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MULTIAPTAMER TARGET DETECTION

RELATED APPLICATIONS
This application claims priority under 35 U.S.C. §119(e) to U.S. provisional
annlicatinn gorial na A1/QQ1 £70Q filad Aan Cantarmher 24 N1 Earh afthage roforancng
a Puuauuu oLllial 1IV. U1l/001,U47, 111V UlL L)L/PLL/IIIUL/I LTy LV1O Lodull UL UIVDL TUVIVIVIIVLD

The present disclosure relates generally to the field of nucleic acid ligands, and
more specifically, to aptamer pair based target detection; compositions comprising

aptamer pairs and a target; and methods of making and using the same.

Incorporated by reference herein in its entirety is the Sequence Listing entitled

"sequence Listing.txt", created September 24, 2014, size of 2 kilobytes.

BACKGROUND

Protein diagnostics have a wide array of clinical application and are useful in
determining proteomic signatures or disease-specific biomarkers. These diagnostics
typically require pairs of analyte-specific reagents for capture and detection of the desired
target (e.g., protein). Antibodies have been widely used as diagnostic reagents; however
they can be difficult to procure in adequate quality and quantity, and allow only limited
multiplexing when testing multiple targets. Further, they are limited in arrays for
multiplexed or high-content proteomic applications due to their inherent cross-reactivity
and non-universal assay conditions.

In contrast to antibodies, nucleic acid-based ligands have several advantages over
antibodies including low molecular weight, thermal and desiccation stability, reversible
renaturation, ease of manufacturing, and lower cost. However, only few examples of
analytes bound by two different aptamers exist to date. As one example, separate DNA
aptamers to the fibrinogen-recognition and heparin-binding exosites of thrombin have
been described, and both of these aptamers, TBA1 (15-mer) and TBA2 (29-mer), consist
of G-quartet motifs that bind to discrete electropositive surfaces on thrombin. Sandwich

assays with TBA1 and TBA2 have been developed for potential thrombin monitoring,

including aptamer microarrays and fluorescence sensing platforms. Another example is
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integrin avfs, for which RNA aptamers to oy or B3 subunits have been generated via
successive selections with ayfs or ampPs. Aptamer pairs to TATA binding protein (TBP),
prion protein (PrP), and VEGF-165 have also been reported. The limited number of
aptamer pairs for detecting protein targets is likely the result of the propensity of aptamers
to bind to predominantly cationic epitopes which drives the best ligands to common
surfaces. Thus, special selection methods have generally been required to force the
selection toward non-overlapping epitopes.

Therefore, there continues to be a need for alternative composition and methods

for improved, cost-effective and efficient ways to detect target proteins. The present

(SOMAmer) reagent pairs for protein detection that comprise deoxyuridine residues
modified at their 5-position, which both expands the range of protein targets and

improves the binding properties compared to conventional aptamers.

SUMMARY

The present disclosure describes a composition comprising a first aptamer, second
aptamer and a target, wherein the first aptamer comprises a first C-5 pyrimidine
modification scheme, the second aptamer comprises a second C-5 pyrimidine
modification scheme, and wherein the first C-5 pyrimidine modification scheme and the
second C-5 pyrimidine modification scheme are different; and wherein the first aptamer,
second aptamer and the target are capable of forming a ternary complex.

In another aspect of the disclosure, the first aptamer has binding affinity for the
target and not the second aptamer.

In another aspect, the second aptamer has binding affinity for the target and not

In another aspect, the second aptamer has binding affinity for a complex formed
by the association of the first aptamer with the target.

In another aspect, the first aptamer binding region of the target and the second
aptamer binding region of the target are different regions. In a related aspect, the first
aptamer and the second aptamer have non-competing binding sites on the target.

In another aspect, the first aptamer and the second aptamer, independently,

comprise RNA, DNA or a combination thereof.
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In another aspect, the C-5 modified pyrimidine is selected from the group
consisting of 5-(N-benzylcarboxyamide)-2'-deoxyuridine (BndU), 5-(N-
benzylcarboxyamide)-2'-O-methyluridine, 5-(N-benzylcarboxyamide)-2'-fluorouridine, 5-
(N-phenethylcarboxyamide)-2'-deoxyuridine (PEdU), 5-[N-(phenyl-3-
propyl)carboxamide]-2'-deoxyuridine (PPdU), 5-[N-(2-thiophene-methyl)carboxamide]-
2'-deoxyuridine (ThdU) (also referred to as 5-(N-thiophenylmethylcarboxyamide)-2'-
deoxyuridine), 5-(N-isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-
isobutylcarboxyamide)-2'-O-methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine,
5-(N- tryptamlnocarboxyamlde) 2'-deoxyuridine (TrpdU), 5-(N-
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fluorouridine, 5-(N-[ 1-(3-trimethylamonium) propyl]carboxyamide)-2'-deoxyuridine
chloride, 5-[N-(1-naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-[N-(1-
naphthylethyl)carboxyamide]-2'-deoxyuridine (NEdU), 5-[N-(2-
naphthylethyl)carboxyamide]-2'-deoxyuridine 2NEdU), 5-[N-(4-
fluorobenzyl)carboxyamide]-2'-deoxyuridine FBndU), 5-[N-(4-hydroxyphenyl-2-
ethyl)carboxamide]-2'-deoxyuridine (TyrdU), 5-(N-naphthylmethylcarboxyamide)-2'-O-
methyluridine, 5-(N-naphthylmethylcarboxyamide)-2'-fluorouridine, 5-(N-[1-(2,3-
dihydroxypropyl)]carboxyamide)-2'-deoxyuridine, 5-[N-(3-benzo[b]thiophene-2-
ethyl)carboxamide]-2'-deoxyuridine (BTdU), 5-[N-(3-benzoja]furan-2-
ethyl)carboxamide]-2'-deoxyuridine (BFdU), 5-[N-(3,4-
methylenedioxybenzyl)carboxamide]-2'-deoxyuridine (MBndU), 5-[N-((R)-2-
tetrahydrofurylmethyl)carboxamide]-2'-deoxyuridine (RTHdAU), 5-[N-((S)-2-
tetrahydrofurylmethyl)carboxamide]-2'-deoxyuridine (STHFdU), 5-(N-2-
imidazolylethylcarboxamide)-2'-deoxyuridine (ImiddU), 5-[N-(1-morpholino-2-
ethyl)carboxamide]-2'-deoxyuridine (MOEdU), and a combination thereof.

In another related aspect, the first C-5 pyrimidine modification scheme comprises
a 5-(N-benzylcarboxyamide)-2'-deoxyuridine (BndU).

In another aspect, each uracil or thymine of the first aptamer is a C-5 modified
pyrimidine selected from the group consisting of 5-(N-benzylcarboxyamide)-2'-
deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-methyluridine, 5-(N-
benzylcarboxyamide)-2'-fluorouridine, 5-(N-phenethylcarboxyamide)-2'-deoxyuridine
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(PEdU), 5-(N-thiophenylmethylcarboxyamide)-2'-deoxyuridine (ThdU), 5-(N-
1sobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-isobutylcarboxyamide)-2'-O-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine, 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'-O-
methyluridine, 5-(N-tryptaminocarboxyamide)-2'-fluorouridine, 5-(N-[1-(3-
trimethylamonium) propyl]carboxyamide)-2'-deoxyuridine chloride, 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethylcarboxyamide)-2'-O- rnethylurldlne 5- (N-naphthylrnethylcarboxyarmde)
2'-fluorouridine and a
a related aspect, each uracil or thymine of the first aptamer is a 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU).

In another aspect, the second C-5 pyrimidine modification scheme comprises a C-

modified pyrimidine selected from the group consisting of 5-(N-benzylcarboxyamide)-

.)

V /My AT T [ /NT 1 P M <

-deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-methyluridine, 5-(N-
benzylcarboxyamide)-2'-fluorouridine, 5-(N-phenethylcarboxyamide)-2'-deoxyuridine
(PEdU), 5-(N-thiophenylmethylcarboxyamide)-2'-deoxyuridine (ThdU), 5-(N-
isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-isobutylcarboxyamide)-2'-O-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine, 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'-O-
methyluridine, 5-(N-tryptaminocarboxyamide)-2'-fluorouridine, 5-(N-[1-(3-
trimethylamonium) propyl]carboxyamide)-2'-deoxyuridine chloride, 5-(N-[1-
naphthylmethyl]carboxyamide)-2'-deoxyuridine (NapdU), 5-(N-[2-
naphthylmethyl]carboxyamide)-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethylcarboxyamide)-2'-O-methyluridine, 5-(N-naphthylmethylcarboxyamide)-
2'-fluorouridine, a 5-(N-[1-(2,3-dihydroxypropyl)]carboxyamide)-2'-deoxyuridine and a
combination thereof. In a related aspect, the second C-5 pyrimidine modification scheme
comprises a C-5 modified pyrimidine selected from the group consisting of 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU), 5-(N-isobutylcarboxyamide)-2'-
deoxyuridine (iBudU), 5-(N-tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), and a combination thereof.
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In yet another related aspect, the second C-5 pyrimidine modification scheme comprises a
C-5 modified pyrimidine selected from the group consisting of 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), and a combination thereof.
In another aspect, each uracil or thymine of the second aptamer is a C-5 modified
pyrimidine selected from the group consisting of 5-(N-benzylcarboxyamide)-2'-
deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-methyluridine, 5-(N-
benzylcarboxyamide)-2'-fluorouridine, 5- (N-phenethylcarboxyarmde) 2'-deoxyuridine

(PEJU), 5-(N-thiophen

, 5-(N-thiophenylmethylcarboxyami
isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-isobutylcarboxyamide)-2'-O-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine, 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'-O-
methyluridine, 5-(N-tryptaminocarboxyamide)-2'-fluorouridine, 5-(N-[1-(3-
trimethylamonium) propyljcarboxyamide)-2'-deoxyuridine chloride, 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethylcarboxyamide)-2'-O-methyluridine, 5-(N-naphthylmethylcarboxyamide)-
2'-fluorouridine and a 5-(N-[1-(2,3-dihydroxypropyl)]carboxyamide)-2'-deoxyuridine. In
a related aspect, each uracil or thymine of the second aptamer is a 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU).

In another aspect, the percent GC content of the first aptamer and second aptamer
are, independently, from about 37% to about 58% (or about 37%, 38%, 39%, 40%, 41%,
42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%,
57% or 58%).

In another aspect, the first aptamer comprises from about 9 to about 16 (or about
9,10, 11,12, 13, 14, 15, or 16) C-5 modified pyrimidines.

In another aspect, the second aptamer comprises from about 5 to about 15 C-
modified pyrimidines (or about 5, 6, 7, 8,9, 10, 11, 12, 13, 14 or 15).

In another aspect, the first aptamer and the second aptamer, independently, are
each from about 20 to 100 nucleotides in length (or from 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,
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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
or 100 nucleotides in length). In a related aspect, the first aptamer and the second
aptamer, independently, are from about 40 to about 100 nucleotides in length (or from 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 or 100 nucleotides in length).

In another aspect, the first aptamer and/or the second aptamer further comprise a

detectable moiety. In a related aspect, the detectable moiety is selected from the group

enzyme, an enzyme substrate, a ligand and a receptor.

In another aspect, the target comprises a protein or a peptide. In a related aspect,
the target is a protein selected from the group consisting ANGPT2, TSP2, CRDLI1,
MATN2, GPVI, ESAM, C7, PLG, MMP-12, NPS-PLA2 and CdtA.

In another aspect, the dissociation constant (Ky) for the ternary complex is a
0.02 nM, or from about 0.01 nM to about 10 nM, or from about 0.02 nM to about 6 nM
(or from about 0.02, 0.04, 0.06, 0.08, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.6, 0.7,
08,09,1,1.1,1.2,13,14,15,16,1.7,18,19,2,2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8,
29,3,3.1,3.2,33,34,35,3.6,3.7,3.8,39,4,4.1,4.2,43,4.4,45,46,4.7,48,4.9, 5,
5.1,52,5.3,54,55,5.6,5.7,5.8,5.9 or 6 nM) or from about 0.02 nM to about 3 nM (or
from 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.12, 0.14, 0.16, 0.18, 0.2, 0.22,
0.24, 0.26, 0.28, 0.3, 0.32, 0.34, 0.36, 0.38, 0.4, 0.42, 0.44, 0.46, 0.48, 0.5, 0.52, 0.54,
0.56, 0.58, 0.6, 0.62, 0.64, 0.66, 0.68, 0.7, 0.72, 0.74, 0.76, 0.78, 0.8, 0.82, 0.84, 0.86,
0.88,09,0.92,0.94,096,098,1,1.1,1.2,1.3,14,1.5,1.6,1.7,18,19,2,2.1,2.2,2.3,

24,25,2.6,2.7,2.8,2.9 or 3 nM).

PR [
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The present disclosure further describes a method for detecting a target in a
sample, the method comprising: contacting the sample with a first aptamer to form a
mixture, wherein the first aptamer is capable of binding to the target to form a first
complex; incubating the mixture under conditions that allow for the first complex to
form; contacting the mixture with a second aptamer, wherein the second aptamer is
capable of binding the first complex to form a second complex; incubating the mixture

under conditions that allow for the second complex to form; detecting for the presence or
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absence of the first aptamer, the second aptamer, the target, the first complex or the
second complex in the mixture, wherein the presence of the first aptamer, the second
aptamer, the target, the first complex or the second complex indicates that the target is

present in the sample; and wherein, the first aptamer comprises a first C-5 pyrimidine

modification scheme, and wherein the first C-5 pyrimidine modification scheme and the
second C-5 pyrimidine modification scheme are different.
In one aspect, the present disclosure further provides that any of the methods

disclosed herein may optionally be subject to or comprise a kinetic challenge. In another

molecule, a dilution step or one or more washes to improve the binding affinity of the
aptamer with the target. In a related aspect, the competitor molecule is selected from the

group consisting of an oligonucleotide, heparin, herring sperm DNA, salmon sperm

containing any of the complexes as described herein, and incubating the mixture
containing the aptamer affinity complex for a time selected from the group consisting of
greater than or equal to 30 seconds, 1 minute, 2 minutes, 3 minutes, 4 minutes, 5 minutes,
10 minutes, 30 minutes, and 60 minutes. In another aspect, the kinetic challenge
comprises diluting the mixture containing the aptamer affinity compiex and incubating
the mixture containing the aptamer affinity complex for a time such that the ratio of the
measured level of aptamer affinity complex to the measured level of the non-specific
complex is increased.

In another aspect, the method for detecting a target in a sample comprises
contacting the sample with the first and second aptamers simultaneously, incubating the
mixture under conditions that allow the formation of a complex comprising the target and
the second aptamer, the target or the complex in the mixture, wherein the presence of the
first aptamer, the second aptamer or the complex indicates that the target is present in the

sample.
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In another aspect, the first and second aptamers can both independently form a
complex with the target. Specifically, the second aptamer can form a complex with the
target alone as well as with the complex between the first aptamer and the target.

In another aspect, the first aptamer has binding affinity for the target and not the
second aptamer.

In another aspect, the second aptamer has binding affinity for the target and not
the first aptamer.

In another aspect, the second aptamer has binding affinity for the first complex.

In another aspect the first aptamer binding region of the target and the second

aptamer and the second aptamer have non-competing binding sites on the target.

In another aspect, the first aptamer and the second aptamer, independently,
comprise RNA, DNA or a combination thereof.

In another aspect, the first C-5 pyrimidine modification scheme comprises a C-5
modified pyrimidine selected from the group consisting o
deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-methyluridine, 5-(N-
benzylcarboxyamide)-2'-fluorouridine, 5-(N-phenethylcarboxyamide)-2'-deoxyuridine
(PEdU), 5-(N-thiophenylmethylcarboxyamide)-2'-deoxyuridine (ThdU), 5-(N-
isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-isobutylcarboxyamide)-2'-O-
methyluridine, 5-(N-isobutyicarboxyamide)-2'-fluorouridine, 5-(IN-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'-O-
methyluridine, 5-(N-tryptaminocarboxyamide)-2'-fluorouridine, 5-(N-[1-(3-
trimethylamonium) propyl]carboxyamide)-2'-deoxyuridine chloride, 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethylcarboxyamide)-2'-O-methyluridine, 5-(N-naphthylmethylcarboxyamide)-
2'-fluorouridine, a 5-(N-[1-(2,3-dihydroxypropyl)lcarboxyamide)-2'-deoxyuridine and a
combination thereof. In a related aspect, the first C-5 pyrimidine modification scheme
comprises a C-5 modified pyrimidine selected from the group consisting of a 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU), 5-(N-isobutylcarboxyamide)-2'-
deoxyuridine (iBudU), 5-(N-tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
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naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), and a combination thereof.
In yet another related aspect, the first C-5 pyrimidine modification scheme comprises a C-
5 modified pyrimidine selected from the group consisting of a 5-(N-
benzylcarboxyarnide)-2'-deoxyuridine (BndU), a 5-(N-tryptaminocarboxyamide)-2'-
deoxyuridine (TrpdU) and a combination thereof. In another related aspect, the first C-5
pyrimidine modification scheme comprises a 5-(N-benzylcarboxyamide)-2'-deoxyuridine
(BndU).

In another aspect, each uracil or thymine of the first aptamer is a C-5 modified

pyrimidine selected from the group consisting of 5-(N-benzylcarboxyamide)-2'-

benzylcarboxyamide)-2'-fluorouridine, 5-(N-phenethylcarboxyamide)-2'-deoxyuridine
(PEdU), 5-(N-thiophenylmethylcarboxyamide)-2'-deoxyuridine (ThdU), 5-(N-
isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-isobutylcarboxyamide)-2'-O-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine, 5-(N-

X3 o LI~ PN AT T [ N e
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tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'

-O-
methyluridine, 5-(N-tryptaminocarboxyamide)-2'-fluorouridine, 5-(N-[1-(3-
trimethylamonium) propyl]carboxyamide)-2'-deoxyuridine chloride5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethyicarboxyamide)-2'-O-methyluridine, 5-(N-naphthyimethyicarboxyamide)-
2'-fluorouridine and a 5-(N-[1-(2,3-dihydroxypropyl)]carboxyamide)-2'-deoxyuridine. In
a related aspect, each uracil or thymine of the first aptamer is a 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU).

In another aspect, the second C-5 pyrimidine modification scheme comprises a C-
5 modified pyrimidine selected from the group consisting of 5-(N-benzylcarboxyamide)-
2'-deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-methyluridine, 5-(N-
benzylcarboxyamide)-2'-fluorouridine, 5-(N-phenethylcarboxyamide)-2'-deoxyuridine
(PEdU), 5-(N-thiophenylmethylcarboxyamide)-2'-deoxyuridine (ThdU), 5-(N-
isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-isobutylcarboxyamide)-2'-O-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine, 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'-O-
methyluridine, 5-(N-tryptaminocarboxyamide)-2'-fluorouridine, 5-(N-[1-(3-
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trimethylamonium) propyl]carboxyamide)-2'-deoxyuridine chloride, 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethylcarboxyamide)-2'-O-methyluridine, 5-(N-naphthylmethylcarboxyamide)-
2'-fluorouridine, a 5-(N-[1-(2,3-dihydroxypropyl)]carboxyamide)-2'-deoxyuridine and a
combination thereof. In a related aspect, the second C-5 pyrimidine modification scheme
comprises a C-5 modified pyrimidine selected from the group consisting of 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU), 5-(N-isobutylcarboxyamide)-2'-
deoxyuridine (iBudU), 5-(N-tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
ide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylrnethyl)carboxyarmde] '-deoxyuridine (2-NapdU), and a combination thereof.
In yet another related aspect, the second C-5 pyrimidine modification scheme comprises a
C-5 modified pyrimidine selected from the group consisting of 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), and a combination thereof.

In another aspect, each uracil or thymine of the second aptamer is a C-5 modified
pyrimidine selected from the group consisting of 5-(N-benzylcarboxyamide)-2'-
deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-methyluridine, 5-(N-
benzylcarboxyamide)-2'-fluorouridine, 5-(N-phenethyicarboxyamide)-2'-deoxyuridine
(PEdU), 5-(N-thiophenylmethylcarboxyamide)-2'-deoxyuridine (ThdU), 5-(N-
isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-isobutylcarboxyamide)-2'-O-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine, 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'-O-
methyluridine, 5-(N-tryptaminocarboxyamide)-2'-fluorouridine, 5-(N-[1-(3-
trimethylamonium) propyl]carboxyamide)-2'-deoxyuridine chloride, 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethylcarboxyamide)-2'-O-methyluridine, 5-(N-naphthylmethylcarboxyamide)-
2'-fluorouridine and a 5-(N-[1-(2,3-dihydroxypropyl)]carboxyamide)-2'-deoxyuridine. In
a related aspect, each uracil or thymine of the second aptamer is a 5-(N-

benzylcarboxyamide)-2'-deoxyuridine (BndU).
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In another aspect, the first aptamer and the second aptamer, independently, are
each from 20 to 100 nucleotides in length (or from 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 or 100
nucleotides in length). In a related aspect, the first aptamer and the second aptamer,
independently, are from about 40 to about 100 nucleotides in length (or from 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 or 100 m

In another aspect, the first aptamer and/or the second aptamer further comprise a
detectable moiety. In a related aspect, the detectable moiety is selected from the group
consisting of a dye, a quantum dot, a radiolabel, an electrochemical functional group, an
enzyme, an enzyme substrate, a ligand and a receptor.

