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SPONTANEOUS NUCLEIC ACID PURIFICATION AND CONCENTRATION
IN A SINGLE STEP

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No. 62/619,285, filed
January 19, 2018. 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 disclosure relates to a novel material and composition to perform purification
and concentration of a biological sample or nucleic acid in a single step. Also disclosed is a method
of using salts and a polymer-modifier complex in a two phase system (alternatively, “aqueous two
phase system”) to purify and concentrate a target biological material and/or nucleic acid.
BACKGROUND OF THE INVENTION
[0004] New biomarkers and medicines for many diseases are discovered or invented in recent
years. Numerous patients still die from these diseases every year. The patients die because health
care professionals cannot detect the diseases at an early stage or do not detect the diseases at all.
Many of these diseases do not show any symptoms at early stages. By the time symptoms develop,
the patients are already at late or end stages. There is not much a health care professional can do
to treat the patients or to save their lives. If these diseases are diagnosed early, these patients are
likely to be cured fully by applying the right procedures or using suitable medicines. While
examining the patients, experienced health care professionals may suspect that the patients have
certain diseases. However, the concentration of the biomarkers in the patients at early stage is
usually so insignificant to be detected. Health care professionals cannot prescribe suitable
medicines if the diagnostic technique cannot confirm the contraction of a disease. The predicament
is that biomarkers of a disease exist in a patient but they are unable to be detected. Existing
medicines may cure the disease but they are not prescribed. All these issues are the result of not
detecting the disease early.
[0005] It has been a huge challenge to detect the existence of an analyte which has an extremely
minute 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 may exist in a sample of patient saliva, blood,
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urine or other body fluid. Many of the existing diagnostic or detection methods may falsely report
that the analyte does not exist if the concentration is too low. The gold standard of diagnostics such
as Polymerase Chain Reaction (PCR) and Enzyme-Linked Immunosorbent Assay (ELISA) may
produce a false negative result if the targeted analyte has extremely low concentration.

[0006] For example, cfDNA extracted from liquid biopsies has become an attractive biomarker
for several pathologic conditions. For example, ctDNA likely released from apoptotic or necrotic
tumor cells can be used to monitor cancer progression and relapse throughout treatment with
potentially greater sensitivity than current gold standard imaging methods like CT, PET, and MRI.
In comparison to a tumor biopsy that is taken from a region of the solid tumor, liquid biopsies are
noninvasive, can be collected at multiple time points, and can yield ctDNA that better represents
the diversity of the tumor, which is useful for identifying drug-resistant mutations.

[0007] Additionally, cfDNA of the fetus can indicate various abnormalities during pregnancy such
as aneuploidies, which can be done earlier than current prenatal testing methods like chorionic villi
sample and amniocentesis, without the risk of spontaneous abortion. Liquid biopsies of heart
transplant patients can reveal donor cfDNA, which can be a warning sign that the patient will reject
the transplant in the upcoming weeks or months.

[0008] Despite new biomarkers and medicines for many diseases are discovered or invented in
recent years, these new biomarkers, such as cfDNA testing, have not been adopted in routine
clinical procedures due to lack of sensitivity and specificity. Because they are present in low
quantities, 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.

[0009] There are purification products widely used in literature to concentrate cfDNA. However,
these expensive product kits are limited by the maximum sample volume they can process, as well
as the amount of DNA that can be purified before clogging. In addition, those procedure are always
time consuming, tedious, costly and involve the use of hazardous organic solvents.

[0010] Conventionally, the purification and concentration process for a biological sample or
nucleic acid usually requires multiple step operations such as a series of centrifugation,
precipitation and/or incubation. The conventional method is complex, unreliable and inefficient,
and the purity and yield of the product is not good. Therefore, a novel, simplified and single step
purification and concentration process for biological samples or nucleic acids is highly demanded

in the commercial industry, where the method should be accurate, inexpensive, simple and easy to
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handle, safe, user friendly and fast.
[0011] To overcome these limitations, this invention uses novel methods and devices to obtain a
biological sample or nucleic acid for further analysis easily and quickly in a single step using an
improved two phase system without the need of complex equipment. The methods and devices can
perform the following multiple tasks, including but not limited to cell lysis, removing non-targeted
biomolecules and/or concentrating targeted biomolecules. Concentrating biomolecules or
removing inhibitors will improve detection accuracy and diagnostic performance. What could not
be detected before will become possible. Many life-threatening diseases are cured if the diseases
are detected early.

SUMMARY OF THE INVENTION
[0012] The present invention provides a novel material for spontaneous target biological sample
or nucleic acid purification and concentration in a single step. The novel material comprises a
polymer and modifying agent (modifier).
[0013] More particularly, the present invention provides a novel material for spontaneous target
biological sample or nucleic acid purification and concentration in a single step using a two phase
system. The novel material comprises a polymer and modifying agent (modifier).
[0014] In a preferred embodiment, the present invention provides a novel material for spontaneous
target biological sample or nucleic acid purification and concentration in a single step using a two
phase system. The novel material comprises a polymer and modifying agent (modifier). Some
covalent and/or non-covalent bonds form between the modifying agent and polymer.
[0015] In particular, the binding affinity of target biological sample or nucleic acid on the novel
material is significantly and unexpectedly enhanced due to the networking of the polymer-modifier
complex. In one embodiment, the binding affinity of target biological sample or nucleic acid for
the polymer phase comprising the polymer-modifier complex is significantly enhanced. In one
embodiment, ~90%-100% target biological samples or nucleic acids are bound to the polymer-
modifier complex.
[0016] The present invention provides a novel composition for spontaneous target biological
sample or nucleic acid purification and concentration in a single step. The novel composition
comprises a polymer and modifying agent (modifier).
[0017] In particular, the present invention provides a novel composition for spontaneous target
biological sample or nucleic acid purification and concentration in a single step using a two phase

system. The novel composition comprises a polymer and modifying agent (modifier).
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[0018] In one particular embodiment, the present invention provides a novel composition for
spontaneous target biological sample or nucleic acid purification and concentration in a single step
using a two phase system. The novel composition comprises a polymer and modifying agent
(modifier) which together form a novel polymer-modifier complex with some covalent/non-
covalent bonds.

[0019] Even more particularly, the binding affinity of target biological sample or nucleic acid on
the novel composition comprising a polymer and modifying agent (modifier) is significantly and
unexpectedly enhanced due to the networking of the polymer-modifier complex.

