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(57) ABSTRACT

The present disclosure describes methods, devices, reagents,
and kits for the detection of one or more target molecules
that may be present in a test sample. The described methods,
devices, kits, and reagents facilitate the detection and quan-
tification of a non-nucleic acid target (e.g., a protein target)
in a test sample by detecting and quantifying a nucleic acid
(i.e., an aptamer) where the aptamer-aptamer interactions are
significantly reduced or eliminated while maintaining the
aptamer-target interaction.
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MULTIPLEXED ANALYSES OF TEST
SAMPLES

RELATED APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 14/401,791, filed Nov. 17, 2014. U.S. appli-
cation Ser. No. 14/401,791 is a 35 U.S.C. §371 national
phase application of International Application Serial No.
PCT/US2013/044792, filed Jun. 7, 2013 (WO 2013/
185078). International Application Serial No. PCT/US2013/
044792 claims the benefit of U.S. Provisional Application
Ser. No. 61/656,956, filed Jun. 7, 2012. Each of the refer-
enced applications is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to methods,
devices, reagents and kits designed to improve the perfor-
mance of multiplexed aptamer-based assays. Such methods
have a wide utility in diagnostic applications as well as in
biomarker discovery and the design and development of
tools for research and development and aptamer-based
therapeutics. Specifically, materials and methods are pro-
vided for the reduction or elimination of background signal.

BACKGROUND

[0003] The following description provides a summary of
information relevant to the present disclosure and is not a
concession that any of the information provided or publica-
tions referenced herein is prior art to the presently claimed
invention.

[0004] Assays directed to the detection and quantification
of physiologically significant molecules in biological
samples and other samples are important tools in scientific
research and in the health care field. One class of such assays
involves the use of a microarray that includes one or more
aptamers immobilized on a solid support. The aptamers are
each capable of binding to a target molecule in a highly
specific manner and with very high affinity. See, e.g., U.S.
Pat. No. 5,475,096 entitled “Nucleic Acid Ligands,” see
also, e.g., U.S. Pat. No. 6,242,246, U.S. Pat. No. 6,458,543
and U.S. Pat. No. 6,503,715, each of which is entitled
“Nucleic Acid Ligand Diagnostic Biochip”. Once the
microarray is contacted with a sample, the aptamers bind to
their respective target molecules present in the sample and
thereby enable a determination of the absence, presence,
amount, and/or concentration of the target molecules in the
sample.

[0005] Multiplexed aptamer assays that provide solution-
based target interaction and separation steps designed to
remove specific components of an assay mixture have also
been described, see U.S. Pat. Nos. 7,855,054 and 7,964,356
and U.S. Publication Nos. US/2011/0136099 and US/2012/
0115752. The aptamer assay methods described use one or
more specific capture steps to separate components of a test
sample from the target or targets to be detected while
isolating the aptamer-target affinity complex.

[0006] The sensitivity and specificity of many assay for-
mats are limited by the ability of the detection method to
resolve true signal from signal that arises due to non-specific
associations during the assay and result in a detectable
signal. This is particularly true for multiplexed assays based
on aptamers. It has been observed that one of the main
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sources of non-specific binding in this type of assay is a
function of unanticipated aptamer-aptamer interactions. As
target/aptamer interaction is dependent on maintaining the
structural features of the target specific aptamer, any method
to reduce aptamer-aptamer interactions needs to be balanced
so as not to reduce the specific/target aptamer interactions.
This disclosure describes methods to eliminate background
in a single or multiplexed aptamer assay while maintaining
target/aptamer specific interactions.

SUMMARY

[0007] The present disclosure provides methods, devices,
reagents, and kits designed to improve the performance of
single analyte and multiplexed aptamer-based assays. Spe-
cifically, materials and methods are provided for the reduc-
tion or elimination of background signal.

[0008] In one embodiment, aptamers are provided that
have high affinity and specificity for a target molecule and
a first releasable tag. In some embodiments, the aptamers are
photoaptamers. In some embodiments, this first releasable
tag is a photocleavable biotin. Other tags and cleavable
moieties and aptamer containing such tags and cleavable
moieties are described.

[0009] The aptamer comprising the first releasable first tag
that has a specific affinity for a target molecule is immobi-
lized on a solid support in solution prior to equilibration
binding with the test sample. The attachment of the aptamer
to the solid support is accomplished by contacting a first
solid support with the aptamer and allowing the releasable
first tag included on the aptamer to associate, either directly
or indirectly, with an appropriate first capture agent that is
attached to or part of the first solid support. After attachment,
washes with a solution buffered to pH 11 remove aptamer/
aptamer aggregates, thereby reducing assay background
(“Catch-0” immobilization, definition below)

[0010] A test sample is then prepared and contacted with
the immobilized aptamers that have a specific affinity for
their respective target molecules. If the test sample contains
the target molecule(s), an aptamer-target affinity complex
will form in the mixture with the test sample. Note that in
addition to aptamer-target affinity complexes, uncomplexed
aptamer will also be attached to the first solid support. The
aptamer-target affinity complex and uncomplexed aptamer
that has associated with the probe on the solid support is then
partitioned from the remainder of the mixture, thereby
removing free target and all other uncomplexed matter in the
test sample (sample matrix); i.e., components of the mixture
not associated with the first solid support. This partitioning
step is referred to herein as the Catch-1 partition (see
definition below). Following partitioning the aptamer-target
affinity complex, along with any uncomplexed aptamer, is
released from the first solid support using a method appro-
priate to the particular releasable first tag being employed.
[0011] In one embodiment, aptamer-target affinity com-
plexes bound to the solid support are treated with an agent
that introduces a second tag to the target molecule compo-
nent of the aptamer-target affinity complexes. In one
embodiment, the target is a protein or a peptide, and the
target is biotinylated by treating it with NHS-PEO4-biotin.
The second tag introduced to the target molecule may be the
same as or different from the aptamer capture tag. If the
second tag is the same as the first tag, or the aptamer capture
tag, free capture sites on the first solid support may be
blocked prior to the initiation of this tagging step. In this



US 2017/0176422 Al

exemplary embodiment, the first solid support is washed
with free biotin prior to the initiation of target tagging.
Tagging methods, and in particular, tagging of targets such
as peptides and proteins are described in U.S. Pat. No.
7,855,054.

[0012] Partitioning is completed by releasing of uncom-
plexed aptamers and aptamer-target affinity complexes from
the first solid support. In one embodiment, the first releas-
able tag is a photocleavable moiety that is cleaved by
irradiation with a UV lamp under conditions that cleave
290% of the first releasable tag. In other embodiments, the
release is accomplished by the method appropriate for the
selected releasable moiety in the first releasable tag.
Aptamer-target affinity complexes may be eluted and col-
lected for further use in the assay or may be contacted to
another solid support to conduct the remaining steps of the
assay.

[0013] In one embodiment, a second partition is per-
formed (referred to herein as the Catch-2 partition, see
definition below) to remove free aptamer. As described
above, in one embodiment, a second tag used in the Catch-2
partition may be added to the target while the aptamer-target
affinity complex is still in contact with the solid support used
in the Catch-0 capture. In other embodiments, the second tag
may be added to the target at another point in the assay prior
to initiation of Catch-2 partitioning. The mixture is con-
tacted with a solid support, the solid support having a
capture element (second) adhered to its surface which is
capable of binding to the target capture tag (second tag),
preferably with high affinity and specificity. In one embodi-
ment, the solid support is magnetic beads (such as Dyna-
Beads MyOne Streptavidin C1) contained within a well of a
microtiter plate and the capture element (second capture
element) is streptavidin. The magnetic beads provide a
convenient method for the separation of partitioned compo-
nents of the mixture. Aptamer-target affinity complexes
contained in the mixture are thereby bound to the solid
support through the binding interaction of the target (sec-
ond) capture tag and the second capture element on the
second solid support. The aptamer-target affinity complex is
then partitioned from the remainder of the mixture, e.g. by
washing the support with buffered solutions, including buf-
fers comprising organic solvents including, but not limited
to glycerol.

[0014] Aptamers are then selectively eluted from aptamer-
target complexes with buffers comprising chaotropic salts
from the group including, but not limited to sodium pet-
chlorate, lithium chloride, sodium chloride and magnesium
chloride. Aptamers retained on Catch-2 beads by virtue of
aptamer/aptamer interaction are not eluted by this treatment.
[0015] In another embodiment, the aptamer released from
the Catch-2 partition is detected and optionally quantified by
any suitable nucleic acid detection methods, such as, for
example, DNA microarray hybridization, Q-PCR, mass
spectroscopy. the Invader assay, next-generation sequenc-
ing, and the like. These detection methods are described in
further detail below.

[0016] Any of the methods described herein may be used
to conduct a single-analyte test or a multiplexed analysis of
a test sample. Any multiplexed analysis can include the use
of two, tens, hundreds, or thousands of aptamers to simul-
taneously assay an equal number of target molecules in a test
sample, such as a biological sample, for example. In these
embodiments, a plurality of aptamers is introduced to the
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test sample and any of the above-described assays can be
performed. After release of the aptamers, any suitable mul-
tiplexed nucleic acid detection methods can be employed to
independently measure the different aptamers that have been
released. In one embodiment, this can be accomplished by
hybridization to complementary probes that are separately
arranged on a solid surface. In another embodiment, each of
the different aptamers may be detected based on molecular
weight using mass spectroscopy. In yet another embodiment,
each of the different aptamers can be detected based on
electrophoretic mobility, such as, for example, in capillary
electrophoresis, in a gel, or by liquid chromatography. In
another embodiment, unique PCR probes can be used to
detect and optionally quantify each of the different aptamers
using Q-PCR. In another embodiment, next-generation
sequencing methods can be used to detect and optionally
quantify each of the different aptamers.

[0017] In each of the assays disclosed herein, a kinetic
challenge may be used to increase the specificity of the assay
and to reduce non-specific binding. In one embodiment,
which can optionally be employed in each of the assays
described herein, additional reduction in the non-specific
binding may be accomplished by either pre-incubation of a
competitor with the test sample or by addition of a com-
petitor to the mixture during equilibrium binding. In other
embodiments the kinetic challenge is performed by dilution.
[0018] Another embodiment describes a method for
detecting a target molecule that may be present in a test
sample, the method comprising: exposing an aptamer having
a specific affinity for the target molecule and bearing a first
tag having a specific affinity to a first capture element to a
first solid support comprising a first capture element and
allowing the first tag to associate with the first capture
element; washing said solid support with one or more
buffered solutions that dissociate aggregated aptamers; and
eluting aptamers from said solid support with one or more
buffered solutions comprising a chaotropic salt that disrupts
aptamer/analyte interactions but supports aptamer/aptamer
interactions and DNA hybridization. In one embodiment the
chaotropic salt is selected from the group consisting of
sodium perchlorate, lithium chloride, sodium chloride and
magnesium chloride and the buffered solution that dissoci-
ates aggregated aptamers comprises an organic solvent. In
one embodiment, the organic solvent is glycerol.

BRIEF DESCRIPTION OF THE FIGURES

[0019] FIG. 1 depicts graphically aptamer-dependent
retention and subsequent elution of aptamers from Catch-2
beads. Radiolabeled aptamer bearing no biotin was incu-
bated with magnetic streptavidin beads bearing increasing
amounts of non-radiolabeled biotinylated aptamer and
washed. Retained material was then eluted with 1 M sodium
chloride in CAPS buffer at pH 10. The amount of radiola-
beled aptamer eluted is proportional to the amount of cold
aptamer adsorbed to Catch-2 beads.

[0020] FIGS. 2A-2F illustrate the effect of the concentra-
tion of blood plasma on the assay when the aptamer is not
pre-immobilized prior to equilibration with test sample.
With reference to FIG. 2, plasma was titrated from 0% v/v
to 25% v/v. As can be seen, the signal of most analytes
plateaus between 10 and 20%.

[0021] FIGS. 3A-3F depict graphically the recovery of
aptamer in photocleavage eluate as a function of plasma
concentration when aptamer is not pre-immobilized prior to
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equilibration with test sample. Catch-1 photocleavage (elu-
ate was recovered and quantified by hybridization (Y-axis,
relative fluorescence units). As can be seen aptamer recovery
declines dramatically with increasing plasma concentration,
with significant effects seen even at 5% plasma. It is
unknown whether analyte binding affects aptamer binding to
beads, however, it should be noted that preferential loss of
complexed aptamers would generate even greater plasma-
dependent effects.

[0022] FIGS. 4A-4D depict graphically a comparison of
plasma titrations in standard (black curves) and pre-immo-
bilized (dotted curves) assays.

[0023] FIGS. 5A-5D depict graphically a comparison of 1
M NaCl/CAPSO elution and 1.8 M NaClO,/PIPES elution
using the pre-immobilized assay format described herein.
Standard curves in buffer (lower curves) and spikes in 40%
plasma (upper curves) were run in pre-immobilized assay
format.

[0024] FIGS. 6A and 6B depict CV’s (coeflicients of
variation) over 8 replicate buffer-only wells using perchlo-
rate elution and pre-immobilized aptamers.

[0025] FIGS. 7A and 7B illustrate spike and recovery
measured for 300 analytes. Spike recovery is defined as

(analyte Signal 10 pM spiked into pla:maianalyte Signal
analyte signal 14 ,ar s spite)-

[0026] FIGS. 8A-8F illustrate a left-shifted buffer dose-
response in the immobilized format for the protein ERBB2.
Measured endogenous levels are more than ten-fold lower
and very near reported endogenous levels.

[0027] FIGS. 9A-9F illustrate the improved protein titra-
tion in buffer, better spike and recovery behavior, more
linear behavior of the plasma titration and more stable
predicted endogenous protein levels in plasma for the pro-
tein Activin A.

plasma)/

DETAILED DESCRIPTION

[0028] Reference will now be made in detail to represen-
tative embodiments of the invention. While the invention
will be described in conjunction with the enumerated
embodiments, it will be understood that the invention is not
intended to be limited to those embodiments. On the con-
trary, the invention is intended to cover all alternatives,
modifications, and equivalents that may be included within
the scope of the present invention as defined by the claims.
[0029] The practice of the current invention employs,
unless otherwise indicated, conventional methods of chem-
istry, microbiology, molecular biology, and recombinant
DNA techniques within the level of skill in the art. Such
techniques are explained fully in the literature. See, e.g.,
Sambrook, et al. Molecular Cloning: A Laboratory Manual
(Current Edition); DNA Clonring: A Practical Approach, vol.
1 & 11 (D. Glover, ed.); Oligonucleotide Synthesis (N. Gait,
ed., Current Edition); Nucleic Acid Hybridization (B. Hames
& S. Higgins, eds., Current Edition); Transcription and
Translation (B. Hames & S. Higgins, eds., Current Edition).
[0030] Unless defined otherwise, technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art(s) to which this
invention belongs. Although any methods, devices, and
materials similar or equivalent to those described herein can
be used in the practice or testing of the invention, the
preferred methods, devices and materials are now described.
[0031] All publications, published patent documents, and
patent applications cited in this specification are indicative
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of the level of skill in the art(s) to which the invention
pertains. All publications, published patent documents, and
patent applications cited herein are hereby incorporated by
reference to the same extent as though each individual
publication, published patent document, or patent applica-
tion was specifically and individually indicated as being
incorporated by reference.