In another aspect, the target comprises a protein or a peptide. In a rel
the target is a protein selected from the group consisting ANGPT2, TSP2, CRDLI1,
MATN2, GPVI, ESAM, C7, PLG, MMP-12, NPS-PLA2 and CdtA.

In another aspect, the dissociation constant (Ky) for the second complex is at least
0.02 nM, or from about 0.01 nM to about 10 nM, or from about 0.02 nM to about 6 nM
(or from about 0.02, 0.04, 0.06, 0.08, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.6, 0.7,
08,09,1,1.1,1.2,13,14,15,16,1.7,18,19,2,2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8,
29,3,3.1,3.2,33,34,35,3.6,3.7,3.8,39,4,4.1,4.2,43,4.4,45,46,4.7,48,4.9, 5,
5.1,52,5.3,54,55,5.6,5.7,5.8,5.9 or 6 nM) or from about 0.02 nM to about 3 nM (or
from 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.12, 0.14, 0.16, 0.18, 0.2, 0.22,
0.24, 0.26, 0.28, 0.3, 0.32, 0.34, 0.36, 0.38, 0.4, 0.42, 0.44, 0.46, 0.48, 0.5, 0.52, 0.54,
0.56, 0.58, 0.6, 0.62, 0.64, 0.66, 0.68, 0.7, 0.72, 0.74, 0.76, 0.78, 0.8, 0.82, 0.84, 0.86,
0.88,0.9,0.92,0.94,0.96,098,1,1.1,1.2,1.3,14,1.5,16,1.7,18,1.9,2,2.1,2.2,2.3,
24,25,2.6,2.7,2.8,2.9 or 3 nM).

In another aspect, the dissociation constant (Ky) for the first complex is from about
0.04 nM to about 5 nM (or from 0.04, 0.06, 0.08, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45,
0.5,06,0.7,08,09,1,1.1,1.2,13,14,15,16,1.7,1.8,19,2,2.1,2.2,2.3,2.4,2.5,
26,2.7,28,29,3,3.1,32,33,34,3.5,3.6,3.7,3.8,3.9,4,4.1,42,43,44,4.5,4.6,
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4.7,4.8,4.9 or 5 nM), or from about 0.04 nM to about 4.8 nM (or from 0.04, 0.06, 0.08,
0.1,0.15,0.2,0.25,0.3, 0.35,0.4,0.45,0.5,0.6,0.7,0.8,0.9, 1, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6,
1.7,18,19,2,2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8,29,3,3.1,3.2,3.3,34,3.5,3.6,3.7,
3.8,39,4,4.1,42,43,4.4,4.5,4.6,4.7 or 4.8).

other aspect, the dissociation constant (Ky) for the second aptamer and the
target is from about 0.03 nM to about 14 nM (or from 0.3, 0.35, 0.4, 0.45, 0.5, 0.6, 0.7,
08,09,1,1.1,12,13,1.4,1.5,1.6,1.7,1.8,1.9,2,2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8,
29,3,3.1,3.2,33,34,35,3.6,3.7,3.8,39,4,4.1,42,43,44,45,4.6,4.7,48,4.9,5,
5.1,52,53,54,5.5,56,57,58,59,6,6.1,6.2,63,64,6.5,6.6,6.7,6.8,69,7,7.1,

72,7.3,7.4,75,7.6,7.7,7.8,79,8,8.1,82,83,84,8.5,8.6,8.7,88,8.9,9,9.1,9.2

7y Y ey gy oy STy ey Uy Ouig 0.0y 0.7y 7y T.dy .y

93,94,95,9.6,9.7,9.8,9.9, 10, 10.2, 10.4, 10.6, 10.8, 11, 11.2, 11.4, 11.6, 11.8, 12,
12.2,12.4,12.6,12.8, 13, 13.2, 13.4, 13.6, 13.8 or 14 nM).

The present disclosure further describes a method comprising contacting a target
with a first aptamer to form a mixture, wherein the first aptamer is capable of binding the

target to form a firs

cCOmn [ S S R, SR R R i O1S ale ot 11 O . 1 ~
COL lp CX, HICUDAUIlE UIC HIXIUIC undaer condaitions tnat allow 1or the

-

first complex to form; contacting the mixture with a second aptamer, wherein the second
aptamer is capable of binding the target to form a second complex; incubating the mixture
under conditions that allow for the second complex to form; detecting for the presence or
absence of the first aptamer and the second aptamer in the mixture, wherein the presence
of both the first aptamer and second aptamer in the mixture indicates that the binding of
the first aptamer to the target and the binding of the second aptamer to the target is non-
competitive; and wherein, the first aptamer comprises a first C-5 pyrimidine modification
scheme, the second aptamer comprises a second C-5 pyrimidine modification scheme,
and wherein the first C-5 pyrimidine modification scheme and the second C-5 pyrimidine
modification scheme are different.

In another aspect, the first aptamer has binding affinity for the target and not the
second aptamer.

In another aspect, the second aptamer has binding affinity for the target and not
the first aptamer.

In another aspect, the second aptamer has binding affinity for the first complex.
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In another aspect, the first aptamer binding region of the target and the second
aptamer binding region of the target are different regions. In a related aspect, the first
aptamer and the second aptamer have non-competing binding sites on the target.

In another aspect, the first aptarner and the second aptamer, independently,
comprise RNA, DNA or a combina

In another aspect, the first C-5 pyrimidine modification scheme comprises a C-5
modified pyrimidine selected from the group consisting of 5-(N-benzylcarboxyamide)-2'-
deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-methyluridine, 5-(N-
benzylcarboxyamide)-2'-fluorouridine, 5- (N-phenethylcarboxyarmde) 2'-deoxyuridine

(PEJU), 5-(N-thiophen

, 5-(N-thiophenylmethylcarboxyami
isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-isobutylcarboxyamide)-2'-O-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine, 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'-O-
methyluridine, 5-(N-tryptaminocarboxyamide)-2'-fluorouridine, 5-(N-[1-(3-
trimethylamonium) propyljcarboxyamide)-2'-deoxyuridine chloride, 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethylcarboxyamide)-2'-O-methyluridine, 5-(N-naphthylmethylcarboxyamide)-
2'-fluorouridine, a 5-(N-[1-(2,3-dihydroxypropyl)]carboxyamide)-2'-deoxyuridine and a
combination thereof. In a related aspect, the first C-5 pyrimidine modification scheme
comprises a C-5 modified pyrimidine selected from the group consisting of a 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU), 5-(N-isobutylcarboxyamide)-2'-
deoxyuridine (iBudU), 5-(N-tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), and a combination thereof.
In yet another related aspect, the first C-5 pyrimidine modification scheme comprises a C-
5 modified pyrimidine selected from the group consisting of a 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU), a 5-(N-tryptaminocarboxyamide)-2'-
deoxyuridine (TrpdU) and a combination thereof. In another related aspect, the first C-5
pyrimidine modification scheme comprises a 5-(N-benzylcarboxyamide)-2'-deoxyuridine

(BndU).
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In another aspect, each uracil or thymine of the first aptamer is a C-5 modified
pyrimidine selected from the group consisting of 5-(N-benzylcarboxyamide)-2'-
deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-methyluridine, 5-(N-
benzylcarboxyamide)-2'-fluorouridine, 5-(N-phenethylcarboxyamide)-2'-deoxyuridine
(PEdU), 5-(N-thiophenylmethylcarboxyamide)-2'-deoxyuridine (ThdU), 5-(N-
isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-isobutylcarboxyamide)-2'-O-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine, 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'-O-

naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethylcarboxyamide)-2'-O-methyluridine, 5-(N-naphthylmethylcarboxyamide)-
2'-fluorouridine and a 5-(N-[1-(2,3-dihydroxypropyl)]carboxyamide)-2'-deoxyuridine. In
a related aspect, each uracil or thymine of the first aptamer is a 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU).

In another aspect, the second C-5 pyrimidine modification scheme comprises a C-
5 modified pyrimidine selected from the group consisting of 5-(N-benzylcarboxyamide)-
2'-deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-methyluridine, 5-(N-
benzylcarboxyamide)-2'-fluorouridine, 5-(N-phenethyicarboxyamide)-2'-deoxyuridine
(PEdU), 5-(N-thiophenylmethylcarboxyamide)-2'-deoxyuridine (ThdU), 5-(N-
isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-isobutylcarboxyamide)-2'-O-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine, 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'-O-
methyluridine, 5-(N-tryptaminocarboxyamide)-2'-fluorouridine, 5-(N-[1-(3-
trimethylamonium) propyl]carboxyamide)-2'-deoxyuridine chloride, 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethylcarboxyamide)-2'-O-methyluridine, 5-(N-naphthylmethylcarboxyamide)-
2'-fluorouridine, a 5-(N-[1-(2,3-dihydroxypropyl)]carboxyamide)-2'-deoxyuridine and a
combination thereof. In a related aspect, the second C-5 pyrimidine modification scheme

comprises a C-5 modified pyrimidine selected from the group consisting of 5-(N-
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benzylcarboxyamide)-2'-deoxyuridine (BndU), 5-(N-isobutylcarboxyamide)-2'-
deoxyuridine (iBudU), 5-(N-tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), and a combination thereof.
In yet another related aspect, the second C-5 pyrimidine modification scheme comprises a
C-5 modified pyrimidine selected from the group consisting of 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), a 5-(N-
naphthylmethylcarboxyamide)-2'-deoxyuridine (NapdU) and a combination thereof.

In another aspect, each uracil or thymine of the second aptamer is a C-5 modified

deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-methyluridine, 5-(N-
benzylcarboxyamide)-2'-fluorouridine, 5-(N-phenethylcarboxyamide)-2'-deoxyuridine
(PEdU), 5-(N-thiophenylmethylcarboxyamide)-2'-deoxyuridine (ThdU), 5-(N-
isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-isobutylcarboxyamide)-2'-O-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine, 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'-O-
methyluridine, 5-(N-tryptaminocarboxyamide)-2'-fluorouridine, 5-(N-[1-(3-
trimethylamonium) propyl]carboxyamide)-2'-deoxyuridine chloride, 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethylcarboxyamide)-2'-O-methyluridine, 5-(N-naphthylmethylcarboxyamide)-
2'-fluorouridine and a 5-(N-[1-(2,3-dihydroxypropyl)]carboxyamide)-2'-deoxyuridine. In
a related aspect, each uracil or thymine of the second aptamer is a 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU).

In another aspect, the first aptamer and the second aptamer, independently, are
each from 20 to 100 nucleotides in length (or from 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 or 100
nucleotides in length). In a related aspect, the first aptamer and the second aptamer,
independently, are from about 40 to about 100 nucleotides in length (or from 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,
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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 or 100 nucleotides in length).

In another aspect, the first aptamer and/or the second aptamer further comprise a
detectable moiety. In a related aspect, the detectable moiety is selected from the group
consisting of a dye, a quantum dot, a radiolabel, an electrochemical functional group, an
enzyme, an enzyme substrate, a ligand and a receptor.

In another aspect, the target comprises a protein or a peptide. In a related aspect,

the target is a protein selected from the group consisting ANGPT2, TSP2, CRDLI1,
MATN2, GPVI, ESAM, C7, PLG, MMP-12, NPS-PLA2 and CdtA.

I

o=

0.02 nM, or from about 0.01 nM to about 10 nM, or from about 0.02 nM to about 6 nM(or
from about 0.02, 0.04, 0.06, 0.08, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.6, 0.7,
08,09,1,1.1,12,13,14,1.5,16,1.7,18,1.9,2,2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8,
29,3,3.1,3.2,33,34,35,3.6,3.7,3.8,39,4,4.1,42,43,4.4,45,4.6,4.7,48,4.9, 5,
5.1
from 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.12, 0.14, 0.16, 0.18, 0.2, 0.22,
0.24, 0.26, 0.28, 0.3, 0.32, 0.34, 0.36, 0.38, 0.4, 0.42, 0.44, 0.46, 0.48, 0.5, 0.52, 0.54,
0.56, 0.58, 0.6, 0.62, 0.64, 0.66, 0.68, 0.7, 0.72, 0.74, 0.76, 0.78, 0.8, 0.82, 0.84, 0.86,

0.88,09,092,094,096,098,1,1.1,1.2,1.3,14,1.5,1.6,1.7,18,19,2,2.1,2.2,2.3,
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, 0.9, 2.0, 0. 3 nM (or

2.4,25,2.6,2.7,2.8,2.9 or 3 nM).

In another aspect, the dissociation constant (Ky) for the first complex is from about
0.04 nM to about 5 nM(or from 0.04, 0.06, 0.08, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45,
0.5,06,0.7,08,09,1,1.1,1.2,13,14,15,16,1.7,1.8,19,2,2.1,2.2,2.3,2.4,2.5,
26,2.7,2.8,29,3,3.1,32,3.3,34,3.5,3.6,3.7,3.8,3.9,4,4.1,42,43,4.4,45, 4.6,
4.7,4.8,4.9 or 5 nM), or from about 0.04 nM to about 4.8 nM (or from 0.04, 0.06, 0.08,
0.1,0.15,0.2,0.25,0.3,0.35,0.4, 0.45, 0.5, 0.6,0.7,0.8,09, 1, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6,
1.7,18,19,2,2.1,22,23,2.4,25,26,2.7,2.8,29,3,3.1,3.2,3.3,34,3.5,3.6,3.7,
38,39,4,4.1,4.2,43,4.4,45,4.6,4.7 or 4.8).

In another aspect, the dissociation constant (Ky) for the second aptamer and the
target is from about 0.03 nM to about 14 nM (or from 0.3, 0.35, 0.4, 0.45, 0.5, 0.6, 0.7,
08,09,1,1.1,1.2,13,14,15,16,1.7,18,19,2,2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8,
29,3,3.1,3.2,33,34,35,3.6,3.7,3.8,39,4,4.1,42,43,4.4,45,4.6,4.7,48,4.9, 5,
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51,52,53,54,55,56,57,58,59,6,6.1,6.2,63,64,6.5,6.6,6.7,68,69,7,7.1,
72,73,74,75,7.6,7.7,78,7.9,8,8.1,82,8.3,84,8.5,86,8.7,88,89,9,9.1,9.2,
93,94,95,9.6,9.7,9.8,9.9, 10, 10.2, 10.4, 10.6, 10.8, 11, 11.2, 11.4, 11.6, 11.8, 12,
12.2,12.4,12.6,12.8,13,13.2,13.4, 13.6, 13.8 or 14 nM).

The present disclosure further provides a composition comprising a first aptamer
and/or a second aptamer and a target protein, wherein the first aptamer and/or a second
aptamer and the target protein are bound by a non-covalent interaction.

The foregoing and other objects, features, and advantages of the disclosure will

become more apparent from the following detailed description, which proceeds with

raferance ta the
LvivivIiiVe W oL

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the general strategy for the isolation and validation of a

SOMAmer (rnodrﬁed DNA aptamer) pair for a protern target. Figure 1A shows a free

t SELEX (or 1st SELEX) s
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a modified random ssDNA library to
isolate a set of aptamers, having 5' and 3' fixed regions that can be screened directly for
pairs of non-competing clones. Representative chemical modifications that may be used
within the 40 nucleotide random region of each aptamer are provided (e.g., abbreviated as

Bn, Nap, Trp, PE, Try and 2Nap). If no pairs are present, the aptamer with the best

second SELEX (or 2nd SELEX) with a different modified lrbrary. The new aptamer
clones are then screened for paired sandwich binding to the target. Figure 1B shows a
representation of sequence patterns and multicopy sequences selected with free CdtA
protein (pool 5551) or with CdtA—4758-6 complex (pool 5579); T=2NapdU. Non-
competitive binding with the first CdtA aptamer, 4758-6, is indicated by shading. Figure
1C shows equilibrium binding of aptamers with CdtA protein. Clones 5551-81 and 5574-
49 were obtained in SELEX with free CdtA, 5579-7 through 5579-21 with CdtA-4758-6
complex in a second SELEX. The maximum bound fraction (binding plateau) in this
assay is influenced by the retention efficiency of the target-aptamer complexes on Zorbax
and the fraction of binding-competent aptamers. Figures 1D and 1E show a CdtA
binding assay with radiolabeled 5579-12 (Figure 1D) or 5579-11 (Figure 1E) in the

absence or presence of a 100-fold excess (10 nM) unlabeled competitor aptamer 4758-6
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that was previously generated for CdtA. Binding was also measured using CdtA and
biotinylated 4758-6 as a capture agent that had been pre-immobilized on streptavidin
beads. Figure 1F shows screening for aptamer pairs on the Luminex platform using
4758-6 as capture agent bound to LumAvidin beads, and individual aptamers as detection

agents. All aptamers were made synthetically as 50-mers and contained a single biotin at
their 5'-end to allow their immobilization on the beads, which were then blocked from
further binding with 1 mM biotin, and to allow detection with a streptavidin-

phycoerythrin conjugate. Figure 1G shows CdtA sandwich assay with 4758-6 (25 nM)

sandwich pairs, using biotinylated capture aptamers on streptavidin beads and
radiolabeled detection aptamers. Figure 2B shows a multiplexed sandwich screening
assay on the Luminex platform to distinguish competitive from non-competitive binding.

Each aptamer was immobilized on a different LumAvidin bead type, and capture beads

i i Al Cmn domcdtom o 2 A2 2 Al o d e o A D PR ) - ]
WCIC poOOICU 101 testin £ H1dividudl dplalllCld dd JCLCeCUOIL agClIIls. rigure 4

@)
w
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pairwise screening of 16 CRDL1 aptamers in the Luminex-based multiplexed assay, with
performance expressed as percent of maximum signal and displayed as heat map. Figures
2D and 2E show the evaluation of 16 CRDL1 aptamers as capture agents or detection
agents) in the Luminex sandwich screening assay with SOMAmer 3362-61 which was the
sequence used to form the complex with CRDL1 during SELEX (Figure 2D) or with
SOMAmer 7575-2 which was one of the new sequences (Figure 2E). Controls included
assays where the same SOMAmer was used for capture and detection (underlined).
Figure 2F shows sandwich binding curves obtained in the Luminex assay for proteins
spiked in buffer (aptamers listed in Table 28). In all cases, the sequence that had served
to form the complex with the target during the sandwich SELEX was used as the capture
agent, and one of the new clones identified as a result of SELEX was used as the
detection agent. The maximum signals (RFU at Bp.y) were 23046 (ANGPT2), 16623
(TSP2), 23349 (CRDL1), 25586 (MATN2), 26000 (C7), 13927 (GPVI), 7103 (PLG), and
3000 (ESAM), respectively.

Figure 3 shows the Ky values for aptamer pairs used in a plate-based sandwich

assay. Biotinylated aptamers were immobilized on streptavidin-coated plates as capture

reagents, and used as detection agents for labelling with streptavidin-HRP conjugate.
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L Terms
Unless otherwise noted, technical terms are used according to conventional usage.
Definitions of common terms in molecular biology may be found in Benjamin Lewin,
Genes V, published by Oxford University Press, 1994 (ISBN 0-19-854287-9); Kendrew et
al. (eds.), The Encyclopedia of Molecular Biology, published by Blackwell Science Ltd.,

A4 (TSRN N_A20_02182_0Y and Raohert A Meavere fed Y Alnl
V-U34-VL164-7 15 \CQ. y, vi0e

1 \ N aular Biolaoov and
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Biotechnology: a Comprehensive Desk Reference, published by VCH Publishers, Inc.,
1995 (ISBN 1-56081-569-8).

In order to facilitate review of the various embodiments of the disclosure, the
following explanations of specific terms are provided:

Aptamef T he term dp[dl’IlCI' as UbC(l HCI'CIH I'CICI'b toa HOH-Hd[UI'dlly owumng
nucleic acid that has a desirable action on a target molecule. A desirable action includes,
but is not limited to, binding of the target, catalytically changing the target, reacting with
the target in a way that modifies or alters the target or the functional activity of the target,
covalently attaching to the target (as in a suicide inhibitor), and facilitating the reaction
between the target and another molecule.

Analog: The term analog, as used herein, refers to a structural chemical analog as
well as a functional chemical analog. A structural chemical analog is a compound having
a similar structure to another chemical compound but differing by one or more atoms or
functional groups. This difference may be a result of the addition of atoms or functional

groups, absence of atoms or functional groups, the replacement of atoms or functional

groups or a combination thereof. A functional chemical analog 1S aco rnpound that has

also encompass S and R stereoisomers of a compound.

Bioactivity: The term bioactivity, as used herein, refers to one or more
intercellular, intracellular or extracellular process (e.g., cell-cell binding, ligand-receptor
binding, cell signaling, etc.) which can impact physiological or pathophysiological
processes.

C-5 Modified Pyrimidine: C-5 modified pyrimidine, as used herein, refers to a

pyrimidine with a modification at the C-5 position. Examples of a C-5 modified
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pyrimidine include those described in U.S. Pat. Nos. 5,719,273, 5,945,527, 7,947,447, as
well as, U.S. Publication No. 2014/0058076, filed February 27, 2014. Additional
examples are provided herein.

