DETECTABLE ARRAYS, SYSTEMS FOR DIAGNOSIS, AND METHODS OF
MAKING AND USING THE SAME

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Provisional

Application No. 61/881,754, filed September 24, 2013, which is incorporated by reference

herein in its entirety.

BACKGROUND
[0002] Dctectable arrays can bind or immobilize an analytc on a solid support for detecting

the presence, absence, or concentration of the analyte. Typically, detectable arrays are
limited to selectively binding a single analyte or a single type of analyte. For example, a
detectable array may contain a plurality of DNA sequence probes for binding to DNA having
sequences complementary to the sequences of the probes. In another example, arrays can
include a plurality of potential ligand receptors for selectively binding to a ligand of interest.

[0003] The application of such prior-art arrays is limited. For example, because
environmental samples may contain multiple analytes of interest, more than one array may be
needed to bind and detect the presence of analytes. Further, while known arrays are specific
for onc analyte or onc type of analyte, discasc states of subjects may be characterized by the
presence or absence of more than one analyte. Thus, there is a need for a detectable array
that can both bind and detect multiple analytes, as well as methods of diagnosing using such

detectable arrays.

SUMMARY OF INVENTION
[0004] In one embodiment, a detectable array can comprise a substrate with a plurality of

surface for binding one or more analytes, cach surface independently comprising one or more
substrate coatings for fixing one or more macromolecules to the surface of the substrate and
one or more macromolecules affixed to at least a portion of the one or more substrate
coatings, the one or more macromolecules being arranged in a pattern on the substrate
coating and comprising a plurality of unbiased binding sites for binding a plurality of
analytes, wherein the identity, pattern, or both identity and pattern of the one or more
macromolccules on the onc or more substrate coatings on cach of the plurality of surfaces is
not identical to the identity, pattern, or both identity and pattern of the one or more

macromolecules on any other substrate coating of any other of the plurality of surfaces and



wherein the presence or absence of one or more analytes bound to each of the plurality of
surfaces is detectable by a plurality of detection methods

[0005] In anothcer cmbodiment, the onc or morc substratc coatings compriscs at lcast onc
silane or at least one siloxane, for example, acrylosiloxanes, particularly one or more of 3-
methacryloxypropyl trimethoxy silane, 3-acryloxypropyl trimethoxy silane, N-(3-acryloxy-2-
hydroxypropyl-3-aminopropyltriethoxysilane, and 3-methacryloxy
propyldimcthylchlorosilanc. In yct another cmbodiment, the onc or morc macromolcculcs
comprises one or more of polymers, surfactants, nanospheres, nanotubes, dendrimers,
microspheres, and polymerized microspheres, for example, one or more of
(meth)acrylamides, (meth)acrylates, glycerol, and N,N’(alkylene)bisacrylamide. In still
another embodiment, the one or more macromolecules comprise at least one copolymer. In
another embodiment, the one or more macromolecules comprise one or more monomers, or
two or more monomers, selected from the group consisting of 2-carboxyethyl acrylate,
acrylic acid, acrylamide, histamine acrylate, N-[tris(hydroxymethyl)methyl]acrylamide,
hydroxypropyl acrylates, 4-hydroybutyl acrylate, N-hydroxyethyl acrylamide, N,N,-
dimethylacrylamide, ~ N-(1,1-dicmthyl-3-oxobutyl)acrylamide,  N-isopropylacrylamide,
ethylene glycol phenyl ether acrylate, N,N’-methylenebisacrylamide, 1,1,3,3,3-
Hexafluoroisopropyl acrylate, and N-fert-octylacrylamide. In a further embodiment, the one
or more macromolecules comprise one or more cross-linkers, such as at least one of bis-
acrylamide, trimethylolpropane triacrylate, bisphenol A-bis(2-hydrxypropyl)acrylate, and 1-
(acryloyloxy)-3-(methacryloyloxy)-3-methacryloyloxy)-2-propanol. In a further
embodiment, the one or more macromolecules comprise a plurality of chemically distinct
macromolecules, wherein each chemically distinct macromolecule is affixed to a different
surface of the plurality of surfaces of the array. In additional embodiments, the one or
macromolecules comprise at least 2, at least 12, at least 72, at least 96, or at least 288
chemically distinct macromolecules.

[0006] In another embodiment, the plurality of detection methods includes one or more of
Maillard reaction, caramelizing reaction with one or more amine reactive dyes, reaction with
onc or morc thiol reactive dycs, rcaction with onc or morc ccllular dycs, rcaction with onc or
more solvatochromic dyes, reaction with one or more acid indicators, reaction with one or
more base indicators, reaction with one or more labeled antibodies, luminescence, surface
texture analysis, photo-scanning, microscopy, photo-scanning with reflectance or
transmittance illumination, photography with reflectance or transmittance illumination, mass

spectrometry and spectroscopy.



[0007] In an additional embodiment, the substrate is glass.

[0008] In an additional embodiment, the substrate comprises one or more of glass, plastic,
mctal, composites, acrylics, or biologically active substrates, e.g., wood.

[0009] In another additional embodiment, one or more analytes are bound to the one or more
macromolecules. In a further additional embodiment, the detectable array further comprises
one or more small molecules, proteins, peptides, nucleotides, nucleosides, bacteria, viruses,
fungi cclls, animal cclls, or ycast cclls bound to the onc or more macromolcculcs.

[0010] In a further embodiment a system for diagnosing a discase, disorder or condition can
comprise an input element for receiving one or more images of a first detectable array or a
representation thereof, wherein the first detectable array is any of the aforementioned first
detectable arrays, a database comprising one or more images of a plurality of second
detectable arrays or representations thereof, wherein the second detectable array is any of the
aforementioned first detectable arrays, and a comparison element for comparing the one or
more images of the first detectable array or a representation thereof with the one or more
images of a plurality of second detectable arrays or representations thereof. In a yet further
cmbodiment, cach of the images of the plurality of sccond dctectable arrays or
representations thereof are associated with a subject, an in-vitro sample, or an environmental
sample having a known disease, disorder, or condition. In a still further embodiment, the first
detectable array or representation thereof is associated with a subject, in-vitro sample, or
condition having an unknown disease, disorder, or condition state. In a yet further
embodiment, the comparison element of the system is capable of predicting a disease state of
a subject, an in-vitro sample, or an environmental sample having an unknown disease state.
In another further embodiment, the one or more images of the first detectable array or
representation thereof are false color images. In still another further embodiment, the one or
more images of the first detectable array or representation thercof represent one or more of
fluorescence, phosphorescence, texture, roughness, color, ultraviolet absorption, infrared
absorption, or lack of one or more of the foregoing, of the plurality of surfaces of the
substrate.

[0011] In an cmbodiment, a method of determining discasc, disorder, or condition statc in a
subject, in-vitro sample, or environmental sample comprises contacting a first detectable
array, such as any of the arrays disclosed herein, with one or more analytes associated with
the subject, in-vitro sample, or environmental sample. In another embodiment, the contacting
step comprises contacting the first detectable array with one or more body samples of the

subject. In a further cmbodiment, the contacting step includes contacting at Icast onc of
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blood, serum, plasma, urine, stool, saliva, bile, spinal fluid, interstitial fluid, gastric juice,
tears, solvent, and milk of the subject, in-vitro sample, or environmental sample. In yet
anothcr cmbodiment, the contacting step compriscs contacting the first detectable array with
onge or more of plasma and urine of the subject.

[0012] In a still further embodiment, the method further comprises obtaining the one or more
analytes associated with the subject. In another further embodiment, the method further
compriscs dctecting the onc or morc analytes associated with the subject, in-vitro sample, or
environmental sample. In yet another embodiment, the method further comprises making one
or more images of the detectable array or one or more representations thereof.

[0013] In yet another further embodiment, the method comprises one or more of heating the
detectable array, causing a Maillard reaction of at least one of the one or more analytes,
caramelizing at least one of the one or more analytes, reacting at least of the one or more
analytes with one or more amine reactive dyes, reacting at least one of the one or more
analytes with one or more thiol reactive dyes, reacting at least of the one or more analytes
with one or more solvatochromic dyes, reacting at least one of the one or more analytes with
onc or morc ccllular dycs, rcacting at lcast onc of the onc or more analytes with onc or more
labeled antibodies, reacting at least of the one or more analytes with one or more acid
indicators, reacting at least of the one or more analytes with one or more base indicators,
detecting the luminescence or lack thereof of the detectable array, surface texture analysis,
photo-scanning, microscopy, photo-scanning with reflectance or transmittance illumination,
photography with reflectance or transmittance illumination, mass spectrometry and
spectroscopy.

