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Description
FIELD OF THE INVENTION

[0001] Thepresentinvention relates generally to meth-
ods, devices, reagents, and kits for the detection of a
target molecule in a sample and, more specifically, to the
detection and/or quantification of one or more target mol-
ecules that may be contained in a test sample.

BACKGROUND

[0002] The following description provides a summary
of information relevant to the present invention and is not
a concession that any of the information provided or pub-
lications referenced herein is prior art to the presently
claimed invention.

[0003] Assays directed to the detection and quantifi-
cation of physiologically significant molecules in biolog-
ical 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 in-
cludes one or more aptamers immobilized on a solid sup-
port. 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. PatentNo. 5,475,096 entitled "Nu-
cleic Acid Ligands;" see also, e.g., U.S. Patent No.
6,242,246, U.S. Patent No. 6,458,543, and U.S. Patent
No. 6,503,715, each of which is entitled "Nucleic Acid
Ligand Diagnostic Biochip. " Once the microarray is con-
tacted with a sample, the aptamers bind to their respec-
tive 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.

[0004] A variation of this assay employs aptamers that
include photoreactive functional groups that enable the
aptamers to covalently bind, or "photocrosslink, " their
target molecules. See, e.g., U.S. Patent No. 6,544,776
entitled "Nucleic Acid Ligand Diagnostic Biochip." These
photoreactive aptamers are also referred to as pho-
toaptamers. See, e.g., U.S. Patent No. 5,763,177, U.S.
Patent No. 6,001,577, and U.S. Patent No. 6,291,184,
each of which is entitled "Systematic Evolution of Nucleic
Acid Ligands by Exponential Enrichment: Photoselection
of Nucleic Acid Ligands and Solution SELEX; " see also,
e.g., U.S. Patent No. 6,458,539, entitled "Photoselection
of Nucleic Acid Ligands. " After the microarray is contact-
ed with the sample and the photoaptamers have had an
opportunity to bind to their target molecules, the pho-
toaptamers are photoactivated, and the solid support is
washed to remove any non-specifically bound mole-
cules. Harsh wash conditions may be used, since target
molecules that are bound to the photoaptamers are gen-
erally not removed, due to the covalent bonds effected
by the photoactivated functional group(s) on the pho-
toaptamers. In this manner, the assay enables a deter-
mination of the absence, presence, amount, and/or con-

10

15

20

25

30

35

40

45

50

55

centration of the target molecules in the test sample.
[0005] In both of these assay formats, the aptamers
are immobilized on the solid support prior to being con-
tacted with the sample. Under certain circumstances,
however, immobilization of the aptamers prior to contact
with the sample may not provide an optimal assay. For
example, pre-immobilization of the aptamers may result
in inefficient mixing of the aptamers with the target mol-
ecules on the surface of the solid support, perhaps lead-
ing to lengthy reaction times and, therefore, extended
incubation periods to permit efficient binding of the
aptamers to their target molecules. Further, when pho-
toaptamers are employed in the assay and depending
upon the material utilized as a solid support, the solid
support may tend to scatter or absorb the light used to
effect the formation of covalent bonds between the pho-
toaptamers and their target molecules. Moreover, de-
pending upon the method employed, detection of target
molecules bound to their aptamers can be subject to im-
precision, since the surface of the solid support may also
be exposed to and affected by any labeling agents that
are used. Finally, immobilization of the aptamers on the
solid support generally involves an aptamer-preparation
step (i.e., the immobilization) prior to exposure of the
aptamers to the sample, and this preparation step may
affect the activity or functionality of the aptamers.
[0006] Accordingly, a need exists for methods, devic-
es, reagents, and kits that provide high sensitivity assays
for the detection and/or quantification of target molecules
in a test sample by optimizing conditions that affect (1)
the activity of aptamers, (2) the efficiency of achieving
binding equilibria for aptamer-target molecule complex-
es, (3) the formation of covalent bond(s) between an
aptamer and its target molecule, and (4) the detection of
aptamer-target molecule complexes.

[0007] US20030219801 relates to the use of an aptam-
er molecule, designed to bind selectively to a ligand, to
capture the specificligand ina sample, forming an aptam-
er-ligand complex and subsequent to the separating of
the complex form the remainder of the sample and the
amplification of a subsequence of the aptamer to identify
the nucleic acid that has captured the ligand through the
use of a nucleic acid array and to identify the ligand itself.
[0008] Kirby et al., 2004 (Anal. Chem 76: 4066-4075)
describes apatmer biosensors immobilized on beads and
introduced into micromachined chips on the electronic
tongue sensor array, and used for the detection and
quantitation of proteins. Kirby explains that aptamer chips
could detect proteins in both capture and sandwich assay
formats.

[0009] US2002/0037506 describes a sandwich-type
assay based on two aptamers that recognize two inde-
pendent sites on a target molecule. In particular,
US2002/0037506 provides a method for detecting the
presence of a target compound in a substance which
may contain the target compound comprising exposing
a substance which may contain the target compound to
a capture molecule capable of binding to said target mol-
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ecule, wherein said capture molecule is immobilized on
a solid support.

[0010] Baldrich et al., 2004 (Anal. Chem. 76:
7053-7063) describes a systematic evaluation of the pa-
rameters with potential effect on the Enzyme linked
aptamer assay (ELAA) performance.

[0011] US2005/0142582 describes an improved in vit-
ro selection protocol that relies on magnetic separations
for DNA aptamer production that is relatively easy and
scalable without the need for expensive robotics. Aptam-
ers selected by the methods were used in enzyme-linked
assays, western blots and affinity purification.

[0012] Sekiya et al (In vitro selection of RNA aptamers
against cellular and abnormal isoform of mouse prion
protein. Nucleic Acids Symposium Series, Vol.49, No.1,
1 September 2005, pages 361-362) describes a method
for isolating anti-prion protein aptamers in which compet-
itor RNA is present during the period in which aptamer
and target are allowed to bind.

SUMMARY

[0013] The present disclosure includes methods, de-
vices, reagents, and kits for the detection and/or quanti-
fication of one or more target molecules that may be
presentin atest sample. In one embodiment, a test sam-
ple is contacted with an aptamer that includes a tag and
has a specific affinity for a target molecule. An aptamer
affinity complex that includes an aptamer bound to its
target molecule is allowed to form. If the test sample con-
tains the target molecule, an aptamer affinity complex
will generally formin the test sample. The aptamer affinity
complex is optionally converted to an aptamer covalent
complex that includes an aptamer covalently bound to
its target molecule. The aptamer affinity complex (or op-
tional aptamer covalent complex) can then be detected
and/or quantified using any of a variety of methods known
to one skilled in the art, including but not limited to using
a solid support, using mass spectrometry, and using
quantitative polymerase chain reaction (Q-PCR).

[0014] In one embodiment, the aptamer affinity com-
plex (or optional aptamer covalent complex) is detected
and/or quantified through the use of a solid support. In
this embodiment, the aptamer affinity complex (or option-
al aptamer covalent complex) is attached to a solid sup-
port. The attachment is accomplished by contacting the
solid support with the aptamer affinity complex (or op-
tional aptamer covalent complex) and allowing a tag in-
cluded on the aptamer to associate, either directly or in-
directly, with a probe that is attached to the solid support.
The aptamer affinity complex (or optional aptamer cov-
alent complex) that has associated with the probe on the
solid support is then detected and optionally quantified.
Atany point prior to detection and optional quantification,
that is, either anytime before attachment or after attach-
ment of the aptamer affinity complex (or optional aptamer
covalent complex) to the solid support, the complex is
contacted with a labeling agent to permit detection of the
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bound target molecule.

[0015] In another embodiment, the aptamer affinity
complex (or optional aptamer covalent complex) is de-
tected and/or quantified using mass spectrometry. In this
embodiment, the aptamer affinity complex (or optional
aptamer covalent complex) is attached to a solid support
by contacting the solid support with the aptamer affinity
complex (or optional aptamer covalent complex) and al-
lowing a tag included on the aptamer to associate, either
directly or indirectly, with a probe that is attached to the
solid support. This facilitates the partitioning of the
aptamer affinity complex (or optional aptamer covalent
complex) from the remainder of the test sample, thereby
concentrating the target molecule prior to mass spectro-
metric analysis and improving the detection and quanti-
fication of analytes from complex mixtures using this an-
alytic tool. The aptamer affinity complex (or optional
aptamer covalent complex) that has associated with the
probe on the solid support is then eluted and analyzed
using mass spectrometry, which produces a spectrum of
peaks that can be used to identify, and therefore detect,
the target molecule. Once the target molecule has been
detected, optionally it can also be quantified by standard
techniques known to one skilled in the art. In one em-
bodiment where the target molecule is a protein, prior to
using mass spectrometry to analyze the aptamer affinity
complex (or optional aptamer covalent complex), the
aptamer affinity complex (or optional aptamer covalent
complex) can be digested with protease enzymes, such
as, for example, proteinase K or trypsin, to produce frag-
ments of the bound target molecule that can then be used
to identify the target molecule, and thereby enable de-
tection and optional quantification of the target molecule.
[0016] In a further embodiment, the aptamer affinity
complex (or optional aptamer covalent complex) is de-
tected and/or quantified using Q-PCR. In this embodi-
ment, free aptamer in the test sample is partitioned from
the aptamer affinity complex (or optional aptamer cova-
lent complex) prior to detection and/or quantification. The
aptamer affinity complex (or optional aptamer covalent
complex) is quantified by performing PCR and determin-
ing, either directly or indirectly, the amount or concentra-
tion of aptamer that had bound to its target molecule in
the test sample. The amount or concentration of the tar-
get molecule in the test sample is generally directly pro-
portional to the amount or concentration of the aptamer
quantified by using Q-PCR. An exemplary method that
may be employed to quantify an aptamer affinity complex
(or optional aptamer covalent complex) in this manner is
the TagMan® assay (PE Biosystems, Foster City, Calif.;
see also U.S. Pat. No. 5,210,015).

BRIEF DESCRIPTION OF THE FIGURES
[0017]

FIGS. 1A and 1B illustrate exemplary methods for
the detection and/or quantification of one or more
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target molecules that may be present in a test sam-
ple.

FIGS. 2A, 2B, and 2C illustrate exemplary methods
for the detection and/or quantification of one or more
target molecules that may be present in a test sam-
ple.

FIG. 3 illustrates an exemplary method for the de-
tection and/or quantification of one or more target
molecules that may be present in a test sample.
FIG. 4 shows dose response curves for serial dilu-
tions of VEGF in buffer (FIG 4A) and plasma (FIG
4B) using the assay depicted in FIGS. 2A, 2B,and
2C. The no-protein buffer response has been sub-
tracted from each data point in both sets. The least-
squares line fit to the log transformed data is shown.
FIGS. 5A-5J show dose response curves for serial
dilutions of 10 target proteins multiplexed with 41
photoaptamers in buffer using the assay depicted in
FIGS. 2A, 2B,and 2C. The no-protein buffer re-
sponse for each aptamer has been subtracted from
each data point within that set. The least-squares
line fit to the log transformed data is also plotted.
Only the data points used in the line fit are shown.
FIGS. 6A and 6B show replicate measurements in
RFU for the response of 57 photoaptamers in serum
samples for two individuals obtained from the assay
outlined in FIGS. 2A, 2B, and 2C. Both replicate
measurements exhibit very good reproducibility for
the 57 targets measured, producing Pearson corre-
lations greater than 0.99.

FIG. 7 shows dose response curves for tPA in buffer
(®) and plasma (A) using a UPS hybridization cap-
ture assay with the optional kinetic challenge. The
no-protein buffer response was averaged and sub-
tracted from both curves. For the plasma sample with
no added target protein, the diluted plasmaresponse
without kinetic challenge is denoted by () and that
with kinetic challenge is denoted by (A) at 0.1 pM
tPA. The measured response is reduced by almost
alogdueto the kinetic challenge in plasma, whereas
the target-aptamer response is unchanged, as evi-
denced by (O) (buffer) and (A) (plasma) at 10 nM
added tPA.

FIG. 8 shows dose response curves for tPA in plas-
ma using the assay with the optional kinetic chal-
lenge with competitor (M) and without (®). The no-
protein plasma value is plotted at 1 pM [tPA] and is
reduced by 70% due to the addition of competitor,
whereas the target-aptamer response is unchanged,
as evidenced by the responses at 30 nM tPA, which
are essentially the same in the presence or absence
of competitor.

FIG. 9 shows dose response curves for three target
proteins (tPA (FIG. 9A), PAI-1 (FIG. 9B), and IL-6
(FIG. 9Q)) in buffer (@) and plasma (A). RFU values
have been corrected by subtracting the no-protein
buffer RFU value for each aptamer. The least-
squares line fit to the log transformed data is also
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plotted for the buffer data. The corrected no-protein
plasma RFU values for these aptamers (A at 1 pM)
are 66, 26, and 49 RFU, respectively.

FIGS. 10A-10D show dose response curves for four
target proteins crosslinked in buffer and added to
plasma prior to the optional removal of free aptamer
using K*/SDS precipitation (®) compared with
curves generated without removing free aptamer
(H). The signal is increased upon removal of free
aptamer and the dynamic range of the measure-
ments is generally increased.

FIG. 11 shows the effect of light-induced chemical
crosslinking of a target protein (bFGF) to its pho-
toaptamer when detergent and a high salt concen-
tration are used during hybridization. In the absence
of light, and therefore absence of covalent attach-
ment of the target to its photoaptamer, the assay
signal is reduced over two orders of magnitude in
buffer. The endogenous concentration of bFGF is
quite low, reflected in the small signal over the no-
light control and general background response.
FIG. 12 shows the dose response in buffer of a target
protein (C4b) using a photoaptamer developed with
a modified library of 5-benzyl-dT in place of dT. The
linear response over 3 logs of target concentration
demonstrates the activity of the modified nucleotide
aptamer in the assay.

FIG. 13 shows the dose response curve generated
with direct labeling of target protein (A) or biotinyla-
tion followed by fluorescent labeled streptavidin (H)
on a Schott Nexterion surface (FIG. 13A) or a meth-
acrylate copolymer surface (FIG. 13B). Both surfac-
es perform well and the two labeling strategies are
comparable.

FIG. 14 illustrates the hybridization of aptamer-target
complexes from either buffer (FIG. 14A) or 10% se-
rum (FIG. 14B) and labeled with NHS-PEO,-biotin
on an Affymetrix GeneChip® Test3 Array. The stain-
ing with Phycoerythrin-R is done on an Affymetrix
GeneChip® fluidics station. In buffer (FIG. 14A), the
VEGF aptamer hybridizes to probe 201 (1) with an
intensity of 3500 RFU, and the bFGF aptamer hy-
bridizes to probe 1121 (2) with an intensity of 23000
RFU. Inserum (FIG. 14B), therelative intensities are
5000 (1) and 18000 (2) for the VEGF and bFGF
aptamers, respectively.

FIG. 15illustrates the effect of blocking an Affymetrix
GeneChip® Test3 Array prior to hybridization of
aptamer-target complexes from plasma samples. Bi-
otinylated probes were hybridized in buffer (FIG.
15A) and in plasma samples to surfaces blocked with
nonfat milk (FIG. 15B), "starter block" (FIG. 15C),
and unlabeled plasma (FIG. 15D). The background
values for these four surfaces are 49, 300, 400 and
500 RFU while the hybridization signals for the three
probes are 16,000, 33000 and 18000 in (FIG. 15A)
and (FIG. 15B), 17000, 35000, and 18000 in (FIG.
15C) and 20000, 36000 and 18000 in (FIG. 15D).
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FIG. 16illustrates the quantitative detection of target
proteins added to plasma, cross-linked to pho-
toaptamers, and hybridized on an Affymetrix Gene-
Chip® Test3 Array. The hybridization response for
aptamer complexes of the target proteins IL1-R4 (A)
and bFGF (H) formed in plasma have the no-protein
response RFU value subtracted. A two-log quantifi-
cation range is seen from the plasma samples after
blocking the array surface to reduce adsorption of
molecules in the sample matrix.

FIG. 17 shows target protein dose response values
for serial dilutions of three target proteins multiplexed
with photoaptamers in buffer. The photoaptamer-
crosslinked target proteins were captured through
hybridization to specific oligonucleotide probe-con-
jugated Luminex SeroMap™ microspheres. A Lu-
minex 100 IS instrument system was used for signal
quantification. The MFI (median fluorescence inten-
sity) values have been corrected by subtracting the
no-protein control MFI value for each aptamer.

DETAILED DESCRIPTION

[0018] The practice of the invention disclosed herein
employs, unless otherwise indicated, conventional meth-
ods of chemistry, microbiology, molecular biology, and
recombinant DNA techniques within the level of skill in
the art. Such techniques are explained fully in the litera-
ture. See, e.g., Sambrook, et al. Molecular Cloning: A
Laboratory Manual (Current Edition); DNA Cloning: A
Practical Approach, vol. | & Il (D. Glover, ed.); Oligonu-
cleotide 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).

[0019] As used in this specification, including the ap-
pended claims, the singular forms "a, " "an, " and "the"
include plural references, unless the content clearly dic-
tates otherwise, and are used interchangeably with "at
least one" and "one or more." Thus, reference to "an
aptamer” includes mixtures of aptamers, reference to "a
probe" includes mixtures of probes, and the like.

[0020] As used herein, the terms "comprises," "com-
prising," "includes," "including," "contains," "containing,"
and any variations thereof, are intended to cover a non-
exclusive inclusion, such that a process, method, prod-
uct-by-process, or composition of matter that comprises,
includes, or contains an element or list of elements does
not include only those elements but may include other
elements not expressly listed orinherent to such process,
method, product-by-process, or composition of matter.
[0021] The present disclosure includes methods, de-
vices, reagents, and kits for the detection and/or quanti-
fication of one or more target molecules that may be
presentin a test sample. The disclosed methods, devic-
es, reagents, and kits provide high sensitivity assays for
the detection and/or quantification of target molecules in
a test sample by optimizing conditions that affect (1) the
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activity of aptamers, (2) the efficiency of achieving bind-
ing equilibria for aptamer-target molecule complexes, (3)
the formation of covalent bond(s) between an aptamer
and its target molecule, and (4) the detection of aptamer-
target molecule complexes.

[0022] With reference to FIGS. 1A and 1B, the pres-
ence of a target molecule in a test sample is detected
and/or quantified by first contacting a test sample with
an aptamer that has a specific affinity for a target mole-
cule. An aptamer affinity complex that includes an aptam-
er bound to its target molecule is allowed to form. If the
test sample contains the target molecule, an aptamer
affinity complex will generally form in the test sample.
The aptamer affinity complex is optionally converted, us-
ing a method appropriate to the aptamer being employed,
to anaptamer covalent complexthatincludes an aptamer
covalently bound to its target molecule. The aptamer af-
finity complex (or optional aptamer covalent complex) is
then detected and/or quantified.

[0023] In one embodiment, the aptamer affinity com-
plex (or optional aptamer covalent complex) is detected
and/or quantified by attaching the aptamer affinity com-
plex (or optional aptamer covalent complex) to a solid
support. With reference to FIGS. 2A, 2B, and 2C, in an
exemplary method for the detection and/or quantification
of a target molecule that may be presentin atest sample,
a test sample is contacted with an aptamer that includes
a tag and has a specific affinity for a target molecule. An
aptamer affinity complex that includes an aptamer bound
to its target molecule is allowed to form. If the test sample
contains the target molecule, an aptamer affinity complex
will generally form in the test sample. The aptamer affinity
complex is optionally converted, using a method appro-
priate to the aptamer being employed, to an aptamer cov-
alent complex thatincludes an aptamer covalently bound
to its target molecule. The aptamer affinity complex (or
optional aptamer covalent complex) is attached to a solid
support. The attachment is accomplished by contacting
the solid support with the aptamer affinity complex (or
optional aptamer covalent complex) and allowing the tag
included on the aptamer to associate, either directly or
indirectly, with a probe that is attached to the solid sup-
port. The aptamer affinity complex (or optional aptamer
covalent complex) that has associated with the probe on
the solid support is then detected and optionally quanti-
fied. At any point prior to detection and optional quanti-
fication, that is, either anytime before attachment or after
attachment of the aptamer affinity complex (or optional
aptamer covalent complex) to the solid support, the com-
plex is contacted with a labeling agent to permit detection
of the bound target molecule.

