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(57) Abstract: Disclosed herein are devices and methods that use agueous two phase systems and lateral flow assays to detect target
analytes in a sample. These devices and methods may be used to diagnose a disease or condition in a biologica sample, such as
blood or serum. In addition, these devices and methods may be used to detect allergens in a food samples or contaminants, such as
environmental toxins, in water samples. Device and kit components may be conveniently assembled in a portable container and are
amenable to actuation in most settings. The devices are simple to use, requiring a non-trained operator to simply add the sample to
the device. Conveniently, the time it takes to detect the target analyte isvery short. Thus, the devices and methods disclosed herein
provide novel and useful means for point-of-care.
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DEVICES FOR INTEGRATING ANALYTE EXTRACTION,
CONCENTRATION AND DETECTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This APPLICATION claims the benefit of U.S. Provisional Application No.
61/949,887, filed March 7, 2014 and U.S. Provisional Application No. 61/953,870,
filed March 16, 2014, which are incorporated by reference herein in their entirety.

BACKGROUND

[0002] The identification of the unknown, including substances and materials on
the one hand and diseases and conditions on the other hand, is of paramount
importance to many different industries. Enzymes and antibodies are used in awide
variety of contexts including, but not limited to, medical diagnostics, food testing, and

environmental contamination (e.g. toxins, pathogens).

SUMMARY

[0003] Described herein are methods, devices, kits, and systems, including tests
performed at point of care (POC) or point of use as useful tools for medical,
consumer, and other applications. Point of care or use locations in certain applications
can include health care facilities, mobile clinics, workplaces, factories, farms and
homes. The subject matter described herein are useful for various other applications
aswell, including by way of non-limiting examples, identification of air pollutants,
toxins, ingredients in food and medicine, and industrial, military, and space-related
applications. Among other aspects, tests are provided herein that are rapid, ssmple,
and easy to use. The tests can be performed by individuals having little, if any,
clinical diagnostics training. Methods for acquiring test results in a cost and time-
efficient manner are also described herein. These tests in particular need to bereliable
and sensitive to small amounts of biomolecules. Furthermore, the tests described
herein are compatible with many different environments, e.g., where temperature
and/or humidity vary greatly. Thus, the devices for point of care or point of use
described herein can require aminimal amount of equipment and are stable in awide

variety of environmental conditions.
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[0004] Also disclosed herein are devices and methods, comprising lateral flow
assay (LFA) technology and agueous multi-phase systems for the detection of target
analytes. In certain embodiments, these devices and methods utilize the concentrating
capabilities of agueous multi-phase systems in conjunction with LFA to provide an
improvement over the detection limit of previous LFA assays by at least about 100 to
about 1000 fold, which approaches or meets, and in certain cases exceeds the
sensitivity of lab-based assays such as the enzyme-linked immunosorbent assay
(ELISA).

[0005] In general, in certain applications, a sample of interest containing atarget
analyte is applied to an agqueous two phase system (ATPS). As described herein,
methods and devices have been developed for concentrating and extracting target
analyte from asingle phase or interface of the ATPS with subsequent detection of the
target analyte on the LFA, where its presence can be detected and/or quantified.
Alternatively or additionally, the target analyte can be concentrated and detected
and/or quantified on an integrated ATPS-LFA system. Thus, extraction can be
bypassed by seamlessly integrating the ATPS with downstream LFA detection. In
certain applications described herein, these devices only require auser to add the
sample of interest. In various embodiments, these devices can be used to detect target
analytes in biological samples such as a serum, salivea, urine, blood or swab sample.
[0006] The devices disclosed herein, in certain embodiments, are conveniently
assembled to form aportable diagnostic device. The various devices and methods
described herein prove to berobust, versatile, scalable, inexpensive, sensitive, smple
and accurate, requiring minimal training, power, and equipment. It isnoted that while
the discussion below is generally with respect to aqueous two-phase systems (ATPS),
three-phase or four-phase systems, and even greater phase systems can similarly be
implemented.

[0007] To illustrate how these concepts work, examples of these technologies are
described herein. These examples are intended to beillustrative and non-limiting.
Using the teachings provided herein, numerous other systems that integrate ATPS and
lateral flow detection can bereadily implemented. It isunderstood that the examples
and embodiments described herein are for illustrative purposes only and that various
modifications or changes in light thereof will be suggested to persons skilled in the art

and are to beincluded within the spirit and purview of this application and scope of
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the appended claims. All publications, patents, and patent applications cited herein
are hereby incorporated by reference in their entirety for all purposes.

[0008] An aspect of the subject matter described herein, including the methods,
devices, kits, and systems described herein, is adevice for the detection and/or
guantification of atarget anayte in a sample, the device comprising: (a) alatera flow
assay (LFA); and (b) an aqueous two-phase system (ATPS). In certain applications,
the ATPS comprises amixed phase solution that partitions into afirst phase solution
and a second phase solution. In some embodiments, the partitioning of the mixed
phase into the first phase solution and the second phase solution occurs within the
LFA. In certain embodiments, the partitioning of the mixed phase into the first phase
solution and the second phase solution does not occur within the LFA. In certain
applications, the target analyte isin contact with the mixed phase solution, and the
target analyte partitions into the first phase solution or the second phase solution,
agd/after the first phase solution or the second phase solution separate. In some
embodiments, the target analyte isin contact with the mixed phase solution, and the
target analyte partitions to an interface between the first phase solution and the second
phase solution, as/after the first phase solution or the second phase solution separate.
In some embodiments, the target analyte is concentrated upon partitioning.

[0009] In certain embodiments, the first phase solution comprises amicellar
solution and the second phase solution comprises a polymer. In certain embodiments,
the first phase solution comprises apolymer and the second phase solution comprises
amicellar solution. In certain applications, the first phase solution comprises a
micellar solution and the second phase solution comprises asalt. In certain
applications, the first phase solution comprises a salt and the second phase solution
comprises amicellar solution. In some embodiments, the micellar solution comprises
anon-ionic surfactant. In some embodiments, the non-ionic surfactant is selected
from the group consisting of a cetomacrogol, a cetostearyl alcohol, a cetyl alcohol, a
cocamide, adecyl glucoside, an IGEPAL, an isoceteth, alauryl glucoside, a
monolaurin, anonidet, anonoxynol, an NP-40, an octyl glucoside, an oleyl alcohol, a
poloxamer, apentaethylene glycol monododecy! ether, apolysorbate, apolyglyceral,
asorbitan, astearyl alochol, a Triton-X, and a Tween. In certain applications, the
micellar solution isaTriton-X solution. In some embodiments, the Triton-X solution

is selected from a Triton-X- 100 solution and a Triton-X- 114 solution.
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[0010] In some embodiments, first phase solution comprises afirst polymer and
the second phase solution comprises a second polymer. In some embodiments,
first/second polymer is selected from polyethylene glycol and dextran. In some
embodiments, the first phase solution comprises apolymer and the second phase
solution comprises a salt. In some embodiments, the first phase solution comprises a
salt and the second phase solution comprises apolymer. In some embodiments, the
first phase solution comprises polyethylene glycol and the second phase solution
comprises potassium phosphate. In some embodiments, the first phase solution
comprises potassium phosphate and the second phase solution comprises polyethylene
glycol. In certain embodiments, the first phase solution is selected from a Component
1 of Table 1and the second phase solution is selected from a Component 2 of Table 1
as described herein. In certain embodiments, the second phase solution is selected
from a Component 1of Table 1and the first phase solution is selected from a
Component 2 of Table 1as described herein.

[001 1] In some embodiments, the target analyte is selected from aprotein, an
antigen, abiomolecule, a sugar moiety, alipid, anucleic acid, a sterol, and
combinations thereof. In certain applications, the target analyte is derived from an
organism selected from the group consisting of aplant, an animal, avirus, afungus, a
protozoan, and abacterium. In one embodiment, the device further comprises a
probe, wherein the probe interacts with the target analyte.

[0012] Another aspect of the methods, devices, kits, and systems described herein
isan LFA device that comprises one or more probes that interact with at least 1target
analyte, or a least two different target analytes, or at least 3 different target analytes,
or a least 4 different target analytes, or at least 5 different target analytes, or at least 7
different target analytes, or at least 10 different target analytes, or at least 15 different
target analytes, or a least 20 different target analytes, or even a greater number of
target analytes. In some embodiments, described herein are a least two different
probes, or a least 3 different probes, or at least 4 different probes, or & least 5
different probes, or at least 7 different probes, or at least 10 different probes, or at
least 15 different probes, or at least 20 different probes. In certain embodiments,
described herein probe isprovided that comprises amaterial selected from the group
consisting of a synthetic polymer, ametal, amineral, aglass, aquartz, a ceramic, a
biological polymer, aplastic, and combinations thereof. In certain embodiments,

provided herein probe is provided that comprises apolymer selected from the group
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consisting of polyethylene, polypropylene, cellulose, chitin, nylon, polyoxymethylene
(DELRIN®), polytetrafluoroethylene (TEFLON®), polyvinyl chloride, and
combinations thereof. In some embodiments, the polypropylene is polypropylene
glycol. In some embodiments, the polyethylene is polyethylene glycol. In certain
embodiments, probe is provided that comprises abiological polymer selected from the
group consisting of dextran and polyethylene glycol, and combinations thereof. In
certain embodiments, aprobe isprovided that comprises ameta (eg., ametal
selected from the group consisting of gold, silver, titanium, stainless steel, aluminum,
platinum, and/or alloys thereof).

[0013] In certain aspects of the methods, devices, kits, and systems described
herein aprobe is provided that comprises ananoparticle (eg., agold nanoparticle). In
certain embodiments, the probe comprises acoating. In various embodiments, the
coating can comprise polyethylene glycol or other polymer (e.g. , polypropylene
glycal), or graft copolymemrs, eg., poly(l-lysine)-graft-dextran (PLL-g-dex, agraft
copolymer with dextran side chains grafted onto apoly(l-lysine) backbone, and the
like). In oneillustrative, but non-limiting embodiment, the coating comprises
dextran. In another embodiment, the coating comprises a hydrophilic protein. In
certain applications, the coating comprises serum albumin. In certain embodiments,
the coating has an affinity for the first phase solution or the second phase solution. In
certain embodiments, the probe comprises abinding moiety that binds the target
anayte. In certain embodiments, the binding moiety is selected from the group
consisting of an antibody, alectin, aprotein, a glycoprotein, anucleic acid, a small
molecule, apolymer, and alipid, and/or combinations thereof. In one embodiment,
the binding moiety is an antibody or antibody fragment. In certain embodiments, the
probe comprises amagnetic particle. In certain embodiments, the methods, devices,
kits, and systems comprise amagnet. In certain embodiments, the magnet is
configured to accelerate and/or increase apartitioning of the target analyte into the
first phase solution or second phase solution. In one embodiment, the magnet is
configured to accelerate and/or increase aflow of the target analyte through the LFA.
In certain embodiments, the magnet is attachable to and/or detachable from the
device. In certain applications of the methods, devices, kits, and systems provided
herein, a collector configured to be placed in contact with the ATPS is provided,
where the target analyte partitions at an interface of the collector and the first phase

solution and/or second phase solution. In some embodiments, the collector comprises
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amateria selected from aplastic, amesoporous material, asilica, apolymer (eg.,
polypropylene, polyoxymethylene (DELRIN®), polytetrafluoroethylene
(TEFLON®), and the like), amagnet, amaterial with apore, amaterial with a groove,
and any combination thereof.

[0014] In some embodiments, the methods, devices, kits, and systems described
herein comprise aprobe that comprises a detectable label. In some embodiments, the
detectable label is selected from the group consisting of a colorimetric label, a
fluorescent label, an enzymatic label, a colorigenic label, aradioactive label, and
combinations thereof. In some embodiments, the LFA comprises aporous matrix. In
certain applications the porous matrix is sufficiently porous to alow the mixed phase
solution, first phase solution, second phase solution, and/or target analyte to flow
through the LFA. In certain embodiments, provided herein aporous matrix is
provided that is sufficiently long and/or deep enough for the mixed phase solution,
first phase solution second phase solution and/or target analyte to flow vertically
and/or horizontally through the LFA, and any combinations thereof. In some
embodiments, amethod, device, kit, or system isprovided where the first phase
solution flows through the porous matrix at afirst rate and the second phase solution
flows through the porous matrix a a second rate, where the first rate and the second
rate are different. In certain embodiments, the porous matrix comprises a material
selected from cellulose, afiberglass, anitrocellulose, polyvinylidene fluoride, anylon,
a charge modified nylon, apolyethersulfone, and combinations thereof. In some
embodiments, an LFA isprovided that comprises atarget analyte capture moiety,
where the target analyte capture moiety interacts with the target analyte. In certain
embodiments, an LFA isprovided that comprises a competition assay. In certain
embodiments, an LFA isprovided that comprises the target analyte. In certain
embodiments, amethod, device, kit and/or system isprovided that utilizes an LFA
that comprises a sandwich assay. In certain embodiments, the LFA comprises aprobe
capture moiety, where the probe capture moiety interacts with the probe or component
thereof. In certain embodiments, the mixed solution phase solution is dehydrated on
and/or in the LFA strip, and upon addition of the sample, the mixed phase solution
partitions into the first phase solution and the second phase solution.

[0015] In certain embodiments of the methods, devices, kits, and/or systems
described herein an LFA isprovided that comprises awell with a sufficient volume to
contain asolution. In certain applications, the solution is selected from the group
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consisting of: at least aportion of the ATPS, at least aportion of the first phase
solution, & least aportion of the second phase solution, are-suspended solution of the
target analyte, and combinations thereof. In further or additional embodiments,
provided isaLFA comprising awell wherein the well islocated a aposition of the
LFA selected from a corner, an end, a center, ajunction, an off-center, and abend. In
some embodiments, the well comprises one or more pads selected from afilter pad, a
buffer pad, a surfactant pad, a salt pad, aprobe pad, apolymer pad, and combinations
thereof. In certain embodiments, an LFA isprovided that comprises a strip. In further
or additional embodiments, provided that the strip is configured according to
architecture selected from an architecture depicted in FIGS. 16, 20 and 62-70. In
further or additional embodiments, provided is aLFA wherein the strip comprises
multiple path routes. In certain applications, the LFA further comprises adry
receiving paper. In some embodiments, the device comprises arunning buffer. In
some embodiments, a device isprovided that comprises a port for the administration
of asample (eg., abiological sample) tothe device. In certain applications, aport is
provided that is connected to the ATPS. In some embodiments, an LFA isprovided
where the ATPS and the LFA are integrated, and where the port is connected to the
LFA. In certain embodiments, the port comprises a structure selected from atube, a
funnel, avalve, asyringe, astraw, achannel, aplunger, apiston, agravity feed, a
pump, and combinations thereof. In some embodiments, the device does not require a
power source. In certain embodiments, the ATPS and the LFA are integrated before
use of the device. In still further or additional embodiments, the ATPS and the LFA
are separate before use of the device. In some embodiments, the device is configured
to insert the LFA into the ATPS.

[0016] In certain aspects, methods, devices, systems, and/or kits described herein
comprise or utilize adevice that comprises: (a) afirst component comprising a
chamber for containing the ATPS; and (b) a second component that comprises the
LFA. Inone embodiment of this aspect, adevice is provided that comprises an
actuator that delivers the sample and/or atarget analyte, or both, into the ATPS. In
certain embodiments, adevice isprovided that further comprises an actuator that
delivers a solution to the LFA. In certain applications, an LFA isprovided that
comprises a solution that is selected from the group consisting of amixed phase

solution, the first phase solution, and the second phase solution, and combinations
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thereof. In certain embodiments, an ATPS and LFA are contained in asingle
housing. In certain applications, a portable LFA deviceis provided.

[0017] In certain agpects. methods, devices, systems, and/or kits are provided for
detecting and/or quantifying atarget analyte in a sample where the detecting and/or
guantifying comprises: (a) applying a sample to a device according described herein;
and (b) detecting apresence or absence of the target analyte on the LFA. In certain
embodiments, the method involves applying the sample to the ATPS. In certain
applications, the method involves applying the sample to the LFA, where the LFA
and the ATPS are integrated. In certain embodiments, the method involves
concentrating the target analyte in the ATPS. In one embodiment, the method
involves concentrating the target analyte in the LFA. In some embodiments, the
method utilizes one or more samples selected from the group consisting of a
tissue/fluid from abiological organism (e.g., plant, animal, alga, fungus, etc.), afood
sample, a chemica sample, a drug sample, and an environmental sample (e.g., water
sample, soil sample, etc.), and combination thereof. In some embodiments, a sample
isprovided that is selected from the group consisting of ablood sample, a serum
sample, aplasma sample, aurine sample, a saliva sample, abronchial lavage, anasal
sample, afecal sample, a sample from awound or surgical site, and combinations
thereof. In certain embodiments, the target analyte comprises abiological molecule.
In certain embodiments, the biological molecule is selected from the group consisting
of anucleic acid, aprotein, alipid, asmall molecule, asugar, an antibody, an antigen,
an enzyme, and combinations thereof. In certain embodiments, the sample is derived
from source selected from the group consisting of avertebrate (e.g., amammal, aves,
etc.), abacterium, avirus, aprotozoan, an alga, afungus, aprotozoan, adrug, a
pathogen, atoxin, an environmental contaminant, and components thereof, and
combinations thereof.

[0018] In certain aspects, amethod, device, kit, and/or system isprovided that
utilizes a paper fluidic device for detection of atarget analyte in a sample, where the
paper fluidic deviceisused in conjunction with an agueous two-phase system
(ATPS). In certain embodiments the device comprises aporous matrix into which is
disposed the ATPS or components thereof, where the porous matrix is configured to
and has porosity sufficient to allow the ATPS or components thereof to flow through
the porous matrix when the ATPS or components thereof are in afluid phase.
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[0019] In certain embodiments the paper fluidic device comprises the ATPS or
components thereof. In certain embodiments, the ATPS or components thereof are
selected from the group consisting of afirst phase solution, a second phase solution,
and amixed phase solution, where the mixed phase solution comprises a mixture of
the first phase solution and the second phase solution, and/or combinations thereof.
In certain embodiments, the ATPS and/or components thereof are dehydrated on
and/or in at least afirst portion of the porous matrix. In certain applications, apaper
fluidic device, method, system, and/or kit is provided where the first portion of the
porous matrix has awidth that is different from a second portion of the porous matrix.
In further or additional embodiments, apaper fluidic device, method, system and/or
kit isprovided that utilizes a sample to hydrate the ATPS, thereby providing ATPS or
components thereof in afluid phase. In some embodiments, the paper fluidic device
comprises awell for containing a contents selected from the group consisting of the
mixed phase solution, the first phase solution, the second phase solution, the sample,
and combinations thereof. In certain applications, the paper fluidic device comprises
an actuator for releasing the content of the well into and/or on to the porous matrix.
In certain embodiments, the well comprises one or more pads selected from afilter
pad, abuffer pad, a surfactant pad, a salt pad, a probe pad, apolymer pad, and
combinations thereof. In some embodiments, the first phase solution and the second
phase solution flow through the porous matrix at different rates. In one embodiment,
the first phase solution and the second phase solution flow through the porous matrix
in different directions. In certain embodiments, the first phase solution comprises a
micellar solution and the second phase solution comprises apolymer. In still certain
embodiments, the first phase solution comprises amicellar solution and the second
phase solution comprises asalt. In certain applications, apaper fluidic deviceis
provided that comprises a Triton-X (or other surfactant) micellar solution. In some
embodiments, the first phase solution comprises apolymer and the second phase
solution comprises apolymer. In certain embodiments, the first phase solution
comprises apolymer and the second phase solution comprises asat. In certain
embodiments, isapaper fluidic composition is provided where the first phase solution
comprises polyethylene glycol and the second phase solution comprises potassium
phosphate.

[0020] In one aspect, amethod, device, system and/or kit isprovided that

comprises apaper fluidic device where the first phase solution is selected from a
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Component 1of Table 1and the second phase solution is selected from a Component
2 of Table 1. In certain applications, a device, method, system, and/or kit is provided
that is configured according to an architecture depicted in FIGS. 16, 20 and 62-70. In
certain applications, aporous matrix is provided that comprises afirst path and a
second path.

[0021] In another aspect, amethod, device, system, and/or kit is provided that
comprise or utilizes apaper fluidic device, where afirst phase solution preferentially
flows through afirst path and a second phase solution preferentially flowsthrough a
second path. In some embodiments a paper fluidic device isprovided where the
composition/device comprises aprobe that binds atarget analyte to produce aprobe-
analyte complex. In certain embodiments, apaper fluidic composition is provided
where, in use, the target analyte isbound to aprobe in aprobe-analyte complex. In
some embodiments, aprobe is provided that comprises amagnetic particle. In certain
embodiments, the device comprises and/or the method utilizes a magnetic field
oriented to attract amagnetic particle to aportion of the porous matrix, where the
force of the magnetic field on the magnetic particle enhances the flow of aprobe-
analyte complex towards a portion of the porous matrix. In certain embodiments, a
probe is provided that comprises apolymer selected from the group consisting of
polyethylene, polypropylene, nylon, polyoxymethylene (DELRIN®),
polytetrafluoroethylene (TEFLON®), dextran, and polyvinyl chloride, and
combinations thereof. In some embodiments, the polyethylene is polyethylene glycol.
In some embodiments, the polypropylene is polypropylene glycol. In one
embodiment aprobe is provided that comprises abiological polymer selected from
the group consisting of collagen, cellulose, and chitin. In certain applications a paper
fluidic device is provided where the probe comprises ametal selected from the group
consisting of gold, silver, titanium, stainless steel, aluminum, platinum, alloys thereof,
and/or combinations thereof. In one embodiment, aprobe isprovided that comprises
ananoparticle (eg, agold nanoparticle). In certain applications, the probe comprises
acoating. In certain embodiments the coating comprises polyethylene glycol. In one
embodiment, the coating comprises dextran. In one embodiment, the coating
comprises polypropylene. In one embodiment, the coating comprises polypropylene
glycol.In certain embodiments, the coating comprises a hydrophilic protein. In certain

embodiments, the coating comprises serum abumin. In certain applications a paper
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fluidic composition/device is provided where aprobe has a coating that has an affinity
for the first phase solution or the second phase solution.

[0022] In certain aspects of the methods, devices, systems, and/or kits
described herein apaper fluidic composition/device is provided that comprises a
probe, where the probe further comprises abinding moiety that binds the target
anayte. In some embodiments apaper fluidic device is provided that comprises a
binding moiety that is selected from the group consisting of an antibody, alectin, a
protein, aglycoprotein, anucleic acid, a small molecule, apolymer, alipid, and/or
combinations thereof. In certain embodiments a probe is provided that comprises a
binding moiety that comprises an antibody or antibody fragment. In certain
embodiments apaper fluidic device is provided that comprises aprobe that comprises
adetectable label. In one embodiment, the detectable label is selected from the group
consisting of a colorimetric label, a fluorescent label, an enzymatic label, a
colorigenic label, aradioactive label, and combinations thereof. In certain
applications a paper fluidic composition is provided that further comprises adry
receiving paper, where the first phase solution or the second phase solution
preferentially flows through the porous matrix towards a dry receiving paper.

[0023] In certain embodiments methods, devices, systems, and/or kits
described herein comprise paper fluidic device/composition that, in use, comprises a
running buffer, where afirst phase solution and/or a second phase solution flow faster
through the porous matrix upon contact with the running buffer. In certain
applications of the subject matter described herein, provided is apaper fluidic device
comprising aporous matrix that comprises amaterial selected from cellulose, a
fiberglass, anitrocellulose, polyvinylidene fluoride, anylon, acharge modified nylon,
apolyethersulfone, and/or combinations thereof. In one embodiment a paper fluidic
deviceisprovided that comprises aporous matrix comprising atarget analyte capture
moiety, where the target analyte capture moiety interacts with atarget analyte or
component thereof. In one embodiment, the paper fluidic device further comprises
the target analyte. In one embodiment, the porous matrix comprises aprobe capture
moiety, where the probe capture moiety interacts with the probe or component
thereof. In certain embodiments an LFA isprovided that comprises or facilitates a
competition assay. In certain embodiments, the LFA comprises a sandwich assay. In
certain embodiments apaper fluidic composition is provided wherein aporous matrix

is configured to concentrate the target analyte as the target analyte flows through the
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porous matrix. In certain applications, the paper fluidic device comprises a control
analyte, where a comparison of the control analyte and the target analyte on the
porous matrix provides a quantification of the target analyte.

[0024] In certain aspects amethod of detecting atarget analyte in asampleis
provided where the method comprises: (a) applying the sample to a device described
and/or claimed herein; and (b) detecting the presence or absence of the target analyte.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The foregoing summary, aswell asthe following detailed description, may
be better understood when read in conjunction with the appended figures. The figures
are intended to beillustrative and not limiting. It will be understood that the
disclosure isnot limited to the precise arrangements, examples and instrumentalities
shown therein.

[0026] FIG. 1 (Top) Schematic of atypical lateral-flow immunoassay test strip.
Two example mechanisms utilized by LFA are shown: sandwich assay (bottom left)
and competition assay (bottom right).

[0027] FIG. 2 shows a schematic representation for analyte concentration using
capturing probes with ATPS. The probe captures the target analyte and partitions
extremely into one of the phases. The phase containing the concentrated probes can
then be collected for subsequent analysis through LFA

[0028] FIG. 3 shows a schematic representation for analyte concentration using
magnetic capturing probes with ATPS. The probe captures the target analyte and
partitions into one of the phases. A magnet is applied which further concentrates the
magnetic probes into a smaller volume.

[0029] FIG. 4 shows oneillustrative, but non-limiting, design of aportable device
that utilizes apiston and plunger to transfer the concentrated analyte from an ATPS to
LFA test strips. This device consists of a concentration chamber and a detection
chamber. In this example, anayte is concentrated into the bottom bulk phase of the
ATPS. To collect asample, (1) the plunger is depressed. The sample is mixed with
the ATPS solution. Subsequently (2), to draw the solution, the tip of the deviceis
inserted in the sample, followed by (3) release of the plunger, and (4) sealing the PEN
device with acap. After (5) the analyte is concentrated to the bottom bulk phase, the
detection step isinitiated, (6) by rotating the plunger to the "TEST" position, which
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results in lowering the piston, and (7) directing the concentrated analyte into the
detection chamber through the check valves. (8) The catch locks into the groove to
ensure the movement of the piston is controlled, and only acontrolled amount of
volume is directed into the detection chamber.

[0030] FIG. 5 shows one illustrative, but non-limiting, design of aportable device
that mechanically inserts the LFA test strip into the top phase containing the
concentrated analyte. To draw the sample that has been pre-mixed with the ATPS
solution, (1) buttons on the side of the device are pressed. After phase separation is
completed and the analyte is concentrated in the top bulk phase, the detection step is
initiated by, (2) pressing the detection button, which lowers the LFA test strip to alow
the sample pad of the strip to come in contact with the concentrated analyte. Lastly,
(3) the result can be interpreted through the result window.

[003 1] FIG. 6A-D shows an illustrative, but non-limiting, design of aportable
device implementing a sealed well (A). An ATPS solution ismixed into awell. After
phase separation is completed, flow of the well can betriggered by puncturing a seal
a the bottom of the well, and the bottom phase containing the concentrated anayte
flows towards detection. This approach can be incorporated into a device which
concentrates the analyte into either the top or the bottom phase. If the analyte is
concentrated into the bottom phase, the well is depressed into the device chamber
which triggers flow of the bottom phase towards detection. Alternatively, the well can
be loaded from underneath, and a button added to awell incorporated on the device.
When this button is pressed down, it can cause the test strip to get in contact with the
well. FIG. 6B and FIG. 6C shows results of a 1:1 volume PEG: salt ATPS and 9:1
volume PEG: salt ATPS on the test strip. Fig. 6D illustrates exemplary mechanisms
for puncturing the well and triggering flow of the ATPS solution(s) through the LFA:
depressing abutton in contact with the well (bottom panel) or depressing the well
itself (top panel).

[0032] FIG. 7 shows oneillustrative, but non-limiting, design of aportable
device. This device is similar to the device presented in FIG. 4, but utilizes magnetic
probes. During the formation of the bottom phase, amagnet near the cap of the pen
further concentrates the magnetic probes into asmaller volume. When the button of
the pen is depressed, the magnetic particles are flushed through the check valves
initiating detection.
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[0033] FIG. 8 shows a schematic representation of the phenomenon of
concentrating at the interface. Due to the specific properties of the probes and the
ATPS, the probes partition to the interface and become highly concentrated. The
interface can then be collected for subsequent analysis through LFA.

[0034] FIG. 9illustrates observation of solid-liquid interface concentration. The
probes were found to reside a the polypropylene wall of atube containing a PEG-salt
ATPS.

[0035] FIG. 10A-B: (A) shows an experimental collection of analyte-probe
complexes using apolypropylene stick in aPEG-salt ATPS. (B) shows a schematic
representation of the solid-liquid interface concentration. The probes bind to the target
analyte in the homogeneous solution. Because the walls of the tube are glass, the
probes preferentially adhere to apolypropylene collector which has been inserted into
the ATPS. The collector containing the concentrated probes can beremoved and the
probes resuspended for detection through subsequent LFA. Note that these particles
adhere to the solid propylene only if the two-phase system is present.

[0036] FIG. 11 shows a schematic representation of aportable device utilizing
solid-liquid interface concentration. The ATPS sample is added to the concentration
well and the collection stick inserted to collect the probes. After the probes adhere to
the collection stick, it ismoved to the detection well which resuspends the probes and
triggers flow towards LFA for detection.

[0037] FIG. 12A-C shows (a) The paper allows for ATPS phase separation to
occur asit flows. A polymer-salt ATPS isused in this example. The bulky
components of the hydrophobic and more viscous phase lag behind, while the
hydrophilic and less viscous phase containing concentrated target analyte flows
quickly through the paper. (b) The 1:1 polymer-salt ATPS phase separates in the
paper and flows through the paper within 5 minutes. (c) The 9:1 PEG-salt ATPS aso
flows through the paper within 5 minutes but the capturing probe in the polymer-poor
phase cannot easily be seen due to the smaller volume.

[0038] FIG. 13A-C shows (A) apaper well alows for amore efficient ATPS
phase separation. The bulky components of the hydrophobic and more viscous phase
are retained by the paper and remained in the upper layers of the well, while the
hydrophilic and less viscous phase containing the target analyte flows quickly to the
bottom layers. To improve the collection of the analyte, addition of running buffer

can be applied to flush the sample out of the paper well and onto the membrane while
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maintaining phase integrity. FIG. 13B shows a 1: 1 PEG-salt ATPS phase separates in
the layers of the paper and flows through the membrane for detection. FIG 13C
shows a9:1PEG-salt ATPS flows through the membrane more slowly dueto the
PEG-rich phase containing large PEG molecules a a high concentration. The
concentrated salt phase then becomes the leading edge.

[0039] FIG. 14A-D exemplifies (A) A variation of the 3D paper well, where we
use both a concentration well and amixing well. To begin the assay, sample mixed
with the ATPS solution is applied to the concentration well. (B) Buffer isthen added
to the concentration well to accelerate phase separation. (C) Once the concentrated
analyte has reached the mixing well, (D) another buffer is added to the mixing well to
facilitate the flow and allow the concentrated analyte to reach the LFA test strip
downstream.

[0040] FIG. 15A-B demonstrates how dehydrating the necessary components for
ATPS within the paper strip can lead to phase separation after the components are
rehydrated with a sample solution (A). In this experiment, the sample solution
consists of ablue dye that prefers the polymer-rich phase, and ared colorimetric
nanoparticle indicator for LFA that prefers the polymer-poor phase. FG refers to
fiberglass paper. (B) Control condition with no dehydrated ATPS components.
[0041] FIG. 16A-E exemplifies different paper device architectures using
dehydrated PEG-Salt ATPS components. (a) Simple architecture with separate PEG
and Salt segments. (b) Simple architecture with a combined PEG and Salt segment.
(c) Example of incorporating multiple repeat segments to enhance the concentration
efficiency. (d) An iteration of example c where the PEG segments are not in the
direct flow path of the device. (€) Example of architecture that places the phase
separation site a the end of the flow path. LFA test strip which isnot shown in this
schematic isplaced at the downstream region of the device.

[0042] FIG. 17A-B shows (A) a schematic illustrating how offsetting the
dehydrated PEG segment within a PEG-salt paper-only diagnostic can be used to
further concentrate the leading fluid by drawing solution into the dehydrated PEG
segment which forms a PEG rich phase that excludes the analyte of interest based on
size exclusion; and (B) an experiment verifying the concentrating effect.

[0043] FIG. 18A-B shows (A) a schematic representation of introducing a
running buffer to drive the lagging phase, which contains the concentrated analyte,
towards the LFA test strip; and (B) an illustrative alternative design for introducing
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running buffer to drive the leading phase, which contains the concentrated analyte,
towards the LFA test strip.

[0044] FIG. 19 shows a schematic representation of aflow rerouting design using
a 3D paper well with different paper materials. The polymer-rich phase is more
hydrophobic and flows preferentially to the more hydrophobic paper, while the
polymer-poor phase flows more preferentially through the hydrophilic paper. LFA
test strips can be attached to the downstream regions of this device for detection.
[0045] FIG. 20 illustrates different examples of paper device layouts that
incorporate the use of magnetic probes to enhance concentration capabilities. Here,
the location of the magnets provides aforce acting on the particles that are bound to
the target analyte. This effectively concentrates the particles to the side of the paper
that has the LFA detection zone.

[0046] FIG. 21A-C shows GMPs were found to partition extremely in to the
bottom, PEG-poor phase (A). This alowed the use of a small magnet (B) to rapidly
recover most GMPs from the ATPS solution (C).

[0047] FIG. 22 shows images of LFA strips used to detect Tf (top) without and
(bottom) with aprior ATPS concentration step.

[0048] FIG. 23A-D shows images of PGNPs and the PP straw in a solution
containing (A) PEG only, (B) sdt only, or (C) a 1:1 ATPS. PGNPs only partitioned
extremely to the PP straw in the presence of ATPS. (D) The PP straw was extracted
from (C), and this figure shows that the straw can be withdrawn to easily collect the
concentrated PGNPs for the subsequent detection assay.

[0049] FIG. 24 shows images of LFA strips used to detect transferrin (Tf) (top)
without and (bottom) with aprior ATPS concentration step.

[0050] FIG. 25 shows a schematic representation of aproposed portable device.
[005 1] FIG. 26 shows a schematic of DGNPs and their roles in the approach to
improve the detection limit of LFA using ATPS.

[0052] FIG. 27 shows a schematic representation of the positive and negative
results for the competition test of LFA.

[0053] FIG. 28A-C shows normalized visible light range absorbance spectra
(400-700 nm) of (a) citrate-capped or naked gold nanoparticles, (b) PEGylated gold
nanoparticles, and (c) dextran-coated gold nanoparticles at varying % w/w potassium

phosphate solutions.
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[0054] FIG. 29A-C shows partitioning behavior of DGNPs in our PEG-salt ATPS
a (A) Omin, (B) 30 min, and (C) 12h.

[0055] FIG. 30 shows experimentally measured Tf concentration factors avarious
time points within a 12h period in a PEG/salt ATPS. Error bars represent standard
deviations from triplicate measurements.

[0056] FIG. 31A-B shows images of LFA strips used to detect Tf (A) without and
(B) with aprior concentration step using aPEG/Salt ATPS.

[0057] FIG. 32 shows results of LFA quantification using MATLAB. Error bars
represent standard deviations from measurements with 3 LFA test strips.

[0058] FIG. 33A-D shows Brilliant Blue FCF dye and dextran-coated gold
nanoparticles partition extremely to the upper PEG-rich and lower PEG-poor phases,
respectively. (A) At 25 °C, amixed 1:1volume ratio ATPS phase separated to form
(B) two equal volume phases. (C) At 25 °C, amixed 9:1 volume ratio ATPS phase
separated into (D) alarger PEG-rich phase and a smaller PEG-poor phase. The same
amounts of Brilliant Blue FCF and dextran-coated gold nanoparticles were added to
both ATPSs. The darker purple color of the 9:1 volume ratio ATPS indicates that the
gold nanoparticle concentration in the bottom PEG-poor phase has significantly
increased.

[0059] FIG. 34A-B shows apaper membrane alows for ATPS phase separation
to occur asit flows. The PEG-rich domains were retained near the beginning of the
paper membrane while the PEG-poor domains moved quickly to the leading front. (a)
The 1:1volume ratio ATPS phase separated and flowed through the paper membrane
within 5min. (b) The 9:1 volume ratio ATPS also separated and flowed through the
membrane within 5 min, but the phase separation was less efficient asthe leading
front isless distinct a 300 sec.

[0060] FIG. 35A-B shows a 3-D paper well alows for further enhanced ATPS
phase separation. Following the addition of amixed ATPS with dyes, the PEG-rich
domains were retained in the upper layers of the well while the PEG-poor domains
containing the concentrated gold nanoparticles flowed quickly to the bottom layers.
(@) The 1:1volume ratio ATPS showed enhanced phase separation in the 3-D paper
well and the PEG-poor phase flowed through the membrane within 5 min. (b) The 9:1
volume ratio ATPS also has improved phase separation and the PEG-poor phase was
clearly visible. In contrast to FIG. 34, the leading front iswell defined and has a dark

purple color, signifying concentration of the dextran-coated gold nanoparticles.
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[0067] FIG. 36A-C shows a3-D paper well was combined with PEG/salt ATPS
and LFA for Tf detection. (a) The paper well device was combined with the Tf
competition assay on nitrocellulose paper. Samples containing no Tf were correctly
diagnosed when using the (b) 1:1 or (c) 9:1volume ratio ATPS solutions with visible
test and control lines.

[0062] FIG. 37A-B shows a 1:1volume ratio PEG/sat ATPS with the 3-D paper
well allows for a2-fold improvement in the detection limit of Tf while the 9:1 volume
ratio ATPS allows for a 10-fold improvement. (a) Conventional LFA detected Tf at 1
ng/uL but could not detect Tf a 0.5 ng/pL, resulting in afalse negative. A 1:1
volume ratio ATPS with the 3-D paper well successfully detected Tf a 0.5 ng/pL. (b)
Conventional LFA detected Tf a 1ng/pL but could not detect Tf a 0.1 ng/uL,
resulting in afalse negative. A 9:1volume ratio ATPS with the 3-D paper well
successfully detected Tf a 0.1 ng/pL.

[0063] FIG. 38 shows exemplary ATPS-LFA systems.

[0064] FIG. 39 shows a schematic of the LFA sandwich assay. Positive results
(top) are indicated by two bands at test line and control line, while negative results
(bottom) are indicated by a single band &t the control line.

[0065] FIG. 40A-C shows an aqueous two-phase PEG-salt system after
incubation in a 37°C water bath for (A) 10 min, (B) 30 min, and (C) 24 h. The white
paper was filled with the letter "X" to help visualize the turbidity of each phase. The
arrows denote the location of the macroscopic interface.

[0066] FIG. 41 shows experimentally determined concentration factors of M| 3 at
various time points in a PEG/salt ATPS. Error bars represent standard deviations from
triplicate measurements.

[0067] FIG. 42 shows experimentally determined concentration factors of M1 3 at
various volume ratios in a PEG/salt ATPS. The symbols correspond to the
experimental data, and the error bars represent standard deviations from triplicate
measurements. The solid line corresponds to the predictions from Equation (6).

[0068] FIG. 43A-F LFA for detecting M 13 without aprior concentration step
using a PEG/salt ATPS. Panel (A) shows the negative control in which no M13 was
added. The remaining solutions contained M13 at concentrations of (B) IxIO 0, (C)
3.2x109, (D) IxIOY, (E) 3.2x10 8, and (F) IxIO8pfu/mL.

[0069] FIG. 44A-F: LFA for detecting M13 with the prior concentration step.
Panel (A) shows the negative control in which no M13 was added. The remaining
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solutions initially contained M |3 a concentrations of (B) Ixl 09, (C) 3.2xI0 8, (D)
IxIO8, (E) 3.2xI0 7, and (F) IXIO 7 pfu/mL.

[0070] FIG. 45 LFA signal intensity for M 13 with (=) and without (A) the prior
concentration step. Error bars represent standard deviations from at least three
measurements.

[0071] FIG. 46 shows a schematic of an ATPS-LFA system in PBS.

[0072] FIG. 47 shows a schematic representation of a competition-based LFA
and the interpretations of the positive and negative results.

[0073] FIG. 48A-D shows surface modification of GNP to influence partitioning
behavior in ATPS (A) Schematic of GNP and the functionality of each component. To
demonstrate that the partitioning behavior of GNPs in our PEG-salt ATPS can be
customized, various amounts of PEG were conjugated to the GNPs to manipul ate
thelr partitioning behavior: (B) Using amolar ratio of 5000:1 PEG:GNP during
conjugation, the resulting GNPs partitioned preferentialy into the PEG-rich top
phase. (C) Using amolar ratio of 1000: 1 PEG:GNP during conjugation, the GNPs
partitioned into the PEG-poor bottom phase but aggregated since that phase has a high
salt concentration. These aggregated GNPs could not be used in the subsequent
detection assay. (D) Using amolar ratio of 3000: 1 PEG: GNP during conjugation, the
resulting GNPs partitioned extremely to the interface. For (B), (C), and (D), the red
observed at the very top of the liquid-air interface was due to areflection and not due
to the presence of nanoprobes.

[0074] FIG. 49 shows results of LFA for detecting Tf in PBS without (top panel)
and with (bottom panel) the prior concentration step using the PEG/salt ATPS
interface extraction step.

[0075] FIG. 50 shows results of LFA for detecting Tf in FBS without (top panel)
and with (bottom panel) the prior concentration step using the PEG/salt ATPS
interface extraction step.

