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STRUCTURE AND METHODS FOR DETECTION OF SAMPLE ANALYTES

CROSS-REFERENCE TO RELATED APPLICATIONS
{8061} The present application claims priority to and the benefit of U.S. Provisional Apphication
No. 63/152,607, filed February 23, 2021, and entitled STRUCTURE AND METHODS FOR
DETECTION OF SAMPLE ANALYTES, the disclosure of which 1s hereby incorporated by
reference herein in its entirety.

BACKGROUND

{8062} The current state of personalized healthcare 1s 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 mdividual’s health. This is because genes are the “blueprinis” of an individual and 1t
merely informs the likebihood 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.
10003} The concentration of proteins, the interaction between the proteins (protein-protein
mteractions or PP}, as well as the interaction between proteins and other moelecules, are mtricately
linked to the health of different organs, homeostatic regulatory mechanism as well as the
mteraction of these systems with the external environment. Hence, quantitative information about
proteins and protem mteractions such 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 troponn I/H and myosin fight chain present within peripheral
blood. Sumilar 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 protems are also essential for drug development and are increasingly becoming a highly
sought-after dataset. The ability to detect and quantify proteins and protein interaction with other
molecules within a given sample of bodily fluids is an integral component of such healthcare
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SUMMARY
[B864] The present disclosure generally relates o systems, structures and methods for detection
and quantification of analyte molecules 1 a sample.
{8808} Provided heren, in some embodiments, 1s a method for detecting an analyte molecule
present in a sample, the method comprising: a} providing a supramolecular structure comprising: a
core structure comprising a plurabity of core molecules and a capture molecule linked to the core
structure at a first location, b) contacting the sample with the supramolecular structure and ¢}
providing a detector molecule assembly; and d) detecting the analyte molecule based on a signal
provided by the detector molecule assembly and an associated signal provided by the
supramolecular structure.
[6666]  In some embodiments, any method disclosed herein further comprising quaniifying 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 embaodiments, for any method disclosed herein, the sample comprises a complex hiological
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 embodiruents, for any method disclosed herein, the analyte molecule
comprises a protem, a peptide, a peptide fragment, a hpid, a DNA, a RNA, an organic molecule, an
morganic molecule, complexes thereof, or any combinations thereof. In some embodiments, for
any method disclosed herein, each supramolecular structure 18 a nanostructure.
{8667} Io some embodiments, for any method disclosed heremn, each core structure i1s a
nanostructure. In some embodiments, for any method disclosed herein, the plurality of core
molecules for each core structure are arranged nio a pre-defined shape and/or have a prescribed
molecular weight. In some embodiments, the pre-defined shape 1s 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 heremn, each

core structure mndependently comprises a scaffolded deoxyrnibonucleic acid (BNA} origami, a
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scaffolded ribonucleic acid (RNA) origami, a scaffolded hybrid DNARNA origam, a single-
stranded DNA tile structure, a multi-stranded DNA tile structure, a simgle~stranded RNA origam,
a multi-stranded RNA tile structure, hierarchically composed DNA or RNA origami with multiple
scaffolds, a peptide structure, or combinations thereof,

[0008] 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 detector molecule assembly through a
chemical bond. In some embodiments, for any method disclosed herein, the capture molecule and
detector molecule independently comprise a protein, a peptide, an antibody, an aptamer (RNA and
DNA)}, a fluorophore, a darpin, a catalyst, a polymerization imitiator, a polymer like PEG, or
combinations thereof. In some embodiments, for any method disclosed herein, wherein for each
supramolecular structure: a) the capture molecule s linked to the core structure through a capture
barcode, wherein the capture barcode comprises a first capture linker, a second capture linker, and
a capiure bridge disposed between the first and second capture linkers, wherein the first capture
linker 15 bound to a first core linker that is bound 1o 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 assembly includes a detector barcode, wherein the
detector barcode coraprises one or more hnkers, In some embodiments, the capture bridge and
detector molecule assembly independently comprise a polvmer core. In some embodiments, the
polymer core of the capture bridge and the polymer core of the detector molecule assembly
mdependently comprise a nucleic acid {DNA or RNA)} of specific sequence or a polymer like PEG.
[868%] 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, wheremn the first anchor linker i1s bound {0 a thurd core linker that is
bound to a third location on the core structure, wherem the anchor molecule 1s hnked 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 polvmerization intiators, or

combinations thereof. In some embodiments, the anchor bridge comprises a polymer core. In some
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embodiments, the polymer core of the anchor bridge comprises a nucleic acid (IDNA or RNA) of
specific sequence or a polymer like PEG. Tn some embodiments, the third core linker, first anchor
hinker, second anchor Iinker, and anchor molecule independently comprise an anchor reactive
molecule or DNA sequence domain. In some embodiments, each anchor reactive molecule
mdependently 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 inttiators, or combinations thereof. In some embodiments,
the anchor molecule is hinked to the second anchor linker through a chemical bond. In some
embodiments, the anchor molecule 1s covalenily bonded to the second anchor linker.

{00610} In some embodiments, for any method disclosed herein, the signal comprises the detector
barcode, the capture barcode, or combinations thereof, corresponding 1o a supramolecular structure
that is bound to an analyte that in turn is bound to a detector moelecule assembly. In some
embodiments, each detector barcode provides a DNA signal corresponding to the detector
molecule and providing information indicative of its specificity for an analyie molecule bound to
the respective detector molecule. In some embodiments, the detector barcodes are analvzed using
genotyping, gPCR, sequencing, or combinations thereof In some embadiments, a plurality of
analyte molecules in the sample are detected simultaneously through multiplexing. In some
emmbodiments, for any method disclosed herein, the capture and detector molecules for each
supramolecular structure 1s configured for binding to one or more specific types of analyte
molecules.

[80611] 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, 30 as to reduce or eluminate
cross-reactions between a plurality of supramolecular structures. In some embodiments, each
supramolecular structure comprises a plurality of capture 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.

180012} In some embodiments, one or more supramolecular structures are attached to a

hydrogelporous matrix. In some embodiments, each supramolecular structure 15 co-polymerized
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with the hydrogel 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. In some embodiments, a plurality of
supramolecular structures are disposed on a subsirate, such as a shaped or planar substrate,
wherein the substrate comprises a plurality of binding sites, wherein each binding stte 18
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 substrate, the method further comprises
providing a plurality of signaling elements linked with the detector molecules. In some
embodiments, each signaling element comprises a fluorescent molecule or mucrobead, a
flucrescent 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.

{00013} In some embodiments, for any method 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, the method comprises providing a plurality of signaling
elements as provided herem that are configured to link with the detector molecules.

{89614} o some embodiments, for any method disclosed herein, the sample comprises a
biological particle or a biomolecule. Tn some embaodiments, for any method disclosed herein, the
sample comprises an aqueous solution comprising g 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 heremn, the sample comprises
a tissue biopsy, blood, blood plasma, Urine, Saliva, Tear, Cerebrospinal fluid, extracellular flud,
cultures cells, culture media, discarded tissue, plant matter, a synthetic protein, prions, a bacterial
and/or viral sample or fungal tissue, or combmations thereof. The sample may be processed to
release the analytes from cells or to otherwise prepare the sample for analysis prior to contacting
the sample with the supramolecular structures provided herem. The sample may be an
environmental sample, such as a wastewater or soil saraple. The sample may alsobe a
nonbiological sample. In an embodiment, the sample may be a sample from a chemical process

step, a sample of food or nutritional components, or packaging components.
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{80315} Provided herein, n some embodiments, s a substrate for detecting one or more analyte
molecules in a sample, the subsirate comprising a plurality of supramolecular structures, each
supramolecular structure comprising: 8} a core structure comprising a plurality of core molecules,
and b} a capture molecule hinked to the supramolecular core.

