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COMPOUNDS, COMPOSITIONS, AND METHODS FOR ISOLATION OF
NUCLEIC ACIDS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to and the benefit of U.S. Provisional Patent
5 Application No. 63/333.813, filed on April 22, 2022, which is incorporated hercin by

reference 1n s entirety,

FIELD
Provided herein are compounds, compositions, and methods for rapid isolation of

nucleic acids from a sample.

10 BACKGROUND
Isolation of nucleic acids from samples is a key step in many biochemical and
diagoostic procedures, such as those that rely on nucleic acid amplification or sequencing
reactions. Although compositions and methods for isolating nucleic acids from samples are
available, many are time-consunung and/or involve use of components, such as chaotropic
15 reagents, salts, surfactants, and organic solvents, that are incompatible with downstream

applications {¢.g., sequencing reactions}.

SUMMARY
In one aspect, disclosed herein is a composition comprnising:
a solid surface;
20 a linker covalently attached to the solid surface; and

a motety of formula (1) covalently attached to the linker:

1

R 1TRS
R R® O

wherein:
X s selected from O, S, S(O), and S(O):;

25 RY RL R R R RS RV, and R® are each independently selected from hvdrogen, Ci-
Ce alkyl, Co-Cs alkenyl, Ca-Co alkynvl, C1-Cs haloalkyl, Cs-Cs cycloalkyl, arvl, heteroaryl,
beterocyelyi, halo, cvano, nitro, -OR?, -SR®, -C(OIORS, -C{OINRIR®, -OC{OINR'RE, -
NREC(OINR'RY, and -NRIC(SINR'R!, wherein each R?, R®, R°, R R® R R8, RV, RY and Rl is
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mdependently selected from hydrogen, Ci-Cs alkyl, Co-Cs alkenyl, C2-Cs alkynyl, €1-Ce
haloalkyl, (3-Cs cyveloalkyl, and aryl.

in sorae crabodiments, the solid surface comprises a material selected from silica,
glass, a polymer, and a metal. In some embodiments, the solid surface comprises a polymer

5 selected from cellulose, cellvdose acetate, nitrocelludose, nvion, a polyester, a polvethylene, a

polyethersulfone, a polvolefin, polyvinyhidene fluoride, a polyacrviate, a polystyrene, or any
combination thereof. In some embodunents, the solid surface 15 i the form of a bead, a resin,
amagnetic particle, a membrane, 3 vial, a plate, a film, a tube, a syninge, a cartridge, a
cassette, a pipette tip, a microfluidic cartridge, or a cavette.

10 in some embodiments, the linker comprises one or more methylene, ether, ester,
amide, carbamate, carbonate, urea, thioether, thioester, thuoamide, thiocarbamate,
thiocarbonate, thicurea, arviene, heteroarviene, or heterocyclyfene moieties, or any
combination thereof. In some embodiments, the linker comprises one or more ~-CHoa-, ~O-, -
C{O)YO-, -C(OINH-, -NHCOYW-, -0C(0)0-, -NHC(O)NH-, -8, -C(O)S-, ~-C(S)NH-, -

15 NHCS)O-, -0C8)0-, -NHC(S)NH-, arviene, heteroarviene, or heterocyelviene moieties, or

any combination thereof.

in some embodiments, the linker comprises a motety selected from:
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In some embodiments, the hinker has a structure:

((1“7}1 -2 “QC}I?, 2
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wherein nl and n2 are each independently selected from 1,2, 3,4,5,6, 7, and §, and Z 15
selected from -NHCOWNH-, -C(OINH-, -OC{OINH-, -CC{O0-, -NHC(D)S-, -NHC(S)NH-,
-0, ~C{0Y0-, and a bond.

In some embodiments, the linker is selected from:

O
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In some embodiments, the linker has a structure:

In some embodiments, X is 0. In some embodiments, R}, %, R*, RY, R®, R®, R, and
R?® are each hydrogen.

in some embodiments, the solid surface further comprises one or more additional
maictics covalently bound to the surface. In some embodiments, the solid surtace further
comprises at least one polvethvlene glyeol (PEG) moiety covalently bound to the surface.

In another aspect, disclosed herein is a method of isolating a nucleic acid from a
sample, comprising;

{a) providing a sample contaming a nucleic acid;

{b} contacting the sample with a composition disclosed herein {e.g., a composition
disclosed herein, e.g., a composition comprising: a solid surface; a linker covalently attached
1o the solid surface; and a moiety of formula (I} covalently attached to the linker) at a pHof
less than about 8.0, wherein the nucleic acid binds 1o the composition to provide a nucleic
acid bound composition; and

{c) separating the nucleic acid bound composition from the sample.
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In some emboduments, step (b} 1s conducted at a pH of about 2.0 to less than about
8.0. In some embodiments, step (b} is conducted at a pH of about 6.0 to about 7.5 In some
crobodiments, step (b) comprises contacting the sample with the composition for about 10
seconds to about 10 minutes. In some embodiments, step (b} comprises contacting the sample
with the composition for about 1 mimite to about 5 minutes.

in some embodiments, the method further comprises one or more steps of washing the
nucleic acid bound composition after step (¢} by contacting the composition with a wash
solution having a pH of less than about 8.0.

In some embodiments, the method further comprises a step of contacting the nucleic
acid bound composition with an elution solution at a pH of about 8.5 or higher, to release the
nucleic acid from the composition. In some embodiments, the elution solution comprises an
agueous buffer. In some embodiments, the method further comprises contacting the nucleic
acid bound composition with the clution solution at a pH of about &.5 to about 9.3, In some
embodiments, the method further comprises contacting the nucleic acid bound composition
with the elution solution at a pH of about §.5 to about 9.0. In some embodiments, the method
further comprises contacting the nacleic acid bound composition with the chition sohstion for
about 10 seconds to about 10 minutes. In some embodiments, the method further comprises
contacting the nucleic acid bound composition with the clution solution for about 1 mmnute to
about 5 minutes.

in some embodiments, the method further comprises performing a polymerase chain
reaction on the sucleic acid bound composition.

In some embodiments, the sample comprises a body fluid. In some embodiments, the
body fluid is selected from blood, saliva, lvmph, milk, mocus, urine, sweat, amuiotic fluid,
cerchrospinal fluid, feces, a vaginal secretion, and semen. In some cmbodiments, the sample
coraprises cultured cells, tissue cells, or cells from a body fluid (c.g., blood, saliva, lymph,
milk, mucus, urine, sweat, amniotic fluid, cerebrospinal fluid, foces, a vaginal secretion, or
semen). In some embodiments, the sample is a blood sample selected from whole blood,
plasma, and scrunt. In some embodiments, the sample is an eovironmental sample selected
from soil and water. To some embodiments, the sample is a food sample {¢.g., a meat sample).
In some embodiments, the sample 1s a plant {¢.g., a vegetable). In some embodiments, the
sample comprises a virus, bacteria, a fungus {(¢.g.. a veast or a mold), or any combination
thereof. In some erabodiments, the sample comprises media from cultured cells, a coll lysate,

a cell supernatant, or a purified fraction of a cell {e.g., a subcellular fraction).
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In some embodiments, the method comprises a step of lvsing the sample prior to step
{b}.

{o some crabodiments, the nucleic acid s DNA. In some crobodiments, the DNA s
selected from total DNA, mtDNA (mitochondrial DNA), gDNA {genomic DNA}, ¢fDNA

5 {cell<frec DNA), cofDNA {(circulating celi~frec DNA}Y, cffDNA (cell free fetal DNA),
bacterial DNA, viral DNA, and ¢tDNA (circulating tumor DNA). In some embodiments, the
nucleic acid is RNA. In some ecmbodiments, the RNA is sclected from total RNA, miRNA,
mBNA, {tRNA, fRNA, siRNA, ciRNA {circulating tumor RNA}, and viral RNA. In some
embodiments, the nucleic acid is total mucleic acids from the sample.
10 in another aspect, disclosed herein is a compound of formula (Ha):

R? g2
R R4

(23} Sommmon e X

R 1 =8
RT R ([la)

or a salt thereof, wherein:

X is selected from G, §, 8(0), and S{O):;

Lis a linker;

15 cach R®is independently selected from hydroxy, C1-Co alkaxy, and halo; and

RY R R RE RS RS R and R® are each independently selected from hvdrogen, Ci-
Ce alkyl, Co-Us alkenyl, C2-Cs alkynyl, C1-Cs haloalkyl, C3-Cs cycloalkyl, arvl, heteroaryl,
beterocyelyl, halo, cvano, nitro, -OR?, -SR®, -C(OYORS, -C{OINRIR®, -OC(OINRRE,
NRMC(OINRR, and -NREC(SINRR!, wherein cach R?, R, RS, RE R, R Re RP R and Riis

26 ndependently selected from hydrogen, C-Ce alkyl, C-Ce alkenyl, Co-Cs alkynyl, Ci-Co

halgatkyl, Cs-Cs cycloalkyl, and arvl

in some embodiments, X is 0. In some embodiments, cach R” s {1-Ce alkoxy. In
some embodiments, R, B2, RY, R, R R®, R’, and R? are each hvdrogen.

In some embodiments, the hinker comprises one or more methylene, cther, ester,

25 amide, carbamate, carbonate, urca, thiocther, thioester, thicamide, thiccarbamate,
thiocarbonate, thicurea, arylene, heteroarylene, or heterocyclylene moieties, or any
combination thereof. Tn some embodiments, the linker comprnises one or
more -CHa-, -O-, -C{O0-, -C(ONH-, -NH(0)YO-, -OC{0)0-, -NHC(O)NH-, -5-, -C{0)S-,
~C{SINH-, -NHE(S)YO-, -OC(8Y0-, -NHC(SINH-, or any combination thereof.

30 In some embodiments, L, comaprises a moiety selected from:

W
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{o some crabodiments, L has a formmula:
5 ~{CHzar-Z-(CHa)m—
wherein nl and n2 are cach independently selected from 1, 2,3, 4, 5,6, 7, and 8, and
7 18 selected from -NHC{O)NH-, -C{O)NH-, -OC(O)NH-, -OC{0)0-, -NHC(O)S-, -
NHCSINH-, -0, -C((30-, and a bond.