[0020] The present invention provides a novel method for spontaneous target biological sample or
nucleic acid purification and concentration in a single step. The novel composition comprises a
polymer and modifying agent (modifier).

[0021] In particular, the present invention provides a novel method for spontaneous target
biological sample or nucleic acid purification and concentration in a single step using a two phase
system. The novel composition comprises a polymer and modifying agent (modifier).

[0022] In one particular embodiment, the present invention provides a novel method for
spontaneous target biological sample or nucleic acid purification and concentration in a single step
using a two phase system. The novel method makes use of a polymer and modifying agent
(modifier) to form a novel polymer-modifier complex with some covalent/non-covalent bonds.
[0023] In particular, the target biological samples or nucleic acids will be bound only to the
polymer-modifier complex, while the unwanted materials will stay in the salt phase and be easily
removed.

[0024] The present methods involve the use of polyethylene glycol (PEG) and a modifying agent,
such as urea or organosilicon. Some covalent and/or non-covalent bonds can form between PEG
and urea or organosilicon.

[0025] In particular, the present invention provides a method to perform purification and
concentration of a biological sample or nucleic acid in a single step using a two phase system. The
two phase system includes one phase of salts and one phase of a polymer-modifier complex.
[0026] The present invention provides a method to simplify the purification and concentration
process of a biological sample or nucleic acids from various sources by minimizing the steps in a
cycle purification process. In the present method, the use of organic solvents including alcohol for
lysis, extraction or washes is eliminated. The present method produces biological samples or

nucleic acids in purity and concentration that are suitable for further characterization and
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downstream processing. The downstream applications of purified biomolecules may include
analyte detection, sensing, forensic, diagnostic or therapeutic applications, sequencing,
amplification, PCR, sequencing or blotting procedures, and the like. Because of the unique features
described herein, the present method is readily adaptable to automation including high throughput
screening systems.

DETAILED DESCRIPTION OF THE INVENTION
[0027] Here, unless indicated otherwise, the terms used in the specification including technical
and scientific terms have the same meaning as those that are usually understood by those skilled
in the art to which the present invention pertains, and detailed description of the known functions
and constitutions that may obscure the gist of the present invention will be omitted.
[0028] In this invention, the nucleic acids can be DNA, such as genomic DNA. The nucleic acids
may also be RNA, such as total RNA. The nucleic acids can be single-stranded or double-stranded
nucleic acid, such as short double-stranded DNA fragments.
[0029] The nucleic acid-containing material can be selected from the group consisting of blood,
plasma, serum, tissues, bacteria, viruses, RNA viruses, smear preparations, bacteria cultures, cell
cultures, urine, cell suspensions and adherent cells, polymerase chain reaction (PCR) reaction
mixtures and in vitro nucleic acid modification reaction mixtures. The nucleic acid-containing
material may comprise human, animal or plant material. The method according to the invention
may also include the use of plasmid DNA from Escherichia coli for subsequent cloning or
sequencing for molecular biology analysis. Nucleic acids also include oligonucleotides within the
meaning of the method according to the invention. Furthermore, the nucleic acids may be derived
from sequencing reactions or other comparable reactions. The nucleic acid-containing material can
be from biological fluids such as human blood and serum, cultured cells, tissues from plants,
animal and human, and other specimens. The nucleic acids, especially DNA, in blood samples are
used for the purposes of diagnosis of genetic disease, diagnosis and monitoring of blood borne
parasitic disease such as malaria, the determination of paternity, and the monitoring of other
unusual cell populations in the blood as can occur in some neoplasia.
[0030] The method described herein is also useful for the isolation of both double stranded (ds)
and single stranded (ss) polynucleotides (e.g., DNA, RNA, PNA) of virtually any size and from a
wide variety of sources. In this invention, the novel method can isolate a wide range of nucleic

acids. In the invention, only certain DNA, RNA, and/or PNA with a desired size range can be
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subsequently collected and concentrated. The desired fragments are less than or equal to 100 bp or
mers, less than or equal to 200 bp or mers, less than or equal to 300 bp or mers.

[0031] The present invention provides a method for spontaneous purification and concentration of
target biological samples or nucleic acids in a single step using a two phase system. The two phase
system, after phase separation, includes a salt phase (alternatively “salt-rich phase’) containing
salt and a polymer phase (alternatively, “polymer-rich phase” or “polymer complex-rich phase”)
containing the polymer-modifier complex. The salt phase or salt-rich phase refers to the phase in
which the salt is predominantly distributed after phase separation. The polymer phase, polymer-
rich phase or “polymer complex-rich phase” refers to the phase in which the polymer or polymer-
modifier complex is predominantly distributed after phase separation.

[0032] In the present invention, the salts are selected from organic and inorganic salts, including
but not limited to potassium phosphate, sodium sulfate, magnesium sulfate, ammonium sulfate,
sodium citrate, sodium chloride, sodium acetate, ammonium chloride, potassium citrate, sodium
phosphate, calcium phosphate, ammonium phosphate, ammonium acetate, magnesium phosphate,
potassium sulfate, magnesium sulfate, and calcium sulfate. In one embodiment, cations for the salt
include, but are not limited to, straight or branched trimethyl ammonium, triethyl ammonium,
tripropyl ammonium, tributyl ammonium, tetramethyl ammonium, tetracthyl ammonium,
tetrapropyl ammonium and tetrabutyl ammonium. In one embodiment, cations for the salt include,
but are not limited to, phosphate, sulphate, nitrate, chloride and hydrogen carbonate. In one
embodiment, any combinations of the above salts are used.

[0033] In the present invention, the polymer can be selected from polyethylene glycol (PEG),
polypropylene glycol, polyvinyl alcohol, polyvinyl pyrrolidone, methyl cellulose,
ethylhydroxyethyl cellulose, propylene glycol, methoxypolyethylene glycol, Dextran, Ficoll,
polyvinyl pyrrolidone, polyvinyl alcohol, hydroxypropyl starch, hydroxypropyl dextran,
maltodextrin, and dextran. In one embodiment, the preferred polymers are dextran, polyethylene
glycol (PEG), and polypropylene glycol.

[0034] In the present invention, any suitable PEG can be used in the compositions and methods of
the invention. It can be, for example, PEG 1000 or PEG 2000 or PEG 4000 or PEG 8000 or PEG
10000 or PEG 12000.