Competitor Molecule: Competitor molecule or competitor, are used
interchangeably to refer to any molecule that can form a non-specific complex with a
non-target molecule. A "cornpetitor molecule” or "cornpetitor” is a population of
different types of molecules or a particular or species of molecule. "Competitor

molecules” or "competitors" refer to more than one such type of molecules. Competitor

molecules include oligonucleotides, polyanions (e.g., heparin, single-stranded salmon

norm TIN A

and nolvdextrane e o dextran culnhate)) ahacic nhagsnhadiecter nolvmerg
OP\JLLLL A7l NL L, «“Livk PULJ MwvAaLLAaLny \\/.5., v AaLLAalLL OMLPLLMI’\///, auUuQoLlwv PLLUOPLLUUL\/OL\/L PUL 1iin/1 O,
dNTPs, and pyrophosphate. In the case of a kinetic challenge that uses a competitor, the

competitor can also be any molecule that can form a non-specific complex with an
aptamer. Such competitor molecules include polycations (e.g., spermine, spermidine,

polylysine, and polyarginine) and amino acids (e.g., arginine and lysine).

sequence that represents the most frequently observed nucleotide found at each position
of a series of nucleic acid sequences subject to a sequence alignment.

Covalent Bond: Covalent bond or interaction refers to a chemical bond that
involves the sharing of at least a pair of electrons between atoms.

Incubating: The term incubating (or incubation), as used herein, refers to
controlled conditions in which components are placed together to promote a desired
outcome. For example, a target (¢.g., protein) and an aptamer may be incubated by
putting them together to promote the binding of the aptamer with the target to form a
complex. Further examples include putting the complex together with a second aptamer
to incubate the complex and second aptamer for form a second complex (i.e., aptamer-
protein-second aptamer). The controlled conditions for incubating include temperature,
time, pH, salt concentration, and the type of mixture, of which non-limiting examples
include a solution, an emulsion, a gel and a foam. Temperatures may range from about
21°C to about 45°C (or about 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39,40, 41, 42, 43, 44 or 45 degrees celcius). Preferablly, the termperature is from
about 28°C to about 37°C (or 28, 29, 30, 31, 32, 33, 34, 35, 36 or 37 degrees celcius), or

about 28°C or about 37°C. The time of incubation may include from about 1 minute to
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about 240 minutes (or 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45,
50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145,
150, 155, 160, 165, 170, 175, 180, 185, 190, 195, 200, 205, 210, 215, 220, 225, 230, 235
or 240 minutes). Preferably, the incubation time is about 15 minutes, 30 minutes, 60
minutes, 120 minutes, 180 minutes or about 210 minutes. The pH conditions for
incubation may range from about 5 to about 12 (or 5, 5.5, 6,6.5,7,7.5, 8, 8.5, 9, 9.5, 10,
10.5, 11, 11.5 or 12). Preferably, the pH is about 6, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8,

6.9,7,9.9.1,9.2,9.3,9.4,95,9.6,9.7,9.8,99, 10, 10.1, 10.2, 10.3, 10.4, 10.5, 10.6,

may be used throughout the methods disclosed herein or may change at different steps of
the methods disclosed herein.

Inhibit: The term inhibit, as used herein, means to prevent or reduce the
expression of a peptide or a polypeptide to an extent that the peptide or polypeptide no

PRVILA. R PR R POV Wi [T Y SR | . ~ i
daClivily, OI 10 ICUUCC UIC SLAUILIILY alld/06 1Cdu 01

(@]

longer has measurable activity or bi
prevent the activity of a peptide or a polypeptide to an extent that the peptide or
polypeptide no longer has measurable activity or bioactivity.

Kinetic Challenge: Kinetic challenge, as used herein, refers to a process of
enrichment for an aptamer affinity complex from a set of complexes that includes an
aptamer affinity complex and non-specific compiexes, by applying kinetic pressure and
making use of the different affinity characteristics of the constituents of such classes of
complexes, including dissociation rates. A kinetic challenge generally results in an
increase in specificity, since aptamer-non-target complexes are typically reduced
compared to aptamer-target complexes. As used herein, the term "kinetic pressure" refers
to a means for providing an opportunity for the natural dissociation of complexes and/or
inhibiting the rebinding of molecules that dissociate from a complex naturally. Kinetic
pressure can be applied by the addition of a competitor molecule, or by sample dilution,
or by extensive washes when complexes are bound to a solid support, or by any other
means known to one skilled in the art. As one of ordinary skill in the art will appreciate,
because a kinetic challenge generally depends upon the differing dissociation rates of
aptamer affinity complexes and aptamer-non-target complexes, the duration of the kinetic

challenge is chosen so as to retain a high proportion of aptamer affinity complexes while
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substantially reducing the number of aptamer-non-target complexes. For a kinetic
challenge to be effective, the dissociation rate for the aptamer affinity complex is
preferably significantly lower than those for aptamer-non-target complexes. Since an
aptamer can be selected to include particular properties, the constituents of an aptamer
affinity complex can be designed to have a comparatively low dissociation rate, i.e., slow
off rate.

Modified: The term modified (or modify or modification) and any variations

thereof, when used in reference to an oligonucleotide, means that at least one of the four

constituent nucleotide bases (i.e., A, G, T/U, and C) of the oligonucleotide is an analog or

Modulate: The term modulate, as used herein, means to alter the expression level
of a peptide, protein or polypeptide by increasing or decreasing its expression level
relative to a reference expression level, and/or alter the stability and/or activity of a

peptide, protein or polypeptide by increasing or decreasing its stability and/or activity

Non-covalent Bond: Non-covalent bond or non-covalent interaction refers to a
chemical bond or interaction that does not involve the sharing of pairs of electrons
between atoms. Examples of non-covalent bonds or interactions include hydrogen bonds,
ionic bonds (electrostatic bonds), van der Waals forces and hydrophobic interactions.

Nucleic Acid: Nucieic acid, as used herein, refers to any nucieic acid sequence
containing DNA, RNA and/or analogs thereof and may include single, double and multi-
stranded forms. The terms "nucleic acid", "oligo", "oligonucleotide" and
"polynucleotide” may be used interchangeably.

Pharmaceutically Acceptable: Pharmaceutically acceptable, as used herein,
means approved by a regulatory agency of a federal or a state government or listed in the
U.S. Pharmacopocia or other generally recognized pharmacopoeia for use in animals and,
more particularly, in humans.

Pharmaceutically Acceptable Salt: Pharmaceutically acceptable salt or salt of a
compound (e.g., aptamer), as used herein, refers to a product that contains an ionic bond
and is typically produced by reacting the compound with either an acid or a base, suitable
for administering to an individual. A pharmaceutically acceptable salt can include, but is

not limited to, acid addition salts including hydrochlorides, hydrobromides, phosphates,
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sulphates, hydrogen sulphates, alkylsulphonates, arylsulphonates, arylalkylsulfonates,
acctates, benzoates, citrates, maleates, fumarates, succinates, lactates, and tartrates; alkali
metal cations such as Li, Na, K, alkali earth metal salts such as Mg or Ca, or organic
amine salts.

Pharm cal Composition: Pharmaceutical composition, as used herein,
refers to formulation comprising an aptamer in a form suitable for administration to an
individual. A pharmaceutical composition is typically formulated to be compatible with

its intended route of administration. Examples of routes of administration include, but are

not limited to, oral and parenteral, ¢.g., intravenous, intradermal, subcutaneous,

SELEX: The term SELEX, as used herein, refers to generally to the selection for
nucleic acids that interact with a target molecule in a desirable manner, for example
binding with high affinity to a protein; and the amplification of those selected nucleic
acids. SELEX may be used to identify aptamers with high affinity to a specific target
be used interchangeably

Mo Tan::1A P | R
molecule. SELEX process" ma

'~<f

Sequence Identity: Sequence identity, as used herein, in the context of two or
more nucleic acid sequences is a function of the number of identical nucleotide positions
shared by the sequences (i.c., % identity = number of identical positions/total number of
positionsx100), taking into account the number of gaps, and the length of each gap that
needs to be introduced to optimize alignment of two or more sequences. The comparison
of sequences and determination of percent identity between two or more sequences can be
accomplished using a mathematical algorithm, such as BLAST and Gapped BLAST
programs at their default parameters (e.g., Altschul et al., J. Mol. Biol. 215:403, 1990; see
also BLASTN at www.ncbi.nlm.nih.gov/BLAST). For sequence comparisons, typically
one sequence acts as a reference sequence to which test sequences are compared. When
using a sequence comparison algorithm, test and reference sequences are input into a
computer, subsequence coordinates are designated if necessary, and sequence algorithm
program parameters are designated. The sequence comparison algorithm then calculates
the percent sequence identity for the test sequence(s) relative to the reference sequence,
based on the designated program parameters. Optimal alignment of sequences for
comparison can be conducted, ¢.g., by the local homology algorithm of Smith and

Waterman, Adv. Appl. Math., 2:482, 1981, by the homology alignment algorithm of
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Needleman and Wunsch, J. Mol. Biol., 48:443, 1970, by the search for similarity method
of Pearson and Lipman, Proc. Nat'l. Acad. Sci. USA 85:2444, 1988, by computerized
implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the
Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr.,

Madison, Wis.), or by visual inspecti

L1l 1, VY £

(see generally, Ausubel, F. M. et al., Current
Protocols in Molecular Biology, pub. by Greene Publishing Assoc. and Wiley-
Interscience (1987)). As used herein, when describing the percent identity of a nucleic
acid, the sequence of which is at least, for example, about 95% identical to a reference

nucleotide sequence, it is intended that the nucleic acid sequence is identical to the

mutations per each 100 nucleotides of the reference nucleic acid sequence. In other
words, to obtain a desired nucleic acid sequence, the sequence of which is at least about
95% identical to a reference nucleic acid sequence, up to 5% of the nucleotides in the
reference sequence may be deleted or substituted with another nucleotide, or some
number of nucleotides up to 5% o
sequence may be inserted into the reference sequence (referred to herein as an insertion).
These mutations of the reference sequence to generate the desired sequence may occur at
the 5' or 3' terminal positions of the reference nucleotide sequence or anywhere between
those terminal positions, interspersed either individually among nucleotides in the
reference sequence or in one or more contiguous groups within the reference sequence.

SOMAmer: The term SOMAmer, as used herein, refers to an aptamer having
improved off-rate characteristics. SOMAmers are alternatively referred to as Slow Off-
Rate Modified Aptamers, and may be selected via the improved SELEX methods
described in U.S. Patent No. 7,947,447, entitled "Method for Generating Aptamers with
Improved Off-Rates", which is incorporated by reference in its entirety. The terms
aptamer and SOMAmer may be used interchangeably.

Spacer Sequence: Spacer sequence, as used herein, refers to any sequence
comprised of small molecule(s) covalently bound to the 5'-end, 3'-end or both 5' and 3’
ends of the nucleic acid sequence of an aptamer. Exemplary spacer sequences include,
but are not limited to, polyethylene glycols, hydrocarbon chains, and other polymers or
copolymers that provide a molecular covalent scaffold connecting the consensus regions

while preserving aptamer binding activity. In certain aspects, the spacer sequence may be
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covalently attached to the aptamer through standard linkages such as the terminal 3' or 5’
hydroxyl, 2' carbon, or base modification such as the C5-position of pyrimidines, or C8
position of purines.

Target Molecule: Target molecule (or target), as used herein, refers to any

n
compound or molecule upon which a nucleic acid can act in a desirable me

anner (e.
AN

(jm

binding of the target, catalytically changing the target, reacting with the target in a way
that modifies or alters the target or the functional activity of the target, covalently
attaching to the target (as in a suicide inhibitor), and facilitating the reaction between the

target and another molecule. Non-limiting examples of a target molecule include a

receptor, antigen, antibody, virus, pathogen, toxic substance, substrate, metabolite,
transition state analog, cofactor, inhibitor, drug, dye, nutrient, growth factor, cell, tissue,
any portion or fragment of any of the foregoing, etc. Virtually any chemical or biological
effector may be a suitable target. Molecules of any size can serve as targets. A target can
also be 1
between the target and the nucleic acid. A target may also include any minor variation of
a particular compound or molecule, such as, in the case of a protein, for example,
variations in its amino acid sequence, disulfide bond formation, glycosylation, lipidation,
acetylation, phosphorylation, or any other manipulation or modification, such as
conjugation with a labeling component, which does not substantiaily aiter the identity of
the molecule. A "target molecule” or "target" is a set of copies of one type or species of
molecule or multimolecular structure that is capable of binding to an aptamer. "Target
molecules” or "targets" refer to more than one such set of molecules.

Ternary complex: Ternary complex, as used herein, refers to a complex of at
least two aptamers and a target. In certain instances, the complex may comprise covalent,
non-covalent or a combination of covalent and non-covalent interactions.

Unless otherwise explained, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this

disclosure belongs. The singular terms "a," "an," and "the" include plural referents unless
context clearly indicates otherwise. "Comprising A or B" means including A or B, or

including A and B. It is further to be understood that all base sizes or amino acid sizes,
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and all molecular weight or molecular mass values, given for nucleic acids or
polypeptides are approximate, and are provided for description.

Further, ranges provided herein are understood to be shorthand for all of the
values within the range. For example, a range of 1 to 50 is understood to include any
number, combination of numbers, or sub-range from the group consisting 1, 2, 3, 4, 5, 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, or 50 (as well as
fractions thereof unless the context clearly dictates otherwise). Any concentration range,

percentage range, ratio range, or integer range is to be understood to include the value of

tenth and one hundredth of an integer), unless otherwise indicated. Also, any number
range recited herein relating to any physical feature, such as polymer subunits, size or
thickness, are to be understood to include any integer within the recited range, unless
otherwise indicated. As used herein, "about" or "consisting essentially of mean + 20% of
terms "include" and "comprise" are open ended and are used synonymously. It should be
understood that the terms "a" and "an" as used herein refer to "one or more" of the
enumerated components. The use of the alternative (e.g., "or") should be understood to
mean either one, both, or any combination thereof of the alternatives.

Although methods and materials similar or equivalent to those described herein
can be used in the practice or testing of the present disclosure, suitable methods and
materials are described below. All publications, patent applications, patents, and other
references mentioned herein are incorporated by reference in their entirety. In case of
conflict, the present specification, including explanations of terms, will control. In
addition, the materials, methods, and examples are illustrative only and not intended to be
limiting.

il. Overview

In another aspect of this disclosure, the first aptamer and the second aptamer of
the present disclosure may include up to about 100 nucleotides, up to about 95
nucleotides, up to about 90 nucleotides, up to about 85 nucleotides, up to about 80

nucleotides, up to about 75 nucleotides, up to about 70 nucleotides, up to about 65
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nucleotides, up to about 60 nucleotides, up to about 55 nucleotides, up to about 50
nucleotides, up to about 45 nucleotides, up to about 40 nucleotides, up to about 35
nucleotides, up to about 30 nucleotides, up to about 25 nucleotides, and up to about 20

nucleotides.

improves the off-rate or the rate of dissociation of the first aptamer compared to the first
aptamer without the first C-5 pyrimidine modification scheme. In another aspect, the
second C-5 pyrimidine modification scheme improves the off-rate or the rate of

dissociation of the second aptamer compared to the second aptamer without the second C-

In another aspect of this disclosure, the first aptamer may be at least about 95%
identical, at least about 90% identical, at lcast about 85% identical, at least about 80%
identical, or at least about 75% identical to another nucleic acid sequence of another

aptamer. In another aspect of this disclosure, the second aptamer may be at least about

80% identical, or at least about 75% identical to another nucleic acid sequence of another
aptamer.

In another aspect, the K, of the first or second aptamer to the target or
target/aptamer complex is from about 1 nM to about 100 nM (or from 1, 2, 3,4, 5,6, 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 or 100 nM).

In another aspect, the K is from about 4 nM to about 10 nM (or from 4, 5, 6, 7, 8,
9, or 10 nM).

In another aspect this disclosure, the first aptamer and/or second aptamer may
have a dissociation constant (Ky) for the target or a target/aptamer complex of about 10
nM or less. In another exemplary embodiment, the first aptamer and/or second aptamer
has a dissociation constant (Ky) for the target protein of about 15 nM or less. In yet
another exemplary embodiment, the first aptamer and/or second aptamer has a
dissociation constant (Ky) for the target protein of about 20 nM or less. In yet another

exemplary embodiment, the first aptamer and/or second aptamer has a dissociation
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constant (Ky) for the target protein of about 25 nM or less. In yet another exemplary
embodiment, the first aptamer and/or second aptamer has a dissociation constant (Ky) for
the target protein of about 30 nM or less. In yet another exemplary embodiment, the first
aptamer and/or second aptamer has a dissociation constant (K,) for the target protein of
about 35 nM or less. In yet another exemplary embodiment, the first aptamer and/or
second aptamer has a dissociation constant (K;) for the target protein of about 40 nM or
less. In yet another exemplary embodiment, the first aptamer and/or second aptamer has
a dissociation constant (K,) for the target protein of about 45 nM or less. In yet another
exemplary embodiment, the first aptamer and/or second aptamer has a dissociation

naother exemnlary
LI LLINAL N AN/ ;s

)

embodiment, the first aptamer and/or second aptamer has a dissociation constant (Ky) for
the target protein in a range of about 3-10 nM (or 3, 4, 5,6, 7, 8, 9 or 10 nM). In yet
another exemplary embodiment, the first aptamer and/or second aptamer has a
dissociation constant (Ky) for the target protein in a range of about 0.02 nM to about 3 nM

O N1 n

nnNo NN 17 N 1A N 1744 N 10 NN N NHN
, U.U8, U.U9, U.1, U.12, U.14, U.16, U.106, U.2, .22,

(or from 0.02, 0.

0.24, 0.26, 0.28, 0.3, 0.32, 0.34, 0.36, 0.38, 0.4, 0.42, 0.44, 0.46, 0.48, 0.5, 0.52, 0.54,
0.56, 0.58, 0.6, 0.62, 0.64, 0.66, 0.68, 0.7, 0.72, 0.74, 0.76, 0.78, 0.8, 0.82, 0.84, 0.86,
0.88,09,0.92,0.94,096,098,1,1.1,1.2,1.3,14,1.5,1.6,1.7,18,19,2,2.1,2.2,2.3,

24,25,2.6,2.7,2.8,2.9 or 3 nM).

NnNos N N7
.06, U.U/

<D

nn" NY N NA N N
02, 0.03, 0.04, 0.05,

A suitable dissociation constant can be determined with a binding assay using a
multi-point titration and fitting the equation y = (max - min)(Protein)/(K; + Protein) +
min as described herein. It is to be understood that the determination of dissociation
constants is highly dependent upon the conditions under which they are measured and
thus these numbers may vary significantly with respect to factors such as equilibration
time, etc.

In another aspect of this disclosure, the first aptamer and/or second aptamer
comprise a rate of dissociation (t,;) from the target selected from the group consisting of
a time > about 15 minutes, > about 30 minutes, > about 60 minutes, > about 90 minutes, >
about 120 minutes, > about 150 minutes, > about 180 minutes, > about 210 minutes and >
about 240 minutes.

The present disclosure further provides kits comprising a first aptamer and a

second aptamer, wherein the first aptamer comprises a first C-5 pyrimidine modification
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scheme, the second aptamer comprises a second C-5 pyrimidine modification scheme,
and wherein the first C-5 pyrimidine modification scheme and the second C-5 pyrimidine
modification scheme are different; and wherein the first aptamer has binding affinity for a
target, and the second aptamer has binding affinity for the target and/or the first aptamer
bound to the target.
In another aspect, the first aptamer has affinity for the target and not the second aptamer.
In another aspect, the second aptamer has binding affinity for the target and not
the first aptamer.

In another aspect, the second aptamer has binding affinity for a complex formed

In another aspect, the first aptamer binding region of the target and the second
aptamer binding region of the target are different regions. In a related aspect, the first
aptamer and the second aptamer have non-competing binding sites on the target.

In another aspect, the first aptamer and the second aptamer, independently,

PR A TYNTA o ] PRI IR i
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In another aspect, the first C-5 pyrimidine modification scheme comprises a C-5
modified pyrimidine selected from the group consisting of 5-(N-benzylcarboxyamide)-2'-
deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-methyluridine, 5-(N-
benzylcarboxyamide)-2'-fluorouridine, 5-(N-phenethylcarboxyamide)-2'-deoxyuridine
(PEdU), 5-(N-thiophenylmethylcarboxyamide)-2'-deoxyuridine (ThdU), 5-(N-
isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-isobutylcarboxyamide)-2'-O-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine, 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'-O-
methyluridine, 5-(N-tryptaminocarboxyamide)-2'-fluorouridine, 5-(N-[1-(3-
trimethylamonium) propyl]carboxyamide)-2'-deoxyuridine chloride, 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethylcarboxyamide)-2'-O-methyluridine, 5-(N-naphthylmethylcarboxyamide)-
2'-fluorouridine, a 5-(N-[1-(2,3-dihydroxypropyl)]carboxyamide)-2'-deoxyuridine and a
combination thereof. In a related aspect, the first C-5 pyrimidine modification scheme
comprises a C-5 modified pyrimidine selected from the group consisting of a 5-(N-

benzylcarboxyamide)-2'-deoxyuridine (BndU), 5-(N-isobutylcarboxyamide)-2'-
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deoxyuridine (iBudU), 5-(N-tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), and a combination thereof.
In yet another related aspect, the first C-5 pyrirnidine modification scheme comprises a C-
5 modified pyrimidine selected from the group consis of a 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU), a 5-(N-tryptarmnocarboxyarnide)-2‘-
deoxyuridine (TrpdU) and a combination thereof. In another related aspect, the first C-5

pyrimidine modification scheme comprises a 5-(N-benzylcarboxyamide)-2'-deoxyuridine

(BndU).
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pyrimidine selected from the group consisting of 5-(N-benzylcarboxyamide)-2'-
deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-methyluridine, 5-(N-
benzylcarboxyarnide)-2'-ﬂu0r0uridine, 5-(N-phenethylcarboxyarnide)-2‘-deoxyuridine
1sobutylcarboxyan‘1de)-2' deoxyuridine (iBudU), 5-(N-isobu ylca““o**ya“l‘e) 2'-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine, 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'-O-
methyluridine, 5-(N-tryptaminocarboxyamide)-2'-fluorouridine, 5-(N-[1-(3-
trimethylamonium) propyl]carboxyamide)-2'-deoxyuridine chloride, 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethylcarboxyamide)-2'-O-methyluridine, 5-(N-naphthylmethylcarboxyamide)-
2'-fluorouridine and a 5-(N-[1-(2,3-dihydroxypropyl)]carboxyamide)-2'-deoxyuridine. In
a related aspect, each uracil or thymine of the first aptamer is a 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU).

