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PHASE SEPARATION BEHAVIOR MODIFYING AGENTS FOR AQUEOUS TWO-
PHASE SEPARATION WITHIN POROUS MATERIAL

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No. 62/513,994, filed
June 1, 2017 and U.S. Provisional Application N0.62/599,001, filed December 14,2017. The entire
contents and disclosures of the preceding application are incorporated by reference into this
application.
[0002] Throughout this application, various publications are cited. The disclosures of these
publications in their entireties are hereby incorporated by reference into this application to more
fully describe the state of the art to which this invention pertains.
FIELD OF THE INVENTION
[0003] The present invention relates to a method and/or device for improving the behaviors and
performance of aqueous two-phase system (ATPS) within a porous material for isolating and/or
concentrating one or more target analytes from a sample solution. The present method and device
are related to using one or more phase separation behavior modifying agents to improve the
separation behavior and performance characteristics of ATPS components within a porous material.
A modifying agent can increase the stability or reduce fluctuations of ATPS by affecting the
volumes and volume ratio of the two phases after separation, fluid flow rates, and/or concentrations
of the ATPS components. In one embodiment, the range of concentrations of the ATPS
components for phase separation is widened significantly when a modifying agent(s) is added to
the ATPS, thereby increasing the yield of a purified target analyte. The present invention further
provides a device for carrying out the method of the present invention.
BACKGROUND OF THE INVENTION
[0004] The concentration of a target analyte is a critical parameter in many research and diagnostic
applications. A purified target analyte must be of high quality and sufficient quantity, such that it
can be used in various downstream applications including detection, clinical diagnosis and so on.
Obtaining a target analyte in a purified form is a complicated task due to the presence of large
amounts of cellular materials and macromolecules (e.g. proteins and carbohydrates) (also termed
as ‘polymers’) in such samples as urine, blood, plasma, serum, saliva and other biological fluids.

[0005] For target analytes that are present at very low concentrations in biological fluids, such as
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urine and blood, there is a need to obtain large volumes of biological fluids in order to obtain
sufficient quantity of the target analytes for subsequent detection by molecular techniques.

[0006] It has been a huge challenge to detect the existence of an analyte which has an extremely
low concentration. The analyte can be a biomarker of a disease such as a cell free DNA (cfDNA),
circulating tumor DNA (ctDNA) or a protein which exists in a sample such as saliva, blood, urine
and other bodily fluids of a patient. Many of the existing diagnostic or detection methods may
falsely report that the analyte does not exist if the analyte concentration is too low. For instance,
the gold standard of diagnostics such as Polymerase Chain Reaction (PCR) and Enzyme-Linked
Immune Sorbent Assay (ELISA) may produce a false negative result if the target analyte has
extremely low quantity beyond the detection limit of the assay.

[0007] Despite discovery and invention of new biomarkers for many diseases in recent years,
diagnostic tests based on these new biomarkers, such as cfDNA testing, have not been adopted in
routine clinical procedures due to lack of sensitivity and specificity. Where biomarkers are present
in low quantities, accurate detection hinges upon isolation methods that can concentrate the
biomarkers from background. Depending on the isolation method, this challenge can be
complicated with variance in fragment size and influences by test inhibitors.

[0008] There are methods described in the literature to concentrate target analytes. A method to
concentrate an analyte by porous material dehydrated with ATPS has been disclosed in patent
publication W0O2017041030. However, the number of folds of concentration is rather small to
satisfy the need in practice. Despite the popularity of ATPS, it is still not widely used in the industry
due to its limitations. For example, it is limited by the maximum sample volume the system can
process, the minimum and maximum concentration of ATPS components, and the yield of purified
target analytes. Specifically, the performance of ATPS is not very stable during phase separation
due to fluctuations in sample volumes, concentration and ratio of ATPS components, and so on,
thereby affecting the purification of the target analytes in terms of efficiency, purity and yield.
[0009] To overcome these limitations, the present invention provides an improved method and
device to concentrate and purify target analytes from samples for further analysis. Using ATPS
components which are embedded within a porous material and one or more phase separation
behavior modifying agents, the present methods and devices can concurrently perform a number
of tasks including isolating target analytes, removing non-target analytes and impurities, and

concentrating target analytes in high yield in any suitable condition, so that the methods and
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devices can be implemented using a wide range of concentrations of ATPS components, resulting
in stable phase separation during the whole process with no or minimal fluctuations, and under
different flow rates. In short, the present invention significantly improves the behaviors and
performance of ATPS. The present invention further provides a device for carrying out the method
of the present invention.

SUMMARY OF THE INVENTION
[0010] The foregoing background, as well as the following detailed description, are better
understood when read in conjunction with the appended figures. The figures are intended to be
illustrative and not limiting. The disclosure is not limited to the precise arrangements and examples
shown herein.
[0011] The present invention relates to a method and/or device for improving the behaviors and
performance of an aqueous two-phase system (ATPS) within a porous material for isolating or
concentrating a target analyte from a sample solution. In one embodiment, the present method
and/or device comprise ATPS components within a porous material, and one or more phase
separation behavior modifying agents that improve the separation behavior and performance
characteristics of ATPS, including but not limited to increasing the stability or reducing
fluctuations of ATPS through adjustment of parameters including but not limited to the total
volume of a sample solution that undergoes phase separation, volume ratio, fluid flow rates and
the concentrations of ATPS components.
[0012] In one embodiment, the present method and device comprise a porous material embedded
with ATPS components and one or more phase separation behavior modifying agents that widen
the range of concentrations of the ATPS components effective for phase separation.
[0013] In one embodiment, the present method and device comprise a porous material embedded
with ATPS components and one or more phase separation behavior modifying agents that increase
the yield of purified target analytes.
[0014] In one embodiment, the present method and device comprise a porous material embedded
with ATPS components and one or more phase separation behavior modifying agents that improve
the stability of ATPS during phase separation by minimizing fluctuations in the volumes and/or

volume ratios of the two phases.
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[0015] In one embodiment, the method and device comprise a porous material embedded with
ATPS components and one or more phase separation behavior modifying agents to remove
contaminants from a sample solution.
[0016] In one embodiment, the present invention provides a method and/or device for
concentration of a target analyte in a solution using ATPS components which are embedded in a
porous material, and one or more phase separation behavior modifying agents.
[0017] In one embodiment, phase separation behavior modifying agents are compounds which can
induce or promote phase separation by changing the temperature, pH, salt concentration,
hydrophobicity/hydrophilicity, surface tension, and/or ionic strength of the ATPS. As a result, the
target analyte partitions preferentially into one of the two phases, depending on their
characteristics. In one embodiment, phase separation behavior modifying agents include
compounds carrying an acidic functional group, an amine functional group, and/or both a
hydrophilic group and a hydrophobic group.
[0018] In one embodiment, the present invention provides a device for isolating or concentrating
one or more target analytes from a sample solution, the device comprising:
i) aporous material;
i1} components capable of forming a first phase solution and a second phase solution of an
aqueous two-phase system (ATPS); and
i1t} one or more phase separation behavior modifying agents;
wherein said components and said phase separation behavior modifying agents are embedded

in said porous material, wherein when a solution containing said target analytes flows through said
porous material, an aqueous two-phase system comprising said first phase solution and said second
phase solution is generated, wherein the separation behavior of the two phase solutions is altered
by said phase separation behavior modifying agents, and said target analytes are isolated or
concentrated on said porous material.
[0019] In one embodiment, the present invention provides a device for isolating or concentrating
one or more target analytes, the device comprising:

i} a porous material;

ii) components capable of forming a first phase solution and a second phase solution of an

aqueous two-phase system (ATPS); and

i1} one or more phase separation behavior modifying agents;
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wherein one or more of said components and said phase separation behavior modifying agents
are embedded in said porous material, wherein the balance of said components and said phase
separation behavior modifying agents are to be mixed with a solution containing said target
analytes, thereby forming a mixed solution, wherein when said mixed solution flows through said
porous material, an aqueous two-phase system comprising said first phase solution and said second
phase solution is generated, wherein the separation behavior of the two phase solutions is altered
by said phase separation behavior modifying agents, and said target analytes are isolated or
concentrated on said porous material.
[0020] In one embodiment, the present invention provides a method for isolating or concentrating
one or more target analytes from a sample solution, the method comprising:
i} obtaining a sample solution containing the target analytes; and
it} contacting the sample solution with a porous material embedded with one or more phase
separation behavior modifying agents, components capable of forming a first phase
solution and a second phase solution of an aqueous two-phase system (ATPS), wherein,
when a solution containing said target analytes flows through the porous material, an
aqueous two-phase system comprising said first phase solution and said second phase
solution is generated,
wherein the separation behavior of the two phase solutions is altered by said modifying agents;
wherein the target analytes are isolated or concentrated on said porous material.
BRIEF DESCRIPTION OF DRAWINGS
[0021] Figure 1 provides a few embodiments showing how a phase separation behavior modifying
agent can distribute within a rectangular porous material. The phase separation behavior modifying
agent may be disbursed within the porous material at many different locations and at different
concentrations within each location.
[0022] Figure 2 shows phase separation diagrams (binodal curves) under various flow rates
comparing the separation behavior and characteristics of ATPS components with or without
behavior modifying agents, illustrating benefits of phase separation behavior modifying agents on
phase separation characteristics of the ATPS components. In some instances, these phase
separation diagrams represent a time progression of fluid flowing through a porous material
embedded with ATPS components and thereby resolubilizing ATPS components that are