In some embodiments, L has a strocture selecied from:
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in some embodiments, L has a structure:

6
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows structures of various amine-containing silane ligands.
FIG. 2 shows a reaction scheme for functionalizing magaetic silica beads with an
5 exemplary silane ligand.
FIG. 3 shows DNA binding percentage and clution percentage from various amine-
functionalized maguoetic silica particles, with binding at pH 6.5 and elution at pH 9.0
FIG. 4 shows DNA binding percentage and elution from vartous amine-functionalized
magnetic silica particles, with binding at pH 7.4 and elution at pH 9.0
10 FIG. S shows DNA binding percentage and elution percentage from morpholine-
functionalized magnetic silica particies at various binding pH values (5.8-8 4} and salt
concentrations {0-600 mM NaCl), with clution at pH 9.0
FIG. 6 shows DNA binding percentage and elution percentage from morpholine-
functionalized magnetic silica particles, using various DNA input concentrations.
5 FIG. 7 shows RNA binding percentage and elution percentage from morpholine-
functionalized magnetic silica particles, using various RNA input concentrations.
FIG. 8 shows 1solation and concentration of ccfDNA (circulating cell-free DNA)

using the morpholine-functionalized beads.

BETAILED DESCRIPTION
20 Provided herein are compounds, compositions, and methods for rapid isolation of
nucleic acids from a sample. The compounds and compositions allow for rapid capture of
nucleic acids at low pH (e.g., less than about ). Upon a shift to a higher pH (e.g., about 8.5
or above}), nucleic acids are rapidly released into solution. In some embodiments, the entire
process can be conducted m less than 10 minutes, and the nucleic acids can be released under
25 conditions that are compatible with downstream applications such as polymerase chain

reaction {(PCRY, including reverse transcription PCR (RT-PCR}.

I Definitions
Although any methods and materials similar or equivalent to those described herein
can be used in the practice or testing of embodiments described herein, some preferred

30 methods, compositions, devices, and materials are described herein. However, before the
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present materials and methods are described, it 1s to be understood that this disclosure 18 not
hmited to the particular molecules, compositions, methodologies, or protocols as herein
described as these may vary in accordance with routine expenmentation and optinuzation, It
1s also to be understood that the terminology used m the description is for the purpose of
describing the particular versions or embodiments only and is not intended to Hmit the scope
of the embodiments described herein.

Unless otherwise defined herein, scientific and technical terms used n connection
with the present disclosure shall have the meanings that are commonly understood by those
of ordinary skill in the art. For example, any nomenclatures used in connection with, and
techniques of, cell and tissue culture, molecular biology, tmnunology, nucrobiclogy,
genetics, and proten and nucleic acid chemistry and hvbridization described herein are those
that are well known and commonly used in the art. The meamng and scope of the terms
should be clear; in the event, however of any latent ambiguity, definitions provided herein
take precedent over any dictionary or exirinsic definition. Further, unless otherwise required
by context, singular terms shall include pluralities and plural terms shall include the singular.

As used herein and in the appended clamms, the singudar forms “a”, “an”, and “the”
mehade plural reference unless the context clearly dictates otherwise. Thus, for example,
reforence to “a peptide” 15 a reference to one or more peptides and cquivalents thercof known
to those skilled mn the art, and so forth.

As used herein, the term “and/or” includes any and all combinations of listed items,
including any of the listed items individually. For example, “A, B, and/or C” encompasses A,
B, C,AB, AC, BC, and ABC, each of which is to be considered separately described by the
statement “A, B, and/or C7

As used herein, the torm “comprise™ and linguistic variations thereof denote the
presence of recited feature(s), element(s), method step(s), eic., without the exclusion of the
presence of additional feature(s), element{s}), method step(s), etc. Conversely, the term
“consisting of " and linguistic variations thereof, denotes the presence of recited feature(s),
clement(s), mocthod step(s), ctc., and excludes any unrecited feature(s), element(s), method
stepls), etc., except for ordinarily-associated impurities. The phrase “consisting essentially
of " denotes the recited feature(s), clement{s}), method step(s}, etc., and any additional
feature(s), element(s}, method step(s}, etc., that do not materially affect the basic nature of the
coraposition, systen, or method. Many ermabodiments herein are described using open

“comprising” language. Such embodiments encompass multiple closed “consisting of” and/or



15

WO 2023/205450

PCT/US2023/019451

“consisting essentially of " embodiments, which may altematively be claimed or described
using such language.

For the recitation of murneric ranges herein, each infervening number there between
with the same degree of precision 1s explicitly contemplated. For example, for the range of 6-
9, the numbers 7 and 8 are contemplated in addition to 6 and 9, and for the range 6.0-7.0, the
mumber 6.0,6.1,6.2,63,64,65,66,6.7 68,69, and 7.0 are explicitly conteruplated.

Definttions of specitic functional groups and chemical teous are deseribed 1o more
detail below. For purposes of this disclosure, the chemucal elements are 1dentified in
accordance with the Periodic Table of the Elements, CAS version, Handbook of Chemistry
and Physics, 75™ Ed., inside cover, and specific functional groups are generally defined as
described therein. Additionally, general principles of organic chenustry, as well as specific
functional moieties and reactivity, are described in Sorrell, Organic Chemistry, 2™ edition,
University Seience Books, Sausalito, 2006; Smith, March’s Advanced Organic Chemistry:
Reactions, Mechanism, and Stracture, 7 Edition, John Wiley & Sons, Inc., New York, 2013;
Larock, Comprehensive Organic Transformations, 3% Edition, John Wiley & Sons, Inc., New
York, 2018; and Carruthers, Some Modern Methods of Organic Synthesis, 3™ Edition,
Cambndge University Press, Cambridge, 1987, the entire contents of each of which are
meorporated herein by reference.

As used herein, the term “alkyl” refors to a straight or branched saturated hydrocarbon
chatn, The alkyl chain can include, e g, from 1 to 30 carbon atoms {C1-Cso atkyl}, 110 24
carbon ators (C1-Cog alkyl), for example 1 to 16 carbon atoms (Ci-Cie alkyl), 1 1o 14 carbon
atoms {(C1-Cig alkyl), 1 to 12 carbon atoms {(C:-Crz alkyl), 1 1o 10 carbon atoms (C1-Cio
atkyl}, 1 to & carbon atoms {Ci-Cs alkvl), 1 to 6 carbon atoms {1-Cs alkyl), or 1 to 4 carbon
atoms {{1-Cq alkyl). Representative exaraples of alkyl include, but are not hmited to, methyl,
ethyl, n-propyl, 1so~-propyl, n-butyl, sec-butyl, iso-butyl, teri-butyl, n-pentyl, sopentyl,
neopentyl, n-hexyl, 3-methvihexyl, 2, 2-dimethylpentyl, 2,3-dimethylpentyl, n-heptyl, n-octyl,
n-nonyl, n-deeyl, n-undecyl, and n-dodecvl.

As used herein, the term “alkeny!” refers to a straight or branched hydrocarbon chain
contaming at least one carbon~carbon double bond. The double bond{s) may be located at any
position with the hydrocarbon cham. Representative examples of alkenvl inclade, but are not
himited to, ethenyl, 2-propenyl, 2-methyvi-2-propenyl, 3-butenyl, 4-pentenyl, 5-hexenyl, 2-
heptenyl, 2-methyl-1-heptenyl, and 3-decenyl.

As used herein, the term “alkynyl” refers 1o a straight or branched hydrocarbon chain

containing at least one carbon-carbon triple bond. The triple bond(s} may be located at any
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position with the hydrocarbon chain. Representative examples of alkyny! include, but are not
himited to, ethynyl, propvnyl, and butvayl
As used berein, the term “aryl” refers to an aromatic carbocycelic ring system having a
single rng (monocyclic) or multiple rings (bicyclic or trnieyehic) including fused ring systems,
5 and zero heteroatoms. As used herein, aryl contains 6-20 carbon atoms (Cs-Cae aryl), 6 to 14
ring carbon atoms {Cs-Cra aryl), 6 to 12 ring carbon atoms (Us-Ciz arvl), or 6 to 10 ring carbon
atoms {Ce-Cie arvl). Representative examples of arvl groups melude, but are not limited o,

phenyl, naphthyl, anthracenvl, and phenanthrenyl.

As used herein, the term “cvane” refers to a group -CN.

10 As used herein, the torm “cyeloalkyl” refers to a saturated carbocyclic ring system
containing three to ton carbon atoms and zero heteroatoms. The cyeloalkyl may be
monocyclic, bicyclic, bridged, fused, or spirocyclic. Representative examples of cycloalkyl
include, but are not limited to, cvelopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, cyclononyl, cyclodecyl, adamantyl, bicyelof2.2. Uheptanvl, bicyclof3 2. 1octanyl,

15 and bieyelof5 .2 Olnonanyl.

As used herein, the term “halogen”™ or “halo” means F, Cl, Br,or L

As used herein, the term “haloalkyl” refers to an alkyl group, as defined herein, in
which at least one hydrogen atom {¢.g., one, two, three, four, five, six, seven or eight
hvdrogen atoms) 1s replaced with a halogen. In some embodiments, each hydrogen atom of

20 the alkyl group is replaced with a halogen. Representative examples of haloalkyl include, but
are not linuted to, flucromethyl, difluoromethyl, trifluoromethyl, 2.2 2-tritluorocthvl, and
3.3, 3-trifluoropropyl.

As used herein, the term “heteroaryl” refers to an aromatic group having a single ring
{monocyelic) or multiple rings (bicvelic or tricyelicy having one or more ring heteroatoms

25 independently selected from O, N, and S. The aromatic monocyclic rings are five- or six-
membered rings contaiming at least one heteroatom independently selected from O, N, and §
{e.g.. 1. 2, 3, or 4 heteroatoms independently selected from O, N, and 8). The five-membered
aromatic monocyclic rings have two double bonds, and the six- membered aromatic
monocychc rings have three double bonds. The bicyehic hetercary! groups are exemplified by

30 amonocyclic heteroaryl ring appended fused to a monocyelic arvl group, as defined herein, or
a monocyelic heteroaryl group. as defined herein. The tricyclic heteroaryl groups are
exemplified by a monocyelic heteroaryl ring fused to two rings mndependently selected from a
monocyelic aryl group, as defined heren, and a monocyelic heteroaryl group as defined herein.