[0035] In the present invention, the modifying agents are chemicals that can form some covalent
and/or non-covalent bonds with the polymer. The modifying agents can be, for example, urea,

organosilicon, polyacetylene carbamide derivatives, polyols, or polyacids.
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[0036] In one embodiment, the functional groups in the organosilicon are selected from the group

consisting of hydroxyl, carbonyl, carboxyl, amide, primary and secondary amines. In one

/O-Cf\i\:
Meq S CHOII

embodiment, the organosilicon is 0—Cl . In another embodiment, the organosilicon

OH

is . In another embodiment, the organosilicon is
[(CH3)2SiCH2CH2CONHCHLCH3Si(CH3)20]n wherein n has a value of at least 2 (U.S. Patent No.
2,607,793).

[0037] In one embodiment, the polyols include, but are not limited to, erythritol, xylitol and
sorbitol. In one embodiment, the polyacids include, but are not limited to, carboxymethylcellulose,
carboxymethylstarch, alginic acid, polyacrylate, polymethacrylate, poly(sulfopropyl acrylate),
poly(2-acrylamido 2-methyll -propane sulfonic acid) and their salts.

[0038] In one embodiment, both the amide and carbonyl functional groups on the organosilicon
can interact non-covalently with the hydroxyl functional group on PEG and form a polymer
network together with other non-covalent bonds such as hydrogen bonding. In one embodiment,
the hydrogen bonding can be —OH: --O< between polymer and modifiers, among different polymer
chains, or within same polymer chain. As a result, a polymer network will be formed. In one
embodiment, a polymer network is formed by covalent bonding with or without non-covalent
bonding. The polymer network was found to be more effective in capturing/holding the biological
materials or nucleic acids, in comparison to that without network. As a result, in some
embodiments, target analyte can be concentrated up to 10X, 100X, or even more.

[0039] In one embodiment, both the oxygen functional groups on the organosilicon can interact
with the hydroxyl groups on PEG to form a polymer network and other non-covalent bonds such
as hydrogen bonds. In one embodiment, the hydrogen bonds can be —OH---O=, or -OH---O<
between polymer and modifier, among different polymer chains, or within same polymer chain.
As a result, a polymer network will be formed. In one embodiment, a polymer network is formed
by covalent bonds with or without non-covalent bonds. The polymer network is found to be more
effective in capturing/holding the biological material or nucleic acid. As a result, in some

embodiments, target analyte can be concentrated up to 10X, 100X, or even more.
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[0040] In the present invention, a polymer-modifier complex can be prepared by the following
procedure:
(1) providing an aqueous phase comprising a modifier;
(2) providing an organic phase comprising a polymer;
(3) dispersing the organic phase into the aqueous phase; and
(4) allowing the modifier and polymer to react at the interface of the organic phase and
aqueous phase to form the polymer-modifier complex via covalent and/or non-covalent
bonds; and
(5) isolating said polymer-modifier complex.
[0041] In one embodiment, the polymer-modifier complex is a PEG-organosilicon complex which
can be prepared by the following procedure:
(1) providing an aqueous phase comprising an organosilicon;
(2) providing an organic phase comprising PEG;
(3) dispersing the organic phase into the aqueous phase;
(4) allowing the PEG and organosilicon to react at the interface of the organic phase and
aqueous phase to form said PEG-organosilicon complex; and
(5) isolating the PEG-organosilicon complex.
[0042] In one embodiment, the polymer-modifier complex is isolated as a solid or a suspension.
In one embodiment, the polymer-modifier complex in solid is re-dispersed into a water or buffer.
In one embodiment, the suspension of polymer-modifier complex obtained or isolated is used for
binding a target biological sample or nucleic acid. In one embodiment, the suspension of polymer-
modifier complex as obtained from the reaction is directly used for subsequent binding, isolation
and/or purification of analyte. In one embodiment, the obtained suspension of polymer-modifier
complex first undergoes a simple purification, such as membrane filtration, to lead to a suspension
substantially free of reactants and other impurities with a low molecular weight. In one
embodiment, the suspension of polymer-modifier complex has an average particle size with a
range from 10 nm to 500 nm. In one embodiment, the suspension also undergoes a further
purification such as centrifugation to obtain a suspension with an average particle size within a
specific range such as 10 nm to 100 nm.
[0043] It was surprisingly found that the present polymer-modifier complex can significantly
enhance the quantity of nucleic acids collected. The binding affinity of target biological sample or

nucleic acids on the polymer-modifier complex is significantly enhanced due to the networking of
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the polymer-modifier complex. In one embodiment, the binding affinity of target biological
samples or nucleic acids for the polymer phase comprising the polymer-modifier complex is
significantly enhanced. In one embodiment, about 90%-100% target biological samples or nucleic
acids are bound to the polymer-modifier complex. The polymer-modifier complex is found to be
more effective in binding the target biological samples or nucleic acids. As a result, the target
biological samples or nucleic acids will be found predominantly in the phase containing the
polymer-modifier complex and concentrated up to 10X, 100X, or even more.

[0044] In one embodiment, the amount of modifier is less than 20% of the total weight of the
polymer. In one embodiment, the amount of modifier is ~10%, ~5% ~ or 3% of the total weight of
the polymer.

[0045] In one embodiment, the polymer-modifier complex can be suspended in water or other
aqueous system. In one embodiment, the particle of the polymer-modifier complex in the
suspension or solution has an average particle diameter of 100 nm to 1 micron meter. In one
embodiment, the particle of the polymer-modifier complex in the suspension or solution has an
average particle diameter of 10 to 500 nm. In one embodiment, the particle of the polymer-modifier
complex in the suspension or solution has an average particle diameter of 100 to 250 nm. In one
embodiment, the particle of the polymer-modifier complex in the suspension or solution has an
average particle diameter of 10-250 nm. In one embodiment, the particle of the polymer-modifier
complex in the suspension or solution has an average particle diameter of 20-100 nm. In one
embodiment, the particle of the polymer-modifier complex in the suspension or solution has an
average particle diameter of 10-75 nm. In one embodiment, the particle of the polymer-modifier
complex in the suspension or solution has an average particle diameter of 20-50 nm.

[0046] In this invention, it is found that the concentrations of salt and polymer-modifier complex
can be adjusted to control the affinity of a target analyte to the polymer-modifier complex and the
distributions in each phase. It is because said concentrations can affect the binding abilities of
biological sample and/or nucleic acids.

