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STRUCTURE AND METHODS FOR DETECTION OF SAMPLE ANALYTES

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
63/078,837, filed September 15, 2020, which is incorporated by reference herein in its entirety.

BACKGROUND
[0002] The current state of personalized healthcare is overwhelmingly genome-centric,
predominantly focused on quantifying the genes present within an individual. While such an
approach has proven to be extremely powerful, it does not provide a clinician with the
complete picture of an individual’s health. This is because genes are the “blueprints” of an
individual and it merely informs the likelihood of developing an ailment. Within an individual
these “blueprints” first need to be transcribed into RNA and then translated into various protein
molecules, the real “actors” in the cell, in order to have any effect on the health of an
individual.
[0003] The concentration of proteins, the interaction between the proteins (protein-protein
interactions or PPI), as well as the interaction between proteins and small molecules, are
intricately linked to the health of different organs, homeostatic regulatory mechanism as well as
the interaction of these systems with the external environment. Hence, quantitative information
about proteins as well as PPIs is vital to create a complete picture of an individual’s health at a
given time point as well as to predict any emerging health issues. For instance, the amount of
stress experienced by cardiac muscles (e.g. during a heart attack) can be inferred by measuring
the concentration of troponin I/Il and myosin light chain present within peripheral blood.
Similar protein biomarkers have also been identified, validated and are deployed for a wide
variety of organ dysfunctions (e.g. liver disease and thyroid disorders), specific cancers (e.g.
colorectal or prostate cancer), and infectious diseases (e.g. HIV and Zika). The interaction
between these proteins are also essential for drug development and are increasingly becoming a
highly sought-after dataset. The ability to detect and quantify proteins and other molecules,
within a given sample of bodily fluids, is an integral component of such healthcare

development.

SUMMARY
[0004] The present disclosure generally relates to systems, structures and methods for

detection and quantification of analyte molecules in a sample.
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[0005] Provided herein, in some embodiments, is a method for detecting an analyte molecule
present in a sample, the method comprising: a) providing a supramolecular structure
comprising: i) a core structure comprising a plurality of core molecules, i1) a capture molecule
linked to the core structure at a first location, and iii) a detector molecule linked to the core
structure at a second location, wherein the supramolecular structure is in an unstable state, such
that the detector molecule is configured to be unbound from the core structure through cleavage
of a link therebetween at the second location; b) contacting the sample with the supramolecular
structure, such that the supramolecular structure shifts from the unstable state to a stable state
wherein the detector molecule and the capture molecule are linked together through binding to
the analyte molecule, thereby forming a link between the detector molecule and capture
molecule; ¢) providing a trigger to cleave the link between the detector molecule and the core
structure at the second location, wherein the detector molecule remains linked to the core
structure through the link with the capture molecule; and d) detecting the analyte molecule
based on a signal provided by the supramolecular structure that shifted to the stable state.
[0006] Provided herein, in some embodiments, is a method for detecting one or more analyte
molecules present in a sample, the method comprising: a) providing a plurality of
supramolecular structures, each comprising: 1) a core structure comprising a plurality of core
molecules, i1) a capture molecule linked to the core structure at a first location, and iii) a
detector molecule linked to the core structure at a second location, wherein the supramolecular
structure is in an unstable state, such that the detector molecule is configured to be unbound
from the core structure through cleavage of a link therebetween at the second location; b)
contacting the sample with the plurality of supramolecular structures, such that at least one
supramolecular structure shifts from the unstable state to a stable state wherein the
corresponding detector molecule and capture molecule are linked together through binding to
an analyte molecule of the one or more analyte molecules, thereby forming a link between the
corresponding detector molecule and capture molecule; ¢) providing a trigger to cleave the link
between each detector molecule and corresponding core structure at the second location of the
plurality of supramolecular structures, wherein the detector molecule for the at least one
supramolecular structure that shifted to a stable state remains linked to the corresponding core
structure through the link with the corresponding capture molecule; and d) detecting a
respective analyte molecule of the one or more analyte molecules based on a signal provided by
a respective supramolecular structure of the at least one supramolecular structures that shifted

to the stable state. In some embodiments, the method further comprises isolating the plurality
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of supramolecular structures from any detector molecules unbound from any supramolecular
structures that did not shift to a stable state.

[0007] In some embodiments, any method disclosed herein further comprising quantifying
the concentration of the analyte molecule in the sample. In some embodiments, any method
disclosed herein further comprising identifying the detected analyte molecule. In some
embodiments, any method disclosed herein further comprising detecting the analyte molecule
based on the signal when the analyte molecule is present in the sample at a count of a single
molecule or higher. In some embodiments, for any method disclosed herein, the sample
comprises a complex biological sample and the method provides for single-molecule sensitivity
thereby increasing a dynamic range and quantitative capture of a range of molecular
concentrations within the complex biological sample. In some embodiments, for any method
disclosed herein, the analyte molecule comprises a protein, a peptide, a peptide fragment, a
lipid, a DNA, a RNA, an organic molecule, an inorganic molecule, complexes thereof, or any
combinations thereof. In some embodiments, for any method disclosed herein, each
supramolecular structure is a nanostructure.

[0008] In some embodiments, for any method disclosed herein, each core structure is a
nanostructure. In some embodiments, for any method disclosed herein, the plurality of core
molecules for each core structure are arranged into a pre-defined shape and/or have a
prescribed molecular weight. In some embodiments, the pre-defined shape is configured to
limit or prevent cross-reactivity with another supramolecular structure. In some embodiments,
for any method disclosed herein, the plurality of core molecules for each core structure
comprises one or more nucleic acid strands, one or more branched nucleic acids, one or more
peptides, one or more small molecules, or combinations thereof. In some embodiments, for any
method disclosed herein, each core structure independently comprises a scaffolded
deoxyribonucleic acid (DNA) origami, a scaffolded ribonucleic acid (RNA) origami, a
scaffolded hybrid DNA:RNA origami, a single-stranded DNA tile structure, a multi-stranded
DNA tile structure, a single-stranded RNA origami, a multi-stranded RNA tile structure,
hierarchically composed DNA or RNA origami with multiple scaffolds, a peptide structure, or
combinations thereof.

[0009] In some embodiments, for any method disclosed herein, the trigger comprises a
deconstructor molecule, a trigger signal, or combinations thereof. In some embodiments, the
deconstructor molecule comprises DNA, RNA, a peptide, a small organic molecule, or
combinations thereof. In some embodiments, the trigger signal comprises an optical signal, an

electrical signal, or both. In some embodiments, the trigger optical signal comprises a
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microwave signal, an ultraviolet illumination, a visible illumination, a near infrared
illumination, or combinations thereof.

[00010] In some embodiments, for any method disclosed herein, the respective analyte
molecule is 1) bound to the capture molecule of the respective supramolecular structure
through a chemical bond and/or 2) bound to the detector molecule of the respective
supramolecular structure through a chemical bond. In some embodiments, for any method
disclosed herein, the capture molecule and detector molecule for each supramolecular structure
independently comprise a protein, a peptide, an antibody, an aptamer (RNA and DNA), a
fluorophore, a darpin, a catalyst, a polymerization initiator, a polymer like PEG, or
combinations thereof. In some embodiments, for any method disclosed herein, wherein for each
supramolecular structure: a) the capture molecule is linked to the core structure through a
capture barcode, wherein the capture barcode comprises a first capture linker, a second capture
linker, and a capture bridge disposed between the first and second capture linkers, wherein the
first capture linker is bound to a first core linker that is bound to the first location on the core
structure, wherein the capture molecule and the second capture linker are linked together
through binding to a third capture linker, and b) the detector molecule is linked to the core
structure through a detector barcode, wherein the detector barcode comprises a first detector
linker, a second detector linker, and a detector bridge disposed between the first and second
detector linkers, wherein the first detector linker is bound to a second core linker that is bound
to the second location on the core structure, wherein the detector molecule and the second
detector linker are linked together through binding to a third detector linker. In some
embodiments, the capture bridge and detector bridge independently comprise a polymer core.
In some embodiments, the polymer core of the capture bridge and the polymer core of the
detector bridge independently comprise a nucleic acid (DNA or RNA) of specific sequence or a
polymer like PEG. In some embodiments, the first core linker, second core linker, first capture
linker, second capture linker, third capture linker, first detector linker, second detector linker,
and third detector linker independently comprise a reactive molecule or DNA sequence
domain. In some embodiments, each reactive molecule independently comprises an amine, a
thiol, a DBCO, a maleimide, biotin, an azide, an acrydite, a NHS-ester, a single stranded
nucleic acid (RNA or DNA) of specific sequence, one or more polymers like PEG or
polymerization initiators, or combinations thereof. In some embodiments, the linkage between
the capture barcode and 1) the first core linker, and/or 2) the third capture linker comprises a
chemical bond. In some embodiments, the chemical bond comprises a covalent bond. In some

embodiments, the linkage between the detector barcode and 1) the second core linker, and/or 2)
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the third detector linker comprises a chemical bond. In some embodiments, the chemical bond
comprises a covalent bond. In some embodiments, the trigger cleaves the linkage between 1)
the first detector linker and the second core linker and/or 2) the first capture linker and the first
core linker. In some embodiments, for any method disclosed herein, the capture molecule is
bound to the third capture linker through a chemical bond and/or the detector molecule is
bound to the third detector linker through a chemical bond. In some embodiments, the capture
molecule is covalently bonded to the third capture linker and/or the detector molecule is
covalently bonded to the third detector linker.
[00011] In some embodiments, for any method disclosed herein, each supramolecular
structure in the unstable state comprises the respective capture molecule and detector molecule
spaced apart at a pre-determined distance, so as to reduce or inhibit the occurrence of cross-
reactions between capture and/or detector molecules of a first supramolecular structure and
corresponding capture and/or detector molecules of a second supramolecular structure. In some
embodiments, for any method disclosed herein, the pre-determined distance is from about 3 nm
to about 40 nm.
[00012] In some embodiments, for any method disclosed herein, each supramolecular
structure further comprises an anchor molecule linked to the core structure. In some
embodiments, the anchor molecule is linked to the core structure via an anchor barcode,
wherein the anchor barcode comprises a first anchor linker, a second anchor linker, and an
anchor bridge disposed between the first and second anchor linkers, wherein the first anchor
linker is bound to a third core linker that is bound to a third location on the core structure,
wherein the anchor molecule is linked to the second anchor linker. In some embodiments, the
anchor molecule comprises an amine, a thiol, a DBCO, a maleimide, biotin, an azide, an
acrydite, a NHS-ester, a single stranded nucleic acid (RNA or DNA) of specific sequence, one
or more polymers like PEG or polymerization initiators, or combinations thereof. In some
embodiments, the anchor bridge comprises a polymer core. In some embodiments, the polymer
core of the anchor bridge comprises a nucleic acid (DNA or RNA) of specific sequence or a
polymer like PEG. In some embodiments, the third core linker, first anchor linker, second
anchor linker, and anchor molecule independently comprise an anchor reactive molecule or
DNA sequence domain. In some embodiments, each anchor reactive molecule independently
comprises an amine, a thiol, a DBCO, a maleimide, biotin, an azide, an acrydite, a NHS-ester, a
single stranded nucleic acid (RNA or DNA) of specific sequence, one or more polymers like
PEG or polymerization initiators, or combinations thereof. In some embodiments, the anchor

molecule is linked to the second anchor linker through a chemical bond. In some embodiments,
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the anchor molecule is covalently bonded to the second anchor linker. In some embodiments,
wherein the trigger further cleaves 1) the second anchor linker from the anchor molecule, 2) the
first anchor linker from the third core linker, or combinations thereof. In some embodiments,
the first and second locations are situated on a first side of the core structure, and the third
location is situated on a second side of the core structure.
[00013] In some embodiments, for any method disclosed herein, the signal comprises the
detector barcode, the capture barcode, or combinations thereof, corresponding to a
supramolecular structure that shifted to a stable state. In some embodiments, any method
disclosed herein, further comprising separating each detector barcode from a corresponding
detector molecule for the at least one supramolecular structure that shifted to a stable state,
such that the corresponding signal comprises the respective detector barcode for detection of
the analyte molecule bound to the respective capture and detector molecules. In some
embodiments, each separated detector barcode provides a DNA signal corresponding to the
analyte molecule bound to the respective detector molecule. In some embodiments, the at least
one separated detector barcodes are analyzed using genotyping, qPCR, sequencing, or
combinations thereof. In some embodiments, a plurality of analyte molecules in the sample are
detected simultaneously through multiplexing via one or more supramolecular structures that
shifted to a stable state. In some embodiments, for any method disclosed herein, the capture
and detector molecules for each supramolecular structure is configured for binding to one or
more specific types of analyte molecules.
[00014] In some embodiments, for any method comprising using a plurality of supramolecular
structures disclosed herein, each core structure of the plurality of supramolecular structures are
identical to each other. In some embodiments, each supramolecular structure comprises a
prescribed shape, size, molecular weight, or combinations thereof, so as to reduce or eliminate
cross-reactions between a plurality of supramolecular structures. In some embodiments, each
supramolecular structure comprises a plurality of capture and detector molecules. In some
embodiments, each supramolecular structure comprises a prescribed stoichiometry of the
capture and detector molecules so as to reduce or eliminate cross-reactions between the
plurality of supramolecular structures.
[00015] In some embodiments, for any method comprising using a plurality of supramolecular
structures disclosed herein, the unstable state for each supramolecular structure further
comprises the capture and detector molecules spaced apart at a pre-determined distance so as to
reduce or inhibit the occurrence of cross-reactions between capture and/or detector molecules

of a first supramolecular structure and a second supramolecular structure. In some



WO 2022/060728 PCT/US2021/050262
embodiments, the pre-determined distance is from about 3 nm and about 40 nm. In some
embodiments, the mean distance between any two supramolecular structures is larger than the
pre-determined distance between the capture and detector molecules of a respective
supramolecular structure. In some embodiments, the plurality of supramolecular structures are
attached to one or more widgets, one or more solid supports, one or more polymer matrices,
one or more solid substrates, one or more molecular condensates, or combinations thereof. In
some embodiments, the mean distance between any two supramolecular structures is larger
than the pre-determined distance between the capture and detector molecules of a respective
supramolecular structure. In some embodiments, each polymer matrix of the one or more
polymer matrices comprises a hydrogel bead. In some embodiments, one or more
supramolecular substrates are attached to a hydrogel bead. In some embodiments, each
supramolecular structure is co-polymerized with the hydrogel bead through a corresponding
anchor molecule linked to the respective core structure of the corresponding supramolecular
structure. In some embodiments, the one or more supramolecular structures are embedded
within the hydrogel bead. In some embodiments, each hydrogel bead is contacted with a single
cell in the sample for intracellular analyte molecule detection at a single cell resolution. In
some embodiments, each solid substrate of the one or more solid substrates comprises a
microparticle. In some embodiments, one or more supramolecular substrates are attached to a
solid surface of the microparticle. In some embodiments, the microparticle comprises a
polystyrene particle, silica particle, magnetic particle, or paramagnetic particle. In some
embodiments, each solid substrate is contacted with a single cell in the sample for intracellular
analyte molecule detection at a single cell resolution. In some embodiments, each solid
substrate of the one or more solid substrates comprises a planar substrate. In some
embodiments, a plurality of supramolecular structures are disposed on the planar substrate,
wherein the planar substrate comprises a plurality of binding sites, wherein each binding site is
configured to link with a corresponding supramolecular structure. In some embodiments, the
plurality of supramolecular structures are configured to detect the same analyte molecule. In
some embodiments, for any method comprising using a planar substrate, further comprising
providing a plurality of signaling elements configured to link with the detector molecules of the
at least one supramolecular structure that shifted to the stable state. In some embodiments, each
signaling element comprises a fluorescent molecule or microbead, a fluorescent polymer,
highly charged nanoparticles or polymer. In some embodiments, at least one supramolecular
structure of the plurality of supramolecular structures is configured to detect a different analyte

molecule from the other supramolecular structures. In some embodiments, for any method
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comprising using a planar substrate, further comprising barcoding each supramolecular
structure so as to identify the location of each supramolecular structure on the planar substrate.
In some embodiments, for any method comprising using a planar substrate, further comprising
providing a plurality of signaling elements configured to link with the detector molecules of the
at least one supramolecular structure that shifted to the stable state. In some embodiments, each
signaling element comprises a fluorescent molecule or microbead, a fluorescent polymer,
highly charged nanoparticles or polymer.

[00016] In some embodiments, for any method disclosed herein, the sample comprises a
biological particle or a biomolecule. In some embodiments, for any method disclosed herein,
the sample comprises an aqueous solution comprising a protein, a peptide, a fragment of a
peptide, a lipid, DNA, RNA, an organic molecule, a viral particle, an exosome, an organelle, or
any complexes thereof. In some embodiments, for any method disclosed herein, the sample
comprises a tissue biopsy, blood, blood plasma, Urine, Saliva, Tear, Cerebrospinal fluid,
extracellular fluid, cultures cells, culture media, discarded tissue, plant matter, a synthetic
protein, a bacterial and/or viral sample or fungal tissue, or combinations thereof.

[00017] Provided herein, in some embodiments, is a substrate for detecting one or more
analyte molecules in a sample, the substrate comprising a plurality of supramolecular
structures, each supramolecular structure comprising: a) a core structure comprising a plurality
of core molecules, b) a capture molecule linked to the supramolecular core at a first location,
and c) a detector molecule linked to the supramolecular core at a second location, wherein the
supramolecular structure is in an unstable state, such that the detector molecule is configured to
be unbound from the core structure through cleavage of a link therebetween at the second
location; wherein each supramolecular structure is configured to shift from the unstable state to
a stable state through interaction between the detector molecule, the capture molecule, and a
respective analyte molecule of the one or more analyte molecules; wherein, upon interaction
with a trigger, a respective supramolecular structure that shifted to the stable state provides a
signal for detecting the respective analyte molecule.

[00018] In some embodiments, wherein upon interaction with the trigger, each detection
molecule linked to a supramolecular structure in the unstable state becomes unbound from said
supramolecular structure. In some embodiments, each core structure of the plurality of
supramolecular structures is identical to each other. In some embodiments, the mean distance
between any two supramolecular structures is larger than the pre-determined distance between
the capture and detector molecules of a respective supramolecular structure. In some

embodiments, the substrate comprises a solid support, solid substrate, a polymer matrix, or a
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molecular condensate. In some embodiments, the sample comprises a complex biological
sample and the method provides for single-molecule sensitivity thereby increasing a dynamic
range and quantitative capture of a range of molecular concentrations within the complex
biological sample. In some embodiments, the one or more analyte molecules comprises a
protein, a peptide, a peptide fragment, a lipid, a DNA, a RNA, an organic molecule, an
inorganic molecule, complexes thereof, or any combinations thereof. In some embodiments,
each supramolecular structure is a nanostructure. In some embodiments, each core structure is a
nanostructure. In some embodiments, the plurality of core molecules for each core structure
are arranged into a pre-defined shape and/or have a prescribed molecular weight. In some
embodiments, the pre-defined shape is configured to limit or prevent cross-reactivity with
another supramolecular structure. In some embodiments, the plurality of core molecules for
each core structure comprises one or more nucleic acid strands, one or more branched nucleic
acids, one or more peptides, one or more small molecules, or combinations thereof. In some
embodiments, each core structure independently comprises a scaffolded deoxyribonucleic acid
(DNA) origami, a scaffolded ribonucleic acid (RNA) origami, a scaffolded hybrid DNA:RNA
origami, a single-stranded DNA tile structure, a multi-stranded DNA tile structure, a single-
stranded RNA origami, a multi-stranded RNA tile structure, hierarchically composed DNA or
RNA origami with multiple scaffolds, a peptide structure, or combinations thereof. In some
embodiments, the trigger comprises a deconstructor molecule, a trigger signal, or combinations
thereof. In some embodiments, the deconstructor molecule comprises DNA, RNA, a peptide, a
small organic molecule, or combinations thereof. In some embodiments, the trigger signal
comprises an optical signal, an electrical signal, or both. In some embodiments, the trigger
optical signal comprises a microwave signal, an ultraviolet illumination, a visible illumination,
a near infrared illumination, or combinations thereof. In some embodiments, the respective
analyte molecule is 1) bound to the capture molecule through a chemical bond and/or 2) bound
to the detector molecule through a chemical bond. In some embodiments, the capture molecule
and detector molecule for each supramolecular structure independently comprise a protein, a
peptide, an antibody, an aptamer (RNA and DNA), a fluorophore, a darpin, a catalyst, a
polymerization initiator, a polymer like PEG, or combinations thereof.

[00019] In some embodiments, wherein for each supramolecular structure of the substrate: a)
the capture molecule is linked to the core structure through a capture barcode, wherein the
capture barcode comprises a first capture linker, a second capture linker, and a capture bridge
disposed between the first and second capture linkers, wherein the first capture linker is bound

to a first core linker that is bound to the first location on the core structure, wherein the capture
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molecule and the second capture linker are linked together through binding to a third capture
linker, and b) the detector molecule is linked to the core structure through a detector barcode,
wherein the detector barcode comprises a first detector linker, a second detector linker, and a
detector bridge disposed between the first and second detector linkers, wherein the first
detector linker is bound to a second core linker that is bound to the second location on the core
structure, wherein the detector molecule and the second detector linker are linked together
through binding to a third detector linker. In some embodiments, the capture bridge and
detector bridge independently comprise a polymer core. In some embodiments, wherein the
polymer core of the capture bridge and the polymer core of the detector bridge independently
comprise a nucleic acid (DNA or RNA) of specific sequence or a polymer like PEG. In some
embodiments, the first core linker, second core linker, first capture linker, second capture
linker, third capture linker, first detector linker, second detector linker, and third detector linker
independently comprise a reactive molecule or DNA sequence domain. In some embodiments,
each reactive molecule independently comprises an amine, a thiol, a DBCO, a maleimide,
biotin, an azide, an acrydite, a NHS-ester, a single stranded nucleic acid (RNA or DNA) of
specific sequence, one or more polymers like PEG or polymerization initiators, or
combinations thereof. In some embodiments, the linkage between the capture barcode and 1)
the first core linker, and/or 2) the third capture linker comprises a chemical bond. In some
embodiments, the chemical bond comprises a covalent bond. In some embodiments, the linkage
between the detector barcode and 1) the second core linker, and/or 2) the third detector linker
comprises a chemical bond. In some embodiments, the chemical bond comprises a covalent
bond. In some embodiments, the trigger cleaves the linkage between 1) the first detector linker
and the second core linker and/or 2) the first capture linker and the first core linker. In some
embodiments, the capture molecule is bound to the third capture linker through a chemical
bond and/or the detector molecule is bound to the third detector linker through a chemical
bond. In some embodiments, the capture molecule is covalently bonded to the third capture
linker and/or the detector molecule is covalently bonded to the third detector linker. In some
embodiments, each supramolecular structure in the unstable state comprises the respective
capture molecule and detector molecule spaced apart at a pre-determined distance, so as to
reduce or inhibit the occurrence of cross-reactions between capture and/or detector molecules
of a first supramolecular structure and corresponding capture and/or detector molecules of a
second supramolecular structure. the pre-determined distance is from about 3 nm to about 40

nm.
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[00020] In some embodiments, each supramolecular structure further comprises an anchor
molecule linked to the core structure. In some embodiments, the anchor molecule is linked to
the core structure via an anchor barcode, wherein the anchor barcode comprises a first anchor
linker, a second anchor linker, and an anchor bridge disposed between the first and second
anchor linkers, wherein the first anchor linker is bound to a third core linker that is bound to a
third location on the core structure, wherein the anchor molecule is linked to the second anchor
linker. In some embodiments, the anchor molecule comprises an amine, a thiol, a DBCO, a
maleimide, biotin, an azide, an acrydite, a NHS-ester, a single stranded nucleic acid (RNA or
DNA) of specific sequence, one or more polymers like PEG or polymerization initiators, or
combinations thereof. In some embodiments, the anchor bridge comprises a polymer core. In
some embodiments, the polymer core of the anchor bridge comprises a nucleic acid (DNA or
RNA) of specific sequence or a polymer like PEG. In some embodiments, the third core linker,
first anchor linker, second anchor linker, and anchor molecule independently comprise an
anchor reactive molecule or DNA sequence domain. In some embodiments, each anchor
reactive molecule independently comprises an amine, a thiol, a DBCO, a maleimide, biotin, an
azide, an acrydite, a NHS-ester, a single stranded nucleic acid (RNA or DNA) of specific
sequence, one or more polymers like PEG or polymerization initiators, or combinations thereof.
In some embodiments, the anchor molecule is linked to the second anchor linker through a
chemical bond. In some embodiments, the anchor molecule is covalently bonded to the second
anchor linker. In some embodiments, the trigger further cleaves 1) the second anchor linker
from the anchor molecule, 2) the first anchor linker from the third core linker, or combinations
thereof. In some embodiments, the first and second locations are situated on a first side of the
core structure, and the third location is situated on a second side of the core structure.

[00021] In some embodiments, the signal comprises the detector barcode, the capture barcode,
or combinations thereof, corresponding to a supramolecular structure that shifted to a stable
state. In some embodiments, each detector barcode from a corresponding detector molecule for
the at least one supramolecular structure that shifted to a stable state is configured to be
separated from said corresponding detector molecule, such that the corresponding signal
comprises the respective detector barcode for detection of the analyte molecule bound to said
corresponding detector molecule. In some embodiments, each separated detector barcode
provides a DNA signal corresponding to the analyte molecule bound to the respective detector
molecule. In some embodiments, the at least one separated detector barcode is configured to be
analyzed using genotyping, qPCR, sequencing, or combinations thereof. In some embodiments,

one or more supramolecular structures are configured for multiplexing the sample, wherein a
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plurality of analyte molecules in the sample are detected simultaneously. In some
embodiments, the capture and detector molecules for each supramolecular structure is
configured for binding to one or more specific types of analyte molecules.

[00022] In some embodiments, each core structure of the plurality of supramolecular
structures are identical to each other. In some embodiments, each supramolecular structure
comprises a prescribed shape, size, molecular weight, or combinations thereof, so as to reduce
or eliminate cross-reactions between a plurality of supramolecular structures. In some
embodiments, each supramolecular structure comprises a plurality of capture and detector
molecules. In some embodiments, each supramolecular structure comprises a prescribed
stoichiometry of the capture and detector molecules so as to reduce or eliminate cross-reactions
between the plurality of supramolecular structures. In some embodiments, the unstable state for
each supramolecular structure further comprises the capture and detector molecules spaced
apart at a pre-determined distance so as to reduce or inhibit the occurrence of cross-reactions
between capture and/or detector molecules of a first supramolecular structure and a second
supramolecular structure. In some embodiments, the pre-determined distance is from about 3
nm and about 40 nm. In some embodiments, the mean distance between any two
supramolecular structures is larger than the pre-determined distance between the capture and
detector molecules of a respective supramolecular structure.

