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FORCED INTERCALATION (FIT)-APTAMERS: PROBES BASED ON FORCED
INTERCALATION

Cross-Reference to Related Applications

[0001] This application claims the priority benefit under 35 U.S.C. §119(e) of U.S. Provisional
Patent Application No. 62/864,854, filed June 21, 2019, which in incorporated herein by

reference in its entirety.
Statement of Government Interest

[0002] This invention was made with government support under FA8650-15-2-5518 awarded
by the Air Force Research Laboratory (AFRL), N00014-15-1-0043 awarded by the Office of
Naval Research (ONR), and U54 CA199091 awarded by the National Institutes of Health (NIH).
The government has certain rights in the invention.

Incorporation By Reference Of Material Submitted Electronically

[0003] The Sequence Listing, which is a part of the present disclosure, is submitted
concurrently with the specification as a text file. The name of the text file containing the
Sequence Listing is “ 2019-117_Seqlisting.txt", which was created on June 19, 2020 and is
8,676 bytes in size. The subject matter of the Sequence Listing is incorporated herein in its
entirety by reference.

Background

[0004] Aptamers, oligonucleotide sequences that can be evolved to bind to analytes with high
sensitivity and specificity, have recently found widespread use as effective therapeutic and
diagnostic tools."™ To be used as a tool for detection, the binding of an aptamer to its target
must result in a signaling event that can be monitored as a readout for target presence.
Fluorescence-based techniques have emerged as popular readout platforms due to their
simplicity, low-cost, high-throughput, and ability to multiplex.>'* For example, several strategies
have been designed wherein target binding to an aptamer labeled with a fluorophore-quencher
pair induces a structural change that separates the fluorophore and the quencher (e.g.
structure-switching signaling aptamers,® aptamer beacons,® aptamer switch probes®).
Alternatively, constructs that bring a pair of dyes into close proximity upon target binding to elicit
a fluorescence signal by Forster resonance energy transfer (FRET) are also commonly
employed.’® More recently, Spinach aptamers and variants thereof have been developed that
change structure after aptamer-target complexation, allowing a small molecule fluorophore to
bind to the Spinach region in the sensing unit and yield fluorescence turn-on."-14
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[0005] While these methods constitute a powerful means to detect targets of interest, they
also suffer from limitations. Strategies that rely on partial blocking of the aptamer site (i.e.
structure-switching aptamers, aptamer beacons) have retarded aptamer-target binding kinetics,
increasing the time required to get a readout.'® Systems based on fluorophore/quencher pairs
are prone to false-positive signals in complex media and cells due in part to nuclease
degradation.’ Moreover, strategies based on FRET are generally associated with low signal to
noise ratios.'® Platforms like Spinach require long sequences to be appended to aptamers,
making their folding and, therefore, efficacy difficult to predict in complex milieu.'®

Summary

[0006] Detecting and studying analytes in complex media and living cells is an outstanding
challenge. The present disclosure is directed to aptamers, oligonucleotide sequences which
can bind to analytes of interest, to study various targets. The disclosure offers a new signal
transduction method for target presence readout. The platform described herein can be
extended to the detection of any target analyte (including but not limited to ions, small
molecules, lipids, carbohydrates, oligosaccharides, and proteins), offering a simple and powerful
approach to study analytes of interest. Provided herein is a fundamentally new design strategy
for interfacing aptamers with a readout event via viscosity-sensitive fluorophores. It has been
shown that dyes of the thiazole orange family can be covalently attached to mRNA recognition
sequences to create “duplex-sensitive” fluorescence turn-on probes.?-2 The fluorescence
enhancement stems from the restricted rotation of the dye around its methine bridge upon
forced intercalation (FIT) in the oligonucleotide duplex. Notably, these probes avoid false-
positive signals because their turn-on does not rely on proximity between a fluorophore and a
quencher. It is disclosed herein, however, that by strategically placing the dye in an aptamer
sequence such that structural changes of the aptamer upon ligand binding hinders the dye’s
internal rotation, a new class of false-positive resistant signaling aptamers can be designed
(Figure 1). Additionally, these “FIT-aptamers” respond faster compared to probes relying on
partial blocking of the aptamer site and require only a single modification unlike Spinach-based
platforms.'®

[0007] In particular, a general design strategy is disclosed that transduces an aptamer-target
binding event into a fluorescence readout via the use of a viscosity-sensitive dye. Target
binding to the aptamer leads to restriction of the internal rotation of the dye (e.g., through forced
intercalation (FIT) of the dye between oligonucleotide base pairs), increasing its fluorescence.
In some embodiments, the fluorescence is increased by up to 20-fold.
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[0008] Specifically, it is demonstrated herein that FIT-aptamers can report target presence
through intramolecular conformational changes, sandwich assays, as well as target-templated
reassociation of split-aptamers, showing that the most common aptamer-target binding modes
can be coupled to a FIT-based readout. This strategy also can be used to detect the formation
of a metallo-base pair within a duplexed strand and is therefore attractive for screening for
metal-mediated base pairing events. Importantly, FIT-aptamers reduce false-positive signals
typically associated with fluorophore-quencher based systems, quantitatively outperform FRET-
based probes, and allow rapid and highly sensitive target detection in complex media such as
human serum. Taken together, FIT-aptamers are a new class of signaling aptamers which
contain a single modification, yet detect a broad range of targets.

[0009] Applications of the technology disclosed herein include, but are not limited to,
detecting and imaging analytes in cells and complex media, quantifying levels of analytes in
cells and complex media, imaging analytes with spatiotemporal resolution in living cells,
regulating and detecting analytes of interest (theranostic), screening for new metallo base pairs,
and studying processes that lead to local conformational changes in nucleic acid sequences.

[0010] Strategies that rely on partial blocking of the aptamer site have reduced aptamer-
target binding kinetics, increasing the time required to get a readout. FIT-aptamers, however,
do not require a design that partially blocks the aptamer binding site, leading to superior readout
kinetics. Further, systems based on fluorophore/quencher pairs are prone to false-positive
signals in complex media and cells due in part to nuclease degradation. FIT-aptamers do not
require a quencher and are therefore resistant to false-positive signal.

[0011] Strategies based on FRET are generally associated with low signal to noise ratios, but
FIT-aptamers do not rely on FRET for signal readout and have superior signal to noise ratios in
comparison to FRET.

[0012] Platforms like Spinach require long sequences to be appended to aptamers, making
their folding and, therefore, efficacy difficult to predict in complex milieu. FIT-aptamers only
require a single modification, leading to simpler probes.

[0013] Accordingly, FIT-aptamers are the only detectable aptamer probe that can detect
almost any target of interest with a single modification.

[0014] The present disclosure provides a fundamentally new design strategy for interfacing
aptamers with a readout event via viscosity-sensitive fluorophores. The fluorescence of these
fluorophores is enhanced when rotation about the methine bridge is restricted. The signaling

aptamers of the disclosure were designed by strategically placing the dye in an aptamer
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sequence such that structural changes of the aptamer upon ligand binding hinder the dye’s
internal rotation leading to forced intercalation (FIT).

[0015] In some aspects, the disclosure provides a method of detecting the presence of a
target analyte comprising the step of contacting the target analyte with an aptamer comprising a
detectable marker situated at an internal location within the aptamer, wherein the contacting
results in binding of the target analyte to the aptamer, wherein target analyte binding to the
aptamer results in restriction of internal rotation of the marker, resulting in a detectable change
in the marker. In some embodiments, target analyte binding to the aptamer results in forced
intercalation (FIT) of the marker between oligonucleotide base pairs of the aptamer. In some
aspects, the disclosure provides a method of detecting the presence of a target analyte
comprising the step of contacting the target analyte with (a) an aptamer or portion thereof
comprising (i) nucleotide sequence X, (ii}) nucleotide sequence Y which binds to the target
analyte, either alone or in combination with nucleotide sequence Y’ and (iii) a detectable marker
situated at an internal location within the aptamer, and (b) an additional aptamer or portion
thereof comprising (i) nucleotide sequence X’ which is sufficiently complementary to hybridize to
nucleotide sequence X, and (ii) nucleotide sequence Y’ which binds to the target analyte, either
alone or in combination with nucleotide sequence Y, wherein the contacting results in
hybridization of nucleotide sequence X with nucleotide sequence X’ and binding of the target
analyte with nucleotide sequence Y and nucleotide sequence Y’, wherein the binding of
nucleotide sequence X with nucleotide sequence X’ and the target analyte with nucleotide
sequence Y and nucleotide sequence Y’ result in restriction of internal rotation of the marker,
resulting in a detectable change in the marker. In some embodiments, nucleotide sequence Y
and nucleotide sequence Y’ bind to different binding sites of the target analyte. In some
embodiments, nucleotide sequence Y and nucleotide sequence Y’ together bind to the same
binding site of the target analyte. In some embodiments, the binding of nucleotide sequence X
with nucleotide sequence X' and the target analyte with nucleotide sequence Y and nucleotide
sequence Y’ result in forced intercalation (FIT) of the marker between oligonucleotide base pairs
of the aptamer and the additional aptamer. In various embodiments, the detectable marker is a
marker with internal rotation-dependent fluorescence. In some embodiments, the detectable
marker is a viscosity-sensitive marker. In various embodiments, the detectable marker is
thiazole orange (TO), quinoline blue, quinoline violet, thiazole red, a derivative thereof, or a
cyanine derivative. In further embodiments, the change in the detectable marker is proportional
to concentration of the target analyte. In some embodiments, the target analyte is a protein, an
ion, a small molecule, a lipid, a carbohydrate, an oligosaccharide, a cell, or a combination

thereof. In some embodiments, the ion is a metal ion. In further embodiments, the metal ion is
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a mercury ion, a copper ion, a silver ion, zinc ion, gold ion, manganese ion, or a combination
thereof. In some embodiments, the ion is a hydrogen ion. In some embodiments, the change in
the detectable marker is indicative of a pH change. In some embodiments, the aptamer is a
DNA aptamer, an RNA aptamer, or a modified form thereof. In some embodiments, the
additional aptamer is a DNA aptamer, an RNA aptamer, or a modified form thereof. In some
embodiments, the aptamer is about 5 to about 1000 nucleotides in length. In some
embodiments, the aptamer is about 10 to about 100 nucleotides in length. In some
embodiments, the additional aptamer is about 5 to about 1000 nucleotides in length. In some
embodiments, the additional aptamer is about 10 to about 100 nucleotides in length. In some
embodiments, the aptamer comprises a spacer. In some embodiments, the additional aptamer
comprises a spacer. In some embodiments, the detectable marker is situated at a position that
is x nucleotides from a terminus of the aptamer, wherein x is an integer that is 1, n/2, or any
integer between 1 and n/2, wherein n is (i) the length of the aptamer and (ii) an even number. In
some embodiments, the detectable marker is situated at a position that is x nucleotides from a
terminus of the aptamer, wherein x is an integer that is 1, (n+1)/2, or any integer between 1 and
(n+1)/2, wherein n is (i) the length of the aptamer and (ii) an odd number. In some
embodiments, the detectable marker is situated at a position thatis 1, 2, 3, 4,5,6,7, 8, 9, 10, or

more nucleotides from a terminus of the aptamer.

[0016] In some aspects, the disclosure provides a method of identifying a non-canonical base
pair comprising the step of contacting an ion with (a) a first oligonucleotide comprising a
detectable marker situated at an internal location within the first oligonucleotide and (b) a
second oligonucleotide, wherein the first oligonucleotide and the second oligonucleotide are
sufficiently complementary to hybridize to each other and form a duplex, but are not
complementary at a position in the duplex immediately adjacent to the detectable marker when
the first oligonucleotide is hybridized to the second oligonucleotide; and wherein binding of the
ion to the duplex results in restriction in the internal rotation of the marker, resulting in a
detectable change in the marker and thereby identifying the non-canonical base pair. In some
embodiments, binding of the ion to the duplex results in forced intercalation (FIT) of the marker
in the duplex. In some embodiments, the detectable marker is a marker with internal rotation-
dependent fluorescence. In some embodiments, the detectable marker with internal rotation-
dependent fluorescence is a viscosity-sensitive marker. In some embodiments, the detectable
marker is thiazole orange (TO), quinoline blue, quinoline violet, thiazole red, a derivative thereof,
a cyanine derivative, or a combination thereof. In some embodiments, the ion is a cation. In
some embodiments, the cation is a metal ion. In some embodiments, the metal ion is a mercury

ion, a copper ion, a silver ion, zinc ion, gold ion, manganese ion, or a combination thereof. In
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some embodiments, the ion is an anion. In some embodiments, the first oligonucleotide is DNA,
RNA, or a modified form thereof. In some embodiments, the second oligonucleotide is DNA,
RNA, or a modified form thereof. In some embodiments, the first oligonucleotide is about 5 to
about 1000 nucleotides in length. In some embodiments, the first oligonucleotide is about 10 to
about 100 nucleotides in length. In some embodiments, the second oligonucleotide is about 5
to about 1000 nucleotides in length. In some embodiments, the second oligonucleotide is about
10 to about 100 nucleotides in length. In some embodiments, the first oligonucleotide
comprises a spacer. In some embodiments, the second oligonucleotide comprises a spacer. In
some embodiments, the detectable marker is situated at a position that is x nucleotides from a
terminus of the first oligonucleotide, wherein x is an integer that is 1, n/2, or any integer between
1 and n/2, wherein n is (i) the length of the first oligonucleotide and (ii) an even number. In
some embodiments, the detectable marker is situated at a position that is x nucleotides from a
terminus of the first oligonucleotide, wherein x is an integer that is 1, (n+1)/2, or any integer
between 1 and (n+1)/2, wherein n is (i) the length of the first oligonucleotide and (ii) an odd
number. In some embodiments, the detectable marker is situated at a position thatis 1, 2, 3, 4,
5,6,7,8,9, 10, or more nucleotides from a terminus of the first oligonucleotide. In some
embodiments, the first oligonucleotide and the second oligonucleotide are sufficiently
complementary to hybridize to each other and form a duplex, but are not complementary at a
single position in the duplex immediately adjacent to the detectable marker.

[0017] In some aspects, the disclosure provides a method of identifying a non-canonical base
pair comprising the step of contacting an ion with an aptamer comprising a detectable marker
situated at an internal location within the aptamer, wherein the aptamer is able to form an
intramolecular duplex, and the duplex comprises a nucleotide mismatch at a position
immediately adjacent to the detectable marker; and wherein binding of the ion to the duplex
results in restriction in the internal rotation of the marker, resulting in a detectable change in the
marker and thereby identifying the non-canonical base pair. In some embodiments, binding of
the ion to the duplex results in forced intercalation (FIT) of the marker in the duplex. In some
embodiments, the detectable marker is a marker with internal rotation-dependent fluorescence.
In some embodiments, the detectable marker with internal rotation-dependent fluorescence is a
viscosity-sensitive marker. In some embodiments, the detectable marker is thiazole orange
(TO), quinoline blue, quinoline violet, thiazole red, a derivative thereof, or a cyanine derivative.
In some embodiments, the ion is a cation. In some embodiments, the cation is a metal ion. In
some embodiments, the metal ion is a mercury ion, a copper ion, a silver ion, zinc ion, gold ion,
manganese ion, or a combination thereof. In some embodiments, the ion is an anion. In some

embodiments, the aptamer is a DNA aptamer, an RNA aptamer, or a modified form thereof. In
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some embodiments, the aptamer is about 5 to about 1000 nucleotides in length. In some
embodiments, the aptamer is about 10 to about 100 nucleotides in length. In some
embodiments, the aptamer comprises a spacer. In some embodiments, the detectable marker
is situated at a position that is x nucleotides from a terminus of the aptamer, wherein x is an
integer that is 1, n/2, or any integer between 1 and n/2, wherein n is (i) the length of the aptamer
and (ii) an even number. In some embodiments, the detectable marker is situated at a position
that is x nucleotides from a terminus of the aptamer, wherein x is an integer thatis 1, (n+1)/2, or
any integer between 1 and (n+1)/2, wherein n is (i) the length of the aptamer and (ii) an odd
number. In some embodiments, the detectable marker is situated at a position thatis 1, 2, 3, 4,
5,6,7,8,9, 10, or more nucleotides from a terminus of the aptamer. In some embodiments,
the duplex consists of a nucleotide mismatch at a position immediately adjacent to the
detectable marker.