In another aspect, the second C-5 pyrimidine modification scheme comprises a C-
5 modified pyrimidine selected from the group consisting of 5-(N-benzylcarboxyamide)-
2'-deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-methyluridine, 5-(N-
benzylcarboxyamide)-2'-fluorouridine, 5-(N-phenethylcarboxyamide)-2'-deoxyuridine
(PEdU), 5-(N-thiophenylmethylcarboxyamide)-2'-deoxyuridine (ThdU), 5-(N-
isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-isobutylcarboxyamide)-2'-O-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine, 5-(N-
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tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'-O-
methyluridine, 5-(N-tryptaminocarboxyamide)-2'-fluorouridine, 5-(N-[1-(3-
trimethylamonium) propyl]carboxyamide)-2'-deoxyuridine chloride, 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethylcarboxyamide)-2'-O-methyluridine, 5-(N-naphthylmethylcarboxyamide)-
2'-fluorouridine, a 5-(N-[1-(2,3-dihydroxypropyl)]carboxyamide)-2'-deoxyuridine and a
combination thereof. In a related aspect, the second C-5 pyrimidine modification scheme

comprises a C-5 modified pyrimidine selected from the group consisting of 5-(N-

deoxyuridine (iBudU), 5-(N-tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), and a combination thereof.
In yet another related aspect, the second C-5 pyrimidine modification scheme comprises a

INT
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from the group consisting of 5-(N-
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C-5 modified pyrimidine selected f
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), and a combination thereof.
In another aspect, each uracil or thymine of the second aptamer is a C-5 modified
pyrimidine seiected from the group consisting of 5-(N-benzyicarboxyamide)-2'-
deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-methyluridine, 5-(N-
benzylcarboxyamide)-2'-fluorouridine, 5-(N-phenethylcarboxyamide)-2'-deoxyuridine
(PEdU), 5-(N-thiophenylmethylcarboxyamide)-2'-deoxyuridine (ThdU), 5-(N-
isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-isobutylcarboxyamide)-2'-O-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine, 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'-O-
methyluridine, 5-(N-tryptaminocarboxyamide)-2'-fluorouridine, 5-(N-[1-(3-
trimethylamonium) propyl]carboxyamide)-2'-deoxyuridine chloride, 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethylcarboxyamide)-2'-O-methyluridine, 5-(N-naphthylmethylcarboxyamide)-
2'-fluorouridine and a 5-(N-[1-(2,3-dihydroxypropyl)]carboxyamide)-2'-deoxyuridine. In
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a related aspect, each uracil or thymine of the second aptamer is a 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU).

In another aspect, the first aptamer and the second aptamer, independently, are
cach from about 20 to 100 nucleotides in length (or from 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
or 100 nucleotides in length). In a related aspect, the first aptamer and the second
aptamer, independently, are from about 40 to about 100 nucleotides in length (or from 40,

41

x
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,‘I'Ar, ‘I'J, ‘I"I', ‘I'.J, ‘I'\J, ‘I'I,‘I'U, L ,Jl, -JA’, -~
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, 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 or 100 nucleotides in length).

In another aspect, the first aptamer and/or the second aptamer further comprise a
detectable moiety. In a related aspect, the detectable moiety is selected from the group
consisting of a dye, a quantum dot, a radiolabel, an electrochemical functional group, an
enzyme, an enzyme substrate, a ligand and a receptor.

In another aspect, the target comprises a protein or a peptide. In a related aspect,
the target is a protein selected from the group consisting ANGPT2, TSP2, CRDLI1,
MATN2, GPVI, ESAM, C7, PLG, MMP-12, NPS-PLA2 and CdtA.

The present disciosure further provides that any of the methods disciosed herein
may be subject to or comprise a kinetic challenge. In another aspect, the methods
described herein further comprise the addition of a competitor molecule, a dilution step or
one or more washes to improve the binding affinity of the aptamer with the target. In a
related aspect, the competitor molecule is selected from the group consisting of an
oligonucleotide, heparin, herring sperm DNA, salmon sperm DNA, dextran sulfate,
polyanion, abasic phosphodiester polymer, dNTP, and pyrophosphate. In another aspect,
the kinetic challenge comprises diluting the mixture containing any of the complexes as
described herein, and incubating the mixture containing the aptamer affinity complex for
a time selected from the group consisting of greater than or equal to 30 seconds, 1 minute,
2 minutes, 3 minutes, 4 minutes, 5 minutes, 10 minutes, 30 minutes, and 60 minutes. In

another aspect, the kinetic challenge comprises diluting the mixture containing the

aptamer affinity complex and incubating the mixture containing the aptamer affinity
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complex for a time such that the ratio of the measured level of aptamer affinity complex
to the measured level of the non-specific complex is increased.

The present disclosure describes a composition comprising a first aptamer, second
aptamer and a target, wherein the first aptamer comprises a first C-5 pyrimidine
lification scheme, the second aptamer comprises a second C-5 pyrimidine
modification scheme, and wherein the first C-5 pyrimidine modification scheme and the
second C-5 pyrimidine modification scheme are the same and wherein the first aptamer,
second aptamer and the target are capable of forming a ternary complex.

The present disclosure further describes a method for detecting a target in a

mixture, wherein the first aptamer is capable of binding to the target to form a first
complex; incubating the mixture under conditions that allow for the first complex to
form; contacting the mixture with a second aptamer, wherein the second aptamer is
capable of binding the first complex to form a second complex; incubating the mixture
under conditions that allow

absence of the first aptamer, the second aptamer, the target, the first complex or the

(@]

second complex in the mixture, wherein the presence of the first aptamer, the second
aptamer, the target, the first complex or the second complex indicates that the target is
present in the sample; and wherein, the first aptamer comprises a first C-5 pyrimidine
modification scheme, the second aptamer comprises a second C-5 pyrimidine
modification scheme, and wherein the first C-5 pyrimidine modification scheme and the
second C-5 pyrimidine modification scheme are the same.

In another aspect, the method for detecting a target in a sample comprises
contacting the sample with the first and second aptamers simultaneously, incubating the
mixture under conditions that allow the formation of a complex comprising the target and
first and second aptamers, and detecting for the presence or absence of the first aptamer,
first aptamer, the second aptamer or the complex indicates that the target is present in the
sample.

In another aspect, the first and second aptamers can both independently form a
complex with the target. Specifically, the second aptamer can form a complex with the

target alone as well as with the complex between the first aptamer and the target.
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The present disclosure further describes a method comprising contacting a target
with a first aptamer to form a mixture, wherein the first aptamer is capable of binding the
target to form a first complex; incubating the mixture under conditions that allow for the
first complex to form; contacting the mixture with a second aptamer, wherein the second
aptamer is capable of binding the target to form a second complex; incubating the mixture
under conditions that allow for the second complex to form; detecting for the presence or
absence of the first aptamer and the second aptamer in the mixture, wherein the presence

of both the first aptamer and second aptamer in the mixture indicates that the binding of

the first aptamer to the target and the binding of the second aptamer to the target is non-

scheme, the second aptamer comprises a second C-5 pyrimidine modification scheme,
and wherein the first C-5 pyrimidine modification scheme and the second C-5 pyrimidine
modification scheme are the same.

In another aspect, the first aptamer is capable of binding a protein selected from
the group con

12, NPS-PLA2 and CdtA.

a1 ad i o D
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In another aspect, the second aptamer is capable of binding a protein selected from
the group consisting ANGPT2, TSP2, CRDL1, MATN2, GPVI, ESAM, C7, PLG, MMP-
12, NPS-PLA2 and CdtA.

In another aspect, the first aptamer, the second aptamer and the target form a
ternary complex, wherein the first aptamer binds the target in a first region of the target,
and the second aptamer binds the target in a second region of the target, wherein the first
region and second region of the target are overlapping or non-overlapping regions.

In another aspect, the composition comprises a first aptamer, a second aptamer
and a target, wherein the first aptamer, second aptamer and the target are capable of
forming a ternary complex, and wherein the first aptamer and second aptamer are,
independently, from about 40 to about 50 nucleotides in length, and the first aptamer
comprises a C-5 modified pyrimidine and the second aptamer comprises a C-5 modified
pyrimidine, wherein the C-5 modified pyrimidine is selected from the group consisting of
a 5-(N-benzylcarboxyamide)-2'-deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-
methyluridine, 5-(N-benzylcarboxyamide)-2'-fluorouridine, 5-(N-
phenethylcarboxyamide)-2'-deoxyuridine (PEdU), 5-[N-(phenyl-3-propyl)carboxamide]-
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2’-deoxyuridine (PPdU), 5-[N-(2-thiophene-methyl)carboxamide]-2'-deoxyuridine
(ThdU) (also referred to as 5-(N-thiophenylmethylcarboxyamide)-2'-deoxyuridine), 5-(N-
isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-isobutylcarboxyamide)-2'-O-
methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine, 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-tryptaminocarboxyamide)-2'-O-
methyluridine, 5-(N-tryptaminocarboxyamide)-2'-fluorouridine, 5-(N-[1-(3-
trimethylamonium) propyl]carboxyamide)-2'-deoxyuridine chloride, 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-[N-(1-
naphthylethyl)carboxyamide]-2'-deoxyuridine (NEdU), 5-[N-(2-
naphthylethyl)carboxyamide]-2'-deoxyuridine 2NEdU), 5-[N-(4-
fluorobenzyl)carboxyamide]-2'-deoxyuridine FBndU), 5-[N-(4-hydroxyphenyl-2-
ethyl)carboxamide]-2'-deoxyuridine (TyrdU), 5-(N-naphthylmethylcarboxyamide)-2'-O-
methyluridine, 5-(N-naphthylmethylcarboxyamide)-2'-fluorouridine, 5-(N-[1-(2,3-
dihydroxypropyl)]carboxyamide)-2'-deoxyuridine, 5-{N-(3-benzo{b]thiophene-2-
ethyl)carboxamide]-2'-deoxyuridine (BTdU), 5-[N-(3-benzo[a]furan-2-
ethyl)carboxamide]-2'-deoxyuridine (BFdU), 5-[N-(3,4-
methylenedioxybenzyl)carboxamide]-2'-deoxyuridine (MBndU), 5-[N-((R)-2-
tetrahydrofurylmethyl)carboxamide]-2'-deoxyuridine (RTHdAU), 5-[N-((S)-2-
tetrahydrofuryimethyl)carboxamide]-2'-deoxyuridine (STHFdU), 5-(N-2-
imidazolylethylcarboxamide)-2'-deoxyuridine (ImiddU), 5-[N-(1-morpholino-2-
ethyl)carboxamide]-2'-deoxyuridine (MOEdU), and wherein the C-5 modified pyrimidine
of the first aptamer and the C-5 modified pyrimidine of the second aptamer are different
C-5 modified pyrimidines.

In another aspect, the composition comprises a first aptamer, a second aptamer
and a target, wherein the first aptamer, second aptamer and the target are capable of
forming a ternary complex, and wherein the first aptamer and second aptamer are,
independently, from about 40 to about 50 nucleotides in length, and the first aptamer
comprises a C-5 modified pyrimidine and the second aptamer comprises a C-5 modified
pyrimidine, wherein the C-5 modified pyrimidine is selected from the group consisting of
a 5-(N-benzylcarboxyamide)-2'-deoxyuridine (BndU), 5-(N-benzylcarboxyamide)-2'-O-
methyluridine, 5-(N-benzylcarboxyamide)-2'-fluorouridine, 5-(N-
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phenethylcarboxyamide)-2'-deoxyuridine (PEdU), 5-[N-(phenyl-3-propyl)carboxamide]-
2'-deoxyuridine (PPdU), 5-[N-(2-thiophene-methyl)carboxamide]-2'-deoxyuridine
(ThdU), 5-(N-isobutylcarboxyamide)-2'-deoxyuridine (iBudU), 5-(N-
isobutylcarboxyamide)-2'-O-methyluridine, 5-(N-isobutylcarboxyamide)-2'-fluorouridine,
5-(N-tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-
tryptaminocarboxyamide)-2'-O-methyluridine, 5-(N-tryptaminocarboxyamide)-2'-
fluorouridine, 5-(N-[ 1-(3-trimethylamonium) propyl]carboxyamide)-2'-deoxyuridine
chloride, 5-[N-(1-naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-[N-(1-
naphthylethyl)carboxyamide]-2'-deoxyuridine (NEdU), 5-[N-(2-
naphthylethyl)carboxyamide]-2'-deoxyuridine 2NEdU), 5-[N-(4-
fluorobenzyl)carboxyamide]-2'-deoxyuridine FBndU), 5-[N-(4-hydroxyphenyl-2-
ethyl)carboxamide]-2'-deoxyuridine (TyrdU), 5-(N-naphthylmethylcarboxyamide)-2'-O-
methyluridine, 5-(N-naphthylmethylcarboxyamide)-2'-fluorouridine, 5-(N-[1-(2,3-
dihydroxypropyl)]carboxyamide)-2'-deoxyuridine, 5-{N-(3-benzo{b]thiophene-2-
ethyl)carboxamide]-2'-deoxyuridine (BTdU), 5-[N-(3-benzo[a]furan-2-
ethyl)carboxamide]-2'-deoxyuridine (BFdU), 5-[N-(3,4-
methylenedioxybenzyl)carboxamide]-2'-deoxyuridine (MBndU), 5-[N-((R)-2-
tetrahydrofurylmethyl)carboxamide]-2'-deoxyuridine (RTHdAU), 5-[N-((S)-2-
tetrahydrofuryimethyl)carboxamide]-2'-deoxyuridine (STHFdU), 5-(N-2-
imidazolylethylcarboxamide)-2'-deoxyuridine (ImiddU), 5-[N-(1-morpholino-2-
ethyl)carboxamide]-2'-deoxyuridine (MOEdU), and wherein the C-5 modified pyrimidine
of the first aptamer and the C-5 modified pyrimidine of the second aptamer are the same
C-5 modified pyrimidines.

In another aspect, the mixture of the first aptamer and target are incubated under
conditions that allow for the first complex to form. These conditions include a target
(e.g., protein) to first aptamer ratio of about 10:1. Alternative ratios of target to first
aptamer include from about 9:1, 8:1, 7:1, 6:1, 5:1, 4:1, 3:1, 2:1, 1:1, 1:2, 1:3, 1:4, 1:5, 1:6,
1:7, 1:8, 1:9 and 1:10. The conditions further include a temperature of about 37°C.
Alternative temperatures include room temperature (or about 21°C) or from about 21°C
to about 37°C (or 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36 or 37°C).

The conditions also include times of incubation at the aforementioned ratio and
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temperature conditions, including from about 30 seconds to about 72 hours (or from about
30 seconds, 1 minute, 2, minutes, 5 minutes, 10, minutes, 15, minutes, 20 minutes, 30
minutes, 45 minutes, 1 hour, 2 hours, 3, hours, 4 hours, 5 hours, 6 hours, 7 hours, § hours,
9 hours, 10 hours, 12 hours, 15 hours, 20 hours, 24 hours, 30 hours, 36 hours, 40 hours,
44 hours, 48 hours, 50 hours, 55 hours, 60 hours, 65 hours, 70 hours or 72 hours).

In another aspect, the mixture of the second aptamer and target or the second
aptamer and the first complex are incubated under conditions that allow for the second
complex to form. These conditions include a target (e.g., protein) or first complex to
second aptamer ratio of about 10:1. Alternative ratios of target or first complex to second
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:8, 1:9 and 1:10. The conditions further include a temperature of about 37°C.
Alternative temperatures include room temperature (or about 21°C) or from about 21°C

to about 37°C (or 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36 or 37°C).
The conditions also include times of incubation at the aforementioned ratio and

1t 30 seconds to about 72 hours (or from about
30 seconds, 1 minute, 2, minutes, 5 minutes, 10, minutes, 15, minutes, 20 minutes, 30
minutes, 45 minutes, 1 hour, 2 hours, 3, hours, 4 hours, 5 hours, 6 hours, 7 hours, § hours,
9 hours, 10 hours, 12 hours, 15 hours, 20 hours, 24 hours, 30 hours, 36 hours, 40 hours,
44 hours, 48 hours, 50 hours, 55 hours, 60 hours, 65 hours, 70 hours or 72 hours).

In another aspect, the binding affinity (or K,) is determined by the methods
selected from a radiolabel filter-binding assay and a fluorescence bead-based Luminex
assay.

The present disclosure further describes a method comprising contacting a first
aptamer with a solid support, wherein the first aptamer comprises a linker and a tag,
wherein the tag is capable of binding to the solid support; contacting a target with the first
aptamer, wherein the first aptamer has binding affinity for the target, and the first aptamer
binds the target to form a first complex; contacting the first complex with a plurality of
aptamers, wherein at least one aptamer of the plurality of aptamers binds the first
complex to form a second complex; partitioning the second complex from the remaining
plurality of aptamers;
dissociating the second complex; amplifying the at least one aptamer; and identifying the

at least one aptamer that is capable of binding the first complex.
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The present disclosure further describes a method comprising contacting a first
aptamer with a solid support, wherein the first aptamer comprises a linker and a tag,
wherein the tag is capable of binding to the solid support; contacting a target with the first
aptamer, wherein the first aptamer has binding affinity for the target, and the first aptamer
binds the target to form a first complex; contacting the first complex with a plurality of
aptamers, wherein one or more aptamers of the plurality of aptamers bind the first
complex to form a second complex; partitioning the second complex from the remaining

plurality of aptamers;
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The present disclosure further describes a method comprising contacting a first
aptamer with a solid support, wherein the first aptamer comprises a linker and a tag,
wherein the tag is capable of binding to the solid support; contacting a target with the first
aptamer, wherein the first aptamer has binding affinity for the target, and the first aptamer
binds the target to form a first complex; contacting the first comyj
aptamers to form a second complex, wherein the second complex comprises the first
aptamer, the target and a second aptamer; partitioning the second complex from the
remaining plurality of aptamers; dissociating the second complex; amplifying the second
aptamer and identifying the second aptamer that is capable of binding the first complex.

In another aspect, the first aptamer comprises a C-5 modified pyrimidine.

In another aspect, the at least one aptamer comprises a C-5 modified pyrimidine.

In another aspect, at least 10%, 20%, 30 %, 40%, 50%, 60%, 70%, 80%, 90% or
100% of the aptamers of the plurality of aptamers comprise a C-5 modified pyrimidine.

In another aspect, the tag binds the solid support.

In another aspect, the remaining plurality of aptamers have less binding affinity
for the first complex than the at least one aptamer.

In another aspect, the tag is at the 5'-end or the 3'-end of the first aptamer.

In another aspect, the linker is a photo-cleavable linker.

In another aspect, the target is s selected from the group consisting of a protein, a
peptide, a carbohydrate, a glycoprotein, a cell and a tissue.

In another aspect, the first aptamer comprises a first C-5 pyrimidine modification

scheme, the at least one aptamer comprises a second C-5 pyrimidine modification
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scheme, and wherein the first C-5 pyrimidine modification scheme and the second C-5
pyrimidine modification scheme are the same or are different.

In another aspect, the first aptamer comprises a first C-5 pyrimidine modification
scheme, the one or more aptamers comprise a second C-5 pyrimidine modification

scheme, and wherein the first C-5 pyrimidine modification scheme and the second C-5
pyrimidine modification scheme are the same or are different.

In another aspect, the first aptamer comprises a first C-5 pyrimidine modification
scheme, the second aptamer comprises a second C-5 pyrimidine modification scheme,

and wherein the first C-5 pyrimidine modification scheme and the second C-5 pyrimidine

In another aspect, the at least one aptamer has binding affinity for the target and
not the first aptamer.

In another aspect, the at least one aptamer binds the target of the first complex and
not the first aptamer of the first complex.

Hi
the first complex.

In another aspect, the one or more aptamers have binding affinity for the target
and not the first aptamer.

In another aspect, the one or more aptamers bind the target of the first complex
and not the first aptamer of the first complex.

In another aspect, the one or more aptamers bind the target and the first aptamer of
the first complex.

In another aspect, the second aptamer has binding affinity for the target and not
the first aptamer.

In another aspect, the second aptamer binds the target of the first complex and not
the first aptamer of the first complex.

In another aspect, the second aptamer binds the target and the first aptamer of the
first complex.