[00023] In some embodiments, each substrate comprises a widget, a solid support, a polymer
matrix, a solid substrate, or a molecular condensate. In some embodiments, the mean distance
between any two supramolecular structures is larger than the pre-determined distance between
the capture and detector molecules of a respective supramolecular structure. In some
embodiments, the polymer matrix comprises a hydrogel bead. In some embodiments, one or
more supramolecular substrates are attached to the hydrogel bead. In some embodiments, each
supramolecular structure is co-polymerized with the hydrogel bead through a corresponding
anchor molecule linked to the respective core structure of the corresponding supramolecular
structure. In some embodiments, the one or more supramolecular structures are embedded
within the hydrogel bead. In some embodiments, each hydrogel bead is configured to be
contacted with a single cell in the sample for intracellular analyte molecule detection at a single
cell resolution. In some embodiments, the solid substrate comprises a microparticle. In some
embodiments, one or more supramolecular substrates are attached to a solid surface of the
microparticle. In some embodiments, the microparticle comprises a polystyrene particle, silica
particle, magnetic particle, or paramagnetic particle. In some embodiments, each solid substrate

is configured to be contacted with a single cell in the sample for intracellular analyte molecule
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detection at a single cell resolution. In some embodiments, the solid substrate comprises a
planar substrate. In some embodiments, a plurality of supramolecular structures are disposed on
the planar substrate, wherein the planar substrate comprises a plurality of binding sites, wherein
each binding site is configured to link with a corresponding supramolecular structure. In some
embodiments, the plurality of supramolecular structures are configured to detect the same
analyte molecule. In some embodiments, a plurality of signaling elements are configured to
link with the detector molecules of the at least one supramolecular structure that shifted to the
stable state. In some embodiments, each signaling element comprises a fluorescent molecule or
microbead, a fluorescent polymer, highly charged nanoparticles or polymer. In some
embodiments, at least one supramolecular structure of the plurality of supramolecular
structures is configured to detect a different analyte molecule from the other supramolecular
structures.

[00024] In some embodiments, the sample comprises a biological particle or a biomolecule. In
some embodiments, the sample comprises an aqueous solution comprising a protein, a peptide,
a fragment of a peptide, a lipid, DNA, RNA, an organic molecule, a viral particle, an exosome,
an organelle, or any complexes thereof. In some embodiments, the sample comprises a tissue
biopsy, blood, blood plasma, Urine, Saliva, Tear, Cerebrospinal fluid, extracellular fluid,
cultures cells, culture media, discarded tissue, plant matter, a synthetic protein, a bacterial
and/or viral sample or fungal tissue, or combinations thereof.

[00025] Provided herein, in some embodiments, is a supramolecular structure for detecting an
analyte molecule in a sample, the supramolecular structure comprising: a) a core structure
comprising a plurality of core molecules, b) a capture molecule linked to the supramolecular
core at a first location, and c) a detector molecule linked to the supramolecular core at a second
location, wherein the supramolecular structure is in an unstable state, such that the detector
molecule is configured to be unbound from the core structure through cleavage of a link
therebetween at the second location; wherein the supramolecular structure is configured to shift
from the unstable state to a stable state through interaction between the detector molecule, the
capture molecule, and an analyte molecule; wherein, upon interaction with a trigger, the
supramolecular structure that shifted to the stable state provides a signal for detecting the
analyte molecule.

[00026] In some embodiments, the sample comprises a complex biological sample and the
method provides for single-molecule sensitivity thereby increasing a dynamic range and
quantitative capture of a range of molecular concentrations within the complex biological

sample. In some embodiments, the analyte molecule comprises a protein, a peptide, a peptide
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fragment, a lipid, a DNA, a RNA, an organic molecule, an inorganic molecule, complexes
thereof, or any combinations thereof. In some embodiments, the supramolecular structure is a
nanostructure. In some embodiments, the core structure is a nanostructure. In some
embodiments, the plurality of core molecules for the core structure are arranged into a pre-
defined shape and/or have a prescribed molecular weight. In some embodiments, the pre-
defined shape is configured to limit or prevent cross-reactivity with another supramolecular
structure. In some embodiments, the plurality of core molecules for each core structure
comprises one or more nucleic acid strands, one or more branched nucleic acids, one or more
peptides, one or more small molecules, or combinations thereof. In some embodiments, the
core structure independently comprises a scaffolded deoxyribonucleic acid (DNA) origami, a
scaffolded ribonucleic acid (RNA) origami, a scaffolded hybrid DNA:RNA origami, a single-
stranded DNA tile structure, a multi-stranded DNA tile structure, a single-stranded RNA
origami, a multi-stranded RNA tile structure, hierarchically composed DNA or RNA origami
with multiple scaffolds, a peptide structure, or combinations thereof. In some embodiments, the
trigger comprises a deconstructor molecule, a trigger signal, or combinations thereof. In some
embodiments, the deconstructor molecule comprises DNA, RNA, a peptide, a small organic
molecule, or combinations thereof. In some embodiments, the trigger signal comprises an
optical signal, an electrical signal, or both. In some embodiments, the trigger optical signal
comprises a microwave signal, an ultraviolet illumination, a visible illumination, a near infrared
illumination, or combinations thereof. In some embodiments, the analyte molecule is 1) bound
to the capture molecule through a chemical bond and/or 2) bound to the detector molecule
through a chemical bond. In some embodiments, the capture molecule and detector molecule
for each supramolecular structure independently comprise a protein, a peptide, an antibody, an
aptamer (RNA and DNA), a fluorophore, a darpin, a catalyst, a polymerization initiator, a
polymer like PEG, or combinations thereof.

[00027] In some embodiments, where for the supramolecular structure: a) the capture
molecule is linked to the core structure through a capture barcode, wherein the capture barcode
comprises a first capture linker, a second capture linker, and a capture bridge disposed between
the first and second capture linkers, wherein the first capture linker is bound to a first core
linker that is bound to the first location on the core structure, wherein the capture molecule and
the second capture linker are linked together through binding to a third capture linker, and b)
the detector molecule is linked to the core structure through a detector barcode, wherein the
detector barcode comprises a first detector linker, a second detector linker, and a detector

bridge disposed between the first and second detector linkers, wherein the first detector linker
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is bound to a second core linker that is bound to the second location on the core structure,
wherein the detector molecule and the second detector linker are linked together through
binding to a third detector linker. In some embodiments, the capture bridge and detector bridge
independently comprise a polymer core. In some embodiments, the polymer core of the
capture bridge and the polymer core of the detector bridge independently comprise a nucleic
acid (DNA or RNA) of specific sequence or a polymer like PEG. In some embodiments, the
first core linker, second core linker, first capture linker, second capture linker, third capture
linker, first detector linker, second detector linker, and third detector linker independently
comprise a reactive molecule or DNA sequence domain. In some embodiments, each reactive
molecule independently comprises an amine, a thiol, a DBCO, a maleimide, biotin, an azide, an
acrydite, a NHS-ester, a single stranded nucleic acid (RNA or DNA) of specific sequence, one
or more polymers like PEG or polymerization initiators, or combinations thereof. In some
embodiments, the linkage between the capture barcode and 1) the first core linker, and/or 2) the
third capture linker comprises a chemical bond. In some embodiments, the chemical bond
comprises a covalent bond. In some embodiments, the linkage between the detector barcode
and 1) the second core linker, and/or 2) the third detector linker comprises a chemical bond. In
some embodiments, the chemical bond comprises a covalent bond. In some embodiments, the
trigger cleaves the linkage between 1) the first detector linker and the second core linker and/or
2) the first capture linker and the first core linker. In some embodiments, the capture molecule
is bound to the third capture linker through a chemical bond and/or the detector molecule is
bound to the third detector linker through a chemical bond. In some embodiments, the capture
molecule is covalently bonded to the third capture linker and/or the detector molecule is
covalently bonded to the third detector linker. In some embodiments, the supramolecular
structure in the unstable state comprises the respective capture molecule and detector molecule
spaced apart at a pre-determined distance, so as to reduce or inhibit the occurrence of cross-
reactions between capture and/or detector molecules of the supramolecular structure with
corresponding capture and/or detector molecules of another supramolecular structure. In some
embodiments, the pre-determined distance is from about 3 nm to about 40 nm.
[00028] In some embodiments, the supramolecular structure further comprises an anchor
molecule linked to the core structure. In some embodiments, the anchor molecule is linked to
the core structure via an anchor barcode, wherein the anchor barcode comprises a first anchor
linker, a second anchor linker, and an anchor bridge disposed between the first and second
anchor linkers, wherein the first anchor linker is bound to a third core linker that is bound to a

third location on the core structure, wherein the anchor molecule is linked to the second anchor
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linker. In some embodiments, the anchor molecule comprises an amine, a thiol, a DBCO, a
maleimide, biotin, an azide, an acrydite, a NHS-ester, a single stranded nucleic acid (RNA or
DNA) of specific sequence, one or more polymers like PEG or polymerization initiators, or
combinations thereof. In some embodiments, the anchor bridge comprises a polymer core. In
some embodiments, the polymer core of the anchor bridge comprises a nucleic acid (DNA or
RNA) of specific sequence or a polymer like PEG. In some embodiments, the third core linker,
first anchor linker, second anchor linker, and anchor molecule independently comprise an
anchor reactive molecule or DNA sequence domain. In some embodiments, each anchor
reactive molecule independently comprises an amine, a thiol, a DBCO, a maleimide, biotin, an
azide, an acrydite, a NHS-ester, a single stranded nucleic acid (RNA or DNA) of specific
sequence, one or more polymers like PEG or polymerization initiators, or combinations thereof.
In some embodiments, the anchor molecule is linked to the second anchor linker through a
chemical bond. In some embodiments, the anchor molecule is covalently bonded to the second
anchor linker. In some embodiments, the trigger further cleaves 1) the second anchor linker
from the anchor molecule, 2) the first anchor linker from the third core linker, or combinations
thereof. In some embodiments, the first and second locations are situated on a first side of the
core structure, and the third location is situated on a second side of the core structure.

[00029] In some embodiments, the signal comprises the detector barcode, the capture barcode,
or combinations thereof, corresponding to a supramolecular structure that shifted to a stable
state. In some embodiments, the detector barcode from a corresponding detector molecule for a
supramolecular structure that shifted to a stable state is configured to be separated from said
corresponding detector molecule, such that the corresponding signal comprises the respective
detector barcode for detection of the analyte molecule bound to said corresponding detector
molecule. In some embodiments, the separated detector barcode provides a DNA signal
corresponding to the analyte molecule bound to the respective detector molecule. In some
embodiments, the separated detector barcode is configured to be analyzed using genotyping,
gqPCR, sequencing, or combinations thereof. In some embodiments, the capture and detector
molecules for the supramolecular structure is configured for binding to one or more specific
types of analyte molecules.

[00030] In some embodiments, the supramolecular structure comprises a prescribed shape,
size, molecular weight, or combinations thereof, so as to reduce or eliminate cross-reactions
with another supramolecular structure. In some embodiments, the supramolecular structure

comprises a plurality of capture and detector molecules. In some embodiments, the
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supramolecular structure comprises a prescribed stoichiometry of the capture and detector
molecules so as to reduce or eliminate cross-reactions with another supramolecular structure.
[00031] In some embodiments, the sample comprises a biological particle or a biomolecule. In
some embodiments, the sample comprises an aqueous solution comprising a protein, a peptide,
a fragment of a peptide, a lipid, DNA, RNA, an organic molecule, a viral particle, an exosome,
an organelle, or any complexes thereof. In some embodiments, the sample comprises a tissue
biopsy, blood, blood plasma, Urine, Saliva, Tear, Cerebrospinal fluid, extracellular fluid,
cultures cells, culture media, discarded tissue, plant matter, a synthetic protein, a bacterial

and/or viral sample or fungal tissue, or combinations thereof.

INCORPORATION BY REFERENCE
[00032] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or

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

BRIEF DESCRIPTION OF THE DRAWINGS
[00033] Specific embodiments of the disclosed devices, delivery systems, or methods will
now be described with reference to the drawings. Nothing in this detailed description is
intended to imply that any particular component, feature, or step is essential to the invention.
[00034] FIG. 1 depicts an exemplary depiction of a supramolecular structure and the related
subcomponents.
[00035] FIG. 2 depicts an exemplary depiction of an assembled three-arm nucleic acid
junction based supramolecular structure and related subcomponents.
[00036] FIG. 3 depicts an exemplary depiction of the individual subcomponents of the three-
arm nucleic acid junction based supramolecular structure from FIG. 2.
[00037] FIG. 4 depicts an exemplary depiction of the deconstructor molecules corresponding
to the subcomponents of the three-arm nucleic acid junction based supramolecular structure
from FIG. 2.
[00038] FIG. 5 depicts an exemplary depiction of an assembled DNA origami based
supramolecular structure and related subcomponents.
[00039] FIG. 6 depicts an exemplary depiction of the individual subcomponents of the DNA
origami based supramolecular structure from FIG. 5.
[00040] FIG. 7 depicts an exemplary depiction of the deconstructor molecules corresponding

to the subcomponents of the DNA origami based supramolecular structure from FIG. 5.
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[00041] FIG. 8 provides an exemplary depiction of a supramolecular structure in an unstable
state before and after being subject to a trigger (e.g., interaction with a deconstructor molecule).
[00042] FIG. 9 provides an exemplary depiction of a supramolecular structure in a stable state
before and after being subject to a trigger (e.g., interaction with a deconstructor molecule).
[00043] FIG. 10 provides an exemplary depiction of a supramolecular structure shifting from
an unstable state to a stable state after interaction with an analyte molecule, and the respective
configurations before and after being subject to a trigger (e.g., interaction with a deconstructor
molecule).

[00044] FIG. 11 provides an exemplary depiction of a supramolecular structure shifting from a
stable state to an unstable state after interaction with an analyte molecule, and the respective
configurations before and after being subject to a trigger (e.g., interaction with a deconstructor
molecule).

[00045] FIG. 12 provides an exemplary depiction of a method for detecting and quantifying
analyte molecules using a plurality of supramolecular structures.

[00046] FIG. 13 provides an exemplary depiction of a method for forming a hydrogel bead
attached with a plurality of supramolecular structures.

[00047] FIG. 14 provides an exemplary depiction of a method for forming a hydrogel bead
attached with a plurality of supramolecular structures, using droplet technology.

[00048] FIG. 15 provides an exemplary depiction of attaching a plurality of supramolecular
structures onto a solid substrate (e.g., microparticle).

[00049] FIG. 16 provides an exemplary depiction of a method for detecting and quantifying
analyte molecules using a plurality of supramolecular structures embedded within hydrogel
beads.

[00050] FIG. 17 provides an exemplary depiction of trapping a single cell and supramolecular
structures embedded within a hydrogel bead in a droplet, as part of a method for detecting and
quantifying intracellular analyte molecules.

[00051] FIG. 18 provides an exemplary depiction of collecting and processing droplets
enclosing a single cell and supramolecular structures embedded within a hydrogel bead, as part
of a method for detecting and quantifying intracellular analyte molecules.

[00052] FIG. 19 provides an exemplary depiction of trapping supramolecular structures with
captured intracellular analyte molecules (from FIG. 18) and barcoded beads in a droplet, as
part of a method for detecting and quantifying intracellular analyte molecules.

[00053] FIG. 20 provides an exemplary depiction of collecting and processing droplets

enclosing supramolecular structures with captured intracellular analyte molecules (from FIG.
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18) and barcoded beads in a droplet, as part of a method for detecting and quantifying
intracellular analyte molecules.

[00054] FIG. 21 provides an exemplary depiction of a method for detecting and quantifying
analyte molecules using a plurality of supramolecular structures attached to a planar substrate.
[00055] FIG. 22 provides an exemplary depiction of DNA strands (S1, S2, and Core) and
DNA assemblies (W1, W2, W3, W4, W5, W6, and W7) to make two exemplary DNA Widgets
comprising a 3 part (3pt) Widget and a 5 part (Spt) Widget.

[00056] FIG. 23 provides an exemplary depiction of DNA components (S1, S2, and Core) to
make a basic 3 part Widget.

[00057] FIG. 24 provides an exemplary depiction of a working principle of Bridge, Release,
3pt Widget, and Spt Widget.

[00058] FIG. 25 provides an exemplary depiction of an agarose gel for demonstration of the

working principle as shown in FIG. 24.

DETAILED DESCRIPTION
[00059] Disclosed herein are structures and methods for detecting one or more analyte
molecules present in a sample. In some embodiments, the one or more analyte molecules are
detected using one or more supramolecular structures. In some embodiments, the one or more
supramolecular structures are specifically designed to minimize cross-reactivity with each
other. In some embodiments, the supramolecular structures are bi-stable, wherein the
supramolecular structures shift from an unstable state to a stable state through interaction with
one or more analyte molecules from the sample. In some embodiments, the stable state
supramolecular structures are configured to provide a signal for analyte molecule detection and
quantification. In some embodiments, the signal correlates to a DNA signal, such that detection
and quantification of an analyte molecule comprises converting the presence of the analyte

molecule into a DNA signal.

Sample

[00060] In some embodiments, the sample comprises an aqueous solution comprising protein,
peptides, peptide fragments, lipids, DNA, RNA, organic molecules, inorganic molecules,
complexes thereof, or any combinations thereof. In some embodiments, the analyte molecules
in the sample comprise protein, peptides, peptide fragments, lipids, DNA, RNA, organic
molecules, inorganic molecules, complexes thereof, or any combinations thereof. In some
embodiments, the analyte molecules comprise intact proteins, denatured proteins, partially or

fully degraded proteins, peptide fragments, denatured nucleic acids, degraded nucleic acid
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fragments, complexes thereof, or combinations thereof. In some embodiments, the sample is
obtained from tissue, cells, the environment of tissues and/or cells, or combinations thereof. In
some embodiments, the sample comprises tissue biopsy, blood, blood plasma, urine, saliva, a
tear, cerebrospinal fluid, extracellular fluid, cultures cells, culture media, discarded tissue, plant
matter, synthetic proteins, bacterial, viral samples, fungal tissue, or combinations thereof. In
some embodiments, the sample is isolated from a primary source such as cells, tissue, bodily
fluids (e.g., blood), environmental samples, or combinations thereof, with or without
purification. In some embodiments, the cells are lysed using a mechanical process or other cell
lysis methods (e.g., lysis buffer). In some embodiments, the sample is filtered using a
mechanical process (e.g., centrifugation), micron filtration, chromatography columns, other
filtration methods, or combinations thereof. In some embodiments, the sample is treated with
one or more enzymes to remove one or more nucleic acids or one or more proteins. In some
embodiments, the sample comprises intact proteins, denatured proteins, partially or fully
degraded proteins, peptide fragments, denatured nucleic acids or degraded nucleic acid
fragments. In some embodiments, the sample is collected from one or more individual persons,
one or more animals, one or more plants, or combinations thereof. In some embodiments, the
sample is collected from an individual person, animal and/or plant having a disease or disorder
that comprises an infectious disease, an immune disorder, a cancer, a genetic disease, a
degenerative disease, a lifestyle disease, an injury, a rare disease, an age-related disease, or

combinations thereof.

Supramolecular Structure

[00061] In some embodiments, the supramolecular structure is a programmable structure that
can spatially organize molecules. In some embodiments, the supramolecular structure
comprises a plurality of molecules linked together. In some embodiments, the plurality of
molecules of the supramolecular structure interact with at least some of each other. In some
embodiments, the supramolecular structure comprises a specific shape. In some embodiments,
the supramolecular nanostructure comprises a prescribed molecular weight based on the
plurality of molecules of the supramolecular structure. In some embodiments, the
supramolecular structure is a nanostructure. In some embodiments the plurality of molecules is
linked together through a bond, a chemical bond, a physical attachment, or combinations
thereof. In some embodiments, the supramolecular structure comprises a large molecular entity,
of specific shape and molecular weight, formed from a well-defined number of smaller
molecules interacting specifically with each other. In some embodiments, the structural,

chemical, and physical properties of the supramolecular structure are explicitly designed. In
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some embodiments, the supramolecular structure comprises a plurality of subcomponents that
are spaced apart according to a prescribed distance. In some embodiments, at least a portion of
the supramolecular structure is rigid. In some embodiments, at least a portion of the
supramolecular structure is semi-rigid. In some embodiments, at least a portion of the
supramolecular structure is flexible.

[00062] FIG. 1 provides an exemplary embodiment of a supramolecular structure 40
comprising a core structure 13, a capture molecule 2, a detector molecule 1, and an anchor
molecule 18. In some embodiments, the supramolecular structure comprises one or more
capture molecules 2, and one or more detector molecules 1 and optionally one or more anchor
molecules 18. In some embodiments, the supramolecular structure does not comprise an anchor
molecule. In some embodiments, the supramolecular structure is a polynucleotide structure.
[00063] In some embodiments, the core structure 13 comprises one or more core molecules
linked together. In some embodiments, the one or more core molecules comprise 2, 3, 4, 5, 6, 7,
8,9, 10, 20, 50, 100, 200 or 500 unique molecules that are linked together. In some
embodiments, the one or more core molecules comprises from about 2 unique molecules to
about 1000 unique molecules. In some embodiments, the one or more core molecules interact
with each other and define the specific shape of the supramolecular structure. In some
embodiments, the plurality of core molecules interacts with each other through reversible non-
covalent interactions. In some embodiments, the specific shape of the core structure is a three-
dimensional (3D) configuration. In some embodiments, the one or more core molecules
provide a specific molecular weight. In some embodiments, the core structure 13 is a
nanostructure. In some cases, the one or more core molecules comprise one or more nucleic
acid strands (e.g., DNA, RNA, unnatural nucleic acids), one or more branched nucleic acids,
one or more peptides, one or more small molecules, or combinations thereof. In some
embodiments, the one or more nucleic acid strands comprise a single stranded scaffold strand
and more than two staple strands. In some embodiments, the core structure comprises a
polynucleotide structure. In some embodiments, at least a portion of the core structure is rigid.
In some embodiments, at least a portion of the core structure is semi-rigid. In some
embodiments, at least a portion of the core structure is flexible. In some embodiments, the core
structure comprises a scaffolded deoxyribonucleic acid (DNA) origami, a scaffolded
ribonucleic acid (RNA) origami, a scaffolded hybrid DNA / RNA origami, a single-stranded
DNA tile structure, a multi-stranded DNA tile structure, a single-stranded DNA origami, a
single-stranded RNA origami, a single-stranded RNA tile structure, a multi-stranded RNA tile

structures, a hierarchically composed DNA and/or RNA origami with multiple scaffolds, a

21-



WO 2022/060728 PCT/US2021/050262
peptide structure, or combinations thereof. In some embodiments, the DNA origami is
scaffolded. In some embodiments, the RNA origami is scaffolded. In some embodiments, the
hybrid DNA/RNA origami is scaffolded. In some embodiments, the core structure comprising a
DNA origami, RNA origami, or hybrid DNA/RNA origami that comprises a prescribed two-
dimensional (2D) or 3D shape.

[00064] As used herein, the term “are linked together” in some embodiments refers to
enabling the formation of a chemical bond. In some embodiments, as used herein, a chemical
bond refers to a lasting attraction between atoms, ions or molecules. The bond includes
covalent bonds, ionic bonds, hydrogen bonds, van der Waals interactions, or any combination
thereof. In some embodiments, the term “are linked together” refers to hybridization of nucleic
acids which is the process of combining two complementary single-stranded DNA or RNA
molecules and allowing them to form a single double-stranded molecule through base pairing.
[00065] As used herein, the term “nucleic acid origami” generally refers to a nucleic acid
construct comprising an engineered tertiary (e.g., folding and relative orientation of secondary
structures) or quaternary structure (e.g., hybridization between strands that are not covalently
linked to each other) in addition to the naturally-occurring secondary structure (e.g., helical
structure) of nucleic acid(s). A nucleic acid origami may include DNA, RNA, PNA, modified
or non-natural nucleic acids, or combinations thereof. A nucleic acid origami can include a
“scaffold strand”. The scaffold strand can be circular (i.e., lacking a 5° end and 3’ end) or linear
(i.e., having a 5’ end and/or a 3’ end). A nucleic acid origami may include a plurality of
oligonucleotides (“staple strands”) that hybridize via sequence complementarity to produce the
engineered structuring of the origami particle. For example, the oligonucleotides can hybridize
to a scaffold strand and/or to other oligonucleotides. A nucleic acid origami may comprise
sections of single-stranded or double-stranded nucleic acid, or combinations thereof.
Exemplary nucleic acid origami structures may include nanotubes, nanowires, cages, tiles,
nanospheres, blocks, and combinations thereof. In some embodiments, the DNA origami
comprises both single stranded and double stranded regions.

[00066] As shown in FIG 1, in some embodiments, the core structure 13 is configured to be
linked to a capture molecule 2, a detector molecule 1, an anchor molecule 18, or combinations
thereof. In some embodiments, the capture molecule 2, detector molecule 1, and/or anchor
molecule 18 are immobilized with respect to the core nanostructure 13 when linked thereto. In
some embodiments, any number of the one or more core molecules comprises one or more core
linkers 10,12,14 configured to form a linkage with a capture molecule 2, a detector molecule 1,

and/or an anchor molecule 18. In some embodiments, any number of the one or more core
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molecules are configured to be linked with one or more core linkers 10,12,14 that are
configured to form a linkage with a capture molecule 2, a detector molecule 1, and/or an anchor
molecule 18. In some embodiments, one or more core linkers are linked to one or more core
molecules through a chemical bond. In some embodiments, at least one of the one or more
core linkers comprises a core reactive molecule. In some embodiments, each core reactive
molecule independently comprises an amine, a thiol, a DBCO, a NHS ester, a maleimide,
biotin, an azide, an acrydite, a single stranded nucleic acid (e.g., RNA or DNA) of specific
sequence, or a polymer (e.g., polyethylene glycol (PEG) or one or more polymerization
initiators). In some embodiments, at least one of the one or more core linkers comprises a DNA
sequence domain. In some embodiments, one or more core linkers comprise at least one
extended staple strands which particularly protrude from the core structure. In some
embodiments, the extended staple strands can be conjugated with (make a chemical bond with)
a core reactive molecule. In some embodiments, the location of the extended staple strand is
pre-determined.