[0076] FIG. 51 shows results of LFA for detecting Tf in synthetic urine without
(top panel) and with (bottom panel) the prior concentration step using the PEG/salt
ATPS interface extraction step.

[0077] FIG. 52 shows simultaneous concentration and detection of atarget
analyte using amicellar ATPS.

[0078] FIG. 53A-B shows a comparison of the times required to achieve phase
separation for a 1:9 volume ratio Triton X-I 14 system in PBS. Brilliant Blue FCF dye
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and cherry-colored BSA-GNs were the colorimetric indicators for the bottom,
micelle-rich and top, micelle-poor phases, respectively. (a) At 25°C, the Triton X-| 14
ATPS achieved macroscopic phase separation equilibrium in 8 hrsin atest tube. (b)
When the 3-D paper wick was applied to the mixed ATPS, phase separation was
already observed within the wick at 30 sec, asthe micelle-rich domains were retained
near the bottom of the wick and the micelle-poor domains were able to flow up the
wick more freely. Upon exiting the wick, the distinct phases remained separated from
each other, and the micelle-poor phase remained concentrated within a small volume
at the leading front, indicating amore complete separation & 180 sec (3 min).

[0079] FIG. 54A-B exemplifies integrating the paper wick and Triton X-I 14
micellar ATPSwith LFA. (a) The integrated diagnostic strip consists of a
concentration zone in which phase separation occurs, followed by a detection zone
containing the immobilized test and control line components. (b). A true negative test
was confirmed within 20 min when analyzing a solution containing no pLDH.

[0080] FIG. 55 shows apaper-based 1:9 volume ratio micellar ATPS achieved a
10-fold improvement in the detection limit of pLDH in PBS a 25°C. Standard LFA
detected pLDH at 10 ng L tbut could not accurately detect pLDH at 1ng L. The
integrated diagnostic strip successfully detected pLDH at 1ng HL™.

[0081] FIG. 56 shows a paper-based 9:1 volume ratio micellar ATPS achieved a
10-fold improvement in the detection limit of pLDH in undiluted FBS a 25°C.
Standard LFA detected pLDH at 10 ng pL *but could not accurately detect pLDH at 1
ng UL . The integrated diagnostic strip successfully detected pLDH a 1ng pL .
[0082] FIG. 57A-D shows phase separation results using (A) PEG 4600 and
potassium phosphate on fiberglass, (B) PPG 425 and potassium phosphate on
fiberglass, (C) PEG 8000 and dextran 9000 on cellulose, and (D) PEG 4600 and
dextran 35000 on fiberglass.

[0083] FIG. 58A-B shows phase separation on different paper types, causing (A)
the salt phase to be the leading fluid or (B) the PEG phase to bethe leading fluid.
[0084] FIG. 59A-D shows different designs for dehydration of polymer ATPS
components including placing the hydrophobic polymer (e.g. PEG) phase in (A) a
narrow region of the LFA, (B) the center of the broad region of an LFA, (C) aregion
of the LFA that extends from anarrow region of the LFA to abroad region of the
LFA, and (D) primarily in the broad region of the LFA.
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[0085] FIG. 60 showstime lapse images of phase separation on a dehydrated
polymer ATPS-LFA system.

[0086] FIG. 61 showstime lapse images of phase separation on a dehydrated
polymer ATPS-LFA system.

[0087] FIG. 62 shows adesign in which the dehydrated nanoprobe paper segment
iswider (width is defined as the dimension perpendicular to the direction of flow but
within the plane of the flow) than the width of the detection membrane.

[0088] FIG. 63A-B shows successful phase separation in the wide design LFA
(A) without ATPS (B) or with ATPS.

[0089] FIG. 64 image of an experiment where the solution was unable to continue
flowing due to the viscosity of the PEG-rich phase of apolymer ATPS drastically
slowing the flow within the detection membrane.

[0090] FIG. 65 showsthe PEG-rich phase drastically slowing the flow within the
detection membrane can be addressed by leaving ablank spacer that does not contain
PEG.

[0091] FIG. 66 shows a dehydrated LFA design with a constant slope from the
source of the fluid to the LFA membrane to reduce the amount of nanoprobes that
were left behind.

[0092] FIG. 67 exemplifies a dehydrated ATPS-LFA system using PEG/Salt
ATPS.

[0093] FIG. 68 exemplifies a 3D paper well design with paper pads that contain
dehydrated polymer ATPS components.

[0094] FIG. 69A-B shows separation on a 3D paper well LFA with paper pads
that contain dehydrated polymer ATPS components where the well islocated (A) a a
beginning end of the LFA and (B) not a abeginning end of the LFA.

[0095] FIG. 70 shows an exemplary 2-well Configuration design where there are
2 distinct 3D wells separated by some length of horizontal paper. The first well
contains the dehydrated ATPS components. The 2nd well allows for more time and
space for phase separation.

[0096] FIG. 71 shows MF1 paper is compatible with ablood sample in a PEG-
salt solution.

[0097] FIG. 72 shows filtering ablood sample on MF1 paper can be slow.

[0098] FIG. 73A-B showsresults of ablood sample and PEG-salt solution phase
separation using a (A) 3 layered 3-D well or (B) 5 layered 3-D well on filter paper.
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[0099] FIG. 74 showsresults of ablood sample and PEG-salt solution phase
separation using a 3-D well on paper.

[00100] FIG. 75 showsresults of ablood sample and PEG-salt solution phase
separation using a 3-D well comprising layers of filtering and concentrating papers.
[00101] FIG. 76 shows detection of C. trachomatisin viral transport media (VTM)
using a sandwich format LFA.

[00102] FIG. 77 shows detection of S. mutans using the sandwich format LFA and
micellar ATPS.

[00103] FIG. 78 shows detection of S. mutans using the sandwich format LFA and
PEG/sat ATPS.

[00104] FIG. 79 shows detection of troponin using the competition format LFA
and PEG/salt ATPS.

[00105] FIG. 80A-C shows a schematic illustration (A) and results for adding a
mixed ATPS onto the paper membrane, in which both phases of the ATPS were
allowed to fully separate inside a glass well before flowing through the paper. The
PEG-poor phase containing the purple dextran-coated gold nanoparticles (hollow
arrows) was observed to flow quickly through the paper, while the PEG-rich phase
containing the blue dye (solid arrows) was retained at the beginning of the paper
membrane. The enhanced phase separation occurring within the paper membrane was
apparent when using (B) the 1:1volume ratio ATPS or (C) 9:1 volume ratio ATPS.
[00106] FIG. 81 shows detection of pLDH in FBS samples a 0.1ng/niL using a
9:1 volume Triton-X-PBS ATPS and 3-D LFA.

[00107] FIG. 82 shows aschematic illustration of the probe-analyte complex
added to the LFA in either amixed ATPS solution for simultaneous concentration and
detection, or in one phase of the ATPS after phase separation and concentration of the

probe-analyte complex in the one phase.

DETAILED DESCRIPTION
[00108] Methods, devices, kits, and/or systems are provided herein that permit to

be performed at point of care (POC) or point of use and provide useful tools for
medical, consumer, and other applications. Thetests (assay devices and/or systems)
provided herein arerapid, smple, and easy to use and can readily be performed by
individuals having little, if any, clinical diagnostics training. The tests are highly
sensitive and reliable. In certain embodiments the devices and methods utilize the
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concentrating capabilities of agueous multi-phase systems in conjunction with LFA to
provide unexpectedly surprising sensitivity, e.g., an improvement over the detection
limit of previous LFA assays by at least about 10 to about 100 fold, which approaches
or meets, and in certain cases exceeds the sensitivity of lab-based assays such asthe

enzyme-linked immunosorbent assay (ELISA).

|. Devices

[00109] Disclosed herein are devices for the detection and/or quantification of a
target analyte in a sample that utilize {e.g., are configured to provide) alateral flow
assay (LFA) and an agueous two-phase system (ATPS), where the ATPS comprises a
mixed phase solution that separates into afirst phase solution and a second phase
solution, and where the LFA comprises atest line and a control line for detecting the
target analyte. In some embodiments, the separating of the mixed phase into the first
phase solution and the second phase solution occurs within the LFA. In some
embodiments, the separating of the mixed phase into the first phase solution and the
second phase solution does not occur within the LFA. In some embodiments, the first
phase solution flows through the LFA faster than the second phase solution and is
referred to asthe leading fluid, while the second phase solution isreferred to asthe
lagging fluid. In some embodiments, the second phase solution flows through the
LFA faster than the first phase solution and isreferred to asthe leading fluid, while
the first phase solution isreferred to asthe lagging fluid. In some embodiments, the
target analyte partitions/concentrates into the leading fluid. In some embodiments, the

target analyte partitions/concentrates into the lagging fluid.

Configuration and Operation

[00110] In some embodiments, the device comprises aport for the administration
of the ATPS and/or sample to the device. In some embodiments, the device comprises
afirst component comprising the ATPS and a second component comprising the
LFA. In some embodiments, the first component and the second component are
provided a separate components. In some embodiments, the first component and the
second component arejoined together by auser. In some embodiments, the first
component has afirst port connected to the ATPS. In some embodiments, the first
component comprises a chamber for the ATPS. In some embodiments, the first port is

connected to the chamber. In some embodiments, the first port is configured for
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administration of the sample and/or target analyte to the first component. In some
embodiments, the first port is configured for administration of the ATPS or
components thereof to the first component. In some embodiments, the second port is
configured for administration of the sample and/or target analyte to the second
component. In some embodiments, the second port is configured for administration of
the ATPS or components thereof to the second component.

[00111] In some embodiments, the device comprises multiple chambers. In some
embodiments, the first component comprises afirst chamber that holds the sample
and/or ATPS solution, and allows phase separation to occur. In some embodiments,
the second component comprises a second chamber (e.g. detection chamber) that
houses the LFA and facilitates application of the target analyte to the LFA after phase
separation has occurred. In some embodiments, additional chambers may be added to
promote the flow, such asutilizing differences in pressure or creating avacuum. In
some embodiments, the device collects the target analytes from an ATPS and
transfers them to the LFA using mechanical components.

[00112]  In some embodiments, the ATPS and the LFA are integrated (ATPS-LFA),
that isthe ATPS component isjoined to the LFA component directly or through a
connector. In certain embodiments the ATPS and LFA are provided as separate
components, that are assembled together, eg., by auser, or they are provided as a
single integrated unit. In some embodiments, the device comprises a connection
between the ATPS and the LFA (eg. ATPS-LFA connector). Illustrative, but not
limiting, examples of ATPS-LFT connectors include atube, aport, avalve, afunnd,
agate, apump, ahole, achannel, afilter, combinations thereof, and the like. In some
embodiments, the integrated device comprises dehydrated ATPS components on the
LFA. In some embodiments, the device comprises a single port, where the single port
is connected to the ATPS-LFA. In some embodiments, the single port is configured
for administration of the sample and/or target analyte to the ATPS-LFA. In some
embodiments, the single port is configured for administration of the ATPS or
components thereof to the ATPS-LFA. In some embodiments, the port comprises, but
isnot limited to a structure selected from atube, afunnel, avalve, a syringe, a straw,
a channel, plunger, apiston, apump, combinations thereof, and the like.

[00113] In some embodiments, the device comprises an LFA strip. In some
embodiments, the device is configured to insert the LFA strip into the ATPS. In some

embodiments, the ATPS and the LFA are contained in a single housing.
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[00114] In some embodiments, the device further comprises an actuator that
delivers the sample and/or target analyte into the ATPS. In some embodiments, the

device further comprises an actuator that delivers a solution to the LFA.

Portability

[00115] In some embodiments, the device is aportable device. In some
embodiments, the device weighs less than about 100 ounces, less than about 90
ounces, less than about 80 ounces, less than about 70 ounces, less than about 60
ounces, less than about 50 ounces, less than about 40 ounces, less than about 32
ounces, less than about 24 ounces, less than about 16 ounces, less than about 8
ounces, less than about 4 ounces, less than about 2 ounces or less than about once
ounce. In some embodiments, aplurality of devices are packaged into a portable
container. In some embodiments, the maximum length of the device is about 1inch,
about 2 inches, about 3 inches, about 4 inches, about 6 inches, about 7 inches, about 8
inches, about 9 inches, about 10 inches, about 12 inches, about 14 inches, about 16
inches, about 18 inches, about 19 inches, about 20 inches, about 24 inches, about 26
inches, about 28 inches or about 30 inches. In some embodiments, the device is folded
into proportions smaller than its proportions when it isunfolded so that it may be
conveniently transported and/or stored.

[00116] FIG. 4 exemplifies aportable device that can combine ATPS with LFA
using apiston and plunger system. In oneillustrative embodiment, the concentration
and detection chambers are connected by check valves, or similar mechanisms that
ensure the LFA strips do not prematurely make contact with the non-concentrated
samples. The piston and plunger system can be used to draw sample into the
concentration chamber. Concentration may occur prior to sampling by the device, by
premixing the sample with the ATPS solution prior to analyte extraction, or
concentration may occur inside the device by pre-loading the ATPS solution inside
the concentration chamber either asaliquid or in a dehydrated form. After phase
separation occurs, the user can initiate the detection process using the piston/plunger
toredirect apredetermined volume of the concentrated analyte from the concentration
chamber to the detection chamber through the check valves. The position of the check
valves can be modified for transfer of the desired bulk phase, where the analyte is

present (top or bottom phase), to the LFA strips.
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[00117] FIG. 5illustrates a device design demonstrating collection of the top bulk
phase for application to the LFA strips. In the illustrated embodiment, the sample,
which ispre-mixed with ATPS solution, is drawn into the device. After phase
separation, the user can initiate the detection step by pressing abutton to allow the
LFA test strip(s) to come in contact with the concentrated analytes in the top phase of
the ATPS. In various embodiments the ATPS solution components can be provided
preloaded in the device as either aliquid, or a dehydrated form.

[00118] FIG. 6provides an illustrative, but non-limiting example of aportable
cassette device. The sample and ATPS solution can first be loaded to the sample well
on the cassette device. The well may be designed as a detachable component that can
be attached to the cassette after loading with sample. After phase separation occurs,
the detection step can beinitiated by mechanical displacement of either the LFA test
strips or the sample well.

[00119] FIG. 7 exemplifies one configuration in which magnetic capturing probes
can be applied for the integration of ATPS and LFA in aportable device. Similar to
the device shown in FIG. 4, the illustrated device can utilize aplunger and piston
system to transfer the concentrated analyte that has been collected by an external
magnet to the detection chamber. In some embodiments, the device does not require a

power source (e.g. electricity).

Detection Time

[00120] In some embodiments, the device has a detection time. In some
embodiments, the detection time comprises aphase separation time. In some
embodiments, the detection time comprises aflow time.

[00121] In some embodiments, the detection time (e.g., the time between
application of the sample to the device and detection of the target analyte at the
control/test like) islessthan about 2 hours, less than about 1.5 hours, less than about 1
hour or less than about ahalf an hour. In some embodiments, the detection time isless
than about 30 minutes, less than about 25 minutes, less than about 20 minutes, less
than about 15 minutes, less than about 10 minutes, or less than about 5 minutes. In
some embodiments, the detection time is less than about 5 minutes, less than about 4

minutes, less than about 3 minutes, less than about 2 minutes, or less than about 1
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minute. In some embodiments, the detection time is less than about 30 seconds, less
than about 20 seconds or less than about 10 seconds.

[00122] In some embodiments, the phase separation time (e.g., the time it takes for
the first/second phase solution to separate from the mixed phase solution of the
ATPS) islessthan about 2 hours, less than about 1.5 hours, less than about 1 hour or
less than about ahalf an hour. In some embodiments, the detection time is less than
about 30 minutes, less than about 25 minutes, less than about 20 minutes, less than
about 15 minutes, less than about 10 minutes, or less than about 5 minutes. In some
embodiments, the phase separation time is less than about 5 minutes, lessthan about 4
minutes, lessthan about 3 minutes, less than about 2 minutes, or less than about 1
minute. In some embodiments, the phase separation time is less than about 30
seconds, |ess than about 20 seconds or less than about 10 seconds.

[00123]  In some embodiments, the flow time (e.g., the time it takes for the solution
containing the target analyte to run from the sample pad to the test line and control
line of the LFA) is less than about 2 hours, lessthan about 1.5 hours, less than about 1
hour or less than about ahalf an hour. In some embodiments, the flow time isless
than about 30 minutes, less than about 25 minutes, less than about 20 minutes, less
than about 15 minutes, less than about 10 minutes, or less than about 5 minutes. In
some embodiments, the detection time isless than about 5 minutes, less than about 4
minutes, lessthan about 3 minutes, less than about 2 minutes, or less than about 1
minute. In some embodiments, the flow time is less than about 30 seconds, less than

about 20 seconds or less than about 10 seconds.

Detection Limit

[00124] In some embodiments, the device has a detection limit, wherein the
detection limit isthe minimum amount of target analyte that must be present in the
sample in order to be detected.

[00125] In some embodiments, the minimum amount of target analyte in the
sample is about 0.01 ng/ml, about 0.05 ng/ml, about 0.1 ng/ml, about 0.15 ng/ml,
about 0.20 ng/ml, about 0.25 ng/ml, about 0.3 ng/ml, about 0.35 ng/ml, about 0.40
ng/ml, about 0.45 ng/ml, about 0.5 ng/ml, about 0.55 ng/ml, about 0.60 ng/ml, about
0.65 ng/ml, about 0.7 ng/ml, about 0.75 ng/ml, about 0.80 ng/ml, about 0.85 ng/ml,
about 0.9 ng/ml, about 0.95 ng/ml, or about 1ng/ml. In some embodiments, the
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minimum amount of target analyte in the sample is about 1 ng/ml, about 10 ng/ml,
about 20 ng/ml, about 30 ng/ml, about 40 ng/ml, about 50 ng/ml, about 60 ng/ml,
about 70 ng/ml, about 80 ng/ml, about 90 ng/ml, about 100 ng/ml, about 110 ng/ml,
about 120 ng/ml, about 130 ng/ml, about 140 ng/ml, about 150 ng/ml, about 160
pg/ml, about 170 ng/ml, about 180 ng/ml, about 190 ng/ml, about 200 ng/ml, about
250 ng/ml, about 300 ng/ml, about 350 ng/ml, about 400 ng/ml, about 450 ng/ml,
about 500 ng/ml, about 550 ng/ml, about 600 ng/ml, about 650 ng/ml, about 700
ng/ml, about 750 ng/ml, about 800 ng/ml, about 850 ng/ml, about 900 ng/ml, about
980 ng/ml, or about 1000 ng/ml.

[00126] In some embodiments, the minimum amount of target analyte is about 1
pg/ml, about 2 pg/ml, about 3 pg/ml, about 4 pg/ml, about 5 pg/ml, about 6 pg/ml,
about 7 pg/ml, about 8 pg/ml, about 9 ug/ml, about 10 pg/ml, about 11 pg/ml, about
12 pg/ml, about 13 pg/ml, about 14 pg/ml, about 15 pg/ml, about 16 pg/ml, about 17
pg/ml, about 18 pg/ml, about 19 pg/ml or about 20 pg/ml. In some embodiments, the
minimum amount of target analyte is about 10 pg/ml, about 20 pg/ml, about 30
pg/ml, about 40 pg/ml, about 50 pg/ml, about 60 pg/ml, about 70 pg/ml, about 80
pg/ml, about 90 pg/ml or about 100 pg/ml. In some embodiments, the minimum
amount of target analyte is about 10 pg/ml.

[00127]  In some embodiments, the minimum amount of target analyte is about is
about 1part per trillion, about 10 parts per trillion or about 100 parts per trillion. In
some embodiments, the minimum amount of target analyte is about one part per
billion, about 10 parts per billion, about 100 parts per billion, about 1000 parts per
billion, about 10,000 parts per billion or about 100,000 parts per billion. In some
embodiments, the minimum amount of target analyte is about one part one part per
thousand, about 10 parts per thousand or about 100 parts per thousand.

[00128] In some embodiments, the target analyte ispresent on or derived from a
cell. In some embodiments, the sample has aminimum concentration of cells in order
for the target analyte present on or derived from the cells to be detected. In some
embodiments, the minimum concentration of cellsisabout 1cell per ml of sample,
about 10 cells per ml of sample, about 20 cells per ml of sample, about 30 cells per ml
of sample, about 40 cells per ml of sample, about 50 cells per ml of sample, about 60
cells per ml of sample, about 70 cells per ml of sample, about 80 cells per ml of

sample, about 90 cells per ml of sample or about 100 cells per ml of sample.
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[00129]  In some embodiments, the minimum concentration of cellsis about 1x10°
cells/mL, about IxIO L cells/mL, about IxIO2 cells/mL, about IxIO* cellsmL, about
IxI 0% cellmL, about IxI 0°cells/mL, about IxI 0° cells/mL, about Ixl 07 cells/mL,
about Ixl 08 cellsYmL or about IxI 0° cellsmL. In some embodiments, the minimum
concentration of cellsis about IxI 06 cells/mL.

[00130] In some embodiments, the target analyte is aviral particle and is present
on or derived from avirus. In some embodiments, the sample has aminimum
concentration of viral particles in order for the target analyte present on or derived
from the virus to be detected. In some embodiments, the minimum concentration of
vira particles in the sampleis about 1x10° pfu/mL, about IxIO 1pfu /mL, about IxIO?2
pfu /mL, about Ixl O° pfu /mL, about IxXIO4 pfu /mL, about IxI 05 pfu/mL, about

IxI 06 pfu /mL, about IxI 07 pfu/mL, about IxI 08 pfu/mL, about Ixl 0°pfu/mL, about
IXIO 0 pfu/mL, about IxIO 1 pfu/mL, or about IxIO 22 pfu/mL.

[00131] In some embodiments, the minimum concentration of viral particles in the
sample is about Ixl 06 pfu /mL, 2xI0 ¢ pfu /mL, 3xI0 & pfu /mL, 4xI10 & pfu /mL, 5xI0 6
pfu /mL, 6x10 6 pfu /mL, 7xI0 & pfu /mL, 8xI06 pfu /mL, 9xI0 6 pfu /mL, about IxI 07
pfu/mL, about 2xI0 7 pfu/mL, about 3xI0 7 pfu/mL, about 4xI0 7 pfu/mL, about 5xI0 7
pfu/mL, about 6xI0 7 pfu/mL, about 7xI0 7 pfu/mL, about 8xI0 7 pfu/mL, about 9xI0 7
pfu/mL, about IxI 08 pfu/mL, about 2xI0 8 pfu/mL, about 3xI0 8 pfu/mL, about 4xI0 8
pfu/mL, about 5xI0 8 pfu/mL, about 6xI0 8 pfu/mL, about 7xI0 8 pfu/mL, about 8xI0 8
pfu/mL, about 9xI0 8 pfu/mL, about IxI 0°pfu/mL, about 2xI0 9 pfu/mL, about 3xI0°
pfu/mL, about 4x10 © pfu/mL, about 5xI0 © pfu/mL, about 6xI10 ° pfu/mL, about 7xI0 °
pfu/mL, about 8x10 9 pfu/mL, about 9xI0 ° pfu/mL, about IxIO 1 pfu/mL, about

2x10 10 pfu/mL, about 3xI0 1 pfu/mL, about 4xI0 © pfu/mL, about 5xI0 2 pfu/mL,
about 6x10 © pfu/mL, about 7x10 © pfu/mL, about 8xI0 2 pfu/mL, about 9xI0 10
pfu/mL, or about IxIO 1t pfu/mL. In some embodiments, the minimum concentration
of viral particles in the sampleis about IxI 07 pfu /mL. In some embodiments, the
minimum concentration of viral particles in the sample is about IxI 08 pfu/mL. In
some embodiments, the minimum concentration of vira particles in the sampleis
about 1x10° pfu /mL.

Temperature
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[00132] In some embodiments, the device operates regardless of the temperature of
device surroundings, although of course the temperature must be below the
burning/melting/flash point of the device materials and below atemperature a which
the components of the device volatize, sublimate, or break down and above a freezing
point of the components of the device when running an assay. In some embodiments,
the device operates a room temperature. In some embodiments, the device operates at
atemperature between about -50 degrees Celsius and about 60 degrees Celsius. In
some embodiments, the device operates a atemperature between about -10 degrees
Celsius and about 45 degrees Celsius. In some embodiments, the device operates & a
temperature between about 10 degrees Celsius and about 30 degrees Celsius.

Agueous Two Phase System (ATPYS)

[00133] In certain embodiments the devices are configured to support an aqueous
two-phase system (ATPS) method and assays using such devices are provided herein.
In some embodiments, the ATPS comprises aphase solution. The term "phase
solution" generally refers to afirst phase solution or a second phase solution of the
ATPS. In some embodiments, the phase solution isin amixed solution {e.g. with the
first/second phase solution). In some embodiments, the phase solution isthe
first/second phase solution after it partitions from the mixed solution of the ATPS. In
some embodiments, the phase solution isthe first/second phase solution after it
partitions from the mixed solution in the LFA. It can refer to the second phase
solution while it isin amixed state {e.g. with the first phase solution). In some
embodiments, the phase solution is aleading fluid in the LFA. In some embodiments,
the phase solution is alagging fluid in the LFA.

[00134] In some embodiments, the ATPS comprises two aqueous solutions, afirst
phase solution and a second phase solution that are initially mixed {e.g. amixed phase
solution). In some embodiments, the mixed phase solution is a homogeneous solution.
In some embodiments, the first phase solution and the second phase solution are
immiscible. In some embodiments, the immiscibility is driven by changesin
temperature, and/or changes in the concentrations of the different components, such
as salt. In some embodiments, the first/second phase solutions comprise components,
such as, micelles, salts, and/or polymers. In some embodiments, the target analyte in
contact with the ATPS, distributes, partitions, and/or concentrates preferentially into
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the first phase solution over the second phase solution, or vice versa, based on its
physical and chemical properties, such as size, shape, hydrophobicity, and charge. In
some embodiments, the target analyte (e.g. acomponent of amammalian cell,
bacteria or virus) partitions predominantly (or extremely) into the first or second
phase solution of the ATPS, and therefore concentrates in the ATPS. In some
embodiments, the target analyte is concentrated by adjusting the ratio of volumes
between the first phase solution and the second phase solution. In some embodiments,
the target analyte is concentrated by reducing the volume of the phase in which the
analyte partitions. By way of illustration, in some embodiments, the target analyte is
concentrated by 10-fold in the first phase solution, e.g., by using a 1:9 volume ratio of
first phase solution to second phase solution, since the volume of the phase into which
the analyte extremely partitions into is 1/10 the total volume.

[00135] In some embodiments, other concentrations are obtained by using other
ratios. Thus, in some embodiments the ratio of the first phase solution to the second
phase solution is selected from aratio of about 1:1, about 1:2, about 1:3, about 1:4,
about 1:5, about 1:6, about 1:7, about 1:8, about 1:9, and about 1:10. In some
embodiments the ratio of the first phase solution to the second phase solution is
selected from aratio of about 1:20, about 1:30, about 1:40, about 1:50, about 1:60,
about 1:70, about 1:80, about 1:90, and about 1:100. In some embodiments the ratio
of the first phase solution to the second phase solution is selected from aratio of about
1:200, about 1:300, about 1:400, about 1:500, about 1:600, about 1:700, about 1:800,
about 1:900, and about 1:1000.

[00136] In some embodiments the ratio of the second phase solution to the first
phase solution is selected from aratio of about 1:1, about 1:2, about 1:3, about 1:4,
about 1:5, about 1:6, about 1:7, about 1:8, about 1:9, and about 1:10. In some
embodiments the ratio of the second phase solution to the first phase solution is
selected from aratio of about 1:20, about 1:30, about 1:40, about 1:50, about 1:60,
about 1:70, about 1:80, about 1:90, and about 1:100. In some embodiments the ratio
of the second phase solution to the first phase solution is selected from aratio of about
1:200, about 1:300, about 1:400, about 1:500, about 1:600, about 1:700, about 1:800,
about 1:900, and about 1:1000.

[00137] In some embodiments, the analyte partitions substantially evenly between
the first phase solution and second phase solution, preventing concentration of the

analyte. In such systems, concentration of the target analyte are achieved by
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introducing an additional component, such as aprobe that captures the target analyte,
and wherein the probe partitions predominantly into one phase, thereby enhancing the
partitioning behavior of the target analyte to enable concentration. In some
embodiments, the first/second phase solution containing the concentrated analyte is
collected and applied to the LFA. The use of such an additional component is not
limited to substantially even partitioning systems. It will be appreciated that even
where the analyte partitions predominantly into one phase, in some embodiments,
such partitioning isimproved by utilization of the additional component (eg. , a
probe) as described above.

[00138] In some embodiments, the first/second phase solution comprises amicellar
solution. In some embodiments, the micellar solution comprises anonionic surfactant.
In some embodiments, the micellar solution comprises a detergent. In some
embodiments, the micellar solution comprises Triton-X. In some embodiments, the
micellar solution comprises apolymer similar to Triton-X, such aslgepa CA-630 and
Nonidet P-40, by way of non-limiting example. In some embodiments, the micellar
solution consists essentially of Triton-X.

[00139] In some embodiments, the micellar solution has aviscosity (at room
temperature, -25 degrees Celsius) of about 0.01 centipoise to about 5000 centipoise,
about 0.01 centipoise to about 4500 centipoise, about 0.01 centipoise to about 4000
centipoise, about 0.01 centipoise to about 3500 centipoise, about 0.01 centipoise to
about 3000 centipoise, about 0.01 centipoise to about 2500 centipoise, about 0.01
centipoise to about 2000 centipoise, about 0.01 centipoise to about 1500 centipoise,
about 0.01 centipoise to about 1000 centipoise, or about 0.01 centipoise to about 500
centipoise. In some embodiments, the micellar solution has aviscosity (at room
temperature, -25 degrees Celsius) of about 0.01 centipoise to about 450 centipoise,
about 0.01 centipoise to about 400 centipoise, about 0.01 centipoise to about 350
centipoise, about 0.01 centipoise to about 300 centipoise, about 0.01 centipoise to
about 250 centipoise, about 0.01 centipoise to about 200 centipoise, about 0.01
centipoise to about 150 centipoise, or about 0.01 centipoise to about 100 centipoise.
[00140] In some embodiments, the first/second phase solution comprises a polymer
(e.g. polymer solution). In certain embodiments, the polymer is a polyethylene glycol
(PEG). In various embodiments, the PEG may have amolecular weight between 1000
and 100,000. In certain embodiments, the PEG is selected from PEG-4600, PEG-
8000, and PEG-20,000, PEG. In certain embodiments, the polymer is polypropylene
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glycol (PPG). Invarious embodiments, the PPG may have amolecular weight
between 100 and 10,000. In certain embodiments, the PPG is selected from PPG 425.
In certain embodiments, the polymer isdextran. Invarious embodiments, the dextran
may have amolecular weight between 1000 and 1,000,000. In certain embodiments,
the dextran is selected from dextran 6000, dextran 9000, dextran-35,000, and dextran-
200,000.

[00141]  In some embodiments, the polymer solution is selected from a polymer
solution that is about 0.01% w/w, about 0.05%> w/w, about 0.1% w/w, about 0.15%
w/w, about 0.2% w/w, about 0.25%> w/w, about 0.3%> w/w, about 0.35%> w/w, about
0.4% w/w, about 0.45% w/w, about 0.5% w/w, about 0.55% w/w, about 0.6% w/w,
about 0.65% w/w, about 0.7% w/w, about 0.75% w/w, about 0.8% w/w, about 0.85%
w/w, about 0.9% w/w, about 0.95%> w/w, or about 1% w/w. In some embodiments,
the polymer solution is selected from polymer solution that is about 1% wi/w, about
2%> w/w, about 3% w/w, about 4% w/w, about 5% w/w, about 6% w/w, about 7%
w/w, about 8% w/w, about 9% w/w, about 10% w/w, about 11% w/w, about 12%
w/w, about 13% w/w, about 14% w/w, about 15% w/w, about 16% w/w, about 17%
w/w, about 18% w/w, about 19% w/w, about 20% w/w, about 21% w/w, about 22%
w/w, about 23% w/w, about 24% w/w, about 25% w/w, about 26% w/w, about 27%
w/w, about 28% w/w, about 29% w/w, about 30% w/w, about 31% w/w, about 32%
w/w, about 33% w/w, about 34% w/w, about 35% w/w, about 36% w/w, about 37%
w/w, about 38% w/w, about 39% w/w, about 40% w/w, about 41% w/w, about 42%
w/w, about 43% w/w, about 44% w/w, about 45% w/w, about 46% w/w, about 47%
w/w, about 48% w/w, about 49% w/w, and about 50% w/w. In some embodiments,
the polymer solution is selected from polymer solution that is about 10% w/w, about
20% w/w, about 30% w/w, about 40% w/w, about 50% w/w, about 60% w/w, about
70% w/w, about 80% w/w, or about 90% w/w. In some embodiments, the polymer
solution is selected from polymer solution that is about 10% w/w to about 80% wi/w.
In some embodiments, the polymer solution is selected from polymer solution that is
about 10% w/w to about 25% w/w.

[00142]  In some embodiments, the first/second phase solution comprises a salt
(e.g. first/second phase solution isasalt solution). In some embodiments, the target
analyte and/or probe-analyte complex partitions into the salt solution. In some
embodiments, the target analyte and/or probe-analyte complex partitions into the salt

solution, wherein the salt solution comprises akosmotropic salt. In some
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embodiments, the target analyte and/or probe-analyte complex partitions into the salt
solution, wherein the salt solution comprises a chaotropic salt. In some embodiments,
the salt is selected from amagnesium salt, alithium salt, asodium salt, a potassium
salt, acesium sat, azinc sat and an auminum sat. In some embodiments, the sdt is
selected from abromide salt, an iodide sdlt, afluoride salt, a carbonate salt, a sulfate
salt, acitrate salt, a carboxylate salt, aborate salt, and aphosphate salt. In some
embodiments, the salt is potassium phosphate. In some embodiments, the salt is
ammonium sulfate.

[00143]  In some embodiments, the salt solution is selected from asalt solution that
isabout 0.01% w/w, about 0.05% w/w, about 0.1% w/w, about 0.15% w/w, about
0.2% w/w, about 0.25% w/w, about 0.3% w/w, about 0.35% w/w, about 0.4% w/w,
about 0.45% wi/w, about 0.5% w/w, about 0.55% w/w, about 0.6% w/w, about 0.65%
w/w, about 0.7% w/w, about 0.75%> w/w, about 0.8%> w/w, about 0.85%> w/w, about
0.9% w/w, about 0.95%> w/w, or about 1% w/w. In some embodiments, the salt
solution is selected from salt solution that is about 1% w/w, about 2% w/w, about 3%
w/w, about 4% w/w, about 5% w/w, about 6% w/w, about 7% w/w, about 8% wi/w,
about 9% w/w, about 10% w/w, about 11% w/w, about 12% w/w, about 13% w/w,
about 14% w/w, about 15% w/w, about 16% w/w, about 17% w/w, about 18% wi/w,
about 19% w/w, about 20% w/w, about 21% w/w, about 22% w/w, about 23% w/w,
about 24% w/w, about 25% w/w, about 26% w/w, about 27% w/w, about 28% wi/w,
about 29% w/w, about 30% w/w, about 31% w/w, about 32% w/w, about 33% wi/w,
about 34% w/w, about 35% w/w, about 36% w/w, about 37% w/w, about 38% wi/w,
about 39% w/w, about 40% w/w, about 41% w/w, about 42% w/w, about 43% w/w,
about 44% w/w, about 45% w/w, about 46% w/w, about 47% w/w, about 48% wi/w,
about 49% w/w, and about 50% w/w. In some embodiments, the sat solution is
selected from salt solution that is about 0.1% w/w to about 10%. In some
embodiments, the salt solution is selected from salt solution that isabout 1% w/w to
about 10%.

[00144]  In some embodiments, the first/second phase solution comprises a solvent
that isimmiscible with water. In some embodiments, the solvent comprises anon-
polar organic solvent. In some embodiments, the solvent comprises an oil. In some
embodiments, the solvent is selected from pentane, cyclopentane, benzene, 1,4-

dioxane, diethyl ether, dichloromethane, chloroform, toluene and hexane.
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[00145]  In some embodiments, the first phase solution comprises amicellar
solution and the second phase solution comprises apolymer. In some embodiments,
the second phase solution comprises amicellar solution and the first phase solution
comprises apolymer. In some embodiments, the first phase solution comprises a
micellar solution and the second phase solution comprises asalt. In some
embodiments, the second phase solution comprises amicellar solution and the first
phase solution comprises a salt. In some embodiments, the micellar solution isa
Triton-X solution. In some embodiments, the first phase solution comprises a first
polymer and the second phase solution comprises a second polymer. In some
embodiments, the first/second polymer is selected from polyethylene glycol and
dextran. In some embodiments, the first phase solution comprises apolymer and the
second phase solution comprises a salt. In some embodiments, the second phase
solution comprises apolymer and the first phase solution comprises a salt. In some
embodiments, the first phase solution comprises polyethylene glycol and the second
phase solution comprises potassium phosphate. In some embodiments, the second
phase solution comprises polyethylene glycol and the first phase solution comprises
potassium phosphate. In some embodiments, the first phase solution comprises a salt
and the second phase solution comprises a salt. In some embodiments, the first phase
solution comprises akosmotropic salt and the second phase solution comprises a
chaotropic sat. In some embodiments, the second phase solution comprises a
kosmotropic salt and the first phase solution comprises a chaotropic salt.

[00146] In some embodiments, the first phase solution is selected from a
Component 1of Table 1and the second phase solution is selected from a Component
2 of Table 1. In some embodiments, the second phase solution is selected from a
Component 1of Table 1and the second phase solution is selected from a Component
2 of Table 1.

[00147] In some embodiments, the components of Table 1are suspended or
dissolved in abuffer. In some embodiments, the components of Table 1are
suspended/dissolved in abuffer compatible with abiological system from which the
sample was derived. In some embodiments, the components of Table 1 are
suspended/dissolved in a saline solution. In some embodiments, the components of
Table 1 are suspended/dissolved in PBS. In some embodiments, the components of

Table 1 are suspended/dissolved in water.
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Component 1

Component 2

Polymer/polymer Systems

Polyethylene glycol

Dextran

Ficoll

Polyvinyl pyrrolidone
Polyvinyl alcohol

Hydroxypropyl starch

Polypropylene glycol

Dextran
Hydroxypropyl dextran

Polyvinyl pyrrolidone

Polyvinyl alcohol

Dextran

Hydroxypropyl dextran

Polyvinyl pyrrolidone

Dextran

Maltodextrin

Methyl cellulose

Dextran

Hydroxypropyl dextran

Ethylhydroxyethyl cellulose

Dextran

Polymer/salt Systems

Potassium phosphate

Sodium sulfate

Polyethylene glycol Magnesium sulfate
Ammonium sulfate
Sodium citrate
Propylene glycol (PPG) Potassium phosphate
Methoxypolyethylene glycol Potassium phosphate
Polyvinyl pyrrolidone Potassium phosphate

[00148]  In some embodiments, the device further comprises a collector configured

to beplaced in contact with the ATPS, wherein the target analyte partitions a an
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interface of the collector and the first phase solution and/or second phase solution. In
some embodiments, the collector comprises amaterial selected from aplastic, a
mesoporous material, asilica, apolypropylene, amagnet, amagnetic particle, a
paramagnetic particle, amaterial with apore, amaterial with agroove, and any
combination thereof. In some embodiments, the collector comprises polypropylene. In
some embodiments, collector is optimized to increase target analyte collection. In
some embodiments, the collector comprises apore to maximize the surface area. In
some embodiments, the width of the pore is about 1 n, about 5 pin, about 10 pin,
about 15 pin, about 20 uin, about 25 in, about 30 win, about 35 win, about 40 pin,
about 45 pin, about 50 uin, about 55 pin, about 60 win, about 65 win, about 70 win,
about 75 n, about 80 uin, about 85 uin, about 90 pn, about 95 in, or about 100
uin. In some embodiments, the width of the pore is about 100 pun, about 200 pin,
about 300 pin, about 400 win, about 500 pin, about 600 win, about 700 win, about 800
pin, about 900 win, or about 1mm. In some embodiments, the depth of the pore is
about 1un, about 5 win, about 10 win, about 15 win, about 20 wn, about 25 pin,
about 30 pin, about 35 uin, about 40 pin, about 45 pin, about 50 win, about 55 pin,
about 60 pin, about 65 uin, about 70 wn, about 75 pin, about 80 win, about 85 pin,
about 90 win, about 95 uin, or about 100 pin. In some embodiments, the depth of the
pore is about 100 pn, about 200 win, about 300 win, about 400 pin, about 500 pin,
about 600 pin, about 700 pin, about 800 pin, about 900 win, or about 1mm.

Lateral FlowAssay (LFA)

[00149] In certain embodiments, the devices and systems described herein are
configured to provide alateral flow assay (LFA) for detection of the target analyte in
a sample, where the LFA isused in conjunction with an aqueous two-phase system
(ATPS). In some embodiments, the LFA comprises aporous matrix into which is
disposed the ATPS or components thereof, where the porous matrix is configured to
and has porosity sufficient to allow the ATPS or components thereof to flow through
the porous matrix when the ATPS or components thereof are in afluid phase. Such
porous LFA devices arereferred to herein as paper or paper fluidic devices and these
terms are used interchangeably. Asnoted above, paper, asused herein, isnot limited
to thin sheets from the pulp of wood or other fibrous plant substances although, in
certain embodiments the use of such papers in the LFA devices described hereinis

contemplated.
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[00150] In some embodiments, the porous matrix is sufficiently porous to alow the
mixed phase solution, first phase solution and/or second phase solution of the ATPS,
and/or target analyte, to flow through the LFA. In some embodiments, the porous
matrix is sufficiently long and/or deep enough for the mixed phase solution, first
phase solution and/or second phase solution, and/or target anayte, to flow vertically
and/or horizontally through the LFA. In some embodiments, the first phase solution
flows through the porous matrix at a first rate and the second phase solution flows
through the porous matrix at a second rate, wherein the first rate and the second rate
are different. In some embodiments, the LFA the porous matrix comprises amaterial
selected from a scintered glass ceramic, amineral, cellulose, afiberglass, a
nitrocellulose, polyvinylidene fluoride, anylon, acharge modified nylon, a

polyethersulfone, and combinations thereof.