[0014] In an embodiment, a method of making a detectable array, such as any of the
detectable arrays described herein, comprises independently contacting the plurality of
surfaces with at least one substrate coating to form a plurality of independently coated
surfaces, and independently affixing at least one macromolecule or one or more precursors
thereof to each of the independently coated surfaces. In a further embodiment, the method
further comprises polymerizing at least one of the one or more precursors thercof on at least
onc of the independently coated surfaces. In another cmbodiment, the mcthod includes
initiating polymerization of at least one of the at least one precursors by applying one or more
of light, heat, or a chemical initiator to the one or more precursors. In another embodiment,
the method comprises initiating polymerization of at least one of the one or more precursors
by applying one or more of electromagnetic radiation (e.g., microwaves, ultraviolet light,

visible light, heat), sound or a chemical initiator to the onc or more precursors.
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[0015] In another embodiment, a label-free method of detecting an unlabeled analyte
comprises contacting the unlabeled analyte with a detectable array to affix at least a portion
of the analytc to the detectable array and heating the detectable array with unlabeled analyc
affixed thereto to cause a color change of at least one of the analyte and the detectable array.
In a further embodiment, the detectable array includes at least one array selected from the
group consisting of an analytical microarray, a reverse-phase micro assay, a functional
microarray, a ccll-containing microarray, an cxpression microarray, and a high-throughput
array. In a still further embodiment, the detectable array includes at least one array selected
from the group consisting of an antibody array, and ELISA array, a peptide array, a protein
array, a nucleotide array, a nucleoside array, an RNA array, a DNA array, a DNA-protein
array, and a small molecule array. In a yet further embodiment, the unlabeled analyte is one
or more of a body sample of a subject, an in-vitro sample, a environmental sample, and at
least one component of one of the foregoing. In another further embodiment, the unlabeled
analyte is at least one component of blood, serum, plasma, urine, stool, saliva, bile, spinal
fluid, interstitial fluid, gastric juice, tears, solvent, and milk. In still another further
cmbodiment, the heating induces a non-cnzymatic browning rcaction. In yet another further
embodiment, the non-enzymatic browning reaction is at least one of a Maillard reaction and
caramelization. In another embodiment, heating comprises heating at a sufficient
temperature and for a sufficient time to induce one or more of caramelization and a Maillard
reaction. In yet another embodiment, heating comprises heating at a temperature of about

120° C to about 300° C for about 1 minute to about 5 minutes.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] Figurc I is a schematic drawing of a system for diagnosing a subject, in-vitro samplc,

or environmental sample.
[0017] Figure 2 is a detectable array with bound proteins.
[0018] Figure 3 is a detectable array with bound yeast cells.

[0019] Figure 4 is a detectable array with bound small molecules.

DETAILED DESCRIPTION

Definitions

[0020] Unless otherwise defined herein, all terms used in this Application are to be afforded
their usual meaning in the art, as they would be understood by a person of ordinary skill at
the time of the invention. It should be understood that throughout this application singular
forms, such as “a,” ““an,” and “the” are often used for convenience; however, singular forms
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are intended to include the plural unless specifically limited to the singular either explicitly or
by context.
[0021] “Analytes” arc cntitics of interest that can bind to (cither covalently, ionicaly,
physically, or by any other means) and be detected on a detectable array. Analytes can
include, but are not limited to, small molecules, such as vitamins and minerals, cells, proteins,
peptides, and the like.
[0022] A “subject” can includc any plant or animal, particularly animals, such as mammals,
and most particularly humans.
[0023] “Macromolecules” include oligomers, polymers, dendimers, nanospheres, nanotubes,
and the like.
[0024] “Polymers” includes both synthetic and naturally occurring polymers, such as
homopolymers, copolymers, such as block copolymers, graft copolymers, alternating
copolymers, and random copolymers, and also polypeptides, DNA, RNA, and the like.
[0025] “Small molecules” include biologically or environmentally relevant molecules having
a molecular weight lower than that of macromolecules.
[0026] “Binding sitcs” arc locations designed to bind onc or morc analytes. Binding sitcs arc
“unbiased” when they are not designed to be selective for a single analyte or a single type of
analyte, and “biased” when they are designed to be selective for a single analyte or a single
type of analyte.
[0027] “Diagnosis” refers to an estimation of the likelihood that a subject, in-vitro sample, or
environmental sample has, does not have, or is susceptible to having at a future time, a
particular disease, disorder, or condition state. A diagnosis can be quantitative, for example,
expressed as a percentage or fractional likelihood, or qualitative.
[0028] A “cloud-computing environment” refers to one or more computers, computer
servers, computer readable devices, and the like, containing data, software, files, or other
computer-readable or computer-executable material that can be accessed by a plurality of
remote devices. The remote devices can be computers, mobile telephones that are specially
adapted to access, read, or execute software (e.g., smart-phone), tablet computers, and the
like.
[0029] A detectable array can comprise a substrate with a plurality of surfaces for binding
one or more analytes. The substrate can be made of any suitable substrate material, such as
one or more of plastic, glass, and ceramic, but is typically glass such as silicate or borosilicate
glass. The plurality of surfaces can have any appropriate shape or size, depending on the
shape or size of the substratc. For cxample, when the substrate is a plate, such as a glass,
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plate, the plurality of surfaces can be wells in the plate. When the substrate is a slide, each of
the plurality of surfaces can be a different location on the slide. When the substrate is a
particle, such as a ccramic particle, the plurality of surfaccs can be porc or openings in the
particle. In one embodiment, the substrate comprises at least one of, or one or more of, glass,
plastic, metal, composites, acrylics, or biologically active substrates

[0030] Each of the plurality of surfaces can independently comprise one or more substrate
coatings for fixing onc or morc macromolccules to the surface of the substratc. The onc or
more substrate coatings can, independently, coat all or a portion of cach of the plurality of
surfaces. The substrate coatings can be any coatings that contain appropriate chemical
groups for fixing one or more macromolecules to the surface of the substrate. Thus, the
identity of the substrate coatings will depend on the identity of the one or more
macromolecules to be affixed to the substrate. For example, if the one or more
macromolecules include nanotubes, then the substrate coating can have a chemical moiety
that binds to nanotubes. As another example, if the one or more macromolecules includes
polymer, then the substrate coating can have one or more functional groups that can
polymerize into the polymer backbone, such as olefin.  Thus, the substratc coating can
include, for example, at least one silane or at least one siloxane. Particular siloxanes include
one or more acrylosiloxanes, such as one or more of 3-methacryloxypropyl trimethoxy silane,
3-acryloxypropyl trimethoxy silane, N-(3-acryloxy-2-hydroxypropyl-3-
aminopropyltriethoxysilane, and 3-methacryloxy propyldimethylchlorosilane.

[0031] The one or more macromolecules can include any macromolecules, and particularly
macromolecules that can provide one or more unbiased binding sites. Such macromolecules
can have one or more free functional groups for binding analytes, such as carbonyls, amines,
amides, carboxylic acids, esters, alcohols, and the like, however, this is not required unless
otherwise specified. For example, nanotubes may not contain any free functional groups but
can instead bind one or more analytes by virtue of their size and shape. Similarly, polymers
with or without free functional groups can bind one or more analytes based not only on the
nature of the functional groups (if present), but also based on the shape of the polymers and
their intcraction with the analytes in three dimensions.

[0032] The macromolecules can be, for example, at least one of polymer, surfactant,
nanosphere, nanotube, dendrimer, microsphere, and polymerized microsphere. When the
macromolecules include polymer, the polymer can be a homopolymer or copolymer, but is
typically a copolymer. The macromolecules can comprise one or more of (meth)acrylamides,

(mcth)acrylates, and N,N’-(alkylenc)bisacrylamide. For cxample, the macromolccules can
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comprise one or more of 2-carboxyethyl acrylate, acrylic acid, acrylamide, histamine
acrylate, N-[tris(hydroxymethylymethyllacrylamide, hydroxypropyl acrylates, 4-hydroybutyl
acrylate, N-hydroxycthyl acrylamide, N,N,-dimcthylacrylamide, N-(1,1-dicmthyl-3-
oxobutyl)acrylamide, N-isopropylacrylamide, ethylene glycol phenyl ether acrylate, N,N’-
methylenebisacrylamide, 1,1,3,3,3-hexafluoroisopropyl acrylate, and N-terr-octylacrylamide.
As another example, the macromolecules can comprise two or more of 2-carboxyethyl
acrylatc, acrylic acid, acrylamide, histaminc acrylate, N-
[tris(hydroxymethyl)methyl]acrylamide, hydroxypropyl acrylates, 4-hydroybutyl acrylate, N-
hydroxyethyl acrylamide, N,N,-dimethylacrylamide, N-(1,1-diemthyl-3-oxobutyl)acrylamide,
N-isopropylacrylamide, ethylene glycol phenyl ether acrylate, N,N’-methylenebisacrylamide,
1,1,3,3,3-hexafluoroisopropyl acrylate, and N-fert-octylacrylamide.