Brief Description of the Drawings

[0018] Figure 1 depicts FIT-aptamers. Aptamers modified with a visco-sensitive dye
(quinoline blue) fluoresce upon target binding due to target-induced conformational changes.

[0019] Figure 2 depicts a scheme of synthesizing an amino-modified oligonucleotide and
coupling the FIT-dye to it.

[0020] Figure 3 shows the FIT-aptamer for Hg?*. (A) Design scheme using HgA1. (B)
Fluorescence enhancement vs [Hg?*]. Red line denotes fit to a Hill-equation. (C) Scheme when
a short complementary strand (HgA1comp) is used to partially block the Hg?*-binding sites on
HgA1. (D) Time taken for the fluorescence to change after Hg?* addition to HgA1 in the absence
and presence of HgA1comp.

[0021] Figure 4 shows the FIT-aptamer for Hg?* (HgA2). (A) Design scheme. (B)
Fluorescence enhancement (li/lo) vs [Hg?*] added. Black spheres denote experimentally
observed values. Red dashed line indicates theoretical fit to a Hill-equation. (C) Fluorescence
spectra (ex. 560 nm) with increasing [Hg?*]. (D) Selectivity of the probe.

[0022] Figure 5 shows FRET-based Hg?* probe. (A) Design scheme. (B) Donor channel
fluorescence in the absence and presence of Hg?*. The donor channel fluorescence of HgA2-T
is indistinguishable from that of the buffer and is, therefore, omitted from the graph.

[0023] Figure 6 the FIT-aptamer for Ag* (AgA). (A) Design scheme. Only bases involved in
binding to Ag* are shown for clarity. (B) Fluorescence enhancement vs [Ag*]. (C) Selectivity of
the probe.
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[0024] Figure 7 shows the detecting of metallo-bps within a duplexed strand. (A) Design
scheme with T-Hg?*-T as an example. (B) Fluorescence enhancement when Hg? is added to
DNA duplexes with 0, 1, and 2 T-T mismatches adjacent to the dye. The first column shows
that the dye-labeled strands do not turn on in the presence of Hg?* in their single-stranded

forms.

[0025] Figure 8 shows fluorescence enhancement upon T-Hg?*-T base pairing within a
duplexed strand.

[0026] Figure 9 shows the FIT-aptamer (I-mD) for pH sensing. (A) Design scheme. Only
bases involved in i-motif formation are shown for clarity. (B) Circular dichroism spectra showing
i-motif formation at lower pH. (C) Fluorescence enhancement (Ii/lg) vs pH. Dashed line
indicates theoretical fit to a sigmoidal curve.

[0027] Figure 10 shows the FIT-aptamers for two epitope binding. (A) Design scheme. (B)
Fluorescence enhancement vs concentration of thrombin denoted as [THR]. (C) Selectivity of
the probe.

[0028] Figure 11 shows (A) A scheme of two epitope binding aptamers for thrombin that
incorporate a FRET pair. (B) Excitation/emission spectra of THR1-F and THR2-T. (C) FRET
efficiency of THR1-F and THR2-T as a function of thrombin concentration. (D) Fluorescence
spectra of THR1-F and THR2-T for different concentrations of thrombin. (E) Fluorescence
spectra of FIT-based strategy for different thrombin concentrations.

[0029] Figure 12 shows the fluorescence response of 50 nM THR1D and 50 nM THR2 to

varying amounts of thrombin in a buffer/serum mixture.

[0030] Figure 13 shows the FIT-based split-aptamer. (A) Design scheme. (B) The
fluorescence response of 50 nM Split-THRa and 50 nM Split-THRb to increasing concentrations
of thrombin. (C) Selectivity of the probe.

[0031] Figure 14 shows the 'H NMR (400 MHz, DMSO-d6, 298 K) spectrum of quinoline blue
derivative D.

[0032] Figure 15 shows (A) effect of pH and (B) ionic strength on fluorescence

enhancement.

[0033] Figure 16 shows the CD spectra of (A) HgA1, (B) HgA1 + HgA1comp, (C) HgA2, and
(D) AgA in the presence and absence of Hg?/Ag*.

[0034] Figure 17 shows two epitope aptamer binding to THR. (A) Effect of temperature on

fluorescence enhancement. (B) Spectra showing fluorescence enhancement upon thrombin
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addition to the probes at 10 °C (ex. 560 nm). (C) Fluorescence spectrum of 100 nM thrombin
(blue) in comparison to the spectra of the probes in the absence (black) and presence (red) of
100 nM thrombin (ex. 560 nm).

[0035] Figure 18 depicts the concept for the use of FIT-Probes in a high-throughput screen
for novel metallo-base pairs and shows potential metallo-base pairs for Hg(Il) screening.

[0036] Figure 19 shows potential metallo-base pairs for Ag(l) screening.

[0037] Figure 20 shows potential metallo-base pairs for Cu(ll) screening.

[0038] Figure 21 shows potential metallo-base pairs for Mn(ll) screening.

[0039] Figure 22 shows potential metallo-base pairs for Zn(ll) screening.

[0040] Figure 23 shows potential metallo-base pairs for Au(lll) screening.
Detailed Description

[0041] Aptamers are oligonucleotide sequences which can be evolved to bind to various
analytes of interest. Provided herein is a general design strategy that transduces an aptamer-
target binding event into a fluorescence readout via the use of a viscosity-sensitive dye. Target
binding to the aptamer leads to restriction of the internal rotation of the dye (e.g., through forced
intercalation (FIT) of the dye between oligonucleotide base pairs), thereby increasing its
fluorescence. Specifically, it is demonstrated herein that FIT-aptamers can report target
presence through, for example and without limitation, intramolecular conformational changes,
sandwich assays, as well as target-templated reassociation of split-aptamers, showing that the
most common aptamer-target binding modes can be coupled to a FIT-based readout. In some
embodiments, this strategy is used to detect the formation of a metallo-base pair within a
duplexed strand and is therefore attractive for screening for metal-mediated base pairing
events. Importantly, FIT-aptamers reduce false-positive signals typically associated with
fluorophore-quencher based systems, quantitatively outperform FRET-based probes by
providing up to 15-fold higher signal to background ratios, and allow rapid and highly sensitive
target detection (nanomolar range) in complex media such as human serum. Taken together,
FIT-aptamers are a new class of signaling aptamers which contain a single modification, yet can
be used to detect a broad range of targets.

[0042] An “aptamer” as used herein is an oligonucleotide sequence that binds to a target
analyte.

[0043] As used herein, a “FIT aptamer” is an aptamer that comprises a detectable marker
situated at an internal location within the aptamer. Thus, it will be understood that any feature of

9
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an aptamer (e.g., length, type (DNA, RNA, modified forms thereof)) described herein is also
applicable to a FIT aptamer.

[0044] As used in this specification and the appended claims, the singular forms "a," "an,"

and "the" include plural reference unless the context clearly dictates otherwise.
[0045] The terms "polynucleotide™ and "oligonucleotide" are interchangeable as used herein.

[0046] As used herein, a “non-canonical base pair” is any base pair that is not formed
through standard Watson-Crick base pairing.

[0047] As used herein, "duplex" refers to a region in two complementary or sufficiently
complementary oligonucleotides that form base pairs with one another, either by Watson-Crick
base pairing or any other manner that allows for a stabilized duplex between oligonucleotide
strands that are complementary or sufficiently complementary. “Sufficiently complementary”
refers to the degree of complementarity between two nucleotide sequences such that a stable
duplex is formed under the conditions in which the duplex is used. In various embodiments,
sufficiently complementary nucleotide sequences are sequences that are or are at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% complementary within a duplex. In
some embodiments, sufficiently complementary nucleotide sequences are sequences that are
100% complementary within a duplex. In further embodiments, two nucleotide sequences are
sufficiently complementary when there are 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more mismatches
between the two nucleotide sequences.

[0048] As used herein, the term "about," when used to modify a particular value or range,
generally means within 20 percent, e.g., within 10 percent, 5 percent, 4 percent, 3 percent, 2
percent, or 1 percent of the stated value or range.

[0049] Unless otherwise stated, all ranges contemplated herein include both endpoints and
all numbers between the endpoints. The use of "about" or "approximately" in connection with a
range applies to both ends of the range. Thus, "about 20 to 30" is intended to cover "about 20
to about 30", inclusive of at least the specified endpoints.

Aptamers

[0050] The present disclosure is directed to aptamers, such as FIT aptamers, as well as
methods of making and using the aptamers. In some aspects, the disclosure provides a
composition comprising a FIT aptamer as described herein. In various embodiments, an
aptamer is a DNA oligonucleotide or a modified form thereof, an RNA oligonucleotide or a
modified form thereof, or a combination thereof. Aptamers may be single stranded, double
stranded, or partially double stranded. As described herein, a FIT aptamer is an aptamer that

10
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comprises a detectable marker situated at an internal location within the aptamer. In various
embodiments, the detectable marker is situated at a position thatis 1, 2, 3, 4,5, 6,7, 8, 9, 10, or
more nucleotides from a terminus (i.e., 5" or 3’ terminus) of the aptamer. In some embodiments,
the detectable marker is situated at a position that is x nucleotides from a terminus (i.e., 5 or 3’
terminus) of the aptamer, wherein x is an integer that is 1, n/2, or any integer between 1 and
n/2, wherein n is (i) the length of the aptamer and (ii) an even number.. In further embodiments,
the detectable marker is situated at a position that is x nucleotides from a terminus (i.e., 5 or 3’
terminus) of the aptamer, wherein x is an integer that is 1, (n+1)/2, or any integer between 1 and
(n+1)/2, wherein n is (i) the length of the aptamer and (ii) an odd number. In some
embodiments, the detectable marker is situated at about a midpoint along the length of the
aptamer, wherein the nucleotide sequences on either side of the detectable marker are
sufficiently complementary to form a duplex. In any of the aspects or embodiments of the
disclosure, the FIT aptamer consists of one detectable marker. In some embodiments, the FIT
aptamer comprises 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more detectable markers.

[0051] Oligonucleotides. The disclosure contemplates, in any aspects or embodiments
described herein, the use of DNA oligonucleotides, RNA oligonucleotides, or combinations of
the two types. In any aspects or embodiments described herein, an oligonucleotide is single-
stranded, double-stranded, or partially double-stranded. Modified forms of oligonucleotides are
also contemplated which include those having at least one modified internucleotide linkage. In
one embodiment, the oligonucleotide is all or in part a peptide nucleic acid. Other modified
internucleoside linkages include at least one phosphorothioate linkage. Still other modified
oligonucleotides include those comprising one or more universal bases. "Universal base" refers
to molecules capable of substituting for binding to any one of A, C, G, T and U in nucleic acids
by forming hydrogen bonds without significant structure destabilization. The oligonucleotide
incorporated with the universal base analogues is able to function, e.g., as a probe in
hybridization. Examples of universal bases include but are not limited to 5'-nitroindole-2'-
deoxyriboside, 3-nitropyrrole, inosine and pypoxanthine.

[0052] The term "nucleotide” or its plural as used herein is interchangeable with modified
forms as discussed herein and otherwise known in the art. The term "nucleobase” or its plural
as used herein is interchangeable with modified forms as discussed herein and otherwise
known in the art. Nucleotides or nucleobases comprise the naturally occurring nucleobases A,
G, C, T, and U. Non-naturally occurring nucleobases include, for example and without
limitations, xanthine, diaminopurine, 8-0xo-N6-methyladenine, 7-deazaxanthine, 7-
deazaguanine, N4,N4-ethanocytosin, N',N'-ethano-2,6-diaminopurine, 5-methylcytosine (mC),
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5-(C3—C6)-alkynyl-cytosine, 5-fluorouracil, 5-bromouracil, pseudoisocytosine, 2-hydroxy-5-
methyl-4-tr- iazolopyridin, isocytosine, isoguanine, inosine and the "non-naturally occurring”
nucleobases described in Benner et al., U.S. Patent No. 5,432,272 and Susan M. Freier and
Karl-Heinz Altmann, 1997, Nucleic Acids Research, vol. 25: pp 4429-4443. The term
"nucleobase™ also includes not only the known purine and pyrimidine heterocycles, but also
heterocyclic analogues and tautomers thereof. Further naturally and non-naturally occurring
nucleobases include those disclosed in U.S. Patent No. 3,687,808 (Merigan, et al.), in Chapter
15 by Sanghvi, in Antisense Research and Application, Ed. S. T. Crooke and B. Lebleu, CRC
Press, 1993, in Englisch et al., 1991, Angewandte Chemie, International Edition, 30: 613-722
(see especially pages 622 and 623, and in the Concise Encyclopedia of Polymer Science and
Engineering, J. |. Kroschwitz Ed., John Wiley & Sons, 1990, pages 858-859, Cook, Anti-Cancer
Drug Design 1991, 6, 585-607, each of which are hereby incorporated by reference in their
entirety). In various aspects, oligonucleotides also include one or more "nucleosidic bases" or
"base units" which are a category of non-naturally-occurring nucleotides that include
compounds such as heterocyclic compounds that can serve like nucleobases, including certain
"universal bases" that are not nucleosidic bases in the most classical sense but serve as
nucleosidic bases. Universal bases include 3-nitropyrrole, optionally substituted indoles (e.g., 5-
nitroindole), and optionally substituted hypoxanthine. Other desirable universal bases include,

pyrrole, diazole or triazole derivatives, including those universal bases known in the art.

[0053] Examples of oligonucleotides include those containing modified backbones or non-
natural internucleoside linkages. Oligonucleotides having modified backbones include those that
retain a phosphorus atom in the backbone and those that do not have a phosphorus atom in the
backbone. Modified oligonucleotides that do not have a phosphorus atom in their
internucleoside backbone are considered to be within the meaning of "oligonucleotide ".

[0054] Modified oligonucleotide backbones containing a phosphorus atom include, for
example, phosphorothioates, chiral phosphorothioates, phosphorodithioates, phosphotriesters,
aminoalkylphosphotriesters, methyl and other alkyl phosphonates including 3'-alkylene
phosphonates, 5'-alkylene phosphonates and chiral phosphonates, phosphinates,
phosphoramidates including 3'-amino phosphoramidate and aminoalkylphosphoramidates,
thionophosphoramidates, thionoalkylphosphonates, thionoalkylphosphotriesters,
selenophosphates and boranophosphates having normal 3'-5' linkages, 2'-5' linked analogs of
these, and those having inverted polarity wherein one or more internucleotide linkages is a 3' to
3, 5" to 5" or 2' to 2' linkage. Also contemplated are oligonucleotides having inverted polarity
comprising a single 3' to 3' linkage at the 3'-most internucleotide linkage, i.e. a single inverted
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nucleoside residue which may be abasic (the nucleotide is missing or has a hydroxyl group in
place thereof). Salts, mixed salts and free acid forms are also contemplated. Representative
United States patents that teach the preparation of the above phosphorus-containing linkages
include, U.S. Pat. Nos. 3,687,808; 4,469,863; 4,476,301; 5,023,243; 5,177,196; 5,188,897;
5,264,423; 5,276,019; 5,278,302; 5,286,717; 5,321,131; 5,399,676; 5,405,939; 5,453,496;
5,455,233; 5,466,677; 5,476,925; 5,519,126; 5,536,821; 5,541,306; 5,550,111; 5,563,253;
5,571,799; 5,587,361; 5,194,599; 5,565,555; 5,527,899; 5,721,218; 5,672,697 and 5,625,050,
the disclosures of which are incorporated by reference herein.