[eeei6] In some embodiments, each core structure of the plurality of supramolecular structures is
identical to each other. In some embodiments, the substrate comprises a sohid support, solid
substrate, a polymer matrix, or a 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
morganic molecule, complexes thereof, or any combinations thereof. In some embediments, 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 ot 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 mdependently comprises a scaffolded deoxynibonucleic acid (BDNA) origamy, a
scatfolded ribonuclewc acid (RNA) origam, a scaffolded hybrid DNARNA origamy, a single-
stranded DNA tile structure, a multi-stranded DNA tile structure, a single-stranded RNA origam,
a roulti-stranded RNA tile structure, hierarchically composed DNA or RNA origami with multiple
scaffolds, a peptide structure, or combinations thereof. In some embodiments, the respective
analyte molecule 1s 1) bound to the capture molecule through a chermical bond and/or 2} bound 1o
the detector molecule through 3 chemucal bond. In some embodiments, the capture molecule and
detector molecule independently comprise a protein, a peptide, an antibody, an aptamer {(RNA and
DNA), a fluorophore, a darpin, a catalyst, a polymerization initiator, a polymer fike PEG, or
combinations thereof,

{80617} In some embodiments, wherein for each supramolecular structure of the substrate: a} the

capture molecule 18 linked to the core structure through a capture barcode, wherem the capture
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barcode comprises a first capture linker, a second capture linker, and a capture bridge disposed
between the first and second capture hinkers, wheremn the first capture hinker is bound to a first core
finker that 1s bound to the first location on the core structure, wherein the capture molecule and the
second capture binker are hinked together through binding to a third capture linker. The capture
molecule binds to an analyte that in turn binds to a detector molecule of a detector molecule
assembly. In an embodiment, the detector molecule assembly includes a separate supramolecular
structure that is not linked to the capture molecule and that is not immobilized on the substrate.
{00618} In some embodiments, the supramolecular structure that includes the capture molecule
directly interacts with a substrate material to immobilize the supramolecular structure on the
substrate. In some embodiments, the supramolecular structure that includes the capture molecule
further comprises an anchor molecule, as provided herein, linked to the core structure, and the
anchor molecule is linked to the substrate to immobilize the supramolecular structure on the
substrate.

{00019} In some embodiments, the signal read or detected from the substrate comprises the
detector barcode, the capture barcode, or combinations thereof that may be analyzed using optical
sensors, magnetic sensors, and/or electrical sensors. Detection techniques include electrochemical
sensing, genotyping, qPCR, sequencing, or combinations thereof In some embodiments, one or
more supramolecular structures are configured for multiplexing the sample, wherein a plurality of
analyte molecules in the sample are detected simultaneously. 1o some embodiments, the capture
molecules for each supramolecular structure are configured for binding to one or more specific
types of analyte molecules.

[80020] 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 withio the complex biological sample.
In some embodiments, the analyte molecule comprises a protein, a peptide, a peptide fragment, a
fiptd, a DNA, a RNA, an organic molecule, an inorganic molecule, complexes thereof, or any
combinations thereof. In some embodiments, the supramolecular structure 1s 8 nanostructure. In
some embodiments, the core structure is a nanostructure. In some embodiments, the
supramofecular structure comprises a prescribed shape, size, molecular weight, or combinations
thereof, so as to reduce or ehiminate cross-reactions with another supramolecular structure. In some

embodiments, the supramolecular structure comprises a plurality of capture molecules.

A



WO 2022/182643 PCT/US2022/017281

{80021} In some embodiments, the plurality of core molecules for the core structure are arranged
mnto a pre-defined shape and/or have a prescribed molecular weight, In some embodiments, the
pre~-defined shape 1s configured to limit or prevent cross-reactivity with another supramolecuolar
structure. In some embodiments, the plurality of core molecules for each core structure comprises
one or more nucleic acid strands, one or more branched mucleic acids, one or more peptides, one or
more small molecules, or combinations thereof. 1n some embodiments, the core structure
independently comprises a scaffolded deoxyribonucleic acid (DNA) origami, a scaffolded
ribonucleie acid (RNA) origamy, a scaffolded hyvbrid DNARNA origami, a single-stranded DNA
tife structure, a multi-stranded DNA tile stracture, a single-stranded RNA origanu, a multi-
stranded RNA tile structure, hierarchically composed DNA or RNA origami with multiple
scatfolds, a peptide structure, or combinations thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
[806221 Specific embodiments of the disclosed devices, delivery systems, or methods will now be
described with reference to the drawings. Nothing in this detailed description 1s intended to imply
that any particular component, feature, or step is essential to the invention.
180023} FIG. 1 shows a supramolecular structure and the related subcomponents according to
embodiments of the disclosure.
[80824] FIG. 2 shows a supramolecular structure with an associated analyte and detector
molecule assembly according to embodiments of the disclosure.
180023} FIG. 3 shows the supramolecular structure of FIG. 1 with an associated analyte and
detector molecule assembly and the related subcomponents according to embodiments of the
disclosure.
[80636] FIG. 4 shows a supramolecular structure with an associated analyte and detector
molecule assembly that includes a detector core structure according to embodiments of the
disclosure.
[800627F FIG. S shows specific binding of a supramolecular structure and a detector molecule
assembly to an analyte according to embodiments of the disclosure.
{80028} FIG. 6 shows an analyte with no specific binding to a supramolecular structure according
to embodiments of the disclosure.
{80029} FIG. 7 shows a workfiow for analyte and detector binding to a supramolecular struocture

array according to embodiments of the disclosure.
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{80030} FIG. 8 shows an example capture molecule identification used m conjunction with
analyte detection according to embodiments of the disclosure.

180031} FIG. 9 shows an example of analyte detection according to embodiments of the
disclosure.

(80032} FIG. 10 shows an example of analyte detection according to embodiments of the
disclosure.

{80633} FIG. 11 shows an example of a supramolecular structure array that may be used in
analyte detection according to embodiments of the disclosure.

[80¢34] FIG 12 shows an example of a supramolecular structure array that may be used in
analyte detection according to embodiments of the disclosure.

{80635} FIG 13 shows an example of a supramolecular structure array that may be used in
analyte detection according to emboduments of the disclosure.

{80636} FIG. 14 shows an example of a supramolecular structure array that may be used in
antigen detection according to embodiments of the disclosure.

{80637} FIG. 15 shows an example porous matrix supramolecular structure array that may be used
in analyte detection according o embodiments of the disclosure.

{80638} FIG. 16 shows a block diagram of an example analyte detection system according to

ermmbodiments of the disclosure.

DETATLED DESCRIPTION
[99638] Disclosed heren 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 based
on capture by one or more supramolecular structures. In some embodiments, the one or more
supramolecular structures include or are linked to a capture wolecule that specifically binds to an
analyte present in a sample. The bound analyte in furn interacts with a detector molecule of 8
detector molecule assembly that has a detectable motety, such as a unique 1dentifier {e.g., a nucleic
acid sequence, a peptide, a polysaccharide, an acrydite) and/or a molecule that mchudes, interacts
with, or that can be used to dock other molecules that can be detected {e.g., optically, electrically,
magneticatly). In some embodiments, the detector molecule assembly generates a DNA signal,
such that detection and quantification of binding of an analyte molecule to the capture molecule

comprises converting the presence of the analyte molecule into a DNA signal through
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amplification of the unique 1dentifier of the supramolecuolar structure. In some embodiments, the
detector molecule assembly is linked to an enzyme that converts a substrate to an optically
detectable signal. In an embodiment, the supramolecular structure 18 a nucleic acid origami that s
finked to or immobilized on a substrate. In an embodiment, the supramolecular structure carries a
capture molecule via a barcode that inclede the unique identifier for the capture molecule and that

links the capture molecule to a scaffold of the supramolecular structure.

(80040} In some embodiments, the disclosed technigues provide a single molecule enzyme-linked
immunosorbent assay (BLISA) in which the supramolecular structure and associated capture
molecule operate as a capture entity and the detector molecule assembly operates as the detection
entity that is used to generate a detection signal (e g., when reacted with appropriate detection
reagents that are sensed using sensors of a detection system). Use of the supramolecular structure
as the capture entity permits specific identification and, in embodiments, {ocation mapping of each
mdividual capture molecule immobilized on a substrate. Further, the supramolecular structures are
configured to be organized on a substrate or within a porous material to permut single molecule
binding.