[0024] As used herein, "nucleic acid," "oligonucle-
otide," and "polynucleotide" are used interchangeably to
refer to a polymer of nucleotides of any length, and such
nucleotides may include deoxyribonucleotides, ribonu-
cleotides, and/or analogs or chemically modified deox-
yribonucleotides or ribonucleotides. The terms "polynu-
cleotide," "oligonucleotide," and "nucleic acid" include
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double- or single-stranded molecules as well as triple-
helical molecules.

[0025] If present, chemical modifications of a nucle-
otide caninclude, singly orinany combination, 2’-position
sugar modifications, 5-position pyrimidine modifications
(e.g, 5-(N-benzylcarboxyamide)-2'-deoxyuridine, 5-(N-
isobutylcarboxyamide)-2’-deoxyuridine, 5-(N-[2-(1H-in-
dole-3yl)ethyllcarboxyamide)-2’-deoxyuridine,
5-(N-[1-(3-trimethylammonium) propyllcarboxyamide)-
2’-deoxyuridine chloride, 5-(N-napthylcarboxyamide)-2’-
deoxyuridine, and 5-(N-[1-(2,3-dihydroxypropyl)]car-
boxyamide)-2’-deoxyuridine), 8-position purine modifi-
cations, modifications at exocyclic amines, substitution
of 4-thiouridine, substitution of 5-bromo- or 5-iodo-uracil,
backbone modifications, methylations, unusual base-
pairing combinations such as the isobases isocytidine
and isoguanidine, and the like. Modifications can also
include 3’ and 5’ modifications, such as capping. Other
modifications can include substitution of one or more of
the naturally occurring nucleotides with an analog, inter-
nucleotide modifications such as, for example, those with
uncharged linkages (e.g., methyl phosphonates, phos-
photriesters, phosphoamidates, carbamates, etc.) and
those with charged linkages (e.g., phosphorothioates,
phosphorodithioates, etc.), those with intercalators (e.g.,
acridine, psoralen, etc.), those containing chelators (e.g.,
metals, radioactive metals, boron, oxidative metals, etc.),
those containing alkylators, and those with modified link-
ages (e.g., alpha anomeric nucleic acids, etc.). Further,
any of the hydroxyl groups ordinarily present in a sugar
may be replaced by a phosphonate group or a phosphate
group; protected by standard protecting groups; or acti-
vated to prepare additional linkages to additional nucle-
otides or to a solid support. The 5" and 3’ terminal OH
groups can be phosphorylated or substituted with
amines, organic capping group moieties of from about 1
to about 20 carbon atoms, or organic capping group moi-
eties of from about 1 to about 20 polyethylene glycol
(PEG) polymers or other hydrophilic or hydrophobic bi-
ological or synthetic polymers. If present, a modification
to the nucleotide structure may be imparted before or
after assembly of a polymer. A sequence of nucleotides
may be interrupted by non-nucleotide components. A
polynucleotide may be further modified after polymeriza-
tion, such as by conjugation with a labeling component.
[0026] Polynucleotides can also contain analogous
forms of ribose or deoxyribose sugars that are generally
known in the art, including 2’-O-methyl-, 2’-O-allyl, 2’-
fluoro- or 2’-azido-ribose, carbocyclic sugar analogs, o-
anomeric sugars, epimeric sugars such as arabinose,
xyloses or lyxoses, pyranose sugars, furanose sugars,
sedoheptuloses, acyclic analogs and abasic nucleoside
analogs such as methyl riboside. As noted above, one
or more phosphodiester linkages may be replaced by
alternative linking groups. These alternative linking
groups include embodiments wherein phosphate is re-
placed by P(O)S ("thioate"), P(S)S ("dithioate"), (O)NR,
("amidate"), P(O)R, P(O)OR’, CO or CH, ("formacetal"),
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in which each R or R’ is independently H or substituted
or unsubstituted alkyl (1-20 C) optionally containing an
ether (-O-) linkage, aryl, alkenyl, cycloalky, cycloalkenyl
or araldyl. Not all linkages in a polynucleotide need be
identical. Substitution of analogous forms of sugars, pu-
rines, and pyrimidines can be advantageous in designing
a final product, as can alternative backbone structures
like a polyamide backbone, for example.

[0027] Asused herein, "aptamer" and "nucleic acid lig-
and" are used interchangeably to refer to a nucleic acid
that has a specific binding affinity for a target molecule.
It is recognized that affinity interactions are a matter of
degree; however, in this context, the "specific binding
affinity" of an aptamer for its target means that the aptam-
er binds to its target generally with a much higher degree
of affinity than it binds to other components in a test sam-
ple. An "aptamer" is a set of copies of one type or species
of nucleic acid molecule that has a particular nucleotide
sequence. An aptamer can include any suitable number
of nucleotides. "Aptamers" refers to more than one such
set of molecules. Different aptamers may have either the
same or different numbers of nucleotides. Any of the
methods disclosed herein may include the use of one or
more aptamers. Any of the methods disclosed herein
may also include the use of two or more aptamers that
specifically bind the same target molecule. As further de-
scribed below, an aptamer may include a tag. If an aptam-
erincludes a tag, all copies of the aptamer need not have
the same tag. Moreover, if different aptamers each in-
clude a tag, these different aptamers may have either
the same tag or a different tag.

[0028] An aptamer can be identified using any known
method, including the SELEX process. See, e.g., U.S.
Patent No. 5,475,096 entitled "Nucleic Acid Ligands."
Once identified, an aptamer can be prepared or synthe-
sized in accordance with any known method, including
chemical synthetic methods and enzymatic synthetic
methods.

[0029] The terms "SELEX" and "SELEX process" are
used interchangeably herein to refer generally to a com-
bination of (1) the selection of nucleic acids that interact
with a target molecule in a desirable manner, for example
binding with high affinity to a protein, with (2) the ampli-
fication of those selected nucleic acids. See, e.g., U.S.
Patent No. 5,475,096 entitled "Nucleic Acid Ligands."
The SELEX process may be used to generate an aptamer
that covalently binds its target as well as an aptamer that
non-covalently binds its target. See, e.g., U.S. Patent No.
5,705,337 entitled "Systematic Evolution of Nucleic Acid
Ligands by Exponential Enrichment: Chemi-SELEX."
[0030] As disclosed herein, an aptamer can further
comprise a "tag," which refers to a component that pro-
vides 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 set of copies of one type or species
of component that is capable of associating with a probe.
"Tags" refers to more than one such set of components.
The tag can be attached to or included in the aptamer by
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any method known in the art. Generally, the tag allows
the aptamer to associate, either directly or indirectly, with
a probe that is attached to the solid support. A tag can
enable the localization of an aptamer covalent complex
to a spatially defined address on a solid support. Different
tags, therefore, can enable the localization of different
aptamer covalent complexes to different spatially defined
addresses on a solid support. A tag can be a polynucle-
otide, a polypeptide, a peptide nucleic acid, a locked nu-
cleic acid, an oligosaccharide, a polysaccharide, an an-
tibody, an affybody, an antibody mimic, a cell receptor,
aligand, alipid, any fragment or derivative of these struc-
tures, any combination of the foregoing, or any other
structure with which a probe (or linker molecule, as de-
scribed 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 whichitis a part. If SELEX is used to identify an aptam-
er, 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 em-
bodiment, the tag is included on the 3’-end of the aptamer
post-SELEX.

[0031] In one embodiment, the tag includes a polynu-
cleotide thatis designed to associate directly with a probe
that includes a complementary polynucleotide sequence
by hybridizing directly with the probe sequence. In this
embodiment, the tag is generally configured and the hy-
bridization reaction is carried out under conditions such
that the tag does not hybridize with a probe other than
the probe for which the tag includes a perfect comple-
ment.

[0032] In some embodiments, the tag comprises nu-
cleotides that are a part of the aptamer itself. For exam-
ple, 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, depend-
ing 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
afixed 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 suit-
able 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 por-
tion (including all) of the variable region and any portion
(including all) of a fixed end.

[0033] Inanother embodiment, a tag can associate di-
rectly with a probe and covalently bind to the probe, there-
by 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 associa-
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tion of the tag with the probe, are sufficiently proximate
to each other to undergo a chemical reaction that pro-
duces a covalent bond. The reaction may occur sponta-
neously or may require activation, such as, for example,
photo-activation or chemical activation. In an exemplary
embodiment, the tag includes a diene moiety and the
probe includes adienophile, and covalent bond formation
results from a spontaneous Diels-Alder conjugation re-
action of the diene and dienophile. Any appropriate com-
plementary chemistry can be used, such as, forexample,
N-Mannich reaction, disulfide formation, Curtius reac-
tion, Aldol condensation, Schiff base formation, and
Michael addition.

[0034] In another embodiment, the tag associates in-
directly with a probe, such as, for example, through a
linker molecule, as further described below. In this em-
bodiment, the tag can include a polynucleotide sequence
that is complementary to a particular region or compo-
nent 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.

[0035] Ifthe tagincludes a polynucleotide, the polynu-
cleotide can include any suitable number of nucleotides.
In one embodiment, a tag includes at least about 10 nu-
cleotides. In another embodiment, the tag includes from
about 10 to about 45 nucleotides. In yet another embod-
iment, the tag includes at least about 30 nucleotides. Dif-
ferent tags that include a polynucleotide can include ei-
ther the same number of nucleotides or a different
number of nucleotides.

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

[0037] As used herein, "associate," "associates," and
any variation thereof refers to an interaction or complex-
ation between a tag and a probe resulting in a sufficiently
stable complex so as to permit separation of "unassoci-
ated" or unbound materials, such as, for example, un-
bound components of a test sample, from the tag-probe
complex under given complexation or reaction condi-
tions. A tag and a probe can associate with each other
directly by interacting and binding to each other with spe-
cificity. A tag and a probe can also associate with each
other indirectly such as when their complexation is me-
diated by a linker molecule.

[0038] As used herein, "probe" refers to a molecule
thatis configured to associate, either directly or indirectly,
with a tag. A "probe" is a set of copies of one type of
molecule or one type of multi-molecular structure that is
capable of immobilizing an aptamer to a solid support by
associating, either directly or indirectly, with a tag.
"Probes" refers to more than one such set of molecules.
A probe can be a polynucleotide, a polypeptide, a peptide
nucleic acid, a locked nucleic acid, an oligosaccharide,
a polysaccharide, an antibody, an affybody, an antibody
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mimic, a cell receptor, a ligand, a lipid, 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 oth-
erwise associate with specificity. A probe can be attached
to a solid support either covalently or non-covalently by
any method known in the art.

[0039] In one embodiment, the probe includes a poly-
nucleotide that has a sequence that is complementary
to a polynucleotide tag sequence. In this embodiment,
the probe sequence is generally configured and the hy-
bridization reaction is carried out under conditions such
that the probe does not hybridize with a nucleotide se-
quence other than the tag for which the probe includes
the complementary 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).

[0040] In another embodiment, the probe associates
indirectly with a tag, for example, through a linker mole-
cule. In this embodiment, the probe can include a poly-
nucleotide sequence that is complementary to a partic-
ular 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.

[0041] If a probe includes a polynucleotide, the poly-
nucleotide can include any suitable number of nucle-
otides. 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 polynucle-
otide can include either the same number of nucleotides
or a different number of nucleotides.

[0042] As used herein, "linker molecule" refers to one
or more molecules that are configured to mediate the
association of a tag with a probe. Generally, the linker
molecule is bi-functional in that it includes a functionality
for linking to a tag and a functionality for linking to a probe.
A'"linkermolecule" is a set of copies of one type or species
of molecule(s) or multimolecular structure(s) that is ca-
pable of associating a tag with a probe. "Linker mole-
cules" refers to more than one such set of molecules or
multi-molecular structures. A linker molecule may have
any suitable configuration and can include any suitable
components, including a polynucleotide, a polypeptide,
a peptide nucleic acid, a locked nucleic acid, an oligosac-
charide, a polysaccharide, an antibody, an affybody, an
antibody mimic, a polyethylene glycol (PEG) molecule,
acellreceptor, aligand, alipid, any fragment or derivative
of these structures, any combination of the foregoing, or
any other structure or chemical component that can be
designed or configured to mediate an association be-
tween a tag and a probe with specificity. A linker molecule
may be aliphatic or aromatic.

[0043] The composition of the linker molecule is not
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critical to any of the methods disclosed herein. It is often
preferred that the linker molecule be hydrophilic. As a
general rule, the length of a particular linker molecule
can be selected to provide for convenience of synthesis
and ease in mediating the association of a tag with a
probe. The linker molecule should not contain function-
alities, or be of a length, that will interfere with the reac-
tions that are desired in accordance with the disclosed
methods.

[0044] With reference to FIGS. 2A, 2B, and 2C, when
a linker molecule is employed in any of the methods dis-
closed herein, the linker molecule may be introduced at
any suitable time during the performance of the assay
and may first contact either atag or a probe. Forexample,
a tag included on an aptamer may be contacted with the
linker molecule any time before an aptamer covalent
complex contacts the probe on a solid support. In another
embodiment, a probe attached to a solid support may be
contacted with a linker molecule any time before the
probe is exposed to the tag on an aptamer covalent com-
plex. In a further embodiment, depending upon the com-
plexity of the particular assay performed and the reaction
conditions, for example, a probe may be contacted with
both a linker molecule and a tag on an aptamer covalent
complex simultaneously.

[0045] A linker molecule generally comprises a tag as-
sociation component and a probe association compo-
nent. The tag association component and probe associ-
ation componentare independently selected based upon
the particular tag and probe utilized in a particular assay.
In one embodiment, the tag association component is a
polynucleotide that is complementary to a polynucleotide
sequence included in a tag. In another embodiment, the
probe association component is a polynucleotide that is
complementary to a polynucleotide sequence included
in a probe. In a further embodiment, the tag association
componentis a polynucleotide and the probe association
component is also a polynucleotide.

[0046] In afurther embodiment, the linker molecule in-
cludes a tag association component separated from a
probe association component by a third component. In
this embodiment, the third component can include one
or more molecules or sub-components, including a poly-
nucleotide, a polypeptide, a peptide nucleic acid, a locked
nucleic acid, an oligosaccharide, a polysaccharide, an
antibody, an affybody, an antibody mimic, an aliphatic
carbon molecule, a polyethylene glycol (PEG) molecule,
acellreceptor, aligand, a lipid, any fragment or derivative
of these structures, any combination of the foregoing, or
any other chemical structure or component that can aid
in the association of the tag with the probe, such as, e.g.,
by increasing flexibility between the tag association com-
ponent and the probe association component.

[0047] A polynucleotide component of a linker mole-
cule can include any suitable number of nucleotides. In
one embodiment, a polynucleotide component of a linker
molecule includes at least about 10 nucleotides. In an-
other embodiment, a polynucleotide component of a link-
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er molecule includes from about 10 to about 45 nucle-
otides. Inyetanother embodiment, a polynucleotide com-
ponent 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 dif-
ferent number of nucleotides.

[0048] As used herein, "photoaptamer,” "photoreac-
tive nucleic acid ligand," and "photoreactive aptamer" are
used interchangeably to refer to an aptamer that contains
one or more photoreactive functional groups that can
covalently bind to or "crosslink" with a target molecule.
For example, a naturally occurring nucleic acid residue
may be modified to include a chemical functional group
that confers photoreactivity upon the nucleic acid residue
upon exposure to a radiation source of an appropriate
wavelength. A photoaptamer can be identified and/or
prepared using any known method. In some embodi-
ments, a photoreactive aptamer is identified using the
photoSELEX process. See, e.g., U.S. Patent No.
5,763,177, U.S. Patent No. 6,001,577, and U.S. Patent
No. 6,291,184, each of which is entitled "Systematic Ev-
olution of Nucleic Acid Ligands by Exponential Enrich-
ment: Photoselection of Nucleic Acid Ligands and Solu-
tion SELEX"; see also, e.g., U.S. Patent No. 6,458,539,
entitled "Photoselection of Nucleic Acid Ligands." In other
embodiments, an aptamer is prepared and is subse-
quently modified to incorporate one or more photoreac-
tive functional groups, thereby generating a photoaptam-
er. In these embodiments, one or more photoreactive
nucleic acid residues can be incorporated into an aptam-
er either by substituting a photoreactive nucleic acid res-
idue in the place of one or more other nucleotides, such
as one or more of the thymidine and/or cytidine nucle-
otides in the aptamer, for example, or by modifying one
or more nucleic acid residues to include a photoreactive
functional group.

[0049] Exemplary photoreactive functional groups that
may be incorporated into a photoaptamer include 5-bro-
mouracil, 5-iodouracil, 5-bromovinyluracil, 5-iodovinylu-
racil, 5-azidouracil, 4-thiouracil, 5-thiouracil, 4-thiocyto-
sine, 5-bromocytosine, 5-iodocytosine, 5-bromovinylcy-
tosine, 5-iodovinylcytosine, 5-azidocytosine, 8-azidoad-
enine, 8-bromoadenine, 8-iodoadenine, 8-aziodogua-
nine, 8-bromoguanine, 8-iodoguanine, 8-azidohypoxan-
thine, 8-bromohypoxanthine, 8-iodohypoxanthine, 8-azi-
doxanthine, 8-bromoxanthine, 8-iodoxanthine, 5-[(4-azi-
dophenacyl)thio]cytosine, 5-[(4-azidophenacyl)thio]
uracil, 7-deaza-7-iodoadenine, 7-deaza-7-iodoguanine,
7-deaza-7-bromoadenine, and 7-deaza-7-bromogua-
nine.

[0050] In addition to these exemplary nucleoside-
based photoreactive functional groups, other photoreac-
tive functional groups that can be added to a terminal
end of an aptamer using an appropriate linker molecule
can also be used. Such photoreactive functional groups
include benzophenone, anthraquinone, 4-azido-2-nitro-
aniline, psoralen, derivatives of any of these, and the like.
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[0051] A photoreactive functional group incorporated
into a photoaptamer may be activated by any suitable
method. In one embodiment, a photoaptamer containing
a photoreactive functional group is crosslinked to its tar-
get by exposing the photoaptamer affinity complex to a
source of electromagnetic radiation. Suitable types of
electromagnetic radiation include ultraviolet light, visible
light, X-rays, and gammarays. Suitable radiation sources
include sources that utilize either monochromatic light or
filtered polychromatic light.

[0052] Inoneembodiment, a photoreactive nucleotide,
such as 4-azido-2-nitro-aniline, for example, can be in-
corporated into a photoaptamer, and light having a wave-
length ranging from about 325 nm to about 470 nm may
be used to irradiate a photoaptamer affinity complex that
includes this photoaptamer. Excitation at these wave-
lengths can be accomplished, for example, with inexpen-
sive light emitting diodes (LEDs) using either a single
LED or an array of LEDs, since the power requirements
are modest. Nearly monochromatic light having a wave-
length ranging from 465 to 475 nm, a 100 degree viewing
angle and providing 38 lumens of light is supplied by one
or more high-powered LEDs. In the event that a desired
photoreactive functional group cannot be excited at a
wavelength produced by an LED, appropriate substitu-
tion of electron withdrawing or electron donating groups
often can be used to modestly shift the excitation wave-
length of the photoreactive functional group to enable
excitation of the photoreactive functional group at a
wavelength produced by an LED.

[0053] Inone embodiment, a photoreactive nucleotide
is incorporated into a photoaptamer, and light having a
wavelength ranging from about 300 nm to about 350 nm
may be used to irradiate a photoaptamer affinity complex
that includes this photoaptamer to convert the pho-
toaptamer affinity complex to a photoaptamer covalent
complex.