[0055] Modified oligonucleotide backbones that do not include a phosphorus atom therein
have backbones that are formed by short chain alkyl or cycloalkyl internucleoside linkages,
mixed heteroatom and alkyl or cycloalkyl internucleoside linkages, or one or more short chain
heteroatomic or heterocyclic internucleoside linkages. These include those having morpholino
linkages; siloxane backbones; sulfide, sulfoxide and sulfone backbones; formacetyl and
thioformacetyl backbones; methylene formacetyl and thioformacetyl backbones; riboacetyl
backbones; alkene containing backbones; sulfamate backbones; methyleneimino and
methylenehydrazino backbones; sulfonate and sulfonamide backbones; amide backbones; and
others having mixed N, O, S and CH, component parts. See, for example, , U.S. Patent Nos.
5,034,506; 5,166,315; 5,185,444; 5,214,134; 5,216,141; 5,235,033; 5,264,562; 5,264,564;
5,405,938; 5,434,257; 5,466,677; 5,470,967; 5,489,677; 5,541,307; 5,561,225; 5,596,086;
5,602,240; 5,610,289; 5,602,240; 5,608,046; 5,610,289; 5,618,704; 5,623,070; 5,663,312;
5,633,360; 5,677,437; 5,792,608; 5,646,269 and 5,677,439, the disclosures of which are
incorporated herein by reference in their entireties.

[0056] In still further embodiments, oligonucleotide mimetics wherein both one or more sugar
and/or one or more internucleotide linkage of the nucleotide units are replaced with "non-
naturally occurring" groups. The bases of the oligonucleotide are maintained for hybridization.
In some aspects, this embodiment contemplates a peptide nucleic acid (PNA). In PNA
compounds, the sugar-backbone of an oligonucleotide is replaced with an amide containing
backbone. See, for example US Patent Nos. 5,539,082; 5,714,331; and 5,719,262, and
Nielsen et al., Science, 1991, 254, 1497-1500, the disclosures of which are herein incorporated
by reference.

[0057] In still further embodiments, oligonucleotides are provided with phosphorothioate
backbones and oligonucleosides with heteroatom backbones, and including —CH>—NH—O—
CHo—, —CH>—N(CH3)—0—CH>—, —CH>—O—N(CH3)—CHz—, —CH>—N(CH3)—N(CH3s)—
CH>— and —O—N{(CH3)—CH>—CH>— described in US Patent Nos. 5,489,677, and 5,602,240.
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Also contemplated are oligonucleotides with morpholino backbone structures described in US
Patent No. 5,034,506.

[0058] In various forms, the linkage between two successive monomers in the oligonucleotide
consists of 2 to 4, desirably 3, groups/atoms selected from —CH—, —O—, —S—, —NR"—,
>C=0, >C=NR", >C=S, —Si(R")>—, —SO—, —S(0)>—, —P(0Q)>—, —PO(BH3) —, —P(0,S) —
, —P(8)>—, —PO(R")—, —PO(OCHjs) —, and —PO(NHR")—, where R" is selected from
hydrogen and Ci.s-alkyl, and R" is selected from Ci.s-alkyl and phenyl. lllustrative examples of
such linkages are —CH>—CH>—CHz;—, —CH—CO—CH>—, —CH>—CHOH—CH>—, —O—
CH—0O—, —O—CH>—CH>—, —O—CH>—CH=(including R® when used as a linkage to a
succeeding monomer), —CH,—CH>—0O—, —NR"—CH>—CH>—, —CH>—CH>—NR"—, —
CH>—NR"—CH,— -, —O—CH>—CH>—NR"—, —NR"—CO—0—, —NRH—CO—NR"—, —
NR"—CS—NR"—, —NR"—C(=NR")—NR"—, —NR"—CO—CH,—NR"—O0—CO—0—, —O—
CO—CH—0—, —O0—CH—C0O—0—, —CH,—CO—NR"—, —O—CO—NR"—, —NR"H—
CO—CH; —, —O—CH>—CO—NR{—, —O—CH>,—CH>—NRH—, —CH=N—0O—, —CH>—
NRH—0O—, —CH>—O—N=(including R® when used as a linkage to a succeeding monomer), —
CH—O—NR"—, —CO—NR"— CH,—, — CH—NR"—0O—, — CH>—NR"—CO—, —O—
NR"*— CH,—, —O—NR", —O— CH>—S—, —S— CH>—0—, — CH>— CH,—S—, —0—
CHz— CHx—S—, —S— CHx—CHs=(including R® when used as a linkage to a succeeding
monomer), —S— CH>— CH>—, —S— CH>— CH>— O—, —S— CH>— CH>—S—, — CH>—
S— CHz—, — CH>—S0O— CHz—, — CH>—S0>— CH>—, —0—S0—0—, —0—S5(0)—0—,
—0—S8(0)>— CH>—, —0—S8(0)>—NR"H—, —NRH—S§(0),— CHy—; —O0—S(0)>— CHo—, —
0—P(0)>—O—, —0—P(0,5)—0—, —O0—P(S)>—O0—, —5—P(0)>—0—, —S—P(0,S)—0—,
—S—P(8)>—0—, —0—P(0)>—S—, —0—P(0,S)—S—, —O—P(S)>—S—, —S—P(0)>—S—,
—S—P(0,8)—S—, —S—P(§)>—S—, —O—PO(R")—0—, —O—PO(OCH3)—0O—, —O—
PO(O CH:CH3)—0—, —O0—PO(0O CH2CH:S5—R)—0—, —O—PO(BH3)—0—, —O—
PO(NHRN)—O—, —O—P(0)>—NR" H—, —NR"—P(0)>—0—, —O—P(O,NR")—0O—, —
CH—P(0)>—0—, —O0—P(0O)>— CH>—, and —O—Si(R")>—0—; among which — CH—CO—
NRH—, — CH>—NRH—0—, —§— CH,—0—, —O0—P(0)>—0—0—P(- 0,5)—0—, —0—
P(S)>—0O—, —NR" P(O)>—0—, —O0—P(O,NR")—0—, —O—PO(R")—0—, —O—PO(CH3)—
O—, and —O—PO(NHRN)—O—, where R" is selected form hydrogen and Ci4-alkyl, and R" is
selected from Ci.¢-alkyl and phenyl, are contemplated. Further illustrative examples are given in
Mesmaeker et. al., Current Opinion in Structural Biology 1995, 5, 343-355 and Susan M. Freier
and Karl-Heinz Altmann, Nucleic Acids Research, 1997, vol 25, pp 4429-4443.
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[0059] Still other modified forms of oligonucleotides are described in detail in U.S. patent
application No. 20040219565, the disclosure of which is incorporated by reference herein in its

entirety.

[0060] Modified oligonucleotides may also contain one or more substituted sugar moieties. In
certain aspects, oligonucleotides comprise one of the following at the 2' position: OH; F; O-, S-,
or N-alkyl; O-, S-, or N-alkenyl; O-, S- or N-alkynyl; or O-alkyl-O-alkyl, wherein the alkyl, alkenyl
and alkynyl may be substituted or unsubstituted C4 to Cio alkyl or Cz to C1o alkenyl and alkynyl.
Other embodiments include O[(CH2),O]mCH3, O(CH2),OCHs, O(CHz)nNH2, O(CH2),CHs,
O(CH2),ONH>, and O(CH>),ON[(CH2),CHj3]., where n and m are from 1 to about 10. Other
oligonucleotides comprise one of the following at the 2' position: C1 to C1o lower alkyl,
substituted lower alkyl, alkenyl, alkynyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCH3, OCN,
Cl, Br, CN, CF3, OCF3, SOCH3, SO>CH3s, ONO2, NO», N3, NH2, heterocycloalkyl,
heterocycloalkaryl, aminoalkylamino, polyalkylamino, substituted silyl, or an RNA cleaving
group. In one aspect, a modification includes 2'-methoxyethoxy (2'-O-CH-CH-OCHs, also known
as 2'-O-(2-methoxyethyl) or 2'-MOE) (Martin et al., Helv. Chim. Acta, 1995, 78, 486-504) i.e., an
alkoxyalkoxy group. Other modifications include 2'-dimethylaminooxyethoxy, i.e., a
O(CH2)>ON(CHz3)> group, also known as 2'-DMAQOE, and 2'-dimethylaminoethoxyethoxy (also
known in the art as 2'-O-dimethyl-amino-ethoxy-ethyl or 2-DMAEOQOE), i.e., 2-O—CH>—0—
CH>—N(CHs)a.

[0061] Still other modifications include 2'-methoxy (2'-O—CHs), 2'-aminopropoxy (2'-
OCH2CH2CH2NHz), 2"-allyl (2'-CH>—CH=CHy>), 2'-O-allyl (2'-O—CH>—CH=CH>) and 2'-fluoro
(2'-F). The 2-modification may be in the arabino (up) position or ribo (down) position. In one
aspect, a 2'-arabino modification is 2'-F. Similar modifications may also be made at other
positions on the oligonucleotide, for example, at the 3' position of the sugar on the 3' terminal
nucleotide or in 2'-5' linked oligonucleotides and the 5' position of 5' terminal nucleotide.
Oligonucleotides may also have sugar mimetics such as cyclobutyl moieties in place of the
pentofuranosyl sugar. See, for example, U.S. Pat. Nos. 4,981,957; 5,118,800; 5,319,080;
5,359,044; 5,393,878; 5,446,137; 5,466,786; 5,514,785; 5,519,134; 5,567,811; 5,576,427;
5,591,722; 5,597,909; 5,610,300; 5,627,053; 5,639,873; 5,646,265; 5,658,873; 5,670,633;
5,792,747; and 5,700,920, the disclosures of which are incorporated by reference in their

entireties herein.

[0062] In some aspects, a modification of the sugar includes Locked Nucleic Acids (LNAs) in
which the 2'-hydroxyl group is linked to the 3' or 4' carbon atom of the sugar ring, thereby
forming a bicyclic sugar moiety. The linkage is in certain aspects is a methylene (—CH>—),
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group bridging the 2' oxygen atom and the 4' carbon atom wherein nis 1 or 2. LNAs and
preparation thereof are described in WO 98/39352 and WO 99/14226.

[0063] Modified nucleotides are described in EP 1 072 679 and WO 97/12896, the
disclosures of which are incorporated herein by reference. Modified nucleobases include
without limitation, 5-methylcytosine (5-me-C), 5-hydroxymethyl cytosine, xanthine,
hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl derivatives of adenine and guanine, 2-
propyl and other alkyl derivatives of adenine and guanine, 2-thiouracil, 2-thiothymine and 2-
thiocytosine, 5-halouracil and cytosine, 5-propynyl uracil and cytosine and other alkynyl
derivatives of pyrimidine bases, 6-azo uracil, cytosine and thymine, 5-uracil (pseudouracil), 4-
thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and other 8-substituted adenines and
guanines, 5-halo particularly 5-bromo, 5-trifluoromethyl and other 5-substituted uracils and
cytosines, 7-methylguanine and 7-methyladenine, 2-F-adenine, 2-amino-adenine, 8-azaguanine
and 8-azaadenine, 7-deazaguanine and 7-deazaadenine and 3-deazaguanine and 3-
deazaadenine. Further modified bases include tricyclic pyrimidines such as phenoxazine
cytidine(1H-pyrimido[5 ,4-b][1,4]benzoxazin-2(3H)-one), phenothiazine cytidine (1H-pyrimido[5
,4-b][1,4]benzothiazin-2(3H)-one), G-clamps such as a substituted phenoxazine cytidine (e.g. 9-
(2-aminoethoxy)-H-pyrimido[5,4-b][1,4]Jbenzox- azin-2(3H)-one), carbazole cytidine (2H-
pyrimido[4,5-b]indol-2-one), pyridoindole cytidine (H-pyrido[3',2":4,5]pyrrolo[2,3-d]pyrimidin-2-
one). Modified bases may also include those in which the purine or pyrimidine base is replaced
with other heterocycles, for example 7-deaza-adenine, 7-deazaguanosine, 2-aminopyridine and
2-pyridone. Additional nucleobases include those disclosed in U.S. Pat. No. 3,687,808, those
disclosed in The Concise Encyclopedia Of Polymer Science And Engineering, pages 858-859,
Kroschwitz, J. I., ed. John Wiley & Sons, 1990, those disclosed by Englisch et al., 1991,
Angewandte Chemie, International Edition, 30: 613, and those disclosed by Sanghvi, Y. S.,
Chapter 15, Antisense Research and Applications, pages 289-302, Crooke, S. T. and Lebleu,
B., ed., CRC Press, 1993. Certain of these bases are useful for increasing binding affinity and
include 5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and O-6 substituted purines,
including 2-aminopropyladenine, 5-propynyluracil and 5-propynylcytosine. 5-methylcytosine
substitutions have been shown to increase nucleic acid duplex stability by 0.6-1.2° C and are, in
certain aspects combined with 2'-O-methoxyethyl sugar modifications. See, U.S. Patent Nos.
3,687,808, U.S. Pat. Nos. 4,845,205; 5,130,302; 5,134,066; 5,175,273; 5,367,066; 5,432,272;
5,457,187; 5,459,255; 5,484,908; 5,502,177; 5,525,711; 5,552,540; 5,587,469; 5,594,121,
5,596,091; 5,614,617; 5,645,985; 5,830,653; 5,763,588; 6,005,096; 5,750,692 and 5,681,941,
the disclosures of which are incorporated herein by reference.
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[0064] Methods of making polynucleotides of a predetermined sequence are well-known.
See, e.g., Sambrook et al., Molecular Cloning: A Laboratory Manual (2nd ed. 1989) and F.
Eckstein (ed.) Oligonucleotides and Analogues, 1st Ed. (Oxford University Press, New York,
1991). Solid-phase synthesis methods are preferred for both polyribonucleotides and
polydeoxyribonucleotides (the well-known methods of synthesizing DNA are also useful for
synthesizing RNA). Polyribonucleotides can also be prepared enzymatically. Non-naturally
occurring nucleobases can be incorporated into the polynucleotide, as well. See, e.g., U.S.
Patent No. 7,223,833; Katz, J. Am. Chem. Soc., 74:2238 (1951); Yamane, et al., J. Am. Chem.
Soc., 83:2599 (1961); Kosturko, et al., Biochemistry, 13:3949 (1974); Thomas, J. Am. Chem.
Soc., 76:6032 (1954); Zhang, et al., J. Am. Chem. Soc., 127:74-75 (2005); and Zimmermann, et
al., J. Am. Chem. Soc., 124:13684-13685 (2002).

[0065] In various aspects, an aptamer of the disclosure, or a modified form thereof, is
generally about 10 nucleotides to about 100 nucleotides in length. More specifically, an
aptamer of the disclosure is about 10 to about 90 nucleotides in length, about 10 to about 80
nucleotides in length, about 10 to about 70 nucleotides in length, about 10 to about 60
nucleotides in length, about 10 to about 50 nucleotides in length about 10 to about 45
nucleotides in length, about 10 to about 40 nucleotides in length, about 10 to about 35
nucleotides in length, about 10 to about 30 nucleotides in length, about 10 to about 25
nucleotides in length, about 10 to about 20 nucleotides in length, about 10 to about 15
nucleotides in length, and all aptamers intermediate in length of the sizes specifically disclosed
to the extent that the aptamer is able to achieve the desired result. In further embodiments, an
aptamer of the disclosure is about 5 nucleotides to about 1000 nucleotides in length. In further
embodiments, an aptamer of the disclosure is about 5 to about 900 nucleotides in length, about
5 to about 800 nucleotides in length, about 5 to about 700 nucleotides in length, about 5 to
about 600 nucleotides in length, about 5 to about 500 nucleotides in length about 5 to about 450
nucleotides in length, about 5 to about 400 nucleotides in length, about 5 to about 350
nucleotides in length, about 5 to about 300 nucleotides in length, about 5 to about 250
nucleotides in length, about 5 to about 200 nucleotides in length, about 5 to about 150
nucleotides in length, about 5 to about 100 nucleotides in length, about 5 to about 90
nucleotides in length, about 5 to about 80 nucleotides in length, about 5 to about 70 nucleotides
in length, about 5 to about 60 nucleotides in length, about 5 to about 50 nucleotides in length,
about 5 to about 40 nucleotides in length, about 5 to about 30 nucleotides in length, about 5 to
about 20 nucleotides in length, about 5 to about 10 nucleotides in length, and all aptamers
intermediate in length of the sizes specifically disclosed to the extent that the aptamer is able to
achieve the desired result. Accordingly, in various embodiments, an aptamer of the disclosure
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isorisatleastb, 6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72,73,74,75,76, 77,
78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 200,
300, 400, 500, 600, 700, 800, 900, 1000, or more nucleotides in length. In further
embodiments, an aptamer of the disclosure is less than 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,
68, 69, 70, 71, 72,73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, or more
nucleotides in length. It will be understood that, when more than one aptamer is used together
(e.g., in a sandwich assay) each aptamer may be a different length, or some or all of the
aptamers may be the same length. It will be appreciated that oligonucleotides of any of the
foregoing lengths are also contemplated by the disclosure.