[0047] In one embodiment, the concentration of polymer-modifier complex is 5-40% (w/w). In
one embodiment, the concentration of polymer-modifier complex is 5-30% (w/w). In one
embodiment, the concentration of polymer-modifier complex is about 20% (w/w) up to the limit
of the complex’s solubility. In one embodiment, the concentration of salt is 4-30% (w/w). In one
embodiment, the concentration of salt is 3-20% (w/w). In one embodiment, the concentration of

salt employed is about 11% (w/w) up to the limit of the salt’s solubility.
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[0048] In one embodiment of the present invention, a salt and the polymer-modifier complex
applied to the two phase system can control the affinity of target biological materials (or substances)
or nucleic acids described herein for the two phases. In one embodiment, the process for purifying
and/or concentrating target biological materials and/or nucleic acids comprises the steps of:

(1) Preparing the target biological materials or nucleic acids in a buffer solution to form a
target buffer solution;

(2) Adding salt and polymer-modifier complex to the target buffer solution, to form a
mixture;

(3) Allowing the mixture to separate into a polymer phase and a salt phase;

(4) Optionally discarding the salt phase; and

(5) Extracting the polymer phase containing the target biological materials or nucleic acids
bound to the polymer-modifier complex.

[0049] In one embodiment, the process comprises the steps of:

(1) Preparing target biological materials or nucleic acids in a buffer solution to form a
target buffer solution;

(2) Adding salt and polymer-modifier complex to the target buffer solution to form a first
mixture;

(3) Allowing the first mixture to separate into a first polymer phase and a first salt phase;

(4) Detecting the concentration or quantity of the target biological materials or nucleic
acids in the first polymer phase;

(5) If said concentration and/or quantity of said target biological materials or nucleic acids
in said first polymer phase is insufficient for subsequent analysis, mixing the first
polymer phase with a new salt solution to form a second mixture, allowing said second
mixture to separate into a second polymer phase and a second salt phase;

(6) Repeating steps 4-5 as many times until a sufficient concentration or quantity of said
target biological materials or nucleic acids in a final polymer phase is obtained; and

(7) Extracting the final polymer phase in step (6) from the corresponding final salt phase,
thereby obtaining a purified and/or concentrated target biological materials or nucleic
acids.

[0050] In one embodiment, the process further comprises a step of isolating the purified and/or

concentrated biological materials/substances or nucleic acids from the polymer-modifier complex.
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[0051] In one embodiment, the subsequent analysis includes but is not limited to various
downstream applications including analyte detection, sensing, forensic, diagnostic or therapeutic
applications, sequencing, amplification, and the like. In one embodiment, the subsequent analysis
also includes later nucleic acid based biochemical and diagnostic detection procedures, such as
large scale genomic mapping, post DNA shearing, library construction, and for next generation
sequencing platform. In one embodiment, the concentration and/or quantity of analyte required for
the analysis varies depending on the corresponding method and device.

[0052] In the present invention, suitable buffers for biological sample or nucleic acid-containing
materials are Tris-EDTA (TE) buffers comprising tristhydroxymethyl) aminomethane (Tris),
ethylenediaminetetraacetic acid (EDTA) and polyadenylic acid. The concentration can be 10 mM
Tris (pH 8.0), 50 uM EDTA, and 20 pg/mL polyadenylic acid.

[0053] In the present invention, there is provided an aqueous two phase system which comprises
an aqueous two phase system and a solid matrix. In one embodiment, the solid matrix is a porous
solid matrix.

[0054] In the present invention, a suitable two-phase system after phase separation comprises a
polymer-rich phase containing at least one water dispersible polymer and a salt-rich phase
containing at least one water soluble inorganic or organic salt, wherein said water dispersible
polymer is a polymer-modifier complex. In one embodiment, said complex is PEG-urea or PEG-
organosilicon. In one embodiment, said salt is potassium phosphate.

[0055] In the present invention, the two phase system can be embedded in a solid matrix. The solid
matrix can be, but are not limited to, any types of paper, polymer foams, cellulose foams, foams,
rayon fabric, cotton fabric, fabric, wood, stones and carbon fibers. Fiber-glass paper, cotton-based
paper, single-layer matrix paper and polyolefin foam pad are preferred in the invention.

[0056] In the present invention, the purified and concentrated target biological material or nucleic
acid can be collected from a polymer-modifier complex. The concentration factors achieved can
be up to 10X, 100X, or even more in some embodiments.

[0057] In one embodiment, the immobilized nucleic acid on polymer-modifier complex-modified
porous paper is eluted out of the porous paper using appropriate elution buffers or deionized water.
In one embodiment, the isolated phase containing nucleic acids is not eluted but is stored on the
porous paper for future use. For instance, after the isolation of nucleic acids using the present
invention, the porous paper containing the target nucleic acids is dried and stored. In one

embodiment, nucleic acids retained on the porous paper can be directly eluted for further analysis
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or treatment. In one embodiment, nucleic acids retained on the porous paper can be first dried and
subsequently eluted for further analysis or treatment. The selection of the elution buffer may
depend on the contemplated use of the purified nucleic acids. Examples of suitable elution buffers
includes, but are not limited to, Tris-EDTA (TE) buffer, aqua bidest and PCR buffer. In one
embodiment, the purified nucleic acid on porous paper is eluted in a tube containing TE buffer (10
mM Tris.Cl, 1 mM EDTA solution with pH 7.5), and the purified nucleic acids are recovered in a
relatively small volume, e.g., less than 100 pl, and can be used for various downstream
applications including analyte detection, sensing, forensic, diagnostic or therapeutic applications,
sequencing, amplification, and the like. It can be used in later nucleic acid based biochemical and
diagnostic detection procedures, such as large scale genomic mapping, post DNA shearing, library
construction, and for next generation sequencing platform.

[0058] In one embodiment, the purified nucleic acid on polymer-modifier complex-modified
porous paper can be eluted for further analysis, including PCR, RT-PCR, real-time PCR, and real-
time RT-PCR. The nucleic acids are eluted by means of an aqueous buffer. The selection of the
buffer is determined by the contemplated use of the purified nucleic acid. Examples of suitable
buffer are TE buffer, aqua bidest and PCR buffer. In one embodiment, TE buffer is used, and the
purified nucleic acid on porous paper is eluted in a tube containing TE buffer (10 mM Tris.Cl, 1
mM EDTA solution at pH 7.5), and the purified nucleic acids are recovered in a relatively small
volume, e.g., less than 100 pL.

[0059] In one embodiment, the present invention can be integrated with additional diagnostic
assay such as Lateral Flow Assay (LFA). The seamless transition between concentration and
detection will allow a patient or end user to get test result in a simple single step.