dehydrated in that material. As time goes on, more ATPS components will get into solution. The
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curved lines are binodal curves which indicate the relative concentrations of ATPS components
that are effective for phase separation, thereby setting a boundary between a monophasic system
and a diphasic system. Under the theory of binodal curve, phase separation occurs only when the
relative concentration of the ATPS components has reached a certain value. Any point outside the
binodal curve represents a monophasic system (no phase separation), while any point inside the
binodal curve represents a diphasic system (phase separation). The horizontal solid line refers to a
tie line which denotes conditions under which the two phases exist in equilibrium with each other
at a particular temperature. All systems on the tie line produce the same two phases at a given
temperature and the intersections of the tie line with the binodal curve represent the compositions
of the two phases that exist in equilibrium with each other at that temperature. The volume ratio
of the ATPS solution can be determined by comparing the length of the point on the tie line to the
binodal curve on the left to the length of the point to the binodal curve on the right (referred to as
the “lever arm rule”). For example, in Panel A of Figure 2, the volume ratio of the two phase
solutions is 1:5 when the relative concentration of ATPS components is n, while in Panel B of
Figure 2 the volume ratio is 5:1 when the relative concentration of ATPS components is 2n. In
contrast, when the relative concentration of ATPS components is 3n falling outside the tie line, the
two phase solutions will not undergo a phase separation and remain as one single phase (Panel C
of Figure 2). Accordingly, the partition coefficient of a target analyte is the same along the tie
line regardless of changes in the relative concentration of ATPS components. Since the yield of
the target analyte by ATPS depends on the partition coefficient of the target analyte and the volume
of the target phase recovered, the yield will depend on the tie line and the position of the ATPS on
that tie line. Typically, the longer the tie line is, the higher the yield will be. The phase diagrams
on the right panel (Panels D-F of Figure 2) indicated that addition of phase separation behavior
modifying agent to the ATPS shifts the position of the binodal curve downward and thus increases
the length of the tie line at any given temperature, thereby allowing phase separation to occur
within a wider range of relative concentration of the two phase components, as well as increasing
the partition coefficient. As a result, the range of ATPS concentration capable of phase separation
is widened significantly. Furthermore, in certain embodiments where the ATPS components and
the phase separation behavior modifying agents are dehydrated within the porous material, the
phase separation volume ratio becomes more stable with respect to flow rate and fluctuations in

the concentration of the ATPS components. Along the same tie line, an increase in ATPS
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component concentration will result in more extreme volume ratios. Under the theory of binodal
curve, if the operating relative concentration of ATPS components is too close to either side of the
binodal curve, even a slight change of volume ratio of the two phase solutions (e.g. a slight dilution
or concentration of the solutions) can cause a shift of the operating relative concentration to another
side of the binodal curve where only one phase exists. However, in cases where the porous material
is embedded with both the ATPS components and modifying agents in dehydrated form, the
increase in ATPS component concentration also correlates with an increase in phase separation
behavior modifying agents, and therefore leading to a proportional downward shift of the binodal
curve and a longer tie line at temperature T as compared to the phase diagrams in Panels A-C of
Figure 2. As such, the same relative concentration of ATPS components would have a smaller
influence on the volume ratio when modifying agents are present, making the system more stable
and robust. It should be noted that Figure 2 is illustrative of a temperature dependent ATPS with
a single ATPS component, however the concept described above similarly applies to ATPSs that
are not temperature dependent and ATPSs that have multiple ATPS components.
DETAILED DESCRIPTION OF THE INVENTION

[0023] In the following description, several embodiments of the invention are described. For
purposes of explanation, specific configurations and details are set forth in order to provide a
thorough understanding of the embodiments. In addition, to the plural or singular forms of a word
and to the extent that orientations of the embodiments are described as, “top”, “bottom”, “front”,
“back”, “left”, “right” and the like, these wordings are to aid the reader in understanding the
embodiments and are not meant to be limiting physically. It is apparent to a person skilled in the
art that the present invention may be practiced without specific details. The invention will be better
understood by reference to the examples which follow, but those skilled in the art will readily
appreciate that the specific examples are for illustrative purposes only and should not limit the
scope of the invention which is defined by the claims which follow thereafter. It is to be noted that
the transitional term “comprising” or “including”, which is synonymous with “containing” or
“characterized by”, is inclusive or open-ended and does not exclude additional, unrecited elements
or method steps.

[0024] The present invention relates to a method and/or device for improving the behaviors and

performance of aqueous two-phase system (ATPS) within a porous material to isolate or
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concentrate a target analyte from a sample solution. The present invention further provides a device
for carrying out the method of the present invention.
[0025] In one embodiment, among the many different possibilities contemplated, the present
methods and/or devices take the advantage of the phase separation behavior modifying agents to
improve one or more phase separation behaviors and performance characteristics of the ATPS
components. In one embodiment, it is further contemplated that improvement in phase separation
behaviors and performance characteristics of the ATPS components can improve the functionality
and integration of many other devices, methods, or practices being used in conjunction with the
present porous material or device.
[0026] In one embodiment, the present invention provides a method and a device for isolating or
concentrating a target analyte in a solution using ATPS components which are embedded on a
porous material, and one or more phase separation behavior modifying agents. In one embodiment,
phase separation behavior modifying agents are compounds which can induce or promote phase
separation by changing the temperature, pH, salt concentration, and/or ionic strength of the ATPS
system. As a result, the target analyte partitions preferentially into one phase or the other,
depending on their characteristics.
[0027] Accordingly, the present invention provides an aqueous two-phase system (ATPS) which
is capable of isolating or concentrating a target analyte from a sample under a wide range of
concentration of ATPS components. The present invention overcomes the limitations of the
existing technologies such as limitations on sample size, minimum and maximum concentrations
of ATPS components and yield of purified target analytes. The present invention facilitates a faster
and efficient distribution of target analytes in the aqueous two-phase system without the need for
complex instrumentation and allows purification of target analytes from large volume and complex
biological materials with high yield, while avoiding target analytes contamination.
[0028] In one embodiment, the present invention provides a device for isolating or concentrating
one or more target analytes from a sample solution, the device comprising:
i) aporous material;
it) components capable of forming a first phase solution and a second phase solution of an
aqueous two-phase system (ATPS); and
iii) one or more phase separation behavior modifying agents;

wherein said components and said phase separation behavior modifying agents are embedded
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in said porous material, wherein when a solution containing said target analytes flows through said
porous material, an aqueous two-phase system comprising said first phase solution and said second
phase solution is generated, wherein the separation behavior of the two phase solutions is altered
by said phase separation behavior modifying agents, and said target analytes are isolated or
concentrated on said porous material.
[0029] In one embodiment, the present invention provides a device for isolating or concentrating
one or more target analytes, the device comprising:
i) aporous material,
it} components capable of forming a first phase solution and a second phase solution of an
aqueous two-phase system (ATPS); and
iit} one or more phase separation behavior modifying agents;
wherein one or more of said components and said phase separation behavior modifying agents are
embedded in said porous material, wherein the balance of said components and said phase
separation behavior modifying agents are to be mixed with a solution containing said target
analytes, thereby forming a mixed solution, wherein when said mixed solution flows through said
porous material, an aqueous two-phase system comprising said first phase solution and said second
phase solution is generated, wherein the separation behavior of the two phase solutions is altered
by said phase separation behavior modifying agents, and said target analytes are isolated or
concentrated on said porous material.
[0030] In one embodiment, the present invention provides a method for isolating or concentrating
one or more target analytes from a sample solution, the method comprising:
i) obtaining a sample solution containing the target analytes; and
it} contacting the sample solution with a porous material embedded with one or more phase
separation behavior modifying agents, components capable of forming a first phase
solution and a second phase solution of an aqueous two-phase system (ATPS), wherein,
when a solution containing said target analytes flows through the porous material, an
aqueous two-phase system comprising said first phase solution and said second phase
solution is generated, wherein the separation behavior of the two phase solutions is altered
by said phase separation behavior modifying agents;
wherein the target analytes are isolated or concentrated on said porous material.

[0031] In one embodiment, when ATPS is applied on a porous material (e.g. paper), the two phases
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of the ATPS separate from each other as the mixed phase solution flows through the porous
materials. The resulting phase solutions are of different physicochemical properties and each phase
travels through the porous matrix at different rates. Different molecules in a mixture would be
distributed differentially between the two phase solutions due to their different properties, and it
is possible to separate and concentrate target molecules using ATPS with minimal set up and
human intervention.

[0032] The advantage of the invention is that high concentration and high yield of the target
analyte can be obtained in a simple way and compatible with downstream application analysis
without further step of purification or concentration.

[0033] The methods and devices provided herein are robust, inexpensive, simple, easy to handle,
safe, user friendly and fast. The present method and device are able to purify and concentrate the
target analyte and thereby ensure the performance of the downstream applications using the
purified and concentrated analyte will not be affected by impurities in the original sample.

[0034] Furthermore, the present invention is applicable to samples containing the target analyte in
a very low amount, or of a small volume and is readily adaptable to automation including high
throughput screening systems.

[0035] In one embodiment, the present invention provides a method and/or device comprising
ATPS as a concentration module linked with a lateral flow immunoassay (LFA) component as a
detection module. In one embodiment, the detection module is housed in a plastic housing with a
viewing window and gold nanoprobes. As the sample wicks up the device and ATPS components
undergo phase separation, the analytes are concentrated substantially in the leading front.
Concentrated analytes are then detected by the LFA module generating visual test results.

Type of Samples and Target Analytes

[0036] In one embodiment, the present method and device can separate a target analyte from non-
target molecules (e.g., small molecules and macromolecules which are typically of natural origin
and may interfere with the detection or quantification of target analyte) in a sample and thereby
allows a more accurate detection and diagnosis.

[0037] In one embodiment, the present method and device are applicable to any types of sample.
In one embodiment, samples include but are not limited to food, blood, plasma, serum, tissues,
bacteria, viruses, RNA viruses, smear preparations, bacteria cultures, cell cultures (e.g. cell

suspensions and adherent cells), urine, saliva, fecal matters, and bodily discharges (e.g. tears,
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sputum, nasopharyngeal mucus, vaginal discharge and penile discharge), polymerase chain
reaction (PCR) mixtures and in vitro nucleic acid modification reaction mixtures.

[0038] In one embodiment, the target analytes include but are not limited to proteins, nucleic acids,
carbohydrates, lipids, bacteria, virus, pathogens, food allergen and nanoparticles and the like.
[0039] In one embodiment, the target analyte is a food allergen including but is not limited to
vegetable protein and animal protein. Lupine protein is more prefer in the invention.

[0040] In one embodiment, the target analyte is a nucleic acid of various types (e.g. DNA including
cDNA, RNA including mRNA and rRNA), forms (e.g. single-stranded, double-stranded, coiled,
as a plasmid, non-coding or coding) and lengths (e.g. an oligonucleotide, a gene, a chromosome
and genomic DNA), originated from the subject or an exogenous agent or both.