[0032] Examples in cited publications and limitations
related therewith are intended to be illustrative and not
exclusive. Other limitations of the cited publications will
become apparent to those of skill in the art upon a reading
of the specification and a study of the drawings.

[0033] The present disclosure includes methods, devices,
reagents, and kits designed to improve the performance of
multiplexed aptamer-based assays. The disclosed methods,
devices, reagents, and kits provide high sensitivity assays for
the detection and/or quantification of target molecules in a
test sample by reducing or eliminating of background signal.
[0034] It is noteworthy that, unless otherwise specified in
a particular embodiment, the methods for the detection
and/or quantification of a target molecule described herein
are independent of the specific order in which the steps are
described. For purposes of illustration, the methods are
described as a specific sequence of steps; however, it is to be
understood that any number of permutations of the specified
sequence of steps is possible, so long as the objective of the
particular assay being described is accomplished. Stated
another way, the steps recited in any of the disclosed
methods may be performed in any feasible order, and the
methods of the invention are not limited to any particular
order presented in any of the described embodiments, the
examples, or the appended claims. Further, for convenience
and ease of presentation, the various methods are described
with reference to a single target molecule and a single
aptamer. However, it is to be understood that any of the
described methods can be performed in a multiplex format
that can provide for the simultaneous detection and/or
quantification of multiple targets using multiple aptamers,
such that, for example, multiple target molecules in a test
sample can be detected and/or quantified by contacting the
test sample with multiple aptamers, wherein each aptamer
has a specific affinity for a particular target molecule (i.e., in
a multiplex format).

[0035] As used in this disclosure, including the appended
claims, the singular forms “a,” ““an,” and “the” include plural
references, unless the content clearly dictates otherwise, and
are used interchangeably with “at least one” and “one or
more.” Thus, reference to “an aptamer” includes mixtures of
aptamers, and the like.

[0036] As used herein, the term “about” represents an
insignificant modification or variation of the numerical value
such that the basic function of the item to which the
numerical value relates is unchanged.

[0037] The term “each” when used herein to refer to a
plurality of items is intended to refer to at least two of the
items. It need not require that all of the items forming the
plurality satisfy an associated additional limitation.

[0038] As used herein, the terms “comprises,” “compris-
ing,” “includes,” “including,” “contains,” “containing,” and
any variations thereof, are intended to cover a non-exclusive
inclusion, such that a process, method, product-by-process,
or composition of matter that comprises, includes, or con-
tains an element or list of elements does not include only
those elements but may include other elements not expressly
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listed or inherent to such process, method, product-by-
process, or composition of matter.

[0039] As used herein, “associate,” “associates,” and any
variation thereof refers to an interaction or complexation
between a tag and a probe resulting in a sufficiently stable
complex so as to permit separation of “unassociated” or
unbound materials, such as, for example, unbound compo-
nents of a test sample, from the tag-probe complex under
given complexation or reaction conditions. A tag and a probe
can associate with each other directly by interacting and
binding to each other with specificity. A tag and a probe can
also associate with each other indirectly such as when their
complexation is mediated by a linker molecule.

[0040] As used herein, the term “nucleotide” refers to a
ribonucleotide or a deoxyribonucleotide, or a modified form
thereof, as well as an analog thereof. Nucleotides include
species that include purines (e.g.. adenine, hypoxanthine,
guanine, and their derivatives and analogs) as well as
pyrimidines (e.g., cytosine, uracil, thymine, and their deriva-
tives and analogs).

[0041] As used herein, “nucleic acid,” “oligonucleotide,”
and “polynucleotide” are used interchangeably to refer to a
polymer of nucleotides and include DNA, RNA, DNA/RNA
hybrids and modifications of these kinds of nucleic acids,
oligonucleotides and polynucleotides, wherein the attach-
ment of various entities or moieties to the nucleotide units at
any position are included. The terms “polynucleotide,”
“oligonucleotide,” and “nucleic acid” include double- or
single-stranded molecules as well as multi-stranded (i.e.,
triple-helical) molecules. Nucleic acid, oligonucleotide, and
polynucleotide are broader terms than the term aptamer and,
thus, the terms nucleic acid, oligonucleotide, and polynucle-
otide include polymers of nucleotides that are aptamers but
the terms nucleic acid, oligonucleotide, and polynucleotide
are not limited to aptamers.

[0042] As used herein, “nucleic acid ligand,” “aptamer,”
“SOMAmer” and “clone” are used interchangeably to refer
to a non-naturally occurring nucleic acid that has a desirable
action on a target molecule. A desirable action includes, but
is not limited to, binding of the target, catalytically changing
the target, reacting with the target in a way that modifies or
alters the target or the functional activity of the target,
covalently attaching to the target (as in a suicide inhibitor),
and facilitating the reaction between the target and another
molecule. In one embodiment, the action is specific binding
affinity for a target molecule, such target molecule being a
three dimensional chemical structure other than a polynucle-
otide that binds to the nucleic acid ligand through a mecha-
nism which is independent of Watson/Crick base pairing or
triple helix formation, wherein the aptamer is not a nucleic
acid having the known physiological function of being
bound by the target molecule. Aptamers to a given target
include nucleic acids that are identified from a candidate
mixture of nucleic acids, where the aptamer is a ligand of the
target, by a method comprising: (a) contacting the candidate
mixture with the target, wherein nucleic acids having an
increased affinity to the target relative to other nucleic acids
in the candidate mixture can be partitioned from the remain-
der of the candidate mixture; (b) partitioning the increased
affinity nucleic acids from the remainder of the candidate
mixture; and (c) amplifying the increased affinity nucleic
acids to yield a ligand-enriched mixture of nucleic acids,
whereby aptamers of the target molecule are identified. It is
recognized that affinity interactions are a matter of degree;
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however, in this context, the “specific binding affinity” of an
aptamer for its target means that the aptamer binds to its
target with a much higher degree of affinity than it binds to
other, non-target, components in a mixture or sample. An
aptamer can include any suitable number of nucleotides.
“Aptamers” refer to more than one such set of molecules.
Different aptamers can have either the same or different
numbers of nucleotides. Aptamers may be DNA or RNA and
may be single stranded, double stranded, or contain double
stranded or triple stranded regions. Aptamers may be
designed with any combination of the base modified nucleo-
tides desired.

[0043] As used herein, a “SOMAmer” or Slow Off-Rate
Modified Aptamer refers to an aptamer (including an aptam-
ers comprising at least one nucleotide with a hydrophobic
modification) with an off-rate (t'/?) of 230 minutes. In some
embodiments, SOM Amers are generated using the improved
SELEX methods described in U.S. Pat. No. 7,947,447,
entitled “Method for Generating Aptamers with Improved
Off-Rates.”

[0044] An aptamer can be identified using any known
method, including the SELEX process. See, e.g., U.S. Pat.
No. 5.475,096 entitled “Nucleic Acid Ligands”. Once iden-
tified, an aptamer can be prepared or synthesized in accor-
dance with any known method, including chemical synthetic
methods and enzymatic synthetic methods.

[0045] As used herein, the terms “aptamer-target affinity
complex”, “aptamer affinity complex” or “aptamer com-
plex” refer to a non-covalent complex that is formed by the
interaction of an aptamer with its target molecule.
“Aptamer-target affinity complexes”, “aptamer aflinity com-
plexes” or “aptamer complexes” refer to more than one such
set of complexes. An aptamer-target aflinity complex,
aptamer affinity complex or aptamer complex can generally
be reversed or dissociated by a change in an environmental
condition, e.g., an increase in temperature, an increase in salt
concentration, or an addition of a denaturant.

[0046] In some embodiments, a non-covalent complex of
an aptamer and its target is provided, wherein the aptamer
has a Kd for the target of about 100 nM or less, wherein the
rate of dissociation (as given by half-life of the complex;
t,,,) of the aptamer from the target is greater than or equal
to about 30 minutes; and/or wherein one, several or all
pyrimidines in the nucleic acid sequence of the aptamer are
modified at the 5-position of the base.

[0047] As used herein, “non-specific complex” refers to a
non-covalent association between two or more molecules
other than an aptamer and its target molecule. Because a
non-specific complex is not selected on the basis of an
affinity interaction between its constituent molecules, but
represents an interaction between classes of molecules,
molecules associated in a non-specific complex will exhibit,
on average, much lower affinities for each other and will
have a correspondingly higher dissociation rate than an
aptamer and its target molecule. Non-specific complexes
include complexes formed between an aptamer and a non-
target molecule, an aptamer and another aptamer, a com-
petitor and a non-target molecule, a competitor and a target
molecule, an aptamer and a competitor, and a target mol-
ecule and a non-target molecule as well as higher order
aggregates of aptamer, target molecule, non-target molecule,
surface and competitor.

[0048] As used herein, “target molecule,” “analyte,” and
“target” are used interchangeably to refer to any molecule of
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interest to which an aptamer can bind with high affinity and
specificity and that may be present in a test sample. A
“molecule of interest” includes any minor variation of a
particular molecule, such as, in the case of a protein, for
example, minor variations in amino acid sequence, disulfide
bond formation, glycosylation, lipidation, acetylation, phos-
phorylation, or any other manipulation or modification, such
as conjugation with a labeling component that does not
substantially alter the identity of the molecule. Exemplary
target molecules include proteins, polypeptides, nucleic
acids, carbohydrates, lipids, polysaccharides, glycoproteins,
hormones, receptors, antigens, antibodies, aflibodies, anti-
body mimics, viruses, pathogens, toxic substances, sub-
strates, metabolites, transition state analogs, cofactors,
inhibitors, drugs, dyes, nutrients, growth factors, cells, tis-
sues, and any fragment or portion of any of the foregoing.
An aptamer may be identified for virtually any chemical or
biological molecule of any size, and thus virtually any
chemical or biological molecule of any size can be a suitable
target. A target can also be modified to enhance the likeli-
hood or strength of an interaction between the target and the
aptamer. A target can also be modified to include a tag, as
defined above. In exemplary embodiments, the target mol-
ecule is a protein. See U.S. Pat. No. 6,376,190 entitled
“Modified SELEX Processes Without Purified Protein” for
methods in which the SELEX target is a peptide.

[0049] “Polypeptide,” “peptide,” and “protein” are used
interchangeably herein to refer to polymers of amino acids
of any length. The polymer may be linear or branched, it
may comprise modified amino acids, and it may be inter-
rupted by non-amino acids. The terms also encompass an
amino acid polymer that has been modified naturally or by
intervention; for example, disulfide bond formation, glyco-
sylation, lipidation, acetylation, phosphorylation, or any
other manipulation or modification, such as conjugation
with a labeling component. Also included within the defi-
nition are, for example, polypeptides containing one or more
analogs of an amino acid (including, for example, unnatural
amino acids, etc.), as well as other modifications known in
the art. Polypeptides can be single chains or associated
chains.

[0050] The term “test sample” refers herein to any mate-
rial, solution, or mixture that contains a plurality of mol-
ecules and may include at least one target molecule. The
term test sample includes biological samples, as defined
below, and samples that may be used for environmental or
toxicology testing, such as contaminated or potentially con-
taminated water and industrial effluents, for example. A test
sample may also be an end product, intermediate product, or
by-product of a preparatory process, for example a manu-
facturing process. A test sample may include any suitable
assay medium, buffer, or diluent that has been added to a
material, solution, or mixture obtained from an organism or
from some other source (e.g., the environment or an indus-
trial source).

[0051] The term “biological sample” refers to any mate-
rial, solution, or mixture obtained from an organism. This
includes blood (including whole blood, leukocytes, periph-
eral blood mononuclear cells, plasma, and serum), sputum,
breath, urine, semen, saliva, meningeal fluid, amniotic fluid,
glandular fluid, lymph fluid, nipple aspirate, bronchial aspi-
rate, synovial fluid, joint aspirate, cells, a cellular extract,
and cerebrospinal fluid. This also includes experimentally
separated fractions of all of the preceding. The term “bio-
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logical sample” also includes materials, solutions, or mix-
tures containing homogenized solid material, such as from a
stool sample, a tissue sample, or a tissue biopsy, for
example. The term “biological sample” also includes mate-
rials, solutions, or mixtures derived from a cell line, tissue
culture, cell culture, bacterial culture, viral culture or cell
free biological system (e.g. IVTT).

[0052] In any of the embodiments disclosed herein, a test
sample may be compared to a reference sample. A “refer-
ence sample” refers herein to any material, solution, or
mixture that contains a plurality of molecules and is known
to include at least one target molecule. The precise amount
or concentration of any target molecules present in the
reference sample may also be known. The term reference
sample includes biological samples, as defined herein, and
samples that may be used for environmental or toxicology
testing, such as contaminated or potentially contaminated
water and industrial effluents, for example. A reference
sample may also be an end product, intermediate product, or
by-product of a preparatory process, for example a manu-
facturing process. A reference sample may include any
suitable assay medium, buffer, or diluent that has been added
to a material, solution, or mixture obtained from an organism
or from some other source (e.g., the environment or an
industrial source).

[0053] As used herein, “non-target molecule” and “non-
target” are used interchangeably to refer to a molecule
contained in a test sample that can form a non-specific
complex with an aptamer. It will be appreciated that a
molecule that is a non-target for a first aptamer may be a
target for a second aptamer. Likewise, a molecule that is a
target for the first aptamer may be a non-target for the second
aptamer.