[0066] Methods of attaching detectable markers and additional moieties as described herein

to an oligonucleotide are known in the art.

[0067] Spacers. In some aspects and embodiments, one or more aptamers or
oligonucleotides comprise a spacer. "Spacer" as used herein means a moiety that serves to
increase or provide distance between portions of the aptamer. Thus, spacers are contemplated
being located between a portion of an aptamer (such as a FIT aptamer) that binds to a target
analyte and a portion that binds to another portion of the same aptamer or to a portion of a
different aptamer.

[0068] In some aspects, the spacer when present is an organic moiety. In some aspects, the
spacer is a polymer, including but not limited to a water-soluble polymer, a nucleic acid, a
polypeptide, an oligosaccharide, a carbohydrate, a lipid, an ethylglycol, or a combination
thereof. In any of the aspects or embodiments of the disclosure, the spacer is an oligo(ethylene
glycol)-based spacer. In various embodiments, an aptamer comprises 1, 2, 3, 4, 5, or more
spacer {e.g., Spacer-18 (hexaethyleneglycol)) moieties. In various embodiments, an
oligonucleotide comprises 1, 2, 3, 4, 5, or more spacer (e.g., Spacer-18 (hexaethyleneglycol))
moieties. In further embodiments, the spacer is an alkane-based spacer (e.g., C12). In some
embodiments, the spacer is an oligonucleotide spacer (e.g., T5). An oligonucleotide spacer
may have any sequence that does not interfere with the ability of the aptamer to perform an
intended function (e.g., bind to a target analyte). In certain aspects, the bases of the
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oligonucleotide spacer are all adenylic acids, all thymidylic acids, all cytidylic acids, all guanylic
acids, all uridylic acids, or all some other modified base.

[0069] In various embodiments, the length of the spacer is or is equivalent to at least about 2
nucleotides, at least about 3 nucleotides, at least about 4 nucleotides, at least about 5
nucleotides, 5-10 nucleotides, 10 nucleotides, 10-30 nucleotides, or even greater than 30
nucleotides.

Detectable Markers

[0070] In any of the aspects or embodiments of the disclosure, a FIT aptamer comprises a
detectable marker. In various embodiments, the FIT aptamer comprises 2, 3, 4, 5,6, 7, 8,9, 10,
or more detectable markers, which may be either all the same or one or more detectable
markers may be different. In various embodiments, the one or more detectable markers is
situated at any internal position with an aptamer/oligonucleotide. As used herein, a “detectable
marker” is a marker that exhibits internal rotation-dependent fluorescence or is viscosity-
sensitive. In various embodiments, the detectable marker is thiazole orange (TO), quinoline
blue, quinoline violet, thiazole red, a derivative thereof, or a cyanine derivative. In various
embodiments, however, a FIT aptamer further comprises an additional moiety, wherein the
additional moiety is a fluorophore that does not exhibit internal rotation-dependent fluorescence.

[0071] Methods of attaching a detectable marker to an aptamer are known in the art and
exemplified herein (see, e.g., Example 2 and Figure 2). In some embodiments, the detectable
marker is situated at a position that is x nucleotides from a terminus (i.e., 5’ or 3’ terminus) of an
aptamer, wherein x is an integer that is 1, n/2, or an integer between 1 and n/2, and n is (i) the
length of the aptamer and (ii) an even number. In further embodiments, one or more detectable
markers are situated at different positions within an aptamer, with each detectable marker being
situated at a position that is x nucleotides from a terminus (i.e., 5’ or 3’ terminus) of the aptamer,
wherein x is an integer that is 1, n/2, or an integer between 1 and n/2, and n is (i) the length of
the aptamer and (ii) an even number. In some embodiments, the detectable marker is situated
at a position that is x nucleotides from a terminus (i.e., 5’ or 3’ terminus) of an aptamer, wherein
x is an integer that is 1, (n+1)/2 or any integer between 1 and (n+1)/2, and n is (i) the length of
the aptamer and (ii) an odd number. In further embodiments, one or more detectable markers
are situated at different positions within an aptamer, with each detectable marker being situated
at a position that is x nucleotides from a terminus of the aptamer, wherein x is an integer that is
1, (n+1)/2 or any integer between 1 and (n+1)/2, and n is (i) the length of the aptamer and (ii) an
odd number.
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Additional Moieties

[0072] The disclosure contemplates, in various embodiments, that an aptamer of the
disclosure (such as a FIT aptamer) comprises an additional moiety such as, without limitation, a
targeting agent, a therapeutic agent, an additional fluorophore that is a detectable marker or that
does not exhibit internal rotation-dependent fluorescence, or a combination thereof. Methods of
attaching additional moieties to an aptamer are known in the art. In some embodiments, an

oligonucleotide comprises an additional moiety.

[0073] Examples of the additional fluorophores include without limitation a FRET pair,
AlexaFluor dyes, ATTO dyes, BAPTA derivatives, fluorescein derivatives, rhodamine

derivatives, and coumarin derivatives.

[0074] Examples of targeting moieties contemplated by the disclosure include without
limitation proteins, peptides, oligonucleotides, lipids, carbohydrates, small molecules, and
chemical functional groups that can be used to direct the FIT aptamers to specific cell types,
specific sub-cellular compartments, or specific organs.

[0075] Examples of therapeutic agents contemplated by the disclosure include without
limitation therapeutic small molecules (e.g., anti-cancer drugs, anti-diabetes drugs), protein or
peptide-based drugs, therapeutic oligonucleotides (e.g., immunomodulatory, gene-regulatory),

or a combination thereof.
Methods of using FIT aptamers

[0076] The present disclosure is directed to aptamers, oligonucleotide sequences that can
bind to an analyte of interest, to study various targets. The disclosure offers new signal
transduction reagents and methods for target presence readout. Accordingly, the disclosure
provides FIT aptamers that are useful for detecting presence of a target analyte through, for
example and without limitation, intramolecular conformational changes, sandwich assays,
target-templated reassociation of split-aptamers, and identification of non-canonical base pairs,
each as described herein. It is contemplated that most aptamer-target binding modes known in
the art can be coupled to a FIT-based readout.

[0077] Intramolecular conformational changes. As described herein, FIT aptamers

comprise a detectable marker situated at an internal location within the aptamer. In some
aspects, the disclosure provides a method of detecting the presence of a target analyte
comprising the step of contacting the target analyte with an aptamer comprising a detectable
marker situated at an internal location within the aptamer, wherein the contacting results in

binding of the target analyte to the aptamer, wherein target analyte binding to the aptamer
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results in restriction of internal rotation of the marker, resulting in a detectable change in the
marker. In some embodiments, target analyte binding to the aptamer results in forced
intercalation (FIT) of the marker between oligonucleotide base pairs of the aptamer. In some
embodiments, target analyte binding to the aptamer results in intramolecular duplex formation in
the aptamer. In further embodiments, target analyte binding to the aptamer results in triplex or
tetraplex formation in the aptamer.

[0078] Sandwich Assays/Split Aptamers. A sandwich assay generally refers to the use of
more than one aptamer to bind to a target analyte, wherein each of the more than one aptamers
binds to a different binding site on the target analyte. Thus, in some embodiments, a target
analyte having two or more binding sites is contacted with two different aptamers that bind
independently to different binding sites on the target. See, e.g., Figure 10A. Accordingly, in
some aspects, the disclosure provides a method of detecting the presence of a target analyte
comprising the step of contacting the target analyte with (a) an aptamer or portion thereof
comprising (i) nucleotide sequence X, (ii}) nucleotide sequence Y which binds to the target
analyte, either alone or in combination with nucleotide sequence Y’ and (iii) a detectable marker
situated at an internal location within the aptamer, and (b) an additional aptamer or portion
thereof comprising (i) nucleotide sequence X’ which is sufficiently complementary to hybridize to
nucleotide sequence X, and (ii) nucleotide sequence Y’ which binds to the target analyte, either
alone or in combination with nucleotide sequence Y, wherein the contacting results in
hybridization of nucleotide sequence X with nucleotide sequence X’ and binding of the target
analyte with nucleotide sequence Y and nucleotide sequence Y’, wherein the binding of
nucleotide sequence X with nucleotide sequence X’ and the target analyte with nucleotide
sequence Y and nucleotide sequence Y’ result in restriction of internal rotation of the marker,
resulting in a detectable change in the marker. In some embodiments, nucleotide sequence Y
and nucleotide sequence Y’ bind to different binding sites of the target analyte.

[0079] In some aspects, methods of the disclosure include the use of split aptamers. In some
embodiments, it is contemplated that a target analyte has only a single binding site such that it
may be bound by only a single aptamer. Split aptamer methods involve the use of a single
aptamer sequence that is split to create two aptamer oligonucleotides, wherein each aptamer
oligonucleotide comprises a portion that binds to the single binding site on the target analyte.
The single aptamer may be split into two portions and additional nucleotides appended to each
of the two portions, wherein the appended nucleotide sequences are sufficiently complementary
to hybridize to each other. See, e.g., Figure 13A. Accordingly, in some aspects the disclosure
provides a method of detecting the presence of a target analyte comprising the step of
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contacting the target analyte with (a) an aptamer or portion thereof comprising (i) nucleotide
sequence X, (ii) nucleotide sequence Y which binds to the target analyte, either alone or in
combination with nucleotide sequence Y’ and (iii) a detectable marker situated at an internal
location within the aptamer, and (b) an additional aptamer or portion thereof comprising (i)
nucleotide sequence X’ which is sufficiently complementary to hybridize to nucleotide sequence
X, and (ii) nucleotide sequence Y’ which binds to the target analyte, either alone or in
combination with nucleotide sequence Y, wherein the contacting results in hybridization of
nucleotide sequence X with nucleotide sequence X’ and binding of the target analyte with
nucleotide sequence Y and nucleotide sequence Y’, wherein the binding of nucleotide sequence
X with nucleotide sequence X’ and the target analyte with nucleotide sequence Y and nucleotide
sequence Y’ result in restriction of internal rotation of the marker, resulting in a detectable
change in the marker. In some embodiments, nucleotide sequence Y and nucleotide sequence
Y’ together bind to the same binding site of the target analyte. In some embodiments,
nucleotide sequence Y will not bind to the target analyte in the absence of nucleotide sequence
Y’ also binding to the target analyte. In some embodiments, binding to the target analyte
requires both portions of the aptamer.

[0080] Non-canonical base pair identification. In some aspects, the disclosure provides a

method of identifying a non-canonical base pair comprising the step of contacting an ion with (a)
a first oligonucleotide comprising a detectable marker situated at an internal location within the
first oligonucleotide and (b) a second oligonucleotide, wherein the first oligonucleotide and the
second oligonucleotide are sufficiently complementary to hybridize to each other and form a
duplex, but are not complementary at a position immediately adjacent to the detectable marker
when the first oligonucleotide is hybridized to the second oligonucleotide; and wherein binding
of the ion to the duplex results in restriction in the internal rotation of the marker, resulting in a
detectable change in the marker and thereby identifying the non-canonical base pair. In some
embodiments, the first oligonucleotide and the second oligonucleotide are sufficiently
complementary to hybridize to each other and form a duplex, but the duplex comprises a single
nucleotide mismatch at a position immediately adjacent to the detectable marker when the first
oligonucleotide is hybridized to the second oligonucleotide. In further embodiments, the first
oligonucleotide and the second oligonucleotide are sufficiently complementary to hybridize to
each other and form a duplex, but the duplex comprises a nucleotide mismatch on both sides of
the detectable marker when the first oligonucleotide is hybridized to the second oligonucleotide.
In various embodiments, the first oligonucleotide is or is at least 75%, 80%, 85%, 90%, 95%, or
99% complementary to the second oligonucleotide.
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[0081] In further aspects, the disclosure provides a method of identifying a non-canonical
base pair comprising the step of contacting an ion with an aptamer comprising a detectable
marker situated at an internal location within the aptamer, wherein the aptamer is able to form
an intramolecular duplex, and the duplex comprises a nucleotide mismatch at a position
immediately adjacent to the detectable marker; and wherein binding of the ion to the duplex
results in restriction in the internal rotation of the marker, resulting in a detectable change in the
marker and thereby identifying the non-canonical base pair. In some embodiments, the duplex
comprises a single nucleotide mismatch at a position immediately adjacent to the detectable
marker. In some embodiments, the duplex comprises a single nucleotide mismatch on both

sides of the detectable marker.

[0082] In some embodiments, binding of the ion to the duplex results in forced intercalation
(FIT) of the marker in the duplex. In some embodiments, the detectable marker is a marker with
internal rotation-dependent fluorescence. In some embodiments, the detectable marker with
internal rotation-dependent fluorescence is a viscosity-sensitive marker. In further
embodiments, the detectable marker is thiazole orange (TO), quinoline blue, quinoline violet,
thiazole red, a derivative thereof, or a cyanine derivative. In some embodiments, the ion is a
cation. In some embodiments, the ion is a metal ion. In some embodiments, the metal ion is a
mercury ion, a copper ion, a silver ion, zinc ion, gold ion, manganese ion, or a combination

thereof. In some embodiments, the ion is an anion.
Target Analytes

[0083] In various aspects and embodiments, the disclosure provides methods of detecting
target analytes. Target analytes contemplated by the disclosure include without limitation a
protein, an ion, a small molecule, a lipid, a carbohydrate, an oligosaccharide, a cell, an
oligonucleotide, or a combination thereof.

[0084] In some embodiments, the ion is an anion or a cation. In some embodiments, ions
contemplated by the disclosure are metal ions. In further embodiments, the metal ion is a
mercury ion, a copper ion, a silver ion, zinc ion, gold ion, manganese ion, or a combination
thereof. In some embodiments, the ion is a hydrogen ion. In further embodiments, the change
in the detectable marker is indicative of a pH change.

[0085] Proteins are understood in the art and may be either naturally occurring or non-
naturally occurring. Naturally occurring proteins include without limitation biologically active
proteins (including antibodies) that exist in nature or can be produced in a form that is found in
nature by, for example, chemical synthesis or recombinant expression techniques. Naturally
occurring proteins also include lipoproteins and post-translationally modified proteins, such as,
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for example and without limitation, glycosylated proteins. Non-naturally occurring proteins
contemplated by the present disclosure include but are not limited to synthetic proteins, as well

as fusion proteins.

[0086] Proteins include antibodies along with fragments and derivatives thereof, including but
not limited to Fab' fragments, F(ab)2 fragments, Fv fragments, Fc fragments , one or more
complementarity determining regions (CDR) fragments, individual heavy chains, individual light
chain, dimeric heavy and light chains (as opposed to heterotetrameric heavy and light chains
found in an intact antibody, single chain antibodies (scAb), humanized antibodies (as well as
antibodies modified in the manner of humanized antibodies but with the resulting antibody more
closely resembling an antibody in a non-human species), chelating recombinant antibodies
(CRABs), bispecific antibodies and multispecific antibodies, and other antibody derivative or

fragments known in the art.

[0087] The term "small molecule," as used herein, refers to a chemical compound, or any
other low molecular weight organic compound, either natural or synthetic. By "low molecular
weight" is meant compounds having a molecular weight of less than 1000 Daltons, typically
between 100 and 700 Daltons.

[0088] In some embodiments, the target analyte is an oligonucleotide. In such embodiments,
it is contemplated that target oligonucleotide binding to a FIT aptamer duplex forms a “triplex
structure,” causing a conformational change in the detectable marker that results in detection of
the marker.