[0041] In one embodiment, the target analyte is a protein which is a peptide or a polypeptide,
including an intact protein molecule, a degraded protein molecule and digested fragments of a
protein molecule. In one embodiment, biomarkers include but are not limited to antigens, receptors
and antibodies, originated from the subject or an exogenous agent or both.

[0042] In one embodiment, the target analyte is a small molecule such as a metabolite. In one
embodiment, the metabolite is a disease-related metabolite which is indicative of the presence or
extent of a disease or a health condition. In one embodiment, the metabolite is a drug-related
metabolite such as a drug by-product of which the level changes in a subject body consuming the
drug.

[0043] In one embodiment, the target analyte is originated from the subject himself or herself (e.g.
molecules that are derived or released from any organs, tissues or cells of the subject), an
exogenous source (e.g. a pathogen such as virus or bacteria associated with a particular disease),
or a food allergen (protein) from food or drug taken by the subject. S. mutans is the prefer bacteria
in this invention.

[0044] In one embodiment, the target analyte is not normally found in healthy subject. In one
embodiment, the target analyte is a molecule that is normally found in a healthy subject but the
level of which is indicative of a particular disease or a health condition.

ATPS (Aqueous Two-Phase System) within Porous Material

[0045] In one embodiment, the present invention provides use of ATPS components within a
porous material. Various ATPS systems can be used in the present invention, including but are not

limited to polymer-polymer (e.g. PEG-PVP), polymer-salt (e.g. PEG-salt), and micellar. Porous
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material may be made of any suitable porous material which can absorb and transfer liquid.
Suitable porous materials for this invention include but are not limited to hydrogel, fiberglass
paper, cotton-based paper, other types of paper, polymer foams, cellulose foams, other types of
foams, rayon fabric, cotton fabric, other types of fabric, wood, stones, and any other materials that
can absorb and transfer liquid.

[0046] In one embodiment, the present invention provides uses of ATPS (aqueous two phase
system) for the isolation and/or concentration of a target analytes in a sample solution, wherein the
phase separation characteristics are altered by one or more phase separation modifying agents that
improve the behaviors and performance of the ATPS, thereby induces or promotes phase
separation of the ATPS.

[0047] In one embodiment, the ATPS comprises a mixed phase solution comprising a first phase
solution and a second phase solution, wherein components of said first phase solution and
components of said second phase solution are embedded in said porous material at a concentration
or a loading that is sufficient to undergo a phase separation as the mixed phase solution flows
through the porous material. In one embodiment, the phase separation characteristics are altered
by one or more phase separation modifying agents so as to induce, stabilize and/or promote phase
separation of the ATPS.

[0048] In one embodiment, components of the first phase solution and/or the components of said
second phase solution of the ATPS are embedded in the porous material and then dehydrated prior
to the addition of a sample containing the target analyte to said porous material.

[0049] In one embodiment, components of the first phase solutions and/or the components of said
second phase solution of the ATPS are combined with a sample containing the target analyte to
create a mixture prior to the addition of said mixture to the porous material.

[0050] In one embodiment, some of the components of the first phase solution and/or the
components of the second phase solution of the ATPS are embedded in the porous material and
then dehydrated, while the remaining components of the first phase solutions and/or the
components of the second phase solution are combined with a sample containing the target analyte
to create a mixture prior to the addition of the mixture to the porous material.

[0051] In one embodiment, there is provided a two-component ATPS (aqueous two phase system)
within a porous material for the concentration of one or more target analytes and/or the purification

of a sample solution. The target analyte is in contact with the mixed phase solution comprising a
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first phase solution and a second phase solution, and partitions into the first phase solution, the
second phase solution or the interface (or interphase) between the first phase solution and the
second phase solution.

[0052] In one embodiment, there is provided a two-component ATPS (aqueous two-phase system)
within a porous material for removing one or more contaminants from a sample, thereby obtains a
purified sample of the target analyte(s). In one embodiment, the one or more contaminants are in
contact with the mixed phase solution comprising a first phase solution and a second phase
solution, and wherein the contaminants partitions into the first phase solution, the second phase
solution, or the interface (or interphase) between the first phase solution and the second phase
solution.

[0053] In one embodiment, the porous material and ATPS are selected so that 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.

[0054] In one embodiment, the porous material is commercially available or manufactured in-
house.

Phase Separation Behavior Modifying Agents

[0055] In one embodiment, the present method and device comprise a porous material embedded
with ATPS components and one or more phase separation behavior modifying agents that modify
the phase separation behavior of the ATPS and thereby inducing or promoting phase separation.
In one embodiment, the present phase separation behavior modifying agents are capable of
widening the range of concentrations of ATPS components that are effective for phase separation.
[0056] In one embodiment as shown in Figure 1, it is further contemplated that the present method
and device may use different types of phase separation behavior modifying agents at various
combinations. In one embodiment, it is further contemplated that the phase separation behavior
modifying agent(s) can be disbursed within the porous material of the device at many different
locations and at different concentrations within each location.

[0057] A binodal curve denotes the conditions (e.g. temperature and concentrations of the phase
components) at which two distinct phases may coexist and hence shows the boundary of conditions
under which phase separation will occur. Under the theory of binodal curve, any point outside the
binodal curve represents a monophasic system (no phase separation), while any point inside the

binodal curve represents a diphasic system (phase separation).
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[0058] Figure 2 shows phase separation diagrams (binodal curves in terms of temperature and
relative concentrations of components forming the first and second phase of the ATPS) under
various flow rates comparing the separation behavior and characteristics of ATPS components
with or without adding behavior modifying agent to the system. On the left panel where no phase
separation behavior modifying agent is added to the ATPS (Panels A-C of Figure 2), two points
can be observed on the binodal curve at a given temperature (except the extremum of the binodal
curve), denoting a range of relative concentrations of the two-phase components at which the
solution will undergo a phase separation at that temperature. A solution of a certain composition
having a relative concentration outside the range will exist as one single phase. On the right panel
where phase separation behavior modifying agent is added to the ATPS (Panels D-F of Figure 2),
similarly two points can be observed on the binodal curve at a given temperature and concentration
of the modifying agent (except the extremum of a binodal curve). In Figure 2, the horizontal solid
line (“tie line”) within the boundary of the binodal curve denotes conditions under which the two
phases exist in equilibrium with each other at a given temperature. All systems on a particular tie
line produce the same two phases at that given temperature and the intersections of the tie line with
the binodal curve represent compositions of the two phases that exist in equilibrium with each
other at that temperature. The volume ratio of the ATPS solution can be determined by comparing
the length of the point on the tie line to the binodal curve on the left to the length of the point to
the binodal curve on the right (referred to as the “lever arm rule”). For example, in Panel A of
Figure 2, the volume ratio of the two phase solutions is 1:5 when the relative concentration of
ATPS components is n, while in Panel B of Figure 2 the volume ratio is 5:1 when the relative
concentration of ATPS components is 2n. In contrast, when the relative concentration of ATPS
components is 3n falling outside the tie line, the two phase solutions will not undergo a phase
separation and remain as one single phase (Panel C of Figure 2). Accordingly, the partition
coefficient of a target analyte is the same along the tie line regardless of changes in the relative
concentration of ATPS components. Since the yield of the target analyte recovered by ATPS
depends on the partition coefficient of the target analyte and the volume of the target phase
recovered, the yield will depend on the tie line and the position of the ATPS on that tie line.
Typically, the longer the tie line is, the higher the yield will be. The phase diagrams on the right
panel (Panels D-F of Figure 2) indicated that addition of phase separation behavior modifying
agent to the ATPS shifts the position of the binodal curve downward and thus lengthening the tie
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line at any given temperature, thereby allowing phase separation to occur within a wider range of
relative concentration of the two phase components, as well as increasing the partition coefficient.
The range encompassed by the two points on the binodal curve is always wider in the presence of
modifying agents regardless of the flow rate. Furthermore, in certain embodiments where the
ATPS components and the phase separation behavior modifying agents are dehydrated within the
porous material, the phase separation volume ratio becomes more stable with respect to flow rate
and fluctuations in the concentration of the ATPS components. Along the same tie line, an increase
in ATPS component concentration will result in more extreme volume ratios. Under the theory of
binodal curve, if the operating relative concentration of ATPS components is too close to either
side of the binodal curve, even a slight change of volume ratio of the two phase solutions (e.g. a
slight dilution or concentration of the solutions) can cause a shift of the operating relative
concentration to another side of the binodal curve where only one phase exists. However, in cases
where the porous material is embedded with both the ATPS components and modifying agents in
dehydrated form, the increase in ATPS component concentration also correlates with an increase
in phase separation behavior modifying agents, and therefore leading to a proportional downward
shift of the binodal curve and a longer tie line at temperature T as compared to the phase diagrams
in Panels A-C of Figure 2. As such, the same relative concentration of ATPS components would
have a smaller influence on the volume ratio when modifying agents are present, making the
system more stable and robust. It should be noted that Figure 2 is illustrative of a temperature
dependent ATPS with a single ATPS component, however the concept described above similarly
applies to ATPSs that are not temperature dependent and ATPSs that have multiple ATPS
components.

[0059] The binodal curves theory displayed in Figure 2 is generally applicable to all type of
modifying agents, including modifying agents described herein. It is believed that the phase
separation behavior modifying agents are capable of altering the characteristics such as
temperature, pH, hydrophobicity/hydrophilicity, surface tension, and/or ionic strength of one of
the phase components or both and allowing phase separation to occur within a wider range of
relative concentration of the two-phase components, thereby triggering or promoting phase
separation of ATPS.

[0060] In one embodiment, addition of phase separation behavior modifying agents to ATPS

components within a porous material improves the separation behavior and performance
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characteristics of the ATPS components, including but not limited to increasing the stability or
reducing fluctuations of ATPS through adjustment of parameters including but are not limited to
total volume of a sample solution that undergoes phase separation, volume ratio, fluid flow rates
and concentration of ATPS components.

[0061] In one embodiment, the present method and device comprise a porous material embedded
with ATPS components and one or more phase separation behavior modifying agents to increase
the yield of purified target analytes.

[0062] In one embodiment, the present method and device comprise a porous material embedded
with ATPS components and one or more phase separation behavior modifying agents that improve
the stability of ATPS during phase separation by minimizing fluctuations in the ATPS.