[00067] In some embodiments, the core structure 13 is linked to 1) a capture molecule 2 at a
prescribed first location on the core structure, 2) a detector molecule 1 at a prescribed second
location on the core structure, and optionally 3) an anchor molecule 18 at a prescribed third
location on the core structure. In some embodiments, a specified first core linker 12 is disposed
at the first location on the core structure, and a specified second core linker 10 is disposed at
the second location on the core structure. In some embodiments, one or more core molecules at
the first location are modified to form a linkage with the first core linker 12. In some
embodiments, the first core linker 12 is an extension of the core structure 13. In some
embodiments, the first core linker 12 is an extended staple strand which particularly protrude
from the core structure 13. In some embodiments, one or more core molecules at the second
location is modified to form a linkage with the second core linker 10. In some embodiments,
the second core linker 10 is an extension of the core structure 13. In some embodiments, the
second core linker 10 is an extended staple strand which particularly protrude from the core
structure 13. In some embodiments, the 3D shape of the core structure 13 and relative distances
of the first and second locations are specified to maximize the intramolecular interactions
between the capture molecule 2 and detector molecule 1. In some embodiments, the 3D shape
of the core structure 13 and relative distances of the first and second locations are specified to
obtain a desired distance between the capture molecule 2 and detector molecule 1, so as to
maximize the intramolecular interactions between the capture molecule 2 and detector

molecule 1.
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[00068] As described herein, in some embodiments, the distance between the capture
molecule 2 and detector molecule 1 is about 3 nm, 4 nm, 5 nm, 6 nm, 10 nm, 12 nm, 15 nm, 20
nm, 30 nm, or 40nm. In some embodiments, the distance between the capture molecule 2 and
detector molecule 1 is about 1 nm to about 60 nm. In some embodiments, the distance between
the capture molecule 2 and detector molecule 1 is about 1 nm to about 2 nm, about 1 nm to
about 5 nm, about 1 nm to about 10 nm, about 1 nm to about 20 nm, about 1 nm to about 40
nm, about 1 nm to about 60 nm, about 2 nm to about 5 nm, about 2 nm to about 10 nm, about 2
nm to about 20 nm, about 2 nm to about 40 nm, about 2 nm to about 60 nm, about 5 nm to
about 10 nm, about 5 nm to about 20 nm, about 5 nm to about 40 nm, about 5 nm to about 60
nm, about 10 nm to about 20 nm, about 10 nm to about 40 nm, about 10 nm to about 60 nm,
about 20 nm to about 40 nm, about 20 nm to about 60 nm, or about 40 nm to about 60 nm,
including increments therein. In some embodiments, the distance between the capture molecule
2 and detector molecule 1 is about 1 nm, about 2 nm, about 5 nm, about 10 nm, about 20 nm,
about 40 nm, or about 60 nm. In some embodiments, the distance between the capture molecule
2 and detector molecule 1 is at least about 1 nm, about 2 nm, about 5 nm, about 10 nm, about
20 nm, or about 40 nm. In some embodiments, the distance between the capture molecule 2 and
detector molecule 1 is at most about 2 nm, about 5 nm, about 10 nm, about 20 nm, about 40
nm, or about 60 nm.

[00069] As described herein, in some embodiments, the distance between the first location
(corresponding to the capture molecule 2) and the second location (corresponding to the
detector molecule 1) is about 3 nm, 4 nm, 5 nm, 6 nm, 10 nm, 12 nm, 15 nm, 20 nm, 30 nm, or
40nm. In some embodiments, the distance between the capture molecule 2 and detector
molecule 1 is about 1 nm to about 60 nm. In some embodiments, the distance the first location
(corresponding to the capture molecule 2) and the second location (corresponding to the
detector molecule 1) is about 1 nm to about 2 nm, about 1 nm to about 5 nm, about 1 nm to
about 10 nm, about 1 nm to about 20 nm, about 1 nm to about 40 nm, about 1 nm to about 60
nm, about 2 nm to about 5 nm, about 2 nm to about 10 nm, about 2 nm to about 20 nm, about 2
nm to about 40 nm, about 2 nm to about 60 nm, about 5 nm to about 10 nm, about 5 nm to
about 20 nm, about 5 nm to about 40 nm, about 5 nm to about 60 nm, about 10 nm to about 20
nm, about 10 nm to about 40 nm, about 10 nm to about 60 nm, about 20 nm to about 40 nm,
about 20 nm to about 60 nm, or about 40 nm to about 60 nm, including increments therein. In
some embodiments, the distance between the first location (corresponding to the capture
molecule 2) and the second location (corresponding to the detector molecule 1) is about 1 nm,

about 2 nm, about 5 nm, about 10 nm, about 20 nm, about 40 nm, or about 60 nm. In some
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embodiments, the distance between the capture molecule 2 and detector molecule 1 is at least
about 1 nm, about 2 nm, about 5 nm, about 10 nm, about 20 nm, or about 40 nm. In some
embodiments, the distance between the capture molecule 2 and detector molecule 1 the first
location (corresponding to the capture molecule 2) and the second location (corresponding to
the detector molecule 1) is at most about 2 nm, about 5 nm, about 10 nm, about 20 nm, about
40 nm, or about 60 nm.

[00070] In some embodiments, a specified third core linker 14 is disposed at the third location
on the core structure 13. In some embodiments, one or more core molecules at the third
location is modified to form a linkage with the third core linker 14. In some embodiments, the
third core linker 14 is an extension of the core structure 13. In some embodiments, the first and
second locations are disposed on a first side of the core structure 13, and the optional third
location is disposed on a second side of the core structure 13. In some embodiments, the third
core linker 14 comprises at least one extended staple strands which particularly protrude from
the core structure 13. In some embodiments, the extended staple strands can be conjugated with
(make a chemical bond with) a core reactive molecule. In some embodiments, the location of
the extended staple strand is pre-determined.

[00071] In some embodiments, the capture molecule 2 comprises a protein, a peptide, an
antibody, an aptamers (RNA and DNA), a fluorophore, a nanobody, a darpin, a catalyst, a
polymerization initiator, a polymer like PEG, an organic molecule, or combinations thereof. In
some embodiments, the detector molecule 1 comprises a protein, a peptide, an antibody, an
aptamers (RNA and DNA), a fluorophore, a nanobody, a darpin, a catalyst, a polymerization
initiator, a polymer like PEG, an organic molecule, or combinations thereof. In some
embodiments, the anchor molecule comprises a reactive molecule. In some embodiments, the
anchor molecule 18 comprises a reactive molecule. In some embodiments, the anchor molecule
18 comprises a DNA strand comprising a reactive molecule. In some embodiments, the anchor
molecule 18 comprises an amine, a thiol, a DBCO, a NHS ester, a maleimide, biotin, an azide,
an acrydite, a single stranded nucleic acid (e.g., RNA or DNA) of specific sequence, or a
polymer (e.g., polyethylene glycol (PEG) or one or more polymerization initiators). In some
embodiments, the anchor molecule 18 comprises a protein, a peptide, an antibody, an aptamers
(RNA and DNA), a flourophore, a nanobody, a darpin, a catalyst, a polymerization initiator, a
polymer like PEG, an organic molecule or combinations thereof. In some embodiments, a
single pair of a capture molecule 2 and corresponding detector molecule 1 is linked to the core
structure 13. In some embodiments, a plurality of pairs of capture molecules 2 and

corresponding detector molecules 1 are linked to a core structure 13. In some embodiments, the
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plurality of pairs of capture molecules 2 and corresponding detector molecules 1 are spaced
apart from each other to minimize cross-talk, i.e. minimizing capture and/or detector molecules
from a first pair interacting with capture and/or detector molecules from a second pair.
[00072] In some embodiments, each component of the supramolecular structure may be
independently modified or tuned. In some embodiments, modifying one or more of the
components of the supramolecular structure may modify the 2D and 3D geometry of the
supramolecular structure itself. In some embodiments, modifying one or more of the
components of the supramolecular structure may modify the 2D and 3D geometry of the core
structure. In some embodiments, such capability for independently modifying the components
of the supramolecular nanostructure enables precise control over the organization of one or
more supramolecular structures on solid surfaces (e.g., planar surfaces or microparticles) and

3D volumes (e.g., within a hydrogel matrix).

Capture barcode

[00073] As shown in FIG. 1, in some embodiments, the capture molecule 2 is linked to the
core structure 13 through a capture barcode 20. In some embodiments, the capture barcode 20
forms a linkage with the capture molecule 2, and the capture barcode 20 forms a linkage with
the core structure 13. In some embodiments, the capture barcode 20 comprises a first capture
linker 11, a second capture linker 6, and a capture bridge 7. In some embodiments, the first
capture linker 11 comprises a reactive molecule. In some embodiments, the first capture linker
11 comprises a reactive molecule comprising an amine, a thiol, a DBCO, a NHS ester, a
maleimide, an azide, an acrydite, a single stranded nucleic acid (e.g., RNA or DNA) of specific
sequence, or a polymer (e.g., polyethylene glycol (PEG) or one or more polymerization
initiators). In some embodiments, the first capture linker 11 comprises a DNA sequence
domain. In some embodiments, the DNA sequence domain is complementary to a DNA
sequence domain of the first core linker 12. In some embodiments, the second capture linker 6
comprises a reactive molecule. In some embodiments, the second capture linker 6 comprises a
reactive molecule comprising an amine, a thiol, a DBCO, a NHS ester, biotin, a maleimide, an
azide, an acrydite, a single stranded nucleic acid (e.g., RNA or DNA) of specific sequence, or a
polymer (e.g., polyethylene glycol (PEG) or one or more polymerization initiators). In some
embodiments, the second capture linker comprises a DNA sequence domain. In some
embodiments, the DNA sequence domain is complementary to DNA sequence domain of a
third capture linker 5. In some embodiments, the capture bridge 7 comprises a polymer. In
some embodiments, the capture bridge 7 comprises a polymer that comprises a nucleic acid

(e.g., DNA or RNA) of a specific sequence. In some embodiments, the capture bridge 7
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comprises a polymer such as PEG. In some embodiments, the first capture linker 11 is attached
to the capture bridge 7 at a first terminal end thereof, and the second capture linker 6 is attached
to the capture bridge 7 at a second terminal end thereof. In some embodiments, the first capture
linker 11 is attached to the capture bridge 7 via a chemical bond. In some embodiments, the
second capture linker 6 is attached to the capture bridge 7 via a chemical bond. In some
embodiments, the first capture linker 11 is attached to the capture bridge 7 via a physical
attachment. In some embodiments, the second capture linker 6 is attached to the capture bridge
7 via a physical attachment.

[00074] In some embodiments, the capture barcode 20 is linked to the core structure 13
through a linkage between the first capture linker 11 and the first core linker 12. In some
embodiments, as described herein, the first core linker 12 is disposed at a first location on the
core structure 13. In some embodiments, the first capture linker 11 and first core linker 12 are
linked together through a chemical bond. In some embodiments, the first capture linker 11 and
first core linker 12 are linked together through a covalent bond. In some embodiments, the first
capture linker 11 and the first core linker 12 are linked together through hybridization between
single stranded nucleic acids. In some embodiments, the linkage between the first capture
linker 11 and first core linker 12 is reversible upon being subjected to a trigger. In some
embodiments, the trigger comprises interaction with a deconstructor molecule (“capture
deconstructor molecule”, e.g., reference character 30 in FIGS. 4,7) or exposure to a trigger
signal. In some embodiments, the capture deconstructor molecule comprises a nucleic acid
(DNA or RNA), a peptide, a small organic molecule, or combinations thereof. In some
embodiments the trigger signal comprises an optical signal. In some embodiments, the trigger
signal comprises an electrical signal, microwave signal, ultraviolet illumination, visible
illumination or near infra-red illumination.

[00075] In some embodiments, the capture barcode 20 is linked to the capture molecule 2
through a linkage between the second capture linker 6 and a third capture linker 5 that is bound
to the capture molecule 2. In some embodiments, the third capture linker 5 comprises a reactive
molecule. In some embodiments, the third capture linker 5 comprises a reactive molecule
comprising an amine, a thiol, a DBCO, a NHS ester, a maleimide, biotin, an azide, an acrydite,
a single stranded nucleic acid (e.g., RNA or DNA) of specific sequence, or a polymer (e.g.,
polyethylene glycol (PEG) or one or more polymerization initiators). In some embodiments,
the third capture linker 5 comprises a DNA sequence domain. In some embodiments, the
specific DNA sequence domains of the third capture linker 5 and the second linker 6 are

complementary to each other. In some embodiments, the capture molecule 2 is bound to the
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third capture linker 5 through a chemical bond. In some embodiments, the capture molecule 2
is bound to the third capture linker 5 through a covalent bond. In some embodiments, the
second capture linker 6 and third capture linker 5 are linked together through a chemical bond.
In some embodiments, the second linker 6 and third capture linker 5 are linked together
through a covalent bond. In some embodiments, the third capture linker 5 and the second
capture linker 6 are linked together through hybridization between single stranded nucleic
acids. In some embodiments, the linkage between the second capture linker 6 and third capture
linker 5 is reversible upon being subjected to a trigger. In some embodiments, the trigger
comprises interaction with a deconstructor molecule (“capture barcode release molecule” , e.g.,
reference character 31 in FIGS. 4,7 ) or exposure to a trigger signal. In some embodiments, the
capture barcode release molecule comprises a nucleic acid (DNA or RNA), a peptide, a small
organic molecule, or combinations thereof. In some embodiments the trigger signal comprises
an optical signal. In some embodiments, the trigger signal comprises an electrical signal,
microwave signal, ultraviolet illumination, visible illumination or near infra-red illumination.
[00076] In some embodiments, being subject to a trigger breaks the linkage between the first
capture linker 11 and first core linker 12 only, thereby breaking the capture molecule linkage
with the core nanostructure 13 at the first location. In some embodiments, the capture barcode
20, when separated from the core structure 13 and the capture molecule 2, is configured to
provide a signal for detecting an analyte molecule. In some embodiments, the signal as

provided from the capture barcode 20 is a DNA signal.

[00077] As used herein, the term “DNA signal” in some embodiments refers to any change of
the core nanostructure or a specific DNA sequence which may be identified by a nucleic acid

sequencing process (for e.g., a capture barcode, detector barcode).

Detector barcode

[00078] As shown in FIG. 1, in some embodiments, the detector molecule 1 is linked to the
core structure 13 through a detector barcode 21. In some embodiments, the detector barcode 21
forms a linkage with the detector molecule 1, and the detector barcode 21 forms a linkage with
the core structure 13. In some embodiments, the detector barcode comprises a first detector
linker 9, a second detector linker 4, and a detector bridge 8. In some embodiments, the first
detector linker 9 comprises a reactive molecule. In some embodiments, the first detector linker
9 comprises a reactive molecule comprising an amine, a thiol, a DBCO, a NHS ester, a
maleimide, biotin, an azide, an acrydite, a single stranded nucleic acid (e.g., RNA or DNA) of
specific sequence, or a polymer (e.g., polyethylene glycol (PEG) or one or more polymerization

initiators). In some embodiments, the first detector linker 9 comprises a DNA sequence
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domain. In some embodiments, the DNA sequence domain is complementary to DNA
sequence domain of the second core linker 10. In some embodiments, the second detector
linker 4 comprises a reactive molecule. In some embodiments, the second detector linker 4
comprises a reactive molecule comprising an amine, a thiol, a DBCO, a NHS ester, a
maleimide, biotin, an azide, an acrydite, a single stranded nucleic acid (e.g., RNA or DNA) of
specific sequence, or a polymer (e.g., polyethylene glycol (PEG) or one or more polymerization
initiators). In some embodiments, the second detector linker 4 comprises a DNA sequence
domain. In some embodiments, the DNA sequence domain is complementary to DNA
sequence domain of a third detector linker 3. In some embodiments, the detector bridge 8
comprises a polymer. In some embodiments, the detector bridge 8 comprises a polymer that
comprises a nucleic acid (DNA or RNA) of a specific sequence. In some embodiments, the
detector bridge 8 comprises a polymer such as PEG. In some embodiments, the first detector
linker 9 is attached to the detector bridge 8 at a first terminal end thereof, and the second
detector linker 4 is attached to the detector bridge 8 at a second terminal end thereof. In some
embodiments, the first detector linker 9 is attached to the detector bridge 8 via a chemical bond.
In some embodiments, the second detector linker 4 is attached to the detector bridge 8 via a
chemical bond. In some embodiments, the first detector linker 9 is attached to the detector
bridge 8 via a physical attachment. In some embodiments, the second detector linker 4 is
attached to the detector bridge 8 via a physical attachment.

[00079] In some embodiments, the detector barcode 21 is linked to the core structure 13
through a linkage between the first detector linker 9 and the second core linker 10. In some
embodiments, as described herein, the second core linker 10 is disposed at a second location on
the core structure 13. In some embodiments, the first detector linker 9 and second core linker
10 are linked together through a chemical bond. In some embodiments, the first detector linker
9 and second core linker 10 are linked together through a covalent bond. In some embodiments,
the first detector linker 9 and second core linker 10 are linked together through hybridization
between single stranded nucleic acids. In some embodiments, the linkage between the first
detector linker 9 and second core linker 10 is reversible upon being subjected to a trigger. In
some embodiments, the trigger comprises interaction with a deconstructor molecule (“detector
deconstructor molecule” , e.g., reference character 28 in FIGS. 4,7) or exposure to a trigger
signal. In some embodiments, the detector deconstructor molecule comprises a nucleic acid
(DNA or RNA), a peptide, a small organic molecule, or combinations thereof. In some

embodiments the trigger signal comprises an optical signal. In some embodiments, the trigger
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signal comprises an electrical signal, microwave signal, ultraviolet illumination, visible
illumination or near infra-red illumination.

[00080] In some embodiments, the detector barcode 21 is linked to the detector molecule 1
through a linkage between the second detector linker 4 and a third detector linker 3 bound to
the detector molecule 1. In some embodiments, the third detector linker 3 comprises a reactive
molecule. In some embodiments, the third detector linker 3 comprises a reactive molecule
comprising an amine, a thiol, a DBCO, a NHS ester, a maleimide, biotin, an azide, an acrydite,
a single stranded nucleic acid (e.g., RNA or DNA) of specific sequence, or a polymer (e.g.,
polyethylene glycol (PEG) or one or more polymerization initiators). In some embodiments,
the third detector linker 3 comprises a DNA sequence domain. In some embodiments, the
specific DNA sequence domains of the third detector linker 3 and the second detector linker 4
are complementary to each other. In some embodiments, the detector molecule 1 is bound to
the third detector linker 3 through a chemical bond. In some embodiments, the detector
molecule 1 is bound to the third detector linker 3 through a covalent bond. In some
embodiments, the second detector linker 4 and third detector linker 3 are linked together
through a chemical bond. In some embodiments, the second detector linker 4 and third detector
linker 3 are linked together through a covalent bond. In some embodiments, the third detector
linker 3 and the second detector linker 4 are linked together through hybridization between
single stranded nucleic acids. In some embodiments, the linkage between the second detector
linker 4 and third detector linker 3 is reversible upon being subjected to a trigger. In some
embodiments, the trigger comprises interaction with a deconstructor molecule (“detector
barcode release molecule” , e.g., reference character 29 in FIGS. 4,7) or exposure to a trigger
signal. In some embodiments, the detector barcode release molecule comprises a nucleic acid
(DNA or RNA), a peptide, a small organic molecule, or combinations thereof. In some
embodiments the trigger signal comprises an optical signal. In some embodiments, the trigger
signal comprises an electrical signal, microwave signal, ultraviolet illumination, visible
illumination or near infra-red illumination.

[00081] In some embodiments, being subject to a trigger breaks the linkage between the first
detector linker 9 and second core linker 10 only, thereby breaking the detector molecule
linkage with the core structure 13 at the second location. In some embodiments, the detector
barcode 21, when separated from the core structure 13 and the detector molecule 2, is
configured to provide a signal for detecting an analyte molecule. In some embodiments, the

signal as provided from the detector barcode 21 is a DNA signal.

Anchor Barcode
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[00082] As shown in FIG. 1, in some embodiments, the anchor molecule 18 is linked to the
core structure 13 through an anchor barcode. In some embodiments, the anchor barcode forms
a linkage with the anchor molecule 18, and the anchor barcode forms a linkage with the core
structure 13. In some embodiments, the anchor barcode comprises a first anchor linker 15, a
second anchor linker 17, and an anchor bridge 16. In some embodiments, the first anchor linker
15 comprises a reactive molecule. In some embodiments, the first anchor linker 15 comprises a
reactive molecule comprising an amine, a thiol, a DBCO, a NHS ester, a maleimide, biotin, an
azide, an acrydite, a single stranded nucleic acid (e.g., RNA or DNA) of specific sequence, or a
polymer (e.g., polyethylene glycol (PEG) or one or more polymerization initiators). In some
embodiments, the first anchor linker 15 comprises a DNA sequence domain. In some
embodiments, the DNA sequence domain is complementary to DNA sequence domain of the
third core linker 14. In some embodiments, the second anchor linker 17 comprises a reactive
molecule. In some embodiments, the second anchor linker 17 comprises a reactive molecule
comprising an amine, a thiol, a DBCO, a NHS ester, a maleimide, biotin, an azide, an acrydite,
a single stranded nucleic acid (e.g., RNA or DNA) of specific sequence, or a polymer (e.g.,
polyethylene glycol (PEG) or one or more polymerization initiators). In some embodiments,
the second anchor linker 17 comprises a DNA sequence domain. In some embodiments, the
anchor bridge 16 comprises a polymer. In some embodiments, the anchor bridge 16 comprises
a polymer that comprises a nucleic acid (DNA or RNA) of a specific sequence. In some
embodiments, the anchor bridge 16 comprises a polymer such as PEG. In some embodiments,
the first anchor linker 15 is attached to the anchor bridge 16 at a first terminal end thereof, and
the second anchor linker 17 is attached to the anchor bridge 16 at a second terminal end
thereof. In some embodiments, the first anchor linker 15 is attached to the anchor bridge 16 via
a chemical bond. In some embodiments, the second anchor linker 17 is attached to the anchor
bridge 16 via a physical attachment. In some embodiments, the first anchor linker 15 is
attached to the anchor bridge 16 via a chemical bond. In some embodiments, the second
anchor linker 17 is attached to the anchor bridge 16 via a physical attachment.

[00083] In some embodiments, the anchor barcode is linked to the core structure 13 through a
linkage between the first anchor linker 15 and the third core linker 14. In some embodiments,
as described herein, the third core linker 14 is disposed at a third location on the core structure
13. In some embodiments, the first anchor linker 15 and third core linker 14 are linked together
through a chemical bond. In some embodiments, the first anchor linker 15 and third core linker
14 are linked together through a covalent bond. In some embodiments, the first anchor linker

15 and third core linker 14 are linked together through hybridization between single stranded
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nucleic acids. In some embodiments, the linkage between the first anchor linker 15 and third
core linker 14 is reversible upon being subjected to a trigger. In some embodiments, the trigger
comprises interaction with a deconstructor molecule (“anchor deconstructor molecule”, e.g.,
reference character 32 in FIGS. 4,7) or exposure to a trigger signal. In some embodiments, the
anchor deconstructor molecule comprises a nucleic acid (DNA or RNA), a peptide, a small
organic molecule, or combinations thereof. In some embodiments the trigger signal comprises
an optical signal. In some embodiments, the trigger signal comprises an electrical signal,
microwave signal, ultraviolet illumination, visible illumination or near infra-red illumination.
[00084] In some embodiments, the anchor barcode is linked to the anchor molecule 18 through
a linkage between the second anchor linker 17 and the anchor molecule 18. As disclosed
herein, in some embodiments, the anchor molecule comprises a reactive molecule, a DNA
sequence domain, a DNA sequence domain comprising a reactive molecule, or combinations
thereof. In some embodiments, the DNA sequences domain of the second anchor linker 17 and
the anchor molecule 18 are complementary to each other. In some embodiments, the anchor
molecule 18 is bound to the second anchor linker 17 through a chemical bond. In some
embodiments, the anchor molecule 18 is bound to the second anchor linker 17 through a
covalent bond. In some embodiments, the second anchor linker 17 and the anchor molecule 18
are linked together through hybridization between single stranded nucleic acids. In some
embodiments, the linkage between the second anchor linker 17 and anchor molecule 18 is
reversible upon being subjected to a trigger. In some embodiments, the trigger comprises
interaction with a deconstructor molecule (“anchor barcode release molecule” e.g., reference
character 33 in FIGS. 4,7) or exposure to a trigger signal. In some embodiments, the anchor
barcode release molecule comprises a nucleic acid (DNA or RNA), a peptide, a small organic
molecule, or combinations thereof. In some embodiments the trigger signal comprises an
optical signal. In some embodiments, the trigger signal comprises an electrical signal,
microwave signal, ultraviolet illumination, visible illumination or near infra-red illumination.
[00085] In some embodiments, being subject to a trigger breaks the linkage between the first
anchor linker 15 and third core linker 14 only, thereby breaking the anchor molecule linkage
with the core structure 13 at the third location.

[00086] In some embodiments, the capture deconstructor molecule, capture barcode release
molecule, detector deconstructor molecule, and detector barcode release molecule comprise the
same type of molecule. In some embodiments, the capture deconstructor molecule, capture
barcode release molecule, detector deconstructor molecule, and detector barcode release

molecule comprise different types of molecules. In some embodiments, the capture
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deconstructor molecule, capture barcode release molecule, detector deconstructor molecule,
detector barcode release molecule, anchor deconstructor molecule, and anchor barcode release
molecule comprise the same type of molecules. In some embodiments, the capture
deconstructor molecule, capture barcode release molecule, detector deconstructor molecule,
detector barcode release molecule, anchor deconstructor molecule, and anchor barcode release
molecule comprise different types of molecules. In some embodiments, any combination of the
capture deconstructor molecule, capture barcode release molecule, detector deconstructor
molecule, detector barcode release molecule, anchor deconstructor molecule, and anchor

barcode release molecule comprise the same type of molecules.