[0054] Inoneembodiment, a photoreactive nucleotide,
such as a 5-iodouracil or a 5-iodocytosine, for example,
can be incorporated into a photoaptamer, and light hav-
ing a wavelength ranging from about 320 nm to about
325 nm may be used to irradiate a photoaptamer affinity
complex that includes this photoaptamer. This combina-
tion facilitates selective photocrosslinking of the chromo-
phore-containing photoaptamer to the target molecule
without inducing other, non-specific photoreactions. For
example, in the case of target protein, any tryptophan
residues that might be included in the target protein and
any thymine and uracil bases that might be included in
the photoaptamer may also be photoreactive. Since 5-
iodouracil or 5-iodocytosine absorbs light having a wave-
length of about 325 nm but tryptophan and naturally oc-
curring nucleic acid bases do not, using light of this wave-
length permits a selective photoreaction at the 5-iodou-
racil(s) or 5-iodocyctosine(s) within the photoaptamer af-
finity complex. Monochromatic light having a wavelength
ranging from about 320nm to about 325 nm may be sup-
plied, for example, by a frequency doubled tunable dye
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laser emitting light at a wavelength of about 320 nm or
by a helium cadmium laser emitting light at a wavelength
of about 325 nm.

[0055] In a further embodiment, a photoaptamer affin-
ity complex can be exposed to a xenon chloride (XeCl)
excimer laser set to emit light at a wavelength of about
308 nm. In this embodiment, the photoaptamer can in-
clude a photoreactive functional group (e.g., a 5-bro-
mouracil or a 5-bromocytosine), and treating the pho-
toaptamer affinity complex with the light source serves
to photoactivate the photoreactive functional group such
that the photoaptamer crosslinks with its target molecule
and a photoaptamer covalent complex is formed.
[0056] In yet another embodiment, a photoaptamer
can be crosslinked to its target by exposing a pho-
toaptamer affinity complex to a high-pressure mercury
lamp set to emit light at a wavelength of about 313 nm.
In further embodiments, wavelength filters may be em-
ployed to restrict the emitted light to be greater than about
300 nm to minimize activation of chromophores other
than those included in a photoaptamer affinity complex.
[0057] In a further embodiment, a photoaptamer can
be crosslinked to its target by exposing a photoaptamer
affinity complex to a low pressure mercury lamp set to
emit light at a wavelength of about 254 nm, which is then
absorbed by a phosphor and re-emitted at a wavelength
ranging from about 300 nm to about 325 nm. In this em-
bodiment, the re-emitted light is filtered to remove any
light of about 254 nm that is not absorbed by the phosphor
as well as any light of wavelengths ranging from about
290 nm to about 305 nm, which may be damaging to a
target protein.

[0058] In still another embodiment, a halogen photo-
reactive functional group, such as an iodouracil or a bro-
mocytosine for example, can be incorporated into a pho-
toaptamer, and a photoaptamer affinity complex that in-
cludes this photoaptamer can be treated with light having
a wavelength ranging from about 350nm to about 400
nm. For example, monochromatic light from the third har-
monic of a Neodymium YAG laser set at about 355 nm
or monochromatic light from the first harmonic of a xenon
fluoride (XeF) excimer laser at about 351 nm may be
used.

[0059] As used herein, "target molecule" and "target"
are used interchangeably to refer to any molecule of in-
terest 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, di-
sulfide bond formation, glycosylation, lipidation, acetyla-
tion, phosphorylation, or any other manipulation or mod-
ification, such as conjugation with a labeling component
that does not substantially alter the identity of the mole-
cule. A "target molecule" or "target" is a set of copies of
one type or species of molecule or multimolecular struc-
ture that is capable of binding to an aptamer. "Target
molecules" or "targets" refer to more than one such set
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of molecules. Exemplary target molecules include pro-
teins, polypeptides, nucleic acids, carbohydrates, lipids,
polysaccharides, glycoproteins, hormones, receptors,
antigens, antibodies, affybodies, antibody mimics, virus-
es, pathogens, toxic substances, substrates, metabo-
lites, transition state analogs, cofactors, inhibitors, drugs,
dyes, nutrients, growth factors, cells, tissues, 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 likelihood
or strength of an interaction between the target and the
aptamer. In exemplary embodiments, the target mole-
cule is a protein. See U.S. Patent No. 6,376,190 entitled
"Modified SELEX Processes Without Purified Protein" for
methods in which the SELEX target is a peptide.
[0060] "Polypeptide," "peptide," and "protein" are used
interchangeably herein to refer to polymers of amino ac-
ids of any length. The polymer may be linear or branched,
it may comprise modified amino acids, and it may be
interrupted by non-amino acids. The terms also encom-
pass an amino acid polymer that has been modified nat-
urally or by intervention; for example, disulfide bond for-
mation, glycosylation, lipidation, acetylation, phosphor-
ylation, or any other manipulation or modification, such
as conjugation with a labeling component. Also included
within the definition are, for example, polypeptides con-
taining one or more analogs of an amino acid (including,
forexample, unnatural amino acids, etc.), as well as other
modifications known in the art. Polypeptides can be sin-
gle chains or associated chains.

[0061] As used herein, "non-target molecule" and
"non-target" are used interchangeably to refer to a mol-
ecule contained in a test sample that can form a non-
specific complex with an aptamer. A "non-target mole-
cule" or "non-target" is a set of copies of one type or
species of molecule or multi-molecular structure that is
capable of binding to an aptamer. "Non-target molecules"
or "non-targets" refers to more than one such set of mol-
ecules. It will be appreciated that a molecule that is a
non-targetfor afirst aptamer may be a targetfor a second
aptamer. Likewise, a molecule that is a target for the first
aptamer may be a non-target for the second aptamer.
[0062] As used herein, the term "aptamer affinity com-
plex" refers to a non-covalent complex that is formed by
the interaction of an aptamer with its target molecule. An
"aptamer affinity complex" is a set of copies of one type
or species of complex formed by an aptamer bound to
its corresponding target molecule. "Aptamer affinity com-
plexes" refers to more than one such set of complexes.
An aptamer affinity complex can generally be reversed
or dissociated by achange in an environmental condition,
e.g., anincrease in temperature, an increase in salt con-
centration, or an addition of a denaturant.

[0063] As used herein, the term "aptamer covalent
complex" refers to an aptamer affinity complex in which
the aptamer has been induced to form or otherwise forms
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a covalent bond with its target molecule. An "aptamer
covalentcomplex"is a set of copies of one type or species
of complex formed by an aptamer covalently bound to its
corresponding target molecule. "Aptamer covalent com-
plexes" refers to more than one such set of complexes.
A covalent bond or linkage between an aptamer and its
target molecule can be induced by photoactivation of a
chemical moiety on the aptamer, including those moieties
described above with respect to photoaptamers. A cov-
alent bond or linkage between an aptamer and its target
molecule can also be induced chemically. Chemical
groups that can be included in an aptamer and used to
induce a covalent linkage with the target include but are
not limited to aldehydes, maleimides, acrylyl derivatives,
diazonium derivatives, thiols, etc. In some embodiments,
chemical crosslinking groups, such as maleimide or di-
azonium salts, for example, can convert aptamer affinity
complexes to aptamer covalentcomplexes simply by pro-
viding the proper environment and juxtaposition of reac-
tive groups required for specific and sufficiently en-
hanced chemical reactivity to occur. In other embodi-
ments, chemical crosslinkers, such as aldehyde groups,
may require the addition of another component, for ex-
ample, sodium cyanoborohydride, to convert aptamer af-
finity complexes to stable, irreversible aptamer covalent
complexes. In yet other embodiments, no such chemical
crosslinkers are included in an aptamer; rather, a third
reagent is used to convert an aptamer affinity complex
to an aptamer covalent complex by facilitating a covalent
attachment between the aptamer and its target. For ex-
ample, a homo- or heterobifunctional reagent containing
both an amine reactive moiety (e.g., an N-hydroxy suc-
cinimidyl ester, an aldehyde, or an imidate) and a nucl-
eoside-reactive group (e.g., an iodoacetamide or an ac-
tivated aldehyde) can induce covalent complexation of
an aptamer affinity complex, such as an affinity complex
formed by an aptamer and a target protein.

[0064] The term "test sample" refers herein to any ma-
terial, 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
contaminated water and industrial effluents, forexample.
A test sample may also be an end product, intermediate
product, or by-product of a preparatory process, for ex-
ample a manufacturing process. A test sample may in-
clude any suitable assay medium, buffer, or diluent that
has been added to a material, solution, or mixture ob-
tained from an organism or from some other source (e.g.,
the environment or an industrial source).

[0065] The term "biological sample" refers to any ma-
terial, solution, or mixture obtained from an organism.
This includes blood (including whole blood, leukocytes,
peripheral blood mononuclear cells, plasma, and serum),
sputum, breath, urine, semen, saliva, meningeal fluid,
amniotic fluid, glandular fluid, lymph fluid, nipple aspirate,
bronchial aspirate, synovial fluid, joint aspirate, cells, a
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cellular extract, and cerebrospinal fluid. This also in-
cludes experimentally separated fractions of all of the
preceding. The term "biological sample" also includes
materials, solutions, or mixtures containing homoge-
nized solid material, such as from a stool sample, atissue
sample, or a tissue biopsy, for example. The term "bio-
logical sample" also includes materials, solutions, or mix-
tures derived from a tissue culture, cell culture, bacterial
culture, or viral culture.

[0066] "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 probes
that are attached to the surface. The material is generally
capable of enduring conditions related to the attachment
of the probes to the surface and any subsequent treat-
ment, handling, or processing encountered during the
performance of an assay. The materials may be naturally
occurring, synthetic, or a modification of a naturally oc-
curring material. Suitable solid support materials may in-
clude silicon, graphite, mirrored surfaces, laminates, ce-
ramics, plastics (including polymers such as, e.g., po-
ly(vinyl chloride), cyclo-olefin copolymers, polyacryla-
mide, polyacrylate, polyethylene, polypropylene, poly(4-
methylbutene), polystyrene, polymethacrylate, poly(eth-
ylene terephthalate), polytetrafluoroethylene (PTFE or
Teflon®), nylon, poly(vinyl butyrate)), germanium, gal-
lium arsenide, gold, silver, etc., either used by them-
selves or in conjunction 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 materials, such as, for ex-
ample, controlled pore glass beads. Any other materials
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, incorpo-
rated on its surface, are also contemplated.

[0067] The material used for a solid support may take
any of a variety of configurations ranging from simple to
complex. The solid support can have any one of anumber
of shapes, including a strip, plate, disk, rod, particle, in-
cluding bead, tube, well, and the like. Usually, the mate-
rial is relatively planar such as, for example, a slide,
though it can be spherical, such as, for example, a bead,
or cylindrical (e.g., a column). In many embodiments, the
material is shaped generally as a rectangular solid. Mul-
tiple predetermined arrangements such as, e.g., arrays
of probes, may be synthesized on a sheet, which is then
diced, i.e., cut by breaking along score lines, into single
array substrates. Exemplary solid supports that may be
used include microtitre wells, microscope slides, mem-
branes, paramagnetic beads, charged paper, Langmuir-
Blodgett films, silicon wafer chips, flow through chips,
and microbeads.

[0068] The surface of the solid support is usually the
outer portion of the substrate material that forms the solid
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support. The surface of the solid support onto which the
probes are bound may be smooth or substantially planar,
or have irregularities, such as depressions, grooves, el-
evations, or other textures. The surface may be modified
with one or more different layers of compounds that serve
to modify the properties of the surface in a desirable man-
ner. In various embodiments, such surface modification
layers, when present, can generally range in thickness
from a monomolecular thickness to about 1 mm, or from
a monomolecular thickness to about 0.1 mm, or from a
monomolecular thickness to about 0.001 mm.

[0069] Surface modification layers of interest include
inorganic and organic layers, such as metals, metal ox-
ides, polymers, small organic molecules, and the like.
Polymeric layers of interest include methacrylate copol-
ymers, polyacrylamides, polysaccharides, phospholip-
ids, polyurethanes, polyesters, polycarbonates, polyure-
as, polyamides, polyethylene amines, polyarylene
sulfides, polysiloxanes, polyimides, polyacetates, and
the like, where the polymers may be hetero- or homo-
polymeric, and may or may not have separate functional
moieties attached thereto (for example, conjugated moi-
eties). Other surface modifications of interest include
three-dimensional networks, such as hydrogels, for ex-
ample. Any suitable hydrogel known in the art may be
used. See, e.g., U.S. Patent Application Publication No.
2003/0218130 entitled "Biochips with Surfaces Coated
with Polysaccharide-Based Hydrogels," U.S. Patent Ap-
plication Publication No. 20050147994 entitled "Method
for Immobilizing a Biologic in a Polyurethane-Hydrogel
Composition, a Composition Prepared from the Method,
and Biomedical Applications," U.S. Patent Application
Publication No. 2005005908 entitled "Photocrosslinked
Hydrogel Blend Surface Coatings," and any of the refer-
ences cited in these publications.

[0070] In one embodiment, the surface of a solid sup-
port includes a hydrogel. The hydrogel can comprise, for
example, a polymer matrix. The hydrogel can be chem-
ically attached to the surface of the solid support and can
include a binding functionality thatis capable of attaching,
either directly or indirectly, a probe to the hydrogel. Ex-
emplary binding functionalities include a hydrophobic
group, a hydrophilic group, reactive groups such as al-
dehydes, epoxy, carbonates and the like, a carboxyl, a
thiol, a sulfonate, a sulfate, an amino, a substituted ami-
no, a phosphate, a metal chelating group, a thioether, a
biotin, a boronate, etc.

[0071] Any surface suitable for gene expression or
SNP analysis may also be used, including substrates and
surfaces offered, for example, by Affymetrix, General
Electric (e.g., CodeLink), Agilent, and Schott Nexterion,
either as substrates and surfaces or as components of
products that further comprise other components.
[0072] A probe can be bound to the surface of the solid
support in any suitable manner, so long as the probe will
not become unbound during subsequent incubation and
processing steps in accordance with the disclosed meth-
ods, such as washing the surface to remove non-specific

10

15

20

25

30

35

40

45

50

55

12

complexes, for example. The probe may be bound by
being non-covalently linked, e.g., adhered, absorbed, ad-
sorbed, or by being covalently linked to the surface of
the solid support. In the case of a covalent linkage of the
probe to the solid support, the surface of the solid support
will contain a functional group that links to the probe. The
nature of the functional group(s) used is dependent upon
the nature of the probe. A variety of methods have been
reported for the covalent attachment of molecules to a
surface. Typically, these reactions are performed by the
reaction of an active functional group on a molecule with
an activated functional group on the surface. As an ex-
ample, an amine-containing compound can be attached
to a carboxylic acid containing surface by forming an ac-
tivated ester of the carboxylic acid, such as an N-hydrox-
ysuccinimide derivative. The amine readily reacts with
this activated ester to form a stable amide bond. This
reaction is useful under conditions whereby the reaction
with the desired amine is significantly faster than with
other nucleophiles in the system.

[0073] Examples of methods that have been previous-
ly described in the art include the activation of surfaces
with cyanogen bromide, N-hydroxysuccinimide esters,
carbonyl diimidazole, carbodiimides, azlactones, cyanu-
ric chlorides, organic sulfonyl chlorides, divinyl sulphone,
nitrophenyl esters, iodoacetyl, maleimide, epoxy, hy-
drazide, reductive amination, diazonium salts, and Man-
nich condensations. Molecules that react with the acti-
vated surface include amines, alcohols, carboxylic acids,
thiols, carbonyls, and compounds containing active hy-
drogens.

[0074] In one embodiment, the probes are bound to
the surface of the solid support in a predetermined, spa-
tial arrangement or pattern, which means any arrange-
ment on the surface where the identity of a probe at a
particular location is known. In one embodiment, the pre-
determined arrangement is an array. An array generally
includes any one-, two-, or three- dimensional arrange-
ment of addressable regions bearing a particular probe
associated with that region. An array is addressable in
that it has multiple regions of different probes, such that
a region or feature or spot of the array at a particular
predetermined location or address on the array detects
a particular aptamer covalent complex, and therefore a
particular target molecule, by virtue of associating spe-
cifically with the tag on such aptamer covalent complex.
[0075] An array assembly on the surface of a solid sup-
portrefers toone or more arrays disposed along a surface
of anindividual solid support and separated by inter-array
areas. Normally, the surface of the solid support opposite
the surface with the arrays (opposing surface) does not
carry any arrays. The arrays can be designed for testing
against any type of test sample. The surface of the solid
support may carry at least one, two, four, twenty, a hun-
dred, or at least five hundred arrays. Depending upon
intended use, any or all of the arrays may be the same
or different from one another and each may contain mul-
tiple spots or features of probes disposed thereon. A typ-
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ical array may contain more than ten, more than one hun-
dred, more than one thousand, or ten thousand features,
or even more than one hundred thousand features, in an
area of less than about 20 cm? or even less than about
10 cm2. For example, features may have widths (that is,
diameter, for a round spot) in the range from about 10
pm to about 1.0 cm. In other embodiments, each feature
may have a width in the range of about 1.0 pum to about
1.0 mm, or from about 5.0 wm to about 500 pm, or from
about 10 pm to about 200 pwm. Non-round features may
have area ranges equivalent to that of circular features
with the foregoing width (diameter) ranges.

[0076] Any of a variety of geometries of arrays on a
solid support may be used. As mentioned above, an in-
dividual solid support may contain a single array or mul-
tiple arrays. Features of the array may be arranged in
rectilinear rows and columns. This is particularly attrac-
tive for single arrays on a solid support. When multiple
arrays are present, such arrays can be arranged, for ex-
ample, in a sequence of curvilinear rows across the sur-
face of the solid support (for instance, a sequence of
concentric circles or semi-circles of spots), and the like.
Similarly, the pattern of features may be varied from the
rectilinear rows and columns of spots to include, for ex-
ample, a sequence of curvilinear rows across the surface
of the solid support (for example, a sequence of concen-
tric circles or semi-circles of spots), and the like. The
configuration of the arrays and their features may be se-
lected according to manufacturing, handling, and use
considerations.

[0077] Each feature, or element, within the array is de-
fined to be a small, regularly shaped region of the surface
of the solid support. The features are arranged in a pre-
determined manner. Each feature of an array usually car-
ries a predetermined probe or mixture of probes. Each
feature within the molecular array may contain a different
probe, and the probe within a given feature may differ
fromthe probes within the remaining features ofthe array.
Some or all of the features may be of different composi-
tions. Each array may contain multiple spots or features,
and each array may be separated from another array by
spaces or areas. It will also be appreciated that there
need not be any space separating arrays from one an-
other. Interarray areas and interfeature areas are usually
present but are not essential. As with any border areas,
these interarray and interfeature areas do not carry any
probes. It will be appreciated that the interarray areas
and interfeature areas, when present, could be of various
sizes and configurations.

[0078] In some embodiments, an array may be formed
by attaching a probe to a first solid support, such as a
bead, for example, and then arranging the first solid sup-
port in an array format on a second solid support, such
as a microtiter plate, for example. In other embodiments,
an array may be formed by attaching probes to address-
able beads. "Addressable beads" include dyes, bar-
codes, and transponders.

[0079] In some embodiments, depending upon the se-
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lected surface of the solid support, the surface may be
"blocked" or "passivated" in order to reduce orinhibit non-
specific binding of molecules to the surface of the solid
support. Blocking or passivation reagents include dry
milk, casein, pooled serum, pooled plasma, BSA, PEG-
PLL, PEG-silane, SuperBlock or StarterBlock (Pierce Bi-
otechnology, Rockford, lll.), and any combination of any
of the foregoing.

[0080] As used herein, the term "labeling agent" refers
to one or more reagents that can be used to detect a
target molecule thatis bound to an aptamerin an aptamer
covalent complex.

