidic microplate 100 based on settings
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for a 384 well plate. In FIG. 10B, four different areas 1012,
1014, 1016, and 1018 may be read with respect to the single
cell 102. FIG. 10C depicts reading the cell 102 of the
microfiuidic microplate 100 based on settings for a 1536
well plate. In FIG. 10C, sixteen different areas 1022, 1024,
1026, 1028, 1032, 1034, 1036, 1038, 1042, 1044, 1046,
1048, 1052, 1054, 1056, and 1058 may be read with respect
to the single cell 102.

[0093] For instance, one can program the fluorescence
reader 710 to read the microfluidic microplate 100 as a
384-well plate where all 384 “wells” are read. Alternately, it
is also possible to program the fluorescence reader 710
where only the bottom-right area 1018 in a 4-cell group is
read as shown in FIG. 10B. The latter approach (reading
selected wells in a higher density configuration) is preferred
since it reduces the overall read time (and potential variance
as outlined in Method 2 previously).

[0094] Another method is to introduce the offset by chang-
ing the well definition of the microfluidic microplate itself
for the reading operation. The ANSI-SBS specifications
define certain key parameters for 96-well plates—for
instance that the well-to-well spacing must be 9 mm in both
the horizontal and vertical orientations. However, manufac-
turers have the flexibility of selecting other parameters of the
plate design—such as whether the plate has an identifying
45 degree taper at the Al well location. As a result, all
fluorescence readers allow users to create a “plate defini-
tion” wherein key parameters of the plate are defined. This
allows the reader to precisely position the reader head at the
desired location for reading the plates. One set of these
definition parameters include the position of the top-left cell
(e.g., the cell 102 on Row A and Column 1 in FIG. 7) and
the position of the bottom-right cell (e.g., the cell on Row H
and Column 12 in FIG. 7) with respect to the edges of the
microfiuidic microplate 100.

[0095] Table 4 below shows the actual locations of these
2 wells for the microfluidic microplate as well as the offset
locations to shift the read location to the area shown in FIG.
7. As seen from the changes in the “actual” versus “offset”
locations for the top left cell, a higher value of Y is defined
(read location is thus lower than center since O on the Y-axis
is the top edge of the plate) and a higher value of X is defined
(read location is thus to the right of the center since 0 on the
X-axis is the left edge of the plate for top left well).

TABLE 4
Y (micron) X (micron)

Actual Center of top left cell 11240 14380

from top left edge

Center of bottom right 74240 113380

cell from top left edge
Offset Center of top left cell 12300 15440

from top left edge

Center of bottom right 75200 114440

cell from top left edge
[0096] Method 4: Use of Multiple Offset Read Locations
[0097] Multiple areas (or read windows) that exhibit lower

variance than areas co-centered with the cells 102 of the
microfiuidic microplate 100 may be identified. This was
confirmed by reading the plates with the identified offsets
when actual immunoassays were performed for Leptin con-
taining samples in Optimiser™ plates and the selected
preferred read windows are described below:
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[0098] N1.5: location where the center of the read
window is located 1.5 millimeters away from the center
of the cell of the microfluidic microplate along a +90
degree angle (North direction) from the +x axis direc-
tion in FIG. 8B.

[0099] S1.5: location where the center of the read
window is located 1.5 millimeters away from the center
of the cell of the microfluidic microplate along a =90
degree angle (South direction) from the +x axis direc-
tion in FIG. 8B.

[0100] SE45: location where the center of the read
window is located 1.5 millimeters away from the center
of the cell of the microfluidic microplate along a -45
degree angle (Southeast direction) from the +x axis
direction in FIG. 8B.

[0101] NE45: location where the center of the read
window is located 1.5 millimeters away from the center
of the cell of the microfluidic microplate along a +45
degree angle (Northeast direction) from the +x axis
direction in FIG. 8B.

[0102] The offset locations; together with the actual loca-
tions for the top-left and bottom-right wells used for plate
definition for reader plate definition are disclosed in Table 5
below.

TABLE 5
Y X
96 well Top L 11240 14380
Bottom R 74240 113380
N1.5 Top L 9740 14380
Bottom R 72740 113380
S1.5 Top L 12740 14380
Bottom R 75740 113380
SE45 Top L 12300 15440
Bottom R 75300 114440
NE45 Top L 10180 15440
Bottom R 73180 114440
[0103] Multiple plate definitions were created for reading

the microfluidic microplates at the specified offset location.
Following the completion of the immunoassay protocol,
each Optimiser™ plate was read multiple times using the
specified offset read definitions—i.e. the plate was read
using the N1.5 definition, NE45 definition, SE45 definition,
and S1.5 definition. The other parameters that are used for
the plate definition include: Number of rows=8; Number of
columns=12; Plate width=85480 microns; Plate
length=127760 microns; Plate height=14350 microns; Well
diameter=6000 microns.