Three arm nucleic acid junction based supramolecular structure

[00087] FIGS. 2-3 provides an exemplary depiction of a supramolecular structure 40
comprising a three arm nucleic acid junction and related subcomponents. FIG. 2 provides the
complete supramolecular structure, while FIG. 3 provides the subcomponents that make up the
supramolecular structure from FIG. 2. In some embodiments, the subcomponents of the
supramolecular structure comprises five (5) DNA strands (ref. characters 20-24), one (1) DNA
strand with a terminal modification 25, and two (2) antibodies (1,2) modified with a single
DNA linker 3,5. FIG. 4 provides an exemplary depiction of the respective deconstructor
molecules configured to cleave a respective subcomponent from the supramolecular structure
40 in FIG. 2. The references characters 1-18 in FIGS. 2-4 correspond to the respective
components as provided with the same reference characters in FIG. 1.

[00088] As shown in FIGS. 2-3, in some embodiments of a supramolecular structure, the core
structure comprises two strands, a first core strand 23 and a second core strand 24 that each
comprise partially complementary DNA sequence domains labelled A and A respectively in the
FIGS 2-4.

[00089] In some embodiments, the first core strand 23 of the core structure comprises a first
core linker 12 comprising a DNA sequence domain. In some embodiments, the first core strand
23 comprises the DNA sequence domain labelled as “A” in FIGS. 2-4, which is separated from
the first core linker 12 by an unstructured DNA region. In some embodiments, the unstructured
DNA region comprises a polymer spacer. In some embodiments, the polymer spacer comprises
a nucleic acid (DNA or RNA) of a specific sequence. In some embodiments, the polymer
spacer comprises a polymer such as PEG.

[00090] In some embodiments, the first core linker 12 is complementary to a first capture
linker 11 on the capture barcode strand 20. In some embodiments, the capture barcode strand

20 comprises a DNA strand comprising the first capture linker 11 and a second capture linker 6
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at either end of said capture barcode strand 20. In some embodiments, the first capture linker
11 comprises a DNA sequence domain. In some embodiments, the second capture linker 6
comprises a DNA sequence domain. In some embodiments, the capture barcode strand 20
further comprises a unique capture barcode sequence 7 in between the first and second capture
linkers 11, 6. In some embodiments, the unique capture barcode sequence 7 comprises a
nucleic acid (DNA or RNA) of a specific sequence. In some embodiments, the unique capture
barcode sequence 7 comprises a polymer such as PEG. In some embodiments, the capture
barcode 20 comprises a short domain called the toeholds (“TH”). In some embodiments, the
capture barcode sequence 7 comprises the toeholds (“TH”).
[00091] In some embodiments, the second capture linker 6 is complementary to a third capture
linker 5. In some embodiments, the third capture linker 5 is a DNA sequence domain. In some
embodiments, a capture molecule 2 is bound 27 to the third capture linker 5. In some
embodiments, the capture molecule 2 is covalently bound to the third capture linker 5. In some
embodiments, the capture molecule 2 is a capture antibody.
[00092] In some embodiments, the second core strand 24 of the core structure comprises a
second core linker 10 comprising a DNA sequence domain. In some embodiments, the second
core strand 24 comprises the DNA sequence domain labelled as “A” in FIGS. 2-4, which is
separated from the second core linker 10 by an unstructured DNA region. In some
embodiments, the unstructured DNA region comprises a polymer spacer. In some
embodiments, the polymer spacer comprises a nucleic acid (DNA or RNA) of a specific
sequence. In some embodiments, the polymer spacer comprises a polymer such as PEG. In
some embodiments, the second core strand 24 further comprises a third core linker 14 adjacent
to the sequence domain “A”. In some embodiments, the third core linker 14 comprises a DNA
sequence domain.
[00093] In some embodiments, the second core linker 10 is complementary to a first detector
linker 9 on the detector barcode strand 21. In some embodiments, the detector barcode strand
21 comprises a DNA strand comprising the first detector linker 9 and a second detector linker 4
at either end of the detector barcode section 21. In some embodiments, the first detector linker
9 comprises a DNA sequence domain. In some embodiments, the second detector linker 4
comprises a DNA sequence domain. In some embodiments, the detector barcode strand 21
further comprises a unique detector barcode sequence 8 in between the first and second
detector linkers 9, 4. In some embodiments, the unique detector barcode sequence 8 comprises
a nucleic acid (DNA or RNA) of a specific sequence. In some embodiments, the unique

detector barcode sequence 8 comprises a polymer such as PEG. In some embodiments, the
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detector barcode 21 comprises a short domain called the toeholds (“TH”). In some
embodiments, the detector barcode sequence 8 comprises the tocholds (“TH”).

[00094] In some embodiments, the second detector linker 4 is complementary to a third
detector linker 3. In some embodiments, the third detector linker 3 is a DNA sequence domain.
In some embodiments, a detector molecule 1 is bound 26 to the third detector linker 3. In some
embodiments, the detector molecule 1 is covalently bound to the third capture linker 3. In some
embodiments, the detector molecule 1 is a detector antibody.

[00095] In some embodiments, the third core linker 14 is complementary to a first anchor
linker 15 on the anchor barcode strand 22. In some embodiments, the anchor barcode strand 22
comprises a DNA strand comprising the first anchor linker 15 and a second anchor linker 17 at
either end of the anchor barcode section 22. In some embodiments, the first anchor linker 15
comprises a DNA sequence domain. In some embodiments, the second anchor linker 17
comprises a DNA sequence domain. In some embodiments, the anchor barcode strand 22
further comprises a unique anchor barcode sequence 16 in between the first and second anchor
linkers 15, 17. In some embodiments, the unique anchor barcode sequence 16 comprises a
nucleic acid (DNA or RNA) of a specific sequence. In some embodiments, the unique anchor
barcode sequence 16 comprises a polymer such as PEG. In some embodiments, the anchor
barcode 22 comprises a short domain called the toeholds (“TH”). In some embodiments, the
anchor barcode sequence 16 comprises the tocholds (“TH”).

[00096] In some embodiments, the second anchor linker 17 is complementary to the anchor
molecule 18. In some embodiments, the anchor molecule 18 comprises a DNA sequence
domain. In some embodiments, the anchor molecule 18 is linked 25 to a terminal modification
34. In some embodiments, the terminal modification 34 comprises a reactive molecule. In some
embodiments, the terminal modification 34 comprises a reactive molecule. In some
embodiments, the terminal modification 34 comprises a reactive molecule comprising an
amine, a thiol, a DBCO, a NHS ester, a maleimide, biotin, an azide, an acrydite, a single
stranded nucleic acid (e.g., RNA or DNA) of specific sequence, or a polymer (e.g.,
polyethylene glycol (PEG) or one or more polymerization initiators).

[00097] FIG. 4 provides an exemplary embodiment of deconstructor molecules that may be
used to trigger different reactions on the supramolecular structure 40. In some embodiments, a
detector deconstructor molecule 28 comprises of a TH’ domain, whose sequence is
complementary to the TH domain on the detector barcode 21 and the second core linker 10
(e.g., a DNA sequence domain) on the second core strand 24. In some embodiments, the

detector deconstructor molecule 28 is configured to cleave the link between the detector
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barcode 21 and the core structure (e.g., the second core strand 24). In some embodiments, a
detector barcode release molecule 29 comprises of a TH’ domain, whose sequence is
complementary to the TH domain on the detector barcode 21 and the third detector linker 3
(e.g., a DNA sequence domain). In some embodiments, the detector barcode release molecule
28 is configured to cleave the link between the detector barcode 21 and the detector molecule 1.
[00098] In some embodiments, a capture deconstructor molecule 30 comprises a TH’ domain,
whose sequence is complementary to the TH domain on the capture barcode 20 and the first
core linker 12 (e.g., a DNA sequence domain) on the first core strand 23. In some
embodiments, a capture deconstructor molecule 30 is configured to cleave the link between the
capture barcode 20 and the core structure (e.g., the first core strand 23). In some embodiments,
a capture barcode release molecule 31 comprises a TH” domain, whose sequence is
complementary to the TH domain on the capture barcode 20, and the third capture linker 5
(e.g., a DNA sequence domain). In some embodiments, the capture barcode release molecule
31 is configured to cleave the link between the capture barcode 20 and the capture molecule 2.
[00099] In some embodiments, an anchor deconstructor molecule 32 comprises a TH’ domain,
whose sequence is complementary to the TH domain on the anchor barcode 22 and third core
linker 14 (e.g., a DNA sequence domain) on the second core strand. In some embodiments, the
anchor deconstructor molecule 32 is configured to cleave the link between the anchor barcode
22 and the core structure (e.g., the second core strand 24). In some embodiments, an anchor
barcode release molecule 33 comprises a “TH’” domain, whose sequence is complementary to
the “TH” domain on the anchor barcode 22 and the anchor molecule 18 (e.g., a DNA sequence
domain). In some embodiments, the anchor barcode release molecule 33 is configured to cleave
the link between the anchor barcode 22 and the anchor molecule 18.

[000100] In some embodiments, each of the different DNA domain sequences (reference
character 1,2,3,4,5,6,7,8,9,10, 11, 12,13, 14, 15, A, A, TH, Capture Barcode 20, Detector
Barcode 21 and Anchor barcode 22) independently comprise nucleic acid sequences from

about 2 nucleotides to about 80 nucleotides.

DNA origami based supramolecular structure

[000101]FIGS. 5-6 provides an exemplary depiction of a supramolecular structure 40
comprising a DNA origami and related subcomponents. FIG. 5 provides the complete
supramolecular structure, while FIG. 6 provides the subcomponents that make up the
supramolecular structure from FIG. 5. In some embodiments, the subcomponents of the
supramolecular structure comprises a DNA origami 13 as a core structure, three (3) DNA

strands (ref. characters 20-22), one (1) DNA strand with a terminal modification 25, and two
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(2) antibodies (1,2) modified with a single DNA linker 3,5. FIG. 6 provides an exemplary
depiction of the respective deconstructor molecules configured to cleave a respective
subcomponent from the supramolecular structure 40 in FIG. 5. The references characters 1-18
in FIGS. 5-7 correspond to the respective components as provided with the same reference
characters in FIG. 1.

[000102] In some embodiments, the core structure 13 comprises a scaffolded DNA origami,
wherein a circular ssDNA molecule, called “scaffold” strand, is folded into a predefined 2D or
3D shape by interacting with 2 or more short ssDNA, called “staple” strands, which interact
with specific sub-sections of the ssDNA “scaffold” strand.

[000103] As shown in FIGS. 5-6, in some embodiments of a supramolecular structure, the core
structure 13 comprises a DNA origami. In some embodiments, the core structure 13 comprises
a first core linker 12 comprising a DNA sequence domain. In some embodiments, the first core
linker 12 is complementary to a first capture linker 11 on the capture barcode strand 20. In
some embodiments, the capture barcode strand 20 comprises a DNA strand comprising the first
capture linker 11 and a second capture linker 6 at either end of said capture barcode strand 20.
In some embodiments, the first capture linker 11 comprises a DNA sequence domain. In some
embodiments, the second capture linker 6 comprises a DNA sequence domain. In some
embodiments, the capture barcode strand 20 further comprises a unique capture barcode
sequence 7 in between the first and second capture linkers 11, 6. In some embodiments, the
unique capture barcode sequence 7 comprises a nucleic acid (DNA or RNA) of a specific
sequence. In some embodiments, the unique capture barcode sequence 7 comprises a polymer
such as PEG. In some embodiments, the capture barcode 20 comprises a short domain called
the toeholds (“TH”). In some embodiments, the capture barcode sequence 7 comprises the
tocholds (“TH”).

[000104] In some embodiments, the second capture linker 6 is complementary to a third capture
linker 5. In some embodiments, the third capture linker 5 is a DNA sequence domain. In some
embodiments, a capture molecule 2 is bound 27 to the third capture linker 5. In some
embodiments, the capture molecule 2 is covalently bound to the third capture linker 5. In some
embodiments, the capture molecule 2 is a capture antibody.

[000105] In some embodiments, the core structure 13 comprises a second core linker 10
comprising a DNA sequence domain. In some embodiments, the second core linker 10 is
complementary to a first detector linker 9 on the detector barcode strand 21. In some
embodiments, the detector barcode strand 21 comprises a DNA strand comprising the first

detector linker 9 and a second detector linker 4 at either end of the detector barcode section 21.
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In some embodiments, the first detector linker 9 comprises a DNA sequence domain. In some
embodiments, the second detector linker 4 comprises a DNA sequence domain. In some
embodiments, the detector barcode strand 21 further comprises a unique detector barcode
sequence 8 in between the first and second detector linkers 9, 4. In some embodiments, the
unique detector barcode sequence 8 comprises a nucleic acid (DNA or RNA) of a specific
sequence. In some embodiments, the unique detector barcode sequence 8 comprises a polymer
such as PEG. In some embodiments, the detector barcode 21 comprises a short domain called
the toeholds (“TH”). In some embodiments, the unique detector barcode sequence 8 comprises
the toeholds (“TH”).
[000106] In some embodiments, the second detector linker 4 is complementary to a third
detector linker 3. In some embodiments, the third detector linker 3 is a DNA sequence domain.
In some embodiments, a detector molecule 1 is bound 26 to the third detector linker 3. In some
embodiments, the detector molecule 1 is covalently bound to the third capture linker 3. In some
embodiments, the detector molecule 1 is a detector antibody.
[000107]In some embodiments, the core structure 13 comprises a third core linker 14 that
comprises a DNA sequence domain. In some embodiments, the third core linker 14 is
complementary to a first anchor linker 15 on the anchor barcode strand 22. In some
embodiments, the anchor barcode strand 22 comprises a DNA strand comprising the first
anchor linker 15 and a second anchor linker 17 at either end of the anchor barcode section 22.
In some embodiments, the first anchor linker 15 comprises a DNA sequence domain. In some
embodiments, the second anchor linker 17 comprises a DNA sequence domain. In some
embodiments, the anchor barcode strand 22 further comprises a unique anchor barcode
sequence 16 in between the first and second anchor linkers 15, 17. In some embodiments, the
unique detector barcode sequence 16 comprises a nucleic acid (DNA or RNA) of a specific
sequence. In some embodiments, the unique detector barcode sequence 16 comprises a polymer
such as PEG. In some embodiments, the anchor barcode 22 comprises a short domain called the
toeholds (“TH”). In some embodiments, the anchor barcode sequence 16 comprises the
tocholds (“TH”).
[000108] In some embodiments, the second anchor linker 17 is complementary to the anchor
molecule 18. In some embodiments, the anchor molecule 18 comprises a DNA sequence
domain. In some embodiments, the anchor molecule 18 is linked 25 to a terminal modification
34. In some embodiments, the terminal modification 34 comprises a reactive molecule. In some
embodiments, the terminal modification 34 comprises a reactive molecule comprising an

amine, a thiol, a DBCO, a NHS ester, a maleimide, biotin, an azide, an acrydite, a single
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stranded nucleic acid (e.g., RNA or DNA) of specific sequence, or a polymer (e.g.,
polyethylene glycol (PEG) or one or more polymerization initiators).

[000109]FIG. 6 provides an exemplary embodiment of deconstructor molecules that may be
used to trigger different reactions on the supramolecular structure 40. In some embodiments, a
detector deconstructor molecule 28 comprises of a TH’ domain, whose sequence is
complementary to the TH domain on the detector barcode 21 and the second core linker 10
(e.g., a DNA sequence domain) on the core nanostructure 13. In some embodiments, the
detector deconstructor molecule 28 is configured to cleave the link between the detector
barcode 21 and the core structure 13. In some embodiments, a detector barcode release
molecule 29 comprises of a TH” domain, whose sequence is complementary to the TH domain
on the detector barcode 21 and the third detector linker 3 (e.g., a DNA sequence domain). In
some embodiments, the detector barcode release molecule 28 is configured to cleave the link
between the detector barcode 21 and the detector molecule 1.

[000110]In some embodiments, a capture deconstructor molecule 30 comprises a TH’ domain,
whose sequence is complementary to the TH domain on the capture barcode 20 and the first
core linker 12 (e.g., a DNA sequence domain) on the core nanostructure 13. In some
embodiments, a capture deconstructor molecule 30 is configured to cleave the link between the
capture barcode 20 and the core structure 13. In some embodiments, a capture barcode release
molecule 31 comprises a TH” domain, whose sequence is complementary to the TH domain on
the capture barcode 20, and the third capture linker 5 (e.g., a DNA sequence domain). In some
embodiments, the capture barcode release molecule 31 is configured to cleave the link between
the capture barcode 20 and the capture molecule 2.

[000111]In some embodiments, an anchor deconstructor molecule 32 comprises a TH’ domain,
whose sequence is complementary to the TH domain on the anchor barcode 22 and third core
linker 14 (e.g., a DNA sequence domain) on the core nanostructure 13. In some embodiments,
the anchor deconstructor molecule 32 is configured to cleave the link between the anchor
barcode 22 and the core structure 13. In some embodiments, an anchor barcode release
molecule 33 comprises a TH” domain, whose sequence is complementary to the TH domain on
the anchor barcode 22 and the anchor molecule 18 (e.g., a DNA sequence domain). In some
embodiments, the anchor barcode release molecule 33 is configured to cleave the link between

the anchor barcode 22 and the anchor molecule 18.

Stable and Unstable State of Supramolecular Structure
[000112]In some embodiments, the supramolecular structure comprises one or more stable

state configurations. In some embodiments, the supramolecular structure comprises one or
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more unstable state configurations. In some embodiments, the supramolecular structure
comprises a bi-stable configuration having a stable state configuration and an unstable state
configuration. In some embodiments, the two states, stable and unstable are defined based on
the ability of an individual supramolecular structure to remain structurally intact when
subjected to a unique molecule (e.g., a deconstructor molecule) and/or a trigger signal. In some
embodiments, when the supramolecular structure is in the stable state, then all the different
components that are part of the supramolecular structure remain physically connected to each
other even after being exposed to the deconstructor molecule and/or trigger signal. In some
embodiments, when the supramolecular structure is in the unstable state, then the exposure to
the deconstructor molecule and/or trigger signal leads to a defined section (e.g., one or more
subcomponents) of the supramolecular structure being physically cleaved, i.e. unbound
(separated) from the supramolecular structure. In some embodiments, the supramolecular
structure is configured to shift from a stable state to an unstable state upon interaction with an
analyte molecule (as described herein). In some embodiments, the supramolecular structure is
configured to shift from a unstable state to a stable state upon interaction with an analyte
molecule (as described herein). In some embodiment, the analyte molecule that triggers the
state change of the supramolecular structure comprises a protein, clusters of proteins, peptide
fragments, cluster of peptide fragments, DNA, RNA, DNA nanostructure, RNA nanostructures,
lipids, an organic molecule, an inorganic molecule, or any combination thereof.

[000113]In some embodiments, a supramolecular structure in an unstable state configuration
comprises a physical state wherein a linkage between the core structure 13 and a capture
molecule 2 may be cleaved such that the capture molecule 2 is unbound from the core
nanostructure 13. In some embodiments, the unstable state configuration comprises a physical
state wherein a linkage between the core nanostructure 13 and a detector molecule 1 may be
cleaved such that the detector molecule 1 is unbound from the core nanostructure 13. In some
embodiments, the unstable state configuration comprises a physical state wherein a linkage
between the core nanostructure 13 and a capture molecule 2 and a linkage between the core
nanostructure 13 and a detector molecule 1 may be cleaved such that the capture molecule 2
and detector molecule 1 are unbound from the core nanostructure 13. In some embodiments,
the linkage between the core nanostructure 13 and 1) the capture molecule 2, 2) the detector
molecule 1, or 3) both, are cleaved upon being subjected to a trigger (e.g., a deconstructor
molecule as described herein or trigger signal as described herein). FIG. 8 provides an
exemplary depiction of a supramolecular structure 40 in an unstable state, wherein the detector

molecule 1 is initially bound to the core structure 13 via a linkage with the detector barcode 21.
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With continued reference to FIG. 8, interaction with a deconstructor molecule 42 (e.g., detector
deconstructor molecule 28) subsequently cleaves the linkage between the detector barcode 21
and core structure 13, such that the detector molecule 1 is unbound from the core nanostructure
13. In some embodiments, in the unstable state, the capture molecule 2 and detector molecule
1 on the core nanostructure 13 are freely diffusing with respect to each other, constrained only
by the physical configuration of the core nanostructure 13.

[000114]In some embodiments, the stable state configuration comprises a physical state
wherein the capture molecule 2 remains bound to the core nanostructure 13 upon cleavage of a
linkage between the core structure 13 and the capture molecule 2. In some embodiments, the
stable state configuration comprises a physical state wherein the detector molecule 1 remains
bound to the core structure 13 upon cleavage of a linkage between the core nanostructure 13
and the detector molecule 1. In some embodiments, the stable state configuration comprises a
physical state wherein the capture molecule 2 and detector molecule 1 are proximally
positioned with respect to each other. In some embodiments, the detector molecule 1 and
capture molecule 2 are proximally positioned with respect to each other with, or without,
explicit bond formation between each other. In some embodiments, the detector 1 and capture 2
molecules are linked to each other. In some embodiments, the detector 1 and capture 2
molecules are linked to each other through a chemical bond. In some embodiments, the
detector 1 and capture 2 molecules are linked together through a linkage with another molecule
located between the capture and detector molecules (e.g., a sandwich formation). In some
embodiments, the detector and capture molecules are linked together through linkage with an
analyte molecule 44 from a sample (as described herein). FIG. 9 provides an exemplary
depiction of a supramolecular structure 40 in a stable state, wherein the capture molecule 2 is
linked to the detector molecule 1 through linkage with an analyte molecule 44. With continued
reference to FIG. 9, interaction with a deconstructor molecule 42 cleaves the linkage between
the detector molecule 1 and core structure 13, but the detector molecule 1 remains bound to the
core nanostructure 13 through the linkage with the capture molecule 2. As described further
herein, in some embodiments, a capture and/or detector molecule is configured to form a
linkage with one or more specific types of analyte molecule from the sample. In some
embodiments, interaction with the deconstructor molecule and/or trigger signal does not cleave
the linkage between the capture and detector molecules.

[000115]FIG. 10 provides an exemplary embodiment of a supramolecular structure shifting
from an unstable state to a stable state. As described herein, a supramolecular structure 40 in an

unstable state configuration will be separated from a detector molecule 1 (the detector molecule
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will be unbound from the supramolecular structure) upon interaction with a corresponding
deconstructor molecule 42 (e.g., detector deconstructor molecule 28) and/or a trigger signal.
With continued reference to FIG. 10, in some embodiments, interaction with an analyte
molecule 44 from a sample binds the capture molecule and detector molecule together with the
analyte molecule located therebetween (e.g., a sandwich formation), thereby shifting the
supramolecular structure 40 from an unstable state to a stable state. In some embodiments, the
analyte molecule 44 comprises a single molecule. In some embodiments, the analyte molecule
instead comprises a plurality of analyte molecules. In some embodiments, the analyte molecule
instead comprises a molecular cluster. In some embodiments, as described herein and shown in
FIG. 10, with the supramolecular structure in a stable state, interaction with a corresponding
deconstructor molecule cleaves the linkage between the core structure 13 and the detector
barcode 21, wherein the detector molecule 1 remains linked to the core structure 13 through the
linkage with the capture molecule 2 and analyte molecule 44.

[000116] FIG. 11 provides an exemplary embodiment of a supramolecular structure 40 shifting
from a stable state to an unstable state. As described herein, the supramolecular structure 40 is
in a stable state configuration wherein the detector molecule 1 will remain linked to the core
structure 13 upon interaction with a corresponding deconstructor molecule and/or trigger
signal, due to the detector molecule 1 being linked to the capture molecule 2. With continued
reference to FIG. 11, in some embodiments, interaction with an analyte molecule 44 from the
sample cleaves the linkage between the capture molecule 2 and detector molecule 1, such that
the analyte molecule 44 is bound to the capture molecule 1 only, thereby moving the
supramolecular structure to an unstable state wherein the detector molecule 1 is bound to the
core nanostructure 13 only through the linkage with the detector barcode 21. In some
embodiments, the analyte molecule 44 comprises a single molecule. In some embodiments, the
analyte molecule instead comprises a plurality of analyte molecules. In some embodiments, the
analyte molecule instead comprises a molecular cluster. In some embodiments, as described
herein and shown in FIG. 11, with the supramolecular structure in an unstable state, interaction
with a corresponding deconstructor molecule 42 cleaves the linkage between the core structure
13 and the detector barcode 21, such that the detector molecule 1 is unbound (separated) from
the core structure 13.

[000117]In some embodiments, the supramolecular structure 40 moves from a stable state to an
unstable state upon interaction with an analyte molecule 44 that cleaves the linkage between a
capture molecule 2 and detector molecule 1, wherein the analyte molecule 44 binds with the

detector molecule 1. The capture molecule 2 is thereby unbound from the core structure 13
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upon interaction with a corresponding destructor molecule 42 (e.g., capture deconstructor

molecule 30).

Methods for Detecting Analyte Molecules

[000118] As described herein, in some embodiments, one or more supramolecular structures
enable the detection of one or more analyte molecules in a sample. In some embodiments, the
supramolecular structure converts information about the presence of a given analyte molecule
in a sample to a DNA signal. In some embodiments, the DNA signal corresponds to a capture
barcode or detector barcode located on a supramolecular structure, wherein the capture
molecule and detector molecule are simultaneously linked to the analyte molecule (e.g.,
sandwich formation). In some embodiments, capture and/or detector barcodes located on any
unstable supramolecular structures are unbound therefrom using a trigger, such as a
deconstructor molecule and/or a trigger signal. In some embodiments, the DNA signal is
sequenced accordingly, and subsequently identified and correlated with the specific analyte
molecule.

[000119]In some embodiments, detecting the presence of an analyte molecule, as described
herein, comprises controllably releasing a single, or multiple, unique nucleic acid molecules
into the solution to be used to identify as well as quantify properties of the analyte molecule
from the sample that triggered the state change of the supramolecular structure. In some
embodiments, said unique nucleic acid molecules are provided by capture barcodes and/or
detector barcodes of the respective supramolecular structures. In some embodiments, detecting
the presence of an analyte molecule, as described herein, comprises creating an optical or
electrical signal connected to the state change that can be counted to quantify the concentration
of the analyte molecule in solution. In some embodiments, the optical signal is generated by a
DNA strand tagged with fluorescent labels. For example, in some embodiments, the optical
signal comprises fluorescent emission. In some embodiments, the electrical signal is generated
by a DNA strand with a signaling molecule, for instance methylene blue.