{80841} Thus, as provided herein, detectable analyte binding can be associated with an individual
capture molecule among many different capture molecules on the substrate to generate assay
resulis in which binding characteristics of an analyte pool of multiple different analytes are
characterized. This in turn permits a sample having an uncharacterized composition of analyies to
analyzed for the presence and/or concentration of particular analytes of interest. For example, a
human sample can be characterized to determine a presence and/or concentration of antibodies
with binding specificity to particular antigens in a panel of antigen capture molecules, such that the
capture molecules represent a known infectious disease antigen panel The assay results may show
positive binding results associated with a particular antigen, which is indicative of the presence of
antibodies in the subject providing the sample. In another embodiment, the identity of analytes in
the sample roay be at least parctially known, but their binding affinity may not be characterized for
a particular poo! of capture molecules. For example, the capture molecules can be a set of
candidate drugs, and the analytes can be molecules 1n human blood. Binding of a drug candidate
to such a protein can be used to assess bicavailability or potential off-target binding. The assay

results may show positive binding results associated with a particular drug candidate that can i
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turn be mapped to a particular analyte, which 1s based on identification of particular detector
binding {e g., identifying binding by barcode identification in a detector molecule assembly that

meludes an antibody specific for the analyte).

{00642} While conventional ELISA protocols may include detectable fluorescent signals
generated by enzymes linked to detection antibodies as an indicator of binding, the disclosed
technigues may additionally or altermatively provide amplified nocleic acid signals from a unique
identifier of the detector molecule assembly and from which sequence information can be
determined or from which an optically detectable signal is released that corresponds to
amplification {e.g., gFPCR using a primer/probe set specific for the unique identifier). Thus, unique
identity information for the detector molecule assembly permits specific identification of the
particular detector molecule that is linked to a capture molecule via the bound analyte in certain
embodiments. However, in embodiments, the detector molecule assembly may not carry a unigue
identifier. Other detection techniques may include optical, magnetic, and or electrical detection

technigues

Sample

180843} Disclosed embodiments relate to analyte detection in which the analytes are present in a
sample, such as a biological sample. In some embodiments, the sample comprises an aguecus
solution comprising protein, peptides, peptide fragments, lipids, DNA, RNA, organic molecules,
morganic 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 comprises intact proteins, denatured proteins,
partially or fully degraded proteins, peptide fragments, denatured nucleic acids, degraded nucleic
acid fragments, complexes thereof, or combinations thereof. In some embodiments, the sample s
obtained from tissue, cells, the environment of tissues and/or cells, or combimations 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. Tn some
embodiments, the sample 13 1solated from a primary source such as cells, tissue, bodily fluids (e.g.,

blood), environmental samples, or combinations thereof, with or without purification. In some
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embodiments, the cells are tysed using a mechamcal process or other cell bysis methods {e.g., lysis
buffer). In some embodiments, the sample is filtered using a mechanical process {e.g.,
centrifagation), micron filtration, chromatography colomns, other filtration methods, or
combinations thereof. In some embodiments, the sample 15 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 15 collected from one or more individual persons, one or more animals, one or more plants,
or combinations thereof. In some embodiments, the sample 1s 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.

Supramolecuiar Structure

100044} In some embodiments, the supramelecular structure s a programmable structure that can
spaitally organize molecules. In some embodiments, the supramolecular structure comprises a
plurality of molecules linked together. In some embadiments, 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 embodirnents the plurality of molecules are linked together through a bond, a chenucal
bond, a physical attachruent, or combinations thereof. In some ersbodiments, 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 desigoed. In some erabodiments, the supramolecular structure comprises a plurality of
subcomponents that are spaced apart according to a prescribed distance. In some embodiments, at
least a poriion of the supramolecular structure 15 rigid. In some embodiments, at lsast a portion of
the supramolecular structure 18 semi-rigid. In some embodiments, at least a portion of the

supramolecular structure 1s flexible.
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[80045] FIG. 1 provides an exemplary embodiment of a supramolecular structure 40 comprising a
core structure 13, a capture molecule 2, and an anchor molecule 18, In some embodiments, the
supramolecular structure comprises one or more capture molecules 2and, optionally, one or more
anchor molecules 18, In some embodiments, the supramolecular structure does not comprise an
anchor molecule. In some embodiments, the supramolecelar structure is a polynuclestide structure.
{00046} In some embodiments, the core structure 13 comprises one or more core molecules finked
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 o 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 interact with each other through reversible non-covalent interactions.

{80647F In some embodiments, the specific shape of the core structure 1s 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
maore 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 core structure comprises a
polvoucleotide structure. In some embodiments, at least a portion of the core structure s rigid. Tn
some embaodiments, at least a portion of the core structure 1s semi-tigid. In some embodiments, at
{east a portion of the core structure 1s flexible. In some embodiments, the core structure comprises
a scaffolded deoxyribonucleic acid (BNA) origams, a scaffolded ribonucleic acid (RNA) origam,
a scaffolded hybrid DNA / RNA origam, a single-stranded DNA tile structure, a multi-stranded
DNA tile structure, a single-stranded DNA origamy, a single-stranded RNA origamy, a single-
stranded RNA tile structure, a multi-stranded RNA tile structures, a hierarchically composed DNA
and/or RNA ongami with multiple scaffolds, a peptide structure, or combinations thereof. In some
embodiments, the DNA origami 1s scaffolded. In some embodiments, the RNA origamt is
scaffolded. In some embodiments, the hybrid DNA/RNA origami 13 scaffolded. In some
embodiments, the core structure comprising a DNA origami, RNA origam, or hybrid DNA/RNA

origami that comprises a prescribed two-dimensional (2D) or 3D shape.
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{80048} In an embodiment, the nucleic acid origanu has at least one lateral dimension between
about SOnm to about 1. In an embodiment, the nucleic acid origami has at least one lateral
dimension hetween about SOrum to about 200nm, about 50um to about 400nm, about S0nm to
about 600nrn, about 30nm to about 800nm, about 100nm to about 200nm, about 100nm 1o about
300nm, about 100nm to about 400nm, about 100mm to about 300nm, about 2000m to about 400nm
by way of example. In an embodiment, the nucleic acid origami has at least a first lateral
dimension between about SOnm to about [y and a second lateral dimension, orthogonal to the first,
between about 5Cnm to about 1. In an embodiment, the nucleic acid origami has a planar
footprint having an area of about 200nm” to about 134,

[80049] As shown in FIG 1, m some embodiments, the core structure 13 is configured to be
finked to a capture molecule 2an anchor molecule 18, or combinations thereof. In some
embodiments, the capture molecule 2and/or anchor molecule 18 are immobilized with respect to
the core nanostructure 13 when linked thereto. In some ermnbodiments, any number of the one or
more core molecules comprises one or more core linkers 12, 14 configured to form a hinkage with
a capture molecule 2 and/or an anchor molecule 18. In some embodiments, any namber of the oue
or more core molecules are configured to be linked with one or more core hinkers 12,14 that are
configured to form a linkage with a capture molecule 2Zand/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 DBCQO, a NHS ester, a maleimide, biotin, an azide, an acrydite, a single stranded
nucleic acid (e.g., RNA or BNA) of specific sequence, or a polymer {e.g., polyethylene glycol
{PEG) or one or more polymerization intiators). In some embodiments, at least one of the one or
more core linkers comprises a DPNA sequence domain.

{00038} In some embodiments, the core structure 13 1s linked to 1} a capture molecule 2 ata
prescribed location on the core structure, and optionally 2} an anchor molecule 18 at a prescribed
different location on the core structure.

{80651} In some embodiments, a specified first core linker 12 is disposed at the first 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 1s an extension of the core structure 13,
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[800332] In some emboduments, a specified third core linker 14 1s disposed at the third location on
the core structure 13, In some embodiments, one or more core molecules at the third location 1s
modified to form a linkage with the third core hinker 14, In some embodiments, the third core
finker 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,

{60653} In some embodiments, the capture molecule 2 comprises a protein, a peptide, an
antibody, an aptamers (RNA and DNA), a fluorophore, a nancbody, 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 embodunents, 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 fluorophore, a nanobody, a darpin, a catalyst, a polymerization initiator, a polymer like PEG, an
organic molecule or combinations thereof. In some embodiments, a single capture molecule 2 1
finked to the core structure 13. In some embodiments, a plurality of capture molecules 2 are hinked
to a core structure 13, Tn some embodiments, the plurality of pairs of capture molecules 2 are
spaced apart from each other to muumize cross-talk.. For example, different capture molecules 2
on a same core structure 13 may represent different binding sites for a same analyte molecule or
may bind different analyte molecules. Tn another example, multiple same capture molecules 2 may
be present on a core structure 13

{09654} In some embodiments, each component of the supramolecular stracture may be
mdependently 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 stself. 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 modifving the components of the supramolecular

nanostructure enables precise control over the orgamization of one or more supramolecular
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structures on solid surfaces {(e.g., planar surfaces or microparticles) and 3D volumes {e.g., within a

hydrogel matrix}.