[0104] Of the multiple offset read locations; the SE45
location yields low variance signals on the most consistent
basis as a single offset read location. However, the use of
multiple offset locations yields even more consistent results
with respect to reduced assay CVs. Illustrative results for a
Leptin assay tested using this method are shown in Table 6
below. Table 6 shows effect of using multiple offset read
locations and averaging or using median of calculated
concentrations from each offset read locations on the assay
CV. All values are the % CV for a Leptin assay tested at 3
different concentration levels as listed.
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TABLE 6

S1.5  SE45 NE45 N1.5 Average Median

Low (5ng/mL)  5.1% 5.5%  4.6% 51% 47%  48%
Mid (45 ng/mL)  4.3% 4.1%  5.1%  3.9%  39%  3.9%
High (90 ng/mL) 54% 6.2%  83%  7.2%  59%  59%

[0105] Table 6 shows the computed assay CV for each
individual offset read location at 3 different concentrations.
Table 6 also shows the assay CV results when the calculated
concentrations from each offset read location are averaged
and then the CV of the averaged values is computed. For
instance, well A4 is read using the S1.5, SE45, NE45, and
N1.5 offsets. Then the method described previously is used
to calculate the unknown concentration based on each offset
reading method. The 4 calculated concentrations are then
averaged. The averaged calculated concentrations from 24
wells are then used to compute the assay CV for a given
concentration. Table 6 also shows the assay CV results when
the median of the calculated concentration from the 4
different offset read locations is used instead of averaging
the calculated concentrations from the 4 different offset read
locations.

[0106] Table 6 shows some interesting facts. For low
concentration samples, the least variance is observed for
NE45 read location. For mid concentration samples, the
least variance is observed for the SE45 location. For high
concentration samples, the least variance is observed for the
S1.5 read location. For all 3 concentrations, the averaging
method yields variance in between the lowest and highest
variances of the 4 offset reads. For all 3 concentrations, the
median method yields variance in between the lowest and
highest variances of the 4 offset reads.

[0107] As described previously, over multiple experi-
ments; the SE45 offset read location shows the highest
instance of low CV compared to the other 3 offset read
locations. However, this is not always the case as shown in
Table 6. On the other hand using the averaging or median
method; always results in assay CV equal to or greater than
the offset read location that shows lowest CV and also where
the assay CV is always less than the offset read location that
shows the highest CV. Accordingly, the use of the averaging
or median method is preferred over the use of any one single
offset read location.

[0108] It is noted that the terms “substantially” and
“about” may be utilized herein to represent the inherent
degree of uncertainty that may be attributed to any quanti-
tative comparison, value, measurement, or other represen-
tation. These terms are also utilized herein to represent the
degree by which a quantitative representation may vary from
a stated reference without resulting in a change in the basic
function of the subject matter at issue.

[0109] While particular embodiments have been illus-
trated and described herein, it should be understood that
various other changes and modifications may be made
without departing from the spirit and scope of the claimed
subject matter. Moreover, although various aspects of the
claimed subject matter have been described herein, such
aspects need not be utilized in combination. It is therefore
intended that the appended claims cover all such changes
and modifications that are within the scope of the claimed
subject matter.
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What is claimed:

1. A method for reading a microfluidic microplate having
a plurality of cells, the method comprising:

determining target locations on the microfluidic

microplate, each of the target locations being deviated
from a center of each of the cells; and

directing a beam centered at each of the target locations

perpendicular to the microfluidic microplate, the beam
having a predetermined diameter,

wherein each of the plurality of cells comprising:

a well structure including a side wall for a loading well;

athrough hole at a center of a base of the well structure;
and

a microfluidic channel formed in a spiral pattern con-
figured to start from a first end of the microfluidic
channel and end with a second end of the microflu-
idic channel at the base of the well structure, wherein
the first end of the microfluidic channel is connected
to the through hole, and the second end of the
microfluidic channel includes an outlet hole.

2. The method of claim 1, wherein each of the target
locations is located about 1.5 millimeters apart from the
center of each of the cells.

3. The method of claim 1, wherein the microfluidic
microplate is extended in a longitudinal direction and a
lateral direction, and

each of the target locations is located about 1.5 millime-

ters apart from the center of each of the cells in a
direction rotated clockwise by 45 degrees from the
longitudinal direction.