[0054] As used herein, the term “partition” refers to a
separation, concentration or removal of one or more molecu-
lar species from the test sample or other molecules in the test
sample. Partitioning can be used to increase sensitivity
and/or reduce background. Partitioning is most effective
following aptamer complex formation or when the aptamer-
target affinity complex becomes irreversible due to the
covalent bond introduced during crosslinking. A partitioning
step may be introduced after any step, or after every step,
where the aptamer-target affinity complex is immobilized.
Partitioning may also rely on a size differential or other
specific property that differentially exists between the
aptamer-target affinity complex and other components of the
test sample. Partitioning may also be achieved through a
specific interaction with an aptamer or target. Partitioning
maybe also be accomplished based on the physical or
biochemical properties of the aptamer, target, aptamer-target
affinity complex or aptamer-target covalent complex.
[0055] In single analyte and multiplexed aptamer assays,
a number of steps have been designed to separate specific
aptamer/affinity complexes from materials in the sample or
assay reagents that may lead to confounding background
signals. Despite implementing these steps, background
remains an issue in these types of assays. Background in an
analytical method can be addressed empirically or a better
approach is to identify the source of the background and
eliminate the interaction that leads to background. It has
been discovered that aptamer-aptamer interaction is a source
of background in multiplexed aptamer methods. Reagents
that reduce DNA-DNA and RNA-RNA interactions, includ-
ing those that are sequence based are known. Because the
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internal interactions of an aptamer determines the aptamer’s
secondary and tertiary structure, these types of reagents
would not have been expected to substantially reduce the
background signal in a multiplexed assay without affecting
aptamer folding and therefore, binding to its corresponding
target. Materials and methods that balance the need to
reduce background with the maintenance of aptamer struc-
ture are described.

[0056] The present disclosure describes improved meth-
ods to perform aptamer- and photoaptamer-based multi-
plexed assays for the quantification of one or more target
molecule(s) that may be present in a test sample wherein the
aptamer (or photoaptamer) can be separated from the
aptamer-target affinity complex (or photoaptamer-target
covalent complex) for final detection using any suitable
nucleic acid detection method in as much as the materials
and methods described herein can be used to improve
overall assay performance. Photoaptamers are aptamers that
comprise photoreactive functional groups that enable the
aptamers to covalently bind or “photocrosslink™ their target
molecules.

[0057] Two unanticipated limitations emerged from
detailed examination of prior described methods for per-
forming single- and multi-plex aptamer based assays,
including multiplexed proteomic aptamer affinity assays.
First, aptamer/aptamer interactions were identified as a
primary source of assay background and a potential limita-
tion to multiplex capacity. Second, sample matrices (primar-
ily serum and plasma) were found to inhibit the immobili-
zation of biotinylated aptamers on streptavidin-substituted
matrices. Three primary innovations are described herein
which reduce and/or eliminate both of these limitations in
the process. Two are unique to an improved method
described herein (referred to herein as “Version 3” of the
multiplexed assay; one was implemented in an earlier ver-
sion of the assay as described in Gold et al. (Dec. 2010)
“Aptamer-based multiplexed proteomic technology for bio-
marker discovery,” PLoS One 5(12):¢15005). Version 3 is
one embodiment of the invention described herein.

[0058] The first improvement in the assay, as described in
Gold et al. (PLoS One (2010) 5(12):¢15005), comprised the
use of organic solvents in some of the wash buffers of the
Catch-2 step to diminish the dielectric constant of the
medium. Addition of these wash buffers effectively accented
the like-charge repulsion of adjacent phosphodiester back-
bones of the aptamers, thus promoting dissociation of back-
ground-causing interacting aptamers.

[0059] The second improvement in the process as
described herein provides a dual advantage. First, as in the
case of the addition of organic solvents to some of wash
buffers used in the Catch-2 step of the assay, it also counters
the tendency of aptamers to interact, and thus diminishes
background and increases multiplex capacity. However, its
primary advantage is to counteract the matrix-dependent
inhibition of biotinylated aptamer adsorption to streptavidin
matrices. Such inhibition is easily detectable even at 5% v/v
plasma or serum, and limits working assay concentrations to
5-10% plasma or serum concentrations. This limitation in
turn limits assay sensitivity.

[0060] The second improvement to the multiplexed assay,
as described herein comprises pre-immobilization of the
tagged aptamers on the solid support matrices prior to
equilibration (termed “Catch-0") with the test solution.
Equilibration with the test solution is then carried out with
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bound aptamers, in the processing vessels themselves. As
described herein for purposes of illustration only, bioti-
nylated aptamers were pre-immobilized on streptavidin bead
matrices, and equilibration with test solution carried out
with the bead-bound aptamers. This pre-immobilization step
enables immobilization under conditions where aptamers
have diminished tendency to interact and also enables very
stringent washes (with base and with chaotropic salts) prior
to equilibration, disrupting interacting aptamers and remov-
ing all aptamers not bound through the very robust biotin-
streptavidin interaction. This reduces the number of aptamer
“clumps” traversing the assay—clumps that have at some
detectable frequency retained the biotin moiety or become
biotinylated in the assay. It is worth noting that irradiation
cleaves most, but not all photocleavable biotin moieties
from aptamers, while some aptamers become biotinylated
via the NHS-biotin treatment intended to “tag” proteins.
Biotinylated aptamer that is captured at the Catch-2 step
creates background by interacting with bulk photocleaved
aptamer, which is then released upon elution (FIG. 1). It
should also be noted that a pre-immobilized format will
likely support very high multiplex capacities as aptamer
panels may be immobilized separately then combined in
bead-bound form, thus bypassing conditions in which
aptamers may interact and clump.

[0061] Thus, pre-immobilization bypasses the need for
aptamer adsorption in the presence of analyte solution, thus
ensuring quantitative immobilization even when assaying
inhibitory concentrations of analyte solutions. This enables
the use of much higher concentrations, up to and including
at least 40% v/v plasma or serum, rather than the 10% top
concentration of the process as previously described (Gold
et al. (December 2010) PLoS One 5(12):e15005) or the 5%
top concentration used in more recent editions of the process
thereby increasing sensitivity roughly 4- to 8-fold, as well
as, increasing the overall robustness of the assay.

[0062] The third improvement to the overall process, as
described herein comprises the use of a chaotropic salt at
neutral pH for elution during the Catch-2 step as described
in detail below. Prior methods comprised the use of sodium
chloride at high pH (10), which disrupts DNA hybridization
and aptamer/aptamer interaction as well as protein/aptamer
interaction. As noted above, DNA hybridization and
aptamer/aptamer interactions contribute to assay back-
ground. Chaotropic salts, including but not limited to
sodium perchlorate, lithium chloride, sodium chloride and
magnesium chloride at neutral pH, support DNA hybridiza-
tion and aptamer/aptamer interactions, while disrupting
aptamer/protein interactions. The net result is significantly
diminished (about 10-fold) background, with a concomitant
rise in assay sensitivity.

[0063] Overview of Prior Described Multiplex Aptamer
Assays
[0064] Aptamers were equilibrated with a test sample (e.g.

plasma) in solution. Long-lived (median half-life circa 30
minutes) complexes between analytes and aptamers, par-
ticularly slow off-rate aptamers were formed in this period.
The equilibration mixture, comprising the sample matrix,
aptamer, protein analytes, and aptamer/analyte complexes
was then exposed to streptavidin immobilized on agarose
beads (SA-agarose) (in the case in which the aptamer is
tagged with a biotin moiety). Aptamers in the mixture are
captured on the SA-agarose via the appended biotin moiety.
Note that the assay is dependent on quantitative aptamer
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capture at this step. The immobilized aptamers were then
washed under mild conditions, removing free and loosely
bound protein, but leaving aptamer and aptamet/analyte
complexes behind. This step, termed “Catch-17, can be
thought of as a protein purification step. (See e.g., U.S. Pat.
Nos. 7,947,447 and 7,855,054).

[0065] The agarose beads, bearing aptamers and analyte/
aptamer complexes, were then treated with NHS-biotin,
leaving a biotin “tag” on the aptamer-bound protein ana-
lytes. After further washing, aptamers, including aptamer/
biotinylated analyte complexes were released from the aga-
rose beads via cleavage of a labile linker between the
aptamer and biotin moiety (as described in the example
below for purposes of illustration only, a photolabile linker
that is cleaved upon exposure to UV light is used). The
so-called photocleavage eluate is then transferred to a well
bearing magnetic streptavidin beads. Aptamer/biotinylated
analyte complexes are preferentially adsorbed. This capture
step is referred to as “Catch-2”. (See e.g., U.S. Pat. Nos.
7,947,447 and 7,855). After washes, aptamers which are
now bound to beads through analytes were eluted with a
sodium chloride solution at elevated pH. Recovered aptam-
ers were then quantified by hybridization to commercial
microarrays. Recovered aptamer amounts serve as a surro-
gate for protein concentration, which are formally deter-
mined by means of a standard curve.

[0066] As noted above, it had been observed that substan-
tial amounts of aptamer traverse the assay (i.e. pass through
the partitioning steps) and create background even in the
absence of added protein from a test sample. The source of
this protein-independent background was traced to aptamer/
aptamer interaction, as illustrated in FIG. 1. Several miti-
gation strategies were explored to address this issue, which
are described in Gold et al. (PLoS One (2010) 5(12):
€15005). Ultimately, warm glycerol washes were selected as
an effective and suitable strategy to mitigate this issue
problem. However, other solvents and reagents that reduce
the dielectric constant of water are capable of mitigating
assay background in a similar way. Examples include, but
are not limited to glycerol, propylene glycol, trehalose,
ethanol and the like.

[0067] Mitigation of Capture Inhibition by Pre-Absorption
of Aptamers
[0068] As noted above, it was determined that serum and

plasma diminishes capture efficiency of aptamers, limiting
the concentration that can be measured as illustrated in
FIGS. 2 and 3.

[0069] As illustrated in FIG. 4, pre-immobilization of
aptamers and subsequent equilibration, as described herein,
mitigates the problem of capture inhibition and enables the
use of much high plasma concentrations. Specifically, con-
centrations up to and including at least 40% v/v plasma or
serum, rather than the 10% top concentration of the process
as previously described in Gold et al. (PloS One (December
2010) 5(12):e15005), or the 5% top concentration of more
recent editions may be used, thereby increasing sensitivity
roughly 4- to 8-fold, as well as, increasing the overall
robustness of the assay.

[0070] With reference to FIG. 4, it can be seen that a linear
increase in signal can be observed all the way up to 40% v/v
plasma (compare line marked with ([J), pre-immobilized
format, to line marked with (o), standard format (FIGS. 4A
and 4B). Note that a signal observed for a Spuriomer (a
surrogate for protein-dependent background, FIGS. 4C and
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4D) is considerably higher in the standard format, suggest-
ing that pre-immobilization can reduce protein-dependent
background.

[0071] Reduction in Assay Background and Increase in
Assay Sensitivity Using a Chaotropic Salt for Elution
[0072] As illustrated in FIG. 5, the use of a chaotropic salt
for elution both diminishes assay background and increases
assay sensitivity. With reference to FIG. 5, it can be seen that
assay background in buffer is significantly reduced with
perchlorate elution (compare the lower curve in FIG. 5A
with the lower curve in FIG. 5B). Assay background has
dropped to 20-40 RFU. Apparent endogenous levels are also
somewhat reduced for IL-11 with perchlorate elution, indi-
cating diminished protein-dependent background (roughly
0.2 pM vs. 1 pM).

[0073] The following table summarizes the results (RFU)
of the comparison of CAPSO/NaCl elution and perchlorate
elution. Median and average signals for all SOMAmers in
each dilution group (column 2) in the presence of plasma
(5% v/v plasma for 5% SOMAmers; 0.316% v/v plasma for
0.316% SOMAmers, and 0.01% plasma for 0.01% SOMA-
mers) are shown in rows 1-6; median and average signals for
all SOMAmers termed Spuriomers (SOMAmers designed in
silico that do not have a cognate analyte) in the presence of
5% plasma are shown in rows 8 and 9; and median and
average signals of all SOMAmers in all dilutions in the
presence of buffer only are shown in row 10.

TABLE 1

dilution CAPSO NaClO,
Median 5% 850 400
Average 5% 6500 6200
Median 0.316% 8500 7300
Average 0.316% 20000 22000
Median 0.01% 27000 22000
Average 0.01% 62000 63000
Median Spuriomer 280 85
Average Spuriomer 350 150
Median Buffer 75 20
Average Buffer 95 28

[0074] The results depicted in FIG. 5 are mirrored in the

results shown in the table. Perchlorate elution generates
comparatively low buffer signals, significantly reduced Spu-
riomer signals in plasma, and marginally reduced signals in
the 0.01% and 0.316% mixes where signals unambiguously
originate from cognate analytes.

[0075] Coeflicients of variation (CV’s) in buffer signals
with perchlorate elution were measured over 8 replicates,
reasoning that signals close to machine background were
entitled to be noisy, and thus could preclude realization of
the very low lower limits of quantification (LLOQ) sug-
gested by these very low backgrounds. In this experiment,
with a median signal of just 32 RFU, the raw median CV
was 6.2% (FIG. 6B). Stability at these very low signals was
not likely to be a factor that limits LLOQ.

[0076] Comparison of Assay Performance

[0077] A formal comparison between the most recent
version of the method disclosed in Gold et al. (PLoS One
(December 2010) 5(12):e15005) (termed “Previous assay”
in Table 2) and the instant disclosure (Version 3 in Table 2)
was made. The high degree of similarity between protocols
permitted a test in which both assay protocols could be run
in a single robotic run, in fact on the same filter plates, with
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minimal manual intervention. The test included 8 replicate
plasma samples, to determine variability, 8 buffer dose-
response wells, and 8 plasma spike wells. Note that Version
3 used much greater plasma concentrations than an earlier
assay version did the previous assay (40, 1.3, and 0.044% as
opposedto 5, 0.167, and 0.0056%). A summary of the results
in RFU space and in RFU normalized to plasma concentra-
tion is shown below (Table 2).

TABLE 2

Previous assay Version 3 Change (-fold)
Spuriomer and non- 756 (15,120) 202 (505) Down 3.7-fold
human signal (rfi1) 5% plasma 40% plasma {down 30-fold)
(normalized rfu)
High abundance 42,313 50,741 Up 1.2-fold
(rfu) (7.61 x 10%) (114 x 10%  (down ~7-fold)
(normalized rfu) 0.0056% plasma  0.044% plasma
Mid-abundance 22,375 22,812 About the same
(rfu) (1.3 % 107 (1.7 x 10%) {down ~7-fold)
(normalized rfu) 0.167% plasma  1.3% plasma
Low abundance 1540 (30,800) 931 (2,327) Down 1.7-fold
(rfu) 5% plasma 40% plasma {down 13-fold)
(normalized rfu)
Buffer only (all) 252 27 Down 9.3-fold
[0078] With reference to Table 2, it can be seen that raw

background signals are diminished in Version 3 by about
4-fold as determined by signals from Spuriomer and aptam-
ers for non-human targets, while raw analyte signals are
about the same, as measured by signals from mid- and
high-abundance analytes. Note that these values were
obtained with 40% plasma in Version 3, while 5% plasma
was used in an earlier assay version. If one normalizes
signals to 100% plasma (values in parentheses), back-
grounds drop significantly (by about 30-fold) while analyte
signals are down about 7-fold. Buffer-only signals drop by
nearly a log. Note that the reduction in background comes at
a cost—about 15 uL of plasma are required for the previous
assay, while about 60 pL are required for the Version 3. This
elevated sample consumption is likely unimportant for
large-animal samples (e.g. human), but may become a factor
for analysis of longitudinal samples for small animals such
as mice. Overall spike recoveries were much higher for the
embodiment of the present invention demonstrated in Vetr-
sion 3, than for the earlier assay version, with medians
running about 80% for the and just 25% for the previous
assay, as illustrated in FIG. 7B. Much of this improvement
can be attributed to immobilization of the aptamers priot to
equilibration.