[0063] In one embodiment, the method and device comprise a porous material embedded with
ATPS components and one or more phase separation behavior modifying agents to remove
contaminants from a sample solution.

[0064] In one embodiment, the phase separation behavior modifying agent(s) is/are combined with
a sample containing the target analyte, and/or one or more ATPS components to create a mixture
prior to the addition of said mixture to the porous material. In one embodiment, the phase
separation behavior modifying agent(s) is/are combined with a sample containing the target
analyte, and/or one or more ATPS components in a sequential order prior to the addition of each
to the porous material.

[0065] In one embodiment, the phase separation behavior modifying agent(s) is/are embedded in
the porous material containing ATPS components and then dehydrated prior to the addition of a
sample to the porous material.

[0066] In one embodiment, some of the phase separation behavior modifying agent(s) is/are
embedded in the porous material containing ATPS components and then dehydrated, while the
remaining phase separation behavior modifying agent(s) is/are combined with a sample containing
the target analyte to create a mixture prior to the addition of the mixture to the porous material.
[0067] In one embodiment, some of the phase separation behavior modifying agent(s) is/are
embedded in the porous material containing components of either the first or second phase solution
of the ATPS and then dehydrated, while the remaining phase separation behavior modifying
agent(s) is/are combined with components of the other phase solution of the ATPS to create a

mixture prior to the addition of said mixture to the porous material.
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[0068] In one embodiment, some of the phase separation behavior modifying agent(s) is/are
embedded on the porous material without ATPS components and then dehydrated, while the
remaining phase separation behavior modifying agent(s) is/are combined with components of the
first phase solution of the ATPS and components of the second phase solution of the ATPS to
create a mixture prior to the addition of said mixture to the porous material.

[0069] In one embodiment, the phase separation behavior modifying agent(s) is/are present in a
dry form in some regions of the porous material. In one embodiment, the phase separation behavior
modifying agent(s) is/are embedded in some regions of the porous material. In another
embodiment, the phase separation behavior modifying agent(s) is/are embedded in the entire
region of the porous material.

[0070] In one embodiment, the phase separation behavior modifying agent(s) is/are present in a
dry form at a uniform concentration across all the regions of the porous material. In another
embodiment, the phase separation behavior modifying agent(s) is/are present in a dry form at
varying concentrations in different regions of the porous material.

[0071] In one embodiment, the present separation behavior modifying agents include but are not
limited to:

a. compounds carrying an acidic functional group in aqueous solution, selected from dextran,
sucrose, saccharides, polysaccharides, sorbates, polysorbates, carboxylates,
polycarboxylates, phosphates, potassium phosphate, polyphosphates, sulfates and
polysulfates, polyols;

b. compounds carrying an amine functional group in aqueous solution, selected from amines,
polyamines, amine salts and polyamine salts;

c. compounds carrying both a hydrophilic group and a hydrophobic group, selected from
lipids, surfactants, nucleic acids, hormones, proteins, amino acids;

d. chaotropic agents; and

e. kosmotropic agents.

[0072] In one embodiment, the present phase separation behavior modifying agents include, but
are not limited to, sucrose, potassium phosphates, dextran, Tween-20 and Triton-X114.

Adjusting or Stabilizing the total volume of either phase or both phases

[0073] In one embodiment, the present phase separation behavior modifying agent(s) is/are

selected to:
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a)

b)

9)

reduce fluctuations (increase stability) in the total volume of either or both phases during
and after phase separation. For example, when the ATPS components are embedded and
dehydrated within a porous material and resolubilized during fluid flow, continued
resolubilization of the ATPS components will change the total volumes of the first phase
and/or the second phase. Variability in flow rates results in variability in the total volumes
of the first phase and/or the second phase. In one embodiment, a modifying agent such as
compound carrying both hydrophilic and hydrophobic group is used, the compound
interacts with the dehydrated ATPS components within the porous material and hence
reduce the fluctuations of total volume of the first phase and/or the second phase during
the flow of fluid within the porous material. Reduced fluctuations in the fold of
concentration is desirable for more robust devices; or

increase the total volume of a sample solution that undergoes phase separation. When the
ATPS components are dehydrated within a porous material and resolubilized during fluid
flow, continued resolubilization of the ATPS components will increase the total volume
of the first phase and/or the second phase. In one embodiment, a compound carrying acidic
functional group in aqueous solution is used as a modifying agent to decrease the pH value
of the first phase and/or the second phase solution and thereby promoting resolubilization
of the first phase and/or the second phase solution and increasing the total volume of the
phase solution. Overall, the compound carrying acidic function group will cause phase
separation to occur earlier and/or at a lower concentration of ATPS within a porous
material, this will result in a larger volume of the fluid undergoing phase separation as it
flows through the porous material. This may be beneficial to concentrate more target from
a given solution in the phase of interest; or

decrease the total volume of a sample solution that undergoes phase separation. In one
embodiment, a compound carrying amine functional group in aqueous solution is used as
a modifying agent to increase the pH value of the first phase and the second phase and
thereby hindering the resolubilization of the two phases. When the ATPS components are
dehydrated within a porous material and resolubilized during fluid flow, the hindered
resolubilization of the ATPS components will decrease the total volume of the first phase
and/or the second phase. Therefore, phase will separate later and/or at a higher

concentration of ATPS components within a porous material, this will decrease the total
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volume of the fluid undergoing phase separation as it flows through the material. This

may be beneficial to concentrate more target from a given solution in the phase of interest.

Adjusting or Stabilizing the volume ratio of the first and the second phase

[0074] In one embodiment, the present phase separation behavior modifying agent(s) is/are

selected to:

a)

b)

9)

reduce fluctuations (increase stability) in the volume ratio between the first and the second
phase of the ATPS during or after the course of phase separation. When the ATPS
components are dehydrated within a porous material and resolubilized when the fluid
flows within the porous material, continued resolubilization of the ATPS components will
change the volume ratio of the two phases. Variability in flow rates results in variability
in volume ratio. In one embodiment, by adding a modifying agent such as compound
carrying both hydrophilic and hydrophobic groups, the agent will interact with the
dehydrated ATPS components by hydrophilic and hydrophobic groups and reduce the
fluctuations in the volume ratio when the fluid flows within the porous material. Reduced
fluctuations in volume ratio is desirable for more robust devices; or

increase the volume ratio between the first and the second phase of the ATPS. In one
embodiment, by adding a modifying agent such as compound carrying acidic functional
group in aqueous solution to an ATPS (depending on which phase is the phase of interest),
the pH value in the phase of interest will be decreased and thereby promoting the
resolubilization of that phase of interest. An increase in volume ratio may be useful to
further increase target concentration, to improve the flow of fluid, or to desirably adjust
the volume of the phase of interest. This may be beneficial to concentrate more target from
a given solution in the phase of interest; or

decrease the volume ratio between the first and the second phase of the ATPS. In one
embodiment, by adding a modifying agent such as a compound carrying amine functional
group in aqueous solution to an ATPS (depending on which phase is the phase of interest),
the pH value in the phase of interest will be increased and thereby hindering the
resolubilization of that phase of interest. A decrease in volume ratio may be useful to
further increase target concentration, to improve the flow of fluid, or to desirably adjust
the volume of the fluid phase of interest. This may be beneficial to concentrate more target

from a given solution in the phase of interest.
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Adjusting the concentrations of the first and the second phase components

[0075] In one embodiment, the present phase separation behavior modifying agent(s) is/are

selected to:

a)

b)

reduce fluctuations in the concentrations of the first phase component and/or the second
phase component within the first phase or within the second phase. When the ATPS
components are embedded on and dehydrated within a porous material and resolubilized
during fluid flow, continued resolubilization of the ATPS component will change the
concentrations of the first phase components and/or the second phase components.
Variability in flow rates results in variability in the concentrations of components in the
first phase and/or second phase. In one embodiment, by adding a modifying agent such
as a chemical carrying both hydrophilic and hydrophobic groups into the solution or the
porous material, the agent will interact with ATPS components by hydrophilic and
hydrophobic groups and reduce the fluctuations in the concentration when the fluid flows
within the porous material. Reduced fluctuations in the fold of concentration is desirable
for more robust devices; or

increase the concentration of components of one phase of the ATPS within the same
phase. In one embodiment, when the ATPS components are dehydrated within the porous
material, by either adding a modifying agent such as a chemical carrying acidic functional
group in aqueous solution directly to the solution containing the target analyte or
dehydrating the modifying agent within the porous material, the pH value in that phase
solution will be will decreased and thereby promoting resolubilization of the ATPS
components in that phase, resulting in a higher concentration. This may be beneficial to
increase the concentration factor and thus enhance the concentration of the target analyte
by increasing the volume ratio which causes more volume to undergo phase separation.
This may be beneficial to concentrate more target from a given solution in the phase of
interest; or

decrease the concentration of components of one phase of the ATPS within the same
phase. In one embodiment, by either adding a modifying agent such as a compound
carrying amine functional group in aqueous solution directly to the solution containing
the target analyte or dehydrating the modifying agent within the porous material, it will

increase the pH value and reduce the rate of resolubilization of ATPS components of that
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d)

f)

phase, thus resulting in a lower concentration of ATPS components of one phase within
the same phase during resolubilization. This may be beneficial to create a more sustained
release of ATPS components as the fluid flows within the porous material, resulting in a
more uniform ATPS concentration and a larger volume that undergoes phase separation.
This may be beneficial to concentrate more target from a given solution in the phase of
interest; or

increase the concentration of the components of one phase within the other phase. In one
embodiment, when the ATPS components are dehydrated within the porous material, by
either adding a compound carrying acidic functional group in aqueous solution directly
to the solution containing the target analyte or dehydrating the modifying agent within
the porous material, the pH value of the first phase components within the second phase
will be decreased and thereby promoting resolubilization of components of the first phase
within the second phase solution, resulting in a higher concentration of the first phase
components within the second phase. This may be beneficial to increase the volume ratio,
cause more volume to undergo phase separation, and/or increase the concentration of the
target analyte. This may be beneficial to concentrate more target from a given solution
in the phase of interest; or

decrease the concentration of components of one phase of the ATPS within the other
phase. In one embodiment, by either adding a modifying agent such as a compound
carrying amine functional group in aqueous solution directly to the solution containing
the target analyte or dehydrating the modifying agent within the porous material, the pH
value and the rate of resolubilization of components of that phase will be increased, thus
resulting in a lower concentration of ATPS components of one phase within the other
phase during resolubilization. This may be beneficial to create a more sustained release
of ATPS component as the fluid flows within the porous material, resulting in more
uniform ATPS concentration and a larger volume that undergoes phase separation. This
may be beneficial to concentrate more target from a given solution in the phase of
interest; or

any combination of a-e.