[000120] In some embodiments, a plurality of analyte molecules is simultaneously detected in a
sample through multiplexing, wherein a plurality of supramolecular structures provides a
plurality of signals (e.g., detector barcode, capture barcode) for sequencing and analyte
identification. In some embodiments, methods described herein for detecting analytes in a
sample provide a high-throughput and high-multiplexing capability by using a plurality of
supramolecular structures. In some embodiments, the high-throughput and high-multiplexing
capability provides high accuracy for analyte molecule detection and quantification. In some

embodiments, methods described herein for detecting analytes in a sample are configured to
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characterize and/or identify biopolymers, including proteins molecules, quickly and at high
sensitivity and reproducibility. In some embodiments, the plurality of supramolecular
structures is configured to limit cross-reactivity associated errors. In some embodiments, such
cross-reactivity associated errors comprise capture and/or detector molecules of a
supramolecular structure interacting with capture and/or detector molecules of another
supramolecular structure (e.g., intermolecular interactions). In some embodiments, each core
structure of the plurality of supramolecular structures is identical to one another. In some
embodiments, the structural, chemical, and physical property of each supramolecular structure
is explicitly designed. In some embodiments, identical core structures have a prescribed shape,
size, molecular weight, prescribed number of capture and detector molecules, predetermined
distance between corresponding capture and detector molecules (as described herein),
prescribed stoichiometry between corresponding capture and detector molecules, or
combinations thereof, so as to limit the cross-reactivity between supramolecular structures. In
some embodiments, the molecular weight of every core structure is identical and precise up to
the purity of the core molecules. In some embodiments, each core structure has at least one
capture molecule and at least one corresponding detector molecule.

[000121]In some embodiments, the plurality of supramolecular structures independently
interacts with different analyte molecules from a sample since the state change (from unstable
to stable) is driven primarily by intramolecular interaction (capture and detector molecules on
the same supramolecular structure). In some embodiments, the plurality of supramolecular
structures might share structural similarities due to certain subcomponents being the same,
however the interaction between an analyte molecule from the sample and supramolecular
structure is defined by the corresponding capture molecule and detector molecule. In some
embodiments, each pair of detector and capture molecules on a given supramolecular structure
may specifically interact with a particular analyte molecule in the sample, leading to a state
change of supramolecular structure upon interacting with the particular analyte molecule. In
some embodiments, each supramolecular structure comprises unique DNA barcodes
corresponding to the respective pair of detector and capture molecules. In some embodiments, a
pair of detector and capture molecules on a given supramolecular structure is designed to
interact with more than one analyte molecule in the sample.

[000122] In some embodiments, each supramolecular structure is configured for single-
molecule sensitivity to ensure the highest possible dynamic range needed to quantitatively
capture the wide range of molecular concentrations within a typical complex biological sample.

In some embodiments, single-molecule sensitivity comprises the capture and detector
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molecules of a given supramolecular structure configured to shift from an unstable state to a
stable state (or vice versa) through binding with a single analyte molecule. In some
embodiments, the plurality of supramolecular structures limit or eliminate the manipulation of
the sample needed to reduce non-specific interaction as well as any user induced errors.
[000123] In some embodiments, the plurality of supramolecular structures is provided in a
solution. In some embodiments, the plurality of supramolecular structures is attached to one or
more substrates. In some embodiments, the plurality of supramolecular structures is attached to
one or more widgets. In some embodiments, the plurality of supramolecular structures is
attached to one or more solid substrates, one or more polymer matrices, one or more molecular
condensates, or combinations thereof. In some embodiments, the one or more polymer matrices
comprises one or more hydrogel particles. In some embodiments, the one or more polymer
matrices comprises one or more hydrogel beads. In some embodiments, the one or more solid
substrates comprises one or more planar substrates. In some embodiments, the one or more
solid substrates comprises one or more microbeads. In some embodiments, the one or more
solid substrates comprises one or more microparticles.

[000124]FIG. 12 provides an exemplary method for detecting one or more analyte molecules in
a sample using one or more supramolecular structures. In some embodiments, the sample,
comprising one or more analytes (e.g., analyte pool 102) is contacted with the one or more
supramolecular structures 40 (e.g., supramolecular structure pool 100). In some embodiments,
the supramolecular structures are attached to a plurality of widgets. In some embodiments, as
described herein, the plurality of supramolecular structures is provided as being attached to one
or more solid substrates, one or more polymer matrices, one or more molecular condensates, or
combinations thereof. FIGS. 13-14 provide examples of supramolecular structures attached to a
hydrogel bead (e.g., supramolecular structures embedded within a hydrogel bead). FIG. 15
provides an example of supramolecular structures attached to a solid substrate, e.g., a
microparticle . In some embodiments, the sample comprises an aqueous solution, and is mixed
with the supramolecular structures to form a combined solution. In some embodiments,
contacting the sample with the supramolecular structures comprises incubating the sample with
the supramolecular structures. In some embodiments, the sample and supramolecular structures
are incubated in an incubator with prescribed environmental conditions. In some embodiments,
the sample is incubated with the supramolecular structures for a time period from about 30
seconds to about 24 hours. In some embodiments, the sample is incubated with the
supramolecular structures for a time period from about 30 seconds to about 1 minute, from

about 1 minute to about 5 minutes, from about 5 minutes to about 30 minutes, from about 30
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minutes to about 1 hr, from about 1hr to about 5 hours, from about 5 hours to about 12 hours,
from about 12 hours to about 24 hours, or from about 24 hours to about 48 hours.

[000125] With continued reference to FIG. 12, in some embodiments, the supramolecular
structures are all in an unstable state (as shown with reference character 100). In some
embodiments, and as described herein, interaction between an analyte molecule and
corresponding capture 2 and detector 1 molecules shifts a respective supramolecular structure
from an unstable state to a stable state (e.g., a sandwich formation with the capture molecule,
analyte molecule, and detector molecule as shown with reference character 104). In some
embodiments, a particular type of analyte molecule will bind with a particular pair of capture
and detector molecules. In some embodiments, a given pair of capture and detector molecules
are configured to bind with more than one type of analyte molecule. In some embodiments, the
switching from an unstable state to a stable state for any given supramolecular structure is
dependent on the specific capture and detector molecules bound thereto and the analyte
molecules in the sample. In some embodiments, given that the state-change of the
supramolecular structure is primarily dependent on the intra-molecular interactions
(components located on the supramolecular structure), potential inter-molecular interactions
between two different supramolecular structures are minimized or eliminated by limiting the
net concentration of the supramolecular structures in the combined solution, such that the mean
distance between any two supramolecular structures is larger than maximum intramolecular
distance between a pair of capture and detector molecules on a given supramolecular structure.
[000126] As seen in FIG. 12, reference character 104, after contacting the sample, at least one
of the supramolecular structures shifted to a stable state through interaction with an analyte
molecule (e.g., sandwich formation wherein the capture molecule, analyte molecule and
detector molecule are simultaneously linked together), while at least one of the supramolecular
structures remained in an unstable state as the respective capture and detector molecules did not
bind or interact with an analyte molecule from the sample.

[000127] After the sample has been contacted with the supramolecular structures for a
prescribed amount of time, the combined solution of the sample and supramolecular structures,
as shown in FIG. 12, is subjected to a trigger so as to cleave a linkage between the detector
molecule and the core structure (reference character 106). In some embodiments, the trigger
comprises introducing a solution comprising one or more deconstructor molecules (e.g.,
detector deconstructor molecule, reference character 28 from FIGS. 4,7) to the combined
solution. In some embodiments, the trigger comprises subjecting the combined solution to a

trigger signal. In some embodiments, the trigger comprises a combination of introducing a
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deconstructor molecule in the combined solution and subjecting the combined solution to a
trigger signal. In some embodiments, as described herein, the deconstructor molecule
comprises a nucleic acid (DNA or RNA), a peptide, a small organic molecule, or combinations
thereof. In some embodiments, as described herein, the trigger signal comprises an electrical
signal, microwave signal, ultraviolet illumination, visible illumination or near infra-red
illumination. In some embodiments, the combined solution is subjected to the trigger for a
prescribed amount of time. In some embodiments, the combined solution is incubated with one
or more deconstructor molecules for a prescribed amount of time. In some embodiments, the
combined solution is incubated with the deconstructor molecules for a time period from about
30 seconds to about 24 hours. In some embodiments, the combined solution is incubated with
the deconstructor molecules for a time period from about 30 seconds to about 1 minute, from
about 1 minute to about 5 minutes, from about 5 minutes to about 30 minutes, from about 30
minutes to about 1 hr, from about 1hr to about 5 hours, from about 5 hours to about 12 hours,
from about 12 hours to about 24 hours, or from about 24 hours to about 48 hours.

[000128] As shown in FIG. 12 reference character 106, in some embodiments, subjecting the
combined solution to the trigger cleaves a linkage between the detector molecule and core
structure of a supramolecular structure, such as the linkage between a detector barcode (e.g.,
reference character 21 from FIG. 1) and the core structure 13. In some embodiments, the
cleavage 1s achieved through nucleic acid (DNA/RNA) strand displacement, optical cleavage,
chemical cleavage, another technique known in the art, or combinations thereof. For
supramolecular structures that shifted to a stable state, the detector molecule 1 is shown as
remaining to be linked to the core structure 13 via linkage with the corresponding capture
molecule 2. For supramolecular structures that remained in an unstable state, the detector
molecule is shown as being unbound 112 from the respective supramolecular structure. In some
embodiments, the unbound detector molecules 1 remain linked to the respective detector
barcodes 21.

[000129] As used herein, the term “strand displacement” refers to a molecular tool to exchange
one strand of DNA or RNA (output) with another strand (input). It is based on the hybridization
of two complementary strands of DNA or RNA. It starts with a double-stranded DNA complex
composed of the original strand and the protector strand. The original strand has an
overhanging region the so-called “tochold” (TH) which is complementary to a third strand of
DNA referred to as the “invading strand”. Accordingly, for example, the invading strand is a
sequence of single-stranded DNA (ssDNA) which is complementary to the original strand. The

toehold regions initiate the process by allowing the complementary invading strand to
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hybridize with the original strand, creating a DNA complex composed of three strands of DNA.
After the binding of the invading strand and the original strand occurred, branch migration of
the invading domain then allows the displacement of the initial hybridized strand.

[000130] In some embodiments, the unbound detector molecules 1 (and corresponding detector
barcode 21) are further separated from the combined solution. In some embodiments, the
unbound detector molecules are separated from the combined solution through polyethylene
glycol (PEG) precipitation. In some embodiments, the unbound detector molecules are
separated from the combined solution by binding each core structure in the combined solution
to microbeads, a solid support and/or magnetic beads through a corresponding anchor molecule
on the respective core structure, followed by separation of the unbound detector molecules
through centrifugation, micron filtration, chromatography or combinations thereof.

[000131]In some embodiments, after the unbound detector molecules have been separated
from the combined solution, the detector barcodes 21 are cleaved from the corresponding
detector molecules that are linked to a respective capture molecule (e.g., as located on a
supramolecular structure that shifted to a stable state). In some embodiments, the detector
barcodes 21 are cleaved from the corresponding detector molecules through nucleic acid
(DNA/RNA) strand displacement, optical cleavage, chemical cleavage, or a combination
thereof. In some embodiments, the detector barcodes are cleaved from the corresponding
detector molecules by being subject to a trigger. In some embodiments, as described herein, the
trigger comprises a deconstructor molecule, a trigger signal, or combinations thereof. In some
embodiments, the deconstructor molecule comprises a detector barcode release molecule (e.g.,
reference character 29 from FIGS. 4 and 7).

[000132] In some embodiments, the cleaved detector barcodes 21 are isolated (reference
character 108 FIG. 12) from the solution comprising the supramolecular structures. In some
embodiments, the cleaved detector barcodes 21 are isolated from the solution through
polyethylene glycol (PEG) precipitation. In some embodiments, the cleaved detector barcodes
21 are isolated from the solution by binding the core structures in the solution to microbeads,
solid support and/or magnetic beads through a corresponding anchor molecule on the
respective core structure, followed by isolation of the cleaved detector barcodes through
centrifugation, micron filtration, chromatography or combinations thereof.

[000133] In some embodiments, the cleaved detector barcodes provide a signal that correlates
to the respective analyte molecule bound to the respective detector molecule. In some
embodiments, as described herein, the detector barcode comprises a DNA strand. In some

embodiments, the detector barcode provides a DNA signal correlating to the analyte molecule.

48-



WO 2022/060728 PCT/US2021/050262
In some embodiments, as depicted in FIG. 12 reference character 110, the isolated detector
barcodes 21 are analyzed to identify and/or quantify the corresponding analyte molecules in the
sample. In some embodiments the analysis of the isolated detector barcodes comprises
genotyping, qPCR, sequencing, or combinations thereof.
[000134] In some embodiments, the method for detecting analyte molecules as depicted in FIG.
12 comprises cleaving the capture barcode 20 from a corresponding capture molecules that are
linked to a respective detector molecule (e.g., as located on a supramolecular structure that
shifted to a stable state). In some embodiments, the capture barcodes 20 are cleaved from the
corresponding detector molecules through nucleic acid (DNA/RNA) strand displacement,
optical cleavage, chemical cleavage, or a combination thereof. In some embodiments, the
detector barcodes are cleaved from the corresponding detector molecules by being subject to a
trigger. In some embodiments, as described herein, the trigger comprises a deconstructor
molecule, a trigger signal, or combinations thereof. In some embodiments, the deconstructor
molecule comprises a capture barcode release molecule (e.g., reference character 31 from
FIGS. 4 and 7).
[000135] In some embodiments, the cleaved capture barcodes 20 are isolated (reference
character 108 FIG. 12) from the solution comprising the supramolecular structures. In some
embodiments, the cleaved capture barcodes 20 are isolated from the solution through
polyethylene glycol (PEG) precipitation. In some embodiments, the cleaved capture barcodes
20 are isolated from the solution by binding the core structures in the solution to microbeads,
solid support and/or magnetic beads through a corresponding anchor molecule on the
respective core structure, followed by isolation of the cleaved capture barcodes through
centrifugation, micron filtration, chromatography or combinations thereof.
[000136] In some embodiments, the cleaved capture barcodes provide a signal that correlates to
the respective analyte molecule bound to the respective detector molecule. In some
embodiments, as described herein, the capture barcode comprises a DNA strand. In some
embodiments, the capture barcode provides a DNA signal correlating to the analyte molecule.
In some embodiments, as depicted in FIG. 12 reference character 110, the isolated capture
barcodes 21 are analyzed to identify and/or quantify the corresponding analyte molecules in the
sample. In some embodiments the analysis of the isolated capture barcodes comprises

genotyping, qPCR, sequencing, or combinations thereof.

Supramolecular structures provided with hydrogel beads or solid substrate
[000137] As described herein, in some embodiments, one or more supramolecular structures are

provided with one or more hydrogel beads and/or one or more solid substrates. In some
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embodiments, the hydrogel bead comprises one or more supramolecular structures polymerized
to a hydrogel matrix. FIG. 13 provides an exemplary embodiment for forming a hydrogel bead
120, wherein in addition to combining one or more monomers 122 and one or more
crosslinking molecules 124 to form a hydrogel, one or more supramolecular structures 40 are
introduced. In some embodiments, the one or more supramolecular structures 40 co-
polymerizes with the hydrogel matrix, forming the hydrogel bead 120. In some embodiments,
hydrogel bead 120 comprises the one or more supramolecular structures attached to the
hydrogel matrix. In some embodiments, the hydrogel bead 120 comprises the one or more
supramolecular structures embedded within the hydrogel matrix. In some embodiments, each
respective anchor molecule 18 of the one or more supramolecular structures 40 co-polymerizes
with the hydrogel matrix 120. In some embodiments, the one or more monomers 122 comprise
an acrylamide. In some embodiments, the one or more cross-linkers 124 comprise a bis-
acrylamide. In some embodiments, each hydrogel bead is formed using microfabrication tools.
In some embodiments, each hydrogel bead is formed using emulsion polymerization. FIG. 14
provides an exemplary embodiment for forming a hydrogel bead 120, which comprises
trapping 126 one or more monomers, one or more crosslinkers, and one or more
supramolecular structures 40 within a droplet. In some embodiments, the droplet is an oil
droplet. In some embodiments, the droplet dimension are specified. In some embodiments,
polymerization occurs within the droplet thereby forming the one or more hydrogel beads 120.
In some embodiments, polymerization occurs through interaction with an initiator and/or
catalyst.

[000138] FIG. 15 provides an exemplary embodiment wherein one or more supramolecular
structures 40 are attached to a solid substrate 128. In some embodiments, each anchor molecule
18 of a supramolecular structure 40 links with the solid surface of the solid substrate 128. In
some embodiments, the solid substrate 128 comprises a microparticle. In some embodiments,
the microparticle comprises a polystyrene particle, silica particle, magnetic particle or
paramagnetic particle. In some embodiments, the solid substrate 128 comprises a microbead. In
some embodiments, the microbead comprises a polystyrene bead, silica bead, magnetic bead or
paramagnetic bead.

[000139] As described herein, in some embodiments, a plurality of supramolecular structures
embedded within a single hydrogel bead or attached to a solid substrate are spaced apart with a
prescribed distance so as to limit or eliminate cross-reactivity (cross-talk, intermolecular
interaction) with other supramolecular structures. In some embodiments, the number, size,

and/or stoichiometry of the supramolecular structures attached to each hydrogel bead or solid
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substrate are specified so as to achieve a prescribed distance between each supramolecular
structure. In some embodiments, the surface and volumetric density of the supramolecular
structures attached to each hydrogel bead or solid substrate are controlled to minimize or
eliminate intermolecular interactions and thereby reducing the possibility of cross-talk between
the plurality of supramolecular structures. In some embodiments, the distance between any two
supramolecular structures on a given hydrogel bead or solid substrate (e.g., microparticle) is
larger than a maximum distance between capture and detector molecules of a supramolecular
structure, so as to minimize intermolecular interactions between molecules from different
supramolecular structures.

[000140]FIG. 16 provides an exemplary method for detecting one or more analyte molecules in
a sample using one or more supramolecular structures embedded within one or more hydrogel
beads or attached to one or more solid substrates (e.g., microparticles). FIG. 16 depicts an
exemplary embodiment where a hydrogel bead pool 200 is provided, wherein one or more
supramolecular structures are embedded within one or more hydrogel beads 120. In some
embodiments, alternate to a hydrogel bead pool, a solid substrate pool is provided, wherein one
or more supramolecular structures are attached to one or more solid substrates (e.g.,
microparticle), as described herein and shown in FIG. 15. In some embodiments, the sample,
comprising one or more analyte molecules (e.g., analyte pool 202) is contacted with the
supramolecular structures embedded within the hydrogel beads 120. In some embodiments, the
sample comprises an aqueous solution, and is mixed with the hydrogel bead pool 200 to form a
combined solution. In some embodiments, contacting the sample with the supramolecular
structures comprises incubating the sample with the supramolecular structures. In some
embodiments, the sample and supramolecular structures are incubated in an incubator with
prescribed environmental conditions. In some embodiments, the sample is incubated with the
supramolecular structures for a time period from about 30 seconds to about 24 hours. In some
embodiments, the sample is incubated with the supramolecular structures for a time period
from about 30 seconds to about 1 minute, from about 1 minute to about 5 minutes, from about
5 minutes to about 30 minutes, from about 30 minutes to about 1 hr, from about 1hr to about 5
hours, from about 5 hours to about 12 hours, from about 12 hours to about 24 hours, or from
about 24 hours to about 48 hours.

[000141] With continued reference to FIG. 16, in some embodiments, the supramolecular
structures are all in an unstable state (as shown with the exemplary hydrogel bead 120). In
some embodiments, and as described herein, interaction between an analyte molecule and

corresponding capture 2 and detector 1 molecules shift the respective supramolecular structure
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from the unstable state to a stable state (e.g., a sandwich formation with the capture molecule,
analyte molecule, and detector molecule as shown with reference character 204). In some
embodiments, a particular type of analyte molecule will bind with a particular pair of capture
and detector molecules. In some embodiments, a given pair of capture and detector molecules
are configured to bind with more than one type of analyte molecule. In some embodiments, the
switching from an unstable state to a stable state for any given supramolecular structure is
dependent on the specific capture and detector molecules bound thereto and the analyte
molecules in the sample. In some embodiments, given that the state-change of the
supramolecular structure is primarily dependent on the intra-molecular interactions (on the
supramolecular nanostructure), potential intermolecular interactions between two different
supramolecular structures are minimized or eliminated by limiting the net concentration of the
supramolecular structures embedded within a hydrogel bead or attached to a solid substrate (as
described herein), such that the mean distance between any two supramolecular structures is
larger than maximum intramolecular distance between a pair of capture and detector molecules
on a given supramolecular structure.

[000142] In some embodiments, after contacting the sample, at least one of the supramolecular
structures moves to a stable state (e.g., sandwich formation wherein the capture molecule,
analyte molecule and detector molecule are simultaneously linked together), while at least one
of the supramolecular structures remains in an unstable state as the respective capture and
detector molecules did not bind or interact with an analyte molecule from the sample.
[000143] With continued reference to FIG. 16, after the sample has been contacted with the
supramolecular structures for a prescribed amount of time, the combined solution of the sample
and supramolecular structures is subjected to a trigger so as to cleave a linkage between the
detector molecule and the core structure for the respective supramolecular structures. In some
embodiments, the trigger comprises introducing a solution comprising one or more
deconstructor molecules (e.g., detector deconstructor molecule, reference character 28 from
FIGS. 4,7) to the combined solution. In some embodiments, the trigger comprises subjecting
the combined solution to a trigger signal. In some embodiments, the trigger comprises a
combination of introducing a deconstructor molecule in the combined solution and subjecting
the combined solution to a trigger signal. In some embodiments, as described herein, the
deconstructor molecule comprises a nucleic acid (DNA or RNA), a peptide, a small organic
molecule, or combinations thereof. In some embodiments, as described herein, the trigger
signal comprises an electrical signal, microwave signal, ultraviolet illumination, visible

illumination or near infra-red illumination. In some embodiments, the combined solution is
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subjected to the trigger for a prescribed amount of time. In some embodiments, the combined
solution is incubated with one or more deconstructor molecules for a prescribed amount of
time. In some embodiments, the combined solution is incubated with the deconstructor
molecules for a time period from about 30 seconds to about 24 hours. In some embodiments,
the combined solution is incubated with the deconstructor molecules for a time period from
about 30 seconds to about 1 minute, from about 1 minute to about 5 minutes, from about 5
minutes to about 30 minutes, from about 30 minutes to about 1 hr, from about 1hr to about 5
hours, from about 5 hours to about 12 hours, from about 12 hours to about 24 hours, or from
about 24 hours to about 48 hours.

[000144] As shown in FIG. 16, reference character 206, in some embodiments, subjecting the
combined solution to the trigger cleaves a linkage between a detector molecule and respective
core structure, such as through the linkage between a detector barcode (e.g., reference character
21 FIG. 1) and the core structure 13. In some embodiments, the cleavage is achieved through
nucleic acid (DNA/RNA) strand displacement, optical cleavage, chemical cleavage, another
technique known in the art, or combinations thereof. For supramolecular structures that moved
to a stable state, the detector molecule 1 is shown as remaining to be linked to the core structure
13 via linkage with the corresponding capture molecule 2. For supramolecular structures that
remained in an unstable state, the detector molecule is shown as being unbound 212 from the
respective core structure. In some embodiments, the unbound detector molecules are separated
from the hydrogel bead (or solid substrate), as shown with reference character 206. In some
embodiments, the unbound detector molecules 2 remain linked to the respective detector
barcodes 21.

[000145] In some embodiments, the unbound detector molecules and corresponding detector
barcodes are further separated from the combined solution. In some embodiments, the unbound
detector molecules are separated from the combined solution through polyethylene glycol
(PEQG) precipitation. In some embodiments, the unbound detector molecules are separated from
the combined solution by binding the core structures in the combined solution to microbeads,
solid support and/or magnetic beads through a corresponding anchor molecule on the
respective core structure, followed by separation of the unbound detector molecules through
centrifugation, micron filtration, chromatography or combinations thereof.

[000146] In some embodiments, after the unbound detector molecules have been separated
from the combined solution, the detector barcodes 21 are cleaved from the corresponding
detector molecules linked to a respective capture molecule (e.g., as located on a supramolecular

structure that shifted to a stable state). In some embodiments, the detector barcodes are cleaved
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from the corresponding detector molecules through nucleic acid (DNA/RNA) strand
displacement, optical cleavage, chemical cleavage, or a combination thereof. In some
embodiments, the detector barcodes are cleaved from the corresponding detector molecules by
being subject to a trigger. In some embodiments, as described herein, the trigger comprises a
deconstructor molecule, a trigger signal, or combinations thereof. In some embodiments, the
deconstructor molecule comprises a detector barcode release molecule (e.g., reference character
29 from FIGS. 4 and 7).

[000147] As shown with reference character 207 in FIG. 16, in some embodiments, the cleaved
detector barcodes 21 are separated from the corresponding hydrogel bead or solid substrate. In
some embodiments, the cleaved detector barcodes 21 are isolated (reference character 208
FIG. 16) from the solution comprising the supramolecular structures. In some embodiments,
the cleaved detector barcodes 21 are isolated from the solution through polyethylene glycol
(PEQG) precipitation. In some embodiments, the cleaved detector barcodes 21 are isolated from
the solution by binding the core structures in the solution to microbeads, solid support and/or
magnetic beads through a corresponding anchor molecule on the respective core structure,
followed by isolation of the cleaved detector barcodes through centrifugation, micron filtration,
chromatography or combinations thereof.

[000148] In some embodiments, the cleaved detector barcodes 21 provide a signal that
correlates to the analyte molecule bound to the respective detector molecule. In some
embodiments, as described herein, the detector barcode comprises a DNA strand. In some
embodiments, the detector barcode provides the DNA signal correlating to the analyte
molecule. In some embodiments, as depicted in FIG. 16 reference character 210, the isolated
detector barcodes 21 are analyzed to identify the corresponding analyte in the sample. In some
embodiments, the isolated detector barcodes 21 are analyzed to identify and/or quantify the
corresponding analyte molecules in the sample. In some embodiments the analysis of the

isolated detector barcodes comprises genotyping, qPCR, sequencing, or combinations thereof.