[0033] The macromolecules can also comprise at least one cross-linker. The cross-linker can
be any cross-linker known in the art. Cross-linkers can include, for example, one or more
molecules containing two, three, four, or more olefins or acrylic functional groups, such as
one or more of bis-acrylamide, trimethylolpropane triacrylate, bisphenol A-bis(2-
hydrxypropyl)acrylate, and 1-(acryloyloxy)-3-(mcthacryloyloxy)-3-mcthacryloyloxy)-2-
propanol.

[0034] The one or more macromolecules can be arranged such that the identity or pattern of
the one or more macromolecules on any of the one or more substrate coatings of each of the
plurality of surfaces is not identical to the identity or pattern of the one or more
macromolecules on any other substrate coating of any other of the plurality of surfaces.
Thus, cach substrate coating of cach of the plurality of surfaces can contain macromolecules
that are unique in either chemical identity, pattern of physical disposition, or both, with
respect to the other surfaces of the substrate. This can be accomplished in a number of ways.
For example, lithographic techniques, which are well known in the art, can be used to create
different patterns of macromolecules on the different surfaces. As another example, when the
substrate is a plate, the macromolecules fixed to cach well of the plate can have different
chemical identities. As a further example, when the substrate is a slide, cach chemically
distinct macromolccule can be affixed to a different location on the slide; in this casc cach of
the different locations on the slide is a different surface, such that the slide comprises a
plurality of surfaces with chemically distinct macromolecules affixed thereto. In these or
other manners, the one or more macromolecules can comprise a plurality of chemically
distinct macromolecules, and each chemically distinct macromolecule can be affixed to a

different surface of the plurality of surfaces of the substratc. For cxample, the onc or more
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macromolecules can comprise at least two, at least twelve, at least seventy-two, at least
ninety-six, or at least two-hundred and cighty-eight chemically distinct macromolecules, cach
of which can be affixed to a different surface of the plurality of surfaces of the substrate.
[0035] The detectable array can further comprise one or more analytes bound to the one or
more macromolecules. The one or more analytes can comprise one or more of small
molecules, proteins, peptides, nucleotides, nucleosides, bacteria, viruses, fungi cells, yeast
cclls, and animal cclls bound to at Icast onc of thc onc or morc macromolcculcs. In
particular, a plurality of different analytes can be bound to the one or more macromolecules.
For example, if the detectable array is contacted with the blood of a subject, the one or more
macromolecules can bind to cells, such as red blood cells, white blood cells, t-cells, and the
like, and also bind to proteins and small molecules that are present in the blood. In particular,
when each of the plurality of surfaces has a different affixed macromolecules, different types
and quantities of analytes can bind to cach of the plurality of surfaces, thereby creating a
detectable pattern of bound analytes.

[0036] The presence or absence of one or more analytes bound to the one or more
macromolccules can be detectable by a plurality of detection methods. The dcetection
methods can also detect the one or more of absolute and relative amount of the one or more
analytes and the identity of the one or more analytes, although this is not required unless
otherwise specified. Any detection methods known in the art can be used. Exemplary
detection methods include one or more of Maillard reaction, caramelizing, reaction with one
or more amine reactive dyes, reaction with one or more thiol reactive dyes, reaction with one
or more cellular dyes, reaction with one or more solvatochromic dyes, reaction with one or
more acid indicators, reaction with one or more base indicators, reaction with one or more
labeled antibodies, luminescence, surface texture analysis, photo-scanning, microscopy,
photo-scanning with reflectance or transmittance illumination, photography with reflectance
or transmittance illumination, mass spectrometry and spectroscopy.

[0037] The Maillard reaction is well known as the reaction that, for example, causes food to
brown upon heating by reactions involving food components such as amino acids. A
Maillard rcaction can be uscd to detect analytcs by heating the bound analytes, for cxample,
to a temperature from about 200° C to about 400° C, such as about 275° C to about 325° C or
about 300° C, for sufficient time to induce a Maillard reaction, such as from about 1 min to
about 15 min, or about 5 min. The color of each of the plurality of surfaces of the substrate

can then be assessed by colorimetric analytical techniques known in the art. For example,



substrate can be scanned by a digital scanner to create an image of the plate’s colors on a
computer, which can then be analyzed by commercially available computer software.

[0038] Caramclizing is another well known rcaction that, for cxample, can causc food to
brown upon heating. Caramelizing involves different chemical processes than the Maillard
reaction, such as pyrolysis of carbohydrates. Caramelizing can be used to detect analytes by
heating the bound analytes, for example, to a temperature from about 100° C to about 210° C,
such as about 130° C to about 210° C, or about 160° C to about 200° C, for a sufficient time
to cause caramelization. The color of each of the plurality of surfaces of the substrate can
then be assessed by colorimetric analytical techniques known in the art. For example,
substrate can be scanned by a digital scanner to create an image of the plate’s colors on a
computer, which can then be analyzed by commercially available computer software.

[0039] Surface texture analysis can be performed, for example, using surface texture
analyzers known in the art. The texture of the surface can be different depending on one or
more of whether an analyte is bound to the surface, the nature or identity of the analyte bound
to the surface, and the absolute or relative quantity of analyte bound to the surface.

[0040] Rcaction with dycs or indicators, such as aminc or thiol rcactive dycs, cellular dycs,
solvatochromic dyes, acid indicators or base indicators, can cause a color-change on one or
more of the plurality of surfaces of the substrate. The nature and extent of the color change
can depend on one or more of whether an analyte is bound to the surface, the nature or
identity of the analyte bound to the surface, and the absolute or relative quantity of analyte
bound to the surface. The color change can be analyzed by colorimetric analytical methods
known in the art. For example, the plate can be scanned by a digital scanner to create an
image of the plate’s colors on a computer, which can then be analyzed by commercially
available computer software.

[0041] Reaction with labeled antibodies can include reaction with any antibody that is
labeled to be detectable when bound to an analyte. Such labeled antibodies are known in the
art, and include fluorescence labeled antibodies, biotin/strepatvidin labeled antibodies, and
the like.

[0042] Lumincscence measurcments can involve measuring, for cxample, the fluorcscence or
phosphorescence spectra of the plurality of surfaces of the substrate. The intensity,
wavelength, and photo yield of the spectrum can depend on one or more of whether an
analyte is bound to the surface, the nature or identity of the analyte bound to the surface, and

the absolute or relative quantity of analyte bound to the surface.
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[0043] Microscopy can include light microscopy, such as optical, ultraviolet, infrared, or
luminescence microscopy. Microscopy can also include scanning techniques, such as
scanning clectron microscopy and atomic force microscopy.

[0044] In particular, Maillard reactions and caramelizing can have several advantages over
other detection methods. For example, they can be label-free methods in that no labeling
(e.g., by addition of dye, stain, ligand, etc.) is required. Thus, staining with the Maillard
rcaction or caramclizing can avoid the usc of cxpensive labeling dycs, stains, and the like,
thereby reducing the cost of assays. Because these approaches require only a brief
application of heat, rather than a complex chemical reaction or biological process, they are
fast, easy to carry out, and less prone to user error than commercially available detection
methods.

[0045] Detection by one or more of the plurality of detection methods can provide an image
of the substrate or a representation thereof. The image can be a photograph or digital image.
A representation thercof can include a false-color image where features such as texture,
depth, surface roughness, luminescence intensity, and the like, are represented by colors or
other indicia.

[0046] A system for diagnosing a disease, disorder, or condition, such as a disease of a
subject, or a condition of an environmental sample, can include an input element for
receiving one or more images of a first detectable array or a representation thereof. The input
element can be any element that is used to both create and receive an image or representation
thereof, such as a photo-scanner, or an element that is used solely to receive a digital
representation of an image, such as a computer, web browser, cloud-computing environment,
and the like.