[0081] In one embodiment for detecting a target mol-
ecule, an aptamer covalent complex is contacted with a
labeling agent that includes a binding partner that is spe-
cific for the target molecule bound to the aptamer. The
specific binding partner may be any suitable moiety, in-
cluding an antibody, an antibody fragment, a synthetic
antibody mimetic, a biomimetic, an aptamer, a molecular
imprinted ligand, and the like. The specific binding part-
ner is conjugated or linked to another labeling agent com-
ponent, usually, a detectable moiety or label. The linking
of the specific binding partner to the label may be carried
out by any of the aforementioned methods for linking a
probe to the surface of the solid support. It will be appre-
ciated that in the case of detecting multiple target mole-
cules, multiple aptamer covalent complexes can be con-
tacted with a mixture of specific binding partners, each
specific for a target molecule suspected of being present.
The labels employed may be those that are known in the
art for multiplexed detection of multiple target molecules.
[0082] The detectable moiety or label is capable of be-
ing detected directly orindirectly. In general, any reporter
molecule thatis detectable can be alabel. Labels include,
for example, (i) reporter molecules that can be detected
directly by virtue of generating a signal, (ii) specific bind-
ing pair members that may be detected indirectly by sub-
sequent binding to a cognate that contains a reporter
molecule, (iii) mass tags detectable by mass spectrom-
etry, (iv) oligonucleotide primers that can provide a tem-
plate for amplification or ligation, and (v) a specific poly-
nucleotide sequence or recognition sequence that can
actas aligand, such as, forexample, arepressor protein,
wherein in the latter two instances the oligonucleotide
primer or repressor protein will have, or be capable of
having, a reporter molecule, and so forth. The reporter
molecule can be a catalyst, such as an enzyme, a poly-
nucleotide coding for a catalyst, promoter, dye, fluores-
cent molecule, quantum dot, chemiluminescent mole-
cule, coenzyme, enzyme substrate, radioactive group, a
small organic molecule, amplifiable polynucleotide se-
quence, a particle such as latex or carbon particle, metal
sol, crystallite, liposome, cell, etc., which may or may not
be further labeled with a dye, catalyst or other detectable
group, a mass tag that alters the weight of the molecule
towhichitis conjugated for mass spectrometry purposes,
and the like. The label can be selected from electromag-
netic or electrochemical materials. In one embodiment,
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the detectable label is a fluorescent dye. Other labels
and labeling schemes will be evident to one skilled in the
art based on the disclosure herein.

[0083] In another embodiment for detecting a target
molecule, the target molecule is a protein, and the aptam-
er covalent complex is contacted with a labeling agent
that comprises a universal protein stain. As used herein,
"universal protein stain" and "UPS" are used inter-
changeably to referto any labeling agent thatlabels most,
if not all, proteins present in a test sample with a detect-
able moiety but tends not to label, or labels only minimal-
ly, nucleic acids or other components of the assay, such
as the solid support. Any reactive chemical group found
on proteins, but not found on nucleic acids or the sub-
strate surface, can serve as a site of covalent attachment.
Exemplary reactive chemical groups include primary
amines (e.g., on lysineresidues), thiols (e.g., on cysteine,
which may be produced by the reduction of disulfide link-
ages), alcohols (e.g., on serine, threonine, tyrosine, and
sugar moieties on glycoproteins (including the products
of oxidation of cis-diols on such sugars)), and carboxy-
lates (e.g., on glutamic and aspartic acid).

[0084] The detectable moiety can include any of the
reporter molecules listed above and any other chemical
or component that may be used in any manner to gen-
erate a detectable signal. The detectable moiety may be
detected via a fluorescent signal, a chemiluminescent
signal, or any other detectable signal that is dependent
upon the identity of the moiety. In the case where the
detectable moiety is an enzyme (for example, alkaline
phosphatase), the signal may be generated in the pres-
ence of the enzyme substrate and any additional factors
necessary for enzyme activity. In the case where the de-
tectable moiety is an enzyme substrate, the signal may
be generated in the presence of the enzyme and any
additional factors necessary for enzyme activity. Suitable
reagent configurations for attaching the detectable moi-
ety to a target protein include covalent attachment of the
detectable moiety to the target protein, non-covalent as-
sociation of the detectable moiety with another labeling
agent component that is covalently attached to the target
protein, and covalent attachment of the detectable moiety
to a labeling agent component that is non-covalently as-
sociated with the target protein. Universal protein stains
are described in detail in U.S. Patent Application
2006-0057573 A1, filed August 12, 2004, entitled "Meth-
ods and Reagents for Detecting Target Binding by Nu-
cleic Acid Ligands."

[0085] In some embodiments, the UPS is a single
chemical reagent that comprises a detectable moiety and
reacts covalently with a functional group that is charac-
teristic of proteins, but not aptamers, and, in so reacting,
covalently attaches the detectable moiety to a target pro-
tein. UPSs according to this embodiment include dyes
with groups capable of reacting covalently with functional
groups that are unique to proteins. Such groups may be
added to the dyes by derivatization or may be present
on the unmodified dye. In one embodiment, the UPS
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comprises an N-hydroxysuccinimide-activated dye that
reacts with amine groups, such as an N-hydroxysuccin-
imide-activated fluorophore, including NHS-Alexa fluor-
ophores (such as, e.g., NHS-Alexa 647). Another UPS
that may be used is CBQCA (3-(4-carboxybenzoyl)qui-
noline-2-carboxaldehyde), which also reacts with amines
in the presence of cyanide or thiols to form highly fluo-
rescent isoindoles. Other amine reactive groups suitable
for use in UPS reagents include isocyanates, isothiocy-
anates, acyl azides, sulfonyl chlorides, aldehydes, 4-sul-
fo-2,3,5,6-tetrafluorophenol (STP) esters, TFP-Alexa
647, and arylating agents such as NBD (7-nitrobenz-2-
oxa-1,3-diazole) chloride, NBD fluoride, and dichlorotri-
azines.

[0086] In other embodiments, the UPS comprises a
plurality of reagents. For example, the UPS can comprise
a first reagent that reacts covalently with a target protein,
and one or more further reagents that attach the detect-
able moiety, either directly or indirectly, and either cov-
alently or non-covalently, to the target protein via a chem-
ical group or other functionality introduced by the first
reagent. Where the UPS comprises multiple reagents, it
will be appreciated that in some cases the reagents are
added sequentially, and in other cases they may be add-
ed simultaneously.

[0087] Inone embodiment, a suitable UPS comprises
(a) a biotin derivative that reacts with a target protein;
and (b) a streptavidin-detectable moiety conjugate, such
as, for example, a fluorescent streptavidin derivative or
a streptavidin-enzyme conjugate. The biotin derivative
reacts with amine groups, thereby covalently attaching
biotin to the target protein; the streptavidin-detectable
moiety conjugate binds to the immobilized biotin groups,
thereby localizing the detectable moiety to site(s) on the
solid support to which the target protein is bound. In this
embodiment, suitable reagents include PFP-biotin, NHS-
PEOQ,-biotin (spacer arm 29 A), Sulfo-NHS-LC-biotin
(spacer arm 22.4 A), and TFP-PEO;-biotin (spacer arm
32.6 A).

[0088] In another embodiment, a suitable UPS com-
prises: (a) biotin, or a biotin derivative, conjugated to a
reactive group that is capable of covalently attaching the
biotin or biotin derivative to a bound target protein; (b)
avidin and/or streptavidin; and (c) a biotin-detectable
moiety conjugate, such as, for example, a fluorescent
biotin derivative. The biotin derivative in (a) above may
be an amine-reactive biotin derivative, such as, for ex-
ample, NHS-Biotin, wherein the biotin is optionally sep-
arated from the NHS by spacer atoms (Calbiochem, Inc.).
Reaction of the NHS group with primary amines on the
bound target protein leads to the covalent attachment of
biotin to the target protein thatis bound to its correspond-
ing aptamer. The target protein complexed with its cor-
responding aptamer can then be treated with the strepta-
vidin or avidin. Since streptavidin and avidin can each
bind four biotins, the addition of these proteins provides
three biotin binding sites for each biotin originally coupled
to the bound target protein by the NHS-biotin. The biotin-
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detectable moiety derivative of (c) above can then be
added, whereupon it binds tightly to the unoccupied biotin
binding sites on the streptavidin or avidin. In this embod-
iment, suitable reagents include PFP-biotin, NHS-
PEQ,-biotin (spacer arm 29 A), Sulfo-NHS-LC-biotin
(spacer arm 22.4 A), and TFP-PEO;-biotin (spacer arm
32.6 A).

[0089] Considerations such as the nature of the labe-
ling agent, the nature of, and predetermined cut-off levels
for, the target molecules, the biological significance of
specific target levels, and so forth normally determine
the concentration of the labeling agent, including the in-
dividual concentrations of the particular reagents that
may be used. The final concentration of each of the re-
agents will normally be determined empirically to opti-
mize the sensitivity of the method. In one embodiment,
the concentration of the labeling agent is usually suffi-
cient to detect at least about 1% of the target molecules.
In another embodiment, the concentration of the labeling
agent is usually sufficient to detect at least about 10% of
the target molecules. In a further embodiment, the con-
centration of the labeling agent is usually sufficient to
detect at least about 90% of the target molecules.
[0090] Activation of the labeling agent depends upon
the nature of the reagents used. For example, for those
reagents that are activated with light, the reagent is irra-
diated with light of an appropriate wavelength. Other ac-
tivation methods will be suggested to those skilled in the
art in view of the disclosures herein. For some labeling
agents, such as labeling agents that involve a radioactive
label, an enzyme, and so forth, no activation agent is
necessary. For enzyme systems, the addition of a sub-
strate and/or a cofactor may be necessary.

[0091] The examination of the solid support for the
presence and/or amount of the signal generated by the
labeling agent includes the detection of the signal, which
is generally merely a step in which the signal is read. The
signal is normally read using an instrument, the nature
of which depends upon the nature of the signal. The in-
strument may be a spectrophotometer, fluorometer, an
absorption spectrometer, luminometer, chemiluminom-
eter, actinometer, photographic instrument, and the like.
The presence and/or amount of signal detected is related
to the presence and amount of any target molecule
present in a test sample above a predetermined cut-off
level. Temperatures during measurements generally can
range from about 10° to about 70°C, or from about 20°
to about 45°C, or from about 20° to about 25°C. In one
approach, standard curves are formed using known con-
centrations of the target molecules being tested. Calibra-
tors and other controls may also be used.

[0092] In one embodiment, a solid support, including
an array, for example, is moved to an examining device
where the surface of the solid support is interrogated for
the presence of any bound target molecules. The exam-
ining device may be a scanning device involving an op-
tical system. The array can be examined or read, for ex-
ample, by illuminating the array and reading the location
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and intensity of a resulting signal (e.g., fluorescence) at
each feature of the array. The scanner may be similar to,
for example, the TECAN LS 300 scanner available from
Tecan Systems, San Jose, California. However, arrays
may be examined or read by using methods or an appa-
ratus other than the foregoing, with other methods of ex-
amining an array including other optical techniques (for
example, detecting chemiluminescent or electrolumines-
cent labels) and electrical techniques.

[0093] Results generated from an examination of the
array may be raw results (such as fluorescence intensity
readings for each feature in one or more color channels)
or may be processed results, such as results obtained
by rejecting a reading for a feature that is below a pre-
determined threshold and/or forming conclusions based
upon the pattern read from the array (such as whether
or nota particular target molecule may have been present
in the test sample). The results of the examination (proc-
essed or not) may be forwarded (such as by communi-
cation) to aremote location, if desired, and received there
for further use (such as further processing).

[0094] In another embodiment, the method is carried
out under the control of a computer, that is, with the aid
of a computer. For example, an IBM® compatible per-
sonal computer may be utilized. The computer is driven
by software specific to the methods described herein.
Computer hardware capable of assisting in the perform-
ance of the methods disclosed herein can involve a sys-
tem having the following specifications: Pentium® proc-
essor or better with a clock speed of at least 100 MHz,
atleast 32 megabytes of random access memory (RAM),
and at least 80 megabytes of virtual memory, running
under either the Microsoft Windows® 95 or Microsoft Win-
dows NT® 4.0 operating system (or successor thereof),
for example.

[0095] Softwarethatmaybe used to carry outthe meth-
ods may be, for example, Microsoft Excel or Microsoft
Access®, suitably extended via user-written functions
and templates, and linked when necessary to stand-
alone programs that may be desired. Examples of soft-
ware or computer programs used in assisting in conduct-
ing the present methods may be written in Visual BA-
SIC®, FORTRAN, C, C++, Java, Python, or any other
suitable programming language available now or in the
future. It should be understood that the above computer
information and the software used herein are exemplary
only and notintended to be restrictive. Any of the methods
disclosed herein may be adapted to other computers,
computer systems, and software. Other languages that
may be used include, for example, PASCAL, PERL or
assembly language.

[0096] In another embodiment, the aptamer affinity
complex (or optional aptamer covalent complex) is de-
tected and/or quantified using mass spectrometry. With
reference to FIG. 1B, in an exemplary method for the
detection and/or quantification of a target molecule that
may be present in a test sample, a test sample is con-
tacted with an aptamer that includes a tag and has a
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specific affinity for a target molecule. An aptamer affinity
complex thatincludes an aptamer bound to its target mol-
ecule is allowed to form. If the test sample contains the
target molecule, an aptamer affinity complex will gener-
ally form in the test sample. The aptamer affinity complex
is optionally converted, using a method appropriate to
the aptamer being employed, to an aptamer covalent
complex that includes an aptamer covalently bound to
its target molecule. The aptamer affinity complex (or op-
tional aptamer covalent complex) is attached to a solid
support. The attachment is accomplished by contacting
the solid support with the aptamer affinity complex (or
optional aptamer covalent complex) and allowing the tag
included on the aptamer to associate, either directly or
indirectly, with a probe that is attached to the solid sup-
port. The aptamer affinity complex (or optional aptamer
covalent complex) that has associated with the probe on
the solid support is then prepared for detection (and op-
tional quantification) using mass spectrometry.

[0097] The aptamer affinity complex (or optional
aptamer covalent complex) may be prepared for detec-
tion and optional quantification by mass spectrometry us-
ing any of a variety of methods. For example, in one em-
bodiment, when the target molecule is a protein, the
aptamer affinity complex (or optional aptamer covalent
complex) is prepared by protease digestion either before
or after removing the complex from the solid support. In
another embodiment, the aptamer affinity complex (or
optional aptamer covalent complex) is released from the
solid support and then prepared for mass spectrometric
analysis using any of a number of methods known in the
art, including matrix-assisted laser desorption ionization
(MALDI), surface enhanced laser desorption ionization
(SELDI), electrospray ionization, or electron impact ion-
ization. In one embodiment, the aptamer affinity complex
(or optional aptamer covalent complex) can be directly
eluted into an electrospray ionization mass spectrome-
ter. In other embodiments, the eluted test sample may
be subjected to further processing, such as, forexample,
enzymatic digestion or chemical modification, prior to
mass spectrometric analysis. The mass spectra can be
obtained by, for example, electrospray ionization, matrix-
assisted laser desorption ionization, or electron-impact
ionization.

[0098] Typically, quantification of a target molecule by
mass spectrometry requires an internal standard, that s,
a compound of known concentration that is introduced
into the test sample that is to be analyzed. Ideal internal
standards will have elution and ionization characteristics
similar to those of the target molecule but will generate
ions with different mass-to-charge ratios. A common in-
ternal standard is a stable isotope-labeled version of the
target molecule. In one embodiment, a stable isotope-
labeled version of the target molecule is added to the test
sample as an internal standard. Spectral peaks corre-
sponding to the various components in the test sample
are then compared with the internal standard’s peak
height or area and thereby enable quantification of the
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target molecule.

[0099] In another embodiment, quantification of the
target molecule is accomplished by comparing the peak
height or area of the spectral peaks corresponding to the
target molecule with those spectral peaks generated from
a set of samples with known concentrations of the target
molecule. The peak heights or areas of the spectral peaks
obtained from the samples having known concentrations
of the target molecule constitute a standard curve from
which the unknown concentration of the target molecule
in the test sample can be computed.

[0100] In another embodiment, the aptamer affinity
complex (or optional aptamer covalent complex) is de-
tected 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, thatis, the assay is capable
of quantifying the amount or concentration of aptamer
present in the test sample. With reference to FIG. 1B, in
an exemplary method for the detection and/or quantifi-
cation of a target molecule that may be present in a test
sample, a test sample is contacted with an aptamer that
may include a tag and has a specific affinity for a target
molecule. An aptamer affinity complex that includes an
aptamer bound to its target molecule is allowed to form.
If the test sample contains the target molecule, an aptam-
er affinity complex will generally form in the test sample.
The aptamer affinity complex is optionally converted, us-
ing a method appropriate to the aptamer being employed,
to anaptamer covalent complex thatincludes an aptamer
covalently bound to its target molecule. As further de-
scribed herein, following the formation of an aptamer af-
finity complex and any optional conversion to an aptamer
covalent complex, any free aptamer that may be present
in the test sample is then partitioned from the aptamer
affinity complex (or optional aptamer covalent complex).
The aptamer affinity complex (or optional aptamer cov-
alent complex) is then quantified using known techniques
for the quantitative replication of polynucleotides.
[0101] In one embodiment, the amount or concentra-
tion of the aptamer affinity complex (or optional aptamer
covalentcomplex) in the test sample is determined using
TagMan® PCR. This technique generally relies on the
5'-3’ exonuclease activity of the oligonucleotide replicat-
ing enzyme to generate a signal from a targeted se-
quence. A TagMan probe is selected based upon the
sequence of the aptamer to be quantified and generally
includes a 5’-end fluor, such as 6-carboxyfluorescein, for
example, and a 3'-end quencher, such as, for example,
a 6-carboxytetramethylfluorescein, 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
fluor from the probe, which is annealed downstream from
the PCR primers, thereby generating signal. The signal
increases as replicative productis produced. The amount
of PCR product depends upon both the number of repli-
cative cycles performed as well as the starting concen-
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tration of the aptamer.

[0102] In another embodiment, the amount or concen-
tration of an aptamer affinity complex (or optional aptam-
er covalentcomplex) is determined using an intercalating
fluorescent dye during the replicative process. The inter-
calating dye, such as, for example, SYBR® green, gen-
erates a large fluorescent signal in the presence of dou-
ble-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.

[0103] In another embodiment, the amount or concen-
tration of the aptamer affinity complex (or optional aptam-
er covalent complex) is determined using a "molecular
beacon" during the 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 fluor
onone end and a quencher on the other end of the hairpin
structure such that little or no signal is generated by the
fluor 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.

[0104] A computer program may be utilized to carry
out one or more steps of any of the methods disclosed
herein. Another aspect of the present disclosure is acom-
puter program product comprising a computer readable
storage medium having a computer program stored ther-
eon which, when loaded into a computer, performs or
assists in the performance of any of the methods dis-
closed herein.

[0105] One aspect of the disclosure is a product of any
ofthe 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 communi-
cation to an interested party at a remote location, if de-
sired. As used herein, "remote location" refers to a loca-
tion that is physically different than that at which the re-
sults 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 trans-
mitted by standard means such as, e.g., facsimile, mail,
overnight delivery, e-mail, ftp, voice mail, and the like.
[0106] "Communicating" information refers to the
transmission of the data representing that information as
electrical 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 in-
cludes, atleastin the case of data, physically transporting
a medium carrying the data or communicating the data.
[0107] With reference to FIG. 3, in another exemplary
method for the detection and/or quantification of one or
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more target molecules that may be present in a test sam-
ple, a test sample that may comprise a target molecule
and at least one non-target molecule may be optionally
contacted with a competitor molecule (indicated as Op-
tion A in FIG. 3). One or more non-specific complexes
may form. The test sample is then contacted with an
aptamer that includes a tag and has specific affinity for
a target molecule. An aptamer affinity complex that com-
prises an aptamer bound to its target molecule is allowed
to form. If the test sample contains the target molecule,
an aptamer affinity complex will generally form in the test
sample. Depending upon the nature of the test sample,
one or more non-specific complexes between the aptam-
er and one or more non-target molecules may also form.
If the test sample was contacted with a competitor mol-
ecule, various non-specific complexes that comprise the
competitor may also have formed and be present in the
test sample.

[0108] The test sample then may be optionally ex-
posed to conditions that kinetically challenge compo-
nents of the test sample (indicated as Option B in FIG.
3). As further described below, a kinetic challenge may
comprise diluting the test sample, introducing a compet-
itor molecule to the test sample, or the capture of aptamer
affinity complexes on a solid support followed by wash-
ing, either with or without competitor molecules present
in the wash solution. If a kinetic challenge is introduced,
non-specific complexes between the aptamer and any
non-target molecules are unlikely to re-formfollowing dis-
sociation. Since non-specific complexes generally disso-
ciate more rapidly than an aptamer affinity complex, a
kinetic challenge reduces the likelihood that an aptamer
will be involved in a non-specific complex with a non-
target. An effective kinetic challenge can provide the as-
say with additional specificity, beyond that of the initial
aptamer binding event and the subsequent covalent in-
teraction.