[0060] In one embodiment, the present invention can be integrated with enzyme-linked
immunosorbent assay (ELISA) and specific antibody-antigen. There are two huge benefits. Firstly,
the lengthy time spent on assessing conjugated enzyme activity via incubation with a substrate to
produce a measurable product will be cut short. The present sample preparation method functions
isothermally and based only on thermal dynamic principles. In various embodiments, the whole
sample preparation process will take only 10 minutes to about an hour instead of hours or even
days. Secondly, the otherwise low concentration of targeted biomolecules such as peptides,
proteins, antibodies and hormones can be increased significantly by the present sample preparation

method. The concentration can be improved by 10 folds to even 100 folds in some embodiments.
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[0061] In one embodiment, the present invention can be integrated with polymerase chain reaction
(PCR). Very minute concentration of DNA ladder is concentrated to much higher level. Originally
minute concentration of DNA may not be detected and processed by existing sample preparation
kits in the art which have strong requirements and limitations on sample volume sizes. After being
processed by the present sample preparation method, the targeted DNA concentration may be
improved 10 folds to 1000 folds. Thus, the required sample volume size is substantially reduced
and the amplification and sensitivity of PCR test can be much improved.

[0062] In one embodiment of the present invention, a method is provided for a rapid purification
and concentration of biological material and nucleic acid using a two phase system comprising a
water soluble salt and a water dispersible polymer, such as polymer modifier complex, by isolating
the target biological material or nucleic acid from a small amount of sample without using special
equipment. It is more rapid and convenient, and simpler than existing methods in the art intended
for the same purposes.

[0063] In one embodiment, the present invention provides a polymer-modifier complex prepared
by the steps of:

(a) dispersing an organic phase comprising a modifier into an aqueous phase comprising a
polymer;

(b) allowing the polymer and modifier to react at the interface of the organic phase and
aqueous phase to form the polymer-modifier complex, wherein a polymer network is
formed by covalent and/or non-covalent bonds within the polymer-modifier complex,
and

(c) isolating the polymer-modifier complex in a form of suspension or solid.

[0064] In one embodiment, the polymer includes but is not limited to polyethylene glycol (PEG),
activated PEG, polypropylene glycol, polyvinyl alcohol, polyvinyl pyrrolidone, methyl cellulose,
ethylhydroxyethyl cellulose, propylene glycol, methoxypolyethylene glycol Dextran, Ficoll,
polyvinyl pyrrolidone, polyvinyl alcohol, hydroxypropyl starch, hydroxypropyl dextran,
maltodextrin, and dextran.

[0065] In one embodiment, the modifier includes but is not limited to ureas, organosilicons,
polyacetylene carbamide derivatives, polyols and polyacids.

[0066] In one embodiment, the PEG includes but is not limited to PEG 1000, PEG 2000, PEG
4000, PEG 8000, PEG 10000 and PEG 12000.
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0—CH;
MezSi/ CHOH
[0067] In one embodiment, the organosilicons include but are not limited to 0—CHa ,
OH
 CH2 CH- CHZ - o
s O/ l
Me25] < Me25i
o. |
CH2 - -%H e CH2 —D
o and [(CH3)2SiCH2CH2CONHCH2CH2Si(CH3)20], wherein n has a

value of at least 2.
[0068] In one embodiment, the polyols include but are not limited to erythritol, xylitol and sorbitol.
[0069] In one embodiment, the weight ratio of the modifier to the polymer is in a range of 3% to
20%.
[0070] In one embodiment, the polymer-modifier complex is suspended in water or buffer with an
average particle diameter in a range of 10 nm to 500 nm. In one embodiment, the polymer-modifier
complex is suspended in water or buffer with an average particle diameter in a range of 20 nm to
250 nm.
[0071] In one embodiment, the present invention provides a method of purifying and/or
concentrating biological substances or nucleic acids using the polymer-modifier complex as
described herein. In one embodiment, the method comprises the steps of:
(1) preparing a buffer solution containing the biological substances or nucleic acids;
(2) adding a salt and the polymer-modifier complex to the buffer solution, resulting a
mixture; and
(3) allowing the mixture to separate into a polymer phase and a salt phase, wherein said
biological substances or nucleic acids are purified and/or concentrated predominantly
partition in said polymer phase containing said polymer-modifier complex.
[0072] In one embodiment, the method further comprises a step of separating the biological
substances or nucleic acids from the polymer-modifier complex.
[0073] In one embodiment, the polymer network formed within the polymer-modifier complex
significantly enhances the binding affinity of the biological substances or nucleic acids for the
polymer phase.
[0074] In one embodiment, 90-100% of the biological substances or nucleic acids are bound to

the polymer-modifier complex.
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[0075] In one embodiment, the concentration of the purified or concentrated biological substances
or nucleic acids is 10-100 times higher than that of the biological substances or nucleic acids in
the buffer solution in step (1).

[0076] In one embodiment, the buffer solution is a Tris-EDTA (TE) buffer.

[0077] In one embodiment, the salt includes but is not limited to potassium phosphate, sodium
sulfate, magnesium sulfate, ammonium sulfate, sodium citrate, sodium chloride, sodium acetate,
ammonium chloride, ammonium acetate, potassium citrate, sodium phosphate, calcium phosphate,
ammonium phosphate, magnesium phosphate, potassium sulfate, magnesium citrate, calcium
sulfate and any combination thereof.

[0078] In one embodiment, the cations of the salt include but are not limited to trimethyl
ammonium, triethyl ammonium, tripropyl ammonium, tributyl ammonium, tetramethyl
ammonium, tetracthyl ammonium, tetrapropyl ammonium and tetrabutyl ammonium.

[0079] In one embodiment, the anions of the salt include but are not limited to phosphates, sulfates,
nitrate, chloride, citrates, acetate, and carbonates.

[0080] In one embodiment, the mixture comprises 5-40% (w/w) of the polymer-modifier complex.
[0081] In one embodiment, the mixture comprises 4-30% (w/w) of the salt.