[0047] The system can also include a database comprising one or more images of a plurality
of second detectable arrays or representations thereof. The database can be stored physically,
such as a photograph album containing images, but is more commonly stored digitally. For
example the database can be stored on one or more computers, computer servers, computer-
rcadable storage devices, such as hard drives, USB drives, and the like, or in a cloud-
computing cnvironment.

[0048] Each of the one or more images of the plurality of second detectable arrays or
representations thereof can be associated with a subject, in-vitro sample, or environmental
sample having a known disease, disorder, or condition state. For example, an image of the
second detectable array can be associated with a subject having a known disease state, such

as a bacterial infcction or cancer; the subject can also be known to be discasc-free. Similarly,
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an image or representation thereof can be associated with an in-vitro sample, such as a known
in-vitro disease model, Petri dish with known components, and the like. An image or
representation thercof can also be associated with an environmental sample having a known
state, such as a wastewater sample of known composition, a soil sample with known
contaminants, and the like.

[0049] The system can further include a comparison element for comparing the one or more
imagcs of the first detectable array or representation thercof to the onc or morce images of the
plurality of second detectable arrays or representations therecof. The comparison element can
be a simple physical element, such as one or more photograph albums comprising one or
more images of a plurality of second detectable arrays or representations thereof for
facilitating a visual comparison of the image of the first detectable array or representation
thereof with the plurality of second detectable arrays or representations thercof. More
commonly, the comparison element includes software that performs a series of steps to
recognize features, such as color, size, location, and the like, and patterns of such features, of
the image of the first detectable array or representation thereof, and compares those features
to the onc or morc images of the plurality of sccond detectable arrays or representations
thereof. The software can be executed on any suitable device, including a computer, mobile
computer, mobile or stationary telephone equipped with software-executing capabilities (e.g.,
“smart-phone”), tablet computer, wearable computer, and the like. The software can also be
executed in whole or in part from a computer server or a cloud-computing environment,
which need not be in the same location as the input element. Thus, the comparison element
can compare the one or more images of the first detectable array or representation thercof to
the one or more images of the plurality of second detectable arrays or representations thercof
by, for example, executing local software to perform this comparison or executing or causing
to be executed software that is located in another location to perform this comparison. In
some cases, the comparison element and the database can be the same device, although this is
not required unless otherwise specified. Also, the comparison element need not comprise
software; the comparison element can also be, for example, a photograph album or physical
representation that facilitates comparison of the onc or morc images of the first detectable
array or representation thereof to the one or more images of the plurality of second detectable
arrays or representations thereof.

[0050] The comparison element can therefore be used to diagnose a disease, disorder, or
condition, for example, of a subject, in-vitro sample, or environmental sample by comparing

the onc or morc imagces of the first detectable array or representation thercof associated with
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the subject, in-vitro sample, or environmental sample to the one or more images of the
plurality of second detectable arrays or representations thercof. The diagnosis can be
achicved by comparing similaritics and differences between the one or more images of the
first detectable array or representation thereof and the one or more images of the plurality of
second detectable arrays or representations thereof.

[0051] The diagnosis can be expressed in quantitative or qualitative terms. For example, a
diagnosis of a particular discasc, disorder, or condition statc can be cxpressed as a percent
similarity to the one or more images of the plurality of second detectable arrays or
representations thereof associated with subjects, in-vitro samples, or environmental samples
having the particular disease, disorder or condition state. Alternatively, a diagnosis can be
expressed as a qualitative likelihood that a subject, in-vitro sample, or environmental sample
has, or does not have, a particular disease, disorder, or condition state.

[0052] A method of diagnosing a discase, disorder, or condition state in a subject, in-vitro
sample, or environmental sample can comprise contacting a first detectable array, such as any
of the detectable arrays described herein, with one or more analytes associated with the
subject, in-vitro sample, or cnvironmental sample. The first detectable array can be
contacted, for example, with one or more body samples of a subject. The first detectable
array can be contacted, for example, with at least one of blood, serum, plasma, urine, stool,
saliva, bile, spinal fluid, interstitial fluid, gastric juice, tears, solvent, and milk of the subject,
in-vitro sample, or environmental sample, such as the plasma, serum, or urine of a subject.
[0053] The method of diagnosing can also comprise obtaining the one or more analytes
associated with the subject, in-vitro sample, or environmental sample, although this is not
required unless otherwise specified. For example, the analytes can be obtained by a third-
party, such as a phlebotomist, testing laboratory, or collector of environmental samples, who
does not perform the other diagnosing steps. Alternatively the analytes can be obtained by
the same entity that conducts the remaining diagnosing steps.

[0054] The method of diagnosing can also comprise detecting the one or more analytes
associated with the subject, in-vitro sample, or environmental sample, although this is not
required unless otherwise specified.  For cxample, detecting can be performed by the same
entity that performs the other diagnostic steps, or a different entity. In the latter case, the
detectable array, after being contacted with one or more analytes, can be transported to a third
party for detection. Detecting the one or more analytes can comprise any of the detection
methods discussed herein, for example, one or more of Maillard reaction, caramelizing,

rcaction with onc or more amine recactive dycs, rcaction with onc or more thiol reactive dycs,
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reaction with one or more cellular dyes, reaction with one or more solvatochromic dyes,
reaction with one or more acid indicators, reaction with one or more base indicators, reaction
with onc or morc labceled antibodics, luminescence, surface texture analysis, photo-scanning,
microscopy, photo-scanning with reflectance or transmittance illumination, photography with
reflectance or transmittance illumination, mass spectrometry and spectroscopy.

[0055] The likelihood of a particular subject, in-vitro sample, or environmental sample to
have a discase, disorder, or condition can be determined by comparing features of the image
of the first detectable array or representations thereof to corresponding features of the images
of the plurality of second detectable arrays or representations thereof in the database. When
the images of the plurality of second detectable arrays or representations thereof are
associated with the known disease, disorder, or condition of the subject, in-vitro sample, or
environmental sample associated with the plurality of second detectable arrays or
representations thereof, similarities and differences between the image of the first detectable
array or representations and the plurality of second detectable arrays or representations
thercof can be used to diagnose the subject, in-vitro sample, or environmental sample
associated with the first detectable array.

[0056] The detection method can also comprise making one or more images of the detectable
array, or one or more representations therecof. The image can be a photograph or digital
image. A representation thereof can include a false-color image where features such as
texture, depth, surface roughness, luminescence intensity, and the like, are represented by
colors or other indicia.

[0057] A method of making a detectable array, such as the detectable arrays described herein,
can comprise independently coating a plurality of surfaces of a substrate with a least one
substrate coating to form a plurality of independently coated surfaces and independently
affixing at least one macromolecule or one or more precursors thereof to each of the
independently coated surfaces.

[0058] The one or more substrate coatings can, independently, coat all or a portion of each of
the plurality of surfaces. The substrate coatings can be any coatings that contain appropriate
chemical groups for fixing onc or morc macromolccules to the surface of the substratc. Thus,
the identity of the substrate coatings will depend on the identity of the one or more
macromolecules to be affixed to the substrate. For example, if the one or more
macromolecules include nanotubes, then the substrate coating can have a chemical moiety
that binds to nanotubes. As another example, if the one or more macromolecules includes

polymer, then the substrate coating can have a functional group that can polymerize into the
14



polymer backbone. Thus, the substrate coating can include, for example, at least one silane
or at least one siloxane. Particular siloxanes include one or more acrylosiloxanes, such as
onc or morc of 3-mcthacryloxypropyl trimcthoxy silanc, 3-acryloxypropyl trimcthoxy silanc,
N-(3-acryloxy-2-hydroxypropyl-3-aminopropyltricthoxysilane, and 3-methacryloxy
propyldimethylchlorosilane.