In another aspect, the solid support is selected from the group consisting of a
microscope slide, a cyclo-olefin copolymer substrate, a membrane, a plastic substrate, a
paramagnetic bead, charged paper, nylon, a Langmuir-Bodgett film, glass, a germanium

substrate, a silicon substrate, a silicon wafer chip, a flow through chip, a microbead, a
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polytetrafluoroethylene substrate, a polystyrene substrate, a gallium arsenide substrate, a
gold substrate and a silver substrate.
In another aspect, the solid support is a streptavidin bead.

In another aspect, the amplification step results in the formation of a candidate

In another aspect, the method further comprises contacting the first complex with
the candidate mixture of aptamers to further select for aptamers with binding affinity for
the first complex.

The disclosure further provides for a method comprising: a) contacting a first

wherein the tag is capable of binding to the solid support; b) contacting a target with the
first aptamer, wherein the first aptamer has binding affinity for the target, and the first
aptamer binds the target to form a first complex; ¢) contacting the first complex with a
plurality of aptamers to form a plurality of second complexes, wherein each of the
aptamer, and wherein the plurality of second complexes comprises a plurality of second
aptamers; d) partitioning the plurality of second complexes from the aptamers of the
plurality of aptamers, wherein at least one aptamer of the plurality of aptamers has less
binding affinity for the first complex than at least one of the second aptamers of the
plurality of second compiexes; ¢) dissociating the piurality of second compiexes; f)
amplifying the plurality of second aptamers to form a first candidate mixture of aptamers;
g) at least one time, repeating steps a) through f) with the first candidate mixture of
aptamers to form a second candidate mixture of aptamers, or at last two times, repeating
steps a) through f) to form a third candidate mixture of aptamers, or at last three times,
repeating steps a) through f) to form a fourth candidate mixture of aptamers, or at last
four times, repeating steps a) through f) to form a fifth candidate mixture of aptamers, or
at last five times, repeating steps a) through f) to form a sixth candidate mixture of
aptamers, or at last six times, repeating steps a) through f) to form a seventh candidate
mixture of aptamers, or at last seven times, repeating steps a) through f) to form an
eighth candidate mixture of aptamers, or at last eight times, repeating steps a) through f)
to form a ninth candidate mixture of aptamers, or at last nine times, repeating steps a)

through f) to form a tenth candidate mixture of aptamers, or at last ten times, repeating
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steps a) through f) to form a eleventh candidate mixture of aptamers, or at last eleven
times, repeating steps a) through f) to form a twelfth candidate mixture of aptamers, or at
last twelve times, repeating steps a) through f) to form a thirteenth candidate mixture of

aptamers, or at last thirteen times, repeating steps a) through f) to form a fourteenth

candidate mixture of aptamers, or at last fourteen times, repeating steps a) through f) to
form a fifteenth candidate mixture of aptamers, or at last fifteen times, repeating steps a)
through f) to form a sixteenth candidate mixture of aptamers and h) identifying at least

one of the aptamers of the plurality of second aptamers that is capable of binding the first

aptamer with a solid support, wherein the first aptamer comprises a linker and a tag,
wherein the tag is capable of binding to the solid support; b) contacting a target with the
first aptamer, wherein the first aptamer has binding affinity for the target, and the first

aptamer binds the target to form a first complex; ¢) contacting the first complex with a

plurality of second complexes comprises the first aptamer, the target and a second
aptamer, and wherein the plurality of second complexes comprises a plurality of second
aptamers; d) partitioning the plurality of second complexes from the aptamers of the
plurality of aptamers, wherein at least one aptamer of the plurality of aptamers has less
binding affinity for the first compiex than at icast one of the second aptamers of the
plurality of second complexes; ¢) dissociating the plurality of second complexes; f)
quantifying the plurality of second aptamers to obtain a quantitative value; g) repeating
steps a) through f) until the ratio of the quantitative value to a reference value remains
unchanged or decreases relative to the ratio of the quantitative value to the reference
value of the previous repeating of steps a) through f), wherein the reference value is based
on quantifying a plurality of control aptamers exposed to the method of steps a) through
f) without the target; h) identifying at least one of the aptamers of the plurality of second
aptamers that is capable of binding the first complex.

In another aspect, the tag is biotin.
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A. SELEX

SELEX generally includes preparing a candidate mixture of nucleic acids, binding
of the candidate mixture to the desired target molecule to form an affinity complex,
separating the affinity complexes from the unbound candidate nucleic acids, separating

ing the nucleic acid from the affinity complex, purifyin

1 I LI s e AL

g the nucleic acid, and
identifying a specific aptamer sequence. The process may include multiple rounds to
further refine the affinity of the selected aptamer. The process can include amplification
steps at one or more points in the process. See, e.g., U.S. Patent No. 5,475,096, entitled

"Nucleic Acid Ligands". The SELEX process can be used to generate an aptamer that

-8
by Exponential Enrichment: Chemi-SELEX."
The SELEX process can be used to identify high-affinity aptamers containing

modified nucleotides that confer improved characteristics on the aptamer, such as, for

such modifications include chemical substitutions at the ribose and/or phosphate and/or
base positions. SELEX process-identified aptamers containing modified nucleotides are
described in U.S. Patent No. 5,660,985, entitled "High Affinity Nucleic Acid Ligands
Containing Modified Nucleotides", which describes oligonucleotides containing
nucieotide derivatives chemically modified at the 5'- and 2'-positions of pyrimidines. U.S.
Patent No. 5,580,737, see supra, describes highly specific aptamers containing one or
more nucleotides modified with 2'-amino (2'-NH,), 2'-fluoro (2'-F), and/or 2'-O-methyl
(2'-OMe). See also, U.S. Patent No. 8,409,795, entitled "SELEX and PHOTOSELEX",
which describes nucleic acid libraries having expanded physical and chemical properties
and their use in SELEX and photoSELEX.

SELEX can also be used to identify aptamers that have desirable off-rate
characteristics. See, for example, U.S. Patent No. 7,947,447, entitled "Method for
Generating Aptamers with Improved Off-Rates", which describes improved SELEX
methods for generating aptamers that can bind to target molecules. As mentioned above,
these slow off-rate aptamers are known as "SOMAmers." Methods for producing
aptamers or SOMAmers and photoaptamers or SOMAmers having slower rates of

dissociation from their respective target molecules are described. The methods involve
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contacting the candidate mixture with the target molecule, allowing the formation of
nucleic acid-target complexes to occur, and performing a slow off-rate enrichment
process wherein nucleic acid-target complexes with fast dissociation rates will dissociate
and not reform, while complexes with slow dissociation rates will remain intact.
Additionally, the methods include the use of modified nucleotides in the production of
candidate nucleic acid mixtures to generate aptamers or SOMAmers with improved off-
rate performance.

A variation of this assay employs aptamers that include photoreactive functional
atent No. 6,544,776 entitled "
Biochip." These photoreactive aptamers are also referred to as photoaptamers. See, ¢.g.,
U.S. Patent No. 5,763,177, U.S. Patent No. 6,001,577 and U.S. Patent No. 6,291,184,
cach of which is entitled "Systematic Evolution of Nucleic Acid Ligands by Exponential
Enrichment: Photoselection of Nucleic Acid Ligands and Solution SELEX," see also,
e.g., U.S. Patent No. 6,458,539, entitled "
the microarray is contacted with the sample and the photoaptamers have had an
opportunity to bind to their target molecules, the photoaptamers are photoactivated, and
the solid support is washed to remove any non-specifically bound molecules. Harsh wash
conditions may be used, since target molecules that are bound to the photoaptamers are
generally not removed, due to the covalent bonds created by the photoactivated functional
group(s) on the photoaptamers.

In both of these assay formats, the aptamers or SOMAmers are immobilized on
the solid support prior to being contacted with the sample. Under certain circumstances,
however, immobilization of the aptamers or SOMAmers prior to contact with the sample
may not provide an optimal assay. For example, pre-immobilization of the aptamers or
SOMAmers may result in inefficient mixing of the aptamers or SOMAmers with the
target molecules on the surface of the solid support, perhaps leading to lengthy reaction
times and, therefore, extended incubation periods to permit efficient binding of the
aptamers or SOMAmers to their target molecules. Further, when photoaptamers or
photoSOMAmers are employed in the assay and depending upon the material utilized as a
solid support, the solid support may tend to scatter or absorb the light used to effect the

formation of covalent bonds between the photoaptamers or photoSOMAmers and their
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target molecules. Moreover, depending upon the method employed, detection of target
molecules bound to their aptamers or photoSOMAmers can be subject to imprecision,
since the surface of the solid support may also be exposed to and affected by any labeling
agents that are used. Finally, immobilization of the aptamers or SOMAmers on the solid
involves an aptamer or SOMAmer-preparation step (i.c., the
immobilization) prior to exposure of the aptamers or SOMAmers to the sample, and this
preparation step may affect the activity or functionality of the aptamers or SOMAmers.
SOMAmer assays that permit a SOMAmer to capture its target in solution and

then employ separation steps that are designed to remove specific components of the

No. 7,855,054, entitled "Multiplexed Analyses of Test Samples”). The described
SOMAmer assay methods enable the detection and quantification of a non-nucleic acid
target (e.g., a protein target) in a test sample by detecting and quantifying a nucleic acid
(i.e., a SOMAmer). The described methods create a nucleic acid surrogate (i.c., the

QMNA A

RPN r .
DUIVIAINCT) T

r detecting and quantifying a non-nucleic acid target, thus allo
wide variety of nucleic acid technologies, including amplification, to be applied to
broader range of desired targets, including protein targets.

Embodiments of the SELEX process in which the target is a peptide are described
in U.S. Patent No. 6,376,190, entitled "Modified SELEX Processes Without Purified

Protein.”

B. Slow Off-Rate Aptamers (SOMAmers)

proteomics, biomarker discovery, and medical diagnostics. It is now possible to measure
>1000 proteins simultaneously and with high accuracy in a small sample (0.1 mL) of
serum, plasma, CSF, or tissue lysate. The application of this highly multiplexed assay
(SOMAscan) has led to the discovery of biomarkers in infectious, pulmonary,
oncological, cardiovascular, renal and neurological diseases. SOMAmers have expanded
range of protein targets and improved binding properties compared to conventional
aptamers, because they contain deoxyuridine residues that are modified at their 5-position
with hydrophobic aromatic functional groups that mimic amino acid side-chains.

SOMAmers are generated in vitro by the SELEX process (Systematic Evolution of
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Ligands by Exponential Enrichment) which consists of multiple rounds of selection with

kinetic challenge, partitioning, and amplification.

C. Chemical Modifications to Aptamers

Aptamers may contain modified nucleotides that improve is properties and
characteristics. Non-limiting exampies of such improvements inciude, in vivo stability,
stability against degradation, binding affinity for its target, and/or improved delivery
characteristics.

Examples of such modifications include chemical substitutions at the ribose
and/or phosphate and/or base positions of a nucleotide. SELEX process-identified
aptamers containing modified nucleotides are described in U.S. Patent No. 5,660,985,
entitled "High Affinity Nucleic Acid Ligands Containing Modified Nucleotides," which
describes oligonucleotides containing nucleotide derivatives chemically modified at the
5'- and 2'-positions of pyrimidines. U.S. Patent No. 5,580,737, see supra, describes
highly specific aptamers containing one or more nucleotides modified with 2'-amino (2'-
NH;), 2'-fluoro (2'-F), and/or 2'-O-methyl (2'-OMe). See also, U.S. Patent No. 8,409,795,
entitled "SELEX and PHOTOSELEX," which describes nucleic acid libraries having

Specific examples of a C-5 modification include substitution of deoxyuridine at
the C-5 position with a substituent independently selected from: benzylcarboxyamide
(alternatively benzylaminocarbonyl) (Bn), naphthylmethylcarboxyamide (alternatively
naphthylmethylaminocarbonyl) (Nap), tryptaminocarboxyamide (alternatively

B P B o, A A4 K7
uypualiiiovalvoliiyi) (\11p),

PR Rt
U 1DV

isobutylaminocarbonyl) (iBu) as illustrated immediately below.

45



10

15

20

/

i i
AN X
2 & TNYY YN
HNTY = NS A
O)\N benzylcarboxyamide I-naphthylmethylcarboxyamide
(Bn) Na
?,Z/F oV 4 H R= < (Nap)
P‘ S P
I —
e N \ ) ONTY
—~ i
\_ tryptaminocarboxyamide  isobutylcarboxyamide
(Trp) (iBu)

Chemical modifications of a C-5 modified pyrimidine can also be combined with,
singly or in any combination, 2'-position sugar modifications, modifications at exocyclic
amines, and substitution of 4-thiouridine and the like.

Representative C-5 modified pyrimidines include: 5-(N-benzylcarboxyamide)-2'-

AT T £ MNT

RIS LY » P | INPRUUNE, ISR, I B Do | |
acoxyuriaine ( bnauv), o-(IN-0CNZy1CdaIDOXyYy4dIIidc -2

-O-methyluridine, 5-(N-
benzylcarboxyamide)-2'-fluorouridine, 5-(N-isobutylcarboxyamide)-2'-deoxyuridine
(iBudU), 5-(N-isobutylcarboxyamide)-2'-O-methyluridine, 5-(N-isobutylcarboxyamide)-
2'-fluorouridine, 5-(N-tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-
tryptaminocarboxyamide)-2'-O-methyluridine, 5-(N-tryptaminocarboxyamide)-2'-
fluorouridine, 5-(N-[1-(3 -trimethylamonium)propyl] carboxyamide)-2'-deoxyuridine
chloride, 5-[N-(1-naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), 5-(N-
naphthylmethylcarboxyamide)-2'-O-methyluridine, 5-(N-naphthylmethylcarboxyamide)-
2'-fluorouridine or 5-(N-[1-(2,3-dihydroxypropyl)]carboxyamide)-2'-deoxyuridine.

If present, a modification to the nucleotide structure can be imparted before or
after assembly of the polynucleotide. A sequence of nucleotides can be interrupted by
non-nucleotide components. A polynucleotide can be further modified after
polymerization, such as by conjugation with a labeling component.

Additional non-limiting examples of modified nucleotides (e.g., C-5 modified

pyrimidine) that may be incorporated into the nucleic acid sequences of the present

disclosure include the following:
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Base = Uridine (U) or Cytidine(C) (attachment is to the 5-position)
K =R' group plus (CH,), connecting group, where n = 0-3

R' is defined as follows:
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Denotes point of attachment of the R’ group to (CH,),, connecting group

And, R", R" and R"" are defined as follows:
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wherein

R"™ is selected from the group consisting of a branched or linear lower alkyl (C1-C20);
hydroxyl (OH), halogen (F, Cl, Br, I); nitrile (CN); boronic acid (BO,H,); carboxylic acid
(COOR); carboxylic acid ester (COOR"); primary amide (CONH,); secondary amide
(CONHR"); tertiary amide (CONR"R™); sulfonamide (SO,NH,); N-alkyisuifonamide
(SONHR™);

R", R" are independently selected from a group consisting of a branched or linear lower
alkyl (C1-C2)); phenyl (CgHs); an R"" substituted phenyl ring (R"'CsHa); wherein R™ is
defined above; a carboxylic acid (COOH); a carboxylic acid ester (COOR™"); wherein
R"" is a branched or linear lower alkyl (C1-C20); and cycloalkyl; wherein R" = R"' =
(CHy)n;

wherein n =2-10.

Further, C-5 modified pyrimidine nucleotides include the following:

0" N
O
X—4
X = triphosphate
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For nomenclature purposes and by way of example, where the R group is defined
as 6a (or Bn) above, the nucleotide is named 5-(N-benzylcarboxyamide)-2'-deoxyuridine

(BndU); where the R group is defined as 6f (or Nap) above, the nucleotide is named 5-[N-
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(1-naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU) and where the R group is
defined as 6h (or 2Nap) above, the nucleotide is names 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU).
In some embodiments, the modified nucleotide confers nuclease resistance to the
wcleotide. In some embodiments, the modified nucleotide is selected from the
group consisting of chemical formulas 6a to 6v. A pyrimidine with a substitution at the
C-5 position is an example of a modified nucleotide. Modifications can include backbone

modifications, methylations, unusual base-pairing combinations such as the isobases

isocytidine and isoguanidine, and the like. Modifications can also include 3' and 5’

more of the naturally occurring nucleotides with an analog, internucleotide modifications
such as, for example, those with uncharged linkages (e.g., methyl phosphonates,
phosphotriesters, phosphoamidates, carbamates, etc.) and those with charged linkages
(e.g., phosphorothioates, phosphorodithioates, etc.), those with intercalators (e.g.,
acridine, psoralen, etc.), those containing chel:
boron, oxidative metals, etc.), those containing alkylators, and those with modified
linkages (e.g., alpha anomeric nucleic acids, etc.). Further, any of the hydroxyl groups
ordinarily present on the sugar of a nucleotide may be replaced by a phosphonate group
or a phosphate group; protected by standard protecting groups; or activated to prepare
additional linkages to additional nucieotides or to a solid support. The 5" and 3' terminal
OH groups can be phosphorylated or substituted with amines, organic capping group
moieties of from about 1 to about 20 carbon atoms, polyethylene glycol (PEG) polymers
in one embodiment ranging from about 10 to about 80 kDa, PEG polymers in another
embodiment ranging from about 20 to about 60 kDa, or other hydrophilic or hydrophobic
biological or synthetic polymers. In one embodiment, modifications are of the C-5
position of pyrimidines. These modifications can be produced through an amide linkage
directly at the C-5 position or by other types of linkages.

Polynucleotides can also contain analogous forms of ribose or deoxyribose sugars
that are generally known in the art, including 2'-O-methyl-, 2'- O-allyl, 2'-fluoro- or 2'-
azido-ribose, carbocyclic sugar analogs, a-anomeric sugars, epimeric sugars such as

arabinose, xyloses or lyxoses, pyranose sugars, furanose sugars, sedoheptuloses, acyclic

analogs and abasic nucleoside analogs such as methyl riboside. As noted above, one or
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more phosphodiester linkages may be replaced by alternative linking groups. These
alternative linking groups include embodiments wherein phosphate is replaced by P(O)S
("thioate"),

P(S)S ("dithioate"), (O)NR; ("amidate"), P(O)R, P(O)OR', CO or CH, ("formacetal"), in
which each R or R'is independently H or substituted or unsubstituted alkyl (1-20 C)
optionally containing an ether (-O-) linkage, aryl, alkenyl, cycloalky, cycloalkenyl or
araldyl. Not all linkages in a polynucleotide need be identical. Substitution of analogous

forms of sugars, purines, and pyrimidines can be advantageous in designing a final

product, as can alternative backbone structures like a polyamide backbone, for example.

D. Kits Comprising Compositions

The present disclosure provides kits comprising a first aptamer and/or second
aptamer described herein. Such kits can comprise, for example, (1) a first aptamer (e.g., a
target capture aptamer) and/or a second aptamer (e.g., a target detection aptamer); and (2)
at least one pharmaceutically acceptable carrier, such as a solvent or solution. Additional
kit components can optionally include, for example: (1) any of the pharmaceutically
acceptable excipients identified herein, such as stabilizers, buffers, etc., (2) at least one
container, vial or similar a
delivery apparatus.

The following examples are provided to illustrate certain particular features and/or

embodiments. These examples should not be construed to limit the disclosure to the

particular features or embodiments described.
EXAMPLES

Example 1: Materials and Methods

This example provides a summary of the general materials and methods used to
select and identify DNA aptamer pairs for target detection (e.g., protein target).