[0079] FIGS. 8A-8F and 9A-9F depict two examples of a
direct comparison of protein titration curves in buffer (FIGS.
8A and 8D and FIGS. 9A and 9D, lower curve), protein
spikes into plasma (FIGS. 8A and 8D and FIGS. 9A and 9D,
upper curve), plasma titration (FIGS. 8B and 8E and FIGS.
9B and 9E) and calculated endogenous levels (mapping of
plasma titration to protein standard curves, FIGS. 8C and 8F
and FIGS. 9C and 9F) for the previous assay (FIGS. 8A-8C
and FIGS. 9A-9C) and the method described herein (FIGS.
8D-8F and FIGS. 9D-9F). Note that the protein was spiked
in 5% plasma for the previous assay and 40% plasma for the
method described herein. A typical comparison curve show-
ing buffer dose-response, plasma spike, and measured
endogenous levels can be seen in FIG. 8. A clear example of
improved spike recovery can be seen in FIG. 9.
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[0080] Improved Multiplexed Aptamer Assay

[0081] In one embodiment, aptamers are provided that
have high affinity and specificity for a target molecule and
a first releasable tag. In some embodiments the aptamers are
photoaptamers. In another embodiment, the first releasable
tag is added at any time in the assay prior to the Catch-1 (as
defined below in paragraph [0082]) partition. In one
embodiment, this first releasable tag is a photocleavable
biotin. Other tags and cleavable moieties and aptamer con-
taining such tags and cleavable moieties are described.
[0082] The aptamer comprising the releasable first tag that
has a specific affinity for a target molecule is immobilized on
a solid support in solution prior to equilibration with the test
sample. The attachment of the aptamer to the solid support
is accomplished by contacting a first solid support with the
aptamer and allowing the releasable first tag included on the
aptamer to associate, either directly or indirectly, with an
appropriate first capture agent that is attached to the first
solid support. Washes with a solution buffered to pH 11
remove aptamer/aptamer aggregates, thereby reducing assay
background. These steps comprise “Catch-0".

[0083] A test sample is then prepared (as described in the
Example) and contacted with the immobilized aptamers that
have a specific affinity for their respective target molecules.
If the test sample contains the target molecule(s), an
aptamer-target affinity complex will form in the mixture
with the test sample. Note that in addition to aptamer-target
affinity complexes, uncomplexed aptamer will also be
attached to the first solid support. The aptamer-target affinity
complex and uncomplexed aptamer that has associated with
the solid support is then partitioned from the remainder of
the mixture, thereby removing free target and all other
uncomplexed matter in the test sample (sample matrix); i.e.,
components of the mixture not associated with the first solid
support. Following partitioning the aptamer-target affinity
complex, along with any uncomplexed aptamer, is released
from the first solid support using a method appropriate to the
particular releasable first tag being employed.

[0084] In one embodiment, aptamer-target affinity com-
plexes bound to the solid support are then treated with an
agent that introduces a second tag to the target molecule
component of the aptamer-target affinity complexes. In one
embodiment, the target is a protein or a peptide, and the
target is biotinylated by treating it with NHS-PEO4-biotin.
The second tag introduced to the target molecule may be the
same as or different from the aptamer capture tag. If the
second tag is the same as the first tag, or the aptamer capture
tag, free capture sites on the first solid support may be
blocked prior to the initiation of this tagging step. In this
exemplary embodiment, the first solid support is washed
with free biotin prior to the initiation of target tagging.
Tagging methods, and in particular, tagging of targets such
as peptides and proteins are described in U.S. Pat. No.
7,855.054. In other embodiments, tagging of the target is
performed at any other point in the assay prior to initiation
of the Catch-2 partitioning.

[0085] Catch-1 partitioning is completed by releasing of
aptamers and aptamer-target affinity complexes from the
first solid support. In one embodiment, the first releasable
tag is a photocleavable moiety that is cleaved by irradiation
with a UV lamp under conditions that cleave 290% of the
first releasable tag. In other embodiments, the release is
accomplished by the method appropriate for the selected
releasable moiety in the first releasable tag. Aptamer-target
affinity complexes may be eluted and collected for further
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use in the assay or may be contacted with another solid
support to conduct the remaining steps of the assay.

[0086] In one embodiment, the mixture may optionally be
subject to a kinetic challenge. The kinetic challenge helps
reduce any non-specific binding between aptamers and
non-target molecules. In one embodiment, 10 mM dextran
sulfate is added to the aptamer-target affinity complexes, and
the mixture is incubated for about 15 minutes. Other com-
petitors include but are not limited to competitor nucleic
acids. In another embodiment, the kinetic challenge is
initiated by performing the Catch-1 elution in the presence
of 10 mM dextran sulfate. In other embodiments, the kinetic
challenge is performed after the equilibrium binding step
and before the Catch-2 partitioning. In other embodiments
the kinetic challenge is performed by dilution.

[0087] In one embodiment, the Catch-2 partition is per-
formed to remove free aptamer. As described above, in one
embodiment, a second tag used in the Catch-2 partition may
be added to the target while the aptamer-target affinity
complex is still in contact with the solid support used in the
Catch-1 partition. In other embodiments, the second tag may
be added to the target at another point in the assay prior to
initiation of Catch-2 partitioning. The mixture is contacted
with a solid support, the solid support having a capture
element (second) adhered to its surface which is capable of
binding to the target capture tag (second tag), preferably
with high affinity and specificity. In one embodiment, the
solid support is magnetic beads (such as DynaBeads MyOne
Streptavidin C1) contained within a well of a microtiter plate
and the capture element (second capture element) is strepta-
vidin. The magnetic beads provide a convenient method for
the separation of partitioned components of the mixture.
Aptamer-target affinity complexes contained in the mixture
are thereby bound to the solid support through the binding
interaction of the target (second) capture tag and the second
capture element on the second solid support. The aptamer-
target affinity complex is then partitioned from the remain-
der of the mixture, e.g. by washing the support with buffered
solutions, including buffers comprising organic solvents
including but not limited to glycerol.

[0088] Aptamers are then selectively eluted from aptamer-
target complexes with buffers comprising chaotropic salts
from the group including but not limited to sodium perchlo-
rate and lithium chloride. Aptamers retained on Catch-2
beads by virtue of aptamer/aptamer interaction are not eluted
by this treatment.

[0089] In another embodiment, the aptamer released from
the Catch-2 partition is detected and optionally quantified by
any suitable nucleic acid detection methods, such as, for
example DNA microarray hybridization, Q-PCR, mass spec-
troscopy, the Invader assay, next generation sequencing, and
the like. These detection methods are described in further
detail below.

[0090] In one embodiment, the reference sample can be a
pooled biological sample that represents a control group. In
another embodiment, the reference sample can be a biologi-
cal sample obtained from an individual, collected at a first
time, and the test sample can be obtained from the same
individual but collected at a second time, thereby facilitating
a longitudinal study of an individual by measuring and
evaluating any changes in the amount or concentration of
one or more target molecules in multiple biological samples
provided by the individual over time.
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[0091] Any of the methods described herein may be used
to conduct a single-analyte test or a multiplexed analysis of
a test sample. Any multiplexed analysis can include the use
of two, tens, hundreds, or thousands of aptamers to simul-
taneously assay an equal number of target molecules in a test
sample, such as a biological sample, for example. In these
embodiments, a plurality of aptamers, each of which recog-
nizes and optionally crosslinks to a different analyte, is
introduced to the test sample and any of the above-described
assays can be performed. After release of the aptamers, any
suitable multiplexed nucleic acid detection methods can be
employed to measure the different aptamers that have been
released. In one embodiment, this can be accomplished by
hybridization to complementary probes that are separately
arranged on a solid surface. In another embodiment, each of
the different aptamers may be detected based on molecular
weight using mass spectroscopy. In yet another embodiment,
each of the different aptamers can be detected based on
electrophoretic mobility, such as, for example, in capillary
electrophoresis, in a gel, or by liquid chromatography. In
another embodiment, unique PCR probes can be used to
quantify each of the different aptamers using Q-PCR.
[0092] In each of the assays disclosed herein, a kinetic
challenge may be used to increase the specificity of the assay
and to reduce non-specific binding. In one embodiment,
which can optionally be employed in each of the assays
described herein, additional reduction in the non-specific
binding may be accomplished by either pre-incubation of a
competitor with the test sample or by addition of a com-
petitor to the mixture during equilibrium binding. In one
embodiment, 4 uM of a Z-block competitor oligonucleotide
(5'-(ACZ7),AC-3", where 7Z=5-benzyl-dUTP) is preincu-
bated for about 5 minutes with the test mixture.

[0093] Kits

[0094] Another aspect of the present disclosure relates to
kits useful for conveniently performing any of the methods
disclosed herein to analyze test samples. To enhance the
versatility of the disclosed methods, the reagents can be
provided in packaged combination, in the same or separate
containers, so that the ratio of the reagents provides for
substantial optimization of the method and assay. The
reagents may each be in separate containers or various
reagents can be combined in one or more containers depend-
ing upon the cross-reactivity and stability of the reagents.
[0095] A kit comprises, in packaged combination, at least
one tagged aptamer and one or more solid supports, each
including at least one capture agent. The kit may also include
washing solutions such as buffered aqueous medium for
sample dilution as well as array washing, sample preparation
reagents, and so forth. The kit may further contain reagents
useful in introducing a second tag, generally through modi-
fication or derivatization of the target. In addition the kit may
contain reagents suitable for performing the desired kinetic
challenge during the analytical method. The relative
amounts of the various reagents in the kits can be varied
widely to provide for concentrations of the reagents that
substantially optimize the reactions that need to occur during
the assay and to further substantially optimize the sensitivity
of the assay. Under appropriate circumstances, one or more
of the reagents in the kit can be provided as a dry powder,
usually lyophilized, including excipients, which upon dis-
solution will provide a reagent solution having the appro-
priate concentrations for performing a method or assay in
accordance with the present disclosure. The kit can further
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include a written description of a method in accordance with
any of the methods as described herein.

[0096] In one embodiment, a kit for the detection and/or
quantification of one or more target molecules that may be
present in a test sample includes at least one aptamer having
specific affinity for a target molecule and comprising a tag;
and a solid support, wherein the solid support includes at
least one capture agent disposed thereon, and wherein the
capture element is capable of associating with the tag on the
aptamer.

[0097] In another embodiment, a kit for the detection
and/or quantification of one or more target molecules that
may be present in a test sample includes at least one aptamer
having specific aflinity for a target molecule and comprising
a tag and a label; and a solid support, wherein the solid
support includes at least one capture agent disposed thereon,
and wherein the capture element is capable of associating
with the tag on the aptamer.

[0098] In another embodiment, a kit for the detection
and/or quantification of one or more target molecules that
may be present in a test sample includes at least one aptamer
having specific aflinity for a target molecule and comprising
a releasable tag and a label; and a solid support, wherein the
solid support includes at least one capture agent disposed
thereon, and wherein the capture element is capable of
associating with the tag on the aptamer.

[0099] In addition, any of the above-described kits may
contain reagents and materials for the performance of a
kinetic challenge during the detection method of the kit.
[0100] As used herein “Catch-1" refers to the partitioning
of an aptamer-target affinity complex or aptamer-target
covalent complex. The purpose of Catch-1 is to remove
substantially all of the components in the test sample that are
not associated with the aptamer. Removing the majority of
such components will generally improve target tagging
efficiency by removing non-target molecules from the target
tagging step used for Catch-2 capture and may lead to lower
assay background. In one embodiment, a tag is attached to
the aptamer either before the assay, during preparation of the
assay, or during the assay by appending the tag to the
aptamer. In one embodiment, the tag is a releasable tag. In
one embodiment, the releasable tag comprises a cleavable
linker and a tag. As described above, tagged aptamer can be
captured on a solid support where the solid support com-
prises a capture element appropriate for the tag. The solid
support can then be washed as described herein prior to
equilibration with the test sample to remove any unwanted
materials (Catch-0).

[0101] As used herein “Catch-2" refers to the partitioning
of an aptamer-target affinity complex or aptamer-target
covalent complex based on the capture of the target mol-
ecule. The purpose of the Catch-2 step is to remove free, or
uncomplexed, aptamer from the test sample prior to detec-
tion and optional quantification. Removing free aptamer
from the sample allows for the detection of the aptamer-
target affinity or aptamer-target covalent complexes by any
suitable nucleic acid detection technique. When using
Q-PCR for detection and optional quantification, the
removal of free aptamer is needed for accurate detection and
quantification of the target molecule.

[0102] Inoneembodiment, the target molecule is a protein
or peptide and free aptamer is partitioned from the aptamer-
target affinity (or covalent) complex (and the rest of the test
sample) using reagents that can be incorporated into proteins
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(and peptides) and complexes that include proteins (or
peptides), such as, for example, an aptamer-target affinity (or
covalent) complex. The tagged protein (or peptide) and
aptamer-target affinity (or covalent) complex can be immo-
bilized on a solid support, enabling partitioning of the
protein (or peptide) and the aptamer-target affinity (or cova-
lent) complex from free aptamer. Such tagging can include,
for example, a biotin moiety that can be incorporated into
the protein or peptide.

[0103] Inoneembodiment, a Catch-2 tag is attached to the
protein (or peptide) either before the assay, during prepara-
tion of the assay, or during the assay by chemically attaching
the tag to the targets. In one embodiment the Catch-2 tag is
a releasable tag. In one embodiment, the releasable tag
comprises a cleavable linker and a tag. It is generally not
necessary, however, to release the protein (or peptide) from
the Catch-2 solid support. As described above, tagged tar-
gets can be captured on a second solid support where the
solid support comprises a capture element appropriate for
the target tag. The solid support is then washed with various
buffered solutions including buffered solutions comprising
organic solvents and buffered solutions comprising salts
and/or detergents containing salts and/or detergents.