Concentrate-as-it-flows

[00151] Previously phase separation in an ATPS has been performed under
stagnant conditions. However, we have recently discovered that ATPSs can phase
separate as the solution flows through paper, which we have termed "concentrate-as-
it-flows". This finding has been exciting and interesting as the paper has been found
to significantly speed up the concentration process. Based on this key phenomenon,
we have designed apaper fluidic device to fully integrate the necessary components
for acombined ATPS and LFA diagnostic. Investigating the ATPS as it flowed
through different types of paper in different conditions was crucial to allow usto
develop more complex paper fluidic detection devices. We see from our experimental
data using different ATPSs, such as polymer-salt ATPS and micellar ATPS, that when
applying ahomogeneous ATPS solution to certain paper materials, phase separation
and analyte concentration will occur asthe solution flows. We a'so demonstrated that
this phenomenon is preserved even when making an ATPS that had varying volume
ratios, e.g., volume of the top phase divided by that of the bottom phase (see, e.g.,
FIG. 12).

[00152] In some embodiments, the LFA comprises apaper. In some embodiments,
the paper comprises a sheet of porous material that allows fluid to flow through it. In
some embodiments, the paper comprises aplurality of sheets of porous material that
allows fluid to flow through it. In some embodiments, the paper comprises amaterial

selected from cellulose, fiberglass, nitrocellulose, polyvinylidine fluoride, charge
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modified nylon, polyether sulfone, and the like. In some emobdiments, the paper isa
HI-FLOW PLUS® membrane.

[00153] In some embodiments, the paper is awove paper. In some embodiments,
the paper is aWhatman paper. In some embodiments, the Whatman paper is selected
from Whatman SI7, Whatman MF1, Whatman VF1, Whatman Fusion 5, Whatman
GF/DVA, Whatman LF1, Whatman CF1, and Whatman CF4.

[00154] In some embodiments, the paper concentrates the target analyte as the
target analyte flows through the LFA (e.g. a'concentrate-as-it- flows -based device).
In some embodiments, the paper concentrates the target analyte as the target analyte
flows through the LFA horizontally. In some embodiments, the paper concentrates the
target analyte asthe target analyte flows through the LFA vertically. In some
embodiments, the paper concentrates the target analyte asthe target analyte flows
through the LFA vertically dueto gravity. In some embodiments, the paper
concentrates the target analyte as the target analyte flows through the LFA vertically
due to capillary action. In some embodiments, the paper has aproperty that influences
which phase solution will become the "leading fluid." By way of non-limiting
example, when using PEG-salt ATPS, adding the solution to fiberglass paper will
cause the salt phase to become the leading solution, while using cellulose paper will
cause the PEG phase to become the leading solution. In some embodiments, phase
separation within the paper accelerates phase separation. Also by way of non-limiting
example, amicelle ATPS typically takes several hours to phase separate in a stagnant
ATPS, but if applied to apaper strip, this phase separation occurs in minutes. This
speeds up the diagnostic process by allowing the ATPSs, which are traditionally the
rate-determining step in the process, to become more viable options for our rapid
paper diagnostic assays. In some embodiments, the ‘concentrate-as-it- flows device
comprises aPEG-salt ATPS. In some embodiments, the ‘concentrate-as-it- flows
device comprises amicellar ATPS. In some embodiments, the LFA of the
‘concentrate-as-it- flows device comprises fiberglass paper. In some embodiments,
the LFA of the 'concentrate-as-it- flows device comprises nitrocellulose paper.
[00155] In some embodiments, the LFA comprises: afilter that removes blood
cells or other particulates, a sample pad where the sample comprising the target
analyte is applied to the LFA, a detection zone (e.g. test line and control line) where
there the target analyte binds and is detected, and an absorbance pad (e.g. dry
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receiving paper) that absorbs excess sample and/or solutions applied to the LFA (see,
eg., FIG. 1top). In some embodiments, the control line and/or test lineisnot aline
per se, but aregion or spot.

[00156]  In some embodiments, the LFA comprises an LFA strip. Theterms "LFA"
and "LFA strip" are used interchangeably herein. In some embodiments, the LFA
strip has alength greater than its width and depth. In some embodiments, the LFA is
rectangular. In some embodiments, the LFA has a shape selected from the group
consisting of round, ovoid, square, polygonal, and irregular-shaped. In some
embodiments, the LFA comprises aplurality of routes and/ or junctions. In some
embodiments, the LFA strip comprises the sample pad, detection zone and absorbance
pad. In some embodiments, the detection zone is located between the sample pad and
the absorbance pad, the absorbance pad wicking the sample with the target analyte
away from the sample pad and toward the detection zone.

Sandwich Assay

[00157]  In some embodiments, the LFA comprises is configured to provide or run
asandwich assay (see e.g., FIG. 1, bottom left). In some embodiments, the sandwich
assay comprises a capture moiety that binds the target analyte. In some embodiments,
the device comprises aprobe. In some embodiments, the probe comprises a detectable
property (colorimetric, fluorescent, radioactive, etc.). In some embodiments, the probe
comprises abinding moiety that interacts with the target analyte (e.g. an antibody). In
some embodiments, the probe is added to the sample and binds the target analyte to
form aprobe-analyte complex. In some embodiments, the probe-analyte complex is
applied to the sample pad and flows through the LFA towards the absorbance pad. In
some embodiments, the target analyte of the probe-analyte complex binds to the
capture moiety. In some embodiments, the capture moiety isimmobilized on atest
line and the probe-analyte complex becomes immobilized on the test line. In some
embodiments, the probe is colorimetric, and the test line will exhibit a strong color
(e.g. detectable signal) asthe probe-analyte complex accumulates at the test line,
indicating apositive result. In some embodiments, there isno target analyte present in
the sample, and the probe of the probe-analyte complex does not interact with the
capture moiety, and the absence of the test line indicates a negative result. In some

embodiments, the LFA comprises aprobe capture moiety on a control line that
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interacts directly with the probe and/or the binding moiety, and thus, regardliess of the
presence of the target analyte in the sample, the probe/binding moiety binds to the
probe capture moiety and accumulate on the control line. In some embodiments, the
probe capture moiety is a secondary antibody that binds the binding moiety, wherein
the binding moiety is aprimary antibody that binds that target analyte. In some
embodiments, the probe becomes immobilized and detected on the control line,
indicating avalid test. In some embodiments, apositive result (e.g. target analyteis
present in sample) isindicated by adetectable signal at the test line and the control
line. In some embodiments, anegative result isindicated by a detectable signa at the

control line.
Competition Assay

[00158]  In some embodiments, the LFA is configured to provide or a competition
assay (see e.g. FIG.I, bottom right). In some embodiments, the probe is added to the
sample and binds the target analyte to form a probe-analyte complex. In some
embodiments, the LFA comprises the target analyte immobilized on the test line. In
some embodiments, the probe is saturated by the target analyte in the sample and the
probe will not bind to the target analyte immobilized on the test line. In some
embodiments, the absence the detectable signal on the test line indicates apositive
result. In some embodiments, there isno target analyte present in the sample, and the
probe binds to the target analyte on the test line, indicating anegative result. In some
embodiments, the LFA comprises aprobe capture moiety on a control line that
interacts directly with the probe, and regardless of the presence of the target analyte in
the sample, the probe binds to the probe capture moiety and accumulate on the control
line. In some embodiments, the probe becomes immobilized and detected on the
control line, indicating avalid test. In some embodiments, a positive result (e.g. target
analyte ispresent in sample) isindicated by no detectable signal a the test line but a
detectable signal athe control line. In some embodiments, anegative result is
indicated by a detectable signal at both the test and control lines.

Wells

[00159]  In some embodiments, the sample pad comprises awell. In some
embodiments, the well has a sufficient volume to contain a solution selected from the
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group consisting of a least aportion of the ATPS, at least aportion of the first phase
solution, & least aportion of the second phase solution, are-suspended solution of the
target analyte, and combinations thereof.

[00160] In certain embodiments, the volume of the well ranges from about 1 pi. to
about 10 pL. In certain embodiments, the volume of the well ranges from about 1 pi.
to about 100 pL. In certain embodiments, the volume of the well ranges from about 1
ui_ to about 1000 uL. In certain embodiments, the volume of the well ranges from
about 1 i to about 5000 uL. In certain embodiments, the volume of the well ranges
from about 1 mL to about 10 mL. In certain embodiments, the volume of the well
ranges from about 1 mL to about 100 mL. In certain embodiments, the volume of the
well ranges from about 1 mL to about 1000 mL.

[00161] In some embodiments, the re-suspended solution comprises abuffer for re-
suspending the concentrated/extracted target analyte from the ATPS.

[00162] In some embodiments, the well islocated a aposition of the LFA selected
from a corner, an end, a center, ajunction, an off-center, and abend of the LFA. In
some embodiments, the well comprises one or more pads selected from a salt pad, a
probe pad, apolymer pad, and combinations thereof. In some embodiments, the well
comprises aplurality of pads. In some embodiments, the first/second phase solutions
separate and/or the target analyte concentrates as it flowsthrough the plurality of pads.
In some embodiments, the first/second phase solutions separate and/or the target
analyte concentrates asit flows vertically through the plurality of pads. In some
embodiments, the first/second phase solutions separate and/or the target analyte
concentrates as it flows vertically through the plurality of pads dueto gravity. In some
embodiments, the first/second phase solutions separate and/or the target analyte
concentrates as it flows vertically through the plurality of pads due to capillary action.
In some embodiments, the well is apaper well. In some embodiments, the paper well
isathree-dimensional paper structure holds alarger volume of sample compared to a
typical paper strip used in LFA. In some embodiments, the paper well is composed of
paper material that allows phase separation to occur and subsequent analyte
concentration in the leading fluid. In some embodiments, the flow of the leading fluid
is directed toward the absorbance pad that enables analyte detection (see, eg., FIG.
13).

[00163] In some embodiments, the device utilizes a"concentration-as-it- flows"

mechanism, while further accelerating the flow and macroscopic phase separation
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utilizing gravitational force in the well. In some embodiments, the well provides a
cross-sectiona area sufficient to promote phase separation, since the first phase
solution and the second phase solution may flow at a different speed due to
differences in viscosity of the phase solutions, aswell as differences in affinity for the
paper materia. In some embodiments, the well enhances or accelerates the phase
separation and/or concentration of target analytes as the phase solution(s) travels
through the well and emerges in the leading fluid. In some embodiments, the LFA test
strip is connected directly to the well in a downstream position, so the concentrated
analytes in the leading fluid first come in contact with the LFA strip and the detection
step occurs concurrently with the concentration process, further reducing the overall
assay time.

[00164] In some embodiments, the LFA comprises aplurality of wells. In some
embodiments, the LFA comprises amixing well. In some embodiments, the LFA
comprises a concentration well. In some embodiments, the ATPS is applied to the
concentration well where phase separation and/or concentration of the target analyte
occurs. In some embodiments, the concentrated analyte isremoved from the mixing
well after phase separation and applied to the concentration well. In some
embodiments, the concentration well comprises arunning buffer that

enhances/accel erates phase separation in the concentration well and/or LFA (see, e.g.,
FIG. 14).

[00165] In some embodiments, the device comprises an actuator for releasing the
content of the well into and/or on to the porous matrix. In some embodiments, the

actuator comprises amechanism to puncture the well.

Dehydrated ATPS in LFA

[00166] In some embodiments, the ATPS or components thereof are dehydrated on
and/or in at least afirst portion of the porous matrix. In some embodiments,
application of the sample to the device hydrates the ATPS, thereby converting the
ATPS or components thereof to afluid phase. Dehydration may make the device more
user friendly asthe user just needs to add the sample (e.g., saliva) to the device. In
some embodiments, auser only has to apply a solution of the sample to the strip to
detect the presence/absence of the target analyte. In some embodiments, the solution
of the sample flows through the LFA and the ATPS will bere-solubilized, triggering
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phase separation within the LFA and subsequent concentration of the target analyte
(see, eg., FIG. 15).

[00167] In some embodiments, all the necessary components for agiven ATPS are
mixed to form ahomogeneous solution, applied to the paper, and then dehydrated.
When the sample solution is added to the dehydrated paper strip, the ATPS
components will berehydrated asthe sample flows, resulting in phase separation. In
some ATPSs where the phase containing the concentrated analyte is less viscous and
potentially contains less of the polymer or micelle, that phase will flow faster and the
concentrated analyte will emerge in the leading fluid and will reach the LFA to
initiate detection. Additionaly, the dehydrated ATPS component segment length and
concentration can be adjusted for different applications.

[00168] In some embodiments, the ATPS is dehydrated on the LFA. In some
embodiments, afirst ATPS component is dehydrated on the LFA. In some
embodiments, a second ATPS component is dehydrated the LFA. In some
embodiments, the mixed phase solution is dehydrated on the LFA. In some
embodiments, the first phase solution component and/or first ATPS component is
dehydrated on afirst portion of the LFA. In some embodiments, the second phase
solution component and/or second ATPS component is dehydrated on a second
portion of the LFA. In some embodiments, the first portion and the second portion are
same. In some embodiments, the first portion and the second portion are different. By
way of non-limiting example, in a PEG-salt ATPS, the PEG and salt solutions are
dehydrated separately into different paper portions or segments (see, e.g., FIG. 16). In
some embodiments, dehydrating the first/second phase solution and/or ATPS
component on different portions of the LFA provides amore uniform concentration of
the first/second phase solution components or ATPS components. In some
embodiments, dehydrating the first/second phase solution components and/or ATPS
components on different portions allows the first phase solution or ATPS component
to flow in afirst direction after hydration and the second phase solution and/or ATPS
component to flow in a second direction after hydration, wherein the first and second
directions are different. In some embodiments, the target analyte is concentrated in the
first direction, but not the second direction. In some embodiments, the target analyte
is concentrated in the second direction, but not the first direction. In some
embodiments, dehydrating the first/second phase components and/or ATPS

components on different portions allows the target analyte to flow in the first/second

44



10

15

20

25

30

WO 2015/134938 PCT/US2015/019297

direction without requiring the sample to flow in the first/second direction (see, e.g.,
FIG. 16D, 16E, and 17). In some embodiments, dehydrating the first/second phase
components and/or ATPS components on different portions allows the target analyte
to flow faster, resulting in detection sooner. In some embodiments, dehydrating the
first/second phase components and/or ATPS components on different portions alows
for increased result reliability. In some embodiments, dehydrating the first/second
phase components and/or ATPS components on different portions prevents
aggregation of first/second phase solution components and/or ATPS components (e.g.
PEG-sdlt ATPS). In some embodiments, the first/second phase component and/or
ATPS component is dehydrated in multiple segments. In some embodiments the
first/second phase component and/or ATPS component is dehydrated in multiple
segments, wherein the first/second phase component and/or ATPS component
comprises a salt solution. In some embodiments the first/second phase component
and/or ATPS component is dehydrated in multiple segments, wherein the first/second
phase component and/or ATPS component does not comprise a hydrophobic polymer
(e.g. PEG). In some embodiments, dehydrated PEG isnot located near the detection
zone because the PEG-rich phase slows the flow within the detection membrane (see,
e.g., FIG. 64). In some embodiments, the LFA strip comprises ablank spacer near the
detection zone that does not contain PEG or salt (see, eg., FIG. 65).

[00169] In some embodiments, the probe is provided in aprobe buffer. In some
embodiments, the probe buffer is dehydrated on the LFA. In some embodiments the
LFA comprises the probe and the dehydrated probe buffer. In some embodiments, the
probe buffer improves the flow of the probe-analyte complex through the LFA.
[00170]  In some embodiments, dehydration of ATPS components improves the
limit of detection compared to a device in which the ATPS components are added in
liquid form. In some embodiments, the addition of liquid form ATPS components
dilutes the sample solution from the patient. In some embodiments, dehydration of
ATPS components allows for adistinct first phase solution and/or distinct second
phase solution to develop during flow, concentrating the target analyte or probe-
analyte complex in asmall volume at the front of the leading fluid that will reach the
test and control lines. In some embodiments, concentrating the target analyte and or
probe-analyte complex at the front of the leading fluid will decrease the time period
necessary for detection.
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LFA Design/ Architecture

[00171]  In some embodiments, the LFA strip has awidth that does not vary from a
first end to a second end. In some embodiments, the width is defined as a dimension
perpendicular to the direction of flow within the LFA and in aplane of the length. In
some embodiments, afirst portion of the LFA strip has afirst width and the second
portion of the LFA strip has a second width, where the first width and the second
width are different. In some embodiments, the first width is greater than the second
width, while in other embodiments, the first width is less than the second width. In
certain embodiments, it is contemplated that the LFA strip comprises more than two
widths, e.g., the strip may continuously narrow, or may show progressive narrowing
at three or more locations. In some embodiments, the first portion comprises the
sample pad and the second portion comprises the detection zone. In some
embodiments, the first portion comprises the dehydrated probe buffer and the second
portion comprises the detection zone {see, e.g., FIG. 62). In some embodiments,
wherein the first portion comprises the dehydrated probe buffer and the second
portion comprises the detection zone, the limit of detection isimproved compared to
an LFA strip wherein the width of the portion comprising the sample pad isthe same
width as portion comprising the detection zone. In some embodiments, awider
sample pad segment allows more target analyte in the sample to bind to the probe
compared to an LFA strip wherein the width of the LFA strip does not vary. In some
embodiments, awider sample pad segment allows a greater volume of sample, and
thus, more target analyte, to bind to the probe compared to an LFA strip wherein the
width of the LFA strip does not vary. {see, e.g., FIG. 63).

[00172]  In some embodiments, the LFA comprises a slope {e.g. achange in depth
of the LFA along the length of the LFA). In some embodiments, wherein the LFA
does not comprise a slope, aportion of the probe-analyte complex isleft in the sample
pad. In some embodiments, wherein the LFA comprises a slope, more probe analyte
complex flows through the LFA than an LFA without a slope {see, eg., FIG. 66).
[00173]  In some embodiments, the LFA comprises aportion comprising
dehydrated probes and/or probe buffer that isre-solubilized at arelatively slow rate to
allow the probes to allow a sample having alarger volume to more completely
saturate the binding sites on the probes, compared to re-solubilizing the probe/probe
buffer at arelatively fast rate, resulting in an improved limit of detection in a
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competition assay. In some embodiments, the dehydrated ATPS or components
thereof are located downstream from the portion comprising dehydrated probes and/or
probe buffer in order to give the probes and target analytes time to bind to each other
before they reach the ATPS or components thereof. In some embodiments, the ATPS
(components) concentrates the probe-analyte complexes into asmaller volume. In
some embodiments, the smaller volume contains more probe-analyte complexes that
flow over the test and control lines then in other embodiments, wherein not all of the
probe-analyte complexes would reach the test and control lines due to being
distributed over alarger volume. In some embodiments, the sensitivity and/or
reliability of the device isincreased by concentrating the probe-analyte complexesin
asmaller leading phase. In some embodiments, detection time decreases by
concentrating the probe-analyte complexesin a smaller leading phase. See, e.g., FIG.
67, which depicts a diagram of one possible design using PEG/Salt ATPS.

[00174] In some embodiments, the LFA is configured according to an architecture
depicted in FIG. 16. In some embodiments, the LFA is configured according to an
architecture depicted in FIG. 20. In some embodiments, the LFA is configured
according to an architecture depicted in FIGS. 62-70.

[00175]  In some embodiments, the LFA is designed to be used with aprobe that
comprises or complexes with amagnetic/ paramagnetic particle. In some
embodiments, the LFA comprises apaper strip with afork at the end of paper strip
used to split the flow of the ATPS first and second phase solution. In some
embodiments, the LFA detection zone is located on aprong of the fork, and magnets
are located near or a the prong {see, e.g., FIG. 20). The magnets concentrate the
probe/probe-analyte complex into the fluid flowing into the LFA detection zone,
which results in increased sensitivity of the diagnostic. Conversely, in some
embodiments, the probe comprises the magnet or magnetic field, and the device
comprises amagnetic particle or paramagnetic particle that is located near or a the
prong.

[00176] In some embodiments, the LFA comprises a3D architecture. In some
embodiments, the LFA comprises layers of porous matrix resulting in a 3D
architecture. In some embodiments, the 3D architecture integrates the ATPS with the
LFA. In some embodiments, the ATPS has along phase separation time, {e.g. a
micellar ATPS) and phase separation time is improved by using a 3D architecture

{e.g. increasing the height of the LFA strip). In some embodiments, the mixed phase
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solution separates into the first phase solution and the second phase solution asthe
phase solutions flow vertically through the LFA (e.g. through the layers of porous
matrix).

[00177]  In some embodiments, the LFA has athickness (e.g. height, depth or
vertical dimension). In some embodiments, the thickness is about 0.1 mm to about 30
cm. In some embodiments, the thickness is about 0.1 mm to about 1mm, about 0.1
mm to about 10 mm, or about 0.1 mm to about 1cm. In some embodiments, the
thickness isabout 1 mm to about 10 mm, about 1 mm to about 1cm, about 1 mm to
about 1.5 cm, about 1 mm to about 3 cm, about 1 mm to about 3.5 cm, about 1mm to
about 4 cm, about 1mm to about 4.5 cm, about 1mm to about 5 cm, about 1 mm to
about 5.5 cm, about 1 mm to about 6 cm, about 1 mm to about 6.5 cm, about 1mm to
about 7 cm about 1 mm to about 7.5 cm, about 1 mm to about 8 cm, about 1 mm to
about 8.5 cm, about 1 mm to about 9 cm,or about 1 mm to about 9.5 cm, or about 1
mm to about 10 cm. In some embodiments, the thickness is about 0.5cm to about 5

cm.

Multiple Paths

[00178] In some embodiments, the LFA comprises afirst path and a second path,
or a least afirst path and a second path. In some embodiments, the first phase
solution preferentially flows through the first path and the second phase solution
preferentially flows through the second path. In some embodiments, the target analyte
may not be concentrated in the leading fluid during flow through paper. In some
embodiments, the LFA is designed to redirect flow so that the leading fluid isthe first
fluid to pass over the detection zone in atimely manner. In some embodiments,
redirecting flow comprises introducing anew flow path. In some embodiments,
redirecting flow comprises incorporating 3D paper architecture. . In some
embodiments, redirecting flow comprises providing or integrating multiple path
routes in which there is apreferential flow depending on the phase of the fluid. In
some embodiments, redirecting flow comprises combining the methods above for
redirecting flow. In some embodiments, redirecting flow enhances phase separation
and/or directs the target analyte to flow through the detection zone.

[00179]  In some embodiments, the LFA is configured to redirect flow by
comprising an LFA segment containing running buffer and an LFA segment
containing adry receiving paper that are introduced after the sample has been applied
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tothe LFA. In some embodiments, the LFA is configured to redirect flow by
comprising an LFA segment containing running buffer and an LFA segment
containing adry receiving paper that are introduced after the sample has begun to
flow through the LFA. In some embodiments, the target is concentrated in the
lagging fluid, in which case, the running buffer will reroute the lagging fluid (making
it the leading fluid) to the detection zone (see, e.g. FIG. Error! Reference source not
found.A). In some embodiments the running buffer and dry receiving paper segments
push the leading phase containing the concentrated analyte to the detection zone
(FIG. 18B).

[00180] In some embodiments, there is aplurality of target analytes and the device
is configured to partition afirst target analyte into the first phase solution and a
second target analyte into the second phase solution and where the LFA comprises a
first route for the first phase solution to afirst detection zone and the LFA comprises a
second route for the second phase solution to a second detection zone. In some
embodiments, the first route is made of afirst type of porous matrix and the second
route is made of a second type of porous matrix, where the first type of porous matrix
and the second type of porous matrix are different (e.g. different porosity, charge,
hydrophobicity, three-dimensional architecture, and the like). In some embodiments
the first type of porous matrix is more hydrophobic/ hydrophilic than the second type
of porous matrix (see, eg. FIG. 19). In some embodiments, apolymer rich phase
solution may preferentially flow through the more hydrophaobic strip while apolymer
poor phase solution containing the concentrated analyte may flow through the more
hydrophilic paper. In some embodiments, the target analyte is concentrated by
"purifying" the polymer-rich phase which may contain contaminants that could affect
the downstream LFA performance. In some embodiments, one or more of the target
analytes of the plurality of target analytes partitions into different phases of the ATPS.
[00181] In some embodiments, the probe comprises amagnetic particle and the
probe-analyte complex isredirected by one or more magnets. In some embodiments,
the one or more magnets are placed along the paper strip to concentrate the probes
at/toward aparticular location of the LFA (e.g. detection zone). Alternatively, in some
embodiments, the probe comprises the magnet and the probe-analyte complex is
redirected by one or more magnetic/paramagnetic particles. In some embodiments, the

one or more magnetic/paramagnetic particles are placed along the paper strip to
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concentrate the probes at/toward a particular location of the LFA (e.g. detection

zone).

Probes

[00182] In certain embodiments the systems and/or devices described herein
comprise and/or the methods described herein utilize aprobe, where the probe
comprises abinding moiety that binds the target analyte to form a probe-anayte
complex. Asused herein, the terms "target analyte" and "probe-analyte complex," are
used interchangeably, unless otherwise specified.

[00183]  In some embodiments, the target analyte alone partitions preferentially into
the first phase solution or second phase solution or interface of the first phase solution
and second phase solution. In some embodiments, the target analyte alone partitions
extremely into the first phase solution or second phase solution or interface of the first
phase solution and second phase solution.

[00184] In some embodiments, the target analyte alone does not partition
preferentially into the first phase solution or second phase solution or interface of the
first phase solution and second phase solution. In some embodiments, the target
analyte alone does not partition extremely into the first phase solution or second phase
solution or interface of the first phase solution and second phase solution.

[00185]  In some embodiments, the probe-analyte complex partitions preferentially
into the first phase solution or second phase solution or interface of the first phase
solution and second phase solution, thereby causing the target analyte (of the probe-
analyte complex) to partition preferentially into the first phase solution or second
phase solution or interface of the first phase solution and second phase solution.
[00186] In some embodiments, the probe-analyte complex partitions extremely into
the first phase solution or second phase solution or interface of the first phase solution
and second phase solution, thereby causing the target analyte (of the probe-analyte
complex) to partition extremely into the first phase solution or second phase solution
or interface of the first phase solution and second phase solution.

[00187]  In some embodiments, the phrase "partitions preferentially,” when used
with respect to the partitioning of the target analyte (or probe-analyte complex) to a
first/second phase solution of the ATPS, indicates that a greater amount of the target
analyte becomes disposed in apreferred phase solution than in another phase solution
of the ATPS.
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[00188]  In some embodiments, the phrase "partitions extremely,” when used with
respect to the partitioning of the target analyte (or probe-analyte complex) to a
first/second phase solution of the ATPS, indicates that about 90% or more of the
target analyte becomes disposed in apreferred phase solution than in another phase
solution of the ATPS.

[00189] In some embodiments, agreater amount of the target analyte partitions into
the first phase solution. In some embodiments, greater than about 50%, or greater than
about 55%, or greater than about 60%, or greater than about 65%, or greater than
about 70%, or greater than about 75%, or greater than about 80%, or greater than
about 85%, or greater than about 90%, or greater than about 95%, or greater than
about 98%, or greater than about 99% of the target analyte partitions into the first
phase solution. In some embodiments, greater than about 99%, or greater than about
99.1%, or greater than about 99.2%, or greater than about 99.3%, or greater than
about 99.4%, or greater than about 99.5%, or greater than about 99.6%>, or greater
than about 99.7%, or greater than about 99.8%, or greater than about 99.9% of the
target analyte partitions into the first phase solution.

[00190] In some embodiments, agreater amount of the analyte partitions into the
second phase solution. In some embodiments, greater than about 50%, or greater than
about 55%, or greater than about 60%, or greater than about 65%, or greater than
about 70%, or greater than about 75%, or greater than about 80%, or greater than
about 85%, or greater than about 90%, or greater than about 95%, or greater than
about 98%, or greater than about 99% of the target analyte partitions into the second
phase solution. In some embodiments, greater than about 99%, or greater than about
99.1%, or greater than about 99.2%, or greater than about 99.3%, or greater than
about 99.4%, or greater than about 99.5%, or greater than about 99.6%, or greater
than about 99.7%, or greater than about 99.8%, or greater than about 99.9% of the
target analyte partitions into the second phase solution.

[00191] In some embodiments, agreater amount of the analyte partitions into the
interface of the first phase solution and the second phase solution. In some
embodiments, greater than about 50%, or greater than about 55%, or greater than
about 60%, or greater than about 65%, or greater than about 70%, or greater than
about 75%, or greater than about 80%, or greater than about 85%, or greater than
about 90%, or greater than about 95%, or greater than about 98%, or greater than

about 99% of the target analyte partitions into the interface. In some embodiments,
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greater than about 99%, or greater than about 99.1%, or greater than about 99.2%, or
greater than about 99.3%, or greater than about 99.4%, or greater than about 99.5%,
or greater than about 99.6%, or greater than about 99.7%, or greater than about
99.8%, or greater than about 99.9% of the target analyte partitions into the interface.
[00192] In some embodiments, the probe-analyte complex is extracted and/or
collected application to the LFA (see, e.g., FIG. 2).

[00193] In some embodiments, the probe and/or probe-analyte complex isre-
suspended in asolution (e.g. re-suspended solution). In some embodiments, the re-
suspended solution comprises water. In some embodiments, the re-suspended solution
comprises a saline solution. In some embodiments, the re-suspended solution
comprises abuffer. In some embodiments, the re-suspended solution comprises a
phospho-buffered saline (PBS) solution. In some embodiments, the buffer comprises
acetic acid. In some embodiments, the buffer comprises Tris. In some embodiments,
the buffer comprises ethylenediammetetraacetic acid (EDTA). In some embodiments,
the buffer comprises boric acid. In some embodiments, the buffer isaborate buffer. In
some embodiments, the buffer is alithium borate buffer. In some embodiments, the
buffer is asodium borate buffer.

[00194] In some embodiments, the re-suspended solution has apH of about 2,
about 2.5, about 3, about 3.5, about 4, about 4.5, about 5, about 5.5, about 6, about
6.5, about 7, about 7.5, about 8, about 8.5, about 9, about 9.5, about 10, about 10.5,
about 11, about 11.5 or about 12. In some embodiments, the re-suspended solution
has apH of about 9.

[00195] In some embodiments, the device comprises or is configured to utilize
and/or the assay run on the device utilizes 1probe. In some embodiments, the device
comprises or is configured to utilize and/or the assay run on the device utilizes at |least
two different probes, or at least 3 different probes, or & least 4 different probes, or a
least 5 different probes, or at least 7 different probes, or at least 10 different probes, or
a least 15 different probes, or at least 20 different probes.

[00196] In some embodiments, the probe comprises amaterial selected from the
group consisting of a synthetic polymer, ametal, amineral, aglass, aquartz, a
ceramic, abiological polymer, aplastic, and combinations thereof. In some
embodiments, the probe comprises apolymer selected from the group consisting of
polyethylene, polypropylene, nylon (DELRIN®), polytetrafluoroethylene
(TEFLON®), dextran and polyvinyl chloride. In some embodiments, the polyethylene
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is polyethylene glycol. In some embodiments, the polypropylene is polypropylene
glycol. In some embodiments, the probe comprises abiologica polymer selected from
the group consisting of collagen, cellulose, and chitin. In some embodiments, the
probe comprises ametal selected from the group consisting of gold, silver, platinum
titanium, stainless steel, auminum, and alloys thereof. In some embodiments, the
probe comprises ananoparticle (e.g., agold nanoparticle, a silver nanoparticle, etc.).
[00197] In some embodiments, the probe further comprises a coating. In some
embodiments, the coating comprises polyethylene glycol or polypropylene glycol. In
some embodiments, the coating comprises polypropylene. In some embodiments, the
coating comprises polypropylene glycol. In some embodiments, the coating comprises
dextran. In some embodiments, the coating comprises a hydrophilic protein. In some
embodiments, the coating comprises serum albumin. In some embodiments, the
coating has an affinity for the first phase solution or the second phase solution.
[00198] In some embodiments, the amount of target analyte in the sample isvery
low, such that the analyte needs to be substantially concentrated to enable detection
by LFA. In certain embodiments, substantial concentration is achieved at an interface,
since the degree of analyte concentration is dependent on the volume of aphase in
which the analyte partitions, or concentrates, and the "volume" at the interface isvery
small relative to the bulk phases.

[00199] In some embodiments, the probe partitions preferentially (or extremely) to
the interface in order to drive the target analyte towards an interface. In some
embodiments, the probe partitions preferentially (or extremely) to the interface due to
their surface chemistry, wherein the surface chemistry. By way of non-limiting
example, to drive the probe-analyte complex to the interface of a polymer-salt ATPS
system, such as the polyethylene glycol-potassium phosphate (PEG/salt) system, the
probes are conjugated to PEG (or PEGylated) to promote the PEG-PEG interaction
with the PEG-rich phase, and/or are decorated with hydrophilic proteins to promote
hydrophilic interactions with the PEG-poor phase. Using such an optimized probe
decorated with specific antibodies or other molecules capable of binding to the target,
the target analyte is captured and collected at the interface. Since the volume of the
interface isvery small, the analytes are highly concentrated and are applied to the
subsequent LFA (FIG. 8).

[00200]  In some embodiments, gold nanoprobes (GNP) are prepared that are
capable of partitioning to the interface of aPEG/salt ATPS, and operating conditions
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are optimized to allow for afast phase separation time with avery high recovery of
GNP/anayte. By way of non-limiting example, a 100-fold improvement of transferrin
(Tf) detection was demonstrated using LFA after combination with interface
extraction from an ATPS (see Example 5).

[00201] In some embodiments, the probe-analyte complex partitions to a solid-
liquid interface in the ATPS. In some embodiments, the solid isthe wall of the
chamber that contains the ATPS. In some embodiments, the solid isthe collector. In
some embodiments, the solid comprises a solid polymer. In some embodiments, the
solid polymer is selected from polyethylene, cellulose, chitin, nylon,
polyoxymethylene (DELRIN®), polytetrafluoroethylene (TEFLON®), polyvinyl
chloride, and combinations thereof In some embodiments, the solid polymer
comprises polypropylene (see, eg., FIG. 9). In some embodiments, the probe-analyte
complex sticks to the solid and is highly concentrated since it is present in the small
volume at the solid-liquid interface, and not diluted by the volume of the bulk phases.
In some embodiments, the bulk phase isremoved without disrupting the concentrated
analyte, and is collected by washing, with subsequent application to the LFA (FIG.
10). In some embodiments, this approach significantly concentrates the analyte and
allows collection without using an external force (e.g. magnet). Alternatively, the
probe comprises amagnetic material and this approach isused with amagnet. In
some embodiments, these probes are modified to be concentrated at the interface for
extreme analyte concentration. Asmentioned above, this approach can provide
additional separation of the target analyte from other contaminants, which is
nonspecifically concentrated by ATPS, through the use of amagnet. In some
embodiments, the ATPS concentration enables the magnetic probe to work more
efficiently, since the magnetic probe would first be concentrated into avery small
volume a a specific location (the interface). Accordingly, a smaller magnet or a
weaker magnetic field will be required to collect the concentrated analyte. In some
embodiments, the combination of ATPS interface concentration with magnetic probes
allows for the development of amore effective, rapid, and cheaper device compared
to the current state-of-the-art.

Binding Moiety
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[00202] In some embodiments, the binding moiety is amolecule that binds the
target analyte. In some embodiments, the binding moiety is amolecule that
specifically binds the target analyte. In some embodiments, "specificaly binds"
indicates that the molecule binds preferentially to the target analyte or binds with
greater affinity to the target analyte than to other molecules. By way of non-limiting
example, an antibody will selectively bind to an antigen against which it was raised.
Also, by way of non-limiting example, aDNA molecule will bind to a substantially
complementary sequence and not to unrelated sequences under stringent conditions.
In some embodiments, "specific binding" can refer to abinding reaction that is
determinative of the presence of atarget analyte in a heterogeneous population of
molecules (eg., proteins and other biologies). In some embodiments, the binding
moiety binds to its particular target analyte and does not bind in a significant amount
to other molecules present in the sample.

[00203]  In some embodiments, the binding moiety is selected from the group
consisting of an antibody, alectin, aprotein, a glycoprotein, anucleic acid,
monomeric nucleic acid, apolymeric nucleic acid, an aptamer, an aptazyme, a small
molecule, apolymer, alectin, a carbohydrate, a polysaccharide, a sugar, alipid, and
any combination thereof. In some embodimnets, the binding moiety is amolecule
capable binding pair the target analyte.

[00204] In some embodiments, the binding moiety is an antibody or antibody
fragment. Antibody fragments include, but are not limited to, Fab, Fab', Fab'-SH,
F(ab'),, Fv, Fv', Fd, Fd', scFv, hsFv fragments, cameloid antibodies, diabodies, and
other fragments described below.

[00205] In some embodiments, an "antibody" refers to aprotein consisting of one
or more polypeptides substantially encoded by immunoglobulin genes or fragments of
an immunoglobulin gene. Asused herein, the terms "antibody" and
"immunoglobulin” are used interchangeably, unless otherwise specified. In some
embodiments, the immunoglobulin gene is an immunoglobulin constant region gene.
In some embodiments, the immunoglobulin gene, isby non-limiting example, a
kappa, lambda, apha, gamma, delta, epsilon or mu constant region gene. In some
embodiments, the immunoglobulin gene is an immunoglobulin variable region gene.
In some embodiments, the immunoglobulin gene comprises alight chain. In some
embodiments, the light chain is selected from akappa light chain, alambda light

chain or a combination therof. In some embodiments, the immunoglobulin gene
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comprises aheavy chain. In some embodiments, the heavy chain is classified as
gamma, mu, alpha, delta, or epsilon, which in turn correspond to the immunoglobulin
classes, 1gG, IgM, IgA, IgD and IgE, respectively.

[00206] In some embodiments, the immunoglobulin comprises atetramer. In some
embodiments, the tetramer is composed of two identical pairs of polypeptide chains,
each pair having one "light" (about 25 kDa) and one "heavy" chain (about 50-70
kDa). In some embodiments, the N-terminus of each chain defines avariable region
of about 100 to 110 or more amino acids primarily responsible for antigen
recognition. The terms variable light chain (V) and variable heavy chain (V) refer
to these light and heavy chains respectively.

[00207] In some embodiments, the antibody comprises an intact immunoglobulin.
In some embodiments, the antibody is selected from anumber of well characterized
fragments produced by digestion with various peptidases. In some embodiments, the
peptidase is pepsin. In some embodiments, the pepsin digests a disulfide linkage in
the hinge region to produce F(ab)',, a dimer of Fab which itself is alight chainjoined
toV 4-C1by adisulfide bond. In some embodiments, the F(ab)', is reduced under
mild conditions to break the disulfide linkage in the hinge region thereby converting
the (Fab'), dimer into aFab" monomer. In some embodiments, the Fab' monomer
consists essentially of aFab with part of the hinge region. In some embodiments, the
Fab' fragment is synthesized de novo either chemically or by utilizing recombinant
DNA methodology. In some embodiments, the antibody fragment is produced by the
modification of awhole antibody. In some embodiments, the antibody fragment is
synthesized de novo using recombinant DNA methodologies. In some embodiments,
the antibody includes a single chain antibody (antibodies that exist as asingle
polypeptide chain). In some embodiments, the antibody includes a single chain Fv
antibodies (sFv or scFv) in which avariable heavy and avariable light chain are
joined together (directly or through apeptide linker) to form a continuous
polypeptide. In some embodiments, the antibody includes a single chain Fv antibody.
In some embodiments, the antibody comprises a covalently linked V -V | heterodimer
which may be expressed from anucleic acid including V - and Vv | - encoding
sequences either joined directly or joined by apeptide-encoding linker. In some
embodiments, the Vv, and V| are connected to each as a single polypeptide chain, and
the v, and v, domains associate non-covalently. In some embodiments, the Fab is

displayed on aphage, wherein one of the chains (heavy or light) is fused to g3 capsid
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protein and the complementary chain exported to the periplasm as a soluble molecule.
In some embodiments, the two chains can be encoded on the same or on different
replicons. In some embodiments, the two antibody chains in each Fab molecule
assemble post-trandationally and the dimer isincorporated into the phage particle via
linkage of one of the chains to, e.g., g3p. In some embodiments, the antibody has
been display on aphage.

[00208]  In some embodiments, the binding moiety comprises an aptamer. In some
embodiments, the aptamer comprises an antibody-analogue formed from nucleic
acids. In some embodiments, the aptamer does not require binding of alabel to be
detected in some assays, such as nano-CHEM-FET, where the reconfiguration would
be detected directly. In some embodiments, the binding moiety comprises an
aptazyme. In some embodiments, the aptazyme comprises an enzyme analogue,
formed from nucleic acids. In some embodiments, the aptazyme functions to change
configuration to capture a specific molecule, only in the presence of a second,
specific, analyte.