[0089] Lipids are understood in the art. Non-limiting examples include tocopheraols,
sphingolipids such as sphingosine, sphingosine phosphate, methylated sphingosines and
sphinganines, ceramides, ceramide phosphates, 1-0 acyl ceramides, dihydroceramides, 2-
hydroxy ceramides, sphingomyelin, glycosylated sphingolipids, sulfatides, gangliosides,
phosphosphingolipids, and phytosphingosines of various lengths and saturation states and their
derivatives, phospholipids such as phosphatidylcholines, lysophosphatidylcholines, phosphatidic
acids, lysophosphatidic acids, cyclic LPA, phosphatidylethanolamines,
lysophosphatidylethanolamines, phosphatidylglycerols, lysophosphatidylglycerols,
phosphatidylserines, lysophosphatidylserines, phosphatidylinositols, inositol phosphates, LPI,
cardiolipins, lysocardiolipins, bis(monoacylglycero) phosphates, (diacylglycero) phosphates,
ether lipids, diphytanyl ether lipids, and plasmalogens of various lengths, saturation states, and
their derivatives, sterols such as cholesterol, desmosterol, stigmasterol, lanosterol, lathosterol,
diosgenin, sitosterol, zymosterol, zymostenol, 14-demethyl-lanosterol, cholesterol sulfate,
DHEA, DHEA sulfate, 14-demethyl-14-dehydrlanosterol, sitostanol, campesterol, ether anionic
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lipids, ether cationic lipids, lanthanide chelating lipids, A-ring substituted oxysterols, B-ring
substituted oxysterols, D-ring substituted oxysterols, side-chain substituted oxysterols, double
substituted oxysterols, cholestanoic acid derivatives, fluorinated sterols, fluorescent sterols,
sulfonated sterols, phosphorylated sterols, polyunsaturated sterols of different lengths,
saturation states, saturated C8-C22 fatty acids, saturated C8-C22 ether derivatives of glycerol,
saturated and unsaturated amide derivatives of C8-C22 fatty acids and mono- and 1,2- or 1, 3-
di-amino glycerols, derivatives thereof, or a combination thereof.

[0090] Carbohydrates are known in the art. Non-limiting examples include sucrose, xylose,

mannose, fructose, maltose, lactose, galactose, derivatives thereof, or a combination thereof.

[0091] Oligosaccharides are understood in the art. Non-limiting examples include cellobiose,
cellodextrin, B-cyclodextrin, indigestible dextrin, gentio-oligosaccharide, gluco-oligosaccharide,
isomaltoligosaccharide, isomaltose, isomatriose, panose, leucrose ), Palatinose, cyananderose,
D-agatose, D-lyxo-hexulose, lactosucrose, a-galactooligosaccharide, B-galactooligosaccharide ,
Transgalactooligosaccharides, lactulose, 4'-galatosyllactose, synthetic galactooligosaccharides,
fructans-Levan-type, frustans-Inutin-type, 1f- B-fructofuranosylnystose (1f-p-
fructofuranosylnystose), xylooligosaccharide, raffinose (lafinose), lactosucrose and arabino-
oligosaccharides, derivatives thereof, or a combination thereof.
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Examples
Example 1

[0092] To evaluate the feasibility of realizing FIT-aptamers, a previously reported DNA
sequence was chosen (Table 1), known to recognize Hg?, as an example of an aptamer that
binds to its target through an intramolecular conformational change.'® The aptamer sequence
was used as a single-stranded probe and the FIT-dye quinoline blue (D) as a nucleobase
surrogate. It was considered that this aptamer adopts a hairpin-like structure in the presence of
Hg?* due to the Hg?-mediated bridging of thymine (T) bases (T-Hg?*-T).'%2* Therefore, it was
hypothesized that if a base sandwiched between two Ts in the aptamer sequence was replaced
with D, forced intercalation of D between the metallo-base pairs (bps) would turn on its
fluorescence. The FIT-aptamer (HgA1) was synthesized by substituting the fourth base from
the 3’ end of the sequence with an amino-modifier to which D-carboxylate was conjugated via
carbodiimide crosslinking chemistry (Figures 2-3). HgA1 was then titrated with Hg?* in a
buffered solution. The fluorescence enhancement factor (I¢/lo), defined as the ratio of the
fluorescence in the presence of target (signal, ) to the initial fluorescence (background, lo),
increases with increasing concentrations of Hg?* and reaches a maximum value of
approximately 8 (Figure 3). Significantly, when a short complementary sequence (Figure 3C) is
used to partially block the aptamer akin to a structure-switching signaling aptamer,® the
response time of the probe is 5 times slower (Figure 3D), showing that single-stranded probes
such as FIT-aptamers enable faster target detection.

[0093] Based on these results, it was speculated that this system would enable one to create
a fast, highly sensitive, and extremely simple Hg?* probe. Therefore, a T14 sequence was used
in which the fourth base from the 5’ end was replaced with D (HgA2, Figure 4A). Remarkably,
addition of aqueous Hg?* (250 nM) to HgA2 resulted in an approximately 20-fold fluorescence
enhancement (Figure 4B, C). In sharp contrast, a traditional FRET-based approach provides a
signal-to-background ratio of 1.32 (Figure 5). Based on the calibration curve of HgA2, the limit
of detection (LOD) of the FIT-aptamer assay is 1.75 nM, well below the 10 nM toxicity limit for
Hg?* in drinking water.?> Importantly, challenging the probe with a panel of 15 different metal
ions yields selective turn on in the presence of Hg?* (Figure 4D). Using a similar strategy, Ag*
ions can be detected via the formation of C-Ag*-C bps using a cytosine-rich strand (Figure 6).
This is believed to be the first use of forced intercalation to measure the formation of metal-
mediated non-traditional bps.

[0094] While the above examples show that FIT-aptamers can report metallo-base pair (bp)
formation through global conformational changes, it was hypothesized that the sensitivity of FIT-
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probes to single bp mismatches? can be utilized to sense metallo-bp formation in a preformed
DNA duplex. Current methods for finding metallo-bps rely primarily on single crystal X-ray
diffraction studies,?® which necessitate challenging DNA crystallization, or NMR,?* which
requires a sufficiently large number of metal binding events to distinguish resonances of metal-
bound nucleobases from the inherent signal of other bases in a strand. To assess whether FIT
probes can be used as a simple alternative to allow rapid detection in solution, six different 21-
mer DNA sequences were synthesized: three oligonucleotides containing TDT, TDA, and ADA
regions, respectively, and their complements. The sequences containing D were added to the
normal sequences in all combinations to form duplexes with zero T-T, one T-T, or two T-T
mismatches directly adjacent to D. It was observed that the addition of Hg?* increased the
fluorescence only in the duplexes where T-Hg?*-T bases could be formed adjacent to the dye,
showing that D can report local conformational changes and, moreover, that this information can
be used to determine the identity of the metallo-bp formed (Figure 7, Figure 8). This ability of
“local probing” is not possible with FRET or fluorophore/quencher-based techniques and is
useful for screening new metallo-bps, studying local structural changes in DNA and RNA during
various biological processes,?2° or identifying drug binding sites on DNA and RNA.20-33

[0095] The possibility of designing FIT-aptamers that undergo more complex structural
transitions upon target binding was next investigated by studying the i-motif as an example. The
i-motif is a cytosine-rich “proton aptamer” that adopts a quadruplex structure at acidic pH due to
the formation of C-H*-C bonds.?*2® The ninth base of the i-motif was replaced with D (I-mD,
Figure 9A). Circular dichroism spectra confirmed that the presence of D does not impede i-motif
formation (Figure 9B). Lowering the pH from 7.0 to 5.6 results in a 5-fold fluorescence
enhancement (Figure 9C). Importantly, the fluorescence of HgA2 did not significantly change
within this pH range, confirming that the enhancement was due to the forced intercalation of D
in the i-motif structure as opposed to the dye’s inherent pH-sensitivity. Taken together, these
results showed that a FIT-based strategy could be adapted to detect various analytes that

cause conformational changes in aptamers.

[0096] As a measure of versatility, how FIT-aptamers can be designed in alternate detection
contexts was further explored. It was considered that sandwich assays for detecting proteins
based on antibodies are popular due to increased specificity.*¢38 Therefore, systems that
require the binding of two aptamers to generate a signal output was examined.*® Thrombin was
used as a model system because there are known aptamers that bind to two distinct sites.**4!
Applying the FIT strategy, the two aptamer sequences were appended with spacer groups and
short complementary sequences (Figure 10A), one of which (THR1D) was modified with D. The
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independent binding of these two aptamers (THR1D and THR2) to thrombin brings the
complementary sequences into proximity, increasing their local concentration and allowing them
to hybridize. In buffer, a 5-fold fluorescence enhancement upon target binding was observed
(Figure 10B). Negative controls involving proteins other than thrombin generated negligible
signal (Figure 10C). The LOD was 1.42 nM. In comparison, a FRET-based method only
yielded a 1.25-fold enhancement (Figure 11). For FIT-aptamers to be useful, it is important to
be able to use them in complex media at disease relevant target concentrations. As a clinically
applicable model, the potential for detecting thrombin in human serum was tested using THR1D
and THR2. The results (Figure 12) showed a limit of detection of 6.8 nM in whole serum. This
value is below the 10 nM thrombin concentration in serum that is associated with blood clot

formation,*43 demonstrating assay utility in medical diagnostic relevant media.

[0097] As a structurally similar but distinct detection mode, how split-aptamers can be
interfaced with a FIT-based strategy was also investigated. In this case, the aptamer sequence
was divided into two fragments such that the presence of the target templates their re-
association.* Utilizing thrombin, it was validated that FIT-based split-aptamers can be realized
(Figure 13). This observation showed that the FIT-aptamer approach can be used for detecting
analytes that do not have well-characterized aptamer binding sites or do not support two-
epitope binding.

[0098] In summary, a new class of signaling aptamers based on forced intercalation is
described and shown herein. It was shown that highly sensitive FIT-aptamers can be designed
for the most common aptamer-target binding modes, exemplifying that FIT-aptamers constitute
a new paradigm for simple, versatile, and reliable detection. FIT-aptamers provide key
advantages over state-of-the-art fluorescence-based signaling aptamers. For example, they are
kinetically superior to strategies that require partial blocking of the aptamer site and show higher
signal-to-background ratio than traditional FRET-based techniques. Furthermore, a FIT-based
strategy enables the probing of local target-induced conformational changes, a powerful
capability that is not possible with conventional fluorophore/quencher or FRET-based
methodologies. The ability to detect thrombin in human serum bodes well for extending the FIT-
aptamer strategy to a wide variety of biological detection scenarios.
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Oligonucleotide design, synthesis, purification, and characterization

[0099]

study. The dye, D,

is represented throughout the disclosure by “D”.

Oligonucleotide design. Table 1 lists all the oligonucleotide sequences used in this

’ ’ .
ABBREVIATION %EN(I))I)JENCE (FROM 5 END TO 3’ | SEQID NO: PURPOSE
TCATG TTTGT TTG TTG GCC CCC | 1 24
HGA1 CTT CTT TDT TA Aptamer For Hg
HGA1COMP CAA ACAAACATGA 2 Short Complement To Hgal
HGA2 TTT D TTT TTT T TTT 3 IELTII’{IEZS}“’““ Aptamer
HGA2-F TTTTTTT TTT T TTT-FLUORESCEIN | 4
HGA2-T TAMRA dT-TTT TTTT TTTTTTT 5 Strands For Fret
TAMRA dT-TTT T TTT TTT T TTT- | 6 Experiments With Hg?*
HGAZ-IT FLUORESCEIN
AGA CCCD CCC AAAACCCTCCC 7 Aptamer For Ag”
CCCC TAA CDCC TAA CCCC TAA |8 .
I-MD CCCC Aptamer For H
THR1D GGT TGG TGT GGT TGG (SPACERI18)s | 9 Two Aptamers That Bind
CGC D TCT Two Distinct Epitopes On
THR2 AGA T GCG (SPACER1S8); AGT CCG | 10 Thombn PP
TGG TAG GGC AGG TTG GGG TGACT
THR1-F GGT TGG TGT GGT TGG (SPACER18)s | 11
CGC A TCT-FLUORESCEIN Strands For Fret
TAMRA dT-AGA T GCG (SPACERI18)s | 12 Experiments For Two
THR2-T AGT CCG TGG TAG GGC AGG TTG Epitope Thrombin Binding
GGG TGACT
THR1-C GGTTGG TGT GGT TGG (SPACERIS)s | 13 Control Sequences For Fret
CGC ATCT Experiments For Two
THR2-C T AGA T GCG (SPACER18)s AGT CCG | 14 B ?to e Thrombin Bindin
TGG TAG GGC AGG TTG GGG TGA CT PHoP £
TGG TTG G TTTTTT (SP18)5 C GCD | 15
SPLIT-THRA TCT Split Aptamers For
AGA TGC G (SP18)5 AAAAAA GGT | 16 Thrombin
SPLIT-THRB TGG TG
5°-TDT-3’ ATA TTC TGA A TDT CA TCC TGC 17 DNA Sequences Used To
5’-TDA-3’ ATA TTC TGA A TDA CA TCC TGC 18 Demonstrate That D Can
5-ADA-3’ ATATTC TGA A ADA CATCC TGC 19 Report The Formation Of T-
3’-TGT-5* GCA GGATG TGT T TCA GAA TAT 20 Hg**-T Base Pairing Within
3 -TGA-5" GCA GGA TG AGT TTCA GAATAT 21 A Preformed
3’-AGA-5" GCA GGA TG AGA T TCA GAATAT 22 Oligonucleotide Duplex

*This sequence reads “...AGT...” from 5-3". However, it is named as 3-TGA-5 as it reads
“...TGA...” when written from 3*-5".

Table 1. Oligonucleotide sequences described herein.

[0100]

Ligand-induced intramolecular conformational changes. A DNA sequence (5’-

TCATGTTTGT TTG TTG GCC CCC CTT CTT TCT TA-3’ (SEQ ID NO: 23)) was first selected
that is known to bind to Hg? via intramolecular conformational changes.** The underlined
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cytosine at the 4th position from the 3’ end was replaced with D to obtain a FIT-aptamer (HgA1).
It was anticipated that in the presence of Hg?", T-Hg?*-T base pairing would occur, turning on
the fluorescence of D (Figure 3).

[0101] It is noted that the sequence used has been previously shown to detect Hg** as a
structure-switching signaling aptamer that incorporates a fluorophore-quencher pair. This
strategy necessitated that part of the aptamer be blocked by a short complementary strand.* To
study the impact of the short complement on the response time of the probe, a 13-mer
complement was synthesized (HgA1comp).

[0102] The FIT-aptamer HgA2 was next synthesized, consisting of a simple string of 14
thymine bases with the 4th base from the 5’ end replaced with D (Figure 4A). To study how
FIT-aptamers compare with FRET-based platforms, three additional T14 sequences were
synthesized: the first sequence (HgA2-F) was labeled with fluorescein at the 3’ end, the second
sequence (HgA2-T) was labeled with TAMRA dT at the 5’ end, and the third sequence (HgA2-
FT) was labeled with both fluorescein and TAMRA at the 3’ and 5’ ends, respectively.
Fluorescein and TAMRA are a well-known FRET pair. Hg?*-mediated thymine coordination in
HgA2-FT is expected to bring the FRET pair into close proximity, resulting in a FRET signal
(Figure 5). HgA2-F and HgA2-T were synthesized as control sequences, to study the influence
of Hg?* on the FRET signal in the absence of one of the dyes.

[0103] As a simple probe for Ag*, a cytosine-rich strand was designed (AgA, Figure 6), while a
modified sequence for the human telomeric i-motif was used to detect pH changes (I-mD,
Figure 9A).

[0104] Aptamer-based sandwich assay. Thrombin was chosen as a model target for
studying two epitope aptamer binding. Aptamers known to associate with thrombin at two
distinct sites were used in this study.*® To generate FIT-aptamers, five spacer18 moieties and
7-base complementary sequences were appended to the 3’ end of the first aptamer (THR1D)
and 5’ end of the second aptamer (THR2), respectively. The 4th base from the 3’ end of
THR1D was replaced with D (Figure 10A).

[0105] Split-aptamers. Thrombin was chosen as a model target for studying the feasibility of
designing FIT-based split-aptamers. A known aptamer for thrombin was fragmented into two
parts.*” This aptamer is known to form a G-quadruplex and then bind to thrombin. To aid in G-
quadruplex formation, complementary bases were appended to the 5" and 3’ ends of the two
aptamers, respectively. So that the designed FIT-aptamers reports target presence, a similar
design strategy as used for two epitope binding was employed: five spacer18 moieties and 7-
base complementary sequences were appended to the 3’ end of the first aptamer (Split-THRa)
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and 5’ end of the second aptamer (Split-THRDb), respectively. The 4th base from the 3’ end of
Split-THRa was replaced with D (Figure 13).