Proteins used for SELEX. C. difficile binary toxin (CdtA) was produced in
recombinant, Hisjo-tagged form as described. Human proteins available in recombinant,
tagged form (R&D Systems, Minneapolis, MN, USA) included angiopoietin-2 (Cat. No.
623-AN/CF), TSP2 (Cat. No. 1635-T2), CRDL1 (Cat. No. 1808-NR), MATN2 (Cat. No.
3044-MN/CF), GPVI (Cat. No. 3627-GP), which were His-tagged, and ESAM (Cat. No.
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2688-EC) as an Fc-fusion. Native human proteins purified from plasma included C7
(Quidel, San Diego, CA, USA, Cat. No. A405) and plasminogen (Athens Research &
Technology, Athens, GA, USA, Cat. No. 16-16-161200); both were biotinylated using
EZ-Link NHS-PEG4-Biotin (Thermo, Rockford, IL, USA, Cat. No 21329) as described.
Aptamer synthesis. Truncated synthetic aptamers that contained the 40-
nucleotide target-binding region and five nucleotides on each end were prepared via
standard phosphoramidite chemistry using modified nucleotides. AB-H 50mers

contained a 5'-biotin-dA hexaethyleneglycol spacer for easy coupling to streptavidin

(SA), and a 3' inverted dT nucleotide (idT) for improved exonuclease stability.

primary binding agents to all protein targets had been isolated via SELEX and AB-H 50-
mers were prepared as described above. As an alternative to AB-H aptamers, PBDC
(photocleavable linker with biotin and a flurophore) aptamers were used in a modified
SELEX process. The aptamers were "heat-cooled" to ensure their proper renaturation by

3 am e Y e Fag e < -
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C. Activity was
confirmed in equilibrium binding and in pull-down assays. For sandwich SELEX, the
published selection protocol was modified as follows. The proteins were complexed with
the AB-H versions of the cognate menu aptamers immediately prior to each round of
SELEX. For R1, 100 ul of 500 nM protein (50 pmol) were mixed with 5 ul of 5 uM (25
pmol) heat-cooled aptamers and incubated for 30 min at 37°C to allow complex
formation. For subsequent rounds, 10 ul of 500 nM protein (5 pmol) and 2 ul of 5 uM (10
pmol) aptamers (2-fold excess) were used. Specific counter-selection beads to reduce
background due to non-specific aptamer-aptamer interactions were prepared fresh in each
round of SELEX. In brief, 2 ul of 5 uM (10 pmol) heat-cooled AB-H aptamers were
added to 40 ul of 2.5 mg/ml SA beads in SB18T and shaken for 15 minutes to allow
immobilization. The beads were then washed to remove residual free aptamers,
resuspended in 50 ul SB18T and added to the counter-selection plate along with 10 ul
Hexa-His (AnaSpec, Fremont, CA, USA, Cat. No 24420) coated beads, or with 50 ul SA
beads or Protein G beads according to the downstream partitioning method. Buffer
SB18T (40 mM HEPES pH 7.5, 0.1 M NaCl, 5 mM KCl, 5 mM MgCl,, 0.05% Tween-
20) was used for SELEX and for all subsequent binding assays. The starting library

consisted of 1 nmol (10'*-10"°) sequences of modified DNA sequences containing 40
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consecutive randomized positions flanked by fixed sequences for PCR amplification.
Separate libraries with different modified nucleotides were used, including 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-(N-[2-
naphthylmethyl]carboxyamide)-2'-deoxyuridine (2NapdU), and 5-(N-

phene

Joalimiil

thylcarboxyamide)-2'-deoxyuridine (PEdU). A kinetic challenge with 5 mM
dextran sulfate was performed from SELEX round 2 forward to favor slow off-rates.
Partitioning of the target-aptamer complexes was achieved with paramagnetic

Dynabeads® (Life Technologies, Carlsbad, CA, USA), using His-tag 2 (Cat. No. 101-

Selected DNA was cluted from the beads with sodium perchlorate elution buffer (1.8 M
NaClQy4, 40 mM PIPES, 1 mM EDTA, 0.05% Triton X-100, pH 6.8) for 5 min, then
captured on primer beads and processed for PCR and primer extension to obtain the

sense-strands with the modified nucleotides using KOD XL DNA polymerase.

was accomplished with streptavidin (SA) beads that bind the biotin-tag on the primary
PBDC aptamer. This is in contrast to the AB-H aptamer based SELEX, where the biotin-
tag is on the target. This modified method allowed for the use of untagged targets in
sandwhich SELEX. The selected DNA aptamers from the library were harvested via
photociecavage (2 times at 7 minutes with shaking under a biacklight) of tripartite
complexes from the SA beads instead of elution with sodium perchlorate, and processed
for PCR and eDNA preparation.

DNA sequencing and comparative sequence analysis. Aptamer pools obtained
in SELEX were cloned using the PCR-Script Amp Cloning Kit (Agilent, Santa Clara, CA,
USA, Cat. No. 211189) and sequences of individual clones were determined on an ABI
Prism 3730 (SeqWright, Houston, TX). Aptamers obtained in SELEX with complexed vs
free protein were compared to identify common patterns, using customized, flexible
alignment algorithms with pattern identity threshold = 0.5-0.9, family cluster cutoff = 0.5-
0.9, sequence match threshold = 0.8, and equivalence mismatches = 5.

Equilibrium binding assays and competition assays. Full-length aptamers
isolated in SELEX and their synthetic, truncated counterparts were first evaluated for

binding to free protein and then to pre-formed protein-menu aptamer complexes
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(stoichiometric ratio 1:1) to determine and compare the equilibrium binding constants,
K4's, in filter-binding assays. Efficient partitioning of the complexes onto nylon
membranes was achieved with Zorbax PSM-300A (Agilent, Santa Clara, CA, USA),
except for complexes with GPVI, where Dynabeads® His-tag 2 (Life Technologies,
Carlsbad, CA, USA, Cat. No. 101-04D) were used instead. Sandwich aptamer candidates
were further tested in competition binding assays, where radiolabeled aptamers (~0.01
nM) were incubated with target proteins over a range of concentrations (0.001 nM to 100
nM) in the presence of 100-fold excess (10 nM) unlabeled menu aptamer as competitors.

Sandwich filter-binding assays. Two variations of filter-binding sandwich
assays were performed
equilibrium binding of protein and radiolabeled, full-length detection aptamer, followed
by partitioning (30 min with intermittent shaking) with specific capture beads that were
prepared by immobilizing AB-H menu aptamers on SA beads. The second method was
based on the formation of tripartite complexes during equilibrium binding of protein,
radiolabeled detection aptamer (full-length, non-biotinylated) and excess (10 nM)
unlabeled, AB-H menu aptamer, followed by partitioning (5 min with intermittent
shaking) with SA beads. Both methods yielded comparable results. As controls, all
sequences were tested in separate assays where the capture agent was omitted, to identify
non-specific background due to SA bead binding. These clones, along with sequences
resulting in non-titratable signals due to direct interaction of capture and detection
aptamer, were removed from further analysis.

Multiplexed sandwich screening assays. The Luminex platform was used for
the multiplexed, pair-wise screening of aptamers (AB-H 50mers) in sandwich binding
format. Capture bead preparation and binding assays were performed in MSBVNI12 filter
plates (EMD Millipore Corp., Billerica, MA, USA) pre-wet with buffer SB17T (SB18T
supplemented with 1 mM EDTA). Different types of LumAvidin® Microspheres

dispensed into separate wells (100,000 beads per well) and washed 3x 1min with 180 ul
SB17T by vacuum filtration. Aptamers were heat-cooled, 80 ul of 50 nM stocks of each
capture aptamer for a given protein target were added to a different bead type, and the
plate was shaken (20 min at RT, 1100 rpm) to allow for immobilization. The beads were

then washed for 5 min each with 100 ul 50 nM streptavidin and with 10 mM biotin in
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SB17T, then 4x 1 min with 180 ul SB17T. All capture beads for each protein were
pooled and the volume brought to 1.7 ml with SB17T. For the binding assay, 50 ul of
pooled capture beads were dispensed into the wells of a pre-wet MSBVNI2 filter plate,
using duplicate wells for each aptamer to be tested as detection agent, and mixed with 50
ul of 20 nM protein in SB17T+1%BSA or 50 ul buffer for the no-protein controls. After
at least 30 min with shaking at 1100 rpm, the plate was vacuum-washed 2x 1 min with
180 ul SB17T+1%BSA and the beads were resuspended in 50 ul SB17T+BSA. Heat-

cooled detection aptamers were added to individual wells, using 50 pl of 12.5 nM stocks,

and incubation was continued for 30 min with shaking, then the beads were washed and

PE) conjugate (Moss, Pasadena, MD, USA, Cat. No. SAPE-001) in SB17T+BSA were
added, and the beads were again shaken, washed, and resuspended as above. The plate
was read on a Luminex 100 analyzer (time out: enabled 120 s, DD gating: 7500-8000,
reporter gain: high PMT).

ich assay target titrations. Binding curves for AB-H aptamer pairs were
generated for both a bead-based and plate-based sandwich assay. For the bead-assay, a
single LumAvidin microsphere bead type carrying one specific capture aptamer was used,
and the assay was performed essentially as described for the screening assay above,
except that target protein was added in half-log serial dilutions starting at 100 nM to
obtain 12-point binding curves. For the plate-assay, 2 pmol (100 pi of 20 nM) heat-
cooled aptamers were immobilized overnight on Reacti-Bind Streptavidin Coated Plates
(Pierce Biotechnology-Thermo Scientific, Rockford, IL, USA, Cat. No. 15500). The
wells were washed for 5 min each with 100 ul 50 nM streptavidin and with 10 mM biotin
in SB17T, then blocked with 200 ul SB17T+1%BSA for 10 min. Target proteins were
added and incubated for 45 min with shaking, and the plate was washed 2x 1 min with
150 ul SB17T+1%BSA. Detection aptamers were added (100 ul of 20 nM stocks in
SB17T+1%BSA), incubation was continued for 35 minutes, and the wells washed as
above. As reporter, 100 ul of 0.4 ng/ml SA-HRP conjugate (Life Technologies,
Carlsbad, CA, USA, Cat. No. S-911) was added for 35 minutes with shaking, followed by
three washes with SB17 (no Tween-20). TMB substrate (FisherScientific, Pittsburg, PA,
USA, Cat. No. PI134028) was added (100 ul) for 20-30 min, then the reaction was stopped

with 50 pul of 10% sulfuric acid, and absorbance at 450 nm was recorded.
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Example 2: Selection and Identification of Aptamer Pairs for Binary Toxin A Chain
(CdtA) of Clostridium Difficile

This example provides the representative method for the selection and production
of DNA aptamer pairs for the binary toxin A chain (CdtA) protein of C. difficile. This
representative method is outlined in Figure 1 and may be used to identify aptamer pairs
for other targets (e.g., protein) of interest.

SELEX with purified recombinant CdtA protein and a TrpdU-modified library

yielded clone 4758-6 having a K4 of 0.86 nM. The nucleic acid molecule of clone 4758-6

sequence is as follows: 5'-
GAAGACTTTAATTCTGACATGGTGTCCAATGGCGCGCGAG - 3'(SEQ ID NO: 1),
with T represents a TrpdU. In an attempt to identify a non-competing aptamer, CdtA in a

- A QT TV /1. 12447
a SELEX (pool 557

9 - 2NapdU modified
library), which employed a 2NapdU-modified library instead of the TrpdU library used to
generate the 4758-6 clone. Table 1 below provides a summary of the sequence analysis
of the aptamers (or clones) identified in SELEX using the 4758-6 aptamer clone
complexed with the CdtA protein, the corresponding number of sequence patterns

aptamer complex ("Sandwich"). Abbreviations: free protein (F.P.) and competitor

(Comp.).

Table 1
CdtA-4758-6 complex SELEX pool 5579 (2NapdU mod.)
(n=45 evaluable sequences)
# Clone D | K¢ (@M) Kq (M) Sandwich
F.P. w/Comp.
20 5579-12 0.97 0.28 Yes
4 5579-5 2.24 0.21 Yes
12 5579-11 0.07 0.71 No
5 5579-8 0.53 0.55 Yes
2 5579-10 0.15 0.13 Yes
2 NT’ NT NT NT

2NT, not tested
*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

57



n

10

15

SELEX with free CdtA (pool 5551) was done in parallel with the same 2NapdU
library used in SELEX against the CdtA-4758-6 aptamer complex, and also with a
different PEAU modified library (pool 5574). Following eight rounds of selection, all
SELEX experiments were successful in generating sequence pools with at least 100-fold
affinity enrichment compared to starting random libraries. Table 2 below provides a
summary of the sequence analysis of the aptamers (or clones) identified in SELEX using
the free CdtA protein (pool 5551 - 2NapdU modified aptamer library), the corresponding
number of sequence patterns identified ("#"), K; data and whether a aptamer-sandwich

formed ("Sandwich").

Table 2
Free CdtA SELEX pool 5551 (2NapdU mod.)
(n=43 evaluable sequences)
# Clone ID Kd,_(EM) Kfiﬂ,(nM) Sandwich
F.P. w/Comp.
6 5551-81 0.54 0.55 Yes
4 5551-50 0.09 17.60 No
15 5551-52 0.14 0.22 No
8 5551-51 Bead binder NT NT
5 5551-49 0.31 20.60 No
2 5551-76 NT NT NT
2 5551-82 NT NT NT
1 NT NT NT NT

“NT, not tested
*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

Table 3 below provides a summary of the sequence analysis of the aptamers (or
clones) identified in SELEX using the free CdtA protein (pool 5574 - PEdU modified

aptamer library), the corresponding number of sequence patterns identified ("#"), K, data
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Table 3

Free CdtA SELEX pool 5574 (PEdU mod)
(n=41 evaluable sequences)
# | Clonen | KoM Vlf/dc(grl\fg Sandwich
13 5574-49 1.5 >10 No
11 5574-56 2.92% >10 No
10 5574-51 >10* >10 NT
2 5574-67 4.20%* >10 NT
2 5574-83 4.66%* >10 NT
3 NT NT NT NT

NT, not tested
*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

Comparative sequence analysis of the 2NapdU clones from affinity-enriched
pools 5579 (CdtA—4758-6; Table 1) and 5551 (free CdtA; Table 2) revealed differences
in the patterns and abundance, but there were some shared sequence motifs as well
(Figure 1B). The dominant pattern occurred in 20 (44%) of the sequences in pooi 5579,
but only in 5 (12%) of the sequences in pool 5551. Sequences harboring this pattern (e.g.,
5579-7, 5579-12, 5579-21) performed consistently well in sandwich format with the
original ligand 4758-6. Another pattern and two sequences found in multiple copies,
were found exclusively in pool 5579 (CdtA—4758-6), and also these sequences were non-
competing with 4758-6. Another pattern was present in sequences from both pools, and
this family contained the most active aptamers (e.g. 5579-11), but they failed in the

sandwich assay. Most likely, these sequences successfully competed with 4758-6 during

IVILISL \ | 5 111 il

SELEX, occupying the same epitope with higher affinity or superior binding kinetics.
Two different patterns and three multicopy sequences were found only in pool 5551 (free
CdtA SELEX) and failed the sandwich assay. Finally, none of the sequences generated in
free CdtA SELEX using a PEdU library bound the complex, although several of them had
SELE with t
clearly resulted in a higher fraction of sequences useful for sandwich assays in
conjunction with 4758-6, although free CdtA SELEX also produced a few new aptamers
that bound to a different epitope.

The new aptamers bound the free protein with affinities ranging from 0.05 nM-14

nM (Figure 1C), and were also tested in competition assays and in sandwich format
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together with the existing 4758-6 TrpdU aptamer (Figures 1D and 1E). As shown for
clone 5579-12, which possessed affinity comparable to 4758-6 (K4=0.67 nM vs 0.86 nM),
binding to CdtA was not affected by the presence of a ~100-fold excess (10 nM) 4758-6

competitor, or when 4758-6 was used as a capture agent, indicating that the two
sequences bind to distinct CdtA epitop
had superior affinity compared to 4758-6 (K4=0.05 nM vs 0.86 nM), was reduced with
4758-6 as competitor or capture agent. Representative sequences from each SELEX were
also screened on the Luminex platform, where the first aptamer 4758-6 served as capture

agent on beads. Most clones from complex SELEX (5579-7, 5579-10, 5579-12, 5579-21)

£ D O e L2 %o I T2 o)
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used as detection agent (Figure 1F). Capture and detection agents were interchangeable
for 4758-6 and 5579-12, producing similar binding curves in the Luminex sandwich assay

(Figure 1G).

Example 3: Selection of Aptamer Pairs for Eight Different Protein Targets

This example provides the representative method for the selection and production
of DNA aptamer pairs for the following protein targets: angiopoietin-2 (ANGPT2),
thrombospondin-2 (TSP2), chordin-like 1 (CRDL1), matrilin-2 (MATN2), glycoprotein
VI (GPVI), endothelial cell-selective adhesion molecule (ESAM), complement 7 (C7),
and plasminogen (PLG).

A two-tiered strategy was employed to obtain aptamer pairs to the target proteins.
For the first strategy, aptamers obtained via SELEX that demonstrated good affinity
(K4<10 nM) yielded functional aptamer pairs for three of the eight targets (C7, MATN2,
PLG), all with BndU as the modified nucleotide. For the second strategy, SELEX was

performed with target-SOM
libraries (TrpdU and 2NapdU), and, in parallel a free protein SELEX using cither a
TrpdU or 2NapdU library.  After seven rounds of SELEX, all 24 pools showed
convergence based on DNA reassociation (Cot) kinetics and demonstrated low-nanomolar
or sub-nanomolar K, values. Cloning and routine sequencing of at least 48 SOMAmers
per pool allowed comparative analysis of sequences obtained in SELEX with protein-

SOMAmer complex and free protein targets. In all cases, active clones that bound the

protein-SOMAmer complexes were obtained, however, a larger fraction of the tested
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clones did not bind the complex where the free target was used for SELEX. Therefore,
using protein-SOMAmer complex targets during SELEX clearly increased the likelihood
of finding sandwich candidates. An exception, however, were clones from pool 7565
TrpdU selected with the ESAM-2981-9 complex, all of which shared a common sequence
pattern and showed binding of the ESAM-2981-9 complex but not free ESAM protein.
These sequences were later shown to interact with SOMAmer 2981-9 rather than bind the
target protein.

The observed binding of the new clones to the protein-menu SOMAmer

complexes did not prove the existence of a true sandwich, since they might simply

new clones were subjected to binding assays in the presence of 10 nM (~100-fold) excess
unlabeled competitor menu SOMAmer and in sandwich assays with the menu
SOMAmers as capture agents. The sandwich assay depicted in Figure 2A results in a
signal only if a sandwich is formed, but not if displacement of the first SOMAmer occurs.
Detailed sequence analysis and binding characteristics for all SOMAmers (synthetic
5'AB-H 50mers) obtained in the SELEX with complexed or free proteins are shown
below in Tables 4-27.

Tables 4-6 provide a summary for the aptamers to the angiopoietin-2 (ANGPT2)
protein. The nucleic acid molecule of clone 2602-2 is as an aptamer forty (40)

nucleotides in length comprising C-5 modified pyrimidines, specifically BndU, and is

capable of binding to the ANGPT?2 protein.

Tabie 4

ANGPT2-2602-2 complex SELEX pool 7560 (TrpdU mod.)
(n=43 evaluable sequences)
Ky (mM Ky (mM .
# Clone ID %(D ) ,%(Gmg Sandwich
26 7560-4 0.29 0.59 Yes
4 7560-1 0.19 1.26 Yes
4 7560-19 6.35 2.65 Yes
2 7560-27 >100%* NT NT
7 NT NT NT NT

NT, not tested
*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)
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Table 5

Free ANGPT2 SELEX pool 7568 (TrpdU mod.)
(n=80 evaluable sequences)
# Clone 1D | <40\ V‘f/dc‘g;rvlg Sandwich
29 7568-4 0.88* NT NT
4 7568-87 NT NT NT
15 7568-30 0.15 0.15 Yes
4 7568-29 0.50 1.05 Yes
4 7568-53 0.78 0.65 Yes
2 7568-1 3.14 5.24 Yes
2 7568-12 >100* NT NT
2 7568-14 6.84* NT NT
2 7568-15 NT NT NT
2 7568-25 NT NT NT
14 NT NT NT NT

NT, not tested
*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

5 Table 6
ANGPT2-2602-2 complex SELEX pool 7573 (2NapdU mod.)
(n=42 evaluable sequences)
# Clone 1D | <M K@My o ondwich
one F.P. w/Comp. anawic
9 7573-14 0.21 0.22 Yes
4 7573-6 >10 NT NT
2 7573-15 0.82 0.98 Yes
8 7573-1 0.12 0.17 Yes
3 7573-42 0.07 0.09 Yes
3 7573-21 0.16 0.54 Yes
3 7573-22 1.5 NT NT
2 7573-12 NT NT NT
8 NT NT NT NT

NT, not tested
*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

Tables 7-9 provide a summary for the aptamers to the thrombospondin-2 (TSP2)
protein. The nucleic acid molecule of clone 3339-33 is as an aptamer forty (40)
10 nucleotides in length comprising C-5 modified pyrimidines, specifically BndU, and is

capable of binding to the TSP2 protein.
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Table 7

TSP2-3339-33
complex SELEX pool 7561 (TrpdU mod.)

¢ R T T SN
1741 evaluapnic sequences)

4 Clone ID Ki_(lf,M) Vlj/dc(gi’g Sandwich
8 7561-59 0.19 0.14 Yes
5 7561-69 NT NT NT
9 7561-55 0.04 0.04 Yes
3 7561-49 NT NT NT
2 7561-83 0.02 0.05 Yes
7 | 7561-65 0.09 3.08 No
7 NT NT NT NT

2NT, not tested
*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

Table 8
Free TSP2 SELEX pool 7569 (TrpdU mod.)
(n=43 evaluable sequences)
# | Clonen | KoM Vlf/dc(grl\fg Sandwich
3 7569-1 NT NT NT
5 7569-23 NT NT NT
5 7569-29 0.03 0.04 Yes
5 7569-22 0.43 3.10 Yes
5 7569-18 0.05* 0.13* NT
3 7569-33 NT NT NT
3 7569-45 NT NT NT
2 7569-6 0.19 0.25 NT
2 7569-16 NT NT NT
10 NT NT NT NT

“NT, not tested
*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)
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Table 9

TSP2-3339-33 complex SELEX pool 7574 (2NapdU mod.)
(n=42 evaluable sequences)

# Clone 1D | M) V‘;/flc‘ggg Sandwich
11 7574-62 0.09 0.08 Yes
20 7574-57 0.03 0.08 Yes

5 7574-53 0.08 0.07 Yes

3 7574-64 0.18 1.10 Yes

3 NT NT NT NT

’NT, not tested
*eDNA tull-length SOMAmer testing data (no synthetic SOMAmers produced)

Tables 10-12 provide a summary for the aptamers to the chordin-like 1 (CRDL1)
protein. The nucleic acid molecule of clone 3362-61 is as an aptamer forty (40)
nucleotides in length comprising C-5 modified pyrimidines, specifically BndU, and is

capable of binding to the CRDL1 protein.