Detecting analyte molecules within a single cell

[000149]FIGS. 17-20 provide an exemplary method for detecting analyte molecules located
within a single cell. In some embodiments, attaching supramolecular structures to a hydrogel
bead, or attaching supramolecular structures onto a solid substrate (e.g., microbeads), enables
the detection of intracellular analyte molecules (e.g., protein, antigen) and quantification of
intracellular analyte molecules (e.g., protein, antigen) at single cell resolution. In some
embodiments, the intracellular analyte molecules may not exist outside the respective cell. In

some embodiments, the detection of intracellular analyte molecules (e.g., protein, antigen) and
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quantification of intracellular analyte molecules (e.g., protein, antigen) at single cell resolution
comprises a single-cell proteomics assay. FIGS. 17-20 provide an exemplary method for
detecting analyte molecules wherein the supramolecular structures are provided as embedded
within hydrogel beads. In some embodiments, the method depicted in FIGS. 17-20 alternatively
comprises providing the supramolecular structures as attached to solid substrates (e.g.,
microbeads).

[000150]FIG. 17 provides an exemplary first step comprising using a microfluidic droplet
formation chip to trap 302 single cells with hydrogel beads that are attached with one or more
supramolecular structures, wherein each droplet 304 formed encloses a single cell and hydrogel
bead. In some embodiments, each droplet 304 encloses one or more single cells and one or
more hydrogel beads. In some embodiments, the supramolecular structures are attached to the
hydrogel beads (e.g., embedded within the hydrogel beads) using methods as described herein
(e.g., FIGS. 13-14). In some embodiments, the one or more supramolecular structures are
configured to interact with specific intercellular analyte molecules (e.g., proteins, antigens). In
some embodiments, other methods and/or microfluidic chip designs are used to achieve the
trapping of single cells with the one or more hydrogel beads.

[000151]FIG. 18 provides an exemplary embodiment for collecting the droplets 304, having
the trapped single cells and hydrogel beads, in a combined solution, and processing the droplets
304. In some embodiments, the intracellular analyte molecules (e.g., proteins, antigens) are
transferred from each cell onto or about the hydrogel bead within the same droplet 304. In
some embodiments, transferring the intracellular analyte molecules comprises lysing the cell
that is trapped in the droplet (reference character 306 in FIG. 18, step 1). In some
embodiments, lysing comprises mechanical processing or introducing a lysis buffer. As
depicted in the combined solution, in some embodiments, all the supramolecular structures
corresponding to a hydrogel bead is in an unstable state. In some embodiments, the contents of
the lysate (e.g., analyte molecules 44) is subsequently allowed to interact 308 (step 2) with the
hydrogel bead within the droplet, thereby enabling specific intercellular analyte molecules
(e.g., proteins, antigens) to be captured by associated supramolecular structures attached with
the hydrogel bead (e.g., capture 2 and detector 1 molecules). In some embodiments, the
contents of the lysate (e.g., analyte molecules) is allowed to interact with the hydrogel bead for
a time period from about 30 seconds to about 24 hours. In some embodiments, the contents of
the lysate (e.g., analyte molecules) is allowed to interact with the hydrogel bead for a time
period from about 30 seconds to about 1 minute, from about 1 minute to about 5 minutes, from

about 5 minutes to about 30 minutes, from about 30 minutes to about 1 hr, from about 1hr to
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about 5 hours, from about 5 hours to about 12 hours, from about 12 hours to about 24 hours, or
from about 24 hours to about 48 hours.

[000152] In some embodiments, and as described herein, interaction between an analyte
molecule and corresponding capture 2 and detector 1 molecules shifts the respective
supramolecular structure from the unstable state to a stable state (as shown with reference
character 309). In some embodiments, a particular type of analyte molecule will bind with a
particular pair of capture and detector molecules (e.g., a sandwich formation with the capture
molecule, analyte molecule, and detector molecule). In some embodiments, a given pair of
capture and detector molecules are configured to bind with more than one type of analyte
molecule. In some embodiments, the switching from an unstable state to a stable state for any
given supramolecular structure is dependent on the specific capture and detector molecules
bound thereto and the analyte molecules in the cell.

[000153] After the contents of the lysate have been allowed to interact with the hydrogel for a
prescribed amount of time, in some embodiments, the droplets are subsequently broken, after
which the hydrogel beads are washed. In some embodiments, the hydrogel beads are subjected
to a trigger so as to cleave a linkage between the detector molecule and the core structure for
the respective supramolecular structures. In some embodiments, the trigger comprises
introducing a solution comprising one or more deconstructor molecules (e.g., detector
deconstructor molecule 28 from FIGS. 4,7) to the combined solution comprising the hydrogel
beads (reference character 310). In some embodiments, the trigger comprises subjecting the
combined solution to a trigger signal. In some embodiments, the trigger comprises subjecting
the combined solution to a deconstructor molecule and a trigger signal. In some embodiments,
as described herein, the deconstructor molecule comprises a nucleic acid (DNA or RNA), a
peptide, a small organic molecule, or combinations thereof. In some embodiments, as described
herein, the trigger signal comprises an electrical signal, microwave signal, ultraviolet
illumination, visible illumination or near infra-red illumination. In some embodiments, the
hydrogel beads are subjected to the trigger for a prescribed amount of time. In some
embodiments, the hydrogel beads are subjected to the trigger from about 30 seconds to about
24 hours. In some embodiments, the hydrogel beads are subjected to the trigger from about 30
seconds to about 1 minute, from about 1 minute to about 5 minutes, from about 5 minutes to
about 30 minutes, from about 30 minutes to about 1 hr, from about 1hr to about 5 hours, from
about 5 hours to about 12 hours, from about 12 hours to about 24 hours, or from about 24 hours

to about 48 hours.
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[000154] In some embodiments, the trigger (e.g., detector deconstructor molecule 28 from
FIGS. 4,7) releases all the detector molecules from the hydrogel beads that are not linked to a
corresponding capture molecule (i.e. not participating in the sandwich formation comprising a
capture molecule, detector molecule, and analyte molecule).

[000155]In some embodiments, after the hydrogel beads have been subjected to the trigger for
a prescribed amount of time, the hydrogel beads are washed one or more times to remove any
weakly bound analyte molecules (e.g., proteins, antigens) or any detector molecules unbound
from a respective supramolecular structure (reference character 312, step 4). In some
embodiments, after being washed a prescribed number of times, each hydrogel bead contains
analyte molecules (e.g., protein, antigens) that have been specifically captured from a single
cell.

[000156] FIGS. 19-20 provide an exemplary depiction of a method for analyzing the content of
each resulting hydrogel bead from the method depicted in FIG. 18. In some embodiments, the
content of each hydrogel bead is analyzed independently, wherein each hydrogel bead is
barcoded individually. FIG. 19 provides an exemplary illustration of a microfluidic droplet
formation system that is designed to form droplets 316 that enclose 314 1) a single hydrogel
bead, that is carrying within itself one or more analyte molecules (e.g., protein, antigen) from a
single cell, with 2) a unique barcode bead 318. In some embodiments, each barcode bead
comprises a unique nucleic acid strand 320 that is between 20 and 60 bases long and connected
to the bead through a linker 322 that can be cleaved. In some embodiments, the cleavable linker
on the barcode bead is broken using an electromagnetic signal (light) or a chemical signal.
[000157]FIG. 20 provides an exemplary illustration of a method for transferring the unique
barcode onto each hydrogel bead, both of which are present in a single droplet 316 (reference
character 324, step 1). In some embodiments, the barcode 320 is cleaved from the barcoding
beads 318 and allowed to interact with the hydrogel beads in the respective droplet 316. As
described herein, the barcode 320 is cleaved from the barcoding bead 318 by being subjected to
an electromagnetic signal (e.g., light, UV light, DTT) or chemical signal. In some
embodiments, cleaving the barcode 320 from the barcoding bead leads to the barcode 320
binding to a detector barcode 21 on a supramolecular structure within the respective droplet
316 (reference character 326, step 2). In some embodiments, the droplets are subsequently
broken. In some embodiments, barcode strands 320 that did not bind with a detector barcode
are separated (reference character 328). In some embodiments, the hydrogel beads are washed
to remove any remaining barcoding strands from the solution (reference character 320). In

some embodiments, the barcoded detector barcodes 332 are separated from the detector
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molecules and further analyzed. In some embodiments, the barcoded detector barcodes 332 are
cleaved from the corresponding detector molecules through nucleic acid (DNA/RNA) strand
displacement, optical cleavage, chemical cleavage, or a combination thereof. In some
embodiments, the detector barcodes are cleaved from the corresponding detector molecules by
being subject to a trigger. In some embodiments, as described herein, the trigger comprises a
deconstructor molecule, a trigger signal, or combinations thereof.

[000158] In some embodiments, each separated barcoded detector barcode 332 will have two
sections: a first section 320 that has the unique barcode 320 that identifies a unique cell, and a
second section 21 that provides the identity of the analyte molecule (e.g., protein or antigen). In
some embodiments, taken together, the analysis of the barcoded detector barcode 332 enables
the concentration of intracellular analyte molecules (e.g., protein, antigen) to be profiled at
single cell resolution. In some embodiments, the barcoded detector barcodes 332 are analyzed
to identify and/or quantify the corresponding analyte molecules in the sample. In some
embodiments the analysis of the barcoded detector barcodes 332 comprises genotyping, qPCR,

sequencing, or combinations thereof.

Detection of Analyte Molecules using a Surface Assay

[000159]FIG. 21 provides an exemplary illustration of a method for detecting analyte
molecules in a sample using a surface based assay that uses supramolecular structures, as
described herein, for single-molecule counting of analytes in the sample (i.e. detecting analyte
molecules in the sample at a single molecule resolution). In some embodiments, the
supramolecular structures comprise a core structure comprising a DNA origami core. In some
embodiments, a planar substrate 400 is provided comprising (a) Fiduciary markers 402 that
serves as a reference coordinates for all the features on the substrate 400; (b) A defined set of
micropatterned binding sites 406 where individual core structures (e.g., DNA origami) may be
immobilized; (c¢) background passivation 404 that minimizes or prevents interaction between
the surface of the substrate 400 and the supramolecular structure (including capture and
detector molecules, core structure molecules). In some embodiments, the fiduciary markers
comprise geometric features defined on a surface to be used as reference features for other
features on the substrate. In some embodiments, the fiduciary markers 402 are coated with a
polymer or self-assembled monolayer that does not interact with a core structure or other
molecules of the supramolecular structure (e.g., DNA origami). In some embodiments, the
background passivation 404 minimizes or prevents interaction between the surface of the
substrate 400 and analyte molecules of the sample. In some embodiments, the planar substrate

400 comprises optical or electrical devices like FET, ring resonators, photonic crystals or
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microelectrode, to be defined prior to the formation of the binding sites 406. In some
embodiments, the binding sites 406 are micropatterned on the planar substrate 400. In some
embodiments, the binding sites 406 on the surface are in a periodic pattern. In some
embodiments, the binding sites 406 on the surface are in a non-periodic pattern (e.g., random).
In some embodiments, a minimum distance is specified between any two binding sites 406. In
some embodiments, the minimum distance between any two binding sites 406 is at least about
200 nm. In some embodiments, the minimum distance between any two binding sites 406 is
from at least about 40 nm to about 5000 nm. In some embodiments, the geometric shape of the
binding sites 406 comprises a circle, square, triangle or other polygon shapes. In some
embodiments, the chemical groups that are used for passivation 404 comprise neutrally charged
molecules like a Tri-methyl silyl (TMS), an uncharged polymer like PEG, a zwitterionic
polymer, or combinations thereof. In some embodiments, the chemical group used to define the
binding site 406 comprises a silanol group, carboxyl group, thiol, other groups, or combinations
thereof.

[000160] In some embodiments, a single supramolecular structure 40 is attached to a respective
binding site 406 (Step 1). Reference character 416 provides a depiction of the components of
the supramolecular structure 40, individually and as assembled and arranged on the planar
substrate (components are as described herein, e.g., FIGS. 1, 2-3, 5-6). In some embodiments,
the supramolecular structure 40 comprises a core structure 13 comprising a DNA origami,
wherein the supramolecular structures 40 is attached onto each of the binding sites using DNA
origami placement technique (step 1). In some embodiments, the supramolecular structure 40 is
assembled prior to being attached to a respective binding site 406. In some embodiments, the
DNA origami comprises a unique shape and dimension, so as to facilitate binding to a binding
site using the DNA origami placement technique. In some embodiments, DNA origami
placement comprises a directed self-assembly technique for organizing individual DNA
origami (e.g., a core structure) on a surface (e.g., micropatterned surface). In some
embodiments, alternatively to the DNA origami placement, a reactive group of the
supramolecular nanostructure 40 is bound to a DNA origami that has been pre-organized on the
binding site. In some embodiments, both of these methods for binding a supramolecular
nanostructure to a corresponding binding site rely on the ability to organize one or more
molecules on a micropatterned binding site using the DNA origami placement technique. In
some embodiments, the planar substrate could be stored for a significant period after this step,

in a clean environment.
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[000161] With continued reference to FIG. 21, in some embodiments, a sample (as described
herein) comprising analyte molecules is contacted with the planar substrate (step 2). In some
embodiments, the sample is contacted with the planar substrate using a flow-cell. In some
embodiments, the sample is incubated on the planar substrate with the supramolecular
structures attached to the binding sites 406. In some embodiments, the incubation period may
be from about 30 seconds to about 24 hours. In some embodiments, the incubation period may
be from about 30 seconds to about 1 minute, from about 1 minute to about 5 minutes, from
about 5 minutes to about 30 minutes, from about 30 minutes to about 1 hr, from about 1hr to
about 5 hours, from about 5 hours to about 12 hours, from about 12 hours to about 24 hours, or
from about 24 hours to about 48 hours.

[000162] In some embodiments, the analyte molecules 44, in the sample, interact with the
supramolecular structures 40 on the planar surface 400. In some embodiments, a single copy of
a specific analyte molecule 44 binds simultaneously with both the capture and detector
molecules, such that the particular supramolecular structure switches from an unstable state to a
stable state 418 (as described herein, e.g., FIGS. 8-10). In some embodiments, a single copy of
a particular analyte might interact simultaneously with the capture and detector molecules that
are already bound to each other and switch the supramolecular structure from a stable state to
an unstable state (as described herein, e.g., FIG. 11).

[000163] With continued reference to FIG. 21, in some embodiments, the planar substrate is
then subjected to a trigger. In some embodiments, the trigger comprises a deconstructor
molecule (e.g., detector deconstructor molecule 28 in FIG. 7). In some embodiments, the
trigger comprises a trigger signal. In some embodiments, as described herein, the deconstructor
molecule (e.g. detector deconstructor molecule 28) comprises a nucleic acid (DNA or RNA), a
peptide, a small organic molecule, or combinations thereof. In some embodiments, as described
herein, the trigger signal comprises an electrical signal, microwave signal, ultraviolet
illumination, visible illumination or near infra-red illumination. In some embodiments,
deconstructor molecules associated with the supramolecular structures attached to the planar
substrate is allowed to interact with said supramolecular structures. In some embodiments, the
deconstructor molecules are introduced into the flow-cell containing the planar substrate. In
some embodiments, the deconstructor molecule is incubated with the supramolecular structures
from about 30 seconds to about 24 hours (step 3). In some embodiments, the incubation period
may be from about 30 seconds to about 1 minute, from about 1 minute to about 5 minutes, from

about 5 minutes to about 30 minutes, from about 30 minutes to about 1 hr, from about 1hr to
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about 5 hours, from about 5 hours to about 12 hours, from about 12 hours to about 24 hours, or
from about 24 hours to about 48 hours.

[000164]In some embodiments, interaction with the deconstructor molecule cleaves the
detector molecules and detector barcodes of all the supramolecular structures in the unstable
state, such that these detector molecules and detector barcodes will be physically cleaved from
the planar substrate 400. In some embodiments, the physically cleaved detector molecules and
detector barcodes are removed during one or more buffer washes at the end of the incubation
step. In some embodiments, wherein supramolecular structures on the planar substrate had
shifted to a stable state, due to the capture of single analyte molecules, the corresponding
detector molecules and detector barcodes are still linked to the supramolecular structure 420,
and thereby stably bound to the planar substrate due to the analyte mediated sandwich formed
between the corresponding detector and capture molecules (i.e. linkage between the capture
molecule, analyte molecule, and detector molecule).

[000165] With continued reference to FIG. 21, in some embodiments, the detector barcode at
the location of supramolecular structure that shifted to a stable state is used as a binding site
422 for a signaling element 414 (step 4). In some embodiments, the signaling element
comprises a fluorescent molecule or microbead, a fluorescent polymer, highly charged
nanoparticles or polymer. In some embodiments, one or more signaling elements are allowed to
interact with the supramolecular structures on the planar structure. In some embodiments, the
signaling elements are introduced into the flow-cell containing the planar substrates. In some
embodiments, the detector barcode is used as a polymerization initiator for growth of highly
fluorescent polymer in a process such as rolling circle amplification or hybridization chain
reaction.

[000166] In some embodiments, introduction of the signaling element 414 as described with
step 4 leads to a surface in which every individual analyte capture event (i.e. linkage between
the capture molecule, detector molecule, and analyte molecule) leads to a signaling element
being present at the location of the respective analyte (as linked with the capture and detector
molecules). In some embodiments, the signaling element is optically active and can be
measured using a microscope or integrated optically sensor within the planar substrate 400. In
some embodiments, the signaling element is electrically active and may be measured using an
integrated electrical sensor. In some embodiments, the signaling element is magnetically active
and may be measured using an integrated magnetic sensor. In some embodiments, each signal
event is associated with the capture of the same type of analyte molecule (a single copy of the

same type of analyte molecule), determined by the corresponding detector and capture
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molecule, thus counting the number of locations where the signaling element is present gives
the quantification of the analyte molecule in the sample.

[000167]In some embodiments, the method for detecting an analyte as described in FIG. 21
uses a supramolecular core wherein the core structure is bound to a DNA origami already
organized on the surface of the planar substrate through a respective anchor moiety of the core
structure.

[000168] In some embodiments, the method for detecting an analyte as described in FIG. 21
enables the detection of a single type of analyte molecule. In some embodiments, the method
for detecting an analyte as described in FIG. 21 enables detection of a plurality of types of
analyte molecules (multiplexed analyte molecule detection). In some embodiments, each
supramolecular structure is barcoded to uniquely identify the respective capture and detector
molecules associated, thereby enabling the respective analyte molecule captured to be
identified. In some embodiments, each supramolecular structure is barcoded using the
respective anchor molecule.

[000169] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are
provided by way of example only. Numerous variations, changes, and substitutions will now
occur to those skilled in the art without departing from the invention. It should be understood
that various alternatives to the embodiments of the invention described herein may be
employed in practicing the invention. It is intended that the following claims define the scope
of the invention and that methods and structures within the scope of these claims and their
equivalents be covered thereby.

Example

Demonstration of DNA based-Widget

[000170] FIGS. 22-25 depict an exemplary process for evaluating the efficiency of a
Deconstructor molecule, wherein a Bridge strand (as described herein) is used to mimic an
antibody-antigen-antibody complex as described herein (for example, a capture molecule-
analyte molecule-detector molecule complex). Change of a Widget structure upon the addition
of a Deconstructor molecule is different for a Widget with a Bridge strand, compared to a
Widget without a Bridge strand.

[000171] To evaluate the efficiency of a deconstructor, a three-part (3pt) Widget (W3) and a
five- part (Spt) Widget (W5) were designed with various DNA strands. The three part-Widget
included three single strands of DNA: S1, S2, and Core, wherein the Core is conjugated with
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biotin (FIG. 22 & 23). The five part-Widget was constructed with five single strands of DNA:
S1, S2, Core conjugated with biotin, Bridge, and Deconstructor (FIG. 22).

[000172] For the 3pt Widget (W3), the ability for the Widget to split into two sections of
(S1+Core, W1) and S2 is vital for the proper functioning of the system. To the end, the strand
displacement principles was used to utilize a short strand of DNA called the Deconstructor, or
“DC” for short. The DC strand, when introduced to the 3pt Widget system, would displace the
S2 strand. The objective of this experiment was to observe the efficiency of deconstruction of
the 3pt Widget (W3) under simulated conditions with a “Bridge” strand that mimics the
antibody-antigen-antibody complex that would be present in the final version of the Widget.
[000173] Since nuclease contamination for nucleic acid experiments can cause experimental
inconsistency and even experimental failure, Nuclease Free deionized H2O was used for all the
procedures. The most commonly used buffer is Tris-EDTA (TE)-Mg bufter, and any bufter
could be used as long as it contains enough cations to induce hybridization of DNA strands. A
typical 1xTE-Mg buffer contains 10 mM Tris-HCI (pH 8.0), 1 mM EDTA, and 12.5 mM Mg*".
[000174] Preparation of two different Widgets: All the DNA strands were suspended to 100
uM in H>O. To make a Spt Widget, 1 ul of each strand of five DNA parts (S1, S2, Core,
Bridge, and DC) and 95 pL of TE-Mg buffer were added in a PCR tube to make a final volume
of 100 ul and mixed by vortexing the tube for 10 seconds. To make a 3pt Widget, 1 ul of each
strand of three DNA parts (S1, S2, and Core) and 97 pL. of TE-Mg buffer were added in a PCR
tube to make a final volume of 100 ul and mixed by vortexing the tube for 10 seconds. The
tube was placed in thermocycler and the temperature of the thermocycler was programmed to
run from 95°C to 25°C at a ramp of 1°C /min, with a final holding temperature of 4°C. The
final product was stored at either 4°C for a short term period or -20°C for a long term period.
[000175] The DNA strands were suspended to 100 uM in H>O. After the fabrication and
purification of 3pt Widget, the concentration of 3pt Widget was measured and adjusted to 1.25
uM. The purified 3pt Widget, Bridge strand (except DC strands), IxXTE-Mg buffer (A, C, and E
only) were mixed in six PCR tubes, following the recipes in Table x, by vortexing them and
incubated for 1 hour at room temperature. After the 1 hr incubation, 1 ul of the 50 uM DC
solution was added to tubes B, D, and F. The DNA mixtures in PCR tubes were by vortexing

and further incubated for 30 minutes.
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TABLE 1. Recipes for Deconstruction

Volume (uM) of | Volume (uM) of Volume Volume
1.25 uM 3pt Bridge (uM)of Ix | (uM) of 50

Widget TE Mg uM DC

8 lof 1 M 1 0

8 lof 1 uyM 0 1

8 1 of 10 yM 1 0

8 1 of 10 uM 0 1

8 1 of 100 pM 1 0

8 1 of 100 uM 0 1

[000176] The working principle of the DNA based-Widget is illustrated in FIG. 24. The
“Bridge” strand mimics an antigen binding to antibody. To clearly demonstrate the function of
Bridge strand, a limited quantity of the Bridge strand was added to the purified 3pt Widget
(W3) to make a final ratio of 3pt Widget/Bridge=1/0.1 (A case of Table 1). With limiting ratio
(0.1 to 1) of Bridge strand compared to 3pt Widget (W3), ideally 10% of Widget would bind to
the Bridge strand and the most of Widget would remain as a 3pt Widget (W3) itself. When DC
strand is added, the Widget bound with Bridge (W4) does not break down while the Widget
lacking Bridge (W3) breaks down into two parts including S1+Core (W1) and S2+DC (W2).
With addition of streptavidin beads, the Widget with Bridge (WS5) and S1+Core (W1)
complexes are pulled down to the bottom of the solution, using strong interaction of Core-
biotin and streptavidin beads, while the supernatant contains S2+DC (S2) complex which is
readily separated from Widget lacking Bridge (W3). Further addition of a Release strand which
is partially complementary to S2 strand enables the separation of S2+DC+Release (W7)
complex from the complex of S1+Core+Bridge (W6) attached on the beads.

[000177] The efficiency of Deconstructor with DNA based-Widget was evaluated by agarose-
gel electrophoresis (FIG. 25) of the molecular assemblies (W1-W?7) as illustrated in FIG. 24.
On the agarose gel, a strong band indicated an enrichment of the properly folded structures. As
shown in FIG. 25, on the agarose gel, one band showed up for each W1 (Lane 1), W2 (Lane 2),
and Bridge (Lane 3). The agarose gel showed that 3pt Widget was fabricated by a strong single
band (Lane 4). When limiting amount of Bridge strand was added to W3, several bands
appeared on the agarose gel, including a band corresponding to W3 and one strong band and
minors of W4 (Lane 5), which showed a good agreement with the illustration of FIG. 24. Since
the ratio of Bridge to W3 was 1/10, the most of W3 remained itself without binding with the

Bridge strand. The several bands of W4 showed up because of intermolecular interactions
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between the Bridge and more than one W3 complexes. This interaction would be reduced later
by the optimization of experimental conditions. Upon the addition of DC, W4 became W5 and
W3 separated to two sections including W1 and W2 as shown in Lane 7. After both W5 and
W1 containing biotin were pulled down to the tube upon the addition of streptavidin bead, the
supernatant showed a band corresponding to W2 which was separated from W1 (originally
W3) and a band of excess DC (Lane 8). When excess Release strand was further added, two
bands corresponding to each W7 (identified as a Lane 10) and excess Release showed up with
very light bands of W6 which mainly stayed with streptavidin bead in the bottom of the tube (
Lane 9). The results of the agarose gel electrophoresis agreed well with the basic principle

illustrated in FIG. 24 to demonstrate the efficiency of Deconstructor with DNA based-Widget.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method for detecting an analyte molecule present in a sample, the method comprising:

(@)

(b)

(©)

(d)

providing a supramolecular structure comprising:
i.  acore structure comprising a plurality of core molecules,
ii.  a capture molecule linked to the core structure at a first location, and
iii.  a detector molecule linked to the core structure at a second location, wherein the
supramolecular structure is in an unstable state, such that the detector molecule
is configured to be unbound from the core structure through cleavage of a link
therebetween at the second location;
contacting the sample with the supramolecular structure, such that the supramolecular
structure shifts from the unstable state to a stable state wherein the detector molecule
and the capture molecule are linked together through binding to the analyte molecule,
thereby forming a link between the detector molecule and capture molecule;
providing a trigger to cleave the link between the detector molecule and the core
structure at the second location, wherein the detector molecule remains linked to the
core structure through the link with the capture molecule; and
detecting the analyte molecule based on a signal provided by the supramolecular

structure that shifted to the stable state.