[00209] Theterms "small molecule" or "small organic molecule" refers to
molecules of a size comparable to those organic molecules generally used in
pharmaceuticals. The term excludes biological macromolecules {e.g., proteins,
nucleic acids, etc.). Preferred small molecules range in size up to about 5000 Da,
more preferably up to 2000 Da, and most preferably up to about 1000 Da.

[00210]  In some embodiments, the antibody fragment is derived via proteolytic
digestion of intact antibodies. In some embodiments, the antibody fragment is
produced directly by recombinant host cells. In some embodiments, the Fab, Fv or
ScFv antibody fragment is expressed in and secreted from E. coli, thus alowing the
facile production of large amounts of these. In some embodiments, the antibody
fragment isisolated from antibody phage libraries. In some embodiments, the Fab'-SH
fragments can be directly recovered from E. coli and chemically coupled to form
F(ab’),, fragments. In some embodiments, the F(ab'),, fragment isisolated directly from
recombinant host cell culture. In some embodiments, the Fab and F(ab'), fragments
have an increased in vivo half-life. In some embodiments, the Fab and F(ab’),
fragments comprise a salvage receptor binding epitope residues. Other techniques for
the production of antibody fragments will be apparent to the skilled practitioner. In
certain embodiments, the antibody of choice is asingle chain Fv fragment. In some

embodiments, the Fv or sFv has an intact combining site that is devoid of a constant
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region; thus, they it is suitable for reduced non-specific binding during in vivo use. In
some embodiments, the antibody fragment isa "linear antibody." In some
embodiments, the linear antibody fragment is monospecific. In some embodiments,
the linear antibody fragment is bispecific.

[00211] In some embodiments, the antibody fragment is adiabody. In some
embodiments, the diabody is an antibody fragment with two antigen binding sites that
may be bivalent or bispecific.

[00212] In some embodiments, the antibody fragment is a single-domain antibody.
In some embodiments, the single-domain antibody is an antibody fragment
comprising al or aportion of the heavy chain variable domain or all or aportion of
the light chain variable domain of an antibody. In certain embodiments, a single-
domain antibody is a human single-domain antibody.

[00213] In some embodiments, the probe comprises a detectable label. In some
embodiments, the probe has a detectable property. Detectable labels/detectable
properties include any composition detectable by spectroscopic, photochemical,
biochemical, immunochemical, electrical, optical, or chemical means. lllustrative
useful labels include, but are not limited to, fluorescent nanoparticles {e.g., quantum
dots (Qdots)), fluorescent dyes {e.g., fluorescein, texas red, rhodamine, green
fluorescent protein, and the like, see, e.g., Molecular Probes, Eugene, Oregon, USA),
radiolabels {e.g., *H, 151, ’5s, 14C, *2P, *Tc, 23Pp, “"Ga, ®*Ga, "2As, '''In, 113min, *"Ry,
%2Cu, 641Cu, 52Fe, 52"Mn, 51Cr, *°Re, ®Re, "As, oY, “Cu, ¥Er, 1219, 127Te, 2P,
3Py, P5AuU, P°Au, 161Th, 109Pd, 165Dy, 149Pm, 151Pm, 158Sm, 157Gd, 35°Gd, *°Ho,
12Tm, 9Yb, 175Yb, 7Ly, 195Rh, 'l Ag, and the like), enzymes {e.g., horse radish
peroxidase, alkaline phosphatase and others commonly used in an ELISA), various
colorimetric labels, magnetic or paramagnetic labels {e.g., magnetic and/or
paramagnetic nanoparticles), spin labels, radio-opaque labels, and the like.

[00214] Alternatively or additionally, the probe binds to another particle that
comprises a detectable label. Alternatively or additionally, the probe binds to another
particle that has a detectable property. In some embodiments, the probes provide a
detectable signal at the detection zone {e.g. test line, control line). In some
embodiments, the detectable label/property is selected from the group consisting of a
colorimetric label/property, afluorescent label/property, an enzymatic label/property,

acolorigenic label/property and aradioactive label/property. In some embodiments,
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the probe is agold nanoparticle and the detectable property isacolor. In some
embodiments, the color is selected from orange, red and purple.

[00215]  In some embodiments, the probe comprises amagnetic and/or
paramagnetic particle. In some embodiments, the magnetic particle comprises a
material selected from the group consisting of iron, nickel, cobalt, and combinations
thereof. In some embodiments, the magnetic particle comprises alnico, an aluminum-
nickel-cobalt alloy. In some embodiments, the magnetic particle comprises an alloy of
arare earth metal. In some embodiments, the rare earth metal is selected from
scandium, yttrium, lanthanum, cerium, praseodymium, neodymium, promethium,
samarium, europium, gadolinium, terbium, dysprosium, homium, erbium, thulium,
ytterbium, lutetium or a combination thereof. In some embodiments, the magnetic
component comprises arare earth mineral. In some embodiments, the rare earth
mineral comprises lodestone. In some embodiments, the magnetic particle comprises
iron. In some embodiments, the magnetic particle comprises a ferromagnetic material.
In some embodiments, the ferromagnetic material is a soft ferromagnetic material. In
some embodiments, the soft ferromagnetic material comprises annealed iron. In some
embodiments, the soft ferromagnetic material comprises zinc, nickel, manganese or a
combination thereof. In some embodiments, the soft ferromagnetic material is
selected from manganese-zinc ferrite (MnaZn(l-a)Fe204) and nickel-zinc ferrite
(Niazn(l-a)Fe ,0 ). In some embodiments, the ferromagnetic material isahard
ferromagnetic material. In some embodiments, the hard ferromagnetic material
comprises anico or ferrite. In some embodiments, the hard ferromagnetic material is
selected from strontium ferrite, SrFei ;0i9 (SrO6Fe ,03), barium ferrite, BaFei ,0i9
(BaO6Fe ,03) and cobalt ferrite, CoFe,04(CoOFe ,03). In some embodiments, the
magnetic component comprises aferrite. In some embodiments, the ferrite is selected
from hematite (Fe,03). In some embodiments, the magnetic component comprises a
ferrite. In some embodiments, the ferrite is selected from magnetite (Fe30,). In some
embodiments, the magnetic particle comprises Fe30,. In some embodiments, the
magnetic particle comprises Fe,0 5. In some embodiments, the magnetic particle
consists essentially of Fe304. In some embodiments, the magnetic particle consists
essentially of Fe;03.

[00216] In some embodiments, the magnetic particle is a shape selected from, but
not limited to a sphere, a cube, an oval, arod, a capsule shape, atablet shape, a

nondescript random shape.
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[00217]  In some embodiments, the magnetic particle possesses amean diameter of
about 1nm to about 100 uin. In some embodiments, the magnetic particle possesses a
mean diameter of about 20 nm to about 1 win. In some embodiments, the magnetic
particle possesses amean diameter of about 10 nm to about 50 nm. In some
embodiments, the magnetic particle possesses amean diameter of about 100 nm to
about 750 nm. In some embodiments, the magnetic particle possesses a mean
diameter of about 500 nm. In some embodiments, the magnetic particle possesses a
mean diameter of about 1 wn to about 15 win . In some embodiments, the magnetic
particle possesses amean diameter of about 2 win to about 10 win . In some
embodiments, the magnetic particle possesses amean diameter of about 1 n to
about 5 uin . In some embodiments, the magnetic particle possesses amean diameter
of about 1 in . In some embodiments, the magnetic particle possesses amean
diameter of about 0.5 win to about 20 win a its widest point.

[00218] FIG. 21 showsone illustrative, but non-limiting, example of how a
magnetic probe isused to concentrate an analyte in ATPS. Using antibodies (or other
binding moieties) specific to the target analyte, the target is captured and concentrated
with amagnetic probe in one of the bulk phases in an ATPS. In acomplex sample
that contains awide variety of molecules, an ATPS may nonspecifically concentrate
molecules that have similar physicochemical properties to the target analyte or the
probe. However, through the use of amagnet or external magnetic field, further
concentration and isolation of the target analyte, which isbound to the magnetic
capturing probe, is achieved prior to detection.

[00219] In some embodiments, the device comprises amagnetic material. In some
embodiments, the magnetic material is a source of amagnetic field. In some
embodiments, the magnet comprises a substance selected magnetite, |odestone,
cobalt, nickel, manganese, aluminum, gadolinium, dysprosium, aceramic (eg. ferrite)
and alnico. In some embodiments, the magnet comprises an ore. In some
embodiments, the magnet comprises iron ore. In some embodiments, the magnet
comprises arare-earth magnet. In some embodiments, the rare earth magnet is
selected from a samarium-cobalt magnet and a neodymium-iron-boron magnet (NIB).
In some embodiments, the magnet possesses amagnetic intensity of about 0.1 gauss,
about 0.2 gauss, about 0.3 gauss, about 0.4 gauss, about 0.5 gauss, about 0.6 gauss,
about 0.7 gauss, about 0.8 gauss, about 0.9 gauss or about 1 gauss. In some

embodiments, the magnet possesses amagnetic intensity of about 1 gauss, about 2
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gauss, about 3 gauss, about 4 gauss, about 5 gauss, about 6 gauss, about 7 gauss,
about 8 gauss, about 9 gauss, or about 10 gauss, In some embodiments, the magnet
possesses amagnetic intensity of about 10 gauss, about 20 gauss, about 30 gauss,
about 40 gauss, about 50 gauss, about 60 gauss, about 70 gauss, about 80 gauss, about
90 gauss, about 100 gauss, about 110 gauss, about 120 gauss, about 130 gauss, about
140 gauss, about 150 gauss, about 160 gauss, about 170 gauss, about 180 gauss, about
190 gauss, about 200 gauss, about 250 gauss, about 300 gauss, about 350 gauss, about
400 gauss, about 450 gauss, or about 500 gauss. In some embodiments, the magnet
possesses amagnetic intensity of about 100 gauss.

[00220] In some embodiments, the magnet is configured to accelerate and/or
increase apartitioning of the target analyte into the first phase solution or second
phase solution. In some embodiments, the magnet is configured to accelerate and/or
increase aflow of the target analyte through the LFA. In some embodiments, the
magnet is attachable to and/or detachable from the device. In some embodiments the
magnet is provided in/on the collector.

[00221] In some embodiments, the device is configured to utilize and/or comprises
one or more probes that interact with at least 1target analyte, or at least two different
target analytes, or a least 3 different target analytes, or at least 4 different target
analytes, or a least 5 different target analytes, or at least 7 different target analytes, or
a least 10 different target analytes, or at least 15 different target analytes, or at least
20 different target analytes.

TargetAnalytes/ Samples

[00222] Invarious embodiments, the devices, systems and/or methods described
herein detect and/or quantify one or more target analyte(s). In some embodiments,
the target analyte is selected from aprotein, an antigen, abiomolecule, a sugar
moiety, alipid, anucleic acid, a sterol, asmall organic molecule, and combinations
thereof. In some embodiments, the target analyte is derived from an organism selected
from the group consisting of aplant, an animal, avirus, afungus, aprotozoan, and a
bacterium.

[00223] In some embodiments, the target analyte comprises abiological molecule.
In some embodiments, the biological molecule is selected from the group consisting

of anucleic acid, aprotein, alipid, a small molecule, ametabolite, a sugar, an
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antibody, an antigen, an enzyme, and combinations thereof. In some embodiments,
the sugar is lactose.

[00224] Theterms " protein,” "peptide," and " polypeptide " are used
interchangeably herein. In some embodiments, the protein refers to apolymer of
amino acid residues. In some embodiments, the protein to amino acid polymers in
which one or more amino acid residue is an artificial chemical analogue of a
corresponding naturally occurring amino acid, aswell asto naturally occurring amino
acid polymers.

[00225] Theterms "nucleic acid" or "oligonucleotide” are used interchangeably
herein. In some embodiments, the nucleic acid comprises a least two nucleotides
covalently linked together. In some embodiments, the nucleic acid of the present
invention is single-stranded. In some embodiments, the nucleic acid is double
stranded. In some embodiments, the nucleic acid istriple-stranded. In some
embodiments, the nucleic acid comprises phosphodiester bonds. In some
embodiments, the nucleic acid comprises anucleic acid analog. In some
embodiments, the nucleic acid analog has abackbone, comprising abond other than
and/or in addition to aphosphodiester bond, such as, by non-limiting example,
phosphoramide, phosphorothioate, phosphorodithioate or O-methylphophoroamidite
linkage. In some embodiments, the nucleic acid analog is selected from anucleic acid
analog with a backbone selected from a positive backbone; anon-ionic backbone and
anon-ribose backbone. In some embodiments, the nucleic acid contains one or more
carbocyclic sugars. In some embodiments, the nucleic acid comprises modifications
of its ribose-phosphate backbone. In some embodiments, these modifications are
performed to facilitate the addition of additional moieties such as labels. In some
embodiments, these modifications are performed to increase the stability and half-life
of such molecules in physiological environments.

[00226] In some embodiments, the biological molecule is derived from avirus. In
some embodiments, the biological molecule isavira particle. In some embodiments,
the viral particle is derived from avirus, wherein the virus is selected from the group
consisting of an influenza virus, an immunodeficiency virus, arespiratory virus. In
some embodiments, the virus is selected from an adenovirus, aherpes virus, a
papilloma virus, apox virus, aparvo virus, an astro virus, acalici virus, apicorna
virus, acoronavirus, aflavivirus, atogavirus, ahepevirus, aretrovirus, an

orthomyxovirus, an arenavirus, abunyavirus, afilovirus, aparamyxovirus, a
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rhabdovirus and areovirus. In some embodiments, the virus is selected from a
rotavirus, an orbivirus, acoltivirus, a Marburg virus, arubella virus, aNorwalk virus,
arhinovirus, an Epstein Barr virus, and acytomegalovirus. In some embodiments,
the virus is a smallpox virus. In some embodiments, the virus is a hepatitis virus. In
some embodiments, the virus is arabies virus. In some embodiments, the virusisa
respiratory syncytial virus. In some embodiments, the virus is amumps virus. In some
embodiments, the virus is ameasles virus. In some embodiments, the virus is an
Ebola virus. In some embodiments, the virus is apoliovirus. In some embodiments,
the virus is selected from seasonal HIN1, swine HIN1, H3N2 influenza. In some
embodiments, the virus is abacteriophage. In some embodiments, the bacteriophage
isan M| 3 bacteriophage.

[00227]  In some embodiments, the biological molecule is derived abacterium. In
some embodiments, the biological molecule is abacterium particle. In some
embodiments, the bacterium is of agenus selected from Streptococcus, Chlamydia,
Mycaobacterium, and Neisseria. In some embodiments, the bacterium is Sreptococcus
mutans. In some embodiments, the bacterium is of a genus selected from the group
consisting of Bacillus, Bordetella, Borrelia, Brucella, Campylobacter,
Chlamydophila, Clostridium, Corynebacterium, Enterococcus, Escherichia,
Francisella, Haemophilus, Helicobacter, Legionella, Leptospira, Listeria,
Mycobacterium, Mycoplasma, Neisseria, Pseudomonas, Rickettsia, Salmonella,
Shigella, Saphylococcus, Treponema, Vibrio, and Yersinia. In some embodiments,
the bacterium is Streptococcus pneumoiae. In some embodiments, the bacterium is
Chlamydia trachomatis. In some embodiments, the bacterium isNeisseria
gonorrhoeae. In some embodiments, the bacterium isMycobacterium tuberculosis.
[00228]  In some embodiments, the bacterium is Staphylococcus aureus. In some
embodiments, the bacterium is Staphylococcus saprophyticus. In some embodiments,
the bacterium is Escherichia coli. In some embodiments, the bacterium is Bacillus
anthracis. In some embodiments, the bacterium is Clostridium botulinum. In some
embodiments, the bacterium is Helicobacter pylori.

[00229]  In some embodiments, the bacterium is an oral bacterium. In some
embodiments, the oral bacterium causes a periodontal disease. In some embodiments,
the oral bacterium is selected from Porphyromonas gingivalis, Bacteroides forsythus,

Treponema denticola, Prevotella intermedia, Fusobacterium nucleatum,
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Microaerophile bacteria Actinomyces actinomycetemcomitans, Campylobacter
rectus, Eikenella corrodens and a Eubacterium species.

[00230] In some embodiments, the sample or target analyte is derived from a
protozoan. In some embodiments, the protozoan causes a disease selected from the
group consisting of amoebiases, giardiasis, toxoplasmosis, cryptosporidiosis,
trichomoniasis, chagas disease, leishmaniasis, sleeping sickness, amoebic dysentery,
acanthamoeba keratitis and primary amoebic meningoencephalitis. In some
embodiments, the protozoan is of the genus Plasmodium, known to cause malaria. In
some embodiments, the target analyte is Plasmodium lactate dehydrogenzse (pLDH).
[00231] In some embodiments, the target analyte is afood allergen. In some
embodiments, the food allergen is aplant biomolecule. In some embodiments, the
plant biomolecule is aplant protein. In some embodiments, the plant protein is gluten.
In some embodiments, the food allergen is aplant biomolecule. In some
embodiments, the plant biomolecule is aplant protein. In some embodiments, the
plant protein is gluten. In some embodiments, the food allergen is an animal
biomolecule. In some embodiments, the animal biomolecule is apolysaccharide. In
some embodiments, the polysaccharide is lactose.

[00232] In some embodiments, the target analyte is aprotein. In some
embodiments, the protein ispresent in and/or derived from abiological sample {e.g.
blood, plasma, serum, urine, saliva, tear/eye fluid, bodily fluids collected by swabs).
In some embodiments, the protein is abiomarker. In some embodiments, the protein
isabiomarker of adisease or condition. In some embodiments, the target analyte is
troponin or a fragment thereof. In some embodiments, the target analyte istransferrin
or afragment thereof.

[00233] In some embodiments, the device is configured to detect/quantify multiple
analytes in the sample. In some embodiments, the ATPS concentrates multiple
analytes with similar physicochemical properties. In some embodiments, the LFA is
capable of testing for multiple target analytes. In some embodiments, the LFA
comprises aplurality of test lines. In some embodiments, the LFA comprises afirst
test line with afirst capturing moiety that is specific to afirst target analyte and a
second test line with a second capturing moiety that is specific to a second target
analyte, wherein the first capturing moiety and the second capturing moiety are
different. The device may comprise about 1test line, about 2 test lines, about 3 test
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lines, about 4 test lines, about 5 test lines, about 6 test lines, about 7 test lines, about 8
test lines, about 9test lines or about 10 test lines.

[00234] In some embodiments, the target analyte ispresent in the sample. In some
embodiments, the target analyte is derived from the sample. In some embodiments,
the target analyte isisolated from a sample. In some embodiments, the target analyte
ispurified from a sample.

[00235]  In some embodiments, the sample is selected from the group consisting of:
atissue/fluid from abiological organism; afood sample; achemical sample; adrug
sample; an environmental sample; and combinations thereof.

[00236] In some embodiments, the food sample is selected from anut, adairy
product, awheat product, a soy product, and an egg product. In some embodiments,
the food sample is alegume. In some embodiments, the food product is afruit.
[00237]  In some embodiments, the sample is selected from the group consisting of:
ablood sample, a serum sample, aplasma sample, aurine sample, a saliva sample,
tear/eye fluid sample, a swab sample, and combinations thereof.

[00238] In some embodiments, the sample is derived from source selected from the
group consisting of abacterium, avirus, aprotozoan, an aga, afungus, adrug, a
pathogen, atoxin, an environmental contaminant, and components thereof, and
combinations thereof. In some embodiments, the sample is abiowarfare agent. In
some embodiments, the sample is awater sample. In some embodiments, the water
sample is from awater testing facility. In some embodiments, the water sampleis
from awater purification facility.

[00239] In some embodiments, the sample is derived from abuilding, inanimate
structure or chemical solution. In some embodiments, the sample is derived from a
carpet, apaint, apreserved wood, a deodorant, a cleaning product, a cosmetic product,
an article of clothing, an insect repellant, an air freshener, afloor, awall, aceiling, a

linoleumn, aplastic, an insect spray, and adental gel/paste.

Il. Methods

[00240] Disclosed herein are methods of detecting one or more target anayte(s) in
asample. Methods are also provided for quantifying one or more target analyte(s) in
a sample comprising applying the sample to any one of the devices disclosed herein,
and quantifying the target analyte(s) on the lateral flow assay. Methods are also

provided for concentrating the target analyte in the sample. In various embodiments,
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the methods comprise applying the sample to any one of the devices disclosed herein
and detecting apresence or absence of the target analyte on the lateral flow assay. In
various embodiments, the methods comprise applying the sample to any one of the
devices disclosed herein; and concentrating the target analyte(s) in the aqueous two
phase system and/or on the lateral flow assay. Disclosed herein are methods of
partitioning/separating one or more target analyte(s) in asample. In various
embodiments the methods comprise applying the sample to any one of the devices
disclosed herein, and partitioning/separating the target analyte in the aqueous two
phase system and/or on the lateral flow assay. In some embodiments, the method(s)
comprise applying the sample to the ATPS. In some embodiments, the method(s)
comprise applying the sample to the LFA. In some embodiments, the methods
comprise applying the sample to the LFA, wherein the LFA and the ATPS are
integrated.

[00241]  In some embodiments, the methods comprise applying the sample to the
ATPS. In some embodiments, the methods comprise applying the sample to the LFA,
wherein the ATPS is dehydrated on the LFA.

[00242] In some embodiments, the target analyte concentrates in aphase solution
or interface of the ATPS. In some, embodiments, the methods comprise extracting the
concentrated target analyte from the phase solution or interphase and applying it to
the LFA. In some embodiment, the method comprises contacting the ATPS with a
collector, e.g., as described herein, where the target analyte, probe and/or probe-
analyte complex has an affinity for the collector and interacts with the collector. In
some embodiments, the method comprises detecting the target analyte on the collector
asit isinserted into the detection well (FIG. 11).

[00243]  In some embodiments, the method further comprises extracting the target
analyte from the sample. In some embodiments, extracting the target analyte may
comprise use of an ATPS. In some embodiments, extracting the target analyte may
comprise breaking, dissolving, grinding, blending, mincing, stirring, centrifuging or
cutting the sample. In some embodiments, to test for food allergens from solid food,
the sampleisfirst ground. In some embodiments, the target analyte is extracted from
the ground sample with an extraction buffer. In some embodiments, the ground
sample is mixed with the ATPS solution to extract the target analyte from the sample.
[00244]  In some embodiments, the method further comprises mixing the sample

and/or target analyte with the probe. In some embodiments, the method further
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comprises mixing the sample or target analyte with the probe to produce aprobe-
analyte complex prior to applying the sample and/or target analyte to the ATPS and/or
LFA. In some embodiments, the method further comprises washing the probe-analyte
complex prior to applying the sample and/or target analyte to the ATPS and/or LFA.

1. Uses

[00245]  In some aspects, the methods and devices described herein are used for
detecting atarget analyte in a sample. In some aspects, the methods and devices
described herein are used for quantifying atarget analyte in a sample. In some
aspects, the methods and devices described herein are used for detecting and
guantifying atarget analyte in a sample.

[00246]  In some aspects, the methods described herein comprise diagnosing a
condition or disease. In some embodiments, the method may comprise observing a
result on the LFA of adevice disclosed herein and determining a diagnosis based on
the result. In certain instances the assay result is dispositive of adiagnosis, while in
other contexts, the assay result may be evaluated in the context of a differential
diagnosis. In some embodiments, diagnosing a condition or disease requires
additional testing with additional devices.

Infectious Disease

[00247]  In some embodiments, the condition or disease is an infectious disease. In
some embodiments, the infectious disease is arespiratory infection. In some
embodiments, the infectious disease is an influenza. In some embodiments, the
infectious diseaseis atropical disease.

[00248] In some embodiments, the infectious disease is selected from the common
cold, cervical cancer, herpes, small pox, chicken pox, shingles, hepatitis, rabies,
mumps, and polio. In some embodiments, the infectious disease istuberculosis. In
some embodiments, the infectious disease is Ebola. In some embodiments, the
infectious disease ismalaria. In some embodiments, the infectious disease is measles.
In some embodiments, the infectious disease is pertussis. In some embodiments, the
infectious disease istetanus. In some embodiments, the infectious disease is
meningitis. In some embodiments, the infectious disease is syphilis. In some

embodiments, the infectious disease is hepatitis B.

Sexually Transmitted Disease
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[00249] In some embodiments, the condition or disease is a sexually transmitted
disease. In some embodiments, the sexually transmitted disease is selected from
chlamydia, gonorrhea, herpes (HSV-1, HSV-2), human papilloma virus infection,
syphilis, hepatitis B, hepatitis C, hepatitis A, bacterial vaginosis, crabs, scabies,

trichomoniasis, amebiasis, cryptosporidiosis, giardiasis, candidiasis, and shigellosis.
Periodontal Disease

[00250]  In some embodiments, the condition or disease is aperiodontal disease. In
some embodiments, the periodontal disease is gingivitis. In some embodiments, the
periodontal disease is periodontitis. In some embodiments, the periodontal diseaseis

caused by the presence of the bacteria Sreptococcus mutans in the mouth.

AUergens/Toxins

[00251] In some embodiments, the target analyte isa contaminant in aliquid or
food sample. In some embodiments, the target analyte is an allergen in aliquid or
food sample. In some embodiments, the alergen is selected from a dairy allergy, an
egg allergy, asoy alergy, awheat alergy, ashellfish alergy, and anut alergy. In
some embodiments, the nut allergy isapeanut allergy. In some embodiments, the
condition or disease is an intolerance or sensitivity to afood or food component. In
some embodiments, the condition or disease is an intolerance to gluten.

[00252]  In some embodiments, the target analyte is an environmental toxin. The
environmental toxin is selected from apesticide and an herbicide. In some
embodiments, the environmental toxin is selected from amold and a fungus. In some
embodiments, the environmental toxin is selected from apolychlorinated biphenyl
(PCB) and aphthalate. In some embodiments, the environmental toxin is selected
form avolatile organic compound, a dioxin, an asbestos, a heavy metal, chloroform
and chlorine.

[00253] Various embodiments contemplated herein may include, but need not
be limited to, one or more of the following, and combinations thereof:

[00254] Embodiment 1: A device for the detection and/or quantification of a
target analyte in a sample, the device including: a: alateral flow assay (LFA); and b:
an agueous two-phase system (ATPS), wherein the ATPS includes amixed phase

solution that separates into afirst phase solution and a second phase solution.
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[00255] Embodiment 2: The device of embodiment 1, wherein the separation
of the mixed phase into the first phase solution and the second phase solution occurs
within the LFA.

[00256] Embodiment 3: The device of embodiment 1, wherein the separation
of the mixed phase into the first phase solution and the second phase solution does not
occur within the LFA.

[00257] Embodiment 4: The device of any one of embodiments 1-3, wherein
the target analyte isin contact with the mixed phase solution, and wherein the target
analyte partitions into the first phase solution or the second phase solution.

[00258] Embodiment 5: The device of any one of embodiments 1-3, wherein
the target analyte isin contact with the mixed phase solution, and wherein the target
analyte partitions to an interface of the first phase solution and the second phase
solution.

[00259] Embodiment 6: The device of embodiments 4 or 5, wherein the target
analyte is concentrated upon partitioning.

[00260] Embodiment 7: The device of any one of embodiments 1-6, wherein
the first phase solution includes amicellar solution and the second phase solution
includes apolymer.

[00261] Embodiment 8: The device of any one of embodiments 1-6, wherein
the first phase solution includes amicellar solution and the second phase solution
includes a salt.

[00262] Embodiment 9: The device of embodiment 7 or 8, wherein the
micellar solution includes a surfactant.

[00263] Embodiment 10: The device of embodiment 9, wherein the surfactant
is selected from the group consisting of an ionic surfactant, a surfactant comprising a
zwitter ion, and anon-ionic surfactant.

[00264] Embodiment 11: The device of any one of embodiments 7-10, wherein
the micellar solution includes Triton-X.

[00265] Embodiment 12: The device of any one of embodiments 1-6, wherein
the first phase solution includes afirst polymer and the second phase solution includes
a second polymer.

[00266] Embodiment 13: The device of embodiment 12, wherein the
first/second polymer is selected from polyethylene glycol, polypropylene glycol and

dextran.
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[00267] Embodiment 14: The device of any one of embodiments 1-6, wherein
the first phase solution includes a polymer and the second phase solution includes a
salt.

[00268] Embodiment 15. The device of embodiment 14, wherein the first
phase solution includes polyethylene glycol and the second phase solution includes
potassium phosphate.

[00269] Embodiment 16: The device of any one of embodiments 1-6, wherein
the first phase solution is selected from a Component 1of Table 1 and the second
phase solution is selected from a Component 2 of Table 1.

[00270] Embodiment 17: The device of any one of embodiments 1-16, wherein
the target analyte is selected from the group consisting of aprotein, an antigen, a
biomolecule, asmall organic molecule, asugar moiety, alipid, anucleic acid, a sterol,
and combinations thereof.

[00271] Embodiment 18: The device of embodiment 17, wherein the target
analyte is derived from an organism selected from the group consisting of aplant, an
animal, avirus, aprotozoan, afungus and abacteria.

[00272] Embodiment 19: The device any one of embodiments 1-17, wherein
the device further includes aprobe, wherein the probe interacts with the target
analyte.

[00273] Embodiment 20: The device of embodiment 19, wherein the device
includes one or more probes that interact with at least 1target analyte, or at least two
different target analytes, or at least 3 different target analytes, or at least 4 different
target analytes, or a least 5 different target analytes, or at least 7 different target
analytes, or at least 10 different target analytes, or at least 15 different target analytes,
or a least 20 different target analytes.

[00274] Embodiment 21: The device of embodiment 19 or 20, wherein the
device includes at least two different probes, or at least 3 different probes, or a least 4
different probes, or at least 5 different probes, or at least 7 different probes, or at least
10 different probes, or at least 15 different probes, or at least 20 different probes.
[00275] Embodiment 22: The device of embodiment 19, wherein the probe
includes amaterial selected from the group consisting of a synthetic polymer, ametal,
amineral, aglass, aquartz, aceramic, abiological polymer, aplastic, and

combinations thereof.
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[00276] Embodiment 23: The device of embodiment 19, wherein the probe
includes apolymer selected from the group consisting of polyethylene,
polypropylene, cellulose, chitin, nylon, polyoxymethylene, polytetrafluoroethylene |,
polyvinyl chloride, and combinations thereof.

[00277] Embodiment 24: The device of embodiment 19, wherein the probe
includes abiological polymer selected from the group consisting of dextran,
polypropylene, polyethylene glycol, and combinations thereof.

[00278] Embodiment 25: The device of embodiment 19, wherein the probe
includes ameta selected from the group consisting of gold, silver, platinum, and

combinations thereof.

[00279] Embodiment 26: The device of embodiment 19, wherein the probe
includes ananoparticle.

[00280] Embodiment 27: The device of embodiment 19, wherein the
nanonparticle is a gold nanoparticle.

[00281] Embodiment 28: The device of any one of embodiments 17-27,
wherein the probe includes a coating.

[00282] Embodiment 29: The device of embodiment 28, wherein the coating
includes apolymer selected from polypropylene glycol and polyethylene glycol.
[00283] Embodiment 30: The device of embodiment 28, wherein the coating
includes dextran.

[00284] Embodiment 31: The device of embodiment 28, wherein the coating
includes a hydrophilic protein.

[00285] Embodiment 32: The device of embodiment 28, wherein the coating
includes serum albumin.

[00286] Embodiment 33: The device of any one of embodiments 28-32,
wherein the coating has an affinity for the first phase solution or the second phase
solution.

[00287] Embodiment 34: The device of any one of embodiments 28-33,

wherein the probe further includes abinding moiety that binds the target analyte.
[00288] Embodiment 35: The device of embodiment 34, wherein the binding
moiety is selected from the group consisting of an antibody, alectin, aprotein, a
glycoprotein, anucleic acid, asmall molecule, apolymer, alipid, and combinations

thereof.
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[00289] Embodiment 36: The device of embodiment 34, wherein the binding
moiety is an antibody or antibody fragment.

[00290] Embodiment 37: The device of any one of embodiments 18-35,
wherein the probe includes amagnetic particle.

[00291] Embodiment 38: The device of embodiment 37, further including a
magnet.

[00292] Embodiment 39: The device of embodiment 38, wherein the magnet is

configured to accelerate and/or increase apartitioning of the target analyte into the
first phase solution or second phase solution.

[00293] Embodiment 40: The device of embodiment 38, wherein the magnet is
configured to accelerate and/or increase aflow of the target analyte through the LFA.
[00294] Embodiment 41: The device of any one of embodiments 38-40,
wherein the magnet is attachable to and/or detachable from the device.

[00295] Embodiment 42: The device of any one of embodiments 1-41, wherein
the device further includes a collector configured to be placed in contact with the
ATPS, wherein the target analyte partitions at an interface of the collector and the first
phase solution and/or second phase solution.

[00296] Embodiment 43: The device of embodiment 42, wherein the collector
includes amaterial selected from aplastic, amesoporous material, asilica, a
polypropylene, amagnet, amaterial with apore, amaterial with a groove, and
combinations thereof.

[00297] Embodiment 44: The device of any one of embodiments 19-43,
wherein the probe includes a detectable label.

[00298] Embodiment 45: The device of embodiment 44, wherein the
detectable label is selected from the group consisting of a colorimetric label, a
fluorescent label, an enzymatic label, a colorigenic label, aradioactive label, and
combinations thereof.

[00299] Embodiment 46: The device of any one of embodiments 1-45, wherein
the LFA includes aporous matrix.

[00300] Embodiment 47: The device embodiment 46, wherein the porous
matrix is sufficiently porous to allow the mixed phase solution, first phase solution,
second phase solution, and/or target analyte to flow through the LFA.

[00301] Embodiment 48: The device of embodiments 46 or 47, wherein the

porous matrix is sufficiently long and/or deep enough for the mixed phase solution,
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first phase solution second phase solution and/or target analyte to flow vertically
and/or horizontally through the LFA.

[00302] Embodiment 49: The device of any one of embodiments 46-48,
wherein the first phase solution flows through the porous matrix at afirst rate and the
second phase solution flows through the porous matrix a a second rate, wherein the
first rate and the second rate are different.

[00303] Embodiment 50: The device of any one of embodiments 46-49,
wherein the porous matrix includes amaterial selected from cellulose, afiberglass, a
nitrocellulose, polyvinylidene fluoride, anylon, acharge modified nylon, a
polyethersulfone, and combinations thereof.

[00304] Embodiment 51: The device of any one of embodiments 1-50, wherein
the LFA includes atarget analyte capture moiety, wherein the target analyte capture
moiety interacts with the target analyte.

[00305] Embodiment 52: The device of any one of embodiments 1-51, wherein
the LFA isconfigured to provide a competition assay when used.

[00306] Embodiment 53: The device of any one of embodiments 1-51, wherein
the LFA includes the target analyte.

[00307] Embodiment 54: The device of embodiment 53, wherein the LFA is
configured to provide a sandwich assay when used.

[00308] Embodiment 55: The device of any one of embodiments 18-54,
wherein the LFA includes aprobe capture moiety, wherein the probe capture moiety
interacts with the probe or component thereof.

[00309] Embodiment 56: The device of any one of embodiments 1-55, wherein
a component of the first phase solution and/or a component of the second phase
solution is dehydrated on and/or in the LFA strip, and upon addition of the sample,
the mixed phase solution partitions into the first phase solution and the second phase
solution.

[00310] Embodiment 57: The device of any one of embodiments 1-56, wherein
the LFA includes awell with a sufficient volume to contain a solution selected from
the group consisting of: at least aportion of the ATPS; at least aportion of the first
phase solution; at least aportion of the second phase solution; are-suspended solution
of the target analyte; and combinations thereof.

[00311] Embodiment 58: The device of embodiment 57, wherein the sufficient

volume is about 1 nanoliter to about 5 milliliters.
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[00312] Embodiment 59: The device of embodiment 57, wherein the well is
located a aposition of the LFA selected from a corner, an end, a center, ajunction, an
off-center, and abend.

[00313] Embodiment 60: The device of any one of embodiments 56-58,
wherein the well includes a pad.

[003 14] Embodiment 61: The device of embodiment 60, wherein the pad is
selected from the group consisting of a salt pad, abuffer pad, afilter pad, a surfactant
pad, aprobe pad, apolymer pad, and combinations thereof.

[00315] Embodiment 62: The device of any one of embodiments 1-61, wherein
the LFA is configured according to an architecture selected from an architecture
depicted in FIGS. 16, 20 and 62-70.

[00316] Embodiment 63: The device of any one of embodiments 1-62, wherein
the LFA includes multiple path routes.

[00317] Embodiment 64: The device of any one of embodiments 1-63, wherein
the LFA includes adry receiving paper.

[00318] Embodiment 65: The device of any one of embodiments 1-64, wherein
the device includes arunning buffer.

[00319] Embodiment 66: The device of any one of embodiments 1-65, wherein

the device includes aport for the administration of the sample to the device.

[00320] Embodiment 67: The device of embodiment 66, wherein the port is
connected to the ATPS.
[00321] Embodiment 68: The device of embodiment 66, wherein the ATPS

and the LFA are integrated, and wherein the port is connected to the LFA.

[00322] Embodiment 69: The device of any one of embodiments 66-68,
wherein the port includes a structure selected from the group consisting of atube, a
funnel, avalve, a syringe, a straw, a channel, plunger, apiston, apump, and
combinations thereof.

[00323] Embodiment 70: The device of any one of embodiments 1-69, wherein
the device does not require apower source.

[00324] Embodiment 71: The device of any one of embodiments 1-70, wherein
the ATPS and the LFA are integrated before use of the device.

[00325] Embodiment 72: The device of any one of embodiments 1-70, wherein

the ATPS and the LFA are separate before use of the device.
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[00326] Embodiment 73: The device of embodiment 72, wherein the deviceis
configured to insert the LFA into the ATPS.
[00327] Embodiment 74: The device of embodiment 72 or 73, wherein the

device includes: a: afirst component including a chamber for containing the ATPS;
and b: asecond component that includes the LFA.

[00328] Embodiment 75: The device of any one of embodiments 1-74, wherein
the device includes an actuator that delivers the sample and/or target analyte into the
ATPS.

[00329] Embodiment 76: The device of any one of embodiments 1-75, wherein
the device includes an actuator that delivers a solution to the LFA.

[00330] Embodiment 77: The device of embodiment 76, wherein the solution
is selected from the group consisting of the mixed phase solution, the first phase
solution, the second phase solution, and combinations thereof.

[00331] Embodiment 78: The device of any one of embodiments 1-77, wherein
the ATPS and the LFA are contained in a single housing.

[00332] Embodiment 79: The device of any one of embodiments 1-78, wherein
the device is aportable device.

[00333] Embodiment 80: A method of detecting and/or quantifying atarget
analyte in asample including: a: applying the sample to a device according to any
one of embodiments 1-78; and b: detecting a presence or absence and/or quantifying
the target analyte on the LFA.

[00334] Embodiment 81: The method of embodiment 80, wherein the method
includes applying the sample to the ATPS.

[00335] Embodiment 82: The method of embodiment 80, wherein the method
includes applying the sample to the LFA, wherein the LFA and the ATPS are
integrated.

[00336] Embodiment 83: The method of any one of embodiments 80-82,

wherein the method includes concentrating the target analyte in the ATPS.
[00337] Embodiment 84: The method of any one of embodiments 80-83,
wherein the method includes concentrating the target anayte in the LFA.
[00338] Embodiment 85 The method of any one of embodiments 80-84,
wherein the sample is selected from the group consisting of atissue/fluid from a
biological organism, afood sample, a chemical sample, a drug sample, an

environmental sample, and combinations thereof.
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[00339] Embodiment 86: The method of any one of embodiments 80-85,
wherein the sample is selected from the group consisting of ablood sample, a swab
sample, a serum sample, aplasma sample, aurine sample, a saliva sample, and
combinations thereof.

[00340] Embodiment 87: The method of any one of embodiments 80-86,
wherein the sample is derived from source selected from the group consisting of a
bacterium, avirus, aprotozoan, an alga, afungus, adrug, apathogen, amammal, a
toxin, an environmental contaminant, and components thereof, and combinations
thereof.

[00341] Embodiment 88: The method of any one of embodiments 80-87,
wherein the target analyte includes abiological molecule.

[00342] Embodiment 89: The method of embodiment 88, wherein the
biological molecule is selected from the group consisting of anucleic acid, aprotein,
ametabolite, alipid, asmall molecule, a sugar, an antibody, an antigen, an enzyme,
and combinations thereof.

[00343] Embodiment 90: A paper fluidic device for detection of atarget
analyte in a sample, the paper fluidic device including a porous matrix, wherein the
porous matrix is: a: configured to receive and/or contain an ATPS or components
thereof, and b: configured to and has porosity sufficient to allow the ATPS or
components thereof to flow through the porous matrix when the ATPS or components
thereof are in afluid phase.

[00344] Embodiment 91: The paper fluidic device of embodiment 90, wherein
the device contains the ATPS or components thereof.

[00345] Embodiment 92: The paper fluidic device of embodiments 90 or 91,
wherein the ATPS or components thereof are selected from the group consisting of a
first phase solution, a second phase solution, and amixed phase solution, wherein the
mixed phase solution includes amixture of the first phase solution and the second
phase solution.

[00346] Embodiment 93: The paper fluidic device of embodiments 91 or 92,
wherein the ATPS or a component thereof is dehydrated on and/or in at least afirst
portion of the porous matrix.

[00347] Embodiment 94: The paper fluidic device of embodiment 93, wherein
the first portion of the porous matrix has awidth that is different from a second

portion of the porous matrix.
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[00348] Embodiment 95: The paper fluidic device of embodiment 94, wherein
the device is configured such that application of the sample to the device hydrates the
ATPS, thereby providing ATPS or components thereof in the fluid phase.