Inducing phase separation at an earlier time and/or at a lower concentration of ATPS components

within a porous material
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[0076] In one embodiment, by causing the phase separation to occur earlier and/or at a lower
concentration of ATPS components within a porous material, this will result in a larger volume of
the fluid undergoing phase separation as it flows through the porous material. In one embodiment,
this can be achieved by adding a modifying agent such as a compound carrying acidic functional
group in aqueous solution to decrease the pH value of the first and/or second phase and thereby
promoting the resolubilization of the phase components. When the ATPS components are
dehydrated within a porous material and resolubilized as the fluid flows, continued resolubilization
of the ATPS components will increase the total volumes of the first phase and/or the second phase.
This may be beneficial to concentrate more target from a given solution. In one embodiment, the
phase separation behavior modifying agent(s) is/are selected to induce initial phase separation at a
lower concentration of the ATPS components that would otherwise be too low to induce phase
separation in the absence of said phase separation behavior modifying agent(s). In one embodiment
where the ATPS comprises a micellar solution, when the concentration of ATPS components is
insufficient to cause a phase separation, one or more modifying agents can be added to alter
parameters of the ATPS components such as temperature, pH value or ionic strength to allow phase
separation at a lower concentration. This would benefit situations where the temperature is too low
to run the diagnostic, i.e., by expanding the operating temperature range, or situations where a
downstream diagnostic component was sensitive to the ATPS components which requires their
concentrations be kept at low level.

[0077] In one embodiment, by causing the phase separation to occur earlier and/or at a lower
concentration of ATPS components within a porous material, it will result in a larger volume of
the fluid undergoing phase separation as it flows through the porous material. In one embodiment,
this can be achieved by adding a modifying agent such as a compound carrying acidic functional
group in aqueous solution to decrease the pH value of the first phase and/or second phase and
thereby promoting the resolubilization of the components. When the ATPS components and/or
modifying agents are dehydrated within a porous material and resolubilized as the fluid flows,
continued resolubilization of the ATPS component will increase the total volume of the first phase
and/or the second phase. This may be beneficial to concentrate more target analyte from a given
solution. In situations where the ATPS components are dehydrated within the porous material and
require resolubilization, phase separation will only occur once the concentration has reached a

certain point. By adding a modifying agent that induces phase separation at a lower concentration
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of the ATPS components, phase separation will start earlier at a more upstream position within the
porous material. This may be beneficial to increase the total volume that undergoes phase
separation and thus concentrate more target analyte for the downstream application.

[0078] In one embodiment as shown in Figure 1, the present method and/or device may use many
different types and many variations of combinations of phase separation behavior modifying
agents. In one embodiment, the phase separation behavior modifying agent(s) may be distributed
within the porous material of the device at multiple different locations and/or at different
concentrations within each location.

Adjusting the rate of domain coalescence of the ATPS

[0079] Domain coalescence is the process where small drops of one phase of an ATPS coalescing
together to form a larger volume of that phase. In one embodiment, the present phase separation
behavior modifying agent(s) is/are selected to:
a) reduce fluctuations in the rate of domain coalescence of one or both phases of an ATPS.
In one embodiment, by adding charged surfactant or protein that are self-interacting to
the solution, these agents will partition to the interface between the domains of one of
the phases and increase domain to domain interaction, thereby reducing the fluctuations
in the rate of domain coalescence; or
b) increase the rate of domain coalescence of one or both phases of an ATPS. In one
embodiment, by adding charged surfactant or protein that are self-interacting to the
solution, these agents will partition to the interface between the domains of one of the
phases and increase domain to domain interaction, thus increasing the rate of domain
coalescence. This may be beneficial to speed up the run time of the diagnostic; or
¢) decrease the rate of domain coalescence of one or both phases of an ATPS. In one
embodiment, by adding surfactant to the solution which decreases the surface tension
between the two phases. With decreased surface tension, there is less of a thermodynamic
force to drive domain coalescence. This may be beneficial in situations where the target
analyte partition slowly and hence requires more time to get to the appropriate phase
which is facilitated by keeping domain small initially by slowing down their coalescence;

Adjusting the flow rate of fluids

[0080] In one embodiment, the flow rate within a porous material can be increased or decreased

by adding agents that change the viscosity and/or hydrophobicity of the solution. Generally, flow
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rate of fluid is inversely proportional to its viscosity. Flow rate also increases as the hydrophobicity

of the fluid becomes more similar to the porous material. In one embodiment, the present phase

separation behavior modifying agent(s) is/are selected to:

a)

b)

d)

reduce fluctuations in the flow rate within the porous matrix of the first phase, or the
second phase. In one embodiment, by adding a modifying agent such as compound
carrying both hydrophilic and hydrophobic groups, the agent will interact with ATPS
components by hydrophilic and hydrophobic groups and reduce the fluctuations in flow
rate; or

increase the flow rate within the porous matrix of the first phase or the second phase. In
one embodiment, by adding a modifying agent such as a compound carrying hydrophilic
groups, the agent will interact with ATPS components by hydrophilic groups to decrease
the ionic strength of the system and as a result, decrease the viscosity and hydrophobicity
of the solution and the flow rate will increase; or

decrease the flow rate within the porous matrix of the first phase or the second phase. In
one embodiment, by adding a modifying agent, such as a compound carrying
hydrophobic groups, the agent will interact with ATPS components by hydrophobic
groups to increase the ionic strength of the system. As a result, the viscosity and
hydrophobicity of the solution are increased and the flow rate will decrease; or

any combination of a-c.

Adjusting the partitions of target analyte or contaminants into the first or second phase

components

[0081] In one embodiment, the present phase separation behavior modifying agent(s) is/are

selected to:

a)

b)

reduce fluctuations in the partitioning of target analyte and/or contaminants between the
first phase and the second phase; or

increase the partition of the target analyte and/or contaminants to the phase of interest.
Target partitioning can be driven by a variety of forces/principles including without
limitation size exclusion principles, hydrophobic/hydrophilic interactions, electrostatic
interactions. In one embodiment, by adding modifying agent that changes the
environment within a phase, partitioning of the target analyte to the phase of interest can

be increased. For example, the addition of chaotropic agents will make the hydrophobic

24



10

15

20

25

30

WO 2018/222972 PCT/US2018/035569

phase more hydrophobic by disrupting the hydrogen bonds in the interested phase, thus
increasing the partitioning of hydrophobic analyte or contaminants to that phase. This
may be beneficial to further increase concentration of the target analyte or contaminants;
or
c) decrease the partition of the target analyte and/or contaminants to the phase of interest.
In one embodiment, adding kosmotropic agents will make the hydrophobic phase more
hydrophilic by increasing the interactions between the two phases, thus decreasing the
partitioning of hydrophobic analyte or contaminants to that phase. This may be desirable
if one is trying to separate two targets into different phases; or
d) any combination of a-c.
[0082] In one embodiment, the phase separation behavior modifying agent(s) is/are selected to
perform any combination of functions described above.

Adjustment of concentration factors

[0083] In one embodiment, the relative amounts of ATPS components in the porous material can
be changed.

[0084] In one embodiment, by changing the amounts of ATPS components dehydrated on the
porous material and thereby the volume ratio of the two phases, the target analyte can be
preferentially concentrated in one phase. In one embodiment, the target analyte is retained in the
leading front of the ATPS, which is then collected and optionally further analyzed using
appropriate technologies.

[0085] In one embodiment, the order of ATPS components on the porous material can be adjusted
to achieve the desired effect or phenomenon. In one embodiment, one or more ATPS components
can be dehydrated and embedded in the porous material.

[0086] In one embodiment, to better quantify the phenomena associated with the present
invention, an assay was developed to evaluate the correlation between the relative amounts of
ATPS components dehydrated on the porous material and the fold of concentration achieved. In
one embodiment, the concentration factor can be controlled and fine-tuned by adjusting the relative
amount of the ATPS components as needed.

[0087] In one embodiment, to integrate the ATPS components into the porous material, the ATPS
components were solubilized in water (or appropriate buffer) and applied a predetermined amount

of the solution/suspension on the porous material. The porous materials were then placed in a
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lyophilizer or equivalent solvent-removing equipment to remove solvent (e.g., water), resulting in
dehydration of the ATPS components directly on the porous material. Upon introduction of the
sample solution to the porous material, the ATPS components instantly undergo rehydration and
thereby separating the components or molecules in the sample as they flow within the porous
material and concentrating the target analyte at the front of the fluid flow. In one embodiment, no
external power or equipment is required to provide a driving force.

[0088] In one embodiment, the present invention provides a device comprising a porous fiberglass
paper that is impregnated with a polymer/polymer ATPS, e.g., PEG-PVP ATPS. When a sample
containing a plurality of analytes is applied to one end of the device, the impregnated porous
fiberglass paper causes the analyte-containing ATPS component to preferentially flow ahead of the
other ATPS components. Therefore, the target analyte is concentrated in the analyte-containing
ATPS component at the front of the fluid flow.

[0089] In one embodiment, the present invention provides a device comprising a porous fiberglass
paper that is pretreated with a polymer-salt ATPS, e.g., PEG-salt ATPS. When a sample containing
a plurality of analytes is applied to one end of the device, the pretreated porous fiberglass paper
causes the analyte-containing ATPS component to preferentially flow ahead of the other ATPS
components. Therefore, the target analyte is concentrated in the analyte-containing ATPS
component at the front of the fluid flow.

[0090] In one embodiment, the present invention provides a device comprising a porous fiberglass
paper is impregnated with a micellar ATPS. When a sample containing a plurality of analytes is
applied to one end of the device, the impregnated porous fiberglass paper causes the analyte-
containing ATPS component to preferentially flow ahead of the other ATPS component. Therefore,
the target analyte is concentrated in the analyte-containing ATPS component at the front of the
fluid flow.

