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METHODS AND COMPOSITIONS FOR SAMPLE FILTRATION

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 62/886,299, filed

August 13, 2019, which application is incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] There is an increasing demand in the area of analytical liquid handling for microfluidic
devices capable of manipulating small to moderate sample volumes in a manner which is rapid,
gives high recovery, is robust to fouling and clogging, and minimizes any possible sample-to-
sample contamination. Among these attributes are low cost, ease of use, and suitability for
application with microfluidic analytical liquid handling workflows, i.e. these solutions should
not be a hindrance to the workflow of the user.

SUMMARY

[0003] In certain embodiments, provided herein is a method for providing a first filter element
comprising (i) providing a first suspension of a plurality of first microparticles in a first liquid,
wherein the first microparticles have a first hydrodynamic diameter of between 1 um and 1000
um; (ii) applying the first suspension to at least one non-circular opening with a short dimension
and a long dimension, wherein the short dimension is less than the hydrodynamic diameter of the
first microparticles, and the long dimension is at least 2X the hydrodynamic diameter of the first
particles, so that the first microparticles accumulate and form a first filter element comprising the
first microparticles at the opening. In certain embodiments the first suspension is applied to the
at least one constriction by flowing the first liquid into and through the opening. In certain
embodiments the opening comprises an opening to a conduit leading to a processing system. In
certain embodiments the method further comprises dispersing the first filter element formed in
step (i1) by flowing a second liquid out of and through the opening to disperse the microparticles
at the opening. In certain embodiments the method further comprises forming a second filter
element by applying a second suspension of a plurality of second microparticles in a third liquid,
wherein the second microparticles have a second hydrodynamic diameter of between 1um and
1000 um, to the at least one opening, wherein the short dimension of the opening is less than the
hydrodynamic diameter of the second microparticles, and the long dimension of the opening is at
least 2X the hydrodynamic diameter of the second microparticles,, to form a second filter
element comprising the second microparticles at the opening. In certain embodiments the
method further comprises dispersing the second filter element by flowing a fourth liquid out of
and through the opening to disperse the microparticles at the constriction. In certain
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embodiments the first microparticles comprise a surface that adsorbs at least one component of
the first liquid. In certain embodiments the first microparticles comprise a surface that does not
bind nucleic acids. In certain embodiments the surface comprises a fluorinated surface. In certain
embodiments the conduit comprises an inner fluorinated surface. In certain embodiments the
first liquid comprises nucleic acid and the processing system comprises a polymerase chain
reaction system. In certain embodiments the first microparticles are spherical or substantially
spherical and the opening has a rectangular or substantially rectangular shape. In certain
embodiments the method further comprises applying the first suspension of first microparticles
to a plurality of openings, wherein the plurality of openings are all non-circular with a short
dimension and a long dimension, wherein the short dimension is less than the hydrodynamic
diameter of the first microparticles, and the long dimension is at least 2X the hydrodynamic
diameter of the first particles.

[0004] In certain embodiments provided herein is an apparatus comprising (i) a plurality sample
containers each of which comprises microparticles and a liquid in which the microparticles are
suspended, wherein the microparticles have a hydrodynamic diameter of between 1 and 1000
um; (ii) a conduit having at least one non-circular opening with a short dimension and a long
dimension, wherein the short dimension is less than the hydrodynamic diameter of the
microparticles, and the long dimension is at least 2X the hydrodynamic diameter of the
microparticles (iii) a system configured to sequentially immerse the opening or openings of the
conduit in the plurality of samples; (iv) a system configured to flow the liquid through the
opening or openings into the conduit, so that the microparticles accumulate and form a filter
element comprising the microparticles at the opening; and (v) a system configured to flow a
second liquid through the opening or openings out of the conduit to disperse the microparticles at
the opening. In certain embodiments the plurality of first microparticles have a diameter in the
range of 10um to 100 um. In certain embodiments the first liquid is an aqueous liquid. In
certain embodiments the microparticles are spherical or substantially spherical.

[0005] In certain embodiments provided herein is a method of loading polymerase chain
reaction (PCR) samples into a digital PCR analytical instrument comprising (i) providing a
plurality of samples comprising nucleic acid in aqueous solution, wherein each sample further
comprises a plurality of microparticles, and wherein the microparticles have a hydrodynamic
diameter; (ii) placing a sample conduit into a first sample of the plurality of samples, wherein the
conduit has an opening and wherein the opening has a critical dimension that is smaller than the
hydrodynamic diameter of the microparticles in the first sample, and wherein the conduit is
configured to be fluidly connected to the PCR analytical instrument; (iii) flowing the nucleic