2. A method for detecting one or more analyte molecules present in a sample, the method

comprising:

(@)

providing a plurality of supramolecular structures, each comprising:
i.  acore structure comprising a plurality of core molecules,
ii.  a capture molecule linked to the core structure at a first location, and
iii.  a detector molecule linked to the core structure at a second location, wherein the
supramolecular structure is in an unstable state, such that the detector molecule
is configured to be unbound from the core structure through cleavage of a link

therebetween at the second location;

(b) contacting the sample with the plurality of supramolecular structures, such that at

least one supramolecular structure shifts from the unstable state to a stable state
wherein the corresponding detector molecule and capture molecule are linked together
through binding to an analyte molecule of the one or more analyte molecules, thereby

forming a link between the corresponding detector molecule and capture molecule;
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(¢c) providing a trigger to cleave the link between each detector molecule and
corresponding core structure at the second location of the plurality of supramolecular
structures, wherein the detector molecule for the at least one supramolecular structure
that shifted to a stable state remains linked to the corresponding core structure through
the link with the corresponding capture molecule; and

(d) detecting a respective analyte molecule of the one or more analyte molecules based on
a signal provided by a respective supramolecular structure of the at least one

supramolecular structure that shifted to the stable state.

3. The method of claim 2, further comprising isolating the plurality of supramolecular
structures from any detector molecules unbound from any supramolecular structures that did

not shift to a stable state.

4. The method of claim 1 or 2, further comprising quantifying the concentration of the

analyte molecule in the sample.
5. The method of claim 1 or 2, further comprising identifying the detected analyte molecule.

6.  The method of claim 1 or 2, further comprising detecting the analyte molecule based on
the signal when the analyte molecule is present in the sample at a count of a single molecule or

higher.

7. The method of claim 1 or 2, wherein the sample comprises a complex biological sample
and the method provides for single-molecule sensitivity thereby increasing a dynamic range
and quantitative capture of a range of molecular concentrations within the complex biological

sample.

8. The method of claim 1 or 2, wherein the one or more analyte molecules comprises a
protein, a peptide, a peptide fragment, a lipid, a DNA, a RNA, an organic molecule, an

inorganic molecule, complexes thereof, or any combinations thereof.
9. The method of claim 1 or 2, wherein each supramolecular structure is a nanostructure.
10. The method of claim 1 or 2, wherein each core structure is a nanostructure.

11. The method claim 1 or 2, wherein the plurality of core molecules for each core structure

are arranged into a pre-defined shape and/or have a prescribed molecular weight.
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12.  The method claim of 11, wherein the pre-defined shape is configured to limit or prevent

cross-reactivity with another supramolecular structure.

13.  The method of claim 1 or 2, wherein the plurality of core molecules for each core
structure comprises one or more nucleic acid strands, one or more branched nucleic acids, one

or more peptides, one or more small molecules, or combinations thereof.

14. The method of claim 13, wherein each core structure independently comprises a
scaffolded deoxyribonucleic acid (DNA) origami, a scaffolded ribonucleic acid (RNA)
origami, a scaffolded hybrid DNA:RNA origami, a single-stranded DNA tile structure, a multi-
stranded DNA tile structure, a single-stranded RNA origami, a multi-stranded RNA tile
structure, hierarchically composed DNA or RNA origami with multiple scaffolds, a peptide

structure, or combinations thereof.

15. The method of claim 1 or 2, wherein the trigger comprises a deconstructor molecule, a

trigger signal, or combinations thereof.

16. The method of claim 15, wherein the deconstructor molecule comprises DNA, RNA, a

peptide, a small organic molecule, or combinations thereof.

17. The method of claim 15, wherein the trigger signal comprises an optical signal, an

electrical signal, or both.

18. The method of claim 17, wherein the trigger optical signal comprises a microwave signal,
an ultraviolet illumination, a visible illumination, a near infrared illumination, or combinations

thereof.

19. The method of claim 1 or 2, wherein the respective analyte molecule is 1) bound to the
capture molecule of the respective supramolecular structure through a chemical bond and/or 2)
bound to the detector molecule of the respective supramolecular structure through a chemical

bond.

20. The method of claim 1 or 2, wherein the capture molecule and detector molecule for each
supramolecular structure independently comprise a protein, a peptide, an antibody, an aptamer
(RNA and DNA), a fluorophore, a darpin, a catalyst, a polymerization initiator, a polymer like

PEG, or combinations thereof.

21. The method of claim 1 or 2, wherein for each supramolecular structure:
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(a) the capture molecule is linked to the core structure through a capture barcode,
wherein the capture barcode comprises a first capture linker, a second capture linker,
and a capture bridge disposed between the first and second capture linkers, wherein
the first capture linker is bound to a first core linker that is bound to the first location
on the core structure, wherein the capture molecule and the second capture linker are

linked together through binding to a third capture linker, and

(b) the detector molecule is linked to the core structure through a detector barcode,
wherein the detector barcode comprises a first detector linker, a second detector
linker, and a detector bridge disposed between the first and second detector linkers,
wherein the first detector linker is bound to a second core linker that is bound to the
second location on the core structure, wherein the detector molecule and the second

detector linker are linked together through binding to a third detector linker.

22. The method of claim 21, wherein the capture bridge and detector bridge independently

comprise a polymer core.

23. The method of claim 21, wherein the polymer core of the capture bridge and the polymer
core of the detector bridge independently comprise a nucleic acid (DNA or RNA) of specific

sequence or a polymer like PEG.

24.  The method of claim 21, wherein the first core linker, second core linker, first capture
linker, second capture linker, third capture linker, first detector linker, second detector linker,
and third detector linker independently comprise a reactive molecule or DNA sequence

domain.

25. The method of claim 24, wherein each reactive molecule independently comprises an
amine, a thiol, a DBCO, a maleimide, biotin, an azide, an acrydite, a NHS-ester, a single
stranded nucleic acid (RNA or DNA) of specific sequence, one or more polymers like PEG or

polymerization initiators, or combinations thereof.

26. The method of claim 21, wherein the linkage between the capture barcode and 1) the first

core linker, and/or 2) the third capture linker comprises a chemical bond.
27. The method of claim 26, wherein the chemical bond comprises a covalent bond.

28. The method of claim 21, wherein the linkage between the detector barcode and 1) the

second core linker, and/or 2) the third detector linker comprises a chemical bond.
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29. The method of claim 28, wherein the chemical bond comprises a covalent bond.

30. The method of claim 21, wherein the trigger cleaves the linkage between 1) the first
detector linker and the second core linker and/or 2) the first capture linker and the first core

linker.

31. The method of claim 21, wherein the capture molecule is bound to the third capture linker
through a chemical bond and/or the detector molecule is bound to the third detector linker

through a chemical bond.

32. The method of claim 31, wherein the capture molecule is covalently bonded to the third

capture linker and/or the detector molecule is covalently bonded to the third detector linker.

33. The method of claim 1 or 2, wherein each supramolecular structure in the unstable state
comprises the respective capture molecule and detector molecule spaced apart at a pre-
determined distance, so as to reduce or inhibit the occurrence of cross-reactions between
capture and/or detector molecules of a first supramolecular structure and corresponding capture

and/or detector molecules of a second supramolecular structure.

34. The method of claim 33, wherein the pre-determined distance is from about 3 nm to about

40 nm.

35. The method of claim 21, wherein each supramolecular structure further comprises an

anchor molecule linked to the core structure.

36. The method of claim 35, wherein the anchor molecule is linked to the core structure via
an anchor barcode, wherein the anchor barcode comprises a first anchor linker, a second anchor
linker, and an anchor bridge disposed between the first and second anchor linkers, wherein the
first anchor linker is bound to a third core linker that is bound to a third location on the core

structure, wherein the anchor molecule is linked to the second anchor linker.

37. The method of claim 36, wherein the anchor molecule comprises an amine, a thiol, a
DBCO, a maleimide, biotin, an azide, an acrydite, a NHS-ester, a single stranded nucleic acid
(RNA or DNA) of specific sequence, one or more polymers like PEG or polymerization

initiators, or combinations thereof.

38. The method of claim 36, wherein the anchor bridge comprises a polymer core.
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39. The method of claim 38, wherein the polymer core of the anchor bridge comprises a

nucleic acid (DNA or RNA) of specific sequence or a polymer like PEG.

40. The method of claim 36, wherein the third core linker, first anchor linker, second anchor
linker, and anchor molecule independently comprise an anchor reactive molecule or DNA

sequence domain.

41. The method of claim 40, wherein each anchor reactive molecule independently comprises
an amine, a thiol, a DBCO, a maleimide, biotin, an azide, an acrydite, a NHS-ester, a single
stranded nucleic acid (RNA or DNA) of specific sequence, one or more polymers like PEG or

polymerization initiators, or combinations thereof.

42. The method of claim 36, wherein the anchor molecule is linked to the second anchor

linker through a chemical bond.

43. The method of claim 42, wherein the anchor molecule is covalently bonded to the second

anchor linker.

44. The method of claim 36, wherein the trigger further cleaves 1) the second anchor linker
from the anchor molecule, 2) the first anchor linker from the third core linker, or combinations

thereof.

45. The method of claim 36, wherein the first and second locations are situated on a first side

of the core structure, and the third location is situated on a second side of the core structure.

46. The method of claim 21, wherein the signal comprises the detector barcode, the capture
barcode, or combinations thereof, corresponding to a supramolecular structure that shifted to a

stable state.

47. The method of claim 21, further comprising separating each detector barcode from a
corresponding detector molecule for the at least one supramolecular structure that shifted to a
stable state, such that the corresponding signal comprises the respective detector barcode for

detection of the analyte molecule bound to the respective capture and detector molecules.

48. The method of claim 47, wherein each separated detector barcode provides a DNA signal

corresponding to the analyte molecule bound to the respective detector molecule.
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49. The method of claim 47, wherein the at least one separated detector barcodes are

analyzed using genotyping, qPCR, sequencing, or combinations thereof.

50. The method of claim 47, wherein a plurality of analyte molecules in the sample are
detected simultaneously through multiplexing via one or more supramolecular structures that

shifted to a stable state.

51. The method of claim 21, wherein the capture and detector molecules for each
supramolecular structure is configured for binding to one or more specific types of analyte

molecules.

52. The method of claim 2, wherein each core structure of the plurality of supramolecular

structures are identical to each other.

53. The method of claim 52, wherein each supramolecular structure comprises a prescribed
shape, size, molecular weight, or combinations thereof, so as to reduce or eliminate cross-

reactions between a plurality of supramolecular structures.

54. The method of claim 52, wherein each supramolecular structure comprises a plurality of

capture and detector molecules.

55. The method of claim 52 or 54, wherein each supramolecular structure comprises a
prescribed stoichiometry of the capture and detector molecules so as to reduce or eliminate

cross-reactions between the plurality of supramolecular structures.

56. The method of claim 2, wherein the unstable state for each supramolecular structure
further comprises the capture and detector molecules spaced apart at a pre-determined distance
so as to reduce or inhibit the occurrence of cross-reactions between capture and/or detector

molecules of a first supramolecular structure and a second supramolecular structure.

57. The method of claim 56, wherein the pre-determined distance is from about 3 nm and

about 40 nm.

58. The method of claim 56, wherein the mean distance between any two supramolecular
structures is larger than the pre-determined distance between the capture and detector

molecules of a respective supramolecular structure.
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59. The method of claim 52, wherein the plurality of supramolecular structures are attached
to one or more widgets, one or more solid supports, one or more polymer matrices, one or more

solid substrate, one or more molecular condensates, or combinations thereof.

60. The method of claim 59, wherein the mean distance between any two supramolecular
structures is larger than the pre-determined distance between the capture and detector

molecules of a respective supramolecular structure.

61. The method of claim 59, wherein each polymer matrix of the one or more polymer

matrices comprises a hydrogel bead.

62. The method of claim 61, wherein one or more supramolecular substrates are attached to a

hydrogel bead.

63. The method of claim 62, wherein each supramolecular structure is co-polymerized with
the hydrogel bead through a corresponding anchor molecule linked to the respective core

structure of the corresponding supramolecular structure.

64. The method of claim 62, wherein the one or more supramolecular structures are

embedded within the hydrogel bead.

65. The method of claim 62, wherein each hydrogel bead is contacted with a single cell in the

sample for intracellular analyte molecule detection at a single cell resolution.

66. The method of claim 59, wherein each solid substrate of the one or more solid substrates

comprises a microparticle.

67. The method of claim 66, wherein one or more supramolecular substrates are attached to a

solid surface of the microparticle.

68. The method of claim 66, wherein the microparticle comprises a polystyrene particle,

silica particle, magnetic particle, or paramagnetic particle.

69. The method of claim 66, wherein each solid substrate is contacted with a single cell in the

sample for intracellular analyte molecule detection at a single cell resolution.

70. The method of claim 59, wherein each solid substrate of the one or more solid substrates

comprises a planar substrate.
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71. The method of claim 70, wherein a plurality of supramolecular structures are disposed on
the planar substrate, wherein the planar substrate comprises a plurality of binding sites, wherein

each binding site is configured to link with a corresponding supramolecular structure.

72. The method of claim 70, wherein the plurality of supramolecular structures are

configured to detect the same analyte molecule.

73. The method of claim 70, further comprising providing a plurality of signaling elements
configured to link with the detector molecules of the at least one supramolecular structure that

shifted to the stable state.

74. The method of claim 73, wherein each signaling element comprises a fluorescent

molecule or microbead, a fluorescent polymer, highly charged nanoparticles or polymer.

75. The method of claim 70, wherein at least one supramolecular structure of the plurality of
supramolecular structures is configured to detect a different analyte molecule from the other

supramolecular structures.

76. The method of claim 75, further comprising barcoding each supramolecular structure so

as to identify the location of each supramolecular structure on the planar substrate.

77. The method of claim 76, further comprising providing a plurality of signaling elements
configured to link with the detector molecules of the at least one supramolecular structure that

shifted to the stable state.

78. The method of claim 77, wherein each signaling element comprises a fluorescent

molecule or microbead, a fluorescent polymer, highly charged nanoparticles or polymer.

79. The method of claim 1 or 2, wherein the sample comprises a biological particle or a

biomolecule.

80. The method of claim 1 or 2, wherein the sample comprises an aqueous solution
comprising a protein, a peptide, a fragment of a peptide, a lipid, DNA, RNA, an organic

molecule, a viral particle, an exosome, an organelle, or any complexes thereof.

81. The method of claim 1 or 2, wherein the sample comprises a tissue biopsy, blood, blood

plasma, Urine, Saliva, Tear, Cerebrospinal fluid, extracellular fluid, cultures cells, culture
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media, discarded tissue, plant matter, a synthetic protein, a bacterial and/or viral sample or

fungal tissue, or combinations thereof.

82. A substrate for detecting one or more analyte molecules in a sample, the substrate
comprising a plurality of supramolecular structures, each supramolecular structure comprising:
(a) a core structure comprising a plurality of core molecules,
(b) a capture molecule linked to the supramolecular core at a first location, and
(¢) adetector molecule linked to the supramolecular core at a second location, wherein
the supramolecular structure is in an unstable state, such that the detector molecule is
configured to be unbound from the core structure through cleavage of a link

therebetween at the second location;

wherein each supramolecular structure is configured to shift from the unstable state to a stable
state through interaction between the detector molecule, the capture molecule, and a respective
analyte molecule of the one or more analyte molecules;

wherein, upon interaction with a trigger, a respective supramolecular structure that shifted to

the stable state provides a signal for detecting the respective analyte molecule.

83. The substrate of claim 82, wherein upon interaction with the trigger, each detection
molecule linked to a supramolecular structure in the unstable state becomes unbound from said

supramolecular structure.

84. The substrate of claim 82, wherein each core structure of the plurality of supramolecular

structures is identical to each other.

85. The substrate of claim 84, wherein the mean distance between any two supramolecular
structures is larger than the pre-determined distance between the capture and detector

molecules of a respective supramolecular structure.

86. The substrate of claim 82, comprising a solid support, solid substrate, a polymer matrix,

or a molecular condensate.

87. The substrate of claim 82, wherein the sample comprises a complex biological sample
and the method provides for single-molecule sensitivity thereby increasing a dynamic range
and quantitative capture of a range of molecular concentrations within the complex biological

sample.
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88. The substrate of claim 82, wherein the one or more analyte molecules comprises a
protein, a peptide, a peptide fragment, a lipid, a DNA, a RNA, an organic molecule, an

inorganic molecule, complexes thereof, or any combinations thereof.
89. The substrate of claim 82, wherein each supramolecular structure is a nanostructure.
90. The substrate of claim 82, wherein each core structure is a nanostructure.

91. The substrate of claim 82, wherein the plurality of core molecules for each core structure

are arranged into a pre-defined shape and/or have a prescribed molecular weight.

92. The substrate of claim 91, wherein the pre-defined shape is configured to limit or prevent

cross-reactivity with another supramolecular structure.

93. The substrate of claim 82, wherein the plurality of core molecules for each core structure
comprises one or more nucleic acid strands, one or more branched nucleic acids, one or more

peptides, one or more small molecules, or combinations thereof.

94. The substrate of claim 93, wherein each core structure independently comprises a
scaffolded deoxyribonucleic acid (DNA) origami, a scaffolded ribonucleic acid (RNA)
origami, a scaffolded hybrid DNA:RNA origami, a single-stranded DNA tile structure, a multi-
stranded DNA tile structure, a single-stranded RNA origami, a multi-stranded RNA tile
structure, hierarchically composed DNA or RNA origami with multiple scaffolds, a peptide

structure, or combinations thereof.

95. The substrate of claim 82, wherein the trigger comprises a deconstructor molecule, a

trigger signal, or combinations thereof.

96. The substrate of claim 95, wherein the deconstructor molecule comprises DNA, RNA, a

peptide, a small organic molecule, or combinations thereof.

97. The substrate of claim 95, wherein the trigger signal comprises an optical signal, an

electrical signal, or both.

98. The substrate of claim 97, wherein the trigger optical signal comprises a microwave
signal, an ultraviolet illumination, a visible illumination, a near infrared illumination, or

combinations thereof.
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99. The substrate of claim 82, wherein the respective analyte molecule is 1) bound to the
capture molecule through a chemical bond and/or 2) bound to the detector molecule through a

chemical bond.

100. The substrate of claim 82, wherein the capture molecule and detector molecule for each
supramolecular structure independently comprise a protein, a peptide, an antibody, an aptamer
(RNA and DNA), a fluorophore, a darpin, a catalyst, a polymerization initiator, a polymer like

PEG, or combinations thereof.
101. The substrate of claim 82, wherein for each supramolecular structure:

(a) the capture molecule is linked to the core structure through a capture barcode,
wherein the capture barcode comprises a first capture linker, a second capture linker,
and a capture bridge disposed between the first and second capture linkers, wherein
the first capture linker is bound to a first core linker that is bound to the first location
on the core structure, wherein the capture molecule and the second capture linker are

linked together through binding to a third capture linker, and

(b) the detector molecule is linked to the core structure through a detector barcode,
wherein the detector barcode comprises a first detector linker, a second detector
linker, and a detector bridge disposed between the first and second detector linkers,
wherein the first detector linker is bound to a second core linker that is bound to the
second location on the core structure, wherein the detector molecule and the second

detector linker are linked together through binding to a third detector linker.

102. The substrate of claim 101, wherein the capture bridge and detector bridge independently

comprise a polymer core.

103. The substrate of claim 101, wherein the polymer core of the capture bridge and the
polymer core of the detector bridge independently comprise a nucleic acid (DNA or RNA) of

specific sequence or a polymer like PEG.

104. The substrate of claim 101, wherein the first core linker, second core linker, first capture
linker, second capture linker, third capture linker, first detector linker, second detector linker,
and third detector linker independently comprise a reactive molecule or DNA sequence

domain.
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105. The substrate of claim 104, wherein each reactive molecule independently comprises an
amine, a thiol, a DBCO, a maleimide, biotin, an azide, an acrydite, a NHS-ester, a single
stranded nucleic acid (RNA or DNA) of specific sequence, one or more polymers like PEG or

polymerization initiators, or combinations thereof.

106. The substrate of claim 101, wherein the linkage between the capture barcode and 1) the

first core linker, and/or 2) the third capture linker comprises a chemical bond.
107. The substrate of claim 106, wherein the chemical bond comprises a covalent bond.

108. The substrate of claim 101, wherein the linkage between the detector barcode and 1) the

second core linker, and/or 2) the third detector linker comprises a chemical bond.
109. The substrate of claim 108, wherein the chemical bond comprises a covalent bond.

110. The substrate of claim 101, wherein the trigger cleaves the linkage between 1) the first
detector linker and the second core linker and/or 2) the first capture linker and the first core

linker.

111. The substrate of claim 101, wherein the capture molecule is bound to the third capture
linker through a chemical bond and/or the detector molecule is bound to the third detector

linker through a chemical bond.

112. The substrate of claim 111, wherein the capture molecule is covalently bonded to the
third capture linker and/or the detector molecule is covalently bonded to the third detector

linker.

113. The substrate of claim 82, wherein each supramolecular structure in the unstable state
comprises the respective capture molecule and detector molecule spaced apart at a pre-
determined distance, so as to reduce or inhibit the occurrence of cross-reactions between
capture and/or detector molecules of a first supramolecular structure and corresponding capture

and/or detector molecules of a second supramolecular structure.

114. The substrate of claim 113, wherein the pre-determined distance is from about 3 nm to

about 40 nm.

115. The substrate of claim 101, wherein each supramolecular structure further comprises an

anchor molecule linked to the core structure.
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116. The substrate of claim 115, wherein the anchor molecule is linked to the core structure via
an anchor barcode, wherein the anchor barcode comprises a first anchor linker, a second anchor
linker, and an anchor bridge disposed between the first and second anchor linkers, wherein the
first anchor linker is bound to a third core linker that is bound to a third location on the core

structure, wherein the anchor molecule is linked to the second anchor linker.

117. The substrate of claim 116, wherein the anchor molecule comprises an amine, a thiol, a
DBCO, a maleimide, biotin, an azide, an acrydite, a NHS-ester, a single stranded nucleic acid
(RNA or DNA) of specific sequence, one or more polymers like PEG or polymerization

initiators, or combinations thereof.
118. The substrate of claim 116, wherein the anchor bridge comprises a polymer core.

119. The substrate of claim 118, wherein the polymer core of the anchor bridge comprises a

nucleic acid (DNA or RNA) of specific sequence or a polymer like PEG.

120. The substrate of claim 116, wherein the third core linker, first anchor linker, second
anchor linker, and anchor molecule independently comprise an anchor reactive molecule or

DNA sequence domain.

121. The substrate of claim 120, wherein each anchor reactive molecule independently
comprises an amine, a thiol, a DBCO, a maleimide, biotin, an azide, an acrydite, a NHS-ester, a
single stranded nucleic acid (RNA or DNA) of specific sequence, one or more polymers like

PEG or polymerization initiators, or combinations thereof.

122. The substrate of claim 116, wherein the anchor molecule is linked to the second anchor

linker through a chemical bond.

123. The substrate of claim 122, wherein the anchor molecule is covalently bonded to the

second anchor linker.

124. The substrate of claim 116, wherein the trigger further cleaves 1) the second anchor linker
from the anchor molecule, 2) the first anchor linker from the third core linker, or combinations

thereof.

125. The substrate of claim 116, wherein the first and second locations are situated on a first
side of the core structure, and the third location is situated on a second side of the core

structure.
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126. The substrate of claim 101, wherein the signal comprises the detector barcode, the capture
barcode, or combinations thereof, corresponding to a supramolecular structure that shifted to a

stable state.

127. The substrate of claim 101, wherein each detector barcode from a corresponding detector
molecule for the at least one supramolecular structure that shifted to a stable state is configured
to be separated from said corresponding detector molecule, such that the corresponding signal
comprises the respective detector barcode for detection of the analyte molecule bound to said

corresponding detector molecule.

128. The substrate of claim 127, wherein each separated detector barcode provides a DNA

signal corresponding to the analyte molecule bound to the respective detector molecule.

129. The substrate of claim 127, wherein the at least one separated detector barcode is

configured to be analyzed using genotyping, qPCR, sequencing, or combinations thereof.

130. The substrate of claim 127, wherein one or more supramolecular structures are configured
for multiplexing the sample, wherein a plurality of analyte molecules in the sample are detected

simultaneously.

131. The substrate of claim 101, wherein the capture and detector molecules for each
supramolecular structure is configured for binding to one or more specific types of analyte

molecules.

132. The substrate of claim 82, wherein each core structure of the plurality of supramolecular

structures are identical to each other.

133. The substrate of claim 132, wherein each supramolecular structure comprises a prescribed
shape, size, molecular weight, or combinations thereof, so as to reduce or eliminate cross-

reactions between a plurality of supramolecular structures.

134. The substrate of claim 132, wherein each supramolecular structure comprises a plurality

of capture and detector molecules.

135. The substrate of claim 132 or 134, wherein each supramolecular structure comprises a
prescribed stoichiometry of the capture and detector molecules so as to reduce or eliminate

cross-reactions between the plurality of supramolecular structures.
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136. The substrate of claim 82, wherein the unstable state for each supramolecular structure
further comprises the capture and detector molecules spaced apart at a pre-determined distance
so as to reduce or inhibit the occurrence of cross-reactions between capture and/or detector

molecules of a first supramolecular structure and a second supramolecular structure.

137. The substrate of claim 136, wherein the pre-determined distance is from about 3 nm and

about 40 nm.

138. The substrate of claim 136, wherein the mean distance between any two supramolecular
structures is larger than the pre-determined distance between the capture and detector

molecules of a respective supramolecular structure.

139. The substrate of claim 82, wherein each substrate comprises a widget, a solid support, a

polymer matrix, a solid substrate, or a molecular condensate.

140. The substrate of claim 139, wherein the mean distance between any two supramolecular
structures is larger than the pre-determined distance between the capture and detector

molecules of a respective supramolecular structure.
141. The substrate of claim 139, wherein the polymer matrix comprises a hydrogel bead.

142. The substrate of claim 141, wherein one or more supramolecular substrates are attached

to the hydrogel bead.

143. The substrate of claim 141, wherein each supramolecular structure is co-polymerized with
the hydrogel bead through a corresponding anchor molecule linked to the respective core

structure of the corresponding supramolecular structure.

144. The substrate of claim 141, wherein the one or more supramolecular structures are

embedded within the hydrogel bead.

145. The substrate of claim 141, wherein each hydrogel bead is configured to be contacted
with a single cell in the sample for intracellular analyte molecule detection at a single cell

resolution.
146. The substrate of claim 139, wherein the solid substrate comprises a microparticle.