[0091] In one embodiment, the sample solution suitable for the device/method disclosed in the
present invention is a buffer solution, which includes, but is not limited to, phosphate-buffered
saline (PBS), and Tris-EDTA (TE) buffer. In this invention, preferably, the buffer solution is PBS
buffer (8 mM Sodium chloride, 0.2 mM Potassium chloride, 1.15 mM Sodium monohydrogen
phosphate, 0.2 mM Potassium dihydrogen phosphate solution with pH 7.35-7.65). In one
embodiment, the buffer solution is TE buffer containing 2% bovine serum albumin (BSA), 0.1%

PEG and 20 mM Tris, pH 7.5 respectively.
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[0092] In one embodiment, multiple ATPS components are incorporated into a porous material to
achieve a control of concentration factors of the target analyte.

[0093] In one embodiment, the optimized ratios of the ATPS components are implemented in a
polymer/salt ATPS, polymer/polymer ATPS, or micellar ATPS to control the concentration factors.
[0094] In one embodiment, the ratios of the ATPS components are adjusted to demonstrate
concentration factors between 10 folds and 100 folds.

[0095] In one embodiment, there are various ATPS systems including but not limited to polymer-
polymer (e.g., PEG-PVP), polymer-salt (e.g. PEG-salt), and micellar. The first and/or second
component comprises a polymer. Polymer includes but is not limited to polyalkylene glycols, such
as  hydrophobically  modified  polyalkylene  glycols,  poly(oxyalkylene)polymers,
poly(oxyalkylene)copolymers, such as hydrophobically modified poly(oxyalkylene)copolymers,
polyvinyl pyrrolidone (PVP), polyvinyl alcohol, polyvinyl caprolactam, polyvinyl methylether,
alkoxylated starches, alkoxylated cellulose, alkyl hydroxyalkyl cellulose, silicone-modified
polyethers, and poly N-isopropylacrylamide and copolymers thereof. In another embodiment, the
first polymer comprises polyethylene glycol, polypropylene glycol.

[0096] In one embodiment, the polymer concentration of the first or second phase is in the range
of about 0.01% to about 90% by weight of the total weight of the aqueous solution (w/w). In
various 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% w/w, about
2% wlw, 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 1 1% 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
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48% w/w, about 49% w/w, and about 50% w/w.

[0097] In one embodiment, the first and/or second phase comprises a salt, the salt includes but is
not limited to, inorganic salts containing cations such as straight or branched trimethyl ammonium,
triethyl ammonium, tripropyl ammonium, tributyl ammonium, tetramethyl ammonium, tetracthyl
ammonium, tetrapropyl ammonium and tetrabutyl ammonium, and anions such as sulphate, nitrate,
chloride and hydrogen carbonate. In another embodiment, the salt is selected from the group
consisting of NaCl, Na;SOy, potassium citrate, (NH4)2SO4, sodium citrate, sodium acetate, sodium
cholate and combinations thereof. Other salts, e.g. ammonium acetate, may also be used.

[0098] In one embodiment, the total salt concentration is in the range of 0.001 mM to 100mM. A
skilled person in the art will understand that the amount of salt needed to form an aqueous two-
phase system will be influenced by molecular weight, concentration and physical status of the
polymer.

[0099] In various embodiments, the salt phase is selected from a salt solution that is about 0.001%
to 90% w/w. In various embodiments, the salt solution is selected from a salt 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 salt solution is selected from polymer 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% w/w,
about 9% w/w, about 10% w/w, about 1 1% 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/lw, 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.

[0100] In one embodiment, the first and/or the second phase in the ATPS comprises a solvent that
is immiscible with water. In some embodiments, the solvent comprises a non-polar organic solvent.

In some embodiments, the solvent comprises an oil. In some embodiments, the solvent is selected
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from pentane, cyclopentane, benzene, 1,4- dioxane, diethyl ether, dichloromethane, chloroform,
toluene and hexane.

[0101] In one embodiment, the first phase and/or second phase in the ATPS comprises a micellar
solution.

[0102] In one embodiment, one phase in the ATPS comprises a micellar solution and the other
phase comprises a liquid phase comprising a polymer. In one embodiment, one phase in the liquid
phase comprises a micellar solution and the other phase in the liquid phase comprises a salt solution.
In one embodiment, one phase comprises a first polymer and the other comprises a second polymer.
In one embodiment, the first/second polymer is selected from polyethylene glycol and PVP. In one
embodiment, one phase comprises a polymer and the other phase comprises a salt. In some
embodiments, one phase comprises PVP and the other phase comprises sodium cholate. In one
embodiment, one phase comprises a salt and the other comprises another salt.

[0103] In one embodiments, the volume ratios of the first phase to the second phase are in the
range of 1:1 to 1:1000. In some embodiments, the ratio of the first phase to the second phase is
selected from a ratio 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 to the second
phase is selected from a ratio 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 to
the second phase is selected from a ratio 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.

[0104] In one embodiment, the volume ratios of the second phase to the first phase are selected
from a ratio 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 to the first phase
is selected from a ratio 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 to the
first phase is selected from a ratio 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.

Downstream processing of the isolated analyte

[0105] In various embodiments, the present invention can be integrated with a second device at
the downstream region of the porous material of said first device, such that the leading fluid within

the porous material would transfer into said second device.
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[0106] In various embodiments, the present invention can be integrated with a second device at
the downstream region of the porous material of said first device, such that the leading fluid within
the porous material would transfer into said second device. The phase separation behavior
modifying agent(s) is/are selected to benefit either directly or indirectly the performance of said
second device integrated at the downstream region through any combination of means described
in this invention.

[0107] Analytes and/or analytes-containing solution obtained by the present invention can be used
in conjugation with a wide range of downstream applications such as detection or analysis of the
analytes in forensic, diagnostic or therapeutic applications, and laboratory procedures such as
sequencing, amplification, reverse transcription, labeling, digestion, blotting procedures and the
like. The present invention can improve the performance of downstream characterization or
processing of the analytes.

[0108] In one embodiment, downstream applications of the analyte include, but are not limited to,
any detection, analytical or diagnostic procedures involving the detection or quantification of the
purified analyte. In one embodiment, detection, analytical or diagnostic procedures to be coupled
with the present invention include but are not limited to any such procedure performed in
commercial clinical laboratory, and laboratory procedures such as sequencing, amplification (e.g.
PCR, RT-PCR, real-time PCR, and real-time RT-PCR), reverse transcription, labeling, digestion,
blotting procedures, ELISA, RIA, immunoassays, enzymatic assays, GC/MS, proteomic-based
approach, and the like.

[0109] In one embodiment, analyte and/or analytes-containing solution obtained by the present
invention can be analyzed by a lateral flow assay (LFA). LFA has a number of desirable
characteristics including their ease of use and board applicability to a variety of analytes. However,
LFA is generally only capable of providing qualitative results due to its detection limitation. For
example, the detection limit of LFA on pathogen (S. mutans) is 10° CFU/ml. In the present
invention wherein modifying agent is used to improve the phase separation of the ATPS, the
detection limit of LFA on S. mutans can be improved to as low as 10* CFU/ml amounting to a 100-
fold enhancement. Together with the improved concentration fold by 100-fold, the present
invention is suited for providing quantitative result in a broader range.

[0110] In one embodiment, the partition of the target analyte to the phase of interest can be
enhanced by adding modifying agent to the ATPS. In one embodiment, the fold of concentration
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is improved by 100-fold. The improved partition of the target analyte is also beneficial to increase
yield of target analyte.

[0111] It may produce a false negative result if the target analyte has extremely low concentration.
In one embodiment, due to the increased concentration of the target analyte by adding one or more
modifying agent(s) to the ATPS, the detection limit of LFA is improved. As a result, the
reproducibility of the test is increased.

[0112] In one embodiment, by adding one or more modifying agent(s), phase separation of the
ATPS can be induced to occur earlier and /or at a lower concentration of the ATPS components.
As a result, efficiency or speed of the entire detection or diagnostic process can be increased
significantly.

[0113] In various embodiments, the present invention can be used in combination with one or
more processes or reagents for the purpose of washing and elution of the analytes retained in the
porous matrix, or post-isolation treatment of the retained analytes.

[0114] The first or second device is designed to enable manual and/or automated extraction of the
first phase solution and/or the second phase solution from the porous material of said first or second
device, and the extracted solution is then used for another method or process.

[0115] In various embodiments, the present phase separation behavior modifying agent(s) is/are
selected to benefit either directly or indirectly the performance of said method or process that uses
said extracted phase through any combination of means described in this invention.

[0116] In one embodiment, after contacting the analytes containing solution with the ATPS, a
washing buffer is applied on the ATPS, once or for multiple times, to wash off non-target analytes
or impurities from the porous matrix. Washing buffers may comprise solutions of varying ionic
strength, pH values, or contain additives such as detergents. Washing buffers include but are not
limited to a solution of 20%-50% ethanol and 20%-50% isopropanol; a solution of about 0.1-4.0
M guanidinium hydrochloride, detergents and up to about 80% ethanol; or a solution of about 80%
ethanol.