[0082] In one embodiment, the present invention provides a method of purifying and/or
concentrating target biological materials/substances or nucleic acids using the polymer-modifier
complex as described herein. In one embodiment, the method comprises the steps of:

(1) preparing the target biological materials/substances or nucleic acids in a buffer solution
to form a target buffer solution;

(2) adding salt and polymer-modifier complex to the target buffer solution to form a first
mixture;

(3) allowing the first mixture to separate into a first polymer phase and a first salt phase,
wherein the target biological materials/substances or nucleic acids predominantly
partition in the first polymer phase;

(4) detecting the concentration and/or quantity of the target biological
materials/substances or nucleic acids in the first polymer phase,

(5) 1if the concentration or quantity of the target analyte from step (4) is insufficient for a
subsequent analysis, mixing the first polymer phase with a new salt solution to form a
second mixture, allowing the second mixture to separate into a second polymer phase

and a second salt phase;
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(6) repeating steps 4-5 as many times until a sufficient concentration or quantity of the
target biological materials/substances or nucleic acids in a final polymer phase is
obtained; and

(7) isolating the final polymer phase in step (6) from the corresponding final salt phase,
thereby obtaining a purified and/or concentrated the target biological
materials/substances or nucleic acids.

[0083] 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.
EXAMPLES

[0084] The present invention will be described in more detail with reference to the following
examples. However, the following examples are provided only for assisting in the entire
understanding of the present invention, and do not intend to limit the scope of the present invention.
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.
[0085] Here, unless indicated otherwise, the terms used in the specification including technical
and scientific terms have the same meaning as those that are usually understood by those who
skilled in the art to which the present invention pertains, and detailed description of the known
functions and constitutions that may obscure the gist of the present invention will be omitted.

Example 1: Preparation of PEG-organosilicon complex
a) Drying PEG 8000
[0086] PEG 8000 (sigma) was dissolved in benzene (B.P. 79°-80° C.) and the water-organic

azeotrope (B.P. 65° C.) was distilled off. PEG 8000 was recovered by removal of solvent under
reduced pressure, and was finally dried overnight at room temperature under vacuum.

b) Drying dichloromethane

[0087] Dichloromethane (ANALAR from British Drug House, Poole, U.K) was dried over

molecular sieve A3 (100 g per liter of solvent) overnight at room temperature.

¢) Activation of PEG with Tresyl chloride

[0088] Activation of PEG-8000 with tresyl chloride was carried out using a molar ratio of tresyl
chloride to available hydroxyl groups in PEG of 2.5:1.
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[0089] Dry PEG (18 g. 3.5 mmol) was dissolved in dry dichloromethane (45 mL) at room
temperature. The mixture was cooled to 0° C and stirred magnetically. Then 1.125 mL (14 mmol)
pyridine (BDH, U.K.) and 1 mL (9 mmol) of tresyl chloride (Fluka AG, Switzerland) were added
dropwise at 0° C. The reaction was allowed to continue at room temperature with constant stirring
for 1.5 hr before the dichloromethane was removed by evaporating under reduced pressure. The
remaining white solid was dried under vacuum overnight at room temperature.

d) Purification of Tresylated PEG

[0090] The crude tresylated PEG was suspended in a methanol-HCL mixture (250:1) at -20° C.
for 8 hr. The solid was filtered off at 0° C, and the pyridine content in the filtrate was checked (255

nm). This procedure was repeated by using methanol-HC1 (1000:1) as washing mixture until no
pyridine could be detected in the filtrate. Finally, the pyridine-free tresylated PEG (12-14 g; 65-
75% yield) was dried under vacuum for several hours at room temperature.

¢) Reaction between organosilicon and Tresvlated PEG

[0091] The reaction was carried out with the following steps:

0—CH:
s
MeogSi CHOH

0—CHa was dissolved in an aqueous phase,

(1) The organosilicon with formula

(2) Tresylated PEG (the amount of organosilicon is around 3% of the total weight of tresylated
PEG in this example) was suspended in a sodium phosphate buffer (pH 7.5);

(3) Dispersing the sodium phosphate buffer containing said tresylated PEG into the aqueous
phase, wherein the mixture was gently stirred at room temperature;

(4) Allowing the organosilicon and tresylated PEG to react at the interface of the organic phase
and the aqueous phase to form a polymer-modifier complex; and

(5) Separating the PEG-organosilicon complex from the solution.

Example 2: Preparation of PEG-organosilicon complex

[0092] Steps (a) to (d) in Example 1 were repeated.

¢) Reaction between organosilicon and Tresvlated PEG, wherein the organosilicon has the formula

OH
|

| CH2- CH=- CH2-- ©

. l

Me2s] 7 Me25i

~
CH2-GH ——CHZ —0
|

OH

[0093] The reaction was conducted according to the following steps:
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(1) Organosilicon was dissolved in aqueous phase;

(2) Tresylated PEG (the amount of organosilicon is preferably 3% of the total weight of
tresylated PEG in this example) was suspended in a sodium phosphate buffer (pH 7.5);

(3) Dispersing the sodium phosphate buffer containing tresylated PEG into the aqueous phase,
wherein the mixture was gently stirred at room temperature;

(4) Allowing the organosilicon and tresylated PEG react at the interface of the organic phase
and the aqueous phase to form a polymer-modifier complex; and

(5) Separating the PEG-organosilicon complex from the solution.

Example 3: Preparation of target nucleic acids in TE buffer

[0094] The nucleic acid-containing material was mixed with a TE buffer solution. The TE buffer
comprises: 10 mM Tris (pH 8.0), 50 uM EDTA, and 20 pg/mL polyadenylic acid.

Example 4: Purification of target nucleic acids by aqueous two phase system with PEG-

organosilicon complex and salt

[0095] An aqueous two-phase system was formulated in a separatory funnel through the addition
of (a) 8.0 g of a 50 wt% stock solution of PEG-organosilicon complex prepared in Example 1, and
(b) 10.0 g of a 15 wt% aqueous solution of potassium phosphate. One gram (1.0g) of a solution of
target nucleic acids was added into the system. The concentration of nucleic acid in the nucleic
acid-containing material to be purified is 7.5 pg/mL.

[0096] The system was then diluted with distilled water to a final weight of 20.0 g, and its pH was
adjusted to a pH of 4 through the addition of HCI.

[0097] The system therefore had the following composition:

20.0 wt % PEG-organosilicon complex;

7.5 wt % potassium phosphate; and

balance with water.

[0098] The system was agitated and then allowed to separate into two phases at room temperature.
The phases were then isolated and the polymer phase was adjusted to a pH of 8. In one embodiment,
phase separation was typically accomplished by centrifugation at 2000 rpm for 5 minutes using a
refrigerated JA-14 rotor (Beckman Instruments, Fullerton, Calif.) at 4° C.