Representative examples of monocyelic heteroaryl include, but are not himited to, pyridinyt

10
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(ncluding pyndin-2-yl, pyndin-3-vl, pyndin-4d-vl}, pyrivudinyl, pyrazinyl, pvrdazinyl,
pyrrolyl,  benzopyrazoivl, 1,2 3-tnazelyl, 1,34-thiadtazelyl, 1,2 4-thiadiazolyvl, 1,3.4-
oxadiazolyl, 1.7 4-oxadiazolyl, mmidazolyl, thiazolyl, sothiazolyvl, thienyl, furanyl, oxazolyl,
isoxazolvl, 1,2, 4-triazimyl, and 1,3 5-triazinyl. Representative examples of bicyclic heteroaryl
mclode, but are not limited to, benzimidazolyl, benzodioxolyl, benzofuranyl,
benzooxadiazolyl,  benzopyrazolyl,  benzothiazolyl,  benzothienvl,  benzotriazolyl,
benzoxadiazolyl, benzoxazolyl, chromenyl, inudazopyridine, imidazothiazolyl, indazolyi,
indolyl, isobenzofuranyl, isoindolvl, isoguinolinvl, naphthyndinyl, purinyl, pyridoimidazolyl,
guinazolinyl, quinclinyl, quinoxalinyl, thiazolopyridinyl, thiazolopynmdinyl, thienopyrroivl,
and thienothienyl. Representative examples of tricyelic beteroaryl include, but are not limited
to, dibenzofurany! and dibenzothicnyl. The monocyehie, bicyelic, and tricvelic heteroaryls are
connected to the parent molecular motety through any carbon atom or any nitrogen atom
contained within the rings.

Asused herein, the term “heterocyele” or “heterocyelic” refers to a saturated or partially
unsaturated non-aromatic cyelic group baving one or more ring heteroatoms independently
selected from O, N, and S. means a monoeyclic heterocvele, a bicyehic heteroeycle, or a
tricyelic heterocyele. The monocyclic heteracycle is a three-, four-, five-, six-, seven-, or eight-
membered ring containing at least one beteroatom independently selected from O, N, and S
The three- or four-membered ring confains zero or one double bond, and one heteroatom
selected from G, N, and S. The five-membered ring contains zero or one double bond and one,
two or three heteroatoms selected from O, N, and S. The six-membered ring contains zero, one,
or two double bonds and one, two, or three heteroatoms selected from O, N, and 5. The seven-
and eight-membered rings contains zero, one, two, or three double bonds and one, two, or three
heteroatoms selected trom O, N, and 5. Representative examples of monocyelic heterocyceles
mnchude, but are not himited to, azetidinyl, azepanyl, azindiny], diazepanyl, |,3-dioxanyl, 1,3-

dioxolanvl, 13-dithiolanyl, 13-dithianyl, mmuidazolinyl, midazolidingl, isothiazolinyl,

isothiazolidinyl, isoxazolinyl, isoxazohidinyl, morpholinyl, oxadiazchnyl, oxadiazolidinyl,
oxazoliwyl, oxazolidmyvl, oxetanyl, piperazinvl, pipendinyl, pyranyl, pyrazolinyl,
pyrazolidinyl, pyvrrohinyi, pyvrrolidinyl, tetrahydrofuranyl, tetrahydropyranyl,
tetrahydropyridingl, tetrahydrothienvl, thiadiazohinyl, thiadiazolidingl, 1 2-thiazinanyvl, 1,3-
thiazinanyl,  thiazolinyl,  thiazolidinyl, thiomorpholinyl,  1,1-dioxidothiomorpholinyl
{thiomorpholine sulfone), thiopyranyi, and trithuanyl. The bicyclic heterocyele is a monocycelic
heterocyele fused to a phenyl group, or a monocyche heterocvele fused to a monocvelic

cycloalkyl, or a monocyelic heteroeycle fused to a monocyelic eycloalkenyl, or a monocyelic

H
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heteroeyele fused to a monocyche heterocyele, or a spire heterocycle group, or a bridged
monocyche heterocycle nng system in which two non-adjacent atoms of the ring are linked by
an alkylene bridge of 1, 2, 3, or 4 carbon atoms, or an alkenylene bridge of two. three, or four

carbon atoms. Representative examples of bicyclic heterocyeles include, but are not limited to,

benzopyranyl, benzothiopyranyl, chromanyl, 2,3-dihydrobenzofuranyi, 2,3~
dibydrobenzothienvl, 2 3-dihydroisoquinoline, 2-azaspiro|3 3theptan-2-vi,

azabicyclof2. 2.1 fheptyl  (including  2-azabicvelo{2.2 1lhept-2-v1), 2 3-dihydro- iH-indolyl,
isoindolinyl, octahvdrocyclopentalcipyrrolyl, octahvdropvrrolopyridingd, and
tetrahydroisoqainolinyl. Tricyclic heterocycles are exemplified by a bicychic beterocycle fused
to a phenyl group, or a bicvclic heterocyele fused to a monocyelic eycloalkyl, or a bicvelic
heterocyele fused to amonocyclic eycloalkenyl, or a bicychic heterocyele fused to a monocyelic
heterocyele, or a bicyelic heterocyele in which two non-adjacent atoms of the bicyelic ring are
linked by an alkylene bridge of 1, 2, 3, or 4 carbon atoms, or an alkenylene bridge of two, three,
or four carbon atoms. Examples of tricyclic heterocycles include, but are not limited to,
octahvdro-2 5-cpoxypentalene,  hexahvdro-2H-2,S-methanocyclopentalb]furan hexahydro-
1H-1,4-methanocyclopentafelfuran, aza-adamantane (l-azatricvclo[3.3.1.1°7|decang), and
oxa~adamantane (Z-oxatricyclo[3.3.1.1%7|decane). The monoevclie, bicyelic, and tricyclic
heterocycles are connected to the parent roolecular moicty through any carbon atom or any
nitrogen atom contained within the rings.

As used herein, the term “nitro” refers to a group -NGa.

As used herein, the term “sample” is used in its broadest sense. In one sense, it is
meant to include a specimen or culture obtained from any source as well as biological and
environmental samples. Brological samples may be obtained from animals (ncluding
humans} and encompass fluids, solids, tissues, and gases. Biological samples include biood
products such as plasma, serum, and the like. Sampie may also refer to cells or cell tysates.
Cell lysates may include cells that have been lysed with a lysing agent or lysates such as
rabbit reticulocyte or wheat germ lysates. Environmental samples include environmental
material such as surface matter, soil, water {¢.g., wastewater), crystals, and industrial
samples. Sample may also include punfied samples, such as punified protein samples. Such
examples are not however to be construed as hmiting the sample types applicable to the
present disclosure.

When a group or moicty can be substituted, the term “substituted” indicates that one
ormore {e.g., 1, 2,3, 4, 5, or 6; n some embodiments 1, 2, or 3; and in other embodiments |

or 2} hydrogens on the group indicated in the expression asing “substituted” can be replaced

12



WO 2023/205450 PCT/US2023/019451

with a seloction of recited ndicated groups or with a suitable substituent group known to
those of skill in the art {e.g., one or more of the groups recited below), provided that the
designated atom’s normal valence is not excecded. Substituent groups wclude, but are not
fimited to, alkvl, alkenyl, alkvnyl, alkoxy, acyl, amino, amido, anmudine, arvl, azido,

5 carbamoyl, carboxyl, carboxyl ester, cyano, cyeloalkyl, cycloalkenyl, guanidine, halo,
haloalkyl, haloalkoxy, heteroalkyl, heteroaryl, heterocvelyl, hvdroxy, hvdrazing, imino, oxo,
nitro, phosphate, phosphonate, suttonic acid, thiol, thione, or combinations thereof.

As used herem, in chemical structures the indication:

=

10 represents a pount of attachment of one moety to another moiety {¢.2., a substituent group to
the rest of the compound}.

For compounds described heretn, groups and substituents thereof may be selected in
accordance with peroutied valence of the atoms and the substituents, such that the selections
and substitutions result 1n a stable compound, ¢.g., which does not spountancously undergo

15 transformation such as by rearrangement, cvclization, elimination, stc.

Where substituent groups are specified by their conventional chemical formulae,
written from left to nght, they optionally encompass substitucnts resulting from writing the
structure from right to lef, ¢.g., -CHO- optionally also recites -OCH2~, and -OQC{O)NH- also
optionally recites -NHC{GYO-.

20 L. Compositions and Compounds
Provided heren are compounds and compositions that can be used to rapdly isolate
nycleic acids from samples. The compounds and compositions include a morpholine moiety
or a derivative thereof. At lower pH {¢ g, less than about 8), the morpholine moictics are

protonated and posttively charged, and thus can rapidly bind negatively charged nucleic

o
(o4

acids. Upon a shift to higher pH (2. g., about 8.5 or higher), the morpholine moicties are
deprotonated such that the mucleic acids are rapidly released into solution. The disclosed
compositions nclude morpholino moicties, or dertvatives thereof (e.g., morpholine,
thiomorpholine, thiomorpholine I-oxide, thiomorpholine 1, 1-dioxade, or salts thereof) that
are attached via a linker to a solid surface. Although similar matenals with other ligands such
30 as imidazole, methylpiperazine, and other primary and secondary anunes can also bind
nucleic acids, the compositions including morpholine groups {or denvatives thereof} can
rapidly release high quantities of the nucleic acids {¢.g., in some embodiments, at least 80%

of bound nucleic acids can be released i less than 5 munutes, or less than | minute). This
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provides a significant advantage to the disclosed materials. Furthermore, the nucleic acids can
be released using elution solutions that do not require components {g.g., chaotropic agents}
that can disrupt downstream applications, such as sequencing reactions. Accordingly, the
disclosed compounds and composttions can be used for rapid and efficient isolation of
nucleic acids to provide a solution that can be used directly in downstream applications
without further sample processing,.