Table 10
CRDL1-3362-61
complex SELEX pool 7562 (TrpdU mod.)
(n=47 evaluable sequences)

# Clonetp | Ke(@M) Ky (M) Sandwich

F.P. w/Comp.
4 7562-3 0.13 0.23 Yes
4 7562-24 0.34 0.23 Yes
4 7562-8 0.38 0.31 Yes
5 7562-4 NT NT NT
5 7562-23 0.68 0.38 Yes
2 7562-6 0.44 0.17 Yes
3 7562-12 0.12 0.49 Yes
3 7562-31 0.26 0.17 Yes
2 7562-2 0.28 0.13 Yes
2 7562-7 1.52 0.23 Yes
2 7562-19 0.29 0.27 Yes
11 NT NT NT N1

NT, not tested
*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)
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Table 11

Free CRDL1 SELEX pool 7570 (TrpdU mod.)
(n=41 evaluable sequences)
# Clone D | 45 V‘V‘/dc‘g;;g Sandwich
2 7570-90 NT NT NT
1 7570-64 NT NT NT
4 7570-67 0.30* 0.28%* NT
6 7570-50 0.50* 2.44%* NT
5 7570-52 0.89* 2.14%* NT
2 7570-57 0.74* 3.13* NT
4 7570-55 0.40 0.13 Yes
2 7570-53 0.41* 1.07* NT
2 7570-84 NT NT NT
13 NT NT NT NT

ZI\JT not tected
B

jatelig iviciEv6 3

*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

Table 12
CRDL1-3362-61 complex SELEX pool 7575 (2NapdU mod.)
(n=42 evaluable sequences)
# Clonerp | Ke@M) Ke@mM) | gondwich
F.P. w/Comp.
9 7575-2 0.38 0.19 Yes
7 7575-6 0.41 0.43 Yes
5 7575-19 3.51 0.13 Yes
2 7575-5 0.30 0.19 Yes
3 7575-3 0.55 3.36 NT
16 NT NT NT NT
5 ZNT, not tested

*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

Tables 13-15 provide a summary for the aptamers to the matrilin-2 (MATN2)
protein. The nucleic acid molecule of clone 3325-2 is as an aptamer forty (40)
nucleotides in length comprising C-5 modified pyrimidines, specifically BndU, and is

10 capable of binding to the MATN?2 protein.
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Table 13

MATN2-3325-2 complex SELEX pool 7563 (TrpdU mod.)
(n=40 evaluable sequences)

4 Clone ID K“;F(‘?E‘VI) V‘;/flc‘ggg Sandwich
4 7563-61 NT NT NT
10 7563-63 0.17* 13.6* NT
8 7563-60 12.20 0.78 Yes
3 7563-51 3.11 1.19 NT
3 7563-55 NT NT NT
2 7563-56 >10% 1.75% NT
P 7563-58 NT NT NT
. 7 7 7 o

NT, not tested
*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

hla 14
01l 1

Free MATN2 SELEX pool 7571 (TrpdU mod.)

(n=46 evaluable sequences)

4 Clone ID K“%(%M) Vlj/dc(ggg Sandwich
5 7571-11 0.66* 15.4% NT
2 7571-31 531 3.65 Yes
4 7571-20 118 0.96 Yes
4 7571-1 0.33* ~10* NT
4 7571-12 3.99+ >10% NT
27 NT NT NT NT

’NT, not tested

*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)
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Table 15

MATN2-3325-2 complex SELEX pool 7576 (2NapdU mod.)
(n=90 evaluable sequences)
# Clonetp | K40 V‘;/flc‘grlrvlg Sandwich
31 7576-61 0.63 0.49 Yes
10 7576-40 2.70 1.70 No
3 7576-13 0.94* 1.40%* NT
11 7576-11 >100 6.53 Yes
5 7576-64 1.33 0.83 No
4 7576-19 4.57 2.08 Yes
4 7576-30 5.00 3.79 Yes
2 7576-51 0.30 0.40 Yes
20 NT NT NT NT

NT, not tested
*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

Tables 16-18 provide a summary for the aptamers to the glycoprotein VI (GPVI)
protein. The nucleic acid molecule of clone 3194-36 is as an aptamer forty (40)

nucleotides in length comprising C-5 modified pyrimidines, specifically BndU, and is

capable of binding to the GPVI protein.

Table 16

GPVI-3194-36 complex SELEX pool 7564 (TrpdU mod.)
(n=82 evaluable sequences)
# Clone ID Kd_(EM) Kfim,(nM) Sandwich
F.P. w/Comp.
24 7564-5 0.04 0.02 Yes
20 7564-29 0.02% 0.35% Yes
8 7564-18 0.08 0.12 No
8 7564-3 0.07 0.18 No
2 7564-153 NT NT NT
9 7564-174 0.04 0.42 NT
5 7564-13 NT NT NT
6 NT NT NT NT

“NT, not tested
*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)
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Table 17

Free GPVI SELEX pool 7572 (TrpdU mod.)
(n=44 ¢valuable sequences)
# Clone D | K¢ (M) V‘f/dc‘g;;g Sandwich
6 7572-68 NT NT NT
6 7572-61 NT NT NT
2 7572-70 NT NT NT
7 7572-60 0.12 >10 NT
4 7572-79 0.03 1.83 NT
2 7572-49 NT NT NT
17 NT NT NT NT

NT., not tested
*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

Table 18
GPVI-3194-36 complex SELEX pool 7577 (2NapdU mod.)
(n=44 evaluable sequences)
- Clonetp | ¢ (0M) Vlf/%(gnhfﬁ Sandwich
4 7577-51 >10 0.10 Yes
7 7577-70 >10 1.32 NT
4 7577-49 >32 133 NT
6 7577-65 NT NT NT
3 7577-50 0.04 0.92 No
20 NT NT NT NT

’NT, not tested
*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

Tables 19-21 provide a summary for the aptamers to the endothelial cell-selective

aptamer forty (40) nucleotides in length comprising C-5 modified pyrimidines,
specifically BndU, and is capable of binding to the ESAM protein.
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Table 19

ESAM-2981-9 complex SELEX pool 7565 (T=TrpdU)
(n=44 evaluable sequences)
# Clone 1D | X4 (2 V‘;/flc‘grlrvlg Sandwich
33 7565-67 >10 0.53 No
7 7565-54 >10 4.40 No
4 NT NT NT NT

NT, not tested

*eDNA tull-length SOMAmer testing data (no synthetic SOMAmers produced)

Table 20
ESAM-2981-9 complex SELEX pool 7578 (T=2NapdU)
(n=42 evaluable sequences)

4 Clone > | Ke@M) K (M) 1 o ndwich
7 ~ione F.P. w/Comp.

9 7578-5 0.18 0.43 No
8 7578-34 >10 0.56 No
8 7578-22 >10 1.57 NT
3 7578-3 0.37 15.3 NT
2 7578-11 0.45 4.54 NT
12 NT NT NT NT

NT, not tested

*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

Table 21
Free ESAM SELEX pool 7581 (7=2NapdU)
(n=85 evaluable sequences)
# Clone ID Ka (M) Ky (nM) Sandwich
i o F.P w/Comp.
1 7581-2 NT NT NT
3 7581-42 NT NT NT
12 7581-41 0.03 0.06 No
9 7581-5 0.48 3.58 NT
13 7581-8 0.44 3.55 NT
10 7581-3 0.40 2.32 NT
7 7581-54 0.24 3.00 NT
4 7581-9 0.16 1.99 NT
26 NT NT NT NT

’NT, not tested

*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)
10 Tables 22-24 provide a summary for the aptamers to the complement 7 (C7)

protein. The nucleic acid molecule of clone 2888-49 is as an aptamer forty (40)
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capable of binding to the C7 protein.

Table 22

nucleotides in length comprising C-5 modified pyrimidines, specifically BndU, and is

C7-2888-49 complex SELEX pool 7566 (TrpdU mod.)
(n=46 evaluable sequences)

# Clone1p | K@M K (nM) Sandwich
F.P w/Comp.

6 7566-14 47.0 5.04 Yes

4 7566-40 0.14* 0.05* No

18 7566-22 >10 Bead binder | NT

2 7566-29 13.3 10.4 NT

16 NT NT NT NT

NT, not tested

*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

Table 23

C7-2888-49 complex SELEX pool 7579 (2NapdU mod.)
(n=43 evaluable sequences)

- Clonen | K4 (M K%(sﬂl\f[g Sandwich
> | 7579-65 0.76* 0.04% Yes
2 7579-67 0.40% 0.09% Yes
9 7579-82 NT NT NT
1 | 757968 >10 >10 NT
8 | 7579-88 0.19 0.17 No
3 | 7579-64 0.22 0.13 No
2 7579-85 13.2 13.8 NT
16 NT NT NT NT

2T

“NT, not tested

*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

70




Table 24

Free C7 SELEX pool 7582 (2NapdU mod.)
(n=42 evaluable sequences)
# Clonetp | Xe(®hD V‘f/dc‘g;rvlg Sandwich
2 7582-52 NT NT NT
22 7582-56 >10 >10 NT
2 NT NT NT NT
5 7582-67 NT NT NT
2 7582-52 NT NT NT
9 NT NT NT NT

’NT, not tested
*eDNA tull-length SOMAmer testing data (no synthetic SOMAmers produced)

Tables 25-27 provide a summary for the aptamers to the plasminogen (PLG)
5  protein. The nucleic acid molecule of clone 4151-6 is as an aptamer forty (40)
nucleotides in length comprising C-5 modified pyrimidines, specifically BndU, and is

capable of binding to the PLG protein.

o 2P S PR
1

=
apic L0

PLG-4151-6 complex SELEX pool 7567 (TrpdU mod.)
(n=42 evaluable sequences)

# Clone D | 4™ IS%(;{\:[; Sandwich
12 7567-53 >10 Bead binder NT

5 7567-63 2.41 1.95 NT

3 7567-95 >10 Bead binder NT

2 7567-64 0.99 0.30 Yes
20 NT NT NT NT

NT, not tested
10 *e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)
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Table 26

PLG—4151-6 complex SELEX pool 7580 2NapdU mod.)
(n=42 evaluable sequences)

Ky (nM) K¢ (nM) .
# Clone ID F.P w/Comp. Sandwich
1 7580-16 NT NT NT
2 7580-35 NT NT NT
1 7580-17 NT NT NT
2 7580-19 0.77 1.14 Yes
2 7580-13 1.75 1.37 Yes
11 7580-4 >10 Bead binder NT
7 7580-43 1.89 1.51 NT
16 NT NT NT NT

NT, not tested

*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)

Free PLG SELEX pool 7583 (2NapdU mod.)
(n=43 evaluable sequences)
- Clone 1D | K4 (T V‘%Eﬁfg Sandwich
3 7583-19 3.72 0.72 Yes
8 7583-8 1.95% 0.86* NT
3 7583-7 391* 2.30%* NT
2 7583-15 1.14 0.21 Yes
2 7583-3 0.81 0.30 Yes
2 7583-24 8.72 0.59 Yes
2 7583-12 1.94% 1.69%* NT
21 NT NT NT NT

ZNT, not tested

*e¢DNA full-length SOMAmer testing data (no synthetic SOMAmers produced)
While this binding assay was useful to identify aptamers that perform in sandwich
format, it is limited to pair-wise testing. Thus, we set up a highly multiplexed sandwich
screening assay method using the Luminex platform (Figure 2B), as described in detail in

Example 1.
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Example 4: Selection of Aptamer Pairs for Target Proteins by a Modified Sandwich
SELEX Method

This example provides the representative method for the selection and production
of DNA aptamer pairs for the following protein targets: matrix metalloproteinase-12
5 (MMP-12) and secreted phospholipase A2 (NPS-PLA2).
Aptamer pairs to the target proteins were obtained following a modified sandwich
SELEX protocol that employed PBDC aptamers as capture agents attached on beads for
partitioning of target-aptamer complexes, followed by photocleavage of the tripartite

complexes. For MMP-12, the PBDC aptamer 4496-60 BndU was used to form a complex

10 with the target for SELEX using a NapdU library. For NPS-PLA2, the PBDC aptamer
2692-74 BndU was used for complex formation in SELEX with a TrpdU library. After
nine rounds of SELEX, the pools were sequenced and individual clones were prepared
synthetically (AB-H 50mers) and tested for binding.

Table 28 provides a summary for the aptamers to the metalloproteinase-12 (MMP-

148 1N nratoin Tho niinlais arid malacnila af plans AAQA_AD i@ ag an antamar farty (AN

1 144} PlUL\/lll. 111V 11TUvViIvIV daviyg 1HIVIVVUILILV Ul VIVILIV TTTTUTUV 10 Ao all apualliivi 1ul \_l'\ll
nucleotides in length comprising C-5 modified pyrimidines, specifically BndU, and is
capable of binding to the MMP-12 protein.

Table 28
MMP-12-4496-60 complex SELEX pool 12048 (NapdU mod.)
(n=384 evaluable sequences)
K¢ (nM) K4 (nM) .
# Clone ID FP. w/Comp. Sandwich
9 12048-21 1.53 NT Yes
8 12048-18 2.81 NT Yes
7 12048-3 3.71 NT Yes
7 12048-54 3.66 NT Yes
4 12048-104 2.72 NT Yes
3 12048-234 0.94 NT No
346 NT NT NT NT
NT, not tested
20 Table 29 provides a summary for the aptamers to the phospholipase A2 (NPS-

PLA2) protein. The nucleic acid molecule of clone 2692-74, is as an aptamer forty (40)
nucleotides in length comprising C-5 modified pyrimidines, specifically BndU, and is

capable of binding to the NPS-PLA2 protein.
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Table 29

NPS-PLA2-2692-74 complex SELEX pool 12055 (TrpdU mod.)
(n=384 evaluable sequences)
Ky (nM) K¢ (nM) .
# Clone ID FP. w/Comp. Sandwich
12 12055-22 0.38 NT Yes
372 NT NT NT NT

NT, not tested

Example 5: Equilibrium Binding Constants of Aptamer Pairs

This example provides the representative method for measuring the equilibrium
binding constants (K4 values) for the DNA aptamer pairs.

In brief, each of the clones for a given target was separately immobilized on a
specific LumAvidin bead type. The beads were then pooled and used for capture of the
target, and each of the sandwich candidate clones was used separately for detection. With
respect to the number of aptamer sandwich candidates (ranging from 7-16 per target) for
the eight panel proteins (ANGPT2, TSP2, CRDL1, MATN2, GPVI, ESAM, C7 and
functional aptamer sandwiches to one dimension, from 1116 assays
(15%+14*+16°+14*+9°+77+8%+7%) to 90 assays (15+14+16+14+9+7+8+7). The
multiplexed Luminex sandwich screening assay allowed the rapid identification of
functional aptamer pairs, e.g., by plotting the net signals as heat maps. For CRDLI
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capture and detection reagents, including 11 sequences containing TrpdU, 4 with
2NapdU, and the aptamer with BndU. The menu aptamer 3362-61 for CRDL1 performed
well when used as a capture or as a detection agent in conjunction with any of the new
clones. In contrast, clones 7575-6 and 7575-19 served better as detection agents (Figure
2D). For comparison, sandwich assays using one of the new clones (7575-2) with any
other new clone produced lower signals, and no pair was as good as the pair with the
menu SOMAmer 3362-61 (Figure 2E). No signals were obtained with the same
SOMAmer used for capture and detection.

Sandwich binding curves on the Luminex platform were generated for seven of
the eight proteins: ANGPT2 (Angiopoictin-2), TSP2, CRDL1, MATN2, C7, PLG
(Plasminogen), and GPVI, as well as, MMP-12 and NPS-PLA2 (Figure 2F). The

apparent equilibrium binding constants (K4 values) of the new aptamers for the protein
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complexes with the cognate aptamer ranged from 0.02-2.7 nM (see Table 30). Of note,
for the MATN2 and C7 sandwich assay, the "sandwich" K4 values improved when the C-
5 modified pyrimidine for the aptamer 1 (capture) and aptamer 2 (detection) were
different. Specifically, for MATN2, the sandwich Ky value improved by about 2.5 fold
(comparing a BndU capture aptamer and BndU detection aptamer (2.19 nM Ky) with a
BndU capture aptamer and TrpdU detection aptamer (0.88 nM Ky); see Table 30), and for
C7, the sandwich K4 value improved by about 6.3 fold (BndU capture aptamer and BndU
detection aptamer (8.56 nM Ky) with a BndU capture aptamer and 2NapdU detection

aptamer (1.35 nM Ky); see Table 30).

The Qwr
i
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1

o
o

(SwissProt # Q96AP7) and CdtA - binary toxin (SwissProt # QOKH42), ANGPT2
(SwissProt # 015123), TSP2 (SwissProt # P35442), CRDL1 (SwissProt # Q9BU40),
MATN2 (SwissProt # 000339), C7 (SwissProt # P10643), PLG (SwissProt # P00747),
GPVI (SwissProt # QIHCNG6 ), MMP-12 (SwissProt # 39900), NPS-PLA2 (SwissProt #

1A LEN
14555).
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Table 30

i’r:ol;%(;:l Aptamer 1 (capture) Aptamer 2 (detection) Sandwich
Name Clone ID | K4 (nM) | Modified Clone ID K4 (aM)? Modified Ky (aM)”
ANGPT2! 2602-2 0.07 BndU 7560-4 0.29 (0.59) TrpdU 1.90
TSP2! 3339-33 0.07 BndU 7574-53 0.08 (0.07) 2NapdU 0.02
CRDL1! 3362-61 1.05 BndU 7575-2 0.38 (0.19) 2NapdU 0.20
7571-31 5.31(3.65) TrpdU 0.88
MATN2! 3325-2 0.14 BndU -
3532-8° 1.76 (0.94) BndU 2.19
GPVI! 3194-36 0.04 BndU 7564-5 0.04 (0.02) TrpdU 0.12
ESAM! 2981-9 0.25 BndU 7581-41 0.03 (0.06) 2NapdU >10
7579-67 11.3 (0.13) 2NapdU 1.35
Cc7! 2888-49 2.71 BndU
2888-68°¢ 2.08 (2.39) BndU 8.56
7567-64 13.1 (1.94) TrpdU 2.70
PLG! 4151-6 4.86 BndU
4151-5°¢ 2.00 (1.89) BndU 2.20
CdtA? 4758-6 0.86 TrpdU 5579-12 0.97 (0.28) 2NapdU 0.52
MMP-12! 4496-60 0.22 BndU 12048-54 3.66 (NT) NapdU 1.10
NPS-
PLAS! 2692-74 0.02 BndU 12055-22 0.38 (NT) TrpdU 4.80

"Human protein; > C. difficile protein
“Determined in radiolabel assay. Values in parentheses are for the complex of the target with aptamer 1
"Determined in Luminex bead-based sandwich assay

5 “Aptamer from archived sequences (without sandwich SELEX)

Besides the LumAvidin bead-based assay, we also evaluated some of the aptamer
pairs in plate-based sandwich assays. With biotinylated aptamers as capture agents
immobilized o
streptavidin-HRP conjugate, target titrations indicated differences in assay performance

10 compared to the bead-based test. While the apparent K4 value for the C7 aptamer pair was
essentially identical in the two assay types, the TSP2 pair performed better in the
Luminex assay, and the plasminogen pair somewhat better in the plate assay (see Figure
3).

Tables 31 and 32 provide a summary of the physical and functional characteristics

15  of the aptamers summarized in Table 30 that were used to make ternary complexes (i.e.,

"aptamer sandwiches"), and for the capture and detection of a target.
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A description of the eleven (11) aptamers used as a "capture aptamer" (or first

aptamer) is provided in Table 31.

Table 31

Clone | Lengin | c5 | #or G Mot | O egion o) | Target | K,

ID (nts.) Mod. CR) A C G Protein (nM)
2600-2 51 BndU 10 (25%) 37.5% | 15.0% | 22.5% | ANGPT2' | 007
3339-33 51 BndU 9 (22.5%) 20.0% | 30.0% | 27.5% | Tgpa! 0.07
3362-61 51 BndU 16 (40%) 17.5% | 20.0% | 22.5% | CRDL1! 1.05
3325.2 51 BndU 14 (35%) 27.5% | 22.5% | 15.0% | MATN2! | 014
3194-36 51 BndU 11 (27.5%) 20.0% | 17.5% | 35.0% | Gpvr! 0.04
2981-9 51 BndU 15 (37.5%) 17.5% | 15.0% | 30.0% | ESAM! 0.25
2888-49 58 BndU 16 (40%) 17.5% | 20.0% | 22.5% c7! 27
4151-6 51 BndU 11 (27.5%) 22.5% | 25.0% | 25.0% | pLG 486
4758-6 48 TrpdU 10 (25%) 250% | 20.0% | 30.0% | A 0.86
4496-60 50 BndU 9 (22.5%) 250% | 250% | 27.5% | mMmp-12' | 022
2692-74 50 BndU 17 (42.5%) 25.0% | 15.0% | 17.5% }ffz_l 0.86

"nts." is nucleotides

"Mod." is modification

"C.R." is central region of aptamer
"Human protein; > C. difficile protein

Generally, the aptamers that functioned as a "capture aptamer” (or first aptamer)
were from about 48 to about 58 nucleotides in length (or from about 48, 49, 50, 51, 52,
53, 54, 55, 56, 57, or 58 nucleotides in length). Each aptamer comprised a 40-mer (40
nucleotides in length) central region (the remaining nucleotides of the aptamer flanked the
40-mer central region). The 40-mer central region comprises from about 9 to about 16 (or
from 9, 10, 11, 12, 13, 14, 15 or 16) BndU or TrpdU C-5 modified pyrimidines.
Alternatively, the 40-mer central region comprises from about 22% to about 40% (or
from 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39 or 40%) BndU or
TrpdU C-5 modified pyrimidines. Further, the 40-mer central region of the "capture
aptamer” comprises from about 37% to about 58% GC content (or from about 37, 38, 39,
40, 41,42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57 or 58% GC content).
The "capture aptamer" (or first aptamer) comprises a binding affinity for its target protein
of from about 0.07 nM to about 4.9 nM (or from about 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4,
0.5,06,0.7,08,09,1,1.1,1.2,13,14,15,16,1.7,1.8,19,2,2.1,2.2,2.3,2.4,2.5,
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26,2.7,2.8,29,3,3.1,32,3.3,34,3.5,3.6,3.7,3.8,3.9,4,4.1,42,43,4.4,45, 4.6,
4.7, 4.8 or 4.9 nM).
A description of the fourteen (14) aptamers used as a "detection aptamer” (or

second aptamer) is provided in Table 30.