[0109] Regardless of whether a kinetic challenge is
employed, the aptamer affinity complex that has formed
is then converted, using a method appropriate to the
aptamer being employed, to an aptamer covalent com-
plex that comprises an aptamer covalently bound to its
target molecule. Following aptamer covalent complex
formation, any free or non-complexed aptamer that may
be present in the test sample may be optionally parti-
tioned from the test sample (indicated as Option Cin FIG.
3). Optionally, any free or non-complexed non-target and
target molecules that may be present in the test sample
may be partitioned from the test sample (indicated as
Option D in FIG. 3). Optionally, both free aptamer and
free non-target and target molecules may be removed,
in either order, after formation of the aptamer covalent
complex.

[0110] If dilution is used to introduce a kinetic chal-
lenge, the subsequent test sample containing the aptam-
er covalent complex is preferably concentrated. If appli-
cable, this concentration can be accomplished using
methods described below with respect to the optional
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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 labeling agent.
[0111] The aptamer covalent complex in the test sam-
ple is then detected and/or quantified using any of the
method described herein or any other suitable method
known to one of ordinary skill in the art. For example, the
aptamer covalent complex can be attached to a surface
of a solid support by contacting the solid support with the
test sample and allowing a tag on the aptamer to asso-
ciate, either directly or indirectly, with a probe that is im-
mobilized on the surface of the solid support. The aptam-
er covalent complex that has associated with the probe
on the solid supportis then detected and optionally quan-
tified. At any point prior to detection and optional quan-
tification, thatis, either anytime before attachment or after
attachment of the aptamer covalent complex to the solid
support, the aptamer covalent complex is contacted with
a labeling agent to permit detection of the bound target
molecule. As one of ordinary skillin the art will appreciate,
the aptamer covalent complex can also be detected
and/or quantified using mass spectrometry, Q-PCR, or
any other suitable method known in the art.

[0112] As used herein, "competitor molecule" and
"competitor" are used interchangeably to refer to any mol-
ecule that can form a non-specific complex with a non-
target molecule. A "competitor molecule" or "competitor"
is a set of copies of one type or species of molecule.
"Competitor molecules" or "competitors" refer to more
than one such set of molecules. Competitor molecules
include oligonucleotides, polyanions (e.g., heparin, sin-
gle-stranded salmon sperm DNA, and polydextrans (e.g.,
dextran sulphate)), abasic phosphodiester polymers,
dNTPs, and pyrophosphate. In the case of a kinetic chal-
lenge that uses a competitor, the competitor can also be
any molecule that can form a non-specific complex with
an aptamer. Such competitor molecules include polyca-
tions (e.g., spermine, spermidine, polylysine, and pol-
yarginine) and amino acids (e.g., arginine and lysine).
[0113] As used herein, "non-specific complex" refers
to a non-covalent association between two or more mol-
ecules 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 class-
es 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 be-
tween an aptamer and a non-target molecule, a compet-
itor and a non-target molecule, a competitor and a target
molecule, and a target molecule and a non-target mole-
cule.

[0114] Asusedherein, the terms "kinetically challenge"
and "kinetic challenge" refer to a process of enrichment
for an aptamer affinity complex from a set of complexes
that includes an aptamer affinity complex and non-spe-
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cific complexes, by applying kinetic pressure and making
use of the different affinity characteristics of the constit-
uents of such classes of complexes, including dissocia-
tion rates. A kinetic challenge generally results in an in-
crease in specificity, since aptamer-non-target complex-
es are typically reduced compared to aptamer-target
complexes. As used herein, the term "kinetic pressure”
refers to a means for providing an opportunity for the
natural dissociation of complexes and/or inhibiting the
rebinding of molecules that dissociate from a complex
naturally. Kinetic pressure can be applied by the addition
of a competitor molecule, or by sample dilution, or by
extensive washes when complexes are bound to a solid
support, or by any other means known to one skilled in
the art. As one of ordinary skill in the art will appreciate,
because a kinetic challenge generally depends upon the
differing dissociation rates of aptamer affinity complexes
and aptamer-non-target complexes, the duration of the
kinetic challenge is chosen so as to retain a high propor-
tion of aptamer affinity complexes while substantially re-
ducing the number of aptamer-non-target complexes.
For a kinetic challenge to be effective, the dissociation
rate for the aptamer affinity complex is preferably signif-
icantly lower than those for aptamer-non-target complex-
es. Since an aptamercan be selected to include particular
properties, the constituents of an aptamer affinity com-
plex can be designed to have a comparatively low dis-
sociation rate.

[0115] As used herein, the term "partition" refers to a
separation or removal of one or more molecular species
from the test sample. Partitioning can be used toincrease
sensitivity and/or reduce background. Partitioning is
most effective following aptamer covalent complex for-
mation, when the aptamer affinity complex becomes ir-
reversible due to the covalent bonds.

[0116] For example, removal of free aptamer from the
test sample may increase assay sensitivity, since free
aptamer may compete with an aptamer covalent complex
during attachment of the aptamer covalent complex to a
probe on the surface of the solid support. When using
QPCR for detection and optional quantification, the re-
moval of free aptamer facilitates detection and quantifi-
cation of the target molecule. In one embodiment, the
target molecule is a protein and free aptamer is parti-
tioned from the aptamer covalent complex (and the rest
of the test sample) by using reagents that precipitate pro-
teins, and complexes that include proteins, such as the
aptamer covalent complex, and not free nucleic acids in
the test sample. Such reagents can include K*/SDS, ac-
etone, (NH,4),SO,, ProCipitate, and other charged poly-
mers that are known in the art.

[0117] In one embodiment, an aptamer, such as, for
example, a tagged photoaptamer with a specific affinity
for a target molecule, in this case a target protein, is in-
troduced to the test sample. As further described herein,
following the formation of an aptamer affinity complex
and the conversion to an aptamer covalent complex, the
aptamer-protein covalent complex and un-complexed
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protein are precipitated from the test sample using an
appropriate reagent, such as any of the reagents listed
above or any other suitable reagent. Precipitated com-
ponents of the test sample are pelleted by centrifugation,
and the supernatant containing free aptamer is discard-
ed. The pellet, containing free protein and the aptamer-
protein covalent complex, is then suspended in an ap-
propriate solution, such as for example the assay binding
diluent, and the aptamer covalent complex can then be
contacted with a labeling agent either before or after at-
tachment of the aptamer covalent complex to the solid
support. The target molecule, if present in the test sam-
ple, is then detected and/or quantified by detecting the
labeling agent on the aptamer covalent complex.
[0118] To reduce assay background, molecules that
are capable of reacting with the labeling agent and that
are not covalently linked to the aptamer may be removed
from the test sample. In one embodiment, this is accom-
plished by precipitating the aptamer, both free and com-
plexed, from the test sample, leaving other molecules
that can react with the labeling agent in the supernatant
to be discarded. Such nucleic acid precipitation can be
accomplished with reagents that include cetyltrimethyl-
ammonium bromide (CTAB), dodecyltrimethylammoni-
um bromide (DTAB), and organic solvents such as eth-
anol, for example. In another embodiment, the aptamer,
both free and complexed, is partitioned from the sample
by hybridizing the aptamer to a solid support. The solid
support in this case may include microbeads (for exam-
ple, paramagnetic beads), any other suitable solid sup-
ports described herein, and the like. After allowing the
aptamer to hybridize to the surface of a suitable solid
support, the solution containing molecules that can react
with the labeling agent is easily removed, resulting in a
concentration of the aptamer covalent complex. As one
of ordinary skill in the art will appreciate, partitioning of
the aptamer in this manner may use either a tag included
on the aptamer or some other nucleic acid sequence on
the aptamer to hybridize the aptamer to a suitably com-
plementary nucleotide sequence attached to the solid
support.

[0119] Inone embodiment, a tagged aptamer, such as
atagged photoaptamer with a specific affinity for a target
protein, is introduced to the test sample. As further de-
scribed herein, following the formation of an aptamer af-
finity complex and the conversion to an aptamer covalent
complex, the aptamer-protein covalent complex and free
aptamer are precipitated from the test sample using an
appropriate reagent, such as any of the reagents listed
above or any other suitable reagent. Precipitated com-
ponents of the test sample are pelleted by centrifugation,
and the supernatant containing uncomplexed target and
the remainder of the test sample is discarded. The pellet,
which contains the free aptamer and the aptamer cova-
lent complex, is then suspended in an appropriate solu-
tion, such as for example the assay binding diluent, and
the aptamer covalent complex and free aptamer can then
be contacted with a labeling agent either before or after
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attachment of the aptamer covalent complex to the solid
support. The target molecule, if present in the test sam-
ple, is then detected and/or quantified by detecting the
labeling agent on the aptamer covalent complex.
[0120] In another embodiment, a tagged aptamer,
such as a tagged photoaptamer with a specific affinity
for a target protein, is introduced to the test sample. As
further described herein, following the formation of an
aptamer affinity complex and the conversion to an aptam-
er covalent complex, the aptamer-protein covalent com-
plex and free aptamer are captured on solid support us-
ing, for example, beads containing a probe that is com-
plementary to the aptamer tag. The beads are pelleted
either by magnetic force, in the case of paramagnetic
beads, or centrifugation for non-paramagnetic beads,
and the supernatant containing un-complexed targetand
test sample is discarded. The pellet is then suspended
in an appropriate solution, such as for example the assay
binding diluent, and the aptamer covalent complex and
free aptamer are eluted using any suitable means for
disrupting the hybridization interaction, including, for ex-
ample, heat, high pH, distilled water, some combination
of these, or any other known method. The beads are
again pelleted, and the supernatant, containing the free
aptamer and the aptamer covalent complex, can be con-
tacted with a labeling agent either before or after attach-
ment of the aptamer covalent complex to the solid sup-
port. The target molecule, if present in the test sample,
is then detected and/or quantified by detecting the labe-
ling agent on the aptamer covalent complex.

[0121] Inanother embodiment, the assay is performed
as outlined above, up to and including the step where
the beads are suspended after discarding the superna-
tant containing un-complexed target and test sample.
Then, prior to eluting the free aptamer and aptamer cov-
alentcomplexfromthe beads, the aptamer covalent com-
plex may be contacted with a labeling agent, followed by
repeated pelleting and washing to remove unreactive la-
beling agent prior to contacting the solid support with the
aptamer covalent complex for detection and/or quantifi-
cation of the target molecule.

[0122] In any of the methods disclosed herein, the test
sample may be prepared as two or more dilutions of the
test sample, which may increase the dynamic range of
concentrations at which a target molecule can be present
in a test sample and be subject to detection by the meth-
ods disclosed herein. The individual dilution test samples
are separately assayed up to and including aptamer cov-
alentcomplex formation, after which the dilution test sam-
ples may be pooled for the remainder of the assay and
detected simultaneously on a single solid support. In one
embodiment, each dilution test sample includes a unique
aptamer, thereby enabling a single measurement of the
corresponding target. In another embodiment, an aptam-
er can be added to two or more dilutions, each dilution
contacting a distinctly tagged aptamer for a particular tar-
get, allowing for the detection of a specific aptamer signal
for each of the different dilution samples on a single solid
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support. Chaining together diluted samples in this man-
ner can extend a dynamic range for a single target mol-
ecule over many orders of magnitude and add accuracy
when overlapping regions of quantification lead to multi-
ple determinations of a single target's concentration.
[0123] Inone embodiment, a set of test samplesis pre-
pared as serial dilutions to which a tagged aptamer, such
as a tagged photoaptamer with a specific affinity for a
target molecule, is introduced. The same aptamer with
a different tag can be added to each test sample dilution.
As further described herein, following the formation of an
aptamer affinity complex and the conversion to an aptam-
er covalent complex, the individual test samples can be
pooled and contacted with a labeling agent either before
or after attachment of the aptamer covalent complex to
the solid support. The target molecule, if present in the
test sample, is then detected and/or quantified by detect-
ing the labeling agent on the aptamer covalent complex.
The resultant signals detected for each aptamer having
a different tag can be combined to accurately quantify
the amount or concentration of the target molecule in the
original test sample. For example, the first dilution may
result in a maximal signal for the target, yielding only
semi-quantitative information, while the second dilution
may resultin a signal thatis less than saturating, allowing
for an accurate quantification of the target in the original
test sample.

[0124] In another embodiment, a set of test samples
is prepared as serial dilutions to which a tagged aptamer,
such as a tagged photoaptamer with a specific affinity
for a target molecule, is introduced. Different aptamers
having unique tags may be added to each sample dilu-
tion. As further described herein, following the formation
of aptamer affinity complexes and the conversion to
aptamer covalent complexes, the individual test samples
can be pooled and contacted with a labeling agent either
before or after attachment of the aptamer covalent com-
plexes to the solid support. Target molecules present in
the test sample are then detected and/or quantified by
detecting the labeling agent on the aptamer covalent
complex. The resultant signals can be quantified for tar-
get ranges over many orders of magnitude depending
on the different serial dilutions of the original sample.
[0125] In any of the methods disclosed herein, a test
sample may be compared to a reference sample. A "ref-
erence 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 pre-
cise amount or concentration of any target molecules
presentin the reference sample may also be known. The
term reference sample includes biological samples, as
defined herein, and samples that may be used for envi-
ronmental 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 prepar-
atory process, for example a manufacturing process. A
reference sample may include any suitable assay medi-

10

15

20

25

30

35

40

45

50

55

20

um, 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).

[0126] Inone embodiment, a reference sample is sep-
arately treated from a test sample in an identical manner
up to, but not including, exposure to the labeling agent,
which, in this embodiment only, must occur prior to at-
taching the aptamer covalent complex to the solid sup-
port. Two different labeling agents are used to differen-
tiate target levels in the reference sample from the target
levels in the test sample. After the samples are contacted
with the labeling agent, they can be equally mixed and
can be contacted with the solid support simultaneously.
A direct comparison of any differential expression (i.e.,
differential amount or concentration of the target in the
samples) between the reference sample and the test
sample is then possible by measuring the signal from
each labeling agent separately. The two labeling agents
can include a Cy3 and Cy5 pair, and an Alexa555 and
Alexab647 pair. In one embodiment, the reference sample
can be a pooled biological sample representing a control
group. Inanother embodiment, the reference sample can
be a biological sample obtained from an individual, col-
lected 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 mul-
tiple biological samples provided by the individual over
time.

[0127] Inone embodiment, atagged aptamer, such as
a tagged photoaptamer with a specific affinity for a target
molecule, is introduced to both a reference sample and
a test sample. As further described herein, following the
formation of an aptamer affinity complex and the conver-
sion to an aptamer covalent complex, the two samples
can be contacted with two distinct labeling agents, con-
taining two different detection molecules. The two sepa-
rately labeled samples containing the aptamer covalent
complex can then be attached to the solid support. The
targetmolecule, if presentin either or both of the samples,
is then detected and/or quantified by detecting the two
labeling agents on the aptamer covalent complex, typi-
cally by performing multiple scans at different excitation
and emission wavelengths when the detection label is a
fluorescent molecule, for example. Such quantification
may lead to more accurate assessment of differential tar-
get amounts or concentrations in the reference sample
and the test sample and can facilitate comparisons
among different test samples when the reference sample
employed is the same.

[0128] Inany of the methods disclosed herein, multiple
labeling agents may be used to analyze a single test sam-
ple. In one embodiment, two or more labeling agents,
each with a distinct chemistry for labeling different target
molecule moieties and an optionally different detection
group, can be used with a single test sample. The differ-
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ent chemistries will label different functional groups on
the target molecule from which additional information
may be derived. For example, in the case of a target
protein, one label may be attached to the target using
chemistry that reacts with primary amines (e.g., lysines),
while a second label is attached to the target through
chemistry that reacts with, for example, carbohydrate
groups that are typically associated with glycosylated
proteins. The relative quantification of these two moieties
on the same target molecule, recognized by a common
aptamer, can provide useful information about the extent
of glycosylation for that target within the test sample.
[0129] In one embodiment, a tagged aptamer, such as
atagged photoaptamer with a specific affinity for a target
molecule, is introduced to a test sample. As further de-
scribed herein, following the formation of an aptamer af-
finity complex and the conversion to an aptamer covalent
complex, the test sample can be contacted with two dis-
tinct labeling agents, containing two different detection
molecules, either before or after contacting the aptamer
complex with the solid support. In one embodiment, the
detection labels and the chemistries are unique, allowing
for sequential labeling of the same test sample containing
an aptamer covalent complex. In another embodiment,
the chemistries may be carried out simultaneously in one
reaction. The multiply-labeled aptamer covalent complex
can then be detected and/or quantified by detecting the
two labeling agents on the aptamer covalent complex,
typically by performing multiple scans at different excita-
tion and emission wavelengths when the detection labels
are fluorescent molecules, for example.

[0130] In another embodiment, two or more distinct la-
beling agents employ the same detection label. The as-
say proceeds as described above, up to and including
the conversion to an aptamer covalent complex, after
which the test sample is split into as many aliquots as
there are distinct labeling agents, and each aliquot of the
test sample is contacted separately with a labeling agent
either before or after attachment of the aptamer covalent
complex to the solid support. The separately labeled al-
iquots of the test sample containing the aptamer covalent
complex can be detected and/or quantified separately.
[0131] Any of the methods described herein may be
used to conduct a multiplexed analysis of a test sample.
Any such multiplexed analysis can include the use of at
least two, at least tens, at least hundreds, or at least
thousands of aptamers to simultaneously assay an equal
number of target molecules in a test sample, such as a
biological sample, for example. In these embodiments,
a plurality of tagged aptamers, such as tagged pho-
toaptamers, that each have a specific affinity for a target
molecule is introduced to the test sample. As further de-
scribed herein, following the formation of aptamer affinity
complexes and the conversion to aptamer covalentcom-
plexes, the aptamer covalent complexes are attached to
a solid support through a plurality of corresponding
probes that are immobilized on the solid support. The
aptamer covalent complexes can be contacted with a
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labeling agent either before or after attachment of the
aptamer covalent complexes to the solid support. Target
molecules present in the test sample are then detected
and/or quantified by detecting the labeling agent on the
aptamer covalent complex.

[0132] Anotheraspectofthe presentdisclosure relates
to kits useful for conveniently performing any of the meth-
ods disclosed herein to analyze test samples. To en-
hance the versatility of the subject disclosure the rea-
gents can be provided in packaged combination, in the
same or separate containers, so that the ratio of the re-
agents provides for substantial optimization of the meth-
od and assay. The reagents may each be in separate
containers or various reagents can be combined in one
or more containers depending upon the cross-reactivity
and stability of the reagents.

[0133] A kit comprises, in packaged combination, at
least one tagged aptamer, a solid support including at
least one probe, and a suitable labeling 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
relative amounts of the various reagents in the kits can
be varied widely to provide for concentrations of the re-
agents that substantially optimize the reactions that need
to occur during the assay and to further substantially op-
timize the sensitivity of the assay. Under appropriate cir-
cumstances, one or more of the reagents in the kit can
be provided as a dry powder, usually lyophilized, includ-
ing excipients, which upon dissolution will provide a re-
agent solution having the appropriate concentrations for
performing a method or assay in accordance with the
present invention. The kit can further include a written
description of a method in accordance with the present
invention as described herein.

[0134] In an exemplary embodiment, a kit for the de-
tection and/or quantification of one or more target mole-
cules that may be present in a test sample includes at
least one aptamer having specific affinity for a target mol-
ecule and comprising a tag; a labeling agent; and a solid
support, wherein the solid support includes at least one
probe disposed thereon, and wherein the probe is capa-
ble of associating with the tag on the aptamer.

EXAMPLES

[0135] The following examples are provided for illus-
trative purposes only and are not intended to limit the
scope of the invention as defined in the appended claims.