Capture barcode

{00658} As shown in FIG. 1, in some embodiments, the capture molecule 2 15 hinked to the core
structure 13 through a capture barcode 20. In some embodiments, the capture barcode 20 forms a
finkage 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 maleinude, an azide, an
acrvdite, a single stranded nucleic acid {e.g., RNA or BNA) of specific sequence, or a polymer
{e.2., polyethylene glycol (PEG) or one or more polymerization inttiators). In some embodiments,
the first capture linker 11 comprises a BNA sequence domain. 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 anune, 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 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 ernbodiments, the capture bridge 7 comprises a polymer such as PEG. In some embodiroents,
the first capture linker 11 13 attached to the capture bridge 7 at a first terminal end thereof, and the
second capture linker 6 1s attached to the capture bridge 7 at a second terminal end thereof. In
some embodiments, the first capture linker 11 15 attached to the capture bridge 7 via a chemical
bond. In some embodiments, the second capture hinker 6 1s attached to the capture bridge 7 via a
chemical bond. In sore embodiments, the first capture linker 11 1s attached to the capture brudge 7
vig a physical atachment. In some embodiments, the second capture linker 6 15 attached to the
capture bridge 7 via a physical attachment.

{09656} In some embodiments, the capture barcode 20 is linked to the core structure 13 through a

finkage between the first capture hinker 11 and the first core hinker 12, In some embodiments, as
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described hereimn, the first core hinker 12 1s 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 hnker 12 are linked
together through a covalent bond.

[80057] In some embodiments, the capture barcode 20 15 hinked to the capture molecule 2 through
a linkage between the second capture linker 6 and a third capture linker 5 that s 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 DBUO, a NHS ester, a maleimide, biotin, an azide, an acrydite, a
single stranded nucleic acid (e g, RINA 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. o some embodiments, the capture
molecule 2 s bound to the 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 § are linked together through a
chemical bond. In some embodiments, the second linker 6 and third capture linker 5 are hinked
together through a covalent bond.

Anchor Barcode

[00658] 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 hinkage
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 hinker 15, a second anchor linker
17, and an anchor bridge 16, In some embaodiments, the first anchor linker 15 comprises a reactive
molecule. In some embodiments, the first anchor linker 135 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 BDNA} of specific sequence, or a polymer {e.g,,
polyethylene glyeol (PEG) or one or more polymerization initiators). In some embodiments, the
first anchor linker 15 comprises a DNA sequence domain. In some embodiments, the second
anchor linker 17 comprises a reactive molecule. In some embodiments, the second anchor hinker
17 comprises a reactive molecule comprising an amine, a thiol, a DBCQ, a NHS ester, a

maletmide, biotin, an azide, an acrydite, a single stranded nucleic acid (e g, RNA or DNA) of
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specific sequence, or a polymer (e.g., polyethylene glycol (PEG) or one or more polymerization
mitigtors). In some embodiments, the second anchor linker 17 comprises a DNA sequence domam.
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 3 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 hnker 17 is attached to the anchor bridge 16 at a second terminal
end thereof. In some embodiments, the first anchor linker 15 1s 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 15 attached to
the anchor bridge 16 via a chemical bond. In some embodiments, the second anchor linker 17 15
attached to the anchor bridge 16 via a physical attachment.

{80639} 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 embodimenis, the first anchor linker 15 and third core linker 14 are linked
together through a covalent bond.

{89660} o some embodiments, the anchor barcode 1s linked to the anchor molecule 18 through a
Hukage between the second anchor linker 17 and the anchor molecule 18, As disclosed herein, 1n
some embodiments, the anchor molecule comprises a reactive molecule, a reactive molecule, a
DNA sequence domain, a DNA sequence domain comprising a reactive molecule, or cornbmations
thereof. In some embodiuments, the anchor molecule 18 1s bound to the second anchor linker 17
through a chemical bond. In some embodiments, the anchor molecule 18 1s bound to the second
anchor linker 17 through a covalent bond.

(80661} FIG. 2 15 a schematic illustration of the supramolecular structure 40 bound to a
corresponding analyte molecule 44 having binding specificity for the capture molecule 2. The
supramolecular structure 40 15 capable of binding to one or more analyte molecules 44 ag a
function of the particular capture molecule 2 associated with the supramolecular structure 40, The
analyte molecule 44 1s also capable of binding to a detector molecutie assembly 46, The detector

molecule assembly 46 mcludes a detector molecule 1 that binds with specificity to the analyte
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molecule 44. FIG. 2 shows a sandwich-type binding arrangement in which the capture molecule 2
and the detector molecule 1 bind to different sites on the analyie molecule 44, In some
embodiments, the detector molecule 1 comprises a protein, a peptide, an antibody, an aptamers
(RNA and DNA)Y, a fluorophore, a nancbody, a darpin, a catalyst, a polymenization ymitiator, a
polymer like PEG, an organic molecule, or combinations thereof. As shown in FIG. 2, in some
embodiments, the detector molecule 1 1s linked to a detector barcode 21. In some embodiments,
the detector barcode 21 forms a linkage with the detector molecule 1, and may include one or more
mtervening components. In other embodiments, the detector molecule 1 1s linked to a detectable
tail or hinker, but does not carry unique barcode information.

{80662} FIG. 3 shows an example arrangement of the detector barcode 21, In some embodimenis,
the detector barcode comprises one or more detector linkers including a first detector linker 4. The
detector barcode 21 may include a dock & that serves as an attachment or extension/arplification
site to facilitate detection. In some embodiments, the linker 4 comprises a reactive molecule In
some embodiments, the 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 gz,
RNA or DNA) of specific sequence, or a polymer (e g., polyethylene glveol (PEG) or one or more
polymerization initiators). In some embodiments, the linker 4 comprises a DNA sequence domain.
In some erobodiments, the dock 8comprises a polymer. In sorne embodiments, the dock 8
comprises a polymer that comprises a nucleic acid (DNA or RNA) of a specific sequence, e g., a
single-stranded or double-stranded nucleic acid. In some embodiments, the dock § comprises a
polymer such as PEG. In some embodiments, the hinker 4 i3 attached to the dock 8 at a ternunal
end thereof, and another detector linker 4 15 attached to the dock R at a second terminal end
thereof. The attachmenis may be via a chemucal bond or a physical attachment.

[80063] In some embodiments, the detector barcode 21 1s linked to the detector molecule 1
through a linkage between a plurality of hinkers, shown here as the detector linker 4 and a second
detector linker 3 bound to the detector molecule 1. In some embodiments, the second detector
finker 3 comprises a reactive molecule. In some embodiments, the second detector linker 3
comprises a reactive molecule comprising an amune, a thiol, 3 BBCO, a NHS ester, a maleimide,
biotin, an azide, an acrydite, a single stranded nucleic acid {e.g., RNA or DNA} of specific
sequence, or a4 polymer {(e.g., polvethylene glycol (PEG) or one or more polymerization initiators}.

In some embodiments, the second detector linker 3 comprises a BNA sequence domam. In some
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embodiments, the detector molecule 1 15 bound to the second detector linker 3 through a chemical
bond. In some embodiments, the detector molecule 1 is bound to the second detector linker 3
through a covalent bond. In some embodiments, the second detector linker 4 and second detector
finker 3 are linked together through a chemical bond. In some embodiments, the second detector
Hinker 4 and second detector linker 3 are linked together through a covalent bond.