[00349] Embodiment 96: The paper fluidic device of any one of embodiments
92-95, further including awell for containing a solution selected from the mixed
phase solution, the first phase solution, the second phase solution, the sample, aprobe,
and combinations thereof.

[00350] Embodiment 97: The paper fluidic device of embodiment 96, wherein
the well includes an actuator for releasing the content of the well into and/or on to the
porous matrix.

[00351] Embodiment 98: The device of embodiments 96 or 97, wherein the
well includes apad.

[00352] Embodiment 99: The device of embodiment 98, wherein the pad is
selected from the group consisting of a salt pad, abuffer pad, afilter pad, a surfactant
pad, aprobe pad, apolymer pad, and combinations thereof.

[00353] Embodiment 100: The paper fluidic device of any one of
embodiments 92-99, wherein when in use the first phase solution and the second
phase solutions flow through the porous matrix at a different rate.

[00354] Embodiment 101: The paper fluidic device of any one of
embodiments 92-100, wherein when in use the first phase solution and the second
phase solutions flow through the porous matrix in a different direction.

[00355] Embodiment 102: The paper fluidic device of any one of
embodiments 92-101, wherein the first phase solution includes amicellar solution and
the second phase solution includes a polymer.

[00356] Embodiment 103: The paper fluidic device of any one of
embodiments 92-101, wherein the first phase solution includes amicellar solution and
the second phase solution includes a salt.

[00357] Embodiment 104: The paper fluidic device of embodiments 102 or
103, wherein the micellar solution includes a surfactant.

[00358] Embodiment 105: The paper fluidic device of embodiment 104,
wherein the surfactant is selected from the group consisting of anon-ionic surfactant,
a surfactant comprising azwitter ion, and an ionic surfactant.

[00359] Embodiment 106: The paper fluidic device of embodiment 105,

wherein the micellar solution includes Triton-X.
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embodiments 93-101, wherein the first phase solution includes apolymer and the

second phase solution includes apolymer.

[00361] Embodiment 108: The paper fluidic device of any one of

embodiments 92- 101, wherein the first phase solution includes apolymer and the

second phase solution includes a salt.

[00362] Embodiment 109: The paper fluidic device of embodiment 108,

wherein the first phase solution includes polyethylene glycol and the second phase

solution includes potassium phosphate.

[00363] Embodiment 110: The paper fluidic device of any one of

embodiments 92-101, wherein the first phase solution is selected from a Component 1

of Table 1and the second phase solution is selected from a Component 2 of Table 1.

[00364] Embodiment 111: The paper fluidic device according to any one of

embodiments 90-1 10, wherein the device is configured according to an architecture

selected from an architecture depicted in FIGS. 16, 20 and 62-70.

[00365] Embodiment 112: The paper fluidic device according to any one of

embodiments 90-1 11, wherein the porous matrix includes afirst path and a second

path.

[00366] Embodiment 113: The paper fluidic device of embodiment 112,

wherein the first phase solution preferentially flows through the first path and the

second phase solution preferentially flows through the second path.

[00367] Embodiment 114: The paper fluidic device of any one of

embodiments 90-1 13, wherein the device includes aprobe that binds the target

analyte to produce aprobe-analyte complex.

[00368] Embodiment 115: The paper fluidic device of any one of

embodiments 90-1 14, wherein the target analyte isbound to aprobe in aprobe-

analyte complex.

[00369] Embodiment 116: The paper fluidic device of embodiments 114 or

115, wherein the probe includes amagnetic particle.

[00370] Embodiment 117: The paper fluidic device of embodiment 116,

wherein the device further includes amagnetic field oriented to attract the magnetic

particle to aportion of the porous matrix, wherein the force of the magnetic field on

the magnetic particle enhances the flow of the probe-analyte complex towards the

portion of the porous matrix.
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[00371] Embodiment 118: The paper fluidic device of any one of
embodiments 114-1 17, wherein the probe includes a polymer selected from the group
consisting of polyethylene, polypropylene, nylon, polyoxymethylene,
polytetrafluoroethylene (TEFLON®), dextran, polyvinyl chloride, and combinations
thereof.

[00372] Embodiment 119: The paper fluidic device of any one of
embodiments 114-1 18, wherein the probe includes abiological polymer selected from
the group consisting of cellulose and chitin.

[00373] Embodiment 120: The paper fluidic device of any one of
embodiments 114-1 19, wherein the probe includes ametal selected from the group
consisting of gold, silver, titanium, stainless steel, aluminum, platinum, and alloys
thereof, and combinations thereof.

[00374] Embodiment 121: The paper fluidic device of any one of
embodiments 114-120, wherein the probe includes a nanoparticle.

[00375] Embodiment 122: The paper fluidic device of embodiment 121,
wherein the nanoparticle is a gold nanoparticle.

[00376] Embodiment 123: The paper fluidic device of any one of
embodiments 114-122, wherein the probe includes a coating.

[00377] Embodiment 124: The paper fluidic device of embodiment 123,
wherein the coating comprises apolymer selected from polypropylene glycol and
polyethylene glycol.

[00378] Embodiment 125: The paper fluidic device of embodiment 123,
wherein the coating includes dextran.

[00379] Embodiment 126: The paper fluidic device of embodiment 123,
wherein the coating includes a hydrophilic protein.

[00380] Embodiment 127: The paper fluidic device of embodiment 123,
wherein the coating includes serum albumin.

[00381] Embodiment 128: The paper fluidic device of any one of
embodiments 123-127, wherein the coating has an affinity for the first phase solution
or the second phase solution.

[00382] Embodiment 129: The paper fluidic device of any one of
embodiments 114-128, wherein the probe includes abinding moiety that binds the
target analyte.
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[00383] Embodiment 130: The paper fluidic device of embodiment 129,
wherein the binding moiety is selected from the group consisting of an antibody, a
lectin, aprotein, ametabolite, a glycoprotein, anucleic acid, a small molecule, a
polymer, and alipid.

[00384] Embodiment 131: The paper fluidic device of embodiment 129,
wherein the binding moiety is an antibody or antibody fragment.

[00385] Embodiment 132: The paper fluidic device of any one of
embodiments 114-131, wherein the probe includes a detectable label.

[00386] Embodiment 133: The paper fluidic device of embodiment 132,
wherein the detectable label is selected from the group consisting of a colorimetric
label, afluorescent label, an enzymatic label, a colorigenic label, aradioactive label,
and combinations thereof.

[00387] Embodiment 134: The paper fluidic device of any one of
embodiments 90-133, wherein the device includes a dry receiving paper, wherein the
first phase solution or the second phase solution preferentially flows through the
porous matrix toward the dry receiving paper.

[00388] Embodiment 135: The paper fluidic device of any one of
embodiments 90-134, wherein the device includes arunning buffer, and wherein first
phase solution and/or the second phase solution flow faster through the porous matrix
upon contact with the running buffer .

[00389] Embodiment 136: The paper fluidic device of any one of
embodiments 90-135, wherein the porous matrix includes amaterial selected from
cellulose, afiberglass, anitrocellulose, polyvinylidene fluoride, anylon, acharge
modified nylon, apolyethersulfone, and combinations thereof.

[00390] Embodiment 137: The paper fluidic device of any one of
embodiments 90-136, wherein the porous matrix includes aprobe capture moiety,
wherein, in use, the probe capture moiety interacts with the probe or component
thereof.

[00391] Embodiment 138: The paper fluidic device of any one of
embodiments 90-137, wherein the porous matrix includes atarget analyte capture
moiety, wherein, in use, the target analyte capture moiety interacts with the target

analyte or component thereof.
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[00392] Embodiment 139: The paper fluidic device of embodiment 138,
wherein the LFA is configured to provide a sandwich assay when the paper fluidic
device isin use.
[00393] Embodiment 140: The paper fluidic device of any one of
embodiments 90-137, wherein the porous matrix includes the target analyte.
[00394] Embodiment 141: The paper fluidic device of embodiment 140,
wherein the LFA is configured to provide a competition assay when the paper fluidic
device isin use.
[00395] Embodiment 142: The paper fluidic device of any one of
embodiments 90-141, wherein the porous matrix is configured to concentrate the
target analyte asthe target anayte flows through the porous matrix.
[00396] Embodiment 143: The paper fluidic device of any one of
embodiments 90-142, wherein the paper fluidic device further includes a control
analyte, wherein a comparison of the control analyte and the target analyte on the
porous matrix provides a quantification of the target analyte.
[00397] Embodiment 144: A method of detecting or quantifying atarget
analyte in asample, the method including: a: applying the sample to the device
according to any one of embodiments 90-143; and b: detecting the presence or
absence and/or quantifying the target analyte.

EXAMPLES

[00398] The following specific and non-limiting examples are to be construed as
merely illustrative, and do not limit the present disclosure in any way whatsoever.

Without further elaboration, it isbelieved that one skilled in the art can, based on the
description herein, utilize the present disclosure to its fullest extent. All publications

cited herein are hereby incorporated by reference in their entirety.

Example 1. ATPS with PEGylated gold nanoprobes to concentrate with a magnet
or solid in the two-phase system

[00399] Two approaches were investigated for integrating the agueous two-phase
system (ATPS) with the lateral-flow immunoassay (LFA) for improving the
sensitivity of LFA. The first approach utilized magnets to collect magnetic
nanoprobes that could capture target proteins from ATPS solutions. The second

approach utilized anewly discovered phenomenon in which the surface chemistry of
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nanoprobes were manipulated so that they could partition to the solid-liquid interface
between the ATPS and a polypropylene surface, allowing for rapid and easy
collection without using syringes or magnets.

[00400] It was speculated that in order to recover the magnetic nanoparticles
efficiently, the size of the magnetic nanoparticles needed to be large enough to be
responsive to the magnetic field. However, if the size of the particle istoo large, the
particles may experience difficulties traveling through the LFA test strip.

[00401] To address this problem, ATPSs in conjunction with gold-coated magnetic
nanoprobes (GMPs) were used to first capture target biomolecules in a sample
solution. To avoid using an expensive and bulky magnet to collect the particles in the
solution or large nanoprobes that could respond to aweaker magnetic field, the ATPS
was used to first passively concentrate GMPs into a small volume in one of the two
bulk phases of ATPS. Subsequently, an inexpensive and portable magnet was used to
rapidly recover the GMPs and the captured biomolecules. Since the gold coating on
the GMPs aso acts as a colorimetric indicator for LFA, the GMPs were directly
applied to the LFA strips.

[00402] In addition to using an ATPS to improve the magnetic extraction of the
GMPs, it was found that the phase separation of the ATPS benefited from the use of
GMPs and magnetic forces. The PEG-salt ATPS phase separated completely in the
order of hours. Although extraction of the concentrated sample can occur before the
system reaches equilibrium since the concentration of the nanoprobes in the bottom,
PEG-poor phase remains constant as aresult of minimal entrainment of the PEG-rich
domains in the macroscopic PEG-poor phase, 30 min were still required to achieve a
sufficient volume of the bottom phase to be extracted for the subsequent LFA.
Alternatively, GMPs in the ATPS partitioned extremely and almost instantly to the
PEG-poor domains as phase separation was triggered. The PEG-poor domains
containing GMPs could find each other and coalesce more easily with the presence of
magnetic forces, possibly due to the GMPs dragging the PEG-poor domains with
them as they responded to the magnetic field. This force, along with the gravitational
force, further facilitated the coalescing of PEG-poor domains, thus leading to an
accelerated phase separation and yielding a sufficient volume of the bottom phase for
extraction within only 10 min.

[00403] Inthis study, GMPs were first prepared that were small enough to travel
through the LFA test strips without flow problems. These GMPs were then used to
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capture amodel protein, transferrin (Tf), in aPEG-salt ATPS solution that yielded a
9:1 (top phase: bottom phase) volume ratio. A small magnet (1/8" diameter x 1/32"
thick) was placed into the solution to accelerate phase separation. The GMPs and the
captured proteins were recovered after 10 min, the small magnet was removed, and
the GMP-Tf complexes were applied directly to LFA for detection.

[00404] While the aforementioned approach effectively concentrated and detected
Tf using the ATPS with magnetic nanoprobes, a small magnet was still required. The
following approach explored the possibility of extracting the target-nanoprobe
complexes without using an external magnetic field, but instead the surface chemistry
of PEGylated gold nanoprobes (PGNPs) was manipulated to partition extremely to a
solid-liquid interface between the ATPS and apolypropylene (PP) surface. This
unique phenomenon was found to be ATPS-specific, asthe PGNPs did not partition to
the solid-liquid interface when agueous solutions comprised of only polymer or salt
were used. Moreover, this phenomenon was also found to be material-specific, asthe
PGNPs would partition extremely to apolypropylene (PP) surface in our ATPS, but
not to a glass surface.

[00405] To facilitate the collection of the target-PGNP complexes at the PP-ATPS
solid-liquid interface, PGNPs decorated with anti-Tf antibodies were added to an
ATPS solution containing Tf, followed by submerging a commercially available PP
straw into the ATPS. The PGNPs first captured the target proteins in the ATPS and
then preferentially partitioned to the PP surface. After 10 min, the PP straw was
removed from the ATPS with asignificant amount of protein-GNP complexes still
adsorbed to the surface. This effectively eliminated the need to manually extract the
concentrated Tf-PGNPs using syringes.

[00406] Inthis study, PGNPs partitioned to the PP-liquid interface in an ATPS.
These PGNPs were then used to capture Tf in a PEG-salt ATPS solution that yielded
a 1:1volume ratio. A PP straw was submerged into the ATPS solution, and the
PGNPs and the captured proteins were recovered after 10 min by pulling the straw
from the solution. The PGNP-Tf complexes on the straw were washed with arunning
buffer and applied directly to LFA for detection. Due to the minimal volume
associated with the PP-ATPS interface and the small volume required to wash the
PGNPs off the straw, the PGNPs were concentrated extremely, and the detection limit
of Tf in LFA was improved by 50-fold.
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[00407] To prepare LFA strips, the LFA test utilizing the competition mechanism
was implemented. In the competition assay, the target of interest isimmobilized on a
nitrocellulose membrane to form the test line. Immobilized secondary antibodies
against the primary antibodies on the nanoprobes (GMPs or PGNPs) make up the
control line. In LFA, when the sample first comes in contact with the nanoprobes, if
the target molecules are present in the sample, they will bind to their specific
antibodies decorated on the nanoprobes. If the target molecules present in the sample
saturate the antibodies on the nanoprobes, these nanoprobes can no longer bind to the
immobilized target molecules on the test strip. As aresult, the nanoprobes do not form
avisua band at the test line, and this indicates a positive result. On the other hand, if
the sample does not contain the target molecules a a concentration that can saturate
the antibodies on the nanoprobes, these antibodies on the nanoprobes can bind to the
immobilized target molecules on the test strip and form avisual band at the test line.
This indicates anegative result. Furthermore, regardless of the presence of the target
molecule in the sample, the antibodies on the nanoprobes will bind to the immobilized
secondary antibodies on the control line, indicating that sufficient sample has wicked
through the test line and reached the control line. The presence of the visible control
line indicates avalid test.

[00408] To prepare GNPs, iron oxide magnet nanoparticles with a diameter of 50
nm were coated with gold. Briefly, iron oxide particles were diluted in 0.01 M sodium
citrate and stirred for 10 min. Subsequently, 4 additions of 1% wi/v gold chloride
solution were applied to the iron oxide nanoparticle solution with stirring in 10 min
intervals. The solution changed from black to maroon after the additions of gold
chloride. The gold-coated magnetic nanoparticles were then recovered using a
magnet.

[00409] The collector was constructed by placing a small Neodymium magnet
(/8" diameter x 1/32" thick, KJ Magnetics, Philadelphia, PA) at the tip of a drinking
straw. The magnet was wrapped by Parafilm to prevent direct contact with GMPs in
solution.

[00410] To seeif the GMPs would partition extremely into the bottom, PEG-poor
phase of the PEG-salt ATPS, 30 pi. of the GMPs were added to a2 mL ATPS
solution that yielded a 9:1volume ratio. To see if the presence of the magnet would

accelerate phase separation, the partitioning experiments were performed with or
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without the magnetic collector. The volume of the bottom phase was measured for
each experiment at 10 min and 30 min.

[00411] It was then tested whether GMPs could be incorporated with ATPS and
LFA. First, 2mL of 9:1 ATPS solutions spiked with various concentrations of Tf
were prepared. 30 uLL of GMPs were applied to each solution, followed by the
addition of the magnetic collector. The solutions were placed in a 25°C water bath and
incubated for 10 min. After the incubation period, the collector was removed from the
solution and transferred to atube that contained 50 pL of running buffer. The small
magnet was removed from the straw and the GMPs collected on the straw were
washed off by shaking the straw in the running buffer for afew seconds. The straw
was then removed and an LFA test strip was dipped into the running buffer containing
the collected GMPs. After 10 min, the test strip was removed from the tube and an
image of the test strip was taken using a Canon EOS 1000D camera (Canon U.SA.,
Inc., Lake Success, NY).

[00412] The naked gold nanoparticles were prepared to generate aclear, cherry-
colored solution with particle sizes around 25-30 nm in diameter. To prepare the
PGNPs, 320 mg of goat anti-Tf antibody was incubated with 20 mL of a colloidal
gold solution for 30 min, followed by the addition of thiolated-PEG2000 using a
molar ratio of 5000: 1 for PEG: NP and an additional incubation of 30 min. To prevent
nonspecific binding of other proteins to the surfaces of the colloidal gold, 2 mL of a
10% bovine serum albumin (BSA) solution was added to the mixture and mixed for
an additional 15 min. The resulting solution was gently mixed on a shaker during the
incubation period. To remove free unbound antibodies, PEG, and BSA, the mixture
was subsequently centrifuged for 30 min at 4°C and 9,000 g. The pellet of PGNPs was
washed with a 1% BSA solution, and this washing step was repeated twice. Finally,
the recovered PGNPs were resuspended in 3mL of a0.1 M sodium borate buffer a
pH 9.0.

[00413] PEG-salt ATPS solutions that yielded a 1:1volume ratio and contained
varying Tf concentrations were first prepared in glass tubes. 5 uL of the GNP solution
were added to the Tf-ATPS solution with afina volume of 1mL. The ATPS
solutions were well mixed, and a PP straw was inserted into each ATPS solution. The
solutions were then incubated for 15 min a 25°C. For each mixture, the PP straw was
removed carefully from the ATPS solution. Assuming that the total volume of the PP-
ATPS interface was approximately 1 L, 49 pi. of test buffer was used to wash
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adsorbed Tf-GNP complexes from the portion of the straw that was immersed in the
ATPS solution to achieve atotal volume of 50 L. Both the inner and outer surfaces
of the straw were washed for atotal of 10 seconds. LFA test strips were then dipped
vertically so that the sample pads came in contact with the mixtures. The strips were
taken out of the mixtures after 10 minutes, and images of the test strips were taken
immediately using a Canon EOS 1000D camera (Canon, U.S.A., Inc., Lake Success,
NY).

[00414] The GMPs developed in this study achieved the following four functions:
(1) capture the target protein in the sample; (2) partition extremely into one of the
bulk phases of an ATPS; (3) be collected by an inexpensive, portable magnet; and (4)
serve directly asthe colorimetric indicator for LFA after being extracted and applied
to the LFA paper strip. Functions (2) and (3) were demonstrated by placing the GMPs
in the PEG-salt ATPS solution. As shown in FIG. 21A, it was observed that the
GMPs partitioned extremely into the bottom, PEG-poor phase due to the repulsive,
steric, excluded-volume interactions that operate between the GMPs and the greater
number of PEG molecules in the PEG-rich phase. This allowed the GMPs to
concentrate into asmall volume, which enabled their collection with amuch smaller
and lighter magnet (FIG. 21B) Moreover, since these GMPs were highly responsive
when they were in close proximity to the magnet, the particles could berapidly
recovered and transferred for subsequent detection (FIG. 21C). Last but not least, by
using this approach, the GMPs could be collected into avery small volume, which
enabled the extreme concentration of the target protein.

[00415] To seeif the GMPs could improve the sensitivity of LFA when used in
conjunction with ATPS, preliminary LFA studies with or without the prior
concentration step were performed (FIG. 22).

[00416] The second approach to integrating ATPSs with LFA was to drive
PEGylated gold nanoprobes (PGNPs) to the solid-liquid interface between the ATPS
and a polypropylene (PP) solid. While similar to the first approach, this approach no
longer required an external magnet. This mechanism requires an ATPS. Asshown in
FIGS. 23A and B, the PGNPs did not partition to the solid-liquid interface when a
PEG-only or salt-only aqueous solution was used. Instead, the PGNPs appeared to be
dispersed evenly throughout each aqueous solution with no preference for the solid-
liquid interface. Since the PGNPs were found to partition to the solid-liquid interface

only in the presence of aphase-separated ATPS, an ATPS with a 1:1 volume ratio
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was used in this study since this ATPS phase separates the fastest when compared to
ATPSs with other volume ratios. FIG. 23C demonstrated the extreme partitioning
behavior of the PGNPs on the PP straw after 10 min. The PP straw also alowed for
the easy extraction of the concentrated target-PGNP complexes. After the straw was
withdrawn, the collected PGNPs were easily washed off using arunning buffer and
applied directly to LFA (FIG. 23D).

[00417] The LFA results are shown in FIG. 24. Each test showed the presence of a
control line, which indicated that the fluid flowed completely through the strip and
confirmed the validity of the test. For the negative control in which Tf was absent, a
test line appeared and therefore indicated atrue negative result. At ahigh Tf
concentration (10 ng"L), atest line did not appear and therefore indicated atrue
positive result. However, a lower Tf concentrations for the case without the prior
concentration step, avisible test line appeared, suggesting that there was an
insufficient amount of Tf in the sample to saturate the antibodies decorated on
PGNPs. Therefore, these tests indicated fal se negative results. The LFA results using
this approach are shown in the upper panel (FIG. 24 top). Since false negative results
appeared a 1ng*L inthe LFA studieswithout prior concentration, this indicated that
the detection limit of LFA for Tf was 10 ng L.

[00418] To improve the performance of LFA, the same amount of PGNPs that
were used for asingle LFA test was placed in an ATPS solution with aTf
concentration of 1ng"L. By increasing the volume of this ATPS solution by 50 times
compared to the volume used in an LFA strip, the PGNPs could interact with 50 times
more Tf and therefore could achieve a higher level of saturation. However, since the
PGNPs were also diluted by 50 times, they needed to be concentrated and collected
prior to detection. By placing a PP straw in the ATPS solution, the PGNPs partitioned
extremely to the surface of the straw. After the ATPS solution was incubated at room
temperature for 10 min, the PP straw was removed from the solution. Unlike other
adsorption phenomena in which the substances on the solid surface are typically not
recoverable, the PGNPs were retrieved easily by rinsing the straw with running
buffer. Thisbuffer containing the PGNPs was then applied to LFA directly. The LFA
results using this approach are shown in the bottom panel (FIG. 24 bottom). Since 0.2
ng"L isthe lowest concentration that demonstrated atrue positive result, the
detection limit of LFA for Tf was improved from 10 ng"L to 0.2 ng"L, a50-fold
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improvement. A portable device would utilize these two approaches and enable a user

to operate the assay with minimal steps (FIG. 25).

Example 2. ATPS and dextran-coated gold nanoparticles

[00419] Traditional citrate-capped, or naked, gold nanoparticles typically do not
aggregate in an agueous solution due to the electrostatic repulsive interactions
resulting from the negative charges of the surface citrate ions. However, they will
aggregate in solutions of higher ionic strength, where van der Waals attractive
interactions become greater than the electrostatic repulsive interactions. Dextran-
coated gold nanoparticles were successfully made by using dextran instead of citrate
as both the reducing and stabilizing agent. The stability of dextran-coated gold
nanoparticles was compared to the traditional citrate-capped gold nanoparticles and
the commonly used PEG-coated gold nanoparticles. The phase separation behavior of
PEG-salt ATPS was optimized to enable rapid extraction of the DGNPs a room
temperature. The partitioning behavior of the DGNPs was subsequently investigated
in the PEG-salt ATPS. Transferrin (Tf), which isacommon serum protein for iron
transport, was chosen as amodel protein biomarker. The detection limit of LFA for Tf
was then determined with and without the pre-concentration ATPS step using
DGNPs. Qualitative results of LFA were interpreted visually, and computer image
analysis was also performed for further quantitative verification of the LFA results.
[00420] Traditional citrate-capped, or naked, gold nanoparticles were prepared.
Briefly, 10 mL of ddH20 was heated to 100°C while stirring. Asthe heated solution
started to boil, 100 uL of a 1% w/v gold(l11) chloride solution was added. The
solution was stirred and boiled for 1 min, after which 25 L of a 6% w/v sodium
citrate solution was added. The solution quickly changed from a dark-purple to a
clear, dark cherry color, after which it was cooled to room temperature and stored at
4°C.

[00421] Before preparing PEG-coated (PEGylated) gold nanoparticles, the
concentration of the previously prepared naked gold nanoparticle solution was
determined. This concentration, which isused to determine the amount of PEG
required for any given PEG:gold nanoparticle molar ratio, was calculated using Beer's
Law, with apath length of 1cm:

[00422]
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c=2=
&l (1)

[00423] where Cisthe concentration of the gold nanoparticles in molarity units, A
isthe peak absorbance value of the gold nanoparticle, € isthe molar extinction
coefficient in M-tcm-?, and listhe path length in cm. To determine the € value, the
diameter of the nanoparticles was first quantified by dynamic light scattering (DLS)
using aZetasizer Nano Z S particle analyzer (Mavern Instruments Inc, Westborough,
Massachusetts). The molar extinction coefficient was then read from a data sheet
provided by BBInternational Life Sciences (Madison, WI), which correlated the €
value with the diameter of the gold nanoparticle. The peak absorbance value of the
gold nanoparticles was then quantified using aUV-visible spectrophotometer
(Thermo Fisher Scientific, Madison, Wisconsin), and the concentration was
determined with Eq. (1).

[00424] Methoxy-polyethylene glycol (PEG)-thiol (MW 5000, Nanocs Inc., New
York, NY) was used to decorate the gold nanoparticle surface with alayer of PEG.
Briefly, 5mL of the naked gold nanoparticle solution was first adjusted to pH 9.0
using a 1N NaOH solution. The methoxy-PEG-thiol was added to the particle
solution a a50,000:1 PEG: nanoparticle molar ratio to ensure that the gold
nanoparticle surface would be thoroughly coated. The mixture was then allowed to
react for 30 min a room temperature to allow the thiol groups on the PEG to form
dative bonds with the gold nanoparticles. Free PEG was removed by centrifugation a
9000 g for 30 min. The resulting PEGylated gold nanoparticles were resuspended in
500 pL of aaH 0.

[00425] Dextran-coated gold nanoparticles were prepared. Briefly, 12 g of dextran
(MW 15,000 - 25,000) was dissolved in 160 mL of UltraPure sterile water (Rockland
Immunochemicals Inc., GilbertsviUe, PA), and the solution was heated to 100°C while
stirring. A sthe heated solution started to boil, 2.16 mL of a 1% w/v gold(I11) chloride
solution was added. The solution was stirred and boiled for 20 min until the color of
the solution turned violet. The solution was then cooled to room temperature and
stored at 4°C. Excess dextran was subsequently removed by centrifugation a 9000 g
for 30 min.

[00426] The naked (i.e., citrate-capped), PEGylated, and dextran-coated gold
nanoparticle solutions were mixed separately with various concentrations of a stock

potassium phosphate solution. The mixed solutions were incubated at room
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temperature for 30 min. The absorbance spectrum of each sample was determined
using aUV-visible spectrophotometer. The critical coagulation concentration (CCC)
was identified asthe salt concentration a which the absorbance spectrum of the GNP
solution near the peak absorbance wavelength decreases significantly in intensity.
[00427] A stock potassium phosphate solution (5:1 dibasic: monobasic) was
prepared in Dulbecco's phosphate-buffered saline (PBS) (Invitrogen, pH 7.4,
containing 1.47 mM KH,PO ,, 8.10 mM Na,HPO ,, 138 mM NaCl, 2.67 mM KC1 and
0.495 mM M(CI.). Subsequently, a stock polyethylene glycol (MW 8000, VWR,
Brisbane, CA) solution was prepared in PBS. Using the stock solutions, a2 mL PEG-
sat ATPS solution in PBS was prepared at specific concentrations of PEG and salt
that yielded a PEG-rich (salt-poor) :PEG-poor (salt-rich) volume ratio of 9:1. This
volume ratio was measured after incubating the ATPS solutions a room temperature
for aminimum of 12 h.

[00428] lodine- 125 (*51) was used to radiolabel the tyrosine residues of the goat
anti-Tf antibody (Bethyl Laboratories, Montgomery, TX). Briefly, Na®*s| (MP
Biomedicals, Irvine, CA) was activated by IODO-BEADS (Pierce Biotechnology,
Rockford, IL). Subsequently, the activated 15| was reacted with goat anti-Tf antibody
for 15 min. The radiolabeled antibodies were purified from free 5| using a Sephadex
G15 size-exclusion column. The specific activity and concentration of the
radiolabeled antibodies was determined by aphosphotungstic acid assay.

[00429]  To prepare the dextran-coated gold nanoprobes (DGNPs), 10 mL of the
previously prepared dextran-coated gold nanoparticle solution was first adjusted to pH
9.0 using 1N NaOH. Subsequently, 80 pg of goat anti-Tf antibody was added to the
dextran-coated gold nanoparticle solution. The mixture was then allowed to react for
30 min a room temperature to allow the antibodies to form dative bonds with the
particles. Free unbound antibodies were removed by centrifugation a 9000 g for 30
min. The recovered DGNPs were further washed with a 1% bovine serum abumin
(BSA) solution so that the BSA could cover any free surfaces on the DGNPs to
prevent nonspecific binding. Excess BSA and additional unbound antibodies were
removed by centrifugation a 9000 g for 30 min. The recovered DGNPs were
resuspended in 1mL of a0.1 M sodium borate buffer (pH 9.0).

[00430]  To study the partitioning behavior of the DGNPs in the PEG-salt ATPS,
the concentration of DGNPs in each phase of the ATPS solution was quantified.
Radiolabeled DGNPs were prepared by conjugating radiolabeled goat anti-Tf
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antibodies onto the dextran-coated gold nanoparticles. For each partitioning
experiment, 200 uL of the radiolabeled DGNP solution was added to three identical
PEG-salt ATPS solutions in PBS, each with afinal volume of 2 mL. The mixtures
were incubated for 30 min, 2 h, 4 h, and 12 h at 25°C. The PEG-rich, salt-poor top
phases and the PEG-poor, salt-rich bottom phases were carefully extracted, and the
volumes of each phase were measured. The amounts of radiolabeled DGNPs in each
phase were quantified by measuring the radioactivity of the radiolabeled antibodies
conjugated to the DGNPs using a Cobra Series Auto-Gamma Counter.

[00431] A competition LFA was utilized in this study, and adetailed schematic can
be found in FIG. 27. First, the Tf proteins were immobilized on anitrocellulose
membrane to form the test line. Secondary anti-IgG antibodies, which can bind to the
primary antibodies on the DGNPs, were also immobilized downstream of the
immobilized Tf proteins to form the control line. If Tf proteins were not present in the
sample solution, then the DGNPs would bind to the Tf printed on the strip, forming a
visible band at the test line. On the other hand, if Tf proteins were present in the
sample, then they would first bind to their specific antibodies on the surfaces of the
DGNPs. If the DGNPs were saturated with Tf proteins, then the DGNPs would
bypass the Tf printed on the strip, resulting in the absence of avisible band at the test
line. Excess DGNPs would still bind to the control line, indicating that the fluid
indeed flowed through the strip and that the result isvalid. In summary, anegative
test was indicated by two visible bands, with one at the test line and one at the control
line, while apositive test was indicated by only one visible band at the control line.
[00432]  LFA without the PEG-salt ATPS pre-concentration step was performed
before combining with the ATPS. In this study, PBS solutions containing varying
concentrations of Tf were prepared, and each Tf concentration was tested in triplicate.
For each LFA strip, 10 uL of the corresponding Tf solution was mixed with 10 pL of
the DGNP solution and 30 uL of the test buffer (0.2% BSA, 0.3% Tween20, 0.2%
sodium azide, 0.1%> polyethylene glycol, 0.1M Trizma base, pH 8), which was used to
assist the flow of the samples through the test strips. LFA test strips were dipped
vertically into each mixture so that the sample pads came in contact with the mixtures.
The strips were taken out of the mixtures after 10 min, and the results were read
visually and quantified ussing MATLAB.

[00433] LFA with the PEG-salt ATPS pre-concentration step was subsequently

performed. In these experiments, ATPS solutions containing varying Tf
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concentrations were first prepared, and each Tf concentration was tested in triplicate.
Since the volume of the bottom phase was approximately 200 pL, 100 uL of the
DGNP solution was added to the Tf/ATPS solution with afinal volume of 2 mL to
achieve asimilar DGNP concentration asthe LFA tests performed without the ATPS
step. The ATPS solutions were well mixed and incubated for 30 min at 25°C. For
each mixture, 20 uL of the PEG-poor bottom phase was extracted and mixed with 30
uL of test buffer to match the volumes used in the study without the ATPS step. LFA
test strips were dipped vertically so that the sample pads came in contact with the
mixtures. The strips were taken out of the mixtures after 10 min, and the results were
read visually and quantified using MATLAB.

[00434] A custom MATLAB script was written to quantitatively analyze the
resulting images. Immediately after the LFA tests were completed, images of the test
strips were taken using a Canon EOS 1000D camera (Canon U.S.A., Inc., Lake
Success, NY). To ensure consistency among the images, the lighting was controlled
and each strip was oriented in the same way. These images were cropped and
converted to an 8-bit grayscale matrix. The intensity was averaged along the axis
perpendicular to the flow and paralléel to the test and control lines, and aone-
dimensional intensity map was generated. The two maxima were identified asthe
control and test lines, and the distance between these two lines was calibrated using
the negative controls (which have strong test and control lines).

[00435] To obtain the test line intensity from the set of sample data, the location of
the control line was identified, and the test line location was determined using the
previously calibrated distance. The test line region was set as a 15 pixel-wide region
centered at this test line location. The baseline for this measurement was then
determined by averaging the signal from two 25 pixel-wide regions located on both
sides of the test line. The first baseline region began 25 pixels upstream of the test line
location and continued 25 pixels upstream, while the other began 25 pixels
downstream of the test line location and continued 25 pixels downstream. The test
line intensity was then calculated asthe area under the curve of the test line region to
capture the effects of all DGNPs that were bound to the test line.

[00436] The critical coagulation constant (CCC) values of the naked, PEGylated,
and dextran-coated gold nanoparticle samples were measured to determine whether
the dextran coating provides the necessary steric stability for the gold nanoparticles in
PEG-salt ATPS solutions. The peak absorbance wavelength for the absorbance
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spectrum of the gold nanoparticles was approximately 535 nm. Therefore, the
absorbance spectrum near 535 nm for each type of gold nanoparticle was observed
across arange of potassium phosphate concentrations, since potassium phosphate is
the salt component of the PEG-salt ATPS. The results are shown in FIG. 28. For each
plot, the peak absorbance value was assigned avalue of 1.0 (or 100% normalized
absorbance), and the remaining absorbance values of that plot were adjusted
accordingly. From these plots, it was determined that the CCC of the naked gold
nanoparticle was between 0.3 and 0.4% w/w potassium phosphate; the CCC of the
PEGylated gold nanoparticle was between 7.5 and 10%> w/w potassium phosphate;
and the CCC of the dextran-coated gold nanoparticle was greater than 30% w/w
potassium phosphate. These results indicated that the dextran-coated gold
nanoparticles were more stable than even the PEGylated gold nanoparticles in
potassium phosphate salt solutions. Moreover, since 30%> w/w potassium phosphate is
greater than the bottom phase potassium phosphate concentration (-10% wi/w), the
dextran-coated gold nanoparticles were expected to remain stable and functional in
our PEG-salt ATPS solution. This was confirmed with their successful use in the
studies described herein.

[00437]  The partitioning behavior of the radiolabeled DGNPs was first observed
visualy in the PEG-salt ATPS solution with a9:1 PEG-rich: PEG-poor volume ratio.
Initially, the PEG-salt ATPS solution containing DGNPs appeared opaque and light
purple (FIG. 29A). A bottom phase that was a dark purple color then appeared,
indicating that the DGNPs partitioned extremely into the PEG-poor bottom phase
(FIG. 29B). Over time, the bottom phase grew in volume as the DGNP-rich, PEG-
poor domains moved to the bottom of the ATPS solution. In contrast, it was found
that the DGNPs displayed minimal partitioning into the top, PEG-rich phase asthe top
phase had very little purple color. After a 12 h equilibrium time, the volumes of the
top and bottom phases no longer changed and the top phase appeared clear,
suggesting that all of the DGNP-rich, PEG-poor domains reached the bottom of the
ATPS solution (FIG. 29C). After approximately 30 min, the color intensity of the
bottom phase did not change over time, suggesting that the DGNP concentration in
the bottom phase remained relatively constant from 30 minto 12 h.

[00438] The partitioning behavior of the radiolabeled DGNPs between the two
phases was then quantified by the partition coefficient (K ,gne) defined below:
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[00439]  where CpoNp, top and CheNp, bottom are the concentrations of DGNPs in
the top and bottom phase, respectively. The K ;Gp value was measured to be 0.00605
+ 0.000 10, which was consistent with the idea that the relatively large DGNPs should
partition extremely into the PEG-poor bottom phase.

[00440] To demonstrate that the DGNPs could be concentrated in the PEG-salt
ATPS in apredictive manner, the concentration factor, or the concentration-fold
improvement of the DGNPs was measured, in the 9:1 PEG-salt ATPS solution. The
concentration factor is defined asthe concentration of DGNP in the bottom phase,

CpGyp, bottom, divided by the initial DGNP concentration, C,Gp, initial.

CoNeentration Factor = Z2o¥Pleston
[0044 1] %, SRFRaial (3

[00442]  An expression for the concentration factor can be derived by beginning
with the mole balance equation for the DGNPs in the ATPS solution:

[00443] CoswrstiaVemar = v evpropViop T ¥, onsyptiom v, @rem

(4)

[00444] where Vtop and Vbottom are the volumes of the top and bottom phases,

respectively. Combining Egs. (2) and (3), and rearranging Eq. (4) yields:

14 ¥ gitong
T Vg
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[00445]
[00446] Since the partition coefficient of the DGNPs ismuch less than

()

Vbottom/Vtop, the concentration factor can be further smplified to:

€&neentr ation Factor = 1 4 2
[00447] Foroshom (6)

[00448] which signifies that the concentration factor is only afunction of the
volume ratio for extreme K ;G values. Hence, with avolume ratio of 9:1, or a
bottom phase volume that is 1/10 the volume of the total solution, a concentration
factor of 10 is expected. Thiswas confirmed by a partitioning experiment for the
DGNPs, in which C,Gp, bottom was measured after a 12 h incubation. However,
sinceit isnot desirable in apoint-of-care application to wait 12 h for the ATPS to
achieve macroscopic phase separation equilibrium and because DGNP concentration

in the bottom phase was independent of time after 30 min, the concentration factor
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was measured at earlier time points. FI1G. 30 showsthat the concentration factor in
the ATPS solution remained relatively constant from 30 min to 12 h. Asresult, the
bottom phase was extracted at 30 min for the LFA applications.

[00449] To demonstrate that the DGNPs can be used as a colorimetric indicator for
LFA, LFA was performed for the detection of Tf without the pre-concentration ATPS
step. The results of this study are shown in FIG. 31A. Since bands were observed on
the LFA strips, it was concluded that the DGNPs were functional as colorimetric
indicators. Each test showed the presence of the control line, which indicated that the
fluid flowed completely through the strip and confirmed the validity of the test. For
the negative control in which no Tf was present, the appearance of the test line
indicated atrue negative result. When high Tf concentrations were used (3.16 ng"L
and 1.0 ng"L), thetest lineswere absent, indicating true positive results. However, at
lower concentrations such as a0.316 ng"L, avisible test line appeared, thus
indicating afalse negative result. This suggested that the detection limit of LFA for Tf
without the pre-concentration step was 1ngL.

[00450] A 9:1PEG-sat volume ratio solution was utilized to demonstrate that the
detection limit of LFA could beimproved 10-fold by concentrating the DGNPs
saturated with Tf. The results of this study are shown in FIG. 31B. After incubating
the ATPS solutions for 30 min a room temperature, the concentrated DGNP in the
PEG-poor bottom phases were extracted and applied to LFA. Similar to the previous
experiment, both the control line and test line appeared in the absence of Tf,
indicating avalid negative result. No test lines appeared at higher Tf concentrations
(0.316 ng/pL and 0.1 ng/pL), while avisible test line first appeared at 0.0316 ng/ L,
indicating that the detection limit of LFA for Tf with the pre-concentration step was
0.1 ng/uL. This corresponded to a 10-fold improvement in the detection limit of LFA
when the DGNPs and PEG-salt ATPS were used.

[00451] To further verify the visual interpretation of the LFA results, images of the
test strips were taken, and the intensities of the test lines were quantified. When the
pre-concentration step was used, the test line signal for each LFA was weaker when
testing the same Tf concentration, indicating that Tf was being concentrated and was
saturating the DGNPs, where saturated DGNPs cannot bind to the test line, indicating
apositive result. Both the control line and test line signal intensities were similar in
the negative controls with or without the combination with ATPS. This indicated that

the amount of DGNPs traveling up the LFA strips in both experiments were similar.
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MATLAB analysis of the LFA panels also demonstrated an improvement in the
detection limit (FIG. 32). Specificaly, the two curves in FIG.32 are separated by a
10-fold difference ininitial Tf concentration for approximately the same test line

signal.