[0099] Both phases were collected for quantitative analysis of the nucleic acid after elution. The
amount of the nucleic acid collected was analyzed by quantifying the wavelength absorption value
of the isolated phase containing nucleic acids using a NanoDrop™ UV-Spectrophotometer at 260

nm, and the results thereof were tabulated in Table 1.
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Example 5: Purification of target nucleic acids by aqueous two phase system with PEG-

organosilicon complex and salt

[0100] The procedure in Example 4 was followed using the PEG-organosilicon complex prepared
in Example 2. And both phases were collected for analysis. The result was summarized in Table 1.
The amount of nucleic acid was quantified by the wavelength absorption using a NanoDrop™ U V-
Spectrophotometer at 260 nm. The concentration fold is calculated by comparing the quantity of
nucleic acid before and after purification.

Example 6: Purification of target nucleic acids by aqueous two phase system with PEG-

organosilicon complex and salt on paper material

[0101] Porous fiberglass paper was pre-treated with the PEG-organosilicon complex prepared in
Example 1, and 7.5 wt % potassium phosphate. The TE buffer containing target nucleic acids as
prepared in Example 3 was poured onto the treated porous fiberglass paper, wherein the nucleic
acid flowed ahead of other components. Therefore, the targeted nucleic acid was “concentrated”
at the front of the fluid flow on the paper.

[0102] The amount of the biological material or nucleic acid on porous paper was collected for
quantitative analysis of the nucleic acid after elution. The analysis was carried out by quantifying
the wavelength absorption value of the isolated phase containing nucleic acids using a
NanoDrop™ UV-Spectrophotometer at 260 nm, and the results thereof are tabulated in Table 1.

Example 7: Purification of target nucleic acids by aqueous two phase system with PEG-

organosilicon complex and salt on paper material

[0103] The procedure in Example 6 was followed using the PEG-organosilicon complex prepared
in Example 2. The result is summarized in Table 1.

Examples 8-11: Purification of target nucleic acids by aqueous two phase system with PEG

and salt without modifier

[0104] The procedures in Examples 4-7 were followed (Examples 8-11 respectively) using PEG
instead of PEG-organosilicon. The amounts of target nucleic acids were analyzed and summarized
in Table 1. The amount of nucleic acid can be quantified by the wavelength absorption using a
NanoDrop™ UV-Spectrophotometer at 260 nm. Comparing the quantity before and after
purification allows one to calculate the concentration fold.

Table 1: Amounts of nucleic acid obtained

Example | Percent of nucleic | Concentration fold Percent of Concentration
No. acid in polymer found in polymer nucleic acid in fold found in
(complex) phase salt phase (%) salt phase
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(complex) phase
(%)
4 100% 90X 0% --
5 100% 100X 0% --
6 100% 100X 0% --
7 100% 90X 0% --
8 60% 7X 40% 2X
9 65% 8X 35% 2X
10 65% 8X 35% 2X
11 60% 7X 40% 2X

[0105] According to the results in Examples 4 to 11, it is clear that the binding affinity of nucleic
acid for the polymer complex phase was enhanced significantly. It is surprising that 100% of the
target nucleic acids can bind to the polymer complex phase once the ratio of polymer to salt is

properly adjusted. In addition, the concentration of target nucleic acids was increased to an

unexpected level.

[0106] The invention of using polymer-modifier complex to purify and concentrate nucleic acid

in a single step is simple, easy to handle, accurate, and inexpensive, meeting the demand of

commercial industry.
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What is claimed is:

1. A polymer-modifier complex prepared by the steps of:
(a) dispersing an organic phase comprising a modifier into an aqueous phase comprising a
polymer;

5 (b) allowing the polymer and modifier to react at the interface of the organic phase and
aqueous phase to form said polymer-modifier complex, wherein a polymer network is
formed by covalent and/or non-covalent bonds within said polymer-modifier complex;
and

(c) isolating said polymer-modifier complex in a form of suspension or solid,

10 wherein said polymer is selected from the group consisting of polyethylene glycol (PEG),
activated PEG, polypropylene glycol, polyvinyl alcohol, polyvinyl pyrrolidone, methyl
cellulose, ethylhydroxyethyl cellulose, propylene glycol, methoxypolyethylene glycol
Dextran, Ficoll, polyvinyl pyrrolidone, polyvinyl alcohol, hydroxypropyl starch,
hydroxypropyl dextran, maltodextrin, and dextran, and

15 said modifier is selected from the group consisting of ureas, organosilicons, polyacetylene

carbamide derivatives, polyols and polyacids.

2. The polymer-modifier complex of claim 1, wherein said PEG is selected from the group
consisting of PEG 1000, PEG 2000, PEG 4000, PEG 8000, PEG 10000 and PEG 12000.
20

3. The polymer-modifier complex of claim 1, wherein said organosilicons are selected from the

OH

0—CH; fe)
s N
MegSi CHOI CHZ o CH e CH2 —0
group  consisting  of 0—CHs , O and

[(CH3)2SiCH2CH2CONHCH2CH2Si(CH3)20]0 wherein n has a value of at least 2.

25 4. The polymer-modifier complex of claim 1, wherein said polyols are selected from the group

consisting of erythritol, xylitol and sorbitol.

21



10

15

20

25

30

10.

11

12.

WO 2019/143895 PCT/US2019/014133

The polymer-modifier complex of claim 1, wherein the weight ratio of the modifier to the

polymer is in a range of 3% to 20%.

The polymer-modifier complex of claim 1, wherein said polymer-modifier complex is

suspended in water or buffer with an average particle diameter in a range of 10 nm to 500 nm.

The polymer-modifier complex of claim 1, wherein said polymer-modifier complex is

suspended in water or buffer with an average particle diameter in a range of 20 nm to 250 nm.

A method of purifying and/or concentrating biological substances or nucleic acids using the
polymer-modifier complex of claim 1, said method comprising the steps of:
(1) preparing a buffer solution containing said biological substances or nucleic acids;
(2) adding a salt and said polymer-modifier complex to the buffer solution, resulting a
mixture; and
(3) allowing the mixture to separate into a polymer phase and a salt phase, wherein said
biological substances or nucleic acids are purified and/or concentrated in said polymer

phase containing said polymer-modifier complex.

The method of claim 8, further comprising a step of separating said biological substances or

nucleic acids from said polymer phase.

The method of claim 8, wherein said polymer network formed within said polymer-modifier
complex significantly enhances the binding affinity of said biological substances or nucleic

acids for the polymer phase.

. The method of claim 8, wherein 90-100% of said biological substances or nucleic acids are

bound to said polymer-modifier complex.
The method of claim 8, wherein the concentration of said purified or concentrated biological

substances or nucleic acids is 10-100 times higher than that of the biological substances or

nucleic acids in the buffer solution in step (1).
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The method of claim 8, wherein said buffer solution is a Tris-EDTA (TE) buffer.