100064} As provided herein, a capture molecule assembly includes a supramolecular structure 40
having the capture molecule 1 and the core structure 13. In certain embodiments, the detector
molecule assembly 46 15 linked to or coupled to a core structure 13, such that the detector molecule
assembly 18 a supramolecular structure as provided herein as well. Thus, as shown in FIG. 4,
detector molecule binding to the captured analvte molecule 44 associated with the capture
molecule assembly supramolecular structure 40 creates a supramolecular structure sandwich.
Generally, only one of the supramolecular structure 40 of the capture molecule assembly or the
detector molecule assembly 46 15 immobilized to permit flow of capture or detection entities. {n an
embodiment, the capture molecule assembly i1s immobilized on a surface or in a porous material.
{80665} The supramolecular structure 40 and/or the detector molecule assembly 46 may include a
DNA origanmi. In some embodiments, the subcomponents of the core structure 13 of the
supramolecular structure 40 and/or the detector molecule assembly 46 comprises a DNA origamu
as well as one or more extending nucleic acid strands. In some embodiments, the core structure 13
of the supramolecular structure 40 and/or the detector molecule assembly 46 comprises a
scaffolded DNA oniganu, wherein a circular ssDNA molecule, called “scaffold” strand, 15 folded
mto a predefined 213 or 3D shape by interacting with 2 or roore short ssDNA, called “staple”
strands, which mteract with specific sub-sections of the ssDNA “scaffold” strand.

[80866] As described herein, in some embodiments, one or more supramolecular structures enable
the detection of one or more analyte molecules n a sample. As shown in a schematic dlustration of
FIG 3, the supramolecular structure 40, with an associated capture molecule, 15 exposed to an
analyie molecule 44 and a detector molecule assembly 46, When the individual analyte molecule
44 and individual capture molecule 2 have binding specificity for one another, the analyte
molecule 44 associates with the capture molecule 2. In turn, the detector molecule assembly 46,
which has binding specificity for the analyte molecule 44, associates with the analyte molecule 44

o create a bound detection structure S0,
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{80867} As shown in FIG. 6, analyte molecules 44 with no binding specificity for the capture
molecule 2 do not associate with the supramolecuiar structure 40, In turn, the detector molecule
assembly 46 also does not associate with the supramolecular stracture 40, and no bound detection
structure 50 18 created. For substrates that include an immobilized array of supramolecular
structures 40, each idividual site may have a binding reaction to create the bound detection
structure 50 when the sample includes an appropriate analyte molecule 44 with binding specificity
for the capture molecule 2

[00668} While the depicted embodiment shows the detector molecule assembly 46 and the analyte
molecule 44 contacted with the supramolecular structure 40 in one step, it should be understood
that the analyte molecule 44 and detector molecule assembly 46 may be added in separate steps as
provided herein and such that any unbound analyte molecule 44 is removed before addition of the
detector molecule assembly 46, FIG. 7 shows an example method workflow in which a pool of
analyte molecules 44 s added to a group or array of capture molecule assemblies implemented as
supramolecular structures 40, The analyte molecules 44 may represent different analytes present
m a sample, such that different analyte molecules 44 in the pool have different degrees of binding
specificity to the array of available capture molecules 2.

{80669} The reaction conditions permit binding of the analyte molecules 44 to specific capture
molecules 2. As provided herein, binding specificity may refer to an mteraction between the
analyte molecule 44 and the capture roolecule 2 that remains miact under the reaction conditions
and after washing or removal steps for unbound reagents. Binding specificity may mclude
formation of a covalent or non-covalent bonds, 1onic bonds, dipole interactions, hydrophilic or
hydrophobic interactions, complementary nuclew acid binding, etc. Specific binding may refer to
binding to an analyte molecule 44 that binds only to a particular capture molecule 2 and not to
other capture molecules 2. Thus, certain capture molecules 2 of the array bind to analyte molecules
44 {e.g., the capture molecule 2a} while other capture molecules have no available binding partners
m a given sample {e.g., capture molecule 2b) and, therefore, do not bind to any analyte molecule
44 with specificity. Any unbound analytes can be removed from the capiure molecule assemblies,
which are immobilized as provided herein.

{88678} The detector molecule 1 and the analyte molecule 44 may also have binding specificity to
one another. The array 13 subsequently contacted with detector molecule assemblies 46, which

may all be the same or different, as disclosed 1n various embodiments. Any unbound detecior
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molecule assemblies 46 are removed, e.g., by washing, Afier these workflow steps, various bound
detector structures S0 remain on the array, each bound to respective analytes and detector molecule
assemblies 46 and may be subjected to various detection protocols to associate the analyte to a
particular supramolecular structure identity, which in turn is associated with a known capture
molecule 2. Thus, detection permits characterization of analyte-capture molecule binding.

{00671} FIG. 8 shows an example detection step in which different unique capture barcodes
{illustrated as capture barcodes 20a, 20b, 20c¢, and 20d) of the bound detector structures 50 are
assessed to associate a particular capture barcode with a binding event. In some embodiments, the
supramolecular structure converts information about the presence of 2 given analyte molecule ina
sample to a DNA signal. In some embodiments, the DNA signal corresponds to sequence data for
a capture barcode and/or detector barcode, wherein the capture molecule and detector molecule are
simultaneocusly linked to (e.g., bound to) the analyte molecule {e.g., sandwich formation}.

{80672} In some embodiments, detecting the presence of an analyte molecule, as described herein,
comprises controllably releasing a single, or multiple, unigue nucleic acid molecules into the
solution to be used to identify as well as quantify properties of the analyte molecule from the
sample. In some embodiments, said unique nucleic acid molecules are provided by capture
barcodes 20 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 convected to the state change that can be counted to quanuty the concentration of the
analyte molecule in solution.

89673} v some embodiments, a plurality of analyte molecules are simultaneously detected ina
sample through multiplexing, wherein a plurality of supramolecular structures provide 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 lgh-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 characterize and/or identify biopolymers,
meluding proteins molecules, quickly and at high sensitivity and reproducibility. In some
embodiments, the plurality of supramolecular structures are configured to lunit cross-reactivity

associated errors. In some embodiments, such ¢ross-reaciivity associated errors comprise capture
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and/or detector molecules of a supramolecular structure interacting with capiure and/or detector
molecules of another supramolecular structure (e.g., intermolecular interactions). In some
embodiments, each core structure of the plurality of supramolecudar 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] 5o 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 melecules. In some embodiments, each core structure has at
least one capture molecule.

{80674} 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 1s defined by the corresponding
capture molecule and detector molecule. In some embodiments, each bound detector and capture
molecules on a given bound detection structure 50 may specifically interact with a particular
analyte molecule in the sample. In some embodiments, each supramolecular structure comprises
unique DNA barcodes corresponding to the associated capture molecule. In some embodiments, a
capture molecules 1s designed to interact with more than one analvie molecule in the sample.
[99675] As provided herewn, the capture barcode 20 can be used to unuquely wdentity mdividual
supramolecular structures 40, In turn, each supramolecular structure 40 15 assembled so that the
capture molecule 2 may be associated with the capture barcode 20, e.g., stored in a lookup table of
an analvte detection system {see FIG. 16). Thus, when the capture barcode 20 1s identified, the
identity of the capture molecule 2 1s also accessible.

(80076} In some embodiments, each supramolecular structure 1s configured for single-molecule
sensitivity to ensure the highest possible dynamic range needed to quantitatively capture the wide
range of molecular concentrations within 8 typical complex biological sample. In some
embodiments, the plarality of supramolecalar structures limit or eliminate the manipolation of the

sample needed to reduce non-specific mteraction as well as any user induced errors.
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[80077F FIG. 9 shows an example analyte detection technigue n which different the locations of
supramolecular structures 40 with respeciive different capture molecules 2, together with unique
capture barcode information, can be used to characterize analvte binding. A sample jncluding a
pool of different analyte molecules 44 13 contacted with immobilized supramolecular structures 40
with respective different capture molecules 2. Analyte molecules 44 and capture molecules 2 with
binding specificity for one another are contacted under conditions to allow the interaction to occur.
Detector molecule assemblies 46 are permitted to bind to analyte molecules 44 that are associated
with the supramolecular structures. The bound detector structures can be characterized based on 1}
the capture barcode 20 and 2) a signal generated by a bound detector molecule assembly that
corresponds to a location map of a particular capture barcode 20. In an embodiment, the locations
of the supramolecular structures 40, together with capture barcode information, can be determined
before analyte binding. That is, the array may be provided pre-mapped, or the mapping can be a
separate step. The mapping may include a step of detecting the capture barcode as generally
provided herein, such as detecting a unique optical, electrical, and/or magnetic pattern. Inan
embodiment, the detection includes sequencing a nucleotide sequence of the capture barcode. In
an embodiment, the detection includes amplification and quantitation of the amplified product,
e.g., detection of a signal associated with a probe via gPCR.