Example 3. Direct addition d a mixed PEG-salt ATPS to theLFA

[00452] Inthis example, sensitivity, speed, and ease-of-use with a next-generation,
all-in-one device possessing both ATPS phase separation and downstream detection
capabilities was optimized. Instead of applying a concentrated sample after phase
separation of the ATPS, direct addition of amixed ATPS to the paper-based device
was enabled. The solution separates into its two phases asit flows towards the
detection zone, allowing for the concentration and detection steps to occur
simultaneously and further reducing the overall time-to-result. It is suggested that the
paper membrane speeds up the macroscopic phase separation of the ATPS. To further
capitalize on this phenomenon, the paper device was expanded verticaly, thereby
increasing the cross-sectional area of flow and exploiting the effects of capillary
action and/or gravity on macroscopic separation. In addition to accelerating phase
separation, this 3-D component also has the ability to process larger, more dilute
volumes of sample, leading to greater concentration-fold improvements. The novel of
ATPS and LFA within a 3-D paper architecture successfully yielded a 10-fold
improvement in the detection limit of the model protein Tf, while reducing the overall
time-to-result and maintaining ease-of-use. This device provides a significant
improvement over traditional LFA tests and can be modified for the detection of a
variety of diseases with low characteristic biomarker levels. This new platform
technology ishighly sensitive, low-cost, rapid, equipment-free, and therefore has the
potential to revolutionize the current state of diagnostic healthcare within resource-
poor regions.

[00453] Determining the Polymer-Salt ATPS Solution Volume Ratios

[00454]  All materials, chemicals, and reagents were purchased from Sigma-Aldrich
(St. Louis, MO) unless otherwise noted. Polyethylene glycol 8000 (PEG, VWR,
Brisbane, CA) and potassium phosphate salt (5:1 dibasic to monobasic ratio) were
dissolved in Dulbecco's phosphate-buffered saline (PBS; Invitrogen, Grand Island,
NY, pH 7.4, containing 1.47 mM KH,P0 ,, 8.1 mM NaHPO0 ,, 137.92 mM NaCl, 2.67
mM KC1, and 0.49 mM MgCl ). The equilibrium volume ratios (volume of the top
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phase divided by the volume of the bottom phase) were obtained by varying the w/w
compositions of PEG and salt along the sametie line. The 1:1 and 9:1 volume ratio
ATPSs were found and used for further experiments.

[00455]  Preparation of Antibody-Decorated Dextran-Coated Gold Nanoprobes
(DGNPs)

[00456] Dextran-coated gold nanoparticles were synthesized. Briefly, 6 g of
dextran (Mw. 15,000 - 25,000) from Leuconostoc spp. were dissolved in 80 mL of
filtered UltraPure sterile water (Rockland Immunochemicals Inc., Gilbertsville, PA).
The solution was stirred and heated to aboil, after which 1080 uL of a 1% w/v gold
(111) chloride hydrate solution were added. The color of the reaction mixture turned
reddish-violet and was stirred and boiled for about 20 min. The newly formed
dextran-coated gold nanoparticles were centrifuged to remove free dextran and
resuspended in 70 mL of water. To form functionalized DGNPs, the pH of the
dextran-coated gold nanoparticle solution was adjusted to 9.0 using 1.5 M NaOH. For
every 1mL of dextran-coated gold nanoparticle solution, 8 ug of anti-Tf antibodies
(Bethyl Laboratories, Montgomery, TX) were added. The reaction mixture was placed
on ashaker for 30 min to facilitate the formation of dative bonds between the
antibodies and the dextran-coated gold nanoparticles. Free antibodies were removed
by centrifugation. The pellet was resuspended in 100 puL of 0.1 M sodium borate
buffer a pH 9.0.

[00457] Visuadlization of ATPS

[00458] In order to visualize the two phases of the ATPS, dextran-coated gold
nanoparticles, which are purple due to surface plasmon resonance, and Brilliant Blue
FCF dye (The Kroger Co., Cincinnati, OH) were added to 3 g total PBS solutions
containing the previously determined concentrations of PEG and salt for the 1:1 and
9:1 volume ratios. These solutions were well-mixed through vortexing and incubated
a 25 °C. Pictures of the solutions were taken when the ATPS reached equilibrium.
All images were captured using a Canon EOS 1000D camera (Canon U.SA., Inc.,
Lake Success, NY).

[00459] Thetwo phases of the ATPS were then visualized asthey flowed along a
paper membrane. Two 8 x 30 mm strips of fiberglass paper were laser cut with a
VersaLASER 3.50 (Universal Laser Systems, Scottsdale, AZ). Subsequently, 50 mg
of the mixed ATPS (corresponding to the 1:1 or 9:1 equilibrium volume ratio)

containing Brilliant Blue FCF dye and dextran-coated gold nanoparticles were added
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drop-wise to one end of the strips using apipette. Images of the resulting flow were
captured at 0, 30, 105, and 300 sec. Video was also taken with a 8-megapixel camera
from a commercial smart phone (Apple Inc., Cupertino, CA).

[00460] To visualize the phase separation of the ATPS within the 3-D paper well,
140 mg of amixed ATPS containing Brilliant Blue FCF dye and dextran-coated gold
nanoparticles were added to the paper well. The 3-D paper well was formed by
stacking nine 8 x 10 mm laser-cut strips of fiberglass paper on one edge of an 8 x 60
mm laser-cut strip of fiberglass. After the mixed ATPS was applied to the 3-D paper
well, 50 pL of running buffer (0.2% bovine serum albumin (BSA), 0.3% Tween20,
0.1M Trizma base, pH 8) were added to the 3-D paper well. A running buffer was
added to assist the flow of the sample from the paper well to the rest of the device.
Video was taken and images were captured at 0 and 30 sec, a the addition of running
buffer, and after completion of flow.

[00461] Detection of Tf

[00462] LFA Tests for Detection of Tf

[00463] LFA test strips utilizing the competition assay format were assembled.
Briefly, DGNPs decorated with anti-Tf antibodies were first added to the sample
solution, and allowed to bind any Tf present in the sample to form DGNP/Tf
complexes. To verify the detection limit of Tf with LFA, 30 pi. of running buffer and
20 uL of sample solution, which consists of 15 pi. of a known amount of Tf in PBS
and 5 uL of the DGNPs, were mixed in atest tube. The LFA test strip was inserted
vertically into the tube with the sample pad submerged in the sample, and the fluid
wicked through the strip towards the absorbance pad. If Tf ispresent, the DGNP/Tf
complexes moving through the LFA strip cannot bind to the Tf immobilized on the
test line, indicating apositive result with the presence of a single band at the control
line. Alternatively, if Tf isnot present, antibodies on DGNPs can bind to Tf on the
test line. Since these probes exhibit a purplish red color, avisua band forms asthe
DGNPs accumulate at the test line, indicating anegative result. Regardless of the
presence of Tf, the antibodies on DGNP will always bind to the secondary antibodies
immobilized on the control line. A band a the control line signifies that the sample
flowed completely through the strip, indicating avalid test. Therefore, anegative
result isindicated by two bands: one at the test line and one at the control line. In

contrast, apositive result isindicated by asingle band at the control line. Each Tf
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concentration was tested in triplicate. The representative LFA strips were imaged by a
Canon EOS 1000D camera in a controlled lighting environment after 10 min.

[00464] Detection of Tf with the 3-D Paper Well

[00465] The LFA component of the paper-based device was slightly modified from
the aforementioned setup. Specificaly, the cellulose sample pad was replaced with a5
x 20 mm fiberglass paper, which connected anitrocellulose membrane containing the
test and control lines. At the beginning of the sample pad, a 3-D paper well composed
of multiple strips of fiberglass paper was used. For experiments using the 1:1 volume
ratio ATPS, the well was composed of five (four 5x 7 mm strips plus the bottom
sample pad) layers of fiberglass paper. To start the test, 40 uL of the mixed 1:1
volume ratio ATPS containing aknown concentration of Tf were added to the paper
well, followed by the addition of 50 uL of running buffer. Images were captured after
10 min. For experiments using the 9:1 volume ratio ATPS, 20 layers of paper
(nineteen 5 x 7 mm strips plus the bottom sample pad) were used to form the paper
well. 200 uL of the mixed 9:1 volume ratio ATPS containing aknown concentration
of Tf were added to the paper well, and alowed to incubate for 10 min, followed by
the addition of 100 pi. of running buffer. After another 10 min, images were captured
by a Canon EOS 1000D camerain a controlled lighting environment. Each Tf
concentration was tested in triplicate.

Visualization of ATPS

[00466] Theintegration of ATPS with LFA could significantly improve the
detection limit of atraditional LFA test without sacrificing its advantages. To achieve
this, it was first necessary to identify an ATPS whose phases could bevisualized as it
flowed through the paper membrane. Specifically, aPEG-salt ATPS was used, which
forms amore hydrophobic, PEG-rich phase on top and amore dense and hydrophilic,
PEG-poor phase on bottom. Biomolecule partitioning in the ATPS is primarily
dictated by relative hydrophilicity (since biomolecules tend to prefer the phase in
which they experience the greatest attractive interactions) and size (since large
biomolecules typically do not remain in the PEG-rich phase due to experiencing
greater steric excluded-volume repulsive interactions with the greater number of PEG
molecules in the PEG-rich phase). Brilliant Blue FCF dye was added to the mixed
ATPS, and because it is small and hydrophobic, the dye partitioned extremely into the
PEG-rich phase. Purple dextran-coated gold nanoparticles were also added to the
mixed ATPS, and partitioned extremely into the PEG-poor phase because they are
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large (~50 nm diameter as measured by dynamic light scattering) and hydrophilic.
Images of a 1:1 volume ratio ATPS and of a9:1volume ratio ATPS were taken
before and after phase separation (FIG. 33). The amounts of Brilliant Blue FCF and
dextran-coated gold nanoparticles were held constant between the 1:1 and the 9:1
volume ratio ATPSs. Asaresult, after phase separation, the top phase of the 9:1
volume ratio ATPS was greater in volume and therefore less concentrated with blue
dye compared to the top phase of the 1:1 volume ratio ATPS. Additionally, the
bottom phase of the 9:1 volume ratio ATPS was much smaller in volume and
displayed a darker shade of purple than that of the 1:1 volume ratio ATPS,
demonstrating that shrinking the bottom phase can effectively concentrate the
dextran-coated gold nanoparticles within the ATPS. It was expected that the 9:1
volume ratio ATPS sample would concentrate the nanoparticles by 10-fold since the
volume of the bottom phase becomes 1/10 the volume of the total sample solution.
Note that, asthe volume ratios become more extreme, greater concentration-fold
improvements are attainable but the system also requires more time to separate.
[00467] Visualization of ATPS in Paper

[00468] After adding amixed ATPS onto the paper membrane, the PEG-poor
phase containing the purple dextran-coated gold nanoparticles was observed to flow
quickly through the paper. Meanwhile, the PEG-rich phase containing the blue dye
was retained at the beginning of the paper membrane (FIG. 34). This result was
similar to a case in which both phases of the ATPS were alowed to fully separate
inside a glass well before flow through the paper was triggered (FIG. 80). The
enhanced phase separation occurring within the paper membrane was apparent when
using the 1:1volume ratio ATPS (FIG. 34A), and the 1:1volume ratio ATPS phase
separated amost immediately within the paper. Asshown in FIG. 33, the fold-
concentration of the purple dextran-coated gold nanoparticles achieved using the
ATPS isafunction of the volume ratio. Specifically, since the particles partition
extremely to the PEG-poor phase, a 1:1volume ratio should yield a 2-fold
concentration of the particles asthey are flowing in half of the initial volume asthe
leading front of the flow. One possible explanation of the phase separation behavior in
paper membranes isthat the PEG-rich domains experience more interactions with the
paper, making them less mobile. Furthermore, the PEG-rich domains are also more
viscous and thus may experience greater difficulty traveling through the tortuous

paper network. In contrast, the PEG-poor domains interact less with the paper and are
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less viscous, allowing them to travel quickly through the paper network and coalesce
a the leading front. For the 9:1 volume ratio ATPS, the PEG-poor domains comprised
only one-tenth of the total volume, making it more difficult for them to coalesce and
flow ahead of the PEG-rich domains. Specifically, the time required for macroscopic
phase separation to occur in paper was longer than the time it took for the fluid to
wick the paper, and a good separation was not observed (FIG. 34B).

[00469] When using both the 1:1 and 9:1 volume ratio ATPSs, it was also observed
that some PEG-poor domains did not make it to the leading front of flow. This
indicated that not all of the PEG-poor domains were able to escape from the PEG-rich
domains and explained why the equilibrium volume ratio measured in the test tube
did not match the wicking distance ratio on the paper membrane. In order to improve
LFA, most of the PEG-poor domains needed to reach the macroscopic PEG-poor
phase and separate from the macroscopic PEG-rich phase before reaching the
detection zone. Therefore, an additional component was required to further improve
the phase separation phenomenon.

[00470] Visualization of ATPS in the 3-D Paper Well Device

[00471] A paper well that takes advantage of 3-D paper architectures was designed
to further enhance the phase separation behavior. Using a 3-D paper well allows
gravitational forces, which normally drive phase separation in test tubes, to also aid in
ATPS phase separation within the paper. The 3-D paper architecture also increases
the cross-sectional areanormal to the direction of flow. More volume can therefore
wick through the paper a the same time, allowing more PEG-rich domains to be held
back by their interactions with the paper and the PEG-poor domains to coal esce more
easily. Asshown in FIG. 35, the 3-D paper well contributed to greater phase
separation efficiency over the 2-D paper membrane shown previously. The PEG-rich
domains were retained in the top layers of the paper well while the PEG-poor domains
containing the concentrated dextran-coated gold nanoparticles flowed towards the
bottom layers of the paper well. Additionally, the PEG-poor domains were the first to
leave the paper well and were effectively separated from the PEG-rich domains. A
running buffer was also added to further drive fluid flow and to help flush any
remaining PEG-poor domains through the paper well, and it is envisioned that this
addition can be automated in the future. Note that flow was slower when using the 9:1
volume ratio ATPS (the solution does not reach the end of the strip after 390 sec)

since there was a greater volume of the more viscous PEG-rich phase.
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[00472] Detection of Tf Using the 3-D Paper Well Device

[00473]  After visualizing the improved ATPS phase separation and flow behavior
within the 3-D paper well device, it was questioned whether LFA could be combined
with this technology to improve the detection limit. The Brilliant Blue FCF dye was
no longer used, and functionalized anti-Tf DGNPs were used in place of the dextran-
coated gold nanoparticles. The DGNPs partition similarly to the dextran-coated gold
nanoparticles in the ATPS, but can also capture target biomarkers in the sample and
act asthe colorimetric indicator for LFA.

[00474]  The detection limit for the LFA only control that did not incorporate the
ATPS and 3-D paper well device was identified. To improve the detection limit of
LFA relative to the control in the competition format, the antibodies decorated on the
DGNPs need to be bound to more Tf. This can be achieved by exposing the same
number of DGNPs to a greater number of Tf molecules, and for a fixed concentration
of Tf, the total volume of the solution would need to be increased. Although the
DGNPs can be saturated with the increase in total volume, they are diluted by the
fold-increase in volume. Since each of the LFA strips could handle only 20 uL of
sample, due to diluting the DGNPs, an invalid test would result as not enough DGNPs
would be bound to the control line. However, when using the ATPS and 3-D paper
well device, the DGNPs saturated with Tf molecules partitioned extremely into the
PEG-poor phase and could therefore be concentrated in the leading front of the flow
on the paper, so that avalid test would result. Accordingly, the sample volume was
increased 2-fold to 40 uL. when using the 1:1volume ratio ATPS that was expected to
concentrate the DGNPs by 2-fold, leading to the same number of DGNPs entering the
detection zone when compared to the control. Similarly, the sample volume was
increased 10-fold to 200 uL when using the 9:1volume ratio ATPS that was expected
to concentrate the DGNPs by 10-fold. Since only the bottom phases of the 1:1 and 9:1
volume ratio ATPSs containing the DGNPs should pass through the detection zone,
the device's volume processing capacity was fine-tuned by varying the number of
layers comprising the 3-D paper well. To accommodate this increase in sample
volume, the 3-D paper well used for the detection of Tf within a 1:1volume ratio
ATPS solution was composed of 5 layers of paper, while that for the 9:1 volume ratio
ATPS solution was increased to 20 layers of paper (FIGS. 36B&C) to accommodate
the increased volume. Despite the significant increase in the number of layers, the 3-D
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paper well for the 9:1 volume ratio ATPS still remained relatively small in
comparison to adime.

[00475]  When the ATPS solution containing DGNPs was added to the paper well,
the DGNPs concentrated rapidly to the leading front of the solution as they wicked
through the device. The DGNPs reached the detection region of the device before the
remainder of the solution that was retained in the paper well. For the competition
assay, the presence of the test line indicates anegative result, whereas the absence of
the test line indicates a positive result. When using the negative control which does
not contain the model protein Tf, in less than 25 min, both setups using the 1:1 and
9:1 volume ratio ATPSs rendered avisible band at both the test and control lines,
respectively, indicating the absence of Tf and avalid test (FIG. 36). After verifying
that the 3-D paper well can be combined with LFA to accurately assess the absence of
Tf in negative control ATPS samples, the Tf concentrations were varied to find the
detection limits when using the 1:1 and 9:1 volume ratio ATPS solutions. These
experiments demonstrated 2-fold and 10-fold improvements in the detection limit of
Tf over conventional LFA, respectively (FIG. 37). For the 9:1 volume ratio ATPS
experiments with the 3-D paper well, the sample was allowed to incubate within the
device for an additional 10 min to allow ample time for the DGNPs to capture the
target protein and phase separate macroscopically before addition of the running
buffer. This incubation period was not required for the 1:1volumeratio ATPS
because the DGNPs were more concentrated in the mixed ATPS, making it easier for
the DGNPs to probe the entire solution. The results of these experiments showed that,
while conventional LFA detected Tf & concentrations of 1ng*L (concentration a
which no test line appears), this 3-D paper-based diagnostic device was capable of
detecting Tf a 0.5 ng"L (2-fold improvement in the detection limit) when the 1:1
volume ratio ATPS was used. Similarly, the 3-D paper-based diagnostic device was
capable of detecting Tf a 0.1 ng"L (10-fold improvement in the detection limit)
when the 9:1 volume ratio ATPS was used. These results suggest that an ATPS
solution with the desired volume ratio can be combined with an appropriately sized 3-
D paper well to significantly and predictably improve the biomarker detection using
LFA.

Example 4. Detection d M| 3 Bacteriophagein a PEG-salt ATPS
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[00476] In order to increase the viability of combining ATPS with LFA in apoint-
of need (PON) setting, the following modifications to the system were made: (1)
investigated a polyethylene glycol (PEG) and potassium phosphate (salt) ATPS with a
shorter phase separation time, (2) examined the kinetic behavior of biomolecule
partitioning which allowed asignificant further reduction in extraction time, (3)
ensured compatibility between the gold nanoprobe indicator used for LFA with the
salt-rich phase of the PEG-salt ATPS by decorating PEG on the gold surface, and (4)
generated a custom MATLAB script to quantify the observed LFA signal intensities.
A visual representation summarizing these changes is shown in FIG. 38.

[00477]  Culturing Bacteriophage M 13

[00478] Escherichia coli (E. coli) bacteria, strain ER2738 (American Type Culture
Collection, ATCC, Manassas, VA), were incubated in 8 mL of Luria broth (Sigma
Aldrich, St. Louis, MO) a 37°C in an incubator shaker for 6 h. To culture model virus
bacteriophage M 13 (ATCC), asmall amount of frozen M | 3 was added to the bacterial
culture. The bacteria culture was then placed in an incubator shaker a 37°C for 14 h.
The solution was centrifuged at 4°C and 6000 g for 15 min to isolate the M| 3 in the
supernatant from the bacteria in the pellet. The supernatant was extracted from the
solution and filtered through a 0.22 un syringe filter (Millipore, Billerica, MA).
Dilutions of this stock M13 solution were calculated using the concentration of M |3
as determined by the plaque assay, and therefore, the M| 3 concentrations are reported
in plague-forming units per mL (pfu/mL). All reagents and materials were purchased
from Sigma-Aldrich (St. Louis, MO) unless otherwise noted.

[00479] Finding Volume Ratios for the PEG-Salt System

[00480]  For the polymer-salt ATPS, polyethylene glycol 8000 (PEG, VWR,
Brisbane, CA) and potassium phosphate (5:1 dibasic: monobasic) were dissolved in
Dulbecco's PBS (Invitrogen, Grand Island, NY, pH 7.4, containing 1.47 mM

KH,P0 ,, 81 mM NaHPO0 ,, 137.92 mM NaCl, 2.67 mM KC1, and 0.49 mM MgCl ).
The final solutions were made with atotal mass of 5 g containing 2% (w/w) Luria
broth to be consistent with the experiments involving M13 samples which contain
Luria broth. Equilibrium volume ratios (the volume of the macroscopic top phase
divided by the macroscopic bottom phase) were measured after aminimum of 12 h
(well past equilibrium) by marking the outside of the tube at the interface and the top
of the solution. Tubes were then emptied, dried, and weighed on a scale. Water was

added up to the marks, and the volumes of both phases were determined using 1 g/mL
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asthe density of water. The different equilibrium volume ratios were found by
varying the initial PEG concentration, initial salt concentration, and holding the
temperature constant at 37°C. It should be noted that these volume ratios were
selected on the same tie-line to ensure similar partitioning of the biomolecule, and the
specific operating conditions that were used are listed in Table 2.

Table2. Tested ratios of PEG-salt ATPS

Volume Ratio PEG-8000 (% w/w) Potassium Phosphate™ (% w/w)
9:1 21.6% 3.83%
6:1 20.6% 4.19%
3:1 18.1% 5.18%
1:1 12.2% 7.50%

[00481] Partitioning and Concentrating M 13

[00482] For each concentration experiment, 4 identical 5 g PEG-salt solutions were
prepared. Of these solutions, 3 were used for the concentration step (n=3), while 1
was used as a control to represent the initial M | 3 concentration. To ensure each
solution was in one phase prior to phase separation, all solutions were equilibrated at
4°C and mixed to homogeneity. M | 3 was then added to the 4 solutions to yield an
overal initial concentration of Ixl 08 pfu/mL. To determine how M 13 concentration
varies with time, 9:1 volume ratio solutions were incubated in a 37°C water bath for
30 min, 1h,4h, and 24 h. To determine how M13 concentration varies with volume
ratio, the 9:1, 6:1, 3:1, and 1:1volume ratio solutions were incubated in a37°C water
bath for 30 min. In each experiment, the bottom phase of 3 of the solutions was
carefully withdrawn using a syringe. The control solution underwent the same
incubation step to mimic the same conditions as the test solutions. However, after the
incubation, the control was once again equilibrated to 4°C and mixed to homogeneity
before withdrawing an aliquot to represent the initial concentration of M 13 in the
ATPS. The M| 3 concentrations of the extracted bottom phases and the control
solution were determined by the plague assay.

[00483] Preparing Gold Nanoprobes

[00484] Colloida gold nanoparticles were prepared. The diameters of the gold
nanoparticles were then determined using dynamic light scattering (DLS) with a
Zetasizer Nano SZ particle analyzer (Malvern Instruments Inc., Westborough, MA).
Subsequently, the concentration of gold nanoparticles was determined using Beer's

Law. The absorbance values used were a the peak absorbance, and the molar
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extinction coefficients were taken from a data sheet provided by BBInternational Life
Sciences (see Table 3).

Table 3. Gold Nanoparticle Properties

d (nm) g(M'cm ) d (nm) (M 'cm)
20 9.406E8 26 2.236E9
21 1.105E9 27 2.532E9
22 1.288E9 28 2.855E9
23 1.492E9 29 3.206E9
24 1.717E9 30 3.585E9
25 1.964E9

[00485] Following the quantification of the gold nanoparticles, mouse monoclonal
antibodies against M13's coat protein pVIII (Abeam Inc., Cambridge, MA) were
added to the nanoparticle solution at aratio of 16 ug of anti-M13 per 1 mL of
colloidal gold to form the gold nanoprobes. The pH of the solution was adjusted to 9.0
using 0.1 M NaOH to promote dative bonds between the antibodies and the gold, and
this solution was mixed on a shaker for 30 min. To provide steric colloidal
stabilization when adding gold nanoprobes to the PEG-poor, salt-rich phase prior to
LFA, PEG-2000-SH (Nanocs, Boston, MA) molecules were bound to the gold
nanoprobes at amolar ratio of 5000 PEG-2000-SH molecules to 1 gold nanoprobe.
The solution was mixed for an additional 30 min. To prevent nonspecific binding, 100
ui_ of a 10% bovine serum albumin (BSA) solution was added to 1 mL of the
colloidal gold solution to block remaining excess surfaces, and this solution was
mixed for 30 min. Finally, the solution was centrifuged at 4°C and 8600 g for 30 min
to remove free antibody, PEG, and BSA. The decorated gold nanoprobes were
resuspended in 150 uL. of 0.1 M sodium borate buffer at pH 9.0.

[00486] Combining ATPS with LFA

[00487] To combinethe ATPS pre-concentration step with LFA, varying M13
concentrations were added to the 9:1 volume ratio PEG-salt solution. After a30 min
incubation at 37°C, the concentrated bottom phase was extracted using a syringe. For
consistency between immunoassays performed with and without the pre-concentration
step, M| 3was added to abottom phase sample of a9:1 solution that initially did not
contain M1 3, thus forming the control solutions. Subsequently, 30 pi. of the bottom
phase samples and 10 pL of the anti-M 13 decorated colloidal gold probe solution
were mixed together with 30 uL of running buffer. The running buffer solution, which

aids the flow of samples through the test strips, consisted of 0.29%> w/v BSA, 0.3%> w/v
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Tween 2, 020 W/V sodium azide, 0.1% PEG-8000, and 0.1 M Trizma base in
ddH,o with the pH adjusted to s. To alow antibodies to bind to M| 3, the resulting
solutions were mixed and incubated for s min before adding the LFA strip. The LFA
strips were assembled to implement the sandwich assay, as shown schematically in
FIG. 39. After 10 min, the LFA strips were removed and results were obtained by
visually examining the test and control lines on the LFA strip.

[00488] Analyzing LFA Quantitatively

[00489] Pictures of the LFA strips were taken immediately after the tests were
complete with a Canon DSLR camera in acontrolled lighting environment. To
quantify the LFA results, a custom MATLAB script was written. Cropped images
were converted to g-bit grayscale matrices. Subsequently, the matrix was split in half,
with one resulting matrix containing the control line and the other containing the test
line. For each half matrix, the minimum intensity (darkest spot) was located along
vectors perpendicular to the control or test line. The mean location of these minima
was used asthe center of a 15 pixel-high rectangular region, spanning the length of
the control or the test line. Subsequently, the mean grayscale intensity of all pixelsin
the control lineregion (1, tro)) was calculated. The same procedure was applied to the
remaining half of the image containing the test line, yielding the mean grayscale
intensity of the test line region (1,.st). The mean grayscale intensity of athird reference
region (I, ference), 15 pixels wide and so pixels upstream of the test line, was used to

normalize the intensities of the test and control lines as follows:
[00490] Sl‘gnalcomd = [reference ' [comrol (7)

[oo49 1] for the control line, and

[00492] Signaly =1 -l 8)

[00493] for the test line. Note that high values of intensity correspond to white
regions.

[00494] Biomolecule Partitioning

[00495] The Triton X-I 14 micellar ATPS can be combined with LFA to achieve a

10-fold improvement in the LFA viral detection limit. The Triton X-l 14 micellar
system takes more than ¢ h for the volumes of both phases to equilibrate. In contrast,
the polymer-salt ATPS in this study has more rapid phase separation. In addition, an

early extraction time of 30 min for the 9:1 volume ratio was used.
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[00496] An agueous solution composed of salt and PEG, which is apolymer that
significantly participates in hydrogen bonding interactions, will undergo macroscopic
phase separation. A PEG-rich, salt-poor phase will form on top, while a PEG-poor,
salt-rich phase will form on bottom. Large, hydrophilic biomolecules partition
extremely into the bottom, PEG-poor phase. For this example, the bacteriophage

M1 3, amodel virus similar in size and shape to the Ebola and Marburg viruses, was
investigated. Since M13 has alength of 900 nm and arelatively hydrophilic protein
shell, it was expected to partition extremely into the bottom, PEG-poor phase due to
experiencing fewer repulsive, steric, excluded-volume interactions with the PEG
polymers in that phase relative to those in the PEG-rich phase. In the aqueous two-
phase micellar system, M13 was observed to partition extremely into the macroscopic
micelle-poor phase where the M | 3 viral particles also experienced fewer excluded-
volume interactions.

[00497] When the solution is heated and phase separation first begins, PEG-rich
(MI 3-poor) domains and PEG-poor (M 3-rich) domains form throughout the entire
solution. Theviral concentrations in these microscopic domains are assumed to reach
their equilibrium values very quickly, and like-domains begin to coalesce with each
other. Asthese domains grow larger, their difference in density generates uneven
gravitational and buoyant forces which cause the PEG-rich domains to rise and the
PEG-poor domains to sink. This results in the formation of the macroscopic top, PEG-
rich (M13-poor) phase and the macroscopic bottom, PEG-poor (M13-rich) phase. The
kinetics of this process and the effects of entrained, or trapped, domains are further
explained below.

[00498]  Sincethe viruses are expected to partition extremely into the macroscopic
bottom phase, the only interest was in the biomolecule concentration in the bottom
phase at the time of extraction. The concentration factor isthen defined as the
concentration of virus in the macroscopic bottom phase, Ciixugbottom, divided by the

initial overall concentration, cvirusinitiai.

Concentration Factor = %uﬁioiqm.
[00499] Avirughnitial (9)

[00500]
[00501] One potential concern that could negatively affect the concentration factor

isthe presence of PEG-rich (MI 3-poor) domains entrained in the macroscopic bottom
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phase. Prior to equilibrium, not al of the domains have had enough time to travel to
their respective macroscopic phases. However, thisisnot an issue when using the
equilibrium volume ratio of 9:1. Due to the greater volume associated with the PEG-
rich domains in the 9:1 volume ratio, it is easier for them to coalesce and form a
continuous phase. The PEG-rich domains also have a smaller distance to travel in
order to reach the macroscopic top phase because the macroscopic bottom phase is
very small. Asaresult, there isminimal entrainment of PEG-rich (M13-poor)
domains in the macroscopic bottom phase, and the concentration of the biomolecule is
expected to be close to its equilibrium value. However, entrainment of PEG-poor
(M13-rich) domainsis still expected in the macroscopic top phase. Due to the smaller
volume associated with the PEG-poor domains, it ismore difficult for these domains
to coalesce. They also havetotravel afurther distance through amore viscous PEG-
rich macroscopic phase to reach the macroscopic bottom phase. However, because the
main concern isthe biomolecule concentration in the bottom phase and only small
volumes are required for LFA, it ispossible to extract at 30 min and still achieve
equilibrium predicted concentration factors.

[00502] The phase separation of the 9:1 volume ratio solution as a function of time
was visually examined. Initially, PEG-rich and PEG-poor domains form throughout
the entire solution. The PEG-rich domains quickly coalesce and form the continuous
phase. The solution appears turbid because the entrained PEG-poor domains cause
light to scatter (FIG. 40A). AsPEG-poor domains coalesce and sink to the bottom
due to their greater density, the macroscopic bottom, PEG-poor phase forms from the
bottom upwards. After 30 min, there is aturbid macroscopic top, PEG-rich phase that
is separated from the clear macroscopic bottom, PEG-poor phase (FIG. 40B).
Although the top phase contains entrained PEG-poor (MI 3-rich) domains, the main
interest isin the turbidity of the bottom phase since it contains the concentrated
biomolecule. After along period of time, all, or most, of the PEG-poor domains have
traveled to the bottom, macroscopic phase, and the system isnear equilibrium as
indicated by the two clear phases (FIG. 40C). Note that the bottom phase a 30 miniis
already clear, due to the absence of significant entrained PEG-rich (M 13-poor)
domains, suggesting that the measured concentration of virus in that phase should
already reflect its equilibrium value.

[00503] In order to extract the bottom phase a 30 min, confirmation that the

macroscopic bottom, PEG-poor (M| 3-rich) phase did not contain significant PEG-
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rich (M| 3-poor) domains was desired. The concentration factor was therefore
determined as a function of time to indicate that the measured concentration of M13
in the bottom phase was equal to its equilibrium value even after a short period of
time. Specifically, M13 partitioning experiments were ran using the same temperature
and initial PEG and salt concentrations asthose used in FIG. 40 (i.e,, those conditions
which yielded a9:1 equilibrium volume ratio), and extracted the bottom phase a 30
min, 1h, 4 h, and 24 h (well past equilibrium). Asshown in FIG. 41, the
concentration factor remained constant as a function of extraction time between 30
min and 24 h, demonstrating that the entrainment of PEG-rich (M| 3-poor) domainsin
the macroscopic bottom, PEG-poor (M13-rich) phase isindeed minimal. Therefore,
for subsequent studies, the 30 min extraction time was used as the short times are
necessary for PON applications.

[00504]  Partitioning M13 in ATPS

[00505]  The concentration factor in Equation (9) can be shown to be afunction of
the volume ratio. Using amole balance to equate the initial moles of virus in the
single homogeneous phase with the sum of the moles of virus in the two resulting

phases, the following expression was obtained:

[00506] r virusinitial Vtotal B Cvirus,top Vtop * rvirus,bottom Vbottom (IQ)

[00507]  where Cying0p iSthe concentration of virus in the macroscopic top phase,
and vtop and vbottom are the volumes of the top and bottom phases, respectively.

Rearranging Equation (10) yields the following expression for the concentration

factor:
1+ Vbottom
i Vo
Concentration Factor = D
virus,top L 'Vbottom
[00508] C virus,bottom I/mp ( 1 1 )

[00509] Using the 9:1 volume ratio ATPS, the M 13 partition coefficient was
measured (the equilibrium concentration in the top phase divided by the equilibrium
concentration in the bottom phase) to be less than 0.0001. Since this measured
partition coefficient is much less than the vbottom/v, pvaue of 1/9, this expression can

be approximated as follows:

V.,
Concentration Factor ~ 1+ —®
[00510] Voo (12)
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[00511] Accordingly, alinear relationship ispredicted for the concentration factor
as afunction of the volume ratio. The concentration factor increases with increasing
volume ratio because the biomolecule partitions extremely into the bottom phase, and
increasing the volume ratio corresponds to shrinking the phase where M | 3 extremely
partitions into. Specifically, if a9:1volume ratio isused, it is expected that M13
would be concentrated by 10-fold, since the volume of the phase that M | 3 partitions
extremely into is 1/10 of the initial volume. Subsequently, this was tested using the 30
min extraction time, since short times are necessary for PON applications. M13
partitioning experiments were ran at 37°C and with initial concentrations of PEG and
salt that yielded the 9:1, 6:1, 3:1, and 1:1 equilibrium volume ratios. FIG. 42 shows
the results of experiments which tested concentration factor as a function of volume
ratio. To statistically determine if the experimental data agreed with model
predictions, the coefficient of determination, or R-squared value, was calculated. The
R-squared value was found to be 0.858, suggesting that the experimental data agrees
reasonably well with predicted values, further confirming that the smple model is
appropriate even for the 30 min extraction time.

[00512] Detecting M 13 viaLFA

[00513] After demonstrating that M 13 could be concentrated in 30 min via an
ATPS, colloidal gold probes and LFA strips were prepared. PEG decorated on the
surface of the gold probes provided steric stability and prevented aggregation of gold
praobes in the environment of the extracted salt-rich phase. FIG. 43 shows the results
of LFA with samples that did not experience the pre-concentration step. M 13
concentrations were selected a equally spaced points along the logarithmic scale. The
presence of the control line or the upper band, which contains polyclonal anti-1gG
antibody, indicates avalid test as it confirms that the sample has flowed through the
entire strip. The presence of the test line or lower band, which contains the antibody
to M13's coat protein pVIIl, indicates the presence of M | 3. The negative control, as
shown in FIG. 43A, contained no M| 3, and there isno visible test line as expected.
Of the remaining panels, the intensity of the test line is greatest for the highest M13
concentration shown in FIG. 43B, and line intensity decreases with decreasing M 13
concentration. The test lineisno longer visible at 3.2x10 & pfu/mL (FIG. 43E),
indicating a detection limit of approximately IxI0 ° pfu/mL (FIG. 43D).

[00514] Concentrating M 13 prior to LFA
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[00515]  With the detection limit established a IxI 0° pfu/mL, the possible
improvement of the detection limit was investigated by utilizing ATPS. The 9:1
volume ratio solution was used, which was predicted to yield an approximately 10-
fold concentration factor based on Equation (12). Following a 30 min incubation at
37°C, the bottom phase was extracted, and the samples were prepared for LFA. FIG.
44 shows the results of the LFA with the pre-concentration step. Again, atest lineis
absent for the negative control, which containsno M 13 (FIG. 44a). Of the remaining
panels, the initial M 13 concentrations are 10-fold less than those shown in Figure 6,
but the LFA test line intensities match those of the samples without the pre-
concentration step. The test line intensity decreases with decreasing M13
concentration until it isno longer visible at 3.2x10 7 pfu/mL (Fig. 7E), indicating a
detection limit of approximately Ixl 08 pfu/mL (FIG. 44d). Thisindicated a 10-fold
improvement in the detection limit when the ATPS concentration step was applied.
[00516] To confirm the conclusions from the visual interpretation of the LFA
strips, the LFA images were converted to grayscale and the test line intensity was
examined against the background using our custom MATLAB script. The results are
shown in FIG. 45 with and without the ATPS concentration step. Note that the two
curves are separated by a 10-fold difference ininitial M | 3 concentration for
approximately the same test line signal, further confirming our 10-fold concentration

improvement.

Example 5. Detection d Transferrin in Biological Serum with interface extraction
d the PEG-salt ATPS

[00517] The concentration of biomolecules using asingle ATPS step was
optimized by driving the target biomolecules towards the interface between the two
bulk phases. Sincethe interfacial region represents avery small volume region that
can form irrespective of the volume ratio, this novel approach allows for the
concentration of targets without dependence on extreme volume ratios (volume ratios
much greater or much less than 1), which have long phase separation times. Instead,
the volume ratio that can reach equilibrium the fastest was chosen, and this reduced
the extraction time to within 10 min in phosphate-buffered saline (PBS), a significant
improvement over previous approaches. This approach is moving towards the

maximum fold-concentration that can be achieved in asingle ATPS step since the
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volume of the interface is much smaller than the two macroscopic bulk phases, and
therefore, the biomolecules can be concentrated much more extremely. Last but not
least, increasing the sample volume desirably increases the total number of target
biomolecules that can be concentrated at the interface and then be detected with LFA.
While thisis also true for concentrating target molecules in abulk phase using
extreme volume ratios, increasing sample volume also increases phase separation
times. In the proposed interface extraction approach, an extreme volume ratio isno
longer necessary. FIG. 46 pictorially compares interface extraction with extraction of
one of the two bulk phases.

[00518] In order to drive the target biomolecules towards the interface, a capture
mechanism involving GNPs was utilized. With the specific antibodies decorated on
the particle surface, the GNPs first captured the target proteins in the sample. The
surface chemistry of the GNPs was optimized so that the particles would partition to
the interface upon phase separation. Proteins that were captured by GNPs were then
extracted at the interface. Since the volume of the interface was very small, the
proteins were highly concentrated and subsequently applied to an LFA detection strip.
This example provides summarizes of prepared GNPs that were capable of
partitioning to the interface of PEG-salt ATPS. The volume ratio that phase separated
the fastest and also allowed for the greatest recovery of GNPs was then investigated.
Subsequently, using amodel protein transferrin (Tf), a 100-fold improvement of LFA
for Tf in combination with the ATPS interface extraction step was demonstrated. The
studies were then extended to approach real-world applications, and re-optimized the
system for fetal bovine serum (FBS) and synthetic urine, aswell as smaller volumes,
which are preferable for blood sampling. The data shows that, even in the more
complex systems, ATPS interface extraction can be performed within 15-25 min and
lead to a 100-fold improvement in the detection limit of LFA for Tf.

[00519] This example provides the development of nanoprobes that can localize at
the interface and also serve asthe colorimetric indicator for LFA. This approach
differs from previoudy studied extraction methods that use functionalized magneticor
gold particles to concentrate and collect target biomolecules, where these approaches
required equipment not suitable for a point-of-care device. This method is an effective
yet rapid approach to improve the detection limit of LFA by 100-fold, closing the gap
in sengitivity between lab-based and paper-based immunoassays. An improved LFA

with enhanced sensitivity would have a significant impact in the field of diagnostics,
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moving closer to providing apoint-of-care solution that is currently not available. On
the other hand, while it demonstrated that this approach could improve the
performance of LFA detection, this pre-concentration procedure can also be applied to
other detection methods.

[00520] Radiolabeling the anti-Tf antibody

[00521]  All reagents and materials were purchased from Sigma-Aldrich (St. Louis,
MO) unless noted otherwise. lodine-125 (¥s1) was used to radiolabel the tyrosine
residues of goat anti-human Tf polyclona antibody (Catalog # A80-128A, Bethyl

L aboratories, Montgomery, TX). Briefly, Nat*sl (MP Biomedicals, Irvine, CA) was
activated by IODO-BEADS (Pierce Biotechnology, Rockford, IL). Subsequently, the
activated 15| was reacted with goat anti-Tf antibodies for 15 min. The radiolabeled
proteins were purified, and free 5| was removed using a Sephadex G10 size-
exclusion column. The phosphotungstic acid assay was used to quantify the
radioactivity and concentration of the radiolabeled proteins.