Accordingly, disclosed herein are compostiions comprising: a solid surface; a linker
covalently attached to the solid surface; and a moiety of formula (I) covalently attached to the

linker:

wherein:

X 19 selected from G, S, S(O), and S{G);

RY R R RY RS RS R, and R® are each independently selacted from hvdrogen, Ci-
Ce alkyl, Cr-Cs alkenyl, C2-Co alkynvl, Ci-Cs haloalkyl, C3-Cs cvcloalkyl, arvl, heteroaryl,
beterocyelyl, halo, cvano, nitro, -OR?, -SR®, -C(OYOR, -C(OINRIR®, -OC(OINRIRE,
NREC(OINRIR, and -NRMC(S)NRR! wherein each R% R, R®, R4 R®, R, R&, R R, and Rl is
independently selected from hyvdrogen, C1-Cs alkyl, C2-Co alkenyl, Ci-Cs alkynyl, Ci-Ce
haloatkyl, Cs-Cs cveloalkyl, and aryt.

In the motety of formula (I), X is selected from G, S, S{(0}, and S{O). In some
embodiments, X is . In some embodiments, X is 8. In some embodiments, X 1s 8{0}). In
some embodiments, X is S{O).

i the motety of foroula (1), RY, R%, R, RY RS RS R, and RY are each independently
selected from hydrogen, C1-Cs alkyl, $2-Ce alkenvl, C2-Co alkynyl, Ci-Cs haloalkyl, C5-Cs
cycloalkyl, aryl, hetercaryl, heterocycivi, halo, cyano, nitro, -ORY, -SR®, -C(O)ORE, -
C{ONRIRS, -OC(OINRIRE, -NRMC(OINR'RY, and -NRIC(SINR'R!, wherein each R?, R®, R®,
RY RS RO RE RE R and R is independently selected from hvdrogen, C1-Cs alkyl, Co-Cs
alkenyl, Co-Cs alkynyl, C1-Cs haloalkyl, C5-Ce cycloalkyl, and aryl. In some embodiments,
RIR?Z R RY R ORS, R, and R® are cach independently selected from hydrogen, C1-Cs
alkvl, halo, and ~OR?, wherein R” is selected from hydrogen and Ci-Cs alkyl. In some

embodiments, one or two of RL R?, RY R R? R® R7, and R® are cach independently
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selected from hydrogen, C1-Ce alkyl, Cz2-Cs alkenyl, Ca-Ce alkynyl, C1-Ce haloalkyl, C3-Ce
cveloalkyvl, aryl, heteroaryl, heterocyelvl, halo, eyano, nitro, -OR® -SRY, -C(OYOR®, -
CONRIR®, -OC(OINR/RE -NRMCOINRR!, and -NRMC(SINRIR!, and the rest are hydrogen.
In some embodiments, one or two of R, R2 R R* R R® R, and R® are cach independently
selected from hydrogen, (i-Cs alkyl, halo, and -OR?®, wherein R® is selected from hydrogen
and C1-Cs alkyl, and the rest are hvdrogen. In some embodiments, R!, R?, RY, R* R® RS R,
and R® are each hydrogen.

Any solid surface suitable for isolating nucleic acids can be used. For example, in
some embodiments, the solid surface comprises a matenial selected from silica, glass, a
polymer, and a metal. In some embodiments, the solid surface is a glass surface. In some
embodiments, the solid surtface comprises silica. o some embodiments, the solid surface
comprises a polvmer, such as a polvmer selocted from cellolose, cellulose acetate,
nitrocelhilose, nvlon, a polyester, a polvethylene, a polyethersulfone, a polyolefin,
polyvinvlidene fluoride, a polvacrylate, a polystyrene, or any combination thereof. The solid
surface can be in the form of, for example, a bead, a resin, a magnetic particle, a membrane, a
vial, a plate, a film, a tube, a syringe, a cartridge, a casseite, a pipette tip, a microfluidic
cartridge, or a cuvette. In some embodiments, the solid surface is i the form of a bead. In
some embodiments, the solid surface is 10 the form of a resin. In some embodiments, the
solid surface ts in the form of a membrane. In some embodiments, the solid surface 15 in the
form of a plate. In some embodiments, the solid surface is in the form of a pipette tip. In
some embodiments, the solid surface is in the form of a microfhuidic cartridge.

In the compositions, the moiety of formula (I} 1s attached to the solid surface viaa
hinker. In some cmbodiments, the hinker i a direct bond. In other embodiments, the linker
separates the moiety of fornmyla (1) from the solid surface by about 5 A, about 10 A, about 20
A, about 50 A, about 100 A, about 150 A, about 200 A, about 300 A, about 400 A, about 500
A, about 600 A, about 700 A, about 800 A, about 900 A, about 1000 A, or any suitable range
therebetween {c.g.. about 5-100 A, about 50-500 A, about 150-700 A, etc.). In some
embodiments, the linker separates the functional element from the rest of the compound of
formula (I} by about 1-200 atoms {¢.g., about 1, about 2, about 3, about 4, about 3, about 6,
about 7, about 8, about 9, about 10, about 13, about 20, about 25, about 30, about 35, about
40, about 45, about 30, about 60, about 70, about 80, about 90, about 100, about 120, about
140, about 160, about 180, about 200, or any suitable ranges therebetween {¢.g., about 2-20,

about 10-30, et 3}
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The linker can nclude one or more groups independently sclected from methviene {~
CHp-), ethylene (+CH={H-), ethynylene (+C=C-), ether (<O-), aming ((NR-, wherein R is
byvdrogen or an alkyl group), thiocther (-8-), carbony! (-C(0})-}, thiocarbonyl (-C{8}-),
sulfonyl (-S{Gk-), arviene, heteroarviene, and heterocvelvilene moteties, or any combination
thereof. For example, the above moieties can be combined to form additional groups that may
be included 1n the linker, ¢.g., a carbonyl group and an ether group can together provide an
ester motety (-C(0Y0-); a carbonyl group and two ether groups can together provide a
carbonate moiety {(~-OC{0G)0-); a carbonyl group and an unsubstituted amine group can
together provide an unsubstituted amide morety (+<C(ONH-); a carbonyl group and two
unsubstituted amine groups can together provide an unsubstituted urea motety (-NHC(OWNH-
}; a carbony! group together with an unsubstituted amine group and an ester group can
provide an unsubstituted carbamate motety ((OC{OYNH-); a carbony! group together with a
thicether and an unsubstituted amine group can provide an S-thiocarbamate moiety; a
thiocarbonyl group together with an cther and an unsubstituted amine group can provide an
O-thiocarbamate yoiety; multiple methylene groups can together form an alkviene chain; ete.

In some embodiments, the hnker comprises one or more methylene, ether, ester,
amide, carbamate, carbonate, urca, thiocther, thioester, thicamide, thiocarbamate,
thiocarbonate, thiourea, arylene, heteroarylene, or heterocyclylene moieties, or any
combination thereof. In some embodiments, the linker comprises one or more ~CHz-, -0~ -
C(OY0-, -C{OINH-, -NHC(GYO-, -0C(0)0-, -NHC(O)NH-, -8-, -C{O)S8-, -C(§)NH-~, -
NHC(SYO-, -OC(8)0-, -NHC{S)NH-, arvlene, heteroarviene, or heterocyelvlene moictics, or
any combination thereof,

In some embodiments, the hnker comprises one or more atkviene groups {e.g., -
{CHabo-, wherelnnis 1-12, 60, 1,2.3, 4,5, 6,7, 8,9, 10, 11, or 12, or any suitable range
therchetween). In some embodiments, the linker comprises one or more branched alkylene
groups.

In some embodiments, the limker has a formula ~(CH2 )} -Z-(CH2) o, wherein n} and
n2 are cach independently selocted from 1,2, 3,4, 5,6, 7, and 8, and Z 15 selected from -
NHCONH-, -C(OINH-, -OCONH-, -0C(O)0-, -NHC(O)S-, -NHC(SNH-, -0-, -C(H G-,
and a bond.

In some embodiments, the linker has a formula ~(CHaw~-NH-C(O)-NH-{(CH2)n2-,
wherein ul and n2 are cach mndependently sclected from 1, 2,3, 4,5, 6,7, and 8.

In some emmbodiments, the linker has a formula selected from:
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5 In some embodiments, the linker has a formula:
G
X
%MN N/\/\f
H H .
in some embodinments, the linker can mclude one or more moieties that results from
the reaction of two reactive groups, such as reactive groups known m various bioconjugation
reactions. For example, the hnker can include a triazele group, which is formed by the
10 reaction of an azide and an alkvne. Excrplary moictics that may result from such reactions

include, but are not limited to:
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In some embodiments, the solid surface comprises one or more additional moieties, in
addition to the moiety of formula (I}). For example, the solid surface may be functionalized
with additional ligands. In some embodiments, the solid surface further comprises one or
more PEG hgands.

5 The compositions can be prepared by reacting a solid surface with a compound
comprising a moiety of formula (1), Generally, the compound comprising the moicty of
formula (I) will have a reactive group that is complementary 1o a reactive group present on
the solid surface, to allow for covalent attachment. For example, a suitable solid surface can
be reacted with a compound of formula (E):

R2 R3
R gé
Y R I\ X

RS . - RS
10 R RY (1D

wherein RM is a reactive moiety. L is a linker, and X, R, B? R?, R, R®. R® R’ and R®arc as
defined and described herein. In some embodiments, the reactive moicty comprises a group
selected from a silane, an alkyne, an azide, an alkene, a thiol, a maleimide, an amine, a
succinimidyl ester, a -COOH group, a tetrazole, an aryl phosphine, or the like. For example,

15 in some embodiments, RM comprises a moiety selected from:

o Q
N0

. N3-’§“’ and (Ra}3Si——§#

wherein each R? 15 independently selected from hvdroxy, €i-Cs alkoxy, and halo {e.g.,

fluoro, chioro, or bromo). A skilled artisan will appreciate that when a compound of formula
20 (1) mehudes any of the above groups, the solid surface will be functionalized by a

complementary reactive group. For example, when a compound of formula (I1) iacludes a

group that comprises an alkyne, the solid surface can be functionalized with an azide such

that the compound of formula (31} can be attached to the solid surface via a click chemistry
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reaction {¢.g., to form a tniazole}. Similarly, when a compound of formula (1) inclades a

o0
N0
succinimidyl ester group {i.c., G 3, the solid surface can be functionalized with

a primary amune (-NHz) such that the compound of foromula (11} can be attached to the solid
surface via an amide bond.