Example 1. Photoaptamer Assay Measuring VEGF
Serially Diluted into Buffer and Plasma Using Hybrid-
ization Capture by Probes Immobilized on a Surface
for Detection and Quantification

[0136] This example illustrates the steps of the assay
as illustrated in FIGS. 2A, 2B, and 2C for a single pho-
toaptamer and its target protein. The assay is performed
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using two different test samples, buffer and plasma.
[0137] A. Preparation of Oligonucleotides. A DNA
oligonucleotide tag included on the 3’ end of the pho-
toaptamer was used here. In this case, the tag was the
3’ fixed region used during the SELEX protocol. The
VEGF photoaptamer 509-80 was synthesized using
standard protocols for phosphoramidite DNA synthesis
on solid phase using a conventional synthesizer. The 5-
BrdU containing photoaptamer was cleaved and depro-
tected in milder conditions than are standard in DNA syn-
thesis, using t-butylamine:methanol:water in a 1:1:2 ratio
at 70°C for 5 hours, filtered and evaporated to dryness.
The aptamer was purified using ethanol precipitation fol-
lowed by reverse-phase HPLC. DNA probes comple-
mentary to the tag on the photoaptamer and including an
amine reactive group were synthesized as described
above and cleaved and deprotected using standard pro-
tocols for DNA. Probes were purified using ethanol pre-
cipitation only.

[0138] B.lmmobilization of Capture Probes onto an
Amine Reactive Surface. The reverse complement of
the capture tag was synthesized as described above with
a5’ amine and coupled toan amine-reactive slide surface
comprised of a cyclic-olefin copolymer (COC) substrate
coated with a methacrylate copolymer, as further de-
scribed in International  Application = Number
PCT/US2006/008877 (WO 2006/101798), filed March
14, 2006, entitled "Polymer Compound for Biomedical
Use and Biochip Substrate Using Such a Polymer Com-
pound" and referred to herein as the "methacrylate co-
polymer surface." Microarrays of capture probes were
printed onto the surface. Briefly, amine containing cap-
ture probes were reacted with active ester groups em-
bedded in the surface. The capture probes were diluted
to 20 pM in a buffer consisting of 300 mM sodium phos-
phate, 25 mM sodium borate (pH 9.5 at 21°C), 0.01%
Tween® 20 and 1 mM 4-dimethylaminopyridine (DMAP).
Capture probes were deposited in 250 pL spots in tripli-
cate on the slide surface in an array using a GeneMa-
chines OmniGrid Accent microarrayer. The arrayed
slides were incubated in 65% humidity for 1 hour at room
temperature followed by 65°C for 1 hour and finally over
night at room temperature. Remaining amine-reactive
groups were hydrolyzed in 20 mM NaOH for 5 minutes,
followed by 10 H,0 rinses and then dried under a stream
of N,. Prior to usage, slides were stored in the dark at
room temperature in a dessication chamber.

[0139] VEGF Aptamer 509-80 was incubated at 1 nM
concentration with serially diluted target protein VEGF,
from 5 nMto 1.6 pM, in 100 pL of assay diluent (1xSB17
(40 mM HEPES, 102 mM NaCl, 5 mM KCI, 5 mM MgCl,,
1 mM EDTA), 0.1% Tween® 20, 0.05% BSA, 100 p.g/mL
herring sperm DNA) or in 10% plasma (10% plasma in
1xSB18 (40 mM HEPES, 102 mM NaCl, 5 mM KCI, 5
mM MgCl,), 200 pg/mL herring sperm DNA, 0.1%
Tween® 20). The samples were mixed gently and incu-
bated at 37°C for 30 minutes. The samples were irradi-
ated with 1 Joule of 308 nm light delivered by an excimer
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laser (Tui Laser ExciStar S200, 10 ns pulse length, 200
Hz, 0.8 mJ per pulse). Staining was initiated by addition
to each sample of 1 pL of succinimidyl-Alexa647 at 10
mg/mL in DMSO. The solutions were mixed and reacted
overnight at 4°C. The stain reaction was quenched by
adding 5 pL of 10% BSA and incubating for 2 hours.
Finally, 18 pL of 5 M NaCl and 4.5 pL of 10% Triton were
added to 90 pL of the 10% plasma samples, and 18 pL
of 5 M NaCl and 0.9 pL of 10% Triton were added to 90
pL of the buffer samples. A Grace Proplate gasket was
attached to a slide containing the immobilized probes,
creating 16 wells. Each well was incubated for 15 minutes
at 42°C with 80 p.L of a solution composed of 600 pL of
5MNaCl, 30 pL of 10% Triton and 3 mL of assay diluent.
This solution was then removed and replaced with 80 pL
of sample. The wells were sealed with Microseal 'F’ Film
and the slide was mixed at 600 rpm, 37°C on an Eppen-
dorf Thermomixer R for 3 hours. The hybridization solu-
tions were removed and the wells rinsed 3 times with a
solution composed of SB 17, 0.5% Triton, 100 pg/mL
herring sperm DNA and 1 M NaCl. The gasket was then
removed and the entire slide was placed in a pap jar in
30 mL of a solution composed of SB 17, 0.5% Triton and
1 M NaCl for 30 minutes, followed by a 2 minute rinse in
1xSB17, 0.05% Tween® 20, followed by a 30 second
rinse in 0.5xSB17. The slide was dried under a stream
of N, and scanned with a TECAN LS300 fluorescent
scanner (excitation 633 nm/emission 670 nm). The re-
sulting TIF image was analyzed with ArrayVision Soft-
ware from Imaging Research, Inc. to isolate features and
compute their average intensities using standard tech-
niques for processing microarray images.

[0140] The results are set forth in FIG. 4 where the
buffer (FIG. 4A) and plasma (FIG. 4B) results have been
quantified as described above for the VEGF aptamer
capture probe. The linear response for serial dilution in
both media, obtained with subtraction of the no protein
buffer control from each response, encompasses the
range from 2 pM to 5 nM in VEGF concentration.

Example 2. Photoaptamer Assay Using Hybridization
Capture by Probes Immobilized on a Surface for De-
tection and Quantification of Multiple Target Proteins
in Buffer

[0141] This example illustrates the steps of the assay
as illustrated in FIGS. 2A, 2B, and 2C in a multiplexed
format using 10 photoaptamers and their target proteins
in buffer.

[0142] A. Preparation of Tagged Photoaptamer.
Unique oligonucleotide tags were assigned to each pho-
toaptamer from the reverse complements of a set of gene
expression probes obtained from the Affymetrix Gene-
Chip® Test3 Array. The tagged photoaptamers were pre-
pared as described in Example 1 except the amine group
was added to the 5’ end of the photoaptamers. Prior to
use, aptamer solutions were heated to 95°C for 3 minutes
followed by controlled cooling to 37 °C at a rate of 0.1°
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C per second.

[0143] B.lmmobilization of Capture Probes onto an
Amine Reactive Surface. The reverse complements of
the capture tags were immobilized as described in Ex-
ample 1 except a 3’ amine was used here for the probes
and 0.0025 % Tween® 20 was used while DMAP was
eliminated from the print buffer. The printed slides were
incubated at 65°C for 2 hours, followed by overnight stor-
age in a dessicator. 'Slides were then treated with a so-
lution of methoxy ethyl amine (pH 9.5 @ 37°C) to remove
unbound probe and consume excess active ester groups
on the surface.

[0144] The assay follows the scheme outlined in FIGS.
2A, 2B, and 2C. The basic protocol described in Example
1 was used. However, 41 photoaptamers were multi-
plexed and 10 target proteins to a subset of these aptam-
ers were serially diluted in the samples. The protein:pho-
toaptamer pairs quantified in this example include
bFGF:6-7, ERBB4:1797-38, IL-1 R4:1472-3, MCP-
3:851-90, PAI-1:1921-52, TIMP-1:90536, tPA:987-51,
uPA:1162-70, VEGF:509-80, VEGF sR2:1546-23.
[0145] 41 photoaptamers, each at a concentration of
2 nM, were incubated with 6 serial dilutions of 10 target
proteins and one no protein control in 100 pL of assay
buffer (SB17, 0.1% Tween® 20) for 30 minutes at 37°C.
The samples were irradiated and stained as described
in Example 1 except 2.1 pL of succinimidyl-Alexa647 was
used and the reaction was incubated for 2 hours at room
temperature in the dark. 'The stain reaction was
quenched by the addition of 25 pL of 5M NaCl, 5 pL of
Triton X-100, 13.5 pL of 100 mM glycine and 1.5 pL of
10 mg/mL herring sperm DNA and incubated for 40 min-
utes at room temperature in the dark, followed by 2 min-
utes at 70°C. Prior to hybridization, gasketed slides ar-
rayed with hybridization probes were prepared as de-
scribed in Example 1. The pre-hybridization solution was
removed and the hybridization samples were added to
the wells and incubated at 45°C for 2 hours in a humid
chamber. 'The hybridization solutions were removed and
the wells rinsed 3 times with a 45°C wash solution com-
posed of 1xSB17, 0.33% Triton X-100 and 1 M guanidin-
ium hydrochloride. The gaskets were then removed and
each entire slide was placed in a pap jar with the wash
buffer for 20 minutes at 45°C, followed by a 2 minute
rinse in 1xSB17, 0.1% Tween® 20, and a final rinse in
0.25xSB17. The slide was dried, scanned and quantified
as described in Example 1. The results are set forth in
FIG. 5, which illustrates the signal generated from the
multiplexed assay for protein concentrations ranging
from 10 pM to 1 nM in buffer for ten target proteins.

Example 3. Photoaptamer Assay Using Hybridization
Capture by Probes Immobilized on a Surface for De-
tection and Quantification of Multiple Target Proteins
in Serum

[0146] This example demonstrates the utility of the as-
say asillustrated in FIGS. 2A, 2B, and 2C in a multiplexed
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format using 57 photoaptamer for measurements in se-
rum samples.

[0147] A. Preparation of Tagged Photoaptamer.
The tagged photoaptamers were prepared as described
in Example 2.

[0148] B. Immobilization of Capture Probes on an
Amine Reactive Surface. The reverse complements of
the capture tags were immobilized as described in Ex-
ample 2.

[0149] The 57 photoaptamers were split into two sets
for multiplexing, one of 27 aptamers to low abundant tar-
gets and one of 30 aptamers to high abundant targets in
human serum or plasma. 14 serum samples were pre-
pared in two dilutions and mixed with the two sets of
aptamers to give a final concentration of 1 nM for each
aptamer and 10% serum, 0.9xSB1, 0.1% Tween® 20, 50
mg/mL IghsDNA, 10 mg/mL (BrdU),, for the 27 aptamer
setand 1% serum, 0.99xSB1, 0.1 % Tween® 20, 5 mg/mL
IghsDNA, 1mg/mL (BrdU),, for the 30 aptamer set. SB1
is comprised of 40 mM HEPES, 102 mM NaCl, 5 mM
KCI, 1 mM MgCl,, and 1 mM CaCl,. The samples were
equilibrated, crosslinked and stained as described in Ex-
ample 2. The stainreaction was quenched by the addition
of 10 pL of 10% low fatty acid (FA) BSA, 25 pL of 5 nM
NaCl, 5 pL of 10% Triton X100 and 7 L 100 mM glycine
and incubated for 40 minutes at room temperature. After
quenching, 1.5 pL of 10% SDS was added and the sam-
ples were heated to 42°C for two minutes.

[0150] Gasketed slides were prepared as described in
Example 1 and incubated with 1xSB1, 0.1% Tween® 20,
0.66% low FA BSA, 830 mM NacCl, 0.33% Triton X100,
0.1% SDS, 50 mg/mL large herring sperm DNA and 10
mg/mL (BrdU)3q for 15 minutes. The pre-hybridization
buffer was removed, stained samples added and incu-
bated in a humid chamber at 60°C for 2 hours. After hy-
bridization, the slides were washed, dried, scanned and
quantified as described in Example 2.

[0151] FIG. 6 shows the signals quantified from the
scanned images for replicate measurements of the 57
photoaptamers for serum samples from two individuals.
The measurements are demonstrated to be highly repro-
ducible, with Pearson correlations better than 0.99 for
aptamer measurements between the replicate samples.

Example 4. Kinetic Challenge with Dilution in Pho-
toaptamer Assay Using Hybridization Capture by
Probes Immobilized on a Surface

[0152] This example illustrates the use of two optional
steps in the assay depicted in FIG. 3, a kinetic challenge
followed by removal of free protein. The kinetic challenge,
accomplished by dilution, illustrates the loss of aptamer-
protein non-specific complexes with retention of the
aptamer-target affinity complexes in plasma. This exam-
ple alsoillustrates the use of bead capture to concentrate
the sample after dilution and to permit removal of free
protein prior to staining.

[0153] A. Preparation of Tasted Photoaptamer
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987-51. The tagged photoaptamer was prepared as de-
scribed in Example 2.

[0154] B.lmmobilization of Capture Probes onto an
Amine Reactive Surface. The reverse complements of
the capture tags were immobilized as described in Ex-
ample 2.

[0155] Photoaptamer 987-51 at 20 nM concentration
was mixed with two no-protein controls and 10 serially
diluted concentrations of target protein tPA in either as-
say buffer (SB17, 0.1% Tween® 20) or plasma (10% plas-
ma in SB18, 0.1% Tween® 20). To assess response in
the absence of a kinetic challenge, two additional control
samples were prepared in both buffer and plasma, one
with no-protein and one with the highest protein concen-
tration. These 28 samples in 10 pL volumes, 14 each for
buffer and plasma, were incubated for 30 minutes at
37°C. The first 12 samples in both buffer and plasma
were diluted 50-fold by addition of SB17, 0.1% Tween®
20 and incubated for 5 minutes, followed by irradiation
of all twenty-eight samples with 1 J UV light (OAI Hg lamp
filtered light source). After irradiation, the remaining two
samples each in buffer and plasma were diluted 50-fold
as described above.

[0156] Each sample was adjusted to 1 M NaCl and
incubated at 45°C for 90 minutes with 25 pg of Dynal
paramagnetic beads coupled to an oligonucleotide com-
plementary to the 3’ end of aptamer 987-51. Samples
were centrifuged at 1000g for 2 minutes and the super-
natant removed. The beads were washed 3 times with
100 pL SB17,0.1% Tween® 20. Beads were suspended
in 100 mM sodium bicarbonate, 1 mM EDTA, 0.02 %
Tween®-20, 0.2 mg/mL Alexa647-NHS dye, and shaken
at room temperature for 1 hour. The stain solution was
removed and replaced with 100 nL SB 17, 0.1% Tween-
20, 10 mM glycine to quench the stain reaction. Beads
were next washed 3 times with 100 pL volumes of gua-
nidine wash buffer (SB17, 0.1% Tween-20, 0.33% Triton
X-100, 1 M guanidine hydrochloride), suspended in 70
L 0.33% Triton X-100, 1 mg/mL dextran sulfate and
heated at 95°C for 5 minutes to elute the aptamers from
the magnetic beads. Gasketed slides were prepared and
pre-hybridized as described in Example 2. 65 pL of each
supernatant containing eluted aptamers was transferred
to awell containing 25 p.L of 3.6 M NaCl, 144 mM HEPES,
0.33% Triton X-100. The slides were incubated in a humid
chamber at 45°C overnight then washed, dried, scanned
and quantified as described in Example 2.

[0157] FIG. 7 shows a graphical representation of the
results in buffer (@) and plasma (A) after 50-fold dilution.
The signal obtained from the high protein control samples
with no dilution (O buffer, A plasma) are in good agree-
ment with the diluted values, indicating little loss of target
signal during the kinetic challenge. The no-protein plas-
ma RFU without and with dilution is 838 RFU (O at 0.1
pM) and 131 RFU (A), resulting in an 84% drop in signal
presumably due to removal of aptamer non-specific com-
plexes during the kinetic challenge.
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Example 5. Kinetic Challenge with Competitors in
Photoaptamer Assay Using Hybridization Capture by
Probes Immobilized on a Surface

[0158] This example illustrates the optional step of in-
troducing a kinetic challenge in the assay depicted in
FIG. 3. The kinetic challenge, accomplished in this ex-
ample by the addition of a competitor molecule, illustrates
the loss of aptamer-protein non-specific complexes while
maintaining aptamer-target affinity complexes in plasma.
[0159] A. Preparation of Tagged Photoaptamer
987-51. The tagged photoaptamer was prepared as de-
scribed in Example 2.

[0160] B.Immobilization of Capture Probes onto an
Amine Reactive Surface. The reverse complements of
the capture tags were immobilized as described in Ex-
ample 2.

[0161] Photoaptamer 987-51 at 20 nM concentration
was mixed with a no-protein control and 6 serially diluted
concentrations of target protein tPA in 10% plasma dilut-
ed into SB 18, 0.1% Tween® 20. Two sets of samples
were prepared to facilitate comparisons between sam-
ples with and without competitor addition. Each solution
was incubated at 37 °C for 30 minutes. After the 30 minute
equilibration, half of each sample from one set was added
to the same volume of 550 uM dN,5 competitorin SB17,
0.1% Tween® 20 at 37 °C and incubated for 9 minutes
followed by irradiation as described in Example 4. After
irradiation, SB 17, 0.1% Tween-20 was added to the no
competitor set of samples to equal the volume of the com-
petitor addition. The samples were stained as described
in Example 4 except the incubation time was 2 hours.
The stain reaction was quenched with the addition of 45
pL 0.83 M NaCl, 0.33% Triton X-100, 0.1 mg/mL large
herring sperm DNA and 9 mM glycine. The samples were
mixed and incubated in the dark at room temperature for
40 minutes, followed by heating to 70°C for 2 minutes.
[0162] Gasketed slides were prepared as described in
Example 2 and incubated in a solution of SB18, 0.1%
Tween® 20, 0.33% Triton X-100 and 100 wg/mL large
herring sperm DNA. Samples were added to slide wells
and incubated in a humid chamber at 45°C overnight
thenwashed, dried, scanned and quantified as described
in Example 2.

[0163] The results are showninFIG. 8, where the dose
response curves for tPA in plasma with and without the
addition of the competitor are presented. The plasma val-
ue with no added protein is reduced by 70% due to the
addition of competitor, whereas the response to the high-
est target concentration is unchanged in the presence
competitor.

Example 6. Kinetic Challenge with Bead Capture and
Washing of Aptamer Affinity Complexes in Pho-
toaptamer Assay Using Hybridization Capture by
Probes Immobilized on a Surface

[0164] This example illustrates the optional step of in-



47

troducing a kinetic challenge in the assay depicted in
FIG. 3. The kinetic challenge in this example is accom-
plished by capturing aptamer affinity complexes on
beads and washing the immobilized complexes such that
dissociated target proteins are removed prior to
crosslinking.

[0165] A. Preparation of Tagged Photoaptamers
987-51, 1152-46, and 1920-1. The tagged photoaptam-
ers were prepared as described in Example 2.

[0166] B.lmmobilization of Capture Probes onto an
Amine Reactive Surface. The reverse complements of
the capture tags were immobilized as described in Ex-
ample 2.

[0167] Photoaptamers 987-51, 1152-46, and 1920-1
at 4 nM concentration were mixed with biotinylated
probes complementary to the unique tag sequence of
each photoaptamer at 8 nM concentration and incubated
for 15 seconds at 95°C, then slow-cooled at 0.1°C per
second to 37C. The photoaptamer:biotinylated probe
complexes at a concentration of 0.2 nM photoaptam-
er:0.4 nM probe were mixed with a no-protein control and
6 serially diluted concentrations of target proteins tPA,
PAI-1, and IL-6 in either assay buffer (SB 17, 0.1%
Tween® 20) or plasma (10% plasma in SB18, 0.1%
Tween® 20). These 14 samples in 100 wL volumes, 7
each for buffer and plasma, were incubated for 30 min-
utes at 37°C, after which 50 p.g of Dynal MyOne Strepta-
vidin beads were added to each sample and incubated
for 2 minutes at 37°C with mixing to capture the non-
covalent photoaptamer:biotinylated probe:protein com-
plexes. The beads were washed 3 times for 30 seconds
with 100 uL SB17, 0.1% Tween® 20, 0.1 mg/mL herring
sperm DNA, resuspended in 100 pL of the same, and
irradiated with 4 J UV light (OAI Hg lamp filtered light
source) with mixing.