acid in aqueous solution of the first sample into the opening in the conduit and into the conduit,
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wherein the microparticles in the first sample cannot flow into the conduit and instead form a
first filter element comprising one or microparticles at the opening of the conduit; (iv) after step
(iii), flowing a liquid through the conduit and out of the opening of the conduit to remove the
one or more microparticles from the first sample from the opening of the conduit and remove the
first filter element; (v) placing the sample conduit into a second sample of the plurality of
samples, wherein the second sample is different from the first sample, and flowing nucleic acid
in aqueous solution of the second sample into the opening in the conduit and into the conduit
wherein the microparticles in the second sample cannot flow into the conduit and instead form a
second filter element, different from the first filter element, comprising one or microparticles at
the opening of the conduit. In certain embodiments the method further comprises (vi) after step
(v), flowing a liquid through the conduit and out of the opening of the conduit to remove the one
or more microparticles from the second sample from the opening of the conduit and remove the
second filter element. In certain embodiments at least 10 different samples are flowed into the
conduit and into the PCR analytical instrument, forming and reversing at least 10 different filter
elements. In certain embodiments at least 100 different samples are flowed into the conduit and
into the PCR analytical instrument, forming and reversing at least 100 different filter elements.
In certain embodiments the microparticles have a hydrodynamic diameter of Tum to 1000 um.
In certain embodiments the method further comprises generating a plurality of partitions from

the aqueous solution of the sample or samples.

INCORPORATION BY REFERENCE
[0006] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or

patent application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The novel features compositions and methods are set forth with particularity in the
appended claims. A better understanding of the features and advantages of the present
compositions and methods will be obtained by reference to the following detailed description
that sets forth illustrative embodiments, in which the principles of the compositions and methods
are utilized, and the accompanying drawings of which:
[0008] Figure 1 shows various stages in de novo filter formation.
[0009] Figure 2 shows photomicrographs of various stages of de novo filter formation and of
filter dispersal.
[0010] Figure 3 shows an embodiment in which the opening in the sample conduit is a slit and
the particles for filter formation are spheres.
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[0011] Figure 4 shows an embodiment in which the opening in the sample conduit is a slit and
the particles for filter formation are spheres, and the long dimension of the slit is several

multiples of the average sphere diameter.

DETAILED DESCRIPTION
[0012] The methods and compositions disclosed herein relate to a method for filtering liquid
solutions, and more particularly producing, on-demand, a microporous filter element comprising
the steps of providing a liquid suspension of microparticles, applying the liquid suspension to a
nozzle with a bore hole smaller than the particle size in suspension, drawing the liquid into the
nozzle causing the formation of a microporous filter element at the bore hole of the nozzle until
the flow is reversed disrupting the filter element. Typically, sample filtration for microfluidic
applications can occur prior to or during use of the microfluidic device. The microparticles may
be exogenous to the liquid solution, for example, microparticles added to or formed in a sample,
such as an analytical sample.
[0013] Typically, in applications where filtration is performed prior to the use of the
microfluidic device, liquid solutions are filtered with a suitable filtration unit using a pore size
smaller than the smallest critical dimension in the microfluidic device to be used. This ensures
that the liquid entering the device has been sufficiently cleared of debris and/or particulate that
may impede the device’s function, e.g., by clogging a pathway in the device. However, transfer
of the filtered liquids from its storage container to a reservoir onboard the device, and other steps
in the process, may lead to the introduction of material from many sources including but not
limited to the new container’s surface, the air, or the user during handling.
[0014] To overcome this challenge, a filtration unit is often integrated into the fluidic stream of
the device allowing for continuous filtration during use. These filters may exist as an inline filter
in the form of| e.g., disks, meshes, or frits or may be a structural feature constructed into the
microfluidic device itself such as weir filters, pillar filters, crossflow filters, or membrane filters.
A typical approach of this method is to use a microfluidic device outfitted with micro-fabricated
pillars with defined spacing between each pillar in the array. The microfluidic pillars allow
passage of liquid components with hydrodynamic diameters smaller than the pillar-to-pillar
distance while trapping larger particulates that may disrupt the function of the device. However,
as with all static filtration methods, this device is prone to rapid fouling as the trapped
particulates accumulate, blocking part of the filter and reducing the number of open pores. This
blockage effectively changes the hydrodynamic resistance across the fouled filter until the device
is no longer usable. Additionally and even more problematic when working with multiple

subsequent samples using the same microfluidic device, the filter-features and or clogged debris
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may effectively transfer sample constituents from previous samples to subsequent samples
compromising sample integrity.

[0015] Therefore, most devices with integrated microfluidic plumbing tend to either require
samples be prefiltered with a disposable single-use filtration unit or the microfluidic itself is a
single use item requiring exchange between samples.

[0016] As a result, there is a need for a filtration strategy that does not require disposable
microfluidic devices or sample prefiltration units for continuous use microfluidic
instrumentation.