[0117] In one embodiment, target analytes enter the porous matrix of the ATPS and flow from one
end to the other end. In one embodiment, target analytes isolated by the present invention are eluted
out of the porous matrix using appropriate elution buffers or deionized water. In one embodiment,
isolated target analytes are not eluted but stored in the porous matrix for future use. For instance,

after the isolation of analytes using the present invention, the porous material (e.g., a paper)
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containing the target analytes (e.g., a DNA) is dried and stored. In one embodiment, analytes
retained on the porous matrix can be eluted for further analysis or treatment. The selection of the
elution buffer may depend on the contemplated use of the purified biomarker. Examples of suitable
elution buffers for nucleic acid type of analytes includes, but are not limited to, Tris-EDTA (TE)
buffer, aqua bidest and PCR buffer. In one embodiment, the purified analyte on porous paper is
eluted in a tube containing TE buffer (10 mM TrisCl, 1 mM EDTA solution with pH 7.5), and the
purified analyte is recovered in a relatively small volume, e.g., less than 100 pl.
[0118] In one embodiment, the present invention provides a device for isolating or concentrating
one or more target analytes, the device comprising:
i} aporous material;
it} components capable of forming a first phase solution and a second phase solution of an
aqueous two-phase system (ATPS); and

iit) one or more phase separation behavior modifying agents;

wherein said components and said phase separation behavior modifying agents are embedded
in said porous material, wherein when a solution containing said target analytes flows through said
porous material, an aqueous two-phase system comprising said first phase solution and said second
phase solution is generated, wherein the separation behavior of the two phase solutions is altered
by said phase separation behavior modifying agents, and said target analytes are isolated or
concentrated on said porous material, or

wherein one or more of said components and said phase separation behavior modifying agents
are embedded in said porous material, wherein the balance of said components and said phase
separation behavior modifying agents are to be mixed with a solution containing said target
analytes, thereby forming a mixed solution, wherein when said mixed solution flows through said
porous material, an aqueous two-phase system comprising said first phase solution and said second
phase solution is generated, wherein the separation behavior of the two phase solutions is altered
by said phase separation behavior modifying agents, and said target analytes are isolated or
concentrated on said porous material.
[0119] In one embodiment, the one or more phase separation behavior modifying agents are
present in some regions of the porous material, and not present in other regions of the porous

material.
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[0120] In one embodiment, one or more phase separation behavior modifying agents are evenly
distributed on said porous material or present in an increasing amount from one end to the other
end of said porous material.
[0121] In one embodiment, one or more phase separation behavior modifying agents are present
in varying amounts in different regions of the porous material.
[0122] In one embodiment, one or more target analytes partition into the first phase solution or the
second phase solution, or accumulate at an interface between the first phase solution and the second
phase solution.
[0123] In one embodiment, the porous material and said components are selected so that said first
phase solution and second phase solution flow through the porous material at different rates.
[0124] In one embodiment, one or more phase separation behavior modifying agents are selected
from the group consisting of:

a) compounds carrying one or more acidic functional groups;

b) compounds carrying one or more amine functional groups; and

¢) compounds carrying both hydrophilic and hydrophobic groups.
[0125] In one embodiment, the compounds carrying one or more acidic functional groups are
selected from the group consisting of saccharides, polysaccharides, sorbates, polysorbates,
carboxylates, polycarboxylates, phosphates, polyphosphates, sulfates, polysulfates and polyols.
[0126] In one embodiment, said compounds carrying one or more amine functional groups are
selected from the group consisting of amines, polyamines, amine salts and polyamine salts.
[0127] In one embodiment, the compounds carrying both hydrophilic and hydrophobic groups are
selected from the group consisting of lipids, surfactants, nucleic acids, hormones, proteins, and
amino acids.
[0128] In one embodiment, the phase separation behavior modifying agent is a chaotropic agent.
In one embodiment, the phase separation behavior modifying agent is a kosmotropic agent.
[0129] In one embodiment, one or more phase separation behavior modifying agents are selected
to:

a) reduce fluctuations in the total volume of the first phase solution, the second phase

solution, or both during or after phase separation;
b) increase or decrease the total volume of the solution containing said target analytes that

undergoes a phase separation;
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9)

d)

reduce fluctuations in the volume ratio between the first phase solution and the second
phase solution; or
increase or decrease the volume ratio between the first phase solution and the second

phase solution.

[0130] In one embodiment, one or more phase separation behavior modifying agents are selected

to:

a)

b)

9)

d)

reduce fluctuations in the concentrations of one or more components within the first
phase solution;

reduce fluctuations in the concentrations of one or more components within the second
phase solution;

increase or decrease the concentration of one or more components within the first phase
solution; or

increase or decrease the concentration of one or more components within the second

phase solution.

[0131] In one embodiment, one or more phase separation behavior modifying agents are selected

to induce phase separation when the concentrations of said components are not sufficient to induce

phase separation without the presence of said modifying agents.

[0132] In one embodiment, one or more phase separation behavior modifying agents are selected

to:

a)
b)

reduce fluctuations in the rate of domain coalescence; or

increase or decrease the rate of domain coalescence.

[0133] In one embodiment, one or more phase separation behavior modifying agents are selected

to:

a)

b)

9)
d)
e)
f)

reduce fluctuations in the flow rate of the first phase solution within the porous
material;

reduce fluctuations in the flow rate of the second phase solution within the porous
material;

increase the flow rate of the first phase solution within the porous material;

decrease the flow rate of the first phase solution within the porous material;

increase the flow rate of the second phase solution within the porous material; or

decrease the flow rate of the second phase solution within the porous material.

34



10

15

20

25

30

WO 2018/222972 PCT/US2018/035569

[0134] In one embodiment, one or more phase separation behavior modifying agents are selected
to:

a) reduce fluctuations in the partitioning of said target analytes between the first phase

solution and the second phase solution;

b) increase the partitioning of said target analytes to the first phase solution;

c) decrease the partitioning of said target analytes to the first phase solution;

d) increase the partitioning of said target analytes to the second phase solution; or

e) decrease the partitioning of said target analytes to the second phase solution.
[0135] In one embodiment, the device is further integrated with a second device such that a leading
fluid within the porous material would transfer into said second device.
[0136] In one embodiment, the present invention also provides a method of using the device for
isolating or concentrating one or more target analytes from a sample solution.
[0137] In one embodiment, the target analytes isolated or concentrated on the porous material are
extracted to generate an extract solution to be subsequently used in another method or process.
[0138] Throughout this application, it is to be noted that the transitional term “comprising”, which
is synonymous with “including”, “containing” or “characterized by”, is inclusive or open-ended,
and does not exclude additional, un-recited elements or method steps.
[0139] This invention will be better understood by reference to the examples which follow.
However, one skilled in the art will readily appreciate that the examples provided are merely for
illustrative purposes and are not meant to limit the scope of the invention which is defined by the
claims following thereafter.

EXAMPLES

Example 1 - Using dextran to reduce volume ratio fluctuations in a device for detecting

pathogens (5. mutans) in patient samples.

[0140] Preparation of sample pad for LFA: Fiberglass porous paper sheets were cut into 0.5 cm x
4 cm rectangles. The formulated ATPS components, 20% (w/w) PVP and 18.5% (w/w) sodium
cholate were pipetted onto the fiberglass porous paper. The above porous papers with ATPS were
then dried in a lyophilizer for 2 hours first. 10% (w/w) dextran was then pipetted onto the fiberglass
porous paper as the phase separation behavior modifying agent onto the paper segments. PEG

solution (in DI H20) was added to each porous material. 50 pl of a Tris-buffered solution
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containing 2% bovine serum albumin (BSA), and 0.1% PEG, 20 mM Tris pH 7.5 respectively)
was added immediately adjacent to the first solution.

[0141] The above porous papers with ATPS and the phase separation behavior modifying agent
were then dried in a lyophilizer for 2 hours. The ATPS within porous papers were then placed in
an indicator-containing (colloidal gold) buffer solution in PBS (overall pH 7.4), resulting in
capillary action-mediated flow. The dextran solution is applied to one end of the porous paper so
that it creates a gradient concentration along the diffusion direction:

[0142] The purpose of the dextran (phase separation behavior modifying agent) is to stabilize (i.e.
reduce fluctuations) the volume ratio of the ATPS during variable fluid flow rates, making the test
more robust. The gradient of dextran is important so that the volume ratio is still large enough by
the time the fluid flow reaches the end of the porous material. Place paper segments under low
pressure vacuum for 2 hours to dehydrate.) Multiple layers of porous papers with the dehydrated
ATPS components and phase separation behavior modifying agent are assembled together.
[0143] Preparation of LFA test strip: 1) anti-S. mutans antibody at a concentration of 1 mg/mL,
and 2) Protein (Bovine Serum Albumin, BSA) at a concentration of 0.2 mg/ml were added on the
test strip. Colloidal gold nanoparticles were conjugated to the anti-S. mutans antibody as directed
by manufacturer instructions. This conjugate was then dried onto the conjugating pad material
using a lyophilizer. The absorbent pad consisted of untreated paper.

[0144] The LFA test strip was integrated with sample pad, i.e., the porous device/component with
the dehydrated ATPS components and the phase separation behavior modifying agent. The porous
device/component and the LFA component are placed into an appropriate housing such that the
components are held in place.

[0145] Detection using LFA: The fiberglass porous paper dehydrated with ATPS components and
the phase separation behavior modifying agent, a blank paper (without ATPS or modifying agent)
and a control paper (ATPS without modifying agent) were dipped in a same solution of saliva,
which was in a PBS buffer solution at pH 7.4. After the sample solution flowed through the porous
material and through the LFA test for 2 min, another 2 mins was needed to develop the test results.
The presence or absence of a test line by visual observation was used to determine the results of

the diagnostic. The result is summarized in Table 1 below:
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TABLE 1 - Intensity of test line

. Control Paper Blank paper (without
mol(&lri[t"PiSnW;then ¢ (ATPS without ATPS or modifying
ymg ag modifying agent) agent)
Intensity of test line 10x 3x 1x

[0146] Table 1 clearly shows that adding phase separation behavior modifying agents to ATPS
can increase the intensity of test line, indicating that the concentration of the target analyte is
increased significantly.

Example 2 - Using polysorbate and sucrose to increase food allergen (lupine) partition in a

detecting device

[0147] Preparation of sample pad for LFA: Fiberglass porous paper sheets were cut into 0.5 cm x
4 cm rectangles. The formulated ATPS components, 20% (w/w) PVP and 18.5% (w/w) sodium
cholate were pipetted onto the fiberglass porous paper. 5% (w/w) polysorbate and 5% (w/w)
sucrose were pipetted onto the porous fiberglass paper as the phase separation behavior modifying
agent. PEG solution (in DI H20) was added to each porous material. 50 pl of a Tris-buffered
solution containing 2% bovine serum albumin (BSA), and 0.1% PEG, 20 mM Tris pH 7.5
respectively) was added immediately adjacent to the first solution.

[0148] The above porous papers with dehydrated ATPS components and the phase separation
behavior modifying agent were then dried in a lyophilizer for 1 hour. The ATPS-dehydrated porous
papers were then placed in an indicator-containing (colloidal gold) buffer solution in PBS (overall
pH 7.4), resulting in capillary action-mediated flow. The polysorbate and sucrose were applied so
that it creates an even distribution of the components on the porous material. Multiple layers of
porous papers with the dehydrated ATPS components and the phase separation behavior
modifying agent were assembled together.