{80078} Serology tests look for antibodies in a patient’s blood to identify a past infection with a
pathogen. In one example, COVID-19 serclogy assays detect the presence of IgG or IgM
anttbodies against spike protein or nucleocapsid. The capiure molecules 2 pull down antibody
analytes 44 1n the patient sample, which are also bound by detector molecule assemblies 46, In an
ernbodiment, the detector molecule assemblies 46 may be all of a same type and/or all have a same
detector molecule 1. The detector molecule T can be an anti-human antibody that binds to any
human antibody, regardless of the antibody-antigen specificity. Thus, the detector molecule 1 15
capable of binding a range of different analytes 44 associated with respective antigen capture
molecules 2. The analytes 44 that represent a positive binding event via a detectable signal from
the detector molecule assemblies 46 can be linked to a particular supramolecular structure 40
based on the particalar barcode 20 1o identify the positive antibody result.

The disclosed techniques may be used to create an assay for one or more infectious diseases, such
as COVID-19, Influenza, RSV, and Pneumonia. In an embodiment, the capture molecules 2

melude a pool of different antigens of different infectious diseases and respectively associated with
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different supramolecular structures 40, Additionally or alternatively, the assay may include
multiple 1soforms and multiple potential antigens of an infectious disease as well as the antigens
from other respiratory pathogens mcluding but not hmited to Influenza, RSV, and Pneumounia. In
an embodiment, the assay may permit differentiation between natural immunity and gained
mamuntty from a vaccine through the specific addition of vaccine protein targets. The assay may
also include the differentiation between 1gG, IgM and IgA specificity. This assay can be updated
or modified seasonally as new infections arises to appropriately interrogate the current pathogen
climate. The improvement made by this assay to the current workflow will give greater insight io
the patient’s humoral immune system, as well as help inform vaccine development. For example,
a patient’s antibody response or circulating antibody population can be assessed for binding to
various candidate antigens.

{80879} The detector molecule assemblies 46 may be all of a same type or may be detected using
a same detection modality. The detected signal may not include any unique barcode information.
In one example, the detector tail may include a reactive molecule that generates the signal. Inan
embodiment, the detector molecule assemblies 46 are detected based on enzyme conversion of a
substrate to an optically detectable product. The optical detection is associated with a spot on the
array of supramolecular structures 40. In an embodiment, the detector molecule 1 of each of the
detector molecule assemblies 46 may be all of a same type and/or have a same binding specificity.
In one example, the analyie molecules 44 detected are all human antibodies, and the detector
molecule 15 an anti-human antibody with general binding specificity to a wide range of human
antibodies, regardless of antigen specificity. Other embodiments are also contemplated. For
example, the analyte roolecules 44 may undergo a tagging or processing step to add atag {e. g,
biotin} that perrotis binding to streptavidin detector molecules 1. In the depicted embodiment, the
step of providing the detector molecule assemblies 46 may be less complex, because the pool of
detector mnolecule assernblies 46 1s not diverse, and the detector molecules 1 and associated tail or
Hukers may also be all of the same type. Further, the detection step may also be less complex,
because no sequence or barcode mformation from the detector side 15 obtamed. Thus, inan
embodiment, the umque dentification mformation 1s the capture barcode 20 that 1s used together
with location mformation for each capture barcode and a detector-generated signal location
Correlation of the detector signal with location of particular barcodes is used to characterize

analyte binding. It should be understood that the method of analyte detection FIG. 9 may also be
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performed using a diverse pool of detector molecule assemblies having unique barcodes as well as
reactive molecules that generate the detector signal.

{80080} FIG. 10 shows an embodiment that is similar o the analyie detection method of FIG. 9,
but i which the pool of detector molecule assemblies 46 1s diverse. The diverse pool of detector
molecule assemblies 46 carries different respective detector molecules 1 and detector barcodes 21
{shown as detector barcode 21a, 21b, 21¢, and 21d}. The bound detector structures 50 include both
a umique capture barcode 20 associated with the capture molecule 2 specific for a particular analyts
molecule 44 as well as a unique detector barcode 21 specific for the analyte molecule 44, One or
both of the unique capture barcode 20 or the unique detector barcode 21 can be assessed to
characterize analyte binding. Detection of the unique detector barcode 21 may be performed using
techniques discussed with reference to the unique capture barcode 20, including optical, electrical,
and/or magnetic detection. Detection may include generating sequence data or amplification data
of the unique detector barcode 21.

{00081} In some embodiments, the sample, comprising one or more analytes is contacted with the
one or more supramolecular structures 40, In some embodiments, as described herein, the plurality
of supramolecular structures are provided as being attached to one or more solid substrates. FIGS.
11-14 provide examples of supramolecular structures attached to a patterned solid substrate. FIG.
15 shows an example of supramolecular structures mcorporated 1nto a porous hydrogel matrix.
The disclosed techniques may be performed mn conjunction with a patterned substrate ncluding
binding sites distributed on or in the binding site. To an embodiment, each binding site
accoromodates a single supramolecular structure 40 with differential chemustry, The patterned
substrate may be fabricated through lithography processes.  Further, embodiments of the disclosed
technigues may include one or more regeneration steps that remove a bound or “used” bound
detector structure 50 frorm the substrate to incorporate a new supramolecular structure 40,

{00682} FIG. 11 provides an exemplary illustration of a method for detecting analyte molecules in
a sample using a surface based assay that uses supramolecular structures 40, as described herein,
for single-molecile counting of analytes n the sample (1.e. detecting analyie 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 60 1s provided comprising (a) Fiduciary markers 62 that serves as a reference

coordinates for all the features on the substrate 60; (b} A defined set of micropatterned binding
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sttes 66 where individual core structures {e.g., DNA onigami) may be immobilized; (¢) background
passivation 64 that minimizes or prevents interaction between the surface of the substrate 60 and
the supramolecular structure (including capture 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
62 are coated with a polymer or seff~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 64 minimizes or prevents interaction between the
surface of the substrate 60 and analyte molecules of the sample. In some embodiments, the planar
substrate 60 comprises optical or electrical devices like FET, ring resonators, photonic erystals or
microelectrode, to be defined prior to the formation of the binding sites 66. In some embodiments,
the binding sites 66 are nucropatterned on the planar substrate 60. In some embodiments, the
binding sites 66 on the surface are in a periodic pattern. In some emboediments, the binding sites 66
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 66. In some embodiments, the minimum
distance between any two binding sites 66 is at least about 200 nm. In some embodiments, the
mintmum distance between any two binding sites 66 is from at least about 40 nm to about 5000
nm. In some embodiments, the geometric shape of the binding sites 66 comprises a circle, square,
triangle or other polvgon shapes. In some embodiments, the chemical groups that are used for
passivation 64 comprise neutrally charged molecules like a Tri-roethyl silyl (TMS), av uncharged
polymer like PEG a zwitterionic polymer like, or combivations thereof. In some emboduents, the
chemical group used to define the binding site 66 comprises a silanol group, carboxyl group, thiol,
other groups, or combinations thereof,

[80083] In some embodiments, a single supramolecular structure 40 15 attached to a respective
binding site 66 (Step 1. Reference character 70 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 heremn, e.g., FIGS. 1-4). In some embodiments, the supramolecuolar
structure 40 comprises a core structure 13 comprising a DNA origami, wherein the supramolecular
structures 40 s attached onto each of the binding sites using DNA origam placement technique
{step 1}. In some embodiments, the supramolecular structure 40 15 assembled prior to being

attached to a respective binding site 66, In some embodiments, the DNA origami comprises a
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unique shape and dimension, so as to facilitate binding to a binding site using the DNA origamy
placement techmqgue. In some embodiments, DNA origami placement comprises a directed self-
assembly technigue for organizing individual BNA origanu {(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 1s 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 counld be stored for a significant period after this step, ina
clean environment.