[0104] After washing the second solid support, the
aptamer-target affinity complexes are then subject to a
dissociation step in which the complexes are disrupted to
vield free aptamer while the target molecules generally
remain bound to the solid support through the binding
interaction of the capture element and target capture tag. The
aptamer can be released from the aptamer-target affinity
complex by any method that disrupts the structure of either
the aptamer or the target. This may be achieved though
washing of the support bound aptamer-target affinity com-
plexes in high salt buffer which dissociates the non-cova-
lently bound aptamer-target complexes. Eluted free aptam-
ers are collected and detected. In another embodiment, high
or low pH is used to disrupt the aptamer-target affinity
complexes. In another embodiment high temperature is used
to dissociate aptamer-target affinity complexes. In another
embodiment, a combination of any of the above methods
may be used. In another embodiment, proteolytic digestion
of the protein moiety of the aptamer-target affinity complex
is used to release the aptamer component.

[0105] In the case of aptamer-target covalent complexes,
release of the aptamer for subsequent quantification is
accomplished using a cleavable linker in the aptamer con-
struct. In another embodiment, a cleavable linker in the
target tag will result in the release of the aptamer-target
covalent complex.

[0106] As used herein, “competitor molecule” and “com-
petitor” are used interchangeably to refer to any molecule
that can form a non-specific complex with a non-target
molecule, for example to prevent that non-target molecule
from rebinding non-specifically to an aptamer. “Competitor
molecules” or “competitors” refer to more than one such set
of molecules. Competitor molecules include oligonucle-
otides, polyanions (e.g., heparin, herring sperm DNA,
single-stranded salmon sperm DNA, and polydextrans (e.g.,
dextran sulfate)), abasic phosphodiester polymers, dNTPs,
and pyrophosphate. In the case of a kinetic challenge that
uses a competitor, the competitor can also be any molecule
that can form a non-specific complex with a free aptamer or
protein, for example to prevent that aptamer or protein from
rebinding non-specifically to a non-target molecule. Such
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competitor molecules include polycations (e.g., spermine,
spermidine, polylysine, and polyarginine) and amino acids
(e.g., arginine and lysine). When a competitor is used as the
kinetic challenge a fairly high concentration is utilized
relative to the anticipated concentration of total protein or
total aptamer present in the sample. In one embodiment,
about 10 mM dextran sulfate is used as the competitor in a
kinetic challenge. In one embodiment, the kinetic challenge
comprises adding a competitor to the mixture containing the
aptamer-target affinity complex, and incubating the mixture
containing the aptamer-target aflinity complex for a time of
greater than or equal to about 30 seconds, about 1 minute,
about 2 minutes, about 3 minutes, about 4 minutes, about 5
minutes, about 10 minutes, about 30 minutes, and about 60
minutes. In another embodiment, the kinetic challenge com-
prises adding a competitor to the mixture containing the
aptamer-target affinity complex and incubating the mixture
containing the aptamer-target affinity complex for a time
such that the ratio of the measured level of aptamer-target
affinity complex to the measured level of the non-specific
complex is increased.

[0107] In some embodiments, the kinetic challenge is
performed by diluting the test sample with binding buffer or
any other solution that does not significantly increase the
natural rate of dissociation of aptamer-target affinity com-
plexes. The dilution can be about 2x, about 3x, about 4x,
about 5x, or any suitable greater dilution. Larger dilutions
provide a more effective kinetic challenge by reducing the
concentration of total protein and aptamer after dilution and,
therefore, the rate of their re-association. If dilution is used
to introduce a kinetic challenge, the subsequent test sample
mixture containing the aptamer-target affinity complex may
be concentrated before further processing. If applicable, this
concentration can be accomplished using methods described
herein with respect to the optional partitioning of any free
aptamers from the test sample and/or the optional removal of
other components of the test sample that can react with the
tagging agent. When dilution is used as the kinetic chal-
lenge, the amount of dilution is selected to be as high as
practical, in view of both the initial test sample volume and
the desirability of recovering the aptamer-target affinity
complex from the final (diluted) volume without incurring a
significant loss of the complex. In one embodiment, the
aptamer-target affinity complex is diluted and the mixture is
incubated for a time zabout 30 seconds, zabout 1 minute,
zabout 2 minutes, zabout 3 minutes, zabout 4 minutes,
zabout 5 minutes, zabout 10 minutes, zabout 30 minutes,
and zabout 60 minutes. In another embodiment, the
aptamer-target affinity complex is diluted and the mixtures
containing the aptamer-target affinity complex are incubated
for a time such that the ratio of the measured level of
aptamer-target affinity complex to the measured level of the
non-specific complex is increased.

[0108] In some embodiments, the kinetic challenge is
performed in such a manner that the effect of sample dilution
and the effect of introducing a competitor are realized
simultaneously. For example, a test sample can be diluted
with a large volume of competitor. Combining these two
kinetic challenge strategies may provide a more effective
kinetic challenge than can be achieved using one strategy. In
one embodiment, the dilution can be about 2x, about 3x,
about 4x, about 5x, or any suitable greater dilution and the
competitor is about 10 mM dextran sulfate. In one embodi-
ment, the kinetic challenge comprises diluting the mixture
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containing the aptamer-target affinity complex, adding a
competitor to the mixture containing the aptamer-target
affinity complex, and incubating the mixture containing the
aptamer-target affinity complex for a time greater than or
equal to about 30 seconds, about 1 minute, about 2 minutes,
about 3 minutes, about 4 minutes, about 5 minutes, about 10
minutes, about 30 minutes, and about 60 minutes. In another
embodiment, the kinetic challenge comprises diluting the
mixture containing the aptamer-target affinity complex, add-
ing a competitor to the mixture containing the aptamer-target
affinity complex and incubating the mixture containing the
aptamer-target affinity complex for a time such that the ratio
of the measured level of aptamer-target affinity complex to
the measured level of the non-specific complex is increased.

[0109] As disclosed herein, an aptamer can further com-
prise a “tag,” which refers to a component that provides a
means for attaching or immobilizing an aptamer (and any
target molecule that is bound to it) to a solid support. A “tag”
is a moiety that is capable of associating with a “capture
element”. “Tags” or “capture elements” refers to more than
one such set of components. The tag can be attached to or
included in the aptamer by any suitable method. Generally,
the tag allows the aptamer to associate, either directly or
indirectly, with a capture element or receptor that is attached
to the solid support. The capture element is typically chosen
(or designed) to be highly specific in its interaction with the
tag and to retain that association during subsequent process-
ing steps or procedures. A tag can enable the localization of
an aptamer-target affinity complex (or covalent aptamer-
target affinity complex) to a spatially defined address on a
solid support. Different tags, therefore, can enable the local-
ization of different aptamer-target covalent complexes to
different spatially defined addresses on a solid support. A tag
can be a polynucleotide, a polypeptide, a peptide nucleic
acid, a locked nucleic acid, an oligosaccharide, a polysac-
charide, an antibody, an affibody, an antibody mimic, a cell
receptor, a ligand, a lipid, biotin, polyhistidine, or any
fragment or derivative of these structures, any combination
of the foregoing, or any other structure with which a capture
element (or linker molecule, as described below) can be
designed or configured to bind or otherwise associate with
specificity. Generally, a tag is configured such that it does
not interact intramolecularly with either itself or the aptamer
to which it is attached or of which it is a part. If SELEX is
used to identify an aptamer, the tag may be added to the
aptamer either pre- or post-SELEX. In one embodiment, the
tag is included on the 5'-end of the aptamer post-SELEX. In
another embodiment, the tag is included on the 3'-end of the
aptamer post-SELEX. In yet another embodiment, tags may
be included on both the 3' and 5' ends of the aptamers in a
post-SELEX modification process. In another embodiment,
the tag may be an internal segment of the aptamer.

[0110] In one embodiment, the tag is a biotin group and
the capture element is a biotin binding protein such as
avidin, streptavidin, neutravidin, Extravidin, or Traptavidin.
This combination may be conveniently used in various
embodiments, as biotin is easily incorporated into aptamers
during synthesis and streptavidin beads are readily available.

[0111] In one embodiment, the tag is polyhistidine and the
capture element is nitrilotriacetic acid (NTA) chelated with
a metal ion such as nickel, cobalt, iron, or any other metal
ion able to form a coordination compound with poly-
histidine when chelated with NTA.
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[0112] Inone embodiment, the tag is a polynucleotide that
is designed to hybridize directly with a capture element that
contains a complementary polynucleotide sequence. In this
case, the tag is sometimes referred to as a “sequence tag” and
the capture element is generally referred to as a “probe”. In
this embodiment, the tag is generally configured and the
hybridization reaction is carried out under conditions such
that the tag does not hybridize with a probe other than the
probe for which the tag is a perfect complement. This allows
for the design of a multiplex assay format as each tag/probe
combination can have unique sequences.

[0113] In some embodiments, the tag comprises nucleo-
tides that are a part of the aptamer itself. For example, if
SELEX is used to identify an aptamer, the aptamer generally
includes a 5'-fixed end separated from a 3'-fixed end by a
nucleotide sequence that varies, depending upon the
aptamer, that is, a variable region. In one embodiment, the
tag can comprise any suitable number of nucleotides
included in a fixed end of the aptamer, such as, for example,
an entire fixed end or any portion of a fixed end, including
nucleotides that are internal to a fixed end. In another
embodiment, the tag can comprise any suitable number of
nucleotides included within the variable region of the
aptamer, such as, for example, the entire variable region or
any portion of the variable region. In a further embodiment,
the tag can comprise any suitable number of nucleotides that
overlap both the variable region and one of the fixed ends,
that is, the tag can comprise a nucleotide sequence that
includes any portion (including all) of the variable region
and any portion (including all) of a fixed end.

[0114] Inanother embodiment, a tag can associate directly
with a probe and covalently bind to the probe, thereby
covalently linking the aptamer to the surface of the solid
support. In this embodiment, the tag and the probe can
include suitable reactive groups that, upon association of the
tag with the probe, are sufficiently proximate to each other
to undergo a chemical reaction that produces a covalent
bond. The reaction may occur spontaneously or may require
activation, such as, for example, photo-activation or chemi-
cal activation. In one embodiment, the tag includes a diene
moiety and the probe includes a dienophile, and covalent
bond formation results from a spontaneous Diels-Alder
conjugation reaction of the diene and dienophile. Any appro-
priate complementary chemistry can be used, such as, for
example, N-Mannich reaction, disulfide formation, Curtius
reaction, Aldol condensation, Schiff’ base formation, and
Michael addition.

[0115] In another embodiment, the tag associates indi-
rectly with a probe, such as, for example, through a linker
molecule, as further described below. In this embodiment,
the tag can include a polynucleotide sequence that is
complementary to a particular region or component of a
linker molecule. The tag is generally configured and the
hybridization reaction is carried out such that the tag does
not hybridize with a polynucleotide sequence other than the
polynucleotide sequence included in the linker molecule.
[0116] If the tag includes a polynucleotide, the polynucle-
otide can include any suitable number of nucleotides. In one
embodiment, a tag includes at least about 10 nucleotides. In
another embodiment, the tag includes from about 10 to about
45 nucleotides. In yet another embodiment, the tag includes
at least about 30 nucleotides. Different tags that include a
polynucleotide can include either the same number of
nucleotides or a different number of nucleotides.
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[0117] In some embodiments, the tag component is bi-
functional in that it includes functionality for specific intet-
action with a capture element on a solid support or “probe”
as defined below (probe association component), and func-
tionality for dissociating the molecule to which it is attached
from the probe association component of the tag. The means
for dissociating the probe association component of the tag
includes chemical means, photochemical means or other
means depending upon the particular tag that is employed.
[0118] As used herein, “capture element”, “probe” or
“receptor” refers to a molecule that is configured to associ-
ate, either directly or indirectly, with a tag. A “capture
element”, “probe” or “receptor” is a set of copies of one type
of molecule or one type of multi-molecular structure that is
capable of immobilizing the moiety to which the tag is
attached to a solid support by associating, either directly or
indirectly, with the tag. “Capture elements” “probes” or
“receptors” refer to more than one such set of molecules. A
capture element, probe or receptor can be a polynucleotide,
a polypeptide, a peptide nucleic acid, a locked nucleic acid,
an oligosaccharide, a polysaccharide, an antibody, an affi-
body, an antibody mimic, a cell receptor, a ligand, a lipid,
biotin, polyhistidine, or any fragment or derivative of these
structures, any combination of the foregoing, or any other
structure with which a tag (or linker molecule) can be
designed or configured to bind or otherwise associate with
specificity. A capture element, probe or receptor can be
attached to a solid support either covalently or non-cova-
lently by any suitable method.

[0119] While the terms “capture element”, “probe” and
“receptor” are used interchangeably, probe generally refers
to a polynucleotide sequence. In one embodiment, the probe
includes a polynucleotide that has a sequence that is comple-
mentary to a polynucleotide tag sequence. In this embodi-
ment, the probe sequence is generally configured and the
hybridization reaction is carried out under conditions such
that the probe does not hybridize with a nucleotide sequence
other than the tag for which the probe includes the comple-
mentary sequence (i.e., the probe is generally configured and
the hybridization reaction is carried out under conditions
such that the probe does not hybridize with a different tag or
an aptamer).

[0120] In another embodiment, the probe associates indi-
rectly with a tag, for example, through a linker molecule. In
this embodiment, the probe can include a polynucleotide
sequence that is complementary to a particular region or
component of a linker molecule. The probe is generally
configured and the hybridization reaction is carried out such
that the probe does not hybridize with a polynucleotide
sequence other than the polynucleotide sequence included in
the linker molecule.

[0121] Ifaprobe includes a polynucleotide, the polynucle-
otide can include any suitable number of nucleotides. In one
embodiment, a probe includes at least about 10 nucleotides.
In another embodiment, a probe includes from about 10 to
about 45 nucleotides. In yet another embodiment, a probe
includes at least about 30 nucleotides. Different probes that
include a polynucleotide can include either the same number
of nucleotides or a different number of nucleotides.

[0122] In some embodiments, the capture probe is bi-
functional in that it includes functionality for specific inter-
action with a polynucleotide tag, and functionality for dis-
sociating the probe from the solid support such that the
probe and aptamer are simultaneously released. The means
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for dissociating the probe from the solid support includes
chemical means, photochemical means or other means
depending upon the particular capture probe that is
employed.