[0168] The beads were washed once with 100 mM so-
dium bicarbonate, 1 mM EDTA, 0.02 % Tween®-20, re-
suspended in 100 mM sodium bicarbonate, 1 MM EDTA,
0.02 % Tween®-20, 0.2 mg/mL Alexa647-NHS dye, and
shaken at room temperature for 1 hour. Beads were next
washed 3 times with 100 pL SB17, 0.1% Tween-20,
0.33% Triton X-100, 1 M guanidine hydrochloride, 25 mM
glycine, once with 100 wL SB17, 0.1% Tween-20, 0.33%
Triton X-100, and suspended in 95 pL 40 mM HEPES,
pH 7.5, 0.33% Triton X-100 and heated at 70°C for 5
minutes to elute the aptamers from the magnetic beads.
Gasketed slides were prepared and pre-hybridized as
described in Example 2. 90 pL of each supernatant con-
taining eluted aptamers was combined with 30 pL of 40
mM HEPES, pH 7.5, 3 M NaCl, 0.33% Triton X-100, in-
cubated for 2 minutes at 70°C, and 110 pL of each was
transferred to the slide wells. The slides were incubated
in a humid chamber at 45°C overnight. Samples were
removed and rinsed three times with 150 pL SB17,0.1%
Tween-20, 0.33% Triton X-100, 1 M guanidine hydro-
chloride at 45°C. The gasketed slides were disassem-
bled, placed in a pap jar containing 30 mL SB17, 0.1%
Tween-20, 0.33% Triton X-100, 1 M guanidine hydro-
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chloride, and mixed by rotation for 20 minutes at 45°C.
Slides were then transferred to a pap jar containing 30
mL SB 17, 0.1 % TWEEN-20 and mixed by rotation for
2 minutes at 20°C, transferred to a pap jar containing 30
mL 0.2X SB 17, 0.02% TWEEN-20 for 15 seconds with-
out mixing, and dried, scanned, and quantified as de-
scribed in Example 2.

[0169] FIG. 9 shows a graphical representation of the
results for tPA aptamer 987-51 (FIG. 9A), PAI-1 aptamer
1152-46 (FIG. 9B), and IL-6 aptamer 1920-1 (FIG. 9C)
in buffer (@) and plasma (A). RFU values have been
corrected by subtracting the no-protein buffer RFU value
for each aptamer. The corrected no-protein plasma RFU
values for these aptamers (A at 1 pM) are 66, 26, and 49
RFU, respectively.

Example 7. Removal of Free Photoaptamer in the
Photoaptamer Assay Using Hybridization Capture by
Probes Immobilized on a Surface

[0170] This example illustrates the optional step of re-
moving free aptamer prior to hybridization capture on the
surface, as depicted in FIG. 3. The free aptamer is re-
moved by precipitation of protein and aptamer-protein
covalent complexes by K*/SDS while free aptamer re-
mains in solution. The supernatant containing free
aptamer is discarded and the pelletis suspended to com-
plete the step.

[0171] A. Preparation of Tagged Photoaptamers.
The tagged photoaptamer was prepared as described in
Example 2.

[0172] B.lmmobilization of Capture Probes onto an
Amine Reactive Surface. The reverse complements of
the capture tags were immobilized as described in Ex-
ample 2.

[0173] Binding reactions were prepared in SB 18 as
described in Example 1 to contain a 2 nM final concen-
tration of photoaptamer and serially diluted target pro-
teins from 2 nM - 0.64 pM in addition to a no protein
control. The reactions were incubated at 37°C for 30 min-
utes and irradiated as described in Example 1. The sam-
ples were transferred to 1.5-ml eppendorf tubes and 10
pL of pooled plasma was added. 300 p.L of the following
SDS solution was added to each sample: 1.33% SDS,
1.33 pg/ml tRNA and 10 mM HEPES (pH 7.5) (400 pL
final volume). The samples were vigorously vortexed for
10 seconds, then incubated at 37°C for 10 minutes. 6 pL
of 2.5 M KClwas added to each reaction and the samples
were vigorously vortexed for 10 seconds then held on
ice for 10 minutes. Precipitates were pelleted by centrif-
ugation at 8,000g for 5 minutes at 4°C in a microcentri-
fuge. Resulting supernatants were discarded. The pellets
were washed by adding cold 200 mM KCI, 10 mM HEPES
(pH 7.5), followed by gentle vortex mixing for 5 seconds.
The precipitate was again pelleted by centrifugation at
8,000g for 5 minutes at 4°C. Wash supernatants were
discarded. Each pelletwas suspended in 200 pL of warm
(> 37°C) 1 mM EDTA, 10 mM HEPES (pH 7.5). Para-
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magnetic beads, described in Example 4, were added to
each sample and the bead suspension was vigorously
mixed at 50°C for 30 minutes. Using a microwell plate
magnet, the beads were washed 3 times with 100 uL SB
17,0.1% Tween® 20 buffer. The beads were suspended
in carbonate buffer (pH 8.5) containing 0.2 mg/ml of the
amine-reactive NHS-Alexa647 and incubated at 25°C for
60 minutes with constant mixing. The reaction was
quenched, the beads were washed, aptamers eluted and
hybridized as described in Example 4. The slides were
scanned and quantified as described in Example 1.

[0174] FIG. 10 shows the results for samples treated
with and without free aptamer removal. The signals are
higher when uncomplexed aptamers are removed from
the sample prior to introducing the sample to the probes.

Example 8. Generation of UPS Assay Signal Under
Conditions That Affect Signal From Aptamer Affinity
Complex But Not Aptamer Covalent Complex

[0175] This example demonstrates the effect of cova-
lent attachment of a target molecule to its photoaptamer
when detergent and a high salt concentration are used
during hybridization of the photoaptamer complex to its
probe on the solid support. The results of an assay per-
formed both with and without covalent cross-linking, me-
diated here by photoactivation, are compared for a plas-
ma sample and a sample containing bFGF in buffer.
[0176] A.Preparation of Tagged Photoaptamer 6-7.
The oligonucleotide tag used here was the 3’ fixed region
used during the SELEX protocol. The bF GF photoaptam-
er 6-7 was synthesized as described in Example 1.
[0177] B.lmmobilization of Capture Probes onto an
Amine Reactive Surface. The reverse complements of
the capture tags were immobilized as described in Ex-
ample 1.

[0178] 1 nM 6-7 was prepared in the buffer and plasma
binding solutions as described in Example 1. 10 nM bFGF
protein was added to the buffer sample only. The samples
were mixed gently and incubated at 37°C for 30 minutes.
One set of samples was irradiated as described in Ex-
ample 1 and a duplicate set of samples was notirradiated.
Samples were then stained as described in Example 1
exceptthereactiontime was 3 hours atroom temperature
followed by the addition of 10 pL of BSA, 25 pL of 5 M
NaCl, and 5 pL of 10% Triton X-100 and a 2 hour incu-
bation. The slide was prepared as in Example 1 and 80
pL of a pre-hybridization solution (500 pL of 5 M NaCl
and 100 pL of 10% Triton to 2 mL of sample buffer) was
added to each well for 15 minutes at 42°C. The pre-hy-
bridization solution was removed and replaced with 80
pL of sample. The wells were sealed with Microseal 'F’
Film and the slides were then mixed at 600 rpm, 40°C
on an Eppendorf Thermomixer R for 2 hours, followed
by 20 minutes at 35°C. The wells were rinsed twice with
1xSB17, 0.5% Triton, 1 M NaCl and then incubated in
the second wash for 15 minutes. After hybridization, the
slide was treated as described in Example 1 except the
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3 wash times were 15 minutes, 2 minutes, and 30 sec-
onds. The slide was dried, scanned, and quantified as
described in Example 1.

[0179] The results for bF GF photoaptamer 6-7 are pre-
sented in FIG. 11. The signals obtained for 10 nM bGFG
in buffer and in 10% plasma are seen to be dependent
on light. The signal on the no-light samples, where cov-
alent attachment of target to photoaptamer cannot occur,
are comparable to the signal observed outside a feature,
termed "general background" here. The endogenous
concentration of bFGF in 10% plasma is quite low as
reflected in the small signal in plasma over the no-light
and general background response.

Example 9. Detection of C4b Crosslinked to a DNA
Photoaptamer Comprise of 5-benzyl-dT and 5-bro-
mo-dC Nucleotides in Buffer

[0180] This example illustrates the activity of pho-
toaptamers containing modified nucleotides in the assay
formatillustrated in FIGS. 2A, 2B, and 2C. The DNA pho-
toaptamer (1987-74) to protein C4b is composed of 5-
benzyl-dT and 5-bromo-dC nucleotides in place of stand-
ard dT and dC.

[0181] A. Preparation of Tagged Photoaptamer
1987-74. Vectorinserts containing the aptamer sequenc-
es were amplified from E. coli cells by PCR with primers
specific for the aptamer fixed regions. The 3’ primer was
biotinylated, allowing capture of the PCR product on My-
One-streptavidin beads. After washing, the non-bioti-
nylated strand of the captured duplex was removed with
a 20 mM NaOH wash and the aptamers were created by
primer extension with an oligonucleotide with a unique
capture tag coupled to the 5’ primer sequence. Primer
extension was performed with the template DNA still cou-
pled to the streptavidin bead in a mixture containing
dATP, 5-Br-dCTP, dGTP and 5-benzyl-dUTP using KOD
DNA polymerase to incorporate the modified nucle-
otides. Aptamer was collected from the beads with a 20
mM NaOH wash followed by neutralization with HCI.
[0182] B.Immobilization of Capture Probes onto an
Amine Reactive Surface. The reverse complements of
the capture tags were immobilized as described in Ex-
ample 1.

[0183] A final concentration of 2 nM 1987-74 was in-
cubated with a dilution series of C4b protein in SB17,
0.1% Tween® 20 at the following concentrations: 25 nM,
5 nM, 1 nM, 0.2 nM, 0.04 nM and a no-protein control.
The samples were equilibrated and irradiated as in Ex-
ample 1, after which 2 pL of herring sperm DNA (10
mg/mL) was added. C4b protein was fluorescently la-
beled by addition of 7.5 pL NHS-Alexa-647 (1.33 mg/mL
in DMSO) to each sample and incubated for 2 hours at
room temperature. 25 pL 5 M NaCl, 5 pL 10% Triton-
100 and 1 pL 100 mM glycine were added to quench
unreacted label, disrupt noncovalent interactions and fa-
cilitate subsequent hybridization.

[0184] Gasketed slides were prepared as described in
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Example 1 and incubated with a solution containing
SB17, 0.1% Tween® 20, 0.8 M NaCl, 20 wg/mL herring
sperm DNA and 0.33% Triton X-100 for 15 minutes at
42°C. After removing the solution, 80 L of labeled sam-
ple was added to the slide, one per subarray, and incu-
bated for 30 minutes at 42°C on a rotating platform. Sam-
ples were removed and the substrates were washed
twice with the pre-hybridization solution, once with pre-
hybridization solution without herring sperm DNA or
Tween® 20, once with 1xSB17, 0.1% Tween® 20, and
once with 0.25xSB17. Slides were then dried, scanned
and quantified as described in Example 1.

[0185] FIG. 12 shows the resulting dose response
curve of 1987-74 obtained as a function of target con-
centration, illustrating the activity of modified nucleotide
aptmers in the assay.

Example 10. UPS Hybridization Capture Assay on
Two Different Surfaces Using Two Independent

Staining Methods

[0186] This example demonstrates the functionality of
the assay on two surfaces of different composition, the
methacrylate copolymer surface of the previous exam-
ples and a Schott Nexterion amine reactive surface on a
glass substrate. In addition, the target protein staining
reaction is carried out as in previous examples by direct
attachment of Alexa-647 to the target protein or by first
tagging the target protein with biotin followed by labeling
with streptavidin-Alexa-647. The assay allows quantita-
tive detection of VEGF protein in buffer using either sur-
face or staining method.

[0187] A. Preparation of Tagged Photoaptamer
509-80. The tagged photoaptamers were prepared as
described in Example 1.

[0188] B. Immobilization of Capture Probes onto
Amine Reactive Surface. The capture probe with a 5’
amine was synthesized as described in Example 1 and
immobilized on both surfaces. Immobilization on the
Schott Nexterion slide was accomplished by dissolving
the probe at either 40 or 20 wM in a buffer composed of
300 mM sodium phosphate (pH 8.5), .005% Tween® 20
and 0.001% sarkosyl. Capture probes were deposited
as described in Example 1. After probe deposition the
slides were incubated overnight in a dry box and then
incubated with 100 mM sodium bicarbonate (pH 8.5) and
0.1% Tween® 20 for 8 hour at room temperature. The
slides were then rinsed with water 10 times and dried
under a stream of N,. Capture probe was immobilized
on the methacrylate copolymer surface by the protocol
described in Example 1.

[0189] VEGF Aptamer 509-80 was incubated at 1 nM
concentration in 100 pL volume with 6 serially diluted
VEGF concentrations, from 50 nM to 16 pM, and a no-
protein control in assay diluent (SB 17, 0.1% Tween® 20,
0.05% BSA, 100 pwg/mL herring sperm DNA). The sam-
ples were mixed gently and incubated at 37°C for 15 min-
utes followed by irradiation as described in Example 1.
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The samples were split and stained directly with NHS-
Alexa-647 or by reaction with NHS-PEO,-biotin and sub-
sequently stained with streptavidin Alexa-647. For stain-
ing with NHS-Alexa-647, the procedure of Example 1 was
used, except the reaction was at room temperature for 4
hours. For reaction with NHS-PEO,-biotin, 1 uL of 20
mM NHS-PEO4-biotin dissolved in DMSO was added to
100 p.L of sample. The solution was mixed and incubated
at room temperature for 4 hours. Both stain reactions
were quenched by the addition of 23 pL of 5 M NaCl,
11.4 pL of 10% BSA and 1.1 p.L of 10% Triton X-100 and
allowed to incubate for 2 hours.

[0190] The two different slides were gasketted as de-
scribed in Example 1 and pre-hybridized with 1xSB17,
0.1% Triton X-100, 0.5% BSA and 100 pn.g/mL hsDNA for
15 minutes at 42°C. The solution was then removed and
replaced with 80 pL of sample. The wells were sealed
with Microseal 'F’ Film and the slides mixed at 600 rpm,
42°C on an Eppendorf Thermomixer R for 3 hours fol-
lowed by 1 hour at 34°C. For the samples labeled directly
with NHS-Alexa-647, the wells were rinsed 3 times with
1xSB17, 0.5% Triton and 1 M NaCl. The gasket was re-
moved and the entire slide was placed in a pap jar in 30
mL of SB17, 0.5% Triton, 1 M NaCl for 30 minutes, fol-
lowed by a 2 minute rinse in 1xSB17, 0.1% Tween® 20,
followed by a 20 second rinse in 0.25xSB17. For the sam-
ples that had been reacted with NHS-PEO,-biotin, the
wells were rinsed 3 times with 1xSB17, 0.1% Tween®
20, 0.5 M NaCl, 100 pg/mL herring sperm DNA, 0.5%
BSA (streptavidin staining buffer). A solution of 4 ng/mL
of streptavidin Alexa-647 was prepared in streptavidin
staining buffer and 80 pL of this solution was added to
each well for 15 minutes at 37°C. The wells were then
rinsed 3 times with 1xSB17,0.1% Tween®20. The gasket
was removed and the entire slide was placed in a 30 mL
pap jar in 1xSB17, 0.1% Tween® 20 for 30 minutes, fol-
lowed by a 20 second rinse in 0.25xSB17. The slides
were dried, scanned and quantified as described in Ex-
ample 1.

[0191] FIG. 13 displays the results for the Schott Nex-
terion (FIG. 13A) and methacrylate copolymer surface
(FIG. 13B) for the dose response as a function of protein
concentration. Both surfaces give similar quantitative re-
sults, demonstrating the surface-independence ofthe as-
say. The two staining strategies are seen to be compa-
rably effective as well.

Example 11. Detection of Target Proteins VEGF and
bFGF in Buffer and Serum by Hybridization Capture
of the Photocrosslinked Proteins on an Affymetrix

GeneChin® Test3 Array on a Coated Quartz Surface

[0192] This example demonstrates the utility of yet an-
other surface, an Affymetrix GeneChip® Test3 Array
(quartz glass surface), for the hybridization capture step
of the assay. Assays were run in both buffer and serum.
[0193] A. Synthesis of Tagged Photoantamer
509-80 and 6-7. The reverse complements of the two
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probes designated 201 and 1121 on the Affymetrix Gene-
Chip® Test3 Array were assigned to aptamers 509-80
and 6-7 and prepared as described in Example 1.
[0194] B. Immobilization of Capture Probes onto
Amine Reactive Surface. A GeneChip® Test3 Array
was purchased from Affymetrix with probes that were
synthesized in situ.

[0195] A 100 p.L volume of VEGF aptamer 509-80 and
bFGF aptamer 6-7, each at a concenration of 2 nM, was
prepared with 20 nM VEGF and bFGF protein in assay
diluent (1xSB17, 0.1% Tween® 20, 0.02% BSA, 100
prg/mL herring sperm DNA). The samples were mixed
gently and incubated at 37°C for 60 minutes, then irradi-
ated and stained with NHS-PEO,-biotin as described in
Example 9, except the reaction time was 1 hour. The
reaction was quenched by the addition of 10 pL of 10%
BSA, 1 pL of 10 mg/mL herring sperm DNA, 5 p.L of 10%
Triton X-100, and 25 L of 5 M NaCl. 10 pL of serum
was added to one sample to approximate a 10% serum
sample.

[0196] GeneChip® Test3 Arrays from Affymetrix were
incubated with 100 p.L of a solution composed of 100 pL
of assay diluent, 10 pL of 10% BSA, 1 pL of 10 mg/mL
herring sperm DNA, 25 pL of 5 M NaCl, 5 pL of 10%
Triton X-100 and 7 pL of DMSO for 1 hour at 45°C, after
which 100 pL of sample was added to the Test3 Array
chamber and incubated for 60 minutes at 45°C then
rinsed with a buffer composed of 1xSB1, 0.5% Triton X-
100 and 1 M NaCl. The arrays were then placed on the
Affymetrix GeneChip® fluidics station, which performed
the standard Affymetrix wash and stain procedures. The
arrays were then read and quantified on the Affymetrix
scanner. The results are set forth in FIG. 14. In buffer
(FIG. 14A) the VEGF aptamer hybridizes to probe 201
(denoted 1 in the figure) with an intensity of 3500 RFU
and the bFGF aptamer hybridizes to probe 1121 (denot-
ed 2 in the figure) with an intensity of 23000 RFU. In
serum (FIG. 14B) the relative intensities are 5000 (1) and
18000 (2) for the VEGF and bFGF aptamers.

Example 12. Surface Passivation of an Affymetrix
GeneChip® Test3 Array on a Coated Quartz Surface
by Pre-Blocking with Nonfat Milk, Superblock or Un-
stained Plasma

[0197] This example illustrates surface passivation to
serum and plasma adsorption on an Affymetrix Gene-
Chip® Test3 Array by blocking with nonfat milk, Super-
block, or unstained plasma.

[0198] A. Preparation of biotinylated Oligonucle-
otides. Biotinylated oligonucletides that anneal to three
different probes immobilized on the GeneChip® Test3
Array, denoted 201, 1121, and 108, were synthesized as
described in Example 1.

[0199] B. Plasma biotinylation. 160 pL of 21 mM
NHS-PEQ,-biotin was added to 100 mL of 10% plasma
in 1xSB18, 0.1% Tween® 20 and the solution was al-
lowed to react for 2 hours and then quenched with the
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addition of 1 mL of 100 mM glycine (pH 7.5). The bioti-
nylated plasma was stored at -20°C.

[0200] The control buffer is comprised of 0.75xSB17,
0.1%BSA, 100 pg/mL herring sperm DNA, 0.1% Tween®
20 and 0.8 M NaCl. 10% biotinylated plasma was pre-
pared with the control buffer and biotinylated plasma. The
plasma was pretreated by adding 50 pL of 10% Triton
X-100, 10 pL of 10% SDS and 10 pL of 10 mg/mL herring
sperm DNA to 1 mL of 10% biotinylated plasma, heating
to 95°C for 10 minutes and then adding 200 pL of 5 M
NaCl. 1 pL of 1000x biotinylated probe mix was added
to 1mL of either control buffer or 10% plasma.