5 In compounds of formula (H}), the group L can be any saitable hinking group. For
gxample, in some embodiments, L includes one or more groups independently selected from
methvlene (~CHz-), cthvlene (-CH=CH-), ethynylene (-C=C-), ether (-O-), amine (-NH-),
thioether (-8-), carbony! (<C{)-}, thiocarbonyl (~C(S8)-), sulfonyl (-S(0)k-), aryleng,
heteroaryiene, and heterocyelylene moictics, or any combimnation thereof. For example, the

16 above moieties can be combined to form additional groups such as an ester, carbonate, anude,
urea, thiourea, carbamate, alkviene, etc. In some embodiments, L comprises one or more
atkylene groups (e.g., (CHa}o-, wherein nis 1-12, 2., 1,2, 3,4, 5,6, 7,8, 9, 10, 11, 0or 12, or
any suitable range therebetween). In some embodiments, L comprises one or more branched
atkvlene groups.

15 In some emboduments, L has a formula ~(CHz)ui~Z-(CHojo—, wheren nl and 02 are
cach independently selected from 1, 2, 3,4, 5, 6, 7, and 8, and Z is selected from -
NHCOWH-, -C(OINH-, ~-OC(OINH-, -0C(0)0-, -NHCODS-, -NHC(SINH-, -0-, -C(0}0-,
and a bond.

In some embodiments, L has a formala —(CH2)oi-NH-C{O3-NH-(CH -, wherein ni

20 and 02 are cach independently selected from 1, 2, 3,4, 5, 6,7, and 8.

In some embodiments, L has a formula selected from:

H/\/\ﬁfiﬁ/\\/\\; W\ﬁ)t\/”\}:‘

Wﬁkow Wﬁ/ﬂ\ow

O

WE/LL\SW Wﬁkﬁw N

19



WO 2023/205450 PCT/US2023/019451

WOM and WOM .

In some embodiments, L has a formula:
O
H H .
In some embodiments, provided herein is a compound of formala (Haj:

R2 RS
R H R4

(R}, S ern | e X

5 RT R® (Ila)

wherein L, X, R}, B2, R* R* R® R® RV R® and R® are as defined and described herein.

{o one embodiment, provided heremn is a compound of formula:

)

Hi. Methods of Use
10 The compositions disclosed herein can be used to rapidly solate nucleic acids {c.g.,
DNA and RNA) from samples, e.g., biological samples. In one aspect, the disclosure
provides a method of isolating a nucleic acid from a sample, comprising:
{a} providing a sample containing a nucleic acid;
{b} contacting the sample with a composition disclosed herein {e.g., a composition
15 comprising: a solid sarface; a linker covalently attached to the solid sarface; and a moiety of
fornmuda (I} covalently attached to the linker) at a pH of less than about 8.0, wherein the
nucleic acid binds to the composition to provide a nucleic acid bound composition; and

{c) separating the nucleic acid bound composition from the sample.
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In some embodiments, the nucleic acids isolated from the sample are selected from
DNA and RNA. In some embodiments, the nucleic acids isolated from the sample are DNA
{c.g., genomic DNA (3DNA), plasnud DNA, cDNA, mitochondrial DNA (mtDNA), cosmid
DNA, cell-free DNA {cfDNAJ), circulating cell-free DNA {(cofDNA}, cell-free fetal DNA
{cffDNA), bacterial DNA, viral DNA, circulating tumor DNA (ctDNA), total DNA, or the
like). In some embodiments, the nucleic acids 1solated from the sample are KNA, e.g.,
messenger RNA (mRNA), microRNA (aiRNA}, a pre~miRNA, ribosomal RNA (fRNA),
mitochondrial RNA| non-coding RNA, circular RNA, small interfering RNA (s1RNA), guide
RNA, total RNA, or the hike. In some embodiments, the nacleic acids isolated from the
sample are total nucleic acids.

Any suitable saraples containing nucleic acids can be used in the disclosed methods.
In some embodiments, the sample comprises a body fluid, such as blood, saliva, iymph, milk,
mucus, urine, sweat, amniotic fluid, cerchrospinal fhuid, feces, a vaginal secretion, or semen.
In some embodiments, the sample comprises cultured cells, tissue {e.g., fresh tissue or
formalin-fixed paraffin embedded (FFPE) tissuc), or cells from a body fluid. In some
embodiments, the sample comprises 3 virus, bactena, a fungas {e.g., veast or mold}, or any
combination thercof. In some embodiments, the sample is a food sample, ¢.g., a meat sample.
In some embodiments, the sample is a plant, ¢.g., a vegetable. In particular corbodiments, the
sample is 2 blood sample selected from whole blood, plasma, and serum. In some
embodiments, the sample is an environmental sample, such as soil or water {e.g,
wastewater). The methods can also be used to isolate a nucleic acid from other environments,
such as an agarose or polvacrylamude gel, or a solution in which a target nucleic acid
amplification has already been carried out.

In some embodiments, the method may further comprise a step of lysing the sample
prioT to contacting the sample with a composition disclosed herein. Any suitable method of
tvsing sample can be used, including osmotic lvsis {i.e., using a hypotonic solation},
enzyvmatic lysis {e.g., using lysozyme), chentical lysis {e.g , use of detergents such as non-
ionie detergents or cationic detergents, with or without other components such as sodium
hydroxide), physical tysis {e.g., by mechanical lysis such as blending, shaking with glass
beads, use of a homogenizer or French press, use of a sonicator, frecze-thaw cveles, or
mechanical grinding}. or heat lysis, or any combination thereof.

The methods jnclude a step of contacting the sample {e.g., a lvsed sanple) with a
composition disclosed herein {e.g., a composttion comprising a moiety of formula (I) as

disclosed herein), such that the nucleie acids in the sample bind to the composition to provide
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anucleic acid bound composttion. During this contacting step, the pH if the sample is less
than about 8.0, to ensuare that the moiety of formula (I} in the composition is positively
charged. In some embodiments, the contacting step 1s conducted at a pH of about 2.0 10 about
8.0, about 2.5 to about 8.0, about 3.0 to about 8.0, about 3.5 to about 8.0, about 4.0 to about
8.0, about 4.5 to about 8.0, about 5.5 to about 8.0, ora pH of about 6.0 to abowt 7.5, e.g., a pH
of about 2.0, about 2.1, about 2.2, about 2.3, about 2.4, about 2.5, about 2.6, about 2.7, about
2.8, about 2.9, about 3.0, about 3.1, about 3.2, about 3.3, about 3.4, about 3.5, about 3.6,
about 3.7, about 3.8, about 3.9, about 4.0, about 4.1, about 4.2, about 4.3, about 4.4, about
4.5, about 4.6, about 4.7, about 4 .8, about 4.9, about 5.0, about 5.1, about 5.2, about 5.3,
about 5.4, about 5.5, about 5.6, about 5.7, about 5.8, about 5.9, about 6.0, about 6.1, about
6.2, about 6.3, about 6.4, about 6.3, about 6.6, about 6.7, about 6.8, about 6.9, about 7.0,
about 7.1, about 7.2, about 7.3, about 7.4, about 7.5, about 7.6, about 7.7, about 7.8, about
7.9, about 8 0, or any range therebetween.

Mucleic acids bind rapidly to the compositions disclosed herein. For example, in some

embodiments, greater than about 50% of the nucleic acids in the sample {c.g., greater than

about 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%
5%, 66%, 67%, 68%, 69%, T0%, 71%, 72%, T3%, T4%, 75%, T6%, T7%, T&%, T9%, 80%,

8196, 82%, 83%, 84%, 83%, 86%, 87%, 88%, 89%, 0%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99%;} bind to the composition within less than about 106 minutes {¢.g., less than
about 10 numutes, less than about 9 minutes, less than about 8 minutes, less than about 7
minutes, less than about 6 minutes, less than about 5 muinutes, less than about 4 minutes, less
than about 3 minutes, less than about 2 minutes, or less than about 1 minute}. In some
embcdiirien‘(s; greater than 75% of the nucleic acids in the sample (¢ g., greater than 75%,
76%, T7%. 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%. 87%, 88%, %9%, 90%, 91%
02%, 93%, 94%, 953%, 96%, 97%, 98%, or 99%) bind to the composition within less than
about 10 minutes {e.g., less than about 10 minutes, less than about 9 minutes, less than about
8 minutes, less than about 7 mimutes, less than about 6 minutes, less than about 5 mimites,
fess than about 4 minutes, less than about 3 nunutes, less than about 2 minuies, or less than
about | minute). In some embodiments, greater than 75% of the nucleic acids m the sample
{c.g., greater than 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 3%, 849, 85%, 86%, 87%,
88%, 89%. 90%, 91%. 92%. 93%, 94%, 95%. 96%, 97%. 98%. or 99%,) bind to the
composition within less than about S minutes {¢.g. less than about 5 minutes, less than about
4 mimutes, less than about 3 minutes, less than about 2 munutes, or less than about 1 minute}.

greater than

R =R}

In some embodiments, greater than 73% of the nucleic acids in the sample {e.g

o]
(87



WO 2023/205450 PCT/US2023/019451

T5%, 76%, T7%, 78%., T9%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, §8%, 89%, 90%,

]

91%, 92%, 93%, 94%, 93%, 96%, 7%, 98%, or 99%) bind to the composition within less
than about 1 nunute. Accordingly, although the step of contacting the sample with the
composition can be conducted for longer periods of time if convenient or desired, in some
embodiments, the contacting step is carried out for less than about 10 minutes {¢.g., less than
about 10 numites, less than about 9 minutes, less than about 8 minutes, less than about 7
minuies, less than about 6 minutes, less than about 5 nunutes, less than about 4 minutes, less
than about 3 minutes, less than about 2 nunuies, or less than about 1 munute}, as ths time
period is sufficient to allow for binding of the nucleic acids to the composition. In some
embodiments, the contacting step is carned out for about 10 seconds to about 10 minutes, or
about | moinute to about 5 minutes. The contacting step results in production of a nucleic acid
bound composition.