[0017] The methods and compositions disclosed herein allow for multiple sequential samples to
be directed into a processing system, where the samples have been sufficiently filtered to avoid
disrupting the function of the processing system, without the need to interrupt sampling, e.g., to
replace or clean filters and the like, and with no or substantially no carryover from one sample to
the next due to the filtration. In certain embodiments, the methods and compositions allow at
least 5, 10, 20, 30, 50, 100, 200, 500, 1000, 2000, or 5000 sequential samples to be directed to a
processing system where the samples have been sufficiently filtered to avoid disrupting the
function of the processing system, without the need to interrupt sampling, e.g., to replace or
clean filters and the like, and with no or substantially no carryover of one sample to the next due
to the filtration. In certain embodiments, this is accomplished adding or forming exogenous
microparticles in each sample, where the microparticles have a larger critical dimension, such as
a larger diameter for spherical particles, than the largest dimension of a constriction (e.g.,
opening; in general, the terms “constriction” and “opening” are used synonymously herein
unless otherwise indicated) in a sampling conduit that is used to move the sample from, e.g., its
sample container, to the bulk of the processing system. In certain embodiments the
microparticles are spherical or substantially spherical, and the constriction (e.g., opening) is non-
circular, such as rectangular or roughly rectangular, with the diameter of the microparticles being
larger than the short dimension of the non-circular constriction (opening), e.g. rectangle. In
certain embodiments, the rectangular constriction has a long dimension that is at least 1.5, 2, 2.5,
3,35,4,45,5,6,7,8,9, or 10x the short dimension. However, any suitable geometry of
constriction may be used, so long as it is configured in such as way as to not allow
microparticles through. The microparticles accumulate at the constriction, forming a de novo
filter that keeps particles in the sample larger than the spaces between the microparticles from
moving into the sampling conduit. Typically, between samples, flow in the conduit is reversed,
to move all or substantially all of the microparticles from one sample away from the constriction
of the conduit before it is placed in the next sample. The process is then repeated in the next

sample. Thus, there is no need to replace filter elements, since a filter element is formed de novo
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in each sample and then removed before the next sample. There is also no or substantially no
sample to sample cross-contamination from the de novo filter elements, because none or
substantially none of the de novo filter element from one sample is carried over to the next
sample. For example, on average, less than 5,2, 1, 0.5, 0.1, 0.05, 0.01, 0.005, 0.001, 0.0005, or
0.0001% of de novo filter element (formed from, e.g., exogenously added or formed
microparticles) from one sample is carried over to the next sample.

[0018] Thus, herein we disclose a dynamically formed filtration unit that is constructed at a
predetermined location within or outside of a microfluidic tube, channel, or conduit by the
accumulation of microparticles in the liquid solution at a constriction or orifice of critical
dimension smaller than the microparticles. The accumulation of the microparticles at the
constriction creates a micron-sized filtration unit that prevents particulate from transiting the
filtration unit without impeding the entry of the liquid solution into the microfluidic device.
After withdrawal of the required amount of the liquid solution, a back flush of any liquid
solution of interest disrupts the microparticle filtration unit returning the device to its original
state.

[0019] In it broadest aspect, the present invention relates to a method for producing a filter
element by generating a microporous element, comprising the steps of providing a liquid
solution of microparticles, applying the liquid suspension to at least one constriction smaller than
the hydrodynamic diameter of the microparticle in suspension, and causing accumulation of the
microparticles at the constriction.

[0020] While the microparticles may comprise any suitable material, in certain embodiments,
the material is selected from the group consisting of resins, fluoropolymers, ceramics, metals,
silicates and their derivatives, agarose, acrylamides, or the like.

[0021] In certain instances, the material of the surface of the microparticles is a material that
does not interact, or does not substantially interact, with one or more components of interest in
the material passing by the microparticles; e.g., one or more components of a sample, such as an
aqueous sample, that is filtered by the de novo filter created by the microparticles. In samples in
which nucleic acids are of interest, such material does not interact, or does not substantially
interact, with nucleic acids. In samples in which proteins or peptides are of interest, such
material does not interact, or does not substantially interact, with protein or peptides. In certain
instances, the material comprises a fluorinated surface to prevent sample adsorption. Suitable
resins include poly(tetrafluoroethylene) (PTFE) and alternative fluoropolymer resins or
derivatized silica microparticles coated with a fluorinated surface.

[0022] In certain instances, the microparticles comprise a surface, e.g., are derivatized, to adsorb

certain components from the liquid solution as the liquid solution passes through the
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microparticle aggregate while being inert or substantially inert to those molecules being
analyzed in the device. For instance, in applications related to polymerase chain reaction, the
microparticles may selectively bind to common blood-based PCR inhibitors like proteases,
nucleases, and heme or soil-based inhibitors like humic acid, fulvic acid, polysaccharides, and
polyphenols.