[00684] With continued reference to FIG. 11, in some embodiments, a sample (as described
herein} comprising analyte molecules is contacted with the planar substrate (step Z) in an analyte
capture step. In some embodiments, the sample 15 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 66. In some embodimenis, 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 3 munutes to about 30 minutes, from about 30 minutes to about 1 br, from about Thr to
about S hours, from about 5 hours to about 12 hours, from about 12 hours to about 24 hours, from
about 24 hours to about 48 hours.

[89685] In some embodiments, the analyte molecules 44, in the sarople, interact with the
supramolecular structures 40 on the planar surface 60. In some embodiments, a single copy of a
specific analvte molecule 44 binds to a capture molecule. With continued reference to FIG. 1, at
step 3, detector molecule assemblies 46 are contacted with the captured analytes. The detector
molecular assemblies are detected to generate a detectable signal at step 4. For example, the
detector barcode 21 15 used as a binding site for a signaling element 706 that 15 contacted with the
bound detector molecule assemblies 46, In some embodiments, the signaling element 76 comprises
a fluorescent molecule or microbead, a fluorescent polymer, highly charged nanoparticles or
polymer. In some embodiments, one or more signaling elements 76 are allowed to interact with the
supramolecular structures on the planar structore. In some embodiments, the signaling elements 76

are introduced mnto the flow-cell containing the planar substrates. In some embodiments, the
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detector barcode 13 amphified, as shown in the depicted embodiment. For example, the detector
barcode 1s used as a polymerization imtiator for growth of highly fluorescent polymer 1n a process
such as rolhing cirele amphification or hybridization chain reaction. In some embodiments, the
detectable signal as descnibed with step 4 leads 1o a surface in which every individual analyte
capture event leads to a signaling element 76 being present at the location of the respective analyte
{as linked with the capture and detector molecules).

{80686} In some embodiments, the signaling element 76 is optically active and can be measured
using a microscope or integrated optically sensor within the planar substrate 60. In some
embodiments, the signaling element 13 electrically active and may be measured using an integrated
electrical sensor. In some embodiments, the signaling element 70 is magnetically active and may
be measured using an integrated magnetic sensor. In some embodunents, 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 molecule, thus counting
the number of locations where the signaling element 76 is present gives the quantification of the
analyte molecule in the sample

1000687} FIG. 12 shows an arrangement having a similar planar substrate 60 with binding sites 66
as in FIG 11, The planar substrate 60 has assembled supramolecular structures 40 immobilized at
respective binding sites 66 (step 1), After analvte capture (step 2), detector molecule assembhies
are contacted with the captured analyte molecules 44, Here, each detector molecule assembly 46
meludes a bound core structure {(e.g., core structure 13, see FIG. 1), such as DNA origamy, that
operates as an integral signaling element 76, FIG. 13 shows an arrangement 1o which the planar
substrate 60 {which may be formed as described with respect to FIG. 11) has assembled
suprarmvolecular structures 40 vnunobilized at respective binding sites 66 (step 1), A separate
process associates analytes 44 with respective detector molecule assemblies 46, Tn an
embodiment, each detector molecule assernbly 46 carries a signal element 76, such as a
supramolecular core structure. The associated analytes and detector molecule assemblies 46 are
mcubated with the planar substrate 60 and immobilized supramolecular structures 40. The
associated analytes and detector molecule assemblies 46 bind to supramolecular structures having
capture molecules with binding specificity for the analyie, and the bound analytes can be

characterized e.g., via detecting signals generated from a signaling element {which may be part of
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the detector molecule assembly 46 or which may be added after association of the analytes and
detector molecule assemblies 46 with the capture molecules).

{00088} In FIG. 14, a patterned substrate 60 with muldtiple binding sites 66 can be functionalized
with or linked to individual supramolecular structures 40. In the depicted embodiment, the
supramolecular structure 40 15 assembled at step 80 and then arranged on the substrate 60 before
an antigen capture molecule 2 s linked. For example, a DNA origami containing a specific
barcode and capture strand specific to a particular antigen is flowed over the substrate 60 and
placed in a single molecule array, e.g., on DNA binding features. Antigens are conjugated to
mclude a complementary strand, shown as capture molecules 2, which can anneal {0 the DNA
origami barcode 20 of the supramolecular structures at step 82. Alternatively, the capture molecule
is associated with the supramolecular structure 40 during assembly (step 80) and is applied to the
substrate 60 together with the supramolecular structure 40, The barcode 20 of each
supramolecular structure is read out either via sequencing, amplification, or via hybridization
assay. A map of antigen capture molecules 2 with the spatial locations on the substrate 60 can be
obtained prior to performing the assay and performed as quality control of substrate 60. The map
can be stored in an analyte detection system {see FIG. 16) as provided herein and used to generate
a report of positive binding evenis to provide diagnostic information.

{80089} Appropriate blocking conditions added and a sample including patient antibodies {e.g.,
serum) is then applied to the substrate 60 and allowed to incubate to allow antibody analytes 44 in
the sample to form antibody-antigen complexes at step 84. The sample ts then washed off and a
detector molecular assembly 46 including a detector molecule 1 that is a secondary anti-human
antibody and a label for detection 15 added at step 86. The detection (step 88) of bound detector
structures SO can be based on detection of the antibody label, which can be DNA-based for
aroplification either through rolling cucle amphification, or hybrid chain reaction; alternatively, the
iabel can be a DNA nanoparticle, or flusrescent polymer.

(800690} In an embodiment, the assay inclades antigens of one or more of Adenovirus,
Coronavirus 229E, Coronavirus HKU 1, Coronavirus B.1.1.7, Coronavirus B.1.351, Coronavirus
P.1 Coronavirus NL63, Coronavirus OC43, Homan metapneumovirus, Human
rhinovirus/enterovirus, Influenza A, subtypes 2009HINT, Hi, H3, Infloenza B, Parainfluenza virus
types 1, 2, 3 and 4, Respiratory Syncytial Viras, Chiamydophila pneumoniae, Mycoplasma

pneumoniag, and Bordetella Pertussis. In addition, the assay may include vaccine targets for the

=30~



WO 2022/182643 PCT/US2022/017281

seasonal flu, as well as the covid vaccines targets for one or more commercial vaceines (Moderna,
Pfizer, Astra Zeneca, Novavax, and Johnson and Johnson). The addition of these vaccine targets
altows for the classification of the numunity to determine whether a patient has imrounity from
natural mfection and/or gained immanity from the vaccine. Multiple antigens for each pathogen
may be present to define specificity of the immunity.

{00091} Detection may include anti-species for specific antibodies for 1gG, IgM and/or IgA
determination. Specific detection of subtype aids in further understanding maturity of immumniiy.
{80692} FIG. 15 provides an exemplary embodiment for forming a hydrogel matrix 100, 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 iniroduced. In some
embodiments, the one or more supramolecular structures 40 co-polymerizes with the hydrogel
matrix, forming the matrix 120, 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 embodimenits, the
one or more cross-hinkers comprise a bis-acrylanude.

100093} Embodiments of the present disclosure include one or more computer-implemented
detection systems configured to perform certain methods of the disclosed embodiments. FIG 16
shows an analvte detection system 1000 that includes a controller 1001, The controlier 1001
mclhudes processor 1002 and a memory 1004 storing instructions configured to be executed by the
processor 1002, The controller 1001 includes a user interface 1006 and communication circuitry,
e.g., to facilitate communication over the internet 1010 and/or over a wireless or wired network,
The user interface 1006 facilitates user interaction with characterized analyte detection results as
provided herein.