[0123] Due to the reciprocal nature of the interaction
between a particular tag and capture element pair, a tag in
one embodiment may be used as a capture element in
another embodiment, and a capture element in one embodi-
ment may be used as a tag in another embodiment. For
example, an aptamer with a biotin tag may be captured with
streptavidin attached to a solid support in one embodiment,
while an aptamer with a streptavidin tag may be captured
with biotin attached to a solid support in another embodi-
ment.

[0124] As used herein, a linker is a molecular structure
that is use to connect two functional groups or molecular
structures. As used herein, “spacing linker” or more simply
a “spacer” refers to a group of benign atoms that provide
separation or spacing between two different functional
groups within an aptamer. As used herein, a “releasable” or
“cleavable” element, moiety, or linker refers to a molecular
structure that can be broken to produce two separate com-
ponents. A releasable (or cleavable) element may comprise
a single molecule in which a chemical bond can be broken
(referred to herein as an “inline cleavable linker”), or it may
comprise two or more molecules in which a non-covalent
interaction can be broken or disrupted (referred to herein as
a “hybridization linker”).

[0125] In some embodiments, it is necessary to spatially
separate certain functional groups from others in order to
prevent interference with the individual functionalities. For
example, the presence of a label, which absorbs certain
wavelengths of light, proximate to a photocleavable group
can interfere with the efficiency of photocleavage. It is
therefore desirable to separate such groups with a non-
interfering moiety that provides sufficient spatial separation
to recover full activity of photocleavage, for example. In
some embodiments, a “spacing linker” has been introduced
into an aptamer with both a label and photocleavage func-
tionality.

[0126] In one embodiment, spacing linkers are introduced
into the aptamer during synthesis and so can be comprised
of number of phosphoramidite spacers, including but limited
to aliphatic carbon chains of length 3, 6, 9, 12 and 18 carbon
atoms, polyethylene glycol chains of length 1, 3, and 9
ethylene glycol units, or a tetrahydrofuran moiety (termed
dSpacer (Glenn Research) or any combination of the fore-
going or any other structure or chemical component that can
be designed or configured to add length along a phosphodi-
ester backbone. In another embodiment, the spacing linker
includes polynucleotides, such as poly dT, dA, dG, or dC or
poly U, A, G, or C or any combination of the foregoing. In
another embodiment, spacers include one or more abasic
ribose or deoxyribose moieties. Note that such sequences are
designed such that they do not interfere with the aptamer’s
structure or function.

[0127] As used herein, a “hybridization linker” refers to a
linker that comprises two or more molecules in which a
non-covalent interaction can be broken or disrupted through
chemical or physical methods. In some embodiments, a
hybridization linker is used to join an aptamer to a tag,
thereby forming a releasable tag. For example, a hybridiza-
tion linker can be utilized in any of the described assays to
create a releasable connection between an aptamer and a
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biotin (e.g. in the affinity assays and crosslinking assays) or
a releasable connection between an aptamer and a photo-
crosslinking group (e.g. in the crosslinking assays).

[0128] In one embodiment, a hybridization linker com-
prises two nucleic acids that hybridize to form a non-
covalent bond. In one embodiment, one of the nucleic acids
that forms the hybridization link can be a region of the
aptamer itself and the other nucleic acid can be a nucleic
acid that is complementary to that region. Release can be
accomplished by any suitable mechanism for disrupting
nucleic acid duplexes (while still maintaining compatibility
with the assay). In one embodiment, 20 mM NaOH is used
to disrupt the hybridization linker in the dual catch photo-
crosslinking assay. A hybridization linker molecule may
have any suitable configuration and can include any suitable
components, including one or more polynucleotides, poly-
peptides, peptide nucleic acids, locked nucleic acids, oli-
gosaccharides, polysaccharides, antibodies, affibodies, anti-
body mimics or fragments, receptors, ligands, lipids, any
fragment or derivative of these structures, any combination
of the foregoing, or any other structure or chemical com-
ponent that can be designed or configured to form a releas-
able structure.

[0129] Inone embodiment, the releasable tag consists of at
least one polynucleotide consisting of a suitable number of
nucleotides. In one embodiment, a polynucleotide compo-
nent of a linker molecule includes at least about 10 nucleo-
tides. In another embodiment, a polynucleotide component
of a linker molecule includes from about 10 to about 45
nucleotides. In yet another embodiment, a polynucleotide
component of a linker molecule includes at least about 30
nucleotides. Linker molecules used in any of the methods
disclosed herein can include polynucleotide components
having either the same number of nucleotides or a different
number of nucleotides.

[0130] “Solid support” refers to any substrate having a
surface to which molecules may be attached, directly or
indirectly, through either covalent or non-covalent bonds.
The solid support may include any substrate material that is
capable of providing physical support for the capture ele-
ments or probes that are attached to the surface. The material
is generally capable of enduring conditions related to the
attachment of the capture elements or probes to the surface
and any subsequent treatment, handling, or processing
encountered during the performance of an assay. The mate-
rials may be naturally occurring, synthetic, or a modification
of a naturally occurring material. Suitable solid support
materials may include silicon, a silicon wafer chip, graphite,
mirrored surfaces, laminates, membranes, ceramics, plastics
(including polymers such as, e.g., poly(vinyl chloride),
cyclo-olefin copolymers, agarose gels or beads, polyacryl-
amide, polyacrylate, polyethylene, polypropylene, poly(4-
methylbutene), polystyrene, polymethacrylate, poly(ethyl-
ene terephthalate), polytetrafluoroethylene (PTFE or
Teflon®), nylon, poly(vinyl butyrate)), germanium, gallium
arsenide, gold, silver, Langmuir Blodgett films, a flow
through chip, etc., either used by themselves or in conjunc-
tion with other materials. Additional rigid materials may be
considered, such as glass, which includes silica and further
includes, for example, glass that is available as Bioglass.
Other materials that may be employed include porous mate-
rials, such as, for example, controlled pore glass beads,
crosslinked beaded Sepharose® or agarose resins, or copo-
lymers of crosslinked bis-acrylamide and azalactone. Other
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beads include nanoparticles, polymer beads, solid core
beads, paramagnetic beads, or microbeads. Any other mate-
rials known in the art that are capable of having one or more
functional groups, such as any of an amino, carboxyl, thiol,
or hydroxyl functional group, for example, incorporated on
its surface, are also contemplated.

[0131] The material used for a solid support may take any
of a variety of configurations ranging from simple to com-
plex. The solid support can have any one of a number of
shapes, including a strip, plate, disk, rod, particle, bead,
tube, well (microtiter), and the like. The solid support may
be porous or non-porous, magnetic, paramagnetic, or non-
magnetic, polydisperse or monodisperse, hydrophilic or
hydrophobic. The solid support may also be in the form of
a gel or slurry of closely-packed (as in a column matrix) or
loosely-packed particles.

[0132] Inone embodiment, the solid support with attached
capture element is used to capture tagged aptamer-target
affinity complexes or aptamer-target covalent complexes
from a test mixture. In one particular example, when the tag
is a biotin moiety, the solid support could be a streptavidin-
coated bead or resin such as Dynabeads M-280 Streptavidin,
Dynabeads MyOne Streptavidin, Dynabeads M-270 Strepta-
vidin (Invitrogen), Streptavidin Agarose Resin (Pierce),
Streptavidin - Ultralink Resin, MagnaBind Streptavidin
Beads (ThermoFisher Scientific), BioMag Streptavidin,
ProMag Streptavidin, Silica Streptavidin (Bangs Laborato-
ries), Streptavidin Sepharose High Performance (GE Health-
care), Streptavidin Polystyrene Microspheres (Micro-
spheres-Nanospheres), Streptavidin Coated Polystyrene
Particles (Spherotech), or any other streptavidin coated bead
or resin commonly used by one skilled in the art to capture
biotin-tagged molecules.

[0133] As has been described above, one object of the
instant invention is to convert a protein signal into an
aptamer signal. As a result the quantity of aptamers col-
lected/detected is indicative of, and may be directly propor-
tional to, the quantity of target molecules bound and to the
quantity of target molecules in the sample. A number of
detection schemes can be employed without eluting the
aptamer-target aflinity or aptamer-target covalent complex
from the second solid support after Catch-2 partitioning. In
addition to the following embodiments of detection meth-
ods, other detection methods will be known to one skilled in
the art.

[0134] Many detection methods require an explicit label to
be incorporated into the aptamer prior to detection. In these
embodiments, labels, such as, for example, fluorescent or
chemiluminescent dyes can be incorporated into aptamers
either during or post synthesis using standard techniques for
nucleic acid synthesis. Radioactive labels can be incorpo-
rated either during synthesis or post synthesis using standard
enzyme reactions with the appropriate reagents. Labeling
can also occur after the Catch-2 partitioning and elution by
using suitable enzymatic techniques. For example, using a
primer with the above mentioned labels, PCR will incorpo-
rate labels into the amplification product of the eluted
aptamers. When using a gel technique for quantification,
different size mass labels can be incorporated using PCR as
well. These mass labels can also incorporate different fluo-
rescent or chemiluminescent dyes for additional multiplex-
ing capacity. Labels may be added indirectly to aptamers by
using a specific tag incorporated into the aptamer, either
during synthesis or post synthetically, and then adding a
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probe that associates with the tag and carries the label. The
labels include those described above as well as enzymes
used in standard assays for colorimetric readouts, for
example. These enzymes work in combination with enzyme
substrates and include enzymes such as, for example, horse-
radish peroxidase (HRP) and alkaline phosphatase (AP).
Labels may also include materials or compounds that are
electrochemical functional groups for electrochemical
detection.

[0135] For example, the aptamer may be labeled, as
described above, with a radioactive isotope such as *?P prior
to contacting the test sample. Employing any one of the four
basic assays, and variations thereof as discussed above,
aptamer detection may be simply accomplished by quanti-
fying the radioactivity on the second solid support at the end
of the assay. The counts of radioactivity will be directly
proportional to the amount of target in the original test
sample. Similarly, labeling an aptamer with a fluorescent
dye, as described above, before contacting the test sample
allows for a simple fluorescent readout directly on the
second solid support. A chemiluminescent label or a quan-
tum dot can be similarly employed for direct readout from
the second solid support, requiring no aptamer elution.

[0136] By eluting the aptamer or releasing photoaptamer-
target covalent complex from the second solid support
additional detection schemes can be employed in addition to
those described above. For example, the released aptamer,
photoaptamer or photoaptamer-target covalent complex can
be run on a PAGE gel and detected and optionally quantified
with a nucleic acid stain, such as SYBR Gold. Alternatively,
the released aptamer, photoaptamer or photoaptamer cova-
lent complex can be detected and quantified using capillary
gel electrophoresis (CGE) using a fluorescent label incor-
porated in the aptamer as described above. Another detec-
tion scheme employs quantitative PCR to detect and quan-
tify the eluted aptamer using SYBR Green, for example.
Alternatively, the Invader® DNA assay may be employed to
detect and quantify the eluted aptamer. Another alternative
detection scheme employs next generation sequencing.

[0137] In another embodiment, the amount or concentra-
tion of the aptamer-target affinity complex (or aptamer-
target covalent complex) is determined using a “molecular
beacon” during a replicative process (see, e.g., Tyagi et al.,
Nat. Biotech. 16:49 53, 1998; U.S. Pat. No. 5,925,517). A
molecular beacon is a specific nucleic acid probe that folds
into a hairpin loop and contains a fluorophore on one end
and a quencher on the other end of the hairpin structure such
that little or no signal is generated by the fluorophore when
the hairpin is formed. The loop sequence is specific for a
target polynucleotide sequence and, upon hybridizing to the
aptamer sequence the hairpin unfolds and thereby generates
a fluorescent signal.

[0138] For multiplexed detection of a small number of
aptamers still bound to the second solid support, fluorescent
dyes with different excitation/emission spectra can be
employed to detect and quantify two, or three, or five, or up
to ten individual aptamers. Similarly different sized quantum
dots can be employed for multiplexed readouts. The quan-
tum dots can be introduced after partitioning free aptamer
from the second solid support. By using aptamer specific
hybridization sequences attached to unique quantum dots
multiplexed readings for 2, 3, 5, and up to 10 aptamers can
be performed. Labeling different aptamers with different
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radioactive isotopes that can be individually detected, such
as *?P, '2°], °H, 13C, and **S, can also be used for limited
multiplex readouts.

[0139] For multiplexed detection of aptamers released
from the Catch-2 second solid support, a single fluorescent
dye, incorporated into each aptamer as described above, can
be used with a quantification method that allows for the
identification of the aptamer sequence along with quantifi-
cation of the aptamer level. Methods include but are not
limited to DNA chip hybridization, micro-bead hybridiza-
tion, next generation sequencing and CGE analysis.

[0140] In one embodiment, a standard DNA hybridization
array, or chip, is used to hybridize each aptamer or pho-
toaptamer to a unique or series of unique probes immobi-
lized on a slide or chip such as Agilent arrays, [llumina
BeadChip Arrays, NimbleGen arrays or custom printed
arrays. Each unique probe is complementary to a sequence
on the aptamer. The complementary sequence may be a
unique hybridization tag incorporated in the aptamer, or a
portion of the aptamer sequence, or the entire aptamer
sequence. The aptamers released from the Catch-2 solid
support are added to an appropriate hybridization buffer and
processed using standard hybridization methods. For
example, the aptamer solution is incubated for 12 hours with
a DNA hybridization array at about 60° C. to ensure strin-
gency of hybridization. The arrays are washed and then
scanned in a fluorescent slide scanner, producing an image
of the aptamer hybridization intensity on each feature of the
array. Image segmentation and quantification is accom-
plished using image processing software, such as ArrayVi-
sion. In one embodiment, multiplexed aptamer assays can be
detected using up to 25 aptamers, up to 50 aptamers, up to
100 aptamers, up to 200 aptamers, up to 500 aptamers, up to
1000 aptamers, and up to 10,000 aptamers.

[0141] In one embodiment, addressable micro-beads hav-
ing unique DNA probes complementary to the aptamers as
described above are used for hybridization. The micro-beads
may be addressable with unique fluorescent dyes, such as
Luminex beads technology, or use bar code labels as in the
[llumina VeraCode technology, or laser powered transpon-
ders. In one embodiment, the aptamers released from the
Catch-2 solid support are added to an appropriate hybrid-
ization buffer and processed using standard micro-bead
hybridization methods. For example, the aptamer solution is
incubated for two hours with a set of micro-beads at about
60° C. to ensure stringency of hybridization. The solutions
are then processed on a Luminex instrument which counts
the individual bead types and quantifies the aptamer fluo-
rescent signal. In another embodiment, the VeraCode beads
are contacted with the aptamer solution and hybridized for
two hours at about 60° C. and then deposited on a gridded
surface and scanned using a slide scanner for identification
and fluorescence quantification. In another embodiment, the
transponder micro-beads are incubated with the aptamer
sample at about 60° C. and then quantified using an appro-
priate device for the transponder micro-beads. In one
embodiment, multiplex aptamer assays can be detected by
hybridization to micro-beads using up to 25 aptamers, up to
50 aptamers, up to 100 aptamers, up to 200 aptamers, and up
to 500 aptamers.