[0023] While the microfluidic tube, channel, or conduit may comprise any suitable material,
preferable materials include silica, polyether ether ketone, polydimethylsiloxane, or
fluoropolymer plastics.

[0024] In certain instances, the tube, channel, or conduit comprises a fluorinated surface to
prevent sample adsorption. Suitable materials include tubes, channels, or conduits constructed
from fluoropolymer materials like PTFE, PFA, or the like or silica chips coated derivatized with
a fluorinated surface.

[0025] In certain instances, the microparticle size may range from 100 nm to 2 mm, or 500 nm
to 1 mm, or 1 um to 1000 um, or 1 um to 500 um, or 2 um to 500 um, or 2 um to 200 um, or 5
um to 500 um, or 5 um to 200 um in diameter. In certain embodiments, the range may be from
10 um to 100 um in hydrodynamic diameter. It will be appreciated that in embodiments in
which the microparticles are spherical or substantially spherical, the hydrodynamic diameter and
the actual diameter are equivalent.

[0026] The constriction, or the relevant dimension of the constriction, is of a size smaller, e.g.,
slightly smaller than the microparticle hydrodynamic diameter ensuring the microparticles do not
pass through or embed themselves within the constriction. The relevant, or critical, dimension of
the constriction (opening) is the dimension through which a microparticle must fit in order to
pass through the constriction (opening). For example, in a circular constriction, the relevant or
critical dimension is the diameter; for a rectangle, the relevant or critical dimension is the length
of the short side. A similar analysis may be made for other shapes. The constriction (opening)
may have a critical dimension from 50 nm to 1 mm, or 100 nm to 1 mm, or 500 nm to 1 mm, or
1 um to 1000 um, or 1 um to 500 um, or 2 um to 500 um, or 2 um to 200 um, or 5 um to 500 um,
or 5 um to 200 um in diameter. In certain instances, the range may be from 5 um to 95 um.
[0027] In certain instances, the microparticle may be of the same shape as the constriction in the
microfluidic tube, channel, or conduit. In other instances, the microparticle may be of a different
shape as the constriction. For example, if the microparticle is a spherical object and the
constriction is aspherical, or vice versa, there exist a lower likelihood of constriction clogging by
a complementary shape match of one of the microparticles in suspension.

[0028] In certain instances, the constriction in the microfluidic tube, channel, or conduit may be

smaller than the constriction in only one (critical) dimension. For example, the constriction may
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take the form of an elongated slit with a short dimension smaller than the diameter of the
microparticles in solution while the larger slit dimension may be of a size larger than one or
more multiples of microparticles. For example, the larger dimension may be at least 1.5, 2, 2.5,
3,35,4,45,5,6,7,8,9, or 10x the short dimension. This example would limit the potential for
constriction clogging.

[0029] In certain instances, the channel, conduit, or tubing may have multiple bore holes
(openings, or constrictions as used herein) allowing fluid entry into the microfluidic device.
When withdrawing microparticle suspensions into the microfluidic device, the fluid will enter
into each fluidic inlet resulting in the generation of a plurality of microparticle aggregates. In the
case of clogging of one or more of the fluidic inlets, the remaining unimpeded fluidic inlets
allows continued function of the device. Additionally, the increased number of fluidic inlet may
allow for increased total flow rates as compared to a single fluidic inlet. Thus, in certain
embodiments, a plurality of constrictions (openings) are used, all of which have smaller critical
dimensions than the microparticles, such as at least 2, 3, 4, 5, 6, 7, 8, 10, 12, 15, 20, 30, 40, 50,
75, or 100 constrictions (openings) and/or not more than 3, 4, 5, 6, 7, 8, 10, 12, 15, 20, 30, 40,
50, 75, 100, or 150 constrictions (openings).

[0030] In certain instances, microparticles may be attracted to the fluidic inlet through forces
other than fluidic flow. Non-limiting examples of these may include magnetism and magnetic
particles, electric fields and charged particles, dielectrophoretic fields and corresponding
particles, and gravity and particle settling to the bottom of the vessel with the insertion of a tube
into the particle bed.

[0031] In the case of analytical liquid handling of liquid samples, microparticles may either be
part of the original sample, be added as an external reagent, or may be predeposited into a vessel
and resuspend upon addition of sample to said vessel.

[0032] One nonlimiting instance of predisposition of microparticles into a vessel may be the
formulation of a solution or suspension of microparticles in a carrier phase like sorbitol, addition
of a predetermined volume of said sample to the vessel, and then lyophilization of the solvent till
dry. The sugary matrix of microparticles effectively remains bound to vessel until dissolution by
the solvated sample. Sorbitol is merely exemplary and it will be appreciated that any suitable
carrier phase may be used, so long as it can be lyophilized and it does not interact, or
substantially interact, with likely samples to be used in such a way as to alter their use in the
processing system into which samples are introduced.