4. The method of claim 1, wherein the microfluidic
microplate is extended in a longitudinal direction and a
lateral direction, and

each of the target locations is located about 1.5 millime-

ters apart from the center of each of the cells in the
lateral direction.

5. The method of claim 1, wherein the microfluidic
microplate is extended in a longitudinal direction and a
lateral direction, and

each of the target locations is located about 1.5 millime-

ters apart from the center of each of the cells in an
opposite direction to the lateral direction.

6. The method of claim 1, wherein the microfluidic
microplate is extended in a longitudinal direction and a
lateral direction, and

each of the target locations is located about 1.5 millime-

ters apart from the center of each of the cells in a
direction rotated counterclockwise by 45 degrees from
the longitudinal direction.

7. The method of claim 1, wherein the predetermined
diameter is about 3 millimeters.

8. The method of claim 1, wherein an area directed by the
beam on the microfluidic microplate does not overlap with
the through hall.

9. The method of claim 1, wherein dimensions of the
microfiuidic microplate conform to ANSI standards.

10. The method of claim 1, wherein the microfluidic
channel includes a first section close to the first end and a
second section close to the second end, and a width of the
first section is narrower than a width of the second section.

11. A method for reading a microfluidic microplate having
a plurality of cells, the method comprising:
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determining a plurality of reading locations for each of the
plurality of cells, each of the reading locations being
deviated from a center of each of the plurality of cells;
and

directing a beam centered at each of the plurality of

reading locations perpendicular to the microfluidic
microplate, the beam having a predetermined diameter;
wherein each of the plurality of cells comprising:
a well structure including a side wall for a loading well;
athrough hole at a center of a base of the well structure;
and
a microfluidic channel formed in a spiral pattern con-
figured to start from a first end of the microfluidic
channel and end with a second end of the microflu-
idic channel at the base of the well structure, wherein
the first end of the microfluidic channel is connected
to the through hole, and the second end of the
microfluidic channel includes an outlet hole.

12. The method of claim 11, wherein the plurality of
reading locations include locations that are located about 1.5
millimeters apart from the center of each of the cells.

13. The method of claim 11, wherein the microfluidic
microplate is extended in a longitudinal direction and a
lateral direction, and

wherein the plurality of reading locations include at least

one of a location located about 1.5 millimeters apart
from the center of each of the cells in a direction rotated
clockwise by 45 degrees from the longitudinal direc-
tion, a location located about 1.5 millimeters apart from
the center of each of the cells in the lateral direction, a
location located about 1.5 millimeters apart from the
center of each of the cells in an opposite direction to the
lateral direction, and a location located about 1.5 mil-
limeters apart from the center of each of the cells in a
direction rotated counterclockwise by 45 degrees from
the longitudinal direction.

14. The method of claim 11, wherein an area directed by
the beam on the microfluidic microplate does not overlap
with the through hall.

15. The method of claim 11, wherein dimensions of the
microfiuidic microplate conform to ANSI standards.

16. The method of claim 11, wherein the microfluidic
channel includes a first section close to the first end and a
second section close to the second end, and a width of the
first section is narrower than a width of the second section.

17. A method for reading a microfiuidic microplate having
a plurality of cells, the method comprising:

directing a beam at each of the plurality of cells perpen-

dicular to the microfluidic microplate;

obtaining assay signals for each of the plurality of cells;

and

compensating the assay signals based on timings of

reading the plurality of cells,

wherein each of the plurality of cells comprising:

a well structure including a side wall for a loading well;

athrough hole at a center of a base of the well structure;
and

a microfluidic channel formed in a spiral pattern con-
figured to start from a first end of the microfluidic
channel and end with a second end of the microflu-
idic channel at the base of the well structure, wherein
the first end of the microfluidic channel is connected
to the through hole, and the second end of the
microfluidic channel includes an outlet hole.
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18. The method of claim 17, further comprising:

determining target locations on the microfluidic
microplate, each of the target locations deviated from a
center of each of the cells; and

directing the beam centered at each of the target locations

perpendicular to the microfluidic microplate, the beam
having a predetermined diameter.

19. The method of claim 17, wherein the microfluidic
microplate includes 96 wells.

20. The method of claim 17, wherein the microfluidic
channel includes a first section close to the first end and a
second section close to the second end, and a width of the
first section is narrower than a width of the second section.

#* #* #* #* #*



	Bibliography
	Drawings
	Description
	Claims