The methods optionally include one or more washing stops afier the contacting step. 1
some embodiments, the methods further comprise contacting at least one wash solution with
the nucleic acid bound composition. The wash solution 1s typically an aqueous solution {¢.g.,
an aqueous buffer} optionally containing chemical additives, such as detergents, salts {¢.g.,
NaCh), or an organic solvent (¢.g., methanol, ethanol, isopropanol, acetonitrife, DMSO, or
DMF}, that has a pH of about 2.0 1o about 8.0, about 2.5 to about 8.0, about 3.0 to about 8.0,
about 3.5 to about 8.0, about 4.0 to about 8.0, about 4.5 to about 8.0, about 5.5 o about 8.0,
or about 6.0 to about 7.5, such that the composition will remain protonated and the nucleic
acid will remain bound, or aqueous while other contaminants will be washed away. In some
embodiments, the wash solution is an agueous buffer solution having a pH of about 2.0 10
about 8.0, about 2.5 to about 8.0, about 3.0 to about 8.0, about 3.5 o about 8.0, about 4 0 to
about 8.0, about 4.5 to about 8.0, about 5.5 to about 8.0, or about 6.0 to about 7.5, ¢.g.. apH
of about 2.0, about 2.1, about 2.2, about 2.3, about 2.4, about 2.5, about 2.6, about 2.7, about
2.8, about 2.9, about 3.0, about 3.1, about 3.2, about 3.3, about 3 4, about 3.5, about 3.6,
about 3.7, about 3.8, about 3.9, about 4.0, about 4.1, about 4.2, about 4.3, about 4 4, about
4.5, about 4.6, about 4.7, about 4.8, about 4.9, about 3.0, about 5.1, about 5.2, about 5.3,
about 5.4, about 5.5, about 5.6, about 5.7, about 5.8, about 5.9, about 6.0, about 6.1, about
6.2, about 6.3, about 6.4, about 6.5, about 6.6, about 6.7, about 6.8, about 6.9, about 7.0,
about 7.1, about 7.2, about 7.3, about 7.4, about 7.5, about 7.6, about 7.7, about 7.4, about
7.9, about 8.0, or any range therchetween,

After the contacting step and the optional washing step(s), the nucleic acids bound

composition can be ysed in a nomber of different applications. In some embodiments, the
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nucleic acids are released from the nucleic acid bound composition, e.g., by contacting the
nucleic acid bound composition with an elution solution having a pH of about 8.5 or higher,
¢.g., apH of about 8.5 to about 9.5, ¢.g.. a pH of about 8.5, about 8.6, about 8.7, about 8.8,
about 8.9, about 9.0, about 9.1, about 9.2, about 9.3, about 9.4, about 9.4, or about 9.5, or any
range therebetween. In some embodiments, the elution solution comprises a buffer, such as
tris(hydroxymethyljaminomethane (Tris}, 4-(2-hydroxyethyl}-1-piperazineethanesulfonic
acid {(HEPES), 3~(N-morpholino)propane sulfonic acid (MOPS), or the like. The clution
solution can include other components, such as salts, so long as those components are
mchuded in concentrations that will not interfere with downstream applications such as PCR.
For example, in some embodiments, the elution solution comprises asalt (e g, NaClyina
concentration of less than about 25 nM.

A significant advantage of the disclosed composition is that it releases mucleic acids at
a very rapid rate upon a shift to a higher pH. Although other compositions are capable of
binding and releasing nucleic acids, including compositions similar to those described herein
that have morety different from those of formula (F) {e.g, an imidazole, a methylpiperazine,
an amine {¢.g., a primary amine (-NH) or a substituted amine {¢.g., -N{CH;s)z or -
N{CH2CH20H)), the compositions disclosed herein can release sigmﬁcant guantities of
nucleic acids in a very short time frame. In some embodiments, countacting the nucleic acid
bound composition with an elution solution having a pH of about 8.5 or higher results in
release of more than 50% of the bound nucleic acids {e.g., greater than 50%. 51%, 52%, 53%.
54%, 55%, 36%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 55%, 66%, 67%, 58%, 69%,
T0%. T1%, T2%, T3%. T4%, T5%, T6%. T7%, T8%, T9%. 80%, 81%, 82%. 83%, 84%, 85%.

s
86%0, 87%, 88%, 89%, 9()%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 999} in less
than about 5 nunutes {¢.g., less than about less than about 5 miﬁuﬁ:es, {ess than about 4
ouinutes, less than about 3 munutes, less than about 2 minutes, or less than about 1 minute). In
some embodiments, contacting the nucleic acid bound composition with an elution solation
having a pH of about 8.5 or higher results in release of more than 75% of the bound nucleic
acids {e.g., greater than 75%, 76%, 77%, 78%. 79%, 80%, 81%. 82%, 83%, 84%, 85%, §6%,
7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%) in less than
about 5 minutes {e.g., less than abowt less than about § munotes, less than about 4 mimates,
less than about 3 mimutes, less than about 2 minutes, or less than about 1 minute). This
greatly reduces the processing time noeded to 1solate nucleic acids from samples.
Accordingly, although the step of contacting the nucleic acid bound composition with the

chution sohution can be conducted for longer periods of time if convenient or desired, in some

24
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embodiments, this step is carred out for less than about 5 nunutes, {¢.g., less than about 3
minutes, less than about 4 mimutes, less than about 3 minutes, less than about 2 minutes, or
less than about | minute}, as this time period 15 sufficient to allow for efficient release of the
bound nucleic acids. In some embodiments, the step of contacting the nucleic acid bound
composition with the elution solation is conducted for about 10 seconds to about 10 minutes,
or about 1 minute to about 5 mimutes,

In erabodiments i which an clution solution is used, no chaotropic agent {c.g.,
guanidine hydrochloride or guanidine isothiocyanate), organic solvent {e.g., alcohols such as
cthanol or methanol, or other organic solvents such as dimethylsulfoxide), or detergent {e.g.,
sodium dodecyl sulfate) in the elution solution. Even trace amounts of such components in a
solution of target nucleic acid can severely himit the utility of the nucleic acid in downstream
processing or analysis. This is another significant advantage of the disclosed compositions —
the nucleic acids can be rapidly released from the compositions using aqueous buffer
solutions that do not include components that would interfere with downstream apphications.

When particular pH conditions are required in anv of the method steps {¢.g., the
contacting step, optional washing steps, and the elution step), the pH of the sample or
solution can be adjusted to the indicated pH value using an acidifying agent or a basifying
agent, as required. Suitable acidifving agents include, but are not Hoited to) inorganic acids
such as HCL, HBr, HCIO4, HCIGs, HzS 04, Hz80s, HPO4, or HaPOs: organic acids such as 2-
acetyoxybenzoie, acetic, ascorbic, aspartic, benzoic, camphorsulfonic, cinnamic, citric,
edetic, ethanedisulfonic, ethanesulfonic, fumaric, glucoheptonic, gluconie, glutanuc, glveolic,
hydroxymaleic, hyvdroxynaphthalene carboxylic, isethionie, lactic, lactobionic, laurnie, maleie,
malic, methanesulfonic, mucic, oleie, oxalic, palmitic, pamoic, pantothenic, phenylacetic,
phenyisulfonic, propionic, pyruvic, salicvlic, stearic, succinic, sulfanilic, tartaric,
tetrafluoroboric, toluenesulfonic, tnfluoroacetic, tnflucromethanesulfonic, and valeric acids.
Suttable basifying agents include but are not Hmited 1o inorganic bases such as sodium
hvdroxide, potassium hydroxide, calcium hydroxide, sodium bicarbonate, sodium carbonate,
anuwonia, dicthanolamine, meglumine, lysing, arginine, ethanolamine, piperazine,
trometamol, triethanolamine, and the ke,

In some embodiments, the nucleic acid bound composition can be used directly in a
downstream application without an elution step. For example, in some embodiments, the
nucleic acid bound composition can be used directly in an on-bead polymerase chamn

reaction.
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In some emboduments, the isolated nucleic acid can be used in any number of
downstream applications, such as methods that analvze or further process the nucleic acid.
For example, in somc embodiments, the disclosed methods further comprise a step of
analyzing or processing the nueleic acid, ¢.g., using polymerase chain reaction (PCR}, reverse
transcription PCR (RT-PCR}, quantitative PCR, quantitative reverse transcription PCR (RT-
gPCR), real time PCR, hot start PCR, single cell PCR, nested PCR, in situ colony PCR,
digital PCR (dPCR), Droplet Digital ™ PCR (ddPCR), cowision PCR, ligase chain reaction
(LCR), transcription based amplification system (TAS), nucleic acid sequence-based
amplification (NASBA), strand displacement amplification (§DA), rolling circle
amplification (RCA}, hyper-branched RCA (HRCA), isothermal araplification, gel
electrophoresis, capillary electrophoresis, mass spectrometry, fluorescence detection,
ultraviolet spectrometry, hybndization assays, DNA or RNA sequencing, reverse

transcription, next generation sequencing (NGS), or the like.

V. Examples
Abbreviations used in the Examples include the following: DUM 1s dichloromethane;
DMF is dunethyiformanude; MeOH is methanol; MS is mass spectrometry; NMR is nuclear

magnetic resonance; RT 1s room temperature; and THE is tetrahydrofuran.