[0033] In certain embodiments, the microparticle filtration strategy may be utilized in the

context of an analytical liquid handling system. Any analytical liquid handling system where the
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material of interest may be effectively size-filtered may find utility with these methods and
compositions.

[0034] One nonlimiting example of an analytical liquid handling system is a digital PCR
instrument. In this example, PCR samples are prepared by a liquid handling robot or a user, are
injected into the analytical liquid handling system, are transformed into an emulsion using a
droplet generator and a continuous phase carrier, such as a fluorinated oil carrier, are thermal
cycled to conduct the PCR reaction, and are then passed through a detector to analyze the extent
of the PCR reaction by any suitable means. In this example, each sample is passed through the
same analytical liquid handling system requiring high levels of sample filtration and low levels
of sample-to-sample contamination. The number of samples may range from 1 to many
thousands.

[0035] Incorporation of the microparticle filtration strategy represents a large advance in the
ease of use and robustness of the described digital PCR instrument. For example, a 2x
concentrated PCR master mix may be formulated with the required concentration of
microparticles. Upon one-to-one dilution with the required amount of sample, primers, and
detection agents, the samples may be added to a 96-well plate and inserted into the digital PCR
instrument. A sample injection tube with a bore hole smaller than the diameter of the
microparticles in the PCR solution is dipped into the sample, the sample is withdrawn into the
instrument forming the microparticle filter on the surface of the tube, and the sample is
withdrawn into the instrument to perform digital PCR. After sample withdrawal, the sample
injection tube is moved to a cleaning station where cleaning solution is dispensed through the tip
effectively removing the microparticle filter, cleaning PCR material from the tube, effectively
returning the sample injection tube to its original state before contacting the sample.

[0036] Thus, in certain embodiments, provided is a method of loading polymerase chain reaction
(PCR) samples into a PCR analytical instrument, such as a digital PCR instrument, comprising
(i) providing a plurality of samples comprising nucleic acid in aqueous solution, wherein each
sample further comprises a plurality of microparticles, and wherein the microparticles have a
hydrodynamic diameter; (ii) placing a sample conduit into a first sample of the plurality of
samples, wherein the conduit has an opening (constriction) and wherein a critical dimension of
the opening is smaller than the hydrodynamic diameter of the microparticles in the first sample,
and wherein the conduit is configured to be fluidly connected to the PCR analytical instrument;
(i11) flowing the nucleic acid in aqueous solution of the first sample into the opening in the
conduit and into the conduit, wherein the microparticles in the first sample cannot flow into the
conduit and instead form a first filter element comprising one or microparticles at the opening of

the conduit. The opening (constriction) may be any suitable shape. In certain embodiments, the
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opening is circular or substantially circular and the critical dimension is the diameter. In certain
embodiments, the opening is rectangular or substantially rectangular, and the critical dimension
is the length of the short side of the rectangle; in such cases, the length of the long side of the
rectangle may be any suitable length, such as atleast 1.5,2,2.5,3,3.5,4,5,6,7,8,9, 10, 12, 15,
or 20 times the length of the short side. I certain embodiments the method includes (iv) after
step (iii), flowing a liquid through the conduit and out of the opening of the conduit to remove
the one or more microparticles from the first sample from the opening of the conduit and remove
the first filter element; for example, by introducing a fluid into the conduit away from the
opening and flowing the fluid through the conduit and out the opening, thus displacing the
microparticles. In some cases, the conduit remains in the sample container from which sample
was removed and the fluid flowing through enters the container; in some cases, the conduit is
moved to another container, e.g., a waste container, and fluid flowing through enters the other
container. The method can also include (v) placing the sample conduit into a second sample of
the plurality of samples, wherein the second sample is different from the first sample, and
flowing nucleic acid in aqueous solution of the second sample into the opening in the conduit
and into the conduit wherein the microparticles in the second sample cannot flow into the
conduit and instead form a second filter element, different from the first filter element,
comprising one or microparticles at the opening of the conduit. This process can be repeated any
suitable number of times, with a de novo filter of microparticles being formed at each sample,
then dispersed after the sample or a portion of the sample has been moved into the PCR
instrument, without the need to perform any additional steps for filtration, e.g., without the need
to add or change filters (in the conventional sense) during the process; for example, sampling at
least 2,3, 4, 5,7, 10, 12, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 150, 200, 300, 400, 500,
600, 700, 800, 900, or 1000 samples without interruption to add new or cleaned filter elements
(beyond that need to form and disperse de novo filters) and/or not more than 3, 4, 5, 7, 10, 12,
15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 150, 200, 300, 400, 500, 600, 700, 800, 900, 1000,
1500, 2000, 3000, 4000, 5000 without interruption to add new or cleaned filter elements (beyond
that need to form and disperse de novo filters). Instead, for each sample, a new filter element is
formed then reversed. The microparticles have any suitable dimensions, so long as they can’t
pass through the opening or openings, such as dimensions described elsewhere herein, e.g., a
hydrodynamic diameter of 1-1000 um. The microparticles can be any suitable shape, e.g.,
spherical or substantially spherical. Any suitable number of openings in the conduit may be
used, such as a number described herein, e.g., 1-100 openings, or 1-10 openings, or 1-5

openings, or 2-100 openings, or 2-10 openings, or 2-5 openings, or 3-100 openings, or 3-10
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openings, or 3-5 openings, or 5-100 openings, or 5-50 openings, or 5-10 openings, or 10-100
openings, or 10-50 openings.