{80094} The processor 1002 s prograromed to receive analyte detection data and characterize the
detected analvtes. In one embodiment, the processor generates a report of detected analytes n a
sample after incubation with an array of supramolecular structures and detection of detector
molecule assemblies. The report may include data of generated optical signals at various binding
sites that corresponds to a detected analyte binding event. The report may include processed data,
such as a hist of detected analytes or positive/negative binding results. The report may include a
st of avaslable capture molecules of an array that 18 mdicative of the analyte detection

capabilities.
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{80095} The system 1000 also includes an analvte detector 1020 that operates to detect analyte
binding via detection of one or more components of the supramolecular structure. The analyte
detector 1020 includes a detection systern having one or more sensors 1022, The analyte detector
1020 may also mnclude a reaction controller 1024 that controls sample incubation and appropriate
release of reaction reagents and detector molecule assemblies at appropriate time points. The
sensor 1022 may be one or more of an optical sensor {e.g., a fluorescent sensor, an infrared
sensor), an image sensor, an electrical sensor, or a magnetic sensor. In an embodiment, the sensor
102 15 a metal-oxide semiconductor image sensor device,

{80096} 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
1s 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.
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WHATIS CLAIMED 1S

1. A method for detecting an analyte molecule present in a sample, the method comprising:
providing an array of supramolecular stroctures smmobilized on a substrate or in a porous
matrix, a supramolecular structure of the array comprising:

a core structure comprising a plurality of core molecules; and

a capture molecule linked to the core structure via a capture barcode
contacting the sample with the array such that the analyte molecule binds to the capture
molecule;
contacting the analyte molecule bound to the capture molecule with detector molecule
assemblies such that & detector molecule of an individual detector molecule assembly
binds to the analyte molecule to form a bound detection structure;
detecting the analyte molecule based on a signal generated by the individual detector

molecule assembly of the bound detection structure; and

associating the detected analyte molecule with the supramolecular structure based on an

identity of the capture barcode.

2. The method of claim 1, further comprising removing additional analyte molecules in the
sample not bound to supramolecular structures of the array after contacting the sample with the

array.

3. The method of claim 1, further comprising removing detector molecule assemblies not bound

to supramolecular structures of the array after forming the bound detection structure.

4. The method of claim 1, 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.
5. The method of claim 1, wherein the supramolecular structure of the array is a nanostructure.

6. The method of claim 5, wherein the core structure 13 3 nanostructure.
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7. The method claim 1, wheremn a plurality of core molecules of the core structure are arranged

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

&  The method claim of 7, wherein the pre-defined shape 15 configured to Tumit or prevent cross-

reactivity with another supramolecular structure.

9. The rethod of claim 1, wherein the core structure comprises a scaffolded deoxyribonucleic
acid {DNA) origamy, a scaffolded ribonucleic acid (RNA) origami, a scaffolded hybrid DNARNA
origami, a single-stranded DNA tile structure, a multi-stranded DNA tile structure, a single~
stranded RNA origami, a multi-stranded RNA tile strocture, hierarchically composed DNA or

RNA ornigami with multiple scaffolds, a peptide structure, or combinations thereof.

10.  The method of claim 1, 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 firsi capture linker 1s 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.

11.  The method of claim 1, wherein the capture molecule of the individual supramolecular
structure has binding specificity for the analyte molecule and wherein a second capture molecule
of at least one other supramolecular structure of the array does not have binding specificity for the

analyte molecule.

12, The method of claim 1, wherein respective capture molecules of the supramolecular

structures of the array have different binding specificity to respective different analyte molecules.

13, The method of claim 1, wherein the detector molecule of the detector molecule assembly has
binding specificity for the analyte molecule and wherein other detector molecules of the detector

molecule assemblies do not have binding specificity for the analvte molecule.

14, The method of claim 1, wherein detector molecules of the detector molecule assemblies have

different binding specificity to respective different analvte molecules.
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15, The method of claim 1, wherein detecior molecules of the detector molecule assemblies have
binding specificity for any analyte molecule bound to the capture molecules of the supramolecular

structures.

16.  The method of claim 1, wherein detector molecules of the detector molecule assemblies have

no binding specificity for the supramolecular structures.

17 The method of claim 1, comprising determining a nucleic acid sequence of the capture

barcode to deternune the identity of the supramolecular structure.

18, The method of claim 17, comprising associating the deternmuned nucleic acid sequence of the

supramolecular structure to a location on the array.

19, The method of claim 18, wherein associating the detected analvte molecule with the
supramaolecular structure based on the 1dentity of the capture barcode comprises associating a

focation of the signal with the location on the array of the nucleic acid sequence.

20.  The method of claim 18, wherein the sigoal 1s an optically, magnetically, and/or electrically

detectable signal generated by a reactive molecule of the detector molecule assembly.

21, The method of claim 18, wherein the signal is a sequence of a detector barcode of the

detector molecule assembly.
22.  Anarray for detecting one or more analyte molecules in a sample, comprising;
a substrate;

a plurality of supramolecular structures immobilized on the substrate, wherein an individual
supramolecular structure of the plurality of supramolecular structures comprises:
(a} & core structure comprising a plurality of core molecules, wherein the core structure is
coupled to substrate or is linked to the substrate by an anchor molecule,
{b} a capture barcode coupled directly or indirectly to the core structure at a first end of the

capture barcode, the capture barcode extending generally away from the substrate; and
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{¢} a capture molecule coupled to a capture barcode at a second end of the capture barcode,

the capture molecole being configured to bind to an analyte molecule.

The substrate of clairo 22, wherein each core structure of the plurality of supramolecular

structures 15 identical to each other.

24, The substrate of claimo 22, wherein each supramolecular structure has a unique capture
barcode.

25, The substrate of claim 22, wherein the substrate comprises a solid support or a porous matrix.
26.  The substrate of claim 22, wherein each supramolecular structure is a nanostructure,

27. The substrate of claim 22, wherein each core structure 15 a nanostructure.

28, The substrate of clairo 22, wherein the plurality of core molecules for each core structure are

arranged mto a pre-defined shape and/or have a prescribed molscular weight.

29,

30

The substrate of claim 22, wherein the core structure is directly coupled to the substrate.

The substrate of claim 22, comprising a plurality of analyte molecules bound to respective

supramolecuiar structures of the plurality of supramolecular structures.

31

The substrate of claim 30, comprising a plurality of detector molecule assemblies bound to

respective analvte molecules of the plurality of analyte molecules.

ey

3.

The substrate of claimn 31, wherein each detector molecule assembly comprises a detector

molecule coupled to a detector barcode comprising one or more linkers.

33.

The substrate of claim 33, wherein each detector molecule assembly comprises a core

structure coupled to the detector molecule by the detector barcode.
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34.  The substrate of claim 22, wherein the substrate comprises 3 porous mairix.

35, The substrate of claim 34, wherein the porous mairix comprises a hydrogel.

36. The substrate of claim 22, wherein the substrate comprises g planar subsirate.

~3

37, The substrate of claim 22, wherein the mdividual supramolecular structure comprises only

one capture molecule.

38, A substrate for detecting one or more analyte molecules 1n a sample, the subsirate
comprising:
a patterned subsirate comprising a plurahity of binding sites spaced apart from one another;
and
a single supramolecular structure associated with each binding site of the plurality of
binding sites, the supramolecular structure comprising:
a core structure comprising a plurality of core molecules, wherein the core structure is
coupled to substrate or s linked to the subsirate by an anchor molecule,
a capiure barcode coupled directly or indirectly to the core struciure at a first end of the
capture barcode, the capture barcode exiending generally away from the substrate; and
a capiure molecule coupled to the capture barcode at a second end of the capture

barcode, the capture molecule being configured to bind to an analyte molecule.

39.  The substrate of claim 38, comprising one or more fiducial markers disposed on or inn the
patterned substrate, wherein the one or more fiducial markers are detectable by a detection system

to provide location information for the supramolecular structure.

40, The substrate of claim 38, comprising passivated regions on the patterned substrate that

separate the plurality of binding sites.
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41, The substrate of claim 38, wherein gach binding site of the plurality of binding sites 1s sized

to accommodate the single supramolecular structure.

42, An array for detecting one or more analyte molecules in a sample, the array comprising:

a patterned substrate comprising a plurality of binding sites; and

a supramolecular structure associated with each binding site of the plurality of binding

sites, the supramolecular structure comprising:
a core structure comprising a plurality of core molecules, wherein the core structure is
coupled to substrate or is linked to the substrate by an anchor molecule,
a capiure barcode coupled directly or indirectly to the core struciture at a first end of the
capture barcode, the capture barcode extending generally away from the substrate; and
a capiure molecule coupled to a capture barcode at a second end of the capture barcode,

the capture molecule being configured to bind to an analyte molecule.
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