[0059] The macromolecules can be, for example, at least one of polymer, surfactant,
nanosphcere, nanotube, dendrimer, microsphere, and polymerized microsphere.  When the
macromolecules include polymer, the polymer can be a homopolymer or copolymer, but is
typically a copolymer. The macromolecules can comprise one or more of (meth)acrylamides,
(meth)acrylates, and N,N’-(alkylene)bisacrylamide. For example, the macromolecules can
comprise one or more of 2-carboxyethyl acrylate, acrylic acid, acrylamide, histamine
acrylate, N-[tris(thydroxymethyl)methyl]acrylamide, hydroxypropyl acrylates, 4-hydroybutyl
acrylate, N-hydroxyethyl acrylamide, N,N,-dimethylacrylamide, N-(1,1-diemthyl-3-
oxobutyl)acrylamide, N-isopropylacrylamide, ethylene glycol phenyl ether acrylate, N,N’-
methylenebisacrylamide, 1,1,3,3,3-hexafluoroisopropyl acrylate, and N-tert-octylacrylamide.
As another cxample, the macromolecules can comprisc two or morc of 2-carboxycthyl
acrylate, acrylic acid, acrylamide, histamine acrylate, N-
[tris(hydroxymethyl)methyl]acrylamide, hydroxypropyl acrylates, 4-hydroybutyl acrylate, N-
hydroxyethyl acrylamide, N,N,-dimethylacrylamide, N-(1,1-diemthyl-3-oxobutyl)acrylamide,
N-isopropylacrylamide, ethylene glycol phenyl ether acrylate, N,N’-methylenebisacrylamide,
1,1,3,3,3-hexafluoroisopropyl! acrylate, and N-tert-octylacrylamide.

[0060] The macromolecules can also comprise at least one cross-linker. The cross-linker can
be any cross-linker known in the art. Cross-linkers can include, for example, one or more
molecules containing two, three, four, or more olefins or acrylic functional groups, such as
one or more of bis-acrylamide, trimethylolpropane triacrylate, bisphenol A-bis(2-
hydrxypropylacrylate, and 1-(acryloyloxy)-3-(methacryloyloxy)-3-methacryloyloxy)-2-
propanol.

[0061] The macromolecule precursor can be, for example one or more monomers. The one
or morc monomers can comprise onc or morc of 2-carboxycthyl acrylate, acrylic acid,
acrylamide, histamine acrylate, N-[tris(hydroxymethyl)methyl]acrylamide, hydroxypropyl
acrylates, 4-hydroybutyl acrylate, N-hydroxyethyl acrylamide, N,N,-dimethylacrylamide, N-
(1,1-diemthyl-3-oxobutyl)acrylamide, N-isopropylacrylamide, ethylene glycol phenyl ether
acrylate, N,N’-methylenebisacrylamide, 1,1,3,3,3-hexafluoroisopropyl acrylate, and N-tert-

octylacrylamide. As another cxample, the macromolccules can comprisc two or morc of 2-
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carboxyethyl  acrylate, acrylic acid, acrylamide, histamine acrylate, N-
[tris(hydroxymethylymethyl]acrylamide, hydroxypropyl acrylates, 4-hydroybutyl acrylate, N-
hydroxycthyl acrylamide, N,N,-dimcthylacrylamide, N-(1,1-dicmthyl-3-oxobutyl)acrylamide,
N-isopropylacrylamide, ethylene glycol phenyl ether acrylate, N,N’-methylenebisacrylamide,
1,1,3,3,3-hexafluoroisopropyl acrylate, and N-tert-octylacrylamide.

[0062] The method can further comprise polymerizing one or more precursors of
macromolcculcs, such as monomers and particularly olcfin containing monomers, on at Icast
one of the independently coated surfaces of the substrate. The polymerization can be
initiated by any known method of initiating polymerizations. For example, the
polymerization can be initiated by applying one or more of light, heat, or a chemical initiator
to the one or more precursors. The light can be any light that is capable of initiating the
polymerization, such as visible light, ultraviolet light, ionizing radiation, and the like. The
heat can be any temperature that is capable of initiating the polymerization; such
temperatures will be known or readily determinable by a person of skill in the art. Chemical
initiators are known in the art, and can be used in conjunction with light or heat if needed.
Typical chemical initiators include azo and peroxy compounds, such as dicumyl peroxide and
AIBN, persulfates, and the like. In another embodiment, the method comprises initiating
polymerization of at least one of the one or more precursors by applying one or more of
electromagnetic radiation (e.g., microwaves, ultraviolet light, visible light, heat), sound or a
chemical initiator to the one or more precursors.

[0063] Importantly, while specific types of arrays are described herein, other arrays can also
be used unless otherwise specified. This is particularly true when unlabeled analytes are
used. Thus, a method of detecting an unlabeled analyte can include contacting the unlabeled
analyte with any detectable array, including those discussed herein and others, and heating
the detectable array with the unlabeled analyte affixed thereto to cause a color change of at
least one of the unlabeled analyte and the detectable array.

[0064] The contacting step can be sufficient to affix at least a portion of the analyte to the
detectable array. The analyte can be any analyte, such as one or more of a body fluid of a
subject, in-vitro sample, cnvironmental sample, and a componcent of onc or more of the
foregoing. For example, the analyte can be a component of least one of blood, serum,
plasma, urine, stool, saliva, bile, spinal fluid, interstitial fluid, gastric juice, tears, solvent, and
milk

[0065] The color change can relate to non-enzymatic browning of the analyte. The non-

cnzymatic browning can be any form of non-cnzymatic browning, for cxample, onc or morc
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of a Maillard reaction and caramelization. The heating step can be for a sufficient time and at
a sufficient temperature to induce the Maillard reaction, caramelization, or both. Such
temperatures and times arc discussed herein, and can be, for example, temperaturcs of about
120° C to about 300° C for about 1 minute to about 5 minutes. Once the color change has
occurred, the detectable array can be analyzed by any known methods, including but not
limited to the methods discussed herein.

[0066] This mcthod can be uscd with any type of dctectable array, not only the detectable
arrays discussed in detail herein. For example, the method can be used with one or more of
an analytical microarray, a reverse-phase micro assay, a functional microarray, a cell-
containing microarray, an expression microarray, and a high-throughput array. As another
example, the method can be used with one or more arrays selected from the group consisting
of an antibody array, and ELISA array, a peptide array, a protein array, a nucleotide array, a
nucleoside array, an RNA array, a DNA array, a DNA-protein array, and a small molecule
array.

[0067] EXAMPLES

[0068] Example 1 — Substrate Coating

[0069] A borosilicate slide is cleaned with absolute ethanol and allowed to dry. 200 pL of a
silanization solution having the components of Table 1 is applied to one side of the slide and
allowed to spread over the entire side. The side is wiped with a sterile paper wipe to remove
excess solution, and then placed on a slide holder with the coated surface facing a heat source
at 150° C for about 30 minutes. The slide is then cooled to room temperature, and then

washed in fresh absolute ethanol. Slides are dried by blowing filtered air (0.02 um filter) over

the slides.
Table 1
Component Amount (vol. %)
Absolute ethanol 94.5
Distilled water 5
Acetic acid (neat) 0.5
3-methacryloxypropyl trimethoxysilane 0.3

[6070] Example 2 — Macromolecule Precursors
[0071] Stock solutions of monomers were prepared according to Table 2. All of the
monomers were obtained commercially except for histamine acrylate, which was prepared by
mixing an equimolar amount of histamine and acrylic acid in a solution of phosphate buffered
saline (PBS) and dimethyl sulfoxide (DMSO).
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Table 2

Solution Monomer . Concentration
Number Monomer Name Dilution Acrylamide Selvent of Monomers
482 yl. //
1 2- thyl lat
Carboxycthyl acrylate ml = 4M Nong DMSO 4M
. . 288 ul. /
2 Acrylic Acid ml = 4M None DMSO 4M
[;
50 mg/ 250 L67 M
3 Histamine acrylate 2M uL 2M 50:50 /2.3
) tylate histamine | DMSO:PBS | onomer &
M acrylamide
acrylate
N 1:1 2M 90%
. 350.4mg/ | monomer: | glycerol+ | 1M monomer/3
4 tris(hyd cthylmetk
[tris(hy roxymc‘ yhmethy] mL =2M 6M 10% M acrylamide
acrylamide .
acrylamide glycerol
5 Hydroxy.propyl acry late, 498.63 ul. None DMSO AM
isomers /mL =4M
576.7ul/
4-hydr tyl acrylate Nong ' '
6 ydroxybutyl acrylate ml = 4M None DMSO 4M
N-Hydroxyethyl
. : 4149 ul /
7 acrylamide (Polysciences, ml =3M None DMSO 4M
Inc., #25109)
412.19 uL
N,N-Dimethylacrylami D
8 N,N-Dimethylacrylamide /L = 4M None MSO 4M
1:1 4M
9 N-(1,1-Dimethyl-3- 676.9 mg/ | monomer : DMSO 2 M monometr/2
oxobutyl) acrylamide mL =4M 4M ' M acrylamide
acrylamide
. . 452.8 mg /
10 N-iso-propylacrylamide mL = 4M None DMSO 4M
5 H6TM
Ethylene glycol phenyl 15 4M 0.67M
) 696.4ul/ | monomer : monomer/
11 ether acrylate (Santa Cruz _ DMSO .
. . mlL =4M 4M 3.33M
Biotech, 239963) . .
acrylamide acrylamide
1:5 4M :
733.2 mg/ | monomer 0.67M
. 2 mg/ : )
12 N-Tert-Octylacrylamide L. = AM AM DMSO monomcr/3..33
. M acrylamide
acrylamide

[0072] Example 3 — Monomer Mixtures

[0073] Each of the twclve monomer solutions from Table 2 in Example 2 were chilled.