Table 32
#of C-5 Base Composition of 40-

Clone ID Length C-5 Mods. mer Central Region (%) Target K,

(nts.) Mod. (% of 40- A e pa Protein (nM)
mer C.R.) - ~ -~

7560-4 50 TrpdU 11 (27.5%) 27.5% 30.0% 15.0% | ANGPT2! 0.29
7574-53 50 2NapdU 13 (32.5%) 25.0% 27.5% 15.0% TSP2! 0.08
7575-2 50 2NapdU 12 (30%) 32.5% 22.5% 15.0% | crRDL1! 038
7571-31 50 TrpdU 15 (37.5%) 22.5% 17.5% 22.5% | MATN2! 531
3532-8 58 BndU 13 (32.5%) 20.0% 20.0% | 27.5% | MATN?! 1.76
7564-5 50 TrpdU 10 (25%) 20.0% 30.0% 25.0% GPVT! 0.04
7581-41 50 2NapdU 14 (35%) 15.0% 25.0% 25.0% ESAM! 0.03
7579-67 50 2NapdU 11 (27.5%) 20.0% 25.0% | 27.5% c7' 113
2888-68 58 BndU 11 (27.5%) 15.0% 20.0% | 37.5% c7' 2.08
7567-64 50 TrpdU 15 (37.5%) 7.5% 37.5% | 17.5% PLG' 13.1
4151-5 58 BndU 14(35%) | 25.0% | 25.0% | 150% | PLG' 500
5579-12 50 2NapdU 9 (22.5%) 35.0% | 20.0% | 22.5% CdiA2 0.97
12048-54 50 NapdU 5(12.5%) 32.5% 20.0% 35.0% | MMP-12! 3.66
12055-22 50 TrpdU | 11 (27.5%) 25% 25% | 22.5% ;\ffz-l 038

"nts." is nucleotides
"Mod." is modification

"R "¢ central recion of antamer
Lean. 15 OCIhTa: TOZI01 O aphalilicl

"Human protein; > C. difficile protein

Generally, the aptamers that functioned as a "detection aptamer” (or second
aptamer) were from about 50 to about 58 nucleotides in length (or from about 50, 51, 52,
53, 54, 55, 56, 57 or 58 nucleotides in length). Each aptamer comprised a 40-mer (40
nucleotides in length) central region (the remaining nucleotides of the aptamer flanked the
40-mer central region). The 40-mer central region comprises from about 5 to about 15 (or
from 5, 6,7,8,9, 10, 11, 12, 13, 14 or 15) BndU, TrpdU, NapdU or 2NapdU C-5
modified pyrimidines. Alternatively, the 40-mer central region comprises from about
12% to about 38% (or from 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 or 38%) BndU, TrpdU, NapdU or 2NapdU C-5
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modified pyrimidines. Further, the 40-mer central region of the "detection aptamer" (or
second aptamer) comprises from about 37% to about 58% GC content (or from about 37,
38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57 or 58% GC
content). The "detection aptamer” (or second aptamer) comprises a binding affinity for
its target protein of from about 0.03 nM to about 13.1 nM (or from about 0.3, 0.35, 0.4,
0.45,0.5,0.6,0.7,0.8,09,1,1.1,1.2,13,14,15,1.6,1.7,18,19,2,2.1,2.2,2.3,2.4,
25,26,2.7,28,29,3,3.1,3.2,3.3,34,3.5,3.6,3.7,3.8,39,4,4.1,42,43,44, 4.5,
4.6,4.7,48,49,5,5.1,52,53,54,5.5,56,5.7,5.8,5.9,6,6.1,6.2,6.3,6.4, 6.5, 6.6,
6.7,68,69,7,7.1,72,73,7.4,7.5,7.6,7.7,7.8,79,8,8.1,8.2,8.3,84,8.5, 8.6, 8.7,

8.8,8.9,9,9.1,9.2,9.3,9.4,9.5,9.6,9.7,9.8,9.9, 10, 10.2, 10.4, 10.6, 10.8, 11, 11.2,

11.4,11.6,11.8,12,12.2,12.4,12.6,12.8, 13, 13.2, 13.4, 13.6, 13.8 or 14 nM).

In summary, functional aptamer pairs suitable for sandwich assays of protein
analytes were identified. Mining existing aptamers from archived SELEX pools,
combined with an approach of applying a second SELEX with target—aptamer complexes
support the notion that the use of different types of modified nucieotides enable for the
identification of aptamer pairs capable of binding a target. In aptamer sandwich assays,
background due to non-specific binding is reduced as a consequence of differential off-
rates between specific and non-specific aptamers. This feature, combined with the added
specificity inherent in two-reagent sandwich-type measurements, provides the basis for
the development of assays with greater specificity and higher multiplexing abilities.
Aptamers pairs hold promise toward the development of specific panels in various areas

of medical diagnostics for which a large installed base of instruments is already in place.

79



10

15

20

25

30

35

References

Zichi, D., Eaton, B., Singer, B. & Gold, L. Proteomics and diagnostics: Let's Get Specific,
1

<<<<<< 1195 7Q O: " nn
dgdl[l \,Ll[[ Upl[l \,IICIII DIUI L, 10-00 \&V

\_/

Gold, L. et al. Aptamer-based multiplexed proteomic technology for biomarker discovery.
PLoS One 5, 15004 (2010).

Gupta, S. et al. Rapid histochemistry using slow off-rate modified aptamers with anionic
competition. Appl Immunohistochem Mol Morphol 19, 273-8 (2011).

Ochsner, U A, Katilius, E. & I;mn(‘ N. Detection of Clostridium difficile toxins A. B an

LIS . .5 AU LIONT O IOSUIIAINII QLTI

[N

binary toxin with slow off-rate modified aptamers. Diagn Microbiol Infect D1 (2013).

Pultar, J., Sauer, U., Domnanich, P. & Preininger, C. Aptamer-antibody on-chip sandwich
oggaw faer ,lné-nrd- ion AFOCODD 301 gnniload car Dingang D snnlantens YA 1AL 41
uluuuuuaooa_y 1Ul UCLCLLIVUIL UL UIND 111 DPII\CU SCTU. DIGSCHS DIoCICCITON LT, 170UV 1L

(2009).

Ferreira, C.S. et al. DNA aptamers against the MUC1 tumour marker: design of aptamer-
antibody sandwich ELISA for the early diagnosis of epithelial tumours. Anal Bioanal
Chem 390, 1039-50 (2008).

Tasset, D.M., Kubik, M.F. & Steiner, W. Oligonucleotide inhibitors of human thrombin
that bind distinct epitopes. J Mol Biol 272, 688-98 (1997).

Gong, Q. et al. Selection strategy to generate aptamer pairs that bind to distinct sites on
protein targets. Anal Chem 84, 5365-71 (2012).

Shi, H., Fan, X., Sevilimedu, A. & Lis, J.T. RNA aptamers directed to discrete functional
sites on a single protein structural domain. Proc Natl Acad Sci U S A 104, 3742-6 (2007).

Xiao, S.J. et al. Sensitive discrimination and detection of prion disease-associated isoform
with a dual-aptamer strategy by developing a sandwich structure of magnetic
microparticles and quantum dots. Anal Chem 82, 9736-42 (2010).

Nonaka, Y., Sode, K. & Ikebukuro, K. Screening and improvement of an anti-VEGF
DNA aptamer. Molecules 15, 215-25 (2010).

Sosic, A., Meneghello, A., Cretaio, E. & Gatto, B. Human thrombin detection through a
sandwich aptamer microarray: interaction analysis in solution and in solid phase. Sensors
(Basel) 11, 9426-41 (2011).

Huang, D.W., Niu, C.G., Qin, P.Z., Ruan, M. & Zeng, G.M. Time-resolved fluorescence
aptamer-based sandwich assay for thrombin detection. Talanta 83, 185-9 (2010).

Tennico, Y.H., Hutanu, D., Koesdjojo, M.T., Bartel, C. M. & Remcho, V.T. On-chip
aptamer-based sandwich assay for thrombin detection employing magnetic beads and
quantum dots. Anal Chem 82, 5591-7 (2010).

Gold, L., Walker, J.J., Wilcox, S.K. & Williams, S. Advances in human proteomics at
high scale with the SOMAscan proteomics platform. N Biotechnol 29, 543-9 (2012).

80



10

15

20

25

30

Baird, G.S. et al. Age-dependent changes in the cerebrospinal fluid proteome by slow off-
rate modified aptamer array. Am J Pathol 180, 446-56 (2012).

De Groote, M.A. et al. Elucidating novel serum biomarkers associated with puimonary
tuberculosis treatment. PLoS One 8, ¢61002 (2013).

Ostroff, R.M. et al. Unlocking biomarker discovery: large scale application of aptamer
proteomic technology for early detection of lung cancer. PLoS One 5, ¢15003 (2010).

Ostroff, R.M. et al. Early detection of malignant pleural mesothelioma in asbestos-
exposed individuals with a noninvasive proteomics-based surveillance tool. PLoS One 7,
e46091 (2012).

Mehan, M.R. et al. Protein signature of lung cancer tissues. PLoS One 7, €35157 (2012).

AL 1L ANAD PRVRRSE B i (SN PR DRSO, (VRSP R ISR RS AU [PIIY OSSP OSSR AP (R [ e
viendll, vi.Ix. ClL al. rignly multplexXed protCoIniC platlorill 10r D10mMdarker aiscovery,
diagnostics, and therapeutics. Adv Exp Med Biol 734, 283-300 (2013).

Vaught, J.D. et al. Expanding the chemistry of DNA for in vitro selection. J Am Chem
Soc 132, 4141-51 (2010).

Brody, E.N. & Gold, L. Aptamers as therapeutic and diagnostic agents. J Biotechnol 74,
5-13 (2000).

Gold, L. Oligonucleotides as research, diagnostic, and therapeutic agents. J Biol Chem
270, 13581-4 (1995).

T ans mtmn ate & At ol
Nlacliiicl, O. CL al.

applications: a SOMAmer-based, streamlined multiplex proteomic assay. PLoS One 6,
€26332 (2011).

Perlee, L. et al. Development and standardization of multiplexed antibody microarrays for
use in quantitative proteomics. Proteome Sci 2, 9 (2004).

Brody, E.N., Gold, L., Lawn, R M., Walker, J.J. & Zichi, D. High-content affinity-based
proteomics: unlocking protein biomarker discovery. Expert Rev Mol Diagn 10, 1013-22
(2010).

Davies, D.R. et al. Unique motifs and hydrophobic interactions shape the binding of
modified DNA ligands to protein targets. Proc Natl Acad Sci U S A 109, 19971-6 (2012).

Gill, R.D. et al. Cardiovascular risk event prediction and uses thereof.

81



CLAIMS

1. A composition comprising a first aptamer, second aptamer, and a target,

wherein the first aptamer comprises a first C-5 pyrimidine modification scheme,
the second aptamer comprises a second C-5 pyrimidine modification scheme, and
wherein the first C-5 pyrimidine modification scheme and the second C-5 pyrimidine
modification scheme are different;

wherein the first C-5 pyrimidine modification scheme comprises a 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU), and wherein the first aptamer comprises
from 9 to 16 C-5 modified pyrimidines;

wherein the second aptamer comprises from 5 to 15 C-5 modified pyrimidines;
and

wherein the first aptamer, second aptamer and the target are capable of
forming a ternary complex.

2. The composition of claim 1, wherein the first aptamer has binding affinity for the

target and not the second aptamer.

3. The composition of claim 1, wherein the second aptamer has binding affinity for

the target and not the first aptamer.

4, The composition of claim 1, wherein the second aptamer has binding affinity for

a complex formed by the association of the first aptamer with the target.

5. The composition of claim 1, wherein the first aptamer binding region of the

target and the second aptamer binding region of the target are different regions.

6. The composition of claim 1, wherein the first aptamer and the second aptamer,

independently, comprise RNA, DNA or a combination thereof.

7. The composition of claim 1, wherein percent GC content of the first aptamer

and second aptamer are, independently, from 37% to 58%.

82



8. The composition of claim 1, wherein each uracil or thymine of the first aptamer

is a 5-(N-benzylcarboxyamide)-2'-deoxyuridine (BndU).

9. The composition of claim 1, wherein the second C-5 pyrimidine modification
scheme comprises a C-5 modified pyrimidine selected from the group consisting of 5-
(N-tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-

naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), and a combination thereof.

10. The composition of claim 1, wherein each uracil or thymine of the second
aptamer is a C-5 modified pyrimidine selected from the group consisting 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), and 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU).

11. The composition of claim 1, wherein the first aptamer and the second aptamer,

independently, are each from 20 to 100 nucleotides in length.

12. The composition of claim 1, wherein the first aptamer and/or the second

aptamer further comprise a detectable moiety.

13 The composition of claim 12, wherein the detectable moiety is selected from the
group consisting of a dye, a quantum dot, a radiolabel, an electrochemical functional

group, an enzyme, an enzyme substrate, a ligand and a receptor.

14. The composition of claim 1, wherein the target comprises a protein or a peptide.
15. The composition of claim 14, wherein the target is a protein selected from the
group consisting ANGPT2, TSP2, CRDL1 , MATN2, GPVI, ESAM, C7, PLG, MMP-12,
NPS-PLA2 and CdtA.

16. The composition of claim 1, wherein the dissociation constant (K,) for the

ternary complex is at least 0.02 nM, or from 0.01 nM to 10 nM, or from 0.02 nM to 6
nM, or from 0.02 nM to 3 nM.
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17. A method for detecting a target in a sample, the method comprising:

a) contacting the sample with a first aptamer to form a mixture, wherein the
first aptamer is capable of binding to the target to form a first complex;

b) incubating the mixture under conditions that allow for the first complex to
form;

c) contacting the mixture with a second aptamer, wherein the second
aptamer is capable of binding the first complex to form a second complex;

d) incubating the mixture under conditions that allow for the second
complex to form;

e) removing residual free aptamers; and

f) detecting for the presence or absence of the first aptamer, the second
aptamer, the target, the first complex or the second complex in the mixture, wherein the
presence of the first aptamer, the second aptamer, the target, the first complex or the
second complex indicates that the target is present in the sample; and

wherein, the first aptamer comprises a first C-5 pyrimidine modification scheme,
the second aptamer comprises a second C-5 pyrimidine modification scheme,

wherein the first C-5 pyrimidine modification scheme and the second C-5
pyrimidine modification scheme are different,

wherein the first C-5 pyrimidine medication scheme comprises a 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU), and

wherein the first aptamer comprises from 9 to 6 C-5 modified pyrimidines and

the second aptamer comprises from 5 to 15 C-5 modified pyrimidines.

18. The method of claim 17, wherein the first aptamer has binding affinity for the

target and not the second aptamer.

19. The method of claim 17, wherein the second aptamer has binding affinity for the

target and not the first aptamer.

20. The method of claim 17, wherein the second aptamer has binding affinity for the

first complex.

21. The method of claim 17, wherein the first aptamer binding region of the target

and the second aptamer binding region of the target are different regions.
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22. The method of claim 17, wherein the first aptamer and the second aptamer,

independently, comprise RNA, DNA or a combination thereof.

23. The method of claim 17, wherein each uracil or thymine of the first aptamer is a

5-(N-benzylcarboxyamide)-2'-deoxyuridine (BndU).

24. The method of claim 17, wherein the second C-5 pyrimidine modification
scheme comprises a C-5 modified pyrimidine selected from the group consisting of 5-
(N-tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-

naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), and a combination thereof.

25. The method of claim 17, wherein each uracil or thymine of the second aptamer
is a C-5 modified pyrimidine selected from the group consisting of 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), and a combination thereof.

26. The method of claim 17, wherein the first aptamer and the second aptamer,

independently, are each from 20 to 100 nucleotides in length.

27. The method of claim 17, wherein the first aptamer and/or the second aptamer

further comprise a detectable moiety.

28. The method of claim 27, wherein the detectable moiety is selected from the
group consisting of a dye, a quantum dot, a radiolabel, an electrochemical functional
group, an enzyme, an enzyme substrate, a ligand and a receptor.

29. The method of claim 17, wherein the target comprises a protein or a peptide.
30. The method of claim 29, wherein the target is a protein selected from the group

consisting ANGPT2, TSP2, CRDL1 , MATN2, GPVI, ESAM, C7, PLG, MMP-12, NPS-
PLA2 and CdtA.
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31. The method of claim 17, wherein the dissociation constant (Ky) for the second
complex is at least 0.02 nM, or from 0.01 nM to 10 nM, or from 0.02 nM to 6 nM, or
from 0.02 nM to 3 nM.

32. The method of claim 17, wherein the dissociation constant (K,) for the first
complex is from 0.04 nM to 5 nM, or from 0.04 nM to 4.8 nM.

33. The method of claim 17, wherein the dissociation constant (K,) for the second

aptamer and the target is from 0.03 nM to 14 nM.

34. A method comprising:

a) contacting a target with a first aptamer to form a mixture, wherein the
first aptamer is capable of binding the target to form a first complex;

b) incubating the mixture under conditions that allow for the first complex to
form;

c) contacting the mixture with a second aptamer, wherein the second
aptamer is capable of binding the target to form a second complex;

d) incubating the mixture under conditions that allow for the second
complex to form;

e) removing residual free aptamers; and

f) detecting for the presence or absence of the first aptamer and the
second aptamer in the mixture, wherein the presence of both the first aptamer and
second aptamer in the mixture indicates that the binding of the first aptamer to the
target and the binding of the second aptamer to the target is non-competitive; and

wherein, the first aptamer comprises a first C-5 pyrimidine modification scheme,
the second aptamer comprises a second C-5 pyrimidine modification scheme,

wherein the first C-5 pyrimidine modification scheme and the second C-5
pyrimidine modification scheme are different,

wherein the first C-5 pyrimidine medication scheme comprises a 5-(N-
benzylcarboxyamide)-2'-deoxyuridine (BndU), and

wherein the first aptamer comprises from 9 to 16 C-5 modified pyrimidines and

the second aptamer comprises from 5 to 15 C-5 modified pyrimidines.

35. The method of claim 34, wherein the first aptamer has binding affinity for the

target and not the second aptamer.
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36. The method of claim 34, wherein the second aptamer has binding affinity for the

target and not the first aptamer.

37. The method of claim 34, wherein the second aptamer has binding affinity for the

first complex.

38. The method of claim 34, wherein the first aptamer binding region of the target

and the second aptamer binding region of the target are different regions.

39. The method of claim 34, wherein the first aptamer and the second aptamer,

independently, comprise RNA, DNA or a combination thereof.

40. The method of claim 34, wherein each uracil or thymine of the first aptamer is a

5-(N-benzylcarboxyamide)-2’deoxyuridine (BndU).

41. The method of claim 34, wherein the second C-5 pyrimidine modification
scheme comprises a C-5 modified pyrimidine selected from the group consisting of 5-
(N-tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), and a combination thereof.

42. The method of claim 34, wherein each uracil or thymine of the second aptamer
is a C-5 modified pyrimidine selected from the group consisting of 5-(N-
tryptaminocarboxyamide)-2'-deoxyuridine (TrpdU), 5-[N-(1-
naphthylmethyl)carboxyamide]-2'-deoxyuridine (NapdU), 5-[N-(2-

naphthylmethyl)carboxyamide]-2'-deoxyuridine (2-NapdU), and a combination thereof.

43. The method of claim 34, wherein the first aptamer and the second aptamer,

independently, are each from 20 to 100 nucleotides in length.

44, The method of claim 34, wherein the first aptamer and/or the second aptamer

further comprise a detectable moiety.
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45. The method of claim 44, wherein the detectable moiety is selected from the
group consisting of a dye, a quantum dot, a radiolabel, an electrochemical functional

group, an enzyme, an enzyme substrate, a ligand and a receptor.

46. The method of claim 34, wherein the target comprises a protein or a peptide.
47. The method of claim 46, wherein the target is a protein selected from the group
consisting ANGPT2, TSP2, CRDL1, MATNZ2, GPVI, ESAM, C7, PLG, MMP-12, NPS-
PLA2 and CdtA.

48. The method of claim 34, wherein the dissociation constant (Kj) for the second
complex is at least 0.02 nM, or from 0.01 nM to 10 nM, or from 0.02 nM to 6 nM, or

from 0.02 nM to 3 nM.

49. The method of claim 34, wherein the dissociation constant (Kj) for the first
complex is from 0.04 nM to 5 nM, or from 0.04 nM to 4.8 nM.

50. The method of claim 34, wherein the dissociation constant (Ky) for the second

aptamer and the target is from 0.03 nM to 14 nM.
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