[0037] Figure 1 shows a substrate containing a channel, conduit, or orifice of a specific critical
diameter (dimension). This substrate may be a microfluidic chip or tubing containing a
microfluidic channel. A solution containing microparticles of a hydrodynamic diameter larger
than the specific critical diameter of the channel or orifice in the substrate is withdrawn through
the channel or orifice. As the solution is withdrawn, the microparticles begin to accumulate at
the entry point. This accumulation of microparticles forms a matrix with pore holes of a size
designated by the packing nature of the microparticles at the entry point. These pore holes are of
a size significantly smaller than the entry point on the microfluidic substrate. The entry of
particulate in said solution that may obstruct the function of said microfluidic device is
prevented by the accumulated microparticle aggregate.

[0038] Figure 2 shows a test of one embodiment of the methods and compositions disclosed
herein. A customized PFA tubing was prepared by inserting a 50 um metal wire into a 1/16” OD
tubing with an inner diameter of 0.01” and heating. The PFA tubing upon heating softened and
deformed around the metal wire. Upon removal of the metal wire, the tubing effectively had a 50
um diameter orifice. The customized tubing was attached to a syringe pump and then immersed
in a prepared solution of suspended 53-63 um fluorescent polystyrene microspheres. The
prepared solution was at a concentration of 0.1 g of microspheres dispersed in 10 mL of
deionized water per the manufacturer’s instructions. The tube and solution were placed under a
fluorescent microscope under 40x magnification and imaged while withdrawing a at a rate of
100 uL/min. After a prescribed amount of time, the liquid flow was reversed. Select frames from
the video were placed in chronological order. Arrows represent the velocity of liquid flow. At
time t = 1 liquid withdrawal begins. At time t =5, liquid reversal begins. The build-up of
microparticles at the tubing bore hole is apparent over time as well as its immediate dispersal
upon reversal of liquid flow.

[0039] Figure 3 shows another embodiment of the methods and compositions disclosed herein.
In certain instances, the microparticle may be of the same shape as the constriction. In other
instances, the microparticle may be of a different shape as the constriction. For example, if the
microparticle is a spherical object and the constriction is aspherical, or vice versa, there exist a
lower likelihood of constriction clogging.

[0040] In one embodiment, a liquid sample of spherical microparticles is withdrawn into a non-
circular microchannel with a critical diameter smaller than the microparticles in solution. As the

microparticle solution is withdrawn into the non-circular channel, microparticles aggregate at the
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fluidic inlet. The mismatch in shape between the microparticles and the channel ensure that
microparticles are not able to clog the fluidic inlet.

[0041] Figure 4 shows a further embodiment of the methods and compositions disclosed herein.
In certain instances, the constriction may be smaller than the microparticles in only one critical
dimension. For example, the constriction be formed through the generation of a slit with a short
diameter smaller than the diameter of may the microparticles in solution while the larger slit
dimension may be of a size larger than one or more multiples of microparticles. This example
would limit the potential for constriction clogging prevent liquid flow through the constriction.
[0042] In one embodiment, a liquid sample of spherical microparticles is withdrawn into an
elongated microchannel with a critical diameter (dimension) smaller than the microparticles in
solution. The elongated microchannel is of a geometry that prevents microparticle entry but is
large enough for multiple microparticles to span the entire inlet. As the microparticle solution is
withdrawn into the elongated channel, microparticles aggregate at the fluidic inlet. The
mismatch in shape between the microparticles and the channel ensure that microparticles are
able to clog the fluidic inlet.