147. The substrate of claim 146, wherein one or more supramolecular substrates are attached

to a solid surface of the microparticle.
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148. The substrate of claim 146, wherein the microparticle comprises a polystyrene particle,

silica particle, magnetic particle, or paramagnetic particle.

149. The substrate of claim 146, wherein each solid substrate is configured to be contacted
with a single cell in the sample for intracellular analyte molecule detection at a single cell

resolution.
150. The substrate of claim 139, wherein the solid substrate comprises a planar substrate.

151. The substrate of claim 150, wherein a plurality of supramolecular structures are disposed
on the planar substrate, wherein the planar substrate comprises a plurality of binding sites,

wherein each binding site is configured to link with a corresponding supramolecular structure.

152. The substrate of claim 150, wherein the plurality of supramolecular structures are

configured to detect the same analyte molecule.

153. The substrate of claim 150, wherein a plurality of signaling elements are configured to
link with the detector molecules of the at least one supramolecular structure that shifted to the

stable state.

154. The substrate of claim 153, wherein each signaling element comprises a fluorescent

molecule or microbead, a fluorescent polymer, highly charged nanoparticles or polymer.

155. The substrate of claim 150, wherein at least one supramolecular structure of the plurality
of supramolecular structures is configured to detect a different analyte molecule from the other

supramolecular structures.

156. The substrate of claim 82, wherein the sample comprises a biological particle or a

biomolecule.

157. The substrate of claim 82, wherein the sample comprises an aqueous solution comprising
a protein, a peptide, a fragment of a peptide, a lipid, DNA, RNA, an organic molecule, a viral

particle, an exosome, an organelle, or any complexes thereof.

158. The substrate of claim 82, wherein the sample comprises a tissue biopsy, blood, blood
plasma, Urine, Saliva, Tear, Cerebrospinal fluid, extracellular fluid, cultures cells, culture
media, discarded tissue, plant matter, a synthetic protein, a bacterial and/or viral sample or

fungal tissue, or combinations thereof.
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159. A supramolecular structure for detecting an analyte molecule in a sample, the
supramolecular structure comprising:

(a) a core structure comprising a plurality of core molecules,

(b) a capture molecule linked to the supramolecular core at a first location, and

(¢) adetector molecule linked to the supramolecular core at a second location, wherein
the supramolecular structure is in an unstable state, such that the detector molecule is
configured to be unbound from the core structure through cleavage of a link

therebetween at the second location;

wherein the supramolecular structure is configured to shift from the unstable state to a stable
state through interaction between the detector molecule, the capture molecule, and an analyte

molecule;

wherein, upon interaction with a trigger, the supramolecular structure that shifted to the stable

state provides a signal for detecting the analyte molecule.

160. The supramolecular structure of claim 159, wherein the sample comprises a complex
biological sample and the method provides for single-molecule sensitivity thereby increasing a
dynamic range and quantitative capture of a range of molecular concentrations within the

complex biological sample.

161. The supramolecular structure of claim 159, wherein the analyte molecule comprises a
protein, a peptide, a peptide fragment, a lipid, a DNA, a RNA, an organic molecule, an

inorganic molecule, complexes thereof, or any combinations thereof.

162. The supramolecular structure of claim 159, wherein the supramolecular structure is a

nanostructure.
163. The supramolecular structure of claim 159, wherein the core structure is a nanostructure.

164. The supramolecular structure of claim 159, wherein the plurality of core molecules for the

core structure are arranged into a pre-defined shape and/or have a prescribed molecular weight.

165. The supramolecular structure of claim 164, wherein the pre-defined shape is configured

to limit or prevent cross-reactivity with another supramolecular structure.

166. The supramolecular structure of claim 159, wherein the plurality of core molecules for
each core structure comprises one or more nucleic acid strands, one or more branched nucleic

acids, one or more peptides, one or more small molecules, or combinations thereof.
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167. The supramolecular structure of claim 166, wherein the core structure independently
comprises a scaffolded deoxyribonucleic acid (DNA) origami, a scaffolded ribonucleic acid
(RNA) origami, a scaffolded hybrid DNA:RNA origami, a single-stranded DNA tile structure,
a multi-stranded DNA tile structure, a single-stranded RNA origami, a multi-stranded RNA tile
structure, hierarchically composed DNA or RNA origami with multiple scaffolds, a peptide

structure, or combinations thereof.

168. The supramolecular structure of claim 159, wherein the trigger comprises a deconstructor

molecule, a trigger signal, or combinations thereof.

169. The supramolecular structure of claim 168, wherein the deconstructor molecule

comprises DNA, RNA, a peptide, a small organic molecule, or combinations thereof.

170. The supramolecular structure of claim 168, wherein the trigger signal comprises an

optical signal, an electrical signal, or both.

171. The supramolecular structure of claim 170, wherein the trigger optical signal comprises a
microwave signal, an ultraviolet illumination, a visible illumination, a near infrared

illumination, or combinations thereof.

172. The supramolecular structure of claim 159, wherein the analyte molecule is 1) bound to
the capture molecule through a chemical bond and/or 2) bound to the detector molecule

through a chemical bond.

173. The supramolecular structure of claim 159, wherein the capture molecule and detector
molecule for each supramolecular structure independently comprise a protein, a peptide, an
antibody, an aptamer (RNA and DNA), a fluorophore, a darpin, a catalyst, a polymerization

initiator, a polymer like PEG, or combinations thereof.
174. The supramolecular structure of claim 159, wherein for each supramolecular structure:

(a) the capture molecule is linked to the core structure through a capture barcode,
wherein the capture barcode comprises a first capture linker, a second capture linker,
and a capture bridge disposed between the first and second capture linkers, wherein
the first capture linker is bound to a first core linker that is bound to the first location
on the core structure, wherein the capture molecule and the second capture linker are

linked together through binding to a third capture linker, and
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(b) the detector molecule is linked to the core structure through a detector barcode,
wherein the detector barcode comprises a first detector linker, a second detector
linker, and a detector bridge disposed between the first and second detector linkers,
wherein the first detector linker is bound to a second core linker that is bound to the
second location on the core structure, wherein the detector molecule and the second

detector linker are linked together through binding to a third detector linker.

175. The supramolecular structure of claim 174, wherein the capture bridge and detector

bridge independently comprise a polymer core.

176. The supramolecular structure of claim 174, wherein the polymer core of the capture
bridge and the polymer core of the detector bridge independently comprise a nucleic acid

(DNA or RNA) of specific sequence or a polymer like PEG.

177. The supramolecular structure of claim 174, wherein the first core linker, second core
linker, first capture linker, second capture linker, third capture linker, first detector linker,
second detector linker, and third detector linker independently comprise a reactive molecule or

DNA sequence domain.

178. The supramolecular structure of claim 177, wherein each reactive molecule independently
comprises an amine, a thiol, a DBCO, a maleimide, biotin, an azide, an acrydite, a NHS-ester, a
single stranded nucleic acid (RNA or DNA) of specific sequence, one or more polymers like

PEG or polymerization initiators, or combinations thereof.

179. The supramolecular structure of claim 174, wherein the linkage between the capture
barcode and 1) the first core linker, and/or 2) the third capture linker comprises a chemical

bond.

180. The supramolecular structure of claim 179, wherein the chemical bond comprises a

covalent bond.

181. The supramolecular structure of claim 174, wherein the linkage between the detector
barcode and 1) the second core linker, and/or 2) the third detector linker comprises a chemical

bond.

182. The supramolecular structure of claim 181, wherein the chemical bond comprises a

covalent bond.
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183. The supramolecular structure of claim 174, wherein the trigger cleaves the linkage
between 1) the first detector linker and the second core linker and/or 2) the first capture linker

and the first core linker.

184. The supramolecular structure of claim 174, wherein the capture molecule is bound to the
third capture linker through a chemical bond and/or the detector molecule is bound to the third

detector linker through a chemical bond.

185. The supramolecular structure of claim 184, wherein the capture molecule is covalently
bonded to the third capture linker and/or the detector molecule is covalently bonded to the third

detector linker.

186. The supramolecular structure of claim 159, wherein the supramolecular structure in the
unstable state comprises the respective capture molecule and detector molecule spaced apart at
a pre-determined distance, so as to reduce or inhibit the occurrence of cross-reactions between
capture and/or detector molecules of the supramolecular structure with corresponding capture

and/or detector molecules of another supramolecular structure.

187. The supramolecular structure of claim 186, wherein the pre-determined distance is from

about 3 nm to about 40 nm.

188. The supramolecular structure of claim 174, wherein the supramolecular structure further

comprises an anchor molecule linked to the core structure.

189. The supramolecular structure of claim 188, wherein the anchor molecule is linked to the
core structure via an anchor barcode, wherein the anchor barcode comprises a first anchor
linker, a second anchor linker, and an anchor bridge disposed between the first and second
anchor linkers, wherein the first anchor linker is bound to a third core linker that is bound to a
third location on the core structure, wherein the anchor molecule is linked to the second anchor

linker.

190. The supramolecular structure of claim 189, wherein the anchor molecule comprises an
amine, a thiol, a DBCO, a maleimide, biotin, an azide, an acrydite, a NHS-ester, a single
stranded nucleic acid (RNA or DNA) of specific sequence, one or more polymers like PEG or

polymerization initiators, or combinations thereof.

191. The supramolecular structure of claim 189, wherein the anchor bridge comprises a

polymer core.
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192. The supramolecular structure of claim 191, wherein the polymer core of the anchor bridge

comprises a nucleic acid (DNA or RNA) of specific sequence or a polymer like PEG.

193. The supramolecular structure of claim 189, wherein the third core linker, first anchor
linker, second anchor linker, and anchor molecule independently comprise an anchor reactive

molecule or DNA sequence domain.

194. The supramolecular structure of claim 193, wherein each anchor reactive molecule
independently comprises an amine, a thiol, a DBCO, a maleimide, biotin, an azide, an acrydite,
a NHS-ester, a single stranded nucleic acid (RNA or DNA) of specific sequence, one or more

polymers like PEG or polymerization initiators, or combinations thereof.

195. The supramolecular structure of claim 189, wherein the anchor molecule is linked to the

second anchor linker through a chemical bond.

196. The supramolecular structure of claim 195, wherein the anchor molecule is covalently

bonded to the second anchor linker.

197. The supramolecular structure of claim 189, wherein the trigger further cleaves 1) the
second anchor linker from the anchor molecule, 2) the first anchor linker from the third core

linker, or combinations thereof.

198. The supramolecular structure of claim 189, wherein the first and second locations are
situated on a first side of the core structure, and the third location is situated on a second side of

the core structure.

199. The supramolecular structure of claim 174, wherein the signal comprises the detector
barcode, the capture barcode, or combinations thereof, corresponding to a supramolecular

structure that shifted to a stable state.

200. The supramolecular structure of claim 174, wherein the detector barcode from a
corresponding detector molecule for a supramolecular structure that shifted to a stable state is
configured to be separated from said corresponding detector molecule, such that the
corresponding signal comprises the respective detector barcode for detection of the analyte

molecule bound to said corresponding detector molecule.
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201. The supramolecular structure of claim 200, wherein the separated detector barcode
provides a DNA signal corresponding to the analyte molecule bound to the respective detector

molecule.

202. The supramolecular structure of claim 200, wherein the separated detector barcode is

configured to be analyzed using genotyping, qPCR, sequencing, or combinations thereof.

203. The supramolecular structure of claim 174, wherein the capture and detector molecules
for the supramolecular structure is configured for binding to one or more specific types of

analyte molecules.

204. The supramolecular structure of claim 159, wherein the supramolecular structure
comprises a prescribed shape, size, molecular weight, or combinations thereof, so as to reduce

or eliminate cross-reactions with another supramolecular structure.

205. The supramolecular structure of claim 159, wherein the supramolecular structure

comprises a plurality of capture and detector molecules.

206. The supramolecular structure of claim 204 or 205, wherein the supramolecular structure
comprises a prescribed stoichiometry of the capture and detector molecules so as to reduce or

eliminate cross-reactions with another supramolecular structure.

207. The supramolecular structure of claim 159, wherein the sample comprises a biological

particle or a biomolecule.

208. The supramolecular structure of claim 159, wherein the sample comprises an aqueous
solution comprising a protein, a peptide, a fragment of a peptide, a lipid, DNA, RNA, an

organic molecule, a viral particle, an exosome, an organelle, or any complexes thereof.

209. The supramolecular structure of claim 159, wherein the sample comprises a tissue biopsy,
blood, blood plasma, Urine, Saliva, Tear, Cerebrospinal fluid, extracellular fluid, cultures cells,
culture media, discarded tissue, plant matter, a synthetic protein, a bacterial and/or viral sample

or fungal tissue, or combinations thereof.
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INTERNATIONAL SEARCH REPORT International application No.
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - B82Y 5/00; B82Y 40/00; C12Q 1/6834; GO1N 33/487; GO1N 33/543 (2022.01)

CPC - BB82Y 5/00; B82Y 40/00; C12Q 1/6834; GO1N 33/48721; GO1N 33/543 (2022.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

see Search History document

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

see Search History document

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

see Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2020/0025757 A1 (CALIFORNIA INSTITUTE OF TECHNOLOGY) 23 January 2020 1-16, 19-34, 46-60,
(23.01.2020) entire document . 79-96, 99-114, 126-140,

146-149, 156-169,
172-187, 199-209

Y US 2017/0073682 A1 (THE GOVERNORS OF THE UNIVERSITY OF ALBERTA) 16 March 1-16, 19-34, 46-60,
2017 (16.03.2017) entire document 79-96, 99-114, 126-140,
146-149, 156-169,
172-187, 199-209

Y US 2019/0376956 A1 (ULTIVUE INC.) 12 December 2019 (12.12.2019) entire document 1-16, 19-34, 46-60,
79-96, 99-114, 126-140,
146-149, 156-169,
172-187, 199-209

Y US 2020/0173992 A1 (CELLULAR RESEARCH INC.) 04 June 2020 (04.06.2020) entire 21-32, 46-51, 101-112,
document 126-131, 174-185,
199-203
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority

date and not in conflict with the application but cited to understand

“A” document defining the general state of the art which is not considered nd 1 ! ¢ )
the principle or theory underlying the invention

to be of particular relevance

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step

“E” i ication or patent but published on or after the international >
g?{:,'g%i‘gg lication or patent but publis| fer the internatio when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which “Y” document of particular relevance; the claimed invention cannot
is cited to establish the ﬁpubllcation date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“O” documentreferring toan oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

“P” document published prior to the international filing date but later than  “&” document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
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Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Harry Kim

P.O. Box 1450, Alexandria, VA 22313-1450
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Box No. II Observations where certain claims were found unscarchable (Continuation of item 2 of first sheet)

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

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

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. HHI  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

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

See extra sheet(s).

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. '

2. [:] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

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

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

1-16, 19-34, 46-60, 79-96, 99-114, 126-140, 146-149, 156-169, 172-187, 199-209

Remark on Protest I:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

[:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I___l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)



INTERNATIONAL SEARCH REPORT Tnternational application No.

PCT/US2021/050262

Continued from Box No. Il Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I+: claims 1-209 are drawn to methods for detecting one or more analyte molecules present in a sample, the method comprising:
providing a plurality of supramolecular structures, each comprising: i. a core structure comprising a plurality of core molecules, ii. a
capture molecule linked to the core structure at a first location, and iii. a detector molecule linked to the core structure at a second
location; and detecting a respective analyte molecule of the one or more analyte molecules based on a signal provided by a respective
supramolecular structure; substrates for, detecting one or more analyte molecules in a sample, the substrates comprising a plurality of
the supramolecular structures, each supramolecular structure comprising: (a) a core structure comprising a plurality of core molecules,
(b) a capture molecule linked to the supramolecular core at a first location, and (c) a detector molecule linked to the supramolecular core
at a second location.

The first invention of Group I+ is restricted to a method for detecting one or more protein molecules present in a sample, the method
comprising: providing a plurality of supramolecular structures, each comprising: i. a DNA origami core structure comprising a plurality of
DNA strands; ii. a protein capture molecule linked to the core structure at a first location, and iii. a protein detector molecule linked to the
core structure at a second location; and providing a deconstructor DNA molecule to cleave the link between each detector molecule and
corresponding core structure at the second location of the plurality of supramolecular structures; wherein the plurality of supramolecular
structures are attached to microparticles. It is believed that claims 1-16, 19-34, 46-60, 79-96, 99-114, 126-140, 146-149, 156-169,
172-187, and 198-209 read on this first named invention and thus these claims will be searched without fee to the extent that they read
on the above embodiment.

Applicant is invited to elect additional supramoleculear complex(es) and assembly(ies) thereof for each additional embodiment to be
searched in a specific combination by paying an additional fee for each set of election. Each additional elected embodiment requires the
selection of a single definition for each supramolecular complex structure and/or assembly of supramolecular complex structure(s). An
exemplary election would be a method for detecting one or more lipid molecules present in a sample, the method comprising: providing a
plurality of supramolecular structures, each comprising: i. a DNA origami core structure comprising a plurality of DNA strands; ii. a
protein capture molecule linked to the core structure at a first location, and iii. a protein detector molecule linked to the core structure at
a second location; and providing a deconstructor DNA molecule to cleave the link between each detector molecule and corresponding
core structure at the second location of the plurality of supramolecular structures; wherein the plurality of supramolecular structures are
attached to microparticles. Additional embodiment(s) will be searched upon the payment of additional fees. Applicants must specify the
claims that read on any additional elected inventions. Applicants must further indicate, if applicable, the claims which read on the first
named invention if different than what was indicated above for this group. Failure to clearly identify how any paid additional invention
fees are to be applied to the “+" group(s) will result in only the first claimed invention to be searched/examined.

The Group I+ formulae do not share a significant structural element, requiring the selection of alternatives for target analytes, and
supramolecular complex structural components, and accordingly these groups lack unity a priori.

Additionally, even if Group |+ were considered to share the technical features of: a method for detecting one or more analyte molecules
present in a sample, the method comprising: (a) providing a plurality of supramolecular structures, each comprising: i. a core structure
comprising a plurality of core molecules, ii. a capture molecule linked to the core structure at a first location, and iii. a detector molecule
linked to the core structure at a second location, wherein the supramolecular structure is in an unstable state, such that the detector
molecule is configured to be unbound from the core structure through cleavage of a link therebetween at the second location; (b)
contacting the sample with the plurality of supramolecular structures, such that at least one supramolecular structure shifts from the
unstable state to a stable state wherein the corresponding detector molecule and capture molecule are linked together through binding to
an analyte molecule of the one or more analyte molecules, thereby forming a link between the corresponding detector molecule and
capture molecule; (c) providing a trigger to cleave the link between each detector molecule and corresponding core structure at the
second location of the plurality of supramolecular structures, wherein the detector molecule for the at least one supramolecular structure
that shifted to a stable state remains linked to the corresponding core structure through the link with the corresponding capture molecule;
and (d) detecting a respective analyte molecule of the one or more analyte molecules based on a signal provided by a respective
supramolecular structure of the at least one supramolecular structure that shifted to the stable state; a substrate for detecting one or
more analyte molecules in a sample, the substrate comprising a plurality of supramolecular structures, each supramolecular structure
comprising: (a) a core structure comprising a plurality of core molecules, (b) a capture molecule linked to the supramolecular core at a
first location, and (c) a detector molecule linked to the supramolecular core at a second location, wherein the supramolecular structure is
in an unstable state, such that the detector molecule is configured to be unbound from the core structure through cleavage of a link
therebetween at the second location; wherein each supramolecular structure is configured to shift from the unstable state to a stable
state through interaction between the detector molecule, the capture molecule, and a respective analyte molecule of the one or more
analyte molecules; wherein, upon interaction with a trigger, a respective supramolecular structure that shifted to the stable state provides
a signal for detecting the respective analyte molecule and a supramolecular structure for detecting an analyte molecule in a sample, the
supramolecular structure comprising: (a) a core structure comprising a plurality of core molecules, (b) a capture molecule linked to the
supramolecular core at a first location, and (c) a detector molecule linked to the supramolecular core at a second location, wherein the
supramolecular structure is in an unstable state, such that the detector molecule is configured to be unbound from the core structure
through cleavage of a link therebetween at the second location; wherein the supramolecular structure is configured to shift from the
unstable state to a stable state through interaction between the detector molecule, the capture molecule, and an analyte molecule;
wherein, upon interaction with a trigger, the supramolecular structure that shifted to the stable state provides a signal for detecting the
analyte molecule;

these shared technical features do not represent a contribution over the prior art, as disclosed by US 2020/0025757 to California Institute
of Technology (hereinafter, "California”) and US 2017/0073682 to The Governors of the University of Alberta (hereinafter, “Alberta”).

Specifically, California discloses a method for detecting one or more analyte molecules present in a sample (a method for detecting
binding of an analyte to a bistable molecular sensor; paras. [0009), [0040]; Claims 1, 28), the method comprising: (a) providing a plurality
of supramolecular structures (comprising providing a plurality of supramolecular structures; Figure 3F, paras. [0009], [0040}, Claims 1,
68), each comprising: i. a core structure comprising a plurality of core molecules (a polynucleotide platform comprising a DNA origami
scaffold; para. [0009)), ii. a capture molecule linked to the core structure at a first location (a first polynucleotide shape immobilized on

Form PCT/ISA/210 (extra sheet) (July 2019)
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the scaffold; Fig. 1b; para. [0009]), and iii. a detector molecule linked to the core structure at a second location (a second polynucleotide
structure comprising signaling molecules attached to the scaffold by a nucleic acid tether; Fig. 1b; para. [0009]), wherein the
supramolecular structure is in an unstable state, such that the detector molecule is configured to be unbound from the core structure
(wherein the detector/signaling molecule is linked via a flexible tether in an unstable, open state; Fig. 2a open vs. bound; para. [0009]); -
(b) contacting the sample with the plurality of supramolecular structures (contacting the sample with the plurality of supramolecular
structures; paras. [0008], [0009]), such that at least one supramolecular structure shifts from the unstable state to a stable state wherein
the corresponding detector molecule and capture molecule are linked together through binding to an analyte molecule of the one or more
analyte molecules, thereby forming a link between the corresponding detector molecule and capture molecule (such that at least one
supramolecular structure shifts from the unstable state to a stable state wherein the corresponding detector molecule and capture
molecule are linked together through binding to an analyte molecule of the one or more analyte molecules, thereby forming a link
between the corresponding detector molecule and capture molecule; Fig. 2a — open to bound; paras. [0009], [0032], [0040]); (c) wherein
the detector molecule for the at least one supramolecular structure that shifted to a stable state remains linked to the corresponding core
structure through the link with the corresponding capture molecule (wherein the detector molecule for the at least one supramolecular
structure that shifted to a stable state remains linked to the corresponding core structure through the link with the corresponding capture
molecule; Fig. 2a, indicated by strong binding of the captured analyte); and (d) detecting a respective analyte molecule of the one or
more analyte molecules based on a signal provided by a respective supramolecular structure of the at least one supramolecular
structure that shifted to the stable state (optical or electronic detection of the external stimulus; para. [0009]); a substrate for detecting
one or more analyte molecules in a sample (substrate for detecting one or more analyte molecules in a sample; paras. [0009], [0040]),
the substrate comprising a plurality of supramolecular structures, (comprising providing a plurality of supramolecular structures; Figure
3F, paras. [0009], {0040], Claims 1, 68), each comprising: i. a core structure comprising a plurality of core molecules (a polynucleotide
platform comprising a DNA origami scaffold; para. [0009}]), ii. a capture molecule linked to the core structure at a first location (a first
polynucleotide shape immobilized on the scaffold; Fig. 1b; para. [0009}), and iii. a detector molecule linked to the core structure at a
second location (a second polynucleotide structure comprising signaling molecules attached to the scaffold by a nucleic acid tether; Fig.
1b; para. [0009]), wherein the supramolecular structure is in an unstable state, such that the detector molecule is configured to be
unbound from the core structure (wherein the detector/signaling molecule is linked via a flexible tether in an unstable, open state; Fig. 2a
open vs. bound; para. [0009]); wherein each supramolecular structure is configured to shift from the unstable state to a stable state
through interaction between the detector molecule, the capture molecule, and a respective analyte molecule of the one or more analyte
molecules (wherein each supramolecular structure is configured to shift from the unstable state to a stable state through interaction
between the detector molecule, the capture molecule, and a respective analyte molecule of the one or more analyte molecules; Fig. 2a;
para. [0009]); wherein, a respective supramolecular structure that shifted to the stable state provides a signal for detecting the respective
analyte molecule (wherein, a respective supramolecular structure that shifted to the stable state provides a signal for detecting the
respective analyte molecule; para. [0009]); and a supramolecular structure for detecting an analyte molecule in a sample, the
supramolecular structure comprising: (a) a core structure comprising a plurality of core molecules (a supramolecular structure
comprising a polynucleotide platform comprising a DNA origami scaffold; para. [0009]), (b) a capture molecule linked to the
supramolecular core at a first location, (a first polynucleotide shape immobilized on the scaffold; Fig. 1b; para. [0009]), and c). a detector
molecule linked to the core structure at a second location (a second polynucleotide structure comprising signaling molecules attached to
the scaffold by a nucleic acid tether; Fig. 1b; para. [0009]), wherein the supramolecular structure is in an unstable state, such that the
detector molecule is configured to be unbound from the core structure (wherein the detector/signaling molecule is linked via a flexible
tether in an unstable, open state; Fig. 2a open vs. bound; para. [0009]); wherein the supramolecular structure is configured to shift from
the unstable state to a stable state through interaction between the detector molecule, the capture molecule, and an analyte molecule
(wherein the at least one supramolecular structure shifts from the unstable state to a stable state wherein the corresponding detector
molecule and capture molecule are linked together through binding to an analyte molecule of the one or more analyte molecules, thereby
forming a link between the corresponding detector molecule and capture molecule; Fig. 2a — open to bound; paras. {0008}, [0032],
[0040]); wherein, the supramolecular structure that shifted to the stable state provides a signal for detecting the analyte molecule
(wherein, a respective supramolecular structure that shifted to the stable state provides a signal for detecting the respective analyte
molecule; para. [0009]).

Alberta discloses supramolecular structures in an unstable state, such that the detector molecule is configured to be unbound from the
core structure through cleavage of a link (Figs. 1a-1¢; paras. [0018]-[0020}); and providing a trigger to cleave the link between each
detector molecule and corresponding core structure (providing an enzyme to cleave the link between each detector molecule and
corresponding core structure; para. [0020]).

The inventions listed in Group I+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical feature.
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