Twelve vessels are each charged with three volumes of the polymerization mixture of Table 3
are added to the chilled monomer solutions. One volume of the one of the solutions 1-12

from Table 2 is added to each of the twelve vessels to make monomer mixtures 1-12, each of

18



which contains both the monomers of the corresponding solution 1-12 of Table 2 and the

materials of Table 3

Table 3
Final
Reagent Concentration | Concentration
age in Solvent (when diluted
3:1)
Acrylamide 0.67M 0.5M
( I?T'Acfylf“];i&eso 49.9 mM 37.5 mM
as 31 mg/m o o
solution) (0.33%) (0.25%)
DMPA
(as 800 mM DMSO 33.3 mM 25 mM
solution)
Glycerol 33.25% 25%
DMSO q.s to 100%

[0074] Example 4 — Master Plates

[0075] Equal volumes of each of the monomer mixtures 1 to 12 were added to wells of a 96-
well plate according to Table 4, making mixtures of the various monomers. The numbers in
the table correspond to the identity of the monomer stock solutions (from Table 2) that are
present in each well.

Table 4

1 2 3 4 5 6 7 8 9 10 11 12

1 1-1 -2 113 1 14} 15| 16} 17| 18 1-12
2 222 123 24| 25| 26 | 27 | 28 2-12
3 33134413536} 37| 38 3-12
4 44 1 45| 46 | 47 | 48 4-12
5 55| 56 | 57| 58 5-12
6 6-6 | 6-7 | 68 6-12
7 EELA iz
8 8. 12

[0076] The mixturcs arc of Table 4 were then transferred to a sccond 96-well plate in the
format of Table 5. Again, the numbers in the table correspond to the identity of the monomer

stock solutions (from Table 2) that are present in each well.
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Table 5
1 2 3 4 5 6 7 8 9 10 11 12

1 1-1 2-1 3-1 4-1 5-1 6-1 7-1 8-1 9-1 | 10-1 | 11-1 | 12-1
2 8-8 | 2-2 32 1 42 | 52 62| 72 82 | 92 | 102} 11-2} 122
3 9-8 | 99 | 33 4-3 5-3 6-3 7-3 83 | 93 | 103 | 11-3 | 123
4 10-8 110-10} 7-7 | 44 | 54 | 64 | 74 | &4 | 94 | 104 | 114 | 124
5 11-8  11-11} &7 | 107} 5-5 6-5 7-5 85 | 95 | 105 11-5 | 12-5
6 12-8 }12-12y 97 { 11-7 } 127} 66 | 7-6 | &6 | 9-6 | 10-6 | 11-6 | 12-6
7

8

[0077] 30 uL of cach of the charged wells of Table 5 are transferred to a 384-well plate in the

format of Table 6. The 384-well plate is kept chilled on a cold surface to minimize

evaporation.
Table 6

i 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 2 23 24
1 [ U I A VS = O S U O A O A (05 O O 6 O 0 U O U5 O O O A P A S - O (B U N+ U 5 O A E0 S8 S o N A 5 O 0 O I VO S
2 S8 7212218232192 1421025211262 1122} 88| 722218232192 }42102] 52} 112] 621122
3 981 73199183 1331931431103 53 1131631123198 1737199183 133193143/[103]531}111-3)63]1123
4 10-8) 74 110-10] 84 1 757194 | 44 1104} 54 | 11-4) 64 112-4110-8) 74 }10-10] 84 | 7-7 |1 94 | 44 110-4] 54 | 114] 64 | 124
5 -8 7-5 J1L-11) 85 1 87 1 95 J10-7]10-5) 55 J11-5]) 65 } 12-5 ) 11-8) 7-5 J11-11) &5 | 87 | 9-5 [ 10-7)10-5] 5-5 | 11-5] 6-5 | 12-5
6 12-8) 7-6 |12-12) 86 | 971 9-6 | 11-7]10-6 | 1227} 11-6] 66 | 12-6] 12-8] 7-6 |12-12] 86 | 9-7 | 9-6 | 11-7]10-6]12-7] 11-6] 66 | 12-6
7 070 2-0 F 839 4L oS Pl el p a2t b 70 20 8| 3 91 4L 101 51 -l 6 ) 12-]
8 S8 721221823292 142 (102]52 112162122} 88 |72 22}82|3219242[102]52112]62]122
9 981 7319918333193 143110353 1131631123498 737199183 |337193143[103]53}111-3}6371123
10 J10-8] 74 110-10) 84 1 7-7 1 94 | 44 1104} 54 [ 11-4] 64 11241 10-8) 74 {10-10) 84 | 7-7 | 94 | 44 1104} 54 [ 114] 64 | 124
Wopi-8) 725 [ 85 ) 87 1 95 [ 10-7110-51 5-5 [ 11-5) 65 1 12-5 0 11-8 ) 7-5 J11-11) &5 | 87 | 9-5 [ 10-7]10-5] 5-5 | 11-5] 6-5 | 12-5
12 J12-8) 76 |12-12) 86 1 971 96 | 11-7110-6 | 12-7] 11-6] 66 | 12-6 ] 12-8] 7-6 }12-12] 86 | 9-7 | 9-6 | 11-7110-6]12-7] 11-6] 66 | 12-6

[0078] The 384-well plate in Table 6 has four quadrants, cach having 72 monomer mixtures.
The four quadrants, I-1V, are (in row-column format) 1-1 to 6-12, 1-13 to 6-24, 1-7 to 12-12,
and 13-7 to 12-24. 10 uL of one of monomer mixtures 1 to 4 (from monomer mixtures 1 to
2, Example 3) is added to each well of quadrants I-IV, respectively, thus providing 288 wells
with chemically unique compositions. The plates were chilled and covered with a plate cover
or parafilm to minimize evaporation until use.

[0079] Two additional 384-well plates are prepared, each of which is identical to the one
described above except for the identity of the 10 uL of monomer mixture added. The second
plate has 10 uL of monomer mixtures 5 to 8 added to quadrants I-IV, respectively, and the
third has 10 pL of monomer mixtures 9 to 12 added to quadrants I-1V, respectively. The

resulting three plates cach have 288 different combinations of polymer precursors.
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[0080] Example 6 — Detectable Array

[0081] The combinations of polymer precursors in the three plates prepared according to
Examplc 5 arc coated onto a substrate prepared according to Example 1 by applying cach of
the different combinations of polymer precursors to a distinct arca of the substrate. The
polymer precursors are then polymerized by application of ultraviolet light. The
functionalized silane on the substrate coating is incorporated into the polymer backbones,
thereby affixing the polymers to the substrate.

[0082] Example 7 — System

[0083] Turning to the figures, a schematic of an exemplary system is shown in Figure 1. The
system includes a photo-scanner 1 for receiving one or more images of a first detectable array
or representations thereof. The photo-scanner 1 can also convert the one or more images of a
first detectable array or representations thereof into one or more digital file, such as a jpeg
file, a pdf file, a tiff file, a gif file, or other type of file that contains information from the one
or more images. Importantly, while the input element in Figure 1 is photo-scanner 1, which
can both create and receive one or more images or representations thercof, other input
clements, including thosc that can only rcccive onc or morc images or rcprescentations
thereof, can also be used.

[0084] The system also includes a cloud-computing database 2, which is stored on one or
more computer servers in a cloud-computing environment. Importantly, other types of
databases can also be used. The cloud-computing database 2 comprises digital image files of
a plurality of second detectable arrays, each of which was exposed to human plasma and
detected for the presence of one or more analytes bound to the surface. Each digital image
file is associated with a human patient having at least one known disease, disorder, or
condition (with the understanding that good health or lack of disease can be a known
condition), and contains, in addition to the digital image, information regarding the at least
one known disease, disorder, or condition. In this example, the cloud-computing database 2
also comprises software for receiving a digital file one or more images of the first detectable
array or representations thereof from the photo-scanner 1, and for comparing the one or more
imagcs of the first detectable array, or representations thercof, such as the onc or more digital
files, to the digital image files of the plurality of second detectable arrays. Importantly, in
addition or in the alternative to being part of the database element, such software could be
located in the comparison element.