[00522]  Preparing GNPs

[00523] The naked gold nanoparticles were prepared to result in aclear, cherry-
colored solution with particle sizes around 25-30 nm in diameter. To prepare the
GNPs, 320 mg of goat anti-Tf antibody was incubated with 20 mL of acolloidal gold
solution for 30 min, followed by the addition of thiolated-PEG5000, using a molar
ratio of 3000: 1 for PEG:GNP and an additional incubation of 30 min. To prevent
nonspecific binding of other proteins to the surfaces of the colloidal gold, 2 mL of a
10% bovine serum albumin (BSA) solution was added to the mixture and mixed for
an additional 10 min. The resulting solution was gently mixed on a shaker during the
incubation period. To remove free (unbound) antibodies, PEG, and BSA, the mixture
was subsequently centrifuged for 30 min a 40C and 9,000 g. The pellet of GNPs was
washed twice with a 1% BSA solution. Finally, the recovered GNPs were
resuspended in 2 mL of a0.1M sodium borate buffer a pH 9.0.

[00524] Partitioning GNPs

[00525] The GNPs decorated with radiolabeled anti-Tf antibodies were partitioned
inthe ATPS at different conditions to determine the volume ratio that could yield the
fastest and highest GNP recovery. For each partitioning experiment, 3 identical PEG-
salt solutions in Dulbecco's phosphate-buffered saline (PBS; Invitrogen, pH 7.4, ionic
strength 154 mM) were prepared to atotal volume of 5000 uL. PEG-salt ATPS

solutions with three different volume ratios (1:1, 6:1 and 1:6) were prepared using
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specific concentrations of PEG and potassium phosphate. Subsequently, 10 uL of
GNP decorated with radiolabeled anti-Tf antibodies were added to each ATPS
solution. The solutions were equilibrated at 0°C to ensure that the solutions were
homogeneous. Once equilibrium at 0°C was attained, the solutions were incubated in
awater bath at 37°C to induce phase separation, and the GNPs were found to partition
between the two coexisting phases. The GNPs a the interface were withdrawn
carefully using pipettes, and 30 uL of the interface solution were withdrawn to ensure
most, if not all, of the GNPs at the interface were collected. The two coexisting phases
were aso withdrawn separately using pipettes. The amounts of GNPs at the interface
and in the two coexisting phases were quantified by measuring the amount of
radioactivity in each region using the Cobra Series Auto-Gamma Counter since the
GNPs were bound to radiolabeled anti-Tf antibodies. The quantified amount of GNPs
in each of the three regions was used to calculate the recovery percentage of the GNPs
a the interface using a mass balance.

[00526] Preparing the LFA test strip

[00527] The LFA test utilizing the competition mechanism was implemented in
this study (FIG. 47). In the competition assay, the target of interest isimmobilized on
anitrocellulose membrane to form the test line. Immobilized secondary antibodies
against the primary antibodies on the GNPs make up the control line. When
performing LFA, the sample first comes in contact with the GNPs, and if the target
molecules are present in the sample, they will bind to their specific antibodies
decorated on the GNPs. If the target molecules present in the sample saturate the
antibodies on the GNPs, then these GNPs can no longer bind to the immobilized
target molecules on the test strip. As aresult, the GNPs do not form avisua band at
the test line, and this indicates a positive result. On the other hand, if the sample does
not contain the target molecules at a concentration that can saturate the antibodies on
the GNPs, these antibodies on the GNPs can bind to the immobilized target molecules
on the test strip and form avisual band at the test line. This indicates anegative result.
Furthermore, regardless of the presence of the target molecule in the sample, the
antibodies on the GNPs will bind to the immobilized secondary antibodies on the
control line, indicating that sufficient sample has wicked through the test line and
reached the control line. The presence of the visible control line indicates avalid test.
[00528]  Performing LFA with Tf but without pre-concentration
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[00529]  Tf stock solutions containing varying concentrations of Tf were prepared
in PBS. Subsequently, 20 pL of each Tf stock solution were added to 10 uL of the
GNP suspension and 20 uL of test buffer (0.2% BSA, 0.3% Tween20, 0.2% sodium
azide, 0.1% PEG, 0.1 M Trizma buffer, pH 8), which were used to aid the flow of the
samples through the test strips. A total of 5 sample solutions (50 pL each) with
various concentrations of Tf were prepared (0 (negative control), 0.001, 0.01, 0.1, and
1ng™L). A test strip was dipped vertically into each sample solution, where the
sample pad would come in contact with the solution. After 10 min, the test strips were
taken out, and an image of each strip was immediately taken by a Canon EOS 1000D
camera (Canon U.SA., Inc., Lake Success, NY).

[00530] Inthe experiments performed in FBS (HyClone, characterized, pH 7.4), a
more concentrated GNP suspension was used so that the volume of GNP could be
scaled down appropriately for the lower-volume experiments. The concentrations of
Tf in the FBS stock solutions were adjusted to achieve the same final Tf
concentrations used in the PBS experiments by adding 5 pL of a Tf stock solution to 5
i of GNP suspension, followed by 40 pi. of test buffer. Similarly, experiments were
conducted using synthetic urine.

[00531] Combining the ATPS interface extraction with LFA for Tf

[00532] A volume ratio of 1:1was used for the study conducted in PBS based on
the findings from the Partitioning GNPs experiment. By utilizing anti-Tf antibodies,
the GNPs first captured Tf in the sample, followed by the entire Tf-GNP complex
being concentrated at the interface. A similar protocol to that described in the
Partitioning GNPs section was used except that various concentrations of Tf were also
spiked into the ATPS solutions. Briefly, 10 puL of the GNP suspension were added to
4990 pi. of the Tf-spiked ATPS solution that yielded a 1:1volume ratio and that
contained various Tf concentrations (0 (negative control), 0.001, 0.01, and 0.1 ng/pL).
The solutions were equilibrated at 0°C to ensure that the solutions were homogeneous.
Once equilibrium was attained, the solutions were placed in awater bath a 37°C to
trigger phase separation. After 10 min, 30 pL of the interface solution, which
contained the concentrated GNPs and Tf, were withdrawn. This interface solution was
mixed with 20 pi. of test buffer to form the 50 pi. sample solutions. An LFA test strip
was dipped vertically into each sample solution, where the sample pad would come in
contact with the solution. After 10 min, the test strips were taken out, and an image of

each strip was immediately taken by a Canon EOS 1000D camera.
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[00533]  For the studies conducted in FBS and synthetic urine, the PEG and
potassium phosphate concentrations needed to first be adjusted to achieve the 1:1
volume ratio. The ATPS in FBS aso phase separated more slowly, and instead of the
10 min incubation used in the PBS system, the solutions were kept in a37°C water
bath for 25 min. In addition, as mentioned earlier, the volumes were reduced.
Therefore, rather than show adetection limit increase using 5000 uL (100 times more
volume than the 50 uLL Tf stock solution used in the LFA only experiments), the
studies performed in FBS and synthetic urine showed an equivalent improvement
using 1000 uL (100 times more volume than the 10 uL. Tf stock solution used in the
LFA only experiments). The protocol previously described for PBS was modified for
the lower volumes, so that 5 pi_ of the more concentrated gold suspension were added
t0 995 i of the Tf-spiked ATPS solution in FBS or synthetic urine. 20 pi_ of the
interfacial region were extracted, followed by the addition of 30 pi. gold buffer. Each
LFA strip was dipped in the suspension for 15 min before being taken out and
imaged.

[00534] In order to combine the ATPS interface extraction with the paper-based
LFA detection assay, the GNPs developed in this example possessed three functions.
First, the decorated specific antibodies on the surfaces of the GNPs captured the target
proteins present in the sample. Second, the optimized formulation of PEG and
proteins on the surfaces of the GNPs caused the GNPs to partition to the interface and
not the bulk phases. Lastly, the GNPs acted directly asthe colorimetric indicator for
LFA, and hence allowed the subsequent detection assay to be performed immediately
without extra washing or other preparation steps. A schematic of the GNP is shown in
FIG. 48A . The GNP has 3 main components: the PEG polymers, the gold
nanoparticle, and the anti-Tf antibodies. Each component by itself would drive the
nanoparticle into one of the two bulk phases. First, decorated PEG drives the
nanoparticle into the top PEG-rich phase due to the favorable PEG-PEG interactions
between the polymer on the particle surface and the abundant polymers in the top
phase (FIG. 48B). Specifically, increasing the molar ratio of PEG:GNP changes the
conformation of the bound PEG to more closely resemble a"brush”" conformation,
expanding the amount of surface area exposed to increase PEG-PEG interactions. On
the other hand, the large size of the gold nanoparticle causes the nanoparticle to
partition into the bottom PEG-poor phase where it experiences fewer repulsive,

excluded-volume interactions with the PEG polymers. The hydrophilic proteins (anti-

117



10

15

20

25

30

WO 2015/134938 PCT/US2015/019297

Tf Ab and BSA) on the GNP increase the hydrophilicity of the GNP, and also cause it
to partition into the bottom PEG-poor phase, which is more hydrophilic than the top
PEG-rich phase. However, since the bottom PEG-poor phase is also salt-rich, the
nanoparticles aggregate when there is not enough PEG on the surfaces of the
nanoparticles to provide sufficient steric stability (FIG. 48C). In combination, the 3
components of the GNP can be varied and delicately balanced to ultimately drivethe
GNP to the interface in the ATPS (FIG. 48D).

[00535] Inthe competition LFA, the successful detection of the target protein in
the sample relies on the antibodies on the GNPs being saturated by the target. If the
antibodies are not saturated, then the GNPs can bind to the immobilized targets on
LFA to form atest line, indicating a false negative result. One way to detect a sample
that has alow concentration of the target isto increase the sample volume. That
would increase the total number of target molecules, which in turn, would potentially
lead to saturation of the antibodies for agiven fixed amount of GNPs. However, only
asmall volume can flow through the LFA test strip, and since the GNPs are diluted in
this approach, if not enough GNPs flow through the test strip, then the control line
would not bevisible, indicating an invalid result. Since the use of the ATPS interface
extraction offers arapid and effective means to gather the GNPs that are saturated
with target proteins in a small volume, this approach can lead to the detection of low
concentrations of target proteins by allowing amuch larger sample volume to be
analyzed.

[00536] Three volume ratios were tested to determine the optimal volume ratio that
could recover the most GNPs within the shortest period of incubation. The results are
shownin Table 4.

Table 4. Recovery of GNPs for different volume ratios

Volume ratio Phase separation GNP recovery
(top phase: bottom phase) time (5000 uL)
1:1 10 min 84.1 +1.8%
6:1 60 min 64.8+1.8%
1:6 30 min 70.9 £+ 6.6%

[00537] The 1:1volume ratio phase separated the fastest and allowed for the

greatest recovery of the GNPs. When phase separation istriggered by increasing the
temperature, microscopic PEG-rich and PEG-poor domains are formed, and similar
domains will find each other and coalesce. Asthe domains coalesce, they travel and
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eventually form the macroscopic PEG-rich, salt-poor phase on top and the
macroscopic PEG-poor, salt-rich phase on the bottom due to the interfacial tension
and the density difference between the two phases. A 1:1volume ratio phase separates
faster than the 6:1 or 1:6 volume ratios since the domains have an easier time finding
each other and coalescing when there is a significant amount of each phase. For more
uneven volume ratios, domains of the smaller volume phase can be entrained in the
larger continuous phase due to the domains experiencing difficulty coalescing.
Moreover, the 6:1 volume ratio phase separates more slowly than the 1:6 volume ratio
since the PEG-rich phase isthe continuous phase for the 6:1 volume ratio, and the
PEG-poor domains experience more difficulty finding each other and moving to their
respective macroscopic phase in the more viscous PEG-rich continuous phase.

Table5: Recovery of the GNPs for different volume ratios

Volume ratio Phase separation time GNP recovery
(top phase: bottom phase) (5000 uL)
1:1 10 min 84.1 £1.8%
6:1 60 min 64.8 £ 1.8%
1:6 30 min 70.9 £ 6.6%

[00538]  Since the GNPs do not partition into either domain, they remain between
the domains as the domains coalesce. Eventually, the GNPs appear as athin red film
a the interface when phase separation is completed. The recovery of GNPs is efficient
when using the 1:1volume ratio as entrainment isminimized a this volume ratio and
less of the GNPs would therefore be lost to the interfaces that are present between the
entrained domains and the continuous phase. Since the 1:1volume ratio phase
separated the fastest while yielding the highest GNP recovery, it was used in the
subsequent experiments.

[00539] To demonstrate the enhancement of LFA by incorporating the ATPS
interface extraction step, the model protein transferrin (Tf) was utilized. Tf isaserum
protein for iron transport. To establish the detection limit of Tf in LFA, a series of
LFA tests with various Tf concentrations without any prior concentration step was
performed. If a sample contained enough Tf molecules to saturate the anti-Tf
antibodies decorated on GNP, then these anti-Tf antibodies did not bind to the
immobilized Tf on the nitrocellulose membrane & the test line and therefore did not

119




10

15

20

25

30

WO 2015/134938 PCT/US2015/019297

form avisual band & the test line. This indicated a positive result, which was
observed when testing the sample with aTf concentration of 1ng’"L (FIG. 49, top
panel). On the other hand, if insufficient or no Tf was present in the sample to saturate
the anti-Tf antibodies, then these anti-Tf antibodies did successfully bind to the
immobilized Tf on the nitrocellulose membrane and therefore formed avisual band at
the test line. This indicated anegative result, which was observed when testing
samples with Tf concentrations lessthan 1ng"L. Since 1ng’L isthe lowest Tf
concentration that showed atrue positive result, this indicated a detection limit of
approximately 1ng™L for Tf when performing LFA without the prior concentration
step.

[00540] To determine if the ATPS interface extraction step could improve the
detection limit of Tf by 100-fold using LFA, the same amount of the GNPs were
applied to the ATPS solutions with Tf concentrations that were 100 times lower than
the detection limit of LFA (0.01 ng*L). The sample volume was increased 100-fold
from 50 uL to 5000 uL to keep the total number of Tf molecules the same. Since only
alimited amount of sample (50 pL) could be applied to an LFA test strip, the diluted
GNPsin this larger sample solution needed to be concentrated and applied to LFA. To
recover these GNPs that were saturated with the target proteins, the solution was
placed in awater bath a 37°C to collect the GNPs at the interface within 10 min. The
GNPs were then extracted and applied directly to the LFA test strip. The results of
this study are shown in the bottom panel of FIG. 49. A true positive result was
obtained a 0.01 ng"L, which showed a 100-fold improvement in the detection limit.
The test line intensities of the false negative result at 0.001 ng"L using this approach
were lighter than those without the prior concentration step when comparing samples
with the same Tf concentration, indicating that more Tf was captured to make it
difficult for the GNPsto bind to the test lines. The test line intensities also increased
asthe Tf concentration decreased, which was expected as the amount of Tf available
to saturate the antibodies decreased.

[00541] To study the effectiveness of ATPS interface concentration, lower volume
ATPS solutions made with FBS were tested to mimic a small sample blood draw from
apatient. Due to the more complicated composition of FBS, the procedure used with
the ATPS in PBS was re-optimized for the FBS system. The higher protein content of
FBS altered the volume ratio of the ATPS, requiring different concentrations of PEG

and salt to form a 1:1volume ratio. Since the experiments performed in FBS also
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utilized smaller sample volumes, the volume of GNP had to be scaled down, and a
more concentrated GNP stock was made. In addition, the incubation time for the
ATPS was extended from 10 to 25 min asthe FBS slowed down the phase separation
process. Additionally, due to the complex mixture comprising FBS, the time for the
LFA test was extended from 10 to 15 min. Despite serum representing amore
complex matrix, FIG. 50 shows that LFA combined with ATPS interface extraction
till yielded a 100-fold improvement in the detection limit compared to LFA without
prior concentration. 10 uL of the sample for LFA was used and 1000 uL of the
sample for LFA was combined with ATPS interface extraction. A similar
optimization process was performed for the synthetic urine system, ultimately
demonstrating an analogous 100-fold improvement in detection limit, as displayed in
FIG. 51.

Example 6. Detection d malaria biomarker using Triton-X-114ATPS and 3-D
LFA

[00542] A Triton X-114 ATPS was applied to a 3-D paper architecture to
determine if the paper set-up could also enhance the separation process of this
micellar system. The Triton X-1 14 micellar system phase separates much more slowly
than the PEG-phosphate salt ATPS, resulting in an even greater reduction in phase
separation time from & least 8 hrs to about 3 min, extending the applicability of this
phase separation phenomenon in paper to amicellar ATPS. The paper-based design
was then integrated with the LFA to form an all-in-one paper-based diagnostic strip
that simultaneously concentrates and detects a disease biomarker without user
intervention. To demonstrate this, the diagnostic strip was used to detect the malaria
biomarker Plasmodiumfal ciparum lactate dehydrogenase (pLDH) in solutions of
phosphate-buffered saline (PBS) and undiluted fetal bovine serum (FBS). The robust,
one-step automated diagnostic strip concentrated and detected pLDH within 20 min,
demonstrating a 10-fold improvement in the pLDH detection limit when compared to
atraditional LFA set-up. This platform technology overcomes the abovementioned
limitations and can be used to transform the current state of diagnostic assays for
malaria and other diseases within resource-poor settings. Materials and

[00543]  Preparing gold nanoprobes (anti-pLDH GNPs)
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[00544] A solution of gold nanoparticles with an average hydrodynamic diameter
of 24 nm were prepared, which appeared as adark cherry-colored solution. The size
of the gold nanoparticles was obtained by dynamic light scattering measurements
using aZetasizer Nano ZSparticle analyzer (Malvern Instruments Inc, Westborough,
M assachusetts).

[00545]  After forming the nanoparticles, the pH of a 1 mL gold nanoparticle
solution was first adjusted to pH 9 using 1.5 N NaOH. Subsequently, 16 ulL. of mouse
monoclonal anti-P. falciparum/P.vivax LDH antibodies (BBI Solutions, Cardiff, UK)
a aconcentration of 0.5 mg/mL were added to the colloidal gold solution and mixed
for 30 min on a shaker. To prevent nonspecific binding of other proteins to the
surfaces of the colloidal gold nanoparticles, 200 ul. of a 10% w/v bovine serum
albumin (BSA) solution were added to the mixture and mixed for 20 min on a shaker.
To remove free, unbound antibodies, the mixture was then centrifuged for 30 min at
4°C and 12,000 rpm, followed by resuspending the pellet of colloidal gold
nanoparticles in 200 uL of a 1% w/v BSA solution. The centrifugation and
resuspension steps were repeated two more times, and after the third centrifugation,
the pellet of gold nanoparticles was resuspended in 100 pl. of 0.1 M sodium borate
buffer a pH 9.0. The gold nanoparticles functionalized with anti-pLDH antibodies
will henceforth bereferred to as anti-pLDH gold nanoprobes (anti-pLDH GNPs). The
BSA-coated gold nanoparticles not functionalized with antibodies were used for
visualization purposes and will henceforth bereferred to as BSA-GNs.

[00546]  Preparation and Visualization of Triton X-114 ATPS

[00547]  Equilibrium volume ratios (the volume of the top phase divided by the
volume of the bottom phase) of the Triton X-1 14 ATPS were found by varying the
initial w/w concentration of Triton X-1 14 (Sigma-Aldrich, St. Louis, MO) in solutions
of Dulbecco's phosphate -buffered saline (PBS; Invitrogen, Grand Island, NY, pH 7.4,
containing 1.47 mM KH,PO ,, 81 mM NaHP0 ,, 137.92 mM NaCl, 2.67 mM KC1,
and 0.49 mM MgCl ) and FBS (Invitrogen, Grand Island, NY). These solutions were
allowed to phase separate and reach equilibrium at 25°C in atemperature-controlled
water bath. BSA-GNs in Triton X-1 14/PBS solutions exhibited favorable partitioning
to the top phase, while BSA-GNs in Triton X-1 14/FBS solutions partitioned favorably
to the bottom phase. Consequently, the conditions for a 1:9 volume ratio (i.e., volume
of the top phase divided by that of the bottom) for Triton X-114/PBS and a9:1
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volume ratio in Triton X-1 14/FBS were found and used for further experiments.
These volume ratios allowed for a 10-fold concentration of the nanoparticles.

[00548]  In order to visualize the two phases of the micellar ATPS in PBS, 100 uL
of BSA-GNs and 4 uL of Brilliant Blue FCF dye (The Kroger Co., Cincinnati, OH)
were added to 2.5 g solutions containing the previously determined concentration of
Triton X-1 14 for a 1.9 volume ratio in PBS. These solutions were well-mixed through
vortexing and incubated at 25°C. Pictures of the solutions were taken hourly until
reaching equilibrium at 8 hrs. Equilibrium was established when the solution lost its
cloudy appearance, al visible domains moved to their respective phases, and the
measured interface height remained stable. The cherry-colored BSA-GNs and blue-
colored dye were colorimetric indicators of the micelle-poor phase and micelle-rich
phase, respectively. All images were captured using a Canon EOS 1000D camera
(Canon U.S.A., Inc., Lake Success, NY) in a controlled lighting environment.

[00549] To visuaize the phase separation of the micellar ATPS in PBS within the
3-D paper wick, 200 mg of amixed, homogeneous solution containing 2 uL of
Brilliant Blue FCF dye and 10 pi. of BSA-GNs was vortexed and subsequently placed
in awater bath at 25°C. The 3-D paper wick was formed by stacking three 5 x 15 mm
fiberglass paper sheets on one edge of a5 x 40 mm strip of fiberglass. After the
prepared solution was incubated at 25°C for 5 min, the 3-D paper wick was placed
vertically in the solution, allowing the paper stack to absorb the solution. Images of
the paper strip were captured a 0, 30, 60, and 180 sec.

[00550] Detection of pLDH with LFA Only

[00551] LFA test strips utilizing the competition assay format were assembled.
Immobilized P. falciparum L-lactate dehydrogenase (pLDH; MyBioSource, San
Diego, CA, USA) constituted the test line and immobilized goat anti-mouse 1gG
secondary antibodies (Bethyl Laboratories, Montgomery, TX) specific to the primary
anti-pLDH antibody constituted the control line. If enough pLDH is present to
saturate the GNPs in a sample, the pLDH-GNP complexes moving through the LFA
strip will not bind to the immobilized pLDH on the test line, resulting in the absence
of avisible colored band at the test line. If pLDH isnot present, unoccupied
antibodies on the GNPs will bind the immobilized pLDH, and a colored band will
form at the test line region. Regardless of the presence of pLDH, the antibodies on the
GNPs will bind the secondary antibodies immobilized at the control line and form a

visible line, indicating successful sample flow through the strip. Therefore, anegative
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result isidentified by two colored bands (one test line and one control line), while a
positive result isidentified by one colored band only at the control line.

[00552]  To verify the detection limit of pLDH with LFA only, anti-pLDH GNPs
were added to a sample solution and allowed to bind pLDH present in the sample to
form pLDH-GNP complexes. 20 uL. of sample solution, consisting of 10 pL of anti-
pLDH GNPs and 10 uL of aknown concentration of pLDH in either PBS or FBS,
were mixed with 30 pL of running buffer (0.2% BSA, 0.3% polyoxyethylenesorbitan
monolaurate (Tween 20), 0.1M Tris buffer, pH 8) in atest tube. The LFA test strip
was inserted vertically into the sample solution, which wicked through the strip via
capillary action upward towards the absorbance pad. Images of the test strips from
both PBS and FBS samples were taken after 20 min in a controlled lighting
environment.

[00553] Detection of pLDH with 3-D paper-based LFA and ATPS

[00554] The design of the LFA test strip was slightly modified with the addition of
the 3-D paper wick. Specificaly, the cellulose sample pad that connected to the
nitrocellulose membrane was replaced with a5 x 20 mm fiberglass pad. On top of this
fiberglass pad, three additional strips of 5 x 15 mm fiberglass sheets were stacked to
form atotal of four layers of fiberglass paper. The fiberglass layers were tightly
wrapped with Scotch tape adhesive (3M, St. Paul, MN, USA).

[00555]  For detection ofpLDH in PBS samples, 200 uL of awell-mixed 1:9
volume ratio ATPS containing 10 pL of anti-pLDH GNPs and aknown concentration
of pLDH were added into atest tube. The solution was incubated for 5min a 25°C to
ensure the solution became turbid, indicating the onset of phase separation, and to
allow the GNPs to capture the pLDH in solution. The 3-D wick-modified LFA strip
was then placed in the mixed ATPS, and the fluid was allowed to pass through the 3-
D wick towards the absorbent pad. Images of the resulting detection region were
captured after 20 min.

[00556] The detection of pLDH in FBS samples followed avery similar protocol,
with the exception that 200 pi. of amixed 9:1 volume ratio ATPS were prepared
instead. Test conditions, including incubation times and times for the lines to develop,
were consistent with those for PBS samples. Images of the detection region were also
captured after 20 min.

[00557]  Triton X-l 14 ATPS phase separation in the test tube
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[00558] In solutions of PBS above a certain temperature, the Triton X-1 14 micellar
ATPS forms atop, micelle-poor phase and abottom, micelle-rich phase. Molecules
present in solution partition between the two phases based on their physical and
chemical characteristics, such as hydrophobicity and size. Hydrophilic BSA-GNs
partitioned extremely into the micelle-poor phase, driven in large part by repulsive,
steric, excluded-volume interactions between the nanoparticles and the larger and
more abundant micelles in the micelle-rich phase. Nanoparticles functionalized with
specific antibodies can form complexes with atarget molecule, and these complexes
will also partition extremely to the micelle-poor phase. Non-functionalized BSA-GNSs,
which appear cherry-colored due to their surface plasmon resonance, were used to
visualize the resulting micelle-poor phase after phase separation. In contrast, Brilliant
Blue FCF dyeis small and hydrophobic, and therefore, it partitioned extremely to the
micelle-rich phase. When added into amixed ATPS solution, the blue-colored dye
was used to visualize the resulting micelle-rich phase after phase separation.

[00559] Thetime required to achieve phase separation varies among different two-
phase systems. For example, while the PEG-phosphate salt ATPS phase separates
quickly relative to most two-phase systems, the Triton X-1 14 micellar ATPS requires
asignificantly longer amount of time to achieve macroscopic phase separation
equilibrium due to the small density difference and interfacial tension between the
two phases. The phase separation time also increases with more extreme volume
ratios, such as 1:9 or 9:1, because one phase becomes proportionately much smaller,
and the microscopic domains of that phase experience difficulty coalescing. Images of
the 1.9 volume ratio ATPS in PBS were taken a specific time points a 25°C;
complete macroscopic phase separation equilibrium was not achieved until after
approximately 8 hrs (FIG. 53A). The resulting micelle-poor phase volume was
measured to be one-tenth of the total solution volume, verifying a 1:9 volume ratio.
[00560] Using paper membranes to enhance Triton X-1 14 ATPS phase separation
[00561] It was hypothesized that multiple layers of paper is an essential factor for
enhancing the phase separation in paper. Thus, a"3-D paper wick" consisting of
multiple layers of thin, tightly-bound paper strips, was designed to increase the phase
separation process of the Triton X-1 14 ATPS. When the 3-D wick was placed upright
into amixed ATPS solution in PBS, the solution flowed verticaly up the strip.
Almost immediately after the addition of the strip, the micelle-poor phase containing
GNPs quickly flowed ahead of the slower-moving micelle-rich phase containing the
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blue-colored dye (FIG. 53B). Note that the separation is already observed within the
3-D wick portion of the strip after approximately 30 sec, with more complete
Separation seen a 180 sec (3 min) after the fluid has already exited the wick.

[00562] These experiments indicate that the additional layers of the wick provide
increased cross-sectional areanormal to the direction of flow to aid in the coalescence
of the microscopic phase domains and allow a greater volume to wick through the
paper in a given time. Moreover, the less viscous micelle-poor domains are expected
to move ahead more quickly in the porous paper and coalesce, while the micelle-rich
domains are expected to be held back and move more slowly dueto their greater
viscosity and potential favorable interactions with the paper material. As aresult,
macroscopic separation of the two phases, shown to occur on the order of hoursin a
test tube, iswitnessed within only amatter of minutes in the paper membrane. An
additional benefit of the 3-D paper wick isthe processing of larger volumes of ATPS
solutions. Generally, the number of layers in the 3D wick are increased to
accommodate solutions of larger volume. Factors that were optimized included strip
length, width, and number of strips. The design was able to achieve complete phase
separation over the length of the wick, and minimize the distance required for the
separated micelle-poor phase to travel in order to exit the wick. These paper-based
architectures can potentially be used to enhance many other two-phase systems that
require even longer times to separate.

[00563] Enhancing Triton X-l 14 ATPS phase separation in FBS

[00564] In contrast to the PBS solutions, the Triton X-I 14 ATPS formed in FBS
samples instead produced atop, micelle-rich phase and abottom, micelle-poor phase.
Thisislikely dueto the density difference caused by additional proteins and salts
found in FBS. Since the GNPs instead partitioned extremely to the bottom phase, it
was then necessary to adjust the initial Triton X-l 14 concentration to produce a
concentrated bottom phase with one-tenth of the total volume, or in other words, a9:1
volume ratio.

[00565]  Since the orientation of the two phases isreversed in serum, the reversed
orientation was studied to determine the effect of phase separation in the 3-D paper
wick. In fact, when the 3-D wick was placed in amixed ATPS in FBS, results very
similar to those of the PBS experiments were observed. Accordingly, athough the
density difference drives the micelle-poor phase in FBS to the bottom in atest tube,

the micelle-poor phase still remains the faster phase to flow up the 3-D wick. The

126



10

15

20

25

30

WO 2015/134938 PCT/US2015/019297

micelle-poor phase istherefore the leading front irrespective of the phase orientation
dictated by relative phase densities in atest tube. Thus, the more viscous micelle-rich
phase is consistently slower moving and held back by the porous membrane,
indicating that viscosity effects dominate over any density effectsin flow behavior of
the micellar ATPS introduced to paper.

[00566] Improving LFA-based detection of pLDH in PBS

[00567]  Since the micelle-poor phase containing concentrated GNPs flows a the
leading front upon exiting the 3-D paper wick, the wick was attached upstream of the
nitrocellulose-based detection region of an LFA paper strip. Doing so enabled a
seamless transition from the concentration step to the detection step and eliminated
the need for syringe extraction. A design for the integrated paper-based diagnostic
strip is shown in FIG. 54A . The 3-D wick (the concentration zone) consisting of
multiple layers of fiberglass paper strips is connected to anitrocellulose membrane
with immobilized control and test lines (the detection zone), which isthen connected
to an absorbent pad used as a sink to drive fluid flow. All the components are secured
on an adhesive backing, and the 3-D wick is dipped vertically in aturbid ATPS
solution.

[00568] Inthe pLDH detection tests, the Brilliant Blue FCF dye was no longer
used, and functionalized anti-pLDH GNPs were used in place of the BSA-GNs. The
anti-pLDH GNPs exhibit very similar partitioning behavior asthe BSA-GNs, but will
be able to capture pLDH and act as a colorimetric indicator in the LFA.

[00569]  First, the detection limit for the LFA-only control, which did not
incorporate the ATPS and 3-D paper wick, was identified using 20 uL of total sample
volume. Sincethe LFA-only control was able to successfully detect pLDH at 10 ng
ML but could not successfully detect pLDH a 1ng pL™, its detection limit was
determined to be 10 ng pL™1. In order to show an improvement in detection limit by
detecting lower concentrations of pLDH, the same number of GNPs used in the LFA-
only control was exposed to the same number of pLDH molecules by increasing the
total volume of solution containing the lower concentration of pLDH. Although a
volume increase would typically dilute the GNPs and lead to areduction in the
amount of GNPs entering the detection zone in a given period of time, the addition of
the ATPS and 3-D wick is expected to concentrate the GNPs into a small volume a
the leading front. Effectively, the GNPs are exposed to the same amount of pLDH at a

lower concentration, but are then concentrated into a similar volume as that which
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was processed by the LFA-only control. When using a 1.9 ATPS that was expected to
concentrate the GNPs by 10-fold, the total sample volume was increased 10-fold (to
200 pL) to ensure the same amount of GNPs entering the detection region when
compared to the LFA-only control.

[00570] FIG. 54B demonstrates the use of the modified LFA device in anegative
control test which does not contain pLDH in solution. When the modified LFA strip
was dipped into an ATPS solution containing anti-pLDH GNPs in PBS, the GNPs
rapidly concentrated to the leading front of the solution in the 3-D wick segment, as
evidenced by the darker red color at the 60-sec mark. The solution flowed easily
across the nitrocellulose membrane without the use of additional running buffers. The
GNPs quickly reached the detection region while much of the solution was retained in
the paper wick. Visible bands appeared at both the control and test line regions within
20 min, indicating avalid negative test.

[00571] Once avalid negative test was verified, the pLDH concentrations were
varied to determine the detection limit of the integrated device in a 1:9 volume ratio
solution. The results of these experiments demonstrated that while a conventional
LFA detected pLDH at concentrations of 10 ng uL™* (producing atrue positive result),
the diagnostic strip integrating the Triton X-l 14 ATPS and LFA was capable of
detecting pLDH a 1.0 ng uL™%, which is a 10-fold improvement in the detection limit
(FIG. 55).

[00572]  Improving LFA-based detection of pLDH in FBS

[00573] These experiments were repeated in FBS samples using the modified
operating conditions to produce 9:1 volume ratios. Once more, the 3-D paper-based
diagnostic device demonstrated a 10-fold detection limit improvement by successfully
detecting pLDH in FBS a 1.0 ng/pL, while the LFA-only control successfully
detected pLDH in FBS a 10 ng/pL, but not a 1.0 ng/ pi. (FIG. 56). The experiments
utilizing the integrated paper-based device in FBS samples demonstrated slower fluid
flow through the nitrocellulose-based detection region. Thiswas likely dueto the
greater initial concentration of Triton X-I 14 and the presence of other serum
components that increased the overall viscosity of the sample. Although control and
test line signals were fully developed within 20 min (FIG. 56), the entire micelle-poor
phase flowed past the detection region only if given 10 extramin, leading to a
reduction in background noise (FIG. 81). Aswith the case of the above tests in PBS,
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all testsin FBS did not require any prior dilution in buffers, extraction steps, or
running buffer additionsto aid flow.

[00574] By demonstrating an improvement in the LFA detection of the malaria
pLDH in serum, the device can potentially be used to improve the current state of
malaria rapid diagnostic tests (RDTs). Despite the increasing production and use of
malaria RDTS, they are in most cases required to be used in conjunction with
additional methods, such as blood film microscopy, to verify results. Limited
sensitivity and variations in ease-of-use are two factors that prevent the LFA from
being used as areliable stand-alone assay in remote malaria-affected settings. The
integrated paper-based device has the potential to address these two concerns. The
integrated concentration component of the device allows for significant improvements
in sensitivity. In addition, since many of these RDTsrequire dilution in asample
buffer or the use of running buffer to aid fluid flow, this diagnostic device
demonstrates improvements in user-friendliness by eliminating these steps.

Example 7. Comparison d LFA Papers

[00575]  Viscosity may play arole in determining which phase would appear in the
leading front.

[00576] Interactions (hydrophobic, excluded-volume, electrostatic) between ATPS
components with paper materials may play arole in determining which phase would
appear in the leading front (on fiberglass, PPG-rich phase leads in PPG/salt ATPS,
while PEG-rich phase lags in PEG/salt ATPS; PPG is more hydrophobic than PEG).
[00577] Different ATPSs on paper were investigated to address how paper
enhances the phase separation process. It was first determined if phase separation was
observed in the paper. If so, which phase appeared in the leading front was noted.
Since the leading front would correspond to the phase reaching the test line in LFA, it
is desirable to have this phase contain the concentrated target molecules and
nanoprobes.

Table 6. Combinations of ATPS systems and L FA paper types

ATPSs Paper type Observations Images
PEG (MW:8000)/ fiberglass Phase separated: salt-rich phase | See FIG. 31
Potassium phosphate leads, PEG-rich phase lags

behind
PEG (MW:8000)/ cellulose Phase separated: PEG-rich phase
Potassium phosphate leads, salt-rich phase lags behind
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Triton X114 fiberglass Phase separated: micelle-poor See FIGS. 53-56
phase leads, micelle-rich phase
lags behind
Triton X114 cellulose No phase separation in paper
PEG (MW:20000)/ fiberglass No phase separation in paper
Potassium phosphate
PEG (MW:4600)/ fiberglass Phase separated: salt-rich phase | See FIG. S7TA
Potassium phosphate leads, PEG-rich phase lags
behind
PPG (MW: 425)/ fiberglass Phase separated: PPG-rich phase | See FIG. 57B
Potassium phosphate leads, salt-rich phase lags behind
PPG (MW: 425)/ cellulose Phase separated: PPG-rich phase
Potassium phosphate leads, salt-rich phase lags behind
PEG (MW:20000)/ fiberglass No phase separation in paper
Dextran (MW:
35000)
PEG (MW:20000)/ cellulose No phase separation in paper
Dextran (MW:
35000)
PEG (MW:8000)/ fiberglass Phase separated: PEG-rich phase
Dextran (MW: 9000) leads, dextran-rich phase lags
behind
PEG (MW:8000)/ cellulose Phase separated: PEG-rich phase | See FIG. 57C
Dextran (MW: 9000) leads, dextran-rich phase lags
behind
PEG (MW:4600)/ fiberglass No phase separation in paper
Dextran (MW: 6000)
PEG (MW:4600)/ cellulose No phase separation in paper
Dextran (MW: 6000)
PEG (MW:8000)/ fiberglass No phase separation in paper
Dextran (MW: 6000)
PEG (MW:8000)/ fiberglass No phase separation in paper
Dextran (MW:
200000)
PEG (MW:4600)/ fiberglass No phase separation in paper
Dextran (MW:
200000)
PEG (MW:4600)/ fiberglass Phase separated: PEG-rich phase | See FIG. 57D
Dextran (MW: leads, dextran-rich phase lags
35000) behind
[00578] Phase separation in paper varied with different ATPSs (eg. , PEG/salt vs.
PPG/salt).
[00579] Different paper materials changed the phase separation behavior (eg. ,

PEG/salt in fiberglass vs. cellulose).
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[00580] In some cases, the more viscous phase lagged behind (e.g., for fiberglass
material, the more viscous PEG-rich phase lags for the PEG/salt system, while the
more viscous dextran-rich phase lags for the PEG/dextran system.) However, this
was not always the case.

[00581] Inthis example, varying the concentration of polymer in ATPS did not
seem to change the order of which phase leads.

[00582] Inthis example, gravity did not seem to change the order of phase flowing
on paper (e.g., the salt-rich phase isthe bottom phase in the PEG/salt ATPS when it
phase separates in atube, but the salt-rich phase will bethe leading front on
fiberglass, independent of the paper being oriented verticaly or horizontally).
[00583] Toinvestigate how paper accelerates and enhances phase separation of
ATPSs, the same type of ATPS (PEG/salt) was applied to different types of paper.
Different results were observed.

[00584]  Observations

[00585] It was observed that applying awell-mixed ATPS to varying types of
paper did not yield similar results. Instead, the speed of phase separation varied
greatly as did the extend of phase separation. More surprisingly, certain paper types
could switch the order of which phase emerged in the leading fluid. See FIG. 58 and
Table 7 for results.

Table 7. Combinations of ATPS & LFA

ATPS Paper type Observations
PEG (MW: Fiberglass: Whatman | Phase separated: salt-rich phase
8000)/potassium S17 leads, PEG-rich phase lags
phosphate behind
Same as above Blood filter paper: Phase separated: salt-rich phase
Whatman MF1 leads, PEG-rich phase lags
behind
Same as above Fiberglass: Whatman | Phase separated: salt-rich phase
VF1 leads, PEG-rich phase lags
behind
Same as above Reaction membrane: Phase separated: salt-rich phase
Whatman Fusion 5 leads, PEG-rich phase lags
behind
Same as above Whatman GF/DVA Phase separated: salt-rich phase
leads, PEG-rich phase lags
behind
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Same as above Blood filter paper: Phase separated: salt-rich phase
Whatman LF1 leads, PEG-rich phase lags
behind
Same as above Cellulose: Whatman Phase separated: PEG-rich
CF1 phase leads, salt-rich phase lags
behind
Same as above Cellulose absorbent Phase separated: PEG-rich
pad: Whatman CF4 phase leads, salt-rich phase lags
behind

Example 8. Some Methodsfor LFA Paper Preparation

[00586] A known concentration of solute in solvent was added to the paper by
micropipette at avalue of 40uL (of solvent) per 1cm? (of fiberglass paper having a
height of roughly [-2mm). The droplets were added at evenly distributed points
across the paper. After addition, the paper was gently rolled with a cylindrical object
(with a pipette tip) to help distribute the fluid evenly within the paper.

[00587] A solution was pipetted onto a non-absorbent surface {e.g., poly-
propylene) which forms adroplet. A paper segment made contact with the droplet
either at apoint, edge, or surface of the paper segment. This method is useful for
making unique and specific designs of dehydration. For examples of such designs see
FIGS. 59A-D.

Example 9. Applying blood sample with PEG-rich phase to LFA paper

[00588] A first experiment was performed to find a paper that could hold back a
blood sample without clogging the paper to allow for the two phases of an ATPS to
flow ahead. The following experiment was successfully performed, which alowed for
the integration of the ATPS concentrating system with MF1 paper used to filter out
red blood cells.