[0106] Intraduplex metallo-base pair formation. Three 21-base DNA sequences were
synthesized that differed only in terms of the bases at positions 11, 12, and 13 from the 5’ end.
The sequences consisted of TDT, TDA, and ADA regions and these sequences were
correspondingly termed as 5’-TDT-3’, 5’-TDA-3’, and 5’-ADA-3’, respectively. Three strands
that are complementary to these sequences were also synthesized: 3’-AGA-5, 3’-AGT-5’, and
3-TGT-5’. The dye-labeled strands were added to the unlabeled strands in different
combinations which resulted in the formation of duplexes with varying numbers of T-T
mismatches adjacent to D (Table 2).

5’-TDT-3’ 5’-TDA-3’ 5’-ADA-3’
3’-AGA-5’ 0 0 0
3-AGT-5’ 1 0 0
3-TGT-5° 2 1 0

Table 2. Number of T-T mismatches in DNA duplexes

[0107] Synthesis, purification, and characterization. DNA synthesis reagents were
purchased from Glen Research. Oligonucleotides were synthesized either on a MerMade12
(MM12, BioAutomation Inc., Plano, Texas, USA) instrument using universal controlled pore
glass (CPG) beads at a 5 umol scale or an ABI 394 using CPG beads at a 1 umol scale. After
synthesis, the CPG-bound oligonucleotides were cleaved from the CPG beads and deprotected
for 4 h at 55° C using 2 mL of 30% ammonium hydroxide. The ammonia was then evaporated
off using an Organomation® Multivap® Nitrogen Evaporator. The volume of the remaining
solution was adjusted to 2 mL using nanopure water. The solution was then filtered through a
0.2 uM syringe filter to remove the CPG beads. Subsequent purification was performed using
reverse phase high pressure liquid chromatography (RP-HPLC, Varian ProStar 210, Agilent
Technologies Inc., Palo Alto, CA, USA) employing a C18 column and a gradient of 0 to 75% B
over 45 min (A=triethylammonium acetate buffer, B=acetonitrile). Collected fractions were then
lyophilized overnight and subsequently detritylated with 2 mL of 20% acetic acid for 1 hour. The
cleaved DMTr was extracted using ethyl acetate. The remaining acidic oligonucleotide solution
was lyophilized overnight again, and resuspended in nanopore water. The fraction containing
the product was identified using matrix-assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF MS). The concentration of product was determined via UV-VIS
spectroscopy using the extinction coefficient at 260 nm obtained from the IDT Oligo Analyzer
Tool.
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Synthesis and characterization of quinoline blue (D)

[0108] General methods. All chemicals, reagents, and solvents were purchased as reagent
grade from Sigma-Aldrich, Acros, or Alfa Aesar and used as received unless otherwise stated.
When specified, solvents were degassed under a stream of argon before use. All glassware
and stir bars were oven-dried at 180° C. Flash chromatography was performed using SiO» 60
(230—400 mesh ASTM, 0.040-0.063 mm; Fluka). Deuterated solvents were purchased from
Cambridge Isotope Laboratories and used as received. 'H and "*C NMR spectra were recorded
on a Bruker Avance 400 MHz NMR spectrometer at 298 K, and chemical shifts (8) are given in
parts per million. "H NMR spectra were referenced to residual proton resonances in the
deuterated solvents (dimethylsulfoxide-ds = 6 2.50), while absolute referencing was applied for
heteronuclear NMR spectra (=¢ = 25.145020). Electrospray ionization mass spectrometry (ESI-
MS) was recorded on a Micromas Quatro |l triple—quadrapole mass spectrometer in positive ion
mode. N-methyl-4-chlorquinolinium iodide and N-carboxylmethyl-4-methquinolinium bromide

were synthesized following literature procedures.*84°

[0109] Synthesis of quinoline blue derivative. D was synthesized as described previously
with slight modifications.®® N-methyl-4-chlorquinolinium iodide (0.2636 g, 0.863 mmol, 1 equiv)
and N-carboxylmethyl-4-methquinolinium bromide (0.292 g, 1.035 mmol, 1.2 equiv) were
suspended in 2.2 mL of dichloromethane (CH>Clz). To the brown suspension was added
trimethylamine (0.4190 mL, 3.02 mmol, 3.5 equiv), and the resulting solution turned dark blue
immediately. The mixture was stirred at room temperature in the dark overnight. The mixture
was then dried and purified via flash chromatography (CH>Cl>:MeOH = 8:2). The product
fractions were combined and dried in vacuo to obtain a bluish-purple powder (0.2083 g, 0.608
mmol, isolated yield = 71%). The product is stable when stored dried and shielded from light,
but a solution of D would decolorize and degrade when exposed to light for an extensive period
of time. 'H NMR (400 MHz, DMSO-ds) 8 8.71 — 8.62 (m, 2H), 8.24 (d, J= 7.1 Hz, 1H), 8.00 (d,
J=7.4Hz, 1H), 7.90 - 7.82 (m, 2H), 7.82 — 7.78 (m, 1H), 7.78 — 7.70 (m, 2H), 7.67 — 7.54 (m,
2H), 7.51 (d, J= 7.5 Hz, 1H), 7.23 (s, 1H), 4.74 (s, 2H), 3.96 (s, 3H). "*C NMR (101 MHz,
DMSO-ds) 6 165.89, 149.40, 147.26, 144.21, 142.43, 138.62, 138.58, 132.12, 132.09, 125.89,
125.54, 125.44, 125.35, 125.27, 124.62, 118.39, 117.15, 109.32, 106.83, 95.72, 59.35, 41.09.
ESI-MS m/z Calcd for [M+H]*: 343.14 m/z. Found: 343.14 m/z. Calcd for [M+Na]*: 365.13 m/z.
Found: 365.10 m/z. See Figure 14.

[0110] Coupling of D to oligonucleotide probes. D-carboxylate was coupled to
oligonucleotide probes containing an amino-modifier (N-trifluoroacetyl serinol phosphoramidite)
using a previously reported protocol with modifications (Figure 2).%° In a typical experiment, D-
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carboxylate (5 pumol) and pyridinium para-toluene sulfonate (5 pmol) were added to
dimethylformamide (250 pL) and vortexed to dissolve the components. Thereafter, N-
hydroxysuccinimide (25 pumol) and 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (50 pmol)
were added to the solution, and the mixture was incubated at 30° C for 10 min. This activated
dye solution was added to 100 nmol of oligonucleotides (dissolved in 250 pL of 0.1 M NaHCO3)
and allowed to incubate for 2 hours.

[0111] The dye-oligonucleotide solution was added to water (15 mL) and filtered (3 kDa
Amicon Ultra-15 centrifugal filter units, Millipore Sigma). The filtrate was discarded and the
solution remaining in the filter was purified using a NAP™-10 (GE Healthcare) column to
remove any unreacted dye. The dye-conjugated oligonucleotide was separated from unreacted
oligonucleotides using RP-HPLC with a C18 column and a gradient of 0 to 75% B over 45 min
(A=triethylammonium acetate buffer, B=acetonitrile). The product containing fraction was
analyzed using MALDI-TOF and quantified using UV-Vis spectroscopy as before.

Fluorescence experiments
[0112] All measurements were performed in triplicate unless otherwise mentioned.
1. Aptamer-Hg? binding studies
HgA1

[0113] Calibration curve. A calibration curve measuring the response of probe HgA1 to
target in MOPS buffer (10 mM MOPS, 100 mM NaNO3, pH 7.2) was constructed using a
BioTek Synergy H4 Hybrid Reader. 50 nM HgA1 probe was challenged with different amounts
(0, 25, 50, 75, 100, 150, 200, 250, and 300 nM) of HgCl: in different wells of a 96 well plate.
The fluorescence reading was taken at 20° C.

[0114] Kinetics. 50 nM HgA1 probe (with and without 100 nM of HgA1comp) was challenged
with 250 nM HgCI2 in MOPS buffer (10 mM MOPS, 100 mM NaNQO3, pH 7.2) at 20° C. The
fluorescence was read using an ISS PC1. Fluorescence of just the probe was read before the
addition of Hg?*, and then monitored until the signal saturated after HgCl. addition.

HgA2

[0115] Effect of pH on binding. 250 nM HgA2 probe was challenged with 75 nM HgCl» in
varying pH Britton-Robinson (BR) buffer (pH 6, 7, 8, 9, 10, and 11) and fluorescence was read
using an 1SS PC1 at 20° C. Fluorescence of the probe was read both before and after the
addition of Hg?".
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[0116] Effect of ionic strength. 250 nM HgA2 probe was challenged with 75 nM HgCl» in pH
10 BR buffer at different ionic strengths (0, 100, and 500 mM NaCl) and fluorescence was read
using an ISS PC1. Fluorescence of just the probe was read before the addition of HgCl..
Fluorescence readings were taken at 20° C.

[0117] Calibration curve. All fluorescence readings were taken on an ISS PC1 at 20° C. In
a representative experiment, a fluorescence reading was first taken of pH 10 BR buffer. Then,
50 nM HgA2 probe was added and another fluorescence reading was taken. Lastly, x nM HgCl>
(where x is 10, 25, 50, 75, 100, 150, 200, or 250) was added and a fluorescence reading was
taken. The cuvette was then washed, and this procedure was repeated for the next value of x.
A corresponding spectrum was taken for each of these points by excitation at 560 nm and
collection of emission from 590 nm to 750 nm.

[0118] Selectivity. 50 nM HgA2 probe in pH 10 BR buffer was challenged with 500 nM of
varying metals (Hg?*, Ag*, Pb?*, NH4*, K*, Fe*, Fe?*, Mn2*, Mg?*, Cu?*, Ca?, Co?, Ni?*, Zn?,
Cd?*, and Ba?*) and fluorescence was measured using a BioTek Synergy H4 Hybrid Reader.
The fluorescence readings were taken at 20° C.

[0119] FRET experiments. All experiments were done in pH 10 BR buffer and fluorescence
was collected using a BioTek Synergy H4 Hybrid Reader at 20° C. Excitation was performed at
480 nm and emission was collected at 520, 580, and 700 nm. 50 nM of HgA2-F, 50 nM of
HgA2-T, or 50 nM of HgA2-FT probe were challenged with 500 nM HgCl.

2. Aptamer-Ag* binding studies

[0120] Calibration curve. All fluorescence readings were taken on an ISS PC1 at 20° C. In
all experiments, 50 nM AgA probe was added to MOPS buffer (10 mM MOPS, 100 mM NaNOs,
pH 7.2). In a representative experiment, a fluorescence reading was first taken of the MOPS
buffer. Then, 50 nM AgA probe was added and another fluorescence reading was taken.
Lastly, x nM Ag* (where x is 10, 25, 50, 100, 250, 500, 750, or 1000) was added and a
fluorescence reading was taken. The cuvette was then washed, and this procedure was
repeated for the next value of x. A corresponding spectrum was taken for each of these points
by excitation at 560 nm and collection of emission from 590 nm to 750 nm.

[0121] Selectivity. 50 nM AgA probe in MOPS buffer (10 mM MOPS, 100 mM NaNO3, pH
7.2) was challenged with 500 nM of varying metals (Ag*, Hg?*, Pb?", NH4*, K*, Fe®, Fe?*, Mn?,
Mg?*, Cu?, Ca?, Co?, Ni*, Zn?*, Cd?*, Ba?*) and fluorescence was measured using a BioTek
Synergy H4 Hybrid Reader. The fluorescence reading was taken at 20° C.
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3. Studies with i-motif.

[0122] All fluorescence readings were taken on an ISS PC1 at 25° C. 50 nM I-mD was added
to pH x Mcllvaine buffer (where x is 5.4, 5.6, 5.8, 6, 6.2, 6.4, 6.6, 6.8, 7.0, or 7.6). In a typical
experiment, a fluorescence reading of pH x Mcllvaine buffer was first taken. Then, 50 nM I-mD
was added and a fluorescence reading was taken. The cuvette was washed, and this
procedure was repeated for the remaining values of x. The procedure was repeated in full using
the HgA2 probe as a control. Corresponding spectra were collected for the I-mD probe at pH
54,5.6,5.8,6.0,6.2,6.6, 7.0, and 7.6 by exciting at 560 nm and collecting emission from 590

nm to 750 nm.
4, Two-aptamer binding to thrombin

[0123] Effect of temperature on binding. All fluorescence readings were taken on an ISS
PC1. In a typical experiment, a fluorescence reading was first taken of 1X Tris-buffered saline
(20 mM Tris, 0.9% NaCl, pH 7.4). Then, 50 nM THR1D and 50 nM THR2 were added to 1X
Tris-buffered saline and a fluorescence reading was taken after 3 minutes. 100 nM thrombin
was then added, and a fluorescence reading was taken after 3 minutes. In this experiment, this
procedure was done at 4 different temperatures (5, 10, 15, and 20° C) to determine the

temperature of maximum fluorescence enhancement.

[0124] Calibration curve. All fluorescence readings were taken on an ISS PC1 at 10° C. In
a typical experiment, a fluorescence reading was first taken of 1X Tris-buffered saline (20 mM
Tris, 0.9% NaCl, pH 7.4). Then, 50 nM THR1D and 50 nM THR2 were added to 1X Tris-
buffered saline and a fluorescence reading was taken after 3 minutes. x nM thrombin (where x
is 2.5, 5, 10, 17.5, 25, 50, or 100) was then added, and a fluorescence reading was taken after
3 min. The cuvette was then washed, and the procedure was repeated for the remaining values
of x. A corresponding spectrum was taken for each of these points by excitation at 560 nm and

collection of emission from 590 nm to 750 nm.

[0125] Selectivity. All fluorescence readings were taken on an ISS PC1 at 10° C. In a typical
experiment, a fluorescence reading was first taken of 1X Tris-buffered saline (20 mM Tris, 0.9%
NaCl, pH 7.4). Then, 50 nM THR1D and 50 nM THR2 were added to 1X Tris-buffered saline
and a fluorescence reading was taken after 3 minutes. 25 nM protein (where protein is
thrombin, proteinase K, immunoglobulin G, hemoglobin, elastase, or single-strand DNA-binding
protein) was then added, and a fluorescence reading was taken after 3 minutes. The cuvette
was then washed, and the procedure was repeated for the remaining proteins.
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[0126] FRET experiments. All fluorescence readings were taken on an ISS PC1 at 10° C in
1X Tris-buffered saline (20 mM Tris, 0.9% NaCl, pH 7.4). Six different spectra were collected by
exciting at 440 nm and collecting emission from 470 nm to 700 nm: (i) 1X Tris-buffered saline
alone (ii) 50 nM THR1-F in 1X Tris-buffered saline, (iii) 50 nM probe THR1-F and 50 nM probe
THR2-T in 1X Tris-buffered saline (after 3 min incubation), and (iv-vi) 50 nM THR1-F, 50 nM
probe THR2-T, and x nM thrombin (where x was 5, 10, or 50) in 1X Tris-buffered saline (after 3

minute incubation).
5. Split-aptamer

[0127] Calibration curve. All fluorescence readings were taken on an ISS PC1 at 10° C. In
a typical experiment, a fluorescence reading was first taken of 1X Tris-buffered saline with 100
mM KCI (20 mM Tris, 0.9% NaCl, 100 mM KCI, pH 7.4). Then, 50 nM Split-THRa and 50 nM
Split-THRb were added to the buffer and a fluorescence reading was taken after 3 minutes. x
nM thrombin (where x is 25, 50, 100, 200, or 300 nM) was then added, and a fluorescence
reading was taken after 3 minutes. The cuvette was then washed, and the procedure was
repeated for the remaining values of x. A corresponding spectrum was taken for each of these
points by excitation at 560 nm and collection of emission from 590 nm to 750 nm.