[0149] The purpose of the polysorbate and sucrose is to increase food allergen target partitioning
into the first phase. Then place paper segments in an oven at 37 degrees Celsius for 28 hours to
dehydrate.

[0150] Preparation of LFA test strip: 1) anti-lupine antibody at a concentration of 1 mg/ml, and 2)
Protein (Bovine Serum Albumin, BSA) at a concentration of 0.2 mg/ml were added on the test
strip. Colloidal gold nanoparticles were conjugated to anti-lupine antibody as directed by

manufacturer instructions. This conjugate was then dried onto the conjugating pad material using
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a lyophilizer. The absorbent pad consisted of an untreated paper.

[0151] The LFA test strip was first integrated with the sample pad, i.e., the porous material for
tests food allergen (lupine) and then integrated with a food matrix grinder/processor. The
integrated device should be assembled such that the flow of the sample solution will go from the
food matrix grinder/processor down into the porous component, then flow forward further through
the porous material where it will resolubilize the ATPS components and the phase separation
behavior modifying agents which will induce phase separation and facilitate food allergen partition
into the leading first phase, and finally into the LFA component. All of the components were
integrated into the appropriate cassette/housing to hold the components in place.

[0152] Detection of food allergen using LFA. The food samples of interest were placed into the
food matrix grinder/processor portion of the device. The food matrix grinder/processor was
manually operated to break down the food matrix. The fiberglass porous paper dehydrated with
ATPS components and the phase separation behavior modifying agent, a blank paper (without
ATPS or modifying agent) and a control paper (ATPS without modifying agent) were dipped in
food matrix sample in a PBS buffer solution at pH 7.4. After the sample solution flowed through
the remaining device for 2 min, another 2 min was needed to develop the test results. The presence
or absence of a test line by visual observation was used to determine the results of the diagnostic.
The result is summarized in Table 2 below:

TABLE 2 - Intensity of test line

. Control Paper Blank paper (without
mo?l?;'Pisllwghen ¢ (ATPS without ATPS or modifying
ymg ag modifying agent) agent)
Intensity of test line 8x 2x 1x

[0153] Table 2 clearly shows that adding phase separation behavior modifying agents to ATPS
can increase the intensity of test line, indicating that the concentration of the target analyte is
increased significantly.

Example 3 - Using potassium phosphate to increase total phase separation volume in a device for

sample solution purification and DNA amplification

[0154] Porous hydrogel material was cut into cylindrical shape with dimensions of 2 cm radius

and 6 cm height. The porous hydrogel component was integrated into an appropriate
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cassette/housing. The device can expose the bottom of the hydrogel as well as the top of the
hydrogel.

[0155] The ATPS components, 20% (w/w) PVP and 18.5% (w/w) sodium cholate, 10% (w/w)
potassium phosphate as the phase separation behavior modifying agent were mixed with a blood
sample solution containing the DNA segments of interest in a PBS buffer solution at pH 7.4. The
purpose of the potassium phosphate is to induce macroscopic phase separation at an earlier point
(more upstream) during the flow of solutions through the porous material, resulting in a great
volume undergoing phase separation and a higher volume of solution that is able to be collected at
the end of the process. The final volume should be about 120% of the volume that the hydrogel
can hold. The sample solution was placed in an open container or tube that can hold the tapered
porous device in an upright position. A blank hydrogel material (without ATPS components or
modifying agent) and a control hydrogel material (ATPS without modifying agent) were used for
comparison.

[0156] The bottom and the top of the device were opened to expose the bottom and top of the
tapered porous hydrogel. The device was placed into the mixture of sample solution and ATPS
components. The liquid of the mixture is in contact with the bottom of the porous hydrogel.
[0157] Extraction of sample solution: After the solution flowed to the top of the porous hydrogel
for 2 min, the purified sample solution was extracted by pipetting it out of the top region of the
porous hydrogel. The extracted sample solution is then ready for DNA amplification. The yield of

purified sample was analyzed by UV-Vis spectrophotometry. The result is summarized in Table 3

below.
TABLE 3. Fold of concentration of DNA using the present invention
ATPS with Control hydrogel Blank hydrogel

Test modifying (ATPS without (without ATPS or

agent modifying agent) modifying agent)
Yield of DNA (%) 98% 50% 7%

Fold of 100-fold 50-fold 1-fold
Concentration of
DNA
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What is claimed is:

1. Adevice for isolating or concentrating one or more target analytes, the device comprising:

i)  aporous material;
il) aqueous two phase system (ATPS) components , wherein said components form a first
phase solution and a second phase solution; and
iii) one or more phase separation behavior modifying agents;

wherein said components and said phase separation behavior modifying agents are
embedded in said porous material, wherein when a solution containing said target analytes
flows through said porous material, an aqueous two-phase system comprising said first phase
solution and said second phase solution is generated, wherein the separation behavior of the
two phase solutions is altered by said phase separation behavior modifying agents, and said
target analytes are isolated or concentrated on said porous material, or

wherein one or more of said components and said phase separation behavior modifying
agents are embedded in said porous material, wherein the balance of said components and
said phase separation behavior modifying agents are to be mixed with a solution containing
said target analytes, thereby forming a mixed solution, wherein when said mixed solution
flows through said porous material, an aqueous two-phase system comprising said first phase
solution and said second phase solution is generated, wherein the separation behavior of the
two phase solutions is altered by said phase separation behavior modifying agents, and said
target analytes are isolated or concentrated on said porous material,

wherein said one or more phase separation behavior modifying agents are selected from
the group consisting of:

a) compounds carrying one or more acidic functional groups;

b) compounds carrying one or more amine functional groups;

¢) compounds carrying both hydrophilic and hydrophobic groups;

d) chaotropic agents: and

e) kosmotropic agents.

2. The device of claim 1, wherein said one or more phase separation behavior modifying agents

are present in some regions of the porous material, and not present in other regions of the

porous material.
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10.

The device of claim 1, wherein said one or more phase separation behavior modifying agents
are evenly distributed on said porous material or present in an increasing amount from one

end to the other end of said porous material.

The device of claim 1, wherein said one or more phase separation behavior modifying agents

are present in varying amounts in different regions of the porous material.

The device of claim 1, wherein said one or more target analytes partition into the first phase
solution or the second phase solution, or accumulate at an interface between the first phase
solution and the second phase solution.

The device of claim 1, wherein the porous material and said components are selected so that
said first phase solution and second phase solution flow through the porous material at
different rates.

The device of claim 1, wherein said compounds carrying one or more acidic functional
groups are selected from the group consisting of saccharides, polysaccharides, sorbates,
polysorbates, carboxylates, polycarboxylates, phosphates, polyphosphates, sulfates,
polysulfates and polyols.

The device of claim 1, wherein said compounds carrying one or more amine functional
groups are selected from the group consisting of amines, polyamines, amine salts and

polyamine salts.
The device of claim 1, wherein said compounds carrying both hydrophilic and hydrophobic
groups are selected from the group consisting of lipids, surfactants, nucleic acids, hormones,

proteins, and amino acids.

The device of claim 1, wherein said phase separation behavior modifying agents comprise

sucrose, potassium phosphates, dextran, Tween-20 or Triton-X114.
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11. The device of claim 1, wherein said one or more phase separation behavior modifying agents
are selected to:

a) reduce fluctuations in the total volume of the first phase solution, the second phase
solution, or both during or after phase separation;

b) increase or decrease the total volume of the solution containing said target analytes that
undergoes a phase separation;

c¢) reduce fluctuations in the volume ratio between the first phase solution and the second
phase solution; or

d) increase or decrease the volume ratio between the first phase solution and the second
phase solution.

12. The device of claim 1, wherein said one or more phase separation behavior modifying agents
are selected to:
a) reduce fluctuations in the concentrations of one or more components within the first
phase solution;
b) reduce fluctuations in the concentrations of one or more components within the second
phase solution;
¢) increase or decrease the concentration of one or more components within the first phase
solution; or
d) increase or decrease the concentration of one or more components within the second

phase solution.

13. The device of claim 1, wherein said one or more phase separation behavior modifying agents
are selected to induce phase separation when the concentrations of said components are not

sufficient to induce phase separation without the presence of said modifying agents.

14. The device of claim 1, wherein said one or more phase separation behavior modifying agents
are:
a) a charged surfactant or protein that reduces fluctuations in the rate of domain

coalescence;
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b)
)

a charged surfactant or protein that increases the rate of domain coalescence; or

a surfactant that decreases the rate of domain coalescence.

15. The device of claim 1, wherein said one or more phase separation behavior modifying agents

are.

a)

b)

c)

d)

a compound carrying both hydrophilic and hydrophobic groups that reduces
fluctuations in the flow rate of the first phase solution within the porous material;

a compound carrying both hydrophilic and hydrophobic groups that reduces
fluctuations in the flow rate of the second phase solution within the porous material;

a compound carrying hydrophilic groups that increases the flow rate of the first phase
solution within the porous material;

a compound carrying hydrophobic groups that decreases the flow rate of the first phase
solution within the porous material;

a compound carrying hydrophilic groups that increases the flow rate of the second
phase solution within the porous material; or

a compound carrying hydrophobic groups that decreases the flow rate of the second

phase solution within the porous material.

16. The device of claim 1, wherein said one or more phase separation behavior modifying agents

are:

a)

b)

agents that reduce fluctuations in the partitioning of said target analytes between the
first phase solution and the second phase solution;

chaotropic agents that increase the partitioning of said target analytes to the first phase
solution;

kosmotropic agents that decrease the partitioning of said target analytes to the first
phase solution;

chaotropic agents that increase the partitioning of said target analytes to the second
phase solution; or

kosmotropic agents that decrease the partitioning of said target analytes to the second

phase solution.
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17.

18.

19.

The device of claim 1, wherein said device is further integrated with a second device such

that a leading fluid within the porous material would transfer into said second device.

A method of using the device of any one of claims 1-17 for isolating or concentrating one or

more target analytes from a sample solution.

The method of claim 18, wherein the target analytes isolated or concentrated on the porous
material are extracted to generate an extract solution to be subsequently used in another
method or process.
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