[00589] A 11 PEG-sdlt solution was prepared. The top PEG-rich phase was
removed. The PEG-rich phase was applied onto the filter paper strip along with a

whole blood sample.
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[00590] The PEG-rich phase was still able to move through the filter paper. The
blood does not clot the filter paper. MFl was uniquely compatible with the ATPS. See
FIG. 71.

[00591] Other paper types that either could not filter red blood cells or could not
allow the ATPS phases to pass through were investigated. On LF and SI 7, the blood
was not filtered. On M, the blood was filtered, however, the flow was slow. See
FIG. 72.

[00592] A second experiment was performed to obtain apaper configuration and
type that allows for the phase separation and concentration of plasma on paper while
holding the blood cells back. Below are two demonstrations of the capability of the
3D paper well design to filter red blood cells while allowing the ATPS phases to pass
through.

[00593] First, ablood sample with PEG-salt ATPS was applied to paper with 3-D
paper well. A 9:1 PEG-sat ATPS was prepared and a small volume of whole blood
sample introduced into the PEG-salt solution. A flow strip was prepared with 3-D
paper wells with varying amount of paper components at the beginning. Blue dye was
used to visualize the PEG-rich phase and see whether liquid was wicking up the strip.
The PEG-salt solution now containing whole blood sample was applied to the 3-D
wells. Separation and concentration were observed.

[00594] A blue liquid front was observed to flow ahead. Blood remained behind in
the 3-D well. See FIG. 73.

[00595]  Second, ablood sample with PEG-salt ATPS was applied to filter paper
with 3-D paper well. A 9:1PEG-salt ATPS was prepared and a small volume of
whole blood sample was introduced into the PEG-salt solution. Blue dye was used to
visualize the PEG-rich phase. Gold nanoparticles were used to visual the salt-rich
phase. The PEG-salt solution now containing the whole blood sample was applied to
the 3-D wells and separation and concentration were observed.

[00596] A condition where PBS was added instead of gold nanoparticles was also
performed.

[00597] A blue liquid front was observed wicking through the well. There was a
more distinct blue phase in the ATPS strip compared to the control strip which
suggests phase separation in additional to red blood cell retention. See FIG. 74.
[00598] A configuration that allows for the blood cells to be filtered before

allowing the sample to come into contact with the ATPS components and concentrate
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the target in the leading fluid was desirable. This alternative configuration would be
useful in scenarios where the red blood cells would affect the phase separation
behavior. One experimental set up that was successful towards this end was layering
the filtering and concentrating paper types within a3-D paper well. It was observed
that blood is held back while sending the PEG phase first. See FIG. 75.

Example 10. ATPS-LFA detection d Chlamydia trachomatis

[00599] ATPS and the LFA were incorporated into a single paper-based diagnostic
device that was used to detect the Chlamydia trachomatis antigen in solutions of viral
transport media, which isused in the storage of obtained swab samples.

Preparing the anti-C trachomatis DGNPs

[00600] ThepH of a 1mL dextran-coated gold nanoparticle (DGNP) solution was
first adjusted to pH 9 using 1.5 N NaOH. Subsequently, 16 ug of mouse monoclonal
Chlamydia trachomatis antibody were added to the colloidal gold solution and mixed
for 30 min on a shaker. To prevent nonspecific binding of other proteins to the
surfaces of the colloidal gold nanoparticles, 200 uL of a 10% w/v bovine serum
albumin (BSA) solution were added to the mixture and mixed for 20 min on a shaker.
To remove free, unbound antibodies, the mixture was then centrifuged for 30 min a
4°C and 9,000 rpm, followed by resuspending the pellet of DGNPs in 200 uL of a 1%
w/v BSA solution. The centrifugation and resuspension steps were repeated two more
times, and after the third centrifugation, the pellet of DGNPs was resuspended in 100
uL of 0.1 M sodium borate buffer & pH 9.0.

Detection using LFA

[00601] LFA test stripsutilizing the sandwich assay format were assembled in a
similar manner to our previous studies. In this format, immobilized Chlamydia
trachomatis antibody constituted the test line and immobilized secondary antibodies
specific to the primary Chlamydia trachomatis antibody constituted the control line.
[00602] To verify the detection limit of C. trachomatis with LFA, DGNPs were
added to a sample solution and allowed to bind C. trachomatis present in the sample.
Sample solution consists of DGNPs and known concentration of C. trachomatisin
viral transport media (BD, Franklin Lakes, NJ) were mixed in atest tube. The LFA
test strip was inserted vertically into the sample solution, which wicked through the

strip via capillary action upward towards the absorbance pad. Images of the test strips
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from both PBS and FBS samples were taken after 10 min in a controlled lighting
environment.

[00603] c.trachomatis antigen was detected in solutions of viral transport media.
See FIG. 76. The conjugates used were dextran-coated gold nanoprobes (DGNPs)
with specific antibodies for the lipopolysaccharides (LPS) on the C. trachomatis
antigen. Using a conventional LFA sandwich format, the detection limit of the set-up
was determined to be approximately 10 pg/mL. The next step would beto use a
suitable ATPS to concentrate the biomarker, apply the concentrated sample to the
LFA, and establish the detection limit of the integrated system.

[00604] The detection limit of the C. trachomatis antigen in PBS was also
determined to be 10 pg/mL using the same LFA set-up.

[00605] Detection of the antigen with DGNPs complexed with anti-MOMP
antibodies from Abeam was also tested. These did not appear to successfully detect
the antigen in either PBS or VTM solutions, and were thus disregarded.

Example 11. ATPS-LFA detection d Streptococcus mutans

[00606] ATPS and LFA were incorporated into asingle paper-based diagnostic
device that was used to detect the Sreptococcus mutans, which isthe dominant
bacterium that could lead to dental caries (cavities).

Preparing the anti-S. mutans DGNPs

[00607] ThepH of a 1mL dextran-coated gold nanoparticle (DGNP) solution was
first adjusted to pH 9 using 1.5 N NaOH. Subsequently, 16 pg of mouse monoclonal
S. mutans antibody were added to the gold solution and mixed for 30 min on a shaker.
To prevent nonspecific binding of other proteins to the surfaces of the colloidal gold
nanoparticles, 200 pi. of a 10% w/v bovine serum albumin (BSA) solution were
added to the mixture and mixed for 20 min on a shaker. To remove free, unbound
antibodies, the mixture was then centrifuged for 30 min a 4°C and 9,000 rpm,
followed by resuspending the pellet of DGNPs in 200 i of a 1% w/v BSA solution.
The centrifugation and resuspension steps were repeated two more times, and after the
third centrifugation, the pellet of DGNPs was resuspended in 100 uL of 0.1 M sodium
borate buffer a pH 9.0.

Detection using LFA
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[00608] LFA test strips utilizing the sandwich assay format were assembled in a
similar manner to our previous studies. In this format, immobilized S. mutans
antibody constituted the test line and immobilized secondary antibodies specific to the
primary antibody constituted the control line.

[00609] To verify the detection limit of S. mutans with LFA, DGNPs were added
to a sample solution and allowed to bind S. mutans present in the sample. Sample
solution consists of DGNPs and known concentrations of S. mutans were mixed in a
test tube. The LFA test strip was inserted vertically into the sample solution, which
wicked through the strip via capillary action upward towards the absorbance pad.
Images of the test strips were taken after 10 min in a controlled lighting environment.
Detection using LFA with ATPS

[00610]  1:9 Triton X-I 14 micellar ATPS sample solutions were prepared, which
consisted of known concentrations of S. mutans. The ATPS sample solutions were
incubated at 25 C for 8 hours to allow phase separation to occur. The top micellar-
poor phase which contained concentrated S. mutans was extracted and incubated with
anti- S. mutans DGNP. The LFA test strip was inserted vertically into the resulting
mixture, images of the test strips were taken after 10 min in a controlled lighting
environment.

[00611] A 9:1PEG/potassium phosphate ATPS sample solution was prepared,
which consisted of known concentrations of S. mutans. The ATPS sample solutions
were incubated a 25 C for 30 min to allow phase separation to occur. The bottom
PEG-poor phase which contained concentrated S. mutans was extracted and incubated
with anti-,s. mutans DGNP. The LFA test strip was inserted vertically into the
resulting mixture, images of the test strips were taken after 10 min in acontrolled
lighting environment.

[00612] S. mutanswas successfully detected using LFA (see FIGS. 77 & 78).
Using a conventional LFA sandwich format, the detection limit of the set-up was
determined to be approximately Ixl 07 cellsmL. 10-fold improvement of the detection
limit from IxIO 7 to Ixl 05 cells'mL was also demonstrated.

[00613] The next step isto incorporate ATPS and LFA with paper in either the 3D
well or 3D wick format, to achieve simultaneous and seamless concentration and

detection.

Example 12. ATPS-LFA detection d Troponin
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[00614] ATPS and LFA were incorporated into asingle paper-based diagnostic
device that will be used to detect troponin, abiomarker for myocardia infarction.
Preparing the anti-troponin DGNPs

[00615] Same procedure asin Example 11 above except anti-troponin antibodies
are used.

Detection using LFA

[00616] LFA test strips utilizing the competition assay format were assembled in a
similar manner to our previous studies. In this format, immobilized troponin
constituted the test line and immobilized secondary antibodies specific to the primary
antibody on DGNP constituted the control line.

[00617] To verify the detection limit of troponin with LFA, DGNPs were added to
a sample solution and allowed to bind troponin present in the sample. A sample
solution containing DGNPs and aknown concentration of troponin was mixed in a
test tube. The LFA test strip was inserted vertically into the sample solution, which
wicked through the strip via capillary action upward towards the absorbance pad.
Images of the test strips from PBS samples were taken after 10 min in a controlled
lighting environment.

Detection using LFA with ATPS

[00618] 9:1 PEG/potassium phosphate ATPS sample solutions were prepared,
which consisted of known concentrations of troponin. The ATPS sample solutions
were incubated at 25 C for 30 min to allow phase separation to occur. The bottom
PEG-poor phase which contained concentrated troponin was extracted and incubated
with anti-troponin DGNP. The LFA test strip was inserted vertically into the resulting
mixture, images of the test strips were taken after 10 min in acontrolled lighting
environment.

[00619] Troponin was successfully detected using LFA (see FIG. 79). Using a
conventional LFA competition format, the detection limit of the set-up was
determined to be approximately 1ng/uL.A 10-fold improvement on detection limit
from 1to 0.1 ng/pL was successfully demonstrated.

Example 13. Dehydration Methods

Liquid Application
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[00620] This method included applying the liquid solution, which contains the
desired component to be dehydrated as a solute, to the paper prior to dehydration.
[00621] A known concentration of solute in solvent was added to the paper by
micropipette at avalue of 40uL (of solvent) per 1cm? (of fiberglass paper having a
height of roughly 1-2mm). The droplets were added at evenly distributed points
across the paper. After addition, the paper was gently rolled with a cylindrical object
(we use apipette tip) to help distribute the fluid evenly within the paper. A solution
was pipetted onto anon-absorbent surface (e.g., poly-propylene) which forms a
droplet. A paper segment made contact with the droplet either at apoint, edge, or
surface of the paper segment. This method was preferred when making unique and
specific designs of dehydration. Examples of such designs are seen in FIGS. 59A-D.
[00622] Failed methods: Submerging the entire paper segment into the solvent
oversaturated the paper resulting in reduced robustness of experiments, likely due to
uneven dehydration. Furthermore, adding greater than 60ul. (of solvent) per 1cm? (of
fiberglass paper having a height of roughly |-2mm), asthis also oversaturated the
paper segment.

Lyophilization

[00623] This method was preferred when the desired outcome was that the
components will bere-solubilized. It was found that it isimportant that the lyophilizer
has been recently defrosted prior to dehydration. Failure to do so increased the risk of
uneven dehydration of the components within the paper (e.g., dextran-coated gold
nanoprobes (DGNPs) would have amuch greater distribution near the edges of the
paper).

Flashfreezing and lyophilization

[00624]  Paper segments were flash frozen using liquid nitrogen, either by
submerging the paper into the liquid nitrogen or pouring the liquid nitrogen onto the
paper. The frozen paper segments were then quickly put into the lyophilizer where the
frozen liquid sublimed. The rationale for trying this method was to try to reduce
migration of the solute during the dehydration process to ensure more control over the
dehydration process (in contrast to solute migrating during evaporation of aliquid
state solution). However, this process resulted in unexpected flow patterns and phase
separation behavior. Below are time lapse image data of the unexpected data (see FIG
60).

Vacuumchamber
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[00625] Similar to 'Lyophilization' described above, except that the paper
segments were placed into avacuum chamber rather than alyophilizer. The lower
pressure of the vacuum chamber demonstrated less consistent experimental results,
most likely due to uneven solute distribution during dehydration.

Baking

[00626] The paper segmentswere placed into an oven chamber a atemperature
above 25 degrees Celsius (typically 60 degrees Celsius). This method may be
preferred if adesired goa isto rehydrate the solute while preventing its mobility. One
potential explanation for this observed effect isthat the higher temperature during the
baking method may lead to a covalent bond or strong interaction between the solute
and paper.

[00627] SeeFIG 61 of failed attempts at dehydration methods which resulted in

uneven phase separation as aresult of uneven dehydration.
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CLAIMS
What isclamed is:

1 A device for the detection and/or quantification of atarget analyte in a sample,
the device comprising:

a. alateral flow assay (LFA); and

b. an agueous two-phase system (ATPS), wherein the ATPS comprises a
mixed phase solution that separates into a first phase solution and a second phase

solution.

2. The device of claim 1, wherein the separation of the mixed phase into the first
phase solution and the second phase solution occurs within the LFA or

wherein the separation of the mixed phase into the first phase solution and the
second phase solution does not occur within the LFA.

3. The device of claim 1, wherein the target analyte isin contact with the mixed
phase solution, and wherein the target analyte partitions into the first phase solution or
the second phase solution, or

wherein the target analyte isin contact with the mixed phase solution, and
wherein the target analyte partitions to an interface of the first phase solution and the

second phase solution.

4. The device of claim 1, wherein the first phase solution comprises amicellar
solution and the second phase solution comprises a polymer or a salt, or
wherein the first phase solution comprises a first polymer and the second phase

solution comprises a second polymer.

5. The device of claim 1-3, wherein the first/second polymer is selected from

polyethylene glycol, polypropylene glycol, dextran, and combinations thereof.

6. The device of claim 1-3, wherein the first phase solution comprises
polyethylene glycol or polypropylene glycol and the second phase solution comprises
potassium phosphate.

7. The device of claim 1-6, wherein the target analyte is selected from the group
consisting of aprotein, an antigen, abiomolecule, asmall organic molecule, a sugar

moiety, alipid, anucleic acid, a sterol, and combinations thereof.
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8. The device of clam 1-7, wherein the device further comprises aprobe,

wherein the probe interacts with the target analyte.

9. The device of clam 8, wherein the probe comprises amaterial selected from
the group consisting of a synthetic polymer, ametal, amineral, aglass, aquartz, a

ceramic, abiological polymer, aplastic, and combinations thereof.

10. The device of clam 9, wherein the probe comprises abiological polymer
selected from the group consisting of dextran, polypropylene glycol , polyethylene
glycol, and combinations thereof,

wherein the probe comprises ametal selected from the group consisting of
gold, silver, platinum, and combinations thereof,

or wherein the probe comprises ananoparticle.

11.  The device of clams 9 or 10, wherein the probe comprises a coating, or

wherein the coating comprises polypropylene glycol or polyethylene glycol.

12. The device of clam 11, wherein the coating has an affinity for the first phase
solution or the second phase solution and
wherein the probe further comprises abinding moiety that binds the target

analyte.

13. The device of clam 12, wherein the binding moiety is selected from the group
consisting of an antibody, an antibody fragment, alectin, aprotein, aglycoprotein, a

nucleic acid, asmall molecule, apolymer, alipid, and combinations thereof.

14. The device of claims 9-13, wherein the probe comprises a detectable label and
the detectable label is selected from the group consisting of a colorimetric label, a
fluorescent label, an enzymatic label, a colorigenic label, aradioactive label, and

combinations thereof.

15. The device of clams 1-14, wherein the LFA comprises atarget analyte
capture moiety, wherein the target analyte capture moiety interacts with the target
analyte.

16. The device of clamgl-15, wherein the LFA comprises aprobe capture moiety,

wherein the probe capture moiety interacts with the probe or component thereof.

17. The device of claim 1-16, wherein a component of the first and/or a

component of the second phase solution is dehydrated on and/or in the LFA strip.
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18. A method of detecting and/or quantifying atarget analyte in asample
comprising:
a. applying the sample to adevice for the detection and/or quantification
of atarget analyte in asample, the device comprising:
i alateral flow assay (LFA); and
ii. an aqueous two-phase system (ATPS), wherein the ATPS
comprises amixed phase solution that separates into afirst phase solution and a
second phase solution; and
b. detecting apresence or absence and/or quantifying the target analyte
on the LFA.

19. The method of claim 18, wherein the method comprises applying the sample
to the LFA, wherein the LFA and the ATPS are integrated.

20. A paper fluidic device for detection of atarget analyte in a sample, the paper
fluidic device comprising aporous matrix, wherein the porous matrix is:

a. configured to receive and/or contain an ATPS or components thereof,
and

b. configured to and has porosity sufficient to allow the ATPS or
components thereof to flow through the porous matrix when the ATPS or components

thereof are in afluid phase.

21.  The paper fluidic device of claim 20, wherein the ATPS or a component
thereof is dehydrated on and/or in at least afirst portion of the porous matrix.

22. The paper fluidic device of claim 21, wherein the deviceis configured such
that application of the sample to the device hydrates the ATPS or component thereof,
thereby providing ATPS or components thereof in the fluid phase.

23. The paper fluidic device of claim 22, further comprising awell for containing
a solution selected from the mixed phase solution, the first phase solution, the second

phase solution, the sample, aprobe, and combinations thereof.

24. The paper fluidic device of claims 21-23 58, wherein the device comprises a
probe that binds the target analyte to produce a probe-anayte complex.

25. The paper fluidic device of claim 24 65, wherein the probe comprises a

nanoparticle.
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26. The paper fluidic device of claim 25, wherein the nanoparticle is agold
nanoparticle.

143



WO 2015/134938 PCT/US2015/019297

1167

Absorbance ~_|
pad

Detection Absorbance
Sample pad Zone pad

> one / / )
/

Sample pad—~_

Adhesive vinyl backing

Y \ \m
% Absorbance gﬁg}; @ Absorbance @
%‘3{; pad Flow direction pad ik?

YYY] Flow

direction

Sample pad Sample pad
Positive result Negative result Positive result Negative result

¥ Antibody Y Secondary »SIndicator eTarget | |¥ Secondary »dIndicator eTarget
Antibody analyte Antibody analyte

FIG. 1




WO 2015/134938 PCT/US2015/019297
2/67
o ®) @) _ 0]
76 Analyte binds Phase =
o to probes iq separation|\A
jq —_— >
O_ @)
0c, R be °
O
Homogeneous Homogeneous Two-phase
solution solution solution
¥ Antibody Qg) probe O Target analyte
FIG. 2
Analyte
o o,d binds Jd‘o Phase aﬁ(ﬁ) Apply | o H
JQ o | to probes ?‘Q separation magnet
o* o — E— > Magnet
.b"o-.(s ‘bb o o
Homogeneous Homogeneous Two-phase Two-phase
solution solution solution solution
¥ Antibody Magnetic © Analyte
probe

FIG. 3



PCT/US2015/019297

3/67

Z
I~

(1S3l

WO 2015/134938

aseyd (¥) ey UOBNIOS S 1V
you-jobie| @ : =2l _~ypm paxiw sjdwes
den
b NI (2) . SAIBA Y08UD JoquiEYY
B Ao ~—uonoajeq
o e uoleJJUadU0 D) — MOpUIM
a - 3 —Ae|dsig
- H uojsid—
= = . duis
= NEN AR -iseL V4T
f/ d b Nl NIk \m l/l b
N \ m BuisnoH SA0015)
R MR N NId-R A
L] NN ] \ N N-uo1ed
S D LB CN OB
— — O
m m (€) m
@) € Jabun m
& S ol

—~

<o)

S
—~—~
-~
S



WO 2015/134938 PCT/US2015/019297

4 /67
—~ Detection @
Button
Result )
) Window\-
LFA strip
IZ:> <ZI Suction
Buttons ~—1
Target-rich
phase /
Sample
(1) Squeeze (2) Click (3) Read
- To draw the sample - To initiate the - To obtain the
detection assay results

FIG. 5



WO 2015/134938 PCT/US2015/019297

5/67
Backing Polymer-rich
Sample Polymer-
Well poor
\
LFA Test ~
Strip
/ Time
Initiate Flow
FIG. 6A
1:1 Volume Ratio 9:1 Volume Ratio

FIG. 6B



PCT/US2015/019297

WO 2015/134938

6/67

ao old

awiL

awiL

ped s|dwesg
auoz
uonoaleQ

a|dweg
SdlVv peoT

__®>>./® &

apesse)
MOPUIAA uoynng
Buimaip

A

uonosleq dus

PEd IEETRVAR
JueqIoSqQy

ped s|dwesg

M_,M\.N\W
X MOPUIAA

lIBM ~
ssaldaqg

Buimaip

m_QEmw/

Sd.lV peoT

anesse)n



WO 2015/134938 PCT/US2015/019297

7167

~~-(8)

1S31>

Target-
rich phase

(R 7 7 7
i w12
I|r I/,.:/

[}

\L 22227 7 AN,

o

=

c ©

273

D) 3 c

~— Q_O)

© ©

O E

(e

W Z /////////////I/‘/////////////Aii'/,/
O3MOoo—=—mmmy (22 <=
\Z 7/ Z iz

W//////A:///////////7///////////////////////////////,::»,//// .
7. N
111N} ——-

Y P
‘7////////7/////////////////////////////////////////%!&’///’

(3)

£ o
= &
= ®
T <

5 2 @ O

= < X5

o £ 2 E3

= c c 5 = o @

) A= c Q v

) n o O £ o

> o L o c O © =

o I o OO / n <

\ \
Al

52 X -
o > c
%9 2E T3 s
—
oo

magnetic probes

FIG. 7



00000000000000000000000000000




FIG. 10B



PCT/US2015/019297

WO 2015/134938

10/ 67

Ll "Old

awi

<L
-

alAjeue
pajesuadsuo)

anesse)n

MOPUIA
Buimaip

I @

uonosleg

[IBM
UOBJIUBIUOD

JOIS UoNO9I0D



PCT/US2015/019297

WO 2015/134938

11 /67

A

¢l Old

acl old

SMO[J-}I-SB-S9)RJJUd2U0) L:6

V¢l Ol

awiL

Jood-1awAjod
You-JawA|od

\
>

a|dweg




PCT/US2015/019297

WO 2015/134938

12/ 67

ocl Old

del old

~urisy

II9M 19ded a-€ L:6

awiL

II9M 12ded g-€ L:L

Vel Ol

A

auI |ouo)D
suI 1saL

auoz uonosleq

/ / Jood

-J1oWA|j0d

uonippy
Jayng Buluuny

ped Jueqiosqy
9S0|N||2001IN

uonoag
SS04D

sse|biaqi4

/1 uonippy

\ s|dweg

[I9M
sse|biaqi4



FIG. 14D



WO 2015/134938 PCT/US2015/019297

14 /1 67
1cm icm  1cm 4cm
—> FG Salt | PEG FG Experimental

FIG. 15A

7cm
—> FG Control

O
2, [FG [sat [PEG| FG
FIG. 16A
5 I'FG [sat&PEG| FG
FIG. 16B
C
—> [ FG Salt | PEG|G |PEG|FG | PEG| FG
FIG. 16C
PEG PEG PEG
d
—> [ FG [sat | —- FG | Salt| FG | Salt | +— FG
PEG PEG PEG
FIG. 16D
PEG|PEG
%5 [salt [salt|salt|sal] FG - PEG
FIG. 16E PEG|PEG




91 uoynjos jes



d8l Old

PCT/US2015/019297

v N (v N v N
piny Buibbe] <€----
aseyd ayfjeue
- __ POJBIJUBIUOD) «------=-
|» | Jaynq Buluuny <€«——
B || s ] L
J ) )

16 /67

V8l Ol

VAT VAT VAT

L= ———-c--=- ] T ——— ] <<-3}-

WO 2015/134938

aseyd ajfjeue
pajesjuaduo) <€----

pinj Bulpea <------
Jayng Buluuny <«——




FIG. 19



PCT/US2015/019297

WO 2015/134938

18 /67

Bunjoeq |Auip

ped
g|dweg

MOJ] JO uondalig

<
-

Bupjoeq JAuip

0¢ Ol

ped
a|dweg

MOJ] JO uondalig

4
-

sjaubep

Bupyjoeq JAuip

ped
a|dweg

MOJ] JO uondalig

€




000000000000000000000000000000




WO 2015/134938 PCT/US2015/019297

20/67

0.005

0.05

0.5

5
FIG. 22

Mg/mL | pg/mL | pg/mL | pg/mL | pg/mL

50

OCo

UOIBJIUBIUOD UOIBJIUBIUOD
JNOYIIM UMM




WO 2015/134938 PCT/US2015/019297

21167

N\

FIG. 23C FIG. 23D



WO 2015/134938

PCT/US2015/019297

22 /67

0.01
ng/uL

0.1
ng/uL

0.2

ng/uL

1

ng/uL

10
ng/pL

Negative
Control

LFA only

FIG. 24



PCT/US2015/019297

WO 2015/134938

23 /67

A

G¢ Old

awiL

a)Ajeue

paleJJuUadu0) @

anesse)n

MOPUIAA
Buimaip

I @

uonosleg

[IBM
UOIBIIUBOUOD

IS UolI8I0D



PCT/US2015/019297

WO 2015/134938

24 | 67

9¢ Old

Bulysid Aigeys

uo399jaQg uope.tjusaduo) jobie] pasueyuy

B edteld O



WO 2015/134938 PCT/US2015/019297

25/ 67
Competition Assay

© Anti-Tf Dextran Coated Nanoprobes DGNP
¥ Anti-IgG
o Transferrin (Tf)

Test Line ~Control Line

o

X pusmes |
— ]

Positive
i

Nitrocellulose
Sample Membrane  Absorbance
Pad Pad

]
—

—
»~

Direction of Sample Flow

FIG. 27

Neqgative

v
Q w/w sa
§ 2 ;_— 7.5% wiw salt
o ® i 10% w/w salt
8 1.0 8 1.0 A\12.5% wiw salt
S 0.81 S 0.8
S npl S T
< 0.6 < 0.6} =
B 0.4- 3 8:? --------
N i N 02-
EE 8'3 — . £ 00 — .
E 400 500 600 700 E 400 500 600 700
Z Wavelength (nm) r Wavelength (nm)

FIG. 28A FIG. 28B

— 0% w/w salt

15% w/w salt
--- 20% w/w salt
— 30% w/w salt

400 500 600 700
Wavelength (nm)

FIG. 28C

Normalized Absorbance



WO 2015/134938 PCT/US2015/019297

26 /67

FIG. 29A

12

S
O
O
HH
(|

Concentration Factor

o N &~ (0)] (00]
1 1 1 1 1




PCT/US2015/019297

WO 2015/134938

27167

1 0.316 0.1 0.0316 0.01

Control pg/mL Mg/mL pg/mL upg/mL pg/mL pg/mL

Negative  3.16

_

<C

LFA only

FIG. 31A

1 0.316 0.1 0.0316 0.01

Control  upg/mL  pyg/mL  pg/mL pg/mL Mg/mL  pg/mL

Negative  3.16

PA
1]

9:1 ATPS
+LF

FIG. 31B

O Without ATPS
A With ATPS

200+

Jeubig aul 3sal

0

T
0.01

|
10

1

T
0.1

Tf Concentration (ng/pL)

FIG. 32



PCT/US2015/019297

WO 201

28 /67

9:1 ATPS

1:1 ATPS

Phase
Separated

FIG.33C FIG. 33D

Phase ixed
Separated

FIG. 33A FIG. 33B

ixed



WO 2015/134938 PCT/US2015/019297

29 /67

1:1 Paper Membrane 9:1 Paper Membrane

FIG. 34A FIG. 34B



WO 2015/134938 PCT/US2015/019297

30/67

1:1 3-D Paper Well 9:1 3-D Paper Well

FIG. 35A FIG. 35B



PCT/US2015/019297

WO 2015/134938

31/67

A

Q9¢ Old

II9M 19ded g-€ L:6

d9¢ Old

Vo¢ 'Ol

awiL

II9M 19ded g-€ L:L

auI |ojuo)
auIT 1saL

A

uonosleq

/
/
/

N ss

uonippy
Jayng
Buiuuny

ped ueqlosqy
9S0|N||9004)IN

e|6saqi

uoInoasg ¢
SS0.D

[I9M Jaded

/uonippy
/g dweg



PCT/US2015/019297

32 /67
Transferrin Concentration (ng/uL)

WO 2015/134938

>0 awn
™

FIG. 37A

0 ow

Transferrin Concentration (ng/uL)

LFA Onl
No ATP
LFA + 3-

+1:1 ATP
LFA Onl
No ATP

FIG. 37B



8¢ 'Old

aqoidouep p|os) parelAiogd %W aqoidoueN c_ow.ﬂu. 0008-93d —/ ©®lPOIN® ClLN=

PCT/US2015/019297

WO 2015/134938

33/67

Aoeinooe asealoul SdlVv ies/o3d ayl uiw Qg ul
0} gV1LVIN Upm ajqiedwod aq o) UOIOBIIXS MO||Y
Aq paynuenb paje|An3d sem 41 Joj Yy 9 :own

2Jom s)Insal 47

J0jedIpuUl OLJBWIIOI0D

uoneledas aseyd

,/ \\ \\I\N .//
// .\ k@ \ \l\\ \ wmth
JowA|o
FE = e S W VA
/<7 e NN
A7 — X
ohe payeu Aq pazi|Iqels A||eolsls U 9< Ul UOIIOBIIXS MO||Y
paulwJiajep 10U SeMm {47 10} Y 9< awj
2JoM S)INSaI V4T J0Je2IpUl SLIIBWILIOJ0D uonjesedas aseyd
o S 5 A @ Lo
e — ﬂ mmm,&,w.m@ mw_%.%.cw.
, \ w3 F | sdv
o T o STERITT
N/ nan PN S 2
/Q\ Lnu“u Wop o ap & W

mooo



WO 2015/134938 PCT/US2015/019297

34 /67
Sandwich Assay
% Gold nanoprobes Sandwich Assa
Y Anti-M13
% Anti-lgG |
Test line Control line
(&
2
o
o

% Absorbance
pad

Negative

FIG. 39

FIG. 40A FIG. 40B FIG. 40C



WO 2015/134938

Concentration Factor

Concentration Factor

151

101

35/67

Concentration Factor vs. Time

¢ g

PCT/US2015/019297

| | |
1 2 3

Time (hours)

FIG. 41

Concentration Factor vs. Volume Ratio

15+
101
[m]
5_
0 I I I |
0 2 4 6

Volume Ratio

FIG. 42

10



000000000000000000000000000000




000000000000000000000000000000




WO 2015/134938 PCT/US2015/019297

38 /67

LFA Intensity for M13

80 .
70
60
50 =

40—

30— % %
20—

10 E O % g §

0 T T TN T T T T T I T T T

1E+06 1E+07 1E+08 1E+09 1E+10
M13 Concentration (pfu/mL)

Test Line Signal

FIG. 45



PCT/US2015/019297

WO 2015/134938

39 /67

aseyd
You-jjes

aseyd
You-93d

9% "Old

a)Ajeue jabie] o @qoisdouepN p|oo aseyd you-jes aseyd you-o3d |
10}oe}
00} < 0L~ UOIJBJ}UBOUOD)
il L:6 40 6:] oljel WN|OA
uiw Q| ulw Qg < aw} uonoesixg
aseyd aw} uonesedss
uiw oL UOL-IES yoc< oseyq

aseyd you-jes

aseyd you-93d

onewayos

UoNoBJIXd
aoeIa)U|

aseyd
You-93d

uonoesxs aseyd yng

adA} uonoesxg




PCT/US2015/019297

WO 2015/134938

40/ 67

aAnebaN

SUI| JSO

BUI| [0JJUOY) frmmmmn

aAISOd

SAEboN

Ly "Old

92UBqIoSqy

SANIS0d

Aessy uonnadwon

N ouy1s0)

aul| [0J3U0D
obl-juy J\
soqo.idoueu
pjob punog-j| j1-Nuy %r
saqoidoueu pjoo P@ iL O




WO 2015/134938 PCT/US2015/019297
41/ 67
\v
—;—: L]
~  PEG OGoId Nanoparticle Y Anti-Tf

poor phase

* Prevents aggregation of GNPs
in high salt environment of PEG-

= Increases the hydrophobicity of
the nanoeparticles by increasing
PEG-PEG interactions to drive
the nanoeparticle into the PEG-

* Greater excluded-
volume interactions
with PEG in the PEG-
rich phase drive the
nanoparticles into the
PEG-poor phase

* Increases the hydro
philicity of the nano-
particles to drive the
nanoparticles into the
PEG-poor phase

rich phase
FIG. 48A

PEG-rich | > PEG-rich [

_ as
Interface—»> || < Interface GNP/tF;rget- -
: rich interface [
Salt-rich < >Salt-rich Salt-rich <

phase ane
- phase phase |

FIG. 48B FIG. 48C

FIG. 48D



42 | 67

0.001

ng/pL

0.01
ng/uL

§
L
O

0.1

ng/uL

§

N
B
I

B

1

ng/pL

-

Negative

(0 ng/UL)

o

.

only

LFA
(50 pL)

w ©

FIG. 49



43167

0.001

ng/uL

0.01
ng/uL

0.1

ng/uL

1

ng/uL

NegatiVe

(0 ng/uL)

[T

FIG. 50



PCT/US2015/019297

44 | 67

FIG. 51

WO 2015/134938

)
@

n P
2~ t 5 ]
c (O o
o= =06 , <

cS+LO
L O — 1o
L > S
— ) N




PCT/US2015/019297

WO 2015/134938

45/ 67

¢S Ol

3191 #11-X 1L O HaTd eueep o

ulw 0g
sqoudoueN pjo9 HQTd-HY &
[’ g
| [
wa)sAg aseyd-om| snoanby
uolI}99j9( *® UOIJBIIUDDOUOD Shodue)NwWIS Je||991N ypm paxiy ajdwes



46/ 67

-4hrs S5hrs 6hrs 7hrs 8hrs

0

FIG. 53B

FIG. 53A



WO 2015/134938 PCT/US2015/019297

47 | 67
Absorbent
Sample Fad
Pad 4~/f-Backing
3D Detection
‘ Flow

L .
LFA Strip Con%eonr;ttreatlon =—Controlline
N Test line

Assay Components

=

Time

FIG. 54A

pLDH Concentration (ng/jL)
100 10 1.0 0.1 0

LFA Only

LFA with
Paper-based
Micellar ATPS

FIG. 55



WO 2015/134938 PCT/US2015/019297

48 /1 67

pLDH Concentration (ng/pL)
100 10 1.0 0.1 0

LFA Only

LFA with
Paper-based
Micellar ATPS

FIG. 56



000000000000000000000000000000




PCT/US2015/019297

PEG phase
runs first*

50 /67

P T—

Salt phase runs first

O

o
C
S
w
5
L

J

WO 2015/134938

FIG. 58B

FIG. 58A



WO 2015/134938

/%
|
PEG

FIG. 59A

A
N/

PEG

FIG. 59C

PCT/US2015/019297

51767

A\

PEG

FIG. 59B

A

FIG. 59D




000000000000000000000000000000

52 /67

FIG. 60



000000000000000000000000000000




WO 2015/134938

PCT/US2015/019297

54 /67

FIG. 63A FIG. 63B



000000000000000000000000000000




WO 2015/134938 PCT/US2015/019297

56 / 67
N N
N\ N\
Salt PEG
N \NZ
N NZ
NN L \NZ
7777 NZ
NN Y
e SN
Small sample volume
NN
N
FIG. 67

salt pad
Nanoprobe padl’, ===

PEG pad—, E23
=7

FIG. 68



WO 2015/134938 PCT/US2015/019297

57167

RRRRRRRY

_ . .\‘\

FIG. 69A

FIG. 69B

ATPS
components

All blank
papers

FIG. 70



PCT/US2015/019297

WO 2015/134938

58 /67

FIG. 71



PCT/US2015/019297

WO 2015/134938

59 /67

FIG. 72

5 layered

well

FIG. 73B

FIG. 73A



WO 2015/134938 PCT/US2015/019297

60/ 67




WO 2015/134938

LFAin VTM

61/67

PCT/US2015/019297

C. trachomatis concentration (ug/mL)

0

4.7

10

20

FIG. 76



WO 2015/134938 PCT/US2015/019297

62 /67

Cells/mL 10° 108 107 106

No ATPS

ATPS

FIG. 77



PCT/US2015/019297

WO 2015/134938

63 /67

1e6

1e7

1e8

Negative

No ATPS

w/ ATPS

FIG. 78



PCT/US2015/019297

WO 2015/134938

64 / 67

0.1 ng/ul

1 ngl/ul

10 ng/ul

Negative

No ATPS

w/ ATPS

FIG. 79



WO 2015/134938 PCT/US2015/019297

65 /67

e I O
& o

FIG. 80A

1:1 Sealed Well

FIG. 80B



WO 2015/134938 PCT/US2015/019297

66 / 67

9:1 Sealed Weall

FIG. 80C

pl.OM Concentration {ngful)
it 1.8 8.1 Q

20 minutes

30 mingtes

FIG. 81



PCT/US2015/019297

WO 2015/134938

67 /67

, 2 sy’
frwoy TAEGE) ey ey

e i

yren¥g iz

WEUDIB0S {1

wimeid Bt Y DOBE-034 4

ASOURN BTy AN T RN AT ‘

Wi poxiy Bidieg

WISAG A5EUL-0M] SNOANLY

FIG. 82



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US15/19297

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GoOIN 33/538, 33/50, 33/53 (2015.01)
CPC . Go1N 33/538, 33/50, 33/53

According to International Patent Classification

(IPC) or to both national classification and IPC

B. EIELDS SEARCHED

G01N 33/538, 33/50, 33/53 (2015.01)

IPC(8) Classification(s):
co1 N 33/538, 33/50, 33/53

CPC Classification(s):

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

PatSeer

(Us, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); PatSeer; Google Scholar; ProQuest;
Discovery; analyte, target molecule, biomolecule, partition, concentrate, detect, LFA, lateral flow, two phase, aqueous, micellar systems

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EBSCO

lines 22-23; column 7, lines 49-57

C. DOCUMENTS CONSIDERED O BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 201 1/159537 A2 (THE REGENTS OF THE UNIVERSITY OF CALIFORNIA) 22 December 1-4, 18-20

- 201 1; page 3, lines 14-26; page 20, lines 18-26 -

Y 21-23

Y US 5,141 ,850 A (COLE, FX etal)) 25 August 1992; abstract; column 3, lines 38-40; column 4, 21-23

| l Further documents are listed in the continuation of Box C.

_l L See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance L

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

: special reason (as specified) :

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

"'T'*  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention .

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y” document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

05 May 2015 (05.05.2015)

Date of mailing of the international search report

0 3 JUN 2015

Name and mailing address of the ISA/
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form pcT/Isar210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.
A PCT/US15/19297

Box No. |

| Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1o

s X4

Claims Nos.: .
because they relate to subject matter not required to be searched by this Authority, namely:

Claims Nos.:
because they relate to parts of the international application that do not comply with the prescri bed requirements to such an

extent that no meaningful international search can be carried out, specifically:

Claims Nos.: 5-17 and 24-26
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention islackihg (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

As all required additional search fees were timely paid by the applicant, this international search report covers al searchable
clai ms.

As all searchable claims could be searched without effOft]UStlfyl ng additional fees, this Authority did not invite payment of
additional fees.

As onIy some of the required additional search feeswere timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest _I “The additional search fees were accompanied by the applicant s protest and, where applicable, the

payment of aprotest fee.

™
L__l' The additional search fees were accompanied by the applicant's protest but the applicable protest
I:l fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RBA

H M2 TF S0k
S\EREERR

BEG®)

RTESDHWRE , REFNLN R

ol

EP3114482A1 K (AE)B
EP2015758881 FER
mAERIAFEEL
mAERLAZEES
MAERLAZEEL

KAMEI DANIEL T
CHIUYINTO

WU BENJAMIN M
MOSLEY GARRETT L

KAMEI, DANIEL T.
CHIU, YIN TO

WU, BENJAMIN M.
MOSLEY, GARRETT L.

GO01N33/538 GO1N33/50 GO1N33/53
GO01N33/54366 GO1N33/54386 GO1N33/558 GO1N33/532

61/949887 2014-03-07 US
61/953870 2014-03-16 US

EP3114482A4

Espacenet

ARIATE T R F AR RGN @530 E KA A @ P Y B AR 4T
MHEBNG E, XERENGETHT LM ENSRPRERRR
iE , PlanmARmE, S5 FEREMSETATRURRFE RS
BHRSAFFEFRY , SINMHEER., RENEFAMHTULEit
BRAFEEARSET  HEEASHBEATHES TEY, XLERERE
AR, FRERETZNRERFSFRELBLRNZRES. HE
#r, BN EFRDTYFTIE RN EIEERE, Bt , AXLFHRENS
ERETRATENPENTHEEANFR,

2017-01-11

2015-03-06

patsnap


https://share-analytics.zhihuiya.com/view/6eced729-d336-43c0-95d5-77668faced1c
https://worldwide.espacenet.com/patent/search/family/054017100/publication/EP3114482A1?q=EP3114482A1