[0128] Selectivity. All fluorescence readings were taken on an ISS PC1 at 10° C. In a typical
experiment, a fluorescence reading was first taken of 1X Tris-buffered saline with 100 mM KCI
(20 mM Tris, 0.9% NaCl, 100 mM KCI, pH 7.4). Then, 50 nM Split-THRa and 50 nM Split-THRb
were added to buffer and a fluorescence reading was taken after 3 minutes. 25 nM protein
(where protein is thrombin, proteinase K, immunoglobulin G, hemoglobin, elastase, or single-
strand DNA-binding protein) was then added, and a fluorescence reading was taken after 3
minutes. The cuvette was then washed, and the procedure was repeated for the remaining
proteins.

6. Intraduplex metallo-base pair

[0129] All experiments were done in 1X PBS (11.9 mM Phosphates, 137 mM NaCl, 2.7 mM
KCI, pH 7.4) and fluorescence measurements were performed using a BioTek Synergy H4
Hybrid Reader at 20° C. In a typical experiment, 50 nM of a dye-labeled sequence was mixed
with 50 nM of a complementary unlabeled sequence. The fluorescence was recorded in the
absence and presence of HgCl,. This procedure was carried out for all dye labeled
sequence/complement combinations (i.e. TDT/TGT, TDT/TGA, TDT/AGA, TDA/TGT, TDA/TGA,
TDA/AGA, ADA/TGT, ADA/TGA, and ADA/AGA). As a control, fluorescence readings were
taken individually of just 50 nM of the dye-labeled sequences in the absence and presence of
500 nM Hg?".
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7. Detection of thrombin in serum

[0130] All fluorescence readings were taken on an ISS PC1 at 20° C. One-part whole serum
was diluted with 4-parts 1.25X Tris buffered saline (30 mM Tris, 1.13% NaCl, pH 7.4) to yield a
4:1 Tris buffered saline:serum buffer. This buffer was then filtered through a 0.2 um filter. In a
typical experiment, 50 nM THR1D and 50 nM THR2 were added to the serum/buffer mixture
and a fluorescence reading was taken after 3 minutes. x nM thrombin (where x is 2.5, 5, 10, or
50) was then added, and a fluorescence reading was taken after 2 minutes. The cuvette was
then washed, and the procedure was repeated for the remaining values of x.

CD studies

[0131] Circular dichroism (CD) studies were performed using a Jasco J-1700 circular
dichroism spectrometer. All samples were placed in a low-volume quartz cuvette with a 1 cm
path length and the spectra were collected between 230-330 nm. HgA1, HgA2, and AgA were
dissolved in 1X MOPS (pH 7.2, with 0.1 M NaNQO:s), BR buffer (pH 10), and 1X MOPS (pH 7.2,
0.1 M NaNO:s), respectively, at a concentration of 2.5 uM. The spectra were recorded in the
absence or presence of 10 equivalent target (Hg?* or Ag*). In the case of HgA1, additional
spectra were recorded in the presence of 5 uM HgA1comp. Similarly, 1.25 uM of the i-motif
was dissolved in Mcllvaine buffer at different pH (7.0, 6.4, 6.2, 6.0, 5.8, 5.6, 5.4, or 5.2). The
CD value at 290 nm, characteristic of i-motif formation, was monitored as a function of pH. In all
cases, the spectra were corrected for the contribution from the buffers.

Data analysis

[0132] The values and error bars in all in graphs and charts represent the average and
standard deviation, respectively, of 3 independent readings. The fluorescence enhancement
was calculated according to Equation 1:

Iy

EF.== eq (1)

Io
lo represents the initial fluorescence of the probe alone while I; represents the fluorescence
observed upon addition of analyte.

[0133] The calibration curves for HgA1, HgA2, and AgA were fit to a Hill-equation (Equation
2) to estimate the dissociation constant (K).

Ym — Yo
T eq (2)

y=yo+@
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X represents the concentration of the analytes added andy represents the corresponding
fluorescence enhancement. y, and y, represent the initial and maximum fluorescence
enhancements and n represents the Hill-coefficient. n >1 is observed in all cases and is indicative
of cooperative binding, consistent with previous reports. It should be noted that in this study, K is
reflective of the concentration of the analyte that causes half of the maximum fluorescence
enhancement possible.

[0134] For I-mD, the data was fit to a sigmoidal curve (Equation 3):

Ym — Yo

v 10 )

Yy=2Yo

[0135] Similar to Equation 2, x represents pH and y represents the corresponding
fluorescence enhancement. yp and y.» represent the initial and maximum fluorescence
enhancements. a represents the pH at which half of the maximum fluorescence enhancement

possible is observed. bis a fitting parameter corresponding to the slope of the transition region.

[0136] For all analytes, the limit of detection (LOD) was determined by the 3o/m method,
where o denotes the standard deviation of the response and m denotes the initial slope of the

calibration curve.
Intramolecular conformational changes

[0137] Studies with HgA1 and HgA1comp. As noted above, a DNA sequence (5'-TCATG
TTTGT TTG TTG GCC CCC CTT CTT TCT TA-3'(SEQ ID NO: 23)) was used that is known to
bind to Hg?* via intramolecular conformational changes.*® The underlined cytosine at the 4th
position from the 3' end was replaced with D to obtain a FIT-aptamer (HgA1). By placing D
between two thymines, it was hypothesized that mercury induced coordination of thymines
would result in the forced intercalation of D between the metallo-bps, therefore turning on
fluorescence (Figure 3A).

[0138] To assess this hypothesis, the fluorescence response of 50 nM HgA1 was measured in
the absence and presence of varying concentrations of mercury in MOPS buffer (10 mM MOPS,
100 mM NaNOs3;, pH 7.2). A maximal 8-fold enhancement is observed at 250 nM and a LOD of
22.95 nM is found (Figure 3B).

[0139] In previous literature, HgA1 has been used as part of a structure-switching signaling
aptamer for detecting mercury. In the previous system, the 5’ end of 5-TCATG TTTGT TTG
TTG GCC CCC CTT CTT TCT TA-3’ (SEQ ID NO: 23) (i.e. HgA1 without the underlined
cytosine being replaced by D) was labeled with a fluorophore and hybridized with a short 3’
quencher labeled complement. In the fluorescence “off state” of the probe, the two sequences
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were hybridized, thus placing the fluorophore and quencher in close proximity. Mercury induced
coordination of thymines in the fluorophore-labeled strand resulted in its folding and subsequent
displacement of the quencher-labeled strand, yielding fluorescence turn-on. However, partial
blocking of the aptamer site has been shown to slow probe response.*

[0140] To simulate a structure switching aptamer in order to study how a short complement
partially blocking the aptamer impacts probe response time, a 13-mer complement to HgA1
(HgA1comp, Figure 3C) was synthesized. The change in fluorescence was evaluated over time
after addition of mercury to HgA1 only versus HgA1 partially blocked through prehybridization to
HgA1comp. The results indicated that partial blocking of the aptamer site slows probe response
time by approximately 5-fold (Figure 3D). Because a FIT-based system does not require partial
blocking of the aptamer site (in contrast to structure-switching signaling aptamers), its kinetic

response is superior to structure-switching signaling systems.
Studies with HgA2

[0141] Effect of pH and ionic strength on fluorescence enhancement. The pH at which
addition of Hg?* results in maximum fluorescence enhancement was determined first. The
fluorescence of 250 nM HgA2 dissolved in a buffered solution (pH 6-11) was monitored in the
absence and presence of 75 nM Hg?*. In order to keep the buffer composition the same across
the different pH studied, we used BR buffer, considered to be a "universal buffer", which was
titrated to the desired pH using NaOH. The results showed that at pH 10, maximum
fluorescence enhancement is observed (Figure 15A). It is believed this is because the pKa of
thymine is 9.5.°" Hg? competes with H+, and therefore, at pH 10, the binding of Hg?" is favored

over H*.

[0142] It was noted that in a realistic sample, the ionic strength can vary significantly (0-600
mM) depending on the source of the sample (e.g. water from lakes, seas, ponds, etc.).
Therefore, the effect of ionic strength on fluorescence enhancement was investigated next. As
before, 75 nM Hg?* was added to 250 nM HgA2 in BR buffer of pH 10. The ionic strength of the
buffer was varied by adding different concentrations of NaCl. The results (Figure 15B) showed
that the fluorescence enhancement changes negligibly over an ionic strength of 0-500 mM.
Therefore, further experiments (Figure 4) were performed in BR buffer of pH 10 without any
added NaCl.

[0143] FRET experiments. Using a T4 sequence (as used in HgA2) it is possible to imagine
a probe that incorporates a FRET pair at its two ends such that Hg?* binding brings them into
close proximity resulting in a FRET signal (Figure 5A). To study how the FIT-aptamer
compared with a traditional FRET-based probe, a T14 strand labeled with fluorescein at the 3'
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end and TAMRA at the 5' end (HgA2-FT) was synthesized. As controls, two additional
sequences were synthesized: HgA2-F which consisted of a T14 sequence with only fluorescein
at the 3' end and HgA2-T, comprised of a T14 sequence with only TAMRA at the 5’ end.

[0144] 500 nM Hg?* was added to 50 nM of HgA2-FT, HgA2-F, and HgA2-T. The
fluorescence of the donor (fluorescein) channel was monitored in the absence and presence of

Hg?* (Figure 5B) and used to calculate the FRET efficiency (E) via Equation 4:

E -
E = (1 _ donor acceptor) +100% eq (4)

Facceptor

Fraonor—acceptor 18 the fluorescence of the donor in the presence of the acceptor (i.e. donor channel
fluorescence for HgA2-FT) and Faccepror is the fluorescence of the acceptor alone (i.e. donor
channel fluorescence of HgA2-F). The signal to noise ratio was calculated by taking the ratio of
the FRET efficiency in the presence of Hg?* to the FRET efficiency in its absence.

[0145] A relatively high FRET efficiency (approximately 71%) was observed even in the
absence of Hg?*. This result was expected given the short sequence length as well as the smalll
persistence length of single-stranded DNA which results in the fluorophores being well within
the Forster radius.®® Addition of 250 nM Hg?* further decreases the distance between the
fluorophores, increasing the FRET efficiency to approximately 93%. Therefore, the signal to
background ratio is only 1.32, in sharp contrast to the 20-fold fluorescence enhancement
observed using the FIT-aptamer (Figure 4B). These results showed that FIT-aptamers enable
the use of shorter single-stranded probes with superior signal to background ratios compared to
FRET.

Studies with AgA

[0146] To study whether the FIT-based strategy can detect Ag*, a DNA sequence was
designed that places D between two cytosines such that the coordination of cytosines by silver
results in the forced intercalation of D between the metallo-bps (Figure 6A). The fluorescence
of 50 nM AgA was measured in the absence and presence of varying amounts of Ag in MOPS
buffer (10 mM MOPS, 100 mM NaNOs;, pH 7.2). A nearly 5-fold maximal fluorescence
enhancement was observed in the presence of 500 nM Ag* (Figure 6B) and find a limit of
detection of 17.27 nM, below the level that the EPA deems as unsafe in drinking water.%® To
ensure that AgA is also selective, 50 nM of the probe was challenged with 500 nM of varying
metals (Figure 6C). These results indicated selective turn-on in the presence of silver.
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CD experiments

[0147] CD experiments were performed on 2.5 uM of the probes (HgA1, HgA1+ 2 eq.
HgA1comp, HgA2, and AgA) in the presence and absence of 25 UM target (Hg?" or Ag*). A
dramatic change was observed in the CD spectra of the aptamers in the presence of their
targets, confirming that the probes undergo conformational changes upon target binding (Figure
16).

Two epitope binding

[0148] Effect of temperature on fluorescence enhancement. Given that both DNA
hybridization and aptamer-target binding are temperature dependent, work was begun by
finding the temperature at which maximum fluorescence enhancement is observed upon
addition of thrombin. The fluorescence of 50 nM THR1D and 50 nM THR2 in 1X Tris-buffered
saline (20 mM Tris, 0.9% NaCl, pH 7.4) was measured in the absence and presence of 100 nM
thrombin at 4 different temperatures (5° C, 10° C, 15° C, or 20° C). Maximal fluorescence
enhancement was found to occur at 5° C and 10° C (Figure 17A). Subsequent experiments
were performed at 10° C to facilitate binding kinetics. Figure 10B in the main text and Figure
17B show the fluorescence enhancements obtained upon addition of varying amounts of
thrombin to the FIT-aptamers.

[0149] Fluorescence of thrombin. To ensure that thrombin itself does not contribute to
fluorescence signal at the monitored wavelength (610 nm), the fluorescence of 1X Tris-buffered
saline was monitored in the presence of 100 nM thrombin. The results (Figure 17C) show that
the fluorescence of thrombin has a negligible contribution to the fluorescence signal at 610 nm.

[0150] FRET experiments. To compare the FIT-based detection method with a conventional
FRET methodology in the context of two epitope binding to thrombin, sequences THR1-F with a
fluorescein at the 3' end and THR2-T with a TAMRA at the 5’ end were synthesized. The
binding of THR1-F and THR2-T to their respective epitopes allows for the complementary
regions of the probes to hybridize, bringing the FRET pair into close proximity (Figure 11A).
Excitation and emission spectra of 50 nM THR1-F and 50 nM THR2-T were first acquired to
determine optimal excitation/emission wavelengths to use for future experiments (Figure 11B).
Based on these results, the fluorescence of 50 nM THR1-F and 50 nM THR2-T was monitored
in the absence and presence of different concentrations of thrombin (10 and 50 nM) using an
excitation of 480 nm and collecting emission at 520 nm to calculate the FRET efficiencies
(Figure 11C-D). The results showed a maximal approximately 1.4-fold increase in FRET
efficiency at 50 nM thrombin. In comparison, an approximate 5-fold enhancement is observed
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when the FIT strategy was employed, adding 50 nM thrombin to 50 nM THR1D and 50 nM
THR2 (Figure 11E).

[0151] As a control, strands THR1-F and THR2-T were also synthesized without fluorophores
(THR1-c and THR2-c, respectively). The fluorescence of 50 nM of each fluorophore labeled

probe was monitored in the absence and presence of 50 nM of its complementary control probe
(i.e. THR1-F + THR2-c and THR2-T + THR1-c) to ensure that changes in fluorescence intensity

were not due to duplexing alone.

[0152] Detection of thrombin in human serum. To simulate the detection of an analyte in a
realistic scenario, we sought to detect thrombin in human serum. The fluorescence of 50 nM
THR1D and 50 nM THR2 was measured in the absence and presence of varying amounts of
thrombin in a buffered solution consisting of 4 parts 1.25X Tris-buffered saline and one-part
whole serum. The fluorescence enhancement saturates at approximately 2-fold (Figure 12) and
a limit of detection of 1.36 nM is found. Because the serum sample was diluted 5-fold, the limit
of detection in whole serum is 6.8 nM, still below the 10 nM critical thrombin concentration in
serum associated with blood clot formation.

Split-aptamer

[0153] Calibration curve. To study the response of the split aptamer system (described
herein above and shown in Figure 13A) to thrombin, a calibration curve was constructed in 1X
Tris-buffered saline. The fluorescence of 50 nM Split-THRa and 50 nM Split-THRb was
measured in the presence and absence of varying amounts of thrombin. The results showed a
maximal approximately 3-fold fluorescence enhancement at 200 nM thrombin and an LOD of
14.76 nM (Figure 13B).

[0154] Selectivity. The fluorescence of 50 nM Split-THRa and 50 nM Split-THRb in 1X Tris-
buffered saline was measured in the absence and presence of 25 nM varying proteins
(Proteinase K (PK), Immunoglobulin G (IgG), Hemoglobin (Hg), Elastase (Elt), or Single-strand
DNA-binding protein (SSDBP)) to confirm that probe turn-on is selective. Probe turn-on was not
observed in the presence of these other proteins (Figure 13C).