[0085] A smart-phone 3 is also included in the system. In this example, the smart phone 3 is

a comparison clement that is adapted to conncet with cloud-computing databasce 2, and
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compares the one or more digital image files of the first array with the plurality of image files
of the plurality of second arrays by either executing or causing to be executed the software,
located in the cloud-computing databasc 2, for comparing the onc or morc images of the first
detectable array, or representations thereof to the digital image files of the plurality of second
detectable arrays. In this example, the smart-phone 3 is also adapted to receive the results of
the comparison in the form of a list of diseases or disorders and an estimation of the
likclihood that the subject has or is susceptible to the cach of discascs or disorders on the list.
[0086] Example 8 — Detecting Proteins

[0087] A detectable array of Example 6 was washed with distilled water for 15 minutes and
air dried. A serum sample was contacted with the detectable array such that all of the
surfaces of the detectable array contacted the serum sample. The serum sample was allowed
to remain on the detectable array for 15 minutes at ambient temperature, and then removed by
shaking the array. The array was washed by immersion in distilled water for about 5 seconds,
followed by removal of excess water by shaking the array. The array was then heated for 5
minutes at 300° C to induce Maillard reactions between serum proteins and other molecules
bound to thc array. After cooling to room tempcerature, the array was scanncd using a
commercial photo-scanner at 1,000 dpi resolution. An image of the scanned array appears in
Figure 2. This example shows that serum proteins can be bound to and detected on the
detectable array.

[0088] Example 9 — Detecting Cells

[0089] Yeast cells were removed from a culture by diluting with phosphate buffered saline
(PBS) at pH 7.4 and pelleted by centrifugation. The cells were resuspended in PBS and 10
uL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was added per
100,000 cells. The cells were incubated in the MTT at 37° C for about one hour. The cells
were pelleted by centrifugation and re-suspended in PBS.

[0090] A detectable array of Example 6 was washed in distilled water for 15 minutes at
ambient temperature and air dried. The cell suspension was contacted to the array such that
all of the surfaces of the detectable array contacted the suspension. The array was incubated
with the suspension for 30 minutes at ambicent tempcerature with mild agitation. The array
was dried by shaking off the excess suspension. The array was then washed by immersion in
distilled water for about 5 seconds, followed by removal of excess water by shaking the
array. The array was then scanned using a commercial photo-scanner at 1,000 dpi resolution.
An image of the scanned array appears in Figure 3. This example shows that cells can be

bound to and detected on the detectable array.
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[0091] Example 10 — Detecting Small Molecules

[0092] A detectable array of Example 6 was washed in distilled water for 15 minutes at
ambicnt tempcerature and air dricd. A samplc of sucralose, dextrosc, and maltodextrin sold
under the name SPLENDA® was dissolved in distilled water and the solution contacted with
the array such that all of the surfaces of the detectable array contacted the solution. The
solution was allowed to remain on the detectable array for 15 minutes at ambient
temperature, after which ¢xcess solution was removed by shaking the array. he array was
washed by immersion in distilled water for about 5 seconds, followed by removal of excess
water by shaking the array. The array was then heated for 5 minutes at 300° C to induce
Maillard reactions between serum proteins and other molecules bound to the array. After
cooling to room temperature, the array was scanned using a commercial photo-scanner at
1,000 dpi resolution. An image of the scanned array appears in Figure 4. This example
shows that small molecules can be bound to and detected on the detectable array.

[0093] Example 11 — Detecting Commercial Arrays

[0094] A commercial array with protein ligands is obtained from a commercial supplier. A
plasma samplc is contacted with the commercial array such that onc or more of the plasma
proteins bind to the ligands. The array is then washed to remove any unbound materials.
[0095] The proteins are detected by heating the array in a commercial oven to 300° C for
about 5 minutes to induce a Maillard reaction. The array turns brown at the locations having
ligands with bound plasma protein; this color change allows for the identification of which
ligands the plasma proteins are bound to.

[0096] The disclosed embodiments use specific examples and descriptive language to allow a
person of skill in the art to make, use, and practice the invention. However, it should be
understood that the disclosure is not meant to be limiting. In particular, a person of skill in
the art will recognize variations of the disclosed embodiments that can be practiced without
varying from the scope or spirit of the invention. Thus, the invention is not to be limited to
the embodiments discussed herein. For example, while particular analytes and methods of
detecting those analytes are discussed for illustrative purposes, other analytes and detection

mecthods can also be uscd.
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We claim:

I. A detectable array, comprising

a substrate with a plurality of surfaces for binding one or more analytes, each
surfacc independently comprising:

one or more substrate coatings on the surface for fixing one or more
macromolecules to the surface of the substrate; and

one or more macromolecules affixed to at least a portion of the one or
more substrate coating, the one or more macromolecules being arranged in a pattern on the
substrate coating and comprising a plurality of unbiased binding sites for binding a plurality
of analytes;

wherein the identity, pattern, or both identity and pattern of the one or more
macromolecules on the one or more substrate coatings of each of the plurality of surfaces is
not identical to the identity, pattern, or both identity and pattern of the one or more
macromolecules on any other substrate coating of any other of the plurality of surfaces; and

wherein the presence or absence of one or more analytes bound to each of the
plurality of surfaces is detectable by a plurality of detection methods.

2. The detectable array of claim 1, wherein the one or more substrate coatings comprise
at least one silane or at least one siloxane.

3. The detectable array of any of claims 1 or 2, wherein the one or more substrate
coatings comprise one or more acrylosiloxanes.

4. The detectable array of any of claims 1-3, wherein the one or more substrate coatings
comprise one or more of 3-methacryloxypropyl trimethoxy silane, 3-acryloxypropyl
trimethoxy silane, N-(3-acryloxy-2-hydroxypropyl-3-aminopropyltriethoxysilane, and 3-
methacryloxy propyldimethylchlorosilane.

5. The detectable array of any of claims 1-4, wherein the onc or morc macromolccules
comprise one or more of polymers, surfactants, nanospheres, nanotubes, dendrimers,
microspheres, and polymerized microspheres.

6. The dctectable array of any of claims 1-5, wherein the onc or more macromolecules
comprise one or more of (meth)acrylamides, (meth)acrylates, glycerol, and
N,N’(alkylene)bisacrylamide.

7. The dctectable array of any of claims 1-6, wherein the onc or more macromolcecules
comprise at least one copolymer.

8. The detectable array of any of claims 1-7, wherein the one or more macromolecules
comprisc onc or morc monomers sclected from the group consisting of 2-carboxycthyl
acrylate, acrylic acid, acrylamide, histamine acrylate, N-
[tris(hydroxymethyl)methyl]acrylamide, hydroxypropyl acrylates, 4-hydroybutyl acrylate, N-
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hydroxyethyl acrylamide, N,N,-dimethylacrylamide, N-(1,1-diemthyl-3-oxobutyl)acrylamide,
N-isopropylacrylamide, ethylene glycol phenyl ether acrylate, N,N’-methylencbisacrylamide,
1,1,3,3,3-Hexafluoroisopropyl acrylate, and N-tert-octylacrylamide.

9. The detectable array of any of claims 1-8, wherein the one or more macromolecules
comprise two or more monomers selected from the group consisting of2-carboxyethyl
acrylate, acrylic acid, acrylamidc, histaminc acrylatc, N-
[tris(hydroxymethylymethyl]acrylamide, hydroxypropyl acrylates, 4-hydroybutyl acrylate, N-
hydroxyethyl acrylamide, N,N,-dimethylacrylamide, N-(1,1-diemthyl-3-oxobutyl)acrylamide,
N-isopropylacrylamide, ethylene glycol phenyl ether acrylate, N,N’-methylenebisacrylamide,
,1,1,3,3,3-Hexafluoroisopropyl acrylate, and N-fert-octylacrylamide.

10.  The detectable array of any of claims 1-9, wherein the one or more macromolecules
comprise at least one cross-linker.

11.  The detectable array of any of claims 1-10, wherein the one or more macromolecules
comprise at least one of bis-acrylamide, trimethylolpropane triacrylate, bisphenol A-bis(2-
hydrxypropyl)acrylate, and 1-(acryloyloxy)-3-(methacryloyloxy)-3-methacryloyloxy)-2-
propanol.