[0142] The sample containing the eluted aptamers can be
processed to incorporate unique mass tags along with fluo-
rescent labels as described above. The mass labeled aptam-
ers are then injected into a CGE instrument, essentially a
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DNA sequencer, and the aptamers are identified by their
unique masses and quantified using fluorescence from the
dye incorporated during the labeling reaction. One exem-
plary example of this technique has been developed by
Althea Technologies.

[0143] In many of the methods described above, the
solution of aptamers can be amplified and optionally tagged
before quantification. Standard PCR amplification can be
used with the solution of aptamers eluted from the Catch-2
solid support. Such amplification can be used prior to DNA
array hybridization, micro-bead hybridization, and CGE
readout.

[0144] In another embodiment, the aptamer-target affinity
complex (or aptamer-target covalent complex) is detected
and/or quantified using Q-PCR. As used herein, “Q-PCR”
refers to a PCR reaction performed in such a way and under
such controlled conditions that the results of the assay are
quantitative, that is, the assay is capable of quantifying the
amount or concentration of aptamer present in the test
sample.

[0145] Inoneembodiment, the amount or concentration of
the aptamer-target affinity complex (or aptamer-target cova-
lent complex) in the test sample is determined using Tag-
Man® PCR. This technique generally relies on the 5'-3'
exonuclease activity of the oligonucleotide replicating
enzyme to generate a signal from a targeted sequence. A
TagMan probe is selected based upon the sequence of the
aptamer to be quantified and generally includes a 5'-end
fluorophore, such as 6-carboxyfluorescein, for example, and
a 3'-end quencher, such as, for example, a 6-carboxytetram-
ethylfluorescein, to generate signal as the aptamer sequence
is amplified using polymerase chain reaction (PCR). As the
polymerase copies the aptamer sequence, the exonuclease
activity frees the fluorophore from the probe, which is
annealed downstream from the PCR primers, thereby gen-
erating signal. The signal increases as replicative product is
produced. The amount of PCR product depends upon both
the number of replicative cycles performed as well as the
starting concentration of the aptamer.

[0146] In another embodiment, the amount or concentra-
tion of an aptamer-target aflinity complex (or aptamer-target
covalent complex) is determined using an intercalating
fluorescent dye during the replicative process. The interca-
lating dye, such as, for example, SYBR® green, generates a
large fluorescent signal in the presence of double-stranded
DNA as compared to the fluorescent signal generated in the
presence of single-stranded DNA. As the double-stranded
DNA product is formed during PCR, the signal produced by
the dye increases. The magnitude of the signal produced is
dependent upon both the number of PCR cycles and the
starting concentration of the aptamer.

[0147] In another embodiment, the aptamer-target affinity
complex (or aptamer-target covalent complex) is detected
and/or quantified using mass spectrometry. Unique mass
tags can be introduced using enzymatic techniques described
above. For mass spectroscopy readout, no detection label is
required, rather the mass itself is used to both identify and,
using techniques commonly used by those skilled in the art,
quantified based on the location and area under the mass
peaks generated during the mass spectroscopy analysis. An
example using mass spectroscopy is the MassARRAY®
system developed by Sequenom.

[0148] A computer program may be utilized to carry out
one or more steps of any of the methods disclosed herein.
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Another aspect of the present disclosure is a computer
program product comprising a computer readable storage
medium having a computer program stored thereon which,
when loaded into a computer, performs or assists in the
performance of any of the methods disclosed herein.
[0149] One aspect of the disclosure is a product of any of
the methods disclosed herein, namely, an assay result, which
may be evaluated at the site of the testing or it may be
shipped to another site for evaluation and communication to
an interested party at a remote location, if desired. As used
herein, “remote location” refers to a location that is physi-
cally different than that at which the results are obtained.
Accordingly, the results may be sent to a different room, a
different building, a different part of city, a different city, and
so forth. The data may be transmitted by any suitable means
such as, e.g., facsimile, mail, overnight delivery, e-mail, ftp,
voice mail, and the like.

[0150] “Communicating” information refers to the trans-
mission of the data representing that information as electri-
cal signals over a suitable communication channel (for
example, a private or public network). “Forwarding” an item
refers to any means of getting that item from one location to
the next, whether by physically transporting that item or
otherwise (where that is possible) and includes, at least in
the case of data, physically transporting a medium carrying
the data or communicating the data.

EXAMPLES

[0151] The following examples are provided for illustra-
tive purposes only and are not intended to limit the scope of
the invention as defined in the appended claims.

[0152] The foregoing describes the disclosure with refer-
ence to various embodiments and examples. No particular
embodiment, example, or element of a particular embodi-
ment or example is to be construed as a critical, required, or
essential element or feature of any of the claims.

[0153] It will be appreciated that various modifications
and substitutions can be made to the disclosed embodiments
without departing from the scope of the disclosure as set
forth in the claims below. The specification, including the
figures and examples, is to be regarded in an illustrative
manner, rather than a restrictive one, and all such modifi-
cations and substitutions are intended to be included within
the scope of the disclosure. Accordingly, the scope of the
disclosure may be determined by the appended claims and
their legal equivalents, rather than by the examples. For
example, steps recited in any of the method or process
claims may be executed in any feasible order and are not
limited to an order presented in any of the embodiments, the
examples, or the claims.

Proteomic Affinity Assay
[0154] Catch-0
[0155] 133 ul. 7.5% streptavidin-agarose slurry in

1xSB17.Tw (40 mM HEPES, 102 mM NaCl, 1 mM EDTA,
5 mM MgCl,, 5 mM KC1, 0.05% Tween-20) was added to
wells of the filter plate (0.45 um Millipore HV plates
(Durapore cat# MAHVN4550)). The appropriate 1.1x
aptamer mix (all aptamers contain a Cy3 fluorophore and a
photo-cleavable biotin moiety on the 5' end) was thawed
followed by vortexing. The 1.1x aptamer mix was then
boiled for 10 min, vortexed for 30 s and allowed to cool to
20° C. in a water bath for 20 min. The liquid in the filter
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plates containing the streptavidin agarose slurry was then
removed by centrifugation (1000xg for 1 minute). 100 pL
aptamer mix was added to the wells of the filter plate
(robotically). The mixture was incubated at 25° C. for 20
min on a shaker set at 850 rpm, protected from light.
[0156] Catch-O0 Washes

[0157] Subsequent to the 20 min incubation the solution
was removed via vacuum filtration. 190 ul 1x CAPS
aptamer prewash buffer (50 mM CAPS, 1 mM EDTA,
0.05% Tw-20, pH 11.0) was added and the mixture was
incubated for 1 minutes while shaking. The CAPS wash
solution was then removed via vacuum filtration. The CAPS
wash was then repeated one time. 190 ulL 1xSX17,Tw was
added and the mixture was incubated for 1 min while
shaking. The 1xSB17,Tw was then removed via vacuum
filtration. An additional 190 plL 1xSX17,Tw was added and
the mixture was incubated for 1 min while shaking. The
1xSB17,Tw was then removed by centrifugation (1 min at
1000xg). Following removal of the 1xSB17,Tw, 150 uL
Catch-0 storage buffer (150 mM NaCl, ,, mM HEPES, 1
mM EDTA, 0.02% sodium azide, 0.05% Tween-20) was
added and the filter plate was carefully sealed at the plate
perimeter only and stored at 4° C. in the dark until use.
[0158] Sample Preparation

[0159] Seventy-five uL of 40% sample diluent were plated
out in a 40% sample plate (Final 40% sample contains: 20
uM Z-block, 1 mM benzamidine, 1 mM EGTA, 40 mM
HEPES, 5 mM MgCl,, 5 mM KCl, 1% Tween-20). One
hundred ninety-five ul 1xSB17,Tw were plated out in a 1%
sample plate. Ninety pl, 1xSB17,Tw were plated out in a 1
to 10 dilution plate. One hundred thirty-three pL 1xSB17,Tw
were plated out in a 0.005% sample plate. Samples were
thawed for 10 min on the Rack Thawing Station in a 25° C.
incubator, then vortexed and spun at 1000xg for 1 minute.
The caps were removed from the tubes. The samples were
mixed (5 times with 50 pL) and 50 pl. 100% sample was
transferred to the 40% sample plate containing the sample
diluents. The 40% sample was then mixed on the sample
plate by pipetting up and down (110 pL 10 times). Five uL.
of 40% sample was then transferred to the 1% sample plate
containing 1xSB17,Tw. Again this sample was mixed by
pipetting up and down (120 ulL 10 times). After mixing, 10
uL of the 1% sample was transferred to the 1 to 10 dilution
plate containing 1xSB17,Tw, which was mixed by pipetting
up and down (75 pL 10 times). Seven pL of the 0.1% sample
from the 1 to 10 dilution plate was transferred into the
0.005% sample plate containing 1xSB17,Tw and mixed by
pipetting up and down (110 uL 10 times).

[0160] Plate Preparation Before Equilibration

[0161] The Catch-O storage solution was removed from
the filter plates via vacuum filtration. One hundred ninety pl
1xSB17,Tw was then added followed by removal from the
filter plates via vacuum filtration. An additional 190 uL
1xSB17,Tw was then added to the filter plates.

[0162] Equilibration

[0163] The 1xSB17,Tw buffer was removed from the filter
plates by centrifugation (1 min at 1000xg). 100 pL of the
appropriate sample dilution was added to the filter plates
(three filter plates, one for each sample dilution 40%, 1%, or
0.005%). The filter plates were carefully sealed at the plate
perimeter only, avoiding pressurizing the wells. Pressure
will cause leakage during equilibration. The plates were then
incubated for 3.5 hours at 28° C. on the thermoshaker set at
850 rpm, protected from light.
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[0164]

[0165] After equilibration the filter plates were placed
onto vacuum manifolds and the sample was removed by
vacuum filtration. One hundred ninety pL biotin wash (100
uM biotin in 1xSB17,Tw) was added and the liquid was
removed by vacuum filtration. The sample was then washed
5x with 190 ulL 1xSB17,Tw (vacuum filtration). One hun-
dred pLL of 1 mM NHS-biotin in 1xSB17,Tw (freshly pre-
pared) was added and the filter plates were blotted on an
absorbent pad and the mixture was incubated for 5 minutes
with shaking. The liquid was removed by vacuum filtration.
One hundred and twenty five plL. 20 mM glycine in 1xSB17,
Tw was added and the liquid was removed by vacuum
filtration. Again 125 pl, 20 mM glycine in 1xSB17,Tw was
added and the liquid removed by vacuum filtration. Subse-
quently the samples were washed 6x with 190 pulL 1xSB17,
Tw, with the liquid being removed by vacuum filtration.
Fighty five plL photocleavage buffer (2 pM Z-block in
1xSB17.Tw) was then added to each of the filter plates.

[0166]

[0167] The filter plates were blotted on absorbent pads and
were irradiated for 6 min with a BlackRay UV lamp with
shaking (800 rpm, 25° C.). The plates were rotated 180
degrees and irradiated for an additional 6 min under the
BlackRay light source. The 40% filter plate was placed onto
an empty 96-well plate. The 1% filter plate was stacked on
top of the 40% filter plate and the 0.005% filter plate was
stacked on top of the 1% filter plate. The assembly of plated
were spun for 1 min at 1000xg. The 96-well plate with
eluted sample was placed onto the robot deck. 60% glycerol
in 1xSB17,Tw from the 37° C. incubator was placed onto the
robotic deck.

[0168] Catch-2

[0169] During assay setup 50 pL of 10 mg/ml MyOne SA
beads (500 ng) was added to an ABgene Omni-tube 96-well
plate for Catch-2 and placed in the Cytomat. The Catch-2
96-well bead plate was suspended for 90 s, placed on magnet
block for 60 s and the supernatant was removed. All Catch-1
eluate was transferred to the Catch-2 bead plate and incu-
bated on a Peltier thermoshaker (1350 rpm, 5 min, 25° C.).
The plate was transferred to a 25° C. magnet for 2 minutes
and the supernatant was removed. Next 75 ulL 1xSB17,Tw
was added and the sample and incubated on a Peltier shaker
at 1350 rpm for 1 minute at 37° C. Then 75 pL. 60% glycerol
in 1xSB17,Tw (heated to 37° C.) was added and the sample
was again incubated on the Peltier Shaker at 1350 rpm for
1 minute at 37° C. The plate was transferred to a magnet
heated to 37° C. and incubated for 2 min followed by the
removal of the supernatant. This 37° C. 1xSB17,Tw and
glycerol wash cycle was repeated two more times. The
sample was then washed to remove residual glycerol with
150 pL. 1xSB17,Tw on a Peltier shaker (1350 rpm, 1 minute,
25° C.), followed by 1 minute on a 25° C. magnetic block.
The supernatant was removed and 150 pl. 1xSB17,Tw
substituted with 0.5 M NaCl was added and incubated at
1350 rpm for 1 minute (25° C.) followed by 1 minute on a
25° C. magnetic block. The supernatant was removed and 75
uL perchlorate elution buffer (1.8 M NaClO,,, 40 mM PIPES,
1 mM EDTA, 0.05% Triton X-100, 1x Hybridization con-
trols, pH=6.8) was added followed by a 10 minute incuba-
tion on a Peltier shaker (25° C., 1350 rpm). Afterwards the
plate was transferred to a magnetic separator and incubated
for 90 s, and the supernatant was recovered.

Filter Plate Processing

Photocleavage
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[0170] Hybridization

[0171] Twenty pl eluted sample was added robotically to
an empty the 96-well plate. Five pl. 10x Agilent blocking
buffer containing a second set of hybridization controls were
robotically added to the eluted samples. Then 25 pl 2x
Agilent HIRPM hybridization buffer was added manually to
the wells. 40 pL of hybridization mix was loaded onto the
Agilent gasket slide. The Agilent § by 15k array was added
onto gasket slide and the sandwich was tightened with a
clamp. The sandwich was then incubated rotating (20 rpm)
for 19 hours at 55° C.