[0043] In certain embodiments, provided herein is a method for providing a first filter element
comprising (i) providing a first suspension of a plurality of first microparticles in a first liquid,
wherein the first microparticles have a first hydrodynamic diameter in any suitable range as
described herein, such as between 1 um and 1000 um, or between 10 um and 100 um,; (ii)
applying the first suspension to at least one non-circular opening, such as an ellipse or
substantially elliptical shape, or a rectangle or substantially rectangular shape, with a short
dimension and a long dimension, where the short dimension is less than the hydrodynamic
diameter of the first microparticles, and the long dimension is a suitable multiple of the short
dimension, such as described herein, e.g., atleast 1.5, 2, 3, 4, or 5X, e.g., at least 2X, the
hydrodynamic diameter of the first particles, so that the first microparticles accumulate and form
a first filter element comprising the first microparticles at the opening. The opening can be an
opening to a conduit leading to an instrument, or configured to be positioned to lead to an
instrument, for processing the liquid or components of the liquid that pass through the opening.
The liquid can be passed through the opening by any suitable method, e.g., by flowing the liquid.
In certain embodiments, the filter element formed in steps (ii) can be dispersed by passing a
second liquid back out through the opening (e.g., reversing the direction of flow of fluid through
the opening). The method can further comprise forming a second filter element by applying a
second suspension of a plurality of second microparticles in a third liquid, wherein the second
microparticles have a second hydrodynamic diameter in any suitable range as described herein,

such as between 1 um and 1000 um, or between 10 um and 100 um, to the at least one opening,
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wherein the short dimension of the opening is less than the hydrodynamic diameter of the second
microparticles, and the long dimension of the opening is a suitable multiple of the short
dimension, such as described herein, e.g., atleast 1.5, 2, 3, 4, or 5X, e.g., at least 2X, the
hydrodynamic diameter of the second microparticles, to form a second filter element comprising
the second microparticles at the opening. The second filter can, in some instances, then be
dispersed similar to the first filter. Microparticles in each fluid may be any suitable shape; in
certain instances, the microparticles are spherical or substantially spherical. The surface of some
or all of the microparticles may be such that it capable of interacting with certain components of
one or more of the liquids and/or does not interact, or does not substantially interact with other
components. For example, in the case of liquid comprising nucleic acids to be analyzed, the
microparticles can have surfaces that don’t interact, or substantially interact, with the nucleic
acids; the surfaces may further be capable of interact with other components, as described
elsewhere herein. In some cases a plurality of openings is used, all with a critical dimension less
than the hydrodynamic diameter of the particles.

[0044] In certain embodiments, provided herein is an apparatus comprising (i) a plurality
sample containers each of which comprises microparticles and a liquid in which the
microparticles are suspended, wherein the microparticles have any suitable hydrodynamic
diameter, for example between 1 and 1000 um, or between 10 and 100 um; (ii) a conduit having
at least one non-circular opening with a short dimension and a long dimension, wherein the short
dimension is less than the hydrodynamic diameter of the microparticles, and the long dimension
is any suitable multiple of the hydrodynamic diameter of the microparticles, such as at least 1.5,
2,3,4,5,7, or 10X, e.g., at least 2X the hydrodynamic diameter of the microparticles (iii) a
system configured to sequentially immerse the opening or openings of the conduit in the
plurality of samples, e.g., a sampling system such as a sampling system for a digital PCR
instrument; (iv) a system configured to flow the liquid through the opening or openings into the
conduit, such as a pump, so that the microparticles accumulate and form a filter element
comprising the microparticles at the opening; and (v) a system configured to flow a second
liquid through the opening or openings out of the conduit to disperse the microparticles at the
opening. Thus, the apparatus is configured to sequentially sample materials from the sample
containers, forming a filter during each sampling and dispersing the filter after sampling is
completed, and moving from container to container. Each filter may be dispersed back into the
container from which sample was drawn, or into a different container, such as one or more waste
containers.

[0045] While preferred embodiments of the present compositions and methods have been shown

and described herein, it will be obvious to those skilled in the art that such embodiments are
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provided by way of example only. Numerous variations, changes, and substitutions will now
occur to those skilled in the art without departing from the invention. It should be understood
that various alternatives to the embodiments of the methods and compositions described herein
may be employed in practicing the methods and compositions. It is intended that the following
claims define the scope of the compositions and methods and that methods and structures within

the scope of these claims and their equivalents be covered thereby.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method for providing a first filter element comprising

(i) providing a first suspension of a plurality of first microparticles in a first liquid, wherein the
first microparticles have a first hydrodynamic diameter of between 1 um and 1000 um,;

(i1) applying the first suspension to at least one non-circular opening with a short dimension and
a long dimension, wherein the short dimension is less than the hydrodynamic diameter of the
first microparticles, and the long dimension is at least 2X the hydrodynamic diameter of the first
particles, so that the first microparticles accumulate and form a first filter element comprising the

first microparticles at the opening.

2. The method of claim 1 wherein the first suspension is applied to the at least one constriction

by flowing the first liquid into and through the opening.

3. The method of claims 1 or 2 wherein the opening comprises an opening to a conduit leading

to a processing system.

4. The method of any of claims 1-3 further comprising dispersing the first filter element formed
in step (ii) by flowing a second liquid out of and through the opening to disperse the

microparticles at the opening.