The method of claim 8, wherein said salt is selected from the group consisting of potassium
phosphate, sodium sulfate, magnesium sulfate, ammonium sulfate, sodium citrate, sodium
chloride, sodium acetate, ammonium chloride, ammonium acetate, potassium citrate, sodium
phosphate, calcium phosphate, ammonium phosphate, magnesium phosphate, potassium

sulfate, magnesium citrate, calcium sulfate and any combination thereof.

The method of claim 8, wherein the cations of said salt are selected from the group consisting
of trimethyl ammonium, triethyl ammonium, tripropyl ammonium, tributyl ammonium,
tetramethyl ammonium, tetracthyl ammonium, tetrapropyl ammonium and tetrabutyl

ammonium.

The method of claim 8, wherein the anions of said salt are selected from the group consisting

of phosphates, sulfates, nitrate, chloride, citrates, acetate, and carbonates.

The method of claim 8, wherein said mixture comprises 5-40% (w/w) of said polymer-modifier

complex.

The method of claim 8, wherein said mixture comprises 4-30% (w/w) of said salt.

A method of purifying and/or concentrating target biological materials or nucleic acids using
the polymer-modifier complex of claim 1, said method comprising the steps of:

(1) Preparing said target biological materials or nucleic acids in a buffer solution to form
a target buffer solution;

(2) adding salt and polymer-modifier complex to the target buffer solution to form a first
mixture;

(3) allowing the first mixture to separate into a first polymer phase and a first salt phase,
wherein said target biological materials or nucleic acids predominantly partition in said
first polymer phase;

(4) detecting the concentration and/or quantity of the target biological materials or nucleic

acids in the first polymer phase,
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)

(6)

(N

if said concentration or quantity of said target biological materials or nucleic acids
from step (4) is insufficient for a subsequent analysis, mixing the first polymer phase
with a new salt solution to form a second mixture, allowing the second mixture to
separate into a second polymer phase and a second salt phase;

repeating steps 4-5 as many times until a sufficient concentration or quantity of target
biological materials or nucleic acids in a final polymer phase is obtained; and
isolating the final polymer phase in step (6) from the corresponding final salt phase,
thereby obtaining a purified and/or concentrated target biological materials or nucleic

acids.
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Group |: Claims 1-7, directed to a polymer-modifier complex, prepared by reacting a modifier with a polymer.

Group |l: Claims 8-19, directed to a method of purifying and/or concentrating biologica! substances or nucleic acids using a polymer-
modifier complex.

The group of inventions listed above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features:

Group |l includes the technical feature of a method of purifying and/or concentrating biological substances or nucleic acids, which is not
required by Group 1.

Common technical features:

Groups I-1l share the technical feature of a polymer-modifier complex prepared by the steps of:

(a) dispersing an organic phase comprising a modifier into an aqueous phase comprising a polymer;

(b) allowing the polymer and modifier to react at the interface of the organic phase and aqueous phase to form said polymer-modifier
complex, wherein a polymer network is formed by covalent and/or non-covalent bonds within said polymer-modifier complex; and

(c) isolating said polymer-modifier complex in a form of suspension or solid, wherein said polymer is selected from the group consisting
of polyethylene glycol (PEG), activated PEG, polypropylene glycol, polyvinyl alcohol, polyvinyl pyrrolidone, methyl cellulose,
ethylhydroxyethyl! cellulose, propylene glycol, methoxypolyethylene glyco! Dextran, Ficoll, polyvinyl pyrrolidone, polyvinyl alcohol,
hydroxypropyl starch, hydroxypropyl dextran, maltodextrin, and dextran, and said modifier is selected from the group consisting of ureas,
organosilicons, polyacetylene carbamide derivatives, polyols and polyacids.

This shared technical feature, however, does not provide a contribution over the prior art, as being obvious over US 2008/0242825 A1 to
Devi et al. (hereinafter Devi), which discloses a polymer-modifier complex (para [0029]): "an hydrolyzable silylated polymer"; as per para
[0091] and [0093] of the present Application, the latter material can be unequivocally construed as said polymer-modified complex)
prepared by the steps of:

(a) dispersing an organic phase comprising a modifier into a phase comprising a polymer (para [0040): “a solution/dispersion of 5.0 g
chloromethyltrimethoxysilane, 2.9 g of potassium cyanate and 6.25 g of polypropylene glycol (Mn 425, available from Aldrich) in dry
dimethylformamide (25 ml) was heated gradually from 90 to 120 DEG C. and allowed to reflux for 24 hours");

(b) allowing the polymer and modifier to react at the interface of the organic phase to form said polymer-modifier complex (para [0040]),
wherein a polymer network is formed by covalent and/or non-covalent bonds within said polymer-modifier complex (para [0029]:
"produce an hydrolyzable silylated polymer by reacting... a hydrolyzable halohydrocarbylsilane and an active hydrogen containing
polymer, such as the non-limiting example of a hydroxy!-functional polymer, in the presence of a phase-transfer catalyst at elevated
temperatures and either at a controlled rate of reaction or controlled reaction conditions such as reaction temperature and catalyst
amount"; also para [0040]); and

(c) isolating said polymer-modifier complex in a form of suspension or solid {para [0040]: "subsequently, the mixture was cooled to room
temperature, filtered and concentrated. To this concentrated solution, toluene (100 ml) was added and the precipitated salt was filtered.
The solvent was subsequently removed under vacuum to get alpha silyl terminated polypropylene glycol"),

wherein said polymer is polyethylene glycol (PEG) (para [0009}), and said modifier is an organosilicons (para [0015])).

Whereas Devi does not specifically disclose dispersing an organic phase comprising a modifier into an aqueous phase comprising a
polymer and reacting at the interface of the organic phase and aqueous phase, in view of the above disclosure (especially, para [0029]
regarding phase transfer catalysis), it would have been obvious for the person of ordinary skill in the art to design a process comprising
use of the second aqueous phase in the preparation of the target materials (water is a commonly used non-organic phase in the phase-
catalyzed chemical reactions in the art) in the course of routine experimentation, in order to increase the yield and purity of the
manufactured materials.

As said polymer-modifier complex was known in the art at the time of the invention, this cannot be considered a special technical
feature, that would otherwise unify the inventions of Groups I-Il.

The inventions of Groups I-Il, thus, lack unity under PCT Rule 13.
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