[0172] Post-Hybridization Washing

[0173] Post hybridization slide processing was performed
on a Little Dipper Processor (SciGene, Cat# 1080-40-1).
Approximately 750 mL wash buffer 1 (Oligo aCGH/ChIP-
on-chip Wash Buffer 1, Agilent Technologies) was placed
into one glass staining dish. Approximately 750 ml wash
buffer 1 (Oligo aCGH/ChIP-on-chip Wash Buffer 1, Agilent
Technologies) was placed into Bath #1 of the Little Dipper
Processor. Approximately 750 ml. wash buffer 2 (Oligo
aCGH/ChIP-on-chip Wash Buffer 1, Agilent Technologies)
heated to 37° C. was placed into Bath #2 of the Little Dipper
Processor. The magnetic stir speed for both bath were set to
5. The temperature controller for Bath #1 was not turned on,
while the temperature controller for Bath #2 was set to 37°
C. Up to twelve slide/gasket assemblies were sequentially
disassembled into the first staining dish containing Wash
Buffer 1 and the slides were placed into a slide rack while
still submerged in Wash Buffer 1. Once all slide/gaskets
assemblies were disassembled, the slide rack was quickly
transferred into Bath #1 of the Little Dipper Processor and
the automated wash protocol was started. The Little Dipper
Processor incubated the slides for 300 s in Bath #1 at a speed
of 250 followed by a transfer to the 37° C. Bath #2
containing the Agilent Wash 2 (Oligo aCGH/ChIP-on-chip
Wash Buffer 2, Agilent Technologies) and incubated for 300
s at speed 100. Afterwards the Little Dipper Processor
transferred the slide rack to the built-in centrifuge, where the
slides were spun for 300 s at speed 690.

[0174] Microarray Imaging

[0175] The microarray slides were imaged with a microar-
ray scanner (Agilent G2565CA Microarray Scanner System,
Agilent Technologies) in the Cy3-channel at 5 pm resolution
at 100% PMT setting and the XRD option enabled at 0.05.
The resulting tiff images were processed using Agilent
feature extraction software version 10.7.3.1 with the GE1_
107_Sep09 protocol.

What is claimed is:

1. A method comprising;

providing an aptamer that is immobilized on a first solid
support, the aptamer having a specific binding affinity
for the target molecule and bearing a first tag having an
affinity to a first capture element, the first solid support
comprising a first capture element, and the first tag
being associated with the first capture element to
immobilize the aptamer on the first solid support,

said first solid support having been washed with one or
more solutions that dissociate aggregated aptamers;

contacting said immobilized aptamer with the test sample,
wherein an aptamer-target affinity complex is formed if
said target molecule is present in said test sample;

removing one or more components of the mixture not
associated with said first solid support;
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attaching a second tag with an affinity to a second capture
element to said target molecule in the aptamer-target
affinity complex;

releasing the aptamer-target affinity complex from said

first solid support;

exposing the released aptamer-target aflinity complex to a

second solid support comprising a second capture ele-
ment and allowing the second tag to associate with said
second capture element;

removing any components of the mixture not associated

with said second solid support; and

eluting aptamers from said second solid support with one

or more solutions comprising a chaotropic salt that
disrupts aptamer/analyte interactions.

2. The method of claim 1, wherein said aptamer comprises
at least one C-5 modified nucleotide.

3. The method of claim 1, wherein said aptamer comprises
at least one chemical modification comprising a chemical
substitution at one or more positions independently selected
from a ribose position, a deoxyribose position, a phosphate
position, and a base position, wherein optionally said chemi-
cal modification is independently selected from the group
consisting of a 2-position sugar modification, a 2'-amino
(2-NH2), a 2'-fluoro (2'-F), a 2'-O-methyl (2'-OMe), a
S-position pyrimidine modification, an 8-position purine
modification, a modification at a cytosine exocyclic amine,
a substitution of 5-bromouracil, a substitution of 5-bromode-
oxyuridine, a substitution of 5-bromodeoxycytidine, a back-
bone modification, methylation, a 3' cap, and a 5' cap.

4. The method of claim 1, further comprising a kinetic
challenge.

5. The method of claim 1, wherein the rate of dissociation
of said aptamer-target affinity complex (t1/2) is:

(a) greater than or equal to 30 minutes;

(b) between about 30 minutes and about 240 minutes; or

(c) selected from the group consisting of =30 minutes,

260 minutes, 290 minutes, 2120 minutes, 2150 min-
utes, =180 minutes, =210 minutes, and =240 minutes.

6. The method of claim 1, wherein one or more of said
buffered solutions comprises an organic solvent, optionally
glycerol

7. The method of claim 1, wherein said chaotropic salt is
selected from the group consisting of sodium perchlorate,
lithium chloride, magnesium chloride and sodium chloride.

8. The method of claim 1, wherein said aptamer is
detected and optionally quantified using a method selected
from the group consisting of Q-PCR, MS, nextgeneration
sequencing and hybridization, wherein said Q-PCR is
optionally performed using TagMan® PCR, an intercalating
fluorescent dye during the PCR process, or a molecular
beacon during the PCR process.

9. The method of claim 1, wherein the aptamer comprises
a detectable moiety, wherein said detectable moiety is
optionally selected from the group consisting of a dye, a
quantum dot, a radiolabel, a electrochemical functional
group, and an enzyme plus a detectable enzyme substrate,
wherein said dye is preferably a fluorescent dye.

10. The method of claim 1, wherein said aptamer com-
prises DNA, RNA or both DNA and RNA.

11. The method of claim 1, wherein said target molecule
is selected from the group consisting of a protein, a peptide,
a carbohydrate, a polysaccharide, a glycoprotein, a hormone,
a receptor, an antigen, an antibody, a virus, a substrate, a
metabolite, a transition state analog, a cofactor, an inhibitor,
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a drug, a dye, a nutrient, a growth factor, a tissue, and a
controlled substance, preferably wherein said target mol-
ecule is a protein or a peptide.

12. The method of claim 1, wherein said test sample is
selected from the group consisting of a biological sample, an
environmental sample, a chemical sample, a pharmaceutical
sample, a food sample, an agricultural sample, and a vet-
erinary sample, wherein optionally the biological sample
selected from the group consisting of blood, whole blood,
leukocytes, peripheral blood mononuclear cells, plasma,
serum, sputum, breath, urine, semen, saliva, meningeal fluid,
amniotic fluid, glandular fluid, lymph fluid, nipple aspirate,
bronchial aspirate, synovial fluid, joint aspirate, cells, a
cellular extract, stool, tissue, a tissue extract, a tissue biopsy,
and cerebrospinal fluid, preferably plasma or serum.

13. The method of claim 1, wherein said first tag and said
second tag, said first capture element and said second
capture element each comprises at least one component
independently selected from the group consisting of a poly-
nucleotide, a polypeptide, a peptide nucleic acid, a locked
nucleic acid, an oligosaccharide, a polysaccharide, an anti-
body, an affibody, an antibody mimic, a cell receptor, a
ligand, a lipid, biotin, avidin, streptavidin, Extravidin, neu-
travidin, Traptavidin, a metal, histidine, and any portion of
any of these structures.

14. The method of claim 1, wherein the first tag comprises
a releasable moiety, preferably wherein the releasable moi-
ety comprises a photocleavable moiety.

15. The method of claim 1, wherein said first solid support
and second solid support each is independently selected
from the group consisting of a polymer bead, an agarose
bead, a polystyrene bead, an acrylamide bead, a solid core
bead, a porous bead, a paramagnetic bead, glass bead,
controlled pore bead, a microtitre well, a cyclo-olefin copo-
lymer substrate, a membrane, a plastic substrate, nylon, a
Langmuir-Blodgett film, glass, a germanium substrate, a
silicon substrate, a silicon wafer chip, a flow through chip,
a microbead, a nanoparticle, a polytetrafluoroethylene sub-
strate, a polystyrene substrate, a gallium arsenide substrate,
a gold substrate, and a silver substrate.

16. The method of claim 1, further comprising quantify-
ing said target by quantifying said aptamer.

17. The method of claim 1, wherein detection of the
aptamer comprises hybridizing the aptamer to a third solid
support wherein the third solid support comprises a plurality
of addressable features and wherein at least one of said
features comprises at least capture element disposed thereon
that is complementary to any sequence contained within the
aptamer and/or further comprising the step of detecting said
target molecule by detecting the aptamer portion of said
aptamer-target affinity complex.

18. A method of detecting the presence of, or determining
the amount of; a target molecule in a sample, the method
comprising:

providing a plurality of immobilized aptamers, wherein

each of said aptamers is specific to a target molecule,
and wherein each of said plurality of aptamers com-
prises a first cleavable capture tag, said aptamers being
immobilized on a solid support having probes adhered
to the surface thereof, the probes binding to the first tag,
such that the aptamers are immobilized onto the solid
support through binding of the first tag and the probe;
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contacting the immobilized aptamers with a sample con-
taining target molecules to form a mixture containing
aptamer-target molecule complexes bound to the solid
support;

partitioning aptamer-target molecule complexes bound to

the solid support from the remainder of the mixture;
introducing a second capture tag to the target molecule
component of the aptamer-target molecule complexes;
dissociating the aptamer-target molecule complexes from
the surface of the solid support by
cleaving the first cleavable capture tag;
providing a second solid support having probes adhered to
the surface of the support, wherein the probes are
capable of binding to the second capture tag on target
molecules;

contacting the dissociated aptamer-target molecule com-

plexes with the second solid support such that the
aptamer-target molecule complexes become bound to
the second support through binding of the second
capture tag and probe;

eluting aptamers from said second solid support with one

or more buffered solutions comprising a chaotropic salt

that disrupts aptamer/analyte interactions but supports

aptamer/aptamer interactions and DNA hybridization;
dissociating the aptamer-target molecule; and

detecting the free aptamers.

19. The method of claim 18, wherein said aptamers
comprise at least one C-5 modified nucleotide.

20. The method of claim 18, wherein said aptamer com-
prises at least one chemical modification comprising a
chemical substitution at one or more positions independently
selected from a ribose position, a deoxyribose position, a
phosphate position, and a base position, wherein optionally
said chemical modification is independently selected from
the group consisting of a 2'-position sugar modification, a
2'-amino (2'-NH2), a 2'-fluoro (2'-F), a 2'-O-methyl (2'-
OMe), a 5-position pyrimidine modification, an 8-position
purine modification, a modification at a cytosine exocyclic
amine, a substitution of 5-bromouracil, a substitution of
5-bromodeoxyuridine, a substitution of 5-bromodeoxycyti-
dine, a backbone modification, methylation, a 3' cap, and a
5' cap.

21. The method of claim 18, further comprising a kinetic
challenge.

22. The method of claim 18, wherein the rate of disso-
ciation of said aptamer-target affinity complex (t1/2) is:

(a) greater than or equal to 30 minutes;

(b) between about 30 minutes and about 240 minutes; or

(¢) selected from the group consisting of =30 minutes,

260 minutes, 290 minutes, 2120 minutes, =150 min-
utes, =180 minutes, =210 minutes, and =240 minutes.

23. The method of claim 18, wherein said aptamer is
detected and optionally quantified using a method selected
from the group consisting of Q-PCR, MS, nextgeneration
sequencing and hybridization, wherein said Q-PCR is
optionally performed using TagMan® PCR, an intercalating
fluorescent dye during the PCR process, or a molecular
beacon during the PCR process.

24. The method of claim 18, wherein the aptamer com-
prises a detectable moiety, wherein said detectable moiety is
optionally selected from the group consisting of a dye, a
quantum dot, a radiolabel, a electrochemical functional
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group, and an enzyme plus a detectable enzyme substrate,
wherein said dye is preferably a fluorescent dye.

25. The method of claim 18, wherein said aptamer com-
prises DNA, RNA or both DNA and RNA.

26. The method of claim 18, wherein said target molecule
is selected from the group consisting of a protein, a peptide,
a carbohydrate, a polysaccharide, a glycoprotein, a hormone,
a receptor, an antigen, an antibody, a virus, a substrate, a
metabolite, a transition state analog, a cofactor, an inhibitor,
a drug, a dye, a nutrient, a growth factor, a tissue, and a
controlled substance, preferably wherein said target mol-
ecule is a protein or a peptide.

27. The method of claim 18, wherein said test sample is
selected from the group consisting of a biological sample, an
environmental sample, a chemical sample, a pharmaceutical
sample, a food sample, an agricultural sample, and a vet-
erinary sample, wherein optionally the biological sample
selected from the group consisting of blood, whole blood,
leukocytes, peripheral blood mononuclear cells, plasma,
serum, sputum, breath, urine, semen, saliva, meningeal fluid,
amniotic fluid, glandular fluid, lymph fluid, nipple aspirate,
bronchial aspirate, synovial fluid, joint aspirate, cells, a
cellular extract, stool, tissue, a tissue extract, a tissue biopsy,
and cerebrospinal fluid, preferably plasma or serum.

28. The method of claim 18, wherein said first tag and said
second tag, said first capture element and said second
capture element each comprises at least one component
independently selected from the group consisting of a poly-
nucleotide, a polypeptide, a peptide nucleic acid, a locked
nucleic acid, an oligosaccharide, a polysaccharide, an anti-
body, an affibody, an antibody mimic, a cell receptor, a
ligand, a lipid, biotin, avidin, streptavidin, Extravidin, neu-
travidin, Traptavidin, a metal, histidine, and any portion of
any of these structures.

29. The method of claim 18, wherein the first tag com-
prises a releasable moiety, preferably wherein the releasable
moiety comprises a photocleavable moiety.

30. The method of claim 18, wherein said first solid
support and second solid support each is independently
selected from the group consisting of a polymer bead, an
agarose bead, a polystyrene bead, an acrylamide bead, a
solid core bead, a porous bead, a paramagnetic bead, glass
bead, controlled pore bead, a microtitre well, a cyclo-olefin
copolymer substrate, a membrane, a plastic substrate, nylon,
a Langmuir-Blodgett film, glass, a germanium substrate, a
silicon substrate, a silicon wafer chip, a flow through chip,
a microbead, a nanoparticle, a polytetrafluoroethylene sub-
strate, a polystyrene substrate, a gallium arsenide substrate,
a gold substrate, and a silver substrate.

31. The method of claim 18, further comprising quanti-
fying said target by quantifying said aptamer.

32. The method of claim 18, wherein detection of the
aptamer comprises hybridizing the aptamer to a third solid
support wherein the third solid support comprises a plurality
of addressable features and wherein at least one of said
features comprises at least capture element disposed thereon
that is complementary to any sequence contained within the
aptamer and/or further comprising the step of detecting said
target molecule by detecting the aptamer portion of said
aptamer-target affinity complex.
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