Example 1
Synthesis of 1-(3-morpholinopropyl)-3-(3-{iricthoxysilyljpropyljurea
6.41 g of 3-morpholinopropylamine was added into 40 mLb of anhvdrous THF
followed by slow addition of 10 mi 3-{tricthoxysily}propyl isocvanate. The solution was
beated up to reflux overnight. The solution was cooled to room temperature and purified by
chromatography using a Teledvoe ISCO system. The solvent system was DCM/MeOH, and
the gradient was 0-20% MceOH in DCM. The compound was cluted out arcund 15% McOH
i DCM. The combined solution was rotovaped to remove the solvent to generate 9.5g of
viscous colorless liguid (60% vield). MS:392 6(M-H}; 'H NMR (400 MHz, Methanol-ds)
388379 (m, 6H), 3.70(d, J =S 1 Hz 4H}, 317 {t, J= 7.0 Hz, 2H), 3.10 (L J= 7.0 Hz,
2H), 248 (s, 4H), 241 (t. J=7.6 Hz, ZH), 1.69(p, /= T2 Hz, 2H), 1.57 {p, /=74 Hz, ZH),
1224d. J=7.1,2.1Hz, 9H), 0.62(dd, /=938, 69 Hz, 2H}).
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Example 2
Synthesis of Morphobline fanctionalized magnetie silica beads
An overview of this synthetic procedure 1s provided 1n F1G. 2. 1 g of Grace MP-30
magnetic silica particles (6 pm} was added to 50 mL of toluene. The suspension was stirred
5 using an overhead mechanical stirrer at 200 rpm. 1-(3- morpholinopropyi)-3-(3-
(triethoxysibylypropyiurea (783 mg) was dissolved in 2 mL DMF. The sohistion was added
iuto the toluene suspension and stirred at RT for 30nun. The suspension was heated to 75°C
ovemnight. The particle was washed thice times with DMF and three times with water. The
particle was stored in nanopure water. CHN clemental analysis: € (1.33%;), H (0.40%}, and N
10 (0.38%)
Example 3
Synthesis of Functionalized Magnetic Silica Beads
I g of Grace MP-30 magnetic silica particles {6 wm) was added to 50 mL of toluene.

The suspension was stirred using an overhead mechanical stirrer at 200 rpm. 1-03-

[
¥

morpholinopropyl)-3-(3-(tricthoxysily Hpropylurea (783mg} was dissolved in 2 mb. DMF.
The solution was added into the toluene suspension. 500 b of acetic acid was added as an
additive to improve the higand coupling efficiency. The suspension was stirred at RT for 30
min. The suspension was heated to 75°C overnight. The particle was washed three times with
DMF and three times with water. The particle was stored in nanopure water. CHN elemental
20 analvsis: € (6.48%), H{1.2%), and N {1.9%).

Additional magnetic silica beads were prepared according to an analogous procedure,
using other amine-containing silane ligands in place of the 1-(3-morpholinopropy)-3-(3-
{tricthoxysilyDpropyljurea (i.c., using 1-(3-{1H-midazol-1-yDpropyi)-3-(3-
{(tricthoxysiylpropyhurea, I-(3~{4-methylpiperazin- l-yvipropyi}-3-(3-

25 (triethoxysilvhpropyhurea, 3-(trimethoxysilylpropan-t-amine, 1-(3-
(dimethylamino}propyl}-3-(3-(tricthoxysilylypropyhurea, 2,27-{(3-
(tnicthoxysitylpropyDazancdivhbis{cthan-1-ol}, and 1-(2-((2-(2~

hydroxyethoxy lethvl}{methyhaminojethyD)-3-G-(triethoxysilvlipropyl hurea, respectively}.

Example 4
30 DMA binding and elution assay
P mg of various amine functionalized maguetic beads was added nto 1 mL of 200bp
DINA solation (100 ng/mL, 10 mM PBS, pH 6.5). The suspension was mixed for 40 seconds.

The particles were collected by a magnetic bar for | minute. The supernatant was collected to
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measure the DNA concentration remaining in the solution to caleulate the binding
percentage. A Quantifluor® dsDNA system {Promega) was used to quantify the DNA
concentration. 50 ul. of Trs butfer (10 mM, pH 9.0) was added mto the magnetic particles,
and the suspension was vortexed for 1 munute. The particles were collected by a magnetic

5 bar. The clotion solution was coliected, and DNA concentration in the elution solution was
guantified to calculate the elution percentage.

Results are shown in FIG, 3. While all of the particles rapidly bind DNA, the

morpholine-functionalized magnetic beads released a muuch higher quantity of the DNA after

the 1-minute ehution step than the other materials.

10 Example 5
DNA binding and clation assay
I mg of various amine functionalized magnetic beads was added wnto 1 mL of 200bp
DNA solution (100 ng/ral, 10 M PBS, pH 7 4). The suspension was nuxed for 40 scconds.

The particles were collected by a magnetic bar for 1 minute. The supernatant was collected to

[
¥

measure the DNA concentration remaining in the solution to calcalate the binding
percerdage. A Quantifluor® dsDNA system {(Promega) was used to gquantify the DNA
concentration. 50 ul. of Trs butfer (10 mM, pH 9.0) was added mio the magnetic particles,
and the suspension was vortexed for 1 munute. The particles were collected by a magnetic
bar. The clution solution was collected, and DNA concentration in the clution solution was
20 quantified to caleulate the clution percentage.

Results are shown in FIG. 4. While all of the particles rapidly bind DNA, the
morpholine-functionabized magnetic beads released a much higher quantity of the DNA after

the I-minute chution step than the other materials.

Example 6

b2
[

DNA binding and elution assay
| mg of morpholine functionalized magnetic beads was added mto 1 miL of 200bp
DNA solution with vartous pH and salt concentration (pH 5.8-pH 8.4, 0-660 mM Na(l). The
suspension was mixed for 40 seconds. The particles were collected by a magnetic bar for 1
minute. The supernatant was collected to measure the DNA concentration remaining in the
30 solution to calevlate the binding percentage. A Quantifluor® dsDNA system (Promega) was
used to quantify the DNA concentration. 50 ul. of Tris buffer (10 mM, pH 9.0) was added

mito the magnetic particles, and the suspension was vortexed for I minute. The particles were
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collected by a magnetic bar. The elution solution was collected, and DNA concentration in
the elution solution was quantified to calculate the ehution percentage.
Results are shown 1n FIG. 3, and demonstrate that the morpholine-functionalized

beads can work with a broad range of nitial binding pHs and NaCl concentrations.

Example 7
DNA binding and elution assay

I mg of morpholine functionalized magnetic beads was added mto Tml of total
Human DNA {100, 10 or 1 ng) solution of Phosphate Buffered Saline (PBS) pH 7.0. The
suspension was mixed for 60 scconds. The particles were collected by a magnetic bar for |
minute. The supematant was removed, 50 pl of Tris buffer {10 M, pH 9.0} was added mto
the magnetic particles, and the suspension vortexed for 1 minute. The particles were collected
bv a magnetic bar. The elution solution was collected, and DNA concentration in the elation
solution was quantified using probe-based quantitative real-time PCR (gPCR) to calculate the
elution concentration. Beta-2-microglobulin probe and primers were used to compare the
DNA solution inpat and the clution concentration.

Resuits are shown i FIG. 6. The morpholine-functionalized beads are able to
concentrate total DNA and the subsequent DNA can be utilized 1 a downstream gPCR

reaction.

Example 8
RNA binding and elution assay

I mg of morpholine functionalized magnetic beads was added into I mL of total RNA
{1000, 100 or 10 ng) solution of Phosphate Buffered Saline (PBS) pH 7.0. The total RNA
used in this assay was isolated from human embryonic kidney 293 cells {commonly referred
to as HEK 293, HEK-293 or 293 cells). The suspension was mixed for 60 seconds. The
particies were collected by a maguetic bar for 1 minute. The supernatant was removed, 50 gl
of Tris buffer (10 mM, pH 9.0) was added into the magnetic particles, and the suspension
vortexed for 1 minute. The particles were collected by a magnetic bar. The elution solution
was collected, and DNA concentration in the elution solution was quantified using probe-
based 1-Step quantitative real-time PCR (RT-gPCR} to calculate the elution concentration.
Beta-Z-microglobulin probe and prumers were used to compare the RNA solution mput and

the elution concentration.

29



10

15

WO 2023/205450

Results are shown in FIG. 7. The morpholine-functionalized beads are able to
concentrate total RNA and the sebsequent RNA can be utilized in a downstream 1-Step RT-
gPCR reaction.

Example 9

cofDNA (cell-free circulating DNA) was isolated from 1 mL of human blood plasma
using the Promega Maxwell Instrument. Method 1 is the current Promega inventory product
(#AS1420). Method 2 uses the morpholine functionalized magnetic beads of the present
disclosure. Method 2 also included a low pH salt wash after the binding step. Recovered
cofDNA was measured by gPCR.

Results are shown in FIG. 8. The rapid sample prep chomistry using morpholine-
functionalized beads of the present disclosure in method 2 can isolate and concentrate
ccfDNA rapidly and with high recovery vield. In all three plasma samples, the rapid sample
prep chemistry using morpholine-functionalized beads gencrated higher vield than

commercial Promega Maxwell cofDNA kut.

PCT/US2023/019451



10

25

30

WO 2023/205450 PCT/US2023/019451

CLAIMS

L A composition comprising:
a solid surface;
a linker covalently attached to the solid surface; and

a moiety of formula (1) covalently attached to the linker:

wherein:

X is selected from G, §, 8{0), and S{O);

RY RY RS R RS R® R and R® are each independently selected from hydrogen, Ci-
Ce alkyl, Co-Co alkenyl, C2-Cs alkynyl, C1-Co haloalkyl, C5-Cs cycloalkyl, aryl, heteroaryl,
heterocyelyl, halo, cvano, nitro, ~-OR?, -SRP, -C(GH0ORC, -C(OINRIR®, -OC(O)NR'RS, -
NRM'C{OINRRY, and -NR'C(SINRR/, wherein cach R?, R, R R4 R® R{L RE R" R and RV is
mdependently selected from hydrogen, Ci-Us alkvl, Ci-Cs atkenvl, C2-Cs alkyavl, Ci-Co

haloalkyl, C3-Cs cveloalkyl, and aryh.