Intraduplex metallo-base pairs

[0155] The strands 5'-TDT-3', 5-TDA-3', and 5'-ADA-3' were added to complementary
sequences 3'-AGA-5', 3'-TGA-5', and 3'-TGT-5" in all combinations. Fluorescence readings
were taken in the absence and presence of 500 nM Hg?*. Control experiments were also
performed with the dye-labeled strands alone to ensure addition of Hg?* itself did not increase
fluorescence signal. Table 3 qualitatively summarizes the results obtained with explanations
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and Figure 8 shows the quantitative fluorescence enhancements (li/lo, where | refers to the
initial fluorescence of each dye-labeled single strand). In Figure 7, lo refers to the initial
fluorescence of a duplexed strand in the absence of Hg?".
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Example 3
High-Throughput Screening of Non-Canonical Base Pairs
[0156] Concept: Using FIT-Probes as a High-Throughput Screen for Novel Metallo-Base Pairs

[0157] Inthis Example, 8 DNA sequences were synthesized, 4 with a single base replaced
with quinoline blue and 4 complementary sequences. These sequences were designed such
that combination of the dye-labeled sequences with the complementary sequences result in
DNA duplexes containing a single base pair mismatch next to the dye. The sequences used
are as follows (D denotes the dye):

SEQ ID NO: SEQUENCE (5°-3’)
26 ATATTC TGA AT D ACATCC TGC AT
27 ATATTC TGA AAD ACA TCC TGCAT
28 ATATTC TGA AG D ACA TCC TGCAT
29 ATATTC TGA AC D ACA TCC TGCAT
30 ATG CAG GAT GT A ATT CAG AAT AT
31 ATG CAG GAT GT ATTT CAG AAT AT
32 ATG CAG GAT GT A GTT CAG AAT AT
33 ATG CAG GAT GT A CTT CAG AAT AT

[0158] DNA duplexes were formed by mixing 0.5 uM of the single-stranded DNA ina 0.1 M
NaNOs solution with its pH titrated to either 7 or 9. Metal ion solutions (HgClz, AgNO3s, CuNOs3,
ZnNQOs, HAuCl4, and MnCl; in water) were added to the DNA duplexes at 10- or 100-fold molar
equivalents relative to the DNA. The fluorescence of the solutions was measured using a plate
reader (excitation: 560 nm/emission: 610 nm) before (lo) and after (l;) the addition of the metal.
The fluorescence enhancement was calculated as Iv/lo. A fluorescence enhancement was
observed in several cases suggesting 13 potentially new metal-mediated base pairs. Results of
the experiments are shown in Figures 18-23.
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WHAT IS CLAIMED IS:

1. A method of detecting the presence of a target analyte comprising the step of
contacting the target analyte with an aptamer comprising a detectable marker situated at an
internal location within the aptamer, wherein the contacting results in binding of the target
analyte to the aptamer,

wherein target analyte binding to the aptamer results in restriction of internal rotation of
the marker, resulting in a detectable change in the marker.

2. The method of claim 1, wherein target analyte binding to the aptamer results in
forced intercalation (FIT) of the marker between oligonucleotide base pairs of the aptamer.

3. A method of detecting the presence of a target analyte comprising the step of
contacting the target analyte with

(a) an aptamer or portion thereof comprising (i) nucleotide sequence X, (ii) nucleotide
sequence Y which binds to the target analyte, either alone or in combination with nucleotide
sequence Y’ and (iii) a detectable marker situated at an internal location within the aptamer, and

(b) an additional aptamer or portion thereof comprising (i) nucleotide sequence X’ which
is sufficiently complementary to hybridize to nucleotide sequence X, and (ii) nucleotide
sequence Y’ which binds to the target analyte, either alone or in combination with nucleotide
sequence Y,

wherein the contacting results in hybridization of nucleotide sequence X with nucleotide
sequence X’ and binding of the target analyte with nucleotide sequence Y and nucleotide

sequence Y’, wherein

the binding of nucleotide sequence X with nucleotide sequence X’ and the target
analyte with nucleotide sequence Y and nucleotide sequence Y’ result in restriction of internal
rotation of the marker, resulting in a detectable change in the marker.

4. The method of claim 3, wherein nucleotide sequence Y and nucleotide sequence
Y’ bind to different binding sites of the target analyte.

5. The method of claim 3, wherein nucleotide sequence Y and nucleotide sequence
Y’ together bind to the same binding site of the target analyte.

6. The method of any one of claims 3-5, wherein the binding of nucleotide
sequence X with nucleotide sequence X’ and the target analyte with nucleotide sequence Y and
nucleotide sequence Y’ result in forced intercalation (FIT) of the marker between oligonucleotide
base pairs of the aptamer and the additional aptamer.
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7. The method of any one of claims 1-6, wherein the detectable marker is a marker

with internal rotation-dependent fluorescence.

8. The method of claim 7, wherein the detectable marker is a viscosity-sensitive
marker.

9. The method of any one of claims 1-8, wherein the detectable marker is thiazole
orange (TO), quinoline blue, quinoline violet, thiazole red, a derivative thereof, or a cyanine
derivative.

10. The method of any one of claims 1-9, wherein the change in the detectable
marker is proportional to concentration of the target analyte.

11. The method of any one of claims 1-10, wherein the target analyte is a protein, an
ion, a small molecule, a lipid, a carbohydrate, an oligosaccharide, a cell, or a combination
thereof.

12. The method of claim 11, wherein the ion is a metal ion.

13. The method of claim 12, wherein the metal ion is a mercury ion, a copper ion, a

silver ion, zinc ion, gold ion, manganese ion, or a combination thereof.
14. The method of claim 11, wherein the ion is a hydrogen ion.

15. The method of claim 14, wherein the change in the detectable marker is
indicative of a pH change.

16. The method of any one of claims 1-15, wherein the aptamer is a DNA aptamer,
an RNA aptamer, or a modified form thereof.

17. The method of any one of claims 3-16, wherein the additional aptamer is a DNA
aptamer, an RNA aptamer, or a modified form thereof.

18. The method of any one of claims 1-17, wherein the aptamer is about 5 to about
1000 nucleotides in length.

19. The method of any one of claims 1-18, wherein the aptamer is about 10 to about
100 nucleotides in length.

20. The method of any one of claims 2-19, wherein the additional aptamer is about 5
to about 1000 nucleotides in length.

21. The method of any one of claims 2-20, wherein the additional aptamer is about
10 to about 100 nucleotides in length.
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22. The method of any one of claims 1-21, wherein the aptamer comprises a spacer.

23. The method of any one of claims 2-22, wherein the additional aptamer comprises

a spacer.

24. The method of any one of claims 1-23, wherein the detectable marker is situated
at a position that is x nucleotides from a terminus of the aptamer, wherein x is an integer that is
1, n/2, or any integer between 1 and n/2, wherein n is (i) the length of the aptamer and (ii) an

even number.

25. The method of any one of claims 1-23, wherein the detectable marker is situated
at a position that is x nucleotides from a terminus of the aptamer, wherein x is an integer that is
1, (n+1)/2, or any integer between 1 and (n+1)/2, wherein n is (i) the length of the aptamer and

(if) an odd number.

26. The method of any one of claims 1-25, wherein the detectable marker is situated
at a position thatis 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides from a terminus of the aptamer.

27. A method of identifying a non-canonical base pair comprising the step of

contacting an ion with

(a) a first oligonucleotide comprising a detectable marker situated at an internal location

within the first oligonucleotide and
(b) a second oligonucleotide,

wherein the first oligonucleotide and the second oligonucleotide are sufficiently
complementary to hybridize to each other and form a duplex, but are not complementary at a
position in the duplex immediately adjacent to the detectable marker when the first
oligonucleotide is hybridized to the second oligonucleotide; and

wherein binding of the ion to the duplex results in restriction in the internal
rotation of the marker, resulting in a detectable change in the marker and thereby identifying the

non-canonical base pair.

28. The method of claim 27, wherein binding of the ion to the duplex results in forced

intercalation (FIT) of the marker in the duplex.

29. The method of claim 27 or claim 28, wherein the detectable marker is a marker

with internal rotation-dependent fluorescence.

30. The method of claim 29, wherein the detectable marker with internal rotation-

dependent fluorescence is a viscosity-sensitive marker.
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31. The method of claim 29 or 30, wherein the detectable marker is thiazole orange
(TO), quinoline blue, quinoline violet, thiazole red, a derivative thereof, or a cyanine derivative.

32. The method of any one of claims 27-31, wherein the ion is a cation.
33. The method of claim 32, wherein the cation is a metal ion.

34. The method of claim 33, wherein the metal ion is a mercury ion, a copper ion, a

silver ion, zinc ion, gold ion, manganese ion, or a combination thereof.
35. The method of any one of claims 27-34, wherein the ion is an anion.

36. The method of any one of claims 27-35, wherein the first oligonucleotide is DNA,
RNA, or a modified form thereof.

37. The method of any one of claims 27-36, wherein the second oligonucleotide is
DNA, RNA, or a modified form thereof.

38. The method of any one of claims 27-37, wherein the first oligonucleotide is about
5 to about 1000 nucleotides in length.

39. The method of any one of claims 27-38, wherein the first oligonucleotide is about

10 to about 100 nucleotides in length.

40. The method of any one of claims 27-39, wherein the second oligonucleotide is
about 5 to about 1000 nucleotides in length.

41. The method of any one of claims 27-40, wherein the second oligonucleotide is
about 10 to about 100 nucleotides in length.

42, The method of any one of claims 27-41, wherein the first oligonucleotide

comprises a spacer.

43. The method of any one of claims 27-42, wherein the second oligonucleotide

comprises a spacer.

44, The method of any one of claims 27-43, wherein the detectable marker is
situated at a position that is x nucleotides from a terminus of the first oligonucleotide, wherein x
is an integer that is 1, n/2, or any integer between 1 and n/2, wherein n is (i) the length of the

first oligonucleotide and (ii) an even number.

45, The method of any one of claims 27-43, wherein the detectable marker is
situated at a position that is x nucleotides from a terminus of the first oligonucleotide, wherein x
is an integer that is 1, (n+1)/2, or any integer between 1 and (n+1)/2, wherein n is (i) the length
of the first oligonucleotide and (ii) an odd number.
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46. The method of any one of claims 27-45, wherein the detectable marker is
situated at a position thatis 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides from a terminus of the first
oligonucleotide.

47. The method of any one of claims 27-46, wherein the first oligonucleotide and the
second oligonucleotide are sufficiently complementary to hybridize to each other and form a
duplex, but are not complementary at a single position in the duplex immediately adjacent to the
detectable marker.

48. A method of identifying a non-canonical base pair comprising the step of
contacting an ion with an aptamer comprising a detectable marker situated at an internal
location within the aptamer,

wherein the aptamer is able to form an intramolecular duplex, and the duplex
comprises a nucleotide mismatch at a position immediately adjacent to the detectable marker;
and

wherein binding of the ion to the duplex results in restriction in the internal
rotation of the marker, resulting in a detectable change in the marker and thereby identifying the

non-canonical base pair.

49, The method of claim 48, wherein binding of the ion to the duplex results in forced
intercalation (FIT) of the marker in the duplex.

50. The method of claim 48 or claim 49, wherein the detectable marker is a marker

with internal rotation-dependent fluorescence.

51. The method of claim 50, wherein the detectable marker with internal rotation-

dependent fluorescence is a viscosity-sensitive marker.

52. The method of claim 50 or 51, wherein the detectable marker is thiazole orange
(TO), quinoline blue, quinoline violet, thiazole red, a derivative thereof, or a cyanine derivative.

53. The method of any one of claims 48-52, wherein the ion is a cation.
54. The method of claim 53, wherein the cation is a metal ion.

55. The method of claim 54, wherein the metal ion is a mercury ion, a copper ion, a

silver ion, zinc ion, gold ion, manganese ion, or a combination thereof.
56. The method of any one of claims 48-55, wherein the ion is an anion.
57. The method of any one of claims 48-56, wherein the aptamer is a DNA aptamer,

an RNA aptamer, or a modified form thereof.
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58. The method of any one of claims 48-57, wherein the aptamer is about 5 to about
1000 nucleotides in length.

59. The method of any one of claims 48-58, wherein the aptamer is about 10 to
about 100 nucleotides in length.

60. The method of any one of claims 48-59, wherein the aptamer comprises a
spacer.

61. The method of any one of claims 48-60, wherein the detectable marker is
situated at a position that is x nucleotides from a terminus of the aptamer, wherein x is an
integer that is 1, n/2, or any integer between 1 and n/2, wherein n is (i) the length of the aptamer

and (ii) an even number.

62. The method of any one of claims 48-60, wherein the detectable marker is
situated at a position that is x nucleotides from a terminus of the aptamer, wherein x is an
integer that is 1, (n+1)/2, or any integer between 1 and (n+1)/2, wherein n is (i) the length of the
aptamer and (ii) an odd number.

63. The method of any one of claims 48-62, wherein the detectable marker is
situated at a position thatis 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides from a terminus of the

aptamer.

64. The method of any one of claims 48-63, wherein the duplex consists of a
nucleotide mismatch at a position immediately adjacent to the detectable marker.
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Special technical features:
Group | has the special technical feature of detecting the presence of a target analyte, that is not required by Group II.

Group Il has the special technical feature of identifying a non-canonical base pair comprising contacting an ion with an aptamer or
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(a) a first aptamer/oligonucleotide comprising a detectable marker situated at an internal location within the first oligonucleotide, and
(b) a second aptamer/oligonucleotide,

wherein the first oligonucleotide and the second oligonucleotide are sufficiently complementary to hybridize to each other; and

wherein binding of the target analyte or ion to the hybridized aptamer(s)/oligonucleotide(s) results in restriction in the internal rotation of
the marker, resuilting in a detectable change in the marker.

However, this shared technical feature does not represent a contribution over prior art, because this shared technical feature is
previously made obvious by US 20170307625 A1 to Yeda Research and Development Co. Ltd., (hereinafter 'Yeda').

Yeda teaches a method of detecting the presence of a target analyte (para [0194) "detecting/identifying a protein in a biological medium
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(a) a first aptamer/oligonucleotide comprising a detectable marker situated at an internal location within the first oligonucleotide and

(b) a second aptamer/oligonucleotide (para [0018] "the sensor is a Thiazole Orange-based protein identifier (TOP!). In another
embodiment, the TOP| comprises a Thiazole Orange (TO) derivative and two selective protein binders...the selective protein binder is
covalently attached to said TO derivative"; [0032] "the selective protein binder is...DNA aptamer, RNA aptamer...or a peptide binder",
{0103) “The internal torsional motion of the fluarophore can be restricted either upon binding of the fluorophore derivative to two binding
sites of a protein, or upon binding to one binding site and to the amino acids on the protein surface (e.g., by pi-pi interactions with the
fluorophore's core)"), and

wherein binding of the target analyte or ion to the hybridized aptamer(s)/oligonucleotide(s) results in restriction in the internal rotation of
the marker, resulting in a detectable change in the marker (para [0194] "wherein contacting said protein and said sensor results in
restricted rotation of said sensor and thereby to an enhancement in fluorescence signal, and thereby identifying/detecting said protein®;
[0229); [0263] "in the excited-state is restricted, for example, upon binding to double-stranded DNA (FIG. 1C(a)). This property has been
elegantly used to construct low-noise forced intercalation probes (FIT-probes) for sensitive detection of RNA and DNA").

Yeda does not specifically teach wherein the first aptamer/oligonucleotide and the second aptamer/oligonucleotide are sufficiently
complementary to hybridize to each other. However, Yeda does teach duplex formation between aptamers including DNA aptamers to
generate signal (para [0051] "FIG. 1C is a schematic representation of the mechanism responsible for the 'turn-on’ fluorescence signal
generated upon a) the binding of Thiazole Orange (TO) to double-stranded DNA (dsDNA), and b) the binding of a TO-based protein
identifier (TOP!) to the protein of interest (POI)"; See Fig 1C; [0382] "high metal ion concentration that stabilizes duplex formation (FIG.
27A) and leads to intercalation of the sensor") and use of a hairpin forming aptamer (para [0381] "A logical explanation for this
phenomenon is that TO intercalates with the hairpin aptamer (FIG. 27A) and that PDGF-BB interferes with this intercalation”). It would
have been obvious to one of ordinary skill in the art to have applied DNA aptamers that form duplexes due to sufficient complementary
to the methods and sensors taught by Yeda, in order to further control the formation of aptamer binding structures capable of generating
signal upon binding the target to enhance signal for a given target analyte.

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Group I-Il inventions lack unity under PCT Rule 13 because they do not share the same or corresponding special technical
feature.

NOTE, continuation of Item 4 above: claims 7-26, 31-47, 52-64 are held unsearchable because they are dependent claims and are not
drafted in accordance with the second and third sentences of Rule 6.4(a).
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