5. The method of any of claims 1-4 further comprising forming a second filter element by
applying a second suspension of a plurality of second microparticles in a third liquid, wherein
the second microparticles have a second hydrodynamic diameter of between 1lum and 1000 um,
to the at least one opening, wherein the short dimension of the opening is less than the
hydrodynamic diameter of the second microparticles, and the long dimension of the opening is at
least 2X the hydrodynamic diameter of the second microparticles,, to form a second filter

element comprising the second microparticles at the opening.

6. The method of claim 5 further comprising dispersing the second filter element by flowing a

fourth liquid out of and through the opening to disperse the microparticles at the constriction.

7. The method of any of claims 1-6 wherein the first microparticles comprise a surface that

adsorbs at least one component of the first liquid.
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8. The method of any of claims 1-7 wherein the first microparticles comprise a surface that does

not bind nucleic acids.

9. the method of any of claims 1-8 wherein the surface comprises a fluorinated surface.

10. The method of any of claims 1-9 wherein the conduit comprises an inner fluorinated surface.

11. The method of any of claims 1-10 wherein the first liquid comprises nucleic acid and the

processing system comprises a polymerase chain reaction system.

12. The method of claim any of claims 1-11 wherein the first microparticles are spherical or

substantially spherical and the opening has a rectangular or substantially rectangular shape.

13. The method of claim any of claims 1-12 comprising applying the first suspension of first
microparticles to a plurality of openings, wherein the plurality of openings are all non-circular
with a short dimension and a long dimension, wherein the short dimension is less than the
hydrodynamic diameter of the first microparticles, and the long dimension is at least 2X the

hydrodynamic diameter of the first particles.

14. An apparatus comprising:

(i) a plurality sample containers each of which comprises microparticles and a liquid in which
the microparticles are suspended, wherein the microparticles have a hydrodynamic diameter of
between 1 and 1000 um;

(i1) a conduit having at least one non-circular opening with a short dimension and a long
dimension, wherein the short dimension is less than the hydrodynamic diameter of the
microparticles, and the long dimension is at least 2X the hydrodynamic diameter of the
microparticles

(iii) a system configured to sequentially immerse the opening or openings of the conduit in the
plurality of samples;

(iv) a system configured to flow the liquid through the opening or openings into the conduit, so
that the microparticles accumulate and form a filter element comprising the microparticles at the
opening; and

(v) a system configured to flow a second liquid through the opening or openings out of the

conduit to disperse the microparticles at the opening.
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15. The apparatus of claim 14 wherein plurality of first microparticles have a diameter in the

range of 10um to 100 um.

16. The apparatus of claim 14 or 15 wherein the first liquid is an aqueous liquid.

17. The apparatus of any of claims 14-16 wherein the microparticles are spherical or

substantially spherical.

18. A method of loading polymerase chain reaction (PCR) samples into a digital PCR analytical
instrument comprising:

(i) providing a plurality of samples comprising nucleic acid in aqueous solution, wherein each
sample further comprises a plurality of microparticles, and wherein the microparticles have a
hydrodynamic diameter;

(ii) placing a sample conduit into a first sample of the plurality of samples, wherein the conduit
has an opening and wherein the opening has a critical dimension that is smaller than the
hydrodynamic diameter of the microparticles in the first sample, and wherein the conduit is
configured to be fluidly connected to the PCR analytical instrument;

(iii) flowing the nucleic acid in aqueous solution of the first sample into the opening in the
conduit and into the conduit, wherein the microparticles in the first sample cannot flow into the
conduit and instead form a first filter element comprising one or microparticles at the opening of
the conduit;

(iv) after step (iii), flowing a liquid through the conduit and out of the opening of the conduit to
remove the one or more microparticles from the first sample from the opening of the conduit and
remove the first filter element;

(v) placing the sample conduit into a second sample of the plurality of samples, wherein the
second sample is different from the first sample, and flowing nucleic acid in aqueous solution of
the second sample into the opening in the conduit and into the conduit wherein the
microparticles in the second sample cannot flow into the conduit and instead form a second filter
element, different from the first filter element, comprising one or microparticles at the opening

of the conduit.

19. The method of claim 18 further comprising;:
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(vi) after step (v), flowing a liquid through the conduit and out of the opening of the conduit to

remove the one or more microparticles from the second sample from the opening of the conduit

and remove the second filter element.

20. The method of claim 18 or 19 wherein at least 10 different samples are flowed into the
conduit and into the PCR analytical instrument, forming and reversing at least 10 different filter

elements.
21. The method of claim 18 or 19 wherein at least 100 different samples are flowed into the
conduit and into the PCR analytical instrument, forming and reversing at least 100 different filter

elements.

22. The method of any of claims 18-21 wherein the microparticles have a hydrodynamic

diameter of Tum to 1000 um.

23. The method of any of claims 18-22 further comprising generating a plurality of partitions

from the aqueous solution of the sample or samples.
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