12.  The detectable array of any of claims 1-11, wherein the one or more macromolecules
comprise a plurality of chemically distinct macromolecules, and wherein each chemically
distinct macromolcculce is affixed to a different surface of the plurality of surfaces of the
substrate.

13. The detectable array any of claims 1-12, wherein the one or more macromolecules
comprisc at lcast 2 chemically distinct macromolccules, and whercin cach chemically distinct
macromolecule is affixed to a different surface of the plurality of surfaces of the substrate.

14.  The detectable array of any of claims 1-13, wherein the one or more macromolecules
comprisc at lcast 12 chemically distinct macromolccules, and wherein cach chemically
distinct macromolecule is affixed to a different surface of the plurality of surfaces of the
substrate.

15.  The detectable array of any of claims 1-14, wherein the one or more macromolecules
comprise at least 72 chemically distinct macromolecules, and wherein each chemically
distinct macromolecule is affixed to a different surface of the plurality of surfaces of the
substrate.

16.  The detectable array of any of claims 1-15, wherein the one or more macromolecules
comprise at least 96 chemically distinct macromolecules, and wherein each chemically
distinct macromolecule is affixed to a different surface of the plurality of surfaces of the
substrate.

17.  The detectable array of any of claims 1-16, wherein the one or more macromolecules
comprise at least 288 chemically distinct macromolecules, and wherein each chemically
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distinct macromolecule is affixed to a different surface of the plurality of surfaces of the
substrate.

18.  The detectable array of any of claims 1-17, wherein the plurality of detection methods
include one or more of Maillard reaction, caramelizing, reaction with one or more amine
reactive dyes, reaction with one or more thiol reactive dyes, reaction with one or more
ccllular dycs, reaction with onc or more solvatochromic dycs, rcaction with onc or more acid
indicators, reaction with one or more base indicators, reaction with one or more labeled
antibodies, luminescence, surface texture analysis, photo-scanning, microscopy, photo-
scanning with reflectance or transmittance illumination, photography with reflectance or
transmittancc illumination, mass spectrometry and spectroscopy.

19.  The detectable array of any of claims 1-18, wherein the substrate comprises one or
more of glass, plastic, metal, composites, acrylics, or biologically active substrates.

20. The detectable array of any of claims 1-19, further comprising one or more analytes
bound to the one or more macromolecules.

21.  The detectable array of any of claims 1-20, further comprising one or more small
molecules, proteins, peptides, nucleotides, nucleosides, bacteria, viruses, fungi cells, animal
cells, or yeast cells bound to the one or more macromolecules.

22. A system for diagnosing a disease, disorder, or condition comprising

an input element for receiving one or more images of a first detectable array or
a representation thereof, wherein the first detectable array or representation thereof'is a
detectable array of any of claims 20-21 or a representation thereof;

a database comprising one or more images of a plurality of second detectable
arrays or representations thereof, wherein the second detectable arrays or representations
thereof are detectable arrays of any of claims 20-21 or representations thereof; and

a comparison element for comparing the one or more images of the first detectable
array or representation thereof to the one or more images of the plurality of second detectable
arrays or representations thereof.

23.  The system of claim 22, wherein each of the plurality of second detectable arrays or
representations thereof are associated with a subject, in-vitro sample, or environmental
sample having a known disease, disorder, or condition state.

24, The system of any of claims 22-23, wherein the first detectable array or representation
thereof 1s associated with a subject, in-vitro sample, or environmental sample having an
unknown disease, disorder, or condition state.

25.  The system of any of claims 22-24, wherein the comparison element is capable of
predicting a disease state of a subject, an in-vitro sample, or an environmental sample having
an unknown disease state.
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26.  The system of any of claims 22-25, wherein the one or more images of the first
detectable array or representation thereof are false color images.

27. The systemn of any of claims 22-26, wherein the one or more images of the first
detectable array or representation thercof represents one or more of fluorescence,
phosphorescence, texture, roughness, color, ultraviolet absorption, infrared absorption, color,
or lack of onc or morc of the forcgoing, of the plurality of surfaccs of the substratc.

28. A method of determining disease, disorder, or condition state in a subject, in-vitro
sample, or environmental sample, comprising

contacting a first detectable array of any of claims 1-21 with one or more analytes
associated with the subject, in-vitro sample, or environmental sample.

29.  The method of claim 28, wherein contacting step comprises contacting the first
detectable array with one or more body samples of the subject.

30.  The method of any of claims 28-29, wherein the contacting step comprises contacting
the first detectable array with at least one of blood, serum, plasma, urine, stool, saliva, bile,
spinal fluid, interstitial fluid, gastric juice, tears, solvent, and milk of the subject, in-vitro
sample, or environmental sample.

31.  The method of any of claims 28-30, wherein the contacting step comprises contacting
the first detectable array with one or more of plasma and urine of the subject.

32. The method of any of claims 28-31, further comprising obtaining the one or more
analytes associated with the subject, in-vitro sample, or environmental sample.

33.  The method of any of claims 28-32, further comprising detecting the one or more
analytes associated with the subject, in-vitro sample, or environmental sample.

34.  The method of any of claims 28-33, further comprising making one or more images of
the detectable array or one or more representations thereof.

35. The method of any of claims 28-34, further comprising one or more of heating the
detectable array, causing a Maillard rcaction of at lcast onc of the onc or morc analytces,
caramelizing at least one of the one or more analytes, reacting at least of the one or more
analytes with one or more amine reactive dyes, reacting at least one of the one or more
analytes with one or more thiol reactive dyes, reacting at least of the one or more analytes
with onc or morc solvatochromic dycs, rcacting at lcast onc of the onc or morc analytes with
one or more cellular dyes, reacting at least one of the one or more analytes with one or more
labeled antibodies, reacting at least of the one or more analytes with one or more acid
indicators, reacting at least of the one or more analytes with one or more base indicators,
detecting the luminescence or lack thercof of the detectable array, surface texture analysis,
photo-scanning, microscopy, photo-scanning with reflectance or transmittance illumination,
photography with reflectance or transmittance illumination, mass spectrometry and
spectroscopy.
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36. A method of making a detectable array of any of claims 1-21, comprising

independently coating the plurality of surface of the substratc with at lcast onc
substrate coating to form a plurality of independently coated surfaces, and

independently affixing at least one macromolecule or one or more precursors
thereof to cach of the independently coated surfaces.

37.  The method of claim 36, further comprising polymerizing at least one of the one or
more precursors on at least one of the independently coated surfaces.

38.  The mcethod of any of claims 36-37, further comprising initiating polymerization of at
least one of the one or more precursors by applying to the one or more precursors, ong or
more of: electromagnetic radiation selected from the group consisting of microwaves,
ultraviolert light, visible light and heat; sound; or a chemical initiator.

39. A label-free method of detecting an unlabeled analyte comprising

contacting the unlabeled analyte with a detectable array to affix at least a
portion of the analyte to the detectable array; and

heating the detectable array with unlabeled analyte affixed thereto to cause a
color change of at least one of the analyte and the detectable array.

40. The method of claim 39, wherein, the detectable array includes at least one array
selected from the group consisting of an analytical microarray, a reverse-phase micro assay, a
functional microarray, a cell-containing microarray, an expression microarray, and a high-
throughput array.

41.  The method of any of claims 39-40, wherein the detectable array includes at least one
array sclected from the group consisting of an antibody array, and ELISA array, a peptide
array, a protein array, a nucleotide array, a nucleoside array, an RNA array, a DNA array, a
DNA-protein array, and a small molecule array.

42.  The method of any of claims 39-41, wherein the unlabeled analyte is one or more of a
body samplc of a subjcct, an in-vitro sample, a cnvironmental sample, and at lcast onc
component of one of the foregoing.

43.  The method of any of claims 39-42, wherein the unlabeled analyte is at least one
component of blood, scrum, plasma, urine, stool, saliva, bile, spinal fluid, intcrstitial fluid,
gastric juice, tears, solvent, and milk.

44.  The method of any of claims 39-43, wherein the heating induces a non-enzymatic
browning rcaction.

45.  The method of claim 44, wherein the non-enzymatic browning reaction is at least one
of a Maillard reaction and caramelization.
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46.  The method of any of claims 39-45, wherein heating comprises heating at a sufficient
temperature and for a sufficient time to induce one or more of caramelization and a Maillard
reaction.

47.  The method of any of claims 39-46, wherein heating comprises heating at a
temperature of about 120° C to about 300° C for about 1 minute to about 5 minutes.
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