2. The composition of claim i, wherein the solid surface comprises a material selected

from silica, glass, a polymer, and a metal.

3. The composition of claim 1 or claim 2, wherein the solid sarface comprises a polymer
selected from celhilose, cellulose acetate, nitroceliulose, nvlon, a polyester, a polyvethylene, a
polyethersulfone, a polvolefin, polvvinylidene fluoride, a polvacryviate, a polvstyrene, or any

corabination thereof.

4. The composition of any one of claims 1-3, wherein the solid surface is in the form of
a bead, a resin, a magoetic particle, a membrane, a vial, a plate, a film, a tube, a syringe, a

cartridge, a cassette, a pipetie tip, a microfluidic cartridge, or a cavette.

5. The composition of any one of claims 1-4, wherein the hinker comprises one or more

methylene, ether, ester, amide, carbamate, carbonate, urea, thiosther, thioester, thicamude,
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thiocarbamate, thiocarbonate, thiourea, arviene, heteroaryiene, or heterocvelviene moietics,

or any combination thereof.

5. The composition of any one of claims 1-5, wherein the linker comprises one or

5 more ~CH-, -O-, -C(OY0-, -C{OINH-, -NHC{OYO-, -OC(OY0-, -NHC(O)NH-, -8-_ -C{0)8-,
~C{S)NH-, -NHC(S)O-, -OCSY0-, -NHC(S)NH-, arvlene, heteroarviene, or heterocyelyviene
moieties, or any combination thereof,

7. The composition of any one of claims 1-5, wherein the linker comprises a moiety

16 selected from:

N

E/L\\/\Nhﬁf f\s

PPhy

15 8 The composition of any one of claims 1-5, wherein the linker has a structure:
~A{CH2ni-Z-{CHz }ao
wherein nl and n2 are cach independently sclected from 1, 2,3, 4,5, 6,7, and 8, and 7 is
selected from -NHC(ONH-, -C(ONH-, -OC(O)NH-, -OC(0)0-, -NHC(O)S-, -NHC{(S)NH-,
(b, -C{0)Y0-, and a bond.

9. The composition of any one of claims -6 and 8, wherein the linker is selected from:

>3
(8]
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10, The composition of claim 9, wherein the linker is:
G
H H .
11, The composition of any one of claims 1-10, wherein X 1s O,
12, The composition of any one of claims 1-11, wherein R, R*, B3, RY R® R® R’ and R®

are each hydrogen.

13, The composition of any one of claims 1-12, wherein the solid surface further

comprises one or more additional moieties covalently bound to the surface.

14, The composition of any one of claims 1-13, wherein the solid surface further

comprises at least one polyethyviene glveol (PEG) mniety covalently bound to the surface.

15. A method of isolating a nucleic acid from a sample, comprising:

{a) providing a sample containing a mucleic acid;

{b} contacting the sample with a composttion of any one of claims 1-14 at a pH of
than about 8.0, wherein the nucleic acid binds to the composition to provide a nucleic acid
bound composition; and

{c) separating the nucleic acid bound composition from the sample.

(%)
Pl
(5]

88
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16.  The method of claim 13, wherein step (b) 1s conducied at a pH of about 2.0 to less

than about 8.0,

5 17. The method of claim 15, whercin step {b) is conducted at a pH of about 6.0 to about

18, The method of any one of claims 15-17, wherein step {b) comprises contacting the
sample with the composition for about 10 seconds to about 10 minutes.

16
9. The method of any one of claims 15-18, wherein step (b} comprises contacting the

sample with the composition for about 1 minute to about 5 minutes.

20 The method of any one of claims 15-19, further comprising one or more steps of
15 washing the nucleic acid bound composition after step (¢} bv contacting the composition with

a wash solution having a pH of less than about 8.0

21, The method of any one of claims 15-20, further comprising a step of contacting the
nucleic acid bound composition with an elution solution at a pH of about 8.5 or higher, to

20 release the nucleic acid from the composition.

22, The method of claim 2§, wherein the elution solution comprises an agqueous buffer,
23, The method of claim 21 or claim 22, comprising contacting the nucleic acid bound

25 coroposttion with the elution solution at a pH of about 8.5 to about 9.5,

24, The method of claim 23, comprising contacting the nucleic acid bound composition
with the elution solution at a pH of about 8.5 1o about 9.0,
30 25, The method of any one of claims 22-24, comprising contacting the nuocleic acid bound

composition with the elation solution for about 10 seconds to about 10 minutes.

26, The method of any one of claims 22-25, comprising contacting the nucleic acid bound

composition with the elution solation for about 1 minute {o about 5 minuies.

[
Eas
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27.  The method of any one of claims 15-20, comprising performing a polymerase chain

reaction on the nucleie acid bound coraposttion.

28, The method of any one of claims 15-27, wherein the sample comprises a body fhud.

29, The method of claim 28, wherein the body fluid 15 selected from blood, saliva, lveph,

milk, mucus, urine, sweat, amniotic fhud, cerebrospinal fluid, foces, a vaginal secretion, and

sCmci.

30, The method of any one of claims 15-27, wherein the sample comprises cultured cells,

tissue cells, or cells from a body fluid.

31, The method of claim 30, wherein the sample is a blood sample selected from whole

blood, plasma, and serum.

32, The method of any one of claims 15-27, wherein the sample is an environmental

sample sclected from soil and water.

33.  The method of any one of claims 15-27, wherein the sample s a food sample.

34,  The method of any one of claims 15-27, wherein the sample is a plant.

35, The method of any one of claims 13-34, wherein the sample comprises a virus,

bacteria, a fungus, or any combination thercof,

36, The method of claim 35, wherein the sample comprises a fungus selected from a yeast

and a mold.

37.  The method of any one of claims 15-37, wherein the sample comprises a cell fysate, a

cell supernatant, or a purified fraction of a cell.

38, The method of any one of claims 15-37, wherein the method comprises a step of

tysing the sample prior to step (b}.

L3
(94
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39, The method of any one of claims 15-38, wherein the nuclete acid 1s DNA.

44, The method of claim 39, wherein the DNA 15 selected from total DNA, mtDNA

5 {mitochondrial DNA}, gDNA {(genomic DNA), ofDNA (cell-free DNA}, cofDNA (circulating
celi-free DNA), cffDNA {cell froe fetal DNA), bacterial DNA | viral DNA, and ctDNA
{circulating tumor DNA}.

41, The method of any one of claims 15-38, wherein the nucleic acid is RNA.

42 The method of claim 41, wherein the RNA 15 selected from total RNA, nuRNA,
mRNA, tRNA, rRNA, siRNA, ctRNA (circulating tumor RNA), and viral RNA.

43, The method of any one of clatms 15-38, wherein the nucleic acid is total nucleic acids

15 from the sample.

44 A compound of formula (Ha):
RZ RS
R R4
(RS e e X
RY 1 RO

R' R® (Ila)
or a salt thereof, wherein:
26 X is selected tfrom G, §, 8(0), and S{O)2;
L s a linker;
cach R*is independently selected from hydroxy, C1-Cos alkoxy, and halo; and
R REL R R R’ RS, R, and R? are each independently selected from hydrogen, Ci-
Cs alkyl, Co-Cs alkenyl, C2-Co alkynyl, C1-Cs haloalkvl, C3-Cs cycloalkyl, arvl, heteroarvl,
25 heteroeyclyi, halo, cyano, nitro, -OR?, -8R, -C(OYORS, -C{OINRIRS, -OC(OINRRE,
NREC(OINRRY, and -NREC(SINR'R!, wherein cach R?, R®, RS, R4 R¢ R R8, R RY and Rl is
ndependently selected from hydrogen, Ci-Ce alkyl, C:-Ce alkenyl, Co-Co alkynyl, Ci-Cs

haloalkyl, Cs-Cs cycloalkyl, and aryl.

3¢ 45, The compound of claim 44, or g salt thereof, wherein X 1s O,
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46, The compoand of claim 44 or claim 45, or a salt thereof, wherein each R%is C1-Ce

alkoxy.

5 47, The compound of any one of claims 44-46, or a salt thereof, wherein R!, R%, R* RY,

R, R® R’ and R® are cach hydrogen.

48, The compound of any one of claims 44-47, or a salt thereof, wherein L comprises one
or more methylene, ether, ester, amide, carbamate, carbonate, urea, thioether, thioester,
10 thicamide, thiocarbamate, thiocarbonate, thiourea, arvlene, heteroarvlene, or heterocvelylene

maietics, or any combination thereof,

49, The compound of any one of claims 44-48, or a salt thereof. wherein L comprises one
or more -CHp-~, -0-, -C(OY0-, -C{OINH-, -NHC(OGYO-, -CCOYO-, -NHC(ONH-, -S-, -
15 C{O)S-, -CSINH-, -NHC(SYO-, -OC(SY0~, -NHC{SNH-, arviene, heteroarviene, or

heteroeyclylene moieties, or any combination thereof.

50, The compound of any one of claims 44-47, or a salt thereof, wherein L comprises a

moiety selected from:

=N

K/L\‘;N-}? ’g\s

20

,and
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51, The compound of any one of claims 44-47, or a salt thercof, wherein L has a formula:
~{CH2jo1-Z-(CHo Yno

wherein ul and n2 are cach mdependently sclected from 1, 2,3, 4, 5,6, 7, and §, and £ is

selected from -NHCO(ONH-, -C(ONH-, -OCONH-, -OC(0)0-, -NHC(O)S-, -NHC(S)NH-,

(-, ~C{0Y0-, and a bond.

52.  The compound of any one of clatms 44-48 and 51, or a salt thereof, wherein L bas a

structure selected from:

N AEM\; WﬁM

O/\\/\\}é W\O/H\OW

TZ

:}-—-o

L
X, N
Y\OM and WOM

53, The compound of claim 52, or a salt thereof, wherein L has a structure:
O
% TN N /EL\ N AN fé

H H