[0201] Four Affymetrix Test3 Arrays were incubated
with 1xSB17, 1% BSA, 0.4% Triton X-100, 0.1% SDS, 1
M NaCland 100 pg/mL herring sperm DNA. Array B was
blocked with a solution of 2% non-fat Dry Milk (Nestle
Carnation, INSTANT NONFAT DRY MILK) suspended
in PBS, 0.1% SDS and 0.4%. Array C was blocked with
a solution of StarterBlock (PIERCE), 0.1% SDS and
0.4%. Array D was blocked with a solution of 10% pooled
plasma, 0.1% SDS and 0.4% Triton X-100. Each blocking
solution was heated to 95°C for 10 minutes and allowed
to cool to room temperature before addition to the array.
Each Test3 Array was blocked with 100 p.L of the respec-
tive blocking solution for 1.5 hours at 45°C. 100 pL of
sample was then added to each array. Array A received
the control buffer with probes and Arrays B, C, and D
received the 10% plasma with probes. The arrays were
incubated at 45°C for 45 minutes.

[0202] The arrays were then rinsed with 1xSB17, 0.4%
Triton X-100, 0.1% SDS, 1 M NaCl, 1% BSA by flowing
1 mL of wash through the chamber, allowing the array to
incubate for 5 minutes, then flowing another 1 mL through
the chamber and finally replacing the final 100 p.L of wash
with 100 p.L of fresh wash. This procedure was performed
3 times. The arrays were incubated for approximately 1
hour before being placed on the Affymetrix GeneChip®
fluidics station and read on the Affymetrix scanner.
[0203] The results are set forth in FIGS. 15A-D. The
general background on the four arrays was 40, 300, 400
and 500 RFU, whereas the three biotinylated probes
measure -17,000, -34000 and 18000 on the arrays.

Example 13. Detection of Target Proteins by Hybrid-
ization Capture of Photocrosslinked Proteins on a
GeneChip® Test3 Array Pre-Blocked with Nonfat Milk

[0204] This example illustrates the hybridization cap-
ture of target proteins IL-1 R4 and bF GF on an Affymetrix
GeneChip® Test3 Array on coated glass surfaces
blocked with nonfat milk.

[0205] A. Synthesis of Tagged Photoaptamer
1472-3 and 6-7. The reverse complements of two probes
denoted 1364 and 1121 on the Affymetrix GeneChip®
Test3 Array were assigned to aptamers 1472-3 and 6-7
and synthesized as described in Example 1.

[0206] Four solutions, each containing 2 nM concen-
tration of each aptamer 1472-3 and 6-7, were prepared
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in 10% plasma to give the following final concentrations
for the protein pairs (IL-1 R4, bFGF): (0,0), (1 nM, 30
pM), (100pM, 1 nM), and (10 pM,100 pM). The plasma
diluent contained 0.9xSB18, 100 pg/mL herring sperm
DNA, 5 pg/mL (BrdU)5,, 0.1% Tween® 20 and 10% plas-
ma. The samples were incubated at 37°C for 30 minutes
and irradiated as described in Example 1. 1 pL of 5
mg/mL NHS-PEQ,-biotin in DMSO was added to each
sample and incubated for 2 hours at room temperature,
after which 2 L of 100 mM glycine (pH 7.5), 1 pL of 10%
SDS and 5 pL of 10% Triton X-100 were added. Samples
were then heated to 95°C for 10 minutes, allowed to cool
to room temperature and quenched with the addition of
10 pL of 10% BSA and 25 pL of 5 M NaCl. 1 pL of 100x
probe-108 was then added as a control sequence.
[0207] Four Test3 Arrays were blocked for 3 hours at
45°C with the nonfat dry milk solution described in Ex-
ample 11 for Array B. The arrays were then rinsed with
PBS, 0.1 % SDS and 0.4% Triton X-100 and then incu-
bated with 1xSB17, 1% BSA, 0.5% Triton X-100, 0.1%
SDS, 1 M NaCl and 0.1 mg/mL herring sperm DNA for
20 minutes at 45°C. 100 pL of each sample was then
added to a separate array. The arrays were incubated at
45°C for 45 minutes. The assay was then completed as
described in Example 12. The results are presented in
FIG. 16, where linear dose responses are observed for
both targets in plasma.

Example 14. Detection of Target Proteins C5b,6 Com-
plex, Neurotropin-3, and Troponin | by Hybridization
Capture of the Photocrosslinked proteins on Lu-
minex SeroMap™ Microspheres

[0208] This example demonstrates the use of Luminex
SeroMap™ microspheres as a solid support for detecting
and optionally quantifying a target molecule that may be
present in a test sample. These assays were performed
with target proteins spiked into buffer. The detection in-
strument was a Luminex 100 IS instrument system.
[0209] Amine-terminated probes assigned to the pho-
toaptamers 2184-64 (C5b,6 complex aptamer), 2273-34
(neuroptropin-3 aptamer), and 2338-12 (Troponin |
aptamer) were conjugated to -COOH functionalized Se-
roMap™ microspheres using EDC (1-ethyl-3-[3-dimeth-
ylaminopropyllcarbodiimide hydrochloride) chemistry.
[0210] Photoaptamers 2184-64, 2273-34, and
23338-12, at a final assay concentration of 2 nM each,
were pre-annealed to biotinylated oligonucleotides com-
plementary to the aptamer 3’ ends then combined with
a mixture of the proteins C5b,6 complex, neurotropin-3,
and troponin | at a range of concentrations (169 fM to
3.33 nM) in buffer SB17, 0.05% Tween® 20. Duplicate
no-protein control assay samples were also prepared.
These assay samples, in 100 p.L volumes, were incubat-
ed at 37°C for 15 minutes and then photocrosslinked.
Dynal MyOne Streptavidin beads (400 ng) were added
to each assay sample and incubated for 10 minutes at
25°C with mixing to capture the photoaptamer:biotinylat-
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ed oligo and protein-photoaptamer:biotinylated oligo hy-
brids. The beads were washed 2 times for 30 seconds
each with 100 pL 100 mM sodium bicarbonate, 1 mM
EDTA, 0.02% Tween® 20, and 10 wM D-biotin (pH 8.5).
The purpose of the D-biotin component of this buffer was
to saturate free streptavidin binding sites. The washed
beads were suspended in 100 pL 100 mM sodium bicar-
bonate (pH 8.5), 1 mM EDTA, 0.02% Tween® 20, and
150 wM sulfo-NHS-LC-biotin (Pierce Biotechnology) for
the purpose of labeling the photoaptamer-conjugated tar-
get protein with biotin. This biotinylation reaction was in-
cubated at 25°C for 1 hour with constant mixing. The
beads were then washed 3 times with 100 wL SB17, 3.14
M guanidine hydrochloride, 0.05 % Tween® 20 followed
by washing 2 times with 100 pL SB17, 0.33% Triton X-
100. The washed beads were suspended in 100 pL 10
wM D-biotin, 0.05% Tween® 20, 10 mM HEPES, pH 7.5
then heated at 70°C for 5 min to release the photoaptam-
ers from their bead-bound complementary biotinylated
oligonucleotides. For each assay sample, 75 pL of the
bead eluate volume was combined with 25 pL of of the
following high salt buffer: 4 M NaCl, 0.4% Tween® 20,
160 mM Tris-Cl, pH 8.0. SDS (11.25 pL of 20%) was
added and each assay sample was transferred to a 30
L mixture of the appropriate probe-conjugated Sero-
Map™ microspheres (1500 color-coded microspheres
per probe, 0.1% Tween® 20, 1M NaCl, 1.25% BSA, 40
mM Tris-Cl, pH 8.0). To promote hybridization of the pho-
toaptamers to the microsphere-conjugated probes, the
assay samples were incubated at 65°C for 2 hours with
constant mixing. While at 65°C, the assay samples were
transferred to a 96-well microtiter vacuum filtration plate
and the microspheres were washed 4 times with 200 mM
NaCl, 0.1% Tween® 20, 40 mM Tris-Cl (pH 8.0) at 65°C.
The microspheres were then suspended in 80 L of 200
mM NaCl, 0.1% Tween® 20, 40 mM Tris-Cl (pH 8.0) and
transferred to 96-well microtiter plate. 20 pL of 10 wg/mi
streptavidin-R-phycoerythrin (Molecular Probes # S866)
was added to permit detection of the photoaptamer-
crosslinked biotinylated target proteins. Following a 15
minute incubation at 37°C, the assay samples were sub-
jected to a standard Luminex instrument signal (R-phy-
coerythrin) quantification protocol.

[0211] FIG. 17 graphically represents the results for
C5b,6 complex photoaptamer 2184-64 (FIG. 17A), neu-
rotropin-3 photoaptamer 2273-34 (FIG. 17B), and tro-
ponin | photoaptamer 2338-12 (FIG. 17C). The MFI (me-
dian fluorescence intensity) values have been corrected
by subtracting the no-protein control MFI value for each
aptamer.

[0212] The foregoing describes the invention with ref-
erence to various embodiments and examples. No par-
ticular embodiment, example, or element of a particular
embodiment or example is to be construed as a critical,
required, or essential element or feature of any of the
claims. Further, no element described herein is required
for the practice of the invention unless expressly de-
scribed as "essential" or "critical."
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[0213] It will be appreciated that various modifications
and substitutions can be made to the disclosed embod-
iments without departing from the scope of the invention
as set forth in the claims below. The specification, includ-
ing the figures and examples, is to be regarded in an
illustrative manner, rather than a restrictive one, and all
such modifications and substitutions are intended to be
included within the scope of the invention. Accordingly,
the scope of the invention should be determined by the
appended claims and their legal equivalents, rather then
by the examples given above.

Claims

1. A method for detecting a target molecule that may
be presentin a test sample, the method comprising:

(a) contacting a test sample with an aptamer
comprising a 5-position pyrimidine modification
and having a specific affinity for a target mole-
cule, wherein an aptamer affinity complex is
formed by the interaction of an aptamer with its
target molecule, if said target molecule is
present in said test sample, wherein an aptamer
affinity complex is a non-covalent complex
formed by the interaction of an aptamer with its
target molecule;

(b) after aptamer affinity complex formation in
step (a) exposing said test sample to a condition
that kinetically challenges components of said
test sample, wherein the kinetic challenge com-
prises

(i) introducing a competitor molecule to the
test sample, or

(ii) the capture of aptamer affinity complex-
es on a solid support followed by washing
with competitor molecules present in the
wash solution,

wherein the competitor molecule is selected
from an oligonucleotide, a polyanion, a poly-
dextran or dNTPs, or

(iii) diluting the test sample in order to enrich
for an aptamer affinity complex from a set
of complexes that includes an aptamer af-
finity complex and non-specific complexes,
the dilution thereby reducing aptamer non-
target complexes compared to aptamer tar-
get complexes;

(c) detecting and/or quantifying the aptamer of
the aptamer affinity complex or the aptamer af-
finity complex partitioned from the remainder of
the test sample.

2. The method of claim 1, wherein said 5-position py-
rimidine modification is selected from the group con-
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sisting of 5-(N-benzylcarboxyamide)-2’-deoxyurid-
ine, 5-(N-isobutylcarboxyamide)-2’-deoxyuridine,
5-(N-[2-(1 H-indole-3yl)ethyl]carboxyamide)-2’-de-
oxyuridine, 5-(N-[1-(3-trimethylammonium)propyl]
carboxyamide)-2’-deoxyuridine chloride, 5-(N-nap-
thylcarboxyamide)-2’-deoxyuridine, and 5-(N-[1-(2,
3-dihydroxypropyl)Jcarboxyamide)-2’-deoxyuridine.

3. The method of claim 1 or 2, wherein said aptamer is
a single-stranded nucleic acid, double-stranded nu-
cleic acid, DNA or RNA.

4. The method of any one of claims 1 to 3 wherein said

targetmolecule is selected from the group consisting
of a protein, a carbohydrate, a polysaccharide, a
glycoprotein, a hormone, a receptor, an antigen, an
antibody, a virus, a substrate, a metabolite, a cofac-
tor, an inhibitor, a drug, a dye, a nutrient, a growth
factor, and a tissue.

5. The method of any one of claims 1 to 4, wherein said
test sample is a biological sample selected from
whole blood, leukocytes, peripheral blood mononu-
clear cells, plasma, serum, sputum, breath, urine,
semen, saliva, meningial fluid, amniotic fluid, glan-
dular fluid, lymph fluid, nipple aspirate, bronchial as-
pirate, synovial fluid, joint aspirate, cells, a cellular
extract, stool, tissue, a tissue biopsy, and cerebros-
pinal fluid.

Patentanspriiche

1. Verfahren zur Detektion eines gegebenenfalls in ei-
ner Testprobe vorliegenden Zielmolekiils, wobei das
Verfahren Folgendes umfasst:

(a) das Kontaktieren einer Testprobe mit einem
Aptamer, das eine Pyrimidinmodifikation an Po-
sition 5 umfasst und eine spezifische Affinitat fir
ein Zielmolekl aufweist, wobei durch die Wech-
selwirkung eines Aptamers mit seinem Zielmo-
lektl ein Aptameraffinitdtskomplex gebildet
wird, wenn das Zielmolekiilin der Testprobe vor-
liegt, wobei ein Aptameraffinitdtskomplex ein
nicht kovalenter Komplex ist, der durch die
Wechselwirkung eines Aptamers mit seinem
Zielmolekil gebildet wird;

(b) das Aussetzen der Testprobe, nach der Bil-
dung des Aptameraffinitdtskomplexes in Schritt
(a), gegenuber einer Bedingung, die Kompo-
nentender Testprobe kinetisch fordert, worin die
kinetische Challenge Folgendes umfasst:

(i) das Einfihren eines Konkurrenzmole-
kils in die Testprobe oder

(i) das Einfangen von Aptameraffinitats-
komplexen auf einem festen Trager und das
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anschlieBende Waschen mit in der Wasch-
I6sung vorliegenden Konkurrenzmolekii-
len, wobei das Konkurrenzmolekl aus ei-
nem Oligonucleotid, einem Polyanion, ei-
nem Polydextran oder dNTP ausgewahlt
ist, oder

(iii) das Verdiinnen der Testprobe, um sie
an einem Aptameraffinitatskomplex aus ei-
ner Gruppe von Komplexen, die einen Ap-
tameraffinitdtskomplex und unspezifische
Komplexe umfasst, anzureichern, wodurch
die Verdinnung die Aptamer/Nicht-Ziel-
Komplexe im Vergleich zu Aptamer/Ziel-
Komplexen reduziert;

(c) das Detektieren und/oder Quantifizieren des
Aptamers aus dem Aptameraffinitatskomplex
oder des Aptameraffinitatskomplexes, die vom
Rest der Testprobe abgetrennt wurden.

Verfahren nach Anspruch 1, worin die Pyrimidinmo-
difikation an Position 5 aus der aus 5-(N-Benzylcar-
boxyamid)-2’-desoxyuridin, 5-(N-Isobutylcarboxya-
mid)-2’-desoxyuridin, 5-(N-[2-(1H-Indol-3-yl)ethyl]
carboxamid)-2’-desoxyuridin, 5-(N-[1-(3-Trimethyl-
ammonium)propyl]carboxamid)-2’-desoxyuridin-

chlorid, 5-(N-Naphthylcarboxamid)-2’-desoxyuridin
und 5-(N-[1-(2,3-Dihydroxypropyl)]carboxamid)-2’-
desoxyuridin bestehenden Gruppe ausgewahlt ist.

Verfahren nach Anspruch 1 oder 2, worin das Apta-
mer eine einzelstrangige Nucleinsaure, eine doppel-
strangige Nucleinsdure, DNA oder RNA ist.

Verfahren nach einem der Anspriiche 1 bis 3, worin
das Zielmolekil aus der aus einem Protein, einem
Kohlenhydrat, einem Polysaccharid, einem Glyko-
protein, einem Hormon, einem Rezeptor, einem An-
tigen, einem Antikorper, einem Virus, einem Subst-
rat, einem Metaboliten, einem Cofaktor, einem Inhi-
bitor, einem Arzneimittel, einem Farbstoff, einem
Nahrstoff, einem Wachstumsfaktor und einem Ge-
webe bestehenden Gruppe ausgewahlt ist.

Verfahren nach einem der Anspriiche 1 bis 4, worin
die Testprobe eine aus der aus Vollblut, Leukozyten,
mononukledren Zellen des peripheren Blutes, Plas-
ma, Serum, Auswurf, Atemluft, Urin, Samenfllissig-
keit, Speichel, Hirnhautflissigkeit, Fruchtwasser,
Drisenflussigkeit, Lymphflissigkeit, Brustwar-
zenaspirat, Bronchienaspirat, Synovialfluid, Gelenk-
saspirat, Zellen, einem Zellextrakt, Stuhl, Gewebe,
einer Gewebebiopsie und Liquor cerebrospinalis be-
stehenden Gruppe ausgewéahlte biologische Probe
ist.
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Revendications

Procédé pour détecter une molécule cible qui peut
étre présente dans un échantillon de test, le procédé
comprenant :

(a) la mise en contact d’'un échantillon de test
avec un aptamére comprenant une modification
pyrimidine en position 5 etayant une affinité spé-
cifique pour une molécule cible, un complexe
d’affinité d’aptamere étant formé par l'interac-
tion d’'un aptamére avec sa molécule cible, si
ladite molécule cible est présente dans ledit
échantillon de test, le complexe d’affinité d’ap-
tameére étant un complexe non covalent formé
par l'interaction d’'un aptamére avec samolécule
cible ;

(b) aprés la formation de complexe d’affinité
d’aptamere dans I'étape (a), I'exposition dudit
échantillon de test a une condition qui provoque
cinétiquement des composants dudit échan-
tillon de test, ladite provocation cinétique com-
prenant

(i) lintroduction d’'une molécule compétitri-
ce dans I'échantillon de test, ou

(ii) la capture de complexes d’affinité d’ap-
tameére sur un support solide, suivie d’'un
lavage avec des molécules compétitrices
présentes dans la solution de lavage, la mo-
|écule compétitrice étant choisie parmi un
oligonucléotide, un polyanion, un polydex-
trane et les dNTP, et

(iii)la dilution de I'échantillon de test afin de
I'enrichir en un complexe d’affinité d’apta-
mére parmi un ensemble de complexes
comprenant un complexe d’affinité d’apta-
mére et des complexes non spécifiques, la
dilution réduisant ainsi les complexes non
cibles d’aptamére en comparaison avec les
complexes cibles d’aptamére ;

(c) la détection et/ou la quantification de I'apta-
meére du complexe d’affinité d’aptamere ou du
complexe d’affinité d’aptamere séparé du reste
de I'échantillon de test.

Procédé selon la revendication 1, dans lequel ladite
modification pyrimidine en position 5 est choisie
dans I'ensemble constitué par la 5-(N-benzylcar-
boxamide)-2’-désoxyuridine, la 5-(N-isobutylcar-
boxamide)-2’-désoxyuridine, la 5-(N-[2-(1H-indole-
3-yl)éthyllcarboxamide)-2’-désoxyuridine, le chloru-
re de 5-(N-[1-(3-triméthylammonium)propyl]car-
boxamide-2’-désoxyuridine, la 5-(N-naphtylcar-
boxamide)-2’-désoxyuridine, et la 5-(N-[1-(2,3-dihy-
droxypropyl)]carboxamide)-2’-désoxyuridine.
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Procédé selon la revendication 1 ou 2, dans lequel
ledit aptameére est un acide nucléique simple brin,
un acide nucléique double brin, un ADN ou un ARN.

Procédé selon I'une quelconque des revendications
1 a 3, dans lequel ladite molécule cible est choisie
dans I'ensemble constitué par une protéine, un hy-
drate de carbone, un polysaccharide, une glycopro-
téine, une hormone, un récepteur, un antigéne, un
anticorps, un virus, un substrat, un métabolite, un
cofacteur, un inhibiteur, un médicament, un colorant,
un nutriment, un facteur de croissance, et un tissu.

Procédé selon I'une quelconque des revendications
1 a 4, dans lequel ledit échantillon de test est un
échantillon biologique choisi parmi le sang entier,
les leucocytes, les cellules mononucléaires de sang
périphérique, le plasma, le sérum, les crachats, I'ha-
leine, I'urine, la semence, la salive, le fluide méningé,
le liquide amniotique, le fluide glandulaire, lalymphe,
I'aspirat de mamelon, I'aspirat bronchique, la syno-
vie, l'aspirat articulaire, les cellules, un extrait cellu-
laire, les selles, un tissu, une biopsie tissulaire, et le
liquide céphalo-rachidien.
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